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ALU Operation Execute < >
Result Write Back , 1D
1

N ——
I

AVR BT R IR, BNHMMENERFZEEHE —MNEH P E, PiA R P
ENBEECHERM. HERLEN  ARSFERNERFUHERL | EMHER
T, R ATRE. BRETENERFITHRE PC HE , 515 8{E M BLB02 5 BLB12 #
WENELT , P TRRE L, IMEUERSTRENR2M. BEBESR P 267"
TFREBRRIE " o

EFRFMETZaNREibitREEXNEVNPHBE, TE2HNEESRIFSA P 55 F
B o PIRMWRE T FEPHEMRER. MEFFENHIHEE  LERBES, RESET &
BERESHMLER , T—NUNA INTO- AZHEER 0, BEEM MCU BHIFESH
(MCUCR)HWIIVSEL , hifiEl E A LA = 5| S Flash B2 IR/ P 55 " —F A ¥ A A,
IRTRB 4 BOOTRST AN ENREHBES|S Flash WKL, E4ATS N P 255¢
TESISEARF - EENRER AT BE (RWW, Read-While-Write) B9 B R4RTZEESD ~ -

LR AN SRR | 0BT |, TR P MEHEL, ARG IETE RV
| SREEREFPRTHRE . LA FTR R R ETER AT LACh M 2 BT R . 01T RETI I 55 | BE1EL

MBRAR EHARAPREN DN, F—MESAHMEFENTIIRS. X TXEHE , BF
T+ 24 28 Bk 4 B SERR Y o T 6 B LA AT P BT B2 BIRR | B B AR RDE BRAE LAY P AR,
MIPR S B A LB N EE "1” KiERR. M RER |, I RAEMAY F i ERE N "0” , M
MRS BN , H—ERFIRENGT  HERREER. KOH , MREF MRS
AT, WAIBMREN DM ETLWNT , BF | BfL. REWERHENHERDHN
FTRMIRINT o

FoMRBWHPHMNRIZDMEZARE e —EfR, XEPHFATEPEIRS. &
PRTRMAERIERCIBMERT , MR SWARL,

AVR R H 5 5 R E R ERFHNT —RESTT TUERITHARIELN P,

HAFMGIEPREFTERT2AIRE ; PHERERBR2EHRE, XETHELM
R RTERK o

12 ATmega128 |
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fEH CLI I8 RZ L PRt , TS ENZE L, SR B P AT AERIT CLIETERE | BIfE
CRENT CLINRERZEN, TEHNHFIREA T MAEE EEPROM HEAXMES
By Lk R TR A o
LR B

in ri6, SREG ;  R#7 SREG

cli - 31 ae T

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

sbi EECR EEVE

out SREG r16 . & SREG (I-bit)

C REHIE

char cSREG

CSREG = SREG /* fR#Z SREG */

[+ B bl */

_CLI();

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

SREG = cSREG, /* #%£ SREG (|-bit) */

AIMEL 13
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F b ] R B

fEH SEl fE S EsePifint , RIRHEEMNE —KESERITEAR T 28 £N1T,
LR R BIRE

sei ; ENERFTHEENE

sleep ; HAMHRE, EHFHMEL

v OEE L ERITEMSEER N G2 B E L AR
C RmEpHIE

_SEI(); |* B2EHHEERE *1

_SLEEP(); |* #HAMBEHHE, SHEPMLE *]

1* SRR ERITEMRERA I 8T S A RRRES </

AVR HifiE SIES R B D 4 NESERE . 4 DNt ARIE R Bh A BISSERAY AP BT AL 22 5
B, HiX 4 MettdHiE , PC Bl Atk, HBEBRT , PH@E)N —PBEES | bbbk
REWX 3NN AR, MRPHE-NSARESHRITHEARE WELSEHRESHT
/g MCU F2RITHITRF, &P LR MCU A& TRERE | e 5167 5 18 hn 3
8 MNEE AR, #EnAYEt R AR BT REER 38 HE 5| AR,

PR EITRE 4 NP EULHIE PC(MANFT ) [ R | HERIEH = REFE
2% SREG 19 | E1L,

14 ATmega128 |
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AVR ATmega128 =&

L

RENTYREN Flash BF

TFileR

SRAM BIE 7l 87

2467L-AVR-05/04

AT PR ATmega128 WFfEER. AVR GHERAMANEFMEZH RS FHEIERF
FFeR. I, ATmega128 &H EEPROM F SR URFHIE. X=/MrFHRZEHHBI

5 4E3: 08

ATmega128 EH 128K F W E L mTEFlash, B AFTERAVRIES H 16153241 , #7R
FLASH 4A4R 5 64K x 16 NFER. ZREIHKHR LM , Flash BFFHBEI IANKX : 5l

SEFXMMAERFX,

FlashfZf& 25 2 D A LB E 10,000 )X, ATmega128 R FITHREFPCH 164y ,HIL AT F
it 64K B FF4EE. SISBRFEUARRHGLZLOISHMEME P 255 XHo|ISEARF
- EER R AT LAE (RWW, Read-While-Write) 8 B R 4mT2aEh ” HiF M 8H, m P 267
EaEsmE” MANE T RA SPI R JTAG #0OLMMFT Flash £ 1T T &,

ERUURETENREFFMESBUZE (S0 LPM - MBEFEHEEFIESUR ELPM -

FRNNREFFHEEES )
HEMESHRITRFEESL P 11" ESHITHEF .

Figure 8. 271422 1&

Program Memory

Application Flash Section

R —

Boot Flash Section

$0000

$FFFF

ATmega128 X FF MR EH SRAM ELE , &0 Table 1 Fi Ro

Table 1. Ff4EEE

[T PR SRAM BiEF 48R ¥ BN SRAM BEFMET
ZEEN 4096 B E 64K
ATmega103 RAEER 4000 A E 64K

Figure 9 B8 T ATmega128 ¥y SRAM 77 28 = NI 4R 1Y,

ATmegal128 2 — NEFMMA R  HXFN/MTELLTMEA64MN/OGET INOUTIES
Wi ) FrEERIENES, WTFHEM /0 ZEE $60 - $FF , REEME A ST/STS/STD H

AIMEL

[-15013652265 00:38537442
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16

LD/LDS/LDD #£%. % ATmega128 T#ETF ATmega103 HRBEXE ¥ EM /0 FFTETh
@],

HEEBEERXT , 87 4352 MRFE A DS FEFR/ XA, 110 7SR |, 7RI 110 7RI
R AEHIE SRAM, RIAK 32 Mt A FERXM4 , RER 64 1 /0 f7i8s , EER
160 N BHY I/0 73R , /G R 4096 FHRINEBIE SRAM,

£ ATmega103 FBER T , A 4096 NREHU T EFFHR XM , /10 FHEEURAI
BHE SRAM, HBIRH 32 Mt N FFR XM , RS R 64 N 1/O 77488 , &ER 4000 F
TR R EBEHE SRAM,

ATmega128 i& A] LA (8] B & 64K KIS ER % HE SRAM, HBIREREAIBSRAMZE. &
EEERT , FFHEXMH. 110 FiEEE. TEN /O FHBR AR AIBEHE SRAM 51 71K
4352F 7 ; MEATmMegal03RBERXT S5 74096 F T (R EHT EI/0). Bt ,EEAI
ERIFE RN EEE RN REEE 61184 =¥ , ATmega103 HRAEN REEH 61440 %, B
HES N P 23 A EMEREO " .

L if A SRAM #yb1ki#B8 HAER SRAM fytsibat | MCU RXI4AE8 SRAM St (554
B ). WRAEE SRAM Bt / BE8iEES (PGO 1 PG1) T EEiHEHEE SRAM , 2%
MBI MCUCR # SRE,

HRISAEE SRAM LLiAR AR ESL — M etehEH , XZEKE LD, ST. LDS., STS.
LDD, STD. PUSH # POP 5 & — a4 A, MRH#LKE T/ E SRAM |, N
WM EBAAERERTAAN =B, MREAT SRAMBEOFEAT 1. 2, 3IMNERF
AE, WipE BAENAERIEM 2, 3, 4 N EAR ; PR TREF A AT ENEM 5,
7. 9 AR AR,

BEIFUERND A ST EEIU, TREEVEFS U, BEI U, RN EET U,
RS EES i, 1788 R26 2| R31 AEEIF U EHFES.

EEF U RBENREEE,
TREENAZEIUEXNIUHI Y, ZEHEEBUMIT 63 Mbut,
WIS MA R EIUAEXEAR X, Y, ZEiH,

R2NEAFES 64 N0 FERS 4096 ZTHI SRAM AT LA Fr B St X AR R, &
ERYHHBELP I BAFESEXHE .

ATmega128 m———————————

2467L-AVR-05/04
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Figure 9. ¥iE/7422M&

Data Memory

32 Reqisters

64 1/0 Registers

160 Ext I/O Reg.

Internal SRAM
(4096 x 8)

External SRAM
(0 - 64K x 8)

Memory Configuration A

$0000 - $001F
$0020 - $005F
$0060 - $O00FF
$0100

$10FF
$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

L - 15013652265 00:38537442
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BR 1= BR8] B |

EEPROM &=t =5

EEPROM & / Bi5id

EEPROM i1t %788 - EEARH
1 EEARL

EEPROM #iE&F =88 - EEDR

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

Figure 10. R#%#E SRAM i 7 F A

T1 T2 T3
| |

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

i

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

R/_/

Memory access instruction Next instruction

Write

Read

ATmega128 B & 4KFFTHEEPROM, B REN — MR HWEHIEZE MFEEN , ATRRF
Ti®E, EEPROM HFmZEA 7 100,000 X ( #BER ). EEPROM K1/ 8] B it 1k 1785 |
RS FENRFRERRE

B{KHY SPI #1 JTAG T8 EEPROM HiBE D FIS M P 267 175 %mE "

EEPROM B if R & F83LF 1/0 ZEEl,

EEPROM W Ei5 ) atEIE Table 2 4. BEMNIIBERIAILAF BENMANFBRET —F
¥, MBAFERE EEPROM , REEEMNTEE ; 72 B FEE A B B H LR A B
F, EEB /TR Vo LA/ TREEASLRE, it CPURIETETRRERMERN
BREE, BSHR P 22 [l EEPROM BIEE % 7 LARS L fnfa[1£ th &t H I EEPROM Y
BEERRBE,

R TRHIETEEINMN EEPROM BigfE , EEHRIT—IMEENENF. E4SEFE EEPROM
BHEESINRNS.

1T EEPROM RIB/ER , CPU 2BEILLTE 4 NAH , AEBRITREES | YT
EEPROM Big4ERf , CPUALEBELTH 2B , AEBRITHEELES.

Bit 15 14 13 12 11 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/IW R/W RIW R/W
R/W R/W R/W R/IW R/W R/W R/W R/W
NHE 0 0 0 0 X X X X
X X X X X X X X

e Bits 15..12 — Res: &8
REN , EZBREREENS, EEHRBEREEA 0 MRIESAFK~RINES,
» Bits 11..0 - EEAR11..0: EEPROM i it

EEARH #] EEARL ¥ 7 4K F¥ #J EEPROM %28, EEPROM Kyttt 2448 , M 0 I
4096, EEAR BYHIMREIREE N, EiHE EEPROM Z B9 H H I F EHEIE,

Bit 7 6 5 4 3 2 1 0

18 ATmega128 |

2467L-AVR-05/04
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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
3+ EEPROM B4 , EEDR REEEZ| EEAR 2t ¥iE ; X FiLig4E , EEDR 2

Mzt EEAR EELHI B HE.
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: & &

REB , BBREREERNS,

 Bit 3 — EERIE: EEPROM 4% Fh i {5 BE

£ SREG ¥ | 3 "1“, MB{L EERIE {45 EEPROM FREH M, 5= EERIE M EE (kb
M. X4 EEWE 5Z 8t EEPROM 4% BN A & 4,

 Bit 2 - EEMWE: EEPROM #lE{HkE

EEMWE REREEEWE R "1“2& AT U B EEPROME 4, . HEEMWE R "1“Bt , 4

ANt E RN E M EEWE FEHIEE A EEPROM Wi EM U ; & EEMWE F "0¢, I
EEWE F#£/EMH. EEMWE B/ 4 NAH , BHXNHEFE,

 Bit 1 - EEWE: EEPROM BE{A¢

% EEPROM BEMMugEF 25 , FEN EEWE UEFKTEEA EEPROM, BLAt
EE,JE)l\AWEaz\ZDilE{ﬁ , BNEEPROMEBREFFLELE, BRFUNT (EIMELITTELM
1. HF EEWE 50,

%%% SPMCSR % 1785# SPMEN /%,

$S#THY EEPROM 3t B A EEAR,

3789 EEPROM ##EE A EEDR,

3t EECR &1288#) EEMWE B "1* , FE&EZ= EEWE,

. EEMN EEMWE K 4 NEHA , B EEWE,

£ CPU E Flash BB HFHETAEXT EEPROM #1T4w%2. /B3 EEPROM BigEz
RSN ERSE Flash BRERBEL TR E-SNERHBECISEF , KiF CPU
3t Flash #{T4RER T EA. MR CPU XZET2E Flash , ME =S A LR, 7S
ﬁ jF; g55“ XHCISEARRF - EEMR AL (RWW, Read-While-Write) #) B F4m T2
Be o

AR MAEDMEAETSES M6 2ANFSHBERERK, ENILE EEPROM BEff4ERE
e, 1R — MR EEPROM K R ITHT T 5 — N EEPROM #24F ,EEAR 5 EEDR
HER RSN |, Sl EEPROM BAELAK, BIUAEXAL R hERE .
ZKNEBHRET A2, EEWE BHES, AFRFAUERMVHHMENFRESEZL5% K.
EEWE BEfif§ , CPU B LA APFTL2EIT T —RES.

« Bit 0 —- EERE: EEPROM &4k

M EEPROM thitiR BiF 2 /5 , EB{ EERE LUE#IEiE A EEAR, EEPROM #iEHY
ERRSE-LES , BXE%E, £H EEPROM B CPU E£1E 4 et EHE,

SICRCENEN

AIMEL 19
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AP EiEH EEPROM BN Z#&N EEWE, MR —ANEBREEEHRIT, MILEIERI
EEPROM , b &tk E HF 1725 EEAR,

BERZ AT EEPROM 15 [RER, Table 2 3 CPU i5a] EEPROM #y 82 8 pf (8]
Table 2. EEPROM 4w#Z8H]
#s EM RC IR AHH V) HARR R
EEPROM B2 ( B CPU) 8448 8.5ms
Note: 1. BEFIMIR 1 MHz HIRt4h, SI8%4{y CKSEL MigEB K.

20 ATmegal28 m—————————————————
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TEMNRE S B ALY C HIHEBMMASSH EEPROM B ERE, FHBRIEFMTLE
PITXLERBOESRYFEE, I FRANERIRGEEESISEF. EoISEBFEFE N
EEPROM ERMEZEESFIEEHITH SPM sS4 R,

CmARD B2

EEPROM wri t e:
. EEL-XGREZE
sbi ¢ EECR, EEVEE
rinp EEPROM write

WEM L FAE (r18:117)

out EEARH, r18
out EEARL, rl17
;. GHEFIESFR (r 16)
out EEDR r16
;B EEME
sbi EECR, EEMAE
. ENEEWE UEHERIE
shi EECR, EEVE
ret

C REHIE

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

|* ZFFLE—XBRIFFR *|

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

1> REMH I TR */
EEAR = ui Addr ess;

EEDR = ucDat a;

I * EEEMAE */

EECR | = ( 1<<EEMVE) ;

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

ATMEL 21
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T —MUEBE B F 35 B anf] FSC 4R A C KR EX EEPROM R I RIR H T R 2 FEMATIX LB
MERIFRE,

Cm R BB BIE

EEPROM r ead:
. EEL-XGREZE
sbi ¢ EECR, EEVEE
rj mp EEPROM r ead
. REMYEFFE (r18:r17)
out EEARH, r18
out EEARL, rl7
I¢E EERE KB 50 LR IE
shi EECR, EERE
. BHREFZFHEEREE
in r16, EEDR
ret

C L fi=

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

1% SEHFLE—XGERELZE *|

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

1* REWHEFFR *]
EEAR = ui Addr ess;

I * 1REEERE K ESIZRIE */
EECR | = (1<<EERE);

1* BHEZFEEERE */
return EEDR;

}

HEKEEN T EEPROMWE % EEPROM U TERERHE A BEKEER , EEPROM BigEHE | HESIHREIATE

A

Byl EEPROM BIEE %

/O 6k 85

SEREITHK. BEERELERE , #Jﬁ,zﬁﬁili@'@l{’ﬁ lltt%%#%,fméa&)uém;to 3]1d
Ewia&)ué BEN KK EEPROM Big 1’ﬁméy—uﬁko

BT ®EREETE , CPU M EEPROM B RET/EFIER , X EEPROM B H SRIF (
EXR ). XMEREMEMILIA EEPROM ST LRIBE,

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

EEPROM ¥ #R SA R 8] 8 o] LUBE LA T 75 A R R

HEELEAREF AVR RESET F 581K, X Al LUBE ERES A VI8 B0 &.38% BOD R
XH, WR BOD BATLEREER , WA AEANBEM B, EEREIEIPRE
TEf , BRIEFLL,

ATmega128 # 1/0 Z[RIE X P 342" a8k ~ .

ATmegal128 HIFFAE 1/0 MAGEWHMEBE /0 ZEE, FFAR /0O it H AT LUES
LD/LDS/LDDHMIST/STS/STDIE R kKA ,FE2NBRA TEFFESHRMI/OZ BEMEIE. it
#H $00 - $1F B9 /O H1E28E AT A SBI %u CBl i8S E#EM T T4 , ™ SBIS # SBIC
NMARKEEMIBNER, HEMA IN F OUT i8S at it 4 7E $00 - $3F 2z iEl, fR
ERSRAM —#Ei LD M STHESIHR /0 F78: Nt E M E $20, ATmega128

22 ATmega128 |
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R NEENMLGER  EXHFNNEELTEN 64 AN /OB IN/OUT #ESiHE ) A
BEXIENEZ, WTVEN /O Z=A $60 - $FF , REEME A ST/STS/STD 1 LD/LDS/LDD
S, Y ATmegal128 TETF ATmega103 AEXES , EM 1/0 # SRAM FFELK.

NTEREFRFE , RERANKRNE "0, MREM /0 FER[N TR ITERME,

— LRSS MERRERE "1° RXIM. CBI M SBI T ARE /O FEHRME
M6, HABMMULEE "1, Bt &ERXESREM, CBI M SBI TR X $00 to $1F
ZENEFEFREN.

/0 MG BT FEREHMETNA,

NEEMEEREN HFADEESEOMZENSY HENFEESTEEMBEA4EE | /2 SRAM
M Flash, LCD, A/D, D/A, &%, HFEH: AR :

« EANMNTENEFRERE (BREETEFRE ).
T RSB 2R AT LUR B R R M F RS

« WUBSFIHMRTUAREERBLEE,

© BELERELREURUEREDE.

97,3 EReAA S F MR (XMEM) Bt , ATBLER TSN ERF 2551 ( 2 P 2Figure 1 , P
68Table 27 , P 72Table 33 [ P 79Table 45 ), fFfik2RELE M Figure 11 Fi Ko

Figure 11. A5 Xi RSN R 17k 27

Memory Configuration A Memory Configuration B
0x0000 0x0000
Internal memory Internal memory
OXOFFF
A 0x1000
O0x10FF
A 0x1100
Lower sector
SRWO01
SRWO00
———————— 1SRL[2..0] SRW10
External Memory| Upper sector External Memory|
(0-60K x 8) (0-60K x 8)
SRwW11
SRW10
12 OxFFFF 17 OXFFFF

Note:  ATmega128 EY3E ATmega103 REER : FHBEE A,
ATmega128 HJ ATmega103 %AER : FHEREE B,

ATmega103 &AM TN HAED 14k BRI 41 2T 1788 (XMCRA 1 XMCRB) #My F ¥ E# 1/0 Z2[8] , £ ATmega103
RAERT  XLEFES[LTEER  ORTEUXESESAENNINEE, BERATX

AIMEL 23
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RSN T AR i O

Honk B ER

e IhEETE ATmega103 BHFTFE , Ht5 ATmega103 X 2% AN, ATmegal03 &
BERERBRFIR

REFHEEHEHIET (SRW1n = 0b00 Il SRW1n = 0b01),
pal ) i&i&ﬁ%ﬂﬁaﬁu;ﬁzmlﬁlmaﬁo

A FHEBETESX , FEEETRNEFEAR,

BB BERIEEE

RD., WR 1 ALE S| R &85 % H (ATmega128 B9 O G)o

EOaRE

AD7:0 : 2T ithht ¥ & FEIELL,

A15:8 : Efutbit B4& (VK ATEE ).

ALE : stutBifzEgE,

RD : &8iFES,

WR : BEfFREES,
NI EORENVT 3 MNFEEYD , MCU #3#%F 788 - MCUCR, s EBEEasie
21788 A— XMCRA , AR\ EBF 48512 $1Z 288 B — XMCRB,

fFEE XMEM #£0O/5 , XMEM Z#O0BESOFFHERBEOEREE, #A P 61490 iH%
A", XMEM EONEza1RNHaihEHN_ABFMETERNDBEMEE. WRFRNZ
SEB1ZMERS . XMEM #0325 Figure 13 (WBSRESEAE ) dtut | BIFEBMEHE
5, YALE FEHEEFIREFNETLE , AD7:0 HIIEMMtu, BIEAHmSRES
ALE RENE. FREXMEMEOZE  EMEH RN FHEBEIEmIL  BIBELTALE
SIf=4£zh4E ,ER RD MWR EEFEE5ETL. BILASBE#EFIZEOZE , K3
RAULEAEENSIMBESFERET. BXEMNE , XMEM #OZ1EFAE SRAM #
HE A E M6 RS T A M N EB SRAM, Figure 12 83 T a{A R A — 4 8 (U BiF 2544
EB SRAM E3EE] AVR,

AT XRAMEOWNIEERERS JARENIERXRGSTSMHz@ 4V M4 MHz @ 2.7V
BB BN FR U BITF R EtaT;ﬂéi“E’J%‘t 7TAHC RIS FERELTEFRREERT,
XRAM#EZ O S74AHC RSN BIFRRMERE. SR  HiAZNFERNBFHR LR AT UE
A, HuBiFRNEESHR

D 3 Q WAERIER (tpp)o

£ G HRZRIMBIBEILATE (tgy)o

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

XRAM £ O Mg it H A KRR RIE G HEZEiitES R EFNEIRD AL, =5ns. E&EFES
# Tables 137~Tables 144 HAIBHIBFHERITF " PHSE t o o/tiaxx sTo TTEAE
SRR IG EIE R EREAMER D Bl Q WIERIER topo ™ G AR ZBIEIEE L AT
tsuRTFBER T ittt A R BIALERLIE A9 AT 18] (tn, o) Rl ZPCBH & IS IER T B (SR H BAE
9% )o

24 ATmega128 |
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Figure 12. 5 AVR E#ZH /5 SRAM

AD7:0

ALE
AVR

A15:8
RD
‘WR

oL

>
>

Y VY

AIMEL

[-15013652265 00:38537442

D[7:0]

A[7:0]
SRAM

A[15:8]

RD
WR

ATervoga128
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LHMEBLRE

:§p=2

PORTx B "1“ B {#AE AD7:0 Y ERIEBFH, 7 TR ERIN A IIE B EHAEBERER 2
BIX PORTXx B "0 LAZE | EHiEABH,

XMEM#ZOZERE T AD7:0 B9 5L RIFThEE, XA THAE AT LAEE P 29 S\ BRI i 25 12 4 25
1785 B - XMCRB” 3R#2#l, FRER B&ARIFEERE AD7:0 NE — N EUE | B8t XMEM
EOMFE AD7:0 BLAT=3,

NABERBB[UHETANNFER, R THEXLEER , ATmega128 XMEM #EQORH
T4 MTRNEFEAR , W Table 4 FiR. EERSSFEAMZAELEE RN IFHIESR
HHNFER, X F ATmega128 WEFTREIER , REENSHEFHERHRNE,
SNEBEF1FER A9 5 (B B () R IR E ok / i it S E EX M b ut Y B0HE H I E B & £ AR [E]
ElfR. XNARIEEFREERTF ALE REEIZEIRERNETE ( B0 Tables 137 % Tables
14489t ri* trirn - tovra)e REFATBUE BT RN EF AR, A I BUFA S F 2R 2= 2
AN, BNMNKEERINESFSEARH. NAIAERNEETENFERNEMHESS
EAEREE XMEM #0., 248 XMEM #OMFiES A P 308 A BHEEMESENF "
Table 137 £l Table 144 , LA Figure 156 %/ Figure 159,

EEE XMEM EORRSH , FTEMNRESSABREER. BT RIPETEFAEP
P (XTALY) AN Z5BEMIEBRESX , Bt XMEM EOTES TRSEE,

Figure 13. TEFRSHNBEHIFEF#IR1HEEAH (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 x000axxx X
T T T T 1
1 1 1 1

Note: 1. SRWn1=SRW11 (Eitbit 75X )= SRWO01 (Kbt F#EFX ) ,SRWN0 = SRW10
(S EM#ESX ) 5 SRWO00 (it Fi# 28X ),
T4 Y ALE BOFRIE T —NES T E RAM( IERR R 2K ) X & H 3,

Read

26 ATmega128 |
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Figure 14. SRWn1 =0 & SRWnO = 1 @S\ 2Rk iR Z ek esimm A ()

he! i T2 i T3 | T4 i 5

System Clock (CLKgpy) _/ \ / \ /_\_/_\ / \ /_

A15:8  Prev. addr. 1X ' Address X
! | ! 2
DA7:0 Prev. data 1X Address )@(1 Data X =
WR | ! '\ ‘ / _
DA7:0 (XMBK =0)  Prév. data X Address ———H{ Data | ! )—C
1 : 1 1 1 |5
DAT:0 (XMBK =1) _Prév. data X Address | X paa X 8
R ! N\ /

Note: 1. SRWn1=SRW11 (&t 425X )=k SRWO1 ({Kitut F6 85X ) ,SRWn0 = SRW10
(St 2428 X ) 5 SRWOO ( {Kitit 725X )
T5 Y ALE BORRE T —MNES1HE RAM( RSB S22 ) st F &,

Figure 15. SRWn1 =1 & SRWnO = 0 B9 SN EB R IR 17 2515 1R A 8 (1)

‘ |
' ' . ! ! ! .
System Clock (CLKgpy) _/_\_/_\_/_\_/_\_/_\_/_\_/_
| ‘ ; ! ! 1 i
. ! ! !

‘ ‘
‘
ALE _'_/__\ /
‘ l _
A15:8  Prev. addr. }X ' Address X:
l l l 1 @
DA7:0  Prév. data }X Address X)E(X} Data | X: 2
l l l 1
WR l l N\ ‘ 1 \/ ]
l l l 1 1 . [
DA7:0 (XMBK =0)  Prév. data X Address Y+ paa | ! 1 )—C
l ‘ ‘ . 1 l .
L . L L L U E
DA7:0 (XMBK =1) Prdv. data ‘ Address ! Data | ‘ ! X: i
‘ b X ‘ &
‘
RD | l N\ /
1 1 1 -

Note: 1. SRWn1=SRW11 (St 176585 X )= SRW01 (K1t FEE5X ) ,SRWNn0 = SRW10
(St 728X ) 3 SRWO0O (Kt 455X )
T6 Y ALE BORRE T —MESHE RAM( IENHEASM ) X2 HI,

AIMEL 27

[-15013652265 00:38537442

2467L-AVR-05/04



XMEM #7351t 83

MCU #2%I%F &8 - MCUCR

Figure 16. SRWn1 =1 & SRWnO = 1 @S\ EpekiE ek esimm A (1

T4 i Ts

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

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 3
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 (SititFE5X )= SRW01 (Kt ut FEE5X ) ,SRWNn0 = SRW10
(St 488X ) 5 SRWOO ( Kttt 785X )
T7 Y ALE BOFRIE T —NMER 7B RAM( AERIV R 2 /A EEY ) i & I,

Bit 7 6 5 4 3 2 1 0

I SRE SRW10 SE SM1 SMo SM2 IVSEL IVCE I MCUCR
/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

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

SRE 3 "1“ B S\ EB1FAE B84 M8, | SIBI AD7:0 ,A15:8 ,ALE ,\WRHMIRD THEFZE=1h
Bt BERBEREE RO HREESE. SRE BFEREIEE SRAM T3, ABxiwmOq
BUMEZE I/0 OEA,

* Bit 6 — SRW10: ZFIRAERN

FFIE ATmega103 #BEX , HS N THEHH SRWn %8 (XMCRA RHEBAED )o XITF
ATmega103FRABERX ,SRW10E" 1R EEZRFIRES , H WMFigure 14FIRER/ BEXEH
BA—ANetsh EH,

NEPIEEERIEHITERR A -
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
WIBE 0 0 0 0 0 0 0 0
+ Bit7 - Res: &
REN , ZREREENE, EERFEHEBEA 0 LMRIESAK=RHNES.
+ Bit6..4 — SRL2, SRL1, SRLO: EFRAERBXBEH
FHFFAEHNEFHEF U AT URETRNEFRS, ABEFESEU R AL D A
AMX, MEALEAMTMEFIRAIRENMN. SRL2, SRL1 F SRLO AR 174# 85 it
28 ATmega128 [
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SNEpTFMERR R H 78R B -
XMCRB

2467L-AVR-05/04

ZH# TS X |, 20 Table 3 M Figure 11 Fi’R, SRL2 , SRL1 # SRLO KYER&E{EN 0 , AP
BANNEE@E S AN —PAX, B SHRSES SRW11 #l SRW10 &R E.

Table 3. SRL2..0 FEREX MY 5 XERHI

SRL2 SRLA1 SRLO 2 X
0 0 0 Rt FEESX = N/A
=t %88 X = 0x1100 - OXFFFF
0 0 1 b 728X = 0x1100 - Ox1FFF
=it %88 X = 0x2000 - OxFFFF
0 1 0 K b 31t 74 28 X = 0x1100 - OX3FFF
=i 7S X = 0x4000 - OXFFFF
0 1 1 bt 4% 35X = 0x1100 - OX5FFF
B i 74585 X = 0x6000 - OXFFFF
1 0 0 b 728X = 0x1100 - OX7FFF
=it %88 X = 0x8000 - OXFFFF
1 0 1 K b 31t 74 28 X = 0x1100 - OX9FFF
=it i 755X = 0xA000 - OXFFFF
1 1 0 Kbt F4% 25X = 0x1100 - OXBFFF
B 74585 X = 0xC000 - OXFFFF
1 1 1 {E b1t 7488 X = 0x1100 - OXDFFF
B b 74585 X = 0XE000 - OXFFFF

 Bit1 #l MCUCR ¥ Bit 6 — SRW11, SRW10: S ib it {76 85 X E R Ak B

SRW11 F SRW10 A&/ EEF#EF i K ZEFHRANEKE |, 20 Table 4 FiRo
 Bit 3..2 - SRW01, SRW00: Kbt 7% 83 X SRR B

SRWO01 1 SRW00 AR HI B F M 2Kt it K EFRSHEE |, @0 Table 4 FiRo

Table 4. Z&FRA D

SRWn1 | SRWn0 | E&IR%E
0 0 TESAH
0 1 %/ ERERA-NEHEEH
1 0 i/ BREBAFNSSES
1 1 B/ EREBAFNESES, ALFBUCEER/A—NESFAH

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

» Bit0-Res: {75
REL , BRBREREENES, EERFEREBA 0 MRIISARTENES.

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

» Bit 7- XMBK: /S F R E X RIEThREERE

XMBKE"1“[fEEEAD7:0 04k LM B & RISTHEE, HILIhaEFREFADT O RIEREME
BARZ , BIfE XMEM #EORXEOKIEEN=. XMBK ASHELRIFIIEEREL,

AIMEL 29
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£ 76538 (/N T 64KB)

XMBKF = SREW R4, FENfEE I T XMEM#EEZD , REXMBK R "1, B& R EFThEEX
HEAER.

* Bit6..4—Res: %%

REL , BRBREREAENES, EERFEREBA 0 MRIISARTENES.

o Bit 2..0 - XMM2, XMM1, XMMO: #1588 & i b ik FE ek

ERERHET , FENSEESBCEMENIKD C SINBHAESbL, MRRET
FE2IH 60KB S EBFMEEFHuLZEE |, w0 C WELSIBMATARK , AEZEN 110,
40 Table 5 PR 55\, #1 P 32" 52 fEMASMERAY 64KB 1735 " LiBARVEDHE , AT BARIA
XMMn 3R 7[R SA 5B 77 B2 P B 64KB ML E.

Table 5. {FRESNEDIFAERSATIF IR O C WIS , EANEEOLER

XMM2 | XMM1 | XMMO | $\EBf7f B st A9 7 3% BT LR B Y i O 51 B

8 (4% 60 KB #ukZ2E ) %

7 PC7

PC7 - PC6
PC7 - PC5

PC7 - PC4

PC7 - PC3

PC7 - PC2

EES Mt w0 C B2 ERS| A

N W >0 O

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

o Figure 11 FI7R , AAEBEMEBME BN FHEFZE , HiAEk 4,352 FTE) , 5877
2R AT, MFBASEMEIMK 4,352 FFH R A5 E ( #ik 0x0000 ~ 0x10FF), 18
MHEBIEERR/NTF 64 KB B, 1408 32 KB, M3@iT M 0x8000~0x90FF MIEHE , RE S
FEHFITIHR, ATHABEESUNT A15 RESALFEEHEERE b
0x8000~0x90FF fF4E 1 #h EB 174k B2 HY 0x0000 ~ Ox10FF, FH#EEXS Ox90FF [ EF 1k | A
RIXENBECEZWIHE. N TFRARFE ,iX 32 KB S\ 3 174#%25 7 M 0x1100~0x90FF &Y 32
KB i3t Z8 8] , 20 Figure 17 FiRo FiEERELE BS M ATmegal103 HRAER  BEASNIE
ATmega103 REEX

WBHIRE N ATmega103 HAEN, NI ZEE N 4,096 F T, XEREINIB1FME S

B3k 4,096 5 A @33 31t 0x8000~0x8FFF 518, X N FARRF |, /hEB 32 KB 12425 = it
HE9 0x1000~0x8FFF Ry 4k 1t 22 4]

30 ATmega128 m———————————
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Figure 17. 32 KB #\EB 17 fif 85 tth 41t AR 5

Memory Configuration A Memory Configuration B

AVR Memory Map External 32K SRAM AVR Memory Map External 32K SRAM
0x0000 0x0000 0x0000 0x0000

Internal Memory OXOEFE Internal Memory OXOFFF
oorr L _____| JL______ OX10FF 0x1000 0x1000
0x1100 0x1100
oxrrrr | _External OXTFFF oxrFrF | _Bxtemnal OXTFFF
0x8000 Memory 0x8000 Memory
OX90FF |_ _ _ _ _ _ _ OX8FFF
0x9100 0x9000

(Unused) (Unused)

OxFFFF OXFFFF

ATMEL 1

L - 15013652265 00:38537442
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T2 64KB FHEER

o Figure 11 FiR , A EHEB[ME T NI FEHES 2T , BHERERHGT MCU R&Eln
& 60KB KIS\ 2R 12 4% 85 ( HE1k 00000 ~ Ox10FF A R ERIEE B TR & ). AW , WLAFIA
BERE Mtk B 5 LK 5 R A 64KB B FMES. B REWRO C #H 0x00 , HE
BEEN , FE8EE OB AT LA R # 3 00000 - OX1FFF T, HSLAMTHHIF.

SComieapie (O

;. OFFSET X7 0x2000 LAMRIE 5 R #Y 2 S ER1764 25
; BEWAO C ( HuMEFT ) %l 0x00 , FBHELSIH
| di rl6, OxFF

out DDRC, r16

| di r16, 0x00

out PORTC, r16

; BKMPCT:5

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

sts XMCRB, r16

; B OxXAA EISERTFMH3RHY 0x0001 it

| di rl6, Oxaa

sts 0x0001+OFFSET, r16

;. EFfERE PCT: 5

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

sts XMCRB, r16

; Ff 0x55 BASNIRIFfEES U (OFFSET + 1)

| di r16, 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. ZRBBECLEETEENLXH,
HTFXNGFERR T KSBNEMS , EDOER.

32 ATmega128 |
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RGP R HIEW

NeRERESH Figure 18 NAVRIN X Eftsh RER H 5 i, XM H R EBERN T, H TRIEIE
TUBSEATEWERER R TETENERGNS NP4 B RS ERERE
x7. ik

Figure 18. B4+ %

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 B}%% - clkgpy CPUBRT# SB®REAVRARKK FREMIE  NMBAIESTFHREXH. RESFERURRFH

RIBHOBIEFMEE. 4L CPU N RERKZELETEMITE,

I/0 B4 - clkyo /O BRTEF A T EZER /O HEIR  ATERT AR/ 1T ELES. SPIM USART, I/0 B £93& A T S\ &F o it
BiR, ERALENLPMEBEFSEERN , FLIEE /0 B ELL T X LM HATUE
e, BeSN , TWIERE i E IR B SHEETE IR A clk)o HER T HRRIKUM , 15X
NIRRT TRERE X T A LUERE T,

Flash B4 - clke ash Flash B4 $2%] Flash OB, LEHEE S CPU B4 REISH.
R EMBI - clkpgy RS ENBRNS AT RS ENE / HREEEHA 32 kHz N REED | EELE

2% [ ITEER BN EE R R AR X T AR T BN R R — A SKAT Bt 8

ADC B¥4# - clkape ADCEB T [HIB &, X4 AT LAFEADC TR BHR 4F LE CPU R I/O B $h LARR AR 20 5 EB B8 7=
EWRE | N\TIRE ADC HRIRBE.

AIMEL 3
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rHR

MIAREIR

SRENTLMES B2 MERNNMR. MHEAS AVR R ER | ABRHEMLS
EHEIR

Table 6. Bi#piRIEREF

Py a2 v ] CKSEL3..0"

AEBRE | BERH SR 1111 - 1010

SEMRI R 1001

SMEB RC 5% 27 1000 - 0101

RENRNI RC &% 0100 - 0001

SAERET o 0000

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

BB ERER 72BN B, Y CPU BEERAREEEAGRES T , BERHN
HRAXRANBHIERER , RIEHBEFBIRITESZIHEARERS. H CPUMNE
NI TERT | R EFMAMER B AMRIEEFREE T BREFRELESF, &
RIFHERARNBCH BN EEN, FIEE AR WDT &% 85 A 55T
Table 7, BN HRNWMEBSTEBERX ,EHES N P 313“ATmega128 B A 454

o

Table 7. & 1MIRH AL E

SRR H B A (Vo = 5.0V) BAMBR IR (Vo = 3.0V) FeEBKE

4.1 ms 4.3 ms 4K (4,096)

65 ms 69 ms 64K (65,536)

FRF B CKSEL = “0001", SUT = 10", ZBIABTEIR AN HZKBF T E B A ER RC iR
Hem. ZRMINREBRIEMANAFBEEREARHTHESIHEFIENNHIF,

34 ATmega128 |
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e IR% 85 XTAL1 F XTAL2 % 2159 FR4E £ P IRSH B8 10 IR B A A B8 19 3 AR5 | 40 Figure 19 PR
BENMEZERAUUAERAAREE , LA FRABERIERSE, B4 CKOPT AREEXH
BASBEXNE D Z —, Y CKOPT #UUmiZAT RS 8515 il H S~ £ H iR B RS . iXFh
BRXEETRFENE | UREEE T XTAL2 W FE NS 801ER. mEXfE
RN EBELER . HRE CKOPT AXREBEBIRSH | IRZSNHAHESIEELR D,
HRESRAKBRETIHE  BRMEDBELRE , MBATREER Mttt &g,

T FiEH#RET , CKOPT RGmERMIRAMMENR 8 MHz , CKOPT 4wiEATH 16 MHz, C1
MC2HHBEE—#H  FTEFANRRAEREIRSE. RENRESHERN AR EIRSS
AX , AEZHERNMENBERREAX, Table 8 AH T4 R EIRBAMN — L
M. NTFMHEEIRS , NiZERA BRENKRE. FESIFESNERUNMERERUR
FHR[/UNATHENER , BSEZHRIRHENA F M.

Figure 19. S {&iR’% 5 EEE

C2

I XTAL2
c1 7
oSt b | xtAau1

GND

FHERTUIETF=/TRNERX , F—HHE—MIAHMETE, TEEXBEIBFL
{ CKSEL3..1 3ki%&4% , #0 Table 8 FiR,

Table 8. R&iRSHEF T/EE

CKOPT | CKSEL3..1 MRBE (MHz) R EERBEE 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 , LA THEEIRSS.
B0 Table 9 Fi7R , 182247 CKSELO AR SUT1..0 B F&E B 38 HE.

AIMEL 3
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B R E RS

S\EB RC #5% 88

Table 9. & &K% 27 A £ L TN K1 AY /5 3 B )

|V FIE
HREAMEEERN BAYE (Ve =
CKSELO | SUT1..0 Bzheta 5.0V) HERZE
00 258 CK(™M 4.1 ms MEEIRSS , BIRRE
0
£H
01 258 CK(") 65 ms MEERSS , BREE
0
EH
0 10 1K CK® - MZEEIRES , BOD f#
e
11 1K CK® 4.1 ms MEEIRSS , BIRRE
0 EFH
1 00 1K CK®@ 65 ms MEERSS , BREE
EH
1 01 16K CK - miEiR%ES , BOD f#
e
1 10 16K CK 4.1 ms RAEIRE 2 | BIRRE
EH
1 11 16K CK 65 ms BEIRHEE , BREE
EH

Notes: 1. XURMARLAT THEMRFAABETHEAHER , MASHHNARBESEN T LA
MEFEENER. TERTRE.

2. XEEMBHBAEERBF[RITE , TURIESH AR EBIRE, MHHTHEHRERT
ABETHRAMR  MABHNNARBEMNTHNAMSFTEEN EAILERT &
%,

RNTER 32.768 kHz R BIRENSFHHFHIR |, SIURFBL 4 CKSEL i&iEHN “1001”
LU BRI R EIRH 55, RERGEZ AR M Figure 19 FFR. BRI B LA CKOPT K4
2 , AP o LAERE XTALT #Fl XTAL2 BIAERER , NI EBRAZTER . NZPBEBHIPRIRE
7 36 pF,

EETEXMSHESE2E , BatBEIEELM SUT #3E , 0 Table 10 FiRo
Table 10. K30 &4 IR 2509 /3 306 18]

SUT1..0

EREANEBEERN
BEhetE

S| RNFMAER
wHEl (Ve = 5.0V)

HERE

00

1K CK™M

4.1 ms

BIRPE LA, S2 BOD s

01

1K CKM

65 ms

BIREE LA

10

32K CK

65 ms

BRRRRELBE

1 RE
Note: 1. XURTMABLATEINNARRBEENNAMS FEENER.

XN TR R A BRAY N A AT LAEA Figure 20 AAER RC k5% 2. MBRAINBR AR f=
1/(3RC) #THE MM 1T, B C ELE 22 pF, BRYREIR L CKOPT , A ATLAfERE
XTAL1HIGND 2 B#Y /A 36 pFEER , NI T EA LR, FRIRIMA X IEH 25 017 T4E
DR anfaiEsE R f C WEME R |, i§S3E NS RC K% 3 A F Mo

36 ATmega128 |
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Figure 20. #\&f RC Bii&

NC

Ve
R¢
g

[

XTAL2

XTAL1

GND

EHRAUTETONTRANERR , SMMEXFECHLCRETE, THEREXBTRL
iz CKSEL3..0 ¥&HY , 40 Table 11 Ff o

Table 11. #\%f RC #R5% 88 TE&E X

CKSEL3..0 $ELE (MHz2)
0101 -0.9
0110 0.9-3.0
0111 3.0-8.0
1000 8.0-12.0

BEBRTEIMREHERZE , BoAEBBELA SUT BBXE |, 20 Table 12 FiiRo
Table 12. 5\&f RC &% 220 /5 3h AT )

FaEANEaE | SUNOTSNER
SUT1..0 Bz EE KA (Voo = 5.0V) | #EEFRAE
00 18 CK - BOD f§E&E
01 18 CK 41ms BR PR EFH
10 18 CK 65 ms BRES LA
1 6 CKM 41ms BIRIRIE EH , &2 BOD fE#E
Note: 1. XEERMIREEATF TEMERABETFHRAFREROER.

AIMEL
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REM A RC X% 2%

A eRInE T 787 - OSCCAL

HREMNS AN RC HIHBIEHETEEMN 1.0, 2.0, 4.0 5 8.0 MHz MyBt4th, iXLEIREE
5V, 25°C THIRRFEE, XD B ER RERY , REKRR Table 13 XA 4(
CKSEL# {TmTZEN 1], ERIX A4 (LL A REEXS CKOPT # 1T4R 12 ) 2 B M L BIED S
T, ENNRBEHRREZT T OSCCAL FEFE , BTN RC IRFB/HNIRE. &
5V, 25°C M ER 1.0 MHz B , XFRE T ARMIRHME + 3% WHEE ; FH
www.atmel.com/avr RFTAH AL  TEEMABE, FMEET FRERE £1% . 3
FERAXMREHZREN RGN, BERANDACEABECHE I THERSBERREENMN
KiE, EZMEXNRERENEEESR P270 HREET 7,

Table 13. F AR EM RC IR7HEF TEET

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

Note: 1. HJ BRHRE.,

ERTEMREHECE , BB ELs SUT BE , 0 Table 14 FiR, XTAL1 H
XTAL2 ER#FHZE (NC).

Table 14. NEZPHRE RC #RSFH M B St E]

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

Note: 1. HJ BHIRE.

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

®/E R/W R/W R/W R/W R/W R/W R/W R/W

WRE REHRE

Note: ATmega103 FRBE X &E OSCCAL FFsR.

* Bits 7..0 — CAL7..0: {R5 SR BB

MHRERBEB XM ik AT S N EB RS 253 TR T LUBBRE T A= T Z s RN IR
BHERE, SN 1 MHz HRERE (FMRBIENSET , ik 0x00) B3 MR E
OSCCAL =85, MREZENZ RCIKHFR/IETHMAE  IRERBELAATNE : &
SBENRERZEIRRE  REFREREREER Flash 5, EEPROM 2/, XEH
AILUEE SR EL , RIS NEE OSCCAL F1F25. 4 OSCCAL HEHET 25 URIEM
ETITHh, HNEENMTASHEBHADIRSS[NMEBFER, BEA SFF BBIHSM
R, FREMNIRS S AR NIHE EEPROM # Flash E&t. 5 EEPROM # Flash Hyi&4E

38 ATmega128 |
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A ERNERERBIFRFINEN 10% , ENEREETRELIANR. EXERZH/IN
1.0, 2.0, 4.0 1 8.0 MHz X QSRR 1T THRE , HASRERN FTERIUE , W Table 15, .

Table 15. A%} RC X% S MEBE

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

AT MAERET SR RIE SIS, XTAL1 %080 Figure 21 FRREVHEATESRE, BT , B4 W
CKSEL #4Z04mT2 7 “0000”, B4 CKOPT t#4RTE , AP B AT LA B A ERAY XTALT F
GND Z[E# 36 pF E&.

Figure 21. #\ZPet&h 3R B & B

NC ——— XTAL2

EXTERNAL
CLOCK
SIGNAL

XTAL1

ERTEIMRHERZE , BaEBBELA SUT BBXE , 20 Table 16 FiRo
Table 16. ZAEZRET4FH9 /S 306 E]

EEEXANEREINES | SUNNFALERNE
SUT1..0 Bt i (Vee = 5.0V) ¥ERZ
00 6 CK - BOD figE
01 6 CK 41ms R IRIE L
10 6 CK 65 ms BIREE LA
1 RE

7N TRIE MCU BEBRE T , TRERANT/AM RN IRH AR, THRFERTEY
2% FEFEREAR, NZHE MCU REFE AR RZS AR 0 B RS SR,

AIMEL 39
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ERTER / it R RS R

XTAL 53842 5l & 785 - XDIV

WNFMAERES / FTRFESSIH (TOSC1 # TOSC2) Y AVR kb IE8s | BE A MlERESIX
FANCIEERE | TEARER., WIRH 43T 32.768 kHz Wi R BEET L. TEIL
£ TOSC1 S| AIRHES .

XTAL 3R HF 738 A TR 25 |, 250EE N 2 - 129, XMEMHE AT AR REED
o

Bit 7 6 5 4 3 2 1 0

I XDIVEN XDIVé XDIV5 XDIv4 XDIV3 XDIV2 XDIV1 XDIVO I XDIV
®/B R/W R/IW 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 23 {58¢

XDIVEN 3 "1“ &} CPU M H M SMZ A B 4950 2R (clk; 0. Clkapcs ClKepys Clkpiagy) SA XDIV6
- XDIVO B ENBRERNE FHITHM. X— LA UESTHIRY PiHITER.
+ Bits 6..0 — XDIV6..XDIV0: XTAL % #ii%3%17 6 - 0

XDIV6 - XDIVOEX T REFEAN D MEF. BREEHREBEIU IR , 2H2FEH CPUFHE
A BB IR £ TTEARA

p _ Source clock
CLK ™ 7129 —d

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

HEIEILENE N, BNXLEHBELNR. HTF M0 MAOE WAT MCU B £/t | 4%

Y B (5 Bt 4 20 3T

Note:  RERTEh 4% 50 $ARS F BIi% 68 A E AT 88 /1T 5088 0. BN TR BERS B 88/t 555, BE
CIETRASER  ERHEEF2W NN, HEEAXNENE / TS, ERE2PH
WEEE % | R HEMN S ITEEA MK,

40 ATmega128 |
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BRI I AR AR =

MCU #: 4|88 - MCUCR

2467L-AVR-05/04

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

HAERERNEZEREENFFEE MCUCR B SE , REIT SLEEP 5. E4AH—ih
BN (ZRER, ADCEFEMHER, o, F8#K, Standby X FY & Standby
#3x ) B MCUCR # SM2, SM1 1 SMO JRE , 10 Table 17 Fi/Ro fEHERY AR BT AT SURE 3
ABERERH MCU %EE, £33 EahetE , 400 4 NeteBHIE , MCU BATLUS 1T H M
BT, RFIREZT SLEEP BWT —%&IET. RENTLRETFFHXHMN SRAM A
B MREEBESEAEXETEN , W MCU BEEF U6 BF HBINIT.

P 33Figure 18 4148 T ATmega128 TR M RAE R H o . WEEER S ENERES
NIEEBA.

MCU 2 #IFFHREE TR REEMNIZEH L,

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(H&E

R T E MCU £ 1T SLEEP i8S E# ABERER | SE MMB ., H T HFEH AERE
RERFANEETH , BN SLEEP ESHAI —%iESEN SE, —BMREVHEE
& SE,

 Bits 4..2 — SM2..0: EERRIE X E R4

W Table 17 AT /R , K& A TIiEFEEERNERER,

Table 17. EEERERiEE

SM2 sSM1 SMO EEREREX
0 ERER

1 ADC B FEHHIER
0 EEER

1 HEERX
0

1

0

RE

RE

Standby #& = ()

1 1 ¥R Standby = (1

Note: 1. {RIEFERAINEBRAEHIEIRESAT Standby XM EHY Standby ERF A,

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

AIMEL 41
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RN

ADC &= HE

Lok N

=t N

Standby &=,

% SM2..0 3 000 Bt , SLEEP #55# MCU A ZRER, FHERXT , CPUFLEIE
1T, ™ SPI, USART. ##lltE88, ADC. H&kiEN. TS / iHHEs. Eﬂzﬁ]frw&ﬁ
REME T, XANEEERRELT Clkepy M Clkpagy » ELAEET £ 4R T 4,

P SNER R T R T LAMREE MCU, MNRAFEMRLL LR B[HUTRE MCU |, 73 TR IHFE |
DM R B IR, 750k R AR LR B I SRR S S 1788 ACSR H91E ACD. 10
SR ADC fiEgE , #AULER R B3 530 —IRER

% SM2..0 3 001 &f , SLEEP < # MCU # ARSEM&ER, EHEXT , CPUE
LIE3=4T , ™ ADC. 9Hr$¢'|iﬁ FEFEOMUBEE, EFE5/1T5SF0 %u%m'n]iliﬁﬂ’ﬁo
‘*A@ﬂﬁ*ﬁﬁﬂﬁi? clkyos  Clkepy H clke agy , EAth A M 4K4E T 4E,

WEKRIEST ADC HRFHIE , EERRBEES., ADC ERENHMR , #HALEF
BEEH— R AD #i, ADC RN, SEEf. BIIAEM. BOD Ei. MLk
O LA PET, EAER / TTEER 0 #T. SPM/EEPROM R T, SAEEHMT
INT7:4 , SRHAERAR M INT3:0 AT LURF MCU M ADC B2 =40 B8 X MR BE,

% SM2..0 7 010 &} , SLEEP #§5# MCU # A BEER, FHERXT , A RE&E
IR, MAZBRE, MEEOMUTHEEER (NRFEENIE ) #ETHE, REATE
I, EMEN. BOD E4I. FWEEOMUICE AT, HAZBEFHE INT7:4 , I
WT INT3:0 ATLAfE MCU i EBEER, XMEREXNFLETHENRE L RERSER
AT DASKEE T4,

LEANBEF P AT MCU NEBENGREN  SARBATEE—ENTE, £
KES N P 84 H\ERhpy 7,

MBEINiR B MR FE X - B HIE MR BB — MR BT |, UL B R A TR ESB 3 HIRE T Ko
MEEFEM S HB L CKSEL EXHNEMEAMR —#1 , 1 P 34° iR " o

% SM2..0 ;3 011 Bt , SLEEP #EaRHF MCU #AEBBEER, X—#EXS5EEERXRE
—RAE

WMRERES/ITEE 0 7L W5y | BAIZF 1783 ASSR K9 ASO EfL , MIERES /ITHER 0
RERR AT EEE 1T, BRTHEBEXNGRES N | ERES/ TTEES 0 MG H BT Rl L R I
Wt BT LA MCU MREE S R | R E TIMSK FE Tixsrhpy , ME SREG 2/
BTERENL | B,

MRRLSENBFIERSEBHN  BIUFAELEES K MAREEER, AREZEEER
T,&ZASORO, M MCUEEE RS ERN SN FFZRRNELZEELN,

RANBRERIELL T B clkaey SUNTERIET S | R RS A LUK T4,

4 SM2..0 § 110 &Y , SLEEP #ES¥fE MCU # A Standby X, X—ERXS5iEEER
M — B RE 2 EF RS SAE T, HRENERES6 AE'J‘%‘FHHHO

42 ATmega128 |
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¥ & Standby &

% SM2..0 & 111 & , SLEEP 546 MCU # A B Standby X, X—EX5H
FEEXE-NWARZLETIRZS4ETHE, HRENEREE 6 Mt EAR,

Table 18. =R ERERER T E30#Y A SA K K 2R

TERYRT4 5 KRR
fFREMNE | FRENE TWI #b3tPT | E6FES | SPM/E? & Hit
BERER | clkepy | CKeash | Ckio| Clkape | 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@
¥ EH
Standby X@ X X X@® X X@
RO
Notes: 1. BHHERENAZ REHIE RS
2. ASSR 9y ASO &,
3. INT3:0 SEFHET INT7:4,
AIMEL 43
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R/MUThFE

BB AR

Bl LB as

R BR

FRERBEE

EIRENER

¥ A S5

‘dlnEk)--ﬂiii‘ﬂﬂﬁﬂﬂiﬁhﬁh—-

HEREAVR BERENDERNFTEERILNRE, — K  ZER TR AERER |
HAAERURONERBRE T, TEENRLAEL, TEANERFEZRHREEUE
FRTREEM DD,

fERERY , ADC HEERRER THE T, N THREDRE AR ABEREXZFTERL
ADC. EFEENE —RERNT BNFKKR, BAESRP 213 EREKRE ",

HEZEMERXN , MRREEABELRER  TUREXMA, £ ADC RENFEXTHE
ik, EHMEREXNEMLRBEREIXAN, MREDLREERTAFREREE
B, AR EALAEREEXTHREEXAT. ENNBEEEARS —EMF£RE. FSAP
210“ BHULRER " AT SR B B4R L EL R 2R

MR FREFAEERNZR BOD , XMER B ALK, MR4RFEIEL L BODEN fE
B2 BOD Zh&E , E N ERTERER TAL T NMHZERER, ERBRNEEREXT ,
BEANERFEEBRNRALE. FSE P44 EBRNR " LT FEMFEE BOD,

LfEMA BOD, MR ADC RAREEENMBEEE SR, BiXLEHREELT |, N
EHERBAI I, EFFEREAFSAEFEERRECETIUUEA, MREERE
BIRYERR2MEN , HaE BT ER, B30 P50 FREEBEE" U THREER
BoEtE AT

WMRMASERNBENR , XMERFBR TR, &FERE , NETMAIERER TEHFET
£, NTEREBER. EREANEREXT XM MEREEEERNBEBALE, ESEP
51“ EAERES " AT HEMMEEE I RER S,

BHAEREXS  FENROSIHBNZREN VERSRINDE. HEENREB LR
AR, FEERERT /0 B4 clk,o M ADC B4 clkape BEFELET |, AR
BEIET, NIRIERABETSHEER, FEMmABERERN , ARKNRESR
. EAMNSIHES N P 65 FMACREFNERER ", KM ATRERZ  E58F
BARRNZEER Vo2, BUNBMABRPRRXEREISHER,

44 ATmega128 |
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JTAG EOS5FNAIRRE

2467L-AVR-05/04

MFEIIRE OCDEN B NiARRES B AEEREEERNN |, ERERMAA
fFRE, WEHMDAWIMEFTERE, AR TUBRZBEINELLE
« )} OCDEN &%,

#F JTAGEN &4,

¥ MCUCSR &1F8#1 JTD LE 1,
% JTAG EOMFEEM JTAG TAP BHIESS BB HEIE , TDO SIMAZE, &S TDO 5|
NEAEESENSZHEET | hFEFEM, FE  EUAENSHFE#ESESH TDI S
EELNEBEEERZABE, X MCUCSR FEF8M1 JTD (UE 1 AN JTAG BLMRmE
= JTAG #0,

AIMEL 4
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REREMEN

S AVR

SR

46

ATmega128

SENFAN /0 FERBMRENNGE  EFNENRABLFHIIT. EMNEELH
B RSIUREN B IMP BT, UERFRRISVLELRE. NREFKZNLMERE
R, T AR e 8 AT DA — RV R R RIB A B . Figure 22 AEMZHEAVEIEE. Table
19 MEN T EMBERNESSH

EMURENE /0 w O MM NHKE , FEEEMT B
HMANENESHEHACRE , ERITHSEHEE , NTER T REEN , FESBE MCU
EF T BFAERENBE, MEETHIER R LA REBEYBLM CKSEL AR/ R
TEo JERETEMVIEFEESN P 34" BIHHIR " o

ATmegal128 & 5 NEMIR :

. teEgEfy, ¥RREBEEETLBEMIR (Vpor) B, MCU &1L,

. AEENL, Y5 RESET LM EBFIFLEMNEXRTH/NEOPEER MCU 1L,

- BIAEMN. SENAFEEHEE I RENSFENNENRE,

c EHERNEMN. YEBRNEMIIEFERE  UeREeEETFREERNEMNITIR
(Vgor) B MCU B E {1,

« JTAGAVREfu: HEUEFFIR/N 188 MCUBIE L, SN P 235EEE 1149.1 (JTAG)
BRAHE"

Figure 22. £{18%

DATA BUS
A

<

PEN D Q MCU Control and Status
Register (MCUCSR)
L Q ] Lo L) Lof Lf
EEEE
. a| | X 2|7
Pull-up Resistor i
-
VCC Power-_On_Reset %
7 Circuit i
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 @
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]

2467L-AVR-05/04
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Table 19. &4

;- Rl
o5 B8 30 2ME | B BAE | B
;?E&HB&%E (EFH 14 23 v
VPO L s snReE (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 9 us
Viyst | HERNZNER 100 mv

Notes: 1. BETEEN , REBERT Vpor NEMNFT 2K E,
2. —LEBRHM Vgor AR R/ DN THEBEEER, XLEHFHFEE= ML LB P BHIT
T Vee = Vgor B |, RIETE Voo TRELNERTEEE IR EEERNE
fiI, ATmega128L HIMiX%#H BODLEVEL=1, ATmegal28 K% &4 H
BODLEVEL=0, BODLEVEL=1 F5&fF ATmega128.

LtEgy LEEf (POR) BHHF RN BE~%, KMEBEFF|T Table 19, POR £ Voo BT
KM FR=4, POR BETLARMABIHEMN , REAREN BIFHE,

POR EB B8 RIS 4E b 1A B4, Voo JAE) L 8 TR B AR R IER 1R ES, T it IERo
2 BT — BRI N EARE. % Voo TR , REETRNI TR , RESET 58178
£,

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

= Veor

N

Vee
AoV
RESET _/ RST

TIME-OUT

tTOUT > |

INTERNAL |
RESET

AIMEL 47
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SERE

HEaeNEN

Figure 24. MCU /831372 , RESET M\ iz 2 4l

1
-7 Veor
Vee J
1
1 1
| /v
RESET X - RST
1 1
1 1

TIME-OUT

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

AEBEfESNT RESET SIMMERT= 4, HEMEDFEENEATRNOTEE
& (S Table 19) B EAETR |, BVEIE 8 ERHHERERT. HHAMESKE
EHTIREIE Ve EFR ) B | troyr R EEFF 18, ERLERIS MCU BIEZ).

Figure 25. THEMBPRENATEN

Vee

RESET

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

1
|
INTERNAL 4 |
RESET

ATmega128 4 /5 W BOD(Brown-out Detection) B @ 5E E K it & B FE AT LR
KN IHEIREF Voo L, MR BF AT AE R ERE 2L BODLEVEL KigE BOD
B} 2.7V (BODLEVEL ~4w#2 ) 5 4.0V (BODLEVEL #4%#2 ). A& BEEEERH
THRELUHBR B IR R ISR R0, X ANB T T RE AT ABERE AN Vgors = Veor + Vivst/2 BA R Vigor.
= Vgor - Vhvst/20

BOD EREHFF R B AL (MBODENEH], HBODAEALS (BODEN#E) ,— BV FHEE
R B FLT (Vgor. , Figure 26) , BOD B M EIEBHAR. & Voo LAFIAMRBFIUL
B (Vgor. , Figure 26) , ZEBYIHERERTT thitH 1 , — BBIE At E troyr , MCUBMRE T4,

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

48 ATmega128 |
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Figure 26. THEIREFRERBRN BN

RESET

TIME-OUT

INTERNAL
RESET

AIMEL
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BRER

MCU #ZHMREEF AR -
MCUCSR

FAEEBEE

BEHBEFERESNENE

BV 258 R A R R E R 1/ CK BRI S Bod, fERORE TR | IERd
EE BT troyr CM. LB IR EM B AR R,

Figure 27. THERBHREFI RSN

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

1
INTERNAL | |
RESET

MCU ZHFRSFERREMR T AXSIE MCU ENHNEMRNER.

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&

B JTAG $#£4 AVR_RESET AJLAE JTAG EUSFHEEN , 351K MCU 1 , HE
JTRF Ef, FHEMEFEREES , L lBEE "0 K&K,

» Bit 3 - WDRF: B 1 g ix%

BIHENEAERNEN, LHEMEFERES , tAUBEIE 0" KER.

» Bit 2 - BORF: H#EHEENEMNIEE

EERNENLERNEN, FEEMFHEEEE BN E "0” KERR,
+ Bit1 - EXTRF: A\ EMIFE

NABENEERNEN, LEHEMEFEREES , b UBIE 0" KERR.

+ Bit0 - PORF: L B8 Efif&

EBEEMREREN, REBIEE 0" KER,

AT ERAXEEMNRERABNEMESF  AFNZRFRBLEFRNBE  RHEE
. MREHMEMNRECHRUTFREN  WEEEVFRTUBIRESVIRERT
o

ATmegal128 EEH AREBREMR , ATEHERLN , ERENELLLEER ADC Wi
Ao ADC Hy 2.56V EHBERILFNEREAR™ %,

BEEENSIE T ME THERN. B38FE ST Table 20, 1 7 BEEIIFE |, 7T
BHEERNENTERITI

1. BOD f##¢ (/8411 BODEN #4w#2 ).
2. HEREMREETIEMLLES (ACSR F 1731 ACBG EfL ).
3. ADC f#gE,

50 ATmega128 |
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BraErRR

2467L-AVR-05/04

Hit , 2 BOD #1218t |, B ACBG Hiffft ADC FEEBHE MR, N THREEBER
IR , AR TURLE ER=FFZH4  HEHFAEBEX ZFXAEER,

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

ETHENSHMIN 1 Mhz AR, X2 Ve =5V NNBREE, HS 4K
BEATHEMV BFTHEREE, BYREE TNENSENT oM TATE MR
SHRTE EIRR , 20 P 53Table 22 FiR. B TMEMIES WDR ARENEFI I AER S,
WA ZIEETRAERSEREESVNNERNSEHEN, EMFAE 8 MET, MREE
Rt EMENSS , —BEBEEMAER , ATmegal28 EM , HFITEMN R EE AT
EF. E4ANENRENNFTE P50 Gif8H,

ATHETEZRZILEETRENSFRNE T EME , BIFFLAT M103C H1 WDTON
BERET SMTENRFSS , 10 Table 21. FiR. 2% 5] 0 #HRF ATmega103 #
BB, FEEENNAENBUEERS, ESEP 4 REE I THENSERENHEFY

AIMEL 51
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Table 21. WDT BiE %

R2E | WDT 0% mEREE
M103C WDTON 2l R= ALkl WDT | {ZEFRERE
RmiE RimiE 1 =g &t 18 A7 5 &t 181 7 5
K2 Eimi2 2 fEAE BRERE NfENE2T]
Eimiz KimiR 0 =g B 18] 5 AR
EimiE Einiz 2 R BRE# N2

Figure 28. &I 1XER 27

WATCHDOG _ WATCHDOG
OSCILLATOR i< PRESCALER
WATCHDOG %%%%%é%%
RESET oo
Yy V.V V Y A
WDPO 2\
N
WoP2 3
WDE
MCU RESET
BEAENSRRETFRE -
WDTCR Bit 7 6 5 4 3 2 1 0
| - - - WDCE WDE WDP2 WDP1 WDPO0 | WDTCR
BI/IE R R R R/W R/W R/W R/W R/W
aE 0 0 0 0 0 0 0 0
» Bits 7..5 - Res: f* &
RBAL , RBREREERE,
« Bit4- WDCE: Fi 1S & {E#E
BE WDE R4 %EEN WDCE , BNFEEZIEF R, —BE N , BHFEEEN4I N
AR EEEEE, $5EHFX WDE WiHBAREILLEE IR, TETZE2RHN 152
At AME L WDCE SMERT 5 MBS ERIE |, 41 P 54 “ A F 1 ME N 25 Bl & BV A 8] /7
5l " FrRo
 Bit 3 - WDE: &I ¥
WDE R "“mt , B R , BUEIRFHEEL, REEWDCER"1“NNWDEF 8EEE,
UTRXAFTRNTER
1. ER—/MES AN WDCE # WDE & "1, BIff WDE EZ 5 "1
2. EREN4IMNHEHZHX WDE B "0%,
ITHEFRERH 2 NRKELEZZIELENAERNSEZN., SN P54« REBTMER S
BEHEEES " .
 Bits 2..0 - WDP2, WDP1, WDPO: & | ¥ En} 3o 3Ma% 2,1, f 0
52 ATmega1 28 ]
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WDP2, WDP1 ] WDP0O REE [ THEN RN 4R , W Table 22 Fi R
Table 22. & ¥ E R 250 5 S 27 1L T

Voo =3.0VERERE | V. =50VEHRA
WDP2 | WDP1 | WDPO WDT %28 A% Y% R A9 % i I 5

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 ACHmM C KT T XM WDT B9#RE. ERBREFMLTRAFEHZT (
kit /)  EMERT TERFNPHF2RE.

Cym R EB PR

WDT_of f:

; EfL WOCE # WDE

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

;. RF VDT

Idi r16, (0<<WDE)

out WDOTCR, rl6

ret

C REfHIE

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

}

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

2450

2L 5 1

RE245 2

TRENFIRETENZERIBEETE.

EMER S ATmega103 BN MREMERET . BIIANDNHRSRELEN , TLURER
H B B WDE RERTY , URBXENREHEAR. RiLENRAERRNUNFEEE
SFAHX WDE W% 88,

EXMERT , BIITAERBNIBRS 2L | TLURER#E S & WDE R

BEe. ATEMFAHEANREIL (CLHEEN ) B AERSZRNEERT—MEEN

B

1. EE-—-MESAX WDCE 1 WDE B "1“, Bl WDE 22457 "1

2. EZEN4AMRHEASZARBN WDEE"0” LAk WDP BEASENIKIE M
WDCE M E "0”,

EXAMERT , BEIIAENSERELEN , WDE WiREER "1, XX ENSEHAE

BEERT—MNEENRBFS

1. EEA—MESHIIWDCEMWDEE"1“, BAWDE 52 HEBEMRS , BATE"1"
LB B Fo

2. EEEN 4 EE AR WDCE B"0” , ARk WDP BEA&SENHIE,
WDE BT EE,

54 ATmega128 |

2467L-AVR-05/04

TEL:15013652265 Q0Q:38537442



kil - ACTPTRR g A 128

ail] AT B89 ATmega128 HIH AR, E—HRE) AVR SHMIALIRIES I P 12 EARFHi
B,
ATmega128 i & M [ &
Table 23. B MF M@ E
BF
aRS oyt @ iR i E L
AEBSIH , LREN , EBERNEN , BEITRE
1 $0000" | RESET fiI , BLK JTAG AVR E1u
2 $0002 INTO SERRRTIER O
3 $0004 INT1 SAERRRTIE R 1
4 $0006 INT2 SAERHRTIER 2
5 $0008 INT3 AEBHBTER 3
6 $000A INT4 SAERFUTIER 4
7 $000C INT5 SEBFBTER 5
8 $000E INT6 AP HTIER 6
9 $0010 INT7 AEHRTIER 7
10 $0012 TIMER2 COMP | ZERTES /it 588 2 L RIEE
11 $0014 TIMER2 OVF ERER / ITHER 2 R H
12 $0016 TIMER1 CAPT TERTER / ITERER 1 HRSEY
13 $0018 TIMER1 COMPA | ErT2S / 115485 1 LLRITE A
14 $001A | TIMER1 COMPB | ZERIE8 /it #4 88 1 LK ItE B
15 $001C TIMER1 OVF ERTER /TR 1 RE
16 $001E TIMERO COMP | ZERIES / iT#hE8 0 LERITE
17 $0020 TIMERO OVF ERTER / ITEER 0 R
18 $0022 SPI, STC SPI BRITRMILER
19 $0024 USARTO, RX USARTO, Rx 43
20 $0026 USARTO, UDRE | USARTO #iiE& 7882
21 $0028 USARTO, TX USARTO, Tx 43
22 $002A ADC ADC #hisy
23 $002C EE READY EEPROM i
24 $002E ANALOG COMP | #EilLbikzs
25 $0030® | TIMER1 COMPC | ERIES/ It#85 1 LR EE C
26 $0032® | TIMER3 CAPT EBER /T EER 3 HiRES
27 $0034® | TIMER3 COMPA | EAIES/ It#es 3 LkRITE A
28 $0036®) | TIMER3 COMPB | ErT8S / it#8s 3 LRI E B
29 $0038®) | TIMER3 COMPC | TEArT8S/ 1t#88 3 LR I:E C
30 $003A® | TIMER3 OVF EBTEE /1T EEE 3 RH
31 $003C® | USART1, RX USART1, Rx &

AIMEL
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Table 23. S M HEE

BEF
mES sk ) IR T RE
32 $003E® | USART1, UDRE | USART1 {55z
33 $0040® | USART1, TX USART1, Tx &R
34 $0042®) | TWI A& HBTER
35 $0044® | SPM READY RERFFHBNERE

Notes: 1. HBE#£{IBOOTRST #imiERt , BN EEF B EBoot Loader, iHZ M. P 255 X #%35|
SEAEF - EENRN AL (RWW, Read-While-Write) B B EmIERED ” o
2. ¥HFFBEMCUCRIWIVSELEBNIET , PR 2B EIBoot X BIA M HE, tEAT AT
B 2K SKFRib U IR P ik S Boot X244k 2 o
3. ik $0030 - $0044 K HTFE ATmega103 RBERFFEE.

Table 2445 T RNEIRYBOOTRST/IVSELIRE TR E N M ifm M E, MRREF KT
TEEREHRMT , PHAIBFRAEN. AP TUERERZRERRF, B K MNMREVEENMT
MAKX , mEMPHEENT Boot X, WENRAEZEAUERERF, RYKRITRN

I,
Table 24. S P M EENENHEE
BOOTRST | IVSEL | &fuiht o D [ IR 5 1

1 0 $0000 $0002
1 1 $0000 Boot X & {i#ts it + $0002
0 0 Boot X & {u th 11k $0002
0 1 Boot X & it 3t Boot X & fi#tb 11t + $0002

Note: ;o% X & it 5 P 266Table 112 » 3 FI/&£ 47 BOOTRST ,“1" ®RRKEWRE , ‘0" RRE

‘m [

ATmega128 e
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ATmega128
ok
$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

g Rl

MR E MNP
(Sa5)

jp
jp
jp
jp
jp
jp
jnp
jnp
jp
jp
jp
jp
jp
jp
jp
jmp
jp
jp
jp
imp
jp
jp
jp
jp
jp
jmp
jmp
jmp
jp
jmp
i
jmp
jmp
jmp
jm

RESET: | di r 16

out
| di

out
sei

<instr>

WREWT :
K5
RESET
EXT_I NTO
EXT_I NT1
EXT_I NT2
EXT_I NT3
EXT_I NT4
EXT_I NT5
EXT_I NT6
EXT_I NT7
TI M2_COWP
TI M2_OVF
TI ML_CAPT
TI ML_COVPA ;
TI ML_COWPB ;
TI ML_OVF
TI MD_COWP
TI MD_OVF
SPI_STC
USARTO_RXC ;
USARTO_DRE ;
USARTO_TXC ;
ADC
EE_RDY
ANA_COWP
TI ML_COWPC ;
TI MB_CAPT
TI MB_COWPA ;
TI MB_COWPB ;
TI MB_COMPC ;
TI MB_OVF
USART1_RXC ;
USART1_DRE
USARTL_TXC ;
W
SPM_RDY

L]

; BaW

;| RQ A

. | RQL AW

; | R AR

; R AW

; |RY AW

; IR AR

;. |RQs AR

. | RQ7T AR

; ENEE 2 ERAR
; ERES 2 BHEAW
; ERTES 1 AW

ERNEE 1R AW
ERER 1R BAW

; BN 1BHIW
; ERER 0 LRAOW
; ERER 0BHIW
; SPI ERLRTA

USARTO ERERIR
USARTO, UDR Z= A%
USARTO %X & RAR

. ADC R KA
;. EEPROMELZ AR
. ERLLR B AR

ERNEE 1R CAm

; TERER 3 HIROW

ERTEE 3 LR AGWR
ERTEE 3 LR BAW
ErES 3 R Ccam

; TERTER 3 BHAW

USART1 #E 4 R AR
USART1, UDR ZZ 4%
USART1 XX 4R

. PgkBETEQPHaR
. SPMERZ AW

hi gh(RAMEND) ; &R

SPH, r 16

; IREHR I RAMBYTRER

r16, | ow( RANVEND)

SPL, r16

; fERERRMT

XXX

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

o ak
$0000

(Sae)

RESET: | di

2467L-AVR-05/04

L - 15013652265 00:38537442

(e

i B

r16, hi gh( RAVMEND) ; &R
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$0001 out SPH, r 16 ; IREBHREH I RAMBTRED
$0002 I di r 16, | ow( RAVEND)
$0003 out SPL, r16
$0004 sei  fEREFRIT
$0005 <instr> xxx
.org $F002
$F002 j np EXT_INTO ; IRQ A
$F004 jmp EXT_INT1 ; |RQLAW
$F044 inmp SPM_RDY ;. SPMRZ AR
L s 41 BOOTRST 24%f2 , B Boot X 8K Ziat , BN EMFFMIZEMT :
31k SRs) ez A
.org $0002
$0002 j mp EXT_INTO ; IRQ A
$0004 jnp EXT_I NT1 ;| RQL AR
$0044 jmp SPM_RDY ; SPMBZ AR
.org $F000
$F000 RESET: Idi r16, hi gh( RAVEND) ; TR
$F001 out SPH, r 16 ; IREMREH N RAMBI TS
$F002 | di r16, | ow( RAVEND)
$F003 out SPL, r16
$F004 sei ; fEREARIT
$F005 <instr> Xxxx

844 {7 BOOTRST B4%i2 , Boot X 8K F¥at , B fAL > Bl & 1788 MCUCR Y
IVSEL B{uAf , BN ENMFMPRIRENT :

ik sas KRG i 88

.org $F000

$F000 jmp RESET ; Reset @
$F002 jmp 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 RAMBYTIED
$F048 | di r16, | ow( RAVEND)

$F049 out SPL, r16

$FO4A sei ; FERERHT
$F04B <instr> Xxxx

HEMARXH Boot KzEBaH B FMRE 78R E T M@ BRI ME L,
M

MCU #:4|% %8 - MCUCR

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
58 AT me g d 1 2 8 e
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WIRE 0 0 0 0 0 0 0 0
o Bit1—IVSEL: i ®i%iF

% IVSEL R "0“ B} , B EN F Flash FiE2580 18t ; 2 IVSEL R "1“ &4 |, FREF[E
B3 Boot KA IAbil . SEFRAY Boot X tatth it 1S4 {7 BOOTSZ BE. BEiKiE
£ E P 255 X IF S| SRARF - EEMNRER AT L% (RWW, Read-While-Write) # B 4w
BEEN . ATHLEEEZECZAREFHEER , EH IVSEL HEEERUNTIRE :

1. B EEREREN IVCE,

EREN 4 M ARERRENRIES A IVSEL , B IVCE B 0%

AT ERFHI P B SRR, HE , & IVCE NAAMRMEELT , H—EREFER

E IVSEL #E2EH T —%iB4a., WMR&E IVSEL Bk , NMHPMESEN IVCE 2FEH

AN EABRRERL, RESESNM I FZRFINENE,

Note: EHMf[E & T BootX , HBoot#i E I BLBO2#LRIZ , M 4T K F X A T2 Fr B P BT Al 28 1
=N TRAKX , B Boot 81 BLB12 #4RTE , MTT Boot X #9725 Bt F i
W, BX Boot MIEMMMATES M P 255 XSS EAERF — EEME A AT ik
(RWW, Read-While-Write) B B E4mIZHEN ~ o

AIMEL 59
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+ Bit 0 — IVCE: Fifim RIS ERE

3 IVSEL B IVCE %4JEf, £ IVCE & IVSEL Bi##{E2/5 4 Net4dEAHE , IVCE #
HHEE, MaEAR , B IVCE ME1EAl, BT :

Cym BBl

Move_interrupts:

; BEREF T BRI

Idi r16, (1<<IVCE)
out MCUCR, rl6

. HRlTEEHE R boot X
Idi ri16, (1<<IVSEL)
out MCUCR, rl6

ret

C REHIE

voi d Move_interrupts(void)
{
I* fEREPETE EBHIESR */
MCUCR = (1<<I VCE);
[* G 2B boot X */
MCUCR = (1<<I VSEL);

ATmega128 m—————————————————
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1/0 ¥m A
43

2467L-AVR-05/04

ERBAKE /0 EAR , FiE AVR /0 I O#EBEEMNIE - 8K - BIEE. XEWRE
FiSBI = CBIETHERLEEMN S M (RERMOBTF, 21/ Fae sl ) HF4
TEMBTHMERO L@ (RERKOBF, ZiE/ FrE LB ), mHEPEEEX
MEmshEED |, T ER WK BT , BiERs) LED, FiEMmASIMBEESHET
K ERBHE, AERP -MES Ve MiAEE , 20 Figure 29 FiR. ES M P 299 &,
KB UREEENSBIIR.

Figure 29. /O SIHEMREHE

PU

Pxn

Logic

See Figure
"General Digital 1/0" for
Details

ANAANFERNUABARARTE  MEN X RRNGONFS , MDEH n” KK
UWFS, BEREBFEEERE, Hli1, PORTB3 R iwH BHWE 3 , MATHE
A% PORTxn, ¥E 1/0 FER|MUENST P 81°/0 s A FEFER/MHHE " o

BMROBE= /0 FERbI - BIFEFFER - PORTx, BIES@FFER — DDRx M
iwmOMASIH - PINx. BESFRNBBELOFFENE/ BEFEFHR , MimORASIEA
RiFFR, HFFE SFIORMW LR ZEIE{V PUD EfVAIFrB U DK £ &5 IR LRI R/
HEELE,

FERNBRIHF /0 MK AESA P 62 EABAKT /IO MiKO . ZRIKOSIHRS
SEIhEEEAM , M P 66" IAME IR " Fi R, B A B MERKN BMAHALLT 5|
B9 —Thae.

ERERELSIHNE DT 2PREMSIMATERKRF /0,

AIMEL 61
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ERERBF /0 WiRA

B il 51 B

62

iwmAANER LR EBE (ALEATIEE ) BWX@ /0. Figure 30 3 — I/O ¥ O S BIAY 5% BA

Figure 30. @A /10"

E <|I /B PUD

Q Dlg
DDxI
3. S
= L wox
RESET
>
2 ﬁ RDx
<
L~ 0
2
A1 <
Pxn Q D
\I PORTXN N 5
3.3 <
| S - WPx (@)
RESET
SLEEP '\1\7 RRX
l/
SYNCHRONIZER
| —————— ﬁ RPx
—I "> 5 o—J5 o
= | PINXn | L~
| ’7 L7 ”> o |
|_ _____ I clk o
- WDx: WRITE DDRx
PUD: PULLUP DISABLE RDX: READ DDRX
SLEEP:  SLEEP CONTROL WPX: WRITE PORTX
clk,o: 1/0 CLOCK RRX: READ PORTX REGISTER
RPX: READ PORTX PIN

Note: 1. WPx, WDx, RRx, RPx F RDx X T & — i D B9 P& S| M #B R — ¥/, clk,o, SLEEP
PUD NIt FrE B i O 2 — 8,

FMNmOS|IEEEE =/ 2 1E85{L : DDxn. PORTxn # PINxn , # P 81“//O % O 21288
Ki%BE ” FT’R. DDxn {uF DDRx Z1£28 , PORTxn X F PORTx &1F8% , PINxn ¥ F
PINx 1785,

DDxn LAREZRSIME BB, 2 DDxnl "1“ 8t , Pxn BEE @ ; BN RHE A

LHoIMEERNMAR , & PORTxn H "1, L BpERERE, MREFEXAXN LS
fE , AT PORTxn BF , REFXASIHEEN M, SMNESIMAN=ES, AMEL
DR B R EETT.

Lol E N e |, & PORTxn K "1, SIM@HSHEF ("1, B HEETF (0%,

£ (BMA ) =7 ({DDxn, PORTxn} = 0b00) #i i S &B.F ({DDxn, PORTxn} = 0b11) F
WA Z EF TS , LR BFEFEEE ((DDxn, PORTxn} = 0b01) 4 HIKEF ({DDxn,
PORTxn} = 0b10) XAMERXLRLBE—IMRE, BF , LN BHEFRERTE AT NES
B, BNSERETEERESETMEER A H. MRAEABERTRXES , Al
B & SFIOR ZF 1285 PUD REIEFrA R O/KY P EBFE,

EEmANGEEREFZRAYGEERENEE, AP XFERESMES (DDxn,
PORTxn} = 0b00) i i & 8.F ({DDxn, PORTxn} = 0b11) fER FEI S B,

ATmega128 m———————————
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BRES| B E R

2467L-AVR-05/04

Table 25 B4 7 S|HMNZFIE S,

Table 25. %O S|HIEE

PUD EHre
DDxn | PORTxn | (in SFIOR) | /O i:] WA
0 0 X WA No B (Hi-Z)
0 1 0 WA Yes | #4\EPeEERHR AT S5 H R
0 1 1 WA No B (Hi-2)
1 0 X L] No WHEET (RUEBETR)
1 1 X k] No MESET (MHER)

it A fi & DDxn , &R AT LUES 32 BX PINXn 125 KIR B S| 25, 1 Figure 30 FI7R
PINxn FESNEMISEIEMNHESRER T — MRS XHEF AT OB & 1F A 20644
RBRERENENEEENHTEIHBFTEMELNESTFTRE. HRIZSIAT
JEXR, Figure 31 NS MBFRELS RN FE. RAMRKIMERIER D BN thg max
*u tpd,min°

Figure 31. EUS| I BB Y RS

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

SYNC LATCH V)

PINxn | | |
r17 | 0§00 | X oxrF

L tpd, max %

v j v

: ﬁpd, min

4 >

THZEE—-IRENHTRACEREENNS AR, Y ESHENSIESRRXA
# ; MR ESISRESTUBHEN , B+ SYNC LATCH 55 XK, Bt
BNENGESEREF  RAEERBEBENRENS EFRBIFE PINxn FF80 10t a
M tog min FTR . SIH ENESHRRIEBRT 12 ~ 1% MPRENH

0 Figure 32 Fi ™ , VAR FHSIMEBFREEERERE S out MIREIES in 2EH
— ANt AR EIRE , 30 nop BT, out IEHTERH EAREN SYNC LATCH £5.
LB B 25 AR AV AE R B 8] t,4 0 — N REGTATEF

AIMEL 63
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Figure 32. B4 FHSIM BTN RS

sstemek [l 1 1 1

r16 OXFF |

INSTRUCTIONS  XoutPORTx, 116 nop X inr17, PINx X

SYNC LATCH
PINxn
r7 . ox00 | X oxrr
tod
64 ATmega1 2
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WA A ERE RS

RELCIWNLE

2467L-AVR-05/04

THNFERTOMEMKRO BASIORM 1, FESIM 23, ARSI 4 2 718
BAMA  GFENSIH 6 M7RELNBHE, RAEHSSIMOKTERENR, MEIHEHNE
BARAE , RN ERENRMAEIZBAEAT — nop T,

SComieapie (O

; BN EWBBEMRESETHEH

; RImOSIHEN S @

| di r16, (1<<PB7)| (1<<PB6) | ( 1<<PB1l) | ( 1<<PB0)

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

out DDRB, r 17

;. ATEASEA nop S

nop

; BREUE O S|k

in ri16, PI NB

C R pIE ™

unsi gned char i;

[* BN ENERAMEESEFHE */

I* REWOSIMESSE@ */

PORTB = (1<<PB7)| (1<<PB6) | ( 1<<PB1) | ( 1<<PB0);
DDRB = (1<<DDB3)| (1<<DDB2) | ( 1<<DDB1) | ( 1<<DDBO0) ;
I* RTRALEA nop I8F */

_Nor();

I+ REUROSIE */

i = PINB;

Note: 1. EILHBEFEERATHNEFR. HENRN TEEMREIENTERE.

#0 Figure 30 FF R , MEHAES (HBHSMARNHA ) WIS, Ehi SLEEP
fEEH MCU MEER RSB R HIEEEN TR E | LB L5 A B RS A BT i
SE Voo/2 B A S BB 7

S| BE R SN ER R i A B SLEEP 55 %% 1EFAESIBIAYSE — ThAERT SLEEP tBit{uF
SEIREE , W1 P 66" i AR SE = Thag ” BHR M AR,

HRIHNMPMSIHNEEN TR B BRFR(LE A LS R hUTE |, RN IIZEE
B2, MSI EXMEMT BB, N MCU MEERRAE X 1 B2 A A B7 #0538 o BT AR S RF B 4o
HNERERETH T SLEEP FSMERAASESHE AT R MRBEEABSEFaAT
NEEE , FETEBFISBFENESEZI,

MEBSIMARBER  BNAXESIMWE T - MNIERT, BRMEXFR , ERENKE
BATASHHBFZRARER  EXERFERLESI XA HEN BT MiEKAZES
EHeHFmAERES (2. THEEX, ZREX ) HEER,

REENRIEARASIMERBERFN A EZREENT LBEHE, ERIRNREMA
LI BREFRER, MREVNNDEHERERVZNEANB LR THEME, T
HEEENARASIMS Ve 3 GND E# |, B IXH A se 27 5| BB AR4E 0 i ot H B
i 8o

AIMEL 65
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WA M —Thee BT —MROBF 110 24 , ASWHOSIMWEEEE =4, Figure 33 189 T M Figure
30 ML HERA G OSIMEHIES S MARE —hAEFTERN, XEWEENESTAH
EFENEOSIH  BEARTUEELEAT AVR R EEFTEH O S MK — iR
B,

Figure 33. imOME=

PUOEXxn
PUOVxn
PUD

DDOExn
L DDOVxn
b3 E
<
0 Q Dl
DDxn
o
WDx
PVOExn

PVOVxn F RDx
1P

<t
PORTin
DIEOEXn Ses
WPx

DIEOVxn RESET

RRx
SLEEP N

L
A
DATA BUS

SYNCHRONIZER

B!

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#1RDx X} F [& — i O BT S| B &8 = — ¥/ clk, o, SLEEP A
PUD NIXPrEMHOBE — N, HtESUIANE—MESENR

Table 26 NXFE —HEEEHWFESHIEN . RPIXFHH Figure 33 B 5| MmO RS,

66 ATmega128 |

TEL:15013652265 QQ:38537442  *7-AVRo



kil - ACTPTRR g A 128

Table 26. 5 —Ih&ERY 1% AF

EE5EH £ % i #
PUOE EHreapR EWETENM , LN BAFEEZET PUOV ; BIES
B R BT, W {DDxn, PORTxn, PUD} = 0b010 B 37 85, fH {8
Bt
PUOV nkavg=ch | % PUOE EfI , Ml PUOV B / FER LHI sBpAfERE / 2
BEHFRE It , MAE DDxn, PORTxn #l PUD HFE8 & MIMIRE
e
DDOE BiEAE MR ESEN , NIz FaEd DDOV 54 ; FLE
EgsAEd- FEE , WHIESNFEER DDxn F12E51EH
DDOV BiE A #% DDOE & , M DDOV B / EE i H IR 58 / &
B ke It , 7% DDxn HFE5HViRE M
PVOE i O MRXMESEN , BMHIESNFERE , IwOKIEH PVOV
B AL % ; E PVOE BT , BT FE , WOKBEHEE
82 PORTxn 24l
PVOV % O #E i PVOE RE , iWwOEIRERN PVOV , MAEFEE
EHFARE PORTxn f11Ali& &
DIEOE BFHmA MRXMEFEN , BFH AFELLH DIEOV 2% ; &
B R DIECE EE , i AFAEH MCU FIRASHE ( EE#E
® , ERER)
DIEOV B A % DIEOE &fz , DIEQV By / BENKFMAFR /2
B R IE, MAE MCU FRS I ( EEER | EEREER)
DI BEBmA WEERNE_DENBERA. EBYP , XIMEE5ER
B EE , HEERSECH . RIERFmA BERS
B, BNE—EEERNERAECHNRES S
AIO BEMES BEMA/ ml, E5EESSIMESEE  mATLA
WA FEXX @i 1
THEHH/LD T EEEMEESEMNMEONE_NREUREINES. EfESEREXEC=
IhEERY R B,

AIMEL &7
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Y% IhEE 10 F1E8S - 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: 2. Fh#FE
EEY , BIfEFE 728 DDxn # PORTxn Bt & F 88 L B FH ({DDxn, PORTxn} =
0b01) , VO SO LR EBFE b2, ES A P 62“ BLESIH "
WO AME-IhaE im0 A B ZThEE N AN SRR M BRI D K F 15 th ik BA R 048
Table 27. %0 A B9 58 —IhAE
WOSIH | $F=IhE
PA7 AD7 ( H\EB17 i 8R4 O it KR 2R 4B 7)
PA6 ADG ( H\EBT17 ik B 48 O it I BR 4B 6)
PA5 ADS5 ( /BB 77 f B3 8 O b ik B2 B3E {1 5)
PA4 AD4 ( H\ERTFfE R O bt R k4B (T 4)
PA3 AD3 ( ARz 6 B8R E O bk | BB 1L 3)
PA2 AD2 ( H\EBT7 % 853 O ith it R BB 2)
PA1 AD1 ( H\ERT7 % 853 O ith it R BB 1)
PAO ADO ( S\ SRz A5 542 O b st R ER4B 12 0)

Table 28 # Table 29 ¥ O A KI5 —Th&ES P 66Figure 33 MERESRERE T — i,
Table 28. PA7..PA4 HY5E —Th&k

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 PORTAS5 « 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
DIEOE | 0 0 0 0
DIEOV | 0 0 0 0
DI D7 #A D6 A D5 %A D4 %A
AIO - - - -
Note: 1. ADA Juithsit K (ADdress Active) (WA E |, AR thut 5 HEV BT 18], S P 23 A& E
fEegED ",
68 ATmega1 2 G
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Table 29. PA3..PAQ KV 58 —Ih#E

g5

% 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 A0 « 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 #95 —Zh&E3 T Table 30,

Table 30. w0 B M5 = IhaE

SIM | E-Thee

PB7 0C2/0C1C)(T/C2 #yfa i LR A PWM B i | 502 T/C1 B9 H LR AT PWM 3 15 C)

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

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

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

PB3 MISO (SPI B& M ENMA / MWL HES )

PB2 MOSI (SPI B& M ENMmE / MILRARS )

PB1 SCK (SPI B4 SRITRTE )

PBO SS (SPI WAL S| )

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

OC2 bR ICECE SR BV 5 - PB7 AT BAMEN T/C2 % HH LE B AE R B 4 1 o B BF S| B 2423
ELE Nt (DDB7 2B R “17), OC2 S|t 2 PWM =X 5 i 515

OC1C M LR ICE C R - PB7 A LMER T/C1 Mt Eb R C 3R i i o bR 5]
B 4R BL & 9 i (DDB7 iR E S “1”) OC1C th 2 PWM =X i H 51 H.

« OC1B, Bit 6

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

» OC1A, Bit5

OC1A f i LR ICEL AR BV 5 - PBS AT BAME R T/C1 5 HH LR AR S o LB S B 2473
BB N (DDB5&RER “1”), OC1A th2 PWM E =X 89 %1 H 515,

AIMEL 69
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« OCO, Bit 4

OCO i LE B ITELAE SR (9 5 - PB4 AT LAME R T/CO % H LE AR SR A9 $ar HH o LB S| B %20
ELE N (DDB4 i&REB R “1”), OCO thZ PWM & =X #9 %t 518,

« MISO -¥%H B, Bit 3

MISO: SPI BEM ENBEMA , NMIBEH H, HTHETFENERXS , 716 DDB3 & E

W XA SIBEIRE R A, HITEFMNERE | XN SIEEEIES @B DDB3 2
H, RERNWMARE , Lh B PORTBS3 #4l,

« MOSI - #%0 B, Bit 2
MOSI: SPI BEM EHEHEME , MILBIER A . I TETFMIERXS , 716 DDB2 &RE

W XS ERREN A, S THETENENR , XS EHIES EH DDB2 2
#l, IRENWMASG , LR EBEEBH PORTB2 #£4l,

+ SCK-i#%0 B, Bit1
SCK: SPI BB VAT s MV E A . 2 THETFMIERXE |, Fie DDB1 i E W

] |, XANSIHERFFRE N WA, HITETFENER , X SIMNKIEAEH DDB1 2=
#Ho IREN@MASE , LHHEEH PORTB1 #4l,

. SS—i#0O B, Bit 0
SS: MHLIERH A . ¥ THEFMIERE , Fit DDBO B | XS MEFEE @

Ao BTHETFENERXS , XASIBAEIES @ H DDBO 24, RERNMWMAS , LR HME
B PORTBO #4i,

Table 31f 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 53 ## 5§ SPI MSTR
OUTPUT # SPI SLAVE INPUT,

Table 31. PB7..PB4 95 —ThkE

EEEH 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 0Cc2/0c1C fiEge (1 OC1B 8 OC1A {8 OCO fE#E
PVOV ocz/oc1ct™ OC1B OC1A OCOB
DIEOE 0 0 0 0

DIEOV 0 0 0 0

DI - - - -

AIO - - - -

Note: 1. M P 145" M i Lb B HIES (OCM1C2) . ATmegal03 #A#EN T%4F OC1C,

ATmega128 m———————————
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Table 32. PB3..PB0 Y5 —IhAE
g5 _
% PB3/MISO PB2/MOSI PB1/SCK PB0/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 E#lH A SPI MHLE A SCK %A SPISS
AIO - - - -

ATMEL
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RO C NE=IhaE £ ATmega103 REEAT A C MAHKO. HE R NN FHEBEONEIS

Fi,

Table 33. im0 C HISE =ThAE

%O 51 SE—Thae

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

PCO A8

Table 34 ] Table 35 w0 C KB —IhEES P 66Figure 33 HEHESREKTE T —iE,

Table 34. PC7..PC4 W95 —ThaE

g% PCT7/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 | A1 A10 A9 A8
DIECE | 0 0 0 0
DIEOV | 0 0 0 0
DI - - - -
A0 - - - -
Note: 1. 7£ ATmega103 #F&EEX T XMM =0,
72 ATmega1 2 O I —————————— e —
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Table 35. PC3..PCO & —zhaeg ()

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

WO DME=hae

Table 36. i O D B —ThaE

im0 D K5 =2h8E%I T Table 36,

i% O 5| B

E 1] 5

PD7

T2 (T/C2 KyEt&hEa A )

PD6

T1 (T/C1 HIET4P4A A )

PD5

XCK1™M (USART1 My ShERRT S5 A / #i 1 )

PD4

ICP1 (T/C1 % AR A At & SI M )

PD3

INT3/TXD1™M ( SAEReh T 3 B ASIRD , Si_ UART1 K3%5(H)

PD2

INT2/RXD1™M ( SAEBeh T 2 B9 ASIBD , 52 UART1 $EUSIH)

PD1

INT1/SDAM ( S\ERFR M 1 B9 ASIED , 2 TWI BRITEHIE)

PDO

INTO/SCL™) ( S\ EBeh i O BV A S , RE TWI B 1Ta )

Note: 1.

FThEEEEBEMT
e T2-%0O D, Bit7
T2 A T/C2 Wy itEUsm AR
« T1-#0 D, Bit6

T1 7 T/IC1

YT AR o

« XCK1-1i#%0 D, Bit4

XCK1 R USART1#I S EZBET 4, BRIE 5 B ZF 1288 (DDD4) R Flat44 F 4 A (DDD4 H'0')iE =2
HH (DDD4 H ’1)e REY USART1 THETFRSER T XCK1 FTHE XK.

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

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

INT3 , SANEBHHTIR 3 : PD3 AJLA4ER MCU BIFAER 5 TR o

TXD1 2 USART1 RIEkIE K% SIMI, 2MERE T USARTT1 M RIXEEE | iIX/NoIMI#sa &g E
R | et DDD3 AR,

« INT2/RXD1 - # 0 D, Bit 2
INT2 , SAEBF MR 2, PD2 R LA4ER MCU BI S SR TR

RXD1 & USART1 W ERiE 2SI, 2{FEARET USART1 KIZIRESfE | XA SI M8 &R E
Rid | et DDD2 Fi2fEA. {ER PORTD2 3R%H| EHEFE,

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

SDA WL EOMNHIESIH : ¥ZFHFETWCRIW TWEN Bt FgemLkiEn, SIMPD1 5
i O BR B T M B P 4k 332 O Y BB 4T 803 1/O SIEP, Lbad | SIBIELE — /N RUE K 28 LA 4l
50ns LT RIEES |, moIHBHEGRERREITHAEN T RIS TR

« INTO/SCL - # 0 D, Bit 0

INTO RAZFUTIR 0, PDO AT LAYER MCU BY SAEB A KR,

SCL ,Fs&kENmatsd: HYEHEFETWCRITWEN BN ERERLIED ., SIH PDO SO
5 B8 FF 0 B R PR 4k 42 O A9 SR AT BB R 49 1/O SIRM. Bbatd | SIRIEE — N R UE 8K 28 LA 4l
50ns A THRIEES , molHBEERERRE RN T RESI[ES.

Table 37 1 Table 38 Fix 0 D W —Th8E 5 P 66Figure 33 WEHESXKIKET — .

Table 37. PD7..PD4 BY55 —IhAE
EEEH PD7/T2 PD6/T1 PD5/XCK1 PD4/ICP1
PUOE 0 0
PUOV 0 0
DDOE 0 0
DDOV 0 0
PVOE 0 UMSELA1
0
0
0

PVOV XCK1 5
DIEOE 0
DIEOV 0
DI T2 @A T1 %A XCK1 i A ICP1 I A
AIO - - - -

oo/l ojlojlo|o|o|o
o ojlojlojlo|lo|o|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 {88 INT2 {82 INT1 82 INTO fE8E
DIEOV 1 1 1 1
DI INT3 % A INT2 % A /RXD1 INT1 %A INTO % A
AlO - - SDA I A SCL A

Note: 1. {Fgefg ,M&RITED R PDO M PD1 S| AE5 & R4, BREEARBEHIHBEX—
M, B, RIEFERBEERES AIO H HM TWI ERNBFE B2 E,

im0 E #93 =h&e3 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 SIH )
PE6 INT6/ T3 ( SAEBH BT 6 K9S ASIH , SR2 T/C3 KIRTEhiA )
PE5 INT5/0C3C™") (SAEBRIT 5 M5 A SIH , =2 T/C3 K% H LA PWM St C 31 )
PE4 INT4/0C3B") ( SAER I 4 K93 A S| , 502 T/C3 K% H LA PWM % i B 5180 )
PE3 AIN1/0C3A ) (Rl LLRES MM AR , SR T/C3 #9% H LR A PWM % iH A SIBD )
PE2 AINO/XCKO™ (#E I LLIRBE E S AR , B2 USARTO MY SN ERHI A / 5 H At 4 )
PE1 PDO/TXDO ( fmiB¥iEHM H , 22 USARTO HRIESIM )
PEO PDI/RXDO ( mig#iiEim it , =2 USARTO a9k S|k )

Note: 1. ATmega103 #AEX Ti&%E ICP3. T3, OC3C. OC3B., OC3B. OC3A I XCKO0,

* INT7/ICP3 - %0 E, Bit 7
INT7 , S\ERHMTIR 7 : PE7 AT BA4ES MCU B SAER R BTR

ICP3 — i A1 S| 3 : PE7 AT LAER T/C3 By% A2 SIH,
« INT6/T3 - %0 E, Bit 6

INT6 , SAEBF MR 6 : PE6 AT LAYERN SN SR HTIR.

T3, T/C3 ByitEsm AR,
« INT5/0C3C - ¥ A E, Bit 5

INT5 , SAZBeh IR 5 : PE5 B] LAYE R S B8 b R o
OC3C ,fHH & IE CHME : PESAIBMER T/IC3MmHLE R C M SIH, WHNEEE

i DDE5 U EEE N far o

 INT4/0OC3B - %0 E, Bit 4

AIMEL
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OC3C & AT LAMEH PWM X HHi Hi o
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INT4 , SAEBF MR 4 : PE4 A LAERN SN ZRP IR

OC3B , far i LR IPC L B 9% tH . PE4 ATBAMEN T/IC3 ML R B A S M. W EEE
{z DDE4 LU EEE N, OC3BERBMEN PWM ER K i .

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

OC3A ,fi i LE R ITEL A B9 % o PE3 ATLAMER T/IC3 MELE R ARSI, W EEE
{iZ DDE3 LU HE E R H,. OC3AZETALER PWM ERXAHH.

 AINO/XCKO - i E, Bit 2
AINO — &l L8R 25 IE fa) A\ ¥

XCKO ,USARTO Ky ShEBBT 44, 204875 [ B 785 #Y DDE2 2 Hlix 4 o492 5 A B8 (DDE2
h'0) & 25 A4 (DDE2 R '1'). REY USARTO TETFRSHER A XCKO F £ K.
« PDO/TXDO - 30 E, Bit 1

PDO, SPI BTN EIERH. 72517 THREF XN 5| A K56 58,

TXDO , UARTO &3#%3|#,

« PDI/RXDO - $# 1 E, Bit 0

PDI, SPI &TmENHRERMA. ERT THEFXASIHA RN AKE

RXDO ,USARTO#ZU S|, 2 EEE USARTOZEULES F X S| IEL & 1 i A T~ & DDREO
KRB IN{T, PORTEO 3 #R12 7% £ i 68 pH Y RE,

Table 40 1 Table 41 Fix 0 E 55 —IhEES P 66Figure 33 WEHESKEKE T —i,

Table 40. PE7..PE4 95 —ThfE

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 fF&E
PVOV | 0 0 0C3C 0oC3B
DIEOE | INT7 f&¢ INT6 fE5E INT5 fE5E INT4 fE&E
DIEOV | 1 1 1 1

DI TT? WMA/NCP3 % | INT7 A /T3HMA | INT5 A INT4 % A
AlO - - - -

ATmega128 m———————————
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Table 41. PE3..PEQ BY% —ThhE

ESEH 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 {4 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 3 A AINO %1 A - -

0 Table 42 Fi7R

b 8
BeXE

RO FEZ

ADCHi A, HIRHEAO F W —ES|MEEN ALY ,

NREEN—[RE AD Z#MRIBHTAIEXZRMUSIMNEF , TN TR RIS
R, £ ATmega103 REEA TIRA F R A, BERT JTAGED , NEEEER
B BX PF7(TDI), PF5(TMS) 1 PF4(TCK) Ky LRI B8RRI R B o

Table 42. #% 0O F (Y5 —Thhs

WOSIE | S=Thee
PF7 ADC7/TDI (ADC i AJBE 7 , SR JTAG MR B IEm ASIH )
PF6 ADC6/TDO (AD i AJBIE 6 , SR JTAG MR IEH H I )
PF5 ADC5/TMS (ADC S ABE 5 , R JTAG MiRE X EZR S| R )
PF4 ADC4/TCK (ADC i NBi& 4 , 2 JTAG ik atéd )
PF3 ADC3 (ADC #ii A B 3)
PF2 ADC2 (ADC i AJBE 2)
PF1 ADC1 (ADC i AJEHE 1)
PFO ADCO (ADC % AJ&3E 0)

« TDI, ADC7 -0 F, Bit7
ADC7 , R ETEE 7,

TDI ,JTAG MiAHBHACIH: FEBAESTERIABESES (HEE )WBTEA
BiE, FEJTAG EOZEXNSIMTEBAESZE /0 O,

« TDO, ADC6 — i F, Bit 6
ADC6 , BRI IR ERIEE 6,
TDO ,JTAG Wi#FERMLSIH  NEBABTSTFHRUARBETFRENSTHHEE., £

BEJTAG EOZEXASIMTEBRAEZE /0 O,
B TAP RS TDO SIHIR =4

« TMS, ADC5-#0 F, Bit5
ADC5 |, ¥ EEIE 5,

AIMEL
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TMS ,JTAG WA K& 51 M. XN SIMA T TAP 2 HIER RS WEL. 5 JTAG #
OZRXANEIMTREBRFEEE /O O,

e TCK, ADC4 - %[ F, Bit 4

ADC4 , BN ITEIE 4,

TCK ,JTAG i Bt4d : JTAG RYIRIEF TCK REALS M, FREJTAGEDO ZFXNSIHT
BEBEAEZE /0 O,
« ADC3 - ADCO - %M F, Bit 3..0

B EZEE 3.0,
Table 43. PF7..PF4 HY5E —IhkE

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 %A

Table 44. PF3.PFO 5B _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 # A ADC2 # A ADC1 # A ADCO #i A
78 ATmega128 m———————————
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£ ATmega103 RAER TwNA G REETHERNE ZIh8E , MAEAEBRAHRFIR
Ho FEThREN BT -

Table 45. %0 G W& —Ihke

WO S HIheE
PG4 TOSC1 (RTC #&%88 , T/CO)
PG3 TOSC2 (RTC #&%#8 , T/CO)
PG2 ALE ( S\EB1Efd S5t 1t BATE (EREIE B )
PG1 RD (/MR ERIRES )
PGO WR (A BEHBEES)

» TOSC1-i#x0O G, Bit4

TOSC1 , ERTEEHR% 2SI 1 HFFEEASSRINASO BIURHFRET/COM RS atér, PG4
MNigO ERRE  AARBIFRHEERARBENE A, RN EZEREIREES | B TEERE
/0,

« TOSC2-#%M G, Bit 3

TOSC2 ,ERfesiRH 25 5IH2: L ZFFE5 ASSRIIASO B AT FEE T/COMI T HrT4h, PG3
MmO EBRE  AARBIRHSR[MASENH A LR ATANERERESE B FReeAE
/0,

e ALE - %0 G, Bit 2

ALE Jy S8BTz it 2 it 1k B 17 (R BE AR 5

 RD-#%0 G, Bit1

ﬁ_%%%ﬁﬁfﬁ%ﬁii??%ﬂ%%o

« WR-1%0A G, Bit0

WR RIS EEBREE4ES,

Table 46 H Table 47 $Fix O E WL —Ihee 5 P 66Figure 33 MEHESXEKE T —i,

Table 46. PG4..PG1 M5 —Th&E

[-15013652265 00:38537442

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 - - - -

AIO T/CO OSC # A T/CO OSC #i - -
AIMEL 9



Table 47. PGO WY 5 = IhAE

ESEH PGO/WR
PUOE SRE
PUOV 0

DDOE SRE
DDOV 1

PVOE SRE
PVOV WR
DIECE 0

DIEOV 0

DI -

A0 -

80 ATmega1 2 O I —————————— e —
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/0 % O &7 8x AV i B3

WO ARESFHESE - PORTA

WO ABIES @FER - DDRA

WO A®mASIHH - PINA

w0 B BIEFFR - PORTB

w0 B $iEHF @ FEEF - DDRB

iwA B WMASIBbi - PINB

WO C #HIEHFFE - PORTC

WO C HIT|S5 EFEER - DDRC

2467L-AVR-05/04

Bit

®/E

WaE

Bit

®B/IE

WaE

Bit

B/IE

HE

Bit

®B/IE

#E

Bit

B/IE

HE

Bit

®I/IE
WaE

Bit

®/E
NaE

Bit

®I/IE
WaE

PINAO | PINA

PINBO | PINB

7 6 5 4 3 2 1
I PORTA7 | PORTA6 | PORTA5 | PORTA4 | PORTA3 | PORTA2 | PORTA1
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0
7 6 5 4 3 2 1
I DDA7 DDAG6 DDAS DDA4 DDA3 DDA2 DDA1
R/W R/W R/W R/W R/W RIW R/W
0 0 0 0 0 0 0
7 6 5 4 3 2 1
I PINA7 PINA6 PINA5 PINA4 PINA3 PINA2 PINA1
R R R R R R R
N/A N/A N/A N/A N/A N/A N/A
7 6 5 4 3 2 1
I PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 | PORTB1
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0
7 6 5 4 3 2 1
I DDB7 DDB6 DDBS5 DDB4 DDB3 DDB2 DDB1
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0
7 6 5 4 3 2 1
I PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1
R R R R R R R
N/A N/A N/A N/A N/A N/A N/A
7 6 5 4 3 2 1
I PORTC7 | PORTC6 | PORTC5 | PORTC4 | PORTC3 | PORTC2 | PORTC1
R/W R/W R/W R/W R/W R/W R/IW
0 0 0 0 0 0 0
7 6 5 4 3 2 1
I DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1
R/W RIW RW R/IW R/W R/W R/W
0 0 0 0 0 0 0

ATMEL
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PORTA0 | PORTA

DDA0 | DDRA

PORTB0 | PORTB

DDB0 | DDRB

PORTCO | PORTC

DDCO | DDRC

81



WO C R ASIEIE - PINC

w0 D HIEFEE: - PORTD

Bit 7 6 5 4 3 2 1 0

I PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO I PINC
®B/B R R R R R R R R
HHE N/A N/A N/A N/A N/A N/A N/A N/A

# ATmega103 #A#EA T , DDRC M PINC HFiFsdlAt v KB T, BIEERE
EHEPER T A& R RIEDRE. EXEMNE , £ ATmega103 F#EEX T DDRC M
RAANE, AT HRE 100% WEAERE , FFEE ATmega103 RERX T IHRXH D
FER.

Bit 7 6 5 4 3 2 1 0
I PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO I PORTD
®/B R/W R/W R/W R/W R/W R/W R/W R/W
IRE 0 0 0 0 0 0 0 0
30 D B#ES @ % FE: - DDRD
Bit 7 6 5 4 3 2 1 0
I DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO I DDRD
®/B R/W R/W R/W R/W R/wW R/W R/W R/W
WIRE 0 0 0 0 0 0 0 0
#0 D MASIMIL - PIND
Bit 7 6 5 4 3 2 1 0
I PIND7 PIND6 PIND5S PIND4 PIND3 PIND2 PIND1 PINDO I PIND
®/B R R R R R R R R
WIRE N/A N/A N/A N/A N/A N/A N/A N/A
30 E Mi\EF 788 - PORTE
Bit 7 6 5 4 3 2 1 0
I PORTE7 | PORTE6 | PORTE5 | PORTE4 | PORTE3 | PORTE2 | PORTE1 PORTEO I PORTE
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0 0 0
30 E Wi\ [ EF 7R - DDRE
Bit 7 6 5 4 3 2 1 0
I DDE7 DDE6 DDES DDE4 DDE3 DDE2 DDE1 DDEO I DDRE
®/B R/W R/W R/W R/W R/W R/W R/W R/W
WRE 0 0 0 0 0 0 0 0
30 EWASIBbiL - PINE
Bit 7 6 5 4 3 2 1 0
I PINE7 PINE6 PINE5 PINE4 PINE3 PINE2 PINE1 PINEO I PINF
®/IE R R R R R R R R
IRE N/A N/A N/A N/A N/A N/A N/A N/A
0 F $UBHEE - PORTF
Bit 7 6 5 4 3 2 1 0
I PORTF7 PORTF6 PORTF5 PORTF4 PORTF3 PORTF2 PORTF1 PORTFO I PORTF
®/B R/W R/W R/W R/W R/W R/W R/W R/W
RE 0 0 0 0 0 0 0 0
82 ATmegal28 m—————————————————
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w0 F BIE S5 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
w0 F A S| B - 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
EE N/A N/A N/A N/A N/A N/A N/A N/A
£ ATmega103 #AB#E X T PORTF M DDRF 7T , B ittetiw 0 F ReEERH
Aglﬂﬁlo
IRA G BIFEFHERR - PORTG
Bit 7 6 5 4 3 2 1 0
| - PORTG4 | PORTG3 | PORTG2 | PORTG1 | PORTGO | PORTG
®/E R R R R/W R/W R/W R/W R/W
EE 0 0 0 0 0 0 0 0
WA GBIESEFFS -
DDRG Bit 7 6 5 4 3 2 1 0
| - - - DDG4 DDG3 DDG2 DDG1 DDGO | DDRG
BB R R R R/W R/W R/W R/W RIW
EE 0 0 0 0 0 0 0 0
WA G RWASIEMIE - 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=Th8E ,
Bl TOSC1., TOSC2, WR. RD # ALE).

ATMEL 83
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SAER AR T

SIBRMTEHTERA -
EICRA

SERR MRS FERB -

EICRB

SAEBPMEE SIH INT7:0 it R, RLEMERET hIlT , BIESIH INT7.0 BB R ME , RES
FRETEENTL , PR, XMERAMARSERG T, BT igEABH
i1 H 2 1785 — EICRA (INT3:0) 1 EICRB (INT7:4) , R A/ BLR FR&R. EHR , &
RIEBTAA, SAMPMEREHERENELTMEL , RESIMBFRE , PHREF
£, BER INT7:4 EESTRAREFARAER , /0 NS MIH , 0 P 33° HHPRE
RESMH " HANAEE, INT3.0 WHMKERMUNZFLSHN, BRRHE , XLREaTL
R BR 4 MBEER AR R B2, 7EREERTRE (BR T =R ) B 1/0 B RF LMY,

BIEF AL , A MCU MNEEEXREN , ERIEEFRE—ENRE ,
LA MCU NIRFWHRBREE, BFUFRANMEBLNMIR. £ 5.0V, 25°C By&H4
T, BEIANREE S ERR 1 yso BEMNAMTSHEENEN , E4EFESE P 299" 55
B, AEEXEIEPHEATEAENEF  SRESHETEYIIRNARE , MCU
HAUEE, B ERABLM SUT RE , I P33 R4 RARESH ” k. BEEEH
PUFRARESRE  BEBYIIRBERZHMELXRT , MCU HH%EE  EFRBEA5I 4%
T, ERNBFSLTRSEEKOMEILE MCU £ RGQENRE | REMEABFHE,

Bit 7 6 5 4 3 2 1 0

] 1sc3t ISC30 ISc21 1SC20 ISC11 1SC10 1SC01 ISC00 | EICRA
®/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

ATmega103 RAB R TAEH RIXNEEES , B2 INT3:0 WHBREE X N IKEBEF PR,
 Bits 7..0 —ISC31, ISC30 — ISC00, ISC00: #\ZF i 3 - 0 BUReE T4

SNEBFRMT 3- 0 EASIBD INT3:0 BUE |, tNR SREG FFEM | #rEHM EIMSK ZESE/MM
PR B IE, 8L H I Table 48 FT7R. INT3..INTO iR L FRNERS W,
REINT3:0 S| LA~ 4A R E KT Table 49 AR REIEN TR A S| K F M, EikiR TIKE
Tl  EEFLTREBILHTESTER , REFT = EHH, mMEREFHSIMAE , 7
LS| KFHIER, HZE ISCn REWREEXKERR, EILENELESES EIMSK EiFkk
MBI B PR ERELL INTn , REB®RZE ISCn, &G , TERICEEFHFRED M 2 srET XS
EIFR FESMNMENFMFREN INTFn B'1 FHES,

Table 48. H#FER B FzE D
ISCn1 | ISCn0 | B
0 0 INTn K BB 7= 4 FHFE R
0 1 =B
1 0 INTn B9 T B3R 7= £ R 5 P HTIER
1

1 INTn B EFHR = £ RS FEER

Note: 1. n=3, 2. 180,

%Z ISCn1/ISCn0 Bt —EELBETEFE EIMSK HESSm DRIk 1P, &
M F£ K3 1ISCn1/ISCNO KYIT T2 A AT BE & 4 i,

Table 49. 2 ( S0MER ) R4S 1T

B BE | BX
s | B3R 0 B & B | B

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

Bit 7 6 5 4 3 2 1 0
] 1sc | ISC70 | ISc61 | 1SC60 | 1SC51 | 1SC50 | 1SC41 | Isc40 | EICRB

84 ATmega128 |
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AP MR F 7 - EIMSK

NEH RS RFEER - EIFR

2467L-AVR-05/04

/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

* Bits 7..0 —ISC71, ISC70 - 1ISC41, ISC40: S35 h i 7 - 4 Ui e 4 4l (L

SNERARMT 7 - 4 EASIRD INT7:4 BUE |, 21R SREG FF2R1 | #7E5M EIMSK HFE8: N HY
PR EMNIE. ARAFAW Table 50 FiR, WAESHERZH MCU &EEX
INT7:4 S| RI2T R . ANRER T BE3Ein Fh sl R B F IR AP T (£ FHa M T REn #07~
Erl) AEESHEMAAT AR PR aRE ; BULEFRIEAMR M.
EXEHT XTAL 2z FE , CPU B A AIRELL XTAL BY4118., FiEF TRBEFH
i  RBFLARFILFESER , AT 2L, MARERSIMAIE , a5l
RHHER,

Table 50. #FUREFES D

ISCn1 | ISCn0 | i%EH
0 0 INTn J{K BB 07 4 AP T & R
0 1 INTn S| EEEMN B BB T TR S| K PHT
1 0 REFHRAIRERI INTD ERET TRAMAT £ PlTiER
1 1 REFHRRELI INTD ERET EFARA £ PR

Note: 1. n=7. 6. 554,
k3 ISCNn1/ISCn0 B —EEEL£BETBFSE EIMSK FFESM PHIEREI R IR, &
M FE K EE ISCn1/ISCN0 KY T2 AT RE K 4 FhHfT .

Bit 7 6 5 4 3 2 1 0

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

 Bits 7..0 — INT7 — INTO: SAZBrhifri&sR 7 - 0 fF8E

Y INT7 — INTO 3 1", MBIRFSEF 735 SREG W9 | SRE B , M RIHY /RS B AP B 74 62
BET o SNERFPMTIZHIET 788 — EICRA M EICRB Ry h B BB T2 IR EFMRH LA
By THER  EREFHMERN, AEMRE , BESIHREENAY K RAESIMEFTRET
MR , RETADPR =4, #EIE AT SASRIL R 4 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/IW R/W R/W R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

¢ Bits 7..0 — INTF7 - INTFO: 4\ Zhpi#RE 7 -0

INT7:0 5| B8 R A BE AR B Al R FR BT IE SR |, H BV AR RIRY R ITAR & INTF7:0 . 215 SREG
B4 | AR EIMSK F 73R BRI P MTEERERI N "1, MCU BRBKEE R MR fIR2. Ui fiE
PATEREWEMHE T, WA FEMNETUBEREAN 1" HEXKES, HINT7T0EE
NEFME  XEREMERN 0. AEREXT  WRPEREILR , MXLS|IHE
MAZEPRURRILN, XETRFESEETHRLHER INTF3:.0, ESERESE
P 65" B FH AEREMERER " .

AIMEL 8
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8 NERET / 1TATER O -
-PWM, RIEE

Hirae

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

o HRICE A ERERENER ( B3N )

o TERNBMREE PWM

. SEEERR

* 10 fumtgr Mo e

o RHFLBCE F IR (TOVO F OCFO)

o RFHES 32kHz $0IRME ST B4

Figure 34 8{u E B 25/ 1T B 2R MY I {LAE R . SKERSIMIBEKIESZE P 2'5|MIECE” . CPUT
BAARIM 110 B 73R , SEN MM , BUEEE R, /0 FEH[MUNMEST P 948
TIC FF&RWHA "

Figure 34. 8 L T/C 5 1ER
/

3

Y

{ TCCRn

A 4

count > TOVn
clear (Int.Req.)
Control Logic
direction clk;,

n
] i TOSC1
BOTTOM TOP TIC
Oscillator

Prescaler

Yvy

Timer/Counter A

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

| Generation

| TOSC2

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 tb B &5 77 88 (OCRO) 7 8L F 1788 T HNERE ST ERT B EIRE
B 1788 TIFR, SET 256X WP A P i 38 vT LUR IS 78 B 25 M R Ak 25 77 88 TIMSK 8303
THE®M. BT TIFR M TIMSK FESHB/LNENSBEARE  FIABRPHEERTEXK.

TICAI LB o Mes NPz , NERHB TOSC12 v RE Wz, REBRIESZS RS
AE1EES ASSR 2, HFEZRAESR N2 6 A B — Nt R AR ERR T/C
FIfE, BTEPIEIRIERAVH H 12N E RN BRI 8 clkrgo

NEHWHHEREFES OCRO —ES T/IC WHEHITHR.,. EBNERTRARS4
PWMK , SRiE HEE B SIBOCO L= A {bMEN Mt P 88 “MmHH L& BT AN
BiE, HRITEEH TR E LBIRE OCF0, MARE AL R & 5 H LB R T iE R,

86 ATmega128 |
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EX

T/C BB ERIR

PG

2467L-AVR-05/04

AXNWEFZHFERIREZEMIUBEBANERNRT. NEWN " BRT TICHFS |, FELLED
HO0, EREEEFNEFRABRMNEN (HafEA TCNTO kiFE T/CO T EEEE ).

Table 51 BWEERF £ 3.

Table 51. EX
BOTTOM | it#k&8it% 0x00 BYENIAZE| BOTTOM
MAX TTEE8 1T 2 OxFF (T IRy 255) BTENIAE MAX
TOP THRER T BT BUF P S R ERTENIAE] TOP, TOP B AL BN EEE
OxFF (MAX) , i 27 T& 288 OCRO 2 HE , E4HITFEEXEE

T/C AL AR L it RA DRSS RBD, clkyy WEREIRE R MCU B clk;g0 X
ASSR F 7280 ASO B U AT | BT8R EXBEE T TOSC1 M TOSC2 iR %2R, IFHAM RS
BETUSE P I7 RERASFHESE - ASSR” —F ; FANRH RS OMBNRNEE
SE P99 EERTE / ITHREST 28R~ -

81y T/IC WEERD N AmENNEITIETT, Figure 35 BN IR MAX R IRH HE
B,

Figure 35. itHEBE THIER

DATA BUS
) TOVn
(Int.Req.)
¢ TOSC1
count
<7| ok TIC
clear .
TCNTn l———{ Control Logic [ " Prescaler Oscillator
direction -
TOSC2
bottom T Tlop Clk]/o
=0y =09 ) .
FEEHB (HNBES):

count f£ TCNTO 40 1 = 1,
direction EFHNRERBFIRE,

clear SEBR TCNTO (CHFFEMALES ).
clky, T/C BYRT4F,
top TR TCNTO ERIXE T HRKAE,

bottom R~ TCNTO ELAE 7 &/ME (0)
BETENTEERS , ITBBRHXE - cky ZIES. M—=E—8%E. clky, THHA
REBETER AT SR~ 4% , EAHMNHIERMT CS02:0 WE, R HIEF IR
(CS02:0 = 0) EREEE L. BRTEH LA clkyy ,CPU ZA LG E] TCNT0, CPU BiR4E
B HMRE OBE. MRERE ) WRRERS.
IT#F5IH T/C #%|F 788 (TCCRO) 1 WGMO01 1 WGMO00 RE. TS ITHRIT R S5
HEEE OCO IR BEREMX R, AXRIUTHRFIMRE~ENFMAESESE P8I T
EERX ",
T/Ci tH  #rAR R TOVORIEWGMO1:0 i EM TR R KIEE. TOVOR LA FF=4£CPU
HBT

AIMEL 7
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AR ST

B R

E TCNTO ##4EFH 1 LE B T EE

ERRHERET

8 U LLERBRIFLEXT TCNTO M LR ICE F 788 OCRO #1THHER., —BH TCNTO &F
OCRO , tERBRAHEERES. ERREAENT —NEMNSFN AP E S HELRIFE
OCFOE{Z, HOCIEQ = 1:& 5 5| & i H LB P i . $04T T B3I SEBX OCFOMEE 1R
e, BRAILBEN X —UHRITREE "1 NREREITEE. BIEHAWGM01:0M1COMO1:0
BENFTENIEES  REXESIALCESS~ETRNER. R, KERKESRE
FIA max F bottom E 5 R ERERM THIFHER (P89 TE#EX "), Figure 36 79
MHERETHNHER,

Figure 36. L RETHEE
DATA BUS

1 I

| = (8-bit Comparator ) |

OCFn (Int.Req.)

top >

bottom _, Waveform Generator oCxy

1]

WGMn1:0 COMN1:0

FOCn >

A PWM #EXXit OCRO HEFSHAINEAHFFES  MEEETEEXMETEMESER
MEHFINBEREIEN ., WEHTALUFEFH OCRO F1FE55 top = bottom HZIEH K ,
MBS L= £ X FRR PWM BkoF |, SEERERI,

R OCRO BEESEFRERRESR  HXHFR, FRENE HINEER ,CPU 1A RIAYZ OCRO
EEIEEE  BIEWE PINAER CPU A EMNIE OCRO A&,

THETFIEPWMERAT , 7] BUBI XY 58 &l % H LR FOCO B '1” 19 5 23K 7= 4 EE R It
BELLRTREFSEN OCFO 5% , B FRLEH / BB ENES B2 OCO S FHESR ,
HRENELET LB THE —# (COM01:0 RE OCO RE{., BT , E=RXEBZL).

CPU X TCNTO FF RV BRI IE LR ITEAY R & o X AMEFE T LU SR OCRO #1144
L35 TCNTO MR B IE T T AR P,

BATFEEZEERXTE TCNTO SFET — N EMNESR S A EE I LRTE | EFEAH S
R HETCNTORSERE , FET/ICREEEZT. EEUWTCNTOWHIEZE T OCRO ,
LBRCEREZET  ERTEBNEREAELER, XLl | EiTRERITRFITHRNT
E3 TCNT0 EA BOTTOM,

88 ATmega128 |
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B Pl s 2 T

B HEX MBI~ &

THERK

2467L-AVR-05/04

OCO iR BN IZEREBHREF O FFR A TH. RELHNIRE OCO WHEREHER
A TR A58 S5 H LB FOC0, EMEERTRFAEEAR OCO FHRHFHE—ERRFT
BB,

COMO1:0 MEBREBIBETEMEF, COMO1:0 By R[F I BN,

R EEER EH{2 COM01:0 EEREAL. REKERFA COMO1:0 REET —X
EE B PR & 45 B A9 5 HE B3R OCO R7S ; COMO1:0 iR %) OCO S|B9 % HR . Figure 37
¥ COMO1:0 iRERMBENELEREER, /0 FF:R. /0 fZF /0 SIHIAE KX
o BHRRAHTZ COMO1:0 MKERA 1/0 %O #2188 (DDR M PORT), # K
OCO RAHTIEH R AEB OCO FfFs: , MA = OCO 5|,

Figure 37. tEBRICEi ¥ T/RER

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

HECOMOT:0 I —MNEFEMNEN B AERZNEELEER OCO IAEERAEFRER /0 O
Ihge, B2 OCO SIHM A E{5IBZ 3 T EHIES @785 (DDR). TEREH M OCO S| fil%H
HERES 2o SMBIHIE S @ FFEEM DDR_OCO (SR BN Y. WEEE
HEREAESRNITEERT X,

L BB B AR 1T A OCO AR B2 Bl 8 £#kL. EXER L COM01:0 i&E
EREH , P 9481 T/IC HEEFHMA " AT Ro

B ELERBRMER COMOT:0 WARNEZE, CTC M1 PWM =HEXTHEMX S, XFFr
ERER i%E COM01:0 =0 RIALRIE %X £ R A £ T EIRME OCO FH1E8S. F
PWME B LE R 4 HiES W P 95Table 53 ; tREPWMEY LLER i T P 95Table 54 ; 48
& 1E PWM B EE B S T P 96Table 55

WA COMO1:0 HEMEAKRFEENE —XLEREE, X TFIEPWMESR , JABEIFEH
FOCO 3Rka& &l Bl = £ MR,

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

(COMO01:0) B FIMLRE, kR EHERIT ITHHRFINEEE W , B~ EE X T

FINEFM, COMO1:0 24 PWM i RERMM. IE PWM X BT COMO1:0 = Hl%
RENZELRREERELERNEBN, BE , IREFHK (P89 “ kREEBMHET ).

BEHNRFERESE PO T/ICHFR ",

AIMEL 89
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EEEX

CTC( LR IEHE k& BRERT 2F )
1§

HOE PWM =

HERN (WGM01:0 = 0) NEMEN THEER, FUEX T IHRBETE®RIR M. iTE&K
KR{E/E (TOP = OxFF) 1t #k25 fa] % b iR B E & /)ME 0x00 EHTFF 46, # TCNTO N FEHIE —
MNERRNHE T/C BHEARS TOVO B, i TOVO BERERE 9 v, ARRBEER ,
F2FE. Bl TERFTHEIRED B31EF TOV0 , Bt A lBE R4 RS R 2RHY
DTYRR, EEERATRBMGLAZTERKREREN , AP BN BEAMNNITHH[HRE.
MHLERETAARARTER, THEEASBEATANARHLEBRS~ERKE Bhas
AARZH CPU BHE,

£ CTC #x (WGMO01:0 = 2) E OCRO HFEes A TR It HEMN 2=, HitHENRE
TCNTO &F OCRO B it #4887 E. OCRO EX 7 it EhE5# top & , IRENITBES I B P,
EXAMEX ATUERARE D RG LRTh A AR | BT ASE4 TR RE,
CTC# XX H Bt B Figure 38, ITHBS A TCNTO —E# MEEI TCNTO S OCRO LA |
RIS TCNTOBS,

Figure 38. CTC X FHE

OCn Interrupt Flag Set

v v

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

L U

FF OCFO #RE R LA T BB BEIR EI TOP BIF=4rh i, & (ERE T FPIT , AT LAFI A i
PIFRRER TOP WEMIE, BT CTC BARENE AL , HIT MR UALTA D MR HRIE
#9020 4 B TAERY RHMR ST TOP E v #55E BOTTOM KYBERE/Mb. WREA OCRO
HYERE/NT H /T TCNTO WBUE |, ITBESRRNER —RERER, £ T - ALRERREZ
Bl , T BERT BT EITHREIZKE OxFF , AEHB M 0x00 FF it #E OCRO,

BIFIRE COM01:0 =1, AT CTC EX T HLERAHENRENREAR. AELR
P& 4 , OCO MM BB FREUR . EHIEIRE OCO Mith 2/l , BAEFNHEIROREN
i, BB B )8 AIREN ooy = o yo/2 (OCRO = 0x00). HAEHIAIT 23
XEE -

s o 1o

ocn = 3TN -(1+ OCRn)

T8 NRKKRMOMEF (1. 8. 32, 64, 128, 256 = 1024),
EEEREXT , TOV0 fRERBAREEITHEM MAX ZEH 0x00 A9 E BT 256 £4 A H .

HIE PWM X (WGM01:0 = 3) AT ARFAEBNH PWM K. RE PWM EXSHAt
PWMERNWFARZARE=ZARIELASN(EMEPWMARNAEE=AFER). iTHEMN
BOTTOM it MAX , REMEIEZ BOTTOM EFFF iR, W FEEM LR mEESR At
EEE S| OCO £ TCNTO 5 OCRO EEREE , £ BOTTOM RE{ ; X F R EtbE A
HiEX , OCO WAEFEFHR. HTFFER T RBFBER |, UE PWM ERX M T/EME
EEE XA AL IE IEE PWM BB & —Z. LtEIRERSMEESRE PWM EX+5E
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2467L-AVR-05/04

TEL:15013652265 Q0Q:38537442



kil - ACTPTRR g A 128

AT HERFT , B7HRM DAC M. M ATLUR/ MR TEEH (RR, BR ) WYERY
N BAR R G KA

THEFHRE PWM XA, iTHRENEE—EEMNE MAX , REEREN —/NatehE
BEE, B4R FRA Figure 39, BFRIRE TCNTO R RiX 28D HIRIEE. HEEE
REETZENPWMHEHUKRAR PWMHiH. TCNTO #K EREKFELERR OCRO
F TCNTO Y e b3,

Figure 39. & PWM X6t 7 E

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 EBEA R Max BY T/C i@ HiFRE& TOVO B, MRAPUTAERE , M HIRR T AKRER
ERE,

THEFHRE PWM RRXET |, EEBR & T A BA7E OCO 5| L i PWM K F. i&i& COMO1:0
N2 ANFEEEBEN PWMES ; 73 3 MATUAF4£RE PWM KR, (£ A P 95Table 54
)o BIREIEH HES XA OCOMBIE S 1R E N i . 74 PWMKFHIHEROCO
7R OCRO 5 TCNTO EERER ( HAEF ), UREITHRI|[ET (M MAX &)
BOTTOM) f9 B — N ERS 2RAt 44 A HIEE (HEL ).

R PWM MR UES M T AR ITESE

f - fclk_I/O
OoCnPWM N - 256

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

OCRO FF 25 N R PRER R RFEPWME R M — 455 1ER . & OCROZETF BOTTOM ,
9 HIESE MAX+1 NER SR B HIR E BT ; OCRO 3 MAX Y , 1R #E COMO01:0
WigE , M ENSBEFREBEF,

BIIRE OCO LR ICE A # 1TIB BB IR (COM01:0=1), ATABE S5ZHR 50%
WEHES. EENREMEN f o =y 1o/2 , I OCRO 7 0, XMEMHEELF CTC
EXTH OCO BURigE , TRIZAETRE PWM ERXEENEH,

AIMEL o1

[-15013652265 00:38537442

2467L-AVR-05/04



IS IE PWM R

MAEE PWM X (WGM01:0 = 1) RAFRM T —NREBESBEMHMIEE PWM KE
HEk. WEXNETFNRLIRE, ITEEE MM BOTTOM itE MAX , RE XM MAX
fIRE 2/ BOTTOM, E— MM LM HERNT |, Hitad2E MAX TS E &K 4E T TCNTO
FOCROMILEL ,OCOFEZTNEBTF ; MAEITAIEREBOTTOMITER AT E X4 T TCNTO
F OCRO It , OCOFEBMNASESF, TEFROMHLERNEFHER, SEfL%
BREML  NRLBRETRENEAIMEE)D, EHTEXNHHEY  +oEETEVIE
#io

HABE PWM ERXH PWM BERBE R 8 thid, itetSS Tt RMES Max , RiGFFHA
Bit#he E—NEREHERE TCNTO WEZE T MAX, EFBAZS I Figure 40,
F TCNTO EERAERERT , URBARPLREE, ZEREMIEETZE PWM 95 H
FMEE PWM B9 H . TCNTO £ F i/ MEs &R OCRO 1 TCNTO By TE .

Figure 40. & 1E PWM RXHBYFE

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)

LitedERAE BOTTOM &Y T/C i@ HFRE L TOVO B, BLAREAL AT A K= 4 P if.

THETFHEMIEIE PWM ERXA |, LR E T AT BAFE OCO 51~ 4% PWM B : % COMO01:0
RER 2 AL BN PWM i E COM01:0 A 3= £ R B PWM{ES (S P 96Table
55). RFRHY OCO BERERERORE Nt F T AES|I# EHI, OCRO M TCNTO
bR IEE & £/ OCO FFERHF~EHMNAESREMIRE , NTI~4% PWM EF. T
FHRMAEEERS PWMSRERTH TR ARIKE :

f - fclk_I/O
OCnPCPWM N-510

v

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

OCROZF 8B4 FHREMRK THMMBEPWMERN —LEKIER. EEEPWMERT ,
% OCRO £F BOTTOM , i —EBERIFHKES ; & OCRO EF MAX , N HREFR
S8FE, k@ PWMERIEFER.

Figure 40 FE = BHF | AMERBLRICE , OCn BFtHSmEERK, XHFR
EX T BOTTOM Xt #h. HEATHMPER TR B LLRICERN BT RERL

92 ATmega128 |
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T/C i FFHE

2467L-AVR-05/04

0 Figure 40 Ff OCROAfEH MAX 8%, B&Fr LR IEELAY |, 2§ OCROA{E 73 MAX ,0OCn
SIMREE — ; AFRIEXT BOTTOM XN#; , EAFLLKTEEA , OCn EH MAX
B FEEAL,

ERBRFHITHMEKRT OCROA FHE , Bt D — KR IEE , BEXE L RET
OCn &%,

Figure 41 F Figure 42 4515 7 BT8R / iHEkER (T/C) B 7. T/IC NEF B  IRENH A4
clkyo R RN IS EREE S . BFEA HZIEMAXE T FS, Figure 43 #MFigure 44 4 H
T SRR B RERT RV B /o

TERTAHASERTN TIC RS , cky, HFHEEES, ERSERT | ckyo M
TIC S5 SRR AT . B i E D 2 A i B A bR O . Figure 41 2 7 TIC &
A, BRAHBBLIEE PWM R AW IEE MAX BT,

Figure 41. T/C BNfFHE , T2 MR

clk

110

clk,,
(clk, /1)

110

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 42 45 WM RIHY T B ER4E | BT 2 SRR 6 RE,

Figure 42. T/C BtFFE , M HMBRA fyy 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 #= )OCFO HWENER

AIMEL %3
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ATMEL
Figure 43. T/C B{/FE , OCFO Bfz , T $MBRA fyy 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 4417 CTC # XX T OCF0O B{Z# TCNTO BEBRIVE R

Figure 44. T/C BIFE , CTC X , MOMEN f 10/8

g R R
| 1 1 1

TCNTn |

TOP -1 TOP BOTTOM BOTTOM + 1
(CTC) B O (@] OTTO OTTOM +
OCRnN TOP
OCFn
8 {4 T/C &{Es3iiiMA
T/C #4415 78 - TCCRO
Bit 7 6 5 4 3 2 1 0
| FOCO WGMO00 COMO01 COMO00 | WGMo1 CSo02 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: 3845 L&

FOCORTE WGM 5 B3E PWM BRI T B, BR , N TRIESRKB[UHHNREM  EE
A PWME , ETCCRO EXHEE. WEE 15 , KERERFU#TLRIRE, Lt
RICEH HSI M) OCO FHER COM01:0 MiRER LN BT, BEE FOCO N2 —
ANEEES , EIEXT 58 %5 H L BEE AR Z COM01:0 HiRE.

94 ATmega128 -
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=

TS5 o

i FOCO WiREEKIZER 0,
« Bit6, 3— WGMO01:0: =4 ER
XUz T eI RES | iTRES R AE TOP BISKIR |, URERMERE, T/ICX

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

Table 52. K= ERAWME R

FOCO F~4 5| k{E s , b2 E A OCRO /ERN TOP B CTC = T X E BT 23 175

N
/B

wGmo1™ | wemoo™ OCROME | TOVO &
B’ (CTCO) (PWMO0) | T/C BT/ TOP | FHetA furtz
0 0 0 ZBE OxFF | MEVEH MAX
1 0 1 PWM , #H{IEE OXFF | TOP BOTTOM
2 1 0 CTC OCRO | M EVEH MAX
3 1 1 HRIE PWM OXFF | TOP MAX
Note: 1. CTCOMPWMOEZFHBEFERT ,EFEAWGM01:0, ERINAEN ML E S UBTRARE,

 Bit 5:4 — COMO01:0: LB PCfig i 8=
IX {7 3% 5 LR BB OCO 94T . & COMO1:0 WEE—URFL B , OCO Hi
HIhge N EHZEIROIhEE, EKIEA TS (DDR) EEIRR OCO ThEEd TiRE .
X OCO E#FYIES|IH Lt , COMO1:0 BYZhEEMK T WGMO01:0 BYikE. Table 53 44
H 7Y WGMO1:0 iR B R EEER K CTC Xt COMO1:0 K ThAE,
Table 53. kR HER |, EPWMER

COMOo1 COMO00 L
0 0 EENRHORE , OCO R
0 1 EER e & 4 B OCO B
1 0 LRI E & 4 B OCO BFE
1 1 R ITE & 4 OCO Efu

Table 54 45 7 % WGMO01:0 & & 7 HRIE PWM #E X if COMO01:0 By IhEE,
Table 54. LR HES | RE PWM #ER ()

COMOo1 coMo0 | i%E3
0 0 EREMHORE , OCO K
0 1 RE
1 0 LB ICH & £ 8t OCO BT |, i3k E TOP B OCO Ef
1 1 R ICER % 4t OCO B , 1H5kE TOP At OCO B E
Note: 1. —MFEKIERZ OCROZ T TOP , H COMO1 B, AT ELER IEE 45 BB , it 2R3

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

AIMEL
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T/C &1 8% - TCNTO

WHLBRFFER - OCRO

Table 55. bR HER |, B E PWMER ()

COMO01 | COMO00 | iXEd
0 0 EERRORAE , OCO RiEHE
0 1 =&
1 0 EAFITHNEELREEFES OCO ; BFITHN R ELLRTEGE
fiz OCO
1 1 g%ggﬁ&ﬁﬁ&tt%&m%ﬁﬁ OCO ; BB itEet & 4 LR B EE

Note: 1. —MEEERE OCROZT TOP , H COMO1 B, thAT B PB4 22 B8 | it 2k 3
TOP BEYZHEMEE R, FAEEFS A P 92“ HHAIEE PWM #EK ",

* Bit 2:0 — CS02:0: F4hikE

ATER T/IC WetspiR. 2 Table 56,
Table 56. BF4FiERME N

CS02 Cso1 CS00 | i%Bd

0 0 0 FTrish , T/IC AT

0 0 1 Clkyog/( &BT 557 )

0 1 0 clkros/ (KRBT S IMER )

0 1 1 clkros/32 (KRB AR )

1 0 0 clkyog/64 (KRBT HMER )

1 0 1 clkrog/128 (R B2 4535 )

1 1 0 clkqos/256 (KRBT 2 #iEs )

1 1 1 clkqos/1024 (KRBT 428 )
Bit 7 6 5 4 3 2 1 0

| TCNTO[7:0] | TCNTO

BB R/W R/W R/W RIW R/W R/W R/W R/W
WhE 0 0 0 0 0 0 0 0

BY T/IC FEa T UEERNITHERN 8 MHEHTRER. X TCNTO FFRN B
FET - Mo EERCE, FIHHRESTHERFEHR TOCNTO WRERTRELR—
X TCNTO 1 OCRO Ky L& ITEL .

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

AELRFFERES - 8 UNMIE , TR SITHARRE TCNTO —THR, TS
T LARI SR 7= £ far HH EE R AR BT, SR A SRAE OCO 51 R B 4R .

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

TICO IR TR

2467L-AVR-05/04

Bit 7 6 5 4 3 2 1 0

| - = = = ASO TCNOUB | OCROUB | TCROUB | ASSR
®/E R R R R R/W R R R
MHE 0 0 0 0 0 0 0 0

« Bit3 - AS0: &% T/CO

ASOR 0"t T/COR I/ORt Sk clk, o X3 ; ASON 1”8 T/C FHE#EEI TOSC1 S| BIK & 4K IR%
BSUKZN, o3F ASO B AJ8EMEEA TCNTO, OCRO f TCCRO AR,

» Bit2 - TCNOUB: T/CO EZih

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

« Bit1- OCROUB: Lt BRFEER 0 EF

TICOTHETRLS#ERE , EOCROF S| OCROUBE I, HOCROMNE FE R EH T
J& OCROUB HITE#4E=, OCROUB Jy 0 %81 OCRO AJLABEA$E T -

» Bit 0 - TCROUB:T/C 4|5 1788 0 &+

T/ICOTHTRLERXR , ETCCROMEIETCROUBE( . HTCCRONEFHFEREF T
B fm TCROUB HH#E#EE, TCROUB 7y 0 &H TCCRO AILEAHET .

MREEFICREEMNMEE LREM - FEREFSIREENHSR , F515T2
EA .

¥ TCNTO , OCRO # TCCRO # TR EUAYALHI R T EIHY . EEIAY TCNTO J3KERRIME |, T
OCRO # TCCRO M2 M E 17 & 7735 PR HIAY

T/ICO RLT TERNEZERMTILA :

- BE EESANRSEXNZRNEREAEER TCNTO, OCRO, TCCRO HiEHIR
B, RENSB|NEZER

&2 OCIEO 1 TOIEO BA3< [ T/CO Ky i,

RE ASO BUER S ER ETEIR,

fZ TCNTO, OCRO #1 TCCRO EAFHIE &,

%1% TCNOUB, OCROUB #1 TCROUB &%,

SEBR T/CO B AR &

EEMIEERE P

«  IRHEBXT 32.768 kHz MY &R 1T TR1L , A TOSC1 M AN B PES BT EES BR
K T/ICO B, B, RETHNHATLMIRS 4 FU L,

« ETCNTO ,OCRO# TCCROB#IFER LEAEFER ,MANTOSCT EBZEFF 8177
EHRENEERSEAENTER 2 TEBEAFTHNHRE, 3N FESEEZEMI
WERFR , BtE TCNTO T2 FE OCR0, ALEERSIRAEERE ASSR
EHEREELE AT BENFERS.

MREA T/COEHN MCU KR EES 4 , 7E TCNTO ,OCRO 1 TCCRO E#H £ R 2 &l
et A B BERNHY B Standby 3, , BN MCU AIgEL1E T/CO R EE Mz At
AKIRER, XX FH T/CO WELRITE PR E MCU REEE B AEEH
OCROZ{ TCNTORT LR IEEL BT 22 1E Y . SN R4 #7525 2 BT (OCROUB 3 0)MCU Fh
ATHKREER , MEBRTEFEKERSKE , MCU thKTTERET,

- WMBEEAT/COENEBEERNRY E Standby EXWMREBRM4  MIUTEEHH XL
BROERE, dMZEEE—/ TOSC1 AH#HTEN. MR EER S H ARER

AIMEL o7
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TR / It ER P IR R 7 AR
- TIMSK

TERER /| T RERPMiin S 788
- TIFR

HEtE/NF—4 TOSC1 A , AT AB AL | SSHtu T EE, WRAFPRER
CREFREEHEX—RM4 , TUXBMOTHE :

1. ¥} TCCRO, TCNTO 5 OCRO BE A& EMNHHIE.

2. %15 ASSR MR M EFICIREEIK.

3. #HAZBEEXHY B Standby &,

ERBETRSIHEER , T/ICOW 32.768 kHz IKH e —ET/E , BRIEH A EBER
= Standby X, AFNIZEE , HIR7HRNRER B TREKE 1 . Hit , &
WAPESHMNEREXGESR FENEL%EF 1 DHEEEA T/C0, At , BT
BN BNHTREYE , RER T/CO NBERAIFEH,

HHEENXHY R Standby EXAGREBESE : FMRHEFRE , £ T —NEM ST ER
HRB3. hRmEH , EL—NEMSMMEAESEF ATLURE T RSN HRE, B
RS 4 N4 E MCU Z1E |, EBRITHIBIR, SRPUTHIE ST SLEEP
ZENERF.

MNEBE X EE 2 SRS et RIZE TCNTO AFTaEiRE R EFM##E. BN TCNTO 2
HR$H TOSC B4 IR 318 |, MiREL TCNTO HFVEE —MNSHER 1/0 Bt ESHNF
FEXREHK. BT EETEANTOSC1 EAR. NEHEXRERS I/0 (T&EHH
&, MIEIAY TCNTO BE NSt AERERFHNE , EFT — TOSC1 AR E
Ko NEBEEXKERMN TOSC1 HURTE AN, EHik , EE TCNTO K
EFHR :

1. BE—MEEHHEZT OCRO = TCCRO ,

2. ZEEEMMMEFRICHREES,

3. i TCNTO,

ERSERT PR ENESEE 3 MESAHRN—NENSEAHR, Bt , 4
—NEREFRT R E IR S AT LA B SR P AR R B TS B, i LR Sl
MO S ERSNEES , MARLEEM,

Bit 7 6 5 4 3 2 1 0

| OCIE2 TOIE2 | TICIE1 | OCIE1A | OCIE1B | TOIE1 OCIEO TOIEO | TIMSK
B/IB R/W R/W RIW RIW RIW R/W R/W R/W
IRE 0 0 0 0 0 0 0 0

 Bit1— OCIEO: T/CO a1 L B Pt i b b s gk

X OCIEQ MRAFFHN LB MEREA | #7 '1 it , T/CO By % B LB PR it P i fiE BE
% T/ICO LRI &4 , B TIFR F#Y OCFO Efurt , I FIREBARIT,

 Bit 0 — TOIEO: T/CO i i i 5 8¢

XM OCIEQ MRAFEEN S/ hMEREA | #R 1 8t , T/CO BEH P HfERE, 2 T/CO
KEHBH , BN TIFR Ky TOVO LB A |, P HIREBLUNIT,

Bit 7 6 5 4 3 2 1 0

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

» Bit1- OCFO0: LB 0

% T/CO 5 OCRO( #itH Lt &R 1285 0) WETERT , OCFO &L, WIVEFKHIREEH
BFE HEBEBEINEE1XKESE, % SREG HMz 1, OCIEO M OCFO0 #HEB At , M
FIRREBEHIT,

« Bit 0 — TOVO:T/CO & H#r=

98 ATmega128 |

2467L-AVR-05/04

TEL:15013652265 Q0Q:38537442



ATervoga128

% T/COBHA , TOVO B, HITHMMNPRTFIRER I ESHEFE. i, TOVO tha]
UBEE 1%EE, X4 SREG Ff{z |, TOIEO # TOVO #BEB {78t , U HIFR B 1T,
EPWMERAF |, L T/COo £ $00 XZTiEF A MEAET , TOVO B,

ERES/ TTHBETAOMABR  Figure 45. T/CO i H HRs

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 50 A BT £ FR clkpgo TRE M | Clkyg SR E XM clk o EE. EEMASSR
# ASO , T/CO fFH 5| TOSC1 FFH Iz |, £48 T/CO AT LAER —/NERTAT &, 21R ASO
Ef , Ml TOSC1 # TOSC2 Miw 0 C &, SIH EENAISNE — et & IR ( AERIRSS B8
431 32.768 kHz B Eh R R T TR1L )o FHELE TOSC1 LEEEMINHHES.

T/CO WY T RETA 5 IETAA - Clkro/8. Clkros/32. Clkros/64. Clkros/128.  Clkrog/256 H
Clkyos/10246 I HAE T LU clikos K10 (2 1k THE), B SFIORZ 7884 PSROF & {1 7
SEE , MM AUF R P M RTHIUN 69 T 50 43 88 JF 3R T4k,

1 PRINEE 10 F1E8% - SFIOR

Bit 7 6 5 4 3 2 1 0

| Tswm = = = ACME PUD PSRO | PSR321 | SFIOR
BB R/W R R R R/W R/W R/W R/W
DHE 0 0 0 0 0 0 0 0

o Bit7-TSM:T/C EHH#ER

TSME A EEESPSROFPSRI21I REFHBFEERTMEF , RETSMBES ., ILERF
E% TIC FEEH., BIRE TSM FMEER PSR, #<M T/C FEIE T, ?AF#&EE%
REEHENHRE, —BETSMBEZ , XET/C ﬁﬂﬂﬁlwﬂ’aﬁi&o

» Bit1-PSRO: T/CO i MEFE
EE T/ICO D MEs BN, BEETREX—VHEHAEHES, EABNTALI%E

fAz1E. & T/CO REAER CPU BTHPIEAIHY , Ntk v IR EMEKIZENF, MR T/CO T
TRIENX , MX—wEBME - ERFITSMBEMRERETK.

AIMEL %
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16 (L TERTRS / THKES (| 1o TcausnBrnRFEN (E4ERE), RS ENES IR, EEBHANT
- : = - BUER 16 friRit (BIAYF 16 £ PWM)
ERER/TTHRER 1 NE | Sgvmmminsr
i8R / 1T #ER 3) - TEFHH H R
. —MEALRET
- WABRRENHSE
- HREREENAREEE (HHER)
- EEFAHHLBE PWM
o AR PWM FH
¥ ryes

o AEPEHIT IR
* 10 NI AP BIR (TOV1, OCF1A, OCF1B, OCF1C, ICF1, TOV3, OCF3A, OCF3B.

OCF3C #ICF3)
ATmega103 A=K R £ ATmega103 RAEBX TRE—N 16 LM T/IC(T/C1) , MERERNMNLREFERS (R
A FILLE B)o
&k ANZHBNEFFHENVLELABANERXER. ‘N RET/IC BES , X" "RAMAHER

BES. ERESEEFNERATEN. BRNEN.

163 T/C #9 & {L #E B 7R F Figure 46, /O S|y E M P 2“S|MEE” - CPU A iR &Y 1/0 &F
1785 245 /O L 1/O SIBILAEAE R R, YIE /0 FE[MALtut 5| F P 12016 S ERT
B/ MBS FESRESA

100  ATmega1l28 m———————————
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Figure 46. 16 {1 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
t 4 4 OCFxA
(Int.Req.)
u
— L o | Waveform ol
- " "| Generation | OCxA
rrrrrrrrrrrrr OCRXA-------n--- g 2
- =
n [ Fixed OCFxB
- TOP (Int.Req.)
n Values
- - - Waveform »| OCXB
- Generation
n
(7)) L]
o] B S OCRXB------------- u
00 - .
|<_( = OCFxC
u Int.Req.
<O( - (Int.Req.)
— - Waveform
= = > . » OCxC
= Generation
[]
n
U OCRXC----m--oooee - ( From Analog
i : Comparator Ouput )
- ICFx (Int.Req.)
[]
= ICRx ‘ - Edge P Noise
s Detector [ Canceler
= . la——| ICPx
EEEEEEEEEEEER
‘ TCCRxA | | TCCRxB | | TCCRxC |

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

BER ERTES / 11888 TCNTn, #iH kB & 288 OCRnA/B/C SH AR E 1785 ICRn #95 16
(LB 78R, IR 16 (U FFERLTUBN KNSR ,iF M P 102 1517 16 (L& F8F " . T/C
24231788 TCCRnA/B/C 71 8 (U B 1285 , %8 CPU IR HEl. FHiER (BTSN
Int.Req.) EEEFMIREFFEERTIFRN ST BENPMIREFFRETIFREE R, FIE
P ER AT LA P TR Rk B F 88 TIMSKn RY BER P ERETF88 ETIMSK 25, B
K& H (E)TIFRn 5 (E)TIMSKn,

T/C R A BF A 8 8 3 Fill 20 470 2 5B B Tn 51 B A RO SN SRR 49 3R 3 5IR T/CEUE 8 hn(
R ) WETERIR K BB R0 B et eE R R RIR S, SR FRFE IR T/C & TFLE
RS FHEFIEFRBEERABERN clkro

M EHH H R E 1788 OCRNA/B/IC —ES T/IC MEMEER. BREAXEBALBRER~4
PWMELTE S HH LR SIBIOCnA/B/ICI N AT SR HEF. AP 108 “mHEERET” . b
B4 RIE T B LR B AR OCFnA/B/C |, AR 4 i LE R P iR,

L ARSI ICPn SR LLRER A ASIM (L P 210 “ BELLLERER " ) B ARRSEH
FE (LRAR ) B, HEE T/IC EREAIMARRSTFREREER. HABRETS
BB FIRRE T (REERSR ) UBRERSE TH.
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B

RAK

1| 16 L F 78

EREREENXT , TOP AR T/C WHRAETH OCRnA HFiF8. ICRn FEFsE , 3i—
LEEHREREL. £ PWM ERXTH OCRnA £ TOP it , OCRnA E1788 T8t

£ PWM %, {EUtLART OCRnA X EEHH , TOP EAEETEREHPBINE, ¥
E—EEW TOP ERATLAEA ICRn 1788 . WM OCRnA RFE PWM By H .

UTEMGERAFAY :
Table 57. X

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

MAX #8511 2 OXFFFF ( + 3 /89 65535) BT ENIEZE] MAX

TOP TTEESIT BT B S R RERTEE R TOP, TOP {E /LA E E{E 0x00FF,
0x01FF 2 Ox03FF , S 2F % T & 1782 OCRNAS ICRNEME , EAEH T T4
#E

16 T/C R MBI AH 16 L AVRT/C U F AR BRM. SEM T HEHSLLRTHIMRA 5T
2RE

BIEENBSTUEEFERERNNE 16 £ T/C #XH /0 F1Ee5/ bt
DIEENBFPFEFRENNAE 16 /L T/C XN FFR/MLEML.
a2,

THEsfuEHeR , EEGHENIESHTESRERT !
PWMnO 28 WGMnO0,
PWMn1 23 WGMn1,
CTCn A WGMn2,

16 i T/C B HIZFFER[HRARMT THEFFS .
T/C #%|% 17788 C (TCCRNnC).
WHEEEFSE C, 8 OCRnCH 5 OCRNnCL,

16 fi T/C R HIFFE/PARMT THML -
TCCR1A # il A COM1C1:0,
TCCRnC #i0A FOCnA, FOCnB 5 FOCnC,
TCCRnB # il A WGMn3,

A% H EER B ST C B R MibR S S ERR AL,
16 L T/C M — LR HERLRHRBER THERRE L,

TCNTn, OCRNnA/B/C 5ICRn 2 AVR CPU B 8 U ¥ #E 5 & AT LA R MY 16 L 1785 %
E16 U FERBEFRRE, BN 16 LITHRHBBE - 8 IR FFRAREFHES 8
VEE. B 16 (ERRFAEN 16 UFFRAAEENGNFER, HREFT M
K16 URHERME, & CPUBARIED 16 L FFRNEFTE , EAN S UBESHE
RAERNFFRPNS S UBBEAR— M6 LHE FAFEAR 16 LFF=R+T. = CPU
BRE 16 UHFFHRNEFTHN , SFTATEREFTRENRBNEKE T IR HBFF
%q:lo

FIEFTER 16 15 R ES R IGR FFER. X OCRnA/B/C FiFRMiRBAERTE K iGat
FEaR.

E 16 UuFFHRn , NEABAZFFRENEMFT., Mk 16 L FFRNNERINZFF
BRAVERMLFT .
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TEMGIFRIRE T mMGE 16 L EMNRFES. REBRRIFCLEETIRNFESRN
BH BT, EREH RN 5EATX OCRnA/B/C 5 ICRn 178889151, A “C"iESHT
YRIZEEL BT TE 16 1R 1E.

SComeapie (O

;@& TCNTn 2 Ox01FF
I di ri17,0x01

I di r16, OXFF

out TCNTnH, r 17

out TCNTnL, r 16

; fF TCNTniEAr17:r16
in r16, TCNTnL

in r17, TCNTnH

C RkmpiE "

unsigned int i;

[* ZETCNTn 27 Ox01FF */
TCNTn = Ox1FF;

/* FFTCNTn £Ai0 */

i = TCNTn;

Note: 1. ARBRBRECLXTETEENLMH. ZH /0 FEHBRY R /0 FFEEn , HFAEN
“LDS” ., “STS”. “SBRS’., “SBRC”, “SBR’ 5 “CBR’ ZWifRl¥ & I/0 FEEMNES
K& “IN’, “OUT”, “SBIS”, “SBIC”, “CBI’ 5 “SBI’#%.

LA HIRRH TCNTn BREETE r17:r16 FEHEX H,

EEE 16 UEFEFRNLRR-NERBEERFFERN, £X 16 NFFRBEN , &
HEHERBPHEL , FLEEFRFRE 16 NFFRNFRETZEREXEN PR
Tt ihREFRNFFRIEAM 16 FFR , NMEXT BN FFR. URXTMERE
4 MARKREERRFEHRFHANBTEELAE , EREEFX 16 L HFFRAREH

Ro

AIMEL 103
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THEHHHIELS H TIRE TCNTn FEEANBTNELRRIE, X OCRNA/B/C = ICRn HYiRiR
ERTLAE AR 75 5%
sCgmcrapife (O
TI ML6_ReadTCNTn:

. REZEPHHE

in rl18, SREG

. BT

cli

; #FTCNTn A r17:r16

in r16, TCNTnL

in rl17, TCNTnH

. RELEFPHHE

out SREG r18

ret

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

unsi gned char sreg;

unsigned int i;

|* RFZEPHEE]

sreg = SREG

1> B x|

_CLQ);

I* FFTCNTn A0 */

i = TCNTn;

| * WEZEGHEHFZE *|

SREG = sreg;

return i;

}
Note: 1. ARBRBRECLETETEENLX M., /0 FEFEHRNT R /0 FEHE , XA EN

“LDS” ., “STS”, “SBRS”, “SBRC”. “SBR” 5 “CBR” £ # 7RIy & I/0 FFESMIES
& “IN", “OUT", “SBIS”, “SBIC", “CBI" & “SBI"#&%,

CmRBAIRRH TCNTn WIREMETE r17:r16 FiFEsrx H.

104 ATmega128 ]
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THEMHHIRL L TE TCNTn FESNERRE, X OCRNA/B/C % ICRn BWER/ERT L
FERMERN T *,

SComiaapie (O

TIML6_W it eTCNTn:
. RIFLZBHRE
in ri18, SREG
. BT
cli
; ETCNTn #/r17:r16
out TCNTnH, r 17
out TCNTnL, r 16
. WEZEPHHRE
out SREG, r18
ret

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

unsi gned char sreg;

unsigned int i;
|* REFZEFHEE %]
sreg = SREG
1> BSFHH]
_CLiQ);
I* ®ETCNTn &i */
TCNTn = i;
1* BEZEFHHE %]
SREG = sreg;

}

Note: 1. ARBBRECLEETHEMAXM. = /0 FEHFHNT R /0 FiEaet , KHHEN
“LDS”, “STS”, “SBRS", “SBRC”. “SBR” & “CBR" & Hif[H¥ & /0 HiIFSEHNESD
AF “IN", “OUT", “SBIS”, “SBIC", “CBI" 5 “SBI" &%

LR RBAIRF r17:r16 FEHRXIRERNZE TCNTn BHEARIE,

WRNAR-—NM6 UFFREABEMEMANTERSFTMER , WURFE-XSEF
i, BIEWRNERREEXMER TREEM.

AIMEL 105
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E e / T BER A R

gL

PN

T/ICEIERAT LR B AER , thAISR B HNER AT T/C #2577 85 B(TCCRnB) Y A #iE #2
i (CSn2:0) RE, RS D HRM AR P 130" ErYE: / iTHEF 3. ERTER/ ITH
2% 2 MERT 28 / T ER 1 (VTR0 48R 7 o

16 L TICHI = EEB D R ATYRTZH 16 LN [ 1HEABER &8 . Figure 47 441 T it SRS HINE
B TEE.

Figure 47. it ERE T HIEE
DATA BUS (8-bit)

4 >
TOVn
(Int.Req.)
TEMP (8-bit)
t Clock Select
Count Edge
-t - Tn
| TCNTAH (8-bit) | TCNTNL (8-bit) Clear ] kg, Detector
- Control Logic
TCNTn (16-bit Counter) | coro"”

( From Prescaler)
TTOP TBOTTOM

EEHER (RNIBEF):
Count TCNTn B0 1 S0/ 1.
Direction WERNRIEEZBIRE,

Clear TCNTn &S,
clky, ERTES / BN HES,
TOP F/R TCNTn it e 2E R AE,

BOTTOM /R TCNTn it BZREA&/IME (0)o

16 1T ERBSRET BB 8 1 1/O 125 23U B : TCNTnH A& 8 f , TCNTnL 1K 8 i, CPU
REERE ] TCNTnH &F#F88. CPU AR TCNTnH B, SEBR 15 B #Y 2 i B 25 7 25
(TEMP), IREXTCNTNLEY |, IRET HFERHABEFHRH ATCNTNHAEIE ; MATCNTnLIIT
EigErt , TCNTnH #In it HF RN A BFMERH . XFE CPU AT E— Nt A RSB
I 8 ¥ HEELSTERRT 16 L ITHBRMNIR, B, KAEEEFRITRBESTHNN—
EREKIER, EXEFHRERTX TCNTn EABRESTFRAANER. EEENET S
W IX L AR R T E A IER

BRETERXNRE , £F— clky, R BIRE |, TTRBH#ITEE. 01 38 1 8BE.
clky, B BEPIE (L CSN2:01R E. = CSn2:0= 0 &Y , T BERF L IT . 73 CPUXS TCNTn
BIRELS clky, REFEELR. CPUBRELITRBFEZTNEMBBRENREREBE.

THEERN T BUF SIBUR T % 788 TCCRnA Ml TCCRnB H#RE&EAM WGMN3:0 BiRiE. it#
BRHELT (1T ) AXEEY OCnx AHNKEREFAXNAREENIR. HRFIISK
ErEENERAERESIL P 111 THEER ",

B WGMNn3:0 BE 7T itz THERKX 2/ , TOVn BN A RWBHEET. TOVN A
LR 4 CPU Hif.

T/IC Ky AFEIR 2 7T 7] I SRIIRINEREAF |, O EL IR 5 & (R PR 10 SA 35 BA Lt A [R) B9 & 4 et
2. NBEMARENMEFESHSIM ICPn A |, BT BESEMLRIBF L THKKI, BHE
FRCATARITERR, SZEHRESHETEIE  URAEHEZER.
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MARBRETHERNL Figure 48, BFFEERETHABREINE S AREERT. &
FRSNVPNNE n” RNENER / ITHRBERS.

Figure 48. M AR 2 T HER

DATA BUS (8-bit)
= t A >
[ TEMP @by |
| ICRaH@biy | ICRnL@biy || || TCNTAH(@bh | TCNTNL (@-biy
» WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)
+ ACO* ACIC* ICNC ICES
_ Analog ‘i ¢ ¢
Comparator )
Noise | Edge _
™ canceler " Detector » ICFn (Int.Req.)
ICPn >

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

S| ICPn BB ET ( BEH)RETT , ENLERSERE ACO BEFEETE
it , HEXANBEFETCRD R NBFFTIESE | W ABREBIB L 16 Z# TCNTn ZiE#
%m%ﬂiﬁkﬁﬁ%‘rﬁ%ﬁ ICRn , Hmﬁmiﬁ?ﬂh A\ ICFn B, 2R UtAt TICIEn =1, %
AHRRE HFiffﬁMﬁﬁ%ﬁo T ITE ICFn BHEIEE :R%&Tﬁﬂawﬂiﬁsd
ME /IO NBEAZE "1”ES,

EEICRN HELIEEFT ICRIL , RAEBIEEFT ICRNH, BEZTE , EFZTHREF
NEFEVIREtE 88 TEMP, CPU %=H ICRnH BtiFi5 A TEMP 1238,

3 ICRn BEBNEH B REE T RE~EER, et ICRn K AEITEHREEN TOPE, B
ICRn Z BT B A Ei% & WGMn3:0 A A FIXMRIE. X ICRn 7 e5# TEIRIER X0 % HF
SFTEAICRNH /O I& , REBFEFTEA ICRnL,

BESW P 102 i51A] 16 N EFES " U THBEZHXTUOMIGHE 16 L FESRNER,

WMARRETHEEMERRZ ICPn, T/C1 2 AEL LR HER M AR E T A
Ro AP BT & BRI RES SRS 8T ACSR WEL LR it AL ACIC 3K
WMEX—R. EXENRE  WEMEABRETREER — XM AR, HIE R fLRE %
T A IRARERIT— /ﬂ/%g??ﬁ'flﬁutﬁtﬂfﬂ%ﬁliﬂﬁ tR,

ICPNSACOMIEHEARETn %IHHJ;E*EHE'J(P 130Figure 59 ), 52 A K3 i 42 M B8t — B¢,
BRFRRFNFHEEE LR NBISMABANSEBEHASIA4NRERHEAH
WIER, EHEME , BEMA ICRn X TOP MR~ AR | T/C hIRS 0
BEELRRNEEE 2N,

ARG UBN 2SS B ICPn A R kALE

AIMEL 107
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IR 7S 4D BB

ERRMARRET

AHLERET

RENHEREL —MIENBFRRARESRENRE. ENAAMKESHIT4RR
¥. REG 4 RREEMRSHERET 2EALBRNEE.

B TCCRNB KY ICNCnh fF{FRER FHI I35, FRERFIIHZE , EFAAXEZILE ICRN
BIEFZANLSETAN 4 NREFTEAPNER, REMNFHIFREANERER ,
MRS SRR S0,

ERBMABRETHRARERZ D EZBNLERTRREOERASH, SHAE
BfERRE, MRLERET —XBHHIZINIERE ICRN WEHE , ICRn BB
HES A MMEEEIEBOBRER.

ERMARRPEE , PHREFNRTRENIREICRY F78. REBWAMRE TR
FAEANRE |, BHAAMIENEESHE EEIZITH SRR REMEX.

EE A ABRTEEX TR HEEREIEH XL TOP H,

MENIBESH SEHRERSABEREHERT AN, FILiEE ICRn FATURRK
THBNESLR,. XTBLARE , ICFn XTHREBEE (ENMH /IO NEE "17), EX
ENEFHER  BEATHMERE , WAEX ICFn #HITHEES,

16 L LEREBSFLE LR TCNTNnEOCRxHAR ,—BXMNeiINHEE kRS~ 4 —1
EEES. ARBE OCFnx £ F —NER S4B, MRLLE OCIEnx =1, OCFnx BfI
Mol kLR T, FHHRITE OCFnx frEBEZEE , EBELRHGEEMEME 110
BB AZBE"1” LA LUEE, £1E WGMn3:0 5 COMnx1:0 WFRENRE |, R A EEH
LERESERTRMNER. BEAERFA TOP # BOTTOM 54 BERELEEX T
WMERIRE P 111 THEERX "),

MEHRBETAN—NMIRREEN T/ICH TOP & (BT BN 28R ), i, TOPE
ERRE BRI A £ BT AR B,

Figure 49 A WA HLLRE T FER. FEB/SMLNPE 0" RRBEHRS (n=n RT
T/Cn) , X" RfHLLRET (AB/IC). EERFFEMELRETE D ARERT,
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58 e R

B TCNTn R LE LB T EE

{5E FA %t EE B PCE 3 5T
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Figure 49. il b RE T HEHR
DATABUS (s-bit)

“31 1 t >
\ TEMP (8-bit) \
— l ¥
| ocrnxH But. (8-bit) [ ocRnxL Buf. (8-bit) | | TCNTnH (8-bit) | TCNTNL (8-bit)
OCRnx Buffer (16-bit Register) TCNTn (16-bit Counter)
¢
—¥
OCRnNxH (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 FERANEHEFiFR ; ME
EFETHEEAMTEEEER (CTC) MEHIRERFE LA, NEH ALK OCRnx F
78Xt TOP 5 BOTTOM MRS EH |, By lb = £ R TE PWM K |, SHERERI,

B OCRnx B FEFERRBRESR , HET A, FEENE FIEER ,CPU iR 2 OCRnx
EHRTFES  BIENEHINEER CPU HEMMIEZE OCRnx &5, OCRnx( &H=HEE )
FESNABRTREERESTRENERET (TIC T2 BT HFFERREH N TCNT1 = ICR1
BARZA ), Tl OCRIx THEN TEMP &H, ER2SHM 16 U EFFH —HE £REE
FHRE—IMNFIR. ATHRRBELHTH , BEES OCRIx RATUEN TEMP F1FEs5
KX, BAEEEANREFET OCRnxH., % CPU FHIFEBEASETM /0 ket |
TEMP HEFSHNWHNABBEERH. ETREEFT OCRnxL, FELER LT TEMP &F&F
BN S ETHIEHEENE OCRnx EH88 , B2 OCRnx LR FES.

ES A P 102 57 16 U H 7R " U THRESHX TUAIER 16 (L FFHRNELS.

THETIE PWM EXEt , ATLURIE XY 58 Fl % H LB {L FOCnx B 1" B9 AR&= £ LR T
fit. BHEILREREFLEM OCFnx #1& , BARLER / BFEENSR , B2 OCnx 5|
WEH  FRENKET LLRICE —4# (COMx1:0 RE OCnx REfL. BT , ERXEEX
1€ )o

CPUXI TCNTnH 72N ERESMHE L LR ITE R & o 1XME M AT LA K F OCRnx ¥ %
A5 TCNTn 8RBT T ALK F#f

HTEEERXTE TCNTn #FE T —NERSZRE AR L LR ITE |, EEAH

HENBIEZETCNTNREERE  FBET/ICREBEEZET. EEATCNTNHIH{EZ TOCRNX ,
HRCEMRBELZET  ERTERNEFEAEER, € PWMERXT , 2 TOP A aEHK

AIMEL 109
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B, FERF TCNTn f TOP HENHE, ENSEX—RLLERITE | ITHEEHFNIT
Z|OXFFFF, 2l , it HEBH TR FITHREHFTER TCNTNEAZ TBOTTOMB #E,

OCnx WiREBNMZEREBHRFEF O FFR A TR, RFELHIRE OCnx WA EREHE
BT R A58 %)% H LR FOCnx, BIfEE R R ER KA OCnx HFEHFHL—ER
FERNRIE.

COMnx1:0 FMLLRBIBEH T2 NEFM ., COMnx1:0 HY 3R =F 37 BN A o

10 ATmega128 m————
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EREEERZRFHA COMnx1:0 EENEINEE, HEAXERFIA COMnx1:0 REET —
R R T B & A B f9 %a HH EEBR OCnx RZS ; COMNx1:0 i&E#2%] OCnx Sl il i Y SRR o
Figure 50 3% COMnx1:0 i & ¥ #9:B HH E{LRER, /0 F1F88. /0 1 1/0 I
HERR, BPREAE T COMnx1:0 EIG#EA 1/0 ik O3 #2785 (DDR M PORT).
KR OCnx RAMIEMENER OCnx FFEE , MARE OCnx SIMKRS. REE M
COMnx FEFEREMR "0

Figure 50. bR ICHE i T /RER

4
—
COMnx1
COMnX0 Waveform D Q
FOCnx Generator
— 1
OCnx
OCnx o Pin
A
»D Q
2
m PORT
<
i
a »D Q
 / DDR
clk,qo

HE COMnx1:0 A2 HE , RERESBNHELERINERSQEFR OCnx HWEA 110 OTh
gk, HR OCnx S| A EBIEZEFHIES @EFE (DDR). M OCnx S|f% HE K
EES 2R AFBIIIEH B FFEM DDR_OCnx FILSIMRB A . —#k1ER TIhas
BEHSEEAESNIEERNTx Bl — %615 ,i¥ N Table 58, Table 59 5 Table
60,

W HEEBOZBAIRIT A OCnx M 2 BB A TR, EFEFLE COMnx1:0 &
BEEERENIEERXTR2REN P 120 “16 (LERSE / T HESHFRIEA " FiR.
COMnx1:0 FE M4 AJ#2 % 7t,

A EBFA COMnx1:0 WAHEEZEBEEN., CTCEXM PWMEXTAEMXS, 3
FRAEWER i&E COMnx1:0 =0 RALREE X £ B A ERZTRIRIE OCNK FE
85, EPWMERX MW EL R HIES P 120Table 58 ; BOEPWMET L& i T P 121Table
59 ; HEAIEIE RABSIEIE PWM BILEE S H F P 121Table 60

2 COMnx1:0 FEWMEABREENE —XRLLRTH, XFIE PWM R , ATLUEE fE
F FOCnx R EIF=£ %R,

TEER - T/C MHmELRSIMNTR - BRFEREER (WGMn3:0) REEBH HER
(COMNx1:0) B HIMIRE, tBRAEEXNNITBRFIEREET , MEFE~EEAT i
FHNAEENE, COMnx1:0 24 PWM 2B N RKMt. IE PWM #ER et COMnx1:0
BEREEENZELRERAENEN, FE  HEEFHR (P 111 LRICEHH HE
T o

BN EEEESE P 17 ENE/iITHENER" .

AIMEL "
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EEEX

CTC( LRIkt BRERT 2] )
1§

EEERX (WGMn3:0 = 0) AGZEENITEER, EHEXTIHHRSEFREHREM, iTEFK
KIEJG (MAX = OxFFFF) BB T#E & H 1T 2188 &) & #h )R [5] B £ /)ME 0x0000 EFFF /. &
TCNTNAZHRE —NEN BB ET/CRERETOVNEL., W TOVNERRE 17K R
RREEN , T2BEE. EHTENSRPHRSEFEBENES TOVn , Bt AES
HUHRSENSNSHER, EEEBEXATESEMLEERKRERN , A/ A LAERN S A
Mt BB B

EEBEATHARREAREZER. EBXENRIINBEANEAEBERTEED
ITHESRN PR, MEEAERAK , LAEAERN R PRI MB[RT BRAR
RETHDPR,

M RS T AT AR K= £ i (ERTFHEETBRN TR AR B LBR™ £
NeERAAXZH CPU BE,

£ CTC # 3 (WGMn3:0 =4 = 12) £ OCRnA = ICRn 788 A T AT it BB 2 =L,
it HEFAVERE TCNTn ZF OCRnNA(WGMN3:0 = 4) ZTF ICRn (WGMn3:0 = 12) Bfit
$E8EE. OCRnA T ICRn EX T it e TOP & , RENTHEN 2 HER, XMER
ER/AFAURES iR LR ICE M AR | BRI T A B4R IRE,

CTCHEIH BT FE JFigure 51, ITHBRBETCNTN—ERZMEITCNTNSOCRNA ZHICRn
el , RfE TCNTn %,

Figure 51. CTC X FHE

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

v v
TCNTn / /
OCnhA ! : o
(Toggle) (COMNAL:0 = 1)

peron bk

FIF OCFnA = ICFn AR AT SATE THR B BEIA Bl TOP =4 i, EHRMRSEFER
LAEH TOP MEfE. BT CTC BURBENEFINEE , E it BES UL 2 M 2s RB KA TR
25088 THER BHME T TOP E SN 21K BOTTOM K BERT B /M. B E AR OCRnA 5
ICRn fERE/NTF X8I TCNTn WEE It BB FEX —RERTE., £ T — R EREER X
28, ITBBFER AT RIIZAE OXFFFF , AREEM 0x0000 FF4it#E OCRnA
% ICRn, HEFZHERT , X—HMUEHIIERINAFLEN, BRNAFEZREARE PWM &
X , Z#EXFEH OCRnA EE X TOP {B (WGMn3:0 = 15) , B tb&f OCRnA A E#F,

ATECTCERTHEEFEE  TLUEEOCNAEB AR TR R £NKREBBETF,
XATLUEL R E COMNA1:0 = 1 KT, EHILIRE OCnA i 25l , BEAEFHIKO
% E % (DDR_OCnA = 1), R K EBRREB = £ R AIME N o) = fy 10/2 (OCRNA
= 0x0000), MEHIM T ARXEE : -

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

TENRRMOMEF (1. 8. 64, 256 = 1024),
HEBEXT ,TOVn fRENE MR EEITTHEIM MAX ZE I 0x0000 HY E B 2RET 4 .

12 ATmega128 me————
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BRE PWM = PIE PWM X (WGMNn3:0 =5, 6, 7. 14 5 15) ATARZE S PWM B, HRIE
PWMERXSHMPWMERNREZAR2E LD RE THERR. TN BOTTOMi+Z!
TOP ,ARBIEIEZEI BOTTOM EFF R, N THBEMN R H HER | LRSI OCnx
£ TCNTn 5 OCRnx IEERI B , £ TOP BHES ; W FREttBRH HER , OCRnx B9
MEEFHER. BTFERT2BREER | R PWM E3X K TEHE H 6 AR A
fIEE PWM XS — 15, LENRESEESREPWMER+2EESTHERAY &
FRAMDAC A, BT LURB/NMAZB TR (R R )NYWERYT MNMBRERSERA,

ITHEFREPWMERET ,PWM Z#RAEEHN 8, 95 10 f , t8 AT H ICRn 2 OCRNA
EX. B/D YRR 2 thi# (ICRn 5 OCRNA &7 0x0003) , ZRADPER 16 {Z (ICRn
= OCRnA i&H MAX), PWM SR BATAHTRITHE :

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

TETFHRE PWM EXE | TSN BE—BERMEIEELE 0xO0FF, 0x01FF, 0x03FF
(WGMn3:0 = 5. 6 & 7). ICRn (WGMn3:0 = 14) 3 OCRnA (WGMn3:0 = 15) , RIE /5
HH— et AEES. B4 FR A Figure 52, BIHAH T 2 #E A OCRnA 5 ICRn
SRESN TOP EETHHRIE PWM X, BEHERH TCNTn REX 2R DPEIRE, HE
BEMEETEEN PWM A RKRE PWM #iH, TCNTn fif EHEKFPLRTR
OCRnx M TCNTn B EE LK. LR IEE /G OCnx IR & B o

Figure 52. U PWM #E R FHE

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

TCNTn : 1 Iz :

v R BRI : Yo
OCnx LI (COMNx1:0 = 2)
oCnx | ] (COMNXL:0 = 3)

oot o o s s o7 0

T EFES AR Rl TOP B T/C & H#RE TOVn BfZ. BIE TOP EEH OCRnA = ICRn
EXH , W OCnA = ICFn # 3 5 TOVn EE —/Net4h BB, MR PRTFHERE , AT
ERWBRSERFEREH TOP UK EBEHIE,

WNETOPER AR IEFHO TOPERNFAABLLRFFESNEHE. BMTCNTNESOCRNx
ToHUMHERITEE., FABERN TOP ER |, MEE OCRnx HEREARENKRERN
SRR "0

ENX TOP B E# ICRn 5 OCRnNA WL BRI REM ., ICRn FERFTENEHFTERS.
XEREYITHEBR UL MR BEN TS M TAENEHR | 44 ICRn BF—NDIEBIE
RZEEHEARN ICRn B{ELL TCNTn HeiEDNER. ER2ITBSINER—RLER
TE, £ T —XREBREBEXEZH , TRBFABFEITHREIRKE OXFFFF , AEBM
0x0000 FFE4it#k , EFILLRPE HI, T OCRNA HFEBMENEHFFEH, X — 15 HR
E OCRNA ATLABERI B A, B AR IEBHMA OCRnA EHEFES, 7t TCNTn 5 TOP I©
EENT— Nt ER , OCRNA LR FEBNNBWE T ERNRIEFEN. £R—
AN ER TCNTn 08 , M TOVn IREHIRE .

AIMEL 13
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HAEE PWM X

FERAEE TOP B &IFMHE A ICRn FER[EN TOP, X## OCRnA FAILLHF7E OCnA
W PWMIE. B2 , 1R PWM BRI (B K TOP &), OCRNA HIXNE)
BUEEFESTXMNNA,

IHEFHREPWMERE |, bR & 5T A1 BUIfE OCnx 3B L i PWM K . i& 8 COMnx1:0
N2 AUFEEREN PWMES ; A 3NAS~ERE PWM KR (R P 121Table 59
)o BEAN , EEIE MY S| R 5 15 S3E S F0F OCnx BE#E 5 @ DDR_OCnx i& & 71 4
Ho ™4 PWM KFHHIER OCnx FF8R1E OCRnx 5 TCNTn LR EfL (HEF ),
UREITHEEES (M TOP &R BOTTOM) B —NER M EARES (KRB ).

WA PWM SR A UER M T AR T EFE
r o fokwo
OCnxPWM ~ N (1+ TOP)

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

OCRnx HEFBNWEEMIHE TIHRE PWM XM —L4E%ER. & OCRnx £F
BOTTOM(0x0000) , #i tH 79 HIIE SETOP+1 AN ERT 8RB ¢4 A HARY E Bk ; OCRnx I TOP
B, B3 COMnx1:0 BNiRE , WMEENSEFERIEEE,

BIEE OCnA ELRIEENHITEHEFEHRKR (COMnA10=1), AILBELEZLEH
50% M AEHES . XREAT OCR1A AAkREX TOP EM1ER (WGM13:0 = 15), OCRnA
79 0(0x0000) RHMEB B REIME f o = fy jo/20 EMFHERELLTF CTC X TH OCnA B
RigE , FTRZLETFRE PWM ERXEFREH,

MM EE PWMERX (WGMN3:0=1, 2, 3. 10 1) NAFPRHT — N REBSBEM.
MADEBEE PWM RN S %, SHEAFTMBEERRNEL , HEXE TN ERE, i+
RTESE S M BOTTOM itZE| TOP , ARG XM TOP £ REE BOTTOM, £ — &MY LL & 4
HERXT , Hitet884E TOP it #ketE TCNTn 5 OCRnx IEEE , OCnx fHEZEHIKBTF ;
MAEITETE5E BOTTOM it#Et%E TCNTn 5 OCRnx L& , OCnx FEMNSEF, T
EFREERAENNEFER. SERERERL , NERRETRENRAMERE
N BENMAFME+2ES T BIES,

IS E PWM B PWM 28R EERN 8. 9 R 10 , 5 H ICRn % OCRnA E Lo
B/ PHER 2 45 (ICRN OCRNA R 0x0003) , Hx A7 ##FE A 16 L ICRn = OCRnA
®HA MAX)e PWM S #RGBAATITE :

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

IHEFHEMBE PWM EXA, iTHRENHRE-—ERMEBIEEE 0xX00FF, 0x01FF,
0x03FF (WGMn3:0 = 1, 28 3), ICRn (WGMn3:0 = 10) 8 OCRnA (WGMn3:0 = 11) , &
BREITHAR. E—NERBENSE TCNTn EETF TOP H. B4 FERN Figure
53, AL EH T H6EH OCRNARICRNKRE X TOP B MMM IEIEPWMER , B AR
9 TCNTn R RXZXERIFRE, FEBRREE T7TEEN PWM B R KR E PWM
#WH, TCNTn fBR EMEKEL KR OCRnx # TCNTn B IEE L3, LR TE S OCnx
R HTAR S B Lo

114 ATmega128 |

2467L-AVR-05/04

TEL:15013652265 Q0Q:38537442



A MBMEEE PWM EX

2467L-AVR-05/04

il ACTOTFO G128

Figure 53. M{EE PWM EX e 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)

TTETER B AR S| BOTTOM Y T/C & H#RE TOVn Efl. & TOP 1 OCRnA & ICRn &
X, % OCRnx HEF&RBEINEAH KT XNEIEMNE—Pat e AHE OCnA = ICFn #7:&
B, FRAEMEENA £ .

HETOPERLARIEFHHTOPER N TAELREFFHRNHE, ENTCNTnSOCRnx
FLHIALREE, FRAEEN TOP EA , B1EE OCRnx FF3E ARFEN REMN
RFERHA "0 £ Figure 53 LLHME=AFHF , i T/C ZTTHMIE EEXT R
TOPESH T AX#EH. HREZET OCRnx FiFsr EHETHE . HT OCRnx kY E # et
ZINERER [ THERIAE TOP 28 , Fitt PWM MEREHESE T , & IETFik.
=B, FTREMARNKETRRT L— TOP & , M EARROKEBURT#HH TOP H, &
XHEMERE , —NEAHARNRRKERE , @HERANRT

BEETICETHNHE TOP E , RFRARMLSHMEREEEXRBEMVBERN, & TOP
REFAZ , MAXFH THEEXKERRBE XS,

ITHEFHEMUEE PWM EXET , LERETALAE OCnx S| EH PWM B, i&E
COMNx1:0 7 2 ATBAF= 4 E B PWM ,i%E COMnx1:0 8 3 ] LAF=4 & [@ PWM (S P
121Table 60 )o EEIEN\YIE S| M) L 1 E S &S FFOChxHI B 3E 5 DDR_OCnxig &
R H . OCRnx # TCNTn LERICE & £ 8F OCnx FEE N ~EMNESRNEMVIRE ,
M4 PWM . TEFHRUBSEREKXN PWMBRATHMNTARIKS

£ _ faco
OCnxPCPWM ~— 2.N-TOP

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

OCRNx B 172840 FiRERT A T HASE PWMER N — L4EHIE R, EZBPWMER
T , & OCRnx &F BOTTOM , i i —EREFANEBF ; & OCRnx EF TOP , fHN
RENSEF, kRE PWMERXEFHER.

% OCnA {E3 TOP & (WGMn3:0 = 11) B COMnA1:0 =1 , OCnA it 522 Lt 50%.

M SHEREE PWM #EX (WGMN3:0 = 8 5 9) - AT EIFEHE IE PWM B - AT L
ABREN., BUSMREEBN PWMIRE, SHAEERIEL  HHIEE PWM &

AIMEL 115
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XRETNRIKIBRE, iTTSEEHM BOTTOM it Z TOP , RiF XM TOP FEEE
BOTTOM, £ —RH LR HERT |, it et 85F TOP 1T 8at#E TCNTn 5 OCRnx [ITEL |
OCNXFBEBNEET ; MEITETEZEBOTTOMIT A TCNTnSOCRNXEE ,OCnxFE
NASHEF, TETREABEERNNEFHER. SERBREMRL , XRURRETRE
WERAMEE/ ), BENHIESHET2ES TFBIIES,

SIS EE PWM R SHEMEE PWM EXHWEEXFIE T OCRnx FEENE AT
& , # M Figure 53 5 Figure 54,

MBS EMELE PWM EXH PWM 2 ##RATH ICRn 5 OCRNA E X, RN DHEERF 2
% (ICRn 2t OCRNA &} 0x0003) , & A5 ##EH 16 { (ICRn 5 OCRNA i&7 MAX).
PWM Z##RuHAATXITE :

_ log(TOP+1)

Rercpwm log(2)

TETFHEMEEPWMERE | IHHREENHE—ERMNE ICRn (WGMn3:0 = 8) 5 OCRnA
(WGMn3:0=9) , REXREIHF O, E—PENFANHETCNTNEEZ T TOPE. E4H
KRB Figure 54, BH4AH T LA OCRnA = ICRn RE X TOP ERHIMEMISIE
PWMER . BHPAERHTCNTNR RIXZICARBFRE, FEERNZE T EEBNPWMHA
HUU KRR E PWM i, TCNTn #13 EREKFE LK T OCRnx M TCNTn A EE L
bR PEE & 8t , OCnx FHFREFH B

Figure 54. H{ISMEMEE PWM EXHEFE

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

Y Y Y A

OCnx | ] | (comnx10=2)

OCnx [ [ 1 ] | (comnxi0=3)
Period }47 14>|<72 4>|« 3»|<744>‘

£ OCRnx HEFHEINEHNAXNEBIEFTVR — N AEE T/C BHIRE TOVN E
{iI, % TOP B OCRnA = ICRn & X , |2 TCNTn J&ZI TOP {&EAf OCnA = ICFn &1,
X L6 AR TAR S AL AT A SRTE B IR ITTEERIAE] TOP = BOTTOM B 7= 4 AR,

LZTOPEMLARIEFHTOPERNTHRELRETFRNHE, ENTCNTnSOCRNx
FEFELRIEE,

116  ATmega128
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ENER /T HESENFE

2467L-AVR-05/04

W Figure 54 FiR , SHEMEERNTEEX RWR , HHUEIE PWM &4 KB 5 HAEFR
BRI NNHES. XEHT OCRnx £ BOTTOM BEEH , EASTRMARK
EHRAHEE, BitAHBoF IXHE , BRT7TMRZEBN.

FAEE TOP EN&IFFEA ICRn FEFEE N TOP, X# OCRnA BA LA T OCnA
W PWMK. B2 , 1R PWM BRI (BESkE TOP fH ), OCRnA HIXXE )+
BUEFEREEEESTXMNRA.

THEFHEMEE PWM EXET |, LbREBETALAE OCnx GBI Efwd PWM B, RE
COMnx1:0 8 2 AT LAF=4EEBH PWM 5 ; B 3WAFERE PWM EF. (ZRP
121Table 60 ). BB Ffi HE 5 X ST FOCxMERIEA EIRE N H . F=HEPWMIKEF
MHER OCnx FEE51E OCRnx SHFIEHA TCNTn EE N EN (HEFT ) , 5EFiE
H9 TCNTn EEAHES (REM )o BWHH PWMRARTLEI M T AKX ITESE :

; __fakno
OCnxPFCPWM 2.N-TOP

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

OCRnx H12884b F#RE 1% B T 4SS E PWM E X — L4315 0. EZ B PWMER
T , & OCRnx &F BOTTOM , i —BERFAEBF ; & OCRnx EF TOP , N H
RENEEFE, kE PWMERXN EFHER

& OCnA ¥ER TOP f& (WGMn3:0 =9) H COMnA1:0 =1, OCnA #ith 5zt 50%.

ERNER / ITRE AR B , Bmitd cky, RTIANEEEES, APHEATMAEE
R TR S RAAIEE A OCRnx EA 2R FHBIBEER OCRnx FiFds ( THETREHHFER
Bt )o Figure 55 45 T E{Z OCFnx KBt B,

Figure 55. T/C B{FFE , OCFnx B , T2 si2s

clkyo

clk, .
(clk /1)

110

TCNTn OCRnx -1 OCRnx OCRnx + 1 OCRnx + 2

—

OCRNx OCRnNx Value

OCFnx

Figure 56 44 i AHE AR EPERIE |, BT 4R B4R,

AIMEL "7
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Figure 56. T/C Bt/F@ , EfZ OCFnx , T 8RN 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 THEEFRER T#IE TOP BN ITEHFS. THETFHEEIE PWMER
Bt , OCRnx 17857 BOTTOM i E#, IfFERE , {8 TOP EEA BOTTOM K E ,
BOTTOM+1 K& TOP-1 &%, AHMNHEMN tEA T HLE BOTTOM EZ TOVn #R
SR ITHEERR,

Figure 57. T/IC BtFE , T 5 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 45 i #HE AU BT EP ERIE |, B2 SR fERE

118 ATmega128 m————————————————————————
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Figure 58. T/C BYFE , M 5MBR N fy /0/8

cIkI o H
cIkTn
(clk,o/8)
TCNTn o

(CTC and FPWM) |

TCNTn
(PC and PFC PWM) |

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

[HERETAR
;

[T
;

(AR
;

[ATATLR

TOP -1 TOP

BOTTOM BOTTOM + 1

TOP -1 TOP

TOP -1 TOP -2

OCRnNx
(Update at TOP)

Old OCRnx Value

New OCRnx Value

2467L-AVR-05/04
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16 (L ERIAR / T BBRTF
71t B

ERER/ITHER 1 EBFERA
- TCCR1A

TERER /AR 3 BHEITFERA
- TCCR3A

120

Bit 7 6 5 4 3 2 1 0
[ com1a1 T comiao T comiB1 [ COM1BO | COMIC1 | COM1CO | WGM11 | WGM10 | TCCR1A
BB RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
[ comsat T comsao [ coms1 | cOM3B0 | COM3C1 | COM3CO | WGM31 | WGM30 | TCCR3A
®/B RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0

* Bit 7:6 — COMnA1:0: &i&E A B Lt B W BER
+ Bit 5:4 - COMnB1:0: &8 B Lk B HE
+ Bit 3:2 - COMNnC1:0: &i# C /Lt =

COMnNA1:0, COMnB1:0 5 COMNC1:0 2532 %] OCnA ., OCnB 5 OCnC BYIR7S. IR
COMnA1:0( COMnB1:08COMNC1:0 )§ — U ALK E A"1" ,0CnA(OCnB =, 0CNC)
i T BEFEUR 1/0 S O ThAE. ItEAT OCnA(OCNB & OCnC) #8 57 #Y i H S| B B 5 B 43
il AZ0 B o DA f5E e e HH X Bh 8] o

OCnA(OCnB Bt OCnC) S#1# 5| Bi#E RS ,COMNx1:0 K9 Zh AL WGMN3:0 & BIRE.
Table 58 4 HH K WGMn3:0 R E N ZHEEX S CTCER (3E PWM) B COMnx1:0 I ThEERE
o

Table 58. Lt&Hm HES |, 3E PWM

COMnA1/COMnB1/ | COMnAO/COMnBO/
COMnCA1 COMnCO %8

0 0 @m0 4E , OCnA/OCNB/OCNC ik

0 1 te B LEL BT OCnA/OCNB/OCNC B EEUR

1 0 LB TR A5 & OCnA/OCNB/OCNC( i
B )

1 1 R LA B &1 OCnA/OCNB/OCNC( i S
BE)

ATmega128 m—————————————————
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Table 59 4415 WGMn3:0 i& & RIE PWM X B COMnx1:0 I ZHEEE Mo
Table 59. LR HER | REPWM

COMnA1/COMnB1/ | COMnAO/COMnBO/
COMNCO COMnCO % B

0 0 E@i% Q184 , OCnA/OCNnB/OCNC FKiE$E

0 1 WGMn3=0: E&im O#B1E ,
OChA/OCnB/OCNC FKiEi#
WGMn3=1: L& LB OCnA BEFHUR
OCnB/OCnC 1%

1 0 & TEATESE OCnA/OCnB/OCNC |, 1E

TOP B}i&{Z OChA/OCnB/OCNC

& TE AT & {Z OCnA/OCnB/OCNC |, 1
TOP B5&EZ OCnA/OCNnB/OCNnC

Note:

4 OCRnA/OCRNB/OCRNCZ FTOP ECOMNA1/COMNB1/COMNC1 BfZAT | Eb iR PTER 4

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

Y ZhBETE Lo

Table 60. L& HER | MBS ERMBHIEE PWM ER

COMnA1/COMnB/
COMnC1

COMnA0/COMNnBO/
COMnCoO

L

0

0

EiEimO#4E , OCnA/OCNB/OCNC RiEHE

0

1

WGMn3=0: Zi@ix O#R14E
OCnA/OCnB/OCNC FiE#E

WGMn3=1: LR LB R OCnA BFEUR
OCnB/OCnC &%

AFIEHE LR EE AT
OCnA/OCnB/OCNC , F&FFig #iBT LR TR
& OCnA/OCnB/OCNC

Ft 712 BT H R TR B B A
OCnA/OCnB/OCNC , B& =i ¥kt LL B Pufe
FEZ OCnA/OCNB/OCNC

Note:

OCRnA/OCRNB/OCRNC% FTOP B COMNnA1/COMnB1/COMNC1 B 2 — MF BRI o

FAEEESN P 114 “ HLEE PWMER 7,

ATMEL
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o Bit1:0 - WGMn1:0: R EER

XF ST TCCRB BHEEM WGMn3:2 44 | AT st mEw it sEs—it
W I IR E RN R % £ B0 T (L Table 61). T/C XM THEERE
ZEER (HHHE ), LECENBEENS (CTC) B , R=MKT A (PWM) B
(P 111" THEMER "),

Table 61. K™= £ R KAy R

WGMn2 | WGMn1 | WGMn0 OCRnx & | TOVn B{uA}
#x®X | WGMn3 | (CTCn) | (PWMn1) | (PWMnO) | JERIES/ites T4 () TOP ezl 7z

0 0 0 0 0 EZEEX OXxFFFF | MENE# MAX

1 0 0 0 1 8 (IS IE PWM O0x00FF | 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 | MENE#H MAX

5 0 1 0 1 8 L R PWM 0x00FF | TOP TOP

6 0 1 1 0 9 fuRiE 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 L S EE E PWM OCRnA | BOTTOM BOTTOM
10 1 0 1 0 I8 E PWM ICRn TOP BOTTOM
11 1 0 1 1 IS E 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 fRIE PWM ICRn TOP TOP

15 1 1 1 1 HE PWM OCRnA | TOP TOP

Note: 1. CTCn # PWMn1.0 WENELFBHEAT , EFA WGMn2:0, E2FAMRINIIEFVERFREMN,

122 ATmega128 -
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TERfER / ITHER 1 2BIFFRB
- TCCR1B Bit 7 6 5 4 3 2 1 0
| 1cnct | icEst - WGM13 | WGM12 | CS12 | Cst cs10 | TccriB
®/5 R/W RIW R R/W RIW R/W RIW RIW
e 0 0 0 0 0 0 0 0
TERfER / it HER 3 2BIFFIR B
- TCCR3B Bit 7 6 5 4 3 2 1 0
| 1cnes | icess - WGM33 | WGM32 | CS32 | CS31 | CS30 | TCCR3B
B/ RIW RIW R RIW RIW RW RIW RW
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 SAEESIM ICPn MR ABURR. HER
M ICPn SIIELBIT 4 AR, MR 4 ARFEHEE , BLAESEALBLRNZR.
E b ERE N REE S M ABRBIER T 4 N8P EH,

+ Bit 6 — ICESn: I AR Ad & nikF

EALERMER ICPn EWEANGA AR HIREH, ICESn R "0” &R 2 TEEA AL A
IR ; ICESn A "I” BN EZBEFMN LR f % m AR,

B ICESn HiRBHRE —NEH4E | ITBESNHEHEFE ICRn FEES. BREHE
£ERN ICFn, MR AHEIFELE , MABRS4EMAL,

% |ICRn AAfE TOP {& ( . TCCRnA 5 TCCRnB &85 WGMn3:0 U #93#5R ) & ,ICPn
SHARBRINEERIT , WM AR,

» Bit5-{RE{

ZURE. WIRIESHRB[HENREY , E TCCRnB B, ZUSMEA "0
o Bit4:3-WGMn3:2: BREEER

Il TCCRnA FEEHRH R,

o Bit 2:0 — CSn2:0: BHhik%

X 3L A TIERE T/C BetehiR , W Figure 55 5 Figure 56,

AIMEL 123

[-15013652265 00:38537442

2467L-AVR-05/04



TERTER / THIKER 1 BBIFFERC
- TCCR1C

TERNER /B 3 REIFERC
- TCCR3C

Table 62. Bt#EEFR{ iR

CSn2 | CSn1 | CSn0 | 8
0 0 0 FaHHIR (T/C =1k )
0 0 1 clkyo/1 (T2 47 )
0 1 0 clk,o/8 (RETAS iR )
0 1 1 clk,o/64 (RBTAS M2 )
1 0 0 clk,o/256 (SR BT% 488 )
1 0 1 clk,o/1024 (R B 5 $MER )
1 1 0 SNER Tn SIRP , TRESRIRSD
1 1 1 SAEB Tn SIM , EFARIRE

RERERIERE PR , BNGE Tn SIMWE vt , & n S| ERNBEESBERN
RIS T/Cn IHE , XM AR B R REZS T,

Bit 7 6 5 4 3 2 1 0

| Foc1iA | FociB | Focic - - - - - ] Tccric
®/IB w w w R R R R R
NRE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

| Foc3a | Foc3B | Focsc - - - - - ] Tccr3c
®/B w w w R R R R R
HHE 0 0 0 0 0 0 0 0

 Bit 7 - FOCnA: s& 4l H L& E A
- Bit 6 — FOCnB: 38##MH LB &EE B
 Bit 5— FOCnC: 34| H L BREE C

FOCnA/FOCNnB/FOCnC {z R # WGMn3:0 1 #igx B Nk PWM ERXBFEH. X
FOCnA/FOCnB/FOCNnC B "1” s #lR X £ 88~ — AR LR TE |, HERFEX
E£EMIE COMnx1:0 HiREMmMHE OCnA/OCnB/OCnC M R,
FOCnA/FOCnB/FOCNnC BY#E AR —MNEBEES ,COMnx1:0 g BEF R HRAWELLR
THRERNEE,

FOCnA/FOCnB/FOCNC it BE S AL EEAFMIER , AN I HRET , KREA
OCRnA iy TOP B CTC TR AR,

FOCnA/FOCnB/FOCNnC MYiIREIEE N E,
* Bit4:0 - {R&E{

RXILRE . ARIESHRBF[ANFREME , ETCCRnC &, XJLEMAMEA "0%

124 ATmega128 |
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ENES/iTHEE1 - TCNTIH #

TCNT1L

ENES/itEEE 3 - TCNT3H M

TCNT3L

BHEBREFFRR 1A - OCR1AH

1 OCR1AL

BHLEBREFFE 1B - OCR1BH

1 OCR1BL

WHLBREFFR1C -
OCR1CH # OCR1CL

WHEBRFEFESR 3A - OCR3AH

F1 OCR3AL

WL BFHFESR 3B - OCR3BH

F1 OCR3BL

2467L-AVR-05/04

Bit 7 6 5 4 3 2 1 0
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNTIL
®/E R/W R/W R/W RIW R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TCNT3[15:8] TCNT3H
TCNT3[7:0] TCNT3L
®/B R/W R/W R/W R/W R/W R/W R/W R/W
NaE 0 0 0 0 0 0 0 0

TCNTAHSTCNTnLAMK T T/CnHIBIEFFERTCNTn, B e8] A EEN E ot 2R/ 1T
BRETTH 16 LT HERH#ITREILRE. HRIE CPU NEFHTSEFTHENEES , ¥M
EA— 8 UG &7 T FfF88 TEMP, TEMP BFFEM 16 VEFFRELAN , AP
102 “ 5[] 16 (U B 1788 " o

EITBERSITHEMERTCNTNHI N BB A BEE X —IRTCNTn S OCRnxHY LR ILEC R 4.

ETCNTn FFRFET — M ENFEHEELRITE,

Bit 7 6 5 4 3 2 1 0
OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL
B/ RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
OCR1B[15:8] OCR1BH
OCR1B[7:0] OCR1BL
B/ RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
OCR1C[15:8] OCR1CH
OCR1CI[7:0] OCR1ICL
®/B RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
OCR3A[15:8] OCR3AH
OCR3A[7:0] OCR3AL
®/B RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

ATMEL 125
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MHLEBREFFER/IC -
OCR3CH # OCR3CL

WMABREER1 - ICRIHA
ICRIL

WMARREEE3 - ICR3H M
ICR3L

ERER / T HEBRP N ERS 7R
- TIMSK

OCR3BI[15:8] OCR3BH
OCR3BJ[7:0] OCR3BL
/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
Bit 7 6 5 4 3 2 1 0
OCR3C[15:8] OCR3CH
OCR3CJ[7:0] OCR3CL
®/B R/W R/W R/W R/W R/W R/W R/W R/W
NBE 0 0 0 0 0 0 0 0

ZHFRTHN 16 LHIES TCNTn FEHTHITHRERTESNLR , —BRIETE ,
FEE— MR HLERPH , HokZE OCnx BH HEBBET,

WMHELEBREERKER 16 I, AR CPU NEFZTHERFZTHERNIEE , “AEHR—
N8I B FTEF88 TEMP, TEMP RFIEM 16 U ESEFSHEAN , ¥R P 10214
| 16 L FFERR 7 o

Bit 7 6 5 4 3 2 1 0
ICR1[15:8] ICRTH
ICR1[7:0] ICRIL

®/B R/W R/W R/W RIW R/W R/W R/W R/W

WRE 0 0 0 0 0 0 0 0

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

NHE 0 0 0 0 0 0 0 0

LAERSI B ICPn( = T/C1 WKL SR ) B ABRAKRESFER |, 1T5ES TCNTn #
KEBA ICR1 #, ICR1HKREETIENITEREEH TOP E,

WMABRSERKERN 16 I, ARIE CPU NEFZTSEFETHWEMEE , KAEH—
N8I B FETE 18 TEMP, TEMP RFFEM 16 UEEFREAMN , ¥R P 102415
| 16 U EFFEE "

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: ZZEERH[BE/LANT/IC WFRTIEEIN ,BARTHIAX T1 #HTHE  EHRKUFEZEND
T AnLAiR Be

 Bit5— TICIE1: T/C1 ¥ AJEIR P HFEEE

MZMHWIER "1, BRATEFEDM | HIZA "7 5, T/IC1 W AR DM EsE, —
B TIFR1# ICF1 & ,CPU ENFF AT T/IC1 AR IR DRSS TESF (M P 55 “ Kl ),
« Bit4 - OCIE1A:T/C1 St & A FEEl b fERE
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FRAERSS /iR bR
1788 - ETIMSK

2467L-AVR-05/04

MZMWIER "1, BRAFESEPH | IR "17 6, FaE T/C1 MR A TEH
WrfEaE, —B TIFR1 L8 OCF1A &z , CPU BIFFIAHIT T/C1 i H LR A DTED A Hf AR
ERF (W P55“Hl"),

« Bit3 - OCIE1B:T/C1 i k& B FL il B fERE

MZMHWIER "1, BRASFHESRTH | IR "17 6, FAE T/C1 A E LR B L&
WrfEsE, —B TIFR1 LA OCF1B &{z , CPU BIFF #4047 T/C1 % HH Lb3R B T = i AR
SEF (M P55 “HET”"),

o Bit2 - TOIE1:T/C1 & hiiERE

MIZBERA "7, BRAFEEFH | LBERRA 717 8, T/IC1 WigHFlfEsE, — B
TIFR L& TOV1 &1z , CPU BIFFEAHIT T/IC1 B hITIRSTESF (W P 55 “ Al 7)o

Bit 7 6 5 4 3 2 1 0
| - - TICIE3 | OCIE3A | OCIE3B | TOIE3 | OCIE3C | OCIE1C | ETIMSK
®IE R R R/W RIW R/W R/W R/W R/W
HE 0 0 0 0 0 0 0 0
Note: ZZ1EESTE ATmega103 HRBFER TEK.
+ Bit7:6 - RE

XFAMNRE, ARIESFHRSFENREYE , BETIMSK i, XFANVMLAEA "0

 Bit 5— TICIE3:T/C3, B AR {ERE

LZMHIER "1, BRABFEDHN | 48R "7 5, T/IC3 W AR MFEsE, —
B ETIFREY ICF3 E{ ,CPU BNFF 41T T/C3 W A IR hITARSS T2 F (JL P 55 “HMf " ),
« Bit4 - OCIE3A:T/C3 ¥t A Pl Fh i fEgE

MZMHWIER "7, BRSTEFEPM 8RR "17 85, T/C3 Mk H & A [T i
g¢, —B ETIFR L8 OCF3A &1 , CPU ENFF#A# 4T T/C3 %KLL A ITEL R AR S5 72
F (W P55“FHl”),

« Bit3- OCIE3B:T/C3 i & B Il M fERE

LZMHIER "1, BRDISHFEFH | 8RR "17 85, T/C3 % H R B ITE i
gt, —B ETIFR L# OCF3B &fi , CPU BNIFFHAH T T/C3 H i Lt B ITEL M AR S5 12
F (R P55“ K",

 Bit2 - TOIE3:T/C3 i Fhif{ERE

HZMNMHBERA "1, BRAFESRFH | AZHIEHN 717 i, T/IC3 WRHPHIFERE. — B
ETIFR L& TOV3 EfZ , CPU BIFF#AA1T T/C3 B H R RSERF (W P 55 “ i~ ),
+ Bit1 - OCIE3C:T/C3 M b%& C ITHl hiffEsE

MZMWHBERA "7, BRSZTESEPM | 8RN "7 &, T/C3 % H L C PTl i

A, —H ETIFR LAY OCF3C Efi , CPU BIJF#a#1T T/C3 % thi tbR C LB F M AR S5 12
FF (0 P55“HH"),

« Bit 0 — OCIE1C:T/C1 ¥ LbE C B A i e

MIZMWIEA ", BRASFFEPM g R "17 84, T/C1 W% LB C ITEL & i
ft. —B ETIFR £/ OCF1C fZ , CPU ENFF#A1T T/C1 BB L3 C PLiit i PR S5 72
F (W P55“Hl”),
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ERER / TP MRS S 7 ER
- TIFR

FRINER SR / T8RS
#iF8& - ETIFR

Bit 7 6 5 4 3 2 1 0
| ocr2 | ToOV2 ICF1 | OCF1A | OCF1B | TOovi | OCF0 | TOovo | TIFR
®/5 RIW RIW RIW R/W R/W R/W R/W RIW
e 0 0 0 0 0 0 0 0
Note: ZEFEBRIE/LNT/CWARERLL  BAT RN T1 RTHEA  HRFES BN /NTH
PBAE R

* Bit5— ICF1:T/C1 ¥ AFIRIFEAL

SNERSIHD ICP1 IR EHRT ICF1 B, AL, 2 ICR1 ERNITERESH TOP ERY , —
Bit#EEEIAE TOP , ICF1 thEAI,

WITRARBRDPMRSEFN ICF1 BE1ES, U EE A B "1 KFRZIRENM.
* Bit4- OCF1A:T/IC1 & A BRI

% TCNT1 5 OCR1A IEE K IhAT |, ZAHHIRR "17,

8 4 % H EE B (FOC1A) R4 B OCF1A,

PATHE & LR IR A R ARSS R AT OCF1A BE1iEE . AN HEAZE "1” K
BRIZAREAL.

« Bit3- OCF1B:T/C1 #i i [t B ILE#REAL
% TCNT1 5 OCR1B [EE AL INAT , ZALHIRA "17,
58 il % i b8 (FOC1B) *4& &1z OCF1B,

1758 &% H LR ITEE B MRS T2 FEt OCF1B HaiEE, th U EBE ABHE "1” K
BEBRIZIRENL
» Bit 2 - TOV1:T/C1 B HiRE

ZUWRES TICI W IESREX. TETEEEXFM CTCERXE ,T/C1 B HM TOV
B, WIEHTCERXTH TOV1 ixEMBA , N P 122Table 61,

WATRHPERSEFE OCF1A B3EE, A UXNAEBEANZE "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
WIRE 0 0 0 0 0 0 0 0
* Bit7:6 - RE{

XFMNRE, MRIISHRB[ENREYE  BETIFRE , XFHULSLMEA "0%
* Bit5—ICF3:T/C3 ¥ AfHiRREL

S\EBSIMD ICP3 IR E 4T ICF3 Efi. B4, 2 ICR3 fENITHERN TOP B/ , —
BitHERERE TOP , ICF3 EfL,

RATH AR P MRS EFE ICF3 Ba1EE. t AT AN EBABE "1” KEFRZIRENL.
 Bit4 - OCF3A:T/C3 % lH b A IEEAREL

% TCNT3 5 OCR3A LK BT |, ZALHIRA "17

58 % HH L3 (FOC3A) R4 &z OCF3A,

AT 58 & LR TR 3A T ARSSRE R AT OCF3A BE1E T, AT AN HEAZE "1" K
BRIZAREAL.

« Bit3 - OCF3B:T/C3 #itE B EEFFE

122 ATmega128 m——————————————————
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% TCNT3 5 OCR3B EELRK AT , ZALHIRA "17,
58 % H EE B (FOC3B) R4 & f OCF3B,

4758 &% H LL R ITER 3B RS 128 OCF3B HahEE, Al AN EE ABHE "1” K
BEBRIZIREANL
» Bit2-TOV3:T/C3 B Hir&

BUMNIRES TICIMWITHEARER, THETEBEAN CTCEXA ,T/C3 R TOV3
B, WIEHEEEXTHW TOV3IREMEN , W P 95Table 52 .

WITRE P HTRSEFet OCF3B BaEE, thAI AN HBAIZE "1” KERIZIRE .
« Bit1-OCF3C:T/C3 #iHit® C EEFRE

2% TCNT3 5 OCR3C LB R IhAT |, ZALHIRRA "17

58 % H EE B (FOC3C) 4 &1z OCF3C,

PATER &% H LR T E 3C PUTIRS R FA OCF3C HEiEE, thalllNEBABE "1”
KIBBRIZIREN

» Bit0 - OCF1C:T/C1 st 8 C LB FREN

% TCNT1 5 OCR1C B R INAT |, ZALHHIZR "17

78 % H L8 (FOC1C) A& B OCF1C,

4758 % H EERPTES 1 C RSS2 7Rt OCF1C B3iEE, A AXNEEAEZE "17
FBBRZIR BN o

AIMEL 129
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TEREE /BB 3. &
it aR / 1T ¥R 2 MER
78/ iT#ER 1 (VTS5
i

BB A £

kg R

S EBREIR

T/C3, T/IC1 5 T/IC2 HA— Mo ER  BelITUERENDIIRE. TRRNBER
F T1/C3. TI/IC1E5T/IC2,

4 CSn2:0 =1 /Y , REAAREEHEREN T/C AR , XtBR T/C HREMIA IR
fok o SRENHAEME. MO MBTUME 4 NTFENRSES T 06
fCLK_|/O/64‘ fCLK_|/0/256 ER fCLK_|/0/1024°

D SMES RIMIMIZITH, bR , HREMIT T/C WrtidiERiB%E , A€/l T/C1.
TIC2ET/IC3HE, A TFHA M A ZT/CRTERNE D Ao MBNRSTEG ST
SRt A B XN EE . — NN T A EEESRFEREHF AT DR (6>
CSn2:0 > 1)K BHR : MiTRTBEERE RIS — IR F RIT B T RETE 2] 1 EINHIADNRERE A |
HPNEFHAMET (8. 64, 256 = 1024),

BEENUMSHREKRESL TIC SRFEITRAEN, ERLFIES -1 TIC REHE
EAX - , Bhs MRS ganmeSEERN T/C.

M Tn S| B R AR S ER e 84 AT SR 4E T/C B4 clkeq/clkyy /clkrse SIMBEZ B BES IR
STt EHEIX 51D Tn BATRE . RERED (R ) FSEFLRRMER, Figure 59 4
HTY Tn BZRESLaRNZENNRENSER. Fi7mHREBREN clk,o B LB
BB, HREMETH NS, BiFSR T B FEERN,

CSn2:0 = 7 B8 e A 854 M B — N EBK 7= 4 — A clkyy/clky/clkrs BKF ; CSn2:0 =6
B — N AR — D clky BOH

Figure 59. Tn 5|B %4

N ,
™ D Q D Q D Q }4 (Tr:n_gggk
Select Logic)
=T |
clk

110
Synchronizatiof Edge Detector

MTSIM LRSS R ENEENFHE , 5l Tn ENBEFTLHEELER 2.5 F 3.5 MR
Siateh A BEE T MBS TT R

B SRERR R ASTE Tn REREED —MREMHARESERIT , BUNE~E£
iR T/C B EOP R B IR

HAREEBE R | ABRE R EELXRAAT — RSN ER. EE=HS 50% &
AERET IR AN T R IERI — 2 (Toop < Fo 1o/2)o BTN R 2
RRIX -3 | THRERNINADNE B2 REFRAEN % (Nyquist REEE ), R
T, TS (@, HIRES5HE ) AFRESRNREMIAER SEHNER |
RUNBHHNREAERREAT £ /2.5

SAER B R T IE AT 5 5 2R
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Figure 60. T/C1, T/C2 5 T/C3 i3S

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: W AGSIH (T3/T2/T1) WREZF BN Figure 59,

Bit 7 6 5 4 3 2 1 0

| Tswm = = = 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

HETSM EfI , PSRO 5 PSR321 WHEFREZFTE , FEHEXNERE / ITHEETD
e TRESMRS. XHMHRN T/ICHEIETHE, AP ALLA SR FHERBNKREM
TEHMERE—NENS / THBRE—N T/IC EEZTHIER, —B TSMBEE , Hx
B ERT S / TSR A FF R 1T 5

* Bit0-PSR321: T/C3, T/C2 5 T/C1 o MsEN

B T/C3, T/C2 5 T/C1 DM EN. BREETREX—VEBEFHEHILEES
BIE TSM Bz, EXEME T/C3. T/IC2 5 T/IC1 £A—AMo s , EXHEMTE
BEHETm, ZMNERER "0,

ATMEL 131
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55 PWM ZhaER 8
ErtER / 1T 2

s

EX

TIC2 R—MNEREEE 8 uER /itHE , HXERKWT ¢
- BEEITHEE

- HRICEETENER (BFHER)

o TFHEH , B ERMNBKTEIAHER (PWM)

- WERER

« NEPEGITHEE

* 10 fUB 40 4 BR

« RESHEREHMIER (TOV2 5 OCF2)

Figure 61798 T/ICH S 1EE, SKERHVSIHIEES I P 2“S|HIBLE " . CPURIFRIMI/OF
78, S¥E /O [ F /O SIHABEEAERR, SSHEE /O FEBSMNENLNR P 1428 U E
BER / It FEER A " .

Figure 61. 8 i T/C HF1ER
A

< > TCCRn

;

count TOVn

[

clear " (Int.Req.)
Control Logic
direction clk, Clock Select

Ed
Y Y [ Dete?:for B ™
BOTTOM TOP
vy /\

( From Prescaler )

Timer/Counter A A
TCNTn

[=0] [= oxFF|

- OCn
(Int.Req.)

— Waveform
|$ Generation > OCn

DATA BUS

ERTES / 1THERE8 TCNT2, WK FFEE OCR2 F 8 [uFFes. HMiiER (BFHENR
Int.Req.)o EEEEREEDMIRES TS TIFR #iE R, FIADUTAR AT LUE E/T 255
W R RS 78T TIMSK Bid# 1T RB. BARKRLAH TIFR 5 TIMSK,

T/C #9 B BT B S5 71 2 S 88 19 PO 06N 44 SO SN B IAR R T2 SI B A o 431252 48
EHIREIEIR T/C THRER N (SR ) MR, S E R R T/C 4 FELLR
o EISHEIRIE BIERI S AR clkpgo

WA H LR EF 738 OCR2 —ES T/C WHE#THLR, REXERFALRER
FEE PWM RIS LB H HSI M) OC2 i tH AT SR ES. S0 P 134 “ MHLERE
T, HRERERESEMLRTEIRES OCF2 , AR~ £ 5 HERFMIER,

EXHFSEFFRREEMUABANBART. NEHN 1" RIENSE/ITHBENFS
ELE N2, BREBRFHEFAFEAEN (HIMERATCNT2RIFR T/C21HERE).

132 ATmega128 me—————
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Table 63 FAESGERF AT :
Table 63. %88
BOTTOM | it#k&8itZl 0x00 BFEPXZE BOTTOM

MAX TTEE8 1T & OxFF (T &Ry 255) BTENIAE MAX
TOP T ERERIT 2T B 5 & R EETBIIA R TOP, TOP E A LN EE & OxFF

(MAX) , iR T H 88 OCR2 ENHE , BB THERABEE

EnTER / T BERREIR T/IC AR EES RS o5 IE S, B4PERE T T/C #4151 TCCR2 &
CS22:0iBRAEEN IR 28, AN ESM DM NBIESE P 130“ER83/11HK
523, ERTEE/HEREE 2 MEREE /it 1 WS MR,

AL T S T/ICHIEE LS H AR B 12k 7T, Figure 62 BNN TS H© Bt RIS 5 1E
=R

Figure 62. itHEE THIER

TOVn

DATA BUS (Int.Req.)

| Clock Select
count Edge
clear clk Detector ™
TCNTn t—=2 Control Logic |—
direction
- ———

( From Prescaler )
bottom T Ttop

EBHA (HNZBES):
count f£ TCNT2 40 1 =& 1,
direction EFHNRERBIRE,

clear JBE TCNT2 (HFBEWNMEE ).
clky, T/C By RS 4F
top RN TCNT2 ERIXE T HRAE,

bottom R TCNT2 ELARE 7 &/ME (0)

BETENITEER | iTHREHNE - cky, ZIES. M—8—84%E. clky, TLLA
A ERat £ R RASET PR 4 , EFHMHIERNT CS02:0 BE, & B IEF IR
(CS02:0 = 0) ENEEZ 1L, BERFEHEHA clky, ,CPU #HLLiHE TCNT2, CPU BigE
B HMRE OBE. MRERE ) WRRERS.

ITBUFHIEH T/C #4|2F 1785 (TCCR2) 8 WGMO1 1 WGMO00 RE. TR HRITH S
HEEE OC2 KA EBN KR, BXITHFIFRE~ENFEMAEREFESEP 135 T

R,
T/Cifa th IR A TOV2RIEWGM21:0 IR E M TEE N RIRE, TOV2A LA F=4£CPU
ail 8

AIMEL 133
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AR ST

o A i EE R

E TCNT2 FPHIE LB TR

fE A% LE B T

8 NILEEREBFIFLEFT TCNT2 Mt H LR ICE & 788 OCR2 # 1Tk, —B TCNT2 &F
OCR2 , kBRBHRAHIEEST, EEBEAEN T —NENSFT AR EH HEEBRIFE
OCF2 BfI, & OCIE2 = 1 45| & i tE L B P . ITHUTIRSIEFAS OCF2 FB3hE
T, UBEHREE "1 WERHETES. BIE WGM21:0 F1 COM21:0 i EMFRRE T
R  BREAERTUNALCRES~EFTRMNEF. B, BELAER[RERA max
F1 bottom 5 RAEBRBE LM THEBHKRER (P 135« TEER ” ). Figure 63 44 H i H
e g T HER.

Figure 63. Wit RE T HER
DATA BUS

N e

OCRn TCNTn

= (8-bit Comparator) |

OCFn (Int.Req.)
v
top
— >
bottom
—» Waveform Generator »| oCn
FOCn

1

WGMnN1:0 COMN1:0

A PWM #EXEt OCR2 HEEFEH/ANEAFTEFES  MEEETEEXMEEESER
NERIHBEERE LN, NEHATLUNEH OCR2 FHFE55 top = bottom B ZIEF#EFR |
MBS L= £ RSB PWM Bk |, SEBRERI,

8 OCR2 HEFEEBERREZ , HXT R, FRENE FIEER , CPU iHEA 2 OCR2
ZErhE1FEE ; ZIEXWEIhEER CPU BRI ZE OCR2 & 5,

THETIEPWM EET | A7 LA 58 Hl % K LR FOC2 B "1 K= £ LL R ITHL, 58 LR
EEASEMN OCF2 #7& , AL ER / BEEMNSR , BR OC2 SIMMKEN , H#RE
HRET LLRITE —# (COM21:0 RTE OC2 REfu., BFF , ERXEEIL ).

CPUXI TCNT2 FEBMBERIESE T —NER SRt s A MM L LRICE K R £ | BIfEL
RNENRELFELT . XM LLARF OCR2 ML 5 TCNT2 M E /Y BIE T it
il

HTFEEEERXNTE TCNT2 #NET -/ NERSR4EARERIEHLRTE | EFEHAHH
&R etHE TCNT2 MAaBXE , T8 T/IC REEET. MREAMN TCNT2 WHEST
OCR2 , b RICE M AR T , BT ERARFERELE R, KL , EiHHRESHTRE
e R EX TCNT2 EA BOTTOM,

OC2 MIREBMIZERERFESMFFRZAMTH. RELHNIRE OC2 WA ERETEE

X TR B S5 LR FOC2, BMEERTRLRAERKNY OC2 HFHREHE—ERFTE
BB,
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JEE COM21:0 MEBREBIRERBTENE K, COM21:0 By B4 K,

R EEERZRFM COM21:0 EENEWRE, BFEAESRZFA COM21:0 KBET —
LR PUED & £ B B9 5 EEBUIRAS (OC2) ; COM21:0 i&#24] OC2 I HES KR,
Figure 64 1 3% COM21: 018 B /MR8 58 A9 fL R, IO 7. /010 alﬂﬂludﬂ
ERR. BFRAHTZ COM21:0 ¥MAYEA 1/0 ix Q14251728 (DDR A PORT), %
K OC2 RSS2 AEE OC2 F1FE , MA = OC2 5lk,

Figure 64. LR ICHEis % T/RER

—

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—MHFAMNBRL , KWL R LRl H LB ZhEE OC2 S EXEA 1/10 O
iJﬁm {BR OC2 5|y FahARZET HIES &7 (DDR), #EMEM OC2 WREZ Al
BAZBIRIES M FFEEMN DDR_OC2 (W FfitsIMliREN A, mADESRIERE
SR THERA TR

il H LEBOB AR A OC2 RS H 2 BT E ERATHAL, BEREL COM21:0
REREBLTHMRMERE  HR P 142 S UENSR / T BESRFHEREHA ",

BREBFA COM21:0 WAREZE., CTC M PWM =iEXTAEMX S, XFFF
AHERX ,COM21:0=0 RIBLEBRLEER KX LB RKERTLBEOC2 F7E, IEPWM
BEXHLEERmEIES N P 143Table 65 ; RiE PWM BB 5 T P 143Table 66 ; #B{Z
f&1E PWM B LB 5 T P 143Table 67 o

F COM21:0 NEMEAREENE — X LEREHE, NTFIEPWMESR , JABEIFEH
FOC2 k58 &3 BlF= £ % R,

ITEER - T/C MmELRSIBMNTR - HREEXEERX (WGM21:0) REERHHER
(COM21:0) IR FINDRE, kBRI HBERX I T HFIEEEN , = EE XX 1T HF
SINAEEm, COM21:0 4] PWM iﬁtﬂmaﬁwm Ik PWM KBt COM21:0 =45
HEANZELBREREAEREN, BE  2EFHK (P 135 “ LREERBELET ),

BN FERESE P 140° oY% / 1HERER8TFE " B Figure 68, Figure 69, Figure
70 5 Figure 71,
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EEEX

CTC( Lt B ITE i EBRTERTES )
5.

HOE PWM =

HiEEX (WGM21:0 = 0) AR EMNITEEN. EREXTIHHBIFEwE M, it3 8
LB KRER (TOP = OxFF) , HTHERHITHEHEE L bIREF&/ME 0x00 EFHFF
o £ TCNT2 R ENE —NEN ST E T/C BHFRE TOV2 Bz, Bt TOV2 R
Fou, RARRBEEN , T2FE, EHTENSPHRSEFEBEZES TOV2,
WA BN GRS EMNEN DR, EEBERXTSEMFLEESKRERN , AP
FERT B AFH T HES A,

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

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

CTC#E X #Ir} /5 B H Figure 65, ITERETBETCNT2 —EEME TCNT250OCR2 L& , &
J& TCNTO BE,

Figure 65. CTC X FHE

OCn Interrupt Flag Set

v v v

- / / /
v Y
?nggle) ‘ (COMN1:0 = 1)

Period e 12—k a sk s

FIF OCF2 #rETMUEITHEMEZLT TOP BIF-L£dil, EPMEBRESEFEATUENR
TOPHIH{E, B FCTCHEIEFENE HINEE , FEITBEALTT D MR RIEN T2 M T
ERY BHRSF TOP B v #EIE BOTTOM BWEER E/ D MREA OCR2 HEHE/NTH
B TCNT2 HEE , It NEL —RERER, FF—XRLEBREERAEZH , iTHSBIR
BARZITHRBIZRAE OxFF , REBM 0x00 F A1+ EE OCR2,

ATECTCEXTEBEEFAE , TEIEE OC2 TR REER X EN KT BBETF,
XA LAENIRE COM21:0 = 1 RER. EHHERB OC2 M2 a , HEAENHEKOKRE
R, RIEREBREBF=ENRAIAENR o0 = fu_o/2 (OCR2= 0x00), MEHM T2
NAE :

f _ fow 110

ocn = 3TN-(1+ OCRn)

TENRKKRMOMEF (1. 8. 64, 256 5 1024),
EEBEXT , TOV2 fREHNEN R EEITHERMN MAX R 0x00 #YE R 25 Bt 41 /A .

HIE PWM R (WGM21:0 = 3) AT ARFAEBHNHN PWM KB, RE PWM EXSHt
PWMEXHWFRRIZAEREEDFIE TSR ITHEMBOTTOMITEIMAX , AFIZANE
EIBOTTOMEF AR, N TFEBMNHERMEER | H RS OC27#E TCNT2 5 0CR2
EEEE , £ BOTTOM REN ; W FRELERHHER , OC2 WafFEFHER. H
FHEATEDREER | RIE PWM E X A T EME A XRHR AR A8 E PWM =X
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B—fE. LETBRESEESRE PWM BERX T8 THRET , BRM DAC MA,
EMATLUB/NAEB TR (BB, B ) MYERYT , NTTRERSERE.

THEFHRE PWM EXE |, iTHRENEBE—EEMNE MAX , RGEREN — /o E
BEE, EEREFRA Figure 66, BFRIRE TCNT2 R RiX 28D HKIRE, HEEE
REETEZENPWMHEHUKRAR PWMHiH, TCNT2 #3% EREKFELERR OCR2
F TCNT2 B9 LR T,

Figure 66. i PWM =6t =

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

T B EREA B MAX B T/C SR HFRE TOV2 B, MRPUIGERE , R RSERF P I
BR35 12 /7 o] BASE T L R B

THEFHRIZE PWM ER et | L8 T Al LAE OC2 S L&t PWM K2, i&E& COM21:0
N2 AUFEEBEN PWMES ; A 3NALF~4KRE PWM KB (S0 P 143Table 66
Yo BREESIM LB HESESTFOC2HEIE S EIREB N H, =4 PWMIKEAIHL
2 OC2 FFEHE OCR2 5 TCNT2 LB EN (REE ) , AREITHERES (M MAX
5 BOTTOM) B BR — N ERT BSR4 B HAE S (B )o

WA PWM SIRTESONTARXITESET

, _ oo
oCnPWM N - 256

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

OCR2 1788 W MR E A R R RIE PWME B — 45 5% 1B R . & OCR2ZEF BOTTOM
W HIESE MAX+1 N ER SR # BB EROF ; OCR2 A MAX Bt | #83#E COM21:0
WRE , WHEENSEFRIEEF,

BEIRE OC2 FHHRICE A#HTIZEEBEFER (COM21:0=1) , AIABE 5ZHHR 50%
WAEHES. OCR2 1 0 ESAREIME f o = fy 1o/2. XMFMEERLTF CTCERT
# OC2 Bk , FREZAETFIHRIE PWM EX EBFNE A,
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IS IE PWM R

MAEE PWM EX (WGM21:0 = 1) RAFPRM T —MNREBESBEMMLIEE PWM KFE
Bk, WEXNETFNRIFIRE, ITEEE MM BOTTOM itE MAX , RE XM MAX
FRE 2 BOTTOM, E— ML RMEERXT |, Hite 83 MAX TSI E R 4E T TCNT2
T OCR2HYILE ,OC2FHEZTNEBTF ; MAEITAIEREBOTTOMITEATE X4 T TCNT2
F OCR2 Wt , OC2 HEBMNASHEF, TEFROHHLEERENEFHER, SERK
BAEML  NRHRIRETREBNRAMERE N, EHTERHHEYE , +9ESTFBIIE
o

MM E PWM R PWM BEEBEER 8 thid, itatss TR MESR MAX , REF
BRI, E—NERSEMEHE TCNT2 WEZET MAX. HEFEBTS N Figure 67,
F TCNT2 MEEARERERE , LEEXNRRIRE, XERREE T ZE PWM B
HA&E PWM B %, TCNT2 R ER/MESRRT OCR2 F TCNT2 M LR I,

Figure 67. #{If&1E PWM RXKBS 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)

HitetEAE BOTTOM B T/C iR HAREN TOV2 B, MHREAL A AR~ £,

THEFHMIEIE PWM ERE |, bR E TAIBAFE OC2 S~ 4 PWM KB : 3 COM21:0
RERN 2L LB PWM ,IRECOM21:0 8 3= EREPWMIES (3P 143Table
67 )o BRESIM LB M B ESELTNFOC2HEIE A BRE N H . OCR2H TCNT2
bR B & £/ OC2 FEH =N ESREMIRIE , NTU~E PWM B, T4
FHRMuEEERS PWMSIRTHTFTRXLARIKE :

£ - fclk_I/O
OCnPCPWM N-510

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

OCR2 H 7SR THRENR R TS EPWMERN —ERHER. EEBPWMERXT ,
# OCR2 T BOTTOM , it —EREFNEBTF ; F OCR2 ET MAX , Nk HREFH
BEF, &M@ PWMEXMIEFHER,

Figure 67 REYE = ettt AT |, BIEXBLLREE , OCn EF oA SER. XHFR
IEX T BOTTOM X#5, LA THIER TRALLRTENBFRELI
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W Figure 67 Ff OCROAfEH MAX 8%, B&FF LR IEELAY |, 2§ OCROA{E 73 MAX ,0OCn
SIMMELE—& ; ARIEXT BOTTOM X# , EAFLREEE , OCn EA MAX

REFE{,
ER BT ARITHNEAT OCROA FHE , At — Kb RICE , BfEIAE ERA
OCn %,
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ERER /TR FE TEETAHN T/IC ARS L , HIbEN ck, TURRANFELEES, BREH
BT PRTIR IR ERETE . Figure 68 @87 T/C MEXRKNF, BHPLEH TREMEIE
PWM # = K 5E MAX BRI 1T 8F 51,

Figure 68. T/C NFHE , T2 s

clk

110

clk
(clk

™
|/o/ 1)

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Figure 69 4 i HE A ERTERIE | (BT B (E &L

Figure 69. T/C BYFE , T MBRN Ty 0/8

N
(c?if;”a T F T F

TCNTn MAX -1 MAX BOTTOM BOTTOM + 1

—

TOVn

Figure 70 A 7 B TEX T (BR7T CTC =X )OCF2 BN ER .
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Figure 70. T/C /7B , OCF2 Bfy , A $MBRA fyy 10/8

N A
(Cfllﬁps) T T T

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

Figure 71 441 7 CTC # XX T OCF2 B TCNT2 SBEBRIVE R

Figure 71. T/C B/FHE , CTC =X , MO BN fy 10/8

S A A AR AR
s T

TCNTn !
(CTC) |

TOP -1 TOP BOTTOM BOTTOM + 1

OCRn TOP

OCFn
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8 (L TERTRS / IT BT

FRRuiA

ERER / T e H 7R -
TCCR2

Bit 7 6 5 4 3 2 1 0

I FOC2 WGM20 | COM21 | COM20 | WGM21 CSs22 Cs21 CS20 I TCCR2
®B/IB W RIW R/W R/W RIW R/W R/W R/IW
NHE 0 0 0 0 0 0 0 0

» Bit7-FOC2: @#lt L&

FOC2{XfE WGM20 (75 BAIE PWM BRI F B, B2 , I TRIESKRB[UHHREM
FHPWME , ETCCR2ENHEBEE, BE15 , KEAERTIFTHRBE, R
PCBig s 51 OC2 1R COM21:0 MR B HAANMMNEBE, E3FE FOC2 K —M i
FES , EEXBEHH B EEEERNE COM21:0 HigE,

FOC2 A5 KM , b F2EMREA OCR24EHR TOP Y CTC X TX E R 2R 1TE
=

i FOC2 RyREEKIZTH 0,
e Bit6,3 - WGM21:0: B~ 4ER
XUz T RERNIT RS | T RES R AE TOP BISKIR |, IRF AR, T/ICX

FHENA  BERN , BREREREERITHERR (CTC), URFAM PWM X
¥ Table 64 5 P 135 THEX "

Table 64. K= ERAWME R

WGM21 | WGM20 OCR2#9 | TOV2 WiE
#X | (CTC2) | (PWM2) | T/IC T/ TOoP | EFmt@E | {ustz
0 0 0 Z8E OxFF | M BIES#H | MAX
1 0 1 LIS IE PWM OxFF | TOP BOTTOM
2 1 0 CTC OCR2 | M EIE#H | MAX
3 1 1 PR PWM OxFF | TOP MAX
Note: gixcmzﬁ PWM2EZRTBEAT ,EFEHAWGM21:0, B 2R E 5L B iR A3
&o

+ Bit 5:4 - COM21:0: LL BRIl HE =

XEMRE T R EE X £ @ HSIE OC2 WEF, R COM21:0 Fi — =2 Z0E0
B, OC2 ULt RIEEMm BN A RN#ITIE, ARESEBEHMERERN 1 AEREH H
Xz,

M OC2 EEFYESIM Lt , COM21:0 WIREM BT WGM21:0 HJi&E., Table 654
H7THWGM21:0RE N EBEERNE CTC BT COM21:0 BIZhEE,

142 ATmega128 |
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Table 65. k&M EE , IF PWMER

com21 COM20 L
0 0 EREMmOBRE, OC2 KiE#E
0 1 R IEE & 4 5 OC2 HUx
1 0 HRIEH &£/ OC2BE
1 1 R TE &4 OC2 B

Table 66 441 T 24 WGM21:0 i& & 3 tRE PWM #E X 5t COM21:0 By ZhEE,
Table 66. L& HER | RE PWM 1 (1

coMm21 comM20 | i%E3
0 0 EEMIRORE , OC2 RiE#E
0 1 RE
1 0 LR ICE & £ 8t OC2 BT |, 1T ZI TOP Bt OC2 &1
1 1 EEBREE & 4 BF OC2 B |, it%kZEI TOP i OC2 S
Note: 1. —MMFEKIENZ OCR2ZE T TOP , H COM21 B, AT LB IEE 45 2B , it 2R3

TOP BTHIZNEMEE K. FAEERFS L P 136° HRiE PWM = 7,
Table 67 41 7 & WGM21:0 iR E RIS 1E PWM X8 COM21:0 KITHEE,

Table 67. LR HER |, B E PWMER (D

COM21 | COM20 | i%BA

0 0 EERORE, OC2 RiEH

0 1 RE

1 0 EAFITHNEELREEFES OC2 ; BFITHR X £ LR IT
Ei Bz OC2

1 1 EAFITHN EE L RCENE M OC2 ; BRFITEE & £ b T
EfFESE OC2

Note: 1. —PMEHKBERE OCR2Z%F TOP , H COM21 Efi, that LB PB4 Z0E | it ¥k 3

TOP B EYEHEHSEE K. FMEEFS A P 138 HAIEE PWMER ",
o Bit 2:0 — CS22:0: Af4hiki%
X =t e R R A TEE T/C B R,

Table 68. BF$HiERMEN

CS22 | CS21 | €S20 | iiMEA
0 0 0 Trtsh , T/IC RIE
0 0 1 clkyo/(RBETSDH )
0 1 0 clk,o/8 (KRBT S #igs )
0 1 1 clk,o/64 (KRB S 52R )
1 0 0 clkyo/256 (kB2 4R )
1 0 1 clk,o/1024 (KRB 5 55T )

0 M T2 SIRPRISAER R 4R, BRI T RER

1 M T2 SIRPRI S ER R 4R, BYEPIY EFHR
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ERER / T BEES 1S - TCNT2

AHEBREER - OCR2

ERER / T RERP MRS 7 RR
- TIMSK

ERER / TP MRS T e
- TIFR

MR T/C2 ERAAERSIIMER | BIE T2 SIEME N |, H ERYR{L by IT B BR BV B 9
ZARE SRR ST G

Bit 7 6 5 4 3 2 1 0

| TCNT2[7:0] ] Tent2
®I/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

Y T/C HFiFaR AT AE X 1T HERAY 8 (U BIBHTIRE M. X TCNT2 FiFesM 55
RET - BEIERRTE, EHRRETHERTER TCNT2 WREETREL—
X TCNT2 1 OCR2 K LB ITEL

Bit 7 6 5 4 3 2 1 0

| OCR2[7:0] | ocr2
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

AHERFFRDE A S UNHKIE , TRMGSITHRESRHRE TCNT2 #THR, TEE
FERIBARI K= A ol H LR P T, S0 AASRFE OC2 Bl M) L= 4R

Bit 7 6 5 4 3 2 1 0

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

 Bit 7 — OCIE2:T/C2 % i Lt 8 PU B i i (S RE

X OCIE2 FIRAS BT FHBN LB DM AR | #87 "17 5t , T/C2 By % H b3 T B Fh i s A
UM T/IC2 MR IEE K4 |, BN TIFR /Y OCF2 Efuht , RHIRSRFBUMIT.
+ Bit 6 — TOIE2:T/C2 & M {FRE

Y TOIE2 MRBSER/NRDMEEREN | #7 "17 &, T/C2 KR H F I FAE, % T/C2
RAEBRE | BN TIFR /Y TOV2 LB AT , PHTRSRFBUMIT,.

Bit 7 6 5 4 3 2 1 0

I OCF2 TOV2 ICF1 OCF1A | OCF1B TOV1 OCFO0 TOVO I TIFR
®B/BE R/W R/W R/W R/W R/W R/W R/W R/W
NBE 0 0 0 0 0 0 0 0

+ Bit7 - OCF2: L BHR& 2

4 T/C2 5 OCR2( fi i tb R & 1787 2) MEMLEAY , OCF2 BEfy. WUEHMBRSZEFE
BHEE allEIXNHEE 1kK3EE, ¥4 SREG F#/Iz |, OCIE2 1 OCF2 #BE At ,
FRTIRS EFBEIMIT,

+ Bit 6 - TOV2:T/C2 B HFr&

5 T/IC2 iihied , TOV2 Bfi. HITHMNINPHRSEFTIMBEHFET, AL, TOV2
wABEE 1 KiEE, & SREG FMf |, TOIE2 M TOV2 MBI , PHRSERF
BEMIT, EPWMEXF |, 5 T/C2 1£ $00 XX iCH A @AY , TOV2 EfL,
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il ACTOTFO G128

i H L BUR IR (OCM) A] 7= 4 F ORI R B BRI . WHIBRER 16 i T/C1 Wkt
RETK 8L TIC2 AL RETENHAH. ESHHEX T/C WARIEL P 10016
UERTER / ITERER (ERTER / iTRER 1 FIERTSR / i1 88 3)" & P 132" &H PWM Zh#EEM
8 L ERTER / ITHIER 27 o X BIZIFME ATmega103 REERX TEXK.

Figure 72. Ml L RIFAFIZFER

Timer/Counter 1 oci1c
Pin
oc1c/
Timer/Counter 2 oc2 0C2/PB7

LIZRAHIEEMEEE , BN EEERIBEE S Figure 72 FiR , #EIAT A HI,

WLRET 1C 52 ARwO PB7 ERMHGIM, SHFB 2z — 6 (BIZ COMnx1:0
A9 0) LB E T (OC1C 5 0OC2) EHEA PORTB7 78 #AE. % OC1C 5 OC2
FIRSERE , JAHI8R B 30 fERE.

Figure 73 (A HABIBEN RER., BHRIIE T/C £ uRkixO B 5| 7 % 1IR3 B,
Figure 73. it b RIAHIZF
] 1

( From Waveform Generator) —= D Q

oc1C

™S~ Pin
=D
( From Waveform Generator) —»{ D Q ogg 7gé7

U0 C

0C2

T T

PORTB7 DDRB7
DATABUS
E—

LRI AR | AHIKE (3B AND 5 OR) HH PORTB7 HFF85 R E . SEEH COMnx1:0
& EH DDRB7 #Z 4l O A E,

Figure 7444 B A HIBFHNZE TR . Al ET/C1 THEERE PWMERT T/C2 fEAH
e HAE R (COMnx1:0 = 1) B9 CTC KHER,
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Figure 74. it b8 &l 2804 =

el

OocCi1C
(FPWM Mode) |

T
eremss | [UULUTUUUUUTTUUULTUUUULU
eomrey | JUULTUL__ U i

1 2 3

(Period)

AR, T/IC2 REFK , BHIESH T/C1 A HLLRE T C =4,

£33 A% PWM 55 (OC1C) W D XK. BREFET — & KEAEAH (OC2) FREHT
PRI EARGIR D PRE R ERN — ¥, TRIEREEFigure 74 R ,E1% PORTB7
NOK PB7T HIHME—ME=AH, B 25LFNENEAY I SELFRHEN—E,
PB7 fHH & R4 E.
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B{TENED - SPI SR4THNEED SPI 223 ATmegal28 MSNE 2 MM T & RN ESKIEEH. ATmegal2s
SPIMERT :
« 2NT , 3BESRELR
. THRMIBAE
+ LSB BERZES MSB BHERZE
. 7 AT AR
. R RBN
. ERUERSRN
. AL\ARERXRE
s EREHVNEETERER (CK/2)

Figure 75. SPI H1ER

| A e
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 wi E ln—: 6| <I( ¥
ol 9 o gl &l al 9 @ 4 o al a
0 = ‘ ‘ ‘ ‘ ‘% N 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|EIBESIES M P 2Figure 1 1 P 69Table 30

EHFMMHLZIEE SPI ¥E#H0 Figure 76 FTRe REBTERNBUTERM — D EN a4
KER, BEXHEENMIL SS SIHFIE , EHEH—XEBRALRE. ENAMINEEE
RENBIBERAENNBAUSESE. THE SCK I = A atsBoh LASTRBIE. E41
MEIEMENE MOSI B, MMALEY MOSI B A ; ML B MMALE MISO B |, )
FHH MISO BA, EHNEIHMIN SSHEXZIAEMNINNEL,

BLE R SPI EALET , SPI #OTEH SS oI , XTEBEAFRERLAEE, X SPI BIES
EREAREEZ 3 SPI B4t | fF 8 LLSHBIEB AMN. £ RS SPI R4 E1E &
WM& RIRE SPIF B, mRLET SPCR & 1725/ SPI PR fERENL SPIE B , PR S
KA, EVATLAGEEE SPDR EARBEUAB MM £ | HEZFMIE SS HE LR
PRIFEIEETR. RERARNBEN —BERETEFFERE.
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BEEAMNE , RESSHE , SPIEZEOF—BERFERRS , HREMISO I=D. &
XMNRS T EHBGTUER SPI HiEH 788 SPDR RSB, —IMNETReBHzE , £H
L RIRE SPIF B, MRILET SPCR &F1F85H SPI FlifEFsEfL SPIE B , PHIR X
4, BB ANBRTFEZBMI AT USLEE SPDR EAKE. SREHRNWHKEF—ER
FETEHEFEEHRE,

Figure 76. SPI 4l - N\HK EiE

MSB MASTER LSB

SO MiSO. MSB  SLAVE LSB
8 BIT SHIFT REGISTER H—‘** 8 BIT SHIFT REGISTERT
VAN : :

A

»
»

‘MOSI MOSIi _

SHIFT
ENABLE

SPI

CLOCK GENERATOR > > — .
1SS SS:

SPI REMEEFBRE—NEFEE K MEBRSOEARNEFEE. R , £LER
—EEZIBUNERLIPERGTEEX SPI MFEFEHMITERE, MEZEWHREN &
EETF PN EEBAERERANETIFESPI HIEFER Y mERINZST. BNE
—NETFEK,

TEF SPI MHLEERRT |, B &1iZ 3 SCK SIMMm A S HITER. A TRIEXEE
EMERRHE , SPI s RARE 1, /40

SPI AL/ ,MOSI, MISO, SCK 1 SS Z| M9 $3E 5 E451% iR Table 69 Fi R B 3 T H
B, FZENEHERFESE PO IWOMNEZINEE",

Table 69. SPI S| =EZ ("

) BE, SPIEH FE, SPI ML
MOSI APFENX HWA
MISO WA AFEN
SCK AFRENX WA
SS APREX TP
Note: 1. iE5E P69 it BHEThaEE " LT RWME LB A E K SPI 5|#),

THEHHAG FiHBAWME SPI #HRLAEN , UROMAHTEHENKRELRE, flF+
DDR_SPI A4/ SKFR BIE H [ 27258 E ; DD_MOSI, DD_MISOMDD_SCK £ H
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SR BIEAEARE, ki , MOSI v PB5 SIH , W) DD_MOSI /A DDB5 HiX
DDR_SPI | DDRB HifX,

SCamARmBHl7 (O
SPI _Masterlnit:
; RE MOSI M SCK R, EfthmA
| di r17, (1<<DD_MOSI) | ( 1<<DD_SCK)
out DDR_SPI, r17
. fERE SPI EHER | RERTHPIESRER f ck/ 16
| di r17, (1<<SPE) | (1<<MBTR) | ( 1<<SPRO0)
out SPCR, r 17
ret

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

Cc R®\plF M

void SPI _Masterlnit(void)

{
I* ®EMOSI I SCK R , EfghmA */
DDR _SPI = (1<<DD MOSI)| (1<<DD_SCK);
[* {EgE SPl EHER | iRERHIEER fck/ 16 */
SPCR = (1<<SPE)| (1<<M5TR) | ( 1<<SPRO) ;

void SPI _MasterTransmt (char cData)

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

}
Note: 1. BIFBRECELXEET EBHILH,
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TER B F 5B T SPI DAL A ML, BUR a3 17 18] S B BR 3R 42 WK

SCRRBHF

SPI _Sl avelnit:
; REMSOR@mE , Hth@mA
| di ri17, (1<<bDD_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
; REUERIINEKE  ARERE
in r16, SPDR
ret

Cc R®\pHlF M

voi d SPI _Sl avel nit(void)
{
I* /EMSOREE  HthmA */
DDR SPI = (1<<DD M SO);
I* fERESPI */
SPCR = (1<<SPE);
}

char SPI _Sl aveRecei ve(voi d)
{

I* EFBRER */

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

[* REIHE */
return SPDR;

}

Note: 1. HlFREECKXITE T EBIILH,
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SS SIMEThEE
ML

EHRR

SPI #2#|% 78 - SPCR

2467L-AVR-05/04

% SP| BE R EHNA , MHLEIRSIM SS BRMAA. SS HEFBUE SPI O, MISO &
NEH (APPSR THNNEE ) SIH , HMESIMR B ASIHE,. % SS AERMEN
SIRIE A , SPIEOEN , TEERKE.

SSEMMTHBR/FHHALSEEER , AUEMNNENES . 2SS &R SPIML
VENEMBRMREEE  BUFFRENBER TEREETTENERE,

% SPIEENEHA (MSTR & SPCR Efz ) , AF ALURE SS 3B 5.

= SSEERML , Mt MAURAELEN /O O &M SPI R4, HENARAR
T MALE SS 5| Hl,

MBSSEEBHBA , KFRBENELRIE SPIWERTHE, ERERBHNEN , SSH
A, BHWIARHIEK , U SPI RESFEEBFERANBF - MIABENFESEEAIMN
Hlo ATEHIEELNR , SPI REER/EBATHAN

1. R SPCRH MSTR Az} 0", W SPI B AMHL , MOSI Fl SCK ZE R4 Ao

2. (R SPSR Y SPIF EfI , B SPI i M< /3 R HTTT & , W E HIRR R B E AT,

Btk , AP SR E SPI EHBBIEE S , H EFE SS WAKH T REMRT | B R4
BNZKEEMSTR ZERN "1, BEHES AFMSINEEN  LLEHFRE SPI EHER,

Bit 7 6 5 4 3 2 1 0
| sPE SPE | DORD | MSTR | CPOL | CPHA | SPR1 | SPR0 | SPCR

®/5 R/W RIW RIW R/W R/W R/W RIW RIW

e 0 0 0 0 0 0 0 0

« Bit 7 — SPIE: SPI lffEgE

Bf5 , RE SPSR ZFFEEM SPIF 1 SREG ZEEMNLBEHFMEEMEN , iedlk
SPI 1 #,

» Bit 6 — SPE: SPI gk

SPE E M fFE8E SPI,

« Bit 5— DORD: ¥iE X FF

DORD E{uAE#EM LSB B K% ; BNEIEN MSB B £ X%,

o Bit4- MSTR: £/ Nk

MSTR B AHERENER , FUHIMI. WEMSTRH 1’ ,SSEEHRMA ,BHAEK ,
N MSTR #E= , %1785 SPSR ¥ SPIF &y, AF S MEFHRE MSTR #HAEHER,
+ Bit 3 — CPOL: B4Rt

CPOLABRREHNMNSCKASEE ; BN , RAZEFNSCKAKBEF, ESEFigure 77
# Figure 78,

Table 70. CPOL HYZh&E

CPOL B#aA &3
0 EFR TR
1 &R EHA

» Bit 2 - CPHA: Bf&h#E1
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CPHA REFHIERE SCK M2 1870 Kk 2 1E SCK & B K, iS5 E Figure 77

Figure 78,
Table 71. CPHA BYIh&E
CPHA BEh gxn
0 P RiE
1 ®E P S

» Bits 1, 0 — SPR1, SPRO: SPI B4 iE=Ri%&FE 1M 0
HWEEHE SCKEE, SPR1 MM SPRO XMMHK BRI, SCK MIERHIRMI BT E MR f

RREMTRMAT :
Table 72. SCK MiE%2RMEBRI X R
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 e
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SPI RAE1FEY - SPSR

SPI B#E&F 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 i &

BITRIELRE , SPIF BfL, #HILETE 738 SPCR #) SPIE M£ BB EREE L , SPI
RETEI=4, MR SPI AEWN , SSEEAMA , BHAIK , SPIF iFEM. # A
BIFEfE SPIF BEhiEE, & WLUEN LIk SPSR , K& 1h A SPDR X5} SPIF &S,
+ Bit 6 - WCOL: B ZR#RE

TR IE L Xt SPI $1#E & 77288 SPDR BT & 2 WCOL, WCOL ATLUE %1% SPSR
&5\ SPDR KEE,

+ Bit5..1 - Res: # %

RENY , BREREENE,

* Bit 0 — SPI2X:SPI {3

B7/5 SPI BEEMMEZ, BN EN , W SCK FETE CPU MKMW —¥, ZAMI , R
BEARIE f o, /40

ATmega128 i SPI # O [E it ik A kS M2 = F EEPROM Y R 8 M L8, i5S M SPI &1T
IR,

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

SPIESFRNR/ EFESR AREFEEXMHNSPIBUTFRZAEHARE. BF
FRNRIBRERE  REFRFRIFERNERE SR,

AIMEL 183

[-15013652265 00:38537442



HEES SCK . M SHIEMRA 4 74A 4. CPHA ] CPOL 124148 &1 5. SPI BiEEH
% Figure 77 # Figure 78, BEB — UM BHMB AR E T SCKTEANESTHER ,
LUMRIEE 2B B EHIERE, XMIFEE Table 70 # Table 71 BE 2% 81,

Table 73. CPOL 5 CPHA Zh#&E

Ehn gxn SPI #=
CPOL =0,CPHA=0 KB (LR BE (THER)
CPOL =0, CPHA =1 RE (EFHR) K (TR
CPOL=1,CPHA=0 KB (TER) ®E (LFHR)
CPOL=1,CPHA =1 RE (TRR) R (EFR)

Figure 77. CPHA =0 it SPI (&&=

L] L
L

mode 0

|:SCK (CPOL = 0) _\_

mones ]
et
Jat

| L
| [ ]

I: SAMPLE |
MOSI/MISO

CHANGE 0 \ >_(
MOSI PIN
CHANGE 0 _< >_<
MISO PIN

[=

MSB first (DORD = 0) MSB Bit 6 Bit 5 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 i SPI Byf£ 1&g =X

SCK (CPOL =0) | |
mode 1

SCK (CPOL =1) | |
mode 3

I: SAMPLE |
MOSI/MISO

||
]

[ ]
L

CHANGE 0 \ < }_< >_<
MOSI PIN
awsse -OCDCOX
MISO PIN

Nl A A A X
N A A X

~ 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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USART

X USART

2467L-AVR-05/04

BERARS MRS EITIEWREIME LS (USART) BR— I EERENBTEINRE. TEH
=

« EMIRE (BN BTRENEETES)

- RERESRE

o EHIMIRERNS RS RE

- BEENNHISERERS

- %¥$5,6,7,8, 9 MREMM 1 P 2 MELEAL

s BHXEFNTERBIRE

o DR

o RSN , SRAIRNBHRAAN , URBFEBERES

o SANMMMPH : BELEFRPN , RERIBHFESREFE , UARBERE RPN

o ZAEBERE M

s EERSERER

ATmega128 EH M USART ,USARTO M USART1, B> USART W ZhaE#E T E % A,
USARTO M USART1 EBFEM /O &FFae , P 342 FFE R " ik, £ ATmega103

FAEXT USART1 FTALK , UBRROH F UCRSOC FFessth2Mtt, bR 2 ,
£ ATmega103 #A#E X T ATmega128 R IF—/1%F T EH USARTO,

Figure 79 J f&{LAY USART ¥ %88, CPU R 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) CO,I%(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 7 f## USART MISIM 5 1

RLAER USART B T =ANEERD : (IR LSRR | RIAF[NIZRER. EHFFHRE=
METHAE, N RERLEBERSMIRERARSHSAARN G RITRSNEE , URK
BRRER, XCK(REHNM ) SIMATRASAEEN, REFSELNBEZENEHR , B
TRUTESR  FRRERARLEFENWEAENZEFEE, SE PR UREE
BEREBEMT2EREM B ALERE, BTREURFEANGNBERESLT , ER
USART #ERP B EXN. MELTHATRIBIENZR, BRTMRELT , BRB[EEE
TERE 2828, BUSERNMMEKRE TR UDR. BBSRXFSRERMERN
witgX , METURAMER , BEIENTEREER.

156 ATmega128 -
TEL:15013652265 QQ:38537442  “* "



kil - ACTPTRR g A 128

AVR USART #l AVR UART -
REME

R =4

2467L-AVR-05/04

USART £ T 5 HES AVR UART T2 # A :
FiE USART HFEFERMIE X
RIS RRERR
RIEBRBRIE
RIEE R IRE
R ERRE
AW, BRSBEEHRERNAENLOE , ERERKERTEAXNRAM

BT —NEHEE, ANEHBNREFRE —NERN FIFO, HitX FEMNEW
FMBRER IR —x | EEENREIRIRE FE f1 DOR , AR5 9 MNIE(L RXBS
SHE-BERTERE DS, HIbAMEIRI UDR %ﬁ%ﬁzmiﬁrﬂﬂﬁ?&ﬁ%{ﬁo
BNFEXRERRS

fﬁﬁiﬁtﬁzau#ﬁaﬂuvﬁﬁ% REHT. HENREFANB RIS EZHN
12, NBERETRIBNSFFESRZTF (S Figure 79) , BRI N ZIFAEIANL.
Mﬁ‘ﬁﬂ%’éﬁ? USART EHn i #E2 & (DOR) WEES -

TEHNEFHVHERMT X3, ERIENESEFRTHMERFLE
CHR9 % Jy UCSZ2
OR &% 7y DOR

B4R I8 A A B MRS = £ BRlpd4P, USART X5 4 ERMRF : EXENR
SERX K ZENRSER  ENESER  URMIESER, USART BEFRESE
22 C (UCSRC) TR SHANALSER., FEEX ( REATRIER ) TETF
UCSRA EH &M U2X, EARLER (UMSEL=1) B, XCK WHEFOSFFH
(DDR_XCK)REBHR 2 A EB ™= £ (EHEX ) E R ANBES=(MER), NERDSE
X T XCK B,

Figure 80 J Bt & ™= £ B HEHNER.,
Figure 80. f#h/=4 B BER

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
-
= o av i
ESRA -

txclk KIABFAH (REBES ).

rxclk ZWEERMMH (RBES ).

xcki H XCKGIM@mA (REBES ), ATESMNERE.
xcko i E| XCK SIHH ey (REES ). ATESENRKE,
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FARSFE - RISRRER

fEEERE (U2X)

S EBetep

CEA SRS N

fosc XTAL 2 ( REatH ),

N ATRIEXERS ENERX , SR Figure 80,

USART B4 R 27788 UBRR I F i EBMIES  —RIR THRNTS MBSRE
REAEE, BEITHENRANSITY  YHiH K5 ER UBRRL SEEHEN , 287
# A UBRR HEEME, Yt MBI TR — itht | HEtshEd il R % 4 22005
B4, S IR BN f,/(UBRR+1). &4 SEFIRASE & 4 805 HEsitteT 2. 8
%16 B , EREREBRT THER. RERREROREREER TEKESHE
RE T, MERESE TEAT — 52, 8RIMRBHRSHL | EHARAH EUMSEL.
U2X 5 DDR_XCK & EH TEERXRE,

Table 744 H 7T iT ERAS R (/) AR ITE S — M 6E A R AR R THER XA UBRRER

N

Table 74. BEFRITELNN

FERAEN BASRNITELAR () UBRR ENitEAR
FLEEER (U2X=0) f f
BAUD = —25C___ | yBrRR = ——25¢_ _1
16(UBRR + 1) 16BAUD
FHEEER (U2X =1) f £
BAUD = —095¢ | yBRR = -93C__
8(UBRR+ 1) 8BAUD
EEEIEE: p p
BAUD = —25¢ | UBRR = 2S¢ __
2(UBRR+1) 2BAUD

Note: 1. RIBFEENNEWWAERIEE (bps).
BAUD X% (bps)o
fosc  REEHEFIAE,
UBRR UBRRH 5 UBRRL #y#{& (0-4095)
Table 82 44 7T E R L RSP R T3 MY UBRR F1E.
BIIRE UCSRA F1F8H U2X AIBAMEEMEE MG, ZURANFS THEEXER, H
IHEERSERN , RBZULA "0

REZVIERIFRDHERN D IEM 16 FE 8, RS BRENERERMME, HAHEK
FRRAEA-—FHRFHENBERTRERNHIRE AL EZEXA TEEERBHRE
N SERBIRERRE. RERWEAXNMER,

B MHLIREEX BSR4 RS , 20 Figure 80 FfRo

WAE XCK S|MAA R HEIS SERETERE  AURSREN. BFFESENH
HBET— Mol  RENATAERSERSE, X—IRZ3IATHE/ CPU KA
HARVEERT | ISR XCK B AT =R LT ARSI :

fosc

fxck <

EER f HRENHHREERE , A THIEERAREBMERLE  BUREZBH

HE,

EARS WK (UMSEL = 1)XCK BB A FRE#E A (MIE ) SN E (E98
R ), BHEIILA, MIBGRESHIENELZ ANXROESNEL | ERERITH L
i TD B XCK B4 #9832 50 XY BidiE 48 A i RxD #4784
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Figure 81. FEZEXETHY XCK B F .

UCPOL=1  XCK \M

RxD / TxD N
L Sample
UCPOL =0 XCK /—\—@—\—/—\—/
RxD / TxD \
L Sample

UCRSC 172889 UCPOL {7 # T {8 Fi XCK B4 49 RN 150 XS BB 1T R M kT 3k
¥&. #0 Figure 81 Fi7R , 3 UCPOL=0 B} , £ XCK W E AR i Mm HEIE , £ XCKHT
R ITEIR R ; 2 UCPOL=1 & ,7£ XCK W TR M HEIE £ XCK W EHHR
BEATERIE R,

AIMEL 159
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HHEFRRRA

USART #1#a1t

BTHREMHBEFZEFMNERSN ( FBRUSFELEN ) UARATUENFTERBRMERK,.
USART #ZZ LT 30 #A S HIFEMER :

1 NMER

5. 6, 7, 83 9 MNERIEM
TR, FRED BRI
132 ML

HEMBER VIS ; REERBBEZNKEN REFHSTUE O MEEM , UHE
MREVER, MREETREM  REVHREEREN , ZFERERMV, H—IxE
MBEWERE , T EMER T — MNTBIEMN , SEARRLKLL T ZRIRS. Figure
82 PR N AIREMVBIEBME WA S . ESFHALR LM,

Figure 82. mifg&=
}4 FRAME 7‘

(IDLE) \ St/ 0 >< 1 >< 2 >< 3 >< 4 ><[5] >< [6] >< Ul >< [8]><[P] /Sp1 [Sp2]| (St/IDLE)

St B , RRAKSBF,

(n) AR (0 ~ 8)o

P BB, IUAFTRELBRE,

Sp Fibfz , BRASHEF,

IDLE &ifl&k L& BHIEEH (RxD = TxD) , &EZERNBRMASEF,

BIEMA LK H UCSRB M UCSRC HFF2aH#Y UCSZ2:0, UPM1:0 5 USBS RE. ##
WEREEABRNRE. RENEMIEHUTEBIREERTHREEESER.
USART B F KA UCSZ2:0 8 T BFEMAY BIE I ; KRB UPM1:0 A T ERESR
ERWAEE ; USBS friRiEMAE —URMLE RN, HINERZREE - MFIE , Bit
WitR iR (FE) RESE —NERMRA "0” BTN

RBAN I EENMEN S M TRREE, NRRETHRE  IRREREEER
Ko BRTSHBHOXRDOT ;

Poven = 4,19 ..0d;0d,®d; ©d; @0

Pogg = 9p_19©..©0d3@d, ®d;®d; @1

Poven BRI R
Poga ERIAILR
d,  Zn i EEMR
R4 T 8IS — MBS E—AMELL L2,

BATEEZBE EEX USART #T#HHAL. MRILEIRBESEREBRMRE , ME
MIRE , AR REFZERBWERTRIER. X TP USART IR , EAHILE
BAEBTLRPMREN (£ RPEEER ).

ERUE USART MREMIZEXBERFEABNER THT. TXC &M ASARSE
—MEFEWMNRERBELTR , RXC RSN AT LARKRERETSRPREEERIE
Rz, EERREHFE 2N (EBREHREST 7R UDR &1 )TXC HREMLTEE.

160  ATmega128 me——————————————————————————
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RiEHIE - USART Kixss

BL 5 E 8 MR AIHY 5 KR Kbt

2467L-AVR-05/04

BUF 2 USART #lta{Li@F R fl. HIERA TR (PHRER ) NRISIRE , MAMSE
HMEBEEN. RERENEBSHE ., BLERFERSRSBRETFER 17116,

TR AR

USART I nit:
. RERRE
out UBRRH, r17
out UBRRL, r16
. BBREESKIEFE
| di r16, (1<<RXEN)| (1<<TXEN)
out UCSRB, r 16
. REMBE: 8 N, 2 MELLL
| di r16, (1<<USBS)| (3<<UCSsz0)
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;
| * BEREESREE R
UCSRB = (1<<RXEN) | (1<<TXEN);
1> REWME: 8 N, 2 PMELA *]
UCSRC = (1<<USBS) | (3<<UCSZ0);

}

Note: 1. BRBBECLKXBETAEMW LM,
Y /O FEB/NY B /0 FEeent , MR EW LDS” . “STS”, “SBRS”., “SBRC’,
“SBR” 5 “CBR” &R A B¥ & I/0 FEFHFMNIESRE “IN", “OUT”, “SBIS”, “SBIC”",
“CBI’ 5 “SBI" 8%,

EELMNBLCEFTRNERENSH, BIEPMESE, AMTFSHAREFEREEN
RERSRHTER, LNDBRCRBANERREEIERFT  R5ET /10 BRONH
{LRI\BASE -k,

BfZ UCSRB 785 KX R VFL TXEN FfE8E USART MR K%, fERE/E TxD 5|H
BYiE A 1/0 ThAERN4R USART ZHEERFERM , BN RIXZRMY BITH HSIM. ROEHIE B E
REFRFR, THEEXSHMSEH, IREARSREER , BT XCK 5| LAyt
E5 BN BIE R X R B8

HRERENBBEMRILEEFRFEHBIERIE, MBIEEF CPU X UDR FEF
FNERE, UBNUFFHRTUARET —WHES  EANBEFEBIBUTFSR. 5
BUFFRLATERRS ORBEERTHRERRE ), o —MBEN&E—MFILQ
BEGER  ERMBFHEE, —EBUFERMNE THORE  oBRRIRENREGER
SERBIENRIE,

AIMEL 161
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UTRFAE—1Y UDRE HrEXBARWARNEEBENG 7. YEENBELTF 8 L
i, EA UDR HHNNEMNB /LN FH LA, YR, MITARRBZI 8 £EEWNRL
USART, 1ELRARBHPERENBIEEFENT R16,

SCamra iR ™
USART_Transmi t:
. FRREENERE

shi s UCSRA, UDRE

rjinmp USART_Transmit

. BIEHAE R, KA
out UDR, r 16

ret

C REpiIR"
voi d USART_Transmit( unsigned char data )
{
|* SFREEFERE *|
while ( !'( UCSRA & (1<<UDRE)) )

|* JIHEHAEFES , ZRHHE
UDR = data;
}

Note: 1. ZRBBECLKXBETAEMW LM,
Y /O FER/NY B /0 FEeent , M AEW LDS” . “STS”, “SBRS”., “SBRC’,
“SBR” 5 “CBR” &R A B)¥ & I/0 FEFHFMNIESNRE “IN", “OUT”, “SBIS”, “SBIC”",
“CBI’ 5 “SBI" 8%,

BENMNEFRARESAFTNELENERE B3N UDRE HMEEFLEEEHENE,

MBEFERTHRESTFESZFN , WBESASHRNREEPHERPIHT,

ATmega128 e
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MBLE O BB BEN (UCSZ=7), NATFHRIENSE 9 WEAEEEE UCSRB
TXB8 ,AEHFHESMNBEE AL ERIIEFFRUDR, UTREFA L AEIVEBEBNEE
lIuM&IJ%O ELRARBPERENBIEERE R17:R16 FE5H,

SCamra i ™
USART_Transmi t:
. FRREENERE

shi s UCSRA, UDRE

rjinmp USART_Transmit

. HEIMr 1T FEHE/TXBS

chi UCSRB, TXB8

sbrc r17,0

shi UCSRB, TXB8

o AT 8 (P BIFHAENHEE |, REHHE
out UDR, r 16

ret

C L fl=

voi d USART _Transmit( unsigned int data )
{

1> EHXEZHFHENL *]

while ( !( UCSRA & (1<<UDRE))) )

|* FE9EFHZTXBE */
UCSRB &= ~(1<<TXBS8);
if ( data & 0x0100 )

UCSRB | = (1<<TXB8);
1% FHBEHAEREE , ZEHHE]
UDR = dat a;

Note: 1. XERHHINEAEHK, MR UCSRB WHRARENFATEREEN , RERAUE -S40
1t. Bl | FMik1LERER UCSRB F17888 TXBS 1,
Y /O FEB/NY B /0 FEeent , MR EW LDS” . “STS”, “SBRS”., “SBRC’,
“SBR” 5 “CBR” & i7E¥ & I/O %ﬁ%ﬁm‘a RE - IN “OUT”, “SBIS”, “SBIC”,
“CBI’ 5 “SBI" 85,

FINBBFEESVNBEPATR R UM , ERLSBES ATUATHIULE,

USART £ 22 B MEENAL: USART BIEF 785 =15 E UDRE RIEMERIFE TXC ,
ANPRAENLER BT LU= A i,

BIEFFSEZT UDRE HENMKRTIRKEEAR[ESTUEZ —INFOHRE. ZNELREE
JRERZE Hﬂ&% "1 BEAEAHBRETEFTERENBERNES, WSHRNSEHFRSE | B
UCSRA #ﬁ%ﬁﬂﬁzuiﬁ '0”

% UCSRB s PN HIET R 2 P I EaE( UDRIE 7 "1 et , RE UDRE #WEL (
B2 R ) , BRI~ 4% USART BIEFFRZEFMIER. R‘J%ﬁ%ﬁ UDR W {TB#HE
9B UDRE, YA 5 RO £ HRIEN | ERIEE 17528 i IS5 2 o AR S —
ANEF#OMIEE UDR BUEE UDRE ; B2 L RESHFEE TR, AN — BEHIERF
GR , — MR RERBRT £,

HEANBEMBHAEBATEFS BN AEEHRPOXERHNBEN  REERIFES
TXC B1Y. TXC A RE RAMMITH EHBEE R AEZMLE "1 FAESB. TXC &M

AIMEL 163

[-15013652265 00:38537442



FETRRRN

BIERXER

BEWBIE - USART KR

B 5 3 8 AR A9 75 3 B2l

X FRAM RS-485 FUEM ¥ M TBERZRO T 5 EA. AXENAERE , —BERETE | N
AR F SR RBOBRE B+ A RBCRES.

¥ UCSRB LW R ELE R PMERE(L TXCIE 52 BRI E R "1” 6, BE& TXC
FREMWEN , USART KIEALRPUDTFHEINT. —BEHABMRESRESF , TXC HFE&EM
BN B35BT , UL ERF R4 MIT TXC BEBRE,

AR £ B RITRIRMAE M MR B, RIWMFERE (UPM1T = 1) B , RIX$R
FEERRSERENRE —VSE - NMELEALZBBEAFTEREA.

TXENBER  RASIMANBERAETRERERTRBEERIL  BREBUEF
REREEFTERTRBEREAENRIE. RIAREILLF , TxD5IHIREHBER /O WRE.

B {7 UCSRB F 78 E W AT L (RXEN) BN A /33 USART #U88. ZWERFERE/S RxD
WY& E S| MIThRE4E USART ZhEEFFERMY |, BN BB BITRA D, #ITHRERRZAE
EERBIFFEE, REEXRNER. WREARBSRIE , XCK SIH LHrtsdik AR
LRt i,

—BERESBELNE - NERREN , EFRRKRRIE. BBMENE —VBIEESSURR
REMNBAF R XCK Bt T , EEWRE — MBS —MFIEf. ERFHHE
BOEABEUBNFEFR F-NMELEUSBERRZE, BRIFE-MEEAUE  BREB
UHFFRAEET M TEHREM, XNBNFERTHATFREBIERE S
o B RE UDR B AT ARG E RN AR,

164 ATmega128 |
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MTREFSHE—IX RXC fRER AR A N BRBENAF. HBEmMDT 8 funt , N
UDR BEENEVAEM IS JLUN 0. HAR , ITARRB 2o 8 K EHHRIL USART,

SComeapie (O

USART_Recei ve:
. EEFBNHRE
shis UCSRA, RXC
rjinmp USART_Receive
. MEEFFRBREIH R
in rl6, UDR
ret

C R pHIE ™

unsi gned char USART_Recei ve( void )
{

1* EFERBAE]

while ( '(UCSRA & (1<<RXQ)) )

1% MEHEEPIRE R B 5 |
return UDR;

}

Note: 1. ARBBECLKXEE THMM LA,
Y /O FER/NY B /0 FEeent , M AEW LDS” . “STS”, “SBRS”., “SBRC’,
“SBR” 5 “CBR” &R iAB)¥ & I/0 FEFHFMNIESRE “IN", “OUT”, “SBIS”, “SBIC”",
“CBI’ 5 “SBI" 8%,

HEREPEBFHELEH , HHBIKRE RXC IS REFRFEEAERE IR,

AIMEL 165
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L 9 ANIE ALY 75 = 438 B iy MRIFET 9 MHBEHEIEM (UCSZ=7) , £M UDR EHUE 8 U 2 B4 E LRI FF

166

2% UCSRB #9 RXB8 LAIRB 5 9 U BIE, XMANEHER TIRSIFEM FE, DOR R
UPE, RSB I REVUCSRARE , i iEE T UDRIKG. RENUDRF# 2 T T EWE
HE FIFO RPIRAS |, #t Mk ERBEFME FIFO H#Y TXB8, FE, DOR & UPE fi,
BETROKRBROIBRT — ML USART U SR | 15 B8 a0 T4k 2 oy B8 ROARASALo
SCamra iR ™
USART_Recei ve:

. EEFBNHRE

shis UCSRA, RXC

rjinmp USART_Receive

. MEHFEPRERE, FIMRKE

in r18, UCSRA

in rl7, UCSRB

in r1l6, UDR

. WRHE, &E-1

andi r18, (1<<FE)| (1<<DOR) | ( 1<<UPE)

breq USART_Recei veNoErr or

| di rl7, H GH(-1)

| di ri6, LOW-1)

USART_Recei veNoError:
, WIEE 9 WHHE , AFkRE

| sr rl7
andi r17, 0x01
ret

C RmpiR ™
unsi gned i nt USART_Recei ve( void )
{

unsi gned char status, resh, resl;
1* EFERBHE *|
while ( !'(UCSRA & (1<<RXQ)) )

1* MEHHEPRERE, FILRYE ~|
status = UCSRA,
resh = UCSRB;
resl = UDR;
1> HRSLE, &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. AABBECLTE THRNMNLIH,
L 1/O BFiFR/NY B /0 FiFsse , MIAEW “LDS” . “STS", “SBRS”. “SBRC,
“SBR” 5 “CBR" & iFHEY & /0 FEH|MWESNKE “IN", “OUT", “SBIS", “SBIC”,
“CBI’ 5 “SBI" ¥ %,
ERBIFEHTEMITEZTNAEN /0 FEBNNTRIFFIXM4H. XFHEER
LT X EREPRNFA. ERAERBER T B IZBEHNHEE.

ATmega128 e
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USART #8588 —Mr& B RIEBENENIRES

BWERFE (RXC) ARGHBREFSEFREERZHNKIE, YBKREHPBFPER
BHAOBER , R 1, HBREPRERA O ITEERIEHOKE ). WREWRES
WEIE (RXEN = 0) , EWE 2B RIFEH , M RXCES,

B {7 UCSRB Ky {ZU & R P U {ERENL (RXCIE) J§ , RE RXC iR EN (B2 Bl RaE
) MAF4 USART BIRLERAPMT, £/ RMA R TEHIBERE , BIEERLE KPR
SEFEFLTM UDR EEBFELE RXC iFE , BN REFHLEBRF—EFR, -1
PR A%,

USART #8588 = MEIRIRE :  Mi4EIR (FE), HIEEH (DOR) RFEBRKE (UPE). ©
NEI T HFFEE UCSRA, HBiRFESHEN —EBRFEZKREDEEP. HTIEE UDR
2WERPEE , UCSRA HABRMAERZEWEPEE (UDR) ZHIEA, HIRFENS —
MR —MRECNBTEELSRHESRERENR, ERANTRISHRTRWREZYE , X
PATBIRER AT X EEIRFERENMLEES "0, AN IRIRSE T8 £ i,

MR IRPRE (FE) XA T EMEEZEREBAFBPHN T — N EmH E —MEIENHRS. =
ILZIE# (R 1) W FE #5&R 0, BN FE FRERN 1, XMRETARENES EX, &
R E A T4 E, UCSRC 1 USBS MR EBEFME FE #r&f , BAKRTE
— I, BREZBEHMNELNY., ATSUENSEHERE , 5 UCSRA X — {74
2;‘1'% 00

IR LIRS (DOR) RAM TEWE HRBER THIERR, JBEKREHHFH (BT
AR ), BRBAUFERXEHRE , st — MR ERA  BEEHMTE
T o DOR #R& B BIRAERKIE — R UDR AT —RIEEW UDR 2BEXRT -1
ESHBEM. I T SUENRAERE , B UCSRA BX — I AME 0, = EIEMEL
HWMBNFFREAZRETRE , DORIREHBES

FEREERE (UPE) B , EREAHSHIPH T —mHBBEZRNEFTBEIR. MRF
FRETBRE , L UPE NREE. N TSLEMRHHERE , B UCSRA BHX — {724
ME 0, ATIESR P 160 TEFBREM " & P 168 FEREEF" .

AIMEL 167
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TRAKWEE

BEREREA

B FT B2 = 2R

BhRISHBE

FEREER L UPMI BB T ERKER. RENER (BREER T RE)H UPMO
BE. FRRKRMERE  REFFITERABRENFTEHILERSRENN T BARTLE
B, REARNERENFLU-BEEERRE PR, XERTUEDT RERFER
BHEIRINSAL (UPE) REEZRRHIMFRERTH/ER.

MET—IMMEBEREARFREABEETERER , HEFBRBMERE (UPM1=1), T
UPE Bfu, BF#EWEHES (UDR) HULE , X—N—EBEEXK.

SREBRNE , RIHRWRDZEER, EERROBIEFEXR, FiEZKEE (RXENF
F)E  BURERFTESA RxD I/ ; EWE TR FIFO b2 WRIH . e BEN
=Ko

IR RNER R BT ER FIFO BWRIRT , BasiE =, SBCREHNKIERLR. MRATH
EMAREEERETRIFE TR , WEE—ERN UDR EX| RXC #r&FE. THEHH
RBETR T WA RIHERE PR,

SCamfra iR ™
USART_Fl ush:
shis UCSRA, RXC
ret
in rl6, UDR
rjnmp USART_Fl ush

C R\ piIR ™
voi d USART_Fl ush( void )

{

unsi gned char dumy;

while ( UCSRA & (1<<RXC) ) dummy = UDR;
}

Note: 1. ARBBECLKEE THMMNLHE,
Y /O FEB/NY B /0 FEeent , MR EW LDS” . “STS”, “SBRS”., “SBRC’,
“SBR” 5 “CBR” £ WifH§ & /0 HFEBMIESAE “IN’, “OUT’, “SBIS”, “SBIC”,
“CBI’ 5 “SBI" 8%,

USART B — Mtttk & £ T M BFEIRE L T ARLGEFSHIFEEY, NHRESERAT
EZM RxD SIME ANRS STHENNBERS RN, QIRRESERERE , 7
BEY —EERKRTIEAANS —LRE A MMRESEESENRTINE. RHERN
TEEEMRE TRENRASRNHNREE. WA ARNRER — WA eS80 M8,

168 ATmega128 me—————————————————
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ATervoga128

B 490k 52 BB R A BY SR AT ERIE LS R EBRS 4P R DB R, Figure 83 B/R 7 X fal A ZE It
BIAMHREIRE. SETHFEEATRERRRIEEN 16 4 , HETHEEXTUN KRS
RH 8 %, KFRARTHTREMEXNELHNE, FRABEER (U2X =1)HED
TR EER. RxD &ZH (AUXBEMERES ) B, REEN 0.

Figure 83. IR FH

YRR EERREENRREANNRE
o Db D DT

LRt R E BRI E RxD & E—MEE (W ) BE (7% ) VBT B3Rt |, i
AFFIEHES . WMEAMR , BIONARE 1 RRE—N0XH¥. RE HHRESBAR
¥ 8. 9. 10(EBER ), HRHF 4, 5. 6(HEER ), RYUMEDTEKE —MEBY
BiafL. MRX=AREPHNRIAESIEZESHRTE (SHRR ) , BBRVLKEAN
ERARFMHEAES BRBSAT— HBIENSFRR, NRRNE— MR
B, N IRESBAREAS AT HERELRE. 8- ERuBLSIXEAFNESY
&O

B SEAVERS cE  BERETETFET. BERELTEA —MRSHK
BEEEs - I EEC. IMTRSNEZEREATES 16 MRS, #EREXTER 8 MR
Ao Figure 84 R T XN BBNMFBUNRSE, BIMRELRBERET T - EF , XA
BFETHREREL THAMHRSFS.

Figure 84. ¥IE R &R ALY KA

RxD BITn

<t

(U2x = 0)

f
Sample }‘_T_’{ I

(U2x = 1)

w
o
o
N
o

% 6 “n 112 1
EERBINBECNEEBFNT AN SHBRIE. RREFAN=NEBBELHO
REBHORE. N TRRFXLERE, lFF%ﬁFvﬂ&@a/J\H*EFP ZHRRREHETAE
1 B 2 N EATE 3 AN REEHRBET  BABMIRNBE 1, MR 2 MAA
INREEMIEET ,?JBZ#%WHM&%EEEOO XIMRxD 5| B AR S5 R , SHhEK
ROEARRE —MEBRK. BRENENRESRT , EREKE - BHIEM.

Hpth@eT7TE—MELEN, BKSETRBEMMNELES, Figure 85 WA T EIEM AR
B, URT—MESERUSZETHEENANER.

~N—
—_—
—_—
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RS ITEBE

ATMEL

Figure 85. 21L{U R T — MBI R

RxD STOP 1 (A) (B) (C)
Pttt

(U2x = 0) 12 3 4 5 6 7 [8]o9 10 ]o1 o1 on

e | fet T

(U2x = 1) 1 2 3 o1

ZHRANEILUEFEER, BFELMLNEE O, AN RIS FE B,

MRBFE-RHATNSEMRAIBERE | R REE L — N EEWOR T B BEM, %
EBERF , E-MEEFHRE LT URETE Figure 85 Y A Ko ERFEIERKTE
—MEEFRERILITGERE B R, C RUNZBEILNVNERNVE, WRAMHKRR
R R TESE L

BERBENITECERATERINBERERRNBEFEZEANTEERE, IRRE
LU RIS RAMEBIEM |, RE BN LRSS EERNME (R
Table 75) , BRAEWBR T ESRIANES .

THHLAXATARITERERAZRSNEHRERRRERNEE,

(D+1)S (D+2)S

siow = §T1+D. 5+, Sast = D+ 15+ S,

D FHKERFBUKENIM (D=5F101%),

S B UNREH. EBEXTS=16, FEEXTS=8,

S RATZBRANE-NIRHEFS, BERAT S =8 , FERAT S =4,
Sy RATZBRRNDEARFFS. EBEXT S, =9 , FEEXAT Sy =5,

Roow =AEZH, ZENBERMAZRSRZBRRERNILE ; Ry RUEZN, &R
K HIER AR R SERERR SR L E,

Table 75 # Table 76 5| T R F MR A IZRE BB RIRE, EEIENRE ZEEXATHK
BRAFEEARNETLEE,

Table 75. EBEER THENRAXBWRBRIFRIRETHE (U2X =0)

D HEORAENEEIRE
#(BEBE+FBR) | Ryw% | Ruq% | BANBIRE (%) (%)

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. ZEFEX THENZTABRERBIRIRETE (U2X =1)

D Reiow HENRRBERRRE
# BE + TEA (%) Reast (%) | BMAKEIRE (%) (%)

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

IREEFNRABPRBERREREBRERRFINREBINRALREEFAERTEN
HIR TS HE,

FEEESREERRENTEREERN. B , HKRSREH (XTAL) BREME TS
ESRERIEREAX. FARERRTERSNMN —RA2BLRZ  EX TR
5 BEERBSAENRERR , RGP AREEL 2% WRE. E-NMRENFEER
FEEHZT, RERRERT —ERBELIN RGN 2GR FHRER, et
ALLA% UBRR B , ERIREEETUES,

B UCSRA W 24 E 2R BE R L (MPCM) AT BAXY USART #8752 Wk 2 B Brdm it 17
iR, MLZBHUFEDNWFHLZE  BALFABRREFR, E—IMSLERRS
F, AERBEIENNRTELRTREE  XMLRARNELD T EE CPU LEHNEKIE
MR E, MPCMUMIREF WA XRNIHE BECASLERBEEINREF ,
CHNERFELBRRE,

MRBWERFIEWRNBEMKER 5 3 8 BAFE - MELURTX —METENZHIE
ERUES . WMRFWERATIRWAVBIENRER 9 £ , BBAHESE 9 £ (RXB8) RIAER
BREERMIES . WREEMRBENN (B MFILAHE 9 MRER ) B 1, BLX
Rk, 7N B AE

EZAERBEEXT , SMIMLERATUM PN ELERFRRHKE. BLEBIHEBiE
MRS EPNF U R — ML E R, WRFUFRE - MEER | SHEFRREENEK
&, MEMHMNGERSZHXLEMNERERE S —Mbik,

NF—MEA NN EERIE , EAAERH 9 UHIBEMER (UCSZ =7), MRERH
E— M bitmi (TXB8 = 1) FRIFEE 9 (TXB8) B 1, IR R —MEIEMN (TXB = 0) T
BT, EXHMERNT , MCESBMSATHET 9 NBEMER.
THEHNESAEBERBEEX THITHREIRNSR

1. FIEMNGESRBIEESLERERFER (UCSRA 178K MPCM &1 ).

2. FAEBRAMWUME , FTEMNCESRHF BRI IREUED. MLEES UCSRA
H1FEM RXC EEE L

3. B IMILERTHLIEE UDR FESNARCHEECREHRES. MREF |
FEE UCSRA Y MPCM i , BN EFEFT — Mt ZHWEIK | HREF
MPCM A 1,

4. WIUHOMNLESFERFAEHNEHREN  BEEKRE— MR tbutia, makLREE
MPCM 73 1 B ML B 25T 2 BE X L B4

5 WIUMLER[RERIFZE—NERENE , ©FENMN MPCM , AZFEAESRX
BET— N tithi, REE 2 52BN REGEHTT,

AIMEL 1
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/A5 E 8 tFHMERX UM , BERTERR , BERZRSB[LAEFEA n M n+1 DI
RZ BB TR, ATEEENAERFEAEENFRAKERE , XMEECSENIHR
EEXBREME, WREMH 5 E 8 LEAFMMiEN | RIEBRZIEERMELM (USBS=1),
HAR 5 —AME A TR E,

FEFERE - 8% - BES (SBI M CBI) ki&4F MPCM £, MPCM M TXC #R& A
E# /0 # T , £/ SBI = CBI E R R 2FT MEEES,

172 ATmega128 m————
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USART &7 aai% 83
USARTN /0 BiRE 1758 -

UDRn Bit 7 6 5 4 3 2 1 0

RXBn[7:0] UDRn (%)
TXBn[7:0] UDRn (§)
= RIW RIW RIW RIW RIW RIW RIW RIW

E 0 0 0 0 0 0 0 0

USART ZEHEE P EHFEEHN USART ZRBEBEHFFRHALZMEEM /0 thit , 7N
USART HiEF 7855 UDR. HHIEE A UDR MEFRBENRAERFEE HEEES
(TXB) , & UDR BY3RFRIRE M 2 FBWHIER 5788 (RXB) AR,

5, 6, 7THRFREXT , KEANSUBRERLZH  MEWREWFESIRENRN 0.

REYH UCSRA F1725H UDRE Fr&B /G F AT LA KX B s #t T B2, IR UDRE
REBN , BABEA UDR HNEHIEAH USART RIEBZK, YMBEEAREEFSE ,
EBNUTERNTE , REEFIERENSILEBNSESR. RAEHIESRTHM TxD 3
Bi%

BEREAFEE—NAR FIFO , —BERBFBHEI U FIFO RERTEHRS. Eit
FERX—FEHETFERIE- BN -BIES (SBI M CBI). FAMNERES (SBIC 1 SBIS)
R ENG , BRIXtBEATEERE FIFO BRES.

USART #HFIRASFEERA -
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/IW
NHE 0 0 1 0 0 0 0 0

+ Bit 7 - RXCn: USART EIRE %R

BEWREPEDERIEHNKIEN RXCn B , BUEE, BRESE I | BREPSEHR
#, SBRXCniEE, RXCn trEa R~ £ WL R (A3 RXCIEn uB#R ).

e Bit 6 — TXCn: USART RX& %k

REBNVEHR[PHBEHREL , BY XA ZE)PEE (UDRn) HZERT TXCn B, HMITRIE
LZRPUTE TXCn FREBEBBEE |, LA UBEE 1 #1775 IBIE. TXCn & A AR~ E
RIELRAUT (XS TXCIEN SIRIHER ),

o Bit 5— UDREn: USART HiE =852

UDREn #R & H A IX ZH 88 (UDRN) R B ER FEZWETEIE. UDREN 1 1 HBAZ RN
e | EHERFHITHRIERZEW. UDREn FRE&EA AR~ A RIESERZEFMH (W3 UDRIEN
IEY IR )o

£1{U/5 UDREn Bfy , RBAXEBCLME.

 Bit 4 — FEn: Mi4Ei®

MBEFWE D[ ZRINT —N2FEMNEIR , PEREFASIHIHOT—INEFTNE -

ZIEIR 0, BBL FEn B, iX—{v—EAREDEUWEHES (UDRN) #IEE, HEWZ
WELEfI R 1 8¢, FEn#5&ERN 0, X UCSRNA #HITBEAR , X—EE 0,

 Bit 3 - DORn: #iEdi®E

BIETIERT DORNn B, HBWEHEFH (FETHIRE) BUBNSESXERE .,
EHERNE —NFRRANY , BEERERTET. X—U—EARERBWE P
(UDRn) #i£H, ¥ UCSRnA #{TBAR , X—VEE 0,

« Bit 2 - UPEn: FEKEEIR

AIMEL 173
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USARTn #HFIRAFEFEE B -
UCSRNnB

USART #HIFIRASFEERC -
UCSRnC

UFBREMFEEE (UPMN1 = 1), BEREFSBFFABZRIN T N 2T EBREBE IR
UPEn BfI, X— U —EBXEZZEWE S (UDRN) #IEE, X UCSRnA #1TE AR ,
X—NEEOQ,

o Bit1-U2Xn: {ZIEK%

X—UNNRLREEL W, FRARSBREMNTFUMES,

HATE 1 AR R DEFIMN 16 BT 8 MNMEARNERSEEENEHERME,
* Bit 0 — MPCMn: Z4ERBEER

BEWV NGB 2L EEEEER, MPCMn BRI/E , USARTN #ZURESZREIM BRLER
SEMUESNE AN ETHLE, KEBFTZ MPCMn iRBHEE, FAERBESEP
171 ZRLERETER "

Bit 7 6 5 4 3 2 1 0
| RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n | TXB8n | UCSRnB

®/B R/W R/W R/W R/W R/W R/W R R/W

HE 0 0 0 0 0 0 0 0

 Bit 7 — RXCIEn: ¥4 R hpf{Eae

B {5 fEBE RXCn o 2 RXCIEn 1, 2B UiFrEN SREG &1 , UCSRNA 17
ESHY RXCn 78 1 BRI LA 4 USARTN #EURLE SR A Hf,

» Bit 6 — TXCIE: RiXZ&RPUTfERE

B/5fERE TXCn i, X TXCIEn R 1, £8P HIRELA SREG Bz , UCSRnA &H1F
BSHY TXCn IRA 1 BHATBA= 4 USARTN KiX & R,

 Bit 5— UDRIEn: USART i3S 7282 gk

B {75 fE8E UDREN . ¥ UDRIEn 7 1, £ BFHr&E SREG E{Z , UCSRnA &
178389 UDREN 784 1 BRI ATEA= 4 USARTNn BiEF 1728 = i,

e Bit4 - RXENn: #ZfEse

B ER/E3 USARTN #£UkES. RxDn SIBIKE A% O ThAE# USARTN IhAEFFER{R, £
IFIZR BRI R E 8] |, HfE FEn. DORn K UPEn #rEL K.

« Bit3 - TXENn: X%:f#gE

B ESEIES USARTN &3%88, TxDn SRV E i O IhRE# USARTN ThRERTER
o TXENNBERE , RESIMENKRBEARTERELAZRBZTAEBEEREIL | LER
NBEERSXEEATERTREEAENEIR, FXEB[EILF , TxDn SIEXEEER
110 Thék,

+ Bit2-UCSZn2: #&HKE

UCSZn2 5UCSRNC HEFEMUCSZn1:0 48 E— R I LURBRIEMAT S SN BRIBA IR (
FHKE ).

o Bit1 - RXB8n: iZWMHIEN 8

5t 9 L ABRTWIHITIRMERT , RXB8n 25 9 MNIE, E UDRn 2 IRMNBEC T
% EiEH RXB8n,

» Bit0-TXB8n: RE¥IE{ 8

X9y R AT ATHRAERT , TXB8N B IMNIE(L. EUDRN Z B B EEX ERITERE,

Bit 7 6 5 4 3 2 1 0
| - | UMSELn | UPMn1 | UPMnO | USBSn | ucszn1 | UCSZno | UCPOLnI UCSRnC
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®/BE R/W R/W R/W R/W R/W R/W R/W R/W
BE 0 0 0 0 0 1 1 0
SEZIZEFEEETE ATmega103 RAERX T LR,
s Bit7 -RE

ZNRE, NERKBHERE , XY UCSRNC EARHZUMSME 0,
+ Bit 6 —- UMSELn: USART X%

BEX—UREERSRFS THEEK,

Table 77. UMSELn ig&

UMSELnN EX
0 FHRME
1 EEZz:X(3

 Bit5:4 - UPMn1:0: ZEREBEX

XA REFERENEAAERTERE. NREETTERE , BAERERE &
ERBLEDTEHAREFBREMN. HE-MERINVKE  BRIBLKFE-FB
8 , 3} 5 UPMnOFTR BN ER TR MRFTE , BBARRFF UCSRnA H#I UPEN EfV,

Table 78. UPMn 12 i&

UPMn1 UPMnoO TEER
0 0 =31
0 1 ]
1 0 BR®
1 1 TR

» Bit 3— USBSn: FiE{ViEE
BEX — A LR EE b I3, R ESAMIX — (U RRE.

Table 79. USBSn % &

USBSn LI AVE:
0 1-bit
1 2-bits

e Bit2:1-UCSZn1:0: F&KE
UCSZn1:0 5UCSRnB F 783 UCSZn2 £ 8 E — B A LURERBEM T S HRBLE (F

HKE).
Table 80. UCSZn &
uUCszn2 ucszn1 ucszno FRHEE
0 0 0 51
0 0 1 6 1z
0 1 0 71
0 1 1 8 fu
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USART BA$R 1785 -
UBRRnL # UBRRnH

Table 80. UCSZn % &

ucszn2 ucszn1 UCSzno FRHKE
1 0 0 R
1 0 1 RE
1 1 0 RE
1 1 1 91y

+ Bit 0 - UCPOLnN: B4p4R4E

X—ATES THEREN, FAFSEXN , FX—AFE. UCPOLn RE T f K
FORENEMARERE | URESEH XCKn BB X R,

Table 81. UCPOLn ig&

UCPOLn

REBABAKE (TxDn SIHIEHH )

BB R (RxDn SIS A )

0

XCKn £F#H#H

XCKn TFE&HA

1

XCKn &R

XCKn LF#HH

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
®/B R R R R RIW RIW RIW RIW
RIW RIW RIW RIW RIW RIW RIW RIW
HaE 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

UBRRNnH £ mega103 FA#E X T LM,

+ Bit15:12 - & #&

XENEAUEHERAMREN. BT S5UENEHRE ,E UBRRNH X EMES,
 Bit 11:0 - UBRRNn11:0: USARTn iR FF:5

EMN2 U EHFRTE T USARTN R RER . HP UBRRnH @& 7 USARTn R4

5 417 ,UBRRNL BE 71K 8 i, R4S MY KA A8 5 1E 72 3 17 09 BB 4% 10 =2 BV B R,
E UBRRnNL M ENEH RIS E 5 s,
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RERSENHIF PR RIER IS IREME R | RS EX TR AN BISETET Table 82 # UBRR
BEXRTE, RPNWEASKEETHETENESESEREEENRERES 0.5%,
FENESEBETNESH  BREBNABRELARE  BUREEARARKER (S
EP170" RETHBE" ), RETUBIMTARITE

Error[%] = (Baudgztlje;g:;t Mateh _ 1) * 100%
Table 82. BRAKH ML TiRE UBRR HHIF
f,sc = 1.0000 MHz fosc = 1.8432 MHz f.sc = 2.0000 MHz

- U2X =0 u2X =1 U2x=0 u2x=1 U2x=0 u2x=1
(bps) UBRR | iRZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE UBRR | iRE
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 8.5% 6 -7.0% 5 0.0% 1 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 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%
sFAM 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. BRAE%2RME T IRE UBRR W HIF

f,. = 3.6864 MHz f.o. = 4.0000 MHz f.o. = 7.3728 MHz
—— U2X =0 U2X =1 U2x=10 u2x=1 U2x=0 u2x=1
(bps) UBRR | RZE UBRR | RZE UBRR | iRZE UBRR | iRE UBRR | iRE UBRR | iRE
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14 .4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4k 5 0.0% 11 0.0% 6 -7.0% 12 0.2% 1 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 1 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - - - - - 0 -7.8%
sgRM 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. BRAE% 2RME T IRE UBRR W HIF

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% 1 0.0% 23 0.0%
115.2k 3 8.5% 8 -3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%
230.4k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250k 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M 0 0.0% 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
1M - - 0 0.0% - - - - 0 -7.8% 1 -7.8%
sFAM 0.5 Mbps 1 Mbps 691.2 kbps 1.3824 Mbps 921.6 kbps 1.8432 Mbps
1. UBRR =0, i#2 = 0.0%
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Table 85. BRAIKZEME T IRE UBRR Bl ¥

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% - - - - - - - -
sFAM 1 Mbps 2 Mbps 1.152 Mbps 2.304 Mbps 1.25 Mbps 2.5 Mbps

1. UBRR =0, iR = 0.0%

180 ATmega128 me———————————————

TEL:15013652265 QQ:38537442  *7-AVRo



kil - ACTPTRR g A 128

WL ETEO TWI
BA

Pk BRTEOBEENL

TWI A5C

BARERE

2467L-AVR-05/04

- B BRBAMRFHNEREQ , AIFERIBL
o XEZHAMMILIERE

s BUTUTHETEABRENRZREFESR

o 7 {uihutZ=iE RVFE 128 P

s XRZFNHE

o B3k 400 kHz I BUEE MR

s RiRZTHWHIRZNER

o TWIAMHIELRIEHRFEER

o 2 THEBHMYL N UK 23 it

o MEARET#hht Prig o] LAKLEE AVR

P&ED TWI RES THENLERNA. TWI B ATFRSERITTERBHRNEEE
LRI 128 NMEMNREEES -, XMBL— R SCL, —RHHE SDA. 5t
BEARFERNLNBE , SBRE L1 AAERIEL LVREBEACSH L,
TWI T IUEIR T B AP R RE

Figure 86. TWI 2.4 MiE#E

cC

Device 1 Device 2 Device3 | ... Device n R2

SCL - -

SDA

'y
A\

BT ESCRERTME LI,
Table 86. TWI iA5C

#i7 B 83

EH BHMELERERE. EVENES4 SCL ifeh
M WENTUMRZ

RIER FHRERIES& ENIER

R MELIEBBIEIRZ

M Figure 86 TAEH , WL AEN E N BEESEBFRERE, A TWI REWSEEHE
KENHFRBNITRAELRITRN. XHEMZI T HEOREFEERENES I,
TWISSHRER "0/ TWIELS=EEKEF. YFAEN TWISHRERI=SN , B&e
MESHEF , AFLNEETBEENS, I8, MRIIMENELERE K ARS TWI A
KRR AVR SB4 %M L,

SESEENSEHESIMTRERE  REERERT 400 pF , MBETUA 7 M
Wb ITSa, TWIHFMAMEBESSMHIRAEEN P 302 ML SRTEOSME . XILAHT
FANTENNE , —HESLEEEKT 100 kHz , MBI —FE BLIEE FE 400 kHz.
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B 4E s Ao A% =
EWMBEE (1)

START/STOP R7Z&

ot AR IEN

TWI B4 EHRBEMNZESHMOPES . HLAEN  RELBEXTRFRE | B
FERHEFLENRET,

Figure 87. ¥iEE %M

SDA

SCL

Data Stable Data Stable

Data Change

FHEHESELEHELH. ENELELLEELE START EE5UBHEESR ; FRL LA
i STOP EELUELLHIEEH. £ START 5 STOP RAZE , EERELRLIN , TR
WHEHEENBREEL, 136]27% START 5 STOP A Z B X H— N START RA.
X## A REPEATED START R% , EATENEFARFLELEFHNWER T B FH 1%
%, £ REPEATED START 2/5 , BE/T—/ STOP , EERE &L TR, X
S5 START BREZ—#M8 , AEARFMP , R ZERFHKIEA , START 5 REPEATED
START ¥ START &R, I TFFR ,START SSTOPIRARESCLL W&t |, B HZE
SDA BRI,

Figure 88. START. REPEATED START 5 STOP IR7Z

START STOP START REPEATED START STOP

BT TWI & EEEMN a1 R 9 £ , A3F 7 futhit{z. 1 2 READ/WRITE 4|
N5 1 UNEM, IR READ/WRITE B 1, MHITIREE ; BUHITEERE, MIEF
g, BMIEE N SCL (ACK) AHEN K SDA EHNE ., HEZMIITHEHEERER
TEWNEN , MZE ACK BRI SDA hWE. REEHAIUAE STOP RAR
REPEATED START RS EHF KL ZE. it BSEMNit S5 5 SLA+R =
SLA+W B READ = WRITE {i,

I FITH MSB BAMAE. Ml RiRitEBHDE , EEERE I 0000 000
ERT it

YRS EFe | FIERMILAE ACK BB HK SDA EHNE, HENFERIE
HENESLS MM AT ERT B8, = Write 7S B2 FRE , FIERM
LB E ACK BB HK SDA EH A, FRER MBI ZRNBFES, TEHEE
AR R IE Read DR BEE N , BN MRIMMIKEFT R BIESTHRELFR,

FREFI 1111 xxx BRI EEERE |, WESREH,
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HEIER

it aNBFEISL SR -5

BERNEATRE

2467L-AVR-05/04

Figure 89. it B

Addr MSB AddrLSB  R/W ACK

SDA ><4f4>< ><
N\

START

FREE TWI B4 EAEXNBIEEN ok , S 8 WEBEBuR 1 MNEM., EHREEE
B, EVFER R START 5 STOP IRAS |, MBKEMAER, NERBAMIEE I
SCL FAHHI{K SDA LY, N R#EUESE SDA RS WA H NACK 55, RS TR
W, RERTRELERRLEZVRESHERE , MZERIRENETEAE NACK X&
MEIXES, BIEH MSB B ERZ.

Figure 90. HEZHR

|
! Data MSB DataLSB  ACK !
. I I
Aggregate N % }
SDA | % ‘
I I
. i L.
SDA from \ i i
Transmitter 1
— \ :
SDA from S » |
Receiver /| !
I I
I I
SCL from | |
Master ‘ d L
I I
i 1 2 ! 8 ° } STOP, REPEATED
SLA+R/W | Data Byte ; START or Next
| |

Data Byte

KIEFEMH START IRA., SLA+R/W, EL—PHIIFE K STOP RBELK. RE START
5 STOP RAMZEEERIEEMN, WUFIA SCL ML SHRERZMEVNSMIHNETF,
MY ATES HI{K SCL RIEK SCL 1EEEE$E’JHT|EHO L ENIZE R IREREMEX T ALK
R, BN EEF/ TSR EHRER , X—BMHRIEEEHAN. MHLEK SCL 1&%
ZFE’JETIEﬂTé\E’"F] SCL & HrtE , ljJ SCL SHEFENERBEZVIREN. HLER
B REE SCL W 5=t AT R1E T™WI BIEEREAEE,

Figure 911588 7 A R M B I 15 3%, SEESLA+R/W SSTOP Z BIE 2N FH BN AREF
MY IMSURTE

Figure 91. BEEMEIFEZIE

Addr MSB AddrLSB  R/W ACK Data MSB Data LSB  ACK

| e e ey
e\ e s s
§ |

N AV AN AV AV AN BV AV AN AVAVAN ain
i 1 2 f 7 8 9 1 2 { i

7 8 9

START SLA+R/W Data Byte STOP
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ZEHEERE , PBFIE TW A ESE LRSI, BAEIENENEE SN ENERNFRLERE  t

%

184

BERIEREEFRIT, SENREFERMNEA

ﬁﬁ&zﬁﬂﬁ‘éﬁ‘,ﬁ MENTEREZE, HERENRIACNRZEENGNFLE
¥, IMERIBMANMER, ARSFHNENRNEMFERRY , MILEIFERE M
’fi‘b#&/)”ﬂ% SRR BRI TS 5, BRE 2 EHEN AR TR %L
ML NE EDTI*FE&%%EEE\%%J:E’J%%O
TR EN ATREE R TR SCL ML, HRIEAEN—BM , KPR —HESE
PN E R, XE{LHARERE,
BN SIhEEARMER LR A, HAENENRRTSRE , 2ERASHEH
HEBFNESTHEENTREN - BEFHBUNETREENHRKE -
PR ENEE SCL , EHITUARMBITEASGS /REF5ASE SCLESE /EEF
HY B E] 2= 5o

Figure 92. %X #l SCL HEZL

‘ 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

WHEBIE 2 B AR EAERIFLUE YT SDA REIHE, MR SDA EEHBESEN M
HOBRETREE , ZENMARENR, EXIERFY - IMTHNALSETH SDA, MH
CENRENE | BENTRAER | ETMENMIES | RN EBHBHOENT
5, skEMPERMENAMG SDA BES , 8152 B A SRRt 1k 845 R 2 §1E AT b= B
HES. FEANSEERIRERAE-IEH. XTRSSAFSHE. LRI ENNE
BHMILT L , HEFSFEIBRES.
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Figure 93. WX AN HE

START Master A loses

| | | Arbitration, SDA,# SDA
SDA from

Master A

SDA from
Master B \ / \ / \
||
SDA Line N | / \ | / \
|
Synchronized

EETATEUATEREITHE

— REPEATED START &S — M IEAL
«  —/STOP RAES—MNERIEN.

—N REPEATED START IAAS —4 STOP R%&.
NABHENERE ERER  RIEFSHIIXEIEHBRS, XEREESENRSES ,
FIENBEERLABMEBN SLAFR/W SHIESESHEK. HAENR  FTENEESR
SEMEHRENBEE , ANHABERTEE L,
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TWI 3R R A

Scl #1 SDA S|

LR ERET

E&EOHT

TWIRRSR LA FRERA R |, fFigure 94FT R, FTEM TRAL 2PN FERTUELAVR
AR S & ATI .

Figure 94. TWI| &3R5k

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 TWIHZO S|, SIEM A HEIRZIEREE - NEFERERG[UHZ
TWI 3B, SIEIAY A S0 2 IE RN &) 28 T LLEBR/NTF 50 ns BERI, XM AV IR D8
B} SCL 5 SDA S|ffiest , AT LAERE 1/O DA ERRY EhieBPE | IXBE AT &R NEBH9 L hI B P,

TWITHEFENERE | SR EESZHESSCLN AR, B4R TWIRATES
TWSRHT S M AU R ISR EFFB/TWBRIZRE. YTWITHEEMEREN  FAEER
bR R MBITIRE , EMHE CPU B3R MK TF TWI BHhsk SCL SR 16
B, FE , MLTJRESIEK SCL KEBFMRE , NMERE TWI EL&NTF1Iete B,
SCL HEBEUTH AR 4% -

CPU Clock frequency

SCL frequency =
16 + 2(TWBR) - 4" WPS

TWBR = TWI Lt RSB RE
TWPS = TWI RS FESR Mo SN E
Note: TWI TEEENERXR , TWBR BERIZTNTF 10, BN EHNATE SDA 5 SCL =44 iR
HERRBETRES. RBHIAT TWI TEEENEXT , @MPLKIE Start + SLA+ RIW #Y
RHE (FEEENBEMNNESELERE),

ZE T AERES U B EFEE TWDR , START/STOP 24|28 M E &R U EEHH
. TWOR BEESHATEMRERZRWEKES b, BRT 8 U/ TWDR , B&iEOE
TEE—NEEFSR , 2ETHTRERBKRBZEN (N)ACK, X4 (N)ACK FEEFTEE
EBREZHE, YElRHEs , eaiEE TWI 84|57 TWCR RBUHBEE ; £X
EEAER , (N)ACKEH TWCR HiRERE.

START/STOP Z4Igs w4 MM TWI H4k FH START. REPEATED START &
STOP IRZS . BIEAE MCU & FARERIRZAET , START/STOP 32 #I85HARBEB A M TWI B4k

186 ATmega128 m———————————————————
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$th 1k PTG 8. 5T

H% T

2467L-AVR-05/04

LB START/STOP &4 , YR NI H S TWI BL& EWEH I UET |, 5 MCU MIKREEIR
AWEE,

MR TWI LENEXB3 7THEERE , FRENERNEENRTEL  LWBEES I
ESHERESELEZEFHN, MERELHBETRNIBCELSLHMBPERT BEZEH
B, NEE TWI 248 THhiTERNSIE , FEEEENRAE,

31k PUFR 8 TR AR MM B4k EIERBIMN it BB S TWAR FEEEHM 7 [t 45 PCE.
R TWAR ZFF80 TWI T BN IR BIFEREN TWGCE 7 "17, MELZIR Rt th
S5 Eibut# TR, — Bt FTEAL DD |, 2% 8 JT 18 B8 A LA 1T 1E 78 3 i 2,
TWIRTLAN R , th A AR S E ALK F 4k |, XBURF TWCREFEZESHIRE., EIfEMCUL T
RERIRASET |, bt ICEL S I AT sE T4, —BEEH I uBNX N4 , A LUF MCU M
REBRASHREE, 7£ TWI B F 33t FTEUS MCU MEBIRAMEESE) |, 1A Htth & & |
TWIRBFRE  HEERERRS. IRXASIEEMRE  BLAEHAFELKEZES
ZHIEEWRRERA TWI bk FUHER A i s 5E

EE T TWIEL  FBRIE TWI 2H1F 728 TWCR iR EEHAEMAER, 2 TWI
BB P4 ZEENRAREFTHAENSAN , TWI FEIRENS TWINT B, T —6t
AR, TWI RAFEFESHE TWSR #ERTREINEHNRSBEMEFH. EHEHRAR ,
TWSR HABR N —PMERRAEBHKENTHRRSF. —B TWINT #7ENE "17, ik
SCL B4 P |, = TWI B& L EiEEm | LAPEFLESH,
ETHRR BT , TWINT drEBA
« 1 TWI 5325 START/REPEATED START 55 2/,

£ TWI t£1X 5% SLA+R/W # iz 2 5.

ETWIRETHIFTZ G,

ETWI BREHhEEMZE,

ETWIHENT U ZE (B A XMk FTE ),

£ TWI KRB - 1M EFTZE.

ER MM IT4ERT , TWI k| STOP 5 REPEATED START 8 2/5,

BT IEEM START = STOP (E5& /K B &4 iR,

AIMEL 187
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TWI F7851% 8
TWI LE4$ %788 - TWBR

TWI 2 HF 8 - TWCR

Bit 7 6 5 4 3 2 1 0

I TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 | TWBRO I TWBR
®/B R/W R/IW R/W R/W R/W R/W R/W R/W
NHE 0 0 0 0 0 0 0 0

* Bits 7..0 - TWI LR F188

TWBR ALLBREAERDHFRE T, LLBFRRERE—NOHEE  EENERX T ESCLE
MR, HRBRITEANEL P 186 LLiGRREFET "

Bit 7 6 5 4 3 2

I TWINT TWEA TWSTA | TWSTO | TWWC TWEN
®/B R/W R/W R/W R/W R R/W
NHE 0 0 0 0 0 0

TWCR FRZHI TWIHRE, ©HARMFERETWI , BEIEMSTARTEI EL% ERB3ENHA ,
FEBERBENE , 74 STOP RS , UREBAKIES TWDR HFESENEHELHNEE
£, XINFFRF/ETLL EE TWDR TEiFRIEE | REFHIES A TWDR Mol E2H
EAAREER,

e Bit 7 - TWINT: TWI i firE

U TWI TRYBI T  FLENARFEN AR TWINT EfL, & SREG # | FREL KR TWCR
BN TWIE FREBEN , W MCU $4T TWI hRFHIFE, 2 TWINT E{uAt , SCL 5
SHEEFHERK. TWINT FENBELABEHRMGE "1” REK. HITH &ﬁaﬂE#T
AéziJHEE&Em 0, EEXENR  REX—UHEES, TWI MEFRARIE, Bit , &
EE TWINT 2l —EEE £ TR b B 78 TWAR | RAZ 72 TWSR LA&?&E%
1728 TWDR ®yiFEl,

« Bit 6 - TWEA: {8t TWI B %&

TWEA FREZRFINZOFN = £, & TWEA B , BTN T&EREO L ACK B :
1. BHHOMEISENL BN BUETE.

2. TWAR # TWGCE B furHZEWRE| e,

3. TEEN/ MBRER FTERE —NFTHHE.

N TWEA BEAILERAENRELL, BUERFERREBUIRG,
 Bit 5 - TWSTA: TWI START IRZ {2

X CPU FEHOCHANEL ENENREEEN TWSTA, TWI BARNELREET A,
ERKTR  EOMTELEL LTS STARTIRS. BELIC , BOR—ESE  EZRN

=4 STOP RS | ARBF 4% START LAFEH ﬁ a%“ﬁm Imo K% START 2t
J&‘é)uﬁg TWSTA,

o Bit4 - TWSTO: TWI STOP JRZ& (i
EXHERT  MEBAL TWSTO , TWI B FEEL ER=4 STOP IRA |, A/F TWSTO
BHEE EMW;‘W B TWSTO 7 —JLXEEDM%‘*RJKK'UIEEU*%B‘Z—HM’J%

[lid:p=! éﬂ%J:TA*ﬁ_ STOP U(KFE B TWI RE — /l\x”E}Lil}E’JﬁE%B‘Z—rthE’JM*Mi‘tHh
1 SCL 5 SDA A &,

» Bit 3- TWWC: TWI BExZeir&

L TWINT HER BEEHIESF8E TWDR FHE N TWWC, 8— X% TWDR HWEiF R EHFE
Eaiglh g e

0
TWIE | Twcr
R/W

0

o I f-
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TWIRASHFERR - TWSR

TWI $iEFF8 - TWDR

2467L-AVR-05/04

o Bit2 - TWEN: TWI E§E{

TWEN 2 A FESETWHRESBUETWIZ O, M TWEN#EE R 178t , TWI S| B¥F1/0 3|
02| SCL 5 SDA SIHl , FEERERRRFZFSRNIEERES. MRZAES , TWI
BEOESSERA | A TWIERSFHA L,

e Bit1-Res: {#&

RE | EEREER 0%

 Bit 0 — TWIE: TWI Fif{EAE

X SREG W | AR TWIE B1uat , RE TWINT R "1, TWI hHEFRB0E.

Bit 7 6 5 4 3 2 1 0
| Tws? TWS6 TWS5 TWS4 TWS3 - TWPS1 | TWPSO | TWSR

®I/IE R R R R R R R/W R/W

HE 1 1 1 1 1 0 0 0

* Bits 7..3 — TWS: TWIIRZ

X 5 VARRER TWI BEBMELZPVRS. TRAMNRSKREFAEEEANIBD EHR, T2
M TWSR it HWEETE 5 WRAES 2 N2 ME. BNRSMEIRITE N RRT DM
IR "0 XERBSEMNIEYT FROMEFIREB. ELBERFANERT , EFMFPERZ
FiEo

e Bit2-Res: ##&

RE | EEEER "0

* Bits 1..0 - TWPS: TWI i 95

WA /B, ATFEHLERmMoMEF.

Table 87. TWI {E R4 4 E 7

TWPS1 TWPSO0 Mo EFE
0 0 1
0 1 4
1 0 16
1 1 64

M E S REN P 186 Lh4SR L ER(E T, TWPS1T.0 EAFARF,

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
HE 1 1 1 1 1 1 1 1

EREER , TWDRBETEXREMNFT ; £EKERX , TWDR @& 7KW EINWHKIE.
HTWIHEERERTBMAMIE (TWINT BN ) XN FEFEHRETEN. EF—XPHEALE
2R AP TR BIESES. RE TWINT &1z, TWDR WHIERRREN., £
ERUr , R LNBERNBATES, TWDR AREETELZ LHINGRE—/1F
T, BIEMCU BN RHEBERNM TWI FofREE, et TWDR HABRREENL., B
KB AME | TN AMN , BELE FHINBIETS2ER, ACK BILERH TWI
BEBEZEE , CPU TAEERHIR ACK,

 Bits 7..0 - TWD: TWI i 5155

AIMEL 189
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TWI( ML) stuk B 788 -
TWAR

A TWI

BRERSHTE , HABRHBEREN T —NFT | HRERIIBE.

Bit 7 6 5 4 3 2 1 0
| Twas TWA5 TWA4 TWA3 TWA2 TWA1 TWA0 | TWGCE | TWAR

®/B R/W R/W R/W RIW R/W R/W R/W R/W

HE 1 1 1 1 1 1 1 0

TWAR 95 7 (L A MLttt . THETFMERE | TWIHRAREX M b a3 TR, EANE
NAEE U, EZEVRET , TWAR EEHTIREUEHMENHFEBES,

TWAR B9 LSB A FiR I #E#ut (0x00). BRFME —MituttbRES. — BEUEIA it
AN —B , B H B RPE
* Bits 7..1 - TWA: TWI M#litb it F1788

HERN ML,
» Bit 0 - TWGCE: {8 TWI &R 3

E{Ujf5 MCU AT BLR B TWI B& T8,

AVREY TWHEZORE @ F T MET RN, AIENESLSH  MERE —NFHRRIET
—/NSTART 5% , #am4E£ -1 TWI i, BT TWI EHORETHMFH , Bit TWI
BOEFVREMERSIRY  FRENARFN TN, TWCR FiFRM TWI HM ¥
TWIELHISREGH RN LRI AT A —ERE T NARFREMWNTWINTFREL™=
EWPEIER, MR TWIE BEE , NAREFRBERARIE TWINT FREALH 7 EREN
TWI B&IR7So

Z TWINT FrEME "17 8, RS TWIBOSEK T HFMWRE  SERABRFNEEN, £
XERT , TWHRAFESE TWSR BE 7T RAYAE TWI BERENE. MARFILL
EE TWCR BVIRARE ¥R RAREER , HBEYIRE TWCR 5 TWDR FE:S
REET—N TWI BB H TWI 0 8 iZ anfa T4E,

Figure 95 44 N AREF 5 TWIE OEEN P F. ZHF , TN RE-MREFTEM,
XERARMER , ATHEEXEESHER , 2ERAENKRBHE.
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Figure 95. BBARTELHMPNARFS TWI KO
1. Application 3. Check TWSR to see if START 5. Check TWSR to see if SLA+W 7. Check TWSR to see if data
S 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
L ‘5 transmission of appropriate control signals into and loads appropriate control signals control signals to send STOP
25 | 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.
\ l !
TWI bus | 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
TWI START condition sent SLA+W sendt, ACK data sent, ACK received
Hardware received
Action

2467L-AVR-05/04

TWIERINE—F R XESTARTES ., BIX TWCREABSEE IBRTWIEH
K% START 58, EANENERHEIEH, EEAERN TWINT NEE , X3E
BEE, A TWINT B "1” BRIERE, TWCR F1FE58 TWINT B H3E TWI
TLBHEMRE, —BE TWINTEE , TWI H START S5 B HiELH.

STARTEB W AER , TWCRFZEM TWINTHREML BN , TWCREH N FH AR
A1 , &RF START E5RI K,

NMARFRKE TWSR ,HE STARTESERIKIE, MR TWSRETRAEE ,
NMARFAURMT—EEERE , LNARBRLERF, NRRSBET—
¥, NARF S SLA+W 2 A TWDR, TWDR AIEEHfE it SEIEFEA,
TWDR & A SLA+W J& ,TWCR M E A% EEE R TWIBH X% SLA+WE S,
EANEBERNESEEBE, EEAEBR TWINTLEEN , XFEFEE, 4 TWINT
B "1 BRIEFRE, TWCR Z17858) TWINT EfHi1E TWI R B sE[ERE,
—H TWINTBE , TWI Bahbat A%,

it BEIER , TWCR FEEM TWINT #rEMEN , TWDR EH A FAVIRASR |
KAt BRI EE, RSRBELKBRMNEE MW,

NARFMNKE TWSR , BEMIBE KN KX, ACK AHIEE, MR TWSR &
TREE , NARFARRT - EEERE , LNARERLCERF. RRS
BEHH—3 , NARFATNBESHEA TWDR, BEE , TWCR #ME A4
EEER TWI EH KX TWDR FHEEZ. BANENEEEHEH, £EEAE
B TWINT N EEf , XFEEEE, TWCR FEEHH TWINT EZHIE TWI R
SBHEMRE. —B TWINTEE , TWI BIBESTHNEH.

BIREXIAR , TWCR FEM TWINTAREMEN , TWSR EF R FAVRSH |
RABBRERDI LR, RERBELRBMNIRETBWMNE,

NMARFMNKEE TWSR \BEMITERINELIE, ACK AHIEE, MR TWSR &
THAET , NARFARIT-LEERE , LNARERLERF., MBERS
BEWMHB—3% , TWCR XMEAREEER TWI BH K% STOP 5. BAW
ENERHEEA, EEAER TWINT NEEN , XIEEEE, 4 TWINT B "1”
BERILARE, TWCR H1E859 M TWINT BN HE TWI F&B3EMigE, — B
TWINTES ,TWIB3I STOPE5HfLE, EE TWINTESTOPRBLEFET 2
IE{S‘ZO

AIMEL
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RERHILRESE  BEEET TWI HEABSBPNAMAERN ., SLE0OT

TWI B —RIRERZSEREEN , TWINTAREE . BEE TWINT BE |, itépsk
SCL F &K,

TWINT #5& & L B ,ﬁHF'aZ\@im'%T—/MM B EHMERNEEH TWIFFEE. F
W, TWDR BEEH/YVMBEAT —NELBAHFELENE,

MFFER TWI F1E8E3EH ﬁ‘ﬁﬁﬁ CEENNARFHELER , TWCR#E
A¥IE, B TWCR A, TWINT R B, X TWINT B "1” ERILIRE. TWI
FHHITH TWCR iﬁiﬂ’ﬂﬁ"é’f’ﬁo

NHSH TLRS CiIESHIR, EERRTEHABYIELHE L.
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in r16, TWCR
sbrs r16, TWNT

while (!(TWCR & (1<<TWNT)))

SCHRARE BT CcHl¥F L
1 [di r16, TWCR = (1<<TWNT) | (1<<TWBTA)| | %4 START &
(1<<TWNT) | (1<<TWSTA) | ( 1<<TVEN)
(1<<TVEN)
out TWCR, r16
2 wai t 1: Z45 TWINT Bz, TWINT EX R

START S5 E A H

rimp waitil

3| 'n ri6 TVER If ((TVER & OXF8) != START)  lh TWIRASHFE , RRTMS L |
andi ri16, OxF8 ERROR() ; MBRASFF R START i HiEA 2
cpi r16, START
brne ERROR
ldi 116, SLA W TVDR = SLA_W 9 SLA_W A TWDR F42 . TWINT
out TWDR, r16 TWCR = (1<<TWNT) | BT, Bl RiEtut
Idi r16, (1<<TWNT) | (1<<TVEN);
(1<<TVEEN)
out TWCR, r16

4 veit while (!(TWCR & (1<<TWNT))) |24 TWINT Bfz , TWINT BzRTAE
in ri6, TWCR ; Lt SLA+W BXRH , RKBEINEES
sbrs r16, TWNT ACK/NACK
rjnmp wait?2

5/ In 16 TR i ((TVER & OxF8) != Rl TWI R FE | RERSML

andi r16, OxF8 MI_SLA_ACK) MERBSFRE MT_SLA_ACK % H 44t
cpi  ri16, MI_SLA ACK ERROR() ; B
brne ERROR
ldi  ri16, DATA TVDR = DATA; EARIEE TWDR H28 , TWINT &
out TWDR, r16 TWCR = (1<<TWNT) | T, BHREKE
Idi  r16, (1<<TWNT) | (1<<TVEN);
(1<<TVEEN)
out TWCR, r16

6 wai t 3: while (I(TWCR & (1<<TWNT))) | Z4& TWINT @z, TWINT B RRE
in ri16, TWCR : Y¥IE DATAE R , RKFINEES
sbrs r16, TWNT ACK/NACK
rjimp wait3

7 in ril6, TWER if ((TWBR & OxF8) != R TWIRASFEE , BRI MES

out TWCR, rl6

andi r16, OxF8 MI'_DATA_ACK) MBERSFRE MT_DATA_ACK %% 48
cpi  r16, MI_DATA ACK ERROR() ; a2
brne ERROR
Idi ri6, TWCR = (1<<TW NT) | (1<<TVEN) |
(1<<TWNT) | (1<<TVEN) | (1<<TVETO) : -
1} S \;é % =]
(1<<TWETO) X% STOP 5 &

Note: /O BEB/AT R /O F1Feeat , XA #EM “LDS” . “STS”, “SBRS”, “SBRC”, “SBR” 5 “CBR’ ZA[iFR¥ & /0 Fizesis
SRE “IN", “OUT”, “SBIS”, “SBIC”, “CBI' 5 “SBI" %,

ATMEL 163
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HiEAREN

ENREER

TWI AIATHETF 4 NFREMER : T EEES (MT), EHIBKES (MR), MALKEIEES (ST)
RMHLEKES (SR), B—RARFALERALPER, Fl0, TWI A MTERE TWI
EEPROM BA##E , A MR #EXM EEPROM i BUiE, MR RZEHDEHEIHEE &
AT BELR TWI ZEBIE |, WA LLE SRER, NARFREXAMPER,

TEXSHEXRTEFREA, SHEXARSBEFARARERENE P HITHER.
XEEEBSTUTHEE

S : START IR%&

Rs : REPEATED START R%&
R:E—4 (SDANSETF)
W : E—/ b4 (SDA RIEEBEF )
A : RI%1y (SDA RIKETF )

A RS (SDANBEF )
Data : 8 V517

P : STOP IR#&

SLA : M#lithat

£ Figure 97 % Figure 103 # , BB AR TWINT fREELEL. BEBPHEBFRA%
R TWSR HEE , HP DM ERNN 0, EXit s NARFLATNITEEN THE
DASREE | SERR TWI /&8, TWIRHIHER , — B TWINT fREBREES.

TWINT $rE&EEMGE , TWSR FIRZSH AR R EE L4 RIE, Table 88 F Table 91 44
HTE—MASBMENRGIENEEBTEANAT, IEEXERDTASHANVE
®A 0,

EENEEER , ENATABMILEIELRIE , &0 Figure 96 FiR. At AEHER | B4
K% START 55, REENMUTHRINRERA MT R MR #X, WRKIE SLA+W i#
AMT R ; MEKE SLA+R WA MR #3X, AWFRINRSFHRIEET S ML
707

Figure 96. EHAFEX THHE LM

cc

Device 1 Device 2 ) .
MASTER SLAVE Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER

SDA !

scL y

BEE TWCR HEESHRHREATIRELL START 55 :

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 AEXAVIRSH

TWENA MBI LAFREF LD  TWSTASMAE"1”R KX HSTART 55 H TWINTAAE
"1” K3 TWINTHREET. TWIEBBEFHERMNETEL , —BEEZERMAE START, #
BEPHERE TWINT EfZ , TWSR BPIRZRTE A $08 (I Table 88), AHA MT X |, &
K IE SLA+W, X AEE X TWDR B A SLA+W R3EH, SERUIREFHM4ES TWINT

P&, TWIRRHSE#HTT, XBIE TWCR HEEHFHREATREREK :
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 0 X 1 0 X

L SLA+W RKATTEHBZWEIBIAMES , VM TWINTIREBRENM, AT ENH TWSR
RASBARER $18, $20 = $38, XM B IRADH EH IR 5 F Table 88,
SLA+W ZE IR AT AT I8 RIE BB, XBE X TWDR EAIERT, TWDR REHE
TWINT ISR ARITEA, &N , HEEZ , 788 TWCR WERIEN TWWC &,
TWDREH /G , TWINTIREERHEKLE/£ %, XBEE TWCREFESEHFEATRETK:
TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE
& 1 X 0 0 X 1 0 X

XERE—BEEETE, EGRENFH RETHRIESR™% STOP 5 REPEATED
START 5% . STOP 5B # TWCR HEATRERXN :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

=] 1 X 0 1 X 1 0 X
REPEATED START 5 &7 TWCR A EA TR EX :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE

=] 1 X 1 0 X 1 0 X

£ REPEATED START ( R $10) & , & EOATUBERFRMEBHMN , RFEKRIZE
STOP S5 3KiFRIFHHIMHL. REPEATED START 8 H I ERE KRB LBEINEHGE
THEMI., ENRESFRENZRBEX @ H TR,

B3R 489 1 B
KA 3t TWCR #yigde
(TWSR) Fi% | 24 BT REM2&BTES TWIN | TWE
WLR "0 | IR i# /5 TWDR STA | STO T A | 2KBITEHT—SHEBBE
$08 START B &3 fnEk SLA+W 0 0 1 X | &% SLA+W
W B ACK 5 NOT ACK
$10 B4 START E&3#% 0% SLA+W 0 0 1 X | @EA*E SLA+W
B 0 0 1 x | 39 E ACK 5 NOT ACK
& SLA+R &% SLA+R
YR B ENFWER
$18 SLA+W B K% ; hngsaE (FW) | © 0 1 X | mAEHRIE | 82Uk ACK 3 NOT ACK
£IRE ACK = 1 0 1 X FERIXEE START
F#EETWDORE |© 1 1 X | Jg%&% STOP, TWSTO H&E1y
FEETWDORE | ¢ 1 1 x | K STOP , REXHE START , TWSTO ¥&
2
T4 TWDR

2467L-AVR-05/04
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Table 88. EH ZIEEXARAS
$20 SLA+W B &% g IR (FW) |0 0 1 X R EHIE , #ik ACK 3 NOT ACK
EWE NOT ACK e 1 0 1 X | WRZEEE START
FgETWDR R | O 1 1 X | g% STOP , TWSTO S&1u
TERETWDRH | 1 1 1 X gﬂiﬁ STOP , RIG %% START, TWSTO &
T#4E TWDR
$28 BB K mEBE (FF) |0 0 1 X | REEHEE | K ACK 3 NOT ACK
EIWE ACK ) 1 1 X | WEZEES START
F#E#ETWDRR | O 1 1 X | @K¥ STOP, TWSTO &
FigE TWDR & | 4 1 1 x | FFE¥ STOP , REX* START , TWSTO &
2
Fi24E TWDR
$30 BB KH MEHE (FF) |0 0 1 X | WEEHIE | K ACK 5 NOT ACK
$ZUKE NOT ACK % 1 1 X | WEBREES START
T##ETWDR = | O 1 1 X | &% STOP , TWSTO &1
F#R4ETWDRH | 4 1 1 X gtﬁ STOP , R/E& 3% START , TWSTO &
Fi#24E TWDR
$38 SLA+W SEIBEHRAN | FEETWOR S | O 0 1 X | 2 B BTRGSHEBER , B ARIHMIER
] 0 ] X | BEREREFERR START
T4 TWDR
196 ATmega128 |
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MT

Figure 97. EHRKFEEXWEXFRES

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
AorA | continues continues

$38 $38

Other master
continues

>

To corresponding
states in slave mode

MR

From master to slave

E From slave to master

AIMEL

- 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

L - 15013652265 00:38537442
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ENEPER

EENBERES | EVTUAMMNYLIERESE , 10 Figure 98 FT /R, AHAENER | SA
Kix START 5., EESNH KN REFA MT H MR ER, MRELZE SLA+W 3
AMT#ER ; RELE SLA+R N#H A MR X, ATRINRSZRIGET 25
R "0%

Figure 98. HZWEX T HIEER

cc
Device 1 Device 2 ) .

MASTER SLAVE Device3 | ... Device n R1 R2
RECEIVER TRANSMITTER

Y

SDA

SCL

BEE TWCR EESRFEATHHELH STARTE5 :

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 1 0 X 1 0 X

TWEN B AFRER LD , TWSTASME"1"K A HSTART 55 B TWINT 4 E
"1" K3 TWINTHREEE. TWHEBEBFHRRNBITEL , —BRLZRM KX START, #
BEHPHERE TWINT EfZ , TWSR BPIRZAREE A $08 (L Table 88), F# A MRER , &
MEIE SLA+R, X AEI X TWDR BEA SLA+R R3EH, ERUEBEFHMEFS TWINT
&, TWIEBRHSEH T, XBEE TWCR HFEHRPEATRETA !

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 1 X 0 0 X 1 0 X

Y SLA+R KETEHERWEEIAES , EVH TWINT SREBRE M. Lt ENA TWSR
RASTEAEER $38. $40 = $48., WRIRAWLH EFIWRBISIT Table 97, TWDR REE
TWINT e F e R EINEE, SIRBA—BESTE  BEIRENFTRERLER, &
WSERE , MR MBS EZEVERENFTELAE NACK 55, KX~ 4% STOP =
REPEATED START £ 54 #®{:i%, STOP S5 &d % TWCR FEA TRESEH :

TWCR TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE
& 1 X 0 1 X 1 0 X
REPEATED START 54 R fki%., STOP E5EIE TWCR #EATRESRIN :
TWCR TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN - TWIE
= 1 X 1 0 X 1 0 X

£ REPEATED START ( R%& $10) & , & EOATUERFRAMERBHMN , RFEKZE
STOP 55 KiFRIFHHIMHL. REPEATED START B H AT ERE KRB LBENEHGE
TEMI., ENRESRENZRBEX B H TR,

198 ATmega128 me————————————————
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Figure 99. FHEKRKXMBXTRES

MR

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

From slave to master

I:I From master to slave

DATA | A

AIMEL

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

L - 15013652265 00:38537442
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Table 89. EHIEFWEXAVIRSH

I PR R 4 19 e
WA 3 TWCR Wi 4E
(TWSR) % | 2k BITREM 2 & BITEMY TWIN | TWE
W "0 | RS /B TWDR STA | STO T A | 2%BITEHT—SRXENE
$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 1 X | EK# SLA+R
0 0 1 X R E ACK 5 NOT ACK
gk SLA+W JF&IE SLA+W
BRI ENLEES
$38 SLA+R = NOT ACK K& | Fig#E TWDR = | O 0 1 X | 2 BT REFHBHN , HH#ARIUMIER
R : 0 : x | BEZREGEE START
Fi#24E TWDR
$40 SLA+R B3 F#g#ETWDRH |0 0 1 0 | f=sdE , IRE NOT ACK
B ACK o o ; .
T84 TWDR BEWHE , RE ACK
$48 SLA+R B3 Fi#24E TWDR = (1) ‘1) ] § FRIXEEE START
HILE NOT ACK Fi2E TWDR & 9 %&3% STOP , TWSTO &1z
1 1 1 X
Fi24E TWDR BRFE STOP , RIEKE START , TWSTO HE
2
$50 BB EHER 0 0 1 0 EWEEE | 3EE NOT ACK
ACK B3R [E 0 0 ] 1
EHE BRHIE , RE ACK
$58 BN EHRE BHIESR (1) ‘1) 1 § MEXEE START
NOT ACK Ei&[El EHIER M £&5% STOP , TWSTO &1
1 1 1 X
BHE ﬁﬂzﬁ STOP , R/E&3% START , TWSTO F&
[\
MHLERES EMTERES | AV B EIZREIE | 0 Figure 100 FiR. ATAFRFINRSEIR
wEM B MR "0,
Figure 100. M#lERER 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 TWAO TWGCE

=l BRIE AN 5 MALit 1t

AIMEL 201
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B 7 2N uaT AALIERIES TWI Ok, 2 LSB & , W TWI 2000 5 1% #th ik
$00, & NIZRES FEit

TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE
=] 0 1 0 0 0 1 0 X

TWENARBMLAERETWIHEOD, TWEALEBNMUASEEN I UHE B S (M Hlibit =k #%)
FHRE#IAS B ACK, TWSTA fl TWSTO %FEE,

%1t TWAR 1 TWCR 2Jg , TWI ZEOBFHBES , BRI B2 WMLt ( &
it , R TWAR 89 TWGCE ERYiE ) HIMEEN F kst e | FEBIEBF @R O (
B). RS TWINT #rEEN , TWSR B E 7T HBMRASE, X ZIRAEH IE 50055
F Table 90, % TWI # O FEHERX (IR $68 = $78) H K EMH KMAT CPU it
AMPLERER,

WMREEHEIEFR TWEA £, TWI EOEEKRE T —METE RO SDARE “ T
Z” ., TWEA S48 TWI EO0FXBEN BN  BERESSEMEMEL, — B
TWEA B 7 ] LUK & stk iR BUFNNG BL, bR 21 ATSARA TWEAZ R TWIEZOMNE
% HhRRE HR,

ERZAEXNANECKIRERS , TWI ZOHRSHEXA, BS68E T AIZKES |
BEONR RS ERT S argem N S B bt / MALibHE, st PEE ¥R ER CPU, EH¥REEHRIR) |
TWIHEZDFRESCLAKER ,EETWCINTHREESE, YAVREHIREEEIZEITRETWI
AR EZHNHE, SAURE AVRIRE A KB E | B84k SCL AJREA KA HREE
& , BEHECHENEE,

M MCU MXERIREN R ESR  MEEIEREITFTENR , HIEFEEE TWDR HEKE
HARBMESL FHINEE—1NET,

ATmega128 m———————————
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Table 90. MLEEWAE X AR

1R BR A4 B9 B S

2467L-AVR-05/04

L - 15013652265 00:38537442

RAT 3 TWCR Hyig e
(TWSR) Hii% | 24 BT &M 2L RITEAH TWIN | TWE
LR 0" | R ¥ /E TWDR STA | STO T A 2% BITEHT — 5 MEEMZhE
$60 HOH SLA+W BE25ER | FBETWDR R | X 0 1 0 | #=uksdE | IRE NOT ACK
ACK B3RE X 0 ] 1
24 TWDR BEWHE |, IRE ACK
$68 SLA+R/W {ER EHMHE % | FRETWDREH | X 0 1 0 | f=ukdE | 3BE NOT ACK
M ; BT H SLA+W B2 83E X 0 1 1
14 1= s
ACK BiEH T4 TWDR EWRHPE | IRE ACK
$70 BBt FigfE TWDR 5 | X 0 1 0 | #=kiE , JRE NOT ACK
ACK B3RE X 0 ] ]
T#g4E TWDR BEWREHE | IRE ACK
$78 SLA+R/W #ER EHMHE % | FRETWDRH | X 0 1 0 | #musiE | IRE NOT ACK
B EREI X 0 . .
ACK EIRE 48 TWDR ERERIE | BB ACK
$80 LB ETH SLA+W B34t | FBETWDR R | X 0 1 0 | #EskdZ | JRE NOT ACK
. BEERHER X 0 ; :
ACK EIRE Ri#fE TWDR ERME | EE ACK
$88 LA B T8 SLA+W B3t | RBER 0 0 1 0 | MBI ARFUMIER ; FHIRBIECH SLA
| BEE 2R 0 0 . , | ®GCA
NOT ACK E&R[E BHER TIRBIF I MHAER ; BB IR E2H SLA
S ¥ GC="1", GCA thaLiRgl
1 0 1 0
BHIER THREIRFUMNER ; TEIREIBZH SLA
’ 0 ] ;| RGCA ; BEZR KR START
S TBRFUMNESR ; BEBIRBBSH SLA
k JEGC="1", GCAtBALURS ; Bz et
&% START
ATMEL 203




Table 90. M#HlEWERAIRARD

$90 BB A RS ; B | B RER X 0 1 0 | #=skdE , JRE NOT ACK
BEHEN X 0 . .
ACKERE R BT | 3BE ACK
$98 AR AS A R T4 ; R | E=BER 0 0 1 0 PIRFRFSUHMNER ; FHIRFIESH SLA
EEBEK 0 0 . . | :GCA
NOT ACK Ei&E BHBERr TR RFUHMNESR ; BN BSH SLA
CEGC=“1", GCA i LLUAE
1 0 1 0
BEHER TMRBRFUMYES ; THIRFIBSH SLA
) 0 ] ;| RGCA ; BEZWE 3% START
S TIRERSUMIER ; GEBIRFI B S H SLA
L D ¥ GC="1", GCA thabURg ; Bz mat
%3% START
$A0 ELUMHL TERTZWEI STOP | BUES 0 0 1 0 PIIRFASUHMIER ; THIRFIESH SLA
HE & START 0 0 ] AEE el
BHBERr TR RFUHMNESR ; %I BSH SLA
CEGC=“1", GCA i LLAE
1 0 1 0
BEHER MBI RFUMES ; THIRFIBSH SLA
] 0 ] ;| RGCA ; BRI %3% START
S TIRBRSUMIER ; 8EBIRFIHSH SLA
= C ¥ GC="1", GCA thabURS ; Bz met
%3% START

204 ATmega128 ]
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Figure 101. MHLEZEBHE K AVR X FIRTS

Reception of the

and their associated acknowledge bits

own slave address S SLA Y A DATA | A | DATA A | PorS |
and one or more —
data bytes. All are
acknowledged

$60 $80
Last data byte received
is not acknowledged A PorS
Arbitration lost as master
and addressed as slave A

$68
Reception of the general call -
address and one or more data General Call A DATA A DATA A Pors
bytes I

$90 $90 $A0
Last data byte received is
not acknowledged A PorS
$98

Arbitration lost as master and
addressed as slave by general call A

$78

- Any number of data bytes
From master to slave DATA A

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

EMILREEN , MU @ EARIEEIE , 20 Figure 102 FiR. ATFTREIBRESF
BRREM D AL "0

Figure 102. MYl ZZEERX T EIEEH

Vee
Device 1 Device 2 . .
SLAVE MASTER Device3 | ... Device n R1 R2
TRANSMITTER RECEIVER
A A
SDA y
scL y

NEIMNEZEERX , TWAR 5ETWCRBEBNT :

ATMEL
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Table 91. MHL&ZIEE AR

TWAR TWA6 | TWAS5 ‘ TWA4 ‘ TWA3 | TWA2 | TWA1 ‘ TWAO TWGCE
& B AS B M A1 2iE

Bl 7 2N aat MALIBRIES TWI Ok, 2 LSB & , W TWI 30O R % #h ik
$00, ENZRE Mt

TWCR TWINT TWEA TWSTA TWSTO TWwC TWEN - TWIE
& 0 1 0 0 0 1 0 X

TWENARMBMNMAFERETWIED, TWEA L EENUAEENFUHEI B S (MBS 1)
FHRE#IAS B ACK, TWSTA fl TWSTO %FEE,

AR TWAR M TWCR 2/ , TWI #OEFHESF , EF AN ( 7 %t
it , g5k TWAR B TWGCE B iE ) HIIEEN T Uk but Xk | FEBEF @R "1
(B ). RETWI FHIFREEN , TWSR B E T HMAVIRE . X B AR HY IE #0E 57 5
T Table 91, = TWI O FEHERX (CIRE $B0) HREMERKWET CPU FFHE AMAL
KEER.

MRERFIRF TWEA £ , TWIH EAREZTRIEZG# AR $C0 = $C8, &AW
THRBIRFUMIER |, ZRAEMEEELEH. NMEVBRINBESH 17, OR
ENEEZMMBIENL (BEKIE ACK) , BIEMHEREIERLR , it LIRFS $C8,

TWEASNER TWIEORBRNN BN BERASEUMEL, — B TWEAEBX
A LA S AR B IR, BRI |, ATAFIA TWEA Zebd TWI EOMNEL SR IEE
3k,

ERERAEIANECSHRIEERS , TWI ZONSERA, &6 T MIIZRES |
BONFIA B a e ke im Sy 3Bt ak / ALtk ot PR ER CPU, EHRERHAE |
TWIHEOFRIESCLAKETF , EETWCINTIREES, HAVREHHIRE EEiE1T/E L
REFEZHEE. ERAUE AVRIRERNKBHETE |, B494k SCL ek atEMREFE |
FHEHTCHEMNZIE,

Y MCU MiXE{RIEE RN REER , MERETHEERNTENE , HIEFEEE TWDR WEE
HARMEL FHINRE—1NET,

L R R B T R
R %t TWCR H#1E
(TWSR) % | 24k BT RE M 24k RITEMHH TWIN | TWE
WfIR "0 | A& /5 TWDR STA | STO T A | 2%BITEHT—SREWMHNE
206 ATmega128 |
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Table 91. MHL&ZIEE AR

$A8 BT K SLA+R B2 K mH—-FHHm | X 0 KR —FIHIBRIE | UK NOT ACK
ACK B3BE B X 0
;{Eﬂﬁi——?*ﬁﬂ’m REBIE , B ACK
$B0 SLA+R/W fER EHMIHE KL | MR —F TR X 0 KE—FHHHE , EWNOT ACK
W ; BOH SLATR EEHIE | B X 0
8 mE—FHEHR -
ACK B3EEl p KEHRE , # ACK
$B8 TWDR BHIEE R K% mH—FHHm | X 0 RE—FFHHKSE | I NOT ACK
#WE ACK Eo X 0
;{Eﬂﬁi——?*ﬁﬂ’m KRBT | IR ACK
$co TWDR BHIEEZ %% FRETWDRH | O 0 PHRIRSUMNER ; THIRFIESH SLA
#IZ) NOT ACK 0 0 5 GCA
T4 TWDR & PIRERSUMNER ; EBIRFIESH SLA
. 0 S # GC="1", GCA LA LRl
T8 TWDR 5 N|EFIUHMNER ; FEIRZESZH SLA
1 0 B GCA ; B =W A% START
o TREARFHMNAES ; sEBIRFIESH SLA
TR TWDR £ GC="1", GCA AT LURE ; B4 72 Rt
%3% START
$c8 TWDR ) —FHHIBEL L% | FRETWDRH |0 0 PMBARFHMNER ; FTHEIRFIEZH SLA
(TWAE = “0%); 0 0 5 GCA
EIE ACK T4R4E TWDR I|IFIUMNER ; 8EBIRZE M SLA
; o S # GC="1", GCA LA LLiRgl
T4 TWDR 5 TRBARFUMNER ; FEIRFIBSH SLA
1 0 5 GCA ; B ZeRet &% START
o TREARFHMNAES ; sEBIRFI B2 H SLA
TR TWDR £ GC="1", GCA AT LURE ; B4 72 Rt
%3% START

2467L-AVR-05/04
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Table 92. HEIRAH

‘dlnEk)--ﬂiii‘ﬂﬂﬁﬂﬂiﬁhﬁh—-

Figure 103. MHLRKEEX B XFRS

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
NS 3 A [—R\
BERANMRSEREMERKN TWHRAESEX , I Table 92,

RS $F8 RIPLHFNEBEMEREE , BRAHMFRE TWINT H 0", XHRSAEELALELER
oW TWI EDRES S RTERMNIHR,

R $00 RRERTHEMIBPRET BLEBIR, & START = STOP HIFEEIRNLE
RELZEIRMAERE. LIMEEBUEABIE, it f ACK ZEHI T START = STOP,
BEERTSH TWINT B, A TMERPMELK , XABMIRE TWSTO , HBEN
B "1” LUEE TWINT, XS TWI ZO#E ARSI HEMIER, 5E& TWSTO #EE
(TWCR WY EH M A2 E0E ) , LUK SDA Hl SCL #BMH , EET L~ 4% STOP,

I PR R 4419 )
WA 3 TWCR Hyi24E
(TWSR) % | 2 RATREM 2 % BITEH TWIN | TWE
LR 70" FPRZS ¥/ E TWDR STA | STO T A 2R BITEHAT—F NXIMzHE

OxF8 SRERXHRSER ; Fig4E TWDR THAE TWCR ZEHHT S FIE R
TWINT = “0”

0x00 BT IEEH START 5 Fig# TWDR 0 1 1 X | AgmRAEES ; FAKE STOP FMLE, &
STOP 5|2/ B &R SKNBHIHES TWSTO

TN TWI EXAEB -8

208

ERLEERT  AERBENIE  LICFLHTWIERNA SR, Hla1MEITEEPROM
EEHE, ARNXMERSEUTSR

1. RSB

2. NJ4%iF EEPROM BB

3. MIMTERRILERE

4. (BRI R
AEBRETMNENEAZIM , Rzt BAENAMEFIEMIIZIERFHALE , Bib
FEFR MT B ; AEHELTEAMIEE  FEFH MR #xX , BE&EHBRSANR
T, EERSRF | FHSARBRELNRE  BUELESBNZBTHT. MBEES
INREPERX—HN  HNEE-S5F=52RAEE TN KT EEPROM R HIEE

ATmega128 m———————————

2467L-AVR-05/04
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ZENREMHER

2467L-AVR-05/04

i M ENREEBIELE R HE IR %LHH&EEELE&E%M%%%EH&?&EZ
IEHZVZE REPEATED START 1.:.'55'%;‘-%3@ £ X% REPEATED START E5/5 , E#4k

ZRV[ELNEEN, TRABEENRER,
Figure 104. JL# TWI X EX & 158 4T 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, EMNPRN-IHS M EFLRENTE - N EEEE,
TWI R EXHERT B - NMESRE  AREPN N ENRITEEMFEE
KRR, BEMRNGITMTAE %5 ERNENLERMERERE 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 :
FNREZSWENENS— MR TES. EXMERT , TIEEVNHMINER
HEEREN=ES,
FAAREZSHWENRBNNE—MMINBHITAENBEER AN GE, EXERLT ,
27 READ/WRITE (uSiHiERI A £ R, FHIXEESDALZ LLAE—IPSEF
B, MRHMAENEZREE "07, WZENELELPRDP RN, KM EVTFERAK
EH&—riltE’JMWfﬁ-t 32%1%%% ERERE NI START 55 , XHNARF
/;{/Eo
FAANREZWENHRAFABHIMN. EXFBERT , BLMPEE SLA K&E. WA
B SDA Lk Lt — N SHRFN , MARECENELHEL "0", MZENRELL
HEFERM, £ SLA BLHBAMNENFNHRIIMNNES  HREBCREHR
BREZEANNENT U, MBHET U, SF#FA SRH STEHEN |, XEURTF SLA
# READ/WRITE (ufy{E., R bﬂ&—ri& , FRRIIARBEIUHHIMIERRESE
KZEW , RE—NEHH START E5 |, XHNARFERE.

Figure 106 iR 7 S&MENERE , BHPNHRFER TWI BRSE.

AIMEL 200
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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

N4

ATmega128 m———————————
TEL:15013652265 QQ:38537442
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Bl RS BB BERT TE AR AINO BB S 5048 AINT B9 /TH B, 34 AINO k98 H 5138 AINT
FHEEEEN | EE R ENEE ACO BNE, iR A RA S 2N / it
I 1 EARRIA, A KREATMEECETAN. MM, B aLUER
bR P, FROMER R B ARM % FH, Figure 107 NHERERE
BB IR R IR AE

Figure 107. E#lLLREFER

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. JL P 212Table 94 ,
2. BE\LLREBBNER 2N P 2Figure 1 & P 69Table 30 .

Y% IhEE 10 183 - SFIOR

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 R/W
HE 0 0 0 0 0 0 0 0

+ Bit3 - ACME: il L BB 2 ik & F A (AL

Y NiB% "1” , B ADC & FXAIRA (ADCSRA H 12858 ADEN 7 "0”) B} , ADC %
BEASNELDLRRDERANBM A, SHtn "0” &, AINT EZB RSN fAREm A
i, FEAERNESL P211“ BRILRBZSITHA .

BRULRBREF MRS TR -
ACSR Bit 7 6 5 4 3 2 1 0
| Acb | AcBG | Aco ACl ACIE AciC | Acis1 | Aciso | AcsR
®/5 R/W RIW R RIW R/W R/W RIW RIW
e 0 0 N/A 0 0 0 0 0

« Bit7 - ACD: E{\LREREH

ACD BAIAT , #EHl LR EEM BB RAE I M. AT AR AHRIZ B A K EE R RS, X
AUV THEEA R ERER TR I, R ACD Ut , HFES ACSR F1FE81
ACIE f3RE BRI RS M, BN ACD AR Al BEL 7= 4 i,

* Bit 6 — ACBG: F LI L BB E IR

AIMEL 211
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BElEBRHRSITRMA

ACBG Efu/5 , BHlLLEREM EMm A HeeEEARAER. SN , AINO EREFELLE
REEWERBMA. RPS0“KANEHBE",

« Bit5- ACO: Bl k&M H

ELRBNHHEY RS FEEEES ACO, RSHEISIAT 1-2 Matsh B EMN TR,

» Bit4 - ACI: HELLL BB R MIPRE

MR EmHE4a A& THACIST & ACISO EMX M HirEXet ,ACI B, 18 ACIE
M SREG FEHBNEBFMIRE | BN  BLAEMULREFMBESEFESURIT B
B ACI HEEHEE, ACIBAIUBEE "1” RKESE,

» Bit3 - ACIE: il L R EF P M fEBE

% ACIE (VKB "1” BRAFTERDIN R HIIRE | b BN , BRSSP EHE
Ee BN REMEL,

« Bit2 - ACIC: ##l b2 A IR HRE

ACIC BUG A B EH LIRSS AL R T/C1 W5 AR INEE, LAY LR SR i i A B 3
EED M ARRNIRZE , ANMESLEERB[TURA T/C1 @ AHIR D HHZBAR S
HIBS R A &R IERINAE, ACIC 1 "0” BHEHILLERES R A IR ShAE 2 R B R ER R,

RNTELLRIBFAILALR T/C1 R AR , EESPITRERBFESS TIMSK B9 TICIE1
PIMEN -

» Bits 1, 0 — ACIS1, ACISO: £l LR B PR X ik
XA AEMEELLREETMINEHS, Table 93 A 7T FAEMIRE.

Table 93. ACIS1/ACISO ®E

ACIS1 ACISO Gt BN
0 0 teB R AL BN AT b & FP
0 1 RE
1 0 EEBRER A B T BROR = A P T
1 1 e e A E AR = T

FEHREL ACIS1/ACISO B , HAUEFE ACSR Firaahyh e R LR LL R 2R
o BNA T RETE R IX P LA = A R,

AT LAESE ADC7..0 2HEE — PN RABED ERBHANRM AR, ADC ERSBITAX
SERIXNINEE. WA, ATHEAX NS E4MKE ADC, MMRELLLREZEHEEE
BE{ (SFIOR #1#9 ACME) #&E{vy , B ADC th 22 % # (ADCSRA F1F85# ADEN H 0) ,
NI LAEE ADMUX ZFEERH MUX2.0 RisBEREMLLREBARBANER |, #0
Table 94, 05 ACME ;EE Dk ADEN &7 , M LR BFHY il s A 79 AINT,

Table 94. R LLRZRERH 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
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Table 94. #EHILLKB[RERWA

[-15013652265 00:38537442

ACME ADEN MUX2..0 #Hl RS AREA
1 0 101 ADC5
1 0 110 ADC6
1 0 111 ADC7
AIMEL 213



BRI R
B

s 10 BE

e 0.5LSB WIELME

« +2LSB MHFIEE

* 13 -260 ps HEHETE

. BEOHERINFEHEESIE 15 kKSPS
- 8 E AN IR ARE

c THRESMAEE

o 2 IRTAIEINZEE A 10x 5 200x BES W ABE
- WEMZEFIFF ADC K

* 0-Vcc B ADC A B ESBE

« T%M 2.56V ADC BEHBE

o EZEFHRDNERFRER

» ADC #%iR& R

- ETERERNRFHER

ATmega128 5 — M0 HZEXEIEE ADC, ADC5—/8BEMEIN LI E AERIERE ,
BEXIRBIRO A B 8 BB IR A B EH TR, BinsEEMALL OV (GND) HEH,

BHEZHE 16 BESBHERMALS, MRESWA (ADC1, ADCO 5 ADC3, ADC2)
BAREEER , £ AID HIREIAED WM ABERME 0dB (1x). 20 dB (10x) = 46 dB
(200x) IR R, tRESELMABERZ—MNEA R (ADC1) , M EAE{T ADC 5
AT R E AR, RMEH 1x 3 10x Wik |, /853 8 uo PR, MRMFEH 200x i |
AISE 7 Lo PR,

ADC B — N EHRIFHEE  LUBREFRIEPHAZI ADC WEEREFIEE, ADCH
R Figure 108 Fi 'Ro

ADC B AVCC Z|#i# iR #8858, AVCC 5 Voo ZBMRETEERE £ 0.3V, ESE P
219“ADC BB FEHIHI2E " 5k 7 fif tfAlE X AN 51 B,

FREAMER 2.56V PEEHEE , AR AVCC , B TEH42A, EEBETTLUBNE AREF
SIM EM—NERHEITHE , UEFII RS,
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Figure 108. R IR HEE

_g 8-BIT DATA BUS

ADC CONVERSION
COMPLETE IRQ

A -
< M A ”
2| 15 0
ADC MULTIPLEXER ADC CTRL. & STATUS ADC DATA REGISTER
SELECT (ADMUX) REGISTER (ADCSRA) (ADCH/ADCL)
w ] w [%) [ ral
o yl 2 S| 3| 5| 5| = ol g ¢ 2 é é é s
g
Y Y. Y <
Y
Yy yyvy PRESCALER
| MUX DECODER
z
o z
2 8
i 5 v Y v 4
a g
i 4
v z z CONVERSION LOGIC
Z x
AVCCI:'— z 3
Y I
= ©
INTERNAL 2.56V
REFERENCE v SAMPLE & HOLD
\ COMPARATOR
AREF ® > 10-BIT DAC )
/ N
BANDGAP
REFERENCE
ADC7|:|7
~ SINGLE ENDED / DIFFERENTIAL SELECTION
ADCGI:'7
POS. ADC MULTIPLEXER
ADC5 INPUT » ouTPUT
MUX
ADC4D7 ~Y
ADC3|:|7 GAIN

ADC2
ADC1

ADCO D .

L

NEG.

Y

&AMPLIFIER

INPUT
MUX
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R

B3 — IR

o AR

ADC BEZREEN S ENMANENBERERE — 10 VHHFE, RDMERE
GND , &R AERKRAREF S| L BEEBR %1 LSB, B3 EADMUX &858 REFSn {1
AI LR AVCC SAED 2.56V S EZ B EEEE AREF 5|, £ AREF EAA N &= v LARS
FASEEEHRITHEBLUR SRS I AL,

Bl ABESEZ BT EEE ADMUX FiF:RK MUX fIRiE#. £ ADC #A
5| , 8 GND REERERSERE , #ATLEN ADC K& imH A, ADC % A 5B Ak
=S BB R AR ERTRE A

MBEEREDEE , BLERFEMAGSHNESRR FBIBEZDHALK. REHRK
BN ADC Bl A, MRERLIRBE , oI FHHAER,

BEI1&E ADCSRA ZE1Z25H ADEN Bl 0] /531 ADC., RE Y ADEN BURSEHE R
ABEIRBFTER, ADEN FEZR ADC HFFEE , BB IEH ATAEERER 251x
] ADC.,

ADCHIZE RN 100 , FHTADCEIEFFEEADCHRADCLA, RIAMBER THIBLLER R
AX3F , B AET % E ADMUX 178869 ADLAR 25 X155,

MBERFR|ERENT ERERESMNNEREE HLAREEIADCHREE T,
BENESLE ADCL , Bit ADCH , MRIEBFEFTEH[PINRNERRE —XEHRNER, — 8
4 ADCL , ADC N IEFFHRNITURMMBELT, b2 , EEADCL 25 , BIfE
£ ADCH 2B X E—X ADC BB &R , BRSFESNHRBLTLEN , NTRIET &
BRERTE%, ADCH #igH 5 , ADC Bl EXifE ADCH & ADCL H1758.

ADC % #0 45 5R ] LA i & B T, ENME A F i & £ E IR ENADCHESADCL Z B iERADC T
EIRRBESFES  ARLEXRTHREEIE | PO ARA.

@ ADC B3I ADSC 1B "1” I A Bz B IR R, EHRRIBHHURENS B
FRERER  RAEHEMHEE. NREKRIEFERT S —1MEE , L ADC 2K
ZBE R STTRIX —IREER,

EESERT , FEMWHTREHNT ADC BEFHFRATEN. EEKRELHE
ADCSRAZ 172 IADFRII B 11§ 5, 5 — X FEMBI GMADCSRAF FERHIADSCE 1K
. HULERXT , [FLEH ADC BT KH T ADC HMfitRE& ADIF BB B L,

Figure 109. ADC % 385

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 B9 5 AR # SR BHRABE.
MRFIRNERBERT 10 toiF , BAMARMRALS T 200 kHz , BUABIESH
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KR, HF 8B SFIOR HFHEM ADHSM L AT EESNIIETEIESH ADC
N gD

ADC EHHRBIFE—NMDIEE , CALBEMEE 100 kHz #9 CPU ¥ RF=E£ 2 W
ADC B4, T2 52883 ADCSRA B 1725/ ADPS #1Ti&E. &L ADCSRA F1F28H
ADEN JF{F8E ADC , M0 MesFAitE. RE ADEN /1, Mo MEImis it , B3
ADEN B &,

ADCSRA #1783 ADSC Efujg , 2w E T —/ N ADC R4 EHN E AR F BB,
BXENHBNFASR , BRAP27T EXEBBE ",

IERHRREE 131 ADC Bt B, N T HHILELLIBEEE |, ADC fE8E (ADCSRA FizsR
9 ADEN Bfy ) FEY S —IXFEMFE 25 I ADC B B,

EZEMN ADC B SEF EHREERRBHZEN 1.5 N ADC RHHFE ; mME—IX
ADC MM XEREFU X EERERBI 2 EHN 13.5NADC I, HIERE  ADCER
BUE A ADC BiEF 1785 , B ADIF ir&EfL, ADSC RIRNEE (S RFEIRER ), 2FH
B LABIRE L ADSC #7& , WTTE ADC E— N EFAR B3I —XRFHE#R,

EESEGRERT , Y ADSC H 1 8, REHBR—ER , T—RERD LFFHKR, ket
B i& W Table 95,

Figure 110. ADC BtFE , £ — Rk (2IRFERER )

Next
First Conversion

Conversion

|
Cycle Number il\zl 312‘13‘]:.4‘15‘16‘17‘18‘19‘20‘21‘22‘23‘24‘ZSi i1\2\3
I e R —
aosc 7 o | —
aocH T (/ // //,‘ :f/ Wi // i /}:(MsfﬁofResuh
aocL ):// T, T /? T /}( LSB of Result
| | | | | |
N N omm SN
Update
Figure 111. ADC IR E , R4
One Conversion _ Next Conversion
Cycle Number \ 1] 2 | 3| 4| 5| 6| 7| 8| 9| 10 11| 12| 13i \ 1] 2| 3
ADC Clock
ADSC 74 1 VI
| | | |

ADIF 1 1 \

ADCH i p<__msB of Result

AocL T iziiip< e s of Resut

(\ \ Sample & Hold Conversion _/
MUX and REFS Complete MUX and REFS
Update Update

AIMEL 217
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EoWMBBE

REBEERE AR

Figure 112. ADC FIFE |, ELHER

One Conversion Next Conversion

» <
»<

11\ 12\ 13i 1\32\3\4\

Cycle Number

ADC Clock

ADSC

|
1
ADIF | ‘
|
|

!
ADCH / 7/p<__MSB of Result
| T

ADCL K LsB of Result

Conversion / \ <_\ Sample & Hold

Complete MUX and REFS

Update
Table 95. ADC %%k E
Rt & R (BB HERENHE
e M) HiRetm (BH)
IR 14.5 25
EEHR , Big 15 13
EEHR 2 1.5/2.5 13/14

LEAZDEHREE  FEERKRNBERILE,

ERHRERIBIE CKype, BFET ADC BH4FH—%, FIFEY ADC EOE CKypeo
BREARESREFNBIZNN. L CKype, NER , BIAFEEGR (B, FIEW
BRBMEE - RNELRR ) NS R RRRERAEENEE (EENTSHEN 134 ADC
B9 A )o & CKupe, NEET , HFELSHH , FEER 14 4N ADC B EH., EEXR
BRIRERE , —RBRRERELABEHFANESR  MEBAT CKape, BAE , FIBNAS
BE (BIBRE—IRN ) FERA 14 A ADC B4 A H,

EFMEMNERIREDR , YHFRN 4 kHz RERRHML. EEWMERIELERIELER
Ko HMAGSEESTHEIERTRNMEN |, MIEM AR MAKER K. F= , ADC
RMEFZRBIRTRRE. ki, FTEBETREZY , ADC H#AHBRN6us , /&
FBERERN 12 kSPS,

ADMUX & #7288 FHIMUXn R REFS1:0i@81d If B F 788K 7 £ &M, CPU AIXY b Im Bt &
R ATRENIA M. XRIET HRRYBEPBENEERNIRRETREHNNZ, £
MBI BEREERNEEATENET, —BERRTABRTIATBEEBENE#
BT, MMRIE ADC B 7 2K KA E . FEFIRTK (ADCSRA 788 ADIF Bfr) 2
AN &E— AR | BEMEAARNEE X TUERTIR. HRROTTHITZ )N ADSC
BAEHT - rrR AR, Hit , @A EER ADSC 2/FH —1 ADC B4 E
B, TERE ADMUX BLUERFHEE R EHEIR.

HHRZHNBENBRINIR. " BREZDEE  BHEREM 125 ps KIBERZRE. Bit
EREMBEER 125 pys RTREF IR, REFZNERANKRER,

213 ATmega128 m———
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LWEE ADC ZEEG (BIHZE ADMUX FEEEFH REFS1:0 1 ) WE—RFRtbEE
SFRIE AR,

% JTAG #Z0O 8 , PORTF7:4 ADC BEIIREMES , 2 P 77Table 42, “ %O F Y
EIEE )

AIMEL 219
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ADC W A EE

ADC EEBEIR

ADC 7527

Bl A R

EERENBEERFEEIEATER
THRETRRERERN  ERERFHRMRZANEEEE, £ ADSC BELEH— ADC &t

AR T AEERNELMABRET, BREMENDEREFRNEREBAXE
-

EESHRRERAT  BEREF - RERITHZIEERE, £ ADSC Efu/58—1 ADC
B AR T AR RN A ABE T, BREMENDEREFENREREBAE
BE, A, AT —REBREZLBNTRT , TREVERLES R RIRAY R LARNEE AR
PRABE, UEHNRRST R MEEN.

LM EL BHEE , BT A RBIKEEEFTENRNE , KBRS REBRR
B, AFREFEFERERER,

ADCHIZE B EIR(Vrer) R TADCHEIRTEE ., BHIHRBEBTET T Ve , HERT
$EIE Ox3FF, Vger ATBAR AVCC, AEP 2.56V B IMET AREF S B,

AVCCEX —MNERIF < S5ADCHIE, FNK2.56VSE BEREREAR (V) BE A
BARB|FT*E. THEWMER , AREF #EES ADC HiE , BII1E AREF Stz B 210
HATURESZEENNES. Vi UBESH ARPENRISKRE AREF SIHIMSE,
BT Veer WHERERS , B REEEERE A,

MR- EERFRZEES AREF 5|, BBARFRAREFEMHNELERT BAXES
BRRERERSABSERNER. R AREF S| BREEMANLSER AR AR
#%#F AVCC R 1AV ERNEHER, SERALFENE—IX ADC BRRERTRET£RE , &
MAFTEERAX - RNERER,

MREAEPDBEE , EFSZHETREEEM P 306Table 136 FFT/RAY AVCC,

ADCHIE S MNHISS A E AT LA BEIRE R Tt 1T8#  MMBREHTF CPURAEI/ORER
FoIAWE I, BEIHIZEIHE ADC MBEARZRAEXTER, I TEAX 84,
NEBUTESE
1. T ADC ERfFRE , BSR B THIRS, IEEXNZ R REGR | HE
ADC ¥ &5 R b R AL,
2. HAADC BIEER (HZEWER ) —B CPU #i#ERe , ADC EFF i,

3. MREADCHEMRG R AHMP M™%  FRLADC HHRF¥EE CPU A
1T ADC BRERPMRSERF. MRE ADC HKiRSE Rz o1 H B MK P HIR
HWEET CPU , XY NAYHMiIRSEFFEIMIT. ADC HIRERE4£ ADC #
MERPUHIER, CPU N IEIFHNKEESSIMT,

HABRZERERNR ADC BREER AN EMKEEERES , ADC F2BE3XH. EFA
XEERERE RS | 21 ADEN BE L RIKIIFE, R ADC HiZKEEERX T8 , BA
PEERES R , BIKH ADC BEM BEEREFENABHREBERE,

BB E A A A BB L Figure 113. . NiE R A A1E ADC W ABE |, # AZ| ADCn
NELVESEZECIHBER R A ENTME, FAE ADC W ABEER , BLES RS
TUEE —NEREXEE (M ABENASHEME ) B3 ¥R (SH) BF,

ADC#t 33 BRLe 4 H PR 1328 T 10 kKQRE/NERE S T 1. F FXHENES KMt
B RERIT, ZEESEEESMNMERN , BARENBEREURTX S/H ERFHERE
8o XAMETEIARERLBR AR, BIVAFFEAGEEREKET(CEENELES  BRiXT
LU A3 SIH BB Y BB faiE i o

MBRFERESDEREE , WMABKETRE , BiUFERAILE kQ KIREM,
MESTREHBINE (\p/2) WESHEREERTEM—NEE |, XA UE &R I A
NESBRNERNAE, ERESH AT ADC 2 i S £ A — MEEE R ESRIEE S M

55
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Figure 113. &5 A B3

i
ADCn ~ M
1..100 kQ L
Co= 14 pF
I|L T
i Veel2

BERE I EHER BENIBRADBHRFEBRBLLEBR TR (EM) , NTTERELNENEE, WRE
BEEERRS , BATUBIUTHERBDES !
1. BElEREEHY, RIERMESLAUTENMM 2 £, HEEISER)HR
NEFESLD .
2. 0 Figure 114 Fi/R , AVCC MBI —/ LC MESHFBREIR Vo EE.
3. fEf ADC BFEMHEIZERMEIEKE CPU W TIERFE,

4. WRA ADC[3.0] i AHAERFREE  BLALFRIEEKRHTIRFEAN
ToBBFHIR,

Figure 114. ADC HRiEZHE

(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 ,

Analog Ground Plane L7

o

2]

1]

Z
_____________ o
o

AIMEL 221
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REHEHE BELFEENREM=LNE RAEREEIEERE. BUERPNERRETEE
HEENINEZESMANERNBENS. ZETHARENNBERPRE, £AXKE
TREGENRMG , BENRETREE 1LSB AT,

ADC BEE N —N n LK $ i ADC F GND 5 Vger ZBIMEMBERIRAK 2" I (LSBs) TRINEHF
B, R/PWERBR 0, RRMNEREDR 21,
LTFAANSHERT SBEERAZENRE

R : 5 — X%k (0x000 | 0x001) SIEARHEH#R (0.5 LSB) ZAIMNRE. BEHER: 0
LSB,

Figure 115. REBIRZE
Output Coded

————— Ideal ADC
Actual ADC

Offset
< Error >

Vree Input Voltage

BRIRE  BABREZE , &E —IXF% (0x3FE F| Ox3FF) SBEER (ZRAEBEUT
1.5LSB) 2 AINRERNIBHIRE, BEEN 0LSB,

222 ATmega128 -
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Figure 116. E&ix=E

Output Code A Gain
Error

----- Ideal ADC
Actual ADC

.y

Vgree Input Voltage

BAAJELME (INL) . RERBRERRECRE , MASGRERSERRRZENEKR
RZHH INL, ¥EFE{E : 0LSB,

Figure 117. E{RIEL M (INL)

Output Code A

NI

----- Ideal ADC

Actual ADC

-

Vger Input Voltage

AIMEL 223
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Z 75 IEL N (DNL): SERRTBIE (RN EBIE #2 ik 2 RIFVEB (A1 BE ) 53R 103 7T (1 LSB) Z [AIHY
m=E. EiefE : 0LSB,
Figure 118. Z473F4& % (DNL)

Output Code A
Ox3FF

|
_lisee
i :‘_DNL_>
0x000

0 Vgee Input Voltage

BUIRE  ITHAREREBCRBRUNEE , B CENMARE (1LSB) #Hik
BRAMBENHL, BLIREZRN £0.5LSB,

BXNRE  EXGRER (RELRRE ) SERERCENEAREZ. HRB. BRIR
= EPRE. FEMREMIREMR. BREN +0.5LSB,

224 ATmega128 ]
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ADC H#4& R

2467L-AVR-05/04

HRERG (ADIF IE ) , BRIRERBTF A ADC £ R 31788 (ADCL, ADCH),
BOREBNERNT

V,\ - 1024
ADC = IN—
VREF

XAV HBREF SO EABE Vege NS ELE (S P 226Table 97 5 P 227Table
98 ). 0x000 X FIELIHEBTF | Ox3FF R KFTES Z BEMNER X 1LSB.
MRAFEAZSEE , ER= .

_ (Vpos—Vyeg) - GAIN - 512

B VREF

KH , Vpos NBASIHIERE , Vg NHAASIHABE , GAIN hitENEHEEF , B
Veer NEEBRE, ERA2HBERRT , M 0x200 (-512d) B 0x1FF (+511d), 2R A
PHREXNLERRITRERMERN , ©XRDIRLE RN MSB(ADCH #F ADC9), HNRiZMH
1, 4870 BNERRNIE. Figure 119 AHE D AR AR,

Table 96 4 i 3% EHI 8355 GAIN BB ZBE R Vg ESHAX (ADCn - ADCm) £
BWHBHER,

ADC

Figure 119. Z2 M £5EE
A

Output Code
Ox1FF—

== JQ\,_

) - )
-VREF/éAINI o I IOX3FFI 0 I I I o ( I \I/REF/GINN ‘Differential Input
_ Voltage (Volts)
Mo
A mEl% 225
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ADC Z Tik{EF 88 - ADMUX

Table 96. i ABEFHHMEHBHWMEEXR

Vaocn #EHE B3t HIE
Vapem * Vagr /GAIN Ox1FF 511
Vapen + 511/512 Vegr IGAIN OX1FF 511
Vapen + 511/512 Vegr IGAIN OX1FE 510
Vaper + 1/512 Veer [GAIN 0x001 1
Vaocm 0x000 0
Vapom - 1512 Vegr IGAIN OX3FF »
Vapen - 511/512 Vegr /GAIN 0x201 511
Vaper - Veer /GAIN 0x200 512
1 -

ADMUX = OxED (ADC3 - ADC2 , 10x 2% , 2.56V ZE®BE , £XIFF )o
ADC3 L& 300 mV, ADC2 BEH 500 mV,
ADCR =512 * 10 * (300 - 500) / 2560 = -400 = 0x270

ADCL & 0x00 , B ADCH &/ 0x9C, 44 ADLARE 0 AXI5F: ADCL = 0x70 ,ADCH =
0x02,

Bit 7 6 5 4 3 2 1 0

I REFS1 REFSO0 | ADLAR MUX4 MUX3 MUX2 MUX1 MUXo0 I ADMUX
®B/IB R/W R/IW RIW R/W R/W R/W R/W RIW
WNHE 0 0 0 0 0 0 0 0

e Bit7:6 — REFS1:0: 3£ 8 FEi%iZF

W Table 97 FF R, BEX/LUALUERSERE, MREXRIBHUER T EIINIRE |
REFILERMRE R (ADCSRA FF=M ADIF By ) 2 ERESF2RER, MRE
AREF S| LN TS ERE , NS ERERTREBEA T

Table 97. ADC SZHEi&#F

REFS1 | REFS0 | $EZBE%EZE
0 0 AREF , & Vref <kl
0 1 AVCC , AREF SIHISMIE R BA
1 0 RE
1 1 2.56V B NEHBEIR , AREF S| IERER

e Bit5— ADLAR: ADC ##24&B EHFF
ADLAREMADCH &£ RIEADCEIEFER TN EMRFER . ADLARENRERERNE
¥, BMREFTF. ADLAR WG ENEIM ADC BHIESHFBNHNE , T REA
BIBTEERHT. XFX—UHNEEERBEN P 228“ADC $iEZ 1788 - ADCL #1 ADCH” ,
* Bits 4:0 — MUX4:0: #1818 58 5% 47

226  ATmega128 m———————
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BEXJUVEIRE , JAXIEEZES ADC WERINAARTIER, HANESBERHHT
B, AT N Table 98, MRAEKMIBHIRBX/LUNE , BARBIKRRER

(ADCSRA FZ8:#) ADIF BEfY ) B REFT B,

Table 98. W ABESIg&HIEE

L - 15013652265 00:38537442

MUX4..0 | BiEsaA EEZSWA HETRA o
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 ADC1 1x
11000 ADCO ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADC5 ADC2 1x
11110 1.23V (Vgg) N/A
11111 0V (GND)

ATMEL



ADC #HIFREFTERA -
ADCSRA

Bit 7 6 5 4 3 2 1 0
| ADEN ADSC ADFR ADIF ADIE ADPS2 | ADPS1 | ADPS0 | ADCSRA

®/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

« Bit7 — ADEN: ADC {gg

ADENEEIEZIADC , EMADCINRER Hl . FEE RSB X AADCH L B A Ik IEfEH#EAT
R,

+ Bit 6 — ADSC: ADC FF 4%

ERERERERT , ADSC BFE3I—X ADC i, miELEHRIERT , ADSC B
TR E R, F— X% (£ ADC B2 /GBI ADSC , & EFAE ADC WERE
{2 ADSC) EE 25 N ADC i AH , MAREEBR T 13 1N, F—IREHEHIT ADC
DRI T4,

ERRH T IR ADSC HIREE N "1” , BEIHRLE R, ADSCIEEFR=4E @3
£,

+ Bit 5 - ADFR: ADC &£k

HiZME 1, ADC ITHEEELEEHRER, £iZEXT , ADC THX BREFEHIXHES
B, ZNEB O, FIELEERER,

+ Bit4 — ADIF: ADC HifiFE

£ ADC B &R , ERESER/EEHT , ADIF EfZ., IR ADIE & SREG FHI2F
AT EERELL | BB , ADC B LERHPMRSEFEBLINIT , Bt ADIF BHES, It
S, BB EEREE 1 KE ADIF, EXEME , MEX ADCSRA #1Tik - 8
- BiRE | BAFLEBEN DT SHELE, XtEHAT SBI & CBI ES.

 Bit 3 - ADIE: ADC hilfifEE

# ADIE & SREG M | E{Z , ADC ¥4 3R A T ENAUE0E .
 Bits 2:0 - ADPS2:0: ADC T4 i 8% %4

XJLu#E T XTAL 5 ADC # AR 2 B 935 E F .
Table 99. ADC i % ik

ADPS2 ADPS1 ADPS0 TEEF
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
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ADC BiEF 788 - ADCLAM
ADCH

ADLAR =0:

ADLAR=1:

2467L-AVR-05/04

Bit

B/IE

HE

Bit

®R/B

HEE

ADC BMERG HRMERTFTIAINFEH 2T, MRRAZDEE ,

EART.

15 14 13 12 1" 10 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 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

ADCH
ADCL

ADCH
ADCL

LRH 2 MG

EEADCL 2Ja , ADC B HFEes —EESZE| ADCH th#is i = o] LA (TR IEE #
I, MREBMERRNEXNTT , BERNWBELRS T 8 Lb4F , AL NFEiLE ADCH 2B
To. BN AImEEE ADCL Bist ADCH,
ADMUX ZFfE25H ADLAR & MUXn ¥ MR ERERBESTESTHNRTIAFR. IR
ADLARF 1, BLERNENT , R2 (REHRERE ) , ER N AT,
o ADC9:0: ADC it R

ADC #ipy g

AIMEL
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JTAG #£0# A £iEH
R4 OCD(On-chip
Debug)

B

Wi 50 - TAP

* 5 IEEE 1149.1 #R 3B JTAG #0
M IEEE 1149.1 (JTAG) ¥R EAY0 SR4T #iThAE
o BRI/ :
- AN R ASNE
- NEBMINE SRAM
- BERXH
- BFit#es
— EEPROM #] Flash 1588
s ¥R OCD XRFHM , afF
— AVR Break ¥4
- BEFRERE
-Bp
— B — b E RS
— B A ER — 4 it ik 3 B A9 2R T
« B JTAG ¥0¥} Flash, EEPROM. R4 {8 EMHITRE
» AVR Studio %3 OCD

5 IEEE 1149.1 fRERABH AVRITAG O AAT -
B JTAG i REEENIR PCB,
WNIES REFHER, BLUMBEMHETHRE,
F £ OCD,
TEjJ JTAG #OMEEHER, BXBT JTAG #O#THE. ERORABENS&HR
BiED 512 A P 286" Y JTAG #O# T4 " & P 235°1EEE 1149.1 (JTAG) L R

o FMIEIRAZIEE OCD LLE A JTAG 83X , RE ATMEL R&EB5 K. ATMEL A1k
?¥i&3‘iﬁ% % JTAGICE 4.7/,

Figure 1208 JTAGE O ROCDR L MIER ., TAPIRHIZE N FTCKMTMSE S HIARZS
Hlo TAP EFIBRREFEE JTAG ERFFER , B EBRBESESHER TDI(EA ) A
TDO(HiH ) 2 BV EE (BT ESR ). i‘é%%?ﬁ%%ﬁéﬁ TERHBEFTFRITANITAG
HTo

ID 1785, 51 (Bypass) Firsa M RPAHEEALAR 7 A TIREN DN BIFESFFER. JTAG
WEZO (SENLNYENNELDNRESEZS ) ATRTHEE. FRARENNSRE
%/\ma: OCD IjJﬁbo

JTAGEDO BT S, AJTAGHIARIERI | XLES|BIA R T MR 77 7% O TAP, X L&5]
B2 :

« TMS : MIAENiERF, tSIARSEI TAP 253 & MRS 2 B 1R,
TCK : MiAeted, JTAG BRIERS TCK @FH,

«  TDI: ARAHBFERMA--FEBMNIECTFHRIABRBETFR(DHE)NVRTHARIE.
TDO : WABFEH L - BESTERIBEFTERBTBHIERE,

ATmega128 X B LI IEEE 1149.1 #RAEIEER AIIE TAP 55 TRST - Test ReSeT,

JTAGEN % B4mi2at , [ TAP SIINEE /O 5IH , TAP #2HR4TEMRS. &
JTAGEN #4r#2 B MCUCSR 7= JTDU/EE ,TAPE SN LN BEAS , —Jl«)\
B JTAG #EAOBRTHRAABNEE, 3 JTAG TAP 2HSRAB HHYER , TAP ]
B (TDO) Bz , b BE— N LN AR EbiEH N S B E, JTAGEN &R HI™
BB EmiE,

230  ATmega128 m————————————
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XTF OCD R4 , Wik 2Rk 112 RESET 5| IR M AT E IR it 25 th AT LR RESET
PR EMENRS., KNFEIENRENLMSARTTREIIA,

Figure 120. 51

1/0 PORT 0

. o .
A
DEVICE BOUNDARY Y
rll BOUNDARY SCAN CHAIN
™ )] I §
00 +: - p JTAG PROGRAMMING
' TAP INTERFACE
TCK  —» CONTROLLER
™s —» |
: AVR CPU

A

INTERNAL
)/ FLASH Address [« SCAN

PC
INSTRUCTION MEMORY Data [  chaiN
REGISTER Instruction

ID
BREAKPOINT  [€ >

UNIT
M [~ FLOW CONTROL [
—Hu BYPASS |4 A UNIT z 2
v REGISTER DIGITAL gz g
< PERIPHERAL |« > 2 de =
< UNITS 2L E g
K
BREAKPOINT & 2
SCAN CHAIN [*—
v JTAG / AVR CORE
opciTon
DECODER OCD STATUS > P
»|  ANDCONTROL £
)
]
8
<« O
£
s
v £
I 8

/0 PORT n

ATMEL 231
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Figure 121. TAP 2 HISF 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, ITAGHREBKRFNOCDR

SRIE. Figure 121 (A HAVRARIRKB TE TCK LABBWAN TMS E5 (LR

BEEN 01 BFER ). LBEMNFNIRIRADN Test-Logic-Reset.

RBAFMOENL , BUSFEEFERNLSB HABA / BH,

fR7E Run-Test/Idle 73 HFPRA , A JTAG HONHETYRENR

s HETCKHMLABMNTMSHWAESES 1,1, 0, 0 BIBMNEFSFESS - Shift-IR IR
Do RERIEF TMS HIK , £ TCK W LFRM TDI ¥ 4 L4589 JTAG IESHIE 3 1
BAJTAG ETHER, &N TMSHE , A TDIF JTAG ESHESENBA
JTAGESH 7. EESBANERMIREMN IRIRAS0x01 N TDO . JTAGHE®

ERE-MSENBIESFRER TDI M TDO 2 HHERR , A RGBS BERIET 7R
HYEBBK

232 ATmega128 -
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e SR AeE
MAR LREARS OCD

2467L-AVR-05/04

£ TMS LiEmMESFESI 1, 1, 0 LEFH#H A Run-Test/ldle A7, #EHFE Update-IR
RENBUNTERNEIHTHE, RS Exit-IR, Pause-IR, # Exit2-IR R ATl
HIRAS

£ TCKHEABMN TMS AEEFF 1,0, 0 BIBMUEIEFFES - Shift-DR RA.
RIETE TCK W EFRM TDIRHER AR B ERNBESES (AT JTAGES
BSEBENITAGESRE )o N THRET Shift-DRIRAD , RTRAKENGS |
TMS —EERFHNKBF, Bt , 7 Capture-DR RA T HE DN HRIESTFe8M H1T
BWABTDO #Hit.

ETCKHEARMNTMS M AETFY 1,0 ,0 BBNUBIESTESS - Shift-DRIRE,
RIETE TCK B9 EFARM TDI BB AR BERNBIEST TSR (AT JTAGED
BFERN JTAG BHIEE )o I THRET Shift-DRIRES , RTHWARBEN RSN ,
TMS —EZREFNEKBTF, Ft , £ Capture-DR RA THIR I HRIESFTFENH1T
AR TDO #it,

£ TMS EHEMMESFES 1,1, 0 LLEFH# A Run-Test/ldle JR7. MBRIEENRIES
EREAENHTEE , BiFIRIET Update-DR RATM. IRA Exit-IR, Pause-
IR, # Exit2-IR R A FHI#IRE,

MRS HEER , iR JTAG B NERABESESRSZATFTEEHR A Run-Test/ldle

R, — JTAG i8S THETE Run-Test/ldle IRAMITELE T, F2FBESHE Idle

RZS

Note: 5 TAP $2#IS3#15 RS T E , Test-Logic-Reset WA KA LUHAN |, REF TMS RiFH
&5 TCK B4 A LA,

BXIJTAGHEBHNEKERESEP 234 SEHEE ",
SERMD FFEHBATE P 235 IEEE 1149.1 (JTAG) i 43 7

70 Figure 120 Fi 7R , 3% OCD WRENBHETESHE :
«  HF AVR CPU Mg ¥ Tz B Ry O 5.
W T,
«  CPU M JTAG R&Z 2 BMEIRNED,
FRERIAR e PR BRI SIS / BIREFET S M AVR CPU 145 AVR 85
WARNZEH, RE CPU FERKET —MSEM /0 1FMEESbHE | It /0 FEEsHUE R
CPU #1 JTAG BHZEON —EB45
WRBETSEM TN T RINEE : BFEME, 25, IO EFEHSHSURFEMNAERH
Ro 4 MR TUAEIMTEE :
 ANEEFIEMHER S
o 3NEFFHENS + 1 MRIEEHESHNR
« 2ANEFEHESIEA + 2 M RIEEMESENS
s 2AEFE#ESBES +1NER (EE ) BFEMESENR
c 2AEFE#HSIER +1AERCER ) BIEEHESRIT S
AVR Studio® XM B RBZTREERATEFN —ERE , BL TREARAFHREML,
5 OCD ¥xM1ES 5T P 233“OCD EEM JTAGES 7,
R T ERE JTAG iR iFHwE , JTAG EREL JTAGEN SMEN , M ETEEIREEM—

MEMBMRIE OCD W T, XM —BAEBIEMKMZERAIZE L OCD REN AR T
BEFRENER, BN OCD RGN MERMFRET — NG,

AIMEL 233
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OCD {EEH JTAG EE+
PRIVATEO; $8
PRIVATE1; $9
PRIVATEZ; $A

PRIVATES; $B

AVR StudiofJ AR F T2 HAVREFHHIT , AEZFHAJITAGHOCDINEE ,iE =2 F
A AVRICE , 2 AVR IES EHESS., AVR Studio TEHRRXBENFE , AiFEAH Atmel
BEMN AVRICHBERCHER , URAE=HM C RZBEMN CEF.

AVR Studio AT BLUZE 1T F Microsoft Windows® 95/98/2000 LA & Microsoft WindowsNT®,
AVR Studio KY5E &% 8iE S #E AVR Studio User Guide,

AVR StudioB& TFIEXFMNEITH T , TERFRABRER CHER. AR TETEN
B REHA, BTEXRL. £, ENEEHEREMBRSTSHBENERE, It
A, AFREALLEE BREAK ETIRBELRENEFMR , URIZREFR NRIEFMH M
R, AR —NER (EE ) Bis.

OCD JeERET A JTAG ESMH.,

TEK JTAG ISR OCD R4,

THEW JTAG 85 15R OCD R4,

LTHEK JTAG T ELER OCD R4,

LTHI JTAG IS LLIFR OCD R4,

23 ATmega128 m————
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I/O ZfE 885 OCD #x

NEFFR

OCD #1###% - OCDR

FA JTAG BVREBRED

SEHH

2467L-AVR-05/04

Bit 7 6 5 4 3 2 1 0
| msBiDRD LSB | OCDR

®/E R/W R/W R/W R/W R/W R/W R/W R/W

HEE 0 0 0 0 0 0 0 0

FFHE OCDR A EEAEBNEZTHWEFSHRFREHRHT —MNENEE, CPU IJEL
MNEBEAZTEAZABRB[BOKIE. AFRZIHRE - 1/0 AR FEHFUSSHRE - IDRD
B, FiFRREXNEESRCLE THRE, % CPU %k OCDR FF886 K 7 Ik E
#1788 OCDR , ™ MSB 7 IDRD. i#i#25iLE##EE IDRD BIESE,

— AVR %%#HJH:#@%%‘%EMT\,E /IO NEHE, T, RBEE OCDEN ELRwWEM
ﬂﬁ%ﬁ@ B] B9 B4R = AT LA i (8] B 1288 OCDR, H fttaHRE 5 B B9 245 110,

SERRABXEURBEARNFERNE —THNER.

B JTAG ¥t AVR S245# T4RIEEH JTAG O/ TCK, TMS, TDI  TDO =M,
X T BRI IT JTAG iﬁﬁpﬁ%?ﬂﬁpﬁﬁ%lﬂﬂlo B8t |, B4 JTAGEN %A E
WYRT2 , MEZ 178 MCUSR 9 JTD XFUEE |, LAERE JTAG MR iAEIE O,
B JTAG ATEARH I T 4RIRIh AL -
+  Flash RERKE

EEPROM 4r12 R 1%

B RERRRE

BIEMNRERRE
HEMNHNZEHESHTEEEARTE —HFN, IR LB1 = LB2 #4w1E , /B2 OCDEN
MAREBRET , RIEGEHITSHER. NTERTEFZEZNE D,

B JTAG #ITRENEE JTAG EET 5T P 286" B JTAG EORITHRRE " -

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

AIMEL 235
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IEEE 1149.1 (JTAG) &5
A

B

BRETESR

* 5 IEEE 1149.1 #R MR EMN JTAG 0O
o BM JTAG FRAEAYD SR ThEE

- WHARHEFFENEO

« XIFT%EM IDCODE S

« S AVR_RESET S US4 AVR

B RREETUARDANEE AVR HBF /0 SIMBZEET  URAUBREREEFL
THENEDERNER. MNRE-FKRS , FIEEHA JTAG ZhEEN IC BURTHARS
TDI/TDO E5#E , R — MR B F 7R, SNEPRBISRILORERN  ExEfm
SIHAHES  ARBESRFAASIHNZEBRE, RFHERHIER T LLBRER N BIEN
HEE, BEXMAX  RAPARRA 4N TAPESRIMT PCB LB EE, =
BRI,

A IEEE 1149.1 EREHK JTAG $84 : IDCODE., BYPASS. SAMPLE/PRELOAD
MEXTEST , AR AVRI A H IJTAGH S AVR_RESET A BLA kit PCB, B F IDCODE
=HREWN JTAG 85 , BN BESERERNDBEBEESIEE4M ID 5, NS
BEYEPRE AR REMRSR—NMNTENERE, IRFTLETFEMRS , SS4NRANH
RERERE K MERENZEXN S ANRGETEL T TRENRS. & TFELRK
A, HONSHES. EEENMRALUEN BYPASS i85 RBEHHEE, £ AVRHEA
EVRAEFEMAZE , — 2% AVR RESET 5|HfI{K , —24%4 AVR EFEH/NEEE
HEEH 1T AVR_RESET 5.

EXTESTHESARIEESIH LAHKE  ARGHENRIMEHSIH L, —BEXTESTES
IEE JTAG IR F78: , WS ENHRERMIIMEE, Bt , A TRHEESE —RNT
EXTEST {8 RHRARERIK , EE#H SAMPLE/PRELOAD 4R BMAHRKIRE
NHEEBIE. SAMPLE/PRELOAD A LA ARG IEE T/EM AVR HH—NIAEBSIBIAY « R
’E\ﬁ” o

AT EREJTAG MR 15 R4 O TAP |, JTAG 282/ JTAGEN A E Y , 1 EF #F8F MCUCSR
#y JTD HIMBEE

EfR JTAG EOHTEREAENR | JTAG TCK BRI AL E N TERESE., It
RS A RS TEEIT.

SR RRAEREENBBESTESRE
+ Bypass F178%

BHIRBF TR

SUHEESR

R

236  ATmega128 m———————————
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ERTTR

RUERBFER

ITES

BH4RS

4£7® ID

EHFH

2467L-AVR-05/04

Bypass F1FEsH — MBI FFEE MWK, X Bypass FFE540i% 7 TDIF TDO 2 AR @&
it , JBHH Capture-DR RS EFFEREM A 0, NiX HAibES48T Bypass FFE LA
RFBEREWTIEEE,

Figure 122 8RBl B4 1,

Figure 122. S4HR5IHFFERMEN

MSB LSB
Bit 31 28 27 12 N 1 0
gD | 3 | Beag | £ ID | 1 |
4 bits 16 bits 11 bits 1-bit

RAERT 4 4%, ATIRAL BRI, R4 A N 0x0 , irRA B 7 0x1 &,
BHSHT 16 th4F. ATmegal128 ¥ JTAG &S5l F Table 100,

Table 100. AVR JTAG &

ns JTAG B 5 (Hex)

ATmega128 0x9702

£7FID SR 11142, AXRIAZAE~E, ATMEL B JTAG £7& ID 5IF Table 101,
Table 101. 47~ ID

PR JTAG 47 ID (Hex)

ATMEL 0x01F

SNHFERAREMBMFNNRKETFE. ATEMN AVR WO RSHES , 8
Bk v L ARAEE BRI JTAG ES HIGHZ,

BFFEENBIETRR 0 i1 AVR EM5IHFHR, REENFEHRFXNEE , AVR F—
BERIFEMRS. BRENSIZENTE ,EEY AVR EUFFHEZ/E CPUEFLTEMN
RS, EFBHEVENAS. IMEESFESNAEHRTHFEN  Bit—BEREBHE
A%, ¥ Figure 123,

AIMEL 237
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B REMHE

ERE#E?EEE’J JTAG #§

EF]

EXTEST; $0

IDCODE; $1

SAMPLE_PRELOAD; $2

Figure 123. S & 738

To
TDO

From Other Internal and
External Reset Sources

From 4D—> Internal Reset
——1D Q

-

ClockDR - AVR_RESET

BRAHFHETURNEE AVR 57 1/0 SIHNEZEET , URAUBEREFLTHE
YRRl BB BR AV I SR

SEEGEHER P 238  p R AEeE " —1,

BT EFRAANN 4 L X516 MIhEE, THIIHMRFL AN JITAGES.
EEEHRMRBEXRY HIGHZ 55, BRALIET AVR_ RESET ETRIIEER =88
HSIMRENSHES , BNAARONDEREN =

BRERAFMHEL , BUFEFHRN LSBELBA /B,

BRIETHIRIETD (OPCODE) ML HEX # X5 THE TR MM EHE. 37Nk 88 B — MR IR
FFSRMUERERN TDI M TDO Z RHEE.

XRAAMEIAW JTAG BT, AXRERIRPABSEENRESES , BUIR AVR 248
B, EREEETLUAREOMNSIHE, EREE, WHEs, SHARE  URRAN
BE. TUBRESHELIENENSR, ENBFTEEsENENCaEEREE
B, —H EXTEST #ETMEE JTAG IR FEF:8 , B RAPAREESFNH HBERMN A H
S| B o
BRHVRS R -

Capture-DR : fH5|H L %IE (BT ) A Rk,

Shift-DR : REPHAHESELL TCK F rHeh TR I8 4E,

Update-DR : 335 4% £ #9 %133 I BR 2 % i SIH0 £

XEAERN JTAG i85, ARGERE 32 U ID FEXNRIESTESE. ID FESEFERE
5. BB KA JEDEC BENETRE ID, XttR LEENZENHREES,
BHERESRH -

Capture-DR : IDCODE 1z 2300 B iEdt A8k,

Shift-DR : IDCODE #3##45 LA TCK A B8 1T B 4L,

XRMARIW JTAG BT , AR A MB A HBiFSR  AETERRETENTRTH
WA/ EESIHE-MRE RR . ERSFNEHRAERIAHEIM L, BRH
HERIERNBESTFSR.

BREVRER

233 ATmega128 m———————————————————
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AVR_RESET; $C

BYPASS; $F

/0 FisR B S SR M
X FFRR

MCU #ZHIfREF 787 -
MCUCSR

b SRAHE

HEHF RO 5B

2467L-AVR-05/04

Capture-DR : fF5|f LR BIE (BF ) A B REHEE,
Shift-DR : i3 B85 LA TCK Jy Btdd gt T8 i 1E,

Update-DR : 134 E IR MR E M L 8iFR. BRBIFA R HH TEZS A H
SR Eo

X225 AVR AW AR JTAG 155 ,ARES AVR #HEAENEN RERBKRITAG &
R, TAP BEISBAEFRZIESEN, — HERENENTFESHEEBRABRETES.
REENRAEERNZE1, ENR—EER. XMAEENHHEFBEN,
BHEVRESH -

Shift-DR : £ ZFF28 L TCK Fatsh# TR 1E,

X2MMEIE JTAG 85 , AKf Bypass FHRBFEBRNBREFEFS.
BRHRES R -

+ Capture-DR : 1838 ‘0’ N % Bypass FF 5.

+  Shift-DR : TDI 1 TDO 2 [E#J Bypass Z1F 85 & T#H TR,

MCU 2 H RS FFREE T MCUBR RN EFI  UAREHEFLAENRSIEEN
MfER.

Bit 7 6 5 4 3 2 1 0

| s - = JTRF | WDRF | BORF | EXTRF | PORF | MCUCSR
®/E R/W R R R/W R/W R/W R/W R/W
WIRE 0 0 0 S LEMIK A

e Bit7-JTD: JTAG EOEHA

Wix—{I % '0, B JTAG Fae/8 44 JTAGEN #4RT2Rt JTAG BOMFEE | BN JTAG 3=
AZheeZEilk, A THILETERE JTAG EONIHERS , EEESFWN T ERE : £
At A H 2 AFHIXMIFRBAZENHIE,

£ JTAG EO KRS HM JTAG BIRIEE , JTDUMER 1" , LUE% JTAG #0 TDO 3|
B H B S B

+ Bit4 - JTRF: JTAG EfIff&

EEMNREH JTAG ENFESHTH '0 BHITTH AVR_RESET #5548 , JTRF &
., BEIEAN'C RLBENNGETUNEES,

BEGRAHET ARG NEE AVR HF /0 SIHNEZEEF , URAURERSEFL
TR B AL 5o

Figure 124 87 LRI M @i O SIMZ REAEE T, ©BEER T LH £ - PUEXnIh
BERYPRAE D SRAT 4 % T LA 2 i H # 4) — OCxn., % HH#kdE — ODxn F% AE#E — IDxn =
MESHENFMBBUFTFENOINESIMET, TENHEBEESHKEOMSIMAT
FRo

ABBEFMEELF LR BB, Figure 125 AH T# P 61°/0 w0 ” —F BRI —
MIRNBFHOSIM. Figure 124 44 MM FWEREIA Figure 125 BEL

EED.

AIMEL 239

[-15013652265 00:38537442



TEREZhEER , W ATRIE - ID B PINxn FEHEHNE (ER IDRERSER), ik
BIEX N PORT FEs , MRSt NE#ES @ — DD FiFds , LHERE — PUEXn — XY
NFZEKRAER PUD - DDxn - PORTxno

BFEWEETR S Figure 125 REEERE , FE1HEE T UL BIEBRASIBIEIE. W T
BEThEE | AZPSIMSENERAEZNERZEXR  HRETURA TR FZERNEN S
iz Jod |18

Figure 124. 7 EHEBPEMN mix O 5| KGR A% LT .

ShiftDR To Next Cell EXTEST Vce

D anZan B
| FF2 LD2 1
0
D Q D Q
1
— —G
Output Control (OC) -
FF1 LD1 0
0
D Q D Q 5
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

Pullup Enable (PUE) »——

Input Data (ID)

240 ATmega128 ]
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il ACTOTFO G128

Figure 125. @i O 5|y REE

See Boundary-Scan description

for details!

N I
' |
I

I
| \ PUExn Y PUD
| <II I /7

I
| | Qb0
| | Qe
| WDx

| RESET

OCxn
| L AU 1k
| :
| %)
| 2
L < <
o <
IDxn o

T

PUD: PULLUP DISABLE WDx: WRITE DDRx

PUEXxn: PULLUP ENABLE for pin Pxn RDx: READ DDRXx

OCxn: OUTPUT CONTROL for pin Pxn WPX: WRITE PORTx

ODxn: OUTPUT DATA to pin Pxn RRx: READ PORTx REGISTER
IDxn: INPUT DATA from pin Pxn RPx: READ PORTx PIN
SLEEP: SLEEP CONTROL CLK yo: 1/0 CLOCK

PO S| SCL 1 SDA EHHESERE — N FNNEFHIES . m&ZEO R - TWIEN,
i Figure 126 Fi’~ , TWIEN S5 T AERESZBHRFHRAOFTH. EERREFITHEER
=AREFEE | H5 Figure 130 AHMZ B HEEE TAEE,
Notes: 1. 2RH&E NI ASIHIA 50ns RIEFFRIEHPAHEE. HRFHRONAFHZBELEEBH
FEEMENR T, EREEREMA TWIEEN SN —REERE#H T REER AT
RAR BRI PER.
2. TNERRERE OC M TWIEN , B4 S| KRS e,

ATMEL 241
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A# RESET Sl

PHeteh 5| B

Figure 126. AR&EORNNFALAHEES

<] PUEXn
:; ﬁ OCxn
‘b

<J ODxn

E J,] TWIEN
~
Slew-rate limited
IDxn

RESETS|##ZEZ5VEFWEBRE BB FURIIRENEMNERE ; UR12VHSERE
BLRMESBEH TR, Figure 127 FI R REENMNWEHE L TBER T 5V ENES
RSTT , ttiEAT 12V WE{{ES RSTHV,

Figure 127. REEMH & T
To

next
ShiftbR cell

From system pin » I
FF1 J
B D Q

From ClockDR
previous
cell

To system logic

AVR SR F AT OB #5422 et 4R T , f A W RC RS 2. SMEPRCHRSH 2. SMERRY
B, (B9) BBiR5ER. BRRGIRER  URBERSS.

Figure 128 i BRI R MM #E — IR HEEN, FEESIEEN LR AL T M
%525 / PRt HH NEEE R R AT 2 T, SERRIRZENPRE AR S E e —
M. FARCIRZENEHETEAEN , BEAXMREEENITIER,
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Figure 128. iK%z M4 %% 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 £ SIMIXTAL1, SXTALI/XTAL2EER 788 , AR 32 kHz
R iRE SRR AR 7R,

Table 102. &7/ AMHES 1O

EREES AHEN R LI REE AR BHE N

EXTCLKEN EXTCLK (XTAL1) SEBREF 0

OSCON OSCCK H\EB & 1 0
AEBRERS 2R

RCOSCEN RCCK 5\ RC 1

OSC32EN 0SC32CK HAERE T B 4557 27 0

TOSKON TOSCK 32 kHz B iR% 85 0

Notes: 1. FERMFEEESZ T —MIRTHIRIER X044,

2. AHIERHEAETASITTHPNER, XERNFHEM JTAG TCK Btz AAE
WEREB, RENSHHETT,

3. NHEEEIBLN#T. ATFETHAERTELN , BN F—NREATRIAR
MHEEREEN. ZEUAFEHERYRERASRALARSE —BENIETN., A TEER
BXTREETAERZIERY | FHEEt ISR EEES , N\TRIRZEE SN
BEChURFT, PHEERTXIFBLN INTCAP, A RAEELTEEERANTEEN
XTAL &% 25217 , BRIFMB LN E LR B EHRRE.

AFEL LA S RABMEXNLREEESRT Figure 129, Figure 130 A H M AR E T 55X L
EBMHERE, 557 Table 103 Hi%HA,

X F AR E RN R TR T LRSS, BAFTENELRASHRFR AR ZIROSIH,

AIMEL 243

2467L-AVR-05/04 ML 15013652265 0Q:38537442



Figure 129. H#lLLR2T

BANDGAP
REFERENCE VCcC
ACBG
ACD —>»
AINO

AC_IDLE

ACME
ADC MULTIPLEXER
OUTPUT

Figure 130. ;& T LM ADC WBERZ R KL 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
Jﬁ — G
From ClockDR UpdateDR
Previous

Cell
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Table 103. B LRBFHGLRAFET

MEEER—0 A SFERAEENRARN
EEEH | ANFM@ %8 HENBA WHBE
AC_IDLE | A R BTSRARERL | 1 R F EEHITH uC
tbes KRB
ACO Loy Bl bR mmE | FERAEERT |0
B uC RBH 5
A
ACME LN R RERKE 0 KT IEFERITHY uC
ADC ZEesi ]
i
ACBG A fFRERERE AR 0 T EEHITH uC
e

Figure 13145t 7 EAFIAMXH B RN E 58 ADC REE . Figure 127 FR REYL R
A B TSXEESHE. N TARNERENETIGET ADC , BRAFMBERELNE A
SHFRMALZIROSIM,

Figure 131. R ies

IREFEN,
J
» To Comparator 1

PASSEN ),

T

VCCREN ), AN

AREF

—®

—
—
Mo |
I?
g

scTEST ADCBGEN
i :

’ PRECH  precu

ARer

MUXEN_O
ADC70: )
NEGSEL_2
ADC_2 P

NEGSEL_1
AbC 1V
NEGSEL_O ST
ADC 0 ) ACLK
AMPEN

G20

l ACTEN

GNDEN

{E51E Table 104 B EHE IR,

AIMEL

//;::::ggMEAA’EZ()AAF

i

245
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Table 104. ADC W REABES

I H e M HEENRMALEEMSE
TERR A, BcPUugEER
BSEH HEMNWA | ADC AW HIE
COMP LIDN DF xR mREREA N 0 0
SR ES
ACLK LTDN fEREMIE Z B LR EE MY 0 0
B
ACTEN A LUBEE KBHRIA R 0 0
ESLRBNEE
ADCBGEN | #A fERERE PR E A RE R 0 0
HERBRHY T A3
ADCEN A ADC Wy EBE5 0 0
AMPEN TN WBEWH EBES 0 0
DAC_9 WA DACBFHEME I 1 1
DAC_8 BwA DAC I BEME 8 1 0 0
DAC 7 WA DAC B BEME 711 0 0
DAC 6 WA DAC B BEMZE 6 11 0 0
DAC 5 LTDN DAC B FH{EME 51 0 0
DAC 4 WA DACHFHEME 41 0 0
DAC_3 BA DAC BIFBEMSE 31 0 0
DAC_2 WA DACBIFBUEME 211 0 0
DAC_1 WA DAC BUF BB E 1 11 0 0
DAC 0 WA DAC BUFEEMZE 0 1 0 0
EXTCH LTDN £ ADC #9 0 - 3 BiEiE 1 1
EIEREE
G10 BA fF8E 10x 2 0 0
G20 BA {88 20x M5 0 0
GNDEN WA 71 SR BRI 0 0
SR IE R R it
HOLD LTDN R &REES. F 1 1
0 R EERES R
1 RREES. WRE
HEEE , EACLK RS
FRHXMEBAAE K
IREFEN LIDN fFREREREHETRIER 0 0
DAC By AREF 55
MUXEN_7 | @A MASRENN 7 0 0
MUXEN_6 | #A MAZSIENIL6 0 0
MUXEN 5 | #@A MASRENS 0 0
MUXEN 4 | @A WMASREERNN 4 0 0
MUXEN 3 | @A MAZSIREENN 3 0 0

246 ATmega128 ]
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Table 104. ADC K2 213155 (Continued)

kil - ACTPTRR g A 128

L=k tegREEm HEENRAEERE
FEAnt A, BECcPUREERA

E5EH% HENRA | ADC HHHAEEE
MUXEN_2 | @A MAZSIEBEN 2 0 0
MUXEN_1 | @A WAL 0 0
MUXEN 0 | @A MASRENNMO 1 1
NEGSEL 2 | #iA ESES U RN R 0 0

ASBRREEL 2
NEGSEL_1 | @A ENES WA E 0 0

AZ BRI 1
NEGSEL 0 | #A ESES R ARNS 0 0

AZBEREHMO
PASSEN TN =ik Endiolig ol 1 1
PRECH WA e Es s H i EEE Mz 1 1

B (EE%R)
SCTEST LIDN FFREBE TEST F#E. 0 0

10x 1825 H R IEE

ADC_4 5|
ST WA mRESE AMPEN 0 0

TEZREHNLHEAN

ACLK BB hE , 8

5 E T U E R IR

ERETXR
VCCREN WA 1% Vec 1 ADC HE 0 0

R

Note: EFIEWHIEE Figure 131 FRRTUERE S HR , HE TSRS, Figure 131
i H B S A SR S&H BEREY M H A SR kIR, ERIEFE ADC S, AEREARRM
W=F2Z —EE -,

EERHEIRPREER ADC , NHEFEA Table 104 AHMNWAE, FHEERAFES

HEIRPERAZ B, ETHAXEANEREEERENBRENRRNEN  XEFAR

HER REERIN, HTREENER , ADC SEER (ADHSM) b RHEELLRPHE

ERA .

AVR ADC KL R TF Figure 131 , RURFZELINZNELE X, FHLAS

EHRBSREENMPOEDLEEERERFTEUNE, XAUAFERBSFEITER

BIR &R - /£ F DAC[9:0] LIEMTIRE , BRLLREFBNEMENE ; REERFE

DAC[9:0] LHEmn LPR{E , BRIEREFENWMENS,

3 F AR EZ NI ATLLEF ADC , BEAFTENENSASHEZMARZHKOSIH,

£/ ADC BHiEig{E

+ {FF ADC RIAFUNSIMEE A , MBEEI FHEE | UpBIEESHER,

EEEERXT FADCHFE3 — R "W “EEH R (BF10XLER), BIUAFEMRE
BE ADC FEHFED 200ns , RAEBFBIRME  ERRIT X "W« EE KR,
HOLD E 5 kAt ( R4 ), DAC BEMLFFE T iE{E 0x200,

AIMEL 247
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ERGIF , ZRBIRBEN 5.0V, AREF ZEH#E| Vo BI1E ADC BE& 3 #Efn 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

BRIEFE Table 105 PR REEMEE |, BN Table 104 FIHELIE. Table 105 R4
H T HEE4EF DAC Mg OSIBIME, “sE " —FIRBA T EEXREE/LYGFEEST
FRCHEFAN JTAG 9, ERARENHRENBEHNEERITRE,

Table 105. £/ ADC W& X

PA3.
PA3. | PA3. L
S| | FE 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
R
11 COMP 2 1 0x200 | 0x08 1 1 0 0 0
BN

ERAXANEER X HOLD § 5 M FAREXN TCK B4 =4+ A%R, ATFEEE S5 MNPR
B HOLD REHN® , TCK B MAMED 5 B FHMALRAZRKRIFETE b9 maxo

248 ATmega128 ]
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ATmega128 i1 REA#EIXFF
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EFRD R AEE N BIEERR TDI F TDO ZE#HAHEIXF I Table 106 AR, Bit0 A
LSB ,RE—MEHEE (A /A )WL, REBRSIHRAFHTHBERTUEN, Bl %0
ANRPERAFSEHMFEORMRN, ELEENRPEER—MIA , EHRTHBENS
S, MAEEZEIW—NWES|IH, £ Figure 124 B , PXn.Data N F FFO ;
PXn.Control #85F FF1 ; PXn. Pullup_enable #85F FF2, #% 0 C B 2, 3. 4, 5 U~ %
Rz , BN JTAG EERIX LS| BZ TAP S5IH,

Table 106. ATmega128 AR XF

EMIWNFES | BESER LB
204 AC_IDLE (54
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

AIMEL 240
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Table 106. ATmega128 i1 RE#H KT

EMINFS | E5EH - ES
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 YmT2EERE (R AW )
159 PEO.Data WwHhE
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 PEG6.Data

140 PEG6.Control

250 ATmega128 -
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Table 106. ATmega128 i1 RE#H KT

EMINFS | E5EH - ES
139 PEG6.Pullup_Enable WA E
138 PE7.Data

137 PE7.Control

136 PE7.Pullup_Enable

135 PBO0.Data WO 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 wa 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
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Table 106. ATmega128 i1 RE#H KT

EMNFE | FEEH - ES

103 RSTT SMEE
102 RSTHV SRARA )
101 EXTCLKEN ErH /RO RAEES
100 OSCON

99 RCOSCEN

98 OSC32EN

97 EXTCLK (XTAL1) F Bt RV BT e A R IR 2R
96 0SccK SERA)
95 RCCK

94 0OSC32CK

93 TWIEN TWI

92 PDO0.Data WA D

91 PDO0.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 -
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Table 106. ATmega128 i1 RE#H KT

EMINFS | E5EH - ES
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 PA6.Data

ATMEL
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Table 106. ATmega128 i1 RE#H KT

EMINFS | E5EH - ES
31 PAG.Control w0 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.
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B RARERES XY MRAKERIES (BSDL) XA —fA BNt E RS 4 ERANFESIERESR
RABIHANEG, XIS ERN RN AL MIRERS G, DRABKESESE
EANIHRF AT AEEa S T i ST F,

AIMEL 255
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XRSISEAERF -&
E 1 [E 8 1 LAk
(RWW, Read-While-
Write) B B R4mTEEED

SISRFNER

BARRK Flash KA Kk S| &
BF Flash X

MARFKX

S|I&&F KX (Boot Loader
Section) - BLS

RWW Flash X} 3JE RWwW
Flash X

RWW X

Boot Loader NI MCU AR &k T M LHEFRBRM T —MEENFET R -E (Read-
While-Write , AT &1#5 RWW) BRENLH, X— I EBRE R LE MCU BWEHIT &
T3 E FRF Flash B Boot Loader , R E# TR A M FH %K. Boot Loader ATLAEA
ARG EENBEZEO MBI IMGRBRIEBHIENRE (BF ) BA Flash , EMNE
F 7851 BN 8, Boot Loader XVFE2F A LB Flash , 23 Boot Loader XA &,
A Boot Loader AIMAXH B &t 1718k , EEN B S #R. Boot Loader & 25 2= A HY
KANALUBE B2 #TEE, Boot Loader EEWMERFMEN , FEHTUMTIZE
SHAPRMTERRP RO RIEME,

* RWW B2

+ REM Boot Loader FiXEE

s EENRSM (AR Boot HENXHR ENRAERT)

s BRMUMNBLNATREECHDR

o SRALBT D K

o KBUAILHEE

- XM RWW X

Note: 1. WRFlashBVHRE D , AN EZTAR (M P 273Table 123 ) , EwBELREPER, 7T
KL R S5 T S0 IE &5 RO IR 1E,

Flash BB MNXHEX , B A X Boot Loader [X (. Figure 133), FNX K 776& 226 X/
BOOTSZ /A% {uElE , &1 P 266Table # Figure 133 Fi'ro A F A NXERA TR BIE
i, FTART L EERENMEZER S,

NMAKXZ Flash FRFM B A RBA X, A XRP SR BEN SR Boot 8iXEfL (Boot
BiEN 0) E , ¥ P 258Table . BT SPM i8S ENA XTI EL RN , FTLAN A
X A8k E1% Boot Loader X3,

B AXFRFMHBANRE , M Boot Loader i L TREFE BLS, X2EHNREFE BLS
Z1TE SPMEETF EM. SPM IEH A LLH R EA Flash , @1E BLS & &, Boot Loader
XK R K 58T Boot Loader 8iE N (Boot HiENL 1) WE , ¥ M P 259Table 109

CPUREBXIFRWW , 5% CPU &R A Boot Loader B3 TR B EH A= 1E | HUR
FHRURZH 2B tit, BT R EFMRRES BOOTSZ BLUEBNHNX 2 | Flash
& LA 9 BN B E B X Bt - B (RWW) KF3ERATE - B (NRWW) X, RWW-
F NRWW B4 F1E P 266Table Note: 1 P 258Figure 133 4. AN EERXFI2:
X RWW XA 89 T TR B R /ERT 7 LAk NRWW X,
X NRWW XA T TR EEER , CPU F1E,

EE |, Boot Loader 8 T1ERt , AP AT LRI T RWW KR EARB., "RWW
X “IENRERE (BRIAE ) BN E#EEX , M A 2F A Boot Loader HiF# 1TRBE
S 72 B SEBRAK 2 BN Y AR SR 0 o

R Boot Loader = RWW XAHFE —TT# T4REE , WA BAM Flash HIREURED |
BEREF NRWW XHE KRB, 7 Flash fRiIZHAE , AR RESLTRIEEREN RWW XY
EipE,. MRAFREEFEIERRERENMNT RWW XEARB (&3 call/jmp/lpm
BT ), RETESKKLETF—ARARS, ATERXHERNEE , FEZLH
S H 3% B Boot Loader X, Boot Loader & 21 F NRWW Z# X, RE RWW X
2 FFEERFRIMRS , EREFE#ESZEFHTIRSFES (SPMCSR) 1 RWW XIT#R
FN RWWSB Efi, WEBERE , EEERER T RWW XEAB 2B HRHER
RWWSB, E#4mfEBR RWWSB 50 P 258« RERFFHEEHFFESR -
SPMCSR” ,
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JE RWW X - NRWW
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£ Boot Loader BM-E#H RWW X E — T 6t , T LUE B T NRWW X8, 2 Boot
Loader fXBBEH NRWW X&f , EENTTEBRRERELES CPU #HER,

Table 107. RWW W45 =

REDEP ZEHILBNMNX | WEIE P ISR *FRWW G
? X? CPUHEIG ? ?
RWW [X NRWW X S =
NRWW X 7 = S
Figure 132. RWW 5 NRWW
Read-While-Write
(RWW) Section
________ Z-pointer

Z-pointer
Addresses RWW No Read-While-Write
Section (NRWW) Section

>Section

Code Located in ‘
NRWW Section

Can be Read During
the Operation

ATMEL

L - 15013652265 00Q:
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CPU is Halted
During the Operation

Addresses NRWW
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S| RF X EN

Figure 133. T8 X ("

Program Memory Program Memory
BOOTSZ ="11' BOOTSZ ="'10'
B $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

g Start NRWW s Start NRWW

(7] (7]

_g Application Flash Section g Application Flash Section

= 2

% 2 End Application
- £

= End Application = i TS 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 LA H,

MRFEE Boot Loader IhAE , MEA Flash AL AR ARBFTA, Boot Loader EH
AET SR IZEN Boot BiEN, AFAUREHIERTRANKRBRF HFR,

AP LUESR -

o RPEA Flash X , ik MCU #THRHH K,

« TR MCU H% Boot Loader Flash X,

. FAREF MCU HLRA Flash X,

« AW MCU AHEA Flash X,

FHARNBESN Table 108 5 Table 109, Boot SiEMAILEIHH, BT TEHBHIT
IRIEHITIRE  BEREBISHERGSER. BANSHEN (IENER 2) FEH
& SPM S Xt Flash #1T4mTE. SUHLEAL , BAMNE / B8EN (MEMER 1) BF
PR&IES LPM/SPM EESX INEF#1TIE / BiFA,
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HASISEF

RERFEFHBEHTTES -
SPMCSR
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Table 108. Boot 81 0 RHF#ER (HAX )V
BLBO #= | BLB02 | BLB01 | ##"

1 1 1 A SPM/LPM 8514 B A X
2 1 0 TR SPM EESXNRMA X ITERE

TR SPM ESHMAXBTERE , BFAAYETT
Boot Loader X LPM 55 MR A X B IR, EFMEE

3 0 O | {F Boot Loader X , B4 T M A X A BT R U 222 1F
#9,
T ARIFIZITT Boot Loader X LPM 355 MBI XiEEUEK
4 0 1 i, BhMEEN T Boot Loader X , BRAMITR AR
Bt ch W 2221,

Note: 1. “1"RIRAKLE , ‘0" RREHE,

Table 109. Boot 8z 1 R #E =X (Boot Loader X )V
BLB1#= | BLB12 | BLB11 | {&#
1 1 1 A1F SPM/LPM #5148 Boot Loader X
2 1 0 R AY SPM 553 Boot Loader Rt {TE#RME

TR SPM 54 %t Boot Loader Kt {TE124E , R A
BT TRARXE LPM £ M Boot Loader XizEI#E, &

3 0 O | mpmBFRAK , BAHIT Boot Loader KA E
WEEEIEN,
ARFIZITTFRAXE LPM 385 M Boot Loader XizE#k
4 0 1 B, ERMEEMTRARKX , AT Boot Loader X4
Bt 2R,

Note: 1. “1"RIRALE , ‘0 RREHE,

BB EES MM A XIE B AR AT UH A Boot Loader, iX LR /ERILAH — LAt & 5
SB35, ki@ USART = SPI #0EWE THXM®T. B, TLEEYRE Boot
ENBLNFEBEMNRERD Boot XKMiRiaMilt, X4 , E{I/5 Boot Loader M EIFL/E
BT, MBETRARBE , BEFFBHRITNARE, MCU AETEERTBLMTIRE,
R , — B Boot EMNBLUBIRE , EMNREN —EIED Boot XMiZ AL, B
N REBNBTHHTREREN S ERHE,
Table 110. Boot E{ufgzzfy (V)
BOOTRST | &E{uithut

1 Reset Vector = B AXE 1Y ( #31k $0000)

0 Reset Vector = Boot Loader £1i ( [l P 266Table 112)

Note: 1. “1” BERBEXRGERE , ‘0 ERECHE.

FIRFFERHRNRSF 7R T 2% Boot Loader B AEFTFE IR HL,

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 {FaE

AIMEL 259
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E B iE R Flash

SPMIEELLJ‘ tu%ﬁm%ﬁ%%mmﬂzlﬁu SPM T EN#RFRE, R ESPMCSR & 1788
# SPMEN FE , SPM F K 1T.

» Bit 6 - RWWSB:RWW Xit#rE

Bz RWW XM B ( NBRBAEBA ) #4EF , RWWSB #EH#E 1, RWWSB
B FEEHR RWW X, BRERETRE , 1R RWWSRE 8 1, RWWSB i
BER. B9, B RMBRENE RWWSB L BZES,

» Bit5- Res: {RE{I

£ ATmega128 R RREL , ®REER "07
+ Bit4 - RWWSRE: RWW Xi&f#gE

RWWZ&h?éﬁﬁ(ﬁiﬁﬁ?jﬁiﬁ)\)hxﬁ RWW X #9112 E(RWWSBHEH B "17) 54
FRE, AP 4 S NEEREY EIE(SPI\AEN,%%):JF EEFFRERWWIX, IR RWWSRE
M FSPMENREI R #BE A "1 N 1E EiEE M Ot AR R E SPMEE S B IRFERERWW
X, & Flash Tt%ﬁ%%l%ﬁiﬁi%)\ (SPMEN &1 ),RWW X HEHFERE. 2R Flash N
# 5 RWWSRE BRI &4 |, N Flash MERAEL L | MENKRBEIGE K.

 Bit 3 - BLBSET: Boot #iE{/i& E

WRIX—{f SPMEN BB , K& TEEENEMTHEHRNE SPMETL2ERE RO
Y EIEIRE Boot 1. R1 FHEIEMN Z i85 bt S BH 2R, SIEMZERRK |
HAEMENEH AR E SPM IES#ITE , BLBSET B3IiES.

1£ SPMCSR #1783/ BLBSET 1 SPMEN ENM G =/NEHRNEZETH LPM 155
BIEM B LN (BURT Z 1841 20) X BB FFEE. EN P 262¢ LE#A AR iRE
By FBIEN” -

e Bit2-PGWRT: IEA

WRX—{F SPMEN BB , KETFEEESNONTHEHAN SPM EESHITRE
IhEE Jqllfﬁﬂtilqﬂ%%ﬂhﬁf%mm%s)k Flash, TUibutENE Z 4S9, R1 # RO
E’\J’;&EW&’@ B, MEBRMETR , REONHEAHRAEE SPM B8 TH ,PGWRT
HEES. MEREBEWRRN NRWW X | EEATTERETES CPU Z1E,

+ Bit1- PGERS: &%

MRiX—{H SPMEN E&tE{ , ﬁi?%’f#&%ﬂ'y A EAHINE SPM EESHITRE
BRINAE, TUHbHENE Z EHMN SIS, R1 M RO WEIEN 42K, TEBRIBIETRK ,
REM N EAPHARESPMIET %&mﬁﬁ PGERSH#HEZT, MR EXNEINRWW
X , EEANTTRREESES CPU FLE,

e Bit0 - SPMEN: TR {7 aaftEst

X—UFREESEENNARNSAEAHANN SPM B4, IR NX—H RWWSRE,
BLBSET, PGWRT & PGERS z —REI&T & , Wi EFFR TR SPM EESREEH%
W&, MMRIE SPMEN EfZ ,3352#%1?%9’9 SPM 453 R1:R0 R HIEEF# 2B
ZIBHBENISIRE S, Z 1841 LSB B, SPMESTER , RENMHEHR
3% E SPM S #in 1Tt , SPMEN B3i5%, Eﬁﬁﬁ?%uﬁsﬂ&qﬂ SPMEN R#H 1
BEBRETK.

EEANMPEALR “10001”, “01001”, “00101”. “00011” 5 “00001” Z WY {E(H & £B
%’;\&O

ZIE$ SRAMPZATSPMar SIS 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 1 Z10 Z9 z8
ZL (R30) z7 Z6 z5 Z4 Z3 z2 z1 Z0

7 6 5 4 3 2 1 0

260  ATmega128 m———
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Flash B9 B4RT8

2467L-AVR-05/04

BT Flash 25 2 AR AR (P 273Table 123 ) 23k , BF IR UEEHRH
MBI H—ARIATANIF RS ; EAAZIARI UM SIS , 10 Figure
1347 R HTF NEBBRAM T ERMENFURMBEIRIAY |, B L RIEBoot Loader #4412 71 2
BRAMEBRENIFUMENRARREEN ., —BREREFHRED  HiutBEdiE  RE
Z E¥t IRAMPZ T LA REEMAIE T -

W—F{EH Z 154 /RAMPZ 15 SPM #4ER1& & Boot Loader 8iEf, Z 14t /RAMPZ
WABHZEE, (E)LPM ISR Z 54 /RAMPZ kR FHbit, A TFXMESHF it
FEF BT , FTEL Z 184189 LSB 1 (£ Z0) b EEAZEIT .

Figure 134. SPM #93-1t (V

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 HFTAMTEIMIEETE P 267Table 114 3,
2. PCPAGE 5 PCWORD %IF P 273Table 124 ,

BFE#ENEHRUIN AT, EARNREARFEROBEN - EREHTH
B, BEERNX—TER, SPM ETU—R—NFHAXNFHREBEA G TE R,
Rt TP BR M BEA A A TUBRBR S5 B 2 BISERL , th ] SAFE TUBRBR M T B IR 4F 2 8 5E Ko
BRI, ERERITERMER

Bimet & 2R

AT TURBR IR

MITHE#E
BR2, ERNEREEZETER

AT TURBR IR
+ Bl &R

MITBRE
MRRAFERZEAN -5 , WERERZ I ATH R P EME D FEER (MNRET IR

RNIEHPXAF ), REEEHE Flash, £ABFZE 185, Boot Loader It 7T —MNEHHYI -
By -E5YE , ATAPREEERIIAPHNANE , RAENHNEMSENKRE | EEILE

AIMEL 261
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BN SPM #ITR#ER

FeR At B AR (TN )

WITRERHE

&£/ SPM i

HE# BLS B EEEBNRA

£ BmRERT By IEIREL RWW X

HEMHIEEE Flash, MREAFR 2, WERERBMBKE , ENRELWERRT. I§
B T3 XA BAREAL T 41k RIEETERMAEREH T UARNTERKEN. CHA
BHHIFIES N P 263 —MIRNSISEFLCEAB

HITHERBREELEZEERE Z EHS RAMPZ MtbitE 8 |, RE “X0000011” B A
SPMCSR , R HEH I et AEARMIT SPM. R1 # RO RHI BB M ZBE, Ttk
KRB AN Z B51728EH PCPAGE, Z iE4HHI H A {14 28K,

EER RWW X : 72 TUEERS 2 # AT LU EL NRWW X,
B NRWW XK : FE#REITEH CPU =1,

E-NMESFEATERE Z E40utEE  URNESFEEA RI:RO, REH
“00000001” EA SPMCSR , e EHENAN#HABHANHNIT SPM, Z FFHF
PCWORD MHAAXFHuUIGREANX, TERETK , HEN SPMCSR FiFseM
RWWSRE fFEIG8 EF X B8R, REEMNHELBRIGEHFX, BERUORTERIG
T8 X 3t RBEXT A b # 1T — R BiRE,

Note: #71E SPM W A#R{/EH EEPROM BEA , FREZABESTEXL,

BTN EREEEZTERE Z 45 RAMPZ Wittt 8 , ABF “X0000101” B A
SPMCSR , R EH NN BHIRINIT SPM. R1 # RO AV S 288, Ttk
HMB A Z 51720 PCPAGE, Z IE4 M H M 28,

EER RWW X : 7 VBRI 72 5 AT LU EL NRWW X,
« EBRNRWW XHR : £FREIREH CPU F1E,

MR SPM R fERE , N SPMCSR Z1788# SPMEN BFEF =4 ., XEREHM4ET
AR AP sk SPMCSR HESEMNEIN, FH SPM et , EFhHlmERE
BLS , MU % RWW X2 it FEHRIT. A8 hlmEiE N P 55 F i,

BETYRFE Boot HiEN 11 A XK EH Boot Loader XATEELL FHI KT, It Boot
Loader & & # TR IR IBELTHIRE Boot Loader , &R BB EEH, MREBFIAEE
k3= Boot Loader , Zi 3 Boot #iEfZ 11 48i2 , LABS LR/ 2k ZE T Boot Loader,

EHBEYRY (TEBRIRE ), ¥ RWW RNIBREEAE, AFR4ERERLERE
4, RWW XHCfF# SPMCSR Z1785H9 RWWSB B 1., £ B4sf2rt , 0 P 55 A ” A
R, PEEERMNIZBE BLS &, SEZ IR, ®RELEERG , B3 RWW K26 A
P A3 RWWSRE B 1 K52 RWWSB, fIlFiEL P 263 —/MEH2 M S|SEFC
YRiRES

262 ATmega128 m————————————
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BEXY SPM iR ESISEFHEN

E EEPROM M 1E E SPMCSR

AR5 IR BUS £ M 2 fu

Bs 1k Flash H AR SR

2467L-AVR-05/04

iR & Boot Loader 81 EM B £ B4 RO FHIEMEHIE , AB [ “X0001001” B A SPMCSR
FESE HEESEENONSARAKT SPM ES, H—AiFRINSIEMNE Boot
Loader B{E L, FAXNB1E M AT LA LE MCU 3 B FA T2 & # Boot Loader B4R E#,

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 i5 6] #Y &M% 2 W Table 108 # Table 109,

MR ROK 5.2 7 0, H H7E SPMCSR 17837 BLBSET # SPMEN Efu 2 Gy g4
BEAHITT SPM IEET , HNH Boot SiEM T HRE. WIRETER Z B , BEHT
FRAMMNER BT Z BHBEE R 0x0001( 5% 10, VHWREHER ). AFETFHRAM
WER , BUESHEM N RO R 7, 6. 1 FEONE "1, EHREMEMNHIRESF
Al LA H B 15 B ZA Flash X,

EEPROM BE#/EABREX Flash w2 , th A EXN B LM MBI EM Y IRIRE, BILAF
EX SPMCSR ZH783#TER/EZHIE £ ZE EECR BESEMIRASA EEWE , BRI
N LABUEBR

1B 4 A FBE AT BUE S BRI B, R BUEMAT , BESF $0001 T4 Z IRt H BB
SPMCSRZ 783/ BLBSET #1 SPMEN, £ SPMCSRi2#EZ FH =1 CPU A AR ITH
LPM S ESEMNNERMEE B N FFSR. ENEMRELER . HEFEHE=/CPUA
HR&E HITLPMIES ,REMN/N CPU BN EHNITSPMIET ,BLBSET #l SPMEN
B EHEE. BLBSET Ml SPMEN EE /G , LPM FRBIES F Mt H AR 49 AR 4
I{’EO

Bit 7 6 5 4 3 2 1 0
Rd | - | - | sBLB12 | BLB11 | BLB02 | BLBO1 | LB2 | LB1 |

EEBALVEZTHNEEN R EMSIEMNEERL, BEINBLUERYT K EEY
$0000ME, F45 2155t H H BN SPMCSRZE 785 fWBLBSET #1 SPMEN, Z£ESPMCSRIZE2Z
B =/ CPU BHIRHITH LPM S FIRBLMUEMNFTHE (FLB) MKRFENFE
. FEHAMNPARBLMENFTRENATIESN P 270Table 119

Bit 7 6 5 4 3 2 1 0
Rd | FuB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

O EIBLYESNFTE  EER $0003 B T4 Z B4t H BE SPMCSR 1788
# BLBSET 1 SPMEN, £ SPMCSR ##E2ZEHN =1 CPU BAHAHITH LPM 55 FHE
BUNENFETNE FHB) MBZEI BN EFSR. EHFANRBARBLNSMNFTIRE A
TiES N P 270Table 118 ,

Bit 7 6 5 4 3 2 1 0
Rd | FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |

BERBLZNTBETR , EEF 0x0002 EF4 Z BitHBEHEN SPMCSR HEHM
BLBSET # SPMEN, £ SPMCSR#EZ M =1 CPU BB ITH LPMIESFILB L
N BFTHEEFB) MKFENFTER. FFEANEARBLVT BRFEFTRENMATE
2, P 269Table 117 .

Bit 7 6 5 4 3 2 1 0

Rd |-|-|-|-|-|-|EFB1|EFBo|

BRENBLUNMBEMLNIRREENR "0° REWENBLAMBENMNRIEEEN
"1%

Voo BT TERBER ,CPU M Flash IE® TETERIE |, Flash B9 A A AT 88 32 AR, XA
RN FRATFRERGENIMIL Flash —HFE. IAEERARBENBRSE R,

AIMEL 263
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B E AR IRES A FE )R o BABR IR Flash A& . £— |, Flash EXREE— M REBE, F

=, BEKXIKE CPU X FL4iIRHMITIES,

B ERUTRITE W AT LUE R Flash BN (RAEPZ—REBT ) :

1. WRRSETEEEH Boot Loader , Zi4mFE Boot Loader i E{LEABH LE Boot
Loader #4455t

2. BREETZHE ,RIFAVRRESET MK : RAMNARN MR ITEEHESKN
EBEMPCEL , WTLAERE BOD That ; BRI AERANSEN R B, IRESE
ERHITHREETEN , REERBERY , BREESTK.

3. {EsBEEHERE AVR AL FHEBEKREER, XFETLIE CPU BB H T
T, BRRYF SPMCSR FEEs , NTARHF Flash LR IR BB R,

5/ SPM B ®Y Flash wBrRE  HFHKERN RC IR%25H T Flash S utrtFi2%|, Table 111 444 T CPU i3I8 Flash B9

BAVYRFERTE,
Table 111. SPM 4m#2 68
55 BN B AW E

Flash B 4E (JEXX SPM =N TT#ER,
NE. REBIEM)

3.7ms 4.5 ms

— A EBANSISBFLRAB - ABITRIY RAMFRE — FUBIES A Fl ash

264

; YIEEIER RAMNE—MNKEE T
s ZIEHEm Flash WE—MNERE T
- ABIRREEERRLE
- ZRFHSFMET Boot X ( 4 Do_spmFRFEMMLL)
; EAREIRYD (MBRNNEERE) REERTEE NRWXHRE
;- ERAMEFSR cr0, rl, tenpl (r16), tenp2 (r17). looplo (r24).
; loophi (r25)., SPMCSRval (r20)
; ERFPTESESFFRABHRFNRE
; ERHRBANER T AU LS ERNER
- BIRPHIEERMVT Boot | oader X, SEFHTHELLL,
.equ PAGESI ZEB = PAGESI ZE*2 ; PAGESI ZEB RAFTARMMNTTKRD , FRAFHE
iz
.org SMALLBOOTSTART
Wite_page:
; TUERRR
| di SPMCSRval , (1<<PGERS) | (1<<SPMEN)
call Do_spm

; B RWVIX
ldi  SPMCSRval, (1<<RWABRE) | (1<<SPMEN)
call Do_spm

; FBEMN RAMEBE Fl ash TEHK
Idi looplo, |owPAGESIZEB) ; #IB{LEHREE
Idi |oophi, high(PAGESIZEB) ; PAGES| ZEB<=256 A EEWERE

W | oop:
Id ro, Y+
Id rl, Y+

| di SPMCSRval , (1<<SPMEN)

call Do_spm

adiw ZH ZL, 2

sbiw | oophi:looplo, 2 ; PAGESI ZEB<=256 H#E £ subi

brne W] oop

; MITRE

ATmega128 e
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subi  ZL, | ow PAGESI ZEB) ; EfEE

sbci  ZH, hi gh( PAGESI ZEB) ; PAGESI ZEB<=256 I RNEE LR E
Idi  SPMCSRval, (1<<PGWRT) | (1<<SPMEN)

call Do_spm

; EFERE RVIX

| di SPMCSRval , (1<<RWABRE) | (1<<SPMEN)

call Do_spm

; REBEHRE , NALERE
| di | oopl 0, | oW PAGESI ZEB) ; #ItR{LEHEE
Idi |oophi, high(PAGESIZEB) ;PAGES| ZEB<=256 RMAEEWERE
subi YL, | ow PAGESI ZEB) ; EfriES
sbci  YH, hi gh( PAGESI ZEB)
Rdl oop:
I pm r0, Z+
I d rl, Y+
cpse r0, r1
jmp  FError
shbiw | oophi:looplo, 1 ; PAGES| ZEB<=256 B} A subi
brne Rdl oop

; IREE RWWVIX
; BRRW XEZLA R £IERE
Ret ur n:
lds tenpl, SPMCSR
sbrs tenpl, RW\BB ; B RWASB R 1", 1B RWIXER B HER I
ret
; EHFERE RWIX
Idi  SPMCSRval, (1<<RWABRE) | (1<<SPMEN)
call Do_spm
rinp Return

Do_spm

; RELFN SPMRERTELTK
Wait_spm

lds tenpl, SPMCSR

sbrc tenpl, SPMEN

rinp \Wait_spm

;; B : SPMCSRval RE T SPMIR{E

; BEAHET, RIFIRSIRE

in tenp2, SREG

cli

. W{RI%E EEPROVEIRE
Wait_ee:

shic EECR, EEVE

rimp Wit_ee

;. SPMEtE 5
sts SPMCSR, SPMCSRval
spm

; MRE SREG ( MRFMIRARMERER , NEREHMT)
out SREG, tenp2
ret

ATMEL 265
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ATmega128 5| SRFSH

B YmT2HiR R T A S AE Table 112 | Table 114 44 H,

Table 112. Boot X X/MELE

Boot EI
Boot 3k (Boot
Boot BIf Flash Loader MAX Loader #8
BOOTSZ1 | BOOTSZ0 | KA/ | W X Flash X b it )
- $0000 - $FEOO -
1 1 512 % 4 | srpFr SFEFF | SFDFF $FEQD
1024 $0000 - $FCO0 -
1 0 = 8 SFBFF SFFFF $FBFF $FCO0
2048 $0000 - $F800 -
0 1 = 16| er7er SFFFF $F7FF $F800
4096 $0000 - $F000 -
0 0 = 32| Seerr SFFFF $EFFF $F000
Note: FREH BOOTSZ B fEEiEHES M Figure 133,
Table 113. RWW R ()
Flash X % SutssE
EEE - BX (RWW) 480 $0000 - $EFFF
JEEEHE - EX (NRWW) 32 $F000 - $FFFF

Note: 1.

RXTFANMXHFEMREAER P 256“ IF RWW X - NRWW' 5 P 255RWW X 7,

266 ATmega128 m———————————
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Table 114. Figure 134 FFTAZEMNRARK Z 54 A9 ©

AR Z B
TR = iR @
15 EFITESNESN (BFITHREN 161
PCMSB PC[15:0])
6 ATRRFIFUNESN (—RE 12810 F , &
PAGEMSB T 7 {7 PC [6:0]).
Z16(" Z 51785 PCMSB XM, ATF&EFER
ZPCMSB 70 , ZPCMSB ZF PCMSB + 1
z7 Z F1F255 PAGEMSB Xt K. BT & B A
ZPAGEMSB 70 , ZPAGEMSB %F PAGEMSB + 1
PCPAGE PC[15:7] z16M:z7 fi{%ﬁ%&%ﬁﬁt&i&  ERBRINBREPHIT
g4
PCWORD PCI[6:0] Z7:Z21 BFITHRESE it - NIERIGE DX TFIR
8 (ERENRHAAFAN 0)

Notes: 1. Z ZFEEEH N 16 UK. 1L 16 U TF RAMPZ HFF8%,
2. Z0 : XFrEK SPM &5#E8R "0” , X (E)LPM 5 A F 2T ikiF,
3. XTERESES ZEHNFERES N P 260" £ B WEMI5R Flash” .

AIMEL 267
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FHERRmE

BFEEBEEMHERBIEN ATmega128 B4t T 6 MUEN , RIEBEMHRE (‘0") B REEFHHE (‘1) B R AT LIRS
Table116 I A iNiE AL, BIEM RAGETSE EBRGSEEN 17,

Table 115. 8iEMNFT

PN P (VASH iz MIAE

7 - 1 ( Rmig)

6 - 1 ( RERTE )
BLB12 5 Boot S E L 1 (Rimi2 )
BLB11 4 Boot 8t E {1z 1 (KRimi2 )
BLB02 3 Boot #iE 1z 1 (KRR )
BLBO1 2 Boot #iE 1 ( RmiE)
LB2 1 BiE 1 ( RmiE )
LB1 0 #iE 1 ( RERTE )

Note:  “1” RRKLGWE , “0° RTERWE.
Table 116. BiEMN AR EN

FREBRSEN ¥kt
LB 5 LB2 LB1
1 1 1 REFEREREBRERT S
9 1 0 EHITHSPIJTAG 8 {T4R A2 = A Flash I EEPROMEY it
—SiRBWEL | B, O
3 0 0 EHATHSPINTAG B 1TRER X F Flash M EEPROM Y 3

—SmERBIEHEL , e HBLuEEiE

BLBO #= | BLB02 | BLB01
1 1 1 SPM 1 (E)LPM X3 i f X #9775 (8] 5% B PR %l
2 1 0 AR SPM X N A XK TERE

A SPM ESXNAKFITERE , WFAYETT
Boot Loader X#9 (E)LPM 355 MBL A XIRERERIE, &Pl

3 0 O | MEMTF Boot Loader X , BB 17 K1 F XA H8 &t h i 2
2=HE,
T ARIFIZITTF Boot Loader XK (E)LPM S MR A X%
4 0 1 IR, BHhMmEM T Boot Loader X , BRAIT R
XABaTh T 2E1EN,
BLB1 #3 | BLB12 | BLB11
1 1 1 A SPM/(E)LPM #8515 Boot Loader X

268 ATmega128 -
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Table 116. BiEMNRIPER
TFAEERYIE N RipFER
2 1 0 TR SPM #8455 Boot Loader Ki#{TERE

T SPM #5% Boot Loader Ki#{TE#R/E , bR AR
BT TNAXKH (E)LPM £ M Boot Loader XigtER ¥k #z .

3 0 O | #opmBRFRAK , BBAMT Boot Loader KA
TR EIER,
TATFETTRARXK (E)LPM 5 M Boot Loader X i
4 0 1 B#HE, EPMEEMTRARX , B8LIT Boot Loader
XKLt REEIER,

Notes: 1. 7E4mTE LB1 # LB2 B SL4R T2 B4 Boot HiEL.
2. 1" RIAKRBERE | ‘0" RERPRE

SR ATmega128 H=MNELMFH, Table 117 - Table 119 &R T A A B L MK T BE
URMI 2R BB LT TN, MRBLAERENIRIREER “0%

Table 117. By BFT

Y P AVA R s | #d MIAE

— 7 - 1

- 6 - 1

- 5 - 1

_ 4 - 1

- 3 - 1

- 2 - 1

M103Cc() 1 ATmega103 #AE X 0 (‘mig)
WDTON®@ 0 BTHENSBATE 1 (KmiE)

Notes: 1. i¥0H P 4“ATmega103 5 ATmega128 HIFRAM ",
2. ¥ P52 BMERNREFFESR - WDTCR

AIMEL 269
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A BLINBIRE

FRIRF

Table 118. B4 EF

BENE
F s | #R RINE
OCDEN® 7 f#8E OCD 1(KR4miE, OCDZH)
JTAGEN 6 fE8E JTAG 0 (w78 , JTAG fFgE)
SPIEN™ 5 FRERTEFMBETER 0 (#URTZ , SPI YRIZfERE)
CKOPT®@ 4 &% BRI T 1 (KRR )
EESAVE 3 HATR  EBRET EEPROM HIN 1 ( K412 ), EEPROM AETR
BRE #e
BOOTSZ1 2 iﬁ;cz% )Boot XK/ (¥R Table 0 (#imiz )
BOOTSZ0 1 Jﬁ% Boot X A/ (1M Table 0 (#umE )
)
BOOTRST 0 EEREENEE 1 (KRR )

1. £ SPI B 1T4mEE R T SPIEN BL MR FE,

2. CKOPT A4 (ITh&sH CKSEL fIigBRE , ¥ M P 34 B4R~

3. BOOTSZ1..0 BRIAE R HF K Boot K/)v , ¥ P 266Table 112

4. FEBNSJITAGEN BLMIREBNTA ,FmH] B ARX OCDEN48%2. Xf OCDEN /&
UARREAFERENYNELSSEMENKREERNTET. X&EME,
EITAGEEORER | JTAGENBLMNEA, LB R JTAGEOTDOS| MMV ER S BiR.

Table 119 B R FT

Notes:

b L e AR iwivA

FH s | #R RiAE

BODLEVEL 7 BOD fil & 88 1 ( RIERE )

BODEN 6 BOD fifE 1 ( KR#4mE , BOD £A)
SUT1 5 %R BB 1 ( K#ggme )

SuUTO 4 bz ==kl 0 ( #igmiz )

CKSEL3 3 R B4R 0 (4w @

CKSEL2 2 R B4R 0 (4w @

CKSEL1 1 iR R 0 (HymiE )@

CKSELO 0 R IR 1 ( K#gmie )@

Notes: 1. X FERIARTEIR ,SUT1..0 WEBRIAMES HHE KBV ESIRE, FHAAEN P 38Table 14
2. CKSEL3.OMWERINIRESE T F ARCIRS 85217 T1 MHz, iF4IA AN P 34Table 6

BLNVKHREFZERERGSTHEE, MRBMEL 1(LB1) BmBUBELVEBIE, £
YmTR B E L B e m IR M 210

B AmEERX BL N ERSITE, Emﬂ%%um&u{?éf& BRSBHRHmE
EBR, TEXTEAT EESAVE B4, ©—BRwEVAREERA,. EEEIEERF
B4 AL i ifE.

FRAH Atmel IZFIRMER P =FHARRRBARX D SRHE S XNMBTLLE
B ERETMATENIRE , A UETHEBE R, X=AFT 2576 T = MA
#h ik Z2 ],

ATmega128 #RIRFT R :

270  ATmega128
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1. $000: $1E ( TR/RH Atmel 2 B4 ).
2. $001: $97 ( RTBH BE 128KB Flash k28 )o
3. $002: $02 ( % $001 FHHHA R $97 BT R RIX R ATmega128 ).

REFT ATmega128 REFMI RC 5% BH MAIFEM, KLFH A F4RR 42 H 0x000,
0x0001, 0x000250x0003H B FHi, FHIFR1. 2, 458 MHz, EEVHHE ,1 MHz
E#W BB A OSCCAL H7fk. MREAHTHR , REERFHEA , B P38 ik
SHERARER R - OSCCAL” .

AIMEL 2t
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HITRENSH , SIS X540 #%E T 0% ATmegal28 ) Flash R 124488, EEPROM BIE1EH45E. 12A58

BEfns ENRBLMFTHITHRENRR. BRESEHA , SUKHEEEDH 250 ns,
ESEH EX—T ATmegal128 WIHEXSIBAHTREESHBEMIHITSIA , W0 Figure 135 M

Table 120 FirRo. FRAKBHRAY S| A RRFRIE,
XA1/XAQ RE T 48 XTAL1 S| — N EBKH B FrIITHVIRVE. BEAYRIBIEN Table 122,
£AWR = OE i A BT AT INER M 9 RE T ERITHIRE, B4R DES N Table 123,

Figure 135. }{T4mig

+5V
RDY/W_Y <«— PD1 vee _T
OE ——»| PD2 +5V
WR ——>{ PD3 Avee |
BS1 ——»{ PD4
XA0 ——>»| PD5 PB7 - PBO [«—» DATA
XAl ——»| PD6
PAGEL —— | PD7
+12V —— 3| RESET
BS2 ——»| PAO
L — xtAann
GND
Table 120. 5|H& #RERST
WEERESHNES | SIHWEH | 10 | ThE
RDY/BSY PD1 O | 0: BZRILTFHE, 1: REZBFHRSR.
OE PD2 || W (RBEFEEXR).
WR PD3 || B (KEFER).
BS1 PD4 || PR 100" BRENFT , 17 ERESMFET).
XA0 PD5 || XTAL 3442 0
XA1 PD6 || XTAL h4E4T 1
PAGEL PD7 | | MEEFFHERN EEPROM BIER
BS2 PAO | i—fﬁ# 200" EBREMNFT , 1" ERE NS
F1)
DATA PB7-0 | /0 | MEAKIEEL (OE MENH L )

272 ATmega128 -
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Table 121. #H AREERXFTEER S| BIEIE

El) o5 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 XAO0 H4mH5

XA1 | XAO0 | 4 XTAL1 Kenpk+sx toiRE
0 0 | fn# Flash = EEPROM it (&3 BS1 WERBMERRMLFT)
0 1 e (B BS1 RERBMIERIKAL Flash BIFFT )
1 0 | MESH
1 1 TRE , =R
Table 123. TS F TR
WEFEW BTG S
1000 0000 SRR
0100 0000 BRRufy
0010 0000 EHiEN
0001 0000 E Flash
0001 0001 E EEPROM
0000 1000 BIRRFTRRAEFTT
0000 0100 BRJA 22 ST RN B TE L
0000 0010 3% Flash
0000 0011 & EEPROM

Table 124. —TN'ZEMZH Flash FHI A

Flash X/ AN PCWORD ns PCPAGE | PCMSB
64K F (128K F5 ) 128 F PC[6:0] 512 PC[15:7] 15
Table 125. —TIEBEKFH EEPROM H#I T
EEPROM X/) mAN PCWORD iy d PCPAGE EEAMSB
4K =15 8 FT EEA[2:0] 512 EEA[11:3] 8
HIiTiREE
HAHTREBES B THNEEHRAHITHEREESR
ATMEL 273
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HTEMRERTEZ RN A

B ERER

% Flash #{TRE

1. 1E Voo X GND ZER# 4.5-55V WEBE , HEDZEH 100 ps.
2. ™ RESET H& , #E AT XTALT £F 6 X%,

3. P 273Table 121 5 HEEY Prog_enable S|BIE 3 "0000" , H#ZFZEL 100
NSo

4. S RESET#Rft11.5-12.5VIEBE, 0 RESET Rt +12VEBEFH 100 ns A,
Prog_enable S|HIMEMITH LS HSH TEH# AREER,

WMRIEFRNBRAHAI RC , EFARERMBEEM XTALT Bk, EXMERT , R

BT &E -

1. ®E%I|F P 273Table #Y Prog_enable 5|k} “00007,

2. 7 Voo 5 GND M2 E 4.5 - 5.5V [AT7E RESET iR 11.5- 12,5V B,

3. %% 100 ns,

4, WNBLNBRRE , RIESNBEERER KRG 4 (CKSEL3:0 = 000000), 03R48

ENERE , ERTBLAMTARITERBRIES,

B RKES 4 Th R B RESET 5|17 0b0 KB HigmiRiER .

6. FAREHINELHEAREER,

o

ERELEYP , BT RIENMRETFTE, A TXUSRNREENEZEERATER !
. NBANFHREABTERISREN , SSNEMER R
HEEBEANBIER SFF AT , EANXBRRRITEHBRW TS Flash &
EEPROM( BR3E EESAVE B4 NHRE ) AR,

REEREDRIEE Flash X EEPROMH #1256 ZRN T EER Rt SV FT, £
FRAETF Rt EZRX— S,

B EBRIZESER Flash X EEPROM") 12 B8 AR BIE L, RFFHESEEBBRER
ZHBENTLEN, 2 EBRTIEMBLMA, SHERDDOSMERRE Flash 5 / 5
EEPROM 2 Bl o

Note: 1. IR EESAVE BLmE , BBAERF R EEPRPOM T2 &1,
e " SHEBR"PSHERE

£ XA1, XAOQ BN 10 LB @R N,

¥ BS1iEN 0

DATA B{E “1000 0000”, X2 GHEBERTD.

44 XTALT IR —NERKH |, #Ta S MK,

%4 WR 2t — /Mg | BES A EK, RDY/BSY &1&.

Z#& RDY/BSY &E , RETEMBEFTHG S,

AU

Flash EUATTH R A LKA |, 10 P 273Table 123 FiRo. 4w*2 Flash B , 2 F B4 81
FIEREHRXF, IHE—BINEFRETURREIRERE. TEAMNSRER T X
Flash #1T4R %2 :

A. g " B Flash" &% :

1. FXA1, XA0EH "10", Ba@mS .

2. ¥ BS1E&"0%

3. DATA BE{E} “0001 0000” , X2E Flash 5%,

4. 4 XTALT R —NERROPUAMERB S,

B. &bt KA F T

1. FXA1, XA0ER "00", Bahithut hnEk.

2. ®BS1E"0D, B E{bit,

274 ATmega1 2 O I —————————— e —
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DATA R {EH bt KA F 5 ($00 - $FF),
. A XTALT BE—ANERF , Mt EALFET,

3
4
C. I HBIEMNET -

1. [ XA1, XA0ERN "01", BaiHIEMNE,

2. DATA BE N HBEMFET (500 - $FF),

3. 4 XTAL1 BH—/ M ERR | MBHIEFET.

D. MBEHEEMFET :

1. FBS1ER"1", uBHESLFT,

2. FXA1, XA0EBH "01", B EEMH.

3. DATA BEANBESHMLFT (500 - $FF),

4. 45 XTAL1 BEH—NERKF |, #HITHIEFET N,

E. BiF8E -

1. M BS1ER "1, uBHESLFT,

2. 45 PAGEL 2t—ANERKH |, BiFEIE (M Figure 137 5K )o

F.E€ B3 E#R% , BEBENEPXEFRLETHAENRIESS N
wiHERPHECATRATY , AT FLASH R F 4k, I P 276Figure 136 .
MRTAFUDTF 8 L (bt < 256) , AR TR EREN MU EFTHPHNSNVNATR
Sk,

G. &kt FFT

1. FF XA1, XA0 B} "00” , Bahibut nEigE,

2. FBS1ER"”, EBEEUHbit,

3. DATA BER it S FT ($00 - $FF),

4. 45 XTAL1 BE—NEROD |, Mt suFET,

H. YmfE — TU3UE -

1. & BS1=“0"%

2. A WRES—AMNARP | NEBRKRIEHTHRE , RDY/BSY T,

3. Z# RDY/BSY &5 (I Figure 137 58K ).

. E€ B3 HWEE , EFE Flash RRRERFEFMENHRIELBHERRE.
J. ERRE :

1. 1.4 XA1, XAOBR "10”, B g,

2. DATA IE{E "0000 0000" , XEFgEES,

3. A XTAL1 BH—NERS , MEHS , RSBBEEEEN.

AIMEL 275
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Figure 136. X LATT NHLQH (VK Flash #4751k

PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS

WITHIN THE FLASH

PROGRAM MEMORY

PAGE

Note: 1.

Figure 137. Flash 4m#2 % &/

A B

WITHIN A PAGE

PAGE

PCWORD[PAGEMSB:0]:

INSTRUCTION WORD

00

01

02

PAGEEND

PCPAGE K PCWORD %IF P 273Table 124

E

/—/%

C D E B

C D E G

H

DATA X 0x10 YADDR LOWX DATA LOW XDATA HIGH ADDR LOWX DATA LOW X DATA HIGH

XX XADDR HIGFX

XX

XAL

XA0

BS1

XTAL1

WR

RDY/BSY

RESET +12V

OE

PAGEL

BS2

Note:

% EEPROM # {T4R2

TRZER"XX", EMNKEFEXN N T A EHERL Flash w2 K.

W P 273Table 124 Fi’R , EEPROM BTN #47, 4%i2 EEPROM Bt , YRR EIEBIF

TREHRXH, XHFTUENN—RHBERITRE, EEPROM BIEFHB[RBETEZNT

(e, Ut REEMHENATESA P 273“ X Flash #HITHRE" ) :

1. A: WSS “0001 00017,
2. G: mhEstu S ET ($00 - $FF).

3. B: &R FT

($00 - $FF)o

276  ATmega128 m—————————————————
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4. C : INELEIE ($00 - $FF),

5. E: BiE5IE (44 PAGEL 2 —NERH ),

K:ZEESB 33 5, BEEENEHXER,

L : 3} EEPROM TTH1T4RTE :

1. S BS1E&“0%

2. & WREE— NP | a3 EEPROM R {T4%2 , RDY/BSY 1K,
3. %I RDY/BSY ZEENT —RHTHE (ESEFNA Figure 138).

Figure 138. EEPROM 4mi@i& ¥

K

/—/%

A G B C E B C E L

DATA :X o1 Yaoor HicH(aoor Low) pata K xx Yeoor tow) para Y xx
XAL J—\
xA0 /A
BS1 /
TR A WA W A WA U A W A
R \/
RDY/BSY /7

RESET +12V

OE
PAGEL / \ / \

BS2

EH Flash % Flash FRBRHTRUT (S Rt MBAT R P 273“ 34 Flash #HITHRE " ) :
A : hNE @+ “0000 00107,

G : Nt S FT ($00 - $FF),

B : MEHHHERTT ($00 - $FF).

% OE B 0", BS1 & “0", REM DATA i Flash ZHEMFH,

fF BS1 & “1”, SA/5M DATA & H Flash ZHI SR F T,

#% OE & “1"

2

3£ H EEPROM BEFHENSROT (WS RMEUEMEBAT A P 273X Flash HHITRRE") :
A : N “0000 00117,

G : &bt FAFF ($00 - $FF),

B : fngk st uH{E FF ($00 - $FF).

S OEE"0", BS1&E"0", A/EM DATA i H EEPROM BiEZFH,

¥ OE & "1”,

I

TR LA AR TRE WRLEMHREESROT (T REFPEEATR P 273X Flash HIT4HRE ") :

AIMEL 277
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1. A: I&E&H “0100 00007,
2. C:MBEHBEEEZY , EXE—NURN "0 RFEEHRHTHE , TNEEER,
3. EBS1Hk“0", BS2 7 “0%
4. 4 WRBMH—NABKT , H%1$ RDY/BSY TS,
MNBL NN SR TRE FNBLEVNWREESROT (S RBEREMAT N P 273 3 Flash #HIT4RE ") :
1. A: I&E&H “0100 00007,
2. C:MBEHESEY , EX NN "0 RFEEHRTHE , ENEEER,
3. M¥BS1E&"”, BS2E& "0, &FESNHBEFET,
4, A WREH—IMAKFHZ4E RDY/BSY &,
5. ¥BS1E&"0D", itREMNFET,
N BBLNHITRE FBBLNVHNRESRUOT (TS REBEEATA P 273 X Flash #1THwRE ") :
1. A: &+ “0100 00007,
2. C:MBEHBEFZT, BEE—NURN "0 XRREEHRTHE , TNETEER,
3. F¥BS1E&"0". BS2E"1", &y BREEFZT.
4. A WREH—AMABPHZE RDY/BSY &,
5. F¥BS2E"0D, REMET,
Figure 139. B4 w2 K
Write Fuse Low byte Write Fuse high byte Write Extended Fuse byte
A c /_H A c /_/% A c /_H
DATA :X $40 X DATA X XX X $40 X DATA X XX X $40 X DATA X XX
XAl / \ /—\ / \
BS1 / \
BS2 J \
wR \_/ \_/ \_/
RDY/BSY \_/ \_/ \_/7
T ITE L TR TR BEMBRSRAOT (DT REBEREATR P 273 34 Flash HITHE " ) :
1. A: I&E&H “0010 00007,
2. C.: MBHEPEET , Ln R "0 XRREBMEMNEERRE.
3. A WRIEH—NMAB+HH %4 RDY/BSY &,
BiEN RAEE S S BBRE S RIFRR
REUS LU MBIEN ERBALURMENHSROT (SR MBAT A P 273Xt Flash #HITRE " )
1. A: &S “0000 01007,
2. Y% OE. BS2 1 BS1{& "0" , ARG M DATA i EURL R HIRE ("0" RRERE ).
3. JHOERE'0” ,BS2FIBS1E“1” , RAIEMDATAREUA L S U HRE (0" RREHRE).
278 ATmega1 2
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4. J$OEMBS1E"0” ,BS2E 1" , AIEMDATARREY BIBL KRS ("0" RREH

).

5. JGOE®@E"0" ,BS2&"0" ,BS1 & “1” , A/SM DATA BV EMMIRE ("0" R RE

YRTE )o
6. f§OE &1

Figure 140. %232+ BS1. BS2 5BLURMEMMIRXR

| Fuse Low Byte |:> 0
| Extended Fuse byte |:> 1

BS2

[ Coons |:> 0
[ Fuserignove |:>l

BS2

EEHRIRFEY BRESRRFTHEZNT (S5t NS E X Flash 4wig ) :

A : INE &< “0000 10007,
B : & ut{KFEF ($00 - $02),

1
2
3. ¥ OE. BS1E&"0", A/SM DATA EEURIRF T,
4

5 OE & 1",
BEEWREFRT BERREFTWELNT (FESHutNESEX Flash fwE )
1. A tnE A “0000 10007,
2. B: mEMUKFT,
3. Y OE&"0", BS1E“1", REM DATA EURKEZ T,
4. Y9 OE & “17,
HITHREEHE Figure 141. F}{THRERF A SE - LEANNFER
Exowe
XTAL1 PN
I tbvxH txLpx
Data & Cont e ———
(DATA, XAO/lET gSl, ggg) < >< B,
tevpH teiex | tevwe | | tuiex

PAGEL (T

WR

tprwi

RDY/BSY

ATMEL

2467L-AVR-05/04
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N1
WLRL
D
twLRH
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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)
- N /—H /—/H - N s N
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 sk

Figure 143. #}{TwENF , BRFERMNIEFS (A—R1)

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
— —

TR

-
XTALL

BS1

tgHDV

tOLDV
-

o8 |
toHpz

-~
DATA —< ADDRO (Low Byte) DATA (Low Byte) DATA (High Byte) ADDRI1 (Low Byte)

XAOQ

XAl

Note: Figure 141 SHNRFER ( Bp tDVXH‘ tXHXL & tXLDX) 35 A FiRgAE,
Table 126. HTRREBM Voo =5V + 10%

Bh | BB BX
ns 2. = = =] By
Vpp YmRfERL R 1.5 12.5 %
lpp IRIZEREERIR 250 pA
tovxH 7 XTAL1 B2 i BIERZHER 67 ns
tyi xH M XTAL1 1R E| XTAL1 & 200 ns
tyrxL XTAL1 3 & AT I BT 150 ns
ty Dx XTAL1 FARZ B8R R IR SR 67 ns
tywt M XTAL1 {EE WR & 0 ns
tyLpH M XTAL1 1€Z] PAGEL & 0 ns
toLxH M PAGEL 1£%| XTAL1 & 150 ns

ATmega128 e
TEL:15013652265 QQ:38537442  *7-AVRo
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SPI &1T4RTE 5| BIRR 5t

2467L-AVR-05/04

Table 126. H{TRESH V=5V +10%

B | AR BX
sy BW B | EH | H By
taveH PAGEL & 28l BST 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 1% 67 ns
tavwL BS1 BME WR H1E 67 ns
o LWH 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{EZ| RDY/BSY h , 5 BEkig ¢ @ 75 9 ms
tyLoL M XTAL1 {&ZI OE H1{& 0 ns
tavy 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.

AT S BRRAERT by ry e B

M RESET KB et , ATLAEE £4T SPI B4 Flash &2 EEPROM # 17412, $H1TiE
Na2%E SCK, MOSI(#A ) & MISO(filtl )o RESET AEZfE , REWMITHRE / BER
BEZIRITHREAIFIES. P281Table 127 5IHH 7 SPI RRFTESIHAMET, REFT
BWERHEERA SPI SIMEATAE SPI #EO, X&E , ARTHEANEAS , MOSI &5
MISO % B3R E L FIBEN M A S H. FEATmegal128 7 | iX 65| BB ST PDI 5 PDO,

RE SPI wiB#EDOEMA SPI /0 &R , BEEHRE— KT E : MOSI/MISO S|HIRRSTE| SPI
/ORI PB2S5PB3EmEEHOHTEM. MPEOSPE1ANRMZEBIIE , tTable 127

o

Table 127. SPI E{T4RT2M 5

/5 Sl ki 110 L
MOSI (PDI) PEO I ELTERA
MISO (PDO) PE1 0 ESHEH
SCK PB1 I TE SRR 4
A IIIEI% 281
L:15013652265 QQ:38537442




SPI RITREBE &

Figure 144. SPI &{THwERKRE (!
+2.7 - 5.5V

\Velo
+2.7 - 5.5V@
PDI ——»| PEO

AVCC
PDO «— PE1

SCK —»| PB1

—— | XTALL

> RESET

GND

Notes: 1. MESHFHEHAFRTRIZMEITH , AT HIE XTAL1 SIH)_EE B4R,
2. Ve -0.3V <AVCC <V + 0.3V, {82 AVCC ST 2.7 - 5.5V SBE K,

YmFE EEPROM B} , MCU B ENMRBREFLBA—NEHERAS , NTTEER
TERERST. SHERRENERFEMIK EEPROM WA EEERRA $FF,

BT3B CKSEL B4 E., B1TH 4 (SCK) WE&R/MEEF T RIMKZ /NS BF o E EH
BUMTER :

1£ 1> fy < 12 MHz B4 2 4 CPU B4 AR , f, >= 12 MHz B4 3 4 CPU B4 /@ 1,
& :>f, <12 MHz B 2 4 CPU B0 B |, fy >= 12 MHz B35 3 4 CPU B4+ B,

[ ATmega128 B{TEAZIER , HIEE SCK I LA RBIUBIF.
M ATmega128 REREIERT , BIEE SCK I TREaf . B4 W Figure 145,

FEHRTHREEN TN ATmega128 #ITHERRK A , REBUATHLER (A Table 145

HH 4 FTESKER ) :

1. Ll :
£ RESET & SCK 1 "0" BY , @ Voo & GND 88, E—EXRGH |, fRESRTHE
RIETE L BE SCK REFHE. EXMERT , SCK H{EZ/ENE RESET f—
ERAF , MEXMNORED B4R 2 4 CPU B A,
HEHLAE LB S PEN AEESH SCKEXR 0", RE RESET 55, &
XHERT , LREENVNE PEN EREE. IREBEFATERIEILBETRES
SCK R1E , MIFEEERIXTM S E, ERALA RN , SFEMSHsEs | UEFKRESR
ﬁ{lﬁo

2. LBZEEEFED20ms ,AEE MOSI S| Ml A B TREZFELEIE T UFERERITR

o

3. BETRAIHERBTREESTIE, APE , ERERERERETHNE=
MNERE , FSANFTHRE ($53) MERBER, MERBNABTEBSE 5
TH 4 NFHSRAEEER. R $53 KRB , WFEEMD RESET #H—1ME
RO BATT 16 3 BV SRR R REIE T o

222 ATmega128 m————————————
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Flash HEERE

EEPROM M iE% i

2467L-AVR-05/04

4. Flash WRBUA—IX—TIH AN 1T, TR P 273Table 124 . EHITINEE
FEE&TESE , B2 7 LSB Mt SR | BIEUNFT HEMMKINFFET. H
RIEMBHOIERMYE  NEOATEHUEERBERFZT , 2EREEFET. BFEH#
BESUNE INARBREFFHSENESREBHE. MRTEAERANAR ,
MAERET —RAHBEZIRNEFTED two rLasy FETE (I Table 128), 7 Flash
ERFETRZEIHEBRTHEEDSSBRERLIR.

Note: EEftan© (REWIR ) EERETK AL I (Flash, EEPROM, #iEfL, /&4
), TS HmELE,

5, RETHUBRHEFEEZRE , EENEESFUFT AL EEPROM 4RiE.
EEPROM FHE T EREBAFBEZ BB, WRTEAERHNAR , B
AEBRET —BBEZINEFED typ eeprow BETE (A Table 128) o W F &
FEBRZENSE , BIER OXFF WFREELRE.

6. ABNERESTKRREIM-—INFEEETHNST. BEMNBTHED MISO i,

7. wWRRERSTLVT RESET NEFFHHEFRE.,

8. THEFI (MRFEE):
¥ RESET & “17,

Y Flash IEAL TR —TTHWREBRSE , BB TN NERFSE $FF. REERE , Bk
EORETUAEREN, BEXMAEAUEBEMNTUAET -, B TENTEEN
MR, X—RAHNEA— MBI UANRER, Flash BIEEWAER T HEE $FF,
Rt , E4R12 SFF Y , AR EDEZE R typ pagy 7 BEHT T —AHRE. HT2HEER
RFAENETTEN SFF , FTUREERIEN OxFF BT AT AKX MRIE. twp pasy FER
Table 128,

% EEPROM EfEAE —NEF N RERAER | Bt IRE $FF, RRBLERE |, |
IRENBENTUEREH, X—AZTARAKANTUAET —1MNFT ., HEEFEHHK
1 SFF B BRAFRIZERE , £ EREFMAEMWE TR SFF  FTARBELHIER SFF
AT ABE S X AMNMRIE, FRXFER T £ 8 R EEPROM AR HERENER. AFRSE
Eﬁtﬂqéﬁﬁ $FF , Ei&?fr—:?ﬂ-qﬁéﬁﬁszzﬂ‘%% tWD EEPROM E,gﬁt.“‘ﬁ_]o tWD EEPROM Elg
BN Table 128, - -
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Table 128. BT —~ Flash 2 EEPROM % T 2 GBIy /N EFETE , Voo =5V £ 10%

(Sac) B/NERERNE
two_Fuse 5 ms
two_FLasH 5 ms
twp_eeprom 10 ms
twp_erase 10 ms

Figure 145. .SP| & {T{RiERFE

SERIAL DATA(lugt;B M§B>< >< >< >< >< >< >< LSB
SERIAL DATA Ol(JI\'/II'II;lé'I)' M%;B>< >< >< >< >< >< >< LSB
(SCK)
SAMPLE T T T T T T T T

284 ATmega128 m———————
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Table 129. SPI £{THREES

BoER

BT FHA1 F 2 FH 3 Fi 4 ®E

YmTEfERE 1010 1100 0101 0011 XXXX XXXX xxxx xxxx | RESET HK/GERELRITIRIE

£ ER 1010 1100 100X XXXX XXXX XXXX XXXX XXXX | 1Bk EEPROM K Flash

BREFFHE 0010 HOOO | aaaaaaaa | bbbb bbbb | 0ooo cooo | MFiith a:b HWEFFHEFILE H( HHREFE
T)HENo

e FF eI 0100 HO00 xxxx xxxx | xbbb bbbb iiii iiii Mt b WREFFHET H EREFT ) E
ABFEI. NEBERFTBEERSFT

ERFE#ER 0100 1100 aaaa aaaa XXX XXXX XXXX XXXX | TEHziE a:b MERFFFE R

i%& EEPROM 7728 1010 0000 XXXX aaaa bbbb bbbb | 0000 cooo | M EEPROM itk a:b 4biE HEIE o

B EEPROM 17f#88 1100 0000 xxxx aaaa | bbbb bbbb iiii iiii B EEPROM i3t a:b b B AEIE o

E8EMN 0101 1000 0000 0000 XXXX XXXX Xx00 0000 | EBIENM. "0 NERE , "1” AARERE. AT
Il P 268Table 115 .

ESEN 1010 1100 111X XXXX XXXX XXXX 11ii fiii BEHiEMN. B0 RTmEMEMN. ATRP
268Table 115 »

EARIRET 0011 0000 XXXX XXXX xxxx xxbb | 0000 0ooo | MHbit b iEZEFRIRFET o

=472 1010 1100 1010 0000 XXXX XXXX iiii iiii ‘0" RIRCHRE , “I”" RTAEWE, L P
270Table 119

ESBLN 1010 1100 1010 1000 XXXX XXXX iiii iiii ‘0" RRCHRE , “I”" RTAEwE. LP
270Table 118

EVRIBLMN 1010 1100 1010 0100 XXXX XXXX XXXX XXii ‘0" RREHE , “I" RTAEWE, P
270Table 119

EBY 0101 0000 0000 0000 XXXX XXXX 0000 0000 | ‘0" RRNEHE , “1”KRTAmHE. P
270Table 119

By EBRBRaN 0101 0000 0000 1000 XXXX XXXX 0000 0000 | E¥V RBRBLN., ‘0" RRCHE , “1” RIRKLR
2, AT P 270Table 119

EEBLN 0101 1000 0000 1000 XXXX XXXX 0000 0000 | EBLEN, ‘0 RRECHERE , “1I” RTKE
2, 4AF 0 P 270Table 118

EREET 0011 1000 XXXX XXXX 0000 00bb | o0ooo oooo | FEMiilt b EKEFT o

Note: a=thitE{
b = 3L
H=0-RZ% , 1-8FT
o=HEMmE t
i = B\ A
x=EEE

ATMEL 285
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SPI R{THREBIK
B JTAG #0#TRE

SREHEXN JTAG BT

SPI #5454 | WL P 303“SPI Bt R4 7

BT JTAG EORTRIZEZELRE 4 N JTAG THSIH :TCK, TMS, TDI & TDO, reset
Rt S| AR AR El,

FA JTAG OB A ERE JTAGEN B4, SH B X MNELRE ARER
Ao b4  MCUCSR F17858) JTD U 4FET, R JTD SHE 1, N T LURFHED reset
éﬁi%u}i{fﬁo 2EAAN ARG JTD URBEET. JTAG %IHﬂlEﬂ‘Jm TymfEThee.
It , JTAG SIHIBR T AT A R/EERA 110 2 SE AR T ISP Thie, BEXE |, % JTAG ﬁﬁ
ﬂ:mma#mjzﬁmﬁﬁm FA AN ER, EXFERT , JTAG IR {BERAEL
iR A

LSB %ﬁ—’ﬁ%l | BHB A FFRHOAL

ETEHFENA4N , AXF 16 ETS, ATHEN JTAGETHE TEIIH.
F—-RESHHITAIE OPCODE MEETE R 16 #HIFEXIIH, XFWHEATH5
5% TDI M TDO iz [A] AR 338 5 17 2R AE 1 TR R B 8% o

TAP?""%'J%EE]’JRun Test/ldle IRZS A R= £ RN E T4+, © A AEJITAGF 52 8§ 22 mIR
o HEESFHRESVLFFIN Figure 146,

226  ATmega128 m—————
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AVR_RESET ($C)

PROG_ENABLE ($4)

PROG_COMMANDS ($5)

2467L-AVR-05/04

Figure 146. EETFHRSIFS

..........................

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
-------- »  ShiftDR 0 »  Shift-IR :) 0
Pl 1
____________ ) A h 4
. 1 . 1
p Exitl-DR  F-==ememe —P Exitl-IR
io 0
............ b, A : y
<,
Pause-DR 20 Pause-IR 0
i1 1
____________ b AN A 4
-------- 90 Exit2-DR 9 Exit2-IR
Pl 1
____________ ) AN i v
Update-DR  ig------! Update-IR |«
BT Y 1 0

AVR_RESETHAVRHEEWJITAGES ,ATHEAVREAZENVEXNFBEEMER, XK
ERTREMIT TAP WEE., TKAE 1 UNENTFREAERESFS. — B8
PE—NEHE 1, EMWRBIZAERT. XLENHET8F.
SERSR -

Shift-DR : EFFERBET AN TCK BHpi#t 1T,

PROG_ENABLERAVREZ AMJTAGHE T , AXRFREJTAGHRRE. 16N REMFEF1ES
BOREBIESESR. BRER -

Shift-DR : iR EREFRE M B ABIETERS.
Update-DR : REFREMFRES ERMNHREH TR , MBFHREERENH AREEN,

AVREAMNJITAGES. AT ET JTAGEOH ARER T, 15N RS SSESEA
EBESERS. FHIREE :

Capture-DR : E—&IETHERMEIBEFTFE.

AIMEL 287
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PROG_PAGELOAD ($6)

PROG_PAGEREAD ($7)

BiESF R

Shift-DR : HIEFERNABTEIHAN TCK 4 TEBMA , FE-—KESTHNERE
HBEEFSR , ABAFTHTS,

Update-DR : w2 S E R A Z Flash i A,

Run-Test/ldle : =4 —NETERMTNEN B S (TEREE , I Table 130).

AVRE ARJTAGE S . HYAERBEIJTAGE O EEHHEMH ZEIFlashBIE R, 20481
WREFTEESRERAEBRESFSR. XRKEST — 7 Flash WELAEE. IHBBA
EEFREN 8. SAZHITAG i8S FRE , Update-DRREFTEAXRMNBNFEFESHE
EBIE, £ Shift-DR IRASH iﬁﬁlﬂ%ﬂ#ﬁ?&li , BB UF T REAIE A Flash I
ZEs , EIRENR -
Shift-DR : Flash HIEF T HEFRNAIEEL AN TCK /P78, BEXRE
HHEA—NFT,
Note: JTAG ¥ PROG_PAGELOAD R E7E AVR 884 2 JTAG RN — NG ER. B
AVR FRA%E L E—NEE | NARERTT ENGERE L,

AVRE AMJTAGHE S . HMAEREN JTAGE DL FlashB A A, 2056V E#L Flash |

BEHERENRESESR. XEKEST —X Flash i1 8 WELAHESE, AN BUSTFS

N8I, SAZHITAGIESTE , Capture-DRIRATRANRERHEIBNSES

£ Shift-DR RZS ,iﬁﬂmﬁwklﬁ BB UFET N EMM Flash WEHEFE L |

SETRAR -

+  Shift-DR : Flash EF T HEFEHN AT BEL MAKN TCK it #t TR /E, TDI
AZ

Note: JTAG #J PROG_PAGEREADETSREH AVRESH R JTAGH RSN S — N et T BE
A, IRBAETHEREX &M, WMATFERAFH ZNHERE L,

WIEHFERA JTAG ESHTFHREE , W0 P 286 SREBMXMN JTAG S " Fiik. 54
BEEMXNBESTESRN

SNFFHR

IRIEERE T 7R
ImEBTEFSR

E#L Flash T AF 7R
E#\ Flash TUE H & 788

28 ATmega128 m——————————
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SEUHFFH EMFFREE—INRHKESTESR  ARERFREHEIEMSH. #AREEACHELAE
SR,

BUFFRNERT O MY THABEMSIMIK. REENFFRNEART 0 SHRHL
TEMWRS. RENHIBLUNRE ERREMNFTESRZE  RENREEVWRSE
FENVENNEGEE (P34 /R ") . NBREFESMENBETST , BLEN
£ Bk 4% |, 30 P 238Figure 123

REFERETFSR IREFEREFTERE N 16 UNFFR. XN FEENNBITEREEEEFS ( ZHH
1010_0011_0111_0000) #{TLtER, MR FFR/HNAB SHRECEESHEE , BB
JTAG #1T4R2. WHFRELBEUNEN , A RERHEEREXN AT &L,

Figure 147. {mi2{FREF 78

TDI

I

$A370

—_ » D Q—» Programming enable

> - >» 0

ClockDR & PROG_ENABLE

TDO

AIMEL 289
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REGDTEH REGSFERRE— N 15 UNSER. XIFERAXRETHBARRESS , BT
HE— /B SHRITER. JTAG HREESEN Table 130, BEDGTBANRSFIIE
£ I, Figure 149,

Figure 148. mEm T HFE

o
g

S
T
R
(o]
B
E
S
Flash
EEPROM
A Fuses
0 Lock Bits
R
E
S
S
/
D
A
T
A
TDO
290 ATmega128 ]
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Table 130. JTAG RIEIES
a= Syt b= KMt H=0-BFT,1-EFF , o=HEHL ,i= KBEHA , x= A%

ES TDI FF 5l TDO F5l p=35_3

1a. B EER 0100011_10000000 XXXXXXX_XXXXXXXX
0110001_10000000 XXXXXXX_XXXXXXXX
0110011_10000000 XXXXXXX_ XXXXXXXX
0110011_10000000 XXXXXXX_ XXXXXXXX

1b. B ERERE A 0110011_10000000 XXXXXOX_ XXXXXXXX 2)

2a. ¥ A Flash Big{E 0100011_00010000 XXXXXXX_ XXXXXXXX

2b. HNEK 5L it 41k 0000111_aaaaaaaa XXXXXXX_ XXXXXXXX (9)

2c. ME Rz it it 0000011_bbbbbbbb XXXXXXX_ XXXXXXXX

2d. MBEBERFT 0010011 _iiiiiiii XXXXXXX_ XXXXXXXX

2e. MEHESFT 0010111 _iiiiiiii XXXXXXX_ XXXXXXXX

2f. BiF LR 0110111_00000000 XXXXXXX_ XXXXXXXX (1
1110111_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX

2g. E Flash 1 0110111_00000000 XXXXXXX_XXXXXXXX (1)
0110101_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

2h. RN ERBLER 0110111_00000000 XXXXXOX_XXXXXXXX (2)

3a. #t A Flash 22 0100011_00000010 XXXXXXX_ XXXXXXXX

3b. ME St 0000111_aaaaaaaa XXXXXXX_XXXXXXXX (9)

3c. FRAR AL b 31k 0000011_bbbbbbbb XXHXXXXX_ XXXXXXXX

3d. BEER, 8FN 0110010_00000000 XXXXXXX_ XXXXXXXX
0110110_00000000 XXXXXXX_00000000 BFT
0110111_00000000 XXXXXXX_00000000 Sk

4a. # A EEPROM BEig/E 0100011_00010001 XXXXXXX_ XXXXXXXX

4b. INEL = Atk uk 0000111_aaaaaaaa XXXXXXX_ XXXXXXXX 9)

4c. INEAR AL bHE 0000011_bbbbbbbb XXXXXKX_ XXXXXXXX

4d. B BIEFTT 0010011_iiiiiiii XXXXXXX_ XXXXXXXX

de. BIEHIF 0110111_00000000 XXXXXXX_XXXXXXXX (1)
1110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_ XXXXXXXX

4f. 5 EEPROM 11 0110011_00000000 XXXXXXX_ XXXXXXXX (1)
0110001_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_ XXXXXXXX
0110011_00000000 XXXXXXX_ XXXXXXXX

49. RMNBERELER 0110011_00000000 XXXXXOX_ XXXXXXXX (2)

5a. # A EEPROM 1 0100011_00000011 XXXXXXX_ XXXXXXXX

5b. HNEX &Lt 4k 0000111_aaaaaaaa XXXXXXX_ XXXXXKXX 9)

2467L-AVR-05/04
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Table 130. JTAG {Ri2IES

a=Efuibit, b= KUt , H=0-FFT ,1-BFF , o=HERMLE , i = BIFEWA , x=TRHE

Be

TDI 351

TDO F35I

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. HABBLVIRHE

0100011_01000000

XXXXXXX_XXXXXXXX

6b. M MFBEET ©

XXXXXXX_XXXXXXXX

6c. BY BBLMFT

0111011_00000000
0111001_00000000
0111011_00000000
0111011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

6d. KAEBLNRELR

0110111_00000000

XXXXXOX_ XXXXXXXX

)

Ge. MEBBFPEET O

XXXXXXX_XXXXXXXX

of. BELUEFT

0110111_00000000
0110101_00000000
0110111_00000000
0110111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

6g. KNEBLNRELR

0110111_00000000

XXXXXOX_XXXXXXXX

)

6h. MEBIB LTS ()

XXXXXXX_XXXXXXXX

6i. BRLMNIRNFET

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

6j. WMIBLMNER

0110011_00000000

XXXXXOX_ XXXXXXXX

(2)

7a. A EMIRE

0100011_00100000

XXXXXXX_XXXXXXXX

7b. MEBIEET ©

XXXXXXX_XXXXXXXX

(4)

7c. BBIEN

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

7d. RN EBEMRELER

0110011_00000000

XXXXXOX_XXXXXXXX

(2)

8a. HABLAL / BIEMIRIRHE

0100011_00000100

XXXXXXX _XXXXXXXX

8b. B4 BT ©

0111010_00000000
0111011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

8c. RBLUBEH O

0111110_00000000
0111111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

8d. AL NEFH®

0110010_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

8e. EBIEM ©

0110110_00000000
0110111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XX000000

®)

292 ATmega128 m———————————
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Table 130. JTAG RI2IES
a= Sttt , b={K{tt , H=0-FF

TL1-BFF, o=HEAY,i= BERA, x=FKAR

Be

TDI 351

TDO F35I

AR

8f. I L K BEL

0111010_00000000
0111110_00000000
0110010_00000000
0110110_00000000
0110111_00000000

XXXXXXX_XXXXXXXX

XXXXXXX_00000000
XXXXXXX_00000000
XXXXXXX_00000000
XXXXXXX_00000000

®)

fuse ext. byte
fuse high byte
fuse low byte
lock bits

9a. # ARR FIIRFMH

0100011_00001000

XXXXXXX_XXXXXXXX

Ob. hnEk itk 1k F T

0000011_bbbbbbbb

XXXXXXX_XXXXXXXX

9c. EARIRFET

0110010_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

0110111_00000000

10a. EARK FTiRiRE 0100011_00001000 XXXKXXX_XXXXXXXX
10b. hNEk otk =5 0000011_bbbbbbbb XXXXXXX_ XXKXXXXX
10c. BREFT 0110110_00000000 XXXXXXX_ XXKXXXXX

XXXXXXX_00000000

MMa. MBEFTREGT

0100011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

MREF— N HFS (E
. BEE€Fo="1%,

Notes:

. MERIHB LA 0" = fRIE 17 = TR,
. MHREHBIEN ‘0" = R ‘1" = TR,

. NN BRLMNFTHMMRES|TF P 269Table 117

. NN BLNSET MBS ST P 270Table 118 o

. NRMBLMEET MBS ST P 270Table 119 o
3R BBE NI T B AR ST 5 TF P 268Table 115

T
2
3
4
5. ‘0" = fwiIE “1” = T4Rig,
6
7
8
9.
1

0. Z#E#id PCMSB & EEAMSB(Table 123 & Table 124) #9itsit,

2467L-AVR-05/04

ATMEL

BER) PEEBEET 7N MSB , BARTEEX MR F5,
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Figure 149. % / i EUBTEFHPRESHF 5

1 | TESt-LOGIC-RESEE H-+-rmrmrmmmms e e
‘-’!"""““" ___________,: H
P o
v e, i
0 1 o 1 : i1
Run-Test/Idle ~ P Select-DR Scan -------=s-ssmmemmeeses pi Select-IR Scan i-=-----
y E :............E.............'
: 0 i 0
Yy ] Ve,
1 1;
— Capture-DR -=-4 Capture-IR
0 io
Yy ] A S
. . 4
| 4 Shift-DR 0 R »i Shift-IR 0
v Db b, ST
. 1 E i . 1
> Exit1-DR : P Exitl-IR  -teeeee
0 Lo
A P b S
i 4
Pause-DR 0 H Pause-IR Y
h 4 D e b A
O ExitzDR | | e %0 Exz-R
1 P1
Yy | b A
Update-DR Update-IR 4------!

RE#\ Flash T3 E &R F 1785 E#l Flash TR FER/EKES T — W Flash WELHEEE, NIPBUFEIHN 811,
BREBAFT REAMMEA Flash WEHER. ERPBAMERESTE , HAAE KIS
B LSB i , BI&E —&IETH MSB £ R, XAFERITREIRERNMEE Flash WE
HERERMT —RERNIBE,

294 ATmega1 2 O I —————————— e —
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Figure 150. EE\ Flash T iNE 1288

STROBES
N

State

machine
oI
ADDRESS _|

Flash
EEPROM
Fuses
Lock Bits

> -4 >0

TDO

B #L Flash THERF 7R RE#l Flash TURERE 7R R KEZ T — X Flash i1 8 WEM M. NHBUFEHRN 8
v, BIEEHAFTHRWVM Flash BIET/ZEH. £—1 8 BHARGEABBUFFR
ME—NFT  BZFTNEPHE, £X—NKLE BEBHBERTAFE-FETH LSB
s, BBE—FRETH MSB 4R, XNIERME Flash TRERERMT —FERW
#t.

Figure 151. E#l Flash TU£ENF 785

STROBES

State

machine
TDI

ADDRESS |

Flash
EEPROM
Fuses
Lock Bits

> - >0

|

TDO

mEBEE IEEL “1a”, “1b” XHENSEES N Table 130,
HARBER 1. #A JTAG ¥4 AVR_RESET , #iE 1 B A Reset H1755,

2. # A PROG_ENABLE % , 3i#E 1010_0011_0111_0000 %X A 4mi2FAE S 1755,
BHmEES 1. # A JTAG #£9 PROG_COMMANDS,

2. BELBREES 11a RELFERREES.

AIMEL 295
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3. ¥ A PROG_ENABLE #§% , 3 0000_0000_0000_0000 i A iR {EEE B 1755
4. ¥ A JTAG $§% AVR_RESET , 3B 0 % A Reset 7%,
RITB R BRERRE 1. ¥ A JTAG % PROG_COMMANDS,
2. FERAREET 1a#HITTHER.
3. A b IEPRETHBRETTM , REZH ty ey ce( I P 280Table Note: ),
%t Flash #{T4RTE XY Flash 4RI 81 LTS BER , W P 296" TS BRIRIE " 6
1. 3 A JTAG $§% PROG_COMMANDS,
2. FAREET 2a B3 Flash B#1E,
3. FAREESD 20 MEMUSFT,
4. FRREES 2c MBHURFT,
5. ERMmEET 2d. 2e K 2f EHKIE.
6. WX—IHAERFFESRE 4 MRES,
7. ERREET 29 #TUERE,
8. HARRIED 2n BE Flash HREFER , WE tyru( L P 280Table Note: ).
9. EERE3H 7, BEEMAENBESEEE.
A[EE A PROG_PAGELOAD S RBEESHHIEEHE .
1. 3 A JTAG $§4 PROG_COMMANDS,
2. BEMEARRIET 2a B3 Flash Bi1E,
3. EARRIES 2b & 2c M T4, PCWORD( M P 273Table 123) BFAMT
-, BAMA 0.
4. # A JTAG #% PROG_PAGELOAD,
5, —MNET - NEWHRAANBFZMRIEIT , AFE-—FKETH LSBT,
ZRT&E—FETH MSB,
6. A JTAG #4 PROG_COMMANDS.
7. ERAREETD 29 ITRNERKE.
8. HARBET2hMREFlashERERBTK , NEFFty ry(JL P 280Table Note: )o
9. EESR3I I8 , BERFMENBEDHERRE.
206 ATmega128 m——————
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& EX Flash B A JTAG #% PROG_COMMANDS,

FERAmEIES 3a /B3 Flash E#EE,

FRARBERS 3b & 3c M bk,

FRRREES 3d EHIE,

EEREIM4, EFMEREEMIEE,

B3 PROG_PAGEREAD 15 7] LAE /& 30t 4% 5 3042

B A JTAG #4$ PROG_COMMANDS,

ERmEIES 3a B3 Flash &R 1E,

A YmIZH S 3b & 3c RNk Tt . PCWORD(JL P 273Table 123 ) B F AR F

HE, A 0.

Bt A JTAG #% PROG_PAGEREAD,

5, BEN—TIZHHMERFFBHREN BN , AE—KEPHLSBHH , A
KIETHRE-RESH MSB, F—IMNBHNFTEZE,

6. fEA JTAG £+ PROG_COMMANDS.,

7. EESB®IE 6, BERFMBERESEILE,

o ks~ wbh -

@~

»

%t EEPROM #{T4R#E f£3 EEPROM 4mi2RT , HFHIT A EBER , I P 296* AT A BBREBIE "
Bt A JTAG #% PROG_COMMANDS,

FRREES 4a /53 EEPROM BigE,

FRMEIES 4b RNF et FF 1,

FEARERS 4c RNF b EFT,

£/ 4d & 4e MEHIE,

NRAMBHREFTHITRIE4 R 5,

FERREES 4 BEIE.

ERARRBET49REEEPROMERERBEL T , BE Fty ry(JL P 280Table
Note: )o

9. EEXHE 3T 8, BERFTENEIESBRE.
YmFE EEPROM B F8Ef#H PROG_PAGELOAD %,

©® Nk~

2Bl EEPROM B A JTAG #% PROG_COMMANDS,
FERmRIES 5a )53 EEPROM i24E,
FERAREES 5b & 5c Mkt
FRREES 5d EHIE,
EEREIN4, BERMEREBEIRE,

AE , & EEPROM WA 8Ef#EAH PROG_PAGEREAD T,

ok wN -~

AIMEL 207
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TBL AR TRE

MR ITRE

RBUE LV MBIE N

BREURIRFH

BREUREF T

ok~ wbdh-=

o bk wnh =

~wbh =

# A JTAG ¥4 PROG_COMMANDS,

ERREES 6a B BLUSRE,

ERYmEET 6b MBBIEEFT. AEN O RFIENBLUTERE BT H
ERRRBIES 6c BALNUBFT.,

EAREET 6d REBLNUBRERTTH , HEF ty zy( L P 280Table Note:
)o

FERRRBIED 6e MEKBEFT , B0 XRTBLYURE , B 1 RTRARRE,
FERRERES 6f BRLNEFT.

ERARRBIEDT 6g REFLNUBRERETTM , WEF ty ry( L P 280Table Note:
)o

ERRMRBIED 6h MRKEFT , B0 XRRBLURE , B 1 RRABE,

 EARREES 6l BRLMNEFET.
. ERARRET G REBLUBRERBTH , NERF tyry( A P 280Table Note:

)o

# A JTAG £ PROG_COMMANDS,

ERRRBIES 7a # ABIENSRHE,

FERARBETTOHITHRENR . NENORFENBLUZTERE  BUFRE,
FERAREES 7c BYMEN,

FERAREET 7Td REMENBRERET TN , HEFF ty.zy( A P 280Table Note:
)o

Bt A JTAG % PROG_COMMANDS,
FRAREIED 8a It ANBLL / BUEMIRERME,
FRRREST 8f R BE B LN RIEN,
FEARREES 8b KiLIy BBLNFET,
FERAREES 8c RisMBRLUEET,
FRARREES 8d RIFEUBLMKEET,
FERAmEES 8e BEBIE N,

Bt A JTAG #% PROG_COMMANDS,
FERES 92 BARIRFIIRERAE,
FERAmIZHES 9b Mgkt ik $00,
FRREED 9c EE—MRIRET,

Eibit $01 & $02 e EEREIM 4, P AIRE-_RE=MRIRF,

B A JTAG #% PROG_COMMANDS,
£/ 10a ETBHIREFITIRERME,

fF AYmIZHES 10b Nt utk $00,
FEARERES 10c ITBREFET,

20 ATmega128 m———————————
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B

Note: BHBEBBETHEURAMEAMREIZAESH AVR ROERNFERE. MR HTRECZERAHSERKENSRNME.

45 33 ¥ BB *
TAEBEE s -55°C Z +125°C *NOTICE: /& i 5 T b4k A 46 365 48 PR B AT REXE AR BR AT AY K A

BR, KEMTHETLXNRRES T R ERt

TEEIREE o -65°C % +150°C T
IR EMEBIE , BR T RESET
FEST T o -1.0V F Vc+0.5V
RESET S|l LW BE , XN Fib ..o -1.0V E +13.0V
BRARIAEERE ..o 6.0V
BNOBIHI LRI DC IR ..o 40.0 mA
DC &3 : Voo 1 GND SIBIZME ..o 200.0 mA

Bt

T, = -40°C- 85°C, Vo = 2.7V - 5.5V ( BRIES SN ER )
oS 28 &4 B/ME BLRE BAE R4
v, 8 A B ﬁ? XTAL1 #1 RESET 3| 05 0.3 Voo™ Vv
V)1 BMAKBE XTAL1 SR, 1B et -0.5 0.1 Vg v
ViL2 BMAKBE RESET 3| -0.5 0.2 V! \Y
Vi WA BE ﬁ? XTAL1 M RESET 3l | & Ve Voo + 05 Y
Vit BMASRE XTAL1 SR, S4B e 0.7 V@ Vge + 0.5 Y
Vino MASBE RESET 5|H 0.85 V@ Vee +0.5 Y
v BWHERE® lo =20 mA, Vg = 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, Sl EBTF 8.0 A
I 1/0 SR (4 3HE ) . u
| AU BB Veec=5.5V, SIS HTF 8.0 A
H /O 31 (B3IE ) ' "
RrsT Reset 5|l 48 pE 30 100 kQ
Rpen PEN S| L3/ 25 100 kQ
Rpy 1/0 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 B8 &4 B/ME g BAE By
4 MHz, Ve = 3V
(ATmega128L) 5 mA
8 MHz, V¢ = 5V
(ATmega128) 20 mA
TR ZEHR , 4 MHz, V 3v
=m, z,Vee =
lec (ATmega128L) 2 mA
ZEM , 8 MHz, Ve =5V
(ATmega128) 12 mA
o -
st O WDT 8¢ , Voo = 3V <25 40 HA
WDT Z1t , Voo =3V <10 25 WA
Bl R R Vee =5V
Vaco | g ARERE Vi, = Veol2 40 mv
ﬁ*utbﬁ% VCC = 5V
otk BACHR AT Vi, = Veol2 -0 50 nA
¢ Bl RER Ve = 2.7V 750 s
ACID MIRILIER Vee = 5.0V 500
Notes: 1. “ &AM~ R RRIESIBIEIHEENRNNZSE,
2. “&/ME’ RNRIESIBIEEREN BN RIEE,
3. BAERERSEZFMCERS)TEMNOMR O A ARB MR Z 4 TESHETR(Q0 MA ,Vee =5V BIR10mA |, Ve =3V) ,
BEREEERUTER
TQFP £ :
1] FrER O/ IOL EFTEEEIE 400 mA,
2] %M A0 - A7, G2, C3 - C7 #9 IOL EFNTAERIT 300 mA.
3] #% A CO-C2, GO - G1, DO - D7, XTAL2 #9 IOL EFMAEEBT 150 mA.
4] 3% 0 B0 - B7, G3- G4, E0 - E7 B9 IOL B FT AR 150 mA,
5] #% 0 FO - F7 &Y IOL B M AT 200 mA,
MR IOL B THMREZM , VOL WESBIEFF. FARIESIBI AT AR UK Eb 5 F b 4b B R KB BB TR
4. BARAERERSFZFLCEREDS)TEMN/OHOFHA LU H LN HZGFTESHBER(20 mA Voo =5V LR10mA | Ve =3V)
EREEEFUATER
TQFP $f3 :
1] FRAE S O/ IOH M EEEE 400 mA,
2] #% 0 A0 - A7, G2, C3 - C7 B9 IOL BT aE#ET 300 mA,
3] #% M0 CO-C2, GO - G1, DO - D7, XTAL2 #9 IOL B FTEEREE 150 mA,
4] %0 BO - B7, G3 - G4, EO - E7 &Y I0L K FF a8 150 mA.
5] #% 0 FO - F7 &9 IOL EFTAEHET 200 mA,
MR IOH B TMAEZM , VOH AIREEIT AR, FRIESIHI AT S i b5 T bEAb L R BRIV B R
S EB e IR Y Figure 152. $\EBET44 R 30 iR
tCHCX
D *+— teheL
N
= tCLCL
300 ATmega1 28 ]
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BB At

2467L-AVR-05/04

Table 131. FAEFetpIR3h

B, sl REHELAME(,
2. PREHESHKRENTRME,

AIMEL

[-15013652265 00:38537442

Ve =2.7V-5.5V Vce = 4.5V -5.5V
7s 28 BME BX{E BME BAE 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 ot . 2 2 %
Table 132. /\&f RC #&5% 25 , SRR
R [kQ]™ C [pF] @
100 47 87 kHz
33 22 650 kHz
10 22 2.0 MHz
Notes: 1. RHVEUESEE N 3kQ-100kQ ,C EA %A 20 pF. LbALA HEY C BB 2 IESIHI

301
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Table 133 #iR TEEIIML BT EL LASRAMNER, ATmega128 KIM L A E S H AL 5 AV E R,

N FRE5iES# Figure 153,
Table 133. F&BITELER

n5 B8 &M R/ME BX{E LR}
Vi WARBE -0.5 0.3 Ve v
Viu WABRBE 0.7 Ve Vg + 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
t™M SDA #1 SCL ¥ L Fada] 20 +0.1C, @ 300 ns
to" B Vimin 21 ViLmax B T BB E 10 pF < C,, < 400 pF® 20 +0.1C, @ 250 ns
tsp!” 0 A ST B2 B3 400 761 Y SR U it ) 0 502 ns
I B4 /0 SIHIRY A B IR 0.1 Vg <V, < 0.9 Ve -10 10 WA
c{® BN /O S ER - 10 pF
fsoL SCL e R fox™® > max(16fgc, , 250kHz)®) 0 400 kHz
fsoL < 100 kHz Vee— 04V 1000ns
e Q
3mA C,
Rp LA
fscL > 100 kHz Vec—04V 300ns
DA AR Q
3mA C,
‘ fgcL <100 kHz 4.0 - Us
tiosta | START RUHRIFNE (EK)
fgcL > 100 kHz 0.6 - ps
‘ fsoL < 100 kHZ® 4.7 - Hs
tow SCL B4 HY K 8.5 B 5]
fsoL > 100 kHz(" 1.3 - Hs
_ ‘ fseL < 100 kHz 4.0 - us
thich SCL B4 & B R B[R
fsoL > 100 kHz 0.6 - us
L fgcL <100 kHz 4.7 - Us
tsusta | BEE STARTS &KHHE LN E
fgc > 100 kHz 0.6 - ps
) s fseL < 100 kHz 0 3.45 s
tHD;DAT ﬁﬁﬁ%ﬂq“ﬂ
fseL > 100 kHz 0 0.9 s
L fseL < 100 kHz 250 - ns
tsupar | BUIREIMASHE
fseL > 100 kHz 100 - ns
L fgcL <100 kHz 4.0 - Us
tsusto | STOP &HHE LAY H
fgcL > 100 kHz 0.6 - ps
taur STOP F START Z [Al#) 5.4 22 I 6 &) fsoL < 100 kHz 4.7 - us
Notes: 1. XF ATmega128 , kS RIFHESE , KELT 100% KM,

1
2. ABY g > 100 kHz HF FEE,
3. Cp= BEAM—RE&NBER,

4. fo = CPU RH4H3RE,

5. WERERT ATmega128 FIBEM AL BRITEOWERAE, HMAMEZIIRLBITELNER
14"/':{%;)%3—5%39 fSCL ES}?EDWO

302 ATmega128 -
TEL:15013652265 QQ:38537442  “* "
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6. ATmegal128 Bk BT O KRR E MWK BRI AN (1/fge, - 2fck)o ERR TEHER
fsoL = 100 kHz BHE B AR ER fo BMAF 6 MHz,

7. ATmega128 RLBTEOZRFENBBERNRENR (1fgq - 2/fck)o BILE fo = 8
MHz , B fgo, > 308 kHz BHE B F BRI TE™ BB EER, AW , ATmega128 AL S
Hfth ATmega128 LL£3% (400 kHz) #1TEifl. BEHMBHEFEEN t oy ESHE
AT LA ENX — R

Figure 153. W& BT ERE&RF

ety tHIGH — e b
\
tLow fLow N
\
se. ——| |\ |\ v
ISUSTA |¢s ¢ thp;sTA HD:DAT ¢« | «—> | tgy.paT o
' tsu;sTO
SDAﬂ ””””” ,

‘ | tgur

SPI B 451 B&E21ES N Figure 154 1 Figure 155,
Table 134. SPI Bt FZ K

&K

UL S B/ME BAE &
1 SCK A8 EH 2N Table 72
2 SCK & / {E&BF EH 50% &ZEtE
3 EA /TR =4 TBD
4 # At EH 10
5 fR¥5EE FH 10
6 Wi E SCK EH 0.5 * tyg ns
7 SCK Bl i EM 10
8 SCK Bl S BF E)! 10
9 SS K4 ML 15
10 SCK AHA ML 4.ty
11 SCK & / R8T ML 2ty
12 EFH /T EEEtE MHL TBD us
13 f=Rva: L ML 10
14 RI5aE ML 10
15 SCK % ML 15
16 SCKEISS & MH 20 e
17 SS BE=% MHL 10
18 SS €% SCK ML 20

Note: 1. SPI{mEERT SCK &/)AHN :
-2t o for fok < 12 MHz
- 3 to o for fog >12 MHzZ

AIMEL 303
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Figure 154. SPI#ORNFEXR (EHER )

Ss
<l bl _ 1 .
SCK ¥ N
(CPOL = 0) Y ) ) X
2 2
P
SCK ,\ 4 4 £
(CPOL = 1) X 4
L ain
MISO -
- 8 -

LSB

(Data Input) MS8 b
\
\

7
—
MOSI 1
(Data Output) R MsB

Figure 155. SPI # O FER (MHLE )
. 18 %17

SS
N 0

SCK £ X
(CPOL =0) Y 3 N \
SCK N v 4 7
(CPOL =1) X Y
13 14 12
MOSI
(Data Inpu) { v D “ Lse —
18] 17
MISO j 4 N 1}
(Data Output) 3 MSB N LSB x

©
i
y
A
| Ad

+
T[F

304 ATmega128 ]
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Rt
Table 135. ADC #t45# , $imEiE
Ll
n"s | BE 30 2pMED | EO | BRED | B
DYR B R MR 10 Bits
EZ5HR
#2% = 1x = 20x 15 LSB
E/\
i‘s%):;iztmx 3.25 LSB
BRI
it Virer = 4V
BXIBE ADC B## =200 kHz 15 LS8
ADHSM =0
B R EGR
Viker = 4V
ADC Et4$ = 1 MHz 3.75 LSB
ADHSM =1
A9 et Viger = 4V 0.75 LSB
ES A F 12543 VRer = 4V 0.5 LSB
TRE (RE) Vger = 4V 1 LSB
H A HEETHR
ADHSM =0 1 LSB
BHEETAHR 50 1000 kHz
ADHSM =1
AR R ADHSM =0 13 260 s
AVCC ADHSM = 1 Ve - 0.3%) Ve +03%) | v
Vger | BHIBE 2.0 AvCC v
Viy SEBE BRI GND VRer \Y
EZH5AR 38.5 kHz
Vit WMABE BimEE 2.3 2.56 2.7 v
Ran | WA B i iEE 55 100 MQ
Notes: 1. BEMENSE, IGEHEFE.
2. AVCC HI&/IMER 2.7 Vo
3. AVCC IR KREN 55V,
AIMEL 305

2467L-AVR-05/04

[-15013652265 00:38537442



Table 136. ADC 458 , ZHBiE
3]
®s | 3K 30 2MEO | EHO BARED By
®|HE = 1x 10 Bits
DR B/ = 10x 10 Bits
#iF = 200x 10 Bits
3 = 1x
Vgrer = 4V, Ve =5V 17 LSB
ADC Rt4# = 50 - 200 kHz
3 =10x
BB Vger = 4V, Ve = 5V 17 LSB
ADC 4 = 50 - 200 kHz
3 = 200x
Virer = 4V, Ve =5V 7 LSB
ADC Rt4# = 50 - 200 kHz
B3 =1x
Vger = 4V, Ve = 5V 1.5 LSB
ADC 4 = 50 - 200 kHz
RO IFALE (INL) \i}mﬁ - l?/xv =5V 2 LSB
AN 6 3430 T £ REF — » VCC ~
& = 200x
Vger = 4V, Ve = 5V 5 LSB
ADC 4 = 50 - 200 kHz
wE= 1x 1.5 %
BRIRE B/ = 10x 1.5 %
3 = 200x 0.5 %
B3 =1x
Vrer = 4V, Ve = 5V 2 LSB
ADC 4 = 50 - 200 kHz
& = 10x
MBIRE Vger = 4V, Ve = 5V 3 LSB
ADC Rt4# = 50 - 200 kHz
## = 200x
Vrer = 4V, Ve = 5V 4 LSB
ADC 4 = 50 - 200 kHz
ENEETRS 50 200 kHz
Rt ] 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 %t -511 511 LSB
MWATIR 4 kHz
306 ATmega128 |
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Table 136. ADC #MZ# , =42 &iE (Continued)

Ll
n"s | BE 30 2pMED | EO | BRED | B
Vit HER B EEE 2.3 2.56 2.7 v
Rrer | ZEW RSB 32 kQ
Ran | k% A BHE 55 100 MQ
Notes: 1. BEMRENSE, XGEHREFE.
2. AVCC HI&/IMER 2.7 Vo
3. AVCC IR AREN 55V,
307
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ARBEFHERNF
Table 137. S\BBIBEFERIMUSE , 45-55V, TEFRES
8 MHz 5% %8 Hitimsh a8
5 M B/ME BAE B/ME BK{E LRl
0 el H e mE 0.0 16 MHz
1 t L ALE BRHEEE 115 1.0tg o -10 ns
2 tavLL kB HE ALE HIE 57.5 0.5tg o -5 ns
ALE 9182 BRI L AR 15 1R 5 5
3a | taxst ERE ns
NIRRT ] 5 5
3b | tax o BRE ns
4 taviic i1t % C B ALE 1K 57.5 0.5tg o -5 ns
5 | tare 3t B E RD K 115 1.0tg -10 ns
6 | taw 3t B E WR RIE 115 1.0tg -10 ns
7 towe ALE £ WR 1§ 475 67.5 0.5t ¢ -15? 0.5tg o +5@ ns
8 tuRL ALE &% RD 1& 475 67.5 0.5t ¢ -15@ 0.5tg o +5@ ns
9 tovrn BIEZVYFRD NS 40 40 ns
10 | tripv BRESEIBEEN 75 1.0t o -50 ns
M| trupx RD } & Z GBI RIFE R 0 0 ns
12 | triry RD BHREE 115 1.0tg -10 ns
13 | towwe BIEEUE WR HIE 425 0.5t o -20 ns
14 | tyuox WR H &z BN BER S E 115 1.0tg o -10 ns
15 | tovwn BEERIWR A& 125 1.0tg oL ns
16 | twiwe WR BRH L E 115 1.0tg o -10 ns
Notes: 1. fRENH GZ=EN 50%, — ¥ B NINEETsP XTAL1 B9KER S B R AL HE .
2. RERH GRS 50%. —FEER /P XTALT BISERME B FETE,
Table 138. AMBFEFHB[IMSH , 45-55V, —IMEFRS
8 MHz 1=5% 2% HipixH e
iRy 28 BME BAE BME BA{E L Rivj
0 | 1MoL 57 BmE 0.0 16 MHz
10 | tripy BRESRKRIKBEER 200 2.0te ¢ -50 ns
12 | trign RD fkA R E 240 2.0tg . -10 ns
15 | toywn BREERIIWR IS 240 2.0t o ns
16 |ty WR B 240 2.0tg ¢ -10 ns
38 ATmega12f me—————————————————————————————
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Table 139. ABHKIFEBFMHEFISESE , 45-55V, SRWn1=1, SRWn0=0

4 MHz 5% 8% HAtfR5% 25
Sacy L2 BME BXE BME BAE L Rivj
0 | gcL Roh AR MR 0.0 16 MHz
10 | tripy BRESEIIBBEXR 325 3.0t o -50 ns
12 | trign RD fkA R E 365 3.0tg 10 ns
15 | tovwn BREERIIWR IS 375 3.0t oL ns
16 |ty WR R E 365 3.0t o -10 ns
Table 140. ASHRFEFHEFIMESH , 45-55V, SRWn1=1, SRWnO =1
4 MHz #75% 8% HitiR5% 88
iRy 28 BME BAE BME BAE L Rivj
0 | 1MoL H eI 0.0 16 MHz
10 | tripy BRESRIABEEN 325 3.0t -50 ns
12 | trru RD fkA R E 365 3.0tg 10 ns
14 | twhox WR A & 2 R BIER A H 240 2.0tg 1 -10 ns
15 | tovwn BREERIIWR IS 375 3.0t oL ns
16 | tyiwe WR BRI E 365 3.0t o 10 ns
Table 141. A MBFEFHB[IUSH , 2.7-55V , TEFRS
4 MHz #75% 8% HitiR5% 88
iRy 28 BME BAE BME BAE L Rivj
0 | 1MoL HERM=R 0.0 8 MHz
1 | ALE BRHETE 235 toic-15 ns
2 |t ALE R{E#baEBR A 115 0.5tg ¢ -10M ns
égEjﬂ&Jﬁtﬂziﬂ%ﬁ , 5 5
3a | tax st BimE ns
‘AI\_\EjﬂﬁJﬁﬂﬁiﬂ:{%ﬁ , 5 5
3b | tuax o BimE ns
4 | taic ALE ARt B C 15 0.5tg o -10M ns
5 | tare RD A& utH K 235 1.0tg o -15 ns
6 | taw WR H{E b1t H 3% 235 1.0tg o -15 ns
7 |t ALE R1E WR H1K 15 130 0.5t o -10@ 0.5tc o +5@? | ns
8 | ture ALE 1% RD KK 15 130 0.5tg o -10@ 0.5tc c +5@? | ns
9 | towrn RD N&#EEY 45 45 ns
10 | tripy RIEBEEN 190 1.0tg ¢ -60 ns
1M | trupx RD A=EEHEBEREF 0 0 ns
AIMEL 309
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Table 141. ABHRIFEEFHFIIHUESE , 2.7-55V , BEFRD

4 MHz i&5% 2% HitifzsH 2R
5 . BME BXE ®ME BK{E 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 & EHRIERE 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 ARt XTAL1 B9 S B,
2. BRI&EEZE 50% , HEHISKER A S ER S ¥ XTAL1 B9{KATIE.

Table 142. A KRB FHEIFME , 27-55V, SRWn1=0, SRWnO =1

4 MHz #75% 8% A 4R B8
iRy 28 BME BAE BME BA{E L Rivj
0 | 1MoL H eI 0.0 8 MHz
10 | tripy RENBIEER 440 2.0t 60 ns
12 | trru RD fkA R E 485 2.0tg 15 ns
15 | toywn WR SBEEX 500 2.0tg oL ns
16 | tyiwn WR B E 485 2.0tg o -15 ns

Table 143. A SHFEFHEF/HME , 27-55V, SRWn1=1, SRWn0=0

4 MHz #75% 88 A TR B
iRy 3% B/ME BX{E B/ME BAE Unit
0 | 1tgoL HERM=R 0.0 8 MHz
10 | tripy BRERKEEN 690 3.0te o -60 ns
12 | triry RD Bk 3T E 735 3.0tg ¢1-15 ns
15 | toywn WR SBEEX 750 3.0t oL ns
16 | tyiwn WR B E 735 3.0tg 1-15 ns

Table 144. S\EPHIBEFHEZ4EM , 2.7-55V, SRWn1=1, SRWnO = 1

4 MHz #&%5% 8% A EIRIETH B

SRy ] B/ME BKE B/ME BKE L20]
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 | tyuox WR A B EHERE 485 2.0t o -15 ns
15 | toywn WR S8EEX 750 3.0tc L ns
16 | tyiwn WR B E 735 3.0tg -15 ns

310 ATmega128 me—————————————————
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Figure 156. S\ &f 77 f& 8584+ (SRWn1 =0, SRWn0 =0

T T2 T3 T4

System Clock (CLKapy) _/_\_/_\_/_\_/_\_/_

1 1
1 1
: :
il |
1 1
1 1
1 1
1

1
1
|
1
ALE ! /
1 1
H 4 7
' R ] B .
A15:8 Preiv. addr. ( Address X
| 15
1 —
! 2 3a 13 —
1 > (> <>
DA7:0  Prév. data (Address Data ®
0 =
14
: 6 16 B ;
1
WR ! '\
! | 1 |
! 1 1
! 1 1
! 3b | 9 11 | —
1 > I <« 1
1
DA7:0 (XMBK = 0) . Addres r Data v
. 1
: 5 10 ! 3
I 1 [h'g
! . 8 12 !
1
1 L S — E—
RD I I }L I
1 1 I 1
! 1 1 1 | —
! 1 1 1 1
Figure 157. #\ZB#Zf& 2584 F (SRWn1 =0, SRWn0 = 1)
' T1 | T2 | T3 . T4 | T5 |
System Clock (CLK¢py) : \ / \ / \ / \ /: \ /:/_
| il | i | !
ALE i L ! w | | / :
1 ST R A |
A158  Prev. addr. Address | X:
i | 15
| L2 % 1 | 7
DA7:0  Prév. data Address EData >F: °
| ‘ 14 s
' 6 ' 16 — 7, 2
WR ! ‘ | ‘
3 3 |9 1 fE—
DA7:0 (XMBK = 0) —%— AddresH | Data j—(
1 5 10 ! ! 3
| 1 ['4
| ‘ 8 112 !
| ‘ | e S
‘RD | ! ! !

O AImEl 311
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Figure 158. /A &ZBZF #8584 F (SRWn1 =1, SRWnO = 0)

, T1 , T2 , T3 , T4 , 5 , T6 ,
, ) : | , ' |
System Clock (CLKcpy) /‘ f / \ ‘/ \ /‘ \ Y/ \ ’.
I I I A | ] '
| 1 | ! ! | |
' ?‘ ' i i ' |
ALE i I i / '
| | ‘ ‘ |
|
‘ BN B :
I I
A15:8  Prev. addr. i Address ' X:
: | ' 15 '
! 2 |3a |13 | | —
! = | i
T T
DA7:0  Prév. data Addres: ! Data ! *: m
, 1 i z
1 6 ! 16 ! DI R B
] T
WR ! | i i
' i i i o
! 1 1 1 1
! 3b ' ' 9 ' 1 ' —
! <> ' I
T T )
DA7:0 (XMBK = 0) ——————————— Addres: H ' Data .
— 1 h
i 5 10 i ! ' 9
1 1 1 i k5
4
8 12
RD

Figure 159. #\#377f 28045 (SRWn1 =1, SRWnO = 1)V

System Clock (CLKgpy,) _j/_\_j/_\ h Iﬁ/ \ j/ \ 3/ \ j/ \ /:,:/—

| S E—
ALE !
7 |
! 4 7
‘ PEIL SN DI S ‘
A15:8  Prev. addr. i Address | ! )C
i | 1 15 1 I
| |
' 2 |z |13 | : ! -
1 - I I '
DA7:0  Prév. data Addres: ' Data ' ' *: ©
T - - T £
| I i i 14
1 5 ! 16 ! 1 | H
WR |
1 I I ' 1 -
I ' ' ' I
3b I Il 9 I % ' | —
| i
DA7:0 (XMBK = 0) ———————(" Addres: ; | Data ! ¥ s
T i b
5 10 B
3
&
8 12
RD

Note: 1. &E—NEH (T4-T7) B ALE B RE T —&ES1HE RAM ( AR AEE ).
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Figure 160. T/FBER5M=E KX R (0.1- 1.0 MHz)

ACTIVE SUPPLY CURRENT vs. FREQUENCY
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Figure 161. THBERSME XX (1-20 MHz)

ACTIVE SUPPLY CURRENT vs. FREQUENCY

1-20 MHz
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Figure 162. TEBRS Vo XK (AE RC &% , 1 MHz)

ACTIVE SUPPLY CURRENT vs. V¢

INTERNAL RC OSCILLATOR, 1 MHz
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2.5
/
= |
2
15
2.5 3 3.5 4 4.5 5 5.5

Vee (V)
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Figure 163. T8RS Voo WX R (N RC #X5%3% , 2 MHz)

ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 2 MHz

-40 °C

7 25°C

85 °C
6
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g ) //
3
/
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1
0 1
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Figure 164. TE8R5S Vo X R (AE RC #&5%2% , 4 MHz)
ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 4 MHz
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12 25 °C
/ 85°C
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Ve (V)
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Figure 165. T8RS Voo WX R (WE RC #X5% 2% , 8 MHz)

ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 8 MHz

25
-40 °C
25 °C
20 85 °C
15
<
; —
~ 10 /
—
5
0 {
2.5 3 3.5 4 4.5 5 55

Figure 166. T{EHERES Vo BIX R (32 kHz A ZBIRHES )

ACTIVE SUPPLY CURRENT vs. V¢c
32 kHz EXTERNAL OSCILLATOR
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ZERER Figure 167. ZH B RSMEAIXR (0.1 - 1.0 MHz)
IDLE SUPPLY CURRENT vs. FREQUENCY
0.1-1.0 MHz
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Figure 168. ZZREBRSMEMXR (1 -20 MHz)
IDLE SUPPLY CURRENT vs. FREQUENCY
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Figure 169. ZRBRS Ve xR (WEB RC #K5%288 , 1 MHz)
IDLE SUPPLY CURRENT vs. V¢

INTERNAL RC OSCILLATOR, 1 MHz
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Figure 170. ZRBERS Vo BIXR (AE RC #&X5%38 , 2 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 2 MHz
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Figure 171. ZRBRS Ve xR (WEB RC #K5%288 , 4 MHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 4 MHz

N B
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25 3 35 4 45 5 5.5
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Figure 172. ZRBERE Vo BIXR (AE RC #&5%3% , 8 MHz)

IDLE SUPPLY CURRENT vs. V¢c
INTERNAL RC OSCILLATOR, 8 MHz
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Figure 173. ZHEHERS Voo BXR (32 kHz A EBIRH R )

IDLE SUPPLY CURRENT vs. V¢
32 kHz EXTERNAL OSCILLATOR
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EERXER Figure 174. EBEEXBRE Voo WXR (BIMNWENRER)

320

POWER-DOWN SUPPLY CURRENT vs. V¢
WATCHDOG TIMER DISABLED
45

4 85°C

3.5

Icc (UA)

15 -40°C
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Vee (V)
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Figure 175. BEBEREBTS Vo, WX R (B IHENBEEE)

lcc (UA)

lec (UA)

POWER-DOWN SUPPLY CURRENT vs. V¢c
WATCHDOG TIMER ENABLED
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Figure 176. EBERNBRE Vo WXR (BIRENSEER )
POWER-SAVE SUPPLY CURRENT vs. V¢
WATCHDOG TIMER DISABLED
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Standby # X B Figure 177. Standby BXERE Ve, BIXR

STANDBY SUPPLY CURRENT vs. V¢

0.2
018 6 MHz Xtal
016 6 MHz Res
0.14
/ 4 MHz Res
0.12 — | 4 MHz Xtal
;(E\ ’_’/ /
£ o1
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—
/__//—/_//
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—
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Figure 178. Standby X B3R5 Vo, FIX R (CKOPT 4rig )

STANDBY SUPPLY CURRENT vs. V¢
CKOPT programmed

2.5 +
16 MHz Xtal
2
//12 Mz Xtal
_ 15 6 MHz Xtal
z / / 4 MHz Xtal
£
1 /
o5 /
/
0 1
25 3 35 4 4.5 5 55

Vee (V)
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S|k EHreapE Figure 179. /0O S|M) LN BBEBREMABENRRK (Vo =5V)

I/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
Vce = 5V
160 -

140
85 °C
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-40 °C \
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80
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40 \
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20
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Figure 180. /O S|f) LW BBHEBREMABENRR (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 SIBIRERSH HBEHNRR (Ve = 5V)

1/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vee = BV
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-40 °C
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40
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Figure 182. I/0 SIMRE RS M HBERNKXR (Ve =2.7V)

1/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vee = 2.7V
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v e
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05 1 1.5 2 25 3
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Figure 183. /O SIlIREBREHMHBENXR (Ve = 5V)
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I/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE

Vee = 5V
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Vo (V)

Figure 184. /0 SIMIRERSMHBENRR , Vo = 2.7V
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S| B 3 {8 538 i Figure 185. I/0 S|l ABEBES Voo XK (VIH, 1/0 SIRIER 17)

I/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIH, 10 PIN READ AS '1'
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2 85 °C
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s
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Figure 186. 1/0 S|/ AREBES Voo FIXR (VIH, /0O 5IMI®RR 0)
I/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢
VIL, IO PIN READ AS '0'
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Figure 187. I/0 5|ffl% AR S Vo X R

I/0 PIN INPUT HYSTERESIS vs. Vcc
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BOD 8 B 5l L &Mz Figure 188. BOD H{ES5RER X R (BODLEVEL K 4.0V)
BOD THRESHOLDS vs. TEMPERATURE
BOD LEVEL IS4.0V
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Temperature (C)
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Figure 189. BOD H{E SR E#% K (BODLEVEL # 2.7V)

BOD THRESHOLDS vs. TEMPERATURE
BOD LEVEL IS 2.7V

2.8
Rising|V¢c
S 26
© -
S Falling| Ve
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Temperature (C)

Figure 190. BEEEES THEBENRR

BANDGAP VOLTAGE vs. V¢

1.275
85°C
1.27
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Figure 191. BARZ/MERE Voo XK
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Figure 192. #5771 MHz B RC I8 ME 5 RBENXR
CALIBRATED 1MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 193. #57EH 1 MHz ) RC #RHE8MES Vc XK

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 1) RC IR B MRS REN KR

CALIBRATED 2MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 196. #5:EH 2 MHz ) RC I8 ME 5 Vo WX R
CALIBRATED 2MHz RC OSCILLATOR FREQUENCY vs. Vcc
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Figure 197. 2 MHz RC #X% 881 % 5 Osccal HHX R

2MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 198. #5EH 4 MHz ¥ RC iR J|MESREN X R

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 199. #5EH 4 MHz B RC #RHEMES Vc IR R

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY vs. Vcc
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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. #5E7 8 MHz 1y RC IR B/ MBS REN KR

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 202. #57E5 8 MHz ) RC K% BME ST Vo X R
CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. Vcc
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Figure 203. 8 MHz RC X% 284i% 5 Osccal HIXR

8MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE

16
/ 25°C
14 /

12 -

10

Frc (MHZz)
©

0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256
OSCCAL VALUE

SR BTG Figure 204. BOD Bi5 Ve XK

BROWNOUT DETECTOR CURRENT vs. V¢

25
20 / -40 °C
| —T 2
|l —1 — 85 °C
15 |
- —
2 4/////
3 —
10
5
0 {
2.5 3 3.5 4 4.5 5 5.5
Vee (V)

ATMEL 335

2467L-AVR-05/04 ML 15013652265 0Q:38537442



Figure 205. ADC B35 V. B9X & (ADC #iZ£} 50 kHz

ADC CURRENT vs. Ve
ADC AT 50KHz
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Figure 206. ADC 85 V. XK (ADC #iZ 5 1 MHz)

AREF CURRENT vs. Vg

ADC AT 1MHz
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Figure 207. RHLLRBRERS Vo BIXR
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Figure 208. 4RZBMRS Vo HIXR
PROGRAMMING CURRENT vs. Vec
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AIMEL 337

2467L-AVR-05/04

L - 15013652265 00:38537442



SEUSEVKEBRHERE Figure 209. S TE®BHRS Voo KRR (0.1-1.0 MHz , BFEEM LR BEBER )

RESET SUPPLY CURRENT vs. V¢
EXCLUDING CURRENT THROUGH THE RESET PULLUP
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Figure 210. 1 THSBRS Voo B% K (1- 20MHz , SIEE{ ERBEET)

RESET SUPPLY CURRENT vs. V¢¢
1-20 MHz, EXCLUDING CURRENT THROUGH THE RESET PULLUP
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Figure 211. S LW BHBRSSMSIMBENRR (Vo =5.0V)

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Vee = 5V
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25°C
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Figure 212. {7 FHBEERKSEMEIMBENER (Voo = 2.7V

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE

Ve = 2.7V
60
40 °CR\.25°C
50
85°C
40
<
2
5 30
(7]
&
20 N
10 NS
O \\
0 0.5 1 1.5 2 25 3

VRESET (V)

ATMEL 330

L - 15013652265 00:38537442



Figure 213. ERARBEBRES 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 , E5IHERR 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. Sk S Voo IR R (SMEREIEH , 1 MH2)

RESET PULSE WIDTH vs. V¢c
External Clock, 1 MHz
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T8t

by W Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 g
($FF) ®RE - - - - - - - -

.. R’ B - - - - - - - -
($9E) R B - - - - - - - -
($9D) UCSR1C - UMSEL1 UPM11 UPM10 USBS1 ucsz11 ucsz10 UCPOL1 174
($9C) UDR1 USART1 I/0 BB 51788 173
($9B) UCSR1A RXC1 TXCH1 UDRE1 FE1 DOR1 UPE1 u2x1 MPCM1 173
($9A) UCSR1B RXCIE1 TXCIE1 UDRIE1 RXEN1 TXEN1 ucsz12 RXB81 TXB81 174
($99) UBRRIL USART1 BREHFHEFY 176
($98) UBRR1H - - - - USART1 BB FEHRBFT 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 EEREFT 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 RBFEREFT 125
($87) OCR3AH TIC3- ML BREFFABFEY 125
($86) OCR3AL TIC3-HWHLBRFFHRARFET 125
($85) OCR3BH TIC3- MR FHFRBAFY 125
($84) OCR3BL T/C3 - H i IR 78 B RFT 125
($83) OCR3CH TIC3- ML BEFRCEFT 126
($82) OCR3CL T/C3 - ML R F 78 CRFT 125
($81) ICR3H TIC3- HARRBFHERFT 126
($80) ICR3L T/C3 - MARBRFEFHREFT 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-HHEBRFFRCHEFT 125
($78) OCR1CL T/C1 - LR 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 MEBTEOLEREES 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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Hhuk Z% Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ik

($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 1ISC41 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 OCIEO 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 WGMO00 COMO1 COM00 WGMO1 CS02 CS01 CS00 94
$32 (352) TCNTO T/CO (8 te4% ) 96
$31 ($51) OCRO T/CO MK LR I7EE 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 EREaFT 125
$2C ($4C) TCNT1L TIC1 - IR BFERRFY 125
$2B ($4B) OCR1AH TIC1 - HELEBREFFEARFY 125
$2A ($4A) OCR1AL T/IC1 - BB EFSEAREY 125
$29 ($49) OCR1BH T/IC1 - REFFEBBFY 125
$28 ($48) OCR1BL TIC1 - BRFFHEBEFT 125
$27 (347) ICR1H TIC1 - RARREFESFT 126
$26 (346) ICR1L T/IC1 - BARREFHREFT 126
$25 ($45) TCCR2 FOC2 WGM20 COM21 | COM20 WGM21 CS22 cs21 CS20 142
$24 ($44) TCNT2 T/C2 (8 tt4%) 144
$23 ($43) OCR2 TIC2 Wk E e 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 ittt HF8 & 71 18
$1E ($3E) EEARL EEPROM it B Z SR EFT 18
$1D ($3D) EEDR EEPROM #iE & 1788 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 PINAO 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 hiEH 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/0 3B 5788 173
$0B ($2B) UCSR0OA 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 BEEHFHEFT 176
$08 ($28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 210
$07 ($27) ADMUX REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 225
$06 ($26) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPS0 227
$05 ($25) ADCH ADC BFE&HFHREFT 228
$04 ($24) ADCL ADC BESEREFY 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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.41 E4 N Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 nH
$01 ($21) PINE PINE7 PINE6 PINES PINE4 PINE3 PINE2 PINE1 PINEO 82
$00 ($20) PINF PINF7 PINF6 PINF5 PINF4 PINF3 PINF2 PINF1 PINFO 83

Notes: 1. ATRIFSHELEBANHFEMY , EHRFERNRENUNLE 0, REH /O 727U N T MZ 5 H,
2. RERBHEMBEFTRETBEAZE1REIIUN, CBINSBIETRETVOFFRNAABEA , AN BN MHITER 189RE
MR ZIRSEE. CBI M SBI TR A LURME $00 2 $1F B F 78R,
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BhioHF | REK e RE | THEWERELS | Bhick
HARFBRES HARFBRES
ADD Rd, Rr FANFEERAm Rd < Rd + Rr Z,CN\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 ZCNVH 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 Z,CNVH 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 ANFEFERZER Rd « Rd v Rr ZNV OR
ORI Rd, K FERSERBER Rd < Rd vK ZNV ORI
EOR Rd, Rr AN ERRER Rd < Rd @ Rr ZNV EOR
COM Rd 1 BI#NG Rd « $FF - Rd Z,CNV COM
NEG Rd 2 HANB Rd < $00 - Rd ZCNVH NEG
SBR Rd,K HEENRLECEN Rd « RdvK ZNV SBR
CBR Rd,K FERNELEWES Rd < Rd e ($FF - K) ZNV CBR
INC Rd fn— Rd < Rd +1 Z NV 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 THSHAR 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 NBEE R1:R0 « (RdxRr) << 1 zZ.C FMUL
FMULS Rd, Rr BHS/BER R1:R0 « (Rd xRr) << 1 zZC FMULS
FMULSU Rd, Rr ERS N BEERE N BIER 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 FERS 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 O 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 ERSHEB AR if (SREG(s) = 1) then PC«PC+k + 1 % BRBS
BRBC s, k ERSHLESHRE 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 THZENHE if (Z=0) then PC « PC + k + 1 % BRNE
BRCS k AL PR B AV BN B4 if (C = 1) then PC «— PC + k + 1 % BRCS
BRCC k HAREE 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 EHEBkE if (N = 0) then PC < PC + k + 1 % BRPL
BRGE k BRHSBAT / ETHME if (N ® V=10) then PC < PC +k + 1 % BRGE
BRLT k BEHSHNT 0 BBkEE if (N ® V= 1) then PC < PC +k + 1 % BRLT
BRHS K MRS B Bk if (H=1) then PC « PC +k + 1 % BRHS
BRHC k EH AT AT A if (H = 0) then PC < PC + k + 1 % BRHC
BRTS k T iR BB BEEE 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 Kk RS A B if (V = 0) then PC <~ PC +k + 1 % BRVC
ATMEL
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BhiCHF BER L] B EHNREY | 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
BEAREDS BEARED
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 FREEINE 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 E % 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 B R 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 AR 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 RPMIIRERLE 1«0 | CLI
SES BARFSNRARENA S« 1 S SES
CLS BEEHSNRRRL S«0 S CLS
346 ATmega128 |
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BhiBfF BER UL B RSN | s

SEV B1Y 2 AN G HIRE Vi \ SEV

CLV B 2 WANBRERE V0 \Y CLV

SET B SREG B T & 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 B UbRE H«0 H CLH

MCU i tliE MCU #&liE+

NOP TRIE % NOP

SLEEP BEER (BRBXHERITH ) % SLEEP

WDR BIIREN (BAEXNEBENRENEES) % WDR

BREAK Break [ATHE AR % BREAK
ATMEL 347




EREE
THEEE (MHz) THBE EHS e THEE

ATmega128L-8AC 64A RIS
ATmega128L-8MC 64M1 (0°C - 70°C)

8 2755V ATmega128L-8Al B4A OI 4% )
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 Tl

10 45-55V ATmega128-16AJ? 64A (-40°C - 85°C)
ATmega128-16MI 64M1
ATmega128-16MJ®? 64M1

Notes: 1. P mti Al LA wafer WEREH , THESATURFKNEXEFS Atmel ZHHIHEK R,
2. AETHBE,

HFEEB

64A 64- 5|4 , & (1.0 mm) TQFP %
64M1 64- B8 ) 9x9x1.0mm K/, £&8 0.50 mm , MLF %
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64A

TR RTAT T ERTATAATIAY

PIN1 = q =]

= PIN 1 IDENTIFIER =

C K 0°~7° 1
4 /&me {nﬂnﬁppppppp — i

ta

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
Notes: 1. This package conforms to JEDEC reference MS-026, Variation AEB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable El 13.90 14.00 14.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 — 0.45
plastic body size dimensions including mold mismatch. c 0.09 0.20
3. Lead coplanarity is 0.10 mm maximum. : — :
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
hard k TITLE DRAWING NO. [REW.
2325 Orchard Parkwa . .
‘ImEI, San Jose. CA 95131 Y'| 64A, 64-lead, 14 x 14 mm Body Size, 1.0 mm Body Thickness, 64A B
© ' 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

2467L-AVR-05/04
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64M1
- D] >
'y
O
\—Marked Pin# 1 1D
(E]
SEATING PLANE
Y
TOP VIEW e
.
o
.
Pin #1 Corner SIDE VIEW
UUUUUUIUUUU
- 1
> ( —l2
D s COMMON DIMENSIONS
— ] (Unit of Measure = mm)
-—) ]
- — SYMBOL| MIN NOM | MAX | NOTE
— - A 0.80 0.90 1.00
— —_
— — Al - 0.02 0.05
> ) b 0.23 0.25 0.28
— — D 9.00 BSC
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ ﬂ D2 5.20 | 5.40 | 5.60
‘>‘ L_El ‘>‘ 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
TITLE DRAWING NO. |REV.
AIMEL 2325 Orehard Parkway | 6v11 64-pad, 9 x 9 x 1.0 mm Body, Lead Pitch 0.50 mm 641 c
S’ SanJose, CA 95131 | Micro Lead Frame Package (MLF)

350 ATmega1 2 G ———
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HiR& AT HIIRAS 5 ATmega128 B HHRA SR,
ATmega128 Rev. | + M XDIV FFHENRRERE

» % OSCCAL HEBNERERE

1.

¥Z XDIV HFiF 2 ERERNE

BHIZE XDIV FEHFAHRMERSET 2% i, S|HTERT —EHIRED,
RRER

BMfESE NI , NOP ET A EHEHRNIT, Bt , HMERHRTFHIT 8 L NOP .
BY TERF#HT

1.SREG HEF& | (\UES,

2. £ XDIV BFSHEPgEFHFHM S HME F,

3.39T 8 & NOP 55,

4.SREG &8 | (LB,

X AT RIEFTE IS EBRIT.

CYmAEBHIRE -

CLI ; ERPHEREEE
QUT XDIV, tenp ; REHMNMDHMETF
NOP ; ToBRE

NOP ; ToBRE

NOP ; ToBRIE

NOP ; TTBRE

NOP ; ToBRE

NOP ; ToBRE

NOP ; ToBRE

NOP ; ToBRE

SEI ; ERPEEREEN

W3 OSCCAL FiFean ERENH

BT IRE OSCCAL FEHFRMFMERSEY 2% i, S84 TseiT — L4iRTE
T o

BRAR

FEMENRR 1,

THEHRX JTAG {5 IDCODE [EBI iR 5 R,

2467L-AVR-05/04

IDCODE R# T M TDI S A#Y Bi=7

H A% JTAG 185 IDCODE #£ IEEE1149.1 FRARBEIETINT ; "1” BUE TDI A4
RAE#HABNETFS  BBUHSEH 1D 78, Bt , Mo RAEE LSTEEAER
MEELIERX , 1 FIE |, £ Update-DR BF 24 1 R &,

# ATmega128 B FHE—HEEH , IR RZIIXNEE,

fRRF %

B3 IDCODE S S EET# A TAP 2 HI83#Y Test-Logic-Reset IRA K%L R 254
ID &F7ER , RARERBHEAS , URGEBHNEE. T2 ABNBRETEHARL
B BT ABTE KBS 4. IR B HESE P ATmega128 BIE SRV ES4F ID 1788
Bt ATmega128 £&i% BYPASS . TN RAEEEMN EESR 4 PIRBBIE | M8
# ID FF8 N ATmega128 BY Xt R R4 LZ ##E, X = IDCODE EE=F & TAP
488 Test-Logic-Reset RS ERIAED .
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H g R %

MR AAE RN EEH PRI ERMH ID , BBA ATmega128 RiZBHMEEHHE —
Neaft. RE IDCODE R JTAG BT &2 , Update-DR X LSRR T T
& , B354 ID FEiRTE LA,

ATmegai128 Rev. H « % XDIV FFa6 EiR B A
+ %% OSCCAL FHFENFERENH

1.

%% XDIV FF R0t RiRER |

%ﬁ;ﬁsi XDIV FFHENNHRMERESET 2% i, B4 TaERIT —EHEIRES,
BNfESIR A , NOP BTt EBNIT. BHit , EMEREFNIT 8 L NOP S,
BETERERHT

1.SREG & Fs8 | fL/FT.

2. £ XDIV BEEFREFOTADME F.

31T 8 % NOP 8%,

4. SREG &7 | (LB L.

XEER T URIEFTEES EBRIT,.

LR BIRE -

CLI ; ERTHFEEES
QUT XDV, tenp ; REFHWMDMETF
NOP ; TBRE

NOP ; TBRE

NOP ; ToBRE

NOP ; TBRE

NOP ; ToBRE

NOP ; ToBRE

NOP ; TBRE

NOP ; TRE

SEI ; ERPHEREEN

W3 OSCCAL FiFean ERENH

BT IRE OSCCAL HFEHFURMFMERSEY 2% i, S84 TseiT — L4iRTE
T o

BRAR

FEMENRR 1,

THEHRX JTAG {5 IDCODE [EBIfif R 5 R,

IDCODE RE# 7 M TDI S AN HIE

A% JTAG 5 IDCODE 7£ IEEE1149.1 R RBEIERIAIT ; "1” BUK TDI A
P ABTEeSE  BBHESMH ID F78F. Bit , MR L aiER[4FHR
MBFESEER , % 1 ARE |, # Update-DR B 24 1 FifKE.

& ATmega128 R L — R4 , WA KILXEE.
BRIRT &
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ATmega128 Rev. G
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B A IDCODE v B A TAP 212888 Test-Logic-Reset IRASKIEF R4
ID &7, RARRIEAR , URGEBUHNEE. 8  ARNBETEHAREL
]| B RIS ABIE MBS, REVIHEEEP ATmega128 B EIBR MR HF ID F 728
B X ATmega128 Ki% BYPASS . FMILRPAMIBN ELERMPIRENE L&
# 1D HFE8/ N ATmega128 BRI AN L8R4 L2 8#E, )X E IDCODE TR TAP
#2428 Test-Logic-Reset IRAHIBRINE D

H fth iR 55 &

MR AT E R REGIEEE R FTE RS9 ID , BBL ATmega128 MiZ 2P E —
MNe&tk. R E IDCODE R JTAG T F T8+ , Update-DR N E&LBFHHMA T
£, B3¢ ID FESHFLELLE,

« E XDIV HEEaHN BB ENE
» % OSCCAL FF88 BRER |

1.

% XDIV FiFER N ERERH

ﬁiﬁi XDIV FEENRMBRESET 2% i, S54 TAERIT —EHEIRES,
BNfEsR T , NOP BT L EWNT. Bt , EMEBREFNIT 8 EZNOP ES.
BETERERHT

1.SREG &8 | WEE.

2. £ XDIV EEH[FREFNTAD A F.

3.319T 8 & NOP 55,

4.SREG FH 1788 | fLEfL,

XEER A SRIEFTE BT EBHIT.

LR IB BT -

CLI ; 2RPHEREET
QUT XDV, tenp ; REFHTDMETF
NOP ; ToBRE

NOP ; ToBRE

NOP ; TRE

NOP ; ToBRE

NOP ; ToBRE

NOP ; TRE

NOP ; ToBRE

NOP ; ToBRIE

SEI ; ERTPEEREEN

% OSCCAL FESRr EIRERE

BEHi%E OSCCAL FER[FEHFMERSET 2% B, S5 AT REHRIT — L45iRIE
T o

BRG R

FEMENREK 1,

THEHRHX JTAG #§% IDCODE BB fFIR 5 R,

IDCODE FE# T M TDI i AV Bz
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ATmegai28 Rev. F

A A% JTAG 5% IDCODE 7£ IEEE1149.1 RARBEERHAT ; "1” BV TDI % A
P ARG EeSR  BBHESEMH ID Fi7d. Bit , N REREE L sIER[FHR
MBFESLEER , % 1 RE |, % Update-DR B £4 1 A E.

% ATmegal128 24 EHE— BT , MRS ZIIXNE B,

fRRF %

B3 IDCODE S EiET# A TAP 2 HI85#9 Test-Logic-Reset IRA K%L R 254
ID 78, RARERBEAS , URGEBHNEE. T2  ABNBRETEHARL
224 B ALABE A BIE MBS 4F . IR ERI S5 P ATmega128 BT BSHFAYESHF ID 1788
Bt ATmega128 £&3% BYPASS . AN RAESMN EESR 4 PR BBIE | M8
# 1D FF8 N ATmega128 B AN &[4 LA HHE, )XE IDCODE EES T =2 TAP
488 Test-Logic-Reset RS ERIAED .

HibfgRA &

MR NAE A IREGTESE R FTA M ID , BRA ATmega128 MiZ 2R h N E —
NEgtF. RE IDCODE R JTAG ENEES T , Update-DR N ELB{HRAF L
¥, B854 ID SR L& L5,

« 3 XDIV FEEHN ERENE
» % OSCCAL 8N ERERH

1.

%% XDIV FF R0t RiRER |

%ﬁ;ﬁsi XDIV FFHENNHREMERESET 2% i, B4 TaERIT —EEIRES,
BNfESIR KA , NOP BTt ERNIT. Bt , EMEREFNIT 8 X NOP S,
BETERERHT

1.SREG & #Fs28 | fLFT.

2. £ XDIV BEEFREFVTADME F.

31T 8 % NOP 8%,

4. SREG &7 | (LB,

XFER T URIEFTEE S EBRIT.

LR HIRE -

CLI ; ERTHFEEES
OUT XDV, tenp ; REMNMDHMETF
NOP ; TBRE

NOP ; TBRE

NOP ; ToBRE

NOP ; TTBRE

NOP ; ToBRE

NOP ; ToBRE

NOP ; TTBRE

NOP ; TTBRE

SEl ; ERPHEREE

W3 OSCCAL FiFean ERENH
BT IRE OSCCAL FEH[FRMFMERSEY 2% i, S84 TseiT — E4iRTE
T o

BRER
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FIEMBNIRE 1,

THERX JTAG 5% IDCODE [RIERIfFIR S =.

IDCODE R# 7 M TDI i A B iE

H A% JTAG 14 IDCODE 7£ IEEE1149.1 AREEIEHINIT ; "1” BK TDI A4
REHABNSES , BBHSEH ID &85, Bit , Nz RS EaiES 4R
HERESIBEL , # 1 FTE , £ Update-DR B2 # 1 FTXES

% ATmega128 21 L —WE4 , MFLRIIX/NR-,

R %

B A IDCODE B A TAP 2512888 Test-Logic-Reset IRASKIEF 54
ID &7, RARRIMEAR , URGEBUHNHE. &  ARNBRETEH AL
]| B RIBUE ABIE M BR 4. REUIHEEEP ATmega128 B EIBR MR #F ID F 728
B X ATmega128 K% BYPASS . TN RPAMBN ELERMPIRENE L5
# ID F1F3 N ATmega128 BRI X G 4L 8 L2 ##E. XX IDCODE ST 2 TAP
2428 Test-Logic-Reset IR BRINE D

Hothfig R 5%

MR AT E R REGAEEERFTE RS ID , BBL ATmega128 MiZ 2P E —
Nk, RE IDCODE R JTAG T F T8+ , Update-DR N E&LFHHMA T
£, B3¢ ID FESHFLELE,
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ATmega128 & F ft
BHaE

MARZ Rev. 2467K-03/04
TR 4 Rev.2467L-05/04
&R

MARZS Rev. 2467J-12/03
TR A Rev.2467K-03/04
FOREL

MIRZ Rev. 24671-09/03
BiiR 2% Rev.2467J-12/03
HEH

MARZS Rev. 2467H-02/03
FIARZ Rev. 24671-09/03
A 182

MARZ Rev. 2467G-09/02
FIARZ Rev. 2467H-02/03
R

e S TS T TTTTTTR=T=TaTaT =N = =N
ATMEL
UM B RARIHMERTE ; BT 5 0H XN EBITE.

1. Wik “#F|W” 5 “TBD” , A ICPx & ICx,

2. TEHT P 35Table 8, P 47Table 19, P 53Table 22, P 226Table 96 , P 280Table 126
, P 284Table 128 , P 301Table 132 }2 P 303Table 134 ,

3. E# P23« SEpiFeERREA

4. TP 236“ BREHRAIFER" -

5. EEHT P 299« EBSYGME ,

6. EEH P 305“ XK o

7. E# P 313“ATmegal128 BREE ",

8. FEH P 348“ EHER ",

1. EHFH P 351 HHiRK ",
1. EFP3s“HREMNFARCIKESRE",

1. E# P 40“XTAL SIRIRHIFHFER - XDIV” HER.

2. EMPASITAGEOSHFABEARSE .

3. ¥E#7 P 47Table 19 ¥ Vo (BODLEVEL = 1) {H,

4. BTEH P 229“ WAL EERD - TAP” # JTAGEN 35

5. BEH JTD {ifieA.

6. 7 P 270Table 118 HFtNXF JTAGEN BL U HER,
7. EH P 299 B Ry

8. £ P 351“ EhiRsk ” RN IDCODE B SRR R,

1. {8 SFIOR FERPA M D MU B o

2. 7E P 296“XiFlash#{T4RB” 5 P 297“% EEPROM# TR ” A K BEBRER
ﬁ_iﬁo

3. Bk “ SIhEEiRTHRR ” ERAERRK “32 kHz &Ik 7 ERAER.
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MHRZ Rev. 2467F-09/02
FIMR 7= Rev. 2467G-09/02
&%

MARZ Rev. 2467E-04/02
TR Rev. 2467F-09/02
&

MARZS Rev. 2467D-03/02
FRAS Rev. 2467E-04/02
OREL

2467L-AVR-05/04

10.

11.

12.

10.

1.

{81E P 113Figure 52 7 OCn H¥¥.

ERER 1 AVWHELE,

*t EEYER 0 SENYER 2 INAXT PWM XHHAE,
TWI A E,

Added reference to P 273Table 124 iR IISPIRTHRES BMBHFlashIWR 1
A&

P 261« 3R IR SRR (TWMNR)” iRk FHESPMARARNEEEPROMEER,
kR ADHSM,

P 22« BB KEEEXT EEPROM HWEA ” 849

E# P 349 HEKFER ” PAE,

%% Flash A& 10,000 X B/ @BEH

RN 64 2% MLF $3% , 3 P 348« EHER " o
Wi P 30¢ fERAASNVEBRY ik ER (/T 64KB)” H42
DN P 34« BRIAETEPIR ~ BB

¥ SPMCSR &} SPMCSR.

YEANEE R REREE—ERE , WP 39“ 4\Ert4h ” 5 P 301Table 131, «
SAEBET 4IRS 7

T P 44« B/METIFE " RIIAXT OCD RESHFEN /N,

B SHERR (WGM iR & ):

P 90“ fRiE PWM # 3, ” (T/CO).

P 92“ A& IF PWM = ” (T/CO).
P 136“ fRiE PWM #3, " (T/C2).

P 138 #H{IE1E PWM &=~ (T/C2),

{81IE P 176Table 81 (USART).
{81E P 243Table 102 (ZRHAH#H ).
B P 299“ EitiEtt 7 & Vil B8,

EH P 313“ATmega128 H A& » RASERIEED .

2. FTIIREER :

AIMEL 37
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MARZS Rev. 2467C-02/02 1.
FIARZ Rev. 2467D-03/02
R 2.

10.

1.

12.

13.

14.

MHRZ Rev. 2467B-09/01 1.
FIARZ Rev. 2467C-02/02
R

P 47Table 19, P 51Table 20 ., P 143Table 68 . P 243Table 102 } Table 136 on
page 328,

EH OSCCAL #REFZ Y%A
EFMPREARE 2, 4, 8 MHz IERZBMAERAFERT , E FEMA :
P38 IRSH IR ES 7S - OSCCAL” & P 270“FREFT "

P 4“ATmega103 #RBER " FMAEZEL.
FH P 20Table 2, “EEPROM SRRt E ,” o

EH P 34Table 7, Table 9, P 36Table 10, P 37Table 12, P 38Table 14 & P
39Table 16 Y EL R 5 B AT 1E],

S5 P 53Table 22 828 WDT Rt EGEH

fE1E P 227“ADC 2 HIMIREF 788 A - ADCSRA” 1 ADSC {8,
P 224“ADC ¥4 R » #— S HBEX ADC Z 54 R MAH THRERN,
51IE JTAG Ir&5,

P 2607 H4R BRI 519 Flash” , P 261« @ SPMAITR#ER” R P 261“HMITRE#
1£” it —$ i SPM( £ RAMPZ) fH#Y F-4ito

1E£ P 270Table 118 I AXTF OCDEN B4 HFER,

EmEA :
¥ # P 272Figure 135 5 P 282Figure 144 i FAmBEE XA AVCC HPER, P
278Figure 139 MNAX B £ 4RTERI 15 BA

A% TF PROG_PAGELOAD 5 PROG_PAGEREAD 54 AMNER.
£ P 313“ATmega128 & 451 » P IIARE RC IER5% ARG L.

B MKSRTEO TWI” 87,

MAXTFHEBERE TWI RERE TWBRR ET TWIER EHEHEE, P 186" i
REEBE T BEMATER, P187“ thiut T % v~ HFEMAHEA,

1£ P 40“XTAL R4 F 1788 - XDIV” RIIAXT T/ICO SR#AESERANER,

BIEXTIRO G 5 =hAEHI 18
BIEP 793w 0 G M =IhAL " & TOSC1 5 TOSC2 Mk #,

£ rev. F S rev. G BIA JTAG [RAEE
B Table 100,

oA — TR BR K% St AR
ETHRSTHMHIE TBD :

P 47Table 19 . P 51Table 20 , P 299 Eji%s%”. P 301Table 131, P 303Table
134 & Table 136,
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4., {BIEP 348« BH{ER"” .
5. 1E P 313“ATmega128 SR 451 RN A RS HIE.

6. MIERRE JTAG GRZER M H b 5%,
P 295 “ R Hymf2tE =

7. A JTAG RERX TAFRT RIBLFET
P 298" B LA TR " & P 298 BB L FMBIEN ” -
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