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T (ALU) #E#E B —RESTUE - AR ENERR NN FFR. Xt
GHARRSTRBMER HEEALEER CISCHIZFIRESE 10 BHNHRERFLER,

ATmega48/88/168 B T 45 R : 4K/BK/M16K F T RGN AI4mTE Flash( BB EmBET B H
EA LA EE D , Bl RWW) |, 256/512/512 F¥ EEPROM , 512/1K/1K F¥ SRAM ,
23NEBA IO 0%, M EBEAIESES =N EEHBREXNRENERES / 1THES
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BEXNREITHRELIES  FIAERT P NEGENZASBELTE  FEEN
RAN—BERE ; fEEANRLENSZREET , UATAFESHEEE  S4NE
BB 4L FEERRIRAS ; ADC BREHIHIE X E CPU MATEM 1/0 BREFELLIET ,RD
ERTEFH ADC #& TE , BURIA ADC HARTHFF <R ; Standby BRI IREEF T
mH I BER |, FRHF4EERONER | ANEFRRBIIED.

ATmega48/88/168 R LA Atmel W E B E IS R ERFHRAREH . F M ISP Flash Al LB
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Table 1. f7f# 28 K/MER

B Flash EEPROM RAM o BT ) R A<

ATmega48 4K FF7 256 £ 512 ¥ —NESF (16 L)
ATmega88 8K FF¥ 512 &1 1K F1 —MERF (16 12)
ATmega168 16K 15 512 Ff 1K F17 AMNESTF (3212)

ATmega88 5 ATmegal68 XIFETFTWEIEEHmERE, SHEFMIK Boot
Loader X ,SPMEH REEEX A FLASH X E BRI 1T, M ATmegad48 FXiFRIATIRE R
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4 ATmega48/88/168 mu————————————————————

2545D-AVR-07/04


ZDH
高亮

ZDH
高亮

ZDH
高亮

ZDH
高亮


E———————————ssssssmm A TMega48/88/168

%0 C(PC5..0)

PC6/RESET

% 0O D(PD7..0)

AV¢c

AREF

ADC?7..6 (TQFP 5 MLF $f3)

RBH1F

2545D-AVR-07/04

REFRANRNL RC K555, BITi%E ASSR FF8EM AS2 v , ATLE PB7.6 tER RS
ERES /ITHES 2 Wm0 TOSC2..1 £/,

w0 B L AMEMTRMNISHKINEE  FS N P66 “iIsAOBMWE-INEE” 5P22“ %
St REIEI

WO CH7MR@E IO A, FAEFUREN AR L B, & Ps ERNMARE)
E AT AR IR R, EARAGERAR , HREP LR BEMERE | ik O IR B
AEEPRFRHER. EEVEEP , BMERENHERER , w0 C RENSES

RSTDISBL A #4mi2RT , AIFFPCOER —N/OAEA. Eitt ,PC6 5| Sim O C H b 5| M
R EBERFMERE XN,

RSTDISBLfZ R4mFERT , PCOF/EN £ A S| #IReset, LA |, BIER G RTH&F T,
Zol LN BN EBER/DIRAREENREFTF~EENES. HRDEKHPREEP
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R,

AREF 73 ADC BRI E A5 A S| M,
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ALUXR S ESRCBAUR T FRENERZE E’Jﬁﬁ%ﬂiﬁiﬁiﬁﬁo ALU B A AT B & 77 85
BRI, CETRZERSTERNATREFRURRBEER

BREFERBELE / TRANBFEESMRARESRES Mﬁﬁ@%—rﬂtg/\ﬂﬁﬂt 2iH, K
SWIESKEN 1610, FOSMNRFEFEHSRIDEE 5 16 13 32 (LMIES,
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WMk BERY . ENRARFXHN SPM ESLAMLTSISEFX,

EHRHANAR FREFRE U WEFITERES (PC) RETHIKcH., HEKVTERAKRE
SRAM , UL REREMNZRT SRAM WK/, EENHIRERAF B EEWNRHERIEH
SP, J:/Ma‘f“ruﬂi I/O Z2[A] , A LA TR BIA 8], 38 SRAM AT LUEE 5 AR/ T 118
BT A,

AVR FREBENEENFEEN.

AVR ERE - RTFWHEER, RHFEFHRMT 10 ZH. REFFERERERPUIIMERE
fir. BNPHERHEAERERFMINTHEAE, FIPPHHNRELTRSHEPHEAER
M BERX , FifEEmatEE , LERES.

/O =SS 64 NAILAEES HEMHbHE /ER CPU /MgM iR 45788, SPI UK
Hft 1/0 Ihee, ME BIHIEFEE |ﬂﬂﬂﬁ#ﬁ%§x1¢2ﬂ'3ﬂti¢ 0x20 - 0x5F, Jtt$’i~
ATmega48/88/168 & A i T SRAM #b i1t 0x60 - OXFF B & 1/0 22/ |, 3X L5t hit 2 aaﬁm
ST/STS/STD #1 LD/LDS/LDD &5 3k i5El,

AVRALU S22 NERATESEFSEENE, FESSSTER/CH, FESSALAHZHE
B ALU ZEREE— /9 EAR. ALURED N 3K ER, BEMNIRE, HWIER
BTZRL EFEHRN O BFENTR LS. EAESI “ESE,
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RAETEFSS RASERELETRERTHERIESNEREL, XEELTUARKTRFEREN
SHLERE, MIESEFE , FiE ALU ZESSSMRASEENANE, XE T
ZERTRAEELINLRES T , NTIEREZTENE , RBREES,

EHAPHBRSEFIRSTERFI2EIRE  FHEENEF2BFIRE, XET

EEERERAE,
AVR & 7¥88 SREG EXMTF :
Bit 7 6 5 4 3 2 1 0
| 1 | T | H | S v N z [¢ | SREG
®/E R/W RIW RIW RIW R/W RIW RIW RIW
WEhE 0 0 0 0 0 0 0 0

e Bit7-1: 2B MfERE

BEVEERES R P T, BIMAPMEREH H IR R FERES. MR IBEF , UF
RRIMPEIRESENSE AT LR, ER— " HHRER | BT, MHIT RETI
EREEMUERTN, | tBAILUE SEI M CLI ERREMLMES,

« Bit6 - T: {ui#N =6k

UENESBLD MIBSTHA THENEMSFEbit, BSTIEFFSMNE—ENLRA T, M
BLD i T # N 2| FFES M E — 1L,

* Bit5- H: ¥i#fIrE

EMAFRE H R NERBELZET EH N, WIFEXNF BCD 2EEEEA, EN S
£ iR,

* Bit4-S: B ,S=NDOV

SHHUBIHEENS 2 NIEEAEREVHNRR. #0“ESE " WiHA,

« Bit3-V:2 NIEEHFE

TR 2PNBEZE, F0ESE NiEA,

o Bit2 - N: fa¥ifr

RPERFLBEBREERNA. FN“ESE " HNiHHA,

e Bit1-2: EffE

RPEARZEBELRNT, EN“ESE " HNiIHEA,

e Bit0 - C: H{FEH

RPERNBEIBELETHA, 0 “IEDE" WA,

BRAEESNXH BIFE 4T AVR MR RISC ISSEMTR1L. A THEESEWMANRESE , &
FEXHZHUTHHEA / BHEEE

w8 IEBRER, MA—NSULER
WMEAN 8 (IR ER , MA— 1 8 ULER
WA 8 (IIRESR , MA—N 16 L4
WH—N 16 UBRER , AN 16 LER
Figure 4 5 CPU 32 NEBRA THEFFHRNEW,

Figure 4. AVR CPU B T#EF 1785
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R2 0x02
R13 0x0D

B R14 0x0E

I R15 O0xOF

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

AREHREFERXHNESHTLUEZBRMENSTES  MASHXHENESTHIA
1TRtE N B Rt FE,
W Figure 4 iR , BN FESEHE N EREAF G4l EZRS AR BEZ A L

320k, RAFEFRNHNPEIARRSRAM  XHRNFAEAR SR EHRFFRAE
EAMAKNREYE  BRAX, Y. ZHEERAINRENEOEEFFRNEH.
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EF1788 R26.R31 R T AEBAF RN , TR SMEABIERZET u At 84, X=
MNAE#EF U F 787~ T Figure 5,

Figure 5. X. Y. Z &%=

15 XH XL
X B5E8 |7 o7 0]
R27 (0x1B) R26 (0x1A)
15 YH YL
Y F78% |7 o7 0]
R29 (0x1D) R28 (0x1C)
15 ZH z 0
Z5Es K 0 |7 0 |
R31 (0x1F) R30 (0x1E)

EFENFUERF , XLt FrRTUXANEERBE , B M—ME3E—&E.
BhATESAIESE,

HRIEHETEARREIRHNHRE. BHRETENDN / FEFNIRE I, HikigH ER2E
giﬁfféa’ﬂﬁ%ﬂo EIEAVR MR ERE TEKN |, BVFHEIEHE AR | HERIBHOEK
TR

HRIBHIERHIE SRAM #i X, EHRET FRFMNPHEMHL, AR FREFNEES
Wi BB A EE KT E |, MAHKEHXFAEEST 0x0100 Mt Z=E | REFR
RAMEND, fff PUSH £+ Hé&ﬁ#&)\i&f&aﬂamﬁ— W%&r‘:ﬁ%ﬁ;&@miﬂ&)\
R AEH R =, EH POP 5SS 5 iE 5% H A A i&ﬁz?a?rim— M A RET = RETI
BN FRFH AR E A HERE =,

AVRE’J*EHZ?&.%‘I‘EE I/OZ= B IS FFERR M. KERERANNBSEERMHER. =
BEIRLEAVR BHNBEX AN, BSPLREB T, WAL H SPH Fi78R.

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/B R/W R/W R/IW R/W R/W R/W R/W R/IW
R/W R/W R/IW R/W R/W R/W R/W R/IW
HBE RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND

RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND
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K— A ISR, AVR CPU IR clkep, Bao LA ER
S Bk RO B4R, 5 BB L A A AT 2 A

Figure 6 %83 7 B Harvard S #REMNFHTRIENESHIT , AR T BT REG R F
ERXANEES, XB—MEESE 1 MIPS/MHz , BB RAIMEM L. ThEE / rbshEe,
I | ThIELL MY B AR AR LB =0

Figure 6. H{TEIEMIESHIT
T1 T2 T3 T4

1

|

hepy — A

1st Instruction Fetch

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

Figure 7 BRI R F R XN IBIHRIEF. E—NEHEARE ALU ATLENNFANF
FREFHHTERE  ANFERFEIENFEFSRPE

Figure 7. A4 EHI ALU R/E

T1 T2 T3 T4
1
1
N\
clkepy '
Total Execution Time

Register Operands Fetch

ALU Operation Execute

/

Result Write Back

AVRET RN IR, BN MHMNSVERFZEBEECH YN FMEE, PIATHE
HEMEBCHERNV, EEENVEN BERSTFEENERPIEELIBEVHERT |
RETAI AR & RFBFRNEFITHEE PC B/E , £5|5 (Boot) 8{%E iz BLB02 5 BLB12
BURBHERAT |, PETTRREEEL, XIMMERSTHRENREM. ¥R P 255 1744
ERUmAE " BP0

EFEHEENHEURENENREN P EOE, TLHNEOEFRIESN P 48 “ Flf
"o FIRBRET FREFMBIMLER. MEFFENUHBIE  RERBS, RESET EEK
SRR, =R INTO - AEBFHEIER 0, BN EM MCU #2#/ZF1F 88 MCUCR
M IVSEL ( B3N P 48 “ il 7 ), Pl @ E R UB E SIS Flash Wik, wmEBL
{2 BOOTRST AJ LU E BB ES|S Flash 24t . E4S A P 241 “Boot Loader
¥ RWW B4 , ATmega88 5 ATmega168” .

- RER SR PMERMY | 5T , iMEHMPMSBEEL. APRGTBEYE
| RERIMAPBTRE, WAATENTITEHT AR Sa RS EF, 1T RETI ERE
LRPMERRN | B3 B,

MBAR EHAFPRE TN, E—MESAMEHENTIIRS. N TXEHRE , BF
T+ 188 Bk #4 B SERRAY AP BT 6] B AR AT R B HIRR | [ B4R RS BRAE R Y P TR & R

ATMEL ?
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MRSt BRI N EE "7 RER. HhMiRER , MRBENKNPIIE-EMS "0, Y
RSB |, - ERFEFMNIT  AERREBER. KLH , MREF/FHMPRES
WEE  NAMBERENPHBFWIIT , BEF | B, REHIERIEAPRRPH
L RRMORINT o

FoMRAENPHURIAZDHZMHRE B —EMR, XEPHFATEPEHIRS. &
PHTRMAEPIERCIIBMERT , P T RWAR,

AVR BH I fE 2R ERERFHZDHIT —FREST A LERITE MR P
EEBNR  BEAFHBRSEFNIRESTFERFIRAIRE ; FHRE BT 2 831K
8, XETHELHEAFELRHERTK.

fEM CLIiETREE L Airet , RMTRIE TEIER. REPMATUERT CLIESERE
BETRENT CLIESHENREN. TENGIFHEA T WAES EEPROM FHE/AX
ANETRES LE R 4 LUOB 3 EEPROM & /Y 7] BE AR

LRI HIRE
in ri6, SREG ;  R#7 SREG
cli o B AR
sbi EECR, EEMPE . /B3 EEPROM B#E/F
sbi EECR, EEPE
out SREG r16 . ESREG (| f7)
C REBHIRE
char cSREG
CSREG = SREG, /* R#ZSREG */
[* BRI */
_CLI();
EECR | = (1<<EEMPE); /* /&3 EEPROM B#R/E*/|
EECR | = (1<<EEPE);
SREG = cSREG, /* MESREG (I Z) */

ATmega48/88/168 mu————————————————————
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£/ SEI fEE SRR ITR  RREFNE - FESERTEATH I —ELBE LEER
7o B TEABIRE

Cam R B

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

C RIGHIE

_SEI(); |* E2EFEEEERRE]
_SLEEP(); [* HAMEER, SHFMLLE]

1* SER . EHITEMRER I M2 MCU & St ARERER +/

AVR HifIESIES R A 4 NeTEPE . 4 DNt ARRE | RB R Bk B SSERAY AP BT AL 22
B, X 4 MettrfiE , PC Bah Ak, EBERBRT , PE@EN - BEEES |, Lk
RENX SN EH, IRPMHE SR ARETHITHRNRE NELSEARES
WATFEESE MCU F 2ITHITERF. & PIRER MCU A& TRBRIE |, e R et A
EFREM 4N EH, KAEEZRITENRERXFFEEN B E, X tEAR
BRENHEIN T EAHE,

PHHREIRE 4 NP EULHIE PC(AANTFT ) MM ik | #ikigst =  REFE
2% SREG HY | Bfi,

ATMEL s
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ATmega48/88/168 17
fis 25

REANTLYREMN Flash BF
Fiaes

AIMEL

AT YR ATmegad8/88/168 HI1FfEES. AVR £MEEFHNEEMNEMEZZEE  HEF
R RIMBFEMESZTEE, I, ATmegad8/88/168 & EEPROM 72k 25 LURTEER
B X=/NEFEHEZAHFNEENTFEEH.

ATmega48/88/168 4 4/8/16K EF WIELWIE Flash , A TEREFES KRB, BAFR
EM AVR 57 16 2= 32 {2 , ¥ Flash ALK 2/4/8K x 16. 3 F ATmega88 &
ATmegal168 ,AAFRBFHNRZ LM ERIE Flash BFEMESNHNX : 5|5 (Boot) B F X H
BARFXSFREE, ATmegadd Fi&ED N SISBRFRXMBMARFEX ,SPM ST
EEZAFlash B#1T. ¥ M P 237 “ TR FFM# 28 (SPM) #32H FIIRASEF 78 - SPMCSR”
5 P 244 1 SELFPRGEN #8 4 B 3#32 o

EF#BREDTLEE 10,000 X, ATmegad8/88/168 KITZF1t#kEs (PC) K 11/12/13 {1 ,
EH AT LA 4k 2/4/8K R P 7 2R 2 Al SIS TBFRURMEXNBRGZ2MEMR P 235
“Flash B4%%8 , ATmega48” 5 P 241 “Boot Loader 1 RWW H4miE , ATmega88 &
ATmega168” . P 255 “T#fik 2e4mi2” ¥R 7 FASPIS| MR I XY FlashEiE K BITRZIE o

ERALUREFTENEFFMESRILUZE (S LPM IREBFFHEESBETSHSA )
BESHITRFEBESR P 1 “ESHITHEF .

Figure 8. ATmega48 K2 FF 7% 25

Program Memory

0x0000

Application Flash Section

0x7FF

14 ATmega48/88/168 m——————————————
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Figure 9. ATmega88 5 ATmega168 K2 F 17k B3R 1&

Program Memory

0x0000

Application Flash Section

e

Boot Flash Section

OXOFFF/Ox1FFF

Figure 10 441 7 ATmega48/88/168 SRAM Z= R I H LR 4549,

ATmega48/88/168 R—NEZMMIEHIES , HXFMNIMRELTEN 64 N 1/10( BEX
IN/OUT $E<iHR ) FREEXENESZ, XTI EH /0 ZEE 0x60 - OXFF R EEfEH
ST/STS/STD # LD/LDS/LDD E% .

Bl 768/1280/1280 MREFMEBREE T FEHRNM | /O 727 , § BHY /O FHEIJ[UK
o= SRAM, EBIRH 32 Mt W FEHFXME , RER 64 N 1/0 7z  HER 160
VB /O 78R, &ER 512/1024/1024 FTHEIE SRAM,

BREFEESNIUAXNDN S F  EETFU, FTREENREI U, BET U, FORE
FuMEMEET U, FEFRXFHHFFR R26 2 R31 N EEFUNEHFFHR,

EEFUEE TRENMRERX,
TREENEZEFUEXEBTUINEFERY M ZAENELHITR 63 Nibit,
EEHTRMNEMAREEIUHERS , FER X, YA Z B3ENIED,

ATmega48/88/168 £ XB 32 NERAFFEE. 64 N 1/0 F1F8:. 160 M R II0 FEHER
512/1024/1024 N ETT I N ZPHAE SRAM AT BUBN A LR S @R #1715 1R, HFE
XHNIERR P  BRASESXH .

ATMEL =
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Figure 10. FiEFMESME

Data Memory

32 Registers 0x0000 - 0x001F
64 I/0O Registers | 0x0020 - 0x005F
160 Ext I/O Reg. | 0x0060 - OxO0FF

0x0100
Internal SRAM
(512/1024/1024 x 8)
0X02FF/0x04FF/0x04FF
B 170 B8 17 3] B AT B 5 B RSB AE B RYRY . B0 Figure 11 AR , REPERIE SRAM 1A [RI6 A A4
clkepy B EH
Figure 11. F L##E SRAM i8] F
T1 T2 T3
Kepy — : :
Address ! Compute Address ;X Address valid |
Data : ~ s | o
WR '/ . _J?
Data : : { : | ©
1 1 1 ®©
RD __ y "\ _|®
Memory Access Instruction Next Instruction
EEPROM iR =685 ATmega4d8/88/168 ‘A& 256/512/512 £ #) EEPROM HIB1Z/ 8. ©R2EHN —MEILK
BEERAMELEN , TUKRFETIRE, EEPROM WEHEADH 100,000 K EFREH,
EEPROM Myif B itb it B 1788 , BIEFFESRNEHEER/RE,
Bk SPI R H1T T8 EEPROM BIEES N P 255 “ ZHEEsmi2 "
EEPROM i% / B EEPROM #1758 B EZ88L T 1/0 Z=[H,
EEPROM M Eif At E B Table 3 A, BEMINETUILAFRKNMANFBRET —F
T, MRAFERE EEPROM , RECEEM TR : £ 2RISR BB R LR AN EHK
f, LB/ TFEN Voo LA/ TREEALRE, it CPU FITHETETRIRFTERN
BIRBE, 5N P 20 “By ILEEPROMERIEE &~ LU & H I EEPROMM B iE = K R &,
R TBHIEEEIRH EEPROM EigfE , £5 EEPROM HEERT—MEIENERNF, &
55 %& EEPROM B HIFFHRHNE,
1T EEPROM i2R/ERT , CPU &L T 4 MNAE , AEBHRITREES ;| 1T
EEPROM Bi#ERt , CPU &L T 2 NAH , RAEBRITELEES,
16 ATmega48/88/168 m———————————
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EEPROM iti it 478§ - EEARH
# EEARL

EEPROM ¥ #2% 8% - EEDR

EEPROM 4% 188 - EECR

2545D-AVR-07/04

Bit 15 14 13 12 1 10 9 8
- - - - - - - EEARS8 EEARH
EEAR7 EEAR6 | EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEAR1 EEARO EEARL

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

HE 0 0 0 0 0 0 0 X

X X X X X X X X

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

EEPROM i1t 21785 — EEARH 1 EEARL #8E 7 256/512/512 ¥ # EEPROM Z2[d],
EEPROM thit 24MH , M 0 2 255/511/511, EEAR WAIBREEREEN., EiFE
EEPROM Z B 2900 IR F IE @AY B,

EEARS 7 ATmega48 RALMM , BHRLFHBEENR 707,

Bit 7 6 5 4 3 2 1 0

| wss LsB | EEDR
®/E R/W R/W R/W R/W R/W R/W R/W R/W
DEE 0 0 0 0 0 0 0 0

» Bits 7..0 - EEDR7.0: EEPROM #i#

X F EEPROM Ei#4E , EEDR REEEZ| EEAR £t EIE ; W FiL#g{E , EEDR 2
Miti3it EEAR REUY SR

Bit 7 6 5 4 3 2 1 0

I - EEPM1 EEPMO0 EERIE EEMPE EEPE EERE I EECR
B/B R R R/W R/W R/W R/W R/W R/IW
NBE 0 0 X X 0 0 X 0

e Bits 7..6 — Res: & &

REBA , BRBRERERERSE,

» Bits 5, 4 — EEPM1 5 EEPMO0: EEPROM {RE#E R

EEPROM w2 XU EREXN EEPE B AR AA T ARES R . EEPROM K 4RiE
ATLMER — MNERIRERIN ( BRENBBEABATHORE ) , T LREBREERE
SDRAREHET. TREREEINEFENL Table 2, EEPE B8t , X EEPMn H{EAE
RENLMA, EEMTRED , BRIE EEPROM &4 F4HRBIRA , EEPMn D KIRE
3 0b00,

Table 2. EEPROM #x {1

EEPM1 | EEPMO IRERE Bk
0 0 3.4 ms BEBE—MREPTHR (EXRHE)
0 1 1.8 ms REigE
1 0 1.8 ms RER#E
1 1 - RE

ATMEL y
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* Bit 3 — EERIE: f£8 EEPROM Fi4& H it

% SREG #9 1 3 "1", M{E{v EERIE f£4 EEPROM # & FH i, ;55 EERIE NZ ikt
i, X EEWE ;5Z 8 EEPROM &R FHMEI AT &4,

* Bit 2 - EEMPE: EEPROM X #|Ef##k

EEMPE)RE T EEPEEB I R A T LUBFHEEPROME#R/E, 1 EEMPE R "1"8t , 4B
FEHANE I EEPE fFiE 35 A EEPROM Wi E bt ; & EEMPE 5 "0 , #{E EEPE
FietEA. EEMPE Efujg 4 NEH , BHXNHEHEFES. I EEPROM B3 EH X EEPE {1
MR,

+ Bit1- EEPE: EEPROM EffigE

Eff#{S5 EEPE & EEPROM B AEBEES. & EEPROM BEMMIZEF 2 fE ,
FEB{I EEPE SMENHKIES A EEPROM, LLEf EEMPE #4/E{y , N EEPROM BEig
EFTakE, ENFUNT (F3NF4LHNRFAIER) :

1. %4 EEPE /0%

%% SPMCSR #1783 SPMEN /&,

FFEH EEPROM #3t B A EEAR ( i ).

F## EEPROM ##EE A EEDR ( Wik ).

%t EECR #8# EEMPE B "1, Ert;5% EEPE,

. TEE{I EEMPE 2 &/ 4 NAHIAE L EEPE,

£ CPU E Flash F 8RR T 8Ex EEPROM #1T4%12. £/53) EEPROM Big{Ex
ARG MMERE Flash ERERBEL TR E-SNEHHSESISEF , AiF CPU

X} Flash #{T4RERN S BMH. MR CPU KIZHAXE Flash , WEZF AT UZE. FS
#Z P 241 “Boot Loader X RWW B4rE , ATmega88 5 ATmega168” ,

EE NERHMAETLSES M6 2B NSBERELAK, BN EEPROM EffgEiR
YRR, N8R —NMEYE EEPROM B BTITIHT T 3 — /N EEPROM #£4E ,EEAR 5 EEDR
FEER RIS TR |, Sli2 EEPROM BAEKLM, BV <2 B P IIRE I.

A BiHEEtEZE  EEPEEHES. AP AUERNHMERFREEX5EMK. EEPE
BffE, CPUEELFENNHEARTLETT—RES,

+ Bit 0 — EERE: EEPROM &AL

EFEES S EERE 2 EEPROM B ANEBES, ¥ EEPROM iR EHF 2 G , EEX
EERE LAEF#HIEER A EEAR, EEPROM #EMN IR EE—KIES, ®H EEPROM Bt
CPU EEFIL 4 M ABARB T RERIT T —RES.

AP EiEE EEPROM Bt iZ#& N EEPE, MR —NBEREEEHT, ML EEW
EEPROM , i & T F1F25 EEAR,

FREMNIRH S AT EEPROM 5 A ERt, Table 3 3 CPU 48] EEPROM Ay B2 2 Bt [H]

o oA wN

Table 3. EEPROM 4R 20 [H]

kel REN RC B% 8 EMHK B EERE
CPU XK
EEPROM B 26,368 3.3ms
1

TEMNRIES B ACYHM C R iHE A MMASSH EEPROM B EgE, FHBRIEFMTLE
PITXLERBOIREFEE, I FRANERIRGEEESISEF. EoISEBFEFE N
EEPROM ERFHEEEZLFEEHITH SPM i HE R,

18 ATmega48/88/168 mu————————————————————
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Cym BB HIRE

EEPROM wri t e:

EFL-RERIFETR

sbi ¢ EECR, EEVEE

rinp EEPROM wite
REM L 7FAE (r18:r117)

out EEARH, r18

out EEARL, rl17
EHREFBIREFH (r 16)

out EEDR r16
B/ EEMAE

sbi EECR, EEMAE
EWEEVE X E5 EHEE

shi EECR, EEVE

ret

C REfHIE

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

|* ZFFLE—XBRIFFR *|

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

1% REMH IS * |
EEAR = ui Addr ess;

EEDR = ucDat a;

I * ENEEMAE */

EECR | = ( 1<<EEMVE) ;

I * ENEEWE KEZI GHEEE */
EECR | = (1<<EEVE);

unsi gned char ucDat a)

ATMEL
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P51k EEPROM BUE X %

/0 k85

AIMEL

T —MYEB 5 F 15 BA 404 FASC 4% A0 C K12 EY EEPROM, EHBRIEFH T SERITIXLERK
BHSREYFEE,

Cam BB B

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

C REfHIE

unsi gned char EEPROM read(unsi gned int ui Address)
{

I* EHFF—LKTERELZR *|

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

1> REMIEFFRE */

EEAR = ui Addr ess;

I+ REEERE KUE5IARIE * |
EECR | = (1<<EERE);

|* BHEEFHEREHIE *|
return EEDR;

}

MRBFREETK , CPU Fl EEPROM ERIgE TEFIERE |, &KX EEPROM ZHE HY 8K (
EX). XMEREMEAIMIE EEPROM 254 th2IBE,

HFBEESKER EEPROM BiEHRAERHM I aE . —REERT EEPROM BI2EME
EWNRESBE ; —E CPULXRBELTEEE I,

EEPROM ¥R ARy 8] B AT BUBE A T B ERE R

Y EMERRIF AVR RESET 571K, X ATLUBE RN F 15 BN &% BOD K
X, WR BOD BRETLEREER , WA NEANBEL B, EEREIRIPRE
TEN  FRFRREEBS , BREMFEES R,

ATmega48/88/168 HJ 1/0 Z[RIFEX M P 310 “ HFaa8R ” o

ATmega48/88/168 MIFTAE 1/0 MIAZEMW MBS /0 ZE, FIAER /0 it # A SUES
LD/LDS/LDDHST/STS/STDIEHKiFE ,E32MNBRA TEFFSHRMI/OZ BEMEIE. it
31k 0x00 - Ox1F B9 1/O 17852 7] A SBI M CBI {5 E#2# 1T F 4t , ™ SBIS 1 SBIC
MARKEENMIBNSE. /8 INF OUT $55 a1t 47 0x00 - Ox3F Z[H, R
E% SRAM —#BEX LD M ST #ES1HE /0O FFee , ARt E M E 0x20,
ATmegad8/88/168 2 —MNEXMNMAEES , EXFHNMEELTEN 64 N 1/O( B
INJOUT #ER1hR ) FrEEXIFMNESZ, TV EM /0 ZE[A 0x60 - OxFF , ReefE A
ST/STS/STD # LD/LDS/LDD %,

20 ATmega48/88/168 mu————————————————————
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BEAIIO SRR

BEA 110 5588 2 - GPIOR2

B\ 110 58 1 - GPIOR1

&R 110 %88 0 - GPIORO

2545D-AVR-07/04

NTEREFRHRR , RERANMLNE "0°, MAREH /0 FERU TR TERE,
—ERBIRSAHEREETE "1° KXW, CBI M SBIIETARRE /O FEJRME

B, HABENHNMNEE "1 Bt &BRIXEIREM, CBI # SBI #

ZENFFHEE Y.

/0 MMRRFIFERERMETNE,

= A
BT R

%t 0x00 to Ox1F

ATmega48/88/168 B &3 NBERAIOEFEE. XEFEFRTLUAXREHELS  LAHEETRE
L BEEBSMBIFER. LT 0x00 - Ox1F BB I/0 F1F3 T LUEN SBI, CBI. SBIS
5 SBIC Em E#E#H TN T i,

Bit

B/IE

#EE

Bit

®R/E

aE

Bit

®/E
NaE

7 6 5 4 3 2 1 0
MSB LsB | GPIOR2
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
MSB LSB | GPIOR1
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
MSB LSB | GPIORO
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
21
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RGP R HIEW

NeRERESH Figure 12 HAVRIN EERtSh RER E 5 M, X HREERN T, H7TRIEE
TLUESE A TR ERE R R TE TENERA S E0 P32 BEEE R KR
BX 7, TENE RGN EMER,

Figure 12. B+ %2 7%

Asynchronous General /10 Flash and
Timer/Counter Modules ADC CPU Core RAM EEPROM
4 A Y Y Y Y A A
clk,pe
Clkuo AVR Clock CIkcpu
Control Unit
ClkASY ClkFLASH
1
System Clock Reset Logic Watchdog Timer
Prescaler
A + + Y
Source clock Watchdog clock
Clock Watchdog
Multiplexer Oscillator
A A A A
Timer/Counter Crystal Low-frequency Calibrated RC
Oscillator External Clock Oscillator Crystal Oscillator Oscillator
CPU B - clkgpy CPURti SIBEAVRAKMN 7 REME  MBASEREH. RESEERREHRIEH

B IEFMRR. 41k CPU R RENRKE L THEMITE,

1/0 B - clkyo /O BTEP AT EER /O EIR  ATERT AR/ 1T BT, SPI M USART, I/0 B £93& A T 51 &R o it
Bk, EXRNRFEARTMBLIRSZEBRN , FILEIFE /0 B4 E 1L T X L if
ARG, o, USI BREEHBRFERNUERE ck o BIERTHEFSRN
0, ERXANhEEEEAERER TEHTUIERE T,

Flash B34 - clkeasy Flash Bt4h32 4 Flash 2 OMRME, WEHEE S CPU KRR ERSBE,
22 ATmega48/88/168 mu————————————————————
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RLENEBRAE - clkagy

B EPIR

& B ER

B S 3 5

2545D-AVR-07/04

FREER RN AR ENR / ITHRBREEAINE 32 kHz BHiF R AR, EFLLER
27 / T E AR ENEE R R R X T DR W BN R R — A KTt

ADCEBZRTH N, X#EE T AEADC TER BHE{Z 1L CPUFN /O B £ LABR R F B B 7=
EWRE | MNMIEE ADC HiRBE,

BRENTLMES Flash B2 AIERAVNHIR, HP@MAS AVR [t R4ER , BOE
AR AVRIR o

Table 4. BH4piRERE ()

BRHF eIk T JB4 41 CKSEL3..0
K Th#E &R 1111 - 1000
FHIRIE S iR 0111 - 0110
K97 R IR 0101 - 0100
M 128 kHz RC &% 28 0011
RAENRE RC %58 0010
SAERRT & 0000

RE 0001

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

BEHEH T RS RC RS =M EIRFE N 8.0MHz 3 A CKDIV8 #4Ri2 ,18Z 1.0MHz &
SZrtth, BHRERISZKAEERBELMFRE, (CKSEL="0010", SUT ="10", CKDIV8
="0"), XFIRBERIEAF TUABIEMAERNEREZEORSEENHNHR,

FEAE P RBFERRB BN Vee KRB IRS R 3 ERER —N&/NMES BB UMRIEETT
BMEFTEZABRAIRERT .

NRIEBRBEH Vec, EHESNVWRBHZE , SFHE—NMENERNE (toyr) Z2H
REABEMRS. P37 RERFNEN " HRTABEULNFHREZM, XANEN
(trour) BB NI IR ER |, MR HY BB B L L SUTXSCKSELXRIZE. Table
5 FIHTAEMNER BENARIENMARHIHEBERE, A P 283
“ATmega48/88/168 ARV AFM: - WITAEEE " .

Table 5. H AR A

BB HEtE (Ve = 5.0V) AR H AR (Ve = 3.0V) B R
0 ms 0 ms 0

41 ms 4.3 ms 4K (4,096)

65 ms 69 ms 8K (8,192)

ENNEEENRRIIERSEBREMFSNAERNR/NE Vee 28T AVR AT EMR
Do LRI EZH MCU H ARG EE, RLFRERFEESEN, KT Vec £F
B (B AYSERT B (], ANRTTEMBIX—R , RN ZERA A / 588 BOD, BOD H§& A LARIE
ERRENZaBERBEN Vee, A BOD B ATAZEIEBRIER, BRI HEEIEE
Al BOD =EgATZEIE B AT ER YR 1T

ERHHEARERSH , FHRFERG /LAY THRBE - NEURIT SR ERES
SRAHt | FEERIAERPRZARINFTENER. AR HBHBREVES
BREFFHRNITRF. HENKZ BN R SRR EX | JURAINRHE 6 NI
K50 R Ry 32K MNEH,

ATMEL 2
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YRR MNEMRSE |, B8R T SEBNEN SE3EE, & CPU BiE®RE
ARERERAREZE , Ve WIANEBE , BLEBFIIRSETBHE,

XTAL1 5 XTAL2 5|z B2 H AIRHESN R BB ASEH A, wHiE W Figure 13, X4
RHEBTUERAERE | A EABE LIRS,

ZicHRR R — MR RIFHE | XTAL2 AEEENEZELFENER, CRETHED
HE  BEFERFEHTHNHEAA ERFREPHEZZYN  BEEESL P 26 “ Hik
EREE .

BA C1, C2 WEERHEN, E4ABFENERERTEANRARBHERBER
Hee , UREWNEHERSIHEEMBRESL, Table 6 44 7T RAARBER A BRER
SEE. EAMERSSRN , BRENRAETEHLHNE,

Figure 13. &#AiR7REZER
Cc2

— |—17 XTAL2
c1 7
o St x1Al1

GND

R AUIET = FTEANER , 5B —MULHWFERTE, THEEXBIRL
{iI CKSEL3..1 3ki%&#¥ , #0 P 25 Table 6 iR

24 ATmega48/88/168 s ———————————
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Table 6. 1K E&#iR%H 2 THERR O

FERMRERBE C1 7 C2 WiEEFLE
MESEE (Y (MHz) CKSEL3..1 (pF)
0.4-09 100 -
0.9-3.0 101 12-22
3.0-8.0 110 12-22
8.0-16.0 111 12-22

Notes: 1. MEBERARMLSE , ZEREFM.
2. WEMAERATREE , REATHREERS.

3. MR8 MHzMAEBH BN (AV RE) , ATRBEL I CKDIVSIFAZBME 85

o (EMTURIEFTEFRFESFNRERER,

B0 Table 7 PR |, #8444 CKSELO B SUT1..0 AF %R EshatE.
Table 7. {KIh = & &IRSS 25 B $0 % XS B2 Y /5 Zh B (E]

SR PWEAER
BEREWBEERNTH BsfiEl
%R | BRRES Bz E (Vee = 5.0V) CKSELO | SUT1..0
FEiIERES , BIRTE 258 CK 14CK + 4.1 ms(" 0 00
EFH
BMEIEIRES , BREE 258 CK 14CK + 65 ms(" 0 01
EFH
FEiEiREs , BOD f# 1K CK 14CK®@ 0 10
e
FEEIRES , BHIRRE 1K CK 14CK + 4.1 ms® 0 11
EFH
BMEIEIRES , BREE 1K CK 14CK + 65 ms®@ 1 00
EFH
RAEIRHES , BOD &L 16K CK 14CK 1 01
AEIRHE , BRIE 16K CK 14CK + 4.1 ms 1 10
EFH
BHEEHEE , BRERE 16K CK 14CK + 65 ms 11
1
EH
Notes: 1. XL REEA T IHEMBRAABEETHRAMNE , MBI HRRRBEMEXN T AA

2.

MEFEENER. TERTRE.
XERTRNEERRFRITH , AURIEBHMREBRE, & ITEHRRRKE
HETF&AME  MARFHNWARREMN THRAMS FTEEN AT LERT &4,

ATMEL
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XTAL1 5 XTAL2 5|2 B =R FNIRZ SN R M ASRHm A, wHw W Figure 13, X4
FHBRUUFERAARRME , b EABEIEIRES.

ZIRH RN FIRIBIRS R , XTAL2 SIHM M HE A FRIRSES. WTARKIETCH T
WAL BUERFRER T, BFREERTP2U “BYXRER . IEFREZERR
£ Vec=2.7-55VEA A,

BA C1, C2 WEERHEN, E4AERENEREATEANRARBELEEMER
788 RENZHEASHIEHMIBEEE, Table 9 A TXALERENNBREFET
B, FAMERZSEN , ERERNRAESEAHNE

THEERXBEI B LA CKSEL3..1 k%1% |, &0 Table 8 AR,
Table 8. #iRIE R IRH 28 THEER @

fEA B R C1 Ml C2 WEEEER
MEEE ) (MHz) CKSEL3..1 (PF)

0.4-20 011 12-22

Notes: 1. MEBERARVMLSHE , KREFM.
2. MR8 MHzMMEE HBEHMME (AVRE) , AN B CKDIVSLRIZF R EBME 8
D, BAARIEFMGRMFEB[UENMEER,
Figure 14. &K% 28EEE

Cc2

I XTAL2
c1
S 1 xTALL

GND

26 ATmega48/88/168 s —————————————
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Table 9. F#R1E & 4 k5% 27 B PR DU B2 Y /5 3 B ]

=R PWFAER

B SHBEENTH Rfial
%R | BFERS Bzt E (Vee = 5.0V) CKSELO | SUT1..0
BMEIEIRES , BRTUE 258 CK 14CK + 4.1 ms(" 0 00
EH
MEERSS , BREE 258 CK 14CK + 65 ms!") 0 01
EFH
PEEIRES , BOD f# 1K CK 14CK®@ 0 10
B
BMEIEIRES , BRTUE 1K CK 14CK + 4.1 ms® 0 11
EFH
MEERSS , BREE 1K CK 14CK + 65 ms@ 1 00
EFH
AHEiEIRES , BOD fi 16K CK 14CK 1 01
B
RAEIRHES , BRME 16K CK 14CK + 4.1 ms 1 10
EH
AEEHER , BRERE 16K CK 14CK + 65 ms 1 11
EFH

Notes: 1. XL R A

mEFTEENER. TEAT R
2. ZEEMBHBEBERF[ZITH , TURIESHIRREBRE. & TEMRRARE
ET&AME  MABHNWARBEMN THAMS TEER L TUERT &%,

ERT THRMBFAAEETRAME , M BEs0RHARBEEN T NA

5 R iR B A6 FA /BB 32.768 kHz & A RS B 1EH A BT 4R, RESEEA R Figure 13, 3%
EfRHEE . B3IEH Table 10 5 HA SUT B4 5 CKSELO RE,

Table 10. {3 & 45 355% 27 495 B B (H)

EURNFESER
HEESWBEEXTH :5)E)

BRARES BzhntE (Ve = 5.0V) CKSELO | SUT1..0
BOD f##¢ 1K CK 14CKM 0 00
B R PR E F 1K CK 14CK + 4.1 ms) 0 01
BREE LA 1K CK 14CK + 65 ms(") 0 10

*E 0 11
BOD f£#¢ 32K CK 14CK 1 00
BRBRE LA 32K CK 14CK + 4.1 ms 1 01
BREE LA 32K CK 14CK + 65 ms 1 10

3 1 11

Note: 1. XURTMRBEATREINNMRBENXN THANHSFEENTR.

BREMNHAA RC %88 RO R RC iS5 SRR T EIEM 8.0 MHz AT | iX 27 3V, 25°C T HARHEE.
BT B CKDIVE B4 E L WYRE ,BES M P 30 “ REMN# T2z " . LR Table
11 3B 247 CKSEL #1TmBEN AR EMERN RGN #, EEXMNH 2 EMELTENIBSH
To. ENNBEHERIREFZ T NS OSCCAL F788 , HFITAXN RC IKFB/HIRE. &

2545D-AVR-07/04
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AIMEL

3V, 25°C Bt , X FPFRE AT LR EARFAAR + 1% WRBE, BIXZE OSCCAL 1258 |, i
EAUEREERE 7.3-8.1 MHz FSBEAMNBELRE £ 1%, HEAXMREREANRSR
AR BIIRRSSRMAEN B IRERSIFEESMIRHRY, EZSHNEXRREREN
ERESNP259“ BREFET ",

Table 11. K AFRER RC #&5%88 TEER 0O

HREHE @ (MHz) CKSEL3..0

7.3-8.1 0010

Notes: 1. HJ BHRE.
2. MEBERARMNSE , EHRESFN.
3. RS MHzZE HES A (AVRE) , TIX B4 A CKDIVS RN SPIME 8
Vi

EBRTXMREREZE , B BEIHREBLM SUT #E |, I P 28 Table 12 Fi’R.
Table 12. NEHRE RC #R5FHEEH B Bt A

E R AER BRI
BIRRES HEETEEXTHEIEE (Vee = 5.0V) SUT1..0
BOD {4 6 CK 14CKM 00
BRRIE £ 6 CK 14CK + 4.1 ms 01
BREERLHA 6 CK 14CK + 65 ms® 10
RE 11
Note: 1. MR RSTDISBLIALMHRIE , /33N 8TEFFIEINE]14CK + 4.1 ms BURIE BEH # A IR T2
E,
2. HIEtigE.
Bit 7 6 5 4 3 2 1 0
| cAL7 | cae | cALs | cALa | cAL3 | cAL2 | CAL1 | cALo ] osccaAL
®/B R/W R/W R/W R/W R/W R/W R/W R/W

WIBE RERE
 Bits 7..0 — CAL7..0: iK% SR EHIE

R ERIES XAk 77 SAX 3B HR% 85 8 47 8 1 BUB BRI T &£ 7= T2 s RN RS
FRMERRE, XECHEMNBIITR. 25°C BIRHERMERN 8.0 MHz. R AIXY
ZEFRBTERERURRTHME, RHFMELEE 7.3 - 8.1 MHz AREREA
RE £1% A, SR H ST B N TR RIE

EEZIRHES AR N EEPROM 5 Flash BB RIER , MNX MR FEE M,
REZEX EEPROM = Flash iITEARE , TENMEREZ ST 8.8 MHz, BNIXY
EEPROM & Flash B B#2/EN & KM,

CAL7 iR EHxH 28 TAESEE . FZ M E 048 MK IRFETLE |, M ZE 1 45 H S iR
REH. FMMARCERAEEEN , B2 OSCCAL=0x7F LHHNHFES T
OSCCAL = 0x80,

CAL6..0f FIsKiE T #ik e B AV R, iRE N OX00 R RZEE FHREME REH

OX7TF R RIZEE RN ERSMNE, HMEBEE7.3-8.1 MHzE ,CAL6..0 FAY{EIE 0150
ZEBMNET 2%,

28 ATmega48/88/168 mu————————————————————
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128 kHz N #BHRS% Bx

2B At

2545D-AVR-07/04

128 kHz N EPIRSH 25 = KSR IRH 2T , £ 3V, 25°CRH T HIHRMINZE N 128 kHz, CKSEL
BYLARIER “117 BHZB S BOE R RERT4 | 20 Table 13 FifRo

Table 13. 128 kHz N3 #R’% 28 T/EE

PRFRIE CKSEL3..0

128 kHz 0011
Note: 1. $iRBEIRRBALE , SEREFN.
EBRTHRSRCE , BatEBABL A SUT BE , Il Table 14 FiRo
Table 14. 128 kHz R ERIR% 2589 5 Bh At A)

BRRAE FESTWHEEXTHESNE | SUNNFSNEERRNE | SUTI.0
BOD f#4&E 6 CK 14CK" 00
BRIRIE EH 6 CK 14CK + 4 ms 01
BREE LA 6 CK 14CK + 64 ms 10
RE 11
Note: 1. fgﬂiRSTDISBL%%ﬁHéﬁﬁ BB EF I ANE 14CK + 4.1 msBURIEAES 3 A YmT2
o

S AT AAERET 8RR B |, f0Figure 15P Ro LLBYCKSELIE £ U 403 B Table 154m 12,
Table 15. HiRIE SR I/EER @

i Rt BEs c1 fl C2 NS TR
MEBE (V) (MHz) CKSEL3..0 (PF)

0-100 0000 12-22

Notes: 1. SMEBEIRZHWLE , EREFM,
2. ME8MHzMRBHEBEMHMHMIE (AVRE) , TNBL N CKDIVSRZF N IPIE 8
2. (EATRIEFTERMFESEGNMEER,

Figure 15. /A ZBEtEPELE

NC ——— XTAL2
EXTERNAL
CLOCK ——M XTAL1
SIGNAL
GND

—

ERETEXMEHR2E , BotEIHBL{ SUT B3 , I Table 16 FiRo

ATMEL 2



e HH R R

ERTER / it R RS R

RE o e

M2 M FF8R - CLKPR

AIMEL

Table 16. SAEZRET4FH9 /S 306 E]

EREANEREINEEN | EURNNFSAERRE
BIRRE L1 (Ve = 5.0V) SUT1..0
BOD f##¢ 6 CK 14CK 00
R BOR B A 6 CK 14CK + 4.1 ms 01
BREE LA 6 CK 14CK + 65 ms 10
RE 1

7T HRIEMCU BEBIRE TIF , TRERABZAT TR ITH AR, THEFHRRT B
2% [HEERBUR, REFRHE MCU REFSAMRSH TSR AV IRH MR,

EIRMR , RGNS M A UKIESTHRXZANSA AR RIERERES
7. IS M P 30 “ RGPS HER ” o

CKOUT B4 mEE , RENH M CLKO i, XFEXER T H e AREZ R
SAHTHER, ESHRATEMRS , ki ELEHEH, X CKOUT BLfmER
/OO K EBREM VIR A etsh o HCLKOE N BB e , RGN AILUABER A
RC%#E%%EEWE’JFEEN%‘F?JEO MREARSGATAD | R0 AN RS
MR,

ZEFIEN A ER 32.768 kHz RAIRS 28 /N ZBRT 4P IR XS E AT B / TTERES 2 MITIRIE -
ERTEE / ITHEESIH TOSC1/TOSC2 M XTAL1 /XTAL2 2 AW, XEWRBZ R EY NI
FRIE RC ¥HEEN R MR ERTES / TTHEIRH S T REEA . S0 P 24 Figure 13
H REIRS SRR,

R ASSR FFEEHH EXTCLK BAZIE "1” , ATLAX TOSC1 A /A ZBatshiR, ana8
FERNASBEEF M AR 32 kHz BSR4k , FSN P 137 “ ERES / ITHRENRSEBE" .

ATmega48/88/168 AJ LAY i% B BT8Pl 20 M & 17 88 CLKPR KRB E 9 M R atsh, HF
EW RS EEE D LRAKES AT AR A IX MR KT, o MX PE N EREBER |
HEZW CPU RATERILSMEMETEPIMZE, clk,o. Clkapes Clkepy F clke asy MIREE P
38 Table 20 At 51l B R ¥ — S 2 40

UEMDFENREBEELRN , RENSTADMBRIINHRETL2HINER, BEHRIEFR
BEFREFEHEIRER, BT ERESEM D MBERD M METIZIT , XARELE
CPU BI4p3ii R, EHMBEMEM oM it , BN EBEHRS  FAIARNBTEBE
HBEN A, CLKPS ENBEAREBINF T1+T2 5 T1 +2*T2 2E, ELERS ,
FAE 2 AR, P T1 R —Nete @R |, T2 AENRERHENN AR,
RBRIT RN TESRT |, X CLKPS (U B A SBFTUIRBIN T S BT -

1. ¥¥ CLKPCE f#E "1”, M CLKPR B8 EME "0,

2. EOEMNEHESR  FHEEBA CLKPS , ## CLKPCE & "0,

HERET SR RENSREILPE , SRIEEBEAZRRH T2 HI P,

Bit 7 6 5 4 3 2 1 0
| CLKPCE - - - CLKPS3 | CLKPS2 | CLKPS1 | CLKPS0 | CLKPR
®/B R/W R R R R/W R/W R/W R/W
BE 0 0 0 0 IR vALE:):
 Bit 7 — CLKPCE: B4 % #2883 {L AL
30 ATmega48/88/1 68 m——————————————————
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CLKPCE U A E"1"fEBE CLKPS, R A YCLKPREFFZEN HMMFERE"0"8f , CLK-
PCE U %, CLKPCE EEATEMNAHERY CLKPS NEAGHEHES, £ LEEH
FEHE CLKPCE 1% , Yy BE =AY , tFER CLKPCE i,

* Bits 3..0 - CLKPS3..0: Bt 9 5 gRik1Z{M 3 -0

XULE X FiE RSN BREN ST DM E Fo XJLILE AIZE1T Y[ Sk St 2R B 4 50
REGERIETEE., H1EN MCU Ert¥Pim A D Hzs , EAPME 7N , AR MEE
qué—[:lﬁéo ﬁ&ﬁ?'ﬂ Table 17,

CKDIV8 B4\ ) RE CLKPS I W # #41{E, & CKDIV8 R4mF2 ,CLKPSHI & 177 “0000” ; &
CKDIV8 E4w2 ,CLKPS & 1u R “0011” , A BT D30 E T 1 8, EFTERTERME
RFHB TERSTHERAIEN , NAAZESED M. EE , CLKPS U BEAEBETFE
CKDIV8 B BE N, BEFMEMMFFRMEBEATHI TERS TH4RAME , NAR
FRATRIEIER — DN EB KNS ME F, S5 H K CKDIVS B4 EREE.

Table 17. BIEh 0 3MEs LR

CLKPS3 CLKPS2 CLKPS1 CLKPSO0 KR F

0 0 0 0 1
0 1 2
0 4
1 8

0 16
1 32
64
128
256

0
0
0
1

N

= O Ol = |

oO|lo|lolo|lo|o|o

- | O

S

- o —_ o
S
EY | ES | HS | ER

- O | O

S

—
-~ OO |O | o

= | O
-
Sa

o|o
Sa
B

-~ o
S|
EY | BB

ATMEL s
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BREERAKIEES RIS AT AR FEH MCU g A AMER | MTIREDE, AVR E8FE

HMARERERX , AFAFREACHNAERIEHR,

BA 5 MIEERXNEKEE2E NS 788 SMCR 1 SE , Ri5H 4T SLEEP i85, E4HE—
fE (ZRER, ADC RFIHIER, HHEER, EEERXN Standby #3 ) BF SMCR
# SM2, SM1 1 SMO JRIE , 70 Table 18 Fii /R fEAERY A BT AT LU A KERE R HI MCU
WA, LB ESE , S0 4 Nt AR (SR MCU 1k ) &, MCU B LLUE1TH R
RSEBFT . ARE MCUREZE| SLEEP B —%3#EH . MCU K2 E2Rt 2 1785 X4 F1 SRAM
WRBETLHE, MBREREIRERRETEM , N MCU M i@ EFHBINIT,

P 22 Figure 12 /748 7 ATmega48/88/168 TRIMEI ¢ RERE . LEEEREEEN

REEEXIEEER,
REEHE X 2 HIF 788 - SMCR KREEER I H S ESRTE T HREENZEHINL
Bit 7 6 5 4 3 2 1 0
1 - | - | - | - | SM2 SM1 SMO SE | sMCR
®/B R R R R RIW R/W R/W R/W
RE 0 0 0 0 0 0 0 0

32

* Bits 7..4 Res: fRE I

ATmega48/88/168 X L ES EFEAT , WREEBLR "0
* Bits 3..1 — SM2..0: {KEEEREZEfz 2, 170

W Table 18 Fi7R , X A Fik iR E4ANKEER,

Table 18. RERIEIEEF

SM2 sSM1 SMo REEE
0 ZRER

1 ADC BB HI#ER
0 EHEER

1 HHEEN
0

1

0

1

RE

RE
Standby") # =
RE

Note: 1. RIEMFEAINIRAEEIRETHT Standby X F TH.
+ Bit 0 — SE: {kERfERE

7T MCU #£#4T SLEEP BT E# AKEREN , SE LMEM. J THERAMKEE
ARBFANEETH , BIXE SLEEP ETHA —KIETEM SE. —BEREVEDE
B SE.

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

ATmega48/88/168 mu————————————————————
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RN

ADC &= HHE =

Lok N

=t N
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SM2..0 3 000 B , SLEEP ¥ f# MCU Bt AZRER, FHERXT ,CPUELEZET , M
SPI, USART, #iltbi&REs. ADC, ML BTENO., ENES/ITEHE. BIIRNTERS
BETHE, XMRRERXRFELET clkepy M clke agy » ELA0ET 80N gk 4R T 4,

KIENERAEN S USART LRSS RSBl & 7] A EE MCU, MRTFEBEMELLLE
REFPHIREE MCU , N TR , TSI LRV IR, BIARBEMEL I LREEE
B AR EF 738 ACSR I ACD., #N3R ADC fiEgE , AKX ER B3B3 — IR,

SM2..0 3 001 &} ,SLEEP {8 MCU B ARFMHIEN, FHERXT ,CPU FLLET,
M ADC, SASRFRlT, Pk BITHbHEPCE, EATES /MBS 2 MBI MRLKETE (MREL
fERE )o XMRERERRFLET clkyo.  Clkepy M clke agy » E AP 8R4 T 4,

LERKET ADC WIRFEIME  FEEREEES, ADC FrEMNRHE , # AEN T
B3B3 —X AD #3#, ADC #iR&ERPMr, AEPEN. BFIREN. BOD £, FLk
EB{THu L PTED, TERTES / iT2kEE 2 thif. SPM/EEPROM E&ZFohph, SAZB T INTO .
INT1 SRS B8 35 1L h i a] LA MCU M ADC K = 18 s M B2,

SM2..0 73 010 i} ,SLEEP S MCU # A8 ER, HFIERXT  ABREER , Mok
BT, WEBTHUTE, B (NREENIE ) BRETHE, REATEMN. BIH
S, BT H, BOD £, Wk BRTHbuPeE, SAEPEFEFHE INTO = INT1 , UK
SIMEBEF LRI LAE MCU B EEBEER, XMEEXERELTRMENNSS , R
BERSER T BASE T 1,

EFASNERER A i 77 TR MCU Mis s XM B R |, MAUESN SRR T RIF—ERIBTHE,. B
HESN P76 SNERFHT .

M B R R4 B E IE ¥ EE MCU B —MERM A , WA A TR EFFIHRE
T3k, ¥REERS A S84 CKSEL EXHEMNMER—HK , E4#HRS A P 23 “ 144 R

o

SM2..080118} ,SLEEPESHEMCUR AEEER, X—EBXSEBRERXNRE—LSFE:

MRERTER /T ERER 2 K/ RN , ERMA KRR A CNSREZET, FRTEBEXNKR
EA , ERER/ TTHRER 2 4975 H T A EE R U A AP Bt AT LU MCU M PRRR 75 AR EE |
RE TIMSK2 fEge T XL #T , T H SREG K& R/ MifEREW | B,
MRERNER/ ITHR 2 EFET , BUERAEREAMFREBEN,

ERER/ TR 2 EEBEATURARS SRS R, MRERES/ ITHER 2 kX
RFLattd | RARHIE R / ITBIRH SR FHE L IRTER SR/ 1T ER 2 AR ARSI,
REEHR ARG EFEL, BXENR  AEBRXATRSHH AN ER SR/ ITHF2ER.

ATMEL s



Standby 3%

ThFEMHIF 7R

HEMFFER - PRR

AIMEL

% SM2..0 8 110 , BIEETHASBRAEIRZ R NEEIEIRSIENRMIR , SLEEP BT
MCU# A Standby R, X—#BXSHEEEAM - N TR ETIRZSSS4E T4, Hi
Rt B REE 6 Mt EH,

Table 19. ETERERE N TIEZ VB8 AR KREE MCU BYRIR

TERYRT4 5 R
&
& % Ir g =
& &= o #l N
502 2 8 2l W = Erk FH % 32 9 g
x| £ 3|2 =2 =2 W —® ® |2 | %a | g|x
° 3 o &) o) = - il i 0 R
qm - .= ; (11
® | ® | za 2 =
FEARE izt ®
ZRER X| X | X| X | x@ X X X X | X| X| X
ADC 7]
HE X| X| X | X®& | x® X X | X| X
EEES X@) X X
HEEER X X X® X X X
Standby(") #&
= X X® X X

Notes: 1. EHHPRAINIBRAER LIRSS
2. TERES/it#kEs 2 THEERSERT,
3. BFHEAKN INT1 5 INTO H#f,

HFEMHF 7R PRR RZHLIE B IRIRETE A TR, SMRBIRIRSHRE |
/0 FFTERE, NHEILLRIMRFAEANTRKASSR , BLEL b E eI
RANE, EEREBREER , AFFH PRR PEX NAEEEI,

EZERESEFEEXNTRABRABEEIE , I P 290 HFRBEXBR " . ERAFEER
XA, HELLLL,

Bit 7 6 5 4 3 2 1 0
| PRTWI | PRTIM2 | PRTIMO - PRTIM1 | PRSPl | PRUSARTO | PRADC | PRR

®/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

o Bit 7 - PRTWI: ZhiEHD4 TWI
ZAE "1 K TWI SR | ZMREE TWI, MIEXNEDBRL |, LRI EBENRE,

3 ATmega48/88/168 mu———————————————
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ThaER/ML

BREIRER

Bl LRRER

=80 BOD

FAEH#BE

B AER SR

i A SR

2545D-AVR-07/04

» Bit 6 - PRTIM2: Zh#4l T/C2

ZMUE "1 RSN TRA T/C2 3k (AS2 1 0), X T/C2 kL |, BIESKAHT—#,
« Bit 5 - PRTIMO: ZhFEM&l T/CO

ZE "1 ERESEN T XA T/CO #R, Y T/CO fEEE , BIES XA HI —#,
+ Bit4-Res: #8&

ZAL1E ATmegad8/88/168 R ARER |, IRIBEHRL N 0,
* Bit 3 - PRTIM1: ZhEE#4l T/C1

ZME " EASHERATRE T/C1 B3, X T/C1 (4L | BESXAH —#E,
 Bit 2 - PRSPI: Zh##HI B THARED

ZAIE "1 XA BITIANRED | BHRER SPI, MEXNEAB , LURIEEBERE,
« Bit1 - PRUSARTO: Zh#i 4] USARTO

ZALE "1” X USART 5k | ZMEE USART , MIEXEMBMY , SURIEEHERYIZE,
» Bit 0 - PRADC: Th##1%i| ADC

ZALE "1” X ADC iR | FEX 8] ADC HMEM. = ADC XA E LRI T8E
A ADC By%i A MUX,

HERE AR BHREWDEEETZR/VNEE, —BRE  TRULRAKEES |
HEGERAEDNERME T, FESHINESAELE, FEANEREZSKERE
5) R AT ALK T .

fEgERY , ADC HFFERIREX THRETE, N TREDE  ERHAKEREX TR
ZIE ADC, EHEFENE—RERNT RIVKIR, FI P 218 “ EHERER ",

HEZERERR , MR EEARLLREE  AUFEXA, £ ADC BFEMFHIERA T2
., FEMAREEXNRNLERBFR AR, NREDLBREER T AR ERHE
B, WA REAAREEXTHFEELIREFRIAT, ENRNBEEEEFN—BEE
BB, IS P 215 “ LR " LA T MR AN B AR L3R o

MBREEENAELERMES BOD , XMER B AT LAKF, MRRESBL{Z BODLEVEL
fHRE BOD it , B ESMAREER THETHE , NTTHESER. EFREXINKEER
T, XMNERESEERNBARLEE, BSFE P40 “ BR8N " AT HUMAEE BOD,

L/ BOD, #EMLLREEH ADC AT Re R ER IR ERE LR, FXEERFEILT W
EHERREEL MR EEER, EMEREAFSAERFEERRVE 2GS A LUE
M. MREERERRIZR RN MU TUER. BSR P41 FREHER
E” A THREKERB N EAT.

MRREEFNAENE , XMERBATLRE ., B  MEEMKRIEER TEFET
£, NTEFRERR. ERERANEREXT XM ERFLEEERNRALE. BSEP
43 “ B HERER " AT BNMAERES N ENSR,

#HANRERERE |, FFENROSIHER ZEEN DEER/DNIIE. REENRERRS
A RAE, FEREERXT /0 B4 clk,o M ADC B4t clkape BMEFEIET |, WA ZE PR
WwEFT , NARIERABERXEREBR, EREER THABEIEEN , AXRKN
MRER S, AT UL IhBERY E4ASIBIES I P 63 “ BIE W AMREAIKIRER . tNEWAE
PERRERE , WM ATHERT , EBEEF BTN IZEER Vo2, BUNMAZHERSHE
FETNN BT,

ATMEL 5
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Bl ASIHA BT AR TR —BEZA, /N, BN 2% A S| B T 4T &0 AR
A HERESBERE Vo2 N ASARZTEEHREBRANER, TUBIRERTH
AE %778 (DIDR1 5 DIDRO) REILHFHMA R YR/, EEFSA P 217 “HFHWAL
L3 7788 1 - DIDR1” 5P 232 “HFM AZRZILZEFES 0 - DIDRO” ,

R ERERSE MRBIBELAM DWEN T H LRRRSE , S8 H# AKEBERX N EHRFZET.
EREEXPXIERGEBROBALE,

36  ATmega48/88/168 me———————————
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S AVR
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ENRFEN /0 FESHBHRENNEE EFNENOELFRHIT. ¥TF
ATmega168 EMNEELNIESHMRLIBE JIMP B , WERFIEIEMLES
F. X F ATmegad8 5 ATmega88 S ELMIE T LM MEFT Bk RIMP 8%, LAE
EFREIEMLESE. MRBFKEZAFNAPIINEE P EETUH-—BRNEFR
BEE. IMEBFiEA#EATEMNREMNTNARFEX , PHEENMN T Boot X —
RERIRK — R ( RLEATF ATmega88/168), Figure 16 H &2 B EBHIEE,
Table 20 NE X 7 EM BB BS S,

EMRBME /0 w O M SNV NIAE, WRTFEREME LT EESITRS.
FIENEMNESHERZRE , TR AN —MEE T HERBUH0E |, FRBE ML EZER,

XL E A XEF/E MCU ER TR —ENE L BRARRBENBF . EEIHE
2R Y& H B E B R L7 SUT 5 CKSEL RJE. FERRTEAVIERES I P 23 “ BfHPIR 7 o

ATmega48/88/168 B 4 NEALIR :
o tEgEf, ¥EFREBEEETLBEMIR Veor B, MCU &1L,

HAEEM, ZH5|IH RESET WRBEFHLR B X THOKAEERN MCU £,
- BIREMN. SENAFEHEE I RENSFEHNENRE,

AR NER (BOD), LIS pN U EEL BRRaFETEaRNEMI R
Vgor it MCU BIE 11,

Figure 16. £{;2%8

DATA BUS
A
MCU Status
Register (MCUSR)
[TH TR TR T
x| x| | o
o|Oo| | o
Power-on Reset oo X2
vVCC S
Circuit
Brown-out
BODLEVEL [2.0] Reset Circuit
-
L
%]
i w
[] Pull-up Resistor “ N x
Reset Circuit l s Q— 2
r—L/ z
5 T 2
SPIKE a z
RESET FILTER Watchdog ©
Timer o
i
=
z
i 2
RSTDISBL o
Watchdog o
Oscillator L
Y
Clock CK Delay Counters I
Generator 4 TIMEOUT
4 A N
CKSEL[3:0]
SUT[L0] —— |
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Table 20. &4 (1

B RE | BK

/s | BE &4 & & & | B

éfﬁg\iﬂ FREBIE (B ERIEE 18D | TBD | TBD v
OT | s nnmeE (sEmES

EBE )l@) s (RIEESE TBD | TBD | TBD | V
Vrsr | RESET TR#E 0.1 09 | V
trsT RESET &/MkH R E 25 ys

Notes: 1. M EBEBEHINIESE , KERESFN.

2. BEBEN , REREET Voo NEUTSRE,

ATmega48/88/168 mu————————————————————
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LtEgy LEBEA (POR) BHH A AN B4, KNBFIES A Table 20, TRMET Ve K
TRMLEF POR BIAk4%E, POR BEFALARMARBEHEM , ERARLN B2IFHKE,

POR EBESRIE S 4E b 1A B4, Voo JAE) L 8 TR B AR R IER 1R ES, T it IER
2 BT — BRI N EARE. % Voo TR , REETRNITR , RESET 55178
£,

Figure 17. MCU E3)i3#8 , RESET #E#3 V¢

1

“ A~ Veor
Vee J

1

|

1

Wy
RESET J RST

1

1

|

:‘—tTOUT_>|

" Reser |
Figure 18. MCU /831372 , RESET B/ B iz 2 4l

- A= Veor
Vee A

TIME-OUT

RESET

TIME-OUT

INTERNAL
RESET

Ama SERE AT RESET SIMMIER T4, X4 B A AT 8/ oH R E
&t (£ 0 Table 20) B EAITRE | BMEME R ENBESEET. YHMESHE
BRI IR Ver( EFR ) BT | trour IR BHEE . R RIS MCU RIS, ASE
I RSTDISBL /A% 2H , S P 258 Table 120 ,

Figure 19. THEXBEPREANATEN

Vee

1
1
I
1
TIME-OUT :
1
1
1
1
1

INTERNAL |
RESET

ATMEL 5
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ATmega48/88/168 B /M BOD(Brown-out Detection) 8% , B SEE/M AL BFEH
FEEREN THEIRP Voo BEL, ARk BT BT E2 v BODLEVEL Xki&E, BOD
Ml A B EBEFIRFELLUERBIRRIEN RN, XANRFREA AMEEN Veor, = Veor
*+ Viyst/2 AR Vgor. = Veor = Viyst/2o

Table 21. BODLEVEL &% f4m% ("

BODLEVEL 2..0 #3414 |/ Vgor B3 Voo B|A Vgor By

111 BOD #%H
110 1.8
101 2.7 Y%
100 4.3
011
010
001 RE
000

Notes: 1. Vgor TR FREBHN R PMEMIERE, N TFAXMERNELE , £ RNt

M Voo = Vgor HISER . IXRIE T HESH TEHE Voo BREMABERCLKEREAEET
fE2hl , EHEMNMBELRE, ATmegad8V/88V/168Y H BODLEVEL=110 &
BODLEVEL = 101  ##&M , ATmega48/88/168 H BODLEVEL=101 &
BODLEVEL = 101 &,

2. ATmega48 &)/ &R KE.

Table 22. HER MM

B | BE | BXK
(52 B8 & & & By
Viyst =B R S 50 mvV
tson RSN R/KE ns

BOD {885 ,—B Voo THREIAAZBFLT (Vgor. ,Figure 20) ,BOD S BIHIE K.
L Voo EABMEBFLL L (Vgor. , Figure 20) , JERTITEESFF AT , —BBEEE
A8 trour , MCU Bl &E Tk,

MR Voo —EETFAE 87 3R Table 20 FIRMEH tyyp , BOD HBEEE RS

EBE.

Figure 20. T/EERBHREEBRNEN

H
1 1
1 1
1 1
1 1
RESET : !
1 1
1 1
1 1
1 1
1 1
TIME-OUT ! < trout ]
| |
1 1
1 1
INTERNAL ' :
RESET 1 :

ATmega48/88/168 mu————————————————————
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BIIHE B 28 R A R R 1 4 CK BRI S Bod, ERORE TR | IR
TR EF A troyr LM BSNEITAENEN SEBETRE,

Figure 21. THEBHREFI RSN

VCC
RESET
—>, i«— 1 CKCycle
WDT
TIME-OUT H
o
[N
[N
«— t
RESET | Tout
TIME-OUT |
1

INTERNAL |
RESET

MCU & &FF# - MCUSR MCURAFEFRIEM TAXSIE MCU ENERNEE.

Bit 7 6 5 4 3 2 1 0

|l - | - | - | - | WDRF | BORF | EXTRF | PORF | MCUSR
®/B R R R R R/W R/W R/W R/W
HHRE 0 0 0 0 ZREMIK A

e Bit7..4: Res: REB{

ATmega48/88/168 X LU EE EMFEA |, IREEBL R "0

» Bit 3- WDRF: B AE s

BTSN EAENENMN, LHEMEFEEEE , tAUUESE "0 KER.

+ Bit 2 - BORF: E 0 £ I#5&

BEERNENAERNEMN. FEEMFEEES , b ERE "0” K&K,
* Bit 1 - EXTRF: A EirE

ARENEERNBEN. LEHEMTEEES , b IUBEIE 0" KEKR.
» Bit 0 — PORF: L8 WirE

tBEEMRENEMN, RgBEE 0" RER.

NTEAXEEMRERRINEMESE AN ZR PRI MCUSR WEIE  RERHEE
. MREHMEMRECHFUFTESREN  WELEEMWRTABIRESUIRERIR

Ao
FAEMEBE ATmega48/88/168 BB 4 NALREAR , AFHEERN | & 2ENELRESR ADC
B EI Ao

B B R ERE(S B A /3 3 i ) BEEENZNBEATEEZME TR, BaItESITF Table 23, 717 BEIIFE , AT
BHEEERNENTERITI
1. BOD fikg (#5441 BODLEVEL [2..0] #472 ).
2. BEREEREETELLLERE (ACSR FF85H ACBG &1 ).
3. ADC fEge,

ATMEL X
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Eit , & BOD #Z 1LY , By ACBG HifffE ADC FEERELFRI ZETREAX
LEIheE, N TREREERANIE B ARERN A AP AR I Eif =R 4K
ZiE=9: 3798

Table 23. REReEEERAV4SME D

B | BE | X
s | BH e B | B # | #f4
Vge | HEREARBE TBD 1.0 | 1.1 | 12 %
tsg BERREE IR B B B R TBD 40 70 us
lag BERRE AR ThE TBD 10 | TBD | pA

Note: 1. EIRRESEE , RFREFE.

42 ATmega48/88/168 mu————————————————————
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B aEr

2545D-AVR-07/04

ATmega48/88/168 B — MBI B HER 2] (WDT)o FESMUT :
o BhK K RIS SR E adeh
o 3FIEER
— il
- REEN
- I SREEN
« M 16ms Tl 8s A& G H A
- WMERZLERT , MHENEHBLATHBREATR

Figure 22. & 1fEN 87

> WATCHDOG
128kHz »}”>  PRESCALER
SR EEEEEEEE
D DD OO0 ===
O|o|0|2| 22|33 |3
o OLO B3B8 %
YYVYVY \ \ YVY
<«—— WDPO
WDP1
WATCHDOG WDP2
RESET WDP3
WDE
MCU RESET

WDIE INTERRUPT

Eﬂﬁiﬁ%mﬂ4M1%Mtﬁmﬁ%%Iw LT WEBRBNAEER , WDT =4
MRREEN, BlIMEMNES WDR AREMNE I THER S, Jﬂ:ﬁ’i« = EIIAERSS
HEXEENREHBEN.

E¢%EKT,§EN%ﬁMDTFE¢%Oﬁ¢%@ﬁ%#,#¢ﬁﬁm%ﬁ@ﬁ%o
LH-MREBESRAEBTF éﬁ#ﬁ@ﬁﬂﬁ%ﬁﬁ#i N, REE
uﬁfT LHENBH WDT F=EHM, XRERBRZNPBLERGERBHARER, $
=HEN  FSREEMERN Hwﬁﬁﬁf& 3 i EFEPMARAERIRE
HERT. BERATECERGEMAREXRES  KARS XA E M,

WDTON BL{mBFBFHFAREENEN, MRESENMENL WDE SHMER [
WDIE ZZEN 1 50, ARIERENREM , ARBNREWLNERBWTEF
1. ER—METAX WDCE M WDE E "1*, BIf£ WDE E& A "1%

2. EEENINRHERSZ AN WDESWDPEAREE ,{B WDCEMAFEE , L
EBRESTIE — RIBER TR,

ATMEL .
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THEHNAF5 3 FCHmM C KT T XM WDT f9#RE. ERBEFMLTRAFEHZT (
Lkme gt T2R/RTE)  EMERT TEAERFNFHA2RE,

SCamkmBHIR O

WDT_of f:

; REALFHET

cli

; ENUEITAENR

wdr

;  MOUSR HEY VDRF FF

in rl6, MCUSR

andi r16, (Oxff & (0<<WDRF))
out MCUSR, r16

; B WCE 5 VWDE

I ds r16, WDTCSR

ori r16, (1<<WDCE) | (1<<WDE)
sts WDTCSR, r16

;R WDT

| di r16, (0<<WDE)

sts WDTCSR, r16

; FRE2RTH

sei

ret
Cc R@\pE"

voi d WDT_of f (voi d)

{
__disable_interrupt();
__wat chdog_reset();
[* MCUSR HH) VWDRFFE */
MCUSR &= ~( 1<<WDRF) ;
/* BfIWCE 5 WE */
WDTCSR | = (1<<WDCE) | (1<<WDE);
[* X WDT */
WDTCSR = 0x00;
__enable_interrupt();

}
Note: 1. BIRBREELIETAAAELMHLNH,

AR NRENARFFREABNRENS , WERFNBLRMETE IRERARE
FFo MREBAWBINMERE , BFRERHI BOD , RS8N , BELREMA
WDRF R BV, XFEHBEENA , SIRHHENREN, N#RHIXFRR
EHCI R P NARF NS WDRF #7545 WDE #£#5IUEE .

THEHNAF2 3 AN C SRI T L E I ER 27& HEARE.

4 ATmega48/88/168 e ————————————
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SComeapie (O

WDT_Pr escal er _Change:

;R

cli

; BETAERS

wdr

; BEEE

I ds r16, WDTCSR

ori ri6, (1<<WDCE) |
sts WDTCSR, r16

;- MR ETANBABERNIRENE -

; REBHFEN 64KAEH (~0.5 s)

| di r16, (1<<WDE) | (1<<WDP2) |
sts WDTCSR, r16

; -- GRBREFHE,EH2EH-

; FRE2RTH

sei

( 1<<V\DE)

( 1<<W\DPO)

ret

C R piE

{

}

voi d WDT_Pr escal er _Change(voi d)

__disable_interrupt();

__wat chdog_reset();

1* BaEE*/

WDTCSR | = (1<<WDCE) | (1<<WDE);
[ * RENHEN64KEH (~0.5 s) */
WDTCSR = (1<<WDE) | (1<<WDP2) |
__enable_interrupt();

(1<<WDPO) ;

Note:

1. PIRBECLEE TR LHEI KM,

EE  ERE WDP AT AN BEITRERREM , EHkE WDP L& 00a AR,

2545D-AVR-07/04
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FiREN S EISERS -
WDTCSR Bit 7 6 5 4 3 2 1 0
| WDIF WDIE WDP3 WDCE WDE WDP2 WDP1 WDPO I WDTCSR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WIBE 0 0 0 0 X 0 0 0
 Bit 7 - WDIF: B P HIRE
HENAENSEH BERSENDIFERN | ZMEM. HITHENN I ERF
WDIF HEHBEE, AT @EFHREME "1” X WDIF 5%, ¥ SREG HESHH I uE5
WDIE ttE{uht , MCU $4TE X058 H o i,
 Bit 6 - WDIE: & )b Hi{HaE
WDIE E"1”Bt WDE U5 8 RASESETIW IEN , BIMEaE P s, HEIIHE
BB HH L% HH B B0 1T AR R BY R AR I
R WDE &1 , HaH I , WDIE HBEHBEZES., XX FERATPIRIEEIRE
NN ZEMIIEEER. £ WDIE NBIESRE , T— MBS A REENMN. hBEREI N
£, EEXRBUTE S WDIE B,
Table 24. B 1MENRHNEE
WDTON WDE WDIE EHR R E R sh4E
0 0 0 =1k 7c
0 0 1 AT AR =K R
0 1 0 RESHER g1y
0 ] 1 h S REE MER H , REHAREE N
R
1 X X REEUER g1
« Bit4 - WDCE: B[ 1§k Eae
BEZE WDE B %RE{ WDCE , BENIF e IEEF(1H,
—BEfN , BN EESEN 4 M AR EREES,
« Bit3 - WDE: B IRRK S FRE
WDE#MCUSRZEZ85WWWDRFEB & . XX RYWDRFEMRWDER#HE L, WDEEFE
B AN WDRF BE, ZEHRIERASSIBRIZNFEZESEN,
» Bit5,2..0 -WDP3..0: FI 1 AERBMSHEE3,2,1,50
%’Eﬂiﬁiﬁﬁﬁﬁﬁ‘éw , WDP3..0 REEFAEREFH TS HMES , 20 P 47 Table 25 Ffr
TNo
6  ATmega48/88/168 m————————————
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Table 25. &% E K 257 20 47 85 £ T

Ve = 5.0V R Ry SR H

WDP3 | WDP2 | WDP1 | WDPO L ARECE 3-SR Bt (8]
0 0 0 0 2K (2048) 16 ms
0 0 0 1 4K (4096) 32ms
0 0 1 0 8K (8192) 64 ms
0 0 1 1 16K (16384) 0.125s
0 1 0 0 32K (32768) 0.25s
0 1 0 1 64K (65536) 05s
0 1 1 0 128K (131072) 10s
0 1 1 1 256K (262144) 20s
1 0 0 0 512K (524288) 40s
1 0 0 1 1024K (1048576) 8.0s
1 0 1 0
1 0 1 1
1 1 0 0
1 1 0 1
1 1 1 0

2545D-AVR-07/04
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Fp A iR ATmega48/88/168 HIFRIFALEE, E—RM AVR FHIFALEESR P 11 S5
TR "
ATmega48. ATmega88 5 ATmega168 W IiEEEAERE , REMTES :
« ATmegal168 WEANHHHESEAMESF ,M ATmegad8 5 ATmega88 IR & —
MERF,
«  ATmega48 ;% B3 Boot Loader X, £ ATmega88 5 ATmega168 # , Efu @&
M BOOTRST BLARE , i@ ER LI MCUCR F 1725 IVSEL RE.
ATmega48 Ky = b o) I
Table 26. ATmega48 & ML F 9+l &
BF
BRS syt @) IR T E L
1 0x000 RESET AHBEFEN , LBEEN , ZEERNEN , FEIIREM
2 0x001 INTO INEBHRETIER O
3 0x002 INT1 SAERRRTIE R 1
4 0x003 PCINTO S| B R/ hETER 0
5 0x004 PCINT1 S| e AL P ETIER 1
6 0x005 PCINT2 SIMEBEFE{LPITER 2
7 0x006 WDT B R R
8 0x007 TIMER2 COMPA TERTES / ITHHER 2 LRITE A
9 0x008 TIMER2 COMPB ERTER / 1TERER 2 LR ITEL B
10 0x009 TIMER2 OVF ERER / ITHER 2 R
1 0x00A TIMER1 CAPT EBTER / THEER 1 SHHR
12 0x00B TIMER1 COMPA TERTER / THERER 1 LR ITE A
13 0x00C TIMER1 COMPB TERTES / ITHER 1 L RITE B
14 0x00D TIMER1 OVF EBYER / THEER 1R
15 0x00E TIMERO COMPA TERTER / TTERER 0 LERITEL A
16 0x00F TIMERO COMPB ERTER / 1TERES 0 LR ITEL B
17 0x010 TIMERO OVF ERER / ITHER 0 R
18 0x011 SPI, STC SPI BITRAER
19 0x012 USART, RX USART, Rx &%
20 0x013 USART, UDRE USART BB & 178820
21 0x014 USART, TX USART, Tx &%
22 0x015 ADC ADC #iR4E R
23 0x016 EE READY EEPROM #& &
24 0x017 ANALOG COMP EHl bR ER
25 0x018 TWI ML BITED
26 0x019 SPM READY REEFFHBATHE
ATmega48 AN S SHMEEREMNT :
bk s KRB Lz

a8 ATmega48/88/168 mu————————————————————
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0x000 rjnp RESET ; SfRE
0x001 rjnp EXT_I NTO | RQD 43
0x002 rjm EXT_I NT1 | RQL &b 28
0x003 rinp  PClINTO PCl NTO 4h 2
0x004 rjnp PCI NT1 PCl NT1 4h32
0x005 rinp  PClINT2 ; PCINT2 &-38
0x006 rjnp VDT . BNERERAE
0x007 rjnp TI M2_COWPA . EREE2 KR ALE
0x008 rjnp TI M2_COVPB , ERE2 KR BAE
0x009 rinp  TIM_OVF ; ERE 2 BHAE
0x00A rinp  TIM_CAPT ; ERE 1 HReE
0x00B rinp  TIM_COWPA , ENES1ERALE
0x00C rjnp TI ML_COWPB . ERE 1 R BAE
0x00D rjnp TI ML_OVF . ERE1RHAE
0x00E rjnp TI MD_COWPA , EREO LR ALE
Ox00F rjnmp TI MD_COVPB , TERTER O bR BAE
0x010 rinp  TIM_OVF ; ERER 0 GRHAE
0x011 rjnp SPI _STC ; SPI {ERIZERAE
0x012 rjnp USART_RXC USART , RX & RAE
0x013 rinp  USART_UDRE USART , UDRZE4b3E
0x014 rjmp USART_TXC USART , TX Conpl ete I
0x015 rinp  ADC ; ADC R R
0x016 rjnp EE_RDY ; EEPROMmh &b 32
0x017 rjnp ANA_COWP ;R R ERAL
0x018 rjnp TW ; BEBTEOLE
0x019 rjnp SPM_RDY ; SPMRhZE4LL
0x01A RESET: | di ri16, hi gh(RAMEND); ER&RF
0x01B out SPH, r 16 ; IREHER IS RAMBITRED
0x01C I di ri16, | ow RAVEND)
0x01D out SPL, r16
Ox01E sei fERE T
0x01F <instr> xxx
ATmega88 K = piff [c] B
Table 27. ATmega88 iy &\ F i o) &
Br
RS bk @) o BT IR T E

1 0x000™M RESET AMBEEN , LBEEN , EBRUEN , BENARASN

2 0x001 INTO BRI HTIER O

3 0x002 INT1 SNEBHBTIE R 1

4 0x003 PCINTO SIMEBFTCHUIER 0

5 0x004 PCINT1 S| B F AL P RTIER 1

6 0x005 PCINT2 IR B AL AR U R 2

7 0x006 WDT B 1 0 A

8 0x007 TIMER2 COMPA ERTET / TTEES 2 LERITEL A

2545D-AVR-07/04
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Table 27. ATmega88 W E M F & (Continued)

AIMEL

BF
ERS oyt ) IR T RE
9 0x008 TIMER2 COMPB TERTER / ITHES 2 LRITE B
10 0x009 TIMER2 OVF ERER / ITHER 2 R
11 0x00A TIMER1 CAPT EBTER / T EER 1 EHER
12 0x00B TIMER1 COMPA TERTER / THERER 1 LR ITE A
13 0x00C TIMER1 COMPB TERTER / THEER 1 LR IEL B
14 0x00D TIMER1 OVF ERTER /TR 1 Rl
15 0x00E TIMERO COMPA TERTER / TTERE] 0 LERIEL A
16 0x00F TIMERO COMPB TERTER / ITHER 0 LR ITEL B
17 0x010 TIMERO OVF EBTEE /1T EER 0B
18 0x011 SPI, STC SPI BITRALE R
19 0x012 USART, RX USART, Rx &%
20 0x013 USART, UDRE USART #iE & 7a8%0
21 0x014 USART, TX USART, Tx Complete
22 0x015 ADC ADC #HiR4ER
23 0x016 EE READY EEPROM #%& i
24 0x017 ANALOG COMP Bl R ER
25 0x018 TWI Pk BRITED
26 0x019 SPM READY REEFFHBENEHRE
Notes: 1. J&%{I BOOTRST #4miEH , MCU EERFBF:Z] Boot Loader, iES N P 241

“Boot Loader X# RWW B2 , ATmega88 5 ATmega168” ,
2. HEFFR|MCUCRKIVSELENET , BT 23 B 2| Boot XAVE A1t o LB BN BT
&) 2 #)SERR i 41k 9 F H ik S Boot X2 8 ik 2 F,

Table 2844 7 A REIMBOOTRST/IVSELIRERH THEMNFMHPM O ENMNE, MREREF
REERATH  FHEERIEEN., AFAUERERERF., A  NRENEENT
FRHAX , MEAPHEENMN T Boot X, MIENHEZEINEEERF, RIXRTE

mt,
Table 28. ATmega88!") S MBI &M BHNHEE
BOOTRST | IVSEL | &Efiihit £ By 6] B S 2y st b

1 0 0x000 0x001
1 1 0x000 Boot X & {u#tb it + 0x001
0 0 Boot [X & fi bt 0x001
0 1 Boot [X & fi bt Boot X & fuitbsit + 0x001

Note: 1. Boot X & Uittt 5|F P 253 Table 109 P 253 Table 109 o ¥ F# 447 BOOTRST ,“1”

RIAKRRE |, ‘0 RREHE.
ATmega88 BB S M P MIREMT :

ik
0x000
0x001

s

50

(e

RESET
EXT_I NTO

rjm
rjm

1A
;SR
;1 RQOAE

ATmega48/88/168 mu————————————————————
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0x002
0x003
0x004
0x005
0x006
0x007
0X008
0x009
0x00A
0x00B
0x00C
0x00D
0x00E
0x00F
0x010
0x011
0x012
0x013
0x014
0x015
0x016
0x017
0x018
0x019

Ox01A RESET:
0x01B
0x01C

0x01D
Ox01E

Ox01F

rjm
rjm
rjnp
rjm
rjm
rjm
rjm
rjm
rjnp
rjm
rjm
rjm
rjm
rjm
rjnp
rjm
rjm
rjm
rjm
rjm
rjnp
rjm
rjm
rjm

| di
out
| di

out
se

<instr>

it w5 ez
0x000 RESET: | di
0x001 out
0x002 | di
0x003 out
0x004 sei
0x005 <instr>
.org 0xCo1

0xCo1 rjnp
0xC02 rjnmp
0xC19 rjnmp
ik HRESRB

.org 0x001

2545D-AVR-07/04

EXT_I NT1
PCI NTO

PCI NT1

PCI NT2

VDT

TI M2_COVPA
TI M2_COVPB
TI M2_OVF
TI ML_CAPT
TI ML_COVPA
TI ML_COVPB
TI ML_OVF

TI MD_COWPA
TI MD_COMVPB
TI MD_OVF
SPI_STC
USART_RXC
USART_UDRE
USART_TXC
ADC

EE_RDY
ANA_COWP
™
SPM_RDY

r16, hi gh( RAVEND);
SPH, r 16 ;
ri6, | ow( RAVEND)
SPL, r16

XXX

| RQL 42

PCl NTO 4h32

PCl NT1 &b 2

PCl NT2 &b
EHERBLE
ERTEE 2 LR AR
EREE 2 LR BAE
ERTES 2 BHAE
ERTES 1 IR
ERTEE 1 LR AR
EREE 1 LR BAE
ERTEE 1 LR B
ERTEE 0 LR AR
ERTEE 0 LR BALE
ERTES 0 B HAE
SPI fRi4E RALE
USART , RX & RAE
USART , UDRZE4bIE
USART , TX & R4

; ADC $iR&E RALIE

EEPROM R 45 4b 32

; BRLERESRLE

WL BTEOLE
SPMR &AL

EEF

REHERIEE N RAMBYTRER

498

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

XXX

EXT_I NTO
EXT_I NT1

SPM_RDY :

LA L BOOTRST #4 72 , H Boot Xy 2K F¥5 8t , ATmega88
BT

%%

ATMEL

E 54

REHRIEH N RAMBTR

{5 HE A AT

| RQO 43
| RQL 438

SPMRL AL

A

==

Misss {7 BOOTRST K4RF2 , Boot XF 2K ¥ , HEFE MCUCR B IVSEL 4L
Ffme &ﬁzm?%ﬁulﬁmq‘ , ATmega88 LR S M IIREMNT :

B

B9 & AL F P BT IR

51
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0x001 rjnp EXT_I NTO ;1 RQOAE
0x002 rimp  EXT_INTL ;| RQL 4h2E
0x019 rjnp SPM_RDY ; SPMRLELLE=
.org 0xCo0
0xC00 RESET: | di r16, hi gn(RAMEND) ; ERF
0xC01 out SPH, r 16 ; REHEREH I RAMBI TS
0xC02 I di r 16, | ow( RAVEND)
0xC03 out SPL, r16
0xC04 sei , (EREHR BT
0xC05 <instr> Xxxx
52 ATmega48/88/168 mu————————————————————
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L8447 BOOTRST #4ri2 , Boot K 2K = , HZ 1788 MCUCR HJ IVSEL fE{#AE(E
AWz B E A , ATmega88 LA SN AP UHREMT :

Hhak we KRB i)

.org 0xCo0

0xC00 rjnmp RESET ; B E
0xC01 rjnp EXT_I NTO ;1 RQO A
0xC02 rjnp EXT_I NT1 . | RQL AL
0xC19 rjnp SPM_RDY ;. SPMRhZE4LLE
0xC1A RESET: | di r16, hi gn(RAMEND) ; ERF
0xC1B out SPH, r 16 ;IR BHERIEE I RAMBYTIE
0xC1C I di r16, | ow( RAVEND)

0xC1lD out SPL, r16

OxCLE sei ; FEREFPIT
OxClF <instr> Xxxx

ATMEL 2
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ATmega168 Y = i 6 B
Table 29. ATmega168 HE MM HimE

AIMEL

BF
Bk §5) oyt ) IR FRMTE X
1 0x0000(" RESET ASBEFEEN , LBEEN , EBERUEN , B
mEN
2 0x0002 INTO SERFHTIER O
3 0x0004 INT1 SNERHPHTIE R 1
4 0x0006 PCINTO SIMEFE/LPITIERO
5 0x0008 PCINT1 S| B AL P RTIER 1
6 0x000A PCINT2 SIM BT/ PITIER 2
7 0x000C WDT 1 0 A i
8 0x000E TIMER2 COMPA TERTER / THENER 2 LERITEL A
9 0x0010 TIMER2 COMPB TERTER / THEER 2 LHRITEL B
10 0x0012 TIMER2 OVF ERYER / THEER 2 R
1 0x0014 TIMER1 CAPT ERTER /TR 1 SHER
12 0x0016 TIMER1 COMPA ERTER / ITERER 1 LERITH A
13 0x0018 TIMER1 COMPB TERTESR / ITHER 1 LRITE B
14 0x001A TIMER1 OVF ERER / ITHER 1R
15 0x001C TIMERO COMPA TERTER / ITHER 0 LRITE A
16 0x001E TIMERO COMPB TERTER / THEIER 0 LR ITEL B
17 0x0020 TIMERO OVF ERTER /T8 0 R
18 0x0022 SPI, STC SPI T4
19 0x0024 USART, RX USART Rx &3
20 0x0026 USART, UDRE USART , BiEEF78%
21 0x0028 USART, TX USART , Tx &%
22 0x002A ADC ADC ¥R R
23 0x002C EE READY EEPROM %
24 0x002E ANALOG COMP Bl bR
25 0x0030 TWI P& BITED
26 0x0032 SPM READY SPM R4
Notes: 1. 1#{Z BOOTRST #wmiEA , MCU S EREF B4 2] Boot Loader, 5SS P 241
“Boot Loader ¥ RWW B4s#E , ATmega88 5 ATmega168” .
2. HEHFHEMCUCRMIVSEL EfUAET , F i & ¥ % 2 Boot XK A tth it o BLET BT
6] £ AV SEBR it 11t S 5% AP it sk 5 Boot (X2 B4 ik 2 Flo
Table 30 441 7 FE#H BOOTRST/IVSEL iR EXMHTHEMMPHEENLE, MER
FAREAERAPE  PHOEFREEEN. ARPATUNELEEERRF, A& K RENE
54  ATmega48/88/168 m——————————————
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ENTNAX , mEMPHEOEMNT Boot X, ENHMEZEAINEZEERF. RIIXK
TRt
Table 30. ATmega168!") E{uF i@ &N BHHEE
BOOTRST IVSEL | &E{7ihut e bl [ 0 0 b b
1 0 0x000 0x001
1 1 0x000 Boot X & {u it + 0x0002
0 0 Boot X & tthk 0x001
0 1 Boot X & {u tth 11 Boot X & {1k + 0x0002
Note: 1. Boot K& {utbsit5F P 253 Table 109 . ¥ FI/&E£ {41 BOOTRST ,“1” RIRKLWIE , 0"
RIREHE.
ATmega168 AN ENUMPHIZEMT :
bk Eaas) R 38R
0x0000 jmp RESET ; BfuaE
0x0002 jmp EXT_I NTO | RQ 48
0x0004 jmp EXT_I NT1 | RQL &b 32
0x0006 jmp PCI NTO PCl NTO 4h 2
0x0008 jmp PCI NT1 PCl NT1 42
0x000A jmp PCI NT2 PCl NT2 42
0x000C jmp VDT ; BITRERSSLE
0x000E jmp TI M2_COVPA , ERE2 KR ALE
0x0010 jnp TI M2_COVPB , ERE2 KR BAE
0x0012 jmp TI M2_OVF ; ERE 2 B E
0x0014 jmp TI ML_CAPT . TERTES 1 iR E
0x0016 jmp TI ML_COVPA ; ENS1ERARE
0x0018 jnp TI ML_COWPB . ERE 1 R BAE
0x001A jnp TI ML_OVF , ERER 1 RHARE
0x001C jnp TI MD_COWPA , EREO LR ALE
0x001E jmp TI MD_COVPB ; ERER O bR BALE
0x0020 jmp TI MD_OVF ; ERES 0 BHAE
0x0022 jmp SPI _STC ;. SPI tEEEERALE
0x0024 jmp USART_RXC USART , RX & RAE
0x0026 jmp USART_UDRE USART , UDRZE4-EE
0x0028 jnmp USART_TXC USART , TX4&R4E
0x002A jmp ADC ; ADC HriREE R B2
0x002C jmp EE_RDY ; EEPROMm &b 32
0x002E jmp ANA_COWP ;R R ERAL
0x0030 i mp TW ; BRBTLE
0x0032 jmp SPM_RDY ;. SPMRhLE4LL
0x0033RESET: | di r16, hi gh(RAMEND); ER&RF
0x0034 out SPH, r 16 ; IREHER IS RAMBITRED
0x0035 I di ri6, | ow RAVEND)
0x0036 out SPL, r16
0x0037 sei fERE T
0x0038 <instr> xxx
55
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L8447 BOOTRST #4ri2 , Boot K 2K = , HZ 1788 MCUCR HJ IVSEL fE{#AE(E
AWz B E AT , ATmega168 BRI S M FMHIRBMNT :

ok ESass Rz 1 8A

0x0000 RESET: | di r16, hi gh(RAVEND) ; FEF

0x0001 out SPH, r 16 ; IREHERIEH N RAMBITRED

0x0002 | di r 16, | ow( RAVEND)

0x0003 out SPL,r16

0x0004 sei ; BERERET

0x0005 <instr> xxx

.org 0xCo02

0x1002 j mp EXT_I NTO ;| RQD 4B

0x1C04 j mp EXT_I NT1 ;1 RQL &2

0x1C32 jmp SPM_RDY ; SPMRhZE4LLE
U444 BOOTRST k4mf8 , Boot XH 2K FF , ATmega168 BLHI Y & I F FHfiRE
mE

hak (S KRB i B3

.org 0x0002

0x0002 jmp EXT_I NTO ;1 RQO AEE

0x0004 j mp EXT_I NT1 ;| RQLAE

0x0032 jnp SPM_RDY ; SPMRhZE4LLE

.org 0x1C00

0x1C00 RESET: | di r16, hi gh(RAVEND) ; EREF

0x1001 out SPH, 1 16 ; REHEREH I RAMEI TS

0x1C02 | di r 16, | ow( RAVEND)

0x1C03 out SPL, r16

0x1C04 sei ; BERERET

0x1C05 <instr> Xxxx

ATmega168 %A% {uBOOTRST#4%#E ,Boot X 7 2K F17 , HEFEEMCUCRHK IVSEL
EFREE MU Z BB IAY , ATmega168 AW SN MPKIRENT :

ik #s R 15 BA

.org 0x1C00

0x1C00 jmp RESET , BEARE
0x1C02 jnp EXT_|I NTO . | RQO A28
0x1C04 jmp EXT_I NT1 . | RQL &
0x1C32 jmp SPM_RDY ; SPMRhiZE4LIE
0x1C33 RESET: | di r16, hi gh( RAVEND) ; E&F
0x1C34 out SPH, r 16 ;IR BHERIEE I RAMBYTIE
0x1C35 | di r16, | ow( RANEND)

0x1C36 out SPL,r16

0x1C37 sei . fEREFRMT
0x1C38 <instr> Xxxx

ENARXA Boot Xz EBHH BEBAPHIRFSFRRAEPHOERNAE L,
¥ , ATmega88 5 ATmega168

s6  ATmega48/88/168 s —————————————
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MCU #:4|2% %8 - MCUCR

2545D-AVR-07/04

Bit 7 6 5 4 3 2 1 0

| - - - PUD - - IVSEL IVCE | MCUCR
®/E R R R RIW R R RIW R/W
HE 0 0 0 0 0 0 0 0

o Bit1—IVSEL: o Bi%kiE

IVSELR"0“RY , P Ifim &4 T FlashZEEsHV A tbat ; IVSELR"1“B , AT mE%BE
Boot X2 A o4t . SRBRAY Boot X2 Attt 1A 247 BOOTSZ HE., E4ESZE P 241
“Boot Loader X EFRWW B4wiE ,ATmega88 5 ATmega168” . A TRHLEEE iRt A&
WraER , SR IVSEL NEEE BT IR :

1. BIFEEEEREREN IVCE,

2. EEEN4INITHEPRENEENHIIESA IVSEL , B IVCE B 0%,

PITEIRFIIN PR oL, H3X , HEM IVCE NHPMMERZLET , H—EREFE

B IVSEL B2 BN T —&KiEA, MRRE IVSEL BRE , MFMEEN IVCE 2FH

AN EARREFRZL, FEIENRE ERAPHEEHEL BREFESHNLIHFTS

A EIEA TN

Note: % h i &1y FBoot LoaderX , BBootfiiE{UBLBO2#EYRIZ , MM 1T R A X B9 72 57 B b i
WEIE  BEPHEEMTRAKX , B Boot $iE L BLB12 #48TE , NI4T Boot Loader X
KRR R ET4EE I, B3 Boot IEMAIATIES M P 241 “Boot Loader 3% RWW B
w12 , ATmega88 5 ATmega168” .

ZAITE ATmegad8 F Mo

ATMEL s
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+ Bit 0 — IVCE: Fpfim RIS ERE

3 IVSEL Bt IVCE #MEfz, # IVCE BA 4 M afthFHS IVSEL B#R¥EZ 5 , IVCE
WEHES. WalEAmA , B IVCE FEIEHl. KBAOT

LR IR
Move_i nterrupts:
; fEREHETEERE
Idi ri16, (1<<IVCE)
out MCUCR, rl6
; R EEEHBE boot X
Idi ri16, (1<<IVSEL)
out MCUCR, rl6
ret

C R#gHIE

voi d Move_i nterrupts(void)
{
I* fEREFETEEMNEHR */
MCUCR = (1<<IVCE);
[ * FhEE%BE boot X */
MCUCR = (1<<IVSEL);
}

ZALE ATmegad8 L,

58 ATmega48/88/168 mu————————————————————
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1/0 ¥m A
43

ERBERET /0 KK O

2545D-AVR-07/04

ERBAKF IO EAR , AVRFIEW /10 IO MEFEIENIE - 5K - EIEE, XEK
B SBIH CBIETHERLEEMMN A D (RERIKOBE, Fib/FrELNBMHE )BT
AWTHMEMO S G (RERWOBTF, i/ Fre LBk ). MHEPREENTHN
WA , AL SRR AR | BiERS LED, FIEMNEOSIHBEESEETXM
LR, HERFZMES Voo MibIE , &0 Figure 23 Fi R, HS M P 275 “ B854
LT REENS .

Figure 23. 1/0 S| EHREHE

pu

Pxn

Logic

See Figure
"General Digital I/O" for
Details

Py,

AHENSESNUUBEBARIRER  NEN X XRREONFES  W/NEMN ‘0" KRN
WES, ERERFEEERE, it , PORTB3 R THOBWEI N, MATWER
¥ PORTxn, Y /0 FER[MMUENY|TF P 75 “/0 is A FZE5091588 7

BNHEOBE =N 1/0 FiEEtu - BIEF 788 - PORTx, FiIEH @EF 788 — DDRx i
O ASIH — PINx. RS ESNBEIQSFFEHR AL/ EFFSHR  MikOMASIHAR
BREFE, BEEERIIENE W PIN FEENE—NEAZE "1“ NERHES
FEEMNMHBELE "0“ 5 “1“ WREBTL, HEFEES MCUCR f9 EHIZ Iy PUD B
NS OB 2SR5 B A 57 ea e EBA 2Rk

FERNBRHF IO MK OESH P59 ENERAKRF /IO WIKO ", SHKOSIHNES
SBTINAEERN  MP 64 IWAMNE IR . BN FMEREF AL T #2 5| I
S IhAE,

FRELSIHNE-_DRFT2FREME TR - ONSIMBTERKRF IO WEN.

WwORNEFTE LR EBEAINE /0 #WH,. Figure 24 73 Pxn B9 I/0 %% O 5| BIAY 1% 87

ATMEL s
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ESIMBEFEREE(

BASRLZEBTR

AIMEL

Figure 24. A= /0

E Y PUD
<|I —
Q D |
hl
DDxn
L
3
0
Pxn \/II 8
<
l_
<
(&)
SLEEP
SYNCHRONIZER
RPx
IS
t ~
clkyo
- WDx: WRITE DDRx
PUD: PULLUP DISABLE RDX: READ DDRX
SLEEP:  SLEEP CONTROL WRX: WRITE PORTX
ok, 1/0 CLOCK RRX: READ PORTX REGISTER
RPx: READ PORTX PIN
WPx: WRITE PINx REGISTER

Note: 1. WRx, WPx, WDx, RRx, RPx #1 RDx N FR—#OMNFIESIMERE—#M. ck,
SLEEP 1 PUD NIXFRAE K O &2 — R,

BN ASIHEFERE=/1FEE{ : DDxn, PORTxn M PINxn , 21 P 75 “I/O is O & &
E2MVI%ER " FT’R. DDxn {ZF DDRx ZF&E#S , PORTxn 4 F PORTx F1E8% , PINxn {i
F PINx E1FE:5.

DDxn ARi&EZBRS|IME A B, DDxn "1“B, Pxn BBER&EH ; BN @A,

SIMEE N M AR , & PORTxn  "1“, ERBHEMERE, MRFEXMAXN LB | 7
LU PORTxn BF , REFX N SIMEEN ML, SMRSSIHNSES , BMELWFH
BN EET.

HolMEE N mHet , & PORTxn 8 "1, SIM@HSBEF ("), B HEEF (0%,

it DDRxn 214 R A , [ PINxn BiZ% "1" i PORTxn BETE “0“ F "1“ Z B3R
E2{t, EE SBI TR AR i O MR M,

7 (BMEA ) =2 ({DDxn, PORTxn} = 0b00) F%i & #8.ZE ({DDxn, PORTxn} = 0b11) F
RS Z BT |, EhEfEAFEE ({DDxn, PORTxn} = 0b01) =4 H KB F ({DDxn,
PORTxn} = 0b10) XFAMERXNSUARLE—NMNERE, BF , LHBHEFRERETSTUES
B, ANSHEFAEHTEFREESEFMEER EumH, WRERMARERAIFIX
# , WA Ll@EE & MCUCR &1F780 PUD REILFrBIwOM LRI ErE,

ELtimANGHEEFzEYREERENBRE, AP XIEFESHES (DDxn,
PORTxn} = 0b00) S BB ({DDxn, PORTxn} = 0b11) #EH shiEI S K.

60 ATmega48/88/168 mu————————————————————
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Table 31 B4 7 SIHINEEHIES .

Table 31. U AS|HEE

PUD( I F thies
DDxn | PORTxn | MCUCR) o] FR UL
0 0 X PN No B (Hi-2)
0 1 0 PN Yes | HEHNEREBEAKET 5 L R
0 1 1 WA No B (Hi-Z)
1 0 X Lok No WHEET (RUEETR)
1 1 X k] No WHESHRF (RER)
RESIB IR 1 DDxn RUMAEER , HILUETIRE PINxn FFERKREGIMBEFHNEE. W

Figure 24 Fi /R ,PINxn HFSRN X MISHETEN B FREAR T —MNEIFEF. XA
BRSIMEFEANL R R ERTEMERNERESTRE. HREZSIATER,
Figure 25 NIRENSI MR R L RN FE. RAMB/MEBIEED BN tygmax M

t

pd,min®

Figure 25. EG|I BN ELSER

SYSTEM CLK |' |' |:

INSTRUCTIONS X XXX X XXX X iz e X
SYNC LATCH e '
PINXn '
ri7 OxOOé X OXFE
: tpd,miné
:.4—}:

2545D-AVR-07/04
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EZEF—ANRENGTHRRACERABNMHER, Yt ESHERBIEFESEXAN ;
M ESIESNESTUEHET , A F SYNC LATCH E5MIBR® XA R, B8R
BNESEH#EE  AREREBENRANS LARYEES PINn FFH. 0ty M
tog,min T  BIBES MANBEHTE 51 EHWESHRIERRT % 217 MR,

W Figure 26 P~ , BV FHSIMEFRNEFEERBEES out MIREUES in ZRZE
DE—NEHsERER , W nop . out IERERMM EAREN SYNC LATCH 5
%o Etﬁqﬁigﬁmﬁﬂﬁtﬂ\ﬁj tpd ﬁ‘] _/l\%éjzbﬁq%tpo

Figure 26. =BV 4R FHSIMBF N ELSHER

SYSTEM CLK

r16

INSTRUCTIONS ™ out PORTX, r16 >< nop >< inr17, PINx X

SYNC LATCH |

OXFF !

PINxn

r17 P 0x00 : X OxFF

p

g
S A A

THNHRERTMMEMKO BASIMOM 1, 5IM 2 M 3w EEF , ARSI 4
H7REN@A ,FENSIHE6M7RELABHE, RERFHFENSIMNBTERER,
WMETEICH AR |, RO ERBEMBABTZEBEAT — nop IS

ATmega48/88/168 mu————————————————————
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BFE A EREN KRR R

RELECI ML E

2545D-AVR-07/04

SComizapie (O

; EX EWEBBEMEESEFH

; NEmASIEEN @

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

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

out DDRB, r 17

i ATEAZEA nop S

nop

; REURA S|

in ri16, PI NB

C RIGHIE

unsi gned char i;

[* EX EHEEMEESEFEE */

I* REWOSIMES S @ */

PORTB = (1<<PB7)| (1<<PB6) | ( 1<<PB1) | ( 1<<PB0);
DDRB = (1<<DDB3)| (1<<DDB2) | ( 1<<DDB1) | ( 1<<DDBO0) ;
I* ATELEA nop IS */

_NoP();

I+ BGOSR */

i = PINB;

Note: 1. HELHBEFEFERTHNE TR HENRNTHESIMO0, 1. 657 LNIEN A&
Bo HAMMREERE , EX 2. 3MUHE, BEHF O 51 LEL AT H.

I Figure 24 Fi7R , BFWMAGS (EEFAKBFNHA ) T E b, BFH SLEEP
5 H MCU WREEIZHISREREEEN, HHEX LK Standby X TIRE , AR LE
EMARTERELR A BTEIR Voo /2 FEE RSN BT,

SIEMERN BB s AR SLEEP 585 %%. BEEAIBHRIEEFERE , SLEEP 85 HA
B, ESIMNE —TheeFaERt SLEEP thitfu TE —Thas , N P64 “ SO E _ThRE "
BHHRA R,

MREZEFSET (1) BIME-MUREN " LHARPUH, THROPKREMEEETE
L& U " WARFLS RS L | BMEZINER M R GERE | B LR MRARAE MR
Ent , MMM R SN AWE "17. X E N SIMEFERERN TR "0
B, RESRERTSIMBETFMN "0 F 1" BWE(L,

MRBESIMAREER , BAXLESIHEF —MNEEBET, BARWEXFR , BREKRE
BXTASBHRFRAARER EXREERARESIMEERENETEMENRZESIH
EHeEBFTaAFEES (812, IEEX, ZRER ) BEELR.
EEENRIIERASIHNEERERTFN S EZRERAIB LA BE, EEFENREMN
PR ER, RENVNNINELEERERNBEANB LA R TR ER, T
ﬁﬁ%ﬁﬁ*ﬁﬁmﬁwmﬁGNDﬁﬁ,@ﬁﬁﬁﬂ%ﬁﬁ@%ﬁ%#ﬁﬁﬁﬁﬁﬂ#
EHER.

ATMEL 2



WO M = Thie

= P Dixn
< AlOxn

PUOExn: Pxn PULL-UP OVERRIDE ENABLE PUD: PULLUP DISABLE

PUOVxn:  Pxn PULL-UP OVERRIDE VALUE WDx: WRITE DDRx

DDOExn:  Pxn DATA DIRECTION OVERRIDE ENABLE RDx: READ DDRXx

DDOVxn:  Pxn DATA DIRECTION OVERRIDE VALUE RRx: READ PORTx REGISTER

PVOExn: Pxn PORT VALUE OVERRIDE ENABLE WRX: WRITE PORTx

PVOVxn:  Pxn PORT VALUE OVERRIDE VALUE RPx: READ PORTXx PIN

DIEOExn: Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE WPx: WRITE PINx

DIEOVxn: Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE clkyo: 1/0 CLOCK

SLEEP: SLEEP CONTROL Dixn: DIGITAL INPUT PIN n ON PORTx

PTOExn: Pxn, PORT TOGGLE OVERRIDE ENABLE AlOxn: ANALOG INPUT/OUTPUT PIN n ON PORTx

Note: 1. WPx, WDx, RLx, RPx %I RDx X} F & — /Mt A KYPfrA 5| i #8 2 — ##9, clk,o, SLEEP R
5 L = =0 =
PUD MIXFIE MmO &R — 1, HESINE -1 SIMEX.

64 ATmega48/88/1 68 m——————————————————

BRT —MREVEF /0 25 , RSBmO SIEMERE ZThaE, Figure 27 i

AIMEL

B3 7 B Figure

24 E{LHRNHOSIHEHESROMAKE_DRMERN, XERERNEST2H
MEMANKAOSIK , EARTUEERERT AVR RIILEBRAHE R OS5I ME — ik

#,

Figure 27. i®OME—Thae ™

A

DATA BUS

PUOExXn
PUOVXn
PUD
DDOExn
DDOVxn
0 Q ol
DDxn
Qe
WDx
PVOEXxn RESET
RDx
PVOVxn ,\[
1
i
\, \‘
PTOExn
DIEOEXn
DIEOVxn WRx
RRx
SLEEP ~
RPx
[
-2

clk o
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Table 32 R EHESHE N . RFEEAH Figure 27 WS|IIMK O R5|, XEERES

R IhRERR A AR £,

Table 32. E-WREERESH —MRIHEA

B5EH 2% i B
PUOE EHrepR ERESENM , LN BAFREFZET PUOV ; EILE
B R 57%&S , Il {DDxn, PORTxn, PUD} = 0b010 B} EHi e FH
fEBE,
PUOV EHieafE % PUOE Bf , M| PUOV B / FFER Lh AR fERE / 22
B IE , @MA%E DDxn., PORTxn il PUD EHFH & MUK
R IRCIA
DDOE BiEAE MRESEN , NimHIEsFEEH DDOV 24 ; Fit
B AL E58% , WHEsFEEEH DDxn F1EEFEH,
DDOV BiEAE # DDOE &f{u¥ , Il DDOV B{u / FEat HIXFh iE 8L
B AL )b | AR E DDxn H12EEM01% B a1,
PVOE % O #U3E MRXMEFEN , B HIESNELE , wOHIEH PVOV
B AL 4l ; EPVOEBE , B HEEHLE , WO HIEHRT
1788 PORTxn #4l,
PVOV Ui O BUE % PVOE Ef , WwOEIRERN PVOV , MTEFFE
B FRE PORTxn f{Ai& &,
PTOE ik 055101 % PTOE Ef , wOFFHRMER.
BEHFARE
DIEOE BEBmA MBXMEFEN , BHFH AFEELH DIEOV 2% ; &
(EEEEEEhe DIEOE FE , iF M AFEEH MCU BWIRSHEE ( EERE
N, BRER ).
DIEQV BFEBmA % DIEOE &{u , DIEQOV Bl / FENHTFMmAFERE /2
fFREBEFaE b, MAE MCU RS ( EE#ER |, BREER ).
DI BEBmA WEBAE_UENBRERA, ERD , XMEBES5ER
B EAEE , HEERSESZH. BRIEFRF 5 A B Ert
B, BNE SR EFERA B CNESES.
AIO BEES BIMA /W, E5EESSIMESMEE , mMEATUA
WA ER A,

THHLVNTREEEEASMNRONE - DRARMEINES. E4ESERXE=

ThRERI I ER

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

WOBME=

ThRe

AIMEL

Bit 7 6 5 4 3 2 1 0

| - - - PUD - - IVSEL IVCE | MCUCR
®/IE R R R R/W R R R/W R/W
HE 0 0 0 0 0 0 0 0

« Bit4-PUD: Z£f EH @[

PUD EfuBY , BIfEE 788 DDxn A PORTxn BB R fFEaE LH B E ({DDxn, PORTxn} =
0b01) , 1/0 jﬁuﬂﬁtﬁ%ﬁﬁm&iﬂfmo BN P60 “EBEBIIM .

%O B W58 —ThaESI T Table 33,

Table 33. %0 B V& =IhaE
WWOSIH | S5=hak

XTAL2 (/& 5 Bt 8P 3R5% 23 51 B 2)
PB7 TOSC2 ( ERESIRH 25 5| M 2)
PCINT7 ( SIBIEE (LI 7)

XTAL1 (& B8 iRS% 2R 51 B0 1 AN EBatEpsm A )
PB6 TOSC1 ( ERT R FERIRH 25/ M 1)

PCINT6 ( SI#IZE 1L H I 6)
PBS5 SCK (SPI B4 Er4hs A )
PCINT5 ( SIB#IZE{L i 5)
PB4 MISO (SPI B&EMMA / MHLEH )

PCINT4 ( S| ZR{L K 4)

MOSI (SPI B E5H / NEIA )
PB3 OC2A (ZERTES / TTEhEs 2 LR IT e A St )
PCINT3 ( S| Bl F 254t F i 3)

SS (SPI Mk EMIE)
PB2 OC1B ( ERES / iTHE 1 LR ITE Bt )
PCINT2 ( S|Bi s 2L AT 2)

OC1A (ERES /ITHRES 1 S H LR TE A i )
PCINT1 ( S|V F AL i 1)

ICP1 ( ERYES / THERET 1 W AFIRAA )
PBO CLKO ( R&mt4F ot )
PCINTO ( SIBIeF 35 (b if 0)

PB1

SIHEENT :
* XTAL2/TOSC2/PCINT7 - 3xHA B, {7

XTAL2 : B Etef sz aa s M 2. 10 RIRSUEM & IRAVET P SIM. 1B adeh SIR AT T RE
{7 110 Bk,

TOSC2 : ERigrifn & 5IM 2, RAFILER T WEIFREM RC RHeBRERNRENR , WE
RIE T & 787 ASSR i AS2 U LR TFEAF LAt tF ER ARt X AT £/, = ASSR HFFar

E’J AS2 1By B EXCLK fiEF , N ERE T ERT 27 / 1T H=R 2 (YR Lt Thaent , PB7

SHOBIMKE  ENEFRASOR MG HE, FXERT | oSSR |
AR 110 I8,

PCINT7 : SIS FZILHITIR 7. PB7 AILAEN S ER P HTIR.

MR PB7 fEA R SIMEEA , DDB7, PORTB7 5 PINB7 #YRIREERN "0%
¢ XTAL1/TOSC1/PCINT6 — ix 0 B, {1 6

66  ATmega48/88/168 m————————————
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XTAL1 : BB RHE 51 1. O A FRAZIRE RC IRZ AN B4R, RS
th S| IRt REEVE R 1/O SIHD,

TOSC1 : ENRIFHEZSIH 1, RAEEER T AZTIREN RC IR/ ENRENR , mA
RE T F788 ASSRIAS2 M AT FERARS I EMEN T AIEH. X ASSR FHF8
B AS2 LB , \NT{ERE T ERTES / 115188 2 ML RTEh IhEERT ,PB6 Siw O SIMIBEES |
ERRTHRABHIREBE AR, FiZERXT |, (4 REEESZIIM , BR8E4ER 1/0 5]
118

PCINT6 : SIMIEBB R {LHRIRE 6. PB6 A BAEJ A EB A TR,

R PB6 e Rt S|HIEA , DDB6. PORTB6 5 PINB6 #i& ¥ "0”,

+ SCK/IPCINT5-#0 B, fI5

SCK : AT A SPI 1T E %N, X SPI EgE B W MALAT , i DDB5 RAFRE | %
IR B RN @A, LfEsE SPI BN ENA |, ZSIMHEIES A DDB5 Kigd|, BIFE
ZALHE SPIsR&EI R A |, BRIP EREFEISAE PORTBS k%4,

PCINT5 : SIBIEEFET{LhUTIR 5, PB5 A LAE R SN SR TR,

« MISO/PCINT4 - %0 B, { 4

MISO :SPI B&ZONENLBIER A / MVLEIE S iR, 7£ SPI f£88 , B T/ET SPI 4
et |, it DDB4 Afu{E , PB4 BURE N A ; A SPI MNHLERE |, ZSIBMAHES
B B DDB4 24, 24i% 5| MI4 SPI & &l R4 ARt , AEF EH B FE I A H PORTB4 k24,
PCINT4 : SIBIEEFT(LHUTIR 4. PB4 A LUER SN ER TR,

« MOSI/OC2/PCINT3 - %0 B, { 3

MOSI :SPI B&#E O EHEHEH L / MILEIER AR, 7£ SPI £8E , B TETMHER

i, it DDB3 AfA{E , PB3#iREB R A ; 7 SPI ENEX , ZSIHHKIES @S
DDB3 # 4, 4iZ5|## SPI &% AR , AP LN EBE{IAHE PORTB3 K24,

OC2 , LR ICE M, PB3 SIM TR ERES / iT5EE 2 LR EENAZSBHED, Lt
B, PB3 S|4 BN (DDB3=1) . £ PWM R A , OC2 5|BIE/ER PWM E
A BEAE SR B9 a1 S B

PCINT3 : SIMEBFI(LHUTIR 3, PB3 A MEN SRR HTIR.

« SS/OC1B/PCINT2 - 0O B, fi 2

SS I MHLERH A, 1E SPI 42 , B THETMHERET , it DDB2 J{A{& , PB2 M#kik
ERNH A, Y PB2 #INEPHEATS , M SPI HAEMUEUE, UfFEAE SPI, BN ENERAHZ
SIMERIE S B DDB2 #2#|, XMiZSIH# SPI s@&lhm AR , A3 L e EJAR
PORTB2 ki24l,

OC1B ,#ith tb R IEfe i . PB2 SIMI I E N ERTES / 1T ERER 1 LR ITEL B W9/ S O
LtEt , PB2 S| AR E A H (DDB2=1) , £ PWM R , OC1B S|#liE4EHR PWM
TE B SR AR SR 09 4 H S B

PCINT2 : SIMEBEF TR 2, PB2 AJ BAER S ZBHETIR,

« OC1A/PCINT1 - 3% A B, fi 1

OC1A it tb R PCEe e . PB1 SIBI AT 4E R ERT 85 / TTERES 1 LLIRITEL A B9 A\ EB AN EB 5 1
A, kAT, PB1 SIMAFIRE RN A H (DDB1=1) . £ PWM KA , OC1A SIBIE4ER
PWM ZE B B8 BR Y i i S| B

PCINT1 : SIS FELFRIR 1, PB1 AT LUER AZBHHTR.

» ICP1/CLKO/PCINTO - %0 B, {1 0

ICP1 , % ARSI : PBO S| AT LAMEN ERTER / 1T 228 1 K% AFHIRThAEAY IR,

ATMEL o
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CLKO , 9 ¥z G REatsth : 290 2 [ M RS a4 o] LUEE PBO SIR% H . 2158 CKOUT
B fiimiE , 7oi PORTBO 5 DDBO RAME , 232 G R KA 4 &R ML S| Bl sa i o
S ES BN S| B .

PCINTO , SIHEFEZ{LFRR 0 : PBO RTLAMERN SAERHHTE,

Table 34 5 Table 35 im0 B W =ZhEES P 64 Figure 27 WEHESKEKE T —i2,
SPIMSTR INPUT # SPI SLAVE OUTPUT ¥4 T MISO {5 , T MOSI ATLA 53 ## 5 SPI

68

MSTR OUTPUT # SPI SLAVE INPUT,

Table 34. PB7..PB4 NE_EEERES

=5 PB7/XTAL2/ PB6/XTAL1/ PB5/SCK/ PB4/MISO/
EH TOSC2/PCINT7(") | TOSC1/PCINT6(" | PCINT5 PCINT4
PUOE INTRC « EXTCK+ | INTRC + AS2 SPE « MSTR SPE « MSTR
AS2
PUOV |0 0 PORTB5 « PUD PORTB4 « PUD
DDOE INTRC « EXTCK+ | INTRC + AS2 SPE « MSTR SPE « MSTR
AS2
DDOV |0 0 0 0
PVOE 0 0 SPE « MSTR SPE » MSTR
PVOV 0 0 SCK OUTPUT SPI M#l % H
DIEOE | INTRC+EXTCK+ | INTRC + AS2 + PCINT5 « PCIEO PCINT4 « PCIEQ
AS2 + PCINT7 - PCINT6 « PCIEO
PCIEO
DIEOV | (INTRC+EXTCK) | INTRC « AS2 1 1
« AS2
DI PCINT7 % A PCINT6 # A PCINT5 #i A PCINT4 % A
SCK #i A SPI £#L5 A
AIO IEH e FHES / P | — -

ATmega48/88/168 mu————————————————————
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Notes: 1.

INTRC % 7R 42 — NP SBRCH55% 88 (B3 CKSEL 8 440) , EXTCKE Rik A EBat4h
(3 CKSEL #4£4Y ),

Table 35. PB3..PBO N E—EEEHRES

== PB3/MOSI/ PB2/SS/ PB1/0C1A/ PBO/ICP1/
2 OC2/PCINT3 OC1B/PCINT2 PCINT1 PCINTO
PUOE | SPE «MSTR SPE + MSTR 0 0
PUOV | PORTB3-PUD PORTB2 « PUD 0 0
DDOE | SPE - MSTR SPE « MSTR 0 0
DDOV | 0 0 0 0
PVOE | SPE«MSTR + OC1B AL OC1A fE&E 0
OC2A fEgE
PVOV | SPIMSTR OC1B OC1A 0
OUTPUT + OC2A
DIEOE | PCINT3+PCIEQ | PCINT2+PCIEO | PCINT1+PCIEO | PCINTO « PCIEO
DIEOV | 1 1 1 1
DI PCINT3 # A PCINT2 # A PCINT1 # A PCINTO # A
SPI MHLE A SPI SS ICP1 & A
AlO - - - -

WO CHE I

Table 36. im0 C KYSE =ThkE

w0 C S ZIhEEN Table 36,

¥% O 51 $EThik

PCE RESET ( £ 5|#)
PCINT14 ( S|BIEB 35 (L | 14)
ADCS5 (ADC %i A @& 5)

PC5 SCL (& BT RE&EORML)
PCINT13 ( SIBIE8 3L AT 13)
ADC4 (ADC % ABi& 4)

PC4 SDA (F&BTREEORERA /MHLE)
PCINT12 ( SIBIEB 3R {LF#fT 12)

PC3 ADC3 (ADC %i A @& 3)
PCINT11 ( S| B (L HT 11)

PC2 ADC2 (ADC %i A& 2)
PCINT10 ( SIBIE8 3L HHT 10)

PG ADC1 (ADC %i AJE3E 1)
PCINTO ( SIBIEB T3 {L | 9)

PCO ADCO (ADC %i AJE3E 0)
PCINTS ( S|#is8 F 251t i 8)

SIMEEMT :

 RESET/PCINT14-#0C,{I 6
RESET ,EU5|H: /A% RSTDISBL #i4mi2rt | ZSIBERNZER /O SIBIGER | kbt |
SRAIH LBEN S5 BOD EMHEEFENRENENIR, X RSTDISBL BLMNBIEES
B, AEPEM BERFHEETZSIH |, et SIBAHER /0 FH.

2545D-AVR-07/04
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R PC6 ITENESIH , DDC6, PORTC6 5 PINC6 BYiIRE{E R 0,
PCINT14 : SIBIEEEZ{LRRTIR 14, PC6 W{ERN AZHRTR,
+ SCL/ADC5/PCINT13-#80 C, {5

SCL , M4 SR {T BRI AT 8P4k 2 TWCR FiFaaHH TWEN 141 "1” , fEa TWI 0
B, PC5 SIS /O s OBE , BA TWI B&LBEONRTHRHE, BEZERXT , -
NRIETEREERENZEIH , eBWEMAESSHNT 50 ns WER , FAISIHBHER £
FRREB TR RT3,

PC5 s A[#E ADC I AEE 5, ;3= , ADC M AEE 5 i RM®,

PCINT13 : SIMIEEF AL AHUTIR 13, PC5 AI4EN SAERH MR,
« SDA/ADC4/PCINT12-¥%0 C, {1 4

SDA , & BRITE&BIEL 2 TWCR FF8RP# TWEN fI4KigN 1, 8 TWI O,
PC55IMIRSI/OMmABE , BMATWIELEANRTHEL, EZEXT A1 RER
REREEDZSIM , eB I HAM AR SH/NT 50 ns WER , AN SIHFHER EARR
T IRE I BRI

PC4 tsa[4E ADC I ATBIE 4, T2 , ADCHABEE 4 AR FEFRMHE,

PCINT12 : SIHEEF L HRTR 12, PC4 AIER S ZBH R,
« ADC3/PCINT1M1-#0OC, {3

PC3 b A[#E) ADC i AEE 3, ;= , ADC M AEE 3 HELl s REMts,

PCINT11 : SIBEBF (L HUTIR 11, PC3 a[fERAEFRTR,
+ ADC2/PCINT10-#%0 C, fi 2

PC2 s A[#EH ADC S AJBE 2, & , ADC M ABEE 2 HERl s REMt®,

PCINT10 : SIMIEBF LR RTIR 10, PC2 RI1EN SAER A MR
e ADC1/PCINT9 - #% A C, fi 1

PC1 s a[#EN ADC I AEE 1, ;3= , ADC M AEE 1 HELl s REMt®,

PCINTO : SIHBEFET(LFRIR 9, PC1 A[ER AR RTIR,
« ADCO/PCINT8 - # MO C, fiZ0

PCO ts A[#EH ADC S AJBE 0, &= , ADC M AEE 0 HERl s REM®,
PCINTS : SIBIEBF /L HFHIR 8. PCO AR A E MR

70 ATmega48/88/168 mu————————————————————
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Table 37 1 Table 38 fFi% 0 C WIS —Ihse S P 64 Figure 27 BNERE B REKE T —i,

Table 37. PC6..PC4") WE_ThEEEHER
g5 -
2% PC6/RESET/PCINT14 | PC5/SCL/ADC5/PCINT13 | PC4/SDA/ADCA4/PCINT12
PUOE | RSTDISBL TWEN TWEN
PUOV | 1 PORTC5 « PUD PORTC4 « PUD
DDOE | RSTDISBL TWEN TWEN
DDOV | 0 SCL_OUT SDA_OUT
PVOE | 0 TWEN TWEN
PVOV | 0 0 0
DIEOE | RSTDISBL + PCINT14 | PCINT13 + PCIE1 + PCINT12 « PCIE1 +
« PCIE1 ADC5D ADC4D
DIEOV | RSTDISBL PCINT13 « PCIE1 PCINT12 « PCIE1
DI PCINT14 %A PCINT13 A PCINT12 A
AIO RESET #iA ADC5 # A / SCL WA ADC4 % A / SDA @A
Note: 1. fERERY , WL &HITEONSIM PC4 M PC5 (RIHIRE T LA REH, XERPRIXEE
o EAL , RIEEREENVT AIO 5 TWI B FIBE 2 H,
Table 38. PC3..PCO WS —IhEEEEES
=5 PC3/ADC3/ PC2/ADC2/ PC1/ADC1/ PCO/ADCO/
B PCINT11 PCINT10 PCINT9 PCINT8
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 | PCINT11+PCIE1 | PCINT10+PCIE1 | PCINT9+PCIE1+ | PCINT8+PCIE1 +
+ ADC3D + ADC2D ADC1D ADCOD
DIEOV | PCINT11+PCIE1 | PCINT10 « PCIE1 | PCINT9 « PCIE1 PCINT8 « PCIE1
DI PCINT11 %A PCINT10 %A PCINTO #i A PCINTS #i A
AIO ADC3 # A ADC2 # A ADC1 & A ADCO # A

2545D-AVR-07/04
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w0a D WE =T Table 39,

Table 39. i[O D K% —Ih&E
iw A5 = Ihae

AINT (LR A )
PCINT23 ( 5| e T35 (b Fh i 23)

AINO (L REBE A )
PD6 OCOA ( ERES /ITHB OMHLRTE A )
PCINT22 ( SIMIEE F 3 Y A 22)

T1 (ERTES / 1THRES 1 SAEBITERERMA )
PD5 OCOB ( ERT2S / 1T858 0 W K LRIt B f it )
PCINT21 ( SI#IEBF AL Al 21)

XCK (USART ZA&BeT4P4a A / 5 )
PD4 TO (ERTES / iHERES 0 AASPITEREEM A )
PCINT20 ( S|B s F2E1{k A it 20)

INT1 ( AEBHRT 1 %A )
PD3 OC2B ( ERTES / 1T858 2 LRIt B f it )
PCINT19 ( SI#IEBFZ (LA M 19)

INTO ( SAERH BT O A )
PCINT18 ( SIM s F 2 AT 18)

TXD (USART i Hi 5| H )
PCINT17 ( SIMIEEF (LR 17)

RXD (USART %i A S|H )
PCINT16 ( SIB#IEBFZ (LA Hi 16)

PD7

PD2

PD1

PDO

FEREBREWT -

« AIN1/OC2B/PCINT23 - #0 D, fi 7

AIN1 EBHEULERBS M A F PD7REFWA , BXARNZ LR BEME  UBRHFIROD
e ARl LL R BS R M BE

PCINT23 : SIBIEBF (L HUTIR 23, PD7 a[{ERAZFITR,

« AINO/OCOA/PCINT22 - %10 D, {1 6

AINO , BHLLRBFES A ¥ PD6 iRE R A , BXRARNEB LN BN | OB R FRO
e IR I LL R BR RO M B

OCOA , #i tH tE R PL B 6t  PD6 SI B AT 48 BT 88 / T BRBR O LL R B A9 AN BB s HE O itk
B, PD6 SIBIAIEE N E (DDD6=1) , £ PWM RIAH , OCOA SIIE#ER PWM
TE BT R AR IR B9 4 S B)

PCINT22 : SIMIERF LR HTIR 22, PD6 RI4E SAER A MR
* T1/OCOB/PCINT21 - 40 D, {Z 5

T1, ERER /T HER 1 T RERR.

OCOB |, #ir tH tE R LB 4 i - PD5 S| B AT 4E 0 E AT B8/ 1T BB O LL R P B B A9 /4 3B i O o bk
i, PD5 S|4 E N E (DDD5=1) . £ PWM R , OCOB SIHIE#ER PWM
TE B SR AR IR 09 4 i SR

PCINT21 : SIHEEF L HRTR 21, PD5 AI{ER S ZBHHTR.
+ XCKI/TO/PCINT20 - # 0 D, 4 4

XCK , USART #\&Bat4d,

72 ATmega48/88/168 mu————————————————————
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TO , ERTER / iT 888 O it B R.

PCINT20 : SIBIEBEF (L HUTIR 20, PD4 w[{ER AERFITR,
« INT1/0OC2B/PCINT19 — 30 D, { 3

INT1 , S\EZBRUTR 1 : PD3 SIB AT ¥ER A ZR P TR

OC2B , #iHH LR T E 4 tH - PD3 SI B A 45 7 AT 85 /1T ERBF O LB LB BRI SA 2% HH O o Utk
Bt , PD3 SIHIAA&E R (DDD3=1) . £ PWM KA , OC2B S|IiE{ER PWM
TE B BRAE SR A9 fa HH S| B

PCINT19 : SIH BB F (L HUTIR 19, PD3 a[{ER AERFRTR,
« INTO/PCINT18 — #% 0 D, fif 2

INTO , SNERAMFIR O : PD2 5l BT 4 9 Sh 88 IR
PCINT18 : SIMIEEF AL R RTIR 18, PD2 RI4EN SAER A MR

ATMEL r
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o TXD/PCINT17 — #0 D, i 1

TXD , 25 ¥ dE (USART W EiE M i SIM ): = USART t£hissfEaE , 7~i€ DDD1 AME ,
ZEIMREE N MO,

PCINT17 : SIBIEBEF (L HRTIR 17,

¢ RXD/PCINT16 — 5 H D, fZ 0

RXD , #EWEIE (USART WEIEH A SIH ): 2 USART £k 288 , F i DDDO J filfE ,
ZEIMWEENMAD , LaTSIEAYNER ERIThEEIMRE PORTDO 24+,

PCINT16 : SIMIEEF L PRTIR 16,

PD1 Al E R S ER AR RTIR

PDO A 4E 4 S0 &8 MR o

Table 40 1 Table 41 95 —IhAES P 64 Figure 27 MEHESREKE T — i,

Table 40. PD7..PD4 £ _HIREERIES

5 PD7/AIN1 PD6/AINO/ PD5/T1/0COB/ PDA4/XCK/
% IPCINT23 OCOA/PCINT22 PCINT21 TO/PCINT20
PUOE | 0 0 0 0
PUO |0 0 0 0
DDOE | 0 0 0 0
DDOV | 0 0 0 0
PVOE | 0 OCOA {8 OCOB 8¢ UMSEL
PVOV | 0 OCOA OCOB XCK %
DIEOE | PCINT23+PCIE2 | PCINT22+« PCIE2 | PCINT21+PCIE2 | PCINT20 + PCIE2
DIEOV | 1 1 1 1
DI PCINT23 # A PCINT22 # A PCINT21 A PCINT20 A
T1#®A XCK A
TO %A
AlO AINT 5 A AINO % A - -
Table 41. PD3..PD0 E_WEEEHES
5 PD3/OC2B/INT1/ | PD2/INTO/ PD1/TXD/ PDO/RXD/
B PCINT19 PCINT18 PCINT17 PCINT16
PUOE | 0 0 TXEN RXEN
PUO |0 0 0 PORTDO « PUD
DDOE | 0 0 TXEN RXEN
DDOV | 0 0 1 0
PVOE | OC2B f#g 0 TXEN 0
PVOV | OC2B 0 TXD 0
DIEOE | INT1 fiEfg + INTO f5E8E + PCINT17 « PCIE2 | PCINT16 « PCIE2
PCINT19 +« PCIE2 | PCINT18 « PCIE1
DIEOV | 1 1 1 1
DI PCINT19 # A PCINT18 A PCINT17 A PCINT16 %A
INT1 8 A INTO # A RXD
AIO - - - -

ATmega48/88/168 mu————————————————————
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/0 %z O & 77 3% #Y 15t B
%0 B BIBF7H - PORTB

Bit 7 6 5 4 3 2 1 0
| PorRTB7 | PORTB6 | PORTBS | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTBO | PORTB
®/B R/W R/W R/W R/W R/W R/W R/W R/W
MHE 0 0 0 0 0 0 0 0
w0 B HI\EH @ EFF2R - DDRB
Bit 7 6 5 4 3 2 1 0
| opos7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 pDB0 | DDRB
®/B R/W R/W R/W R/W R/W R/W R/W R/W
MAE 0 0 0 0 0 0 0 0
%O B ¥ ASIBMY - PINB
Bit 7 6 5 4 3 2 1 0
| PiNB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO | PINB
®IE R R R R R R R R
MHE N/A N/A N/A N/A N/A N/A N/A N/A
w0 C BIEF 88 - PORTC
Bit 7 6 5 4 3 2 1 0
I - PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO I PORTC
®IE R RIW R/W R/W R/W R/W R/W RIW
HE 0 0 0 0 0 0 0 0
im0 C BIEWS M FER - DDRC
Bit 7 6 5 4 3 2 1 0
I - DDC6 DDC5 DDC4 DDC3 DDC2 DDCA1 DDCO | DDRC
®IE R RIW R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
w0 C M AS|Hut - PINC
Bit 7 6 5 4 3 2 1 0
| - PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO | PINC
BB R R R R R R R R
EE 0 N/A N/A N/A N/A N/A N/A N/A
%A D HIESF 73| - PORTD
Bit 7 6 5 4 3 2 1 0
| PorRTD7 | PORTD6 | PORTDS | PORTD4 | PORTD3 | PORTD2 | PORTD1 [ PORTDO | PORTD
®/E R/W R/W R/W R/W R/W R/W R/W R/W
EE 0 0 0 0 0 0 0 0
%A D #HIF S @ EF8R - DDRD
Bit 7 6 5 4 3 2 1 0
| ooo7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO | DDRD
®/E R/W R/W R/W R/W R/W R/W R/W R/W
MEE 0 0 0 0 0 0 0 0
i A D W ASIHibit - PIND
Bit 7 6 5 4 3 2 1 0
| pinD7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO | PIND
®/E R R R R R R R R
MEE N/A N/A N/A N/A N/A N/A N/A N/A

ATMEL 7
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SAEBFHTET SIH INTO 5 INT1 5% PCINT23..0 ik, REERET i, BNESIB INTO
5 INT1 5 PCINT23.0 BEE R , REBFEXETEENEL , AlftE&f %, XA
A A ARTERGE TN, REMFSE , PCINT23..16 oI LR B F {0 Gtk S EBH
W PCI2 , PCINT14..8 S|l 9 BB F AL At & SN EB I PCI1 , PCINT7..0 fFAt % S EB
i PCI0, PCMSK2, PCMSK1 5 PCMSKO ZfZ28 N AR EWNSIM EMEFEL
£ T, PCINT23..0 AHHHHRNERLSW, LRMEH , MEMFEHERN & , X
L6 e i th AT SAF SR B3 M IR ER AR S B8

INTO 5 INT1 AT LR TR, LR | B REEF ML, E4EBHABFIRFTE
B3 A—EICRAKIREXRBEE. X INTO INT1 PHEERIRENBFMER , RESIH
BEFHEK , PHMA™4E, EER INTO = INT1 EESTRARLEARARL T, I
/ORI # AMTHEGES AP 22 ‘M RERE S W THEZEER). INTOSINT1 HEBRF
FHRNERT N, tRIBRCTUARESEMNKREERNGRE, EREIR (BRT =R
BRX ) & 1/0 B REIEN,

B BEFHEE MCU NEBERER | ERIEFEBFREF—EEILE MCU TR
MEESREHAL PN, MRMEBFESHRBEERIFEKL , MCU fFEKREE | B KT
Tk, B EBABLY SUT 5 CKSEL RE, i# P22 “ RET4h R EMI 7,

AT GITFRR A QEREPUALK 5 X AVEH L,

Bit 7 6 5 4 3 2 1 0

I - | - [ - | - | sc1t | iscio 1SC01 ISC00 ]| EICRA
®/B R R R R R/W R/W R/W R/W
MHE 0 0 0 0 0 0 0 0

e Bit7.4-Res: F81¢
ATmega48/88/168 X B Ax iy , HIZREEN "0
« Bit3,2-1SC11,ISC10: il &SRB 141 520

SNERFRIT 1 ESIBD INT1 BUR |, 4R SREG F172RRY | AR (L A48 B2 AY 5 W Rk 42 B L Y
o AR5 XU Table 42 AR, FERNDAE B MCU B ERA¥ INT1 5| LR BETF, MR
BETORMESANBFIRAMR SN, AR E AT — 6t 3 5 80 o £ At
KRN, SRR EERIEARR P, MREREEFMEFN , BAMBEFLHR
B ESHITTER.
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SNEHMTERTFR - EIMSK

SAEBHMIREFFR - EIFR

2545D-AVR-07/04

Table 42. M 1 filk 75 X425l

ISC11 IScC10 | i%E3
0 0 INT1 FR TR 7= 4 FHFiE R
0 1 INT1 S| L EEH BB BT EIT S| K il
1 0 INT1 W TR =E RS PRTIER
1 1 INT1 By EFHRF=EFTHIER

« Bit1,0-1SC01, ISC00: iR HNBH 0 21 50

S\EBH T O FSIBD INTO Bk , IR SREG FEESMY | PRENLFIH B A TR RALE Y
. &I Table 43 Fi R ERNLAET MCU B & KHE INTO SIB EM BT, IR
ERTHRMMASNSHEFTAA TN , BBLFLERE AT —oddh B A ko i
KW SRR FARERIEALL P, MREREEFAEAR , BAKEFAHR
BRI HFIESHITEK.
Table 43. FHf 0 ik HAIZHl
ISC01 ISC00 | i%EA

0 0 INTO F{E BB Bt 7= 4 Fh i SR
0 1 INTO 5| EEZERIZ BB F T BT 5| & I
1 0 INTO B9 FB&R =4 T 5 hlfiFER
1 1 INTO B9 EFHR = £ 75 HITiER

Bit 7 6 5 4 3 2 1 0

I - - - - - - INT1 INTO I EIMSK
®B/B R R R R R R R/W R/W
NBE 0 0 0 0 0 0 0 0

e Bit7..2-Res: 81z
ATmega48/88/168 X B Ax iy , HIRREER "0
e Bit1—INT1: ASBHMER 1 6588

L INT1 R "1, MBIRA S 188 SREG Y | fREE , AR AZBSI IR ERE T oS4
R b T i | 27 1788 — EICRA By Pl i & 77 V3241 (1ISC11 5 ISC10) REHUT 2 H INT1
EFn., THRE K CEEFMAN., Feezia , BESIH INT1 HEERNHY , LES|H
BEXETHNNEY  dHMaTE, HANANTIEESRN INT1 FlfEE,

e Bit 0 - INTO: B PTiER 0 fERE

HINTO R 1", M BRAF 85 SREG W | #REEL , MK IR SI M TR EERE T o S
EB AR T2 5 & 7785 — EICRA B ik 5 AR HI A2 (1ISC11 5 ISC10) IRTE R HT = B INTO
EFm, TR K EREBFMRN. Eiez/s , BIESIH INTO HEENAY , RZE5|H
BRRETHNNEL , PERA™E, METIEERN INTO PHfEE,

Bit 7 6 5 4 3 2 1 0

I - - - - - - INTF1 INTFO I EIFR
®B/B R R R R R R R/W R/W
NBE 0 0 0 0 0 0 0 0

» Bit7..2-Res: RE{x
ATmega48/88/168 X B Ax iy , HIZREER "0
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5| e 7R 3L A i 4 Al T A7 R -
PCICR

SIHEF RIS TR -
PCIFR

AIMEL

* Bit1— INTF1: S\ 3B ifrdR& 1

INT1 S| EBF & 4 Bk ATt & R ITE SR |, HE N AR P ETFRE INTF1, 2158 SREG HI
| AR EIMSK 251785 8 Bi fY # f 5 & ulNTHJ '1” ,MCU ENBk#: % J$EJ*E’JEF&J’1|‘1§°:&)\
FHRSEFZEEZNREBES. A, i5E uﬂz‘nxﬁ HEA "1” XKEE, & INT1
BERNBEFAE , U INTF1 —BERE,

» Bit 0 — INTFO: A ZEhiF#rE 0

INTO S| EB R AE Bk AR Bt AdUR R IE SR |, H B 48 BRI AP BT AR5 INTFO. 205R SREG B
| AR EIMSK Z 1723 40 RI#Y M SEREAL INTO 39 ™17 ,MCU BN Bk B0 R A P e & o 3 A
T RSB 2FIZIRSEEEE Jtl:% R B EEEA 1" FES. 2 INTO
BERNBFAA , M INTFO — Eﬁ]

Bit 7 6 5 4 3 2 1 0

Il - | - | - - - PCIE2 PCIE1 PCIE0 | PCICR
®/E R R R R R R/W R/W R/W
DEE 0 0 0 0 0 0 0 0

o Bit7..3-Res: REfI

ATmega48/88/168 X B AX iy , HIZREER "0
» Bit 2 - PCIE2: S|BIEB FI{L R fERE 2
Y PCIE2 {15 SREG W{i | & "1”, {E#ER PCINT23..16 SIH L {EM BT T {LE 4L 5

T, AR SIEBEF T REREA PCI2 RHfEEHIT, PCINT23..16 SI#IALLE
¥ PCMSK2 ZF1za5 8 IhfiERE,

» Bit1 - PCIE1: S|Bs®a F (L A M {ERE 1
¥ PCIE1 {u5 SREG Kz | & "1, fEBERY PCINT14..8 I LM {EMEFT{LELSIH

i, MR SIEBETLHIERE PCI1 hif@mE{T,. PCINT14..8 S| A LB
PCMSK1 & 1785 8 F AL,

» Bit 0 - PCIEO: 5|82 F /LR M8 0
¥ PCIEO {5 SREG H{z | & "1”, fEAZR PCINT7..0 S| EMEMEF L HLEI#E

i, MEMNSIMEBEFET/LPIiERE PCIO FHEEHIT. PCINT7..0 SIH ] LUES
PCMSKO0 1785230 F AL,

Bit 7 6 5 4 3 2 1 0

Il - | - | - - - PCIF2 PCIF1 PCIFO | PCIFR
®/E R R R R R R/W R/W R/W
EE 0 0 0 0 0 0 0 0

» Bit7..3-Res: #&{

ATmega48/88/168 ;& B AIX L , HiZREENR "0
 Bit2 - PCIF2: S| T L MiFRE 2
L 5| PCINT23..16 L BBF (vt k PRTERE , PCIF2 & "1”, MR SREG FF&9H

M9 1L 1 5 PCICR HF8 M PCIE2 & "1”, MCU FaB#&EMNN P mE, 4
MR IMITE | ZAREHOFER. B b B BB "1 R B,

* Bit1-PCIF1: S| F (L HTERE 1

L S|H) PCINT14..8 LEBF (L0 K FHTERET , PCIF1 & "1”, M8 SREG FF884 1
{2 1 5 PCICRFESRFH{PCIE1E"1” MCUH%ELE’% BN THOE, YHHEF
HATHY |, ZAREBEBR, iZﬁL&EIiEiSIEiE’;E "1” K ER

 Bit0 - PCIFO: S| BB T3 R Hi#RE 0
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SIMBEFT{LREBHFER2 -
PCMSK2

SIMBEFT{LRBHFER1 -
PCMSK1

SIMZ{LREEFERO -
PCMSKO

2545D-AVR-07/04

MS|# PCINT7..0 LB FET vt &k P ¥iERE , PCIFO & "1”, 118 SREG ZFFEEHM |
{7 | 5 PCICR HFZ8 78z PCIEO & "1” , MCU FABHEIIENMNPHEE, X PmE
FHATH | ZAREBOERR. uumiﬁﬁs;&?ﬁ "1” R BB

Bit 7 6 5 4 3 2 1 0

I PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16 I PCMSK2
®/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

+ Bit7..0 - PCINT23..16: S|BIe8 F (L. ERERERK 23..16

PCINT23.. 16 & — R EMEMAI/OSI M BEF L hif R EFAE. MRPCINT23..165
PCICR EHIPCIE2 B , MBI SI BB AL (L P T FRE, IR PCINT23..1655% , 4
r“Eﬁ%IHfﬂ%ZFI%%M%

Bit 7 6 5 4 3 2 1 0

I - PCINT14 | PCINT13 | PCINT12 | PCINT11 | PCINT10 PCINT9 PCINTS8 I PCMSK1
®B/IB R R/IW R/W R/W RIW R/IW R/W R/W
WNHE 0 0 0 0 0 0 0 0

+ Bit7 - Res: ##&1f
ATmega48/88/168 & B AIXLfy , HiRREENR "0
 Bit6..0 - PCINT14..8: SIBsB FEF{V ERER R 14..8

PCINT14..8 F S —REMNK /0 SIMBFFLH R EFRE. 1R PCINT14.8 5
PCICR L& PCIE1 {ui&{Z ,MEMKSIHBTEZ{L PR, 2R PCINT14..8 5% |4
MK S| B e F AL R lztﬁmmo

Bit 7 6 5 4 3 2 1 0

I PCINT7 | PCINT6 | PCINT5 | PCINT4 | PCINT3 | PCINT2 | PCINT1 | PCINTO I PCMSKO0
B/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

+ Bit7..0 - PCINT7..0: S| e FT{LFERR 7..0

PCINT7..0 I —(IREMNE /O SIHEFETLFITREEFERE. MR PCINT7.0 &
PCICR LK PCIEO LB , AR KV S| EE F 3L R fiERE, ZNR PCINT7..058% MM
SIMEEF TP,

ATMEL 7
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BEE PWM IZhEEM 8 L T/co2—MEMM SRR/ iHREER  ARMAIM M RS T B XEPWMI
N >4 ps . TRUEBHNEFREN (SHER ) SREFE. HEERSWT
BT RR / T EYAR O © P AR H AR
s NEHMMBLEBRTES
- BWREEAEMNBRENES (B3NS )
o TF R , HMUEHEN PWM
« A PWM 1A
o ML
o =AM YR (TOVO, OCFOA 5 OCFOB
&k Figure 28 79 8L E AT B8R/ 1T BR BRI B L AER . SKBRSIBIBESIES E P 2 “ATmega48/88/168
SIEIEES " ., CPU WILAIGRIAY /O BF1E85 , B/ MSIH , LLBREKE R, /0 FERSHMM
L ES|TF P 88 “8 AL ERTES / ITEES S FESV WA,
P 34 “ Th3EM#IZ1ZES - PRR” F R PRTIMO {4 E "0” LAEEE T/CO #ER,
Figure 28. 8 {Z T/C K 1EH
e -
| TTOP BOTTOM C|kh0
“ Timer/Counter
)| |
‘ P+ 9 r
= i =
> o P ;
: e
; - > Generation
5
| TCCan | | TCCI:nB
i ; i
X AN ELHEERBRAEAZSNMUEANERRT. PEMN VIR T TICHFES , FEILLED
R0, NEW X EARTHELLRETEE , FHEIAEE A REE B, EREERERFN
EFEARBRNEN , flER TCNTO RiFR T/CO itHEBE , &%,
Table 44 WESERA T2 X,
80 ATmega48/88/168 mu————————————————————
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Table 44. E X
BOTTOM | it#k&8it%| 0x00 BYEDIAZE| BOTTOM
MAX THERER 1T B OxFF ( 2t HIRY 255) BFENAE MAX
TOP THERERIT 21T 85 P 9 B KBRS ENIA 2| TOP, TOP {E T BAN B E B OxFF
(MAX) , REEM% T 51785 OCROA BEHEE , EAB T EERNBE

Hi7es T/C(TCNTO) #%i tH tb B & 1788 (OCROA 5 OCROB) 8 (U 1785, FUfER (BFREER
Int.Req. ) EBEEN2F RIS E 125 TIFRO #8E R MR, AT S iTER o] LUE S E A 85 P
W BRI FET TIMSKO #3h¥ 1T R BH&E4%A E TIFRO A TIMSKO,

T/IC A LA A ZRE 40 RE S T2 42598 3) |, REEI TO SIHIAY A ZBRS 43R RIE B o A4k
B2 EEREH ERB— RS L kigm ( SERE )T/IC WHE. REEIR
B4R T/IC A I/, B4R R ERN A HE R ER SR clkrgo

MEE R 5 H LR F 788 (OCROA 5 OCROB) ##4:# 5 T/C HBEHTHR, LEHNE
BAAR~E PWM K |, SREH H LB 5B (OCROA 5 OCROB) LA LSRR H |
MmP 105 EAWHLLRE T " WANBRE, LREREEBEHEFEMNLRIFE (OCFOA
OCFOB), LtHRATAT LA SR & i H EE R T R o

T/C B9 B3R T/C AR A EBE SN RA DR H RIS, B4R 2 BT A% RBERE | et
R BEERNT T/C #4|F 725 TCCROB By &R CS02:0 #4199, P 94 “T/CO
5 T/C1 2L Wit ESMo MaiE RN ER,

THEERE T 8 1 T/C WIEEL S H AR M A T RE T, Figure 29 BN i3k AT A BB IE
=R

Figure 29. itHEE T HIER

TOVn

DATA BUS (Int.Req.)

=] o
# Clock Select

count Edge -
D clear clk Detector [
TCNTn - Control Logic [——
_, direction

( From Prescaler )
bottom T Ttop

EFHE (AHES) :
count fi£ TCNTO b0 1 =R 1,
direction EFINRESFEIRE,

clear JBER TCNTO (FHFIERNILES ).
clky, T/C KyBS4F |, clkyg o
top FKRTCNTO ELEKF THRAE,

bottom N TCNTO ERIEE 7 &/ME (0)o
RETRANIEER | ITREHXNE — 1 ok RIER. —RE —181E. clky, ATEAA
AR BA TR~ E | EARNMIERM CS02:.0 BE, A EBR RN
(CS02:0 = 0) FERTEREMELL , B RFEARA clkr, ,CPU 2B LA /8] TCNT0. CPU B2
ELEIT BB HAIRE (WS, MRRE ) WIEER S,

ATMEL g
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AHLERET

5 A i LR

B TCNTO #4E/FE 1k LB TR

AIMEL

THEF SR T/CIEFIE 1788 (TCCROA)HWGMO1FWGMO00 5 T/C#2 %25 1783 (TCCROB)
# WGMO02 RE. ITHEBRITBITH SR E LR OCOA 5 OCOB R EEENXR. B
R BFIHRFEFENFAEEESE P84 THEER ",

T/Cita i H #rpR ETOVORIEWGMO02:0 iR E R TERAKIRE . TOVOR LA FF=4£CPU
o

SV LL R BRI LT TCNTOM % H Lt R F 12 880OCROASOCROB# 1T bR, —BETCNTOE T
OCROA = OCROB , Lt BRI A H ICEES. EEER K EMN T —/NER 27034 E A% Lt
B HR& OCFOA 5 OCROB Efi, &ItbAt OCIEOA = 1 B SREG £ BHMitrE& | BN ,
CPUF~= 4L R P M. ITHHTRSTEFAT OCFOA BZIES , th Al B HHE 1"
WAERNFKEE, BIFEH WGM02:0 H;I COMOx1:0 &EE'JTHE'JIYE*;‘t W &ERF
ACBRESFETRNER. B , BFEAXEEFEF A max F bottom E%ﬂ%f;ifmﬁg&
HTHEEHER (P84 THEER "),

Figure 30 A% LR B T HER,
Figure 30. ittt RETHER

DATA BUS
- t t >
OCRnNx TCNTn
| = (8-bit Comparator ) I
OCFnx (Int.Req.)
/
top — >
bottom | Waveform Generator » OCnx

FOCn »|

1

WGMn1:0 COMnx1:0

£/ PWM 3 rt OCROX FEBRAME N EFFR ; MEERE TERAMTENEEENX
WE AR S IE#), ]SS E S OCROx HEES top 3 bottom B ZIEIF R |
MBS LEF=E R FRH PWM BKoF | SEER T T B+,

PF OCROx HEFRREEKRESR  HEXFR, HREME M IEER ,CPU 15 A /Y2 OCROX
ZnEEeR ; BUEXREHIEER CPU B RIKINRZ OCROX A&,

THETIE PWM EXET , ATLUBIE XY 58 Fl % LR FOCOx B "1” B9 AR= £ LRI
B, BELREEFSENM OCFOx #1& , B RSER /FEERR , ER OCOx S| R
WER , FREMKET LLRITE —# (COMOx1:0 RE OCOx RE. BS , B "0
"1 REEAL )

CPU X TCNTO F7 2R 5% EET —MNER BRath F R I LR ICE Y & & | BIfELL
NENRELFLT . XMEERTLLARS OCROx #1#{L 85 TCNTO HERHEM T
fR R P T

82 ATmega48/88/168 mu————————————————————
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ERAmLERET

B Pl s 2 T

RS HEX MBI~ &
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ATFHEEZEXTE TCNTO #BFET — M ER SR AR LR TE | EFERAAHL
BT RE TCNTO aE X , Fie T/IC N REEZTESR. MREREAM TCNTO MK
EETF OCROx , LRIEEMMMEXRT , ERTEBWRFERAES R, KLl , EITHESE
HITEFITHRNTEX TCNTO EAZT BOTTOM WEHIE,

OCOx MREBNZERERFEAOFFER TR, XELMIRE OCOX WA EREER
& T A A 58 550 H LR FOCOx. BIfEE R R ER KA OCOx HFEHFHL—ER
BFENRE,

JEE COMOX1:0 MEBBIRE T ENE A, COMOx1:0 Ay ST F 3 Bl A .

LRI B AR K 32 B L COMOX1:0 EBENEINRE. KREKEREFA COMOX1:0 KEE T —
R LB TR % 4E Bt 9 HE EEBUIRAS (OCOx) ; COMOx1:0 iE# 4] OCOx S| Bt S S 83k
R Figure 31 % COMOx1:0 i BE¥ WA E{LIBHEER, 1/0 FFe:. /0 fIF /O 5]
BIUEER R, BB RAH TS COMOX1:0 EMAYER /0 wOE4IE5Fes (DDR M
PORT), % R OCOXRASR B R A EOCOXF 7S , M A ROCOX3| . RLEMATOCOX
EEEEE

Figure 31. LERICHE & H & T /REH

—D

COMnx1

COMnx0 Waveform D Q
FOCn Generator
o 1
OCnx
OCnx o :: Pin
A
»D Q
(%)
)
m PORT
<
2
\j DDR
clk,q

WRCOMOXx1:0F7£RAE | BAI/O OThEEFBUR T A £ 850 M H L& IThsEEMR . 1B OCOx
SII A AL R H AR RIE S RS 1228 DDR 24, £/ OCOx et BB A BB
SHIE S R FEEH DDR_OCOX [ fF b SIBHEE N, WwOThee SR A £/ TE
BRER,

i EEBROB AR T A VF OCOXIRASE M < Al B BH TR L. BERFEL COMOx1:0
REREBSLTHMBERE , ¥R P 88 8 LER 2/ T HRFERMNUEA ",

B EERBRFIH COMOX1:0 W EAEEEERN, CTCEXHMPWMERXTEMXS, X4
FREMNER iRE COMOx1:0 =0 XRALREE X EMEFEXERTRERE OCOx FHiF
83, 3F PWM EXH LB BES N P 88 Table 45 ; RiE PWM WILbB# R T P 89
Table 46 ; fHZ{E1E PWM I Lb 3% 72 P 89 Table 47 ik,

& COMOX1:0 FEMEABBEENE —ALRTE. XTIk PWM EX | AlBEE
A FOCOx k3 Bl £ R,

ATMEL 2



THEBRR

EEEN

CTC( kB EEERER)
L EN

AIMEL

ITHEER - T/C MEHLRSIBNTR - AEFEAEESN (WGM02:0) &R HER
(COMOX1:0) W& RE, LRAEEEXNTITHRFIEEENE | TRE~ EERXT TR
FHINAEENE, COMOx1:0 24 PWM 2B N kK. IE PWM #ERX et COMOx1:0
BERHEESNZELRER X EHEN, BE , AIREFHR (P83 “ LRICH A HE
T )

BN FEEESE P87 ‘TICHFR" .

EEERX (WGM02:0 = 0) AEMEN TEER. EUEXTITHBIFA=tE N, it3 8
b3S R RESE (TOP = OxFF) , B FHESR H 1T EES 2 iR E B &/ ME 0x00 EHFF
¥, & TCNTO REHNRE —NER ST E T/C B HARE TOVO Efz, it TOVO BERE
Fow, RREREN , T2FE, EHTENSTPHRSEFEB BZES TOVO ,
LA MBES G REENSBNIBE, EEERATEEMLAETERSKEZRN , AR T
BERt B AFH 1T BB BB,

MRS T AR LE R, ERFAEEESBERN TR AR KBRS ERT
NixeEAAZH CPU BYHE,

#£ CTC #3{ (WGMO02:0 = 2) ™ OCROA FZ&A T W IR 2 PR, HitHB[HHK
B TCNTO % T OCROA R} it #2875 F. OCROA EX 7 it#2349 TOP (& , FRENiT KR40
DYPR, INMEXEFAF ATURE S IR 6 LR ICE i H AV R | L T B4
MR,

CTCHEXM BT FE RN Figure 32, iHHREBRMETCNTO —ERHEI TCNTO 5 OCROA LA |
ARG TCNTO B,

Figure 32. CTC EXfrFHE

OCnx Interrupt Flag Set

A A

/ / / o
8gggle) —_— —_— L

(COMNX1:0 = 1)

Period I 1 ~I 2 ~I 3 ~I 4 ~I

FA OCFOA HRE A AR ITIERIEAE] TOP =4, EHMRSEFEAIUESN
TOPHY#R{E, AT CTCEAZAENEFIEE , EiH HEBFULT S MBRRIEN 2 HRHT
FERYBHERF TOP BN #RIE BOTTOM MEER B/ i, WMREAH OCROA HENT
LB TCNTO MME , BB EXR —RLEREE, £ T - REREEREZH |, TR
FHETEIUTHBRKME OxFF , AREEM 0x00 FF#4 1T #E OCFOA.

RATHECTCEXTEBE R EE  TLLRE OCOAEB A REH A £ AEBEETF,
XA LB % E COMOAT:0 = 1 REMK. FEHIEEIRE OCOA 2 dl , BAENHKO
WENBH, BERKEREE=ENRRIMERN foe = fy 10/2 (OCROA = 0x00), EH
WTFAXEE : -

¢ _ fak_ 1o

ocnx = 3TN (1 + OCRnx)

TENRKKMOMAF (1. 8. 64, 256 =K 1024),
EEBEXT , TOVO RSN EN R EEITHERMN MAX Z R 0x00 #YERT 25 B4 /A .

g  ATmega48/88/168 s ——————————
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BE PWM #E3

2545D-AVR-07/04

RIE PWM & (WGM02:0 = 3 = 7) ATAR= A S PWM K. REPWMEXS
Hi PWM B AREZHR2EERFETESR. 1TEHESM BOTTOM itZl TOP , RiF 3L
ENEZ BOTTOM EFHFE. X4 WGM2:0 =3 8t , TOP EX K OxFF |, 1 WGM2:0=7
B, TOP X OCROA . X TEBH LR 5 HER | fr i LR S|/ OCOx £ TCNTO0 &
OCROx [EERESE ,7£ BOTTOM &M ; W T B L& EHE ,0Cox W {EIE T4
K. BFEATEHFEER |, RIE PWM BXH TR ANHHE M AE E PWM
ERXE—E, LSRR ESEESIE PWM ER T2 EEFHRFY |, BHFN DAC N
o BB/ TR (BB, B ) WWERSY , NAIBRIERS KA
THEFIREPWMERE | ITHENBE—EEMNE MAX , REEZENNSEAHESE,
Bk et BN Figure 33, B AR TCNTO RRX 2 &R IRE. FERENES
TEEN PWM U RKE PWM #i., TCNTO Rbg EMEKFLRR OCROx M
TCNTO By LB TR,

Figure 33. i PWM EX 67 E

OCRnX Interrupt Flag Set

OCRnx Update and
TOVnN Interrupt Flag Set

y

TCNTn /

OCn (COMNx1:0 = 2)

OCn |_| (COMnNx1:0 = 3)
; | AP PN PN PN | ,
Period |<—l I 2 I 3 I 4— I i 7

TR BRBUEIR | TOP BY T/C i@ Hi#n& TOVO &z, MRPUIERE , EHMIRSFEF AL
EHLLRE.

THEFHRIE PWM ERXAT |, tb&R & Tl BLE OCOx Sl B L% H PWM B2, COMOx1:0 A
2R AFEZEN PWMES ; 7 3 WAL= 4 K@ PWM B iR WGMO02 v B ,i¥
COMOA1:0i& & 9 "1 7] A fF OCOA 5| B 1E LL R Pe g At B8 F X # 3 1k . OCOB 3| flS& /XA
Th&E (2 P 90 Table 49 ). EAR1E 5| L B2 HE S ELTUF OCOx WEIE S Mg E
NEH. 74E PWM EFEHHIER OCOx FF887E OCROx 5 TCNTO EE A B ( ZiE
) UREITHBRES(MTOPZ N BOTTOM) WA — M ER 25 EH4+ AEEE (REM).

WK PWMMIRTES M T AR ITESE

AN
N
\\‘
AN
AN
N

; _ oo
OCnxPWM N - 256

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

OCROA FEFEHNMEBAENKRTRRIE PWM EHRXH — LK ER. & OCROA &F
BOTTOM |, % i 7 HIEEMAX+1NEBT 2R a5 B HIM =Rk F ; OCROANMAXET | 1BiE
COMOA1:0 Mg E , M EN S EERIKEF,

ELIRE OCOA £ LR ILE A # /T BEBERR (COMOXT0 = 1), WLEE| EZo L
50%HEHIE S . OCROAN O EE B RBEMESL , =, /2. X MEUALFCTCHER
TH OCOA BUR B , FRZALE FHZE PWM B X EBREA.,

ATMEL z



IS IE PWM R

AIMEL

MAIEIE PWM 3 (WGM02:0 =1 5 5) RAFRET — M RESBEMHMIEE PWM
BN, ERXETRAREE, itedz5E2E 1M BOTTOM itE TOP , RE XM
TOP #5RE % BOTTOM, 2 WGM2:0 =1 &F ,TOP E X OxFF , M2 WGM2:0 =5 B¢ ,
TOPENXHNOCROA . E— MR MEERT , HitetsSETOPITEETE XL T TCNTO
5 OCROx MYIEEL , OCOx fHEZRNIEBLTF ; MAEITATESE BOTTOM HHEHNEXRET
TCNTOS OCROXHIPCE ,OCOXFHENASHEF, TEFREMELRNUIEFER. 5
BRIRIREMLE | MRIHIRETTREBNERIAEXRE N, ERTERNHHEY , +29EET
LI E,

MMEE PWM X T | it Tl RMEER TOP , REFHREITE. E£—NENS
TR EHIE TCNTO M{ES T TOP, BAFE TSN Figure 34, B TCNTO WWEER &
RERR , LHBAXNRIEIRE, AERRGEETEE PWM Wi HFRE PWM 8958 H
TCNTO f3% ERY/MESZ KRR OCROx 5 TCNTO W LR ITEL,

Figure 34. M{EE PWM EX B FE

OCnx Interrupt Flag Set

OCRnNx Update

TOVn Interrupt Flag Set

¢
-t
¢
-
¢

o S IN NN

OCnx

(COMNx1:0 = 2)

(COMNx1:0 = 3)

L

ocnx M
J
|

+ 1L

Period I 1 2

HItE2RAE BOTTOM Bt T/C i HAREAL TOVO B, AR A A K™= £ o

THEFHMIEIE PWMERXE | b3R8 T A BAfE OCOx I il™= 4 PWM 5K - i COMOx1:0
RER 2 A E BB PWM % E COMOx1:0 7 3 =4 K [E PWM 55 : tl &R WGM02
B , ¥ COMOA iZE R "1” AT LAE OCOA S| 7 L P Bt it HH BB R U » i TN
OCOB5|IFTc3k (S P 90 Table 50 ), B487E 5| il 18 B4 H 15 538 AU OCOx I Eh B
FEEERHH. OCROx #l TCNTO LbBRILH & 48 OCOx FFEEN~EHMNNEER
BEAIRE  NTZE PWM K, THEFHRUBSEERS PWMAETHETRLARNIKE :

£ - fclk_I/O
OCnxPCPWM N-510

T8 NRTMDMAF (1. 8, 64, 256 5 1024),

OCROA B84 FHREMRRK THMBE PWM EXH —LEKIER, £Z8 PWMER
T, & OCROA & T BOTTOM , i tH —EREFFNIKESF ; & OCROA &TF MAX , % H
BRERNESEFE, kB PWM ERX N EFHER.
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1 Figure 34 MNE 2 NEH , EARSBRELRITE , OCnx B HI T
%, 5B # R RIE R BOTTOM B B3 Fr. 874 Ltk Emﬁﬁﬂﬁﬁ' %/Ré&f}uﬂ@io

#0 Figure 34 Fi 7~ , OCRnx MIEM MAX 203 1 HAbEi 3R, & OCROA B MAX B , 5]
B OCn i3t R S T E B iR i LR TR AR, S T RIERAE

BOTTOM AUl B9 XS #5 , 24 T/C B BE 3 MAX B | 51 B OCnx Y %1 H X 24708

O NSE9: 0k

A& fa E

FRBLREGE R, LR ET T 8R%E LRI K E OCnx H13AE P

HIAR.

ERBEM— L OCRnx BMEFKRIEH , ARMEKXRT —
BEES OCnx A BN B SEW BT, REELSIA

F2# BOTTOM MM AIXS#5 |,

TEZANBRRBLRERRE OCnx AMIRERENIAR,

T/IC RFHE
ERX 2 AHENIZIE MAX 2SR F 5.
Figure 35. T/IC B{FE , T 5 #zR

clk,q

N

L

REERICEL, R T RIERK

TIC REIZ B , HIL AR clkyy AIARRABEHERES N TEAR. BREHAT

RS IRER AT A, Figure 35 44 TEAK T/C THNF , URKR T HALEE PWM

L

clky,
(clk,o/1)

TCNTn MAX - 1 MAX

BOTTOM

BOTTOM +1

TOVn

Figure 36 FT R AHERH T/ER 5 , (BET S .
Figure 36. T/C BYFE , MO MBRN Ty 10/8

clk,q

clkq,
(clk,/8)

] [

UUUUuuIn oL

-

LNBEER
:

LUUTUUL

TCNTn

MAX - 1 MAX

BOTTOM

BOTTOM +1

TOVn

Figure 3744 7 &M1EX T OCFOB , AR R T CTC X FMPWMEX T OCFOAM E1E

M. OCROAKIEN TOP,

ATMEL
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Figure 37. T/C B{/FB , OCFOx Bf , A IMERN fyy 10/8

clk,q

clkq,
(clk,o/8)

TCNTn

OCRnNx

OCFnx

i
]

LUUUUIIL
s

LUUUUULL
.

LUUUUIUL
.

UL

OCRnx -1

OCRNx

OCRnx +1

OCRNX + 2

OCRNX

Value

Figure 38 45 T CTCE R S1RIEPWMIE X FTOCFOAEB M FITCNTO/EBRA 1B . OCROA
M{ER TOP,

Figure 38. T/C B{/FE , CTC &= , MOMERN fy 10/8

clk,q

clkq,
(clk,o/8)

TCNTn
(CTC)

OCRnNx

OCFnx

8 (VIERER / TR F 728
A9 15 B

T/C #4515 1788 A - TCCROA

Bit

®B/IE
HaE

i
]

LULUUIIL
s

LUUUUULL
.

LUUUUUUL
.

UL

TOP-1 ToP BOTTOM BOTTOM + 1
TOP
7 6 5 4 3 2 1 0
I COMOA1 COMOAO comMoB1 COMOBO - - WGMO01 WGMO00 I TCCROA
RIW RIW RIW RIW R R R/W RIW
0 0 0 0 0 0 0 0

 Bits 7:6 —- COMOA1:0: LB PChis i A H=

XEEARE T LR ITE & 4 Bt HH S B OCOA B, 215 COMOA1:0 Y — s £ 3B
B , OCOA ULtRIEE M HN AT I, AEAREEHMERERN 1 LERERH

HIREH 2R

% OCOA E#ZIYIE S| Lt , COMOA1:0 K ZhEEH WGMO02:0 (U HYiR BRE, Table
45 4 HY WGMO02:0 iR B E B CTC # X (IE PWM 3K ) &f , COMOA1:0 B ZhAE,

Table 45. &M EES |, JF PWM ER

COMOA1

COMOAO | #iEA

0

0

EER I OE | OCOA KRiEHRE

88
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Table 45. Lt&EH HES |, IE PWM &

COMOA1

COMOAO

WA

0

1

LR PEAR & 4 8 OCOA BUX

1

0

B ITEL & 4 8F OCOA BE

1

1

HB THR & 4 Bt OCOA E 1z

Table 46 4 H T 2 WGMO1:0 iR &} 1% PWM # X it COMOA1:0 KIZhAE,
Table 46. LbR&HHETR | RiE PWM R ()

COMOA1

COMOAO

WA

0

0

EEEHGORME | OCOA KRiERE

0

1

WGMO02 = 0: EE K% OIRME , OCOA RiEE
WGMO02 = 1: tb8R ITE & 4 i+ OCOA R

0

B IEE R £ OCOA EFE | it E TOP B OCOA Ef

1

B PEE & 4Bt OCOA B , it#E TOP B OCOA BE

Note: 1.

—MEHE R E OCROAZT TOP , H COMOAT B, It At EL R PUfi 4% Z e | mitEk
2| TOP Bt OCOA MIZHESEE M, FMERES A P 85« RIE PWM R~ ,

Table 47 41 7 2 WGMO02:0 & & {8 IE PWM & X it COMOA1:0 K ZhAE,
Table 47. LbR&HH#ER | BB E PWMERK D

COMOA1

COMOAO

L

0

0

EER I OME |, OCOA KRiEHRE

0

1

WGMO02 = 0: IEE /% O , OCOA KRiERE
WGMO02 = 1: tbE Ll % 4 i OCOA HUx

EAFIT B R ELRICERESE OCOA ; BFITHRNRELR
PEEgRFiE iz OCOA

EFFIT AT & £ LRI EFE L OCOA ; BRFFITEIRT KX A LbE
CEl & 7EFZ OCOA

Note: 1.

—NEBKE R 2 OCROAZ T TOP , B COMOAT B, AT LR ICEVFRZRE | itk

Z| TOP Bt OCOA HIBIEREB N, FMERIES

S0 P 109 “ NS 1E PWM *;‘t 0

 Bits 5:4 — COMOB1:0: (bRt H B &5
XL RTE T LE IR PCBL & A B 4 HH S| B OCOB BEZE, R COMOB1:0 B —{us£3p

Bfz , OCOB BALbBRILE % th#y 5 Xt 1

HIREh 2R

M OCOB EZZ Y IES| B £t , COMOB1:0 HThAEMREI T WGMO02:0 BYi% &

T, RREAEEFNVEIREN 1 KAEER

o Table 48

4T Y WGM02:0 &%ﬁﬂﬁﬁifitﬂz CTC # =5t COMOB1:0 B Th&E,

Table 48.

bR HESR |, IE PWM E X

COMO0B1

CcOomMoBO

L

0

0

EEMNmORIE , OCOB KRiE#E

0

1

R T & 4B OCOB BUR

1

0

HEBRPTEL & 48t OCOB B E

1

R P & 4B OCOB Efu

2545D-AVR-07/04
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Table 49 441 7 % WGMO02:0 i& & 73 1Ri&E PWM & X if COMOB1:0 Y Zh&E,
Table 49. bR HESR | RiE PWM R ()

COMoB1 COMOBO | B8
0 0 EEN®HOKRAE , OCOB RiEHE
0 1 R
1 0 LR ITE R 46 OCOB EE |, 1T#FI TOP &t OCOB Efx
1 1 LB P ER & 4Bt OCOB &1z , 1H#4Z) TOP &t OCOB &&

Note: 1. —MEEkERZE OCROBZ T TOP , B COMOB1 B, AT LI P El 4 20 |, Wit Ek
2| TOP B OCOB WIZNESLEE N, HAEEIES N P 85 “ iE PWM = 7,

Table 50 44 1 T 24 WGMO02:0 iR & Jy #4718 IE PWM #E X B COMOB1:0 #9ZhAE,
Table 50. LbR#HER |, VB E PWM ER ()

COMOB1 comMmoBo | M
0 0 EERRORE , OCOB RiEHE
0 1 RE
1 0 EAFITHNEELRTEFES OCOB ; BEFITHER KE LR
CEFE I OCOB
1 1 EFFITERET & £ LR ICEFE L OCOB ; FMRFEFITERT X4 b
L’ EFS OCoB

Note: 1. —PMEKERE OCROBZ T TOP , A COMOB1 B, AT LI P E G4 20 | MitEk
Z| TOP B OCOB HIBIESLEB N, FMERIES N P 86 “ HHAIEIE PWM E ",

 Bits 3, 2 — Res: R & {u
ATmega48/88/168 & B EAIX LA , RIREENR "07
* Bits 1:0 - WGMO01:0: B =E R

XJL{Z5 TCCROB EHZ25H WGM02 &4 RIZFHITHEENITHRFS |, iTHENRAE
TOP , AR =4 MFKH , ¥R Table 51, T/C XEFMERE  TEEX | LRICE A4
FHEBRITEREE (CTC) , ARFH PWM X (L P 84 « T/EER "),

Table 51. R~ ERAWME R

T/IC T et OCRx 4 | TOVHER
#=X | WGM02 | WGMO01 | WGM00 | = TOP | E#HatiE wtz (1))

0 0 0 0 B OxFF | MEIESR MAX

1 0 0 1 PWM , #81 OxFF | TOP BOTTOM
{&1E

2 0 1 0 CTC OCRA | MEVE# MAX

3 0 1 1 HRE PWM OxFF | TOP MAX

4 1 0 0 RE - - -

5 1 0 1 PWM , #4Z | OCRA TOP BOTTOM
{&1E

6 1 1 0 R - - -

7 1 1 1 HRE PWM OCRA TOP TOP

90 ATmega48/88/168 mu————————————————————
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T/C #4I5F88 B - TCCROB

2545D-AVR-07/04

Notes: 1. MAX = OxFF
2. BOTTOM = 0x00

Bit 7 6 5 4 3 2 1 0

| Focoa | Focos - - WGMO02 | CS02 Cso1 Cs00 | TCCRoB
BI/E w w R R R R R/W R/W
HEE 0 0 0 0 0 0 0 0

» Bit7 - FOCOA: &Mt L& A
FOCOA X1 WGM 1588 IE PWM EX Bt F B,

BR , A TRIESRKFHHFEME , EFEA PWM R, E TCCROB EXNHEFE, WH
B1E, RERESRFIUA#ITHBRIRE, LLBRITHE % HSI# OCOA FF&E COMOA1:0
BIRER HAEN BT, E3EE FOCOA RU—MUFES , EIEX 58 5% H L BRE A
= COMOA1:0 HiRE,

FOCOATR & 5| RAEMH M , A2 ERAOCROAEHNTOPHICTCHER T X E RS BRH1TE
FHRE,

& FOCOA WIREIEIAL H 0,
» Bit 6 — FOCOB: ®&#if i & B
FOCOB X £ WGM 1588 JE PWM EX Bt F B,

BR K ATRIESKRBAENHREY , £FEH PWM B , E TCCROB EXNHEESE, XH
B, BEAEREIEFTHRRE, LB TE ML SIH OCOB fFi%Z8 COM0B1:0
BB HMENET, EEE FOCOB XL —MliFES , EEXNRFIMHELREER
2 COMOB1:0 iR &,

FOCOBAF 25| RAEAH M , i A2 7EFFAOCROBENTOPHICTCE N TX E R 2R 1THE
TR,

% FOCOB HIREIEB4 A 0,

* Bits 5:4 — Res: RE{u

ATmega48/88/168 & B E X L4y , EIREIER "0
* Bit 3 - WGMO02: B4R

HS M P 88 “T/C ###IZ 1788 A - TCCROA”,

ATMEL o



T/C ##%& - TCNTO

WMHELBRFEFESR A - OCROA

WHEBRFFRB - OCROB

AIMEL

 Bits 2:0 — CS02:0: BH4pikiF
AFi%E T/C BatehiE,

Table 52. BNV EN

CS02 | CS01 | CS00 | %8R

0 0 0 FTutsd , T/ICF I

clkyo/1 (RETAS )

clk;o/8 ( RE T2 M2 )

clky /64 (R BTAD 4R )
clk;o/256 ( REF D8R )
clk;o/1024 (R BT 428 )
B4 TO SIRMAA |, FRRALK
B4R E TO SIRMA , EFRARAK

0
0
0
1
1
1
1

PO e T N o T G Y o R

0
1
1
0
0
1
1

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

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

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE 0 0 0 0 0 0 0 0

BE T/IC FEa T UERNITHERN 8 MHREHTRER. X TCNTO FFRNEHE
RET -t IE L REE., EIHRBRESTHERFEH TCNTO WRERTRELR—
X TCNTO 1 OCROx HY LB PTEE o

Bit 7 6 5 4 3 2 1 0
| OCROA[7:0] ] ocroa

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE 0 0 0 0 0 0 0 0

MHLERFFR A LS 8 UMNHEE |, THEE ST RERRE TCNTO AT R, T
SRR S5 LR i |, 50E FIRTE OCOA 5| £ £ R,

Bit 7 6 5 4 3 2 1 0
| OCROB[7:0] ] ocros

®/B R/W R/W R/W R/W R/W R/W R/W R/W

MHE 0 0 0 0 0 0 0 0

MR FFR B IS~ 8 UMRE | THM ST ERMIE TCNTO #ATHLER, T
SRR S5 LR M, 5E ARTE OCOB 5| M) £ £ R,

92 ATmega48/88/168 mu————————————————————

2545D-AVR-07/04



E———————————ssssssmm A TMega48/88/168

T/C i R#EF 178 - TIMSKO

Bit 7 6 5 4 3 2 1 0

| - - - - - OCIEOB | OCIEOA | TOIE0O | TIMSKO
®/E R R R R R R/W R/W R/W
HE 0 0 0 0 0 0 0 0

+ Bits 7..3 — Res: R &1

ATmega48/88/168 VX LR EE |, IRIREIENR 0,

+ Bit2 - OCIEOB: T/C Wi LL &R ITH B HEfERE

Y OCIEOB MRS T FEMN SRR MEAE | #7717 &Y, T/C #v% H LR ITE B F#f
B, H T/ICHHLLRIE &4 , BD TIFRO 1 #9 OCFOB B , P RSEFBLURIT,

+ Bit1 - OCIEOA: T/CO #ith b B ITHL A S HfEERE

% OCIEOA MRS HF NS FRIMERENL | #58 "1” 84, T/CO M H LR PThl A AR i
R, X T/CO ML ILEL & 4 ,B) TIFRO FHY OCFOA Efubt , FIT RS R B AT,
e Bit 0 — TOIEO: Timer/Counter0 Overflow Interrupt Enable

Y TOIEO FRAFFERM 2/ P Ui EREAL | #X "1 8F , T/CO BV&E P Ui fERE. =i T/CO
RAERE , Bl TIFRO H#) TOVO L EfUAY , FMFARSEFEURIT.

T/C 0 iR EF 787 - TIFRO

Bit 7 6 5 4 3 2 1 0

| - - - - - OCFOB | OCFOA | Tovo | TIFRO
®/E R R R R R R/W R/W R/W
MEE 0 0 0 0 0 0 0 0

e Bits 7..3 - Res: & &

ATmega48/88/168 HH X LR E | IRIREENR 0,

« Bit2 - OCFOB: T/CO #H L% B FLfiitrE

% T/C 5 OCROB( #i it B Z 1785 0B) W{ETELRT , OCFOB BfI. WIVIEH MRS E
FEEAGESE N EE 1 RESE, ¥4 SREG F#91z |, OCIEOB(T/C Lt B [tE &
WrEAE ) A1 OCFOB #MEB AT , FHIREZEFBEIHNIT,

» Bit1- OCFOA:T/CO % HLL®& A IEEHRE

% T/CO 5 OCROA( #i i LB B 1285 0A) MY{EITELRY , OCFOA Efv, WIVIEFHIRSE
FEEHES , A LNEE 1kKES, ¥ SREG H#fZ I, OCIEOA(T/CO bR It
Wi{EHE ) A1 OCFOA B IR , HHTRZ R F B EHIT,

« Bit0 - TOVO: T/CO i ¥r&E

T/CO i@ H BT TOVO B, HITHNA PUTRSEFA I VEHES, kS , TOVO th AL
BEE 1 REE, Y SREG FH4I I, TOIEO(T/CO ;& H M fEAE ) A1 TOVO #E AT ,
FHTIRSRFBEMIT,

RSN HIREBEURF WGMO02:0 VKR E. IES N Table 51 , P 90 “ W= EE XA

ATMEL .
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T/CO 5 T/C1 T2 53
Lt

P ER A £9IR

SEERE N

S ERRTERIR

AIMEL

TIC1 S T/ICO A — IS HER  BEMNAUERRNZMRE, TERRNFEAT T/C1
5 T/CO,

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

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

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

B T1/TO 21 B2 B #0 SMERaS 38 AT L AE T/C B4 clkp/clkrgo SRS B BEGN RS
w4 AR BIB T1/TO ATRAE., REGRS (RH ) ESRIDNRNE. Figure 39
BT TITO BSRRESDARNBEN SRS ER. SEEHNBREN ok,
B EBEATRZY, M ERETEh N S | B ATUE AERTIER Y,

CSn2:0 = 7 B3 A4 M 8548 M B 1E Bk 5 7= 4 clk BKOF ; CSn2:0 = 6 BY S BkZE 51 & clky
7 9

Figure 39. T1/TO 5|4

N :
i D QP «Q > O P B
Select Logic)
—_ |
clk

Synchronization Edge Detector

MTSIM LRSS BN BENFHE , SIM T1/TO ENBEFR(LFELR 2.5 F 3.5 4
REAT AR S eI BRI ITERN .

B SERER H R ASTE TI/TORBEREED — M REMHAR B S ERT , BUET
4 4RIR T/C R BOFRYIERE

HAREEBE R | NBREBOREELXRAAT — A RSN ER. E£E=HS 50% &
SAERE SR AN T R IR — ¥ (Foyon < Fu 10/2)e BITRURRMEERM R
ERIX -3 | THRERNINADNE B2 RERRAEN % (Nyquist REEE ), R
T, TS (@, HIRE5HE ) AFRESRNREMIAER SEHNER |
RUNBHHNREAEREAT £ /2.5

SAER B R T IE AT 2 5 2R

4  ATmega48/88/168 mu———————————
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EA T/IC #%|FF#, - GTCCR

2545D-AVR-07/04

Figure 40. T/CO 5 T/C1 i sizg )

clkyo > 10-BIT T/C PRESCALER
Clear
© < © <
< g g 8
o S > S
3} 2
PSRSYNC o
T0 ."""""""":
1 Synchronization ; L
TL  rmmemmmmmmmeee ®
i Synchronization 0 0
+ Y A A + Y Y ) Y VYV Y VY VY

CS10 ;\A CS00
Ccs11 rA CSo1
CS12 r\ CS02

TIMER/COUNTER1 CLOCK SOURCE TIMER/COUNTERO CLOCK SOURCE

clkyy clkyg

Note: 1. HASIHE (T1/TO) WEZZB M Figure 39,

Bit 7 6 5 4 3 2 1 0
| Tswm = = = = = PSRASY | PSRSYNC | GTCCR

®/B R/W R R R R R R/W R/W

MHE 0 0 0 0 0 0 0 0

e Bit7-TSM: T/IC BH#ER

TSMEBMEET/ICRALSER, RETSME{Z ,PSRASY 5PSRSYNCHHENRIETRT |
FEEHEXNERES / ITBESET Mt TRESMRS, XHMEXH T/C FHEIETHE, B
FRAUACIBRFHERBNBEMFA2HIEERE —NERS/ ITBESENS - T/IC F£ia1T
W%, —B TSM BZE , PSRASY 5 PSRSYNC HEHZE |, W ERSE / itk
BRI FF R 1T 3K,

* Bit 0 — PSRSYNC: i REsE

PSRSYNCE U T/C1S5T/COMTA D R E L. BEZTKEX —EEHEHILAESE ,
BRIFTSME, ZXEMRT/CIST/ICORA - ML HiEE , SNt SREBELME,

ATMEL .



£ PWM B 16 L ERT
25/ 1T EREE 1

AIMEL

161&&’9T/CEﬂi%ﬂﬂ%ﬁ@ﬂ’ﬂﬁf#fﬁﬁ#(%#%ﬁ)\ BEFENESNE, HEERIWT:
« RIEM 16 {uigit (ENAYF 16 2K PWM)

2NV A MHEERE T
o MEAHHHERTER

s —MNEABERET

o MAREFEHGIE

« HREEAENHRTERR (B3ER)

o TFHEHR , HZEWE PWM

o WEK PWM B

s MIRRER

o SAEPEHITHER

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

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

16 £ T/C KIfE{LAEE R T Figure 41, 1/0 S|MIKYSSERVEEZ M P 2 “ATmega48/88/168
SIRIEES " o CPU RIFEIRY 1/O Fi7es , 84% /0 A 1/O SIMILAEAR R, 87484k 1/0
FiEsRSMEML P 115 “16 AL EMN R / TR T 7R "

P 34 “ThEM&IFFEE - PRR” B PRTIM1 U450 E "0” LAfERE T/C1 3R,

6  ATmega48/88/168 m—————————————
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Figure 41. 16 I T/C & (")

Count TOVn
F—»

Clear (Int.Req.)
— Control Logic
Direction clky, Clock Select

Edge o
y A Detector T
TOP | BOTTOM
Yvy / T\

( From Prescaler )

A Timer/Counter 4
TCNTn | | | (=0 ]
‘ OCnA
$ (Int.Req.)
\/ |
— ] ] Waveform
%1 ] "| Generation > OCnA
OCRNnA g ;
l I ] []
' Fixed OCnB
0 | ToP (Int.Req.)
) ‘ 1 [ \Values Wavef
— N = aveform -
a - | Generation OCnB
< .
< |
a OCRNnB : ( From Analog
- 1 Comparator Ouput )
1 ICFn (Int.Req.)
i [}
1 )
Edge Noise
> ICF” ' Detector [ Canceler
I 1 ICPn
| TCCRnA | | TCCRnB |

Note: 1. iEZ# P 2Figure 1 , P 66 Table 33 #1 P 72 Table 39 LL3k18 T/C1 B9 SIBIE X,

FiFen ERTEE / iT2RE8 TCNT1. #1752 OCRIAB SH ARSI ICR1 5 16 L
B1EE5. 1R 16 N HFFSSLMERESHRNSER , i¥0 P98 “ ihA 16 uEFFEEE ", T/IC
4|2 1785 TCCR1A/B A 8 U B 188 , & E CPU HRIMNRE, HHER (BFEER
Int.Req.) ESHEFMIREZFTFSE TIFR1 HERM, FRAERKEH AT LA T KRERSES
TIMSK1 g3d#2 %], BPREH TIFR1 5 TIMSK1,

T/C o] B PR &R A 40 B T30 40 470 25 S8 3 B T1 51 B S A B9 SAEBRS 49 3K 3h . 51K T/CERME 8 hn(
R ) AR R B A Ron B et ek 02 R RIE S R BREN IR T/C & TFLE
RS FHPRRZEERB TN ko

T H LR T 788 OCR1A/B 415 T/C WE#M TR RIEXERALRE R
4 PWM s 7E fa i LR 51 R OC1A/B Fi H AT RSARMES . S P 104 “HiHHELRET "
HRPCHL 4 Rk AT E A LR P ELAR & OCF1A/B |, AR 45 L R P T iE R,

LR ARSI ICP1 SRS RER A ASIH (I P 215 “ WELLLRER ) B ABREH
A (RfhR ) B, HETE T/IC ERERIRARBRSFREATER. AARBRERE
B ARFIRRE T (RFEHERER ) URERS T,

ERLREENRT , TOP B T/IC WHRAERH OCR1A FF85. ICR1 HEF:E, 5i—
LEEHRERENL., £ PWM EXTH OCR1A 4E5 TOP Eif , OCR1A FEETHREA
£ PWM #itH, {BLbAf OCR1A EREEFH , TOP BRI EETEEPBINET, YT
E—ANEEMN TOP ER AT LA ICR1 FF2 , MM K OCR1A XA#EPWM B H,

ATMEL o
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UTESERAFAT
Table 53. &%
BOTTOM | 1t#&51+ %I 0x0000 BFENEZE| BOTTOM

MAX ITERE3 1T 2] OXFFFF ( T3t #I#9 65535) B ENIEZE] MAX
T EES T BT B SR R AERTENEA R TOP, TOP ER LA EEE 0x00FF,
TOP Ox01FF = 0x03FF , s} 217 T 51728 OCRIAS ICR1 EMIE , B4R T
THEER

TCNT1, OCR1A/B5ICR1 2 AVR CPU B 8 {u HiE S & #TIHRIM 16 (U F 7R, = E
16 (U FFERFEEFIRE, BN 16 UITHIZREE - 8 (IRe F 73R AREHS 8 UK
&. 8 16 (UERBRAIEL 16 UHFFRARAMRN IR FFR, HTREFT2ME 16
URFERE, S CPUBSAHKER 16 UFEFHNEFZTR , AN 8 UHRESERE
IEEt T ERR P S 8 WMEAK — 16 uBfE , AFE AT 16 UFFaEF. 3 CPU R
W16 UFFHENEFTN , SFTAREREFZTRENEBRNERE T IGR MBI F 7R
*O

FIEFEM 16 WIFREHP RIGRFF3R. Xt OCR1AB FEHFNBERERT I RIGHF
7R,

E 16 U FESR/N , NABAZTESRNSNFET, ML 16 LFESMNNAREZEE
BHERNET,

TEMGIFRIRE 7 mMGE 16 L EMNRFESS. REBRRFSLEEFTIRNFESRN
BB, EENENHRERTS OCR1AB 5 ICR1 BF8E/MiAE,. £H “CiESH,
YRIZEEL BB TE 16 1R 1E.
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Cym R EHIRE O

; EETCNT1 2% 0x01FF

I di r17,0x01

I di r16, OXFF

out TCNT1H, r17

out TCNT1L, r 16

; FF TCNT13EAr17:r16
in rl6, TCNT1L

in rl7, TCNT1H

C REgHIEM

unsigned int i;

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

I* fF TCNTT B2Ai0 */

i = TCNTT1;

Note: 1. ARBBREELEETEENXXM. % /0 FERNIT R /0 FEmet , XHHEN
“LDS”, “STS”, “SBRS", “SBRC”. “SBR” & “CBR" & HiA[HY & /0 HiFSEHNES
AF “IN", “OUT”, “SBIS”, “SBIC", “CBI" 5 “SBI"#&%,

CmRBAIRRH TCNT1 WIREMETE r17:r16 FiEsrd Ho

ARE 16 NHFFHRNBRR-—NMEFARERFFEEN. X 16 NFFHRREN , &
HEEARBPHEN , FLEEFRFRE 16 UTFROPRIED ZEKEXEN PH
TR EFNTFFRIEAM 16 VFFR , NMEXT N FFR. URXIERE
4 BAFWREFERNFEHRFHNBTECELRE , ERETRFN 16 L HFFRNREHE
iRo

ATMEL =
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THEHHIRLHT TCNT1 FES[MWERERME, 3F OCRIA/B = ICR1 AR ETLIE
BB S *.

SCamra iR ™
TI ML6_ReadTCNT1:
RIFE/E P
in r18, SREG
. BT
cli
; FFTCNTT EArl17:r16
in ri16, TCNT1L
in rl7, TCNT1H
WE LG PHFrE
out SREG, r18
ret

Cc R@\pEo
unsi gned int TIML6_ReadTCNT1( void )
{

unsi gned char sreg;

unsigned int i;

|* REFZEFHIE %]
sreg = SREG

1= BB
_QQ);

[* JFTCNTT1 #AiQ */
i = TCNT1;

1* BEZEFHFRE %]
SREG = sreg;

return i;

Note: 1. ARBRBRECLXTETEENLMH. H /0 FEHBRYT R /0 FFEEn , HFAEN
“LDS” ., “STS”. “SBRS”, “SBRC”, “SBR’ 5 “CBR’ Z#ifHl¥ & I/0 FEEMNES
KF “IN’, “OUT”, “SBIS”, “SBIC”, “CBI’ 5 “SBI" &%,

LR HIRRH TCNT1 BREETE r17:r16 FEHEX H,

100  ATmega48/88/168 m—————————————
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THHHRLAHT TCNT1 FES[WEARERE, 3 OCR1AB = ICR1 WERETLIE
BB S *.

SCRRBHIE ("

TIML6_WiteTCNT1:
; RELBHHRE
in r18, SREG
. BT
cli
; WETCNTT #/r17:r16
out TCNT1H, r17
out TCNT1L,r16
. WEZEGPHEE
out SREG, r18
ret

Cc R@\pEo
void TIM6_WiteTCNT1( unsigned int i )
{

unsi gned char sreg;

unsigned int i;
| * REFLEBHHERE *|
sreg = SREG
1> B
_QQ);
[* ZETCNTT #i */
TCNT1 = i;
|* BELBHHERE |
SREG = sreg;

}

Note: 1. ARBBECLKRSETEEMNLXH. Y /O FEHF/AT R /0 FFEesnt , XA EW
“LDS” . “STS”. “SBRS”, “SBRC’, “SBR” 5 “CBR’ £@[ifEl# & II0 HFEENES
KF “IN’, “OUT”, “SBIS”, “SBIC”, “CBI’ 5 “SBI" %,

LA BIRRP r17:116 FEBXNRFH R TCNT1 HEAREE.

ant

MERFRA-—M 16 UFFREABREMAMAESERNSFZTHEAR , WREE-XE
FTH, EHINERBREEIPRER TREFER.
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RARRET

AIMEL
T/CETERRAI AR B I EF , L ATk B 20EB , B T T/C #2515 1788 B(TCCR1B) By Bt ik %
i (CS12:0) RE. RS D MW ERN P 94 “T/CO 5 T/C1 T IMER " o

16 L TICHI = EEB D R AI4RIZH 16 LN [E1HEER & T, Figure 4244 T it RS HINE
B TEE.

Figure 42. itz E T HIEHE
DATA BUS (s-bit)

-
TOVn

(Int.Req.)

TEMP (8-bit)
Clock Select

Count Edge N
-———— -} n
[ ToNTnH (b | TONTNL (8-bit) Clear | e, Detector
-t Directi Control Logic |-
. ti
TCNTn (16-bit Counter) < ecton

( From Prescaler )
TTOP TBOTTOM

BEEHR (NEES):
Count TCNT1 A0 1 =08 1,
Direction HE = INFREERRIRME.
Clear TCNT1 &S,
clky, ERER / TSR ES
TOP &/ TCNT1 I BB EEHE K E,
BOTTOM 3R TCNT1 itEESRA & /ME (0)o

16 LT ERERRGT B A 8 £ 1/O A BR1U B : TCNT1H A& 84 , TCNT1L N1K 81y, CPU
REeE#EE B TCNT1H FF8k. CPU 15E TCNT1H B, SRBR15 E#Y 2 i B &5 &5
(TEMP), BRERTCNTILAY |, IGES FEBRNABTEHR A TCNTIHAERIE ; M TCNTILIT
EiRMFrt , TCNT1H RGN FERO N B ER . XFAE CPU ATUE -ttt AHEE
o 8 U BIEE LT 16 Wit HEENIER, BiREF, WARFEE IR ITREESTIHN—
ERHEERL. EXERKEL TN TCNT1 EABRBESHFRRANE R, EEENETS
X EAFHRARIR B 1T B EIE

BETENIEER |, ITRBEES — ok NE#HITES, 0108 1 8B4, clk, AR
LR CS12:0 IRE, 5 CS12:0=0 &Y , IHHERF L ITE. £ CPU X TCNT1 By
W5 ckr REFETLK. CPUEBRELITRRBEENHEMRENELRBS,

THERERAY T BUF 5IBUR T & 788 TCCR1A M TCCR1B H#RrE&ML WGM13:0 iRE, 1T#
EREEIT (T ) AXEEE OCIx LR R ESREREEN KR, TRFIISHK
FEENEAERESR P 106 « THEER ",

B WGM13:0 BE T it #=sRN THEREX 2/ , TOVI BN S RNBREET. TOV1 A
LARSK™ £ CPU Hiffi,

T/C H9% AR 2 o0 o] A SRRV S | 00 B F o R AR 12 LA 15t B b A [R) B9 2% 46 B
A, SNEREHRERNARESHSIH ICP1 fa A LA EYRLL LR R R TRRKI, B EIR
BUARITESR, SZERESHETHE  URANEHCIERT,

MARBRETSERN Figure 43, BIRFTEZETRARRETNRSARERT. &F
FREMHNNE ‘" RRENRR / ITTHSRRS.
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Figure 43. M AR E T HER

DATA BUS (8-bit)
[ TeEmP @by |

ICRnH (8-bi) |  ICRnL (8-bit) | [ TonTRH @by [ TONTAL 8-biyy |
» WRITE ICRn (16-bit Register) TCNTn (16-hit Counter)

* ACO* AcCIC* ICNC ICES

_ Analog # ¢

Comparator o -
Noise Edge _
Canceler ™ Detector - ICFn (Int.Req.)
ICPn >

LSIH ICP1 EMBHEET (B4 ) KETEL , RELLLREBHE ACO BFELXETE
it , HEXANBEFETCRIDRRNBFFTIESE | W ABREBIB A 16 Z# TCNT1 iE#
SHE M ARIREEFS ICR1, A AR EN ICF1 B, MRS ICIE1=1, %
ARSI SR AR DM, PHHTE ICF1 B3EE , E LB REEEXN
NE /IO NBEAZE "1”ES,

#BH ICR1 RELIREFT ICRIL , AEBEEFY ICR1H, BEFZTR , §FTHES
NEFET IS 21788 TEMP, CPU #&H ICR1H BFi5 R TEMP F1£88.

X ICR1 HESNEHERAEETRE~EER, et ICR1T #A/EITHESMN TOPE., B
ICR1 ZBI B £ ERE WGM13:0 A RIFXMRE. X ICR1 FES[HTEIRER A5 H
SFETEAICRIHI/OE , AEBREZFTEA ICR1L,

ESN P98 inM 16 (UFESR " U THMEZHNXTUMIGE 16 L FEFERNER.

WARRRE TN EEMARIRR ICP1, T/C1 & 7] AR LB 5 Ay Sl A FH IR 2 T AR
Ro FP AUEE R BEL L RIZHI SRS T 788 ACSR BRI L B A f 3R 2 ACIC K
MIEAX—R. BEBNR , AEMERE TREER — K AR, FibEREaRRE S
Ol AR ERAR ST — B TR LGB S IR R S R
CP15ACOMIREF X EST15| MR M E /I (P 94 Figure 39 ), ARG B KM EFH—#. 8
REERRFIHERRE TR NEBFITIMATIAGZEEIKHFEIA 4 NRETHEFH
IR, BARBMR , REMA ICR1T EX TOP KR~ KNI, T/IC hHREMHIZR
50aKNeERE R ERN,

M AFEIR th A LB B2 SIS M) ICP1 895 RARK
BRENHEREL - MIENBFRRARRESRENRE. ENAAMKESHIT4RR
Bo. AEH4ARRFEESRNERES QEALBRNR,

E{Z TCCR1B BY ICNC1 [ fEaE2 = HIHIES . FRERFMHIZRE  ERMAKEZETILE ICR1
BREHFZANLETNAN 4 NREEAPOER, REMNFHIFEANR RS,
MAZ SRS &M,
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FRARARREINEARTEREIEEBNLERERRLEBRASH. SHHNHE
BfRRXE, MELERET —XEHHEIZTN&ERE ICR1 BHIE , ICR1 FiamE
BEE M\NMETEBIEHNERER,

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

EE A ABRTEEX TR HEEEREIEF XL TOP H,

MNEABESHEZLENERBRBREHERT ML, IR ICR1 FLARMREK
THBNESUR. ATLRE , ICF1 BHAHARHFET (AN /0 LEE "17), &HIX
FENEFR , BERT FH , WAFEX ICF1 —ITRHEBE.

16 L LEREBSFLE LR TCNT1 EOCRIXHAR ,—BERXNeIINEE kRS~ 4—1
EEES. ARE OCFIx E F—NERN S4B, MRLLE OCIE1Ix=1, OCF1x BfI
Mol kLR TR, FHHRTE OCFix frEBEZEE , EBELRHGEEMENE 110
VEBAZE"1” BALUEE, 181 WGM13:0 5 COM1x1:0 WAEIRE |, RE A E3=H
EEESERTENEF. BFEAXERFAA TOP M BOTTOM EE4ABERELEERX T
WMEMERE (P 106 “ THEERX "),

RMELERETAN—MEIFARENL T/ICH TOP & (BT HBN DR ), I, TOPE
& RIRE BT R & 4 2R £ RRIER A M.

Figure 44 A H A H LR E T FER. FFEFSNVLNPIE 0" RFEEHRS (n=1KRT
TIC1), X' RAHLLRETT (A/B). EEPIFHHLLRE TS ARAPERT.

Figure 44. Hiti bR E T HER
DATA BUS (s-bit)

11 i >
TEMP (8-bit)
— ¥ ¥
[ ocrnxH Buf. (8-bit) | OCRnxL Buf. (8-bit) | [ TonTnH @by [ TCNTNL (8-biy
OCRnx Buffer (16-bit Register) TCNTn (16-bit Counter)
1
—¥ *
OCRnxH (8-bi) | OCRnxL (8-bit) |
OCRnNXx (16-bit Register)
| = (16-bit Comparator )
—— OCFnx (Int.Req.)
A
TOP —p
Waveform Generator » OCnx
BOTTOM ——p»]

1

WGMn3:0 COMnx1:0

% T/C /T 12 7 PWM EXHEZ 8T , OCRIX FESFAINEHFESR  MELE
EIEEXMEERMNESER (CTC) MEBHINEERZEILHN ., MEF ALK OCRIX FE
255 TOP = BOTTOM WRIS EH , BH L= FRE PWM R |, HEBRER,

E OCRIx HERFRRBES , HEFR, FRENE HIhEERT ,CPU 5 R 2 OCR1x
EHTFES  BIENEHINEER CPU HEMMIZE OCR1x &5, OCRIx( #H=HEE )
FEHNARTREERESIENERE (TIC T2 B3 FFFREH N TCNT1 = ICR1
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PAZA ), Tl OCRIx THBEN TEMP %E, BERSHMM 16 NEFFHR —HE LA REE
FHRE—AFIR, ATLRBELHTH , HEE OCRIx RAJUEN TEMP F1FE:5
REWMW, BAFEEEAWNREET OCRIxH, ¥ CPU NHKIBEBBEASET M /0 thutat |
TEMP HEFSHNANBBEEH, ETREEFT OCRIxL, FLER 4T TEMP &FF
BHNEFTHIEHENZ OCRIx 488 , HE OCRIX LKRFESE.

ESN P98 “ifn 16 (UEEFES " UTHREZHNXFTMiAE 16 VFEFERNER.

TETFIE PWM ERXE , AT LUEE XY 58 % H LR FOC1x B 1" AR R=E LR T
fii, BEILLBRTEFTSENMN OCFIx it& , B FLEH / FEERSS , ER OC1x o|HF
WEH A HFRENEETHREE —# (COMx1:0 RE OC1x 2B, FE , ERXEX
1)

CPUX TCNT1 FEH/NEREFET —NENSNHEAPERIEEERICE N L L, XA
M LLA RS OCR1x #1381t A S TCNT1 ABE K ERE M A At & HHF,

BATFEEZEEXTE TCNT1 SFET — PN EMNSR S A ERIELLRITE | EEHH S
LR BETCNTIRSBRR  FET/ICRBEET. EEATCNTIHEHESZ FOCR1X,
LB CEMEZRT | ERTFERNEEREE R, £ PWMERT |, X TOP I AZH
Ert , FER T TCNT1 1 TOP HENHKE. BNTELELA—XLRTE |, it5EtE
it B OXFFFF, 30U | EITHREH TRF TR FTESX TCNT1 EAZET BOTTOM B
Bz,

OCIx MREBNZERERFEAOFTFR TR, XELMRE OCIXNAEREETR
BT R A5 S5 LR FOC1x, BIEERTRFERERNKEN OCIx HFFEHFEL—ER
BFENRE,

EEE COMIX1:0 MEBRHBEH TSR NEFMH, COM1Ix1:0 HIRE R I BIE M,

EEREERERESH COM1x1:0 EENEIIgE, BRFEAESRFA COM1x1:0 KBET —
IR B IC R & A B R 5 H LB OCAx RFS ; COM1x1:0 32 OC1x 5| i % i #Y KR o
Figure 45 3% COM1x1:0 i B &K B HH F{LRER, 1/0 F1Fa8. 1/0 L 1/0 S
HERR AP REAHE T COM1Ix1:0 EMEEA 1/0 ix 0 #3425 1285 (DDR # PORT),
%Rk OCIx RAEIENRANZ OCIx HEEE , MR OCIx SIHKRSES. RESMET
COM1Ix BRFEREMNMNRN "0
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Figure 45. LbRICH 4 H ¥ T /REH

=D,

COMnx1
COMnNX0 Waveform D Q
FOCnx Generator
1
| OCnx
OCnx 0 = Pin
A
»D Q
3
] PORT
<
<
 J DDR
clk,o

HE COMIXx1:0 T2 RE , B AESNAHLRINERSESR OCIx BEM /10 O
fE, B2 OC1x SIMK FENIEZETFHIES mEEES (DDR). M OC1x S|fif%H H AN
ES 2R AFBIHIEH BT FEM DDR_OCIx FISIBEE . —#k1ER T IhAE
ERSRFEAEBRNITERRNTR  BthE—LHI5 | i¥0 Table 54, Table 55 5 Table
56 .

W EERZ BRI AV OCIx AR AT BHTHHAL. EETELE COM1x1:0 &
EERLHENIHEEXTRREN , WP 11516 UENSR / TRFBHFFROEA "

COM1x1:0 FE s AR % T,

BREERFA COMIX1:0 WA EEEZBEEN. CTCEXMPWMEXTEMXS. 3
FRAEWESR ,i&E COM1x1:0 =0 RALREE X EFEEAERTFL2RIE OCIXERE
83, 3E PWM XM ELRHHIES A P 115 Table 54 ; HRi&E PWM BILtR#HTF P 115
Table 55 ; #EIE PWM B LR % HF P 116 Table 56

% COM1x1:0 FEMEABRBEENE —RHLREE, XTI PWM EX |, AJUEE £
A FOC1Ix R EIF=4E MR,

IHEER -T/C MmELRSIMNTR - HRFEEXERER (WGM13:0) RLE&RHHER

(COM1x1:0) IR HINRE, HRMEEXNNIUTRFIEEEMW , MRE~EERNXT T

FHIMEEIE, COM1x1:0 #& PWM it 2E N RMHE, IE PWM EXEF COM1x1:0

%ﬁﬁ%ﬂiﬁHﬂ%émﬁﬁtmmwzwﬁm BE RELEFHR (M P 105 “ LR ITE
BT )

BHNNFERESE P 112 ENSE/ITHRBENFE ",

FEEX (WGM13:0 = 0) NEEEMNTHEEX, EREX T BB FHR M. TIK
R{E/E (MAX = OxFFFF) B8 T #U{E /i 1T 28R ] 52 40 IR 5] B & /)ME 0x0000 ERFF 48, #
TCNT1RBHE—MNER BRI # ET/Ciim BARSTOVIB L, R TOVIARIRETL , R
RAMBEN , T2FEF. BHTENSRFHRSRFESEET TOV1 , Bt AUE
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- E:N

BOE PWM #E 3
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RURSERBFNSHR, EEBEXATRETATERKRERN , A LARERBAR
B It BER BE.

EEBEATHARREAREZER. EBXENRIINBEANEAEBERTEED
ITHSBEN PR, MEEAERAK , LAEHAERN R PRI MB[RT BRAR
RETHD PR,

RS T A AR K= £ i, (ERTFHEEETBERNTRAR B LBRS £
NXEERAZH CPU BHE,

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

CTCHEXK B FFE A Figure 46, ITHEBRIETCNT1 —ERMEITCNT150CR1A HICR1
EE , A5 TCNT1EE,

Figure 46. CTC X H i FHE

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

y y

o VN Vi

OCnhA 1
(Toggle) ——— 1 L L

(COMNAL0 = 1)

Period I 1 ~I 2 ~I 3 ~I 4 ~I

FIF OCF1A = ICF1 #RE AT LATE IT R ES BEIR B TOP B =4 i, EH MRS EFE A
LAUEHT TOP BB, BT CTC B R BB HIhEE  EITREEULT 2 M RRIEH TR
PR TENBHEST TOP B AL BOTTOM ERERE/ M. NRE AR OCR1A
= ICR1 BWEUE/N T 251 TCNT1 BWEUE , ITHENEXR—XRERER, £ —XRHERET
BEREZH , ITHREFTESTEITHREHZRKE OXFFFF , AFEM 0x0000 FFAit#HE
OCR1A EICR1, EFZBERT ,XMERHIERMNAAFEN , RO D EREREPWM
R TEH OCR1A REX TOP (WGM13:0 = 15) & , BN OCR1A EME H,

ATECTCERNTHBEEMME , TLUEE OCOAER AR IEE X £ HEBEETF,
XA LUBEY IR E COM1AT1:0 = 1 REM. EHLERE OCIA iz al , HAEFHIRKO
RE N H(DDR_OC1A = 1), R R EBRREBT=EMN R KIME Ny, = fy 1o/2 (OCRIA
= 0x0000), MEBHM T LAXFEE : -

) _ fak_ 1o
OCnA — 2.N.(1+ OCRnA

TENAKKRMAMEF (1. 8. 64, 256 =K 1024),

EZEERXT , TOV1 IS BN A EEITTEHEMN MAX ZEH 0x0000 #9 E /T 23R40 A HA,
PIE PWM X (WGM13:0 =5, 6, 7. 14 5 15) ATARZE S PWM B, HRIE
PWMERXSHMPWMERNN AR 2L REE DR THERR. iTHEIMBOTTOM i+2!

MAX ARSI ENEZIBOTTOM EF AR, W FEEMNERMEER i H B S| B OC1x
£ TCNT1 5 OCR1x EEREf , £ TOP BE S ; W FRELLBRHHER , OCRIXH
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HEEHFHR. BTMERT R2BRREN |, RIE PWM &304 TR b6 A IR A9 AR
WIEE PWM EBEXE — &, KEMBREREEGSRE PWMEX+HESTHRET &
WA DAC LA, BRI R/ IR T Bt (BB R B R ) MWERY WM ERSE KA.

THETFHRE PWM EXE ,PWM SR AEENR 8. 95 10 £ , 8 AJH ICR1 = OCR1A
EX. B/ YERRA 2 b4 (ICR1 5 OCR1A i®RF 0x0003) , AL YER 16 {1 (ICR1
=® OCR1A i&H MAX), PWM 8RB ATATRITE :
_ log(TOP +1)

TEFIRE PWM ERXAT |, iHHREENHE —ERNEIE EL{E 0xO0FF, 0x01FF, 0x03FF
(WGM13:0 =5, 6 & 7)., ICR1 (WGM13:0 = 14) & OCR1A (WGM13:0 = 15) , REHE &
BN EARES. B4 FRA Figure 47, BFLAH T % #EHA OCRIA 5 ICR1 RE
X TOP ERHRE PWM X, APRERN TCNT1 RRX2EDFKEE, HEER
REETZENPWMEHRRE PWM i, TCNT1 f&3% E#EKF LR OCR1xX
A TCNT1 W LR, LHRIEE G OC1x FREIFREE (Lo

Figure 47. & PWM #E Xt FE

OCRNx/TOP Update and
TOVn Interrupt Flag Set and
OCnA Interrupt Flag Set

or ICFn Interrupt Flag Set
(Interrupt on TOP)

-

Y Y
TCNTn / /

oCnx L] L]
OCnx |_| (COMnNx1:0 = 3)

Period |<—1 I 2 I 3 I 4—>|<5>|<6I 7 I 8 I

THEY SR EEIX B TOP BY T/C iR Hi#RE TOV1 EfL, B/ E TOP ERH OCR1A & ICR1
EXHY , M OC1A T ICF1 #3355 TOV HE— Mttt BB, MRFMERE , AT
ERMRSEFEER TOP UK L BREIE,

FTOPERARRIEFHTOPERNFRIELRFER[NKE. BNTCNT150CR1xX
TEHIHREE, FRAEEN TOP EN , @FE OCRIXx BEESSEARERAERN
SRR 07,

EX TOP {EATE# ICR1 5 OCR1A LTI T EM, ICR1 FFERFRMEHFFR.
XEWRE S I ER AT MER R BARM T2 0 TR MR | 45 ICR1 BT — NI BE
NEEEHFEAN ICR1 HEL TCNT1 HEIEPHER, ERRUTBBEFER—RLER
CE, £ TF—RHREEAEZH , ITHRBFABTT IR K KE OXFFFF , RAEEBMN
0x0000 FF#Ait# , EFILLRICE K, M OCRIA FEHBMENEH T FR. X — MR
E OCR1A AT LARERN B A, EANEIEWAA OCRIA B4 FFER. £ TCNT1 5 TOP It
BER T — et AR , OCRIA LREFFHRNNBRENF RN BERER. £E—
M EH TCNT1 #BF |, T TOV1 FREHIRE.

FERAEE TOP BN HIFFER ICR1 FEESEN TOP, X# OCR1A B ALLAFE OC1A
W PWM IR, B2 , 18R PWM EMTHEL (B HE TOPE ), OCR1A HIXNE)
BMEEFESTXMNNA,

(COMNx1:0 = 2)
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MM EE PWM
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THEFHRIEPWMERE | LB T AT BAFE OC1x Sl £ H PWM K, i% & COM1x1:0
R2AUFEEBH PWMES ; B 3NABFEKRE PWMIER (0 P 115 Table ).
A EEENYESIH L HESESLAE OC1x WEIESE DDR_OC1Ix iRE N
Ho ™4 PWM KFEHHIER OC1x HFF8R1E OCR1Ix 5 TCNT1 ENEM (HEF ),
LRI HESES (M TOP ZH BOTTOM) AR — M ER BB AMES (BN ).

AHE PWMSIRTES T AR ITESS

. _ e
OCnxPWM N-(1+TOP)

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

OCR1Ix FH1Z28 A RRERT 1B 7 R PWM X B9 4 B PWM SR TS5 HE — 43 kB R . &
OCR1x Z&F BOTTOM(0x0000) , %ty HIIE 5B TOP+1 NER BSR4 B EBXF ;
OCR1x 73 TOP Bt , 8% COM1Ix1:0 WiRE , HENSBEFEHKEF,

BidiRE OCIA ELRIER#HTEHEBFEKR (COM1A1:0=1), AIRER =R
50% WRAHES. XREA T OCR1A AXE X TOP EMER (WGM13:0 = 15), OCR1A
7 0(0x0000) REB B REIME fo, = fy /20 EMFMERLLTF CTC EXTH OC1A B
RigE , FTRZLETRE PWM EXEFRE A,

MAEE PWMER (WGM13:0=1, 2, 3. 10 M) RAFPRH T - REBSBEM.
MADEBEE PWM RN S . SHEAFMBEERRNEL , HEXE TN ERE, i+
RTESE S M BOTTOM itZE| TOP , RS XM TOP £ REE BOTTOM, £ — & HY LL & 4
HERXT , Hitets54E TOP it#Et%E TCNT1 5 OCR1x ITE , OCIX SEZEHKBTF ;
M E5E BOTTOM it#Et%E TCNT1 5 OCR1x LB , OCIx FEMNNSEF, T
EFREERAENNEFER. SERERERL , NERRETRENREAMERE
No BEHNHZMET9ES TFBIES,

MAZIEIE PWM EXH PWM 2 #REERN 8, 9 R 10, S H ICR1 I OCR1A E Lo
B/ PHER 2 45 (ICR1OCR1A R 0x0003) , H A7 #E N 16 L (ICR15H OCR1A
®HA MAX)e PWM Z#RGBAATNITE :

_ log(TOP+ 1)

RPCPWM Iog(2)

THETHMBE PWM EXET , THENBE-—BERZMEIEEE OxO0FF, O0x01FF,
0x03FF (WGM13:0 = 1, 2 3), ICR1 (WGM13:0 = 10) & OCR1A (WGM13:0 = 11) , &
BRETHRAB. E—NENSNEERE TCNT1 EET TOP H. E4ANEFRNA
Figure 48, B4 H 7 4 A OCRIASICR1RE X TOP B KM {18 E PWMIER,
FARE TOCNT1 REAX 2N FERE, FERRNSETEEN PWM fHi H AR K@
PWM %iio TCNT1 3 EHEKFL KR OCRIx # TCNT1 WIEE LR, LERTE S
OC1x HHItREE M o

A IIIEI% 109
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AIMEL

Figure 48. M {S1E PWM X5 FE

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

TOVn Interrupt Flag Set
(Interrupt on Bottom)

P 7
TCNTn \/\\/

OCnx (COMNX1:0 = 2)
OCnx (COMnNx1:0 = 3)
Period I 1 ~I 2 ~I 3 ] 4 ~I

THEY SR EEIA E BOTTOM &Y T/C i@ Hi#r& TOV1 EfL. & TOP B OCR1A = ICR1 E
X, # OCRIx FEHBINEF A ABREMBOE — et EAHE OC1A & ICF1 #7&
B AR B fE BN Al =4

ZTOPERNKARIEFVTOPER N TABELRFFRNBE, BNTCNT150CR1X
FTLHALEREE, FHAEEN TOP EAE , F{ES OCRIx HF&E ARFEN REMAN
fRFERN "0”s 7E Figure 48 AHE=/NEAMP |, &£ T/C BT THMAEERA&HE
TOPESH T AL, HEEET OCRIXHiFSRMNERMEIE, BT OCR1x Ry E#Tae
ZINERER [ THERERESR TOP ZaY , Bt PWM WIETREHIEEIA T 1L |, & IETF ik, W
=i, TERARNKEDRRT E— TOP & , M L ARRHKETURTHH TOP H, &
XHMERE , —MNEAHARNREKERE , GHERAXNHT

BHEHE T/ICIETHHRE TOP H , &RIFAHRLSMREEEXNRNERUEERN, & TOP
FRERET , BAXHRH THEERXERLEEXE,

THEFHMEE PWM BEXE, LBRBETALE OC1x SIHEmE PWM B, &8
COM1x1:0 R 2T LA £ EBEHIPWM iR B COM1Ix1:0 R 3T LA £ R EIPWM (1P 116
Table )o EEIF N\ S| B i S5 E 4T OC1x M EIES 8 DDR_OC1IX RE N
H. OCR1x # TCNT1 LR ICE K LT OCIx FERN T HEEMNKEERBVIRIE , M
M=% PWM B . THEFHEMLEEERS PWM SRR TARIKRE :

£ _ faco
OCnxPCPWM ~ 2 "N.TOP

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

OCR1x 1R TARERT REA THAESE PWMERH —LLEHE R, EZEBEPWMER
T, & OCRIx &F BOTTOM , il —ERFHEBF ; & OCRIXx EF TOP , HHM
RENSEFE, kE PWM ERXEFHER, 18 OCR1A AXRENX TOP {# (WGM13:0 =
11) E COM1A1:0=1, OC1A % H 52 H 50% WAERES.

M SMEEE PWM ER (WGM13:0 = 8 = 9) - A FEFHMIMIEE PWM E - T L=
EEREN. HUSMESFEBN PWMEE. SHAEEEREL , HIEE PWM E
RETWNRIRE, TS ES M BOTTOM itZE TOP , RF XM TOP #lit#k3Z
BOTTOM, £ — M Lt R HER T |, Hitad854F TOP I BiAt & TCNT1 5 OCRIx TR |

10 ATmega48/88/168 s ———————————————

2545D-AVR-07/04



E———————————ssssssmm A TMega48/88/168

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

MHHEEZE PWM BEXSHAEE PWM ERXHEERXFET OCRIx FiFRWEHAT
i8] , ¥ Figure 48 5 Figure 49,

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

R _ log(TOP+1)
PFCPWM = ™ log(2)

TETFTHEMBEPWMERE  ITHENHE—ERMNE ICR1 (WGM13:0 = 8) 5 OCR1A
(WGM13:0=9) , REREITHSE E. E—PMNENENHETCNTIEHE T TOPE., 24K
BRI Figure 49, BH4AH T LA OCRIA = ICR1 RENX TOP ERHIMEMIEE
PWMIER , BRI TCNTI R RXENARBRE, FERARNEZE T ZBHPWME
HUARKRE PWM itH, TCNT1 &3 ERRKFLFTRR OCRIx M TCNT1 By CE LK
LEE B R £ R, OC1x FHIFREFHEB Lo

Figure 49. MU SHMEEE PWM R B FE

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

OCRNx/TOP Updateand
TOVnN Interrupt Flag Set
(Interrupt on Bottom)

OCnx (COMNX1:0 = 2)
OCnx (COMnNx1:0 = 3)
Period I 1 I 2 | 3 | 4 |

#£ OCRIx HFERBIMEHAABIHEFTNE - EAHE T/C BHIRE TOV1 B
I, & TOP 1 OCR1A & ICR1 EX , 2§ TCNT1 A% TOP {&&t OC1A 5 CF1 Efi,
XL AR S AT A SRTE IR T EERIE R TOP =X BOTTOM BY 7= 4 Fi i

HETOPEN BTRIEFHNTOPER N FAIELLRFFESHNEHE. BMTCNT150CR1x
AL ITE,

0 Figure 49 FiR , SHAMEERATERIRNR | BHFUEE PWM B 4 KB 5 £
BHRABPHINNHES. XR2HETF OCRIx £ BOTTOM BEIEH , LASTRARK
EIRLAE, Btk bior—REHE , BRTHERNER,

FERAEE TOP B &FFEA ICR1 FEFEEN TOP, X## OCR1A M LLAF7E OC1A
W PWM K, B2 , 1R PWM EHTHE/L (B H3E TOPE ), OCR1A BINE
BUFEEFESTXMNNA,

A IIIEI% 111
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TETFHEBIEE PWM EXE , LRETAEE OC1x SIM EfmE PWM K, &8
COMIX1:0 H 2 A/ A= EBH PWMIES ; A3NMA L =4EREPWMEF,. (21 P 116
Table ), EREFHHESTELTUNT OCIx WEHE A BB N H. = %E PWM EFEHH
E R OC1x H1F57E OCRIXx SHFICHE TCNT1 EEREN (FEZ ) , SBRF K
TCNT1 EEHFES (RNEBN ). MHEN PWMSRERAUBSI N T AR ITESS :

‘ _fakno
OCnxPFCPWM 2.N-TOP

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

OCR1Ix B 17254t THRE TR BB T ABSE [E PWM B XA — 43 % B0 . EZEBPWMER
T, % OCRIx EF BOTTOM , it —BERIFHEBEF ; & OCRIXx ETF TOP , M H
REANSHEF, k@ PWMEXNIEFHEKR. R OCR1A ARENX TOP & (WGM13:0
=9) H COM1A1:0 =1, OC1A#it 5% R 50% HWAEAKES,

EREE / HBEARLSBEE , BmiY cky REAANHEESES. BHEETMNEE
RS RAAE A OCRIXx ZHRFHBIBERH OCRIx FiFsh ( THETREHHFER
BY ). Figure 50 44 T & OCF1x MBI,

Figure 50. T/C Bf/=& , OCF1ix &fy , L7 #izs

clk

110

clkq,
(clk,/1)

TCNTn X OCRnx -1

—

OCRnNx OCRNnx +1 X OCRNx + 2

OCRNx OCRnNx Value

OCFnx

Figure 51 44 BRI MY R4 20 3R |, (BT D S ERE,

12 ATmega48/88/168 m———————————————
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Figure 51. T/C B/FH

oo ||TTLTUNT

clkq,
(clk,/8)

-

-

, BfZ OCF1x , Mo #zsh fclk_I/O/8

IRRHRAE

UHERERNETA
-

ATmega48/88/168

[ULERARAR

TCNTn X OCRnx -1 X OCRNx OCRnx + 1 OCRNx + 2
OCRnNx OCRnNx Value
OCFnx

Figure 52 44 H THEEFRER T#EE TOP ER W ITHFS. TETFHEMISE PWM EX
Bt , OCR1x Z17251 BOTTOM #E#1, BIFE4E , /8 TOP EEH BOTTOM K& |
BOTTOM+1 K& TOP-1 ,£%, AN G BN t5EH FHLE BOTTOM E TOV1 #R

HHTHERN,

Figure 52. T/IC B{FE , T 5 #izR

clk,o

clk,

(clk, /1)

TCNTn
(CTC and FPWM)

TCNTn
(PC and PFC PWM) _|

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

X TOP -1 TOP

BOTTOM

BOTTOM + 1

X TOP -1 TOP

TOP -1

TOP -2

OCRnNx
(Update at TOP)

Old OCRnx Value

New OCRnx Value

Figure 53 44 R K B4 303 | (BT 2 MM EAE

ATMEL
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Figure 53. T/C BYFE , M MBRN fy 10/8

clkq H
<cCI:sl§%) F

UUTUILL
.

IUTUOUL
:

LA
.

[ALCEARAT

TCNTn
(CTC and FPWM) _|

TCNTn
(PC and PFC PWM) |

TOVn(FPWM)
and ICFn(if used

X TOP -1

TOP

BOTTOM

BOTTOM + 1

X TOP -1

TOP

TOP -1

TOP-2

as TOP)

OCRnNx
(Update at TOP)

Old OCRnx Value

New OCRnx Value

ATmega48/88/168 mu————————————————————
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16 (L ERIAR / T BRTF
AR Ay i BA

T/IC1 2 #IFF&]|R A - TCCR1A

2545D-AVR-07/04

Bit 7 6 5 4 3 2 1 0

I COM1A1 | COM1A0 | COM1B1 | COM1BO - - WGM11 WGM10 I TCCR1A
/B R/W R/W R/W R/IW R R R/W R/W
WNHE 0 0 0 0 0 0 0 0

+ Bit7:6 - COM1A1:0: EiE A WM HESR
+ Bit 5:4 - COM1B1:0: i&& B WLt HE

COM1A1:0 5COM1B1:0 % 31424l OC1A 5 OC1B IR %S . t1E COM1A1:0(COM1B1:0)
M — IR H ML EA"1" ,0C1A(OC1B) #i i T 8 B R 1/O 4% O Zh &k, LhATOC1A(OC1B)
A 2K s S| B 2R AE 75 e R o A B 3 DA S R IR B B o

OC1A(OC1B) S¥1E S| BI#RIER ,COM1x1:0 BIZhEEER WGM13:0 BIiRBIRE . Table 54
SHHE WGM130 BN EBERS CTC #3X (IF PWM) B COM1x1:0 I ZhREE Lo

Table 54. Lt&EH HES |, 3E PWM

COM1A1/COM1B1 | COM1A0/COM1B0 | B8
0 0 LEim O#R1E , OC1A/OC1B RiEfE
0 1 HBR TR OC1A/OC1B B FEUR
1 0 e e E A EE OC1A/OCIB( B IEEBRTF )

1

1

e e et E {2 OC1A/OC1B (i Em BT )

Table 55 4  WGM13:0 % & W RIE PWM BBt COM1x1:0 HITHREE o
Table 55. Lb&R#mHES | wiE PWMOD

COM1A1/COM1B1 | COM1A0/COM1B0 | i%84

0 0 L@EiwORE , OC1A/OC1B KRiEHE

0 1 WGM13:0 = 15: lLR L&A OC1A Btk , OC1B
THAYESI#, WGM1 AEEE N BIRO
#4E , OC1A/OC1B FKiE#z

1 0 B TERES OC1A/OC1B , OC1A/OC1B £
TOP B E

1 1 e pefi et &z OC1A/OC1B , OC1A/OC1B #&
TOP BHEE

Note: 1. ¥ OCR1A/OCR1B ZF TOP B COM1A1/COM1B1 B{uft , LLRICE AR | B

OC1A/OC1B HNiEf / BEBREE N FA P 107 “ E PWM R~

ATMEL
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Table 5645 24 WGM13:01& & 7 #1118 [E PWM &R =X S A8 51 45 IE PWM A2 = B COM1x1:0
HITHEETE Mo
Table 56. LR HER | HBAISERMBFEE PWM ER D
COM1A1/COM1B1 | COM1A0/COM1B0 | i}i8A

0 0 Ti@iw A4 , OC1A/OC1B RiE#

0 1 WGM13:0 = 9 5 14: LLR L& Rt OC1A HUx |
OC1B 5 AYE S|, WGM1 hETCEMRNIE
B O , OC1A/OC1B KRiEH:

1 0 FH IR EAT LE R TEFES OC1A/OC1B |, BBF
Bt LR PR EL & . OC1A/OC1B
1 1 FFiC BT L TEFE {2 OC1A/OC1B |, BB

B EAT LR T B R E = OC1A/0OC1B

Note: 1. OCR1A/OCR1B % F TOP H COM1A1/COM1B1 B 2 — MEFkIER. #HMEEES
L P 109 “ B IEIE PWM B,

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

EMMUSAT TCCR1B 81 WGM13:2 #8146 , AT EHITHREN T HFFI—It
HER T I ERRE M E R R £ BRI TEEX (R Table 57). T/C I THEERE
EBERN (138 ) , LREEMNBEFENES (CTC) BX , REMEEAH (PWM) ExX
(P 106 “ THEHE "),

ATmega48/88/168 mu————————————————————
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Table 57. BEZ £ &R )

WGM12 | WGM11 | WGM10 H&%ER | OCRIXE | TOV1 &

®=X | WGM13 | (CTC1) | (PWM11) | (PWM10) | ErES/ iHHEE TEER & TOP etz R’E

0 0 0 0 0 EZEEX OxFFFF M ENESH MAX

1 0 0 0 1 8 fuAR{L 8 E PWM 0xO00FF TOP BOTTOM

2 0 0 1 0 9 fu {8 E PWM 0x01FF TOP BOTTOM

3 0 0 1 1 10 2245 1E PWM 0x03FF TOP BOTTOM

4 0 1 0 0 CTC OCR1A S EVEFH MAX

5 0 1 0 1 8 fu RiE PWM 0xO00FF TOP TOP

6 0 1 1 0 9 fu iR PWM 0x01FF TOP TOP

7 0 1 1 1 10 fZ1RE PWM 0x03FF TOP TOP

8 1 0 0 0 ML SHEBE PWM ICR1 BOTTOM BOTTOM

9 1 0 0 1 ML SHEEE PWM OCR1A BOTTOM BOTTOM

10 1 0 1 0 OIS E PWM ICR1 TOP BOTTOM

11 1 0 1 1 IS E PWM OCR1A TOP BOTTOM

12 1 1 0 0 CTC ICR1 SMEVEH MAX

13 1 1 0 1 RE - - -

14 1 1 1 0 HRIE PWM ICR1 TOP TOP

15 1 1 1 1 IR PWM OCR1A TOP TOP

Note: 1. CTC1 F PWM11:0 WENEZXFTBFEAT , EEA WGM12:0, BEFHNMRANIIEENLER RN,

T/C1 ##HZF1=88 B - TCCR1B

2545D-AVR-07/04

Bit 7 6 5 4 3 2 1 0

I ICNC1 ICES1 - WGM13 | WGM12 Cs12 CS11 Cs10 I TCCR1B
®/B R/W R/W R RIW R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0

+ Bit 7 —ICNC1: S AHEIRMR I HIZR

B ICNC1 R ARG FIHIZIaE. WATHAERSIH ICP1 BV ABIEIKR, HER
=M ICP1 SIMIELRIT 4 KR, MR 4 ARFEHEE , BLAESEALBLNZR.
E I FEREZ R E S ARIRBIEE T 4 Mt A,

» Bit 6 — ICES1: #i ARl & iEER

EALERER ICP1 LB NL R L HBIREH. ICES K "0” RN E TR AL E A
iR ; ICEST A "1" RN R BEBEH EFAR/E W AR,

%R ICES1 iRBRRE —NEHE | ITHENBEHES E ICR1 FESE. BHREHE
SEBRN ICF1, MBIATHEEERE | WmABREHEIHAE,

% ICR1 AfE TOP {& (L TCCR1A 5 TCCR1B F 725 WGM13:0 {1 Y4k ) & ,ICP1
SWAmRNELRIT , W AR EEER.

» Bit5 - R&
ZURE. ARIESHR[HEN®REYE , E TCCRIB B, Zfu%
o Bit4:3-WGM13:2: B R E#EK

Il TCCR1A HFEHHIER,
o Bit2:0 — CS12:0: B4hiki®

A IIIEI% 117
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T/C1 ##|%F 1788 C - TCCRIC

T/C1 - TCNT1H & TCNT1L

WHHEBHEERR 1A - OCR1AH
5 OCR1AL

AIMEL

X 3 Tk T/C MEt#R , I Figure 50 5 Figure 51,
Table 58. Af4pikiR IR

CSs12 Cs11 Cs10 | #iEA

0 0 0 FTatiR (T/IC Z1E )

0 0 1 clk,o/1 ( TR )

0 1 0 clk,o/8 (BTSSR )
0 1 1 clk,o/64 (R BT 2 4T )

0 clk,0/256 ( R B2 g8 )

0 NEBT1SIB) , FEEBIRSS

0
1 0 1 clk,o/1024 ( R BT I )
1
1

1 AEBT1SIH, EFARES

RRE ARG | ED@ T1 SIEMMEE S Y , B T1 SIH LB BESBFEL
PRSI T/CH T8 | XM AL AP BT SR 2 HT R,

Bit 7 6 5 4 3 2 1 0
| Focia | Focie - - - - - - ] Tccric

®/E R/W R/W R R R R R R

MEE 0 0 0 0 0 0 0 0

» Bit7-FOC1A: @l E A
« Bit6-FOC1B: E#lmitE B

FOC1A/FOC1BL RTEWGM13:0{#i& B R IFPWMER I F B R I TRIERAEHIES
H#HA , £ PWMEXTE TCCR1A FEFEeE , ZFER/LIES, X FOC1A/FOC1B
B ﬁ%ﬁ%u;&ﬁﬁiﬁ%fri—;ﬂﬁimE@tbﬁ‘c@ﬂ H R R ERMKIE COM1x1:0 BYi%
B M &% OC1A/OC1B Hi% HIRAS. FOCIA/FOCIB WERMBE—PMEEES ,
COMIXT:0 WiRET RRLABELREELRNAE,

FOC1A/FOC1B it BEFTT A £FMHARTER , AT ITH[ET , 2EH OCR1A
% TOP B CTC Tt Ep#E,

FOC1A/FOC1B MiIZIBEELE N E,

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

®/B R/W R/W R/W RIW R/W R/W R/W R/W

HE 0 0 0 0 0 0 0 0

TCNTIHESTCNTILAR T T/IC1HBIEFEETCNT1, BN e o A E X Erf85/1T5
BB TH 16 fIitEEHTIREHE. NRIE CPU NEFTESRFTWEMNES |, S5
FR—1 8 Ul &F T 51728 TEMP, TEMP 2FiAH 16 U 1Z25 A/ ¥ P 98
“i5iE) 16 (U EF1FRE " o

EIT BRI THEERTCNTIHARE TEE KX —IXTCNT150CR1xH LL & Ui i 1k,
E TCNT1 HEHNET —/NER S5 A A E LR ITH .

Bit 7 6 5 4 3 2 1 0

18 ATmega48/88/168 mu———————————————
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W% FFE 1B - OCR1BH
5 OCR1BL

WABRFESR1 - ICRIHE
ICR1L

T/C1 I ER T HF8R - TIMSK1

2545D-AVR-07/04

OCR1A[15:8] OCR1AH
OCRIA[7:0] OCR1AL
/5 RIW RIW RIW RIW RIW RIW RIW RIW
NE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
OCR1B[15:8] OCR1BH
OCRIBI[7:0] OCR1BL
i%/5 RIW RIW RIW RIW RIW RIW RIW RIW
NE 0 0 0 0 0 0 0 0
ZEEFRTH 16 UHIES TCNT1 FEFTNITRERTEENLER , — BRECEE ,

FEE— MR HLERPE , HokE OCIx WH HBBET,

WMHELEBREERKER 16 I, ARIE CPU NEFZTHERFZTHERNEE , KAEHR—
N8 Uiset & F T & 1788 TEMP, TEMP 2FTER 16 (U SFEE3 L AN i P 98 “ iF[H]
16 NFEFER "o

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

HAERSI ICP1( = T/C1 WERILLER SR ) B ABRAKE S~ ER |, 1T5ES TCNT1 #
HEBA ICR1 #, ICR1 WiREETERNITEESH TOP &,

WMABREERKER 16 I, AR CPU NEFZTHERFZTHWERNEE , KAER—
N8 Uiset & F T & 1FEE TEMP, TEMP 2FTER 16 NZFZE5 L AM , £ M P 98 “ iF[H]
16 NFER "o

Bit 7 6 5 4 3 2 1 0

| - - ICIE1 - - OCIE1B | OCIE1A | TOIE1 | TIMSK1
®/E R R R/W R R R/W R/W R/W
MHE 0 0 0 0 0 0 0 0

* Bit7,6—Res: {REfI

ATmega48/88/168 X B AX L1y |, RIREIER 0,

* Bit5-ICIE1: T/C1 f# AR P HFfERE

YZMWIRA "7, BRAFESRHH | HIRF "7 8F, T/IC1 WA ABIRPUMERE, T
—BHIFR1MICF1 &L ,CPUBIF AT T/IC1 i AR P MRS EF (WP 48 “H M~ )
 Bit4, 3 - Res: RE{U

ATmega48/88/168 & B EAX (v , RIREENR 0,

 Bit2 - OCIE1B: T/C1 fa i b B Pofi A BirfE sk

YZMHIRA "1, BRATEBHH | uBEgR "1 8t , 88 T/C1 WA H LR B It &+

WrfEsE, — B TIFR1 LA OCF1B &{I , CPU BIFF 44T T/C1 % H Lk B P A i AR
SEF (M P48 “FHl"),

« Bit1- OCIE1A: T/C1 S8 A PUEL AP M fERE

119
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T/C1 FMiPRE TR - TIFR1

AIMEL

LIZMHIER "1, BRDSHEEPN | IHIEHR "17 85, T/C1 W H R A ITE R
B, —B TIFR1 LA OCF1A &I , CPU BIFF##4T T/C1 i B LR A ITE R R IRS 2
FF (M P48 - Flf”),

« Bit 0 — TOIE1: T/C1 & hpifEsE

X TOIE1 SERAETFEW | LEHIER "17 8, T/IC1 WA PhirEsE, —B TIFR1T#Y
TOV1 Ef , CPU ENFF#a1T T/IC1 SBHEPMBRSERF (M P43 “ BIIRERSE") .

Bit 7 6 5 4 3 2 1 0
| - - ICF1 - - OCF1B | OCF1A | Tovi | TIFR1

®/E R R R/W R R R/W R/W R/W

DEE 0 0 0 0 0 0 0 0

s Bit7,6—Res: RE
ATmega48/88/168 ;& B EAIX L , iIREE N 0,
o Bit 5—ICF1: T/C1 Wi A iR FREAL

SNERSIHD ICP1 WM EHRT ICF1 B, AL, 2 ICR1 ERNITERESH TOP {ERY , —
Bit#EsERZE TOP , ICF1 tHEfL,

RITHABIRPH RS RFE ICF1 BaES., b UREBEAZE "1” KERIZIF SN
» Bit4,3 -Res: f&1

ATmega48/88/168 ;& G fEFAIX L4 , iIREEN 0,

« Bit2- OCF1B:T/C1 % tE B EEFREAL

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

58 5 H EE B (FOC1B) R4 Ef OCF1B,

478 S5 H LR ITE B R ARS 258t OCF1B BHEIiEE, AN EEABE "1" K
B BRIZFREAL

« Bit1- OCF1A: T/C1 S HH L A [TEHREA(L

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

8 % H LB (FOC1A) T4 &L OCF1A,

4T 598 &% H EE R PTER A ARSI R EY OCF1A B3I 8, I UNHEBEAEBE "1” K
BEBRIZIRENL,
e Bit0-TOV1: T/C1 B iRE

ZUWRES TICI W ITHELAREX. TETEEEXNFM CTCEXA ,T/C1 B HA TOVT
B, WIEEHEECERXTH TOVI irEBN , W P 117 Table 57

AT P T IRSS 2P OCF1A HE1EE, AN EEBARE "1” RKBRZIFEAL.

120 ATmega48/88/168 m—————————————
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SNEBPWMERS 1c2g-—1ERREEs e/ HHE, HXTHA0T
= - 1 - BEEITNE
REDENENS /1T | farrnaeens aams)
a2 . TFRBF , AL EBNKET A (PWM)
- WER LS
* 10 {uBts Mo SR
o BHELBRTEFEIR (TOV2, OCF2A 5 OCF2B)
. AVFERANIEY 32 kHz FRBFAEFIMIH 10 KEF

&k Figure 54 9 8 1 T/CHI 5 HEE . SEEREY S| MRS M P 2 “ATmega48/88/168 Bl HIHES]” o
CPUTILEMI/OFZes , 2R/ IOMMI/O S| LAEEAER R, B8 EEKIOFFRENEN
WP 1318 £ T/C BEBHHA ",

P 34 “ ThEMHIFFEE - PRR” #1 PRTIM2 (U A4GUEZLUERE T/C2 R,

Figure 54. 8 {Z T/C K 1EH

Count o TOVNn
Clear 7 (IntReq.)
— Control Logic
Direction clk, < TOSC1
TIC
Y - Oscillator
T Prescaler |—— TOSC2
TOP | BOTTOM
[e——— clk,
Yy
A Timer/Counter [
e om ] = [=0]
f ‘ * OCnA
" (Int.Req.)
\ | F
— ] Waveform
= | 1 Generation
> ocrn | -----i .i
Fixed
OCnB
Top ’—»(Im.nReq )
n *— Value
a — Waveform
- Generation
£
<
-
[ TCCRnA | TCCRnB
1 1
< ) ) >
Y
FiEe TERTER / THERE8 TCNT2, b R #1788 OCR2A } 8 {uF 1788, FHIER (AT R ENR

Int.Req.). EBTEER2FH MRS ERS TIFR2 BERM, FIA P HTER AT SUE E /T 25
W ERR T FEEE TIMSK2 B2 1TRR. B RELEH TIFR2 5 TIMSK2,

T/C2 BBt A LA R B T ST 25 B9 A SRRt 4P s@ i B TOSC1/2 SIfMEA N R P rte | iF
NAEAF REHRD ., L RIERARSIRATIEEE ASSR 24|, BtEPiER B EERREIC|2
T/ICItBREE (TR L) B8R SRR BEHRE T/CA FE LIRS, i ERBEE
REVE A clkrgo

WE R H B 1788 OCR2A 5 OCR2B #4&:#h 5 TCNT2 MIE#H TR, BFEX
ERFALLBRLE R™ 4 PWM RS E b8 H 5|8 OC2A 5 OCR2B % H AT SRR M E

A IIIEI% 121
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T, M P123« mtitkRERT ", LRERERESCEMEREEIFE OCF2A &
OCF2B , Ak~ £ bR P HTER,

X AN ELHEEFRBRAZSMUBEANERRT, NEW ‘N RREN/ITHENFES |
ELBEIR2, EREEEFNEFABHRINEN (HIERATCNT2RIF R T/C2itEEEE).
Table 59 HESGER FAT :
Table 59. %88
BOTTOM | it#k28it %l 0x00 EYEM%EZE BOTTOM
MAX TTERESIT B OXFF (T3t HIfY 255) Bt BIIA | MAX
TOP T ERESIT 2T B 5 & R EETENIA R TOP, TOP E A LN EE & OxFF
(MAX) , 27 THFFEE OCRRAENWHE , E4ABITEESXEBE
T/C Ky rtEhIR T/IC AT A ES S RAB RSN IES . clkr, BREIZER MCU B clk g 24
ASSR Z1FE5MIAS2 BT , 4P JRR B F TOSC1 M TOSC2 E MW IR 728, AN RS
RIFALISE P 138* RERSHEH - ASSR' | FANHHBRSHLRBNNE RS
# P 140 “T/C L5 ",
TH¥ERE T S T/ICHIEE LS H AR B 12k 2 7T, Figure 55 BIN i3S R & Bt RIS M 5 1E
38
Figure 55. it R8T HEE
- DAT; BUS - > ey
bottom T Tlop C”ﬂ/o
EFHE (AHES) :
count fi£ TCNT2 401 508 1.
direction EFINIRESEIRE,
clear BZ TCNT2 (FHFIENNIES ).
clky, T/C BV B4+
top R TCNT2 BLKE T HAE,
bottom F/R TCNT2 E£3%1 2 7 &/ME (0)o
BREFTENIEER  TREHNE - ok, FIES. M—=E— 8%, clky, THH
AT s R RIS AT SRR~ £ | ERBARHIERA CS22:0 BE, &HEF R
(CS22:0 = 0) ERTEEZLL, B RFEHRE clky, ,CPU FBALLIHE TCNT2, CPU Bl
eitEhes HabigiE (BE. RERE ) WRRERS,
THUF B T/C # 4|2 1785 (TCCR2A) B WGM21 1 WGM20 5 TCCR2B # WGM22 &
Eo ITHB|I BT NERELER OC2A 5 OC2B WEFEEEZN KR, BXITHRFHMN
BEEENIFAERESE P 124« THEER .
122 ATmega48/88/168 m——————————————

2545D-AVR-07/04



E———————————ssssssmm A TMega48/88/168

RHLERET

B il HH HU R

E TCNT2 R 4EPE 1L LB T

EAEHERET

2545D-AVR-07/04

T/Ci& Hi P ETAR S TOV2 BRFEWGM22:0 IR E R THEEAKIRE, TOV2A LA FT~4CPU
el

S LR BRI TCNT2 M 5 i LE R LBl B F 25 OCR2AS5 OCR2B# 1T, —BTCNT2
Z£F OCR2A =, OCR2B , L BB MAHEEFT. EEBEAENT —NEREF4 AR
B BRFRE OCF2A 5 OCF2B BfiI, & OCIE2A = 1 & 5| & H LR P, HIT
FHRSEFE OCF2A FHHEE , A BEHRML4E "1” WARBITEE. BIE
WGM22:0 #1 COM2x1:0 REMN TR T/EE B AXER[RAUFNATEEES=E R EH
K. B R A£EFRA max # bottom 55 RABRERH THEKIBER (P 124
CTHEER ).

Figure 56 7 th LE R B2 TR S EE

Figure 56. ittt R BT HER
DATA BUS

- t t .
OCRnNx TCNTn

4L Ll

| = (8-bit Comparator ) I

OCFnx (Int.Req.)

/

top »

bottom . Waveform Generator

1]

WGMn1:0 COMNX1:0

-1 OCnx

FOCn >

£/ PWM it OCR2x HEBRAME P F 7R ; MEERE THERANMTEEEEN
MEH R RN . NEH AL EH OCR2x FF 25 top = bottom K ZIFE LK |,
MTBE L= E RN FRE PWM B |, SERRER

E OCR2x HEFEREBKBESR  HEXT R, EREME M IEERT ,CPU 15 /Y2 OCR2x
ZMHFES ; ZUEREHhEer CPU HFIKINRZ OCR2x £ &,

TETFIE PWM EXET , AJATI &S5 H LR FOC2x B "1” R4 L RITE, A& Lt
RIEFBEASEN OCF2x i1 , b RAEE / BB EMES , B2 OC2x S|MIFHESH , &
REMRET HRITE —# (COM2x1:0 RE OC2x BB, BFE , E2RREBEIL ).

CPUXI TCNT2 HEBMERELE T —NER SR # A MME L LRICE M R £ | BIfEL
NEMBRELFLT . XML AR OCR2x #M%{L 5 TCNT2 HEKNHET A
fiR % P T

ATFEEZEERXTE TCNT2 SBFET — N ER SR AR L ERICE | EERH S
LR KA TCNT2 BN , 78 T/IC RBEET. MREAKN TCNT2 WEEST
OCR2x , b BICE MM AT , ERFTEBI R LAEE R, KLUt , EiTHREEHTR
Fit#et R EX TCNT2 EA BOTTOM,

A IIIEI% 123
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dse bt WD TS

THERK
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OC2x MRBNZERERFEAOFTFR TR, XELMIRE OC2x WA EREER
& T R A58 550 H LR FOC2x, BIfEENTRFE R ER KA OC2x HFEHFHL—ER
BFENRE,

JEE COM2x1:0 MEBBUEETENE K, COM2x1:0 By ST F I Bl A K.

ERICEERZES COM2x1:0 EEREINAE, BERERFIA COM2x1:0 KREET —
R R B & 46 B B9 5 EEBUIRAS (OC2x) ; COM2x1:0 i 424 OC2x S| il 5 5 #I K
JRo Figure 57 1% COM2x1:0 & E¥MABENELRER, 1/0 FEFE5. /0 & I/0
SIBLUEE R R, BHRRAE T COM2x1:0 FMAER 1/0 % D HEF 1785 (DDR M
PORT), i# & OC2x RASETIEM RN ER OC2x FFeR , MA = OC2x 5|k,

Figure 57. b Tl & c/RE

—

COMnx1
COMnNX0 Waveform D Q
FOCnx Generator
1
| OCnx
OCnx 0 I/ Pin
A
3
m PORT
<
%
 J DDR
clk,q

RE COM2x1:0 I — MR EAL , RIPK 4 2RAY fa H LRI EE OC2x ELEUXEA 1/0
AZh&Ee, B2 OC2x SIMM A EMAZETHRIES @ FFR (DDR), A OC2x ZhEe
ZHEAEBEIRIES MFFERM DDR_OC2x Atk SIMRE Nt . W OSSR
RERNITEERATX,

Wi L2 BRI AV OC2CRASE R Z AT B B TR, BXEFEL COM2x1:0
RERBLTHMRMERE  HR P 1318 L T/IC FEHFHEHA ",

K EBRFA COM2x1:0 WAREZE, CTCHMPWM =fEXTEARXH, XFFF
ERER | COM2x1:0 =0 REALRICH & £ R A £88 1T 2184%E OC2x. IE PWM &
XL RAHIES A P 132 Table 63 ; R PWM B LR & H T P 132 Table 64 ; #8{Z
1£1E PWM B EEER 5 F P 132 Table 65 .

A& COM2x1:0 FEMEARBEENE —RHLREE, XTI PWM EX |, AJUEE &
P FOC2x k38 3 Bl =4 B R

IHEER - T/C MiEmHLERSIBNTR - AEFEAEER (WGM22:0) & Hb&HHER
(COM2x1:0) B FHINRE, LtBRAEERXNITHRFIEER , MEFE~EEIT T
FHIMEFIE, COM2x1:0 % PWM MiH2A R, JE PWM EEf COM2x1:0 32

124  ATmega48/88/168 m——————————————————
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EEEX

CTC( LR Il kB BRERT 89 )
1§
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HRERENZELRERRZENEN, BF  A2BFHUR (P 124 EREERH L2 T
"),
RSN FEEESE P 129 TICHFR ",

EBEEN (WGM22:0 = 0) A&EEMN THEERER, EHEXTITHEF R M. it2 8
LB RER (TOP = OxFF) , B THERH TSR £ bIREFI&/ME 0x00 EFHFF
¥, £ TCNTO HEWRE —PNETEESE T/CRHFRE TOV2 By, AT TOV2 BESE
Fof, RRREEN , T2BET. EHTENSPHRSEFE® E3ES TOV2 ,
WAL BSHHRESENSNIHUR, EEEEX T REALEERKEREN , AR T
FERT B AFTH IT B BUE,

WHEBRE T AR AT, ERTHEAEEREX TAARMBLLR=ERE AR
X&b8BAAZH CPU BES,

£ CTC =X (WGM22:0 =2) T OCR2A HEFHBA T RN IT BN 7 PR, HITHEENHK
{8 TCNT2 & F OCR2A KHit#285Z, OCR2A ENX T iT#E8H TOP & , JRENITEREEH
PR, INMNEXNFEBAFAURBE S R LR E M EORE | bE T ABEHIT
BHERE,

CTCHE XK B Fr B N Figure 58, ITHERMETCNT2—ERMFITCNT250CR2AEE, | A
J& TCNT2 5%,

Figure 58. CTC XK FHE

w VNV

OCnx T
(Toggle)

OCnx Interrupt Flag Set

{ -

(COMNX1:0 = 1)

Period I 1 ~I 2 >I 3 >I 4 ;I

FIF OCF2A #REAAEITHEHEIXRZ TOP BIF-L£ i, EFMBRSEFEAUEHR
TOPHIEE, HTFCTCEIZENE HINEE , EITBERULT 2 MR RIEMWTA DM T
ERBHRSRF TOP BN #EIE BOTTOM WEBENE /M. MMREA OCR2A HWEE/NT
LT TCNT2 ERE |, ITHRESENELR—RHRITE, £ T —XLEREERAXE2H , TS
FEBFEITHEIRZRKE OXFF , REBEM 0x00 FA1t#Z OCR2A,

ATECTCERNTHBERMME , TLLUEEB OC2AERB AR EE X £ HEBEHETF,
XATLAE IR E COM2A1:0 = 1 RFERK. EHILIRE OC2A i zdl , HAEFHRKO
RERNBEH, REREREBTENTRAIMERA foc, = fy 10/2 (OC2A = 0x00), R
WTFARBEE : -

fak_ 1o
5 N (1+OCRmx)

fOCnx -

TENARKRMOHMATF (1. 8. 32, 64, 128, 256 T 1024),
HEBERXT , TOV2 iREHEMREEITTHEEMN MAX Z R 0x00 #YE R 27T 41 A .

A IIIEI% 125



BE PWM #E3

AIMEL

RIE PWM X (WGM22:0 = 3 = 7) ATAR= A S PWM K. REPWM EXS
Hitt PWM BN AR RE2 DR TESR. iTEREEMN BOTTOM itZl MAX , ARG
YENEZE BOTTOM E#FHFH. 2 WGM2:0=3 8F , TOP EEMAN OxFF ; M and
OCR2A when MGM2:0 = 7 B , TOP {3 OCR2A, M FEEBEMN B M HEES  WHLER
S|fl OC2x £ TCNT2 5 OCR2x IEELETEE , £ BOTTOM BHEf ; X F k@ tbE 5
B, OC2x WENEIEFHER., ATEA T EORFES | RE PWM B K THERERL
FERANPE MM E PWMERE — &, WEMRESEESRE PWMERT+29ES
FERFTH  BFNDAC MNA, SMATLUR/NAZBTEEY (B, 2R )WYWERST M
MR ERERAK,

ITHEFHRE PWM EXE |, ITHESENRE—BEEMNE TOP , AFEREMN —/Natsh EH
BE. BEAEMFER Figure 59, B AERE TCNT2 RRXER2BFIFRE, HER
FEEEE T EENPWME H LR 5@ PWM i H . TCNT2#13 E i %E KP4 R R OCR2x
F TCNT2 Wy LEB P,

Figure 59. i PWM bt F

OCRnx Interrupt Flag Set

OCRnx Update and
TOVn Interrupt Flag Set

AN
\\
-

AN
\\

TCNTn /

OCnx (COMNx1:0 = 2)

OCnx |_| (COMNx1:0 = 3)
Periodl-—1l2l3l4ltlel7—»|

IHeT SR 3R EIAR R TOP B T/C i H45E TOV2 B, MR AN  EhMIRSER DT
REBFAULUEHFRLRE,

TAETHRIEPWMAE R |, LLBR % 7T AT BAFE OC2x 5B L5 i PWM B . 1RiE COM2x1:0
R 2 AL FEEEN PWMES ; 7 3 WA~ 4ERE PWM KR , 5 WGM2:0 = 3 /Y ,
TOP{ERE X N OXFF ; M3 MGM2:0 = 78f , TOP{E}y OCR2A(Z /L P 131 Table 61 ). E
RS LS E M L E SR LA OC2x MBIEA EIREN . =4 PWM KA1
R OC2x B 781 OCR2x 5 TCNT2 L it By (HEF ) , AREITHEREE (M TOP
& BOTTOM) AR — M ER 2R Ed s B HE R (REAL ).

WK PWMSMIRTES M T AR ITESE

; _ fak o
OCnxPWM N - 256

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

OCR2A BEHNMEEMNRRRIE PWM EXMH —LH%ER. & OCR2A £F
BOTTOM |, % 7 HIEEMAX+1NE BT BF et 5 B HIMN =Rk F ; OCR2ANMAXET | 1BiE
COM2A1:0 Mg E , M EN S EERIKETF,

126  ATmega48/88/168 m—————————————
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BT % E OC2X E LR B AT #E 1T IZ BB BB T HUR (COM2x1:0 = 1) , AT LS B 5=t H 50%
MEMES. OCR2A N 0 RMESBREME ), = fy jo/2. EMFMELT CTCEKX
TH OC2A BUR#B4E , FRIZAE FRE PWM X EBNE W,

A mEl% 127
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IS IE PWM R
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MAEE PWMER (WGM22:0 =1 5) A AP RE T — M RESBEMMLIEE PWM K
A%, WIERXETNRIKIR/E, it ES M BOTTOM it 2 TOP , RJjE XM TOP
BSREZ BOTTOM, 2 WGM2:0 =3 &F , TOP EE XN OxFF ; T3 MGM2:0 = 7 & ,
TOP{ENOCR2A, E—MMHBAHERT | SIS ETOPIT R ELALE T TCNT2S
OCR2x It ,OC2xFBFZENEBTF ; MEITFEEBOTTOMIT N E X4 T TCNT2
F OCR2x WICE , OC2x MEMNNESHRF, ITEFREAELERNMEFHER. S2H
WIREAELE , MR BIRETTREBNHRAMEE)N, ERTERHHEYE , +9EESTFEN
7,

MAEE PWM B PWM BEEER 8 th4F, ITHRESSTMEMES TOP , REF
BRI, E—NEMSHEAHE TCNT2 WEZT TOP, BFEE SN Figure 60,
F TCNT2 EEARERERT , LEEXNRIRIRE, XERREE T & PWM B
HA/RE PWM K% . TCNT2 £3% ERY/MESR KRR OCR2x 1 TCNT2 W LR ITEL,

Figure 60. #E{{&E PWM EX KBS FE

OCnx Interrupt Flag Set

OCRnx Update

TOVn Interrupt Flag Set

¢
-t
¢
-
¢
-t
¢

>

o AN

OCnx

(COMNx1:0 = 2)

(COMNX1:0 = 3)

L

OCnx |_|
N
|

~_ 1 [

Period I 1 2

HITE2RAE BOTTOM Bt T/C i HAREAL TOV2 B, AR A A K™= £ o
HItE2RAE BOTTOM Bt T/C i HAREAL TOV2 Bfv, ARG A A K™= £ o

THEFHMIEIE PWMERXE | b3R8 T A BAfE OC2x 5l fil™= 4 PWM S : i COM2x1:0
RER 2 THEEEHMNVM PWM iRE COM2x1:0 I 3 =£ KR E PWM E5 |, 2 WGM2:0
=3 ,TOP X} OXxFF , % MGM2:0 =7 ,TOP EX 5 OCR2A(Z M P 131 Table 62 ),
EEESIM EEIHBESEXTRN OC2x WEIE S BIRE R EH, OCR2x M TCNT2
bR ITE & £/ OC2x FEFESN~EMNNBESRENMIRE , N\M=4E PWM B, T4
FHAMBEESRS PWMSRRTHTRXARNIKE :

; _ fa o
0CnxPCPWM = N -510

TENRTMDMAF (1. 8. 32, 64, 128, 256 T 1024),

OCR2A BHEEAFHREMRK THMBE PWM ERXHN —LBHKE R, £ZEPWMER
T, & OCR2A & T BOTTOM , i tH —EREFRNKESF ; & OCR2A &TF MAX , NHH
BRERNESEFE, kB PWM ERX N EFHER.

12  ATmega48/88/168 m————————————————
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T/IC R FHE
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£ Figure 60 95 2 NEAH , BRRBERELREE , OCn tBHHI T —MNS ENEAYBE
T, 5B 0 RARIEREAE BOTTOM A M BIX F. 5275 R Eﬁdﬁ‘f‘ﬁ_ﬂﬁﬁ’ %/Réﬁf}uﬂikio

#0 Figure 60 FF 'R ,OCR2A 9B M MAX 2 H i #i#E. & OCR2A BN MAX &Y , 5]
B OCn #9% L SiZ ST E R F IR R LR TR AL 2R, HRIBEFE BOTTOM
FAMEXIFR , & T/C MEER MAX BT, SIH OCn K% H X AR E FEAFiC
HRCENER, AT 8 R85 LRI £ 4 OCh HIAERTNAR,

ER BN — L OCR2A AWEFRICH , FEMERT —KLLRIEE, B TRIER
R4 BOTTOM FMUAYSI#E |, tLEY OCn A EIYIR B S BN BEF ., REHLLS|IA
TEZANBRRBELREERRE OCn FLABEREMIAR,

THERRAEHN T/IC AES B , BitEAt 4 ck, AILKRRARNSFEEES, ERSIE
XT , clkyo B T/C #RHERITEFPIENR . B HIEIRE 7 PR IR BRI ATE, Figure 61 2
BT TICHEXRNF. BPAETREMEE PWM EXHEITE MAX BN ITTEFS.

Figure 61. T/IC B{FE , T 5 #zR

clk
(clklloll)
TCNTN _X MAX - 1 X MAX BOTTOM X BOTTOM + 1
TOVN

Figure 62 45 i M RIM E T2 EE , BT 2 MR ERE.

Figure 62. T/C BYFE , MO MBRN Ty 0/8

I e
(c?li.lfoT/%) F r r

TCNTN

clk, o

<

MAX - 1 X MAX BOTTOM BOTTOM + 1

TOVN

Figure 63 441 7 B M#EXT (R CTC #xX )OCF2A B R1FR.

Figure 63. T/C BIFE , OCF2A Bfi , AN fy 10/

owee UULUUULUUUU UL WU UUUU UL

clk,
(clk,, /8)
TCNTN OCRNXx - 1 OCRNX OCRNX + 1 OCRNX + 2
OCRNX OCRNX Value

OCFnNnx

A IIIEI% 129



130

AIMEL

Figure 64 44T CTC X~ OCF2A B TCNT2 JBEBRAVIER

Figure 64. T/C BIFE , CTC =X , MOMERN f, 10/8

—
=

clk,
(clk, o/8)

UUUUUUUL
.

UUUUUUUL
3

UUUUUuUL
.

UUUUUUUL

TCNTn |
(cTCc) |

X TOP -1

X TOP

BOTTOM

X BOTTOM + 1

OCRNX

TOP

OCFnNnx

ATmega48/88/168 mu————————————————————
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8 i T/C FHFaii A

T/C #25IFF#|/ A - TCCR2A
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Bit 7 6 5 4 3 2 1 0

I COM2A1 | COM2A0 | COM2B1 | COM2BO - - WGM21 | WGM20 I TCCR2A
B/B R/W R/IW R/W R/W R R R/W R/W
NBE 0 0 0 0 0 0 0 0

* Bits 7:6 — COM2A1:0: tLbR T A X

XEARTE T LR IEE R £ B f S| OC2A (YT, 2R COM2A1:0 Ry — U £ EP
HEM , OC2A MLLRIE M KN A AT ITE, RRTHGEEFVEREN 1 AR
IR,

4 OC2A EZZ|YE S| LAt , COM2A1:0 WIhBEM T WGM22:0 Hi%E. Table 60

LHTHWGM22:0RERNE E*i_tj?, CTC &= (I PWM #E ) Bt COM2A1:0 K ZhEE,

Table 60. LLRAHER , IE PWM R
COM2A1 COM2A0 | i%FH
0 0 EERNRHORE , OC2A KRiEHE
0 1 Eb R el & 4/ OC2A B
1 0 bR el & 4 /F OC2A BS
1 1 EbERPefie & 4 B OC2A B

Table 61

4 H T Y4 WGM21:0 1% & iRiE PWM X Bt COM2A1:0 KIZhAE,

Table 61. LbR&HHER | RiE PWM ER ()

COM2A1 COM2A0 | i4FA
0 0 EEMEOBRAE , OC2A RiERE
0 1 WGM22 =0 : EEMWIHOERME , OC2A RiEH
WGM22 = 1 : EERIEfl & £ 8 OC2A BUR
1 0 e IEEL & 4 8F OC2A EE |, 11 E| TOP B OC2A Ef
1 1 e pefl & 4 At OC2A By |, i34 E) TOP i} OC2A BE
Note: 1. —MFEKIERZ OCR2AZE T TOP , H COM2A1 B, LAY LR LB {45 2B |, Mo it 2K

Table 62 £

3| TOP B BIEREE R, FHELSESA P 126 “ Rk PWM =X ",
H T Y WGM22:0 i B N HEHIEIE PWM X B COM2A1:0 KIZhAEE,

Table 62. LbR&HH#ESR | B E PWMERK D

COM2A1

COM2A0

L

0

0

EER I ORME | OC2A KiEHE

0

1

WGM22 =0 : EERIEOERME , OC2A KiE#E
WGM22 = 1 : bR ICE % 4/ OC2A HUx

EAFIT B RELRTEREE OC2A ; BFITHRRE LR
PeEeHF & fiz OC2A

EAFITHAT X E L REEFE M OC2A ; BEFITHE X £ LB
CEFESE OC2A

Note: 1.

—NEBRER 2 OCR2AZ T TOP , B COM2A1 B, AT LR ITEIF4E 2 /8 | itk

F TOP MBI ERE B/ R, HAREHE

ATMEL

S0 P 128 “ B IE PWM E " ,
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 Bits 5:4 — COM2B1:0: LRttt B 25X

XA RE T R PCE K 4B S B OC2B MEF, R COM2B1:0 FH—{umi£2p
B , OC2B ULERIEEH HW AR BT IE, BAtEAEESMERER 1 UERE
WHIES

M OC2B E#ZZIWE S| Lt , COM2B1:0 KIZhEek i T WGM22:0 B9i% &, Table 63
AT HWGEM22:0 iRERNEEEN T CTC Xt COM2B1:0 I ThEE,

Table 63. k&M EE , IF PWMER

COM2B1 COM2BO | B8
0 0 EERNRHOKRAE , OC2B RiEHE
0 1 HB TR & 46t OC2B LR
1 0 bRt El % 4 /Y OC2B BS
1 1 EbR el & 4/t OC2B &

Table 64 441 T 24 WGM22:0 i& & H 5% PWM X 5t COM2B1:0 B ZhAE,
Table 64. Lt HER |, RE PWM 1 (1

COM2B1 COM2B0 | i%E8
0 0 EERNRHOKRAE , OC2B RiEHE
0 1 R
1 0 g eEL & 6t OC2B 7EE |, 1% EI TOP B OC2B Efx
1 1 LR PTER & 4Rt OC2B &1L |, it#k% TOP & OC2B BEE

Note: 1. —PMEHKEREOCR2BZE T TOP , B COM2B1 B, AT LI P E G 20 |, itk
2| TOP BRI BIESEE R, FMERIBES N P 128 “ HHAIEE PWMER " ,

Table 65 44 1 7 24 WGM22:0 i B N A8 E PWM X B+ COM2B1:0 By ThEE,
Table 65. Lt HER |, VB E PWM R ()

COM2B1 COM2B0 | %83
0 0 EEMmOKRE, OC2B RiEHE
0 1 R
1 0 EAFITHN A ELLREE T ES OC2B ; BEFITHE XELR
CEFE R OC2B
1 1 EAFITHNRELREESEN OC2B ; BEITHE R E LT
CEFESE OC2B

Note: 1. —PMEKERRE OCR2BE T TOP , A COM2B1 B, AT I G4 20 | mitik
| TOP N BIEREE N, FHAERBFSM P 128 “ HHIIEE PWMER " ,

* Bits 3,2 — Res: RE{u

ATmega48/88/168 X LAY RRE N |, IREENR "0

* Bits 1:0 - WGM21:0: R4 R

XH{L5 TCCR2B HF 1781 WGM22 —2 2 It B It BFS | TR KE TOP /Y

N, UREAMMER , 50 Table 66, T/C XEFMNERE  TEER , HREE X
ERHEBRITHERER (CTC) , ARFR PWM R |, ¥ P 124 “ THEER ",

132 ATmega48/88/168 s ———————————————
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Table 66. R~ HEEXWATE L

OCRx H | TOV #5&
#X | WGM2 | WGM1 | WGMO | T/IC W T/#=X | TOP | E=Fsa| | &E M
0 0 0 0 =i’ OXFF | SENEH MAX
1 0 0 1 A IE PWM OXFF TOP BOTTOM
2 0 1 0 CTC OCRA | MEVE#H MAX
3 0 1 1 IR PWM OxFF TOP MAX
4 1 0 0 *E - - -
5 1 0 1 AL IE PWM OCRA TOP BOTTOM
6 1 1 0 *E - - -
7 1 1 1 PR PWM OCRA TOP TOP
Notes: 1. MAX= OxFF
2. BOTTOM= 0x00
133
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T/C #4|5F1F88 B - TCCR2B
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Bit 7 6 5 4 3 2 1 0
| FOC2A FOC2B - - WGM22 Cs22 cs21 €S20 | TCCR2B

®/B w w R R R R R/W RIW

HHE 0 0 0 0 0 0 0 0

» Bit7 - FOC2A: B4l EHE A
FOC2A X WGM #5833k PWM #ERX Bt F B Ko

BR K ATRISKAKB[ENFESY , £H PWME , E TCCR2B EXYHESZ, FOC2A
NE1E ,BEAERNILEFTHRIRE, LR ITE i L S5IH OC2A &8 COM2A1:0
FIREMEENPEBEF, EXE FOC2A XU—MIFES , EEXEFIH LB EER
2 COM2A1:0 iR E.

FOC2A 8iZT &5 KEMT M , b FXEFEH OCR2AESN TOP# CTCHE X T X E RS 85
HITES,

i# FOC2A WiREEKIZR "0

» Bit6-FOC2B: @ilmHLE B

FOC2B X £ WGM 1588 IE PWM EX Bt F B,

BR , ATRIESKKB[HNFHRAY , £H8 PWM A , E TCCR2B EXNHEE, FOC2B
MNE1E , BEA LSRN TR EME, LB ITE &SI H OC2B fFiZ# COM2B1:0
Mg B HMERNME T, EXE FOC2B REU—MIFES , EEX AT L REER
2 COM2B1:0 g &,

fgCéB%ﬁﬁ?‘é%IﬁEﬂ Rl B R 2EEAOCR2BEN TOPHCTCHE T Xt B A 35 #
T18%.

% FOC2B HIREIEKIZH "07

* Bits 5:4 — Res: {REf

ATmegad8/88/168 X LA ¥ R B , IREER "07

* Bit 3 - WGM22: =4 &R

W P 131“T/C ##%I&5 188 A - TCCR2A” FHIHER,

* Bit 2:0 — CS22:0: BH4+ik#R

X = et v A FiksR T/C Het4iR. 20 Table 67,

13¢  ATmega48/88/168 m—————————————
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T/C #1788 - TCNT2

MHELBRFEFER A - OCR2A

WHEBRFFRB - OCR2B

2545D-AVR-07/04

Table 67. BI#PIEZENE N

CS22 cs21 CS20 yi71: ;|

0 0 0 Tohtsd , T/ICAIE

Clkrps/( SR ETS4 )

clkyps/8 (RETS L )

0 1

1 0

1 1 clkyog/32 (KRB HMER )
0 0 clkyog/64 ( RE TS IMEE )
0 1

1 0

clkyog/128 (RET S 52R )
clkps/256 (R B2 37 8R )

0
0
0
1
1
1

1 1 1 clkrog/1024 (R E TSI )

R T/CO FEAMRINERSIM , AARNEE TO SIMEEN M , ZSIHABFZRLMHRA
LARRZ) T/CO. RAX—4H , TRABRMFESITE.

Bit 7 6 5 4 3 2 1 0
| TCNT2[7:0] ] Tent2

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE 0 0 0 0 0 0 0 0

BY T/IC FEa T UEENITHERN 8 MHREHRTRER. X TCNT2 FFRN B
RET -t EIE L REE., EIHHRBRSTHEIEFEHR TCNT2 WRERTRELR—
X TCNT2 Hl OCR2x HY LB L

Bit 7 6 5 4 3 2 1 0
| OCR2A[7:0] ] ocrza

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE 0 0 0 0 0 0 0 0

MHLERFFR A LS 8 UMHIE |, THE®E ST RERRE TCNT2 #THR, T
SN A LR, 5E ARTE OC2A 5|M) £~ £ R,

Bit 7 6 5 4 3 2 1 0
| OCR2B[7:0] ] ocra2e

®/B R/W R/W R/W R/W R/W R/W R/W R/W

MHE 0 0 0 0 0 0 0 0

MHERFFR B IS~ 8 UMRIE |, THM i ST RERME TCNT2 —ITH R, T
SRR S5 LR, SE AT OC2B 5| M) £~ £ R,

A mEl% 135
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T/C2 iR FEEFFES - TIFR2
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Bit 7 6 5 4 3 2 1 0

| - - - - - OCIE2B | OCIE2A | TOIE2 | TIMSK2
®/EB R R R R R R/W R/W RIW
NHE 0 0 0 0 0 0 0 0

« Bit2- OCIE2B: T/C2 s Lb B L B  MrfERE

¥ OCIE2B FIRAEFFSM S B R MTEREN | #87 "17 5t , T/C2 A9% LR ITE B i
fFEE, 3 T/IC2 MHLRICE &4 | B) TIFR2 F# OCF2B BT , H RS F BUINIT,
e Bit1 - OCIE2A: fi i LLERITH. A B fEsE

X OCIE2A FIRABEFHRN LB PMEREAL | R "17 8%, T/C2 Bk H B ITE A i
fFRE, 3 T/C2 ILLERtE X4 | BI TIFR2 FAY OCF2A Efuht , RS R B U 1T,
+ Bit 0 - TOIE2: T/C2 & i fERE

Y TOIE2 MRAFESRNE B PUEREN | &R "1” 8t , T/C2 WRH F I fERE. 24 T/C2
KRERH | Bl TIFR2 iy TOV2 LB AT , RUTIRS B F BT,

Bit 7 6 5 4 3 2 1 0

| - - - - - OCF2B | OCF2A | TOvV2 | TIFR2
®/B R R R R R R/W R/W R/W
HE 0 0 0 0 0 0 0 0

« Bit2-OCF2B: it BHiF%E 2B

% T/C2 5 OCR2B( i B Lt R F 1285 2) WEMCE AT , OCF2B B, iUEHH RS RERF
BEAEE  tLESHEE 1 kKES, % SREG #f9{z |, OCIE2B 1 OCF2B #&
UE , PHRSEFBEMIT,

» Bit1- OCF2A: #iHLt&RirE 2 A

Y T/C2 5 OCR2A( i Lt R F 1788 2) WETER , OCF2A B, U ERHRSERF
BEMHEE , A UBEXNEE 1 RKEE, & SREG FHfz 1. OCIE2A 1 OCF2A #E
fIrt , RS EFBERIT.

« Bit0-TOV2: T/C2 @aHiFE

4 T/C2i@HieY , TOV2 Bfi. HITHNNPKRSEFTIVEHES, o, TOV2
WA LEEE 1 REF. 2 SREG FH |, TOIE2A M TOV2 #ENE , PHRSERF
BEMIT, £ PWMERXAF | 5 T/C2 £ 0x00 T IEHAF MAT , TOV2 BfL,
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ENER /T RENRTRME
TIC2HIRTRE T/C

2545D-AVR-07/04

2ITHETRIEARNEZENMT/LA

EL ERSANRLTERCENFERETEEER TCNT2, OCR2x Ml TCCR2x HIEMH
%, RENSBENIEZR :

EZE OCIE2x 1 TOIE2 LA T/C2 By Rk,

RIE AS2 LLUE R A BN AT 4R,

¥ TCNT2, OCR2x fl TCCR2x B AT #HE.

B FLHER  H3 TCN2xUB, OCR2xUB # TCR2xUB &S,

SER T/IC2 B kR &

6. EEMIEMFREDHT

REERHMALERIRS 4 5L,

ETCNT2 ,OCR2x M TCCR2x BB B E A ANEZES , /N TOSC1 R EBZE
BEINNENSESR. TR ENEEREABENEER I TENTINHES
ARE, 3N FEREEZEMUNEESS , BILE TCNT2 A& F i OCR2x #y
Bk, REIRDEERR ASSR ARRERFERECLE AT EBENEERS.

MREA T/C2 R MCU BHEERTH ADC @5 HHIE X AR EESRH N TCNT2
OCR2xHI TCCR2XE A R 2 BI A BEH A X EERIEET, , BNMCU ATELET/C21&
BEMZEFAKREER, XX TFH T/C2 LR IEE F ¥R EE MCU LEEE |
NEEFH OCR2x I TCNT2 R LERIEE 2 EIEH, MRAEFEFHTHZ B (OCR2xUB
H OMCU #Ht A THREEESR , BALLREE P KEF2EKE , MCU thXkiZTiE
WEET,

MREA T/IC2ENEEERNT ADC BENFIERNWRESY  MITUETZEHREAX
EREERXN TR, PEHZEEE—/ TOSC1 BH#HTE N, MREMNRED EH#E
AKEREYETEINTF—/N TOSC1 B , TN TFB AL |, ST EGRE, MRAF
NRECEFREAFEX—%4 , TUXWMUOTHE :

4+ X TCCR2x, TCNT2 Z OCR2x BEA&ENHIE,

2. %1% ASSR MMM EHICHREBSE,

3. HAZBEERAR ADC RFMEHIER,

ERBTRSIEEN  T/IC2H 32.768 kHz IRHB N —E T4 , RIEH AEHES
= Standby R, AFNIZIE , WIRHESNRENE ATREKE 1 Wi, Hit |, 2
WRAPES4LEBEEN , MBS /Standby EXMEBERELZEE 1 WHEBEHER
T/C2, FEft , HF B SR HNTREN  RENEN T/C2 FEHJ[NRNBE T
BERER , FieEANEREERABRMES, AP SAERAXILESEERE,
FARSHEEENT ADC RENGEHEXNGRELRE  PHKREHEE , ETF
— AN ER RN ERS, RN , EAERF T LUEEITRESNE 21T
BMBELXEMT —/NEtid, REEF MCU F1F 4 Netst | AR ITHIERSER.
P IRSEFLE R 2B HINIT SLEEP iBa 2 EHNREF.
MNEBERREE 2 FH SR A RIZE TCNT2 T 8RB R EHER #iE. BN TCNT2 2
HRLH TOSC BH4PIREIA |, MiEL TCNT2 AF0@EE — N5 HER 1/0 s RSN
FHEXRER. AFSRKETEN TOSC1 W EFAR. NEBEXREEST /0 (T EFY
&, MIREM TCNT2 BENHAKEREXGHNE , B2 T—1 TOSC1 EHRKE
R, MNEBEEXKREER TOSC1 WHNURZE£AATMNE , MES%®EREAERX,
I, =ELTCNT2 tVEEFSIR -

1. E—NMEEHHEZ OCR2x 5 TCCR2x,

2. ZEEMMMEFICHREES,

3. & TCNT2,

fres

Ok w0 =

A IIIEI% 137



RHRAEFTER - ASSR

AIMEL

ERSEXT , PR SHNESEE 3 MEEFHMM— N ENEREH. EL4LER T NR
WS BPMIRSEMNITTREREZITRHIEDOX RN T —Moteh, f b LRSI
TiLEENGERTES |, MARLERMNH,

Bit 7 6 5 4 3 2 1 0
| - | EXCLK | As2 | TCN2UB | OCR2AUB | OCR2BUB | TCR2AUB | TCR2BUB | AsSR

®IE R R/W R/W R R R R R

NHE 0 0 0 0 0 0 0 0

 Bit 6 —- EXCLK: #\Zfad4h 5 A (ERE

4 EXCLK 3 "1" BB 7 REated , WAAERET &b A RFERE , ATLAM TOSC1 5l
AR, MAFR 32 kHz &R, EXCLK WERENERBERSRIECTH TR, RE
ZALA "0 B @ IR BEIE 1T

« Bit5-AS2: % T/C2

AS27"0”B T/C2H1/ORT #hclk, o 3B Eh ; AS2 " 1”8 T/C2FHIE#EEI TOSC1 S MM &4 ik%
BRUKZh . A AS2 B AT BETRIR TCNT2, OCR2A, OCR2B., TCCR2A 5 TCCR2B A&
» Bit4 - TCN2UB: T/C2 E#ih

TIC2THETRESERE , ETCNT2FHSIE TCN2UBE 7, ¥ TCNT2 \NEEFHFHREH T
EEf5 TCN2UB HTEEHEE, TCN2UB 1 0 RBA TCNT2 AL BEAHET .
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+ Bit3 - OCR2AUB: #Hili Lt RF 1288 2 EF P

TIC2 THhETFRLSERET , EOCR2AF5|# OCR2UB B, X OCR2ANE Z 51728 & 51
S2EEf5 OCR2AUB HEEHEE, OCR2AUB 7 0 REH OCR2A AIULBAFET .

« Bit2- OCR2BUB: fiIlH Lt B F 1285 2 EH P

TIC2THETRES#ERE , EOCR2BSI#2 OCR2BUBE i, HOCR2BMNE F ST #
5EEEfF OCR2BUB HEEHFZE, OCR2BUB 7 0 8 OCR2B AJLABAF{ET -

» Bit1- TCR2AUB: T/C #4I%5 88 2 E&rh

TIC2ThETFRLSERE , ETCCR2AFF S| B8 TCR2AUBE L, HTCCR2ZANE FHFEE
#1528 f5 TCR2AUB HEEH4EZ, TCR2AUB 1 0 kB TCCR2A AL B AFE T .

» Bit0 - TCR2BUB:T/C 24IFFs 2 EF+

TIC2ITHETRESERE , ETCCR2BfF 5|2 TCR2BUB & i, H TCCR2BMNEFEFEE
¥ fF TCR2BUB HEHEE, TCR2BUB 3 0 %BI TCCR2B AIAB AHET -

MREEFICREEMNMEE LREM - FEREFSIBRENHSR | F512T&
By,

iZE! TCNT2. OCR2A. OCR2B. TCCR2A 5 TCCR2B W#l 412 FREM. i&E TCNT2
BRI REBR{E , T OCR2A, OCR2B, TCCR2A 5 TCCR2B N2 N\NEEF&HFaE4H
EEH.
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BR T/IC #HFHFSF - GTCCR

AIMEL

Figure 65. T/C2 M2 4 Es

clk P
Vo Clkros
Clear 10-BIT T/C PRESCALER
% < 1% IS & S
| I R |8 %
3} = = N N I
AS2 © © 3 > %_
PSRASY 0
i /' V ' YVY
CS20 ;k
Cs21 r&
Cs22

TIMER/COUNTER2 CLOCK SOURCE
clky,

TIC2 M4 B HIH ARHEEFRH clkpgo REM | Clkry SRETHE clk,o EHE, EBM
ASSRHEVAS2 ,T/IC2fFH5IM TOSC1 REWzh , 15 T/C2 W] LMER — B AtE RTC,
B TOSC1 F1 TOSC2 MiS0 C B | 1B £ AIME— AN & IR ( WEMRS 4R
32.768 kHz f04H BT THR4L )o FHETE TOSC1 LEIEIE AN SE S,

TIC2 MITTRETR D SE T - Clkyps/8. Clkyps/32. Clkyps/B64. Clkypg/128,  Clikyys/256 F
Clkyps/10240 BEAE T L% R clkyps 10 (ELE T#). B GTCCRE/FE#I PSRASY &
Ufiomas , M AVF RS METTUN B9 T 2 37 88 IF 28 T4E,

Bit 7 6 5 4 3 2 1 0

| Tswm = = = = = PSRASY |PSRSYNC| GTCCR
®/E R/W R R R R R R/W R/W
YIh{E 0 0 0 0 0 0 0 0

e Bit1-PSRASY: T/C2 B $igs &M

WAE "1“ ’EA T/IC2 Wi oz, BIEEREERELAHEHES, MR T/C2 TETF
RHSER  MX—NENE—ERSTMIMBEVREEETK, MR TSM VBN ,
NZNFTLWEHFES, X T/IC ASEANERIES N P 95 “Bit 7 — TSM: T/C ALHER

(]
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B{THEEEDO - SPI BATHMGIED SPI A ATmegad8/88/168 FISNETHEAL AVR EE4H3# 175 R M B 5 5
f&#i. ATmega48/88/168 SPI K4S QMT :
- 20T, 3RASKELR
. TNRMABIE
+ LSB BHEKRZES MSB BHERZE
. 7 HATRRN LA
. BRER BN
. SREERSRN
. THMNRERERGE
. ERTHREESEBR (CK2)
USART A F SPI =#HIEX, , WP 177 “SPI#E X TH USART” , The PRSPI bitin P 34
“TNFEHIEIBFE - PRR® & PRSPI IS8 "0° , LUEAE SPI ik,

Figure 66. SPI S1EE ()

M s
MISO
y so
M MOSI
XTAL MSB LSB Q -
e +1e s QO
l 8 BIT SHIFT REGISTER 9
READ DATA BUFFER C_)I
DIVIDER ¥
121418116/32/64/128 - . E
A 2 o
O
A 4 4 A CLOCK =z
SPI CLOCK (MASTER o
SELECT CLOCK S SCK
LOGIC M
><‘ <1 o 'y [y 3 S
N x| SS
AE =]
x o
= wl X
25 8
F——" MSTR
SPI CONTROL «SPE
w OI x wi E 'D_: 6‘ % x &
ol © o 8 ol ol O @ 4l ol o a
U)‘ g‘ ‘ ‘ ‘ ‘ ‘% 0| nl a = O O »n
| SPI STATUS REGISTER | | SPI CONTROL REGISTER
_ 8 8,
A
v v

SPIINTERRUPT INTERNAL
REQUEST DATA BUS

Note: 1. SPI#ISIIEESIES A P 2 Figure 1 5 P 66 Table 33 o

EHFMMALZBIH SPIERELN Figure 67 FTRe RATERANBUFERMN— D EN a4
KRERE, BIFEENMIM SS SIHFIE , EHEFH—XEBAELR. ENAMNGEE
RENBBERAENNBANSESS. EHE SCK I L= a4 Bod LU BE. £4
K ERIEMENLE MOSI B , AMHLE MOSI B A ; MILEIZIEMMAILE MISO BH , M
EHH MISO BA, ENBEIHMIEN SSHERIASEMNNHEL.

EiE 7 SPI EHLet , SPI O BE3h#E4 SS oI |, XM AP S EBETFHEI#HITLA

I, 3 SPI BT EFEEARIEEES SPI 814 |, F 8 LM HIBEB AMI., ERER
Ja SPI B4R {=1E | RIS RIRE SPIF B, MR SPCR F1EE5H SPI R fEREL

A IIIEI% 141
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SPIEEM , PR KL, TN AL T SPDREABBEABLIMNFE  RERF
MHLE SS B UG ARBEIRIETR. REERNWBEF - EREFTEHFTFRE.

BEEAMNE , RESSHE , SPIZEOF—BERFERRS , HREMISO I=D. &
MRS TRETAER SPI $iiES 1788 SPDR WA, BIfELLAT SCK SIMAR AR
th SPDRIHFEHLTFLEBY  BE SS#HHK, MNFTRE2BHZE , BRRERIKE
SPIF B, R LBt SPCREFF M SPIRMIFERELSPIEE N , iaF= £ ITiER, EiR
IMBANBTFEZ ML AT UASLET SPDR BEAKIE. R RNHKES—ERETE)
BiFHE,

Figure 67. SPI 4l - \HLAY EiE
MSB MASTER LSB oo yiso MSB  SLAVE LSB

4'8 BIT SHIFT REGISTER 8 BIT SHIFT REGISTER}‘—\

. iMOSI_MoSIi_,
SHIFT
ENABLE
SPI §SCK SCKj
CLOCK GENERATOR ” g !
iSS Ss;

SPIREMREFARAE-—MENER  MEBRSOAERNMETR. HREHR  ERIEN
—EESIBUBTRLESEREFEX SPI BE\EFFRNITERE, MEREBHER &
EET N FHBULRER ZABE R SPI BEFEHREM A ZRIINZRF. BN
F-INFTREX.

THEF SPI MHLERET , #EIB B3 SCK SIMMAMAGSHITRRE. 7T RIENHE
BRI EWBEME , SPI R4 Fae f /4

SPI {8/ ,MOSI. MISO., SCK 1 SS S| FI#9 Bz 5 0 IF 2 B Table 68 Fi R BB #1THL
B, EZENEREEESE P64 HOMNE_IhEE ",

ATmega48/88/168 mu————————————————————
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Table 68. SPI S|pI=%; ("

S| B Bm, SPIEH B, SPIMHL
MOSI AFREX TN
MISO PN AFEN
SCK APREX WA
S APREX PN
Note: 1. ¥53% P66 “i%0 B ME=Ihas " LU T M {AIE LA A P B LAY SPI 31 R,

THEMN IR EAMMEF SPI MBI EN , ARMAHTEENBELE, 6l F+
DDR_SPI &/ HLFRY EHE 5 M & 17251 & ; DD_MOSI, DD_MISO I DD_SCK 44 H
SRR ERER RS, L , MOSI 3 PB5 S, Il DD_MOSI £/ DDB5 4t ,
DDR_SPI /A DDRB Hft,
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SCamAmBplR o
SPI _Masterlnit:
; RE MOSI M SCK R, Eft A
| di r17, (1<<DD_MOSI) | ( 1<<DD_SCK)
out DDR_SPI, r17
. fERE SPI EHER | RERTHIERER f ck/ 16
| di r17, (1<<SPE) | (1<<MBTR) | ( 1<<SPR0)
out SPCR, r 17
ret

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

Cc R@\pE"
void SPI _Masterlnit(void)

{
I* ®EMOSI I SCK R , EfghmA */
DDR _SPI = (1<<DD MOSI)| (1<<DD_SCK);
I* fE8E SPI EHER | RBAIEFIEER f ck/ 16%/
SPCR = (1<<SPE)| (1<<MSTR) | ( 1<<SPRO) ;

voi d SPI _MasterTransm t (char cData)
{

I+ BEBELsm </

SPDR = cDat a;

1% FGFERER */

whi l e(! (SPSR & (1<<SPIF)))

Note: 1. BFRBREELSET EWALH.
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TER B F 5B T SPI DAL A ML, BUR I3 1T 18] S B B3R 42 UK

SCmimARO

SPI _Sl avel nit:
; REMSONRME , Ht A
| di r17, (1<<DD_M SO
out DDR_SPI, r 17
; fERE SPI
| di r17, (1<<SPE)
out SPCR, r 17
ret

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

Cc R@pIE™

voi d SPI _Sl avel nit(void)
{
[* REMSORME , it @A */
DDR SPI = (1<<DD M SO);
I* fEERESPI */
SPCR = (1<<SPE);

char SPI _Sl aveRecei ve(voi d)

{
I+ FEFERER «</
whi | e(! (SPSR & (1<<SPI F)))

[* REHE */
return SPDR;

Note: 1. BIRBRECLIE T EBWAIL M,
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SS SIMEThEE
ML

EHER

SPI ##|% %78 - SPCR

AIMEL

SPIE B} MHLES  MHLEZSIHI SS BRN A A . SS HIEIFBUE SPI#ED ,MISO A
H (AP 2MRTHNNROERE ) S, 2M4asIEENmASIH, 2SS hENMAEN
SIMRAMA , SPIZBEN , THERHEE.

SSEIMM FTHER/FHHWEASEEEA , TUMEMNB AT HERSENMNNH K ERE
&, HSS MBI SPIMHLI BN E B MEIZZE HAEFABUTERETTENRIE.

% SPI BB} EHLE (SPCR B MSTR Bf ) , AP ATLURTE SS SIRIM 5 A,

# SSEERWE , WHEI M AEZEN /0 OMFEM SPI Kb, MANAZMAR
RHMHLEY SS 318

MR SSEEBHBA , KFRBENELURIE SPIWERTHE, ERERBHNEN , SSH

WA, BEARHE U SPI RESFHEEBFERNE - MABENFESEREAIMN
o ATRHIEELMZR , SPI REFFZIMUMTaE -

1. &= SPCR K MSTR 1 , {# SPI B ML , AT MOSI 1 SCK 2R #i A

2. SPSR# SPIF B, & SPI FifIe /K , MRS EFEEINT.
Bt | AP R SPI EHBIBIEE S , H EFE SS WAKH TTRL T | FHTR
SEFNZRE MSTR 22BN "7, EHET , ARSI HEN , LEHFsE SPI 41
ER,

Bit 7 6 5 4 3 2 1 0

I SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO I SPCR
B/B R/W R/IW R/IW R/W R/W R/W R/W R/IW
NBE 0 0 0 0 0 0 0 0

 Bit 7 — SPIE: SPI Hh AL

:ﬁg;if%% HE SPSR &1785M SPIF Ml SREG SN RP WM EN , M5k
+ Bit 6 — SPE: SPI ff&g

SPE B #E4E SPI, 3 1TE{A SPI R¥EZ I AME L SPE,

+ Bit5- DORD: HEXF

DORD BT #EH LSB B KX ; BUEKIEN MSB B LK%

+ Bit4 - MSTR: £/ \i&#

MSTR BUA &R EHER BN HMHL. MREMSTRA "1 ,SSEBREA , BHAIK ,
N MSTR #7E % , & 1785 SPSR i SPIF Bfi. A A MEFIZE MSTR i#t A EHER,
+ Bit 3 - CPOL: B4 iR

CPOL BN RTRZEWA SCK AGHETF ; BNZEFET SCK HEETF, iHSE Figure 68 5
Figure 69, CPOL ZhEERE&MT -

Table 69. CPOL Ih&g

CPOL ooy SR
0 P TR
1 TR PR
* Bit2 - CPHA: K#48{
146 ATmega48/88/168 mu———————————
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CPHA REFHIERTE SCK M2 1878 Kk 2 SCK & RB X ¥, 55 E Figure 68 5

Figure 69 , CPHA ThEEE LM :

Table 70. CPHA Zj&E

CPHA B@h g RR
0 RE RiE
1 RE K

» Bits 1, 0 — SPR1, SPRO: SPI B4hiER%F 1M 0

HWEEHE SCKEE, SPR1 M SPRO XMMHK BRI, SCK MIERHIRMI BT E MR f

RREMTRMAT :
Table 71. SCK MiR%2RMEBRI X R
SPI2X SPR1 SPRO SCK

0 0 0 foo/4
0 0 1 fooc/16
0 1 0 f.oc/64
0 1 1 fosc/128
1 0 0 fos/2
1 0 1 fosc/8
1 1 0 fos/32
1 1 1 f.oc/64

ATMEL
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SPI RAE 178 - SPSR

SPI B#E&F 78 - SPDR

HHEERX

AIMEL

Bit 7 6 5 4 3 2 1 0

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

* Bit 7 — SPIF: SPI Fjifir&

BITRIZERG , SPIF BfL, &L 727 SPCR 89 SPIE M2 B M EEEVEN |, SPI
RRTEN= 4, MR SPIREN , SSEERMA , BEPK , SPIF hfFE I, #HAFK
RS RBFESPIFEZES, & A LUEE £i2SPSR |, E#%& 157 SPDRK 3 SPIF;EE,
+ Bit 6 - WCOL: B ZefrE

ERE Y 3T SPI HIES 1785 SPDR EFHIE N B WCOL, WCOL AJ LAET ik SPSR
ZiE&5E SPDR KEE,

+ Bit5..1 — Res: #&{u

ATmega48/88/168 MREE L , RIREREER 0,

» Bit 0 — SPI2X: SPI {&3£

BALS SPI MEEIAE (JL Table 71). EHEHL , M SCK ML Ak CPU KM — %,
EHMHL , BDIURIEL A TAT £ /4 BURIE E % T4,

ATmega48/88/168 #Y SPI #& O [E&YiE ARSLIEF M EEPROM W TFERAM L, BESN
SPI BTN RK

Bit 7 6 5 4 3 2 1 0

| wss LsB | SPDR
®/E R/W R/W R/W R/W R/W R/W R/W R/W
WRE X X X X X X X X REN

SPIESFRNR/EFESR ARESFTEEXMHNSPIBUTFRZAEHAKE. BF
FRNRIBRERE  REFRFRIFERNERE SR,

SCK W, RESHIFEEE 4 HAS, CPHA M CPOL #4|HESM B R SPI HiEEH
# 3 Figure 68 5 Figure 69, B —UHIENBEHANBAKRLE T SCKTEANESBEER ,
BURIER BB a8 5 IBIR E. XMIFRTE Table 69 M Table 70 BE MR EA
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Table 72. CPOL IhgE

B SXRn SPI #=
CPOL=0, CPHA=0 R (LEFR) "E (TRR) 0
CPOL=0, CPHA=1 RE (LEFR) SRR (TRRR) 1
CPOL=1, CPHA=0 EHE(TRER) "E (LHBR) 2
CPOL=1, CPHA=1 RE (TRER) ERE(LEFR) 3

Figure 68. CPHA =0 i SPI By 5it& =X

[~ sck (cpoL = 0)
mode 0

gigiigigipigipipl
ECaumiinipinininininin
B Y

x O

/

L MOSI/MISO

[ CHANGE O \
MOSI PIN

CHANGE 0 _<
| MISO PIN
T

MSB first (DORD = 0) MSB Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 LSB
LSB first (DORD =1) LSB Bit 1 Bit 2 Bit 3 Bit 4 Bit5 Bit 6 MSB

Ao R A A X
Ao A A A

Figure 69. CPHA = 1 & SPI Y& HI#E X

o= T LT L LT LT L
mode 1
SCK (CPOL = 1) —
| mode 3
[ sAMPLE |
| MOSI/MISO
et MO KOO O OO K
MOSI PIN
oo SO KO KO K O K-
| MISO PIN
=0\ /
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

A mEl% 149
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USARTO BARS RS BTERBNREE (USART) B— I BERENRTEREE, TEHS
_E:
o EWMTHE (MINBTERNZESES)
- RERESRE

o EH MR Gt E S R4

- BEENRERRLER

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

s BHXFNFTRRBERHE

- BEBRERELN

o DA IRA A

« RFERER , GEEROBARVCON , URKFEER RS

o SRR RXGRPN, REABFEFERZDN , ARBEWRS RN
« SAEREWER

- EERSERER

USART AT ESPIER ,FSHNP 177 “SPIEX THUSART ., P34 “HEMN&HFF
2% - PRR” I #14] USART 1 PRUSARTO , #FBEE A "0” 28,

Rk Figure 70 %3 USART % % 88 M I {LAEE . CPU AT SLA1E1#9 /O 247880 1/0 3| MIBUE =
No

Figure 70. USART H1EER

| ' Clock Generator |
I UBRRn [H:L] |
| 0sC |
| Y |
| |
| BAUD RATE GENERATOR I
: Y |
['SYNC LoGIC PIN |
| A J »| CONTROL [®%|XCKn
| |
g e g [ —
| Transmltter:
| ) >
| UDRnN(Transmit) CONTROL |
7 PARITY |
ol ! GENERATOR |
of | PIN |
of | TRANSMIT SHIFT REGISTER GONTROL | TxDn
< -
= '
a r Receiver |
| CLOCK RX |
| RECOVERY CONTROL |
| |
| DATA PIN I
1 RECEIVE SHIFT REGISTER REGOVERY CONTROL [ RxDn
| |
| L |
) PARITY
: |—————UDRnN (Receive CHEGKER :
[ r-- )
UCSRnA UCSRnB UCSRnC

Note: 1. 3% P 2Figure 1 5 P 72 Table 39 T f USARTO 5|2 %,
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BEEN USART 2R T=AEEHD (MLEIT ) : &£ |, KES[MNBUEE, 2
HFFEE=ATETHE, HHRESEERALSZE  BICHEBERESERANILE
SIREFMEANNASAANPESER, XCK (KESB ) SIMIAATESERER
REBBE—NBENES  BITBUEES  FTELAERURLETENMERFTERE
HiBE, BEAPRAURBEEREABEMFTAEREMZBSIALR, HTEKSES
R MBEREL T , ©R2 USART ERFREEN. MEETHATRSHRENER. K
THRERET , BUSEBETERE , BHEB8 , BUSESN - FRBEREFES
UDRn, EWBEZHSXEFERAONERN , mETRUMER , HEIERNFERE
iR,

B 7= B 4R N R OE B M REE - E BBl EY 4. USART X% 4 iR X Hnt4d . EEMNR
SERX  FRNFSER , TNERSERX | URMNESERX, USART 251z UMSELn
MIRFSE 788 C (UCSRNC) AT LERRSEANBEALER, FEEX (REATRSER
) 21 F UCSRnA FiFasH U2X, EAESEN (UMSELn = 1) Bt , XCK WBEHF mF7F
25 (DDR_XCKn) REMR R AN~ £ ( EHER ) ERHABES (MNER ). N
ERILERX T XCKn B,

Figure 71 B =42 ENER,
Figure 71. B84 2 EER

UBRRn
u2Xn
foscn

i UBRRn+1
Prescaling » 2 » 2
Down-Counter 0
A
0osC — txclk
DDR_XCKn
Y *
Sync - Edge -
xcki Register Detector 0
XCKn UMSELn
Pin | xcko
DDR_XCKn UCPOLN 1
clk
0
= 0o M )
E5HEA

txclk KIEEFETEP (AIBES ).

rxclk IEWB[ELRREH (REBES ).

xcki XCK 5l A (NEBES ), ATRLSMNEAE,

xcko #HiHE XCK SIH@ e (REBES ), ATESENRE.
fosc XTAL SR ( RERTE ),
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fEETEER (U2Xn)

AIMEL

N ATRIEASELS ENER |, SR Figure 71,

USARTHY R 5 E 5782 UBRRN I F T MBS MIE 1 | — AR THR TS AR RRS
RREER, BFITHEX RGN , YEIHREER UBRRIL BEEREN , 26
FIEA UBRRn HEEME, Uit HEIBR=E— N | ZNHEN REEREENS
HiEi | 5T BUER S £ J(UBRRN+1)o %% 8453 4 t 58 4t 403847 2,
83 16 W% , BAEBREURT TER. RERREBNHHREER T ERESHE
MEET, HERELETERAT —AF 2. 8 % 16 MRAHRBH , EARSKE
UMSELn, U2Xn 5 DDR_XCKn {7 i&ER TEE N RE.

Table 734 H T ITEREFR (/M) UARITES — /AN IPRHR TEEX A UBRRNE

AR, ‘
Table 73. B4EFERITE AR
TEER BERNITEARO UBRRn HYITELAR
REEEER (U2Xn = ~ fosc
0) UBRRnN = —1GBAUD_1
BAUD = fosc
16(UBRRn + 1)
FEEEER (U2Xn = fosc
1) UBRRn = zes —
BAUD = ___losc
8(UBRRn+ 1)
R EHER _ fosc
UBRRn = 5=t
BAUD = ___losc
2(UBRRn+ 1)

Note: 1. EIERENASHUNEREIRE (bps).
BAUD E4= (bps).
fosc RERTHIAE,
UBRRn UBRRnH 5 UBRRnL K1 {& (0-4095),
Table 81 A T E R ERFAT 4T T X KK UBRRn X {H,
B8 E UCSRNA 1788 U2Xn {Z AT AE4E SRR IS, ZM AN RS THEEXE R
I HERSERFIZLIZEER "0%

U2XnE L 2R AFR 5 MR D IFEM16B2FI8 | (57 5 BE M & MR INME, taTEEUl
FRRAEA-¥NREHENBERTRERNHRE , AL EZEXTEEERBH RS
M SRBRRE, RIEBRMEEXNER,
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B MR ERX B & IE3) , 20 Figure 71 FiRo

M XCKn 5| AR ERRT i R S FF et TR T | AURSREN. S FERNA
HEEE - MNLaRNE  RETEBANREFSEREFMER. X-—IB5IATHAD
CPU B¢ B HARRERY , B ISR XCK R AR R AR BT AFHIRE :

f
osc
fxek<—7—

EXEf HRENHNREERE , A THLEEAMFZBMELKE K BENREZEBH
BE,

FERARZERA (UMSELn = 1) ,XCKn S|4 A Faterim A (MAER ) indtébimit (=
HMER ), REHLA,. BENXESHENTLZEANRZNELHNER  EXTHE
i % TxDn B9 XCKn B4 89 #8 I 378 X3 5088 3 A 3% RxDn 317 K8,

Figure 72. FEZEXATHY XCK B FF .

UCPOL=1  XCK m

womo X Y Y Y

Sample

soroL=0 oK W\_[

w00 X Y Y Y

Sample

UCRSC ZF1785H# UCPOLN BEER XCKn BHd B9 BN 3258 X3 B E SR A ok 35 44 HH 3
#&. MW Figure 72 Fi7R , % UCPOLN=0 BY , £ XCKn By L FH A &5 H#HE , £ XCKn
TR B ATHIERE ; & UCPOLN=1 &Y , MR,

BITHRENHBEFMERS N ( FRUSELEN ) URATUENFEBREMERK.
USART #Z LT 30 fA S EHFEMER :

1 NI

5. 6, 7. 8 9 MNKIEMN

TREN, TRES BRI

182 ML
BEML RIS  SEEREREZNREN , IEZRZ LA 9 MNUEN |, UBUE
HESNVER, IRFRETREN , REMHEEEREN  BERE RN, ¥—I =X
HEBEMERERE , TAEERT —NFHOREN , KIEEARELTFERRS,
Figure 73 FR R A ATREVBRIBME A S, BFEPHMRAEN,

Figure 73. mitg=

o FRAME |
| RAME |

(IDLE) \St/ 0 X 1 X 2 X 3 X 4 X[5]X[6]X[7]X[8]X[P] /Sp1 [sz]\ (St/IDLE)
AIMEL 153
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B Ay it

USART #3814k

AIMEL

St R, RREANEBRTF,

(n) AR (0 ~ 8)o

P REA , IUATREBBRE,

Sp Fitfr , RRASHF,

IDLE Biflsk L& EHIEEH (RxDn = TxDn) , LEER SN SEEF,

BEMA LB UCSRNB A UCSRNC & F85HY UCSZn2:0, UPMn1:0 &5 USBSh {zi%
E., BRELXEFERHERNIRE., RENTMARTHTAEBRREERTHREERESE
W,

USARTHIFEKMUCSZn2:0T8E T BIEM A BIBALE ; REER M UPMN1:0 A FEEE
RERKMZER : USBSn LB B —UHHIULE R, HINSBZBE - /MELL , E b
iR (FE) RESE —NERMRI "0” B4 0 2,

REMHITEENBENENMBTRIZE, IREFTHRE  MRHEREFEN
k. REMSHBMHXRMOT

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

D
even
Podd

Peven MBRELR,
Poa ERBALR,
d, 8 n MIEAL
R FRE—NRELSE—MELMZE,
HATIBE 2B E L EXN USART #1T#11A L. MR RBE TIFRISEMILE , g

BIRE |, AR RIEFEEREBREBERRIEET . X THMIRZIA USART 84 | £4HLA
BAERE2RTPMIREL (£ RPIBEER ).

ERWE USART iR ENIZFERBHEABMBOBERL THT. TXCn FREAL A SAARLK
—MEEMNRERBELER , RXC RS AT ARG BRBEFSETREEFHRE
R, ERRRERFEZN (EERERIESTFE UDR Z81 )TXCn RS STEE
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BUF 2 USART #lta{Li@F R fl. HIERA TR (PHRER ) NRISRE , MAMSE
HEBEEN. RERENERSBEY. BLREFERBRSHRETHERMTI16,

SCmimARO

USART Init:
. RERKFE
out UBRRNH, r17
out UBRRNL, r16
. B SRIEE R
| di r16, (1<<RXENn)| (1<<TXENn)
out UCSRnB, r 16
. REME: 8 NEW, 2 MEUL
| di r16, (1<<USBSn) | (3<<UCSZn0)
out UCSRNC, r 16
ret
C fk@pE 0
voi d USART_I nit( unsigned int baud )
{
1* RERFE*]
UBRRNH = (unsi gned char) (baud>>8);
UBRRNL = (unsi gned char) baud;
|* BBRESKEFERE
UCSRnNB = (1<<RXENn)| ( 1<<TXENn);
1> REME: 8 N, 2 PMELA *]
UCSRNC = (1<<USBSn) | ( 3<<UCSZn0);
}

Note: 1. ARBBECLKEETEEMNLXH.
% /O FEBRY B /0 FFeent , A AEW “LDS” . “STS”, “SBRS”., “SBRC’,
“SBR” 5 “CBR” &£ W imEy & /0 FEEBMIESAE “IN°, “OUT”, “SBIS”, “SBIC”.
“CBI’ 5 “SBI" 8%,

ESRNNBLERFARMENENSH, ZiLPE, RS NARFEREERNR

BRERSRHTFSR. LERCABTUEZRREERFT , HE5HTE /0 EROAKL
RBASE -,

BIBAIE - USART £3XBE =B UCSRNnB HF8H K% AL TXEN EAE USART BB L%, A4S TxDn &l
IB9IE A 1/0 THAEEIM USART ThAEFREK |, BN K BHBTH M, REBEZE
EREFREE, THEERXSMEH, EARSXEERN | BT XCKn SIBM S
BEIR IR KX R BT,

A% 5 B 8 A BIBIAY I FEERENBBENRILEEFRFEHRIERIE, MFPEEHN CPU X UDRn FF
FNERE, UBNUFFHRTUREN —WHRES  EPNBESEBIBUEFSR. 4
BUFERATEZRRS ORBEEEH#THHRESR ), Lo —MBENSE—MELLM
BEER , SRMBFHHE, - EBUFERMA THEARE  R2BRRRENRE
R, U2Xn L THERKFTRER XCKn R 5T R KX,
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LUTFRF4 X UDREN iR KAR WA R RIEBENF. SRENBIEDT 8 fat,
EA UDR N ENS /LA RER2H, SR MITARRBZIE LEZDKEIL USART,
ELmRBHRERENBEFRT R16,

SCamra iR ™
USART_Transmi t:
. ERREENERNTE

sbis UCSRnA, UDREn

rjinmp USART_Transmit

. FFHBEHAZNEE | REHE
out UDRN, r 16

ret

C RmpiE®

voi d USART_Transmit( unsigned char data )
{

1% EHREENERTE]

while ( !'( UCSRnA & (1<<UDREn)) )

| * fFBIEHAEHEE , REHIE
UDRn = dat a;

}

Note: 1. ARBBECLKEETEEMN LK.
% /O FEBRY B /0 FFeent , XA EW “LDS” . “STS”, “SBRS”, “SBRC’,
“SBR” 5 “CBR” &£ W im [y & /0 FEEBMIESAE “IN", “OUT”, “SBIS”. “SBIC”.
“CBI’ 5 “SBI" 8%,

BRIMEFRAREBAFNERENBEFEZH , BLRN UDREn HREFHRIEZHBRN
Z, MRERTHESFERZTH , WHEBAZPSROREEFHERFPHT,

WMRRIE 9 WBBEHIHIEM (UCSZn = 7) , REFHIENEE 9 WEAFF2R UCSRnB HY
TXB8 , REEFHE 8 UMBEB AR EHIESF 78 UDRn. SATEF4A H RS 9 U BENE
FEwslF. ELERBHPERENREFBAE R17:R16 FEHRF.

TR EIR D
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2545D-AVR-07/04



E———————————ssssssmm A TMega48/88/168

2545D-AVR-07/04

USART_Transmi t:
. BHREEENTE
shi s UCSRnA, UDREn
rjinmp USART_Transmt
. FEI M 1T FEHE/TXBS
chi UCSRNnB, TXB8
sbrc r17,0
sbi UCSRnB, TXB8
i AT 8 (B AFHAEN R, RIEH AT
out UDRN, r 16
ret

C g pife @)

voi d USART _Transnmit( unsigned int data )
{

1% EHREEE

while ( !'( UCSRnA & (1<<UDREn))) )

|* JFE 9 (T B #/FTXBB* */
UCSRnNB &= ~(1<<TXB8);
if ( data & 0x0100 )

UCSRnB | = (1<<TXB8);
1 * FFBIEHAENEE , ZEBIE *]
UDRn = dat a;

Notes: 1. XM NBEAEI. R UCSRNB WHAENATEEEMN , MK —SK
1. flan | #18k{t/E REHA UCSRNB 128589 TXBS {i,
2. ARBBECLZEETEEN L,
/O FERBNTE /0 FiEesnt , KA “LDS” ., “STS”, “SBRS’. “SBRC’,
“SBR” 5 “CBR” &£ W ipEy & /0 ZFEEBMIESAE “IN°, “OUT”, “SBIS”, “SBIC”.
“CBI’ 5 “SBI" 8%,

FINUBBEESNEFTA TR RN , ERSBEF ALUA TFIHLE,
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TRRWF LB

ERRERR
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USART £ 858 B MREN : USART BB FE 25 2245 & UDREN RAZ fl 45 RAREA TXCn
FANFRENLEB AT LA S| & .

BIEF 8% UDREn ISR REARE TR 2B TSI HORIE, ZNELRESEHS
REME "1”  BREEHPHRLEFTERENBENES. h5EXRN{[L4RE B
UCSRnA FESR[MNZNVNEE "0,

Y UCSRnB HESEMNHIEFTFR=PHIFERE[ UDRIEn K "1" it , R E UDREN #E 1Y (
L RPHIGERE ) , B4 USART BIEFFHRZPHIER, XHFFE UDRn MITERKE
/5% UDREn, XAFMARNMERBEN  ERESFEEEPHBRESEFHRSNE—
N EIEEI UDRN BUEE UDREN ; RER B I HIEFFHRZPH, N —BiZPlE
FFYER |, St P B4,

UBAREMBHAEBUSTES  BNAXEDRSPFREINHEER , 224
TXCn #RENMEB N, TXCn IRENMEEREERFMPTHENES , LAEZNE "1 KE
T, TXCnizEMNNFRAN RS-485 prHEMNENTEEZEO+29EH. EXENAHE
—BERTE | NARFSABRBIES B & HH A BZRRS

% UCSRNB Wy XX RAPMIFEAE TXCIEn S5£BHMFEREMIE "1” i, BE&E TXCn
FREMMEN , USART XEERFIHEINIT. —B#EARMRSZER , TXCn irEMN
BN B35BT , DU ERFA4MIT TXCn BERE,

ARG A R R AT RUIR A O AR B . RIL L ERE (UPMN1 = 1) BY | RIA4R
HEBERSERENRE LSS —MFIEAUZEFEAFTBERRAN,

TXENBERE  RAESIMANBERAETRERERTRBEERLR  DREBUEF
FEREEHFTERTRBEAENEIE, RIE[EAF , TxDn sIHIREEEA 110

o
BEo
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MAEIEU - USART $2IKES =fI UCSRB HHFEMZW AT (RXENn) ENAIE3) USART #EIKEE, HEINSEFEALSS

BA 5 F 8 MNEARALHY 75 B Wb

2545D-AVR-07/04

RxDn #9& & 5| M Zh BEAX USART ZhRE AR | R N IRIMER IV RATHIA O . BEATHIERE W
AEAEREFRER, RERARMKR. MREARDEE  XCKn 5| EAIRTEK
REZRmETE,

—BEBERNE - NERRRM  EFREREE. BRUENES —VREHURE
HIRAF R XCKn B AT , ERIWE] — MR AT —ME L. KB BRI
ABRBBNTEFR, F-MEILVSRIZRERE, BRI NMELEAE  BRBUS
FRMREET I EBNHREM, XNBUFFRFHRNTRREBIRREFSED. B
HEN UDR 3 Al BRI E R 2R AR

UTRFAHTX RXCn iRERARAANERBRENG 7. SBEMDT 8 et , N
UDRn ERAI MR /LN 0. HAR , FATABRNAB 281 & EEHHL USART,

SComieapie (O

USART_Recei ve:
. FEHEREE
shis UCSRnA, RXCn
rjinmp USART_Receive
. MBI PR AR B
in rl6, UDRn
ret

Cc R@\pE"

unsi gned char USART_Recei ve( void )
{

1% SEFBERHAE]

while ( ! (UCSRnA & (1<<RXCn)) )

1% MEHEEPIREFHFIR EIH A |
return UDRn;

}

Note: 1. ARBBECLXEE THNM LK,
H /O FFH AV B /0 FiFsEnt , KAHEW “LDS” . “STS", “SBRS”. “SBRC”.
“SBR” 5 “CBR” £ W ifH§ & I/0 HFEEMIESAE “IN’, “OUT’, “SBIS”, “SBIC”,
“CBI’ 5 “SBI" 8%,

FEREHPBHEBZH , BHBEIRE RXCn iREREFHBIEANERE PR,
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A 9 MR ALY 75 3K B2 g MRIFET 9 MHBEHEIEM (UCSZ=7) , £M UDR EHUE 8 I 2 BI A4 E KR FF
£5 UCSRnNB #9 RXB8n LAIRB5E 9 U EIE. XANHN BEHER FIRBS#RENA FEn, DORn
& UPEn, RSB IERE UCSRNA 3R18 , BiiEiES UDRn k18, =E UDRn Bff £ T4
WEFWEFES FIFO FIRES , MR ERHFFME FIFO FAEY TXB8n, FEn, DORn &
UPEn 1,

BETRNRBROABRT — MR USART EREEK | 1% 83 20414 22 O 7 2148 RORAS AL

160  ATmega48/88/168 m—————————————————
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Bl GSRAE R P
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SComiaapig (O

USART_Recei ve:
. FEHERBE
shis UCSRnA, RXCn
rjnp USART_Receive
. MEHEPRERE, FIMRHKE
in r18, UCSRnA
in rl7, UCSRnB
in rl6, UDRn
. WRHE , &E -1
andi r 18, (1<<FEn)| ( 1<<DORn) | ( 1<<UPEN)
breq USART_Recei veNoErr or
| di rl7, H GH(-1)
| di ri6, LON-1)
USART_Recei veNoErr or :
 WIEE 9 WHAE, AEERE

| sr rl7
andi rl17, 0x01
ret

C R piE

unsi gned i nt USART_Recei ve( void )
{

unsi gned char status, resh, resl;
1 * SEFERHE]
while ( !'(UCSRNA & (1<<RXCn)) )

1* MEFEFLREGNRE, F9MLREE]

status = UCSRnA;
resh = UCSRnB;

resl = UDRn;

1* HRHE, BE -]

return -1;
|* TIEE 9 WHAF, AE&RE ]
resh = (resh >> 1) & 0x01;
return ((resh << 8) | resl);

}

if ( status & (1<<FEn)| (1<<DORn)| (1<<UPEn) )

Note: 1. ZBEBRECLEE T HNKKXHF,

L /O FEFEH/ATE /0 FEe8n , KA EW “LDS” |

“SBRC”,

“‘SBR” 5 “CBR" &/ 5 ¥ & /0 FEHF|MESRE “IN", “OUT", “SBIS”, “SBIC”,

uCBlu 5 nSBln ;E"%o

LRl FE#TEMTEZIRAEN /0O FFERNABRRINFTFRXM4F. XMFER

LT HEBEFBENFA. ERTRFHNRRT P as UIBRUGIHHRIE,

USART #2858 —NMr& B R PREB B AV IR

ATMEL
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BPERERIRE

AIMEL

B RIR & (RXCn) AREBERE P RPRERARRHOBE, SBEREPEPER
RHOBIER | Ul 1, HEEEARZENR O( TSI ERRHNEIE ). MRERSR
WEIE (RXENn = 0) , HIREHEBRLWRIFT , MM RXCn EF

B {7 UCSRB W24 R P MifFRE{L (RXCIEN) & , RE RXCn iRR BN (£ B i FEsE
) MAF4E USART ZIRLERAPMT, 8/ MA R THRIBERE , BIEERLE R PR
SEFEFLTM UDRn EEBIELUERR RXCn #1& , BN RAERILERF 4R ,
FH PR %,

USART #2888 = MEIRFRE  : Wi4EiIR (FEN), HIE8H (DORN) R&AER K 4 (UPEN).
EANEMLTEHFSE UCSRNA, BIRFESHEN —EREFEBEREFEP. B TR
UDRn &M ZE & E: ,UCSRNA FIN A AMIEIRZWEFER (UDRN) ZETER A, HiRIrE
NSB—NE—MHERENBFEBSRGESRIERER. ERATRIESHRFRORE
M WHITERERMSANIXEERFEMENNES "0 FIENEIRIREE TR £
AT,

M IR (FEN) RB T EEEB WS PR PH T — DALMY 5 —ME I BRS. £
L IE® (7 1) W FEn #7ER 0, BN FE #RER 1. XMEETARRNRS EX, &
AN A AT E, UCSRNC # USBSn Y HYiRBAREM FE fr&fy , BAKRT
F—1 , BUBRLBAEEMNEFELMN. A TSUEHRHMHEES , B UCSRNA KX —
MLABE O,

BIEGHFRE (DORN) RAHTFEREFEFERTHIEER. HEBREFSEH (BET
FANER ), BUBNSTESXERE , EHERENE —NFIHREAN , BEREMT&
T o DORn #rEMENMBEIFRAERIE —IRIEE UDRn M —XIEE UDRn 2 BIEXT —
NREZHEEN. N7 S5LUENSE4HERS , B UCSRNA X —UM4E 0, HEE
MR Ih i NB B FREABERENSEE , DORNIFEHESE,

FEBRBEFRE (UPEN) IEHBREHSEFHN T —MREEZRREFEBEIR. IRTE

BERERE , BBL UPEN IREE. N TSUENRGFHERE , B UCSRnA FIX—{u4
ME 0, MATHESRP 154 “ REMNVMITE " 5P 163 “ FERKHRE "

162 ATmega48/88/168 mu————————————
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TRAKWEE

FibEWg

Rl #T B2 R B8R

RLBFEER

2545D-AVR-07/04

FEREERNT UPMn1 EMREHFERKR. RENEX ( BREERTRE ) A
UPMnO #8%E. BERKERE , REFFITERABRBENFEALERSHIBEBMA R
TR, REERFSHEENF LV -BFHEEREREPRD. XHERATUELR
WHBERBEIRFEN (UPEN) REEZRRHIMFRERTH/EIR.

MET—IMNEBEREABFRENBEETBRER  HEFBERRBMER (UPMn1=1) , I
UPEn &1y, EZEWKEFES (UDRN) HWiZE , X—N—BEEX.

SREBRNLE  ZRZRENZEER. EERRNBERER. ZEREZKES (RXENnF
)R, BRERNETESH RxDn 5|H ; BKEFER FIFO b 2B RIRT. ST e FHHE
MEX.

HHZNESATE MRS FIFO WRIHET , B lEE, SBREHABEEX. NRATH
EMMSTEEERETRIFEHEE , WEE—EIEE UDRn EZ| RXCn f7EES. TH
KR 1D 44 o]l 37 32 2 B8 o

SCamra iR ™
USART_Fl ush:
shis UCSRnA, RXCn
ret
in rl6, UDRn
rjinp USART_FI ush

C R\ piIR "
voi d USART_Fl ush( void )

{
unsi gned char dumy;
while ( UCSRnA & (1<<RXCn) ) dummy = UDRn;

}

Note: 1. AABBECLKXEE THMM LA,
L /O FEFH/ATE 110 FFe8nt , KA EW “LDS” ., “STS”, “SBRS”, “SBRC’,
“SBR” 5 “CBR” &£ W im ¥ & /0 ZFEEBMIESAE “IN°, “OUT”, “SBIS”, “SBIC”.
“CBI’ 5 “SBI" 6%,

USART B — M8 E £ tMBERER TAXRLERSHFEZR, R REZERT
B2 M RxDn S|l A 75 BITHBEAM ALK SR, BIERESEXERE  H+
B —MEERERSBLIEFImANE —VHE K NMESZEKSENR T, REER
) TAESEEARB T NER SR HNBE. s ANERRER —WrArEsn .
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WEFSHE

AIMEL

PR EZEFAANBTHREMS NI ELSER, Figure 74 B/R T X ALfE
BIAMHREIRE, SETFEEATRERRRIEEN 16 4 , HETHEEXTUN KRS
R 8 . KEFARTHTREMERNBESHE, EAMERK (U2Xn = 1) B1E
SEACEIAIER, RxDn & ZEW (BURBEMBEIRES ) 6, REEN 0o

Figure 74. A1 %

RxD IDLE START BITO

sampe [ 1 1 1oy 1 o A A A O A

(U2X = 0) 6 7 [8]9J1w]1 12 13 14 15 16 2 3
2

!
wm| Dbt LD LT

(U2x=1)
HEteh iR E BN E RxD & E—1NEE (ZH ) ZHE (75 ) WEBEFHTR |, BRUR
MESIEEEZ . MER , RINARE 1 XRRE— 0 X, RE N REZEAX
B8, 9. 10(EBERN), HX#H 4, 5. 6(FEERX), KYMREEWRS —NERH
B, IRX=EAREFHNFINSESIREESESE (ZHRR ), BHRULSEAN
ERREMFELET  BHBBREFT —IHSEENEFER, MRELUB —PMERH
BIGN , M IREZBERED AT hERKE. 8- MERUFLSIXEENES T

o

BN SERUES ZE  BERETFTFET. BEREETER - MRSHK
BERE-IMEL. IMRSYEZBERATER 16 MRS, EEEEXATER 8 MR
Ao Figure 75 BEA T XN BIB U MAF /UM RE . B/ RELBHEET T - 84F , X4
BFETHRREREETLHREFS,

Figure 75. ¥iE R F B R

RxD >< BITn ><
SRR Pttt

(U2X =0) 102 4 [10] 11 12 13 14 15 16 1

EEEEEE]
e B B A

(U2X = 1) 1
BEZEBIINBTFELNEZEEEN G ENSHRRE RRNKEA=AEREQCHL
REBHNEE, NTRAXERE BEPXEFSHISENHFESR. SBRRIZXEIHE
B MRE2ANIAEINRKFEHFRSETF , BABRNURNEE 1. WR2ANHMAE
INMNKEEHREET  BAEBMLRENEE0, NMRXDSIHEANESRKIR , SHEK
ANEABRKRE —MEBREK,. BRENRESBREEHT , EREWE — N TEBAHBREM.
Hbh @7 E— M. HRINAREMBE L.

Figure 76 B8 T ZF LV AYRE |, AR T —MESEBV&F ATRRHINER.

S— a—
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ATmega48/88/168

Figure 76. E1L{U R T — NI R

RxD STOP 1 (A) (B) C)

Sample I‘i" T

(U2x =0) 102

f
Sample |<_T_’| I

(U2x =1) 1

SHRANFBILVEFEER, FFELEMHEE O, BAWEIRIFE FEn B,

MRBFE-RHATNSERAIBERE | R REE L — N EENOR T B BEM, %
EBERF , E-MEETHRE LT URETE Figure 76 (Y A Ko ERFEIERKATE
—MEEFRERILIGERE B A, C RUNZBEILNVNERNVE, WRAMHKER
R R R TSR AL

BERBENITEIERATERINBERERRNBEFEZEANTEERERE, IRRE
U R B LA RAMEBIEM |, RE BN ERREREEERNME (R
Table 74) , BBABERBR T ESRANES .

THHNLAXTARITEREAARRENHERF[REROLE.

(D+1)S (D+2)S

Yslow = §TT+D. 575, Srast = D+ 1S+ S,

D FHKERFBUKENIM (D=5F101%),

S BUNREFR, BEBEKXT S=16, BEKEATS=8,

S ATZBRRNE-NREFS. EERAT S =8 , FEEXT S =4,
Sy ATZBRRNFEARFTFS, EBEKXATSy=9 , FERXT Sy =5,

Roow = EZH, RENKEMARREZRRRIFENLE ; Ry ETEZN. KR
BB R AR R SRR RS RN L E.

Table 74 5 Table 755 iH 7 BB ABKB/RBFRIRE, FEIZHNR  BERATRK
BEAAEARNZER,
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Table 74. ZEER THENRAXBWERRIFRIRETLHE (U2Xn =0)

D HEENRAENRERIRE
#(BREB+RBI) | Ry, (%) | Rug(%)  BAWKIEE (%) (%)

5 93.20 106.67 +6.67/-6.8 +3.0

6 94.12 105.79 +5.79/-5.88 +2.5

7 94.81 105.11 +5.11/-5.19 +2.0

8 95.36 104.58 +4.58/-4.54 +2.0

9 95.81 104.14 +4.14/-4.19 +15

10 96.17 103.78 +3.78/-3.83 +15

Table 75. ZEFER THENZAZRESFRBFRIRETBE (U2Xn = 1)

D EENBRABEURRE
# (B + BB ) | Ryow (%) | Rew (%) | BARERE (%) (%)

5 94.12 105.66 +5.66/-5.88 +25

6 94.92 104.92 +4.92/-5.08 +20

7 95.52 104,35 +4.35/-4.48 15

8 96.00 103.90 +3.90/-4.00 15

9 96.39 103.53 +3.53/-3.61 15

10 96.70 103.23 +3.23/-3.30 £1.0
Eﬁffgik?&ﬂ&ﬂiﬁ$i§e§%ﬁﬁiﬁ?§ﬂ&%§%ﬂﬁi§%§ﬂ%k,ﬁmﬁéﬂﬁlﬁ%ﬁ?ﬂiﬁ’ﬂ
BlzE MY,

FEERBERRRENREEERN. B, BRERSERY (XTAL) HREMHSHESTE
ERIEREEX, FRARRKTERSHITN —RTE2EREE BN TEREMS
BREFEERSTEANRERR , RENYTEEET 2% WRE, F-MRENEERFE
BZT, BERREBT—CEHEBEIN RSN 2 MBS IFARIER, atarL
¥ UBRRn B , FHIREEETUES,
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ZAERBEEEN E{7 UCSRnA H ZAREEEE R (MPCMn) AN USART $2Uk 28 532 1 FI 19 SR HE bt
BITEE, BLSEHUESNNNFHZE R EABKE S, E—IN2LEER
S AERBNEFNBTELHTES X EERNELD TEE CPU 4B
FEWHNHE, MPCMn UMREREMEA X[V IE BEEAZSULEBEREESERNNRS
F ., ENERAELEMAE,

MRBEWEEPTERHNBENKEN 5B 8 4  BAE - MELNURTRX—MBENRKE
ERUMHHES . WRFEWB[ATRBABEMRKER 9 7 , BBLMEAE 9 v (RXB8n) REE
RBEEREUELS, MRBEMRBENMN (F—MELLAUHE 9 MER ) I 1, BA
XU, BN IR,

ESNERBEEXT  SMIMLERATUM - ELERRHWHE. ELEBT BT
HEWURTEE PR F UEAY R — AL IRRR . MRFUTE - MEER  EREFRBEENK
&, MEMHMNGERSZHIXENEDERE S —Mbikbl,

£ MPCMn SFHERENNLESERY , EATUMER 9 WEIEMIHKN (UCSZn =7), MBEHHN R
HEME (TXB8N = 1) FAAFEE 9 1 (TXB8N) & 1, MR RHKIEM (TXBn = 0) MPFEES. &
XX T , MEEBBXKATET 9 uBIEmER.

THERESAERSEEEX THITHREIRNSE

1. FIENMIBIETZAERBRFEEN (UCSRNA FF8RH MPCMn &1L ).

2. ENEEMUME , FAIEHNMNIE BRI IEEUEM, M UCSRNA FEEH
RXCn EE &I,

3. E—IMMIESIEE UDRn FESMWARLUBEECREBEF. MREF |,
7BE UCSRnA 9 MPCMn f , BN EFESFT— Mt FHNEIFR , HRE
MPCMn H 1.

4. WIS UHOMYFEZERFTEHHREN | BERWRE —NFR i, miBLREE
MPCMn {3 1 B9 ML ZBEIX L B4R,

5. #WIUNLEBRBRIIRE—NEEME BN MPCMn , #EFEHNELET
— N bstii, REFE 252 ENSREEHRT,

£/ 5 £ 8 LLFMIMEN B ALK , BREFKER , BN ZREMSTEER n M n+1 Wi
A ZEH TR BTREFNROE[EAEBNFARERE IMPREEFSENTR
ERBEREME. MREA 5 F 8 FHNUEN | RIXIBMIZREM MFIEL (USBSH =
1), HRMNE—ME LKA TR,

FEFERE - gk - EIES (SBI # CBI) k% 4E MPCMn {1, MPCMn 1 TXCn #R& A
HE/ /O B2t , £/ SBI F CBl 5T ARESTNMVFEES,

USART FEsa#R
USART I/0 #3788 - UDRn
Bit 7 6 5 4 3 2 1 0
RXB[7:0] UDRn (Read)
TXB[7:0] UDRn (Write)
/5 RIW RIW RIW RIW R/W R/W RIW RIW
HtkE 0 0 0 0 0 0 0 0

USART KIEHIBE P FESH USART BWBESHSESLZERM /0 it |, #iR
USART #iEHFF2E = UDRn, FHIEE A UDRn BYEFRIBEMN B RIEMIEE FEE1FES
(TXB) , & UDRn Bf3EFRIRE M 2BRBRIEE 5 EF:5 (RXB) AR,

E5, 6, 7THRHFRERXT , REANSUERERZH  MEWRENWFESIRER 0.

REY UCSRnA F#8RK UDRENn #REEMNES A AN REZR e HTERME, MR
UDRENRBE , BBABE A UDRn WEIE LK USART RiE R 2B, HHIEBE A RKEEZ

A IIIEI% 167
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USART #HFIIRASFEES nA -
UCSRNnA

AIMEL

BE  BREBMEE  ABNTER/ANTE  KEFFEEENRI A EBNTERSR. RE
WIEETHM TxDn SIE & H .
BREFS[STE—IFR FIFO , —BEWEHR[HI U FIFO MoaHT RS, EHib

FEMNX—E#EETFERIL- K -EIES (SBI M CBI), FAMNEHIES (SBIC 1 SBIS)
RHBEN , BRXtEREEHRE FIFO BRES.

Bit 7 6 5 4 3 2 1 0
| rxcn TXCn | UDREn FEn DORn UPEn U2Xn | MPCMn | UCSRnA

®/E R R/W R R R R R/W R/W

HE 0 0 1 0 0 0 0 0

e Bit 7 — RXCn: USART $ZI4& R

BEREPBEPERIEHAKRIEN RXCn B , BNES, BWESEZIE | ZREHEEER
T, BB RXCn BT, RXCn &R AR EZUWRLERFBE (WX RXCIEn R ).
+ Bit 6 — TXCn: USART RiEL& R

KEBMERBEDHBREREY  BYKESEHES (UDRN) FZER TXCn B, MITEE
LRFPME TXCN RS EFES , WA LUENE 1 #1TERIEIE, TXCn iR&AART £
KIELRPUT (WX TXCIEN IR ),

168 ATmega48/88/168 m————————————————
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« Bit5—- UDREn: USART ¥iEZ 778820

UDREn #r&$8 H K i%E &4 EF (UDRN) R B HEZ FEZWEHEIE. UDREN 71 1 %BAEHEE N
| BHERFHITHRIEREK. UDREn FRE&ET AR~ ERIESEEZEFMH (W3 UDRIEN
E R ).

E{U/5 UDREn B , RIAKXKEREC KM,

» Bit 4 - FEn: 4z

MBEWEHZBEZRINT —NEFEMNER , MEREFEFNT—INEFNE—
ZIEI A 0, BBA FEn B, X— U —BEAEREZZWEFE (UDRN) HILE, HiEWE
WELEAIR 18, FEn#r&ER "0% ¥ UCSRnA #1TBE AR , X—NEE "0,

 Bit 3 - DORn: ¥iBa H

BB HER DORn B, HBWEAHSEH (FETHEIRE) BUBLNSESNERIE,
ELHERUNE —NHNRAY , BBEESERTET. X—N—EERERBZWEF5
(UDRn) #i£H, *f UCSRnA #{TBEAR , X—VEE "0,

+ Bit 2 - UPEn: USART &R 4EIR

LUFBRIAFEE (UPMn1 = 1) , BIEREAH[PFAERIIN T N E2FETEREEIRN
UPEn B, X— U —BEBERE R EREFEE (UDRn) #HI%RE, X UCSRNA #HITE AR ,
EX—EE "0%

e Bit1-U2Xn: f$EEK*

X—XFRSREEEN, FARSRENMTRHLES,

BB RS ESHE TN 16 RE 8 MNMERN SRS EEERNNWEEWEZMNE,
* Bit0 - MPCMn: S ERBEER

BB ZAEEEEER, MPCMn BHL/S , USART EKEZKIINBLETRS
SHbutE BN AN H LA, XXEBFFZ MPCMn RENEIN, FHEEESEP
167 “ ZAERBEER ",
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USART #H FIIRASFEEZ nB -
UCSRNnB

AIMEL

Bit 7 6 5 4 3 2 1 0
| RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n | TXB8n | UCSRnB

®/E R/W R/W R/W R/W R/W R/W R R/W

HE 0 0 0 0 0 0 0 0

» Bit 7 — RXCIEn: #2145 R T fERE

BAIEEEERXCN F M, M RXCIEnH 1 ,SREG B FSHEMN LB P MizEMEN ,UCSRNA
F1EEM RXCn 777 1 B L= 4 USART 2R 4 5 b,

+ Bit 6 — TXCIEn: X3%4 R HfEse

BSEETXCn i, HTXCIEn "1 ,SREG BEENLBPMHFEEMENR ,UCSRNA
FIFEEM TXCn AR 1 BRI LA 4 USART K%L R I,

 Bit 5— UDRIEn: USART iz 57282 M fE gk

B{If5fERE UDREn H M, % UDRIEn H 1, SREG HEENLEPMIREMEL ,
UCSRNA ZF1E25H UDREN 754 1 BT AJ LAF= 4 USART B 1285 25 HIfT .

e Bit4 — RXENn: Uk fEsE

B EN/E3) USART #ZUKES. RxDn S|BI#YE A ik O ThEe# USART ThEerrE . ZE ik
EWRSETRIEEWE RS |, ## FEn. DORn & UPEn $rETT Ko

+ Bit3 - TXENn: Ki%f#gE

BB NS5 USART Ki%8%, TxDn SIMIAYE M iis O ThEE# USART ThAERTEL{R.
TXENn BFEE , RESIFMENBBEAERTREREB[ T B ELZIL  NAEBUST
ERESRXEEHPFTERTREEAENEIE, KXBEILE, TxDn SIEREEER 110
Ihae,

e Bit2-UCSZn2: KK

UCSZn2 5UCSRNC HFEEM UCSZn1:0 4 AE — R I LR BERIEMAT S W HRIBAIER (
ZHKE ).

+ Bit1 - RXB8n: WK IEHL 8

3t 9 L ABITWIHITIRMERT , RXB8n 25 9 MNIEL, E UDRn 2 EMRMNBIECEIE
% EiRH RXB8n,

+ Bit0— TXB8n: ZEMIE( 8

XF 9y R AT ITHRAERT , TXB8N BE I MNRIE L. EUDRN Z B B EEX ERITERE,

170 ATmega48/88/168 m————————————

2545D-AVR-07/04



E———————————ssssssmm A TMega48/88/168

USART #H FIIRASZFEE nC

- UCSRnC

2545D-AVR-07/04

Bit

B/IE
HaE

7

6

5

4

3

2

1

0

| UMSELn1

UMSELNO

UPMn1

UPMn0

USBSn

UCSZn1

UCSZno

UCPOLn | ucsRnc

R/W
0

R/W
0

R/W
0

R/W
0

 Bits 7:6 —- UMSELN1:0 USART X%
W IX PR 4 AT A% R USARTN B9 T/E#E S |, &M Table 76,

Table 76. UMSELn g &

R/W
0

R/W
1

R/W
1

R/W
0

UMSELn1 UMSELnNO B
0 0 REBRE
0 1 GEZ:33
1 0 (RE)
1 1 SPI E#4L (MSPIM)™
Note: 1. SPI EHUER (MSPIM) HEEHERIER P 177 “SPI X TH USART .

* Bits 5:4 - UPMn1:0: ZER&E¥#ER

XV RETFBRENERNHFEETERR, MRFEETFERE , BAELERE £
ERFLBITEHELEZTBREM. XE—NMERINVHE  BRSHBETE—FTE
B , A5 UPMn FRIREME#H THE. MRFEH , BBARE UCSRnA 9y UPEn B\,

Table 77. UPMn fZig &

UPMn1 UPMnO RBEN
0 0 =g
0 1 RE
1 0 B
1 1 TR

» Bit 3 - USBSn: E1-{ii%#%

BEX— AR EF I VA, BRNERARIX —HIRE.

Table 78. USBS {ui&&

USBSn Fikfr
0 112
1 21

ATMEL
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USART H4$£ %5 FE3 - UBRRL
# UBRRnH

BAFRIZEN T

AIMEL

e Bit2:1-UCSZn1:0: & KF
UCSZn1:0 5 UCSRNB EF 1285/ UCSZn2 —EBREHFEMETENRENH (ZFKE ).

Table 79. UCSZn L& &

UCSszn2 ucszn1 ucszno FRKE
0 0 0 512
0 0 1 6 1z
0 1 0 71
0 1 1 8 fu
1 0 0 R
1 0 1 R
1 1 0 RE
1 1 1 91

¢ Bit 0 — UCPOLN: B§piR
X—NRAFRELIEER, FARSEXMEX—ES, UCPOLn RET W HEE
WA ARERE | URES R XCKn 2B XX,

Table 80. UCPOLn & &

UCPOLn | ZEHIFEAIHE (TxDn SIEIM A ) ERBIENEE (RxDn SIBIHHEA )

0 XCKn EF3#R XCKn TFEA
1 XCKn TR XCKn E#R
Bit 15 14 13 12 11 10 9 8
- - - - | UBRRnN[11:8] UBRRnH
UBRRnN[7:0] UBRRnNL
7 6 5 4 3 2 1 0
®/B R R R R R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

o Bit15:12 — &
XEMERNUGHEATREN. W TE5UGENEH#RE , 5 UBRRNH BHRIX L4 EFE,
* Bit11:0 - UBRR11:0: USART H{&RF =R

XN 12 N FFEESEE T USART B4 EREE ., HA UBRRnH 88 7 USART F4&%
= 417, UBRRNL @& T1K 8 1. 45/ 35 /& A IE £ 3 TR BB 4% W 2 B B R
E UBRRnL M ENEH RIS E 5 MR,

PR R R I IRERIE KRG FESEATREANREERTES Table 81 H1 UBRRn By
RERFE, RPNECBERTALKFENRERSERREENRETEY 0.5%.
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FEENIREHETUEZN  BEREFNHIRESRFE  BIRFTELRRAERER (S
EP165“RITHELEE" ), REAUBINTFLANITE :

Error[%]

Table 81. BAKFHZMETRE UBRRNn B+

BaudRate

- (BaUdRateCIosest Match

1) ¢ 100%

fosc = 1.0000 MHz fosc = 1.8432 MHz fosc =2.0000 MHz
FHE U2Xn=0 U2Xn =1 U2Xn =0 U2Xn =1 U2Xn=0 U2Xn =1
(bps) UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error
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 21%
19.2k 2 8.5% 6 -7.0% 5 0.0% 11 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 -7.0%
57.6k 0 8.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% 3 8.5%
76.8k - - 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%
115.2k - - 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 8.5%
230.4k - - - - - - 0 0.0% - - - -
250k - - - - - - - - - - 0 0.0%
gAM 62.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps
Note: 1. UBRRn=0, iRZ =0.0%
173
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Table 82. BAIKZ R METIRE UBRRn BBl F (£)

f.. = 3.6864 MHz f... = 4.0000 MHz f.o. = 7.3728 MHz
N~ U2Xn =0 U2Xn =1 U2Xn =0 U2Xn =1 U2Xn =0 U2Xn =1
(bps) UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4k 5 0.0% 1 0.0% 6 -7.0% 12 0.2% 11 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 11 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - - - - - 0 -7.8%
gRM 230.4 kbps 460.8 kbps 250 kbps 0.5 Mbps 460.8 kbps 921.6 kbps
1. UBRRn =0, iR =0.0%
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Table 83. BAIKZ R METIRE UBRRn BBl F (&)

fo. = 8.0000 MHz f.o. = 11.0592 MHz f.o. = 14.7456 MHz
- U2Xn=0 U2Xn =1 U2Xn =0 U2Xn =1 U2Xn=0 U2Xn =1
(bps) UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error
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% 1 0.0% 7 0.0% 15 0.0%
230.4k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250k 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M 0 0.0% 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
1M - - 0 0.0% - - - - 0 -7.8% 1 -7.8%
gRM 0.5 Mbps 1 Mbps 691.2 kbps 1.3824 Mbps 921.6 kbps 1.8432 Mbps
1. UBRRn =0, i®% =0.0%
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Table 84. BRAIRH 2 ME TIRE UBRR M| F (£)

foec = 16.0000 MHz foec = 18.4320 MHz foec =20.0000 MHz
T U2Xn=0 U2Xn =1 U2Xn=0 U2Xn =1 U2Xn=0 U2Xn =1
(bps) UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error
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%
™ 0 0.0% 1 0.0% - - - - - - - -
gRM 1 Mbps 2 Mbps 1.152 Mbps 2.304 Mbps 1.25 Mbps 2.5 Mbps
1. UBRRn =0, iRZE = 0.0%
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SPI # X TH USART  USART W8S SPI THEAMW THEER, SPI THER (MSPIM) X B4M 2 -

« &WMT , =LA HEEN

o EHERE

- XEAAENR SPI THEEX (#30,1,253)

s B&MEWLSB K MSB( TRERERRF)

« BABURME (B )

c BOSBENBESRELERS

+ ®IET{E (fFXCKmax = fCK/2)

o RENTH

Bk % UMSELn1:0 #3{& "1” RIS MSPIM B3 T #) USART, EiZTHEERT SPI %
BEEEES USART BiR. XERFSEAASSERENBLTES. EP58 , K
REREEE, RENAKESESKNE., HESHREZRE , R RX S TX 24HZ8EEZH .,
USART RX S TX #2412 8 & SPI L it &lE EEFJHJQEEO Sl B Gl SR =428 8
EFERRIEEXTEMEEN.

EFRHPERT /0 FRNLERMEN. 87 MSPIMERT |, FERHIF 73R8
B,

R4 A= B BN KX RS MBS~ EE AR, USART MSPIM XX EFAZRIEET
EEN (EVIRE ). FFEE MSPIM X T USART EEH T4 , DDR_XCKn %M B
(EMER ). ZRIFEMSPIMER FHUSARTHEREZ I (BD TXENNS RXENnfZE{Y) , B
f DDR_XCKn,

MSPIM #E X N ER Bt 49 7= 4 5 USART @5 EHEX RHEREH . K4EE = UBRRn A 18
FEMAXNITE , IL Table 85 :

Table 85. BIFXRFHEHFREITELR

TEER BiERITEAK () UBRRn it &R
RS ENER
BAUD = ___fosc UBRRn = fosc —1
2(UBRRn+ 1) 2BAUD
Note: . RBEEENHNEVNEEALEE (bps).

BAUD F4E (S, bps).
fOSC %\JLHT%¢$E$O
UBRRNnUBRRNH 5 UBRRnL 1788 {& (0-4095),
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i Ag X

USART MSPIM #2481t

178

AIMEL

AMfP XCKn (SCK) B SHRMENEAESSRITEERX , E4H UCPHAN 5 UCPOLN R
E. BIEERHERFEIEN Figure 77, BREMHNBESHEX £ XCKn E5WHERE
B BMRIEE 2B REHRIEIRE. UCPOLNn 5 UCPHAN HIZhAEE 4 M Table 86, X
FIXFALAY IR B IR EE# TR ER.

Table 86. UCPOLn 5 UCPHAN Zh&E

UCPOLn UCPHAN SPIMode | i gRon

0 0 0 K (LEFR) B3 (TR

0 1 1 B (L£FAR) R (THR)

1 0 2 R (TR ) B (LFHm

1 1 3 B3 (TER) KEE(LEFHR)
Figure 77. UCPHANn 5 UCPOLn /&Mt FHE .

UCPOL=0 UCPOL=1

—
I xex L L XCK R RNE.
g Data setup (TXD) :X:X:X:X: Data setup (TXD) :X:X:X:X:
> Data sample (RXD) T T T T Data sample (RXD) T T T T
T xex RN XCK LU
. D B G .
% Data setup (TXD) Data setup (TXD)
> Data sample (RXD) T T T T Data sample (RXD) T T T T

MSPIM B BITERIBMUE XN —NFEHFH A 8 U EIEM . MSPIM #X T USART BF it
BRI -

8 U BIERL , MSB BEKE
- SUEKIEML, LSB HERE

HEWLGERVITS  RESRAEFNREMN. BIEFHRS LA 8 NIEN , WBE
MBREMNER, RERERM. I—MTBHOKREVEEE  TAMEERE T — MK
&, REEREELTZRRES.

MSPIM #& =, T #J USART i&3Z UCSRnC B UDORDN iR B Mg X . KiXBSZ W EH
HENIRE, BIE  EXEVNRBESBRREARSERBFEEHITHINES,

BEX UDRn BEAFRMNRIEF T AKX 16 VBIEN AR . UART EETRFMESHE
H 16 VBIEC 2B HAERNES.

HITBEZIELEEX USART #1T#H1. 1Bt ESBEE T/ BFERMZE , THE

NWIRE , MEWRIRTE , URIBEZEMFFREFIIRERS. RELXF T T,

N TR USARTZE  ENBRICNEABEEFTZLRBPMBREL(Z R PITEER).

Note:  J{RIEENRT#IIA{E XCKn | 5 iR 45 £ F 1788 (UBRRN) AE KA BB FREMNE "0, STE
USART THEERXTRE , FLAESRFESE , FEEL LN UBRRNn BFEAENEHE A MEE
F—REEFRZEX UBRRn BE, MRBICEEMNZFBRIT , WRSERESEFLE
BIX UBRRn BE , EREE MK UBRRn EZE "0”,

ATmega48/88/168 mu————————————————————
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ERMWE USART iR ENIZE R BHEARBER FTHT. TXCn FREAL A AR REK
—PMHRFEMHLERBELTM , RXCn RS T UARKRBEREFRFREEEHRE
R, ERRREHE 2 (EBERIEBIET 7R UDR 71 )TXCn RSN MTER

LT R USART Mt BF =6, PIRERATHRE (FHEER ) WRIDIRME , MEMSE
HREEN. EBREENRBSHEE, BILREFRFERSERSBATFTETRESX
r17:r16,
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sCgmcrapife (O
USART I nit:
clr r18

out UBRRnH, r18
out UBRRnL,r18
;O XCkn wmOSIBE ML | EREEEN
sbhi XCKn_DDR, XCKn
; RE MSPI THEERXS SPIl HIEER 0
I di r18, (1<<UMSELN1)| (1<<UMSELNO) | (0<<UCPHAN) | (0<<UCPCLn)
out UCSRnC,r18
; SERERIABRS UGS
I di r18, (1<<RXENn)| (1<<TXENn)
out UCSRnB, r18
; RERRSE
;D BER O RBENRBMSAERIARERRE
out UBRRnH, r17
out UBRRnL, r18
ret
Cc R@\pE"

voi d USART_I nit( unsigned int baud )

{
UBRRn = 0;
I* S XCkn O SIBE AL | EReEERN +/
XCKn_DDR | = (1<<XCKn);
[* RiEMSPI THEXS SPI HIREE 0/
UCSRNC = (1<<UMSBELN1) | ( 1<<UMSELNO) | (0<<UCPHAN) | ( 0<<UCPQOLN);
[* ERERIABRSHENEE /
UCSRnNB = (1<<RXENn)| ( 1<<TXENn);
I* BRERGE/
I* BR REENRBSAERIASFRMERERS */
UBRRn = baud;

Note: 1. BRIEBBECLKXBETAEWLIH,
L /O FEFH/ATE /0 FFe8nt , KA EW “LDS” ., “STS”, “SBRS”, “SBRC’,
“SBR” 5 “CBR” &£ W ifEy & /0 FEEBMIESAE “IN", “OUT”, “SBIS”, “SBIC”.
“CBI’ 5 “SBI" 8%,

fEH MSPI =\ T# USART ER X %858 , Bl UCSRNB F1FE3FH TXENn L& "17
RIEBRMFERERT , TxDn SIBMERN RIESRTHE  BREZEROINEE, ZWESEFEER
AER |, @I X UCSRNB HfE88 4 H RXENn L& "1” KL, #ZUKEEF8EfS RxDn 3|
BER VSN SETHAA , REZEROINEE. XCKn ERERBHER,

#3410 JE USART AJ FF daE 35 BhdE . BB 1XM UDRNn Bi2EFF 4. BT EXBS iR 4& W
e, Bt ERBENEAEZSBERBENEYN. YBUFER/ERTRIEBEM ,
UDRNn HEIEMEIEEHEEBABMNTESS.

Note: AREFAAZHERENBBEFTHENRSL  SNFHEEFHLAX UDRN FFEEH TR
BE, MARTRESEEN USART EX2—#0 , BNREINEE , EXNERER
WEWFE  MARREESINHIE, tRBRMEEE 4ANFET  E—RFH 1, 8
BF 2, 3, 4, BEAEF KRN UDRn i, NELANFTRFY 3, IFRFET 1,
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RRERSBBRBRER P

B R XARER AR

USART MSPIM HFF3&#
b3

USART MSPIM I/0 $iE 578
- UDRn

2545D-AVR-07/04

TR F4AH—1NE MSPIHER TH USART Xt UDRE #1554 R (RXCn) fr& KA
REFXRERENG F. SR, JITEARRB 2o 8 REHHRIL USART, HEILHRmNAD
FERENBITFEFRT R16,

EHAFOHE B | EMHESKRN UDREn fREREFEEEFRNE ; HERHBEY
B RXCn R SR EFZBEFRREHE | RIERBRIME FRNARHIRE,

SComiaapig (O

USART_MSPI M _Tr ansf er:
. BHRREEEN
shbi s UCSRnA, UDREn
rjnmp USART_MSPI M Tr ansf er
. FHEHAE R | REHAE
out UDRn, r16
; EEEREE

USART_MSPI M Wi t _RXCn:
shi s UCSRnA, RXCn
rj np USART_MSPI M Wit _RXCn
;. NEAH B SREERRE
inrl6, UDRn
ret

C R\pIREO

unsi gned char USART_Recei ve( void )

{
1% EFREEPENE *|

while ( !'( UCSRnA & (1<<UDREn)) );
| * FFBBEHAZ RS, REHRE

UDRn = dat a;

1> SfFEREEE -/

while ( ! (UCSRnA & (1<<RXCn)) );
I* WEHHEE IR EEREREE */
return UDRn;

}

Note: 1. ARBBECLKEETEEMNLH.
L /O FEBRY B /0 FFeent , XA EW “LDS” . “STS”, “SBRS”., “SBRC’,
“SBR” 5 “CBR” &£ W ip [y & /0 FEEBMIESAE “IN°, “OUT”, “SBIS”, “SBIC”.
“CBI’ 5 “SBI" %,

£ MSPIM # X TH USART 5& i@ USART =X TH RXCn., TXCn 5 UDREn R
TR — B, B MSPIM RX T8 B EAENRERRSHEE (FE. DOR 5 PE) ,
HIREEBL R "0%

£ MSPIM X TH) USART 5& 18 USART BR T KX BKNENEZAE —3W,

LU &R #58 MSPIM X N #9 USART HF &85

£ MSPIM # X T8 USART 5% & USART # = T#IEZ 1788 UDRn ThaES{v ik BH 24
BEH , ENR P 167 “USART I/0 ZiiEE %L - UDRN” .
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USART MSPIM # &I MRS FEF
82 nA - UCSRnA

USART MSPIM #4|FIR S F1E
82 nB - UCSRnB

AIMEL

Bit 7 6 5 4 3 2 1 0
| RXCn | TXCn | UDREn | - - - - - | ucsrna

®IE R/W R/W R/W R R R R

HE 0 0 0 0 0 1 1 0

 Bit7 - RXCn: USART M4 %

B E e A KiE H A RIEER RXCn BAL , BNEE, BKEEE IR | BRSPS H R
5, SBRXCniEE, RXCn irEa AR £ WL R (X RXCIEn U8k ),

o Bit 6 - TXCn: USART R%:4& R

ERBUEFERHBERESE  BYLEEHMET (UDRN) AZER TXCn B, ITAIE
SZRBWE TXCn SRS BEFES , I UBEE "1” #{TERIRIE, TXCn br&A AR~
4 RIELERPET (I TXCIEn (L HY IR ),

 Bit5- UDREn: USART BB 7882

UDREn#R&$HE H & 1% )% 85 (UDRN) BB EZ 1T UG IR, UDREN R "1” A E M8 h
e | EHERFHITHRIEREW. UDREn fREAT AR A RIESESZE M (W% UDRIEN
IEHER )o /5 UDREN B1Y , RARXBECLHME,

« Bit4:0 - ff MSPI X TR F

£ MSPI#ERT , XILUANREM. NEFKRBF[AFRE , 2% UCSRnA BART |, XJLL
HIRIE "07

Bit 7 6 5 4 3 2 1 0
| RXCIEn | TXCIEn | UDRIE | RXENn | TXENn - - - | ucsrnB

®/B R/W R/W R/W R/W R/W R R R

MHE 0 0 0 0 0 1 1 0

 Bit 7 - RXCIEn: RX &R Hhpfi{EaE

RXCIEn {z B 8L RXCn Fr&EH M, REY RXCIEn & "1” ,SREG &5 HiirEE
"1” H UCSRnA B9 RXCn {Z{& "1” Bt , USART 32Uk & R =4,

o Bit6 - TXCIEn: TX &R HifEgE

TXCIEn{Z B FERETXCnir&E M. RAEHTXCIEn{LE"1” ,SREGHI2 B HtrEE"1”
B UCSRNA B TXCn {Z& "1” Bf , USART KELE R D=4,

 Bit 5 - UDRIE: USART HIEFFREz= P lfEsE

UDRIE{z B {8 UDREnFREH M, REYHUDRIE{E"1” ,SREGH £ /5 F MiirEE"1”
H UCSRnA #J UDREn fiZ& "1” &Y , USART BB F =~ 4,

o Bit4 - RXENn: IS HEaE

RXENn{Z B fFREMSPIME R T A USARTIZURES . fERE/SIZINES T B RxDN S| B HY
BisORE ZHBZBURBSRIFTEZEKRES, MSPIM X T{XHAEZWKES ( BIRE
RXENn=1 B TXENn=0) ¥ BEAE L. XRENMSPIMER X ZFEHNELXBRIBRIA
BRI EE AR,

 Bit3-TXENn: K%

TXENn{Z B FREUSART K% 88, fFRE/F KBS E A TXDn 3| By @ik O iRE, EF
FIENERTEREEERRERABNTERSRAEEPEERTHRIER  2RAKXES (B
®E TXENn=0) BEF %, HRERBZRRE , REBTHLA TxDn kO,

» Bit2:0 - MSPI X THRE

£ MSPI R T , XJLURE. NEUEHNSEFRE , X UCSRNB BEAR , X4
MBEAX "0

182 ATmega48/88/168 m——————————————
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USART MSPIM # &I 5RAEHF

£ nC - UCSRnC

USART MSPIM B 45K F 1785 -
UBRRnL 5 UBRRnH

AVR USART MSPIM &
AVR SPI| L&

2545D-AVR-07/04

Bit 7 6 5 4 3 2 1 0

| UMSELn1 | UMSELn0 | - | - | - | UDORDn | UCPHAn | UCPOLn | UCSRnC
BB R/W R/W R R R R/W R/W R/W
IRE 0 0 0 0 0 1 1 0

+ Bit 7:6 - UMSELN1:0: USART # =%

XN USART TERE K% R4 M Table 87, P 171 “USART 4| FIIRASZFEF8E nC
- UCSRNC” 4R 7 EE USART B, HMWmMIFEH "1” &F , MSPIM fF8E, 7£
MSPIM #3®X T , UDORDn., UCPHANn 5 UCPOLn AHEREH1E 1’ﬁ11|_o

Table 87. UMSELn {Zi&&

UMSELnN1 UMSELNO S

0 0 %% USART

0 1 [ USART

1 0 (RE)

1 1 SPI 41 (MSPIM)

» Bit5:3-MSPI EX THRE

£ MSPIERT , XJLUFRE. WELUENRHEHFES , X UCSRnC BEART |, XJL{u44
MEAN "0,

 Bit 2 - UDORDnN: #iZ /X

UDORDNE"1”f} , A5 EHIEFHILSB ; BN EEERTFEFHIMSB |1 0 mig X E 21
}‘H-l_o

 Bit1 - UCPHAnN: B}4h48 41

UCPHAN MR B REHIZE XCKn WBDAREA R , # 0 SPI BBEERXSHFHD.
e Bit0 - UCPOLN: F4h#R4

UCPOLnN & & XCKn A48k, UCPOLN 5 UCPHAN 1% B4 4 R E I iE 1% 35 1 ae
F,iE0 SPI BEEX SR FEHD

£ MSPI BXTHREBESESMAESNHERSEE USART RENER , #01 P 172
“USART B4$% %1728 - UBRRL #1 UBRRnH” ,

MSPIM &£ TH) USART REETRSHS AVR SPI T2 HRAE :
ENEANF
« UCPOLn Ih&E5 SPI CPOL # [
UCPHAnN Zh&E5 SPI CPHA #[E
«  UDORDn Zj&E5 SPI DORD # [
BT MSPIM #X TH USART EAFEL USART &R , MSPIM #X TH USART 5

SPIEEFEEER. REBHISFERMVNTE R MSPIMER TH USART (XX HF X IREE
R, FERETEHASEPEETRE :

MSPIM X T # USART RK*ZEHEE 8 , SPIN&AE.,

«  MSPIM #X T # USART ZULES B M tNHY 2988,

«  MSPIM X T# USART ;&%& SPIWCOL (BXZR ) fi,

«  MSPIM#EX TH USART &F SPI fZiE#E 3 (SPI2X), B2 , @I X UBRRn ik E
BRI EEARER,

A mEl% 183
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R F AR E.
AT EVERXRE MSPIM X TH USART I, ALt SIEZEH RE,
MSPIM # =X TH USART 5 SPI S|BILL B M P 184 Table 88

Table 88. MSPIM #=X T#) USART 5 SPI 5| HI#Y L&

USART_MSPIM SPI 2
TxDn MOSI Ek
RxDn MISO WA
XCKn SCK (ThEerERE )
(N/A) SS MSPIM # 3 T # USART T #

ATmega48/88/168 mu————————————————————
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ML BRITIEDO

telicd - QEFRSY. MATHERA, RENEFERED
o TEIH MHREES
. BATHENREBREKES
o 7{uithutZoE | TIEMA 128 PIHL L
- ZREIPER
o B35 400 kHz I BIBEEHER
.« PET R HIRZHEE
o RIS BRI RS TR
. THRBHMME | ZHTUTHEE
o HhhkiR BB AT U AVR MIRAE R R AR

AEBTEORLEEN F&BTED (TW) 2L ISANEEED, XA TWI N, REigTHE TEUEN
BREHEL (— B AL SCL , B — BRI A BIEL SDA) iEHE 128 PMIRE . K
M BREEN  H—EERNNADBEEEENEE LW LB, A5 REEEY

REHER BWIRZ M,
Figure 78. TWI B4l &
VCC
Device 1 Device 2 Device 3 | ........ Device n R1 R2
SDA - >
SCL = P
TWI Rig UTENEATHHLLEHI,
Table 89. TWI /RiE
RiE % EA
Master B SEIEBIBEAIENEEMT. ENRFHEF £ SCL i
Slave WEN I U4
Transmitter | FFERIBIEZ B LHEFH
Receiver MEBLRIEERIEN 4

P34 “ hEI4IEEE - PRR” f PRTWI %45 E "0” , SAMERERL& B1THEO,

2545D-AVR-07/04
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BARER

HEAASMER
A BER AL

START & STOP R%&

186  ATmega48/88/168
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o0 Figure 78 Fi/R , B4kiE LR BA SHBIRIERMEEK. FTE TWI REWS[HH LK)
MERMARNEBMITRN, IR TXHEOREFEEBHNLSE. TWI 58
iR "0 i, TWI BEEFERKEF, YEN TWI S4mEA=ZAR , B&am
HEHEF AT LNEEFEENS, T2, ARIIMENELRERE, LRS TWI B4
HEEM AVR SBHLM B,

SRGEENS4RESMTRERS : SLBERERT 400 pF , METUA 7 LML
HabH TSI a, TWIHFHANBESBHIRAEL P 279 “ W& HTEOBME ", XILLEHT
FANTEWNNSE , —EELEEET 100 kHz , MBI —FE B LEE 5% 400 kHz,

TWI B4 EBRBENNZESHMEARS. LA , JELBEXTRBFRE | BR
FERHEFLENRET,

Figure 79. ZIEB M

SDA

SCL

Data Stable Data Stable

Data Change

FWNEDISELEEEESH. ENESLLEAE START EE5UBHEELH ; ER&LEE
i STOP S5 LUEILHIEEH. £ START 5 STOP RAZH , EEBRELRLN , TR
HHEENZEE%, 30127 START 5 STOP RAZ AKX H—NEHH START KA
X## A REPEATED START IRA , AT EVNETFTHFLRLEHNER T B EFH%E
i%. £ REPEATED START 2/g , EE|T—/ STOP , EERBRELLL FILHRS, X
S START 2 —#M , B EARFME , R &EEHKIA , START 5 REPEATED
START ¥ START &R, I TFFR ,STARTSSTOPIRARESCLL W EAt |, B K
SDA BB FERRIMM,

Figure 80. START., REPEATED START 5 STOP R#&

START STOP START REPEATED START STOP

2545D-AVR-07/04
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o it AR

2545D-AVR-07/04

FIETE TWI B4k EAX bt SN 9 7 , GF 7 {utbit{z. 1 1 READ/WRITE 12 4]
N5 1 uRENM. MR READ/WRITE 71 1, MITIRIRE ; SUNRITERE. N\MILESF
e, BRIEE N SCL (ACK) AHEN K SDA EHNZE ., ZZMIITHEHECER
TEMBEN , MRNiZE ACK BHREE SDA AEd. REEHAULE STOP RAR
REPEATED START RESEHF B L ZE, it SSEMN U S5 BFH SLA+R =
SLA+W B READ = WRITE {i,

HaFHH MSB BB RE. MAlibitRigitEEROE , EEEFRZ#3 0000 000
ERT it

YHRIET BT | FIERMYLNE ACK BB HK SDA fEHNZ, HEHEERIX
MENEERAEZS MM AT SMER T #EE8. = Write (V£ B2 FRIE , FIERMN
LB 1E ACK BB H K SDA A, FRERM MRS ZRNBFES, TEEE
151 P &% Read (DR BEEN , BEAMRIL MK ETREHNBIELHREL AR,

FRIEFM 1111 xxx XAt BEERSE |, SUEFRER,
Figure 81. bt @

Addr MSB AddrLSB R/W ACK

))
sDA X X
(
scL AVAVYAY

START

A IIIEI% 187



BIEEKA

Hit SWIE—BRE

Figure 83. BRRIMYEIE(LIE

Addr MSB

SDA

AIMEL

PREE TWI B4 EAENHEDIH 9 Uk , SF 8 UBBEUR 1 LNEM. EHRELE
o, ENF LR R START 5 STOP RS |, MiRERE MK, MEZHMIESE 9D
SCL AfAH{K SDA LIRY, REWERSE SDAAE , WA H NACK E5, IR TRHE
W, AEHTRERRALEZZRESHHE , MZERIZENFTHERE NACK K&
HExE=R. BIEH MSB B £RE.

Figure 82. HiEITRN

Data MSB DataLSB  ACK

Aggregate  \

SDA

SDA from ~ \

Transmitter

,,,,,,,

\
,,,,,,,

)
X
|
&

,,,,,,,
/

START

188

N AVANAVAVANE B AVANNYAVAV AN 2
2 $ 7 8 9 1 2 ] 7 8 9

SLA+R/W

SDA from
Receiver

SCL from
Master

STOP, REPEATED
START or Next
Data Byte

SLA+R/W Data Byte

RIEEEH START RZS. SLA+RW, EL—MRIE IR STOP RAELARK. RE START
5 STOP RAEMZEFEERIEZEN, WLUFA SCL WESIEERKAENSMNNEF.
MHL B AR SCL KIiEHK SCL 1EEEE¢E’JH'J‘IEIL HEHIRE M BEIREARN T MK
R, IMHFEFANRFEROBRES , X—BFERIFEEERN. MK SCL 1EEEE.
B RS H SCL BB R RE ljJ SCL SEFNERHEEVREN. BLER

H, B SCL My A=A BRE TWI BIEEEEE.

Figure 831588 T BRRV M B I/ME % . SEESLA+R/W SSTOPZ G XN E BN ARF
MY IMSURTE

AddrLSB R/W ACK Data MSB Data LSB ACK

%
)

Data Byte STOP

ATmega48/88/168 mu————————————————————

2545D-AVR-07/04



E———————————ssssssmm A TMega48/88/168

ZEVNEBLRE , MBEE TW N AFEE LRSI EN., BAETIENENFEES N INENTFREERE ¢

%

2545D-AVR-07/04

BERIEREEFRIT, SENREFERNEA

ﬁ&zﬁﬂﬁﬁﬁ NEHNTERERE, YEKRENEIN SN AEZEERNENELEE

o IMEBRSBM AT, UZEPNENETEFREAK , BIZEFEREIMN

&Tﬁﬂ% SR 18 \ﬁﬁﬂﬂWWEM%moE%t%iﬂﬁwﬁﬁw$mﬁt

MHLETE @Tﬁﬁ%%ﬁﬁg&tmﬁﬁo

TENWENTEEFEATEH SCL IR, NRIEEZEN—FM , KTk —MESE

PN AR, X&ELARTE,
BENESHEERARMER ERRE, NAENENRSHRITSRE , 2ERAEHRY
HESBEPNEETHREENPHEEN —  REFNBUNETFRMEENDHZEEKH -1
FIEMEN LR SCL , FEUTUERMITEAEGS /KEFS5HESCLESS /EEF
HEEZ R,

Figure 84. ZX#l SCL HEZH

[ TA, ow [ [ TA oh [
> !
I I I I
! ! ! !
I I - ] |
SCL from ! L,/ ! !
Master A | LV | |
I I
I I
,,,,,, J L
SCL from | \ Wi | ™
Master B | \ /| | B
I | I
I I } } I
I (. | I
SCL Bus | L ‘ |
Line | /| | !
I 1 | {
I I
| TBiow o TBhigh |
\ Masters Start \ Masters Start
Counting Low Period Counting High Period

W HBE 2 RPN AL YT SDA RLIPE . IRM SDA REIHWKRES EN A
HEBEREE  ZENMAEFR, BEXIERELE - IMIHNHEHELTH SDA, MHA
CENRENE , ZENFKREFR, #AW%ﬁMMEi BN REREHOENT
5, REMBHOENAMG SDA BA , B4 ATA0RUIR Rt at S 52 813 AT b7 i
HES, FAFLREHRARE— N, XTESEAES LS, NRNAZHIH
BHMILT L , HEFSFEIBES.
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Figure 85. W EHZ A HE

START Master A Loses

SDA f | Arbitration, SDA,* SDA
rom

Master A

SDA from
Master B \ / \ / \

Synchronized
| | \
AETRAATFEUTERHRITHE
— REPEATED START RS 5 — IR,
—A STOP MBS —NRIENL,
—A REPEATED START IRA&5 —4 STOP K%,
NMAHHNERE ERER  RIEFSHIIXEIEEHBRES, XEREEZSEINRES

FRIENHFEARLNBARN SLA+RW SHESASHR. RIYEFEYR : IENEZELMR
BEHERENKES  BNARERTEE L.

ATmega48/88/168 mu————————————————————
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TWI 3R A

SCL 5 SDA 5|

LR R &R

2545D-AVR-07/04

TWIRESR LA FRERA L |, fFigure 86FT R, FTEM THAL 2PN FEFRTUEIAVR

WIE B LB ITIHE,
Figure 86. TWI &R #A
SCL SDA
Slew-rate Spike Slew-rate Spike
Control Filter Control Filter
A J
/ /
Bus Interface Unit Bit Rate Generator
STAEZ;USOTOP Spike Suppression Prescaler

T - Address/Data Shift Bit Rate Register
Arbitration detection Register (TWDR) Ack (TWER)
J A J
y / A

Address Match Unit Control Unit

Address Register Status Register Control Register
(TWAR) T ll (TWSR) (TWCR)

TWI Unit

State Machine and

Address Comparator Status control

SCL 5 SDAJYMCUH TWIHZO S|, S| IR R BE — MR R RRFIBFAH R
TWI BT, SIRPRY % A ED 5 S4E RSP HI 8 ST A EBR/N T 50 ns BIER], HARAYIROR
B SCL 5 SDA 5| fIed | AT LAGERE I/O O M ERAY LRI P | IXAF AT B SMEPRY ERr el

TWIZTHEFENERS | LSRR LB REHES SCLNER, E44HR TWIHIRSHF TS
TWSRIT S MR B R ISR B FRTWBRIZE. ¥ TWI THEEMERES  FEEN
b4 RIS MBEITIRE , EMHLE CPU B3R R MM AT TWI BH4h4k SCL SR 16
&, EE , MLATRESIEK SCL KEFHIATE , NTIERIE TWI BLNFEHr B,
SCL HSMERFUATHARTE -

CPU Clock frequency
16 + 2(TWBR) - (PrescalerValue)

SCL frequency =
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E&EOSRT

41t DT 88 5T

BH% T

TWI F7851% 8
TWI L4 #4788 - TWBR

AIMEL

« TWBR =TWI Lt FEFBNHE.
TWPS = TWI RS FESBM oAV E{E , W P 194 Table 90
Note: TWI T{EFEEHERE , TWBR B IZF/NTF 10, BN EHLTE SDA 5 SCL =4 4EIRA

HEARRES, BBEHAT TWI TEEENERT , @MYLEE Start + SLA + R/W £
MR (FEEENEMISEEKERE ).

ZETIRBFES U BN FFER TWDR , START/STOP 2R M E & MEH EEH4 L
3%, TWDR FHFaATHRHRRERERNWBER kL, BRT 8 U/ TWDR , B&iEN&
TREE-—NEFESR , Q8T ATRERBERNZH (N)ACK, X (N)ACK FiFsafaE
BFEEpR, HRREER , 0BT TWI 2§ FF38 TWCR REMLHEE ; £X
EEAERS , (N)ACK {EH TWCR BREIRE.

START/STOP ZHISE AT~ EFMEN TWI H4k FH START. REPEATED START &
STOP IRAS . BN FE MCU & FREBIRAET , START/STOP #4183 I ARAEMB N TWI B4
LB START/STOP &4 , ¥R NBEH S TWI BL EMEH I ULET |, 5 MCU MIKREEIR
AMRER,

MR TWI BLENAERE 20 T HFEERH  FELNBRFFEETEL , MBERT TR
BYMERREGELENN. MRELABETRNIECHESLENBFTERT BLE2H
R, MBA TWI 252 THITEBNEE , A E£8B0NRESE.

Mo PU 2 TR UM Bk BN it 2R S TWAR FE8TH 7 (it I,
MR TWAR FEH TWI T BRI ZIRBIEREN TWGCE R "7, NE&ZWEIH bt th
S5 it H TR, — Bibut CTELAL DD |, 2% 8 JT 15 B8 A LA 17 1E 78 i | 7,
TWIRT LA R , th AT AR e R E ALK F 41k, XBURF TWCREFZESHIRE., EIfEMCUL T
RERIRASHT |, ot TR S T AT EE THE, —BEH I UBNXNEH , B LUF MCU M
RERRAMREE, £ TWI BT b CENE MCU MRS ERE ] |, B Ht Pl &4 |
TWIRBFRE , HRERIZRRS, IRXACIEEMEE | BBLEH AEEKEER
ZHEIEERRERAE TWI it Pt Jr i AL,

TE R TIET TWI B4 | HIRIE TWI 24515788 TWCR iR BEHAMMN M, 2 TWI
B4 ZEENARFTHAENEHR |, TWI RETFRES TWINT EfL, £ T — 6t
AR, TWI RAFESS TWSR R REINBEHNRSBEFREH. FHEHEAR ,
TWSR WRABN —NRREBHEENBHRRSE, —B TWINT FREMLE "17, B4k
SCL BN , B TWI B ENEELR | LAFERFLESH,
ETHRREIET , TWINT $REMNMEBN :
«  1& TWI 4£3%5 START/REPEATED START €25,

£ TWI BIE T SLA+R/W #iE 2 5.
s ETWIEEEIFTH 2 E.
« ETWI B&HEBLIMZE.
o ETWIH#ENTUZE (JBARIM L ITE ),
o ETWI BRI - 1MNEETZE.
o {ERMHLIER , TWI#EUKE STOP 5 REPEATED START 552 /3,

AT IEER START = STOP E5 &K &8 1R,

Bit 7 6 5 4 3 2 1 0
I TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO I TWBR
®/B R/W R/W R/IW R/W R/W R/W R/W R/IW

192 ATmega48/88/168 mu—————————————
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TWI #4378 - TWCR

2545D-AVR-07/04

HHE 0 0 0 0 0 0 0 0

+ Bits 7..0 - TWI LLiGREFEH

TWBR NELRERRER/DHREF. EBRRERR - oMER  EEVEXT~ESCLE
iR, KRBRITEQAXFEL P 191" LBFRRER ",

Bit 7 6 5 4 3 2 1 0

| TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE | TwcR
®/E R/W R/W R/W RIW R R/W R R/W
HE 0 0 0 0 0 0 0 0

TWCR FRZHI TWHREE, ©HARMFEEETWI  EIEMSTARTEI EL ERBENHE ,
FHEBERBENE , 74 STOP RS , UAREBARIES TWDR HFEENEHELNEE
E, INFESR[ETLLA HE TWDR TEFREE i EREHESAZ TWDR malEH
EARREER,

o Bit 7 - TWINT: TWI iR

HTWITREB T  FENARFEN AR TWINT Ef, & SREG 8 | 5REL KR TWCR
F1FHEMN TWIE FREBEN |, W MCU $4T TWI RETHIRR, 24 TWINT E{uat , SCL S
SWEBEFHIELK, TWINT FRENBTEXMESHEE "1” REK. MITHEREHFT
L2BHFEAER "0, EFENE , REX—UHEST , TWI XEIFHRIE, Bt , &
BAETWINT 2RI —EEBH ETRXI 78 TWAR | REFFE TWSR , URKIER
1788 TWDR W51,

* Bit 6 — TWEA: {8t TWI BI%&

TWEA FREE I R BOFII = £, & TWEA B , B TR0 L ACK B :
1. BHOMIHEISENLZHOBUERTE.

2. TWAR ¥y TWGCE Byt E S #Ereny,

3. EEN/ MNEBRER TERE - N FTHRE.

HTWEA BZAUERGENHEELL, BEUGHRGEMRE IR,
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TWIHRAFFSH - TWSR

AIMEL

+ Bit 5 - TWSTA: TWI START JRA&1L

L CPUFEECHANEL LW ENNEZIEEN TWSTA, TWI BHRENELEE M,
ERZTW , BOMELRL LTE STARTIRS, BEEALIC , BOR—ESS , EIRN
Bl—A STOPIRZA , RIGF4E START AFEBHBECSHER N EN. £3E START 2aH#
MBS TWSTA,

o Bit4 - TWSTO: TWI STOP RS

EXHERXT  WREM TWSTO , TWI EDOFEEL L4 STOP RA , AE TWSTO
BEEE, EMERT | B TWSTO T LAEEOME IR RS IKE B RE T 4k RS,
At B % F R STOP RA~4 |, B TWIIRE —AMNENFHNAREIUHHMNER BR
M SCL 5 SDA A EMEA.

« Bit 3 - TWWC: TWI B ZefR&

= TWINT R EH#ES 788 TWDR FE{ TWWC. 8 —X3 TWDR ME R #HE
Eiglh @

» Bit2 - TWEN: TWI &g

TWEN & B FERETWIRESBUETWIHED . ¥ TWENKEE R "176t , TWI S| 1/0 5]
B0 2] SCL 5 SDA SIi , FreREHNERFIBFESRNIEE RS, MRZMES , TWI
BEOBEYPEEREA |, FfE TWI &AL,

+ Bit1-Res: #&

RE | mEEER "0,

« Bit 0 — TWIE: TWI HjiffEgE

X SREG B9 | LA TWIE Efuht , RZE TWINT 7 "1, TWI FRBCE.

Bit 7 6 5 4 3 2 1 0

I TWS7 TWS6 TWSS TWS4 TWS3 - TWPS1 | TWPSO0 I TWSR
®/B R R R R R R R/W R/IW
NHE 1 1 1 1 1 0 0 0

o Bits 7..3 - TWS: TWI'RSE

X 5 VARRE TWI ZBMEBLNRS. TENRSRBNAEESENDBEHR, T=
M TWSR i HHWE SR 5 MRBES 2 N AE. BARSMEZITE N R D0
R "0 XERBRNILT FHRDMB[IREBE, ELBHERFHANBERT , EFMPERZ
Fiko

+ Bit2 - Res: #8&

®RE  EEEER "0,

+ Bits 1..0 - TWPS: TWI T % 5i{

RS/, ATFRHESERS RE T,

Table 90. TWI LR 58 E F

TWPS1 TWPS0 Mo ME
0 0 1

0 1 4

1 0 16

1 1 64

194  ATmega48/88/168 m————————————
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TWI $¥EFFER - TWDR

TWI MLkt 24788 - TWAR

TWI WALt it REE T8 -
TWAMR

2545D-AVR-07/04

MO E S RENL P 191 “ SR EERR . TWPS1.0 BELAXHEA,

Bit 7 6 5 4 3 2 1 0

I TWD7 TWD6 TWD5 TWD4 TWD3 TWD2 TWD1 TWDO I TWDR
®B/B R/W R/W R/W R/W R/W R/W R/W R/W
#E 1 1 1 1 1 1 1 1

ERFEER , TWDRBETERENFT ; £EWER , TWDR 2& T EREINHKIE.
HTWIEEE#HTBAI/E(TWINT B ) XN S EREUEN, EF - XFHMAE
ZHIRAP TS B BiESEes. RE TWINT &z, TWDR WEHEMRREN, £
Ede B EWBERNBASES. TWDR AREETEAL LHINBE—1NF
T, BRIE MCU RN EBREBERNH TWI PHHEE, it TWDR HARREE L. &
SR AME |, EVRRAMN , BEL EHINBIEFRSER, ACK HAER TWI
BEBENEE , CPU FEEEEE ACK.

* Bits 7..0 - TWD: TWI %iE 5788

RIFRSHAE , HRBENEREN T -MFT |, IRBRIIOHE,

Bit 7 6 5 4 3 2 1 0

I TWA6 TWAS5 TWA4 TWA3 TWA2 TWA1 TWAO TWGCE I TWAR
®/B R/W R/W R/IW R/W R/W R/W R/W R/W
NHE 1 1 1 1 1 1 1 0

TWAR & 7 (MLt . THEFMHERE | TWIFERE X AN it #4708, EHAE
RFAEE i, EZENREF , TWAR ZEEHITREUEEMEINHERAES,

TWAR 89 LSB AT IR 5!/ #&iit (0x00), BRAFAA —Mitiiik bR, — BEEKEIRY
AN MU —B , DS FRIBRBW,

o Bits 7..1 - TWA: TWI \#litt 1t 788

HEIMY L,

o Bit0 - TWGCE: TWI /" #&iR 3 i gE

BEfI/F MCU ATLUR B TWI B4k &,

Bit 7 6 5 4 3 2 1 0

| TWAM[6:0] - | TWAMR
®/B R/W R/W R/W RIW R/W R/W R/W R
NkE 0 0 0 0 0 0 0 0

+ Bits 7..1 - TWAM: TWI i 31t B &k

TWAMR 28 7  MHLib it BRI, TWAMR BEFESENES a1t TWI it H 55
TWARFF R K 317, 2N R RBERAZE" 17 , N 3t 1k PTHEL IS 45 2 W 5 A B9 31t 7 S TWARAE
NOIEEERE R, Figure 87 444 it ut PTHLIB 48,
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Figure 87. TWI tthit PLEgiZ 58 5 E R

I 1
I 1
N\ 1
TWARO ; ) |
1
: Y : ° Address
| J Match

Address
Bit 0

TWAMRO

» Bit 0 — Res: R &
ATmega48/88/168 & B FiX tfy , EREER "07,

A TWI AVRH) TWIHEORAMFHTNETHEN. FIENELENH  NERE —NEFHELET
—ANSTART E5% , HAEFE—1N TWI B, AT TWIEORET U , Bit Twi
BOEFTRENBRIEZS , FTEENABRFNTH. TWCR F1E88M0 TWI FlT Al
TWIEVMISREGEHEEFHMNERTM AT N —RBRET NARFEEMA TWINTIREL =
EMPRER, MR TWIE BES , NARFREXARLE TWINT FREMH B ERSN
TWI BZARA

Y TWINT FREME "1 6, RRTWIEOTR T HHNERE  SENERFNEMN, £
XERT , TWIHRASF 7S TWSR @8 7 RELHE TWI ELRBNE. SMARF T
EE TWCR FVRAST [ HB R RASREEY , #EBTRE TWCR 5 TWDR &F1F8 |
REET—N TWI BL&LEE TWI 0 M iZ anfa T4,

Figure 88 44 M AEF 5 TWIER OIEEN P T, ZHIF , TN RE—MREFTHEML,
XERARME , ATHNERLAESHNHER  2ERENABHE.

Figure 88. HARIFEAHPRNARRFES TWI O

Application

Action

TWI

Hardware

196

1. Application
writes to TWCR to
initiate
transmission of
START

3. Check TWSR to see if START was
sent. Application loads SLA+W into
TWDR, and loads appropriate control
signals into TWCR, makin sure that
TWINT is written to one,

and TWSTA is written to zero.

5. Check TWSR to see if SLA+W was
sent and ACK received.
Application loads data into TWDR, and
loads appropriate control signals into
TWCR, making sure that TWINT is
written to one

7. Check TWSR to see if data was sent
and ACK received.
Application loads appropriate control
signals to send STOP into TWCR,
making sure that TWINT is written to one

L

A

ﬁ

TWI bus | START

SLA+W

2. TWINT set.

Action

Status code indicates
START condition sent

4. TWINT set.

received

ATmega48/88/168

Status code indicates
SLA+W sent, ACK

Data ’—AF STOP ‘

6. TWINT set.
Status code indicates
data sent, ACK received

Indicates
TWINT set

1. TWIERINE -SSR KXKIESTARTES., BIX TWCREAZER ,BRTWIEH
Kix STARTE5., EAWENEEHEHIEBE. EEAER TWINT LEE , X3
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BEEE, 44 TWINT B "1" BRIk E, TWCR FE286 TWINT B HE TWI T
SBEHEMEREIE. —B TWINTBFZ , TWI H START 55 B3 BIEEH.

2. START E5#AEE ,TWCR FHE5H TWINT $rEMEN , TWCR EF AFHH
RASH , ®R START BRI K%,

3. NARFMNRE TWSR ,JBE STARTESERIIEAE. MR TWSRERAET ,
NMARFLUMT—EEERE , LMARERLERF, NRRSBSHHE—
¥, NARFSIE SLA+W F A TWDR., TWDR AIE & Eit it SHIEREH,
TWDREZHASLA+W/E ,TWCRAMEABEBERTWIBHRIESLAtWES, B
ANESEEEIEBE, EEAEN TWINT VEEW , XEEFEE, 4 TWINTE
"1” SRR IR R, TWCR H1E280 TWINT EfzHiE TWI T2 B3 E@ig#k, —8
TWINT BE , TWI Bahibut G #£i%,

4. MHSLEF  TWCREEEM TWINTHREMNEN , TWDR EF N IFHHRARE |
RRMHERINEE, RSRBELRBMIE2EME S,

5. NARFNRE TWSR ,AEMiUBERINELE, ACK WEIEE, MR TWSR &
THRHEE  NARFURRIT—EEERE  LNARBRLCERF. MBERDS
BEMB—3 , NARFAIUNBIESZHRA TWDR, BE , TWCR #MEAEE
EER TWI B4 4% TWDR dHIHEE. BANESEEE KA. EEAEN
TWINTNEEN ,XEFEEE, TWCRFEZES[FM TWINT EXEE TWITLE3)
FUgE, —B TWINTBEE , TWI B3 HESNEHE.

6. BIEAA*E , TWCRBFEM TWINTHREMEBN , TWSR EFH AN IFIRSE |
RRBFEBERDIKE. RESREBELRBMINEEWN S,

7. BMARFNER TWSR HEMUBERINEE, ACK NHEE., MR TWSR E
THRHEE  NARFURRIT - EEERE  LNARBRLCERF. MERDS
BEMHB—3 , TWCR XMEABEEER TWI BHL1% STOP 55, BAMW
ENEEEIEAE, EEAEGR TWINT NEEM , XIEEEE, 4 TWINT B "1”
EREFRE, TWCR FESHH TWINT EHE TWI A& Bs{E[RE, —8B
TWINTEE , TWIB3I STOPE5M&EE, STZE TWINTESTOPRSXEFT S
B,

RERFILLEEE  BeE887 TW HEEHEIRTIHmMERN, BE4MT :

o Y TWI R —RIREASERIEN , TWINTHEEBM. BEZ TWINTEE |, atidsk
SCL F & HIK.

TWINTHREEBE  APSARST—NTWI AL BABRHEXNEER TWISES. 4
W, TWDR BEERH/YVMBEAT —NELBARFELENE,

LA TWI FEBEIEN  MEHCERBHNNARFHEZ4% , TWCR#EE
ABIE, ETWCRHE , TWINT BB, X TWINT B "1” BRILIRE, TWI
FHa#ITH TWCR R ER B,

THLEHTILHES C BEHIRE. I8, RRTERBELLHINEN , BREMMANX
Xt
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TR BHIRE Cc RBHI= L
1 | di r16, (1<<TWNT)| (1<<TWSTA) | TWCR = (1<<TW NT) | (1<<TWBTA) | %4 START E&
(1<<TVEEN) (1<<TVEEN)

out TWR, rl6

2 wai t 1: while (! (TWR & (1<<TWNT))) £ TWINT Bz, TWINT Efzk
in  rie, TWR ; R START EBE A H
sbrs r16, TWNT
rjimp waitl

3 in r16, TWSR if ((TWBR & OxF8) != START) BRI TWIRASEEE , BRTH oM
andi r16, OxF8 ERROR() ; i, MBERSFTZ START #H
cpi  r16, START AL
brne ERROR
ldi r16, SLAW TR = SLA_W % A SLA_W 2| TWDR %78 |,
out TWDR r16 TWCR = (1<<TWNT) | (1<<TVEN); TWINT (&8 , B3 Kkt
| di r16, (1<<TWNT) | (1<<TVEN)
out TWCR, rl6

4 wai t 2: while (! (TWCR & (1<<TWNT))) ZF TWINT &z, TWINT Bfzsk
in  ri6, TWR ; REZGT SLAHWEARH , RYIK
sbrs ri16, TWNT EIRI&1E 5 ACK/INACK
rjnmp wait2

5 in r16, TWSR if ((TWBR & OxF8) != MI_SLA ACK) B TWIRASEEE  BERToM
andi r16, OxF8 ERROR() ; I, MBREFEFR
cpi r1e, MI_SLA ACK MT_SLA_ACK 3 8402
brne ERROR
Idi  ri16, DATA TWDR = DATA; = AKIES TWDR S5 |
out  TVDR, r16 TWCR = (1<<TWNT) | (1<<TVEN); TWINT &% , B KERE
Idi  ri16, (1<<TWNT) | (1<<TVEN)
out TWCR, rl6

6 vai t 3; while (!(TWCR & (1<<TWNT))) E45 TWINT Bz, TWINT BZX
in ri16, TWCR ; TRELIE DATA E X%, RIE
sbrs r16, TWNT NZ{E5 ACK/INACK
rjmp wait3

7 in  ri16, TWSR if ((TVBR & OxF8) != MI_DATA ACK) |6 TWIRASEE | BHH S
andi r16, OxF8 ERROR() ; 2B NMBERSZFE
cpi  r16, MI_DATA ACK MT_DATA ACK ¥ H B4 2
brne ERROR
| di r16, (1<<TW NT)| (1<<TVEN) | TWCR = (1<<TW NT) | (1<<TVEN) | k3% STOP 8

(1<<TWSTO) (1<<TWBTO) ;

out TWCR, r 16

198 ATmega48/88/168 mu—————————————



RiIEER TWI T THETF 4 MFREER : EHEKIXEE (MT). ENEUKEE (MR), MHLEKIXES (ST)
RMHIZWES (SR). B—NARFITLERANER, Fla , TWITH MT #ERE TWI
EEPROM BEA##E , A MR #EX M EEPROM IZEIIE. MRRZEHEHECENEE &
fITATRESS TWI ZEEIE |, et T LA SR EX, NARFREXBMHER,

TEXSHEXRTEFRA, SHEXNRSBEFAHARERENEFBHITHER.
XEREBSTUTHEES

S : START IR%&

Rs : REPEATED START R%&
R:E—t4 (SDANSHETF)
W : E—/ b4 (SDA RIEEBEF )
A : RIZ (SDA RIKETF)

A: TTRZ (SDAREBETF)
Data : 8 V(17

P : STOP IR#&

SLA : M#Lithsit

£ Figure 90 2 Figure 96 &1 | BB AXi%B TWINT RSB R B . RETHRFZAREK
AT TWSR MIBUE , Hb 9 ERRN 0, EXEF NARFSIINITEEN IT/EL
P /TR TWI MRS, TWI A ARER | — B2 TWINT i8S 4EE.

TWINT frERENME , TWSR FVRZSEB AR R EE LN 4R IE, Table 91 | Table 94 44
HTE—MABMENRGIENEEBTEANAT., IEEXERDTASANVE
M 0,

ENEEER EENEREER | EHTURMIEZEEIE | W Figure 89 FTR. RBAEHER | H4H
KiA START 55, SEENIBHEAREH A MT H MR EBRX, R KIE SLA+W
AMT #ER ; IR KX SLA+R N#EH A MR X, ATAFRINRESEZHRIZET D
R "0%

Figure 89. FH KIAEX THBIEER

cc

Device 1 Device 2 ) )
MASTER SLAVE Device3 | ........ Device n R1 R
TRANSMITTER RECEIVER

N

SDA

A4

SCL

BT 1E TWCR BEEHFEA TSIMMEL H START £5 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 1 0 X 1 0 X

TWEN AT B LAFEEE 24 B1THED , TWSTAMME "1”K & H START 58 H TWINT 44
ME "1” KX TWINT #REES, TWI ZEBFRENETEL , — BEELE=ABRAE

A IIIEI% 199
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START, & HMFRE TWINT Bz , TWSR BPRAE A 0x08 (I Table 91), A A MT
*ﬁ‘t WIMEIE SLA+W, L‘Jﬁui TWDR B A SLA+W k3L, mﬁlzttﬁ#ﬂ‘fmﬁr
BE TWINT &, TWHERHREHRTT, XBYE TWCR FERFEATRETERK :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

L SLA+W KATTEHBZWEIBIAMES , VM TWINTIREBRENM, A ENH TWSR
IR ATAER 0x18. 0x20 = 0x38, 5(1%4# S EWE Y] F Table 91,

SLA+W ZE KR AT AT B RIE BB, XBEX TWDR EAIERT, TWDR REH&E
TWINT AGREAEA, &N | iFEE 2R , %ﬁ%ﬁ TWCR I B %R TWWC E 1L,
TWDREH /G , TWINTREEREL/L X, XBIE TWCRFERPEATRETK:

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 0 0 X 1 0 X
EERL—BEEETE, BEIRENFTRETAEKRIZSE~% STOP & REPEATED
START f§& . STOP 1.:.1535 B TWCR REATRESSI :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 0 1 X 1 0 X
REPEATED START 5B TWCR R EA TRERM :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 1 0 X 1 0 X

£ REPEATED START (A7 0x10) /& , 2 & RTEO A UBERIGRIERHMI , HFE
3% STOP {E2 K15 ¥ MMM, REPEATED START {58 2 4L A LUE T & 248 12 $1 8
KHTEML, ENEEBER ENZWREEE 3 TR,

Table 91. =W A EEXAVIRSH

IR R 44 /9 1)
WA 3 TWCR #yigfE
(TWSR) 1% | 24 BITHREN 2L RITEMY TWIN | TWE
R 0T | FRA % /5 TWDR STA | STO T A | 2%BITEHET—SRFREHE
0x08 START EX3% ink SLA+W 0 0 1 X | fF&E SLA+W
SR E ACK 3 NOT ACK
0x10 EE START EXR 3% fnEk SLA+W 0 0 1 X | @A*E SLA+W
B 0 0 1 x | 39K E ACK 5 NOT ACK
g SLA+R &% SLA+R
TR ENFWER
0x18 SLA+W B K% ; IEREBIE (FF) 0 0 1 X | mAEHRIE | Uk ACK 3 NOT ACK
£URE ACK = 1 0 1 X FERIXEE START
Fi24E TWDR 5 0 1 1 X | @K% STOP, TWSTO &M
Fi24E TWDR 5 1 1 1 X | WEE STOP , RIEKE START , TWSTO FHE
2
Fi24E TWDR
0x20 SLA+W B %&3% mEHE (F7) 0 0 1 X | &R, #UK ACK & NOT ACK
#EUE NOT ACK = 1 0 1 X FEEEE START
T4 TWDR = 1 1 X | &% STOP , TWSTO &
Fi24E TWDR = 1 1 1 X | FWE* STOP, R/EKM START, TWSTO H&
iz
Fi#24E TWDR

200
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Table 91. EHKIEEXAIRARD

0x28 WiEE &% MERBEE (FV) X | FABEHIE , #ik ACK 3 NOT ACK
I3 ACK = x | BERHEEES START
T4 TWDR = X | @%% STOP, TWSTO S&1
g4 TWDR & X fF%&3% STOP , ARIE43% START , TWSTO N&E
[
Fig# TWDR
0x30 BEERA IEBAE (V) X AT, 8k ACK 3 NOT ACK
B2 NOT ACK = X | WEREEE START
Fi#24E TWDR = X | &% STOP, TWSTO &1y
T4 TWDR = X ﬁﬂzﬁ STOP , A %% START , TWSTO ¥&
[\
Fi%# TWDR
0x38 SLA+W SBIBEBHHE LY | FEE TWDR = X 2 BT EEHHMBN , HHARISUMYER
X B&ZRER™AE START
Fi%# TWDR

2545D-AVR-07/04
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Figure 90. EH ZXEX WX FRES

MT

Successfull
transmission

S] | SLA

A DATA

to a slave
receiver

$08

Next transfer
started with a
repeated start
condition

Not acknowledge
received after the
slave address

Not acknowledge
received after a data
byte

Arbitration lost in slave
address or data byte

Arbitration lost and
addressed as slave

$18

$28

Other master
AorR | continues

$38

A

continues

| Other master

MR

AorA

Other master
continues

$38

To corresponding
states in slave mode

From master to slave

I:I From slave to master

[ o

Any number of data bytes
and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the 2-Wire Serial Bus. The
prescaler bits are zero or masked to zero

ATmega48/88/168 m————————————————————————
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ENEPER

Table 92. EHlEWEXWIRETD

EEAUERRS , EATSAMILEIREIE , 2 Figure 91 AR it AWM , 477
K% START {55, REEHMILARXREREA MT 5 MR B, MBKE SLALW
AMT 5% MBKIE SLAR MHA MR B, ATFREORSTHRR LTS R

Figure 91. EHZBEX THHIEER

VCC
Device 1 Device 2 . . [] [j
MASTER SLAVE Device3 | ........ Device n R1 R2
A A
SDA v
scL v
BEEE TWCR HEHHPEATIIHELAE STARTES :
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 1 0 X 1 0 X
TWENAENV LAFRE2 &L R 1THO , TWSTAMME"1" KA H START 8 B TWINT &4
ME "1” KX TWINT F3EEE. TWI BEBFABRUETEL , — BEELEZTZAREKIE

START, & MFRE TWINT B , TWSR #IRZATEH 0x08 (I Table 91). Fi# A MR
B | BAKIE SLA+R, XA EE X TWDR B A SLA+R KEH, TR MIEER TGS
T TWINT #5& , TWIEmEKEHET, XEIE TWCR HFESF/HPEATRETK :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

Y SLA+R BETEHBWEIWIAES , EHMN TWINTHREBIREN. At ENH TWSR
RSB AT RER 0x38, 0x40 = 0x48, X FRSBH IEFIIR 5 F Table 92, TWDR R
ETWINT ISR FRERKEINHE. SIBA—BEETE  BEIRENFTERER,
BERERE , MR NBENEZERIRENFTEELIE NACK E5, KIXEST4% STOP &
REPEATED START S84 &%, STOP 5 @I TWCR F#EATRESE :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

=] 1 X 0 1 X 1 0 X
REPEATED START 58X TWCR #EATRERI :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 1 0 X 1 0 X

£ REPEATED START (A7 0x10) /& , 2 & HRTEOAUBERIGRIERHOMI , HFE
3% STOP S8k RHMIMAL. REPEATED START 8 XN AT MERE KR ELIZFIH
KU TEML, EVNEEBRR ENZWRESE B3 TR,

REB
(TWSR) fii 5
S "0”

2B BTN 2K BRITES TWIN | TWE

IS PR A4 B W B
3 TWCR Ky 1E

% /B TWDR STA | STO T A 2 BITEH T — SRR E

2545D-AVR-07/04
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Table 92. EHEFWENX AR

0x08 START B &% fnEk SLA+R 0 0 X @& SLA+R
19K E ACK 5 NOT ACK
0x10 %5 START EX % Nk SLA+R = 0 0 X | Jg%&3% SLA+R
0 0 X R E ACK 5 NOT ACK
gk SLA+W FF&IE SLA+W
BRI ENNLEES
0x38 SLA+R 5 NOT ACK B9{h& | Ti#RE TWDR = 0 0 X | 2 BT AGFHBRE , HH#ARIUMIER
%K ] 0 X | BEERENLE START
Fig# TWDR
0x40 SLA+R B3 Fi24E TWDR = 0 0 0 | f=s#E , IRE NOT ACK
EIWE ACK 0 0 1
T84 TWDR BEWHE | RE ACK
0x48 SLA+R B &% Fi#24E TWDR = 1 ‘1) § FEEES START
BILE NOT ACK Fi2E TWDR & 9 %&3% STOP , TWSTO &1z
1 1 X
Fi%# TWDR 9% STOP , AfE %% START , TWSTO J§&
2
0x50 Al EEE BBER 0 0 0 | %R | IRE NOT ACK
ACK BiE@ 0 0 ]
BRIER BBEIE | SBE ACK
0x58 U E iR BHRER (1) ‘1) § FRIXEEE START
NOT ACK Ei&[El EHIER M £&5% STOP , TWSTO &1
1 1 X
B ﬁﬂiﬁ STOP , /5 %% START , TWSTO ¥&
[\
204 ATmega48/88/1 68 m——————————————————
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Figure 92. FHERRKXMBXFTRE

ATmega48/88/168

MR
Successfull H -
reception S SLA i R A DATA A DATA A P
from a slave I
receiver
508 $40 @ $58

Next transfer
started with a Rs SLA R
repeated start
condition
Not acknowledge _ W
received after the A P
slave address

$48

MT

Avrbitration lost in slave % | Other master X Other master
address or data byte Aor continues continues

$38 $38

Arbitration lost and
addressed as slave

Other master
continues

To corresponding
states in slave mode

-7 Any number of data bytes
From master to slave DATA A and their associated acknowledge bits
I:l From slave to master This number (contained in TWSR) corresponds
to a defined state of the 2-Wire Serial Bus. The

prescaler bits are zero or masked to zero

EMNZBUES | MNLB EHEWEEE | W Figure 93 AT R. ATIATIRBIFVIREZFHRIR
HM AR "0%

Figure 93. MHLIZEWER THIRIELH

cC
Device 1 Device 2 . X
SLAVE MASTER Device3 | ........ Device n R1 R2
RECEIVER TRANSMITTER
I A
SDA Y
scL A
NBEIMYEWESX |, TWAR 5 TWCREEMNT :
TWAR TWAG | TWAS5 \ TWA4 \ TWA3 TWA2 TWA1 TWAO TWGCE
& BRI & ML 3k

ATMEL
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B 7 L2ENITueT MAAIERIE TWI B O#bhk, 2 LSB & , W TWI 00 R 1%tk
0x00, &N Z0E bk,

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 0 1 0 0 0 1 0 X

TWEN A RBMLABERETWIHEOD, TWEALEBNM SN I UHE B S (M Hlibit sk #%)
FHRE#IAE B ACK, TWSTA fl TWSTO AFEE,

#tsit TWAR F TWCR 2/5 , TWI #OBFHRES , BB HMIbaE ( 2/ it
ik, R TWAR B TWGCE B Mg ) HREEHFuttbit Hrp | HFEBE S @ALR 0 (
BE). B TWINT FFEEN , TWSR MEE THNAVRSE . X Z IR Y 1E 5@ 5 5
F Table 93, % TWI #EOL T EHER (IRA 0x68 = 0x78) H K EME KK AT CPU F
H#AMAERER,

WMREEEIER TWEA £, TWI EOEEKE T —METE RO SDARE “ T
Z” ., TWEA S48 TWI EO0FBEN BN  BERSSEEMEL, — B
TWEA B F AT AR E stk iR BIFNG R, bR 21 ATSARA TWEAZ R TWIEZOMNE
KRB LR,

ERZAEXNANECHRIRERS , TWI ZOSHEXA, BS6E8E T AIZKES |
BEOEFR AR Sk se 5 7 #E bt / Mot ot PCf R B CPU, EHREERAE |
TWHEZO S RIESCLAKER  EETWCINTHRERE, YAVRAHIREEEZTHETWI
ALEREZHNHE, SAUE AVRIEE RN KB E | I8k SCL TJREA KA EREE
K , EEECHENEE,

Y MCU MiXERIERAER  MEEIEREITENR , HIEFEE TWDR HEE
HARMEL EHINGERE—MNET,

ATmega48/88/168 mu————————————————————
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Table 93. MALEEKAE X AR

JSIFR BR A4 B9 B S

2545D-AVR-07/04

ATMEL

WA X TWCR Hy##
(TWSR) fi% | 24k SB4T M 24 BT TWIN | TWE
LR 0" | R ¥ /B TWDR STA | STO T A 2 RBITEHT — S NI Zh1E
0x60 BT SLA+W EZ4 I T4 TWDR 5 X 0 1 0 | fEushi® , JRE NOT ACK
ACK BiRME X 0 ] ]
24 TWDR BWHE | IRE ACK
0x68 SLA+R/W #ER EHHE % | Fig¥E TWDR = X 0 1 0 | f=ukdE | 3RE NOT ACK
M ; BECH SLA+W B2 83E X 0 1 1
114 K12 ]
ACK BiEH T4 TWDR WM | IRE ACK
0x70 BB Bt ut Fi#24E TWDR & X 0 1 0 | #=ukidE | 5RE NOT ACK
ACK B3RE X 0 1 )
T#g4E TWDR BEWREHE | IRE ACK
0x78 SLA+R/W ER EHMHE K | Fig4E TWDR X 0 1 0 | #musiE , IRE NOT ACK
B EREI < | o . .
ACK EIRE Rig4E TWDR EIKERIE | BB ACK
0x80 LB BT/ SLA+W # S 4 | T4 TWDR = X 0 1 0 | =ukdE | 3BE NOT ACK
. BEERHER x | o ’ :
ACK BIEEl R84 TWDR BEWRIE | EE ACK
0x88 LI A E T B SLA+W # 31k | =IHIES 0 0 1 0 TRERFUMNER ; FTEIRHIBESH SLA
| RIBE AR o | o . . | HGCA
NOT ACK E&[E BHER TIRBIK I H MR ; BB IRBIE2H SLA
S # GC="1", GCA thaLREl
1 0 1 0
BHIER THREIRFUMNER ; FTEIRGEIBZH SLA
1 0 1 ;| BGCA ; BEZRI LA START
SRR TR RFUMNESR ; BEBIRBIBESH SLA
L . C ¥ GC="1", GCA thaLiRg ; Bz et
£3% START
207




Table 93. MHlEWER IR

0x90 BB B AR WS B | RRER X 0 1 0 | #musiE | IRE NOT ACK
BEHHEN < | o . .
ACKERE R R BWEIE | 3BE ACK
0x98 BRI AS A R T4 ; R | E=BER 0 0 1 0 PIIRFARSUHMIER ; THIRFIESH SLA
EEBEK o | o . . | :GCA
NOT ACK Ei&E BHERr PRBARIHMNESR ; 2B ESH SLA
CEGC=“1", GCA i LLAE
1 0 1 0
BHER TRBRFUMNES ; THIRFIBSH SLA
; 0 ] ;| RGCA ; BEZWE K% START
S PIREIRSUHMIER ; 8EBIRFI B2 H SLA
= c ¥ GC="1", GCA thabURg ; Bz mat
%3% START
0xAQ ELMHL TERTZEWE] STOP | BUES 0 0 1 0 PIIRFARSUHMIER ; THIRFIESH SLA
HE & START 0 0 ] A el
BHBERr PRBARIHMNESR ; 2B BESH SLA
CEGC=“1", GCA i LRSI
1 0 1 0
BHER TMRBRFUMES ; THIRFIBSHY SLA
; 0 ] ;| RGCA ; BEZWE K% START
S TIRFRSUHMIER ; 8EBIRFI B2 H SLA
= c ¥ GC="1", GCA thabURg ; Bz mat
%3% START

206 ATmega48/88/168 m————————————
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Figure 94. MHLEEKRE XX TR

Reception of the own
slave address and one or S

more data bytes. All are
acknowledged

Last data byte received
is not acknowledged

Arbitration lost as master
and addressed as slave

Reception of the general call
address and one or more data
bytes

Last data byte received is
not acknowledged

Arbitration lost as master and
addressed as slave by general call

$78

SLA W A DATA | A | DATA A | PorS |
$60 $80 $80 $A0
A
$88
A
$68
Y N
General Call A DATA | A | DATA A | PorS |
@ $90 $90) ($r0
A
$98

ATmega48/88/168

From master to slave

From slave to master

L]
]

T Any number of data bytes
DATA and their associated acknowledge bits

ATMEL

@

This number (contained in TWSR) corresponds
to a defined state of the 2-Wire Serial Bus. The
prescaler bits are zero or masked to zero
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EMILEEER , ML T E EHRIEEEE , W Figure 95 FI R, ATATIREIBVRESF1Y
RigEM DR "07

Figure 95. MHLREEX THHEZR

cC

Device 1 Device 2 ) .
SLAVE MASTER Device3 | ........ Device n R1 R2
TRANSMITTER RECEIVER

SDA A

scL A

REBIMINKRZEES , TWAR S TWCRBEBWNT :

TWAR TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2 | TWA1 \ TWAO TWGCE
& BRI & ML 1k

B 7 L2ENITueT MAALIERIE TWI B OH#bhk, 2 LSB & , W TWI 2000 R 1%tk
0x00, &N ZmE bk,

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 0 1 0 0 0 1 0 X

TWENARBMLABERETWIHEOD, TWEALEBNMLMEEH I UHE B S (M Hlibit s/ 1)
FHRE#IAS S ACK, TWSTA fl TWSTO %FEE,

#tsit TWAR 1 TWCR 2/5 , TWI #OBFHRES , BB HMIbaE ( 20/ it
#t , 2R TWAR B9 TWGCE BV AYiE ) B AEENFubsbut S A EBFESEMER "1”
(1)o AR TWI IR EEN , TWSR B E T HHNAVIRASE . X FARZS Y 1E 55 e K7 51
F Table 94, 2 TWI #0O4 FEHER (RS 0xBO) H R EMHRKMET CPU i3 A MM
RiFER,

MREELABMIEP TWEA £, TWI EOKETEHEZGE#H ARS 0xCO = 0xC8, #EO
WA RIUMNER | PREMEERLELEH. NTMENBRINERESS 17, W
RENFEMMEEN (BIKE ACK) , BMEMNEZREIELER , it ARRE 0xC8,

TWEASMNN TWIHEOFRBRN SNt EREAMREUMEL, —B TWEAEN
AT UK E kIR B, BRI , WARIEA TWEA B8P TWIH E#EOMNELFIEE
3k,

ERZAEXNANECHRIRERS , TWI ZOMRSHEXA, BS68E T AIZKES |
BN AR LT f RS T B bt / MWLM HE, shuk TR EE CPU, EXEEHAA |
TWIHZ DR ESCLAKB T | BEETWCINTHREEE, HAVRITIRE EEZETETNR
REEZHHEE, TAURE AVRIEERNKBIATE |, iT4h4k SCL AJRE KA ERIFK |
FEHTCHREMNRZIE,

Y MCU MiXERIERA G ER  MEEIEREITENR , HIEFEEE TWDR HEE
HARMEL FHINGERE—1MNET,

210 ATmega48/88/168 mu—————————————
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Table 94. MHLRIEEXKIRSH

7 A Bk 4 B9 ) R
- %t TWCR Hyig e
(TWSR) % | 2 BRITRLE R 2L RITEHH TWIN | TWE
BR 0" | A # /5 TWDR STA | STO T A | 28BTEET—SHRINE
OxA8 BT H SLA+R B2k gk —FH X 0 1 0 | RE—FHHHKIE , BB NOT ACK
ACK EiRE 1 X 0 1 1
;{Eﬂﬁi——?*ﬁﬂ’m REBIE | EEIK ACK
0xBO SLA+R/W fER EMMMHE L | ME—F X 0 1 0 | &% —FHHEIE | I NOT ACK
W B2 SLA+R B2 | B3 X 0 1 1
4 e — B s
ACK 23EH - KRBT | B ACK
0xB8 TWDR BHIEE 2K 3% N —FH e X 0 1 0 | RE—FHHHKIE , BB NOT ACK
EIKE ACK B X 0 ] ]
;{Eﬂﬁi——?*ﬁﬂ’m REBIE | B ACK
0xCo TWDR EHIEEZ &% Fi24E TWDR % 0 0 1 0 | IRBIRFUMNER ; TEIRZETH SLA
#URE NOT ACK 0 0 ] ; | ®RGCA
T4 TWDR = FIHRTIRIHMTUESR ; 2BRBIESH SLA
S ¥ GC="1", GCA thaLLRE
1 0 1 0
THRAE TWDR 5 |EFIUHMNER ; FEIRSESZH SLA
] 0 ] ;| RGCA ; BEZRE KR START
o TIRBIF I MHER ; BB IRBIE 2 M SLA
A TWDR 3 GC="1", GCA AT LURE ; B4 72 Rt
&% START
0xC8 TWDR B —F V¥ HIBEL K% | Figse TWDR 5 0 0 1 0 | BRI UMNER ; FHIRYECH SLA
(TWAE = “0”); 0 0 1 1 | ®GCA
B ACK 424 TWDR = PHRBR I UM ; ABIRZIE S SLA
S ¥ GC="1", GCA thaLLRE
1 0 1 0
THRAE TWDR 5 |EFIUHMNER ; FEIRSE M SLA
] 0 ] ;| RGCA ; BEZRE KR START
o TIRBIK I MHAER ; BEBIRBIE 2 M SLA
A TWDR £ GC="1", GCA thATLURE ; B4 72 Rt
&% START

2545D-AVR-07/04
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Figure 96. MHLZ*#E X & X FRZS

Reception of the own ¥
slave address and one or S SLA |, R A DATA A DATA A PorS

more data bytes
$A8 B8

Arbitration lost as master
and addressed as slave A

Last data byte transmitted. .
Switched to not addressed A Alll's | PorS
slave (TWEA ='0") -——=

$C8
- Any number of data bytes
From master to slave DATA | A and their associated acknowledge bits

I:l From slave to master This number (contained in TWSR) corresponds
to a defined state of the 2-Wire Serial Bus. The
prescaler bits are zero or masked to zero

e
HeRr®E BERANMRSIEREMERKN TWHRASEX , I Table 95,

RS OxF8 RYELREHXER ,BER Elﬂliﬁh,m TWINT 8 "0”, XFRASATRERXEER
2/ TWI &uiﬁﬁ%ﬁ%ﬁ%mmﬂ@o

IR Ox00 RRERTERAIRPRET BLIEIR, 4 START = STOP HIMELH IRV

ENELERMAKE. kIR Ebut EIE, Hut MACK 2B HI T STARTHSTOP,
BEREBRESH TWINT EfL, I TMEIRPIIREEkR , XMEMNIFRE TWSTO , HFiEd

E "1” LUESE TWINT, XS TWI #%D;&)\ﬂi—rﬂtmmi“t & TWSTO BESE

(TWCR HWE M AZ &0 ) , LUK SDA Hl SCL #B K , BRF AL~ 4 STOP,
Table 95. EEIRA
RSP SR A4 6 U L
- %t TWCR #1824
(TWSR) M1y | 24 HBRITREM 24 RITEL TWIN | TWE
IR 70" HRAS % /B TWDR STA | STO T A 2 RBITEAT L NXIMMzHE

OxF8 SREHXHNRSER ; F#4E TWDR THRAF TWCR EEMHTYTER
TWINT = “0"

0x00 B FIEEM START 5 Fi24E TWDR 0 1 1 X | AgmRERESL ; FTAKE STOP FML&E, &
STOP 3|2/ B & 41R KRB HEE TWSTO

22 ATmega48/88/168 m———————————————
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L TWI ERXAS

ZEHNRESHR
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EREBERT  ATRPENITE  XFF/ LR TWIERNEAEER, fl20ME1TEEPROM
EEHIE. ;‘ﬂ?‘éE’J ﬁ%’fﬁ’@?ﬁl«i"l‘iﬂ”

1. BRAAE,

2. @MEiF EEPROM SEUHILE.

3. DIMSERIREBRE,

4. %L,lé&ﬁén?ﬁo

ABBETNENEIIM , Rzthrl, BRENSAEIFBRMIIREEEERAME |, FHit
BEEA MT B ARKELSAEMLEE  BEEA MR B, B425[AAR
T, 5 ERSEA |, ENATRET SRR AU R SREZEDRT. NRES
FNREPERX—AN  BEE=-SE5E=S 2 RHEENNE EEPROM FHEIEE
M ENRBWBECERBIRN, AEAERERBSEREBIFTH SERREZ
IEHZVZE REPEATED START E5REIM, £ K% REPEATED START 55 /5 , EM 4k

ZRV[ELNEHEN, TRABEENRER,
Figure 97. JL# Tw| # X B &8 51T EEPROM
Master Transmitter Master Receiver
T T
S SLA+W A ADDRESS A | Rs SLA+R A DATA K P
S = START Rs = REPEATED START P =STOP
Transmitted from master to slave Transmitted from slave to master

MBESNENERER—BL& L, SNFH—IRSNMBFLER T —MRIEEE.
TWI B BREZIMERT B - MEBTRE , ATEPN—NENRTEEAFSE
KRR, BEHBOHTMTFRE  ZHHERNENLE DM ERE LR,

Figure 98. {h& Rl

CcC

Device 1 Device 2 Device 3 .
MASTER MASTER SLAVE | veennenn Device n R1 R2
TRANSMITTER TRANSMITTER RECEIVER

SDA = A

\

Y A

SCL =

\

B AENBEREFTERLHARIE

FANRESHWENRRE—PMNRTEES. EXHERT , TEEVNIMINEBR
HMEBELNES,
AANREZWENRNNE—MMIBRTTIENBES S ENIGE. EXHERT ,
£7f READ/WRITE U Si#EE A £ M. EVNIAEE SDAL LHE—IEEF
B, MREMENCLKEE "0, MZENELEEHBP LM, KK ETRFERRK
*X&—rijtaﬁmmi-t :32%1*%% ERERIE—NEK START 55 , XHNHARRF
Ij&io
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s FNRESZHENFRFTEHOM. EXFERT , BLMHRE SLA KE. EHid
EESDAL Lt — M REFN , MEETENCLEE 0", WEXENNELL
HEF KM, £ SLA BEMPREBNEVFRIMNER | HREB S REHIR
BEEERHNNENI U, MEHI U , ©FH#EA SR STER |, XEURF SLA
#) READ/WRITE 9 {E, MBEECREI it , FHGBRFIUANMNERNREFE
KR , RE—NEM START 55 , SHNARFERE.

Figure 99 #iR 7 B&MEMN TR , BPHNERFN TWI HRFE,

Figure 99. H4fhHI=2

START SLA Data STOP

Arbitration lost in SLA Arbitration lost in Data

Own No (38] i i
Address / General Call ‘WI bus will be released and not addressed slave mode will be entered

""| A START condition will be transmitted when the bus becomes free

received

Yes

Write \68/78/Jaa byte will be received and NOT ACK wiill be returned

Direction ""|Data byte will be received and ACK will be returned

Read _ [Last data byte will be transmitted and NOT ACK should be received
@'@a byte will be transmitted and ACK should be received

ATmega48/88/168 mu————————————————————
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Bl RaR

ADC B #IRIREFFERB -
ADCSRB

Bl RBRRHRRE TR -
ACSR

2545D-AVR-07/04

BB ST ER AINO WES AR AINT EBH TR, 24 AINO LR BEEL AT AINT
FHEEESH , EBELLRENHE ACO BlEN., tbBREFM 5 L7 FARAL ERNES /it
M 1 W ABIRINEE, Jtl:% LERBETMEBCSETEN. MM, AP TER
HREER L EFR . TR TE B R B LM 058 R AL E Figure 100 FHERBRH
AEZBEBERNER,

P 34 “ThE 4|5 1788 - PRR” RThFEH 4| ADC{Z PRADCHAAE "0 A | LAEREADCHI
A MUX,

Figure 100. &l LLREFER @

BANDGAP

REFERENCE vee
ACBG l
ACD —>
ACIE
AINO )
h ANALOG
INTERRUPT COMPARATOR
SELECT IRQ
ACI
ACIS1  ACISO ACIC
TO T/C1 CAPTURE
TRIGGER MUX
ADC MULTIPLEXER ACO

\ 4

OUTPUT®

Pl

Notes: 1. UL P 217 Table 97 ,
2. HEILLREBMERM S P 2 Figure 1 2 P 72 Table 39

Bit 7 6 5 4 3 2 1 0

| - ACME = = = ADTS2 | ADTS1 | ADTS0 | ADCSRB
®/B R R/W R R R R/W R/W R/W
MHE 0 0 0 0 0 0 0 0

+ Bit 6 - ACME: B\ B2 IEE ARRERE

v HiB4E "1” , B ADC &b FXHIRA (ADCSRA F 172589 ADEN 1 "0”) B} , ADC %
HMERASRNELLERFERARE A, LR "0” 6, AINT EEZZD BTN ARE A
i, FiFEAERNESRL P 217 “ E KRB KEGA " .

Bit 7 6 5 4 3 2 1 0

I ACD ACBG ACO ACI ACIE ACIC ACIs1 ACISO I ACSR
®/EB R/W R/W R R/W R/W R/W R/W R/IW
NHE 0 0 N/A 0 0 0 0 0

» Bit7 - ACD: #EilLL REEEMA

ACD Efirt , BRIl LR AY BRIRM I Mo A SUE AR RHR IR B M AL SRR IR LR ER . X
AR BT HEER R RER TR, §E ACD furt , BHEE ACSR FFERM
ACIE {388 LB R B . AN ACD SRS AL &7 4 i

 Bit 6 — ACBG: £ZFE L L REFMEEREAER

ACBG EBfifa , B LB AR A IER i A B AEBREEIRATEU. B, AINO EEFIEH L
RBNERBA. WP41 FRAEEBRE",

« Bit5- ACO: i\ Lb &M H

A IIIEI% 215
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B RENREE2EESEERES ACO., BEHEISIAT 1-2 Metsh B EIM TR,
+ Bit 4 — ACIl: Rl LR AR P MiRE

U HRBENHEHESAL T H ACIS1 & ACISO EX W iERT ,ACI B, 2R ACIE
M SREG FEHBNLR/FMIRE | LB  BLAEULRBAMBESEFEESLURIT B
Bf ACI HEHEE, ACItLALUEEE "1” kKBS,

* Bit 3 — ACIE: =\ b 888 i fEAE

U ACIE UIEE "1” BRAFTERDIN B HWIRE | b BT |, BELLLRES P M
Eo BN FRETHEELL,

» Bit2 - ACIC: Ll LL 2 M A IR FRE

ACIC B/ A B EHl L RES KAt R T/C1 W AR ThAE, BT RS A E
EETMABRNIRZE , NMESLLESTURA T/C1 @ AR EHZ B RS
HIBS R AR &R IERINEE, ACIC 7 "0” RHERILL RS R AR IIAE 2 & B EMB R,
RTELLRIBFAI LA T/C1 BV AR AR , En 5P R FSE TIMSK1 B9 ICIE1
IRBA .

 Bits 1, 0 — ACIS1, ACISO: # il L83 it =ik 4%

XFAEEARED L REBRP NS, Table 96 A1 T FREIMNIRE.,
Table 96. ACIS1/ACISO iZ&

ACIS1 ACISO R
0 0 bR Es i H AL BN AT AR & R
0 1 R
1 0 EEB B 4 B T B IR = A
1 1 teER BRI A £ TR £ R

ZEENET ACIS1/ACISO B , HIUEE ACSR F1FEeMY P FAE AR E LR LB B8
Wro 7 N7 AT REAE SU3E IX AN B 7= A R T,

ATmega48/88/168 mu————————————————————
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B L RBZ A A

B ARILEEES 1 - DIDR1

2545D-AVR-07/04

AL ADC7.0 2HFHEE — N RARBEDLRBHARA AR, ADC ERSTAX
SERXNINEE. WA, ATHEAXMNEEE A4 MKE ADC, MRELLLREZEHEE
21 (ADCSRB F1#J ACME) # &1 , B ADC thE £ %15 (ADCSRA F1725#9 ADEN H
0) , AT LA ADMUX FZ850 MUX2..0 SRt R EREL LR ARBANER ¥R
Table 97, R ACME ;&5 ADEN B , NED LR MM AR AIN1,

Table 97. BRI LLRZFRERTH A

ACME ADEN MUX2..0 BB FRARRA

0 X XXX AIN1

1 1 XXX AIN1

1 0 000 ADCO

1 0 001 ADC1

1 0 010 ADC2

1 0 011 ADC3

1 0 100 ADC4

1 0 101 ADC5

1 0 110 ADC6

1 0 1M1 ADC7
Bit 7 6 5 4 3 2 1 0

I - - - - - - AIN1D AINOD I DIDR1

®IB R R R R R R R/W R/W
VIHE 0 0 0 0 0 0 0 0

e Bit7..2-Res: fF&1

ATmega48/88/168 FHIXJLIU KRR , BIREENR "0
» Bit1, 0 — AIN1D, AINOD: AIN1, AINO = AEIE

AINTDFIAINODE"1” /& ,AIN1/0S| BBV E F 5 A B Es 22 1L | FHRAYPINFFE5HYIRIR
BE{ERN "0’ % AIN1/0 SIEIINE TELES , BN ATEE AIN1/0 SN =H A
ZhEsEt , AINTD 1 AINOD MiZE M RRIEE T AZ PTG,

A mEl% 217



AIMEL

BRI R

B . 10 { W
e 0.5LSB WIELME
« +2LSB MAFIEE
* 13 -260 ps HEHETE
- BEIHEINEHERSIA 15 kKSPS
- 6 BEAMNEIRAATE
* 2 BRMTONAY & A B e A JEIE (TQFP 5 MLF $#3%)
- WiEHEAEHE ADC 25
* 0-Vcc B9 ADC A B ESEHE
- A% 1.1V ADC SEBE
o ESFERSARERER
+ ADC i R bl
- ETEREXNERFMEHES

ATmega48/88/168 B — M0 HZE XEIEE ADC, ADCE— 18 BEMEI LK E AR
EE REXIRBRO AR 8B Him A BERTRE, BIRBEMALLOV (GND) R EE,
ADC BIE—MNRERFHRE  UBRREZEIEPH AT ADC HWEBEERIFIEE, ADCH
HEE 1 Figure 101 FiRo

ADCHAVCCS| iR 8iR. AVCCEV 2 BMRETAMIEL 0.3V, S E P 224
“ADC MBS #HIZEE " 5k T #R W0 E#EX A 51

BRWER 1.1V WEEBE , IRk AVCC , U THRM42zH. EHABEALERE AREF
SIM E—NEBAHITHE , UEFINHEERS,

The Power Reduction ADC bit, PRADC, in P 34 “ h##14|% 1788 - PRR” FIMEMN&
ADC f PRADC , #E "0" 2/ , LAfEEE ADC,

218 ATmega48/88/168 m—————————————
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Figure 101. {E#ERRFHIEE

ADC CONVERSION

COMPLETE IRQ
g 8-BIT DATA BUS

8
) v vid . 1

ADC MULTIPLEXER | | ADC CTRL. & STATUS | | ADC DATA REGISTER |

\ 4

ADIF
ADIE

SELECT (ADMUX) REGISTER (ADCSRA) (ADCH/ADCL)
~ x ol o 2| o A
I EEEEEE 2 qleld ¥ A
{1 88058 979°¢9 z
&
[a]
<
AR A A
| MUX DECODER | Y vy
PRESCALER
3 v v
8
O
u
n CONVERSION LOGIC
AVCC z
z
z
<
E:
o
INTERNAL 1.1V
REFERENCE v SAMPLE & HOLD
COMPARATOR
AREF ® 10-BIT DAC
GND E
BANDGAP
REFERENCE
ADC7
ADC6
INPUT ADC MULTIPLEXER
ADCS MUX » OUuTPUT

ADC4

ADC3

ADC2

ADC1

[ITITTITH T

\

ADCO

ADC BEZREEN S ENMANENBERER —N 10 VHWHFE, RDMERE
GND , R AERKRAREF S| L BEEBR %1 LSB, B3 EADMUX EF1E83H REFSn 1
A[ LA AVCC SNER 1.1V WS E B EiE#R S| AREF 5|fl, £ AREF EAAMMEB BT LA K
NSEBERITHRBLUIRS RS M E MERE,

il A BB 7 LUEN B ADMUX 17851 MUX {7 3Ri% R, £ ADC 5 A S| , 8 GND
REEREESZSLE ,BIULUER ADC HEiRRH A, Bid1&E ADCSRA F1F85# ADEN
ENA[/53) ADC. REZH ADEN BURNSELERBMABEERE T EM. ADEN EEM
ADC HF ¥ , Fib@E W FE# AT aEREIRE X 2 5155 ADC.,

ADCHIZE RN 100 , FHTADCEIEFFEIADCHRADCLA, RIAMBER THIBLER R
AX3F , B AET % E ADMUX S22 69 ADLAR 25 X1 5%,

MRERFQEREXNT ERSRESUNEREBE  BAREREADCHHEB T,
BENESLEE ADCL , Bit ADCH , MRIEBFEFTES[PINARNERRE —XERNER, — 8
Bt ADCL , ADC WHIEFFHENTURBELET ., UFIW , EVADCL 25 , BlfE

A IIIEI% 219
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1% ADCH 2RI X B — X ADC it &5 R , BB HFFERNARBETLEMN , MMRIE T #
MERTEKR, ADCH #iEH/E , ADC BIRIAERiAR ADCH K& ADCL #1857,

ADC## 25 SR ] LA & HP T, BNME A T & £ IR ENADCHESADCL Z [BiE R ADC T
EHRBIESESS  HEBELRTEREE | PiNML,

P 34 “h3EMFI T 787 - PRR” HIh#EHH ADC L PRADCE"0" ,ADC 5 3 ##{Z ADSC
LB """ TE3) Bk, EHRREBFRURENS , BERRRLER , REREFSE
T, MRERRISBPIEET 5 —NEE , BL ADC 2EXEBE R TRIX —RKER,

ADCHERE TR LR, [READCSRAZFEHMADC B3l it & A F M ADATE 1] LAfE#E
B3ifit% . 1RE ADCSRB E 128589 ADC il & £ ADTS AJLUERALIR ( ALK R
FIFRAFT ADTS B ). HFMEMALKES 4% LB , ADC i SMEs S H 1A
i, XEHRT N EEENBEBRETRIERRNG L. BREREEFEMEAESNIAE
L UFREB RN ER, MR EHRREEFREESHXTET —PLBS , X4
EBR AR, BMESEN R EZILRE R IEREN R 0, FIIFRE B, X
BALERTEFHNERTME — R, BERATETNRFMEH X ERLZTN
i BDAFFEREES,

Figure 102. ADC Bzt KB %5

ADTS[2:0]
—— P PRESCALER
START CLK ,pc

ADIF — ADATE
SOURCE1 —] L \ 4

***** 5 } CONVERSION

,,,,, LOGIC
o EDGE
SOURCE n DETECTOR
ADSC

£ ADC FIFREEN AR , A E EE#ITHERREREEFF R T —IX ADC iR,
2J/a ADC BT HEAEESERER &R TRERY ADC ESFEFESIHTET. £
—RE:EIS M ADCSRA H1785 ADSC E 1 X3, EHERT |, FLEH ADC it
T T ADC FifiirE& ADIF 2B BN

MEMRE T AR , B ADCSRA H1735H ADSC Rz #£X¥#., ADSC #R&E
ARARENEREBERT 2P, TRERRMOMBIIN , FRRH#TIEHS ADSC —
BR "%

220  ATmega48/88/168 mu———————————
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Figure 103. ADC % $7i 25

ADEN
START Reset
7-BIT ADC PRESCALER

CK —»

[e0)

ol 3| 2 S 8 gl o

>4 B4 V4 BV BV BV B

o| ©| of §| of o] &

YY VYV V VY
ADPS0
ADPS1
ADPS2

ADC CLOCK SOURCE

ERINZKLT  BREIEEREE— /M50 kHz F| 200 kHz B9 5 A BT IR B R AR E,
MRFAENHRBERT 10 b4, BBLABARARALUETF 200 kHz , LETESH
ADC #ERBIE— N2 , © A LAHEMETE 100 kHz B9 CPU B4 R= £ aJ#EZH
ADC R4, Mo 40288 d ADCSRA E1E25H ADPS #1TiRE. &1L ADCSRA F1E8H

ADEN ¥ {£8E ADC , M MR a1t . RE ADEN A 1, SR mMFLIH S, 2R
ADEN BE,

ADCSRA #1725 ADSC Bfifa , BiR¥ERE T — 1 ADC s AHM L AR FHRE 3,

EEHBREE 13/ ADC 4 EH. 7 THHRICELIBE , ADC f£4% (ADCSRA F1Fe
#) ADEN E{ ) FHE —IXFHIRFEZE 25 /> ADC B4 EH,

HEEN ADC HIRERH , RFEREFERRBHZ/EM 1.5 ADC BT ; ME—IK
ADC M REREFMNREER KRB 2FH 13.5 M ADC R, HIERE ,ADCER
WiEA ADC BIEF 785 , B ADIF /& E L, ADSC ERNEE (R REHRER ). 2FH
H AT LABIRE L ADSC #7& , MTITE ADC 95— EFHR B3 — X iR,

EABMMAR  MREHFREREMTDHER XRIETHMREHMNEHRE 2 FIE
MEEEN. FHEXT , REREFEMRES LARZEN 2 MADC Bt RE, BT
KRS EEFEZRHING 31 CPU BHHH FH,

EEEEBERT , Y ADSC B 18, REFEHR—ZER | T—REKRD EFH, iR
[B#E W Table 98,
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Figure 104. ADC BtFE , £ —IR¥E#R (L REREN )

Next

First Conversion Conversion
I ‘ ‘ I I I
Cycle Number [ 1] 2 | 12| 13| da| 15| 16| 17| 18] 19| 20| 22| 22| 23| 24| 25| |1 ]2 |3
I I I I
ADC Clock J_JI‘ ‘
I ‘ | I I I
ADEN I ‘ ‘ I I I
I I I I
ADSC ! | I ' V7
I ‘ I I |
ADIF ! ‘ : ! I
I I I !
ADCH / i / I/A (/ ”/ 77/, /, %Sigr\ and MSB of Result
1 ] 1 I 1
wct LI /‘ 7/ LTI T T/TTTTT77DK st of Resu
: I : : :
4-\ MUX and REFS \ Conversion /-> 4-\ MUX and REFS
Update Sample & Hold Complete Update
Figure 105. ADC RIFE , Xk
One Conversion Next Conversion
| I | |
Cycle Number | 1| 2| 3] 4| 5| 6| 7| 8| of 0 11| 12| 13| | t| 2| 3

ADSC W ! W
I I I I

ADIF 1 ] I
wocr 77T T T T T T TTTTT7 TTTTT7 7T Siqnand s o resi
w777 T TTT T T T TTTTTTTTK oo ot e

(-\ I
Sample & Hold Conversion /4) \ MUX and REFS

MUX and REFS Complete Update
Update

Figure 106. ADC BtFE , B3l & K iR

One Conversion Next Conversion

[ I I I
Cycle Number . 1] 2| 3] 4| 5| 6] 7| 8] o] w0 1] 12| 13] N

woc ook 777 & 1 TY LT LI LML LML L LT LT L L7z, 1111
s /T g

ronte _/ bt ! ! !
orF e .

woct 77T T T T T T T TTTT77 DX Sian and wss o Resu

aocL /T T LT T T T T T DK LB of Resut
-/> 4\ <_\Sample& Conversion <\Prescaler

Prescaler Hold Complete Reset
Reset

MUX and REFS
Update

222 ATmega48/88/168 mu———————————————————



E———————————ssssssmm A TMega48/88/168

HEEEREER

ADC fi AJBiE

2545D-AVR-07/04

Figure 107. ADC BF@E , EL& ik

One Conversion Next Conversion

<

1 1
Cycle Number lll 12| l3| ll |2| 3| 4|

ADC Clock $ t

ADSC ! !
| |
ADIF I

| |
TT7777777777

ADCH V711717777 P sian and MsSB of Result

ADCL 77777777777 LSB of Result
I T
Conversion I) <\ \ Sample & Hold
Complete MUX and REFS

Update

Table 98. ADC #at[A]

Kt & BRI (BHEREN
&4 RH4PE R ) #iata (AH)
H— IR 13.5 25
EERR  Big 15 13
Bzl & K Frik 2 13.5

ADMUX FZ88FHIMUXn R REFS1:0 @ IS 84 1285353 7 2 5%, CPU AT X LI it 25
FEERHTRENIGME, XRIETHEERIEREEMEERNREETZEHNZR, £
BRED I BEREERNERTMENHT. —BRRFBRTIATBRBREEMNE S
BT, MMRIE ADC B 7t 2 89 KR E . fERSER (ADCSRA F 17838 ADIF By ) 2
BINRE— AR  BENEERNIERXIUETRFH. EROFHIFZHR ADSC
BENENT -0 EAR, Bt BiIVAFEENMN ADSC Z2E/H—/ ADC B4+ B
B  TE#R/E ADMUX LUEERFHNEEBEREER,
FRENMEN  MEASHAENRRRTEEN. A TEEFIEN KRN  EF
T ADMUX FEE —EEHE /DD
% ADATE R ADENZBE L , N A WSS 4F AT ATEE AT R & 4 o 20 R 72 1tk HA 1B S ADMUX
FESFNNE O BLAAFREZHINT —A#HREETIHNIRELRRTNIRE, EUT
BT ZI AT AR 2 X ADMUX BHTE# :

1. ADATE = ADEN 3% "0

2. HEEHRIEDS  EREMASHREREL — ADC HEH,

3. BMLERCE  BEREENMMERNDIIREETE 2,

WMRE LERIOE—MER TESH ADMUX |, BRAFIRERE T —IR ADC BEX,

ERENEERFEIEATER

THETERERERR , SRESHHRANEERE, £ ADSC E/EH—1 ADC Y
AR TNUERFNELMABRET, EREMENDEREFERNEREBAXE
=

A IIIEI% 223



ADC EZH#HEIR

ADC 73 525

Bl A R

AIMEL

EESHRRERT  BEREFS - RERITHBZIEERE, £ ADSC Efu/58—1 ADC
B AR T RN RN ABE T, BREMENDEREFEREREBAE
BiE, AW, A —RXERELBAITRT , T RNERERRRE B UABDHEENE
PR ABE, UEHNRRST RN MBEN.

ADCHIZEBEIR(Vrer) R T ADCHHEIRTEE, BERIRBERTET T Veer , HERT
IR OX3FF. Vger AIAR AVCC, HIER 1.1V EHES/MET AREF SIS E,

AVCCHER —MNERFXSADCHE. AR 1.1VSEBEHEREER (Vye) BE A
BMARB/FT%E. THEWMER , AREF #ERES ADC HiE , BII1E AREF Stz B 410
HATURESZEENNEE. Vi UBSSH ARNENRISKRTE AREF SIHIMSE,
BT Veer WHERERS , B REEEERERA,

MR- EERFRZEE AREF 5| BBARFRAREFREMHNEERT BAAXLF
BRRERERSABSERNER. R AREF SIEDRBREETMANSER AR AR
#%#F AVCC R 1.1V ERNEHER, SERALENE—IX ADC BRRERTRET£RE , &2
MAFTEERAX - RNERER,

ADC Ry 7= N5 85 8 5 o] A REER R X FREAT 3R, M BRE A T CPU RANE I/0RF R
FESIAMRE, REMHZFRTE ADC RREARZRABEATER. N TEAX -8,
BIRAMTHHR
1. W% ADC S2fF/ , BRALTRIPRS, THEEXMZNERER , #E
ADC #H 45 R i fE 58
2. BAADC BREN (HERENX ), —B CPU HIE# , ADC EIFaER,

3. MREADCHEMRGE RN AHMP M™%  FRLADC H#RF¥%EE CPU A
1T ADC BERDMIRSEF. MRE ADC HKiRE Rz BIH EMH IR
HWEET CPU , XY NAY MRS EFEEIMIT. ADC HIRLERE £ ADC ¥
MERFUIER, CPUFIEIFHNMKEETEIMT,

HARZHRERR ADC BRER AN EMKEENE , ADC T2BZXMA. EHA
XERIREE |, ZUOF ADEN BELRK TN,

B umiB E AR LU A BBER L Figure 108., iR A A4 ADC By % ABE , % A% ADCn
MEMESHIICIHERRAACEENRIE, A ADC WEABER , BUESRELY
iE —NREREBE (W ABENASEME ) W) RERE (S/H) BR.

ADC#13 AR LE 5 tH FR HUEE T 10 QBN RIE S T 1L, X FIXHFIES KA¥ad
B AT LB, EESEFESHERN , BARERBEREURTX S/H BRF B
o XANEFE TR RA. BUAFEAMEEVEER(CEBHEMUES AT
BUR A S/H BRI BT & i

MEBT REMEIE (Typo/2) WESEF A TEM—BE X8 TUBSETTHA
MESBRERN AN, ERESHAT ADC ZHBFER—MEBIRERL B

B5.

222 ATmega48/88/168 m——————————
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ATmega48/88/168

Figure 108. &l A #8%

1..100 kQ

ADCn W\/
I

Cgqy= 14 pF

RENBRABHRF LR EBE T (EM) , NTZWEDNENEE. WRE
MEEERRS , BATUBE AT HERBDESS

1.

2.
3.
4.

ERERNERT, RIENMESELTEN Lt AETINSBRIR
WBFESRS F.

#0 Figure 109 7R , AVCC RUEE —/ LC M SH T B ER Vo, .
573 ADC B 4188 5REE{E 3R B CPU B9 TR,

WMRAE ADC[3..0] is A AERFAE  BASTRIEEZKGRH#TIRDEA]
FTAEBFHYHR, 8 TWI 0 (ADC4 M ADC5) REIE ADC4 5 ADCS5
MRS mE M ADC BiE,

A mEl% 225
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Figure 109. ADC BJRIE#H

'3 = l
I f 9 ~ ~ o!
| o 53 ™ N c |
O (@] O O <
(e a a [a} o'
RS < < < 5 |
[a) (@] Ts) <t ™ o 51
Z 0O 3] N) O O 3,
O] > I a o o o o)
1 c:l
HERHENEREER
1 el
I < |
""""""" ' [ ]eciapcy|
| I
I
: PCO (ADCO) |
I
: |
| I
| I
| I
| I
| I
I T !
I s |
I S
| I
I w !
I c |
I 81
I =1
| I
e o - _____ I
PB5
ADC RERE X — N n LB %% ADC 55 GND 5 Veer 2 BBV M BRI 20 4 (LSBs) RREMKT

B, B/HERERN O, RANERERN 2"1,
LUTRNASHERT EBERBR 2 ANRE :

"% 58 — IR Fx% (0x000 F 0x001) SHEA#iRk (0.5 LSB) 2 HIMRE=. BEER: 0
LSB,

Figure 110. fRIBIRE

Output Codeh

fffff Ideal ADC
Actual ADC

,(/Offset ‘
Error
Vgeg Input Voltage
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BRIRE  FABREZE , &RE— X (OX3FE 2| Ox3FF) SEBAEER ({RABUT
1.5LSB) AN RER N ERIRE, EEEN OLSB,

Figure 111. E#&HiRE

Output Code

Gain
Error:

fffff Ideal ADC

-

BAEELM (INL) . ARRBREBHRIREZE ,

Vgrer Input Voltage

RZHH INL, ¥E28{H : 0 LSB,

Figure 112. ZE{&RIELM (INL)

Output Code

N

77777 Ideal ADC

Actual ADC

-

Vreg Input Voltage

ATMEL

Actual ADC

PR SRR SRR R Z AN &K

227
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o EIELM (DNL): SERRIB T (AN EBIL F i 2 RIRVED (A BE ) S IR ILH3TE (1 LSB) Z [H K
fR=, EitfE : 0LSB,

Figure 113. Z7JE4 % (DNL)

Output Code A
Ox3FF

-

0 Vgee Input Voltage

BUIRE  HTRABERE(CRERUNEE  EMNCENHARE (1LSB) #i
BRANMEENHE, BLIREERN +0.5LSB,

BNBE  ERGRER (REZRR ) SERRRCENEARE. HRE. BRI
= EPRE, FEMEREMIREMR. BREN +0.5LSB,

ADC g R HIRERE (ADIF NS ) , BRI RBIFA ADC 4R 578 (ADCL, ADCH).
BRBMNERNT ¢
V), - 1024
ADC = IN_ "~
VREF
XA, Vi REEPSIHEMABE , Veege NSEBLE (S0 P 228 Table 99 5 P 229
Table 100 )o 0x000 RFEL BT | Ox3FF RERFTIESEBHEMNHER = 1LSB.
ADC ZERERSFR -
ADMUX Bit 7 6 5 4 3 2 1 0
I REFS1 REFS0 ADLAR - MUX3 MUX2 MUX1 MUX0 I ADMUX
®IB R/W R/W R/W R R/W R/W R/W R/W
WIHE 0 0 0 0 0 0 0 0
* Bit 7:6 —- REFS1:0: 3 E B Ei%i%
W Table 99 AR, BRXJLNAINERSESE, MREFREIBRPHRE T ENWIRE ,
AEEIYHIRER (ADCSRA FF3M ADIF EfY ) 2EXESF22ER, MR%E
AREF S|fl LHEM T ABSELE , NESEBERTREMIEA T .
Table 99. ADC S 81 [E %1%
REFS1 | REFS0 | & B EikiF
0 0 AREF , A3 Vref <
222 ATmega48/88/168 mu————————————
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ADC B HIRREFFIRA -
ADCSRA
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Table 99. ADC ZEBEiEF

REFS1 | REFS0 | & B EikiF
0 1 AVCC , AREF S|BIS\iniE R BR
1 0 RE
1 1 11V EREEBEIR , AREF SIHAMEEBER

+ Bit5—- ADLAR: ADC #¥g&RAEFIF
ADLAREIGADCH & READCHIE T FaaPMF RN . ADLARBURERER N L
FF, BMAEFF. ADLAR WX EISE ADC HIEFEENHNE , TiEREA
BREEHR T, X TIX— UM EEHERIEFER P 230 “ADC $iEZ5 1785 - ADCL X ADCH” .
* Bit4 - Res: &z

ATmega48/88/168 FiZ{u KA , BiREENR "0

* Bits 3:0 — MUX3:0: ##£UEE %R

BiEIX U AIRIE |, AT AN IEE S ADC WELE AR TikTF, AT A Table 100, NE

ERGEBPFREXILLNE , BARBERRE R (ADCSRA Fi7:51 ADIF Bfv ) &
FORES BR.

Table 100. #H A@BEIEF

MUX3..0 L5 1 PN

0000 ADCO

0001 ADCH1

0010 ADC2

0011 ADC3

0100 ADC4

0101 ADC5

0110 ADC6

0111 ADC7

1000 (RE)

1001 (RE)

1010 (RE)

1011 (RE)

1100 (RE)

1101 (RE)

1110 1.1V (Vgg)

1111 0V (GND)

Bit 7 6 5 4 3 2 1 0
I ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPSO I ADCSRA

®/B R/W R/W R/W R/W R/W R/W R/W R/W

WHE 0 0 0 0 0 0 0 0

« Bit 7 — ADEN: ADC f#E

A IIIEI% 229




ADC #iEF 788 - ADCL R
ADCH

ADLAR =0

AIMEL

ADENEEIE3IADC , ENMADCINRER Fl, EER S B XAADCH I B 1k IEfE AT
R,

» Bit 6 —- ADSC: ADC FFia#:#

ERERERERT , ADSC B E3I—X ADC i, HiELEHRIERT , ADSC B
TR E R, F— X% (£ ADC B3I 2 /GBI ADSC , & EFAE ADC HWERE
I ADSC) EEE 25 M ADC K49 A , MAREEBERTH 13 N, F—REBRMNIT ADC
DRI T,

ERRH T IR ADSC HIREEN "1” , BEIHRE R, ADSCIEEFR=4F a3
£,

« Bit5—- ADATE: ADC B3ifil & 58k

ADATE B /231 ADC B3I i & ThAE, MAES M EBA B3 ADC R, iRk EE5RE
¥ ADCSRB 17251 ADC fit % 5 5 RiE B ADTS iR B,

* Bit 4 - ADIF: ADC F Mfitr&

£ ADC B4R , ERESEREEHG , ADIF EfZ. IR ADIE & SREG FHI2F
AT EERELL | BB , ADC B LE R RS EFEBLINIT , Bt ADIF BHES, It
S, BB EEREE 1 kE ADIF, EXEME , MEREX ADCSRA #1Tik - 8
- BRE , AL BN EIE, XBERT SBI & CBI BT,

« Bit 3 - ADIE: ADC B {E&E

# ADIE & SREG M | E{Z , ADC ¥R 45 3R A i BN4E0R0E
 Bits 2:0 - ADPS2:0: ADC T4 5 S8k R4

XJUUHE T XTAL 5 ADC i AR S Z B/ 55 E F .

Table 101. ADC fi 5 $iik %

ADPS2 ADPS1 ADPSO0 2HEF

0 0 0 2

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128
Bit 15 14 13 12 11 10 9 8

- - - - - - ADC9 ADC8 ADCH
ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO ADCL

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

230 ATmega48/88/168 s ——————————————
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ADLAR =1

ADC B HIRIREFFERB -
ADCSRB

WM AEILEEFR0 - DIDRO
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Bit 15 14 13 12 11 10 9 8
ADC9 ADCS8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
ADC1 ADCO - - - - - - ADCL
7 6 5 4 3 2 1 0
®/B R R R R R R R R
R R R R R R R R
HE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ADC R G RjG , RRAREFTIHANFERZH.

BEHADCL 2 J5 , ADC ##E% f78: —EE S ADCH th 1% i o A URTRIRE R
b, MREMERNEXTT , BERWBETST 8 45 , MAXFRE ADCH 5 2%
7. BN A5 E ADCL Bk ADCH.

ADMUX ZFfE25H ADLAR & MUXn ¥ MERERERRBETESTIHNRTIAR. IR
ADLAR A 1, BBALERRNEXNTF , RZ (REHRERE ) , ERNEXTF.
« ADC9:0: ADC it 8

ADC #IRMER , AT P 228 “ADC HIRER " o

Bit 7 6 5 4 3 2 1 0
| - ACME - - - ADTS2 | ADTS1 | ADTS0 | ADCSRB

/5 R R/W R R R R/W R/W R/W

MEE 0 0 0 0 0 0 0 0

» Bit7,5:3—Res: fREZE

XJNRE, I TESLUENESGHERE , £5 ADCSRB HXJLUME "0
+ Bit2:0 - ADTS2:0: ADC Bzt &R

# ADCSRA 128389 ADATE &1y , ADTS W{EFHEM A ADC BN LR ; BN |
ADTS I BIR BEE X, BUEFHPUIIREEH E AR AL ADC i, \— NP IIIREF
ENMERNBRIAPHFEEENHNMERSEMEESS“E— N LEHR. MR
ADCSRA Z 128589 ADEN 7 1 ,ADC #3530, 1R EELZITER (ADTS[2:0]=0)
Bt , BN ADC FifrEC R Bt A& AR EH,

Table 102. ADC HaI it K JRiE#F

ADTS2 ADTS1 ADTSO0 fill ZOR
0 0 0 ELHERER
0 0 1 Bl hRes
0 1 0 SAERRRTIER O
0 1 1 TERTER / TTERER 0 LEER T
1 0 0 TERTER / ITHER 0 R
1 0 1 ER RS /T RER LR ITE B
1 1 0 TERER / ITHER 1 R
1 1 1 EBER /TR 1 HRES

Bit 7 6 5 4 3 2 1 0
| - | - | ADC5D | ADC4D | ADC3D | ADC2D | ADC1D | ADCOD | DIDRo
®/B R R R/W R/W R/W R/W R/W R/W

A mEl% 231
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WIRE 0 0 0 0 0 0 0 0
* Bits 7:6 — Res: R &1\

ENRE. N TEUENSRFERE , 5 DIDRO MXJL{LNE "0
* Bit5..0 - ADC5D..ADCOD: ADC5..0 PR A%k
MBRXJULA "1”, BAX B ADC S| FAZPEWEL , PIN H1FaR0% Ry

FH"0" R ADC5.0 5| T EIMES K AN NATRTEXLEEMREMAKRTEAA
ZrEEnt , NAXJLUE "1 REERFEAZFRNIE,

JEE ADC #95|f) ADC7 5 ADC6 SR BB FRAZ TR , EATERFRAZE LA,
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FLEREARSG
S - ELWRERZS
o {FERF LB RESET SIS FrE N EL B FThEE
o SERHRE
s XEFFER (C EiLEmE , RET HLL)
- RERHNEFMRR (FARENR)
o JEmARMRIE
- SEXFRBAERNESENE
- BB MBERSE
. EIERE
o IRBIER KM MEES
BLiR debugWIRE i Eiif RS E A 2L XN [ OREHRFR £ CPUHRMITAVRES | X
TRER KEFEESHITHRE,
YEBEN % debugWIRE 451444 {7 DWEN #4372 B 815 {7 R mA2RS |, BARE 4 debugWIRE
REBUHIE, RESET s OSIMBEE N LR FRENLS (7R ) M@ /0, RA BREHE
ESEI MV EX RIBRE o
Figure 114. debugWIRE i&&
1.8-55V
VCC
dw dW(RESET)
f GND
Figure 114 44 debugWIRE FEEREF: MCU RIFEEEZESBNRER. RENPFRZ
debugWIRE #y&M , R B CKSEL /B4 R E,
Rt A debugWIRE BIRSGR | MTHITTEHHRE :
«  dW/(RESET) #§ L R EBFAFRB/NF 10kQ, debugWIRE HFEE LR HH,
¥ RESET 5|5 V. BEEERELEIE,
« {£/ debugWIRE B4 JMiFF 5 RESET 5| HIEZN BER,
IR FR B A EBE IR
AR debugWIRE BT AVR W 5354 5ki% B IR F 1745 B8 W7 S, £ AVR Studio® 18 & — N =00%

ERFEF#ESRPEAABREAKET, W BREAK ETFHIEANETHERE. BF45SE

A IIIEI% 233
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debugWIRE Ky R IR

/0 FiEgRHh S
debugWIRE < &FF88

debugWire BiiE & 728 -
DWDR

AIMEL

T RENESBSINT , ARHERTEMAES. Mot TUESERFHEA
BREAK IETHITF ITIRE.

M SN JE Flash KRB EH IR, X B AVR Studio® &t debugWIRE #0 B34k
B, WS ERAAKRIE Flash B2 ZNE,. BiRANSETRALAEAETF,

debugWIRE S&ifl 2| B (dW) 5408 i (RESET) 3£ FiE — 31 B, Bt 4545 debugWIRE 2
B, RETZHEABENR,

UIRFE CPU A2 Eiz1TH , debugWIRE RERBWHMBEFTAR I/O OhaEE ; % CPU
FiETER , BERREBFHEEL /0 FEHNEZTE, #M debugWIRE X#4,

DWEN BN mEES D N REEFMENKEER TEHRFET. XLEMEFHK
REXMIhFE. BT ER debugWire B R i%ZZE F DWEN /B4 1,

T HEi%837E debugWire I B|H FF85.

Bit 7 6 5 4 3 2 1 0

| DWDR[7:0] ] pwor
®/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

DWDR &2 N EMCUFETHRFSHHSRREMR T BEER, 125785 RAEH debug-
WIRE AR EF e E BERIETENBRAFFRER.

23 ATmega48/88/168 me————————————
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Flash B4R1E ,
ATmega48

BX SPM TR R

Bimet S X (T )

TRERKE

EBHRELEP T U Flash

2545D-AVR-07/04

ATmega48 £ X #E AR E (R-W-W) , BB/ Boot Loader X, SPM 55 AT ATE &
A Flash KHIE1T,

BEHRNEY MCUABRTHM I ERFABERT — M EARENS, BRETUERE
A v AN BB ZE O MEXNIPCRIRERBHERB (BF ) BARFFHE.
EFEMESNETRUTIN AT, EARN RSP EENHREN —RE#88H1T5%H
B2 EAENX—TER, SPM ERSU—X—NMFHANFEHREFEEA G TEFEH.
G TTEABRN A UETEBRGTZATR , BT UETRBRNTSREZ BT K.
FR1, ERBREERE P

1B 75 I B TR 8] o

HAT TURBRIR1E,

HITE#RE,
FR2, ENBBRZFIERE PR

HAT TURBRIR1E,

1B 75 I B TR 8] o

PITIERE,
MERAFEHRERHN -7 , BRIMXAREFAPNEECIS (HINRETIE TR+
B2H), BEFHEA, EABFR 18, Boot Loader #ETHEMMIE - Z-BRE , 1
TAFEER , UENRET  BERBRENEE  EEAFR 2, BTREHIER ,
H bR Al sEfE M AR AR R IB A 3R . IR TP E] W LU 1TREALIG Rl BHITTUBRRES
NERENERFREIUZMEEN.

WITRERREEATERE Z B4 HutE R | RS™ “00000011” EA SPMCSR , &
BEHEEHIEANEABARIT SPM. R1 # RO RHBIEH AR, Wtit HMEA Z &
17838 PCPAGE. Z B4t HM B2,

EERIREESE S CPU =1,

E-TMETFEEFTERE Z B iuFESE , URFESFEA RIIR0, REF
“00000001” EA SPMCSR , &aEHENHEN I AHANIT SPM. Z FEFHF
PCWORD WABAXRF I E P X, RERIETHK , E L SPMCSR FFHM
RWWSRE It &h X B3 8k, REEM L BRIGETX, BRNRTHERIG
B 22 X 5 R BEXY | M it #E 1T — IR B E,

WMRE SPM TUMB BT B X EEPROM AT T BIRME  NIFTE MBHBTFEBHE K.
RITNEREBELEFERE Z BiHiutEs , AEHF “00000101” EA SPMCSR |, &

FHEEENEANNHEHANIT SPM. R1 M RO PRBEHBE, TUBISBAEA Z F
172389 PCPAGE, Z fE4tH H AV ZHE,

REXREH CPU FLE,

Z B AKRF U SPM 5,

Bit 15 14 13 12 1" 10 9 8
ZH (R31) Z15 Z14 Z13 Z12 1 Z10 29 Z8
ZL (R30) z7 Z6 z5 Z4 Z3 z2 z1 Z0

7 6 5 4 3 2 1 0

BT Flash FE25 R UM F R ALR (P 261 Table 126 ) B RH , BFITHREBEUEEHRH
MBI H—ARIATANIF RS ; EAAZIARI UM SIS , 10 Figure
1187 R HT MBI ERMENF U RMEEIRIHY |, B L RIEBoot Loader #4412 71 &2
RN BRENIUHHRNTEREEN,

A IIIEI% 235
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LPMIE S thEAZEEH RRFibi, BT X METHFTUZFRF T HIT  FRAZIEEHHILSB

L L
i (i Z20) tbfEAEIT -
Figure 115. SPM #9341t (1)
BIT 15 ZPCMSB ZPAGEMSB 1 0
Z - REGISTER | 0
o PCMSB PAGEMSB
PROGRAM
St PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY PAGE
PAGE S INSTRUCTION WORD
\
\
\
\
< \
L >

Note: 1. Figure 118 FFTAMNTEMWZERTE P 261 Table 126 i,

PCWORD[PAGEMSB:0]:
00

01

02
|
|
|
|
|
|
|
|
|
|
|
|
|
|

PAGEEND
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ERBFF#88 (SPM) #EIF4R SPMCSR 23 7 134l Boot Loader 12 /EFT E/Y &I,

%188 - SPMCSR

EEPROM B4 1t 3¢
SPMCSR HFE8N Bk

B R IRBUS L 7 MBIE v

2545D-AVR-07/04

Bit 7 6 5 4 3 2 1 0

| SPMIE | RWWSB | - | RWWSRE | BLBSET | PGWRT | PGERS | SELFPRGEN | SPMCSR
®/B R/W R R R/W R/W R/W R/W R/W
HHE 0 0 0 0 0 0 0 0

 Bit 7 — SPMIE: SPM Fpf{EgE

SPMIEEfifa , MNRRESFFRA U tB B ,SPM TR ERE. R ESPMCSR H 1787
#y SELFPRGEN J§%& , SPM H MR 1T

» Bit 6 —- RWWSB: RWW Xit#r&

RWWSB AR #FA S RWW HE54 |, £ ATmegad8 FiRiREER "0
+ Bit5 - Res: f#&{

£ ATmega48/88/168 R NRE L , RIREMER "07
+ Bit4 - RWWSRE: RWW Xi&#gE

ZALIE ATmegad8 FHITHAER HE ATmega88/168 HH —Ef 4, MNRIGAET B HFEFHE T
5 RWWSRE BRI .4 , NIRRT REHFES , MBENBERTEX,
 Bit 3 — BLBSET: Boot #ifE{7i% B

ZAITE ATmegad8 R THAE R H 7 ATmega88/168 Y —Ef %« £ SPMCSR #Y BLBSET
{IF1 SELFPRGEN L B EH =N ABNIZTH LPM ISR EBIEMI B 2 47 (BUR
F Z 35489 20) HIEBI BB 7S, ¥ P 237 “ B R REUE LM MBEN " o

* Bit2-PGWRT: TEA

WMRX—{uM SELFPRGEN EfEN , A4 TFEEENENHFERRNLN SPM SR
TREIhEE |, FiEet PP EMENEIEB A Flash, Wbt E Z IE4 IS0 R1
M RO E’J%&ﬁﬂﬂ%&@mﬁo RNERETR , RENANRHEABRREE SPM ES#HRTR
PGWRT BZEZE, IETAEXNSH NRWW X , EEANTERERLRED CPU &1L,

+ Bit1- PGERS: W&

MRX—{LF SELFPRGEN EmEN , K& T REENONNHEHANN SPM E5H
ITERBRINEE, TUUERE Z BH WSS, R1 M RO BWBBNKR 2R, TEEREME
TR, REENMHEHRRE SPM ETHIITE , PGERS B#1EE. HEENTUER
RER S CPU 2Lt

* Bit 0 - SELFPRGEN: Self Programming Enable

X—UFEREEEENEOARYEAHAN SPM 5, MBEFHX—{M RWWSRE,
BLBSET. PGWRT = PGERS 2z —E&E&fz , M EFk | 8T RH SPM 585K
HEX, INRIEF SPMEN B , ﬁBAi%T%E’J SPM % H?E R1:RO B EFMEIH
ZIBHBENIRINREFS, Z ?af‘l‘E’J LSB # 2k, SPM IR EMK , HENNEH AR
%8 SPM ES#IA1TH ,SELFPRGEN B3EE Eﬁ?ﬁﬁ%%ﬂﬁsﬂ&qﬂ SELFPRGEN
RENBERETK.

EREMZHE AR “10001”, “01001", “00101", “00011” = “00001" Z FNKY{EAILE & P
T o

EEPROM B R{ELFHEX Flash H4miE , th 2P ENBL MBI EMH IRRE, BUAF
13 SPMCSR B8 1T Bi2 152 8 & %% & EECR H7BHRA L EEPE AR
EHIERR.

BB E W OB A IREL, RBUEMA , FERF 0x0001 T4 Z B HHEN

SPMCSR %7 87HY BLBSET # SPMEN, # SPMCSRIE 2 /5#) = CPU EHMHATH
LPM {5 S RHESEMMER M BN EFSR. RUEVRELSR HEE=1CPUR

A IIIEI% 237



Bb It Flash 8%

5/ SPM B#9 Flash 4Ri2 6 1E

AIMEL

BR&E RITLPMIES , SEN/ CPUAR& AT SPMIES ,BLBSET #l SPMEN
N B EHESE, BLBSET #l SPMEN BEE/G , LPM R BIE S F Mt = AT idiR &9 e
I,

Bit 7 6 5 4 3 2 1 0
Ro [~ T T - T T Tww]

EEBALVEZTHNEEN LR EMBIEMNEERN, BEINBLUERT K EENY
0x0000 1 F 45 Z 54t H+ B E L SPMCSR & 1785 Y BLBSET #1 SPMEN, £ SPMCSR#/E
2B =/ CPUAHARITH LPM B FIEB LA EMLFEZTHE (FLB) MKRFENEE
8. FiFAMEARBLMEMNFEFTRENMTIES N P 257 Table 119,

Bit 7 6 5 4 3 2 1 0
Rd | FuB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

EOW  BRIELAUSMFETR  EEN 0x0003 I F4 Z 154, £ SPMCSR # BLBSET
5 SELFPRGEN L Ef /G =/ CPU BAHIRHITH LPM i RIEBRLUSNETHNE
(FHB) MEF BN FFR. FIFANRBARBRLVSNFTRENATIESN P 257
Table 118 »

Bit 7 6 5 4 3 2 1 0
Rd | FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |

KO, ERBLNT BUFETE , EEN 0x0002 BF4 Z 84, £ SPMCSR H
BLBSET 5SELFPRGEN{IEBfI/FH =/ CPUBHNRMITHLPMIES I IRIBLNT B
FHHE (EFB) M ENFESR. EFANRARBLVTENFTRANATIESL
P 257 Table 119 ,

Bit 7 6 5 4 3 2 1 0
Rd | FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |

WURTZR IS 22 4v / B E MV IRIREER "07 AR B LA/ BIEM R IRIEEENR "17,

Ve BT TERER ,CPU M Flash IE® TEFTERIE |, Flash B9 A AT 88 32 AR, X4
FIBERRRGHIN Flash F—HFE, PRAtLERARENERS R,

B E AR AR E R 0] LU IR Flash W8, %£— , Flash ESRBREE— P RIEEE., 5

=, BEXIKE CPU R FLEIRINITES,

BYEFEUTRITEIN TR Flash R (RAERZ—RMEBT ) :

1. BFBEERZHE , 733 AVRRESET WK : RANARN : IR I BEESK
M EBFHEIE |, ATLAERE BOD That ; NI AERAASBEM R BEE, MRE
BREHTHIEAETEN , REHSREEEY , BRELTLTRK.

2. {REBEHIERE AVR AL FEBRIEER, XBETLPIE CPU BB HITE
T, BRI SPMCSR F1E88 , MR Flash T E IR S5,

FARER RC #R% 25 F Flash S 1t F#2%l, Table 108 44+ 7 CPU i1 Flash B9
B AVRFEAT(E] .

Table 103. SPM 4R 6 [A]

&5 BRI BARWENE

Flash B4E (1B SPM LI U #2ER,
3.7ms 4.5 ms

RE, REHEM)
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82289 Boot Loader SC4mA®E Al
%
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EBHE ATmega48 f RWWSB U BV IRIREIERN "0 ERNAZBNMRBARHFELE

X—fufy , RRIESZHEF RWW BSR4 ERE.

;- ABIRF RAMAAI —TERIBEA Fl ash
o YISHIED RAMIVE — MRS T

: ZiBEHEM Fl ash BNE— iR T

- APIREEOEERLE

- BZRFLTRET Boot X ( £4 Do_spmFREFEMIL)
; EERBERH (MBRANREIRE ) RECRT R NRWVEX HI 113
;- ERAMNEES 0. rl. tenpl (ri16). temp2 (ri7).

; loophi (r25). spncrval (r20)

; ERFP T EESFRATNRFAIRE

; ER#ARBXRINER TIMELEFRNER

- RIgEPHTEERMT Boot | oader X, A& FHTHEILE,
.equ PAGESI ZEB = PAGESI ZE*2
KN, FRAFAEN
.org SMALLBOOTSTART

Wite_page:
| di spncrval , (1<<PGERS) | (1<<SPMEN)
rcal | Do_spm
BHERE RVX
I di spnerval , (1<<RWABRE) | (1<<SPMEN)
rcal | Do_spm

FHEN RAVEBE Fl ash TEFRX

| di | oopl 0, | ow( PAGESI ZEB)
| di | oophi, hi gh( PAGESI ZEB)
&
W | oop:
Id ro, Y+
Id rl, Y+
| di spntrval , (1<<SPMEN)
rcal | Do_spm
adi w ZH 7L, 2
shi w | oophi : 1 oopl o, 2
br ne W oop
;o WMITERE
subi ZL, | ow PAGESI ZEB)
shci ZH, hi gh( PAGESI ZEB)
1
I di spncrval , (1<<PGART) | (1<<SPMEN)
rcal | Do_spm
BHERE RVX
I di spnerval , (1<<RWABRE) | (1<<SPMEN)
rcal | Do_spm
BRERBEHRE , AALRRE
| di | oopl 0, | ow( PAGESI ZEB)
| di | oophi, hi gh( PAGESI ZEB)
¥
subi YL, | ow PAGESI ZEB)
shci YH, hi gh( PAGESI ZEB)
Rdl oop:
| pm ro, zZ+
Id rl, Y+
cpse ro, rl
rjm Error
shi w | oophi :looplo, 1
br ne Rdl oop
REE RWVX

ATMEL

looplo (r24) .

: PAGES| ZEB RUFFH HEMUMNT

; RICEREE
; PAGES| ZEB<=256 BIFEE iR

: PAGES| ZEB<=256&%i& £ Fsubi

; BB
; PAGES| ZEB<=256 RAZELE

; R EREE
; PAGES| ZEB<=256 RIFEE iR

; EuiEsH

; PAGES| ZEB<=256 B}i& £/ subi

239
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BR RW XEZ A Z2iEE
Ret ur n:
in tenmpl, SPMCSR
sbrs tenpl, RWASB ;. BRWABBA"1" , i BBRWNX 1B & B %
¥
ret
EFfERE RWIVIX
| di spntrval , (1<<RWABRE) | (1<<SPMEN)
rcal l Do_spm
rjnmp Ret urn
Do_spm
RELHN SPMRERTELRK
Wai t_spm
in tenmpl, SPMCSR
shrc tenpl, SPMEN
rjm Wit _spm
; WA :spnerval RET SPMgE
Bl REFPRSHEE
in temp2, SREG
cli
W{R%%H EEPROVER{E
Wait _ee:
shic EECR, EEPE
rjnmp Wait_ee
SPMEY [ 5l
out SPMCSR, spnctrval
spm
¥XE SREG ( MRFHRAZERER , NIEREHHT)
out SREG, tenp2
ret
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Boot Loader
RWW B4R ,
ATmega88 5
ATmega168

Boot Loader B94& =

BIA Flash K&
BootLoader Flash X
RARX

BLS - Boot Loader X

RWW F13JE RWW Flash X

RWW - EftiE - BFE#KX

2545D-AVR-07/04

£ ATmega88 5 ATmega168 7 , Boot Loader & MCU A &R T &M LHEF KB
BHT —NMEENEE - B (Read-While-Write , AT E# RWW) B4mBHLE, X —4
RESRETLUE MCU WEFIT , BIEE TR~ Flash B Boot Loader , RiE# 1T
BABHF R, Boot Loader AJLAE A{EIZR 44 BB M BiiEE O MMEX N IPSER BRI H
R (BF ) EA Flash , IZENEBFFHEBFRIABE, Boot Loader KHWEFAIUE
B Flash , @%& Boot Loader XA &, Hfi Boot Loader AIANE B H# TN , EE
S EBEC#R. Boot Loader 7% 8528 (B MY K/l LUBN /B 4 (vt TELE. Boot Loader &
ERERFMNEZN , SETLMIIEE  FHAFR®TERRP AN REL.

« RWW B2

+ REM Boot Loader FiXEE

- BENRSY (HEMMN Boot BiEVXHREZNRFER )

s BIMVHBLNVNATRFEEVER

o BALBITT M Kb

. KBMAELHEE

« B RWW X

Note: 1. TWEFlashfi—N 9  ABANFH AR (AP 261 Table 126 ) , EREIBHAFEA. T
AR ST E T NIRE,

Flash BB NXHEK , B A X Boot Loader X (. Figure 117), BANX K776 228 X/
BOOTSZ BN ELE , 40 P 253 Table 109 F Figure 117 FiRo BT AW MNX A& 89 84
EAL, FIATEE TR MEZESR S

NAKXRZ Flash FRFM B A RBHN X, 5AXRP SR BES A Boot 8ixEfL (Boot
BiE{L 0) B8E , i¥ 0 P 244 Table 105 , B F SPM i8S E N A XITH B , FrEA
N A XA 8E A K 1Z4# Boot Loader 118,

B AXAXRF#HBANRE , M Boot Loader 4 L TREFE BLS, X2EHNREFE BLS
EITH SPMET T ER. SPM BT LG RIEA Flash , ‘@3E BLS &, Boot Loader
X KR K 5833 Boot Loader HiE (Boot BIEN 1) E , i¥ M P 244 Table 106 o

CPUREBXIFRWW , 5% CPU &R A Boot Loader B3 TR B EH A= 1E | BUR
TR W N b, BT BIEAMRAIET BOOTSZ B4 UEBNHMNX 2 |, Flash
EA S RAANEENX—B&HE - B (RWW) KFFERE - B (NRWW) X, RWW-
M NRWW B9 57 P 253 Table 110 P 243 Figure 117 4. FAMARHETERXFIE :
X RWW X A 89 T (TR R E R /ERT 1 LAk NRWW X,
X NRWW XA T TR EERER , CPU F1E,

AE , Boot Loader 81 T4ERt , AP BHFF LRI T RWW KR EFARBE, "RWW
X “IENRERE (BRIAE ) BN E#EEX , M AT 2F A Boot Loader BiF# 1TRBE
S 72 B SEBRAK 12 BN Y AR SR 0 o

2R Boot Loader Z# 23 RWW XA E—TU#THRE , WA LAM Flash FIRELES |
BRRF NRWW XAK KR, £ Flash miZHE , AR RGSTARIEEEXN RWW XK
EipE, MRAFRFEFEIERREREMZT RWW XA (@& call/jmp/lpm
BEEFE ), RETESKKLETF—ARARS, ATHRXMERNEE , FEEZ LH
T oS H #8 B Boot Loader X, Boot Loader B 217 F NRWW F#EX, RE RWW X
2 FFEERFRBRE , BEREFEMESZEHIRSFES (SPMCSR) 1 RWW XItHR
FL RWWSB Bfu. REBERE , EEEIR VT RWW XHARB 28083 54 EB
RWWSB, E&fER RWWSB 520 P 244 “ BB FEME B SARSTEES -
SPMCSR’” ,

A IIIEI% 241



NRWW - JEEIRtiE - ERE#KX

242

AIMEL

£ Boot Loader B -E#H RWW X E — T 6t , T LUE B T NRWW X8, 2 Boot

Loader RIZEH NRWW Xi} , EEANTTERBRBEREIEF CPU IR,
Table 104. RWW 455

RETEHALIEE | CPU R
REDED Z BHI B X 2 MAIX 2 2 FRHRWWE ?
RWW X NRWW X N =
NRWW X I = x

Figure 116. RWW X5 NRWW X

Z-pointer
Addresses RWW
Section

Read-While-Write
(RWW) Section

No Read-While-Write
(NRWW) Section

Code Located in ’
NRWW Section

Z-pointer
Addresses NRWW

>Section

CPU is Halted
During the Operation

Can be Read During
the Operation

ATmega48/88/168 mu————————————————————
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Boot Loader 8 E{
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Figure 117. F#EX

Program Memory Program Memory
BOOTSZ ='11" BOOTSZ ='10"
— 0x0000 [ 0x0000

c o

2 k]

2 3

n (7]

% Application Flash Section .9:3 Application Flash Section

= =

2 ]

< <

s =

3 E

[ [

4 14

_5 N End RWwW s - _ _ _ _ _ _] End RwWw

3 Start NRWW s Start NRWW

%] (%]

% Application Flash Section g Application Flash Section

= =

% L) End Application
- =

= End Application = a - Start Boot Loader

e g Boot Loader Flash Section

E Boot Loader Flash Section Start Boot Loader E

o L— Flashend r L— Flashend

o o

z z

Program Memory Program Memory
BOOTSZ ='01' BOOTSZ ='00"
— 0x0000 — 0x0000

c =

2 S

k3] 3]

Q 9]

n n

% Application Flash Section -% Application Flash Section

= =

<L 2

£ £

E H

B B

1] 9]

4 4

5 / i . / End RWW, End Application

sr—| - T T T T 7 Start NRWW s—[ — — — - - = = Start NRWW, Start Boot Loader

({1’; Application Flash Section ﬁ

§ End Application é )

] ] B L Flash

% Start Boot Loader % oot Loader Flash Section

= Boot Loader Flash Section =

k] =}

@ @

& L Flashend & L Flashend

o o

z z

Note: 1. LEFMSETE P 253 Table 109 H44AH,

MRFEE Boot Loader IHAE , MEA Flash B LL A B ARBFTA. Boot Loader EH
AER LRI IEER Boot BiIENM . A/ AR FEFRFENRBERFFR,

AP L%

«  RFPEA Flash X , Fik MCU #1ITHRH AR,

« T AT MCU H% Boot Loader Flash X,

«  TAYF MCU HLRA Flash X,

«  RF MCU ALEA Flash X,

FHAANRES A Table 105 1 Table 106, Boot 8iEM AJ LA B, BT TFHBH T
BHTEE , EREBITHEBEERGSER. BANEMEN (MIENER 2) TREIE
I SPM 55t Flash #1749, SUHEL , BAMNR / BYEMN (BIEMER 1) TR
HE LPM/SPM £t Flash #1718 / BiGE,

A IIIEI% 243



# A Boot Loader BF

FrEFEFHEBHENRSETE
8% - SPMCSR

AIMEL

Table 105. Boot 8z 0 RPERX (MARX )

BLBO Mode | BLB02 | BLB01 | f&#"

1 1 1 A SPM/LPM #8514 B A X
2 1 0 TR SPM EESXRMA X ITERE
3 0 0 THRF SPM ESHMAXBTERE , BFAAFETT

Boot Loader X§J LPM 55 MR A X B IE. EFMEE
fIF Boot Loader X , BB AT R A XACHBAS T 228 1E
B,

4 0 1 R RIFZEITTF Boot Loader XEY LPM #55 MBLA X iz Bk
E, Eh¥EET Boot Loader X , BBAHITRARX K
B PR REIEN,

Note: 1. “1"RINALWE , ‘0" RREHME,

Table 106. Boot #iE 1 1 R # =X (Boot Loader X )

BLB1 Mode | BLB12 | BLB11 | &#

1 1 1 S SPM/LPM <514 18] Boot Loader X
2 1 0 AU SPM 54X Boot Loader X#1TE 4
3 0 0 TR SPM $#55% Boot Loader K#t1TER/E , B R RIF

BT TRARXE LPM £ M Boot Loader XiEEI#iE, &
iR EMN TRMARX , BLTT Boot Loader XL EZ Bt AR

i REEIEEY,

4 0 1 TRUFZITTNAXE LPM 35 M Boot Loader XiEUEK
. ZPimENTRARX , AT Boot Loader X4

BRI,
Note: 1. “1” RAKRLEGE , ‘0" RT-EHE.

B Bk MR A XA A B9 5 = AT LA A Boot Loader, iXLEiRMERLAH — Lt & {5
SB3) , ki@ USART = SPI #OEWE THXHWS. B, TEEY%RE Boot
ENBuNFEESEMNOEEND Boot KA, X# | £/ Boot Loader S EIFL /3
BT, METRARBE , EFABRITNARBE, MCU ABTRERTBLMVIZE,
2 , —B Boot EN AL NMNBRE K ENREN —EIEM Boot XM AbuE, B
NREBYBETHHTREN S ERHE,
Table 107. Boot E{u/aefy (M
BOOTRST | & {vitut

1 SMNEE = MAXEN (#ik 0x0000)

0 E{um@E =Boot Loader £ ( l. P 253 Table 109 )

Note: 1. “1” BIREREWIE , 0" ERBEHE.

FIRFFERHSRNRS T 7R T 2% Boot Loader B AEFTFE IR HIL,

Bit 7 6 5 4 3 2 1 0

| SPMIE | RWWSB | - | RWWSRE | BLBSET | PGWRT | PGERS | SELFPRGEN | SPMCSR
®/B R/W R R R/W R/W R/W R/W R/W
NaE 0 0 0 0 0 0 0 0

o Bit 7 — SPMIE: SPM Hjfi KL

244 ATmega48/88/168 mu——————————
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BREBIREAH ST U Flash

2545D-AVR-07/04

SPMIE BfI/E , N RRASERMN ML tLBM ,SPM P UTENHFERE, R ESPMCSRF 1788
# SPMEN FZ= , SPM F K F 1T
» Bit 6 —- RWWSB: RWW Xit#rE

Bz RWW XM BRRE ( NBRBAEBA ) #ER , RWWSB #EHE 1, RWWSB
B FEEER RWW X, BREBRETHKE , 1R RWWSRE {8 1, RWWSB
BUERR. B, B MR EFE RWWSB L BEHES.

+ Bit5 - Res: f#&{

£ ATmega48/88/168 I ARE L , RIREER "07
+ Bit4 - RWWSRE: RWW Xi&#gE

RWW XA FLRi2 (BRI B A)VRAR , RWW X B2 R ERWWSBHIEHE"1") 4
FHE, AFRESASETREL R (SELFPRGEN B ) FREEHFAE RWW X, mE
RWWSRE{Z MISPMENR B # B A" , N fE K& ANt BB R SPMIEE BB X
f£8E RWW X, 1R Flash f{t FIBBRR T E A (SELFPRGEN &1 ),RWW X FREH f&E
BE, IR Flash ME S5 RWWSRE Big#ERRI &4 |, M Flash iNEIRELK L | BN EE
* Bit 3 - BLBSET: Boot #i{ 7 E{Ii&E

WMERX—{IF SELFPRGEN B EN , K ETEESNWENFHEAHERNL SPM 54
BIE RO HHIHIEIRE Boot BiEM. R1 PHHKIEMN Z B4 IHE B BB, BiEM
BETRK , EN T4 A RRE SPM IE5#ITE , BLBSET HEiES,

£ SPMCSR Z 122549 BLBSET # SPMEN B EHN =N EAHRNZETH LPM 55512 H
BiEMRBLN (BURT Z 848 20) HEZBEWFEEE. WA P 249 “ B MRAFIREUE
Y NBIERN .

e Bit2-PGWRT: REA

WMRIX—{UH SELFPRGEN EFEftEf , A& FEEENE N EAHRH SPM IE5H
TREDRE , FIEeEheShF# N BIES A Flash, THHtEE Z BN EMLED. R1
M RO WEIEN B2, TERETK , REN/ M APERZRE SPM BHSBEATA ,
PGWRT BZEZE, METEXNS N NRWW X , EEANTERERLRED CPU &1L,

* Bit1 - PGERS: JU &

WMERX—{IF SELFPRGEN BREN , K ETFTEEESNWENTHEAHTERNE SPM FESi
THREKRINEE, WHiItEE Z EHNEE2. R1 M RO WHIEMNH AR, TWERIRE
SR, REME/NETE AR RARE SPM ES8ITE , PGERS BHESE, NMEREXN &
A NRWW X | EB/NTTERRIRESEH CPU =1L,

+ Bit 0 — SELFPRGEN: BB

X—UFREEEENEOAIRYEAHAN SPM 5, MREFX—M RWWSRE,
BLBSET, PGWRT = PGERS z —REI&T & , Wi EFFR TR SPM EESREEH%
WE N, R RHE SELFPRGEN &1 , BIL#ETRH SPM ESFE R1:R0 FHEIESE
fEEIH Z BHBEN IR REFES, Z 1I84H LSB #Z8E, SPMESER , ENAD
Bt EHAR&E SPM i8S #{Te , SELFPRGEN HEIiEE, EREBRNTIELRES
SELFPRGEN #®#FH 1 BEEIRETR,

EREMZHE AR “10001”, “01001", “00101”, “00011” = “00001" Z FNKY{EALE & P
T

Z iE# AT SPM s SIS k.

Bit 15 14 13 12 1" 10 9 8
ZH (R31) Z15 Z14 Z13 Z12 Z11 Z10 29 Z8
ZL (R30) z7 Z6 z5 Z4 Z3 z2 1 Z0

7 6 5 4 3 2 1 0
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B48 %2 Flash

AIMEL

BT Flash F#E8RURKFERNALR (I P 261 Table 126 ) #&3RH , BFITBSETEE
HANS2 MK H—AZARNIUNRETSD ; HAAXTARIUNS IS , W
Figure 118 FT R AT UM A SREN T ut 2 G LK , EHIRIE Boot Loader X
HERBRINERENIUEENTRSEEEN. —BREBREFTHRES , it s
7, AR ZEHTARERAET .

ME—FEH Z 1851 SPM &/ER1&E Boot Loader 81E ., Z B HWABTEZK, LPM
EPtER Z B RKARFii, ATXMESHIUZEFTHHIT , FTEL Z 18489 LSB
I (2 Z20) thfEARI T

Figure 118. SPM #9341t ()

BIT 15 ZPCMSB ZPAGEMSB 1 0
Z - REGISTER | 0
PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE PCWORD

PROGRAM MEMORY

PAGE ADDRESS
WITHIN THE FLASH

PAGE

WORD ADDRESS
WITHIN A PAGE

PAGE

INSTRUCTION WORD

PCWORD[PAGEMSB:0]:
00

\ 01

! 02

A

\ PAGEEND

Note: 1. Figure 118 FFTAMNTEMWZERE P 253 Table 111 FlH,

BFEHENEFTURNARNET. EARNREPRFEOBIEN — R FHEEH1TH
2, EEENX—TER, SPM ERSU—X—1MFHARNERES A RN TEHER.
IER REPBNBEATUERBRGTZATR , BT A ERBRITEREZETRK.
FR1, ERBRIBEEPER

Bt &R,
. RITREBRIRE,

RITRE#RE,
FR2, EREREEE P
. RITREBRIRE,

Bt TE AR,
. RITRBERE,
MERFEERTAN -2 , WETBRRZ ST R P EAI S FHER (NREFETIE
RIREHPXF ), RIEBEEE Flashe f£EAA R 1 8%, Boot Loader 12t 7 —MNEMHYIE -

B -BR%E , ATAFRAEERBIFPNART , ARNABRRLENRE , FEEE
HENBIEEE Flash, MREAFR 2, VWERERIAKE , BARSELBIRERT . If

246  ATmega48/88/168 s ———————————
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BT X AT ABEHL F 4k, RIEE BRI N ERER T UERMNTTRRRIEN, SLwmR
BHGIFES A P 251 “ fE# A Boot Loader SLIm{REIHIF ~ o

A mEl% 247
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FIA SPM 3178

BIFRSH X (T )

WITRE

{58 SPM Hjif

F¥ BLS RNEZEENHE

B5 L BRBIE PR RWW X

AIMEL

RITHERBREEAZEERE Z BITWHESR , REIF “X0000011” EA SPMCSR
BEEEEH I T4 BERHIT SPM. R1 fl RO F SR 28, Tt RFBEA Z
12250 PCPAGE, Z ig4tHE {4k 28K,

BB RWW XH TR : 78 TR F2 A AT BAsE B NRWW X,
B NRWW XK : FE#RESFEH CPU =1k,

E-1MESFELAEEIRE Z BN ES  URFESFEEA RI:RO, REN
“00000001” EA SPMCSR , BREEHEEHN ANt EAH AT SPM. Z FEHH
PCWORD MHAAXF UG EAHAX, TERETK , HE SPMCSR FiFsmM
RWWSRE fFEIG8 EF X B8k, REEMNHELBRIGEHFX, BERUORTERIG
T8 X 3 RBEXT A b # 1T — R BiRE,

WRE SPM FUMBREL E X EEPROM AT T B#R4E , MIFT A MM BEFEHBHFE K.

WITREREFGATEIRE Z EHNuEE |, REF “X0000101” EA SPMCSR , &
BEEENE/N T4 EBAHIT SPM. R1 f1 RO HHIRIEHR B, Wit KRB Z &
173519 PCPAGE, Z B4R HM I B,

BB RWW XH TR : 78 TR BRI F2 A AT BAsE B NRWW X,
BB NRWW XK : EMEEREH CPU =1k,

R SPM AR fERE | Wl SPMCSR & 1725/ SELFPRGEN B &= £ i, XEWRE
AR LARI B PSR E X SPMCSR HFE8MEl, FH SPM et | BT HmER
B BLS , LUl RWW XiZ Lt iiREFHBEE. A8 hlEmEiENL P43 “F
ITEREE” ,

BEE T 4wmTE Boot HIENM 11 KA R RE#H Boot Loader XATEEL FRINKE, X Boot
Loader 7 & # TR IR IBESTHIRE A Boot Loader , ERBUTTEEH, BRRBFIFAEE
3 Boot Loader , i3 Boot 8iEL 11 4wF2 , LABFLEAR/NUEXZE T Boot Loader,

EFEHEESES (REBRINE ), X RWW XWIHRSEE, ARFREFERBRRLEERA
4, RWW XICRfE SPMCSR F1F888 RWWSB B, B4R , 1 P43 “ &M
ERER PR, AR ERNIZBE BLS |, REZL I, wELERE , 3 RWW
Xz 8l AP #4253 RWWSRE B 1 k&S RWWSB, flFiEM P 251 “ fE1 % # Boot
Loader SLé4mfRa8 6+~ o

246 ATmega48/88/168 s ————————————
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&E3Z SPM i& & Boot Loader #f
B

EEPROM Ei##4Ex SPMCSR &
FRESRENEE

BEEYRARBUEL NV MBI EN

Bb It Flash 8%

2545D-AVR-07/04

1% & Boot Loader 81 EM B £ B4 RO FHIEMEHIE , AB [ “X0001001” E A SPMCSR
FEE  HESEENONSARKRKNIT SPM S, H—riARINSIEMNE Boot
Loader BiE L, R A XAEIEI AT EAPE L MCU X4 B 725 M Boot Loader H44FHI E #1,

Bit 7 6 5 4 3 2 1 0
RO | ¢ | 1 | BLB12 | BLB11 | BLB02 | BLBO1 | 1 | 1 |

T E# Boot Loader i Ei& EXI Flash i8] 8y &M% 2 W Table 105 # Table 106,

MR ROM 5.2 1A 0, HFE SPMCSR &1785#) BLBSET # SPMEN E{uZFHME4
AERNNITT SPM 5 , M Boot SiEMFHRE, WRIETRER Z 85t , BT
FRAMNER BT Z BHBE R 0x0001( 5% 10, VHWIREHER ). AFETHRAM
MER  BUESHEMMF RO FH 7, 6. 1 ME0LE "1, EREHEMLHIREFR
Al LA H 15 B ZA Flash X,

EEPROM BESHEX Flash 4w TE , b2 HEXN B LU MBIEMAYIREE, BUA,
X SPMCSR 1728 #1TEIRECHI B LR E EECR FEBMIRAN EEPE |, #{RIL T
LABUE R

8 2 A R B AT LU BRI B, B EI AT , BE 0x0001 B F44 Z i85t H BB
SPMCSR %1785/ BLBSET 1 SELFPRGEN, #£ SPMCSR 22 EH =1 CPU BHiR
HATH LPM S8 FEBIEMN W ERNMEE B W EFFSR. EYUEMRELER , RBFE=D
CPU BHIRRE 1T LPM S , HEM/ CPU AR E#HIT SPMES ,BLBSET M
SELFPRGEN [ Bz E#EF . BLBSET #l SPMEN ;& /5 , LPM FZBIES F A+
T 3R B9 BRRE T4,

Bit 7 6 5 4 3 2 1 0
Rd |l - | - | sBLB12 | BLB11 | BLB02 | BLBo1 | LB2 | LB1 |

EEBALVEZTHNEEN LRSI EMNEEEL, BEEINBLUERT  EEY
Ox0000ME F 44 Z15 4t H# BB SPMCSR & 1783 f9BLBSET # SELFPRGEN, f£SPMCSR
BEZEHN=/CPUBABARITH LPMEESHEBLMKMNFTHE (FLB) MKIEH
BFFSR, FEANGBARBLMENFTHRENMATES A P 257 Table 119,

Bit 7 6 5 4 3 2 1 0
Rd | FuB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

EOH , BB LuENFTEN , EEF 0x0003 T4 Z 1845t H B &z SPMCSR 17
2569 BLBSET 1 SELFPRGEN, #£ SPMCSR ##EZ G =4 CPU BHRNITH LPM
B RBLNSNFTHEFHB) MKF BN FFSE. FEANGEARBLNENFT
MEHATES N P 258 Table 120 .

Bit 7 6 5 4 3 2 1 0
Rd | FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |

ERBLUTBETE , EEN 0x0002 BF4 Z iE4HBEEN SPMCSR FEHMN
BLBSET # SPMEN, £ SPMCSRI2/EZ G =4 CPU AR TH LPMIE S FB B4
N BRFTHE(EFB) MKFBENTESR. FFANEARBLNT BRFTRENMATE
£, P 257 Table 118

Bit 7 6 5 4 3 2 1 0

Rd | - | - | - | - | erB3 | EFB2 | EFB1 | EFBO |

WRENBLUNMBEMLNIRREER "0° REEENBLUMBENMNRIEEEN
"1%

Voo BT TERER ,CPU M Flash IE® TETERIE |, Flash B9 A A AT 8832 AR, XA
RN FRATFRERGENIMIL Flash —HFE. FIAEERARBENBRE R,

A IIIEI% 249



AIMEL

B E AR IRES A FE )R o BABR IR Flash A&, £— |, Flash EXREE— M REBE, &

=, BEKXKER CPU X & L4iIRHITIES.

B BRI TRITE W ATLUE R Flash BN (RAEP—REBT ) :

1. WRRSZETEEEH Boot Loader , Zi4mFE Boot Loader 8iE L EABH LE Boot
Loader ¥4 #t

2. BREETZHE , RIF AVRRESET AR : RANARXR : MBI EEHESK
M EBFHTE , ATLAERE BOD Thae ; SN AT AERAAPEM R B, MRE
BEREHTHIEETEN , REHFRBEEREY , BERELEESTK.

3. {EBEEHEREF AVR AL FHEBEKEER, XFETLIE CPU BB H T
T, BMRY SPMCSR F1F85 , MRI Flash L ZiRBIERIE,

£/ SPM B8y Flash wBrRE  FHKEN RC IR%25H F Flash S utrtF12%|, Table 108 4445 T CPU i3I8l Flash B9
BAYRTEATE,
Table 108. SPM 4R#2H 8]

&5 BRI BASERNE

Flash B2 (@B SPM ST TTERR.
NE, REHIENM)

3.7ms 4.5 ms

250  ATmega48/88/168 me———————————————
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82289 Boot Loader SC4mA®E Al .- BRI RAMAF B — TSR E A Fl ash
¥ o Y igsHIEm RAMME —MNRIER T

: Z¥8EHIEm Fl ash E— NIRRT

Do AR ESRBIRLE

- ZRFLSFMET Boot X ( 4 Do_spmFREFEMMLL)
; TEREISERP (MBRIREERE ) REERTE R NRWXH KB
;- EFMEESR cr0, rl, tenpl (rl6). tenp2 (r17). looplo (r24).
; loophi (r25). spncrval (r20)
; ERFHPTERFERNBNRF MRS
; EEHABXIER T UM LS FEEER
- BIRBHIEE RNV T Boot | oader X, SEFUTHEEL,
.equ PAGESI ZEB = PAGESI ZE*2 ; PAGESI ZEB RAUF T RHRBEMMWAKND , FRAFAEN
.org SMALLBOOTSTART
Wite_page:
; TUEER
| di spncrval, (1<<PGERS) | (1<<SPMEN)
call Do_spm

; EFERE RVX
| di spncrval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm

; HBIEM RAMEBE Fl ash WEAFKX

Idi |ooplo, |ow PAGESI ZEB) ; MRLEARER

Idi | oophi, high(PAGESI ZEB) ; PAGESI ZEB<=256 I RN EZE IR E
W | oop:

Id ro, Y+

Id rl, Y+

| di spntrval , (1<<SPMEN)

call Do_spm

adiw ZH ZL, 2

sbiw | oophi:looplo, 2 ; PAGES| ZEB<=256 K& subi

brne WI oop

; BITIE

subi  ZL, | ow PAGESI ZEB) ; EfEE

sbci  ZH, hi gh( PAGESI ZEB) ; PAGESI ZEB<=256 I RN EZE IR E

| di spntrval , (1<<PGART) | (1<<SPMEN)

call Do_spm

;. EFfERE RWVIX

| di spntrval , (1<<RWABRE) | (1<<SPMEN)

call Do_spm

; BREHEARE , HEERE
Idi  |ooplo, |ow PAGESI ZEB) D MBI ETRER
Idi | oophi, high(PAGESI ZEB) ; PAGESI ZEB<=256 I~ EE I IERE
subi YL, |ow PAGESI ZEB) ; EfIEE
sbci YH, hi gh( PAGESI ZEB)
Rdl oop:
Il pm r0, Z+
Id rl, Y+
cpse r0, r1
jmp  FError
sbiw | oophi:looplo, 1 ; PAGES| ZEB<=256 K& M subi
brne Rdl oop

; IREE RMVIX
. BRRW XEL AR EIEE

A IIIEI% 251
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Ret ur n:
in templ, SPMCSR
sbrs tenpl, RWASB . ERWABB A "1, B RWKES& B H R 1T
ret
;. EHFEE RV
| di spntrval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm
rinmp Return

Do_spm
; RELHN SPMBERTELRK
Wait_spm
in templ, SPMCSR
sbrc tenmpl, SPMEN
rinmp Wait_spm
; WA :spntrval RET SPMEME
; BIEHE , REFRSIHFE
in temp2, SREG
cli
. ¥{R’%E EEPROVERE
Wait _ee:
shic EECR, EEPE
rinp Wiit_ee

; SPMEY A F 5
out SPMCSR, spntrval
spm

; MR8 SREG ( MIRAMIRARMERER , NIEEEHHT)
out SREG, tenp2
ret

252 ATmega48/88/168 me———————————
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ATmega88 Boot Loader 3 B4RTE R R T AR S ERTE Table 109 2 Table 111 A4 H.

Table 109. ATmega88 Boot X KX/ &L &

Boot E{iih
Boot Boot it ( Boot
XX BIF Flash Loader AKX Loader 24
BOOTSZ1 | BOOTSZ0 | /b it X Flash X | &bt Mtk )
128 0x000 - 0xF80 -
1 1 = 4 OXF7F OXFFF OxF7F 0xF80
256 0x000 - 0xFO0O0 -
1 0 = 8 OXEFF OXFFE OxEFF 0xF00
512 0x000 - 0xE00 -
0 1 = 16 OXDFE OXFEE OxDFF 0OxEOO0
1024 0x000 - 0xCO00 -
0 0 = 32 | \BFF OXFFF OXBFF 0xC00
Note: FREHM BOOTSZ B fIEEiES M Figure 117,
Table 110. ATmega88 RWW H#.fR
Flash X ¥ FHsEE
EatE - EX (RWW) 96 0x000 - OxBFF
JERRE - EX (NRWW) 32 0xCO00 - OXFFF
RXFANMXMIEMIEBAER P 242 “NRWW - FEREIAIE - EEFE@EX " & P 241 “RWW - EAfiE - B
Table 111. ATmega88 Figure 118 FATAZEMNR AR Z 54T HIBRET
HHEIH Z 384
TR i R
PCMSB 11 BRiTHSENESN (BFITHREN 1211
PC[11:0])
PAGEMSB 4 AFIAFSUNESN (—ER2NFE, B
E 5 {7 PC [4:0]).
ZPCMSB Z12 Z EF8E5 PCMSB MR, AT &EREA
Z0 , ZPCMSB Z%F PCMSB + 1
ZPAGEMSB Z5 Z &5 17855 PAGEMSB X R, TR EFER
Z0 , ZPAGEMSB & F PAGEMSB + 1
PCPAGE PC[11:5] 712:726 BEFITHRSE by - FTUERA N BRESH
TREE
PCWORD PC[4:0] 2571 EFITHRE T - MERIGTEPXHEITF
EER (ERENEHSIANR 0)

Note: 1. Z15:Z13 : R B,
Z0 : XFFEM SPM ®<&E R "0” , X LPM SN A T2 ikF,
XTERESRES ZEHNERESNL P 245 “ BRESEH I Ut Flash” o

A mEl% 253
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ATmega168 Boot Loader ¥  BH4mEHR T AT AMSEIE Table 112 E Table 114 LA,

Table 112. ATmega168 Boot X K/t &

Boot E{iih
Boot Boot it ( Boot
XX BIF Flash Loader AKX Loader 24
BOOTSZ1 | BOOTSZ0 | /b oy X Flash X | &bt Mtk )
128 0x0000 - 0x1F80 -
1 1 = 4 OXIFTF oxiFEF | OXIF7F 0x1F80
256 0x0000 - 0x1F00 -
1 0 = 8 Ox1EFF oxiFFF | OXTEFF 0x1F00
512 0x0000 - 0x1E00 -
0 1 = 16 Ox1DEF ox{FFE | OX1DFF 0x1E00
1024 0x0000 - 0x1C00 -
0 0 = 32 Ox1BFF Ox1FFF | OX1BFF 0x1C00
Note: FREH BOOTSZ BB EiEFES M Figure 117,
Table 113. ATmega168 RWW SR
Flash X iy d FHsEE
EetiE - BEX (RWW) 112 0x0000 - 0x1BFF
JERERTE - BEX (NRWW) 16 0x1C00 - 0Ox1FFF
XFAANXEFEMHEBEEN P 242 “NRWW - JEEME - BFEEX” & P 241 ‘RWW - @fiE-B
Table 114. ATmega168 Figure 118 RFTAZEEM KA R Z 15T RIS
THBIM Z FE4HK
TR i iR
PCMSB 12 BRiTHSENESN (BFITHREN 1211
PC[11:0])
PAGEMSB 5 ATFRAFZFIUNESN (- TER2IMNF, B
= 5 {1 PC [4:0]).
ZPCMSB Z13 Z EF8R5 PCMSB X RiMIf. AT &BEEA
Z0 , ZPCMSB & F PCMSB + 1
ZPAGEMSB Z6 Z E 1785 PAGEMSB X R, BT & B A
Z0 , ZPAGEMSB % F PAGEMSB + 1
PCPAGE PC[12:6] 213:27 BEFITERER Tt - TR TSR EFH
TIER
PCWORD PC[5:0] 26:21 EFITHRE T - MERIGTEPXHEITF
ER (ERENXBRHRMSINR 0)

Note: 1. Z15:Z14 : R W,
Z0 : XIFrE /M SPM @ &R "0” , XI LPM SN AF =i,
XTERESRES ZEHNERESNL P 245 “ BRESEH T Ut Flash” o

252 ATmega48/88/168 mu————————————
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FHERRmE

BEFERNBIBEEERY ATmegass/168 124t T6MBIEN , BIEEBHRE (0))E RS EHME (“17) B8R T LUK
B 18 Table 116 B HIM MRS, BIEM RABENSE BRGSEER “1”, ATmegads &
B IH I HY Boot Loader X, 215 SPMEN B4 (1 4mFE (“0") , SPM 155 Al LAfEEE Flash
XFiz{T ; BN SPM 58,

Table 115. Bi{EfuzT (!

AP Ay #iz MIAE

7 - 1 (KRR )

6 - 1 ( Kmig)
BLB12 5 Boot 8 E {1 1 (KRimi2 )
BLB11 4 Boot 81z 1(KRimi2 )
BLB02 3 Boot 8i{7E {1 1 (KRR )
BLBO1 2 Boot HiE 1z 1 ( RgmiE )
LB2 1 BiENL 1 ( RgmiE )
LB1 0 BiEAL 1 ( RERTE )

Notes: 1. “1” RAKRLEGE , ‘0" RTEHE.
2. R7E ATmega88/168 HEM.

Table 116. S{EMFRFER 1

FAEEREIEN ®RpFER
LB 1= LB2 LB1
1 1 1 REFRETFMER RSN
9 1 0 EHITHRTREEZER P Flash ;1 EEPROM 3 — 54
BWELL | Byeumbie, O
3 0 0 EHITHRITREEZER P Flash F1 EEPROM Wy # — 54
ERBIFFEIE | SiEMBLugsiE )

Notes: 1. 7E4wiE LB1 1 LB2 Hi LR IBIBE LI Boot BiE L

2. 1" REREWE , 0" RTERHE.

2545D-AVR-07/04
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Table 117. ATmega88/168 #iE IR &= (V@
BLB0 Mode | BLB02 | BLBO1

1 1 1 SPM F1 LPM X3 51 F X #9177 18] 3% A5 PR %I
2 1 0 T RYF SPM XM AX#TERE

TR SPM ESHMAXBTERE , R AFETT
Boot Loader X LPM 55 MR A KB IR, B MEE

3 0 O | fF Boot Loader X , BBAHITRIF KA H0 5 ch i 22811
B,
T ARYFIZITT Boot Loader XK LPM 55 MBI A X iz EUEKR

4 0 1 2, EHhMEET Boot Loader X , BRAMITR AKX
BT EEE LR,

BLB1 Mode | BLB12 | BLB11
1 1 1 A SPM/LPM #5148 Boot Loader X
2 1 0 TR SPM S Boot Loader XKt 1TER1E

T RYF SPM #8551 Boot Loader Kt {TEIRE , R AT
ETTRARXE LPM 5 M Boot Loader XiZEUEIE. &

3 0 O | mpmEMFRAR , BAKIT Boot Loader KARE &
MR,
ARTFZITFRNAXE LPM #8% M Boot Loader Xi2EN#K
4 0 1 B, ERMEENMNTRAKX , BBAMIT Boot Loader XX
BRI,

Notes: 1. 7E4mTE LB1 # LB2 B SL4R T2 B4 I F Boot HiEL,
2. 1" RIAKRBERE | ‘0 RRBPURE

256  ATmega48/88/168 mu——————————————
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By

2545D-AVR-07/04

ATmega48/88/168 HE=NBL M FT, Table 118 - Table 120 &£ iR 7 PB4 11

HIZhEE AR AT R AR BB L FITH . MRB L HIRIZNRIEEER 07,

Table 118. mega48 BN BFT

BUNyREY VA #ig MIAE
- 7 - 1
- 6 - 1
- 5 - 1
- 4 - 1
- 3 - 1
- 2 - 1
- 1 - 1
SELFPRGEN 0 SPM {8 1 (KRR )
Table 119. mega88/168 B4 BRF T
By REY VA i MIAE
- 7 - 1
- 6 - 1
- 5 - 1
- 4 - 1
- 3 - 1
BOOTSZ0 1 ﬁﬁjﬁ;&elz 1j1( ;,J \) 0 (B4R )"
BOOTRST 0 EREENEE 1 ( RHEREE )

Note: 1. BOOTSz1

.0 RIABES HE Boot &R K{E , ¥ P 260 Table 122

ATMEL
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Table 120. B & EFH

RufR/YFH IASH #iz MIAE

RSTDISBL™" 7 HNEPEERA 1 ( RERE)

DWEN 6 RNk FEE 1 ( RERE)

SPIEN®@ 5 ERERITRFMBETH 0 (#4mT2 , SPI 4mT2fERE )
WDTON®) 4 ERENSE—BEFH 1 (R#mE)

EESAVE 3 Eggggmt EEPROM I17<J ( gﬁ;ﬁ; ), EEPROM
BODLEVEL2*) 2 BOD it & BB 1 (KRR )
BODLEVEL1® 1 BOD fit & 8.4 1 (RBmE )
BODLEVELO® 0 BOD fii & 8.5 1 ( RmE )

Notes: 1. RSTDISBL &% {uKIiReE , M P69 “iw O C B ZIhEE ",
2. EHRTREENT SPIEN BLAATRAHE,
3. HARNEN P 46 “ BT RER B[ 4|ZF1EE - WDTCSR” .
4. P40 Table 21 44 BODLEVEL B4y B4R E,

Table 121. B4R FT

BU RN RS VA i MIAE
CKDIV8® 7 Rt4h 8 240 0 (#4mTE )
CKOUT® 6 B e 1 ( RERE)
SUT1 5 %R B E 1 (K#gme )
SU) 4 %R BB 0 (#imz )V
CKSEL3 3 brit>d:0 b 0 (#imiz @
CKSEL2 2 3% B4R 0 (#miz )@
CKSEL1 1 R B4R 1 ( Rme )@
CKSELO 0 R B4R 0 (#mAE )@

Note: 1. X FERIARTHIER ,SUT1.OMBIAEL HER AN B ENETE. FEHAANENP 28 Table 12,
2. CKSEL3.0 MERINZESH T F A RC K% 1TT 8 MHz, AR P 28 Table

1,

w

YmTEBE AL B R IR B L o

CKOUT B4 R YF R A48 M PORTBO #i . AN AN P 30 “ BH4h 5 HEHES 7
FHAREN P30 “ RERHTADHEE" -

BUUHRETECHBRGSSHRE, MRMEMN 1(LB1) MBENBLUEME. &

258 ATmega48/88/168 mu———————————————
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ByY BT

FRIRF

ATmega48 #RiRF T

ATmega88 #RiRF T

ATmega168 #RilZ T

BT

2545D-AVR-07/04

BRI AR R SR B L Y ERBUF, EIETJ BLMNREFEN , ERBRMFRERE

B, TEXTEATF EESAVE B4, ©
B F E Rt IA 44y L BiTE,

FRAER Atmel 2 HI 2 #EH —

—BHmEMEEER. EEEITHEEXS

=FTRRABARX D SRGERS, XM IR

B ETMATENRE , B UETHHBE R, X=AFT 237 T =ML

#h b Ze ],

1. 0x000: OX1E ( &RRH Atmel 2 F&£E7 ),
2. 0x001: 0x92 ( R H 2 E 4KB Flash #1428 ).
3. 0x002: 0x05 ( 3 0x001 FH A AN 0x92 Bf KR RIX

1. 0x000: OX1E ( &R"H Atmel 2 F&£E7 ),
2. 0x001: 0x93 (R RS S 8KB Flash 755 ),
3. 0x002: Ox0A ( 2 0x001 FHTHIR AN 0x93 BT TR RIX

1. 0x000: OX1E ( &R™H Atmel 2 FI&£E ).
2. 0x001: 0x94 ( R H 2 E 16KB Flash #1#2% )o
3. 0x002: 0x06 ( 3 0x001 FHF A AN 0x94 Bf R RIX

ATmega48/88/168 AEIRC HxZ BRI RUEEREF TREFZ T . XN F T TR IR #b 4t Z2

= ATmega48 ).

7= ATmega88 ).

= ATmega168 ).

IE]

0x000 B FH . EEMME ,ZFTH A3 E A OSCCAL FER/ABRMR AN RC ik

SHERRIEM,

ATMEL
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HITRIESH , SIS R X84 % T 0% ATmegad8/88/168 #I Flash iRF17(4%. EEPROM HRIE1FHEES.

s FHMENRBLABTHITRENRR, BRIESERA  SUHPEEZEDH 250 ns,
B5ER FEIX—77 ATmega48/88/168 HHX S| I LA H1TURBES B #ITSIA , W Figure 119

# Table 122 FiR. RAXBEHRH 5| ARERHFIE,
XA1/XAQ RE T 48 XTAL1 S| — N EBKH B FrIITHVIRVE. BEAYRIBIEN Table 124,
£AWR = OE i A BT AT INER M 9 RE T BERITHIRIE, B4R DES N Table 125,

Figure 119. H1T4m#E

+5V

RDY/BSY «<— PD1

OE —> PD2

WR ——>{ PD3

BS1L ——> PD4  pc[1:0]:PB[5:0]

XAO0 ———>» PD5
XAl ——>» PD6

PAGEL —— > PD7

+12V —— > RESET
BS2 ——>»| PC2

XTALL

vCC

AvVCC

[«<—> DATA

L —
IGND

Table 122. S|M#)& Friksf

KREEXFSNEH SIER IO | TheE

RDY/BSY PD1 O | 0: BRI TFHRE, 1: REZEHFNHD,

OE PD2 || e (EBRPEXR).

WR PD3 | | B (KBEFER).

BS1 PD4 | f—fiﬂ% 10" BB RMLFT , 1" RSN
F).

XA0 PD5 | | XTAL 3h4E4Z 0

XA1 PD6 || XTAL sh4EfL 1

PAGEL PD7 | | MEERFFM#EEEF EEPROM BiER

BS2 PC2 | ig{;ﬁéﬁ %(‘;0" HEREMLFT 1 ®RBEE=

DATA {PC[1:0]: PB[5:0]} | /0 | EKIEHEL (OE NERIHE )

260 ATmega48/88/168 m————————————
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Table 123. # AREERXFTEER S| BIEIE

El) ns i
PAGEL Prog_enable[3] 0
XA1 Prog_enable[2] 0
XAO0 Prog_enable[1] 0
BS1 Prog_enable[0] 0

Table 124. XA1 l XA0 K%

XA1 XA0 4 XTAL1 Bebnipk A 3R #y e
0 0 fNEk Flash 2 EEPROM it (&N BS1 WERBMERKMFET)
0 1 MEEE (EX BS1 RERSMERRNL Flash HIFEFT )
1 0 mERws
1 1 T8, =R

Table 125. S FT4REG

Command Byte WITNeS
1000 0000 SRR
0100 0000 BRRufy
0010 0000 EHiEN
0001 0000 E Flash
0001 0001 E EEPROM
0000 1000 BEARIRFHABERT
0000 0100 BB L FBIEN
0000 0010 i% Flash
0000 0011 & EEPROM

Table 126. —TN'ZE M ZH Flash FHI A

ATMEL

Flash X
B 7N WA PCWORD ik PCPAGE | PCMSB
ATmega48 2K 7 2 F PC[4:0] 64 PC[10:5] 10
9 (4K %) ' '
ATmega88 4K 7 2F PC[4:0] 128 PC[11:5] 11
9 (8K F¥5 ) ' '
ATmega168 8K ¥ 64 F PCI[5:0] 128 PC[12:6] 12
9 (16K £%) ' -
261




EEPROM
B R TR PCWORD ik PCPAGE | EEAMSB
ATmega48 256 FF 47T EEA[1:0] 64 EEA[7:2] 7
ATmega88 512 F% 471 EEA[1:0] 128 EEA[8:2] 8
ATmega168 | 512 F¥ 471 EEA[1:0] 128 EEA[8:2] 8
FATIRARS| RS Table 128. =R1T4mTE AT HY S| BIRR 5%
"#"s El) o #ig
MOSI PB3 | BITHERA
MISO PB4 0 BRITHERSt
SCK PB5 I SRITAE
262 ATmega48/88/168 me————————————
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FITRE
HARBRER

BRRENILRER

B ERER

4 Flash #1742

2545D-AVR-07/04

B FTENELZHAHTHREES
1. 1 Voo 2 GND Z[E#R# 4.5- 55V (B E,
2. % RESET #{f , #ZE &% XTAL1 B8F 6 1R

3. fF P 261 Table 123 5l HHYH) Prog_enable 5|HIE X "0000" , #EFES 100
nso

4. YARESET#RM11.5-125VIEBE, EE RESETRE+12VEEFM 100ns A,
Prog_enable S|MIMEMIT A B S BUS S T EH ARBER,

5. EREHBTZANEDERF 50 pso

Eéﬁ&ﬂhqﬂ MEMN T REURFFE, ATRASHNFERNERATESE
NENFEETHITRYBRER , HENFNR IR

. MEEEANKIEN OXFF S , BEAXBRERITEHEBRGSE Flash &
EEPROM( BR3E EESAVE B4 #4RTE ) AR,

RAEEHRESRIEREFlash & EEPROM AR 256 FEf F REA Rt S FH . Eik
RRFH I EEE R — Ko

B EEBRIEESER Flash X EEPROMY) 12 B8 AR B E L, RIFIFHEEBEEBRER
ZHBENTLEN, 2HERTENBLN, SHERGDSUAERE Flash 5 / =
EEPROM Z B R o

Note: 1. R EESAVE BL4WKRE , AL HEREY EEPRPOM 732 £,
g« R8BS oHERE -

F XA1, XAQ BR “10” A sh @ .

& BS1ERN “07%

DATA I#{EH “1000 0000”, l_IE/L:\J‘LlﬁBﬁ e

4 XTALT R —ANEROd |, #HTHS MR

4 WR 2t —/MNafkod | BES A ER, RDY/BSY &K,

Z# RDYBSY BE , RETHEMEHHH D,

o0 0b -~

Flash AT RN A LKA |, 0 P 261 Table 126 FiR. w12 Flash B |, IR FHIBH 81
FARERRS, X BANEFRETURN SRR, FEOSRER T 0
Flash #1T4m72 :

A. % “ B Flash” @35 :

1. FXA1, XA0EN “10”, Bt RN,

2. N BS1E&"0%

3. DATA IR{EY “0001 0000” , X2E Flash 8%

4. 45 XTAL1 BRE—DERFUAMBS S,

B. Mgkttt KA =15

1. FF XA1, XAOQ ER “00” , Fahitiut K.

2. ¥ BS1E 0, kT Eubit,

3 DATAF!H{EjJi&iJHEE v ¥ (0x00 - OXFF),

4. 45 XTAL1 RE—ANERF |, iR FES,

C

BB T

A IIIEI% 263
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1. [ XA1, XA0EN “01”, B EEMH.

2. DATA BENHFEMALFT (0x00 - OXFF)o

3. 44 XTALT RE—/NERKF , MBEHEFEFET.

D. MBEHEEMNFET -

1. FBS1ER“1", EBRKBESHFT,

2. FXA1, XA0BH 01”7, BahBIEME.

3. DATA BEANBESHFTT (0x00 - 0xFF).

4. 4 XTAL1 BEH—NEROT |, #HTHEFZT .

E. 8iF5E -

1. FBS1ER“1", EBRKBEESMLFT,

2. 4 PAGEL #—2NERKH , BIFEIE (M Figure 121 E5KF ).
F.E€BE E#B%E , BEBENEPXIEFRLETHAENRESHS N
iAHE B PEMLATRAT U , SUAT FLASH AIF 4t , #IL P 265 Figure 120 o
METRAT U T 8 i (st < 256) , BAH TR ERIENUEFTHRANSMNATR
Sk,

G. gt FFT

1. FF XA1, XAO0 ER “00” , Bahibit hngkig ik,

2. NBS1ER“1, &FES M,

3. DATA BEN it FT (0x00 - OXFF),

4. 45 XTAL1 BE—NERD , Mkt svEH,

H. g —TUBE -

1. $4 WR BE—ANAkkoh |, WERKIEHTHRE , RDY/BSY K.

2. %4 RDY/BSY & & (M Figure 121 HES K ).

I. E€ B 3 H 084 , EFIE Flash fRi24% R E M A N KIBEHEEE.
J. ERTRTE :

1. 1.8\ XA1, XA0ER “10" , Bahan B IRE,

2. DATA IE{E7 “0000 0000” , iX 2 Fig#EES.

3. A XTAL1 BHE—NERKH , IEHS , ARBBEEFTEN.

264  ATmega48/88/168 mu————————————
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Figure 120. XA RNAL B K Flash #1734k (V)

PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE | PCWORD |
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY N | PAGE PCWORD[PAGEMSB:0]:
PAGE N I INSTRUCTION WORD 00
\
. 01
\
\ 02
¢ \
\ >
\
\
\
\
\
\
\
\
\ !
. PAGEEND

Note: 1. PCPAGE & PCWORD %IF P 261 Table 126

Figure 121. Flash %K ()

F
A~

s I
A B C D E B C D E G H
DATA D( ox10 __ XADDR. Low X DATA Low X DATA HIGH ADDR. LOWX DATA Low X DATAHIGH X xx X ADDR. HIGHX XX
XA1 _/_\
XA0 —/—\_/ \
BS1 /—\—/—\
XTALL _/_\_/_\_/_\_/_\—/_\_/_\_/_\ /_\
W _/
RDY/BSY \—/_
RESET +12V
GE
PAGEL /\ /\

Note: 1. FRAEZER"XX", BNMNAEFZRNN T RIEERA Flash M Eo

*} EEPROM 3t T4 2 3 P 262 Table 127 Fir’R , EEPROM EATU N 847, 4miE EEPROM B} , Yi2 B iE8{7F
FTREHRXF, XHEATUERN —THEH#THRE. EEPROM BEFEBHEEEEZNT
(S, it RBEMROATIES N P 263 “ Xt Flash #HITRE ") :

A : hngkas< “0001 00017,

: Pn#E it HALF I (0x00 - OXFF).

: InE s uH R F 35 (0x00 - OXFF),

. INELERFE (0x00 - OXFF),o

: BB (48 PAGEL R —NERKTF ).

 BESRIE 5, BEEENFEHXIER.

: ¥ EEPROM W3t 1T4RT2 :

A mEl% 265

- X agakrobdh-=
mo w o
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ZH Flash WA

i&H{ EEPROM BN A

AIMEL

1. J¥BS & “0%
2. #WREH—NARP | FFEX EEPROM R T4 , RDY/BSY &K,
3. ZZF| RDY/BSY BN T —#HTHE (E5HFA Figure 122),

Figure 122. EEPROM 4mi@& ¥

K

/_H
A G B C E B C E L
DATA D( ox11_ XADDR. HIGH X ADDR. LowX” DATA X xx X Apor.towX A X xx
XAL _/—\
xa0 /S — N\
BS1 / \
XTALL _/_\_/_\_/_\_/_\—/_\_/_\
WR __/
RDY/BSY \—/—
RESET +12V
OE
pacEL /\ /\

1% Flash FF 8R0S RN (@H Ribub AT A P 263 “ 37 Flash #ITHRE " )
A : fngkds “0000 0010”,

G : &bt FAFFT (000 - OXFF),

B : Mt uHE AL F I (0x00 - OXFF).

% OE & “0”, BS1 & 0", A/SM DATA &t Flash FHEMLF T,

¥ BS & “1”, A/E M DATA it Flash ZH &N F T,

% OE & “17,

AR

BEEMENSRUOT (B RiutNFEAT W P 263 “ X4 Flash #HIT4HE ") :

1. A hIEE “0000 00117
2. G: i F/AFT (0x00 - OXFF)o
3. B : MEMIHENFH (0X00 - OxFF),
4. Y OEE"0", BS1E"0", AA/5M DATA i iti EEPROM HiEF 15,
5. f%OE & 1%
266  ATmega48/88/168 m———————————————
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TR LBEMHTRE NBLBENWREESRNOT (TS RBEEEATN P 263 “ 3 Flash #H1THE ") :
1. A: MBS “0100 00007,
2. C:MEBEFEERET K EE—NUH "0 RXRREERTHE , SVUEEER,
3. A WREBH— N , H%1%E RDY/BSY &,

B BAHITRE NBRLEVNWRBSROT (S REEFEEEMAT I P 263 “ ¥ Flash #1THE ") :
1. A: NS “0100 00007,

C: MBEHBFRET , ZEE N 0 RIZTEHTHRRE , BNEEEK,

¥ BS1E“1", BS2 B0, B uHEET.

4 WR Rt —Mafkoh 3 %% RDY/BSY £ 5.

¥ BS1 &0, BBREMNFT,

Al

NI BBLNHITRE W BBLNNRESROT (DS REEEREMAT A P 263 “ Xt Flash #HITHE ") :
1. A: &S “0100 00007,
2. C:EHEEET. EE—NH O RFEEHRITHEE , BUNEEER,
3. [¥BS1E“1"., BS2E“1", BV BHEFT.
4. 5 WRRBMH—NABRH %4 RDY/BSY T,
5. FBS2E“0, EREMFT,

Figure 123. B4 4w KT

Write Fuse Low byte Write Fuse high byte Write Extended Fuse byte
A C f—/% A C /—/% A Cc /—M
oara X ow Y om Y Yoo Y o Y xx X oo Y omn Y
w N\ \ /T
Bs2 /L
s\ \ /AR /AR
R \_/ \_/ \_/
fiEumE REMRESRUT (BOREBEEAT N P 263 “ X4 Flash #HITHE ") :

1. A: IEHT “0010 00007,

2. C.MEHBEET Unh 0O RXRTUBEVEERRE. MRTHCLLT LBE
X 3(LB1 & LB2 #4mi2 ) , AR T TAEEE AT mZ o X BiE L # TR

3. AWRIEEH—NMABHH %4 RDY/BSY &,

PR REEEE S BRa R RER.
REUS LRSI BEEBLMRMEMHNSROT (FHMEAT N P 263 “ Xt Flash B IT4RE ") :

1. A: &S “0000 01007,
2. ¥% OE. BS2 1 BS1 & “0" , A/5 M DATA i EUA LK HRE (‘0" RREHRE ).

A IIIEI% 267
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i
5. ®HOEE"0" ,BS2E&“0” ,BS1&“1” , A/GM DATA IS E ML HIRF (‘0" RRE
W2 )o

6. ¥ OE & “17

Figure 124. &3+ BS1, BS2 SHRLURBIEMMII MK R

I Fuse Low Byte H 0
_\
0
I Extended Fuse Byte H 1
DATA
BS2 >
I Lock Bits 0
1
I Fuse High Byte 1 BL‘I_/
BS2
BREURIRFY BEEMRIRFVNEZNT (SRt NS E P 263 “ X Flash #HIT4RE ") :
1. A INEaE< “0000 10007,
2. B : in#ibut{K=F95 0x00 - 0x02,
3. fHOEE“0", BS1E“1", A/EM DATA RBURIRFH,
4. Y¥ OE & “1”,
BRI AEFY BERRAEFTWEZNT (FSRibut NFHSE P 263 “ X Flash #HIT4RE ") :
1. A pNEaE< “0000 10007,
2. B: mn#at{E=F ¥ 0x00,
3. JYOE@&“0",BS1E&E“1", RIEM DATA REUREFET,
4. Y% OE & “17,
HITRERE Figure 125. #{THwmIERF , BIE—LEMANNFER
tXLWL -~
XTAL1 IxHxL)
I ovxH DX
Data & Contol ——. ——————————
(DATA, XAO/la,l 351, ggg) D .
tgvpH x| tBVWL t
PAGEL tonpL < wLex
L twiwH
WR o wiL N1
WLRL
RDY/BSY Li
tWLRH

26 ATmega48/88/168
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Figure 126. }{TmIENF , AR FERNMEFH

BS1

LOAD ADDRESS LOAD DATA
(LOW BYTE) (LOW BYTE)
/_H /_H

t)(L)(H

XTAL1 / AN / I: ;I F

PAGEL

LOAD DATA LOAD DATA
(HIGH BYTE)

— —

t)(LPH

LOAD ADDRESS

(LOW BYTE)

—

tpLxH m

DATA

XAO

XAl

Note:

X ADDRO (Low Byte) >< DATA (Low Byte) ><

DATA (High Byte)

X

ADDR1 (Low Byte)

1.

Figure 125 éﬁﬂjﬁ’gﬁqﬁgi (tDVXH‘ tXHXL & tXLDX) 'H.’:;Eﬁﬁ :HJ[I?JZEHEO

Figure 127. }{THENF , B FERNIEFS (BA—15 )

<
XTALL

BS1

READ DATA
(HIGH BYTE)

LOAD ADDRESS READ DATA
(LOW BYTE) (LOW BYTE)
K_H

t)(LOL

LOAD ADDRESS

(LOW BYTE)

K_/H

toLpbv

DATA —<

XAO

XAl

Note:

1.

|

tBVDV

tOHDZ
-—

ADDRO (Low Byte) >—$< DATA (Low Byte)

DATA (High Byte)

ADDRL1 (Low Byte)

Figure 125 gﬁtﬂﬁ’}]ﬂ{tﬁ;* ( Bp tDVXH‘ tXHXL & tXLDX) miﬁﬁ :.Fiiﬁﬂzo

Table 129. HITRESE Ve =5V + 10%

ATMEL

B/ | BB X
7s 28 /=1 & B | Ay
Vpp RIBEREERE 1.5 12.5 v
Ipp IRTEGEREERTR 250 uA
tovxH £ XTAL1 A Bz sl iR R EHA R 67 ns
tyLxH M XTAL1 K E) XTAL1 & 200 ns
tyxL XTAL1 3 & B HY B 32 150 ns
tyLDx XTAL1 REZ EBIE R EIRE 67 ns
tyLwL M XTAL1 fEZI WR 1& 0 ns
tyLpH M XTAL1 1€ E| PAGEL & 0 ns
269



Table 129. HITHRESE Voo =5V £ 10%

AIMEL

B | BE | BX
(52 B8 & & =l By
toLxH M PAGEL 182 XTAL1 & 150 ns
taveH PAGEL & 281 BSTBAX 67 ns
tompL PAGEL 7 & B KY B 32 150 ns
tpLBx PAGEL H1&2J5 BS1 R#% 67 ns
twiex WR N1E2J& BS2/1 R #% 67 ns
teLwL M PAGEL &% WR H1& 67 ns
tavwL BS1 BME WR H1& 67 ns
twLWH WR N KB BB 3T 150 ns
tWLRL M WR {£Z| RDY/BSY & 0 1 us
twLRH M WR {3 RDY/BSY H & (! 3.7 45 ms
twird ce | A WRI{EZI RDY/BSY his , BHEREE®R | 75 9 ms
tyLoL M XTAL1 {£Z] OE H1& 0 ns
tavoy BS1 BXE DATA B 0 250 ns
toLpy M OE &%l DATA B3 250 ns
tonpz M OE &% DATA h =7 250 ns
Notes: 1. FE#1T Flash, EEPROM. By Kk BIEMNBRIER ty ry B
2. FERATESL BRIBAERT ty ry or B X
BT % RESET WK B FaT , T LUBE BT SPI B4 X Flash & EEPROM #4742, 8178

O23%E SCK, MOSI( %A ) & MISO( fiitl )o RESET R{EZ/E , MENITRHE / R
BEZHMITHEAIFIES. P 262 Table 128 FIH T SPI 4RiZFTE SIS, FE2FF

BHERMERGER SPI S|M% AT AEB SPI #0,

Figure 128. SR1T4miE k&K (!

Notes:

270 ATmega48/88/168

MOSI ———>

MISO €«——

SCK ———»]

—— > XTALL

—»| RESET

vCcC

AVCC

I —

1. MRBHBARIERS R RS, BBARTAE XTALT 5| EEEZ R,

+1.8 - 5.5V

+1.8 - 5.5V@

2. Ve -0.3V <AVCC <V + 0.3V, B2 AVCC LTE 1.8 - 5.5V SEE A,

2545D-AVR-07/04
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Y%7 EEPROM B} , MCU B ENMREBRIEFSBA—NBHERES , NTIEEFR
TR ERST. SHERRENERFEMIK EEPROM RN B EEER N OXFF,

FH44EIS CKSEL B4 HE, LT (SCK) WR/ME B P E MK & B F o EEH
BUMTER :

& :>fy <12 MHz B4R 2 4 CPU ¥ EHA |, f, >= 12 MHz 814 3 4> CPU Bt 44 A HA,
& > fy <12 MHz B4 2 4 CPU B8 AR | f, >= 12 MHz B4 3 4 CPU B¢ A5,

A mEl% 271



RITRENE

Flash BiE&E#

EEPROM #iEEf

AIMEL

[ ATmega48/88/168 RITEAIIERS , BIETE SCK By LHREUBITF,
M ATmega48/88/168 L EVERIEN , RIB1E SCK W TR H . BT I Figure 129,
ERTHREENTX ATmegad8/88/168 #THRER KK AT , RIBFEUATH LI (I Table
131 A 4 FTHEHHERN ) .
1. LeEF :

£ RESET & SCK 4 "0" &Y , [8 Voo & GND 8, E—LERGEH | mESRTHE

RIEE LB SCK RIEFRK, EXFBERT , SCK H{EKZ/FMNE RESET n—
ERBF , MAXMNKFELELR 2 4 CPU B4 EH,

2. LBZEEFEED20ms  REME MOSI S| HIH AR TRE RIS T UERBITR

o

3. BETRALSNERBITRERESTIE,. B 2E , EREREFREEINE=
ANEHE, BESANAETHAR (0x53) FHERBEER, TERBHARABRERSSE ,
SN ANFTEATLIBER, R 0x53 Rk , MEE M RESET £ —1
EROFLATF SR EFT I mIB ERERE T

4. Flash WwmBEU—R—TTHARET. ERITNEBFFHRIESHR B 6 LSB
Pt ER  BREUFTREMMFEIEFEE R, ARIENZHERYE MRS
EMHHEEBBERET  2EREFET. BEFEETES NS 8 NURER
FEESAIETREBHRE. NREFEAERNNSR , BLERET—RHBEZH
BIERFZED typ rLasy WETE (A Table 130.), £ Flash B{ESER 2 #1145 H &
TREEOLSBUREEIR.

5. RETHURBEEERZE , EENEESRHUFEFTRENXY EEPROM i,
EEPROM F# 2 T ERESAFHREZI B ER, WRFFEREANAR ,
ZE?%#T—ﬁ%EZﬁUE%ﬁ:EQ‘ tWD_EEPROM E’}JHT_“‘E—J (J||_|_' Table 130) ) qu:é
FERZEWNTE , BER OXFF W R EERE.

6. AENRESKREFM—NMEEETHRNET, BIIEMETEE O MISO fHit.

7. WEBLERFULUY RESET e B IEREEE,

8. THFS (MREE):

% RESET & “17,

Y Flash B TFRE—TTHREBRAR , REUL TR AR /SR OxXFF, mBERE , &
RENBIERATAEREH, BEXMAEAUAEANATAE T -, ATEIMNRER
RHREN , X—TNHNEMT— N ut AT LARER, Flash BIBPEATFER THE
OxFF, Jtt ,Eéﬁﬁ OxFF HTJ- ,mFEQ\E%% tWD FLASH ?ﬁgi&?i-?_ﬁﬂ’géﬁﬁo EHH:é
FARBR IS AR 0 B B OXFF |, PR SURTRSIE N OXFF 1 T SLBA X B, by roac
M{ER Table 130, B

% EEPROM E#EAE —NFHHmERER | EUk bR E OxFF, wmEEERE ,
BRENBIEANTUERESY, X—AZTAREHANTRE T —NFEW., BREERX
BiE OXFF 3. BRAFRNIZERE , £ BREMENETER OXFF , FTmERE
7 OxFF B Al BABL X MRE, AR IXFER T £ 5 BRIt EEPROM A BB R B HHE R
APZEELNERE OXFF , ERHT T —FTREBEZHELEHF two eeprow BT EL
two_eeprom BV{EIL Table 130, -

Table 130. BT — Flash 5 EEPROM # jt 2 B R & /N E 567 8]

(52 BNERFRR
twp_FLasH 4.5ms
twp_eeprom 3.6 ms
two_erase 9.0 ms

22 ATmega48/88/168 mu———————————————
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Figure 129. R{THRERFHE

SERIAL DATA INPUT
(MOSI)

SERIAL DATA OUTPUT
(MISO)

SERIAL CLOCK INPUT

ATmega48/88/168

(SCK) I_L
SAMPLE T T T T T T
Table 131. BTREES
BoER

54 FHA F¥H2 FH3 F¥H 4 BE

YmIEERE 1010 1100 | 0101 0011 | xXXX XXXX | Xxxxx xxxx | RESET h{E/G{EaER TR

= R 1010 1100 | 100X XXXX | XXXX XXXX | XXXX XXxX | Bk EEPROM K Flash

BREFEMES 0010 HOOO | 000a aaaa | bbbb bbbb | cooo cooo | MFHiHEF a:bNEFFHESEREH(S
REFT ) BIEMN o

MEEFEHBER 0100 HOOO | 000x xxxx | xxbb bbbb [ iiii iiii | EF#itR bHWEFEFHT H(EHE
FH)BAHEI. NEERFTEE
5FN

ERFFHER 0100 1100 | 000a aaaa | bbxx Xxxx | XXXX Xxxx | {EHzil a:b MNEHLEFEFEER

i EEPROM 72 8% 1010 0000 | 000x xxaa | bbbb bbbb | cooo oooo | M EEPROM Byt a:b b1k H#IE o

E EEPROM 17483 1100 0000 | 000x xxaa | bbbb bbbb | iiii iiii [ EEPROM 3t a:b 4 EA#IE o

fn&; EEPROM 1288 (J | 1100 0001 | 0000 0000 | 0000 OObb | iiii iiii | F#IE i MK E EEPROM FiEERE

St ) WX, BIFEMETEEX EEPROM I
HITHRIE

EEEPROM7ZfEEE (WS4t | 1100 0010 | 00xx xxaa | bbbb bb00 | xxxx xxxx | Xzl a:b ) EEPROM 1 iTRE#R

) *

BREUEMN 0101 1000 | 0000 0000 | XXXX XXXX | XX00 0000 | EBIEM., "0 NELRE, "1” WKL
B, AT P 255 Table 115

BEHiEN 1010 1100 | 111X xXxXXX | XxxX Xxxx | 11lii iiii | BBEMN. B0 RTEFHEHENM. 4
F 0 P 255 Table 115

BFRIRF T 0011 0000 | 000x xxxx | xxxx xxbb | oooo ocooo | Mibit b iEEFRRFET o

B4 1010 1100 | 1010 0000 | xXXX XXXX | iiii iiii | “0" R-CHE, “1”" REEKREE. N
Table XXX on page XXX

EERYLMN 1010 1100 | 1010 1000 | xxxx Xxxx | iiii iiii | ‘0" RRCHRE , “1I”" REKEE. L P
223 Table 98

By EBRBR4N~ 1010 1100 | 1010 0100 | xxxx xXXXX | XXXX xxii ‘O RTREHE 1V RERARHE LP
257 Table 118

e ¥ 72 0101 0000 | 0000 0000 | XXXX XXXX | 0000 0000 | B4, “‘0” RREHE, “1”"KR
KimFE, 4077 M. Table XXX on page
XXX

2545D-AVR-07/04
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Table 131. FBTHREES

BoER
Be FH 1 32 F4H 3 =14 BE
BEEBRLMN 0101 1000 | 0000 1000 | XXXX XXXX | 0000 0000 | EEB#4EFM., ‘O RRCHE, 1”&
TARRE, AT P 223 Table 98
By BB4LN 0101 0000 | 0000 1000 | xxxx xxxx | oooo oooo | EFN BEB4fI, ‘0" RRCHRE, ‘1”&
TRARE. AT P 257 Table 118
BREFT 0011 1000 | 000x xxxXx | 0000 0000 | oooco oooo | ERHEFTS
=i RDY/BSY 1111 0000 | 0000 0000 | xxxx Xxxx | xxxx xxxo | 0=“1" RRREEBELEEHIT,. Z2E
RO BAURITHEHMATS,

Note: a=#t&{u, b=3IRM , H=0-EFF , 1-BFT , o=HFEHL , i=BEHAA , x=F=E

SPI BR{TARRIHES K SPI BIRIIHES TIE N P 280 “SPI B F4HE "
274 ATmega48/88/168 mu———————————
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B
8 3t BR1E *
TAEBEE oo -55°C 2 +125°C *NOTICE: MRBHSHEEL « BXNRRE" RPN
ST TETRERBRENARART, X2
TEREIREE oo -65°C %l +150°C THERINRR. AFRTBHTATETRSD
FRSI&HEZT  ARBLEEL T ETEABAE
BN BE , BRT RESET............ -0.5V & Vc+0.5V WHMAZRHZ T, KB IETEXNIRRETRE
BN Fw,
RESET S| # I EBEE ..., -0.5V El +13.0V
BRARTAEERE c.ooooceeeeeeceeee e 6.0V
BNOBIH R ERBR ..o 40.0 mA
Vee 5 GND SIM EMEFRER ..o, 200.0 mA
B4 )
T, = -40°C-85°C, V¢ = 1.8V-5.5V ( TH5I1%EA )
"5 2] &t B/ME BEE BAE By
v BMAKEBE , BRT XTAL1 | Voo =1.8V-24V -0.5 0.2V Vv
I % RESET 3|i Vo =24V -55V -0.5 0.3V
ViL1 ,;?M&EEE  XTAL1 5] Vee = 1.8V -5.5V -0.5 0.1Vt \%
Vi2 @Aﬁ%ﬁ  RESET 3| Ve =1.8V-5.5V -0.5 0.1V Vv
v BMAS®BE , BRT XTAL1 | Voo =1.8V-2.4V 0.7Vc? Vee +0.5 Vv
H % RESET 3|i Ve =24V -55V 0.6Vc®@ Ve + 0.5
v WMASBEE , XTAL1 5 Ve =1.8V-2.4V 0.8V @ Ve + 0.5 vV
IH1 il Voo =24V -5.5V 0.7Vec® Voo + 0.5
Vg2 ;Ew\'% E , RESET 3| Ve =1.8V-5.5V 0.9V @ Ve + 0.5 Y
lo = 10mA, Vg = 5V 0.7
] - (3)  p& oL » Vee
VoL WHEBE® , BRPC6 log = 5MA, Voo = 3V 05 \%
VoL WHKBE® | PC6 TBD TBD v
- lop = -20mMA, Vg = 5V 4.2
TS EE® OH »Vee
Vou B PC6 SN S B E lon = -10mA, Vg = 3V 23 v
VoH1 WEEBEEY BRPC6 | TBD TBD Y,
s Ve = 5.5V, pin low
I BMARER , /O SIR (absolute value) 1 MA
o Ve = 5.5V, pin high
[ BMATSER , /O Sl (absolute value) 1 MA
RgrsT Reset 5| £ EB/H 30 60 kQ
Rpy 1/0 IR Ehr el 20 50 kQ
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T, = -40°C-85°C, V. = 1.8V-5.5V ( To455lI 1 EA )

ns

g &4 B/ME HEE BA{E L 3\A

IHTF IMHz , Ve =2V
(ATmega48/88/168V)

I'f’ﬁi: 4MHz , VCC =3V
(ATmega48/88/168L)

IHTF 8MHz , Vg =5V
(ATmega48/88/168)

2R 1MHz , Vg =2V
(ATmega48/88/168V)

Z2PR 4MHz , Ve = 3V
(ATmega48/88/168L)

2R 8MHz , Ve = 5V
(ATmega48/88/168)

WDT 8¢ , Voo =3V <8 15 HA
WDT 2/ Ve = 3V <1 2 A

0.55 mA

3.5 mA

12 mA

BRI
0.25 0.5 mA

1.5 mA

5.5 mA

EeEX

Vacio

VCC =5V
Vin = Vcc/z

Bl hRBFEMARERE <10 40 mV

lacLk

VCC =5V

Voo -50 50 nA

B RER M ARER

tacio

Voo = 4.0V 500 ns

R LR A5 S At

Notes:

276

N

5.

6.

“BAE RNRIESIBERBENRNNRESE,

“ B/ME ¥ RNVRIESI BRI E N BN RIEE,
BARERERSEZMCEREDS) TEMN/OHK A MA AR LN RZHETESHBETR20mMA V=5V ; 10mA , Ve =3V) , 8
EMETEFEUTER .

ATmega48 :

1] %0 CO - C5 By IOL B MAEEBT 70 mA.

2]#% 0 C6, DO -D4 &Y IOL BT EERET 70 mA,

3] %0 BO-B7, D5-D7 & IOL ERMTEERT 70 mA,

ATmega88/168 :

1] %0 CO - C5 #Y IOL B M TAEREE 100 mA,

2] %0 C6, DO - D4 B IOL E AT 100 mA.

3] %0 BO-B7, D5-D7 # IOL ERMTEERET 100 mA,

MR IOL B TR &4 , VOL AR MERIENR. TR S| B aT AR UKtk 51 T b 4k 9 3=, 5 44 BB K B9 BB 37
BAERERSERME GERD) TEMNOROBIT AR BN RZKGTESHER (20 A V=5V ; 10mA , Vo =3V) ,
EREEERUTER

ATmega48 :

1] #% 0 CO - C5 K9 IOH BT EEET 70 mA.

2]# 0 C6. DO - D4 K9 IOH EMAFEERT 70 mA.

3] %0 BO-B7, D5-D7# IOH EFMTEEREE 70 mA, .

ATmega88/168 :

1] #EA CO - C5 &Y IOH EFF A48 100 mA,

2] #% 0 C6. DO - D4 B IOH EFFAEEE 100 mA.

3] %0 B0 - B7, D5-D7 B IOH EFTAERE 100 mA, .

R IOH B TMAEZM , VOH AR MEXIEIR. FRIE S| AT DU H o5 T it 4 #9032 S0 B8 KRV B35
AFMPAENERISERESEE AVR RS FM—# , WRETHEN , XEENRRITER , XREENERSH
NS A EH.

“ThEMHIFFEE - PRR” R{EZHA (0x00).

ATmega48/88/168 mu————————————————————
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S\ EB st R T2 Figure 130. ZA&RET &R
tCHCX
teLen — *— tcheL
N N
< toiex —
tereL >
SRR
Table 132. /A ZBETEPIRZN
Voe=1.8-5.5V | Vc=2.7-55V | Vc=4.5-5.5V
2 | BK | BS 2N | BK
(52 B3 & & # | BKE & & By
Mool | FHIIAER 0 2 0 8 0 16 MHz
toLoL A £ B 5 500 125 62.5 ns
tohex = BRI E 200 50 25 ns
toex KB aTE 200 50 25 ns
toLcH EFatiE 2.0 1.6 0.5 us
tcHeL TR A 2.0 1.6 0.5 us
AtecL Bt AR AL 2 2 2 %
Note: ZAFMAAMENERISHERESHT AVR MIEZHSFM—#& HRETHEN ,XLEEIN

2545D-AVR-07/04
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RIRITBAR , KEREEXN RSN ESER.
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BREES Vo xR BEMEFMT Voo, M Figure 131 5 Figure 132 FiR , BEMES Voo £ 1.8V < Vg
<27VE 27V <V <45V EREHEXR,

Figure 131. ATmega48V/88V/168V F&REMES V. KR

10 MHz

Safe Operating Area
4 MHz

2

1.8v 2.7V 5.5V

Figure 132. ATmega48/88/168 F R EMES V. XK

N

20 MHz

10 MHz

Safe Operating Area

v

2.7V 4.5V 5.5V
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P BRITEROSME
Table 133 A HBRHSMLBITELEENER, ATmegad8/88/168 FLk H1TH: OIA B H T EHIZFIH &4

BFRFS2 M Figure 133
Table 133. & BITELER

o5 ¥ &4 B/ME RAE L
Vi HWARBE -0.5 0.3 Ve Y
Vi WMABBE 0.7 Ve Ve + 0.5 v
Viys HEERFAL R A A 0.05 V@ - v
Vo (M R B E 3 mA REER 0 0.4 v
™M SDA 5 SCL EF ] 20 +0.1C,@ 300 ns
to" M Vigmin B Viimay 5 T B ESHE 10 pF < C, < 400 pF® 20 +0.1C, %@ 250 ns
tsp!” B AR R BRI B R 0 502 ns
I B 110 SIHAY 5 A B 0.1Vge < V; < 0.9V -10 10 WA
ch M 1/0 S ER - 10 pF
fseL SCL B4 fox™® > max(16fgc, , 250kHz)® 0 400 kHz
fscL < 100 kHz Vec— 04V 1000ns
B A Q
- 3mA C,
Rp Nak el |
fscL > 100 kHz Ve - 04V 300ns
B A Q
3mA C,
_ N fgcL <100 kHz 4.0 - V]
tiosta | (repeated) START S5 R {5ad/H
' fgeL > 100 kHz 0.6 - us
fsoL < 100 kHZ® 4.7 - s
tow SCL BY$E /B
fscL > 100 kHz( 1.3 - s
fscL < 100 kHz 4.0 - us
e SCL ri$ = A1 >
fgcL > 100 kHz 0.6 - us
_ o fgcL <100 kHz 4.7 - V]
tsu:sTA repeated START 55 /2 3 & [A)
' fgeL > 100 kHz 0.6 - us
] ‘ fscL < 100 kHz 0 3.45 us
tHD'DAT ?&ER%ET“ETJ
’ fscL > 100 kHz 0 0.9 us
o fseL < 100 kHz 250 - ns
tSU;DAT ;&}EEZJJH;“ETJ
fscL > 100 kHz 100 - ns
_ o fgcL <100 kHz 4.0 - V]
tsu:sto STOP {5 23 aYH
' fgeL > 100 kHz 0.6 - us
_ o fseL < 100 kHz 4.7 - Hs
taur STOP 5 START {55 i8] 5.4k Rl & 5]
fscL > 100 kHz 1.3 - us
Notes: 1. ATmega48/88/168 # , ZZ NN RALE , H K 100% MiR.
2. RERfge > 100 kHz,
3. C,L hEBEL LHNBAE , 81 pF,
4. fo 9 CPU B4R,
5. I EEREE ATmegad8/88/168 ML RITEOBRE . HEBHEMEBTERNEENERE fgo EXR.
279
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6. SEERE ATmega48/88/168 =AML BT OEAB A (1/fsq - 2/fok) , BUARR fso = 100 kHz ER | fox “MAT 6
MHz .

7. SSFREI ATmega48/88/168 7= £ ML R1TH: DRARAA (1/fgg, - 2/fck) , Bt H fo = 8 MHz B R B ER TR HEIXE fgg,
>308 kHz » EIBRIFIE , ATmegad8/88/168 B3+ & IRIES (400 kHz) , BRI A HEEHM t o BKRAR,

Figure 133. & BT ELERF

Ly ety tHiGH — e &

tfLow fLow \‘\
scL 44 [
ISUSTA <5« thD;sTA DDA ¢« > | tgy.par >
oA\ tsu;sto

I tgur

SPI B FR4sME 4/ M. Figure 134 & Figure 135 ,
Table 134. SPI Bt FS %k

K
A X B/ME HRE =]
1 SCK A E# I Table 71
2 SCK & / E&BF EH 50% HZEtE
3 EFH 7 THEETHE E2)! 3.6
4 2 3 A E] e 10
5 RS E)! 10
6 i E SCK E) 0.5 * tygy
7 SCK Z/%i £l 10
8 SCK Zlfmtim®es E)! 10
9 SS EEI% H AL 15 "
10 SCK E#A ML 4ty
11 SCK & / fKeF ™ ML 2ty
12 EF 7 TR ML 1600
13 B3 ML 10
14 RIFAS R ML to
15 SCK Zl%i ML 15
16 SCKEISS & ML 20
17 SS BE=% MH 10
18 SS €% SCK MHL 20
Note: 1. 7 SPIRIEER , /P SCK & / REBFBSEDN :

- 2tg g for fok < 12 MHZz
- 3 tg o for fex > 12 MHz

2. XFEMPRENERFSERIESHTE AVR EREISRFMR—#%  HRETHEN , X&
ENRRITER , REREEX KRS ARG S ER.

280 ATmega48/88/168 m—————————————
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Figure 134. SPI # O FER ( EHEX)

SS

scK
(CPOL =0)

SCK
(CPOL = 1)

MISO
(Data Input)

MOSI

(Data Output)

ss

SCK
(CPOL = 0)

SCK

(CPOL = 1)

MOSI
(Data Input)

MISO
(Data Output)

ATmega48/88/168

X Ls8

13 14

10

A
Yo
i

T

ATMEL

] = \
—_i MSB >‘¥'7 '\l >< LSB
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ADC %1 - Y113
Table 135. ADC M3

&5 e 2 3 B/ME HRE BXE By
o PR 10 Bits
Viegr = 4V, Vg = 4V,
ADC B4 = 200 kHz 2 25 LSB
Viee = 4V, Voo = 4V,
ADC B = 1 MHz 4.5 LsB
#XFEE (838 INL, DNL, Vier = 4V, Ve = 4V,
BiLiRE, HuRFERE) ADC B4 = 200 kHz 2 LSB
N8 75 HP A8 =X
Vier = 4V, Vo = 4V,
ADC Bt = 1 MHz 45 LSB
0% 7S HD I AE =X
BARIELE (INL) e e 05 LSB
£ 45 3E% M (DNL) XBECF :q‘;;f' 2/580: SYZ 0.25 LSB
- Vieer = 4V, Vg = 4V,
H@IRE ADC B4 = 200 kHz 2 LSB
" Viee = 4V, Voo = 4V,
mBRE ADG Ff4h = 200 kHz 2 LSB
e LR 13 260 us
VgD 50 1000 kHz
AVCC | #EilsE Vge- 0.3 Vg + 0.3 v
Vrer | BERE 1.0 AVCC Y
Vi AR GND Vier v
WA R 38.5 kHz
Note: ZABIEFMPFAANERESEREYRETISR/ENGE UREMETFHBELESTIZH AVR HEEFISMNIRES S, XEER

282

BEEE , RRVRRITER , EXRRSHRITRIE(LZEREEERN.
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ATmega48/88/168 Bt
R4S - YREBEE
TR

2545D-AVR-07/04

THNERAHTHRAWAREMERE, EFEIRPHANAXERRE. £HBRNEHRE
HREFEMN /0O SIMEEN M A BN LA BAFRNZETNEN, SERIASBE
SRIB R A R T A R IR E IE O

M AT A RIHY R SR FE R B PRR MIIRIRER , XK /0 BRtBFEZ XM ME
BB EMAE—, P 289 Table 136 5 P 289 Table 137 (A% /0 BRIKES I
ZREX THFMANFELR , 0 P 34 hEMHFER" .

FEEX THHESERNNHTX.

RERSSNERAX : THEBE. THEME, /O WA, /0 SIMFFRER, HTH
RERIREE, KREBNEARE THEBENTHEHE,

FHRE IO W BFABIAR C Vo T BTEE , C = ARBE , Voo = THS
[, f=1/0 BIE BT XML,

SREFNBECRELNARBARESHMERHRTH. ERTRIEFRMEBEEEST
TS5 B RA HE TR,

BN e AE TSNS SER 2 AN SRS EN N X E T RE S
eI

Figure 136. T/EeE A T4E8=R (0.1 - 1.0 MHz) X R

ACTIVE SUPPLY CURRENT vs. FREQUENCY

0.1-1.0 MHz
1.2
. 55V
/// 50V
0.8
,\ / 45V
€ o6 11 40V
8 ////// 33V
0.4
s 27V
ééﬁ/”
0
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

Frequency (MHz)
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Figure 137. T/EERMTIESZE (1 - 24 MHz) BIX R

18

16

14

12

10

lcc (MA)

0.14

lec (MA)

ACTIVE SUPPLY CURRENT vs. FREQUENCY

1-24 MHz
5.5V
5.0V
45V
4.0V
—1 33v
%//’ 2.1V
Z—— 18
0 4 8 12 16 20 24
Frequency (MHz)
Figure 138. T/E®BHRM Vo BIXR (HE RC #R% 8% , 128 kHz)
ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 128 KHz
-40 °C
25°C
85°C
//
%é
15 2 2.5 3 3.5 4.5 5 5.5
Vee (V)
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Figure 139. T/E®BHRM V c BIXRK (NEE RC #K5%88 , 1 MH2)

ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 1 MHz

1.4
12 25°C
-40 °C
1 / // 85 °C
< 08
£
3 o6 //
0.4 /
0.2
0
15 2 25 3 35 4 45 5 55
Vee (V)
Figure 140. TR Vo X R (HE RC #X5%38 , 8 MHz)
ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 8 MHz
7
. 25°C
-40 °C
5 85 °C
< 4 //
£
%, //
//
2 //
7
1
0
15 2 2.5 3 35 4 45 5 55
Vee (V)
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Figure 141. T/EERHM Voo XK (32 kHz A EB&EIR)

ACTIVE SUPPLY CURRENT vs. V¢
32 kHz EXTERNAL OSCILLATOR

60
50 25°C
40 /
< /
2 30
)
20 /
/
10
0
1.5 2 25 3 35 4 4.5 5 55
Vee (V)
ZREN BT Figure 142. ZERE BRA TESRE (0.1 - 1.0 MHz) xR
IDLE SUPPLY CURRENT vs. FREQUENCY
0.1-1.0 MHz
0.18
55V
0.16
50V
0.14
0.12 45V
= o - 40V
z o
8 o008 — 33V
0.06 — 27V
// //
0.04 —— 1.8V
0.02
é/—/
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency (MHz)
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Figure 143. ZZREX BHRMTERE (1 - 24 MHz) XK

lcc (MA)

4.5

Icc (MA)

0.03

0.025

0.02

0.015

0.01

0.005

IDLE SUPPLY CURRENT vs. FREQUENCY

1-24 MHz
4.0V
3.3V
~ 2.7V
———— 1.8V
0 4 8 12 16 20 24
Frequency (MHz)
Figure 144. 2RISR BT Voo %R (ME RCIRHH , 128 kHz)
IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 128 KHz
/ 4
e —

1.5 2 2.5 3 3.5 4 4.5 5 55

ATMEL

5.5V

5.0V
4.5V

-40 °C

85°C
25°C
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Figure 145. ZZRERN B Vo XK ( WE RC %88 , 1 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 1 MHz

0.35
85°C
0.3 25°C
_——— 40°C
0.25

__——

Icc (MA)

1.5 2 2.5 3 35 4 4.5 5 55
Vee (V)

Figure 146. 22 RS B7 R Voo MR (36 RC IEHE | 8 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 8 MHz

1.6

85°C
25°C
1.4 / 40 °C
1.2
1
< /
E o8 /
(6]
o
0.6
s /
0.2
0
15 2 25 3 35 4 45 5 55

Vee (V)
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Figure 147. ZRERBHRM Voo X R (32 kHz AR )

IDLE SUPPLY CURRENT vs. Ve
32 kHz EXTERNAL OSCILLATOR

30
2 25°C
/
20
2 — |
=15 /
10
5
0
15 2 25 3 35 4 45 5 55
Vee (V)
10 RIR BT THHNRESAXTRARITERRN /10 BREIESZEAEX THARRNERE. 1/0
BERNEZHSEMAH P 34 “ hENHFER " PUHENFIFFIRRESH.
Table 136.
TE /0 RN IIFE (LXIE )
PRR i BEH
Vec=2V,F=1MHz | Vgc=3V,F=4MHz | Vg =5V, F =8MHz
PRUSARTO 8.0 UA 51 uA 220 uA
PRTWI 12 UA 75 UA 315 uA
PRTIM2 11 UA 72 UA 300 uA
PRTIM1 5.0 uA 32 UA 130 UA
PRTIMO 4.0 uA 24 uA 100 UA
PRSPI 15 uA 95 uA 400 uA
PRADC 12 UA 75 UA 315 UA
Table 137.
ITHESZRAEXTHNALRERE (BOL)
BB, TEEXITIAERE | BASNS , ZREITHEAERTRHE
PRR {2 #€ (. Figure 136 5 Figure 137) # (I Figure 142 5 Figure 143)
PRUSARTO 3.3% 18%
PRTWI 4.8% 26%
PRTIM2 4.7% 25%
PRTIM1 2.0% 1%

A IIIEI% 289
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Table 137.
IHESZRAEXTANBREFE (BoHL)
BASRE , TEEXTHEAERE | S4B  ZREXTHEAERE
PRR fz #€ (M Figure 136 5 Figure 137) # (W Figure 142 5 Figure 143)
PRTIMO 1.6% 8.5%
PRSPI 6.1% 33%
PRADC 4.9% 26%

#l1

42

A3

A BR

TFEA Voo SMBGBH AR BFERE | WEESHE - ETHRE,

£ Ve =3.0V, F=1MHz, il USARTO. TIMER1 5 TWI fEgErf it B = RE R TR
HAERSFHAE , B R 2 =R ATA USARTO #E10 18% . TWI 31N 26% i TIMER1 &40
11%. A 3 AT HITE Voo = 3.0V ,F = IMHz N ZERERX K BFEFER 0,075mA . NTEi%
KHETHEREER

ICCtotal = 0,075mA e (1 +0,18 + 0,26 + 0,11) = 0,116 mA

ZM45461 /R , BRATHEERNT, HEX 2 FATH USARTO 810 3.3%., TwWI i
hn 4.8% i TIMER1 #8140 2.0% . BHE 1 A4l , £ Voo = 3.0V , F = IMHz Bt THEXH
EE.uu,/ﬁﬁIE 0,42mA. WUEIZ%ﬁ'TE’J EE./JlLGﬁEﬂQ .

ICCtotal = 0,42mA e (1 + 0,033 + 0,048 + 0,02) = 0,46 MA

Fﬁ-ﬁ I/O *Ei*ﬁﬁbo -L-I-EE VCC = 36V P = 10MHZ ETE’JTﬁEq %I)Ibo ﬁﬁ]ﬁiﬂl;ﬁﬁ I/O
BN TEERX THBERRA 4.0mA (HE 2 _J-%] Yo XK 2E_LEABLEER

ICCtotal ~ 4,0mA ¢ (1 + 0,033 + 0,048 + 0,047 + 0,02 + 0,016 + 0,061 + 0,049) ~ 5,1mA
Figure 148. HBEEXN BRI Voo WXAR (BINAERNSZEH )
POWER-DOWN SUPPLY CURRENT vs. V¢

WATCHDOG TIMER DISABLED
25

85°C
2 /
15
3 /
R —]
1
25°C
] __—0cC
0.5 —
]
0 =
1.5 2 2.5 3 3.5 4 45 5 5.5
Vee (V)
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Figure 149. =B EX BTN Vo WXR (B HMENBFEEEE)

POWER-DOWN SUPPLY CURRENT vs. V¢
WATCHDOG TIMER ENABLED

12
10 85 °C
-40°C
8 25°C
g 6 ,/
Q
B //é’/
4 //
|
2
0
15 2 2.5 3 3.5 4 45 55
Vee (V)

Figure 150. & EERBHM Voo BWXR (BIIHENEEA)

POWER-SAVE SUPPLY CURRENT vs. V¢
WATCHDOG TIMER DISABLED

PR

12
10
8
/__/
g
=~ 6
0
© /
/
4
2
0
15 2 25 3 35 4 4.5
Vee (V)
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Standby #= £ Figure 151. Standby X BRM Voo WXR (EIIEXRRIR)

STANDBY SUPPLY CURRENT vs. Ve
Low Power Crystal Oscillator

180
6 MHz Xtal
160 6 MHz Res.
140
120 — | 4 MHz Res.
4 MHz Xtal
Z 100 —
3 — L —] 2 MHz Xtal
5 | | 2 MHz Res.
8 80
T — 455KHz Res.
60 ——— 1 MHz Res.
40 __’___’_____%_
20
32 kHz Xtal
0
15 2 25 3 35 4 45 5 55
Vee (V)
Figure 152. Standby X B Vo FXR (JHIE SRR )
STANDBY SUPPLY CURRENT vs. V¢
Full Swing Crystal Oscillator
500
450 16 MHz Xtal
400 1 P 12 MHz Xtal
350
Qg _— ///
3 250 1 — 6 MHz Xtal
5 (ckopt)
200 —
50 — 4 MHz Xtal
] — (ckopt)
—
100 4 —————— = PV
(ckopt)
50
0 T T T T T T T
15 2 25 3 35 4 45 5 55
Vee (V)

202 ATmega48/88/168 mu——————————

2545D-AVR-07/04



E———————————ssssssmm A TMega48/88/168

2545D-AVR-07/04

Figure 153. /O S| L sBfHEBRAMBMABERNRR (Vo = 5V)

160
140

85°C
120

100

80

lop (UA)

60

40

20

/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE

Vee = 5V

25°C

-40 °C

AN

5

Figure 154. 1/0 5|} L BB RABMABENRR (Voo =2.7V)

90
80
85°C
70
60

50

lop (UA)

40

30

20

10

I/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE

ATMEL

Vee = 2.7V
N 25°C
-40 °C
\\
0 0.5 1.5 2.5
Vop (V)
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Figure 155. S (Reset) 5|#l L h BH B R Reset SIMIEBEMNXR (Voo =5V)

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Vee = 5V

120

-40°C 25°C
100

85°C

80

(2]
o

Ireset (UA)

40 N
\

20 \

\

0 1 2 3 4 5 6
Vreser (V)

Figure 156. E1 (Reset) 5| L/ BPH B R M Reset SIMBEMNXR (Ve =2.7V)
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Figure 157. 1/0 S|ENRBERMBHBENRR (Ve = 5V)
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Figure 158. /O S|BNRE®BRMMH HBENRXR (Ve = 2.7V)
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Figure 159. /0O S|ENR®RMMHBENRR (Vo = 1.8V)
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Figure 160. 1/0O 5|BIR U BB M i BERI KX R (Ve = 5VY)
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Figure 161. /O 5| B R UK BB A %6 BB EERY R R (Ve = 2.7V)
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Figure 162. 1/0 SRR HEBERNRR (Ve = 1.8V)
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SRR EES Figure 163. 1/0 S|#l% AT IPBREBER Vo KR (V,y, VO SIBIEZHEESR 1Y)

I/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢c
VIH, 10 PIN READ AS '1'
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Figure 164. /0O S|## ATIBREBER Ve BIRXEK (V, /O IR EHER '0)
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Figure 165. S ATIRBER Voo %R (V,y, /0 SIENEZHEER 1)

RESET INPUT THRESHOLD VOLTAGE vs. Vcc
VIH, 10 PIN READ AS '1'
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Figure 166. S AIREBER Voo BIXFR (V,, 10 SIMIEEESR '0)
RESET INPUT THRESHOLD VOLTAGE vs. V¢
VIL, 10 PIN READ AS '0'
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Figure 167. S ASIHLERHM Voo X R

RESET PIN INPUT HYSTERESIS vs. V.
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Figure 169. BOD ["1REFREEMXR (BOD BFH 2.7V)
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Figure 171. BEFREBER Voo IR R

BANDGAP VOLTAGE vs. V¢
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Figure 172. Bl BRBEBREMARBENKR (V=5V)

ANALOG COMPARATOR OFFSET VOLTAGE vs. COMMON MODE VOLTAGE
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Figure 173. Bt RBREBBEMHEBENRR (Vc=2.7V)

ANALOG COMPARATOR OFFSET VOLTAGE vs. COMMON MODE VOLTAGE
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Figure 175. #5E 8 MHz RC iR ERMEEN KR

CALIBRATED 8 MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 176. #5%E 8 MHz RC X% 8831 M Voo X R

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. V.
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Figure 177. #5JE 8 MHz RC #&% 2891 £ M Osccal HEHIX R

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 178. BOD B V c X R

BROWNOUT DETECTOR CURRENT vs. V.
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Figure 179. ADC B35 V. B2 % (ADC # 50 kHz)

AREF vs. V¢
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Figure 180. Aref BBiHl V. BI%FK (ADC 7 1 MHz)
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Figure 181. BRI LLRBRBIRM Vo BIX R

ANALOG COMPARATOR CURRENT vs. V¢
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Figure 182. 4RZBRM Voo BIXRK
PROGRAMMING CURRENT vs. V¢
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SUBREEREMR Figure 183. S BHM Ve BIXFK (0.1-1.0 MHz , BERALE M LR BEM B )

RESET SUPPLY CURRENT vs. V¢
0.1 - 1.0 MHz, EXCLUDING CURRENT THROUGH THE RESET PULL-UP
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Figure 184. SIERM Vo AR (1-24 MHz , BIERELEN LR BHEMNETR )
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1- 24 MHz, EXCLUDING CURRENT THROUGH THE RESET PULL-UP

4.5

4 5.5V

35 5.0V

3 4.5V

25

lec (MA)

4.0V

15
3.3V

2.7V

0.5
—— | 18V

0 4 8 12 16 20 24
Frequency (MHz)

38 ATmega48/88/168 mu——————————————

2545D-AVR-07/04



E———————————ssssssmm A TMega48/88/168

Figure 185. SRk Voo HIRXR

RESET PULSE WIDTH vs. V¢
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Hauk B Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
(OXFF) RE - - - - - - - -

(OXFE) RE - - - - - - - -

(0XFD) RE = = = = = = = =

(0XFC) RE - - - - - - - -

(OxFB) RE = = = = = = = =

(0XFA) RE - - - - - - - -

(0xF9) RE - - - - - - - -

(0xF8) RE - - - - - - - -

(0xF7) RE = = = = = = = =

(0xF6) RE = = = = = = = =

(0xF5) RE - - - - - - - -

(0xF4) RE - - - - - - - -

(0xF3) RE - - - - - - - -

(0xF2) RE - - - - - - - -

(0xF1) RE = = = = = = = =

(0xFO) RE - - - - - - - -

(OXEF) RE = = = = = = = =

(0XEE) RE - - - - - - - -

(OxED) RE - - - - - - - -

(0XEC) RE - - - - - - - -

(0XEB) RE - - - - - - - -

(0XEA) RE = = = = = = = =

(0XE9) RE - - - - - - - -

(OxE8) RE - - - - - - - -

(0XE7) RE - - - - - - - -

(OXEB) RE - - - - - - - -

(0XE5) RE = = = = = = = =

(0xE4) RE - - - - - - - -

(OxE3) RE - - - - - - - -

(0xE2) RE - - - - - - - -

(OxE1) RE - - - - - - - -

(0XEO) RE = = = = = = = =

(0xDF) RE - - - - - - - -

(OxDE) RE = = = = = = = =

(0xDD) RE - - - - - - - -

(0xDC) RE - - - - - - - -

(0xDB) RE - - - - - - - -

(0xDA) RE - - - - - - - -

(0xD9) RE = = = = = = = =

(0xD8) RE - - - - - - - -

(0xD7) RE - - - - - - - -

(0xD6) RE - - - - - - - -

(0xD5) RE - - - - - - - -

(0xD4) RE = = = = = = = =

(0xD3) RE - - - - - - - -

(0xD2) RE = = = = = = = =

(0xD1) RE - - - - - - - -

(0xDO) RE - - - - - - - -

(0XCF) RE - - - - - - - -

(0xCE) RE - - - - - - - -

(0xCD) RE = = = = = = = =

(0xCC) RE - - - - - - - -

(0xCB) RE - - - - - - - -

(0xCA) RE - - - - - - - -

(0xC9) RE - - - - - - - -

(0xC8) RE = = = = = = = =

(0xC7) RE = = = = = = = =

(0xC6) UDRO USART I/O B 7% 167
(0xC5) UBRROH USART BERFERESN 172
(0xC4) UBRROL USART BB EHFHFHREMN 172
(0xC3) RE - - - - - - - -

(0xC2) UCSROC UMSELO1 UMSELO00 UPMO1 UPMO00 USBS0 UCSZ01 /UDORDO UCSZ00 / UCPHAD UCPOLO 171/183
(0xC1) UCSR0B RXCIEQ TXCIEQ UDRIEO RXENO TXENO uCsz02 RXB80 TXB80 170
(0xC0) UCSROA RXCO TXCO UDREQ FEO DORO UPEO U2X0 MPCMO 168
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My hk EH Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
(OxBF) RE - - - - - - - -

(0XBE) RE = = = = = = = =

(0xBD) TWAMR TWAM6 TWAM5 TWAM4 TWAM3 TWAM2 TWAM1 TWAMO - 195
(0xBC) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 193
(0xBB) TWDR MEBRTEARESESr 195
(0xBA) TWAR TWA6 TWA5 TWA4 TWA3 TWA2 TWA1 TWAO TWGCE 195
(0xB9) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPS0 194
(0xB8) TWBR WEBTEONESER 192
(0xB7) RE - - - - - - -

(0xB6) ASSR = EXCLK AS2 TCN2UB OCR2AUB OCR2BUB TCR2AUB TCR2BUB 138
(0xB5) RE - - - - - - - -

(0xB4) OCR2B ERER/ TR 2 M REESEB 135
(0xB3) OCR2A ERER/ITERER 2 MR EFER A 135
(0xB2) TCNT2 TERTEE / 1T HER 2(8 ¥ ) 135
(0xB1) TCCR2B FOC2A FOC28B - - WGM22 CS22 CSs21 €S20 134
(0xB0) TCCR2A COM2A1 COM2A0 COM2B1 COM2B0 = = WGM21 WGM20 131
(OXAF) RE - - - - - - - -

(OXAE) RE - - - - - - - -

(OxAD) RE = = = = = = = =

(0XAC) RE - - - - - - - -

(0XAB) RE - - - = = = = -

(0xAA) RE - - - - - - - -

(0xA9) RE - - - - - - - -

(0xA8) RE - - - - - - - -

(0xA7) RE = = = = = = = =

(0xA6) RE = = = = = = = =

(0xA5) RE - - - - - - - -

(0xA4) RE - - - - - - - -

(0xA3) RE - - - - - - - -

(0xA2) RE - - - - - - - -

(0xA1) RE = = = = = = = =

(0xA0) RE - - - - - - - -

(Ox9F) RE = = = = = = = =

(Ox9E) RE - - - - - - - -

(0x9D) RE - - - - - - - -

(0x9C) RE - - - - - - - -

(0x9B) RE - - - - - - - -

(0x9A) RE = = = = = = = =

(0x99) RE - - - - - - - -

(0x98) RE - - - - - - - -

(0x97) RE - - - - - - - -

(0x96) RE - - - - - - - -

(0x95) RE = = = = = = = =

(0x94) RE - - - - - - - -

(0x93) RE - - - - - - - -

(0x92) RE - - - - - - - -

(0x91) RE - - - - - - - -

(0x90) RE = = = = = = = =

(0x8F) RE - - - - - - - -

(0X8E) RE - - - = = = = -

(0x8D) RE - - - - - - - -

(0x8C) RE - - - - - - - -

(0x8B) OCR1BH ERE/ BB 1 AHERSERBEFT 119
(0x8A) OCR1BL TERER /1T HER 1 R FFR B EFT 119
(0x89) OCR1AH ENER /BB 1 AHEREERASFEY 118
(0x88) OCR1AL ERER/ THRER 1 MR EFR ARFEY 118
(0x87) ICR1H ENE/ BB 1 HARRSERESFT 119
(0x86) ICRI1L ERE/ T RB 1 AARRSEREFT 119
(0x85) TCNT1H ERER /TSR 1 T BERSERSFT 118
(0x84) TCNTIL TERTEE /T HEE 1 T BB EERETT 118
(0x83) RE - - - - - - - -

(0x82) TCCR1C FOC1A FOC1B = = = = = = 118
(0x81) TCCR1B ICNC1 ICES1 = WGM13 WGM12 Cs12 CS11 Cs10 117
(0x80) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0 = = WGM11 WGM10 115
(0X7F) DIDR1 = = = = = = AIN1D AINOD 217
(0X7E) DIDRO — — ADCED ADC4D ADC3D ADC2D ADC1D ADCOD 232
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My hk 2% Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
(0x7D) RE - - - - - - - -
(0x7C) ADMUX REFS1 REFS0 ADLAR = MUX3 MUX2 MUX1 MUX0 228
(0x7B) ADCSRB = ACME = = = ADTS2 ADTS1 ADTSO 231
(0x7A) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 229
(0x79) ADCH ADC BEBZFEETY 230
(0x78) ADCL ADC BEHFREFT 230
(0x77) RE - - - - - - - -
(0x76) RE - - - - - - - -
(0x75) RE - - - - - - - -
(0x74) RE - - - - - - - -
(0x73) RE - - - - - - - -
(0x72) RE - - - - - - - -
(0x71) RE - - - - - - - -
(0x70) TIMSK2 = = - = = OCIE2B OCIE2A TOIE2 136
(Ox6F) TIMSK1 = = ICIE1 = = OCIE1B OCIE1A TOIE1 119
(0X6E) TIMSKO = = = = = OCIEOB OCIEOA TOIEO 93
(0x6D) PCMSK2 PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16 79
(0X6C) PCMSK1 = PCINT14 PCINT13 PCINT12 PCINT11 PCINT10 PCINT9 PCINT8 79
(0x6B) PCMSKO PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINTO 79
(0x6A) RE - - - - - - - -
(0x69) EICRA = = = = ISC11 ISC10 ISCO1 1SC00 76
(0x68) PCICR = = = = = PCIE2 PCIE1 PCIEQ
(0x67) RE - - - - - - - -
(0x66) OSCCAL A okea 28
(0x65) RE - - - - - - - -
(0x64) PRR PRTWI PRTIM2 PRTIMO = PRTIM1 PRSPI PRUSARTO PRADC 34
(0x63) RE - - - - - - - -
(0x62) RE - - - - - - - -
(0x61) CLKPR CLKPCE = = = CLKPS3 CLKPS2 CLKPS1 CLKPSO 30
(0x60) WDTCSR WDIF WDIE WDP3 WDCE WDE WDP2 WDP1 WDPO 46
0x3F (0X5F) SREG I T H S v N z [9 8
Ox3E (0X5E) SPH - - - - - (SP10) * SP9 SP8 10
0x3D (0x5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 10
0x3C (0x5C) RE - - - - - - - -
0x3B (0x5B) RE - - - - - - - -
0x3A (0x5A) RE - - - - - - - -
0x39 (0x59) RE - - - - - - - -
0x38 (0x58) RE - - - - - - - -
0x37 (0x57) SPMCSR SPMIE (RWWSB)® = (RWWSRE)® BLBSET PGWRT PGERS SELFPRGEN 244
0x36 (0x56) RE - - - - - - - -
0x35 (0x55) MCUCR = = = PUD = = IVSEL IVCE
0x34 (0x54) MCUSR = = = = WDRF BORF EXTRF PORF
0x33 (0x53) SMCR = = = = SM2 SM1 SM0 SE 32
0x32 (0x52) RE - - - - - - - -
0x31 (0x51) MONDR = = = = = = = =
0x30 (0x50) ACSR ACD ACBG ACO ACl ACIE ACIC ACIS1 ACISO 215
Ox2F (0x4F) RE - - - - - - - -
Ox2E (0x4E) SPDR SPI BEH 78 148
0x2D (0x4D) SPSR SPIF WCOL = = = = = SPI2X 148
0x2C (0x4C) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 146
0x2B (0x4B) GPIOR2 EA I/0 F1FEs 2 21
0x2A (0x4A) GPIOR1 BA O B 21
0x29 (0x49) R - - - [ - - - - -
0x28 (0x48) OCROB TERYER / THERER O M LR & 7R B
0x27 (0x47) OCROA ENSE/ THRFOREERTERA
0x26 (0x46) TCNTO TEBTER / THERER 08 1)
0x25 (0x45) TCCROB FOCOA FOCOB = = WGMO02 CS02 CS01 CS00
0x24 (0x44) TCCROA COMOA1 COMOAO COMOB1 COMOBO = = WGMO1 WGMO00
0x23 (0x43) GTCCR TSM = = = = = PSRASY PSRSYNC 95/140
0x22 (0x42) EEARH (EEPROM it BF#EEFH ) > 17
0x21 (0x41) EEARL EEPROM it 31t 7 8K F 17 17
0x20 (0x40) EEDR EEPROM #1255 1788 17
0x1F (0x3F) EECR = = EEPM1 | EEPMO EERIE EEMPE EEPE EERE 17
0x1E (0x3E) GPIOR0 EA IO BEE0 21
0x1D (0x3D) EIMSK = = = = = = INT1 INTO 77
0x1C (0x3C) EIFR = = = = = = INTF1 INTFO 77
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bk 28 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
0x1B (0x3B) PCIFR — — — — — PCIF2 PCIF1 PCIFO
0x1A (0x3A) RE - - - - - - - -
0x19 (0x39) RE = = = = = = = =
0x18 (0x38) RE - - - - - - - -
0x17 (0x37) TIFR2 - - - - - OCF2B OCF2A TOV2 136
0x16 (0x36) TIFR1 - - ICF1 - - OCF1B OCF1A TOV1 120
0x15 (0x35) TIFRO - - - - - OCFO0B OCFO0A TOVO
0x14 (0x34) R = = = = = = = =
0x13 (0x33) RE - - - - - - - -
0x12 (0x32) RE - - - - - - - -
0x11 (0x31) RE - - - - - - - -
0x10 (0x30) RE - - - - - - - -
0xOF (0x2F) wRE - - - - - - - -
0xOE (0x2E) RE - - - - - - - -
0x0D (0x2D) RE - - - - - - - -
0x0C (0x2C) RE - - - - - - - -
0x0B (0x2B) PORTD PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 75
0x0A (0x2A) DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 75
0x09 (0x29) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 75
0x08 (0x28) PORTC — PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTC1 PORTCO 75
0x07 (0x27) DDRC - DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO 75
0x06 (0x26) PINC - PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 75
0x05 (0x25) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 75
0x04 (0x24) DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 75
0x03 (0x23) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 75
0x02 (0x22) RE - - - - - - - -
0x01 (0x21) wRE - - - - - - - -
0x0 (0x20) RE - - - - - - - -
Note: 1. A THRRMIEZRE , MRFERBUNIZES "0°. REM /O ot FAIUE A,
2. @i SBI Ml CBI S AT EEEXI sk ) 0x00 - Ox1F B9 1/O B EESH TN I ut, EXEFFHRP , 2 MINERLUES SBIS Al
SBIC R &#,
3. —HRBFETUBIEABE"1"XRKEE, EEITENE , FTETASHHEAMYAVR ,CBIF SBI TR —E4FHRMNEMR ,
AT LAY AR B EFR S M B E 2R 3 1TIRYE, CBI 1 SBI #55 W EARSERE RAER ik M 0x00 - Ox1F M EF 1288,
4. HERBENIORERSINFMOUTES , M0X00 - OX3FR /Ot it &3 A, EALD MSTH S A UBIRIEL BRI T | —#E X
I/O F1EEFHTIT U | XA ERMiE 0x20 . ATmegad8/88/168 BR—HAEELHE RE L TN ERNMAESS | AUUER
64 fIfY IN Fl OUT #8%. SRAM H#y 0x60 - OxFF ittt fE R B 1/0O A , RE ST/STS/STD # LD/LDS/LDD " .
5. A3 ATmega88/168 B,
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AIMEL

| EY | BB L B R | #EEH
NARMBEES
ADD Rd, Rr TR Rd « Rd +Rr ZCNVH 1
ADC Rd, Rr R IR Rd« Rd+Rr+C Z,CN,VH 1
ADIW Rdl,K MBS FAAM Rdh:Rdl < Rdh:Rdl + K Z,CNV,S 2
SuUB Rd, Rr FTRALRE Rd « Rd - Rr Z,CN,VH 1
SUBI Rd, K BILENE Rd « Rd-K Z,CNVH 1
SBC Rd, Rr AR Rd <« Rd-Rr-C ZCNVH 1
SBCI Rd, K i A L BB Rd < Rd-K-C Z,CN,VH 1
SBIW Rdl,K MF R B Rdh:Rdl < Rdh:Rdl - K ZCNV,S 2
AND Rd, Rr BH5 Rd « Rd e Rr ZNV 1
ANDI Rd, K SUBNBESRE Rd « Rd e K ZNV 1
OR Rd, Rr BER Rd « Rd v Rr ZNV 1
ORI Rd, K SUBBMSERIRE Rd « RdVvK ZNV 1
EOR Rd, Rr FHR Rd « Rd @ Rr ZNV 1
COM Rd 1 BI#NG Rd « OxFF — Rd Z,CNV 1
NEG Rd 2 fANB Rd « 0x00 - Rd Z,CNVH 1
SBR Rd,K REBHFRNHM Rd « RdvK ZN,V 1
CBR Rd,K SERES Rd « Rd  (OXFF - K) ZNV 1
INC Rd n—RE Rd « Rd +1 ZNV 1
DEC Rd B—BE Rd « Rd -1 ZNV 1
TST Rd ARRBFHERR Rd < Rd ¢ Rd ZNV 1
CLR Rd FEHREE Rd « Rd ® Rd ZNV 1
SER Rd FEREM Rd « OxFF None 1
MUL Rd, Rr THESBTRE R1:RO « Rd x Rr Z,C 2
MULS Rd, Rr BHSBTEE R1:R0 < Rd x Rr z,C 2
MULSU Rd, Rr BERSBRETHBHRE R1:RO « Rd x Rr z,Cc 2
FMUL Rd, Rr THSNBRE R1:R0 « (Rd x Rr) << 1 z,C 2
FMULS Rd, Rr RS MEFE R1:R0 « (RdxRr) << 1 z,c 2
EMULSU Rd,Rr ERSIMSRES I TRE R1:RO < (RdxRn) << 1 ZC 2
MBS
RJMP k A B PC«PC+k +1 None 2
1JMP BEBEER (2) PC«Z None 2
JMP™ k Bt PC <« k None 3
RCALL k N FEFEA PC < PC+k+1 None 3
ICALL BERA (2) PC«Z None 3
CALL™ k ARATER PC <k None 4
RET FRFERE PC « STACK None 4
RETI PR E PC « STACK I 4
CPSE Rd,Rr BB, BEURS T —RES if (Rd=Rr) PC« PC+2o0r3 None 1/2/3
cP Rd,Rr i Rd - Rr Z,N,V,.CH 1
CcPC Rd,Rr AR Rd-Rr-C Z,N,V,.CH 1
CPI Rd,K SUERER Rd - K Z,N,V,.CH 1
SBRC Rr, b FrERRUR "0 MBS T—RES if (Rr(b)=0) PC <~ PC + 2 or 3 None 1/2/3
SBRS Rr, b FEHELR "1 UBE T —KIES if (Rr(b)=1) PC <~ PC +20r 3 None 1/2/3
SBIC P,b /0 HEHJ/UN " MBI FT—RES if (P(b)=0) PC <~ PC +20r3 None 1/2/3
SBIS P, b /0 HFEFHFMH "1 MBS T —FKigS if (P(b)=1) PC < PC +20r3 None 1/2/3
BRBS s, k RESHESRUN "1 WL FT—KIED if (SREG(s) = 1) then PC«PC+k + 1 None 12
BRBC s, k REFHERUN "0 WL F—KES if (SREG(s) = 0) then PC<PC+k + 1 None 12
BREQ K LIS if Z=1)then PC « PC+k +1 None 12
BRNE k EEE R if (Z=0) then PC < PC +k +1 None 12
BRCS k AR "1 Mgk if (C = 1) then PC < PC + k + 1 None 1/2
BRCC k FALAIA 0" MBkEE if (C = 0) then PC « PC + k + 1 None 12
BRSH k RTFRE TRk S if (C=0) then PC « PC +k + 1 None 1/2
BRLO k NF I BkEE if (C = 1) then PC « PC + k + 1 None 12
BRMI k SUl Bk if (N= 1) then PC « PC + k + 1 None 12
BRPL k ENs if (N = 0) then PC « PC + k + 1 None 12
BRGE k EHSBATRET RS if (N @ V=0) then PC <~ PC + k + 1 None 12
BRLT k BEHSHRAN B if (N @® V= 1) then PC < PC + k + 1 None 1/2
BRHS k SR "1 MRk if (H=1) then PC « PC + k + 1 None 12
BRHC k AR 0" NIBkE if (H = 0) then PC « PC + k + 1 None 12
BRTS k T35 " Bk if (T=1)then PC« PC+k +1 None 12
BRTC k TR0 Mgks if (T =0) then PC < PC +k +1 None 12
BRVS k RHFRER "1 MRk if (V= 1) then PC «— PC +k + 1 None 1/2
314 ATmega48/88/168 m—————————————
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s BREHR e wiE & # B
LBRYC 4 B0 Bk EE =) then PC PC k4l None 1/2
BRIE k o A5 B U Bk if (1= 1) then PC «— PC +k + 1 None 12
BRID k Ll if (1=0)then PC « PC +k + 1 None 12
RN RES
SBI P,b I/0 FiFR BN 1/O(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 BEAB Rd(n) < Rd(n+1), Rd(7) « 0 Z,CNV 1
ROL Rd HHABERER Rd(0)«-C,Rd(n+1)« Rd(n),C<Rd(7) Z,CNV 1
ROR Rd HHUBERER Rd(7)«C,Rd(n)< Rd(n+1),C<Rd(0) Z,CNV 1
ASR Rd BEREB Rd(n) < Rd(n+1), n=0..6 ZCNV 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 BEEE SREG(s) « 0 SREG(s) 1
BST Rr, b NEFBRTURA T T « Rr(b) T 1
BLD Rd, b BT RATFHRN Rd(b) « T None 1
SEC A B A Ce1 c 1
CLC HUNEE C«0 C 1
SEN SRR B L N« 1 N 1
CLN SHFRENES N« N 1
SEZ TR B Z1 z 1
CcLZ EHREMNES Z«0 z 1
SEI £ R PHfERE 1< 1 | 1
CLI 2RPMER 1<0 | 1
SES BHENRFEL BN S« 1 S 1
CLS HENRGFEMLEE S«0 S 1
SEV 2 ANB G HiRE B Vet \ 1
CLV 2 ABREFRTER V<o \Y 1
SET SREG K T By T 1 T 1
CLT SREGH TES T«0 T 1
SEH SREG Ky ¥ iRE B L He1 H 1
CLH SREG W ¥#UKREEE H<« 0 H 1
BiEGsES
MOV Rd, Rr FiEREEH Rd « Rr None 1
MOVW Rd, Rr SHEFEHRT Rd+1:Rd < Rr+1:Rr None 1
LDI Rd, K nEk Sz g Rd « K None 1
LD Rd, X g A EF U kiR Rd « (X) None 2
LD Rd, X+ MEEEIUTE , REun— Rd « (X), X « X+ 1 None 2
LD Rd, - X 3R — ISR A 5 AR X X-1,Rd « (X) None 2
LD Rd, Y MRAEITUHE Rd « (Y) None 2
LD Rd, Y+ nEEEIUKE , KEun— Rd« (Y),Y<Y+1 None 2
LD Rd,-Y bR — B INER B T kg Y« Y-1,Rd«(Y) None 2
LDD Rd,Y+q MEF R RN EES 2R Rd « (Y +q) None 2
LD Rd, Z g A ST U kiR Rd « (2) None 2
LD Rd, Z+ MEEEIUTE , REun— Rd « (2), Z « Z+1 None 2
LD Rd, -Z bR — S INER B T kg Z«Z-1,Rd«(2) None 2
LDD Rd, Z+q MEH R RN EES U R Rd« (Z+q) None 2
LDS Rd, k M SRAM higk sz Rd « (k) None 2
ST X, Rr HEES a5 X FEKRE (X) < Rr None 2
ST X+, Rr DEEI A RIEERE | REbuthn— (X) < Rr, X« X+ 1 None 2
ST -X,Rr At — B AR ES u H R EFR R X X-1,(X) «Rr None 2
ST Y, Rr gk E S I E (Y) < Rr None 2
ST Y+, Rr nEEEIUKE , REum— (Y)«< R, Y<Y+1 None 2
ST -Y,Rr kR — 5 DO A S ut g Y<Y-1,(Y)«<Rr None 2
STD Y+q,Rr e RS RN RES U R (Y +q)«Rr None 2
ST Z,Rr g A EF U kiR (Z) < Rr None 2
ST Z+, Rr MEEEIUTE , REun— (Z)«Rr,Z«Z+1 None 2
ST -Z,Rr HyAEE — S INER BT kg Z«Z-1,(Z)«<Rr None 2
STD Z+q,Rr MEH RS RN EES 0 RE (Z+q)«Rr None 2
STS k, Rr M SRAM i #E (k) < Rr None 2
LPM DR N i RO « (2) None 3
LPM Rd, Z IERFZE RN BE Rd « (2) None 3
LPM Rd, Z+ NERFEANKE , AR N— Rd « (2), Z « Z+1 None 3
SPM REEFZRNKE (Z) < R1:RO None -
IN Rd, P M0 O gk Rd « P None 1

2545D-AVR-07/04
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s BRER HEA B & # B
ouT P, Rr #1/0 wnmE R P <« Rr None 1
pUSH Rr EggsEas SIACKC R None 2
POP Rd FH R R Rd « STACK None 2
MCU 45
NOP =RE None 1
SLEEP REE (see specific descr. for Sleep function) None 1
WDR SENEINH (see specific descr. for WDR/timer) None 1
BREAK I For On-chip Debug Only None N/A
Note: 1. XS RI ATmega168 .
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FmiEE
ATmega48
B (MHz) PR BIR RS ESE I4BE
ATmega48V-10Al 32A
ATmega48V-10PI 28P3
10® 18.55 ATmega48V-10MI 32M1-A Tub 4R
ATmega48V-10AJ? 32A (-40°C - 85°C)
ATmega48V-10PJ? 28P3
ATmega48V-10MJ? 32M1-A
ATmega48-20Al 32A
ATmega48-20P| 28P3
20 07 .55 ATmega48-20MI 32M1-A Tk
ATmega48-20AJ? 32A (-40°C - 85°C)
ATmega48-20PJ? 28P3
ATmega48-20MJ®@ 32M1-A

Note: 1. FmtEA A wafer WEXRHE , THESATURKIEREFS Atmel i HEIKRK,

2. WETHBEE,
3. &M P 278 Figure 131 5 P 278 Figure 132 ,

HEEekn
32A 32-5l% , & (1.0 mm) , TQFP 2
28P3 28- 8|4 , 0.300” 3 , PDIP 3%
32M1-A 32- 2% | 5x5x1.0mm K/, &8 0.50 mm , MLF 3

A mEl% 317
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ATmega88
I {EEE (MH2) B R EHS i IHRERE

ATmega88V-10Al 32A
ATmega88V-10PI 28P3

10® 18.55 ATmega88V-10MI 32M1-A Tl
ATmega88V-10AJ? 32A (-40°C - 85°C)
ATmega88V-10PJ? 28P3
ATmega88V-10MJ? 32M1-A
ATmega88-20Al 32A
ATmega88-20P| 28P3

20 07 .55 ATmega88-20MI 32M1-A Tl
ATmega88-20AJ®@ 32A (-40°C - 85°C)
ATmega88-20PJ? 28P3
ATmega88-20MJ®@ 32M1-A

Note: 1. F=mtb AL wafer WHERNIRM |, ITHREEATURKR/NEREIFS Atmel Hib VKR,

2. WMETHEE,
3. &M P 278 Figure 131 5 P 278 Figure 132 ,

Eapsdicl
32A 32-5|4% , ¥ (1.0 mm) , TQFP %
28P3 28- 5|4 , 0.300" 3 , PDIP %
32M1-A 32-J2% | 5x5x1.0mm K/, &8 0.50 mm , MLF &
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ATmega168
I {EEE (MH2) B R EHS i IHRERE

ATmega168V-10Al 32A
ATmega168V-10PI 28P3

10® 18.55 ATmega168V-10MI 32M1-A Tl
ATmega168V-10AJ@ 32A (-40°C - 85°C)
ATmega168V-10PJ® 28P3
ATmega168V-10MJ?@ 32M1-A
ATmega168-20Al 32A
ATmega168-20P| 28P3

24 07 .55 ATmega168-20MI 32M1-A Tl
ATmega168-20AJ®? 32A (-40°C - 85°C)
ATmega168-20PJ? 28P3
ATmega168-20MJ®? 32M1-A

Note: 1. F=mtb AL wafer WHERNIRM |, ITHREEATURKR/NEREIFS Atmel Hib VKR,

2. WMETHEE,
3. & P 278 Figure 131 5 P 278 Figure 132,

Eapsdicl
32A 32-5|4% , ¥ (1.0 mm) , TQFP %
28P3 28- 5|4 , 0.300" 3 , PDIP %
32M1-A 32-J2% | 5x5x1.0mm K/, &8 0.50 mm , MLF &
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HHER

32A

N AT NTRVAART A AR |
PIN1— =
- =
= PIN 1 IDENTIFIER = B
= = |
ey :% %: E1 E
= =
UIOUODoUUny  oyuoowuooy

- D —
C 0°~7° V V
%A/HWWWWWWW\X\WWWHWWHW ! i
AlJ‘ A2 ALA

N

- L

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 8.75 9.00 9.25
D1 6.90 7.00 7.10 Note 2
E 8.75 9.00 9.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ABA.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable El 6.90 7.00 7.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 — 0.45
plastic body size dimensions including mold mismatch. c 0.09 020
3. Lead coplanarity is 0.10 mm maximum. : — :
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
TITLE DRAWING NO. [REW.

‘ImEI, 2825 Orchard Parkway 32A, 32-lead, 7 x 7 mm Body Size, 1.0 mm Body Thickness,
Y (

32A
> San Jose, CA 95131 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP) B

320  ATmega48/88/168 mu——————————————
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28P3

11 A1 r1rrrlr [

5 prE

El

| I I B B A | LJ

A
+
SEATING PLANE; I
LAl
‘ ‘ —— <—BZ
F’ ’ —— (4 PLACES)
e
[ H\
COMMON DIMENSIONS
\ / 150 REF (Unit of Measure = mm)
C g N
- SYMBOL| MIN NOM MAX | NOTE
‘417 eB 4% A — — 4.5724
Al 0.508 — -
34.544 - 34.798 | Note 1
7.620 - 8.255
El 7.112 - 7.493 |Note 1
B 0.381 - 0.533
Note: 1. Dimensions D and E1 do not include mold Flash or Protrusion. B1 1143 — 1.397
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). B2 0.762 — 1.143
L 3.175 — 3.429
C 0.203 - 0.356
eB - - 10.160
e 2540 TYP
09/28/01
TITLE DRAWING NO. [REW.
AIMEL 2325 Orchard Parkway | »gp3 98 lead (0.30077.62 mm Wide) Plastic Dual 28P3 5
s San Jose, CA 95131 Inline Package (PD|p)

2545D-AVR-07/04
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32M1-A

AIMEL

\—Pin 11D

74

TOP VIEW

EE

SIDE VIEW

HEENENEEREENENE]

e
[PH [
COMMON DIMENSIONS
‘ (Unit of Measure = mm)
Pin 11D
L U U U U U U .J,>< SYMBOL| MIN | NOM | MAX | NOTE
?] = — A 0.80 0.90 1.00
) — 2 : : :
— — 3 Al - 0.02 0.05
— - A2 - 0.65 1.00
— =
= pu A3 0.20 REF
— — b 018 | 023 | 030
— :A 5.00 BSC
E_.‘ L, 4.‘ L_E D2 295 | 310 | 325
E 5.00 BSC
BOTTOM VIEW - P
E2 205 | 310 | 325
e 0.50 BSC
L 0.30 0.40 0.50
. . . P - - 0.60
Notes: 1. JEDEC Standard MO-220, Fig. 2 (Anvil Singulation), VHHD-2. 5
(S} - - 12
01/15/03
TITLE DRAWING NO. |REV.
‘ImEl, 2325 Orchard Parkway | 5o)19 32-pad, 5 x 5 x 1.0 mm Body, Lead Pitch 0.50 mm 39M1-A C
e San Jose, CA 95131 Micro Lead Frame Package (MLF)
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ATmega48 BiR TR

Rev A

2545D-AVR-07/04

AT HMRAS S ATmegad8 BRHFHIRASHEE.

s ERRRERREEERER

- BNAENFRPMEA

+ BIREZEELHEES

« BRI BEE R BERE TS
s FREARRSRGRTE

1. ERERRERREEESER
HBREEET 2.7 VB BIRBRH EEPROM it 3R EE S 0x00 , M F 2 OxFF.
BRRFTE

MREFEBRRBEZEHTRBE  BEAELSRE , BEN OxFF, XEHFHFTHR
FEEBRNEN, EEAER TERERREBN,

2. BNRENSRPIHEA
FERTAY R DR B WA E &V E R 38 PR SR AR , BIIAREER , Bl
RS BAERR. XREPMEXP LI, IRFETRAEENEVER , THESE]
EHEE— il , SR ITHEER,

BREE
FRIEEHFNENREHENEERBNEALEN —XEH, SRBEE-IPEBK
7% B H .

3. RIEEFNELREERS
HEANBRRN B EAMLEHEES 2 K. XMERREEMREN KT, M=
BENNRELIE, SASHREMS , XRARMNBEPRIOER , B F
HZM, RESEAW 32 kHz B8 & R X fE 57 & IRt 25154
BRTTE :
& Foo

4. EENBHENEEEINIES
HEEXT | Yo NE RC SRR BRI TS H 10 12,
BRI -
EHoEN TE AP 5h,

5. EREARFRSRGETE
HEARBEXRNFRIIERZRTF. XFSFBIERM,
BRTTE :

EHARERAGFHREILFIERR.
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ATmega88 BiiR & EFHIRAE S5 ATmegass S IRA S MR,
Rev. A « RERERFHITH EEPROM HERHE
s EURRETSSER
1. EBENFHITHN EEPROM HE#RE
REBERNTHITHN EEPROM BB,
R -
%t EEPROM BAR 8 ERETF 4.5 V.
£ rev. B HER.
2. SEUNREHsoER
HAPBEMLRSIL T —HEFRRSHELHAESENES , REHFs2BAENEMR
o RERE DRI E IR ATRIE AL 10 ns KART ; BX 10 ns H UERS
RO M. HFM4NRENTAREN , ZOBEEEZEN ; EETEXTERE
wegkE, UAT=ZRERLSBRHEHAEVRSEENERKE,
-EERMRXENEN  BEZRENREEE - IRENSIERN 10ns EALRSH
-EUERT RGNS MEZTH 10 ns FHI ,
- IR SPI mEEXN=ENNBELES 2 EXTIER.
BAMERHAEEENREEXT K MEZMBERARLHAEREEXT,
R -
RERIERABE-NEWRTEEHIAE -—MER. BEEANBEMHE , MAERERER
BHEF AR, SRIEENM T
FERARSNGMOMBAEEE_—MBERNEE,
;ﬁ;ﬁ’%}ﬂﬂéﬁ%%Wéﬁuﬁﬁiﬁﬂ#ﬁio BYEFERANNEI RC A FHREMEBNRK
ERHEEEEMRE , FEXA , BEHFBRIA#R,
3224  ATmega48/88/168 me—————————
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ATmega168 RiIiR TR

Rev. A

2545D-AVR-07/04

AT HMRAS S ATmega168 BRI IRASHE,

« BREBEERRLAESR
c EUNRERSSER

1.

BREER R HESR
HHERT 2.7 VA, RETEBRIZERRA EEPROM £ jTisk H{E N 0x00,
BREE

EREBRIRERLIMNIE EEPROM 25 | EEZMEE A OxFF, it  ER/EE
AIAITTRINER, B EERE TRE IR ERTLBEMSHREE,

SURRERS 2ER

HNREMRSNL T —HRHFRSHEHANENES , FEHS2BEEN EMLR
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