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D (PD7.PDO):
D 8 /o . 20mA

E 3 /10 . 20mA 0
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16K . AVR 16 .
16 32 .
. SP. SP 16
1K 5 .
110
AVR
5
6
7 0
RO $00
R1 $01
R2 $02
R13 $0D
R14 $0E
R15 $0F
R16 $10
R17 $11
R26 $1A X
R27 $1B X
R28 $1C Y
R29 $1D Y
R30 $1E z
R31 $1F z
5
: SBCl. SUBI. CPl. ANDI ORI,
: R16 R31.
5 : : 32
X+ Y Z
R26~R31 :
7 Xi Y. Z
15 0
X 7 0|7 0
R27 ($1B) R26 ($1A)
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R31 ($1F) R30 {$1E)
ALU
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FLASH
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18
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(16
$3F($5F) SREG
$3E($5E) SPH
$3D($5D) SPL
$3B($5B) GIMSK
$3A($5A) GIFR
$39($59) TIMSK TIC
$38($58) TIFR TIC
$37($57) SPMCR
$36($56) EMCUCR MCU
$35($55) MCUCR MCU
$34($54) MCUSR MCU
$33($53) TCCRO T/CO
$32($52) TCNTO T/ICO (8 )
$31($51) OCRO T/CO
$30($50) ASSR
$2F($4F) TCCRIA T/IC1 A
$2E($4E) TCCRI1B T/C1 B
$2D($4D) TCNT1H T/IC1
$2C($4C) TCNTIL T/C1
$2B(#4B) OCRIAH T/C1 A
$2A($4A) OCRIAL T/IC1 A
$29($49) OCRIBH T/C1 B
$28($48) OCRIBL T/C1 B
$27($47) TCCR2 TIC2
$26($46) ICR1H T/C1
$25($45) ICRIL T/C1
$24($44) TCNT2 T/IC2 (8 )
$23($43) OCR2 TIC2
$21($41) WDTCR
$20($40) UBRRHI UART
$1F($3F) EEARH EEPROM
$1E($3E) EEARL EEPROM
$1D($3D) EEDR EEPROM
$1C($3C) EECR EEPROM
$1B($3B) PORTA A
$1A($3A) DDRA A
$19($39) PINA A
$18($38) PORTB B
$17($37) DDRB B
$16($36) PINB B
$15($35) PORTC C
$14($34) DDRC C
$13($33) PINC C
$12($32) PORTD D
$11($31) DDRD D
$10($30) PIND D
$OF($2F) SPDR SPI
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$OE($2E) SPSR SPI
$0D($2D) SPCR SPI
$0C($2C) UDRO UARTO
$0B($2B) UCSROA UARTO  / A
$0A($2A) UCSROB UARTO  / B
$09($29) UBRRO UARTO
$08($28) ACSR
$07($27) PORTE E
$06($26) DDRE E
$05($25) PINE E
$03($23) UDR1 UART1
$02($22) UCSRIA UARTL  / A
$01($21) UCSR1B UARTL  / B
$00($20) UBRR1 UART1
AVRATmegal6l 1/0 /O .IN OuUT 1/0
, 32 . $00-$1F  1/0 S2l
CBl . SBC SIBS . IN OUT
$00-$3F . 110 , $20.
1/0 .
. “0”, 1/O .
“1” . CBI SBI .
“17, . CBl Bl $00-$1F .
1/0 .
SREG i Status Register !
BIT 7 6 5 4 3 2 1 0
$FigFy | I | T | H | S Y N z C
/ R/W RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
I:
. . | ,
. o | . RETI
T:
BLD BST T . BST T
BLD T .
H:
St
N V .
Vs
N:
Z:
C:
SP
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BIT 15 14 13 12 1 10 9 8
$3E($5E) [ sP15 [ sp14a [ sp1i3 | sp12 [ spit [ spio [ sp9 SP8
$3D($5D) | SP7 SP6 SP5 SP4 SP3 P2 SP1 SPO

7 6 5 4 3 2 1 0
/ RIW RIW RIW RIW RIW RIW RIW RIW
RIW RIW RIW RIW RIW RIW RIW RIW

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

. $60 . PUSH
. POP : : RET  RETI
ATmegal6l 20 .
. , oo .
: 2.
, RESET
2

1 $000 RESET ,

2 $002 INTO 0

3 $004 INTL 1

4 $006 INT2 2

5 $008 TIMER2 COMP T/C2

6 $00A TIMER2 OVF TIC2

7 $00C TIMERL CAPT T/C1

8 $01E TIMERLCOMPA | T/C1 A

9 $010 TIMERLCOMPB | T/C1 B

10 $012 TIMERL OVF T/C1

1 $014 TIMERO COMP T/CO

12 $016 TIMERO OVF T/CO

13 $018 SPI, STC

14 $01A UARTO: RX UARTO

15 $01C UARTL RX UART1

16 $01E UARTO. UDRE UARTO

17 $020 UARTL UDRE UART1

18 $022 UARTO, TX UARTO

19 $024 UARTL TX UART1

20 $026 EE READY EEPROM

21 $028 ANA_COMP

$000 RIMP RESET ;

$002 RIMP EXT_INTO : IRQO
$004 RIMP EXT_INTL : IRQ1L
$006 RIMP EXT_INT2 : IRQ2
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$008 RIMP TIM2_COMP : T2
$00a RIMP TIM2_OVF : T2
$00c RIMP TIM1_CAPT : T1
$00e RIMP TIM1_COMPA : T1 A
$010 RIMP TIM1_COMPB : T1 B
$012 RIMP TIM1_OVF : T1
$014 RIMP TIMO_COMP : TO
$016 RIMP TIMO_OVF : TO
$018 RIMP SPI_STC : SPI
$01a RIMP UART_RXCO : UARTO
$01c RIMP UART RXC1 : UART1
$01e RIMP UART_DREO : UARTO
$020 RIMP UART DRE1 : UART1
$022 RIMP UART_TXCO : UARTO
$024 RIMP UART TXC1 : UART1
$026 RIMP EE_RDY . EEP
$028 RIMP ANA_COMP :
$02a MAIN: LDI R16: HIGH(REMEND) :
$02b ouT SPH, R16
$02¢c LDI R16: LOW(REMEND)
$02d RIMP
$02e < > XXX
ATmegal6l 4 :
° . Veor MCU
° . [/RESET 500ns MCU .
° . MCU
(] a o
. 1/O : $000 . $000
IMP— — .
. 24 « 34
24
3 {Vec = 5.0V}
( , [ NoBOD 1.0 1.4 1.8 V
BOD 1.7 2.2 2.7 V
Veor No BOD 0.4 0.6 0.8 V
( : BOD 1.7 2.2 2.7 v
Vrst - - .85V cc V

10 10
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BODLEV | 26 2.7 2.8
EL=1
Veor BODLEV | 3.8 40 |42 v
EL=0
Vpor »
4
. t , t ’ 13
CKSEL[2:0] Vee = 2T ‘;‘\J/T Vee = i%UVT
000 4.2ms + 6 CK 5.8ms + 6 CK .
001 30K s+ 6 CK 101 s+ 6 CK . BOD 1218
010 67ms+ 16K CK | 92ms + 16K CK
011 4.2ms + 16K CK 5.8ms+ 16K CK :
100 301 s+ 16K CK | 10K s+ 16K CK ., BOD 121130
101 67ms + 1K CK 92ms + 1K CK / .
110 42ms+ 1K CK | 5.8ms+ 1K CK .
11 301 s+ 1K CK 101 s+ 1K CK ., BOD 1213
- 1. CKSEL a 0.6msa
2.
3. 50K s
4 . . 5.
BODLEVEL
4.2ms (Ve = 2.7V 1K
67ms {Vcc = 2.7V} 16K
5.8ms { Vgc = 4.0V) 4K
92ms (Ve = 4.0V 64K
{ BODEN J» BODLEVEL
CKSEL = 010.
{ POR} . 1.4V. Ve
MCU Vee Vror . CKSEL .
4.
25 MCU . /RESET
26 MCU . IRESET
/RESET o 500ns
Vgst { b s trout
. MCU
27

11 11
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Brown-Out
megal6l BOD Vees BOD 74nF__ 100nF

Ve . BOD BODEN . BODEN ( B
Vee . BOD . . .

BOD . POR . 4, BOD BODLEVEL 2.7V
{ BODLEVEL ) 4.0V {BODLEVEL Vo 50mV .

4.0V Vee 9un's, BOD : 2.7V
211 s,
28 BOD
. 1 XTAL . .
tTOUT L}
29

MCU —MCUSR

BIT 7 6 5 4 3 2 1 0
$39($59) | - | - | - | - | WDRF | BORF | EXTRF | PORF |

/ R R R R R/W RIW RIW R/W

0 0 0 0

7.4:

WDRF:
. “0* .
BORF: BOD
BOD . “0” .
EXTRF:
. “0* .

PORF:

12 12
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ATmegal6l 2 8 GIMSK— TIMSK—T/C
. | . .
| . . RETI | .
{{1” . , )
. “0”, .
. . |
—GIMSK
BIT 7 6 5 4 3 2 1 0
$3B(%B) | INTL | INTO | INT2 | - | - | - | - [ -
/ RIW R/W R/W R R R R R
0 0 0 0 0 0 0 0
4.0: . 0.
INT1: 1
INTO | “1” . MCU { MCUCR}
1/0 {I1SC11  ISC10;} 1 .
INTO: 0
INTO | “17 . MCU { MCUCR}
1/0 {1SC01  1SCO00; 0 .
INT2: 2
INT2 | w1, . MCU { MCUCR!
{1SC02] 2 . .
—GIFR
BIT 7 6 5 4 3 2 1 0
$3A%5A) | INTFL [ INTFO | INTF2 | - | - [ - | - | -
/ RIW RIW RIW R R R R R
0 0 0 0 0 0 0 0
4.0: . 0.
INTF1: 1
INT1 . INTF1 (“1™). SREG | GIMSK
INT1 w17, MCU $004. . .
. “1%
INTFO: 0
INTO . INTFO (%171, SREG | GIMSK

13 13
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INTO w17, MCU $002. . .
, {{1”
INTF2: 2
INT2 + INTF2 (917, SREG | GIMSK
INT2 “1", MCU $006. .
, {{1” .
TIC —TIMSK
BIT 7 6 5 4 3 2 1 0
$39($59) | TOIE1 | OCIE1A | OCIEIB | TOIE2 | TICIEL | TICIE2 | TOl | OCI
EO EO
/ RIW RIW RIW RIW RIW RIW RW RW
0 0 0 0 0 0 0 0
TOIE1l: T/C1
TOIE1 | “1" . TIC1 . TIC1 . TIFR TOV1
'  $0012} .
OCIE1A: T/C1 A
TOIE1A | 1", A . TIC1 A .
TIFR OCF1A , { $O0E} .
OCIE1B: T/C1 B
TOIEIB | “17 B . TIC1 B .
TIFR OCF1B . {$010}
TOIE2: T/C2
TOIE2 | “17 ., TIC2 . TIC2 , TIFR TOV2
: { $00A}
TICIE1l: T/C1
TICIEL | “ 1", . TI/IC1 {ICP},
TIFR ICF1 . { $00C) .
OCIE2: T/C2
TOIE2 | “1" . TIC2 . TIFR
OCF2 . { $008)
TOIEO: T/CO
TOIEO | “1" . TICO . TICO . TIFR TOVO
: (. $016) a
OCIEO: T/CO
TOIEO | w17, . TICO . TIFR
OCFO . {$014)
TIC —TIFR
BIT 7 6 5 4 3 2 1 0
$38($58) | TOV1 | OCF1A | OCF1B | TOV2 | ICF1 | OCF2 | TOVO | OCFO |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
TOV1: T/Cl
T/IC1 . TOV1 . . . TOV1
“1” .  SREG . TOIEL TOVi1 ' .

14 14
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PWM ,  T/C1 $0000 , TOV1 .
OCF1A: 1A
T/C1 OCRI1A . OCF1A . .
“1” - SREG I. OCIEIA OCF1A . .
OCF1B: 1B
T/C1 OCRIB , OCF1IB . .
“1” .  SREG I. OCIEIB OCFIB . .
TOV2: T/C2
T/C2 , TOV2 . . , TOV2
“17 .  SREG I. TOIE2 TOV2 .
PWM ,  T/C2 $0000 , TOV2 .
ICF1:
. ICF1 . T/C1 ICR1.
. “1” = SREG I, TICIEIA ICF1
OCF2: T/C2
T/IC2 OCR2 . OCF2 . .
“1” . SREG I. OCIE2 OCF2 .
TOVO: T/CO
T/CO ., TOVO . . ., TOVO
“1¥ «  SREG . TOIEO TOVO . .
OCFO:
T/CO OCRO . OCF0 . .
“1” . SREG I, OCIEO OCF0 . .
INTO/1/2 . . .
. . / (
INT2] — MCUCR {INTO/1}  EMCUCR {INT2].
MCU —MCUCR
BIT 7 6 5 4 3 2 1 0
$35($55) | SRE [ SRwi10| SE | sSvm1 | Isci1i | I1sc10 | 1sco1l | 1scoo |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
SRE:
SRE “1" , MCU . ADO-7 (A ), A815(C ), ALE /WR.
/RD , . SRE ,
. 1/0
SRW10:
,» SRW10 .
SE:
SLEEP , SE MCU . MCU
. SLEEP

15 15
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SMI1:
EMCUCR  SMO . 6
6
M1 S0
0 0
0 1
1 0
1 1
ISC11s |1SC10: 1 1 0
INT1 .
7 1
ISC11 |SC10
0 0
0 1
1 0
1 1
ISC1V/ISC10 INT1L GIMSK INT1 s N
1SC01. 1SC00: 0 1 0
INTO .
8 1
| SCO1 | SCO0
0 0
0 1
1 0
1 1
ISCOL/ISCO0  » INTOL GIMSK INTO s
MCU —EMCUCR
BIT 7 6 5 4 3 2 1 0
$36($56) | SMO | SRL2 | SRL1 | SRLO | SRwO1 | SRW00 | SRwi11 | Isc2 |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
SMO:
SM1 .
SRL 2/1/0x
SRWO01/00/11=
| SC2:
“0" 4 INT2 : 1", INT2 .
SE  “1% SLEEP . SM1/0
MCU. . MCU SLEEP . .
1/O . ., MCU RESET
{ $0001 .

16 16
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SM1/0

“0" . SLEEP MCU . CPU .
SPI. UART. . ADC. / . .
MCU. M CU: .
. ACSR ACD. MCU . CPU
SM10 ¥10" . SLEEP MCU . .
I: :I a ]
INT2 MCU
INT2 MCU . MCU .
MCU . .
MCU .
. MCU . 1ws (25720, .
MCU . MCU .
smM1/0 “11* . SLEEP MCU .
T/C2 . ASSR ASD T/C2 .
. TIC2 MCU
. |
/
ATmegal6l 3 / : 8 TI/IC 16 T/C. TIC2
. 32.768KHz . {RTCl.
T/C2 . T/ICO TI/C1 10
T/C 1 -]
T/C
30 T/CO TI/C1
4 : CK/8. CK/64. CK/256 CK/1024. CK .
CK. . . SFIOR  PSR10 .
31 TI/C2
T/C2 PCK 2. . PCK2 . ASSR AS2, T/C2
TOSC1 . T/C2 . A2 . TOSC1
TOSC2 . T/C2 . TIC2 32768K
. TIC2 CPU /4. 256K Hz. SFIOR

PSR2

17

17
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10 —SFIOR
BIT 7 6 5 4 3 2 1 0
$050) | - | - | - | - | - | - | PSR2 [ PSR10 |
/ R R R R R R RIW RIW
0 0 0 0 0 0 0 0
7.2:
PSR2: T/C2
T/C2 . . .
T/IC2 CPU . . TIC2 {
1y “17,
PSR10: T/C1/0
T/C2 . . .
8 TI/ICO TIC2
32  T/CO .
32 TI/CO
33 TIC2
T/CO CK.. CK .
T/C2 CK- CK TOSC1
TIC TCCRO/2 .
TIFR . TCCRO/2 ,  TIMSK TIC .
T/CO . CPU .
CPU . MCU CPU .
. TIC : . TIC
T/IC PWM .
TICO —TCCRO
BIT 7 6 5 4 3 2 1 0
$33($53) | FOCO | PWMO | COMO1 | COMOO | CTCO | CS02 | Cso1 | CS00 |
/ RIW RIW RIW RIW RW RW RW RW
0 0 0 0 0 0 0 0
TIC2 —TCCR2
BIT 7 6 5 4 3 2 1 0
$27($47) | FOC2 | PwWM2 | comM21 | cOM20 | CTC2 | €s22 | cs21 | €S20 |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
FOCO0/2:
“1* COMnN1/0 , PBO (T/CO}  PB1 (T/C1)
. COM FOC . .
FOC . FOC .«  PWM ,» FOC

18 18
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PWMOPWM2: PWM
T/CO T/IC2 PWM
COMO01, COMOO/COM21, COM 20:

COMnl1 COMnNO T/C PB4 [ OCO! PB1 [ PC2}
1/0 ’ “1¥ .
9.
9
COMN1 COMNO
0 0 T/Cn Ocn
0 1 Ocn
1 0 Ocn
1 1 Ocn
n=0 2
CTCO/CTC2: T/CO, T/C2
CTCn “1% » T/Cn Oa CTCn  “0% T/Cn
a CPU
, 1.
cC .

Jc2|c1|C|O0]|1]...
8 . :
.| C2,C2,C2 C2 C2 C2,C2,C2|C], C1,C1,C1,C1,C1,C1,C1]C,0,0,0,0,0,0,0]...
PWM : .
CS02. CS01. CS00/ CS22+ CS21. CS20:
12 T/CO

0
S
0
2

CS00

CKO

CKO/8

CKO/64

CK0/265

CK0/1024

T2,

PRk~ |lolo|lo|o
Rl r|lo|olk|~|lolo
| olr|olk|lo|lr|o

T2,

13 T/C2

0
S
0
3
0
3

PCK

PCK/8

PCK/32

PCK/64

PCK/128

PCK/256

[l ol ol |l (@]l (o] (&) R o)
RIFRP[OO|FR|Fk|O|O
R |IO[FRO|FR|O|Fk|O

PCK/1024

/ a CK o
T/CO ([CS02, CSO01] =[1. 1]} . PBO (TO!
TIC2

19 19
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T/CO—TCNTO
BIT 7 6 5 4 3 2 1 0
$32($52) |_MSB | | | | I | | LsB
/ RIW RIW RIW RIW R/W RIW RIW RIW
0 0 0 0 0 0 0 0
T/C2—TCNT2
BIT 7 6 5 4 3 2 1 0
$23($43) | MSB | | | | | | | LSB
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
T/Cn / . . T/Cn
TICO —OCRO
BIT 7 6 5 4 3 2 1 0
$31($51) [ MSB | | | | | | | LSB
/ R/W RIW RIW RIW R/W RIW RIW RIW
0 0 0 0 0 0 0 0
TIC2 —OCR?2
BIT 7 6 5 4 3 2 1 0
$22($42) | MSB | | | | | | | LSB
/ RIW RIW RIW RIW R/W RIW RIW RIW
0 0 0 0 0 0 0 0
T/Cn T/Cn o T/Cn OCRnN :
o TCNTn OCRnNn o
PWM TICO TI/C2:
PWM ., TIC / { $FF 0} .
/ .T/ICO T/C2 OCRO/OCR2 8
. PWM, PBO {OCO/PWMO!  PB1 {OC2/PWM?2).
. T/ICO TIC2 OCRO/OCR2 8 .
. PWM, / 2
PWM C )
CTCO0/2 . PWM
CTCO0/2 , T/Cn / . 0 $FF, 0.
OCRO/OCR2 . OC0/0C2 COMO00/COMO1
COM20/COM21 .
CTCO2 “1*,  T/Cn . 0 $FF, 0.
OCRO/OCR2 .,  OC0/OC2 COMO00/COMO1
COM20/COM21 .
14 PWM

CTCn COMn1 COMNO

20 20
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0 0 0 PWM
0 0 1 PWM
0 1 0 Ocn; frckor/510
Ocn ¢ PWM
0 1 1 ocCn; frcxo2/510
Ocn ¢ PWM
1 0 0 PWM
1 0 1 PWM
1 1 0 Ocn; Ocn| frekor2/256
1 1 1 Ocn; Ocn| frekor/256
n=0 2
PWM » OCRO/OCR2 . $FF
OCRO/OCR2 PWM
34 OCR ( )
35 OCR { ]
OCRO/OCR?2;
OCRO/OCR2 $00 $FF OCn 15.
15 OCRn=$00 $FF PWM
COMn1 COMNO OCRn OCn
1 0 $00 L
1 0 $FF H
1 1 $00 H
1 1 $FF L
n=0 2
/ . $00 TOVOITOV2.
/ .
—ASSR
BIT 7 6 5 4 3 2 1 0
$6(p46) | - | - | - | - [ As2 | TCN2UB | OCR2UB | TCR2UB |
/ R R R R RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7.4
AS2: TIC2
AS2 ., T/IC2 TOSC1 . PD4  PD5 . 1/O.
AS2  “0% T/C2 . TCNT2. OCR2
TCCR2.
TCN2UB: T/C2
T/C2 »  TCNT2 TCN2UB . TCNT2
TCN2UB . TCN2uB  “0” TCNT2
OCR2UB:
T/C2 . OCR2 OCR2UB . OCR2
OCR2UB . OCRUuB 0" OCR2
TCR2UB: T/C2
T/C2 . TCCR2 TCR2UB . TCCR2

21 21
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TCR2UB . TCR2UB “0”
TCNT2, OCR2 TCCR2
TCCR2 .
T/C2
T/C2 .
([ J
1. T/IC2 OCIE2 TOIE2.
2- AS2 .
3. TCNT2, OCR2 TCCR2
4., TCN2UB: OCR2UB  TCR2UB
5. , .
° 32768Hz .
256kHz.
° TCNT2: OCR2 TCCR2
, TCNT2
° T/C2 MCU ,
. MCU
T/C2 MCU
. MCU
) T/C2
TOSC1 .

1. TCNT2, OCR2 TCCR2
2.
3.

° » TIC2
1 l
1
. 1
3 ' "
) : 3
16 T/C1
36 T/C1 .

36 TI/IC1

22

TCCR2 .

a TCNT2 :+  OCR2
TCNT2. OCR2. TCCR2 °
256kHz.
L] 1/4:
’ TOSC1
]
OCR2. ASSR
TCNT2. OCR2 TCCR2
T/C2 a
a OCR2 TCNT2
TOSC1
T/C2.
a MCU
+ MCU ’

22
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T/IC1 CK. CK . T/IC1
TCCR1B . TIFR » TIMSK T/C1 .
T/C1 . CPU .
CPU = MCU CPU .
. T/IC1 : . TIC1
OCR1A/OCR1B » TIC1 .
A
T/C1 8& 9 10 PWM . . OCR1A/OCR1B
/ PWM.
ICP . T/IC1 ICR1.
TCCRI1B . , . ICP
37.
37 ICP
. 4 . 4 .
T/IC1 A—TCCRIA
BIT 7 6 5 4 3 2 1 0
$2F($4F) COI;/I A | comia COI;/I 1B COIB/I 1B | FOCIA | FOC1B | PWM1l | PWMI10
0
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
COM1A1. COM1AO: 1A, 1 O
COM1A1 COM1AO0 T/C1 OC1A 1/O
, w17 . 14,
COM1B1, COM1BO: 1B, 1 0
COM1B1 COM1BO T/IC1 OC1B .
14 1
COM1X1 COM1X0
0 0 T/IC1 OC1X
0 1 OC1X
1 0 OC1X
1 1 OC1X
X=A B
PWM : . 18,
FOCI1A: A
“1t COM1A0/1 . PD5 COM
FOC : . MCU
FOC
, TCNT1L.. FOC .«  PWM » FOC .
FOCI1B: B
“1t COM1B0/1 . PE2 . COM
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FOC . . MCU
. FOC
. TCNT1. FOC . PWM ., FOC
PWM1l, PWM10: PWM
15 PWM
PWM11 PWM 10
0 0 T/ICI PWM
0 1 T/ICL 8 PWM
1 0 T/ICl 9 PWM
1 1 T/IClL 10 PWM
T/C1 B—TCCR1B
BIT 7 6 5 4 3 2 1 0
$2E(34E) [ICNC1 | ICESL1| - | - | crer | cs12 | csit | csio |
/ R/W RIW R R RIW R/W RIW RIW
0 0 0 0 0 0 0 0
5. 4:
ICNC1: (4 )
ICNC1 . |CP- / . ICNC1 “17
. ICP 4 . 4
XTAL .
| CESI: 1
ICES1 “0" . TIC1 ICP ICR1.
ICES1 “1%,  TIC1 ICP ICR1.
CTC1: T/IC1
cTcr  “1* ., A . TIC1 0a CTCl1 “0% T/IC1
CPU . . 1. A

JC2|C1|C|O0]|1]..
8 ;
.| C2,C2,C2,C2,C2,C2,C2,C2|C1,C1,C1,CG1,C1,C1,C1,CG1C,0,0,0,0,0,0,0...
PWM \ .
CSl12. CSl1. CSI0:

16 T/C1
CSs12 Csl1 CS10
0 0 0
0 0 1 CK
0 1 0 CK/8
0 1 1 CK/64
1 0 0 CK/256
1 0 1 CK/1024
1 1 0 T1,
1 1 1 T1,

T/ICI—TCNT1H TCNTIL
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BIT 15 14 13 12 1 10 9 8
$2D($4D) [ _MsB
$2C(34C) LSB
7 6 5 4 3 2 1 0
/ RW RW RW RW RW RW RW RW
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
16 T/IC1L . CPU \
: 8 TEMP. OCRI1A. OCRI1B
ICR1 . TEMP:
®  TCNTL
CPU TCNTIH TEMP . CPU TCNTIL
TEMP TCNTL. : TCNT1 (16 )
TCNT1H.
®  TCNTL:
CPU  TCNTIL . TCNTIL CPU, , TCNT1H TEMP
. CPU  TCNTIH . TEMP CPU. : 16
TCNTL TCNTAL.
T/C1 / ( PWM ). TICL ., TIC1
T/C1 —OCRIAH OCRIAL
BIT 15 14 13 12 1 10 9 8
$2B($4B) [ _msB
$2A(34A) LSB
7 6 5 4 3 2 1 0
/ RW RW RW RW RW RW RW RW
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
T/C1 —OCRIBH OCRIBL
BIT 15 14 13 12 1 10 9 8
$29(349) [ MsB
$28(348) LSB
7 6 5 4 3 2 1 0
/ RW RW RW RW RW RW RW RW
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
T/C1 T/C1 . T/C1 OCR
. TCNT1 OCRIA OCRIB .
OCRIA/OCRIB 16 : TEMP
. TCNT1
TCNT1  ICR1 TEMP . TEMP;
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T/IC1 —ICR1H ICRIL
BIT 15 14 13 12 1 10 9 8
$25($45) | MSB
$24($44) LSB
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
ICESL . ICP » TCNT1 ICR1. .
ICF1
ICRL 16 . TEMP .
TCNT1 .
PWM T/C1:
PWM . TIC1 OCR1A/OCR1B 8& 9 10
PWM. T/C1 / . 0 TOP:
0. OCR1A/OCR1B i 8 9 10 . OC1A/OC1B
COM1A0/COM1A1  COMI1BO/COM1B1 .
17 TOP PWM
CTC1 | PWM1L | PWM10 WPM TOP
0 0 1 8 $00FF 255} frcka/510
0 1 0 9 $01FF {511} frek1/1022
0 1 1 10 $03FF {1023 frox1/2046
1 0 0 8 $00FF {255} frck1/256
1 1 1 9 $O01FF (511} frexa/512
1 1 0 10 $03FF (1023} froka/1024
. PWM 8/9/10 . OCRIA/B .
18 PWM 1
CTC1 | COM1X1 COMIX0 |[OC1
0 0 0 PWM
0 0 1 PWM
0 1 0 OC1;
OC1 PWM}
0 1 1 OC1;
OC1 i PWM }
1 0 0 PWM
1 0 1 PWM
1 1 0 Ocn; Ocn
1 1 1 Ocn; Ocn
X=A B
PWM » OCR1A/OCR1B 10 : T/IC1
TOP OCR1A/OCR1B. OCR1A/OCR1B
PWM .
38 OCR1
38 OCR1 { )

OCR1A/OCR1B:
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OCR1 $0000 TOP OC1 13.
19 OCR1X=$0000 TOP PWM
COM1X1 COM1X0 OCRI1X OC1IX
1 0 $0000 L
1 0 TOP H
1 1 $0000 H
1 1 TOP L
X=A B
/ : $0000 TOV1.
/
Vec=5V . 1IMHz.
(8 1 . WDT.
. WDT . MCU. ATmegal6l
40
—WDTCR
BIT 7 6 5 4 3 2 1 0
$214) | - | - | - | wbtoeE| wbe | wpr2 | wbPl | wbpPo |
/ R R R RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7.5:
WDTOE:
WDE 1" . 4 ' .
WDE:
WDE “1* , . WDTOE “1* WDE .
1 WDTOE WDE 1, WDE “17.
2. 4 . WDE O
WDP2. 0:
20
WDP2 | WDP1 | WDPO Vce=3V Vee=5V
0 0 0 16K 47ms 15ms
0 0 1 32K 94ms 30ms
0 1 0 64K 0.19s 60ms
0 1 1 128K 0.38s 0.12s
1 0 0 256K 0.75s 0.24s
1 0 1 512K 1.5s 0.49s
1 1 0 1024K 3.0s 0.97s
1 1 1 2048K 6.0s 1.9s
WDT . .
0 .
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EEPROM /
EEPROM 1/O .
EEP . 2.5~4ms .
. EEPROM,; :
. / Vee | . MCU
. . EEP . EEP
EEPROM . . .
EEPROM / . CPU 2 . .
EEPROM —EEARH EEARL
BIT 15 14 13 12 1 10 9 8
$1F($3F) - - - - - - - EEARS
$1E($3E) | EEAR7 | EEAR6 | EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEAR1 | EEARO
7 6 5 4 3 2 1 0
/ R R R R R R R RIW
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 X
X X X X X X X X
EEARH EEARL ATmegal6l 512 EEPROM. EEPROM .
0 5ll.
EEPROM —EEDR
BIT 7 6 5 4 3 2 1 0
$1D($3D) [ MSB | | | I | | | LsB |
/ RIW R/W RIW R/W RIW R/W R/W R/W
0 0 0 0 0 0 0 0
EEDR7.EEDRO: EEPROM
EEPROM . EEDR DDAR : . EEDR
EEAR
EEPROM —EECR
BIT 7 6 5 4 3 2 1 0
$2e | - | - | - | - | EERIE| EEMWE | EEWE | EERE |
/ R R R R R R/W RIW RIW
0 0 0 0 0 0 0 0
7.3
EERIE EEPROM
| EERIE ., EEPROM . EEWE “0* , EEPROM
{ constant .
EEMWE: EEPROM
EEMWE EEWE %17 EEPROM. EEMWE %1% , EEWE
EEPROM :  EEMWE 0%, EEWE . EEMWE
4 .
EEWE: EEPROM
EEP . EEWE EEPROM. {
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2 3 jF
1. EEWE O:
2. EEP EEAR;:
3. EEDR;
4. EEMWE:;
5. EEMWE 4 ’ EEWE 1.
{Vee=2.7V 4ams + Vec=5hV 2.5ms J » EEWE
« EEWE » CPU 2
: 4 5 a EEP
EEP » RRAR EEDR , EEP
la
EERE: EEPROM
EEP ’ EERE EEDR. EERE EEPROM
EEDR. EEPROM : « EERE '
CPU 2 o
EEP EEWE. ’ EEAR EEDR
EEP ’
EEPROM
» CPU EEPROM , EEPROM
EEPROM a
EEPROM : EEPROM
: CPU
EEPROM 3 :
1. /RESET . { BOD— Brown-out
Detection . AVR BOD . .
2. Vee AVR . CPU ,
EEPROM °
3. FLASH a
—SPI
SPI ATmegal6l -« ATmegal6l SPI
) : 3
°
® L|LSB MSB
e 7
°
°
° { J
[

41 SPI
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CPU SPI 42. PB7 {SCKI ' .
SPl SPI , PB5 {MOSI} ,
PB5 { MOSI i o + SPI :
SPCR  SPIE (SPI ) : 0 :
» PB4 {/SS!. 0 16
42 SPI
SPI :
1 S:)l a 3:1 1
SPI » MOSI. MISO. SCK /SS
21 SPI
{ ) { )
MOSI
MISO
SCK
ISS
ISS
SH {SPCR MSTR b 1SS « ISS
: 110 SH. ISS + ISS
SH . » ISS : : SH
» SPI
1. SPCR  MSTR “0% SPI » MOSI  SCK a
2. SPSR  SPIF : SPI :
1 S:)l 1 /$ L]
MSTR . MSTR ’ MSTR.
SPI +ISS = ISS » SH » MISO
L] /SS H H SPI a
ISS » SH . ISS , :
SCK 5 4 . CPHA  CPOL = SPI
39 40.
43 SPI { CPHA=0, DORD=0!
44  SPI { CPHA=1. DORD=0!}
SPI —SPCR
BIT I 6 5 4 3 2 1 0

$0D($2D) | SPIE | SPE | DORD | MSTR | cPOL | CPHA | SPR1 | SPRO |
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/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
SPIE: SPI
SPE: SPI
DORD:
DORD “1% LSB : DORD “0", MSB
MSTR:
MSTR . . MSTR  “1% /SS . .
MSTR . SPIF MSTR
CPOL:
CPOL SCK .
CPHA:
43 4.
SPR1. SPRO: SPI
22 SCK
SPI 2X SPR1 SPRO SCK
0 0 0 fo /4
0 0 1 fo /16
0 1 0 fo 164
0 1 1 fo /128
1 0 0 fo 12
1 0 1 fo /8
1 1 0 fo /32
1 1 1 fo 164
SP| —SPSR
BIT 7 6 5 4 3 2 1 0
$0E($26) | sPlIF |wecoL | - | - | - | - - | sPi2x |
/ RIW RIW R R R R R RIW
0 0 0 0 0 0 0 0
5.1:
SPIF: SPI
. SPIF . /1SS { T SPIF
. SPSR. SPDR SPIF .
WCOL:
SPI SPI SPDR WCOL. WCOL SPSR,
SPDR
SPI 2X =
SPI . SPI CPU .
fo /4.
SP| —SPDR
BIT 7 6 5 4 3 2 1 0
$0F($2F) | MSB | | | | | | LSB |
/ RIW RIW RIW R/W RIW RIW RIW RIW
X X X X X X X X
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UARTSs

ATmegal6l

UART

45 UART

10011}
' UART
{ )
CHRSN 1a
UART
UART

UCSRnB  TXENnN

I/O -]
{UARTL1),

16

TXDn

UART

9
UCSRnB

UDRnN.

TXCn
UART

TXENnN

= CPU

i bps!

45 UART
UDRN UDRN
. UDRnN .
. . UDRn
. UDRn . UDREN
. . 0
10 & ) . 9 { UART
TXB8 9.
. . . UDRnN .
. . UDREn .
UDRnN . bit
TXENn “0” .PD1{UARTO} PB3{UART1}
“1" ., UART PD1 { UARTO? PB3
. . PB3
46 UART
RXDn
. . 1
8 9 10 RXDn 3 .
1 o MCU
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33 33

1 0 a
» MCU o 8
9 10. 3 47 a
47
+ 3 o » UCSRnA
FEn a UDRN . FEn.
’ UDRn. UCSRnA RXCn . UDRnN
: : a UDRNn .
UDRnN; UDRNn . UDRN. 9 . UCSRnB
RXB8n UDRnN 9.
UDRnN » UART ’ UCSRnNB ORnN
UDRN = ORN UDRnN a . ,
CPU : UDRnN ORnN a
RXEN “0% - PDO 1/0 RXEN y UART
PDO PB2, a » PORTDO
PORTB2 a
PB2 i UART1} a . » UART1
UCSRnB CHRO9Nn S KA 9 . 9 UCSRNB
TXB8n i UDRnN s 9 RXB8n.
MCU a MCU : MCU
MCU 9 UCSRB  CHR9n!. 9 “1*
8 ’9 8 . “17, ,
9 , 13 1.!.! 9 13 1.!.!
, [13 O”
1. [ UCSRNA MPCMn
2. . . UCSRnA RXCn
3. UDRN a : MPCMn
4". ] 8 1
¥07, ’ FEn MPCMn
MCU . “
5'\ L -]
UART
UARTO —UDRO
BIT 7 6 5 4 3 2 1 0
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$0C($2C) | _MSB | | | I | | | LsB |
/ RIW RIW RIW RIW R/W RIW R/W R/W
0 0 0 0 0 0 0 0
UART1 —UDR1
BIT 7 6 5 4 3 2 1 0
$03($23) | MSB | | | | | | | LsB |
/ RIW RIW RIW RIW RIW RIW R/W RIW
0 0 0 0 0 0 0 0
UDRn . . . UDRn
UDRns UDRn UDRn.
UARTO —UCSROA
BIT 7 6 5 4 3 2 1 0
$0B($2B) | RxCO | TXCO | UDREO | FEO | ORO | - | u2xo | MPCMO |
/ R R R R R R RIW RIW
0 0 1 0 0 0 0 0
UARTO —UCSRIA
BIT 7 6 5 4 3 2 1 0
$0B($2B) | RxC1 | TXC1 [UDRE1| FE1 | OR1 | - [ u2xi| mpPcMm1 |
/ R R R R R R RIW RIW
0 0 1 0 0 0 0 0
2:
RXC0/1: UART
RXCn UDRnN, a
RXCIEn “1%",  RXCn . RXCn UDRn
. UDRn RXCns

TXCO0/1: UART
TXCn ' UDRnN

TXCIEn »  TXCn o TXCn :
“ 12

UDRENn: UART
UDRnN : UDREN :

UDRIEN , UDREn  “1% UART . UDRn
UDREN. . UART UDRnN
UDREN,
UDREN %1%,
FEO/1:
MCU { “0”)  FEn .
“1*  FEn
ORO0/1:
UDRnN , ’ ORN
UDRnN ORnN .
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U2X0/1:
« UART
MPCMO0/1:
UARTO —UCSR0B
BIT 7 6 5 4 3 2 1 0
$0A($2A) | RXCIE | TXCIE | UDRIE | RXENO | TXENO | CHR90 | RXB80 | TXB80
0 0 0
/ RW RW RW RW RW RW R W
0 0 0 0 0 0 1 0
UART1 —UCSRI1B
BIT 7 6 5 4 3 2 1 0
$0A($2A) | RXCIE | TXCIE | UDRIE | RXEN1 | TXEN1 | CHR91 | RXB81 | TXB81
1 1 1
/ RW RW RW RW RW RW R W
0 0 0 0 0 0 1 0
RXCIEO/1:
TXCIEO/1:
UDRIEO/1: UART
RXENO/1:
UART . TXCO0/1. ORO/1  FEO/1 :
TXENO/1:
TXENO/1 , ,
CHR90/1: 9
MCU o 9 RXB80/TXB80-
RXB8L/TXB81 . 9 .
RXB80/1: 9
9
TXB80/1: 9
9
fCK
BAUD = ——&
16(BURR +1)
» BAUD = ,
fek =
UBRR = UART { UBRRHI UBRRnN} { 0-4095)
23 UBRR
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23 UBRR
IMHz | % 1.8432 | % 2MHz | %
MHz
2400 | UBRR 0.2 47 0.0 51 0.2
= 25
4800 12 0.2 23 0.0 25 0.2
9600 6 7.5 1 0.0 12 0.2
14400 3 7.8 7 0.0 8 3.7
19200 2 7.8 5 0.0 6 7.5
28800 1 7.8 3 0.0 3 7.8
38400 1 22.9 2 0.0 2 7.8
57600 0 7.8 1 0.0 1 7.8
76800 0 22.9 1 33.3 1 22.9
115200 0 84.3 0 0.0 0 7.8
3.2768 | % 36864 | % AMHz | %
MHz MHz
2400 | UBRR 0.4 95 0.0 161 0.2
= 84
4800 42 0.8 47 0.0 51 0.2
9600 20 1.6 23 0.0 25 0.2
14400 13 1.6 15 0.0 16 2.1
19200 10 3.1 1 0.0 12 0.2
28800 6 1.6 7 0.0 8 3.7
38400 4 6.3 5 0.0 6 75
57600 3 12.5 3 0.0 3 7.8
76800 2 12.5 2 0.0 2 7.8
115200 1 12.5 1 0.0 1 7.8
73728 | % 8VIHz | % 9.216M | %
MHz Hz
2400 | UBRR 0.0 207 0.2 299 0.0
= 191
4800 95 0.0 161 0.2 119 0.0
9600 47 0.0 51 0.2 59 0.0
14400 31 0.0 34 0.8 39 0.0
19200 23 0.0 25 0.2 29 0.0
28800 15 0.0 16 2.1 19 0.0
38400 11 0.0 12 0.2 14 0.0
57600 7 0.0 8 3.7 9 0.0
76800 5 0.0 6 7.5 7 6.7
115200 3 0.0 3 7.8 4 0.0
UARTO/1 —UBRRHI
BIT 7 6 5 4 3 2 0
$20($40) | MsB1 | | | LSB1 | MSBO | LsBO |
/ RIW RIW RIW RIW R/W RIW RIW RIW
0 0 0 0 0 0 0
12 . 4 UBRRHI. UARTO  UART1 0-3
UARTO, 4% UARTL.
UARTO —UBRRO
BIT 7 6 5 4 3 2 0
$09($29) | MSB | | | | LSB |
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/ RW RW RW RW RW RW RW
0 0 0 0 0 0 0
UART1 —UBRR1
BIT 7 6 5 4 3 2 1
$00($20) | MSB | | | | | |
/ RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0

UCSRnA U2x. 161 UART
8 RXDn
. CPU 4,5 6 RXDn 3 a
. ’ MCU
1 O a
» MCU o
5 6“ 3 a 48 -]
48
fCK
BAUD =
BURR +1
» BAUD = 1
fok =
UBRR = UART . UBRRHI UBRRN! { 0-4095!
24 UBRR o
24 UBRR
IMHz % 1.8432 % 2MHz %
MHz
2400 | UBRR 0.2 95 0.0 103 0.2
= 51
4800 25 0.2 47 0.0 51 0.2
9600 12 0.2 23 0.0 25 0.2
14400 8 3.7 15 0.0 16 2.1
19200 6 7.5 11 0.0 12 0.2
28800 3 7.8 7 0.0 8 3.7
38400 2 7.8 5 0.0 6 7.5
57600 1 7.8 3 0.0 3 7.8
76800 1 22.9 2 33.3 2 7.8
115200 0 84.3 1 0.0 1 7.8
230400 - - 0 0.0 0 84.3
3.2768 | % 3.6864 | % AMHz %
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MHz MHz
2400 | UBRR 0.2 191 0.0 207 0.2
= 170
4800 84 0.4 95 0.0 103 0.2
9600 42 0.8 47 0.0 51 0.2
14400 27 1.6 31 0.0 34 0.8
19200 20 1.6 23 0.0 25 0.2
28800 13 1.6 15 0.0 16 2.1
38400 10 3.1 1 0.0 12 0.2
57600 6 1.6 7 0.0 8 3.7
76800 4 6.2 5 0.0 6 75
115200 3 12.5 3 0.0 3 7.8
230400 1 12.5 1 0.0 1 7.8
460800 0 12.5 0 0.0 0 7.8
912600 - - - - 0 84.3
73728 | % 8VIHz | % 9.216M | %
MHz Hz
2400 | UBRR 0.0 416 0.1 479 0.0
= 383
4800 191 0.0 207 0.2 239 0.0
9600 95 0.0 103 0.2 119 0.0
14400 63 0.0 68 0.6 79 0.0
19200 47 0.0 51 0.2 59 0.0
28800 31 0.0 34 0.8 39 0.0
38400 23 0.0 25 0.2 29 0.0
57600 15 0.0 16 2.1 19 0.0
76800 1 0.0 12 0.2 14 0.0
115200 7 0.0 8 3.7 9 0.0
230400 3 0.0 3 7.8 4 0.0
460800 1 0.0 1 7.8 2 20.0
912600 0 0.0 0 7.8 0 20.0
PB2 { AINO! PB3 [ AIN1} . PB2 { AINO)
PB3 [ AIN1} . ACO
{ . Iy T/C1 . 49
49
—ACSR
BIT 7 6 5 4 3 2 1 0
$08($28) | ACD | AINGB | ACO | AcCl | ACIE | AcIC | ACISL | ACISO |
/ RIW R R R/W R/W RIW RIW RIW
0 0 0 0 0 0 0 0
ACD:
ACD “1* . .
. ACD ,
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AINBG:
1.224+0.05V AINO. . PB2
ACO:
ACO .
ACl:
ACl . ACISL ACISO . ACl |
“1", CPU . . ACl . . ACl
¥1” . , ACSR Bl
CBl . _ACI .
ACIE:
ACIE 1% ., .
ACIC:
ACIC 1" , TIC1 . , T/IC1
. TIC1 . ACIC
“0* T/C1 . T/IC1 . TICIE1
ACIS1, ACISO:
25 ACISUACISO
ACIS1 ACISO
0 0
0 1
1 0 { ACO}
1 1 { ACOJ
ACISI/ACISO , a
(PB2 PB3) UART1 TXD1 RXD1 . UART1
»  UART1 DDRB ,
ATmegal6l . 1.22V.
TBD. .
1. BOD { BODEN )
2 {ACSR AINBG )
. BOD . AINBG . .
. 101 A .
, FLASH; LCD. ADC. DAC
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. MCUCR  EMCUCR.
MCU —MCUCR
BIT 7 6 5 4 3 2 1 0
$35($55) | SRE | SRw10| SE | sSv1 | i1sci1 | 1sc10 | 1sco1 | 1Scoo |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
MCU —EMCUCR
BIT 7 6 5 4 3 2 1 0
$36($56) | SMO | SRL2 | SRL1 | SRLO | SRWO1 | SRW00 | SRwWi1l | 1SC20 |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
SRE:
SRE  “1”" , MCU . ADO-7 (A ) A815(C 1}, ALE /WR.
/IRD : . SRE :
; 1/0 .
SRL 2/1/0:
Megal61l . 2 .3
SRL . 27 50. SRL 0,

' SRW11  SRwW10 n
SRW11. SRW10:
SRW11/10 . 26. SRL “0%,

SRWO01. SRWO00:

SRWO1/00 : 2. SRL  “0%
25
SRwWn1 SRWnNO
0 0
0 1 /
1 0 /
1 1 / :
n=0 1
51-54 .
27
SRL2 SRL1 SRLO
0 0 0 = N/A
= $0460 - $FFFF
0 0 1 = $0460 - $1FFF
= $2000 - $FFFF
0 1 0 = $0460 - $4FFF
= $4000 - $FFFF
0 1 1 = $0460 - $5FFF
= $6000 - $FFFF
1 0 0 = $0460 - $7TFFF
= $8000 - $FFFF
1 0 1 = $0460 - $OFFF
= $A000 - $FFFF
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1 0 = $0460 - $BFFF
= $C000 - $FFFF
1 1 = $0460 - $DFFF
= $E000 - $FFFF
50
51 {SRWn1=0 SRWnO =0}
n=1
T4 ALE RAM { / h] « ALE
T4
52 SRwWnl=0. SRWn0=1
n=1
T5 ALE RAM [ / h] « ALE
T5
53 SRWnl=1, SRWn0=0
n=1 0
T6 ALE RAM { / h] « ALE
T6 a
54 SRWnl=1, SRWn0=1
n=1 0
T7 ALE RAM { / J « ALE
T7
o A
e C :
® ALE:
(] /IRD /WR: /
MCUCR SRE . SRE . A .
SRE  “0% . 1/0
ALE . A . ALE . IRD
/WR
ALE .
ALE
55 AVR . . G
5 AVR
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/0
AVRI/O - - . Bl CBI
Lo / \ ] Lo / \
Ja
A
A 8 /10 .
A 3 1/0 : —PORTA: $1B {$3Bi: —DDRA, $1A
($3A) —PINA. $19 ($39). PORTA DDRA . PINA .
0 20mA ,
LED. . . .
A /
A —PORTA
BIT 7 6 5 4 3 2 1 0
$1B($3B) | PORTA7 | | | | | | | PORTAO |
/ RIW RW RW RW RW RW RW RIW
0 0 0 0 0 0 0 0
A —DDRA
BIT 7 6 5 4 3 2 1 0
$1A($3A) | DDA7 | | | | | | | DDAO |
/ R/W RIW RIW R/W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
A —PINA
BIT 7 6 5 4 3 2 1 0
$19($39) | PINA7 | | | | | | | PINAO |
/ R R R R R R R R
Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
PINA . A . PORTA A
PINA
A /O
/o . A 8
PAN, 1/0 : DDRA DDAnN . DDAn %1% PAN
DDAn  “0",  PAn . . A .
28 A
DDAN PORTAN 1/O
0 0 N ! )
0 1 Y
1 0 N 0
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1 1 N 1
n: 7. 6.0
A
56 A { PAO-PA7)
B
8 110 .
B 3 1/0 : —PORTB. $181$38J, —DDRB, $17($37)
—PINB: $16 ($36). PORTB DDRB . PINB .
. 20mA ;
LED. . \ .
B
30 B
PBO OCO/TO { T/CO / 0 )
PB1 OC2/T1 (T/C2 / 1 )
PB2 RXD1 {UART1 ) JAINO )
PB3 TXD1 {(UART1 ) JAIND | )
PB4 ISS ( SPI )
PB5 MOSI { SPI /
PB6 MISO { SPI /
PB7 SCK )
B , DDRB  PORTB .
B —PORTB
BIT 7 6 5 4 2 1 0
$18($38) | PORTB7 | | | | | | | PORTBO |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0
B —DDRB
BIT 7 6 5 4 2 1 0
$17($37) | DDB7 | | | | | | | DDBO |
/ RIW RIW RIW RIW RIW R/W R/W RIW
0 0 0 0 0 0 0
B —PINB
BIT 7 6 5 4 2 1 0
$16($36) | PINB7 | | | | | | | PINBO |
/ R R R R R R R
Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
PINB . B PORTB B
PINB .
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B /O

110
1/0
DDBn

: B
: DDRB

WM
0"

PBn:

DDBn
PBn . + B
31 B

DDBn

WaqM
17

PBn

DDBn PORTBN

110

0 0

RlR|lo

1
0
1

Z|1Z|<|Z2

n: 7. 6.0

® SCK—PB7Y
SPI :
. SPI
® MISO—PB6
SPI '
. SPI
® MOSI—PB5
SPI :
. SPI
® /SS—PB4

SPI. :
PORTB4 .
® TXDVAINI—PB3
AIN1.
TXD1, UART1
® RXDIVAINO—PB2
AINO:

RXD1. UART1

® OC2/T1—PBl
T1, T/C1
0C2. T/C2

® OCO/T0—PBO
TO, T/CO
OCO. T/CO

PB7  DDB7 .

» MISO PB6  DDB6

: MOSI PB5  DDB5

: DDB4
DDB4 n DDB4

= UART1 :

= UART1 :
PORTB2.

= ISS

Waqm
1

DDBY

DDB6

DDB5
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57 B (PBO  PBL}
58 B { PB2]
5 B { PR3]
60 B { PB4
61 B { PB5)
62 B { PB6)
63 B { PB7]
C 8 /0 .
C 3 1/0 : —PORTG $15($35), —DDRG, $14($34}
—PINGC, $13 ({$33)a PORTC DDRC . PINC .
20mA .
LED. . . .
C SRAM . C .
SRE .
C —PORTC
BIT 7 6 5 4 3 2 1 0
$15($35) | PORTC7 | | | | | | | PORTCO |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
C —DDRC
BIT 7 6 5 4 3 2 1 0
$14($34) | bDC7 | | | | | | | bpco |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
C —PINC
BIT 7 6 5 4 3 2 1 0
$13($33) | PINC7 | | | | | | | PINCO |




ATmegal6l

/ R R R R R R R R
Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
PINC . C . PORTC C
PINC
C /1O
/0O . C 8 .
PCn; 110 : DDRC DDCn . DDCn  “1%,  PCn
DDCn  “0"  PCn . . C
23 C
DDCn PORTCn 1/0
0 0 N ! )
0 1 Y
1 0 N 0
1 1 N 1
N: 7s6.0:
64 C { PCO-PC7}
D
D 8 /o .
D 3 1/0 : —PORTD: $12 ($32. —DDRD: $11
{$31} —PIND: $10 {$30}). PORTD DDRD » PIND .
D 20mA . LED. .
D
32 D
PDO RXDO ¢ UARTO )
PD1 TXDO {UARTO )
PD2 INTO ¢ 0 )
PD3 INT1 1 )
PD4 TOSC1 (PTC T/C2)
PD5 TOSC2 (PTC T/C2} /OCIA (T/C1 A )
PD6 /WR
PD7 /RD
D —PORTD
BIT 7 6 5 4 3 2 1 0
$12($32) | PORTD7 | | | | | | | PORTDO |
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
D —DDRD
BIT 7 6 5 4 3 2 1 0
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$11($31) | DDD7 | | | | | | DDBO |
/ RIW R/W R/W R/W R/W RIW R/W R/W
0 0 0 0 0 0 0 0
D —PIND
BIT 7 6 5 4 3 2 1 0
$10($30) | PIND7 | | | | | | PINBO |
/ R R R R R R R R
Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
PIND . D PORTD D
; PIND .
D /O
PDnNs 1/0 : DDRD DDDn DDDn %1% PDn
: DDDn  “0%  PDn )
34 D
DDDn PORTDN 1/O
0 0 N { )
0 1 Y
1 0 N 0
1 1 N 1
n: 76.0:
D
® /RD—PD7
® /WR—PD6
® OCIA—PD5
PD5 T/IC1 . PD5 » OC1A PWM
® INT1I—PD3
1
® [INTO—PB2
0
® TXD0—PD1
. . DDRI.
® RXD0—PDO
. DDRO. PORTDO
“17, .
D
65 D { PDO}
66 D {PD1}
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67 D {PD2/3}
68 D { PD4)
69 D { PD5!
70 D { PD6!
71 D { PD7)
E
E 3 110 .
E 3 110 —PORTE: $07($27, —DDRE; $06($267
—PINE: $05 ($25). PORTE DDRE . PINE .
E 20mA \ LED. ,
E
34 E
PEO ICP (T/C1 ¥ /INT2 ¢ 2
PE1 OC1B (T/C1 B)
PE2 ALE
E —PORTE
BIT 7 6 5 4 3 2 1 0
$07($27) | | | | | | PORTE2 | | PORTEO |
/ R R R R R RIW RIW RIW
0 0 0 0 0 0 0 0
E —DDRE
BIT 7 6 5 4 3 2 1 0
$06($26) | | | | | | DDE2 | | DDEO |
/ R R R R R RIW RIW RIW
0 0 0 0 0 0 0 0
E —PINE
BIT 7 6 5 4 3 2 1 0
$05($25) | | | | | | PINE2 | | PINEO |
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/ R R R R R R R R
Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
PINE . E . PORTE . E
PINE .
E /1O
PEN. 110 : DDRE DDEn . DDEn “1%, PEn
: DDEn  “0% PEn . . E .
35 E
DDEn PORTEN /0
0 0 N { i
0 1 Y
1 0 N 0
1 1 N 1
n: 7,6.0
E
® OC1B—PE2
PE2 T/C1 B . PE2 .OC1B PWM
® ALE—PE1
® |CP/IINT2—PEO
ICP, T/C1
INT2.
E
72 E { PEQ}
73 E { PE1)
74 E { PE2)
BOOT
AT megal6l o
ATmegal6l FLASH
1. £ $0000 - $1DFF}
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2. BOOT {$1E00 - $1FFF}
75
BOOT , UART, ,
FLASH.
FLASH , 128 - BOOT $1EQO - $1IFFF 8
SPM { Store Program Memory} FLASH . BOOT
. BOOT : FLASH. BOOT
o FLASHSs BOOT
) BOOT
) BOOT
o FLASH
36/37.
36 BOOT 0 i J
BLBO BLBO1 BLBO02
1 1 1 SPM. LPM { $0000 - $1DFF;
2 0 1 SPM { $0000 - $1DFF)
3 0 0 SPM: LPM £ $0000 - $1DFF?
4 1 0 LPM { $0000 - $1DFF)
wqm
37 BOOT 1 { BOOT )
BLB1 BLB11 BLB12
1 1 1 SPM. LPM BOOT { $1E00 - $1FFF}
2 0 1 SPM BOOT { $1E00 - $1FFF)
3 0 0 SPM. LPM BOOT { $1E00 - $1FFF)
4 1 0 LPM BOOT { $1E00 - $1FFF}
peqm
BOOT
BOOT o UART  SPI
a , BOOTRST : $1E00.
MCU . , BOOTRST + MCU
BOOT , / . BOOTRST LB1
LB1 , BOOTRST.
38 BOOT BOOTRST
BOOTRST
1 = i $0000:
0 = BOOT ! $1E00;

: 1] 1!!
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BOOT
BOOT / FLASH . BOOT .
BOOT . BOOT n
. BOOT . . BOOT
. BOOT 1
FLASH
FLASH . . . 2 SPM
: . 1 LPM/SPM .
. . 128 {64 Ta
. SPM .
. CPU .
SPM  BOOT
BOOT RO, “1001" SPMCR. SPMCR
4 SPM. BOOT .
BOOT . 36 37
BIT 7 6 5 4 3 2 1 0
$05($25) | - | - | BLB12 | BLB11 | BLBO2 | BLBOL | - | -
RO 52 0. SPMCR SPMEN BLBSET . SPMCR 4
SPM 4 .
. z . “oo11”  SPMCR. SPMCR
4 SPM. R1 RO . 21377,
z . RLRO . “0001" SPMCR. SPMCR
4 SPM. 7671 . Z13:77
z . “0101"  SPMCR. SPMCR 4
SPM. R1 RO Z13:Z7. 76:Z0
{{0.!}
FLASH
z SPM .

BIT 7 6 5 4 3 2 1 0
$1F($1F) | z15 Z14 Z13 712 Z11 Z10 Z9 Z8
$1E($1E) Z7 Z6 Z5 Z4 Z3 Z2 Z1 Z0
Z15:714:

Z13:77: { )
76:71: { 0’
Z0: SPM 0. LPM
z BOOT . z
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LPM Z . . Z0.
SPM SPM . 1o
4 SPM. SPM 1/0
—SPMCR
BIT 7 6 5 4 3 2 1 0
$37¢57) | - | - | - | - | BLBSET | PGWRT | PGERS | SPMEN |
/ R R R R RIW RIW RIW R/W
0 0 0 0 0 0 0 0
7.4:
BLBSET: BOOT
SPMEN . 4 SPM RO BOOT
.Rl1 Z . . 4 SPM
. BLBSET . CPU .
BLBSET  SPMEN 4 LPM { Z
Z0!} a
PGWRT:
SPMEN . 4 SPM
FLASH. Z . . 4 SPM .
PGWRT . CPU
PGERS:
SPMEN . 4 SPM . Z
. . 4 SPM . PGERS
CPU
SPMEN:
4 SPM. BLBSET: PGWRT  PGERS
., SPM . SPMEN., SPM RLRO
Z . SPM . 4 SPM . SPMEN
-4 “1001%,  “0101% “0011%.  “0001" :
SPMCR .
EEPROM SPMCR
EEPROM FLASH . SPMCR
EECR EEWE . EEWE O SPMCR.
Z $0001. BLBSET  SPMEN: 3 LMP:
. . 34 LPM/SPM
., BLBSET SPMEN . BLBSET SPMEN . LPM .
BIT 7 6 5 4 3 2 1 0
[ - | - | BLB12| BLB1l | BLBO2 | BLBO1 | LB2 | LB1 |
. Z $0001. $0000.
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BIT 7 6 5 4 3 2 1 0
[ - | BOOTRST | SPIEN | BODLEVEL | BODEN | CKSEL[2] | CKSEL[1] | CKSEL[O] |
0.
ATmegal6l 6 . 39 . “17,
39
LB LB1 LB2
1 1 1
2 O 1 112
3 0 0 FLASH EEPROM'"
BLBO BLBO1 | BLBO2
1 1 1 SPM. LPM { $0000 - $1DFF
2 0 1 SPM { $0000 - $1DFF)
3 0 0 SPM. LPM { $0000 - $1DFF
4 1 0 LPM { $0000 - $1DFF;
BLB1 BLB11 | BLB12
1 1 1 SPM. LPM BOOT  {$1E00 - $1FFF)
2 0 1 SPM BOOT  ($1EQ0 - $1FFF)
3 0 0 SPM. LPM BOOT  ($1EQ0 - $1FFF)
4 1 0 LPM BOOT  ($1EQ0 - $1FFF)
: 1- r r
ATmegal6l 7 : BOOTRST. SPIEN. BODLEVEL. BODEN CKSEL[20].
® BOOTRST {“0™ $1E00— BOOT .
(%17, $0000-
® SPIEN i “0™ . “0%.
® BODLEVEL . 1.
® BODEN o™ .
® CKSEL2.0: . “o11”.
Atmd 3 1 -]
ATmegal6l:
1. $000: $1E i Atmel )
2. $001: $94 (16K FLASH?
3. $002: $01 { $01 $94 . ATmegal6l}
FL ASH EEPROM
ATmegal6l 16K FLASH 512 EEPROM.:
w17, +12V . +12V .
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ATmegal6l  FLASH 128 / 128 . FLASH
. EEPROM .
40
ATmegal6ll 2.7V —5.5V 4.5V — 55V
ATmegal6l 4.0V — 5.5V 4.5V — 5.5V
FLASH. EEPROM. .
76
ATmegal6l « XAUXAO XTAL1
/WE /OE 1 a
41
/O
RDY/BSY PD1 e 0: 1:
/OE PD2 | { )
/WR PD3 | { )
BS1 PD4 [ 1 (“0" w17
XAO0 PD5 [ 42
XA1 PD6 | 42
PAGEL PD7 |
B2 PAO | 2,
DATA PBO-7 1/O { /OE i
42 XAl XAO0
XA1 XAO | XTAL1
0 0 FLASH EEPROM { BS1
0 1 {BS1L )
1 0
1 1
43
1000 0000
0100 0000
0010 0000
0001 0000 FLASH
0001 0001 EEPROM
0000 1000
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0000 0100
0000 0010 FLASH
0000 0011 EEPROM

1. 40 Vec GND

2 /[RESET  BS: 500ns

3. /RESET 11.5~12.5V . 500ns

FLASH EEPROM, « FLASH EEPROM
. . . FLASH EEPROM
113 » ) :

1. XAL, XA0 “10" —

2 BSL “0%

3. DATA 1000 0000" —

4. /WE . RDY/BSY .

5. RDY/BSY .

FLASH

FLASH 128 /s 128

A:

1. XAl, XA0 10" —

2. BSL “0%

3. DATA %0001 0000 — FLASH

4.  XTAL1 —

B:

1. XAl, XA0 00" —

2 BSL “0" —

3. DATA = { S00~$FF)

4.  XTAL1 —

C:

1. BS1 0" —

2 XAL, XA0 “01" —

3. DATA = { S00~$FF)

5.  XTAL1 —

D:

PAGEL . 77.

E:

1. BSlL 1% —

2 XAL, XA0 “01" —

3. DATA = { $00~$FF)

4.

XTAL1
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F:
PAGEL
G 64 B F .
7 « 5 .
2 (7, 6.
H:
1. XAl XA0 “00" —
2 BSL “1* —
3. DATA = {$00 - $7F/$FF)
4.  XTAL1 —
I:
1. /WR . RDY/BSY
2 RDY/BSY . 74,
J:
1. XAL, XA0 “10" —
2 DATA = “0000 0000’ , “ ” .
3.  XTAL1
K: 128 A J .
77
78
FLASH:
1. A %0000 0010*
2. H: { $00~$1F)
3. B { $00~$FF}
4, /IOE BS1 “0". DATA FLASH
5. BSL “1% FLASH .
6- IOE  ¥17%,
EEPROM:
1. A: %0001 0001*
2. H: { $00~$01)
3. B { $00~$FF}
4, E { $00~$FF)
L:
1. BS “0" —
2. /WR . RDY/BSY .
3. RDY/BSY . 75.
° / . .
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1.
2,
3.
4.
5.

1.

2.

3.

2.

3.

1.
2.

{256 WORD!
: $FF.
FLASH. EEPROM .
79 EEPROM

EEPROM:
A: “0000 0011*
H: { $00~$01}
B: i $00~$FF}

JOE BS1 “0* DATA

JOE  ¥17%,
A: %0100 0000*
C: =« Bitn=“0" .
Bit6 = BOOTRST
Bit5 = SPIEN
Bit4 = BODLEVEL
Bit3 = BODEN
Bit2..0 = CKSEL2..0
Bit7= %1% .

/WR . RDY/BSY

A: %0010 0000*
D: . Bitn= 0"
Bit5 = Lock Bit12
Bit4 = Lock Bitll
Bit3 = Lock Bit02
Bit 2 = Lock Bit01
Bit 1 = Lock Bit2
BitO = Lock Bitl
Bit7-6= %1% .
L:
A; “0000 0100”

JOE “0%. BS “0". DATA

Bit6 = BOOTRST
Bit5 = SPIEN
Bit4 = BODLEVEL
Bit3 = BODEN
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Bit2..0 = CKSEL2..0

/JOE  ¥0", BS “0% DATA
Bit5 = Lock Bit12
Bit4 = Lock Bitll
Bit 3 = Lock Bit02
Bit 2 = Lock Bit0O1
Bit 1 = Lock Bit2
Bit0 = Lock Bitl
3. IOE  ¥1%,
1. A %0000 1000™
C: { $00~$02. .
/JOE  “0", BS %0 DATA a
2. /OE 17,
80
44 Ta =251T1+10%: Vee=5VE10%
Vpp 11.5 12.5 \%
lpp 250 H A
tovxH Data & Control Setup before XTAL1 High 67 ns
ExHxL XTAL2 67 ns
tx L Dx Data & Control Hold after XTAL1 Low 67 ns
txwL XTAL1 Low to /WR Low 67 ns
tevxH BS1 Vdid before XTAL1 High 67 ns
tpppL PAGEL Pulse Width quh 67 ns
tpL BX BS1 Hold after RDY/BSY ngh 67 ns
tpLwiL PAGEL Low to /WR Low 67 ns
tevwi BS1 Vdid to \WR Low 67 ns
tRHBX BS1 Hold after RDY/BSY High 67 ns
twiwy /WR Pluse Width Low 67 ns
twirL /WR Low to RDY/BSY Low 0 25 K-S
twi R /WR Low to RDY/BSY High'” 0.5 0.7 0.9 ms
tWLRH_CE /WR Low to RDY/BSY ngh for Chlp 10 14 18 ms
Erase?
twirH AL /WR Low to RDY/BSY High for Write 5 7 9 ms
AsH Flash®®
Iy oL XTAL1 Low to /OE Low 67 ns
toLpv /OE Low to DATA Vdid 20 ns
toupz /OE High to DATA Tri-stated 20 ns
1. twign EEPROM
2. twird ce
3. twirH FLASH FLASH
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/RESET » FLASH EEPROM SCK: MOSI
L ) MISO Yo IRESET ' /
EEPROM:. . a
FLASH EEPROM $FF.
FLASH $0000~$1FFF, EEPROM $000~$01FF.
XTAL1 ' XTAL1 XTAL2. SCK
: >2 XTAL1
: >2 XTAL1
' SCK ATmegal6l, SCK a
1. :
IRESET SCK Vee GND a ,
/RESET a . SCK
a . SCK. /RESET XTAL
2'\ ZOmSn M OSI I: FB5:' o
3'\ a 1 3
( $53). . 4
$53. /RESET a
4., » /RESET . a
5'\ FLASH o 6 o
a , two_FLASH
6. EEPROM a a
two_eerrom . :
$FF a
7. MISO i PB6) .
8. . /RESET . a
9. L B
XTAL1 i Ta
IRESET a
FLASH
FLASH . . $FF: .
$FF, o tWD_FLASH o

59 59



ATmegal6l

3 =BOOT Lock Bit01
4 = BOOT Lock Bit02
5=BOOT Lock Bitll
6 = BOOT Lock Bit12
7 = CKSELO
8 = CKSEL1

60 60

1 $FF ]
EEPROM
EEPROM . . $FF: .
$FF, twp_eEPrROM
EEPROM , $FF
45 FLASH EEPROM
3.2V 3.6V 4.0V 5.0V
twb FLASH 28ms 22ms 15ms 11ms
twb EEPROM 9ms ms 6ms 4ms
46 ATmegal6l
1 2 3 4
1010 1100 0101 0011 XXXX XXXX XXXX XXXX /RESET
1010 1100 100X XXXX XXXX XXXX XXXX XXXX FLASH EE
FLASH 0010 HOOO | xxxa aaaa | bbbb bbbb 0000 0000 ab
HI ) o}
FLASH | 0100 HOOO | XXXX XXXX xxbb bbbb iii iiii b H
i | i
FLASH 0100 1100 XXXa aaaa bbxx xxxx iiii iiii
ab
EEPROM | 10100000 | xxxx xxxa | bbbb bbbb 0000 0000 ab
o]
EEPROM | 1100 0000 XXXX Xxxa | bbbb bbbb iii iiii i ab
0101 1000 XXXX XXXX XXXX XXXX Xx65 4321
1010 1100 111X XXXX XXXX XXXX 1165 4321 “o”
0101 0000 XXXX XXXX XXXX XXXX 0000 0000 b 0
1010 1100 101X XxXXX XXXX Xxbb 1DCB A987 | “0”
0011 0000 | XXXX XXXX | XXXX XXXX xDCB A987 | “0O”
a= Bit
b= Bit
H=0 : 1:
o=
X =
1= Lock Bitl
2 = Lock Bit2
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9= CKSEL2
A = BODEN
B = BODLEVEL
C = SPIEN
D = BOOTRST
81
47 » Ta=-40T 85T, V=27V —55V
U tereL {Vee =2.7V —5.5V] 0 4 MHz
teLa {Vee =27V —=5.5V] 250 ns
1 teieL {Vee = 4.0V —5.5V] 0 8 MHz
feLeL {Vee = 4.0V -55V] 125 ns
tSHSL SCK 2 tc|_(;|_ ns
ts s SCK 2tcial ns
toven MOSI Setup to SCK High toc ns
tsHox MOSI Hold after SCK ngh 2tcicl ns
to 1y SCK Low to MISO Valid 10 16 32 ns
Ta=-40T 85T, V=27V —3.6V 4.0V —-55V
ViL XTAL1 -0.5 0.3V | Vv
Vi1 XTAL1 -0.5 02V | V
Vin XTAL1 0.6 V@ Vect05 |V
/RESET
Vi XTAL1 0.8 V@ Vec+05 | V
Vinz /RESET 0.9 V¥ Veet05 |V
VoL 1 oL =20mAs Vee=5V 0.6 v
AB.CD lor =10MA: Vec= 3V 0.5
Vo " oy =-3MAs Vee= 5V 4.2 v
AB,C.D lon =-1.5mMA Ve = 3V 2.3
I Vee=5.5V: pinlow 8.0 A
1/O
lin Vcee=5.5V: pinlow 980 nA
1/O
RRST 100 500 kQ
Rio |[1/0 35 120 kQ
lcc + Vee=3V: 3.0 mA
4AMHz
1 VCC: 3V: 1.2 mA
AMHz
lec ' WDT + Vee=3V 15.0 oA
WDT s+ Vec= 3V 9 2.0 oA
Vacio Vee=5V 40 mv
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lacLk V=5V VN =Vcc /2 -50 50 nA
tacrp VCC =27V 750 ns
VCC =4.0V 500
1, % »” &
2. % » @ q 2
3. 1/0 ':Vcc= 5v 20mA: VCC =3V 10mAJ
1] /O I0L 200mA
2JA .+ ALE. OC1B CO0-C7 IOL 100mA
3B . D XTAL2 IOL 100mA
IOL ’ VOL a a
4., /0 {Vee=5V  3mA: Vee=3V  1.5mAl
1 /O  IOH 200mA
21B . D XTAL2 IOH 100mA
3B . D XTAL2 IOH 100mA
IOH : VOH a a
5. Vce 2V
83
48
Vcc=2.7V“‘3.6V Vcc=4.0V“‘5.5V
Ytere 0 4 0 8 MHz
telol 250 125 ns
tchex 100 50 ns
toex 100 50 ns
teLeH 1.6 0.5 ILs
tcHeL 1.6 0.5 K-S
49 {4.0V —5.5V, ]
8M
0 1/tc|_c|_ 0.0 6.0 MHz
1] twe |ALE ns
2 tavie | A ALE ns
3a | tuax_st | ALE ns
» ST/STD/STS
3b | tiaxL | ALE ns
D 1 D/ DD/ DS
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» LD/LDD/LDS
4 | tavuc | C ALE ns
5 tAVRL RD ns
6 tavwe WR ns
7 ttewe | ALE WR ns
8 tLLRL ALE RD ns
9 tovrH RD ns
10| Trpv | RD ns
11 TruDX RD ns
12 | Trra | RD ns
13| Tovwe WR ns
14 | Twhpox | WR ns
15 | Tovwh WR ns
16 | Twiwn | WR ns
-1 50% o  half periodJ XTALL
2, 50% 0 C half period ¥ XTAL1 o
50 L 4.0V — 5.5V, !
aM
0 | tcia 0.0 8.0 MHz
10 | Trwov | RD ns
12 | Trera | RD ns
15 | Tovwn WR ns
16 | Twiwn | WR ns
51 14.0V -55V: SRWnl1=1. SRWnO=0!
aM
0 | e 0.0 8.0 MHz
10 | Tripv | RD ns
12 | Trrnw | RD ns
15| Tovwn WR ns
16 | Twiwn | WR ns
52 14.0V -55V. SRWn1=1. SRWnO =1}
aM
0 | Yea 0.0 8.0 MHz
10 | Tripv | RD ns
12 | Trre | RD ns
15| Tovwe WR ns
16 | Twiwn | WR ns
53 {27V —5.5V, J
8M
| |

63 63




ATmegal6l

0 | YMea 0.0 6.0 MHz
1 tthee | ALE ns
2 tavie | A ALE ns
3a | tuax_st | ALE ns
» ST/STD/STS
3b tLL AX_L ALE ns
D » LD/LDD/LDS
4 | tavice | C ALE ns
5 tavRL RD ns
6 tavwe WR ns
7 ttewe | ALE WR ns
8 tire | ALE RD ns
9 tovrH RD ns
10 | Tripv | RD ns
11 TruDX RD ns
12 | Trra | RD ns
13 | Tovwe WR ns
14 | Twhox | WR ns
15 | Tovwh WR ns
16 | Twiwn | WR ns
(N 50% o  half periodl XTALL n
2. 50% C haf period XTAL1 .
54 L 2.7V = 5.5V, ]
8M
0 | tca 0.0 8.0 MHz
10| Trov | RD ns
12 | Trrn | RD ns
15 | Tovwh WR ns
16 | Twiwn | WR ns
55 {27V =55V, SRWnl=1 SRWnO =0}
aM
0 | tciaL 0.0 8.0 MHz
10| Troov | RD ns
12 | Trernw | RD ns
15| Tovwn WR ns
16 | Twiwn | WR ns
56 2.7V — 5.5V, SRWnO = 1}
aM
0 | Yea 0.0 8.0 MHz
10 | Tripv | RD ns
12| Trre | RD ns
15| Tovwn WR ns
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| 16 | Twiwh WR | | | ns

84 {SRWn1 =0, SRWn0 = 0}

85 (SRWn1=0. SRWnO=1)

86 {SRWnl1=1. SRWnO =0}

87 (SRWn1=1, SRWnO =1}

a 100%
110 i Ja
» 1/0 » 1/10
CL*VCC*f o , CL 1 VCC = » T=1/0

Rd—— Rr——
K—— k——
b—— s——
Z. Y. X—R31:R26
A——1/0 S — )
ADD Rd: Rr Rd < Rd + Rr Z,C,N,V,SH 1
ADC Rd: Rr Rd< Rd+Rr+C Z,C,N,V,SH 1
ADIW Rd: K Rd+1:Rd¢& Rd+1:Rd+K | Z,C,N,V,S 2
SUB Rd: Rr Rd < Rd- Rr Z,C,N,V,SH 1
SUBI Rd: K Rd < Rd- K Z,C,N,V,SH 1
SBC Rd: Rr Rd< Rd—Rr-C Z,CN,VSH 1
SBC I Rd: K Rd< Rd—K-C Z,C,N,V,SH 1
SBIW Rd: K Rd+1:Rd¢< Rd+1:Rd-K Z,C,N,V,S 2
AND Rd: Rr Rd< Rd = Rr Z,N\V,S 1
ANDI Rd: K Rd< Rd = K Z,N\V,S 1
OR Rd: Rr Rd< Rd % Rr Z,N,V,S 1
ORI Rd: K Rd < Rd % K Z,N\V,S 1
EOR Rd: Rr Rd ¢ RdO* Rr Z, N,\V,S 1
COM Rd 1 Rd < $FF - Rd Z,C,N,V,S 1
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NEG Rd 2 Rd < $00 - Rd Z,CN,V,SH 1

BR Rd: K Rd ¢ Rd % K Z,N,\V,S 1

CBR Rd: K Rd< Rd = ($FF-K3i | Z NVS 1

INC Rd Rd< Rd+1 Z,N\V,S 1

DEC Rd Rd< Rd-1 Z,N\V,S 1

TST Rd Rd< Rd = Rd Z,N\V,S 1

CLR Rd Rd ¢ RdO*x Rd Z, N\V,S 1

SER Rd Rd < $FF - 1

MUL Rd: Rr R1:RO € Rd* Rr(UU) ZC 2

MULS Rd: Rr R1:RO € Rd* Rr(SS) Z.C 2

MULSU Rd: Rr / R1:RO €< Rd* Rr(SU) Z,C 2

FMUL Rd: Rr R1:RO €& Rdx Rr<<1]| Z,C 2
(L)

FMULS Rd: Rr R1:RO ¢ Rd* Rr<<1| Z,C 2
(SS)

FMULSU Rd: Rr / R1:RO ¢« Rd* Rr<<1| Z,C 2
(V)

RIMP k PC&PC+k+1 - 2

[IMP LZ) PC(15:0)¢Z, - 2
PC(21:16)<0

JMP k PC < k - 3

RCALL k PC&PC+k+1 - 3/4

ICALL LZ) PC(15:.0) ¢ Z, - 3/4
PC(21:16)<0

CALL k PC < k - 4/5

RET PC < - 4/5

RETI PC < I 4/5

CPSE Rd: Rr : {Rd=Rr} PC&PC+2 | - 1/2/3

3

CP Rd: Rr Rd - Rr Z,CN,V,SH 1

CPC Rd: Rr Rd—Rr-C Z,CN,V,SH 1

CPl Rd: K Rd - K Z,CN,V,SH 1

SBRC Rd: b tRd (b} = 0) |- 1/2/3
PC&PC+2 3

SBRS Rd: b (/O (A b} =11 |- 1/2/3
PC&PC+2 3

SBIC A 1/0 (/O LA b} =0} |- 1/2/3
PC&PC+2 3

SBIS As 1/10 (Rd (b} = 1) |- 1/2/3
PC&PC+2 3

BRBS Sy L SREG (sy =1} |- 1/2
PC&PCHk+1

BRBC S L SREG (s} =0J |- 1/2
PC&PCHk+1

BREQ k {Z=1) PC&PC+k+1 | - 1/2

BRNE k {Z=0} PC&PC+k+1 | - 172

BRCS k {C=1) PC&PC+k+1 | - 12

BRCC k { C=0) PC&PCHk+1 | - 1/2

BRSH k {C=0) PC&PCHk+1 | - 1/2
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BRLO k {C=1) PC&PC+k+1 1/2
BRMI k {N=1) PC&PC+k+1 1/2
BRPL k {N=0)} PC&PC+k+1 1/2
BRGE k i NO+v=1 1/2
PC&PC+k+1
BRLT k [ NO+V=0 1 1/2
PC&PCHk+1
BRHS k H { H=1) PC&PC+k+1 172
BRHC k H { H=0) PC&PC+k+1 1/2
BRTS k T {T=1) PC&PC+k+1 1/2
BRTC k T {T=01 PC&PC+k+1 172
BRVS k \Y/ {V=1) PC&PC+k+1 1/2
BRVC k \Y L V=0) PC&PC+k+1 1/2
BRIE k {1=1) PC&PC+k+1 1/2
BRID k {1=0) PC&PC+k+1 1/2
MOV Rd: Rr Rd < Rr 1
MOVW Rd: Rr Rd+1:Rd € Rr+1:Rr 1
LDI Rd: K Rd < K 1
LDS Rd: k Rd < (ki 2
LD Rd:. X Rd €« (X! 2
LD Rd: X+ Rd € (X1, X€X+1 2
LD Rd: -X X€&EX-1, Rd € (XD 2
LD Rd: Y Rd & (Y} 2
LD Rd: Y+ Rd& (Yl YEY+1 2
LD Rd: -Y Y&Y-1. Rd €& LY! 2
LDD Rd,Y+q Rd< (Y +q! 2
LD Rd: 7 Rd & (Z) 2
LD Rd. zZ+ Rd & (7). Z&7+1 2
LD Rd: -Z Z€Z-1. Rd€ (7} 2
LDD Rd,Z+q Rd< (Z+q) 2
STS ks Rr (k) €Rr 2
ST X: Rr (X} €Rr 2
ST X+ Rr LX) € R X€EX+1 2
ST X-» Rr X€X-1. (X} €Rr 2
ST Y: Rr (Y) €Rr 2
ST Y+ Rr LY} € R Y€EY+1 2
ST Y-: Rr Y&EY-1, (YD) €Rr 2
STD Y+q,Rr (Y+q) €Rr 2
ST Z: Rr (Z) € Rr 2
ST Z+: Rr (Z) € R Z&€Z+1 2
ST Z-» Rr Z€7-1, (Z) € Rr 2
STD Z+q,Rr (Z+q) €Rr 2
LPM RO ¢« (Z) 3
LPM Rd: Z Rd & (Z) 3
LPM Rd: Z+ Rd €« (Z), z&Z+1 3
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SPM {Z) € RLRO - -
IN Rd: A /O Rd €« 1/0 (A} - 1
ouT A Rr I1/0 1/0 (A} € Rr - 1
PUSH Rr STACK € Rr - 2
POP Rd Rd €« STACK - 2
LSL Rd Rd(n + 1) <« Rd(n): | ZCN,VH 1
Rd(n) €0, C&RA(7)
LSR Rd Rd(n) € Rd(n + 1), | ZCNV 1
Rd(7)€0: C&Rd(0)
ROL Rd RA(0)<C. Rd(n+ 1) €« | ZCN,V,H 1
Rd(n): C<Rd(7)
ROR Rd RA(7)€C: Rd(n) < |ZCNV 1
Rd(n + 1) C<Rd(0)
ASR Rd Rd(n) € Rd(n + 1), | ZCNV 1
n=6..0
SWAP Rd RA(3.0) €= RA(7.4) |- 1
BSET S SREG (s} €1 SREG (s! 1
BCLR S SREG (s} €0 SREG (s! 1
I A b /10 110 (A bl €1 - 2
CBI A b 110 /0 (A, bl €0 - 2
BST R b [Rr b T T €& Rr (b} T 1
BLD Rd: b |[T R b Rr ibl €T - 1
SEC C C¢«1l C 1
CLC C C<oO C 1
STN N N&1 N 1
CLN N N&O N 1
SEZ Z Z<1 Z 1
CLZ Z Z€0 Z 1
SEI | <1 | 1
CLI | 1< 0 | 1
SES S S¢«1 S 1
CLS S S<0 S 1
SEV \Y/ V&l V 1
CLV V V&0 Vv 1
SET T T<1 T 1
CLT T T<O T 1
SEH H H&El H 1
CLH H H& O H 1
NOP - 1
SLEEP - 3
WDR - 1
{MHz} | v) |
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ATmegal6l — 4AC 44N
ATmegal6l — 4JC 44]
4 27_55 ATmegal6l — 4PC 40P6 (0T - 70T)
A ATmegal6l — 4Al 247
ATmegal6l — 4Ji 4]
ATmegal6l — 4P| 40P6 (-40T - 8512}
ATmegal6l — 8AC A44A
ATmegal6l — 8JC 44]
8 40-55 ATmegal6l — 8PC 40P6 (0T - 701
R ATmegal61 — 8Al 24A
ATmegal6l — 8JI 44]
ATmegal6l — 8P 40P6 (-40T - 85T}
44A 44 . TQFP
44 44 , PLCC
44P6 40 . PDIP
AVRASM :

www.atmel.com WWW.SL.COM.CN )

AVRICE (STDPOD ADCPOD!, ICE 200.

AVR STWDIO | .
www.atmel.com WWW.SL.COM.CN |

START KIT 200 { SL-AVRLT-48.}
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