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- 6 HEEIRIE : ZREN. ADC REMHER, FBKRK, EBRK,. Standby BASK

¥ B/ Standby EX
— TTBUEE SRt 1T R 4R A0 R i Sl R
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ATmega103 5
ATmegal128 R4

ATmega103 #EER

AIMEL

AVR AZEBEFENETEN 32 MNEAIETEFR. MENSFEFRHERSEEET
(ALU) HBiEH |, EE—FESTUE - ABARR B RBMNLLN T FR. XS
HARRSTRBHEE  ARERLEENERESTEMLERS 10 SHHREFLE,

ATmega128 EE M T4 R : 128K F T RAERN T4 TE Flash( EBES K2 Ak o] Uik
BEES , Bl RWW), 4K EF# EEPROM, 4K F¥# SRAM, 53 /NEMA I/0 O%. 32
MNEAIEFERS. ER4 RTC, 4 MNRIFNEBLRERNHN PWM hEERN ERSES / 1T
e (T/C). W/ USART, EEFTHALIED TWI, 8iBi& 10 i ADC( EB LM AT
ImIEER ). EEFNIRHSNTRESNMERSS. SPI #£1TwAO,. 5 IEEE 11491 M
SERAM JTAG MiRED (WLEORBMERLATH LFR ) , URATITLUES SR Hi%
BHEBER, ZREX CPUELLTHE , @ SRAM, T/C, SPIikOMRK Pl RS
T4, EEEXNRERZERFELEIETS , FTEERTFHNE4SENZABELT
1 FESNARN —ERE AR RS ENSBHREET  UATAF45NEER
AR E Mo AL TREERIRA ; ADC @S #1411 X et CPU MATER 1/0 #EHRELE
B1T , MFSEREM ADC KE T , SURA ADC HRIRISHFF X ; Standby X
% e THEMEME 2 ER | FESGEERDNER  ANEGREZsEED ; i
& Standby RN Ao #55% 25 M 725 E AT 8RR 42 T1E,

BEHRUAmel WEEBEEZRMRNTFEREFTN. FH ISP Flash ATLUEN SPI #0O.
BERRRESR  ScISEFZREE. SISEFIUEAEAZEOXRTERNARFEINA
FlashZf#85 . £ 7N A Flash 24% 8584 5| § Flash X (9 R2 R K 481E 1T , SRTLRWW R4k,
BEXFF 8 fI RISC CPU SRZEHNW4RIZEM Flash ERE—NEHFAN , ATmegal128 HiF
Z|MARNBEHNARMT REMEXETN TR,

ATmega128 AVREEBEMNHRIE BECHIESR , Blk  BFAIHSE/FESNITME
o

ATmega128 2— MREEZMMAERS HI/OKB N AVRIESEFTREN 64 M 1/0 KR
. FTREX ATmega103 HIFREM , ATmega103 # 1/0 1B ATmega128 8% T
RE . ZHORME /0 LTI B/ 1/0 =8 $60 Z) $FF ( Bz F ATmega103 B9 A58 RAM
Z20E) ) XLt ut AT LB #§ 5 LD/LDS/LDD M ST/STS/STD KifA , A= IN/OUT 3§
To WTF ATmega103 AFME , AE RAM TEEERNEE, A, AT PHEERE
n, BRFERATE u ATEERANEIE, 7T HRXLERE , ATmega128 RE T —
MNBE LA M103C, BB L 4RTE IS R AT BAE ATmega128 T4EF ATmega103 RBER,
LB /0 ZR AR , MAE RAM [EF 5 ATmega103 BV —H, R BEH
WEEHEECE T,

ATmega128 HZ Z B 5 ATmega103 5|fIF# %A , ATLA#E PCB LEUX ATmega103. A F
ft “Replacing ATmega103 by ATmega128” #¥ 44 iF AP E A ATmegal128 HUfX
ATmega103 BN EEXEM# S,

BYmBEBLM M103C, A RAM, 1/O SIHIMF R EENAE ATmegal28 F5
ATmega103 ##%%A. B2 , ATmega128 N — LGNt MTEFER T, WTFIR :

RFT—NUSART, MERXHERFTER., BERFFHRIAERSUTA,
RE-NMNMWERES/ITHEE B REES MARFEMN 6L ERES/ITERES,
=ENMNEREEFR.

AXEFHLEOD,

w0 C ReetwH,

WO G RecAME —Thee , mMAEEEREMA /0 iw 0,

WO F REERMA , MABEMER ADC BVEDUH A SI#,

FX#oISRFIEE

THEB AT B A RC &% 2R,

4 ATmega128 |
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SIBEEA
vce

GND

i 0 A(PA7..PAO)

i O B(PB7..PBO)

# 0 C(PC7..PCO)

# 0 D(PD7..PDO)

# 0 E(PE7..PEO)

i O F(PF7..PFO)
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ASBIFEEEREO T EBRBUEA — Ntk SIEMER B 110 , B8R A TR AIE
figR it XA ET BN EFEH.
THEHNABNE ATmega128 EFHRA ATmega103 :
£ MCUCSR E R & EXTRF # PORF,
WEEIRENEIEERFER,
AEBHRTSIHD 3 - 0 REEER B T,
USART % & FIFO &85,
EEREP , ATmegal03 & EEMAK /0 BIiZE 0.

HF R BIR,
o

WO AR 8NGO O, FERURENALE LB, EfhEHRERNMERE
$E TR AR R ERR . EA AR , HNES LR BfEAERE , MmO ERER
BAREFREER. EMRERKEOARNZS.

w0 A AT LR ME MR RSN , ES A P68,
WO B A 8UMME /OO, FERARENALE LB, EfhE R ERNAERE

1 TR AR KRR, EARAGERR , HEREP LR BEMERE , Mis O ERER
BAMRE R EER. EMNRERKEOB =S

w0 B LAl AR ME MR RSN , ES A P69,
WO C N8N I/00 , #ERARENAI LA B, HfbE PR BRI

$E TR AR RERR . EARAGERR , HERES LR BfEMERE , Mis O ERER
BRI REER. EMRERKED CA=ZS.

w0 C th Al LA A MEM TR RIIEE , 5SS A P 72, # ATmega103 REEKXT , i
ACReeErmt , MAEEMNRERNFR=ZS.

WO D78 M@ /O A, AEBWYRERAER EH B, Hfa &R E RN
$E TRV AR RERR . EA AR , HEREP LR BfEMERE , MmO ERER
BAMKE R EER. EMRERKEDD A=

im0 D AT AR E TR ERRERINEE , FS A P 73,
WO E N 8@ /OO, FERARENALE LB, EftE R ERNAERE

1 TR AR R R, EARAGERR , HEREP LRI BfEMERE , Mis O ERER
BRI FREER,. EMRERMKEOERNZE.

w0 E Al LA MEM TR SHRINE , ESA P75,

i O F 39 ADC RAE LI 5 A S| #,

WERTERN ADC BRI A |, im0 F AILUEN 8 (U@ 1/0 O , AEBARmENAE L
PEaPH, HiaHERREANMHRS N | ATEHMRB KRR, EREAERRN,
HNEP LA EEAERE | s QSRR AR A HER. EMRERKO F =T
MRMERET JTAG #0 , NS KLERSIM PF7(TDI). PF5(TMS) # PF4(TCK) Ky Lz
EBRE fERE .

WO F Al BMER JTAG #0,
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w0 G(PG4..PGO)

RESET

XTALA1
XTAL2

AVCC

AREF

PEN

56+

AIMEL

£ ATmega103 RAERT , w0 F ReetERm A S,

WO G A5 UNME IO O, FEAAREN NI LA BEPE, S PR BRI
B AU AR R ERSR . EA AR , BN EP LRI BEAERE | Mk O ERER
BRhMER R BER. EARERKD G A=

w0 Gt A SR M E TR A4S R RE.

£ ATmega103 REEA T , w0 G REFENABEH BN FES AR 32 kHz K% 27
A, FEESUNXLES|IHAKIEN PGO=1, PG1=1 Bk PG2=0, PG3 M
PG4 Rix% 275 M.

SumASIE, BIKRNIREENEBFFSIRRES M, TREEE P 47Table 19
WA, KT LA R A9 Bk T BERIE AT SR E Lo

[ 4555 B8 B R BRI v B £ AR AR ER R O BT A
R EE% 2R s RBR AV Fa o

AVCC Hi#% O F BUR ADC R B8 B3R | BE S Vo MEsE | BIER A A ADC thRIZ 10
o 58 ADC B RIZES — MEBEBES Vo .

AREF 73 ADC BRI E A5 A S| M,

PEN 2 SPI 1T F 8 RSBl 75 £ 6B B 7RIS PEN N K R T IS (E 85 4538 A SPI &R 4T
TEEX. EEFTAELRESR PEN 5IHUZEEAMINEE,

AFEMEBET —LEENAB A FLORE A MAERSH ZTNTENNEE. XL FHR
ERRECHCLEETEBNAX M. B C FEREAXMEHZEESSHLELM
i, MEZA C FESNPMLETECTENLELN, HEZEFAE IR
BEHHER.

6 ATmega128 |
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AVR CPU H#
43
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AFMES £ITIE AVR ARINEE. CPUMTEASRRIEBRFHNEBHIIT. BT
MEEB I REERR  WTEE | BT ARAE P,

Figure 3. AVR &1 5EH

: Data Bus 8-bit
Program Status
Flash | l<—>
Program Counter and Control
Memory <
i Interrupt
32x8 (<> Unit
Instruction General
Register Purpose ] SPI
T < Registrers [<—>| Unit
Instruction Watchdog
Decoder o <> Timer
j=2 c
l 2 z
0 [}
%] [
i 5 3 v Analog
Control Lines B 2 Comparator
<
- 3]
O (3
(] =
= ©
Q £ <> 1/0 Module1
Data les}«>| 1710 Module 2
SRAM
<> 1/O Module n
EEPROM <>
1/0 Lines [

v

NTBIBEABENMRUARATHE , AVR RAT Harvard 41 , BB AIBEME
FEL&, BFF#ENETED - RRKLET. CPU ERIT—RETHEMNEIWT—
FES (EARAXHNIAR ). IMESIATESHERNGBAREIT,. BFFESRNATN
L mIZH FLASH,

REG R FFR X4 BE2N8BATHEFEFSR  MAHTE - e ARRITERE.
MmRI e B ALU B4F, HEEN ALU BEIRHS , MM THFEHRXMFH

BRERERFTHR , RERTHENNZE  SRBREDFEFRXMF. BIMIRNEE-
Meter AR,

BFEHRXMHER 6 NFERTURAE 3 16 UM R Ebu FERFEH AT U BEZE |
KUSHNEIEE, ER-—MHETMEARFFHEBRER RO AR . XL
M FEREDN 16 LK X, Y. ZFEHR

AU ESRCBAURTFHENERCRANERNEBEHE, ALULATBUNIT RS 78R
B, ZEERZERDSTEROATFERURBRIBEL R,
BFARESSE / ERHNVREESNERESRES  MMEZETuB it Z2E, X
SHESTKEN 16U, TS NEFFRSF[EABIE —FK 16 LR 32 VHEST
BFEHEBAZEIARNMX S| SRFENMNARFX, XHNMXEBEEHSIEMESK
WMz / BRY . ATENARFEXHN SPM B4 TaISEFX.

ATMEL 7



AIMEL

ERMAARFREFNREUEFITERE (PC) RET#Hik P, HRUTEAKRE
SRAM , Bt EREXZRTFT SRAM A/, EENVHRERAF E LEDBILHEKRIEH
SP, XME4HTF 1/0 Z= 8 |, ATLL# TR B AR, #E SRAM AILUEE 5 AR/ F 0 &
RXBATIHE .

AVR TSI H N &N T EE W,

AVR EBE—ARFWNHEER, RHFEFHRMT /10 ZH. REFHFHEERERPUIMERE
i, EEFEHEFERLE-IFHEER S PHELFERINPHEOE, &1
THNREERSHEPHAEBRNUERX , PHHEHIGEE , LERBES.

/O FBERETE 64 NI UEZESHN b, REFKIEEZQAENNSESEZENH
ik $20 - $5F, WAk ,ATmega128 £ SRAM BEXEH EH 1/0 228 |,z F ittt $60 - $FF,
B2 RAE{EH ST/STS/STD 1 LD/LDS/LDD 5,

ALU - EiB& ¢ AVRALU 5 2 MBA IS FREERE, SHEESEFEIH, SEESINHZH
WALU ZEREE—/i4 AR, ALUBED R 3% ER, BEMVIRE. IER
HTZEL ERFEHRN BT ENTE LS. EAESILESE.

RAEFEER REBEBLETEERTHERIESHERES, XECETUARUTEEREN
LG BRE,. RATESNHNEREE ALU ZEEREFLEH., X, ESHER
TRAZELZ|INLRREST , N\MEREZTERE , ABREES,
EHEATHHRNRSTESRFTL2BHRE ; FMRENtET2BIME. XETHEE
EHHRLE,

AVR FHf 1788 - SREG- EXMT :
Bit 7 6 5 4 3 2 1 0
| + | = | v | s | v | N | z | ¢ | sReG
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WE 0 0 0 0 0 0 0 0
e Bit7-1: 2R HHrfERE
B FEEES BT, BRI PMFEREREMIM R TS EE, R IBE, NF
LREBMPMIREBNSSE , BFATEPH, EE—IPAER | B, MHIT RETI
EOTRBN U ERERNT, |tBELEE SEI M CLIESKRENNES,
» Bit 6 — T: ¥ N =%
¥ #E5 BLD M BST fA TEN BN ESRitbit, BSTIEFFESHNE—VENB T, M
BLD B T # N B FFE5MHE — 1,
e Bit5- H: ¥#{uiFE
MBS HRRERBERE T ¥## U, IREXNTFBCD ZEEEER,
s Bit4-S: BN ,S=NDV
S AABKREN 5 2 NI EEHFRE VHRR.
« Bit 3 -V: 2 HABEBHIRE
T2 NAIBEE,
+ Bit2 - N: fa¥brE
RPERFBEIRELR N A,
e Bit1-2Z: K&
RPERANZHIRELRNTE,
« Bit 0 - C: #{uiFE
8 ATmega1 2
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BRHERXH

X &7,y TR Z F78%

RAERIEBRIERE T #HAL,

FERXME N AVR 588 RISC EREMT . NTREFBNMREMRENE  F

R XHFIFUTHRA /ML SR

o =8 fRBBRAERN— 8 NERAA
M 8 frfuf HIRIEBH A — 1 8 (&R A
P 8 (U ff IR IEBA — 1 16 LSRR A

— 16 frfuf HHREHR M — N 16 LR A.

Figure 4 3 CPU 32 NMBRA THEFEFRNEN,

Figure 4. AVR CPU BA TS 1785

BA
I
HiFaR

7

Addr.

RO

$00

R1

$01

R2

$02

R13

$0D

R14

$0E

R15

$0F

R16

$10

R17

$11

R26

$1A

R27

$1B

R28

$1C

R29

$1D

R30

$1E

R31

$1F

X FFeR ,
XEEFR, &
Y FFeER ,
YEEFR, S
Z%HEH

ZH5EH,

REBBRESFESNMNESHINERLAMENEFSR  MASHHNTHERE

e EE .

W Figure 4 Fi R , BN FFREE - MUIERFBIL | R0 EERS 2 A - BEZRE
K32 Mibtit, BRFEFRNHNWERXRIARR SRAM , MR FAAKTRNEL R FER

FHEERANRES , BRN X, Y, ZFERTUNRENEQEIEFTERNIEH.

& 1788 R26..R31 BT AEBAFFERN , £ MHER BUIRE ES ut At ig4, X=
MNEET U FF 2|~ T Figure 5,

Figure 5. X, Y. Z&FsH

X FF8R

Y 78R

2467L-AVR-05/04

15 XH XL 0
| 7 0 | 7 0 |
R27 ($1B) R26 ($1A)
15 YH YL 0
|7 0 | 7 0]
R29 ($1D) R28 ($1C)
15 ZH ZL 0
9
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2558 K o]~ o]
R31 ($1F) R30 ($1E)

EFRENFUERD  XEw I FEHRAUXNEERBE , B30 —ME 30— 8.

10 ATmegal28 m—————————————————
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RAM RN Z &FEF 748 -

RAMPZ

2467L-AVR-05/04

HREHETERARREFRNKE  BHRTEN TN/ BRFNERE I, HiRETERE
EHEAR A TSR, ZEE AVR HUMKR R A TAEKK |, BIETHIEH A $iRat | #HRIBHO K
ERPR N

HERIEEHEEU T SRAM HYBEUK FhfTsErk . Sk 22 8] 0 FE 18 P B 3R o P T 6 A 2 B
EX, BHMTIEARTT $60 Aihut. A PUSH IEHHHIEALE | KRBT —
AR E |, I RE=. £/ POP 5T aY , kI8 IN— , MA RET =
RETIREIET |, FE&HFF M=,

AVRHEIEH SR T I/OZRMA 8 F 7R, ERANMBMBASKSERERRE, X ,EAVR
ZWFRLERECANBEZBR) , AESPLEIA |, et , R4 H SPH 78R,

Bit 15 14 13 12 11 10 9 8
SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 SPH
SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO SPL
7 6 5 4 3 2 1 0
®/E R/W R/W R/W R/W R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W
EE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| - — - - - - - RAMPZ0 | RAMPZ
®/E R R R R R R R R/W
DEE 0 0 0 0 0 0 0 0

e Bits 7..2 —Res: &%
REL , BRBREREENES, EERFERNEBA 0 MRIISARKTENES.
« Bit1-RAMPZO0: [ RAM T Z 54t

RAMPZ & 1728 A T1&#% Z f841 15 R A 2 W — 1 64K RAM. 1T ATmega128 T X il
64K By 1Ef% 25 , B Itk RAMPZ R A3kt B ELPM/SPM 5 R E 1 18 B — N2 F 1746 25 T o
TEH RAMPZO HY4ERINT :
RAMPZ0 = 0: ELPM/SPM AI L5 B %2 7 7 fif B8 it 31k $0000 - $7FFF (1K 64K F7 )
RAMPZ0 = 1: ELPM/SPM A LA 8] %8 Fr 77 £ 85 ik $8000 - $FFFF ( /& 64K 17 )

LPM &~ RAMPZ & EH 04,
X—FNBESHITNREFEHRNF. AVR CPU A RZIF clkepy B3, BLAETER B SAER
BEREETE, SHRRERY D,

Figure 6 Bt B3 7 B Harvard SR ERN FHTEIEME ST , ARRE T R FF 88 X8
B2, XR—MELXHN., BE 1 MIPS/MHz , ERLRAVIEM L, Thae / atsbLt, Zhae
ThRE LM TRAR LB =,
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Figure 6. F{TEUEFINIT

T1 T2 T3 T4
1 1 1

CPU

clk _/ \ / \ / \ / \
1st Instruction Fetch —< > .

1st Instruction Execute ., r
2nd Instruction Fetch : j nd j
2nd Instruction Execute 1 1 -:—
3rd Instruction Fetch ! ! ! -
1 1 1 1

3rd Instruction Execute
4th Instruction Fetch

Figure 7 ERH R EFFR XA F. E— Mo EAHE ALU AN AN S ESS
BEHRHTERE  ANNERFRIEFN —INFESRP L

Figure 7. S at4hEHI ALU B1E

T1 T2 T3 T4
1 1 1

C®epu

1 1
Total Execution Time — D,
1 1
Register Operands Fetch —<___ >
1
1

ALU Operation Execute

Ik _/ \ / \ /I \ /' \

N—

PR

Result Write Back . <D
1 T

AVRETRREHNFETIR. 8NP ANENERFZEEE — MR F R E, FIEN PR
EHEEECNFEREN, HERENEN , BRSFTESRNERPIFEREN | tBUNER
T, PHTAT AR &, HETHE’J&Fﬁ%&%ﬁ PC B{& , £ 5| S 8i{E{Z BLB02 = BLB12 #
WENERT , FETATREB SR L, 1 Aﬁﬁh.—;??ﬂ#ﬂﬁtéﬁo BxES N P 267"
EEESmE

EFFEMSETENREBIEREEXAEMNMPHEE, T2HNEEFIRIESN P 55 F
Wi~ o FIRMRET FRIPUTHMLER. BEFFEN MUK , £ERBS., RESETE
EREWMEER, T—MNUR INTO - AZBHETER 0, iﬁﬁﬁﬁ MCU 12 #1785
(MCUCR)BYIVSEL , e 8 AT AR E 5| § Flash B2 IA4L P 55 h i — i B iF Mt 83,
RTRIB L BOOTRST AJ LU SN HME LB ES|S Flash HWigth4k. EATISH P 255¢
XHCISEARF - EENE T LIE (RWW, Read-While-Write) B9 B R4BIREED ” o

LR AN SRR | BUET |, TR P IESHEL, PRGBS E R
| SRABAERUFHRE . IR 9 R 40 T B PR M 24 BT R, AT RETI S50 | B3 B AL

MRAE LHEMARE WP, F—MEAS4MEFBMDIRS, X TXERE , BF
T 2525 Bk % B SKERAY o b 0] 8 LAAT S AL IR BIRE | (B B AR 8 BRAR LAY FH BT AR R
HIAR S B A LB N EE "1 KERR. M RER , R F T ERE ) 70", M
Iiﬁ’fT\'ﬂ’:uEu H-ERFIPERHT  RERREBER. XUN , MR [/ P MR ESH
BE | AR EN TR T BT , B3 | B, RIS R RN IR T
SERAORIATT

FoMRANPHURIAZDHZARE R —ER, XEPHTATEPEHIRS. &
RETSRGERMERZAIRBRT , WP RSEALR.
AVR B H 5 5 R EE ERFH T —RESTT TURRITHARERLN P,

HARHGIEPRESTERTAIRE ; PHERERBRLEHRE, XETHELM
AR

12 ATmega128 |
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fEF CLI BT REE L iret |, BN L SRBE MR AERIT CLIEETRRE | BIE

CEEMNIT CLINER XL, TEMNSFiEA T MAEE EEPROM FERAXNMES

Br b AR R

Cam R EB B

in ri6, SREG ;  R#7 SREG

cli - 3T aeT

sbi EECR, EEMAE ;. /B3 EEPROM B#E/E
sbi EECR, EEVE

out SREG r16 ; & SREG (l-bit)

C REfHIE

char cSREG

CSREG = SREG /* fR#Z SREG */

[+ B bl */

_CLI();

EECR | = (1<<EEMAE); /* /&3 EEPROM B#EfE */
EECR | = (1<<EEVE);

SREG = cSREG, /* #%E SREG (|-bit) */

ATMEL
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AIMEL

fEH SEl fE S EsePifint , RIRHEEMNE —KESERITEAHR I 28 £N1T,
LR B HIRE
sei ; ENEFTHEENE
sleep ; HAMBHREZ, SHFHMEL
; EE . ERITEASERAN P 8 E A A ERER
C REEpHIE

_SEI(); I* B2EHHEERS *]
_SLEEP(); |* #HAMBEHHER, SHEPMLE *|

1* SRR ERITEMRERA P 8T S ARERER +/

AVR HifiE SIEY R B D 4 NETERE . 4 DNt ARIE TR Bh A BUSSERAY A B AL 32 5
B, HiX 4 MettdHiE , PC Bl Atk, HBEBRT , PEEE)N —PBEES | bbbk
REWX IR EAS, MRPHE-NSARESHITHERE NELSFARESKT
/g MCU F2MITHIRF, & PR LR MCU A TRERRES | e 5167 (5 18 hn %
8 MNETE AR, HEnaYet R AR BT REER 38 E 5 AR,

PR EITNE 4 NP EULHIE PC( AT ) MM ik | #EkigsH =  REFE
2% SREG #9 | Bfu,

14 ATmega128 |
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AVR ATmega128 =&
B

RENTYREN Flash BF
w48

SRAM BiiE 7l 87

2467L-AVR-05/04

AT YR ATmega128 SR, AVR £HMEERNEFMHEEZR  RIEFEHRNERF
F1Ee5. kS, ATmega128 i£H EEPROM EZ B MR EEHIE. X=/EMHEST=RHE
540

ATmega128 EH 128K Z W E L mTEFlash, B AFTEMAVRIES F 16053241 , #7R
FLASH 4A40 5 64K x 16 NFER. ZREIHKHR LM , Flash BFFHBEI IANKX : 5l
SEFXNNARRX,

FlashfZf& 25 2 D A LB E 10,000 )X, ATmega128 R FITHEFPCH 164y It AT F
i 64K MR F S, SISEFRURGHRSEISBRME P 255° X3 SEARF
- EEMER AL (RWW, Read-While-Write) B9 B R 4mi2AEH " Bif Mi%eH. M P 267"
EFEEmRE " MNETFA SPI = JTAG #0OXIX Flash BEBEITTH.

ERALURETENEFFMEESS U Z R (S0 LPM - B FEME B SR ELPM -
FRONZERFEESRIED ).

BEMESHITNFRESL P 1M1“ ESHITRE "
Figure 8. 2774224

Program Memory

$0000

Application Flash Section

R —

Boot Flash Section
$FFFF

ATmega128 X IFH MR EH SRAM ELE , &0 Table 1 Fii Ro
Table 1. FREE

[ A8 SRAM HiEEeEEs ¥ EBH SRAM BUETEMES
ZEER 4096 EE 64K
ATmega103 RAEER 4000 B E 64K

Figure 9 B8 T ATmega128 #) SRAM 171# 88 R INAIH LM .

ATmega1285—/\§,—kE’Jﬁ'&Lﬂ§§ HEYXEHHNEELTREZH64MN/OENIN/OUTIER
R ) e ES, TV EM /0 Z=E $60 - $FF , REEMEMA ST/STS/STD %u

ATMEL i
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AIMEL

LD/LDS/LDD £+, % ATmega128 THETF ATmega103 HRBEXE ¥ EM /0 FFTEA
@],

HEEBEEXT , 87 4352 MRFE A DS FEFR/XAME , 110 7SR |, 7RI 110 fFeEERI
RAEHIE SRAM, RIAK 32 Mt A FERXMH , RER 64 1 /0 7i8s , EER
160 NN BHY I/0 176 2R , /G R 4096 FHHYAFBEIE SRAM,

£ ATmega103 FBER T , A 4096 NREHU T ETFFHR XM , /10 FHEEURAI
BHE SRAM, HBIRH 32 Mt N FFR XM , RIS R 64 N 1/O 77428 , &RER 4000 F
T R EBEHE SRAM,

ATmega128 i& ] LA ij (8] B 2 64K K SAZB%4#E SRAM, HEB R EREAISRAMZE. £
BEBEXT , FFR|NME. 110 TSR, RN /0 FHBARNIBEHE SRAM 51 7T
4352F T ; MEATmegal03RAERX T 5 74096 T (& BT BI/0). Hit ,FEFEA I
RS EE RN REEE 61184 =¥ , ATmega103 HAEN REEHE 61440 %, B
EES N P 23 B EESRED

Li5E SRAM HYh it #B H A EE SRAM Kb ERY | MCU XIS &8 SRAM 41k ( #5548
B ). WRAE SRAM Bt / B8IFES (PGO M PG1) T EEiHEHER SRAM |, 2%
MBI MCUCR #9 SRE,

HRSAEE SRAM tEIFRINZBHNE S —NatsbAH , XEKZ LD, ST. LDS. STS.
LDD, STD. PUSH %l POP S8 — N4t EH. mRHERME T/ SRAM , Nl
WMAEHBARSERIANAN =B, WRABSRAMBEOGAT 1. 2, 3INEHF
A, WiGEEARSHEMEM 2, 3. 4 M ER ; FHRFREFEANFHELEM 5,
7. 9N AR,

BEIFUBEXD N5 EEIU , TREEMVEEIT U, AET L, TURNRES S,
DR EMeyEES i, F178% R26 2 R31 N EEF UM FFES.
EEIFUIFRIBENRTEZE.

TREBENEZEIUEXNIUR Y, ZIEHATHUMERN 63 Mk,
wHRAMEMMNEZESHEXNEAE X, Y. ZEfH.

R2NEAFES 64 MN/O0OFERS 4096 ZTHI SRAM AT LA Fr B W St X FRif R, &
ERVHHBELP I BAFESEXH" .

ATmega128 m———————————
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Figure 9. ¥iE/7422M14&

Memory Configuration A

Data Memory

32 Reqisters

$0000 - $001F

64 1/0 Registers

$0020 - $005F

160 Ext I/O Reg.

$0060 - $O0FF

Internal SRAM
(4096 x 8)

$0100

$10FF

External SRAM
(0 - 64K x 8)

$1100

Memory Configuration B

Data Memory

32 Registers

$0000 - $001F

64 1/0 Registers

$0020 - $005F

Internal SRAM
(4000 x 8)

$0060

$OFFF

External SRAM
(0 - 64K x 8)

$1000

ATMEL
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BR 1= R 7 8] B |

EEPROM &=t 55

EEPROM & / BEi5d

EEPROM i1t 4788 - EEARH
1 EEARL

EEPROM #EF =88 - EEDR

AIMEL

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

Figure 10. R#%#E SRAM i8] B A

T1 T2 T3
| |

|
| | |
| | |
clk —/ \ / \ / \
CPU ' \ \
Address T Compute Address | X__Address valid__|

i

Data ——————— (=
]
Data —————— (=
o | — ]

R/_/

Memory access instruction Next instruction

Write

Read

ATmega128 88 4KZTHWEEPROM, EREN — MR N BIEZEMEEN AT UIRE
TieE, EEPROM KWFmEAH 100,000 )X ( #BR )o EEPROM KV [R] it it 1785 |
BIESFRMEHSERRE

B{KkHY SPI #1 JTAG T8 EEPROM HiEE D BIS M P 267" 175 HE " .

EEPROM K15 R & F83L T 1/0 ZEEl,

EEPROM W Ei5 B atEIE Table 2 A, BEMNIIBERIAILAFP BENANFBRET —F
T, MBEAFERE EEPROM , REEEMN T ; 72 B FRE AT 8 B H LR A8 B1%
F, EB /TR Vo LA/ TREEASLRE, it CPURIETERTRRERMERN
BREE, BSH8 P 22 [l EEPROM BIEE % ” LARS L fnfa[1£ th &t H I EEPROM Y
BEERREBE,

R TRHIETEINMN EEPROM BigfE , EERIT—IMEENENF. E4SF EEPROM
BHEESRNRNE.

1T EEPROM RIR/ER , CPU BT 4 NAE , AEBRITREES | YT
EEPROM Bi&{ER} , CPUAEILTHE 2 NAH , RAEBHITELEIES,

Bit 15 14 13 12 1" 10 9 8
- - - - EEAR11 | EEAR10 | EEAR9 | EEARS EEARH
EEAR7 | EEAR6 | EEAR5 | EEAR4 EEAR3 EEAR2 EEAR1 EEARO EEARL

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/IW R/W R/IW R/W R/W
NHE 0 0 0 0 X X X X
X X X X X X X X

* Bits 15..12 — Res: &8
REN , IZBREREENS, EEHREREEA 0 MRIESAFK~RINES,
* Bits 11..0 - EEAR11..0: EEPROM i1t

EEARH #1 EEARL 8% 7 4K 1 #J EEPROM ZE 8], EEPROM Kyttt R A4EH , M 0 I
4096, EEAR MR ERBE N, Fi5E EEPROM Z B 450 HIE 5 EHEHHE,

Bit 7 6 5 4 3 2 1 0

18 ATmega128 |
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| MSB | | | LSB | EEDR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WhE 0 0 0 0 0 0 0 0

 Bits 7..0 - EEDR7.0: EEPROM i3
X F EEPROM Ei#E , EEDR R2EEEZ| EEAR £t E#E ; W Fi#{E, EEDR 2

Mtz EEAR EERHI B E.
EEPROM #4I%#8 - EECR
Bit 7 6 5 4 3 2 1 0
| - - - - EERIE | EEMWE | EEWE EERE | EECR
®R/EB R R R R RIW R/W R/W R/W
IRE 0 0 0 0 0 0 X 0

 Bits 7..4 — Res: & &

REBA , RBREREERE,

 Bit 3 - EERIE: EEPROM 4% fh i 5 8E

£ SREGH | 7 "1, ME{I EERIE {8 EEPROM F&EH M, 5T EERIE NIZEE stk
Wi, ¥ EEWE EZ8t EEPROM fE MBI a] K4,

 Bit 2— EEMWE: EEPROM Z#lE{HE

EEMWE REREEEWE R "1“R& T U B EEPROMEEE, . HEEMWE R "1“Bt , 4
At EEIRE {7 EEWE B EBE A EEPROM WigE MUt ; & EEMWE 5 "0“, I
EEWE F&/EAH. EEMWE BN/ 4 NEAH , BAXNHBSE,

e Bit1- EEWE: EEPROM B{#¢

= EEPROM BBEMiuZ B2 Jn , FE EEWE UEFHEEA EEPROM, LAt
EEMWEAMEN , BN EEPROMERERNFTELLKE, ERFM T (EIMEL4LZTFRYLM
5 ) :

1. Z# EEWE A 0,

%1% SPMCSR #1831 SPMEN /A%,

S EEPROM tbit 5 A EEAR,

S#H EEPROM $3EE A EEDR,

%t EECR & 17888 EEMWE B "1“ , F8}52 EEWE,

. ’EE{ EEMWE # 4 NEHAR , B EEWE,

£ CPU E Flash F# =M eHET A EEPROM #1T4RT2, /231 EEPROM Bi#gEx
G SHNERE Flash BIRERBEL TR E-SRERHBESISEF , RiF CPU
Xt Flash #TRERFTEH. MR CPU XKiZEFALE Flash , NIEZLS W UAREE, ES

E P 255" XSS EARF - EEMEA T LE (RWW, Read-While-Write) B B H 4w i2
gEH

AR NERHMAETSRS Mo 2B HFSHRERELRK. ENILE EEPROM B4R
e R, GNR —/MRYE EEPROM B T3THT T 5 — 4 EEPROM #24E ,EEAR =% EEDR
E1FES RSN , SIi#E EEPROM BREXRK, BV XALEFERE I,

KN EHENEZE, EEWE BHEE, AFTUERMVEBMERFREEELTE K.
EEWE Bfuf5 , CPU ZEELLHIMNH ARSI 2ETT—RET.

« Bit 0 - EERE: EEPROM i&{#AE

% EEPROM tbiHig B2 5 , EE{L EERE LB KIEIER A EEAR, EEPROM ¥iEH
EMREE-£iES , BXESS, 12H EEPROM & CPU EE L 4 et EHA,

o0k wDN

ATMEL 1
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AP EiEEH EEPROM BN Z#&N EEWE, MR —ANEBREEEHRIT, MILEIRI
EEPROM , th &tk T F 1725 EEAR,

BERZ AT EEPROM i5[RER, Table 2 3 CPU i5[a] EEPROM #y 82 8 pf 8]
Table 2. EEPROM 4w#ZRH]
#s REM RC IBFEAHH (V) HARR R
EEPROM Bi#21E ( B CPU) 8448 8.5ms
Note: 1. BEFIMIR 1 MHz HIRt4h, SI8%4{y CKSEL MigB LK.

20 ATmegal28 m—————————————————
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TEMNRE S B ALY C HIKiHE B MMASSH EEPROM M ERE, FHBRIZFMTLE
PITXLERBOESREFEE, I FRANERIRGEEESISEF. EoISEBFEFE U
EEPROM ERMEEZEESFIEEHITH SPM sS4 R,

CmARD B2

EEPROM wri t e:
. EEL-XGRESE
sbi ¢ EECR, EEVEE
rinp EEPROM wite

REM L 7FAE (r18:r117)

out EEARH, r18
out EEARL, rl7
;. GHEFBIESFR (r 16)
out EEDR r16
;B EEME
sbi EECR, EEMAE
. ENEEVE UESIEERIE
shi EECR, EEVE
ret

C REHIE

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

|* ZFFLE—XTRIFGR *|

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

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

EEDR = ucDat a;

I * ENEEMAE */

EECR | = ( 1<<EEMVE) ;

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

ATMEL 2
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T — /MR EB 45 F 15 BA 404aT A SC 4% A0 C SkigEX EEPROM R IR F HF R AR 1TIX e Bk
PERBYPRE,

Cm R BB

EEPROM r ead:
. FERL-XTGRESE
sbi ¢ EECR, EEVEE
rj np EEPROM read
. REMYEFFE (r18:r17)
out EEARH, r18
out EEARL, rl7
. IREEERE KBS ERIE
shi EECR, EERE
. BHREFZFHEEREE
in r16, EEDR
ret

C L fl=

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

1% SEHFLE—XGERELE *|

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

1> REWHEFFRE *]

EEAR = ui Addr ess;

I * 1REEERE KGR IE */
EECR | = (1<<EERE);

1* BHEZFEEERE *|
return EEDR;

}

HEKEEN T EEPROMWE % EEPROM HTERERHE AEBEKEER , EEPROM BigEHLE | HESIHREIAE

A

Byl EEPROM BiEE %

/O 6k 85

GRATH. BEERELRE , KIBSETHE  ABM4T LT ARBER, Eit
Bz AR e % EEPROM BRERETHK.

HTHEREETE , CPU M EEPROM EWRETEFIER , K EEPROM B HY SR IF (
EKR ). XMEREMEMILIA EEPROM ST ERIBE,

BT REESKER EEPROM BFEHRAEFHT TR | —RBEKT EEPROM BREME
ENHERE ; —R CPUXRBELTEERETH,

EEPROM ¥ #R Sh 8 8] B o] BUBE BA T 5 5B R

HEEIERE AVR RESET 55 11K, XAl LUB fERES A Ky R4 N &B.3% BOD XK
K. MR BOD BRATLEREER , WA LEANBEN B, EEREIEIPRE
TEf , BREFLL,

ATmega128 Y 1/0 Z[RIE X P 342" g8k ” .

ATmegal128 WIFTHE 1/0 MANREWHREE /0 ZHE, FIER /O bk F A L& S
LD/LDS/LDD#ST/STS/STDIE S KiFE , E32MNEA THEFEFHRMI/OZ AEHREIE, it
1t $00 - $1F #9 1/O F1FERE W A SBI # CBI {5 S EE# T F 1t , ™ SBIS # SBIC
NMARKEEMIBNER, HEMA IN F OUT i8Sttt 4 7E $00 - $3F 2 iEl, fR
ERSRAM —#Ei LD M STHESIHR /0 F1788 Nt E i E $20, ATmega128

22 ATmega128 |
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R—NERNAAER , EXFNIMRELTEN 64 N /O(ES IN/OUT #ETIER ) Fi
BEXHNEZ, XITHEMN /O ZiE $60 - $FF , REESEA ST/STS/STD A LD/LDS/LDD

S, Y ATmegal28 TETF ATmega103 AEXE , EM /0 # SRAM FREUK,
NTEREFRRE , RERANKRNE "0°, MREW /0 1N FR# TERME,

—ERBIRSMUAERRETE "1 KXW, CBI M SBI IEHARE /0 FEHRME
M6, HABMNMULEE "1, Bt &ERXESREM, CBI M SBI T RX $00 to $1F
ZENEFEFREEN.

/10 MMRRFFERERMETNE,

NEEMEEREN HFADEESEOMZENSY HENFEESTEEMBEA4EE | M/ SRAM
M Flash, LCD, AID, D/A, &%, HFEH: AR :

« ENMNTENEFRERE (BREETEFRE ).
TR AR 2R TR B R R M F RS

« WUBSFIHNMRITUAREEREEE,

© BELERELREURUEREDE.

%3 fERESN BRI 2R (XMEM) Bt , ATBAER TSNS 7642551 ( S P 2Figure 1
68Table 27 , P 72Table 33 & P 79Table 45 ), ##fi#25ELE &N Figure 11 Fi o

Figure 11. T 5 K& E KA 7425

Memory Configuration A

External Memory|
(0-60K x 8)

Internal memory

Lower sector

SRwWO01
SRWO00

Upper sector

SRw11
SRW10

0x0000

0x10FF
0x1100

1SRL[2..0]
External Memory|

(0-60K x 8)

OxXFFFF Y

Note:  ATmega128 EY3E ATmega103 REER : FHEEE A,
ATmega128 #J ATmega103 %AER : FM#E5EE B,

ATmega103 #& 14

Internal memory

SRW10

Memory Configuration B

0x0000

OXOFFF
0x1000

OXFFFF

, P

AN EB 17k 2R 12 HI B 788 (XMCRA #1 XMCRB) #{u T R #Y I/O Z2[H . 7 ATmega103

REBEAT  XEFESRLEER , WRTEARNXEFFRAMELHNE, BERATX

2467L-AVR-05/04
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RSB AR O

Houk B ER

AIMEL

e IhEETE ATmega103 BHFTFE , HtS5 ATmega103 X2 %A, ATmegal03 &
BERERBRFIR

REFHEFEHIET (SRW1n = 0b00 Il SRW1n = 0b01).
pal W) i&iJJ:FJ—?—dﬁE’JLL?&EEIEE’JO

A FHBETESX , FEEETRNEFEAT,

BB BERIETEE

RD., WR 1 ALE S| R &85 % H (ATmega128 B0 G)o

EOaE

AD7:0 : ZIT Wit B MMIBELELK

A15:8 : Bttt 54 (VB AEE ).

ALE : it BifF{HERE,

RD : &8iFES,

WR : BEfFREES,
NEEHEREOBRFMNT 3 NFEEFYHP , MCU 2H|/ZF1F85 - MCUCR, HEB1EfEESIE
HlZ 1788 A — XMCRA , AR\ EB71# B 12 $1 & 88 B — XMCRB,

fFEE XMEM #£0O/5 , XMEM EO0KESOFFHRBEOERREE, #A P 6149/0 &
07", XMEM EOF B3N HaihEHN_AIBFMERERNDBEMEESE. WRFRNZ
%ﬁrﬂﬁ{%%% XMEM #2 O #% 88 Figure 13 (LB BEEFEE ) mdithut |, ZENEHIE
5, % ALE FEEE.—JEE¢ FMRBFHEZILE , AD7:0 HEIAMH i, HEARERES
ALE REFHIK. EEEXMEMEOZE BB AT A | SIS ALE
SIf= 43  BER RD MIWR 5 &%4EF . BiEAEEMESEOZE , #HXSIM
RAULERAEENSIMBESFERET . EXEMNE , XMEM #Z O 1EEAE SRAM #
HE A E R 16 RS T A M N EB SRAM, Figure 12 83 T a{A R A — 4 8 (U BiF 2544
EB SRAM E3ZE] AVR,

AT XRAMEOWNIERERS SARENIERXRGESTSMHz@ 4V M4 MHz @ 2.7V
NEE BN R A, ARG ER 74HC R EEEERTEBRERT .
XRAM#EZ O S74AHCRFIMN BIFRRMERE. SR  HiAEN FERNBFIHR LR AT UE
M, tutBiFSRNEESHN .

D 3| Q MAARIER (tpp)o

£ G HRZ RN BIBEILATE (tgy)o

G MR Z G (it ) RIFEE (try)o

XRAM #E O Mt H R RRRIE G HEZ Rt ESRIFNRAZRD N, =5ns. E&FES
# Tables 137~Tables 144 HAIBHIBFHERITF " PHSE t a o/tiaxx sTo TTEAS
R A A B ESRESME R D B Q MIEMIER top. M G HIKZ ATHERIER A |
tsuRTFBER T ittt A R BIALERLIE A9 A 18] (tn, o) Rl ZPCBH & B IER I B (SR HBAE
X))o

24 ATmega128 |

2467L-AVR-05/04



2467L-AVR-05/04

Figure 12. 5 AVR E#ZH /5 SRAM

AD7:0 <)J_L{>

ALE
AVR

Y

Al15:8

RD

Y VY

‘WR

ATMEL

D[7:0]

A[7:0]
SRAM

A[15:8]

RD
WR

ATmega128
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LHMEBLRE

N2

AIMEL

PORTx B "1“ B {#AE AD7:0 FY EHIEBFH, 7 T RAERIN AN IIE B EHABERER 2
BIX PORTXx B "0 LAZE | FH/EAFH,

XMEM#ZOZERE T AD7:0 B9 5L RIFThEE, XN IHAE T LAEE P 29 S\ ER 12 1% 25 12 4 2
1785 B - XMCRB” 3R#2#l, FRER B&RIFEERE AD7:0 Nal — N EUE | B8t XMEM
EOMFE AD7:0 BEAT =3,

ABFHEBBHETEANNFER, ATHBXLEER , ATmega128 XMEM #EOR{H
T4 MTRNEFET , W Table 4 FiR. EERZSEAYZIELEEZRNNIFHIESR
HHNFER, X F ATmegal128 WEFSEIER , REENSHEFHERHRNE,
SAEREF 1 3R 09 7 B B 8] S HEUR B ik / bR S B BIX AN ik Y BE HIUE B BRI
ElfR. XNARIEERBERTF ALE REEIZIEREREIE ( B0 Tables 137 % Tables
14489t ri* trirn - tovra)e REFATBUE BT RN EF AR, A T UFA S F 2R 2= R 2
AN, BNMNKEERINESFAH. NTAIAERNEETENFERNEMHESSM
EAEREE XMEM 0, 248 XMEM #OMFiES A P 308 ABHREEMSENF "W
Table 137 E| Table 144 , LA Figure 156 %/ Figure 159,

EXE XMEM #EORRSN , MENKEFRBSABREMSEX. AT RPN
R4 (XTALY) AN ZSBEMIEBRESX , it XMEM #O0RES TRSERE.

Figure 13. TEFRSHNBEIEFEIR1HEEAH (SRWn1=0, SRWn0=0)

T1 T2 | T3 | T4

System Clock (CLKcpy) _/—\_/—\_/—\_/—\_/'
XC
XC

A15:8  Prev. addr. :X , Address ,

Write

1 1 1
DA7:0  Prgv. data :X Address )@(: Data
| | | | |
WR | :\_:r/—:_f

1 1 1 1

1 1 1 1 -

I A 1
DA7:0 (XMBK = 0)  Prév. data X Address 4 pata | )

| X | | |
DA7:0 (XMBK = 1)  Prév. data X Address X xxxxx X Data | X XXXXXXXX X

T T T T 1

1 1 1 1

Note: 1. SRWn1=SRW11 (Eitbit 785X )= SRWO01 (Kbt F#EFX ) ,SRWN0 = SRW10
(S FAEESX ) 3 SRWO0O (Kbt FEERX )o
T4 Y ALE BOFRIE T —NMESHE RAM( IERN R 2/ ERH ) i &,

1
I

Read

26 ATmega128 |
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Figure 14. SRWn1 =0 & SRWnO = 1 g S\ EpskiE ok es i m A (1

T1

T2

T3 | T4 i 5

System Clock (CLK:py) _/jl \ /j, \ )j/_\_/;,_\ /; \ E/_

Al538
DA7:0

WR

DA7:0 (XMBK = 0)
DA7:0 (XMBK = 1)

RD

ALE _'_/_‘—\ 1 / |
Prév. addr. 1X Address ' )C
| | | | ' @
Prgv. data 1X Address )@(1 Data ' )C =
Prgv. data 1X Address )—1«« Data ' )—(:
A X . . ! k)
Pré'vA data x Address ; X Data ; ).C &

Note: 1. SRWn1=SRW11 (St 785X )= SRW01 (K1t FEE5X ) ,SRWNn0 = SRW10
(S EAEERX ) 5 SRW00 ({Kittit FE85X )
T5 A9 ALE BOFIRIE T —NMES 7R RAM( AER R 2 /AR ) R F S H L,

Figure 15. SRWn1 =1 & SRWnO = 0 &9 SN S5k IB 17 2515 R A 8 (1)

T1

T2

T3

T4 \ T5 | T6

! ! ! . |

' ' . ! ! ! .
System Clock (CLKcpy,) _/_\_/_\_/_\_/_\_/_\_/_\_/_

! ‘ ! ! ! ! !

i i
i
ALE _i_/_?—\
i
i i

‘ .
‘
‘ 7
‘ / |
1 -
A15:8  Prev. addr. }X Address ' X:
‘ l l l | o
‘ ‘ ‘ ‘ ! =
DA7:0  Prév. data }X Address X)E(X} Data | ' X: 2
‘ l l l l
Wi ‘ ‘ Y
| l\ ‘ 1 i
‘ ‘ ‘ ‘ [
DA7:0 (XMBK =0)  Prév. data X Address Y+ paa | 1 )—C
‘ l l . l .
L 4 L L 1 E
DA7:0 (XMBK =1) Prdv. data ‘ Address ! Data | ! X: i
‘ b X ‘ | C |2
‘ ‘
=5 ‘ Y
l\ 1 v

Note: 1. SRWn1=SRW11 (St 174585 X )= SRW01 (K1t FEE5X ) ,SRWNn0 = SRW10
(B EAEERX ) 5 SRW00 ({Kittit FE85X )
T6 Y ALE BRORRE T —MNES1HE RAM( REBM 2R ) st F & HH,

2467L-AVR-05/04
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Figure 16. SRWn1 =1 & SRWnO = 1 @S\ EpskiEZ ek es i m AR ()

T4 ! T5 i T6 | T7

System Clock (CLKcpy) _/j, \ Kj \ Aj \ /j \ /:( \ /;’7 \ /;, ‘\ 3/_

I
ALE _i_/_?_\ ‘ : ! : : /
] i j ] ' j j -
h h |
A15:8  Prev. addr. }X , Address | ! , H X:
: : : : : : : e
h . | E
DA7:0 Prév. data }X Address X)E(X} Data X: B
. i . i ' .
h h h I | I
WR : N\ : : ./ B
: : : : : : -
I h
DA7:0 (XMBK =0)  Prév. data }X Address )—}«« Data , ) C
T 1 I T
] ] I ] -
DA7:0 (XMBK =1)  Prév. data X address | X Dam X: g
| i j ] ' j
h h h I | I
RD | : N\ : : ./
I I I T T T
I I I j j j —

Note: 1. SRWn1=SRW11 (SititFE85X )= SRW01 (K1t FEE5X ) ,SRWNn0 = SRW10
(St 488X ) 5 SRWOO ({Kitit 785X )
T7 Y ALE BOFRIE T —NMER 7R RAM( AEBV R 2 /A ) it & BT,

XMEM #1788 88
MCU #2438 - MCUCR
Bit 7 6 5 4 3 2 1 0
I SRE SRW10 SE SM1 SMO0 SM2 IVSEL IVCE I MCUCR
®/BE R/W R/W R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 0 0 0

 Bit 7 - SRE: #\&f SRAM/XMEM {E#&

SRE 3 "1“ B S\ EB1F A5 B84 M {8, | SIBI AD7:0 ,A15:8 ,ALE ,\WRHMIRD THEFZE=1h
Bt , BB RBEREBR A HEFSE. SRE /ﬁwHﬁ%"B SRAM &3 , tB>xiw A T
LMEZE /0 OFER,

* Bit 6 — SRW10: EFIRZERN
3 FIE ATmega103 HBER , i%%}*mTEE’J SRWn 83 (XMCRA BEAE D )o X TF

ATmegal03RABER ,SRW10E"1“FEREZFIRA , HWFigure 14FIREIR/ BEIEH
wA— e E .

NEPEEERIEHITERRA -
XMCRA Bit 7 6 5 4 3 2 1 0
| - SRL2 SRL1 SRLO SRW01 | SRW00 | SRwW11 - | XMCRA
®/B R R/W R/W R/W R/W R/W R/W R
WBE 0 0 0 0 0 0 0 0
+ Bit7 - Res: &%
REBLM , BRBEREAERNE, EERBFERNEBA 0 LMRIISARTENES,
+ Bit6..4 — SRL2, SRL1, SRLO: ZFRAFEHBXEH
FHFFAEHNEBFHERF U AT UREETRNEFRS, HBEFESHUZE R AL D A FH
AMX, MEALEAMTIMEFIRAIRENMN. SRL2, SRL1 F SRLO AR 17# 85 it
28 ATmega128 [
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NPT RRIEHFFER B -
XMCRB

2467L-AVR-05/04

ZHE# TS X |, 20 Table 3 M Figure 11 Fi’R, SRL2 , SRL1 # SRLO KYER&E{EN 0 , AP
BANNIBEME S AR —PAX, R EFRSEY SRW11 #l SRW101&E.

Table 3. SRL2..0 FE1REXN MK 2 KR

SRL2 SRLA1 SRLO 2 X
0 0 0 Rt FEESX = N/A
= %88 X = 0x1100 - OXFFFF
0 0 1 b 728X = 0x1100 - Ox1FFF
=it %88 X = 0x2000 - OxFFFF
0 1 0 K b 31t 748 28 X = 0x1100 - OX3FFF
=i 7S X = 0x4000 - OXFFFF
0 1 1 Kbt 425X = 0x1100 - OX5FFF
B i 74585 X = 0x6000 - OXFFFF
1 0 0 Rtk T B X = 0x1100 - OX7FFF
=it %88 X = 0x8000 - OXFFFF
1 0 1 K 3t 31t 74 28 X = 0x1100 - OX9FFF
=i 75X = 0xA000 - OXFFFF
1 1 0 Kbt 74 25X = 0x1100 - OXBFFF
S F4%85 X = 0xC000 - OXFFFF
1 1 1 b1t 7488 X = 0x1100 - OXDFFF
=it 74588 X = OXE000 - OXFFFF

 Bit1 #l MCUCR iy Bit 6 — SRW11, SRW10: &= bt 74 85 X Z R Sk B4

SRW11 1 SRW10 A&/ F#EF i K ZEFHRANEKE |, 20 Table 4 FiRo
 Bit 3..2 - SRW01, SRWO00: {E bt 7% 88 X SRR B

SRWO01 1 SRWO00 Ak &I SR 17 6 25K bt K SRS EE |, 20 Table 4 FFRo
Table 4. Z&FRA M

SRWn1 | SRWn0 | E&IR%E
0 0 TESAH
0 1 %/ ERERA-NEHFEH
1 0 %/ BREBAFNSSES
1 1 B/ EREBAFNESES, ALFBUCiEER/A—NEEAH

Note: 1. n=08 1(&K/ SHUFEEX)
B —SHERES N Figures 13~Figures 16 , LA T ## SRW A & E 8t F o

» Bit0-Res: {75
REL , BRBREREAENES, EERFERNEBA 0 MRIISARKTENES.

Bit 7 6 5 4 3 2 1 0

| xmek - - - - XMM2 XMM1 XMMO | XMCRB
®/E R/W R R R R R/W R/W R/W
MEE 0 0 0 0 0 0 0 0

e Bit 7- XMBK: /S FE R X R TIRERERE

XMBKE"1“FEREAD7:0 A4k LAY SR RIFINAE. LI IHREMEREFADT:ORRIFHREHE
A, BME XMEM EORXEOLREN=D. XMBK NEMELRIFHEERIL,

ATMEL 2




EASNEBRY 76538 (/N T 64KB)

AIMEL

XMBKF = SREW R4, HLENfEE I T XMEMEEZD , REXMBK R "1“ , B R EFThEEX
=X R

* Bit6..4—Res: %%

REBN , BRBREREAENES, EERFERNEBA 0 MRIISARTENES.

o Bit 2..0 - XMM2, XMM1, XMMO: #}Zf 151k 88 & i b ik FE ek

EHREZREGT , FEANEESZEFAENHED C SIHSBEAES i, MRERER
EES IR 60KB A E1ZEMEES TR | i 0O C MELSIMI A LUBRK , B/EZEW 1/0
i Table 5 FiRo Bk, 10 P 32“ T2 EAIEH 64KB 785 " AR AR |, ATUARIA
XMMn 3R 177 R A ZB 12 4% 23 FT B 64KB ML &,

Table 5. fERESNEDFMEBRETRIR O C MSIIBMK , EHNEBOLER

XMM2 | XMM1 | XMMO | S\ER47fk BRith ik A9 2% B BARE RS 3% O 51 R
0 0 0 8 (£ %B 60 KB b1k %] ) %
0 0 1 7 PC7
0 1 0 6 PC7 - PC6
0 1 1 5 PC7 - PC5
1 0 0 4 PC7 - PC4
1 0 1 3 PC7 - PC3
1 1 0 2 PC7 - PC2
1 1 1 RES UM WA CHEIREIH

0 Figure 11 Fi~ , ARSI BN EMES G |, HinREk 4,352 F1t , AEHE
R AT, MFBNSEMEIHK 4,352 FFH R A5 E ( #ik 0x0000 ~ 0x10FF), 18
MHERIFMES/NT 64 KB B, 208 32 KB , M3&5E M 0x8000~0x90FF K EH , RES
SHHEB#ITIHR, ATHABEESHINT A15 RESHADEESBHEEE, i
0x8000~0x90FF F4E 1 L ZB 174 25 HY 0x0000 ~ Ox10FF, FH#EEXT Ox90FF 6] EF 3t |
RXENBECEZHWIHE. N TFRARRE ,iX 32 KB S\ 317425 7 M 0x1100~0x90FF &Y 32
KB #t 31t Z8 (8] , 2 Figure 17 Ff o 2R ELE BS M ATmega103 R AER BEEAS LI
ATmega103 FREEK

HERMHREN ATmega103 HREER . WEBMLHEZEEH 4,096 FTT, XEMREINIDFME R
#93k 4,096 F 75 AT i@ 3 ik 0x8000~0x8FFF i, XM ARF |, JMEF 32 KB F 2R =2 it
39 0x1000~0x8FFF M4 22 (],

30 ATmega128 |
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Figure 17. 32 KB #\&B 17 fiff 85 tth 41t AR 5

Memory Configuration A

ATmega128

Memory Configuration B

AVR Memory Map

External 32K SRAM

0x0000

Ox10FF
0x1100

OX7FFF
0x8000

0x90FF
0x9100

OXFFFF

Internal Memory

External

(Unused)

0x0000

Ox10FF
0x1100

OX7FFF

0x0000

OxOFFF
0x1000

OXTFFF
0x8000

Ox8FFF
0x9000

OXFFFF

AVR Memory Map

External 32K SRAM

Internal Memory

External

(Unused)

0x0000

OxOFFF
0x1000

OX7FFF

2467L-AVR-05/04
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T2 64KB FiEER

AIMEL

o Figure 11 FIR , A EHEB[RE T NI FEHESZE , BHERERHGT MCU REEln
i&] 60KB KIS\ ER 1244 85 ( HE41k 00000 ~ Ox10FF A R ERIEE B TR S ). AW , WLAFIA
RS Mt Y 5 EK 5 R A 64KB B FMES. B REWRO C fl 0x00 , HE
BE&ESN , FH#5EOM AT LG R #IE 00000 - OX1FFF T, HSLATHGIF,

SComeapie (O

;. OFFSET X7 0x2000 LAMRIE 5 R #Y 2SN ER 1764 25
; BEWAO C ( HuMEFT ) %l 0x00 , FBHMELSIH
| di rl6, OxFF

out DDRC, r16

| di rl6, 0x00

out PORTC, r16

. BKPCT:5

| di r16, (1<<XMWL)| (1<<XMWD)

sts XMCRB, r16

; B OxAA EIS\ER7F4428/7 0x0001 Hbut

| di rl6, Oxaa

sts  0x0001+OFFSET, r16

;. EFERE PCT: 5

| di rl16, (0<<XMML)| (0<<XMWD)

sts XMCRB, r16

; Ff 0x55 BASNERIFfEESH (OFFSET + 1)

| di rl6, 0x55

sts  0x0001+OFFSET, r16

c RmpiE "

#defi ne OFFSET 0x2000

voi d XRAM exanpl e(voi d)

{

unsi gned char *p = (unsigned char *) (OFFSET + 1);

DDRC = OxFF;
PORTC = 0x00;

XMCRB = (1<<XMML) | (1<<XMWD);
*p = Oxaa;
XMCRB = 0x00;

*p = 0x55;
}

Note: 1. ZRBBECLEBETEENLXH,
HTFXNGFERR T KSBNEMS , EDOER.

32 ATmega128 |
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RGP R HIEW

NeRERES S Figure 18 NAVRI X Eftsh RER H 5 i, XL H R EERN T, H TRIKIE
A LUEN 8 R E A BEARAS TR 25 1 T B TRV SR AR 4 | 10 P 41" R R T8 R BEARAE
x7. iR

Figure 18. B+ %

Asynchronous General /0 Flash and
Timer/Counter modules ADC CPU Core RAM EEPROM
Y Y A A A A A A
clkpe
C|k|/o AVR Clock Clkcpu
Control Unit
c”(ASY CIkFLASH
A Y
Reset Logic Watchdog Timer
F 1 :
Source clock Watchdog clock
Clock Watchdog
Multiplexer Oscillator
A A A A A

Timer/Counter External RC Crystal Low-Frequency Calibrated RC
Oscillator Oscillator External clock Oscillator Crystal Oscillator Oscillator
CPU B4%$ - clkgpy CPURH SBREAVRABKN FREME  MBA TEFERM. REFESUARRTHE

RIBHOBIEFMEER. 41 CPU N RERKZELETEMITE,

/0 B4 - clkyo /O BRTEF A T EZER /O EIR  ATERT AR/ 1T ELET. SPI M USART, I/0 B £93& A T S\ &F o it
TR, ERALENBPMEFSZERN , FIEME /0 B ELL T X LM HAR TG
MR, BEAL , TWIERE i E IR B ShEETE IR A ok MER T HRRIRUM , 15X
NIRRT TRERE X T A LLERE T,

Flash B4 - clkey agh Flash B4 $2%] Flash OB, LREHEES CPU M4 REISH.
RS EMBI - clygy RS ENERNS AT RS ENE / HREEEHA 32 kHz N RHEED | EELE

27 / ITEERENEE R R R X T DR BN RE R — A SKaT 8

ADC B¥4# - clkape ADCEB T [HIE 8, X4 AT LAFEADC TR BHRF LE CPU RN I/O B 4 LARR AR 20 5 EB 3R 7=
EWRE | N\TIRE ADC HRIRBE.

ATMEL 53
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MIAREIR
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SRENTLMESBELMEFNNMR. MHHEAS AVR R ESR | HBERHEHMLS
EHVEIR

Table 6. B8piRIEREF

Py o v ] CKSEL3..0"

AEBRE | BERH SR 1111 - 1010

SEMRIN R 1001

SMEB RC 5% 27 1000 - 0101

HREMNRNI RC &7 0100 - 0001

SAERET o 0000

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

BB ERER 72BN B, Y CPU BEERAREEEARES G , HEZRH
HRAXRNBHIEREN , RIEFHBHBEFBIRITESZHEARERS. H CPUMNE
TR TERT | R EFMARERR B AMRIEEFREE TEZBFREFREESF, &
RIFHERARN BB NEEN, BB E AR WDT &% 85 A 55T
Table 7, BEINAIKHRNWMEBSTHEBERX ,EHES N P 313“ATmega128 B A 454

]

Table 7. i 1MAIRH AL E

SRR H Bt A (Vo = 5.0V) BAMB HEE (Ve =3.0V) e EB%KE

4.1 ms 4.3 ms 4K (4,096)

65 ms 69 ms 64K (65,536)

FRF ] Bt CKSEL = “0001", SUT = 10", ZBIABTEIR AN R B I E B A ER RC iR
Hem. ZRMINREBRIEMAENAFBEEREARHTHESIHFIEZNNHIF,

34 ATmega128 |
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XTAL1 F XTAL2 73 318 B{ER AiRSH 2R R @ BRES M A Rt |, 20 Figure 19 Fi 7R,
EMEHER TSR AR RS , LA UEABRIEIRES, B4 CKOPT ARIEZRIXHfH
BAB[ERNNEDP 2 —, Y CKOPT BB IR SSRERESIM~EFBRENRS. X
BEREETRENE | UREEE T XTAL2 W FE NS Es0ER. mEXiE
XN RBE LR, HRIF CKOPT ARGBRIRSH |, ®F/NAHESRBELR N,
HRERERAKBREKTHRE , ERMXRCBELRE , MBA TR Hbatid @S,

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

Figure 19. &K% EEE

C2

I XTAL2
c1 7
oSt b | xmau1

GND

BHBFAUTET = FENER , 5-—FBE-—MILWRARTE, TEEXBIRL
i CKSEL3..1 3Ri&#% , 40 Table 8 FiRo

Table 8. R&iRSHE: T/EE

CKOPT | CKSEL3..1 MiRBE (MHz) R EAERBEE C1 M C2 WHEELR
1 101 04-0.9 -
1 110 0.9-3.0 12 pF - 22 pF
1 111 3.0-8.0 12 pF - 22 pF
0 101, 110, 111 1.0 - 12 pF - 22 pF

Note: 1. WEBMTFERT &4 , A THEEIRSS.
t0 Table 9 Fi7R , 182247 CKSELO AR SUT1..0 BF&E B 38 HE.

ATMEL 55



B R E RS

S\EB RC #5% 88

Table 9. & {K4iR5% 27 B £ E TN R AY /5 3 B i)

AIMEL

=R AT
HREAMEEERN BAYE (Ve =
CKSELO | SUT1..0 BZhntE 5.0V) HERE
00 258 CK(™" 4.1 ms BMEiIEIRES , BIRTE
: EFH
01 258 CK(") 65 ms MEERSS , BREE
0 EFH
0 10 1K CK®@ - MZEEIRES , BOD f#
e
11 1K CK® 4.1 ms BMEIEIRES , BRTE
0 EFH
1 00 1K CK®@ 65 ms MEEIRSS , BREE
EFH
1 01 16K CK - miEiR%ES , BOD f#
e
1 10 16K CK 4.1 ms RAEIRHE , BIRTE
EH
1 11 16K CK 65 ms mIAIREE , BREE
EH

Notes: 1. XLERMABLAT THEMERFAARBETHRASER , MASHHWARBESEN T LA
MEFEENER. TERTRE.
2. XEEMBHBAEERRF[IRITE , TUARIESH AR EBIRE. mAHTHEHRERT
ABETHRAMR  MABHNNARBEMNTHNAMSTEEN EAIERT &
{Z'So

R THER 32.768 kHz R B EIENSJFH TR | HTUFHBEL L CKSEL iRE&H “1001”
LU IR EN REIRH RS, REMIERE AR Figure 19 PR, BRI EL L CKOPT #4%
2 , AP o LAEAE XTALT 1 XTAL2 IAERER , N ERAZTER . NZPBEBHIPRIEL
7 36 pF,

ERTXMEERRZE B EBELA SUT B5E , 10 Table 10 7K.
Table 10. {451 & 4 4K7% 25 4 /5 3 81 [H]

SUT1..0

EREANEBEERN
BEhetE

S| RNFMAER
FHEl (Ve = 5.0V)

HERE

00

1K CK™M

4.1 ms

BIRPE EF , S2 BOD g

01

1K CK™M

65 ms

BIREE LA

10

32K CK

65 ms

BRRRRELBE

1

RE

Note: 1.

XLEETAER T BN RARRBEENMATNE FTEENER.

N F R ARSI S A A EA Figure 20 A RC /%585, MERAUBR HRE f=
1/(3RC) B THEEE M 1T, BA C EAE 22 pF, B REBE LN CKOPT , A A LAfEAE
XTAL1HIGNDZ BIH) - 36 pFEBA  MNMEEABBRE . HBRRIEXIFS 87 NA T4
AR ANMM%E R M1 C MEMAER | ESE NI RC RFBNAFM,

36 ATmega128 m———————————
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Figure 20. #\3f RC Bii&

Vee
T
[

XTAL2

XTAL1

GND

EHRAUTETONTRANERR , M FECHLCRETE, THREXBIRL
iz CKSEL3..0 &8 , 40 Table 11 Ff o

Table 11. #\#f RC #R5% 88 TEHE X

CKSEL3..0 EEE (MH2)
0101 -0.9
0110 0.9-3.0
0111 3.0-8.0
1000 8.0-12.0

BEBRTEIMREHERZE , BoAfEBBELM SUT BBXE |, 20 Table 12 FiiRo
Table 12. 5\&f RC &% 22 /5 3h AT )

FaEANEaE | SUNOTSNER
SUT1..0 M Bz ETE KA (Voo = 5.0V) | #EEFRAE
00 18 CK - BOD {4
01 18 CK 41ms BR PR EFH
10 18 CK 65 ms BREE LA
11 6 CK™M 41ms BIRIRIE LA , K2 BOD fE#E
Note: 1. XEEEMIREEA T TEMERABETFHRAFMEROER.

ATMEL
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REMN R A RC X% 8%

A eRnE T 787 - OSCCAL

AIMEL

HREMNS AN RC HIHBIEETEEMN 1.0, 2.0, 4.0 5 8.0 MHz MyBt4h, iXLEIREE
5V, 25°C FHIRRFEE, XN B IER REY , REKRR Table 13 X B41(
CKSEL#1TYmfZEN AT, 1E42IX /Nt 8 (BLBS T BEXT CKOPT# 1T4R 2 ) 2 E R E BN SRR
T, ENNRBHRNREZT T OSCCAL 728 , BFTHN RC IRFB/NIRE. &
5V, 25°C FMSMER 1.0 MHz &, XFFRE T AR HIRMIME £ 3% WEE ; £H
www.atmel.com/avr FFFA NG ZE A EEABEE, FAEET FREELE +1% . Y
FERAXMREFZREN RGN, BERANACERBECHE I THERSBERNREENMN
KiE, EZMEXRGRERENEEESN P270 HREET 7,

Table 13. F AR EM RC K% THEET

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

Note: 1. HJ BRHRE.,

ERTIEMREHECE , BeitEbmELs SUT BE , 0 Table 14 FiR, XTAL1 F
XTAL2 ER#FHZE (NC).

Table 14. NEPHRE RC #RSFH B B Eh At A]

EEEXAEREINES | SUNNFAERNE
SUT1..0 Bt i (Vee = 5.0V) ¥ERZ
00 6 CK - BOD f#igE
01 6 CK 41ms R IRIE £ FH
100 6 CK 65 ms HREELH
1 RE

Note: 1. HJ BHRE.

Bit 7 6 5 4 3 2 1 0
| caz CAL6 CAL5S | CAL4 | CAL3 | CAL2 CALA1 CALO | osccAL

®/E R/W R/W R/W R/W R/W R/W R/W R/W

WRE REHE

Note: ATmega103 FRBE X &HE OSCCAL FF:R.

* Bits 7..0 — CAL7..0: {R5 SR BB

TR EBRIEE XA ik 7T AT RS IR57 25 3 T LUK BRE T £~ T2 s kRN IS
BHERE, SN 1 MHz RERE (FMRBIENSET , #iikh 0x00) B3 MR E
OSCCAL =88, MEZENZRCIKHFRIETHMAE  IERBELAATNE : &
BN RERZENRRE  REFREREREER Flash 5, EEPROM 2/, XL
ATLUEE SR EL , RIS NEE OSCCAL F1F25. 34 OSCCAL HEHET 25 UREM
ETIHh, YHNHEHENMTASHEBEHNADIRZS[NMEBFER, BEA $FF BBIHSM
£, FREMNIRS AR NIHE EEPROM # Flash E&t., 5 EEPROM # Flash Hyi&4E

38 ATmega128 |
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B N RS R AR E BB ARAARE 10% ,

BEUNBRERTREAN, BEBRSHRIAX

1.0, 2.0, 4.0 M 8.0 MHz XL IT 7 HRE , EBMRNTERIE , B Table 15, .

Table 15. A% RC X% B M EBE

OSCCAL ¥%fEH | B/MAR , FARNESL (%) | BAMR , FHRARNED L (%)
$00 50 100
$7F 75 150
$FF 100 200

AT MAERET SR RIS S, XTAL1 AZU80 Figure 21 FRREVHEEITESRE, BT , B4 W
CKSEL 4Z04mT2 7 “0000”, BB LI CKOPT t#4RTE , AP B AT LA B A ERAY XTALT F
GND 2 [E#Y 36 pF &,

Figure 21. #\ZRed &R 3N B & B

NC

EXTERNAL
CLOCK
SIGNAL

XTAL2

XTAL1

ERTENMRHEREZE , BoAEBBELA SUT BBXE |, 20 Table 16 FiRo
Table 16. JAEZRET4F A9 /S B0 A A

EEEXAEREINGES | SUNNFAERNE
SUT1..0 Bt i (Vee = 5.0V) ¥ERZ
00 6 CK - BOD f#igE
01 6 CK 41 ms R IRIE £ FH
10 6 CK 65 ms BHREELH
1 RE

A TRIE MCU BEBRRE T , TRERARNT/AIM RN IRHINE, THRFERTEY
2% FEFEREAR, NZHE MCU REFE MR E RS AR B RS SR,

ATMEL

39



ENTER / it R IRH R

XTAL 3 342 Hl & 785 - XDIV

AIMEL

WNFMAERES / TRFES5IH (TOSC1 # TOSC2) Y AVR kb IE8s | BEA MlEESIX
FANCIEERE | TEARER., WIRH 43T 32.768 kHz Wi R BEET L. TEIL
£ TOSC1 I AIRHES .

XTAL 352 F 7 A TR RN 2 |, 2 HCER N 2 - 129, XMEFE AT SR REE D
o

Bit 7 6 5 4 3 2 1 0

I XDIVEN XDIVé XDIV5 XDIv4 XDIV3 XDIV2 XDIvV1 XDIVO I XDIV
®B/B R/W R/W R/W R/W R/IW R/IW R/W R/W
WNHE 0 0 0 0 0 0 0 0

e Bit 7 — XDIVEN: XTAL 2 3$i{58E

XDIVEN 7 "1“ &} CPU MHE M SMZ A A 4950 2R (clk; 0. Clkapcs ClKepys Clkpiagy) SA XDIV6E
- XDIVO B ENKRERNE FHITHM, X—NUAUESTHIRY PiHTER.
+ Bits 6..0 — XDIV6..XDIV0: XTAL % #ii%3%47 6 - 0

XDIV6 - XDIVO BN T REEAW S HE T, BELBREN d R7 , HH2/EH CPURE
SR EHSIRE £ T EAR |

p _ Source clock
CLK ™ 129 —-d

REEXDIVEN A Z R Al S BUX L E IR, XIXDIVENE"1“8Y , B EtE AXDIV6..XDIVO

HEIEILENE M, BNXLEHFELEN. HTF DM MOE WAT MCU B £/t | 4%

Y B4 5] Bt 4 20 3T

Note:  RERTEh 4 40 $ARS 7 BIi% 68 A E AT 88 /1T 5088 0. BN TR BERS Er 88/t 555, BE
CIATRSER K ErftE2F2EO RN, BERAXNENE / IHHE , ERETH
WEEE % | R HEMN S TEEAMK,

40 ATmega128 |
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B R B R AR AR =

MCU #:4|2% %8 - MCUCR

2467L-AVR-05/04

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

HABREXNWERARENFEE MCUCR B SE , REHIT SLEEP 55, E4H—F
B ((ZRER, ADCEFEMFHIER, HBEX, F8EX, Standby XY R Standby
= ) B MCUCR #9 SM2, SM1 Hl SMO (R , &0 Table 17 Fi7R. fERERY AP M AT LUR
ARERERNH MCU ¥EE, Z23E3ETE , S04 NetseEHE , MCU B AT BUZ4T P BT
BIRT, AREREE SLEEP T —&RES. RENTRREHFFHRXM4H SRAM MR
B, MREEESEBHRET SN, I MCU %R EEE M 6 EFF 1A 1T.

P 33Figure 18 748 7 ATmega128 FRIMN B RERH 5 i, ILEEE RS EWERER
NIEEFA.

MCU #Z2#|&FFRE e T DREENIZHL,

Bit 7 6 5 4 3 2 1 0
| sRE [sRwWi0 | SE | sm1 | smo SM2 IVSEL IVCE | MCUCR

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MHE 0 0 0 0 0 0 0 0

 Bit 5 — SE: BEERE(#&E

N T E MCU £ 1T SLEEP 8 E# AEIRER | SE MMB ., H T HFRH AERE
RERFANEETH , BN SLEEP ESHRI—%¥ESEN SE, —BHMREEVHEE
& SE,

 Bits 4..2 — SM2..0: BEIRIE KR

W Table 17 AR , XEVA TiEEEAREREN,

Table 17. EEEREREEZ

SM2 sSM1 SMO EEREREX
0 ZRER

1 ADC BB HI#ER
0 EHEER

1 HHEEN
0

1

0

RE

RE

Standby #& = ()

1 1 ¥ B Standby 1= ()

Note: 1. {RTEERAINEBRAERIEIRESAT Standby #EX MY EHY Standby ERF A,

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

ATMEL X



RN

ADC &= HHE =

Lok N

HaE

Standby &=,

AIMEL

% SM2..0 3 000 Bt , SLEEP #55# MCU #AZHER ., EHERXT , CPU FLLIE
1T, ™M SPI, USART. ##llti&88, ADC. W&kEN. TS/ iHHES. Em’mfmqﬂ&ﬁ
REME T, X NERERAELT Clkepy M Clkp agy , EL At BT £ M 4R 4E T 46,

M SNER B ER o] LAMR B MCU, SR A FEEMRLL LR AR P HTHREE MCU , N TR IHFE |
DM R BRI, 750k R AR LR B SRR S 1788 ACSR H91E ACD, 10
S ADC fiEgE , # AULER R B35 30 —IRER

% SM2..0 ;3 001 &} , SLEEP S # MCU # AREM&HER, EHEXT , CPUE
1IEiE4T , ™ ADC., SAERrhilf, FWLIEOUEE, EATE5/ 1TEREE 0 MBI ML T1E,
XANERERNRFIET clkyo. Clkepy M clkp agy , ELAATER I 4648 T 45,

BWENRIEST ADC HIRFHIE , EERRBEES. ADC ERENIHMR , #ALEF
BFEE— % AD #i, ADC S RN, SEEf. BIIAEM. BOD Ef. MLk
EOM LA PET, ERER / TTHER 0 lT. SPM/EEPROM R Tk, SAEEHHT
INT7:4 , SAEBH BT INT3:0 AT S MCU M ADC B = M SIS X KR BE

% SM2..0 7 010 &} , SLEEP #§59# MCU # A EER, FHEXT , A RE&EE
IR, MAZBHRE, MEEOMUHTHREEER (NRFEENIE ) 8T, REATE
I, EEN. BOD E4I. FWEEOMUICE AT, HAZBEFHE INT7:4 , I
BT INT3:0 ATLAfE MCU BiEEBEER, XMEREXNFLETHENRY  RERSER
AT CASKEE T4,

LERANZBEF P AT MCU NEBENGREEN | SARBEATEE—ENTE, £
KES N P 84 H\ERhpR ”

MBE DN B MR BB SR - B HIE MR BB G — MNEIR BT |, UL B R A TR E# B 3 HIRE T Ko
MEER M SHB L CKSEL EXMEMEHR —#/Y , 10 P 34“ B449IR 7 6

% SM2..0 ;3 011 Bt , SLEEP #Ea/HF MCU #ABBEER, X—#EXS5EEERXRE
—RAE

MRENER/ITHEE 0 WRS KT | BIZF1785 ASSR K ASO B , NIERRS /it 0 &
BRI HEET. RTHEBENNEGRESRX | 88/ ITHES 0 HEH PR A L& TE A
Wt BT LA MCU MREE 5 R | R E TIMSK FE TiXrhp , B SREG W&/
W fERE(L | B L,

MEAFRSERBIRRSEDN  BUEAEBER , MAREBEN. BEAEERERX
T,HASONO, NI MCUMREBERS ENGNFTFRBERIBENHN,

KANERIERELL T B clkaey SUNTBRE S | R BSR4,

4 SM2..0 § 110 B} , SLEEP #ES¥ 6 MCU # A Standby X, X—ERX5EEER
M — R A2 EF RS SME T, HRENERES6 /\E'J“i"llﬂﬁﬂo

42 ATmega128 |
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¥ & Standby &\

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

Table 18. ERERERER T &30 #Y A S K K 2R

TERYRT4 e R
fFREMNE | FRENE TWI #b3tPT | E6FES | SPM/E? & Hith
MEEREE R | clkepy | CKeiasn| ClKio| Ckapc | Clkasy B Bt BRETEY | INT7:0 [} 0 % ADC| 1/0
ZERER X X X X X®@ X X X X X X
ADC &7 @ ©)
D X X X X X X X X X
EaER X® X
HHER X®@ X® X® X X@
Standb
i X X X
¥ EH
Standby X@ X X X@® X X@
RO
Notes: 1. BHHEREANAZ REH LIRS
2. ASSR 1y ASO &,
3. INT3:0 SEFHET INT7:4,
43

2467L-AVR-05/04
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R/MUThFE

BB ER

Bl LB eR

R BR

FARHBE

BHER B

WA S|

AIMEL

HEREAVR BERENDERNTEERILNRE, — K  ER TR AERER |
HEERTRIWERBE T, FEBNRELFR L, TEANERERERERUE
FIRTREEH DD

fEgERT , ADC HEEREATAE T, NTHREDE , ERAEREACHTELL
ADC, EMEZHENERERAT BROKIR, BEESR P 213 BEIRE ",

HEZEMEXN , MRREEABELREE  TUREXMA, £ ADC RENFEXTHE
i, FHMEREARULERBR AT RAN. NREDLRBERT AR EEHE
B, AR EALEREEXTHREXAT. ENNBEEEERE —EMF£RE. FSAP
210" BHELLRER " AT BB E AR L EL R 2R

MR FREFAEERNZR BOD , XMER B ALK, MRYmFEIEL L BODEN fE
B2 BOD ZhEE , ENERMEREX THERTE MNMEXER. ERBROEREXT ,
BANERFEEERNRALE. FSE P44 EBRNER " LT FEMFEE BOD,

LHfEMA BOD, BHLLREMN ADC RAREEENMBREE SR, BXLEHREELET |, N
BEERGAURL, EHFEEEAPXINSSEEERRECESITUFER, MREHERE
BIRYERRMEN , HaE I ER, 3 A P50 FRE#EBE " LT HEER
BRI M,

MRBAREBEFNAENR , XMERFRATKRHE, EERE , WA [EEREES THFET
B NTEERR,. ERBANEREXT XM BRFSEBROBALE, ESEP
51“BIHERNER " LT HIAEEERTRERNS.

HARERRERE |, PIANEOSIMENZEEN UERRDNDE, REENRBERES
MR, EERERT /0 B4 clk,o M ADC B4 clkype BWFELT , MAZFER
wEIET, NIRIEMABETRQEFEER,. FERMABEREEN , ARKNRESR
., BEAHSIMES R P 65 MFHMACRENERES ", KNAATRERT , 58T
WARRBIZIER Vo2, BURMAZFRLHET ZSHER.

44 ATmega128 |
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JTAG #EOS5KRNARRE

2467L-AVR-05/04

L@EIIRE OCDEN B FEgE A NiAR RS B AEEREEERNN |, ERERMAA
fFRE, WEHMDAWIMEFTERE, AR TUBRZBEINELLE

% | OCDEN B4141,

#F JTAGEN &4,

¥ MCUCSR &1F8#1 JTD LB 1,
% JTAG EOMFEEM JTAG TAP BHIESS BB HEIE , TDO SIMAZE, &S TDO S|
NEAEZESENSZHEET | hFEFEM, FE  EUENSHFE#ESESH TDI S
EELNEBEEERZABE, X MCUCSR FF8M1 JTD VE 1 AN JTAG BLwmE
= JTAG #0,

ATMEL i



AIMEL

REREMEN

& AVR SEMAN /0 FERFMRENNSGE  EFNENRABLFHRIT. EMEELH
BETLMRENBE JMP 55, UERFREIEMLEHE. WREFKETFLMERRE
FRT | U AR e 8 AT DA — RV IR R I8 A B . Figure 22 AEMIZEAVEEE. Table
19 MEN T EMBERNESSH

EMURENE /0w O M ENNHKE , FEEEMT B
YENENESEAZE  ERITHBMEE , NMIEKT RNEEMN , HESEE MCU

EEIECZHEREFRENEE, IEEITHESENE A EE DAL CKSEL HAF &
Eo MERAMERFES N P 34“ BHIR” .

SR ATmega128 & 5 NENMIR :
. LtHEfN, YBFEEETLEEEMIIR (Veor) B, MCU E1L,
o AEEN, HSIH RESET LM EBFIFLELMEXTHR/DEOFREER MCU E1L,
- BINAEMN. HEMNAGEHBEE TAENSZENNEMEE,
. HHERNEMN. HEBRNEMINEEFERE , RREERTESRMNEMNIIR
(Vgot) Bf MCU Bl & {1,

« JTAGAVREfI: HEUEFFIR/N 188 MCUBIE L, S P 235EEE 1149.1 (JTAG)
BRAHE

Figure 22. E17iZ8%

DATA BUS
A

<

PEN D Q MCU Control and Status
Register (MCUCSR)
L Q ] Lo L) Lof Lf
SRl
. a| | X 2|7
Pull-up Resistor i
VCC Power-_On_Reset g
7 Circuit m
4
2
BODEN ) Brown-AOutA é
BODLEVEL »| Reset Circuit E
) \ Zz
Pull-up Resistor \ S Q
L |
— SPIKE > o
RESET FILTER »| Reset Circuit —R
-
[ i
i
JTAG Reset Watchdog ['4
Register Timer %
=
z
i s
(o]
Watchdog ©
Oscillator L
A4
Clock CK Delay Counters ||
Generator 4 TIMEOUT
A X
CKSEL[3:0]
SUT[1:0]

s  ATmega128
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EEE—————————————————————————————— A Tmega128

Table 19. &4

;- Rl
o5 B8 3 2ME | B BAE | B
?iE)EEmHBE%E (EFH 14 23 v
VPO L s s nReE (TR
)0 + = ( 13 23 v
VRsT RESET ["IBREE 0.2 Ve 0.85 V¢ \Y;
trsT RESET &/MkH R E 1.5 s
EEONEMIREE BODLEVEL =1 2.4 26 2.9
Veor | @ \Y
BODLEVEL =0 37 4.0 45
. &= B RN S VHKE | BODLEVEL = 1 2 us
g8 /N S0
BOD PR ER/DISERT A BODLEVEL = 0 2 us
Viyst | HEBERNZNER 100 mv

Notes: 1. BETEEN , REBERT Vpor NEMNFT 2K E,
2. —UEERMMY Voo TTRELEARRM B/ D THEBER B, XEBFEESNX I EH#HT
T Ve = Vgor IR | RIEE Voo TRILGEBELZEEIEZA-ERERNE
fiIo ATmegat128L MM iX%#4H BODLEVEL=1, ATmegal28 KX &4H
BODLEVEL=0, BODLEVEL=1 &R T ATmegal128.

gy LEEM (POR) B HF RN BE~4, KMEBEFF|T Table 19, POR £ Voo BT
KM FR=4%, POR BETLARMERBIHEMN , REARLN BIFHE,

POR EBSRIE S 4E b 1A B4, Voo JAE) L 8 TR B E B AR R IER 1R ES, T it IER
2 BT — E RSN ERRE. % Voo TR , REETRNI TR , RESET 55178
£,

Figure 23. MCU Ez)i3#8 , RESET #E#3 V..

= Veor

N

Vee
AoV
RESET _/ RST

TIME-OUT

tTOUT > |

INTERNAL |
RESET

ATMEL a
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AIMEL
Figure 24. MCU B3)3372 , RESET Bi5h sk iz 4l

TIME-OUT

1 1
1 1
1 1
1 1
INTERNAL 4 | |
RESET '

Amaty AEBE I NT RESET SIMMERF= 4, HEMESFEENAAT R NOTEE
& (S Table 19) AR EAIETR |, BMEIE 38 ERHHERERT. HHAMESKE
EHTIRBIE Ve EFR ) B | troyr R EEFF 18, ERLEHRIS MCU BIEZ).

Figure 25. THENBPFRENATEN

Vee

RESET

1 1
-\ Vrst £
1 1
1 1
1 1
1 1
1
! : < tTOUT
TIME-OUT : - |
1
1

1
|
INTERNAL 4 |
RESET

Eapusy ATmega128 E48 K A BOD(Brown-out Detection) B3 , @13 5 & E 8 Al & B FRIFT L3k
KNIHELREF Voo IR, MR BF LB IR EREL£ L BODLEVEL K& E BOD
B} 2.7V (BODLEVEL T4#2 ) & 4.0V (BODLEVEL #4%#2 ). A& BEEEHRH
THRELUHBR B IR R IR R, X ANBTF T RE AT AN Vgors = Veor + Vivst/2 BAR Vigor.
= Vgor - Vhvst/20

BOD EREHFF R HE L (MBODENEH|, HBODAEAES (BODEN#E) ,— BV FHEE|
R BFELT (Vgor. , Figure 26) , BOD B M EIEBHAR. & Voo LAFIAMRBFIUL
B (Vgor , Figure 26) , ZEBYIHERERTT tRiH 8 , — BBIE At troyr , MCUBMRE T4,

MR Voo —ERTFAABFEHRIFM Table 19 FIRAIATE tgop , BOD BEEF RN B
EBE.

48 ATmega1 2 o ——
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Figure 26. T/ EIEFRERBRN SN

VCC
| |
I I
| |
RESET ! !
| |
I I
l l
I I
TIME-OUT ! ~ trout
| |
| |
| |
INTERNAL ‘ |
RESET | \

ATMEL .
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BRER

MCU #ZH MRS S 78R -
MCUCSR

FAEEBEE

HABEFERESNERE

AIMEL

B 28 R A R R 1 4 CK BRI S Bod, ERORE TR | IR
ER BTN troyr CM. LB IR EM B AR R,

Figure 27. THERBHREFI TSN

VCC
RESET
—>», «— 1 CK Cycle
WDT
TIME-OUT n
o
1
«— t —»l
RESET | TouT
TIME-OUT |

1
INTERNAL | |
RESET

MCU 2R T FRREM T HXSIE MCU SN EMRNES.

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

®/B R/W R R R/W R/W R/W R/W R/W

RE 0 0 0 S REMIKHEA

£ ATmega103 AKX T RE EXTRF #l PORF ##1£,

+ Bit4 - JTRF: JTAG EfIif&

BEid JTAG £+ AVR_RESET TJLAf JTAG EMNFERREN , H5l% MCU 11, HE
JTRF Ef, FHEMEFEREES , L lBEE "0” K&K,

» Bit 3 - WDRF: B 1EfirE

BlITHENEAENEN, LHEMEFEREE , tAUEBESE 0" KER.

* Bit 2 - BORF: H#EHEENENIFEE

EEENENLEENEN, FEENMNFHEEESE BN E "0” KER,
+ Bit1 - EXTRF: A\ EMIFE

NABENEERNEBEN, LHEMEFEREES , b UBIE 0" KER.

+ Bit0 - PORF: - 88 E{iF&

EBRENREREN, REBTEE 0" KER,

AT ERAXEEMRERAMNEMESE  AFNZR PR FRNRE A REFHE
v, MREHMENREZIFLTFREN  NELEVRITUBIRESUIRERT
o

ATmegal128 EEH AREBREMER , ATEERLN , ERENELLLEEER ADC Wi
Ao ADC My 2.56V E/HEBERILLF NEEREER™ 4,

BEEEN BB TREEEETHESR, BaIEEST Table 20, 7 REIIFE | AT
EREERXENTERITI

1. BOD f£#E (/8411 BODEN #4% %2 ).
2. HEREMAREETIEMLLES (ACSR F781 ACBG EfL ).
3. ADC f#gE,

50 ATmega128 |
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BrRErR

2467L-AVR-05/04

Hit , 2 BOD #Z 18t |, B ACBG Hiffft ADC FEEBE MR, H THREESBER
IR AP TR ER=FF4  HEHFAEBEXZFXARER,

Table 20. AZPBEEERIVISHE

BN | BRE | BX
S ] 2R & & =] iy
Vg REFREL AR 88 115 | 1.23 | 1.40 %
tag BEBR B RS B A H 40 70 s
lsc BERRELHEIRTh#E 10 HA

EAERSRAMIMA 1 Mhz FAIRHEBRESN . KR Voo =5V RVHEEE, ESRE
BRUTHEMV BT THHREE BIRES NREN RN D MR TURETE R
SfMpyetEEE 20 P 53Table 22 FiR. BIHEMIET WDR AREN B THER 2.
A B BTAEMN SRR ES VAN ENREEEMN. EUFEE 8 MNET. WRRE
REENERNS , — ENRELEMEH , ATmega128 REN , HIITEN M EE@I
BF. BE4NBTREMRFE P50 BH,

ATHETEZRAZILEETRENSFRNE T EMHE , BIFELT M103C H1 WDTON
BHERET SMNTENRFSKS , &0 Table 21. FiR. 2% 5] 0 #HRF ATmega103 #
BB, FEEENAENBUEERS, ESEP 4 REE I THENSERENFEFY

ATMEL s



AIMEL

Table 21. WDT i@ %

REE | WDT 94 nmaREE
M103C WDTON 3 RE mAEIE WDT | {uEFREeE
Kimig Kimiz 1 k=4 A< 18] &7 51 A<t 8l & 51
Rimig BTz 2 k=] B R N2
Bimiz Kimi2 0 =) N2 RAERE
CiRi2 SR 2 e BRFERE N E2
Figure 28. &I 1XER 2
WATCHDOG = WATCHDOG
OSCILLATOR > PRESCALER

OSC/16K
OSC/32K
OSC/64K
OSC/128K
OSC/256K
0OSC/51
0OSC/1024K
OSC/2048K

WATCHDOG

RESET
Yy V.V V Y A
WDPO »\
I\
Wop2 N
WDE
MCU RESET
B ENSRHEFERS -
WDTCR Bit 7 6 5 4 3 2 1 0
| - - - WDCE WDE WDP2 WDP1 WDPO | WDTCR
®/B R R R R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0
e Bits 7..5—Res: &%
RN, EBRERERERSE,
« Bit4 - WDCE: B 1§ EaE
JEE WDE RIS EN WDCE , BN FEERILE R, —BEN , BEHFRNEEEN 4
AR EREEE, §5EHFX WDE WiHBEREZELE IR, TETZLRIN 172
Bt AME L WDCE LMEHRTA 0 MBS ERIE | 1 P 54 “ REB I HEN 258 B /Y88 F
5" FiRo
« Bit3 - WDE: & 1{fgE
WDER"1“Bt , BIAFERE , SNETREHEZILE, REEWDCER"1“NWDEF8EESE,
LTRAXHAEBNRANSE :
1. ER-—MESAX WDCE 1 WDE E "1¢, Bl WDE 245 "1%
2. EEEN 4 ER2AN WDE B "0,
THEFRERH 2 HRKEZTEZIEENHERSEN, SN P54« REFITHERSSE
ENEFES .
* Bits 2..0 - WDP2, WDP1, WDPO: E| I ER Mo Mag 2,1, MO
52 ATmega1 2
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WDP2, WDP1 1 WDPO JREEIIHER [T M2 , 20 Table 22 Fi’Ro
Table 22. B 1HERT 25Tl 20 57 85 1% I

Ve =3.0VATEaE | V. =5.0VET8E
WDP2 | WDP1 | WDPO WDT iB% 28 A% Y% R A9 i

0 0 0 16K (16,384) 14.8 ms 14.0 ms
0 0 1 32K (32,768) 29.6 ms 28.1ms
0 1 0 64K (65,536) 59.1 ms 56.2 ms
0 1 1 128K (131,072) 0.12s 0.11s
1 0 0 256K (262,144) 0.24s 0.22s
1 0 1 512K (524,288) 0.47s 0.45s
1 1 0 1,024K (1,048,576) 0.95s 09s

1 1 1 2,048K (2,097,152) 19s 18s

2467L-AVR-05/04
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THEHNAF5 3 LM C KT T XM WDT f9#RE. ERBEFMLTRAFEHZT (
kit /Pl )  BEMERT TERFNPHF2RE,

L ARD B2

WDT_of f:

; EfL WOCE # WDE

Idi r16, (1<<WDCE)| (1<<WDE)
out WDTCR, rl16

; RF VDT

Idi r16, (0<<WDE)

out WDOTCR, rl6

ret

C REHIE

voi d WDT_of f (voi d)
{
/* BfIWCE # WDE */
WDTCR = (1<<WDCE) | (1<<WDE);
[* KEAWDT */
WDTCR = 0x00;

}

HEE M HE R 2R E B A A E F 5

24510

2L 5 1

R24 5 2

TRENFIRETENZERIBEETE.

EMER S ATmega103 BN MREERET . BIIANDNHRESRELEN , TLURER
Hi BT By WDE RERTY , MRBAXENREHEAR. RILENRERFRNUNFEEE
SFAX WDE Hi% 8,

EXNMERT |, BITAERBNIBRS 2L | TR AR B & WDE R6E

BET. XTEMNFEHEARREIL (CLEEN ) B AERSFNEERT—MEERN

BF5 -

1. EE-—MESAX WDCE 1 WDE B "1, Bl WDE E£ 5 "1

2. EZEN4ANMESZARNI WDEE "0, LAR N WDP BAAENIKE M
WDCE NI E "0,

EXAMERT , HEIAENSERELEN , WDE WiREER "7, REENSEEHAE

HEERT—MNSENRBEFS

1. ER—MESAXNWDCEFMWDEE"1“, RAWDE REHBIRES , BSAE "1
Y=F LN

2. EEEN 4t EEZARRY WDCE B "0” , AR WDP BEA&ENKIE,
WDE WE{E T LMEE,

54 ATmega128 |
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ail] AT B89 ATmega128 HIFH AR, E—HRE) AVR SHUIALIRIES I P 12 EARFHi
B,
ATmega128 # & M [ &
Table 23. B MF M@ E
BF
RS oyt @ iR T E L
AEBSIH , LREN , HBERNEN , BIIRE
1 $0000™" | RESET fiI , BLK JTAG AVR 11
2 $0002 INTO SAERRRTIER O
3 $0004 INT1 SAERRRTIE R 1
4 $0006 INT2 SAERRRTIER 2
5 $0008 INT3 SEBFBTER 3
6 $000A INT4 IR UTIER 4
7 $000C INT5 INEBHRBTIER 5
8 $000E INT6 SERRRTIER 6
9 $0010 INT7 SNERRRTIER 7
10 $0012 TIMER2 COMP | ZEB{ES /it 588 2 L RIEE
1 $0014 TIMER2 OVF EREE /T EEE 2 G H
12 $0016 TIMER1 CAPT EBYER / iHEER 1 HR B
13 $0018 TIMER1 COMPA | EA{88 / iT2k88 1 LR ITE A
14 $001A | TIMER1 COMPB | TEART8S / it#88 1 LR B
15 $001C TIMER1 OVF ERTER /TR 1 Rd
16 $001E TIMERO COMP | ZEBTES / it %88 0 L RITE
17 $0020 TIMERO OVF ERES / ITHER 0 R
18 $0022 SPI, STC SPI BITRAER
19 $0024 USARTO, RX USARTO, Rx 43
20 $0026 USARTO, UDRE | USARTO #5887
21 $0028 USARTO, TX USARTO, Tx &%
22 $002A ADC ADC #iR4ER
23 $002C EE READY EEPROM R4
24 $002E ANALOG COMP | #&#lLbEzS
25 $0030® | TIMER1 COMPC | ERIES/ it #5851 LR EE C
26 $0032® | TIMER3 CAPT EBER /T EER 3 HiRES
27 $0034® | TIMER3 COMPA | EAIES/ T8 3 LkRITE A
28 $0036®) | TIMER3 COMPB | ErT8S/ it#8s 3 LR E B
29 $0038®) | TIMER3 COMPC | TEArT8S/ 1t#188 3 LR E C
30 $003A® | TIMER3 OVF EBTEE /1T EEE 3 aH
31 $003C® | USART1, RX USART1, Rx &

ATMEL
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Table 23. S M HEE

BEF
mES sk ) IR T RE L
32 $003E® | USART1, UDRE | USART1 #iz5& a5z
33 $0040® | USART1, TX USART1, Tx &R
34 $0042®) | TWI A& HBTER
35 $0044® | SPM READY RERFFHBNERE

Notes: 1. HBE#£ I BOOTRST #imiER , EMEREF B EBoot Loader, iHZ M. P 255 X #55|
SEAEF - EENR AL (RWW, Read-While-Write) ) B K mIEREN ” o
2. ¥HFFEMCUCRWIVSELBNIET , PR 2B EIBoot X BIA M ut, tEAT AT
[ 2K SKFRib i IR P i iE S Boot X214t 4k 2 o
3. k79 $0030 - $0044 K H¥T1E ATmega103 HRBEX H R EFE,

Table 2445 1 T AEIRYBOOTRST/IVSELIRE FTHYE N MP MR BN E, MREF KT

TEERERYT , PHTABFRAENL. AR TUERERZRERRF, B K NMREVEENMT
MAX , MEMPIEEMNT Boot X , MENEAEZFEIUNEEERF. RIKRIFEM

I,
Table 24. S PHEENENHEE
BOOTRST | IVSEL | &fuihst o D [ R 5 1

1 0 $0000 $0002
1 1 $0000 Boot X & {i#tz1it + $0002
0 0 Boot X & {i tth 31t $0002
0 1 Boot X & {7t 3t Boot X & fi#tb 11t + $0002

Note:  Boot X &1t 5 P 266Table 112 . W FIEL I BOOTRST ,“1" RRAKLE , ‘0" RTE

iz,

56 ATmega128 |
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ATmega128 BN SN M FMIZREMT :

ik

$0000
$0002
$0004
$0006
$0008
$000A
$000C
$000E
$0010
$0012
$0014
$0016
$0018
$001A
$001C
$001E
$0020
$0022
$0024
$0026
$0028
$002A
$002C
$002E
$0030
$0032
$0034
$0036
$0038
$003A
$003C
$003E
$0040
$0042
$0044

$0046
$0047
$0048

$0049
$004A

$004B

s
jp
jp
jp
jmp
jp
jp
jp
jp
jp
jmp
jp
jp
jp
jp
jp
jmp
jp
jnp
jnp
jp
jmp
jmp
jp
jnp
jnp
jp
jmp
jmp
jp
jp
jp
jp
jmp
jmp
jp

RESET: | di r 16,
out
| di

out
sei

<instr>

KRB
RESET
EXT_I NTO
EXT | NT1
EXT_| NT2
EXT_I NT3
EXT_I NT4
EXT_I NT5
EXT_I NT6
EXT_| NT7
TI M2_COWP
TI M2_OVF
TI ML_CAPT

TI ML_OVF
TI MD_COMP
TI MD_OVF
SPI_STC

ADC
EE_RDY
ANA_COMP

TI M3_CAPT

TI MB_OVF

™
SPM_RDY

98

. ENNAWR

| RO A
| RQL AR
| RR A
| RB AR
| RY AR
IR AR
| R AR
| RQ7 AR

; TERER 2 ERAW
, ERE2BHEaW
; ENE 1 #ERaGR
TI ML_COMPA ;
TI ML_COWPB ;
. ERE 1R
; TEARER 0 LERAW
, ERE0BREAW
;. SPI M RAR
USARTO_RXC ;
USARTO_DRE ;
USARTO_TXC ;
; ADC HiZRAW

EREE 1R AW
ERNER 1R BAW

USARTO $Z Uk & R AR
USARTO, UDR Z= 14K
USARTO &% RAWR

EEPROM 4% A1 1R

; BELERE AR
TI ML_COVPC ;
; ERES 3 HIRAW
TI M3_COWVPA ;
TIM3_COWPB ;
TI M3_COVPC ;
. TERES 3 BHAW
USART1_RXC ;
USART1_DRE;
USARTL_TXC ;
; FRBTEOTHIR
;. SPMELEE AR

EREE 1R CAW

ERER 3 KR AGR
EREE 3 LR BAWR
ERTEE 3 LR CAm

USART1 #ZR & R AR
USART1, UDR ZZ 14K
USART1 £X & RAWR

hi gh(RAMEND) ; E£RF

SPH, r 16

; IREHEARIEH Y RAMBYTRED

r16, | ow RAMEND)

SPL, r16

XXX

 fEREAPIT

M54 47 BOOTRST K4m72 , Boot X7 8K ¥ , B MifEaEZ Bl Z 1788 MCUCR HY
IVSEL EB{urf , MR ENMFMPIRENT :

o ak
$0000

(Sie)
RESET: | di

(e

i B3

r16, hi gh( RAVMEND) ; &R

ATMEL
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$0001 out SPH, r 16 ; IREBHREH I RAMBTE
$0002 I di r 16, | ow( RAVEND)
$0003 out SPL, r16
$0004 sei ; fEREFRIT
$0005 <instr> xxx
.org $F002
$F002 j nmp EXT_INTO ; IRQ A
$F004 jmp EXT_INTL ; |RQLAW
$F044 i mp SPM_RDY . SPMBZ AR
L s 41 BOOTRST 24%f2 , B Boot X 8K ZFiat , AEWEMFAMIZEMT :
3k ®"s (W) e
.org $0002
$0002 j nmp EXT_INTO ; IRQ A
$0004 jnp EXT_I NT1 ;| RQL A1
$0044 jmp SPM_RDY ; SPMBZ& AR
.org $F000
$F000 RESET: | di ri16, hi gh(RAMEND) ; FRF
$F001 out SPH, r 16 ;IREMREH N RAMBI TS
$F002 | di r16, | ow( RAVEND)
$F003 out SPL, r16
$F004 sei ; fEREAPET
$F005 <instr> Xxx

844 {7 BOOTRST B4%i2 , Boot XH 8K FHat , B fAE > Bl & 1788 MCUCR #Y
IVSEL EB{urf , MR ENMFMFPRIRENT :

ik sas R g

.org $F000

$F000 jmp RESET ; Reset AW
$F002 i mp EXT_INTO ; |RQ A1
$F004 jnp EXT_I NT1 ;| RQL A
$F044 jmp SPM RDY ; SPME&AW
$F046 RESET: | di ri16, hi gh(RAMEND) ; FRF
$F047 out SPH, r 16 ;IR EHERIEE R RAMBY TR ED
$F048 I di r16, | ow( RAVEND)

$F049 out SPL, r16

$FO4A sei ; ERERHT
$F04B <instr> Xxxx

HENARXH Boot KzEBAH B FMRE 788 RE T M@ B RAME L,

BT

MCU #:4|% %88 - MCUCR

58

Bit 7 6 5 4 3 2 1 0
I SRE | sRwio SE SM1 SMo SM2 IVSEL | IVCE | MCUCR
®/5 R/W RIW RIW R/W R/W RIW RIW RIW

ATmega128 m———————————
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WIRE 0 0 0 0 0 0 0 0
o Bit1—IVSEL: i ®i%iF

% IVSEL 7 "0“ & , P EMN T Flash & sV Atbat ; 2 IVSEL 8 "1“ &, K@
B3 Boot KM iAtbit . SEFRAY Boot X tath it BS54 {7 BOOTSZ BE. BEiKkiE
2% P 255 T F SIS RARF - EEMER AT L% (RWW, Read-While-Write) B B B4
BEED ", ATHLEEEZEREFHEOER , SR IVSEL NEEERUT IR :

1. BIPEEEEREREN IVCE,

EREN 4 M AREFRENRIES A IVSEL , BRX IVCE B 0%

BT LRSI PR B a2 1L, H3E , B IVCE A MM RELT , H—BERSFE

E IVSEL #E2EH T —%iB4., MR&E IVSEL Bk , NFMEEN IVCE 2FEH

AN EABRRERL, RASESRNM I FZRFINEME,

Note: EHMf[E & T BootX , HBoot#i E I BLBO2 #LRIZ , M 4T R A X A T2 Fr B o BT Al 28 1+
cEriE BV TRAKX , B Boot 8 BLB12 #4TE , MNIT Boot X KR A Fh i
Wk, BX Boot MiIEMMMATES N P 255 XSS EARRF — EEMN R AT ik
(RWW, Read-While-Write) B B RmIREED ” -

ATMEL s
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+ Bit 0 — IVCE: Fpfim RIS ERE

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

Cym R BB Bl

Move_i nterrupts:
; fEREP T BN
Idi ri16, (1<<IVCE)
out MCUCR, rl6
;BRI EHBE boot X
Idi ri16, (1<<IVSEL)
out MCUCR, rl6
ret

C REfHIE

voi d Move_interrupts(void)
{
I* fEREPETEEBHIESR */
MCUCR = (1<<I VCE);
I* FhEEEHBE boot X */
MCUCR = (1<<I VSEL);

ATmega128 m—————————————————
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ERBRAKF IO FERAN , FiE AVR /O IO MEEEEMNIE - X - BIEE, XEWKE
FISBIE CBI EETHRERLEEMMNAE (RERWOBF, 2L/ FaELisMlE)iFa
TEMREHMEMH A (RERKOBE, 2/ FaEEHBMA ), MEEFREEX
MEIRSHEE D |, AT SRR B3R |, B $E9K3) LED, FREM s OSIMEEE SEEE
K LR, HERP ZRES Voo MMAEE , W0 Figure 29 FiR. ES N P 299 &
SEM URBEENSRIIE,

Figure 29. 1/0 S| EHREHE

PU

Pxn

Logic

See Figure
"General Digital 1/0" for
Details

ATNRENTFFRMVUEARIRTE | MEN X RRRONFS , MDEH n” KK
UNFS, BEREBFEEERE, Hl1, PORTB3 R iwH BHE 3L , MATHE
A% PORTxn, ¥ 1/0 FEHR|MUENST P 81°/0 s A FEFER_MWH " o

BMROME= /0 FERbi - BIFEFFER - PORTx, BI|EAS@EF 7R — DDRx H
wOMASIH - PINx. BESFFRNBBELOFFRENE/ BEFEFHR , MmO RASIEA
RiFFR, AFFE SFIORMW LR ZEIH{V PUD EfVAIFrB IR DM £ &5 IR LRI/
MBI

FERNBRIHF /0 MK AESN P 62 EABAKT /IO iKD" . ZRIKOSIHRS
SEIhEEEAM , M P 66" iAMEINEE " Fi R, B A B MERKN BMAHALLT 5|
RPRY 58 —ThEe.

ERERLSIHMNE DT 2PREMLSIMATERKTF /0,

ATMEL o
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iwmAANER LR EBE (ALEATIEE ) BWX@ /0, Figure 30 3 —/ I/O i O S HIAY % 8A

Figure 30. @A 110"

E <|I /B PUD

MWV
KL‘
Py
%

(7))
2
A1 <
Pxn Q D
\I PORTXN N 5
3.3 <
| S - WPx (@)
RESET
SLEEP '\1\7 RRx
l/
SYNCHRONIZER
| —————— ﬁ RPx
—I "> > o—J5 o
= | PINXn | L~
| ’7 L7 ”> o |
|_ _____ I clk o
- WDx: WRITE DDRx
PUD: PULLUP DISABLE RDXx: READ DDRX
SLEEP:  SLEEP CONTROL WPX: WRITE PORTx
clkyo: 110 CLOCK RRX: READ PORTX REGISTER
RPX: READ PORTx PIN

Note: 1. WPx, WDx, RRx, RPx # RDx X F[& — i D B P& S| #B R —#£#9, clk,o, SLEEP
PUD NIXt A B im O 2 — 8,

FMNmOS|IEEEE =/ 21E85{Z : DDxn. PORTxn # PINxn , # P 81“/0 i O 21288
Ki%BE ” FT’R. DDxn {uF DDRx Z1£28 , PORTxn X F PORTx &1F8% , PINxn ¥ F
PINx 1785,

DDxn LAREZR S| BB, 2 DDxnl "1“ A8t , Pxn BEE @ ; BN RHE A

LoIMEERNMARN , & PORTxn K "“, L sBERERE, MREFEXAXNLHS
FE , AT PORTxn BF , REFXASIHEEN M, SMNESIMA=ES, AMEL
DR B EETT.

LolHEE N e |, & PORTxn K "1, SIM@HSHEF ("1, B HEEF (0%,

£ (BMA ) =7 ({DDxn, PORTxn} = 0b00) #i i & &5 ({DDxn, PORTxn} = 0b11) &
RS2 B BTEHE | EheBFEMFAE ({DDxn, PORTxn} = 0b01) =i HEKEFE ({DDxn,
PORTxn} = 0b10) XHMEX LR BF—MRE, BF , LN BHEFERTE AT NES
B, BENEERETEERRS RS MEER Fimt. MEEABRTREXETF , il
B &z SFIOR ZF 12851 PUD REIEFrA R O/ EHIEBFE,

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

ATmega128 m———————————
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Table 25 B4 7 SIHIVIZEHIES

Table 25. % A S|HIE &

PUD aki'd-]
DDxn | PORTxn | (in SFIOR) | /O i:] B8
0 0 X WA No B (Hi-2)
0 1 0 WA Yes | #4\EPeEEEHR AT S H BR
0 1 1 WA No B (Hi-2)
1 0 X L] No WHEET (RUKEBETR)
1 1 X k] No BMESET (MHER)

it A fi & DDxn , &R AT LUES 32 BX PINxXn 125 RIRBSIBI 25, 10 Figure 30 Fi7R
PINxn FESNEMISETIEMNUESREAR T — MRS XHEF AT OB & 15 A 206 44
RBRERENENEEENHTEIMBEFTEMERNESTFTRE. HRRIEZSIAT
EIR, Figure 31 NS MBFRELS RN FE. RAMRKIMERMIER D BN thg max
*u tpd,min°

Figure 31. &ES| BB W RS

SYSTEM CLK J | | | |—\_
INSTRUCTIONS X x>§<x X x}i<x )( in 117, PN

SYNC LATCH V)

PINxn | | |
rL7 | 000 | X oxrF

L tpd, max %

v j v

: ﬁpd, min

4 >

THZEE—IMREMSTRAZERENNS AR, Yt ESHENSIESEXA
#; M ESISRESTUBHEN , B+ SYNC LATCH E 5B XFrR, Bt
BNENGESEREF  REEREBENRENS EFRBIFE PINxn FF80 1t a
M tog min FTR . SIH ENESHRRIEBRT 12 ~ 1% MPRENH

0 Figure 32 Fi ™ , BV R FHSIHEBFREEERERE S out MIREYES in 2EH
— NI EHMEIRR , 10 nop BT, out ETEMME EFARENM SYNC LATCH 55,
LB B 25 AR AV AE R B 8] t,4 0 — N REGTATEF

ATMEL 2
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Figure 32. IV FHSIM BTN RS

systemcik [ ] ] 1 T

ri6 OxFFi

INSTRUCTIONS  XoutPORTx, 116 nop X inr17, PINx X

SYNC LATCH
PINxn
r7 . ox00 | X oxrr
tpd
64 ATmega128 m———————————
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THNAFERTOMEMKRO BASIOM1,FESIM 23, ARSI 4 3 718
BAMA  FENSIM6M7RELANBHE, RAERHESIMNKTERER, MEIHEHTE
BARAE , BRI ERENRAEIZBBEAT — nop T,

SComieapie (O

; EX EWEBBEMRESETHE

; RImOSIHEN S M

| di r16, (1<<PB7)| (1<<PB6) | ( 1<<PB1) | ( 1<<PB0)

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

out DDRB, r 17

i ATEAZEA nop S

nop

; REURO S| M

in ri16, PI NB

c RmpiE "

unsi gned char i;

[* EX EH@EEMEESEFHE </

I* RWOSIMESSE@ */

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

_NoP();

I+ REUROSIHE */

i = PINB;

Note: 1. EILHEFEERATHNEFR. HENRN TEEMREIENTERE,

W Figure 30 AT R , MFHAGS (B BRMNEA ) AHA R, B SLEEP
f§5H MCU WEEIRIZFISBESMEREXNTIRE , UL EMARZRELNE A BT
IE Vo2 BEOEEARZ IR,

S| BMER S ER s AR SLEEP 55k, 1EFRESIBIAYEE —Thaget SLEEP thitfwF
FIhREE , W1 P 66" in AR SE = Thag ” BHRM AR,

HRIHNMPMSIHEEN TR B BRFR(LEAI LS R PUTE , RN IIZEE
B2, MSIM EXMEMT BBEF , N MCU MEERRAE X 1 B2 A A8 B2 ) A58 AP BT AR S RF B 4o
E N ERERETE T SLEEP ES M ERAASE ST R MRBEEABSEFaAT
NEEE  FETREFISBENEFESEL,

MEBSIMARBER  BNAXLESIMWE T - MNIERET, BRMEXFR , ERENKE
BATASHHBFZRARER , EERFER LA S| MK A HERN B ik A5
EHeHFmAERES (. THEEX, ZREX ) HREER,
REENRIEAASIMEFBERFNFEZRERENT LN BEHE, BERITHREMA
LA BREFRER, MREVNNDEHERERNZNEANS LR T EME, T
HEEENARASIMS Ve 3 GND E# |, B IXH A sE 27 5| BB ARE 0 i ot H B
H B .

ATMEL L
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WA ME —Thee BT —MROBF 110 24 , ASWHOSIMWEBEEE =28, Figure 33 #1897 M Figure
30 ML HRA S OSIMEHIES EMARKE —hAFTERN, XERESENESTAH
MEFENEOSIM  BEARTUBEEREAT AVR R EEFTE O S MK — iR
B,

Figure 33. #OME —2hAe ™
PUOExn

PUOVxn

PUD

DDOExn
DDOVxn
1
0f Q D :
DDxn
o
WDx
PVOExn
RESET
PVOVxn F RDx
l/
~

VVV

Y
DATA BUS

<t
PORTin
DIEOEXn Ses
WPx

DIEOVxn RESET

RRx
SLEEP N

SYNCHRONIZER

ﬁ ,l>
PUOExn: Pxn PULL-UP OVERRIDE ENABLE PUD: PULLUP DISABLE
PUOVxn: Pxn PULL-UP OVERRIDE VALUE WDx: WRITE DDRx
DDOExn: Pxn DATA DIRECTION OVERRIDE ENABLE RDx: READ DDRx
DDOVxn:  Pxn DATA DIRECTION OVERRIDE VALUE RRx: READ PORTx REGISTER
PVOExn: Pxn PORT VALUE OVERRIDE ENABLE WPx: WRITE PORTx
PVOVxn: Pxn PORT VALUE OVERRIDE VALUE RPx: READ PORTx PIN
DIEOExn: Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE clk,o: 1/0 CLOCK
DIEOVxn: Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE Dixn: DIGITAL INPUT PIN n ON PORTX
SLEEP: SLEEP CONTROL AlOxn: ANALOG INPUT/OUTPUT PIN n ON PORTx

Note: 1. WPx, WDx, RLx, RPx MIRDx X} F & — i A 89 P& 51 Bl &f = — 489, clk,o, SLEEP A
PUD UXPRER IR O &R — M, HEESUANE-—MESEXR

Table 26 NXFE " HEEEHWFESHEN . RPIXFHH Figure 33 M5 MmO RS,

66 ATmega1 2 o ——
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Table 26. £ —IhAEHY 15 AF

EE5EH £ % i H
PUOE Ehreape EWREFSEN , ENEBEFENZET PUOV ;| ERES
B R SES , M {DDxn, PORTxn, PUD} = 0b010 B L 37 85, fH {8
Bt
PUOV nkavg=ch | % PUOE BfI , Ml PUOV BfL / FEm LhsapAfERE / 2
BEHFRE It , MA%E DDxn, PORTxn #l PUD HFE88 & MIMRE
e
DDOE BiEAE MR ESEN , M HIRs)FaEd DDOV 54 ; FLE
EHFRE FEE , WHIESNFEER DDxn F12E51EH
DDOV BIEAG M # DDOE E{ , Nl DDOV E{¥ / FF & I £RE / 2
B AL It , A% DDxn FEEMNIRENM
PVOE % O B8 MRXMESEN , B HIESNFERE , lwOKIEH PVOV
B AL %, & PVOE BT , BT FLE , WOHEHSE
82 PORTxn 24l
PVOV s OB W PVOE %& , I AEIRE N PVOV , MR EHFFeE
BEH AL PORTxn f{ai& &
DIEOE BEFEA MRXMEFEN , BFH AFEELH DIEOV 2§ ; &
B R DIECE &% , BiFMm AfFsEH MCU IRARE (EEE
= , ERER )
DIEQOV BFwEA % DIEOE &fz , DIEQV By / BENHFH AFR /2
B AL Ib, TAE MCU BPIRASIMA ( EEER | EBERER)
DI BEBmA WEERNE_DENBERA. EBYP , XIMEE5ER
B RRE , HEERSEZH .. BRIERFmABERS
B, BNE—EEEREFERECHNES S
AIO BEES BEMmA /W, E5EESSIMESMEE , mMETUA
WA EXX 8 0

THHLVNTREEEEASMNRONE - DRAREINES. E4ESERXE=

ThRERI I ER

ATMEL
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Y% IhEE 10 185 - SFIOR

Bit 7 6 5 4 3 2 1 0
| Tsm - - - ACME PUD PSRO | PSR321 | SFIOR

®/E R/W R R R R/W R/W R/W R/W

HE 0 0 0 0 0 0 0 0

« Bit2-PUD: it F#/8afH

E{et, BIERFFFIF DDxn M PORTxn [ ﬁﬁﬁathﬂaﬁﬂ ({DDxn, PORTxn} =
0b01) , /O ¥k Oy L EaPH g ZE I, ES I P 62 BLESIf

WO ARSI im0 A S ZThEE N AN EB R BRI D K 7 77 th ik BARR 348
Table 27. %0 A BY5E —IhAE
WOSIH | $F=IhEE
PA7 AD7 ( H\NERTF iR D it R BRIE(L 7
PA6 ADG6 ( F\ERTF i 853 D it R BB 6
PA5 ADS5 ( SAERfFfaRiE O b it REIE(L 5

(
(
PA4 AD4 ( S ERTFf 281 O tthut R EKIE(L 4
PA3 AD3 ( A\ EfFfEeRiE O bt ] BiEL 3

(

(

(

PA2 AD2 ( S\EBTEAE 2R 8E O b ik R BUAEAY 2
PA1 AD1 ( \EBTEAE 2343 O b ik IR BUAE AT 1
PAO ADO ( AA\EB1EfE B E Ottt RIRIEAL O

)
)
)
)
)
)
)
)

Table 28 # Table 29 %O A B3 —Th&ES P 66Figure 33 NERESXERE T — i,
Table 28. PA7..PA4 HY5E —Th&E

g;\ PA7/AD7 PA6/AD6 PA5/AD5 PA4/AD4

PUOE | SRE SRE SRE SRE

PUOV | ~(WR | ADAM) . ~(WR | ADA) + ~(WR | ADA) ~(WR | ADA) «
PORTA7 « PUD PORTA6 « PUD PORTA5 « PUD PORTA4 « PUD

DDOE | SRE SRE SRE SRE

DDOV | WR | ADA WR | ADA WR | ADA WR | ADA

PVOE | SRE SRE SRE SRE

PVOV | A7 «ADA|D7_ A6+ ADA | D6_ A5+ ADA | D5 A4+ ADA | D4_
OUTPUT » WR OUTPUT + WR OUTPUT « WR OUTPUT « WR

DIECE | 0 0 0 0

DIEOV | 0 0 0 0

DI D7 @A D6 A D5 A D4 A

AIO - - - -

Note: 1. %D%;\ g #hit 3K (ADdress Active) WA E |, X FR ik i HH VBT[], SN P 23“ SA\ZB1E
m RN

68 ATmega1 2 o ——
2467L-AVR-05/04



EEE—————————————————————————————— A Tmega128

WO B MWE—TheE

2467L-AVR-05/04

Table 29. PA3..PAQ Y5 —ThhE

gg\ PA3/AD3 PA2/AD2 PA1/AD1 PAO/ADO

PUOE | SRE SRE SRE SRE

PUOV | ~(WR|ADA)- ~(WR | ADA) «_ ~(WR | ADA) « ~(WR | ADA) «
PORTA3 « PUD PORTA2 - PUD PORTA1 « PUD PORTAO » PUD

DDOE | SRE SRE SRE SRE

DDOV | WR | ADA WR | ADA WR | ADA WR | ADA

PVOE | SRE SRE SRE SRE

PVOV | A3+ADA|D3 A2+ ADA | D2 A1+ADA | D1 AO « ADA | DO
OUTPUT « WR OUTPUT - WR OUTPUT « WR OUTPUT « WR

DIEOE | 0 0 0 0

DIEOV | 0 0 0 0

DI D3 @A D2 %A D1 %A DO A

AIO - - - -

im0 B #9538 = Zh&E3 T Table 30,

Table 30. w0 B M5 = IhaE

SIM | E-Thee

PB7 0C2/0C1C!)(T/C2 My i LR A PWM B i | 502 T/C1 B i i LR AT PWM 3 i C)

PB6 OC1B (T/C1 K% i tER M PWM % i B)

PB5 OC1A (T/C1 By %i H LEER A PWM il A)

PB4 OCO (T/CO K% tH tER A PWM % i )

PB3 MISO (SPI B&MEHMA / ML HES )

PB2 MOSI (SPI B& M =M E / MLRARS )

PB1 SCK (SPI B4 KK S1TRTE )

PBO | SS (SPI MHLEZEIR )

Note: 1. ATmega103 #&A#EX%%E OC1C,
SIHEBEENT :
e 0OC2/0C1C,Bit7

OC2 , #i tH EE R ICELAE SR W9 % ) - PB7 AT LA T/C2 % EEBRAE SR W95 HH o L B S| BED A
ELE N (DDB7 B R “17), OC2 S|t 2 PWM =8 5 i 515,

OC1C M LRI CERA M - PB7 A LMER T/C1 Mt Eb R C 3R i o bEAS 5]
B4/ ELE 5 (DDB7 iR B R “1”), OC1C 22 PWM & X BY % H S| B,

« OC1B, Bit 6

OC1B , %l i tb 3 P Bt BAE SR A9 5 - PB6 AT BAMER T/C1 4 HE LE R BAE SR BV 5 HH o LA S B
PMELE N (DDB6 RER “17), OC1B th2 PWM =X B i Hi 51

» OC1A, Bit5

OC1A it LR T AR SR B9 5 i - PBS AT SAME R T/C1 i LR ARY 3 He o b S| B 423
BB N (DDB5&RER “1”), OC1A th2 PWM =X 89 %1 H 515

ATMEL e
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« OCO, Bit 4

OCO , i LE B ITELAE SR (9 5 - PB4 AT LA4E SR T/CO % LE AR SR A9 S HH o BL RS S| B 420
ELE N (DDB4 & B R “1”), OCO th2 PWM & =X 195t 518l

« MISO -#0 B, Bit 3

MISO: SPI BEMN EHHEMA , M\IETER L. ITETFENEXR , Fie DDB3 RE

W | XA SIBIERIRE R WA, HITEFMNERE | XN SIEEEIES @B DDB3 2
H, RERNWMARS , Lh B PORTBS3 #4l,

« MOSI-#%0 B, Bit 2
MOSI: SPI BEM =V EME , MIBIER A . HTETFMIERXS , 716 DDB2 &

WA XA S EFIRB R A, HITETFTENERE | X SIEMERIES @B DDB2 #
&, igERAWMARE , LhiEEE PORTB2 #4i,

+ SCK -0 B, Bit1
SCK: SPIEEM EHAT s E MBI A . 2 THEFMIERS , Fie DDB1&RE N

], XANSIHERFFRE N A . HITEFENERN , X SIMNKIEAEH DDB1 2
H, RERNWMARE , Lh B PORTB1 #4l,

. SS—i#0 B, Bit 0
SS: MHLIERBM A, ¥ THEFMIERE , Fit DDBO B | XS MEIFEE F @

Ao BTHETFENERXE , XA SIAEIES @ H DDBO 24, RENMAS , LR HME
B PORTBO #4i,

Table 31 Table 32¥Fim 0 BHYZE —IhaE 5P 66Figure 33 M EHE S5 XKE T — i, SPI
MSTR INPUT #1SPI SLAVE OUTPUT#& 7 MISOfE 5 , M MOSI AT LA 73 ## 5§ SPI MSTR
OUTPUT # SPI SLAVE INPUT,

Table 31. PB7..PB4 95 —ThkE

EE5EH PB7/0C2/0C1C PB6/0C1B PB5/OC1A PB4/0CO
PUOE 0 0 0 0

PUOV 0 0 0 0

DDOE 0 0 0 0

DDOV 0 0 0 0

PVOE 0oc2/0c1C fEge (1 OC1B 8 OC1A fE8E OCO fE&E
PVOV ocz/oc1ct™ OC1B OC1A OCOB
DIEOE 0 0 0 0

DIEOV 0 0 0 0

DI - - - -

AIO - - - -

Note: 1. S P 145" M i bR A HIES (OCM1C2)’ . ATmegal103 #A#EN T3%%F 0OC1C,

ATmega128 m———————————

2467L-AVR-05/04




EEE—————————————————————————————— A Tmega128

2467L-AVR-05/04

Table 32. PB3..PBO Y58 —IhAE
Eg5 _
% PB3/MISO PB2/MOSI PB1/SCK PBO0/SS
PUOE | SPE+MSTR SPE - MSTR SPE « MSTR SPE « MSTR
PUOV | PORTB3 -« PUD PORTB2 « PUD PORTB1 + PUD | PORTBO *« PUD
DDOE | SPE + MSTR SPE - MSTR SPE « MSTR SPE « MSTR
DDOV | 0 0 0 0
PVOE | SPE+MSTR SPE « MSTR SPE « MSTR 0
PVOV | SPI M\#l%H SPI 44 H SCK #i i 0
DIEOE | 0 0 0 0
DIEQV | 0 0 0 0
DI SPI EHH A SPI ML A SCK %A SPISS
AIO - - - -

ATMEL
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£ ATmega103 AER T ,in0 C MR O, EE AN FRB[FIEONUS
FI,

Table 33. im0 C ISE=ThAE

WROSIH = Ihae

PC7 A15
PC6 A14
PC5 A13
PC4 A12
PC3 A11
PC2 A10
PC1 A9

PCO A8

Table 34 # Table 35 Fiw O C K =IhAES P 66Figure 33 WEHESXIKET — i,

Table 34. PC7..PC4 W95 —ThaE

g% PC7/A15 PC6/A14 PC5/A13 PC4/A12
PUOE | SRE+(XMM("<1) | SRE+(XMM<2) | SRE « (XMM<3) | SRE » (XMM<4)
PUOV 0 0 0 0
DDOE | SRE « (XMM<1) SRE - (XMM<2) | SRE  (XMM<3) | SRE * (XMM<4)
DDOV 1 1 1 1
PVOE | SRE « (XMM<1) SRE + (XMM<2) | SRE » (XMM<3) | SRE » (XMM<4)
PVOV AN A10 A9 A8
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - - - -
AlIO - - - -

Note: 1. 7£ ATmega103 F&EEX T XMM =0,
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Table 35. PC3..PCO H9 & —zhag (V)

gg\ PC3/A11 PC2/A10 PC1/A9 PCO/A8
PUOE SRE « (XMM<5) SRE + (XMM<86) SRE + (XMM<7) SRE * (XMM<7)
PUOV 0 0 0 0
DDOE SRE * (XMM<5) SRE * (XMM<6) SRE « (XMM<7) SRE « (XMM<7)
DDOV 1 1 1 1
PVOE SRE * (XMM<5) SRE + (XMM<86) SRE + (XMM<7) SRE + (XMM<7)
PVOV A11 A10 A9 A8
DIEOE | 0 0 0 0
DIEOV | 0 0 0 0
DI - - - -
AIO - - - -
Note: 1. 7 ATmega103 #FEEX T XMM =0,

WO DME=hae

Table 36. ix O D B9 —ThaE

im0 D K5 =2hEE%I T Table 36,

i O 5| B

E ]2

PD7

T2 (T/C2 KyEt&hEa A )

PD6

T1 (T/C1 WRSEPEI A )

PD5

XCKA1M (USART1 BN SRR 458 A / S HH )

PD4

ICP1 (T/C1 % AR A At & SIHD )

PD3

INT3/TXD1™M ( SAEReh T 3 B9 ASIRD , Si2 UART1 &3%5(H)

PD2

INT2/RXD1™M ( SAEBeR T 2 B9 ASIBD , 52 UART1 $2UWSIH)

PD1

INT1/SDAM ( SAERFR M 1 B9 ASIED , 2 TWI BRITEHIE)

PDO

INTO/SCL™) ( S\EZBeh i O BV ASIM , RE TWI By 1Tat )

Note: 1.

T1 7 T/IC1

ATmega103 &4 %H XCK1. TXD1. RXD1. SDA # SCL,
FE_EEEENT -
+ T2-i%0 D, Bit7
T2 73 T/IC2 #9it ¥ % AR
+ T1-%0 D, Bit6

B9 T ER R AR

« XCK1-1i#%0 D, Bit4

XCK1 A USART1HI S EZBET 4, BRIE 5 B ZF 1288 (DDD4) 2R Hlat 44 % A (DDD4 H'0’)iE 2
HH (DDD4 7 '1)e REY USART1 THETRSER T XCK1 T HE K.

2467L-AVR-05/04
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e ICP1 -0 D, Bit4

ICP1 — % AFEIESIR 1 : PD4 AT LA4ER T/C1 By 5 AJEIE IR,
« INT3/TXD1-#H D, Bit 3

INT3 , SANEBHHTIR 3 : PD3 AJ LA4ER MCU B FAER S TR o

TXD1 2 USART1 HIZkIE R % SIMI, 2MERE T USARTT1 M RIZEE | iIX/NoIMI#sa &g E
R | et DDD3 A2,

« INT2/RXD1 - # 0 D, Bit 2
INT2 , SAEBFHTER 2, PD2 R LA4ER MCU BI S SR ETIR.

RXD1 & USART1 W ERIE 2SI, 2 FEARET USART1 KUIZIRESfE |, XA SI M8 &R E
Rid | et DDD2 Fi24EH, {ER PORTD2 35R1%4| EHEFE,

« INT1/SDA - #0 D, Bit 1
INT1 , S\EBFHUTR 1, PD1 AT LAMER MCU RIS 3R BTR .

SDA WL EOMNHBIESIH : ¥ ZFHFETWCRIW TWEN Bt FgemskiEn, sIMPD1 5
i O BB FF M A R Ik 382 O MY BB 1TERE 1/0 SIR, BEAT |, SIBIELE — N RIEIE R ES A Hl
50ns LT RIEES |, mMoIHBHEGRXRREITHAEN T RIS TR

« INTO/SCL - #% 0 D, Bit 0

INTO RAZFUTIR 0, PDO ATEAYEN MCU Y SAEB AR BT R

SCL ,F&kiEnmetsd: HYEHEFETWCRITWEN BN FREMLIED ., SIHI PDO SO
i B8 FF 0 B R PR 4k 42 O RO SR AT BB R 49 1/O SIR. BbET | SIRIELE — N R UE 8K 28 LA 4l
50ns A T RIEES , Mol EERERE TN T RESI[ES.

Table 37 # Table 38 $Fix O D KY5E —IhEES P 66Figure 33 MERESRIKRE T — i,

Table 37. PD7..PD4 K95 —Ih&E
EEEH PD7/T2 PD6/T1 PD5/XCK1 PD4/ICP1
PUOE 0 0 0
PUOV 0 0 0
DDOE 0 0 0
DDOV 0 0 0
PVOE 0 UMSEL1 0

0 0

0 0

0 0

PVOV XCK1 #iH
DIEOE 0
DIEOV 0
DI T2 @A T1 %A XCK1 A ICP1 I A
AIO - - - -

O|lo|loo|o|o|o | o

74 ATmega1 2 o ——
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Table 38. PD3..PDO #95 —2hae ("
EEEH PD3/INT3/TXD1 | PD2/INT2/RXD1 PD1/INT1/SDA | PDO/INTO/SCL
PUOE TXEN1 RXEN1 TWEN TWEN
PUOV 0 PORTD2 « PUD PORTD1+PUD | PORTDO « PUD
DDOE TXEN1 RXEN1 TWEN TWEN
DDOV 1 0 SDA_OUT SCL_ouT
PVOE TXEN1 0 TWEN TWEN
PVOV TXD1 0 0 0
DIEOE INT3 {82 INT2 {82 INT1 82 INTO fE8E
DIEOV 1 1 1 1
DI INT3 % A INT2 % A /RXD1 INT1 %A INTO % A
AlO - - SDA A SCL #i A

Note: 1. {Fgefg ,ML&BITED R PDO M PD1 S| AE5 & R4, BREARPEHIHBEX—
o BA, RIEFEKESEES AIO M HH TWI EIRNHFIBIEZHE,

im0 E #95 =hae3 T Table 39,

Table 39. %O E BY5E ZThAE
El) E=Ihee
PE7 INT7/IC3™) ( AAEBR IR 7 B9S ASIBD , 2 T/C3 M ARIRA AL L SIH )
PE6 INT6/ T3 ( SAEBH BT 6 K95 ASIH , 2 T/C3 KRTHhIA )
PE5 INT5/0C3C™") (SAEBRIT 5 M5 A SIH , =R2 T/C3 K% i LA PWM Sl i C 31 )
PE4 INT4/0C3B") ( SAER PRI 4 9% A S| , 502 T/C3 K% i LA PWM % i B 5180 )
PE3 AIN1/OC3A ) (U LLRES MM AR , SR T/C3 #9% H LR A PWM % iH A SIBD)
PE2 AINO/XCKO™ (#E I LLIRBE ES AR , B2 USARTO IS SRS A / 5 H At )
PE1 PDO/TXDO ( fmiE¥iEMM H , 22 USARTO HRIESIM )
PEO PDI/RXDO ( 4miz#idzi it , =2 USARTO Byl S|k )

Note: 1. ATmega103 #AHEX Ti&HE ICP3. T3, OC3C. OC3B. OC3B. OC3A I XCKO0,

« INT7/ICP3 - %0 E, Bit 7

INT7 , SAERRRTR 7 - PE7 ATLUMESR MCU BIAEB A IR
ICP3 — S ARSI 3 : PE7 RILAMER T/C3 #9 % ARSI R
+ INT6/T3 - %0 E, Bit 6

INT6 , S\ER MR 6 : PE6 ] BA4EJ S50 A TR o

T3, T/C3 Hyit%im AR,

 INT5/0C3C - %0 E, Bit 5

INT5 , SNERARMTR 5 : PES AT LAY SN SR b TR

OC3C ,fHHLE Ll C st : PES AILMER T/IC3MmHLE R C s S, WHNEEE
{7 DDE5 LU HE B M. OC3C EALMERN PWM EXMHH,

 INT4/0OC3B - i% O E, Bit 4

ATMEL 7
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INT4 |, SAEBF MR 4 : PE4 A LAERN N EZBP IR

OC3B , far i LR IC L B 9% tH . PE4 ATBAEN T/IC3 LR B A S M. WEEE
{z DDE4 LU EEE N, OC3B &R BMEN PWM ER K i .

« AIN1/OC3A - #0 E, Bit 3
AINT — B LL 828 Tt A o

OC3A ,f bR PCE A 9% . PE3 ATLUMER T/IC3 LR AR HSIH, W EEE
{iZ DDE3 LU HE E R H, OC3AZEALER PWM ERXAHH.

 AINO/XCKO - i E, Bit 2
AINO — &l LB 25 IE ) A\ ¥ o

XCKO ,USARTO YA ZBat 8, Bh3E 5 @& 78589 DDE2 2 liX /Nt ¥ 24 A B4 (DDE2
7 '0) & 25 A4 (DDE2 R '1') REY USARTO TETFRSHEN A XCKO F £ K.
« PDO/TXDO - # A E, Bit 1

PDO , SPI B{TRwREMNHFEME. £H1T FHREFITXA S| A K HHIE.

TXDO , UARTO &Ki%35|R,
« PDI/RXDO - %M E, Bit 0

PDI, SPI &fTRENHRERMA. ERT THEFEXASIHA RN AKRE

RXDO ,USARTO#EU S|, 2 EEE USARTOZULES fF X S| IS & J i A T~ & DDREO
KRB WN{T, PORTEO 3 #R12#l7& i 68 fH Y RE,

Table 40 1 Table 41 Fix 0 E Y55 —IhEES P 66Figure 33 BWEHESKEKE T —i,

Table 40. PE7..PE4 95 —ThhE

g; PE7/INT7/ICP3 PE6/INT6/T3 PE5/INT5/0C3C | PE4/INT4/0C3B
PUOE |0 0 0 0

PUOV |0 0 0 0

DDOE | 0 0 0 0

DDOV | 0 0 0 0

PVOE | 0 0 OC3C ik OC3B f&E#E
PVOV | 0 0 0C3C 0oC3B
DIEOE | INT7 f£#&¢ INT6 fE8E INT5 fE&E INT4 fE#E
DIEOV | 1 1 1 1

DI TT? WMA/NCP3 % | INT7HIA/T3MA | INT5 A INT4 % A
AlO - - - -

ATmega128 m———————————

2467L-AVR-05/04




EEE—————————————————————————————— A Tmega128

WO F R _IheE

2467L-AVR-05/04

Table 41. PE3..PEO Y58 —Ih#E
ESER PE3/AIN1/OC3A | PE2/AINO/XCKO | PE1/PDO/TXD0 | PEO/PDI/RXDO
PUOE 0 0 TXENO RXENO
PUOV 0 0 0 PORTEO « PUD
DDOE 0 0 TXENO RXENO
DDOV 0 0 1 0
PVOE OC3B f§E4E UMSELO TXENO 0
PVOV OC3B XCKO %i TXDO 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI 0 XCKO #i A - RXDO
AlO AIN1 5 A AINO %1 A - -

0 Table 42 Fi7R

VRO FSEZIhEER ADC i A, MMRIHOF W —LS|IHEE h@mH |

NREEN—[RE AD Z#MIBHTAIEXZRMUSIMNEF , SN TR RARRE
R, £ ATmega103 REEA TIRA F Rt nmA. BHERT JTAGED , NEMEEER
BB PF7(TDI). PF5(TMS) 1 PF4(TCK) Ky LRI B8RRI R E Mo

Table 42. %0 F B —Thhs

WOSIE | S=IheE
PF7 ADC7/TDI (ADC W AJBE 7 , SR JTAG MR EEm ASIH )
PF6 ADC6/TDO (AD i AJBIE 6 , B2 JTAG MR IEH H I )
PF5 ADCS5/TMS (ADC S ABEE 5 , RE JTAG MiRE LR SIH )
PF4 ADC4/TCK (ADC #i ABEE 4 , 52 JTAG Nkt )
PF3 ADC3 (ADC #i A& 3)
PF2 ADC2 (ADC i AJBE 2)
PF1 ADC1 (ADC i AJEE 1)
PFO ADCO (ADC % AJ&3E 0)

e TDI, ADC7 - %M F, Bit 7
ADC7 , B IRERBIE 7,

TDI ,JTAG MHABFERMASIH: REBAESTERIRBESTFHR (QHE ) WRTRA
WiE, 8 JTAG O 2/ EIMFREBRAEEE /0 A,

« TDO, ADC6 - i F, Bit 6
ADC6 , B HRERIEIE 6,

TDO , JTAG MR #iEmESIH - NEB AT ST ERIRESTESNETRHEEEE. £
BEJTAG EOZEXASIMFEBAEZE /0 O,

BR TAPJRZSSN TDO SIH R =75,
e TMS, ADC5 - 0 F, Bit 5

ADC5 , B RETEIE 5,

ATMEL
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TMS ,JTAG WA K iE R 51 M. XN SIMA T TAP 2 HIER RS WEL. 5 JTAG #
OZRXANEIMTREERFEERE /O O,

e TCK, ADC4 - %[ F, Bit 4

ADC4 , IR ERBIE 4,

TCK ,JTAG i Bt4d : JTAG RYIRIEF TCK REAS M, FREJTAGEDO ZFXN ST
BEEAEZE /0 O,
« ADC3 - ADCO - # M F, Bit 3..0

B ERIEE 3.0
Table 43. PF7..PF4 B8 —Ih&E

gg\ PF7/ADC7/TDI PF6/ADC6/TDO PF5/ADC5/TMS PF4/ADC4/TCK

PUOE | JTAGEN JTAGEN JTAGEN JTAGEN

PUOV | 1 0 1 1

DDOE | JTAGEN JTAGEN JTAGEN JTAGEN

DDOV | 0 SHIFT_IR + 0 0

SHIFT_DR

PVOE |0 JTAGEN 0 0

PVOV | 0 TDO 0 0

DIEOE | JTAGEN JTAGEN JTAGEN JTAGEN

DIEOV | 0 0 0 0

DI - - - -

AIO TDI/ADC7 A | ADC6 A TMS/ADC5 # A | TCKADC4 #i A
Table 44. PF3.PFO S5 _ThREMNERES

BSEH% PF3/ADC3 PF2/ADC2 PF1/ADC1 PFO/ADCO

PUOE 0 0 0 0

PUOV 0 0 0 0

DDOE 0 0 0 0

DDOV 0 0 0 0

PVOE 0 0 0 0

PVOV 0 0 0 0

DIEOE 0 0 0 0

DIEOV 0 0 0 0

DI - - - -

AIO ADC3 #i A ADC2 # A ADC1 # A ADCO # A

78 ATmega128 |
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£ ATmega103 REEX TIRD G R

N>R

Ho EThEEN BT -

Table 45. #0 G W& —Thas

BTHEH#ERNEZIhEE , MARAERRARFIR

Ll
)

OS5I HIheE
PG4 TOSC1 (RTC #&%88 , T/CO)
PG3 TOSC2 (RTC #%#8 , T/CO)
PG2 ALE ( S\ZB1Efd S5t 1t BTE (EREIS B )
PG1 RD (S\EBEMEERIRES )
PGO WR (A BEHBEES)

» TOSC1-i#w0O G, Bit4

TOSC1 , ERTEEHRSFH 2SI 1: HFFEEASSRINASO BIURHFERET/COM RS atéd, PG4
MNigO ERRE A RBIFRHEERRENE A, RN ZEREIREES |, B TEERE

1/0,

« TOSC2-1#%0 G, Bit 3

TOSC2 , EREIR% 251 2: HFF/RASSRIASO BT ERET/COH FFaT4P, PG3
MmO ERE BN REHRE 2[R AR A WA BUNRR AR 2R | Bt RaeRE

1/0,

« ALE-i#x0O G, Bit 2

ALE 7 SMER 17 fek 25 b 1t B 17 (E BE

- RD -0 G, Bit 1
ﬁ_%%%ﬁﬁf%%%ii%%ﬂ%%o
e WR-0 G,Bit0
WR B EEBREE4ES,
Table 46 # Table 47 % O E f95 —IhsE S P 66Figure 33 MEHE S XEKE T —i,

Table 46. PG4..PG1 M5 —Th&E

Il

=

o

ATMEL

BSEH% PG4/TOSC1 PG3/TOSC2 PG2/ALE PG1/RD
PUOE ASO ASO SRE SRE
PUOV 0 0 0 0
DDOE ASO ASO SRE SRE
DDOV 0 0 1 1
PVOE 0 0 SRE SRE
PVOV 0 0 ALE RD
DIEOE ASO ASO 0 0
DIEOV 0 0 0 0
DI - - - -
AlO T/CO OSC #i A T/CO OSC % - -
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Table 47. PGO HY5E = IhAE

EEEH PGO/WR
PUOE SRE
PUOV 0
DDOE SRE
DDOV 1
PVOE SRE
PVOV WR
DIEOE 0
DIEOV 0

DI -
AIO -

80 ATmega128 m———————————
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/0 % O &7 8x AV % B3

WO ARESFHESE - PORTA

WO ABIES @FER - DDRA

WO A®BASIBEH - PINA

w0 B BIEFFE] - PORTB

w0 B $iEH = FEEF - DDRB

iwA B WMASIBMti - PINB

WO C HI\EHFFE - PORTC

WO C HI\|H EFEER - DDRC

2467L-AVR-05/04

Bit

®’/E

WiaE

Bit

®/E

WiaE

Bit

B/IE

#iafE

Bit

®B/IE

#HiafE

Bit

®B/IE

HiafE

Bit

®B/B
WaE

Bit

®/E
WaE

Bit

®RI/IE
WaE

7 6

I PORTA7 | PORTA6 | PORTAS

R/W R/W
0 0
7 6

| ppar DDA6 DDA5

R/W R/W
0 0
7 6

I PINA7 PINA6 PINA5

PINAO | PINA

R R
N/A N/A
7 6

I PORTB7 | PORTB6 | PORTB5

R/W R/W
0 0
7 6

| poe? DDB6 DDB5

R/W R/W
0 0
7 6

I PINB7 PINB6 PINB5

PINBO | PINB

R R
N/A N/A
7 6

I PORTC7 | PORTC6 | PORTCS

R/W R/IW
0 0
7 6

| DDC7 DDC6 DDC5

R/W RIW
0 0

ATMEL

PORTA0 | PORTA

DDA0 | DDRA

PORTB0 | PORTB

DDB0 | DDRB

PORTCO | PORTC

DDCO | DDRC
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0

PINCO | PINC

Bit 7 6 5

| Pinc7 PINC6 PINC5
®/B R R R
HE N/A N/A N/A

R

N/A

#£ ATmega103 #AM#EA T , DDRC M PINC FiFssdlfat h i HEKEF, BIEERE
P ER T L W RIEDRE. EXEMNE , £ ATmega103 #E#EX T DDRC M
RAANE . AT HRE 100% WEAERE , FFEE ATmega103 RERX T IHRXH A

iR,
w0 D BIFEF 7+ - PORTD
Bit 7 6 5 0
| PORTD7 | PORTD6 | PORTD5 PORTDO | PORTD
®/B R/W R/W R/W R/W
IRE 0 0 0 0
%A D BIES M FERR - DDRD
Bit 7 6 5 0
| poo7 DDD6 DDD5 pbD0 | DDRD
BB R/W R/W R/W R/W
WIRE 0 0 0 0
w0 D % A S|kt - PIND
Bit 7 6 5 0
| PinD7 PIND6 PIND5 PINDO | PIND
®/E R R R R
HEE N/A N/A N/A N/A
%A E BIEFHFER - PORTE
Bit 7 6 5 0
| PorTE7 | PORTE6 | PORTES PORTEO | PORTE
®/E R/W R/W R/W R/W
WRE 0 0 0 0
WA E BIEH MFFRR - DDRE
Bit 7 6 5 0
] poEr DDE6 DDE5 DDE0 | DDRE
®/E R/W R/W R/W R/W
WRE 0 0 0 0
WA E®WASIBMY - PINE
Bit 7 6 5 0
| PiNE7 PINE6 PINE5 PINEO | PINF
®/B R R R R
MHE N/A N/A N/A N/A
w0 F BiEHFFE. - PORTF
Bit 7 6 5 0
I PORTF7 PORTF6 PORTF5 PORTFO I PORTF
®/B R/W R/W R/W R/W
IRE 0 0 0 0
82 ATmegal28 m—————————————————
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w0 F BIE 5 mFFER - DDRF

Bit 7 6 5 4 3 2 1 0
| porF7 DDF6 DDF5 DDF4 DDF3 DDF2 DDF1 DDF0 | DDRF
®IE R/W R/W R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
WO FWASI Bt - PINF
Bit 7 6 5 4 3 2 1 0
| PinF7 PINF6 PINF5 PINF4 PINF3 PINF2 PINF1 PINFO | PINF
BB R R R R R R R R
HEE N/A N/A N/A N/A N/A N/A N/A N/A
£ ATmega103 #&B#E X T PORTF M DDRF 7 TR , B ittadiwsO F ReEE S
Aglﬂﬂlo
kA G HIFEFER - PORTG
Bit 7 6 5 4 3 2 1 0
| - PORTG4 | PORTG3 | PORTG2 | PORTG1 | PORTGO | PORTG
®/B R R R R/W R/W R/W R/W R/W
HEE 0 0 0 0 0 0 0 0
WA GBIESBFEFSR -
DDRG Bit 7 6 5 4 3 2 1 0
| - - - DDG4 DDG3 DDG2 DDG1 DDGO | DDRG
®/E R R R R/W R/W R/W R/W RIW
EE 0 0 0 0 0 0 0 0
WA G RASIEIMIE - PING
Bit 7 6 5 4 3 2 1 0
| - PING4A | PING3 | PING2 | PING1 PINGO | PING
®/E R R R R R R R R
MEE 0 0 0 N/A N/A N/A N/A N/A

£ ATmega103 %A X T PORTG, DDRG I PING RFRAIRK , REEAEE=IhEE ,
Bl TOSC1. TOSC2, WR. RD # ALE).

ATMEL .
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SAER AP T

AEBPUEBFERA -
EICRA

SER MRS FERB -

EICRB

AIMEL

SR MEE SIH INT7:0 it R, REMERET Il , BIESIH INT7.0 EEERE , RES
FRETEENTL , PSR, XMERAMARSERG T, BT gEABP
i1 H 2 1785 — EICRA (INT3:0) 1 EICRB (INT7:4) , R AI SLE FR&R. £EHR , &
RIEBFAA, SAMPMEEFERENLTMEL , RESIHBFRE , PHHREF
£, BER INT7:4 EESTRARLEFARAER , /0 NEHSMIHE , 0 P 33° HHPRE
RHESDH " HBAMNBE, INT3.0 HAMKERAUNRFLSH., BRI , XLEPIATL
R R 4 MBEER R R BE . EREERTRE (BR T ZRER ) B 1/0 B RF LW,

BEEFAFAMEDE , MAF MCU NEBEXREN K ERIEEFRE—EMNE ,
BR{E MCU MRFEHNBRBREE, BFUABNRNMERLMAIR. £ 5.0V, 25°C BFKHF
T, BEMNANGHRESEEN 1 ps. BINNANSSHENEE , BEAESE P 299 85
BT, REEXBERTHATSENEF , AIRGESHEISILRHKRE , MCU
MR, B IRABLMY SUT RE , 1 P33 B RERESH " Fim. BESH
NTHARELRE  BERHTRERZHHMHEKXT , MCU IHRE , EFRBL5IRH
Wi T, BRONBFLFARTEB KAV ELE MCU ERUELRE , REAA BT R,

Bit 7 6 5 4 3 2 1 0

] 1sc3t ISC30 ISC21 1SC20 ISC11 1SC10 1SCO01 ISC00 | EICRA
®/EB R/W R/W R/W RIW R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0

ATmega103 RAB R TEEHRIXNEEES , B2 INT3:0 WHBREE XN IKEBEF PR,
* Bits 7..0 —ISC31, ISC30 — ISC00, ISC00: Z\ZF i 3 - 0 B R i 44

SNEBFRMT 3 - 0 EASIBD INT3:0 BUE |, tNER SREG FFHEM | #r5M EIMSK S5 MEMM
TR E A IE, A& H I Table 48 FT7Ro INT3..INTO iRk FRNERS W,
HE INT3:0 I LA TE X T Table 49 FR ”RBIBEBH TR A S| X Plf, BXB TESB
il  REFLARBFENHFEITR , AT £, mMBREFSIBHIE , #
LS| KFHER, HZE ISCn REAMREXKERM, FILENELESES EIMSK 2iEkR
MRB PR ERENL INTn , REB®RE ISCn, &G , TESICHEEFHFRED M < arET XS
EIFR HEENAEMNPMIREM INTFn B’ FHESE,

Table 48. iRt FieH ()

ISCn1 | ISCn0 | B8

0 0 INTn KB 6 7= 4 i R

1 RE

0
1 0 INTn 9 FBSR ™= £ RSP FHEIER
1 1 INTn B EFHR = £ RS FEER

Note: 1. n=3, 2. 180,
%Z ISCn1/ISCn0 Bt —EE LB FE EIMSK HESS h MR I P, &
M FE K3 1ISCn1/ISCNO KY TR A AT BE & 4 T,

Table 49. 3 ( S0MER ) R4S 1T

B BB | BX
s | B3R &4 B & B | B

twr | S (SMER ) MR B BB IR 50 ns

Bit 7 6 5 4 3 2 1 0
] 1scr | ISC70 | ISC61 | 1SC60 | ISC51 | 1SC50 | 1SC41 | Isc40 | EICRB

84 ATmega128 |
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AP MR FFEY - EIMSK

IR S FFRR - EIFR

2467L-AVR-05/04

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

* Bits 7..0 —ISC71, ISC70 - 1ISC41, ISC40: S\ Z3 b} 7 - 4 Ui e 44l

SNERFR T 7 - 4 HSIR INT7:4 B05E , R SREG F1EEM | #rEM EIMSK Z1783HN K
PR EMAIE, ARSI Table 50 FiR. WMESHTRZH MCU B EX
INT7:4 S| B3 TR, MRER T T RPHRNIBFETHRAE ( LFHR M TEREE™
£l  REESEHENBAT A  FERMAaXE ; BNEERIEAL PR,
EXEHRT XTAL 25850 FE , CPU IN# B ARELL XTAL I8, BB TIREFH
W EEFMTRBRLTESTER , REFT L= EHH, mMEREFHSIMNE , e
KAEER,

Table 50. R #ffUREFES D

ISCn1 | ISCn0 | i%EH
0 0 INTn F{E BP0 7= 4 P T IE R
0 1 INTn S| EEEMNZ BB T TR/ S| K PHT
1 0 REFHRRIEERI INTD ERET THRAMAT £ PITiER
1 1 REFHREELI INTD ERET EFARA £ P lfiER

Note: 1. n=7. 6. 554,
k3 ISCNn1/ISCn0 B —EEELBETBFSE EIMSK F1FESM PUTERE(I R I, &
M FEHKZE 1ISCn1/ISCN0 KY T2 AT HE K 4 HfT .

Bit 7 6 5 4 3 2 1 0

I INT7 INT6 INTS INT4 INT3 INT2 INT1 IINTO I EIMSK
®/B R/W RIW R/IW R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

 Bits 7..0 — INT7 — INTO: SAZBh &R 7 - 0 fFaE

L INT7 — INTO 3 1", MBIRFSEF 738 SREG W9 | FRE B , M RIHI /RS B P B /A 62
BET o SNERFPMTIEHIET 788 — EICRA M EICRB Ry BB B T2 IR EF MR H LA
B, TR, ERETMAN. REMR , BIFESIHEEEN ME K RESIHBEFRET
MR , RETAPR =4, #EIE AT SASRIL R4 R i

Bit 7 6 5 4 3 2 1 0

I INTF7 INTF6 INTF5 INTF4 INTF3 INTF2 INTF1 IINTFO I EIFR
/B R/W R/W R/W R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

o Bits 7..0 — INTF7 - INTFO: AZBhpi45£E 7 -0

INT7:0 S| B 7 & A Bk AT B il & AR ITIE SR |, H & (4B BI A9 AP BTFR A& INTF7:0 - 205 SREG
B4 | BAR EIMSK ZF1Z23 R MY R FREV N 1, MCU BEBkAE 2 bl fIT2, hipiE
AT R EBESETE, WA  FENETUBEIEA 1T HAXKEE, £ INT70EHSE
NEFME  XEREMERN 0, EEEERXT  NRFMEZILN , MXLES| B
MAZPREERIEN, XEAEFESEBFENTLHEN INTF3:0, EZEEESE
P 65 i AFREMIERES "

ATMEL z



8 MERET / 1TATER O -
-PWM, RFRE

Hiree

AIMEL

T/ICO R—MEBERARM , 31818 8 (U ERTES / iHEkEstER, HEFEH AT :
o BEEITHES

- HWRITEAERERERER (BZIMR)

o TERNBMREE PWM

. SEEERR

* 10 {2 $Es

o RHFLBCEF IR (TOVO F OCFO)

o RTFHEP 32kHz 3RS B4

Figure 34 8{u E BY 25/ 1T B 2R MY (LA R . SKERSIMIBEKIESZE P 2°5IMIEE” . CPUT
BAARIM 110 B 73R , SEN MM , BUEEE R, /0 FEHRMUNMEST P 948
TIC FF&RUHA "

Figure 34. 8 {Z T/C K 1EH
A

3

Y

{ TCCRn

A 4

count __ TOovn

clear = (Int.Req.)
Control Logic
direction clk;,

n
[ - TOSC1
BOTTOM TOP e
Prescaler Oscillator

| TOSC2

Yvy

Timer/Counter A

i} TCNT!
' " || =0] Foer
f f ocn
(Int.Req.)
Waveform

| Generation

clk o

il
L

| OCRn

DATABUS

) [ clkyo
Synchronized Status flags

* Synchronization Unit

[—clk .oy

Status flags } A
< I ASSRn

asynchronous mode
select (ASn)

 J

Ve

T/C(TCNTO) F % i LE B &5 7788 (OCRO) 1 8L F 1785 FHNERESL T ERT BF R HIRE
B 1788 TIFR. SERT854H X A9 P8 &R ] LUE T 7€ B 28 P T R Rk 25 12 88 TIMSK i
TE®. BF TIFR M TIMSK HFiFSRHA/INENSBEREAHRE  FAUBPHEELRTERK,

T/ICRILABRE 5 Hgs A AR , &2 A TOSC12 M RI W . REREZFIHR
AR ASSR B4, MHEEERN B EHERB— MR, RS RNSRRN T/C
T, R IEFRAEIRAY @ A2 9 E B 2R AT 49 clkrgo

NEHWHHEREFES OCRO —ES T/IC WHEHITHR., LBNERTRANRS4
PWMK , SR7E HH B SIBIOCO L= A {bMEMNmtH P 88 “fmHH b &R T AN
/17 =38 tt&iME%#ﬂH&%tWh - OCF0, It#r& ‘JL,{%EEFiﬁthtKEF&ﬁm'RO

86 ATmega128 |
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EX

T/C BB EPIR

oL

2467L-AVR-05/04

AXNWEFLZHFERIREZEMIUBEBANERNRT. NEW " BRT TICHFS |, FELLED
R0, EREEEFNEFHABRMNEN (HlaftEA TCNTO KiFE T/CO T EEEE ).

Table 51 HWEERF £ X,

Table 51. EX
BOTTOM | it#k&8it% 0x00 BYENIAZE| BOTTOM
MAX TTEE8 1T 2 OxFF (T &Ry 255) BTENIAE MAX
TOP THHRERIT BT BUF P & K ERENAEE] TOP, TOP EW AL BN EEE
OxFF (MAX) , i 27 T&F8F OCRO 2 HE , BB ITFEEXEE

T/C AL AR L It RABRS TR, clkyy BWEREIRE R MCU B clk;g0
ASSR FZ 280 ASO B fu AT | BT8R EXBEE T TOSC1 M TOSC2 iR %2R, IF AN RS
BEFALSZE P 97 RHIRAEESE - ASSR’ — 1 ; FANHESTM oM NRIE
SE P99 EERTES / ITERES M 2 40Es ~

8 I T/C MEELD N AIRMEBNNE T HE T, Figure 35 BIN T B MR B IRN T 1E
B

Figure 35. it 2 T HIEE

DATA BUS
) TOVn
(Int.Req.)
¢ TOSC1
count
<7| ok TIC
clear -
TCNTn l<———{ Control Logic [ " Prescaler Oscillator
direction
P TOSC2
bottom T Tlop CIk1/0

EBHAE (RNHBET):
count f£ TCNTO 40 1 ZE 1,
direction EFHNRERBIRE,

clear JEBR TCNTO (HFIEMNAEE ).
clky, T/C By RS 4F
top RN TCNTO ERIXE T HRKAE,

bottom F/R TCNTO EZ3XE| T &/ME (0)

BETENTERES , ITHBRHXET - cky ZIES. M—=E—8%E. clky, THHA
R ER AT SR~ 4% , EAHNHIERMT CS02:0 WE, R HIEF IR
(CS02:0 = 0) EREEE L, BRTEH KA clkyy ,CPU ZA LG E] TCNT0, CPU BiRfE
It BEREAERE (BT, MEERE ) BIEERS.

ITBUFHIEH T/C $#4|2F 1785 (TCCRO) 8 WGMO1 1 WGMO00 RE. TR HRITH S
HEER OCO R B EZBNRR. BXITHFIMEEENIFMAEEESE P T
EER

T/Ci PR S TOVORFEWGMO1:0 IRER TR K RKIRE. TOVORI LA T4 CPU
T

ATMEL o



BHEERE T

Bl R

E TCNTO ##4/EFH 1L LB T EE

ERAwEERET

AIMEL

8 U LLEBRIFLEXT TCNTO M LR ICEL F 788 OCRO #1THHER, —BH TCNTO &F
OCRO , Lk RBMAHEEFES, EEBRAENT —NEMNSN& AR RS HEERRE
OCFOEfZ., HOCIEQ = 1:& 5 5| & % LR P . $04T T BB SEBXT OCFOM B S 1R
fE. AT BUBE XX —UIITHRHEE 1" WRERETET. RITEHWGM01:0 8 COMO01:0
BENTENIEER  REXERIALCEES~ETRNER. R, KEKESRE
FIA max F bottom 55 R ERERM THIFHRER (P89 TIE#E "), Figure 36 19
MEHLERE TN EER.

Figure 36. it RE T HER

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

top >
bottom _, Waveform Generator oCxy
FOCn >

1]

WGMn1:0 COMN1:0

£/ PWM #EXft OCRO HFEH/AME P EFFeE ; MEEE THERANMTEEEREN
MERIHEEREEILAY, NEH A AFEH OCRO FiFER5 top = bottom RZIE LR |
MTBE L= E RN TR PWM RO |, SEERER

E OCRO FFREBRRES HXHTRE, ERNE IR ,CPU FRIAZE OCRO
ZmEFeR ; BIENE N IHEER CPU 5 RIFINIZ OCRO A &,

THETIEPWMIESET , A BUBE XY 38 &l f i LRy FOCO B '1° (Y A AR~ E LR IEE.
BHLREEFSEM OCFOi7& B RLER /FEENER {ER OCO 5| M HER |,
HFRENRET LHLRIE —# (COM01:0 RE OCO REfL., FE , ERXEBEIL ).

CPU X TCNTO HFEF eI BRFR AL LERITECRY R £ o X MFIE AT AR S OCRO #1448
{L 35 TCNTO 8 E B BUE T A ARK I

ATFEEZEEXTE TCNTO BFET — N ER SRS A EEIELLRTE | EEHAH S
R HETCNTORSERE , FET/ICREBHEEZET. EEUWTCNTOWHIEZE T OCRO
LBRCEREZET  ERTEBNEEAELER, XLl | EiITHREHRITRFITHRNT
E3 TCNT0 EA BOTTOM,

88 ATmega128 |
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B PCEc s 2 T

RS LEX MBI~ &

THERK

2467L-AVR-05/04

OCO iR BN IZEREBHREFEF O FFR AT REALHNIRE OCO WHEREHER
X TR A58 S5 H LB FOC0, EMEERTRFLAEEAR OCO FHRFHL—ERRFT
BB,

COMO1:0 MELBHBE R RNEH, COMO1:0 HY R IF BN AR,

R ICEER EHS COM01:0 EENEMEE, BFAESRRA COM0O1:0 KEET —X
EE B PR R & 4E B A9 5 HE R OCO RZS ; COMO1:0 iE#2 %) OCO S|B9 % HR . Figure 37
AE COMO1:0 iRERMZBEMNELREER, /0 FF:R. /O LM /O SIMLEER
To AMHPRHEHTE COMO1:0 EIWAYERA 1/0 WO #2785 (DDR M PORT), # Kk
OCO RARIEM R NI OCO F178s , M2 OCO 5|k,

Figure 37. LbRICHE & & T /REH

)
COMn1
COMnO Waveform D O
FOCn Generator
—
OCn
OCn Pin
A
»D Q
2
m PORT
<
g
[a) > D Q
b
\/ DDR
clk,o

RECOMOT:0 §—MHFANBERL , WL R LR H LB OCO ThEEMSEHEA 1/10 O
TrRe. {82 OCO S FEIAZETHIES M F 7R (DDR). HEEEBM OCO 5|k
HERES A AMBRHIES B F 7R DDR_OCO R SIMREN M. WEEE
BERERERNITERATX,

W H BB BRI A OCO MASEMH I 8 £B{t. BEXEEL COM0O1:0 ®RE
EREH , P 9481 T/IC HEEFH " AT Ro

B RAEBBER COMOT:0 WAREZE., CTC M PWM =ZiiEXTAEMX S, X FFF
BHER | i%E COM01:0 =0 RIPLRIE L ETR A ERLEHIRE OCO FHF8. ¥F
PWMER Y LE 5 Hi5S W P 95Table 53 ; HRIEPWMHAI LR 5 i F P 95Table 54 ; 48
fI1&1E PWM B9 L% F P 96Table 55 o

WA COMOT:0 NEMEAKRFEENE — R LEERTE, XTFIEPWMESR , JABEIFEH
FOCO 3Raa &I Bl = £ MR,

THEER , Bl T/C MimtH LRSIBE TR |, BREAEER (WGM01:0) & L&t HE R

(COMO01:0) R FIMLRE, kR EHERT ITHHRFINEEE W , R~ EE X T HF

FINEEMmM, COMO01:0 #4 PWM il RERKM. IJF PWM #EX B COMO01:0 2 Hl%H
RENZELRREEREAERNEBN, BE , IREFHKR (P89 “ kREEBMHET ).

B4 FEEESE PISTICHRFE"

ATMEL s



EEEX

CTC( LR Il kB BRERT 88 )
B

POE PWM =

AIMEL

HEEN (WGM01:0 = 0) NEMENTHEER, FUEXN T IHRBETE®RIEM. iTE&
KR{E/E (TOP = OxFF) 1t ¥k 25 fa] % 3b iR B E & /)ME 0x00 EHTFF 4. #£ TCNTO N FEHIE —
MNER R E T/C BHEARS TOVO B, e TOVO BERRE 9 v, ARRBEER ,
F2BFE. Bl TERFFHEIREY B31EF TOV0 , Bt A UBE R4 R S ER 258
YRR, EEERATRBEMFLAZRRKEREN , AP BN BEARNITRHIRE.
MHLERETAAARTER, THEEASBEXATNARHLEBR~ERKE Bhab
RAZHK CPU BtiH,

£ CTC 3 (WGMO01:0 = 2) 2 OCRO HEes AT R I HEMN 2=, HitHENHE
TCNTO & F OCRO B} it#E5/EE, OCRO EEX T it#hE5H) top B , IRENITEES M 2 P2,
EXMERTUERARE LRI R TE A HME | Eb 7T ASEFITTHRORE.
CTCHER BB F B A Figure 38, iTERESHETCNTO —E#EMEZ TCNTOS OCRO LE |
ARG TCNTO BE,

Figure 38. CTC XX FHE

OCn Interrupt Flag Set

v v

TCNTn / /
8Co;gle) (COMN1:0 = 1)

L U

F A OCFO #R&E AT AR THA R BUEIR R TOP ENF=4 i, &HERET T, ATARIA P
PITRKRER TOP HHMIE, BT CTC BARENRE WAL , HITHB|/ALTA D AR HRIE
Y0 5 S B TAERY RHMRFF TOP E v #5E BOTTOM KYBERTE/ M. BREA OCRO
HYERE/NT H8T TCNTO WEE |, ITHSRFER —RERER, T - AHERERREZ
Bl , T BESRF BRI HREIZKE OxFF , RSB M 0x00 FF it #E OCRO,

BHigE COM01:0=1, AIE CTCEX T HERAEERNREANRES RN, RELR
CE A% , OCO MBI HRER. EHERB OCOMEZA , BEAEFHIRORENR
i, BB B B AIREN ooy = o yo/2 (OCRO = 0x00). MAEHIAIT 23
ANHEE : N

fos fo o

ocn = 5N -(1+ OCRn)

TENRARMADMEF (1. 8. 32, 64, 128, 256 = 1024).
EEEREXT , TOVo fRERBAREEITHERM MAX ZEH 0x00 Y E BT 256 £0 A H .

HOE PWM X (WGMO01:0 = 3) AT ARFESHH PWM KB, RiE PWM EXXSHA
PWMERHWFARZARE=ZARIELASN(HMEPWMARNANEE=AFER). iTHEMN
BOTTOM it % MAX , REEIEE BOTTOM EF R, N FE BN LB HHEESR W
EbE 5| OCO £ TCNTO 5 OCRO EERTEE , £ BOTTOM REf ; X F k@R
HER | OCO WEEEFHR. BTFHERATREDFEER |, RIE PWM EX M TEME
EEE AR W HEAMIEE PWM BERE — 15, ESTURESEESRE PWMER+29E

90 ATmega128 |
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STHRET , BRAN DAC M. SMALRPNIABTRNS (LR, B8 ) WYERYT
MR RS R AN,

THETFHRE PWM EXE , IHHRENHE—EEMNE MAX , RAEEREN—/NatshEH
BT, E4KEFENR Figure 39, BIFFAIRE TCNTO RRX 22D FHRIRE, HEERR
REETZENPWMBIHUKESE PWM Hi . TCNTO #K LM EKFELEK R OCRO
F TCNTO Y PEfg b,

Figure 39. & PWM &6t FF B

OCRn Interrupt Flag Set

OCRnN Update
and
TOVNn Interrupt Flag Set

\J \J vy \ \AJ \J vy
TCNTn/M/ / / /

y A A \ Y
OCn ‘T (COMN1:0 = 2)
OCn |_| l_l (COMN1:0 = 3)

S -

TSR BEE R Max BY T/C i@ HFRE& TOVO B, MRAPUTAERE , M HIRR T AKRER
tE®RIE.

THEFREPWMERET | LR E T A LA OCO S| L3 PWM K. k& COMO01:0
R 2 AUFEEEN PWMES ; 3 3 M~ 4£ K E PWMEF, (S0 P 95Table 54
Yo BEREFHHBESESLTFOCONIESRIRE REH, ™= 4EPWMEFEHHLIEROCO
ZF1FE1E OCRO 5 TCNTO EEAENM ( HET ), AREITHEIEET (M MAX R
BOTTOM) KA — N ER 2SR AHIES (BN ).

WHE PWM MR UES M T AR ITESE

f - fclk_I/O
OoCnPWM N - 256

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

OCRO FH1783 N R R EN R RRIEPWMER ) — 455 BE R . & OCROEFBOTTOM ,
9 HIESE MAX+1 NERETE B HIR ERK T ; OCRO I MAX Bt , #R3E COMO01:0
MIRE , WHENSEFREBRTF,

BIIRE OCO FLE R ICE AT 1TIB BB F R (COM01:0=1), ATABE S5Z= R 50%
WEHES. EENREMEN f o =Ty 1o/2 , I OCRO 7 0, XMEMHEELF CTC
B TH OCO BURiRE , FTRIZAEFTRE PWM ERXEENEH,

ATMEL o
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IS IE PWM R

AIMEL

MAMEE PWM X (WGMO01:0 = 1) RAFRET —NMRESBEMMIEE PWM K
WHE. WEXETNRLKIRE, ITRIERES M BOTTOM itE MAX , ARE XM MAX
FRE 2 BOTTOM, E— MM LERMmEERXT |, Hite 83 MAXITEETE X4 T TCNTO
FOCROWIEE ,OCOFEZTNEBETF ; MEITITEREBOTTOMITHEIE R E T TCNTO
F OCRO HYCE , OCO BN NS EF, TEFREOMELBERNEFHER. SEHEL
B  MREBRETRENEAFAREN, ERTERNHHNEY  +0ESTHEIIEZE
#lo

MAEE PWM ERXH PWM BEEER 8 4%, itrtss P R NEZ] Max , REFFHA
Bit#e. E—NEREHERE TCNTO WEZ T MAX, EFEBAZS I Figure 40,
F TCNTO WEEATRERTE , LRBAXNR&EREE, XREMNEEATEEPWM B #HH
MR [E PWM B9 . TCNTO #H4k E#/MESR KRR OCRO 1 TCNTO B TE

Figure 40. M{EE PWM X5 FE

OCn Interrupt Flag Set

OCRnN Update

TOVnN Interrupt Flag Set

Yy vy l \Aj

-

A\ A

- NN

Y

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

HitedEAE BOTTOM BY T/C i@ ARG TOVO B, BLAREAL AT A K= 4 P if.

THETFHEMIEIE PWMERXA |, LR T AT B OCO S~ 4 PWM B : 3§ COMO01:0
RER 2 £ L BN PWM | i&E COMO01:0 A 3= £ R E PWMIES (S0 P 96Table
55 )0 RFREY OCO ZERBER ORE J i ot o] LA7ESI B EHHE, OCRO #1 TCNTO
R ICE & £/ OCO FEBFN~EMNANBESREMRE , NT~% PWM BEF. T4
FHEMBEERNS PWMBRATHRTRARNIKS :
fclk 1/0
focnpcPwm = N-B10

v

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

OCRO F#F&R& THRENR K 7T HABEPWMERH —LRHHER. EXEPWMERT ,
# OCRO %T BOTTOM , fith —ERFNEBTF ; & OCRO FT MAX , Nt HEREH
SBF, k@ PWMEXMEHFHER,

Figure 40 FVE =M BHF | AMERBLRITE , OCn BR tHSBEERK, XHFR
EX T BOTTOM Xt #h. HIATHMER TR A LLRICERN BT RERL

92 ATmega128 |
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0 Figure 40 Ff OCROA B MAX 8%, B Fr LR IEELAY |, 2§ OCROA{E 73 MAX ,0OCn
SIMREE — ; AFRIEXT BOTTOM N#5 , EAFLLKEER , OCn EH MAX
R FEEAL,

ER SRR E AR T OCROA FM{E , Ak —RHRIEE , BEXE ERA
OCn E&go

Figure 41 F Figure 42 455 7 E AT / 1T EkE] (T/IC) B 7. T/IC NEF B , IRENH A4
clkyo R RN IS EREE S . B LA HZIEMAXENITFES. Figure 43 #MFigure 44 4 H
T SRR B RERT RV B o

TERFLAERSERTH T/IC A, cky, AR EREES. ERSERXT , ck,oH
T/C &% 22 A4 FTELR . B E B E MR E PR ENE R, Figure 41 887 TICKHE
AetF, BEPAHBRABEAEE PWM ERARIEE MAX BERITHFS.

Figure 41. T/C BNFE , T2 MR

clk

110

clk,,
(clk, /1)

110

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 42 45 WM RIH T BT EREE | BT 2 SRR 6 RE,

Figure 42. T/C BtFFE , M SMBRN fy 10/8

o (AT AT AT
(cflll.,(glns) T T T

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 43 44 7 &f#EXX T (BR T CTC #3{ )OCFO BB ER -

ATMEL .
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Figure 43. T/C B{/FE , OCFO Bfr , T $MBRA fy 10/8

o AT AT AT
(c?il.fgl%) T T T

TCNTn OCRn -1 OCRn OCRn +1 OCRn + 2
OCRnN OCRnN Value
OCFn

Figure 44 441 7 CTC #XX T OCFO B TCNTO EBRIER

Figure 44. T/C B{FFE , CTC X , D MARN f 0/8

g R R
| 1 1 1

TCNTn B TOP -1 TOP BOTTOM BOTTOM + 1
(CTC) | i
OCRnN TOP
OCFn
8 ¥ T/C & {E83iiiEA
T/C #41F1F8 - TCCRO
Bit 7 6 5 4 3 2 1 0
| FOCO WGMO00 COMO01 COMO00 | WGMo1 CS02 CS01 CS00 | TCCRO
®/B w R/W R/W R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0

« Bit7 - FOCO: B4l HHE®

FOCORTE WGM 5 #3E PWM A T B, BR , N TRIESRKB[UHHNREM EE
A PWME , ETCCRO EXHEE., WEE 15 , RERERFUAH#TLRIRE, Lt
RICEH HSI M) OCO FHER COM01:0 MiRER LN BT, BEE FOCO NR—
MNEHES , EIEXT 58 %5 H L BEE AR Z COM01:0 HiRE,

94 ATmega1 2 o ——
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FOCO F~4 5| K{E s , b2 EH OCRO /EN TOP B CTC = T X E BT 25 #4177

=

T o

# FOCO iR E{E KT H 0,
* Bit6, 3 - WGMO01:0: W ~4E#ER
XU RER NI BRI | ITERES R AE TOP WRR , URFER MK, T/CX

FHERE  EERER  LREEZEMERITHSRER (CTC) , UEFR PWM #EX |
1 Table 52 1 P 89“ TF#E= ",

Table 52. K= ERAWME R

N
/B

wWGMo1™" | wWGMO00" OCROME | TOVO &
B (CTCO) (PWMO0) | T/C BT/ TOP | FetA iz
0 0 0 ZBE OXFF | MEVEH MAX
1 0 1 PWM , A& E OXFF | TOP BOTTOM
2 1 0 CTC OCRO | M EVEH MAX
3 1 1 HRIE PWM OxFF | TOP MAX
Note: 1. CTCOMPWMOEZFHEFERT , EFEAWGM01:0, ERINAEN M E S UBIRARE,

 Bit 5:4 — COMO01:0: L PCfig i 8=
X {7 35 5 LR BB OCO 94T . & COMO1:0 NEE—URFLFEBAL , OCO Hi
HInge N EHEERAThet, WRHIES EEFEES (DDR) &
X OCO E#ZFYIES|IH Lt , COMO1:0 BYZhEEMK T WGMO01:0 BYikE. Table 53 44
H7T % WGMO1:0 RE N ZEENH CTC XAt COMO1:0 I ThEE
Table 53. LR HER | IF PWM ER

ER OCO ZheER TIRE

COMOo1 COMO00 e
0 0 EENRHORE , OCO R
0 1 EERIC e & 4 B OCO B
1 0 LRI E & 4 B OCO EFE
1 1 HeB el & 4 Bt OCO B 1

Table 54 45 7 % WGMO01:0 & & 7 HRIE PWM #E X if COMO01:0 BYIhEE,

Table 54. L&A HESR | RE PWM #ER ()

COMOo1 coMo00 | i%E3
0 0 EREMRHORE , OCO KiEH
0 1 R
1 0 LB Iehl & £ 8 OCO BT |, it#kZI TOP B OCO Efx
1 1 LB T & 4 BF OCO B , it#1Z| TOP #f OCO BEE
Note: 1. —MFEKIERZ OCROZ T TOP , H COMO1 B, AT ELER ITE 45 2B , it 2R3

TOP BRIZHESLEA K., FMEEFES N P 90 HRIE PWM R
Table 55 44 7 2% WGMO01:0 i&E A& 1E PWM & AF COMO1:0 BYZhEE,

ATMEL

95



T/C &1F8% - TCNTO

WHEBRFFER - OCRO

AIMEL

Table 55. LtR#AHER |, VB E PWM ER ()

COMO01 | COMO00 | i%Ed
0 0 EERIRORAE , OCO RiEHE
0 1 &
1 0 EAFITHNEELREEFESE OCO ; BFITHN R ELLRTEGE
iz OCO
1 1 g:’g?gﬁaﬂﬁitmmwﬁéﬁ OCO ; BFITHN X £ LR ITENE

Note: 1. —MEEERE OCROZT TOP , H COMO1 B, thAT LR PB4 2288 | it 2k 3
TOP BEIZHEMEE R, FAEEFS A P 92“ HHAIEE PWM #EK ",

+ Bit 2:0 — CS02:0: B}4hiki%E
ATi&# T/IC WEt4iR. SN Table 56,
Table 56. Bk RAIE N

CS02 Cso1 CSs00 | i%Bd

0 0 0 Lot , T/IC FIE

0 0 1 Clkros/(GRETS 4 )

0 1 0 clkyos/8 (RE TS #1ES )

0 1 1 clkros/32 (KRB AR )

1 0 0 clkros/64 (KRB 2R )

1 0 1 clkrog/128 (R BT #28 )

1 1 0 clkrps/256 (R B2 4MES )

1 1 1 clkros/1024 (R B TR $185 )
Bit 7 6 5 4 3 2 1 0

| TCNTO[7:0] | TCNTO

®/IB R/W R/W R/W R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0

BY T/C HFEa T UEZRNITHERN 8 MHEHTRER. X TCNTO FFRNEHE
FHET - EIERTE, FIHHRSTHERFEH TCNTO WREFTRELR—
X TCNTO 1 OCRO Ky L& T,

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

®/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

AHLRFEFRES - 8 UNKIE , TR SITHARRE TCNTO HTHR, TS
A7 LA SR 7= £ far HH LR AR T, SR E AR SRAE OCO 51 R B 7= AR

96 ATmega128 m———————————
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ERER | TR RS RE
RIRBEFER - ASSR

T/ICO I RTIRIE

2467L-AVR-05/04

Bit 7 6 5 4 3 2 1 0

| - = = = ASO TCNOUB | OCROUB | TCROUB |  ASSR
®/B R R R R R/W R R R
MAE 0 0 0 0 0 0 0 0

« Bit3-AS0: &% T/CO

ASOR 0"t T/COR I/ORt Sk clk, o 3R 3h ; ASON"1"8S T/C FRiE#EEI TOSC1 S| BIK & 4K IR%
BSUKZN, o3F ASO B AJ8EHEEA TCNTO, OCRO f TCCRO AR,

» Bit2 - TCNOUB: T/CO EZih

TICOTHETFRLSERXET , ETCNTOFSIFE TCNOUB B, HTCNTONE EEEREHT
EEfS TCNOUB HEEHEZE, TCN20UB 3 0 REA TCNTO AIABEAFE T -

« Bit1- OCROUB: Bt RFEE 0 EF

TICOTHETRLS#ERE , EOCROF S| OCROUBE I, HOCROMNE FE R EH T
J& OCROUB HHEEH4EZ, OCROUB ) 0 B OCRO AT LABAH{E T

» Bit 0 — TCROUB:T/C 24| {788 0 &5+

T/ICOTHTRLENXR , ETCCROMSIETCROUBE( . HTCCRONEFFEREF T
B fm TCROUB HE#EE, TCROUB 73 0 &H# TCCRO AILEAHET .

MREEFICREEMNMRE LREM - FERERFSREBNHSR , 51 2T&
EA T,

¥ TCNTO , OCRO Hl TCCRO # 1T BRAVHLH R T ERY, EEIAY TCNTO JKBrVE , M
OCRO 1 TCCRO MENEFHFERPIRIHN.

TICO BRF THENEBEEZERMTILR :

- B EESNRSEXNZEHNEREASEER TCNTO, OCR0O, TCCRO #HiEH#
K, RENSRNIZE

5EZ OCIEO #1 TOIEO LAF<EA T/CO HY R Hff,

®E ASO LLUEE & BT HIR,

{Z TCNTO, OCRO Hl TCCRO B AH W HE,

Z£4% TCNOUB, OCROUB #1 TCROUB &%,

SEBR T/CO B9 FHfAR R

FENEFREPH,

= ¥RHE]3 32.768 kHz B @IR#H 1T T 1L , A TOSC1 I AN BRI ESE RS HT
EWEN T/ICOBE, B4, REERH 4T LHIRS 4 Z L,

« ETCNTO ,OCROM TCCRO RBIEE £IXEAE 78R , AN TOSC1 EMTEF 8ifF,
EBRENEFREABNEESRZHTHEEATNRE, SN SEHREESEMYT
WERFR , BtE TCNTO T2 FE OCR0O, ALABEERSIRAEEES ASSR
ERRERFELEATBNFES.

MEREHA T/CO#EHR MCU K EES 4 ,7E TCNTO ,OCRO 1 TCCRO EH &R < 5l
Faet AB BEXRY B Standby R , EN MCU AI8ERTE T/CO i& B 4 Mz Hi i
ARERER, X3FA T/CO WEHREEPHYRE MCU AEEE , RREEH
OCROE, TCNTOR EbE LB A 22 1E Y, 40 SR7E 3B #7 5E AX =2 B (OCROUB 3 0)MCU Fh it
ATHRIEER , HEREEFEKZER2KE , MCU thKIZTEKRET,

« MREBAT/COERNEEERNHY B Standby B X WREER 4 | SFUTEEH AKX L
ERXWIR, FEZEEE— TOSC1 AMBTEN. MREMNGEDFHit AERK

ATMEL o
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ERER /T BBP NIRRT R
- TIMSK

ERNER /TP MR ST 7R
- TIFR

AIMEL

HEtE/NF—4TOSC1 A , AT AB AL | SSHt T EE, WRAFPRES
CREFREEHEX—RM4 , TUXBMNTHE :

1. ¥ TCCRO, TCNTO 5 OCR0O EA&EMHHIE.

2. %15 ASSR MMM EFICIREEIR.

3. #AEBEEXHY B Standby &,

EEBRTRSIEER , T/ICOM 32.768 kHz ISHB T —E T/ , BRIEHAEHER
= Standby X, AFNIZEE , HIR7HRNRER B TEEKE 1 B, Hit , &
WHAPESHMNEREXGESR FENEL%EF 1 DHEEER T/C0, At , BT
BHNBRNHTREYE , REER T/CO NBERAIFER,

HHEENHY R Standby EAREBETE : FREFERE , £ T —NEM ST ER
HREB3. WRmEH , EL—NEMSMMEAESEF ATLURE T HRENHRE., B
BEMN 4 N4 E MCU ZIE |, EERITHIAIR, SRPUFIREZEIFE SLEEP
ZENERF.

MNEBERXREE 2 FH S e A RiZE TCNTO T 88K E R E#R #iE. BN TCNTO 2
HRLH TOSC BH4PIREIA |, MiEL TCNTO AF0@EE — NS HER 1/0 MRS NS
FHEKRER. AFRKETEN TOSC1 W EFAR. NEBEXKREEST /0 (T EFY
&, MIREIM TCNTO HE N H A EREXGHNE , B2 T—1 TOSC1 EHRKE
Xo MNEHBEERBRERN TOSC1 HURZEFAFNA ., FEit , 5E TCNTO By #
EF5R -

1. E—MEEHHEZT OCRO = TCCRO ,

2. ZEEMMMNEFICHREES,

3. % TCNTO.

ERSERT , PFRENESEE 3 M ERFHRN— N ENEAR, Bt , =4
— AN ER SR EAE R S W LU B SR A RSB MR 1T BRES A, KRG
ML SERESNRS , MA R B,

Bit 7 6 5 4 3 2 1 0
| ocie2 | ToIE2 | TICIE1 | OCIE1A | OCIE1B | TOIE1 OCIEQ | TOIEO | TIMSK

®/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

* Bit 1 — OCIEO: T/CO it L8 Pt A i E Rk

X OCIEO MRS FERN LB PHIEERENL | #7 '1° iF , T/CO By % H LB PR B A T R BE
U T/ICOMHREE X4 |, B TIFR A OCFO0 E1uAt , hHTHIRRSEIT,

 Bit 0 — TOIEO: T/CO & i sh i fE &k

X OCIEQ MRAFEHN B hMERE | #H 1 8t , T/CO RRH P HfERE, 2 T/CO
REBRHE |, BITIFR 8 TOVO {2 B{uat , hHHIRREUMIT,

Bit 7 6 5 4 3 2 1 0

I OCF2 TOV2 ICF1 OCF1A | OCF1B TOV1 OCF0 TOVO I TIFR
/B R/W R/IW R/IW R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

« Bit1- OCFO: fIHLLB#HRE 0

4 T/CO 5 OCRO( f i Lt R & 1788 0) WEICELEY , OCFO Efu, WNEFMHIEEEH
BFE HEEIVNHEE 1XRKESE, % SREG FM{z 1, OCIEO 1 OCFO0 #E AT , Al
BIRRBEIMIT,

« Bit 0 - TOVO:T/CO i HF&

98 ATmega128 |
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% T/COGBHA , TOVO B, HITHMMNPIAIREE I ESHEFE. i, TOVO tha]
LBEE1REE, Y SREG F/9{z 1. TOIEO 1 TOVO BT , P HIREEBRNIT.
EPWMERAF |, 4 T/CO £ $00 ATk AMEAET , TOVO B,

ERES/ TTHBETAOMBE  Figure 45. T/CO i 9 HiEs

clkyg —» Clkos
Clear 10-BIT T/C PRESCALER
TOSC1 —» 7y = EEEEER 3
4 < = o N o
H <) o ) ) =
o & | [~ [ |4
° S |T |x | =
ASO o © =
[&]
PSRO 0
i Yy V y YyYVV
CS00 %
CSso1 r&
CS02

TIMER/COUNTERO CLOCK SOURCE
clkyq

T/COTR 7 4725 B 5 A BT £ FR clkpgo TRE M | Clkyg SR E XA clk o EE. EEMASSR
# ASO , T/CO fFH 5| TOSC1 FH Iz |, £48 T/CO AT LAER —/NERTAT 8. 2R ASO
Ef , Il TOSC1 # TOSC2 M A C &, SIH EENAI SN E — N at4h & IR ( AEBIRSH 25
437 32.768 kHz B9 R B AEFH 1T TIRIL )o FHFEE TOSC1 L EEEMHES,

T/CO WY T RETA 5 IETAA - Clkro/8. Clkros/32. Clkros/64. Clkros/128.  Clkrog/256 H
Clkyos/1024 L HNE T BUI% R clikyos K10 (2 1L THE), & SFIORZ 7884 PSROF & {1 7
SEE , MM AUF AP M RTTIUN B9 T3 50 43 88 JF 3R T4k,

1 HRINAE 10 F1E8R - SFIOR

Bit 7 6 5 4 3 2 1 0

| Tswm = = = ACME PUD PSRO | PSR321 | SFIOR
®/B R/W R R R R/W R/W R/W R/W
MHE 0 0 0 0 0 0 0 0

e Bit7-TSM:T/C BH#ER

TSME A} & 78T PSROFPSRI21 RIFEBBEE R W EH , HNE TSMBUESE, EKLFT
B T/IC EEER, BITIRE TSM FME5ER PSR, XMW TICFHEL I , REHEE
NEEHBENHRE. —B TSMESE |, X% T/C M ENER FF 81T 8.

» Bit1-PSRO0: T/CO i MEFE

BA T/CO MM HREN. BETREX—HABEHEIEFE. BABNT2EIRE
fAzh4E, & T/CO REAMEL CPU RHEHIRZIAY , ML R EMEXKZ AT, MR T/CO TH
TRIERX MR- UENE-ERFIMMBEMREEET K.

ATMEL =
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16 (L TERTRS / THIER (| 1o TcausnBrnRFEN (B4EE), RS ENES IR, EEBHANT
- ; =5« MIER 16 ARt (BIAYE 16 K289 PWM)
ERER /AR 1 NE | Sgvmmminsr
i8R / 1T #ER 3) - BRI
. —MRALRER
- WABRRE S
- HEEERENERSES (AHER)
- EEFAHHLBE PWM
o WK PWM FH
¥ ryes
- ABEAIT K
* 10 MR ITIR (TOV1., OCF1A. OCF1B, OCF1C, ICF1, TOV3, OCF3A, OCF3B,
OCF3C #ICF3)

ATmega103 & =AY R £ ATmega103 RABX TRE—N 16 LM T/IC(T/C1) , MERERNMN LR EFERS (KR
A FILEE B)o

=37, AXZBNTER[NVNENUERANATRTER. ‘n” XRT/ICBES , ‘X’ RREHLER
BES, ERECSERFNEATEN. BENEW.
163 T/C #9 & {L 4= B 7R F Figure 46, /O S|y E M P 2“SIMEE” - CPU A iR KV 1/0 &F
1785 245 /O L 1/O S| LAEAE R R, WIE /0 FEEIMALbut 5| F P 12016 S ERT
B/ TS FFESREA

100 ATmega128 m———————————
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Figure 46. 16 i T/C 1@

Count TOVxX
>
Clear c (Int.Req.)
ontrol Logic
Direction 9 TCLK Clock Select

Edge
A Detector | T
TOP | BOTTOM

( From Prescaler )

yYvy

Timer/Counter 3
4-+ TCNTx | %
X = =0
‘ 4 ‘ OCFxA
(Int.Req.)
u
— [] Waveform
- " ™| Generation | OCxA
rrrrrrrrrrrrr OCRXA-------n--- g 2
.
]
n [ Fixed OCFxB
- TOP (Int.Req.)
n Values
- - - Waveform »| OCXB
- Generation
n
(7)) L]
c:n) rrrrrrrrrrrrr OCRXB------------- u
= []
< . OCFxC
|<_( : (Int.Req.)
o n
- - > Waveform »| OCxC
= Generation
[]
n
U OCRXC----m--oooee - ( From Analog
i : Comparator Ouput )
- ICFx (Int.Req.)
[]
= u Edge Noise
ICfx ‘ Detector < Canceler
- «—— ICPx
S sssmsmmEmama”
‘ TCCRxA | | TCCRxB | | TCCRxC |

\

Note: 1S E P 2Figure 1 , P 69Table 30 fl P 75Table 39 LAk T/C1 1 T/C3 MY SIHIE L.

57 TENTES / 1TEES TCNTn, HiH bR % %88 OCRNA/B/C S5 AR F 785 ICRn 95 16
MBS, A 16 U HFFRL B BHRALSE FA P 102 71 16 L FFEE ", T/C
2|25 1788 TCCRNA/B/C 3 8 & 178% , ’&E CPU I AMRHl. PHIER (BFEEXR
Int.Req.) ESEFMIREFTERTIFRN ST BEN PMIREFFRETIFRBERM, FIE
F T ER AT LA E P TR R BT FER TIMSKn ki R EN I ERZF 788 ETIMSK #2%l, B
K4 H (E)TIFRn 5 (E)TIMSKn,

T/C 7] A BF A 8 08 3T 73l 20 470 2 5B B Tn 5| B A RO SN SRR 49 3R 3 51 T/CEUE 18 hn(
R ) WETERIR K B A M0 B et eE R R RIR S SR FEE IR T/C & TFLE
RS FHEFIEFRBEERABERN ko

M EFH H R E 1788 OCRNA/B/IC —ES T/IC MEMEER. BKEAXERBALRER™4
PWMELTE S HH LRSI OCnA/B/ICI K AT SR HEF. AP 108 “MHEERET” . b
Bt 4E RIE T B LR B AR OCFnA/B/C |, AR 4 i LE R P i R,

L ARSI ICPn SR LB ASIM (L P 210 “ BELLLERER ") B ARRSEH
FE (LRAR ) B, HEE T/C EREAIRARRSTFREREER. BARBRETS
B INBFIRRE T (RFEERER ) UBRERE TH.

A IIIEI% 101
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EX

REM

1| 16 L F 78R

AIMEL

EREREENXT , TOP AR T/C WHRAETH OCRnA FiF8. ICRn FEFsE , 3i—
LEEHRERE L. £ PWM ERXTH OCRnA £ TOP {Eit , OCRnA &1788 T8t

£ PWM %itH, {EUELART OCRnA X EE ) , TOP EAEETEREFBINE, ¥
E—1EEN TOP ERATLAEA ICRn 1788 . WM OCRnA KA PWM By

UTESGERAFAT
Table 57. X

BOTTOM | it#k#&it | 0x0000 BYEDXE BOTTOM

MAX ITTEES 1T B OXFFFF ( T3t %89 65535) Bt EIEZE] MAX

TOP TTEER TR BUF S R R EREIEE TOP, TOP {E /LA E E{E 0x00FF,
O0x01FF 5% Ox03FF , S 21F % T & 1788 OCRNAS ICRNEME  EAEH T T4
E

162 T/ICRMELBIMR AR 16 L AVRT/CHH M AR B RN, SEN T HE SR RAT
2HE

BIEERBSPUFFERERNNAE 16 1 T/C #XH /0 FFEEM bt
TRERENSBPMFTEFERENNAE 16 £ T/C MXHNEFFHMNEN,
P&,

THEHNEHENR , EEEHERNINGESTFFRET
PWMnO 28 WGMnO,
PWMn1 2k 3 WGMn1,
CTCn & H WGMn2,

16 i T/C B HIFER[HARMT THHFESS -
T/C ##|%1F85 C (TCCRNC)s
W H bR 1788 C , 8 OCRnCH 5 OCRnCL.,

16 i T/C #EHEIFFESFHRAMT THL -
TCCR1A 0 A COM1C1:0,
TCCRnC #IA FOCnA, FOCnB 5 FOCnC.,
TCCRnB # i1 A WGMn3,

oAt H LR & ST C MR iR S S B AL,
16 i T/C Iy — LR H AR LRHRER THERREE,

TCNTn, OCRNnA/B/C 5ICRn 2 AVR CPU B3 8 U ¥#E 5 & A LUiA R 16 (L 1788 %
E16 U FERBEFHRE, M6 LITHRRBE - 8 IR FFRAREHES S
VEE. 8 16 (ERRAEN 16 U FFRAAEENGNFER, HREFTSMH
K16 URHERME, & CPUBARIED 16 L FFRNEFTES , EAN S UBESH
RAERNFFRPNS S UBEAR—M 16 LHIE FFEAR 16 L FFR+H. = CPU
BRE 16 UHFFRNEFTN , SFTATEREFTRENRBNEKE T IR W FF
2o

FIEFTAR 16 L1H R ES RIGR FFER. X OCRNA/B/C FiFRMRBAERTE K IGet
FEaR.

B 16 UuFFHRn , NEABAZFERENSMLFT, Mk 16 L FFRNNERINZFF
BRAVERMLFT

102 ATmega128 me————————————————————
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TEMGIFRIRE T WmMGE 16 L EMNRFESR. REBRRTFCLEET RN FESRN
BH BT, EREH RN 5EA T X OCRnA/B/C 5 ICRn 178889151, A “C"iESHT
YRIZEE L HEHA TR 16 1R 1E.

SComeapie (O

;& TCNTn 2 Ox01FF
I di r17,0x01

I di r16, OXFF

out TCNTnH, r 17

out TCNTnL, r 16

; f TCNTniEAr17:r16
in r16, TCNTnL

in r17, TCNTnH

C RmpiE "

unsigned int i;

[* ZETCNTn 27 Ox01FF */
TCNTn = Ox1FF;

/* FFTCNTn A0 */

i = TCNTn;

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

Cm KBRS TCNTn WIREETE r17:r16 FiFsa Ho

ERE 16 UEFRNLRR-—NERRERFFERN, £X 16 AFFRBEN , &
HEEARBPHEN , HLEEETRFIRE 16 UTFRNPRIET ZE K EXER PH
Tt ihREFNTFFRIEAM 16 VFFR , NMEXT BN FFR. URXIMERE
£ BATHRERENSFFRFHARCEAR  BRERFN 16 LFFHENRER

Ro
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THAHIRLSH TIRE TCNTn FEHFNBNELREE, 3 OCRnA/B/C 5 ICRn AYIEE
ERTLAE AR 75 5%
SCammpIR O
TI ML6_ReadTCNTn:
RFZE P
in r18, SREG
. BT
cli
. #FTCNTn A r17:r16
in r16, TCNTnL
in rl17, TCNTnH
WE LGRS
out SREG r18
ret

C KR\ piR "
unsigned int TIM6_ReadTCNTn( void )
{

unsi gned char sreg;

unsigned int i;

| * REFZEPHEE]

sreg = SREG

1> BSFHH x|

_CLQ);

I* FFTCNTn A0 */

i = TCNTn;

| * WEZEGHEHFZE *|

SREG = sreg;

return i;

}
Note: 1. ARBRBRECLETETEENLX M. H /0 FEFEHRNTR /10 FEHN , XA EN

“LDS”, “STS”, “SBRS”, “SBRC”, “SBR” 5 “CBR” EA[f[@¥ & I/0 FEH=NES
RE “IN", “OUT", “SBIS", “SBIC"., “CBI" 5 “SBI" %,

CmRBAIRRH TCNTn WIREMETE r17:r16 FiEsrd H.

104 ATmega128 ]
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THEMNHIRLETE TCNTn FESNERREE, X OCRnNA/B/C % ICRn BWERIERT L
FERMERN T *,

SComieapie (O

TI ML6_W it eTCNTn:
. RIEFLBHHRE
in ri18, SREG
. BT
cli

ETCNTn £/r17:r16

out TCNTnH, r 17
out TCNTnL, r16
. WE2EPHEE
out SREG, r18
ret

C KR\ piR "
void TIML6_WiteTCNTn( unsigned int i )
{

unsi gned char sreg;

unsigned int i;

| * REFLEBHHERE *]
sreg = SREG

1> BSFHH]
_CLI();

I* ®ETCNTn &i */
TCNTn = i;

1* BEZEFHHE %]
SREG = sreg;

}

Note: 1. AMBBECLTET EEMNLMH. = /0 FEHJ|AT R /0 FiFiaeT , KAMEN
“LDS”, “STS’, “SBRS”. “SBRC’, “SBR” 5 “CBR” ZA[IFH¥ & I/0 FEHRMIES
K& “IN", “OUT", “SBIS”, “SBIC", “CBI"5 “SBI" %>

LR RBAIRF r17:r16 FEHRXIREMNZE TCNTn BHEARIE,

it

WRNAR-NM6 UFFREABEMEMANTFERSFTNHER , URFE-XEF
o BIEWRNERREEXMERTRFEM.
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P L

PN

AIMEL

T/ICEERAT LR B AER , B AISR B HNER , AL T T/C #2577 85 B(TCCRNB) Ky A #iE #2
{7 (CSn2:0) RE, FHHRSDMERAHARR P 130 EAIER / 1THER 3. EMER/ ITH
2% 2 MERT 28 / T 3ER 1 (VTR D 48R 7 o

16 L T/IC I = EXB D R AI4RIZM 16 LN [E1HEER# T Figure 47 441 T it BBRSHINE
B TEE.

Figure 47. it 2T HIEHE
DATA BUS (8-bit)

4 >
TOVn
(Int.Req.)
TEMP (8-bit)
t Clock Select
Count Edge
-t - Tn
| TCNTnH (8-bit) | TCNTNL (8-bit) Clear ] ek, Detector
- Control Logic
TCNTn (16-bit Counter) |« cono"

( From Prescaler)
TTOP TBOTTOM

EEHER (REES) :

TCNTn B0 1 20/ 10

T E R INREE R BRI,

TCNTn &S,

clk, ER R / T HESREHES.

TOP &N TCNTn It R EEHZ K E,
BOTTOM /R TCNTn it #ZREA&/IME (0)o

16 1T ZR B ET BIF N 8 3 /O 1Z A B84 B : TCNTnH I & 8 , TCNTnL KK 8 {z, CPU
HREEMEE B TCNTnH FFE88. CPU iR TCNTnH &Y , KRR E MY R IG At & 788
(TEMP)o EXTCNTNLEY , GBS B FERN A B BRI TCNTNHRE ; MX TCNTnLIAST
B4R, TCNTnH G FEROANBFMEH . XHE CPU AIME— Mt EHER
o 8 U BIELLTTRI 16 (Uit BERMIR, B, MAEEETIEITRBRESTHN—
ERKER, EXERFHBRTN TCNTn EABBELTRAANER., EEENETS
FFIX L 45 BRI 1T B4R

BETHERKXNRE , £F - clky, R BIRE , TTRBH#ITEE. 01 8 1 8B1E.
clky, B BEPIE (L CSN2:01R E. = CSn2:0= 0 &Y , T BERF LEIT . F3F CPUXS TCNTn
BIRELS clky, REFEELR. CPUBRELITRBFEZTNEMBBRENREREBE.

THHERN T BUF SIBUR T % 788 TCCRnA M TCCRnB H#REAM WGMN3:0 BiRE. it#
BRHELT (1T ) AREEY OCnx AHNKEREARXAREENXR. HRFIISK
ErEENERAERESIL P 111 THEERX ",

B WGMNn3:0 BE 7 itz THERKX 2/ , TOVn BN A XNBRHEET. TOV A
LLRRP= 4% CPU Hif,

Count
Direction

Clear

T/IC By AFHIR 2 7T 7] A SRIEIRINEREAF |, 5 o9 HL IR 5 & (R PR A0 DA 35 BA Lt A () B9 & 4 et
Z. NBEMARENMEFESHSIM ICPn A |, BT BESEMLRIBR L THKKI, FHE
FRIETARITESR, SZEHRESHETEE , ARNSEHOERSE,

106  ATmega128 m—————————————————————————
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MARBRETHERNL Figure 48, BFFEERETHABREANE S ARERT. &
FRSNVPNNE 0" RNENER / ITHRBERS.

Figure 48. M AR 2 T HER
DATA BUS (s-bit)

\ TEMP (8-bit) \
‘ ICRnH (8-bit) ‘ ICRNL (8-bit) ‘ ‘ TCNTNH (8-bit) ‘ TCNTNL (8-bit)
» WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)

| T |

+ ACO* ACIC* ICNC ICES
_ Analog ‘i ¢ ¢
Comparator )
Noise - Edge _
™ canceler " Detector » ICFn (Int.Req.)
ICPn .

Note: #&#lLbEESHMH (ACO) RAfit% T/C1 &Y ICP — M3k T/C3,

LS ICPn EMIBEET (B4 ) KETEL , RELLLREBHE ACO BFELXETE
it , HEXANBFETCRIDRRNBFFTIESE | W ABREBIB A 16 8 TCNTn ZiE#
L2 AT T8 ICRn |, R ABHRREN ICFn B, MR TICIEn =1, 5
ARSI SR AR DM, FHHTE ICFn B3EE , LB REEEXN
NE /IO NBEAZE "1”ES,

EH ICRn R ELIREFT ICRNL , RAEBESEFY ICRnH, BEFZTR , §FTHES
EFET IS 21788 TEMP, CPU #&H ICRnH BFi5 R TEMP F1£88.

5 ICRn BEBNEH B REE T RE~EER, et ICRn K AEITEHREEN TOP E, B
ICRn 2 B B £ Ei% & WGMn3:0 A A F X MRIE. X ICRn F7e5#t TBIRIER LI % F
SFETEAICRNH /O & , AEBREZFEA ICRnL,

ESN P 10215 16 N EER " U THEEZSHXRTUMIGRE 16 L FERNEL.

AR TN EERAMARIRR ICPn, T/C1 & 7] AR LB 5ol 4 50 Sl A FH 4R B2 ST AR
Ro FF AUEE R BEL L RIZHI SRS T 788 ACSR BRI LB A f3R 2 ACIC K
MIEX—R. BEBNR , AEMERE TREER — K AR, FibEREaRRES
Ol AR ERAR ST — B TR LGB S BB R S R

ICPNnSACOMIRE B X5 Tn 5|2 E R (P 130Figure 59 ), £ AV A R 257 th — 4%,
BRERGFINGRE LR[S IMATIANZEEIRHSIA 4 MNRETEPEH
MR, EXEMR , BREMA ICRn EX TOP BRFFERKIN , T/IC RHREHIH
FREA RN RE R EER.

M AFER th A LB B4 2SI M) ICPn B9 5 SRARK
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ERAMARREST

AHLERET

AIMEL

RENHEREL - MIENBFRRARESRENRME. ENAAMKESHIT4RR
Bo REL 4 RREEMRSHERE T 2EALBRNEE.

B TCCRNB KY ICNCnh fF{FRER FEHI I35, FRERFIIHZE , FRAAXEZILE ICRN
BRIEFZANLETAN 4 NREFEAPOER, REMNFHIFEANRRER ,
MRS SRR S0,

ERBMABRETHRARERZDEZBNLERTRREOERASH, SHAE
BfERRE, MBRLERET —XBHHI I ERE ICRN WHHE , ICRn BB
HES MMEEEIEBOBRER.

ERMARRPEE , PHREFNRTRFNIREICRN F78. REBWAMRE T
FAENRE |, BFAAMIENESHE EEIZ{TH MR RPN REMEX.

EE A ABRTEEX TR EEEREIEF XL TOP H,

MNEABESHSZLENERSRBREHRERTMLE, FHIELEE ICRn FAARREK
THBNESUR, RELARE , ICFn BAHERHEE (EX N /0 LEE "1"), HX
FNEME  BERTHHRE , WAEX ICFn #ITREESR,

16 L LEREBSFLE LR TCNTNnEOCRXxHAR ,—BXNeiINHE LRSI~ 4 —1
EEES. ARBE OCFnx £ F —NE S4B, MRLLE OCIEnx =1, OCFnx BEfI
Mol kLR B, FHHRTE OCFnx frEBEZEE , EBELRHGEEMEME 110
BB AZE"1” LA LUEE, £1E WGMn3:0 5 COMnx1:0 WFRENRE |, R A EEH
EERESERTENRE. BFELALEFA TOP M BOTTOM E54BAERELEERX T
WMEMNERE P11 THEERX "),

MHLBRAETAN—NMIRREN T/ICH TOP E (BT BB D PR ), I, TOP &
& RSRE OB R & 4 2= ORI A .

Figure 49 A WA HHLERE T FER. FEBRSMLN/PIE 0" RREHRWS (n=n X7
T/Cn) , X" RfHLLRET (AB/IC). EERFIFEMELRETE T AREERT,

108 ATmega128 m—————————————————————
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Figure 49. it RE T HER

DATABUS (s-bit)
- -
A A A t
\ TEMP (8-bit \
]t
— ¥
| ocRnxH But. (8-bit) | OCRnxL Buf. (8-bit) | | TCNTnH (8-bit) | TCNTNL (8-bit)
OCRnx Buffer (16-bit Register) TCNTn (16-bit Counter)
— }
—¥
OCRNxH (8-bit) | OCRnXxL (8-bit) |
OCRnNXx (16-bit Register)

J L

I —(16-bit Comparator )

——m OCFnx (Int.Req.)
y

TOP ——p
BOTTOM ——p»

Waveform Generator p OCnx

7

WGMn3:0 COMnx1:0

H T/C T/ 12 7 PWM EXMHHEE —MEt , OCRnx FERANEHEFiFeR ; ME
EFETHEEAMTEEEEN (CTC) MEHAEREE LA, NEH ALK OCRnx F
78Xt TOP 5 BOTTOM MRS EH |, By lb = £ R TE PWM K |, SHERERI,

58] OCRnx HEESFRRBEZS , HEF R, FRENE HIhEERT ,CPU i RI#Y 2 OCRNx
ZErEFRR  ZIEXNEAFINEER CPU iBRIANIZ OCRnx A&, OCRnx( EMHELEE )
EERNABRREERETENHEHNE (TIC AL B FLEFFRREFH N TCNT1 =H ICR1
BARZA ), Tl OCRIx TREN TEMP &£H, ERSHM 16 VFFS —HE £REE
FHRE-NFIR. BTFLHREELEHTH , HILEES OCRIx NAFUES TEMP F178%
KXW, BEFEEEAWEEFT OCRnxH, ¥ CPU NHBIIEBEASZETM /0 #hutat |
TEMP ZFFHRNAREBEEH. ETREEKFT OCRnxL, FELREE ,fZF TEMP F&F
BHNEFZTHIEHENE OCRnx Z485 , MR OCRnx LR FEFR.

ESA P 102 5] 16 U HF 7R " U THRESHX TR 16 L FFHRNER.

THETIE PWM EXEt , ATLUBIE XY 58 Hl % LB {L FOCnx B "1” B9 AR&= £ LR IT
B, BHELERIEERSEMN OCFnx f7& , B RLERH / FEENSR , ER OCnx 5|
WEH  FRENKET LLRICE —4# (COMx1:0 RE OCnx REfL. BT , ERXEBEL
1t )e

CPUN TCNTn&H 72N ERESMHIE L RICE R & o XM AT SR RF OCRnx # %
{35 TCNTn 18 E B9 2R 1E T A AR - T

HTEEERXTE TCNTn #FE T —NENSRMHEARER L RTE |, EERARK L

R ETCNTNRSBRE , FET/ICREEET. ®BEATCNTNHIHEZE TOCRNX ,
HRICEMEZET BRI EBRNRERELR, £ PWMERXT |, & TOP AhAEHK
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B, FERF TCNTn f TOP HENHE, ENSEX—RLLRITE | ITHEEHFNIT
Z|OXFFFF, 2l , it H TR FITHEHFTEN TCNTNEAZ TBOTTOMB #E,

OCnx MIREBNZERERFEAOFTEFR TR, XELMIRE OCnx WA EREER
BT R A58 5% H LR FOCnx, BIfEE TR R ER KA OCnx HFEHFHEL—ER
BFENRE,

COMnx1:0 ML RBIBEH T2 NEFM, COMnx1:0 HY 3R R=F 37 BN A Ko

110 ATmega128 m———————————
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EREEERZRFNS COMnx1:0 EENEINEE, B AXERFIA COMnx1:0 REET —
R R U B & A B #9480 H EEBR OCnx RZS ; COMNx1:0 &2 %] OCnx Sl il i Y SRR
Figure 50 3% COMnx1:0 i & ¥ MA9:Z HH E{LRER, /0 F1F8. /0 1 1/0 S
HEER TR, AP REAEH T COMnx1:0 EIEAYEA 1/0 ik O 24| ZF 1285 (DDR # PORT),
#KR OCnx RAMIEMENER OCnx FFEE , MARE OCnx SIMKRS. REE N
COMnx FEFEREMR "0

Figure 50. LtBRICHE i HHE T/RER

4
—
COMnx1
COMnNx0 Waveform D Q
FOCnx Generator
— 1
OCnx
OCnx o Pin
A
»D Q
2
m PORT
<
i
a »D Q
 / DDR
clk,qo

RE COMnx1:.0 F£AE , RIPRERNAHILRIIEMSKER OCnx WEA /0 O
A€, B2 OCnx SIMEYSEIEXZ 2 THIES B EF 728 (DDR). M OCnx 5|kifa A%
BEE 2B AABEE HIES MEFFRH DDR_OCnx Ut SIMHEE N . —M1ER TIhae
ERSRERERNIEERNTX Bl LHI5 ¥ Table 58, Table 59 5 Table
60,

L BUZ BB AYIRIT 21F OCnx R 2 BT B R THME1L. EXBHEL COMNnx1:0 %
EERLERENTHEEXTRREN WP 120 “16 LERER / T BB FHEREHA " AT

COMnx1:0 FNE % A IR % T,

BREEBRFA COMnx1:0 WA EEEBEER, CTCE#XH PWMERXTEMXS, X4
FRENER ,i8E COMnx1:0 =0 RPALREBE X ENEFEXERTRERE OCnx FF
85, IEPWMHER WY LL R & HHi5S WP 120Table 58 ; IREPWMRILLER & HF P 121Table
59 ; FEEIE RABSRIEIE PWM B LE R & F P 121Table 60

3 COMnx1:0 FEMEABEENE —ALRTE, XTF PWM EX | ALlBEIE
A FOCnx K3 BI7™= £ R,

TEER - T/C MBHELRSIMNTR - BRFEREER (WGMNn3:0) REEBH HER
(COMNx1:0) B HIMIRE, tBRAEEXNNITRFIEREEE , MEFE~EEAT T
FHINAEENE, COMnx1:0 24| PWM 2B N RKt. IE PWM #ERX e COMnx1:0
BERHEENZELRERAENEN, FE  HEEFHR (P 111 LREEHAH HE
T )o

BN EEEESE P 17 ENSE/ITHENER" .
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EEEX

CTC( LR It kB BRERT 89 )
1§

AIMEL

EBEERX (WGMn3:0 = 0) AE&E AN THEEN, EHEX TITHRBEFFRE M, iHE&
KRIEJG (MAX = OxFFFF) BB T#E & H 1T 2188 &) & #h )R [5] B £ /)ME 0x0000 EFFF /. &
TCNTnAEHE —NER B ET/CRERETOVNEN, FRTOVNERRE17HL , R
RRBEEN , T2EE, BEHTENSFTHRSEFEBENES TOVN , B aIBUES
HUERSENBNIHE, EEEEIATREAAZTERKERN , A AR E AR
M it BB BB

EZEEXTHABREAREZFER. BXENENBBHHN KA EE R EEES
BN D HE, MREHEBAK  XAERENSRH PR D MR B AR
RETHDHE,

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

£ CTC ##= (WGMn3:0 = 4  12) 2 OCRnA = ICRn 788 A TR it e o Y=,
it HEFAERE TCNTn ZEF OCRNA(WGMN3:0 = 4) ZTF ICRn (WGMn3:0 = 12) Bfit
$EEEE. OCRnA T ICRn EX T it e TOP & , RENTHEBEN 2 HER, XMER
ERAFAURE S IR LR ICE M AR | B T A B4R IRE,

CTC#EAYBY FE N Figure 51, it BERBETCNTN—ERMETCNTn5OCRNnA ICRn
EE , A/ TCNTn EE,

Figure 51. CTC #XHFHE

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

OChA
(Toggle)

peron bk

FIF OCFnA = ICFn AR AT SATE THR B BEIA Bl TOP R F= 4 lf, EHRMRSEFER
LAE# TOP WERk{E. BT CTC & BEXNE HIheE , it AL o MR R RIEATHR
25088 TAER MR IF TOP BN 21K BOTTOM K BER B /M. MMEE AR OCRnA 5
ICRn (9ERE/NTF X8I TCNTn WEE I HBEFEXR —RERTE, £ T — X EREER X
£ 8, ITREBETETEITHREIZAE OXFFFF , SREBM 0x0000 FF#A1t%ZE OCRnA
% ICRn, HEFZHERT , X—HMUEHIIERINAFLEN, BRNAFEZREARE PWM &
X , Z#EXFEH OCRnA E X TOP B (WGMn3:0 = 15) , B tb&f OCRnA A E M,

ATECTCEXTHERMHE T REOCNAEBALRIEE X ENREBEETF,
XATLUED R E COMNA1:0 = 1 RTEMR. FEHILIRE OCnA i 25l , BEAEFHIKO
RE N H(DDR_OCNnA = 1), IR R EBRBEB = EMN R KIMER N o) = fu 10/2 (OCRNA
= 0x0000), SMEAMTAXEE : -

(COMNAL:0 = 1)

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

TENRARMOMEF (1. 8. 64, 256 = 1024),
HEEBEXT ,TOVn FRENBE MR EE T HERM MAX ZE I 0x0000 HY E B 2RET 44 5,

12 ATmega128 me————
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BE PWM X PIE PWM X (WGMNn3:0 =5, 6, 7. 14 5 15) ATARZE S PWM B, HRIE
PWMERXSHMPWMERNREZAR2E LD RE THERR. 1THEEMBOTTOMi+Z!
TOP ,ARRIEIEZE BOTTOM EFF R N THBEMN R H HESR | LRSI B OCnx
£ TCNTn 5 OCRnx IEER B , £ TOP BHES ; W FREttBRH HER , OCRnx B9
MEEHFHER. BTFERT2BREER | R PWM E3X K TERE 6 AR A
fIEE PWM XS — 15, LEMREFSEESREPWMER+2EESTHERAY &
FRAMDAC R A, BT LR/ NMAZB TR (B R )NWYWERYT MNMBERSERA,

THETFHRE PWM EXE ,PWM SR AEENR 8. 95 10 £ , B ATH ICRn = OCRnA
EX. B/ND YRR 2 b4 (ICRn 5 OCRNA 187 0x0003) , AL PER 16 4 (ICRn
= OCRnA i&H MAX), PWM 8RB ATATRITE :

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

TEFIRE PWM ERAT | iHHREENEHE —E R NEIEEZE 0xO0FF, 0x01FF, 0x03FF
(WGMn3:0 =5, 6 & 7). ICRn (WGMn3:0 = 14) 8 OCRnA (WGMn3:0 = 15) , REH&EF
HEH —Nats EHE S, ERRIETFERIA Figure 52, B H 7 24 A OCRnA = ICRn
RENX TOP EREIRE PWM X, BHRERHN TCNTn RRX2EDRBFIRME, HHE
AEREETEZEN PWM WHUARRE PWM f#i. TCNTn #H3 EHEXKFLERR
OCRnx M TCNTn B EE LK. LR IEE /G OCnx F PR & B (o

Figure 52. & PWM #E X il FH

OCRnx / TOP Update
and TOVn Interrupt Flag
‘ Set and OCnA Interrupt
‘V Flag Set or ICFn

Interrupt Flag Set
(Interrupt on TOP)
TCNTn ; ! | A i |
v vy ‘ vy
OCnx LI (COMNx1:0 = 2)
oCnx | ] (COMNXL:0 = 3)

oot o o s s o7 0

it BRBUEIR | TOP Y T/C i@ Hi#n& TOVn EfL, H45h%E TOP {E=H OCRnA 5 ICRn
EMHY , W OCnA ¢ ICFn #3E/ S TOVn B — ettt BB, MR FUiERE , AT
MRS R FERER TOP UKk LR #E,

WETOPEN AXARIEHFOVTOPER N FRELRFER/IHRE, BN TCNTNESOCRNX
ToHUMHERTER., FABERN TOP ER |, MEE OCRnx HEREAREHNKREHRN
AR R "0

E N TOP ERE#H ICRn 5 OCRnNA WEZ BRI R B, ICRn FEBR/TENEHEES,
XEREYITHEB UL MR RBEN TS M TN R | 44 ICRn BF—NDIEE
REEEHEARN ICRn BELL TCNTn HeiEDWNER. ERRITBSNER—RER
T, £ F—XLREEAXEZH , THELEFTEITHEIZRKE OXFFFF , REBM
0x0000 FF24itEk , EZILLEE B, M OCRNA BEENENEFHFIEFR, X —HHR
E OCRNA AT LABERI B A, EAR KRB M A OCRNA EHE 1788, £ TCNTh 5 TOP It
BEHNT —Nef44EH , OCRNA LR BFERNWARBEANTERNEEFMETH. ER—
NI EH TCNTn 808 |, ™ TOVNn FREBIRE .

A IIIEI% 113
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MM EE PWM

AIMEL

FEHAEE TOP B &IFMHEA ICRn FEFER[EN TOP, X## OCRnA FATLLHF7E OCnA
W PWMIK. B2, 1R PWM BRI (B K TOP fH ), OCRNA HIXNE)
BUMEEFESTXMNNA,

THEFHRIEPWMERET |, tb3 8 5T A BATE OCnx 5| B L5 5 PWME . i% & COMnx1:0
N2 AUFEEBEN PWMES ; A 3MAS~ERE PWM KR (SR P 121Table 59
)o LA, EEIE MY S| L5 155 E 4 F0F OCnx B9E#E 5 @ DDR_OCnx i& & 71 4
Ho 4% PWM KFEHHLIER OCnx FF8R1E OCRnx 5 TCNTn RN Ef (HEF ),
UREITEHREEES (M TOP %R BOTTOM) WA —NER 2SI AES (KRB ).

WA PWM IR AT UBE N T AN ITEBER -
. _ ek
OCnxPWM = N_(1 + TOP)

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

OCRnx HFBENMEBEMEETHRE PWM EXH—EBKEBE R, & OCRnx £ F
BOTTOM(0x0000) , #i tH 9 HIMAE SBETOP+1ANERT 2R Bt ¢4 A AR E Bk ; OCRnx I TOP
Bf, R3IE COMnx1:0 iR E , WMHENSEPFEBTF,

BiiRE OCnA EHLRICER#HITEHEBFEKR (COMnA1:0=1), AIREE SZ=LEH
50% WRAHES. XREAT OCR1A AXE X TOP EMHER (WGM13:0 = 15), OCRnA
79 0(0x0000) REB B REIME f o = fy yo/20 X MFHERELLTF CTC X TH OCnA B
RigE , FTRZLETRE PWM ERXEFRE A,

MAEE PWMER (WGMN3:0=1, 2, 3. 10 M) RAFPRH T - REBSBEM.
MADEBEE PWM RN S . SHEAFMBEERRNEL , HEXE TR ERE, i+
RTESE S M BOTTOM itZEl TOP , RE XM TOP £ RE ) BOTTOM, £ —f&HY LL & 4
HERXT , Hitet884E TOP it #etE TCNTn 5 OCRnx IEfE , OCnx B ZEHIKBF ;
MAEITETE5E BOTTOM it#Et%E TCNTn 5 OCRnx LB , OCnx FEMNNSEF, T
EFREERAENNEFER. SERERERL , NERRETRENREAMERE
No BEHNHEZMET9ES TFBRIES,

FMAZIEIE PWM EXH PWM 2 #EEERN 8, 9 10 , S H ICRn I OCRnA E Lo
B/ PHER 2 45 (ICRN L OCRNA R 0x0003) , H K7 ##FE 5 16 L (ICRn = OCRnA
®HA MAX)e PWM Z#RGBAATXITE :

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

THETFHEMEE PWM ERXET , ITHRENHE—BERMEIEEE 0xO0FF, 0x01FF,
0x03FF (WGMn3:0 =1, 2 3), ICRn (WGMn3:0 = 10) & OCRnA (WGMn3:0 = 11) , &
EREiTHAE, £—NENES4E TCNTn EZT TOP E, E4MFERER Figure
53, AL EH T H A OCRNARICRNRE X TOP B MMM IEIEPWMER , AR
9 TCNTn RTRXZXERFRE, FEBRRESE T7TEEN PWM @R KR E PWM
HH, TCNTn f3E EMEKEL KRR OCRnx # TCNTn B IEE L, LR TE S OCnx
R RTAR B Lo

114 ATmega128 |
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Figure 53. M{SE 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)

o
- | \
v \j

TCNTn

OCnx

(COMNx1:0 = 2)
oCnx MOMHXLO =3)

TTEEREEIA E BOTTOM BY T/C ‘R H#R& TOVn EfZ, & TOP B OCRnA = ICRn &
X, # OCRnx HF R BEINEH A XN EREMNE -t FHE OCnA = ICFn #7&
B, tRSEALEEN A=A,

HETOPER BARIEF K TOPET N TARELRFFHRNBE. ENTCNTnSOCRNx
FLHIALREE, FRAEEN TOP EA , BEE OCRnx FF3E ARFEN REMN
¥R "0 £ Figure 53 LLHME=AFHF , 7 T/C ZTTHMIE EEX R
TOPESH T AXNMHE H, HRREET OCRnx FEaRMERATHE, BT OCRnx #9E At
ZINERER / THERIAE TOP 28t , Fitt PWM MEREHESE T , &I Tk, R
=B, FTREMARNKERRT L— TOP & , M L ARROKEBURT#HH TOP H, &
XHEMERE , —MNEAHARNNRKERE , @HERFINHT .

BEETICETHNHE TOP E , RFRARMLSHMEREEEXRBEMVBERN, & TOP
REFAZ , MAXFH THEEXNKERRBE XS,

ITHEFMHEMUEE PWM EXET , LERETTALAE OCnx S EH PWM B, i&E
COMnNx1:0 7 2 AT BAF= 4 E B PWM ,i% & COMnx1:0 3 3 A LAF=4 & [@ PWM (S P
121Table 60 ), BEE IF \¥E 5| i L i HE 5 3E A AFOChxH EHE S EDDR_OCnxi%k &
o OCRnx #1 TCNTn LR B & £ 8 OCnx F1Fe = £ HMAETREMIRE ,
M4 PWM K. THEFHUESEREKN PWMBRATHM T ARIKS :

£ _ faco
OCnxPCPWM ~— 2.N-TOP

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

OCRnx F #7254t FIRMER R TS E PWMER I — LERFHAER . EEEPWMER
T , & OCRnx &F BOTTOM , fithk —ERFNEBF ; & OCRnx EF TOP , fr kil
RENSEF. REPWMEXEHFHER.

# OCnA {E3 TOP f& (WGMn3:0 = 11) B COMnA1:0 =1 , OCnA it 522 Lt 50%.

ML SHMEEE PWM EX (WGMn3:0 = 8 ¢ 9) - AT EFARSMEE PWM EX - AT L=
AEREN., BUSMREEBN PWMIRE, SHAEERIEL  HHIEE PWM &

A IIIEI% 115
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RETNRIKIBRE, iTTSEEHM BOTTOM itZ TOP , RiF XM TOP FEEE
BOTTOM, E—fW Lt R HER T |, Hitade53E TOP it#k et E TCNTn 5 OCRnx IR |
OCNXFBEBENEET ; MEITEEAEBOTTOMITHEI TCNTnSOCRNXEE ,OCnxiFE
NASHEF, TETREABEHERNUWEFHER. SEREREMRL , XRURRETRE
WERAMEE/), BENHESET2ES TFBIIES,

IS ESE PWM BEXSHEAMEE PWM EXHWEEXFIE T OCRnx FiFaR EHET
i8] , ¥ Figure 53 5 Figure 54.

IS EEE PWM EXAY PWM 2 ##RATH ICRn 5t OCRNA E X, J/ND#ERRF 2
% (ICRn 2t OCRnNA &} 0x0003) , & A5 ##EJ 16 { (ICRn 5 OCRNA i&7 MAX).
PWM 7 ##RuHAATXITE :

_ log(TOP+1)

Rprcpwm log(2)

THETFTHEMEEPWMERE , ITHEENHE—ERINE ICRn (WGMn3:0 = 8) 5 OCRnA
(WGMn3:0=9)  AREHREIHF @, E—PENFAHETCNTNEEZ T TOPE. E4H
KRB Figure 54, BH4AH T LA OCRnA = ICRn REX TOP ER MRS IE
PWMER ., BHERWTCNTNR RIXZICLFHEIRE. FEBRNZE 7T EENPWME
HUR&E PWM #itH, TCNTn fi3f A EKF L& TR R OCRnx F TCNTn B9 TEL LR,
LEBRICE & R, OCnx MR E AL,

Figure 54. MU SMREE PWM EXAVE FE

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

OCRnx / TOP Update
and

v TOVn Interrupt Flag Set
v (Interrupt on Bottom)

\j

TCNTn /\VA v

A, Y A A
OCnx | ] | (comnx10=2)

OCnx [ [ 1 ] | (comnxi0=3)
Period }47 14>|<72 4>|« 3»|<744>‘

#£ OCRnx HFERBYMEH AABIHEFTNE - EAHE T/C BHFRE TOVn B
. & TOP H OCRnA = ICRn X , 2§ TCNTn 35 %] TOP {E8Y OCnA = ICFn B,
XL TR S A A SRTE IR T HERIE R TOP = BOTTOM BY 7= 4 Fi i

HETOPER BARIEFHH TOPER N THELREFFRNHE, ENTCNTnS5OCRNx
TaFEHRIEE,

116  ATmega128
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W Figure 54 FiR , SHEMEERNTEEX RWZ , HHUIEIE PWM &4 KB HAEFR
BEHWRABMPHYRNHES. X2HET OCRnx £ BOTTOM BEIESH , LASTERRBRK
EHRAHEE, BitAHBoP IXHE , BRT7TMRZEBN.

FEHAEE TOP B &FMFEA ICRn FEFEEN TOP, X## OCRnA FAILLHF7E OCnA
W PWMIE, B2, 1R PWM BRI (B KZE TOP fH ), OCRNA HIXNE)
BUEEFESTXMNNA,

THEFHEFEE PWM BT |, LbRBETALE OCnx S E@wmHE PWM B, RE
COMnx1:0 3 2 ATAF=4£EBHN PWM 5 ; I 3 WA F=ERE PWM EF. (ZRP
121Table 60 )o BB Ffii HE 5 X SFFOCXxM ERIE A BB R H . F=EPWMIKEF
HIHLIEE R OCnx FFEI1E OCRnx SHFIEHH TCNTn EEEN (HEET ) , SBFIE
BEY TCNTn EEAHES (REM ) BWHHN PWMARTLBES N TARITESS -

" __fakno
OCnxPFCPWM 2.N-TOP

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

OCRnx HfE 8840 TR ErT % B8 T HAS E PWME R — 4% B R, EZBPWMER
T , & OCRnx &F BOTTOM , i —BERFANEBF ; & OCRnx EF TOP , M#H
RENSEFE, kB PWM ERXN EFHER

& OCnA 5 TOP {8 (WGMn3:0 =9) H COMnA1:0 =1, OCnA #ith 5zt 50%.

ERNER / ITREARL B , Bmitd cky, R-ANEEES. APHEATMAEE
F TR S RAIEE A OCRnx B FHBIEER OCRnx FiFds ( THETREHHFER
Bt )o Figure 55 45 T & OCFnx KBt B,

Figure 55. T/C B{FE , OCFnx BfL , T % #izs

clk, o

clk, .
(clk /1)

110

TCNTn OCRnx -1 OCRnx OCRnx + 1 OCRnx + 2

—

OCRNx OCRnNx Value

OCFnx

Figure 56 44 i HH R A RTEPERIE | BT SRR,

A mEl% 117
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Figure 56. T/C Bt/FE , EfZ OCFnx , A RN fyy 0/8

o TR ATATAT A
(c?lil.fll%) T T T

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

Figure 57 A TEEFRBEER TR TOP ER M ITHFS. THETFHEMREE PWM ER
Bf , OCRnx ZF1£251 BOTTOM #E#1, BRFE4RE , 8 TOP EEH BOTTOM K% |
BOTTOM+1 & TOP-1 , &%, EHM oA MM tiEH F FL1E BOTTOM B TOVn #r
SR ITHEERER,

Figure 57. T/ICBtFE , T 7 8z

clk, o

clkq,
(clk,o/1)

TCNTn

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

TCNTn

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

TOVNn (FPWM)

and ICFn (if used
as TOP)

OCRNx

(Update at TOP) Old OCRnx Value New OCRnNx Value

Figure 58 44 i HH R A RTEPERIE | BT 2 4R RE,
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Figure 58. T/C BYFE , M MBRA Ty /0/8

clk

110 H
clk,,
(clk,o/8)

TCNTn
(CTC and FPWM) |
TCNTn o

(PC and PFC PWM) |

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

[HERETAR
;

[T
;

(AR
;

ATmega128

[ATATLR

TOP -1

TOP

BOTTOM

BOTTOM + 1

TOP -1

TOP

TOP -1

TOP -2

OCRnNx
(Update at TOP)

Old OCRnx Value

New OCRnx Value

ATMEL
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16 (L ERIAR / T BRTF
71t B
ERER/ITHER 1 EBFERA
- TCCR1A Bit 7 6 5 4 3 2 1 0
I COM1A1 | COM1A0 | COM1B1 | COM1BO | COM1C1 | COM1CO | WGM11 WGM10 I TCCR1A
®B/IB R/W R/W R/W R/W R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0
TERER / THEER 3 BHEITFERA
- TCCR3A Bit 7 6 5 4 3 2 1 0
I COM3A1 | COM3A0 | COM3B1 | COM3B0 | COM3C1 | COM3CO | WGM31 | WGM30 I TCCR3A
®B/B R/W R/IW R/IW R/W R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0

* Bit 7:6 — COMnA1:0: &i&E A B Lt B W HER
 Bit 5:4 - COMnB1:0: &8 B (yLb B HE X
+ Bit 3:2 - COMNnC1:0: &8 C /Lt =

COMnA1:0, COMnB1:0 & COMNnC1:0 7 #l#2 %I OCnA ., OCnB 5 OCnC HIRZS. IR
COMnA1:0( COMnB1:08,COMNnC1:0 )l —fU ALK E A"1” ,0CnA(OCnB = OCNC)
i Th e ERAR 1/0 S% O ThAE. LEAT OCnA(OCNB B OCnC) #8 B7HY it 51 B B3 /5 1 423
Bl AJ0 B AL LA R REH IR B 7 o

OCnA(OCnB = OCnC) S#) 2 5| i #8E RS , COMnx1:0 K9 Zh AL WGMN3:0 & BIRE.
Table 58 4 HH K WGMn3:0 iR E N ZEEX S CTCER (3EPWM) B COMnx1:0 B ThEERE
o

Table 58. L& Hm HES |, 3E PWM

COMnA1/COMnB1/ | COMNnAO/COMNnBO/
COMnCA1 COMnCO %8

0 0 @K O , OCnA/OCnB/OCNC Rk

0 1 tE B LEL BT OCnA/OCNB/OCNnC BB EEUR

1 0 LB LB BB E OCnA/OCNnB/OCNC( #i 1K
BE)

1 1 e e B4 OCnA/OCnB/OCNC( #i i E
BE)

120 ATmega128 m———————————
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Table 59 45, WGMn3:0 & & R RIE PWM #E = B+ COMnx1:0 BIZhEEE Lo
Table 59. L& HE |, HUE PWM

COMnA1/COMnB1/ | COMnAO/COMnBO/
COMNCO COMNCO %A

0 0 E@i% Q184 , OCnA/OCNnB/OCNC FKiE$E

0 1 WGMn3=0: Z&ix O R1E
OCnhA/OCnB/OCNC FKi%Ei#
WGMn3=1: L& LB OCnA BEFEUR
OCnB/OCnC & &

1 0 H& TR ATESE OCnA/OCnB/OCNC |, 1E
TOP BtEfZ OCnA/OChB/OCNC

1 1 LR e Bt & 1 OCnA/OCNnB/OCNC |, #
TOP Et55%& OCnA/OCnB/OCNC

Note: % OCRNA/OCRNB/OCRNCZFTOP ECOMnA1/COMNB1/COMNC1 BzaT |, th i ILEl #

7B , {8 OCnA/OCnB/OCNnC B / BEEREAM., #W P 113 “ E PWM R~ ,
Table 5945 H 2 WGMn3:01& & F #1718 IE PWM & =, S 48 5711& IE PWM & =B COMnx1:0

B IThEEE Yo
Table 60. L& HER | B ERMBRIEE PWM ER
COMnA1/COMnNB/ COMnA0/COMnBO/
COMnCA1 COMNCO %8
0 0 @ik O#4E , OCnA/OCnB/OCNC RiE#E
0 1 WGMn3=0: i@ O ##4%E |
OCnA/OCNnB/OCNC iE#E
WGMn3=1: Lt PLEi At OCnA EFHUx
OCnB/OCNnC %58
1 0 F iRt LRI E S EE
OCnA/OCnB/OCNC , B&Fid et LR T
J¥ & {2z OCnA/OCnB/OCNC
1 1 F e Bhat bR PR B E
OCnA/OCnB/OCNC , /512 ¥t LB It
552 OCnA/OCnB/OCNC
Note: OCRnA/OCRNB/OCRNCZ T TOP ECOMnA1/COMNnB1/COMNC1 &I & — MK E R -

FAEEESN P 114 “ HLEE PWMER 7,

A IIIEI% 121
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o Bit1:0 - WGMn1:0: R EER

M5 T TCCRNB 254 WGMn3:2 A44 | AT st 5 it s 5l—it
MBI IR E NIRRT £ B0 T (I Table 61). T/C XM THEERE
ZEER (HTHE ), LECENBEENE (CTC) BX , R=MT A (PWM) B
(P 111" THERER "),

Table 61. K™= £ R KAy R

WGMn2 | WGMn1 | WGMn0 OCRnx & | TOVn E{uA}
#x®X | WGMn3 | (CTCn) | (PWMn1) | (PWMnO) | JERIES/ites T4k () TOP ezl a

0 0 0 0 0 ZEEX OXFFFF | MENE# MAX

1 0 0 0 1 8 (IS IE PWM 0x00FF | TOP BOTTOM
2 0 0 1 0 9 AR E PWM 0x01FF | TOP BOTTOM
3 0 0 1 1 10 A& IE PWM 0x03FF | TOP BOTTOM
4 0 1 0 0 CTC OCRnA | M ENE#H MAX

5 0 1 0 1 8 L R PWM 0x00FF | TOP TOP

6 0 1 1 0 9 fu % PWM 0x01FF | TOP TOP

7 0 1 1 1 10 fZ1RIE PWM 0x03FF | TOP TOP

8 1 0 0 0 ML SHEEIE PWM ICRn BOTTOM BOTTOM
9 1 0 0 1 B SHEEE PWM OCRnA | BOTTOM BOTTOM
10 1 0 1 0 A IE PWM ICRn TOP BOTTOM
1 1 0 1 1 LS IE PWM OCRnA | TOP BOTTOM
12 1 1 0 0 CTC ICRn S EEH MAX

13 1 1 0 1 RE - - -

14 1 1 1 0 RIE PWM ICRn TOP TOP

15 1 1 1 1 HE PWM OCRnA | TOP TOP

Note: 1. CTCn # PWMn1.0 WENELFBHERT , EFA WGMn2:0, E2FAMRANIIEFVERFREMN,

122 ATmega128 L __________________________________________________________________________|
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TERfER / It HER 1 2BIFFEB
- TCCR1B Bit 7 6 5 4 3 2 1 0
| 1cnct | icEst - WGM13 | WGM12 | CS12 | Csi cs10 | TccriB
®/5 RIW RIW R R/W RIW R/W RIW RIW
e 0 0 0 0 0 0 0 0
TERfER / it HER 3 2BIFFE B
- TCCR3B Bit 7 6 5 4 3 2 1 0
| 1cnes | oicess - WGM33 | WGM32 | CS32 | CS31 | CS30 | TCCR3B
®/5 RIW RIW R RIW RIW RIW RIW RIW
IR E 0 0 0 0 0 0 0 0

 Bit 7 — ICNCn: B AR 7= 1D 555

B ICNC1 RFfEREf AR S HIThEE. LAt SMERSIM ICPn M ABIER. HEA
=M ICPn SIMIELBIT 4 AR, MR 4 ARFEHEE , BLESEALBRNZR.
R ERE XN REE S M ABRBIER T 4 N9 EH,

+ Bit 6 — ICESn: I AR Ad & N ik

FALERER ICPn B EANGA AR & HIREH, ICESn R "0 EFH 2 TEEA Al & M A
IR ; ICESn A "1I” RN EBBEEHN EF0 A MW AR,

BB ICESn HiRBEHRE —NEH4E  ITBESNHEHEFE ICRn FEES. BREHE
£ERN ICFn, MR AHEIFELE , MABRS4EMAL,

% |ICRn AfE TOP {& ( . TCCRnA 5 TCCRnB &85 WGMn3:0 {u#93#5R ) & ,ICPn
SHARBRINEERIT , WM AR A,

« Bit5-{RE{

ZURE. WRIESHRB[HENREY , E TCCRnB B, ZUSMEA "0
o Bit4:3-WGMn3:2: BREEER

I TCCRnA FEEFHIER,

* Bit 2:0 — CSn2:0: B hikE

iX 3 LA T%$#F T/C WBt4iR , A Figure 55 5 Figure 56,

A mEl% 123
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Table 62. At#piREZR{v iR

CSn2 | CSn1 | CSn0 | 8
0 0 0 FToREP R (T/C 21k )
0 0 1 clkyo/1 (TS 47 )
0 1 0 clk,o/8 (RETS iR )
0 1 1 clk,o/64 (RB TS M2 )
1 0 0 clk,o/256 (R BT% 488 )
1 0 1 clk,o/1024 (KRB 5 MR )
1 1 0 SNER Tn SIRP , TRESRIRSN
1 1 1 SAEB Tn SIM , EFARIRS

LERERIERE PR , BNGE Tn SIMWE vl , & n S| EHNBEESBEZN
RIS T/Cn IHE , XM AR B R REZH T

ERER/ITHER 1 BEFESC
= TCCR1C Bit 7 6 5 4 3 2 1 0
| FOC1A | FOC1B | FOC1C - - - - - | TCCR1C
®/B w w w R R R R R
HBE 0 0 0 0 0 0 0 0
ERES /1T 3hEE 3 I HFEREC
- TCCR3C Bit 7 6 5 4 3 2 1 0
| Foc3a | Foc3B | Focsc - - - - - ] Tccr3c
®/B w w w R R R R R
WIBE 0 0 0 0 0 0 0 0
* Bit 7 — FOCnA: Bl i L BO&E A
 Bit 6 — FOCnB: 3%l LR EE B
* Bit5- FOCnC: &M L&REE C
FOCnhA/FOCnB/FOCNnC {Z R WGMn3:0 {u#i&E N IFE PWM BER B FHK. X
FOCNnA/FOCnB/FOCNC B "1” s #liR L X £ 8874 — X RIN L RITE , HEKFE X
H£EEMIE COMnx1:0 MigEMmMKZE OCnA/OCnB/OCnC H®@mHRE,
FOCNnA/FOCnB/FOCNC MW{ER R —MNEBES ,COMnx1:0 BiREF RRLBELR
CERERNEE,
FOCNnA/FOCnB/FOCNC EBESTAFEFAFMER , tFaXNITHREEEE , &KEH
OCRnNA Jy TOP {E# CTC T{E#&E = Hi#,
FOCNnA/FOCnB/FOCNnC WiZiREEE N E,
* Bit4:0 - R& v
XL RE, ARIESFHERB[HNFREMY , B TCCRnC B, XJLMAIAEA "07,
124 ATmega1 28 |

2467L-AVR-05/04



EEE—————————————————————————————— A Tmega128

ENES/iTHER1 - TCNTIH M

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

ERES/itEEE 3 - TCNT3H M

TCNT3L Bit 7 6 5 4 3 2 1 0
TCNT3[15:8] TCNT3H
TCNT3[7:0] TCNT3L
/5 RIW RIW RIW RIW RIW RIW RIW RIW
MikME 0 0 0 0 0 0 0 0

TCNTAHSTCNTnLAMK T T/CnHIBIEFFERTCNTn, B e8] LAEEN E 827/ 1T
BRETTH 16 LITHERH#ITREILRE. NRIE CPU NEFHTSEFTHENEES , #M
EA—1 8 IR & F T FF88 TEMP, TEMP BFTEM 16 U FFRELAM , AP
102 “ 5[] 16 (U B 1788 " o

EUHEFRETHEERTCNTNHABRE TEEER KR —IKTCNTnSOCRnxK LR LB IR 1E,
ETCNTn HFEHRNE T — M ERREAMHEELRTE.

WHEBRFEFER/ 1A - OCRIAH

# OCR1AL Bit 7 6 5 4 3 2 1 0
OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL
®B/B R/W R/IW R/IW R/W R/W R/W R/W RIW
NHE 0 0 0 0 0 0 0 0

WHHEBRFHFER/ 1B - OCRIBH

# OCR1BL Bit 7 6 5 4 3 2 1 0
OCR1B[15:8] OCR1BH
OCR1B[7:0] OCR1BL
®/E RIW RIW RIW RIW RIW RIW RIW RIW
MBE 0 0 0 0 0 0 0 0
RHEBREFER1C -
OCR1CH #l OCR1CL Bit 7 6 5 4 3 2 1 0
OCR1C[15:8] OCR1CH
OCRI1C[7:0] OCR1CL
®/E RIW RIW RIW RIW RIW RIW RIW RIW
BE 0 0 0 0 0 0 0 0

WHEBRFEFESR 3A - OCR3AH

*ﬂ OCR3AL Bit 7 6 5 4 3 2 1 0
OCR3A[15:8] OCR3AH
OCR3A[7:0] OCR3AL
/B R/W R/W R/IW R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

W EFFSR 3B - OCR3BH
1 OCR3BL Bit 7 6 5 4 3 2 1 0

A mEl% 125
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OCR3BJ[15:8] OCR3BH
OCR3BJ7:0] OCR3BL
®/BE R/W R/W R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 0 0 0
mHbkBRFFR3IC -
OCR3CH # OCR3CL B , . s A s ) ] o
OCR3C[15:8] OCR3CH
OCR3CJ[7:0] OCR3CL
®/BE R/W R/W R/W R/W R/W R/W R/W R/W
HRE 0 0 0 0 0 0 0 0

ZHFRTHN 16 LHIES TCNTn FERTHITHRERTESNLR , —BRIETE ,
FEE— MBI PH , HekZE OCnx BH HBEETF,

WMHLEBREERKER 16 I, ARIE CPU NEFZTHERFZTHERNEE , KAEHR—
N8I B FTE 1788 TEMP, TEMP RFIEM 16 U EEFSRHEAMN , ¥R P 10214
[ 16 &85 " -

WABREEFESR1 - ICRIHA

ICRIL 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

WABRFEFESR3 - ICR3HA

ICR3L Bit 7 6 5 4 3 2 1 0
ICR3[15:8] ICR3H
ICR3[7:0] ICR3L
®/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

HAERSI B ICPn( = T/C1 WL ) B ABRAKRESFER |, 1T5E TCNTn #
KEBA ICR1 #H, ICR1HMREEIENITEREEH TOP E,

WMABREERKERN 16 I, ARIE CPU NEFZTSEFETHWEMEE , KAEH—
N8 Ut & F T & 1788 TEMP, TEMP EfTER 16 (U SZe3L M , R P 102415
[ 16 L HFF8E "

ERES /TSR PR TR
- TIMSK Bit 7 6 5 4 3 2 1 0
| ocie2 TOIE2 | TICIE1 | OCIE1A | OCIE1B | TOIE1 OCIE0 | TOIE0 | TImMSK
®B/IB RIW RIW RIW R/W RIW R/W R/W R/W
IRE 0 0 0 0 0 0 0 0
Note: ZZEEF|BE/LANT/IC WFRTIEEIN ,BRTHIAX T1 #HTHEA  ERKUFEZEND
T AnLAiR Be

 Bit5- TICIE1: T/C1 ¥ AJH 1R i {Ee

MZMHWIEH "7, BRASTEFEDM | HIZA "7 5, T/IC1 W AR DM EsE, —
B TIFR1 8 ICF1 & ,CPU EIFF AT T/IC1 AR DM RSTESF (M P 55 “ "),
+ Bit4 - OCIE1A:T/C1 #tH b A PElFh iR RE
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¥ ENERES / ITHREE PR
#1788 - ETIMSK

2467L-AVR-05/04

MZMHWIER "1, BRAFTESEPH | IR "17 6, FRE T/C1 N R A ThH
WrfEaE, — B TIFR1 £8 OCF1A &z , CPU BIFFEAHIT T/C1 i H LR A DTER A Hf AR
EREF (P55« FHl”),

« Bit3 - OCIE1B:T/C1 it b8 B Pl R B fE e

MZMHWIER "1, BRAFEHRTH | FIgR "17 6, FAE T/C1 N E R B L&
WrfERE, —B TIFR1 LA OCF1B &{I , CPU BIFF 44T T/C1 % Lk 3 B P = i AR
S (M P55« FHlf”),

+ Bit2 - TOIE1:T/C1 & hMifERE

MZMHWIER "7, BRSTESTN | L#IER 717 5, T/IC1 e PlERE, —B
TIFR L& TOV1 EfZ , CPU BIFF 14T T/C1 B HEPHTIREEF (W P 55 “ Kl 7 ),

Bit 7 6 5 4 3 2 1 0
| - - TICIE3 | OCIE3A | OCIE3B | TOIE3 | OCIE3C | OCIE1C | ETIMSK
®IE R R R/W R/W R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
Note: ZZ1EES7E ATmega103 HRBFER T LK.
+ Bit7:6 - RE

XFAMNRE, ARIESFRB[ENREYE , BETIMSK i, XFANMMLREA "0%

 Bit 5— TICIE3:T/C3, W AR Pl {ERE

MZMHIER "1, BRABEFEDHN | 48R 17 5, T/IC3 W AR MFEsE, —
BETIFRH ICF3 Bf ,CPU BIFF 244047 T/C3 M A IR P T ARS T2 (ML P 55 “ {7 ),
« Bit4 - OCIE3A:T/C3 MitHELER A Pl Fh i fEgE

MZMWIER "1, BRSEFEPM 8RR "17 85, T/C3 Mk H &R A [T i
g2, —B ETIFR L# OCF3A &1 , CPU BNFF#A#H 4T T/C3 ¥ ELE A ITEL AR S 72
F (W P55“FHl”),

« Bit3 - OCIE3B:T/C3 #ith bk B Pl Fh i fE e

LZMHIER "1, BRDSHFEPH | %R "1” 85, T/C3 % H R B ITE i
gt, —H ETIFR £#Y OCF3B &1z , CPU ENFF 44T T/C3 Lk B LB P HTRR S 72
F (R P55 K",

 Bit2 - TOIE3:T/C3 & sh i fEAE

HZMNHWIEH "7, BRDSSESEHH | HI&A 717 i, T/IC3 KB HPHfERE, — B
ETIFR L& TOV3 EfZ , CPU BIFF#A#A1T T/C3 B H P RSERF (W P 55« |~ ),

« Bit1- OCIE3C:T/C3 #th b C Pl Fh i fiERE

LZMHIER "1, BRABFHEEPH | IFIER 17 6F, T/C3 % H R C ITE i
gt, —H ETIFR £# OCF3C &1z , CPU BIFF #4117 T/C3 i i Lb 3 C LB P TR S 72
(R P55“ K",

« Bit 0 - OCIE1C:T/C1 % tbE C i i fiEgE

MZMHWIBER "1, BRAFESRTH | HFIER "17 6, T/C1 W% H B C I ffE
€. —B ETIFR £# OCF1C i&{Z , CPU ENFF#4#R 4T T/C1 fi i LbER C LB P H RS 72
F (W P55“Fl”),
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ERER / T HERP MRS SRR
- TIFR

T RNERER / T HER MRS
#iF8&s - ETIFR

AIMEL

Bit 7 6 5 4 3 2 1 0
| ocr2 | ToOV2 ICF1 | OCF1A | OCF1B | TOovi | OCF0 | TOovo | TIFR
®/5 R/W RIW RIW R/W R/W RIW RIW RIW
e 0 0 0 0 0 0 0 0
Note: ZEHFEBRBIE/LNT/CWARERLL  BAT RN T RTHEA  HRFES BN /NTH
PBAE R

* Bit5— ICF1:T/C1 i AFiRIFEAL

SNERSIHD ICP1 HIMEIREHRT ICF1 B, AL, 4 ICR1 fERNITERESH TOP {ERY , —
Bit#EEEAE TOP , ICF1 th B,

WITHRARBRDPIRSEFN ICF1 BE1ES, U EE A B "1 KFRZIRENM.
* Bit4 - OCF1A:T/C1 & BLbE A IEEARERL

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

8 %% H LB (FOC1A) T4 &L OCF1A,

WATHER & LR IR A HFARSS R AT OCF1A BE1iEE. AN HEAZE "1” K
BRIZAR S

« Bit3 - OCF1B:T/C1 % LtE B EEFREFAL
% TCNT1 5 OCR1B EE AL INAT |, ZALHIRA "17,
58 5 H EE B (FOC1B) R4 Ef OCF1B,

HAT5R &% H LR ITEE B MRS T2 F Bt OCF1B HaiEE, U EB ABHE "1” K
BEBRIZAREANL
» Bit 2 - TOV1:T/C1 B HIRE

ZUHRES TICI W IESREX. TETEEEXFM CTCERXE ,T/C1 B H TOVT
B, WIEHTCERXTH TOV1 iiEMBA , W P 122Table 61,

WATRHPIRSEFE OCF1A B3EE, A MUXNAEBANZE "1” KERZIREN.

Bit 7 6 5 4 3 2 1 0
| - - ICF3 OCF3A OCF3B TOV3 OCF3C OCF1C| ETIFR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WNIRE 0 0 0 0 0 0 0 0
* Bit7:6 -®E{

XFHMNRE, MRIISHRSFENREYE  BETIFRE , XFHULSLAEA "0%
* Bit5—ICF3:T/C3 ¥ AFiRIREAL

SNERSIHD ICP3 IR B4 AT ICF3 Bz, AL, 2 ICR3 ERNITERESH TOP {ERY , —
Bit#HEsERZE TOP, ICF3 &,

WITHRARBRPMRSEFN ICF3 BE1ES, bt AN EE A B "1 KIFRIZIRENM .
* Bit4- OCF3A:T/IC3 & A ILEARERL

% TCNT3 5 OCR3A ITE K IhAT |, ZAHHIRH "17,

58 % H EE B (FOC3A) R4 B OCF3A,

AT 58 & i LR TR 3A T ARSS 2R OCF3A BE1/EE . Al AN HEAZE "1" K
BRIZARE AL,

« Bit3 - OCF3B:T/C3 i t® B CEFFEF

122 ATmega128 m——————————————————
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% TCNT3 5 OCR3B EELRK AT , ZALHIRA "17,
78 % H L3 (FOC3B) A4 &1z OCF3B,
1758 %% H LE B PTER 3B T AR SS A2 R BT OCF3B HEIiE 8, t TN EE ABIE "1” K

BEBRIZFREANL
+ Bit2-TOV3:T/C3 B HirE

BUMNIRES TICIWITHERRER, THETEBEEAN CTCEXA ,T/C3 R HA TOV3
B, NIHEHEEXTHW TOV3IREMEN , W P 95Table 52 .

PATR MRS FaT OCF3B BaET., LA UANEEABE "1” KERZIRENL,
+ Bit1—-OCF3C:T/C3 it & C EEHREKN

% TCNT3 5 OCR3C ELELZhEY |, ZAI#IZ T "17,

58 % H EE B (FOC3C) R4 &1z OCF3C,

TR E LR TR 3C PHRSEFI OCF3C B3ES, thallNEEAZE "1
RIEBRIZFRENL,

 Bit 0 - OCF1C:T/C1 i b8 C B AREIL

% TCNT1 5 OCR1C IEEL R ZhAT , ZALHHIZRH "17,

B &l H L (FOC1C) A4 B OCF1C,

4758 % EERPTES 1 C FRiARSS 2 /7Rt OCF1C B3iEE, A AXNEEAEZE "17
FKABRIZAR SN

A IIIEI% 129



TERTEE /1T 8B 3. B
it aR / 1T ¥R 2 MER
78 / TH8ER 1 VTS5
i

BB A £

kg R

SN IR ERIR

AIMEL

T/C3, TIC1 5 T/IC2 HA— Mo HER BEMNTUEFRNDHIRE, TRARTER
F T/C3. TI/IC15T/C2,

% CSn2:0 =18 , RGN EREES T/C MR , XtRE T/C ZEMEBH IR
fok o, SRENHMERE, MoMB TR\ E 4 N TRENHEHES o 10/8s
fCLK_|/O/64‘ fCLK_|/O/256 ER fCLK_|/O/1024°

D SMEE RIMMIZITH,. RN , HBREMIT T/C BtidiERiB%E , AT/l T/C1.
TIC2ET/IC3IHE, A TFHA M A ZT/CRTERNE D Mo MBNRSETES ST
SRt A B XN EE . — NN T A EEENSREREHFBTRD SRS (6>
CSn2:0 > 1)K BHRE : MiTRTBEERERISE — IR F RIT R T AETE 2% 1 EINHIADNRERE AR |
HPNEFHIMET (8. 64, 256 = 1024),

BEENUMSHREKRESL TIC SRFEITRAEN, ERLFUIES -1 TIC REHE
AKX - , Bhs RS gaume S EERN T/C.

M Tn SIBPER AR A SR et 4R AT SR E T/C B4t clkeq/clky, /clkrse SIMBEZ B BES MR
St EHEIX 51D Tn BATRE . RERED (R ) FSEFLRRNET, Figure 59 4
HY Tn BZRESLaRNZENNERENSER. Fi78HRIBREN clk,o B LB
BB, HREIMTHAEE , BiFR T LB FEERN,

CSn2:0 = 7 B8 e A 854 M B — N EBK 7= 4 — A clkyy/clky/clke; BKF ; CSn2:0 =6
B — N AR — A clky BO#

Figure 59. Tn S|BIR#

N ,
™ D Q D Q D Q }4 (Tr:n_gggk
Select Logic)
=T |
clk

110
Synchronizatiof Edge Detector

MTSIM ELRSSD R ENEENFHE , 5l Tn ENBEFTCHEELER 2.5 F 3.5 MR
Sinteh EH S BEETT MBS TT R

B SRERR R ASTE Tn REREED —MREMTARESERIT , BUNE~%
iR T/C BRI B

HREEROER | ABHSEARELFAAT — A RENSEAB. £EZLH 50% &t
DB PR RSN T R IRE — 2 (oo < Fop 10/2)e BTN SR 12
RRX—5E |, CHRRNEINARN RS R ERREIARN —% (Nyquist REEE ). &
T, BFIRFE (R, HFE59S ) ARESRORENSRAER SRHHER |
RUNBRSNREAEREAT £, 0/2.50

SAER B R T IE AT 2 5 2R

130 ATmega128 me—————————————————
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Figure 60. T/C1., T/C2 5 T/C3 i30S

CK 10-BIT T/C PRESCALER
Clear
<
P
>4
o
PSR321

CK/8
CK/256
CK/1024|

TIMER/COUNTERS3 CLOCK SOURCE TIMER/COUNTER2 CLOCK SOURCE TIMER/COUNTER1 CLOCK SOURCE
Clkyg clky, clkyy

Note: I ASIH (T3/T2/T1) WREZBEN Figure 59,
1SR IDRE 10 F7 8% - SFIOR

Bit 7 6 5 4 3 2 1 0

| Tsw = = = ACME PUD PSRO | PSR321 | SFIOR
BB R/W R R R R/W R/W R/W R/W
HEE 0 0 0 0 0 0 0 0

e Bit7-TSM:T/C BHER

RETSM EfZ , PSRO 5 PSR321 MBAERRETE , BEHEXNENSE / ITHREMD
B T REE RS, XHEMXH T/IC HELETIHE, AP TN EMNR FHEENBET
FEHEAMERE —NENS / ITBENS —N T/IC EEZTHIAR. — B TSMEE , X
M E BT 2] / ITERER R BT R 1T B

« Bit0—PSR321: T/C3., T/C2 5 T/IC1 M MBRE N

BAE T/C3, T/C2 5 T/IC1 MMDMEBEN. BREETKEX—BEHEGIEEE,

BRIE TSM Efu, EXEMR T/C3. T/C2 5 T/IC1 A mosmsE , EUNHEN T
REEHWE, ZLERIEN "0

A mEl% 131
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55 PWM ZhaERY 8
ErtER / 1T HER 2

Hires

EX

AIMEL

TIC2 R—MNEREEE 8 UER /itHE , HFXERFKWT ¢
- BEEITHEE

- HRICEETENER (BFHER)

o TFHEH , B ERMNBKTIAHE (PWM)

- WRRER

« SAEPEGITHEE

* 10 fIB 40 o SRR

s B SHBRIEE AR (TOV2 5 OCF2)

Figure 617 8L T/ICH S 1EE, SKERHSIHIEES I P 2“S|HIBLE " . CPURIFRIMI/OF
78, S¥E /O [ F 1/O SIHABEEAERR, SSHEE /O FEBSMNENLN P 1428 U E
BHES / It ERERFEER R ",

Figure 61. 8 {Z T/C K 1EHE
A

< > TCCRn

;

count TOVn

[

clear = (Int.Req.)
Control Logic
direction clk, Clock Select

Ed
A Y [ Dete?:for N ™
BOTTOM TOP
YVYY /— N\

( From Prescaler )

Timer/Counter A A
TCNTn

[=0] [= oxFF|

p OCn
(Int.Req.)

— Waveform
|$ Generation P> OCn

DATA BUS

ERTES / 18488 TCNT2, WL F 8 OCR2 H 8 [uFFee. HHiER (BHEENR
Int.Req.). EBEERESDHMIIRESTFEE TIFR #iE R, FIADUTER o] LUES ErT 25
W AR FE TIMSK Bid# TR®. BFRELEHE TIFR 5 TIMSK,

T/C By Bt BT B S5 71 49 S 28 B PO BB AT 4 SO SN BRI SRR T2 S B A o B3 1252 48
IR HIEI R T/C THRER (SR ) MR, S AR R T/C A FE LR
o EISEIRIEBIERI S AN clkpgo

WE 5 H LR EF 738 OCR2 —ES T/C WHE#RTHR, REXERFALRER
PP PWM RIS LB % S M) OC2 i tH AT SR ES. S0 P 134 “ WHLERE
T, HRERERESEMLRITEIRES OCF2 , AR~ L5 HEBRFMIER,

AT ZFERERESMIUBANERNERT. NEN 1" R NEMNES/ITRENFS
ELEIR2, EREEEFNEFABRIEN (HIERATCNT2R AR T/C2itEEEE).

132 ATmega128 me—————
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Table 63 FESGERAF AT :
Table 63. %88
BOTTOM | it#281t+% 0x00 BfEPXZE BOTTOM

MAX TTEES 1T 2 OxFF (T IRy 255) BTENIAE MAX
TOP T ES T BT 57 51 69 & KE RS BIiE Bl TOP, TOP E W LN B EE OxFF

(MAX) , iR EF# TEEE OCR2 2 EE , E4AHITERENEE

EnTER / i BERR IR T/IC A ARSI R AR S 53R S, B4PERETF T/C #4152 TCCR2 &
CS22: 01 BRAEEMN IR 28, AN ESM DM NBIESE P 130“ER83/11EK
223, ERTEE/HEREE 2 MEREE /it 1 TS ME ",

AL T S T/ICHIEE LS 1 AR B 12k 7T, Figure 62 BNH i EHEE M & Bt RIS M 5 1E
=R

Figure 62. itHEE THER

TOVn

DATA BUS (Int.Req.)

| Clock Select
count Edge
clear clk Detector ™
TCNTn t—=2 Control Logic |a—"
direction
- ———

( From Prescaler )
bottom T Ttop

EBHA (NZBES):
count f£ TCNT2 40 1 =& 1,
direction EFHNRERBIRE,

clear BEE TCNT2 (CHFFEWALES ).
clky, T/C HyRT4F
top RN TCNT2 ERIXE T HRKAE,

bottom R TCNT2 EZ3IXE T &/ME (0)

BETENITEER | iTREHNE N cky, ZIES. M—E—84%E. clky, TLLA
AR at £ R RASET IR~ 4 , EAEHMHERENT CS02:0 BE, & B IEF IR
(CS02:0 = 0) ENEFFLIE. BERFEHEA clky, ,CPU #BHLLiHE TCNT2, CPU B
B HMRE OBFE. MRERE ) WRRERS.

ITBUFHIEH T/C #4|2F 1785 (TCCR2) 8 WGMO1 1 WGMO00 RE. TR HRITH S
HEER OC2 R EEBN KRR, BXRITBFIFBE~ENFAERIESZ P135° T

R
T/C& Hi P ETAR S TOV2 RFEWGM21:0 IR ER THEEAKIRE, TOV2A LA T~4CPU
o

A IIIEI% 133

2467L-AVR-05/04




BHEERE T

5 fhl e i LE R

E TCNT2 FPH Lk B T

fEFfH LB T

AIMEL

8 NILEEREBFIFLEFY TCNT2 Mt H LRI & 788 OCR2 #1TtbER. —B TCNT2 &F
OCR2 , tREEHMAHIERES, EEBEAXEN T —NERSFN S EABEH HEEBRIFE
OCF2 &1, & OCIE2 = 1 ;&N 5| &5 H LB F #fr. SITH MRS EF I OCF2 M B3IE
T, UBIREGEE "1 WERHETES. BIE WGM21:0 F1 COM21:0 iEEMFRRE T
EER , BEEAERTUFALEREEFETRNER, Rt , BEXESRERA max
F1 bottom 5 RAEBRBE LM THEKRER (P 135« TEER ” ), Figure 63 A H i H
e g T HER.

Figure 63. it RE THER

- iDATA BUS i >
OCRn TCNTn

= (8-bit Comparator) |

OCFn (Int.Req.)
v
top
— >
bottom
—» Waveform Generator »| oCn
FOCn

1

WGMnN1:0 COMN1:0

£/ PWM #EXft OCR2 HFER[AME P FFR ; MELERE TERAMTRMNEERR
MEANRERELN. NEHALUFERH OCR2 FFERS top 3 bottom B ZIFE LK |,
MRS = RXIFRE PWM BioF |, SEERERI,

AF OCR2 Bt BERBESR , EXTF R, EREMEHIh8ert , CPU iKY Z OCR2
ZHHFES ; ZUEREHhEER CPU HRIKINZE OCR2 &5,

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

CPUXI TCNT2 HEBMBERIESE T —NER SR H EAHME L LRICE K R £ | BIfEL
RNENRELFELT . XM LLARF OCR2 #l1R{L NS TCNT2 M E /Y BIE T it
PGl

HTEEERXTE TCNT2 #FFE T —NENSRMHEARERERTE |, EEARK L
RT3 TCNT2 B , A& T/C REEET. WREAN TCNT2 WHEST
OCR2 , Lk RICEMEBH T , ERMTEBNREREER. XU , HiITH[RITHEF
TR EX TCNT2 EA BOTTOM,

OC2 MIREBNMIZERERFELMFFRZAMTH. RELHNIRE OC2 NAEREERBE

A TR AR S5 H R FOC2, BMEEHRTRFREEAN OC2 FHERFHLE—ERFT
R BE.

134 ATmega128 |
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B PCEc s 2 T

g ER R £

THER

2467L-AVR-05/04

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

R EEER 2 E COM21:0 EENE R, BEAERRA COM21:0 KBET —
LR PUED & £ B B9 5 EEBUIRAS (OC2) ; COM21:0 i&#24] OC2 I HES KR,
Figure 64 3 3% COM21: 018 B B/WI #0858 49 L R, IO 7. /O 1/O gmﬁuwﬁ
ERR. BFRAH T COM21:0 EMAYEA 1/0 ix Q1421785 (DDR M PORT), %
R OC2 IRA&RTIEH 2 AEE OC2 HFF8s , AR OC2 SIf,

Figure 64. LR ICHE & H ¥ T /REH

—

COMn1
COMNO Waveform D Q
Focn | Generator
— 1
OCn
OCn o :: Pin
A
D Q
) >
2
m PORT
Z
a D Q
>
 J DDR
clk,q

RECOM21:0 W—MHFAMERL , KWL R AL Rl tH LB ZhEE OC2 M EAEA 1/10 O
jJﬁm {BR OC2 5|ty ahARZETHIES MEF 78 (DDR), #EEM OC2 WREZ Al
BAEBIHELFOFFHEN DDR_OC2 (I SIMREN M H. wAESKERE
BRI THEREA TR

L BUZEEAIRIT A1F OC2 RASER A B A TR, BEERL COM21:0
REREBLTHMRMERE | HR P 142 S UENSR / T BSRFHEREHA ",

B EEBRFA COM21:0 WARNEZE, CTC M1 PWM =HEXTEMX S, XFFF
BEHER ,COM21:0 =0 RBPLREE X EREFE X ESTAERIE OC2 FEE5. IEPWM
B ERmHIES A P 143Table 65 ; HE PWM # Eb R4 HHF P 143Table 66 ; #H1%
{&1E PWM BY bR % T P 143Table 67 o

T COM21:0 HEMEABBEENE —RHLRTE, X TFIFPWMER , BT EA
FOC2 3Kk5& %3 BI™= £ MR

IEER -T/C MAmELRSIBMNTR - HREEAEERX (WGM21:0) REEBRHHER
(COM21:0) W FINDRE, LR HEERXI T HFIEEEN , MR~ E8 XX 1T HF
FINAEEm, COM21:0 #4] PWM rtumaﬁwm Ik PWM =X Bt COM21:0 =415
HEANZELBREREAEREN, BE  2EFHK (P 135 “ LREERBEELET ),

BN FERESE P 140° B8R / 1HERER 8T FE " B9 Figure 68, Figure 69, Figure
70 5 Figure 71,

A IIIEI% 135



EEEX

CTC( LR It kB BRERT 89 )
B

BOE PWM =X

AIMEL

EHEEX (WGM21:0 = 0) AREENITEEN. EREXTIHHRBIFEwE M, it3 8
LB KRER (TOP = OxFF) , HTFHERH TSR L bIRE R &/ME 0x00 EFHFF
o £ TCNT2 RENE —NEN ST E T/C BHFE TOV2 Bz, Bt TOV2 R
Fou, RARREEN , T2FE, EHTENSHHRSEFEBEZES TOV2,
WAIBN GRS ENEN SRR, EEBERATSEALEESKRERN AP
BERT B AFTH T BT EE,

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

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

CTCEXH B F B 7 Figure 65, iHHERBETCNT2 —ERME TCNT25O0CR2 IR | &
J& TCNTO 5%,

Figure 65. CTC XK FHE

OCn Interrupt Flag Set

v v v

- / / /
v Y
?nggle) ‘ (COMN1:0 = 1)

Period e 12—k a sk s

A OCF2 #rEAMIEITRESEILE TOP B4 Flf, EHRMRSEFETUEH
TOPH¥{E. A TFCTCEIZENE A , it RFEULTT S MBRREN TS MR T
ERY RHMRFF TOP Bk #3E BOTTOM M BERE/M . MREA OCR2 WEHIENTH
Bl TCNT2 EUE , TSR EXR —RERTE, £ T RERTEERAEZH , HHRS
BREITHREITZAE OxFF , RFEM 0x00 FiAit#E OCR2,
ATECTCEATHIRFHE , ALURE OC2 EBALRERE R ENKEBEET,
XA BUBE IRE COM21:0 = 1 REM. EHLERE OC2 Mt zal , EAEFHKOIRE
N KRR ERBEH T ERN R ARIAEN focy = f_yo/2 (OCR2= 0x00), SAF AT 2
NEE :

f _ fclk_I/O

0Cn = 2.N-(1+OCRn)
TENARRADMEF (1. 8. 64, 256 5 1024),

EEBEXT , TOV2 fREHNEN R EEITHERMN MAX Z R 0x00 #YE R 25 B4 A .

HIE PWM R (WGM21:0 = 3) T ARFAEBHNH PWM KB, RE PWM EXSHAt
PWMEXHWFRIZAREEDRIE TSR ITHEBMBOTTOMITEIMAX , AJF I ANE
F|BOTTOM EFFiH. W FZ BN EERAHER | % H &SI # OC2 7 TCNT2 5 OCR2
EEAEE , £ BOTTOM REN ; W FRELERHHER , OC2 WaEEFHER. H
FHEATEDREER | RIE PWM EX M T /EME 6 A XRHR AR A8 E PWM =X
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B—fE. LSMRESEESRE PWM BERX T+ 2848 THERAT , BRM DAC BA,
ST LURNAZB TR (BB, BE ) WYERY , NTBRERSE R,

ITHEFHRE PWM EXE , ITHHRERNHE-EEMNE MAX , RAEEREN—/NatshEH
BT, EAKEFENR Figure 66, BFFAIRE TCNT2 R RX 22D FIRE, HEERR
REETZENPWMBIHUKESE PWM i . TCNT2 #3F EMEKFEL KR OCR2
A TCNT2 Wy LE B P,

Figure 66. i PWM 6t F

OCRn Interrupt Flag Set

OCRnN Update
and
TOVn Interrupt Flag Set

TCNTn |

A 4 A V Y Y A4
OCn (COMN1:0 = 2)
OCn I_l |_| (COMN1:0 = 3)

S S S

ITat 2 5 AR R MAX B T/C iR HEARE TOV2 Bz, MEHRM{ELE , EPMIRSER DT
REBFALUEHRLRE,

THEFHRIZE PWM ERXE | LB T AT LAE OC2 S| L& H PWM B 2. i&RE COM21:0
N2 ALEEEEBN PWMES ; B 3NAF4EKRE PWM KR (S P 143Table 66
Yo BREESIM LB HESESTFOC2HEIE S BIRE N H, =4 PWMIKEAIHL
2 OC2 H1F851 OCR2 5 TCNT2 LB AHEN (HAEE ) , AR EITHEES (M MAX
5 BOTTOM) 8 BR — N ERT BSR40 EHAE S (B )o

WHE PWM MR UES M T AR ITESE

, _ ok o
oCnPWM N - 256

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

OCR2 F 1788 W MR E A R R RIE PWME B — 45 5%1E R . & OCR2ZF BOTTOM
W HIESE MAX+H NER SR # E BN EROF ; OCR2 8 MAX Bt | #83#& COM21:0
HigE , mHENSEFREREE,

BEIRE OC2 FHHRIEE A #HTIZEBEFER (COM21:0=1), AIABE E5Z=EHR 50%
MWEHES. OCR2 1 0 ESAREIME f o = fy 102 XMFMEERLTF CTCERT
# OC2 Ui , FRIZAETFIHRIE PWM EX EBFNEH,

A IIIEI% 137
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MAEE PWM EX (WGM21:0 = 1) RAFPRM T —NREBSBEMMLIEE PWM KFE
Bk, WEXNEFNRIFIRE, ITERESE M BOTTOM itE MAX , RE XM MAX
fIRE 2/ BOTTOM, £ — MM LM HHERN T |, Hitad23F MAX TR E X E T TCNT2
T OCR2HYILE ,OC2FHEZTNEBF ; MAEITAIEREBOTTOMITEAIE X4 T TCNT2
F OCR2 WtE , OC2 BN ANEEF, ITETROMELBRHMNEFHR. SERK
BAEMLE  MRFIRETRENEAFARE N, ERTERNHHNEY  +o0ESTHEIIEZE
#lo

MAIBE PWM EXH PWM BEBEERN 8 thiF, iHaiss ot RMEE MAX , RET
BRI, E—NEMSSHEAHE TCNT2 WEZET MAX. HEFEBRTS N Figure 67,
A TCNT2 EEARERERT , LEEXNRIFIRE, XERREE T ZE PWM B
HAM&E PWM B%H. TCNT2 #3% LAY /MESZ KRR OCR2 M TCNT2 ML T,

Figure 67. M{EE PWM X5 FE

OCn Interrupt Flag Set

OCRnN Update

TOVn Interrupt Flag Set

Yy vy \Aj

o/ NN N

\

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

Hitet#A S BOTTOM Bt T/C IR HAREAL TOV2 BfL, ARG A K= £ i,

THETFHEMIEIE PWM ERE |, bR E TR LA OC2 51~ 4 PWM KB : 3§ COM21:0
RERN 2L L BHELHPWM ,IRECOM21:0 A 3= EREPWMIES (3P 143Table
67 ) ERESIM EBRREESELTNFOC2HEIE A BIRE N H. OCR2H TCNT2
bR ICE & £/ OC2 FERH - EHMMNAESREMIRE , NT~£ PWM B, I
FHEMEEESRS PWMSRERTHTRXARNIRE :

£ - fclk_I/O
OCnPCPWM N-510

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

OCR2 H 7SR THRENR KR T A EPWMERXM —ER/HER. EEBEPWMERXT |
# OCR2 &T BOTTOM , it —ERFANEBF ; F OCR2 FT MAX , Nk HRFH
BEF, &M@ PWMEXMIEFHER,

Figure 67 REYSE Z ettt AT | BIERBLREE , OCn EF th A SER. KR
IEX T BOTTOM X#5, HIATHAER TRA LLRTENBFRELI

138 ATmega128 m————————————————————————————

2467L-AVR-05/04



EEE—————————————————————————————— A Tmega128

W Figure 67 Ff OCROAfE I MAX 8%, B LR IEELAY |, 2§ OCROA{E 73 MAX ,0OCn
SIMREE — ; AFRIEXT BOTTOM N#5 , EAFLLKEER , OCn EH MAX

BT EAL,
EREBRITHRITHRNEKRT OCROA HHE , Eitt D> —IXHRIEE , BEEE EREt
OCn E&ﬁrx\o

A mEl% 139
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TEERPAHN T/C HRALS B , BbHit4 cky, TURRANHFEEES, BFEH
BT PRTIR IR ERETE. Figure 68 @87 T/C MEXRKNF, BHPLEH TREMSE

PWM X 8 MAX B ITEF S,

Figure 68. T/C B 7B , T2

clk

110

clk
(clk

™
/1)

110

TCNTn MAX -1 MAX

BOTTOM

BOTTOM + 1

TOVn

Figure 69 45 MBI EBTELHE |, (B AR ERE.

Figure 69. T/C BYFE , M MBRN Ty 0/8

oo [N

clk

Tn
(ClkI/O/ 8) T F

:

[N

:

TCNTn

—

MAX -1 MAX

BOTTOM

BOTTOM + 1

TOVn

Figure 70 A 7 BFEX T (BR7T CTC =X )OCF2 B ER -
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Figure 70. T/C B{/FE , OCF2 Bfy , A $MBRNA fyy 10/8

ATmega128

oo ||| TUUULULUULDOUULDOUDUDURULDUUUL
=43 I I | I

(clk,/8)

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

OCRnN OCRn Value

OCFn

Figure 71 441 7 CTC # XX T OCF2 E{# TCNT2 SBEBRIVE R

Figure 71. T/C B{/FHE , CTC =X , MO BN fy 10/8

oo TN

clky,
(clk,o/8)

:

[T

:

[

:

[

TCNTn | TOP -1 TOP BOTTOM BOTTOM + 1
(CTC) |
OCRnN TOP
OCFn
141
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8 (L TERTRE / ITHBR T

FRRUiA

TERER / T BB H 7R -
TCCR2

AIMEL

Bit 7 6 5 4 3 2 1 0

I FOC2 WGM20 | COM21 | COM20 | WGM21 CSs22 CSs21 CS20 I TCCR2
®B/IB W R/IW R/W R/W R/IW R/W R/W R/IW
WNHE 0 0 0 0 0 0 0 0

» Bit7-FOC2: @#$lt L&

FOC2{XfE WGM20 75 BAIE PWM BRI F BEM, B2 , I TRIESKRFBHHREM
FHPWME , ETCCR2ENHEBEE, BE15 , KAERTI#THRBE, R
PLBig s 51 OC2 fFiRH COM21:0 iR B HAENMMNEBE, E3FE FOC2 K —1M i
FES , EEXBEHH B EEEERNE COM21:0 HiZE,

FOC2 A5 REAHM , B F2EMREA OCR24EHR TOP HY CTC X TX ER 2R 1TE
=

i FOC2 ByREEKIZTH 0,
e Bit6,3 - WGM21:0: B~ EER
XU T RES TS | T RES R AE TOP BISKIR |, URF=E MR, T/ICX

FHENA  BERN  BREREREERITHERR (CTC), URFAM PWM X
¥ Table 64 5 P 135 THEEX "

Table 64. K= ERAWME R

WGM21 | WGM20 OCR2#9 | TOV2 WiE
#X | (CTC2) | (PWM2) | T/IC T/ TOoP | EFmtA | {ustz
0 0 0 Z8E OxFF | M BIESH | MAX
1 0 1 FEALIEIEE PWM OxFF | TOP BOTTOM
2 1 0 CTC OCR2 | M EIE#H | MAX
3 1 1 PR PWM OxFF | TOP MAX
Note: Q.ES{CTCZﬂI PWM2EZRTBHEAT ,EFEHAWGM21:0, B BRI E 5L B R A3
Bo

+ Bit5:4 - COM21:0: LL BRIl H#E =

XENVRE T HRIEE R £t S OC2 MBS, MR COM21:0 iy —{uEis Ef#
Bf, OC2 ALLRIEE A HN AT RNHET T, FNESEEFMEREN 1 UERHH
Rz,

M OC2 EEFYESIM Lt , COM21:0 WIEEMK BT WGM21:0 HIi& B, Table 654
H7TH WGM21:0RE N EBERNE CTC BT COM21:0 I ZhEE,

142 ATmega128 |
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Table 65. k&M EE , IF PWMER

com21 COM20 L
0 0 EREMmOBRE, OC2 RiE#E
0 1 R IEE & 4 5 OC2 HUx
1 0 HRIEH &£/ OC2BE
1 1 R ITE &4 OC2 B

Table 66 #4H T 24 WGM21:0 iR & 3 % PWM X 5t COM21:0 BIZhEE,
Table 66. Lt HER | RE PWM 1 (1

coMm21 COM20 pi1: ;|
0 0 EENRORAE , OC2 KRiE#E
0 1 RE

1

0

RIEE R &6 OC2EF |, 1H#E TOP & OC2 Ef

1

1

R IEE R £t OC2 B |, 1T#E TOP & OC2 B

Note:

1.

—NEHBE R R OCR2% T TOP , H COM21 B, LAt LB Pl i 4 ZHE |, T it 2k 3
TOP BHIZNEMEE . IFAEEFSNL P 136 HRiE PWM =R 7,

Table 67 41 7 & WGM21:0 iR E RIS 1E PWM X B COM21:0 KITHEE,
Table 67. LR HER |, B E PWM ER (0

COM21 | COM20 | #iBA

0 0 EERORE, OC2 RiEHE

0 1 RE

1 0 EAFITHNEELREEFES OC2 ; BFITHR X £ LR IT
Ei g E{z OC2

1 1 EAFITHN EE L REENE M OC2 ; BRFITER & £ b T
EfFESE OC2

Note: 1. —PMEHKBERE OCR2%Z%F TOP , H COM21 B, that LB PB4 Z B8 | it 2k 3

TOP BEYEHEHSEE K. FMEEFS A P 138 HAIEE PWMER ",
o Bit 2:0 — CS22:0: Bf4hiki%
X =t e R R A TEE T/C BT R,

Table 68. BF$HiERMEN

CS22 | CSs21 | €S20 | kM8
0 0 0 FTrtsh , T/IC RIE
0 0 1 clkyo/(RBETSH )
0 1 0 clk,o/8 (KRBT S Higs )
0 1 1 clk,o/64 (KRB S5 )
1 0 0 clkyo/256 (kB2 4R )
1 0 1 clk,o/1024 (KRB 5 55T )

0 M T2 SIRPEISNER R 4R, B IY TRER

1 M T2 SIRPRISANER R 4R, BYEPIY EFHR

ATMEL
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ERER / T BEEST 88 - TCNT2

AHLEBREER - OCR2

ERER / T BERP N ERE TR
- TIMSK

ERER / TR P MRS IFER
- TIFR

AIMEL

MR T/C2 ERAAERSIIMES | BIE T2 SIME N |, H ERYT{L bRy IT R BR BV B 89
ZARE VPR ST G

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
NHE 0 0 0 0 0 0 0 0

B T/C 788 EEX TR 8 BIIEHTRE LA, X TCNT2 7N E1H A
RET - EIE L REER, FIHHRSESTHIRFEHR TCNT2 WRERTRELR—
X TCNT2 Al OCR2 Ky LE R It

Bit 7 6 5 4 3 2 1 0

| OCR2[7:0] ] ocr2
®/E R/W R/W R/W R/W R/W R/W R/W R/W
EE 0 0 0 0 0 0 0 0

AHERBFFRDE - SUNHKIE , TRMGSITHRERHRE TCNT2 #THR, TEE
#E BT BARI K™= £ ol H EE R P T, 2038 ASRFE OC2 5l L= 4R

Bit 7 6 5 4 3 2 1 0

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

+ Bit 7 — OCIE2:T/C2 #tH L B PT g b i i 8k

L OCIE2 FIRAFTEEN L BHMFEAENL | #R "17 6F , T/C2 #y % H L3 Ui T AL
M T/C2 LR IEE X4 |, BI TIFR B #Y OCF2 BfuAt , MRS EFEBUMIT,
« Bit 6 — TOIE2:T/C2 3 Fh i ke

4 TOIE2 RS T FRN LB EREN | #1785t , T/C2 KR PRIfERE. X T/C2
RERESE , Bl TIFR FE TOV2 L EfLAY , RIFRSEFEURIT.

Bit 7 6 5 4 3 2 1 0

I OCF2 TOV2 ICF1 OCF1A | OCF1B TOV1 OCFO0 TOVO I TIFR
B/B 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

« Bit7 - OCF2: BB L BAF& 2

H T/C2 5 OCR2( i Lt R & 1785 2) WIEILELEY , OCF2 Efu, WNEFMRSEFE
BHEE allEIXNHEE 1kK3EFE, ¥4 SREG F#/1z |, OCIE2 1 OCF2 #BE AT ,
FRTERS R FBEIMIT,

» Bit 6 - TOV2:T/C2 &

Y T/IC2 @RS , TOV2 Bff. HITHNNPIRSEFNIVEFET, L, TOV2
wABEEE 1 RKiEFE, 3 SREG H@vf |, TOIE2 M TOV2 WEMLE , PHRSERF
BEMIT, £ PWMEXAF |, 5 T/C2 1£ $00 HAXiCH A @AET , TOV2 BfL,

144 ATmega128 m————
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i HH B UE 1 BS
(OCM1C2)

1% 83

it ARl F

2467L-AVR-05/04

i H L BOR BIBR (OCM) A] 7= 4 B HURIR R B BRI . WHIBRMER 16 f T/C1 Wk kL
RETR 8 U T/IC2 WML RETENERE, ESHEX T/C HREEL P 10016
UERTRR / ITERER (ERTER / iTRER 1 FIERTSR / 1T 8ER 3)" & P 132" &H PWM ZhaEM
8 L ERTER / ITHIER 27 o X BIZIBFME ATmega103 REEX TEXK.

Figure 72. it bR A HIZFER

Timer/Counter 1 oci1c
Pin
oc1c/
Timer/Counter 2 oc2 0Cc2/PB7

L BIRRERE , MM LB 2 W Figure 72 FR R , #WEIEH A

WHRET 1C 52 ARAIwO PB7 ERMHGIM, SHFBZ— 6 (BIZ COMnx1:0
A9 0) LB E T (OC1C 5 0C2) EHIEMA PORTB7 78 #AE. % OC1C 5 OC2
FIRSERE , VB8R B 30 fERE.

Figure 73 (A HABIBEN RER., BHRIIE T/C £ Rkix0 B 5| 7 % 1IR3 B,
Figure 73. it b RIAHIZF

( From Waveform Generator) —{ D Q DI : T
3

oc1C

IS Pin

% —10
- ocic/

0Cc2/PB7

( From Waveform Generator) —- D Q

U0 C

0C2

ORTB? DDRB7

DATABUS
E—

LRI MRS | PAHIK A (32 AND 5 OR) HH PORTB7 HFF85 R E . SEEH COMnx1:0
iR EH DDRB7 4l 0O A E,

Figure 7444 H A HIZFRIZ TR . AP iZEB T/C1 TEERE PWMER T T/C2 fEAH
et HAE R (COMnx1:0 = 1) B9 CTC KHER,

A IIIEI% 145



AIMEL

Figure 74. it b8 &l 2809 =

o [

OocCl1cC
(FPWM Mode) |

)
eremss | [UULUTUUUUUTTUUULTTUUULU
eomrey | JUULTUL__ U i

1 2 3

(Period)

AR, T/C2 REHK , AHIESH T/C1 B HLLRE T C =4,

£ 1A% PWM 55 (OC1C) WD HERK. BREFSET — KA (OC2) FREHT
PIEIRER . EARGIR D PRE R ERN — ¥, THRIEREEFigure 74 R ,E1Z PORTB7
NOK PB7T HIHME—ME=AH, B2 5LFNENEAY I SELFRHEN—E,
PB7 i HH & R 4R,

146 ATmega128 ]
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B{TENED - SPI BTHREED SPI A ¥ ATmega128 FIZkiG 2 B3 17 & E M F S BIRE Ho ATmega128
SPIMERT :
- ST, 3RASHELER
. THRMANEE
+ LSB BEKRZES MSB BERZE
. 7 HTIRR AR
o RPN
o BERfEIRES N
. ALUARBRERRE
s EREHYHNEETEER (CK/2)

Figure 75. SPI H1ER

| M
MISO
y =
M MOSI
XTAL MSB LSB Q -
-] . ? s O
l 8 BIT SHIFT REGISTER O
READ DATA BUFFER (_)I
DIVIDER ¥
121418/16/32/64/128 . E
¥ o)
O
A A A A CLOCK Z
SPI CLOCK (MASTER a
SELECT "| CLOCK S SCK
LOGIC M
A A
Xz < 3 Y '} ==
N x| SS
AE =
x o
= owl &
2% 8
<MSTR
SPI CONTROL +SPE
w d x w E ln—: 6| <I( ¥
ol 9 o gl &l al 9 @ 4 o al a
o = ‘ ‘ ‘ ‘ ‘% Nl n Qa = O O n o
A A 4
| SPI STATUS REGISTER | | SPI CONTROL REGISTER
. 8 8,

2

v v

SPI INTERRUPT INTERNAL
REQUEST DATA BUS

Note:  SPI MY S|EIEESIES W P 2Figure 1 # P 69Table 30

ENMMALZBEE SPI ZEH# L Figure 76 Fi R, RESERMBMFEFRM—NEH AT
RAER. BIFRENMIEN SS SIMAIE , ENE —RBRSRE. ENAMIEEER
RENBFERAMBMNBUFFIR, THE SCK 5l L= ErtBoh AR BIE. M
K BFEMENE MOSI BH , AMHLE MOSI B A ; ML BIREMMALE MISO BH M
EHH MISO BA, EVEIFMIN SS HEXRASMINE S,

EliES SPI EAHAS , SPI #OFEE SS S| , XTHAFRERLE, Xt SPI HiEE
EERBSAREEE3) SPI B4 |, FF 8 LESHBEBB AMNL. FRLERE SPI HHEL £
M RIRE SPIF BN, mRLET SPCR & 1725/ SPI PRI fEREN SPIE B , PR S
KE, ENATLAMET SPDR EARBEUBMNEIMN G E | RNEZFNMIE SS s iR
PAHFEEEETR. REHRNBEN—ERETEFSTESE,

A IIIEI% 147
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BEEAMNE , RESSHE , SPIZENF—BERFERRS , HREMISO I=D. &
XMNRS T EHGTUER SPI HiiEH 1788 SPDR RSB, —IMNETReBHzE , £H
L RIRE SPIF B, MRILET SPCR &F1F85H SPI FlifEFsEfL SPIE B , PHIR X
4, BB ANBTFE 2N AT USLEE SPDR EAKE, SREHRNWHKES—ER
FTEHEFESRE,

Figure 76. SPI 4l - \HLHY EiE

MSB MASTER LSB

MISO MISO! MSB  SLAVE LSB
| 8BITSHIFT REGISTERT

8 BIT SHIFT REGISTER
AN

A

»
»

‘MOSI MOSsIi _

SHIFT
ENABLE

SPI ‘
CLOCK GENERATOR s >

SPI REMEEFRRE—NEAFEE K MEBRSOERNEFEE. URRIR , £LER
—EEZIBUIRLIPERETEEX SPI MFPFEHNITERE, MEZWHBEN | &
EETF PN EEBASRERAETFESPI HIEFESR I YERINZZT. BNE
—NETEEKX,

TEF SPI MHAERT |, #5131 B EX SCK S| M AEEHITER., R TRIEXATEE
SHERER | SPIR#TFeEED /4,

SPI AL/ ,MOSI, MISO, SCK 1 SS Z| M9 $IE /5 E451% iR Table 69 Fi R B 3 TH
B, FZENEHERESE PO IwOMNEZINEE ",

Table 69. SPI S|p=EZH ("

) 5@, SPIEH FE, SPI ML
MOSI AFREX PN
MISO A APREX
SCK AFRENX WA
SS APREX TP
Note: 1. iE5E P69“i%H BHEThaEs " LT RUME LB AP ENH SPI 5|#),

THEHHAG FIHBAWME SPI #HRLAEN , URWOMAHTEHENKELRE, flF+
DDR_SPI X4/ SKFR BIE H [ 722X E ; DD_MOSI, DD_MISOMDD_SCK £ 7 H

ATmega128 m———————————
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SR BIEAEARE, bk , MOSI v PB5 SIH , W) DD_MOSI /A DDB5 Hi
DDR_SPI /A DDRB HfX,

SCamARmBHl7 (O
SPI _Masterlnit:
; RE MOSI M SCK R, Eft A
| di r17, (1<<DD_MOSI) | ( 1<<DD_SCK)
out DDR_SPI, r17
. fERE SPI EHER | RERTHIERER f ck/ 16
| di r17, (1<<SPE) | (1<<MBTR) | ( 1<<SPR0)
out SPCR, r 17
ret

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

Cc R®\HlF M

void SPI _Masterlnit(void)

{
I* ®EMOSI I SCK R , EfghmA */
DDR _SPI = (1<<DD MOSI)| (1<<DD_SCK);
[* fE8E SPI EHER | BIEEENR fck/ 16 */
SPCR = (1<<SPE)| (1<<MSTR) | ( 1<<SPRO) ;

voi d SPI _MasterTransm t (char cData)

{
I* BEhEEEE </
SPDR = cDat a;
1> ERFERMER </
whi l e(! (SPSR & (1<<SPIF)))

}
Note: 1. BIFBRECLBET EBEHILH,

A IIIEI% 149
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TER B F 5B T SPI DAL A ML, BUR I3 1T 18] S B B3R 42 UK

SCRRBHF

SPI _Sl avelnit:
; REMSOR@mE , Hth@mA
| di ri17, (1<<DD_M SO
out DDR_SPI, r17
; fERE SPI
| di r17, (1<<SPE)
out SPCR, r 17
ret

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

Cc R®\plF M

voi d SPI_Sl avel ni t (voi d)
{
I* iREMSORME , HlRmA */
DDR SPI = (1<<DD_M SO);
/* {EBESPI */
SPCR = (1<<SPE);

char SPI _Sl aveRecei ve(voi d)
{

[* SFERER */

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

[* REIHE */
return SPDR;
}

Note: 1. HlFREECKXETE T EBEIILH,

ATmega128 m———————————
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SS SIMEThEE
ML

EHRR

SPI #8#|% %78 - SPCR

2467L-AVR-05/04

% SP| BE R EHA , MHLEIRSIM SS BRMAA. SS HEMBUE SPI O, MISO &
NEH (APPSR THNNEE ) SIH , HMESIMR B ASIHE,. % SS hERMEN
SIRIE A , SPI QSN , TEEKRKE.

SSEMMTHBR/FHHRALSEEER , AUEMNNENES . 2SS &K SPIML
VENEMBRMREEE  BUSFRENBER TEREETTENEE,

L SP| E @R EHE ( MSTR B SPCR B ) , AR A LURE SS SIMK 5.
%@Eﬂf’éﬂﬂﬁitﬂ , LS AT AR /EE @R /O O M A5 SPI R4, HENHARAX
IXzh MHLKY SS SIR,

MESSTEEAAA , DTFEBHEURIESPINEETE, EREMBNEN, SSH
WA, BHINEZHE , U SPI REANHEBEFHEBRAE—NMNTENFECIER AN
o ATBHLEELZ PR, SPIREERF/BUTHN :

1. tNE SPCR# MSTR {u3 0’ , M SPI AMML , MOSI %1 SCK TR % Ao

2. MR SPSR K SPIF Ef , B SPI Wi fl< /P urFF ik , U AT H R HFE 2T,

Bt , EARME R SPI ENMKIBER |, 7 BFE SS WAMKA TREMERT | Ui
BRIZEREMSTR ZEN "1, BHREE AP LIFHER  LIEMERE SPI EHNER,

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

®/5 R/W RIW RIW R/W R/W RIW RIW RIW

e 0 0 0 0 0 0 0 0

« Bit 7 — SPIE: SPI Sh i fEaE

B/5 , RE SPSR ZF{FEEM SPIF 1 SREG FEEMNLBEHIEEMNEN , eIk
SPI i,

» Bit 6 — SPE: SPI gk

SPE B fFEEE SPI,

« Bit5- DORD: 3B X F

DORD E{IF#IEH LSB B k1% ; TNEHIEHN MSB H L Kik,

o Bit4- MSTR: £/ \i%#&

MSTR BMEHERENER BRI MI. IR MSTRF 1" ,SSEBRH A ,BHAIE
N MSTR #B= , 51785 SPSR ¥ SPIF By, AF S MEFHRE MSTR #AEHER,
« Bit 3 — CPOL: B4Rt

CPOLANEBRTZERARSCKATEE ; BN , RRZFRANSCKAKET, ESEFigure 77
F Figure 78,

Table 70. CPOL HYZh&E

CPOL Bah g&xh
0 EFR TR
1 &R EHA

» Bit 2 — CPHA: BH&h#E 1
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CPHA REFHIERE SCK M2 1870 Kk 2 1E SCK & B XK, iS5 E Figure 77

Figure 78,
Table 71. CPHA BYIh&E
CPHA BR gxh
0 P RiE
1 ®E P S

» Bits 1, 0 — SPR1, SPRO: SPI B4 iE=Ri%&FE 1M 0

HWEEHE SCKEE, SPR1 M SPRO MUK ERIE, SCK MIERHIRMI BT E MR f

RREMTRMAT :
Table 72. SCK MiE%2RMEBAI KR
SPI2X SPR1 SPRO SCK #i %

0 0 0 fosc /4
0 0 1 fooc /16
0 1 0 fooc /64
0 1 1 fosc /128
1 0 0 fosc /2
1 0 1 fosc /8
1 1 0 foec 132
1 1 1 f.oc /64

ATmega128 m———————————
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SPI RAE 178 - SPSR

SPI B#E %78 - SPDR

2467L-AVR-05/04

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, &Lt EF 727 SPCR #9 SPIE M2 R M EEEVEN |, SPI
FETEI= £, MR SPIREHN , SSEEANMA , ERAIK , SPIF BN, #H AP
BIF2fE SPIF BEEE. AT LUER &£k SPSR , &8 SPDR XXt SPIF B,

+ Bit 6 - WCOL: BEXZrE

ERE L 3T SPI $IES 1785 SPDR EFIE N B WCOL, WCOL AJ LUET ik SPSR
ZiE&5E SPDR KEE,

* Bit5..1 —Res: &5

REBA, RBREREERE,

 Bit 0 — SPI2X:SPI {Z%

BfIf5 SPI BEEMNME, BEREHN , N SCK SMRAIA CPU MBW—¥, BAMN , R
BEARIE f o /4o

ATmega128 iy SPI # O [F /i ARSI 25 EEPROM M R L, S M SPI &1T
IRENRE.

Bit 7 6 5 4 3 2 1 0
| wss LsB | SsPDR

®/E R/W R/W R/W R/W R/W R/W R/W R/W

MEE X X X X X X X X REX

SPIRESFFRNR/ EFESR AREFEEXMHNSPIBUTFRZAEHAKE. BF
FRNRIBRELRE  REFRFRIFERNERE SR,
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HEES SCK . it SHIEMA 4 74A 4. CPHA ] CPOL 124148 & 5. SPI iEEH
%X Figure 77 # Figure 78, BEB — UM BHNMBAXRE T SCKTEANESHER |
LUMRIEE 2B B EHIERE, XMIFZEE Table 70 # Table 71 BE 2% 81,

Table 73. CPOL 5 CPHA Zh#&g

Ehn gxn SPI #=
CPOL =0,CPHA=0 FHRE(LEFR) RE (TER)
CPOL =0, CPHA =1 RE (LEFR) EEE (TR
CPOL=1,CPHA=0 KB (TRR) ®E (LFHR)
CPOL =1, CPHA = 1 ®E (TER) ER (EFR)

Figure 77. CPHA =0 it SPI & #IE =R

mode 0 —

|:SCK (CPOL = 0) _\_

moses ]
et
Jat

I: SAMPLE |
MOSI/MISO

pipEnlpipipl

Epipipipinin
[%QTSFN" \ ol R A
amess (VTN HCHC
=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

H_ A a
H A jal

Rh i

Figure 78. CPHA =1 it SPI &g =X

SCK (CPOL =0) | |
mode 1

SCK (CPOL =1) | |
mode 3

I: SAMPLE |
MOSI/MISO

||
]

[ ]
L

CHANGE 0 \ < }_< >_<
MOSI PIN
CHANGE 0 _<:>_< >_< >_<
MISO PIN

Nl A A X
N A A KX

~ 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
154 ATmega128 [
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BERARS MRS EITIEWREIME LS (USART) BR— I EEREFNRTEINRE. TEH
=

c EMIRE (BN BTRBRMEETFES)

- RERESRE

o EHIMIRERNS RS RE

- BEENNISERERS

« %¥$5,6,7,8, %9 MNREMM 1 P 2 MELEAL

s BHZEFNFERBIRE

o DR

o RSN , SRAIRNBHRAAN , URBFEBERES

o SANMMMPH  BELEFRPN , REBIBHFESREFE , UARBERE RPN

o ZAEBERE RN

s EERSERER

ATmega128 EF M USART ,USARTO M USART1, B> USART W ZhaE#E T E % A,
USARTO M USART1 EB R /O FFas , P 342 FFEa MR " ik, £ ATmega103

FAEXT USART1 F T ALK , UBRROH F UCRSOC FFssth 2k, LRR2% ,
£ ATmega103 #A#E X T ATmega128 R IF— 1%L T EH USARTO,

Figure 79 I f&i{LAY USART ¥ % 8%, CPU RAJ LA RIAY I/O FE8:M 1/0 I AEMAR TR,
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Figure 79. USART H1EHE

UBRR[H:L]

v

BAUD RATE GENERATOR -

\
\
\
\
\
\
\
\
\
|
%
1 Transmitteﬁ

UDR (Receive)

CHECKER

[syncLogiC la——]  piy
»
Y »| CONTROL [*17%| XCK
\ \
\ UDR (Transmit) COJ%(ROL \
! ¥ PARITY ‘
" | GENERATOR |
of ! TRANSMIT SHIFT REGISTER PIN Lyl 1xD
ol | i CONTROL ‘
=l o |
5‘ -y Receiver|
> CLOCK RX \
RECOVERY CONTROL |
\
DATA  |_ PIN
;jj_> RECEIVE SHIFT REGISTER RECOVERY | CONTROL [+ RxD
* \
|
\
|

[
\
\
\
\
\
\
\
| PARITY
\
L

Note: #&Z%E P 2Figure 1, P 73Table 36 Fl P 75Table 39 T f## USART MISIM 5 1

RLAER USART 2N T =ANEERD : (IR LSRR | RIAF[NIZRER. EHFFHRE=
MNETHAE, HHRERLFBERSMRERARSHTAARNGRITRASNEE , URK
BRRER, XCK(REHFNM ) SIMATRSAEER, REFSELNBEENEHR , #
TRUSESR  FRRERARLEFENWEAENZEFEZEE, S PR UREE
SREBEMT2EREMEEIALERE, BTERFEANGNBERESLT , ER
USART R B EXN. MELTHATRIBENZER, BRTMRELT , BRB[EEE
TR , BH2E , BUSERAMMEKRE TR UDR. BBSRXFSRERMERN
wirExX , METURNMER , BEIERNFEREEIR.
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AVR USART #l AVR UART -
REME

R =4

2467L-AVR-05/04

USART £ T 5 HES AVR UART T2 # A :
FiB USART HFEERMIE X
RIS R R LR
RIEBRBRIE
RIEE R RE
BN ERRE
AW, BRBEEHRERNAENZ0E , ERERKERTEXBRAMY

BT —MEAR. BNEPENREFRE—NMERN FIFO, BN TEHMER
FNBIERERE X | EEEMNREIRING FE M DOR , MRS 9 NAIES RXB8
SHiE—-BERTEREME, FIXAERR UDR 57828 RRSHSAL,
BNRFE KREIRRES.

NERRBUTERTUMENE=ZREF T, ABRURERNEHRHREENE
&, FRERETHIBUFERZFT (SN Figure 79) , BN BTV
T8 T USART ERBIEEE (DOR) WYBEH o

TEHNEFHVHBEHMT X3, ERIENESEFRTHMERFRE
CHR9 &% Jy UCSZ2
OR &3y DOR

B4R I8 A A B MRS = £ BAlpd4P, USART X5 4 ERMR : EENR
SERX K ZENFRSER  ENESERX  URMESER, USART BEFRESE
2% C (UCSRC) TR LHANBALSER., FEEX ( REATRIER ) TET
UCSRA EH &M U2X, EARLER (UMSEL=1) B, XCK WHEFROFFH
(DDR_XCK)RE B R 2 A EB ™= £ (EHEX ) E R ANBES= (MER), NERSE
X T XCK B,

Figure 80 J Bt &= £ B HEMNER.,
Figure 80. R4~ 4 2 HEER

UBRR
u2x
fosc

i UBRR+1
Prescaling > /2 Ll /4 /2
Down-Counter 0
3 1
0OSC — txclk
DDR_XCK
Y }
Sync Edge |
xcki Register Detector 1o
XCK UMSEL
X xcko \ v 1
Pin | »
DDR_XCK UCPOL
rxclk
-
=0 oy .
ESHA

txclk KEBSAE (REBES ).

rxclk ZWEEMMH (RNBES).

xcki H XCKGIM@mA (REHBES ), ATESMNERE.
xcko HiHE| XCK 5| Etsh (NERMES ). B TRED ENERE,
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fEEERE (U2X)

SAEBEt 4

B35 B 4 iR 4E

AIMEL

fosc XTAL i® ( REGat8 ),

NEHATRIEXERS ENERX , SR Figure 80,

USART HK4$R 5788 UBRR M FITHERMHEERE  —BUEEIRENTS MERSRS
RRER. BFITBHENREMNMITR , HHITHIESH UBRRL FHEHREEN , 2AF)
%A UBRR FFHMNE. HiITREABNZE— P , S ENESELESNA Y
EEh , WP RIBRERR f/(UBRR+1), RAEZBEXIRIFRKESZNE HaTEp#T 2, 8
16 WM , BEABRERT ITHEER., RERREFNHERERR TERSISHE
MER T, BFEMELTFERT —NE2, 8RI6MNRBHRSH , EERSBHUMSEL,
U2X 5 DDR_XCK {8 Ef TEE RN RE,

Table 744 H 7T IT ERS R (/) AR ITE S — M 6E A R 3R 4R THER XA UBRRER

N

Table 74. BEFRITELN

ERAER RERNITHEAR UBRR ERITHAR
RLEREER (U2X =0) f f
BAUD = ——25¢ | yBRR = —23C_ _{
T6(UBRR + 1) 16BAUD
RIEEERX (U2X=1) f f
BAUD = —25¢ __ | yBRR = 25°__
8(UBRR+ 1) 8BAUD
B ENER f f
BAUD = —2SC¢ | UBRR = -25¢__
2(UBRR+1) 2BAUD

Note: 1. RIFEENNEWWAERIEE (bps).
BAUD X% (bps)o
fosc  REEHEFIAE,
UBRR UBRRH 5 UBRRL K {& (0-4095),
Table 82 A T E R L RZRT 4R TX R A UBRR HE.
BIIRE UCSRA F178aH U2X AIBAMEEMEE MG, BURANFLS THEEXER, H
IHEERSERN , RBIZULA "0

REZVIERIFRDHERN D IEM 16 FE 8, RS BRENALRERMME, HAHEK
FRRAEA-—FHREHENBERTRERNHIRE AL EZEXA TEEERBHRE
N SERBINRERRE. RERIWEAEXNMER,

B MHURER X B S EBeT8p 3K 3N |, 20 Figure 80 AT o

WAE XCK SN Rt HEIS SFERETERE , AUREREN. BFSFESENE
HEBET— MRz K RENATAESRSERSE, X—IEZ3IATHE/ CPU KA
HAMVEERT | ISR XCK B AR ER LT ARSI :

fosc

fxck <

EER f HRENHHNREERE , A THIEERRAREBMERLE  BUREZBH

HE,

FEARZERXE (UMSEL = 1)XCK S|4 A T atepia A (MAER ) Siatéhiamt ( ENE
X )o FHHLAE, BENRESHEENTZEANXRNELINER  EXEHEHH
¥ TxD B9 XCK B A9 48 /12 78 X3 Bk 38 4 A i RxD # 17 K #%,
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Figure 81. FEZEXATHY XCK B FF .

UCPOL=1  XCK \M

RxD / TxD N
L Sample
UCPOL =0 XCK /—\—@—\—/—\—/
RxD / TxD \
L Sample

UCRSC & 172389 UCPOL {1 ¥ 7E fif Fi XCK B 4 B AN 3 70 3 SR 3@ 1T A AN Sl 3 i H 3
#&. W Figure 81 FT/R , 3 UCPOL=0 B} , 7 XCK Hy EF Rk HEIE , F XCKW T
R ITEIR R ; 2 UCPOL=1 & ,7£ XCK W TR M HEIE £ XCK W E AR
BEATERIE KA,
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HHEIF RN

USART #1316

AIMEL

FITHEVMBBEFMERS N ( FRUSELEN ) ARATUENTERBAERK.
USART #3LLF 30 fh4A & M EIBEBME

1 NMEIRL

5. 6, 7, 83 9 MNKIEMN

TREMN., FREDBRE AL

132 ML

HEMARBNUITG ; RESRREFZNSEMY  BIBEFRSILUE 9 MUEN | IR
MREVER, MREETREM  RERVHREEHRELY , ZFERERMV, H—IxE
MBEWERE , TUMEAMER T — MTORIEMN , SEARRLL T ZRIRS. Figure
82 PR N AIREMBIEME WA S . FESFHALRTIEMN,

Figure 82. Mg
}4 FRAME 7‘

(IDLE) \ St/ 0 >< 1 >< 2 >< 3 >< 4 ><[5] >< [6] >< Ul >< [8]><[P] /Sp1 [Sp2]| (St/IDLE)

St R, BRAKEF,

(n) BI/AL (0 ~ 8)

P BRI, ABAH TR RERR .

Sp Fifz , BRASHEF,

IDLE Bifl%k B3R EHIEEH (RXD & TxD) , LBRERNLFN S EF,

BIEMA LK H UCSRB M UCSRC HFF2aH#Y UCSZ2:0, UPM1:0 5 USBS RE. ##
WEREERARNIRE, RENEMHREERATERREEHRTHRIEEESER.

USART B F KA UCSZ2:0 8 T BFEMHY BIR M E ; REEX ML UPM1:0 A T ERESR
ERWARE ; USBS friRiEMAE — UMLK, HINERZE -MMFIE , FHit
Wit iR (FE) RESE —NERMRA "0” BTN

BRBRMHHHENNEN S METRREH, MELETERYE  NRREREEEN
R. BRBASKBUNERNT

Poven = 4,19 ..0d;0d,®d; ©d; @0

Pogg = dy 1@ . ®d, ®d,®d, ®dy® 1

Poven BRI R
Poga ERIAILR
d,  &n /i EEML
BRI AL T 8IS — MBS E—MELL L2,

BATEEZ BB LEX USART #1T#HA L. MRILEIBERE SEBERNIRE , ME
MIRE , AR RIEFEERBREBRRROEET . X THMIRZIA USART 84 |, E4AHLA
BAEBT2RPMREN (£ RPEEER ).

EHUE USART Wi BRZIERANEERNER THT. TXC HEMTLARRR
—NHEMM SR EBERRR , RXC AN T ARRBERE SR BT ERIE
ik, EHERRAMIESH (EERERESFE UDR 8 )TXC AN LRAEE.
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RiEHIE - USART Kixss

B 5 B 8 MR Y 5 R AR X gt
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BUF 2 USART #lta{Li@F R fl. HIERA TR (PHERER ) NRISIRE , MAMSE
HMEBEEN. RERENEBSHEH, BLERFERSRSBRETFER 17116,

SComeapieg (O

USART I nit:
. RERRE
out UBRRH, r17
out UBRRL, r16
. BREESKIEFE
| di r16, (1<<RXEN)| (1<<TXEN)
out UCSRB, r 16
. REMBE: 8 N, 2 MEULL
| di r16, (1<<USBS)| (3<<UCsz0)
out UCSRC, r 16
ret

C R pIem

voi d USART_ I nit( unsigned int baud )
{
1> RERFE]
UBRRH = (unsigned char) (baud>>8);
UBRRL = (unsigned char) baud;
| * BERESREE ]
UCSRB = (1<<RXEN) | (1<<TXEN);
1> REWME: 8 N, 2 PMELA *]
UCSRC = (1<<USBS) | ( 3<<UCSZ0);
}

Note: 1. AABBECLKXEE T SEMN LK,
Y /O FEB/NY B /0 FEeent , MR EW LDS” . “STS”, “SBRS”, “SBRC’,
“SBR” 5 “CBR” & HiA ¥ & I/0 BEFSHFMNIESNRE “IN", “OUT”, “SBIS”, “SBIC”",
“CBI’ 5 “SBI" 8%,

EESMNBLEFTRNENENSH, BIEPMESE, AMTFSHAREFEREEN
BEBRERHTER. LR CABTUNERREERFS , 5HT 110 RRHOK
{LRI\BASE -k,

BfZ UCSRB 7859 KX R VF{L TXEN FfE8E USART MR R 1%, fE&EE TxD 5|H
H9iE A 1/0 ThAERN4R USART ZHEERFERM , BN RIXERMY BITH HSIM. ROEHIE B E
REFRFR, THEEXSHMEH, IREARSREER , BT XCK 5| Layeted
E5 BN BIE R X R B 5,

FHRERENBENRILEEFRFEHRIERIE, MPIEEH CPU X UDR FEF
BRNERE, YBNUTERUVARER —MBES  FHNBEREBIBATFR. &
BUFFRLATEZRRS (OREEERTHRERRE ), o —MBENSE—MFLLQ
BEGER  CRMBFNEE, —EBUTERME THHRE  BoBRRIRENREGER
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UTRERFAE -1 UDRE HrEXAREARNKEEBRENG 7. BEENHELTF 8L
i, EA UDR #HNNEMNB /LN FH 2, YR, MITEARRBZI 8 £EEARL
USART, ELmABHRELENHIEEKRT R16,

SCamra iR ™
USART_Transmi t:
. FRREENERE

shbis UCSRA, UDRE

rjinmp USART_Transmit

. FBIEHAE S, REHE
out UDR, r 16

ret

Cc R@piR®

voi d USART_Transmit( unsigned char data )
{

1% EHFREEWEERZE *|

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

|* JFHEHAEFES , ZRHHE
UDR = data;
}

Note: 1. ZRBBECLEETEEMN L.
Y /O FEB/NY B /0 FEeent , MR LDS” . “STS”, “SBRS”, “SBRC’,

“SBR” 5 “CBR” & RiA ¥ & I/0 BEFHFMNIESARE “IN", “OUT”, “SBIS”, “SBIC”",
“CBI’ 5 “SBI" 6%,

ROMEFRAREHAFNERENKRES , BELN UDRE IREFHRIEEFRNE,
MRERTHRESFRZPH , WHEBEAZHRNRETTHEFPHT,

ATmega128 m———————————
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BL 9 MNIBAIMY 5 = & 35 i MBLE 9 MHIBHBEN (UCSZ=7), NATFHRIENSE 9 WEAEEEE UCSRB
TXB8 ,?ﬁ}‘ﬁ%ﬁfﬁsu’ﬁ*&ﬁswm_ﬁ&ﬁ#ﬁ%&UDRO LTRFSAHRIEMUBIENEE
miflF . FECRABHEXZENBIEERIE R17:R16 FE8FTF.

SCamfRra iR ™
USART_Transmi t:
. FRREENERE

shbis UCSRA, UDRE

rjinmp USART_Transmit

. HEIMr 1T FEHE/TXBS
chi UCSRB, TXB8

sbrc r17,0

shi UCSRB, TXB8

o AT 8 (CBIFHAENHEE | REHHE
out UDR, r 16

ret

C R fl=

voi d USART _Transmit( unsigned int data )
{

1> EHXEZHENL *|

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

|* FE9EFHZTXBE */
UCSRB &= ~(1<<TXB8);
if ( data & 0x0100 )

UCSRB | = (1<<TXB8);
1% (FBIEHAENEE , REHHE]
UDR = dat a;

Note: 1. XERHHINEAEH, MR UCSRB WRARENATEREEN , RERALUHE -S4
1t. Bl | Mik1LERER UCSRB F17888 TXBS 1,
Y /O FEB/NY B /0 FEeent , MR EW LDS” . “STS”, “SBRS”, “SBRC’,
“SBR” 5 “CBR” £WifH§ & I/0 HFEEMIESAE “IN’, “OUT’, “SBIS”, “SBIC”,
“CBI’ 5 “SBI" 6%,

FINBBEESVBEPATR R UM , ERLSBES ATUATHIULE,

RIABRPRE M AR USART XA BZAFMEEN : USART HIEF 785 =458 UDRE RAAML RIRE TXC ,H
AR ED T AR 4 Rl

HIFEFFRT UDRE BRENRTRRIEEZNFEE TUES —MINHRE, ZNEREE
JRERZE H‘H&E "7 HREEFREEFERIE E’J’%‘&EET/§$O NERKRNBHERE B
UCSRA #ﬁ%ﬁﬁ'ﬁ?ﬂ?g "0%

% UCSRB BT HWHIETFHRZPHFsE{ UDRIE 1 "1” it , RE UDRE #E (
BeRHifEsE ) , SN~ 4% USART BIEFEEE =B R, XT#T?%% UDR #TE#RE
f$75% UDRE, é*ﬁﬁ%ﬁﬁ“ﬁﬁ’miﬂu?&ﬁm‘ Eﬁms‘%ﬁ%ﬁ 2 R SRR R UM E —
NFHIEIEE UDR LUES UDRE ; &2 1 RS R R, BN — B ER
SR, — NIRRT EIR &,

HEAMABFEBHREBUTEFSR , AN REERRH UREMOHREN | RELEREFE
TXC Efi, TXC A EERFUHITE BZIET  BAEZME "1” KEF. TXC FREMN

A IIIEI% 163
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FETRRRN

1o, 03

BEWBIE - USART IR

B 5 B 8 MNRARAIEY A5 B WU

AIMEL

X FRAM RS-485 FUEM ¥ M ITBERZO T 5 EH. AXENAR , —BERERTE | N
RRFSARRBOBRE B+ A RBCRE.

¥ UCSRB LW R E L RPMERE(L TXCIE 52 FF R M E R "1” 6, BE&E TXC
FREMHWEN , USART KELRPUDTFHEINT. —BEHABMRESRERF , TXC &M
BN BE3ES , P ERF 4T TXC B BRE,

FARE 4 BN BTHREMAERARMAO KRR, REMEE (UPM1 = 1) 8, RixE
HEBERSERENRE —NEFE—MFILAUZEEAFTBERRAN,

TXENBER  RASIMANBEAEERERERTRBEERIL  BREBUEF
BEREEHFERTREEEAENEIE. RIEHRBILEF  TxD5IHREEER /O INEE,

B {7 UCSRB F 78 E W AT L (RXEN) BN A /3 37 USART U85, ZWERFERE/S RxD
W& B S| MIThREHE USART ZhEEFRERM |, BN BRI BITRA O, #ITHRERRZAE
EERBIFEEER, REEXRVIER. WREARBSRIE , XCK SIH LHrtstig AR
B,

—BERESERNE - NERWERNY , B REREE. BRVNENS —REFNS R
REMFIFES XCK B8P TEK , BEIKRE —MBENE —NMEIEAL, BRIINEHE
BEABWBNEESR. E-NMELEUSEEREZE. BRAE-NMELENE  B2RE
NEEFESERETET I ZEBHNBEN. XNBUZSERFNANBRGFHEBIEKE PR
. BT iEE UDR AT URBEREHSENAETHN.

164 ATmega128 |
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MTREFSHE—IX RXC fRER AR A N BRBENHF. HBEmMDT 8 furt , N
UDR BEENEVAM IS JLN 0. HAR , ITARRB 2o & K EHHRIL USART,

SComizapieg (O

USART_Recei ve:
. EEFENHE
shis UCSRA, RXC
rjinmp USART_Receive
. MEEFFRBGREIH R
in rl6, UDR
ret

C R pHIE ™

unsi gned char USART_Recei ve( void )
{

1* EFERBHE]

while ( '(UCSRA & (1<<RXQ)) )

1% MEHEE P IR R BB |
return UDR;
}

Note: 1. AABBECLKXEE THMM LA,
Y /O FEB/NY B /0 FEeent , MR LDS” . “STS”, “SBRS”, “SBRC’,
“SBR” 5 “CBR” & RiA ¥ & I/0 BEFHFMNIESARE “IN", “OUT”, “SBIS”, “SBIC”",
“CBI’ 5 “SBI" 6%,

HEREPEBFHELEH , HHBIKRE RXC IS REFREEAEBE IR,
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L 9 ANIE AL A9 75 = 485 B iy MRIFET 9 MBHBEHEIEM (UCSZ=7) , £M UDR EHUE 8 I 2 BI A4 E LI FF

166

#% UCSRB Ky RXB8 LAIRB 5 9 U #iE, XMNEHER TRESHREM FE. DOR R
UPE, RAE I REVUCSRARE , 1 #EE T UDRIKB. RENUDRF# 2 T T EWE
MHEE FIFO HRAS |, #t kR #1726 7E FIFO Y TXB8. FE. DOR K UPE 11,
BETXRORBROEBRT —MIRAUSARTEZKREER , 1% B a0 4L 2 O 31 3B IR S AL
SCamra iR ™
USART_Recei ve:

. FEEREE

shis UCSRA, RXC

rjinmp USART_Receive

. MEHEPRERET, FIWRHKE

in r18, UCSRA

in rl7, UCSRB

in r1l6, UDR

. WRHE , &E- 1

andi r18, (1<<FE)| (1<<DOR) | ( 1<<UPE)

breq USART_Recei veNoErr or

Idi  r17, HGH(-1)

| di ri6, LON-1)

USART_Recei veNoError:
. WIEE 9 WHHE , AFRE

| sr rl7
andi r17, 0x01
ret

C R\ piR "
unsi gned i nt USART_Recei ve( void )
{

unsi gned char status, resh, resl;
1* EFERBHE *|
while ( ! (UCSRA & (1<<RXQ)) )

1* MEHHEPRERE, FILRYHE ~|

status = UCSRA,

resh = UCSRB;

resl = UDR

|* ZRHLE, &E -1

if ( status & (1<<FE)|(1<<DOR)| (1<<UPE) )
return -1,

1> TIEE 9 WHHE, AEiRE ]

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

}

Note: 1. ARBBECLKETE THMM LXK,
H /O FEFH NV B /0 FiFaEnt , KAHEW “LDS” . “STS”, “SBRS”., “SBRC”.
“SBR” 5 “CBR” £WifH# & I/0 HFEEMIESAE “IN’, “OUT”, “SBIS”, “SBIC”,
“CBI’ 5 “SBI" 8%,

RO FERTEMUTEZAFAEN /O FEENNBRRITERMAF, XFHEMR
LT X BWEFBENRA. ©RUTEER R T 5028 SR EIE.
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USART U85 E —Mr& B RIEBEINEAIRES.

BRLRIZE (RXC) AXRRAZEREFHEPERERZHOHE, HBREFSEHRER
BHAOBER , R 1, YBREPRERN O ITEERIEHOKIE ). WREWES
WEIE (RXEN = 0) , EWE 2B RE , M6 RXCES,

B {7 UCSRB Ky Z U & R AU {ERENL (RXCIE) J§ , RE RXC iR EN (B2 Bl RaE
) MAF4 USART ZIRLERAPMT, 8/ MA R THRIBERE |, BIEERLE R PR
SEFEFLTM UDR EEBELE RXC iFE , BN RAEFHLBREF—EFR , -1
PR %,

USART U85 E =/ MEIRIRE - W4SIR (FE), BB & H (DOR) RFBRE L (UPE). ©
NE T HFFEE UCSRA, BIRFESHEN —EBRFEZKEDEEP. HTIEE UDR
2WEZHPEE , UCSRA N A XLMEIRBZWEFE (UDR) ZHIIEA, HBIRFENS —
MR —MRENBTEELSRHESRERENR, ERANTRISHRTRNREZYE , X
FATBIRER AT X EEIRFERENMLEES "0, AN IRIRSE B £ i,

MEEIRARE (FE) REA T R ERBREFSEHRHT N IIEmMe £ — M ENVHRS, £
L IE® (R 1) W FE #5&R 0, BN FE /RERN 1, XMRETARENES EX, &
WM A A T4 E, UCSRC 1 USBS (UHIiRBEF5ME FE #r&f , BAKRTE
— 1 BRESZAIEHMNELN., A TEUEHNEGHERE , B UCSRA FHX —{u
ME 0

BERHTE (DOR) RPAMTEHWENRRER T HEER, HEREFREB (ST
AR ), BRBUFERXEHRE N —NMRNERE  BEEHMTE
T o DOR #R&V B BIRAE R —RIEE UDR AT —RREW UDR 2BEXRT —1IE
EZHHEM. N TSUEHNEEHERE , B UCSRA BiIX — U A4ME 0, ZEIEMR D
WwMBHFFREAERETIRE , DORIREHREE.

FBREHERE (UPE) B , BREHSEHIH T —mMBRBEEERNEFTBEIR. IRT
FRETBRE , AL UPE U REE, I TSLUEMEEHHEFES , B UCSRA BHX — {74
ME 0, ATTESE P 160° TEFERENM " & P 168 FERKET ",
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TRAKWEE

BEREREA

BT 2 R R

BERISHBE

AIMEL

FEREER L UPMI BB T ERKER. RENER (BRIEERZT ALK )H UPMO
BE. FRRKRMERE  REFFITERABRENFTEHILERSRENNTBARTLE
B, REARNERENF LU -BEEERRE PR, XHERTUED RRFER
BHEIRISAL (UPE) REEZRKBIMFRERTH/ER.

MET—IMMEBEREARFREABEETERER , HEFBRBMERE (UPM1=1), I
UPE Bfu, BF#EWEHES (UDR) #ULE , X—N—EBEEXK.

SREBRNE , RIHRWRDZEER, EERZROBIEFELR, FiEEKEE (RXENF
F)E  BUREBRFTESR RD 51/ ; EWKE TR FIFO bW RIH . ZrrashBIEN
=Ko

2= HZINES AT RS FIFO WRIHET , s ilE T, SBREHABEEX. NRATH
EMMANEEERETRIFE HE , WEE—EIEE UDR EZ| RXC #r5EE., THH
RIEBERT ORI EWE TR,

SComeapie (O

USART_Fl ush:
shis UCSRA, RXC
ret
in r16, UDR
rjnmp USART_Fl ush

C KR\ piR ™
voi d USART_Fl ush( void )

{

unsi gned char dumy;

while ( UCSRA & (1<<RXC) ) dummy = UDR
}

Note: 1. ARBBECLXEE THNM LK,
Y /O FEB/NY B /0 FEeent , MR EW LDS” . “STS”, “SBRS”, “SBRC’,
“SBR” 5 “CBR” £ W ifH§ & I/0 HFEEMIESAE “IN’, “OUT’, “SBIS”, “SBIC”,
“CBI’ 5 “SBI" 6%,

USART B — Mtk E £ T M BFEIRE £ T ARLGEFSRIFEZY. NHRESERAT
EZM RxD SIME ANRS STHENNBERSRN ., QIRRESERERE , 7
BE —EERKRTIEAANS —LRE A MMRESEESENRTIME. RSERN
TEEEMRE TRADRSRNHNEE. WA ARNRER — WA eS8 M8,
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PR EZEHAANBTHREMS NI ELSER, Figure 83 B/R 7 X ALHE M
BAMHREIRE, SETHFEEXATRERRRIFEN 16 4 , HETHEEXTUN KRS
RH 8 . KFRIARTHTREMEXNEALHNE, FRABEER (U2X =1) HED
TR EER. RxD&ZH (BURBEMERES ) i, REER 0.

Figure 83. A1 R

YR EERREENRREANNRE
o Db D DT

YRR E BRI E RxD & E—MES (ZW ) EE (7% ) VBT BT |, ik
AFFIEHES . MEMR , BRIONARE 1 RRE— 0 X, RE HHRESBAR
F 8. 9, 10(EBER), HXRHF 4, 5. 6(FEERX ), RYUMEDHEWE —MEBY
IR, ZZD%EEA*#EIJE’JﬁAjZE%/I\%Eﬁ%'%qi (ZHERR) , BAMSEAN
ERARFMHERES BRBSAT M HBIENSFRIR, NRRNE— RN
IR, ET%*'U%EEEHEH?&H%#%?“?%H@&EO g-MEBVBLEIREFNEDS T
*EO

BN SERMES ZE  BERETFTFET. BEREETER - MRSHK
BERE-MEL. IMRSYEEBERATER 16 MRS, EEEEXTER 8 MR
Ao, Figure 84 R T XN BBUMFBUNRE, BIMRERIBHET T -7, X4
BFETHRREREETLHHREFS,

Figure 84. ¥iE R F B R

RxD BITn

<t

(U2x = 0)

f
Sample }‘_T_’{ I

(U2x = 1)

w
IS
o
N
[}

% 6 “n 112 1
EERBINRECNSEBPNIT AN SHRIE. KRR =NERBELF O
REHRE, NTRAXLERE  BPREFERISNHIER. SHRRIIFEIHE
1 B 2 NEATE 3 ARBEBREET , BABRARNZE 1, ME 2 AAAE
SNREEBREST  BAEK BN ZR0. MR HMBAGES XS SHE
ROEARRE —MEBRAK. BRERELSBRESHT , EREKE - M BHREM.

HAthagTHE—MFIL W, HKRFRHEMEFIEN, Figure 85 B T F LAY
B, URT—mESERVKEAREIANER,

~N—
—_—
—_—
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Figure 85. 21L{U R T — MBI R

RxD STOP 1 (A) (B) (C)
Pt

(U2x = 0) 12 3 4 5 6 7 [8]o9 1ot o1 on

e | fet T

(U2x = 1) 1 2 3 o1

ZHRANEULUEFEER, BFELMNEE O, AN RIS FE B,

MRBFBE-RHATNSEMRAIBERE | R REE L — N EEWOR T B BIEM. %
EBERF , E-MEETHRE LT URETE Figure 85 9 A Ko EFEIERKATE
—MEEFRERILIGERE B ], C RUNZBEILNVNERNVE, WRAMHKRR
RO R TESE R

BERBENITETERATERINBERERRNBEFEZEANTEERERE, WRRE
ST R B MY LA RAMBIEM |, RE BN ERREREEERNME (R
Table 75) , BRAEWBR T ESRANES .

THHNLAXTARITERERARRENHERF[REROLE.

(D+1)S (D+2)S

Ysiow = §T1+D. 5+, Yast = D+ 15+,

D FHKERFBUKENISM (D=5F101%),

S B UNREH. EBEXATS=16, FEREXTS=8,

S RATZBRANE-NIREFS, BERAT S =8 , FERAT S =4,
Sy RATZBRRVDERFFS. BEBEXT S, =9 , FEEXAT Sy =5,

Roow =AEZH, ZENBERMAZRSRZBRRERNILE ; Ry BTEZN, &R
K HIE R AR R SERER SR L E,

Table 75 # Table 76 5| T R F MR A IBRE BB RIRE, EEIENRE ZEEXATHK
BRAFEEANETLEE,

Table 75. T EER THENRAXBWBRIFRIRETHE (U2X=0)

D HENBRAEWEERE
#(BEBE+BBR) | Ryw% | Ruq% | BANEBIRE (%) (%)

5 93,20 106,67 +6.67/-6.8 £3.0

6 94,12 105,79 +5.79/-5.88 +25

7 94,81 105,11 +5.11/-5.19 +2.0

8 95,36 104,58 +4.58/-4.54 £2.0

9 95,81 104,14 +4.14/-4.19 £15

10 96,17 | 103,78 % +3.78/-3.83 £15

170 ATmega128 m—————————
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Table 76. S EREERER THENRKIBZREFISRIRETE (U2X =1)

D Reiow HENRABERRRE
# BE + FEA (%) Reast (%) | BMAMBIRE (%) (%)

5 94,12 105,66 +5.66/-5.88 +25

6 94,92 104,92 +4.92/-5.08 +2.0

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

LREENFEABPRBERREREBRERRFINREBINRALREEFAERTEN
HIR TS HE,

FEEESREERRENTEREERN. B , HRSREH (XTAL) BREM TR
EERERIEREAX. FARERRTERSNMN —RA2BLRZA  EX TR
5 BEERBAENRERR , RGP AREEY 2% WRE. E-NMRENFEER
FEHEHZT, RERRERT —ERBELIN RGN 2GR FHIRER, et
ALLA% UBRR B , ERIREEETUES,

B UCSRA W 24 EERBE R L (MPCM) AT BAXY USART #8552 Wk 2 B Brdm it 17
g, MLEZEHUFESNBFELZE  BRLFABRREFR E—ISLERRS
F,AERBEIENNRTELHTREE  XMLRARNED T EE CPU LENEKIE
M E, MPCMUMIREF WA XRNIHE BECASLERBEEINREF ,
CHERFELRBRRE,

MR EWERFIIZBOBIEMKEN 5 5 8, BAE —MELEURTEX—MITENREKE
ERUER . MRFWERATIRWAIVBIEENRERN 9 £ , BBAHESE 9 £ (RXB8) RAER
BREERMIES . MREEMRBENN (F—MFILAHE 9 MREM ) B 1, BLX
ML, E N BRI,

EZAERBEEXT , SMIMLERATUM P ELERFRWHRE. ELEBTHEBiE
HEWIRESEPNF U R — ML E R, WRFUFE - MEER | SRFEFREREENEK
&, MEMHMNLERSZHIXLEMETZRE S —Mbik,

FHF—MERENHLIBEE R , ©ER 9 MEEWER (UCSZ=7), NNRELHH
E— A btmi (TXB8 = 1) FRIFEE 9 (TXB8) B 1, IR R —MEIEM (TXB = 0) BT
BE, EiXfMERNT , NMCESSATET 9 MEHIEmER.
THEREZAEBREEEX THITHREIRNSE -

1. FAEMNLGESRHIEEZLEREEER (UCSRA F12858 MPCM B1I ).

2. FAEBBREMUME , FTENCESRTHLEBWHIREULN ., MALEE UCSRA
FFEM RXC EEE L,

3. B IMNLESTHLIEI UDR FESNARCHEECRERES. MRES
#EE UCSRA Y MPCM i , BNEFEEFT — Mt ZFHHEIK , HRE
MPCM H 1,

4. WIS UHOMNCESRFEVRFAEHNEHREN  BERKRE — MR tbutta, mIkLREE
MPCM 77 1 B9 AL 25 2 RS X LE B4

5. WFuAAERHWIRSE - MREWE , ©REN MPCM , A EFELERE
ET—Mutl, REE 2P ZENTREEHRT,
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AIMEL

£/ 5 8 tLFHMIE XN R AL , BERTERR , AKX TEREA n M n+1 WA
RNZ BB TR, HTFEEENAERFEAEENFRAKERE , XMHEECSENITHR
EETBREME, REM 5 E 8 LLFHmigX |, Kix %28 Ry %1% BAAMEL 1 (USBS=1),
HAWE —ME L4 A T mise s,

FEMFEAIE - B - BT (SBI # CBI) ki MPCM uo MPCM F1 TXC ¥r&fEAH
FE§ 1/O BT , £/ SBI & CBl s TS T/ NP EEFE

ATmega128 m—————————————————
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USART &7 aai% 83
USARTN /0 BiRE 1788 -

UDRn Bit 7 6 5 4 3 2 1 0

RXBn[7:0] UDRn (%)
TXBn[7:0] UDRn (§)
®B/B RIW RIW RIW RIW RIW RIW RIW RIW

WA 0 0 0 0 0 0 0 0

USART KEEIEEHFFHM USART BURBFEE AT FRLALZMHEEN /0 it , FHH
USART HIEZF 2 UDR, HHMIEE A UDR MEFRBENR S EMEEhEEE
(TXB) , % UDR BYSEFRIR B HY R B WEIEE + F 788 (RXB) WA B

5. 6, 7THRFREXT , KEANSURRERLH  MEWREWFESIRENRN 0.

RAEZ UCSRA F1785#Y UDRE #FR&RB L /5= Al AN RIXE et T BIR1E. 215R UDRE
/ﬁ*ﬁ%u BABEA UDR H#HTELH USART RiEHRBH, SBBBEAREZNRE
EBNBEENT KRSV ERENSILEBAEEE. ARKESRTHEM TXD 3|
R

BEREAFETE—NAR FIFO , —BERBHBHEI U FIFO RERTEHRS. Eit
FERNX—FEHETFERIE- BN -BIES (SBI M CBI). FRMNERES (SBIC 1 SBIS)
R E NG, BRIXtBETRERE FIFO BRES.

USART #ZHFIRSFEERA -
UCSRnA Bit 7 6 5 4 3 2 1 0

I RXCn TXCn UDREn FEn DORn UPEn U2Xn MPCMn I UCSRnA
®B/B R R/W R R R R R/W R/W
NHE 0 0 1 0 0 0 0 0

+ Bit 7 - RXCn: USART IR %R

BREPSEDERIRHOKIEN RXCn B , BNEE, RS | BREPSEHER
T, SBRXCnEE., RXCn #rEW AR EBERLE SRR (A3 RXCIEn L9 ),
» Bit 6 — TXCn: USART R4k

REBMEPBEPHNREREY  BYKEEHES (UDRN) FZER TXCn B, HMITERIE

LR TXCn FREBEZES , o LERE 1 #1TERIEME, TXCn HREATARXRS 4
ﬂ;zlz LR AT (I X‘J‘TXCIEnLLE’J?EEJ&)

» Bit 5—- UDREn: USART BB F 7882

UDREnifT\ 35 H RIEEPES (UDRN) 2B ER FEWHHIE, UDREn A 1 RHEBAEHEER
, CEZRFHITHIEZEWR. UDREN FRERARSEHRTEFFEHZH M (X UDRIEN

&E'g}ﬁi@)o

£ 15 UDREn &I , RIAKXKXRELME,

 Bit 4 — FEn: Mi4%i®

MRFBWE FFIZRBINT — 4\%2?’1}%'!1* Bk, MIBEREFSEFINT—INEFTNE -

F1Ef 0, BBA FEn B, X—fI— BEANEE J?%llﬁli/*%%(UDRn)*&liHEo HERE
AL 1 B, FEn $T¢j3 0o X UCSRnA #1TEAR , X—UEE 0,

+ Bit 3 - DORn: HIEEE

IR ER DORN B, ZWEHERH ( @”E*TW\%&E) JBEWBNSFEXEHRE,
%*Jttamsm\ugu—/l\%ﬁa@mw ?&E;ﬁﬁtﬂ&dﬂf"ETo X—fI—EEREEERE TS
(UDRn) #i2E, X UCSRnA #{TEAR , X—EE 0,

+ Bit 2 - UPEn: FERK¥EIR

A IIIEI% 173
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USARTn #HFIRAFEEE B -
UCSRnB

USART BHFRAEEH 78R C -
UCSRnC

AIMEL

UFBREMFEEE (UPMN1 = 1), BEREFS[FHFABERIN T N2 T EBREBEIR
UPEn BfI, X— U —EBXEZZEWE S (UDRN) #IEE, X UCSRnA #1TE AR ,
X—NEEOQ,

o Bit1-U2Xn: {ZIEK%

X—UNNBRLREEL W, FRARSBREMNTFHMES,

WE 1 TSRS HMEFN 16 B 8  MNHMERN GRS BEENNERER MGG,
* Bit 0 — MPCMn: Z4EFBEER

BEWV NGB ZLAEEEEER, MPCMn BfI/G , USARTN #ZURESZREIM BRLER
SEMUESNE AN EFHLE, KiEBFTZ MPCMn iRBWEE, FAERBESEP
171 ZRERETER "

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 RIW R R/W

HE 0 0 0 0 0 0 0 0

 Bit 7 — RXCIEn: U & R hpf{Eae

B 5 ERE RXCn o 2 RXCIEn A 1, 2B Ii+r&EA SREG &1z , UCSRnA &7
E3HY RXCn 78 1 BRI LA 4 USARTN #EURLE R A iHf,

« Bit 6 — TXCIE: RALRPWIHERE

B 5 fERE TXCn Flf, 2 TXCIEn R 1, £/ P& SREG E{Z , UCSRnA &H1F
B5H9 TXCn 777 1 BT AT BA= 4 USARTN K% 4 R i,

 Bit 5— UDRIEn: USART iz 57282 i fE gk

B /5{E8E UDREn F i, 24 UDRIEn 7 1, 29 ¥irE{ SREG Efz , UCSRnNA &
178389 UDREN 784 1 BRI ATEA= 4 USARTNn IR F 1728 = i,

¢ Bit4 — RXENn: ks

B ER/E3 USARTN ##UkE5. RxDn SIHIKE A% O IhAE# USARTN IhAEFFERR, 2
IFIZR BRI R E 8] |, HfE FEn. DORn K UPEn #rEL K.

+ Bit3 - TXENn: K% f#gE

B ESENES USARTN K3%88, TxDn S|HIAYE i O IhAEH USARTN ThRERTER
Ro TXENNBER , RESIMENBBEARTERERARBTEBEEREIL | LR
NEERSAEEPFTERTREECENHIE, XAFEZILF , TXDn SIMREEER
I/O Thae,

« Bit2-UCSZn2: #HKE

UCSZn2 5UCSRNC HEFEEM UCSZn1:0 4 A E— R I LLURBERIEMAT S SN HRIBAIER (
ZHKE ).

+ Bit1 - RXB8n: K HIEHL 8

3t 9 L ABRTWIHITERMERT , RXB8n 25 9 MNIE, E UDRn 2N EMNBIECEI T
% EiRH RXB8n,

» Bit 0 - TXB8n: RiEMIE{ 8

XF 9y R AT ITHRAERT , TXB8N BE 9N IE L. EUDRN Z B & EEX ERITERE,

Bit 7 6 5 4 3 2 1 0
| - | UMSELn | UPMn1 | UPMn0 | USBSn | ucszn1 | UCSZno | UCPOLnI UCSRnC

174 ATmega128 |
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/B R/W
HHE 0

R/W

0 0

R/W

R/W R/W

0 0

SEZIZEFEEETE ATmega103 RAERX T LR,

. Bit7-{RE{

R/W R/W

BURE, NERKBHRE , X UCSRNC EARZUMAME 0,

+ Bit 6 —- UMSELn: USART =%
BYX—URERELSHFL THEER,

Table 77. UMSELn i &

UMSELnN EX
0 FHRE
1 EEZ:1(3

+ Bit5:4 - UPMn1:0: ZEBRE¥ER

XA REFERENEAAERTERE. NREETTERE , BAEREHRE &
ERBLEDTEAREFBREMN. FE-MERINKE  BRIBLKFE-FB
8 , 3} 5UPMnOFTR BN ER TR, MRFTE , BBARMRF UCSRNA H#I UPEN EfV,

Table 78. UPMn 12 &

UPMn1 UPMnO TFEER
0 0 =31
0 1 ]
1 0 BR®
1 1 TR

» Bit 3— USBSn: FiE{ViEE
BEX — A LR EE L3, R ESAMIX — (U RRE.

Table 79. USBSn % &

USBSn

FIEf 73

0

1-bit

1

2-bits

e Bit2:1-UCSZn1:0: F&KE
UCSZn1:0 5UCSRnB F 783 UCSZn2 £ 8 — B A LURERBEM T S HRBLE(F

FKE).
Table 80. UCSZn &
uUCszn2 ucszn1 ucszno FREKE
0 0 0 51
0 0 1 6 1z
0 1 0 71
0 1 1 8 fu

175



USART BASR 1785 -
UBRRnL # UBRRnH

AIMEL

Table 80. UCSZn % &

ucszn2 ucszn1 UCSzno FRHKE
1 0 0 R
1 0 1 =B
1 1 0 RE
1 1 1 91

 Bit 0 — UCPOLnN: Bt 4p#E

X—ATELS THEREN, FAFSEXN , FX—AFE. UCPOLn RE T K
FORENEMARERE | URESE XCKn 2B X R,

Table 81. UCPOLn ig&

UCPOLn | &ZIZEBIEHIHZE (TxDn SIBIMNHE ) BERBIEN EEE (RxDn SIBNBA)
0 XCKn EF#H#H XCKn FE&HA
1 XCKn FR&HA XCKn LF5H
Bit 15 14 13 12 11 10 9 8
- - - - UBRRn[11:8] UBRRnH
UBRRN[7:0] UBRRnL
7 6 5 4 3 2 1 0
/5 R R R R RIW RIW RIW RIW
RIW RIW RIW RIW RIW RIW RIW RW
e 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

UBRRnH £ mega103 F&A#E X T LM,

+ Bit15:12 - & #&

XENEAUEHERAMREN. BT S5UENEHRE ,E UBRRNH X EMES,
 Bit 11:0 - UBRRNn11:0: USARTn B4R FE7 85

EMN2 U EFFRTE T USARTN IR RER . HP UBRRnH @& 7 USARTn R4

£S5 417 ,UBRRNL BE T1K 8 i, R4S MY KA {18 5 1E 72 3 17 09 BB 4% a0 =2 B B IR,
E UBRRnL M ENEHRISE 5 MEs.
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RERSENHIF SR RIERIEIREME R | RS EXTRE AN RISETET Table 82 # UBRR
BEXRTE, RPWESKEETHETENESESEFEEENRERES 0.5%,
FENESELETNESH  BREBNABRELARE  BUREEARARKER (5
EP170" RETHSSE" ), REAUBSOTARITE

Error[%] = (Baudgzt:é:g:: Mateh _ 1) * 100%
Table 82. BRAKHARME TiRE UBRR W HIF
fosc = 1.0000 MHz fosc = 1.8432 MHz fosc = 2.0000 MHz

- U2X =10 u2X =1 U2x=0 u2x=1 U2x=0 u2x=1
(bps) UBRR | iRZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE UBRR | iRE
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 8.5% 6 -7.0% 5 0.0% 1 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 -7.0%
57.6k 0 8.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% 3 8.5%
76.8k - - 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%
115.2k - - 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 8.5%
230.4k - - - - - - 0 0.0% - - - -
250k - - - - - - -~ -~ - - 0 0.0%
gAM 62.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps

1. UBRR =0, iR =0.0%
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Table 83. BAR%ERME TRE UBRR HHIF

f,. = 3.6864 MHz f.o. = 4.0000 MHz fo. = 7.3728 MHz
N U2X =0 u2X =1 U2x=10 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14 .4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4k 5 0.0% 11 0.0% 6 -7.0% 12 0.2% 1 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 1 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - - - - - 0 -7.8%
sgAM 230.4 kbps 460.8 kbps 250 kbps 0.5 Mbps 460.8 kbps 921.6 kbps

1. UBRR =0, iR = 0.0%
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Table 84. BAK% 2RMET TRE UBRR HHIF

f,. = 8.0000 MHz f.o. = 11.0592 MHz f.o. = 14.7456 MHz
—— U2X =0 u2X =1 U2x=10 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 207 0.2% 416 -0.1% 287 0.0% 575 0.0% 383 0.0% 767 0.0%
4800 103 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 383 0.0%
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14 .4k 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2k 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8k 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4k 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6k 8 -3.5% 16 2.1% 1 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8k 6 -7.0% 12 0.2% 8 0.0% 17 0.0% 11 0.0% 23 0.0%
115.2k 3 8.5% 8 -3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%
230.4k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250k 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M 0 0.0% 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
1M - - 0 0.0% - - - - 0 -7.8% 1 -7.8%
gAM 0.5 Mbps 1 Mbps 691.2 kbps 1.3824 Mbps 921.6 kbps 1.8432 Mbps
1. UBRR =0, iR = 0.0%
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Table 85. BRARH M E Ti&E UBRR 4] F

f... = 16.0000 MHz f... = 18.4320 MHz f.o. =20.0000 MHz
—— U2X =0 u2X =1 U2x=10 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 416 -0.1% 832 0.0% 479 0.0% 959 0.0% 520 0.0% 1041 0.0%
4800 207 0.2% 416 -0.1% 239 0.0% 479 0.0% 259 0.2% 520 0.0%
9600 103 0.2% 207 0.2% 19 0.0% 239 0.0% 129 0.2% 259 0.2%
14 .4k 68 0.6% 138 -0.1% 79 0.0% 159 0.0% 86 -0.2% 173 -0.2%
19.2k 51 0.2% 103 0.2% 59 0.0% 119 0.0% 64 0.2% 129 0.2%
28.8k 34 -0.8% 68 0.6% 39 0.0% 79 0.0% 42 0.9% 86 -0.2%
38.4k 25 0.2% 51 0.2% 29 0.0% 59 0.0% 32 -1.4% 64 0.2%
57.6k 16 2.1% 34 -0.8% 19 0.0% 39 0.0% 21 -1.4% 42 0.9%
76.8k 12 0.2% 25 0.2% 14 0.0% 29 0.0% 15 1.7% 32 -1.4%
115.2k 8 -3.5% 16 2.1% 9 0.0% 19 0.0% 10 -1.4% 21 -1.4%
230.4k 3 8.5% 8 -3.5% 4 0.0% 9 0.0% 4 8.5% 10 -1.4%
250k 3 0.0% 7 0.0% 4 -7.8% 8 2.4% 4 0.0% 9 0.0%
0.5M 1 0.0% 3 0.0% - - 4 -7.8% - - 4 0.0%
1M 0 0.0% 1 0.0% - - - - - - - -
gAM 1 Mbps 2 Mbps 1.152 Mbps 2.304 Mbps 1.25 Mbps 2.5 Mbps

1. UBRR =0, iR = 0.0%
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L ETEAQ TWI
B

P& BRTEOBEEN

TWI F5C

BRER
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- B BRBAMRFHNEREQ , AIFERIBL
o XEZHAMMILIERE

s BUTUTHETEABRENRZRERESR

o 7 {uiiutZ=iE RVFE 128 P

s XRZFNHE

o B3k 400 kHz BB MR

s RIRZITHWHIRZNER

o WIAHIBLRIEHRFEER

o 2 THEBHMYL N SR 23 it

o FEARET#hht Prig o] LAKLEE AVR

P&ED TWI RES THENLERNA. TWI B ATFRSERITTERBHRNEEE
SRR 128 NMENREEES -8, XMBL— Rt SCL, —RHHE SDA. 5t
BEHERAFZERN LB , SR& E—1 AAERIEL ENRZHAA KL,
TWI T UEIR T B AP R’

Figure 86. TWI| B4 HEE

cC

Device 1 Device 2 Device3 | ... Device n R2

SCL - -

SDA

'y
A\

BT ESCRERTMELI.
Table 86. TWI iA5C

#i7 B89
EH BEHNEFELEARNRE, EYVENE~4%E SCL B
ML WENTUMRZ

RIERR HHERSIEL EMER

=R MELIZIBIENIRZ

M Figure 86 TAEH , WBLAEN LN BEESEBRFRERE, A TWI RENSEHHE
KENFRBINIARIEBRITRN. XHEMZIATHEOREFEERENES I,
TWISSHRER "0/ TWIELZS=EEKEF. YFAEN TWISHRERI=ZSN  B&e
RESHF , AFLNEENBEENS, I8, MRIIMENELERE K ARS TW A
YRR AVR SS4 %M L,

SEEEENSERESMTRERS - REBRERT 400 pF , MATUE 7 LMW
b TSa, TWIFMAMEBESESMHIRAEEN P 302 ML SRTEOSME . XILAHT
FANTREOMNE , —HESLEEET 100 kHz , MBI —Ffh 2 B 4% E 5% 400 kHz.
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EWMBEE (1)

START/STOP R7Z&

Hut HiEIEN

AIMEL

TWI B4 ERBEMNZESHMRAES . HLAEN , RELBEXTRFRE | B
FERHEFLEBRET,

Figure 87. ¥iEE %M

SDA

SCL

Data Stable Data Stable

Data Change

FHEHESFELEHELH, EVNELEL LAY START E5UBHEESR ; FRL LA
i STOP S5 EILLHIEEH. £ START 5 STOP RAZE , EERELRLI , TR
WHEHEENBREEL, 136]27% START 5 STOP A Z B X H— N START RA
X## A REPEATED START R% , EATENEFARFLELEFWER T B FH 1%
%, £ REPEATED START 2J& , BE/T—1 STOP , EERE LKL FILHRS. X
S5 START BREZ—#M , AEARFMP , R ZERFHKIHE , START 5 REPEATED
START ¥ START &R, I TFFR ,START S STOPIRARESCLL W&t B KT
SDA BB FREHH,

Figure 88. START. REPEATED START & STOP R7&

START STOP START REPEATED START STOP

FIEE TWI B4 LEENbIt TR 9 4, B8 7 bt fu. 1 {1 READ/WRITE 124
U5 1 UM, MR READ/WRITE A 1, MHATIRIRME | BNHITERE, MIET
e, BHMEFE N SCL (ACK) AHBEI K SDA FHNZE, BZMICHERERE
FTEWMBEN , MRZE ACK BHRIE SDA Ad. REENTUKRE STOP KRSH
REPEATED START RS EHF AR E, it SSFEMN it S 25 ¥R SLA+R =H
SLA+W #y READ = WRITE 1,

HUtFFH MSB BEAMAZE, MYl RigiTEBHSE , EEERE A 0000 000
ERT Bt

YHRIET BT IR MILRE ACK BRETS FIK SDA EHNZ, HEHFERIS
MENEREZS MM AT AERAT 088, = Write (VIE/ B2 FRIE , FIERMN
HEEE ACK BB HK SDA EHMA, FREMMIERIZRHBIES. TEEE
R R IE Read WDRBEEN , BN WRLAMMIKET RN BIESTHRELHPR,

FRETM 1111 xxx AW BEERE , UERKRER,
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Figure 89. ibitE#&

Addr MSB AddrLSB  R/W ACK

SDA >C))< ><
N\

START

FRIEE TWI B4 EAEXHNBIEEN ok , S8 s B VR 1 NN, EHEEE
B, ENFER R START 5 STOP IRZS |, MBZKEMAER, NMERBAMIEE I
SCL FAHHI{K SDA LY, I R#EUESE SDA RS WA H NACK 55, IR TR
W, SERHTREERREEZZRESHEE , NZERIZGENETEAH NACK X&
MRS, HIFEH MSB B EKZ.

Figure 90. HiEaER

|
! Data MSB DatalLSB  ACK !
. I I _
Aggregate N % |
SDA 2& |
I I
. i L.
SDA from \ i i
Transmitter | >§ !
T I
_———— ! —
SDA from S » |
Receiver /| !
I I
I I
SCL from | |
Master ! d o
I I
i L 2 ! 8 9 } STOP, REPEATED
SLA+R/W | Data Byte ; START or Next
| |

Data Byte

RIEEEH START IRZS., SLA+RW, EL—NMRIE IR STOP RAELARK . RE START
5 STOP RAEMZEEERIEZEN, WUFA SCL WA SIEERKAENSEMNNEF.
MHL B AE SCL KIEH SCL 1EEEEZFE’JH'J‘IEIL HENIRERHEEAX TMHLA
R, IMHFEFANRFEREBERES , X—BFHERIFEEERN. MK SCL 1EEEE.
B R LB SCL B BRI ljJ SCL SEFNERHEEVREN. BLER

H, B SCL My A= AR TWI BIEEREE,

Figure 911588 T BRRV MBI/ %, SEESLA+R/W SSTOPZ G XN E BN ARF
MY IMSURTE

Figure 91. BRI IELIE

Addr MSB AddrLSB  R/W ACK Data MSB Data LSB  ACK

| an e ey
e\ e s s
§ |

R INVAVANRYAVAVANE EVAVANRYVAVAVANVTE
i 1 2 f 7 8 9 1 2 § i

7 8 9

START SLA+R/W Data Byte STOP
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ZEVNEBLRE , MBANE TW i AFEE LRSI EN., BAETIENENFEES N INENTFREERE &

%

184

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 92. %X #l SCL HWEH

‘ TA o } } TAigh }
e -
I I I I
I I I I
I [
SCL from [ (4 \ \
master A ‘ 1/ } }
I
I
______ L
SCL from ! \ N

master B

SCL Bus
Line

I I

| B\, | TBign

\ Masters Start \ Masters Start
Counting Low Period Counting High Period

wWHBEZ RN BT T SDA KEIME . R SDA EREHWBESENE
HEOBRERTE , ZENNAREFR, EBIBEREFY - MIHNAES BTN SDA, MHE
CENRENE | BENTRAEE | ETMENMIES | RN EBHBHOENT
5, REMBHENAMG SDA BA , B75 M 8 A0RUR R M at S 52 813 AT bAF= Lk A
HES, FRFLREIRARE— I, XTESERES LS, MR EHIAE
BERMF U, FERFSBEIBES.
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Figure 93. WXz AN HE

START Master A loses

| | | Arbitration, SDA,# SDA
SDA from

Master A

||
||
||
SDA from ||
Master B N
| —~ —t —
|| \
SDA Line N | / \ | / \
\

Synchronized
|

|
EBFRAWHEATERZTHER

—“N REPEATED START &5 — MR L.
«  —STOP REE5—MEIRE

—“™ REPEATED START R&5 —1 STOP K7,
RARMHNER ERER , REFSHIXEIREMBRS, XEREESENREF ,
FRIENHEARLAEAARN SLATRW SHBESAESHR. RUEFEHR | IENEELMR
SEHEBENBES  BNFRERTEE L.
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Scl #1 SDA S|

LR RERET

E&EOHT
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TWIESR LA FRERA R |, fFigure 94FT R, FTEM TRL 2PN FEFRTUELAVR
WiE S & AT

Figure 94. TWI ERELR

SCL SDA
Slew-rate Spike Slew-rate Spike
Control Filter Control Filter
A y
Y \
Bus Interface Unit Bit Rate Generator
START / STOP . .
Control Spike Suppression Prescaler
-t -
T . Address/Data Shift Bit Rate Register
Avrbitration detection Register (TWDR) Ack (TWBR)
A 4 A
Y A \
Address Match Unit Control Unit -
c
Address Register . . Status Register Control Register )
(TWAR) (TWSR) (TWCR) §
Address Comparator State Machine and -
p Status control

SCL 5SDARMCUR TWIHEO S|, SIEM A HIRZIEREE — NEERERGISF[UHR
TWI 3B, SIEIAY 3 A S0 2 IE RN &) 28 T LLEBR/NTF 50 ns BWERI, XM AYIK D&
B SCL 5 SDA S|Biet , o] LAFAE 1/O O NSRAY EHEBPE X A B /N ZR EhIeafAE,

TWITHETFENERE | LSRR A BEEMES SCLN AR, B4R TWIRSF1FEE
TWSRHT S MR U R ISR FFHTWBRIZRE. YTWITHEEMEREN  FAEER
LE4S R RS MBITIRE |, EMHLE CPU B3R MK TF TWI BHh4k SCL SR 16
&, EE , MILTTRELIEK SCL KEBFRNTE , ANTERE TWI BLNF a4 @,
SCL HEBEUTH AR~ 4% -

CPU Clock frequency

SCL frequency =
16 + 2(TWBR) - 4" WPS

TWBR = TWI L& R S EBNRE
TWPS = TWI RS FESR Mo SN E
Note: TWI THEEENERXE , TWBR BERIZTNTF 10, BN EHNATE SDA 5 SCL =44 iR
HERBETRES., RBHIAT TWI TEEENEXT , @MYLKIE Start + SLA+ RIW #Y
RHE (FEEENBEMNNES ELERE),

ZE T AERES U B EFEE TWDR , START/STOP #2428 M B &R Y EEHH
. TWDR HESATEREAESBZROEES b, BR7T 8 U TWDR , B4&ENOE
TEE—NEEFSR , 28THTRERBKRBZEN (N)ACK, X4 (N)ACK FEEFTEE
EREZHE, YERHEs , eaiEE TWI 45728 TWCR RBUHBEE ; £X
EEFER , (N)ACKEH TWCR HiRERE.

START/STOP Z4IgsfamAmA MM TWI H4k E# START. REPEATED START &5
STOP IRAS . BIMELE MCU &b FARERIRAES , START/STOP #4853 ARAEB A M TWI B4k
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LB START/STOP &4 , YNNI H S TWI BL& EMWEH I UET |, 5 MCU MIKREEIR
AWEE,

MR TWI LENERXB3 7THEELRE , FRENERNSEURTEL  LWBERSTAI
ESHEHRESELEFHN, MERELZHBRETRNIBCELSLHBPERT BEZEH
B, NEE TWI 248 THhiTERNSIE  HEEEENRESE,

Mok PEBR SR TR MM B4k EER Bt 2R S TWAR FESSFM 7 (ibub#HPelt,
R TWAR BFF80 TWI T BN ZIRBIFEEEN TWGCE 7 "1, MELZIN Rtk th
S5 HEib Ut # TR, — B ut FTELAL D |, 2% 8 JT 518 B8 A LA 17 1E 78 3 i 2,
TWIRTBANE R , th AT AR B E ALK F 4, XBURF TWCREFZESHIRE. EIfEMCUL T
RERIRASET |, bt TR S I ATk sE T4E, — B EH I UBNX N4 , AT LUF MCU M
PRERIRASMREE, 72 TWI BT bt PEERIF MCU MiS e iR AR EEEAE | B H b &R 4 |
TWINBFRE , HRERZERRS, IRXASIREMEE | BBLEH AEEKEES
ZHEIEERFERAE TWI it P dr ik AL

BTN TWI B4 | HRIE TWI 251 EF2 TWCR MigEEHAMMN A, & TWI
B A FENARF TRAENESH , TWI REERES TWINT B, £ T —et
AR, TWI REFFE TWSR #HERXREINEHNRABEEFH. EHEHAR ,
TWSR AR N —NMNERRATEHLENFKIRESE. —B TWINT FrEME "17, 84
SCL BN , B TWI B ENBRELH | LAFERFLESH,
ETHWREIME , TWINT RSB

£ TWI 4£3% 5% START/REPEATED START 5825,

£ TWI {£2 5 SLA+R/W BB 2 /5.

ETWIRETIFTZ G,

7 TWI B&hBLABRZE.

ETWIHENF U ZE (B A XMLk PTE ),

£ TWI ERE - IMEFTZ2E.

ER ML I4ERT , TWI UK E| STOP 5 REPEATED START 552/,

BT IEEM START = STOP S5 & 5K B &4 iR,
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TWI F7851% 8
TWI LE4$ %788 - TWBR

TWI #2418 F88 - TWCR

AIMEL

Bit 7 6 5 4 3 2 1 0

I TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO I TWBR
®B/B R/W R/IW R/W R/W R/W R/W R/W R/IW
BE 0 0 0 0 0 0 0 0

* Bits 7..0 - TWI LG R T8

TWBR ALLRBRELERDHFE T, LLBFRRERE—NOHEE  EENERX T ESCLE
MR, HRRITEANFENL P 186" LiFRRERET ",

Bit 7 6 5 4 3 2 1 0

I TWINT TWEA TWSTA | TWSTO | TWWC TWEN - TWIE I TWCR
®B/B R/W R/W R/W R/W R R/W R R/IW
NBE 0 0 0 0 0 0 0 0

TWCR FRZHI TWHEE, ©HARMFERETWI  EIEMSTARTEI EL ERBoENHE ,
FEBZWEENE , 4L STOP RS , UREBEALKIES TWDR FEHEMEHLENEE
£, XINFFH/ETLUL EE TWDR TEiFRIEE | R EFHES A TWDR Mol E2H
EAAREER,

o Bit 7 - TWINT: TWI Fifdr&

Y TWI ZERYBIE  FENAREN AR TWINT &1, & SREG 1 | #3& LK% TWCR
FEM TWIE fREBEN |, I MCU #4T TWI SHFHIF2, % TWINT &zt , SCL 5
BSWERBFWHIELK, TWINT FREHNBTEXRABIHRLEE "1” REK. MITHMESET
L2EHFERERN "0, EFENRE , REX—UBES , TWI MEIFHRIE, Bt , &
BT TWINT 2l —EE B AEAX it 1785 TWAR RS FEES TWSR , R BRES
1728 TWDR ®yiFEl,

 Bit 6 — TWEA: ffg TWI BI&

TWEA RIS ZROPHN =4, & TWEA B , BN T& A0 % ACK bk :
1. BHEMMNISEN R B U EEE.

2. TWAR ¥ TWGCE & iU I &y,

3. EEH/ MNBRER TERE - N ETHHNERE.

£ TWEA BN ESAENBEEL, BUESREEMRE IR,

+ Bit 5 - TWSTA: TWI START JRA&{I

% CPUREBHCRANEL LN EVNEEEMN TWSTA, TWI BHRNELZRETH,
EREZTW  BOMELSL EF4E START RS, BEALIC , #EOR—EBESE , EFEN
B—/ STOPRA ,RBEF4 START UFBHBECHFERN EW. XKiX START 2 FH M4
HAEE TWSTA,

o Bit4 - TWSTO: TWI STOP R

EXHERT  MEBL TWSTO , TWI B OFEEL ER=4 STOP IRA |, AR/F TWSTO
BEEZE, EMERT | B TWSTO T LA OME IRRSIRE B RE T RS,
Wt R EFR4AHF STOP RASLE |, B TWIRE —NE N FHRFEIHHMIERX AR
M SCL 5 SDA I EMEA.

» Bit 3- TWWC: TWI BEZeir&

% TWINT HERN EFHIESFEE TWDR FE N TWWC, E— X% TWDR HWEiF R EEFE
Esiglh
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TWIRSHFERR - TWSR

TWI $¥EFFER - TWDR

2467L-AVR-05/04

« Bit2 - TWEN: TWI E§E{

TWEN 2 A FESETWHRESBUETWIEZ O, M TWEN#EE R 178t , TWI S| BI¥F1/0 3|
B2 SCL 5 SDA SIHl , FEERERRRFZRSRNIEEREE. MRZAES , TWI
BEOESSERA |, A TWIERSFHRL L,

e Bit1-Res: %8

RE | EEREER 0%

 Bit 0 — TWIE: TWI i {EEE

X SREGH | AR TWIE BE , RE TWINT J "1, TWI ¥R E0E,

Bit 7 6 5 4 3 2 1 0
| Tws? TWS6 TWS5 TWS4 TWS3 - TWPS1 | TWPSO | TWSR

®/E R R R R R R R/W R/W

HE 1 1 1 1 1 0 0 0

* Bits 7..3 — TWS: TWI'R7&

X 5 ARRER TWI BEBMELZPVRS. TRAMNRSKREFAEETEANDBD ER, 2
M TWSR i HWEETE 5 WRAES 2 N2 ME. BNRSMEIRITE N R DM
IR "0 XERBSEMNIR FROMEBIRE. ELBHRFHANERT , EFMPERZ
FiEo

e Bit2-Res: %8

RE | RIEEER "0

 Bits 1..0 - TWPS: TWI TR

XHuAEE /B, ATFEHLERM oA F.

Table 87. TWI {E R4 4E 7

TWPS1 TWPSO0 Mo EFE
0 0 1
0 1 4
1 0 16
1 1 64

MATE S RIEN P 186 Lh4SR L ER/¥E T, TWPST.0 EAFARXF,

Bit 7 6 5 4 3 2 1 0

I TWD7 TWD6 TWD5 TWD4 TWD3 TWD2 TWD1 TWDO I TWDR
®/B R/W R/W R/W R/W R/W R/W R/W R/W
#EE 1 1 1 1 1 1 1 1

ERFERX , TWORBETEREMNTET ; HEVER , TWDR @8 7 BV EINHE.
LHTWIHEDRE#TBMI/E (TWINT B ) XN SEEETEN, EF—XHiAE
ZH AP TEEBARICRIESFSE. RE TWINT Bz , TWDR WHEREREN, £
Egde B EWBERNBASES. TWDR AREETEAL LHINBE—1NF
T, BRIEMCU EMEBHEBERNE TWI HETHREE, thet TWDR MABEEEL. &
R RME |, EVVFTHHRAMN , BEL EHIINBBETRALEKR. ACK WALIER TWI
BIEEE | CPU TREEH#EFE ACK.,

* Bits 7..0 - TWD: TWI %iE 5788

A IIIEI% 189



TWI( ML) stub 788 -
TWAR

A TWI

AIMEL

BRERSHTE , HABRHBEREN T —NFT | HRERIIBE.

Bit 7 6 5 4 3 2 1 0

| Twae TWA5 TWA4 TWA3 TWA2 TWA1 TWA0 | TWGCE | TWAR
®/E R/W R/W R/W R/W R/W R/W R/W R/W
NHE 1 1 1 1 1 1 1 0

TWAR 95 7 L A MLttt . THETFMAERE | TWIHRAREX M b a3 TR, EANE
RAEE M, EZENRET , TWAR EEHTEEUEEMENFRAES .

TWAR B9 LSB A FiR I #E#ut (0x00). BRFME — M ituttbRES. — BEUEIA int
AN —B , BHFRIBERPH,
* Bits 7..1 - TWA: TWI M#litb it F1F88

HERN ML,
» Bit 0 - TWGCE: {8 TWI &R 3

E{UfF MCU AT BLR B TWI B& T8,

AVREY TWHEORE @ F T MET RN, AIENESLSEH  NERE —NFHRRIET
—/N START 5% , #am4E£ -1 TWI i, BT TWI EHORETHMH , Bit TWI
BEOEFTREMNERERY  FRENARFH TH. TWCR FF:RH TWI F M 2iF
TWIELHISREGH RN LRI AT A —ERET NARFREMWHTWINTIREL™=
EWPEIER, MR TWIE BEE , NAREFRERARIE TWINT FREALH 57 EREN
TWI B &R

 TWINT frEME "7/, R TWI OSSR T HFWRE , SERARFNEEN, £
XERT , TWHRAFESE TWSR BE 7T RAYAE TWI BERENE. MARFILL
EE TWCR BVIRARE ¥R RASREER , HBEYIRE TWCR 5 TWDR FE:S
REET—N TWI B BEE TWI 0 8 iZ anfa T4E,

Figure 95 44t N ATEF 5 TWI R OEEN P F. ZHF , TN LE-MREFTEML,
XEARMR , ATHNEESFESHER  TEHENKBHIRE,

190  ATmega128 me———————————————————
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Figure 95.

Application
Action

TWI bus

TWI
Hardware
Action

HARECHPNARFS TW A0
1. Application 3. Check TWSR to see if START 5. Check TWSR to see if SLA+W 7. Check TWSR to see if data
writes to TWCR was sent. Application loads was sent and ACK received. was sent and ACK received.
to initiate SLA+W into TWDR, and loads Application loads data into TWDR, Application loads appropriate
transmission of appropriate control signals into and loads appropriate control signals control signals to send STOP
START TWCR, making sure that TWINT into TWCR, making sure that TWINT into TWCR, making sure that
is written to one, and TWSTA is is written to one. TWINT is written to one
written to zero.
\ li li
START SLA+W A . Data A . STOP
2. TWINT set. 4. TWINT set. 6. TWINT set. . _I_'\'l]\f:'ﬁ_la_tes .
Status code indicates Status code indicates Status code indicates se

START condition sent

SLA+W sendt, ACK
received

data sent, ACK received

2467L-AVR-05/04

TWIERINE—F R XESTARTES ., BIX TWCREAZSEE IBRTWIEH
X% START 55, EANENERHEIEH, EEAER TWINT LEE{ , X3E
BEE, A TWINT B "1” BRIERE, TWCR F1FE58 TWINT B H3E TWI
TLBHEMRE, —BE TWINTEE , TWI H START E5BaIHELH.

STARTEBS WM AEG ,TWCRFZSEM TWINTHREM B , TWCREH N # AR
/L;\E% i%/—.r\ START 1n’?ﬁilﬂk ;20

NMARFRKE TWSR ,HE STARTESERMIKIE, MR TWSRETRREE ,
MARFUURT—EEERE , bNAAERCERSF, NRRSBSHE—
¥, NARFSIF SLA+W 2 A TWDR, TWDR AIE it SEIEFREA,
TWDR £ A SLA+W [§ , TWCR 4F B A 4G EEIE R TWI B4 &% SLA+W E5,
BEANENEEEIHEBE, £EAEN TWINTNEEM , XFEEEE, 4 TWINT
E "1 BRIFRE. TWCR FHE:58 TWINT B HE TWI A& B3 ERE,

—B TWINTBE , TWI Baittut @8 &%,

Wit E XS , TWCR F#3M TWINT SRS B , TWDR B A RS
RRBL AR ER, RERBELRBAILE S,

NARFRNKLE TWSR , BEMIBERINALIE, ACK AHIEE., MR TWSR &
TRET , NARFARRT - EEERE , LnARERLCEREF. NRRS
BEWMB—3 , NARFATNBESHEA TWDR, BEE , TWCR “ME A
EEER TWI BH XX TWDR FHEES, BANENEEEKEH, £EAE
Bt TWINT L EBf , IXFEHEEE, TWCR FEEHA TWINT EfzHE TWI F
LBHEMERE. —B TWINTEE , TWI BIBBETHEH.

BRESXER , TWCR HFE85H TWINT FFEMLEBN , TWSR EF N RSB
ﬁm?&ﬁ@ﬁzlﬂtﬁo RERBIELRBMNILER unr“@o

NARFRNKE TWSR BEMU T ERINELIE, ACK AEIEE, MR TWSR &
THAET  NARFARRT-LEEERE , LNARSBRLCERF, MERS
BEWMEB—3, TWCR XMEAFEEETR TWI BH KL STOP 5. BAN
BENEREEHA. EEAMEN TWINT NEEM , XFEEEE, 4 TWINT B "1”
BERIRE. TWCR ZE8EFH TWINT B HE TWI F2BsEARE. —B
TWINTEE , TWISZI STOPEBHEiE, SEE TWINTESTOPRBS A EEFET 2
BV

191
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AIMEL

RERHILLBRfEE  BEE2ET TWI BREAASEDNFAERAN, BE4MT :

o Y TWI B —RIREASERIEN , TWINTHFEBM. BEZ TWINTEFE |, atédsk
SCL F & HIK,
TWINTHREEBE  APSARST—NTWI AL B BHHEXHNEER TWISES. 4
W, TWDR FER/YVMBEAT —NELBAHFELENE,
LA TWI FEHBEIEN  MEHTCHEBHNNARFHEZ4% , TWCR#EE
ABHE, B TWCRAE , TWINT UM EM. ¥ TWINT B "1” BRI RE, TWIF
FEa#ITH TWCR R ERBE,

THSE RS CIESHRE, TERRTEHABIELHE L.

192 ATmega128 m———————————
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in r1l6, TWCR
sbrs r16, TWNT

while (! (TWR & (1<<TWNT)))

ComBHIF C ¥ L
1 Idi rle6, TWCR = (1<<TWNT) | (1<<TWBTA)| | % H START &
( 1<<TW NT) | ( 1<<TV\STA) | ( 1<<TV\EN)
(1<<TVEN)
out TWCR, r16
2 wai t 1: Z4F TWINT EfL, TWINT EX R

START S5 E 4 H

in rl6, TWCR
sbrs r16, TWNT
rjnmp wait?2

while (I(TWR & (1<<TWNT)))

rimp waitl

3 in rl6, TWR if ((TWBR & 0xF8) !'= START) |k TWIRAEEE , BRM2 ML ,
andi ri16, OxF8 ERROR() ; MRRBFFE START ¥ L E
cpi r16, START
brne ERROR
Idi rie, SLA W TVWDR = SLA W 3% SLA_W A TWDR F% , TWINT
out TWDR, r16 TWCR = (1<<TWNT) | MBS, Bl Rixtbit
ldi 16, (1<<TWNT) | (1<<TVEN);
(1<<TVEEN)
out TWCR, r16

4 wai t 2: Z& TWINT B2, TWINT BUIRTRE

@7 SLA+W EXH , RBKEINERES
ACK/NACK

5 in r16, TWSR

if ((TWBR & OXF8) !=

B TWIRSFEFSR | BRSO ,

andi r16, OxF8 MI_SLA_ACK) MERSFZRE MT_SLA_ACK ¥ 4k
cpi r16, MI_SLA ACK ERROR() ; 2
brne ERROR
Idi  r16, DATA TVDR = DATA; = AKIEE TWDR F178 , TWINT B
out TWDR r16 TWCR = (1<<TWNT) | T BIREHE
Idi  r16, (1<<TWNT) | (1<<TVEN);
( 1<<TVEN)
out TWCR, r16

6 wai t 3: while (I(TWR & (1<<TWNT))) |Z4# TWINT Bfz , TWINT BRRE
in ri16, TWCR : S%WIE DATA B RZE , RIKFINEES
sbrs r16, TWNT ACK/NACK
rimp wait3

7 in ril6, TWER if ((TWBR & OxF8) != BRI TWHRAHES , BRI MES

out TWCR, r16

andi r16, OxF8 MT_DATA_ACK) MBRAFRE MT_DATA_ACK %% i 48
cpi  ri16, MI_DATA ACK ERROR() ; s
brne ERROR
ldi 16, TWCR = (1<<TW NT) | (1<<TVEN) |
(1<<TW NT) | (1<<TVAEN) | (1<<TVETO) ; B
H L3 \* =0
(1<<TVETO) k3% STOP 55

Note: /O FES[/ATE /O F1Fe8nt , XA #EM “LDS” . “STS”, “SBRS”, “SBRC”, “SBR” 5 “CBR’ ZA[iFR¥ & /O Fizesis
SRE “IN", “OUT”, “SBIS”, “SBIC”, “CBI" 5 “SBI" %,

A IIIEI% 193
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HiEAREN

EMREBRK

AIMEL

TWI AR ITHEF 4 NFRVER  EHAIESF (MT)., ENERSF (MR). MHLKIESR (ST)
RMHZWKER (SR), B—MARFUUERNLHER. Fla, TwiI A MT #ERE TwWI
EEPROM EAIE , A MR X )\ EEPROM I iE. MRRXEFHEHECENERE ,©
fITATRELE TWI ZEEIE , WL SR EX., NARFREXAMHER,

TEXSHEXRTEFRA, SHEXNRSBEFAHARERENEFBHITHER.
XEREBSTUTHEES

S : START IR%&

Rs : REPEATED START R%&
R:E—t4 (SDANSHETF)
W : E—/ b4 (SDA RIEEBEF )
A : RIZ (SDA RIKETF)

A: TTRZ (SDAREBETF)
Data : 8 V(17

P : STOP IR#&

SLA : M#Lithsit

£ Figure 97 %| Figure 103 & , EIB AR H TWINT irEELEM. BEBTHHRFAX
KA TWSR WHE , HP9MAERA 0, EiXLihmNARFLAARITEENIHE
DASREE | SERR TWI &%, TWIEHIHER , — B TWINT fREBREEE.

TWINT $rE&EEMGE , TWSR FIRZSH A KR EE L4 RIE, Table 88 F Table 91 44
HTE—MABMENRGIENEEBTEANAT., IEEXERPTASHANVRE
R 0,

EENEREER | EHTURMIEZEIE | W Figure 96 FTR. RBAEHER | 49
KiA START 55, SEENIFHEIAREH A MT H MR EBRX, WRKIE SLA+W
AMT R ; IR KX SLA+R N#EH A MR X, ATAFRINRSEZHRIZETR D
R "0%

Figure 96. FH ZIAEX THIBIEER

cc

Device 1 Device 2 ) .
MASTER SLAVE Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER

SDA !

SCL

BT 1E TWCR BHEHHFEA TSIMMEL H START £5 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 1 0 X 1 0 X

194 ATmega128 |
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Table 88. =W A EEXAVIRSH

TWENS B AEREF 32O  TWSTAMMRE"1” R XK HSTART 55 B TWINT KA E
"7 K3 TWINTHREET. TWIEBBFBRMETEL , —BEEZERAMAE START, #
BEHHERE TWINT EfZ , TWSR BPIRZRTE N $08 (L Table 88), AH A MT X | &
TMEIE SLA+W, X @S X TWDR B A SLA+W R3XHM, TR ILIBIERBREEZTE TWINT

P&, TWIRRHSE#HT, XBIE TWCR EEHFHREATREREK :
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

L SLA+W KATTEHBZWEIBIAMES , EVH TWINTIREBRENM, A ENH TWSR
RASBARER $18, $20 = $38, XM B IRADH EH IR HF Table 88,

SLA+W ZE IR AT AT 8 RIE BB S, XBEX TWDR EAIERH, TWDR REHE
TWINT AGREAEA, &N |, HRE 2 , 51785 TWCR HWERENMN TWWC Efi,
TWDREH /G , TWINTIREERKLE/L %, XBIE TWCREFEZSEHFEATRETK:

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

XERE—BEEETE, ERGENFH RIETHRIESR™% STOP 5 REPEATED
START {55 . STOP 55 &% TWCR REATREKIN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 0 1 X 1 0 X
REPEATED START {5 & TWCR ABEA FRERMN .

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

& 1 X 1 0 X 1 0 X

£ REPEATED START ( R#& $10) & , F&EOATUBERFRMERBHMN , RFKIZE
STOPE5KiF B #H A MHl. REPEATED START B EH AT R E & B & RS0 &4
THEMI., ENRESERENZRBFBEX @ TR,

1P 544 19 i) 32
KA 3t TWCR #yigfe
(TWSR) fi% | 24 BT REM 2L BTES TWIN | TWE
WLR 0" | IR i# /5 TWDR STA | STO T A | 2KBITE4T—SNEBBIE
$08 START B &% fn&k SLA+W 0 0 1 X | &% SLA+W
B ACK 5 NOT ACK
$10 B4 START E&3% 0% SLA+W 0 0 1 X | @EA®E SLA+W
E 0 0 1 x | 39K E ACK 5 NOT ACK
g SLA+R &% SLA+R
TR ENFWER
$18 SLA+W B K% ; hngsaE (FW) | © 0 1 X mAEHRIE | Uk ACK 3 NOT ACK
£URE ACK = 1 0 1 X FERIXEE START
FRETWDRE |© 1 1 X | Jg&%* STOP, TWSTO ME1y
FEETWORE | ¢ 1 1 x | K STOP , REKHE START , TWSTO ¥4
2
T4 TWDR

2467L-AVR-05/04
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Table 88. =N X EERXARSHB
$20 SLA+W B &% g iR (FW) |0 0 X A BEHIE , #ik ACK 3 NOT ACK
12 NOT ACK ® 1 0 X | BRHEEES START
FEETWDR R | O 1 X | g% STOP, TWSTO &1
TRIFTWOR | 4 1 X | [EIESTOP, MBI START | TWSTO £%
i
T4 TWDR
$28 BB K MEBE (FF) |0 0 X | mEEEEE | K ACK 3 NOT ACK
HURE ACK = ] 0 x | WEREEE START
F#E#ETWDR R | O 1 X | @K#% STOP, TWSTO B&
FigE TWDR R | ¢ 1 x | FFE¥ STOP , REX* START , TWSTO ¥4
2
Fi#24E TWDR
$30 BB KH MEHE (FF) |0 0 X | WEEHIE | K ACK 5 NOT ACK
HEWE NOT ACK = 1 0 X | WEEEE START
T##ETWDRH | O 1 X | &% STOP , TWSTO &
Fig#E TWDR S | 1 1 X gﬂiﬁ STOP , A5 &% START , TWSTO §&
Fi#24E TWDR
$38 SLA+W SRR AN | FEETWOR S | O 0 X | 2 B BARGSHEER , ARSI HMIER
] 0 x | BEERESEE START
T4 TWDR
196 ATmega128 |
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MT

Figure 97. EH R FEEXWEXFRES

ATmega128

Successfull
transmission

| SLA

A DATA A P |

to a slave
receiver

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
AorA |

Other master
continues AorA |

continues

$38 $38

Other master
continues

>

To corresponding
states in slave mode

MR

From master to slave

E From slave to master

ATMEL

- Any number of data bytes
DATA A and their associated acknowledge bits

@ This number (contained in TWSR) corresponds

to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero
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EHERER

AIMEL

EEAUERRS , EATSAMILEIREIE , 2 Figure 98 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 98. HZEWEX T HIEER

cc

Device 1 Device 2 ) .
MASTER SLAVE Device3 | ... Device n R1 R2
RECEIVER TRANSMITTER

SDA

SCL

BEE TWCR EESRFAEATHHELH STARTE5 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 1 0 X 1 0 X

TWENARBM ML ED , TWSTASRE 1”5k &% HSTART 55 B TWINT A&
"1" K3 TWINTHREEE. TWHEBEBFHRRMBITEL , —BRLZRM KX START, #
BEHHERE TWINT EfZ , TWSR BPIRZREE A $08 (L Table 88), F# A MRER , &
MEIE SLA+R, X AEIX TWDR BEA SLA+R R3EH, ERUBEFSHMEFS TWINT
&, TWIERRHREH T, XBEE TWCR FEHRPEATRETA :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
& 1 X 0 0 X 1 0 X

Y SLA+R BETEHBEWEIWIAES , EHMN TWINT HREBREN. At ENH TWSR
WAL ERER $38. $40 5 $48, W ERAWEM EHIE ST Table 97, TWDR REH
TWINT AErt F e N BIN R, SIRBA—BEESTE  BEIRENFTERE R, &
WERE , MR MBS EZEKERENFTELAE NACK 55, KX~ 4% STOP =
REPEATED START (S5 4 ® %, STOP (E5@3 % TWCR FBEA TR ESEN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
B 1 X 0 1 X 1 0 X
REPEATED START (S5 4 ® %, STOP (E5@3 % TWCR FBEA TR ESLN :
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
B 1 X 1 0 X 1 0 X

£ REPEATED START ( R $10) & , F&EORUBERFRMEBHMN , RFEKIZE
STOPE5KiF B #H A MHl. REPEATED START B EH AT NE R E & B &R 410 &4
THEM., ENRESFRENZRBEX B H# TR,

198 ATmega128 me————————————————
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Figure 99. FHEKRKXMBXFTRE

MR

ATmega128

Successfull
reception S SLA

A | DATA

from a slave
receiver

$08

Next transfer
started with a
repeated start
condition

Not acknowledge
received after the
slave address

Arbitration lost in slave
address or data byte

Arbitration lost and
addressed as slave

A | DATA | A

® @

= P |

Other master
AorA | continues

" Other master
continues

Other master
continues

To corresponding
states in slave mode

MT

From slave to master

I:I From master to slave

DATA | A

ATMEL

Any number of data bytes
and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero
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Table 89. EHIEFWEXAVIRSH

AIMEL

I PR R 4 19 8
R 3 TWCR #yigfe
(TWSR) % | 2k BITREM 2 & BITEMY TWIN | TWE
W "0 | RS /B TWDR STA | STO T A | 2KXBITEHT—SRXINE
$08 START B &% hn& SLA+R 0 0 1 X @& SLA+R
TS EI ACK B NOT ACK
$10 45 START E4 % g SLA+R = | 0 0 1 X | EK# SLA+R
0 0 1 X FFERE ACK 5 NOT ACK
gk SLA+W FF&IE SLA+W
BRI ENNLEES
$38 SLA+R = NOT ACK K& | Fig#E TWDR = | © 0 1 X | 2 BT RGFHBRHN , HH#ARIUMIER
R : 0 : x | BEZREGEE START
Fi#24E TWDR
$40 SLA+R B3 F#g#ETWDRS |0 0 1 0 | f=s#E , IRE NOT ACK
KB ACK o o , .
T84 TWDR BEWHE , RE ACK
$48 SLA+R B &% Fi#24E TWDR = (1) ‘1) ] § FRIXEE START
BILE NOT ACK Fi2E TWDR & 9 &3% STOP , TWSTO &1z
1 1 1 X
Fi#24E TWDR BRFE STOP , RIEKE START , TWSTO HE
2
$50 BB EHER 0 0 1 0 BWEEE | 3EE NOT ACK
ACK BiRE 0 0 ] 1
EHE BRHIE , IRE ACK
$58 B E IR BHIESR (1) 0 1 § MEXEE START
NOT ACK Ei&[El EHIER [ £&5% STOP , TWSTO &1
1 1 1 X
EHAE ﬁﬂiﬁ STOP , RE4% START , TWSTO &
[\
MHLERER EMTERES | AV B ENBZREIE | 0 Figure 100 FiR. ATFAFRFIRSEIR
wEM B MR "0,
Figure 100. MHLIEWER THHEER
VCC
Device 1 Device 2 . .
SLAVE MASTER Device3 | ... Device n R1 R2
A A
SDA v
scL v
200 ATmega128
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REIMIZRES, , TWAR S TWCRZEBWNT :

TWAR
&

TWAG | TWAS5 \ TWA4 \ TWA3 | TWA2

TWA1

TWAO0

TWGCE

BRI 5 MALit 1t

ATMEL

201




202

AIMEL

B 7 L2ENITueT MAAIERIE TWI B O#bhk, 2 LSB & , W TWI 00 R 1%tk
$00, & NIZRES it

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 (
E)o RE TWINT AREEN , TWSR NEE THEAREB. XBRSER EHEIRR 5
F Table 90, % TWI#EO4 T ENERX (RZS $68 = $78) H R EfPE K MET CPU it
AMILEIER .

MREEEIEFR TWEA £, TWI EOEEKE T —NMETEFME SDARE “ T
Z” ., TWEA S48 TWI EO0FXBEN BN  BERSBEMEMEL, — B
TWEA B # A LA E stk iR BRI RL, bR 21 | ATSARA TWEAZ R TWIEZOMNE
KRR LR,

ERZAEXNANECHRIRERS , TWI ZORSHEXA, 68 T AIBKES |
FEOFFR AR Sk 57 7 #E bt / ML ot ot PCfl R B CPU, EHREEHAE |
TWIHEZEOfHRIESCLAKER  EETWCINTHREBRE, YAVRAHIREEEZTHETWI
AIEREZSHNHE, SAUE AVRIEE RN KB E | I8k SCL AJRE KA AR
K , EEECHENEE,

Y MCU MiXERIERER K MEEIERITENR , HIEFEEE TWDR HEE
HARMEL FHINGERE—1MNET,

ATmega128 m———————————
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Table 90. MALEEKAR X AR

JSIFR BR A4 B9 B S

2467L-AVR-05/04

ATMEL

WA %t TWCR By 4E
(TWSR) Hi% | 2 BITREM 2% BTEED TWIN | TWE
LR 0" | R ¥ /B TWDR STA | STO T A 2% BITEHT — S MEEHZHE
$60 HOH SLA+W BE25IER | FBETWDR R | X 0 1 0 | =iz | IRE NOT ACK
ACK BiEE X 0 ] )
24 TWDR BWHE | IRE ACK
$68 SLA+R/W fER EHMHE % | FiRETWDREH | X 0 1 0 | f=ukdE | 3BE NOT ACK
M ; BECH SLA+W B2 83E X 0 1 1
114 K12 ]
ACK EEH F#g4E TWDR EWHE | RE ACK
$70 BBt FigfE TWDR 5 | X 0 1 0 | #=IkdE , JRE NOT ACK
ACK BiE@E X 0 ] )
T#g4E TWDR BEWREHE | IRE ACK
$78 SLA+R/W fER EHMHE % | FRETWDRFH | X 0 1 0 | #musiE , IRE NOT ACK
B EUE X 0 . ;
ACK EIRE Rig4E TWDR EIKERIE | BB ACK
$80 LB ETH SLA+W 834t | FBETWDR R | X 0 1 0 | #EskdZ | JRE NOT ACK
| iR E AU X 0 ; :
ACK BIEEl R84 TWDR BEWRIE | EE ACK
$88 LI A E T B SLA+W # 31k | =IHIES 0 0 1 0 TRERFUMNER ; FTEIRFIBESH SLA
BB BRER 0 0 . . | HGCA
NOT ACK E&[E BHER TIRBIK I U MHAER ; BB IRBIE2H SLA
. ¥ GC="1", GCA tha LR S
1 0 1 0
BHIER THREIRFUMNER ; FTEIREIBEZH SLA
] 0 ] ;| BRGCA ; BEEREKE START
S TRERFUMNESR ; GEBIRBIBESH SLA
L C ¥ GC="1", GCA thaLiRg ; Bz et
%3 START
203




Table 90. MHlIEWE R AIRARD

$90 BB A RS BB | B RER X 0 1 0 | #=skdE , JRE NOT ACK
BEHHEN X 0 . .
ACKERE R R BWEIE | 3BE ACK
$98 BRI AS A R T4 ; R | E=BER 0 0 1 0 PIRERIUHMNER ; FHIRFIESH SLA
EEBEK 0 0 . . | :GCA
NOT ACK Ei&E BHERr PRBARIUHMNESR ; gEBINGI ECH SLA
CEGC=“1", GCA i LLAE
1 0 1 0
BHER MBI ARFUMNES ; THIRFI BSH SLA
] 0 ] ;| RGCA ; BEZWE K% START
S TIRERISUHMNER ; EBIRFIESH SLA
= c ¥ GC="1", GCA thabURg ; Bz mat
%3% START
$A0 ELMHL TERTZEWE] STOP | BUES 0 0 1 0 PIRFRIUHMNER ; FHIRFIESH SLA
HE & START 0 0 ] A el
BHBERr PRBARIHMNESR ; gEBINGIECH SLA
CEGC=“1", GCA i LRSI
1 0 1 0
BHER MBI RFUHMNES ; THIRFI BESH SLA
] 0 ] ;| RGCA ; BEZWE K% START
S PIRERSUMNER ; EBIRGIE2H SLA
= c ¥ GC="1", GCA thabURg ; Bz mat
%3% START

204 ATmega128 ]
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Figure 101. MHLEZEBHE X AVR X FIRTS

ATmega128

Reception of the
own slave address

and one or 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

S SLA E W A :D:A'EA: | A | DATA A | PorS |
$60 $80
;
A
$68
General Call A :D:A‘EA: | A | DATA A | PorS |
@ $90 $90 $A0
;
$98

I:I From master to slave

From slave to master

DATA

| A

)

Any number of data bytes
and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero

EMILREER , ML @ EHRIEEIE , 20 Figure 102 FiR. ATFTRBIBGRESF
BRIREM DAL "0

Figure 102. Ml ZEERX THEIEEH

Vee
Device 1 Device 2 . .
SLAVE MASTER Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER
A A
SDA y
scL y

NEIMNEZEERX , TWAR 5ETWCRBEBMNT :

ATMEL
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Table 91. MHL&ZIEE AR

AIMEL

TWAR TWA6 | TWAS5 ‘ TWA4 ‘ TWA3 | TWA2 | TWA1 ‘ TWAO TWGCE
& B B MALHb b

Bl 7 2N uat AALIBRIEY TWI Ok, 2 LSB & , W TWI 0O R % #th it
$00, ENZRES Mt

TWCR TWINT TWEA TWSTA TWSTO TWwcC TWEN - TWIE
& 0 1 0 0 0 1 0 X

TWENARBMNMAFERETWIED, TWEA L EEMAEENFUHEI B S (MBS 1%)
FHRE#IAS B ACK, TWSTA fl TWSTO %FEE,

AL TWAR M TWCR 2/ , TWI #OEF#H%EEF , EF ML ( S %t
it , g5k TWAR B TWGCE B{ufY1E ) HIIEEN T abbut Xk | FEBFEF @R "1
(B ). RETWI FHIFREEN , TWSR B E T HMAVIREE . X B IR HY IE #0# 5 5)
T Table 91, = TWI O FEHERX (CIRE $B0) HREMEKWE CPU FFHE AMAL
KEER,.

MRERFIRF TWEA £ , TWIH EAREZTHIEZG# AR $C0 = $C8, AW
RBIRFUMIER |, ZRAEMEEELEH. NMEVBRINEESH 17, OR
ENEEMMBIEN (BEKIE ACK) , BIEMNHEREIERL R , it LIRF $C8,

TWEASNN TWIEORBRNNECHMM Y BERESEURMEL, — B TWEAB
FRAT LIRS bR B R, 2R |, ATRIA TWEA ErbE TWI EON L EHREE
3k,

ERZRAERNANECSKRIEERNSS |, TWI 2O EKA, BFEETMAIZBRES |
BN AR LT PR T B bt / MWL HE, sk ICELR % EE CPU, EXEEHAA]
TWHE DFRIZFSCLAKETF ,BEETWCINTHREES, HAVRAITHIRE EEZITRETN
KEFEZHEE, ERAUR AVRIRENKBHE |, i494k SCL AlaE kot EREFE |
FEHETCHENEE,

M MCU MiXE/RIRERNEER , MIEEITEERTENE , HIEFEEE TWDR WEE
HARBES FHMWER -2,

B R R 9 T R
RS %t TWCR H#1E
(TWSR)Fii % | 24k BT RE M 24 RITEMHH TWIN | TWE
WAL R "0 | A& /5 TWDR STA | STO T A | 2%BITEHT—SREWMMNE
206 ATmega128 |
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Table 91. MHl&ZIEE X AR

$A8 BT K SLA+R EL 4K mH—FHam | X 0 KR —FIHIBRIE | UK NOT ACK
ACK EiRE 1 X 0
;{Eﬂﬁi——?*ﬁﬂ’m KRBT | IR ACK
$80 SLA+RW R EMMHEE | ME—FFeH | X 0 KR —FHHWE | K NOT ACK
W BTK SLA+R C24E | BR X 0
e & —F R 3%
ACK 235 E - KRBT | B ACK
$B8 TWDR BHIEE 2K 3% mH—FHHm | X 0 RE—FFHHKSE | 21 NOT ACK
U B ACK B X 0
;{Eﬂﬁi——?*ﬁﬂ’m REBAE , B ACK
$co TWDR BHIEEZ %% FigETWDRH | O 0 PHRIRSUMNER ; THIRFIESH SLA
#IRE NOT ACK 0 0 5 GCA
T4 TWDR = FIHRTIRIHMTUESR ; 2BRBIESH SLA
; o S EGC="1", GCA A LRSI
F#RAF TWOR PRERFUMES  THRAESH SLA
] 0 B GCA ; Bz R ET &% START
o TIRBIF I MHAER ; BEBIRBIE 2 M SLA
TH#RAE TWDR % GC="1" GCAtTLURE : K4
&3% START
$c8 TWDR ) —FHHIBEL L% | FRETWDRH |0 0 PMBARFHMNER ; FTEIRFIESH SLA
(TWAE = “0”); 0 0 = GCA
BB ACK Fi4E TWDR = PREK T U MIER ; BEBIRZIESH SLA
; o S EGC="1", GCA A LRSI
F#RAF TWOR PRERFUMES  THRIAESH SLA
] 0 B GCA ; Bz R ET &% START
o TIRBIF I uMHAER ; BEBIRBIE 2 M SLA
TR TWDR £ GC="1", GCA thATLURE ; B4 72 Rt
&3% START

2467L-AVR-05/04
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Table 92. HEIRAH

AIMEL

Figure 103. MHLREEX B XFRES

Reception of the '
own slave address S SLA i R A DATA A DATA A PorS
and one or L _——
more data bytes
$A8 B8 @
Arbitration lost as master
and addressed as slave A
$BO

A | All1's | PorS |

Last data byte transmitted.
Switched to not addressed
slave (TWEA ='0")

$C8

- Any number of data bytes
From master to slave DATA A and their associated acknowledge bits
I:I From slave to master This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero
W 3. QYL [—\)
BRANMRSEREMERKN TWHRAESEX , I Table 92,

RS $F8 RIBPLHFPEBEMEREE , BRHPUFRE TWINT H 0", XHRSAELAELER
oW TWI E DR ES S RTERMNIHR,

RS $00 RRERTHEMIBPRET BLEBIR, & START = STOP HIFEEIRNLE
RELZEIRMAERE. LIMEEBUERBIE, it f ACK ZEHI T START = STOP,
BEEBRTSH TWINT B, A TMERPMELK , XABNIRE TWSTO , HBEN
B "1 LUEE TWINT, XS TWI E0#ARFUMNER, F7E TWSTO #HEE
(TWCR WY E MBI R 80E ) , AR SDA Ml SCL #BH , EET L~ 4% STOP,

I PR R 4419 e
WA 3 TWCR Wy 4E
(TWSR) % | 2 RATREM 2% BITEH TWIN | TWE
LR 70" FYRZS ¥/ E TWDR STA | STO T A 2R BITEHAT—F NXIMMsHE

OxF8 SREEXHRSER ; Fig4E TWDR THAE TWCR SR T S FIE R
TWINT = “0”

0x00 BT IEEH START 5 Fig# TWDR 0 1 1 X | AgmREES ; FAKE STOP FMLE, &
STOP Sl#2My B &R KNBHHEE TWSTO

TN TWI EXAER -8

208

ERLEERT  AERBENIE  LICFLHTWIERRNA SR, Hla1MEITEEPROM
EEHE, ARNXMERSEUTSER

1. RSB

2. AJ4%iF EEPROM BB

3. MIRSTERRILERE

4. (EREMIMLER
AEBRETMNENEAZIMN , k2t BAENAMEFEMIIZEERFNALE , Bib
FEMFEA MT #X ; AEBELATBMIEE  FEFEHA MR B3 | BEEF B SANR
T, EERSRF | FHMSARBRNELNZRE  BUEESBNZBZHT. MREES
IHNRGEPFERZ—NAN  NEE-_SE5E=52RAHEEHKZET EEPROM F IR

ATmega128 m———————————
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ZENREMHER
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O, MENRBBBEMEREIRN %L)’J‘F’J&Imﬁl.ﬁiiﬁi&ii—?—ﬁ%?&ﬂ&ﬁ&ﬁz
IEHZVZE REPEATED START 1.:.'55'%9—%3@ £ X% REPEATED START 55 , M4k

ZRV[ELNEHN, TRAHEENRER,
Figure 104. JL# TWI X EX& 15 B &1T EEPROM
Master Transmitter Master Receiver
— —
S SLA+W A ADDRESS A | Rs SLA+R A DATA X P
S = START Rs = REPEATED START P =STOP
Transmitted from master to slave Transmitted from slave to master

MEASAPENERER -S& L, SNFRN - IHS M EFLRENTTE - N EEEE,
TWI I BREXHERLT B - MPECSRE  ATEPN - N ENRITEEMFLE
KRR, BEMRNGITMTAE | %5 ERNENRERMERERE R,

Figure 105. {h& =5l

cc

Device 1 Device 2 Device 3 )
MASTER MASTER SLAVE | eeeeenns Device n R1 R2
TRANSMITTER TRANSMITTER RECEIVER

Y

SDA

A

Y

SCL =

EILATENBERATEREHEBRIRE :
ANREZSHNENRNS—PNNETES, EXMBERT , TIEVHMIEBFR
HEEREN=ES,
AAREZSHWENRNNE— MM ITAENBEER A ENGE. EXERLT ,
&1 READ/WRITE Ui BEE X EMEH. EHRAEE SDAL LmH— 1P E8BEF
B, MRHMENEREE "07, WZENELELPRDP RN, KM EVTFERK
*wTMMMMﬁﬁ j%ﬁéﬁ ERERE - START 55 , XHNARF
/;{}Eo
AANREZSHWENIFRFROMI, EXHERT , BEMIBAE SLA £4£. IR
BESDAL L — NS EE , MAHTENCSKHAE "0, NZENTELSL
HEHP LW, £ SLA BLHMBLAMHNEN IR IMNESR | AREHCREHIK
BEZEHNMENT U, MBHET U, ©F#FA SR STHRS , XEURTF SLA
MRBWMRWEHMEOm%binm,ﬁﬁﬁﬂ*ﬁ%ﬂ%Mﬂﬁﬁﬁ%%ﬁ
KZEW , RE—NHH START 55 |, XHNARFRE.

Figure 106 iR T B&MENIRE , BPNHRFER TWI BRI E.
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Figure 106. E4fhEI2

‘ START ‘

SLA

‘ Data ‘ STOP ‘

Arbitration lost in SLA

Own No

Arbitration lost in Data

68 ‘WI bus will be released and not addressed slave mode will be entered

Address / General Call
received

Write

| A START condition will be transmitted when the bus becomes free

68/78 ‘Ma byte will be received and NOT ACK will be returned

Direction

Read

™| Data byte will be received and ACK will be returned

me data byte will be transmitted and NOT ACK should be received

BO ‘,'@a byte will be transmitted and ACK should be received
/

ATmega128 m———————————
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Y% IhEE 10 185 - SFIOR

B LR H MRS T 788 -
ACSR
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ATmega128

BRI LE AR XS IEAR AINO FYES ARk AINT ER TR, = AINO LR BEL AR AIN1
LHBEEESH , ELLRSFNRHE ACO BB, HWERIRMNT W ANRMAERSR / it
WER 1 AR, W LRFAETMEB ST AN, MMYB TR, A/ TLLER
EBRRRA LR, THREAERXBZAIL DKRMAPH. Figure 107 NEERBFRHE
NEEZEBERVESR,

Figure 107. Rl LB EHR

BANDGAP
REFERENCE VCC
ACBG J
ACD
—>
ACIE
AINO
h L | ANALOG
_| INTERRUPT )—>COMPARATOR
/ > SELECT IRQ
T T L » AcCl
ACIST ACISO ACIC

—_—
TO T/C1 CAPTURE
TRIGGER MUX

ADC MULTIPLEXER ACO

OuTPUT

»
'

Notes: 1. UL P 212Table 94 ,
2. BE\LLREBNER 2N P 2Figure 1 & P 69Table 30

Bit 7 6 5 4 3 2 1 0

| 7tswm = = = ACME PUD PSRO | PSR321 | SFIOR
®IE R/W R R R R/W R/W RIW RIW
HE 0 0 0 0 0 0 0 0

 Bit3 - ACME: il L BB 2 I8 & A (AL

Y NiB%E "1” , B ADC & FXAIRA (ADCSRA F1Z25# ADEN 7 "0”) B} , ADC %
BRERASINELDLRIR[ERANBM A, SHtn "0” 8, AINT EZB RSN fAREm A
i, FEAERNESL P211“ BRILKRBSTITHA .

Bit 7 6 5 4 3 2 1 0

| Acb | AcBGe | Aco ACl ACIE AcIC | Acis1 | Aciso | AcsR
®/5 RIW RIW R RIW R/W R/W R/W R/W
e 0 0 N/A 0 0 0 0 0

« Bit7 - ACD: Lt RREREH

ACD EfunY , BRI LL R ZRHY BIRAR LI MG, AT ATE AR BHMR IR E M A SRR R LR BR . iX
AR TR R ZREX TR, WE ACD fIft , XJUFF ACSR FiFa=H
ACIE (i RZE IR LR h M. BN ACD X R AJRER ™= 4 P o

+ Bit 6 — ACBG: Rl LL BB ERE AR

A IIIEI% 211
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AIMEL

ACBG Efu/5 , BHlLL R EMm A HeeEEARAEK. N , AINO EREFELLE
BREBEWERBA, RPS50“KAHNEHBE",

« Bit5- ACO: Bl k&Mt

ELLRBNHHEYRASFEEEES ACO, RSHEISIAT 1-2 Matsh B EMN TR,

« Bit4 - ACI: L LL BB MIPRE

MRS HREESAL THACIST & ACISO EX S HE Rt ,ACI Bfz., 18 ACIE
M SREG FEHBNERFMIRE | BN  FLAEMLREFMBESEFEESURIT B
Bf ACI HEEHEE, ACItEAUBEE"1” REFE,

» Bit3 - ACIE: LR ES U RE

% ACIE (VB "1” BRAFTERDINHHIIRE | b BN , BRSSP EHE
Eo BN R,

« Bit2 - ACIC: ##l L2 M A IR HRE

ACIC BE A BT EH LIRSS AL R T/C1 WM AR INEE, LAY LR e i i A B 3
EER M ARRNIRZE , ANMESLEERSB[TURA T/C1 AR D HHE BAg =
IS R A &R IERINAE, ACIC 1 "0” BHEHLL RS R A IR ThAE 2 B R B R B K.
RNTHELLRIBFALALR T/IC1 R AR N , ENESPITEREFES TIMSK B9 TICIE1

AIMEN
» Bits 1,0 — ACIS1, ACISO: # il L BREE P iR Xk F
XFAAEME BN LLREFHINEHS, Table 93 A1 7T FAEIMIRE,

Table 93. ACIS1/ACISO iZE

ACIS1 ACISO Gt BN
0 0 Hesk B 4 AR (L BN T & R
0 1 RE
1 0 EEBER A B T BROR = A R T
1 1 tegR e A E AR = T

FEHEZ ACIS1/ACISO B , HIUEFE ACSR Firaahyh M Ese R LR LL R 2R
Mo AN E TR R IX M LA ™= 4 T

AL ADC7.0 2HFHESZE — N RARBENLRBHARA AR, ADC ERSTAX
SERXNINEE. HR , ATHEAXNEEE A4 MKE ADC, MRELLLREZEHEME
24 (SFIOR FHY ACME) # &1 , B ADC th© £ %15 (ADCSRA 17858 ADEN % 0) ,
MATLAEE ADMUX ZFE88H MUX2.0 RERERENLRB[ARBANER , ¥R
Table 94, R ACME j/5&Z 5 ADEN B , NED LR MM AR AIN1,

Table 94. R LLRZTRE AT A

ACME ADEN MUX2..0 EEBRFRARRA

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

212 ATmega128 m———
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Table 94. #EHILLKB[RERAWA

ACME ADEN MUX2..0 B LEBRBAERA
1 0 101 ADC5
1 0 110 ADC6
1 0 111 ADC7

ATMEL
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BRI R

B . 10 { W
e 0.5LSB WL ME
+ +2LSB MMFIEE
* 13 -260 ps HEHETE
o BEIHEINEHERSTIA 15 kKSPS
- 8 E AN IR ARE
c THRESMAEE
o 2 RTAEMZEE A 10x 5 200x WES W ABE
- WEMZEFIFF ADC K
* 0-Vcc B ADC A B ESEE
« T%M 2.56V ADC BEHBE
o ESFERSERERER
» ADC #%iR& R
- ETFEERERNNRFNEER

ATmega128 5 — M0 HZEXEIEE ADC, ADC5—/ 8 BEMEIN LI E AERIERE ,
BEXIRBIRO A B 8 BB IR A B EH TR, BiBEMALL OV (GND) HEA,

BHEZE 16 BESHEWMALS, MRESWA (ADC1, ADCO 5 ADC3., ADC2)
BrREEER , £ AD HIREIAED WM ABERME 0dB (1x). 20 dB (10x) = 46 dB
(200x) IR K. tRESELMABERZ—MNEA R (ADC1) , mE A E{T ADC 5
AT B Adw, MNBAER 1x 5 10x 8% , A B3 8 o PR, mMEFH 200x g% |
A8E 7 oY=,

ADC B — MR RIFHEE  UBREFRIEPHAZI ADC WEEREFIEE, ADCH
HEE 10 Figure 108 Fi R,

ADC B AVCC | M8 iR #8858, AVCC 5 Voo ZBMNRETEERET £0.3V, ESEP
219“ADC R FEHIHIZE " 5k 7 R A X AN 51 B,

FRFMER 2.56V PEEHE , AR AVCC , B T4 2R, BEEBETTLUBNE AREF
S EMM— BB HITHRE  UEF NGRS,

214 ATmega128 m————
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Figure 108. R KRBT HEE

g 8-BIT DATA BUS

ADC CONVERSION
COMPLETE IRQ

ATmega128

«

v

ADC MULTIPLEXER

SELECT (ADMUX)

REFS1

Y
AVCCE::}______________

INTERNAL 2.56V
REFERENCE

REFSO

ADLAR
MUX4
MUX3
MUX2
MUX1
MUXO0

ADIF
ADIE

v

15

Y

Y Y YVYVY

| MUX DECODER

GAIN SELECTION

CHANNEL SELECTION

AREF
AGND I

BANDGAP
REFERENCE
ADC7 Di
ADC6

POS.
ADCS INPUT
MUX
ADC4 li
ADC3 Di
ADC2
ADC1

ADCO D .

L

NEG.

Y

INPUT
MUX

2467L-AVR-05/04

&AMPLIFIER

ADC CTRL. & STATUS ADC DATA REGISTER
REGISTER (ADCSRA) (ADCH/ADCL)
A
299 292 2
g8
Y VYV <
PRESCALER
Y Y Y Y
CONVERSION LOGIC
\ SAMPLE & HOLD
\ COMPARATOR
> 10-BIT DAC -
/ +
SINGLE ENDED / DIFFERENTIAL SELECTION
N ADC MULTIPLEXER
7” OUTPUT
~Y
GAIN

ATMEL

215



R

B3 — IR

o AR e

AIMEL

ADC BEZREEN S EZNMANENBERER —N 10 VHHFE, RDMERE
GND , R AERKRAREF S| LMW BEEBR %1 LSB, B3 EADMUX EF1E:3H REFSn 1
AT LR AVCC SAED 2.56V S EZ B EEEE AREF S|, £ AREF £ N &= a] LARY
FRASZBEHTHEBUIRS RS I H L.

BIMmABESEZ,EETLEREE ADMUX 78/ MUX fIR%E, {£1T7 ADC @A
S , 8 GND REIERERSEZBE , BB LMERN ADC K& ik A, ADC A SR Arik
HZE D BB ESR T A

MBEEREDBEE , BIERFEMACGSHNERR FEIBEZDHALK. REHRK
BN ADC HEBl A, MRERLIRBE , oI FHHRAER,

BEI1&E ADCSRA ZE1785H ADEN BI0] /531 ADC., RE Y ADEN BURSEHE R
ABEIRBFTER, ADEN FEZR ADC HAFEE , BB ATAEERER 251%
B ADC.,

ADCHIZE RN 100 , FHTADCEIEF FEEADCHRADCLA, RIAMBER THBLER R
AX3F , B @ % E ADMUX &1728H ADLAR 25 X455,

MBERFR|ERENT ERERFESMNHNEREE HLAREEIADCHREE T,
ANE % ADCL , Bit ADCH , MRIEBRESFHRPINANBIRE —XERNER, — B
M ADCL , ADC N IEFFHRNITURMMBELT, b2 , EEADCL 25 , BIfE
£ ADCH 28I X BE— X ADC BB ER  BRSFESNHRBLTLEN  NARIET &
RERTE%, ADCH #igH 5 , ADC Bl E)XifE ADCH & ADCL H71738.

ADC % #0 45 5R ] LA i &% B BT, ENME A F s & £ E 1R EVADCHESADCLZ B iERADC T
EHRBEEES  ARRERTHREEE | PENML,

B ADC F33#4 ADSC (VB "1” AL 8RR, EHHSEDLHVRERNS B
B ER  REHEHEES., NIRERGIBPERT S —NEE , L ADC 2E X
@ E B S — IR B R

EESEHRT SEMHETEEHAN ADC BESESHTEH. EEHRETSE
ADCSRAZFEMADFRIUBE115 %, £ — X BI 0ADCSRAZ ZEEMADSCE 1k 8
B, EWERT , FLEM ADC EHIRTHKE T ADC FIiIRE ADIF REE N,

Figure 109. ADC % #7i&5

ADEN——»() Reset
CK —

7-BIT ADC PRESCALER

CK/2
CK/4
CK/8
CK/16
CK/32
CK/64
CK/128

-
-

¥ V.V ¥

<
<
&

ADPSO
ADPS1
ADPS2

ADC CLOCK SOURCE

ERANRGT  BRELBBREE— M50 kHz E| 200 kHz #95 AR # SR BHRABE.
MRFIRNERBERT 10 toiF , BAMARMRALSE T 200 kHz , BUARIESH

216  ATmega128 m———————————
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KR, HF 8B SFIOR HFHEM ADHSM VAT EESNINETEIESH ADC
gD

ADC EHHRBIFE—NMDIEE , A LBEMEE 100 kHz 89 CPU KR4 2 W
ADC R4, o 52883 ADCSRA 1725/ ADPS #1718 E. &/ ADCSRA F1F25H
ADEN JF{F8E ADC , M0 MesFAiti. RE ADEN /1, Mo MEImis it , B2
ADEN &=,

ADCSRA #1783 ADSC Efu /g , 2w E T —/N ADC R4 FHN AR F BB,
BXENHEBNFASR , BRAP27T EXEBBE ",

IERHRRTEE 131 ADC Bt B, N T HMILELLBEE , ADC f£8E (ADCSRA Fi7sR
9 ADEN Efu ) FRY S —IREMRFEE 25 M ADC B FH.

EZEM ADC B SEF EHREERRBHZEN 1.5 N ADC RHHFEH ; mME—IX
ADC B RERFU A EERERBH 2 EHN 13.5NADC I, HiERE ADCER
BIEA ADC BiEE 1285 , H ADIFAREE . ADSC BFFES (B REHRER ), 2BHK
HRILABIRE (L ADSC #5&% , NI ADC NS — N EFHR B — R EE ik,

EESERERT , YADSC H 1 8, REHKL—ER , T—RERD LFFHR, ket
B i& W Table 95,

Figure 110. ADC BtFE , £ — Rk (2IRFERER )

Next
First Conversion

Conversion
! |
Cycle Number \1\2: 112‘13‘:[A‘15‘16‘17‘18‘19‘20‘21‘22‘23‘24‘25‘ [1]2]3
‘ | ‘ ‘ ‘
ADC Clock SEnSpinininipipininininSnEnEnryPelininl
\ | | . \ \
ADEN 1 | : 1 Lo
ADSC ] L ! /g
‘ D : ‘ ‘
ADIF : I '
| ‘ ‘
ancH T //,‘ ‘f/ i< Mse of Result
abcL I, i< se of Resu
| | | | | |
<\MUX and REFS \ Conversion _/> \
Update Sample &Hold Complete MUX and REFS
Update
Figure 111. ADC B FE , F Rk
One Conversion _ Next Conversion
CycleNumber | 1| 2| 3| 4| 5| 6| 7| 8| 9| 10| 11] 12| 13] | 1| 2] 3
ADC Clock
ADSC 74 1 VI
| | | |

ADIF 1 1 \

ADCH i p<__msB of Result

noCL iz p<__ s of Resut

(\ \ Sample & Hold Conversion _/
MUX and REFS Complete MUX and REFS
Update Update
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RTBEERE AR
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Figure 112. ADC RIFE |, EL KR

One Conversion Next Conversion

» <
4

11\ 12\ 13i 1\32\3\4\

Cycle Number

ADC Clock
I I
ADSC ? ?
I I
ADIF | ‘
I I
I ]
ADCH / //p<_ MSB of Result
| T
I I
ADCL K LSB of Result
I +
I

Conversion / \ <_\ Sample & Hold

Complete MUX and REFS

Update
Table 95. ADC %% H]
Rt & RE (BB EREHHE
e M) HiRetm (BH)
E—IR%R 14.5 25
EEHR , Big 15 13
EEHKR  Z2 1.5/2.5 13/14

LEAZDEHREE K FEERRRNBERLE,

ENHRERIIEF CKype, BFET ADC BH4FH—%, FIFEY ADC EOE CKypeo
BREARESREFNBIZNN. L CKype, NER , BIAFEEGR (B, FIEW
BRBRMEE - RNELRR ) NS R RZRERAEENEE (EENTS SN 134 ADC
B9 AR )o & CKupco NEET , HFELSHH , FEER 14 N ADC B EH., EELR
HRRERE , —RBRRERELABEHFHNER  MEBAT CKape, BAE , FIBENAS
Ba (BIBRE—IRN ) FERA 14 A ADC EH&+ A H,

ERMENERIEED , YHRN 4 kHz HERRHRML. ESHMETESERIEE MR
Ko HMAGSEESTHERERTRNMEN , MIEMW AR MAKERE K. F= , ADC
R MRS B RTRRE, ki, FEBEETRRESZS , ADCHRMEARNGus , &
FBERERN 12 kSPS,

ADMUX & #7288 FHIMUXn R REFS1:0i@81d IR B F 78K 7 £ &M, CPU AIXY tL g Bt &
R ATRENIG M. XRIETHRRYBEPRBENEERNIRRETREHNNZ, £
MEFZHBEREARWEETREAET. — BRRFABRTATFELERBEMNE L
BT, MMRIE ADC B 7 2K KA E . FEFIRTK (ADCSRA F 78589 ADIF Bz ) 2
A& E— AR | BEMEAARNEE X TUERTIR. BROTTHITZ N ADSC
BAEHT - e AR, Bit , 2R EER ADSC 2/EH —1 ADC B4 E
B, FERE ADMUX BLUERH I EE RE AR,

HHRZNBENBRINIR, " BREZDEE  BHEREM 125 ps KIBEZE. Bit
REXMBEEH 125 pys RTFNEFHIR, REFZNERANKRER,

213 ATmega128 m———
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HWE ADC 2EHEG (BT KE ADMUX FFEEHH REFS1:0 {1 ) WE— Rt EZE

SFRIEAR A
& JTAG #EZOMFEE , PORTF7:4 ADC BB R EE , S P 77Table 42, “iwO F B9
EhEE
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ADC W A EE

ADC EEBEIR

ADC 73 527

Bl AR

AIMEL

EERENEEREIEATER
THETRRERERN  ERERFHRMRZANEEEE. £ ADSC BEfLEH — ADC &t

HEMRTARERNELMABRET, BREMENDEREFRNEREBAXE
-

EESHRRERT  BERES - RERFTTHZIEAERE, £ ADSC Efu/58—1 ADC
AR T RN RNDAABE T, BREMENDEREFENREREBAE
BiE, AW, A —RXERELBAITRT , T RWERE R RRE B UBDHEE N E
PRABE, UEHNRGRST R MBEN.

LM ES BFEE , AT AIRBIBEERFTENRNE , FXEREREBERR
B, AFREFESFERERER,

ADCHIZE B EIR(Vrer) R TADCHEIRTEE, ZRIHRBEBTET T Ve  HERT
$EIE Ox3FF. Vger ATBAR AVCC, AEP 2.56V EHESRIMET AREF S B,

AVCCEX —MNERIF < S5ADCHIE, FNK2.56VSE B EREREER (V) BE A
BMARB|FT%E. TEWMER , AREF #ERES ADC HiE , BII1E AREF Sithz B 2410
BHATURESZEENNES. Vi UBSSH ARNENRISKRTE AREF SIHIMSE,
BT Veer WHERERS , B REEEERE A,

MR- EERFZEE AREF 5|, BBARFRAREFREMNEERT BAXLF
BRRERERSABSERNER. R AREF SIEDRBREEMABSER BRI
##F AVCC R 1AV ERNEHER, SERALENE—IX ADC BRRERTRET£R , &2
MAFTEERAX - RNERER,

MREAEDBEE , EFSEZHETREEEMN P 306Table 136 FFT/RAY AVCC,

ADC YR 7= N 5 85 8 5 o] AR RRER R X FREAT 3R, M BRE A T CPU RANE I/0RF R
FESlAMRE, REMHZFRTE ADC RREXARZRABATER. N TEAX -8,
BIRAMTHHR
1. W% ADC S2fFf , BRBELTRIPRS, THEEXMIZNERER , #E
ADC #H45 R i fE 58
2. BAADC BREN (HEREN ), —B CPU WIE# , ADC EIFtaER,

3. MREADCHEMRGE RN AHMP M™%  FRLADC H#RF%EE CPU A
1T ADC BRERPUIRSEF. MRE ADC HiRE Rz BIH EMH IR
HWEET CPU , XY NAY MRS EFFEIIMIT. ADC HIRERE4£ ADC ¥
MERFUIER, CPU R IEIFHNMKEETEIMT,

HARZHAEXR ADC BRER AN EMKRERNES , ADC T2BAZXMA, EHA
XEARERE AT | IUCF ADEN BERLURE I3, MR ADC HiZKEREX T #E8E , BA
FEZTRED R , BUKH ADC BEREGRENPHREEBRE,

B BE RS AR R Figure 113. . R 2% M ADC B# AEE , % A ADCn
WELES B SR MEARE A EBNEM, FE ADC K A BEN | BIME SR
B — A R (I AEIEMA S B ) N KRS (SH) 85,

ADCHH S BBLE S A F15E F 10 kQR T/ N UEIE S T o1k, 3 FIXREM1E S FAE R
WA LRKETT. EEESEAESHEAR , BAXRENEARBATN SH B& % BHN
i, XANE AR A, BN GRS AT BT ESREIES  BHXT
SUB DR SIH B M B

MBEAESMHBE  HALKEFTE , BERJILE kQ BFSBE,
RS T REHRAE (f00/2) HESEREEATEM—MEE | KRBT I
WESARERMN AR, EBESH AT ADC = 5B —MEE R 28RS B 4

B5.
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Figure 113. 1L A B2

i
ADCn ~ M
1..100 kQ L
Cop= 14 pF
I|L T
i Veel2

BRI FEIRIBEAR RENBRABHRFRIRBL LB T (EM) , NTTZWEDNENEE. WRE
MEEERRS , BATUBE AT HERBDESS

1.

2.
3.
4.

ERBEMENT., RIEENEEEUTEIMY £ HECISERTR
HWREESLE ST,

#0 Figure 114 FFR , AVCC MBI — 4 LC M&SHT 8 ER Vo S,
5558 ADC B P 34182 5REE (SR B CPU f9 T 187,

WRA ADC[3..0] lIm A AERFRE , BALFRIEE R R TIRFEAN
ToBBFHTR,

Figure 114. ADC HRiEZHE

2467L-AVR-05/04

(ADO) PAO (51
vee (]

(ADCT) PF7 [54)
(ADCE) PF6 [55,
(ADCS) PF5 [56,
(ADC4) PF4 [57)
(ADC3) PF3 [58]
(ADC2) PF2 [59)

(ADC1) PF1 @

(ADCO) PFO @

10uH AREF @
GND o=
1 AVCC
l100nF
I ,

IAnalog Ground Plane L7

 [g]
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REHEAE BELFEENREM=LE RAEREEIEERE. BUERTFNERRETEE
HEENIINZESMANERNBEENS. ZETHARENNEBLERPRE, £AXKRE
TREGENRMG , BENRETREE 1LSB AT,

ADC BEEN — n AR iH ADC R’ GND 5 Vier Z ARV B EFRIRK 2" 4 (LSBs) TRINEF
B, R/WERBR O, RAMNERBER 21,
DTRNASHERT SBEER 2 ANRE

R : 5 — X%k (0x000 | 0x001) SIEARHEH#R (0.5 LSB) ZAIMNR=E. BEHER: 0
LSB,

Figure 115. REBIRE
Output Coded

————— Ideal ADC
—— Actual ADC

Offset
< Error

—
Vree Input Voltage

- WEHIRE FRBRREZR , &E IR (Ox3FE ) Ox3FF) SEBAEBR (RXEUT
1.5LSB) 2 AN REB HIBEFIRE, BAEE RN 0LSB,

222 ATmega128 m———
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Figure 116. E&Hix=E

Output Code A

Gain
Error

----- Ideal ADC
Actual ADC

.y

« BAELM(NL) : ARRBRE@RIREZR ,
IRZEF INL, 488 : 0LSB,

Figure 117. E{RIEL M (INL)

Output Code A

NI

Vgree Input Voltage

----- Ideal ADC

Actual ADC

-

ATMEL

Vger Input Voltage

FIAXRERSEBRRZANR A
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Z 7 IEL M (DNL): SERRTBTE (RN EBIE #2 ik 2 RV BB (R BE ) 53R 109 7T (1 LSB) Z [AIHY
mE. it : 0LSB,
Figure 118. Z423F4 % (DNL)

Output Code A
Ox3FF

|
_lisee
i :‘_DNL_>
0x000

0 Vgee Input Voltage

BUIRE  ITHWAREREBCRBRUNED , B CENMARE (1LSB) Wik
BRAMENEHL, BLIRESZRN £0.5LSB,

« BUWBE  EXGER (RELER ) SERERCEANEAREZ, HRE. #H1R
= EPRE. FEMREMIREMR. BREN +0.5LSB,

224 ATmega128 ]
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ADC H#4 R
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BMERE (ADIF AE ), RIS RBFEA ADC £ R FFE5 (ADCL, ADCH),
BORERNERNOT

V,\ - 1024
ADC = IN—
VREF

XAV HBREF SO BABE Vege NS ELE (S P 226Table 97 5 P 227Table
98 ). 0x000 X FIELIHEBTF | Ox3FF R KFTES Z BEMNBMER X 1LSB.
MRAFEAZSEE , ER= .

_ (Vpos—Vyeg) - GAIN - 512

B VREF

KA, Vpos NHEIASIBIERE , Vyeg NHASIBABE , GAIN AEENEHEEF , B
Veer NEEBRE, ERA2HBERRT , M 0x200 (-512d) B Ox1FF (+511d), 2R A
FPHREXNLERRITRERMERN , ©EXRDIRLE RN MSB(ADCH #F ADC9), HRiZMH
1, 4870 BNERRNIE. Figure 119 AHE D AR AR,

Table 96 44 i 3% EHI 8355 GAIN BB Z BE R Ve IE S B AX (ADCn - ADCm) £
MHEHBNER,

ADC

Figure 119. Z7 M £5EE
A

Output Code
Ox1FF—

== JQ\,_

0x000
T ()8 e T T T 82
“ Ve GAIN oxaFF {0 v,

>

T l e ’

GAIN Differential Input
Voltage (Volts)

REF/

.
3
(>(

f — 0x200
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AIMEL

Table 96. W A B EHH HBWHEEXR

Vaocn #EHE A B3t HIE
Vapem * Vagr /GAIN Ox1FF 511
Vapen + 511/512 Vegr IGAIN OX1FF 511
Vapen + 511/512 Vagr IGAIN OX1FE 510
Vaper + 1/512 Veer [GAIN 0x001 1
Vaocm 0x000 0
Vapom - 1512 Vegr IGAIN OX3FF A
Vapen - 511/512 Vegr /GAIN 0x201 511
Vaper - Veer /GAIN 0x200 512
1 -

ADMUX = OxED (ADC3 - ADC2 , 10x 2% , 2.56V SE®BE , £XIFF )o
ADC3 L£EBE7 300 mV, ADC2 BFEH 500 mV,
ADCR =512 * 10 * (300 - 500) / 2560 = -400 = 0x270

ADCL £ 0x00 , A ADCH &5 0x9C, 44 ADLARE 0 AX45F: ADCL = 0x70 ,ADCH =
0x02,

Bit 7 6 5 4 3 2 1 0

I REFS1 REFS0 | ADLAR MUX4 MUX3 MUX2 MUX1 MUXo0 I ADMUX
®B/IB R/W R/IW R/IW R/W R/W R/W R/W R/IW
WNHE 0 0 0 0 0 0 0 0

e Bit 7:6 — REFS1:0: S8 FEi%i%F

W Table 97 Fi R, BEX/LUALLERSERE, MREXRIBHUER T EIINIRE |
REFILERRE R (ADCSRA FF8=M ADIF By ) 2 EREF2RER. MRE
AREF S| EHEIN TS EBRE , NESERERTREBEA T

Table 97. ADC SZHEix#F

REFS1 | REFS0 | $EZ®BE%EZR
0 0 AREF , & Vref <kl
0 1 AVCC , AREF SIHIZMIE R BA
1 0 RE
1 1 2.56V B NEHBEIR , AREF SIS IGERER

e Bit5— ADLAR: ADC &4 B EFFF
ADLAREMADCH &£ READCEEF RPN EMRFE R . ADLARENRERERNE
¥, BMREFTF. ADLAR WG ENEIM ADC BIESHFBNHNE , TER_REA
BB TFERHT. XFX—UHEEEREBEN P 228“ADC $iEZ 1788 - ADCL #1 ADCH” ,
* Bits 4:0 - MUX4:0: #1188 58 25i% B

226  ATmega128 m———————
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BEXJUVEIRE , JAXIEEZS ADC WERIMMARTIER, HANESBERRHT
. AT N Table 98, MRAEKMIBHIRBX/LVNE , BARBIKRRER

(ADCSRA FF8:#) ADIF BfY ) B REFT B,

Table 98. W ABESIg&ItFE

ATMEL

MUX4..0 | BiEsA EEZSWA HETRA Wi
00000 ADCO
00001 ADC1
00010 ADC2
00011 ADC3 N/A
00100 ADC4
00101 ADC5
00110 ADC6
00111 ADC7
01000 ADCO ADCO 10x
01001 ADC1 ADCO 10x
01010 ADCO ADCO 200x
01011 ADC1 ADCO 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
01110 ADC2 ADC2 200x
01111 ADC3 ADC2 200x
10000 ADCO ADC1 1x
10001 ADC1 ADC1 1x
10010 N/A ADC2 ADC1 1x
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADC5 ADC1 1x
10110 ADC6 ADC1 1x
10111 ADC7 ADCH1 1x
11000 ADCO ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADC5 ADC2 1x
11110 1.23V (Vgg) N/A
11111 0V (GND)

227



ADC EHIMREFERA -
ADCSRA

AIMEL

Bit 7 6 5 4 3 2 1 0
| ADEN ADSC ADFR ADIF ADIE ADPS2 | ADPS1 | ADPS0 | ADCSRA

®/E 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

+ Bit 7 — ADEN: ADC {gg

ADENEEIEZIADC , ENMADCINRER Hl, ERR S FE A XAADCH L BN A Ik IEfE#EAT
KB,

+ Bit6 — ADSC: ADC FF 4%

ERERERERT , ADSC B E3—X ADC i, miELEHRIERT , ADSC B
TR E R, F— X% (£ ADC B3 2 /GBI ADSC , & EFAE ADC WERE
{2 ADSC) EE 25 N ADC i AH , MAREEBR T 13 1N, F—IREEEHIT ADC
DRI T,

ERRH T IR DIRE ADSC HIREEN "1” , BEIHRLE R, ADSCIEEFR=4F A3
£,

+ Bit 5 - ADFR: ADC &40k 1%

HiZMME 1, ADC ITEEELEEHRER, HiZEXT , ADC TN HIEFEHR/IHES
B#H, B0, FIiiELE#EHRER,

+ Bit4 — ADIF: ADC HHftRE

£ ADC B4R , ERESER/EEHT , ADIF EfL. IR ADIE & SREG FHI2F
AT EERELL | BB , ADC B R RSEFEBLINIT , BErt ADIF BHES, It
S, BB EEREE 1 kKE ADIF, EXEMNE , MEX ADCSRA #1Tik -
- BRE , AL EN RIS EEIE, XBERAT SBI & CBlI BT,

 Bit 3 - ADIE: ADC "l fEEE

# ADIE & SREG M | E{Z , ADC ¥t 45 3R A i BN4R0RGE
 Bits 2:0 - ADPS2:0: ADC T4 5 S8k R4

XJLu#E T XTAL 5 ADC 3 AR 2 B 935 E F .
Table 99. ADC i % ik %

ADPS2 ADPS1 ADPS0 oA F
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128

228  ATmega128 m——————————————————
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ADC BiEF 788 - ADCLHM
ADCH

ADLAR =0:

ADLAR=1:

2467L-AVR-05/04

Bit

®B/IE

#E

Bit

®B/B

#E

9

8

- - - - - - ADC9 ADC8
ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO
7 6 5 4 3 2 1 0
R R R R R R R R
R R R R R R R R
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
ADC9 ADCS8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2
ADC1 ADCO - - - - - -
7 6 5 4 3 2 1 0
R R R R R R R R
R R R R R R R R
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ADCH
ADCL

ADCH
ADCL

ADC RtERjg KMRERFTIRNFEHRZT. UIRRAZSDEE ,4RH 2 WG

EART.

BREVADCL 2J& , ADC #fE 5 Fes —EEE S| ADCH )ik i = o] BU [T AR E#o
b, MRFERERNEXNTT , EERNBEFST 8 Lb4s , MAMNF R ADCH FEH
7o BMAHFEEE ADCL B ADCH.

ADMUX ZEH 12589 ADLAR & MUXn 2 MERERERBESESRTNRRIAR. R
ADLARF 1, BLERNENT , R2 (REHREIRE ) , ER N AT,
o ADC9:0: ADC it R

ADC #H4ER , AT P 224°ADC BIRER ",

ATMEL
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JTAG #0#M A £iE
R4 OCD(On-chip
Debug)

B

Wi 540 - TAP

AIMEL

* 5 IEEE 1149.1 #R 3B JTAG #0O
M IEEE 1149.1 (JTAG) ¥R #EAY50 SR #iThAE
o W TLAAE :
- FIEN R ASNE
- WEBMSNE SRAM
- BESRXH
- BFit#es
— EEPROM # Flash Zf 8%
- ¥R OCD XRFHM= , afF
— AVR Break 5
- BEFRERE
-BF
— B — b E RS
— B ER — 4 it k3T B A9 SR T R
« B JTAG ¥03f Flash, EEPROM. R4 {8 EMHITRE
» AVR Studio %3 OCD

5 IEEE 1149.1 fREREBH AVRITAG O AAT -
B JTAG B RAEEENIR PCB,
WIS REFHER, BLUMBEMHETHRE,
F £ OCD,
TEjJ JTAG #OMEIEER, BXBE JTAG #O#THE., RO RAFENS&HR
BHiED B2 P 286 Y JTAG #O# T4 " & P 235°1EEE 1149.1 (JTAG) L A

o FMIEIRAZIEE OCD LLE A JTAG 83X , RE ATMEL REB5 & . ATMEL A1k
?¥i&3‘iﬁ%-7§ JTAGICE .7,

Figure 1208 JTAGE O ROCDR LM IER ., TAPIRHIZE N ZFTCKMTMSE S HIAIRZS
Hlo TAP #ZFIBRHEFLEE JTAG ETHFSH  AFLBRRBEHESREN TDI(AA ) H
TDO(%i ) Z M 148 (BT 7R ). ESBERRE T RHRESFET NN ITAG
H T o

ID & 1725, 588 (Bypass) HFF s M REAMEAR T A TREN AN BIES 77, JTAG
REED (SEILNIENNEMNRIES 7R ) ATHRITRE. AAREENN AR
%/\ma: OCD IjJﬁbo

JTAGEOETAN S|, AJTAGHRIBERIE X LS| IH R 7 NI 15 R uw O TAP, X5
M2 -

o TMS : MRERERE, oIBARSEI TAP BHISRZE MRS Z B 1R,
TCK : MikrtsF, JTAG BERS TCKEHFH,

o TDI: MiRHBEBA--FEBMNIIECTFFRIAKIESTFE(HLE)WRTHRARE.
TDO : MiAHKFEH L - BEESHFERILETFERRTBHOLIE.

ATmega128 X BELH IEEE 1149.1 #RAEIEERI AIIE TAP 55 TRST - Test ReSeT,

JTAGEN % B4Ysi2at , @ TAP SIINEE /O 5|H , TAP #2HIR4TEMRS. &
JTAGEN #4% 2 H MCUCSR HFF&#EM JTD T TAPF‘?EEFFWJ:H%BHHH —IL/{
B JTAG EORTURAARNEE, 3 JTAG TAP BHSBAB HHYER , TAP ]
P (TDO) Bz , At BE— A LN AR EEH N S BEE, JTAGEN R HI™
BRI E 4R,

230  ATmega128 m————————————
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XTF OCD R4t , Wik 2RiE 112 RESET 5| IR M AT E IR, it 25 th AT LU RESET
PR EMENRS., KNFEIENRENLMSARTTREIIA,

Figure 120. KR

1/0 PORT 0 . . .
A
DEVICE BOUNDARY Y
rll BOUNDARY SCAN CHAIN
oI I I §
00 +: - p JTAG PROGRAMMING
' TAP INTERFACE
TCK  —» CONTROLLER
™s —» |
: AVR CPU
INTERNAL
)/ FLASH  Address [« gcan  [€ pC
INSTRUCTION MEMORY Data |-»  cHAN

ID
BREAKPOINT  [€ >

UNIT
M [~ FLOW CONTROL [
u BYPASS e A UNIT 2 2
v REGISTER DIGITAL gz g
< PERIPHERAL |« e L E =
Pl UNITS 3oz g
< 22
BREAKPOINT & g
SCAN CHAIN [
v JTAG / AVR CORE
comNEATin
DECODER OCD STATUS > 2
»| ANDCONTROL £
)
]
8
<« O
]
°
v £
I 8

/0 PORT n

A mEl% 231
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Figure 121. TAP #ZHISR RS ERIER

1 C Test-Logic-Reset

0
A
0 1 1 1
Run-Test/Idle Select-DR Scan P Select-IR Scan
4
0 0
A A
1 1
—  Capture-DR — Capture-IR
0 0
y
—»|  Shift-DR D 0 »  ShiftIR D 0
1 1
v A
. 1 . 1
= g Exitl-DR P Exitl-IR
0 0
A
Pause-DR D 0 Pause-IR D 0
1 1
A 4 A\ 4
0 Exit2-DR 0 Exit2-IR
1 1
A4 A 4
Update-DR ¢ Update-IR <}
1 0 1 0
TAP %88 TAPZFIZZ N EF 16 MNRENERRSH  2HE A REBEE, STAGHREBRFNOCDR

SRR, Figure 121 AHMRSERABMTE TCK LHRMAN TMS 5 ( IEIR

BEEN 01 BFER ). LBEMNFNHRIRADNR Test-Logic-Reset.

RBAFMOENL , BUSFERNLSB HABA /BH,

fR7E Run-Test/Idle 7y HFPRA , A JTAG EHONHEYREN

« HETCKHLABMNTMSHWAESES 1,1, 0, 0 BIBMNIEFSFRESS - Shift-IR IR
Do ARFRIETMS K , £ TCK B9 LFRM TDI 5 4 LLEH JTAG ERHIE 3 11
BAJTAG ETHER, &N TMSHE , A TDIF JTAG ESHHESENBA
JTAGE R &7, EESBANRNBREN IRMA0x01 ATDO . STAGES

ERE-NMSENBIESFRER TDI M TDO 2 HHERR , A REIESBERIET 7R
HYEBB%

232 ATmega128 L __________________________________________________________________________|
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e SR AeE
AR LRHARS OCD

2467L-AVR-05/04

£ TMS LiEmMESFESI 1, 1, 0 LEFH# A Run-Test/ldle A7, #EHFE Update-IR
RENBUNTERNEIHTHE, RS Exit-IR, Pause-IR, # Exit2-IR R ATl
BIRE

£ TCKEARMN TMS BAEEFF 1,0, 0 BIBMUEIEFEFES - Shift-DR RA.
RIETE TCK W EFRM TDRHEM AR B ERNBIESES (AT JTAGES
SEENITAGESRE )o N THRET Shift-DRIRAS , RTRAKRENGS |
TMS —EERIFHNKEBF, Bt , 7 Capture-DR RA T HR DN HRIET Fe5M H1T
WAH TDO i,

ETCKHEARMNTMS AEEFS 1,0, 0 BBUIKIFESEES — Shift-DR RS
RIETE TCK B EFHBM TDFHEH ABBIE RN BIES S (AT JTAGES
HFEBMNITAGEDRE )o N THET Shift-DRIRD , RTHARBENESH ,
TMS —EZREFHNEKBF, Frt , 7 Capture-DR RA THIZ TN HRIETF8M0 H1T
WAH TDO f#iH,

£ TMS LEMESFS 1,1, 0 LAEFH# A Run-Test/ldle IR7&. MREENKIES
EERAHENHTEE , BiFIRIET Update-DR RATM. IR Exit-IR, Pause-
IR, # Exit2-IR R B F#IRZ.

MR HEER , FiEER JTAG B NERABESESRZATEEHR A Run-Test/ldle

RS, — JTAG IEES THETE Run-Test/ldle IRASRMITEE T |, 2 TFBHEESHE Idle

Note: 5 TAP #8345 RS T E , Test-Logic-Reset RS KA LUHAN , REF TMS RiFH
& 5 TCK Bt4h A LA,

BXIJTAGHEBHNEKERESEP 234 SEHEE ",
SERMIG R FEHBATE P 235 IEEE 1149.1 (JTAG) @ 43 7

70 Figure 120 Fi 7R , 3% OCD WRENBHETEEHE :
«  HF AVR CPU Mg ¥ Tz B Ry O N #HSE.
T 8 T,
«  CPU M JTAG R& 2 BEIRNED,
FRERIAR e FR B SN / BIREFET S W AVR CPU 145 AVR 85
WAERNZEH, RE CPU FERKET —MSEM /0 1FMEESbHE | It /0 FEESHUE R
CPU #1 JTAG BHZEON—2B45
WRBETEM TN T RINEE : BFEME, 25, A EFEHSHSURFEMNAER
Ro 4 MR TR TEE :
. ANEEFIEMEEEN S
o 3NEFFHENS + 1 MRIEFEEESHNR
o 2N EFEHSEMNA + 2 MNUEEMESRI S
« 2NEFE#SBES +1NER (GEE ) BFEEMESENS
c 2AEFE#SIER +1AER CER ) BIEEESIT S
AVR Studio® XM B RBZTREERATEFN —ERE , L TREAAFHREML,
5 OCD ¥xM1ES 5T P 233“OCD EEM JTAG S 7,
RTEERE JTAG iR iFHwE , JTAG ERE{L JTAGEN SEN , M ETEEIREEM—
ANBUELMRIE OCD B IE, X —EEBIEMBUREENE L OCD AN A REI T
EFREZNER, &N OCD RERAMBRBHREET —NEIT.
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AVR StudiofJ AR F T2 2 HAVREFHHIT , AEZFAJITAGHOCDINEE , &= F
A AVRICE , 2 AVR IES £ ESE, AVR Studio TFRRXBENFE , BIFEA Atmel
BEMN AVRICHEBERCHRER , URBAE=HM C RTZBEM CEF.

AVR Studio AT BLUZE 1T F Microsoft Windows® 95/98/2000 LA & Microsoft WindowsNT®,
AVR Studio KY5E &% BiE S #E AVR Studio User Guide,

AVR StudioB& T EXFANETH T , TERREABRER LHER. AR TETEN
B RERHA, BTEXRL, FE, ENEEHSHARAFSTSERNERE, It
A, AFERENY BREAK ETRELRZNEFMK , URIEEFNMNBIEFHE ST
R, REAR—1MER (EE ) B,

OCD $EEM JTAG T  OCD MARNEHE JTAG iEHHM,

PRIVATEO; $8 THEM JTAG T LR OCD R,

PRIVATE1; $9 LK JTAG 55 i H OCD R4,

PRIVATE2; $A LHH JTAG IS LLIAE OCD R&.

PRIVATES3; $B LK JTAG 55 i H OCD R4,

23 ATmega128 m————
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I/O ZfE 885 OCD #x

NEFFR

OCD #1###% - OCDR

FA JTAG BVREBRED

ZEHH

2467L-AVR-05/04

Bit 7 6 5 4 3 2 1 0
| msB/brD LSB | OCDR

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

EE 0 0 0 0 0 0 0 0

7S OCDR N EEAEBNEZTHWEFSARSFREHRT —MNENEE, CPU IJEL
MEBEAZTEABABRB[BOKRIE. AFRZIHRE - /0 AR FEHFIESHRE - IDRD
B, FiFRREXNEESNCLE THRE, % CPU ik OCDR FF886 K 7 (X E
#1788 OCDR , ™ MSB 3 IDRD. i85 E#EE IDRD BIESE,

— AVR %%#Htt%ﬁ%%‘%ﬁﬂﬂh& IO BHRE, At , REE OCDEN ELREM
ﬂﬁt%ﬁﬁ (B 49 BHR = 7T LA i (7] 231288 OCDR, H A& 5 8] 8 247 & 1/0,

SERRABXEURBEAR N FERNE —FHNER.

Bid JTAG ¥t AVR S245# T4RIEEH JTAG O/ TCK, TMS, TDI  TDO S=: Y,
XFRER T BIRUART JTAG kﬁﬁpﬁ%%ﬂﬁpﬁﬁ%lﬂﬂlo RAt , BL4 JTAGEN HAHE
HWRTE , ME 1788 MCUSR B JTD “AUEE |, LUERE JTAG MiXiAEE O,
B JTAG AT BAEI I TR RIZThAE
+  Flash HERRE

EEPROM 472 R K1

B RERRRE

BEMNRERRE
BMENHNZEMEHTHEEEARTS —HH, MR LB1 = LB2 #4mTE , B4 OCDEN
MAREBRET , RIEGEHTCHER. NTTERTREFZZNEI D,

BE JTAG #ITRENEE JTAG 5T P 286" B JTAG EOMITHRRE " -

EZNBEXRLRAARNEEESENTXE !

IEEE: IEEE Std 1149.1-1990. IEEE Standard Test Access Port and Boundary-scan
Architecture, IEEE, 1993

Colin Maunder: The Board Designers Guide to Testable Logic Circuits, Addison-
Wesley, 1992
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IEEE 1149.1 (JTAG) &5
A

R

BRETESR

AIMEL

* 5 IEEE 1149.1 /R MR EMN JTAG 0
o BM JTAG FRAEAD SR HIThEE

- WHARHEFFENEO

« XIFT%EM IDCODE S

« s AVR_RESET S &4 AVR

BEIRRAEETUARDANEE AVR HF /0 SIMBNZEET  URAUBREREEFEL
THENEDERNGR. MNRE-FKRY , FIEEHA JTAG IEER IC BURTHARS
TDI/TDO E5#E , R — MR B F 7R, SAEPRBISR I LORESRN  ExEfm
SIHAHES  ARBESRFAASIHNZEBRE, RiFHRHI8R UL BRER N HIEN
HEE, BEXMARX  BRAABRA 4N TAPESRIMT PCB R ERBAEE, =
BRI,

PO IEEE 1149.1 ERLHH JTAG #£4 : IDCODE. BYPASS. SAMPLE/PRELOAD
MEXTEST , AR AVRHI A UTAGHE S AVR_RESET A LA A3k 3li% PCB, 1 FIDCODE
RHREN JTAG £+ , BN HESESERNIBRENSEE4N D5, £
BYHPREFE AVR REMRSRE—NMNTEN®RE, MRTLETFEMRS |, SN RANA
RigRERE K MERHENRZEXNN S ANRGE L TFABENRS. & FEMR
A, RORNEES. EEENHMRTLUET BYPASS i8S R4S, £ AVRHEA
SRS ERIAZ , — 25 AVR RESET S|HHI{K , — B4 AVR ENFER/MEEE
HEEH 1T AVR_RESET 5.

EXTESTIESRAXRIZIMGIM EHNEHE  URBHENREHmESIMH L, —BEXTESTES
IEE JTAG IR FEF:8 , M ENHRERMIIBEE, Eit , HTHIEESE —XHIT
EXTEST {5 HRA BRI , EEFEH SAMPLE/PRELOAD SR A BN AHFKIRE
NEEIE. SAMPLE/PRELOAD & a] LA R4 IE & T/EH AVR #H—NIAERSIHIAY < R
lﬂ\ﬁ” (o]

BT FEREJTAG MR iF R A TAP |, JTAG fE8E L JTAGEN 4B , M HFF8§MCUCSR
B JTD HIEE,

EFR JTAG EO#HT I REENR | JTAG TCK BB AL E N TERES, It
RS E RS TEEIT.

SR RRAEREENBBESTESRE
+ Bypass F178%

. ERMFIRAIFFER

- EFFSH

. LR

236  ATmega128 m———————————
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BRUERBFER

TES

BH4RS

47 ID

EHFFH

2467L-AVR-05/04

Bypass 172 H — M BN FFEE K. % Bypass HFE5#40% 7 TDIF TDO 2 AR @&
it , JBHH Capture-DR RS EFFEREM A 0, NiX HAbES548d Bypass FFE5 I LA
RFBEREWIEEE,

Figure 122 7 2atFiR 5l HF 2R 4519,

Figure 122. SRR BIFFR/AIEX

MSB LSB
Bit 31 28 27 12 N 1 0
gD | 23 | Beag | £ ID | 1 |
4 bits 16 bits 11 bits 1-bit

RAERT 4 4%, ATIRAL BRI A A 0x0 , irRA B 1 0x1 &,

BEET 16 th45. ATmega128 9 JTAG & 55T Table 100,

Table 100. AVR JTAG &

ns JTAG B 5 (Hex)

ATmega128 0x9702

£7FID 5A 11142, AXRIARAE~E., ATMEL B JTAG £57& ID 5IF Table 101,

Table 101. 477 ID

PR JTAG 47 ID (Hex)

ATMEL 0x01F

SENHFFREAREMEFNNABETEFR. BTENN AVR NEONSES , i
FERETUARKERARIN JTAG 5 HIGHZ,

BRESENBETRHN 0 85 AVR ENSIHFHK. REEVFEFERREXNKE , AVRF—
ERFEMRS. RERMIEENTR ,EEMX AVR EUFFHRZE CPURFLTEN
RS, BEFBEHESNEN A, XMBEFESENAEHRTHEN , Bt—BREBEE
fUR K%, ¥ Figure 123,
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B RAME

ERE#E?EEE’J JTAG #§

EF)

EXTEST; $0

IDCODE; $1

SAMPLE_PRELOAD; $2

AIMEL

Figure 123. S & 738

To
TDO

From Other Internal and
External Reset Sources

From 4D—> Internal Reset
——1D Q

-

ClockDR - AVR_RESET

DRAHFHETURNEE AVR 7 1/0 S|HNEZEET , UIRAUABEREFLTHE
YRRl BB BR AV IS SR

STEEGEHER P 238  p A AEeE " —1,

BT HFRAANN 4L X516 MIhEE, THIIHNRIFLRAHN JITAGES.
EEEHRMRAXRY HIGHZ 55, BRALIET AVR RESET ETRIIBEER =88
HSIMRENSHES , BNAARONDEREN =

BRERAFMHER , BUFEFHRN LSBELBA /B,

FRIETHIRIED (OPCODE) M HEX # X3 FHE TR MM RHE. XNk 88 B — MR
FFSRMUERER TDI M TDO Z RHEE.

XRAHEIAW JTAG IS, AXRERIRABSENRESES | BUIR AVR 248
Bk, EREEETLUAREOMNSIHE, EREE, mHEs, SHARE  URBAN
BE. TUBRESHEFELIFENENSR, ENBRFEEsENENCasEREE
B, —H EXTEST#ETMEE JTAG IR FE:8 , U AAREESFNHEHBERMA H
S| B o
BRHVRS R -

Capture-DR : fH5|H L %IE (BT ) A RiaHE,

Shift-DR : NEFAHESEL TCK F at st TR I8 4E,

Update-DR : 336 4% - /9 %137 I BR 2% i SIH £

XZ2AHER JTAG 85, ARIERE 32 UM ID FEENHIESTES, ID FEBERF/MRA
5., BELUKH JEDEC BENETE ID, Xt LBEENZENHREES,
BHEORESRH

Capture-DR : IDCODE 1z 230 B iE 3t A 3%,

Shift-DR : IDCODE #3## 4L TCK A B4 1T B4

XRMARIW JTAG BT , ARME B H HBiFR  AETERRETENTRTH
WA BESIHE-MRE RE . RSFNAHEREERIAHEIMN L, BRH
BERIERNBIES R

BREPRER

233 ATmega128 m———————————————————
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AVR_RESET; $C

BYPASS; $F

/0 FisR B 5 SR AHM
XFFRR

MCU 2 HIfREF 787 -
MCUCSR

b SRAHE

HiEHF w05 H

2467L-AVR-05/04

Capture-DR : fF5|f L BIE (BF ) R AB R EHEE,
Shift-DR : 2 F1A348E LA TCK Jy Btéd gt T8 i e,

Update-DR : 1348 E IR MR E 5 H 878 . BRBIFAV A HH NEZS A H
SR

X225 AVR AW AR JTAG i85 AkES AVRHAENVER RERBHRITAGE
iR, TAP EHBAEFZNRETEM, —HEBENENFERFERNIBESTES.
RESVAEENEZE 1, ENR—EBEER. XMNAEENHHETHUEN,
BRHPRS R -

Shift-DR : E{uEFE5 TCK H B4t TR IR4E,
XR2AIRIM JTAG 55 , FiKSfF Bypass FESFERABIEFTES.
BRHPRS R -

Capture-DR : HiZ%8 ‘0’ i1# E Bypass F1F85,

Shift-DR : TDI 1 TDO 2 [B1#) Bypass Z1E85 8 Uit T B RME,

MCU ZH RS FFREE T MCUBA RN EFI  UAREHEFLAENRSIEEN
E’gEa§so

Bit 7 6 5 4 3 2 1 0

| s - = JTRF | WDRF | BORF | EXTRF | PORF | MCUCSR
®/B R/W R R R/W R/W R/W R/W R/W
WIRE 0 0 0 S LEMIK A

» Bit7-JTD: JTAG EQOEH

Wix—{IF'0, B JTAG #8844 JTAGEN #4RT2Rt JTAG BOMFEE ; BN JTAG 3=
AZheeZE ik, ATHILETERE JTAG EONIERS , EEESFUOTERS : £04N
AH A 2 AR XML AR BAEENHIE.

£ JTAG EO KRS HM JTAG BIRIEE , JTDUNMER 1" , LUE% JTAG #0 TDO 3|
B EEAS B
+ Bit4 - JTRF: JTAG EfIfF&

HENVRH JTAG ENFHFHRAN ' AT TH AVR_RESET #5588 , JTRF B
i, BEEAN'C HEBEMHNHETUREESE,

BEGRAHET ARG NEE AVR BF /0 SIWNEZEET , URAURERSEFL
TR B AL R,

Figure 12487 LRI @i O SIMNE REAEE T, ©BEER T LH £ - PUEXnTh
BERYPRAEID ST 4 3 T LA 2 i a3 4] — OCxn, % #idE — ODxn F% A& — IDxn =
MESHENFMBBUFTFEAIN@MSIME T, TEMNHEBEESHKEOMSIHAT
FRo

ABEFEFMEESFL R BB, Figure 125 AH THE P 61°/0 0 » —F AN —
MR FIROSIE, Figure 124 44 HAIF AN FIFWEREIA Figure 125 WEL

EED .
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TEERE R , W ATRIE - ID MR PINxn FESEMNE (ER IDRERSEE), Al
BIEX N PORT FEs8 , MBSt NE#ES @ — DD FiFsds , LHERE — PUEXn — XY
NFZEKRER PUD - DDxn - PORTxno

BFEWEETR S Figure 125 REEERE , FE1EEE T UL BIEBRSIBIEIE. W F
BEThEE  AZPSIM SENERAEENERZEXR  HRETURA TR FZEERNERN S
iz 3od |18

Figure 124. 7 EHEBPEMN M@ix O 5| AL R A% ST .

ShiftDR To Next Cell EXTEST Vce

Pullup Enable (PUE) »——

D edl

Output Control (OC) -
FF1 LD1 0
0
D Q D Q 1
1
Output Data (OD)
0 FFO LDO
0 —D D Port Pin (PXn)
5 D Q D Q
1
»— — G

From Last Cell ClockDR UpdateDR

Input Data (ID)

240 ATmega128 |
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ATmega128

Figure 125. &m0 5|y REE

See Boundary-Scan description

for details!
C T T T T T I
| LI :} i PUExn Y PUD
I —
| | Q D
| | Q.
| WDx
| RESET
| OCxn
_— e — — ] —
Y -
| 3
I %)
-]
| Ez] om
~
| g
S <
IDxn o
f— SLEEP
,\
% l’/
PUD: PULLUP DISABLE . WDx: WRITE DDRx
PUEXn: PULLUP ENABLE for pin Pxn RDx: READ DDRXx
OCxn: OUTPUT CONTROL for pin Pxn WPX: WRITE PORTxX
ODxn: OUTPUT DATA to pin Pxn RRx: READ PORTx REGISTER
IDxn: INPUT DATA from pin Pxn RPx: READ PORTX PIN
SLEEP: SLEEP CONTROL CLK 0 1/0 CLOCK

PO SIH SCL 1 SDA EHHEASERE — M INNEFHIES . m&ZEO R - TWIEN,
i Figure 126 A~ , TWIEN S5 A AERESEZBHRFHRARTH. EERREFITHEEN
=AREHEE , H5 Figure 130 AHME B HEEL TARE,
Notes: 1. 2RH&E NI ASIHIA 50ns RIEFFFIEHPAHEE. HFHONAFZBELEEBH
FEEMENR T, EREEREMA TWIEEN SN —REERE#H T REE AT
KA R EE RS,
2. TNERR{ERE OC f TWIEN , B4 S| IR HIe,
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A# RESET Sl

PRt S| B

AIMEL

Figure 126. AR&LEORNNFAAHEES

L,

<] PUEXn
:; ﬁ OCxn
‘D

<J ODxn

Pxn J,] TWIEN
~
Slew-rate limited
IDxn

RESET 5| #3255V EFNERREBBF UKNIFENEVIRE ; UR12VHNEERE
FUURI S REHTHRE. Figure 127 FIRH RBEMAM P L TBEER T 5V ENES
RSTT , tB@ATF 12V WEES RSTHV,

Figure 127. REEM & T
To

next
ShiftbR cell

| |

-
. |

From ClockDR
previous
cell

From system pin To system logic

AVR B3 AT LUE S 1B 4 A% B 2 FP et 49 E IR | I W RCIRS% 85, A EPRC RS 85, HAERAT
., (BM) &EIRHESE. BR&ERSE | URBEERS .

Figure 128 i BA R MM BFE — IR HEN, FeeESIEEN L RAFEE T M
%25 / R A S HH NE R R AT A 2 T, SER R IRZERNPE AR S —
. FARC BN H HRFEEHEN , BAXNMRZ R EHNIERE,

242 ATmega128 m————————
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Figure 128. #&% Az MaTsP AL A% T

XTAL1/TOSC1 XTAL2/TOSC2

To

Next To
SHIfIDR Cel EXTEST Oscillator next
ShiftbR cell
From Digital Logic X ]
0 .
ENABLE OUTPUT ? To System Logic

1
FF1
D Qf*{p Q
r k -

From ClockDR UpdateDR
Previous From ClockDR

Cell Previous
Cell

Table 1028 % 545 7 S 886t 84 SIMIXTAL1, SXTALUXTAL2E R 788 , AR 32 kHz
R iRE SRR AR T 7R,

Table 102. #RZ/HAMHES 1O

EEEES AHEN R LI SREE AR HE N

EXTCLKEN EXTCLK (XTAL1) SEBREP 0

OSCON OSCCK H\ER & 1 0
AEBRER 2R

RCOSCEN RCCK 5\&8 RC 1

OSC32EN 0SC32CK HAERE T B 4557 27 0

TOSKON TOSCK 32 kHz R4 iR% 28 0

Notes: 1. FERMFERESZ T —MIRTHIRIERN X048,

2. A#EIERHSEAETASITTHPENER, XERNFFHEMN JTAG TCK Btz AAE
WERTB, RENSHHETT,

3. MHEEBIBALNHET. ATFETRFERTR LN , BN F—MRATRIAA
MHEEREEN., ZEUAFEHERYRERASRARSE —BENIETN. A TEER
BXTREETAEZIERY | SIS EEES , N\TRIRZEESIMMNAE
BEChURFT, PEERTXIFBLN INTCAP, A RHAEELTEFEERANTEEN
XTAL &% 25217 , BRIFB LN E R B EHRRE.

AFEL RS S RABMEXNLREERESRT Figure 129, Figure 130 AN RHAKE T5X L
EBMERE, 557 Table 103 Hi%HA,

X F AR E RN A LRI LRSS , BAFTENELRASHRFR AR ZIROSIH,

A IIIEI% 243
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Figure 129. H#lLLRET

BANDGAP
REFERENCE vce
ACBG
ACD —>»
AINO
A
ACO
AC_IDLE
ACME | =
ADC MULTIPLEXER
OUTPUT
Pl
Figure 130. &/ T2 ADC MBRLRAH R T
To
Next
ShiftDR Cell EXTEST
From Digital Logic/ * I 0
From Analog Ciruitry To Analog Circuitry/
1 To Digital Logic
0
D Q D Q
1
— G
From ClockDR UpdateDR
Previous

Cell

ATmega128 m———————————
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% ADC
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Table 103. EHLLLREFHID AR T

MEBER—0 A SERAEENRARN
EEEH | ENFM@ %8 HENRA HHBE
AC_IDLE | A RO BTSRARERL | 1 T EEHITH uC
& KRB
ACO Loy EillbReEmmE | FRREERT |0
B uC RBH 5
A
ACME A R RERKE 0 KT IEFEHITHY uC
ADC ZesH R
H
ACBG wWA fFRERERE AR 0 T EEHITH uC
e

Figure 13145t 7 EAFIAMXH B RN E S HADC RERE . Figure 127 FR REYL R
A B TSXEESHE, N TARNERENETIGET ADC , BRAFAMBRELNE A

SRFEmALZIROSIH,
Figure 131. EH#ies

T

VCCREN ), AN

AREF >
IREFEN,
J
To Comparator »
PASSEN

MUXEN_7 ﬁ/

ADC_7 ) . -
MUXEN_6

abc e,
MUXEN_5

ADC_5 : ) °
MUXEN_4 scTEST ADCBGEN

ADC_4 . ﬁ/

AR 4 PRECH  precu
MUXEN_3 g

ADC_3 : ; —‘
MUXEN_2

ADC_2 : ; DAC_9..0
MUXEN_1 ———c | osioac .

apc 1, 10 G20 N
MUXEN_O ADCEN T

X ACTEN —

ADC_0 N D

g TR
- HOLD -
oz He

NEGSEL_1
AbC 1V
ST

GNDEN

NEGSEL_O
ADC 0 ) ACLK
AMPEN

S8 1E Table 104 BEfEIE IR,

ATMEL

)c%COMP
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Table 104. ADC WL REABES

I H e st HEENRMALEES
TERR A, BECPURERA
BSEH HEMNWA | ADC MW HIKE
COMP WA DFxeBmREEA R 0 0
EUH BB ES
ACLK LTDN fEREM B B EL R BT 0 0
B
ACTEN WA LU E RBERN AN 0 0
RELRSENERE
ADCBGEN | #IA fERERE R E A REER 0 0
e BRHY T A3
ADCEN A ADC fy EHB{E5 0 0
AMPEN BA WBEWH LBES 0 0
DAC 9 WA DACBIFH{EME I 1 1
DAC_8 BwA DAC I BEME 8 1 0 0
DAC 7 LIDN DAC B BEMEE 711 0 0
DAC 6 LIDN DAC B BEMZE 6 11 0 0
DAC 5 LTDN DAC B H{EME 51 0 0
DAC 4 WA DAC B FHEME 411 0 0
DAC_3 WA DAC BiFH{EMSE 3 0 0
DAC_2 BwA DACBIFBEME 211 0 0
DAC 1 WA DAC B BEME 111 0 0
DAC 0 WA DAC B BEMZE 02 0 0
EXTCH LTDN ff ADC #9 0 - 3 BiEE 1 1
EIEREE
G10 BA fE4E 10x 25 0 0
G20 TN ERE 20x 1825 0 0
GNDEN WA R RS T 0 0
AR R
HOLD LTDN R AREFES. H 1 1
"0 IR EFERES A
1 RREES. WRE
HEE , EACLK S
FHXMEEXAME R
IREFEN wWA fERERERRE HERIER 0 0
DAC By AREF 55
MUXEN_7 | @A MASRENN 7 0 0
MUXEN 6 | #A MASIENN6 0 0
MUXEN 5 | @A MASEERNS 0 0
MUXEN 4 | @A WMAZERNN 4 0 0
MUXEN 3 | @A MAZIREEMN 3 0 0

246 ATmega128 ]
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Table 104. ADC K2 213155 (Continued)

EEE—————————————————————————————— A Tmega128

i Rz HHEENMALELERS
EAR A, BCPUBREEA
B5EH HENRA ADC B E 3 BB
MUXEN_ 2 | A WA DR 2 0 0
MUXEN_1 | @A MASEINNL 0 0
MUXEN 0 | @A MASRENNO 1 1
NEGSEL 2 | #A ESES R ARNE 0 0
ASHESWL 2
NEGSEL_1 | #A EDESHE AR R 0 0
ASHESHINL 1
NEGSEL 0 | #A ESES R ARNS 0 0
ASZHESHNLO
PASSEN WA fERE =M 1E ) 1 1
PRECH LTDN LB B F ST R 1 1
B (EE®)
SCTEST A FF<e# R TEST AL, 0 0
10x 18 %5 56 & A 3
ADC 4 S|
ST WA MR KESE AMPEN 0 0
FEZEHLFED
ACLK BB RS , 8
B9 5 R A E R YR
ERETk
VCCREN LN %32 Vec 73 ADC HE 0 0
R

Note: EFIEWHIEE Figure 131 FRETERE S HR , HE TSR, Figure 131
i H B S A SR Y S&H BEREY M HH A S RkIR, BERIETE ADC S|, #EREARRM
W=FZ —EE -,

EERHEIRPREER ADC , NHEFEA Table 104 AHNWAE, FHEERAFES

HEIRPERAZSEE, ETHAXEANEEEERENBRENRRNEN  XEFARA

HER2RERIN, HTREENER , ADC SEER (ADHSM) bt RHEEELRAHE

BERA

AVR ADC KB R T Figure 131 , RUBFBHERIMNZF NELE L, F£HRBRH

EHRBRREEMPOEDLEEERERFTEUNE, XAUAFERBESFEITER

BIRE ARSI - £ F DAC[9:0] LEMTRE , BRLERFBNEMENE ; REERFE

DAC[9:0] LEin EBRE , BRLEEREBNBE NS,

3 F AR EZMEN IR ATLLEF ADC , BEAFTENELS ASHEZMARZHKOSIH,

5/ ADC rigic{E

+ {5 ADC RIAFUNSIMEE A , MBEEIE FREE | R IEESHER,

EEEEXT  FADCHFE3 — R "W “EEH R (BFE10XLER), BIUAFEMRE
BE ADC BEFED 200ns , ARBFHRERE ; RBZWNIT IR "W “ EEFEIR,
HOLD E 5 ket ( R4 ), DAC BEMLFFE T iE{E 0x200,

A IIIEI% 247
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ERGIF , ZRBIRBEN 5.0V, AREF EH#E| Vo B1E ADC BE& 3 #En 1.5V £ 5%
HBEAES .

The lower limitis:  [1024-1,5V-0,95/5V] = 291 = 0x123
The upper limit is: [1024-1,5V-1,05/5V] = 323 = 0x143

FRIEFEH Table 105 PR RESEMEE |, BN Table 104 FHEELIE. Table 105 R4
H T HEESEF DAC Mg OSIBIMNE, “sE " —FIRB T EEXEE/LYGFEEST
ERCHEFAN JTAG BT, ERARENHREN B HNEERITRE,

Table 105. f£/A ADC W& X

PA3.
PA3. | PA3. L
S| | IHE ADCEN | DAC MUXEN | HOLD | PRECH | ¥i& | #&4 -]
SAMPLE_
1 PRELOAD | | 0x200 | 0x08 1 1 0 0 0
2 EXTEST 1 0x200 | 0x08 0 1 0 0 0
3 1 0x200 | 0x08 1 1 0 0 0
4 1 0x123 | 0x08 1 1 0 0 0
5 1 0x123 | 0x08 1 0 0 0 0
®ig
6 COMP 2 1 0x200 | 0x08 1 1 0 0 0
ARO
7 1 0x200 | 0x08 0 1 0 0 0
8 1 0x200 | 0x08 1 1 0 0 0
9 1 0x143 | 0x08 1 1 0 0 0
10 1 0x143 | 0x08 1 0 0 0 0
1 COMP 2 1 0x200 | 0x08 1 1 0 0 0
BN

ERAXAMNEER X HOLD § 5 M FAREXN TCK B4 =4+ AR, BTFEEE 5 MNPR
B HOLD REHN® , TCK B MUMED 5 B FHMALRAZRKRIFET B b9 maxo
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ATmega128 i1 R #E X FF

2467L-AVR-05/04

TG R AEE R BIEERR TDI 1 TDO Z B AR F I Table 106 Fi’m. Bit0 A
LSB , 2 —MEHAHE (A /A )WL, RBSIMXFHTHBRT AN, Bit w0
ARNPERAFSHMEOZERN, ERBERNPEER -0, CHRTHBENR
SN, MAEEZETH—NWESIH, £ Figure 124 B |, PXn.Data N F FFO ;
PXn.Control #85F FF1 ; PXn. Pullup_enable 888 F FF2, i 0 C B 2, 3. 4, 5 U~
RiEgECH , BN JTAG ERERTIXLES|BIZ TAP S|,

Table 106. ATmega128 A R X F

EMIMNEFES | BESER B
204 AC_IDLE tbes
203 ACO

202 ACME

201 AINBG

200 COMP ADC
199 PRIVATE_SIGNAL1("

198 ACLK

197 ACTEN

196 PRIVATE_SIGNAL1®?

195 ADCBGEN

194 ADCEN

193 AMPEN

192 DAC_9

191 DAC_8

190 DAC_7

189 DAC_6

188 DAC_5

187 DAC 4

186 DAC_3

185 DAC 2

184 DAC_1

183 DAC_0

182 EXTCH

181 G10

180 G20

179 GNDEN

178 HOLD

177 IREFEN

176 MUXEN_7

A IIIEI% 249
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Table 106. ATmega128 i1 RE#H X F

EMIWFS | E5EH B3R
175 MUXEN_6 ADC
174 MUXEN_5

173 MUXEN_4

172 MUXEN_3

171 MUXEN_2

170 MUXEN_1

169 MUXEN_O

168 NEGSEL_2

167 NEGSEL_1

166 NEGSEL_0

165 PASSEN

164 PRECH

163 SCTEST

162 ST

161 VCCREN

160 PEN YmiZEERE (R A )
159 PEO.Data WwHaE
158 PEO.Control

157 PEO.Pullup_Enable

156 PE1.Data

155 PE1.Control

154 PE1.Pullup_Enable

153 PE2.Data

152 PE2.Control

151 PE2.Pullup_Enable

150 PE3.Data

149 PE3.Control

148 PE3.Pullup_Enable

147 PE4.Data

146 PE4.Control

145 PE4.Pullup_Enable

144 PE5.Data

143 PES5.Control

142 PES5.Pullup_Enable

141 PE6.Data

140 PEG6.Control

250 ATmega128 L __________________________________________________________________________|
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Table 106. ATmega128 i1 RE#H X F

EMIWFS | E5EH B3R
139 PEG6.Pullup_Enable wHaE
138 PE7.Data

137 PE7.Control

136 PE7.Pullup_Enable

135 PBO0.Data WwHa B
134 PBO.Control

133 PBO.Pullup_Enable

132 PB1.Data

131 PB1.Control

130 PB1.Pullup_Enable

129 PB2.Data

128 PB2.Control

127 PB2.Pullup_Enable

126 PB3.Data

125 PB3.Control

124 PB3.Pullup_Enable

123 PB4.Data

122 PB4.Control

121 PB4.Pullup_Enable

120 PB5.Data

119 PB5.Control

118 PB5.Pullup_Enable

117 PB6.Data

116 PB6.Control

115 PB6.Pullup_Enable

114 PB7.Data

113 PB7.Control

112 PB7.Pullup_Enable

111 PG3.Data WO G
110 PG3.Control

109 PG3.Pullup_Enable

108 PG4 .Data

107 PG4.Control

106 PG4.Pullup_Enable

105 TOSC 32 kHz B &hiRSH 28
104 TOSCON

ATMEL

251




AIMEL

Table 106. ATmega128 i1 RE#H X F

EMNFE | FEEH B3R

103 RSTT SMEE
102 RSTHV SRARA )
101 EXTCLKEN ErH /R RORAEES
100 OSCON

99 RCOSCEN

98 OSC32EN

97 EXTCLK (XTAL1) F RV BT A FIIRS 2R
96 0SccK SERA)
95 RCCK

94 0SC32CK

93 TWIEN TWI

92 PDO0.Data WA D

91 PDO.Control

90 PDO.Pullup_Enable

89 PD1.Data

88 PD1.Control

87 PD1.Pullup_Enable

86 PD2.Data

85 PD2.Control

84 PD2.Pullup_Enable

83 PD3.Data

82 PD3.Control

81 PD3.Pullup_Enable

80 PD4.Data

79 PD4.Control

78 PD4.Pullup_Enable

77 PD5.Data

76 PD5.Control

75 PD5.Pullup_Enable

74 PD6.Data

73 PD6.Control

72 PD6.Pullup_Enable

71 PD7.Data

70 PD7.Control

69 PD7.Pullup_Enable

68 PGO0.Data WA G

252 ATmega128 L __________________________________________________________________________|
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Table 106. ATmega128 i1 RE#H X F

EMIWFS | E5EH B3R
67 PGO.Control w0 G
66 PGO.Pullup_Enable

65 PG1.Data

64 PG1.Control

63 PG1.Pullup_Enable

62 PCO0.Data WA C
61 PCO0.Control

60 PCO.Pullup_Enable

59 PC1.Data

58 PC1.Control

57 PC1.Pullup_Enable

56 PC2.Data

55 PC2.Control

54 PC2.Pullup_Enable

53 PC3.Data

52 PC3.Control

51 PC3.Pullup_Enable

50 PC4.Data

49 PC4.Control

48 PC4.Pullup_Enable

47 PC5.Data

46 PC5.Control

45 PC5.Pullup_Enable

44 PC6.Data

43 PC6.Control

42 PC6.Pullup_Enable

41 PC7.Data

40 PC7.Control

39 PC7.Pullup_Enable

38 PG2.Data WA G
37 PG2.Control

36 PG2.Pullup_Enable

35 PA7.Data wa A
34 PA7.Control

33 PA7.Pullup_Enable

32 PAG.Data

ATMEL
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Table 106. ATmega128 i1 RE#H X F

EMIWFS | E5EH B3R
31 PAG.Control WO A
30 PAG6.Pullup_Enable
29 PA5.Data

28 PAS5.Control

27 PA5.Pullup_Enable
26 PA4.Data

25 PA4.Control

24 PA4.Pullup_Enable
23 PA3.Data

22 PA3.Control

21 PA3.Pullup_Enable
20 PA2.Data

19 PA2.Control

18 PA2.Pullup_Enable
17 PA1.Data

16 PA1.Control

15 PA1.Pullup_Enable
14 PAO.Data

13 PAO.Control

12 PAO.Pullup_Enable
1 PF3.Data waF
10 PF3.Control

9 PF3.Pullup_Enable
8 PF2.Data

7 PF2.Control

6 PF2.Pullup_Enable
5 PF1.Data

4 PF1.Control

3 PF1.Pullup_Enable
2 PFO0.Data

1 PFO0.Control

0 PFO.Pullup_Enable

Notes: 1. PRIVATE_SIGNAL1 Z28#% 0,
2. PRIVATE_SIGNAL2 E28#% 0.

254  ATmega128 m——————————————————
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i AR E S A AR ARMMIRIES (BSDL) XL — N B LN ERRAEANREE R B
RN B, ZHAOEAREN B O R ERRSE. LR ARKESES
BMINRF R B RS T I,

A mEl% 255
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XECISRARKF - &
=4z VISR TN E
(RWW, Read-While-
Write) 9 B R4mTEEE D

SISRFNER

B ARRK Flash KA Kk S| &
BF Flash X

MARFKX

S|I&&F KX (Boot Loader
Section) - BLS

RWW Flash X} 3JE RWW
Flash X

RWW X

AIMEL

Boot Loader N IBIE MCU AR &k T M LHEBEFRBRM T —MEENFE R -E (Read-
While-Write , AT &8 RWW) BRENLHl, X— I EBRE R LE MCU BWEHIT &
W& FRF Flash B Boot Loader , R E# TR AR HHA %K. Boot Loader ATLAEA
ARG EANBEZEDO MBI IMGRBRIEHIENREE (BF ) BA Flash , EMNE
FE 851 VX8, Boot Loader XV F A LB Flash , 2#& Boot Loader XA &,
H M Boot Loader AJ AN H B H# T8N , EE [ EH 2 #BR, Boot Loader 1£fi# 25 %8 8] #Y
KANALUBE 22 #TEE, Boot Loader EEMERFMEN , FEHAUMTIZE
SAFRMTERRPROREM,

* RWW B2

+ REM Boot Loader FiXEE

s EENRSM (AR Boot BN R ENRAERT)

s BRUMNBLNATREEMHDR

o SRALMT D K

o KBUAILHEE

- BE¥H RWW i

Note: 1. WRFlashBWHRE D , AN ZTAR (M P 273Table 123 ) , EwBELEPFEH, 7T
KL R S5 T S0 IE &5 RO IR 1E,

Flash BB NXHEK , B A X Boot Loader X (. Figure 133), FNX K 774& 228 X/
BOOTSZ /A4 {uBELE , &N P 266Table # Figure 133 FiR. HFAANXEATRMNBIE
i, AT EERENMEZER 5.

NMAKXRZ Flash FRFM A RBA X, 5AXRPSRBEN SR Boot 8ixE{L (Boot
BiEN 0) E , ¥ P 258Table . BT SPM S EMAXRITHELRN |, FrAN A
X A8k E4% Boot Loader X3,

MARXARZM#MAR , M Boot Loader B S MR1EHE BLS, X2ENREE BLS
Z1TE SPMESF EM. SPM IES LA RIZEA Flash , @3& BLS A&, Boot Loader
XK R4 K 5833 Boot Loader 8iE I (Boot B1TENL 1) E , ¥ M P 259Table 109

CPUREBXIFRWW , 5% CPU &R A Boot Loader B3 TR B EH A= 1E | BUR
FHRURZH 2B st , BT R EMRRES BOOTSZ BLUEBNHNX 2 | Flash
EA S RAANEENX—B&HE - B (RWW) KFFERE - B (NRWW) X, RWW-
F NRWW B4 F1E P 266Table Note: 1 P 258Figure 133 4. AR EERXFI2:
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., E4M{ER RWWSB EZ 0 P 258 RIFBEFFHSF[EFNFTFSE -
SPMCSR’” .

256  ATmega128 m——
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JE RWW X - NRWW
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£ Boot Loader B -E#H RWW X E — T 6t , T LUE B T NRWW X8, 2 Boot
Loader {BBEH NRWW Xt , EEANTTEBRZERELS RS CPU #HER,

Table 107. RWW W% =

REDES ZEHIABIMNX | HmEDEF TR F# RWW 15
? X2 CPUHRIE ? ?
RWW X NRWW X = 2
NRWW X %I B =

Figure 132. RWW 5 NRWW

Z-pointer
Addresses RWW
Section

Code Located in ‘
NRWW Section

Read-While-Write
(RWW) Section

No Read-While-Write
(NRWW) Section

Z-pointer

>Section

Can be Read During
the Operation

ATMEL

CPU is Halted
During the Operation

Addresses NRWW

257



S| RF X EN

AIMEL

Figure 133. fef8sX ("

Program Memory Program Memory
BOOTSZ ="11' BOOTSZ ="'10'
[ $0000 [ $0000

c c

2 S

B °

Q J7)

(7] (7]

% Application Flash Section % Application Flash Section

2 2

£ Q<

< =

2 2

E 3

j) Q

o o

5 — _ _ _ _ _ _ _] End RWW s - - - _ _ _ _ End RWW

s Start NRWW s Start NRWW

(7] (7]

_g Application Flash Section g Application Flash Section

= 2

%’ 2 End Application
- £

= End Application = i - Start Boot Loader

. - Boot Loader Flash Section

§ Boot Loader Flash Section Start Boot Loader g

v L— Flashend o L— Flashend

o (=}

z z

Program Memory Program Memory
BOOTSZ ='01' BOOTSZ =00
— $0000 — $0000

c c

=} R=]

3] S

Q Q

(7] n

.g Application Flash Section % Application flash Section

= =

< 2

< £

2 2

=] o

@ @

j) ()

o / = /

< / i . / End RWW, End Application

'g —r - - - - — = = Start NRWW s - - - - — = = Start NRWW, Start Boot Loader

Q

‘;” Application Flash Section ﬁ

E End Application § .

%, Start Boot Loader % Boot Loader Flash Section

= Boot Loader Flash Section =

=l =]

@ S

[} jJ3

r L— Flashend r L— Flashend

o o

z =4

Note: 1. EEFHSEIE P 266Table FLAH,

WMRFEE Boot Loader IhAE , MEA Flash AL B ARBFTA, Boot Loader EH
AET SR IZEN Boot HiEM . AFAUREIERTRANKRBERF HFR,

AP LUER -

o RPEA Flash X , ik MCU #THRHH K,

+ TR MCU H4 Boot Loader Flash X,

« TR MCU HLRA Flash X,

« AW MCU AHE Flash X,

FHANBES N Table 108 5 Table 109, Boot SiEMATLUBEI H4, BT THBHIT
IRIEHITIRE  BEREBISHERGSER. BANSHEN (IENER 2) FEH
& SPM S Xt Flash #1T4mTE. SUHEEAL , BAMNE / B8EN (MEMER 1) BF
PR&IES LPM/SPM EESX NF#1TIE / BiFA,

258 ATmega128 m——————————
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HASISEF

RERFEFHBEHTTES -
SPMCSR
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Table 108. Boot 8 0 RF#ER (KAX )V

BLBO #= | BLB02 | BLB01 | ##"

1 1 1 A SPM/LPM #8514 B A X
2 1 0 TR SPM EESXRMA X ITERE

THRF SPM ESHMAXBTERE , BFAAFETT
Boot Loader X§J LPM 55 MR A X B IE. EFMEE

3 0 O | f4F Boot Loader X , FBAHITRIF KA H0 5T ch i 22811
B,
T ARFIZITT Boot Loader XK LPM 355 MBI A XiEEUEK
4 0 1 2, EHhMEENT Boot Loader X , BRAMITR AR
BT R E LN,

Note: 1. “1"RRAKLE , ‘0" RREHE,

Table 109. Boot 8z 1 R #E =X (Boot Loader X )V
BLB1#= | BLB12 | BLB11 | &
1 1 1 ¥ SPM/LPM &% 1718 Boot Loader [X
2 1 0 F A SPM #8453 Boot Loader XKi#t 1T B 1E

TR SPM 54 %t Boot Loader K {TE124E , R A
BT FRARXE LPM 5 M Boot Loader XizERE#E, &

3 0 0 R ENTFNAKX |, BBAHIT Boot Loader XX H3 At A
W R2EIEAY,
TRFIZEITTFMNARXE LPM 34 M Boot Loader XiHi#k
4 0 1 ., ERMEEMTRARKX , AT Boot Loader X4
Bt TR EIEN,

Note: 1. “1"RIRALE , ‘0" RREHE,

BB RS M AXIE AR AR AUH A Boot Loader, iX LR /ERILAH — LAt & 5
SB35, k@i USART = SPI #0EBWE THXM®T. B, TLUERYE Boot
ENBLNFEBSEMNRERD Boot XKMi2aMilt, X4 , E{7/5 Boot Loader M EIFL/E
;T METRARBE , EFFBHRITNARE, MCU AETEERTIBLMVIRE,
R , — B Boot EMNBLNUBIRE , EMNREN —EIED Boot XMB AN, B
N REBSBTHHTREREN S ERHE,
Table 110. Boot E{ufszzfy (V)
BOOTRST | &E{uihst

1 Reset Vector = B A X E 1Y ( #h31k $0000)

0 Reset Vector = Boot Loader Z1i ( [l P 266Table 112)

Note: 1. “1I” BERBEXRGRRE , ‘0" ERECHE.

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 | SPMEN | SPMCSR

®/E R/W R R R/W R/W R/W R/W R/W

DEE 0 0 0 0 0 0 0 0

 Bit 7 — SPMIE: SPM i {HaE

A IIIEI% 259



E B iE R Flash

AIMEL

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#&{

£ ATmega128 R RREL , ®IREER "07
+ Bit4 - RWWSRE: RWW Xi&#gE

RWW XA FLRi2 (BRI B A)VRAR , RWW X B2 R ERWWSBHIEHE"1") 4
FHE, AP#SHSMERREL R (SPMENBES ) FREEFH FERWW X, 1R RWWSRE
S FSPMEN B A B A ", MITE E$27E 19 9N 50 B HA N B9 SPM B 9 BIR FBERWW
X, 218 Flash ITCFREBRHAB A (SPMEN &1 ),RWW X FREM FRE, TR Flash 0
5 RWWSRE B#2#ERR R4 , N Flash tNEkRAELLE |, BN BEREE X,

* Bit 3 - BLBSET: Boot #i E{/iRE

MRIX—{f SPMEN BB , K& TEEENENMTHEAHRNA SPMEET2ERERO
P EIR & Boot BiEI, R1 FHIIEM Z B4t E B HAK, BIEMBBTK ,
HAEE M EAEAREE SPM IES#ITE , BLBSET B3IiES.

£ SPMCSR % 122549 BLBSET # SPMEN B EHN =N EAHNZTH LPM 551512 H
BiEMRBLN (BURT Z 184519 20) H AT EMEFERE. WA P 262 SUEHF AL
By FBIER” .

e Bit2-PGWRT: REA

WMRIX—{ M SPMEN B ER , K& T REENE AN SPM EETHITRE
ThEE | SPGB B P I MV ERIES A Flash, TUitENE Z 4S5, R1 # RO
M BIENE 2R, WERETR  REDN s EARREE SPM IBSHMITE ,PGWRT
HHEE. MRAENEA NRWW X , EEMNTEREIRH CPU FLE.

+ Bit1 - PGERS: Tk

MEX—{F SPMEN R EN , KETFEREENONRSEAHAN SPM EETHITIER
BRINAE, TUHbHENE Z EHMNEMES. R1 M RO WEIEN 42K, TERKRIBIETRK ,
HE MDA HAR & A SPMIES#HIITE ,PGERSEEIES . RN EXN R AINRWW
X , EENERIZIESEF CPU =1k,

+ Bit 0 - SPMEN: R F e 58

X—UFREEEENEANHEAHERNYN SPM 6, WRFX—M RWWSRE,
BLBSET. PGWRT = PGERS z —E&&{ , M EFFR | TR SPM i85 HEH Kk
e, INRIAE SPMEN B , BBAET K SPM IS [IE R1:RO P HIEF# EH
ZIEHEENINR RE HE, Z 154K LSB 2, SPM i8S MK , REEMetsrEAE R
%8 SPM S #3AITE , SPMEN B3IiEE ., EREBRMNMTESEH SPMEN RIFH 1
BB ETRK.

EEAMCBE AR “10001”, “01001”, “00101”. “00011” = “00001” Z /M {EAIH & EB
T

ZIE$ SRAMPZATSPMar RIS i, MAIEARAMPZ il P 11 “RAM T E K Z1%#
&8 - RAMPZ,

Bit 15 14 13 12 1" 10 9 8
ZH (R31) Z15 Z14 Z13 Z12 11 Z10 Z9 Z8
ZL (R30) z7 Z6 z5 Z4 Z3 z2 1 Z0

7 6 5 4 3 2 1 0

260  ATmega128 m———
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Flash B9 B4RT8
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BT Flash 252U RA LR (P 273Table 123 ) 23k , BF IR UEEHRH
MBI H—ARIATAHNI RS ; EAAZIARI UM SIS , 10 Figure
1347 R HTF NEBBRAM T ERMENFURMBEIRIAY |, B L RIEBoot Loader #4412 71 &2
BRAMEBERENIFUMHENRARREEN ., —BREREFHRED , HiutBEdiE RS
Z 14 /IRAMPZ AT LA REEM AR T .

W—F{EH Z 154 /RAMPZ 15 SPM #4ER1& & Boot Loader 8iEfI, Z 14t /RAMPZ
WABHZEE, (E)LPM iEStER Z 54 /RAMPZ kR FHbit, B TFXMERHF it
BERH BT, Pl Z 84189 LSB 1 ({1 Z0) thEAZEIT .

Figure 134. SPM #9331t

RAMPZ

BIT 15 ZPCMSB

ZPAGEMSB

10

0 Z - REGISTER

PROGRAM

COUNTER

PROGRAM MEMORY

PCMSB

PAGEMSB

PCPAGE

PCWORD

PAGE ADDRESS
WITHIN THE FLASH

PAGE

WORD ADDRESS
WITHIN A PAGE

PAGE

INSTRUCTION WORD

PCWORD[PAGEMSB:0]:
00

\ 01

\ 02

\ PAGEEND

Notes: 1. Figure 134 FFTAMTEIMIEETE P 267Table 114 i,
2. PCPAGE 5 PCWORD %IF P 273Table 124 ,

EFEMESNEFUTINARNRT. FARNREPSBEENHREN —RE#SE*TH
2, BAEEX—TT#ER, SPM ESU—X—NMNFHANFEHREBEA G TEFEH.
G TTEFBRNBEA AU ERNRRGSZATR , BT UETBENNTEREZR TR,
FR, ERNRBRAIIBE S .

Einst mE R

HATTURBRIR1E

PITIERE
FR2, ERBREEE TS :

HATTURBRIRE
- EBElaiRRE e

RITE#RE
MRIAFEXETN —Z0 , WETEBBRZ I L4TF R P HMI L FHER (MRETIG
NREFPXAF ), AEHEEE Flash, f£FAF X 1 8%, Boot Loader 12t 7 —MNE WAV -
B -5, ATAFREEAERATPHNAR , RENABHSENHE | EEEE

A IIIEI% 261



BN SPM #1T R

FR T EAPER (TR )

WITRERHE

5/ SPM Hjif

HEEH BLS NEEERHNFIE

£ BmBRBY IEiRE RWW X

AIMEL

HEMNHIEEE Flash, MREAFR 2, WERERBMBKE , ENRELWRRT. I§
B T3 XA BAREAL T 41k RIEE VRN T EREH T UARNTERKEN. THRA
BHHIFIES N P 263 — MR SISEFLCERB

RITHERBREEELEZEERE Z E4S RAMPZ MtbitE 8 |, RE “X0000011” B A
SPMCSR , REEEEHN T Mt BAHIAHMIT SPM. R1 F RO FEVEUIEMH ZRE, Ttk
KRB AN Z B5172EH PCPAGE, Z iE4tHI H A {14 28K,

BB RWW XH TR : 7 TR BRI F2 A AT BLsEEL NRWW X,
B NRWW XK : F£#RESTEH CPU =1k,

E-1MESFELEAEEIRE Z BN ESR , URFESFEEA RI:RO, REN
“00000001” EA SPMCSR , R EEEFHN I ABHAHIT SPM, Z FHEFEHES
PCWORD MWHAAXFHUIGHREAAX, TERETK , HE SPMCSR FiFseM
RWWSRE fFEIG8 EF X B8k, REEMNHLBRIGEHFX, BRUORTERIG
A8 X R R e Xt & a3 1T — IR Bk,

Note: #7f SPM W A#R{E EEPROM EA |, FRERABEBEEEX,

PTNEREEEZTERE Z 45 RAMPZ WibitE 8 , AEF “X0000101” B A
SPMCSR , R EH NN BHIRINIT SPM. R1 #l RO AV S 2 BE . TU itk
KMEB A Z 5178 PCPAGE, Z B4 H M4 28,

EER RWW X : 7 VBRI T2 & AT LU EL NRWW X,
«  EBRNRWW XHR : £FREIREH CPU F1E,

MR SPM FHfERE , N SPMCSR Z1788# SPMEN BFEF =4 i, XEREH4ET
LR AR EI SPMCSR HEEMEN, FH SPM fifet , EFhlmEEE
BLS , A% RWW X2 F ot B F G R, MaEshiimEEN P 55 Rl .

BETYRFE Boot HiEN 11 A RFKE# Boot Loader XATHEELL FHI KT, It Boot
Loader 2 & # TR IRIBELTHIRE Boot Loader ,ERBHGET E2EH . IREFIFAEE
3 Boot Loader , i3t Boot #iEL 11 4wF2 , LABFLEAR /U EXZE T Boot Loader,

EFEEESRES (REBRINE ), X RWW XHWIBRHEE, ARFREFEERLERE
4, RWW XItF6E SPMCSR F1788H RWWSB B, £ B4wi2at , 20 P 55 Fhl ” PRy
R, FEERNIZBE BLS B, SEZIEFH., RRLERE , £F4 RWW K28 A
PR RWWSRE B 1 K5E% RWWSB, 5l Fig P 263 —/ME 2 M 5| SREFC
WAL,

262 ATmega128 m————————————
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B SPM iR ESISEFHEN

E EEPROM ffMH 1L E SPMCSR

BE# A RN RBUR L VR E i

P51k Flash B9 A AR 8%

2467L-AVR-05/04

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 108 # Table 109,

MR ROM 5.2 1A 0, HFE SPMCSR &1785#) BLBSET # SPMEN E{uZFHME4
AERNNITT SPM 185 , MK Boot IENIFEmE. WIRETEM 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,
EX SPMCSR ZHZs3#TER/EZHIE £ E EECR BESEMIRASA EEWE , BRI
N LABUEBR

Y8 e FBE AT BAUE S B IR B, RBIEMAT , BERF $0001 T4 Z I8 HEEM
SPMCSRZ& 17859 BLBSET M SPMEN, £ SPMCSRIE#EZ GHI =N CPU A H R ITHY
LPM S FESEMNNERMNEE B N FFSHR. ENEMRELER . HEFEE=/1CPUA
BMR&E BITLPMEES  SEN/ CPU BHIRZ BT SPMIE® ,BLBSET #l SPMEN
B EHESE, BLBSET 1 SPMEN EZ/E , LPM [F1RBIES F M A AT iER i ARk
I{’EO

Bit 7 6 5 4 3 2 1 0
Rd |l - | - | sBLB12 | BLB11 | BLB02 | BLBo1 | LB2 | LB1 |

EEBALVEZTHNEEN LR EMBIEMNEEEL, EEINBLUERT K EENY
$00001 F LA Z1E4t H HE N SPMCSRE1783#YBLBSET 1 SPMEN, £SPMCSRIE#EZ
BB =4 CPU AHAKITH LPM B FIERLMAEMLETHNE (FLB) MR ENSE
B, FiFAMiHBARBLMEMNFTRENMTIES N P 270Table 119 o

Bit 7 6 5 4 3 2 1 0
Rd | FuB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

LW BB LuEsNFTR B2 $0003 BF4 Z i85t BBz SPMCSR F1788
#9 BLBSET #1 SPMEN, £ SPMCSR 2 FEH =1 CPU AHAHITH LPM 1551FiE
BUNENFETHNE FHB) MBZEI BN EFSR. EHFANRBARBLNSMNFTIRE A
TiES M P 270Table 118 ,

Bit 7 6 5 4 3 2 1 0
Rd | FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |

BERBLNTRBFTN , EEF 0x0002 BF4 Z B4 HBEEN SPMCSR FEFEHMN
BLBSET #1 SPMEN, £ SPMCSR#ZEZEHN =4 CPURABRRITH LPMIE LR 4
N BFTWE(EFB)MRFENTFS. EFANGEARBLUT RFTRFNVATIE
£ P 269Table 117 .

Bit 7 6 5 4 3 2 1 0

Rd |-|-|-|-|-|-|EFB1|EFBo|

WRENBLUNMBEMLHIRREER "0°, REEENBLUMBENMNRIBEEEN
"1%

Voo BT TERER ,CPU M Flash IE® TETERIE |, Flash B9 A A AT 88 32 AR, X4
RN FRATFRERGENIMIL Flash —HFE. FIAEERARBENBRE R,

A IIIEI% 263



5 SPM B3 #9 Flash w26 1H

— MR SIS RFICRAE

AIMEL

B E AR IRES A FE )R o BABR IR Flash A&, £— |, Flash EXREE— M REBE, &

=, BEAXKER CPU KB SEIRMNITIES.

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 ,RIFAVRRESET MK : RANARN MR ITEHEESKN
EBEMPCEL , AT LAERE BOD That ; BRI AR EN R B, IRESE
ERHITHREETEN , REERBERY , BREESTK.

3. {EBEEHEREF AVR AL FHEBEKEER, XFETLIE CPU BB H T
T, BMRY SPMCSR F1F85 , MRI Flash L ZiRBIERIE,

FRBUER RC K% 258 T Flash S iutrtfFi2%|, Table 111 444 T CPU i8] Flash B9
B R YRIZRT A,

Table 111. SPM 426t H]

75 BRI B AR E

Flash B#4E (JEX SPM ST TT#ER.
NE. REBIEM)

3.7ms 4.5 ms

;- AP RAMAH —TTHIEE A Fl ash
. YIEHHER RAVBE - RIEE T
s ZIEEm Fl ash WE—NERE T
- ABIRREEEHRRLE
- ZRFLSFMET Boot X ( 4 Do_spmFREFEMMLL)
; EAREIRED (BRI EERE) REEREE NRWXH R E
;- FEAMNEFESS r0, rl, tenpl (r16). tenmp2 (r17). looplo (r24).
; loophi (r25), SPMCSRval (r20)
; ERFHTEESFFRABNRFNRE
; ERBEARBRDNER T AU LG ERENER
- BRIRFPETEIERMT Boot | oader X, =& PEIHELL,
.equ PAGESI ZEB = PAGESI ZE*2 ; PAGESI ZEB RAUFTARMNMMITKRD , FRAFHE
iz
.org SMALLBOOTSTART
Wite_page:
; TUEER
| di SPMCSRval , (1<<PGERS) | (1<<SPMEN)
call Do_spm

; EHERE RVX
Idi  SPMCSRval, (1<<RWABRE) | (1<<SPMEN)
call Do_spm

. OCFBEMN RAVEBE Fl ash TEHRK
Idi looplo, |owPAGESIZEB) ; #IH{tEHRETE
Idi |oophi, high(PAGESIZEB) ; PAGES| ZEB<=256 RfA~EE IR

W | oop:
Id ro, Y+
Id rl, Y+

Idi  SPMCSRval , (1<<SPMEN)

call Do_spm

adiw ZH ZL, 2

sbiw | oophi:looplo, 2 : PAGES| ZEB<=256 B}/ subi

brne WI oop

;) MTRE
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subi  ZL, | ow PAGESI ZEB) . EfEE
sbci  ZH, hi gh( PAGESI ZEB) ; PAGESI ZEB<=256 I RN EZE LR E
Idi  SPMCSRval, (1<<PGWRT) | (1<<SPMEN)
call Do_spm
BHFERE RIVX
| di SPMCSRval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm

; BREHEARE , NEGRAE
| di | oopl o, | ow( PAGESI ZEB) ; #IHR{LEHREE
Idi  loophi, high(PAGESI ZEB) ;PAGESI ZEB<=256 R EE %
subi YL, | ow PAGESI ZEB) ; EfEE
sbci  YH, hi gh( PAGESI ZEB)
Rdl oop:
Il pm r0, Z+
Id rl, Y+
cpse r0, r1l
jmp  FError
sbiw | oophi:looplo, 1 ; PAGES| ZEB<=256 K& # A subi
brne Rdl oop

; IREE RV
; BRRW XEZLA LR £IEE
Ret ur n:
lds tenpl, SPMCSR
sbrs tenpl, RW\BB ; B RWABB R 1", iHE RAWXIER B HER L
ret
; EXER R
| di SPMCSRval , (1<<RWABRE) | (1<<SPMEN)
call Do_spm
rimp Return

Do_spm
; RELHN SPMBRERTELRK
Wait_spm
Ids tenpl, SPMCSR
sbrc templ, SPMEN
rinmp Wait_spm
;; B : SPMCSRval RET SPMIR{E
; BIEHE , REFRSHFE
in temp2, SREG
cli
;. ¥{R’%E EEPROVERE
Wait _ee:
shic EECR, EEVE
rinp Wiit_ee

;. SPMEtEF 5
sts SPMCSR, SPMCSRval
spm

; MR8 SREG ( MIRAMTRAZEBERER , NIEREH BT )
out SREG, tenp2
ret

A IIIEI% 265
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AIMEL

ATmegal128 5| SRBF S B4R iZ R AT S 7L Table 112 Z Table 114 R4 H,
Table 112. Boot K K/NELE
Boot EI
Boot M3k (Boot
Boot Bif Flash Loader MAKX Loader 8
BOOTSZ1 | BOOTSZ0 | KA/ | M X Flash K | &¥ihut Mot )
- $0000 - $FE0O -
1 1 512 F 4 | SrorF SFFFF $FDFF $FE00
1024 $0000 - $FCO0 -
1 0 Iy 8 SFBFF SFFFF $FBFF $FCO0
2048 $0000 - $F800 -
0 1 > 16 | er7re SFFFF $F7FF $F800
4096 $0000 - $F000 -
0 0 = 32 | serer SFFFF $EFFF $F000
Note: R BOOTSZ B fEEiHEZS M Figure 133,
Table 113. RWW HE ™
Flash X g4 FHusEE
ErtiE - BX (RWW) 480 $0000 - $EFFF
JEEATIE - BX (NRWW) 32 $F000 - $FFFF

266

Note: 1.

RXTFANMXHFEMREAER P 256° IF RWW X - NRWW” 5 P 255RWW X ",

ATmega128 m———————————
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EEE—————————————————————————————— A Tmega128

Table 114. Figure 134 FFTAZEMNRARK Z 54 A ©

HEH Z 848
TR = iR @
15 EFITBSNESN (BFITHREN 161
PCMSB PC[15:0])
6 ATRRNFIFUNESN (—RE 12810 F , &
PAGEMSB E 7 2 PC [6:0]).
z16M Z Z17855 PCMSB MW M. BAF%EEMA
ZPCMSB 20 , ZPCMSB %F PCMSB + 1
z7 ZE B85 PAGEMSB X R, BT &EFEA
ZPAGEMSB Z0 , ZPAGEMSB %F PAGEMSB + 1
PCPAGE PC[15:7] Z16M:z7 fi{%ﬁ%&%ﬁﬁt&i&  ERBRINBREPHIT
Tk
PCWORD PC[6:0] VAMA EFITHESEFi - NIER RN EPXHEITFR
8 (ERENRHAAAN 0)

Notes: 1. Z ZFEEEH N 16 UK. 1L 16 U F RAMPZ FF85,
2. Z0 : XFrEH SPM &5 #RR "0” , X (E)LPM ST AF =T iEE,
3. XTERESES ZEHNFERIES N P 260" 1£ BWEMI5A Flash” .

A IIIEI% 267
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FHESERE
BERBEFEBRYMEN  ATmegat2s R4 T 6 MUEN  RIERHAE (0) ERIEHABE (1") IR TLURS
Table116 5 AV KT iNtEEE, BIEM REEBR SR BIRGTEBER “17,
Table 115. 8{EMFT
HELE (VASH iz MIAE
7 - 1 (KRR )
6 - 1 ( RERTE )
BLB12 5 Boot 811 1 (KRimi2 )
BLB11 4 Boot #iE i 1 (KRimi2 )
BLB02 3 Boot #iE ¥ 1 ( RIRiE )
BLBO1 2 Boot HiE 1 ( REmHE )
LB2 1 BiE 1 ( RgmiE )
LB1 0 #iE 1 ( RERTE )
Note: “1”" RAKGRWE , ‘0" RTMWRHE,
Table 116. SiERFEX
FREBRSEN R XA
LB 5 LB2 LB1
1 1 1 REFEREREBRERT S
9 1 0 TEFHTMSPIITAG BT EE X & Flash M EEPROM #y 3
—SmBWEL , ReamsiE,
3 0 0 E#?i%uSPl{JTAG $ﬁéﬁ§&ﬁiﬁﬂh FlaihﬂEEPROM b
—SHEBRRITHZ L , SiEMNEBELuHEBiE O
BLBO #3 | BLB02 | BLBO1
1 1 1 SPM 1 (E)LPM ¢ B2 A X #9175 8] 5% 15 BR
2 1 0 TR SPM X R AKX B TERYE
TAYT SPMETHNNARHTERE , BFRATETT
3 0 0 Boot Loader X#J (E)LPM ?‘E‘%Mﬁﬁ_ﬁ? Ziiﬂi?&ﬁo %EF&J?
MELF Boot Loader X , ABAIT R A XA BAT R =2
=10
T AWIZEITT Boot Loader X# (E)LPM 35 MBI A X ik
4 0 1 BE. ZEPHEEN T Boot Loader X , BRAIT R
XA BB PR REE 0,
BLB1 #3 | BLB12 | BLB11
1 1 1 A SPM/(E)LPM #8418 Boot Loader X
268  ATmega128 m———
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Table 116. BiEMNRIPER
FAEERYIE N ®RipFER
2 1 0 TR SPM #8455 Boot Loader Ki#{TE#RE

T SPM #4% Boot Loader Ki#{TER/E , bR AR
ETTNAXK (E)LPM £ M Boot Loader XitER ¥ 1z .

3 0 O | gopimBfFMAK , BARKIT Boot Loader XA A
FRHT R IR,
RAVETTRAKXE (E)LPM #%5 M Boot Loader X i
4 0 1 B#HE, EPHEEMTRARX , F8ALNIT Boot Loader
XREet T REIEN,

Notes: 1. 7E4mTE LB1 # LB2 B St4R T2 B4 Boot HiEL.
2. 1" RIAKRBERE | 0" RRPRE

IR ATmega128 H=AMNELMFH, Table 117 - Table 119 &R T AT A B L MK T BE
IR 2R BB LFT TN, MRBLAERENIRIREEBER “0%

Table 117. By BFT

Y PAVA R xs | #d MiAE

- 7 - 1

- 6 - 1

- 5 - 1

- 4 - 1

- 3 - 1

- 2 - 1

M103Cc() 1 ATmega103 #AE X 0 (‘mig)
WDTON® 0 BHENSBATE 1 (KmiE)

Notes: 1. i¥H P 4“ATmega103 5 ATmega128 HIFRAM ",
2. ¥ P52 BMERNBREFFESR - WDTCR

A IIIEI% 269

2467L-AVR-05/04




A BL MR

FRIRF

Table 118. A4 SFT

BENE
F s | #R RINE
OCDEN® 7 8 OCD 1(KR4miE, OCDEH)
JTAGEN 6 fE8E JTAG 0 (w78 , JTAG fFgE)
SPIEN™ 5 FRERTEFMBETER 0 (#URTZ , SPI YRIZfERE)
CKOPT®@ 4 &% BRI T 1 (KRR )
EESAVE 3 AT BRI EEPROM FIN 1 ( R#4s12 ) , EEPROM AETR
BRE #ReE
BOOTSZ1 2 iﬁ% )Boot XK/ (¥R Table 0 (#igmiz )
BOOTSZ0 1 Jﬁ% Boot X A/ (1M Table 0 (#uwE )
)
BOOTRST 0 EEREENEE 1 (KRR )
Notes: 1. 7E SPI B{T4RIEERX T SPIEN BL T AIHE,

1

2. CKOPT A4 (1Th&sH CKSEL figBRE , ¥ M P 34 B4R~

3. BOOTSZ1..0 BRIAE R HF K Boot K/ , ¥ P 266Table 112 .

4. FEBNSJITAGENBLNMIRENTA ,F~mH] B ARX OCDEN48%2. Xf OCDEN /&
“ARRRE AR %\,JL,H'H‘FE’J%‘hbﬁﬂﬁEFﬁﬁE’JWEﬁ*ﬁ_ﬁTLﬁo X&EINThiE,

EJTAGEEORER | JTAGENBLMNEA, LB JTAGEOTDOS| MMV ER S B
Table119 B R FT

b L e AR iwivA

FH s | #R RiNE

BODLEVEL 7 BOD fit & 88 1 ( RIERE )

BODEN 6 BOD fifE 1 ( R#4mE , BOD £A)
SUT1 5 %R BB 1 ( K#ggme )

SuUTO 4 %3R3 3 ad A 0 (#igmiz )

CKSEL3 3 R B4R 0 (4w @

CKSEL2 2 R B4R 0 (Mm@

CKSEL1 1 iR R 0 (#ymiE )@

CKSELO 0 R IR 1 ( K#gmie )@

Notes: 1. X FERIARTEIR ,SUT1..0 WEBRIAMES HHE KB ESIRTE, FHAAEN P 38Table 14 .
2. CKSEL3.OWWERINRESE T FARCIK 85217 T 1 MHz, iF4A AN P 34Table 6

BUNPRETZ SR BRGTHEM, WREN 1(LB1) BmBUBLMEYNE. &
IR BE AL AT R IR I L1,

B AmEERX BL N ERSTE, E@Wéﬁﬂﬁ&;?éﬁ& BRSEHERHmE
EBR, TEXTEAT EESAVE B4, ©—BRwEVAREER,. EEEI/EERF
=Y =R P PR R L N

FRBEH Atmel IZFIRMER P =FHAIRRRBARX D SRHE S XNMBTLLE
B ETMATENRE , A UETH EBE R, X=AFT 257 T = MA
HhhkZ2 ],

ATmega128 #RIRFT R :

270  ATmega128
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1. $000: $1E ( TR/RH Atmel B4 )o
2. $001: $97 ( "RTBH BE 128KB Flash k28 )o
3. $002: $02 ( % $001 FHHHA R $97 BT R RIX R ATmega128 ).

BREFT ATmegal128 RFMEF RC 7% M AR EM, XL ¥ 4 FARiR #3228 0x000,
0x0001, 0x000250x0003MV S FET, B BlFT 1. 2. 458 MHz, EEEMHIE ,1 MHz
E#H B3I EA OSCCAL FEe5, MRFEAETCHE  NEEEFHEA , EALP38 IR
SHEIESEE - OSCCAL”,

A mEl% 271
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HITRMBEHSH , SIMRE xmoH

E&s
BEBEH

272

AIMEL

R T A% ATmega128 9 Flash i2 717485, EEPROM ¥iE#Ffkas. k8l

mu&%ﬂuﬁﬁ#ﬁiﬁ&ﬂﬁiho BRIESHHA , BNUBKATEEDNA 250 nso

HEX—T ATmega128 RVARXSIMLLFTRBESHAMHEAITSIA , W0 Figure 135 M
Table 120 FiriRo. FRAKBHRAY S| A RROFRIE,

XA1/XAQ RE T4 XTAL1 BB — N EBORER FTIRITH R, EA%RIBIEN Table 122,
LWR = OE 8 A RO BT INE M S HORE T EHITHIR %, BEAGHSIES A Table 123,

Figure 135. }{T4mig

RDY/BSY €«——
OE ———>»

WR ———>

BS1 ——»

XAQ) ———>f

XAl ———
PAGEL —»
+12V — )

BS2 ———»]

+5V
PD1
vce
PD2 +5V

PD3

PD4

PD5

PD6

PD7

RESET

PAO

XTAL1

GND

AVCC {

PB7 - PBO [«—>» DATA

Table 120. 3|H& FRARES

REREXNFSNEH | SIHWEH | 10 | Thik

RDY/BSY PD1 O | 0:RBILTHE, 1. RIZEBHOBD,

OE PD2 || e (RBRPEXR).

WR PD3 | | B (KBEFER).

BS1 PD4 || FWER 10 BRENFT , 17 EBSMFET).

XAO PD5 | | XTAL sh4EfZ O

XA1 PD6 || XTAL Bh4EfZ 1

PAGEL PD7 | | MEERFFM#EEF EEPROM BiER

BS2 PAO | fﬁiﬁ_&# 20 BEMET , 1" REBFE-NEN
FT)

DATA PB7-0 | /0 | MEHKIELEL (OE MK )

ATmega128 m———————————
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Table 121. #H AREERXFTEER SIBIEIE

El) ns BE
PAGEL Prog_enable[3] 0
XA1 Prog_enable[2] 0
XAO0 Prog_enable[1] 0
BS1 Prog_enable[0] 0

Table 122. XA1 l XA0 H4mH5

XA1 | XA0 | A XTAL1 Kenpk+sx s iRiE
0 0 | tn#X Flash sk EEPROM thiit (3B BS1 ERSMEREMNFT )
0 1 EdE (B BS1 RERBMIERIKAL Flash HiIFF T )
1 0 | MESH
1 1| TRE, =R
Table 123. S F TR
WEFEW RITHGS
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 124. —TN'ZEMZH Flash FHI A

Flash X/ |AMD PCWORD ns PCPAGE | PCMSB
64K F (128K F¥5 ) 128 F PC[6:0] 512 PC[15:7] 15
Table 125. —TIEZEKFH EEPROM = #I T
EEPROM X/ mAN PCWORD ¥ PCPAGE EEAMSB
4K 15 8 FT EEA[2:0] 512 EEA[11:3] 8
HIiTiREE
HAHTREBES B THENEZEAHTREES
273
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HOTERRERTEZENAE

B ERER

4 Flash #1THRE

AIMEL

1. 1E Voo X GND ZER# 4.5-55V WHBE , HEDZEH 100 ps.
2. ™ RESET H& , #E A HEE XTAL1 £F 6 X%,

3. P 273Table 121 5 HE#Y Prog_enable SIBIE 3 "0000" , H#ZEFZEL 100
NSo

4. ARESETIRft11.5-12.5VHEBE, 78 RESET 2t +12VEBEFHI 100 ns K,
Prog_enable 5| EMTHBLSBSH T EH#H AREEN,

MBEFABREERAL RC , EFATRERBEEEN XTALT B, EXFERT , BE

BT &* -

1. iRE%IF P 273Table Ky Prog_enable 5|H#7 “0000”,

2. 7 Ve 5 GND M2 E 4.5 - 5.5V EAY7E RESET Li24 11.5- 12,5V B,

3. %% 100 ns.

4, FBUMERR , RIESBE S EER R4 (CKSEL3:0 = 0b0000), HIEH

ENCRE , ERTBLAMTRITCHBRIES,

B RRKE I ZE S E RESET 5|78 0b0 KB HmEER

6. FAREHIIMNELH AREER,

o

EREIEF , MBENSSRIELHRIEFFE, N TXUASHNEERNERUTEE
© NENFEEIHTRIBRER , HENFNR IR
HREBEANBEN SFFRTURE , BNXMEHTEABRST/E Flash &
EEPROM( Ek3F EESAVE B4 HMRE ) BRI R,

RAEEREDRIEE Flash X EEPROM #9256 ZRN T EEA Rt S F T, £
FRRETFRHtEZRX— S,

S EBRIEESERR Flash 2 EEPROMY) 12588 AR BIEN ., BEFEEHEREEBRLER
ZHBENTLEN, 2 EBRTIEMBLA, SHERDDOSMERRE Flash 5 / 5
EEPROM 2 Bl 52 KXo

Note: 1. IR EESAVE BLimE , BBAER BRI EEPRPOM T2 &I,
e " SHEZBR"PSHTERE :

£ XA1, XAOQ BN 10 LB @RI,

¥ BS1EN 0

DATA B{E “1000 0000”, X2 &HEBERT D,

48 XTALT IR —NERKH |, #Ta S MK,

4 WR 2t — /Mg | BES A EK, RDY/BSY &1&.

Z#& RDY/BSY &E , RETEMBFTHG S,

2

Flash EUATTH R A LKA |, 10 P 273Table 123 FiRo. 4m*2 Flash B , 2 FHIB 4 81
FIEREHRXF, IHE—BINEFRETURREIERE. TEAMNSRER T X
Flash 3 TR 72 :

A. INE " B Flash" &% :

1. FXA1, XA0EH "10", Ba@mS .

2. N BS1E&"0%

3. DATA BB{E} “0001 0000” , X2E Flash 5%,

4. 4 XTALT R —NEROPAMERB S,

B. gt E A FT

1. FXA1, XA0ER "00", Bahtut hnEk .

2. ®BS1E"0D, B E{bit,

274 ATmega1 2 O I —————————— e —
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3. DATA B {E R bt K A F 15 ($00 - $FF),

4. 4 XTALT B2EH—NERH |, iR FET,

C. BB FET -

1. FFXA1, XA0EXH "01", B HIEMH.

2. DATA BENHFBEAFET (500 - $FF),

3. 4 XTAL1 B -/ ERR | MBHIEFET.

D. MBHESMFET :

1. F¥BS1ER ", EBBESMNFEY,

2. FXA1, XAO0ENR "01", BahEIEMNE.

3. DATA BEANBESHMNFT (300 - $FF),

4. 4 XTAL1 BEH—NERT , #HTHEFZT NS,

E. i8R -

1. F¥BS1ER"”, EBRESMNFEY,

2. 4 PAGEL 2#—NERKH , BIFEIE (M Figure 137 5K )o
F.EE€BE E#B%E, BEENEPXIEFRLETAHAENRESHCS N
W ERFRNEMNATRAI U , SMATF FLASH TR F 4t , ¥ P 276Figure 136
METATUADTF 8 i (st < 256) , BAH TR ERIERNUHEFTHANSMNATR
Sk,

G. it FuF

1. FF XA1, XAO0 B} "00” , Bahibut inigE,

2. FBS1E&HR ", EBESMHbt,

3. DATA BERN it S FT ($00 - $FF).

4. 45 XTAL1 BRE—NERD , Mkt svEH,

H. e — U3 -

1. & BS1=“0"%

2. HWREMH—AMNAkP | NERKRIEHTHRE , RDY/BSY TE,

3. Z# RDY/BSY &5 (I Figure 137 58K ).

. E€ B F HWEE, EFEA Flash RRRERFEFMENHRIEBHERRE.
J. ERTRE :

1. 1.4 XA1, XAOBR "10”, B insigsE,

2. DATA IE{ER "0000 0000" , X BT RS,

3. A XTAL1 BH—NERS , MEHS , RSBBEEESENL.

A IIIEI% 275
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% EEPROM # {T4R2

AIMEL

Figure 136. XfLATT NHLQH VK Flash #4754k

PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE | Pcworp
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY ol _ PAGE PCWORD[PAGEMSB:0]:
PAGE S INSTRUCTION WORD 00
\
\ 01
\
\ 02
< \
\ —>
\
\
\
\
\
\
\
\ .
Y PAGEEND

Note: 1. PCPAGE & PCWORD %IF P 273Table 124 .

Figure 137. Flash 4m#2 % 2

E

/—/%

A B C D E B C D E G H

DATA X 0x10 YADDR LOWX DATA LOW XDATA HIGH ADDR LOWYX DATA LOW X DATA HIGH XX XADDR HIG}—X XX

XAL

XA0

BS1

XTAL1

WR

RDY/BSY

RESET +12V

OE

PAGEL

BS2

Note: FRAZERER"XX", ENMNKEFEXNNT A EHERK Flash w2 K.

W P 273Table 124 Fi’R , EEPROM tBATU R &84, 42 EEPROM B , GmiZHIEHIF
FREPX G, XHETLRRN —REBBEH1THE. EEPROM BiEFHESmEELNT
(R, Hut RBBEBMFBHHAITIES N P 273 X4 Flash #HITHRE ") :

1. A: tnEas<s “0001 00017,

2. G: et EAFF ($00 - $FF)o

3. B : mE bR F T ($00 - $FF).

276  ATmega128 m—————————————————
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4. C: INEEHE (300 - $FF).

5. E: BiEHIE (4 PAGEL RE—/NERH ).

K: EESR3IF 5, BEFENEHXIEH,

L : Xf EEPROM TU# {T4m12 :

1. ¥ BS1E&“0%

2. A WR BH—A kK , FAX EEPROM #1742 , RDY/BSY &K,
3. %I RDY/BSY ZEBN T —R#THRE (E5KFN Figure 138).

Figure 138. EEPROM 4mi@i& ¥

K

/—/%
A G B C E B C E L
DATA :X 0x11 XADDR. HIGHXADDR.LOWX DATA X XX X/—\DDR LOWX DATA X XX
XAl / \
XAO0 /—\—/
BS1 /
XTALL j\_/—\_/—\_/—\_/—\_/—\
wR \_/
RDY/BSY /
RESET +12V
OE
PAGEL /—\ /—\
BS2
2H Flash % Flash FRBRHT BT (S Rt MBAT R P 273“ 34 Flash #HITHRE" ) :
1. A: I&E&H “0000 00107,
2. G: S FT (300 - $FF)o
3. B : it FT (500 - $FF),
4. JSOE@&“0", BS1E“0", ASM DATA il Flash FHEMFT,
5. f¥BS1{E&“1”, A5 M DATA i Flash ZFH SR FET,
6. 9 OE & “17
i#H EEPROM BREMBNSROT (S RibuNEAT N P 273 33 Flash #H1THRE ") :
1. A: IE&H “0000 00117
2. G: S FT (300 - $FF).
3. B : tnEtat M F T ($00 - $FF),
4. IS OE@E"0", BS1E"0", A/EM DATA i i EEPROM BiBF T,
5 Y9 OE&”"",
IHEL N KA TR B EMRESROT (DERBBELEMAT N P 273 3 Flash HITHRE ") :

A IIIEI% 277
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1. A: IS “0100 00007,

2. C: MEBFPEEY , BEE—URN "0 XRIZTERITEHERE , TUEEER,
3. EBS1#“0", BS2 K “0%

4. #5WREH—M BT |, #Z#% RDY/BSY £ E,

B4 S TRE FNRBRLESMNNHEESRNT (HRBBEEEMAT N P 273" 3 Flash HITHRE ") :

1. A INE®HS “0100 00007,

2. C:MEBFEEEY , BEE—URN "0 XRIZTERITEHERE , TUEEER,
3. f¥BS1E"1". BS2E"0, EBESNHKEFT.

4. 5 WR B — /N afkoh H %4 RDY/BSY &,

5. F¥BS1E"D, B ENFET,

NI RBLNHITRE N RBLUNWBRRSRNT (S SREBEBREAT N P 273“ 34 Flash #ITHRRE ")

1. A: MBS “0100 00007,

2. C:EBFEEET. BEE—NURH "0 XRREERITHE , SVEEER,
3. [¥BS1E&"0". BS2 BE"1", BT EHREFET,

4. 5 WRRBMH—NABRH %4 RDY/BSY T,

5. ¥ BS2E"0D, B EMNFET,

Figure 139. B4 U 4mi2 K

Write Fuse Low byte Write Fuse high byte Write Extended Fuse byte
A C /—H A C /—H A C /—H
oara w0 Y om Y x Y w0 X om Y Y w0 Y om Y
e /ARAR /AR
" \_/ \_/ \_/
MBI TRE REMRESBRUT (HORBBEEAT N P 2734 Xt Flash HITHRRE" ) :

1. A: I&E&H “0010 00007,

2. C.: MBEHBEET , In R "0 XEEMENEERE,
3. A WREBMH—MakorH %4 RDY/BSY 5,

B RAEE S H R S KB

REUS LU MBIEN ERBALURHENHSROT (SR MBAT A P 273 Xt Flash #HITRE " ) -

278

1. A: &S “0000 01007,
2. Y% OE. BS2 1 BS1{& "0" , ARG M DATA i BUR L B HRE ("0" RRERE ).
3. JHOE@E'0" ,BS2FIBS1E“1” , RAIEMDATAREUA L S WU KRS (0" RREHRE).

ATmega128 m———————————
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BREWREFRT

HITRBHHE
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ATmega128

4. J$OEMBS1E"0” ,BS2E 1" , AEMDATAREY BB LM HIRA ("0" KR REWH

).

5. JOE®@®"0" ,BS2&"0" ,BS1 & “1” , A/SM DATA BV EM MR ("0" R RE

YRiE )o
6. ¥ OE & “1%

Figure 140. %X+ BS1. BS2 5BLURMEMMINXR

| Fuse Low Byte |:> 0
| Extended Fuse byte |:> 1

BS2

[ Coons |:> 0
[ Fuserignove [:::>1

BS2

BRESRRFTHEZNT (S5t NS E XS Flash 4wig ) :

A : nE &< “0000 10007,
B : fnEut{KFE ($00 - $02),

1
2
3. Y OE. BS1E&"0", A/SM DATA EEURIRF T,
4

5 OE 1",

BREBEFTHNEENT (F55u NS EN Flash iR )

A : INE &< “0000 10007,
B : &bt F T,

N~

5 OF & "1",

Figure 141. }{THRENF , SFE—LEANNFER

FOE B0, BSTE*1", AEM DATA BBUREST .

Exowe
XTAL1L A
tbvxH txLpx
Data & Contol T
(DATA, XA0/1, BS1, BS2) < >< ————
tBvpH tpiex | tBvwi t
> <~—>| twisx

PAGEL (T

twi wH
WR tpLwL —
WLRL
- >
RDY/BSY L A
twLRH
279
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Figure 142. F}{T4RERF , B FERN MM FS

LOAD ADDRESS LOAD DATA LOAD DATA LOAD DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
/T — — T

t)(LPH

TxixH toLxH
— L K’ <P,
XTALL m

BS1

PAGEL

DATA X ADDRO (Low Byte) >< DATA (Low Byte) >< DATA (High Byte) >< ADDR1 (Low Byte)

XAO

XAL

Note:  Figure 141 AHBFER (toyxys  txux, & txpx) BEA T gk eE
Figure 143. H1TwENF , BENFERWIEFS (R—1T)

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
— —
TR
-
XTALL
tgHDV
—

BS1

tOLDV
-

o8 |
toHpz

-~
DATA —< ADDRO (Low Byte) DATA (Low Byte) DATA (High Byte) ADDR1 (Low Byte)

XAOQ

XAl

Note: Figure 141 SHNRFER ( Bp tDVXH‘ tXHXL & tXLDX) 35 A FiRgeE,
Table 126. FTRREBM Voo =5V + 10%

Bh | BB BX
s B8 = = =] By
Vpp YmRfERL R 1.5 12.5 %
lpp IRIZEREERIR 250 pA
tovxH 7 XTAL1 B2 i BIERZH AR 67 ns
tyi xH M XTAL1 1K E| XTAL1 & 200 ns
tyrxL XTAL1 1 & AT I BT 150 ns
ty px XTAL1 FARZ E 8RR R IZ SR 67 ns
tywt M XTAL1 {EE WR & 0 ns
tyLpH M XTAL1 {€ZI PAGEL & 0 ns
toLxH M PAGEL {£%I XTAL1 & 150 ns

220  ATmega128 m————
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SPI &1T4RTE 5| BIRR 5t

Table 126. H{TRBESH V=5V +10%

B | AR BX
SRy BW B # | & | By
tavPH PAGEL A& 281 BS1 BAX 67 ns
tempL PAGEL Jy & AT BYRKEE 150 ns
toLBx PAGEL H1&2J5 BS1 Ri% 67 ns
twLBx WR H1{EZ /5 BS2/1 RiF 67 ns
teLwL M PAGEL £Z] WR H1& 67 ns
tavwL BS1 BME WR H1E 67 ns
tLWH WR & B B9 BK 5T 150 ns
twLRL M WR {&Z RDY/BSY H1E 0 1 us
twLRH M WR €2/ RDY/BSY & (! 3.7 45 ms
twirn ce | M WR{EZI RDY/BSY h , 5 BEkig ¢ @ 75 9 ms
tyLoL M XTAL1 {&ZI OE H1{& 0 ns
tavoy BS1 BXE DATA B 0 250 ns
toLpy M OE {£ZI DATA B3 250 ns
tonpz M OE {EZ| DATA H =7 250 ns
Notes: 1. 7#EHt{T Flash, EEPROM, B4R EBIENVERER tyy ry B

2. FHATBABRBAEN ty ry ce B X

M RESET KB et , ATLAEIE £4T SPI B4 X Flash &2 EEPROM #1742, $H1TiE
A2#E SCK, MOSI( %A ) & MISO( %t )o RESET ARZ/E , NEHITHRE / 8B
BEZBIHNITHEZATFIES. P 281Table 127 5| T SPI wi2rTESIHIMMR ST, TR
BWERHEERA SPI SIMEATAE SPI #EO, X&E , ARTHEANEBAS , MOSI 5
MISO % B3R E L BIBEN M A S H . FEATmega128 7 | iX 5| BB ST PDI 5 PDO,

RE SPI wiE#EDOEMA SPI /0 B3R , BEEHRE— KT E : MOSI/MISO S|HIRRSTE| SPI
/ORI PB2SPB3EmEEOHTEM. MPEOSPE1ANRMZEBIIE , tTable 127

o

Table 127. SPI E{T4RT2M 5

®E El) o UL
MOSI (PDI) PEO | ELTERA
MISO (PDO) PE1 ¢} ESHEH

SCK PB1 I TE SRR

2467L-AVR-05/04
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Figure 144. SPI &{TwERREK (!
+2.7 - 5.5V

\Velo
+2.7 - 5.5V@
PDI ——»| PEO

AVCC
PDO «— PE1

SCK —»| PB1

—— | XTALL

> RESET

GND

Notes: 1. MBS HFHBHAFRTFIRMEITH , AT AIE XTAL1 SIH)_EEERR,
2. Ve - 0.3V <AVCC <V + 0.3V, {82 AVCC ST 2.7 - 5.5V SBE K,

/w2 EEPROM B} , MCU B ENMRBREFLBA—NEIERARS , NTTEER
TERERST. SHERRENERFEMIIK EEPROM WA EEERRA $FF,

BH981S CKSEL B4 E., B1TH 4 (SCK) WE&R/MEEF i RIMZ /NS BF o8 EH
BUWTER :

1£ 1> fy < 12 MHz B4 2 4 CPU B4 AR , f, >= 12 MHz B4 3 4 CPU B4 /E 1,
& :>f, <12 MHz B 2 4 CPU B0 B |, fy >= 12 MHz B35 3 4 CPU BH4# B,

[ ATmega128 BITEAZIER , HIEE SCK N LA RBIUBIE,
M ATmega128 EUZRIERT , BIEE SCK W T RaHm . BNFHAT A Figure 145,

ERTHREEN TN ATmega128 #ITHERRK A , MEBUATHLER (A Table 145

FH 4 FTESKER)

1. Ll :
£ RESET & SCK 1 "0" BY , @ Voo & GND ffte8, E—ERGH | fRESRTHE
RIEE L BA SCK REFHE. EXMERT , SCK HEZ/ENE RESET f—
ERAH , MEXMNOPED B4R 2 4 CPU B AR,
HEHLAE LBEEUA PEN AEEH SCKENR 0", & RESET 55 MWiE. &
XMERT , LBEENNKN PEN EREE, IRBEFATERIEILBETRESF
SCK A , MFREEFEAXT A E. RS RN , sS4 aus®s | BUEFIRESE
ﬁ{lﬁo

2. LBZEEEFED20ms ,AEE MOSI S| Ml A B TREFELEIE T UFERERITHR

o

3. BEFTASHERBITHEESTIME, AS2E , EEAEREFRIETHNE=
NFTER , FANFTHASR ($53) FHRIRER, TERBHAABEBRSS B
TH 4 NFHAMEEER, R $53 KFERBR , WFEE[ME RESET BH—IE
B LAFF S FT Y R ERE IR B

222 ATmega128 m————————————
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Flash N EERE

EEPROM M iEs i

2467L-AVR-05/04

4. Flash WRBUA—IXR—TIH AN 1T, TR P 273Table 124 . EHITINEE
FE#RESE , Y 7LSB Wit E8  HBEUFETHEMMKEIEER. H
RIEMBOEBYE , NEOAEHUEERBERTZT , 2EREFT. BFFH#
B NE I NUARERFFRBIIETREHE. URTEAZTHANSRX ,
MATERET —RBEZANEFED twp pasy HETE (A Table 128), £ Flash
EREZHZETHERTHREZOLSHERER,

Note: EE At ® (REWR ) EEREZTK AL I (Flash, EEPROM, 8iEfL, /&4
), TEELSHERELE,

5. RHUTHURBIBEEZSE , BEENEESHUAFT AENLX EEPROM iR,
EEPROM FHE T EREEAFTHREZH BB, WRTFEATHANASRX | BB
AEBRET —RBEZINEFED typ eeprow BETE (A Table 128) o W F &
FEBBRZENSH , BN OXFF WA EERE,

6. ABNERESTKRREIM-—IMEFEEETHNET. BEMNBTHED MISO i,

7. WRERSTLVT RESET NEFF A EFRE.,

8. THEFI (MRFEE):
¥ RESET & “17,

Y Flash IEAL TR —TTHWREBRSE | BB A AERFEE SFF. BEERE , B
EOREATUEREN, BEXMAEATUBEMRNTUAET -, B TENTEEN
MR, X—RAHNEM— MBI URAKRER, Flash BIEEWAER T HEE $FF,
Bt , E4R12 SFF Y , AR EDEZE R typ pasy 7 BEHT T —AHRE. BT 2HEER
BN ETEN $FF , FRARBHIEN OxFF B AT ABE X MERE. typ rasn BIER
Table 128,

% EEPROM EFEAE —NFHHRBRIRIERN |, REUL b FRE $FF, mREBERE ,
REMBIER A UERRE, X—AETRARHMANTUAET —NFH, HEFEXNHK
12 SFF TR BERAFRZERE , £ R BERFAENETEN $FF  FRREEIER $SFF
B AT A BRE IX NMRE, FEXTER T2 8RS EEPROM AEWRENER. AFE
Eﬁtﬁtjéﬁﬁ $FF y Ei&?TT—$4ﬁéﬁEZEﬁ§9\%% tWD EEPROM E,gﬁt.“‘ﬁ_]o tWD EEPROM Elg
BN Table 128, - -
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Table 128. BT —~ Flash 2 EEPROM # T 2 BifY /N EFEIE , Vo =5V £ 10%

(Sac) BN ERE
two_Fuse 5 ms
two_FLasH 5 ms
twp_eeprom 10 ms
twp_erase 10 ms

Figure 145. .SP| & {T{RiERFE

SERIAL DATA(Iugl;;I)’ M§B>< >< >< >< >< >< >< LSB
SERIAL DATA Ol(JI\'/II'II?SL(J)'I)' M%;B>< >< >< >< >< >< >< LSB
(SCK)
SAMPLE T T T T T T T T

ATmega128 m—————————————————
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Table 129. SPI £{THREES

BoER

B FHA1 2 FH 3 Fi4 BeE

IRTEERE 1010 1100 0101 0011 XXXX XXXX xxxx xxxx | RESET f{K/E{FaEBIT4RIE

& FER 1010 1100 100X XXXX XXXX XXXX XXXX XXXX | ¥ZBR EEPROM K Flash

BREFFHE 0010 HOOO | aaaaaaaa | bbbb bbbb | 00ooo cooo | MFiith a:b HWEFFHEFILE H( HHREFE
W)HEN o

e FFHEET 0100 HO00 xxxx xxxx | xbbb bbbb iiii iiii Mt b WRERFFEI H EREFT ) E
ABFEI. NAEABERFTBEBERSFT

EREFFMER 0100 1100 aaaa aaaa bXXX XXXX XXXX XXXX | TEHii a:b MNELRR 1R R

& EEPROM 17425 1010 0000 XXXX aaaa bbbb bbbb | 0000 cooo | M EEPROM #yihziit a:b 4 HEUE o

E EEPROM 174328 1100 0000 xxxx aaaa | bbbb bbbb iiii fiii [ EEPROM #iiit a:b &t E AT o

BEEIEN 0101 1000 0000 0000 XXXX XXXX Xx00 0000 | EBIEM, "0" REHE , "1” AREE. AT
W, P 268Table 115,

E8iEN 1010 1100 111X XXXX XXXX XXXX 11ii iiii EYEM, B0 RTWEBENM. AT P
268Table 115 ,

BIMIRFET 0011 0000 XXXX XXXX xxxx xxbb | o0ooo ocooo | Mitit b iEEFRIRFEF o

BIRufr 1010 1100 1010 0000 XXXX XXXX iiii iiii ‘0" RNEHE , ‘1" RRKRBE, L P
270Table 119

ERBLN 1010 1100 1010 1000 XXXX XXXX iiii iiii ‘0 RREEWE , 1" RTRKpHE. L P
270Table 118

By BR4MN 1010 1100 1010 0100 XXXX XXXX XXXX XXii ‘0" ®RINEHE , ‘1" RTKEE, P
270Table 119

BB 0101 0000 0000 0000 XXXX XXXX 0000 0000 | ‘0" RRNEHwHRE , “1"RT-AmHE. L P
270Table 119

By RB4LN 0101 0000 0000 1000 XXXX XXXX 0000 0000 | EF BBLN, ‘0" RTRECHRE , “1” RRKLR
2. A¥ W P 270Table 119

BEEBLMN 0101 1000 | 0000 1000 XXXX XXXX | 0000 0000 | EBLEN, ‘0" RTREHE , ‘1" RTRKGRm
B, AT P 270Table 118

EREFET 0011 1000 XXXX XXXX 0000 00bb | 0000 oooo | FEHMiilt b EREFT o

Note: a=thitE{

b = byt (KL

H=0-&F% , 1-8F1

o= HiEMH t

i= BE@A
x=FEE

2467L-AVR-05/04
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SPI R{THRBEK
B JTAG £#0#TRE

SHmEHAXN JTAG ES

AIMEL

SPI #5454 | WL P 303“SPI Bt R4t 7

BT JTAG EORTRIZEZELE 4 N JTAG THSIH :TCK, TMS, TDI & TDO, reset
Kutih IR A2 El,

A JTAG #OZ R g A EHRE JTAGEN B4, S B XMLV RE R REIR
Ao A ,MCUCSR FFEH JTD N4 TUES, (IR JTD B4 E 1, M AT LU AAED reset
BHENK. 23FANSAHE JTD NMBES T, JTAG SIHIEIT A F4REINEE.
I, JTAG SIBIBR T AT LA REEA /10 2 SNETTLLA T ISP ThEE. BEXE , ¥ IJTAG A
FRAFERAARRR , FTIREAX MR, EXRERT , JTAG SIMRsEA#EL
ﬁﬁﬁo

LSB RE—1MNBA | BHBULFFROAL.

ERHFREAN 4N, AXF 16 ES. ATHEN JTAGETETEIIH.

F-RETHHITAE OPCODE MEETE /R 16 #HIFXIH, XFZWHATHFK
5% TDI M TDO iz [A] AR5 20 35 B 17 2r A 0 R E B2 o

TAP 12858 Run-Test/Idle RIS A R £ N &BRT ¥ Bt AT AAEJTAG FF 512 [RI A9 ZE AR
o REETFHRBIFFIN Figure 146,

226  ATmega128 m—————

2467L-AVR-05/04



EEE—————————————————————————————— A Tmega128

AVR_RESET ($C)

PROG_ENABLE ($4)

PROG_COMMANDS ($5)

2467L-AVR-05/04

Figure 146. ZEETFHRSIFS

..........................

o
v .
0 1 1 . 1
Run-Test/Idle ~ Select-DR Scan P Select-IR Scan -%:-----
4 ! H
‘o 0
____________ A A A 4
1 H 1
------ Capture-DR @ — Capture-IR
io 0
............ b, A y
-------- »  Shift-DR 0 »  Shift-IR :) 0
i1 1
____________ ) A h 4
. 1 . 1
p Exitl-DR  F-==emeee —P Exitl-IR
i 0 0
............ b, A y
R N
Pause-DR a0 Pause-IR 0
i1 1
____________ Voo A 4
-------- 90 Exit2-DR 9 Exit2-IR
i1 1
____________ ) AN v
Update-DR  ig------+ Update-IR |«
BT Y 1 0

AVR_RESETHAVRHEEWJITAGEST ,ATHEAVREAZENVERNFBREEMVER, X&K
ESTHH#TTAP WEEB. TKRAE 1 UNENTFEEAERESES. B8t
FE—NEE 1, SRS IAERE. XKENHE 7.

SEIRS R
Shift-DR : EMNEFFEEN A AN TCK B # TR,

PROG_ENABLE RAVRE AMJTAGIE T ,AXRMFEEEITAGRRE. 16N REFERET 738
WIREBIEST 7. EHRER -

Shift-DR : {RiREREFREMB ABIEFTERS.

Update-DR : RIEFREMFRES ERMNBEH TR , MRREERENH AREEN,
AVREAMNJITAGE S, AT ET JTAGE OB ARERT. 15N RS ESREA
EBESERSR. FHREE :

Capture-DR : E—&IETHERMHEIBEFTFE.
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PROG_PAGELOAD ($6)

PROG_PAGEREAD ($7)

BiESF R

AIMEL

Shift-DR : BIEFFRO N T EIHMAKN TCK R #HTBMN , FLE-—RETHNERE
HBFEFFR  ABATHG S,

Update-DR : w2 S E R A Z Flash #i A
Run-Test/ldle : P4 — M RPITNEA ST (FERFEE , I Table 130),

AVRE ARJTAGE S . HYAER BT JTAGE OB HHREMH ZEIFlashBIE R, 20481
NWREFTEESRERAERESTFSR. XRKEST — 7 Flash WELIFEE. IHBBA
BEEFHEN 8. SAZHITAG i85S TRE , Update-DRRAEFTEAXRMBNFEFESHE
EEIE, £ Shift-DR IRASH ﬁﬁmﬁw?‘&li , BB UF T RENIE A Flash I
ZhEs , EIRENR -
Shift-DR : Flash EF T HFEANAZIHBES MAN TCK R #T8 M. BEEXA
HHEA—NFT,
Note: JTAG ¥ PROG_PAGELOAD RE7E AVR 884 2 JTAG RN — NS B ER. &
AVR FRA%E L E— NS | NAFRERTT ENGERE L,

AVRE AMJTAGHE S . HMAEREN JTAGE DL FlashB A A, 2056V E#L Flash I

EHERENRESTESR. XEKEST—X Flash i1 8 WELAHESE, NHBUSFES

N8I, EAZHITAGIESTE , Capture-DRIRATRARERBEIIBNTES

£ Shift- DR IRAH , BEATRESITE , BIEEIUAFETHT N EMM Flash WEFB[EH

SESRAR -

+  Shift-DR : Flash EF T HEFEAAZTEL M AN TCK i ## TR MERE, TDI
AZ W,

Note: JTAG #J PROG_PAGEREAD#ETREH AVRESH R JTAGHH RSN E — N et T BE
A, IRBETHEEX M, WMATERFH ZNREEE L,

WIEHFERA JTAG ESHTFHREE , W0 P 286° SREBMEXM JTAG S " k. 54
BREERXNBESTESRN

SNEFFHR

IRIEFERE T 7R
ImREmDHFFER

HEHL Flash TR AFFa=
RE#A Flash TN F 1788

28 ATmega128 m——————————
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SEMNFFRERE—INRKESFS  AXRERFREHEEMSH. #AREBEACHELAE
p=RVE- oo

SUFEHFNEXRT OHITRATEUSIMUE, RESEUTFHRNEXRT 0 SRR
TEMWRS. RENHIBLUNRE K ERRENFTESRZE  REDREEMWRSE
FENVENNEGL (W P34 /R ") . NBREFESMENBETST , BLEN
£ EN& 4% | W P 238Figure 123 ,

IREHREFTERE N 16 UNFEFHR. XN FEENNBIGEREEEEFS ( ZHH
1010_0011_0111_0000) #{TLtR, MR FFR/HWAB SHRECEESHE , A ES
JTAG #1T4RB. WHFRELBSUNEN , ARERHEEREXNN AT &L,

Figure 147. miEFEREHFFE

TDI

I

$A370

—_ » D Q—» Programming enable

> - >» 0

ClockDR & PROG_ENABLE

TDO
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mEGRSHTER REDTHFRERE—N 15 UNFFR. XNFESARBTHBARESS , T
HE-—PBTHHITER. JTAG RIEIESENL Table 130, REBTBANRSFSIHE
£ I, Figure 149,

Figure 148. fmEm T HFE

o
g

S
T
R
(o]
B
E
S
Flash
EEPROM
A Fuses
g Lock Bits
R
E
s N
. >
/
D
A
.
A

TDO

290 l\:[]11€3£’i!’|:2£; L __________________________________________________________________________|
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Table 130. JTAG RIEIES

a=Efuibit, b= Uit H=0-FFT ,1-E€FT , o=BEHL ,i=BEHWA , x=TRAR

ES TDI FF 5l TDO 5l p=35 3

1a. DB 0100011_10000000 XXXXXXX_XXXXXXXX
0110001_10000000 XXXXXXX_XXXXXXXX
0110011_10000000 XXXXXXX_ XXXXXXXX
0110011_10000000 XXXXXXX_ XXXXXXXX

1b. B ERERE SR 0110011_10000000 XXXXXOX_ XXXXXXXX (2)

2a. # A Flash B 0100011_00010000 XXXXXXX_ XXXXXXXX

2b. INELE i bk 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)

2c. Mg Rzttt 0000011_bbbbbbbb XXXXXXX_XXXXXXXX

2d. BB RFET 0010011 _iiiiiii XXXXXXX_ XXXXXXXX

2e. MFEHBFESFT 0010111 _iiiiiii XXXXXXX_ XXXXXXXX

2f. BiF LR 0110111_00000000 XXXXXXX_ XXXXXXXX (1)
1110111_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX

2g. B Flash 1T 0110111_00000000 XXXXXXX_XXXXXXXX (1
0110101_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

2h. KNMEREBLER 0110111_00000000 XXXXXOX_XXXXXXXX (2)

3a. # A Flash &g 0100011_00000010 XXXXXXX_ XXXXXXXX

3b. &S A3k 0000111_aaaaaaaa XXXXXXX_ XXXXXXXX (9)

3c. FERAIHhHE 0000011_bbbbbbbb XXXXXKX_ XXXXXXXX

3d. BBEE. §FT 0110010_00000000 XXXXXXX_ XXXXXXXX
0110110_00000000 XXXXXXX_00000000 BFN
0110111_00000000 XXXXXXX_00000000 SES

0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

4a. 3t A\ EEPROM Bi24E 0100011_00010001 XXXXXXX_ XXXXXXXX

4b. NE S bk 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)

4c. MNERAR{L bt 0000011_bbbbbbbb XXXXXXX_XXXXXXXX

4d. INERBTEFT 0010011 _iiiiiiii XXXXXXX_XXXXXXXX

de. BIEHITF 0110111_00000000 XXXXXXX_ XXXXXXXX (1)
1110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

4f. E EEPROM &1 0110011_00000000 XXXXXXX_XXXXXXXX )

49. RMTTEREBL R 0110011_00000000 XXXXXOX_ XXXXXXXX 2)
5a. ¥ A EEPROM & 1E 0100011_00000011 XXXXXXX_ XXXXXXXX
Sb. MER S Lt it 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)
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Table 130. JTAG RIRIES

a=gfutthat , b =Kttt , H=0-

ﬂ

AIMEL

o -EFT o= HERE i = RERA , x=TAR

Be

TDI 5

TDO 5l

AR

5c. NER AR fv itk 1

0000011_bbbbbbbb

XXXXXXX_XXXXXXXX

5d. BEBEBFET

0110011_bbbbbbbb
0110010_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_00000000

6a. HABBLVIRE

0100011_01000000

XXXXXXX_XXXXXXXX

6b. I HBEET ©

0010011 _iiiiiiii

XXXXXXX_XXXXXXXX

6c. BY BRBLMFT

0111011_00000000
0111001_00000000
0111011_00000000
0111011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

6d. RMBBLMNERER

0110111_00000000

XXXXXOX_XXXXXXXX

Ge. MEBBFEETC

0010011 _iiiiiiii

XXXXXXX_XXXXXXXX

of. BRLUEFT

0110111_00000000
0110101_00000000
0110111_00000000
0110111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

6g. KNEBLNRELR

0110111_00000000

XXXXXOX_XXXXXXXX

6h. IEBBIRMALFTT

0010011 _iiiiiiii

XXXXXXX_XXXXXXXX

6i. BRLMNIRNFET

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

6j. RMBLMNESE

0110011_00000000

XXXXXOX_XXXXXXXX

7a. EABHIE R E

0100011_00100000

XXXXXXX_XXXXXXXX

7b. MEBIEET ©

XXXXXXX_XXXXXXXX

(4)

7c. BBUEN

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

(1

7d. RN BB ENRETLER

0110011_00000000

XXXXXOX_XXXXXXXX

8a. Mt AL / %meuliTsH’F

0100011_00000100

XXXXXXX_XXXXXXXX

8b. ¥ RIS FT ©

0111010_00000000
0111011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

8c. BL BT )

0111110_00000000
0111111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

8d. B L NEFET ®

0110010_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

8e. B EM @

0110110_00000000
0110111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XX000000

®)

202 ATmega128 m——————————————————
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Table 130. JTAG RIRIES
a= Sttt , b={K{tt , H=0-FF

o -EFT o= HERE i = RERA , x=TAR

Be

TDI 5

TDO 5l

AR

8f. B L R BUEM

0111010_00000000
0111110_00000000
0110010_00000000
0110110_00000000

XXXXXXX_XXXXXXXX

XXXXXXX_00000000
XXXXXXX_00000000
XXXXXXX_00000000

®)

fuse ext. byte
fuse high byte
fuse low byte

0110111_00000000

XXXXXXX_00000000

0110111_00000000 XXXXXXX_00000000 lock bits
9a. AR FHRRE 0100011_00001000 XXXXXXX_ XXXXXXXX
9b. &kttt F I3 0000011_bbbbbbbb XXXXXXX_ XXXXXXXX
9c. BIRIRFT 0110010_00000000 XXXXXXX_XXXXXXXX
0110011_00000000 XXXXXXX_00000000
10a. HARKRF T iRRE 0100011_00001000 XXXXXXX_XXXXXXXX
10b. HNE #ot F 35 0000011_bbbbbbbb XXXXXXX_ XXXXXXXX
10c. BREFT 0110110_00000000 XXXXXXX_ XXXXXXXX

MMa. MBEFTREGT

0100011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

MREFT—NHFS (E
. BEE€Fo="1%,

Notes:

. MNHBLN 0" = RIE 17 = THRE.
. MHREHBIEN ‘0" = R 1" = TR,

. NN BRLMNFTHMERES]TF P 269Table 117

. NRMNBLNESETHMNEESTF P 270Table 118 o

. XNRMBLMEET NS ST P 270Table 119 o
3R BEN T R RET 5 TF P 268Table 115

T
2
3
4
5. ‘0" = 4REIE “1” = TR,
6
7
8
9.
1

0. Z #5813 PCMSB & EEAMSB(Table 123 & Table 124) #y it

2467L-AVR-05/04
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AIMEL

Figure 149. % / i BUBTEFHVRSHF 5

1 | TESt-LOGIC-RESEE H-+-rmrmrmmmms e e
P o
0 1 o 1 : i1
Run-Test/Idle ~ P Select-DR Scan -------=s-ssmmemmeeses pi Select-IR Scan i-=-----
y 3 :............E. ............
0 i 0
Yy A A
1 1
— Capture-DR | -5 Capture-IR
0 io
Yy Yoo,
. . 4
| 4 Shift-DR 0 R »i Shift-IR 0
v Db b, ST
. 1 : i . 1
—p Exit1l-DR : P Exitl-IR  =-Teeeen
0 E Lo
A P b S
i 4
Pause-DR 0 H Pause-IR Y
h 4 D e b A
0 Exit2-DR [ [ = Q. Exit2-IR
1 i1
Yy | b A
Update-DR Update-IR 4------!

E2 ¥\ Flash TUH h0ER 5 17 8% RE#l Flash UM FFRRBKESF T — R Flash BENTMHE, AMBALTFRN 8L,
BREEHUFT RN RN A Flash TEFER. ERTBAFRBETF  HARE-—FKED
B LSB JF#4 | BIR/E—RIETH MSB 4R, XN EHTREIRERI M EA Flash WE
HERRET —RBERHNERE,

294 ATmega1 2 O I —————————— e —
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Figure 150. EEl Flash TUiN# 1288

STROBES
N

State

machine
oI

ADDRESS |

Flash
EEPROM
Fuses
Lock Bits

> -4 >0

TDO

E#L Flash WHEREF 7R RE#l Flash TR E 7R R KEZ T — X Flash i1 8 WEM M. NEBUFEHRN 8
v, BIEEHAFTT N RWVM Flash BIET/EH. £—1 8 BHAREGEABBUFFR
ME—NFT  BZFTNEPHE, £X—NKLE BEBHBERTAFE-FESH LSB
Fg , BBE—FRETHN MSB 4R, XNIRMEN Flash TRERERMT —FERW
#it.

Figure 151. E#l Flash TU£ENF 783

State "
o1 machine
I Flash
EEPROM
Fuses
Lock Bits
WEBEE XL “1a”, “1b” XHENSEIES N Table 130,
HAREER 1. #A JTAG ¥4 AVR_RESET , #iE 1 B A Reset H1755,

2. # A PROG_ENABLE #% , #1€ 1010_0011_0111_0000 X A 4wfEERES 755,

BHmRES 1. # A JTAG #£9 PROG_COMMANDS,
2. BELREES 11a REILFERREES.

A IIIEI% 295
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3. # A PROG_ENABLE #£% , 3% 0000_0000_0000_0000 }X A Ymi2 L RE B 17 27 -
4. A JTAG 85 AVR_RESET , #1B 0 35 A Reset 785,

RITB R BRERRE 1. ¥ A JTAG % PROG_COMMANDS,

2. FARRBES 1a BITSHER.

3. A1 ESRECHEBRERETM  REZH tyry ce( L P 280Table Note: )o
¥4 Flash #1742 TE5T Flash dR2 BT AT BER , W P 296" 1T/S  EEBRIZHE "

# A JTAG £ PROG_COMMANDS,

FERAREIES 2a B3 Flash Bk,

FERREES 2b MU FFT,

FERAREES 2c MR UHEFT,

ERARBIES 2d. 2e & 2f mMEEIE.

WX—RHNAERFFEERE 4 MRHE S5,

ERREBIES 29 #ITRERE,

ERAREES 2h RE Flash RERBLE R , HE &ty u( L P 280Table Note: ),
ESRAE3IN 7, BEFMBNBREBRRE.

AEX A PROG_PAGELOAD fESREBEESHNBEELME .

1. 3 A JTAG £ PROG_COMMANDS,

2. BUMEMAREET 2a B3 Flash Bk,

3. EARERSD 2b & 2c ME A, PCWORD( M P 273Table 123 ) BFRAS
H, BH4HA 0.

Bt A JTAG % PROG_PAGELOAD,
—ANFEF—ANFHHFETANEFFNHBNBNRT , HE-RESH LSBT,
ERTHRRE—FETH MSB,

# A JTAG £ PROG_COMMANDS,

ERRERES 29 BITRBRE,

ERAREE T 2h R EFlashBIREREB T , HEF&Fty qy(J P 280Table Note: ),
EESRIE8 , BEEFIBENBEHERE,

© O NGO RA DN

o &

© ® N

296 ATmega128 L __________________________________________________________________________|
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& EN Flash B A JTAG #% PROG_COMMANDS,

FEAmERE T 3a B3l Flash B,

FARREES 3b & 3c mEkthit,

FRRREES 3d EHIE,

. EEREIN 4, BEEFTERESBEIRE,

B £ PROG_PAGEREAD 5% A LA B & % it 15 S 2RI -

1. # A JTAG ¥9 PROG_COMMANDS,

2. AR 3a B3 Flash ikig/E,

3. (AR 3b & 3c KM T #bit. PCWORD(M P 273Table 123 ) BFRAF
HE, A 0,

4. # A JTAG ¥+ PROG_PAGEREAD,

5. BYN-—TzHFHNERFFEFBHREN—BN , HFE—KEFH LSBHEA , B
KIETFHRE—RESH MSB, F— I BHNETEZEE,

6. f£MA JTAG ¥+ PROG_COMMANDS,

7. EESR3IE 6, BEREMBERIEHHIEE.

R N

%} EEPROM #1T4RTE f£3 EEPROM 4mIZ2RT , HTHITREFEBER , I P 296* HITEF BBRIRIE " o
B A JTAG #% PROG_COMMANDS,

FERmRES 4a 53 EEPROM Bi21E,

FRAMBEES 4b RiNF st FF 1,

FERAREET 4c RN EFT,

fEH 4d &% 4e MNEHIE.

NRAFMBHREFTRITERIESI M S5,

EARREIES 4f BHIE.

ERAREIE T 4gREEEPROMEBRIERBEL TN , B E Sty ru(JL P 280Table
Note: ).

9. EEXHE 3T 8, BERFTENEIESBRE
YmFE EEPROM B F g H PROG_PAGELOAD %,

N RN

2Bl EEPROM B A JTAG #% PROG_COMMANDS,
FERmRIES 5a B3 EEPROM i 1E,
FEAREES 5b & 5c kit
FERRREES 5d EZHIE,.

EEREIM4, EFMEREEKIEY,
AE | & EEPROM Bt~ gEfEA PROG_PAGEREAD %,

ok wbd-=

A IIIEI% 297
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TBL R TRE

MRV TRE

RBUE L (VMBIE N

BREURIRFT

BREAREFRT

ok wbd-=

ok wbd-=

DN~

A JTAG IS
FRAREES

ERAmEES
.

ERAREES
ERAmEES

)o

ERAREES
ERmEET

ERAREES
)o

ERAmEES
. ERREET
. ERERES

)o

#HAJTAG S
FERRRES
FERRRES
FERRRES
FERRRES

)o

#HAJTAG BT

ERAREES
ERmEET

ﬁﬁ%ﬁ%%
T 8c RBUBLNUFFT,
EAmEES
ERAmEES

EAmELE

A JTAG i8S

EAES 9

AIMEL

PROG_COMMANDS,

6a B BL N BRI,

6b MBBEEFT. LEN O RTFENBLNUFTERE , BN TR
6c BRLNEFT,

6d REBRLUEREREBTK , NERF ty ry( A P 280Table Note:

6e MFBFEFT , B0 RRBLUERE , B 1 KRRARRE.
6f BRLNEFT,
6g REBLUBERER

BEK , REHF ty gy A P 280Table Note:

6h MHBFEFT , B0 RNBLMUEE , B 1 RRAERE.
6i BRLNEFT,

6 REBLNUERERETA , HERF ty ry( L P 280Table Note:

PROG_COMMANDS,
7a A ENBRE,
ToFHTHIEMER . (BN ORTHENBLUNEERE ,
7c BEIEN,
7TdREMENMNERER

BN mE.

BER , REHF tyy zy( I P 280Table Note:

PROG_COMMANDS,
8a # ABL A/ BlEMIZERE,

8f RiZENFT BB LM R EIEN
8b RZEEYT BIBLMNFT,

8d KIREURLVIKF T,
8e BEENBAE L,

PROG_COMMANDS,

B RiIR FIRBE,
ERAmEES
ERAREES

9b fnEk ik $00.
9c BE—MRIRFT,

Eibit $01 R $02 A EBEEHREI N4, DARE-RE=ZMRRFT,

#HAJTAG S
/A 10a EEH
FERRRES
FERRRES

PROG_COMMANDS.
BER R 7 TIRRE,
10b hnE bt $00,

10c BB FT,

20 ATmega128 m———————————
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B

Note: HBEBBETHEURAMEAMREIZAESH AVR ROERNFERE. NRHTRECZERAHSEKENSZNME.

8 38 tR PR {E
TASREE oo -55°C Bl +125°C "NOTICE: i i 5| F B AL Ry 3 1 PRAE A RE I B R #FAY K X

BR, KEMTHETLXNRRES T REERE

TEEIREE o -65°C % +150°C T
IR EMEBE | BT RESET
FEST T e -1.0V # Vc+0.5V
RESET S|l LW BE , XN Fib ..o -1.0V E +13.0V
BRARTAEERE c.oooococeeeeeee e 6.0V
BNOBIHI LRI DC IR ..o 40.0 mA
DC &3 : Voo 1 GND SIBIZE ..o 200.0 mA

Bt

T, = -40°C- 85°C, Vo = 2.7V - 5.5V ( BRIES SN ER )
w5 28 &4 B/ME BAE BAE - R4
v, 8 A B ﬁ? XTAL1 #1 RESET 3| 05 0.3 Voo™ Vv
V)1 BMARBE XTAL1 SIR0 , ShEBRT 4 0.5 0.1 Ve \Y
ViL2 BMAKBE RESET 3| -0.5 0.2 V! \Y
Vi WA BE ﬁ? XTAL1 M RESET 3l | & Ve Voo + 05 v
Vit BMASRE XTAL1 SR, S4B e 0.7 V@ Vge + 0.5 Y
Vo MASBE RESET 5|H 0.85 V@ Vee +0.5 Y
v BWHERE® lo =20 mA, V¢ = 5V 0.7 %

oL (%0 AB,CD,E, F, G) lo, = 10 MA, Ve = 3V 0.5 Y
v AHEBEE loy = -20 MA, Ve = 5V 4.0 v
OH (#%0 AB,C,D) loy =-10 MA, Ve = 3V 22 %

| L PN 424K Vee = 5.5V, SIHIREBTF 8.0 A
I 1/0 SR (4 3HE ) . u
| AU BB Vee=5.5V, SIS HTF 8.0 A
H /O 31 (B3I{E ) ' "
RrsT Reset 51 L e/ 30 100 kQ
Rpen PEN S| L3/ 25 100 kQ
Rpy /0 Sl EhreapE 33 122 kQ

2467L-AVR-05/04
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Tp = -40°C- 85°C, Voo = 2.7V - 5.5V ( BRIEB HA KA )

&5 3] &4 B/ME BAE BXE By
4 MHz, V¢ = 3V
(ATmega128L) 5 mA
8 MHz, V¢ = 5V
(ATmega128) 20 mA
TR Z2H , 4 MHz, V, 3v
=m, Z,Vee =
lec (ATmega128L) 2 mA
ZEM , 8 MHz, Vg =5V
(ATmega128) 12 mA
o -
st WDT 8 , Ve =3V <25 40 HA
WDT 1k, Ve =3V <10 25 WA
Bl R R Ve =5V
Vaco | g ARE®RE Vi, = Veol2 40 mv
ﬁ*utbﬁ% VCC = 5V
lactk HACHR R Vi, = Vec/2 -50 50 nA
¢ Bl RER Ve = 2.7V 750 s
ACID MIRILIER Vee = 5.0V 500
Notes: 1. “ BAfE > RRFIESI BB ENKNNRSE.
2. “&/ME’ RNMRIESIBIEEBEN BN RIEE,
3. BAERERSEZFGCERS)TEMNOR DA ARB MR Z 4 TELSHETRQO MA Voo =5V BIR10mA |, Ve =3V) ,
BEREEERUTER
TQFP £ :
1] FRE O /9 I0L BFTFEERT 400 mA,
2] #% 0 A0 - A7, G2, C3 - C7 K9 IOL E AL 300 mA,
3] # A CO - C2, GO - G1, DO - D7, XTAL2 #9 IOL EFMAFEEBIT 150 mA.
4] 3% 0 B0 -B7, G3 - G4, E0 - E7 B9 IOL B FT AR 150 mA,
5] # 0 FO - F7 &Y IOL A MA8E#EE 200 mA,
MR IOL B TMREM , VOL WEB ISR, FARIESIBI AT AR UK tb 5 F bbb B9 R KB BB TR
4. ERERERSEZMCERES) TS MO QA M H N R R4 TESHBER(20 mA Ve =5V AR10mA |, V= 3V)
EREEEFUATER
TQFP $f3 :
1] FRrE R O/ IOH BT BERET 400 mA,
2] %0 A0 - A7, G2, C3 - C7 B9 IOL E A sE#ET 300 mA,
3] # 0 CO-C2, GO - G1, DO - D7, XTAL2 §9 IOL EFTEERET 150 mA,
4] ¥ 0 B0 -B7, G3- G4, E0 - E7 B9 IOL EFTAEEE 150 mA,
5] # H FO - F7 89 10L B FMFAEE T 200 mA.
MR IOH B TMAEZM , VOH AR B4R, FARIESIHI AT S5 i e 51 T AL MK S B R B3
ShEB e IR Y Figure 152. $\EBET44 IR 3 iR
tCHCX
D *+— tereL
N
= tCLCL
300 ATmega1 28 ]
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Table 131. A EFatpIRh
Ve =2.7V-5.5V Vce = 4.5V -5.5V
ns 28 BME - PN BME BXAE By
Mool | THRFER 0 8 0 16 MHz
toLeL B9 ) 5 125 62.5 ns
tohex & B E 50 25 ns
toLex KB atE 50 25 ns
toLcH EFetiE 1.6 0.5 us
teheL TR E] 1.6 0.5 us
Ate o 2] 2 2 %
Table 132. /\&f RC #&5% 35 , SRR
R [kQ]™ C [pF] @
100 47 87 kHz
33 22 650 kHz
10 22 2.0 MHz
Notes: 1. RHEUESEE N 3kQ-100kQ ,C EARiiZA 20 pF. LbALA HE C BB S FESIHIE

B, SIHBRBFEHEEAMEL.

2. MEEHRESHRENTERTmE,

2467L-AVR-05/04
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W& BTEOSNKE
Table 133 #if TEZFIML BT RL LNBHFNER, ATmegal28 MRLEOHR LB HILIIHHER,

N FREiES# Figure 153,
Table 133. F&BITELER

o5 B8 &M R/ME BX{E LR}
V. WARBE -0.5 0.3 Ve v
Viu WABRBE 0.7 Ve Ve + 0.5 v
Viyet) AR B A A RR R B E 0.05 V@ - Y
Vo (M WHARBE 3mA RER 0 0.4 v
™M SDA #1 SCL ¥ L a8l 20 +0.1C,3@ 300 ns
t.(" B Vigmin 2 Vi max BV T B AR 10 pF < C,, < 400 pF® 20 +0.1C, 0@ 250 ns
tsp!” 0 A ST B2 B3 400 761 Y SR U it ) 0 502 ns
I B /0 SIHIRY A B IR 0.1 Vg <V, <0.9 Ve -10 10 WA
c® BN /O S ER - 10 pF
fseL SCL Bt = fox® > max(16fge, 250kHz)®) 0 400 kHz
fsoL < 100 kHz Veoe— 04V 1000ns
C_ Q
3mA C,
Rp LA
fscL > 100 kHz Vec—-04V 300ns
B . Q
3mA C,
‘ fgcL <100 kHz 4.0 - ys
tiosta | START REHRIFNE (ES)
fgc > 100 kHz 0.6 - ps
‘ fsoL < 100 kHZ® 4.7 - Hs
tow SCL B4 A K BB B[]
fsoL > 100 kHz(" 1.3 - Hs
N ‘ fseL < 100 kHz 4.0 - us
thich SCL R S B F Bt A
fsoL > 100 kHz 0.6 - us
L fgcL <100 kHz 4.7 - Us
tsusta | BEE STARTS KHHE AT H
fgc > 100 kHz 0.6 - ps
) s fseL < 100 kHz 0 3.45 us
tHD;DAT ﬁﬁﬁ%ﬂq“ﬂ
fseL > 100 kHz 0 0.9 us
L fseL < 100 kHz 250 - ns
tsupar | BIEEIMASHE
fseL > 100 kHz 100 - ns
L fgcL <100 kHz 4.0 - us
tsusto | STOP SHHE LAY H
fgcL > 100 kHz 0.6 - ps
taur STOP F START Z [Al#) 8.4 22 I 64 /&) fsel < 100 kHz 47 - us

1. XF ATmega128 , kS HRBUSE , RBELE 100% KN,
2. ABY g > 100 kHz HF FEE,

3. C,= BEM—RE&WBR,

4. fo = CPU RI4HIZR,

Notes:

5. WERERAT ATmega128 FIBEM AL BRITEOWERAE, HMEZIIRLBITEENER
14"/':{%;)%3—5&39 fSCL ES}?EDWO

302 ATmega128 L __________________________________________________________________________|
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6. ATmegal128 FiLk SB1THE O KRR E MWK BRI BN (1/fge, - 2fck)e ERR TEHRER
fsoL = 100 kHz BHE B AR ER fo DMK F 6 MHz,

7. ATmega128 RLBTEOIRFENBEBERNRER (1fgq - 2/fck)o BILE fo = 8
MHz , B fgo, > 308 kHz BHE B F BRI FTE™ BB R ER, AW , ATmega128 ALl S
Hfth ATmega128 LL£3% (400 kHz) #1TEifl. BEHMBMHEFEEN t oy ESHE
AT A ENX — R

Figure 153. W& BT ERE&RF

S ety tHIGH e b

fLow fLow \\\
scL 44 R
ISUSTA |¢s ¢ thp;sTA HDDAT ¢ | ¢ | tgypar >
oA tsu;sTo

‘ | tgur

SPI B R4 B&ER1ES N Figure 154 1 Figure 155,
Table 134. SPI it FS K
BX
UL B’ B/ME BAE =]
1 SCK A8 EZ8 2N Table 72
2 SCK & / BsF E)! 50% Szt
3 EA /TR E)! TBD
4 Z At )} 10
5 fRI5EE E)! 10
6 i E) SCK EH 0.5 * tyg ns
7 SCK Bl i EH 10
8 SCK Bl S BF E)! 10
9 SS K4 ML 15
10 SCK A ML 4ty
11 SCK & / {R&BF ML 2ty
12 EFH / TEEEtE MHL TBD us
13 f=Rva: gL ML 10
14 RIEaE ML 10
15 SCK F#a ML 15
16 SCKEISS & MH 20 "
17 SS BE=% MHL 10
18 SS &% SCK ML 20

Note: 1. SPI4mEHERNT SCK &/)AHN :
-2t o for fok < 12 MHz
- 3 to oL for fog >12 MHzZ

A IIIEI% 303
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Figure 154. SPI#ONFEXR (EHER )

SS

1
SCK £ K—/J\li N
(CPOL = 0) 7—/ 3 3 X
2 2
SCK 77\ Z—\J\Ii , /7
(CPOL = 1) X J
4 <5$ 3

MISO

MSB N\ LSB
(Data Input)
7 ,\I—/
\
\

A
A

MOSI

LSB
(Data Output)

MSB

Figure 155. SPI#ORNFER (MHER )
. 18 %17

SS

SCK Y fx
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Rt
Table 135. ADC #S¥ , 2 iREE
Ll
n"s | BE 30 2MED | EHO | BRXE®D | B
DYR B R MR 10 Bits
EZ5HR
#2% = 1x = 20x 15 LSB
E/\
i{g%f i2t00x 3.25 LSB
BRI
or Virer = 4V
BIIBE ADC B## =200 kHz 15 LS8
ADHSM =0
B R EGR
Viker = 4V
ADC Et4$ = 1 MHz 3.75 LSB
ADHSM =1
N9 et Vier = 4V 0.75 LSB
EYF 12543 VRer = 4V 0.5 LSB
TRE (RE) VRer = 4V 1 LSB
At E HEETAR
ADHSM =0 1 LSB
BHEETHR 50 1000 kHz
ADHSM =1
PR R ADHSM =0 13 260 us
AVCC ADHSM = 1 Vee - 0.3%) Ve +03%) | v
Veer | BHIBE 2.0 AvCC v
Viy SEBE BRI GND VRer \Y
EH5AR 38.5 kHz
Vit WMABE BimEE 2.3 2.56 2.7 v
Ran | WA B i iEE 55 100 MQ
Notes: 1. BEMRKENSE, ERBEFE.
2. AVCC HI&/IMER 2.7 Vo
3. AVCC IR KREN 55V,
305
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Table 136. ADC #2¥ , ZHEE
Ll
®s | 3K 30 2MED | EHO BAED | B2
= 1x 10 Bits
DR B/ = 10x 10 Bits
3% = 200x 10 Bits
3 = 1x
Vgrer = 4V, Ve =5V 17 LSB
ADC B4 = 50 - 200 kHz
3 =10x
BB Vger = 4V, Ve = 5V 17 LSB
ADC B4 = 50 - 200 kHz
#2% = 200x
Vgrer = 4V, Ve =5V 7 LSB
ADC B4 = 50 - 200 kHz
W3 =1x
Virer =4V, Ve =5V 1.5 LSB
ADC Bt = 50 - 200 kHz
AR (INL) \i}mﬁ Z l?/xv =5V 2 LSB
#i = 200x
Virer =4V, Ve =5V 5 LSB
ADC B4 = 50 - 200 kHz
Bz = 1x 1.5 %
BRIRE B/ = 10x 1.5 %
3 = 200x 0.5 %
B3 =1x
Virer =4V, Ve =5V 2 LSB
ADC B4 = 50 - 200 kHz
W = 10x
MBIRE Vger = 4V, Ve = 5V 3 LSB
ADC B4 = 50 - 200 kHz
#i# = 200x
Virer =4V, Ve =5V 4 LSB
ADC B4 = 50 - 200 kHz
ENEETES 50 200 kHz
T[] 65 260 us
AVCC | &l E Ve -0.3?) Ve +03%) | v
Vrer | BEBRE 2.0 AVCC-0.5 Y
Vin MABE GND Vee v
Vore | MAZDBRE -Vgee/Gain Vrer/Gain v
ADC ¥4 -511 511 LSB
MATIR 4 kHz
306 ATmega128 |
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Table 136. ADC #MZ# , =% &E (Continued)

- Ll
#7E | BK &4 2MED | EHD | BRXE®D | B
Vit HER B EEE 2.3 2.56 2.7 Y
Rrer | ZEW RSB 32 kQ
Ran | Bl A BHE 55 100 MQ
Notes: 1. BEMRENSE, IGEHREFE.
2. AVCC My&/MBR 2.7 Vo
3. AVCCHIRAER 55V,
307
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ABBITBEF RN F
Table 137. A MBFEFHEB[I/MUSH , 45-55V , TEFRES
8 MHz 5% %% Htuirss 28
Sac] B8 BME | BKE B/ME BKAME L 20]
0 Mol HIRME 0.0 16 MHz
1 tpL ALE BXH TR E 115 1.0tg o -10 ns
2 | tau b HE ALE HIE 575 0.5t o -5 ns
ALE R1R2 15 9 3k R I A 1E] 5 5
3a | tax.st Bk ns
NIEZ B AR TR ] 5 5
3b | tax o BRE ns
4 | taic ik HR C E ALE € 57.5 0.5tg -5 ns
5 tavrL # kB HE RD NIK 15 1.0tg o -10 ns
6 tavwi # kB HE WR AR 15 1.0tg o -10 ns
7 | tuwm ALE &% WR & 475 67.5 0.5tcc -15®@ 0.5t ¢ +5? ns
8 | ture ALE &%/ RD 1§ 475 67.5 0.5tc ¢ -15@ 0.5t ¢ +5? ns
9 tovrn BIEZVYFRD IS 40 40 ns
10 | tripy BRESKIKEEXR 75 1.0t o -50 ns
11| trrpx RD A& 2 B BIERENA 0 0 s
12| trirn RD B# 3T E 115 1.0t o -10 ns
13 | towwe BFEEEIE WR K 42.5 0.5tg, ¢ -20) ns
14| twhox WR N &2 5 i B R AR S B 18] 15 1.0tg ¢ ~10 ns
15| tovwm BRERAEBEWRAE 125 1.0tg o1 ns
16 | twwe WR BRH L E 115 1.0tg o -10 ns

Notes: 1. BRERHEZLEN 50%. —X AN APt E XTAL1 BYEFR S B FRTE,
2. RERSEZELR 50%. —H¥BAERNEBATH XTAL1 FISEBRK B A E,

Table 138. AIPHIBEFMHEFHUESE , 45-55V, —NEFRS

8 MHz % &% HAtiR5% 25

iRy 28 BME BAE BME BX{E L Rivs
0 | tgcL oh AR MR 0.0 16 MHz
10 | tripy BRESEIBBEXR 200 2.0te ¢ -50 ns
12 | trign RD fkA R E 240 2.0tg o -10 ns
15 | toywn BREERIIWRAS 240 2.0tg o ns
16 |ty WR Bk 5 240 2.0tg ¢ -10 ns

38 ATmega12f me—————————————————————————————
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Table 139. AIBHKIFEBFMHEFISESE , 45-55V, SRWn1=1, SRWn0=0

4 MHz #®5% 2% HAt#R5% 2%
CSacy L2 BME BAE BME BK{E By
0 | tgcL Roh AR MR 0.0 16 MHz
10 | tripy BRESEIIBBEXR 325 3.0t o -50 ns
12 | trign RD fkAEEE 365 3.0tg 10 ns
15 | toywn BREERIIWR IS 375 3.0t oL ns
16 |ty WR Bk 365 3.0t o 10 ns
Table 140. AHHRIFEFHEFIFIMESH, 45-55V, SRWn1=1, SRWnO =1
4 MHz 5% 28 HAtiR5% 88
iRy 28 BME BAE BME BX{E L Rivj
0 | 1MgaL H eI 0.0 16 MHz
10 | tripy BRESRIABEEN 325 3.0t ¢1-50 ns
12 | trrn RD fkA R E 365 3.0tg 10 ns
14 | tyhox WR N & 2 R BIER A E 240 2.0tg o -10 ns
15 | toywn BREERIIWR S 375 3.0t oL ns
16 |ty WR Bk 365 3.0t o -10 ns
Table 141. HAPHB\EFEB[BMUSH , 2.7-55V , BEFRS
4 MHz 5% 25 HAtiR5% 88
iRy 28 BME BAE BME BX{E L Rivj
0 | 1MoL HERM=R 0.0 8 MHz
1 | ALE BRHETE 235 toic-15 ns
2 |t ALE R{E#bIEBR A 115 0.5tg o -100) ns
égEjﬂ&Jﬁtﬂziﬂ%ﬁ , 5 5
3a | tax st BimE ns
‘AI\_\EjﬂﬁJﬁﬂﬁiﬂ:{%ﬁ , 5 5
3b | tuax o BiFE ns
4 | taic ALE ARt B C 15 0.5t ¢ -10" ns
5 | tare RD ARt H K 235 1.0tg o -15 ns
6 | taw WR H{E b1t B 235 1.0tg g -15 ns
7 |t ALE H1E WR H1K 15 130 0.5t o -10@ 0.5tc  +5® | ns
8 | tur ALE 1% RD KK 15 130 0.5tg o -10@ 0.5tc c +5® | ns
9 | tovrn RD & #iEE L 45 45 ns
10 | tripy RIEBEEN 190 1.0tg ¢ -60 ns
1M | trupx RD A=EEHREBEREF 0 0 ns
309
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Table 141. ABHRIFEEFHSFIIESE , 2.7-55V , BEFRD

4 MHz &% 2% Hitifzsh 85
5 2] ME BXE &ME BKE L Rirj
12 | trign RD Bk 235 1.0tg o -15 ns
13 | toww WR REBIER I 105 0.5t o -20" ns
14 | tyhox WR 7 & B HIERE 235 1.0tg o -15 ns
15 | toywn WR A SHEER 250 1.0t oL ns
16 | twiwn WR BXHR BT 235 1.0tc o -15 ns

Notes: 1. {Ri&SZELER 50% , ¥ EHISEBR A A ERAd & XTAL1 B9 S B,
2. BRI&EEZE 50% , HEHISKER 7 AN ER S ¥ XTAL1 B9{KATIE.

Table 142. AEHRFFHEIFME, 27-55V, SRWn1=0, SRWnO =1

4 MHz 5% 28 A 4IRS B8
iRy 28 BME BAE BME BX{E L Rivj
0 | 1MgaL H eI 0.0 8 MHz
10 | tripy RENBIEER 440 2.0t 60 ns
12 | trrn RD fkA R E 485 2.0tg o115 ns
15 | toywh WR SBEEX 500 2.0t oL ns
16 | tyiwn WR BRH L E 485 2.0tg o -15 ns

Table 143. A\ EHFEFHEF/HME , 27-55V, SRWn1=1, SRWn0=0

4 MHz 5% 88 A TR 2R
s ¥ B/ME BX{E B/ME BAE Unit
0 | 1MoL HERM=R 0.0 8 MHz
10 | tripy BRERKEEN 690 3.0te ¢ -60 ns
12 | triry RD Bk 3T E 735 3.0tg ¢-15 ns
15 | toywn WR SBEEX 750 3.0t oL ns
16 | tyiwn WR B L E 735 3.0tg 1-15 ns

Table 144. S\EPHIBEF#EZ4EM , 2.7-55V, SRWn1=1, SRWnO = 1

4 MHz #%5% #& A EIIEH B

SRy ] B/ME BKE B/ME BKE L 20]
0 | 1MoL RH MR 0.0 8 MHz
10 | tripy BENBEENR 690 3.0te; ¢ -60 ns
12 | trign RD kA TEE 735 3.0te o -15 ns
14 | tywuox WR A B EHERE 485 2.0t o -15 ns
15 | toywn WR S8EEX 750 3.0tc L ns
16 | tyiwn WR B L E 735 3.0tg o1-15 ns
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=0

Figure 156. A\ ZB1Zf#& 8584+ (SRWn1 =0, SRWnO
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Figure 157. #\ZB#Ef& 2584 F (SRWn1 =0, SRWn0 = 1)
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Figure 158. #\Ef1zf% 83895 (SRWn1 =1, SRWnO = 0)

f Tl f T2 f T3 ' T4 ' T5 f T6 f
System Clock (CLKcpy) /‘ f / \ ‘/ \ /‘ \ / \ /I
i i i . ' i \
' i1 ' ! ! ' \
ALE | i | /
V ' ‘
' 4 7
! DL AN P ‘ :
A15:8  Prev. addr. i Address ' X:
! | . 15 .
! 2 |3a |13 | | —
! -> 1 I
DA7:0  Prév. data Addres: | Data | *: m
H 1 i E
1 6 ! 16 ! DI R B
' T
WR ! | i '
| V i i Vo
! 1 1 1 1
| 3 | 9 i 1 [
i 5 i
'
DAT:0 (XMBK = 0) ————————— AddresH : Data i ‘
, 5 10 ! ! : B
1 1 ! j7)
I 1 I i ['4
' . 8 ' 12 ' '
! Il 1 1 —l—‘
‘RD | ,
: 3 - - 1
Figure 159. #\#377f 25045 (SRWn1 =1, SRWnO = 1)V
' T1 ' T2 ' T3 , T4 , TS , T6 , T \
ok ey N\ N\ N\
i 11 i , , i i 1
I | I 1 1 I I |
ALE :
V :
| DI SN PE S
A15:8  Prev. addr. i Address | ! )C
‘ e : 1
' 2 |3 |13 1 : ; _
DA7:0  Prév. data Addres: ' Data ' ' *: ©
| | , ' 14 g
i 5 ! 16 ! - | H
WR ‘
1 [ [l ' 1 -
3B ] 9 ] % : L
: |
DA7:0 (XMBK = 0) —————————( Addres: . ! Data ! ¥ s
5 10 3
['4
8 12
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Note: 1. H&E—/AH (T4-T7) B ALE B RHE T —%KESHR RAM ( AEBERIAED )o
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Figure 160. T/ R5HM=E KX R (0.1-1.0 MHz)
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Figure 161. THERSM=E XK (1-20 MHz)

ACTIVE SUPPLY CURRENT vs. FREQUENCY
1-20 MHz
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Figure 162. TEBRS Voo WX R (WE RC #X5%25 , 1 MHz)

ACTIVE SUPPLY CURRENT vs. Vcc
INTERNAL RC OSCILLATOR, 1 MHz
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Figure 163. T8RS Voo WX R (W RC #X5%2% , 2 MHz)
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ACTIVE SUPPLY CURRENT vs. V¢
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Figure 164. TEBRS Voo WX R (WE RC #X5%25 , 4 MHz)
ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 4 MHz
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Figure 165. T8RS Voo WX R (W RC #X5%2% , 8 MHz)

ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 8 MHz

25 -
40°
25 °C
20 85°C
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T 10
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Figure 166. T/EBER5S Vo xR (32 kHz AASFHRHER )

ACTIVE SUPPLY CURRENT vs. V¢c
32 kHz EXTERNAL OSCILLATOR
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/ 25 °C

ICC (uA

25 3 35 4 45 5 55
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Figure 167. ZHR B RSMEAIXR (0.1 - 1.0 MHz)
IDLE SUPPLY CURRENT vs. FREQUENCY
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Figure 168. ZZHREBRSMEMXR (1 -20 MHz)
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Figure 169. ZRBRS Ve BIXR (WEB RC #K5%38 , 1 MHz)
IDLE SUPPLY CURRENT vs. V¢

INTERNAL RC OSCILLATOR, 1 MHz
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Figure 170. ZREBERS V. X R ( WEB RC #&5%88 , 2 MHz)
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Figure 171. ZRBRS Ve xR (WEB RC #K5%88 , 4 MHz)
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Figure 172. ZRBRS V. xR (WEB RC IK5%2% , 8 MHz)
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Figure 173. ZHEHERS Voo BXR (32 kHz A EBIRH R )

IDLE SUPPLY CURRENT vs. V¢
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EEERBER Figure 174. I 8BEXBRT Voo HXR (BIAENSRFEAR )

POWER-DOWN SUPPLY CURRENT vs. V¢
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Figure 175. BEBERETS Vo, WXR (B HENEEEE)
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Figure 176. EREXBRET Voo AR (BIMNAENRER)
POWER-SAVE SUPPLY CURRENT vs. V¢
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Standby #E X B Figure 177. Standby BXBERS Ve, BIXR

STANDBY SUPPLY CURRENT vs. V¢
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Figure 178. Standby X B 5 Vo, FIX R (CKOPT 4rig )

STANDBY SUPPLY CURRENT vs. V¢
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S|k EHreapE Figure 179. /O S|M) LN BB BREMABENRR (Vo =5V)

I/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
Vce = 5V
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Figure 180. /O S|} LW EBBHEREMABENRR (Ve =2.7V)

1/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
Vce = 2.7V
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SIRIERZh BE b Figure 181. /O SIMIRERSH HBEHNRR (Ve = 5V)
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Figure 182. I/0 S|HE®BREHMEHBENRXR (Ve = 2.7V)
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Figure 183. /O SIIIRBREHHBENRXR (Ve = 5V)

I/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
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Figure 184. /0O SIEREREWMEHBENRXR |, Voo = 2.7V
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S| By 3 {8 538 i Figure 185. /0 S|/ ABEBES Voo XK (VIH, 1/0 SIRIESR 17)

I/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIH, 10 PIN READ AS '1'
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Figure 186. 1/0 S|/ AREBES Voo FIXR (VIH, /0 5IMI®RR 0)
I/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIL, IO PIN READ AS '0'
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Figure 187. I/O 5|l AR S Ve X R

I/0 PIN INPUT HYSTERESIS vs. Vcc
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BOD B B 5l L &R Mz Figure 188. BOD F{ES5RER X R (BODLEVEL K 4.0V)
BOD THRESHOLDS vs. TEMPERATURE
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Figure 189. BOD H{ESRE#% K (BODLEVEL # 2.7V)

BOD THRESHOLDS vs. TEMPERATURE
BOD LEVEL IS 2.7V
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Figure 190. BEEEES THEBENRER

BANDGAP VOLTAGE vs. V¢
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Figure 191. BARZ|/MES Voo XK
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WATCHDOG OSCILLATOR FREQUENCY vs. Vo
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Figure 192. #5771 MHz B RC I8 ME 5 RBEN X R
CALIBRATED 1MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 193. #57EH 1 MHz ) RC #RHE8MES Vc X R

CALIBRATED 1MHz RC OSCILLATOR FREQUENCY vs. Vcc
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Figure 194. 1 MHz RC #&% 884 #£ 5 Osccal HHX R

1MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 195. #5EH 2 MHz 1y RC IR B MRS REN KR

CALIBRATED 2MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 196. #5:EH 2 MHz ) RC %8 ME 5 Vo WX R
CALIBRATED 2MHz RC OSCILLATOR FREQUENCY vs. Vcc
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Figure 197. 2 MHz RC #X% 88 ®% 5 Osccal HNX R

2MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 198. #5EHN 4 MHz B RC iR B|MESREMN X R

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 199. #5EH 4 MHz ) RC #RHE8MES V IR R
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Figure 200. 4 MHz RC &% 83 % 5 Osccal XX
4MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 201. #5E 8 MHz ) RC IR B/ MRS REN KR

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 202. #5E5 8 MHz ) RC #R%HBME ST Vo X R
CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. Vcc
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Figure 203. 8 MHz RC #&5% 2884i% 5 Osccal HNX R
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Figure 204. BOD B 5 V. BIX R
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Figure 205. ADC B 5 V. BIX & (ADC #iZ£} 50 kHz

ADC CURRENT vs. Ve
ADC AT 50KHz
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Figure 206. ADC Bii5 V. XX (ADC $1%E R 1 MHz)
AREF CURRENT vs. Vce
ADC AT 1MHz
250 ~
25 °C
200 85 °C
// -40 °C
|
150 //
100
50
0 1
2.5 3.5 4 4.5 5 55
Ve (V)

ATmega128 m———————————

2467L-AVR-05/04



EEE—————————————————————————————— A Tmega128

2467L-AVR-05/04

Figure 207. RHLLRIRBRE Voo BIXR
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Figure 208. 4RZBRS Ve BIXR
PROGRAMMING CURRENT vs. Vec
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SEUSEVKEBRERE Figure 209. S TEEHRE Voo XK (0.1-1.0MHz , SIS LR BRABER )

RESET SUPPLY CURRENT vs. V¢
EXCLUDING CURRENT THROUGH THE RESET PULLUP

4.5
4 T 55V
3.5 50V
s — 45V
40V
< 25 / // %%V
15 L /ﬁ — |
05 //
0 |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency (MHz)

Figure 210. 1 THSBRS Voo B% R (1- 20MHz , SIEE{ ERBEET)

RESET SUPPLY CURRENT vs. V¢¢
1-20 MHz, EXCLUDING CURRENT THROUGH THE RESET PULLUP
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Figure 211. SV LW BHBRSSMUSIMBENRR (Voo =5.0V)
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Figure 212. {7 FHBEEFSEMEIMBENER (Voo = 2.7V
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Figure 213. ERMARBEBRES Voo XK (VIH, EMSIHIERRA 1))

RESET INPUT THRESHOLD VOLTAGE vs. V¢
VIH, RESET PIN READ AS '1'
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Figure 214. S AREBEBES Vo XK (VIH, EM5IHERR 0)
RESET INPUT THRESHOLD VOLTAGE vs. V¢
VIL, 10 PIN READ AS '0'
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Figure 215. S ASIHIERS Ve X R
RESET INPUT PIN HYSTERESIS vs. V¢
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Figure 216. kTS Vo IR R (S EREIEH , 1 MH2)

RESET PULSE WIDTH vs. V¢c
External Clock, 1 MHz
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T8t

Hhak E#H Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 g
($FF) ®RE - - - - - - - -

.. R’ B - - - - - - - -
($9E) R B - - - - - - - -
($9D) UCSR1C - UMSEL1 UPM11 UPM10 USBS1 ucsz11 ucsz10 UCPOL1 174
($9C) UDR1 USART1 I/0 BB 5788 173
($9B) UCSR1A RXC1 TXC1 UDRE1 FE1 DOR1 UPE1 u2x1 MPCM1 173
($9A) UCSR1B RXCIE1 TXCIE1 UDRIE1 RXEN1 TXEN1 ucsz12 RXB81 TXB81 174
($99) UBRRIL USART1 B4R EFFHEFY 176
($98) UBRR1H - - - - USART1 BEEFEFHRBFT 176
($97) R B - - - - - - - -
($96) RE - - - - - - - -
($95) UCSROC = UMSELO UPMO1 UPMO00 USBS0 UCSZ01 UCSZ00 UCPOLO 174
($94) & - - - - - - - -
($93) RE - - - - - - - -
($92) R B - - - - - - - -
($91) R E& - - - - - - - -
($90) UBRROH - = = = USARTO R REEREFT 176
($8F) ®RE - - - - - - - -
($8E) RE - - - - - - - -
($8D) ®RE - - - - - - - -
($8C) TCCR3C FOC3A FOC3B FOC3C - - = = = 124
($8B) TCCR3A COM3A1 COM3A0 COM3B1 COM3B0 COM3C1 COM3CO0 WGM31 WGM30 120
($8A) TCCR3B ICNC3 ICES3 - WGM33 WGM32 CS32 CS31 CS30 123
($89) TCNT3H TIC3 - HBRFEREFT 125
($88) TCNT3L T/IC3 - It BRBFEREFT 125
($87) OCR3AH T/IC3- ML BREFFABFY 125
($86) OCR3AL TIC3-HHLBRFFHRARFET 125
($85) OCR3BH TIC3- BT HFRBAFY 125
($84) OCR3BL T/C3 - H i IR & 78 B RFT 125
($83) OCR3CH TIC3- M BEFRCEFT 126
($82) OCR3CL T/C3 - ML R F 78 CRFT 125
($81) ICR3H TIC3-HARREFHRSFN 126
($80) ICR3L T/C3 - MABRFEFHREFT 126
($7F) R B - - - - - - - -
($7E) ®RE - - - - - - - -
($7D) ETIMSK = = TICIE3 OCIE3A OCIE3B TOIE3 OCIE3C OCIE1C 127
($7C) ETIFR - - ICF3 OCF3A OCF3B TOV3 OCF3C OCF1C 128
($78B) R E& - - - - - - - -
($7A) TCCR1C FOC1A FOC1B FOC1C = = - - - 124
($79) OCR1ICH TIC1-HHEBRFFRCHFT 125
($78) OCR1CL T/C1 - IR F 78 CRFT 125
($77) " & - - - - - - - -
($76) RE - - - - - - - -
($75) R B - - - - - - - -
($74) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 188
($73) TWDR FRRTEORESES 189
($72) TWAR TWAS TWAS5 TWA4 TWA3 TWA2 TWA1 TWAO TWGCE 190
($71) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPS0 189
($70) TWBR MEBTEOLSREESE 188
($6F) OSCCAL AR EF 78 38
($6E) R B - - - - - - - -
($6D) XMCRA = SRL2 SRL1 SRLO SRWO1 SRW00 SRW11 28
($6C) XMCRB XMBK = = = = XMM2 XMM1 XMMO 29
($6B) ®RE - - - - - - - -
($6A) EICRA 1ISC31 1ISC30 1SC21 1ISC20 ISC11 ISC10 1ISCO1 1SC00 84
($69) R B - - - - - - - -
($68) SPMCSR SPMIE RWWSB = RWWSRE BLBSET PGWRT PGERS SPMEN 258
($67) R B - - - - - - - -
($66) ®RE - - - - - - - -
($65) PORTG = = = PORTG4 PORTG3 PORTG2 PORTG1 PORTGO 83
($64) DDRG = = = DDG4 DDG3 DDG2 DDG1 DDGO 83
($63) PING - = = PING4 PING3 PING2 PING1 PINGO 83
($62) PORTF PORTF7 PORTF6 PORTF5 PORTF4 PORTF3 PORTF2 PORTF1 PORTFO 82
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TR

ik EH Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 g

($61) DDRF DDF7 DDF6 DDF5 DDF4 DDF3 DDF2 DDF1 DDF0 83

($60) Reserved - - - - - - - -
$3F ($5F) SREG | T H S \ N z [¢] 8
$3E ($5E) SPH SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 11
$3D ($5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 11
$3C ($5C) XDIV XDIVEN XDIV6 XDIV5 XDIV4 XDIV3 XDIV2 XDIV1 XDIVO 40
$3B ($5B) RAMPZ - - - - - - - RAMPZ0 11
$3A ($5A) EICRB ISC71 ISC70 1SC61 ISC60 ISC51 ISC50 ISC41 1SC40 84
$39 ($59) EIMSK INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO 85
$38 ($58) EIFR INTF7 INTF6 INTF5 INTF4 INTF3 INTF INTF1 INTFO 85
$37 ($57) TIMSK OCIE2 TOIE2 TICIE1 OCIE1A OCIE1B TOIE1 OCIEQ TOIEO 98, 126, 144
$36 ($56) TIFR OCF2 TOV2 ICF1 OCF1A OCF1B TOV1 OCF0 TOVO 98, 128, 144
$35 ($55) MCUCR SRE SRW10 SE SM1 SMO SM2 IVSEL IVCE 28, 41, 58
$34 ($54) MCUCSR JTD - - JTRF WDRF BORF EXTRF PORF 50, 237
$33 ($53) TCCRO FOCO WGM00 COMO1 COM00 WGMO1 CS02 CS01 CS00 94
$32 (352) TCNTO T/CO (8 te4% ) 96
$31 ($51) OCRO T/CO KRB 17 88 96
$30 ($50) ASSR = = = = ASO TCNOUB OCROUB TCROUB 97
$2F ($4F) TCCR1A COM1A1 COM1A0 COM1B1 COM1B0 COM1C1 COM1C0 WGM11 WGM10 120
$2E ($4E) TCCR1B ICNC1 ICES1 = WGM13 WGM12 CS12 CS11 CS10 123
$2D ($4D) TCNT1H TIC1 - it B S EREEFY 125
$2C ($4C) TCNTIL TIC1 - BB FERRFY 125
$2B ($4B) OCR1AH TIC1 - HHELEBREFFEARFT 125
$2A ($4A) OCR1AL T/IC1 - BB EFSE AREY 125
$29 ($49) OCR1BH T/IC1 - B REFFEBBFY 125
$28 ($48) OCR1BL TIC1 - W BRFFHBEFT 125
$27 (347) ICR1H TIC1-RARREFESFT 126
$26 (346) ICR1L T/IC1 - BARREFFHREFT 126
$25 ($45) TCCR2 FOC2 WGM20 COM21 COM20 WGM21 CS22 cs21 €S20 142
$24 ($44) TCNT2 T/C2 (8 tt4%) 144
$23 ($43) OCR2 TIC2 RS 144
$22 ($42) OCDR IDRD/OCDR7? OCDR6 OCDR5 OCDR4 OCDR3 OCDR2 OCDR1 OCDRO 234
$21 (341) WDTCR = = = WDCE WDE WDP2 WDP1 WDPO 52
$20 ($40) SFIOR TSM - - - ACME PUD PSRO PSR321 68, 99, 131,210
$1F ($3F) EEARH - - - - EEPROM it it HF8 & F 1 18
$1E ($3E) EEARL EEPROM it B F SR EFT 18
$1D ($3D) EEDR EEPROM #iE & 788 18
$1C ($3C) EECR - - - - EERIE EEMWE EEWE EERE 19
$1B ($3B) PORTA PORTA7 PORTA6 PORTA5 PORTA4 PORTA3 PORTA2 PORTA1 PORTAQ 81
$1A ($3A) DDRA DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDAO 81
$19 ($39) PINA PINA7 PINA6 PINA5 PINA4 PINA3 PINA2 PINA1 PINAQ 81
$18 ($38) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 81
$17 ($37) DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 81
$16 ($36) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 81
$15 ($35) PORTC PORTC7 PORTC6 PORTC5 PORTC4 PORTC3 PORTC2 PORTCH1 PORTCO 81
$14 ($34) DDRC DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDCH1 DDCO 81
$13 ($33) PINC PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 82
$12($32) PORTD PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 82
$11 ($31) DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 82
$10 ($30) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 82
$OF ($2F) SPDR SPI hiEEH 78 153
$OE ($2E) SPSR SPIF WCOL = = = = = SPI2X 153
$0D ($2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO 151
$0C ($2C) UDRO USARTO I/O 3B 5788 173
$0B ($2B) UCSROA RXCO TXCO UDREO FEO DORO UPEO u2Xx0 MPCMO 173
$0A ($2A) UCSROB RXCIEOQ TXCIEQ UDRIEO RXENO TXENO UCSZ02 RXB80 TXB80 174
$09 ($29) UBRROL USARTO BB EHEFHEFT 176
$08 ($28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 210
$07 ($27) ADMUX REFS1 REFSO ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 225
$06 ($26) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPS0 227
$05 ($25) ADCH ADC BE&HFFHREFT 228
$04 ($24) ADCL ADC BB SEREFY 228
$03 ($23) PORTE PORTE7 PORTE6 PORTE5 PORTE4 PORTE3 PORTE2 PORTE1 PORTEQ 82
$02 ($22) DDRE DDE7 DDE6 DDE5 DDE4 DDE3 DDE2 DDE1 DDEO 82
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FEsshit

Huk B Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 nHE
$01 ($21) PINE PINE7 PINEG PINES PINE4 PINE3 PINE2 PINE1 PINEQ 82
$00 ($20) PINF PINF7 PINF6 PINF5 PINF4 PINF3 PINF2 PINF1 PINFO 83
Notes: 1. ATRESELF[HNREY  EHRFEFHRNRENUNE 0, REM /O FE25 14k MR BZHE,
2. RERSHENBEERELIBEAZE1RIAMN, CBIMSBUETRIETIOFFRNAMBN AN EMWLHITER1491R%E
MR ZIREEE. CBIH SBI IEH RALURE $00 2 $1F WHFFR.

344
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BhiBHF | BREK L RE | THENERELS | Bk
HARFBRES HARFBRES
ADD Rd, Rr FANFEERAm Rd < Rd + Rr ZCN\VH ADD
ADC Rd, Rr PN F R AL AR A Rd« Rd+Rr+C ZCNVH ADC
ADIW Rdl,K MBS FAAM Rdh:Rdl <~ Rdh:Rdl + K ZCNV,S ADIW
SuB Rd, Rr FANEFF AR Rd < Rd - Rr Z,CN,V,H SuB
SuBI Rd, K SERESERAR Rd < Rd - K Z,CNVH SuBI
SBC Rd, Rr AN FEFERT AR Rd « Rd-Rr-C Z,CN,V,H SBC
SBCI Rd, K FEHRSERZA AR Rd« Rd-K-C ZCNVH SBCI
SBIW Rdl,K FEI KRR Rdh:Rdl < Rdh:Rdl - K ZCN\V,S SBIW
AND Rd, Rr AN EREES Rd < Rd ¢ Rr ZNV AND
ANDI Rd, K SERSERBES Rd < Rd ¢ K ZNV ANDI
OR Rd, Rr ANFEFEREER Rd « Rd v Rr ZNV OR
ORI Rd, K SERSERBER Rd < Rd vK ZNV ORI
EOR Rd, Rr AN ERER Rd < Rd @ Rr ZNV EOR
COM Rd 1 B#NG Rd « $FF - Rd Z,CNV COM
NEG Rd 2 ANB Rd < $00 - Rd ZCNVH NEG
SBR Rd,K HEENELECEN Rd « RdvK ZNV SBR
CBR Rd,K FERNELEWET Rd < Rd e ($FF - K) ZNV CBR
INC Rd n— Rd < Rd +1 ZNV INC
DEC Rd H— Rd < Rd -1 ZNV DEC
TST Rd MK 0 M Rd < Rd ¢ Rd ZNV TST
CLR Rd BEHER Rd « Rd®Rd ZNV CLR
SER Rd BluFER Rd « $FF None SER
MUL Rd, Rr TRSHAR R1:RO « Rd x Rr Z,C MUL
MULS Rd, Rr RS HBAR R1:R0 « Rd x Rr z,Cc MULS
MULSU Rd, Rr BRSBRETHSHER R1:R0 « Rd x Rr Z,C MULSU
FMUL Rd, Rr TS NBHER R1:R0 « (RdxRr) << 1 zZ.C FMUL
FMULS Rd, Rr BHS/BEER R1:R0 « (Rd xRr) << 1 zZC FMULS
FMULSU Rd, Rr ERS N BEERE N BT R1:R0 < (RdxRr) << 1 Z,.C FMULSU
RS RS
RJMP k A B PC« PC+k +1 % RJMP
1JMP EEREER (2) PC«Z % IJMP
JMP k Bk PC « k % JMP
RCALL k N FEFEA PC«PC+k+1 % RCALL
ICALL HXHEAE (2) PC«Z % ICALL
CALL k ERFRFAR PC « k % CALL
RET FRFERE PC « STACK % RET
RETI PR E PC < STACK | RETI
CPSE Rd,Rr B, MEURS T —RES if (Rd=Rr)PC« PC+2o0r3 % CPSE
cP Rd,Rr i Rd - Rr Z,N,V,.CH cP
CcPC Rd,Rr R LR Rd-Rr-C Z,N,V,.CH CPC
CPI Rd,K B FRS K Rd - K Z,N,V,.CH CPI
SBRC Rr, b EEEENE—UEEORE if (Rr(b)=0) PC « PC + 2 or 3 % SBRC
SBRS Rr, b EHERNE B if (Rr(b)=1) PC < PC +20r3 % SBRS
SBIC P, b E 0 S E—(UETHME if (P(b)=0) PC « PC+20r3 % SBIC
SBIS P, b % /0 B E— VBN if (P(b)=1) PC < PC +20r3 % SBIS
BRBS s, k ERSHEBERE if (SREG(s) = 1) then PC«PC+k + 1 % BRBS
BRBC s, k ERSHEESHNE if (SREG(s) = 0) then PC«PC+k + 1 % BRBC
BREQ k JEESE T if Z=1)then PC « PC+k +1 % BREQ
BRNE k THZENE if (Z=0) then PC « PC + k + 1 % BRNE
BRCS k AL AR B AV BN B S if (C = 1) then PC «— PC + k + 1 % BRCS
BRCC k AR EE BB if (C = 0) then PC « PC +k + 1 % BRCC
BRSH k LEIEEE RN if (C=0) then PC « PC +k + 1 % BRSH
BRLO k NFENBEEE if (C = 1) then PC « PC +k + 1 % BRLO
BRMI k SURBIBk if (N= 1) then PC « PC +k + 1 % BRMI
BRPL k EHEBRE if (N = 0) then PC < PC + k + 1 % BRPL
BRGE k BRHSBAT / STHME if (N ® V=10) then PC < PC +k + 1 % BRGE
BRLT k BEHSHNT 0 BIBkE if (N ® V= 1) then PC < PC +k + 1 % BRLT
BRHS k MRS B BBk if (H=1) then PC « PC +k + 1 % BRHS
BRHC k EH AT E BRI if (H = 0) then PC <~ PC + k + 1 % BRHC
BRTS k T bR BB BE R if (T=1) then PC « PC+k +1 % BRTS
BRTC k T RS EB Rk if (T = 0) then PC « PC + k + 1 % BRTC
BRVS k & RSB BB if (V= 1) then PC <~ PC + k + 1 % BRVS
BRVC k RS E B if (V = 0) then PC <~ PC +k + 1 % BRVC
345
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AIMEL

BhiCHF BER L B RSN | Bhis
BRIE k U AEREBD Bk if (1=1)then PC < PC +k + 1 % BRIE
BRID k RS BN RE S if (1 =0) then PC <~ PC + k + 1 s BRID
BEABEDS BEABEDS
MOV Rd, Rr FERZABERD Rd « Rr % MOV
MOVW Rd, Rr ENSERT Rd+1:Rd « Rr+1:Rr % MOVW
LDI Rd, K P RvAEIE Rd « K % LDI
LD Rd, X B Rd « (X) % LD
LD Rd, X+ B HNITE IRIE Rd « (X), X < X+ 1 % LD
LD Rd, - X BB NE H RATRURIR X« X-1,Rd « (X) % LD
LD Rd, Y B mE Rd « (Y) % LD
LD Rd, Y+ BT S IR Rd « (Y),Y < Y+1 % LD
LD Rd, -Y B MBI RATRURIRE Y« Y-1,Rde(Y) % LD
LDD Rd,Y+q RS ERNEENR Rd < (Y +q) % LDD
LD Rd, Z B Rd « (2) % LD
LD Rd, Z+ BB HHITE BIE Rd « (2),Z « Z+1 % LD
LD Rd, -Z BB E H RATTURIR 1 Z«Z-1,Rd« (2) % LD
LDD Rd, Z+q iR RN EENR Rd « (Z+q) % LDD
LDS Rd, k M SRAM FRE#EINER Rd « (k) % LDS
ST X, Rr B (X) < Rr % ST
ST X+, Rr B EEE A RITEMRE (X) « Rr, X« X+1 % ST
ST -X, Rr BT H T TURIRE X« X-1,(X)«Rr % ST
ST Y, Rr BEE (Y) «Rr % ST
ST Y+, Rr B TR RE (Y)«<Rr,Y«<Y+1 % ST
ST -Y,Rr B T H AT FURIR A Y<Y-1,(Y)«<Rr % ST
STD Y+q,Rr R RN R T (Y+q) «<Rr ¥ STD
ST Z,Rr B (Z) < Rr % ST
ST Z+, Rr BEE A RITENRE (Z)«<Rr,Ze«Z+1 % ST
ST -Z,Rr BT H T TURIRE Z«Z-1,(Z)«<Rr % ST
STD Z+q,Rr RSN EEEE (Z+q) «<Rr % STD
STS k, Rr EEF#E SRAM (k) < Rr % STS
LPM ERFFEEE RO « (2) % LPM
LPM Rd, Z MREFE#E Rd « (2) % LPM
LPM Rd, Z+ INERR 17 0 B TS DR AE Rd « (2), Z « Z+1 % LPM
ELPM T RINMSBEFFHESRRE RO « (RAMPZ:Z) % ELPM
ELPM Rd, Z T RO MR F IR RE Rd < (RAMPZ:2) % ELPM
ELPM Rd, Z+ T RO MERF &SR REANITERE Rd < (RAMPZ:Z), RAMPZ:Z «- RAMPZ:Z+1 x ELPM
SPM EHEFEHE (Z) < R1:RO % SPM
IN Rd, P BEAROBE Rd « P % IN
ouT P, Rr FHEREIRO P« Rr % ouTt
PUSH Rr FHEFRNBREREAMR STACK « Rr % PUSH
POP Rd o 23 77 25 () SR {E 5% Wi HEAR Rd « STACK s POP
fRARES fRARES
SBI Pb B0 FERNE— 1/0(P,b) « 1 % SBI
cBl P,b BB /0 SEENE I/O(P,b) « 0 % CBI
LSL Rd BEER Rd(n+1) «— Rd(n), Rd(0) « 0 Z,CNV LSL
LSR Rd BEAB Rd(n) < Rd(n+1), Rd(7) « 0 Z,CNV LSR
ROL Rd B AL [ R Rd(0)«C,Rd(n+1)< Rd(n),C<Rd(7) ZCNV ROL
ROR Rd pEbobgvavARESE 2N Rd(7)«<-C,Rd(n)< Rd(n+1),C<Rd(0) Z,C NV ROR
ASR Rd BEREB Rd(n) < Rd(n+1), n=0..6 ZCNV ASR
SWAP Rd B 4 U SIK 4 iR Rd(3..0)«Rd(7..4),Rd(7..4)«Rd(3..0) % SWAP
BSET s BREN SREG(s) < 1 SREG(s) BSET
BCLR s BERRL SREG(s) « 0 SREG(s) BCLR
BST Rr, b BHEERNE—URERT T < Rr(b) T BST
BLD Rd, b FTNRIEFENE - Rd(b) « T % BLD
SEC B C«1 C SEC
CcLC BB C«0 c CcLC
SEN B AR EAL N« 1 N SEN
CLN BB ABIREN N«O0 N CLN
SEZ B 0 FREML Z <1 z SEZ
CcLz BE 0 FRENL Z<0 z CcLz
SEI £ R PR EERE 1«1 | SEI
CLI 2 RPMIIRER L 1«0 | CLI
SES BARFSNRRENA S« 1 S SES
CLS BEEHFSNRRRL S«0 S CLS
346 ATmega128 |
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ATMEL

BhiEfF BER L B RSN | Bhis

SEV B1Y 2 AN G HIRE Vi \ SEV

CLV B 2 WANBRERE V0 \Y CLV

SET B SREG B T i T 1 T SET

CLT &R} SREG 9 T #7% T«0 T CLT

SEH Bz SREG HIEHIHRE He H SEH

CLH 5/ SREG My I bRE H«0 H CLH

MCU i tliE MCU #&lig+
NOP TRIE % NOP

SLEEP BEER (BRBXHERITH ) % SLEEP

WDR BIIREN (BAEXNEBENRENEES) % WDR
BREAK Break [ATHE AR % BREAK

347
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EREE
THEEE (MHz) THEE BHS i THEE

ATmega128L-8AC 64A [ERIE
ATmega128L-8MC 64M1 (0°C - 70°C)

8 2755V ATmega128L-8Al B4A OI 4R )
ATmega128L-8AJ? 64A (-40°C - 85°C)
ATmega128L-8MI 64M1
ATmega128L-8MJ®@ 64M1
ATmega128-16AC 64A Pl 4%
ATmega128-16MC 64M1 (0°C - 70°C)
ATmega128-16Al 64A Tub 4R

10 45-5.5V ATmega128-16AJ? 64A (-40°C - 85°C)
ATmega128-16MI 64M1
ATmega128-16MJ®? 64M1

Notes: 1. P mti Al LA wafer WEREMH , THESATURKNEXREFES Atmel ZHHIIEK R,
2. WETHBE,

Bk

64A 64- 5|4 , & (1.0 mm) TQFP %
64M1 64- B8 ) 9x9x1.0mm K/, &8 0.50 mm , MLF %%

s ATmega128 m———————————————————
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HHER

64A

Notes:

TR RTAT T ERTATAATIAY

PIN1 = q =]

—] PIN 1 IDENTIFIER =

[

c K 0°~7° 1
4 /&me {nﬂnﬁppppppp — i

Al- A2

1. This package conforms to JEDEC reference MS-026, Variation AEB.

2. Dimensions D1 and E1 do not include mold protrusion. Allowable
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum
plastic body size dimensions including mold mismatch.

3. Lead coplanarity is 0.10 mm maximum.

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 15.75 16.00 16.25
D1 13.90 14.00 14.10 | Note 2
E 15.75 16.00 16.25
El 13.90 14.00 14.10 | Note 2
B 0.30 - 0.45
C 0.09 - 0.20
L 0.45 - 0.75
e 0.80 TYP
10/5/2001

2325 Orchard Parkway
San Jose, CA 95131

AIMEL

TITLE

64A, 64-lead, 14 x 14 mm Body Size, 1.0 mm Body Thickness,
0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

64A

DRAWING NO. [REV.

B

2467L-AVR-05/04

ATMEL
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64M1

AIMEL

< @ >
'y
O
\—Marked Pin# 1 1D
(E]
SEATING PLANE
Y
TOP VIEW e
e
)
L
Pin #1 Corner IDE VIEW
S
UUUUUUUU0U0
- 1
> ( —2
— s COMMON DIMENSIONS
— ] (Unit of Measure = mm)
-—) —
-—) — SYMBOL| MIN NOM | MAX | NOTE
— - A 0.80 0.90 1.00
g g Al - 0.02 0.05
> ) O b 0.23 0.25 0.28
— o D 9.00 BSC
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ ﬂ D2 5.20 | 5.40 | 5.60
4 L‘@ 4 L_El E 9.00 BSC
E2 5.20 | 5.40 | 5.60
BOTTOM VIEW e 0.50 BSC
L 0.35 | 0.40 | 0.45
Notes: 1. JEDEC Standard MO-220, Fig. 1, VMMD.
01/15/03

1_ 2325 Orchard Parkway
m San Jose, CA 95131

®

TITLE

Micro Lead Frame Package (MLF)

64M1, 64-pad, 9 x 9 x 1.0 mm Body, Lead Pitch 0.50 mm

DRAWING NO. [(REV.
64M1

Cc

350
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HiR& AT HIIRAS 5 ATmega128 B HHIMRA SR,
ATmega128 Rewv. | + ME XDIV FFHENRRERE

» % OSCCAL BN ERERE

1.

& XDIV FiF 2 ERERNE

BEHZE XDIV FEFHRMERSET 2% i, S|HTERT —EHIRED,
RRE R

BMfESMERE , NOP ETHAEHEHKIT, Bit , HMERHRTFHIT 8 L NOP .
BY TERF#HT

1.SREG HE& | (\UES,

2. £ XDIV EEFSHFREFOTSME F.

3.31T 8 & NOP 55,

4.SREG &8 | (LB,

X AT LMRIEFR A 385 EWHIT.

CmAEBHIRE -

CLI ; ERPHEREEE
QUT XDV, tenp ; REFHWMDMETF
NOP ; TRE

NOP ; ToBRE

NOP ; FoBRE

NOP ; TRE

NOP ; ToBRE

NOP ; ToBRE

NOP ; TRE

NOP ; ToBRE

SEI ; ERPEEREEN

3 OSCCAL FiFsan ERENH
BEFiRE OSCCAL HFENRMERESEY 2% i, S5 AR IT —LiEIREE

BRAR
FIEMBNIRE 1,

THEHRX JTAG {5 IDCODE BB iR 5 R,

2467L-AVR-05/04

IDCODE RE# 7 M TDI S AN HIE

H A% JTAG $5 IDCODE 7£ IEEE1149.1 RRREIEMINIT ; 717 BUX TDI % A%
A ABNETFS  BBHSH 1D 78, Bt , Ao RAEE LsTESEAER
WEBESIPELX , #1 TR E , £ Update-DR Bt 24 1 TR E,

% ATmega128 21 L -S4 , IFLRIIX/NREI-,

R RTTE

B3 IDCODE BT # A TAP 258589 Test-Logic-Reset IRA K%L ZF 254
ID FE8 , AREMENS , UREEH[HHHE, I8  AENBETEEAEL
B BRI A BT EMES 4. BV  ATmega128 BIHE RS HHVES 4 ID F178%
B % ATmega128 Kix BYPASS i %o TN RFAMIBRH FLER[MPIRMBIE L&
# 1D F1F3/ N ATmega128 BRI G244 L& #IE, )X E IDCODE EEH T2 TAP
488 Test-Logic-Reset RS ERIAE D,

A IIIEI% 351



AIMEL

Hufg R %

MR AAE RN EEH PRI ERMH ID , BBA ATmega128 RiZBHMHEEHHE —
Neaft. RE IDCODE R 1E JTAG BT &7 , Update-DR X LSRR T T
& , B2R% ID FERTE LA,

ATmegai128 Rev. H « % XDIV FF a6 EiRER A
+ %% OSCCAL FiFEFERENH

1.

%% XDIV FF R0t RiRER |

%ﬁii XDIV HEe M R RESET 2% 8 , SSHFATRERIT —EEIRES.
BNfESIR KA , NOP BTt ERNIT. Hit , EMEREFNIT 8 X NOP T,
BETERERHT

1.SREG HE& | WEE.

2. £ XDIV BEEFREFOTADME F.

3317 8 &L NOP 55,

4.SREG &8 | (LB L.

XEER A URIEFTEES EBRIT.

LR BIRE -

CLI ; ERTHFEEEES
OUT XDV, tenp ; REHFWWMDMETF
NOP ; TBRE

NOP ; TBRE

NOP ; ToBRE

NOP ; TTBRE

NOP ; TBRE

NOP ; ToBRE

NOP ; TBRE

NOP ; TBRE

SEI ; ER PR

3 OSCCAL FiFsan ERENH

BT IRE OSCCAL FEHFURMFMERSEY 2% i, S84 TseiT — LIRS
T o

BRAER

FEmMENRR 1,

THEHRX JTAG {5 IDCODE BB iR 5 R,

IDCODE RE# 7 M TDI S AN HIE

H# A% JTAG 5 IDCODE £ IEEE1149.1 R REEIERIAIT ; "1” BUK TDI A
Pt ABLTEeSE  BBHESMH ID F788. Bit , M RERHEE L aiER[4FHR
MBESEEKXR , % 1 ARE |, # Update-DR B 24 1 K E.

& ATmega128 R LHE—HERM4 , WAL KILXEE.
BRIRT &

352 ATmega128 me————————————————————————————
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B £ IDCODE BT # A TAP 2 HI83#Y Test-Logic-Reset R Kk ZF 854
ID &7, RARRIMEAR , URGEBUHNHE. &  ARNBETEH AL
]| B RIBUE ABIE M B4, REVF P ATmega128 B EIBR MR 4 ID FiFeR
B3 ATmega128 K3% BYPASS i, T RAHERRI EER4 P IiREEEE | 2%
# 1D HFEE/ N ATmega128 BRI AN L8R4 L2 8#E, )X E IDCODE TR TAP
#2428 Test-Logic-Reset IRAHIBRINE D

HAhfgR A&

MR AT E R REGIEEERFTE RS9 ID , BBL ATmega128 MiZ 2P E —
NEafr. RE IDCODE #ESE JTAG ET&HF&YF , Update-DR NE&HBHHMT T
fE , BB#¥ ID FEHRLELE,

ATmega128 Rev. G * (% XDIV FFRN B2 H
+ % OSCCAL FFEaH EiR e |

1. % XDIV BRI ERENE
BiFRE XDIV FEETMRMERESEY 2% B |, 854 AT —LEIRIED.

BRAR
BNfES R A% , NOP ET S EWHIT. BHit , EMELZFEMIT 8 & NOP T
BE TEHRFHRT

1.SREG H#F& [ WEE.

2. £ XDIV EEFS[FREFOTSME F.
3.31T7 8 &£ NOP 55,

4.SREG &8 | (B L.
XERUURIEFREES EBRIT.

SCmAEBHIRE -

CLI ; 2RPHEREET
QUT XDV, tenp ; REFHTDMETF
NOP ; TR

NOP ; FoBRE

NOP ; TRE

NOP ; ToBRE

NOP ; FoBRE

NOP ; TRE

NOP ; ToBRE

NOP ; ToBRE

SEI ; ERTPEEREEN

2. % OSCCAL H1ERart =R ER
BEHi%E OSCCAL FER[FHFMEBRSET 2% B, S5 AT RENIT — L45iRIE
T o
BRG R
FEMENREK 1,

THEHRHX JTAG #§% IDCODE [ fFIR 5 R,

IDCODE FE# T M TDI i A Y B 4E

A IIIEI% 353
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ATmegai28 Rev. F

AIMEL

A A% JTAG 5% IDCODE 7£ IEEE1149.1 RRBEEHAT ; "1” BV TDI % A
P ABLTEeR  BBHESMH ID Fi7d. Bib , MR L aiER[EHR
MBFESLEER , % 1 RE |, # Update-DR B £4 1 A E.

& ATmegal128 B EE—HEEH , A2 RIIXNEE,

R RTTE

B3 IDCODE BT # A TAP 258589 Test-Logic-Reset IRA Rk ZF 254
ID FE8 , AREMENS , UREEH[HHOEE, T2  AENBETEEAEE
B BT ABTE KBS, IR B HESE P ATmega128 BIE S RIS ID 178
BX ATmega128 &Ki% BYPASS i G, TMARPAESEMN G4 P IREKE |, M3
# |ID FF2 N ATmega128 BT X G 4L 884 L2 ¥k#E, )X = IDCODE ST = TAP
488 Test-Logic-Reset IRASKERIAED .

Hitufd R &

MBEHMEAREVFHESEFFI A4 ID , BBL ATmega128 MiZ 2P E —
NegtF. RE IDCODE R JTAG ETEEE T , Update-DR N EL8HRMA L
fE , {B254 ID FESTE LA,

« 3 XDIV FEEHEN ERENE
» % OSCCAL FE8BNERERH

1.

%% XDIV FF R0t RiRER |

%ﬁii XDIV HEe M R RESET 2% 8 , SSHFATRERMIT —EHEIREES.
BNfESIR A , NOP BTt ERNIT. Bt , EMEREFNIT 8 X NOP T,
BETHERERHT

1.SREG HEF& | WEE.

2. £ XDIV BEEFREFOTAD A F.

3317 8 &L NOP 55,

4.SREG &8 | (LB,

XFER T URIEFTEES EBRIT.

LR BIRE

CLI ; ERTPHFEEES
QUT XDV, tenp ; iXEFWTDMEF
NOP ; TBRE

NOP ; TBRE

NOP ; ToBRE

NOP ; TBRE

NOP ; TBRE

NOP ; ToBRE

NOP ; TBRE

NOP ; TRE

SEl ; ERPHEREE

W3 OSCCAL FiFsan ERENH
BT IRE OSCCAL FEHFURMFMERSEY 2% i, S84 TseT — E4iRTE
T o

BRER

354 ATmega128 |
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2467L-AVR-05/04

FIEMBNRE 1,

THERX JTAG 5% IDCODE [RIRERI RS 2.

IDCODE FE# 7 M TDI i AV Bz

H A% JTAG 14 IDCODE 7£ IEEE1149.1 A REEIEHINIT ; "1” BE TDI 1 A4
HE#ABNEFS , BBLHEMG ID FF88. BHit , N RAEEE Eaimes4EiR
HERESIBEL , # 1 FTRE , £ Update-DR B2 # 1 FTXES

& ATmegal128 B FHE—HEEH , MR XX NEE,

R %

B A IDCODE B A TAP 2512888 Test-Logic-Reset IRASKIEF 54
ID &7, RARRBMEAR , URGEBUHNEE. 8 ARNBETEHAREL
] B RIS ABIE M B4, REVF P ATmega128 B EIBR MY B84 ID FiFeR
B X ATmega128 K% BYPASS i, ML RPAMIBN ELE[MPIRENE L5
# 1D F1F38H ATmega128 BRI 5L 8¢ L& ¥R, )X E IDCODE EES T = TAP
2428 Test-Logic-Reset IRAHIBRINE D

HAthfgR A&

MR AT E R REGAEEERFTE RS9 ID , BBL ATmega128 MiZ 2P E —
NEafr. RE IDCODE #ESE JTAG EET&HF8YF , Update-DR NE&BHHMT T
1E , B3 #% ID FERLE LA,

A IIIEI% 355



ATmega128 & F ft
BHaE

MARZ Rev. 2467K-03/04
TR 24 Rev.2467L-05/04
&

MARZS Rev. 2467J-12/03
TR A Rev.2467K-03/04
FOREL

MIRZ Rev. 24671-09/03
BijR 2% Rev.2467J-12/03
HEH

MARZS Rev. 2467H-02/03
FIARZ Rev. 24671-09/03
A 152

MHRZ Rev. 2467G-09/02
FIARZ Rev. 2467H-02/03
R

AIMEL
AT FEN RS R AXHEXTE ; BiT50 5 XENEIT 5.

1. Wik “#F|W” 5 “TBD” , A ICPx £ ICx,

2. TE¥T P 35Table 8, P 47Table 19, P 53Table 22, P 226Table 96 , P 280Table 126
, P 284Table 128 , P 301Table 132 } P 303Table 134 ,

3. E# P23« A ekRREQD

4. FEFP 236“ BRHRBFER" .

5. FH P 299« M,

6. SEH P 305“ i .

7. EH P 313“ATmegal28 SR ",

8. FEM P 348“ BHIFE ",

1. BEFH P 351 HHiRK ",
1. EFP3Is“HREMNFARCIKESRE".

1. E#T P 40“XTAL S HIRHIFHFER - XDIV” HER,

2. EMPASITAGEOSHFARBREARSE .

3. ¥ P 47Table 19 ¥ Vo (BODLEVEL = 1) {H,

4. B P229“ WAL EIRD - TAP” # JTAGEN 35

5. FEH JTD {ifieA.

6. 7 P 270Table 118 HFNXTF JTAGEN BL TR,
7. EH P 299“ ERFME " Ry

8. 1 P 351“ BhiRE ” N IDCODE S H MRS =,

1. {8 SFIOR FERPAMD MU B o

2. 7E P 296“XiFlash#{T4R” 5 P 297“% EEPROM# TR ” R AR H EBEBRER
g—%,

3. MBR “ SIhEERTHRR * ERAERR “32 kHz Bk 7 ERER.

356 ATmega128 m———————————
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MHRZ Rev. 2467F-09/02
TR 7S Rev. 2467G-09/02
&%

MARZ Rev. 2467E-04/02
TR Rev. 2467F-09/02
&%

MARZS Rev. 2467D-03/02
FRAS Rev. 2467E-04/02
R

2467L-AVR-05/04

10.

11.

12.

10.

1.

{81E P 113Figure 52 7 OCn ¥,

ERER 1 AVWHESLE,

N EBER 0 SERER 2 IAXTF PWM REH AR,
TWI A EE,

Added reference to P 273Table 124 iR INSPIRTHRES BMBFFlashIWR M
A&,

P 261« INET SRR (TWMR)” ik FESPM TR AN EEEPROME TR,
HHER ADHSM,

in P 22¢ HEKEEER T EEPROM HEA ” 5.

E# P 349 HEKFER A,

%% Flash A& 10,000 X B/ @BEH

RN 64 2% MLF $3% , 3 P 348« EHER " o
Wi P 30 ERAASNEBIY 48R (/T 64KB)” H5
DN P 34« RRIAETEPIR ~ B9 .

¥ SPMCSR & SPMCSR.

YEANESR P RERRE—ERE , WP 39“ A&t ” 5P 301Table 131,
S EBaTehIRTN 7 .

1 P 44« B/MEZhEE 7 FIIAXT OCD RESTFEN M,

BHRIERR (WGM {ikiE ):

P 90° R PWM # =~ (T/C0),

P 92“ A& IFE PWM = ” (T/CO).
P 136" R PWM =~ (T/C2),

P 138 tH{IE1E PWM &= » (T/C2),

{81E P 176Table 81 (USART).
{81E P 243Table 102 (A RHH ).
EH P 299“ EiiFE 7 R Vil B8,

EH P 313“ATmega128 H A4S » RASERIEERD .

2. FTIIREER :

A mEl% 357



MARZS Rev. 2467C-02/02
FIARZ Rev. 2467D-03/02
&%

MHRZ Rev. 2467B-09/01
FIARZ Rev. 2467C-02/02
R

10.

11.

12.

13.

14.

1.

AIMEL

P 47Table 19, P 51Table 20 . P 143Table 68 . P 243Table 102 }& Table 136 on
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