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SIHEE Figure 1. ATmega32 #y 5|l
PDIP
/
(XCK/T0) PBO | 1 40 [ PAO (ADCO)
(T1) PB1 [ 2 39 [0 PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [J PA2 (ADC2)
(OCO/AINT) PB3 [] 4 37 [J PA3 (ADC3)
(S8S) PB4 | 5 36 [J PA4 (ADC4)
(MOSI) PB5 ] 6 35 [ 1 PA5 (ADC5)
(MISO) PB6 ] 7 34 [ PA6 (ADCS)
(SCK) PB7 | 8 33 [0 PA7 (ADC7)
RESET ] 9 32 |3 AREF
vCcC ] 10 31 2 GND
GND ] 11 30 O AvCC
XTAL2 | 12 29 O PC7 (TOSC2)
XTAL1 | 13 28 [J PC6 (TOSC1)
(RXD) PDO | 14 27 |3 PC5 (TDI)
(TXD) PD1 ] 15 26 [ PC4 (TDO)
(INTO) PD2 ] 16 25 [ PC3 (TMS)
(INT1) PD3 | 17 24 [1 PC2 (TCK)
(OC1B) PD4 ]| 18 23 [0 PC1 (SDA)
(OC1A) PD5 ] 19 22 [ PCO (SCL)
(IcP) PD6 ] 20 21 [0 PD7 (OC2)
TQFP/MLF
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AVR AZEBEFENETEN 32 MNEATETEFR. MENSFEFRHERSEEET
(ALU) MiEH |, EE—FESTUE - ABAERBRB ML T FiR. XS
MAXRRESTRBHE , A AEEFLEEN CISC HIZFIREESE 10 FHHBEFLR,

ATmega32 B TR R 32K ZWHRE AN AIYR 2 Flash( BB ERREMEED BIRWW) ,
1024 F% EEPROM , 2K ZF¥ SRAM ,32 MNEA I/I0 A% 32 MNERAISFES BT
BRAEN JTAG ?%D ) Ez%)#mﬂﬁiﬁséﬁﬁ ) E/\i!ﬁtt%‘a#ﬁita’giiﬁa’gﬁw%% /it
25 (T/IC), EA [ S\l , T4RTER 1T USART , EIRFET AL ETED , 8K 10uEF
iR E SR ARURIZEE (TQFP % ) W ADC EEHF AR SEN THRES 1 HEN
8, AN SPIBETHAO , UABRANTUES KHGHTERNEEER, TETFTERERXN
CPU &1 T4 |, 1 USART. W40, A/D #3258, SRAM. T/C. SPI %O KRk
REHRETE ; FEBEARERTR[EILIRTS , FTE AR T R AE 4 82 50288
ﬁtﬂ’ﬁ E-é‘ﬁ&*;—tT R EN B MHEEIT Jbﬁ%)ﬁﬁﬁ—ﬂq‘rﬂg;& , T E R

;ﬂ&kﬂ:m&ﬂ:* ADC &7 ﬁﬂ%ﬂﬁ“ﬁﬁé&t CPU MR 7 L ERTE:S ADC LUAAFR
‘ﬁ‘ /O HER T, L,Lliéﬂiﬁ ADC #¥RafHFF <7 ; Standby X T RERARERE
SHEREAT ,\%Ibﬁ‘ﬂ;ﬂmﬂﬂwkx FEBGEERONER A EERESS
BN ; ?ﬁJﬁ Standby #;—ETEIJmﬂ)ﬁ%ﬁ%ﬂﬁfﬁﬁ%ﬁé&&ﬂ’ﬁo

AR R Atmel BRE IR K EF#EBRRARESN. F A ISP Flash RFRFF#HRE
ISP #47#0 , EBRARERHTHE , BAIBEIETT AVR AZZHH5ISE
FHITRE, SIS BFUUEAEEZE SR ARF THE KA Flash 77X (Application
Flash Memory). £ % %7 Ri Fi Flash#7f& X i 5| § Flash [X (Boot Flash Memory) ) f2 7 4k &
BT, EMT RWW #{E, B 8 I RISC CPU SREA AYmEZH Flash SERE—1
/L,\FI_W ATmega32 A —NZHEERAME RN , NIFSWMAR BRI ARMY T REM
ERAR RS,

ATmega3d2 EE—EENFRSREAFRIE  3F . CEEmIFHE. k. BFAR
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M TSR ARG R SR, e AR | R EE LR S A | % O BN R
EREH LR, EETRS | ERGNGERRE  $0 B 4 THERS

w0 B s Al LA M E TR IIRE | iI§S R P55,

%A C(PC7..PCO0) WA CH8MME /OO , ERARENNE LB, HiHE PR EEX MR35
M, AU RIRIGK BB, e AR | 2 A LS AL | i O A
ErPgm i aR, £EmTRS | NEREMSERER , B0 C LTFBERS, NE

JTAG#E O fiERE ENEE L HI g”ﬁﬂ PC5(TDI). PCS(TMS)$ PC2(TCK)E’9J:E'ZEE.|3HH755(
/Eo

BRER MR TAP 3554, TDO I &S
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w0 DXy 8 @ I/O A, ERAmENNE LA B, HihE s EAXN MR
M, AT B MR KRR, E RN AR | ERE L BEERE | Nk QM ERE
AEEPFREHER. EEVEREP , BMERENHERER , w0 D 4 TSERS,

WO D LAl LA ME AT RN ERIIEE , SN P60,

SENHASIH, FErRBI&/DNIEMRENEEFFSIBREEMN. TTRIBERL P35
Table 15 . F£ERT AN F IR B A K F T BERIE AT &,

R 5% B K B8 5 PR Bk 4R 44 BB O B LU
J B 4R5% B K 25 B Al

AVCCRIHFOASADH RSN EBIR, FEAADCH ,ZoIMRMEESV EE., EAADC
B BB — MEBIRIRER S Ve E#E.

AD By EL A A SR

EPEFRES T —LEHEHABHFAHEBMAERATE SN TR REER, XL
Pl FHBREERECHCLIE T E@ANAXH, AL C mEFEXANHEHREES
UEX , MEEN C mEFESRNFMLEFEACTRNLELT R, HIEEFAERIEN
REEMHHER.
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AVR CPU H#%
e A MEAE LIS AVR REHEH ., CPU MEBRES R RIIRFNEBNT. ALLE 4
MEeBipRIFERR,. BITIEE, BHIARUARLAEF T,
ZHsR Figure 3. AVR £1M 5 1EE
‘ Data Bus 8-bit
e = e T
Memory <
' I | o] e
Instruction General
Register P Purpose g SPI
< Registrers [ Unit
ey ] s

l

Control Lines

Timer
v Analog
Comparator

> /0 Modulel

Direct Addressing
Indirect Addressing

Data

le—>f<>| /0 Module 2
SRAM

<> 1/0 Module n
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RNTREESWHEEEURHTHE , AVRERT Harvard &8 , EEMUABENRR L
%, BEFEMBENESTBEY —RRKEEZET. CPU ERIT—RESHRMERT —%
BS (EAXHATE )o XIMISRITHETHENWARET. BEFEHS{ETUE
LKIRTER Flash o

PR R 78 X248 32 > 8 (WBA THEF 7 | TR AN — et FH, Mk
T BetPEHIRY ALU R1E, EEEM ALU BED WM T HFERXM4FHRERE
AR, RERTEE , FRBIOIE I FFH M. BASRNE - MattdAR.

BEHRXMHER 6 NFERTUAE 3N 16 UM RET U FEREH AT UBEZE |
KUSHNHEUEE, ER—NMEHETMENRFFERERRN AR . LM
RYThEEE FRRED N 16 UBY X, Y, ZF &

AU ESRCAURTFENERCBANERNEZEEHE, ALUL AT BUAIT RS 7R
BRI, CETHZERETEHRENABTSIERARBIRELS R,
BFARESR / ERHNVREESNERESRKEH  MMEZET B it Z2E, X
SRETKEN 16, TEISNEFFHEFLUMIS —K 16 U 32 LHES,
BFEF#FZEHI2 AR  5|FEFKX (Boot X ) MIMARFX, XA MXEBEEZIH
BEMUIIEMNE / BRF. ATENARFXH SPM ESL4HNT5ISEFX.

ERREAEA FREFRE I EFITHER (PC) RETHitkzh, MR TERARSE
SRAM , Rt IREXZRT SRAM BIKR/N. HEMHIRER - B EENBCHEREH
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SP, XMEHHTF 1/0 Z= 8 |, ATLL# TR B AR, #E SRAM AT LUEE 5 AR/ F 1 &
XTI E
AVR S =B NN T EE W,

AVRE — M RENFMIER, BHFERUTIOZE, REFFRERERPMIERENL,
BAPMETHAOERERARINPHEOE, SNPHNLERSEEFHOERY
UBAX , Pl EEh i EE  RERES.

/O FfE3Z=HEE 64 NI LIERES UMt | /ER CPU AMRHVIEHIZF1F8S. SPI UK
HAh /O ThAE, BRES R ERIEZR R BN N FE88 342 BRI 0x20 - 0x5F,

ALU - BERBEH T AVRALU 5 2 MNERIHSEZREENE, SEE5SHEEYE. SEESINHZE
BALU ZERZEE— it EAH, ALURED R 3K ER, BENVIRE, TR
HTYZRELT/ BERSEMIBFRENFT LR, EAESHiETE.
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RAETEFSS RATEBEETRINITHNERESHNERER, XEEETUARAETRFERREN
SR EHIRE, MIESEMR Fﬁﬁ ALU ZEHHEIPRSTEFERNNE, XB , £iF
SER TRREEE 1M RIES T, ONMERRETERE , RBRERES,
EHATKBRSEFRSTEEFI2ETRE , PHRERNtCRLBERE, XETE
FEERHRLE,
AVR i iZ 1788 SREG EXMT :
Bit 7 6 5 4 3 2 1 0
|I|T|H|SVNZC|SREG
®/B R/W R/W R/W R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0
e Bit7-1: 23 MERE
| BT ERES B i, BIhA T ERE R H b I AR B FFas 24, MR BT, WF
BREMDMREBUSE , BRAFED, FE— I MDMRER | B, ﬁ'ﬁ#kﬁ' RETI
ENE | MEB ML, | B LUET SEI F CLI S RBAMBE,
o Bit 6 — T: {3 I 176%
f7# N5 BLD M BST XA TEHN BESRbit. BSTINSHFSENE—ENI T, M
BLD £ T # N B FF8E — 1,
o Bit5- H: ¥#{uiFE
EHMUIRE HRRERBERET ¥H M, WIRENTFBCD 2EFEEFH. ¥NETE
By BA
www - BD G com/ATMEL
S AABIREN 52 RAEEHFEE VRN, FRIESENRSA,
« Bit3-V:2 NIBEHFE
2L E, ERIESENHEA,
* Bit2 - N: fa¥iin&
KPAERRNBEBELRN A, ELESENWRA,
e Bit1-2Z: Bif&
RPAERRNBEBELRNT, FNESENWHA,
» Bit 0 - C: #{uirE
RPERKBEIBERETHM, FRNIESENGA,
BRATEFESRXH BHFBE AT AVR B8R RISC IEAEMTHRIL. AR TREZSEMNMANZEYE &
EEXHZEFUTHNRA/ SHAE
WHE— S IBRER, WA NER
WHBEA 8 IR ES , A8 NER
MR 8 R ES , MA— N 16 NER
WH— 16 (IR ER , mA—D 16 NER
Figure 4 3 CPU 32 NEBR TS FBME,
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2503F-AVR-12/03



] ATmega32(L)

2503F-AVR-12/03

Figure 4. AVR CPU BA L& 1785

7 0 Addr.
RO $00
R1 $01
R2 $02
R13 $0D
BA R14 $OE
I R15 $0F
FEeR R16 $10
R17 $11
R26 $1A X &FFaH, BF W
R27 $1B X&FEHR, 5FH
R28 $1C Y FEE, BFW
R29 $1D Y &ER, 5FN
R30 $1E ZHEH , BFY
R31 $1F ZHRH, BF

REBBRESTEENMNESHIAERTAMENSFR  MASRXFNESHR
TSR A A e R

W Figure 4 Fi R , BN FEREE - MUIERFBIL | R0 EERS 2 A - BEZRE
K 32 Mk, ERFEBRXMFNYWEIIAE SRAM , XA FAR L RE R FFE
FHEERANREN , BRN X, Y, ZFERTNRENEQEIEFTERNIEH.
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X, Y, ZH5E=8

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

Figure 5. X. Y. Z &%=

15 XH XL
X 578 |7 o7 0]
R27 ($1B) R26 ($1A)
15 YH YL
Y B8 |7 o7 0]
R29 (31D) R28 (31C)
15 ZH zL 0
251578 K 0 |7 0 |
R31 ($1F) R30 ($1E)

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

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

HILEHIEMRIE SRAM #KkX, EURRET FREFMERNBDUEHER, AR FEFNE

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

R E B HER R =,

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

Bit 15 14 13 12 1 10 9 8
SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 SPH
SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO SPL
7 6 5 4 3 2 1 0
®/B R/W R/W R/W R/W R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
10 ATmega32(L) ]
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ETHTNF

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

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

Figure 6. F{TEUEMERHIT
T1 T2 3 T4

Sy S U S N S U N

1st Instruction Fetch

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

Figure 7 B RHRFFHR N RBIL AN F. E— I EAHE  ALU TR RANF
FRERERRTRE  ARFERREFIENFTEFRT S

Figure 7. $at4h AR ALU #21E
T T2 T3 T4
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Total Execution Time

I I
| I
I :
Register Operands Fetch : :
I I
ALU Operation Execute : :
I I
I

Result Write Back : :
] ] ] ]
] ] ] ]

AVREFRRHHIIER. B NP MEMNERFZRASEIRINFHEE, FIENREEH
MEBCHEREN, HFEEMNEN , BRAFEFEH[NERPIEEEN | hEMNE , RETH
k4%, RERFITHES PCHATRE , 751 S81E M BLB02 = BLB12 HmENERT ,
PRI RE BB 221, XPNEHIRE TRENZTEM, 0 P240 “ 24 24mTE ~ iR,

BFEHENSEbUERENENOENFHEE, TEOBEIIRIES A PI2 “Hlf",
FIRBWRAET FEPHWREER. BEFFENBIHEE  RERES. RESET EF&S
LR , =R INTO - AZBHETER 0, BEEBEAPIIEHEFFEE (GICR) B
IVSEL , R & A A Z 5| S FlashWBIRLL , S P42 “HRil” , fREBE £ {UBOOTRST
WA AN EMNEEB ES|S Flash MR, E4S A P228 “ XHSISEARF - EE
#9 B At AT LA (RWW, Read-While-Write) B9 B RBIBRED ” o

- RERERPMEEL | BFF , NMEL TAREEMN P AP RETUE
PR REN | REXIPMBRE, LA REER TR S P RS R M
TRETIETRE | BFBL.
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MRAE LR EFIRBEN FN, F-—HESAMEFABUPEINS. X TXERE  BF
T+ 24 2R B 4% B SCRRAY M [0 B LA AT R ITAL IR R |, B B RE AR RE BRAE RIAY P T AR S, AP
MRS A UBE N EE "1 WANKER, SR ER , WRENE M EEM N
"0, MRS MEN , F—ERFIFMNIT , AERREBR. XUN , WR2H
FHIRSHEETE , AR ERENFHBFIIBNT , BRI | BfL. REERHZN P
B L S RAORAAT o

FoMRAENPHURIAZDHZMHRE B —ER, XEPHFATEPEHIRS. &
PHTRMAEPRERCBIBMERT , P T RMAR,

AVR BH i f5 5 R E R ERFHEDHIT —FEST A LERITE MR P
EEBNR  BRATHBRSEFPRSFEHEFI2EIRE , PENRE R T2 831K
g, XETHELFBEAFBIRERTR,

fEF CLI SE T REE L Airet |, RMTRIE T EIER. SREPMATUERT CLIESERE |

EFEERERTT CLIETHRNZAEN ., THAE T8 T i@EE EEPROM B X
NSRBIl & 4 LUE %3 EEPROM A AR BIR,

LR IE HiFE
in ri16, SREG ; #R77 SREG
cli o IR
sbi EECR, EEMAE . B3/ EEPROM GfE/E
sbi EECR, EEWE
out SREG r16 ; WESREG (| f7)
C REBHIE

char cSREG

www | BBTAC com/ATMEL

EECR | = (1<<EEMAE); /* /&3 EEPROM G£E/E*/|
EECR | = (1<<EEVE);
SREG = cSREG /* MESREG (| fZ) */

A SEI RPN EREGNE - RKESTERTEAPH 2 —ELBE LB
1To
LR IEHIRE
sei . B2 PR

sleep ; HAMBELR , SHHFMELE
D AR ERITEMHEEN SR E MCU B 3 AKIRER

C R1BHIFE
_SEI(); I* E2EFEEERE]
_SLEEP(); I* #HAMBEE, SHFHMEL]
[* EE . ERITEASERN PR Z 8 MCU & A# ARIEER */

AVR HR B IE B2 B 1B B 9 4 NETEH B 4 NetEh ARG | 1R B EE ) SERRAY P BTAL 2 45
B, HiX 4 Mt HifIE PC Ba Atk, HBEIRRAT , PEEN —MBREES |, LBk
RFESNNUEH, IRPME -SRI ARETHRITHRRE NELSEARES
WITZRER MCU F 2BITHIRRERF, BEHMAER MCU & FRERAE | o i B2 6t (A
EREM 4N A, WALEZERITRNKIEREXFEREEZNSHEE,
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PENREFEE 4 Neter, FULHIE PC(AAFT ) e ik | HREHNZ  REFF
2% SREG 19 | E1L,
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AVR ATmega32 75 A%k ATmegad2 7 #E. AVR SHEARHNEBHNFHBEZEN  JEFHBEN
se MEFFHEIRZME, I, ATmega32 EH EEPROM F R AREFHRIE. X=1 7
SBzEE R L N T E S,

REATYREN Flash BF ATmega32 88 32K THWELHE Flash , AT EREFES KRB, BAFTEN AVRIE
X TH 16 Ik 32 fi , Wi Flash ALK 16K x 16 WHFRX. AFBFNREUHERE
Flash BFEF#BENANKX : 5|5 (Boot) BFEXMMARFEX , 27 XKER.,

FlashZ 88 22 A LA E10,000)8 . ATmega32 (W2 F 1T 585 (PC) R 14 1 ,HIL AT AT
it 16K FHRFEMBZE. SISEFEKUARMEXNAGRLMEMES A P228 “ XiF
SIS ¥EARF - EEMRA AT LA (RWW, Read-While-Write) ) B BR4RFZEEN” |, T P240
“IFAEESURTE " ¥R T A SPI Bk JTAG ## SRR Flash BB T T,

ERALURETEANEFFMHERBUZE (S LPM MREFFHESESHERA ).
HIESHTRFEESL P11 BESRITHEF .

Figure 8. 27714 22M1&

$0000

Application Flash Section

.com/A

www.BDTIC

EL

Boot Flash Section
$3FFF
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SRAM BIE 7l 87

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

Bl 2144 MRBEFRBIFE T FESFNME. /0 FHBRAMBBIE SRAM. EIHRE 96
kN FFENMS 10 TR BER 2048 FHHAEEKIE SRAM.

BEFERSNIUAESADN 57 BEEIFu, FTRERBENAEEITU, AEFY, FTHRE
M EEISUNFTEEENRET I, FERXHHPHNTERR R26 E| R31 HEEF UMV
HEFR

BEEF USSR TRBENBEX,

HREENEETURAEBITUIATERY N ZAENEUHITH 63 Nibil,
EEHMBEMEMNEETUEXF , FEHEX. YN Z BFENIED.
ATmega32M) £ E832/NB A Fi7eR. 64 MNM/OFFER R 20481 F 11 19 A FREIESRAM AT 1L
BEMAELRNFUERNRTIER, FEREXENERN P8 BAFEHRXME "

Figure 9. ¥iE7435M&

2503F-AVR-12/03

Www . BB

Register File Data Address Space
RO $0000
R1 $0001
R2 $0002
R29 $001D
R30 $001E
R34 $001F
I/O Registers
$0Qemy —— 0020
Ei" 0021
S0R | O m 0022
$3D $005D
$3E $005E
$F 1 $005F
Internal SRAM
$0060
$0061
$085E
$085F

ATMEL
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BR 1= BR8] B |

EEPROM ¥ iE #7125

EEPROM i& / Bl

ATMEL

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

Figure 10. /7 £ SRAM ZEUEHA

Tl T2 T3

ok /N )

CPU

|
Compute Address :X Address Valid

I I
I I
Address | :
I I I

Data : : : — ] )

I I I ‘E’
WR | / n\ g

I I I -

I I }

Data - ! g
| | I ©
| | | &

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

ATmega32@& 1024 FTTHEEPROMEEF i85, EREN — MU WBIEZRMEE
W, AIRFTIEE, EEPROM WFWZELJ 100,000 RIBEREH, EEPROM A i/ ]

SBULICOCOTZALMEL. ..

EEPROM Wi R HFF271L T 1/0 Z=/H,

EEPROM I EifRIatEI A Table 144 . BERAERT AL AR BREEN M AT T RE
T—%%, AFi###% EEPROM EE;XEMTEE : £HFIRKENEERLEBR AN LR
B, LB/ TFER Vo EHA/ TREESLRE, A CPU gt THETETRIRFTER
WEREE, iHSM P20 “ Bhilk EEPROM BiEE & ” LU % H I EEPROM BiEE K1
|EIEEO

R TBHIEEEIRN EEPROM BigfE , FERT—MSENENF., E4SE EEPROM
BRESESNAR,

1T EEPROM £ {ERt , CPU £ TH 4 MNEAH , ARBRITELES ; T
EEPROM BigfERf , CPU 2L T2 NEH , ARBRITREED.

16 ATmega32(L) m—
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EEPROM #h31t 178§ - EEARH
M EEARL Bit 15 14 13 12 11 10 9 8

- - - - - - EEAR9 EEARS8 EEARH
EEAR7 EEAR6 | EEARS5 | EEAR4 | EEAR3 | EEAR2 | EEAR1 EEARO EEARL

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

NHE 0 0 0 0 0 0 0 X

X X X X X X X X

 Bits 15..10 — Res: &5
REBAL, RBREREERE,
* Bits 9..0 - EEAR9..0: EEPROM i1

EEPROM#tt it B 7 85— EEARHAIEEARLIEE T 1024 T fWEEPROMZE 8], EEPROM s
LM , M0 % 1023, EEAR HWHIREREEN ., TEiFA EEPROM ZBIAMAE

T8 F EEmA IR,
EEPROM ¥iE & #788 - EEDR
Bit 7 6 5 4 3 2 1 0
| wse LsB | EEDR
®R/B R/W R/W R/W R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0

* Bits EQR7,Q; EEPROM ##E
MRS EEAR B ARGE

o

EEPROM #4i|& 88 - EECR

Bit 7 6 5 4 3 2 1 0

| - - - - EERIE | EEMWE | EEWE EERE | EECR
BB R R R R R/W R/W R/W R/W
EE 0 0 0 0 0 0 X 0

 Bits 7..4 — Res: & &
REBL, EZBRERERERNSE,

+ Bit 3 — EERIE: EEPROM /& 17 i {E&E

#SREGH | 9 "", WE{ EERIE 8 EEPROM & 7 #fi. /5F EERIE WL
M, % EEWE j5E 8T EEPROM A& iF PRI AT R 4.

 Bit 2—- EEMWE: EEPROM I HlE5{#kE

EEMWERE T EEWE BN 2 & A A B3 EEPROMEB R, HEEMWE R "1"8t , 4 6T
HEAHRNEN EEWE FEHIEE A EEPROM WEE M ; & EEMWE X "0, MR
EEWE Fig#Ef, EEMWE Bfufs 4 MEH , BHENEESE, I EEPROM EXREHR
EEWE Ay H#EIR

ATMEL y
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* Bit1- EEWE: EEPROM E{##E
EEWE ;1 EEPROM BERENFELEES. X EEPROM BIEMuiEBEF 5 , BEMN
EEWE L {E I #EE A EEPROM, Ittif EEMWE %A B , &N EEPROM Bi2EFF4&
KE, GRFOT (EILTNELITHRFHATEE)

1. Z#HEEWE UZTHE
%% SPMCSR ##) SPMEN N ZER T
F#7H EEPROM it B A EEAR( Wik )
F## EEPROM BIEE A EEDR( At )
3} EECR #1788/ EEMWE B "1" |, E#rEZ EEWE

6. EE{L EEMWE 8 4 NERIA , B EEWE
£ CPU E Flash Fi 85 IHR T 83T EEPROM # 1T4%2. 7£/83) EEPROM Big{Ex
B AR E Flash BRERBEL TR ST ) RERKEESISEFH AT CPU
3} Flash #{TRENFTER, MR CPU XKZHFLE Flash , T, (2) T&E8E, ESL
P228 “X #F5| SR AEF — EER R AT LR (RWW, Read-While-Write) B B & w2 AE

o

AE NMRELSESF6 Z2EKET T, BIREFRK. BENILE EEPROM EffgEER
BT, tN8R —NMEIE EEPROM B BTITIHT T 3 — /N EEPROM #4E ,EEAR B, EEDR
F1FER W AEM Sk , Sli2 EEPROM BRELXM, BV XESEREIRE lo

AW BN EtREZE , EEWE BHES. APAUEEAX—VHMENFREREL T K.
EEWE EfIf§ , CPU BEELFNRHAHEFT LET T —FKES.

O A wN

 Bit 0 — EERE: EEPROM &5 4E

E i WEEE S, YEEPNONH =) ,EEB{MEERELA{E
WWW % Rl\ PROM [k ] E& s|\/Ebr=ke 75, 2B EEPROM
= A1 40 i R Do1T ZET

R

AP EiEl EEPROM BN iZ#&N EEWE, B —ABREFEHIT, ML EIR
EEPROM , i &EhE FEEF EEAR,

LI RARN K AIRS 2R AT EEPROM ER, Table 13 CPU i/ 8] EEPROM K B2 BB+ ] .
Table 1. EEPROM 4w #2 A 8]
SRy BN RC IR% A B () A RE H
EEPROM E#4E (CPU) 8448 8.5 ms
Note: 1. fERARM4IHERN 1 MHz , T& 8 CKSEL SBLVHiRE.,

18 ATmega32(L) m—
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2503F-AVR-12/03

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

Cym R BB Bl

EEPROM wri t e:
. EEL-XGREZE
sbi ¢ EECR, EEVEE
rinp EEPROM write
WEM L FAE (r18:117)
out EEARH, r18
out EEARL, rl17
. FRESAKEZ 74 (1 16)
out EEDR r16
;B EEME
sbi EECR, EEMAE
. ENEEWE UEHERIE
shi EECR, EEVE
ret

C RuBfl=

voi d EEPROM wri t e(unsi gned int ui Address,
{

|* ZFFLE—XBRIFFR *|

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

unsi gned char ucDat a)

www . BDELG-.com/ATMEL

EEAR = ui Addr ess;
EEDR = ucDat a;
I * ENEEMAE */
EECR | = ( 1<<EEMVE) ;
I* EBYEEVE XEZISHEE]
EECR | = (1<<EEVE);
}

ATMEL
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TEN G FiRA A AL C MERIEZE EEPROM , FEHHRIE R R ASFERITIX LR
BHIRIEPRE,
LRI HIRE
EEPROM r ead:
. EEL-XGREZE
sbi ¢ EECR, EEVEE
rj mp EEPROM r ead
. REMYEFFE (r18:r17)
out EEARH, r18
out EEARL, rl7
. IREEERE KBS RIE
sbi EECR, EERE
. BHREFZFHEEREE
in r16, EEDR
ret

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

I % RE R
EEAR = ui Addr ess;

www . BBTEEGcom/ATMEL

1* BHEZFEEERE *|
return EEDR;
}

EEEKEERXTH EEPROM ZEREFHI{THEBIESH EEPROM WERIEEEHHIT , EEPROM HWERENME  HE
ERE EENBIHRMBAZEITRK. BEERELERE  IFR[ETFHEZET , SHHIEL TS
WimEER, BEAERTEBRES 2N R EEPROM BB E,

P51k EEPROM BiEE % EHERBEESE , CPU #l EEPROM B[R THEFREE |, & EEPROM BIEM IR (=
K)o XFEREEAINH EEPROM B4R th 28T, AMEBERHARNRPE R,

BT HEESKER EEPROM BFEHAEFHT T | —RBEKT EEPROM BREME
ENHERE ; —R CPUXRBELTEERE T,

EEPROM ¥ #R SA Y 8] 8 o] BUBE LA T 75 A R
B EEAREFAVR RESETE5 MK, X 7 BUB fERET 1 Ry 12 B E8.38 BOD
KK, MR BOD BFEEEHEERNATLUERANBEM B, EERELELH
RETEN  REBRERE®E  EREMHERESE R,

I/O =88 ATmega32 # I/0 ZZEIE XN, P283 “ B HR ",

ATmega32 T B K /O RIME B ALE T 1/0OZEE. FIEM /O EER AT LUEE IN 5S0UTHE
SRIAGE L E 32 MNEAIESESM /O 2 RMEREFE, ik 0x00 - Ox1F B9 /10 F1E
E53E T A SBI 1 CBI I8P EEH T T4 , M SBIS M SBIC MARKERE —VWE,
ZHBRESNIETE. FH IN M OUT ISR bit %J7E 0x00 - Ox3F Z[H, MRER
SRAM —#3@3d LD # ST S 1M /0 F1E85 , MM it E i E 0x20,

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

—EIRSHFEMNNBEREETE "1" XEUW. EFIENR , SHMKSH AVR FF ,
CBI 1 SBI T REENELEREN LR TIRE , AMTUATEEXLERSIRENFE
83, CBI 5 SBI #5495 2%t 0x00 2l Ox1F B FEE8HE Ko

/10 MMRRFFEREGEAMETHITNE,

www . BDTIC.com/ATMEL

ATMEL 2
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RGBT R B BRI
M RERE S 1

WWW

CPU H‘H‘F - CIKCPU

I/O Hq# - CIKUO

FlaSh H‘H‘F - CIkFLASH

R ERESRAH - clkagy

ADC H‘H‘F - CIkADC

Asynchronous General /0 Flash and
Timer/Counter Modules ADC CPU Core RAM EEPROM
A 4 Y 4 Y Y A A
clkpe
clkyo AVR Clock Clkepy
Control Unit
CIkASY C|kFLASH
4 A
Reset Logic Watchdog Timer
F ¥ ‘
Source Clock Watchdog Clock
Clock Watchdog
Multiplexer Oscillator
A A A
T A TN |
m B [) I C ] () 7\ VI r
Timer/Counter External RC External Clock Crystal Low-frequency Calibrated RC
Oscillator Oscillator Oscillator Crystal Oscillator Oscillator

ATMEL

Figure 11 FAVRIWEERMHRERE S M, XL HFZTERN TE. 7 THRIEIIZE ,
ALBESFERTENERERNRZ L TETENEROR R P30« £ FREERIER
B, R RSEIFEL Figure 11,

Figure 11. B4 %%

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

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

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

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

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

22 ATmega32(L) m—
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rHR

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

48  BOEIMEMNER,
Table 2. B4piRERE (1)

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

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

TR HEIFEREMBIHRTNE, % CPU BEBREAREREARELF , Uk
Byt R ARN B IR ERN | RIERHSRET BIITIE S 288 ARERS, ZCPU
ME LT 38 TR | BB EHNAYER B (5] BARIEFE MCU FHAIE R T2 5l BIFA EIFRE
B, XMEFRENENBEARERTR. B 1GRH B A WDT &% 3%
BHEBFET Table 3. BENAIRHRMMBHTEBERE , R P283 “ FiFad ” .

Table 3. & 1MiRZ BRI

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

HRE 4R H&@;}SIL @‘001” %QMA;%% ﬁt\%mﬁrs RC #E5e ,
WWW = e S s R 503 | gP 17 ST 55 B B 5 R .

2503F-AVR-12/03
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ATMEL

XTAL1 5 XTAL2 7518 BYER RS 2R R @ KBS A A R4 |, 20 Figure 12 FT 7R
EMREHERAUAEALRRE , W U EAMREIE RS, B2 CKOPT ARIERX it
BABERNNEDZ—, Y CKOPT R SSRERESIM~EFRENRS. X
BRXEETRFENE | UREEE T XTAL2 W FE NS 801ER. mEXfE
XN RBE LR, HRIF CKOPT ARGBRRESH |, IRFINAHESEELR N,
HESERAKBRET IR , ERMERBELRE , B TR HatidEF8E.

T FiEH#RET , CKOPT RGmERMIRAMMENR 8 MHz , CKOPT 4wiEATH 16 MHz, C1
MC2HHBEE—#H  FTEFANRRAEREIRSE. RENRESHERN AR EIRSS
AR, EEZHERNRENBRIRF AR, Table 4 A THX REERBEEN — L5
M. NTFMHEEIRS , NiZERA BRENKRE. FESIFESNERUNMERERUR
FHR[/UNATHENER , BSEZHRIRHENA F M.

Figure 12. SR{#&iR% 5 EEE

— }—17 XTAL2
c1
o St IxTALL

GND

KB AUTETF=FRNES  F—&HE - MU REREE, TEEXBEI B2
{Z CKSEL3..1 k%4 , 70 Table 4 FiRo

WWW B befECom/ATME

A RERBER c1 M Cc2 WiEETE
CKOPT | CKSELS3..1 RSB E (MHz) (pF)

1 101M 04-09 -

110 0.9-3.0 12-22

1
1 1M 3.0-8.0 12-22
0

101, 110, 111 1.0< 12-22

Note: 1. WEBMAERT &4 , REATHREERSS.

24 ATmega32(L) m—
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B0 Table 5 AR , 182247 CKSELO AR SUT1..0 B F&E B a8 HE.
Table 5. S {kiRSS 25T 4P LR R AV J5 Bh At [A)

| ATmega32(L)

ST RIS SE
BESTEEATH | BiE (Ve =
CKSELO | SUT1..0 BEEE 5.0V) HER®
0 00 258 CK™" 4.1 ms ﬁﬁiﬂﬁ%ﬁ , BIRRE E
0 01 258 CK(" 65 ms ﬁ%ﬁ‘?ﬁ%ﬁ , EBREE -
0 10 1K CK® - PE L HRER , BOD fERe
0 11 1K CK® 41ms ﬁﬁi&ﬂﬁ%ﬁ , BIRRE E
1 00 1K CK(2) 65 ms ﬁﬁﬁ*ﬁ%ﬁ , EE.}E%'EJ:
1 01 16K CK - AEEHEE , BOD fEAE
1 10 16K CK 41ms ﬁﬁﬁ%% , IR RE
1 11 16K CK 65 ms ;E]LME?%%% , BIRIEE E
Notes: 1. XERMAMLAT THEMEFAARETHRAME , MARNOMRREMN T NA

MEFEENER. TERTRE.
2. XEEMENMEERF[IRITE , TUARIEB IR EBRE. & TEMRAAE

www . BDTTC JCom7ATMEL ™

A I.IIEL® 25
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R R GRS

S\EB RC #x5% 88

www.BD"lc.ﬁbmlA;MEL

ATMEL

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

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

FuEANEaE | SEURHTIAER
SUT1..0 # BB e A BHEl (Voo =5.0V) | EERE
00 1K CK) 4.1ms BIRHR EF , 2 BOD fE#E
01 1K CK) 65 ms BIREE LA
10 32K CK 65 ms BHEHRELRE
1 RE

Note: 1. XEEMABEATEFNNARBEMNNAMS TEENER.

3 F o A R AY R AT BAGE A Figure 13 BUAAEE RC 5% 85, MRAILUBER HE f=
1/(3RC) #{THEE b F 1T, BE C ELE 22 pF, BERBEB L CKOPT AP AJLAfE
#E XTAL1 #1 GND Z BN 36 pF B8 , NTEEAT SR, BERRIMEXRIRZEHRW
M TR IMIER R M C WEKFEER | H5EHE RC IRF525 M A F M.

Figure 13. #\&f RC Bii&

XTAL1

»—)

GND

I

FZR/UTUATETEONTRNER , EMEAEECHRIUAEREE, TEEXETBL
{ CKSEL3..0 i£HY , &0 Table 7 Fi/Ro

26 ATmega32(L) m—
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Table 7. 7\%f RC &% 28 TE#E K

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

ERETEXMEHSRCE , BIRBEIHELA SUT BBXE , I Table 8 Fi R,

Table 8. #M&f RC #Rx5% 2R HY /S Zh A A

FuEANEaE | SUNNEAER
SUT1..0 #E 3t A RHE (Vee =5.0V) | #EERE
00 18 CK - BOD f#E
01 18 CK 4.1ms R BOR B FH
10 18 CK 65 ms BREE LA
1 6 CKM 41ms BIRPE LA |, 2 BOD &2

Note: 1. XEEETRBEA T THEMBAKZE T RAFRANTR.

BREMNH A RC #R5%588 FREMA N RC IFHREM TEEMN 1.0. 2.0. 4.0 & 8.0 MHz ByaTHh, XLHREHLE
5V, 25°C FHIRRFRERE. XA th TLUMEN KRGt | RERR Table 9 WBL{L
CKSELl_ﬁiﬁTEEIT‘J BEAR XA BT (LB TS mKopTﬁﬁeﬁ V2 BT BN E G

R /f\**ﬁbuﬁkﬁu OSCCA C IRHEIRE, &
/T {#t + 3% E’Ji%r‘ {Em
| m/ ﬁr_JZ +1%o

ks *Aiﬁzéﬁﬁfﬁﬁ%,mﬂﬁ*ﬁ EHZ’@{B%EFEﬁEE’JEI?Z’n];IHT%%VEﬁ/thELLE’J
TE. ESNAEXRNGERENEEESN P242 “IREFET”

Table 9. B AFREM RC #R5FH 88 TEER

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

Note: 1. HJ BHIRE.

ATMEL 2
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A eRRE T 787 - OSCCAL

28

WWW

ATMEL

ERTEMRETEZE , BeitEbmELs SUT BE , 0 Table 10 FiR. XTAL1 F

XTAL2 BERIFHZE (NC).
Table 10. WEFHRE RC &% 2549 /3 3 B (8]
EEEASY¥BEANE &R NS ER R H
SUT1..0 BhEtiE (Vee = 5.0V) #ERE
00 6 CK - BOD f##E
01 6 CK 4.1 ms B RRE £ A
10t 6 CK 65 ms BREELEH
11 RE
Note: 1. HiJ BHRE.
Bit 7 6 5 4 3 2 1 0
| CAL7 CAL6 CAL5 | CAL4 | CAL3 | CAL2 CAL1 CALO | OSCCAL
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WRE RELKE

 Bits 7..0 — CAL7..0: #E% SBinEHIE

TR ERIEE XA bk 7] B R EB RS 85 2 178 19 BUB BRI T &£ 7= T2 s RV IRSS
FMRRE, SR 1 MHz BARERE (FRRBRENSFT | #ikX 0x00) B3N E
OSCCAL H#FdR, IRFENI RC XFH:|/THETHMMR IRERFLAALNS : &
FRTRERRIRIFR AT | ?Ji)‘hhv&?&ﬁﬁﬁ % Flash 5t EEPROM 251, XLE#HE

EJ bufk EHRS 2T AR R
i OxFF ENB R {REM
= S ,z:; 1H'|n1 Ia H o M 0 Flash By#24E

ETTEH%%M ﬂﬁﬂh\ MINEMN 10% , ENBEREFTEELAK, EXERFH/AIAXN
1.0, 2.0, 40$u80MHZLIWE$1&ﬁT$T\E H AR N TTERIE | I Table 1177 Ro

Table 11. WP RC #RSH SN ERBH .

OSCCAL#{E | B/MAR , FHHARNE DL (%) BIE | FHMENT DL (%)
$00 50 100
$7F 75 150
$FF 100 200

ATmegad2(L) m—
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BB At

AT MRS EIRIBS Sy, XTAL1 &0 Figure 14 FRRHY#EITIESE, ERY , BLN
CKSEL £ 4rTE 5 “0000”, HIB LI CKOPT th k4R T2 , A = % AT LAGE A I BRAY XTAL1 F
GND Z[AIHY 36 pF &,

Figure 14. /A &Brt4p Kz EL B E

NC — XTAL2

EXTERNAL
CLOCK
SIGNAL

XTALA1

ERTEINMRHERZE , BaEBBELA SUT BBXE , 20 Table 12 Fi R,

Table 12. S\EBatsh B9 /3 3h At E]

FEEXSEaERN VR SER B A
SUT1..0 AzhetiE (Vec = 5.0V) HERE

00 6 CK - BOD fE&¢

1 PCK ms] I\ /l L El;‘m?&iitﬂ
www . BDTIC: com/ZATME ==

ERES /it 28RS 28

2503F-AVR-12/03

[}

1" 2]

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

NFREERES / FTHESSIH (TOSC1 # TOSC2) # AVR b IE8s | BETIERESIX

FASIEERE | TENABEE, IRHER4X 32.768 kHz B R @EET 1. TEIL
1£ TOSC1 S| AIRZE .

ATMEL 2



BRI I AR AR =

MCU #: 4|88 - MCUCR

www .BDEIG - Com/ATMEL

ATMEL

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

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

P22 Figure 11 48T ATmega32 TRIVWINHRERHE S . WEEERSENERES
NIEEBA.

REFFRIE T RIREENERNM,

Bit 7 6 5 4 3 2 1 0
| s | sm2 | sm1 | smo ISC11 1SC10 1SCO01 ISC00 | MCUCR

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MHE 0 0 0 0 0 0 0 0

* Bit7 — SE: {KEEfF&E

7T E MCU 4T SLEEP ETEHAKREREN , SE BAMEM. H THEEAMKEE
ARBFANARTN , BIUNIE SLEEP ESHEI —FKIETEMN SE. MCU —B%RE
BI7&RR SE,

 Bits 6...4 — SM2..0: {(KIEERX &R 2, 1F0

SMO HRIRE

0 ZERER
1 ADC S FIER
0 EEER
1 HHEER
0
1
0

RE

RE

Standby!" # 3

1 1 ¥ & Standby™" =

Note: 1. RIEMFERANI @A IEIREFAT Standby R S5 E Standby X F A,

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

30 ATmega32(L) m—
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RN

ADC &= HE

Lok N

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

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

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

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

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

HEASNRPER T P TS HF MCU Mis R EER | KARFINDBF —ENEIE. B
HES I P64 “ SAEBHET " o

MiEiE B EE R M B EIE %R EEE —NERET A |, LEt R A TR EHREHHIBE T XK,

"ﬁgﬁjﬁﬁiﬁ SEL EXHE A KIMET@:@
BHEEL WWW -y =0 58 01 MpN LEEQQF U Bt Nk vt | REEaEXRE

Standby &=

2503F-AVR-12/03

—RARE :

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

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

EANEREER L T clkagy MRS | RARSERTUMSE T,

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

ATMEL s



¥ & Standby &
B/METhEE WWW
EBReR

32

% SM2..0 § 111 BY , SLEEP %

ATMEL

FE MCU 3t AY B/ Standby B, X—EBEX5H

EeEA - E’JTHZ&LE%?&%%M%IWO Ha Ert B REE 6 Mafsh A,
Table 14. ETRERERER T 75309 B ¥ LA K KR B2 )R

T AERY B4 &% I BESR
fEag SEPEN||=/

S & ol » gﬁé E?jé Wi | ERt l;ogl A "

& T o 2 2| R’ A N—o | #hyt| BF | ) D| H
MEMR | 3 S = 5 5| Wi A ZZ2Z mE 2 | # | c| IO
ZZRER X| X| X X | X@ X X X X | X| X
ADC K= #] @) ®)
iy X | X X | X X X X X | X
HEE X©®) X
HEER X X@ X®) X | x@
ia(?)dbyffﬁ X X3 X
T EW
Standby & XA X | x@ | x® X | X@
= (1)
Notes: 1. B4R ANAIBRMAEE LIRSS

2. ASSR ) AS2 Bfu
3. INT2 REEFHUT INT1 5 INTO

i -Fi; mm ? ﬁ}%ﬁa TEEFI A EIRAS =
m} JF 2 g BEN %Eﬁ?ﬁk%FJ«XL
BRI EEIRAY ThFE

fE8E

ADC., EFEZNEWNE

—IREBRNT BEVEKR.

it , ADC HEEREATHETHE, HTHRENE, ERAEREACHTEEL

E{BS R P187 * BHEERE ",

ATmegad2(L) m—
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Bl LBRER

=80 BOD

FAEH#BE

B IRER 2R

WO S|

JTAGEOEHK LRERE

WWW

2503F-AVR-12/03

EZERERXN , MBREFERAELLRES , TLUFHXA, £ ADC REMNFIEX T2
mit, EE@EEEE*%“H%MJZBKEEEEQ*PHE’J MRELLLRBFERATASBEREE
B, WA CEALERERXTHEEXHE,. BNRNBEEREAERE —EffsE. F50L
P184 “ L LLERES " LA T R N Bl E AR 1L LR 8] o

MR RS &‘ﬁﬁ%#ﬁ%ﬁﬂﬂ%ﬁ BOD ,X/MERB AT AKX, MR B2 {2 BODEN %Eziﬁé&
MMfEEET BOD e | bHE%WWEE#E'ﬁT%@@IVEO EREXOKREERT ,
B EE %,)...E'J?Ejtttio BSE P37 “HEERN " LT HM{AE E BOD,

£ BOD., EHELLREFF ADC AR ENHEEEER., BEXEERFELT , NE
ERUTAT AL, EFMFREEAFPSASESGEERRECEILUERTE, ﬂﬂ%glﬁﬁﬁ
REESEP2EEEN , HAEZAALUFER, HSR P39 FARHEBE" A THREER
Bt E AT

MRRGEEFEAEMN , XMNMERBALKRF, BFERE , WEEAKREEX THFLT
'ﬂE MNTEFE B R E/?NET/AE’JEEEE$E4€T t/l\EE:I)ILHIEﬁEE-/JILE’J?Ej(ttEo BSE
P39 “ BITHENE " LT ROAREE TRENE,

HARBREXES , FAAENKOSIHBNZEEN VBRI DE. REENRE LRI
MR, EREERXT /0 B4 clk,o F ADC B4 clkape BEFELT , MARFES
BEIT | NTIRIER A BB T MR ET, ELLEER THABERELEN , AR
REESRA, BT HINEEH EACIHES N P51 MM ABENERER ", NRHAE
RER RN | LM ATEERE |, GBS BRFUFNIZEER Vo2, BUBRMAZPIRLH
FEIARBR,

WRIEN 4L OCDEN #E82 T )y LR ARG  HE 5 H AR ol & iU TR R EF

BEEECCOM/ATMEL ™

T4mTE JTAGEN

&{Z MCUCSR Ky JTD
% JTAG #EOMFEET JTAG TAP BHIE & B THRIER AT , SIH TDO FEZE, MRS
TDO SIHIEZENE4BKEE B | ThAEFE M, S4MN5IH TDI 88— LHs

FE , &t&?ﬂ#ﬁﬁé¢%%ﬁ9T—4\ﬁﬁE’J TDO SIf&E L EBE, B3EM MCUCSR
EEFEH JTD FX JTAG BLuimB AR IE JTAG 0,

ATMEL 53



RERHSEN
S AVR

SR

ATMEL

SENFAAN /0 FERBMRENNEBE  EFNENRABLFHRIT. SEMEELH
B OSIUREN B IMP 55, WERFREIEMLELRE. WREFKZTAFAS
WiZhee , BT E AT A — RN BFRBAES. XMESFERFEATESNEEN
THNARFX , RliEEMN T Boot XK — RERTR — MR, Figure 15 N EMBH
HYEEERE. Table 15 MEXL T S BENBISH.

EMRBME /0w O M SN NHEE. W FEREME LT EREZITRES.
FIENEMNESHERZRE , TR AN —MEE T HERBUH0E |, FRIBE ML EZER,
XA AEEE MCU EF THEZHE —ENNELLEFREINRENBE, ERITEH
2R Y& B E B R L7 SUT 5 CKSEL RTE. ERAHIRIERIES I P23 “ B R " o

ATmega32 & 5 NENMIR :

. LtHBEfW, BRBEEET LBEMNIIR Veor i, MCU £1i,

. AEE{L, S RESET LM EBFFLEMEAXTFHR/DEARER MCU 47,

. BlIAEN. BAFEKEFEE TAENSEHNENKE,

- HHERNEN. EBERNEMINEEELE  BRFRBEERTEERMEMITR Vgor BT
MCU EN&E i,

« JTAGAVR &1y, EUFFERNF 1 ¥ MCU 1, ¥ P210 “IEEE 1149.1 (JTAG) i&
SEE

Figure 15. 8125

DATA BUS
A

www . BDTIC . comZATMEL

3« ATmega32(L)

[
|
O
@

PORF

Power-on
vee Reset Circuit

BODEN 5|  Brown-out
BODLEVEL Reset Circuit

[; Pull-up Resistor
RESET SPIKE Reset Circuit s Q

\ \

FILTER > - ‘! )
— R
[

JTAG Reset Watchdog
Register Timer

i

Watchdog

Oscillator
>

Clock CK Delay Counters I
Generator TIMEOUT

A
CKSEL[3:0] —J

SUT[1:0]

INTERNAL RESET

COUNTER RESET

2503F-AVR-12/03
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Table 15. S{4%4%

L]
i)
/e | 2, &4 BME | H | BAE | By
EBEMIREE (RE
BERS L) 141 23 v
Veor .
LEBEEMNIREE (BE 13 23 Vv
SEEBE O : :
VRrsT RESET [ 1RR&E 0.1 Vee 0.9V \Y;
trsT RESET &/MpkHIEE 1.5 s
v EaeNEMIREE?® | BODLEVEL =1 25 2.7 3.2 v
BoT BODLEVEL=0 | 37 | 40 | 42
. it &= EE*&?IME{&E’J{&E& BODLEVEL =1 2 us
BOD TRy R/ LT A BODLEVEL = 0 5 us
Viyst | BEBERNZNER 50 mvV
Notes: 1. BBETMEN , AEBEERT Vpor NEMNT 2K E,

www . BD]

2503F-AVR-12/03

2. —LEBRMH Veor TRELLEMHN RN THEBREERRR, XERFEESN NI BHRIT

T Voo = Vaor HIMiE | RIETE Voo TREKLEETEES T2 A= SR E
B U i 2% 4

fiI, ATmega32L HIMXKHER

BODLEVEL=0, BODLEVEL=1 F&HF ATmega32,

ATMEL

1C.com/A

'MEL

BODLEVEL=1, ATmega32

35
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LtEgy LEBEA (POR) BHH A AN B4, KNBFES A Table 15, TIRMET Vo K
TRMLEF POR BIA4%, POR BEALUANRMARIEN , NEARLNEFHE,

POR EBESRIE S 4E b 1A B, Voo JAE) L 8 TR B B AR IER 12K 88, T it IER
WY BTER A —ERE N EARES. Y Ve, FHA , REETRNIIR , RESET 55 38

=0

Figure 16. MCU /53372 , RESET HE#3F V..

VRST

/ Veor
_/

RESET

TIME-OUT :‘7 trour 4"
.
.

|
|
INTERNAL | |
RESET

Figure 17. MCU Ez1i3%2 , RESET B/ B8 12 I

7. VF’OT

.
.
1 1
Ay
RESET : /./ RST

LIL
B

WWW . BD?'JLLLQ[[@&/A"M

1 1
1 1
1 1
INTERNAL | | |
RESET '

36 ATmega32(L) m—
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WWW

ATmega32(L)

AMEM AT RESET SIHMEEF~4, HEVRKEFRENRAATRNMIARE
i (2R Table 15) Bt &SI |, BIELNHEENMESEZT. HAMESTEE
BUIREBE Vegr( LFR ) B, trour EN AT, LR RS MCU B3,

Figure 18. TH#ERBHRXENBENL

Vee

RESET

1 1
1 1
1 1
1 1
1 1
| <— trour 4"
TIME-OUT : !
1

1
1
|
INTERNAL | |
RESET

ATmega32 E48 K A BOD(Brown-out Detection) Bi§ |, BN 5EE# it & BERI T LR
KUNIHELSRER Voo T, R BEF BB LW BODLEVEL RiRE , 2.7V
(BODLEVEL K42 ), 4.0V (BODLEVEL E4## ). BOD Mfit % BB BEHIRHIhAELUH
BRERRIZM R, XMEFHBEAT RN Veors = Veor + Viyst/2 AR Vgor. = Veor
- Vhyst/20

BOD HERMFF X HIB £ U BODEN##l, HBODFE#HE/S (BODEN#LERIE) , — BV THEE

R EBIELLT (Vgor. , Figure 19), BOD BN EMEE K. X Voo LHAEIAMABFL L
B (Vgors , Figure 19) | ERH TR EEFF 8412 , — B R A B troyr ,MCUBIMRE T4,

1 -F{&Iﬁ@%$ ef ﬁ?ia?MEE E)D PR IT LR
5 “COMm

Figure 19. TEMBEPRERBRNENL

VCC
| |
| |
| |
RESET ! !
| |
| |
| |
| |
TIME-OUT ! * trout
| |
| |
| |
| |
INTERNAL i
RESET ‘ }

ATMEL s
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HRhEN EITHENS R E LA RN 1 CK BN ST, EROPHN TR | Tt
ERBSEFEX trour B8 ES N P39 LT MBI ER M EFIRELRE,
Figure 20. THERBHREFI RSN
VCC
RESET
WOT —>, «— 1 CK Cycle
TIME-OUT n
RESET "7 trout 4"
TIME-OUT |
INTERNAL | |
RESET
MCU # &I MRAEFEFES - MCU ##|FIRSFER[EM T HEXSIE MCU ENHNEMRMNEES.
MCUCSR Bit 7 6 5 4 3 2 1 0
| JTD | ISC2 | = | JTRF | WDRF | BORF | EXTRF PORF IMCUCSR
®/B R/W R/W R R/W R/W R/W R/W R/W
HRE 0 0 0 DA 15 B
» Bit4 - JTRF: JTAG £Iir&
www 2BETECScomARTMEL: o= =
» Bit 3 - WDRF: B 1 g ix%
BIHENEAERNEN, LHEMEFERES , tAUBEIE 0" KER.
» Bit 2 - BORF: EE RN & trE
EERNENAEREBEN, FEEMHEEES W@ TE 0" K&K,
» Bit1 - EXTRF: A #E v iz&
ABENEENEN,. LHEMEEREEE , I UBEE 0" KERR,
» Bit 0 — PORF: L 8885
rBEENRERNEMN.,. REBEE 0" X ERKR.
RNTEAXEEMFRERANEMNEZYE  AFRFNZR BB TESRNHRE  RASNESE
i, ﬁﬂ%ﬁﬂf&ﬁﬁ&EZﬁuHﬁt%ﬁ%ﬁﬁu )ﬂIJF%"éEuE‘ILAJEﬂffAﬁﬁmT\ KT
fi#,
38 ATmega32(L) |
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FAEEBEE

BEHBEFERESNENE

B RERES

BlHERSRRHTER -
WDTCR

2503F-AVR-12/03

ATmega32 EES NEREAR ATESRN  HE2ENELLLEREZHADC R A,
ADC 9 2.56V B EBERIL F NEERE SR~ £,

BEEENSE T ME THESN. B38E ST Table 16, 1 7HEEKIIFE |, AT
BHEERNENTERITI

1. BOD f#E ( /A% BODEN #4s#2 )
2. BEREMAREZEELLLERER (ACSR & 1781 ACBG EfL)
3. ADC f##E

Eit , 2 BOD #1218t , Bz ACBG Hiffft ADC FEEBE MR, H THREEBER
HINFE , AR TR ER=FKZ4  HEFAEBERXZFXAEER,

Table 16. AZPBEEERIVISHE

BN | BRE | BX
S ] B8 & & & By
7/ RERRELE RSB E 115 | 123 | 1.35 %
tag RERRE RS B AT E 40 70 Hs
lga BERR BRI #E 10 HA

EMAENEHRIMIN 1 Mhz FRRHERED . X2 Voo =5V WBRRE, BSR4 MH
BEATHREMV  BFTHARRE, B REE THENSENTA S M UBTE R
E AT E EIFE , 20 P40 Table 17 FiR. B AEMNIES WDR AXREMNETHERES.
WA BEETAERSBEREESVNENSREHEMN. EMFEE 8 MNET, REE
R EMERS , —BEBSENAER , ATmega32 BMENM , HHITEMNBEIE B

TG COnZALMEL
TR (AN [ , . )= D2 e S5, I

BRENGREHNEER.

Figure 21. B 1fER &5

WATCHDOG WATCHDOG
OSCILLATOR > PRESCALER

2K

OSC/16K

0OSC/32K

OSC/64K
0OSC/128K
0OSC/256K
0OSC/51

WATCHDOG

0OSC/1024K
OSC/2048K

RESET
YVYVYVYY A

WDPO :‘k

WDP1 r\

WDP2

WDE

MCU RESET
Bit 7 6 5 4 3 2 1 0
| - - - WDTOE | WDE WDP2 WDP1 wDP0 | wDTCR

®/B R R R RIW R/W R/W R/W RIW
NRE 0 0 0 0 0 0 0 0

ATMEL 5



ATMEL

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

« Bit4 - WDTOE: &1 i< &k

5% WDE Bt A4ES WDTOE , BRI E TR, —BEN , BEREZEN 44
NHEzERNEES, 55ZEHx WDE WiiBEREZILE 1A,

« Bit 3 - WDE: &1 ¥i{E#E

WDE  "1“Bt , B MR BN E AN HEL, REE WDTOE 1 "1“8 WDE 8858
T, UTAXABITHANSE

1. EE—MES AN WDTOE # WDE E "1, BIf§ WDE 247 "1“

2. EEEN 4N EBHZRX WDE B "0

* Bits 2..0 - WDP2, WDP1, WDPO: E[1ErEEM 2 28 2,1 M0

WDP2, WDP1 1 WDPO IREE 1 MER S50 Mas , L2 508 KM M A G B A H a0
Table 18 Fi Ro

Table 17. & ¥ E R 250 5 S 27 1E W

Ve =3.0VETEEE | V. =5.0VEf8LE
WDP2 | WDP1 | WDPO WDT %28 A% Y% R Y% i
0 0 0 16K (16,384) 17.1 ms 16.3 ms
0 0 1 32K (32,768) 34.3ms 32.5ms
DNTIXO A6 A TRIE] 65 ms
www . BDTIC . GOZATMEL <=
1 0 0 256K (262,144) 0.27 s 0.26 s
1 0 1 512K (524,288) 0.55s 0.52's
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 B, EUBREFMLETRAFEHEZT (
LBt/ ) , EMERT TERFNRHA2RE,

SCYmACRD B2

40 ATmega32(L) m—
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WDT_of f:

. E/\WTCE # WDE

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

; KATVDT

Idi r16, (0<<WDE)

out WDOTCR, rl6

ret

C L6l

voi d WDT_of f (voi d)
{
I+ EfZ\WDTCE AVDE */
WDTCR = (1<<WDTOE) | (1<<WDE);
1% XEWDT */
WDTCR = 0x00;

www .BDTIC.com/A"

ATMEL

'MEL

41




Sl

ATmega32 H i E &

ATMEL

A BAATMega32M P HTAL I, B —RWAVRAKLEES N

Table 18. £ M@ E

P11 SN SHMLLE" ,

BF
aRs syt @) TR FRfE
1 $000™M RESET HNEPSIMEBTSIRKNEN , LHEMN , EER
MEN , BENRAEMN , LR JTAG AVR 11

2 $002 INTO SAERFRTIER O
3 $004 INT1 SNER P HRTIER 1
4 $006 INT2 SNERFMRTIER 2
5 $008 TIMER2 COMP | FERTER / IT2KE] 2 LERITEL
6 $00A TIMER2 OVF ERTER /T EER 2 Bl
7 $00C TIMER1 CAPT | ERI2S/ it¥ke8 1 B4R
8 $00E TIMER1 COMPA | TEBTES / iT¥kEE 1 LERITE A
9 $010 TIMER1 COMPB | TERTES / TH288 1 LLRITEL B
10 $012 TIMER1 OVF ERYER /T EER 1 R
1 $014 TIMERO COMP | FERTER / IT24E] 0 LEERITEL
12 $016 TIMERO OVF | ZErT8:/it%k88 058
1PN T PI, ST P e

BDTFC . cOmM/ATMEL
15 $01C USART, UDRE | USART HiE& 1z
16 $01E USART, TXC USART , Tx &R
17 $020 ADC ADC #iR& R
18 $022 EE_RDY EEPROM 4
19 $024 ANA_COMP Bl B8R
20 $026 TWI A& BITED
21 $028 SPM_RDY RIEFEFFHENTRE

Notes: 1. 18#{7 BOOTRST #4miEAf ,MCU S/ F B3 % Boot Loader, ES ML P228 X

BoISEAERF - EE;E’\JHET—IL,U* (RWW, Read-While-Write) I B ER4mTEEED ~ o
2. HEEFESGICRIIVSELENMA , FTE 2B EBoot XA abIE, LT EANFRETE
ERSSRRi it A R bt 5 Boot X2tk Ao

Table 1945 7 FREIFWBOOTRST/IVSELIZE THE MM BN E, WREFKIZ

FEEREFR T |, T &

MEERNL. AP ELERERRF. B  IREMEENT

RAKX , mEMTHEENT Boot X, NENAEBZEAUNERERF, RYKTFEM

Lto

42 ATmega32(L) m—
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Table 19. S HiEENBEHHE ()
BOOTRST IVSEL | &Efrsthsit o BT ) AR 2 1t
1 0 $0000 $0002
1 1 $0000 Boot X & fi#ts 11t + $0002
0 0 Boot X & {u th it $0002
0 1 Boot X & {u ith it Boot X &bk + $0002

Note: 1. Boot K&t 5F P237 Table 100 o X FIBL I BOOTRST ,“1” RRKRIE |

EN=Y TR
ATmega32 BN SV FIZENT :
3k S R
$000 jmp RESET
$002 jmp  EXT_INTO
$004 jmp  EXT_INT1
$006 jmp  EXT_INT2
$008 jnp  TIM2_COWP
$00A imp  TIM_OWF
$00C jmp  TIML_CAPT
$00E jmp  TIML_COVPA
$010 jmp  TIML_COVPB
$012 jmp  TIML_OVF
$014 jmp  TIM_COWP
\“T jnp
BD 1C:
A jnp
$01C jnp  USART_UDRE
$01E inp  USART_TXC
$020 jmp  ADC
$022 jnp EE_RDY
$024 jnp  ANA COVP
$026 jmp TW
$028 jnp SPM RDY
$02A RESET: | di r 16, hi gh( RAVEND) ;
$02B out SPH, r16
$02C Idi 16, | ow( RAVEND)
$02D out SPL, r16
$02E sei
$02F <instr> xxx

i8R

; BfIPHiEE

; 1 RQQ HETEE

; |RQL HfiEE

;. |RQ HHfEE

. Timer2 LERFPHTEE

o Tinmer2 GBHPEEE

;o Timerl FHRPEEE

o Timerl LERASMIEE
o Timerl bR BHMTEE
o Timerl GBHPHEE

Timer0 LERAPHTEE

com/ A%EJ%E%E

ATMEL

UDR ZEFififa &

; USART TX &XRAiimE
; ADC HRgERiiaE
; EEPROM B HiimE
; BELRBEREmE

, BEBRTEOTRHEE

; SPMRB&HHiEE

EERF

; IREHARIEH Y RAMEYTRED

“0”

43
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L8447 BOOTRST KR4wi2 , Boot X7 4K F¥ , HZ 1788 GICR W IVSEL E{uAt , 82
HYEMMPHHEENT :

b1k Sas) R 8
$000 RESET: Idi  r16, hi gh(RAMEND) ; FRF
$001 out SPH,ri16 ; IREHERIEH N RAMBITRER
$002 Idi  r16, | ow( RAVEND)
$003 out SPL,r16
$004 sei ; fEREFHT
$005 <instr> xxx
.org $3802
$3802 jnp  EXT_INTO ; |RQ HiEE
$3804 jmp  EXT_INT1 ; |RQL HiEE
$3828 jnmp  SPM RDY ;. SPMFLZE a2
%4y BOOTRST B4 , B Boot KA 4K FHET , BEHEMMPMEBAT :
ik Eaas) RB 3 EA
.org $002
$002 jmp  EXT_INTO ;. |RQ HHTEE
$004 jmp  EXT_INT1 . |RQL HHTEE
$028 jmp  SPM_RDY ; SPMB&hiimE
.org $3800
FOQ =R T: | di r 16, hi gh( RAVE#®P) &
www . BDTTC:: comZATMEL
- dle | o 6, D)
$3803 out SPL,r16
$3804 sei , fEREFRMT
$3805 <instr> xxx

M2 BOOTRST E4w%2 , Boot K 4K ¥ |, HZ 1788 GICR HY IVSEL & {uft , 82
HYEMAMPHHIEENT :

b5 S KRB 15 BA
.org $3800
$3800 jnmp RESET . Reset HHiEE
$3802 jmp  EXT_INTO i |RQD HHiEE
$3804 jmp  EXT_INT1 ; |RQL HHEE
$3828 jnmp  SPM RDY ; SPMFE @£
$382A RESET:  Idi r16, hi gh(RAMEND) ; X&F
$382B out SPH,ri6 ; IREHERIEET N RAMBI TSR
$382C Idi 16, | ow RAVEND)
$382D out SPL,r16
$382E sei ; (EREARRT
$382F <instr> xxx
44 ATmega32(L) |
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E&Fﬁ X Boot Kz #B3+

EATPHESIFER - GICR

BRAPIZHTFRERETHEOERNKE L

Bit 7 6 5 4 3 2 1 0

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

o Bit1—IVSEL: A=k

% IVSEL 7 "0“ & , A E T Flash &gV Rt ; 2 IVSEL 8 "1“ &, FRKf[E

B3 Boot KM IAtbit . SEFRAY Boot Xt tthit 1S4 {7 BOOTSZ BE. BEiKiE

?}% P228 “ X#5 5| SEARF - EEMN R AT L% (RWW, Read-While-Write) 9 B 4R
BEN” o ATBHILEEERHEPMEER SR IVSELHEEERMTERE :

1. B ME&E R e IVCE
2. HEEEN 4N AR ERFEENRIESA IVSEL , B3 IVCE B 707

PAT LRSI P B a4 EE 1L, HX , HEM IVCE A MRMEELT , H—ERSFE

E IVSEL #E2 BT —&iEa, MRZE IVSEL B#EE , N iEE IVCE Z/FH

AN EARREFZL, FEIENRE  ERPHEEHREL BRSFESOM I BEHR

FZURENTME,

Note: EHHEIEN T BootX , HBoot#iE{(BLBO2#E4RE , M 1T R A XK F2 B Fr i 22 1
; EhEEVTNARK , B Boot 8{E{L BLB12 # 42 , N#1T Boot X KR FF B ch i
Wb, A% Boot SIEMMNHAT TSN P228 i?—r%l—ar RARRF - EER R AT BLE
(RWW, Read-While-Write) B B TR4BIEHEN ~ -

www . BDTIC.com/ATMEL
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 Bit 0 — IVCE: H i ®& i EaRE
%A IVSEL B IVCE %REfI, £ IVCE = IVSEL BigE2 /5 4 MNetsh A , IVCE #

BHEE. WEIEAR | B IVCE R, RBMT

LR BBHIRR

Move_i nterrupts:
; fEREFET M ERE
Idi ri16, (1<<IVCE)
out G CR rl6
; N 2%% 5 boot Flash X
Idi ri16, (1<<IVSEL)
out G CR rl6
ret

C R#gHIE

voi d Move_i nterrupts(void)
{
[* fEREFETEEMNIEH */
G CR = (1<<IVCE);
[+ FhEiEE#BE boot Fl ash X */
G CR = (1<<IVSEL);

BDTIC.com/ZA

'MEL

ATmegad2(L) m—
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1/0 ¥m A
43

ERBAKE /0 EAR , FiE AVR /0 I O#EBEEMNIE - 8K - BIEE. XEWRE
FiSBI = CBIETHERLEEMN S M (RERMOBTF, 21/ Fae sl ) HF4
TEMBTHMERO L@ (RERKOBF, ZiE/ FrE LB ), mHEPEEEX
MEmshEED |, T ER WK BT , BiERs) LED, FiEMmASIMBEESHET
K ERBHE, HAERFP -MES Vo MHMAEE , W0 Figure 22 FiR. EZ M P269 “ &,
SR T BEENSBIIR,

Figure 22. 1/0 S| EHREHE

pu

Pxn —— l —e Logic
|
|
|
|

Cpin See Figure 23
"General Digital 1/0" for
Details

www BTG, COMJATMEL. .. ...

ERERBF /0 WiRA

2503F-AVR-12/03

NHFS, BRERFEEERE, ffitl , PORTB3 X RO BWE 3 , MATHE
A=K7 PORTxn, WE I/0 FEHBMALENHITF P61 /O i A SZEMHA " o
FNHEOEBE = 110 FiEEs i - BIEFEEE — PORTx, BIEAH B EF 188 — DDRx M
iw O ASIE — PINx, BEFESMNBESIOFTES[NIEL/ EF5ES  MisOHWASIER
ApEEE, CREERIIEENE , X PIN SEEE—NBEABE "1“ NERKES
FEESMNMHNBELAE "0 5 1“NREBEIL, 21T SFIOR B LR E {7 PUD &
Bt i O S| BIAY Ehr e PR ERa B2 1t

ERBEREE /IO NI ABESH PA7 “ ERBERABEZ /IO MIKOD ", ZEIROSIMES
FEEEAN , W P52 IwOMNEZEE” FiR. BSNEMERMNE/KIHBALLT 5]
BIEY 58 = ThAE,

FRRELSIHNE—DRT2PNEMETE —mANSIHMATERKF /0 BH,

swOREEE LR BENE /0O 3. Figure 23 3 —N1/0 3% 0 5| HIEY 15 8A

ATMEL a
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Figure 23. @A = /0

T:| Y™ PUD
<l‘ 7
Q D |
DDxn
9. 9
I _l— WDx
RESET
; RDx
[: (%))
2
/I Q di
[P} \J ortin <
e I |-
I WPX o

p—— - SLEEP : RRXx
% SYNCHRONIZER
% l/

WDx: WRITE DDRx
PULLUP DISABLE RDX READ DDRX
SLEEP CONTROL X: WRITE

%

P O CLOCK RX X EGISTER
Px, WDx, RRX, RPX Qm — g T HYF o Clk,o, SLEEP H

PUD I3t Fr A By im O &R =2 —#EY,

[ FMNEOSIMEREE =1 F1F85L : DDxn, PORTxn 1 PINxn , 21 P61 “I/O % O & 1788
Ki%BA ” /R, DDxn {uF DDRx 1788 , PORTxn X F PORTx &178% , PINxn {4 F
PINx 1788,

DDxn AREF SIS ™, DDxn K "“Bt , PxnEERNBEH , BUNEENE A

SIMEENBAR , & PORTxn 3y "1, LR EBEPRNFER, MRFEXRAXN LB ,
A LU PORTxn /ﬁ$ REFX B MEE N B i SR ESIHANSHES BN b

HEERHEET,
LSIMEENMEA , & PORTxn 73 "1, SIMMESBEF ("1, BN 4H HEBF (“0%).
E(nﬁ?x =7 ({DDxn, PORTxn} 0b00) %t S B F ({DDxn, PORTxn} = 0b11) FH

WA Z R ATHHRET , R EEAAMAE ({DDxn, PORTxn} = 0b01) s H{EEF ({DDxn,
PORTxn} = 0b10) ERHERAREE R, BE , L?ﬁ%ﬁﬁﬁﬁ‘é%%éﬁlw&ﬁ
B, ENSHERETEERRSETAHER FiHE., MEFARRTRXETS , AT
B3 E I SFIOR F1F25H) PUD REILFrA U O M LR EkE,

EEuwmANGEEEFEZRAYNGEERENEE, AP XFEESMES (DDxn,
PORTxn} = 0b00) 4 i & 8B F ({DDxn, PORTxn} = 0b11) fER A S B,

48 ATmega32(L) m—
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BRES| B E R

2503F-AVR-12/03

Table 20 B4 7 S|IBMNZFIE S,

Table 20. %A SIHIEE

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

it A fi & DDxn , &R AT LUES 32 BX PINXn 125 KIRBSIB 2T, M Figure 23 FI7R
PINxn FESNEMISEIEMNHESRER T — MRS XHEF AT OB & 1F A 20644
RBRERENENEEENHTEIHBFTEMELNESTFTRE. HRIZSIAT
JEXR, Figure 24 NG| M BRI RELS RN FE. RAMRIMERIER D BN thg max
*u tpd,min°

Figure 24. 3EUS|HIZIE R 09 R 5

SYSTEM CLK

INSTRUCTIONS XX kX " inri7, PNX
www . BRI COnZ
- [l ]

. )y
PINxn
117 0x00 | X oxFF
:‘ tpd, max ‘ o
< . >
‘ ‘ tpd, min ‘

THZEE-IMREMGTRAZERENNS AR, Yt ESHENGESEXA
B ; MR ESISRESTUBHEN , B+ SYNC LATCH E5 W XrR, Bt
BNENGESEREF  REEREBNRENS EFRBIFE PINxn FF80 10t na
M tog min FTR . SIH ENESHRRIEBRT 12 ~ 1% MPRENH

o Figure 25 AR, REVAAH R FHSIMEBE TR EFEERBEES out MIREUES in ZRAE
— Neteh EHAR RIRR |, B0 nop EEF. out IETENHE EFAREN SYNC LATCH 5.,
LB ) 5 85 O AR B 8] t 9 — N REGEATE,

ATMEL .
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Figure 25. BRI FHISIM BTN RS

ssseewerc__ [ L [ L[ L[ L

ri6 ! OXFF

INSTRUCTIONS X outPoRTx, 116 X nop X inazeink X
SYNC LATCH | j
PINxn |
r7 0x00 X oxrF
e

www . BDTIC.com/ATMEL
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WA A ERE RS

RELSIHWHNLE

2503F-AVR-12/03

THNFERTOMEMKRO BASIORM 1, FESIM 23, ARSI 4 2 718
BRWA  ENCIM6 A 7 RE EHRE, RETE N SMONERER, DHNETE
WA RIERHABAFDZABAT - nop &%,

SCémik iz ™
L BN i ARG E S B
L RO EIME N A

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

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

out DDRB, r 17

i ATEAZEA nop S

nop

; REUR A S|

in r16, PI NB

C R piIE 0

unsi gned char i;

[* EXELHEBENRESETHE */
[* AWmOSIMENE®E */
PORTB = (1<<PB7)| (1<<PB6) | ( 1<<PB1) | ( 1<<PB0);

[+ BREROSIE </
i = PINB

Note: 1. ELREFECEATHNEEFSR. HENENTHEENMEEIBHNNERE. BEN
BSIMo. 1, 657, BEFEAMKBER , EXME 2, 3HE, BEHFEXLROS
1 NEEE,

o Figure 23 Fi 7R , BFRWAGS (EEFARB[NHA ) TS, BHH SLEEP
f§5H MCU /REEIZHIBRESTiEBEN, ABE LUK Standoy B TiRE , U LLE
MARTZRELE A BFEIR Vo /2 FHEARZHER,

SIBIE R SNER P i A BT SLEEP 51, BE&ENEHHIEEFERE , SLEEP 5N A
B, SIHIMSE —ThAEERERT SLEEP ity T =Thae , I P52 “ s OME=—hee” B
IR B9 AR,

WREZESEF (1) BWE-MUREN " LHR, TERAREMEEEFTLHHE
FRH " BYVER SR ARSI b BIEBOARE R MR AR AE , (B EIR KRR AR ERRY |, 4
I SMED R MR AL (D 2 AR ™17, X R Bl MR FAE (KR AR TSI "0 B, o2
BSREER T SIETFMN "0 2 1" (L,

MRBSIMABER  BUARXESIHRF—MNAERF, BRMEXFR , ERERER
BRATASHBTHARER EIEEEREEC ML EREN BT MEREE5H
EHEHFmARESR *E‘ﬁ(ﬁu THEER., ZRER ) HEER.

REENRIEAASIMERBERFN S EZEEENT LN BEHE, ERIRHREMA
LI BEFRER, IREVHNDFEHERERVENEANB LR THEME, T

ATMEL s



AIMEL
WEEEERASIES Vo, 3 GND EE | B RIXRE T4 72 S BB RN B d et 3%
HEE T,

WA ME —Thee BRTBABFIOMAEZI  ASHiHDSIMEE S S =485, Figure 26 %83 T M Figure
23 LB A O SR EES R A E = AN, XEHREXNESFLHN
EFENROSIE BRI UEERES TFAVRRFIAEEEFT A i O S| — i&i% 8,

Figure 26. im O/ —Thae M

PUOEXn A

PUOVXNn
PUD
DDOExn
L DDOVxn
b3S 1
B3
Q D
DDxn
T
PVOE; Wox
xn RESET
PVOVxn : RDx
I m
1 -]
Pxn m
<
&
DIEOExn a
DIEOVXn
B D T
WWW |
<@ 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 RRXx: READ PORTX REGISTER
PVOExn: Pxn PORT VALUE OVERRIDE ENABLE WPX: WRITE PORTX
PVOVxn:  Pxn PORT VALUE OVERRIDE VALUE RPx: READ PORTX PIN
DIEOExn: Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE clk;o: 110 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, RPxKIRDx3 F [& — Nk O B P B S| &R 2 —##9, clk,o, SLEEPH]
PUD X PRER I O # R —#H, HEESRINE - SIMER.

Table 21 AERESHI/ T, RAPIZXELH Figure 26 HS|IHIMIKARS|, XEEHES
RSB IhRRER AR,

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

EE5EH £ % i% &
PUOE nkarg=ch | EWESENM , LR HAFREEZET PUOV ; Bt
B R {£855% , Wl {DDxn, PORTxn, PUD} = 0b010 & _EHI
%Bﬁﬁﬁbo
PUOV nkavg=:h | % PUOE &1 , M|Fit DDxn, PORTxn M PUD %17
EHE BEMUIARE , PUOV B/ EEet E R BPEE
BE/ZE
DDOE BiEA M MR ESEN , i HIRsFaed DDOV 54 ; &
B AL LEESES ﬁHﬂlZz;t{E £/ DDxn 728124,
DDOV BEA % DDOE &{u , W DDOV B / FEatfa HIKsh e
BHE [ Zib | MAE DDxn HF1FEEMRE LT,
PVOE % O B3R MRXMEFEN , B BRI FEE , i OHIEH
B FERE PVOV 24l ; & PVOE /&% , Bz fFRE , ImO K
EHZF1EEE PORTxn 224,
PVOV s OB % PVOE &fu , WOEIREN PVOV , MTAEFFEE
EHE PORTxn M{AiZE,
DIEOE B AR MBEXMEEEN , HFMAFELEH DIEOV 24 ; &
BE L DIEOEES ﬂ;&%ﬁxﬁ BEEMCURVIRASTAE (EE#E
=, aﬁa&ff;‘ﬁ)
DIEOV WM AR % DIEOE &fI , DIEOV &1l / 5T AR/
Bzl 2k, MFE MCU amxxzzun EFEER  BEER
WWW B .J % )Ko Bt xMEES
- U - St K485 i D o n. BIERTRA
FﬁﬂEHT%‘PE ’UIJ% HEEUNERECHRS .
AlIO BIES BEMA /Wl E5EESIIMESEE  mMAT
WA W BEXERO.
TEHMNLVNTEEEERBAENEONE DU REXNES, EfFESEEXEZ
IhEERY R B,
53
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Y7 IhEE 1/0 TF1E8% - SFIOR

Bit 7 6 5 4 3 2 1 0

| ApTs2 ADTS1 ADTS0 - ACME PUD PSR2 | PSR10 | SFIOR
®/B R/W R/W R/W R R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0

« Bit2-PUD: Z£/f tH#BHE

BE{et, BIERFFF2F DDxn M PORTxn [ ﬁvﬁﬁaﬂiﬂaﬁﬂ ({DDxn, PORTxn} =
0b01) , 1O W CHY L B th A AE L, S P48 “ BB EIM "

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

Table 22. i A Y58 = ThaE

YOS5 B b |-
PA7 ADC7 (ADC i A& 7)
PA6 ADC6 (ADC % A\jEi& 6)
PA5 ADC5 (ADC % AjE3& 5)
PA4 ADC4 (ADC #i A\jE3& 4)
PA3 ADC3 (ADC i A\jEi# 3)
PA2 ADC2 (ADC i A& 2)
L PA ADC1 (ADC i ABi& ]
www . BDF 1 C=eom#ATMEI
m e FIAYAY4RR AR Y B AAR ™ ™™

Table 23 #1 Table 24 45 T 0 A 58 ZIhEES P52 Figure 26 EFESHX MK R,
Table 23. PA7..PA4 WEZThEREESES

BSEH PA7/ADC7 PA6/ADC6 PA5/ADC5 PA4/ADC4
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 0 0
PVOV 0 0 0 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - - - _
AIO ADC7 %A ADC6 A ADCS5 %A ADC4 A
54 ATmegad2(L) m—
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Table 24. PA3..PA0 WE_IhEEEHES
ESEH PA3/ADC3 PA2/ADC2 PA1/ADC1 PAO/ADCO
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 0 0
PVOV 0 0 0 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - - - -
AlO ADC3 i A ADC2 # A ADC1 5 A ADCO %A
WA BHYE=ThaE i A B K = Ih&ESITF Table 25,
Table 25. %0 B B —IhaE
W O 51 S IheE
PB7 SCK (SPI B4y R 1TRT4T )
PB6 MISO (SPI By EHMmA / ML HES ) )
WWW AB5 Eﬂplﬁ 1=.f)|\/| |
n L/ N o1 3 Vi
PR3 AINT (RN )
OCO (T/CO %t bR e B a i )
B2 AINO (L LLRIERA )
INT2 ( SAERARRT 2 5 A )
PB1 T1(T/IC1 AZBIHERIRRA )
PBO TO (T/CO AEBitEEHMA )
XCK (USART SAERET &4 A / fiH )
SIHBEENT :

- SCK-i#%0OB,Bit7
SCK: SPI BEM =M E MM ARED. TEFMHERES , Fi¢ DDB7 &

B XSS ENRA, THEFENERN |

&, igBEAWMARE , Lhi#fEE PORTB7 4,

« MISO - %0 B, Bit6
MISO: SPI BER EVEHFERA , AMBERERO. TETFTEHNEXR , 71 DDB6 i&

B XS WEFEERNBA. THETFMUERN |

o &Eﬁ’iﬁﬁ)\}‘ EREfEE PORTB6 #2241,

2503F-AVR-12/03
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%1 3| BI8) B3E 75 14 B DDBY7 12

1%/ 3I B8O B3E 45 12 B DDB6 12
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« MOSI -0 B, Bit5

MOSI: SPI BB EHHEERE  MIBEHARKO, TEFMIERS , Fit DDB5 i%
B | XANSIHEFFREN A A. ITHEFENERN , XA SIBEIES @A DDB5
2 Hl, IRENWMAS , LR EHEERH PORTBS #4,

.« SS-i#0 B, Bit 4

SS: MHLERB A, TEFMEREN , Fi& DDB4 B |, XN SIMEF LB @
Ao HILS|IBIRERT SPI #UBUE. THETFENEXR , XA SIEHEIES B H DDB4 2
#H, RER@MAR , LH BB PORTBS #24l,

« AIN1/0CO - #0 B, Bit 3

AINT , BB AR A. BEXSIMN @A, YIMAI LBl | BiEBFimOIhEe
SEM LRI AN 2R,

OCO , Witk tE S : PB3 SIMIAI4ER T/CO LLRITE M AP ., ST iZIhAERT |
PB3 S| AN ELE N i (i DDB3 A 1) o £ PWME XY ERTTIEERF , OCO SIHIME
o

« AINO/INT2 - #% O B, Bit 2

AINO , EHILLRIER A, BEXSIMNEMAR , tIMAI L EpE | B BFim O IheEe
SEM LRI RN,

INT2 , S\EBHF TR 2 : PB2 SIHIERN MCU B AL 2B BTR

« T1-1i%0 B, Bit1

www . BDTEC . com/ATMEL

« TO/XCK - %[O B, Bit 0
TO, T/CO it#=RiR.

XCK ,USART s\EZBat4F , B35 5 [B1 1785 (DDBO) 12 et 4+ f i (DDBO &1 ) E 2 A
(DDBOJEE )o RE Y USART THEERLERE , XCK 3| HIBUE.

Table 26 5 Table 27 45 T iw O B 3 —Ih#E5 P52 Figure 26 EF{E S HIF RX R, SPI
MSTR INPUT #ISPI SLAVE OUTPUT ¥ T MISOfE & , TiMOSI A LA % % 1 SPI MSTR
OUTPUT # SPI SLAVE INPUT,

56 ATmega32(L) m—
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Table 26. PB7..PB4 IS _That EHES
g5 _
% PB7/SCK PB6/MISO PB5/MOSI PB4/SS
PUOE | SPE +MSTR SPE « MSTR SPE « MSTR SPE « MSTR
PUOV | PORTB7 «+ PUD | PORTB6 « PUD PORTB5 « PUD PORTB4 « PUD
DDOE | SPE + MSTR SPE « MSTR SPE « MSTR SPE « MSTR
DDOV | 0 0 0 0
PVOE | SPE+MSTR SPE « MSTR SPE « MSTR 0
PVOV | SCK %t SPI MAL4 SPI E#lEH 0
DIEOE | 0 0 0 0
DIEQV | 0 0 0 0
DI SCK %A SPI E#l5A SPI MAL% A SPISS
AIO - - - -

Table 27. PB3..PBO M —hEEEHES
£5
B PB3/0OCO/AIN1 PB2/INT2/AINO PB1/T1 PBO/TO/XCK
PUOE |0 0 0 0
ROV e (0‘ L’& - A1

www 80T 1C.ecom/ATMEL

DDOV | 0 = ol o |0
PVOE | OCO &t 0 0 UMSEL
PVOV | OCO 0 0 XCK %t
DIEOE | 0 INT2 {88 0 0
DIEOV | 0 1 0 0
DI - INT2 A T1@A XCK # A /TO B A
AlO AIN1T # A AINO 3 A - -

2503F-AVR-12/03
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WO C W =Thek

WWW

ATMEL

WO C MSE=ThEERT Table 28, % JTAG #OfE#E , ENMEHIME (L , 5/ PC5(TDI).
PC3(TMS) 5 PC2(TCK) &9 £ 1 88 FRIFHUBUE

Table 28. # 0 C W =IhkE

WO S HIheE
PC7 TOSC2 ( Em#RH RS 2)
PC6 TOSC1 ( ER#RH 2SI M 1)
PC5 TDI (JTAG MiREk4EH A )
PC4 TDO (JTAG MR B EHH )
PC3 TMS (JTAG iR ERiEE )
PC2 TCK (JTAG iz rt44 )
PC1 SDA (L BTELHBERA / HE)
PCO SCL ( P4 BB 1T B BTHL )

FE_REBREWT -

» TOSC2 - #%H0 C, Bit7

TOSC2 , EN#RH 25| M) 2: HZF1F 85 ASSR AS2 U (B 1, AL T/IC2 RS ited | SR
PC7 Sim O , RANIERHBRAARBRHRAA L. EXMEXT , B4R 385%5 M8

BX |, Z S| EE4ES 1/0 SIHM.
P AEME 22200
o Y, 7% ARG 5% 88 51 5| BiAE
. TDI-#0 C, Bit5

TDI JTAGHURHEHA  BITHABREBAECSESRABEZTFER(FHEE). HITAG
BEOFRE |, iZsIBT8EER 110 SIRK,

+ TOSC1-#M0 C, Bit6

T S ER
mP bad 5% SMESM

Bk | ZSIBIF8E/ER 1/0 SIHD,

« TDO - ¥#% 0 C, Bit 4

TDO , JTAG MIHBIERA : FETAAREBAESTERIREST R (QHE ), X
JTAG O fERE |, &5IMIFEEHER 1/0 SIM.

TDO SIMERR TAP RBERAN =D, BEABHBIRRS

« TMS-#0 C,Bit3

TMS |, JTAGH R IR ZoIBERN TAPE SIS RS T ENEM . HITAGEDO fFRE |
Z SIS REVESR 1/0 SIH,

« TCK-1#M C, Bit 2

TCK , JTAG M4t : JTAG THERSERX T, X JTAG EOMFRE , ZoIBITEEER
I/O SI#,

« SDA-i®%A C, Bit1

SDA & BTEORE AFERTWCRH TWENME 1 FEREMLETHEDO |, 5IH PC1
TEiwmOMEE , BRAIFERTEONSITHIE /O I, EiZBXT , EslIfLFERZE

58 ATmega32(L) m—
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ISR ERMEET 50 ns WA S , BiZSIMBARZBHNF RIS, HiZoIH
ERAML%ETED , HOH PORTC {#5H L,

« SCL-¥%A C,Bit0
SCL , & BITHEEOR4 Y4 TWCR S1Z85/ TWEN L& 1 FAEFRL E1TH O |, S| PCO
KEROERE  AAIFLBTIEONSTR® /0 SIM, EZEXT , £l ERES
FEORERIMNENET 50 ns WIAES , BZSIHBRERENFREIR[R . HiZo|fE
AWM E1T#EO | 37H PORTCO f#H#l Ei,

Table 29 1 Table 30 45 T 0 C 58 —IhBES P52 Figure 26 EFHESHFT RXx R,

Table 29. PC7..PC4 BN —IhREERES

Table 30. PC3..PCO I —ThAaeEHE=S (V)

gg\ PC7/TOSC2 PC6/TOSC1 PC5/TDI | PC4/TDO
PUOE | AS2 AS2 JTAGEN | JTAGEN
PUOV | 0 0 1 0
DDOE | AS2 AS2 JTAGEN | JTAGEN
DDOV | 0 0 0 SHIFT_IR + SHIFT_DR
PVOE | O 0 0 JTAGEN
PVOV | 0 0 0 TDO
DIEOE | AS2 AS2 JTAGEN | JTAGEN
DIEQV | 0 0 0 0
TAC]
P IVIEL

{é;\ 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
DIEQV 0 0 0 0
DI - - - -
AIO T™MS TCK SDA A SCL #A
Note: 1. fEEfS , ML RITIEOFELEM L SIH PCO 5 PC1 R REH, XERPHRRE, B

A, BHIRKBREEEPA LN AIO KOS TWI TS BER M,

ATMEL

59



ATMEL

W0 D W =IhaE w0 D M58 —Ih&ES T Table 31,

Table 31. %0 D 955 —Ihie

WOSIK | S=IheE
PD7 OC2 (T/C2 f i bR T Ee 4 1 )
PD6 ICP1 (T/C1 % AHEHRSIM )
PD5 OC1A (T/C1 S tb iR A ITER S )
PD4 OC1B (T/C1 %t B IEE 5 )

PD3 INT1 (AR BT 1 B9 A )
PD2 INTO ( AAEBH R O KIS A )
PD1 TXD (USART #i i 5| #0 )
PDO RXD (USART % AS|H )

FEREBREWT -

« OC2-¥0 D, Bit7

OC2 , T/C2 mH LR ITE 4 i - PD7 SIBMER T/C2 f B LE BRI S A o EiZIHEET S| B
fERHH (DDD7 B 1) » £ PWM EX W EREFIIEER , OC2 SIHMER .

« ICP -0 D, Bit 6
ICP1 — % AIESIH : PD6 ER T/C1 K AR SIHI.

WWW oﬁ@ati!ﬁﬁﬁﬁﬁ %QM%A‘JLM&BE HEZIRE TSI

fER %L (DDD5 B 1) » £ PWM XK ERBFTNEER , OC1A SIRIER %o

« OC1B -0 D, Bit 4

OC1A , mHHRITE A% PD5SIBMER T/C1 #i H LR A SNER% A . TEiZIHEET SIHD
ER % (DDD5 & 1) » £ PWM &R ER 2R THEEF , OC1A SIBMERf .

* INT1-3%HA D, Bit 3

INT1 , S\EBeh i 1, PD3 SIRIERN MCU BISAZBH BTIR

« INTO - %M D, Bit 2
INTO , S\EZBeh i 0, PD2 SIEIERN MCU BISAZBHBTIR

« TXD-#0 D, Bit1

TXD 2 USARTHIEIE XA S|, LERE T USARTHI R IERR/E X/ S| HIBGEEH1RE
4, At DDD1 FE4EA.

 RXD-#%A D, Bit0

RXD 2 USARTH EiE UL SI B, L fEsE T USARTRY IS S |, iX /N S| B4 58 4 i& B 1 4
i, 1A DDDO T2, 1B R PORTDO {34 LR B,
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Table 32 5 Table 33 Ffim O D K% =HEES P52 Figure 26 WERESXBKE T — &,

Table 32. PD7..PD4 K% —Ih&E

BESEHR PD7/0C2 PD6/ICP PD5/0C1A PD4/0C1B
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE OC2 e 0 OC1A 8¢ OC1B {8
PVOV 0C2 0 OC1A OC1B
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - ICP #iA - -
AIO - - - -
Table 33. PD3..PDO Ky 55 —Ih#E
ESEH PD3/INT1 PD2/INTO PD1/TXD | PDO/RXD
PUOE 0 0 TXEN RXEN
PUOV 0 0 0 PORTDO » PUD
P9~ == g0 0 AT J  RXEN
www .BDT I /ATMEL:
PVOE 0 0 TXEN 0
PVOV 0 0 TXD 0
DIEOE INT1 fiE8E INTO fE&E 0 0
DIEOV 1 1 0 0
DI INT1 3 A INTO % A - RXD
AIO - - - -
/0 %% O B 17 85 #Y 1% BA
O A BIESFFRE - PORTA
Bit 7 6 5 4 3 2 1 0
I PORTA7 PORTA6 PORTAS PORTA4 PORTA3 PORTA2 PORTA1 PORTAO0 I PORTA
®’/B R/W R/W R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0 0 0
w0 ABIEAEFFER - DDRA
Bit 7 6 5 4 3 2 1 0
I DDA7 DDAG6 DDAS5 DDA4 DDA3 DDA2 DDA1 DDAO | DDRA
®/BE R/W R/W R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0 0 0

ATMEL
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WO A®BASIHEH - PINA

Bit 7 6 5 4 3 2 1 0
I PINA7 PINA6 PINAS5 PINA4 PINA3 PINA2 PINA1 PINAO | PINA
®/B R R R R R R R R
B E N/A N/A N/A N/A N/A N/A N/A N/A
w0 B $EF 78R - PORTB
Bit 7 6 5 4 3 2 1 0
I PORTB7 PORTB6 PORTBS5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO I PORTB
®/B R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
w0 B %iE S mFEE - DDRB
Bit 7 6 5 4 3 2 1 0
I DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO | DDRB
®/B R/W R/W R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 0 0 0
w0 B M ASIHiE - PINB
Bit 7 6 5 4 3 2 1 0
I PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO | PINB
®/IBE R R R R R R R R
B E N/A N/A N/A N/A N/A N/A N/A N/A

WA C HiIEFFRR - PORTC

_— I
BB D kﬁ I :
WWW - [ Ricg| P 3 | PqjJq2|ll PoliTC1 | PORTCO | PORTC
®/B R/W R/W R/W R/W R/W
MkE 0 0 0 0 0 0 0 0
A C HiI\EH M FF/ - DDRC
Bit 7 6 5 4 3 2 1 0
| bocr DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO | DDRC
®/B R/W R/W R/W R/W R/W R/W R/W RIW
MkE 0 0 0 0 0 0 0 0
O C MASIHY - PINC
Bit 7 6 5 4 3 2 1 0
| Pinc7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO | PINC
®/B R R R R R R R R
HHE N/A N/A N/A N/A N/A N/A N/A N/A
%0 D BIFEFF/ - PORTD
Bit 7 6 5 4 3 2 1 0
| PorRTD7 | PORTD6 | PORTDS | PORTD4 | PORTD3 | PORTD2 | PORTD1 [ PORTDO | PORTD
®/B R/W R/W R/W R/W R/W R/W R/W R/W
HHE 0 0 0 0 0 0 0 0
%O D HIEA5 & 787 - DDRD
Bit 7 6 5 4 3 2 1 0
| ooo7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO | DDRD
62 ATmega32(L) |
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/B R/W RIW R/W R/W R/W R/W R/IW R/W
NHE 0 0 0 0 0 0 0 0
IR0 D WA - PIND
Bit 7 6 5 4 3 2 1 0
I PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO I PIND
B/B R R R R R R R R
NHE N/A N/A N/A N/A N/A N/A N/A N/A

www . BDTIC.com/ATMEL
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MCU # #7288 - MCUCR

ATMEL

SNERFRRTES SIHD INTO, INT1 5 INT2 ik, REMFRET KT , BNEESIHD INTO..2 BE
R, REBFEETEENTL , Pt g, XMNMERATLLARS £ G HE,
BHi%E MCU ##|21F2F MCUCR 5 MCU #Z#|5RAF 85 MCUCSR , HTAT LA
THA, EAR , REREBEFME (INT2 RLAME TR ). HABPHFELEH RS
ﬁEﬁzFﬁEZv:(INTOIINﬂ), 1ES|HBERE , FEIRAT %, EERINTO 5 INT1 EE
ETEAREFAAME , /0 BFEh AR IE , zzu P22 “ B#PRERE 5 7 15 BA R ARRE,
INTO/INT1 B9 M %& 1¢$AF|JINT2)|'"JE§'¢$E’J R =i | X L AR T AT BA R SRS 28 M BE R
BEXKREE, EEREYRE (BRTZRER)F 10 HT%:FEFJLE’JO

BEEF AL , AT MCU MNEEEXREN , ERIEBEFRE—EHNE ,
AR MCU NIRFWEHRBREE, BFUFRANMEBRLNMIR. £ 5.0V, 25°C BW&4
T, BEINANRFE S ERR 1 us. BNANSGZBEENEE , E4EFESE P269 “ 55
B, AEEXEIEPHATEENETF :Szxemﬁﬁ,xiJFﬁJiﬂ%E’\J;H%, MCU
TAUEE, B RABLA SUT RE , 10 P22 “ REmT4 R IETR " FiR. BES
HIAFRARELRE , BEBITES iﬁzmﬁ/ﬁﬁﬂ MCU %  BEFBaslk
HRET . E'J?EI’J%ZF,WW%%E‘IB&E’JETIETJLMEMCU ﬂiﬂﬁ‘eﬁiﬂ& %Fﬁmzv:%¢q=&ﬁo

MCU #Z#|EF5EFRE P L EH{ SER MCU IhaE

Bit 7 6 5 4 3 2 1 0

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

 Bit 3,2 -1SC11, ISC10: i & 5 X4l 1 Bit1 5 Bit0
tu% SREG BFEEN tﬁfmumra’mﬂs&ﬁﬁﬁu%umlﬁ SNERRHT 1 TSI INT1 &

4 TR ER NN EE IBHU:E’JEEZF ﬂﬂ%
WWW B e e SATME [ emmanon
mX AR b= 205 =2 %BA1LE%$M\4W%

FRHAETHITTE R,
Table 34. i 1 filk 75 X425l

ISC11 ISC10 | %M
0 0 INT1 A{REBFE = £ R EER
0 1 INT1 S| EEEH BB BF T ARG S| K il
1 0 INT1 9 TR FP=E RS FRTER
1 1 INT1 ) EARF=ERS HEIER

» Bit1,0-1SC01, ISC00: Al 0 fitt &k 512 % Bit 1 5 Bit 0

IR SREG FFaRAY | FRS (L M4 RLAY o i B AL B AU RV 15 AR 75 40 Table 35 FT R
S\ERFR T O FA S| INTO BUR . AR ML A BT MCU B SER4¥ INTO 5| M L BT, IRk
BT7OaMERAARBEZMAMEFN | BBARFENE AT —Awtth 3 HH poR /it s
S SR BOR T AERIE AR R U, MBRBEBFMELR |, BLAEREFAARE
B4 33 ST R
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Table 35. Hif 0 ik H 4

ISCO01 ISC00 | iXEA
0 0 INTO 1 BB B 7= 4 R T iE R
0 1 INTO SIf) EEZE B E BT T EIT S| £ U
1 0 INTO Y T RRF=E 2B HMTIER
1 1 INTO B9 EFRF= £ RP HlTER
MCU 4 SRAEFFES -
MCUCSR Bit 7 6 5 4 3 2 1 0
| JTD ISC2 = JTRF WDRF | BORF | EXTRF PORF | MCUCSR
®/IB R/W R/W R R/W R/W RIW R/W R/W
VIHE 0 0 0 WAL A

 Bit 6 —1SC2: i 2 i & 5124

R SREG Fi72aH | #7E5M GICR FEE NN h TR EMAYIE RS TM 2 B
SNERSIRD INT2 BUE. HISC2E 0, INT2 W T ERBUEDM, HISC2E1, INT2HLE
FARBUE SN, INT2 SR ME SR RSN, REINT2 2| L= £ KE AT Table 36
FARBREOBARES| R P, FEFETRETFFY  BBFLARFILFESTTR ,
REF2F-Ehi,. MERERSIMAIE RS RFHIER, HEISC2HAEAERE
T, BEENEKXEFFR GICR EERMBM MR INT2 , REBHE ISC2,
BE , TESCEEHREETHZABEX GIFR FiFRMNMHEMPHREML INTF2 B '1°
EEAE.

www BEE k-=eom/ATMEL

B BB | BX
/s | B8R %4 & 1=} & By
tar | S (SNEB) R R NP 50 ns
BEATERFHFES - GICR

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

®/B R/W R/W R/W R R R R/W R/W

NRE 0 0 0 0 0 0 0 0

+ Bit7 — INT1: S\ZBhHfiER 1 6ERE

HINT1 91, MERSEHFSR SREG B | FEENR , MM SIHIP MR EERE T .
MCUiEFHE“:%'Hk"‘#T?—EE MCUCSRE’J':PWT@H*%ZFT’H“ﬂH_L 1/0 (ISC1151SC10)RE
THTREEFAR. TER , ER INT1 BFAMEN, JAEMERE , BE INT1 SIHEEEN
il RESIMBFRETHNNE , PHTF~E,

+ Bit 6 — INTO: #\ZBhpfiER 0 {F8E

4 INTO 3 1", MERSHFFE SREG B | iFEEN , MM SIHIP I REERE T,
MCUiEFHE“—.%'Hk"‘#T—T—%% MCUCSRH#Y A i U %zF}"'“%UO{J_ 1/0 (ISC0151SCO00)RE
PR B EFAR. TER , ER INTO BFAMAKN, JAEMERE , BE INTO SIHEEEN
il RESIMBFRETHMNE , PHTRTE,

ATMEL s
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+ Bit5—INT2: \ZBrhPTiER 2 fERE

L INT2 7 "1, MBRASEEE SREG 1 | FREREBN , HBIAIAEBSIBIP BT ERE T,
MCU & F 2 54R 25 Z17 28 — MCUCSR #) o B U o, 75 1286 2442 1/0 (ISC25ISC2)REH
WiRALAR, TR 6 &2 INT2 8FfEHN, REMEE, B INT2 SIMEEE R H
H, RESIHEFRETHNNETL , FIR=4E,

Bit 7 6 5 4 3 2 1 0

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

* Bit 7 — INTF1: B hiftr& 1

INT1 S| BB F K £ BT Rt & PRTiER |, HFEMMEBN P IIREINTF1, 215R SREGHIT
| AR GICR ZF 1725t R By R A fiE B 1.LINT17]1 ,MCU BN Bk BRI BV R [E &, 3 A
MRS RFE 2B SEEEE, A, h\?fuﬂz‘m;ﬁa_s)k 17 KBS,

* Bit 6 — INTFO: AP HfERE O

INTO S| Bl B 3 & 4 BE At i & A TiE K |, HE AR P ITARE INTFO, #15R SREG HI{T
| AR GICR ZZ 2548 R A R BT 5 & 1_LINT07] 1" ,MCU BN Bk 35 2B R Y P T 2, 3 AP
MRS BF 2 EEZMEEES, i, ﬁ?—;ﬁmﬁmﬁﬁ_ﬁx " KES. Y INTO B

BENBFHEE , ZIRE2WEE
& | - MR SREGHIZ
Eﬂ JEiE] 9 ':Fliﬁﬁgo A
ZRIL/{_L&“ L‘—_T}- ;E/ﬁ-no /35$ , \

« Bit5—INTF2: %"BFFHﬁﬁ:«eiz
INT2 A i 22 A gt A R LEREEAE SR 1?<§IHH]E’J$‘§?)\ HEEA, *A‘EﬁﬁleTszfT\m’i%

g@! . " - =.@
FFZ g 1zbrs B /ﬁ o
EEMBETI 0 P51« BTH ABEAERER ",
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B85 PWM IZhEEM 8 1
ERES /1880

U) [re— -
www . BEHCEcom7ATMEL -
- - Vil L (Int.Req.)

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

o HRIEE K ERERENSR (B3R )

« TFHREOR , HAZEBSH PWM

« MIERER

s ABEMITHESE

10 fURYEHEh T 2 3B

o A EEE PR H IR (TOVO Al OCFO)

Figure 27 3 8 (L ERT 8] / TTERES Y BI{LAEE . SERRSIMIEESIES % P2 “ATmega32 K9 5| )
"o CPU AJLATA R I/O B1Fes , BIEMAMSIH |, UEEE R, /10 FEH[NMHMLES T
P76 “8 M ERTES / ITEREFFFESME "

Figure 27. 8 i T/C K1EHE

<7 > TCCRn
count - Tovn
clear (Int.Req.)
Control Logic
direction clkrp Clock Select
Edge
y y Detector [ n
BOTTOM TOP
/ VY Z— ( From Prescaler)
Timer/Counter A

Waveform

:L| | OCn
hI

Generation

e

<->| OCRn |

\/

T/C(TCNTO) Fl%i i EE R &5 1788 (OCRO) K 8 U B 1788, PHIER (BFEE RN Int.Req. ) 1
SEER PR EFES TIFR #0E R, FrE S HER o] LAE S Ert 88 P Rk F 1785
TIMSK 34 # THEMB. BT TIFR M TIMSK EFHERSHMENSETHE  AEFE
B4,

T/C A LB i 20 43 8% i PO AR A £ IR 3, SE R TO 51 RMAY SN AR e £ R R IX Bh o B
EFREZEERZFERAB— DRSS A8 kEM ( HEE )T/IC HBE. MREE
EFREHR T/C B THE. ATH R ERE i i E 8 E R 2R A4 clkrgo

REFHNEELREFFSR OCRO —ES T/C HBERITHR, LBRWERTARSE

PWMIK , 307 f H LRSI OCO £ 4L |, 20 P68 “ % i LR 8 T " 1 BA Y
B, HRIEREBAEFEMLLBRIFE OCF0, AR R LA K™ £ fi H LR P BTiE R

AXHNFSHEFRRESMUABANBRART. MEN " BRT T/ICHWFS , FILED
N0, EREERFHNECMABHMNKN SR TCNTORIG R T/COTHHEE  £5%.

ATMEL o



T/C BB EHIR

gL

AR ST

wiw BDTAC . Com/ATMEL

ATMEL

Table 37 WEERAF £ X,
Table 37. X
BOTTOM | it# 2813l 0x00 BFENIEZE| BOTTOM,
MAX T8 ES T2 OXFF (Tt #IE 255) BFENEZE] MAX.
TOP HEES T BT BUF 5B & AE R BNL Bl TOP, TOP & 81 LA B E {8 OxFF
(MAX) , R M THF25 OCRO EMEE , BRI EERBE

T/IC TN EEIS A HINRFR LR, PR BN EREERER , Matd
BEBEERMVT T/C #£4|F 788 TCCRO AR # % E{ CS02:0 #HH. P79 “T/CO &
T/IC1 M5 ER ” XY eHehiR S0 MA 1 RAVHER

BNUT/ICHEERD N URENNEITIE T, Figure 28 BINITHEEME L BENER,
Figure 28. itH2 £ T HER

TOVn

(Int. Req.)
DATA BUS >

t Clock Select

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

( From Prescaler )

count f£ TCNTO b0 1 Z0& 1,
direction EFINIRESEIEE,

clear JBRR TCNTO (HFMBEMALIEE ).
clky, TIC #yEt4 | clkp o
top FRN TCNTO ERKE 7T &R KE,

bottom F/R TCNTO E£31 % 7 &/ME (0)o

BETFEN THEER | HREHHE A ko, THER, M—H— B, clko, T
P 2R A A SRS A SR MR 4 | B AR CS02:0 B, 45 i 12 A A R
(CS02:0 = 0) ERf5ENIEL, BERTFEERE clkyg ,CPU #BEILLIAE]) TCNTO, CPU B2
It RS R AR (MBS, DURIRME ) LR,

THBUFSIE T/C #5157 88 (TCCRO) Y WGMO01 F1 WGMOO0 RE, I ¥R HITHh 55
HEEER OCO HIRFEARBEN X R, AXITRFIARE~ENFAEEFESE PO T
RN,

T/CiaH F iR S TOVORIEWGMO1:0 IREM TERARIRE, TOVORI LA T4 CPU
Sali

87 LE B BRI EE XS TCNTO F HH Lt R F 1288 OCRO# TR, —B TCNTOZ FOCRO |, b
BRERAHTEES, EEELXENT — N EN S A A H L BRARE OCF0 B, &
B OCIEO =1 H SREG W2 B HMitRE | BN , CPU S~ A H LB M, Tl
RESEFET OCFO BZiES , IFBEHMA4E "1” WARKES. BIEH WGM01:0

68 ATmega32(L) m—
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COMO1:0 REMFREM THEER , RERERFACERES~ETRDNEE, B, K
FREZBREF A max F bottom 155 KA BB KM THRFEKER (P70 “ THEERX "),

Figure 29 A bR B TR S ER,

Figure 29. it RE T HER
DATA BUS

— —

OCRn TCNTn

} I

I = (8-hit Comparator ) I

OCFn (Int.Req.)
>

y

top >

botom Waveform Generator »| 0Cn

FOCn >

wiw.. BDTIC.. comZATMEL

B A LR

E TCNTO #4E/pE 1k LB TR

ERMELEBRE T

2503F-AVR-12/03

A PWM Xkt OCRO HEEFEH/AIMNEAHAFTEFES  MEEETEEXMEEESER
NERIHBEEREZEIEH ., NEHALUNEH OCRO F1FE55 top = bottom B ZIEZH#EFR |
MBS L= 4 A TR PWM BRoF |, SERR T Fiekkod.

iAF OCRO HFsRBERBESR , EXF R, EREMEHI8ERt , CPU IF K Z OCRO
ZHHFESR ; RUEREHThEEs CPU HRIKINZE OCRO A&,

THETFIE PWM ERXES , 7T UBE X 58 $l% H LR FOCO B "1” A XK= ELLRT
fil. BELRTREAFSEBN OCFO#5& , H FLEH / BEEMES , 82 OCO 5| HF#H
i, FRENELE T HLRIEH —# (COM01:0 }RE OCOA REf, BE , &L "0“-"1”
REEWL).

CPUXI TCNTO HFEFRNEREQLE T —NEN RN E AL LR IEE A R4 B
RNENRELFELT . XM LA RF OCRO #8{L N5 TCNTO 16 E #Y BB M it
R,

ATHEEZEERXTE TCNTO #FET — N ENSR A EE I LRICE | £ERHH
EERET A TCNTO RBEMXEE , Fie T/IC kN ERBREETES. MERBEAK TCNTO B
BEZT OCRO , kBREEMBEEKRT , ERTERN B AELER, KLl , FEITEHES
HITRFITHRETEXN TCNTO EAZTF BOTTOM RY#KIE.

OCO MREBMIZERERFES MFFRZATH. RELNIRE OCO WA ERESBE
K TR A58 H % LR FOC0, BMERRTKERERNES OCO Frttha—ERFE
HBIE,

JEE COMO1:0 MELBRHBIFEHMARMEFH . COMO1:0 #Y 3R I BIAE K,

ATMEL =



HEB P far H 2 T

g RN &

THERK

EEEX

ATMEL

e e EE R 2 Hl COM01:0 EANEAL, B AERFA COMO1:0 RBET—IX
R U B R A B B 5 EEBUIRAS (OCO0) ; COMO1:0 &34 OCO Sl HIE S KR,
Figure 30 3 3% COMO1:0i& B MM Hi{L B BAER ., /O F 1285, /O M /O S| BILLE &R
To RFHPRAHTE COMO1:0 EITHERA 1/0 KO H|ZF 785 (DDR M PORT), # Kk
OCO RARFERI R A EB OCO F1F5 , MAR OCO S|, REEMAT OCO FEFHES,

Figure 30. LtRICE i HHE T/RER

—D

COMn1
COMNO Waveform D O
FOCn Generator
—] 1
> ocCn
OCn o Pin
A
»D Q
=
m PORT
<
2
\ DDR
clk,o

B TASE §il, BIngeELt, 18 OCO
] EZ%I by i = D o 0 MEEZRIEAER
Uk ¢pagCIk 2E3-: 00 v B3 ol @) EE N o EER R AR I
BREX

W B2 BRI AV OCO MRASERMH AT B BH TR, EXZEL COMO1:0
RERBLTHMEBERE | N P76 8 U ENSR/ T BT EROBA ",

BRELEBRFAH COMO1:0 WAEEZEEN, CTC #XF PWM BX TEMRX S, Xt
FRENER , RE COM01:0 =0 RALRERZEMNEFEEERTLEE OCO FF
22, 3k PWM EXWELBHEIES N P76 Table 39 ; HRiE PWM HWERHHRT P77
Table 40 ; #H{Z{&1E PWM B L& 5 B 1E P77 Table 41 Bi#EiR,

% COMO1:0 HXMEAREFNE —REREE. XTI PWMERX , TEUESER
FOCO R Bl £ %R

IHEER -T/C MmELRSIMITR - BRFERERER (WGM01:0) KRR HHER
(COMO01:0) IR FINLRE, bR EHBERIT ITHHRFINEEE W , MR~ R T HF
FINEFM, COMO1:0 #& PWM i 2B AR ME. JF PWM BXE COMO1:0 25l
MERENZAELREREAERNEN, B  REBFEHKR (P70 “ LREEHEETT ),

B FERIESE P74 “T/IC WFE " 2 Figure 34, Figure 35, Figure 36 5 Figure
37,

HEHEN (WGM01:0 = 0) NEMEM THERN, EHEXTIHHBNEHRE M, 13 8
LSRR KXESS (TOP = OxFF) , BT 8B H 1T 2B 4 £ #h iR B B & /ME 0x00 EHTHF
%o 7 TCNTO A EWE —NESFETEE T/C R HEARE TOVO B, BT TOVO ERR
FofL, ARRBEENM , T2FEF. EHTENSRPHRSEFERBZES TOVO,
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CTC( bR i EFERI 2R )
- E:N

LRUBE R RS ENSRN IR, EEERATREMLAERRKRERN , AP TN
BE Bt B AT AY T BB BB

M LB T A AR SR £ i, (ERFHEETBRN T RARH B LLBR™ £
NXEERAZH CPU BHE,

£ CTC X (WGMO01:0=2) T~ OCRO HFsA T RWITHEBN o HW=R, T HBENHE
TCNTO% T OCROBYIH#BEEE. OCROEMN T it BB TOPE , RENIT BB 5 PR,
EMNERNFESAFUURAE S R LRI B H AR | b THAME4IT R
£,

CTCHE XM rt =B A Figure 31, It HERHETCNTO—ERMEITCNTOSOCRO LEL |, &
J& TCNTO B E,

Figure 31. CTC X H i FHE

OCn Interrupt Flag Set

OCn

(Toggle) —— (COMN1:0 = 1)
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HRE PWM #E =
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FIFA OCFO ¥R&ETAILAEITIRESBEIAE| TOP B4, EPMBRSEFETUER
TOPHIE{E. B FCTCHEIEBENE HPIEE , FEITBER AL MEs R RIKH T2 M8 T
ERBHRSF TOP BN #EIE BOTTOM MY ERER E/M D, MREAH OCRO HE/NTH
Bl TCNTO FWEE |, it B S ELX—RERER, £ T —AREREBRELZEZE , THET
BARXITHEIHZR KA OxFF , AREHBM 0x00 F#E1tEZE OCFO,

ATECTCEXTHBIERFAE , TLIEE OCO EH AR EER £ £ KT BEETF,
XA LUBEN IR E COM01:0 =1 REMR. EHLERBOCOMEZH ,BAENAERKORE
N, BERKESREBTENRKIMENRN focy = fy 1o/2 (OCRO = 0x00), SMEHIMT
NREE - N

fs foi_ 1o

OCn —~ 2.N.(1+ OCRn)

TENKEXRMDHMEF (1. 8, 64, 256 = 1024),
EZEEKXT , TOVO frENBN A ETEITEREEM MAX Z R 0x00 K E B 23R40 A 5,

HIE PWM =X (WGMO01:0 = 3) AR~ ESHE PWM K. RE PWM #ER5Hb
PWMERWFEZLREERFETESR, ItHEMNBOTTOMITEIMAX ARG ENE Z
BOTTOME#FH . M FEEM LR EHEN | H LRSI OCOZE TCNT0 5 OCRO It
ERES , £ BOTTOM & ; W FRELEHTEES | OCO WHEEFHEKR. BT
AT EREER | RE PWM EX K TERR EEANBHEWMEMEE PWM EXE —
Z. HEMBESEESHIEPWMERX+5EETUHRAT , BHRM DAC MA. &
ALUB/NAER TR (B, B ) WYEB RS , NBRERS KA,

THAETFRE PWM EXE , ITHBRNRE-EENE MAX , RIEEFEN — e E 8
BEE. BEAHEFEN Figure 32, BHARK TCNTO RRX R BB RHRERE. HEEF
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MEs7TEEN PWMEHUAKR KRB PWM i, TCNTO #3# EMEKF LK OCRO
1 TCNTO W EE R ITER

Figure 32. i PWM EX bt 7 H

OCRn Interrupt Flag Set

OCRnN Update and
TOVn Interrupt Flag Set

v v YY OV ovy v Yy

. /M/ﬂ//L / /V

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

Period ‘4—1 %4—2 —»‘4—3—»‘4—4—»‘4—5—»‘4—6—»‘4—7—»‘
T BSEREIA B MAX BY T/C R H#RE TOVO B, MRAPMERE , FEP MRS EF AT
BEHMHERE,

THETHIZE PWM EXET | EEBR % T BAFE OCO 5| L4 H PWM K. i&E COMO1:0
A 2\ —JI«J\F’-’E:"“EE’J PWM 1.:.15 A 3 NATBAF= 4 R (5] PWM B (2 P77 Table 40

5.0C0 it e PWME R
il HREEE (M MAX
: e h il

A PWM SR AT LUBR T 2RI EER

" _ fak o
OoCnPWM N - 256

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

OCRO FFHR NI REN R RTIEPWMER K — L4515 R . & OCROZETF BOTTOM
o HIE S MAX+1 NERT BT # B HIR E Bk ; OCRO 3 MAX Bt |, #R#E COMO01:0
HIRE , WMHEENSEFREBRTE,

BEI%E OCO LR ILE AT # 1T BB FHUR (COMO01:0 = 1) , ATABEI HZ=EEH 50%
E’J”eq’?o OCRO j] 0 H11nﬁﬁﬁ_n$ﬁ$ fOCO = Tok IIO/2° t/|\ﬁ'|igé{ua: CTC *E_t
TH OCO Bt #B4E , TRIZAE FHRE PWM X EBENEH,

MAEE PWM EX (WGMO1:0 = 1) RAFRMH T —MRESHBEMMSE PWM K

WHE. HEXNETFTRAFIRE, TTrTERES M BOTTOM it E| MAX , RFE XM MAX

FREIEBOTTOM, E— A ERHEERT , Hitet B E MAX TR E XL T TCNTO

5OCROWIEE, ,OCOBEZENERLEF ; MEITEITERAEBOTTOMITHATE K4 T TCNTO

5 OCRO Wt , OCO BEBNNSET., TETFREBEEENITEFRR, S5

; 2{EFELE | MEHRIRIETT R B R ATERE N, 8 FENHHEY , ToESFHE
IJO

HAEE PWM EXE PWM BERBERN 8 LbiF, 1T T RMESR MAX , REFF
BRI, E—NERSEMERE TCNTO WEZST MAX, RFER TSN Figure 33,
B TCNTO MHBEAERERT , UEANPSIRE, FERRHEA T & PWM B
HAMRE PWM B . TCNTO %in&tE’J/J\ff%?eﬁ/T\ OCRO 5 TCNTO By LB Pt ,
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Figure 33. MSE PWM EX 5 FE

OCn Interrupt Flag Set

OCRnN Update

TOVn Interrupt Flag Set

NN

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

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

g@gg C B, tl:f&in‘mg& el K & COMO01:0
fz b
A8 J:E:h /J\‘{ X

RWM 55 (SN P77

ENHE Boii] S /3 31 1 o OCRO 1

TCNTOttKlEmﬂiim‘oco%ﬁ%ﬁHFﬂEFE’J/ﬁwjz%m;.wﬁ M= £ PWM IR o
THETFHEMBEERS PWMMEBTHRTRARIKSE -

‘ _ fa o
0CnPCPWM = N -510

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

OCRO Z 7884 FHREMR R THMMBEPWMERMN —LEKIER. EEEPWMERT ,
% OCRO £ F BOTTOM , i —ERZFHKEF ; & OCRO &F MAX , N HREFR
S8FE, k[ PWMERNEFER.

£ Figure 33 M5 2 MNAR , RERRBERELRIE , OCn B T —MNEFMERHY BE
T, HEMNRRIDKIIE BOTTOM MUK #R, 3% LR T B A A 7 A %xﬁéﬂ:‘.ﬂd%@ﬁ:

W Figure 33 TR , OCROA FIEM MAX 213 J3 H At Zk#E. 2 OCROA I MAXBY , 5]
B OCn #9% H RiZ S HERFIER LR TR ML R, HRIDEFE BOTTOM
FMAFFR , 3 T/C WEER MAX B , SIH OCn K% R XM EFEFAFIZHK
HREEY LR,

ENZEM— OCROA EWEFHRIZH , HEAMEXRT —RKELRIEE, REE LS
ARE OCn HNARABARENIAR,

TIC REIZ B , AR clkyy AIARRA B ERES M TEAR. BREHAT

PP SIRIERIRTE . Figure 34 (A T EARY T/C THERF , AR THEAIEIE PWM
BRI E RN I MAX B2 HFS.
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Figure 34. TICB{FE , T 5 #izR

clk

110

clk
(clk

n
|/o/ 1)

TCNTn

TOVn

MAX -1 MAX

BOTTOM

BOTTOM + 1

Figure 35 Fff

FHERNTERF , BERD 5.

Flgure 35. T/IC H-_“-._. i ﬁﬁ%ﬁ fclk |/o/8

clkuO H

clky,

(clk 18

/10

WWW - Bl

Wﬂﬂﬂﬂﬂﬂ

Mﬂﬂﬂﬂﬂ

LULTDL

BOTTOM + 1

TOVn
Figure 36 44 7 B M#EXT (BR T CTC &= )OCFO M EWER.
Figure 36. T/C B{/F® , OCFO BfL , O MERH fyy 10/8
o ||| [JUUULULUDUOULUULEDUUUU U UUULL
| | I
(clk,/8)
TCNTn B OCRn-1 OCRnN OCRn +1 OCRn + 2
OCRnN OCRn Value
OCFn
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Figure 37. T/C B{FE , CTC X , MOMEN f, 10/8

clk”O H

clky,
(clk,o/8)

1 1

[ R A

:
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TCNTn |
(CTC)
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8 L TERT 8% / TSR T f7a
#9154 BA

T/C # 4|2 788 - TCCRO

ATMEL

Bit 7 6 5 4 3 2 1 0

I FOCO WGMO00 | COMO1 | COMO0 | WGMO1 CS02 CS01 CS00 I TCCRO
®/IB W R/IW R/W R/W R/W R/IW R/W R/W
NHE 0 0 0 0 0 0 0 0

« Bit7 - FOCO: 38 &l H &

FOCOX#E WGMOO 5 BAIEPWM B XIS F BR. BR , A TRIESKRB[HNREMY &
A8 PWM B} , B TCCRO EXNHBESE, WHE 1 /5, BEX LI THRIRE,
Ee B el i SR OCO fF1% B8 COMO1:0 BYig B HABRM B, BT E FOCO ZK4l—
MNFEES , EENESHEEREERANE COM01:0 WiRE.

FOCOFRLB| £EMM , bt FALEFAOCROENTOPHCTCER TX EREHITESE
B2 4E,

% FOCO RYIREEKIZENA 0,

« Bit6, 3— WGMO01:0: HEF=4E#ER

XJLAR ST HERN T BFS , THRERNBAE TOP , MR~ EMMKEE. T/C XEFHN
BRE  BERR | LREREZEMERITHRER (CTC) , UARMHM PWM E | #1
Table 38 5 P70 “ THEEX ",

T s g A i 2 () AT 1
e COMZ AT B
(ctco MB) [~Tic T TR etz
0 0 0 ZBE OXFF | SMEIEH MAX
1 0 1 PWM , #{ZE1E OxFF | TOP BOTTOM
2 1 0 CTC OCRO | I EIE# MAX
3 1 1 RIE PWM OxFF | TOP MAX
Note: 1. %;& CTCOMPWMOBEELTEMERAT ,EEH WGM01:0, B RIHREF LB 5 L ATAR
&

 Bit5:4— COMO01:0: LB Peiid s HiE=

XFWADRE T R ITE R £ rt i HSI# OCO FEBF, R COMO1:0 H Y — {2 B4R
Bz, OCO LALLRIEE M HM T NH 1T T, FNESEEEHFFERUEREN 1 UE
A H X3 2R

X OCO E#ZEFIYI S| LAY, COMO1:0 FZhBEME T WGMO1:0 KYiRE, Table 39 4
H T 2 WGMO01:0 iR BN EBEN s CTC At COMO1:0 KyZhEe, .

Table 39. L& HES |, IE PWM &

COoMo1 comoo | #EA
0 0 EEHRORE , T5 OCo HER
0 1 HCBR U % 68 OCO BUR
1 0 R UE % 68 OCO B
1 1 HCBRCR % 468 OCO BiY
76 ATmega32(L) m—
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Table 40 451 7 2 WGMO1:0 iR & 73 tR3E PWM #&E X i COMO01:0 HIZh&E.

Table 40. LERHHEER | RiE PWM EZR (D
COMOo1 coMo00 | i%E3

0 0 EENHORE , 5 OCO HiEE
0 1 RE
1 0 BT & £ 8 OCOAESE |, it F TOP BY OCO Efu
1 1 tER T & 48 OCOA EfY , 1T#kZI TOP i OCO BEE

Note: 1. —MFEKIENZ OCROZ T TOP , H COMO1 B, AT LB IEE 45 2B , it 2R3

TOP Bt OCO Wi ERZ T K. FHAERBESN P71 “ Huk PWM X 7,
Table 41 441 7 3 WGMO01:0 i& B R A& E PWM #E Bt COMO1:0 A9 ThEE.

Table 41. L& H#ER | BB E PWMERK D

COMO01 | COMOO | i%BH
0 0 EEMKORE , 5 OCo HiE#E
0 1 RE

1

0

EAFTHRELREEREREE OCO ; BFITHNRELRTEFE

fz OCOo

EAFITHNRELRTE/FEN OCO ; BFIHHRNRELRICEFE

Z 0Co

—A EHE/REOCRO%;?TOP me BT, LAt LB ITE 4 2R |, T 1T E
A=

www . BDTIC.C

AT & T/C BB IR,

ATMEL™™

Table 42. B4PiER{715% A
CS02 | CS01 | CS00 | iied
0 0 0 Trtsh , T/C RIfE
0 0 1 clkyo/1 (GRETSH )
0 1 0 clkyo/8 (KRB S SR )
0 1 1 clk,o/64 (KRB $ER )
1 0 0 clky /256 ( kB2 4% )
1 0 1 clk; /1024 (R BT S i8S )
1 1 0 AR E TO SIEM A | TRRALA
1 1 1 R ER TO SIRMM A |, EFRftR

MR T/CO EMASNERRTE , BIE TO WEEN AL , E LNBFERLMARARENICSHKR,
— R A E AR S

MAX

Bit

®I/IE
WaE

7 6 5 4 3 2 1 0
| TCNTO[7:0] ] TenTo
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
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B T/C FiFeR AT AE X 1T 2ERAY 8 (U BIBHTIRE M. X TCNTO FiFesH i (A
RET - EIERRTE, EHRERETHERHESR TCNTO WKRERTREL—
X TCNTO 1 OCRO K LB ITEL

W R FFE - OCRO

Bit 7 6 5 4 3 2 1 0

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

WHLEREFERTES NS UNEIE , TEMiESITEREEHE TCNTO # TR, TEE
B LA SR A LR i, SE ASRTE OCO 3IB L= 45K .

T/C R R#EFFES - TIMSK

Bit 7 6 5 4 3 2 1 0

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

« Bit1 - OCIEO: T/CO ¥ 5 Lb i Pl s i ik

M OCIEQ FIRAS T FE8 M2 B h MRS | #8817 B, T/CO B % H Eb 3 P B T s A
M T/CO ML TR &4 |, B) TIFR H#Y OCFO Efuet , PUTBRSEFB LT,

 Bit 0 — TOIEO: T/CO & i th i 5 &k

U TOIEO MRS ZESN B UMTEREN | #7717 5t , T/CO By H ¥ AL, 2 T/CO

eV . BDTTCTCOMZATMEL

| OCF2 | TOV2 | ICF1 | OCF1A | OCF1B | TOVA1 | OCFo0 | TOVO | TIFR
®/IE R/W R/W R/W RIW R/W R/W R/W R/W
WhE 0 0 0 0 0 0 0 0

» Bit1- OCFO: HLLBHFEEO

% T/CO 5 OCRO( i H Lt R 1788 0) WELERT , OCFO Ef, W EFMBRSEFE
BHES b UANHEE 1 KES, % SREG FH{Z |, OCIEQ(T/CO tbB Pt i i fiE BE
) #1 OCFO #B AT , PHTIRES B FBEMIT,

« Bit0—TOVO: T/CO & HiRE

% T/CO BT , TOVO B, HITHMNMNFKRSEFNLBVESFEFS, I, TOVO
HEBEEE 1 RKEE, X SREG LI, TOIEQ(T/CO & I fE&E ) #1 TOVO #iE
8t , FERSEF BT, ERMLEE PWM #EXH | 24 T/CO £ 0x00 kT iEH A
@at , TOVO Efil.
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T/ICO ET/IC1 WITAD I Tic1 5T/IcCo RB— Mo s BENTUEFRN2MEE. TRAZERT T/C1

R
PSR4

SEERE N

SAER B £eIR
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\-- ——
D D Q Tn_sync
WWW . IDUH 4. -5

5 T/CO,

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

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

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

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

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

Figure 38. T1/TO S| B %A

Select Logic)

=il )

110

Synchronization Edge Detector

BT LRSS S0n SN BRNEE , SIB T1/TO ENEFTFEER 2.5 3 3.5 4
REATEP A H S REE T RS R T EH.

Z I RFRERT S ASTE TUTOREREZD M REFWARE T BT , BNE>
E4EIR T/C R BRI 2R,

ARIEEBEERE , ASBHHEARELRRTFT N RENEAR, ELHZELHR 50% Bt
SAEBRS PSR AN T RGP SRR — 2 (feyion < Fok 10/2)e B THBRNEZFEANR
REX—H%E , CREANEINASRT RS REREMEN —¥ (Nyquist REEE ), R
m, BFE%eE (@E., BIRESHEE ) AFREFTRVRENHMER S ZHNER
BRI N REMERREKRT oy 10/2.50

IR EIR X AT 887
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Figure 39. T/CO 5 T/C1 Fip#azgs (!

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

Cs10 é\ CS00
cs11 ;\ CSso01
CSs12 =\ CS02

! !

TIMER/COUNTER1 CLOCK SOURCE TIMER/COUNTERO CLOCK SOURCE
clkyy clkyo
Note: . WASIM (T1/TO) WELB I Figure 38,
¥ PRIEE 1O T8 - SFIOR
Bit 7 6 5 4 3 2 1 0
| ADTS2 | ADTS1 | ADTS0 | = | ACME | PUD | PSR2 | PSR10| SFIOR
R/W R/W

www . BDT1C..COM/ATMEL °

BfIA T/IC1 5 T/CO WML MREN, BRETHEX —NEBEAHBNEE. EATHT
é%l?i&ﬂzsb’f’ﬁo T/C1 5 T/CO #£ AR — Tﬁﬁ‘ﬁﬁ%% ETﬁ TR ER B WA ER 2R HE
2, ZLERER 0.
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16 (L TERTES / 1THRER 1 e TCcauSIERMnEFEn (SHERE). RS ENESNE, HXSHAMT
. EIEH 16 3%it (EIAY 16 A28 PWM)
o 2 NI AOR I HER T
.« BB LRSS
. —MNEABRSET
- WABRESENSE
- HREEEENEREEE (ADER)
- TFREOH , HAEERE PWM
« AN PWM EHA
- FREER
. NEmE4iITKRE
o 4RI RHPKTIR (TOV1., OCF1A. OCF1B 5 ICF1)

=37, AE RSB EEEHNNENUBANSRER. MNE W RRTICFE , MNE X &R
WHLEREES, EREEEFNERATEN. BRNBEF. WA TCNT1 R/R1AE T/C1
THEBES,

16 i T/C M E{LAER R T Figure 40, 1/0 5| IFY KRR L EFZS W P2 Figure 1 . CPU A 1A
B1EY 1/O F1FEe , BIE /O AL /0 SIMILAEA R R, S8 E41/0 FFEB|SMEMA P100
“16 fLERTER / ITERERFFREMIRE "

Figure 40. 16 I T/C 2@ (")

Count TOVn
F———»
Clear (Int.Req.)
Control Logic
Direction Clock Select
Edge
Detector [ n
_—
WWW B 7" =
= Y \ _— scaler )
Timer/Counter A
TCNTn |
L = | [=0]
% A % OCnA
1 r(lnt.Req.)
|
— | Waveform
|$ I 7| Generation > OCnA
OCRNA g ;
- | 1
| Fixed OCnB
" | TOP r(lnt-Req-)
| Values
8 = ! > Wavefor_m »l ocnB
< | Generation
= |
< \
a OCRnB : ( From Analog
- | Comparator Ouput )
| ICFn (Int.Req.)
i |
| .
ar Edge Noise
IC}‘?n | Detector [ Canceler
| | ICPn
| TCCRnA | | TCCRnB |

Note: 1. i&Z% P2Figure 1 , P55 Table 25 1 P60 Table 31 LAZR18 T/C1 HISIBIE X,
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ERTES / 1TEk88 TCNT1, #WH LR EFEEE OCR1A/B 5 AR EE85 ICR1 95 16 1
BFiFee. 7R 16 U BFFEHLITUETISHRESER |, £ 0 P84 “ 58 16 (U FFER ", T/IC &
#lZ 788 TCCR1AB 7 8 {uE 88 , )&F CPU HEHRSE, FHER ( BEHEER
Int.Req.) EEEFRMIFEZTEES TIFR1 BERM, FIERM B LHFHERTEES
TIMSK1 #3124, BPREH TIFR1 5 TIMSK1,

T/C R A A BF A 808 3 Tl 20 470 2 S F T 51 B A RO SN SRR 49 3R 3 51 T/CEUE 18 hn(
R ) WETHIR K BB 00 B et iR R RIR S, SR FE R IR T/C & TFLE
RS FHEFIRFRBEEROBEHRN clkyo

NEFHH LK EFEE OCRIAB —ES T/IC WEMLR., BFEAEBALRER™4
PWM SR1E 5 H LRSI OCIAB i HH AT B EMES. S PR ‘ML RET” . R
PCifii st Bk Al B L R T #r& OCF1A/B , AR EHH R P MiER,

L ARSI ICP1 SARLL LR A S (I P184 “ BELLLRER 7 ) B ARBRSEH
FE (LRAR ) B, HEE T/IC EREAIRARRSEFREREER. HABRETS
B NRFIRR T (RFEERSR ) URERSE TH.

EREREENXT , TOP AR T/C WHRAETH OCR1A 78, ICR1 FEFsH , 35—
LEEHREREL. £ PWM ERXTH OCR1A £ TOP {EAt , OCR1A 178878t

£ PWM %, {BiLtEt OCR1A EXEEHHK , TOP EEJELHLEEF%EUE&L HE
E—/1EEW TOP ERATLAER ICR1 1788 .\ K OCR1A KAE PWM By # .

UTFEMGERAFAS :

Table 43. X

BOTTOM 1T #5811+ 0x0000 B EMAZEI BOTTOM

ATVEL......

TOP 0x01FFZS?,0x03FF :ﬁmﬁﬁ%ﬂ:%ﬁ% OCR1AER ICR1 2R EE , Eﬁs*ﬁ‘fﬁ?ﬂ’ﬁ
B

162 T/ICRMELBTMRARB 16 L AVRT/CH R MAR B RN, SEMN T HES B RA T
ERE

BREENBTMEFRENNFTHE 16 1L T/C XK /0 FER it
SREER BRI EFIRENNTAE 16 2 T/C XM EFFERLEL
o b 1 B
Tzt EHe s , EEEHERNNESSTERET
PWM10 23 WGM10
PWM11 &N WGM11
CTC1 &l WGM12

16 {2 T/C 2 HI & FEFRMT T I
TCCR1A Hf0A FOC1A 5 FOC1B
TCCR1B HIA WGM13

16 U T/C W — LU E R LB KRB R T HEMHEA .
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1| 16 L F 78R

TCNT1, OCR1A/B5ICR1 2AVR CPU B 8 U HIE B L T LG RIM 16 L 1285, It B
16 (L EEEFTERRIRE, BMGMNITHSEE -8 uin FESEARFEHRES 8K
. 8N 16 LENSMEN 16 N EESLAHRNIRNFFSR. HREFEFTLML 16
MIRRERE, Y CPUBAKIEE 16 NFFHRNEFTR , AN 8 NRESHERE
GBS B EER RIS 8 U EIEAR — N 16 UHIE AL EAE 16 v FER/P. % CPU I
16 (UFERNEEDTH , SFTHRAREREFZTRENBNSHNE TGt HBI T8
EFO

FIEFER 16 LIRS RIGR FFER. X OCR1A/B FERMNIRBERT L RIGHF
725,

E 16 uFFHn , NEABAZFERNSMFT, Mk 16 L FFHRNNERINZFF
BRIEMLFT .

THNFRIRE T WMEIGE 16 L ENEEFEFSR. REBRRTISAEEF IR FEER
BT, ERENENHEERT OCR1AB 5 ICR1 BF8£MIAR, A “C"iESHT,
YRIZEF L BT IE 16 MIRE,

SComaapieg ()

. ETCONT1 2% 0x01FF
Idi r17,0x01

I di r16, OXFF

out TCNT1H, r17

out TCNT1L, r16

. fF TCNT13#EAr17:r16
in ri16, TCNT1L

www .BDTIC.com/ATMEL
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C RI@BHIRE O

unsigned int i;

[* ZETCNT1 J Ox01FF */
TCNT1 = Ox1FF;

[* G TCNTT ZAi */

i = TCNTZ,;

Note: 1. ZRBBECLEETEENLXH.

SCYRRAEHIFE S TCNT1 HIREETE r17:r16 FEEIXI .

AET 16 NFES[NHER—NMERREREEEEN, X 16 NFES[BER | &
HEAREBRTHIEL , BFLEETREFEE 16 UEEERNARKIES 2B LK EIXBENFHT
TR EHENFFESRIEMHN 16 NFFES , NMEX T IR FEESF. MRXERE
‘E , BAHERE GG SESRTHRNBCLUET , EREIEFI 16 NFEFEHINILEHE
Ro

ATMEL 2
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THHAFIRES E TIRE TCNT1 FFEANAINERRE, X OCR1A/B = ICR1T Ky
A LAE RN 5 3%
SCymR g g ()
TI ML6_ReadTCNT1:
. REFZEFHERE
in ri18, SREG
. BT
cli
; JFTCNT1 #£Ar17:1r16
in rl16, TCNT1L
in rl17, TCNT1H
. WE2BHMEE
out SREG r 18
ret

Cc R@\pE"
unsigned int TIM6_ReadTCNT1( void )
{

unsi gned char sreg;

unsigned int i;

| * REFLEHMERE]
sreg = SREG

1> BSHH]
_CLL();

www . BDTAIC . com/ATMEL

1+ BE2EFHHE]
SREG = sreg;
return i;

}
Note: 1. ARBBECLKEETEEN LK.
SLERREEHIFE S TCNT1 HIREETE r17:r16 FESRIXIHFo
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TEMNHIRSAETE TCNT1 FESNERREE, X OCR1AB = ICR1 HERMETLUEE

AR %,

SComeapieg (O

TIML6_WiteTCNT1:
. RIFLZBHRE
in ri18, SREG
. BT
cli
; RETCNTT Z/r17:r16
out TCNT1H, r17
out TCNT1L, r16
. WEZEPHHRE
out SREG, r18
ret

C R piE

void TIM6_WiteTCNT1 ( unsigned int i )
{

unsi gned char sreg;

unsigned int i;

| * REFLEBHHERE >

sreg = SREG

1> BSHHH ]

_CLL();

www . BRTTC . com/A

I* BEZEGHHEE]
SREG = sreg;
}

'MEL

Note: 1. ARBBRECLEE T ESEMXM.

SCURRIBHIER r17:r16 FEH/XNRFHN R TCNT1 WEAKIE,

RN ER MEFNFR— 16 U EEBEARETEFRANSEESZYHE , IREE—XEF
¥, BEHINERREEXPER TREER.

T/C Bt iR TICERHR AT AR ERER , tH AR B AR , B T T/C 42 4] % 1788 B(TCCR1B) KR 4 i 1%
fI (CS12:0) RFE. BHIRST MR IERI P79 “T/CO 5 T/C1 TS MR " o

¥R T 16 1 T/IC I EE 5 R A4RERH 16 (I A TTERE 8 7T, Figure 41 A T it ESH A H

BRI AER

ATMEL
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Figure 41. it E T HIEE

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

E5HEt (REES) :
Count TCNT1 40 1 R 1
Direction ¥E R NRIEE 2 BIRIE

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

BOTTOM /R TCNT1 it#=RFA&/ME (0)

16 L 1T ERERRFT B 8 £ 1/O A 2R L B : TCNT1H A& 84 , TCNT1L N1K 81y, CPU
ﬁEIEﬂ?ﬁlﬁllﬂ TCNT1H %H7#F8%. CPU 173'I5] TCNT1H H'f ﬂ-lﬁi 8] B9 = Im B & 7 2%

T1L At IIEHT%T?%EE’JW“ - T TCNTAL#AT
=i 4@ ﬁi r MRS ERER
WWW w SIS MELPE i 4 S TEE (TR —

LRI Elzltbﬁﬁﬁkr%/RTX‘J TCNT1 Eﬂk?&ﬁ *ﬁ?*ﬂéﬂiiﬂE’J FR. ERENETS
X LA BRARIR B 1T EAREIE

BRETEEXNTE , £E - clkyy BRI | TTRBFH#TEE. 01 308 1 8BE.
clk, HET#PIER{L CS12:01% E. 2 CS12:0= 08¢ ,11‘£&§EFJJ:1+’£&O A3 CPUXY TCNTH1
HIRELS clkyy REFELR. CPUBRELITRFEENHEMBRENREREBE.

T EHREEM T FEFIHUR T 21788 TCCR1A f TCCR1B F#r&H{I WGM13:0 ik &, itk
BWET () X558 OCIx MR AE S REREFNXR, ITHFISHK
R iFMERES N PO1« THEER ",

B WGM13:0 BE T IH BN THEERN2F , TOVI BN AXBREET ., TOV1 A
LAk £ CPU HHif,

86 ATmega32(L) m—
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WA E T TIC HI% ATEIR S T BRI SR 4 | 30 HIR F o iE AR I8 A1 B 1k B 1] 19 & £
7, ABBEHRENAMRESHIIM ICP1HA , GBI EM RSB S TREH, BE
FIDTARITEME, SEHRESHETHEE , UARASH6ZAL,

WMAFHRETHERN Figure 42, BFFERETHABREINES ARERT. &F
FREMHFNNE 0" RRENRE / ITTHESRRS.

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

| TEMP @b |
| icraH@-bip | icRnL 8-biy | | ToNTnH@B-bip | TONTNL (8-bif)
»| WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)

| S |

w ACO* ACIC* ICNC ICES
P Analog

—tmirat ——
e dge .
WWW I - 5 »- ICFn (Int.Req.)
|

HSIM ICP1 EAVBEESF (B4 ) RETEY , IELLRBFAE ACO BFERETE
1t , FEXANEFZARDARNBRFES , B ABREBER : 16 L8 TCNT1 BUIEH
BN 3w ABREFER ICR1 , FeffABRERERM ICF1 B, MR ICIE1=1, @
AHRIFER = EMABR T, PR ICF1 BZET , AFLATBETREEHEX
B9 /0 N BEAZE "1" BT

EHICR1 HELIEEFT ICRIL , AEBIEEFT ICR1H, BEZTE , EFZTHEF
ANEFEVIRETE 88 TEMP, CPU %=E ICR1H Bt ¥Fi5 A TEMP 1288,

X ICR1 HESNEHERAEETRE~EER, et ICR1T #A/EITHESMN TOPE. B
ICR1 2 BB A Ei&E WGM13:0 A A FXMRIE, X ICR1 FFe# TERIEN XML
SFTEAICRIHIO & , RAEBREFTEA ICR1L,

ES N P84 “ iR 16 U EFFERR " L TMEZHX T UMAHRE 16 L FFERNE L,

I AR AR IR WMABRETHEEMRRR ICP1, T/IC1 B AR B H HEN B AHIRE THME
Ro AP AJUBN IR BEI LR IEH SR F 1785 ACSR WEI LL R M AR L ACIC 3K
WEX—=. BXENR  AEMEBRETRER — X EARR, FIbERT L RE®
T AR IRIRERIT BB RELB R BIEIRNE R,

ICP1 5 ACORR#F T RS T15|IMIRAREH (P79 Figure 38 ), £ A AYZ AT 25 th — 4%,
BREERFNFRGE  FLRRNR[RATSIMATIGZEEIRHSIA 4 MNREETHPEH
MR, BEXEMRE , REMEA ICR1 EX TOP BIRFE=EERIN , T/C HEVEEINE
FRELRRNRE R EER,

ATMEL o
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AARRRTHER

AHLERET

WWW

ATMEL

M AFER th A LB B2 H S M) ICP1 B9 5 RARK

RENHEREL - MIENBFRRARESRENRME. ENAAMKESHIT4RR
¥. REG 4 RRHEMRSHERET 2EALBRNEE.

E{Z TCCR1B KY ICNC1 S {FREIR FEHIHI2T, FRERFHIHIZRE  EMAXEZLE ICR1
BIEFZRANSETNAN 4 MRS EARNER ., REDNHSREANRRSEN M R
MAZ M E M,

ERRMABRETHRARBERZ D EZBNLERTRROERASH, SHAEE
EfERRE, MRLERET —XBHHIAZIIERE ICR1 WEHE , ICR1 B
HES MMEEFIEBENBRER

ERMARRPEE , PHREFNRTRENIREICRTI FF8. REBWAMRETHMLE

FAENRE |, BHEAAMIENENESHE EEIZ{THHMREFPIERNREMEX.

EEA AR TEEX TR HEEREIEH XL TOP H,

MNEABESH L= ttHTE?ﬁlAﬁﬁJ‘%ﬂEE&IﬁEﬂﬂimo HILREL ICR1 [ BRR
S

THBHOESUR. XEBRE , ICF1 XTERHEES (EEXN KM /O LEES "1"),
ENEBME Hﬁﬁ?ﬂhﬂs&ki MFEF ICF1 B ITHREES.

G4
X

16 L LLREBSFLE LR TCNT1 EOCRIXHAR ,—BERNeIINEE kRS~ 4 —1
EEES. ARBE OCFIx E F—NERN S4B, MR OCIE1Ix=1, OCF1x BfI
Mol kLR B, FHHRITE OCFIx frEBEZEE , EBELRHGEEMEME 110
MVNEBAZE"1” BALUESE, 181 WGM13:0 5 COM1x1:0 WAREIRE |, RE A E=H
TEESERTRNEF. ,Bzﬁ,zv:_%%%ﬂm TOP #1 BOTTOM 1:.1?&@&%‘“‘*%“%1’5(‘1
*&fﬁﬂ’]i&ﬁfﬁa@1 TEER”

%ﬁm ATMEL g3k, TOP &

Figure 43 At RE TN FER, FFEHSN LW NE 1" RRBHHES (n=1KRR
T/IC1), X" "RRWEHLRETT (A/B), ERFEMELRE TH D ARERT.

88 ATmega32(L) m—
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58 e R

B TCNT1 4P 1k LB TR

SERM LB AT
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Figure 43. il b RETHER

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

; ’

WGMn3:0 COMnx1:0

H T/C T/ 12 7 PWM EXMHHEE —MEt , OCRIx FERANEFEFiFeR ; ME
IE-%IVIEE'WHIEEEHT% e (CTC) XX,’E/FFIJJ‘H‘E%i'—I"—fJJ:E’J XXEFF—IJ«,G—EJ OCR1x &

R EH , BF1Er3 , SEERERI,
;ﬁg e PU i5 | K9 & OCR1x
: =T IE| ol 1X Rix( EARLER )

#ﬁ%ﬁﬁ’) W@REE%ME?‘E‘ HEE&I (T/IC Téﬁzﬂﬂ«ﬂt%ﬁ%ﬁ@‘éﬁﬁ TCNT1 = ICR1
WA ), FTLL OCRIx THIEE TEMP Hl, ER&RH 16 M FFE —HE LIRIE
FHR— Ailﬂ’rmo HTFHRRBESEHRTH , FtEE OCR1x R 4JES TEMP F178%
KX, BAFEEANRESFET OCR1IxH, % CPU FHIFEEASETM /0 ket |
TEMP HEHRNABEBEEH. ETREEKFT OCRIXL, ELRN , 2 F TEMP 51
BENSETHEHEENE OCR1x 88 , 2 OCR1Ix LR FES.

ES N P84 “ 57 16 (U FFsR " LT BESHX T IR 16 L FFR/HNES

TETFIEPWM ERX AT |, afSABE X @&l H LR FOCIx B "1” AR RF=E LRI
fii, BEILRTEHRTLEN OCFIx In& , R EHK / FEERSE 1EI OC1x S|k
WEH  FRENKRE T HRIEE —# (COMx1:0 RE OC1x BB, BFE  EEXET
1 )o

CPUXITCNT1 HFRN ERESMHE L LR ITE R & o X ME M AT LA KF OCRIx ¥ %
LA 5 TCNT1 HEEAYBE T T ALR F#f .

HTFEEEERXTE TCNT1 HFET —/NER S EAHEME I LRICE | EFERHH
LRI HETCNTIREBRR , FET/ICREEET. EEATCNTIHHREZ FTOCR1X,
LR ICE AR T | ERTEENETEAEER, £ PWMERXT |, 3 TOP AATEHK
Brt , FERF TCNT1 1 TOP HENHE. ENSEXLX—RLLRETE , ITHBE BT
BOXFFFF, K4l BB FETRFITHRFNATEXN TCNT1EAZFBOTTOMBEIE.

OC1x HYiRIE M LT 1 E?&EHH#@%ZWEE& BEEMNIRE OCIx N EREER
R A 53 ) S H EEBR FOC1xe BMEE R R £ KA OC1Ix FEHFHE—ER
BFENRE,

ATMEL s
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COM1x1:0 ML RBIBEH T R2NEF M, COM1x1:0 HY 3R R[F 3 BN A o

R EEER 2 H L COM1Ix1:0 EEMEIIAE, BEKLERFA COMIx1:0 RBET —
R B ICEL R £ BT R i H EE B OC1x RZS ; COM1x1:0 2% OC1x Sl R4 Hi B9 R
Figure 44 1% COM1x1:0 & B ¥ MMAZ B K E{LRER, /0 1288, /0O 1L 1/0 SIHIL
HERR, BPRAE T COMIx1:0 EIGaEA 1/0 3% O3 #1212 85 (DDR M PORT).
KR OCIx RAMIEMNRENIE OC1x FFEE , MARE OCIx SRS, RES
COM1x FFEEMNR "0

Figure 44. LR PCEL i & T /REE

—D

COMnx1

COMnNx0 Waveform D Q
FOCnx Generator
— 1
OCnx
OCnx o 4!} Pin
A
=D Q
m [
3 PORT
g
a »D Q
I
R
| ]

ERm HEX MR~ &

THERK

HE COM1Ix1:0 T2 RE , RERESNHELERINERSER OC1x WEA /0 O
g, BR OC1x S| A EBIEZ B FHIES @F 178 (DDR). M OC1x S|k HE K
EE 2R A FTBIIIEH B FZ5M DDR_OCIx FILSIMREB A, —#R1E R TIhas
EFSRFAERNIERRTLR Bl —LHI5 , i#0 Table 44, Table 45 5 Table
46 ,

W BZENIRIT AT OCIx ERE 2l 8 Lt TR, EFEFEL COM1x1:0 i%
BERLEEENITEEXTREEN , 1 P100 “16 (LENES / T HBESESRMNHE ",

COM1x1:0 A& AR E T,

B AESRFA COMIX1:0 WAEEZBEN., CTCEXNPWMEXTEMXS, X4
FREWER ,iRE COM1x1:0 =0 XRALREE X EMNEFEXERTRERE OCIXx FiE
22, IEPWMER MW LB HiES M P99 Table 44 ; #RI%EPWM Y LB % T P100 Table
45 ; HHAMEIE PWM B9 EE B 4 T P100 Table 46 o

& COM1x1:0 HEMEABFEEHNE —REREE, XTFF PWM EX , THED
A FOCAx R EIF=4 3R,

IHEER -T/C MimHLERSIBNTR - BEFEAEER (WGM13:0) K& HHER
(COM1x1:0) B FINIRE, LERAEERANITHFIEEEE , MEFE~EEXIT 1T
FHINEEE, COM1x1:0 #% PWM BHE2E N kiktt. JE PWM EX it COM1x1:0
BRERHREANZELBREREAERNEBEN, BE , IREFHK (P91 HLREEHH L
J. i )o

BN FERESE PI7 “ BN/ IHHRENFRE .
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EHEE EEEN (WGM13:0 =0) AHMENITEER, FHERXTIHHBFEHE M, &
KIEJG (TOP = OxFFFF) BT #{E% H i+ ¥k 35 141 & IR (21 2 | /)ME 0x0000 EFH F 1R, &
TCNT1AZHE —NERN B ET/CRERETOVIEN, LRTOVIERRE17L R
RREEN , F2ET, EHTENSBPHRSEFES B3ES TOV , Bt UES
RERBENSNIHE, AEEEA T REMAZTERSKERN , AR BB AR
H1T ERET BE
EEBEXTAABREAREZEA. EXENER/NSEH4HE A EEFERAERD
THENIWR, MREHERBAK  HAFERAERSEHPIRTA MBI R B AR
REBETHD PR,

WELERBETAUARSERH, ERTHEETEBERX TR AR ELBRF=ERE ,
RebHAAKZH CPU RE,

CTC(HBREEMEREREE) 7 CTCHER (WGM13:0=4 5 12) 2 OCR1A = ICR1 FHZR A T AT IH RSN o =K,

EX it HEFAERE TCNT1 ZEF OCRIA(WGM13:0 = 4) ZTF ICR1 (WGM13:0 = 12) Bfit
EEEE. OCRIA ® ICR1 EX T it TOP & , RENTHEBEN S PR, XMER
ERAFAURES IR LR ICE H AR | B T ASS41H R ERE,

CTC#AYRY 7B N Figure 45, iHEHERBETCNT1 —ERZME TCNT150CR1A HICR1
el , RfE TCNT1 BT,

Figure 45. CTC XK FHE

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

www . BD]

TCNTn

OCnA
(Toggle)

I S S, ,,——,.

FIFA OCF1A = ICF1 #RE T A TE T BB EIR El TOP =4 i, EPMRSEFET
LAE#T TOP M9Ek{E. BT CTC B FEXNE HINEE , EiITHRE UL S MBS RBREH T
2 37188 TYERY RHE R TOP B N #55E BOTTOM R BB E/ M. INRE AR OCR1A
ICR1 WERE/DNT H BT TCNT1 HEE It BESEFELR —RLRER. £ —XERTE X
£ 28, ITBBFABTEITHRIIRAE OXFFFF |, RIFEM 0x0000 FF#4it#ZE OCR1A
= ICR1, EEFZHERT , X—BHHIERINAFEN., BERNSEZE2EATRE PWM #E
R , ZEXFEH OCR1A EX TOP & (WGM13:0 = 15) , E LAt OCR1A A E ),

ATECTCERTHBEREMAE  TLUEBEOCIAEBALREE X £NREBBHETF,
XA LB EE COM1A1:0 = 1 RER. EHLRE OC1A 25l , BEEFHIKDO
BENWE (DDR_OCIA=1), BEAEREBTENRAMENRN focin = fuk 10/2
(OCR1A = 0x0000), MEHM T AXEIE : -

(COMNAL:0 = 1)

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

T8 NRKKMOMAF (1. 8. 64, 256 =K 1024),
EEERXT . TOVI RSB R EEITHEMN MAX ZJ 0x0000 Y E B 276t E0 B M.

ATMEL o
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PIE PWM X (WGM13:0 =5, 6, 7, 14 = 15) ATARF LSRN PWM K, iR
PWMERXSHMPWMERNREZAR2E LD RE THERR. TN BOTTOMi+Z!
TOP ,ARBIEIEZEI BOTTOM EFF R, N THEMN R H HER | LRSI # OC1x
£ TCNT1 5 OCR1x IEERI B , £ TOP BFHES ; W FREttBRHmHEER , OCRIx K
MEEFHER. BTFERT2BREER | R PWM E3X K TEHE H 6 AR A
fIEE PWM XS — 15, LENRESEESREPWMER+2EESTHERAY &
FRAMDAC A, BT LURB/NMAZB TR (R R )NYWERYT MNMBRERSERA,

ITHEFREPWMERET ,PWM Z#RAEEHN 8, 95 10 f , 8 AT H ICR1 5 OCR1A
EX. B/D YRR 2 thiF (ICR1 5 OCR1A i®F 0x0003) , AL YER 16 {1 (ICR1
= OCR1A i&H MAX), PWM SR BEATAHTRITHE :

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

TEFIRE PWM ERET | iHHREENEHE —BE R INEIEEZE 0xO0FF, 0x01FF, 0x03FF
(WGM13:0 =5, 6 & 7). ICR1 (WGM13:0 = 14) 8 OCR1A (WGM13:0 = 15) , REHEF
HH— et EAEES. 24N FR A Figure 46, BHAH T 2 EH OCR1A = ICR1
REX TOP EREIRE PWM #EX, EHRERHN TCNT1 RRX2EDRBFIRME, HHE
AEREETEEN PWM mHUARRE PWM f#iH. TCNT1 fH3 EHNEXKFLERR
OCR1x # TCNT1 W CE LR, LB ICEF OC1x F iR & B o

Figure 46. & PWM #E X it FH

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

=
M

y Y Y

oCnx f J (COMNXL:0 = 2)
oCnx | ] [ ] (COMNXL:0 = 3)

o st es—fee— oo —1— ]

ITHEEREBEE R TOP BY T/C iz i #r& TOV1 Bf, % 5h& TOP {E2H OCR1A 5 ICR1
EXH , M OC1A F ICF1 #E/S TOVI EE— Nttt BHME . MRFUMERE , AT
TER MRS IR ERERT TOP AR LB ¥R,

FTOPERARRIEFHTOPERNTFRIAELRFER/NBE, BNTCNT150CR1xX
FToHUMERTER, FABEN TOP ER , AEE OCRIX HEREARERKRERN
AR R "0
EN TOP EREHH ICR1 5 OCR1A WL R TEM,. ICR1 FE/TRENEHEES,
XERE YRR UL M RBENTAD M TENEHR | 44 ICR1 BF—NDIEE
REEEHFEAN ICR1 B{ELL TCNT1 HFiE/DHNEKR., £R2ITHEENEL—RLER
T, £ F—XRLEREBEAXEZH , THELEFTEITHEIZRKE OXFFFF , REBM
0x0000 FF#AitER , BRI CE BT, T OCRI1A HFEENENE N FIESR, X — 4R
E OCR1A AT LABERI B A, EARKRTBEH KA OCR1A & E 1788, £ TCNT1 5 TOP [t
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BEENT—#EH , OCRIA LRFEFHRNNBREFFERNBIEARER. R —
ANEHEP AR TCNT1 #U8F |, T TOV1 ARSHIRE

FERAEE TOP BN HIFFEA ICR1 FESEN TOP, X# OCR1A B AL LA F & OC1A
W PWMIK. B2 , 1R PWM BRI (B K TOP fH ), OCR1A HIXNE)
BUEEFESTXMNNA,
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16 (L ERIAR / T BBRTF
FRAYULEA
T/C1 #E|FF8 A - TCCR1A
Bit 7 6 5 4 3 2 1 0
| com1a1 | com1ao | comiB1 [ comiBo | FOC1A | FOC1B | WGM11 | WGM10 | TCCR1A
®/5 RIW RIW RIW RIW w w RIW RIW
MkE 0 0 0 0 0 0 0 0

» Bit 7:6 - COM1A1:0: Ei& A Wt BB BER

» Bit 5:4 - COM1B1:0: & B WLt R BER

COM1A1:0 5COM1B1:0 73 5###| OC1A 5 O0C1B IR %, &R COM1A1:0(COM1B1:0) 8y
—UERFANHEEA "1” , OC1A(OC1B) %i i ThAERFER/X 1/0 ¥% O Th&E, BLAF OC1A(OC1B)
B BIB9S B BRI 75 o) R B A B LA fE BE S HH IR B RS 6

OC1A(OC1B) S¥1E S| BI#RIERT ,COM1x1:0 BIZhEEEH WGM13:0 BiREBIRE. Table 44
HHY WGM13:0RENEBERS CTC R (3E PWM) if COM1x1:0 BIZhEEE Lo

Table 44. LtEHm HES |, 3E PWM
COM1A1/COM1B1 COM1A0/COM1B0O %88

0 0 Zi@is OR4E , OC1A/OC1B KRiEE
0 1 e el et OC1A/OC1B BB FEUR

H L& OCTAIOCB( HHHIEST )
Liu/BC1B (BB

www . BDT g

Table 45 45 H WGM13:0 & &} tR3E PWM Bt COM1x1:0 B ZHERERE Lo
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Table 45. tEBMHER | HRE PWMD

COM1A1/COM1B1

COM1A0/COM1B0O

L

0

0

Zi@is O#R4E , OC1A/OC1B KRiEE

0

1

WGM13:0 = 15: LbEREEiR OC1A B
OC1B AL AYESIH,. WGM13:0 hEEE
AR @i OEAE |, OC1A/OC1B KRiE#EE

HR TEAESE OC1A/OC1B , OC1A/OC1B
1£ TOP B & {u

1

b PeEi Rt & OC1A/OC1B , OC1A/OC1B
£ TOP BEE

Note: 1.

% OCR1A/OCR1B %F TOP B COM1A1/COM1B1 Efuft , LLER 4 ZRE | B

OC1A/OC1B WY / FEEIREER. ER PI3 “ HE PWM EBR " ,
Table 4645 1 24 WGM13:01& & 1 #1118 [E PWM & =X, S A8 3571 45 IE PWM 42 = B COM1x1:0

BIThREE X,
Table 46. LR HER | HBASERMBFEE PWM ER D
COM1A1/COM1B1 | COM1A0/COM1BO | #HA
0 0 L@ O#4E , OC1A/OC1B RiE#E
0 1 WGM13:0 = 9 = 14: LR CE A OC1A BUR ,
OC1B F &5 BWESIM. WGM13:0H H e &R
FEBERORE , OC1A/OC1B KRiE#E
1 0 FFieBiat bR B 55T OC1A/OC1B |, B&
WWW DU1 I <J ‘ H ”Il ; Ei&oowocm,ﬁ%
ﬂ - It s = OC1A/OC1B

Note: 1.

I P94 “ F{IEIE PWM R~ ,

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

« Bit3-FOC1A: & A B HHEER
« Bit2-FOC1B: i&j& B st H&

FOC1A/FOC1BRAEHWGCM13:0i8E N IEPWMER B HIBIE. NSAREBHER , T4k
£ PWM X TX TCCR1A BART , XU STEE, 4 FOCIA/FOCIBLE 1 , M AP
RER S THTHRTEE, COM1Ix1:0 Wik E%ZE OC1A/OC1B Wk H, &=
FOC1A/FOC1B U 4ERIEBES. COM1Ix1:0 {IAY{ERE 58 HI LR AR o

£ CTC X Tf#H OCR1A fEf TOP {H , FOC1A/FOC1B it BEI R &= £ hlfth T4
BB ERES,

FOC1A/FOC1B L &2 A 0,

e Bit1:0 - WGM11:0: B R &EER

XPU S TF TCCR1B FiFaRM WGM13:2 &S , BT ERHIIT RN I HFI—Iit
BRI ERENBE R R ERNTHEERXA Table 47, T/IC XM THEERE &
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BERX (IT#ER)  LRERNEEENSS (CTC) B , R=FREFH (PWM) EX , L
P91 “ THEEK ",

Table 47. K= E£ERN R D

WGM12 | WGM11 | WGM10 OCRIX E | TOV1 Efukt

#®=X | WGM13 | (CTC1) | (PWM11) | (PWM10) | ERES/ it EES TR TOP etz 7]

0 0 0 0 0 EEER OXFFFF | MENE# MAX

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

2 0 0 1 0 9 (LIS LE PWM Ox01FF | TOP BOTTOM

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

4 0 1 0 0 CTC OCR1A | MENEH MAX

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

6 0 1 1 0 9 IR PWM Ox01FF | TOP TOP

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

8 1 0 0 0 M SHEEE PWM ICR1 BOTTOM BOTTOM

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

10 1 0 1 0 A8 E PWM ICR1 TOP BOTTOM

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

12 1 1 0 0 CTC ICR1 SEDERT MAX

13 1 1 0 1 *E - - -

14 1 \ANANN] 0 M%@NM ICR ﬁcL I TOP

15 1 AR AR A s | }&J‘_H‘WH cRial Vi dmem b | 10p

Note: 1. CTC1 F PWMIMT.0 NENELFBHEAT , EFA WGM12:0, ER2FAMRINIIEFVERFREMN,

A IIIEI% 101
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T/C1 ##F=8& B - TCCR1B

WWW

T/C1 - TCNT1H 5 TCNT1L

ATMEL

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

®/5 RIW RIW R R/W RIW R/W RIW RIW

e 0 0 0 0 0 0 0 0

* Bit 7 - ICNC1: Hi AR S HIRS

B ICNC1 [ fEaeim AR S MHIThaE. et AAZRSIH ICP1 M AR, EEH
=M ICP1 SIBIELBTT 4 XEXH, R 4 NRBEETESE , BAETEALALNEE,
H L EREIZThRE RS 5 AT IRIGIER 7 4 Nt A,

» Bit 6 — ICES1: #i ARl & A ikER

BALERER ICP1 LB MNLRARRHREN. ICES 1 "0” ERMRTHERMEEA
i ; ICEST N "1" RN I EBE/ETH AR H AR,

BB ICEST1 MRBHRT — M B4E | ITREBENREREF T ICR1 T8, BRSEHE
BN ICF1, MRILATRREIFERE , W ARREAAEARL,

% ICR1 A4E TOP {& (L TCCR1A 5 TCCR1B F#a5H WGM13:0 {1 &Yk ) & ,ICP1
SwARRMEELRIT , M AR EEER.

« Bit5-{RE{
ZNURE. IRIIESHRBENREY , ETCCRIB |, ZUSMEA "0

o Bit4:3—-WGM13:2: HE R E#K

BOTIC com/ATMEL

LR
X 3 {7 A TiE#E T/C W9EtHR , WL Figure 49 5 Figure 50,

Table 48. RtHP RV IR

CS12 | CS11 | CS10 | iit®8

0 0 0 TR (T/IC F1E )
clkyo/1 ( T2 47 )
clk,o/8 (R BT 4iizg )
clk,o/64 ( KRBTSR )
clk,o/256 ( R BT % $28 )
clk,o/1024 (KRB S5 )
SNERT1 51, FREREE
SNERT1 BIR , EFARIRSD

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

A lo|lalo|la|lo|~

REREASERR IR , BE T1 SIIBE U |, SIM EMEBESEFR(LNRS
|3h T/IC1 it , XANFM AV AP BT R4 RZHIT R

Bit 7 6 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNT1IL
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W EBREERE 1A - OCR1AH
5 OCR1AL

W B EERE 1B - OCR1BH
5 OCR1BL

WWW

BMAHRSEESR1 - ICRIHE
ICR1L

T/IC1 HI R T FER -
TIMSK("

2503F-AVR-12/03

/B R/W R/W R/IW R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

TCNTIHSTCNTILARK T T/IC1 W BIEFTFEE TCNT1, B AT ABE EX R85 /1H 5K
B8 M 16 fIITERESHTIREiHEl, HRIE CPU NEFTSEFETHWREMEES , KA
FA— 8 InEt S FETH 58 TEMP, TEMP /AR 16 uS 1784 HM | i¥ M P84
“ihiE) 16 (U EF1FRE "

EITHBRZTHRERTCNTIHABRE AEEE LR —IXRTCNT150CRIxH LR B 2 1,

ETCNT1 & T — N Er 2R ABEELRITE,

Bit 7 6 5 4 3 2 1 0
OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL

®/B R/W R/W R/W RIW R/W R/W R/W R/W

NHE 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0
OCR1B[15:8] OCR1BH
OCR1B[7:0] OCR1BL

®/B R/W R/W R/W RIW RIW R/W R/W R/W

BE 0 0 0 0 0 0 0 0

ZHEFRTHN 16 VBIES TCNT1 FESTHITRERTEENLER , —BRIETE &

PN srhpE kA OC1x By HB B Rl
3 s b 16&Q@ ﬁ Mﬁt};@zg | BRER—
N e S E T e eV FRARME g2 JiER P84 “ifA]

16 U FFR "o

Bit 7 6 5 4 3 2 1 0
ICR1[15:8] ICR1H
ICR1[7:0] ICR1IL

BB RIW RIW RIW RIW RIW RIW RIW RIW

HaE 0 0 0 0 0 0 0 0

HH\ERSIMICP1(HT/C1 MV RELLL R 2R ) B AR IRM A E S8  ITHEBTCNT1HH
HEEA ICR1 H, ICR1 BWiREMEAIERN ITRERAY TOP {E,

MABRSFFRRKEN 16 L, ARIE CPUNSFHERFHHNENE , XTEM—18
fuIEet S F T & 788 TEMP., TEMP 2FrE® 16 (uH 7R A/ , ¥ P84 * 151 16
uEFESR" .

Bit 7 6 5 4 3 2 1 0
[ ociE2 T TolE2 T TICIE1 | OCIE1A [ OCIE1B | TOIE1 | OCIE0 | TOIEO | TiMsk
®/5 RIW RIW RIW RIW RIW RIW RIW RIW
MkE 0 0 0 0 0 0 0 0
Note: 1. ZFEFRIB/LANT/ICHIFMIREY BATHRANTIA#ITRA HRUFEZSEN
NATHR B R
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T/C HUftRE T FeR - TIFR
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* Bit5- TICIE1: T/C1 ¥ AJH 1R i {Ese

MIZHEIRRN "1, ERAFHFERMN | IR "17 6, T/IC1 Wi AR DU ERE, —
B TIFR 8 ICF1 Eu CPU BIFF #8017 T/C1 ﬁkﬁﬁ%ﬁﬂ&“ﬁr( N P42 “ 7 ),

« Bit4 - OCIE1A: T/C1 L8 A Puiil Fh T 8E

LIZMHIER "1, BRI SHEEFH %R "17 85, T/C1 W H &R A ITE B E
€. —B TIFR £#Y OCF1A B{z , CPU EIFF#AIT T/IC1 bR A EEAF KRS EF
(M P42 “ "),

« Bit3 - OCIE1B: T/C1 #HtE B Prifi fh i 4E

MZMWIEA "1, BRAFEETH | IR "1 6, 8 T/C1 AR B LA+
WrfEgE, — B TIFR L& OCF1B B , CPU BIFF A 4T T/C1 i HH b3 B PTfL P T AR SS
BEF (W P42l ,

e Bit2 - TOIE1: T/C1 & h i {ERE

MIZBERA "1, BRAFEETM | LBERA 717 8, T/IC1 WigH hlfEsE, — B
TIFR £& TOVA1 Eu CPU ENFF #3017 T/C1 @HjﬂFHs‘rHE*&r“( N P42 “ Hllf "),

Bit 7 6 5 4 3 2 1 0
| ocr2 | Tov2 ICF1 | OCF1A | OCF1B | TOV1 | OCF0 | TOovo | TIFR

®/E RIW RIW RIW RIW RIW RIW RIW RIW

WiaE

wn BOTLC - EOR7ATIEL ™"

o Bit5-ICF1: T/IC1 Bi AWRIFE

S\ERSIM) ICP1 IR B4 AT ICF1 B, b5k, = ICR1 fENITEkER/Y TOP EAT , —
BIt#EREXRES TOP, ICF1 HE(L,

WAT R AR PRS2 FRY ICF1 BE1ET, B A I EBAZE 1" KBBRZIR N,

+ Bit4 - OCF1A: T/C1 i H LR A EE4RE

% TCNT1 5 OCR1A IEEELTNAT |, ZAL4HIRTA "17,

58 % H LB (FOC1A) F&E . OCF1A,

HATREEI M LR IS B A R T ARS T2FFAT OCF1A BE1ES, AN HEBEAZE "1” K
ERIZARENL

* Bit3 - OCF1B: T/C1 Lk B [EE4R&

% TCNT1 5 OCR1B PEE R ThAT , ZALHIRHA "17,

58 % H L3 (FOC1B) R4 &1z OCF1B,

MATIREIR L L RITE B FHESRFE OCF1B AZ)ET. GAUNRAEAEE "1" R
B RZARENL

* Bit2-TOV1: T/C1 BRHIFE

ZUWIRBES TIC1HIESAREX. TETFE E’fi'ﬁﬂ CTC #=at , T/C1 & HiEt TOV1
B, X THEEHECERXTH TOV1 FREMEM , L P101 Table 47 .
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RATRH P ITRSEFE TOV1 BE1EE. A UNEEAZE "1” KFRIZIFEN,.
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SNNE PWMERSIE 1o 1Ems@Es e/ itHE EXEHANT
- ; . BEEITHE
fERENER [ ITHAR2 | HRTEN AR (EDES)
- TFREOT , A ERNKEASIE (PWM)
- WERLES
o 10 {uRtEh T2 S BS
s BHELERICE SR (TOV2 5 OCF2)
- AV @A 32 kKHz FRBFAEN I 10 W

&k Figure 53 3 8 i T/C B9 5 HEE . SEBREY S| MRS M P2 “ATmega32 HISIBI” . CPU ATiH
B &Y 110 1788 , 2IE /O LA /O SIS R R, BSFEE /O FFHREMNENN P116
“8 il T/IC 5 WA ",

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

A

\i

{ TCCRn

count . Tovn
clear (Int.Req.)
— Control Logic
direction clks,
A - Tosc1L
BOTTOM TOP TC
Prescaler Oscillator
' v Y

- TOSC2

Timer/Counter
TCI‘\lTn | [=0] [Fowr

clk,o

M

OCn

S
+
]

(N

. [ — clk,
Synchronized Status flags

‘ Synchronization Unit

[—clk,g,

Status flags 9 A
< > ASSRn

asynchronous mode
select (ASn)

< Y
\ D

Y

FiFes ERTES / 1TERES TCNT2, WL FF8E OCR2 H 8 [uFFee. HMiER (BHEER
Int.Req.)o EBEEREEDMIIRESTFEE TIFR AR, FIADUTAR o] LUE S ERT 25
W AR FE TIMSK 2id# TR®. BFRELEHE TIFR 5 TIMSK,

T/C BBYH AT LA B T 0 47 B 49 N #R et 49 = 3B I TOSC1/2 SIRMHEA I R ated | 3%
AAFEERD . FERIEMRSRSTFR ASSR #24], NHIEERBEERESSE
T/ICITH BB hN(RE ) B IR. SR BE R PIRE T/CA T LIRS . B4 IE B R
REVE RN clkppo

MEHH LR F 78R OCR2 —ES TCNT2 WEE#M TR, RIERERAALRE
R4 PWM R R LB H 5 M OC2 Sl tH T RIEMES . M P109 “ i tH LR E
T, HRERERESEMLRITEIRES OCF2 , AR~ £ 5 HELRFMIER,
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EX AXWFZHFEIREEMINBEANEINRT. MNEWN ‘" RRENS/ITHBNEFS |
ELBEIR 2, ERESEFNEFABHENER (HIFEA TCNT2 kiFE T/C2 it EEEE
)o Table 49 RESGER FAT,
Table 49. %88

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

MAX TTEE8 1T 2 OxFF ( T#t Iy 255) BTEIAE MAX
TOP THEES T BT 507 51 B9 & KERT BIiE Bl TOP, TOP E A LUK B EE OxFF

(MAX) , RE2EM T 788 OCR2 ENEE , EABIERERBE

T/C YR IR T/IC AR RS RAB R SIS, clkr, BREIZEHR MCU B clk o 24
ASSR HF1ZE5HAS2 BT | B4 JRRE F TOSC1 MTOSC2 iEEN IR 2. FHN RS
BETLSZE P119 “ LIRS EESE -ASSR” ; FHAM RSO NS AR ESE
P121 “ EERTES / IT BRSO IES ”

AL T S T/ICHIEE LS 1 AR B 12k 7T, Figure 54 BIR TS H & Bl RIS 5 1E
=R
Figure 54. itHEE THIER

TOVn

DATA BUS (IntReq.)

<y
www .BDT |

Bl TOSsC1

T/IC
Oscillator

clk

P TOSC2

bottom top

EHHE (AHES):
count fi£ TCNT2 b0 1 SR 1
direction IEIZFMRESBIRIE

clear JBEE TCNT2 (HAFIENES )
clky, T/C BB 4
top RRTCNT2 ELEE THRAE

bottom &R TCNT2 E4%LF 7 &/ME (0)

BIETREN TR | iHRBHNE— cky, THBE. M—FR— B4, clk, A5
AEBET IR RA T SR~ 4 |, EAHMNHERMN CS22:0 BE, B EFER IR
(CS22:0 = 0) BT &L, BRFEHERA clky, ,CPU #ATLLIAE TCNT2, CPU BiE
eIt B HMIRE (B, MEIRE ) BRRERS.

TTEUF P T/C #4|2F 1785 (TCCR2) B WGM21 F WGM20 RE. TRt HRITH S A
HLEEE OC2 KA ERNX R, BXRITHFIFRE~ENFMAEERESEZPI10“T

EERX 7,
T/ICRHEFHIFRETOV2IRIBEWGM21:0 iR EW THEERKIZRE, TOV2 A LLAF~=4£CPU
A BT
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2 e HE R

E TCNT2 #4EFE 1k LBt EL

fEF% LB T

ATMEL

8 NILEEREBFIFLEFT TCNT2 Mt H LR ICE & 788 OCR2 # 1Tk, —B TCNT2 &F
OCR2 , kBRBHRAHIEEST, EEBEAEN T —NENSFT AR EH HEEBRIFE
OCF2 BfI, & OCIE2 = 1 45| & i tE L B P . ITHUTIRSIEFAS OCF2 FB3hE
T, UBEHREE "1 WERHETES. BIE WGM21:0 F1 COM21:0 i EMFRRE T
R  BREAERTUNALCRES~EFTRMNEF. B, BELAER[RERA max
1 bottom E5RABIRBER A THEFHRER (A P110 “ TEE "), Figure 55 J i
tbg g T A ER.

Figure 55. it RE T HER

< i DATA BUS i >
OCRn TCNTn
| = (8-bit Comparator ) |

OCFn (Int.Req.)
>

A

top »

bottom
Waveform Generator OCxy

WGMn1:0 COMn1:.0

A PWM #EXEt OCR2 HEEFEH/AINEAFTEFES ; MEEEITEEXMEEESER
NEHFIHBEERE LK, NEHTLUNEH OCR2 FHFE55 top = bottom B ZIEZH#EFR |
MG L= £ X B PWM Bk |, SEBRERI,

8 OCR2 HEFEFBERREZ , HXT R, FRENE FIEER , CPU i5EA 2 OCR2
ZErhEFEE ; ZIEXWEIhEER CPU BRI ZE OCR2 & 5,

THETIEPWM EET , AT LA 58 Hil % tH LR {Z FOC2 B 1" K= £ LL R IEHL, 58 LR
EEAF B OCF2 f1& , WA EH /BFEENES , B2 OC2 SIMINHEH , H#RE
HRET LLRITE —# (COM21:0 RTE OC2 REfu., BFF , ERXEEIL ).

CPUXI TCNT2 FEBMBERIESE T —NER SRt s A MM L LR ICE K R £ | BIfEL
RNENRELFELT . XM LLARF OCR2 #1{L N5 TCNT2 M E /Y BIE T At
il

HTFEEEEXNTE TCNT2 #NET —/MNErSr4EARERIEHLRTE | EFEHAHH
&Rt HE TCNT2 MAaBXE , T8 T/IC REEET. MREEAMN TCNT2 WHEST
OCR2 , hRICE M AR T , BT ERARFERELE R, KL , EiHHRESHTRE
e R EX TCNT2 EA BOTTOM,

OC2 MREBMIZERERFESMFFRZAMTH. RELNIRE OC2 WA EREEZBE

X T RIS 5 H LR FOC2, BMEERERFLR LK OC2 HFHREHE—ERFTE
BB
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JEE COM21:0 MEBREBIRERBTENE K, COM21:0 By B4 K,

B ol 4 HH &2 T R R R R COM21:0 EENEHAE. KRERERFIA COM21:0 RKBET —
EE R B & A P A9 HH EEBUIRAS (OC2) ; COM21:0 ik #2#) OC2 Sl il 5 S KRR
Figure 56 3 % COM21:0i& & SR B BB L B, /O BFE. 1/O {21 1/0 31 HILUA
HRR. BHRRAHTE COM21:0 EMAEMA 1/0 ik O #1ZF 785 (DDR # PORT), %
K OC2 RSS2 AEE OC2 F1FE , MA = OC2 5lk,

Figure 56. LB ICEis % T/RER

—D

COMn1
COMNO Waveform D O
Focn | Generator
— 1
OCn
OCn o Pin
A
. D Q
3
m PORT
<
g
a »D Q
\ DDR

WWW =

@Jig % M) ﬁﬂl%ﬁﬁéﬂmﬁm o o
IjJFJm =6~ = TE o B F OC2 IheE<zai

BAEBSHEL M FFRN DDR_OC R SIBMRE N . ImORESRERE
2R TR TR

WL BRB BRI A OC2 MABHEM L Z BB AR TR, BEBREL COM21:0
RERES T HARERE  FN P116 81 T/C HERREHA ",

A HER R E KRR EBFA COM21:0 WAHAREZE, CTC M PWM =iEXTAEMX3, XFFF
AHER ,COM21:0 = 0 REALLRIE X £ iR R £ T 218E 0OC2 F1F:5. IEPWM
BRAWERmEIES A P115 Table 51 ; HE PWM 89 Eb &% tHF P116 Table 52 ; #1%
1&1IE PWM B9 Eb % F P116 Table 53 .

3 COM21:0 HEMEARBEENE X LRTHE, FFIEPWMESR | aJLUELER
FOC2 kg &I BN= £ 8

TEER THER - T/IC MHEHLRIIMNTA - BREREER (WGM21:0) K H&H HiE=R
(COM21:0) VR HIMIRE, LR BB T BFIEEEWN MR~ EERXT TR F
FINEFIE, COM21:0 #4 PWM ﬁﬂjma&wm Ik PWM X BF COM21:0 =55

Hjxaahzﬁtthmaﬁiiﬁﬂsu BT, ARBFEHR (P110“ EREEBHE T ),

BN FESIESE PI3TICHEFR",
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EEEX

CTC( Lt B ITE i EBRTERTES )
5.

www . BD" CC

HIE PWM =X

ATMEL

HiEEX (WGM21:0 = 0) AR EMNITEEN. EREXTIHHBIFEwE M, it3 8
LB KRER (TOP = OxFF) , HTHERHITHEHEE L bIREF&/ME 0x00 EFHFF
T, £ TCNTO N ENE —NEBSET4HE T/C BHFE TOV2 Bz, Bt TOV2 HERE
Fou, RARRBEEN , T2FE, EHTENSPHRSEFEBEZES TOV2,
WA BN GRS EMNEN DR, EEBERXTSEMFLEESKRERN , AP
FERT B AFH T HES A,

WHLEBRETAUARTEFRH, ERTHEASEEX TAARMBLER=ERE AR
2 5BA A% CPU BE,

£ CTC X (WGM21:0=2) 2 OCR2 EEFes A T AW It HEEMN 2P X, HITBENRE
TCNT2EF OCR2HFIT 82 ET . OCR2EN TITH R TOPE |, RENTT M D X,
XMERXFESAFTURE S HIEF LR T E R EOME | BEM T ABEFITEER
£,

CTC#E X #Ir} 5B R Figure 57, ITEREIBETCNT2 —EEME TCNT250OCR2 L , &
J& TCNT2 BZE,

Figure 57. CTC #X K FHE

OCn Interrupt Flag Set

TCNTn

(Toggle)

MA OCF2 HFEFMAEITHFHRELE TOP BIF=£rii, EHMRSEFEIUESR
TOPHY#R{E., AT CTCERANEF A , EiH HBFRULTA S MBRRIEMN T SR T
YRRV BHERRF TOP BN #RIE BOTTOM MYBER /D, MREA OCR2 WEENTH
Bl TCNT2 (98B , T BERRE R —REERIEE, £ F—REREREREZH , HRET
BARLITBEIZRAE OXFF , AEBM 0x00 FF a1t #E OCR2,

RNTHECTCEXTEBEEFHE , TLURE OC2 EHALLREER A £ RNTEBEEE,
XA LUBNIRE COM21:0 =1 RER. EHLERBOC2HEZH , BAENEKORE
N, BEEEREBTZENRAIAERN foc, = fu 1o/2 (OCR2 = 0x00), MEHIT
NAREE : N

(COMN1:0 = 1)

o ok 1o
ocn =~ 27N-(1+OCRn)

T8 NRKKMOMAF (1. 8, 32, 64, 128, 256 5 1024).
EEERAT , TOV2 fREMNBEMREEITTHERM MAX N 0x00 K E AT 2R ETE F o

PR PWM X (WGM21:0 = 3) AT ARFESHH PWM KB, RiE PWM EXXSHA
PWMERNWREZA2E LD R THERR. ITHEMBOTTOMITEIMAX , R IENE
ZIBOTTOMEH . N TFEBMWEERAEER LRSI OC27 TCNT2 5 0CR2
EEFES , £ BOTTOM NEN ; ¥ FrEEBHBEER , 0C2 WEH{EEFHEK, H
FEATRDNFEER | PRIE PWM SR TR FE A NFHRNAEVIEE PWM &R

10 ATmegad2(L) m——
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B—fE. LETBRESEESRE PWM BERX T8 THRET , BRM DAC MA,
EMATLUB/NAEB TR (BB, B ) MYERYT , NTTRERSERE.

THEFHRE PWM EXE |, iTHRENEBE—EEMNE MAX , RGEREN — /o E
BEE, B4R FRA Figure 58, BFRRE TCNTO R RiX 28D HIKIRE, HEEE
REETEZENPWMHEHUKRAR PWMHiH, TCNT2 #3% EREKFELERR OCR2
F TCNT2 B9 LR T,

Figure 58. i PWM =it

OCRn Interrupt Flag Set

OCRnN Update and
TOVn Interrupt Flag Set

v v YY VY Oovy v Yy

- /M/ﬂ//L / /V

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

P Y S PSR

i e | WA T/C B FrE TQV2 ’ TE PRI IRSS IR F P
WWW BB COM |
[ | [ |

HAEE PWM

2503F-AVR-12/03

THEFHRZE PWM ERE |, LR # T Al LAE OC2 S L& PWM K. i&E& COM21:0
N2 ABEEEEBEN PWMES ; B 3NAF4EKRE PWM KR (24 P116 Table 52
Yo BREESIM LB M BESELTNFOC2HBMBEARIRE MM H ., 7= 4£ PWMIEFHH
R OC2 FFEE OCR2 5 TCNT2 EE A ENM (RAEE ) , AREITHEES (M MAX
25 BOTTOM) B BR — N ERT S R4 B HAEE (B )o

AN PWMSMIRTUES M T AR ITESES

, _ fak o
OoCnPWM N - 256

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

OCR2 HFHB NN REN R RTIEPWMER K — E45%1E R . & OCR2ZETF BOTTOM
o HIE S MAX+1 NER ST B HI E B+ ; OCR2 3 MAX B , 1R #E COM21:0
MIRE , WMHEENSEFREBRTF,

BERE OC2 H LR ICE A #ITZEETFHR (COM21:0 = 1) , ATLAEEI5ZEEE) 50%
HEMES. OCR2 1 0 RESAREME f,, = fy jo/20 XMFMERBT CTCEXT
8y OC2 MR IRME , TEIZALETHRE PWM EXEBNE .

MM E PWM ERX (WGM21:0 = 1) RAFRMH T —MRESRBEMLBE PWM K

W%, WERXETXNRIRIRE, T8I ES M BOTTOM it E MAX , RE XM MAX

FREIEBOTTOM, E— MM ERHHERT , Hitet B EMAX TR ERET TCNT2

FOCR2HYILEE ,OC2FHEZNEETF ; MEITIIEREBOTTOM TR E XKL T TCNT2

F OCR2 At , OC2 B NESHEEF, ThFROBELLBRNMNEFHER. S8

?;T%VF*EJ:I: , MRBEIRETIRBNRRIAXRE /D, BERTHERNEY  +2ESTEHE
IJO
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ATMEL

MMEE PWM XN PWM BEBEERN 8 th4F, TRt EMEE MAX , REFF
BB, E—NEMSHEHE TCNT2 WEZET MAX. HEFEBRTS N Figure 59,
F TCNT2 WBEAERERTE , LRAXNRERE. ZEREMNEEATEHEPWM B H
HARE PWM B H . TCNT2 #H3% E#/MER KRR OCR2 1 TCNT2 B LEE& L,

Figure 59. #{I&1E PWM RXKIES FE

OCn Interrupt Flag Set

OCRnN Update

| TOVn Interrupt Flag Set

-

Y vy \Aj

w /IN NSNS

OCn \—‘ L (COMN1:0 = 2)
OCn ’—‘ ’—‘ T (COMN1:0 = 3)
Period 4447244473

www BRTAC, com/ATMEL ...

RER 2 Fiﬁtﬁifﬁuaﬁ PWM RXE COM21:0 A 3 F=4ERM@E PWM 55 (&M P116
Table 53 )o Z8ES|IH L5 2t LSS A LM OC2 m;&ﬁﬁm&%mﬁ?w OCR2 #
TCNT2LERICE R AR OC2 FF - £ MM BEETREBEMIERME , AT~ £ PWMIE .
THEFHRUBEERXE PWMMERATRTRARNIKSE

‘ _ fa o
0CnPCPWM = N -510

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

OCR2F AL TRENR THMEEPWMERE —LRHER. EEBEPWMERT ,
# OCR2 £F BOTTOM , il —ERENEBF ; & OCR2 £T MAX , M HRRFN
BHE, KB PWMERNEFHR.

£ Figure 59 92 2 NEAH , EARRBRELRIEE , OCn BHI T — M SENEATBE
%, B A WRRIERFE BOTTOM AKX H. B LR TR NGRS LIS

40 Figure 59 A /R ,OCR2A FY{EM MAX 2R H HME#E. = OCR2A{E N MAX A |, 5|
B oCn E’J’JFﬁTH:IF“lZ'% AIHEEFEHEREENERMER, HRIEEFE BOTTOM
AMAIXFR , 2 T/C WEER MAX B , S OCn B X AMFE B EAFIB L
EERIEERHE R, EtH‘ITJLtHI}LTi?)E&EJ:tEIEEEZvZE OCn HNMABHENIAR,

« ENSEM—E OCR2A AMEFHRIZH , FERMEXRT —RKHLRIEE, HsIAT
RELRIEEKE OCn HMIRERENINR,

THEPSHN T/IC ARSBE , B EN ck, TARTANSEREES. EFRDE
KT, clky B T/C fKHIRM AU, BHRIEYEE T FMIRSIRERBTE, Figure 60
BET TICHERRF. BHRAHETRAEMISE PWMEXHERE MAX BERITEFE,

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

clk,q

clky,,
(clk /1)

110

TCNTn

TOVn

Figure 61 4

Figure 61. T/C B FH

clk,q H
|/O/8) T

BDIL&CX@FMAX MEL

clky,
(clk

TOVn

Figure 62 4

Figure 62. T/C BfFE , OCF2 EfI , fii%

Wﬂﬂﬂﬂﬂﬂmﬂﬂﬂﬂm

clk,

clky,
(clk,o/8)

TCNTn

OCRn

OCFn

2503F-AVR-12/03

MAX -1

MAX

BOTTOM

BOTTOM + 1

4L MR A E R SR IR | BT MR ERE,

Mﬂﬂﬂﬂﬂ

, RARBER Ty 10/

Wﬂﬂﬂﬂﬂﬂ

R

:

[N

BOTTOM + 1

BHTEMERT (BRT CTC =X )OCF2 WEMIER.

I
:

R
:

:

:

LR

OCRn-1

OCRnN

OCRn +1

OCRn + 2

OCRnN

Value
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Figure 63 44 7 CTC X T OCF2 B TCNT2 EBRIIE R

Figure 63. T/C BI/FHE , CTC X , MOMEN f, 10/8

. (NN

clkq,
(clk,o/8)

TCNTn
(CTC)

:

:

R
;

U
;

R

TOP -1

TOP

BOTTOM

BOTTOM + 1

OCRnN

TOP

OCFn

www . BD]
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8 fi T/C FHFaa i A
T/C 2%|%F 78 - TCCR2
Bit 7 6 5 4 3 2 1 0
I FOC2 WGM20 | COM21 | COM20 | WGM21 CS22 Cs21 CS20 I TCCR2
®B/B W R/W R/W R/W R/W R/W R/W R/W
HHE 0 0 0 0 0 0 0 0

+ Bit7-FOC2: B4l %

FOC2XfE WGM i5BAIE PWMER B T ER, B2 , A TRIESKRKBHHNHREYE FH
PWM Bt , 5 TCCR2 EXNHEE. BE1 /5 , KEAERFILNFHTHRIRE, LLRTE M
i 51 H) OC2 fF12 B COM21:0 iR B N BT, EXEFOC2 X U—NIFET |
B IE X8 $l4 H LB EERN R COM21:0 WiRE,

FOC2 A5 REAHM , b F2EMREA OCR24EHR TOP Y CTC RX X ER 2RI 1THE
Py

& FOC2 KR EIEKIZ A 0,

* Bit 6, 3—WGM21:0: BE~4EER

XUz T REENITERES | T RES R AE TOP BIKIR |, ARZEMARR, T/ICX
BWERE EEERX , bRCE X EERITHEER (CTC) , UEHHM PWM #EX |
¥ Table 50 5 P110 “ TR ",

Table 50. BE~EERNENL D

20 OFR2EY | TOV2 HiE
WWW C2) WM2) [T/ BfE | (et
0 0

0 i OxFF | MEDEH | MAX
1 0 1 S E PWM OXFF | TOP BOTTOM
2 1 0 CTC OCR2 | M ENEH | MAX
3 1 1 PR PWM OxFF | TOP MAX
Note: 1. %g& CTC2HMPWM2EELTHEFEMT ,EEH WGM21:0, B RINBER L& 5 LA RITAR
o

+ Bit 5:4 — COM21:0: LB PCift i HiE =

XERE T LRI E R £ R S OCO MEF, MR COM01:0 H# — vk s Ef#
Bz, OCO LALLBRICE f Ay 7 N 1T THF, R EAEERMEREN 1 UERAH
Rz,

4 OCO E#ZEF|YE S| £at , COMO1:0 KIZhBEM I T WGMO1:0 HiRE, Table 51 4
HT 2 WGMO01:0 iR BN EBEAF CTC HX A COMO1:0 K ZhEE.

Table 51. LR HERX , I PWM ERX

COoM21 COM20 L
0 0 EENHORE , OC2 RiEH
0 1 HRIEH £ £/ OC2 Bz
1 0 LRI E & 4 B OC2 5EFE
1 1 HeB el & 4 Bt OC2 B
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Table 52 44 7 24 WGM21:0 i& & F RE PWM X &t COM21:0 K ZhAE,
Table 52. Lb&R#HHES | RiE PWM R ()

CcoM21 comM20 | i%E3
0 0 EENRHORE , OC2 Rk
0 1 RE
1 0 HBREE A £ OC2EF |, 1THE TOP B OCO Efu
1 1 LR ITE & 46T OC2 Bfy , 1T#ZE| TOP & OCO BE

Note: 1. —PMEHKERE OCR2%F TOP , H COM21 Efi, Etﬂttthlzmm&’«mﬁ,ﬁﬁﬁiﬁu
TOP WY BhEREE B Ko i‘iiﬂﬂgém/x P111 “ HRE PWM 3 ”

Table 53 441 T 2§ WGM21:0 iR & N M & 1E PWM X B COM21:0 E’JIJJEbo

Table 53. L& H#ER | BB E PWMERK D

COM21 | cCOM20 | B3
0 0 EFERRORE , 75 0C2 ik
0 1 #E
1 0 EAFITBNAE R EERSES OC2 ; BFITHRN AR TENGE
i OC2
1 1 g%&%ﬁi&aﬂﬁitmmw‘:ﬂ%& OC2 ; BFITEat & & bR B E
1. —MEHRER 2 OCR2 %H: TOP M21 B, BbAT LEER PCEL 4 2 BE | T it 2K E

v BT FCE Gt/ A THEE™

X = ATERIE R Tk T/C B4R , I Table 54,
Table 54. B4hikiR {15 BF

CS22 cs21 CS20 pi7): ;|
0 0 0 Tohtsd , T/ICAIE
0 0 1 Clkros/(GRBETS R )
0 1 0 clkyos/8 (REFZ 41ES )
0 1 1 clkyog/32 (RE TS IMER )
1 0 0 clky,s/64 (R B2 HMER )
1 0 1 clkrg/128 (R BT #1188 )
1 1 0 clkr,g/256 (R B2 M8 )
1 1 1 clkryg/1024 (R B TR $88 )
ERER / THBERFEER - TCNT2
Bit 7 6 5 4 3 2 1 0
| TCNT2[7:0] | TCNT2
®/B R/W R/W R/W R/W R/W R/W R/W R/W
B E 0 0 0 0 0 0 0 0

16 ATmega3d2(L) m—
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AHLEBRFER - OCR2

B T/C FiFaR AT AE X 1T 2ERAY 8 (U BIBRTIRE M. X TCNT2 FiFesM i A
RET B ERRTE, EHRSRESTHEIRTER TCNT2 WRERTEREL—
X TCNT2 1 OCR2 H LB ITEL

Bit 7 6 5 4 3 2 1 0
| OCR2[7:0] ] ocr2

®/5 RIW RIW RIW R/W R/W R/W RIW RIW

MiaE 0 0 0 0 0 0 0 0

WHLEBREFEERTES NS UNEIE , THEMSITEREEHE TCNT2 #1THR., TEE
B LA RSk A LR i, SE ARTE OC2 SIM L= 4.

www . BDTIC.com/ATMEL
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ENRR /T RBNRSRE
FLHREFHFER - ASSR
Bit 7 6 5 4 3 2 1 0
| - = = = AS2 | TCN2UB | OCR2UB | TCR2UB | ASSR
®/E R R R R R/W R R R
MHE 0 0 0 0 0 0 0 0

» Bit3-AS2: % T/C2

AS27"0”B T/C2H1/ORT #hclk, o IR 3h ; AS2 " 178 T/C2HIE#EEI TOSC1 S fY &4 ik%
BSUKZN, oX3F AS2 B A[EEMEEA TCNT2, OCR2 5 TCCR2 AR,

+ Bit2 - TCN2UB: T/C2 E#ih

TIC2THETRLSERE , ETCNT2F S TCN2UB B I, YTCNT2 N EEZHFREH T
EEf5 TCN2UB HTEEMEZE, TCN2UB 3 0 RBAI TCNT2 LB AHET .

« Bit1- OCR2UB: it REFFEE 2 EF

TIC2I#ETFRFSERIT , EOCR2HF S| OCR2UBE L, HOCR2NE FE R EHTE
J& OCR2UB HE#EFZE, OCR2UB J3 0 B OCR2 AJLABAHET

+ Bit0 - TCR2UB: T/C2 B4ISEREHP

TIC2THETREERAT , ETCCR2F S| TCR2UBE I, Y TCCR2ZM\E FHFHEH
EEf5 TCR2UB HTEEMEZE, TCR2UB 1 0 %XBI TCCR2 I ABAHET .

BETIC . Com/ATMEL " ™

3E TCNT2, OCR2 #1 TCCR2 WA HIR TR, 2E TCNT2 BEIM2RFRIE , M
OCR2 #1 TCCR2 N R \NE EZHFa3 i ELM,

ERER / TTEER 2 WRSBRE TIC2 TTFREIEANEZERNTILA :

'L Eﬂfﬂﬁﬂ;ﬁzm’ﬁ%ﬁﬁ‘ﬁaﬁﬁk TCNT2, OCR2 #1 TCCR2 ##Ery iR
B, RENSBENIZR :

1. &2 OCIE2 M TOIE2 LAS% ] T/C2 #Y 9 it
2. iRE AS2 LUEAREEH IR

3. X TCNT2, OCR2 #l TCCR2 B A #y #iiE
4

5

WWW =2

P B|FLER . F13E TCN2UB, OCR2UB #l TCR2UB BF
/ﬁlz? T/C2 E’JI:F'H-ﬁ*-F/L,\
EEMEEREM

. ?&%%ﬁﬁiﬂﬁﬁﬁ 32.768 kHz F R B iR, A TOSC1 BH/ERRTEH | OJRESEK T/C2 T
IR, REEFHXALERIES 4 Z L,

+ ETCNT2 ,0CR2HM TCCR2 I EIEE KIEANE 78T , N TOSC1 At £ IE BE L 5 = 8
EIXNMENETES, ERENEEREABNTER I TERITHHNEEEA
B1E, SNSEREEREHMUINERS , BB TCNT2 HF2TH OCR2ME
B, RPRESFFS ASSR m%#’*ﬁﬁm% SELE AR BNEERS.

o WMREH T/C2 R MCU BBEXHY B Standby BRI KREERH |, NFE TCNT2 ,
OCR2AFMTCCR2AEFH L R 2 B F e AX ERERE R , FENIMCU T REATET/C218
BRI AKEER, X3FA T/C2 WELRITHEH hH%EE MCU AEHEE | K
NEEFH OCR2 =K TCNT2 I ELERICE 22 IEH, MREEFH TR Z 1 (OCR2UB

O .

18 ATmega3d2(L) m——
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ERER /T RERP MRS T e

- TIMSK

ERER [ T8 PR E TR

- TIFR

2503F-AVR-12/03

N O)MCU Rt A THREEER , BALLREERFHKEZFR2KE , MCU tBKIZEE
MREET

MBEAT/IC2ENEEERXNTY B Standby BXHNMEBLR 4 | MICTEEHRE AL
KREERXNITR, PHBHEEE—/ TOSC1 AHHTEM, MEMNRERFHIA
RERRIRTE/NF —/N TOSC1 AR , PR BARE , Mt T ERE, WRAFK
REACEFREAFREX—&4 , AUXIWMOTHE

1. ¥ TCCR2, TCNT2 & OCR2 E A& &M HIE

2. %13 ASSR MMM EHICIHREES

3. HARBEREAHNY E Standby EZX

BEEBETRSIEER , T/IC2M 32.768 kHz I5HEE T —E T4 , BRIEF AEBER
= Standby X, AFPMIZEE , WIKHSRNRER B ATRERIE 1 Wi, Bt , &
WAPESHLEEN , FMNESR /Standby ERXRERELZE 1 DEEFER
T/IC2, BN , BT BRI RN TRENE , RERFTEN T/C2 FEFEH[NNEE T
BEALER  TiFEANRREERANRSES, AFS4MEFAXETEFRRE,

ARSI EEENHT R Standby EANREIRE : PHMKAHRREE BT —
MNER R HRETRES. RN ARSI T IRRIT RN REZ IR
RELNEMT —/ o, RESF MCU F1E 4 Mateh |, EBERITHIRSERF. F
Wi AR S5 12 45 R < R FT 14T SLEEP BRI 2 FHIEF.

MNEBEERXRE 2 SR ERE AR TCNT2 ATeERE R ERAEHIE. BN TCNT2 2

HRREH TOSC BH4PIREIAY |, MIRE TCNT2 XFEE —NSHE 1/0 RSN F

FEERTKo Ia*ﬁzi'_tﬂf’é/\ TOSC1 9 EFm. NEBEXEET /0 R EHH

&, TIREA TCNT2 BERN#H AKEERGINE , EEIT— TOSC1 LAHRK J

5!%0 MNEBEXRER TOSC1 WHELE é’f’"ﬁﬁiﬂlﬂﬂ’ﬂ mES%wErEEx, B
,IZE TCNT2 HEERBIR -

BEQFSFEE?C SO/ ATMEL

. & TCNT2

Eﬁi*ﬁ’fﬁ‘ﬂ' , PR SHNESFE 3 MU EEAR N — N ERREAR, FLERET
LURERS| R PR S BV I BSRREC T HRREDXENT — M atsh, Mt
RN SERSRNHES , MARLER

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/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0
» Bit 7 - OCIE2: T/C2 & HH LB Tl i i 8E
M OCIE2 MRAFEEN B PUMERE | #7 "17 5t , T/C2 W% H LR ITE A HHi{E
BE, M T/C2 WWLLRITE &4 |, BN TIFR Y OCF2 BfuAt , FMBRS R F BT,
e Bit6 - TOIE2: T/C2 & H M fERE

4 TOIE2 MRABF RN /P UERRM | #X "17 8, T/C2 By FHifERE. = T/C2
REEE , Bl TIFR @y TOV2 (VB RS , PETARSEFEUMIT,.

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

A IIIEI% 119



TERYER / It BR T o0 B

WWW

¥ #RINEE 10 F1EES - SFIOR

.BDHC_C TMEL

ATMEL

HHE 0 0 0 0 0 0 0 0

+ Bit7 - OCF2: HiHH&#RrE 2

H T/C2 5 OCR2( i Lt R & 1785 2) WEILELEY , OCF2 Efu, WuEFMRSEFE
BHEE U EINHEE 1RKES, % SREG F# |, OCIE2 1 OCF2 #E AT ,
P RSRF BT,

« Bit6—TOV2: T/C2 @ HirE

% T/C2 R, TOV2 B, MITHMNHNAKRSEFVEA4EE, i, TOV2
HAILVERE 1 KEE, % SREG FML |, TOIE2 M TOV2 #ENA , FHIREZERF
BEHIT, £ PWMERXF | 3 T/C2 £ 0x00 XEiEHFH e , TOV2 B,

Figure 64. T/C2 MITi 5 MR

clk,g —> olky g
Clear 10-BIT T/C PRESCALER

TOSC1 —P A © o 3 9 Q S
4 < 1% |2 ] 3
Ny F|F | & |3 p
AS2 ° RN AR =
S |G x
1 o

PSR2 0

¢

CS22

TIMER/COUNTER2 CLOCK SOURCE
clkq,

T/IC2 o SABR S AR TR clkppgo TRE M |, Clkyos SRE XA clk, o HERE, BB
ASSRHIAS2 ,T/C2HFHSIM TOSC1 LW , 18 T/C2 AILAER — N ERTAT 44 RTC,
LAt TOSC1 #1 TOSC2 MmO C BiE , SIH EaJ/ME— et &R ( AP RS B84t 3T
32.768 kHz BV ¥F R @A 1T THR1L )o THFETE TOSC1 L EEEMA IR EFES,

T/IC2 U ATEEFR A SE T : Clkyps/8. Clkpps/32. Clkyps/B4, Clkyps/128,  Clkyys/256 F
Clkps/ 1024 HEANE BT BLIHE clky,g F10 (FELE THE), B 12 SFIOR % #7554 PSR2F & U
B, WA P AT HO BT 2 SR B IF 46 T4,

Bit 7 6 5 4 3 2 1 0
| ApTs2 ADTS1 ADTS0 - ACME PUD PSR2 | PSR10 | SFIOR

®/B R/W R/W R/W R RIW R/W R/W R/W

HE 0 0 0 0 0 0 0 0

» Bit1-PSR2: lia &I T/C2

HZME 1, T/IC2 MM EN, BETRE , ZNBEEHFES. ZNBE 0 XM &R
B CPU 44 4ER T/C2 Bd4% |, ZAUiEN 0, & T/C2 THEARSERN , EEIM D MEE
MZPMREZFR 1,

120 ATmega3d2(L) m——
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B{THEEDO - SPI RATHMSIED SPI A ATmegad2 FANEHEM AVR B4 1TERM S HITEH .
ATmega32 SPI 4R INTF :
- £WT , 3 RASHBELR
. TNRMARIE
+ LSB BERZES MSB BHERZE
. 7 HARRN LA
. BRER BN
. SREERSRN
. THMNRERERGE
. R THREEEEER (CK2)

Figure 65. SPI 54EE ()

Tl =
MISO
y =
XTAL MSB LSB O -
- . & s O
l 8 BIT SHIFT REGISTER 9
READ DATA BUFFER 6‘
DIVIDER x
1214/8116/32/64/128 . E
(@)
O
Y v vV V¥ CLOCK z
SPI CLOCK (MASTER) o
SELECT CLOCK S SCK
LOGIC N
Xl = < Y y Y _
N| x| x SS
SE 8 s
gy 2
—— —— Dol O
WWW % 1C.com/ATMEL
- ¥y
SPI CONTROL [+ SFE
[«
1 Qo x d < «| o
]
a3 X | glws 58 EEE
0 = ‘ ‘ ‘ ‘ ‘% 0| n o = O O »n u
A A
| SPI STATUS REGISTER | | SPI CONTROL REGISTER
. 8 8,
v

SPI INTERRUPT INTERNAL
REQUEST DATA BUS

Note: 1. SPI#ISIiIEESIiES M P2 Figure 1 5 P55 Table 25

EHMMALZEIH SPI EHEIN Figure 66 FTRo REBFERM MM FF2RM — N E A&
RAER. BIFRENMIN SS SIMAIE , ENE —RBRSRE. ENAMIEEER
RENBFERAMBMNBUFFR, EHE SCK 5IH L= ErtBoh AR EIE. M
B BFEMEANE MOSI BH , AMHLE MOSI B A ; ML BIRERMHLEY MISO BH M
EHE MISO B A, EVEIFMIN SS HEXRASMINE S,

BB R SPI 46t , SPIEOTR B3NS SS SIM , SHH AP RLE, X SPI #
FEHEESEARENEZ3 SPI ii4 |, FF 8 LISHHEB AN, FiERE SPI B4
I, G RIRE SPIF B, MR ILE SPCR 31783 SPI M fE4E(L SPIE &{y ,
WK E. ENATLAKLEE SPDR EARBEUBMEIMNAE |, HE ML SS I
SURAHRBESRETR. REHRNBEN—BEREFTEFSTESRE,

A IIIEI% 121
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BEEAMNE , RESSHE , SPIEZEOF—BERFERRS , HREMISO I=D. &
MRS TRETAER SPI $iiES 1788 SPDR WA, BIfELLAET SCK SIMAER AR
th SPDRIBFEHLTFLEBY  BEE SS#HHK, MNFTRE2BHZE , BRERIKE
SPIF B, R LLEt SPCREFFERHI SPIRMIFERELSPIEEN , iaF= £ IiER, iR
IBANBBE MY T U%LERE SPDR EAKIE, KEHRNHBEN—ERETE9H
BiFHE,

Figure 66. SPI X4l - MHLHY EiE
MSB MASTER LSB MSB SLAVE LSB

. MISO  MISO,|
T| 8 BIT SHIFT REGISTER }—7{—7¢| 8 BIT SHIFT REGISTER ﬁ

> A | MOSI__ MOSI: o, y A

! ! SHIFT
SPI i SCK SCK. ENABLE
CLOCK GENERATOR — —
SS SS :

Y

Yy

SPI RGN REFARAB-—MENER , MEBRRSOARNE TR, HHRRHR  ERIEAN
—EESIBATRLWLRET N SPI BIEFERIITERE. MERKHEN ,F
EET—NFHBUSRERZIEIL L F SPI HEFEREMA A EHBINFF. BN
F-NFTRER.

TAET SPI MALERET , 252 5EXT SCK SIMMBMAFSHITRE. A TRIEXIEHE
N E#EKEE , SPI B R RER f,. /4
mEhtF A 2) 5 S Nl —Eheke 'k

Table 55. SPI 5|RIE#

) BE, SPIEH FE, SPI ML
MOSI AFREX WA

MISO WA AFEN

SCK AFRENX WA

SS APREX TP

Note: iES# P55“ix0 B WS =Ihae ” LA T M INMIE LR A FE XK SPI SI#,

THHAEHEBAWNME SPI #RLAEN , UROMAHTEHENHKRELRE, flF+
DDR_SPI X4/ SKFRH BIE H [ 72518 E ; DD_MOSI, DD_MISOMDD_SCK £ %H

122 ATmega3d2(L) m——
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SR BIEAEARE, ki , MOSI v PB5 SIH , W) DD_MOSI /A DDB5 HiX
DDR_SPI | DDRB HifX,

SCamAmBplR o
SPI _Masterlnit:
; IRE MOSI Ml SCK Rt , HAb kA
| di r17, (1<<DD_MOSI) | ( 1<<DD_SCK)
out DDR_SPI, r17
; fERE SPI ENMER | REEEIEER f ck/ 16
| di r17, (1<<SPE) | (1<<MBTR) | ( 1<<SPRO0)

out SPCR, r17
ret

SPI _MasterTransmit:
. BEHEIEAR (r16)
out SPDR, r 16
Wait_Transnmit:
; EEERER
shis SPSR, SPI F
rinp Wait_Transmt
ret

C R piE

void SPI _Masterlnit(void)

{
35 FSOK 59 5 L 49 *) T
| —
/* {ERESPI EHIER | REBEAEIEER fck/ 16 */

SPCR = (1<<SPE)| (1<<MSTR) | ( 1<<SPRO) ;
}

void SPI _MasterTransmt (char cData)

{
I* BEBEEE </
SPDR = cDat a;
1> EfRFERER </
whi | e(! (SPSR & (1<<SPIF)))

}
Note: 1. BFBECZ8E7T EBHLH,

A IIIEI% 123
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T ER B F 15 B8 a0 SPI #0816 MATL | LA R Jnqapt 47 fai 2 A9 B i@ 4 Uk
SCamAmBplR o
SPI _Sl avelnit:
®REM SONME , Ht @A

| di ri17, (1<<bDD_M SO

out DDR_SPI, r17

; fE8E SPI

| di r17, (1<<SPE)

out SPCR, r 17

ret

SPI _Sl aveRecei ve:
; EEERER
sbis SPSR, SPI F
rinp SPI_SlaveReceive
; REUEREFINEKE  ARERE
in r16, SPDR
ret

C R piE

voi d SPI _Sl avel nit(void)

[* REMSONHEEH , HiABWA */

WWW . B@TI@Mscom/A 'MEL

SPCR = (1<<SPE);
}

char SPI _Sl aveRecei ve(voi d)
{

I* EFBRER */

whil e(! (SPSR & (1<<SPIF)))

[* REIHE */
return SPDR;

Note: 1. GIRRBECLEE7T EBHLH,

124 ATmega3d2(L) m——
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SS SIMEThEE
ML

EHER

SPI #2#|% 78 - SPCR

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

SSEIMX FHER/FHHNRLSIEEER  TUEMIB AT RBSENNN R ERR

%, 4SS HERSPIMNLEN BN KRB A EXBUSFRETTROKE.

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

2SS MBENWH , WL T SAEL B /0 OMRAEM SPI R4, MERMALEAR
W MHLEY SS 3IH.

MBESSEBABA , BTRBENSLURIESPIWERE T, ERERBEHNEN, SSH
WA, BRSMERIE , U SPl REANIE S FEENE —MABENTESIEENMN
Bl B TBIESEHRZR . SPI REISSMM T -

1. BT SPCR B MSTR i , {# SPI B A ML , M\ MOSI 1 SCK &R A,

2. SPSR# SPIF B{i., & SPI FifIE /P MK , MFRSEFEEINIT,.
Bt , AP AR SPI TN BIEEH , FEFE SS HAKN TE ﬁaT,EPHﬂE

SEFNZKREMSTRZERN "1, BHET , AP SIRHEEN , LEREEE SPI 4
B,

6 5 0
| SPIE SPE | DORD | MSTR CPOL CPHA J_SPR1 | SPRO | SPCR

WWW . BDW rC. com/ ATMET_

2503F-AVR-12/03

 Bit 7 — SPIE: SPI Hhpifi Ak

BfE , RE SPSR FFEEM SPIF 1 SREG BEEMNLBHMEsEEN , eIk
SPI 1,

 Bit 6 — SPE: SPI f5g¢

SPE E{fFF8E SPI, #1T{E{T SPI B#EZ I A MEL SPE,

« Bit5- DORD: #iBXF
DORD EuAEIEN LSB B EXE ; TNIHIEMN MSB B kK1,

o Bit4-MSTR: £/ Ni&F

MSTR B IERENER  FUHMHL. t1EMSTRHF"1” ,SSEEBRH A ,BHIE ,
N MSTR #8F , &5 17858 SPSR Y SPIF BEfY. AP AMEFKE MSTR H A EHER,
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« Bit3 - CPOL: Etéhifift

CPOL EfURRZEMET SCK hEBF ; BN ZEMRET SCK HIKBE T, i55ZE Figure 67 5
Figure 68, CPOL ThEe B4&mT :

Table 56. CPOL Zh&g

CPOL Ban SRR
0 Nbipic) TR
1 TR LR

» Bit 2 — CPHA: B}4p484

CPHA REHHERE SCK #Yi2 1878 RAFIE R SCK B4 Hin KiF,

ES# Figure 67 5

Figure 68 .
Table 57. CPHA Th&g
CPHA B#aA gxh
0 K RiE
1 ®iE Py =

» Bits 1, 0 — SPR1, SPRO: SPI ii4ERi%H 150

HWEEHHE SCKER, SPR1 M SPRONMHR BT, SCK FHRST 2798 Eh5EK f o,

RRMTRAT
Tahle 58, SCK AMCAZR LK X R —r
0 0 0 fos/d
0 0 1 fos/16
0 1 0 fosc/64
0 1 1 fos/128
1 0 0 fos/2
1 0 1 fos/8
1 1 0 fosc/32
1 1 1 f o/64

ATmegad2(L) m—
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SPIRAETF - SPSR

Bit 7 6 5 4 3 2 1 0

| spF | wcoL - - - - - sPi2x | sPsR
®/5 R R R R R R R RIW
e 0 0 0 0 0 0 0 0

* Bit 7 — SPIF: SPI i ifiir&

BITRIZERG , SPIF BfL, &L 727 SPCR #9 SPIE M2 /M EEEVEN |, SPI
RRTEN= 4, MR SPIREN , SSEERMA , BEPK , SPIF hFE I, FHAFK
BRERFESPIFE®ESE, :Sz%‘Janéﬂsm SPSR %’:#&fﬁw@ SPDR% SPIFEE,
» Bit 6 —- WCOL: BZRi5&

ERIEHPT SPI BiIEE 788 SPDR B IEFE 2 WCOL, WCOL A BAE i £ i SPSR
%158 SPDR REFE,

+ Bit5..1 —Res: &%

REBAL, RBREREERE,

 Bit 0 — SPI2X: SPI {5i%

Bff5 SPI WIREME, BHREV (W Table 58) , M| SCK $MEAIIA CPU MEH — %,
ﬁj]M*ﬂ: ~ ﬁgﬁﬁE fosc 14,

ATmega32 Ky SPI #& O R &HE A RSLIMZF M EEPROM K FE M L& i§5 0 P253 #Y
SPI &1THmBENRK

SPI?&E%E%&-WW_BBD IC COm/A MEL

| msB | LsB ]| sPDR
®I/IE R/W R/W R/W R/W R/W RIW R/W
HE X X X X X X X X REX

SPIBFEF RN/ EFFHR AREFTERXMHNSPIB UG FREEGARME. BF
FREEIHREAE  REFRFRIRFEROERETSR,

A IIIEI% 127
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HEES X FRITHIE , SCK WM AMIES 4 7944, CPHA F CPOL #Z4IEEH AR,
SPI B & & W Figure 67 5 Figure 68, B — N HIENBHMBAKE T SCKREH
EEHTR , LRIEE 2B EEHIERE, XNMITEE Table 56 5 Table 57 BF %
By ER -

Table 59. CPOL 5 CPHA Zh&g

Ehn gxn SPI #=
CPOL=0,CPHA=0 R (EFR) "E (TR 0
CPOL =0, CPHA =1 RE (LEFR) K (TR 1
CPOL=1,CPHA=0 R (TRR) ®"E (LFR) 2
CPOL =1, CPHA =1 BE (TER) K (LEFR) 3

Figure 67. CPHA =0 &} SPI f9&#& =

e L LT L L L L
ez L L L

[ SAMPLE |
| MOSI/MISO

[~ CHANGE 0 \ >_<
MOSI PIN

2
CHANGE 0 >_< >_<
[

"
a

Ko A A XA
R ~ a H__H Jat
www.BBTI1C.com/ATMEL

MSB first (DORD = 0) MSB Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 LSB
LSB first (DORD =1) LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit 6 MSB

o9 T

Figure 68. CPHA =1 it SPI H& g =X

e L L L
s L L) L) L) L LU

[~ SAMPLE |
| MOSI/MISO

[~ cHANGE O
MOSI PIN

MK
| meoen. ALK
[

MSB first (DORD = 0) MSB Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 LSB
LSB first (DORD = 1) LsSB Bit 1 Bit 2 Bit 3 Bit4 Bit5 Bit 6 MSB

]

L
iy
Il

H A A
HNA

H_ A
H A H

/
-
/

_
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USART

2503F-AVR-12/03

BARSNRSHITERBFME KRR (USART) BR— 1M EERTENHRTERNRE, TEH
KRA
* EMIRE (BUNBRTRENRETFR)

- RIRESRE

o EH MR Gt E S R4

- BEENRERRLER

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

- BHAXFNFRRBERE

o DA IRA A

« RFERER , GEEROBARVCON , URKFEER RS

o SR RXGRPN, REABFEFERZTN , ARBERS KA
« SAEREWER

- EERSERER

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

Figure 69. USART H1EE

a

UBRR[H:L]

\
}
| Y
\
\
\
|

(o]

BAUD RATE GENERATOR -

M | PIN
‘ I \/ ONTROL [®1™] XCK
| * ’1’* - — - — — — —

| ransmitter ‘
| . >
| UDR (Transmit) CONTROL ‘
* PARITY ‘
" \ GENERATOR \
S | PIN |
al | TRANSMIT SHIFT REGISTER CONTROL | »| TxD
<C >
= IR
Ia) Receiver
CLOCK RX

RECOVERY CONTROL

L DATA PIN
;:D_> RECEIVE SHIFT REGISTER RECOVERY CONTROL

PARITY
CHECKER

RxD

UDR (Receive)

Note: 1. 3% P2Figure 1, P61 Table 33 5 P57 Table 27 7T fi# USART HI5IM % %,

ELAER USART 20 7T =AM EERD : (P RAER | RIASRMNEWEE, EHFFHRE=
METHE, HHRERTERSEE JEJ;J‘E4ﬁ/&¢$$k$%§&7}MMH$T§H’EFﬂEﬁ
HABBMANMELSER, XCK (KX %%HT%‘I’)%IHH] {ATRSERER. REHFEE—
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AVR USART #l AVR UART #
B

R =4

130  ATmega32(L)

ATMEL

NEEHER  BITBUSFR  FRREF[UARLETHNMEXMENZHEE, B
HBRAURFEZREBEM A 2ERENZESIALER, BTEKSREEN MR
MELST , ER USART ERHPKREREN, MELTATRIHRENZK, RTIRER
T, BRSEEEETARE 2528  BuFEEN - MR RIRRE TR UDR. K
BAXFSRERMARNMEX , AT MR  BEIENFERLER.

USART £ T 5 HES AVR UART T2 # A :
«  PE USART HFEEHRMAE N

RIS RR LR

RIEBRBRIE

RIEE R RE

BRI ERRE
AW, BRSBESEHRERNAENZOE , ERERKERTEAXBREY

BT —NEHEE, ANEABRNREFRE —NERN FIFO, HitX FEMNMEW

BRI -k | EEENREIRIRE FE #1 DOR , AR5 9 MNIE{L RXBS

SRE-RBERTEKREPEE, Eib47EiLE UDR %}ﬁ%%zﬁulmrwxh Ao
BN EXRBIRRS,

BRBNBTESTUMEANE=ZRE D, EANEHFRHLEEHRE | BIBAULR
ETRTBUSESE2H (SN Figure 69) , EXRNIFHFHNRA. MNMEET
USART i HIET = (DOR) MIEED -

THNRFMHNEMRB THE) , BEEIENESESFTHLEFSERE :
CHR9 tiy UCSZ2
OR & H

WWW BRLLC.C0m/ATMEL v oven

FER , FENFSER , TNESERX , URMIELSER. USART il UMSEL
MRASEE C (UCSRC) mﬁiﬁﬁﬂﬁ-ﬁuﬂﬂﬁt FRERX (REATRIER
) 212 F UCSRA FF8H U2X, EARSER (UMSEL = 1) Bf ,XCK BB 5 mEF 738
(DDR_XCP%)J&EE%*?E%EE W%BFE(EW%E%)E%EH%%BEF(Mm*ﬁft)o RERLE
KT XCK B,

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

UBRR
u2x
fosc

Prescaling UBRR+1 . -
Down-Counter > /2 > /4 12 1o
[ 1
0sC — txclk
DDR_XCK
Y ;
Sync . Edge .
xcki Register "1 Detector 1o
XCK r'y UMSEL
Pin =xcko y - 1
DDR_XCK UCPOL
rxclk
= o sy .
E5HEA -
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FARNSTE - RISRRER

www . BRI 1C . comZATN EETSB’“”’

FRIFER (U2X)

SAEB A £

2503F-AVR-12/03

txclk KIEEFETER (REBEF )

rxclk EWREEEMETH (RIPES)

xcki XCK5|fi@mA (RNEES ), ATRIZMNRE

xcko HiHE| XCK sIMEtsh (REES ), ATRDSENBRE
fosc XTAL #1% ( REad4t )

NEHATRIBXERS ENERX , SR Figure 70,

USART KR 43R & 1788 UBRR MBIt HESR: , —BM R ATREBEN T2 M R S
RERER, BEITHRSEXN RGN 1T, SHITHEITR UBRRL FiFHREERN , 283
%A UBRR FFHMNE. HIIHREBHFAE P |, SN ERNRSRRERNHEH
EHEh , WA BRER S f /(UBRR+1), RAEBXIRIFRKESZNE HATE#T 2. 8
16 WM , BEABRERT ITHEER., RERREFNHERERR TERSISHE
MER T, BEMELTFERT —NE2, 8RI6MRBHRSH , EERSHBHUMSEL,
U2X 5 DDR_XCK {8 Ef TEE RN RE,

Table 6044 H T it E KB E (/)UK ITE S — T A A SR TEE X UBRRER
2o

Table 60. RFEITE LR

RS BB EAR O

UBRR EITEAR

FRLIETEER (U2X=0) fosc fosc
BAUD = 16(UBRR + 1) UBRR = 155400 "
FELEERER (U2X =1) fosc fosc

—_

BAUD = spmerTy | UBRR = 55205

Note: 1. RIFEENNEVWMERIEE (bps).
BAUD K453 (bps)
fosc REETHME
UBRR UBRRH 5 UBRRL EY#{{E (0-4095)
Table 68 A T E R L RS T4 E T R H UBRR &,

B IRE UCSRA FiFaafy U2X AJBMERRIREME, ZNUANFLS THEEXER. 3
THERDSEXET , REZMN "0

REBIZMIDKS R, MEZNDIREM 16 BBE 8, FRLEEHNEERMNMG, LHER
BRAFA-¥HNREHRNHREHTRERNMIRE , ALEZEXTEZEERHENRE
P SERBIESRRE, KERNEEXNER,

B MR EEX BB IR |, 0 Figure 70 FiRo

wWAZ XCK %Iﬂﬂlﬂ@ﬁt%ﬂﬂﬁ%ﬁi%ﬁ%ﬁi&ﬁ%ﬁ ,AUREREM, BSFESNE

HiEE—NERRNEE , RAENATAERSERSE, X—IRIIATHEA CPU K4 /E
%E’JLE‘I lZIJtI:91~ﬁBXCKEl’JH§j(H'J‘€¢‘/"ﬁ$EIJ«AT SRS
fosc
fxek <=3

A IIIEI% 131



B e RE

i g

T FANEES Y
WWW 5123 1eea €
- _\JZ |

AIMEL
EREf HRENGNREERE , A THLEAMBEBMELRKE  BUREEZEBH
*@EO
AR ERN (UMSEL = 1)XCK S| H# A Trterim A (MYER ) Siatepimd ( EVE
X )o FEFHDR., BENRESHENTLZEANXZNELAHNER . EREREST
% TxD B9 XCK B4 B9 48 i i 3 B 4B 3 A % RxD # 1T R &,

Figure 71. EZE XY XCK B /7 .

UCPOL=1  XCK \—/—S—/—\—/—\

RxD / TxD k
r Sample
UCPOL=0  XCK /—\_0@—\—/—\—/
RxD / TxD k
L Sample

UCRSC Z 1783/ UCPOL {3 B8 % {5 Fi XCK Bt 4h 9 T8RN 30 78 3 2R 38 3 17 SR 0 202 i 1 3%
#&. W Figure 71 Fi7R , 2 UCPOL=0 B} , £ XCK By EFHR k& i ##E , £ XCK T
BRI BHTERIERAE ; 2 UCPOL=1 B ,7E XCK Y FBEA R i HEkIE , £ XCK By L Fn

BEATERIE R
i ﬁ?‘ﬁTM E4 E’Jﬁﬁ’&%ﬁ*@ﬁio

G

5. 6, 7. 8 9 MNIEN
TREA., FTREFBREAL
182 MEL{T

HEMBER VIS ; REERBBEZNKEN REFHSTUR O MEEM , UHKE
MREVER, MREETREM  RERVHREERENY , ZERERMV, H—IxTE
MBEWERE , T EMER T — MNTBIEMN , SEARRLKL T ZRIRS. Figure
72 RN A RENVBIEME A S . ESFHALRTEN,

Figure 72. M=
}: FRAME %

(IDLE) | St/ 0 >< 1 >< 2 >< 3 >< 4 ><[5]>< [6]>< [7]>< [8]><[P]/Sp1 [Sp2]\ (St/IDLE)

St R, BRAKSRF

(n) IENL (0 ~ 8)

P REA , IAATREDRBRE

Sp B, BRAGHEF

IDLE Biflsk L& EHIEEH (RxD 5 TxD) , KR EWNRAAN S EF

132 ATmega3d2(L) m——
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BRI 4 H UCSRB #l UCSRC F#F&88HH UCSZ2:0. UPM1:0, USBS ®8%E. ##
WEREFERAHEBNIRE, REBWEMRREE TJREBIREE# THREESESER.

USART 2K M UCSZ2:0 HaE 7 BRIEMIM BB ; REEN{Z UPM1:0 A FERES R
ERBAEA . USBS IREME — NS E RN, BRI ZHEE_NMEIEN , EHik
Mi4EiR (FE) REE —NERM A "0” RN E,

BBV TR REMVHTEEXNBENSMBTRIAEE. NRERTIRE , WRHEREFTEN
Ro REBASHFPMHARMOT :
> en=d @ DA ®d,®d,Ddy®0
Poyg=0d _®. . 0d®d,®d, ®dy®1
Poen  1BRIL S
Poa HRBAILR
d, & n MEN
RENVLTHRE - IMREMLSE - MELEALZE,

www . BDTIC.com/ATMEL
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USART E9#0%31t

WWW vidUEARTIW st oS M
|| ||

ATMEL

BATEEZBE EEX USART #T#HHAL. MRILEIRBBRESEREBRMRE , ME
MIRE , AR REFZERBRERTRIER. X TP USART R4, EAHILE
BAEBT2RPMREN (£ RPEEER ).

ERUE USART MREMIZEXBERFEABNER THT. TXC &M AARSE
—MEEWMNRERBELTR , RXC RSN ATLARKRERETSRPREEERIE
Rz, EERREHFEZH (EBREHREST 7R UDR &1 )TXC HREMLIEE.

LT R USART ML B FRAl. FIRKXATRIA (PHEER ) WRSRE , mMAMSE
MEREEEN. BEBERENEBSHEA L. BLEEFERSESHRREFETEES 17116,
HEA UCSRC Ff7aaht , T UBRRH 5 UCSRC # A I/0 #3it , URSEL {x (MSB) 44
B,

SComiaapig (O

USART I nit:
. RERKE
out UBRRH, r17
out UBRRL, r16
. BRES R
| di r16, (1<<RXEN)| (1<<TXEN)
out UCSRB, r 16
. REMBE: 8 N, 2 MEUL
| di r16, (1<<URSEL) | (1<<USBS) | (3<<UCSZ0)
out UCSRC, r 16
ret

C RBHIED
™ ~N™

L
—

1> RERIFE

UBRRH = (unsi gned char) (baud>>8);

UBRRL = (unsigned char) baud;

|* BEREESKIZFEER ]

UCSRB = (1<<RXEN)| (1<<TXEN);

1> wEWHE: 8 MNEL, 2 MEULL*]

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

Note: 1. ZRBBRECLEE T SEMXH.

ESLNNBLCEFTRNENMENSH, BIEPHES, AMTFSHARFEREEN
RERSRHGER, LNDKRCRBANERREEIERFT  R5ET /10 BRONH
{LRI\BASE -k,

13¢ ATmega3d2(L) m——
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BMIERIE - USART KIEBE B UCSRB HZBM KX AU TXEN AL USART WBIE K%, fEAEE TxD I
#3E A 1/O ThEEEN4E USART ThEEFTEN , R AKXV ETHRESIM, REHRBEZE
BEHFEEE, TEEXSMEN, ZZD%EFH BAFKEES |, BT XCK S|#) IRt 4+
SRR BB K IER R4,

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

SCammBpIR (O
USART_Transmit:
. BHEREEENTE
sbis UCSRA, UDRE
rjinmp USART_Transmt
. TIBIBEHAZ R, REBE
out UDR, r 16
ret

C R piE

voi d USART _Transm t( unsigned char data )

www . BDF-He::.com/ATMEL

/* ﬁﬁﬁﬂx%ﬁ%’, REHAE *1
UDR = dat a;
}
Note: . ABRBREECLEETEENLIH.

Ji/l\fsef%\m’fiﬁk)@ﬁﬂﬁiﬁiLE’J?&EEﬁ BEYKN UDRE #RESFREZEPERNE
MBERTHRESERERU  WRIREAE BRI PRSI,

A IIIEI% 135
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Kk O U BB A R m%ﬁﬁgﬁﬁﬁmﬁﬁmam&:n,ﬁ%ﬁﬁﬁﬂ%gﬁgx%ﬁ%UmmBm
TXB8 ,AAEBRESMNHBEEARERIEFTFERUDR, A TRFA H XXM EENHE
Ww%oﬁiﬁﬁﬁmgk C IR ERE R17:R16 1285,

SCmra iR ™
USART_Transmi t:
. FRREENERE

shi s UCSRA, UDRE

rjinmp USART_Transmit

. FEE M 1T FEHFTXBS

chi UCSRB, TXB8

sbrc r17,0

shi UCSRB, TXB8

L AT 8 (T BAIFHAENEE , KX
out UDR, r 16

ret

Cc R@\pE"
voi d USART _Transmit( unsigned int data )
{
1% SHFRFEEWERZE *|
while (1 ( UCSRA & (1<<UDRE))) )

|* FFE 9 (X E#FTXB8 */
UCSRB &= ~(1<<TXB8);

( & fx¥100 )
WWW.BDJI@mcom/A "MEL
| * JFHIEHALEHEE  KEHIE *

UDR = dat a;
}
Note: 1. XEHBINERARI., WER UCSRB WMABENAFREEER , A LU#H -S4
1t. BN , ¥iE1LE REA UCSRB ZHE88/) TXBS i,

FINUBBEESNEFTA TR RN , ERSBEF ALUA TFIHLE,

EIXREN S USART XSS BB MEENL : USART B IEF F85 =48 UDRE RAEAMLE RIRE TXC ,H
ANFRENLER BT L= 4 i,

WIEHFERZT UDRE MENRTEEETNRERUUES —MHOBIE, ZNELRREE
HEBRTEREE "  YEEEFR[TEETELENEENES. IE5ERNBHHRE B
U&RA##%H&&EE%

% UCSRB HFEHITHHEFFHZ P M SN UDRIE 7 "1” it , RE UDRE #E (
B2 RP R ) , US4 USART BiIESHE §¢%%$°N§ﬁﬁummmﬁ3ﬁ¢
;5% UDRE, YXAHTMAXNERBREN  ERESESEHHMRSEFPSAE —
AN EIEE) UDR LUESE UDRE j%%%m@ﬁ#ﬁ% =T, BN — B EEF
ZR , — NN HPETNBEIRTE,

UEBEAMNREMBEEEBNEES  ARAESHFEPUKEFHOHER | HELRIFE
TXC BfiI, TXC FE{E% L iW%Mﬁﬁéw% mTEuﬁE“1%%%;mCh$u
ﬂ?%ﬁmRS%Sh&m#ﬁIﬁF§D+ ﬁm EXENAER , —BERETE N
ARFSARBEE B HH A BBRS

136  ATmega3d2(L) m——
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M UCSRB LW KX LR PMERE{L TXCIE 52 E MR M E R "1” 6, BE& TXC
FREMWEN , USART KELRPUDTFHEINT. —BEHABMRESRESF , TXC HFE&EM
BN B35BT , P ERF R4 MIT TXC BESRE,

TRRW =B FARE A BN BTHREMAERAMAN R, REMEE (UPM1 =1) 8, RixE
FEERRSERENRE —VSE - NMELEALZBBEAFTEREAL.
=1, §03 TXENBERE , RASIMANBERAEERERERTRBEERIL  BREBUEF

REREEFTERTRBEREAENRIE. RIAREILLF  TxD5IHIREHER /O W#E.

www . BDTIC.com/ATMEL
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BMIEEW - USART EIREE =1z UCSRB HERMEW AN (RXEN) BN B3 USART #ILEE, IR HAELE RxD

B 5 B 8 MEHRALAY 5 BB
Ei

www . BDTIE.com/ATMEL

KYEIE S| I I RE4R USART ZHEEFREUA , MOV IRRERMY B TR A O, HTHRERZR I E
EEREBHFRER, RERARNKR. MREABSRE , XCK 51 LAY RS A J
fREETE,

—BEEESERNE —NERERN |, B REREE, BRGNS — U BIEER ST
RERRSRY XCK Bt TR , ERIWE—mMBIENE — ML, BREINWEHE
BIEANBRBUET TR, F-MELEVDRIBERRLR, BRIE—MELNG , ZR1EB
UHEERBRITET N TENBEN, INBUSERTHARREEBIERE PR
B, B iRE UDR R Al SR B HERE R RN B,
UTRFAH - RXC iREXARA S NBRBENGF. SBEMDT 8 et , M
UDR BEEVMHMNK SN 0. HAR , HITARKRB A E £ EYHRIL USART,
SCamAEa I+ O
USART_Recei ve:

. FEHERBE

shis UCSRA, RXC

rjnmp USART_Receive

. MBI PR H R BB

in rl6, UDR

ret

C R Hl+

unsi gned char USART_Recei ve( void )

1% MEHEE R R B35 |
return UDR;
}

Note: 1. ZRBBRECLEE T HRHXH.
EREFRAEREMZA , BHBETRE RXC REREFHRIBEAEBE TR

138 ATmega3d2(L) m—
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BL 9 ANBAEA Y 75 BT

B RS R P

2503F-AVR-12/03

MRIFET 9 MHBEHEIEM (UCSZ=7) , £M UDR EHUE 8 U 2 B4 E LRI FF
2% UCSRB Y RXB8 LR85 9 (VB IE, XAMHNIEHER FIRSIRENM FE, DOR &
UPE, RABET 2B UCSRAZKRE , #iE BT UDRIKS, EVUDR 7 & T A T IR E

R FIFO FPIRZS , Mk Z B F#7E FIFO 1#) TXB8, FE, DOR K UPE fi,

BTRORBROIBRT — MR USART U EER | 15 88 a0 40 22 O 348 AR S Lo

SComieapie (O

USART_Recei ve:
. EEFBNHRE
shis UCSRA, RXC
rjinmp USART_Receive
. MEHFEPRERE, FIMRKE
in r18, UCSRA
in rl7, UCSRB
in r1l6, UDR
. WRHE, &E-1
andi r18, (1<<FE)| (1<<DOR)| ( 1<<PE)
breq USART_Recei veNoErr or
| di rl7, H GH(-1)
| di ri6, LOW-1)
USART_Recei veNoError:
. WIEE 9 WHE , AEERE
| sr ri7
andi r17, 0x01

==
—

=
1L
—

unsi gned i nt USART_Recei ve( void )
{

unsi gned char status, resh, resl;
1* EFERBHE]
while ( ! (UCSRA & (1<<RXQ)) )

1* MEHFEPRERE, FIMRKIEE]

/* frombuffer */

status = UCSRA,

resh = UCSRB;

resl = UDR

|* ZRHLE, &E-1 ]

if ( status & (1<<FE)|(1<<DOR)| (1<<PE) )
return -1,

1> TIEE 9 WHHE, AEiRE ]

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

}

Note: 1. ARBRESLEE T MK KX,

LRl FE#TEMITEZIRIAEN /O FERNABRRINFFRXM4F. XMFER

LT B EFRNFA. ERTRPHBER T ZPas UIBRUEIHRE,
USART #2358 —MrE F R8BI ERAVIRS

ATMEL

139




BPEBRERIRE

TRRKHR

B SEUER

WWW .

ATMEL

BRLRIZE (RXC) ARRAZEREFHEPERERZHOHE, HBREFSEHRER
EHAOBEER , R 1, HiERE PR R O(EﬂT@Eﬂib&HﬂE’J?&E) R EWES
WL (RXEN =0) ?%LBI,EFF%%AX&'J’U%? M fE RXC S,

B {7 UCSRB M Z WL RAPRTEREN (RXCIE) /& , RE RXC ir&KEN (AL R+l RaE
) &7 4% USART UL RAHT, ﬁ%¢%ﬁ“ﬁ:&ﬁ§&ﬁ?§%i R 4t R AP TR
SRFRFAAM UDR REEKIELE RXC % , AUREHMGBRE — &% | —
FH PR A4,

USART #2888 = MEIRIRER Mi4EIR (FE), HIEAEH (DOR) RFEBRKE (UPE). ©
NE T HFFEE UCSRA, BiRFESHEN —EBRFEZKEDEEF. HTIEE UDR
2WERPEE , UCSRA HABMAERZEWEPEE (UDR) ZHIEA, HBIRIFENS —
ME—HR M%IZT EESHGTIRERER. ERATRIESHER"ROFZEIYE , X
PITBERERMITNIX L IRINEFTENMNEES "0% Fﬁﬁﬂ@%‘*i%ﬁ#%ﬁ“?i%ﬁo

MR IRFRE (FE) XA T EMEEZEREAFBPHN T — N Eme £ —MEIENHRS. =
I IE® (R 1) W FE #4587 0, BN FE FRERN 1, XMRETARENES E., &
WP, B AT INRE, UCSRC'?USBS{_LE’J&%TE’HH FE#RENM , BRARTE
—1, ?%H&%E’Z’W%Fﬁﬁﬁﬂﬂﬂﬁf“tuo NTELUENESE4HEFERS , B UCSRA FHX — 4
2;‘1'% 00

IR LIRS (DOR) RAM TEWE HRBER THIERR, JBEKREHRH (BT
AR ), BRBAUFERXEHRE , sl —NMRNERA  BEEHMTE
T o DOR #R& B BIRFERKIE — R UDR AT —RIZREWM UDR 2BEXRT -1
EZHHBEM. 7T SUENSRAERE , B UCSRA BTX — I AME 0, = EIEMEL
MBI T FREABEBESSRE , DOR RERES.

ﬁﬁ%*ﬂu%‘*h\ (PE) i , SRS HPERN T —MBBEERRN AT EER. MRTE

'4?31 GU_D : > ﬁ%MELSRA A IX — i I

FERRBER T UPM1 ELLFE 2 T ERKER. REHNEN (BREERTRE)HUPMO
BE. FRRKRMERE  REFFITERARENTERHILERSHBENNTBARTLE
B, REERGSHENFELY —BFRERRERET, XERTUEDRRT B
BHEIRINSAL (UPE) REEZRRHIMFRERTR/ER.

tﬂ%T—AMﬁuﬂzilqﬂ%%cPlxwE’J?&Eﬁﬁﬁ%ﬁi HETEREMERE (UPM1=1), Tl
UPE B, BZEI#EWE P (UDR) $IEE , u ER=E®

SREBRNE , RIRWRDZBER, EERRNBIEFEXR, FiEEKRER (RXENF
FT)E  BURFTESR RxD I/ ; #REH2R FIFO h BRI, &R BIER
=Ko

120  ATmega3d2(L) m——
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R FT B2 R R

R BHEER

W& 5 A

RE 7S BT

2503F-AVR-12/03

B ENERR & ER FIFO WRIHT | S =RE %=, —rﬁlﬂib&'djﬂ’]?&ﬁ%?&o ZID%EE?:H:I
HMAMEEFRETRIFE TR , WEE—ERE UDR EZ RXC #R&FE. THH
RBETR T WA R ERE PR,

Ll o

USART_Fl ush:
shis UCSRA, RXC
ret
in rl6, UDR
rjnmp USART_Fl ush

C R pIEm

voi d USART_Fl ush( void )

{
unsi gned char dumy;
while ( UCSRA & (1<<RXC) ) dummy = UDR

}

Note: 1. ARBEBRECLEE T MK KX,

USART & —MtH IR E £ T MBFIRE L TARLGEFSHEER. NHRESEAT
EHM RxD SIE AN FS STHREMABE RS RAT. BERESBRERRE | #
BY —EERKRTEAANS —RE A MMRESERESENRTIEE. RSEEN
THSEHRT HERAS R, WA RER — WP 2 WA,

H‘I%‘F'HIELEHH!F“AE’J%ﬁ’;&iﬁﬂlﬁ‘ﬁwﬁﬂ 14 nngiBEO Flgure 73 R T X AR

5 ﬂE Cgp IVEETT')"U?J/&”F%
7 ZF 7 \ 'f ° [P U2X = 1 E-”E.lﬁ
& xD 2% Z2 &R AR ) B

RxD IDLE START BITO

same | | Pt ]

(U2X = 0)

f
Sample I "_T_’{ I

(U2x = 1)

Hh
ﬂ

Lt RS BN E RxD & E—MEE (ZW ) EE (7% ) VBT BE3EeT |, B
WNEHIEEES . WEMR  BRIARE 1 RRE-N0 R, AR W RESEAX
F 8. 9. 10(EHBER), HXR#HF 4, 5. 6(FEERX) , RYUMRFEWE —MEBY
IR, HD%L_AEE#EFE’JWTAjZE%/l\%JEEﬁHEHE (ZBHRR) , BBENVIBAN
EARAMRIELES  BRSEET - hBIENSFHR, MERNE—NERE
AL, B4 UI’EEEHEH?&H&%F?L‘EH&@EO F-MEBNVBLKEIREFNEDS T
*EO

BN SERMESZE  BERETFTFET. BEREETER - MRSIK
BERE-IMEL. IMRSVEZERXTER 16 MRS, EEEREXTER 8 MR
Ao Figure 74 R T XN BBNMNFBUNRE, SIMRERILHBHEET T - 8F , X4
BFETHRRREETYMHREFS,
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Figure 74. ¥iERF B R

RxD BIT n
Sample Fi’( T T T T T T
(U2x =0) 1 3 5 6 7 (8] 9J1w0]11 12 13 14 15 16 1
Sample }‘—T—’{ T T T T T
(u2x=1) 2 3 7 8 1

BEZRINBBECNEEELING EZNSHRIE RRYREN =MEBELH O
REHRF, NTREXLERE  BEFXEFSHESDAES. SHRREXFTHE
1 MBRE 2 PR 3 A RREEBEEET  BLAERALRRZE 1. WP 2 MRFHA
M REEHREBT ,EJBZ\ELI&&?M&?\JJEEEOO X MRxDE| M AW E SR , SHE
ROERABMRE —MEBEE K. BRNRESEESHT , EFERI - TEHHEM.
Hpta8TE - ML, BEERNEZREMIELL.

Figure 75 iBA TR LM REE |, LR T —MESERNVZEAREEANER.
Figure 75. 1L R T — MR EHE

RxD STOP 1 (A) ®) ©

e eRIDDODILLLLL]

(U2x =0) 1

P
www . BDTHE L com/ATMEL

ZRRANFIEVEFEER. BELMUNEBE O, AN IRIRE FE B,

MRBFBE-RHATNSEMRAIBEE | HARESE L — NIRRT B KEN, %
EEEAH  E—MEBFHRHFRTLURETE Figure 75 9 A Ro EERTHEEATE
—MERFRER/MIERE B R, C /NN TEEEF LML Eﬁﬁﬁo MR F
BRI ER Y THESE R

BEUERNTETERRTERINBERRERNPRER BN T TIRERE, MRRE
RS RIS LS R SRR |, HE KBRS LN R BRI AMEERNAER (I
Table 61) , MABWBREESERNUES,

TEHHARTARITERERARRSASERER RIS RO LLE.

(D+1)S

Ysiow = §T1+D. 575,

R _ (D+2)S
fast ~ m

D FHAKERFBUKEMNEMD=5F101)
S BUNRHEH, EBEXATS=16, FEEAT S=8
S ATEZEBRRNE-NREFS. BEEEAT S =8 , FEEXT S =4
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2503F-AVR-12/03

Sy ATEZBRRNPEARFTFS, HEBEAT Sy =9 , FEEKXT S, =5

Roow B AEZHN, RENHERARESBERERRIBRNLE ; R,y RUEZN, &R
KB AR R SRR AR SR L E,

Table 61 M Table 625 TR FHN R ABRFEBFRRE, FEEIENE ZBEEXTHK
BEAFEEANTILERE,

Table 61. ZBEEX THENFABERFRFRIRETBE (U2X =0)

D BAMWEIRE
#(HE+ZTBM) | Ry (%) | Reel%) (%) BB B ABRBIRE (%)

5 9320 | 10667 | +6.67/-6.8 £3.0
6 9412 | 10579 | +5.79/-5.88 +25
7 94.81 10541 | +5.11/-5.19 £2.0
8 9536 | 104.58 | +4.58/-4.54 £2.0
9 9581 | 104.14 | +4.14/-4.19 +15
10 96.17 | 10378 | +3.78/-3.83 +15

Table 62. RXEX THENRAKEBWHIRIFRIRETH (U2X=1)

D BAHERE
# (B + BEBA) | Ry (%) | Rey (%) (%) HENRABERBIRE (%)
5 94.12 105.66 +5.66/-5.88 +25
DINYT I_(\g4.92 s 1A FARIBANNE ] 220
WWW . bU I Foe.COMNZ AN .
8 96.00 103.90 +3.90/-4.00 +15
9 96.39 103.53 +3.53/-3.61 +1.5
10 96.70 103.23 +3.23/-3.30 +1.0

R HEENRABERERRREREBREERBNRERINREALRZEERETEN
AR TEHN.

FEERBEERRENTEREEREER . 85X, BRSBRERS XTAL) WREME TS
EEERIEBEER. FARRRFERSEFN TN —BRTL2ERKAA  EX FiEiReEm
s BREERSTENRERR  RAMHTHEEGET 2% WRE, F-NMRENEER
FHEEHZT., EBELAEBT —EEBEINREN SN2 MBI RFNRESE, 1t
A LLA% UBRR B , FRIREEETUES,
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B UCSRA W 24 B2 BEE L (MPCM) AT AR USART #: Uk B35 UK B 19 B dm o3t 17
g, BLZEMUFEDNWIFEZE  BRLFABRREFR, E—PSLERRS
F, AERBEIENNRTELHTREE  XMIRAERNELD TEE CPU LEHNEIE
PSR, MPCMIUERBRENLEBN T BEEASABEBEERNRES
CHNERFELBRRE.,

MBREWEEFFERNBEMKERN 5B 8 , BLFE—NMEENURTIX—METENEHRIE
ER2HES., MRBRESEFIZERNEEMNKERN O , BBLHSE 9 L (RXBS) REBER
BIELRUEE, MRBEMERNN (F—MEENVHE O MENM) R 1, BLEX
p=3: 071 | i € L

EZNERBEERT , ZMIMNCES[TUN—NELESBRHE, 8 tEBI#EBH
MR ERMIUNRB— MBS, IRIFUIFE-—ITLER  CNEEBKREENH
&, MEAR ML IR RS & 208X Lo il B B 2 UK B 3 — N e 3k il

NF—MEA N EEERIE , EAAER 9 UHEMER (UCSZ =7), MRELRMH
—/\ﬂﬁntvluﬁ (TXB8 = 1) B 9 i (TXB8) B 1 , MERE—NKIEM (TXB =0) [T
BE. EXfmIERT , MCESBEXAITET 9 I BIEMAE K

THAAESAESEEEXN THITIREIRNWSE
1. FIENAGERETEEZSLERBEEN (UCSRA FFHEMN MPCM &1L ).
2. ERBHBREEMUNE , FIENCERBEBOH RS, MALEEF UCSRA
H1FEEM RXC EH B,
3. ﬁ MM EESE 2 UDR FEENAREREECS R %&ﬁﬂlﬂ mREH
%LjJJCfRAE’JMPCM i, BNEeFEEET - MuuFHHER , HREF
MPCM o

ﬁﬁﬂiﬁi ATMEL.
WWW - ¢ o cames

—Mibpitii, REE 2T 2ENIREEHRT,

fiﬁﬁ 5% 8 LBFHMIE N R AT , BRAFKER , BARKBRSREREM n M n+1 Bk
K2 EBITHR, HTRRBENREFEAERNFARERE  XPREEFENIR
T BREN. MRER 5 F 8 LABHMES  REENZEERMELY (UsBS =1),
HAME — ML A THIMmESe R,

FTEFEAE - B% - BIEES (SBI M CBI) ki&{E MPCM £, MPCM H TXC {rE A
E#9 /0 Bt , £/ SBI = CBI E R R« M EES,
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5 UBRRH/ UCSRC &  UBRRH 5371258 UCSRC £/ /0 #biit, B iR bt AT TS E = 0 TR,
178

Bi5mE MEZBUHITEIHRIE , USART FE51E% U (URSEL) #4IBEANFER. &
URSEL 3 0, ¥ UBRRH{EE#T ; & URSEL # 1, Xf UCSRC R BE #1.
THABS HOMAFHRXFENSES.

SCymRED Bl ()

. ZEUBRRH #2
I di ri16, 0x02
out UBRRH, r16

. EUSBS SUCSZ1 ftH1 , AREFIHO
I di r16, (1<<URSEL) | (1<<USBS) | ( 1<<UCSZ1)
out UCSRC, r16

C R pHIE ™

/* I%EUBRRH J72*/
UBRRH = 0x02;

I* REUSBS SUCSZ1 K1 , ARERH 0%/

R = (g<<|/=QEL) | (1<<USBS)| (1<< ZA-- FI
Note: 1. z;:mglé;%%g;m%ﬂ A %I Lléc 1 H=1=

mBIRER  NAEFERNEHRTEEILA /0 tut.

A IIIEI% 145
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EiGE ¥ UBRRH 2 UCSRC FHEMIZIHRNMRAER, BEEAZSHBAS  EXFTEERX

EHFS

EiGE AR FES, —HIRE UBRRH FEERNANEE /0 ik, AEHFFaSbut £ —4
RENHEARPIEA YRS TNFESRNIEANIRE UCSRC ABH, 5 &
UCSRC MR 50 B3 T4, EIRREFRI DU (HlEEIELBHKT ) BDRAREH,

THEHABLS HNR UCSRC FFEHAR,

SCameapie (O

USART_ReadUCSRC:
;  BEUCSRC
in ri16, UBRRH
in r16, UCSRC
ret

C R pIEm

unsi gned char USART_ReadUCSRC( void )
{
unsi gned char ucsrc;
/* BEUCSRC */
ucsrc = UBRRH,
UCSRC;
return ucsrc;

}

ucsrc

Note: ARBBRECLTE THENMILXH,

ww BETEC-com/ATMEL. ... o

FEENZTBSEEMEA,
USART ZHEs#2A

USART I/0 #i#E& %788 - UDR

Bit 7 6 5 4 3
RXBI[7:0] UDR (&)
TXB[7:0] UDR (E)
®/B R/W R/W R/W R/W RIW R/W
HE 0 0 0 0 0

USART KIAEIEE T EFFR/M USART BRBBER HFFRHL

tZHEH /0 btk |, #RHR

USART ¥ iEZF 355 UDR, FTHIEE A UDR E'J‘;*—Fﬂ%ﬁ#ﬂ’]m?iﬁﬁ&ﬁ%ﬂ”%%ﬁ

(TXB) , & UDR BYSEFRIR B MY R BB IR &+ F 787 (RXB) WA

5. 6. 7THRFREXT , REANS R L EHZZE , MEWJ[UFEINREN 0,

REL UCSRA F #2571 UDRE FRAR B AL 2 AT AN RIE E 2Rt T B 1E. 2R UDRE
REEN , BAEA UDR WEIELH USART RIEHRZH, HBBEBEAREENRG ,
EBNBEENE  KRRTEHENSILEBAEEE. ARKESETHEM TXD 3|

ke

BRERSHFESE—IFR FIFO , —BREREFRBHT U FIFO RERTERRS. BEit

TEXNX—fFHETERE-BW-BES (SBI M CBIl). ERNERET

Bt E/ N, BAX LB ARERE FIFO BPRTS.

(SBIC #1 SBIS)
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USART #2HIFRSTFRA -
UCSRA Bit 7 6 5 4 3 2 1 0
| Rrxc TXC UDRE FE DOR PE u2x MPCM | UCSRA
®I/IE R R/W R R R R R/W R/W
HE 0 0 1 0 0 0 0 0

« Bit 7 — RXC: USART #EI4& R

BEREPBRPERIEHAKRIEN RXC B , BNES, BRI | EKRE :P%%%Szﬁu
#, S®RXCESZ, RXC & ‘Jﬁﬁﬂ%#i#&ﬂ& ERAHT (A R‘IRXCIEU_E’J?E )o

e Bit6—TXC: USART XiX4&%K

REBMEBARPHBEREN , BHEEE R (UDR) BZEH TXC B, ITRELE
RAPUTET TXC REBHBEE ﬂz‘JLAﬁﬂsm& TERRIRIE, TXC FRETARSERE
SERPH (A X‘J‘TXCIELLE’J'}H )o

» Bit5— UDRE: USART ¥iE5 8820

UDRE#REIEH XX EHES(UDR)REE R FZWNFEIE, UDREN1IHBAEHPENZE B
HZFHRITHIEER. UDRERE A AR ERESEES =M (X UDRIEM KR ),

E{/5 UDRE By , RAREBRELRE.

+ Bit4 - FE: mi4£i®

MBEREFBZRINVNT —NEFENER , MEREFSEFIHN T —INEFINE—
ZIEI R 0, BRL FE B, X—fu—BEERBEREKWE P (UDR) HIREL, HFEWIH

www BDT LG Com7ATMEL

B R DOR By, HBEWEHBH (TS TWiM}&E , BRBANSEFESRNEHE
I B A IJ—/\¥J’TE’Jﬁ_&“u ;&E,ﬁtﬂﬁﬁFETo u ﬁ*&ﬁxﬂi‘%ﬂ&iﬁlﬂﬁﬁ
(UDR) #1%2Hl, X UCSRA 3 75AHT —EE oo

» Bit 2 - PE: FEREEIR

é%ﬁmﬁﬁ (UPM1 = 1), BEBEREFSEHBERIINT N FREFBRBE RN
UPE Bfi, X— I —BEEXEFEKEHESF (UDR) #HIEE., Xf UCSRA #ITE AR ,iX—
NEE OO,
e Bit1-U2X: f5ER%E

—NUANRLTREEEE, ERARSRENFHAEE,
HAZE 1 RS RS MEFMN 16 BE 8 , NI BERN T RL BEEXWERERERMNE,

+ Bit0 - MPCM: Z4-EBEEEHESN

BEHVSEDZAERBEER. MPCM BNfF , USART RSB ZKIINBLETE
EiiﬁiJH;%' Y5 A DTER I B . RIEBERZ MPCM REM N, HAERESE P145
“ZAERBWER ",

USART #HIFIRASFFHRB -
UCSRB 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/W R/W R/W R/W R/W R R/W

A IIIEI% 147
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HHE 0 0 0 0 0 0 0 0

 Bit 7 - RXCIE: #ZUR& R hifEgE

B /5FERE RXC FHlff, 2 RXCIE N 1, 2B+ HtrE{L SREG BfI , UCSRA HF178%
B RXC 78R 1 B AT LA= 4 USART 2R 45 R A 7,

» Bit 6 — TXCIE: Z3X & RhMifhge

BENLEERE TXC Flti. X TXCIE I 1, £ FFEIFREN SREG EfZ , UCSRA FEMH
TXC 75 1 BRI LA 4 USART &% 45 R A i,

* Bit 5 — UDRIE: USART BiEH 78R 22 M 62 RE

B {/5{#8E UDRE HHf, % UDRIE R 1, £+ MRt SREG Bz , UCSRA 1758
# UDRE 78 1 Bt aJBA= 4 USART B & 1738 28 Fh I,

o+ Bit4 - RXEN: W ERE

B AME3 USART #1KE5. RxD S|HIAYE A% O ThAE# USART ThAREFTEMR, 21
BT RIFTEWERES , HE FE, DOR K PE #r&ELMo

o Bit3 - TXEN: &3XERE

B ERE3N USART £3%85. TxD S|HI#YE A Y O Ihae# USART ThaerrEMfR. TXEN
BERE  REZSIFMENBRELAEERELAERIEBELZIL EAEBNTESRSSL
EEATESRTREELENEE, XASEILF , TxD SIBMREHEBER /0 ThEE.

WWW BB EHG e com ATk mssner

USART #HFIRAEFFER C -
UCSRC

+ Bit1 - RXBS: M iEHI 8

3T O {7 B ATMIH fTIRVERT , RXB8 5 9 MNIE(. E UDR BEMEMBE I E £
i H RXB8,

» Bit 0 — TXB8: REHIENL 8

3T O 3 BB 1T {TIRVERT , TXB8 2% 9 MNKIE(L. E UDR 2HI 5 AEXN E# 1ITERE,

Bit 7 6 5 4 3 2 1 0

| URSEL | UMSEL | uPm1 UPMO USBS | ucsz1 | ucszo | ucpoL | ucsrc
®/B R/W R/W R/W RIW R/W R/W R/W R/W
HE 1 0 0 0 0 1 1 0

UCSRC &8585 UBRRH Z1758 1 AR/ 1/O that, X iZEFEEMME , 55N P146 “ i5[H
UBRRH/ UCSRC &F#F8 ",
» Bit 7 - URSEL: 785k

B %% 5B UCSRC 1885 UBRRH F15788, i UCSRC B, Zful 1 ; 4
B UCSRC B , URSEL / 1,

148 ATmega3d2(L) m——
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+ Bit 6 —- UMSEL: USART # ;&%
BYX—URERELSHFL THEER,

Table 63. UMSEL Bit Settings

UMSEL I 5o
0 REIRE
1 EEZ:1(3

www . BDTIC.com/ATMEL
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e Bit5:4 - UPM1:0: FERBER

XA REFERENEXAFETERE. MREETTERE  BLAERERE &
ERBLEFTEHREFBREMN, NE-MERINHE  BURFBLFE-FB

& , 3}5 UPMO Fri% &M E 3 1T L8,

WMRAICE , BBARKF UCSRA HHY PE Bfv,

Table 64. UPMi&&
UPM1 UPMO TEER
0 0 =31
0 1 RE
1 0 BR%
1 1 FRE

+ Bit 3 - USBS: 1tk
BEX — A LR EE I3, ERESAMIX — (U RiRE.
Table 65. USBS i&&

USBS

I {3

0

1

1

2

e Bit2:1-UCSZ1:0: Z&FKE

[ |

Table 66. UCSZ % &

uUcsz2 uUCsz1

ucszo

FRKE

0

0

0

5

6 fi

7L

8 fi

RE

RE

RE

0
0
0
1
1
1
1

0
1
1
0
0
1
1

Ao~ lO|~

9

+ Bit 0 — UCPOL: B4 1
X—UMNATRALSIEER, FAFSERN , FX—EFZ, UCPOLRE T HEHE

MM ABERE , UREDSHH XCK ZBXR.
Table 67. UCPOL iRi&
UCPOL | RIXBUEMI N (TxD SIMKAL ) BBSARERAE (RxD SIBIMA )
0 XCK L3 XCK TH&st
1 XCK TRt XCK L3

150 ATmega3d2(L) m—
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USART H4$#£ %5 1F85 - UBRRL
# UBRRH

Bit 15 14 13 12 11 10 9 8
URSEL - - - | UBRR[11:8] UBRRH
UBRR[7:0] UBRRL
7 6 5 4 3 2 1 0
®/B R/W R R R R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

UCSRC &17885 UBRRH 758 AR/ 1/O Hhit, X iZEFEEME , 55N P146 “ i5[H
UBRRH/ UCSRC &8 " ,

* Bit15—- URSEL: Bt E

B iZf%R 5B UCSRC H#855 UBRRH F15788, i UBRRH B , Z{uR 0 ; 4
E UBRRH B , URSEL # 0,

o Bit14:12 — R &

XEMERNUGHEATREN. W TESUGHSESHRE , B UBRRH BHRIX LA EFE,

+ Bit 11:0 - UBRR11:0: USART HisXR 5788
XN 12 U EFEREE T USART KB EELE, EF UBRRH 88 7 USART K4HE

=417, UBRRLBETIK 8 ., BEENRATFEREERTHERELZEIZIRHR, B
UBRRL 3y ENE RS R SR

www . BDTIC.com/ATMEL

2503F-AVR-12/03
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MR ERREERSFMARRY , FHEATRE ARG RTED Table 68 # UBRR £
REXRFE, RPNEAABERTAKFENRBERSERREENRETEY 0.5%.
EEMREHMIULUEZN , BREFNIRELER , BRTECRAERER (S
B P143“ RETHETEE" ), REAUBENTARIUE !

Eror] = (e 1]« 100%
Table 68. BRAKHARME T iR E UBRR W HIF
f,sc = 1.0000 MHz fosc = 1.8432 MHz fosc = 2.0000 MHz

N~ U2x=0 U2X =1 U2x=0 u2x =1 U2X=0 U2x =1
(bps) UBRR | iRZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE UBRR | iRE
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 8.5% 6 -7.0% 5 0.0% 1 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 8i = 0-0% \ 5 0.0 — % 6 -7.0%
57.6k 0 WWW1 & T i 0.0% @ m °ﬁ\ 1 M E{ 3 8.5%
76.8k - - T T 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%
sFAM 62.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps

1.

152
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ATmegad2(L) m—

2503F-AVR-12/03




] ATmega32(L)

Table 69. BRI 2RME TIRE UBRR WHIF (££)

f,. = 3.6864 MHz f.o. = 4.0000 MHz fo. = 7.3728 MHz
—— U2X =0 U2X =1 U2x=0 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14 .4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4k 5 0.0% 1 0.0% 6 -7.0% 12 0.2% 1 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 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%
:gm#\wg | 921.6 kbps
Ve =
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Table 70. BAIRHHRMETIRE UBRR M| F (£)

f,c = 8.0000 MHz fooc = 11.0592 MHz f o = 14.7456 MHz
. u2x =0 u2x =1 u2x=0 u2x =1 u2x=0 u2x =1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 207 0.2% 416 -0.1% 287 0.0% 575 0.0% 383 0.0% 767 0.0%
4800 103 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 383 0.0%
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4k 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2k 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8k 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4k 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6k 8 -3.5% 16 2.1% 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% 11 0.0% 23 0.0%
115.2k 3 8.5% 8 -3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%
230.4k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250k 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M 0 0.0% 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
0 -7.8% 1 -7.8%
o | 1.8432 Mbps
Ve =
154 ATmega3d2(L) m——
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Table 71. BRAIKHH[METRE UBRR M| F (£)

2503F-AVR-12/03

ATMEL

f... = 16.0000 MHz f.. = 18.4320 MHz f.c. =20.0000 MHz
—— U2x=0 U2X =1 U2x=0 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 416 -0.1% 832 0.0% 479 0.0% 959 0.0% 520 0.0% 1041 | 0.0%
4800 207 0.2% 416 -0.1% 239 0.0% 479 0.0% 259 0.2% 520 | 0.0%
9600 103 0.2% 207 0.2% 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%
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& BITEAO TWI

B . HE, ERBATMRENERED , AEEFRBL
. ZRINFMMILEE
- BHTUTHEFRESESRERSBER
o 7 {IihtZoE AEFH 128 ML
- ZRETHHR
o B3k 400 kHz I BUEE MR
. PET B HIRZHEE
-7umﬁa&ﬁmm@ﬁwﬁ$
o TR M dHE R 23 3 it
o EEREE bk PU AT SAMAE AVR

AL BTEQRKREN FLED TWI RESTHANLEENA, TWI ML AT REIEITTE RARENE LR
LAY 128 NRRIMWIEE EES — 8, XFARL — 284k SCL , —254E SDA, 4
HEHRAZEFANLNEME  SREL -, FIEEEIEE WSS SEE b,
TWI HYBRIR T 5.4 fh 69 5

Figure 76. TWI 2.4 MiE#E

Vee
Device 1 Device 2 Device3 | ........ Device n R1 R2
BDTIC /ATMEL
WWW. . - COMm I
SDA = >
SCL == >
TWI FC UTEMHERTMELIN,
Table 72. TWI i@3C
B L
M BEFEILEMEE. EVRENEF~LE SCL Af4f
MHL BWENIUEE
KIEER FHERBEE EIRE
e MELEIMBIENES
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BARER

HREARM AR
RMBEE ()

START/STOP R + )]
_Hﬂ
FRE

Mot A

2503F-AVR-12/03

M Figure 76 AT LAE H , FREHEN LN BEESERRIER. TG TWI RENS40E
ZEHHBRRNITRRELRITRN. XERII THBOREEERENE S I,
TWISSHRER "0 8, TWIREAEFERKETF, HFAENTWISHRE N =8N , B4
WHESEF , AR LNBEESEENS, T2, IRIIMANEKEE , ARS TW A
SEEM AVR B84SR LB,

BEREEENEAEHREZSUTREGRS  SEBARERT 400 pF , MERA 7 MW
HHtHEITI A, TWI A ES ﬁ’I‘EIREHmJL P272 “ Tk BITEOSM ", XILAHT
FAANTENNE , —HERLEEM/ET 100 kHz , B —F 2 B LEE Sk 400 kHz,

TWI B4 EBRBEMNZESHEARS. ML Aan , JELXBELXTRBFRE | B&
FERHEFLENRET,

Figure 77. BIEB MM

SDA

SCL

Data Stable Data Stable

Data Change

513 o T R BEm, EELLER

b C EEEoar TA
m ki fns N = —HT Y START Jk
X## N REPEATED START WA, fﬁﬁﬁ?IﬁLETﬁﬂﬁ B EN r‘—’/RTF'z;JJ%ﬁE’M%
%, £ REPEATED START ZJ5 , EEIJT—/P STOP , EERELLL FILHRS, X
S START 2R —#M , Bt ERFMH , R ZEEKIKE , START 5 REPEATED
START#H STARTRR, TR ,STARTSSTOPIRASEZESCLL ST | B kZE
SDA B RSH,

]>

Figure 78. START. REPEATED START 5 STOP 7

START STOP START REPEATED START STOP

FIEE TWI B4k E&Xut R 9 47 , B35 7 it fs, 1 2 READ/WRITE #254i
N5 1 uNE. IR READ/WRITE : 1, M{TiRiE®E ; FUHITEERE. MW&—r
HE , BRIEFE R SCL (ACK) AHET FIK SDA EH M Z ., EZMNILHEHE
TEMNEN , MZE ACK BEHIRIF SDA A&, %Ezmﬁmﬁtﬂ STOP W&asz
REPEATED START RAEHF B L, it S SEMI S5 BIFH SLA+R =
SLA+W 9 READ = WRITE {i,
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A FTHH MSB BB ARE. MHlibitRikitEERIE , EFEER/RE#i 0000 000
ERT it

LHRIET BT | FIERMYLRE ACK BRE S AIK SDA fEHNZ, HEHEERIX
HEHEBL S ML ATBUER - B8, X Write {72/ U2 /5 %3 | FrAHIM
LB E ACK BB HK SDA EH A, FRERM MRS ZRNBES, TEEE
AR R IE Read R BEEN , BN MRIAMMIKET RNV BIESTHRELHPR,

FRIERIM 1111 xxx BNt MEZRE |, UEFREH.
Figure 79. bt &R

Addr MSB Addr LSB

X

START

FIEE TWI B4 EEXMEEEN ok , 21 8 BB uR 1 MNEM., EHEEE
B, ENFER R START 5 STOP IRA |, MBKEMAZER, NMERBAMIEE I
SCL EBHI{E SDA ST H . MBEEKERE SDA NS & H NACK 5, EH&%%EEZ?%
W, RERTREERRLTEBZRESHEE RZERERENTHELE NACK X&

ww BRTACT Com/A MEL

it aNBFEILEHR —5%

ERfRadR

I
| Data MSB Data LSB
—— | 1
Aggregate N % |
SDA N\ | « i
_ i H
SDA from | § i
Transmitter  \ 1 « i
,,,,,, : {
SDA from 7 i ” T}
receiverR /! !
I I
I I
SCL from | |
Master ‘ { R
1 2 7 8 9

STOP, REPEATED
START or Next
Data Byte

Data Byte

RIEFEEH START R, SLA+R/W, ED— /M HIES K STOP REHEK. RE START
5 STOP RAMZEEERIEZEMN, WERIA SCL ME&SRERZMENSMINEF,
ML ATES K SCL RIE& SCL ﬁEEZFE’JHﬂeﬂo Y ENIRE T RERERRT FMI K
R, INNEET/ARTESRCEHER , X—3B$HRIEEERN. MYIEK SCL KB
ZFE’JHTIEﬂTéE’UF] SCL SHF M E ljJ SCL SHEPNAERBEENREN, BHLERT
4, Bt k3 SCL B 52t ATRR 1K TWI BEAEEE,

Figure 811588 T BRI I B IBAE £, SEESLA+R/W 5 STOP 2 AME RN EZ T BN ARF
Y IMSURTE
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Figure 81. BRI IELIE

Addr MSB AddrLSB R/W ACK Data MSB DataLSB ACK

SDA

f b

| |
— -

scL } MMMM }

‘ ‘

I 1 2 7 8 9 1 2 7 8 9 I

START SLA+R/W Data Byte STOP

ZEHBERSE , PBFIE TW i AESEE PRSI BAESTEWRNEE SN ENENTFBREERE

%

2503F-AVR-12/03

BERIEAEZEEHRT. ZENREFEHNRA :

B SRR A — A ENERAE, AN R kB S 145
B, XMEENEHNHE, YEShOINETEMRAK | 57 AEREMN
BRRNETHRE BE LRGN TNI 4, BX LS TNRNEEN R R
MHURIE] | BVR B RERAE 8.5 RO 2

REMEN ATEAED R SCL IR, HRIELEN —BM |, BARI—BESE
P ER, XaELmRTRE,

BEN& S ARMBR ERRE, HAENENNHRITERE  SERAESHH
HEBFMBAETHMEENHPREN - BREFNENETHREENHRREH -1,
FRIERNENEHER SCL , FHAUERITERASS /KBEFS5HESCLESS /KEF
BB B £ 5

Figure 82. Zx#| SCLHREAS

‘ \ow } ‘ TA high ‘
u—> -«
I I I I
I I I I
I I
SEL fr \ I |
WWW . \ ‘
I
| |
,,,,,, | Lo
SCL from | L/ \ ™
Master B I | } } I\
[ 1 | | I
| ! | |
SCL bus | L i |
Line \ \ } } \
T 1 | T
| | |
I TByy | TBpign |
\ Masters Start \ Masters Start
Counting Low Period Counting High Period

W HBE 2 AP A NIRRT SDA KT E . 2R SDA REHNBESENE
HEBEFEE  ZENMAREFR. BEXIEREFLE - IMTHNHESBFHN SDA, MH
CEHNRENE  ZENFTLREMRER , FUDNEAMNER RN RERMENENT
fho KREMEHENATUR SDA BER |, B7E =81V EIE b it B L Rz B1E 7 L= £ 1Y
HES, FENSEEIRGRE-1EN. XATRSSRFS RS NRLDENNE
BERMT U, FRFSBEIBES.
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Figure 83. WXz AN MHE

Master A Loses

| Arbitration, SDA,# SDA
SDA from

Master A

SDA from

Master B m—/—\—
|

SDALmeﬁ\LJ/\L#/r\L
|

Synchronized

AETATEUATERETHE :
—/N REPEATED START RAS — /N IEL
— STOP RS —MNEHIEN
—/\ REPEATED START IR&S5 —4 STOP R&

R S FE%EM%,}L

@E*ﬁﬂ?&ﬁﬂﬁ?&ﬁ@ E')’“JFF%E %%&mxo
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TWI 3R R A

SCL # SDA 5|8

LR RRERET

E&ENHRT

2503F-AVR-12/03

SCL SDA
Slew-rate Spike Slew-rate Spike
Control Filter Control Filter
A A
4 y
Bus Interface Unit Bit Rate Generator
START / STOP . .
Control Spike Suppression Prescaler
-t -
_ . Address/Data Shift Bit Rate Register
Arbitration detection Register (TWDR) Ack (TWER)
A 4 A
4 y 4
Address Match Unit Control Unit
Address Register Status Register Control Register
(TWAR) i dl (TWSR) (TWCR)
TWI Unit
State Machine and
Address Comparator Status control
N\ - P 1 |
| L —

TWIRRSR LA FRERA R |, MFigure 84FT R, FTEM THRL 2PN FEFRTUELAVR
AR S & ATI .

Figure 84. TWI| 3R #Eik

SCL 5SDAJIMCURY TWIHZEO S| M, 5IEIAY % H IR 2R BE — NBIERIRRFIZF AR
TWI BB, SIRPHY % A ED 0 S 4R R0 6l 2 ST A KBR/N T 50 ns BIERI, HARAY IR O1R
B SCL 5 SDA 5|t , AT LAFERE /O OBy L Bl | IX#F A &= SN E0RY L HI e/,

TWI THET ENERRT | HiFR R AR EH9E5 SCLAVAH . BAH TWIRSHFFH
TWSRI TS MR BAR LFREFFRTWBRIZE. H TWITHEEMNERXR , FEEXN
R A AITIRE , EMHLE CPU B IR MK T TWI 494 SCL SR M 16
&, EE , MILATRELIEK SCL RBFHIETE , AMRE TWI BLH T4 A,
SCL HMBRRFEUATH LKA

SCL frequency = CPU Clock frequency

16 + 2(TWBR) - 4" "FS

« TWBR =TWI Lt REFEFENHE
TWPS = TWI RS FES M0 MO HE
Note: TWI THEEEHNERXR , TWBR EMIZTNTF 10, BN EHNLTE SDA 5 SCL =L HiRH

HEARRES, BEATF TWI TEEENERT , @MYLEE Start + SLA + R/W #
MR (FEEENEMISEEERE ).

ZETIREBFES U BN FFER TWDR , START/STOP 23R M E & MR EEH4 L
B, TWDR FHFaATHRHRRERERNWBER kI, BRT 8 U TWDR , B4&iEN&
RER-—NEER , B8 7T ATREFEKNEL (N)ACK, X (N)ACK FFERTEE
BFEEHR, HJERHER , 0BT TWI 25 FF38 TWCR REMLHEE ; £X
EEAERS , (N)ACK {EH TWCR BREIRE.
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$th 1k PTG 8. 5T

#H% T

www o BEEIE:

ATMEL

START/STOP 24Igsfamm=4A MM TWI H4k E# START. REPEATED START &5
STOP IRAS. BN 7E MCU & T RERIRAHET | START/STOP #4185 I RAEM N TWI B4
LB START/STOP &4 , U NI H S TWI B EWEH I UET |, 5 MCU MIKREEIR
AWEE,

MR TWI EAER S 20 7T HFEERH  FRONBRFRFEETEL , WBERT TR
BEFARREELEHN, MRELAHFBEARNIBCHEELHBRPERT BLEH
R, MBE TWI RSB T T EBWNEE | £ 8 ERREE.

31k PUFR B ST AR MM B4k IR BNt BB S TWAR FEEEHM 7 (it 45 PCE,
R TWAR 7880 TWI T BN IR B FEEEN TWGCE 7 "1, MELZIR Rt th
S5 HBi Ut # TR, — B ut FTE AL Th |, 2% 8 JT 18 B8 F LA 17 IE 78 3 e 52,
TWIRTLAN R |, th Al AR B E ALK F 4 |, XBURF TWCREFEZESHIRE. EIfEMCUL T
RERIRASHET |, bt TR S T ATk sE T4E, —BEH I uBNX N4 , AT LUF MCU M
RERIRASHREE,

BE BTSN TWI B4 | HRIE TWI 2515 F8 TWCR igEEHAMMN M, 2 TWI
B4 ZENARF TRAENSEHR , TWI FEFRENM TWINT B, £ T —/6t
AR, TWI RASFEFESE TWSR #HERXTREINEHNRDBEMEFH. EHEHAR ,
TWSR AR N —NMNERARTEHLENIKRESE. —B TWINT HrEME "17, 84
SCL B4R HI{E |, & TWI B& LM EiELE | LAPEFLESHSH,
ETHRREIET , TWINT drEBA

£ TWI {53258 START/REPEATED START 55 2/5

£ TWI 423X 5% SLA+R/W BB 2 5

ETWI RETHUHFTZE

£ TWIERE - 1MNEEYZE
YER ML T4ERT , TWI UK E) STOP 5 REPEATED START 5825
BT IEER START = STOP E 5t 5 K 4 4 iR Bt
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TWI F7851% 8
TWI LE4$ %788 - TWBR

Bit 7 6 5 4 3 2 1 0

I TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO I TWBR
®/B R/W R/IW R/W R/W R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0

* Bits 7..0 - TWI LR F1288

TWBR ALLBRELERDHFE T, LLBFRRERE—NOHEE  EENERX T~ ESCLE
MR, RRITEANFEN P162 " LR LERET”

TWI 2HF 8 - TWCR

Bit 7 6 5 4 3 2

I TWINT TWEA TWSTA | TWSTO | TWWC TWEN
®/B R/W R/W R/W R/W R R/W
NHE 0 0 0 0 0 0

TWCR FIRIZBHITWIIEE, SRRERETWI , EXEIMSTARTR B & EXRBEENIFR
FHEBERENE , 4% STOP RA , UARESARIES TWDR FESTEH ELNEE
g, XNEESRETLLHBE TWDR TG RIHE | AEFSHIES AT TWDR mali28
EAFRREER,

0
TWIE | Twcr
R/W

0

o O} -

o Bit 7 — TWINT: TWI I ifiRE
fﬁrﬁﬁfzr“u ARt TWINT .ﬁﬁo SREG B | FRELAR TWCR

fir | " INT Ef8¢ , SCL &

0 % . AT R M AR
L H , AKX _L*&/ﬁ-n pL\I'ﬂEo .Jtt E
EE TWINT Zﬁu —EEH A TR i FFES TWAR WK%T?%% TWSR , URBIES
1788 TWDR #YiF 1],

+ Bit 6 — TWEA: TWI f8ER &

TWEA #rEZRFI R EBOFN= £, & TWEA B , HIMTFRA4REO L E ACK Bkt :
1. BHEHMSIS SENL BN ETES

2. TWAR 9 TWGCE & a2 U ZI /1B reay

3. EEN/ MBREX TEKE - MNZTHRE

N TWEA BEUESEHENBELL. BUGHEGEMRE iR,

+ Bit 5 - TWSTA: TWI START R&FE

L CPUFEBECHANEL LW ENMNEEEN TWSTA, TWI BHRENELE2B T,
ERLTR  BOMELEL L4 STARTIRES., BELIT , BOR—ESS , EZRN

B —4 STOP WA RIS 4E START LUFEH a CHERNEN. KX START 258 #
JML% TWSTA.

+ Bit4 - TWSTO: TWI STOP R&IFE

EENERT , WREMN TWSTO , TWI EOFELL E=4% STOP IRA , AfF TWSTO
BEEE EJMJHE‘ET B {7 TWSTO AL O MR RA R BIR 4 5 4L YRS
lttHTEéa‘%J:TAE STOP U(KFE B TWIRE — /l\fé}iil}E’JiH&—rthE’JM*ME‘tﬂh
1 SCL 5 SDA A &BEZ,

A mEl% 163
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TWIRASHFESR - TWSR

ATMEL

+ Bit 3 - TWWC: TWI B ZefR&H

% TWINT REREHEZFFEE TWDR FEN TWWC, H TWINT AEKN , B8—XX
TWDR W B i [0 #88 E#H AR &

o Bit2- TWEN: TWI gk

TWEN {2 FERETWHRESBETWIED , HTWENZEE R "176t , TWISI#IF1/0 3]
02| SCL 5 SDA SIHl , FEERERERRFRSRNIEERES. MRZAES , TWI
EOEPFEXA |, FrE TWI AR LLE,

+ Bit1-Res: #&

®RE  EEEER 0%,

 Bit 0 — TWIE: TWI i {EEE

X SREG M | LA TWIE EB1uAt , RE TWINT 7 "1”, TWI FlRBCE,

Bit 7 6 5 4 3 2 1 0

| Tws? TWS6 TWS5 TWS4 TWS3 - TWPs1 | Twpso | TwsR
®/B R R R R R R R/W R/W
HE 1 1 1 1 1 0 0 0

* Bits 7..3 - TWS: TWIRF
X 5 fLARRR TWI BEMEBLERE. TRNRSKBRSERENIHS H#HE, X

/%/% 5 fPRBES 2 ﬁ?ﬁ%%ﬁ Rt E BRI M
f2Ppag"D” o ) IXUE LS A2 M 3k 37 T BT EFHPEREZ
WWW st - COm ' :

TWI BiEHF 788 - TWDR

+ Bit2 - Res: #8

®RE  EEEER "0,

* Bits 1..0 - TWPS: TWI Tl 9 {1
XHuAEE /B, ATFEHLERmM oA+,
Table 73. TWI tb4EER M5 505

TWPS1 TWPSO0 Mo e
0 0 1
0 1 4
1 0 16
1 1 64

WA E SR EN P162 “ thidR Ak ERF/E T, TWPSI.0 BEZLAXPFEA,

Bit 7 6 5 4 3 2 1 0

I TWD7 TWD6 TWD5 TWD4 TWD3 TWD2 TWD1 TWDO I TWDR
/B R/W R/W R/IW R/W R/W R/W R/W R/IW
NHE 1 1 1 1 1 1 1 1
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TWI( M# ) sttt 178 -
TWAR

EREER , TWDRBETEXREMNFT ; £#EKERX , TWDR 28 TEKEINWHKIE.
HTWIEORERTBMAIE (TWINT B ) XN SESRUEN, EF—XFHMAE
ZHEI AP TR B BIE S 735, RE TWINT Efz , TWDR HWEIEMEREN . £
EBH , R EWRIERNBASES., TWDR EREGETELLHEINGE—41F
T, BRIEMCU EMNEEREBERNE TWI HHTHREE, et TWDR WRAREREEN . &
KPR AWE , THFRAIMN , BEL EHINBFEFLER, ACKWAER TWI
BEEANEE , CPU FAEERESH ACK.

 Bits 7..0 - TWD: TWI #5588
BREREANTE , HABRNEXEN T —INET |, IREBRIINVEKIE.

Bit 7 6 5 4 3 2 1 0

| Twas TWA5 TWA4 TWA3 TWA2 TWA1 TWA0 | TWGCE | TWAR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
HE 1 1 1 1 1 1 1 0

TWAR 95 7 (L A MLttt . THETFMIERE | TWIHRAREX M b it 3 TR, EHE
RAEE M, ESENRER , TWAR EEHTEEUEEMENFRES .

TWAR 9 LSB A FiR B #E#ut (0x00). & HNE—Mitat tbRES, — BEUEIA it
MAY M —B , B RIERPE

* Bits 7..1 — TWA: TWI M\#libsit 1788

HENI ML,

www SBOELC M/ ATMEL

A TWI

2503F-AVR-12/03

AVRHEY TWHEZORE @ F T MET RN, AIENESLSH  MERE —NFHRRIET
—/N START 5% , #aFm4E£ -1 TWI i, BT TWI EHORETHMH , Bit TWI
BOEFVREMERSIRY  FRENARFN TN, TWCR FiFR1 TWI HMf ¥
TWIELHISREGHFRN LRI AT —ERE T NARFREMWNTWINTFREL™=
EWPHIER, MR TWIE BEF , NAREFRBERARIE TWINT FREALH 57 5EREN
TWI B&IR7So

ZTWINT FrEME "7/, R TWI OSSR T HFMRE  SERARFNEEN, £
XAERT , TWHRASFFEE TWSR 88 7T RBEHE TWI BERSHE, MARFTLL
EE TWCR BVIRARE ¥R RAREER , HBEYiIRE TWCR 5 TWDR FE:S
REET—N TWI BB H TWI 0 8 iZ anfa T4E,

Figure 85 44 N AREF 5 TWI B OEENPIF. ZHF , TNLE-MREFFTEML,
XERARMER , ATHEEHXEESHER , 2ERENKRBHE.
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TWI
Hardware
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Figure 85. BBARTELHMPNARFS TWI KO

1. Application . Check TWSR if START wi 5. Check TWSR to see if SLA+W was .

: PP 3. Chec . S. to seeif S . as . 7. Check TWSR to see if data was sent

writes to TWCR sendt. Application loads SLA+W into sent and ACK received. .

L ) s . and ACK received.
to initiate TWDR, and loads appropriate control Application loads data into TWDR, and S ;
L . . ) : ) ) Application loads appropriate control
transmission of signals into TWCR, making sure that loads appropriate control signals into . :
START TWINT is written to one, and TWSTA TWCR, making sure that TWINT is signals to send STOP into TWCR,

; . ’ ' B making sure that TWINT is written to one
is written to zero written to one

2. TWINT set.
Status code indicates
START condition sent

2.

3.

Y J
TWI bus START SLA+W Data A STOP

Indicates
6. TWINT set. TWINT set

Status code indicates
data sent, ACK received

4. TWINT set.
Status code indicates
SLA+W sent, ACK
received

TWI RN E -SSR EESTARTE S, BIX TWCREALEE ,IBERTWIEH
K% START 8, EKE'JTEHT:EFEIREH EEAER TWINT ugﬁu X3k
BEE, ATWINTE"1” & Bﬁltth\w TWCR F1F8589 TWINT E{zHiiE TWI
B EMEE, —BE TWINTEZE , TWI H START S5 B s BIEE R,

START E5# K% G , TWCR Z1Z88M TWINT #REMNER , TWCR E#F R EHH
RS | &/ START EER K%,
Fﬁ&ﬁ*#ﬂ*& TWSR ﬁﬁ:m START 'f;"FEE}z]jJZV:Lo -l TWSR deyETa ,

5)\E'J1EH7(£ ﬁmﬂﬁ EE,MEET TWINT ugﬂsu L#%EEO 4 TWINT
B "1 FRIEFRE, TWCR Z178538) TWINT EfHiE TWI &8 s E iR E.
—E TWINT BE , TWI B3 8rEx,

Wit B EER , TWCR F1FE858 TWINT AREMNEN , TWDR EF N HAVIRASH
KAt BRI LR, RSRBELRBRMNNEE WS,

NARFMNKEE TWSR , BEMIBE KN KX, ACK AHIEE, MR TWSR &
TREE , NARFART - EEERE , LNARERLCERF. NRRS
BEME—3 , NARFATEHRIESTEHRA TWDR, fEfE , TWCR %M E A4
EER TWI B4 %1% TWDR FHEES. EM’JE%EEEWEO EEAE
B TWINT VBB , XFEEEE, TWCR FESEHH TWINT EZHE TWI R
SBHEMIRE. —B TWINTEE , TWI BIBBESHNEH.

BIEERIEE , TWCR FE8EM TWINT FREMEN , TWSR EFH N HARSHB
RRBFEERIEE, RERBIELSRBRMN 2B MM,

NMARFNEE TWSR ,BEMSITEKINAE, ACK HHIEE, MR TWSR E
TRET , NARFART - EEERE , LNARERLCERF. NRRS
BEWMA—3%, TWCR L%?Jﬁ\E}lﬁEﬁ?a/_T TWI B4 &% STOP 55, EAN
ENERHEEA, EEAER TWINTLEEN , XEFEE, A TWINTE"1”
A F%Jttﬁm TWCR FEERHH TWINT ENHE TWI A2 B s EMRE, —

B TWINTBESE , TWI /3 STOP S8 MEE. EE TWINT £ STOP RA&EK#*
BRAEN.

RERFILLREE , BEEET TWI BHBEERIBEFNRERAN, BLEMT

ETWI B —XIRERZS SRR, TWINTAREE M. BE TWINT BE | itépsk
SCL F &K,
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o,

TWDR %ﬁ%ﬁ% ﬁszAT

FRET =N TWIELFHAXNEERTWIFFR. §
N BAPRHPERENE,

- HAN TWI HEHREIEN  mAHTvEENNARFHELELR , TWCRHEE

A#IE, E TWCR B, TWINT LR &L,

FHHITH TWCR &EE’H £,
HHTILRE CBESHIR. TERETEARBHEAHE L,

X TWINT B "1”

ﬁ*lﬂ:h%o TWI &

CRABEGIRE Cc RB\pR HEA
1 Idi  r16, (1<<TW NT)| (1<<TWSTA) | TWCR = (1<<TW NT) | ( 1<<TWSTA) | % START &
(1<<TVEN) (1<<TVEN)

out TWCR, r 16

2 waitl: while (! (TWCR & (1<<TWNT))) S TWINT Bz, TWINT ELRR
in  ri6, TWR ; START 55 E % H
sbrs r16, TWNT
rimp waitl

3 in r16, TWeR if ((TWBR & OxF8) != START) BB TWIHRASER , BRAS AL , m
andi r16, OxF8 ERROR() ; RERBFZT R START & HELE
cpi rl6, START
brne ERROR
ldi  r16, SLA W TVWDR = SLA_ W fF SLA W g A TWDR &858 , TWINT
out TWDR ri6 TWCR = (1<<TWNT) | (1<<TVEN); BT, B KiEtht
ldi  r16, (1<<TWNT) | (1<<TVEN)
out TWCR, r16

4 wai t 2: WCR & (1<<TWNT))) WINT E{_ng,j—\ N3
2 =www . BDT 1C . com/ ARMEL ==
sbrs r16, m m
rimp wait2

5 in r16, TWeR if ((TWBR & OxF8) != MI_SLA AXK) |gI6 TWIRASSHEE  BRMSHM , 0
andi r16, OxF8 ERROR() ; BIRBFETRE MT_SLA _ACK ¥ H BB
cpi  ri16, MI_SLA ACK
brne ERROR
Idi ri6, DATA TVWDR = DATA MEIERA TWDR FE85 , TWINT
out TWDR ri16 TWCR = (1<<TWNT) | (1<<TVEN); T B3AEHBIE
| di r16, (1<<TWNT) | (1<<TVEN)
out TWCR, r 16

6 wai t 3: while (!(TWCR & (1<<TWNT))) Z4 TWINT B, TWINT BARREL
in  ri6, TWR ; BiE DATAE X)X , RKBINEES
sbrs ri16, TWNT ACK/NACK
rinmp wait3

7 in r16, TWBR if ((TWBR & O0xF8) != MI_DATA ACK) B TWIRASESE , BRToME | W
andi ri16, OxF8 ERROR() ; RIRBFF 2 MT_DATA_ACK ¥ H a4k
cpi  ri16, MI_DATA ACK #
brne ERROR
| di r16, (1<<TW NT)| (1<<TVEN) | TWCR = (1<<TW NT) | (1<<TVEN) | k3% STOP &

(1<<TWSTO (1<<TWBTO);

out TWCR, r16

2503F-AVR-12/03

ATMEL

167



RRB

ENREER

ATMEL

TWI AIATHETF 4 NFREMER : T EEES (MT), EHIBKES (MR), MALKEIEES (ST)
RMHLEKES (SR), A—NMARFAUGEALMER, Fl0, TWI A MT EXE TWI
EEPROM BEA##E , A MR #X )\ EEPROM i BRI, ﬁu%?&ﬁﬁﬂ CEWNEFE
AT BEL TWI ﬂia_m% LR AT LA A SR R, RARFREXAMHER,

TEXSHEXRTEFREA, SHEXARSBEFARARERENE P HITHER.
XEREBSTUTHEES :

S : START IR%&

Rs : REPEATED START R%&
R:¥®E—/H45 (SDAASETF)
W : E—/ b4 (SDA RIEEBEF )
A : RI%1y (SDA RIKETF )

A: TRZ (SDAREBETF)
Data : 8 V517

P : STOP IR#&

SLA : M#lithat

£ Figure 87 & Figure 93 A1 , BB AR5 88 TWINT iREER B, AEFHHRFRARE
T TWSR WHE , EPSHNERN 0. FEXEihh NARFLATIRITEEN TEL
gkeE ) SERL TWI M8, TWIHAREER , —EF TWINT RERREES,

TWINT FrEEME , TWSR FRZSB AR REE LA RIE, Table 74 E| Table 77 44
HT&E— /\Jﬂ(*ﬁ%?ﬁ?ﬂa’m HIENEEBTEARANAT, TEEXEXRPTRD iﬁmﬁ

ww BDLLG. CONJATNEL ... ..

%3% START 55, FEEN L DRTATEA MT & MR HX, MBERE SLALW i
AMT #BR ; WREE SLA+R M#HA MR R, ATATRIIREFZHRIRET D
ﬁg |l0no

Figure 86. EHAFEX THHEZM

cc

Device 1 Device 2 ) )
MASTER SLAVE Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER

SDA

scL Y

BYE TWCR BEFSHFAEATHHRELA L STARTES :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 1 0 X 1 0 X

TWEN B AFRER L3O  TWSTASME"1"K A HSTART 55 B TWINT A E
"R TWINT FRAEE, TWIB BTt 47 4% ,—BR& =R AL START, #
BEPHFRE TWINT B , TWSR HIRSBE R Ox08 (I Table 74), AHEA MT #EX |, &4

168 ATmega3d2(L) m—
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Table 74. E*ﬂﬁ%ﬁﬁﬁﬁ@ﬁﬁ%

MEIE SLA+W, X AIEE X TWDR BEA SLA+W R3EH, SRR IRERBEESE TWINT

FRE , TWIRRHSEHTT, XBIE TWCR HEHFHREATREREK :
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 0 X 1 0 X

L SLA+W KATTEHBZWEIBIAMES , EVH TWINTIREBRENM, A ENH TWSR
RSB ATRER 0x18, 0x20 = 0x38, B IRSHIH EFIG R 5 F Table 74,

SLA+W ZE R R AT AT 8 RIE BB B, XBE X TWDR EAIERHT, TWDR REHE
TWINT AERARAEA, BN |, FRKZE , 5785 TWCR HWERENMN TWWC EfL,
TWDR E# /& , TWINT {URE B R LEE%, XBEITE TWCR HEBHFEATRETR

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 0 X 1 0 X

XEREL—BEEETE BEFREENFETRETAL XS4 STOP 5 REPEATED
START 55 ., STOP £5#@d % TWCR FEATRESEI :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

=] 1 X 0 1 X 1 0 X
REPEATED START {5 &dE TWCR ABE A FRERM .

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

=] 1 X 1 0 X 1 0 X

# REPEATED START (R7 0x10) f& , M&EO A UERGAMERKMIL , AKIE
STOP S5 K15 BI#T#I M#Hl. REPEATED START 8 XM AT UE R ERBLEHM R4
THEML, ERIZARZREVEBEEN AR TIR.

VVVVVV =
KA 3t TWCR #yigde
(TWSR) Fi% | 24 BT REM2&BTES TWIN | TWE
WLR "0 | IR i# /5 TWDR STA | STO T A | 2KBITEHT—SHEBBE
$08 START B &3 Nk SLA+W 0 0 1 X | &% SLA+W
W B ACK 5 NOT ACK
$10 E5 START E&3#% 0% SLA+W 0 0 1 X | @A®E SLA+W
B 0 0 1 x | F9EE ACK 5 NOT ACK
& SLA+R &% SLA+R
iR B ENZWER
$18 SLA+W B K% ; EEBIE (FV) 0 0 1 X | mAEHRIE | 82Uk ACK 3 NOT ACK
BILE ACK = 1 0 1 X FEREEE START
Fi24E TWDR 5 0 1 1 X | @K% STOP , TWSTO §&M
T4 TWDR 5 1 1 1 x | K STOP , REXHE START , TWSTO ¥&
2
T4 TWDR
$20 SLA+W B &% IELIE (F) 0 0 1 X fgREHEE , #4K ACK & NOT ACK
#EUE NOT ACK = 1 0 1 X FREEE START
T4 TWDR =& 0 1 1 X | J¥%&3% STOP , TWSTO &1
Fi%4E TWDR = 1 1 1 X ﬁiiﬁ STOP , A &% START , TWSTO §&
[\
Fi%# TWDR

2503F-AVR-12/03
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Table 74. EH KIEEXAIRARD

328 WRE K% MBS (FH) ! X AEBIE , IR ACK 3 NOT ACK
Bl ACK G 1 X | WREEE START
F#24E TWDR & 1 X | f§&% STOP , TWSTO W&z
T TWDR 5 1 X F&R* STOP , ARG K% START, TWSTO ¥&
fiz
T#4E TWDR
$30 BB K MEBIE (FF) 1 X | REEHEE | K ACK 3 NOT ACK
RIBEINOT ACK & 1 X |RWEEEE START
T424E TWDR = 1 X | f§K3% STOP , TWSTO &I
Aig4E TWDR = 1 X ﬁﬂx—ﬁ STOP , /S5 &3% START , TWSTO i§&
A
T4 TWDR
$38 SLA+W EEHHEARM | FEAE TWDR = 1 X | 2 BT ERLRERKE , HEARIUMNER
1 X & Z=RERAZE START
T 4E TWDR
Figure 87. EHAEERXMEXRIRS
MT
Successfull T
transmission | S | SLA A | DATA A P |
to a slave .
receiver
——— ——— » .
W j A “ I| Izs | SLA ! w
Bl OMN7Z ATV
| RO | --k
R
ot seloecae x| ¢ |
slave address
Not acki led MR
ot acknowledge
received after a?dala A P |
byte
cress o ot byte - AorE | Ot et Aor | Ol et
$38 $38
Arbitration lost and Other master
addressed as slave continues
To corresponding
states in slave mode
- Any number of data bytes
I:I From master to slave _D_AIA_ | 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
170 ATmega32(L)
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ENEPER

Table 75. FHEWE VIR

EENERES |, =N TUMMIZRERIE | W0 Figure 88 FT R, A#H AENER , HM
Kix START 5., EESNH KN REFA MT H MR ER, MRELZE SLA+W 3
AMT#ER ; RELE SLA+R N#H A MR X, ATRINRSZRIGET 25
ﬁ:’ "0 [e]

Figure 88. EHIZWEX THIHIEER

cC

Device 1 Device 2 ) .
MASTER SLAVE Device3 | ... Device n R1 R2
RECEIVER TRANSMITTER

SDA

SCL

BEE TWCR EESRFEATHHELH STARTE5 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 1 0 X 1 0 X

TWEN %R B A LA EERLIEZED  , TWSTASGEB"1”K & HSTART 55 B TWINT X
"1”RKF TWINTHREES, TWIBEBFAREMNEBTEL  —BELEZE |7ﬁ5'ﬁ7y:ﬁ_fSTARTJ§
#qzu-frh\u TWINT &1z , TWSR BIRAST R 0x08 ( I Table 74). A A MR =R | &%

h\ l@g é@ %ﬁ %Rﬁ? WFE?FW&%% TWINT

TWCR TWINT TWEA TWSTA TWSTO TWWC - TWIE
X

Y SLA+R KETEHERWEEIAES , EVH TWINT HREBRE M. Lt ENA TWSR
IRASFGATAER 0x38. 0x40 = 0x48, RT%%J%E@EWW‘EHE Table 75, TWDR R
ETWINT ISR FRERKEINHE. XIBA—BEETE ,EEH%EE’J?%#&I&@H&
BRERE , MR NBENEZERIIRENFTELIE NACK §5, KAEST4% STOP &
REPEATED START £ 54 #®{:i%, STOP S5 &d % TWCR FEA TRESEH :

TWCR TWINT TWEA TWSTA | TWSTO | TwwC TWEN - TWIE
& 1 X 0 1 X 1 0 X
REPEATED START 5 &% TWCR #EATRERXN :
TWCR TWINT TWEA TWSTA | TWSTO | TwwC TWEN - TWIE
& 1 X 1 0 X 1 0 X

£ REPEATED START ( RZ 0x10) & , & EO MERFRMERBMIL , FKZ*E
STOP {223k i I E B M. REPEATED START /8 H AT LUE R E & B a0 R4
TEMIL., EMEERR EVZREE E 3 TR,

R 7 TWCR #3824
(TWSR) fis | 2 BT RAM2 & RTEM TWIN | TWE
LR 0" | BPRES % /5 TWDR STA | STO T A | 2%HBITEAT —H RN

JSI PR R A4 B e ST

2503F-AVR-12/03
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Table 75. EHFZBRKXAVIRAT (Continued)

$08 START B &% hn& SLA+R 0 1 X | @& SLA+R
142U E ACK 5 NOT ACK
$10 B4 START E&3% & SLA+R = 0 1 X | EK# SLA+R
0 1 X FFERE ACK 5 NOT ACK
gk SLA+W JF&IE SLA+W
BRI EHNLEER
$38 SLA+R 2 NOT ACK W {h# | T4 TWDR = 0 1 X | 2 BT RGFHBHN , HH#ARIUMIER
ESL 1 1 X | BEZ=REFAE START
FigE TWDR
$40 SLA+R B Fig4E TWDR = 0 1 0 | f=%dE , IRE NOT ACK
BIRE ACK o ; ]
T#4E TWDR BEWEIE |, RE ACK
$48 SLA+R B3 Fi#24E TWDR = (1) ] § FEEES START
HILE NOT ACK Ti%4E TWDR = 9 %&3% STOP , TWSTO &1z
1 1 X
F#24E TWDR 9% STOP , AfE %% START , TWSTO J§&
2
$50 A e 6 EHER 0 1 0 | #HE | IRE NOT ACK
ACK BiEE 0 ) ]
EHE BRHIE , RE ACK
$58 EREHRE EHIER (1) 1 § EREE START
NOT ACK Ei&[El EHIER [ %5% STOP , TWSTO &1
I X
D
www - BB T IC . com/ AdMEk werons
- = S iz
172 ATmega32(L) |
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Figure 89. T HlIEFWEXWRXARES

MR

Successfull H
reception S SLA . R A DATA A DATA A B

from a slave |
receiver
$08 $40 (550) $58

Next transfer |
started with a Rs SLA H R

repeated start
condition

Not acknowledge
received after the A P
slave address

$48
mT
Arbitration lost in slave Aor A Other master = Other master
address or data byte or continues continues
$38 $38

Arbitration lost and
addressed as slave

Other master
continues

To corresponding
states in slave mode

T Any number of data bytes
From master to slave DATA and their associated acknowledge bits

e to Thi mber Eontaled orjésponds
to ined gate off e o crifl Bus. The
r bitare z§r ed 1o zo

MR EMNZBUES | MHLB EHEWEEE | W Figure 90 AT R, ATIFIRBIFIRZFH/KIR
HM AR "0%

Figure 90. MHLIEWVEX THEHIEER

CcC
Device 1 Device 2 . .
SLAVE MASTER Device3 | ... Device n R1 R2

RECEIVER TRANSMITTER
i 1

SDA A

scL y

NBEFHMYEWESX | TWAR 5 TWCREEMNT :
TWAR TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2 TWA1 TWAO TWGCE

=l RS MLt i

A mEl% 173
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B 7 2N uaT AALIERIES TWI Ok, 2 LSB & , W TWI 2000 5 1% #th ik
0x00, &N Z0E bk,

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 0 1 0 0 0 1 0 X

TWENARBMLAERETWIHEOD, TWEALEBNMUASEEN I UHE B S (M Hlibit =k #%)
FHRE#IAS B ACK, TWSTA fl TWSTO %FEE,

%1t TWAR 1 TWCR 2Jg , TWI ZEOBFHBES , BRI B2 WMLt ( &
it , R TWAR 89 TWGCE ERYiE ) HIMEEN F kst e | FEBIEBF @R O (
B). RS TWINT #rEEN , TWSR B E 7T HBMRASE, X ZIRAEH IE 50055
F Table 76, 2 TWIEOLFENER (IR 0x68 = 0x78) H & E MR KX MET CPU
BEAMMZRER

WMREEHEIEFR TWEA £, TWI EOEEKRE T —METE RO SDARE “ T
Z” ., TWEA S48 TWI EO0FXBEN BN  BERESSEMEMEL, — B
TWEA B 7 ] LUK & stk iR BUFNNG BL, bR 21 ATSARA TWEAZ R TWIEZOMNE
% HhRRE HR,

ERZAEXNANECKIRERS , TWI ZOHRSHEXA, BS68E T AIZKES |
BEONR RS ERT S argem N S B bt / MALibHE, st PEE ¥R ER CPU, EH¥REEHRIR) |
TWIHEZDFRESCLAKER ,EETWCINTHREESE, YAVREHIREEEIZEITRETWI
AR EZHNHE, SAURE AVRIRE A KB E | B84k SCL AJREA KA HREE
& , BEHECHENEE,

M MCU MXERIREN R ESR  MEEIEREITFTENR , HIEFEEE TWDR HEKE
HARBMESL FHINEE—1NET,

www . BDTIC.com/ATMEL

ATmegad2(L) m—
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Table 76. MW E K AVIRAE

1R BR A4 B9 B S

RAT 3t TWCR 912
(TWSR) Hii% | 24 BT &M 2L RITEAH TWIN | TWE
LR 0" | R ¥ /E TWDR STA | STO T A 2% BITEHT — 5 MEEMZhE
$60 HEH SLA+W BE24ER | FRETWDRS | X 0 1 0 | #=uksdE | IRE NOT ACK
ACK BiEE X 0 ] ]
24 TWDR BEWHE |, IRE ACK
$68 SLA+R/W {ER EH M E % | T4 TWDR = X 0 1 0 | f=ukdE | 3BE NOT ACK
M ; BT H SLA+W B2 83E X 0 1 1
114 K12 ]
ACK EEH T TWDR EWHIE | RE ACK
$70 BBt FigfE TWDR = X 0 1 0 | #BW%IE , 3RE NOT ACK
ACK BiE@ N 0 ] )
T#g4E TWDR BEWREHE | IRE ACK
$78 SLA+R/W #ER THMHE % | FigsE TWDR = X 0 1 0 | f=ki® , JRE NOT ACK
B BEREI M <« | o . ;
ACK EIRE RigfE TWDR ERERIE | BB ACK
$80 LA BT SLA+W S 4k | T4 TWDR 5 X 0 1 0 | #=skiZ , JRE NOT ACK
 BEC AWK x | o . :
ACK EIRE 4% TWDR BRMIE | RE ACK
$88 B BT M SLA+W @34t | BBiESR 0 0 1 0 %%g]:ﬁ%ijt%mﬁﬁ ; FAIRBIECH SLA
; QEE%{E”& N 0 1 1 ! 3 S IRBI B S SLA
NOT AGK ® = 17 . @CA A LR3I
C . com/Z AfdeEsst...
= - ® 1232 X START
BHIER
TR FUMNESR ; BEBIRBI B H SLA
1 0 1 1 : ® TWGCE = “1” , GCA t8 W LUIRE ; Kz
RS &% START
B IE

2503F-AVR-12/03
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Table 76. MHLEBIRKX AR (Continued)

390 MBS AR T U MR | RBER X 0 EWHAE | RE NOT ACK
2K X 0
ACK ERE i BRI | EE ACK
898 DS EA AR ; SR | RMIES o | o TREKIAMNER ; FERIADH SLA
BARIEN o | o % GCA
NOT ACK EiR M BRI T DREKTFUMIUES ; SBRBIETH SLA
1 0 ; B TWGCE = “1", GCA "] LR 3l
BHER PREKRT MG ; RERFADH SLA
1 0 = GCA ; B&ZRAY KX START
N TREKI MBS ; BRI A SLA
* | % TWGCE =*1", GCA 8T HUIRSI ; B4z
BT RIE START
$A0 HEUMH TR E STOP | iRt 0 0 = T :
eyl ol g;ﬁ?ﬁmmﬁﬁ | FERFESH SLA
0 0
PREKTFUMIUES ; SBRBIETH SLA
] 0 ; & TWGCE = “1", GCA A LRS!
PREKRT MG ; RERFASH SLA
1 0 = GCA ; B&ZRAY KX START
PREIRT MM, ; SEBIRZI AT SLA
; & TWGCE = “17, GCA A BUR% ; BLkZE
PR B &% START
www .BDTIC.com/ATMEL
176 ATmega32(L) |
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Figure 91. MHLIEBEXWRXARES

WWW .

ATmega32(L)

Reception of the own

slave address and one or S SLA W A DATA | A | DATA A | Pors |
more data bytes. All are -
acknowledged

w0 w0
Last data byte received
is not acknowledged A PorsS
Arbitration lost as master
and addressed as slave A

$68
Reception of the general call T
address and one or more data General Call A DATA A DATA A Pors

bytes

$90 $90 $A0

;

$98

Last data byte received is
not acknowledged

Arbitration lost as master and
addressed as slave by general call

T1C.co
[ ]

$78

Any fumbdr it
land @eir afsW¥ie@acknowfdge 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

From slave to master

EMNEEER | ML T @ EHKEERSE |, W Figure 92 Fi R, AT ETRBIMVREF Y
RigEM D MLR "07

Figure 92. MM RXEE X THEHIELH

CcC
Device 1 Device 2 ) .
SLAVE MASTER Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER
/Y /y
SDA y
scL v
NBHIMIEEESX | TWAR 5 TWCRREMNT :
TWAR TWA6 | TWAS5 \ TWA4 \ TWA3 | TWA2 TWA1 TWAO TWGCE
& BRA S Mtk

177
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B 7 2N uaT AALIERIES TWI Ok, 2 LSB & , W TWI 2000 5 1% #th ik
0x00, &N Z0E bk,

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 0 1 0 0 0 1 0 X

TWEN A RBMLAERETWIEOD, TWEALEBNMLMEEH I HE B S (MHlibit s/ #%)
FHRE#IAS B ACK, TWSTA fl TWSTO %FEE,

Wit TWAR 1 TWCR 2/5 , TWI #OBFHRES , BB HMIbaE ( 2/ it
ik, IR TWAR ) TWGCE BZHiE ) HIEEN S ut it Hp | A BHRTEH @MU "1”
(1) ARBE TWI REIFFEEN , TWSR B E T HHRNAVIRASE . X FAIRZSH Y 1E 5 e K7 51
F Table 77, 2 TWI #2004 FEHER (RS 0xBO) HEE MR KM ET CPU i3 A MM
RIiEHER,

MBEEEREREF TWEA £, TWI EOREZHIEZ G ARZS 0xCO = 0xC8, #0
W BRIUMNER | ZREMEERELEH. NTMENBRIINERESN 17, W
RENFEMMEEN (BT KE ACK) , BMEMNEREIELER , it ARES 0xC8,

TWEASNKM TWIEOTBRN B WMVt BERSSSENMEL, —BTWEAEN
AT AR E kIR BRI, BRI , ATARIE TWEA E60F TWI EOMNRLHIRE
3k,

ERZAEINANECKRBEER , TWI BOMRMERA, SFEETMAIBRES |
BEONF AR LT gk aem N S B bt / MALibiE, Hat PCE ¥ ER CPU, EX¥RERHRIR) |
TWHEO SR SCLAKET  BEETWCINTHREBEE, YAVREPIRE FEZE1TE AT
EEEZSHEE. EAMRE AVRIZEB RN KENETE |, iHihLk SCL WREA KA ERIFE ,
FHEHTCHRENEE,

%W@E@lﬁ"ﬁﬁw , %EIE%‘I?KJT@ 2 HiE=RZ28 TWDR BEHIE
www ZBETERE=com MEL

ATmegad2(L) m—
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Table 77. M¥L&IEE X AVIRAE

R R4 B9 T
RAT 3 TWCR #yigfE
(TWSR) % | 24k BT RE M 24 BTEHN TWIN | TWE
LR 0" | RES ¥ /B TWDR STA | STO T A 2 RBTEHT — S REEMEh1E
$A8 BT K SLA+R EL4 K nEk — I H X 0 1 0 | RE—FHEHHKIE , BB NOT ACK
ACK B3RME R X 0 1 1
;{Eﬂﬁi——?*ﬂ@%& KRBT | IR ACK
$B0 SLA+R/W fER EHMIHE KL | MR —F TR X 0 1 0 RE—FHHHRE , BWNOT ACK
W BCH SLAtR EZ&#iE | 55 X 0 1 1
4 & —F K s
ACK B3EEl p KEHRE , #k ACK
$B8 TWDR BHIEE R K% N —FH e X 0 1 0 | RE—FHEHHKIE , BB NOT ACK
B ACK R x | o ; ;
;{Eﬂﬁi——?*ﬁﬂ’m KRBT | IR ACK
$co TWDR BHIEEZ %% Fi24E TWDR % 0 0 1 0 BRIRIUMNER ; THIRFESH SLA
#IZ) NOT ACK 0 0 1 4 | BGCA
T4 TWDR & TIRERSUMNER ; EBIRFIECH SLA
. & TWGCE = “1”, GCA 8 a LR Bl
1 0 1 0
T8 TWDR 5 |EFIUHMNER ; FEIRSEZH SLA
] 0 ; 4 | BGCA ; B&ZWE K% START
www . BD-EIC. COM//%TG
PR B & 3% START
$c8 TWDR f —FHHIBE LK% | F#RE TWDR 0 0 1 0 | IRBIRFUMNER ; TEHIRZETH SLA
(TWAE = “0”); 0 0 1 4 | BGCA
EIE ACK T4R4E TWDR I|IFIUMNER ; 8EBIRZE M SLA
. % TWGCE = “1”, GCA 8 aJLUR Bl
1 0 1 0
T84 TWDR =% TRBARIFUMNER ; FEIRFIBSH SLA
] 0 ; 4 | BGCA ; B&ZRE K% START
o PREARFHMNAES ; seBIRFI B2 H SLA
FHgfE TWDR : & TWGCE = “1”, GCA tB ARG ; Békze
B &% START

2503F-AVR-12/03
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Figure 93. MHLZZ#E XX TR

Reception of the own i -
slave address and one or S SLA R A DATA A DATA A PorS

more data bytes B
$A8 $B8

Arbitration lost as master
and addressed as slave A

Last data byte transmitted. K
Switched to not addressed A All'1's PorS
slave (TWEA ='0") -

$C8

- Any number of data bytes
From master to slave DATA A and their associated acknowledge bits

I:I From slave to master @ This number (contained in TWSR) corresponds

to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero

HiaRZE ERMNRASEEEHEBMN TWHRAEN , W Table 78,

RS OxF8 R Y ALK BEHEXELR , BRFMIRE TWINT 1 "0", XMRSAELAELER
2K TWI ?%Diﬁﬁ%*'%%ﬁ’f?’iﬁ“ﬂ’ﬂﬁﬂﬁo

MERPARET EL £ OP HIME45 IR
Y at ttyu@@tﬁ 0 ﬁ LSTART:SZSTOPO
& g TWSTO , 3#&x

= nyr ) %% TWINT, XFS B TWI O AR IHMVER, #5s TWSTO #EE
(TWCR W EH M A2 80E ) , LUK SDA Hl SCL #BH , EET 4L~ 4% STOP,

WWW

Table 78. HERASH

BP0 L
- % TWCR # R4
(TWSR) 15 | 2& HBRITR&M 2 & RITRAF TWIN | TWE
BN 0 | BRS # /5 TWDR STA | sTO | T A | 2 REBATEA T — S RRMN A

$F8 SBERXHRSEER F#fE TWDR No TWCR action SRHAHTHRER
TWINT =“0"

300 i FIEAR START 5 T4 TWDR 0 1 ! X | REMALES ; TaK% STOP BEL k.,
STOP 5|i2H B &R ZIBRRBOHEE TWSTO

180 ATmega32(L) |
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AN TWIERASE -

ZENREMHER

2503F-AVR-12/03

EREBERT AERBENIE  SFIFLHTWIERA SR, HlaMEITEEPROM
EEEE, ARANXMERSEUATSE

1. RSB

2. AJ4%iF EEPROM BB

3. MIMSTERRILERE

4. EEMMLER

AEBRETMNENEZIMN , Rz, BXENAMNEFMVIRECEBRNAVE , BtE
EFAMTER ; ARRELTHEMESE  EEFA MRER | BEESRSARE,
ELRSBED | ENMSARENELNES  BUELESBRNZEHIT. WRESEN
REFBERX—AN  EMEEF-SSE=S2RAECENNRE EEPROM FHEIEEH ,
MEVIEENBBEMNERERN. FEFOREREIELXE MU FT SEREIEZE
&% REPEATED START {5 53Rk M, £ %1% REPEATED START 555 , TH HL
REFLELENEHN, TRAHEEZNARER.

Figure 94. JL# TwWI # X Bk & 178 81T EEPROM

Master Transmitter Master Receiver
//_’—R //_,_/a
S SLA+W A ADDRESS A | Rs SLA+R A DATA X P
S = START Rs = REPEATED START P = STOP
Transmitted from Master to Slave Transmitted from Slave to Master

o TP Y LT P i A B T 18 — NBIR AR
V1 4 7 Wrfis i T m 3 N TEETFAE
e e NP i T N x4l BB,

Figure 95. {h& R4l

cc

Device 1 Device 2 Device 3 .
MASTER MASTER SLAVE | e Device n R1 R2
TRANSMITTER TRANSMITTER RECEIVER

SDA = >

SCL =

Y

BT EMNBERATEREHFRTRE :

s FAANRESHNENRNS—PNNETES. EXMERT , TIEENHIMIEBR
HEERENES,
FANREZWENENTE—PMNNBHTARNBES RN HEE. EXMERT ,
£ READ/WRITE Ui ER X EME. EVAEESDAL LHmH— 1P SHEF
B, MBEHMAENEZKHE "07, WZENELELPEP LN, KM EVFERK
RAEFUNMINER | FESFELERFEE—NFHW STARTES , SHNARF
REo
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s FNRESZHENFRFTEOM. EXFERT , BLMHRE SLA KE. EHid
EESDAL Ll — T REFN , MGEEENELEE 0", MXENNELEL
HEF KM, 7£ SLA BEMPREBNEVFNRIMNER , HREBSREHR
BELERHNNEN I U, MEHI U , ©FH#EA SR STER | XEURTF SLA
# READ/WRITE V9B, MR ECREI U , FHERBKEITUAMNERNRFFE
KZEW , RE—NHH START 55 , XHNARFRE.

Figure 96 iR 7 B&MENTRE , BPHNERFN TWI HRFE,

Figure 96. S4&MEIRE

START SLA Data STOP

Arbitration lost in SLA Arbitration lost in Data

Own No 38 .
Address / General Call ‘WI bus will be released and not addressed slave mode will be entered

f | A START condition will be transmitted when the bus becomes free
received

Write 68/78 ‘ﬁa byte will be received and NOT ACK will be returned

Direction \/ '@a byte will be received and ACK will be returned

Read

o | Last data byte will be transmitted and NOT ACK should be received
@'@a byte will be transmitted and ACK should be received

www . BDTIC.com/ATMEL
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Bl RS BB BERT TE AR AINO BB S 5048 AINT B9 /TH B, 34 AINO k98 H 5138 AINT
FHEEEEN | EE R ENEE ACO BNE, iR A RA S 2N / it
I 1 EARRIA, A KREATMEECETAN. MM, B aLUER
HRE RN FFN. FHEME RS0 RA% hHf, Figure 97 HHREREA
BB g e AR,

Figure 97. &l LLEBEER @

BANDGAP
REFERENCE vee
ACB l
ACD —»
ACIE
AINO

h L | ANALOG
| INTERRUPT _)—» COMPARATOR
/ > SELECT IRQ

| T T L—— ACI

ACIS1T ACISO ACIC

>
TO T/C1 CAPTURE
TRIGGER MUX
ADC MULTIPLEXER ACO >
OUTPUT®
I
www BD . 1@8&;0 MEL
2. EH\LLREEWE M2 i W P2 Figure 1 & P55 Table 25 .
S PRIHRE IO 788 - SFIOR
Bit 7 6 5 4 3 2 1 0
I ADTS2 ADTS1 ADTSO0 - ACME PUD PSR2 PSR10 I SFIOR
®/BE R/W R/W R/W R R/W R/W R/W R/W
WRE 0 0 0 0 0 0 0 0

+ Bit3 - ACME: il LLEER 208 5 AR RE

HwniB%E "1”, B ADC & F xR (ADCSRA 1725/ ADEN X "0") BY , ADC %
BREARNRLOLRBRERARA A, SR "0” i, AINT EZRIILLRBF[AARB A
i, BEFAMRKIESI P186 “ RIULRF[ZIHA "

A IIIEI% 183
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BB LR H RS F 788 -
ACSR

ATMEL

Bit 7 6 5 4 3 2 1 0

| Acob | AcBe | Aco ACl ACIE Acic | Acis1 | Aciso | AcsR
®/5 R/W RIW R RIW R/W R/W RIW RIW
e 0 0 N/A 0 0 0 0 0

» Bit 7 - ACD: #HillLLRERERA

ACD BT , il LR BFHY R TIMT . AT AR AR BHR IR B b R < BB LR BT, X
AU TR R ERERN TN, % ACD Ut , HFES ACSR F1FE8H
ACIE {3RZ BB 2SI, B ACD 3R AT BE & 7= 4 I fT,

+ Bit 6 — ACBG: & F#E Ll L B2 sE R E AR

ACBG EBfI/F , BE\LL RS ER M A HEEREARFTEC. B , AINO EEZE
BREENERBMA. WP FREHEBE ",

« Bit5- ACO: E#flLL e85 H

B RENREE2EEASEEREES ACO, BESHEISIAT 1-2 MNetsh B EIM TR,

» Bit4 - ACI: L LL BB MIPRE

MRS REESA L THACIST & ACISO EX B HE R et ,ACI BfI, 18 ACIE
M SREG FEHBNEBHMIRE | BN  FLAENLREFMBESEFEESURIT B
Bt ACI HIEHSE, ACI LA LUBEE "1” KER.

* Bit 3 — ACIE: ##l LB 28 b Wi RE

WWW .ﬁ&ﬁ%li@ﬁ’#@@ﬁ%ﬁﬁ-@ﬁﬂﬁ hﬁiutm%swﬁm&

» Bit 2 - ACIC: #ill L2850 A2 (ERE

ACIC BI/E A BT BRI LL RSt R T/C1 B A IR IR, LT LR B A0 i HE 4 e 432
EEFMABENIREE , NESLEREFTUFA T/C1 AR FUNE BRI
HIBS R b &R IEIRIhEE, ACIC 7 "0” RHERILL RS R AR IhAE < A& BB R,
NTELRBALME T/IC1 W ARIRPE , ENEPEAERTFEE TIMSK 8 TICIE1
IRE o

18¢  ATmega3d2(L) m——
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BElERBSTAA
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 Bits 1, 0 — ACIS1, ACISO: # il L1588 rp it =Xk 4%
XA EMEE RTINS, Table 79 4 7T FREIMIRE,

Table 79. ACIS1/ACISO RiE

ACIS1 ACISO R
0 0 B ER A (L BN AT b & AR
0 1 R
1 0 EEB B A Y T B IR = A
1 1 Eesk g5 Y £ R = L

FEENE ACIS1/ACISO B , HIUEE ACSR F1FEeY P M FAE AR EZE ILEL\ LB BE
Wro & 0I7A A BE7E 3R X v B 7= 4 AR T

AT LA ADC7..0 2HIEE — M RABEDLERFBN AR Em ALK, ADC ERASRTAX
SERIXMNINEE. HAR , ATHEAX NN LM KE ADC, MEELLLRERERAEEME
BE{ (SFIOR F#9 ACME) # &1 , B ADC thE £ <15 (ADCSRA 17858 ADEN H 0) ,
MATLAEE ADMUX F1FEE8H) MUX2.0 RERSER/ENDLREBAMBANER , ¥R
Table 80, 1R ACME EE Dk ADEN Efy , MIEHALLER B[ Atk 5 A 79 AINT,

Table 80. RIALLERBRE AR A

ACME ADEN MUX2..0 otV & ant i DN

0 X XXX AIN1
_\1 —— XXX AIN1 —— —
B] eOx MEI
= m W\ 7 X TV e

1 0 001 ADC1

1 0 010 ADC2

1 0 01 ADC3

1 0 100 ADCA4

1 0 101 ADC5

1 0 110 ADC6

1 0 111 ADC7
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ATMEL

s 10 BE

e 0.5LSB WIELME

« +2LSB MHFIEE

> 65 - 260 ps KyFHRATE]

. BEOHERINFEHEESIE 15 kKSPS
- 8 E AN IR ARE

c THRESMAEE

o 2 BRATEEMAE N 10x 5 200x HE S W AEE "
- WiEKENFF ADC K

* 0-Vcc B ADC A B ESBE

« T%M 2.56V ADC BEHBE

o ESFERSARERER

- JEX B3tk PR3 ADC iR
o ADC HiRgE Reh il

- ETFERERNNRFNEER

Note: 1. ZEPDIPHETHESRMABERGAZN IR, RRIEFEETQFP EMLFEETEE
I,

ATmega328 — MO HZEREBILEADC, ADCE— 8 EEBEMELNZ IS FHRIER &
FNREBEHO AR 8 BB iRE A BERITHRE. RiRBEM AL OV (GND) hEE,

BREXEF 16 %%ﬁ%&ﬁixﬁéo ﬁﬁﬂ%%ﬁ:‘ﬁ)& (ADC1, ADCO 5 ADC3. ADC2)
BEURBEEER , £ AD HRFIAZETMABRERM 0dB (1x). 20 dB (10x) =X 46 dB
(200x) AR, LEES *;?Liifﬁr)kﬁa_,\;—/\ﬁmﬁﬁ (ADC1) , T H h4Efa ADC :t'ﬁi
AAMER Ew AR, (REH 1x % 10x 1825 , AI83 8 U0 PR, ﬂﬂiﬁﬁﬁ 200x 18

WWW - g%@gfl&% CW/ AFMEL{%%@ ADC

ADCHAVCC |l iRt B R, AVCCHV ZHHWRETRERET+ 0.3V, HSE P193
“ADC = #PHIER ” k 7 R i #IX 4N 51 R

FRFAMERN 2.56V EEHEE , AR AVCC , B T4 2R, BEEBETTLUBNE AREF
SIE En—NEB R 1THRERE | LxEt?iMﬂﬁﬁlJﬂsﬁm
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Figure 98. #EHHRBRHIER

ADC CONVERSION
COMPLETE IRQ

a

8-BIT DATA BUS

ATmega32(L)

ADTS[2:0]

INTERRUPT

FLAGS

<
<

ADIE

! L

15 T 0

ADC MULTIPLEXER
SELECT (ADMUX)

ADC CTRL. & STATUS

ADC DATA REGISTER
(ADCH/ADCL)

REGISTER (ADCSRA)
A

AVCC I:'i X

INTERNAL 2.56V

AREF

BANDGAP
REFERENCE
ADC7 li

/T

SINGLE ENDED / DIFFERENTIAL SELECTION

AAJ A
& w| o S E| 2| 5| = o o g & a| g| g 5
x| < < < <« < < < < 3
»| TRIGGER g
»| SELECT <
Y Y Y _Y_ ¥
’ MUX DECODER ‘ Y Y VY
~ PRESCALER
(s} z START
E o
b E, 5 v
w pur}
2] o
G 3
g % CONVERSION LOGIC
E o
Yy 3
REFERENCE ‘y SAMPLE & HOLD
COMPARATOR
10-BIT DAC

www .BDTEC AT
- L/ L\ M1l
hoes I:'i APLFIER
ADCZD ]
ADC1D
ADCOD
L]

NEG
INPUT
MUX
/

B

ADC MULTIPLEXER
OUTPUT

ADC BEZXEEMNAF EFEMANELBERRE - 10 UWBFE, &NMERE

GND , B AERKRAREF S| EMWEBEBHZE1LSB, BN EADMUX F1Z258 REFSn
AT LAIE AVCC SNER 2.56V WIS Z B EEEES AREF 5|, £ AREF EAA N8R 7] BAXY

FRSEREH#THRBURESREIHMEE,

BEMABESE5EBITUERE ADMUX FFEEM MUX K&, £44 ADC @A

SR, & GND K&
WES BEBARNESA@A.

ERRBRSERE , M LUMESN ADC KB imH A, ADC i A SR AlE

MBERZESEE  BIEBRFEAASENNEERFEIBEEEDHAR. REHMK
BN ADC HiERm A, MREALEREE | FEIWSHM KRS

Ei3i&E ADCSRA Z1785# ADEN BIR[/53) ADC., RE ADEN E{urRSEHERH
ABEEBRT £, ADEN BEER ADC HFFEE , A B IEH ATREERER 2 51%

1 ADC,

ATMEL

2503F-AVR-12/03
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ADCHRER N0 , FHTADCEIEZFFEFADCHRADCLA, RIAMBER THBRLER RN
AXF , BAETIRE ADMUX F17351 ADLAR 2R EXH5F.

MRERFQERENT ERSRESNNEREE  BARERINADCHHREB T,
AMES%EE ADCL , B ADCH , MRIEBEFSEHRFTHNARTRE —RERNER, —8
B ADCL , ADC WM EFFERNTUMBELET, BRI , BREVADCL 25 , BIfE
12 ADCH 28I X BE— X ADC BB &R , BRFESNRBECTALEN , NTIRIET &
MERTE%R, ADCH#izHf5 , ADC ENA[EXi5E ADCH & ADCL 1788,

ADC##p g5 5k ] LA & AP T BN A T A £ E I BVADCHESADCL Z B iERADC T
EIRRBETES  ARLEXRTHREEIE |, DO,

B3 — kR [ ADC Bahst# ADSC U "1” AL\ B 3h 8RR, EHRERPHMRZERNS B
BHBRER  REHEHES, IREEHIBPER TS —NEE , L ADC 27X
@ E B 5T ARIX — IR R
ADCH#H I ELRE LK R, iR EADCSRAZ1Z83MADC B3 il & SR F L ADATE 7] LAfiE BE
Baifii %, 1RiE ADCSRB ZF 1785 ADC il &% ADTS A LLUERAIAIR ( WAL IR
FIRBPX ADTS HHIR ), HFMENMEES~E LA , ADC Mo MBS EMNHTTA
B, XEHRT - MNEEENEBERETEIERNGZE, BRERSEFEMEAESNIARE
£, U RAB—RFNER, NREERESEIREEEHXZTET —PLEA , X4
B2, BMESEN PSR BRI R 0, MRS IFEL, X
BALERTEFRMNERTME — X, BRATETRAFMEHRERMLTN
i RS H RS ES.

Figure 99. ADC Bzt KB %5

ADTS[2:0]
B D-- I / --MEL ——
WWW. .com/A
START CLK, e
ADIF — ADATE
SOURCE1 —— I_

""" 5 } CONVERSION
LOGIC

S e EDGE
SOURCE n DETECTOR

ADSC

5 ADC FlisrE/EN AL RR , AT E EE#H T ERRE REEFF BT —IX ADC ¥R,
25 ADC BEIEEEEKRESN | FEMHFTREAX ADC BIEFFH/HTEN. £
—RE#iE S [ ADCSRA FF85H ADSC B 1 KE31. EUERT |, FEMN ADC ik
BT ADC FIHi#RE& ADIF BB EN.

WMRFEEET Bk , EfZ ADCSRA FF85H ADSC a3 R #, ADSC fRrEik
AARENERERERTZH, THRERENMEN , EER#ETIES ADSC —
BA 1,
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Figure 100. ADC %3 35

ADEN
START Reset
7-BIT ADC PRESCALER

CK — >

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

-
<

'y vy

-
<
<

A

»

ADPSO0
ADPS1
ADPS2

ADC CLOCK SOURCE

ERANRGT \ BRELBEREE— M50 kHz E/ 200 kHz B9 5 AR # SR BHRABE.
MRFIRNERRBERT 10 toiF , BMABMARMMERALS T 200 kHz , BUARESH
KR,

ADC BREFE—"Fi o Hias , © o AREMET 100 kHz By CPU B R&= £ AR R
ADC Bt#, i 3278 ADCSRA & 1725 ADPS #{TiRIE, EfL ADCSRA FFaaH
ADEN f}f£8E ADC , i SMERTT A1t 8. RE ADEN 3 1, Mo a1t # , EX
ADEN B%E,

ADCSRAZEFESHADSCEN G , RinERET — MNADCHRM AN EARFRES. =

B COMAATMEL

2503F-AVR-12/03

# ADEN E{ ) % —IXHIREZE 25 /N ADC & A,

HEBEH ADC ISR H , RFEREFERRBIZ/EM 1.5 ADC BT ; ME—IK
ADC ¥R REFRIFN R EERIRB 32 /FHY 13.5 1 ADC B i, HIRE R /G ,ADC 4R
Wix A ADC BIEEF 785 , B ADIF /RSB, ADSC ERNEE (R REHRER ), 2FH
H AT ABIRE L ADSC #77& , MTITE ADC M58 — N L AR B 31 — X iR,

EABMMAR  MREHAREFEMTDMER XRIETHREHMNEHRE 2T
NEEEN. EHEXT , REREEMRES EARZEN 2 MADC Bt RE. BT
KRS EEFZHING 31 CPU B FH,

A=K, BAFMRIFENER ADC BT |, BIRFRE 25 ADC ittd, XR2H
THRERE ADC XAERABEH LR,

EEEEBERT Y ADSC B 18, REHEHR—ER | T—REKRD EFH, i
[B#E W Table 81,

A IIIEI% 189
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Figure 101. ADC BtFE , £ —IR¥#R (2RFERER)

First Conversion e rsion

| | . . .
Cycle Number \1\2: :12\13\;4\15\16\17\18\19\20\21\22\23\24\25\ [1]2]3
ADC Clock ; 3 | uly
e T o
ADSC / \ : W
ADIF 3 : : hi
soc I, 7 X S o e

|

aocL T - D i < e of Resuit

' ! I | :
MUX and REFS \ . ) _/>
4\ o Sample & Hold onversion

Update Complete MUX and REFS
Update
Figure 102. ADC BFE , ¥ Xk
One Conversion Next Conversion

Cycle Number | 1] 2] 3| 4| 5| 6| 7] 8| 9] 10| 11| 12| 13| | 1] 2] 3
ADC Clock
ADSC 74 1 V17
ADIF 1 1

MSB of Result

www BDT A
= 3 v |
ADCL 7 / T

T % Wi ) LSjBofResuIt

\ Sample & Hold

Conversion
MUX and REFS Complete MUX and REFS
Update Update
Figure 103. ADC 5B , Bl & $ik
One Conversion __Next Conversion
oydenumber | 1| 2| 3| 4 S| 6| 7| 8] o] w0 ul 1w w1 |1]z]
ADC Clock
Trigger : : : ‘ ,
Source : : : V /
ADATE L ! | ‘
ADIF . 1 ‘
ADCH i //Dj< MSB of Result
ADCL T /// LI T L vy 7k LSB of Result
/’ ' <-\ Sample & Hold Conversion f <\ Prescaler
Prescaler Reset
Reset Complete ese

MUX and REFS
Update
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E5MABEE

HEBEEHE LR
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Figure 104. ADC I F@E |, EL& iR

One Conversion Next Conversion

T A

u| 12| 18| 1] 2| 3| 4|

Cycle Number
ADC Clock
ADSC |
ADIF l
ADCH T /}( MSB of Resul
ADCL I //}( LSB oiT Result
Conversion /> \ \ Sample & Hold
Complete MUX and REFS
Update
Table 81. ADC %50 [H]
Ki¥ & REF (BRHERT
&t e AR ) BREE (FR)
B—IRER 14.5 25
EFHER, Bif 1.5 13
2 - I 13.5
1.516.5\ V] e B 13/14

LEAZDEHREE K FEERRRNBERLE,

ENRRERIBITH CKype, BFETF ADC M —%, FIFSREY ADC EOTE CKypeo
BREARESREFNBIZNN. L CKype, NER , BIAFEEGR (B, FIEW
BRHIREERELEGR ) BSRRARERANE (EENMIMEN 13 4 ADC &
MEAH ). M CKypep, AN, BTRSHE , A 14 4N ADC B4 AR, EELEH
BRERN , —RBEREREUNEHFNEER , MEAT CKype, EAS , IENEZE
o (BDBREE—IRA ) £ 14 4 ADC B9 AR,

EFMEMNERIZEDR , YHFRN 4 kHz RHERERHML. EENMERIESERIELMER
Ko HMAGS B TERERTRNMEN |, MEM AR MAKBERE K. F= , ADC
RMEFZRBERTRRE. ki, FTEBETREZY , ADC H#AHB R 6 us , /&
FBERERN 12 kSPS,

MRFEAESEBZBEABES B A B |, EHRE ADC %A% H, YFEHAED
% Et , ADC DS E R B aI SN, HTERRINESRKEREN ADC &
Mo ZERTN, B8R (£515788 ADCSRA K ADEN U/ B “0” &R “17) , @
NEAARFEMELE ADC , AT BE#R. TREREREN. HFEN P190 “ F 550
& ADC ##EtF "

ADMUX ZZ 82K MUXn R REFS1:0 B 15t B 17853R 3 7 8 8, CPU AT X bL G s 2
FERF TR E, XRIETHEXFREIBRPEENEERNIREAETRENNZ, £
BREHZEEREERNERTENET, " BEERABRTATBERBEMELE
BT, MMRIE ADC B 7t BRI AT [E] . FEEIRTTA (ADCSRA F 17888 ADIF B ) 2
NSRS — N AR  BEMEARNIER XA UERTIR. HROFHRINZH ADSC
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ADC i ABiE

WWW &

ADC EHBER

ADC 73] il 2%

ATMEL

EMEN TN EFR. Bt , BiVAFEENMN ADSC 2 51— ADC 4+ A H
B, TE#&E ADMUX L)\Ji%:%ﬂ’]ﬁl_&glﬁlﬁo

FRENMEN  MEASHAENRRRTHEEN. A TEREFIENEKRNTN  EF
T ADMUX FEH —EE4HE 5/ Do

ZADATER ADENEEN N RS H T UEEERZ L L, R E IR %3FEADMUX
SFESHENNE O BLAFREZHINT —A#HREETIHWIRELERRINIRE, BT
BT ZI AT AR 2 i X ADMUX #HITE# :

1. ADATE = ADEN 3 0

2. EHHBEREY  EREMEASHELAEREL —/ ADC Bt EH

3. BMERCZE , BREENMERNPIREES 28

MRE FERINE—TER TEH ADMUX , BRAFZEINE T —)X ADC BT,
URTEZ/BENBRIEE, —BRAEEZ,EE , HBREA 125 us KREZE,
W EFEEGH 125 uys AFRNE iR, SSHFZMNBEBRANERER

= thE ADC S ZH/T (B 3 ADMUX F s REFS1:0 7 ) (58 — R th )8
TRIEA R

EERENEEREIRATIESAH

THETRERERERN  EREBHHRMRINEEEE, £ ADSC BEfLFH — ADC &t
%*ﬂiﬁ?ﬁ?klﬁ?%%ﬁﬂﬁﬂlﬁ‘)\ﬁﬁ? BEREEENDEREFRNEREEALE
E,

EESFKRERT , SRES —RERT IR IEEEE, £ ADSC BEfI/FH —1 ADC
HT%#HEHEJE‘IMJ&#%%EE’J*%TM‘“AJEJET ERBEHENDTEREFTRREREAUXR

EGEoom/ ATMEL =

HENmE = ‘iﬁEEL,Eﬁ:ﬁﬂJ{_EﬁﬁE&%%Euﬁ BfE , 58— REREREBER
B, AFREFEFERERER

ADCHIS % 8 [E 38 (Vrer) R T ADCHIB B, 2 8 BB BB T Veer , RERT
I OX3FF. Vper ATELR AVCC. MIEB 2.56V B/ 2T AREF 3| BIE,

AVCCEBE —MNERFF X SADCHIE. FNK2.56VSE B EHaEREMER (V) B M ER
BARBEF=E., TIERWHER , AREF #E#S ADC #iE , B AREF Sit 2 E 54 h0
BATNEESEBENARM, Vo, BN BHANENRSRE AREF 2/ BNE.
EEH: VREF EOBE.#{EI_J y .EtRﬁEL&@ﬁﬁﬁo

MR —MEERFEES AREF 5| BBARPFRTREREMHNERERT BAXES
HARNERERSABSERNER. R AREF %IHﬂlzﬁﬁHﬂ%Eﬂ%ﬁB*%ﬁ R P Ar B
1%£#F AVCC 5 2.56V ENE KR, SERAEFHNE —IRADC RiRRGERIRET R 2
VAFTERRAX —RNERER,

MBRFEREPEE , EFESEZHETNEEILI P273 Table 122 TR AVCC,

ADC YR 7= I I35 68 H Al AR RE R R X T REAT 3R |, A BREE T CPU RANE I/01R B 1R
EoIANEE, REMNHRTE ADC BREXARZAEXTEA. I TEAX &,
BIRAWMTHER
1. TE ADC S 218 , BIRBATRRRS. THEEXNIZNERER , #FA
ADC #H 45 R i £ 58

2. BAADC BRER (HEWENX ), —B CPU #HE#E , ADC EFFREEKR,

192 ATmega3d2(L) m——
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3. MREADCEMRERZENEBEHMAPM&™4% , BAADC R RTFHREECPU M
1T ADC HIRERPMRSEF . WRE ADC HiRERZH1A HbH P RTR
WEET CPU , WK MRS EFEEINIT. ADC HiERE™4% ADC ¥
BRERBUTER, CPURNIEZFHKREESBEMIT,

HABRZRRENR ADC BREN AN EMKIRERES , ADC F2BXM, EHA
XERIREAT |, ZUCRF ADEN FEUBREIIFE. R ADC HiZREREX T , BA
FETREDHR , BiUKH ADC BERERREASZREBITRE

Bl A B BIREERE LA A B Figure 105. . FiE 2 A A ADC K% ABIE |, # A E| ADCn
MIERMESEZRSIHEAREAEENE N, AE ADC K@ ABER |, EBEMESHEL
BT — BB (AABENASHEE ) B3 RERE (SH) 258,
ADC 4t 31 BBLE 4 H PR IR T 10 KQRFE/PNWEE S| TR W FXEMNES KA
BT UZERIT, EESEEESNMENR , BLARENBRBURTX S/H BAFK BN
B, XANBTRIAREELR KR, BiAFERMHEREET(CEENELES , BRiXT
OB A3t S/H BB A MY BT 4% il o
MEFEAZESERBEE , MABRERTE , BIUER/LE kQ KIRBMA,
MESTREMFME (f\pe/2) WESRTREA TEM—NEE | X8 DU &% R AT Al
MESEMNERNKE, HILESH AL ADC 2R RFFEH —MEBEEKRSRIEESM

5.

Figure 105. &l A #.8&%

www . BDT écpm/@"MEL L

Cgp= 14 pF

BRI HIBAR BEABRABHRFHEBLFEBH TR (EM) , NTIZEELNENEE. R
BREEERRS , BATUBE AT AERBDERS

1. BEERBEEEE. RIEIENMESEKUTELME | HEENSSETR
NBFESLD .

2. W Figure 106 Ai’R , AVCC NBX — LC MESHFHEIR Vo E#,

3. fEf ADC BFEMEIRERMEIERE CPU TR,

4. WMREADC IwOAAERFHE  FAXTARIEERRBTIBFENT 2
BEFHYIHR,
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Figure 106. ADC HJRIE#H

________________________

[©]
@]

[a]
P
O]

Analog Ground Plane !

:::] PA4 (ADC4)
|| Pas (aDcs)
j PA6 (ADC6)
j PA7 (ADC7)
| ] AReEF

suvarn WWW BELbG o COMAALMEL: wssaz0ss

ik #E’Ji’JjJEﬁiﬂu)\E’J*EHE’JJEL/”UﬁO ZETHREMNNESERFRE, EHX
TRESENRAE , BENRETEE 1LSB LT,

ADC FEEE L — n ZH 2% ADC ¥ GND 5 Vg ZRINEMBERKIREK 2" 1 (LSBs) FREINEKF
B, S/ONERRBA O, FANEIRBR 2™1,
RTNASHERT SBEBRZ BNRE
R 8 — IR ¥R (0x000 F 0x001) SEARH#: (0.5LSB) ZEMRE=. BAER: 0
LSB,
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Figure 107. ®BIRZE

Output Coded

————— Ideal ADC

Actual ADC

Vree Input Voltage

BRIRE ABRREZRE , R — X ¥ (Ox3FE B Ox3FF) SEEER (RAEULT
1.5LSB) 2 AINREB NIBEHIRZE, BAEE RN 0LSB,

Figure 108. E#iRE

Gain
Error-:

www . BDTIC . com/ATMEL

77777 Ideal ADC

Output Code

Actual ADC

[

Vger Input Voltage

o BAELM(NL)  AREBRERZRECRE , IESGERRSERAERCENEX
ixZB0 INL, 288 : 0LSB,
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Figure 109. E{IEL M (INL)

Output Code A

N>

77777 Ideal ADC

Actual ADC

[y

- —
Vger Input Voltage

E 7 IEL M (DNL): SRBRIB T (R MNBIL $5# 2 (B) MV AD (B BE ) SR 10R8 3T (1 LSB) Z /Y
m=, Hit{E : 0LSB,

Figure 110. =7 JEL& % (DNL)

Output Code h
Ox3FF

www .BDTIC

[

0 Vger Input Voltage

BUIRE  HTRABERE(CRERUNEE  EMNCENBARE (1LSB) #i
BRANMEEHN KRG, BLIREERN +0.5LSB,

BXNEE  BERGRER (REZRR ) SERRRCENEARE. HRE. BRI
= EPRE. FEMREMIREMR. BREN +0.5LSB,
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ADC H#4& R
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WWW.BD"|C.COA

HRERG (ADIF IE ) , BRIRERBTF A ADC £ R 31788 (ADCL, ADCH),
BOREBNERNT

ADC =
VREF

Kef | Vy REEPEIHABARE |, Vege NSESE (20 P198 Table 83 5 P199
Table 84 ), 0x000 {AEMEIHBT | 0x3FF A EFTES = s FE W IER = 1LSB.
MRFREDBEE , ER= .

"4 -V - GAIN - 512
Apc = UPos~ Vies)

VREF

KH |, Vpos DHIASIBIERE , Ve AMASIHIABEE , GAIN HIEENERE T , B
Veer NS EBE, ERA2MWHBERET , M 0x200 (-512d) Bl Ox1FF (+511d). IR A
PEENERMTHRERMERN | ©RDERERN MSB(ADCH F ADCY ), tNRZH
1,870 ZNR 0, £RRANIE, Figure 111 A HE D AR,

Table 82 4 Hi M 1% FE 49 3 5 GAIN BB Z B EH Vor K925 % AT (ADCn - ADCm) £
WABLE R,

Figure 111. Z2N£EE

Output Code
Ox1FF

( V. _JGAIN Differential Input

T \
-V, /GAIN
il REF Voltage (Volts)

0x200
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Table 82. W A B EHH HEBWHEEXR

Vaben #EHB A8 B 3 IE
Vaocm + Vree/GAIN Ox1FF 511
Vapcm + 0.999 Vger/GAIN 0x1FF 511
Vapcm + 0.998 Vger/GAIN O0x1FE 510
Vapem T 0.001 Vgee/GAIN 0x001 1
Vaocm 0x000 0
Vapem - 0.001 Vgee/GAIN O0x3FF -1
Vapcm - 0.999 Vge/GAIN 0x201 -511
Vapem - Veee/GAIN 0x200 -512
1 -

ADMUX = OxED (ADC3 - ADC2 , 10x % , 2.56V SEBE , £XI7F ).
ADC3 LB} 300 mV , ADC2 BBEH 500 mV,
ADCR =512 *10 * (300 - 500) / 2560 = -400 = 0x270,

ADCL F#i%& 0x00 , B ADCH 3 0x9C, 4 ADLAR E 0 X437 :ADCL = 0x70 , ADCH
= 0x02,

oeszessipWk. BDT 1 C . com/ATMEL

| REFS1 | REFS0 |ADLAR| MUX4 | MUX3 | MUX2 | MUX1 | MUX0 | ADMUX
®/B R/W RIW RIW R/W R/W RIW R/W RIW
EE 0 0 0 0 0 0 0 0

+ Bit7:6 - REFS1:0: 3E8Ei%F

W Table 83 Fi R , BEX/LUALLERSERE, MREXRIBHUE T EMINIRE ,
REFILERMRE R (ADCSRA FF8H=M ADIF By ) 2 ERESF2RER, MRE
AREF S| EHENN T RS ERE , NESERERTREBEA T

Table 83. ADC &E B EiEF

REFS1 | REFS0 | $Z B EikR
0 0 AREF , AE Vref <
0 1 AVCC , AREF SIHISMIE R BA
1 0 *E
1 1 2.56V M AEHBEIR , AREF S| IGERER

» Bit5— ADLAR: ADC ##: 4 R AN

ADLARSIADCH 45 RIEADCHIET FER P FRILN . ADLARBN R HIRE RN L
NI, BUANEXNTF. ADLAR MG IUEEN ADC BFEFEHFNAE , TEREHF
BMEEHRIT, XRTX—UNZTEMRFER P202 “‘ADC ##EF 787 ~ADCL K& ADCH” ,

198 ATmega3d2(L) m——
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* Bits 4:0 — MUX4:0: #0858 5188 38 % 247

BEX/LAMNIRE , AT EREES ADC HMELNE ARITER, AN EsBEESRIT
B, AT N Table 84, MRAEKRIBPIRBX/LUNE , BARBIERRER
(ADCSRA HF8:# ADIF Bfv ) EHHRES BN

Table 84. W ABESIg&HIEEF

MUX4..0 | Hig@aA EEZSWA RETBRA Wi

00000 ADCO

00001 ADC1

00010 ADC2

00011 ADC3 N/A

00100 ADC4

00101 ADC5

00110 ADC6

00111 ADC7

01000 ADCO ADCO 10x

01001 ADC1 ADCO 10x

01010M ADCO ADCO 200x

01011 ADCA1 ADCO 200x

01100 ADC2 ADC2 10x

YNT p A TREC | 10%
www . BDTIC. A lTMCL

o1111M ADC3 ADC2 200x

10000 ADCO ADC1 1x

10001 ADC1 ADC1 1x

10010 N/A ADC2 ADC1 1x

10011 ADC3 ADC1 1x

10100 ADC4 ADC1 1x

10101 ADC5 ADC1 1x

10110 ADC6 ADC1 1x

10111 ADC7 ADC1 1x

11000 ADCO ADC2 1x

11001 ADC1 ADC2 1x

11010 ADC2 ADC2 1x

11011 ADC3 ADC2 1x

11100 ADC4 ADC2 1x

11101 ADC5 ADC2 1x

11110 1.22 V (Vgg) N/A

11111 0V (GND)

199
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ADC #HIFREFTERA -
ADCSRA

ATMEL

Note: 1. PDIP H#ESR[HNES R ABERRN, ZEFHERIE TQFP 5 MLF HEB{BHEE T/,

Bit 7 6 5 4 3 2 1 0

| ADEN ADSC | ADATE ADIF ADIE ADPS2 | ADPS1 | ADPS0 | ADCSRA
B/IB R/W R/W R/W RW R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0

« Bit 7 — ADEN: ADC {gE

ADENEEIEZIADC , EMADCINRER Fl . FEE RSB X AADCHE I BN A I IEfE AT
R,

« Bit 6 — ADSC: ADC FFi4##

EHREHRIERT , ADSC BENF/E3—IX ADC i, HEELEHERT , ADSC Efu
BB Rk, 55— Rk (£ ADC B3l Z/EEL ADSC , REEMEHE ADC R E
fZ ADSC) FE 25 I ADC B89 @H , MAREERR TH 13 . F—IREBRHIT ADC
AR TH,

ERRFITIREPIREADSC WIREENR "7, BT R, ADSC BEER=LEEMF
£,
« Bit5— ADATE: ADC B3ifi & 54k

ADATE BV /E31 ADC Baifi K IhEE, il X 55 M EBR B3 ADC i, ik EBRE
I SFIOR 12838 ADC fil % 5 5 R%E R ADTS RiE,

BREICCON/AINEL. ...

RTERENL | thiEfZ , ADC RBIRERAPMIRZSEF BB AT , Rt ADIF BHES,
5, ﬂ‘w\ﬁﬁmth B 1 XK3F ADIFo EIENE, ﬁu%ﬁ ADCSRA #1171 - ﬂkﬂk
- ’——ﬂs&ﬂf BAFLBEHN DS E I, XtERAT SBI & CBlI S,

 Bit 3 - ADIE: ADC hif e

# ADIE & SREG M | B{Z , ADC ¥:#r4E R AT EN 4R (FEARE,

 Bits 2:0 — ADPS2:0: ADC i 3 88i% %4
Hix JLAIR#E XTAL 5 ADC # AR 2 BN D5 E F.
Table 85. ADC f % $iliki%

ADPS2 ADPS$S1 ADPS0 SEEF

0 0 0 2

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

200 ATmega32(L) m—
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ADC #iEF 78 - ADCL K
ADCH

ADLAR =0

ADLAR =1

WWW

Y #RINEE 10 F1£85 - SFIOR

2503F-AVR-12/03

Bit 15 14 13 12 1" 10 9 8
- - - - - - ADC9 ADC8 ADCH
ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO ADCL

7 6 5 4 3 2 1 0
®/B R R R R R R R R
R R R R R R R R
NHE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADC9 ADC8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
ADC1 ADCO - - - - - - ADCL
7 6 5 4 3 2 1 0
®/E R R R R R R R R
R R R R R R R R
BE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ADC RitERje BMRERFTIRNFTEHRZT. URRAZSEE ,5RH 2 WG
EART.

e T Aéﬁ&ﬁ%ﬁ%ﬁ—ﬁi%’%ﬁfﬁ LG ITHIEER. B
H n o5 R T 5F g =7\8 4\, /Bl =% BN ADCH B 2%
25

ADMUX #7725 ADLAR K& MUXn ¥ M#REREHRFEFTERPHRTAR. OR
ADLAR A 1, BBAGRANEXNTT ; Rz (RERERE ) , ERN AN

« ADC9:0: ADC ¥4 R
ADC B#p4E R , AT P198 “ADC iR,

Bit 7 6 5 4 3 2 1 0

IADTSZ ADTS1 ADTSO0 - ACME PUD PSR2 PSR10 I SFIOR
®/IB R/IW RIW R/IW R R/W R/IW R/IW R/IW
WHE 0 0 0 0 0 0 0 0

« Bit7:5- ADTS2:0: ADC HIfid &K

# ADCSRA F 7871 ADATE EfI , ADTS MERHEMAK ADC HRIRHNAKIR ; BN
ADTS WiREBRB R L. BUEPHRMIREER EARAR ADC Hifto \—NHMITREE
ENMARIRIFMIISEMNMRBREEMREES L - LFHB, MR

A mEl% 201
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ADCSRA Z785# ADEN 7 1 ,ADC 3Bl B30, t)BIELETE R (ADTS[2:0]=0)
Bf, BIff ADC Hififr S ELBN B R~ £ M LS4,

Table 86. ADC Bzt R FIERF

ADTS2 ADTS1 ADTSO fitl R R
0 0 0 ELHERER
0 0 1 Bl g
0 1 0 SAEBHETIER O
0 1 1 ERTER / 1TEKE8 0 LR AL
1 0 0 ERTER / THER 0 R
1 0 1 TERTER / T AR LR TEE B
1 1 0 ERTER / ITHER 1 R
1 1 1 TERTER / ITHER 1 RS

» Bit4 —Res: REB{
X—{uRE, BRENX—NVNE 0,

www . BDTIC.com/ATMEL
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JTAG #£0# A £iEH
R4 OCD(On-chip
Debug)

B

* 5 IEEE 1149.1 #R 3B JTAG #0
M IEEE 1149.1 (JTAG) ¥R EAY0 SR4T #iThAE
o AR TLAAE :

- AN R ASNE

- NEBMINE SRAM

- BERXH

- BFit#es

— EEPROM #] Flash 1588

- & OCD XM= , 8iF

— AVR Break ¥4

- BEFRERE

-Bp

— B — b E RS

— B A ER — 4 it ik 3 B A9 2R T
« B JTAG ¥0¥} Flash, EEPROM. R4 {8 EMHITRE
» AVR Studio® %# oCcD

5 |EEE 11491 #REEREBH AVRITAG EOAAT
B JTAG i RAFETEEN IR PCB
NS R MIFHER., BLNFYEMHFTHRE
F £ifid OCD

W BREECcomAATMEL: zmees

Wi 50 - TAP

2503F-AVR-12/03

H#E " . AR INEE OCD AT A JTAG 853K , RE ATMEL mﬁrs Zio ATMEL
FHEERXIFE =4 JTAGICE £~ /&,

Figure 1128 JTAGE O ROCDRGMER . TAPIRHIZE N FTCKMTMSE S HIFRZAS
Hlo TAP #ZFIBRHEFLERE JTAG ETHFH  AFLBRREHEREN TDI(AA ) H

TDO(fi ) 2 B4k (BILF R ). BB EERE T RHRESEETNNITAG
H T o

ID & 1725, 58§ (Bypass) HFFsa M REAMEAR T A TREN AN BIES 785, JTAG
REED (SEILNIENNENMNKIES 78 ) ATHRITRE. AAREENNSAE
ﬁ%/\ma: OCD IjJﬁL’:o

JTAGEDO BT S, AJTAGHIARIERI | XLES|BIA R T MR 77 7% O TAP, X L&5]
B2 :

o TMS: MiAERXEEF, LtoIHARII TAP ZHISFZE MRS Z BB,
TCK : MiRet4d, JTAG BIERS TCK AL W,
o TDIMHABKERA --FTEBVIIES T ERIREST 788 (FHLEE ) WRTEARE.
TDO : M ERE - BESTFERIBEFTFHRRTBHOLKIE.
ATmega32 & B3LI IEEE 1149.1 FrEIEER A& TAP {55 TRST - Test ReSeT.,
£ JTAGEN B4 BERBENERT , I TAP SIHAEENKO %IH*IJ TAP 2l
B TFEMRS. —B JTAGEN #4%%8 , H MCUCSR BFESM JTD BE , TAP A
SHRNE , JTAG BRABNREINREFRE, LA TAP #d (TDO) &J_:FE"'“HP“

JTAG TAP 2 HISZ T B EHIE , Bt AguERE— > L B A L H B A4 ( Ak
BERT—ISEMN TDIAA ), TR AESNXMELUREE,
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FFHELEERRE , BRT JTAG#ZOSIHIS |, Bid 855 %1% RESET IR , LAER A ER
SR, MREEMSIHRLURNR (FBR) FERNAFRNERIE |, i85t 7] LAH{K RESET
SIMREMNENRS,

Figure 112. H1ER

1/0 PORT 0 . . .
A
DEVICE BOUNDARY Y
rll BOUNDARY SCAN CHAIN
™ oo
RN e p JTAG PROGRAMMING
1 TAP INTERFACE
TCK —»| | CONTROLLER
™s > [
. v AVR CPU
INTERNAL |
FLASH Address [ scan  |[€ pC
INSTRUCTION MEMORY Data [»  Chain Instruction
REGISTER S
J
D
REGISTER BREAKPOINT >
UNIT
M ] FLOW CONTROL[?| r
U BYPASS 7y UNIT < £
X REGISTER [€ 1 DIGITAL oF o 2
< PERIPHERAL g EF ] o D
< UNITS zeg S
< - <z g
BREAKPOINT o <
SCAN CHAIN [€
le—, v JTAG / AVR CORE

ADDRESS A COMMUNICATION
DECODER OCD STATUS INTERFACE

> AND CONTROL

www.BDTIC.com/A

A
Control & Clock lines

I
I

Ei A
I

1/0 PORT n

204 ATmega32(L) m——
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Figure 113. TAP #Z#IgFREHE

1 C Test-Logic-Reset

0
A
0 1 1 1
Run-Test/Idle P Select-DR Scan P Select-IR Scan
0 0
A A
1 1
—— Capture-DR — Capture-IR
0 0
v A
»  ShiftDR D 0 »  Shift-IR D 0
1 1
A 4 A
. 1 . 1
P Exitl-DR P Exitl-IR
0 0
A
Pause-DR :) 0 Pause-IR D 0

www . BDTIC L lcom/ATMEL.

1 1
v A 4
Update-DR Update-IR <
’ 1 0 1 0
TAP 2 $I85 TAP ZHZRREE 16 MRAENERRSH , ERFELRARER, JTAG RZBE A

A ERERS, Figure 113 FRERKPRSERIURT TCK EAREIH TMS( 2R THIE
RBERNMS ) ES5. LBEMNENAIHIRASR Test-Logic-Reset : MiXEZEEN,

NTRAENBNGER , LSBRE—NHTBENB AN,

BRi% Y BPRA N Run-Test/ldle( 1517 - Mk / =N ) | AR JTAG #ZOFE A IR AT LUER

wmE

«  FETCKH EFREX TMS SIBNBRFHA 1,1, 0,0 , ATt AR5 F1FE5 — Shift-
IRIRDS. REETCKHW EFARBEI TDI MAN 4 LN ITAGESEJTAGESSE
B5, HEHA 3N LSBHTERF , TMS SR EFHK BT LR Shift-IR RS, B
MSBAZ N 2 & TMS B I Shift-IRIR S IHE B AIJTAGEE S F1E85. iZESMTDI
SIBB AR |, #3RA IR IRZ 0x01 M@ TDO SIMETHH, JTAG EHEE—
ﬁi;ﬂgi&ﬁ%ﬁ%ﬁfﬁﬂq TDI S|P E| TDO SIMEIERS , H BEHIFMERESFFHRNOA
B B,

A IIIEI% 205
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R K LAR RS
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3 TMSSIBIBAFS 1, 1, 0BAEB X3 ARun-Test/ldledR7. $§SEUpdate-IRIRZSE
ERBNFEFERMFEHTHE. Exit-IR, Pause-IR, M EX|t2 IRRSRARBYRES
*J-I-IO

ETCKH EFRX TMSHEMES 1, 0, 0 LA A B HIEF 788 — Shift-DR MRS, #
WIRAT , TDI ?“M&JEE TCK 9 LR MRFBIEENBIEST 78 (B JTAG
IS SFRM JTAG 5 E)o AT HRE Shift-DRIRZ , TMS i ALTTERR
MSB L,L%E’Jpﬁﬁttﬁﬁ)\ﬂ&chﬁﬁﬁj1EEEE"o £ TMS iR ER B B F LA BT Shift-IR
RAR , WATRIEN MSB # ABRESFR. LBEM TDI SIHBARES TSN,
E Capture-DR RS TR, UHTHRXAATHRESTFESINEIEMN TDO 2B
X TMS SIBIZ ARSI 1, 1, 0 LB X3 A Run-Test/ldle IR7. MM RPTERRIZES 728
BB ENHTEE  BLBESELET Update-DR IRA. Exit-IR, Pause-IR,
F Exit2-IR R 7S A RIZ YR

MRS RAR , IR JTAG ESHNFERAKRESFTEFESR ZE T 4# A Run-Test/ldle R7S,

— L JTAG B A BAME Run-Test/ldle IRASEFE—EMINEEHIZ1T. HALNERESMT

BEBEVMEZRIRE T,

Note: TMSRIFEA TCKAEh B HIRY S B F 7] BUSE TAP $#2 #8538 A Test-Logic-ResetIR7S, Lt
E5 TAP 2 HIBS MW HIR AT X,

JTAG BRI FMIRAES A P209 “SE3# ”
B RPAES N TRIERE P210 “IEEE 1149.1 (JTAG) i 13 " 4 H,

# Figure 112 FT7R | iﬁﬁtﬂﬁtﬂﬁﬁ#iimu'rﬂﬁﬂ AR

:BRTIC..com/ATMEL

SRR BB AT A R IR ENS S/ EH;M’E%BEELW% AVR CPU Hifi4521T AVR 55
BLRI, CPUBFLERIEA /0 785, LLFME2 CPU Ml JTAG REEBEED E’J

_:‘LB/\

MRETAUSAREFRERTNR., ETHMA,. RIEFFHSBHIURRNMESHR
Ro MEMNASGE—RBIUNSIHNTHEE
- ENEFFHEBEER
« SAEFFH#SE RN E - NBIEF#ESENS
« PN EFFHESREQN RN REFESEFNR
- FMEFF#ESER/NE-—NTURBRNEFFESRENS (XEMR)
. AN EFFESJSITANE - NTUERNBEFESMS (KBS )
AT, & AVR Studio XHMARHAB[ N THERNBEN , TRECA-—IRESHHER, X
HRED T ESRLAFNBERE.,
FERRNEE JTAG IR P208 “ 7 LR E AM JTAG I5% " Ak
Xt JTAGEN B # 1T4RI2 T RERERE JTAG MR RIK 0. MeINEBIMIRIEIE 212
OCDEN FRIEFAENBIEML TEMERS , FREEFEF LRHARSETE. FH A

FRRRENE LMY | ERE T E— ML ERRRSGRE L, B, K LR
RERLARLBHE TR,

AtmelBYAVR JTAG ICE 1 F IEEE 1149.11hiY , %A JTAGE O£ R 5 AVRS I
mirESEN A EERF AT E, JTAG ICE 5 AVR Studio AF#EZO B AFRETEMNM

206 ATmega32(L) m—
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ﬁtﬁiﬁ?ﬁﬁﬁ’g JTAG 8
T

PRIVATEO; $8
PRIVATE1; $9
PRIVATE2; $A

PRIVATES; $B

$2 5198 PO R AR IR | LI SRR . JTAG ICE 72 B #7 R4 hiE 7R TSR
S,

SEEK AVR JTEG ICE &l 14" www.atmel.com AVR £ K Support Tools E4' . [
B3k A M Software #5955 %% T & AVR Studio,

AVR Studio @& T FIEXAMETR T , FERRRBLERCHER. AR ALUEITEM
B, REH#HA, STEXMRLE. FLE, EASE/RSEMBAABITEARNERE, 1t
S, AFZETEY BREAK ETRELRSNMEFMAQ , SARIRE M/ RIEF# 3R
KR, RAR—MER (CEE ) B <o

XEFHLRERN JTAG ESENTHHRBEE , & ATMEL WEMKI , X7E ATMEL
NEBMEENFE=F2 K. ETREBUT,

R LR RSEHIENE JTAG ET.
R LR RSEHIENE JTAG EET.
R LR RSEHIENE JTAG EET.

R LR REHIENE JTAG ET.

www . BDTIC.com/ATMEL
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/0 FHERESH LiidE
XN EFERR
R EBiAFESR - OCDR
Bit 7 6 5 4 3 2 1 0
| msBiDRD LsB | OcDR
BB R/W R/W R/W R/W R/W R/W R/W R/W
EE 0 0 0 0 0 0 0 0

OCDR HEH/ABTTHIEHENEFFRRFREET —MNEEEE. CPU BN Z
FEHITERER—NENTAHERIRE. SHER , /0 BiXFF88M A - IDRD — #
BN, BULREMNAIRBEZFERC LW T T BiRE, CPUIRE OCDR FEF&868, 74
LSB kB F OCDR %1785 , M MSB &£ IDRD {z., #if88iE5%ER/GE/K IDRD i,

- AVR BR4F  XNFERSHE IO FEETHE, et , RBEEBRLM OCDEN
wWimi2 , H BBRAER R OCDR FFERAE4#K AL , MCU R & OCDR HF %,
HEHEAFRT , MCU 15 RN ZFRHER 1/O 76 £ T,

XTHACEARNFERNERBESNIB IR R,

FA JTAG NATRBEED 83 JTAG 3 AVR S4-3 THRBNEEMEA JTAG i OIS B—TCK, TMS, TDI
TDO(BR T BIRSIH), RETEEHNMN12VEE, FREJTAGHIRFEIR O EEE LHRE
JTAGEN %1y , BEIRRIE MCUCR Z1Z881) JTD #5%,
JTAG piEXx#:
Flash 4w F &%

» _EEPRQM /B —_

-BEEE JATMEL
www - BBEEE . com

BEVNHNLZEENHTHREEIANTS &, IRBIEN LB1 5 LB2 #4%TE , N OCDEN

BLNTEEWRE , RIFFRBITEHEBR. INMRERBUEBRERENBNRFLE
Bl

BEITAGEOREN T AJTAGHRREE TN HFANBEP256 “BIITAGE AR THRE" .

SE FELAFURABNARTUSE FEN G

IEEE: IEEE Std 1149.1-1990. IEEE Standard Test Access Port and Boundary-scan
Architecture, IEEE, 1993

Colin Maunder: The Board Designers Guide to Testable Logic Circuits, Addison-
Wesley, 1992
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IEEE 1149.1 (JTAG)
BRAE

B « JTAG 0 ( 5 IEEE std. 1149.1 &40t )
o 1B1% JTAG FRAESSHI NI R MThes
o AANFIAN OZIRELA R B A A i A S0 B iR 3t T R R N
. XT3 IDCODE &4
« ATEf AVR I AVR_RESET 5+

R #E WRAMEE T RS FMMERT /0 2B EEE | UREH S HNEENEL BN
FEEMELBENILR., ERE—R ,FIEEHE JTAG AR IC & TDI/TDO &
BITERE , MR — M EWBNSER, ABRsigBixesaEmahmHoIM , 30
BN A ERENE AR, RHENERINRBERNEEER TR, BEXihs
® , BRAKREAEA TAP SE RS T IR BN L T4 EE R =R,

I IEEE 1149.1 & XK AR JTAG 34 IDCODE , BYPASS , SAMPLE/PRE-
LOAD Hl EXTEST , AR REAVRIAEM JTAGH S AVR_RESET , 0] LA A 3Rz EN Rl E8
#MR. BT IDCODE 2 JTAG HWERIAES , HEFFHRERNVEHBNETZSH
1D, EMREXHB TEEFE AVR b FEMLIRS . MREEEN , ZHRUNRAEH
RIBRERE, BEMRENE , ARG TS TTAEERS. #AEMNR |, F {0
SIHE MRS ZFEABES , ANIEIR T HIGHZ SR, HERE , AT AH
3EIIES BYPASS , B A WHREER RN E, B H{K RESET 5| =@ 3 E 2k
FEHEESNEYIREAH AVR_RESET S A LURIES FRERENMRS.

EXTEST 55 Ak SI BE S LA R 33 i SI B &R B3R . — B EXTEST # &K F JTAG
IR &8, FEHHIERNEER AT HHIXESIHE, REXMER SAM-

P & B IR o\ y EST {5 IR R
WWW /PRENOAD & 1EEX $2HY FSHIREE,
| |
HHLRIE TAGEN B4 HESE 1/0 1788 MCUCR B JTD i , MTIfESE JTAG iR 1A
AN
A JTAG EO#HTaRAE |, JTAG TCK FH4MRRFAUS FEANImME, B2
HAERGA S ETF THERS.

BEFESR S RAKBRERXOBBESFER
& (Bypass) B 1zee
. ERMFRRIF R
SFFHR
. LR

EBRTESR ERGEREBUTERAN. HFRFERMLFEDN TDI M TDO  HKERE |, &
7F Capture-DR 2 HIZRRSFEEENM N 0. NIAEMER4FET , ZHRFFHRAUAREE
REWPHEE,

RUERNTER Figure 114 (A i T 28 #H iR B ARV 1,

Figure 114. R 5I HFFR/OER

MSB LSB
Bit 31 28 27 12 11 1 0
%% ID [T&=x E= EED 1
4 bits 16 bits 11 bits 1 bit

A IIIEI% 209
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EUHFH

ih R

ATMEL

S
IRAS R —NOEHRT | FRESSE OEITIEA, HXEASA Table 87,

Table 87. JTAG R&5

/7T JTAG %<& (Hex)
ATmega32 11T X A 0x0

s BRES

SHBESRANRIRRERMHM 16 21858, Table 88 %tH T ATmega32 B JTAG 5485,
Table 88. AVR JTAG S8 & &

BHES JTAG BB EE (Hex)

ATmega32 0x9502

o #HIRE ID
H3ER ID RARXEIT B/ 11 24X, Table 89 F5|H T ATMEL K JTAG #li&7 ID,

Table 89. #li&7] ID

iR JTAG #l#7 ID (Hex)

ATMEL 0x01F

Eﬂ#ﬁ%’%mﬁﬁﬂéﬁﬁluﬁE’L'ﬂ'h‘t?&?ﬁfrﬁ%%o EE:J:EU_H'J‘AVR mASIMAZ=E , E

Eﬂ#’f?%ﬁ)‘%ﬁﬁiéﬁéhﬁuﬂix AEU.@.':HH'J‘IEH(*JL P23 B R " ) A?‘SHE%
FRENELSEYTF  ATAEM TR KRE |, W Figure 115 FT Ro

Figure 115. E{uF 788

To
TDO

From other Internal and
External Reset Sources

From i)—v Internal Reset
D Q

-

ClockDR - AVR_RESET

B RAEEE ARSI MIRAEE /O SIMKNIBEET | UREGFIEENEL BRI
FBEMNELLZ BB R,
TEMIERS N P214 “ L R .
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AT RAE0 JTAG 18 SAEFEN 4 I, THSK 16 RiES, THINIENESERAMBEEXN JTAG
) ES. AVREEXIAEN HIGHZ I+ , ER AVR_RESET S A LT G I O 5| i
B & PR

NTAENBNFEFR , BEN LSB BEARBARBH,

F5IETH OPCODE # L hex RN ERERETEMN TH. XANER T B MRIESF
BHOEEBRIESH TDI F TDO ZRIKEEE,

EXTEST; $0 EXTEST R4IEMM JTAGE T  ARERD RPAEEENBIESTESE , WAVRAIEHN

M B RRIR MR, EI AT UASSI O S| EE It Eheape, WHiRs], WE R
R ABEEE. N TEERNEENEL BRI  EUSHEZERANEOLLT
Rz, —B JTAG IR FF8ET EXTEST 5 ME; |, M RPAWESFERENA
A7 N4 X 5 B e HH SR
IHERSE :

Capture-DR : BV S\ 30 5| RIRY 2048 3 4 A A 1 6%

Shift-DR : &3d TCK B EpA 4%

Update-DR : 3k B 3 #8589 5033 R A 24 51 &

IDCODE; $1 IDCODE R Wi JTAGHE S , AARKER 2L ID B FRENBIEST 7. DHEFRHRE
5, SHESZS5ME JEDEC BWENFIERSEAM. IDCODE 2 LBEMNERINES,
IHERSE
Capture-DR : 3REX IDCODE FZ sV IEH M A 20 R E %
Shift-DR : @i TCK #{1 IDCODE 13 #i4#

9D‘i iz‘ EEVRTIRT
al %J S5 £, BRI
ﬁﬁ#

I1’I547(?‘1§7E :
Capture-DR : EREE S\ EB S| IRV Eh 48 M 4 A A HE 6%
Shift-DR : &3 TCK B A Sfi3 5k
Update-DR : &M EBEN AR M 87T, BEREEHMEFSEEETSIM L,

SAMPLE_PRELWWW

AVR_RESET; $C AVR_RESETRAVRHEBJITAGES  AXRBHAVREAHEAENERNSIBHRITAGE L
o TAP ZHIBFRWEXREREN. INMNRE-NMEBFERBENFHHEERES
e, RESNEANTEE 1, EMEHECE. ZREENE HTHENE,
ITHERSE :
Shift-DR : @ TCK B S F178

BYPASS; $F BYPASS B 4K JTAG T , ARERERFERENBRESTES.
TEIRESE -
Capture-DR : EEZEBFFeEFHAZEO
Shift-DR : TDI #1 TDO Z [BIf E R TFEES 8 T B

A mEl% 211
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I/O ZfE B S A% HE
*MFEER
MCU 4l SRAEFFES - MCU ZH| 5SS FE[ S SEFHER MCU ThagR I, iERH MCU ENHNELIRE
MCUCSR g,
Bit 7 6 5 4 3 2 1 0
| JTD ISC2 = JTRF WDRF | BORF | EXTRF PORF | MCUCSR
®/IB R/W RIW R RIW R/W RIW R/W R/W
VIHE 0 0 0 WAL A

« Bit 7 -JTD: i1k JTAG R

AR 0 B |, TR JTAGEN B4 #mEN JTAG EOFERE, MRXMNVR 1, JTAG I
AZilb, A TEETENZ ISR JTAG 20O |, BP0 — e E F 5k JTD {.
BB AR AE 9N 4 B HR R B I BB R B A JTD,

MR JTAG EORESHM JTAG ERIERE | JTD NiZE V. XHEMNEERRN TESR
JTAG #0 TDO S| EAS 8.
« Bit4 - JTRF: JTAG EfIfr&

B JTAG #E+ AVR_RESET N JTAG SN FFHRE 1 IUENTH. SHEME JTRF
B, FREMNREAERE 0 FEE JTRF,

www . BDTIC.com/ATMEL
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bR AESE RS T LIRF FIR AT /0 SIS EEE | LR EH S NEENEL BBk
FiBEAELB BN R,

HEHFROSIH Figure 116 R 7T EB LR N @I ML RAHFHE T, ZEXTIE- MRS T L
PIfERE — PUEXn — SHEEMAR A RABE T , M—M=MES : WS - OCxn,
H#HE — ODxn M@ AHHE — IDxn AEN —NFUBNFFRONESIHETHE. £
THEHBSAR P ERHROMEI MRS,

BIEFMNERREA TR EBE, Figure 117 A1 T —4N1 P47 “/O %0 ” ARk
WE B Fim OSI#, Figure 117 WELIEEE T Figure 116 WA FHEAT

Y& B EZIhEER S ALIE — ID - X R F PINxn FFE50E (B ID&RERLES),
W HBEN N T iR O F %88 PORT , i H#ESIX N T#HIES @ - DD FiFsr , LhfERe -
PUExn — 3 R FiZ 8 &RiA= PUD - DDxn - PORTxn,

I O 55 Z D ABFE Figure 117 HFUEREBIELAE 2SN | IX4F W] LAE I 1 6% 3R B SSRRAY 5| BIME.
N TR TEE | A MR ERAEEERE  ARETURATRFZENRL B
ZEREAQ L,

Figure 116. BB L3 ThAEXN %% O S| BIAY 0 R34 .

ShiftDR To Next Cell EXTEST Vee
N

Pullup Enable (PUE)

www . BD]

Output Control (OC)

Output Data (OD)

0 FFO LDO 0
0 —D D Port Pin (PXn)
1 1

D Q D Q
1
’7 >—] »— G

From Last Cell ClockDR UpdateDR

Input Data (ID)<«—®

A IIIEI% 213
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Figure 117. EAKOSIMERER (V)

—_———
I
I
I
| |
| i PUExn b PUD
—< —
I
| : —
| 6<
| | I _l—WDx
| RESET
| OCxn
> —— — — | — -
| 3 | RDx
| | DE > 4
| 5 | m
| E’ ~ | ODxn Somf: “ S
e s . . e e —— —— —— — —— —— — — — 6;m <_|_ <
IDxn I WPx o
RESET
SLEEP C RRX

| —————— RPx
SR, S—

I

I

Hﬂl e

—— — ——
PUS: ULLUP B " Dx: DD
PUSIXN PULLUPEENAB i Hxn X:
O : UWU R rpi X: POHNX
- Of%n: UMBUT SefTA ey RMx: GISTER
IDxn: RPx:

: INPUT DATA from pin Pxn : READ PORTX PIN
SLEEP: SLEEP CONTROL CLK0o:  I/O CLOCK

Note: 1. FIGFEMEIULEA,

BEAFM TWI FLIZEO S| SCL M SDA EHRAEEERS —MNAANWEREIES  M&EOR - TWIEN,
0 Figure 118 Fi7R , TWIEN E S AT AERESEBH Fim O HTH . EENREHITHEEN
=REWES , H5 Figure 122 AHHNZ B IEEE S THE,

Notes: 1. TRHRENHASIEIAY 50ns RIEEKEFZHAKE, RERONARZHCLEBA
FEEENE T, EREEREMA TWIEN S50 M —FREZE# T8 Rt ar L
RIAPIREGIE IR

2. TERER#ESE OC # TWIEN , B4A S|z e,
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Figure 118. A& EORMMIAMNREES

b OQ PUExn

OCxn
r TWIEN

Slew-rate Limited

Pxn &

IDxn

RESET 5|2 5VEFNERMEBBFUKIMENEVIRE ; UR12VHNSERE
FLURREEEH1TRZ. Figure 119 FIRKI RN MNP L TBLER T 5V E/ES
RSTT , B3@ATF 12V WEHES RSTHV,

Figure 119. REENNIAY £ T

To
Next
ShiftDR Cell

.BDTIC.com/ATMEL.....

D Q

|

From ClockDR
Previous
Cell

AVR 224 AT BUB IS 18 42 (% R 2 R e 4R 0 , f 5 A RC#R5% 27 AAERRC #R5% 87, SMERAY
., (8M) BEREE. BRSaRESE  URBERZS.

Figure 120 B BAR#HER MAXFE — MK HN. HEESHNEENLRAKET M
#rSH R / BTER Y S R AT WA B T, KRR AP RH BV A T NS Ert e fy —
¥. AR RC IEZB|/NAHRTREAEEN , BNXMRH XA ABELE,
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Figure 120. &%z M4 AL %% T

XTAL1/TOSC1 XTAL2/TOSC2
To
Next To

ShiftbR Cell EXTEST Oscillator Next
ShiftbR Cell

ENABLE OUTPUT ? I I
1
FF1
D Qr*—D Q
lﬁ - -~

From ClockDR UpdateDR
Previous From ClockDR

Cell Previous
Cell

From Digital Logic
o
To System Logic

Table 90 f&i 8 545 7 /A EBEt 9 5| B XTAL1, 5 XTAL1/XTAL2 EE#RYRSH 2 , LA K 32 kHz
R RSE SR P F 78R

Table 90. X% AHES NG

EEEES b T[N BT KREARBER RS
F Gl bl | XK (XTAL1) ShEREY - :M — 0
qnN C 0
www . BB T K. ComdATMEL
RCOSCEN RCCK & RC 1
OSC32EN 0SC32CK H\ERE SR & 1 4R5% 25 0
TOSKON TOSCK 32 kHz FH4hiE% 28 0

Notes: 1. FERERESZ T — MY RER Erf4h

2. AEERTSEAETASIETIFBNER. XERNFEIM JTAG TCK Bz AE
WEZB, RENSHYETT,

3. NHEEEIBLN#T. ATFETHAERTELN , BN F—NREATRIAR
MR EREEN, BEUAPFPEAHERYRERASREARSE—FNIETN, AT EER
BATRAEWAEZIERS Rt S EEES , NTFIRHESIBNEHE
BEChUR T, PHERTXIFBLN INTCAP, A RAHEELT EEERANTEEN
XTAL #&5%88121T , BRIFB LN E LB R EBHERE.

AFEL LR AR S RABMEXNLREEESRT Figure 121, Figure 122 AHMNI RAKE T 5X L
S5 MER, 557 Table 91 FiiH,

X F AR EEMEN IR OB LRER  BEAFANENLRASHRFRALZIROSIK,

216 ATmega32(L) m—
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Figure 121. H#lLLR2T

BANDGAP
REFERENCE

AINO

ACME
ADCEN 2

ADC MULTIPLEXER

OUTPUT

ACBG

ATmega32(L)

VCC

ACD —>»

XN

AC_IDLE

Figure 122. &/ TR ADC MBRALRAHK S T

ShiftDR

To
Next
Cell EXTEST

From Digital Logic/
From Analog Ciruitry

www.BDTIC

From
Previous
Cell

ATMEL

2503F-AVR-12/03

To Analog Circuitry/
1 To Digital Logic

L

ClockDR UpdateDR
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Table 91. #EHI LRI R WL T

EEEH | NEBSR—NENSER iR EA FEEAR#HEENRA £ FAHEEEBY S0 A B B9 e HH BB
AC _IDLE | #iA R BT AEIIELREE | 1 T EEHITH uC KR53
ACO B H ER LR B FRAEERTHUCK | O
BE A
ACME WA R e EARE ADC 0 KT EEHITH uC 13
gtk
ACBG BWA fERERERRE AR 0 KT EEHITH uC K13
A# ADC

Figure 123 44 T EBFIA M XAV EI RN E 58 ADC JREE, Figure 122 FI RV R AR L TSXLEFESHE, W TH
PN T LGB T ADC , EAFTENELMASHFRARZIROSIM,

Figure 123. Rk

-
WWBlor
|

MUXEN_7
ADC_7
MUXEN_6
ADC_6
MUXEN_5
ADC_5
MUXEN_4
ADC_4

SCTEST )
i
EXTCH LN ’ PRECH  paecn -
MUXEN_3 AREF
ADC_3 : J ° —‘
10-bit DAC

PASSEN ),

|

»

—
—e

ADCBGEN
—

UL

MUXEN_2
ADC_2 : J °
MUXEN_1
ADC_1 : ) ° G10,

MUXEN_O
ADC_0 ) J A
NEGSEL_2 10x
ADC_2 ; -
NEGSEL_1
ADC_1
= —e
ST
NEGSEL_0 ACLK
ADC 0 C
E— AMPEN

{581 Table 92 RS R,

213 ATmega32(L)
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Table 92. ADC WL RHEES

M ADC —(IEH TEANKEEN | HSEENWMALEESER, HCPURE
E5EH% A B8R mA £/ ADC R K E
COMP L] e es s 0 0
ACLK WA DIk RREEA NI E R 0 0
MRS 5
ACTEN TN EREMIB & B LR BRI B IR 0 0
ADCBGEN | #A EREREREATREET L RBHA 0 0
PN
ADCEN WA ADC  LHBES 0 0
AMPEN BWA RN LBES 0 0
DAC 9 LIDN DAC i HEME 9 1 1
DAC 8 LIDN DAC i HEMSE 8 f 0 0
DAC 7 mA DAC BiHEME 7 0 0
DAC_6 PN DAC BFHEMS 6 1L 0 0
DAC_5 DN DAC B FHEMIZE 5 1 0 0
DAC 4 WA DAC B H{EMEE 4 {1 0 0
DAC 3 LIDN DAC i H{EMEE 3 {1 0 0
DAC 2 LTDN DAC % BFHENSE 2 fr 0 | _ 0
o sANMAMN BB S C . O MEL:
DAC_0 AT VNV VN s oty ol b 8 0 - V] e By
EXTCH |mA 4; ADCHJ 0 -3 BEEEIIZRE 1 1
p=]
G10 WA fERE 10x B 0 0
G20 TN fFHE 20x W2 0 0
GNDEN WA 71 BT LR B MY Sk A SE B 0 0
Zith
HOLD LTPN KH & REFES. 7'0 BEREE 1 1
BMES , A1 HREBES, MR
fEREIE S | £ ACLK AERHXAME
B RAER
IREFEN WA fEREREFRE IR1EN DAC Y 0 0
AREF §5
MUXEN_ 7 | @A MASRENM 7 0 0
MUXEN 6 | @A MAZRENNL6 0 0
MUXEN 5 | @A MAZRENNLS 0 0
MUXEN 4 | @A MAZERENN 4 0 0
MUXEN_3 | @A MAZERENN3 0 0
MUXEN 2 | @A MAZEENNL2 0 0
MUXEN_1 | A WA SRR 1 0 0

2503F-AVR-12/03
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Table 92. ADC i 2134155 (Continued)

M ADC — I EH TEARNEEN | YHHEENWALEESER , ACPURE
EEE#W JE % EA WA 5 ADC IS HETE
MUXEN 0 | A MAZEENNMO 1 1
NEGSEL_2 | @A EDESHEARNE A ZEEN 0 0
72
NEGSEL 1 | #A ENEEMARNAASEKSEN 0 0
£iI 1
NEGSEL_0 | @A EDESHE AR A A SN 0 0
70
PASSEN LN fEREIE SR 1 1
PRECH WA teRBEm L SiFESEMEL (KRB 1 1
)
SCTEST WA FFREEA TEST A, 10x st 0 0
H&%Z ADC_4 S|#
ST WA MR WESE AMPEN EEZ2EH 0 0
SIHNACLK AHE RS , #BEW
WA REERE TR
VCCREN WA #%$% Vee h ADC I E AR 0 0

Note: &R IEH#IRE Figure 123 RHETURIERE SR | HE ATBESIRERMF . Figure 123 Fi HH LL R Ui A Um Y S&H EBRRAY I H
BEMER, ERIETE ADC I, BEREERNB=F 2 —&F -1,

220

E ‘~ E ADC M=
i IE A, Sed pimoc

- . FREBAPEAR
,- #l VR X
¥ /Q - &O

AVR ADC HIHEINEBEERT Figure 123 , RUBFBHEXIUMNZ ELEE, FRBAH

HHRBRREEMNVENDEEERERFTEUNE, XAUUFERESFEITER

BT EEREI - EHFE DAC[9:0] LEMTRE , BRLIRBBNEBHENE ; REEHRFE

DACI[9:0] LHEIN LPRE , BRILRENWMENS.

3 F AR EZ N R AT LLEF ADC , BEAFTENEN S ASHEZmARZKOSIH,

£/ ADC rtigig{E

« {5 ADC RIAFUNSIBEE A , MBEE I FHEE | B IEES IR,
EEEERXT  FEADCHFE3 — R "W “EEHER (BFE10XLER), BIAFERE
BEADC BEEFEL 200ns , AEBFBREE ; REEWRIT—R "W “ EHEEGR,

«  HOLD E5 R & ( RH¥E ), DAC BEXLTIRE T+ iEE 0x200,

ERBIF , ZERBIRBER 5.0V, AREF E#HE| Vo B1E ADC BIE 3 0 1.5V + 5%
HRAES .

The lower limitis:  [1024-1,5V-0,95/5V| = 291 = 0x123
The upper limit is: [1024-1,5V-1,05/5V] = 323 = 0x143

BRIEFEA Table 93 FRREEMIE , BIUER Table 92 KYHEEHIE, Table 93 REAH T
HigE DAC MmO SIMBBIE, “ 3iF " —JIHA T HERFE/LIDRAFTFHR
ZAEEAN JTAG ES. AR ARENHMRENB HNBRERITRE,

ATmegad2(L) m—
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Table 93. £/ ADC W& %

PA3. | PA3. PA3.
$® | E ADCEN | DAC MUXEN | HOLD | PRECH | #iE | #4 ERifERE

1 SAMPLE 1 0x200 0x08 1 1 0 0 0

_PRELO

AD
2 EXTEST 1 0x200 0x08 0 1 0 0 0
3 1 0x200 0x08 1 1 0 0 0
4 1 0x123 0x08 1 1 0 0 0
5 1 0x123 0x08 1 0 0 0 0
6 R 1 0x200 0x08 1 1 0 0 0

COMP 2

&R0
7 1 0x200 0x08 0 1 0 0 0
8 1 0x200 0x08 1 1 0 0 0
9 1 0x143 0x08 1 1 0 0 0
10 1 0x143 0x08 1 0 0 0 0
11 R 1 0x200 0x08 1 1 0 0 0

COMP 2

N

4 SR T BT EHE 5 SR
/ %ﬁ o P RIS thOId,maxo

A IIIEI% 221
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ATMEL

EERD R AEE A HRFEERS TDI M TDO ZEMAMEXF Table 94 Fi/R. Bit0 F
LSB , 2B —MEHEHE (A /A )N, RBSIBXF#HITHBERTTEN. Bit %0
ARNPBEAFSHMFEOSERN, BERBEENAEER -0 , SR THBENR
S, MAEEZETH—NWESIH, £ Figure 116 2 , PXn.Data ¥ F FFO ;

PXn.Control #8 5 F FF1

RigsEcH | BN JTAG ERERTIXLESIBIZ TAP Sl
Table 94. ATmega32 I RH#ERF

; PXn. Pullup_enable #8RIF FF2, #% 0 C#9 2, 3. 4. 5 L R7E

EMIWNFES | BESER LB
140 AC_IDLE (54
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

www . BDT

kC . cor

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

/ATMEL
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Table 94. ATmega32 i1 R HA#RF (Continued)

EMINFS | E5EH - ES

112 MUXEN_7 ADC

111 MUXEN_6

110 MUXEN_5

109 MUXEN_4

108 MUXEN_3

107 MUXEN_2

106 MUXEN_1

105 MUXEN_O

104 NEGSEL_2

103 NEGSEL_1

102 NEGSEL_0

101 PASSEN

100 PRECH

99 SCTEST

98 ST

97 VCCREN

BDT Fc- com/ATMEL
Control

94 PBO.I;quEp-_Er;g.Ie

93 PB1.Data

92 PB1.Control

91 PB1.Pullup_Enable

90 PB2.Data

89 PB2.Control

88 PB2.Pullup_Enable

87 PB3.Data

86 PB3.Control

85 PB3.Pullup_Enable

84 PB4.Data

83 PB4.Control

82 PB4.Pullup_Enable

ATMEL
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Table 94. ATmega32 i1 R HA#RF (Continued)

EMINFS | E5EH - ES

81 PB5.Data w0 B

80 PB5.Control

79 PB5.Pullup_Enable

78 PB6.Data

77 PB6.Control

76 PB6.Pullup_Enable

75 PB7.Data

74 PB7.Control

73 PB7.Pullup_Enable

72 RSTT SMEE

71 RSTHV RARA )

70 EXTCLKEN EREERIH / FRHERES

69 OSCON

68 RCOSCEN

67 OSC32EN

66 EXTCLK (XTAL1) AR A SRS B

G — c ( RErn )_ _
WWW Ho .com/ATMEL

63 OSC%C;(- C

62 TWIEN TWI

61 PDO0.Data wOaD

60 PDO.Control

59 PDO.Pullup_Enable

58 PD1.Data

57 PD1.Control

56 PD1.Pullup_Enable

55 PD2.Data

54 PD2.Control

53 PD2.Pullup_Enable

52 PD3.Data

51 PD3.Control

50 PD3.Pullup_Enable

49 PD4.Data

48 PD4.Control

47 PD4.Pullup_Enable

ATmegad2(L) m—
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Table 94. ATmega32 i1 R HA#RF (Continued)

EMINFS | E5EH - ES

46 PD5.Data w0 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 wa C

36 PCO0.Control

35 PCO.Pullup_Enable

34 PC1.Data

33 PC1.Control

32 PC1.Pullup_Enable

31 PC6.Data

Sp\ — 6. ggontrol ——
[C--eom/ATMEL

28 PC7.Data

27 PC7.Control

26 PC7.Pullup_Enable

25 TOSC 32 kHz ER RS 88

24 TOSCON

23 PA7.Data WA A

22 PA7.Control

21 PA7.Pullup_Enable

20 PA6.Data

19 PAG6.Control

18 PA6.Pullup_Enable

17 PA5.Data

16 PAS.Control

15 PA5.Pullup_Enable

14 PA4.Data

13 PA4.Control

12 PA4 .Pullup_Enable

ATMEL
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Table 94. ATmega32 i1 R HA#RF (Continued)
EMINFS | E5EH - ES

11 PA3.Data WA A
PA3.Control
PA3.Pullup_Enable
PA2.Data
PA2.Control
PA2.Pullup_Enable
PA1.Data
PA1.Control
PA1.Pullup_Enable
PAO.Data
PAO.Control

0 PAO.Pullup_Enable

Notes: 1. PRIVATE_SIGNAL1 E28#H 0
2. PRIVATE_SIGNAL2 B21#R 0

-
o

= N W OO | N || ©

BRAEERIBS XM DRABERIES (BSDL) X —fH BN E RS GERNRERIERESR
REMIEEMSEM, X ERN RN B IRE RS, CRAKRBESESE
FMIMRFAIEEER B E T UL+, BSDL X#1E ATmega32 FE M.

www . BDTIC.com/ATMEL
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XROIGEARF - &
B E et e LLig
(RWW, Read-While-
Write) B B R4mTREED

BARRK Flash KA Kk S| &
BF Flash X

MARFKX

a5 K oot WM\ o

Section) - BLS

RWW Flash X} 3JE RWwW
Flash X

RWW X

2503F-AVR-12/03

Boot Loader NI MCU AR &k T M LHEFRBRM T —MEENFET R -E (Read-
While-Write , AT &1#5 RWW) BRENLH, X— I EBRE R LE MCU BWEHIT &
SEE ?TEJ"' Flash #9 Boot Loader , R & TN A FH %K. Boot Loader —ILXEFE
Eﬂ%ﬁ#ﬁﬁﬁ’]éﬂlﬁ?&ﬂ%ﬂ*ﬁ?&ﬂ’ﬂbuiﬂi SRBHIEKRB (BF ) BEA Flash , EMNRE
F 7851 BN 8, Boot Loader XVFE2F A LB Flash , 23 Boot Loader XA &,
A Boot Loader AIMAXH B &t 1718k , EEN B S #R. Boot Loader & 25 2= A HY
KANALUBE B2 #TEE, Boot Loader EEWMERFMEN , FEHTUMTIZE
SHAPRMTERRP RO RIEME,

« RWW B2

+ REM Boot Loader FiXEE

- BENRSY (FEMMN Boot BiENXHRENREER )

s BIMVHBLNVNATRFEEVER

o BALBITT M Kb

. KBMAELHEE

« B RWW X

Note: 1. TR Flashfi—1 &% ,ABMNEF AR (M P243 Table 111) w3 B #EH,
TR AR SRR S0 IE & A iR 1E

Flash HFANX# B , B2 A X Boot Loader X (. Figure 125), FANX K 776& 226 X/
BOOTSZ B4 {u B & , %0 P237 Table 100 5 Figure 125 FiRo. BT HMNX A& 89 8
EAL, FIATEE TR MEZESR S

M A X2 Flash AREM# M ARBHXE, NAXKRFRFES A Boot #{E L (Boot
'fmm{i 0) 8% , ¥ P230 Table 96 . 1T SPM R ERA XTI BT , FT AR

“ Boot Loader ﬁﬁf_';o
& r A@ LS. l_leIjJ 1/ 1E BLS
Flash , &

Z17E SPM R z“ﬁ‘;dzo SPM #ﬁn A 2R () BLS A&, Boot Loader
XK R K 58S Boot Loader BiE L (Boot BIENL 1) Eﬂi . P230 Table 97 .

CPURBXHRWW , 5% CPU REEF A Boot Loader 4 # T B EHMB L, BUR
TR 2 B i, B T STEPTAL9E BOOTSZ BUNERENHNXZH  Flash
Y 7 RWW-
A NRWW B4 F1E P237 Table 101 #1 P229 Figure 125 A, IAMKHEEXFIR :

X RWW X A #Y T /TR B /ERT u] BAiE NRWW X
X NRWW XA T TR BRER , CPU 1k

EZE | Boot Loader B TERT , AP BB BEIZEUYL F RWW X AHEM/LEE, "RWW
X « ?aE’Jn—:#Biiﬁ& (BRIEE) E’Jﬁfﬁ/\ﬁﬁ%‘E MA2F A Boot Loader B#TRBE
$3 72 P SERR4K 132 BUAY AR SR 2

R Boot Loader B4 23 RWW XA E —TT#1T4RTE , M AT LAM Flash #izEURE |
BRERF NRWW XA KB, 7 Flash wiZEE , AR RGLARIEEEXN RWW X
BEiFE, MRAFPFAERFESERPIREREET RWW XA (2@ call/jmp/lpm

SEHAW ), RETRELLLETF—NPRARS, ATEEXMERNEE , EEZILH
MRS H # % 2 Boot Loader X, Boot Loader M 27 F NRWW FfEX., RE RWW X
R FFEERFEINRE , FREFEFEMESB[EHTRSFFSE (SPMCSR) 1 RWW X1CHR
H{I RWWSB &1, éﬁﬁz ERE, BEEER T RWW XBRE 28 &S B4 35K
RWWSB, ﬂ&tﬂuﬂ,ﬁﬁ%RWWSBﬁ N P232 “REEFFHIEIEHZFFE-SPMCR” .

A IIIEI% 227
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JE RWW X - NRWW £ Boot Loader BM-E#H RWW X E — T 6t , T LUE B T NRWW X8, 2 Boot
Loader XTBEH NRWW XA | HFENNBEBRBEREISEH CPU #ER,

Table 95. RWW Ry4& =

REDES ZHEHIABIMNX | HmEDEF TR *# RWW 15
? X2 CPUERIE ? ?
RWW X NRWW X E 2
NRWW X % B =

Figure 124. RWW 5 NRWW

Read-While-Write
(RWW) Section

Z-pointer
Addresses NRWW

www . BBF FE|. com/ATHEL

CPU is Halted

during the Operation
Code Located in

NRWW Section
Can be Read during
the Operation

228 ATmega32(L) m——

2503F-AVR-12/03



] ATmega32(L)

S SRF X EN

2503F-AVR-12/03

Figure 125. ff8sX ()

Program Memory Program Memory
BOOTSZ ="11" BOOTSZ ='10
B $0000 B $0000

c c

S ]

S kst

Q @

»n %}

% Application Flash Section % Application Flash Section

= 2

s 5

= £

s S

=] o

3 3

4 4

E I End RwWw s - _ _ _ _ _ _] End RWW

9 Start NRWW s Start NRWW

%] %}

% Application Flash Section % Application Flash Section

= 2

% o End Application
. . <

;. End Application g 0 - ] Start Boot Loader

3 Boot Loader Flash Section Start Boot Loader B Bt sas s e

&L Flashend &L Flashend

o o

z z

Program Memory Program Memory
BOOTSZ ='01" BOOTSZ ='00
— $0000 — $0000

=4 [=

=] k=)

kst ©

@ Q

%] n

% Application Flash Section -g Application flash Section

= =

@ @

= <=

2 2

=] =]

@ S

1] [

4 o

5 R R m End RWW, End Application

§ sta™R 3 —aTE MStart NRWW, Start Boot Loader

@ Application Flash Section ﬁ

§ End Application §

] ] B L Flash i

% Start Boot Loader % oot Loader Flash Section

= Boot Loader Flash Section 2

=] =]

3 §

x Flashend o L— Flashend

o o

z z

Note: 1. EEHHISERIE P237 Table 100 4 H,

MRFEE Boot Loader AL , MEA Flash B LA B ARBFTA. Boot Loader EH
AER LRI IEER Boot BIEM, A/ AR FEFRFENRBERFFR,

AP LUER

«  RFPEA Flash X , Fik MCU #HITHRHHAR

« T AT MCU #H4 Boot Loader Flash X

«  TAHF MCU AR A Flash X

A MCU ALEA Flash X

HHANAESN Table 96 5 Table 97, Boot SiEM AT LUB . BITRHTRERIT
RE , BEREETSHBRGTER. BANSHEN (MEMER 2) FRFHEDT SPM
ESX Flash #1749, SHEL , BAMNE / BYEM (MENMER 1) B RREES
LPM/SPM XY Flash 31T / BifiE,

A IIIEI% 229
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Table 96. Boot 8{E iz 0 RIF#EN (NMAKX )

BLBO Mode | BLB02 | BLB01 | f&#"

1 1 1 A SPM/LPM 8514 B A X

2 1 0 TR SPM EESXNRMA X ITERE

TR SPM ESHMAXBTERE , BFAAYETT
Boot Loader X LPM 55 MR A X B IR, EFMEE

3 0 O | %7 Boot Loader X , BB 41751 F X AL RDES i 2 25 1
#.
T ARIFIZITT Boot Loader X LPM 355 MBI XiEEUEK
4 0 1 i#, Ehrm 2T Boot Loader X , BRAMITR AKX
Bt ch W 2221,

Note: 1. “1" RRKWEHRE , ‘0 RREHR.
Table 97. Boot 87z 1 R # =X (Boot Loader X )V

BLB1 mode | BLB12 | BLB11 | ##"

1 1 1 7o 1F SPM/LPM #1517 Boot Loader X

2 1 0 TR SPM #5%t Boot Loader Kt 1T E#24E

TR SPM 55X Boot Loader R#1TER/E , B R ARIF
3 0 0 BTTFRMARXE LPM 15 M Boot Loader XizEVE#E, &

FTaEMNTRAKX , BBARIT Boot Loader XLHBATH
iEat.LtE’Jo

== Sz r XiEEREK
Www . BDT FC . CORZATHIEL=
. | = *

Note: .1 RNAKRMWRIE | ‘0" RREFwE.

BB EES MM A XIE B AR AT UH A Boot Loader, iX LR /ERILAH — LAt & 5
523 , ki@ USART = SPI &D?&H&ﬂﬂﬁ?&ﬂﬁup To B, TLUA SRR Boot
’Eﬂ)@ﬁiuﬁ SE U EIEM Boot XAV IAMLE, X# , E{L/E Boot Loader M EIF/E
BT, MBETRARBE , BFFARITRANRB, MCU KB FEERTERLMNMNEE,
2% , —B Boot S B LB wE , ENEEN —EIER Boot KRR MU, B
I ReEEN $1TZR?F1T*J%‘E$EE’JH,£5EE&IO

230 ATmega32(L) m——
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Table 98. Boot Ef &z (M
BOOTRST | &E{Iithut
1 SMmE = MAXEN (#uk 0x0000)
0 S 1{umE =Boot Loader &1 ( L P237 Table 100 )
Note: 1. “1”" RRKGRE , ‘0" RNCHE,

REEFFHBEHSEES - SPMCR A& #:4| Boot Loader ##/ERYI o

SPMCR Bit 7 6 5 4 3 2 1 0
| SPMIE | RWWSB | - | RWWSRE | BLBSET | PGWRT | PGERS | SPMEN | SPMCR

®/B R/W R R R/W R/W R/W R/W R/W

NaE 0 0 0 0 0 0 0 0

» Bit 7 — SPMIE: SPM Hlf{EERE

SPMIEEfifa , NRRBSFFRM MU tb B , SPM P MTEI#K fERE. R ESPMCSR H1787
#9 SPMEN JEE , SPM H R #INIT,

+ Bit 6 - RWWSB: RWW X{t#5&

Baix RWW XK B4RE ( REBERIAEA ) #ER , RWWSB #E4E 1., RWWSB
EFEEHE RWW X, BRERETHKE , 1R RWWSRE {3 1, RWWSB
BUERR. B, B UM RELE RWWSB L BEHES.

+ Bit5-Res: R##&

www BBT1C:. com/ATMEL

* Bit4 - RWWSRE: RWW

RWW X4 F4mfE (TUBBRETWE A )RS , RWW X Y52 #8 1’E(RWWSB?&EE1¢E 1) 4
FRE, AP S SRS EREL BE(SPMEN,% ) FBEEHFEERWW X, 1R RWWSRE
L FSPMENEIR#B A" N £ E & O atih B B R H SPMEE S B IR FRERWW
X, 2R Flash f{t FRERFITE A (SPMEN B ),RWW X FEEMH EHE, 2N Flash i
5 RWWSRE B4R &4 |, N Flash MEIREL L | MENKBEREEKX,

 Bit 3 — BLBSET: Boot #liE{/i& &

WRX—f2 M SPMEN BB , R4 T REBEN AN EAA K SPM 55 2R H#E RO
PR EIEIRE Boot BIEL, R1 HHVEIEMN Z B4 Kbt E S W2 M, SIEMRETK ,
HEEM AR E SPM IETHRNITE , BLBSET B31EE.

# SPMCSR #7859 BLBSET # SPMEN Efu /589 =NFMRZE1TH LPM 155K
BB SBLW (BURT Z F85# 20) HEBI B FFRR. ¥ P236 “ UHH AN IEW
B VMBIEN” .

* Bit2-PGWRT: @EA

WMRIX—{uM SPMEN E&HER , RETRESENEN AR AN SPM EETHITRE
TheE | Fimet B PR P F RN BIES A Flash, TUHuENE Z IS 2. R1 F RO
BB R BEE . RERETK  REENHEHNRXE SPM ESHMNITE ,PGWRT
BEEF. IRAEXNEN NRWW X |, BN TERELEF CPU F1E,

A IIIEI% 231

2503F-AVR-12/03



£ B4RErtiG M Flash

ATMEL

+ Bit1- PGERS: W&k

MEX—{F SPMEN R EN , KEFEZENONNEFEHAN SPM EBESRITRE
BRIhgE, TUibuENE Z EH M BMNES. R1 F RO WEIENKZE, TTEBRIBETR ,
HAE YN0 B HAR R B SPMIE S 80 {TR ,PGERS HZIiE R, RTEN S HNRWW
X , EEANTTERREESES CPU FLE,

 Bit 0 — SPMEN: E-RBF1FtEE5 4k

X—{UEZSEENEN T B ANFESE SPM S, RN X — M RWWSRE,
BLBSET. PGWRT = PGERS & — HﬁEu NN EFmR TR SPM S NERSH®
e L. MRIAEF SPMEN B , ﬂBA#%TéEE’J SPM i+ H}Fj R1:RO AV IEF M EIH
Z A ER IS TTE)FES, Z :~a‘f+E’J LSB # 2B, SPM BT TR , REM M AR
% E SPM i85 #ITE , SPMEN HZIEE, ERERNTE ﬁzﬂF SPMEN ®#&H 1
BIBRETR.

ERAMFBEAR “10001”, “01001”, “00101”, “00011” = “00001” Z S\ {EfI4E & #B
T Ko

ZIEHAT SPM 5S4,

Bit 15 14 13 12 11 10 9 8
ZH (R31) Z15 Z14 Z13 Z12 rakl Z10 29 Z8
ZL (R30) z7 Z6 z5 Z4 z3 z2 Z1 Z0

7 6 5 4 3 2 1 0

BT Flash F#EBRUTHERALR (see P243Table111 R &ﬁﬁ&%ﬁ?%#ﬁ
HANED mﬁz H—RXHW AT ut Ay K B ;Eu’l’ﬁ;‘-f}uﬁ—riﬂ:ﬂ’]nﬁ , o

F| R ﬁl‘?*ﬂﬁi'—ﬂsﬁfﬁﬂﬁ ﬁu't Boot Loader $A
- ‘H‘ A

HE—W;{EFE Z {EEtHY SPM ?%VEE&E Boot Loader 8i7EL, Z IEEHNBHZEE, LPM
SR Z B kREit. ATFXMETHIUERFTIIT , FTLL Z #8489 LSB
I (fZ 20) thEAEIT,

222 ATmega32(L) m——
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Flash W B éﬁﬁWWW

B SPM TR

2503F-AVR-12/03

Figure 126. SPM Ky S 1t

BIT 15

ZPCMSB

ZPAGEMSB

10

Z - REGISTER I

0

PROGRAM
COUNTER

PROGRAM MEMORY

WITHIN THE FLASH

PCMSB

PAGEMSB

PCPAGE

PCWORD

PAGE ADDRESS

PAGE

WORD ADDRESS
WITHIN A PAGE

PAGE

PCWORD[PAGEMSB:0]:

INSTRUCTION WORD

00

01

02

\ PAGEEND

Note: 1. Figure 126 HET AN TR R P238 Table 102 H 51,

= g < T TY
B Crenm/A T L mreees
Iﬁﬁ%#%mﬁxjuﬁﬁﬁ@mﬁz I5ERK mTuEﬁﬁ@ﬂﬁ5h¢2ﬂxmo
BFE1, ERERIBE S
o EIFFTREEE

AT IRE
. HMITHERE

FR2, ENBREEZE+ SH

RATTBRRIRE
- BifRREEE

RITRBRE
MERAFERTTAN -0 , WETTRBRZ ST P EA D FHEX (NREFTIE
RNIEHPXAF ), RIEEEHE Flash, £ABFZE 185, Boot Loader 2t 7T —MNE KKV -
By -E5YE , ATAPREEERIITPNANE , RAENHNEMSENKRE | EEILE
WEWBIEER Flashe MREAFR 2, WEEREALKE K BEANNCLEEKRT. In
B RSP X AT ABEHL T sk, RIEERBBEANAERERIUHBNARBRXEN. LHA
BHGFESN P237 « —MAIRENSISEFLERE " .

WITHBRBRREE AT RIRE Z 1855 RAMPZ #9titE 8, REH “X0000011” EA
SPMCSR , & EEHNEN T FHAMNIT SPM. R1 M RO R MIER B, TWibik
YIMBE A Z EFaaH PCPAGE, Z igftmy HAibfu 4k 2Rk,

o ERRWW XTI : FEEREREA T LARE NRWW X
BB NRWW X : FERMESRED CPU £1E

A mEl% 233



FR T EAER (TR )

WITRERHE

FA SPM i

HE# BLS B EEEBHNRA

£ BmRERT By IEIREL RWW X

ATMEL

E-1MESFELEAEEIRE Z BN ES  URFESFEEA RI:RO , REN
“00000001” EA SPMCSR , B HEEHN Nt AH AT SPM. Z FEHH
PCWORD MWHAAXFHuUIEREAHAX, TERETK , HE SPMCSR FiFsM
RWWSRE IG5 ZF X B8k, REEMNHELBRIGEFX, BERUNRTERIG
B8 X R R BEXt & a3 17— IR Bk,

Note:  #MR EEPROM £ SPM W FHHEIBE#RE , ME THEHEE X,

PTNEREEEZTERE Z 45 RAMPZ Wittt 8 , ABF “X0000101” B A
SPMCSR , R EHEHN N BHIRINIT SPM. R1 # RO AV S 2 BE . TU itk
HMB A Z 51720 PCPAGE, Z IE4 M H M2,

EER RWW X : 7 TUEER S R & AT LA EL NRWW X
« BB NRWW XH®R : EREIREH CPU F1E

MR SPM R fERE , N SPMCSR Z1728# SPMEN BFE =4 i, XEREHMGET
AR AP sk B3 SPMCSR HEEMNEIN, FH SPM fifet , EFhHlmERE
BLS , M % RWW X2 Rt RRFEIHRIT. A8 Rl mEiE N P42 “ Flf",

BETYRFE Boot HiEN 11 A XK EH Boot Loader XATEELL FHI KT, It Boot
Loader & & # {THY IR IBELTHIRE Boot Loader , &R BHT EEH, MREFIAEE
k3= Boot Loader , 23 Boot #iEfZ 11 4812 , LABS LR/ 2k ZE T Boot Loader,

EHGBEYRY (TEBRIRE ), ¥ RWW RHNIHREEE, AFR4ERERLERA
4+, RWW XAItHHE SPMCSR F 178580 RWWSB B1{7. £ B42aT , 20 P42 “ Al " A
R, PEERNIZBE BLS B, SEZIEFH., RRLERG , £Fu RWW K28 A
PSR RWWSRE B 1 3kEZ RWWSB, HlFiEN P237 « —ANEE S| S2FC

it
exeonsma A BDTLC ..cOMZATMEL... - coucer

HFESE O HAEZESNONREABARIT SPM 5. H—OiFRINB8IEMNE Boot
Loader 81, X NSUEN ATLARE LE MCU Xt 52 Fi 72 F # Boot Loader Fi4FRI E #,

232 ATmega32(L) m——
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B EEPROM M 1EE SPMCR

B 5 R BUR 4 (v F 8 2 fir

Bit 7 6 5 4 3 2 1 0
RO | 1 | 1 |BLB12 | BLB11 | BLB02 | BLB01| 1 | 1 |

T [EH Boot Loader BiEIRE X Flash 5B EMMiES M Table 96 5 Table 97 ,

MR ROMW 5.21uF 0,3 B SPMCSR 1258 BLBSET # SPMEN B {2 F#y @4
BAYARITT SPM 85 , #HNH Boot HIEMFFHmE, WRETMER Z 84, BHT
FRAMMNZE BN Z BHEER 0x0001( 52 10, MAVRERR ). BHFETFRAME
WER , BUESHEMNT ROF 7, 6. 1FEOMNE "1, EREMENMNERESF
Al LA B 15 R ZA Flash X,

EEPROM BRESHEN Flash (94sT2 , th 2FHEX B LV MBIUE MY IRIRE. BAF
X SPMCR FF2R#t TE#REZ A H £KE EECR FFR1VIRSA EEWE |, BRI
BB,

B RBIE W T LUBE A IRE RBUEMA , FEF 0x0001 B T4 Z B HEEN
SPMCSR & 785 #YBLBSET 1 SPMEN, £ SPMCSR#Z{EZFEHN =1 CPUBEHAHMITH
LPM ESREMEMNESMET BN T FR. RUEMRESER EE=ICPUS
HRRE PITLPMET , EM CPU BN BT SPMiET ,BLBSET M SPMEN
B EHEE. BLBSET M SPMEN BEEG , LPM FHZRIES F M AR 49 AR#¢
T,

Bit 7 6 5 4 3 2 1 0
Rd | - | - |BLB12 | BLB11 | BLB02 | BLB01 | LB2 | LB1 |

BREBLVEFHOEEN LR EIMBEMNEEZRLYU, ERRBLARFTT K FEN
0x0000JR F44 Z15 4t H HE I SPMCR&E F 8 #YBLBSET  SPMEN, #Z£SPMCSR#E2

EH=A CPU AHIRHITH LPM IEESSIDRS4 N EMNFZTH FLB) tnEg B EMNE=E
W SBDTEE Coml A THIEL
| 1 | 5 0
Rd

Bh IE Flash B9 A B HS

2503F-AVR-12/03

| FLB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

LW EIELYENFTE , EEN 0x0003 i F4 Z 54 H BB SPMCR &858
#9 BLBSET #1 SPMEN, £ SPMCSR ##EZFEH =1 CPU AHAHRITH LPM 55T
BUNENFTHE FHB) MBEI BN EFSR. EFEANRARBLUSHNF TR A
iES W P240 Table 105 .

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

WRERNBLUMBEMRBREEER "0% REWRERE LN MBIEMAYIREREENR
"1%

Voo BT TERER ,CPU M Flash IE® TETERIE |, Flash B9 AA AT 882 B AR, XA
BN T R TIREREMNINI Flash —HFHE. FRABERBRENERE R,

B E AR AR ER o] LU R Flash W8, %£— , Flash ESREE— M RIKEE, 5

=, BEXKE CPU R ELEIRINITES,

BREUATRITENATLUER Flash BN (RAEPZ—REBT ) :

1. MRRSEFTEEFH Boot Loader , EiIERFE Boot Loader 8i7E L EABF LE Boot
Loader ¥4 &

2. BRBEEFZHE , RF AVRRESET K : RANARN  MRIEHESK
M AEICHE |, AT LAERE BOD ThaE ; BN T AERANABE R B, MRE
BiE#HTHEETEN , RESREEEY , BRELTLTK.

3. EHEEHARE AVR A Tia s REE R, XBEATLABSLE CPU 5B X178
T, BRRY SPMCR F1F85 , MMPSLE Flash # L ZiR B& =,
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5/ SPM B #Y Flash R E HRRAHER RC &% 25 T Flash S itadF#2%|, Table 99 44H T CPU 1514 Flash #Y B2
B ymTRRT A
Table 99. SPM 4mi2 A [H]

Ciiac) B/t BAmEE

Flash B#/E (B3 SPM =T W&
B, B, REHIEMN)

3.7ms 4.5 ms

— MR ESISBRFILHRAD - ABIRRS RAMA ) —RBIES A Fl ash
; YIEHIER RAMHE —NEE T
; ZIEEEM@ Fl ash BE— M RIER T
- RIS EOFEEIRGE
- ZRFMSAMET Boot X ( £ Do_spmFEFZHMLL)
; ERREIRS (BRI EERAE ) 8RR NRWK R
- FRAMNEESR r0. rl, tenpl (r16), temp2 (r17). looplo (r24),
; loophi (r25). spncrval (r20)
; ERFRTEESERATHARFPARE
; EEH#ABAIER TR LS FEENER
- BIRBHIEE RV T Boot | oader X, HEFHTHELLL,

.equ PAGESI ZEB = PAGESI ZE*2 ; PAGES| ZEB RUFWHEBEMNM TR , FRAFHE
iz
.org SMALLBOOTSTART
Wite_page:
; TUERRR
| di spntrval , (1<<PGERS) | (1<<SPMEN)
call Do_spm
; EFfERE RWVIX
di aC1<<R\N/\SRE) | (1<<S7N) —
B s
www . BRTEC..com/ATMEL
Idi  1ooplo, |ow PAGESI ZEB) ; RILBEHREE
Idi |oophi, high(PAGESI ZEB) ; PAGES| ZEB<=256 A EEWERE
W | oop:
I d ro, Y+
I d rl, Y+

| di spncrval , (1<<SPMEN)
call Do_spm
adiw ZH: ZL, 2

shiw | oophi:looplo, 2 ; PAGES| ZEB<=256 B} A subi
brne WI oop

; WITRE

subi  ZL, | ow PAGESI ZEB) D IREEL

sbci  ZH, hi gh( PAGESI ZEB) ; PAGES| ZEB<=256 R R EEILIRE
| di spntrval , (1<<PGART) | (1<<SPMEN)

call Do_spm

; EFfERE RWVIX

| di sprerval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm

 REBIEARE | ABRAE

Idi 1ooplo, |ow PAGESI ZEB) ; DRI EHSREE
Idi | oophi, high(PAGESI ZEB) : PAGESI ZEB<=256 I RNEZE iR E
subi YL, | ow( PAGESI ZEB) ; IREIEE
sbci  YH, hi gh( PAGESI ZEB)
Rdl oop:
I pm r0, Z+
I d rl, Y+

cpse r0, r1

23  ATmega32(L) m——
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jmp  FError
sbi w | oophi
brne Rdl oop

:looplo, 1

; IREE RAWWVIX

; BRRW XELAUERLIEE
Ret ur n:

in

shrs

ret

; EFTAERE RV

| di spntrval ,

call Do_spm

rinmp Return

tenpl, SPMCR
templ, RWASB

(1<<RWABRE) | (1<<SPMEN)

Do_spm

. RELHIN SPMRERBELERK
Wait_spm

in tenmpl, SPMCR

sbrc tenmpl, SPMEN

rinp Wait_spm

; WA :spnocrval RET SPMIRME

; BIEHM , REFRSIHFE

in tenmp2, SREG

cli

;. W{RI&E EEPROVEIRE
Wait_ee:

shic EECR, EEVE

rinp Wit_ee

; SPM Bt 1 51

out SPMCR, spntrval

www . BFELCcom/A

. & RWASB R 1"

; PAGES| ZEB<=256 &/ subi

, BB RV ISR AR 5

'MEL

ATmega32 5| SRFSH B4RTE R R T AR S ERTE Table 100 £ Table 102 44 H,
Table 100. Boot X & /MEE ()
Boot Boot M {iith
Boot Loader it ( Boot
XX BiA Flash Flash MAKX Loader #21&
BOOTSZ1 | BOOTSZ0 | /I it X X SRt sk )
- $0000 - $3F00 -
1 1 256 F | 4 $3EFF $3EFE $3EFF $3F00
- $0000 - $3E00 -
1 0 512%F | 8 $3DFF sarrF | S3DFF $3E00
1024 $0000 - $3C00 -
0 1 = 16 $3BFF $3FFE $3BFF $3C00
2048 $0000 - $3800 -
0 0 = 32 $37FF $3EFE $37FF $3800
Note: 1. TR BOOTSZ BB EiIES N Figure 125,
Table 101. RWW HpR (1
Flash X i FuEE
Ertig - BX (RWW) 224 $0000 - $37FF
JERATE - BX (NRWW) 32 $3800 - $3FFF

ATMEL

2503F-AVR-12/03
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ATMEL

Note: 1. XTFERAMXMFMARABER P229 “ JF RWW X -NRWW” & P228 “RWW X ",

Table 102. Figure 126 RFTAZEMNIHA R Z i85 HVBLET

R Z 5%
TR B iR
13 EFITHSNESN (BFITHESER 1411
PCMSB PC[13:0])
5 ATRAZSUNESMN (- REM4INF , B
PAGEMSB = 6 {7 PC [5:0])
Z14 ZHFHES5 PCMSB MR, AT &EFEA
ZPCMSB 70 , ZPCMSB ZF PCMSB + 1
Z6 7 B178 5 PAGEMSB Xt RIfY iz, T 3& B
ZPAGEMSB Z0 , ZPAGEMSB % T PAGEMSB + 1
PCPAGE PC[13:6] Z14:27 T.wiif%jﬁri&%ﬁﬁi&nt C ETURRA T B R e
TERE
PCWORD PC[5:0] Z26:Z1 EFitHETi - MERIBNEPXHITF
ER (EREIRAPMAN 0)

Note: 1. Z15: Fit
Z0 : FrEH SPM @3E80 "0” , X LPM 8 S HIERE,
XTEREIREYS Z EBHNERIBES A P233 “ £ B4 2S5 A Flash”

www . BDTIC.com/ATMEL
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FHERRmE
BFEBEFHENEN

Table 104 5 HE M ntERE. BIEM RBEBES DA BRBTEREN “17

Table 103. #iE =T (1)

ATmega32 27T 6 MNBIEM , RE\EEMRE ('0") ERXBWIWE (“17) BIER AT LAIRTG

R AE S IASH #iz MIAE

7 - 1(Kmig)

6 - 1 ( RgmTE )
BLB12 5 Boot 8 E iz 1(Kémi2 )
BLB11 4 Boot 81z 1(Kémi2)
BLBO02 3 Boot #i{7E {1z 1 ( KRmiE )
BLBO1 2 Boot $iE 1z 1 ( REmiE )
LB2 1 BiENL 1 ( RmiE )
LB1 0 BiEAL 1 ( RgmTE )

Note: 1. “1” RRKGWRR |, 0" RNEIRER,

Table 104. S{E R ERX

e A A ®RpFER
LB & LB2 LB1
Inw i FeX [ ] |
www .BDT EC ..C {Fofinceorouss
(
3 0 0 EHTHSPIITAG BITHmEE N A Flash HIEEPROM A9 33
—SRBRBITHEI | SIEMRBL vz ")
BLBO #= | BLB02 | BLB01
1 1 1 SPM F1 LPM X3 51 F X #9177 18] 3% A5 BR %I
2 1 0 T RYF SPM XM AR #TERE
TR SPM ESHMAXBTERE , BFAAYETT
3 0 0 Boot Loader X LPM i8S MR A X IE, EHHEE
{2 F Boot Loader X , BRLAMITR AX KB FE 221
B,
T ARFIZITT Boot Loader XK LPM 355 MR XiEEUHK
4 0 1 2, BhMEET Boot Loader X , BRAMITR AR
B PR EEEN,
BLB1 #% | BLB12 | BLB11
1 1 1 5 SPM/LPM $E %1518 Boot Loader X

2503F-AVR-12/03
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Table 104. H{ERF KX (Continued)

ik ERgEN @

fRipEE

1

0 TR SPM #8455 Boot Loader Ki#1TE#R/E

M REEIEAY,

T SPM #5% Boot Loader K {TER/E , bR AR
BT TRARXE LPM £ M Boot Loader XiEEI#iE, &
P ENTRAKX , BBAHIT Boot Loader XALHB AT

0

TR ZETTHAXK LPM 35 M Boot Loader XiEEUR
1 B, EFMEEMNTRARKX , AT Boot Loader X4
BT R EIER,

Notes:

1. ERREBENVR SRBRLA

2. 1" RARERE , 0" RIEmE,

ATmega32 BHMNELAMIFT, Table 105 - Table 106 f&j S #3838 7 AT B B L VA THAELL
RAM2MARATBELFHN,. MBBLAEHENIZREER “0%

Table 105. BL{VSFT

BYUEF
hil s | f#R FIAE
OCDEN® 7 fifBE OCD 1 (K4wFE , OCD £H)
JTAGEN® 6 fiERE JTAG 0 (B4R , JTAG L)
SPIEN™ 5 ERERITREFMBETHR 0 ( B4w*2 , SPI {mi2fFRE)
GROREY g I PEHRRET A =y R A
3 COMAA T ME Lo memss
3 JN (3 o \(3)
BOOTSZA 5 %?)Bom XK/ (£ Table 0 (H4RTE )
N JN (33 o \(3)
BOOTSZ0 1 %%%)Boot XK/ (%MW Table 0 (TR )
BOOTRST 0 RERENEE 1 ( RIEwIE )
Notes: 1. 7£ SPI H{T4wEHE X T SPIEN AL A5,

. CKOPT /&217IheEH CKSEL (iR ERE , M P23 “ BH#IR " o

1
2
3. BOOTSZ1..0 BRIAE & K Boot K/ , ¥4 P237 Table 100 ,
4

. FEBINSJTAGEN BLNMIRERTA ,FmE] [ ARX OCDEN 48%2. Xf OCDEN /&
UAIRREAFRERENYNELSSP EMENKRERNTET. XLEME,

5. MREEERE JTAG D , RRWEEHUE JTAGEN BL NV HRERS , LUEREET
JTAG # 02 TDO S| RSB,

Table 106. L R T

b ELR A iR

F s | R MiAE

BODLEVEL 7 BOD fia %k 88 F 1(KRmE)

BODEN 6 BOD f#&¢ 1(K4m72 , BOD £ZA)
SUT1 5 %R B B AT A 1 (Kemi2 )

SuTo 4 %R BB E 0 (4w )

CKSEL3 3 R R 0 ( B4z )@

ATmegad2(L) m—
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HEBLANBKIE

FRIR

RE

2503F-AVR-12/03

%

=

%

htl

Table 106. B4R FT

TP A vA VA

FI ws | #R mMINE
CKSEL2 2 %R Bt R 0 ( B4z )@
CKSEL1 1 %R Bt R 0 (B4 )@
CKSELO 0 %1% Bt R 1 (Kimig )@

Notes: 1. X FERIARTEER ,SUT1.0 WERINMELR HHE KNS IRTE. FHAAEN P28 Table 10 o
2. CKSEL3.0OMYBRINRES T FARCIEF 81217 F1 MHz, E4AAN P23 Table 2 .

BUNPRBTZ S BRSSHEE, MRBEM 1(LB1) HmENBLVEE, £
IRTIEBIEM B RRTBEB L,

SEHARERERNNBLUNESE. HABLUNRTELR2ER  BERSHERHERE
B, TEXAFERT EESAVE B4 4, ©—BHwEIEER, EEEIEERT
B L e Rt IA L4y i BiTE,

FRE/ Atmel I FIBREHERT — N =FTHHFRRRBARE S BHER S, XMBALLE
Eiﬁg%ﬁ*ﬁﬁiﬁﬂl , AT ATE RS B E R IR A, X=ANFH 237 T =MAUK
ATmega32 FRIRFT R :

1. 0x000: OX1E ( &R~H Atmel 22 R&£E7 )

2. 0x001: 0x95 ( RTBHEE 32 KB Flash 7728 )

3. 0x002: 0x02 ( 2 0x001 FHH KA H 0x95 B &R RIXZ ATmega32)

» WWW 2BB kG eomAATME L 2rsrnm

HEEMHE , 1 MHz R EEHK B3I B A OSCCAL FiFs=. %%EE%‘E%%EE ,
FFEK , F0 P28 “ 5% BR AR E F 88 ~OSCCAL” .

A IIIEI% 241
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# ﬁaﬁ%ﬁ& SIS B X264 R T A%t ATmega32 £ Flash TRF1ZH458 , EEPROM BIETZ (458 | R8I

e uw&éﬁw&ﬁ%ﬁkﬁ&%ﬂmﬁo BRIESHIEA , BPREZED R 250 nso
FEEEH EiX—T ATmega32 WX SIB A HTRZE SN B MBI TSI |, 0 Figure 127 5 Table

107 FiR. RAUKBHRH S| M0 A FKRARIE.

XA1/XAQ RTE T 48 XTAL1 S| B — N EBKHP B FRHAITHIRE. E44RIBIEN Table 109,
% WR 5 OE MABHRFIMNENSRTRE T BRITHERE, EARRES A Table
110,

Figure 127. }{T4mi2

+5V

RDY/BSY «— PD1

vce
OE ——» PD2 5V
WR ——»{ PD3 AVCC
BS1 ——» PD4

PB7 - PBO [«——> DATA
XAO ———»| PD5
XAl —»| PD6

PAGEL ——— > PD7

+12V —— | RESET
BS2 ——>»| PAO

XTALL

fic
Wwww -BD TG c'om/A MEL

HEREXGESHERL | SIHEH
RDY/BSY PD1 O | 0: BRILTFHRE, 1. SHEFFHTT.
OE PD2 || W ERE (EBFEER).
WR PD3 | | Bhok (EEFER).
BS1 PD4 || FWER 10" ERENVFT , 1" ERSUFT).
XA0 PD5 | | XTAL 3h4E4Z 0
XA1 PD6 || XTAL sh4EfL 1
PAGEL PD7 | | INREFFHERN EEPROM BiER
BS2 PAO | i:i;ﬁ% 200" IEBRMF T , 1" ERE-ANSN
DATA PB7-0 | IO | MEHIEEL (OF WKL )
Table 108. # A4r2E P& E MY S| HIZNHE
=) SRSy BE
PAGEL Prog_enable[3] 0
XA1 Prog_enable[2] 0
XAO0 Prog_enable[1] 0
BS1 Prog_enable[0] 0

242 ATmega32(L) m——
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Table 109. XA1 Fl XAO0 H4mH5

£ XTAL1 Fehnixisi & fzh4E

DNk Flash 2 EEPROM itk (@Y BS1 BERSMEREKMNFT )

EEIE (BY BS1 RERBUERBULAFREFTT )

=y

XA1 | XA0
0 0
0 1
1 0
1 1

THRE , =R

Table 110. W& F 4w
wEFEW RITH®RS
1000 0000 B R
0100 0000 BiRufy
0010 0000 B8 EN
0001 0000 E Flash
0001 0001 E EEPROM
0000 1000 BIRRETARAEFT
0000 0100 IR LA RBE
0000 0010 % Flash
0000 0011 % EEPROM
Www B0 Eldez= com/ ATME]
Flash & /) RA/ | PCWORD RS | PCPAGE | PCMSB
16K F (32K F¥ ) 64 F PC[5:0] 256 PC[13:6] 13
Table 112. —TT@EMFH EEPROM I TT
EEPROM X/ il N PCWORD o PCPAGE | EEAMSB
1024 FF5 47 EEA[1:0] 256 EEA[9:2] 9
243
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FITRE
HEARBER

HRTEMREEEE BN FE

WWW

B ERER

3t Flash #{T4RE

ATMEL

B TENE LR AHTHREER -

1. 1 Voo & GND Z[E$Rft 4.5 - 5.5V (WEBE

2. Y¥ RESET #I{f , HE D hE XTAL1 BEF 6 %

3. ¥ P242 Table 108 A %I HAIH Prog_enable SIHIEJ "0000" , HE&FZEA 100 ns

4. $ARESETIR11.5-12.5V WEBE, 6 RESET 24 +12V BEFM 100 ns A,
Prog_enable 5| EMTHBLSBSH T EH#H AREEN

MREFRABRBERIAZ RC , EFATREREEEN XTALT B, EXFERT , B3R

BN T &L -

1. i&EZ%ITF P242 Table 108 # Prog_enable 5|k “0000”,

2. & Vee 5 GND BiRMHEBE 4.5 - 5.5V [@A14E RESET Ligft 11.5-12.5V BE,

3. &% 100 ns,

4

B ERRE , RIEIEBETs0IRIER RS AtH (CKSEL3:0 = 0b0000), AR 81
ENVEHRE  FREBLAMTART O BERET.

B RRRM4IRHE RESET 55 000 KB HBEEER,
6. RBEHIINEZHRARERN,

o

ERESED , NENTSRUREFIFE, N TRUSHNEENZEEUATEE :

o WBMNFEHETHITERERER , HSREME X
MEBEANKIEN OXFF AT , BEAXMERNITE FEKR G DS Flash &
EEPROM( BR3E EESAVE B4R ) AR,

. Ei ? lash & EEPROM EP?ATIW?F_W&%{&?%O TEig
[\ Htj‘ 5 [-L‘gl\u-_ N\ O
. BB =C0m

SHEBRIRESERR Flash &2 EEPROMY) 176588 AR BIEN . RFEHEREEBBRLER
ZHHEMNTLEMN, 2FEBRTENBLAY., SHERGSUAERE Flash 5 / F
EEPROM Z B

Note: 1. R EESAVE B4{#imE , ABLIES S EBRET EEPRPOM T2 M,
g " BA &R YR

T XA1, XA0EXR "10" ABZa S N,

& BS1&R "0%

DATA IR{ER “1000 00007, XEEH ERGS.

48 XTAL1 B —/NERKH , #HITo R MR,

4 WR 2t —NaBkod | B A8, RDY/BSY &K,

Z# RDY/BSY &E , REFREMBHTNS T,

AU

Flash R TTHIZ XA LKA |, 20 P243 Table 111 Fi/Ro 4872 Flash B , 2 R SR 4 81
EIAREFRXF, IH—BANEFRETURREIRE. TENSRERT max
Flash #1T4R12E :

A. tNE " B Flash" &%

1. FXA1, XA0EN "10", Bahas S NEK

2. ¥BS1E"D

3. DATA R{E% “0001 0000” , X2E Flash &%

4. 4 XTALT B —NERFUAMKR TS

B. AnEk b K42 55

244 ATmega32(L) m——
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. XA1, XA0 ER "00", B3t gk

. f¥BS1E"0, &K Itut

. DATA JE{E 7 b 3K {2 F T (0x00 - OXFF)

. A XTALT Rt —NERKP |, bR FT

1

2

3

4

C. BB FT

1. FXA1, XA0ER "01", BahIEMEK

2. DATA BERHBEEALIFT (0x00 - OXFF)

3. 4 XTAL1 RE—NEMH , MEBTEFT

D. MBHBEFESLFT

1. F¥BS1ER", ERMESHFET

2. T XA1., XA0EXR "01", BaEIEMEK

3. DATA BERNBIEBSHFT (0x00 - OXFF)

4. 4 XTAL1 BE—AERF , #THREZT N

E. BiFHE

1. F¥BS1ER", ERHESHFET

2. %A PAGEL 2 —AERF , BiFHIE (R Figure 129 5K )
F.EEB X ERE, BERBENMNEAHAXIEFHRILTTPAENHIEE S MK
it ESFMERAATIAIU , SMAT FLASH IAYF 4k , ¥ P246 Figure 128 .

WMRTAFUDT 8 £ (it < 256) , AR T RERFEMIHEF TS LA TR
Tt

wWww BETA G comAATMEL

2. FBS1ER", RS Uibit

3. DATA B{EN it S FF (0x00 - OXFF)

4. 45 XTAL1 IBE—ANEROS |, kbt S 73

H. fwmi2 — TR

1. B BS1="0"

2. A WREH—AMNARP | NERHRIEHTHE , RDY/BSY TE
3. Z# RDY/BSY &5 (I Figure 129 5K )

|. EE BZE HWIRE , BEE Flash SRfE4E R EFTE N BIE SRR
J. ERRTE

1. 1. XA1, XA0BH "0, B insiesE

2. DATA IE{E5 "0000 0000" , X2 BERS

3. A XTAL1 BH—NERH , MBHS , AHBBEESEMN

A IIIEI% 245
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Figure 128. X EATU NHLQHE UK Flash #4TF 1k
oroGRAN [EEMSE PAGEMSB
COUNTER PCPAGE \ PCWORD I
PAGE ADDRESS WORD ADDRESS

WITHIN THE FLASH

WITHIN A PAGE

PROGRAM MEMORY PAGE PCWORD[PAGEMSB:0]:
PAGE B — INSTRUCTION WORD 00
\ 01
\
\ 02
\
< \\ N E
\ .
\ 1
\ .
\ 1
\ 1
\ '
\ 1
\ .
\ PAGEEND
\_
Note: 1. PCPAGE & PCWORD %|F P243 Table 111 .
Figure 129. Flash 42K ()
DATA $10 ADDR LOWQ DATA LOW DATA HIGH XX \ADDR. LOW)X DATA LOWXDATA HlGHX XX XKDDR HlGFX XX
XAL __/ \
XAO0 4/—\_/ \
BS1
XTALL /_\
_ J
RDY/BSY \—/_
RESET +12V
oF
PAGEL /_\ /_\
BS2
Note: 1. FHEZER"XX", EMNKEFZEX M T EERKN Flash RiE EX .

ATmegad2(L) m—
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%} EEPROM #{T4R2 I P243 Table 112 Fi7/R , EEPROM tBLATI N # 1y, 4mTE EEPROM BY , ImEHTFEHF
FREHRXH, XHETLRNN —REHKFEHTHE. EEPROM BiIEFHESSmEELNT
(R, it RBEMZROAITIES N P245 “ 34 Flash #HITHE ") :
1. A pNEaE< “0001 0001
2. G: it FHMFF (0x00 - OXFF)

3. B: MEuEMFF (000 - OXFF)

4. C: mnEEE (0x00 - OXFF)

5. E: $i783IE (44 PAGEL 2 —MNERKF )

K: EES$®R 335, BRRMNEFXIERK

L : ¥} EEPROM TU#{T4mi2

1. ¥ BS1E&“0

2. #AWR BHE—Affkoh |, FAX EEPROM #1742 , RDY/BSY 1K

3. %I RDY/BSY TEBN T —R#THRE (S5 KFN Figure 130 )

Figure 130. EEPROM 4mi@i& ¥
K

A G B C E B C E L
DATA :x ox11 %DDR.HIGHXADDR.LOWX DATA X XX XADDRLOWX DATA X XX

www . BDTIC ATMEL

e N S

WR \/
RDY/BSY -/
RESET +12V
OE
PAGEL /_\ /_\
BS2
3% EN Flash % Flash 2R ROT (S Ritut AT N P245 “ Xt Flash #HITHRE" ) :
1. A INEas< “0000 0010
2. G: gt FHMFF (0x00 - OXFF)
3. B : M KAIFF (0x00 - OXFF)
4. f§OE B 0", BS1E&“0", A/ M DATA i ! Flash FE KA
5. f¥BS1E&“1”, SRAIEM DATA i&H Flash ZHE N F T
6. Y5 OE & “1
2Bl EEPROM BEEMENSRUOT (B RiU MM T W P245 “ Xt Flash #HIT4RE " )

A mEl% 247
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1. A MNE& S “0000 0011”
2. G: MEMHE T (000 - OXFF)
3. B: oEibHHERF T (0x00 - OXFF)
4. f§OEE"0", BS1E&E"0", A/SM DATA it EEPROM HiEF T
5. OEE™”
TR L4 N R L3 fTim R FNBLBENWREESROT (G RBBEEEATN P245 “ Xt Flash #HIT4RE ")

1. A: tnEaS “0100 0000”

2. C:MBEBBEET , EE—NUR "0 XRREEHRITHE , ENEZTERK
3. EBS13H“0", BS2 K “0%

4. YA WRBME—MNABKH , HZZRDY/BSY ZE

B L W F AR TRE NELEUNRESROT (WPREBEEAT N P245 “ X Flash HITRRE ")
1. A: tnEaS “0100 0000”
2. C:MBBESET , EE—UN "0 XRREEHRITHE , ENEZTERK
3. [¥BS1E&"1". BS2E "0, R EMNHKEET
4. 4 WR BEH—NABKOTHZE RDY/BSY 25
5. FBS1E"D , &R EMNFT

Figure 131. B4 w2 K
Write Fuse Low byte Write Fuse high byte

A CK_H A CK_H

www . BDTHC..comZATMEL

WR \_/ \_/
ROV/ESY -/ /S
RESET +12V
OE
X B AR AT R BEMBRSBNOT (H9REEREMT N P245 * i Flash HTHR ") :

1. A : ST “0010 0000”

2. C: MBBEBEEY , LnH "0 XREBEVLEERRE.
3. AWRIERH—IMABHH %4 RDY/BSY 5

BiE Y RAEEE S A B SRBR.

248 ATmega32(L) m—
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BREUE £ BB REUBRLNRHMEMHNSRINT (MHMRATR P245 “ 3 Flash #HITLRE " )

1. A: tnEaES “0000 0100”

2. Y% OE., BS2 #M BS1{E&"0", R/GM DATA BUAL KWL HRES ("0" RREHR)
3. JFOE&"0" ,BS2FIBS1E“1” , REMDATAREURL B RS ("0 RREHRE)
4

$ OE B'0" BS2B"0" ,BS1E 1", SAM DATA EUE AR (0" KRB
e )

5. % OE & “17

Figure 132. R#R{ETEF BS1. BS2 SHLMMHIEMAIX RIX R

Fuse Low Byte »| 0

DATA

Lock Bits |—| 0

,—>1

BS1

Fuse High Byte}|—»| 1

BS2

EEFRIRE S EEVYR K (i S 4 TRE" ) :
WWW SBTDEEC aCoifi 7 ATVED

2. B: m&ut{EF T 0x00 - 0x02
3. S OE. BS1E"0", A/SM DATA BRI FH

4. fYOEE"1"
EHRESET BERREFTHELZNT (S St NS E P245 “ X4 Flash #HITHRE " ) :

1. A: 1iE &% “0000 1000”
2. B: mEFtu{EFT
3. YOEE"0D", BS1&“1", ARIEM DATA BV AT

4. S OEE“1”
HiTwBEHE Figure 133. H}{TRENF , SFE—LEANRFER
Exwe
XTAL1 . Orixt N B
tpvxH txLDx
Data & Contol -
(DATA, XA0/1, BS1, BS2) < >< ﬂ<_ ——_—
tgveH teiex | tevwi t
PAGEL Z (N D
_ twi wH __
WR tpLwL \L//
o WLRL
RDY/BSY . N

twirH

A mEl% 249
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Figure 134. }{TmENF , AR FERNMEFH O

LOAD ADDRESS LOAD DATA LOAD DATA  LOAD DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)

ipH

ExixH tpLxH
[fe————> e
XTALL / AN / ‘L 4’ jt m

BS1

PAGEL

DATA X ADDRO (Low Byte) X DATA (Low Byte) X DATA (High Byte) X ADDR1 (Low Byte)

XAO

XAl

Note: 1. Figure 133 AR FER (toyxn txux. & txpx) BEA T &R 4%,

Figure 135. }{THRENF , BNFERNIEFS (F—51 )"

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
/_H /_H

xi oL

-
XTAL1

tBVDV
BS1
WWW m E ) v jt
Pasr
DATA —< ADDRO (Low Byte) DATA (Low Byte) DATA (High Byte) ADDR1 (Low Byte)

XAO

XA1

Note: 1. Figure 133 AHHIEIFER (BN toyxns  txux R txpx) B TiREAE,
Table 113. H{TRESE , Vcc =5V £10%

B | BB BX
7s B8 & & B | By
Vpp mREfERERE 1.5 12.5 v
Ipp IREEREERR 250 pA
tovxH £ XTAL1 A2 AT BERZEEHER 67 ns
ty xH M XTAL1 R XTAL1 & 200 ns
tyxL XTAL1 9 & BY B RK3E 150 ns
tyLpx XTAL1 J 1R 2 f5 3038 R 42 R 5 67 ns
tywt M XTAL1 1€ZI WR 1§ 0 ns
tyipH M XTAL1 {XF] PAGEL & 0 ns
toLxH M XTAL1 1XE| PAGEL & 150 ns

250  ATmega32(L) m——
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] ATmega32(L)

Table 113. H{TRESH , Ve =

5V £ 10% (Continued)

B | BB BX
sy 2R B | E | # | B
tsveH M PAGEL &% XTAL1 & 67 ns
tempL PAGEL &2l BS1 BN 150 ns
tor Bx PAGEL 7 & BYHY R 3E 67 ns
twLex PAGEL H1&2 /5 BS1 R#% 67 ns
toLwL WR 12 /5 BS2/1 R 67 ns
taviL M PAGEL &% WR H1& 67 ns
tLWH BS1 BME WR H1E 150 ns
twLRL M WR &% RDY/BSY H1E 0 1 us
twiLRrH M WR &Z| RDY/BSY &g (1 3.7 45 | ms
twirn ce | M WR{EZI RDY/BSY s , BABKREHESR | 75 9 ms
tyLoL M XTAL1 1£Z] OE W& 0 ns
tavpy BS1 B%ZE DATA B 0 250 ns
toLpy M OE {£%I DATA B3k 250 ns
tonpz M OE £ E DATA h S A 250 ns
Notes: 1. 1E#1T Flash, EEPROM. B4y RHIEMBERIER ty ry B Ro

2.

#HT/UH'@F?EH’EHT tWLRH CE ﬁ)&o

e Www BDFEC  comAATMEL 2.0 ue

BEZHHITREAITIES., P251 Table 114 5| T SPI HREFTES|IINME, T2

SPI B{T4RE S| Bk &

2503F-AVR-12/03

*ﬁ‘E’J%ﬁ#%ﬂﬁm SPI S|#E ATAE SPI#EO,

Table 114. FIT{RTEMR S

SEsy SIp o] e
MOSI PB5 | EEBEEA
MISO PB6 o ELBER
SCK PB7 [ TSR

ATMEL

251




SPI BR{THRBE %

ATMEL

Figure 136. SPI B{THmERKRK (1
+2.7-5.5V

vce
+2.7-5.5vV®

MOSI ——>»| PB5
AvVCC

MISO «<— PB6

SCK ——»| PB7

— > XTAL1

—»| RESET

£ —

Notes: 1. MEBH B AIERH RN , BBLARTATE XTAL1 51 B _E3E a0,
2. V¢ -0.3V < AVCC <V +0.3V , 1B R AVCC BITE 2.7 - 5.5V SBE W,

Y2 EEPROM B} , MCU EFEENMmEREFLBA—NEHEREAY , NI EER
TOREBRTT, SHERRENERFMER EEPROM YN B EEER A OXFF,

B 408 CKSEL BLVHEE, S1THH (SCK) MH/MEBF B MK/ S BF AR ER

WWW BOTAG: com/ATME - sos

& > fy <12 MHz B3 2 4 CPU B4 EH | f, >12 MHz B4 3 4> CPU rt4#4 A .

B ATmega32 RITEAKEN , ZIEE SCK 1 EFHRBUBIE,
M ATmega32 NIRRT , BIBE SCK T REAHE . BFAT N Figure 137 6

ERTREER T ATmegad2 #ITRERKRKE  SIEFUTHLSER (A Table 116 #

W4 FHESER):

1. E&RFE :
£ RESET & SCK 3 "0” & , 8 Voo & GND 88, E—ERE&EH | HERTHE
{RIEE L BAT SCK RIFNEK. EXFMERT , SCK h{Kz/EME RESET fl—
Efod , MAX MR ELEL4E 2 4 CPU KA.

2. LHBEZEZEED20ms ,REE MOSI S| EH A BITHRIZEREIE S UEBERITH

3. BETRALHERBITREESTIE. AP2E , ERXREREEEETHE=
NEHH , BN ETHRE (0x53) MR BRER, FERBHNABEBRSE ,
SN ANET SR EER, R 0x53 AR E , MFEEHE RESET 24—
MNERKOR AT B FT R mIEFEREIE T

4. Flash RBIU—R—TINARX#H 1T, ERITNREFEHEIESH , B3 6 LSB
Wi ER , BIEAF T AEMMNFEEER. ARIEMKVERYE , RERSA
EiEEBERFYT , 2EREFT. BEFEMABIHUNS 7 WUARERE
FEESBTIESREHE. URTEATZANAR , BAERET —TNEHEZH
BIERFZED typ riasy WETE (A Table 115), £ Flash Bi&¥ESE R Z 817 @] 8B 1T
REEZEDSSBRREEIR.

252 ATmega32(L) m——
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Flash HEERE

EEPROM M iEs i

2503F-AVR-12/03

5 BT RBEFEEECE , EANEESNUET RN EEPROM 4ig,
EEPROM G2 TR RESEAFBRECI B ER. MRERFEHAEHNAR , BB
/AE?ET%WT—BI_?&EZWE%%-EQ‘ tWD_EEPROM E’ﬂﬁmﬁj (D—IL. Table 115)0 an:é
FERZENSS , BIEN OXFF WA EERRE,

6. TMETEESEKREEM—NMEEETHNNS. BEMNSETHEDO MISO #HiH,

7. REBERFALUY RESET NS F L EERE,

8. THEFI (MRFEE):

5% RESET & “17,

Y Flash IEL TR -—THREBRAER |, BEURHHRNBRFEE OXFF, BEERE , &
RENBIER AT ER Y, BEXMAETUBEMNTAET -, ATENTRE
RREN , X—FNEM— Mot EF AT UARER. Flash HEEAFER THE
OXFFo Eltt ,Eéﬁﬁ OXFF lﬁ ,HFEQ\E%?% tWD FLASH ?ﬁgiﬁ?i-_]:_ﬁméﬁﬁo EH?%
F BRI AT 10 B T OxFF | FRLURTRSIEN OxFF B AT BB X AMB e typ roscs
MER Table 115, B

X EEPROM EHEAE—NFHHREIEMEN | EU R RE OXFF, RmEBERT ,
BRENBIEETUERESY, X—AEATARYHANTRE T —NFH, BREREAX
I OXFF T BEAFMZERE , £ BRNEMENETEN OXFF , FTLARERE
7 OxFF Bt Al BABE I X MEE. FRXFER T £ F#ERet EEPROM A BB R EHHE R
AREREINERE OXFF , EHT T —FTHRBZHEDER twp eeprow 1T EL

Table 115. E T —* Flash 5 EEPROM & jT 2 Bl Ky & /N E 1567 A

_FL

twp_eeprom 9.0 ms

two_erase 9.0 ms

Figure 137. SPI &1TRERFHE

SERIAL DATA INPUT MSB LSB
(MOSI)

SERIAL DATA Ol(J'\'/Il'IF;UO'I; MSB >< >< >< >< >< >< >< LSB
sswwoooriey [ 11 ML LML
S A N N N A B

A IIIEI% 253



Table 116. SPI B{T{RBIETSE

BoER
BT F11 FH2 FH3 F1 4 BeE
YRTE(HEARE 1010 1100 | 0101 0011 | xxxx xxxx | xxxx xxxx | RESET MKGERERITHE
O EER 1010 1100 | 100x xxxx | xxxx Xxxx | xxxx xxxx | B EEPROM ¥ Flash
REFIFMER 0010 HO00 | 00aa aaaa | bbbb bbbb | cooo cooco | MFiity abWBRFEFMHEENH(E
REFET ) BIEN o
e FFHERT 0100 HOOO | 00xx xxxx | xxbb bbbb | iiii iiii | EZFi#itH b WRRFEME T H SRE
FH)EAHEI, NABRFEVTBEE
BEFT
ERFEHER 0100 1100 | 00aa aaaa | bbxx xxxx | xxxx xxxx | TE#sit a:b MMHERFFHR
& EEPROM 17425 1010 0000 | 00xx xxaa | bbbb bbbb | cooo oooo | M EEPROM Kyt a:b 4bis H#iE o
E EEPROM 124k 25 1100 0000 | 00xx xxaa | bbbb bbbb | iiii iiii | [ EEPROM it a:b &b B AEKIE i
EHEMN 0101 1000 | 0000 0000 | xxxx xxxx | xx00 oooo | EBIEM., "0” HEHE , "1” WX
2, AT P239 Table 103
E8EM 1010 1100 111x XXXX XXXX XXXX 11ii iiii BEBEM, B 0" ®RmEMENM. 4
T P239 Table 103,
PR ET 0011 0000 | 00xx xxxx | xxxx xxbb | oooo oooo | Mithiit b iZEFRIRET o.
B2 1010 1100 | 1010 0000 | xxxx xxxx | iiii iiii | ‘0" RIREHE , ‘1" RTEAmE. 1L
P240 Table 106 ,
=ae \WWW2 BDT ICcoms e
o - s m
gy 0101 0000 | 0000 0000 | xxxx xxxx | oooo oooo | EB#4I, ‘0" RIRCEHE, “I”"KRFR
- RRTE, AT W P240 Table 106 .
S 0101 1000 | 0000 1000 | xxxx xxxx | oooo oooo | EBLEfI, “0" RROEHRE, ‘1%
PR RAGHE, AFR P240 Table 105 .
BERAEFT 0011 1000 | 00xx xxxx | 0000 0000 | cooo ocooo | EKAFT

Note: a=3MittE , b=#HHEN , H=0-EFT , 1-8FT , o=HFEAL , i=HEHA , x=FE

SPI BR{THRBRRM 31 SPI R4 |, HS N P273 “SPI R F4EHE "

BYE JTAG BEORTHRE B JTAG ENHTHREZERE 4 4 JTAG T HSIM :TCK, TMS, TDI & TDO. reset
Rt SIS RS,

R JTAG #OZH B X B4R JTAGEN B4, S H X MNELARE N imER
Ao H ,MCUCSR FF8H JTD N 4IET, IR JTD EHME 1, M AT LU EB reset
BER K, 2FMERZE JTD NEREET. JTAG SIHEN T B FiwiEThat. A
I, JTAG SIBIBR T AT LA BEER 110 2 SVE T AR T ISP Thae, BEEXE , ¥ JTAGH
FiaREABRERNRERN , FARERAXNER, EXMERT , JTAG SIMREERAEL
R A%,

EXFMENLH , LSBREF—IMBA/BHBNEFRNM.

SREMEXN ITAGES ETEESHN4M, IXF 16 5D, ATHREN JTAGESETEYIH,
B—XIETHIITREE OPCODE MEETBEN 16 #HERIH, XFNERTHX
£ TDI # TDO Z [E AN IE T FEN BB ERE,

254 ATmega32(L) |
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www . BD]

AVR_RESET ($C)

PROG_ENABLE ($4)

2503F-AVR-12/03

TAP {2 HI2589 Run-Test/Idle R 7S A K™= £ N ERET 4, © B W AEJTAG 7512 B AY Z2 AR
Do BEIETFHVRSHFFIN Figure 138,

Figure 138. EETFHRSIFS

1 § TESt-LOGIC-RESEL M-----=rxemrsar s e
o
v H
0 1 1 N 1
Run-Test/Idle ~ Select-DR Scan P Select-IR Scan  p-=-----t
. .

AVR_RESETHAVRHEEWJITAGES ,ATHEAVREAZENVEXNFBEEVER, X&K
ERTREMIT TAP NEE., TKAE 1 UNENSTEREAERESES. — B8t
PE-MNBE 1, EMRSIAMBUE. XZENEHTBE.

SERASR -

Shift-DR : EFFHRBI M AL TCK B T8 AL,
PROG_ENABLE RAVRE A JTAGIE T ,FAXRBEEJTAGHRRE. 16 UM RIEFRET 72
BOEEBIESTFRS. ERER -

Shift-DR : ‘RIS B ARBESTEES.

Update-DR : mREFRENESEBRANBEHRITLE , MEREEREH AHEER,

A mEl% 255



PROG_COMMANDS ($5)

PROG_PAGELOAD ($6)

PROG_PAGEREAD ($7)

www BTk

BiER TR

ATMEL

AVRE RN JTAGIES. ATER JTAGEOHWARRESG . 15UNEREG S TES®A
EHRESER. FIREE -

Capture-DR : E—&IETHERMEIBEFTFSE.

Shift-DR : BIEFFRO N T BEIHAKN TCK R #HTBMN , FE-—RETHNERE
HBEFFR  ABATHG S,

Update-DR : 42 ar 5 2 R El Flash #i Ao
Run-Test/ldle : =4 —NETERMITMEN G S (TEREE , IL Table 117 ).

AVR% Ry JTAGIE T . ELINRER B JTAGHE: O B #2042 3 2IFlash Tz o 102441
HNBREFTESERHAERESFHR. XEKEZT —X Flash WEBFHEE, NEBA
BE#RN 8. SAZHITAG ESFTE , Update-DR RBSFTRARMNBNUFFHRP/EZ
EBIZ, 1 Shift DR RABF , BENBREITE  RAHUFTHHEAEA Flash |
SZras  EIREH
Shift-DR:Flash B F T HFEHRN AN B HBT AN TCK N TDI B A, IR
A 1 %::.ﬁo

Note: JTAG fJPROG_PAGELOAD ETRE Y AVRBH B ITAGHEEN E — MMt T 88
M. MEBUTHRX &M, WXAERAF I ENREEE,

AVRE AMJTAGHE S . HMAEREN JTAGE DL FlashB A A . 10324 E#L Flash
EHEERENRESESR. XEKEST —X Flash i1 8 WELRHESE, AN BUSTFS
N8, EAZHITAGIESTE , Capture-DRIRATRARERBEIBNSES
£ Shift-DR A ,iﬁﬂmﬁwklﬁ BB AFET N BMM Flash WEHEFE L |
SESRAR -

« Shift-DR:Flash BIEEXEiL1FT  ABES TCKIHMN TDOFEBH., TDIM AR

LATMER
e F %3 (I

BIRSFFaRH JTAG 8T FFaRIEN , 10 P256 “ SREHXN JTAG 5 " Fik. 54
BREEEXNBESTESN

SNFFHR

. REFREFES

- REGSEFS
Flash T A& 788
Flash Tk i & 1788

256 ATmega32(L) m—
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SEUHFFH EMFFREE—INRHKESTESR  ARERFREHEIEMSH. #AREEACHELAE
SR,

SUFEHFNERT 0 HITRATEUSIMNE, RESENUTFFHRNEXRT 0 SRR
TEMWRS. RENHIBLUNRE K ERRENFTESRZE  RENREEVWRSE
FENVENNENREL (R P23 “ /R " ). NEEFEFERHHNBERSE  BtEts
MENA% | 0 P210 Figure 115,

REFEREFTFSR IREHEREFTERE N 16 UNFEFR. INFEENNBITEREEEES ( ZHH
1010_0011_0111_0000) #{TLtER . MR FFR/HNABSHRECEESHEE , BB
JTAG #1T4R2. WHFRELBSUNEN , ARERHEREXNN AT &L,

Figure 139. miEFREHFER

TDI

|

$A370

D Qf———» Programming Enable

> -4 >» 0

.

ClockDR & PROG_ENABLE

www . BDTIC.com/ATMEL

TDO

mEGMSHTESR IRETTEFEHERE— N 15 UNFEFR. XN SFERAXRBTHBARESGS , T
HE—NBOHRITER, JTAG REBIESEN Table 117, REGSBANRSFEIE
2 Figure 141,

A IIIEI% 257
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ATMEL

Figure 140. ‘M THEFE

Flash
EEPROM
Fuses
Lock Bits

www . BDTIC.com/ATMEL

258 ATmega32(L) m——
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Table 117. JTAG Rmi2iES

a=Bfuibit, b= KUt , H=0-FFT ,1-BFW , o=HEHL , i =BEFEHWA , x=FTEX

ES TDI FF 5l TDO F5l p=35_3

1a. DB 0100011_10000000 XXXXXXX_XXXXXXXX
0110001_10000000 XXXXXXX_XXXXXXXX
0110011_10000000 XXXXXXX_XXXXXXXX
0110011_10000000 XXXXXXX_ XXXXXXXX

1b. B ERERE A 0110011_10000000 XXXXXOX_ XXXXXXXX 2)

2a. ¥ A Flash Big{E 0100011_00010000 XXXXXXX_ XXXXXXXX

2b. ANEL S i hk 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)

2c. ME Rz it it 0000011_bbbbbbbb XXXXXXX_ XXXXXXXX

2d. MBEBERFT 0010011 _iiiiiiii XXXXXXX_ XXXXXXXX

2e. MEHESFT 0010111 _iiiiiiii XXXXXXX_ XXXXXXXX

2f. BiF LR 0110111_00000000 XXXXXXX_ XXXXXXXX (1
1110111_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX

2g. E Flash 1 0110111_00000000 XXXXXXX_XXXXXXXX (1)
0110101_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

on RAUREREAANAAAN] 1D c11ol1@0000£n offof ook A L || @

3a. # A Flash izigheV VYV UV m LJ ool 1 Befome 1 \J ook oodoohV | T e

3b. ME St 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)

3c. FRAR AL b 31k 0000011_bbbbbbbb XXHXXXXX_ XXXXXXXX

3d. BEER, 8FN 0110010_00000000 XXXXXXX_ XXXXXXXX
0110110_00000000 XXXXXXX_00000000 BFT
0110111_00000000 XXXXXXX_00000000 Sk

4a. # A EEPROM BEi#24E

0100011_00010001

XXXXXXX _XXXXXXXX

4b. MNE SN tbiE

0000111_aaaaaaaa

XXXXXXX _XXXXXXXX

4c. PNERAR A 1k

0000011_bbbbbbbb

XXXXXXX _XXXXXXXX

4d. EFBEFT

XXXXXXX _XXXXXXXX

de. BiEBITF

0110111_00000000
1110111_00000000
0110111_00000000

XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX

(1

4f. E EEPROM 1T

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX_XXXXXXXX

(1

49. RN MERBER

0110011_00000000

XXXXXOX_ XXXXXXXX

(2)

5a. # A EEPROM i€

0100011_00000011

XXXXXXX _XXXXXXXX

5b. &L S it ik

0000111_aaaaaaaa

XXXXXXX _XXXXXXXX

9)

2503F-AVR-12/03
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Table 117. JTAG 4mf2#E & (Continued)

ATMEL

a=Efuibit, b= Rt , H=0-FFT ,1-BFF o =HERLE , i =BFEHA , x=FTEX

ES TDI 3 TDO 3| ZE

5c. MRt hE 0000011_bbbbbbbb XXXXXXK_ XXKXXXXX

5d. REBEFT 0110011_bbbbbbbb XXXXXXX_ XXXXXXXX
0110010_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_00000000

6a. HABBE LN BRIE 0100011_01000000 XXXXXXX_ XXXXXXXX

6b. M FFEEET O 0010011 _iiiiiii XXXXXXX_ XXXXXXXX (3)

6c. BY RBLUFT 0110111_00000000 XXXXXXX_XXXXXXXX (1
0110101_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

6d. RMBBLNERER 0110111_00000000 XXXXXOX_XXXXXXXX (2)

Ge. MBZFHFEEET O 0010011 _iiiiiii XXXXXXX_ XXXXXXXX (3)

of. BRLNEFT 0110011_00000000 XXXXXXX_XXXXXXXX (1
0110001_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_XXXXXXXX

6g. RNBEBLNRELER 0110011_00000000 XXXXXOX_ XXXXXXXX (2)

7a. A EMIRE

7b. MIEBIE T ¢

0100011_00100000

XXXXEXX XXXXXXXX

10 111111@@_'2
6110]1_3’6606600

7c. BHIEN X xxxlx_x}(xxlxxxlxv 1)
0110001_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_ XXXXXXXX

7d. BN ESIEMRRLR 0110011_00000000 XXXXXOX_ XXXXXXXX (2)

8a. Bt AL / BiEIRIRE 0100011_00000100 XXXXXKX_ XXXXXXXX

8b. BB L NEHFT © 0111110_00000000 XXXXXXX_XXXXXXXX
0111111_00000000 XXXXXXX_00000000

8c. B LM EFT (O 0110010_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_00000000

8d. EBtEN ® 0110110_00000000 XXXXXXX_ XXXXXXXX (5)
0110111_00000000 XXXXXXX_XX000000

8e. BB R BIEN 0111110_00000000 XXXXXXX_ XXXXXXXX (5)
0110010_00000000 XXXXXXX_00000000 BuNEFET
0110110_00000000 XXXXXXX_00000000 BYUNIRFT
0110111_00000000 XXXXXXX_00000000 BIEfL

9a. H AFRIR FITIRIRIE

0100011_00001000

XXXXXXX_XXXXXXXX

9b. HNEK bk F 5

0000011_bbbbbbbb

XXXXXXX_XXXXXXXX

9c. EIRIRF

0110010_00000000
0110011_00000000

XXXXXXX__XXXXXXXX
XXXXXXX_00000000

2600 ATmega32(L) m——
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Table 117. JTAG 4mf2#E & (Continued)

a=Efuibit, b= Rt , H=0-FFT ,1-BFF o =HERLE , i =BFEHA , x=FTEX

Be

TDI 351

TDO F35I

10a. 3t ARG F TR

0100011_00001000

XXXXXXX_XXXXXXXX

10b. DN ok 7

0000011_bbbbbbbb

XXXXXXX_XXXXXXXX

10c. EREFH

0110110_00000000
0110111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

1Ma. MEFTREGT

0100011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

Notes:

R HY HR 22 {1
R Y B E 12

©NOGOrWN =

www . BD]

2503F-AVR-12/03

MREE R — 18D
EEZo0="1"
0" = B4R 1" = KR

0" = B i 1" = R

‘0" = BAREE 1" = RIRE

X R B HE 22 4 16 7 17 B9 AU BR B 5 F P240 Table 105
S BI04 7 B9 MRS 5IF P240 Table 106
3 KL B AL F T LR ET B T P239 Table 103
2T PCMSB & EEAMSB(Table 111 & Table 112) #y#hit

1C.com/A

ATMEL

F5 (EEER) FEEBWRET 7 MMSB , BARFEEX M B F5,

261
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Flgure 141, 3 [ REBREFHRSIF S

1 :" > Test Logic-Reset 4
o
. '
0 1 N 1 : b1
Run-Test/Idle x P| Select-DR Scan -==---==--==----- P Select-IR Scan i-7------
' 0 i 0
Yy b A
1 1
— Capture-DR R Capture-IR
0 L0
h 4 R b A
: : <
> Shift-DR 0 i P Shift-IR 0
1 . i1
v A ) A
1 H . 1
1> Exitl-DR IR Exitl-IR  --teeeeen
0 i L0
A P b A
s P P S
: Pause-DR ol : : Pause-IR A
i 1 § P
—— : v . gy V ____________
www.BDTIC .'comZATMEL--
- L : :

B\ Flash TR &R F 1785

v ) 4

E#l Flash TINKFER/EKES T — W Flash WELEEE, NIPBUFE[HN 811,
BREBAFT REAIME A Flash WEHES. ERHFBAFMEESE HRAAE— ﬂan
# LSB JF 18 , BIR/E —%&IETH MSB £ 3R, izﬁmmﬁﬁi'sﬁ;a#aubuﬁﬁfl\ Flash W&
HERRMT —% &&E’JH’@O

262 ATmega32(L) m—
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Figure 142. El Flash UK F1F 88

STROBES N

State

Machine
oI

ADDRESS |

Flash
EEPROM
Fuses
Lock Bits

> -4 >0

|

TDO

E#l Flash WHERENF 78R RE#l Flash TURERE 7R R KEZ T — X Flash i1 8 WEM M. NEBUFEHRN 8
v, BIEEHAFTHRWM Flash BIETZEH. £—1 8 BHARCEABBUFFR
ME—NFT  BZFTNEPE, £X—NK{LE BEBHBERTAFE-FETH LSB
Fg, BBE—FRETH MSB 4R, XNIERME Flash TREREREMT —FERW

www . BDTTC.EBm/ATME

STROBES N

State

Machine
oI

ADDRESS |

Flash
EEPROM
Fuses
Lock Bits

> -4 >0

TDO

A IIIEI% 263
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ATMEL

IR FIEZELL“1a”, “1b” XBHNSEES A Table 117,

HAREER 1. BAJTAG }E%AVR_RESET HIB 1 B A Reset FFEE
2. ¥ A PROG_ENABLE % , #4 1010_0011_0111_0000 3% A 4mi2EAE S 1755,

BHAEERN ¥ A JTAG % PROG_COMMANDS
BRLEREES Ma KRELEFRERREES
3 A PROG_ENABLE #E% , 34 0000_0000_0000_0000 i# A 4mi2fFEEEF 785

B A JTAG #§5 AVR_RESET , }#1E 03X A Reset 788

o N =

WITS R BERERE 1. # A JTAG 9 PROG_COMMANDS
2. ERARREBES 1a #HT DK B
3. R b ETRESHERERTTK , WEEFH tyry_ce( A P250 Table 113 ),

%t Flash #T4RTE 1£3 Flash #AT4RIZRT , DIERITEFEER , I P266 “ 1T BERIRIE "
1. 3 A JTAG #§% PROG_COMMANDS
2. {FRAYREIES 2a B3 Flash BigfE
3. EAREES 2b it sFH
4. {FRREED 2c MUK ET
5 FARREBES 2d. 2¢ & 2f i HKiE
6. WNX—TTHMERFFTESRIE4 FIRES
7. ERAREESD 2g HITRERE

= $ 25 Flash dRi2 2 E'Ti"—“ N P250 Table 113)
éET seomfANEL
G AGE 53

1. HAJTAGIES PROG_COMMANDS
2. BIFERRERS 2a B3 Flash Big#E

3. EAYRERET 2b & 2c ME AW st, PCWORD( M P243 Table 111 ) AFRAF
i, BH4HA 0,
4. 3 A JTAG 9 PROG_PAGELOAD

5, = MEWT—NFWHRAANBFZMRIEIT , AFE-FKIETH LSBT,
GRTHRE—FETH MSB,

6. #A JTAG #§+ PROG_COMMANDS

7. ERAREES 2gMITRERKE

8. FEAREBEDT2hKREFlash BRERETH , NERF ty ry (R P250 Table 113).
9. EESR3IF8 , ERFENBERERE

%
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ZH Flash

%t EEPROM #1742

B A JTAG % PROG_COMMANDS

FEAmEIES 3a /B3 Flash Rk

FERAREES 3b & 3c Mgktbut

FRRREES 3dIEHIE

ESREIN4, BEEFMEHRERSHIRE

B3 PROG_PAGEREAD 15 7] LAE & 3t 4% 5 3042

B A JTAG #% PROG_COMMANDS

ERYmIZIED 3a B3 Flash i#24E

F AR S3bR3cKME T st, PCWORD (L P243 Table 111 )BT AR F

Ht, A 0,

B A JTAG #4% PROG_PAGEREAD

5. BIN-—TzHhNERFFEBHRIEHM—BN K AFE—KETHLSBFHA , A
KIETFRE—RESH MSB, F—IMBHNETEZE,

6. M JTAG £+ PROG_COMMANDS

7. EESBR3IE 6, BERMBERIERSHIEH

o ks~ wbh -

@~

&

f£5} EEPROM 3 {T4RT2RT , AIUERITEHBER , W P266 “ TS HBBRIRE "
1. 3 A JTAG #§% PROG_COMMANDS

2. FRAWEET 4a B3 EEPROM BigfE

3. HARBES 4b RMFHUFFES

4. FERAREES 4c RMFpUHEFT

www BEEECeom/ATMEL

i&El EEPROM

2503F-AVR-12/03

8. HAREETIIREEEPROMERERBELTM , HE &ty ry(JP250 Table
113 )o

9. EEXHE3E 8, BERFENEBIERBIRE
YmFE EEPROM B FgEf#H PROG_PAGELOAD %,

# A JTAG #§% PROG_COMMANDS

EAmBEIED 5a B3 EEPROM Beig{E

EFRREIES 5b & 5c Mgkt it

EARBEIES 5d BIHIE

ESREIM 4, EFPFERESRRL

EE , & EEPROM B FREfEA PROG_PAGEREAD %

a ks wen -

A IIIEI% 265
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TR 4L A {TIRTE 1. 3 A JTAG ¥ PROG_COMMANDS
2. [EARREES 6a BB LNERE
FRAREES 6b MBEKFESFT., MEN O XRTHNBLNEERRE , BT

o

w

FERAREES 6c BRLNBFT

EAREET 6d REBLNUBRERETK , RERF ty ry( A P250 Table 113)
FERRRBIED 6e MREKBEFT , B0 RTBLYURE , B 1 RTRARRE,
FERARERES of BRLNSFTT

ERARBES 6g REBLNUBRERETK ,HERF tyry( A P250 Table 113)

© N oA

BB TRE A JTAG % PROG_COMMANDS

FRREES 7Ta t ABIENEIRE

FERARBEES 7o R THREMSR . NEN OXRTHEMBLUEERE , BUTHE,
ERRERES 7c BYEN

FERAREES 7d REMEVNSRERE TR , HERSF ty ry( A P250 Table 113)

o RN =

RBUR £ (VMBI E

—_

3 A JTAG #% PROG_COMMANDS
ERYRIEET 8a # ABLAL / BIUEMIRERIE
ERAREBIET 8e RIZIFFEBL MU R EMN
ERARREIET 8b RIBEVB LN S FT
ERARRIET 8c RIFEURLARFT
ERAYREET 8d BREBIENL

BETICECOM/ATMEL

ERmEIES 9b Mk buk 0x00
FERRREIED 9cizFE—MRREY
bk 0x01 R OXO2 e EERE3I M4, DRRFE-RE=MRIRFET

w N

BEEWRIRET WWW

SRFQETE N

EERE T B A JTAG #% PROG_COMMANDS
£/ 10a ERBHIRBFTIRRE
EFAYRIZIES 10b hOEk bt 0x00

ERAREES 10c RERKFT

b=
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B
4% MR PR1E *
TR oo -55°C ~ +125°C *NOTICE: MRBHBHEEL « BXIRRE" RPN
KM Z T TETIREE R K AR, X2
TR (oo -65°C ~ +150°C THENIHRR, AFRRBATATHET RSP
FSIZMACT  IRBLEEETHETERABRAE
BN A BE , BRT RESET............ -0.5V ~ Vo+0.5V W R ARG 2 T, KEHE TAT &5 RBE A
— BN F,
RESET S| #IEBEE ..., -0.5V ~ +13.0V
BARIHEEIE oo 6.0V
BNVOSIH EAIERETR oo, 40.0 mA
Vee 5 GND SIM EMEFRER ..o 200.0 mA
B
Tp=-40°C ~ 85°C, Voo = 2.7V ~ 5.5V (BRIES SR EA )
SRy 28 &4 B/ME BEE BAE By
Vi wMAKRE B& XTAL1 SR -0.5 0.2 VM v
ViLe WAKBE XTAL1 SIH , SAERET4d -0.5 0.1 V" Y
Vi A BE ﬁ? XTAL1 M RESET 3l | & Voo Vee + 0.5 v
Vi HASEENANN/ RN BT v ﬂ )| = v
Vo HASAA UV VY m 5l - oL P I\ | ”uﬁ-»l-o-s v
Y wHREE® loL =20 mA, Vg = 5V 0.7 v
oL (# 0 A,B,C,D) loL = 10 MA, Ve = 3V 0.5 %
v HWHmEE lon = -20 MA, Ve = 5V 4.0 %
OH (#% 0 AB,C,D) loy =-10 MA, Ve = 3V 2.2 v
| WARER Vee = 5.5V, SIHIRREBF 1 A
It IO 31k (xiE ) H
| BWARBER Vee =5.5V, Sl B/ BT 1 A
H IO 3|8 (%3318 ) i
RrsT Reset 5|l Ehr s pH 30 60 kQ
Rou /O 51k L4y ea e 20 50 kQ
267
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Tp = -40°C ~ 85°C, Vg = 2.7V ~ 5.5V (RIEZ S 318 )

ns

g &4 B/ME HAE BAME L 3\A

E% 1 MHz, Vg = 3V
(ATmega32L)

E% 4 MHz, Vg = 3V
(ATmega32L)

EE% 8 MHz, V¢ = 5V
(ATmega32)

22 1 MHz, Ve = 3V
(ATmega32L)

22/ 4 MHz, Ve = 3V
(ATmega32L)

22/ 8 MHz, V¢ = 5V
(ATmega32)

WDT {8, Voo = 3V <25 20 HA
WDT 1, Ve = 3V <1 10 A

1.1 mA

3.8 5 mA

12 15 mA

THEER
0.35 mA

1.2 25 mA

5.5 8 mA

HeEE O

Vacio

e Voo =5V
WARBRE Vi, = Veo/2 40 mV

lacLk

Bl LR R Vee =5V
AR IR Vi = Vec/2

tacio

CEN g A‘?g— p— /l I: | ns

Notes:

268

1.

N

R 2d=1%
"BAEY § ANUET RSk L COMAARTHVEL

&/ME” %mﬁﬂ%lﬂﬂhﬁxzz&{sﬁnﬁmaﬂf&ﬁ
BARERERSEZMGCERDS) T8N0 O A AR LN IR ZH TESHBETR(20 mA Ve =5V AR10mA |, V= 3V) ,
ERETERBRUTER
PDIP $% :
1] FREw O/ IOL B FTAER 400 mA
2] #H A0 - A7 B9 IOL EFFAERE T 200 mA
3] #H B0 -B7,C0-C7,D0- D7 5 XTAL2 &9 IOL EFMFAER T 300 mA
TQFP 5 MLF $% :
1] FrEIR A /Y IOL B R FEERE T 400 mA
2] #% A A0 - A7 B9 I0L EFNF A8 200 mA
3] # 0 BO - B4 B9 IOL B M gE#EE 200 mA
4] %0 B3 - B7, XTAL2, DO - D2 #9 I0L H M8 200 mA
5] #% 0 D3 - D7 &Y IOL E M A48 200 mA
6] i A CO - C7 Y IOL B ATAEHET 200 mA
MR IOLBHE TR KM , VOL WTEEBE B R, FRIE S| BI v AR UL L5 F b4 B9 3= SR - B8 KV BB
BRERERS %#(#B&*) TEAMN/OR OB LU H EE M &4 TESHEBER(20 mA Ve =5V BAIR10mA , V= 3V) ,
EREETEFUTER :
PDIP #f%% :
1] FRE %O/ IOH BT EERET 400 mA
2] #% 0 AO - A7 B9 IOH EFNFEE#EE 200 mA
3] # 0 BO - B7,C0 - C7, DO - D7 B XTAL2 #9 IOH E A48T 300 mA
TQFP 5 MLF $% :
1] FRE % O/ IOH M EEET 400 mA
2] #% 0 A0 - A7 B IOH B FITFAERT 200 mA
3] #% 0 BO - B4 &9 IOH B ML 200 mA
4] %0 B3 - B7, XTAL2, DO - D2 89 IOH EFMTFAEHET 200 mA
5] ¥ A D3 - D7 B9 IOH B F A gE#BIE 200 mA

ATmegad2(L) m—
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6] %0 CO - C7 #Y IOH EFT AT 200 mA, IR IOH i 7 MiX &4 , VOH W g 1845, FRIE S| B AT bA% i b 51 F itk

LRI KRBT
5 BEBEEXTH&HN Ve N 2.5V,

SEPETEh IR Bh I T Figure 144. 5\ZBat4H IR 30 5 72
<+ fohex
teLen — D *+— toneL
N/ N
< toex —
« tereL

ShERE #h X Z)
Table 118. S\ EBETEhIXZ)
Ve =2.7V-5.5V Vce =4.5V -5.5V
(Sac) 28 BME BK{E BME RK{E Hoy
MeLeL 57 R R 0 8 0 16 MHz
toLoL B9 B 5 125 62.5 ns
tcHex = BB AL E 50 25 ns
tomax B 2 B EL 50 —— e ns
www . BD HIC _.com/ZATMEL = =
" oy L Te 1T o5 us
AteicL R B 2 2 %
Table 119. 7\&B RC #&5% 2% , BBEURR (Voo = 5V)
R [kQ]" C [pF] £
100 47 87 kHz
33 22 650 kHz
10 22 2.0 MHz

Notes: 1. RHVEUESER N 3kQ-100kQ ,C EARZA 20 pF. £ C ETIESIMES ,C ERE

BEEAMEL
2. MEREHREASRENTREMTE

ATMEL

2503F-AVR-12/03
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Table 120 #iR THEEBI ML BT EL LHRANER, ATmega32 BIM L OH B 3B H AL 5 H ER,

N FREiES# Figure 145,

Table 120. F&HITELER

n5 B8 &M R/ME BX{E LR}
Vi WARBE -0.5 0.3 Ve v
Viu WABRBE 0.7 Ve Ve +0.5 v
Vi AR B A A RR R B E 0.05 V@ - Y
Vo M WHEBE 3 mA sink current 0 0.4 v
t™M SDA #1 SCL ¥ L Fada] 20 +0.1C, @ 300 ns
to" B Vimin 21 ViLmax B T BB E 10 pF < Cy, < 400 pF® 20 +0.1C, @ 250 ns
tgp!" 0 A ST B2 B3 400 761 Y SR U it ) 0 502 ns
I B4 /0 SIHIRY A B IR 0.1Vge < V; < 0.9V -10 10 WA
c{® BN /O S ER - 10 pF
fsoL SCL e R fox™® > max(16fgc, , 250kHz)®) 0 400 kHz
fseL < 100 kHz Vec—04V 1000ns
e Q
3mA C,
Rp LA
fscL > 100 kHz Vec—04V 300ns
DA AR Q
3mA C,
U, = E—— [ |
o oo WWVWW B D MEL -~
' START o o= (W BNAAR —] —

0.6 - us
¢ ‘ fscoL < 100 kHZ® 4.7 - Hs
Low SCL R4+ HY KR T AR

fscL > 100 kHz(" 1.3 - Hs
¢ _ ‘ fseL < 100 kHz 4.0 - us
HIGH SCL B8 #Y & B8 7 B )

fsoL > 100 kHz 0.6 - us
t L fgcL <100 kHz 4.7 - Us
SUSTA | E#& STARTS &KHHEIATHE

fgcL > 100 kHz 0.6 - ps

fseL < 100 kHz 0 3.45 s
boowr | sEmeTE s .

fscL > 100 kHz 0 0.9 us
¢ fseL < 100 kHz 250 - ns
SUDAT | #3R32 37 B jH)

fscL > 100 kHz 100 - ns
t L fgcL <100 kHz 4.0 - us
SUSTO | STOP £AFHIER LAY H]

fgcL > 100 kHz 0.6 - ps
tour fseL < 100 kHz 47 - ys

STOP F START Z [Al#) 5.4 22 I 6 &) fscL > 100 kHz 1.3 - us
Notes: 1. X F ATmega32 , ttZHEHMSE , SXBFLE 100% HINR

1
2. ABYfy > 100 kHz A FE
3. Cp= BEM—KRENBR

4. fy = CPU B4p5mER

270 ATmega32(L) m——
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SPI R R4

2503F-AVR-12/03

5. WEREAT ATmegad2 FIEMNFLBITEAONRAE, HMOERIRLBTEILNER
1¢R%E;ﬁﬁ_ﬂ§m fSCL E*E[]E.I.c

6. ATmega32 ML BITEOERFENEKBTERNEIN (1/fgg - 2/fck)e BN T FHEHE
fscL = 100 kHz BEME BB R Bt BY ER o BHMARTF 6 MHzZo

7. ATmega32 W& BITEOSKGREEMNBKEBEFREBEIR (1/fsq - 2/fck)o EBTE fo = 8
MHz , B fgo, > 308 kHz BHE B F BRI FTE™ B R ER, &AM ,ATmega32 AILLSH
fit ATmega32 BA£3E (400 kHz) #TER. EEMBHEFSEN t oy EZHREMLT
DU RN — .

Figure 145. M4 BTELRF

Ly et tHIGH e

\
fLow fLow *
\
sec. —| |V | -
SUSTA | ¢e——s| tHD;sTA HD:DAT > |« | tgy.paT —

SDA ﬂ

B&ER1ES N Figure 146 F Figure 147,

| taur

Table 121. SPI B F3#

WWW .

K

UL B’ B/ME BAE &
1 SCK FEI# E)! I Table 58
B M oPK /R T EH AT\ Qpe
BDT-He-. com/ATMEI
4 C EuNE 4 I T
5 et E)! 10
6 i F) SCK EM 0.5 * tgex ns
7 SCK F#ar E)! 10
8 SCK Efmt=mesE E)! 10
9 SS EZI5H ML 15
10 SCK A ML 4ty
11 SCK & / R8T ML 2ty
12 EFH / TrEEtE MHL 1.6 us
13 ZIuatiE ML 10
14 fREFRT ) ML to
15 SCK El# ML 15
16 SCKZISS & M 20 e
17 SS BE=% MHL 10
18 SS {KF SCK ML 2ty

A mEl% 271
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Figure 146. SPI#ORNFEXR (EHER )

SS
6 >
SCK £
(CpPOL=0) | 4 \
SCK *\ 4 4
(CPOL =1) X
4 5
MISO
7, 8
— -
MOSI 1 N
(Data Output) 3 MsB N LB

Figure 147. SPI #EORFER (MILER )

« 8,
5 I

- 5
w2l B T
SCK b 1
(CPOL =0) 771 \’Y
11 11
-
B T
WWW 7/
= 2,

MOSI
(Data Input)

MISO
(Data Output)

»T ,\j LSB :?Fi
N
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Rt
Table 122. ADC 1 5¥ , B ifBE T, = -40°C ~ 85°C
: Eil)
n"s | BE 30 B/ME & BK{E LRivs
DYR B R MR 10 Bits
BRI
Vier = 4V, Ve = 4V 1.5 LSB
ADC Et4% = 200 kHz
BRI
Vier =4V, Ve = 4V 3 LSB
ADC Bt% = 1 MHz
BXIRBE (BFE INL, DNL, BLIRE , Gain, | sipustm
ERERE ) Vier =4V, Ve =4V 15 LSB
ADC Et4% = 200 kHz '
IR 7S IR
B AR MR
Virer =4V, Ve = 4V
ADC %8 = 1 MHz 3 LsB
IR 7S H AR
B R EGR
Virer = 4V, Ve = 4V 0.75 LSB
LABIE 25413 ADC Et4$ = 200 kHz
— B AR MR —
R = 4V e 74V 25 LSB
=7k% D¢ B 20
R EGR
BRIRE Vier = 4V, Ve = 4V 0.75 LSB
ADC B4 = 200 kHz
BRI
REIRZE Vrer = 4V, Ve = 4V 0.75 LSB
ADC B4 = 200 kHz
ENE RS 50 1000 kHz
At E 13 260 us
AVCC | #EBlEBE Ve -0.3M Ve +03@ | v
VRer SELE 2.0 AVCC v
Vin MABE GND VRer v
ADC #i % H 0 1023 LSB
MATIR 38.5 kHz
Vit REREB EE A 23 2.56 27 v
RRer SE M A\ BE 32 kQ
RAIN EEPE DN 100 MQ
Notes: 1. AVCC MIS/MER 2.7V.
2. AVCC HImK{EH 5.5V.
273
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Table 123. ADC #1458 , 2588 T, =-40°C ~ 85°C

;¥
75 E 2 & B/ME L] BAE B
Gain = 1x 10 Bits
o PR Gain = 10x 10 Bits
Gain = 200x 10 Bits
Gain = 1x
Vrer = 4V, Ve = 5V 17 LSB
ADC B = 50 - 200 kHz
Gain = 10x
BIRBE Vger = 4V, Ve = 5V 16 LSB
ADC Bt = 50 - 200 kHz
Gain = 200x
Vrer = 4V, Ve = 5V 7 LSB
ADC Bt = 50 - 200 kHz
Gain = 1x
Vger = 4V, Ve = 5V 0.75 LSB
ADC Bt = 50 - 200 kHz
Gain = 10x
INL( EAESHEBZIRENREGTNEE ) Vger = 4V, Ve =5V 0.75 LSB
ADC B = 50 - 200 kHz
— in = 200x —
ReF = 4V LSB
Dg Bt5d
Gain = 1x 1.6 %
WHIRE Gain = 10x 15 %
Gain = 200x 0.2 %
Gain = 1x
Vger = 4V, Ve =5V 1 LSB
ADC At = 50 - 200 kHz
Gain = 10x
REIRZE Vrer = 4V, Ve = 5V 1.5 LSB
ADC Bt = 50 - 200 kHz
Gain = 200x
Vger = 4V, Ve = 5V 45 LSB
ADC Bt = 50 - 200 kHz
NEEES 50 200 kHz
T ) 65 260 us
AVCC | #EHlBE Vee - 0.30 Ve +03@ | v
VRer SEBE 2.0 AVCC - 0.5 \Y}
Vin WA BE GND Vee Y
Voiee MAZSBE -Vgee/Gain Vree/Gain, v
ADC ¥ -511 511 LSB
AT I 4 kHz

274 ATmega32(L) m——
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Table 123. ADC M5 , Z5Bi& T, = -40°C ~ 85°C (Continued)

il
®s | 3K E 30 B/ME & BK{E By
VinT AR EEHE 2.3 2.56 2.7 \%
Rrer SEmAiRBME 32 kQ
RAIN El s A B PE 100 MQ

Notes: 1. AVCC W&/MENR 2.7V.
2. AVCC IR K{EH 5.5V.

www . BD]

2503F-AVR-12/03
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%

ATMEL

THEXRSEH T BBERE, IERFEEFEIBRIARITNR. AIANERNEHREDR
HEFFEHY /O SIMEEN A BRI LR BEERENFA TNEH, BHRRN SN IE R
KA ERIRE E XK.

FEEXTHERSHHTR.

BRESMEERX , W0 THEBE. THERR, /0 SIMNARRBERRGE, KT
HMABNHTREE, TEREN THEBEMTEHRER,

BUARSIMABRALBEE AR C Vo f #ITMHIT. X, CL HARBR , Vo AT
ERE | f NS FIIFRME,

SRENBESHN LN ERESHFIETHRE, BERTMRIERMFELERESIRH
M TERRESHMERIIREERE TH,

FERATENNRAERSENAZLCANERERARE T RENRAMFNITFE
o

Figure 148. RC iK% B MESRBEMNXR (Vec =5V, T=25c , B 1 MHz)

CALIBRATED 1MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE

1.03
1.02
I ——
1.01
| \
\
[ ——— — | =V, = 5.5V
\
0-99 E—— | V.= 5.0V
I ——
_. 098 X
N— I V.= 4.5V
| — V.= 3.6V
0.95
\\ I —V.=3.3V
0.94 —v_=3.0v
0.93 v, =2.7v
0.92
-40 -20 0 20 40 60 80
T(C)
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Figure 149. RC %=L 5 THEBEMNRRK (Vcc =5V, T=25¢c , BHZE 1 MHz)

Fr.(MHZ)

CALIBRATED 1MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

1.03

1.02

T,=-40°C

1.01

0.99

T,=85C

0.98

0.97

0.96
0.95

0.94

0.93

0.92

25

35

4 4.5

Vee(V)

-10°C
25°C
45°C
. =70°C

— A

5

Figure 150. RC iK% MBS BEMXR (Vcc =5V, T=25¢c , S HHE 2 MHz)

www . BD

Fe.(MHZ)

CALIBRATED 2MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE

— g - -
‘ L
I E [ CI |I|
T
2 \
T —
\ \
1.95
\
1.9 \\\\ ——
— — | ]
\ \
1.85
\ —
\\
1.8
-40 -20 0 20 40 60 80
T(C)

ATMEL

V,.= 5.5V
V= 5.0V
V, = 4.5V

V,.= 4.0V
V.= 3.6V
V=33V
V.= 3.0V

V= 2.7V
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Figure 151. RC fS% 8L 5 THEBEMNRR (Vcc =5V, T=25¢c , BHZE 2 MHz )

CALIBRATED 2MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

21

A
Inomnn
~N AN
Q qab
0005

>

T,;-M%
/ﬁ

W

Fro(MHZ)

T
—

1.8
25

w
w
3
S
b
2]
[
&
[

Vel V)

Figure 152. RC iK% MBS BEMXR (Vec =5V, T=25¢c , S HHE 4 MHz)

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE

www . BOFHC-com/ATMEL
| f & —

B — — v, =55v
T R V. =50V
3.9 — § V.= 4.5V
g 385 ————— E— —— V,= 4.0V
Y] — — \\\ V.= 3.6V
3.75 — — {V.=33V
3.7 [ V,.=3.0V
3.65 V=27V

3.6

-40 -20 0 20 40 60 80
T(0)
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Figure 153. RC K%M EBSIRHMEBMXR (Vec =5V, T=25¢ , B AHE 4 MHz)

Fre.(MHZ)

3.95

3.9

3.85

3.75

3.7

3.65

3.6

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

T,=-40°C

—

—

—
/

T,=85C

25

4 4.

Ve(V)

5 5 5.

H
Q
0008

A
mo mn
NN
Qg gl

>

5

Figure 154. RC iK% MBS BEMXR (Vec =5V, T=25¢c , S HHIE 8 MHz)

www . BL

Fe.(MHZ)

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY
vs. TEMPERATURE

IC.com/ATNEL
N w s e
7.9
\

77 —— | —— \\\\
7.5 =

E— — u
73 E— —
7.1 — —
6.9 —
6.7

-40 20 0 20 40 60 80

T.(C)

ATMEL

V=55V
V.= 5.0V

V.= 4.5V
V.= 4.0V
V,.= 3.6V
V=33V

V.= 3.0V

V= 2.7V
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Figure 155. RC iK% B MBSRHMEBMXR (Vcc =5V, T=25c , HHIME 8 MHz)

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY
vs. OPERATING VOLTAGE

8.5
T, = -40°
63 = -40°C
|1 n=doc
8.1 T,=25C
— —— —T.=45C
7.9 ] T,=70°C
T T — 1 esc
N
3 /
S 75
=
73
7.1
6.9
6.7
25 3 35 4 45 5 55
Ve(V)

1C.com/A

www . BD]
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TR

Hauk 2 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ik
$3F ($5F) SREG I T H S v N z [9 8
$3E ($5E) SPH = = = = SP11 SP10 SP9 SP8 10
$3D ($5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 10
$3C ($5C) OCRO T/CO LLiR%a 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 OCIEO TOIEO 78, 104, 120
$38 ($58) TIFR OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOVO 78, 105, 120
$37 ($57) SPMCR SPMIE RWWSB = RWWSRE BLBSET PGWRT PGERS SPMEN 232
$36 ($56) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 164
$35 ($55) MCUCR SE SM2 SM1 SMO ISC11 ISC10 1SC01 1SC00 30, 64
$34 (354) MCUCSR JTD ISC2 = JTRF WDRF BORF EXTRF PORF 38, 65, 213
$33 ($53) TCCRO FOCO WGM00 COMO1 COM00 WGMO1 CS02 CS01 CS00 76
$32 (352) TCNTO T/CO (8 fi) 77

§310) (551)0 OSCCAL yﬁ%éﬁffc;ﬁ%ﬁﬁ 28
OCDR hERREFER 209
$30 ($50) SFIOR ADTS2 ADTS1 ADTS0 - ACME PUD PSR2 PSR10 54,80,121,184,202
$2F ($4F) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0 FOC1A FOC1B WGM11 WGM10 100
$2E ($4E) TCCR1B ICNC1 ICES1 = WGM13 WGM12 cs12 CcS11 CS10 103
$2D ($4D) TCNT1H TIC1 - BRBSEREFY 103
$2C ($4C) TCNTIL T/IC1 - BB FFREFT 103
$2B ($4B) OCR1AH TIC1-HHEREEFRASFEY 104
$2A ($4A) OCR1AL T/C1 - MR E 788 A RFT 104
$29 ($49) OCR1BH TIC1-HHEREFRBBHFT 104
$28 ($48) OCR1BL T/IC1 - W LR &7 B RFT 104
$27 (347) ICR1H TIC1 - MABRSERSFY 104
$26 ($46) ICRIL TIC1 - WABRSEREFT 104
$25 (345) TCCR2 FOC2 | WGM20 | com21 COM20 weM21 | cs22 |  cs21 | cs20 116
$24 (344) TCNT2 T/C2 (8 1) 117
$23 ($43) OCR2 T/C2 iR EEE ™ —— Py | 118
$22 ($42) ~kKNINARAAT — L - 2 pnCHbUB 119
$21 (541) worf YWV YV [ EJ - 0 | T 39
UBRRH URSEL = = = UBRR[11:8] 152
$20(2) ($40)(2)
UCSRC URSEL UMSEL UPM1 UPMO USBS ucsz1 uCsz0 UCPOL 149
$1F ($3F) EEARH = = = = = = EEAR9 EEARS 17
$1E ($3E) EEARL EEPROM it 78K F T 17
$1D ($3D) EEDR EEPROM #hiE %788 17
$1C (3$3C) EECR = = = = EERIE EEMWE EEWE EERE 17
$1B ($3B) PORTA PORTA7 PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTAQ 61
$1A ($3A) DDRA DDA7 DDA6 DDAS5 DDA4 DDA3 DDA2 DDA1 DDAO 61
$19 ($39) PINA PINA7 PINA6 PINA5 PINA4 PINA3 PINA2 PINA1 PINAO 62
$18 ($38) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 62
$17 (337) DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 62
$16 ($36) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 62
$15 ($35) PORTC PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO 62
$14 ($34) DDRC DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDCH1 DDCO 62
$13 ($33) PINC PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 62
$12 ($32) PORTD PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 62
$11($31) DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 62
$10 ($30) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 63
$OF ($2F) SPDR SPI RS 7 128
$OE ($2E) SPSR SPIF WCOL = = = = = SPI2X 128
$0D ($2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 126
$0C ($2C) UDR USART I/0 #5788 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 BBEEFHEREFT 152
$08 ($28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 185
$07 ($27) ADMUX REFS1 REFSO ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 199
$06 ($26) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 201
$05 ($25) ADCH ADC BlEHFHEFT 202
$04 ($24) ADCL ADC BEFFHREFT 202
$03 ($23) TWDR BRRTEORRESES 165
$02 ($22) TWAR TWA6 | TWA5 | TwA4 | TwA3 |  TwA2 TWA1 TWAOQ TWGCE 166
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bk 28 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 niB
$01 ($21) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPSO 165
10T 7 N '/ S =255 A A (e
Notes: 1. 3 OCDEN B4 ik4miE , OSCCAL FEEFEHREIZHu , E4iES N OCDR FFeFEA A,
2. A5 E UBRRH 5 UCSRC &2 M USART 9% ER,
3. ATHAIRBGHRE , TRRBNRMEZE 0, RE/ /O it o] ST BIRE,
4, —ERBHEATUBENEANBE 1 KER. FEIFENR , TRTASHREMPW AVR ,CBI # SBl EH RN —LE4FHRMEM ,
E o AN BB B ERE N FEEe TR E. CBI # SBI ESAERAKERE ReER2utH 0x00 - Ox1F B F1FER
www . BDTIC.com/ATMEL
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BT BRESR B B Ly # P
HEANSHRED
ADD Rd, Rr Tt sk Rd < Rd + Rr Z,CNVH 1
ADC Rd, Rr AR Rd <« Rd+Rr+C Z,CN\VH 1
ADIW Rdl,K MBS FAEM Rdh:Rdl « Rdh:Rdl + K Z,CNV,S 2
SUB Rd, Rr FTRARE Rd < Rd - Rr Z,CNVH 1
SuBI Rd, K BT BN Rd « Rd-K Z,CNVH 1
SBC Rd, Rr HHHDRE Rd < Rd-Rr-C Z,CNVH 1
SBCI Rd, K LR L BB Rd«<Rd-K-C Z,CNVH 1
SBIW Rdl,K NFHRE I Rdh:Rdl < Rdh:Rdl - K ZCNV,S 2
AND Rd, Rr BHRS Rd < Rd ¢ Rr ZNV 1
ANDI Rd, K SUBNBESRE Rd <~ Rd e K ZNV 1
OR Rd, Rr BHER Rd < Rd v Rr ZNV 1
ORI Rd, K SUBBHBERRE Rd « Rd vK Z NV 1
EOR Rd, Rr FH Rd < Rd @ Rr ZNV 1
COM Rd 1 BT Rd < $FF - Rd ZCNV 1
NEG Rd 2 fANB Rd « $00 - Rd Z,CNVH 1
SBR Rd,K REHEFROMN Rd < RdvK ZNV 1
CBR Rd,K HEHEVLES Rd « Rd e ($FF - K) ZNV 1
INC Rd n—RE Rd < Rd + 1 ZNV 1
DEC Rd H—RE Rd < Rd -1 ZNV 1
TST Rd MXREHERA Rd < Rd ¢ Rd ZNV 1
CLR Rd SEREE Rd < Rd® Rd ZNV 1
SER Rd FiFeREN Rd « $FF None 1
MUL Rd, Rr THSBRAE R1:RO « Rd x Rr z,C 2
MULS Rd, Rr BHSBTE R1:RO « Rd x Rr Z,C 2
MULSU Rd, Rr BERSBREERSERE R1:R0 « Rd x Rr zZ.C 2
FMUL Rd, Rr TS NBERE R1:R0 « (Rd xRr) << 1 zZC 2
FMULS Rd, Rr BEHSINBRE R1:R0 « (Rd x Rr) << 1 Z,C 2
|_FMULSU Rd,Rr EHSNBELHS/NRTE R1:R0 « (Rd xBp) << 1 Z,C 2
BiEs Y L I !
RJMP k MM% PRI PO+ @ 1 None 2
IIMP e s ) (B ™ g B 2
JMP k B PC « k None 3
RCALL k AN FEFEA PC « PC+k+1 None 3
ICALL BERA (2) PC«Z None 3
CALL k EETEFAA PC «k None 4
RET FRFIERE PC « Stack None 4
RETI R E PC « Stack I 4
CPSE Rd,Rr R, HENBE T —RIED if (Rd=Rr)PC« PC+2o0r3 None 1/2/3
cP Rd,Rr & Rd - Rr Z,N,V,.CH 1
CcPC Rd,Rr ik iqvdia:N Rd-Rr-C Z,N,V,.CH 1
CPI Rd,K SUEBLER Rd - K Z,N,V,.CH 1
SBRC Rr, b FEHEMR 0 MBE T —KIES if (Rr(b)=0) PC <~ PC +20r3 None 1/2/3
SBRS Rr, b HFEEMH "1 URE T KBS if (Rr(b)=1) PC <~ PC + 2 or 3 None 1/2/3
SBIC P, b /O FHFHEMN "0 MBI T —FKiES if (P(b)=0) PC <~ PC + 2 0r 3 None 1/2/3
SBIS P,b /0 FEH|UN 1" U F—KES if (P(b)=1) PC <« PC+20r3 None 1/213
BRBS s, k REFERNUR "1V MBS T—RES if (SREG(s) = 1) then PC«PC+k + 1 None 1/2
BRBC s, k RESHERMN "0 WL F—KIED if (SREG(s) = 0) then PC«PC+k + 1 None 1/2
BREQ Kk AE N B if (Z=1)then PC« PC +k +1 None 1/2
BRNE k THEN B if (Z=0)then PC « PC+k +1 None 1/2
BRCS k BALALA "1 MIRkEE if (C=1)then PC <« PC+k+1 None 1/2
BRCC k HEALALA "0” N BkEE if (C =0) then PC « PC +k + 1 None 1/2
BRSH k AFRETFUBkE if (C=0)then PC « PC+k+1 None 1/2
BRLO k NF RIS if (C=1)then PC « PC +k +1 None 1/2
BRMI k S BkEE 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 BHSBATRE TR if (N ® V=0) then PC « PC +k + 1 None 1/2
BRLT K EHSBANRE if (N® V= 1) then PC <« PC +k + 1 None 1/2
BRHS k RS "1 Bk if (H=1) then PC « PC + k + 1 None 1/2
BRHC K MRz "0 MIRkE: if (H=0) then PC « PC +k + 1 None 1/2
BRTS k T H "1 gk if (T=1)then PC < PC+k +1 None 1/2
BRTC k TR "0" ks if (T = 0) then PC « PC +k + 1 None 1/2
BRVS k aBERE R "1 MRk if (V=1)then PC < PC +k + 1 None 1/2
BRVC k aBFRE R "0” MIBkE if (V = 0) then PC «— PC + k + 1 None 1/2
283
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Bs BAER He B & # R
BRIE k Ll if (1=1)then PC « PC +k + 1 None 1/2
| _BRID K 2R A Bk A if (1 =0)then PC < PC + k + 1 None 1/2
BESSES
MOV Rd, Rr FrraE g Rd < Rr None 1
MOVW Rd, Rr BHEEFHRT Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K nEk Sz EER Rd « K None 1
LD Rd, X MRAEITUHE Rd « (X) None 2
LD Rd, X+ R EIUKE , REun— Rd « (X), X « X+ 1 None 2
LD Rd, - X b R P A LI 6 ] X X-1,Rd « (X) None 2
LD Rd, Y gk B S BE Rd « (Y) None 2
LD Rd, Y+ MREEIUBIE R m— Rd « (Y), Y« Y+1 None 2
LD Rd,-Y bR — R INER B 5 kg Y« Y-1,Rd«(Y) None 2
LDD Rd,Y+q i RERNEET U KRE Rd « (Y +q) None 2
LD Rd, Z MRAEITUHRE Rd « (2) None 2
LD Rd, Z+ EEEIUTIE , REtun— Rd « (2), Z « Z+1 None 2
LD Rd, -Z e 31b R — ISR A 3 T R Z+<Z-1,Rd«(2) None 2
LDD Rd, Z+q IEH R RN RES W Rd « (Z+q) None 2
LDS Rd, k M SRAM higk#iE Rd « (k) None 2
ST X, Rr SARES ut A X EEKE (X) «<Rr None 2
ST X+, Rr DB ES AR FEBE , REHEN— (X) < Rr, X« X +1 None 2
ST -X,Rr bR — B AR ES u A R EREE X X-1,(X)«<Rr None 2
ST Y, Rr gk e S BiE (Y) < Rr None 2
ST Y+, Rr MREEIUBIE , REmun— (Y) <R, Y Y+1 None 2
ST -Y,Rr kRl — 5 DR A T u SR Y<Y-1,(Y)«<Rr None 2
STD Y+q,Rr M RE RN RES U BE (Y +q)«<Rr None 2
ST Z,Rr gk e S g (Z) < Rr None 2
ST Z+, Rr nEEESUTIE , RSt in— (Z)«<Rr,Z«Z+1 None 2
ST -Z,Rr 31 R — S INER A 5 5 R Z<Z-1,(Z)«<Rr None 2
STD Z+q,Rr IR RN R ES W BE (Z+q)«<Rr None 2
STS k, Rr M SRAM i #E (k) < Rr None 2
LPM MRRFZEEHHE RO « (2) None 3
LPM Rd, % 5 d #a None 3
LPM Rd, & g izl e slin— 10 ¥ 2 None 3
SPM VV VV Vremkulzls | - | k1 I \ -
IN Rd, P MO i DR %E Rd « P None 1
ouT P, Rr w0 P < Rr None 1
PUSH Rr FHEEFREAMER Stack < Rr None 2
POP Rd ﬁﬁﬁé_ﬁ»\f&&*ﬁﬂﬂ Rd « Stack None 2
AVNAES
SBI Pb 110 FEHFMLEN 1/0(P,b) « 1 None 2
CBI P,b /0 BB ES I/O(P,b) < 0 None 2
LSL Rd BEEB Rd(n+1) < Rd(n), Rd(0) « 0 Z,CNV 1
LSR Rd BRER Rd(n) < Rd(n+1), Rd(7) « 0 ZCNV 1
ROL Rd HHABERER Rd(0)«-C,Rd(n+1)« Rd(n),C<Rd(7) Z,CNV 1
ROR Rd HHRUERER Rd(7)«C,Rd(n)< Rd(n+1),C<Rd(0) ZCNV 1
ASR Rd EREH Rd(n) « Rd(n+1), n=0..6 Z,C NV 1
SWAP Rd BEEFHRR Rd(3..0)<-Rd(7..4),Rd(7..4)<Rd(3..0) None 1
BSET s REEN SREG(s) « 1 SREG(s) 1
BCLR s BEES SREG(s) - 0 SREG(s) 1
BST Rr, b NEFBTURA T T < Rr(b) T 1
BLD Rd, b BT RATFHRN Rd(b) « T None 1
SEC piigvAVA A C«1 c 1
CLC HUNEE C«0 C 1
SEN SRR B L N1 N 1
CLN ARENEE N« 0 N 1
SEZ TR B Z1 z 1
cLZ EHRENES Z«0 z 1
SEI 2 /PR 1 | 1
CLI 2RPMER 1<0 | 1
SES BHENRFEL BN S« 1 S 1
CLS BN RAGEES S« 0 S 1
SEV 2 ANBEHiRE B Vet v 1
CLV 2 NS R EREEE V<« 0 \ 1
SET SREGHK T Bfz T« 1 T 1
CLT SREGH TEE T« 0 T 1
SEH SREG E’Q¥i&1ﬁﬁ$§{i H<« 1 H 1
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e BAER L B =& # B
CLH SREG W R Ui 2B S He 0 H 1
MCU # %
NOP =Rk None 1
SLEEP AR (FPRERINAE , M specific descr.) None 1
WDR AN (Xt WDR/timer M specific descr.) None 1
BREAK T SET 5 iR None N/A
—— / ——
www .BDTIC.com/ATMEL
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O =
FmiER
Speed (MHz) Power Supply Ordering Code Package Operation Range
8 2.7-55V ATmega32L-8AC 44A [ERIE
ATmega32L-8PC 40P6 (0°C ~ 70°C)
ATmega32L-8MC 44M1
ATmega32L-8Al 44A Tk
ATmega32L-8PI 40P6 (-40°C ~ 85°C)
ATmega32L-8MI 44M1
16 4.5-55V ATmega32-16AC 44A R
ATmega32-16PC 40P6 (0°C ~ 70°C)
ATmega32-16MlI 44M1
ATmega32-16Al 44A Tl
ATmega32-16PI 40P6 (-40°C ~ 85°C)
ATmega32-16MC 44M1
—— / ——
www.BDTIC.com/ATMEL
HIRRE

44A 44- 5|4 , & (1.0 mm)TQFP

40P6 40- 5|% , 0.600” % , PDIP

44M1 44- 1% 7x7x1.0mm K/, 48 050 mm , MLF

286 ATmega32(L) m——



] ATmega32(L)

HHER

44A

44-lead, Thin (1.0mm) Plastic Quad Flat Package
(TQFP), 10x10mm body, 2.0mm footprint, 0.8mm pitch.
Dimension in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.25(0.482)
PIN11D -1 11.75(0.462) >

_— 0.45(0.018)
— r 0.30(0.012)

——
—
——

m/ATMEL

10.10(0.394)
9.90(0.386) ~°

r 1.20(0.047) MAX

0.20(0.008) 0°~7° ‘

ow6ms ) | MONIDL
vy J S
A f '
.

*Controlling dimension: millimeter

0.80(0.0315) BSC

www . BDTI

|~

0.75(0.030) 0.15(0.006) | |
0.45(0.018) 0.05(0.002)

[~eeal—

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 [] (1T (1]

%

13.97(0.550)
13.46(0.530)

'

EpER NN EpEREE S AR RS
—~—— 48.26(1.900) REF ——=

4.83(0.190)MAX

swwwt.'%“'

MEL

PLANE ‘L
3.56(0.140) N 0.38(0.015)MIN
3.05(0.120) | | | | l= 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~ 150 REF
0.38(0.015)*/¢ N\
0.20(0.008)

‘

17.78(0.700)MAX

*Controlling dimension: Inches

REV.A 04/11/2001
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44M1
O\ c
Marked pin#1 identifier O
C
L
iz
[E] 0 o
Y
i pd
-
i
qg »
d /
v
TOP VIEW
-

F

4’
|
U-U J U A COWVON DI MENSI ONS
— (*Unit of Measure = mm)
— [ N SYMBOL| MIN | NOM | MAX | NOTE
- ] A 080 | 090 | 1.00
— - AL 000 | 002 | 005
— — A3 0.25 REF
g g 018 | 023 | 0.30
— — D 7.00 BSC
— —] p2 | 500 | 520 | 540
— ) E 7.00 BSC
— — E2 500 | 520 | 540
Innninnmm c |0-5OBSC|
E‘" ‘k 4‘ ‘ ] L 035 | 055] 075

BOTTOM VIEW

NOTE 1. JEDEC STANDARD MO-220, Fig 1 (Saw Singulation), VKKD-1

08/29/01

(MEL 2325 Orchard Parkway TITLE _ DRAWING NO. | REV
44M1, 44-pad ,7 x 7 x 1.0 mm body, lead pitch 0.50mm
|m'O San Jose, CA 95131 Micro lead frame package (MLF) P 44M1 B

A mEl% 289
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ATMEL

ZhRAH ATmega32 kB BIiR&k. FEAXTHEA JTAG #§% IDCODEH ##R[FIBH#Z

IDCODE RE# T M TDI m AKHE

288 IEEE1149.1 , JTAG 6% IDCODE I{EFEH ; YBASH ID SiEset , @
ATE TDI M2 "1". WM, FRRAREN SR STAERNEEEZEL , 23
TR ", REREBRGHEIEE Update-DR BF£# "1” FRRES

R ATmega32 NiFE4E LHE—ME S |, B EF 2 MEE,

R R T5 3

BN A#EA IDCODE i BB # A TAP #2858 Test-Logic-Reset IRASRIE B4
ID F78  AREREAS  UREES[4NEHIE, REEFHEE S ATmega32 HIHEHES
HHIEEH ID FEEEX ATmega32 &% BYPASS tit. H&H ID HEHIER
ATmegal32 it , FEEHAHETRBIELEETHIE. X TAPIZHIZEH Test-Logic-
Reset RASHERIAIE TR IDCODE 5+

Hth MR5E

MBEHAEFREEAHESEFFTASS4M ID, BBL ATmega32 MiZE2AMHETHNE —
NE&. IDCODE 7£ JTAG S & E88F At , Update-DR TEIEER 5 190 R 6%
RARIE, B ID FEHETELE,

www . BDTIC.com/ATMEL
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ATmega32 WEEFM wrsrvhmERo TR FRFFINENAE. H5ERNOESS,

ZTERK

MARZ Rev. 2503E-09/03
FfR 74 Rev. 2503F-12/03
AIZE (L

MAIRZ Rev. 2503D-02/03
FIR 4 Rev. 2503E-09/03
ke

MAIRZ Rev. 2503C-10/02
F|MR 7 Rev. 2503D-02/03
RYZAL

MHRZ Rev. 2503B-10/02
FIfR 7 Rev. 2503C-10/02
2L

MARZ Rev. 2503A-03/02
FIARZ< Rev. 2503B-10/02
3L

2503F-AVR-12/03

1.

1.

N

4.

5.

6.

7.

8.

9.

R P27 “FREMF KN RC %%~ .

EMSEH P33 UTAG EOSHALREARSE ” 1 “ FRBRARSE ",

B3 P35 Table 15 .

B P204 “ WA T EEK O -TAP” X F JTAGEN B4 M55,

R Bit 7 - JTD: 31k JTAG #EOMEA,

# P240 Table 105 & inX T JTAGEN B4 H TR

SEH#T P269 “ A4S PAXIRRE -, ERFUESIRIGFEDBS -

£ P292 “ BhiR&K ” FMA—XTF JTAG 5 IDCODE MR REIBM %o

1E P283 “ HFEBA ” FMA EEARH iy EEARY,

. P266 “XFlash#{THRE” 5 P267 “’YEEPROM#{TLHRE” FFNE—F B8R,

WWW BEHd6 2eomAATMEL

£ Timer 0 & Timer 2 X F PWM RFRH AR,

P235 “ RN IGATENER (NS )” FINE SPM TN 3 EEPROM E,
P11 R 7 RIATIRERE.

AN P20 « EE B AKERBN T EEPROM BiR{E ” #42 .

# P190 “ M4 K ADC ¥REF ” PIRmEERA HE AN ES5 BN HA,

3 P216 Table 90

10. 5 NEH P289 “ HEFER 7,

1.

R P269 “ ERAFE " .

55 Flash & a2N 10,000 B A [ #BRIX.
i B& SFIOR 1F858Y Bit nr.4 — ADHSM ,

i P23 “ RERHIR ” 9.

A mEl% 291
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4. BEMBNTEERAADBEERE—LRE , XIPIHRBL P29 « 4AEets " &
P269 Table 118 ,

5. £ P32 “ B/MLThEE ” FMxTF OCD RERIhHFER /DT,
6. RIEFEHE (WGM UiRE ):
- P71« BUE PWM #= ” (T/CO)
- P72 “ Hf{E1E PWM = ” (T/CO)
- P11 “ 3% PWM #= » (T/C2)
— P112 “ #f1E81E PWM #3X » (T/C2)
7. {8IE P150 Table 67 (USART),
8. EFH P269 “ ERBME BBV, I 5, E.

9. EHXT OSCCAL iREFT A,
EFMT | RENBMAERAREET R 2. 4. 8 MHz NiRHES | XE TEMNZD
FLUNE -
WA P28 “ FRSH B E S 178 —OSCCAL” | P242 “FrEFT » hiiki A,

10. Table 42 {SIE3H,

11. Table 45 5 Table 46 WS IEi%EA,

12. E#7 Table 119, Table 121 5 Table 122,

www . BOTTC. com/ATMEL
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