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2.
ATmegad8/ 88/ 168 AVR RISC CMOS 8 1 MHz
IMIPS
AVR 32 32 ALU(Arithmetic Logic Unit)
1 AVR CIsC 10
2.1.
2-1. ATmega48/ 88/ 168 GND \V/CC
> > WIRE
A POR/ BOD v
RC >

\4
3
<

EEPROM AVR CPU
I /T @ 8bit DATA BUS @ — AvCC
! > — AREF
i = § [[——=on
| / 0 _ / 1 - .
: 6 ) | s ) A/D = |
: X ) I :
! N 2 - :
e ) « |
s — — s
USART I 2
1 @ A @ A @ A |
: > :
E \L \ @ \ \ @ \ @ \ E
5 D (8) B (8) C () |
1 A A A !
______________________________________________________________  RESET
| ! i XTALLXTAL2
PDO PD7 PBO PB7 PCO PC6  ADCS6,7
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e ——
ATmegad8/ 88/ 168 4/ 8/ 16K
EEPROM 512/ 1K/ 1K SRAM 23 32
USART 2
10 A/D
SRAM / SPI
)
A/D A/D
/
ATMEL
P AVR

8 RISC CPU

ATmega48/ 88/ 168 AVR C

2.2. ATmegad8 ATmega88 ATmegal68

256/ 512/ 512
3 /
P 8(TQFP, QFN/ MLF), 6(PDIP)
5
(
A/D CPU
(ISP)

ATMEL ATmega48/ 88/ 168

ATmegad8 ATmega88 ATmegal68 2-1. 3
2-1
EEPROM SRAM

ATmegad8 4K 256 512 1 /

ATmega88 8K 512 1K 1 /

ATmegal68 16K 512 1K 2 /
ATmega88 ATmegal68
SPM ATmega48

SPM
3.
http:/ / wwwv.at mel.cony avr
4,
C
C C
I/ O

I/O IN, OUT, SBIS SBIC, CBI, SBI I/ O

SBRS SBRC, SBR, CBR LDS STS
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5. AVR CPU
5.1.
AVR CPU
CPU
52.
AVR 5-1. AVR MCU
1 < v 8- bit Data Bus
- <[ ]
v
1 2 8 -
1 ALU(Arithmetic Logic Unit) < 2% 8 e
ALU 2 -« S
1 v g v v
| I 8 N >
3 16 !
. 6 I_l_la . .
ALU
ALU EEPROM
(e O —
v
/
AVR 16 ( ) (
)16 32
2
SPM ( )
( : ATmega48 )
(PC) SRAM
SRAM SRAM
( ) (P) P 110
SRAM  AVR 5
AVR
110 (SREG) )
110 P 11O CPU 64 11O
$20 $5F ATmega48/ 88/ 168 ST/STSY STD LD/LDSY LDD
SRAM $60 $FF JX@)
5.3. ALU (Arithmetic Logic Unit)
AVR ALU 32
ALU 3
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54.
ALU
« )
54.1. (Status Register) SREG
AVR (SREG)

7 6 5 4 3 2 1 0
$3F@eF) |1 | T | H [ s [ Vv | N | z | C |SREG
Read/ Write R'W R'W R'W R'W R'W R'W R'W R'W

0 0 0 0 0 0 0 0

. 7-1: (Global Interrupt Enable)
D
)
| (0) RETI 1) |
SEl CLI ( ) (1) (0)
. 6-T: (Bit Copy Storage)
BLD(Bit LoaD) BST(Bit STore) T
BST T T BLD
. 5- H: (Half Carry Flag)
(H) BCD

. 4-S: (Sgn Bit, SS N Ex-OR V)
S (N) 2 V)
. 3-V:2 (2's Complement Overflow Flag)
2 V) 2
= 2- N: (Negative Flag)

(N) (MSB=1)
. 1-2: (Zero Flag)

4] ©)
. 0-C: (Carry Flag)

¢ ATmegad8/ 88/ 168
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55.
AVR RISC 5-2. AVR CPU
7 0
RO $00
1 8 1 8 R1 $01
=2 8 1 8 R2 $02
=2 8 1 16
m 1l 16 1 16 R13 $0D
5-2. CPU 32 R14 $0E
R15 $OF
R16 $10
R17 $11
5-2. 32
R26 K37 N AV R
SRAM R27 18 X o ;
) 4 ( ) R2S $1C ;'Y T :
R29 $1ID i H
R30 $1E & . ]
R31 $IF L. eermeeanat
55.1. X Y  Z
R26 R31 5-3.XY.Z
16 15  XH( ) XL( ) 0
3 XYZ 5-3. X |7 R27 ($1B) 0|7 R26 ($1A) ]|
15 YH( ) YL( ) 0
Y [7 R29 ($1D) 0]7 R28 ($1C) 0]
« ) 15 ZH( ) ZL( ) 0
( ) z [7 R31 ($1F) 07 R30 ($1E) 0]
5.6.
( )
PUSH ( )
SRAM SRAM
$0100
( RAMEND) PUH
-1 -2 POP
+1 (RET) (RETI)
+2
AVR I/O 2 8 ( )
SPL AVR ( ) SPH
5.6.1. (Stack Pointer) SPH,SPL (SP)
15 14 13 12 11 10 9 8
$3E ($5E) | - | = | = | = | - | (SP10) | SP9 | SPg | SPH
Read/ Write R R R R R R'W R'W R'W
RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND
7 6 5 4 3 2 1 0
$3D@$D) [ spr T se [ s [ S [ S8 [ g2 [ 1 [ S0 | sPL
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND
( ) SRAM ATmegad48 512  ($0100 $02FF) ATmega88/168 1K  ($0100 $04FF) ATmega48
SPH SP10 RAMEND ATmega48 $02FF(0000 0010 1111 1111) ATmega88/ 168 $04FF(0000 0100

1111 1111)

AIMEL 7



AIMEL

57.
5-4,
AVR CPU ( 0 T1 T2 . T3 . T4
) | | | |
CPU (clkepu) CPU clkepu _/ \ / \ / \ / \
5-4. /2 \—/
2 / ; ; < >—
/ i i i G
MHz IMIPS | | | |
Fad Ak . TL ; T2 T3 | T4
> 5. X CPU ckerv _/ N_/ _J/ \_/ \
AL ———>—— |
/N i
;u ;
ALU O
N\
N/
5.8.
AVR
(SREG) 0) 1
BLBO2 BLB12 0)
178
33
0(INTO) MCU (MCUCR) (IVSEL) (1)
33 BOOTRST
) 169 ( )-AT
mega88,ATmegal68
0] )
0) 1
0) (RETI) 1)
2 1 ()
©) 1 0)
©) @)
) (¢ ) 0] ) 1
1) 0] @)
(1=1)
2 «( )
AVR 1

(SREG)
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CLI CLI CLI
EEPROM
IN R16, SREG 5
al ; EEPROM
B EECR EBVPE ; EEPROM
B EECR EEPE ; EEPROM
aJr SREG R16 ;
C

char cSREG [* */
CSREG = SREG /* */
__disable interrupt(); /* EEPROM */
EER | = (1<<EBVWB) ; /* EEPROM */
EER | = (1<<EED); /* EEPROM */
SREG = cSREG /* */

SE SE
SH g
SLEP ; )

C
__enable interrupt(); /* */
__sleep(); [* ( ) */
: SLEEP
58.1.
AVR 4 4
(PC) ( )
3( IJMP =3 ATmegal68 ATmegad8/ 88
RIMP =2
MCU 4
4 4 (PC:2 )
« ) (+2) (SREG) 0} 1
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6. AVR
6.1.
ATmegad8/ 88/ 168 AVR 2
ATmega48/ 88/ 168 EEPROM 3
6.2.
ATmega48/ 88/ 168 6- 1. ATmega48 6- 2. ATmega88/ 168
4/ 8/ 16K AVR
16 32 2/ 4/ 8Kx $0000 $0000
16 ATmega88/
168
2 ATmega48
SPM
168 177
SPM / (SE
LFPRGEN) $07FF $OFFH $1FFF
10,000 / ATmega48/ 88/ 168 (PC) 11/12/13
2/ 4/ 8K 164
-ATmegad8 169 ( )- ATmega88/ 168
178 P
(LPM )
8
6.3. SRAM
6-3. ATmegad8/ 88/ 168 SRAM 6-3.
ATmega48/ 88/168 IN OUT 64 = $0000
SRAM( ) (32x 8)
$60 S$FF I/ O LD/LDS/ LDD ST/STS R31 | $001F
STD I/ O $00 $0020 -
768/ 1280/ 1280 110 110 (64x 8) $3F | soosF VO
SRAM 32 I/ O $0060 | $0060
64 X6} 160 11O (160x 8) $00FF | $00FF
512/ 1024/ 1024 SRAM RAM $0100 | $0200
] ¢ ) ( (512/ 1K/ 1Kx 8) |  $OxFF | $02FF $04FF $04FF
) R26 R31
Y z 63
( X,Y,Z -1
(+1)
ATmegad8/ 88/ 168 32 64 1/0O 160 I/ O 512/ 1024/ 1024 SRAM
7
6.3.1.
6- 4. SRAM
SRAM 6-4. ‘ T1 | T2 : (T1) |
2clkepu cru ckerv _ /S \/ ./ \_/
( ) SRAM T1,T2 ; ;X ; ;
2 T1 ¢ ) j ‘ j
T2 (T1) T1 —~— >—
WR /S

o ATmegad8/ 88/ 168




6.4.

EEPROM
178

EEPROM
ATmegad8/ 88/ 168 256/ 512/ 512

EEPROM
100,000 /
EEPROM

EEPROM
EEPROM

SPI

6.4.1. EEPROM

EEPROM
EEPROM

/O

/ ( : ) 6-1.

EEPROM

EEPROM
13

EEPROM CPU

2
6.4.2. EEPROM

VCC
EEPROM

EEPROM 2

EEPROM

AVR RESET

BOD

65./0 ()
ATmegad8/ 88/ 168 1/ O

ATmegads/ 88/ 168 IO
LD/ LDS LDD

212

LD ST
ATmega48/ 88/ 168
SRAM( ) $60 $FF

IN OUT
I/O

/O

6.5.1. I/ O

ATmegad8/ 88/ 168 3
(I O)

11O
$00 $1F

EEPROM
\Y/ele

CPU EEPROM

ATmega48/ 88/ 168

CPU EEPROM

EEPROM

EEPROM CPU

EEPROM

EEPROM

CPU

(Low)

11O
ST/ STY STD

BIS SBIC
I/O IN OUT
I/O

64

(BOD)
VCC

IO I/O

$00 $1F

32

I/O Bl CBI

11O $00 $3F

$20

LD/LDS LDD ST/STY STD

0

0) CBI SBI

11O

AIMEL

/O

AVR

CBl SBI (/0 )$00 $1F

SBI, CBI, SBIS SBIC
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6.6.
6.6.1. EEPROM (EEPROM Address Register) EEARH,EEARL (EEAR)
15 14 13 12 11 10 9 8
$2@®42 - - 1 - 1 - { - 1 - [ - |(EEARs) | EFARH
Read/ Write R R R R R R R R'W
0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
$21 ($41) | EEAR7 | EEAR6 | EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEARL | EEARO | EEARL
Read/ Write R'W R'W R'W R'W RIW RIW RIW RIW
L 15 9- Res: (Reserved)
0
" 8 0- EEAR8 0:EEPROM (EEPROM Address)
EEPROM (EEARH EEARL) 256/512/512 EEPROM EEPROM EEPROM
0 255/511/511 EEAR EEPROM
EEAR8 ATmega48 0
6.6.2. EEPROM (EEPROM Data Register) EEDR
7 6 5 4 3 2 1 0
$20 (340) [ (MSB) | | | | | | | (LSB) | EEDR
Read/ Write RI'W RI'W RIW RIW RIW RI'W RI'W RI'W
0 0 0 0 0 0 0 0

. 7 0- EEDR7 0:EEPROM (EEPROM Data)

EEPROM EEDR EEPROM (EEAR) EEPROM
EEPROM EEDR EEAR EEPROM
6.6.3. EEPROM (EEPROM Control Register) EECR
7 6 5 4 3 2 1 0
$1F ($3F) |- | - | EEPM1 | EEPM0 | EERIE | EEMPE | EEPE | EERE | EECR
Read/ Write R R RI'W RI'W RI'W RIW RIW RIW
0 0 0 0 0
L 76 - Res: (Reserved)
0
. 54 - EEPM1,EEPMO : EEPROM (EEPROM Programing Mode Bits)
EEPROM EEPROM 6- 1. EEPROM
(EEPE) EEPM1|EEPMO
1 0 0 3.4ms 1 ( )
( ) 2 0 1 1.8
.oms
( ) 1 0 1.8ms
6- 1. EEPE 1 1 -
(1) EEPMn
EEPMn EEPROM '00'
= 3 - EERIE : EEPROM (EEPROM Ready Interrupt Enable)
EERIE 1 (SREG) 0 (1) EEPROM
EERIE 0 EEPROM ( EEPROM)
EEPROM SPM

2 ATmegad8/ 88/ 168
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. 2 - EEMPE : EEPROM (EEPROM Master Program Enable)
EEMPE EEPROM (EEPE) 1 EEMPE (1) 4
EEPE (1) EEPROM EEMPE 0 EEPE (1) EEMPE
(1) 4 0 EEPROM EEPE
. 1 - EEPE : EEPROM (EEPROM Program Enable)
EEPROM (EEPE) EEPROM EEPE (1 ) EEPROM EEPMn
1 EEPE EEPROM (EEMPE) 1
EEPROM ( ) EEPROM (
)
EEPROM (EEPE) 0
S~ VI (SPMCSR) (SELFPRGEN) 0
EEPROM EEPROM (EEAR) ( )
EEPROM EEPROM (EEDR) ( )
EEPROM (EECR) EEPROM (EEMPE) 1 EEPROM (EEPE) 0
EEMPE 4 EEPROM (EEPE) 1
CPU EEPROM ( ) EEPROM
( )
CPU CPU
169 ( )- ATmega88/ 168
EEPROM EEPROM
EEPROM EEAR EEDR EEPROM
(SREG) 0 ©)
( ) EEPROM (EEPE) (0) EEPE 1)
CPU 2
. 0 - EERE : EEPROM (EEPROM Read Enable)
EEPROM (EERE) EEPROM EEAR EEPROM
EERE 1 EEPROM ( n
EEPROM CPU 4
EEPE ( ) EEPROM
(EEAR) EEPROM
EEPROM RC 6- 2. EEPROM
6-2. CPU EEPROM RC
Typ
EEPROM (CPU) 26,368 3.3ms
( ) EEPROM
6.6.a
EEPROM EEAR EEDR
EEPMnN '00' (EEMPE 1 4 )EEPE 1 /
1 6-1. EEPE
@) EEPROM
6.6.b.

AIMEL 13
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6.6.C.
EEAR EEPMn ‘01 (EEMPE 1 4
EEPE 1 ( 6-1. ) EEPE
(1) EEPROM
6.6.d.
( ) EEAR EEDR EEPMn ‘10 (EEMPE 1
4 )JEEPE 1 ( 6-1 ) EEPE
)
EEPROM
C EEPROM (
)
EEPROM SPM
( )
EEPRIMMVWR SBIC HER BEEPE ; EEPROM
RIMP  EEPROMWR ; EEPROM
' LD RL9, (0<<EEPM) | (O<<EEPMD) ; ( )
aJr BEECR R19 ;
aJr EEARH R18 ; EEPROM
aJr EEAR., RL7 ; EEPROM
aJr BEER R16 ; EEPROM
B BEECR BEBMPE ; EEPROM
B BEECR BEEPE ; EEPROM (
RET ;
C
void EEPRIMw i t e(unsi gned i nt ui Address, unsigned char ucData)
{
vhi |l e(EE(R & (1<<EEFB)); e EEPROM */
EER = (O<<EEPM) | (O<<EEP\D) ; | * %/
EEAR = ui Addr ess; /* EEPROM */
BEER = uclat a; /* EEPROM */
EER | = (1<<EBMPD) ; /* EEPROM */
EER | = (1<<EED); /* EEPROM */
}
C EEPROM
EEPRMRD SBIC HBER EEE ; EEPROM
RIMP EEPRAMRD ; EEPROM
aJr EEARH R18 ; EEPROM
aJr EEAR., RL7 ; EEPROM
B BEECR BEERE ; EEPROM ( )
IN R16, BEELR ; EEPROM
RET ;
C
unsi gned char EEPROM r ead( unsi gned i nt ui Addr ess)
{
vhi | e(EECR & (1<<EHEFB)); [ EEPROM */
EEAR = ui Addr ess; /* EEPROM */
EER | = (1<<EERD); /* EEPROM &3]
return BEECR /* EEPROM , */

u  ATmegad8/ 88/ 168




6.6.4.

I/ O

$2B ($4B)
Read/ Write

6.6.5.

11O

$2A ($4A)
Read/ Write

6.6.6.

I/O

$1E ($3E)
Read/ Write

2 (General Purpose I/ O Register 2) GPIOR2

ATmega48/ 88/ 168

7 6 5 4 3 2 1 0
LMsB) | | | | | | (LSB) | GPIOR2
R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
1 (General Purpose I/ O Register 1) GPIOR1
7 6 5 4 3 2 1 0
L(MSB) | | | | | | (LSB) | GPIORL
R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
0 (Genera Purpose I/ O Register 0) GPIORO
7 6 5 4 3 2 1 0
L(VMsB) | | | | | | (LSB) | GPIORO
R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0

AIMEL
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7.
7.1.
7-1. AVR
22
7-1
/ A/ D CPU SRAM EEPROM
A A A A A A A
cl k|/ [e) TCI kADC cl kcpu
clkasy AVR ClKrLAsH
+ 1 | || |
1 ;
— =
T A A T A
|
/
RC
7.1.1. CPU CPU AVR
clkepu CPU
712. 1/0 11O / SPl USART IO I/O
clkyo I/ O
us)
clki o 2 I/ F(TWI)
7.1.3. CPU
ClkrLasH
7.14. 32kHz /
clkasy /
715 A/D A/D
clkapc CPU I/0 A/D
7.2.
7-1.
AVR CKSEL3 0
1111 1000
0111 0110
0101 0100
128kHz  (WDT) 0011
RC 0010
0000
0001
1= 0=
721.
8.0MHz RC CKDIV8 ©) 1.0MHz
(CKSEL=0010, SUT=10, CKDIV8= 0))

s ATmegad8/ 88/ 168
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72.2.
vee 7-2.WDT
VCC=30V | VCC=50V
VCC
Ooms Ooms 0
(ttour) 27
4.3ms 4.1ms 512
CKSEL 7-2.
198 ()
AVR vce AVR vce
(BOD)
BOD vce
(BOD)
«C )
32K
vce
7.3.
XTALL XTAL2  7-2.
XTAL2
18
C1 C2
7-3.
3 7-3.
CKSEL3 1
CKSELO UT1,0 7-4,
7-2. 7-3. ——
c2 AL CKSEL3 1 C12
l :,I 100( 1) |0.4 0.9MHz - : (vee ) CKDI
KL T Ixrala 101 |09 30MHz| 12 22F Vv8=0
110 |30 8O0MHz| 12 22pF
+ GND z & 1:
1 111 8.0 16MHz| 12 22pF
7-4. /
CKSELO | SUT1,0 * (VCC5.0V)
00 258% CK ( 1)|  14x CK+4.1ms
o 01 258x CK ( 1)|  14x CK+65ms
10 1Kx CK ( 2) 14x CK (BOD)
11 1Kx CK ( 2)| 14x CK+4.1ms
00 1Kx CK ( 2)|  14x CK+65ms
) 01 16Kx CK 14x CK (BOD)
10 16Kx CK 14x CK+4.1ms
11 16Kx CK 14x CK+65ms
1:
2.

AIMEL
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74.
XTAL1 XTAL2  7-3.
XTAL2
17 VCC=2.7 5.5V
C1 C2
7-5.
7-5. CKSEL3 1
CKSELO SUT1,0 7-6.
[ C7K- S5EL — : vee ) CKDI
Cc2 3 1 ] V8=0
F=—s—{XTAL2
= 011 0.4 20MHz| 12 22pF
|C1—T— XTAL1
+ GND
7-6. /
CKSELO | SUT10 : (VCC=5.0v)
00 258x CK ( 1)|  14x CK+4.1ms
0 01 258x CK (1) 14x CK+65ms
10 1Kx CK ( 2) 14x CK (BOD)
11 1Kx CK ( 2)| 14x CK+4.1ms
00 1Kx CK ( 2) 14x CK+65ms
1 01 16Kx CK 14x CK (BOD)
10 16Kx CK 14x CK+4.1ms
11 16Kx CK 14x CK+65ms
1;
2:
7.5.
32.768KHz 7-2.
7-7. suT CKSELO
7-7.
CKSELO | SUT10 : (VCC=5.0v)
00 1Kx CK ( 1) 14x CK (BOD)
0 01 1Kx CK ( 1)|  14x CK+4.1ms
10 1Kx CK (1) 14x CK+65ms
11
00 32Kx CK 14x CK (BOD)
1 01 32Kx CK 14x CK+4.1ms
10 32Kx CK 14x CK+65ms
11

s ATmegad8/ 88/ 168
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7.6. RC
RC 8.0MHz
191 27-1. 208
CKDIVS ©) 20
7-8. CKSEL
(OSCCAL) RC
27-1.
OSCCAL ( (OSCCAL) )
27-1.
)
180
7-9. SUT PB6(XTALL/ TOSC1) PB7
(XTAL2 TOSC2) e / ( )
7-8. RC
CKSEL3 0 (MHz) T (vee )
0010 73 8.1 CKDIV8 ©)
7-9. RC
S (VCC=5.0V)
00 6x CK 14x CK ( 2) (BOD)
01 6x CK 14x CK+4.1ms
10 () 6x CK 14x CK+65ms
11
1:
2: RSTDISBL ©) 14x CK+4.1ms
7.7. 128kHz
128kHz 128kHz 7-10. 128kHz
3V,25 7-10. CKSEL CKSEL3 0
0011 C ) 0011 128KHzZ
7-11. UT : 128kHz
7-11. 128KkHz
SUT10 ’
00 6x CK 4x CK (1) (BOD)
01 6x CK 14x CK+4ms
10 6x CK 14x CK+64ms
11
1: RSTDISBL ©) 14x CK+4.1ms

AIMEL
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7.8.
XTAL1 7-4.
CKSEL '0000' ) ( 7-12 )
7-13. UT
7-4. 7-12.
XTAL2 CKSEL3 0
0000 0 20MHz
»—— XTAL1 : (vce ) 8
CKDIV8 0)
C GND
7-13.
SLILD ’ (VCC=5.0V)
00 6x CK 14x CK (BOD)
01 6x CK 14x CK+4.1ms
10 6x CK 14x CK+65ms
11
MCU
2% MCU
7.9, ( )
CLKO CKOUT (0)
(0) IO
CLKO RC
CKOUT 0)
7.10. /
32.768kHz / 2 / (TOSC1 TOSC2)
XTALXTALZ2 RC /
17 7-2
TOSC1 (ASSR) (EXTCLK) 1
32kHz 97 / 2
7.11.
ATmega48/ 88/ 168 (CLKPR)
( ) CPU
clkepy clkriast clkiyo clkapc 7-14.
clkasy( / ) /
( )
( )
CPU ( )
1
CLKPS ( ) T1+T2 T1+2x T2 2
T1 T2
CLKPS
(CLKPCE) 1 CLKPR 0
( )4 CLKPCE 0 CLKPS
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7.12.
7.12.1. (Oscillator Calibration Register) OSCCAL
7 6 5 4 3 2 1 0
($66) | CAL7 | CAL6 | CAL5 | CAL4 | CAL3 | CAL2 | CAL1 | CALO | OSCCAL
Read/ Write R'W R'W R'W R'W R'W R'W R'W R'W
= 7 0- CAL7 O: (Oscillator Calibration Value)
191 27-1.
27-1.
EEPROM
EEPROM 8.8MHz
EEPROM
CAL7 (0) (1)
2 OSCCAL=$7F OSCCAL=$80
CAL6 O $00 $7F
7122 (Clock Prescale Register) CLKPR
7 6 5 4 3 2 1 0
($61) [CLKPCE] - [ - T - [CLKPS3| CLKP [ CLKPSL | CLKPS ] CLKPR
Read/ Write RI'W R R R R'W R'W R'W R'W
0 0 0 0
L 7 - CLKPCE : (Clock Prescaler Change Enable)
CLKPS CLKPCE 1 CLKPCE CLKPR
0 CLKPCE 4 CLKPS (0)
4 )  CLKPCE CLKPCE (0)
= 3210- CLKPS3 O: (Clock Prescaler Select Bits 3 0)
MCU
7-14.
CKDIV8 CLKPS CKDIV8 (D CLKPS 0000
CKDIV8 ©) CLKPS 8 ‘0011
CKDIV8 CLKPS
CKDIV8 (0)
7-14.
CLKPS3 0 1
CLKPS2 0 1 0 1
CLKPS1 0 1 0 1 0 1 0 1
CLKPSO 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
() 1| 2| 4] 8 | 16| 32 | 64 | 128 | 256
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8.
MCU AVR
8.1
16 7-1. ATmegad8/ 88/ 168
8-1.
8-1
( )
™ SPM | A/D
clk| clk |clk|clk]|clk INT1 /
CPU | FLASH | 10 |ADC | ASY INTO 2 EEPROM I/ O
A/ D
(1
1
/ 2 (ASSR) (A2 (@)
INT1 INTO
5 (SMCR) (SE) 1 S_EEP
SMCR (SV12,1,0) SLEEP ( ) ( A/D
) 25 8-2.
MCU MCU MCU 4
SLEEP SRAM
MCU
8.2.
(SM2 0) 000" SLEEP MCU CPU SPI
USART A/D 2 /
clkepu clkrLASH
MCU USART
/ (ACSR)
(ACD) 1) A/ID
83. A/ID
SM2 0 ‘001 S_EEP MCU A/D CPU A/D
2 / 2( ) ( )
clkis o, clkcpu, clKFLASH
A/D A/D
A/D
(BOD) 2 / 2 SPM/ EEPROM
INTO INT1 A/D MCU
/ 2 8 / 2 (PWM )
22 ATmegad48/ 88/ 168



84.
(SM2 0) '010"
INTO INT1
CKSEL
85.
SM2 o ‘011"
/ 2
1) / 2
(OCIE2X) 1)
/ 2 )
/ 2
/
8.6.
/
( )
6
8.7.
(26

(PRR)

AIMEL

ATmega48/ 88/ 168

2
( N1
(SREG) 0}
(TOIE2) X
2
SLEEP MCU

201
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8.8.
AVR
88.1. A/D (ADC)
A/D
A/D OFF ON
A/D 154 A/D
88.2.
152
8.83. (BOD)
(BOD) OFF
(BOD) 28
8.84.
(BOD) A/D
( )
29
8.85.
OFF
29
8.8.6.
I/ O (clkiro) A/D
VCC/ 2
153 1(DIDR1) 162
88.7. @w
DWEN
24 ATmega48/ 88/ 168

A/D
( ) «( )
A/D
BODLEVEL
(BOD)
ON
(clkapc)
45
vcel 2
(DIDRO DIDR1)
0(DIDRO)
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8.9.
89.1 (Seep Mode Control Register) SMCR
7 6 5 4 3 2 1 0
$33($53) |- - | - - | SvM2 | Sv1 | SMo | SE | SMCR
Read/ Write R R R R R'W RI'W R'W R'W
0 0 0 0 0 0 0 0
. 7 4- Res: (Reserved)
0
u 32,1 - SM2,SM1,SMO : (Seep Mode Select Bit 2, 1 and 0)
8-2. 5 1 8-2.
SM2 | SM1 | SMo
0 0 0
0 0 1 |A/D
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0 ()
1 1 1
L 0- SE: (Seep Enable)
S EEP MCU (SE) 1 MCU
S_EEP (SE) @) )

AIMEL
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89.2. (Power Reduction Register) PRR
7 6 5 4 3 2 1 0
($64) [ PRTWI [PRTIM2 [PRTIMO [ - [ PRTIM1 | PRSPl [PRUSARTO[ PRADC | PRR
Read/ Write R'W RIW RIW R RIW RIW RIW RIW
0 0 0 0 0 0 0 0

. 7- PRTW:2 (Power Reduction TWI)

1 2 (TWI) TWI TWI
L 6 - PRTIM2 : / 2 (Power Reduction Timer/ Counter2)

1 ( (AS2)=0) / 2 / 2
. 5- PRTIMO : / 0 (Power Reduction Timer/ CounterQ)

1 / 0 / 0
. 4- Res: (Reserved)

0

. 3- PRTIML: / 1 (Power Reduction Timer/ Counterl)

1 / 1 / 1
L 2 - PRSPI : (Power Reduction Serial Peripheral Interface)

WIRE 1

1 (SPI) S =
L 1 - PRUSARTO : USARTO (Power Reduction USARTO)

1 USART USART USART
. 0- PRADC : A/D (Power Reduction ADC)

1 A/D (ADC) A/D A/D

ADC
153 / (ACSR) (ACD) (
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9.
9.1. AVR
I/ O ATmegal68
IMP( ) ATmegad8/ 88
RIMP( )
(ATmega88/168 )  9-1. 27-3.
AVR I/O
¢ )
CKSEL
16
9.2.
ATmega48/ 88/ 168 4
. ON ON (VPoOT) MCU
. RESET Low MCU
. MCU
. (vce) (VBOT) MCU
9-1
MCU 9
(MCUSR @
S ||| 3
RSTDISBL alfelis]te a
BODLEVEL2 0 > =|@[g =
> ol
e > ON
30 60kQ 1 S Q>
1 - _
- R 9
WDT RC > =AY
A v v
CK >
CKSEL3 0 i t

AIMEL
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9.3. ON
ON  (POR) 192
POR vce ( ) POR
ON ON (VPOT) vee
() vce
9-2. ON (RESET Vcc ) 9-3. RESET ON
j H ‘ H
vec o vpot L vec ___  vpor i
- : H _ : : H
RESET A VRST i RESET ; - VIRST i
~——trourT—> E | ~—trour —> ['
; | H : ‘ | H
] - ] ‘ L'
94.
RESET Low 0-4.
(192 H
) vce L
RESET VRS 5
(VRsT) ( ) ! ! ¢ A
RSTDISBL 179 26- 6. ‘ ; : H
—I : I_ L
95. ( )
ATmegad8/ 88/ 168 ( )
vce (BOD) - -
BOD BODLEVEL ==~ VBOT+ i
BOD ‘ H
RESET
VBOT+=VBOT ; ; L
+VHYST/ 2 VBOT-=VBOT- VHYST/ 2 : < tTour —> l:
BOD vce ( 9-5. | i .
VBOT-) vce — : L L
( 9-5. VBOT4) ( )
(trour) MCU
BOD 192 teop vce
9.6.
( )1CK 96
H
(trour) vee L
29 RESET 5
— «— 1CK i
H L
~—trour—> ['
‘ : ; v
—I ! L
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9.7.
ATmegad8/ 88/ 168
9.7.1.
A/D
(BOD)
A/D
9.8.
98.1.
3
o)
o)
o)
16ms 8s
ATmegad8/ 88/ 168
(WDT)
WDT
(WDR)
WDT
2
ON(WDTON)
(WDE)
(¢ )
4

©)

ATmega48/ 88/ 168

(BOD) Al D
192
ON ON
(BODLEVEL (0) )
( / (ACSR) (ACBG)=1)
(A/D / A(ADCSRA) A/D (ADEN)=1)
ACBG (=1) A/D (ADEN=1)
OFF 3
ON
(WDT) 9-7
128kHz
>
R
(128kH2) NEERRRREE
gggﬁmgﬁﬁﬁs
ololo =]
000888888\
0000008
WDT o}
Y YYYVYVYVYVYYVYY
WDPO
1 WDP1 —»\ /
WDP2 ——>
WDP3 ——>
WDE —— ' MCU
i D
WDIF
WDIE
©) (0)
(WDIE) 10
(WDE)
(WDCE) WDE 1 WDE 1 WDE
( ) WDE (WDP3 0) WDCE
1 ()
AIMEL 29
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[ ]
OFF C (
VOT_CGHF- l ;
VR g
IN RL6, MOBR ; MCUSR
ANDI RL6, ( $FR&( O<<WIRP)) ; WDRF 0
aJr MOER RL6 ; (WDRF)
LDS RL6, IDTCSR ; WDTCSR ( )
(@7 R16, (1<<ViD(E) | ( 1<<VIE) ; WDCE WDE 1
STS VIDICSR R16 ; WDCE WDE 1
LD R16, (0<<\WIE) ; WDE 0
STS VIDICSR R16 ;
S 5
RET ;
C
voi d VIOT_of f (voi d)
{
__disable interrupt(); /* */
__watchdog reset (); /* */
MOER &= ~(1<<VIIRF) ; /* (WDRF) */
VIDTCSR | = (1<<VDCE) | (1<<VIE); /* WDCE WDE 1 */
VDTCSR = 0x00; /* */
__enable interrupt(); /* */
}
14
( ( ) )
WDRF WDE 0)
C
VIDT_PRS, al ;
VR ;
LCs RL6, VIDTCSR ; WDTCSR ( )
R RL6, (1<<VIDXE) | (1<<VIE) ; WDCE WDE 1
STS WDICSR R16 ; WDCE WDE 1
Lo R16, (1<<VIE) | (1<<VIDP2) | ( 1<<WDPO) ; WDE=1, =0.5s
STS WDICSR R16 ; 0.5
= g
RET ;
C
voi d VIOT_of f (voi d)
{
__disable interrupt(); /* */
__watchdog reset (); /* */
WDICSR | = (1<<MDE) | (1<<VIE) ; /* WDCE WDE 1 */
WDICSR = (1<<VIE) | (1<<WIRP2) | (1<<\DF0) ; /* 0.5s */
__enable interrupt(); /* */
}
14
(WDP3 0)
WDP (WDR )
30 ATmega48/ 88/ 168




ATmega48/ 88/ 168

9.9.
99.1. MCU (MCU Satus Register) MCUSR
MCU MCU
7 6 5 4 3 2 1 0
$4@59) |- [ - [ - | - | WDRF | BORF | EXTRF | PORF | MCUSR
Read/ Write R R R R R'W R'W R'W R'W
0 0 0 0
. 7 4- Res: (Reserved)
0
. 3- WDRF: (Watchdog Reset Flag)
(1) ON 0 (0)
L 2 - BORF: (Brown- Out Reset Flag)
(1) ON 0 (0)
. 1- EXTRF: (External Reset Flag)
@) ON 0 ()
L 0- PORF: ON (Power- on Reset Flag)
ON (1) 0 (0)
MCUSR (0)

©
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=]
99.2. (Watchdog Timer Control Register) WDTCSR
7 6 5 4 3 2 1 0
($60) | WDIF | WDIE | WDP3 | WDCE | WDE | WDP2 | WDP1 | WDPO | WDTCSR
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0
. 7- WDIF : (Watchdog Interrupt Flag)
1
WDIF (0) WDIF 1 (0)
(SREG) 0] (WDIE) (€
= 6 - WDIE : (Watchdog Interrupt Enable)
1 (SREG) 0] (€
(=1) (WDE) ©)
WDE (1)
(WDIF) 1) WDIE WDIF (0)
WDIE 1)
«C )
9-1.
WDTON| WDE | WDIE
1 0 0
1 0 1
1 1 0
1 1 1
0 X X
: WDTON 0 1
= 4 - WDCE : (Watchdog Change Enable)
(WDE) WDE (0)
WDCE (1)
1 4 WDCE (0)
= 3- WDE: (Watchdog System Reset Enable)
WDE MCU (MCUSR) (WDRF) WDRF ) WDE
(1) WDE (0) WDRF (0)
. 52 0- WDP3 0: (Watchdog Timer Prescaler 3,2,1 and Q)
WDP3 0
9-2.
9-2,
WDP3 0 1
WDP2 0 1 0 1
WDP1 0 1 0 1 0 1 0 1
WDPO ol 1]lol1]ofl1]lol1]of]1]o]1]of]1]o0o]1
WDT 2k 4k 8k | 16k | 32k | 64k | 128k | 256k | 512k |1024k
(VeC=5v) 16ms | 32ms | 64ms |0.1255 0.25s| 0.5s | 1.0s | 2.0s | 4.0s | 8.0s
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10.
10.1.

ATmegad8/ 88/ 168

ATmegad8, ATmega88, ATmegal68

AVR

ATmega48/ 88/ 168

" ATmegal68 2 ATmegad8 ATmega88 1
= ATmega4d8 ATmega88 ATmegal68 BOOTRST
MCU (MCUCR) (IVSEL)
10.2. ATmega48/ 88/ 168
10- 1.
ATmegaB88 | ATmegal68
ATmega48 ( %18 ( gz)
1 $0000 $0000 ( 1) | $0000 ( 1) ON, WDT, BOD
2 $0001 $0001 $0002 INTO 0
3 $0002 $0002 $0004 INT1 1
4 $0003 $0003 $0006 PCINTO (PCI0) 0
5 $0004 $0004 $0008 PCINT1 (PCI1) 1
6 $0005 $0005 $000A PCINT2 (PCI2) 2
7 $0006 $0006 $000C WDT
8 $0007 $0007 $O00E / 2 COMPA / 2 A
9 $0008 $0008 $0010 / 2 COMPB / 2 B
10 $0009 $0009 $0012 / 2 OVF / 2
11 $O00A $000A $0014 / 1 CAPT / 1 ( )
12 $000B $000B $0016 / 1 COMPA / 1 A
13 $000C $000C $0018 / 1 COMPB / 1 B
14 $000D $000D $001A / 1 OVF / 1
15 $O00E $000E $001C / 0 COMPA / 0 A
16 $O00F $000F $001E / 0 COMPB / 0 B
17 $0010 $0010 $0020 / 0 OVF / 0
18 $0011 $0011 $0022 Pl STC P
19 $0012 $0012 $0024 USART RX USART
20 $0013 $0013 $0026 USART UDRE USART
21 $0014 $0014 $0028 USART TX USART
22 $0015 $0015 $002A A/D ADC A/D
23 $0016 $0016 $002C EEPROM EE RDY EEPROM
24 $0017 $0017 $002E ANA COMP
25 $0018 $0018 $0030 2 TWI 2
26 $0019 $0019 $0032 SPM SPM RDY SPM
1: BOOTRST ©) 169 (
)- ATmega88/ 168
2: MCU (MCUCR) (IVSEL) @ ()
( ) 10-1., 10-2, 10-4. 10- 1.

AIMEL
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[ S

10-3. BOOTRST( ) IVSEL( )
10-3.
BOOTRST | IVSEL ATrmegoss ATrmegal6s
1 0 $0000 $0001 $0002
) 1 $0000 $0001 $0002
o 0 $0001 $0002
© 1 $0001 $0002
176 25- 6.
( ) 10-3. 10-5. 10- 3. ATmegaB88/ 168
ATmega48/ 88
$0000 RIMP  RESET :
$0001 RIMP  EXT_|I NTO :
$0002 RIMP  EXT_I NI :
$0003 RIMP  Pd NIO : 0
$0004 RIMP PA Nri : 1
$0005 RIMP  Pd N2 : 2
$0006 RIMP VIOT OF :
$0007 RIMP  TIMN2_ QOMPA : / 2
$0008 RIMP  TI N2 GOMPB : / 2
$0009 RIMP TIN2_ OF : / 2
$000A RIMP TIM._CAPT : / 1 )
$000B RIMP TIM._QMPA : / 1
$000C RIMP TIM._QOMPB : / 1
$000D RIMP TIM_OWF : / 1
$000E RIMP  TIMD_QOMPA : / 0
$000F RIMP  TIMD_COMPB : / 0
$0010 RIMP TIM O : / 0
$0011 RIMP SP_SIC : SPI
$0012 RIMP  WSART RXC : USART
$0013 RIMP  WSART UDRE : USART
$0014 RIMP  WSART TXC : USART
$0015 RIMP ACC ; ADC
$0016 RIMP EE RDY : EEPROM
$0017 RIMP  ANA QWP :
$0018 RIMP TW 12
$0019 RIMP SPMRY : SPM
$001A RESET: LD R16, H G{ RAMEND) ; RAM
$001B aJr SPH R16 :
$001C LD R16, LOYRAMEND ; RAM
$001D aJr SAL, R16 :
; I/ O
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ATmega88 BOOTRST Q) 2K MCU
(MCUCR) (IVSEL) (D)
: (BOOTRST =1)
$0000 RESET: LD R16, H G{ RAMEND) ; RAM ( )
$0001 aJr SPH R16 :
$0002 LD R16, LOYRAMEND ; RAM
$0003 aJr SPL, R16 :
/X@)
.G $0Q01 2K
$0QA01 RIMP  EXT_| NTO : 0
$0Q02 RIMP  EXT I NI : 1
$0C19 RIMP SPMRY : SPM
ATmega88 BOOTRST 0) 2K
.G $0001 :
$0001 RIMP  EXT_I NTO : 0
$0002 RIMP  EXT_I NIl : 1
$0019 RIMP SPMRY : SPM
.G $0Q00 ; 2K
: (BOOTRST =0)
$0Q00 RESET: LD R16, H GH RAMEND) RAM ( )
$0A01 aJr SPH R16
$0Q02 LD R16, LON RAMEND) RAM
$0Q03 aJr SAL, R16 :
; I/ O
ATmega88 BOOTRST 0) 2K MCU
(MCUCR) (IVSEL) 1)
.(RG  $0Q00 : 2K
$0Q00 RIMP  RESET : (BOOTRST =0)
$0Q01 RIMP  EXT_| NTO : 0
$0Q02 RIMP  EXT_INIi ; 1
$0C19 RIMP SPMRDY : SPM
$0CIA RESET: LD RL6, H GH RAMEND) RAM ( )
$0C1B aJr SPH R16
$0C1C LD RL6, LON RAMEND) RAM
$0C1D aJr S, R16 :
; I/ O

AIMEL
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$0000 JMP RESET :
$0002 JMP EXT_| NTO : 0
$0004 JMP EXT_| NT1 : 1
$0006 JMP PA NT1O : 0
$0008 JMP PA Nr1 : 1
$000A JMP PA N12 : 2
$000C JMP VIDT_ O/ :
$000E JMP T M2_QOMPA : / 2 A
$0010 JMP T M2_COMPB : / 2 B
$0012 JMP T M2_ O : / 2
$0014 JMP T M._CAPT : / 1 (
$0016 JMP T M. GOMPA : / 1 A
$0018 JMP T M. GOMPB : / 1 B
$001A JMP T M. OF : / 1
$001C JMP T MD_QOMPA : / 0 A
$001E JMP T M)_COMPB : / 0 B
$0020 JMP T M)_OF : / 0
$0022 JMP A _SIC : SPI
$0024 JMP USART _RXC ; USART
$0026 JMP USART UDRE ; USART
$0028 JMP USART_TXC ; USART
$002A JMP ADC ; ADC
$002C JMP EE RDY ; EEPROM
$002E JMP ANA OWP :
$0030 JMP TW 12
$0032 JMP SPM RDY : SPM
$0034 RESET: LO RL6, H GH RAMEND) RAM
$0035 aJr SPH R16
$0036 LO R16, LON RAMEND) RAM
$0037 aJr AL, R16 :
; I/ O
ATmegal68 BOOTRST @) 2K MCU

(MCUCR) (IVSEL) (1)

; (BOOTRST =1)
$0000 RESET: LD RL6, H GH RAMEND) RAM (
$0001 aJr SPH R16
$0002 LD RL6, LON RAMEND) RAM
$0003 aJr SAL, R16 X

; I/ O

ARG %102 : 2K
$1Q02 IMP EXT_| NTO X 0
$1Q04 IMP EXT_| NT1 : 1
$1C32 JIMP SPM RDY ; SPM
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ATmegal68 BOOTRST (0) 2K
.G $0002 :
$0002 JMP EXT_| NTO : 0
$0004 JMP EXT_| NT1 : 1
$0032 JMP SPM RDY : SPM
.G $1Q00 ; 2K
: (BOOTRST =0)
$1Q00 RESET: LD R16, H GH RAMEND) RAM ( )
$1001 aJr SPH R16
$1Q02 LD R16, LON RAMEND) RAM
$1Q03 aJr AL, R16 :
; I/ O
ATmegal68 BOOTRST ) 2K MCU
(MCUCR) (IVSEL) 1)
.G $100 : 2K
$1Q00 JIMP RESET : (BOOTRST =0)
$1Q02 IMP EXT _| NTO : 0
$1Q04 JIMP EXT_| NT1 ; 1
$1C32 IMP SPM RDY : SPM
$1C34 RESET: LD RL6, H GH RAMEND) RAM ( )
$1C35 aJr SPH R16
$1C36 LD RL6, LON RAMEND RAM
$1C37 aJr S, R16 ;
; I/ O
10.2.1. (ATmega88/ 168)
MCU (MCUCR)
37
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10.3.
10.3.1. MCU (MCU Control Register) MCUCR
7 6 5 4 3 2 1 0
$35(95 |- [ - [ - T P [ - T - T[@vsED) [ (1vVCE) ]| MCUCR
Read/ Write R R R RI'W R R RI'W RIW
0 0 0 0 0 0 0 0
L 1- IVSEL: (Interrupt Vector Select)
IVSEL (0) (1)
BOOTHZ
169 ( )- ATmega88/ 168
IVSEL
(IVCE) 1
4 IVSEL 0 IVCE
IVCE (1) IVSEL
IVSEL 4
(SREG) ()
: BLBO02 (0)
BLB12 (0)
169 (
)- ATmega88/ 168
ATmega48
. 0- IVCE: (Interrupt Vector Change Enable)
IVCE (IVSEL) 1 IVCE IVSEL
IVCE 4 (0) IVSEL IVCE (1)
( )
MDVE | VT: I'N R16, MOUR ; MCUCR
MOV R17, RL6 ; MCUCR
(e} RL6, ( 1<<I \CE) ;IVCE 1
aJr MOUCR R16 ; IVCE 1
(e} RL7, (1<<I VSAL) JIVSEL 1
aJr MOUCR RL7 ;
RET
C
voi d Mbve i nterrupt s(voi d)
{
uchr tenp; /* */
tenp = MOUR /* MCUCR */
MIUCR = tenp| (1<<I VCB); /* IVCE 1 *
MIUCR = tenp| (1<<I VSH); /* *
}
ATmega48
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11.
INTO,INT1 PCINTO 23 INTO,1 PCINTO
23
PCI2 PCINT16 23 PCI1 PCINTS8
14 PCIO PCINTO 7
(PCMSKO0,PCMSK1,PCMSK?2) PCINTO 23
INTO INT1 ( ) Low
A(EICRA) INTO INT1 Low
( ) INTO INT1 16
I/0 INTO INT1 Low
/O
MCU
MCU 16 SUT
CKSEL
11.1.
11-1.
11-1.
A B C ok 1 1 1 1
CPCINTR)—+{D Q D Q PCINTh | ; ; ;
E — PCMSKm A: N | | |
0 Ll PeNT B i i
— c s :
D QD QD Q>PCIFm| D N |
*— E: : : il 3.
f r PCIFm ; |
11.2.
11.2.1. A (External Interrupt Control Register A) EICRA
A
7 6 5 4 3 2 1 0
($69) L - | [ - T - T iscii [ IsCcio [ 1SCOo1 [ 1SC00 ] EICRA
Read/ Write R R R R RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
. 7 4- Res: (Reserved)
0
= 3,2 - ISC11, I1SC10 : 1 (Interrupt Sense Control 1 bit1l and 0)
" EIMSK SES) 1 (INT1 O 1 L 1ANT1)
INT1 ( ) ( ) ( ) (1) ISC11 | ISC10
INT1 11-1. INT1 0 0 JINT1  Low
0 1 |INT2 ( )
1 1 0 |INT1
Low 1 1 |iNT1
Low
39
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. 1,0 - 1SCO01, ISCQ0 : 0 (Interrupt Sense Control 0 bitl and 0)
0 (SREG) 0] 11-2. O(INTO)
NTO (EIMSK) ( ) 0 (INTO) (@)} 1SCO1 1 1SC00
INTO 11-2. INTO 0 o Lme few
0 1 INTO
1 1 0 INTO
Low 1 1 |INTO
Low
11.2.2. (External Interrupt Mask Register) EIMSK
7 6 5 4 3 2 1 0
$o@p) |- [ - [ - 1 - | - [ - | INT1 | INTO |EMSK
Read/ Write R R R R R R RIW RIW
0 0 0 0 0 0 0 0
L 7 2- Res: (Reserved)
0
= 1-INT1: 1 (External Interrupt Request 1 Enable)
(SREG) (1) (1) INT1 (1) INT1
A(EICRA) 1 1 0(ISC11,1SC10) INT1
Low ( ) INT1
1 INT1
L 0- INTO: 0 (External Interrupt Request O Enable)
(SREG) 0] (1) INTO 1) INTO
A(EICRA) 0 1 0(1SC01,1SC00) INTO
Low ( ) INTO
0 INTO
11.2.3. (External Interrupt Flag Register) EIFR
7 6 5 4 3 2 1 0
sic@c)y - [ - | - 1 - | - [ - | INTF1 | INTFO | EIFR
Read/ Write R R R R R R RIW RIW
0 0 0 0 0 0 0 0
L 7 2- Res: (Reserved)
0
. 1- INTF1: 1 (External Interrupt Flag 1)
INT1 INTF1 (@)} (SREG)
0! (EIMXK) 1 (INTD) 1) MCU
©) 1 )
INT1 (0)
L 0- INTFO: 0 (External Interrupt Flag 0)
INTO INTFO @) (SREG)
) (EIMSK) 0  (INTO) (1) MCU
(0) 1 (0)
INTO ©)
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11.24. (Pin Change Interrupt Control Register) PCICR
7 6 5 4 3 2 1 0
($68) - 1 - | - 1 - | - 1 PCIE2 | PCIE1 | PCIEQO | PCICR
Read/ Write R R R R R R'W R'W R'W
0 0 0 0 0 0 0 0
. 7 3- Res: (Reserved)
0
L 2- PCIE2: 2 (Pin Change Interrupt Enable 2)
(SREG) 0 1) PCIE2 (1) 2
PCINT16 23 PCI2
PCINT16 23 2 (PCMXK2)
. 1- PCIEL: 1 (Pin Change Interrupt Enable 1)
(SREG) () 1) PCIE1 (1) 1
PCINT8 14 PCI1
PCINT8 14 1 (PCMSK1)
L 0- PCIEO : 0 (Pin Change Interrupt Enable 0)
(SREG) 0 1) PCIEO (1) 0
PCINTO 7 PCIO
PCINTO 7 0 (PCMSKO)
11.25. (Pin Change Interrupt Flag Register) PCIFR
7 6 5 4 3 2 1 0
$B@%3B) |- | - | - | - | - [ PCIF2 | PCIF1 | PCIFO | PCIFR
Read/ Write R R R R R R'W RI'W R'W
0 0 0 0 0 0 0 0
= 7 3- Res: (Reserved)
0
= 2- PCIF2: 2 (Pin Change Interrupt Flag 2)
PCINT16 23 PCIF2 1) (SREG)
0 (PCICR) 2  (PCIE2) 1) MCU
©) 1
©)
= 1- PCIFL: 1 (Pin Change Interrupt Flag 1)
PCINT8 14 PCIF1 (1) (SREG)
(1) (PCICR) 1 (PCIE1) (1) MCU
) 1
©)
L 0- PCIFO: 0 (Pin Change Interrupt Flag 0)
PCINTO 7 PCIFO (1) (SREG)
() (PCICR) 0  (PCIEO) (1) MCU
) 1

©

AIMEL
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11.26. 2 (Pin Change Enable Mask 16 23) PCMSK2
7 6 5 4 3 2 1 0
($6D) [ PCINT23 [ PCINT22 | PCINT21 [ PCINT20 [ PCINT19 [ PCINT18 | PCINT17 [ PCINT16 | PCMSK2
Read/ Write R'W RIW RIW R'W R'W RI'W R'W RI'W
0 0 0 0 0 0 0 0
. 7 0- PCINT23 16: 23 16 (Pin Change Enable Mask 23 16)
PCINT16 23 /O PCINT16 23
(PCICR) PCIE2 1) 11O PCINT16 23 (0)
I/O
11.2.7. 1 (Pin Change Enable Mask 8 14) PCMSK1
7 6 5 4 3 2 1 0
($6C) [ - [PCINT14] PCINT13 [ PCINT12 [ PCINT11 [ PCINT10| PCINT9 | PCINT8 | PCMSK1
Read/ Write R R'W RIW RIW R'W R'W R'W R'W
0 0 0 0 0 0 0 0
= 7- Res: (Reserved)
0
. 6 0- PCINT14 8: 14 8 (Pin Change Enable Mask 14 8)
PCINT8 14 /0 PCINT8 14
(PCICR) PCIE1 (1) 11O PCINT8 14 (0)
I/O
11.2.8. 0 (Pin Change Enable Mask 0  7) PCMSKO
7 6 5 4 3 2 1 0
($6B) | PCINT7 | PCINT6 | PCINT5 [ PCINT4 | PCINT3 | PCINT2 | PCINT1 | PCINTO | PCMSKO
Read/ Write R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
. 7 0- PCINT7 O: 7 0 (Pin Change Enable Mask 7 0)
PCINTO 7 IO PCINTO 7
(PCICR) PCIEQ 1) 11O PCINTO 7 0)
/O
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12.
12.1.
AVR /0 _
( ) SBl CBI
1
) (
. ()
LED( )
110 12-1 VCC GND
190
- N
( PORTxXn B 3
PORTB3) I/O 54 /o
1 (PORTX) (DDRX) (PINX) 3 o
" () PINX
1 (o) MCU (MCUCR)
@)
11O I/ O
46
12.2.
I/O 12- 2. Pxn I/O 1
12-2.
1 vce
RDx: DDRXx PUD:
Y
»|D
DDxn: Q
WDx:DDRx — R
é RESET: 4
< RRx: X é
*C_D‘ < q—'
A
B °<]_'
oo}
1 ~
> 09 PORTxn = (Pxn )
WPX: PINX —] =
SLEEP ,
WRx:PORTX
RESET: |
RPx: X o
) Q— Q D Q
PINxn: ' :
v _| - _|
ckyjolO0 @ o —

: WRX, WPx WDX, RRx, RPx, RDx
clkiy o,SLEEP, PUD

AIMEL
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12.2.1.
3 DDxn PORTxn PINxn
I/O PORTxn PORTx I/ O PINX
DDRXx DDxn
0 Pxn
PORTxn
PORTXn 0
« )
PORTxn
PORTxn 0
12.2.2.
PINxn 1 DDRxn PORTxn
12.2.3.

Hi-Z  (DDxn=0, PORTxn=0) High

AIMEL

(DDxn=1, PORTxn=1)

PINX I/ O

54 /O DDxn DDRx
DDxn 1 Pxn DDxn
( ) OFF
High(1)
Low(0)
B 1

(DDxn=0, PORTxn=1)

Low (DDxn=1, PORTxn=0) High( )
MCU (MCUCR) (PUD) 1)
Low Hi-Z (DDxn=0, PORTxn=0) High
(DDxn=1, PORTxn=1)
12- 1.
12-1.
DDxn PORTxn |PUD(MCUCR)
0 0 X (Hi- 2)
0 1 0 Pxn Low
0 1 1 (Hi- 2)
1 0 X Low( )
1 1 X High( )
12.24.
DDxn PINxn 12-3.
12-2. PINXn ‘ ‘ ‘ ‘ ‘ ‘
4 & 1 L | L
( ) X xxX__ X xxX__XINR16,PINGS__ XXX
12-3 7 ‘
tpdmin tpd,mex e e S — |
( 12-3. ) R16 i i i i i X
: «—> Tpd,min
Low High «— Lpd,max —>
( )
Low ( ) 12- 4. | | | |
PINxn _] | [ | | | | |
2 tpd,min tpd,max ; ;
0.5 —Xout PORTXX__NOP__ XINRI6,PINCK__ XXX
15 3 |: ‘ ‘
12' 4 : l 1
NOP ouT PINXn ; ; | ;
(tpd) Ris I 3 3 X
1 — tpd —>
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B 0 1 High 2 3 Low 6 7 4 7
NOP
Lo RL6, (1<<PB7) | (1<<PBO) | (1<<PB1) | ( 1<<PB0) High
Lo RL7, (1<<CDB3) | (1<<[DR2) | ( 1<<[CBL1) | ( 1<<DCR0)
aJr PCRTB, R16 High
aJr CCRB, RL7
NP
IN R16, P NB
C
unsi gned char i;
[**]
PCRTB = (1<<PB7)| (1<<PB6) | (1<<PB1) | (1<<PR0); /* High */
CORB = (1<<DoB3) | (1<<CDRR2) | (1<<CDBl) | (1<<[CR0); /* */
__no _operation(); /* */
i =P |\B, | * * [
[* */
0,1,6,7 01 High 2 3
Low 2
12.25.
12-2. GND SLEEP
Vcce/ 2
MCU @)
SLEEP SLEEP
SLEEP 46
n ( ) n
1 C )
12.26.
( )
GND
VCC
45
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12.3.
12-5. 12- 2.
AVR
12-5.
PUOEXn:
> PUOVXN: . vee
RDXDDRx ~ ——  PUD: : |: 0 l:]
< < O
»D Qf— DDOEXxn:
DDxn:
WDx: DDRX — R DDOVXn: 1
0
2 rESET: —
© RRx: X é
B e 2]—.
Slie
= PVOEXn:
O >
Nrosm o Ly o5 | mom
0 PORTXN: =
WPXPINK  — S| D!FoB:
DIEOVXn: 1
WRx:PORTXx S _EEP 0
RESET: —
< j\]— Q D Q D[+ '
PINXnN: i [
A4 ! _| ; [
ckyol/lo —— -« v
DIxn: <
AlOXn: i
: WRx, WPx, WDX, RRx, RPx, RDx
clkiy o,SLEEP, PUD
12-2. ( ) 12-5. ( )
12-2.
PUOE 1 PUOV 0 DDxn=0, PORTxn=1, PUD=0
PUOV PUOE=1 DDxn, PORTxn, PUD @ (0
DDOE 1 DDOV 0 DDxn
DDOV DDOE=1  DDxn ON(1)/ OFF(0)
1 ON PVOV ON
PVOE PORTxn
PVOV PVOE=1  PORTxn 1/ 0)
PTOE PTOE=1 PORTxn
DIEOE 1 ) DIEOV 0 MCU (
- DIEOE=1 MCU ( ) @y
)
DI
AlO
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1231. B
B 12-3,
123 B
XTALZ ( )
PB7 TOoC2  ( )
PCINT7 ( 7 )
XTALL ( )
PB6 TOCL  ( )
PCINT6  ( 6 )
<K (Pl / )
Fize PCINT5  ( 5 )
MISO (P )
= PCINT4 4 )
MOS (P )
PB3 OC2A  ( A )
PCINT3  ( 3 )
S (SPI
PB2 OC1B  ( B )
PCINT2 ( 2 )
OCIA ( A )
e PCINTL ( 1)
IcPL ( ( ) )
PBO CLKO  ( )
PCINTO  ( 0 )
» XTAL2/ TOSC2/ PCINT7 - B
XTAL2: () 2
e
TOSC2: 2 RC (ASR)
;2 ASR
A) ) (EXCLK) ©) PB7
/0
PCINT7 : 7 PB7
PB7 PORTB7, DDB7, PINB7 0
» XTALLTOSCUPCINT6- B
XTALL: () 1
e
TOSCL: 1 RC (ASR)
/2 ASR
A) ) (EXCLK) ©) PB6
e
PCINT6 6  PB6
PB6 PORTB6, DDB6, PINB6 0
» SCK/PCINTS- B 5:PB5
SCK: SPI S B (DDRB) DDB5
S DDBS
S (PORTB) PORTBS
PCINTS 5  PBS
» MISO/PCINT4- B  4:PBa4
MISO : SP! S B (DDRB) DDB4
S DDB4
S (PORTB) PORTB4
PCINT4 4 PB4
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= MOSI/ OC2A/ PCINT3 -
MOSI : SPI

B 3:PB3

P
SPI

OC2A:
PB3

PCINT3:

= SS/OC1B/ PCINT2 -
SS: SRl

/ A

(DDB3=1)
3 PB3

B 2:PB2
P

PB3

Low
DDB2
PORTB2

OC1B: / 1 B

(DDB2=1)
2
B

A
(DDB1=1)
PCINT1: 1

= |CP1/ CLKO/ PCINTO -
ICP1: / 1

CLKO:
PORTBO DDBO

PCINTO:

PB2

PCINTZ2:

= OC1A/PCINT1 -
OC1A: / 1

PBO

48

ATmegads/ 88/ 168

AIMEL

(DDRB) DDB3
DDB3
(PORTB) PORTB3

2 A

OC2A PWM

(DDRB) DDB2
) Sa

(PORTB)

PB2

PB1
PWM

CKOUT ©)
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12-4.  12-5. B 46 12-5. SPI SPl MISO
MOS SPI SPl
12- 4. B7 4
PB7/ XTAL2/ PB6/ XTALL/
TS0 PCINT TOSC1/PCINTE PB5/ SCK/ PCINT5 PB4/ MISO/ PCINT4
PUOE INTRC EXTCK+AS2 INTRC+AS2 SPE MSTR SPE MSTR
PUOV 0 0 PORTB5 PUD PORTB4 PUD
DDOE INTRC EXTCK+AS2 INTRC+AS2 SPE MSTR SPE MSTR
DDOV 0 0 0 0
PVOE 0 0 SPE MSTR SPE MSTR
PVOV 0 0 CK Pl
PTOE - - - -
INTRC EXTCK+AS2+ INTRC+AS2+
DIEOE PCINT7 PCIED PCINTE PCIED PCINT5 PCIEO PCINT4 PCIEO
DIEOV (INTRC+EXTCK) A2 INTRC+AS2 1 1
DI PCINT7 PCINT6 SCK/ PCINT5 SPl /PCINT4
AIO / - -
: 1. INTRC RC (CKSEL )
2. EXTCK (CKSEL )
12-5. B3 0
PB3/ MOSI/ OC2A/ PCINT3| PB2/ SS/ OC1B/ PCINT2 PB1/ OC1A/ PCINT1 PBO/ ICP1/ CLKO/ PCINTO
PUOE SPE MSTR SPE MSTR 0 0
PUOV PORTB3 PUD PORTB2 PUD 0 0
DDOE SPE MSTR SPE MSTR 0 0
DDOV 0 0 0 0
PVOE SPE MSTR+OC2A OC1B OC1A 0
PVOV Pl +OC2A OC1B OC1A 0
PTOE - - - -
DIEOE PCINT3 PCIEO PCINT2 PCIEO PCINT1 PCIEO PCINTO PCIEO
DIEOV 1 1 1 1
DI Pl / PCINT3 SPI S PCINT2 PCINT1 ICPY PCINTO
AlO - - - -

AIMEL
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12.32. C
C 12-6.
12-6. C
REET ( ) ADC3  (A/D )
s PCINT14 ( 14 ) PC3 PCINT11 ( 1 )
ADC5 (A/D 5 ) — ADC2 (A/D )
PC5 SCL @ ) PCINT10 ( 10 )
PCINT13 ( 13 ) - ADC1 (A/D )
ADC4  (A/ID 4 ) PCINT9  ( 9 )
PC4 DA @ ) ADCO  (A/D )
PCINT12 ( 12 ) PCO | pCiNTS 8 )
= RESET/PCINT14 - C 6:PCs
RESET : RSTDISBL (0) 110 ON
RSTDISBL (1)
I/O
PC6 PORTC6, DDC6, PINC6 0
PCINT14: 14 PC6
= SCL/ADC5/ PCINT13 - C b5:PCs
SCL:2 2 2 (TWCR) 2
(TWEN) (1) PC5 ( ) 2
50ns ( )
/ )
ADC5:PC5 A/D 5 A/ D 5
PCINT13: 13 PC5
= SDA/ ADC4/ PCINT12 - C 4:PC4
SDA:2 2 2 (TWCR) 2
(TWEN) 1) PC4 ( ) 2
50ns ( ) (
/ )
ADC4:PC4 A/D 4 A/D 4
PCINT12: 12 PC4
= ADC3/ PCINT11 - 3:PC3
ADC3:PC3 A/D 3 AID 3
PCINT11: 1 PC3
= ADC2/ PCINT10 - 2:PC2
ADC2:PC2 A/D 2 A/ D 2
PCINT10: 10 PC2
= ADC1/ PCINTO - C 1:PC1
ADC1:PC1 A/D 1 A/ D 1
PCINTO 9 PC1
= ADCO/ PCINTS8 - C 0:PCo
ADCO:PCO A/D 0 A/ D 0
PCINTS: 8 PCO
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12-7.  12-8. c 46 12-5,
127 C6 4
PC6/ RESET/ PCINT14 | PC5/ SCL/ ADC5/ PCINT13| PC4/ SDA/ ADCA/ PCINT12

PUOE RSTDISBL TWEN TWEN

PUOV 1 PORTC5 PUD PORTC4 PUD
DDOE RSTDISBL TWEN TWEN

DDOV 0 <L DA

PVOE 0 TWEN TWEN

PVOV 0 0 0

PTOE - - -

DIEOE - D'SBPET;C'NTM ADC5D+PCINT13 PCIE1 | ADCAD+PCINT12 PCIEL
DIEOV RSTDISBL PCINT13 PCIE1 PCINT12 PCIE1

DI PCINT14 PCINT13 PCINT12
AIO ADC5  /SCL ADC4 /DA
2 PC4 PC5
AO 2 (TWI)
128, C3 0
PC3/ ADC3/ PCINT1L PC2/ ADC2/ PCINT10 PC1/ ADC1/ PCINT9 PCO/ ADCO/ PCINTS

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

PTOE : ; - -

DIEOE | ADC3D+PCINT11 PCIEL | ADC2D+PCINTI0 PCIEL | ADCID+PCINTO PCIEL | ADCOD+PCINTS PCIEL
DIEOV PCINT11 PCIEL PCINT10 PCIEL PCINT9 PCIEL PCINTS PCIEL

DI PCINT11 PCINT10 PCINT9 PCINTS
AIO ADC3 ADC2 ADC1 ADCO

AIMEL
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12.3.3. D
D 12-9.
12-9. D
AIN1
For PCINT23 g 23 PD3 I(,)\g;B § / 2 : B) )
AINO ( PCINT19 ( 19 )
PD6 OCOA ( / 0 A )
PCINT22 ( 22 ppz | INTO  ( 0o )
= 1 1 ) PCINT18 ( 18 )
PD5 OcCoB « 0 B ) TXD (USART )
PCINT21 ( 21 PDL | pCINT17 ( 17 )
- BGOR [ [R0 e >
PCINT20 ( 20 PCINT16 ( 16 )
= AINY/ PCINT23 - D 7:PD7
AIN1 OFF
PCINT23: 23 PD7
= AINO/ OCOA/ PCINT22 - D 6:PD6
AINO : OFF
OCOA: |/ 0 A PD6 0 A PD6
(DDD6=1) OCOA PWM
PCINT22: 22 PD6
= T1/ OCOB/ PCINT21 - D 5:PD5
T/ 1
ocoB: / 0 B PD5 0 B PD5
(DDD5=1) OCOB PWM
PCINT21: 21 PD5
= XCK/ TO/ PCINT20 - D 4:PD4
XCK : USART
To: |/ 0
PCINT20: 20 PD4
= INTL/ OC2B/ PCINT19 - D 3:PD3
INT1: 1 PD3
oc2B: |/ 2 B PD3 2 B PD3
(DDD3=1) 0OC2B PWM
PCINT19: 19 PD3
= INTO/ PCINT18 - D 2:PD2
INTO: 0 PD2
PCINT18: 18 PD2
= TXD/ PCINT17 - D 1:PD1
TXD: (USART ) USART D (DDRD) DDD1
PCINT17: 17 PD1
= RXD/ PCINT16 - D  0:PDo
RXD: (USART ) USART DDRD DDDO
USART PORTDO
PCINT16: 16 PDO
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12-10.  12-11. D 46 12-5.
12-10. D7 4
PD7/ AIN1/ PCINT23  [PD6/ AINO/ OCOA/ PCINT22| PD5/ T1/ OCOB/ PCINT21 | PD4/ XCK/ TO/ PCINT20

PUOE 0 0 0 0

PUOV 0 0 0 0

DDOE 0 0 0 0

DDOV 0 0 0 0

PVOE 0 OCOA OCOB UMSEL
PVOV 0 OCOA OCOB XCK

PTOE - - - -

DIEOE PCINT23 PCIE2 PCINT22 PCIE2 PCINT21 PCIE2 PCINT20 PCIE2
DIEOV 0 0 0 0

DI PCINT23 PCINT22 T1/ PCINT21 XCK  /TO/ PCINT20
AlO AIN1 AINO - -
12-11. D3 0
PD3/ INT1/ OC2B/ PCINT19|  PD2/ INTO/ PCINT18 PD1/ TXD/ PCINT17 PDO/ RXD/ PCINT16

PUOE 0 0 TXEN RXEN
PUOV 0 0 0 PORTDO PUD
DDOE 0 0 TXEN RXEN
DDOV 0 0 1 0

PVOE 0oC2B 0 TXEN 0

PVOV oc2B 0 TXD 0

PTOE - - - -

DIEOE [INT1L  +PCINT19 PCIE2[INTO  +PCINT18 PCIE2 PCINT17 PCIE2 PCINT16 PCIE2
DIEOV 1 1 1 1

DI INT1/ PCINT19 INTO/ PCINT18 PCINT17 RXD/ PCINT16
AlO - - - -
53
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124.1/ 0
124.1. MCU

$35 ($55)
Read/ Write

=  4-PUD:

1

124.2. B

$05 ($25)
Read/ Write

1243. B

$04 ($24)
Read/ Write

1244, B

$03 ($23)
Read/ Write

1245. C

$08 ($28)
Read/ Write

124.6. C

$07 ($27)
Read/ Write

124.7. C

$06 ($26)
Read/ Write

ATmegads/ 88/ 168

AIMEL

(MCU Control Register) MCUCR

7 6 5 4 3 2 1 0
L - - [ - 1P [ - | [ (IVSEL) [ (IVCE) ] MCUCR
R R R R'W R R R'W R'W
0 0 0 0 0 0 0 0
(Pull-up Disable)
DDxn PORTxn (DDxn=0, PORTxn=1) 110

a4

(Port B Data Register) PORTB

7 6 5 4 3 2 1 0
|_.PORTB7 | PORTB6 | PORTBS5 | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTBO | PORTB

R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
(Port B Data Direction Register) DDRB
7 6 5 4 3 2 1 0
| DDB7 | DDB6 | DDB5 | DDB4 | DDB3 | DDB2 | DDB1 | DDB0 | DDRB
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
(Port B Input Address) PINB
7 6 5 4 3 2 1 0
| PINB7 | PINB6 | PINB5 | PINB4 | PINB3 | PINB2 | PINB1 | PINBO | PINB
RI'W R'W R'W R'W R'W R'W R'W R'W
(Port C Data Register) PORTC
7 6 5 4 3 2 1 0
| - | PORTC6 | PORTC5 | PORTC4 | PORTC3 | PORTC2 | PORTC1 | PORTCO | PORTC
R R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
(Port C Data Direction Register) DDRC
7 6 5 4 3 2 1 0
| - | DDC6 | DDC5 | DDC4 | DDC3 | DDC2 | DDCi | DDCO | DDRC
R RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
(Port C Input Address) PINC
7 6 5 4 3 2 1 0
| = | PINC6 | PINC5 | PINC4 | PINC3 | PINC2 | PINC1 | PINCO | PINC
R RIW RIW RIW RIW RIW RIW RIW
0
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1248. D (Port D Data Register) PORTD
7 6 5 4 3 2 1 0
$0B ($2B) | PORTD7 [ PORTD6 | PORTDS5 | PORTD4 [ PORTD3 [ PORTD2 | PORTD1 | PORTDO | PORTD
Read/ Write RIW RIW RIW RIW RIW R'W R'W R'W
0 0 0 0 0 0 0 0
12409. D (Port D Data Direction Register) DDRD
7 6 5 4 3 2 1 0
$0A ($2A) | _DDD7 | DDDé | DDD5 | DDD4 | DDD3 | DDD2 | DDD1_| DDDO | DDRD
Read/ Write R'W R'W RIW RIW RIW RIW RIW R'W
0 0 0 0 0 0 0 0
12.4.10. D (Port D Input Address) PIND
7 6 5 4 3 2 1 0
$09 ($29) | PIND7 | PIND6 | PIND5 | PIND4 | PIND3 | PIND2 [ PIND1 | PINDO | PIND
Read/ Write R'W R'W R'W R'W R'W R'W R'W R'W

AIMEL
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13. 8 / 0 (PYWM )
13.1.
"2
. / ( )
. (PWM)
. PVWI
=3 (TOVO0, OCFOA, OCFOB)
13.2.
/ 0 2 PWM 8 / (
)
8 / 13-1. 110
CPU (/0 110 N/ O ( ) /0
64 8 / 0
26 (PRR)  PRTIMO / 0 0
13-1. 8 /
> TOVn ( )
< clkm
TOP ABOTTOM :
<_ 1
A Y VY 1 ( ) i
<y Ttentn | | [ =]1[=21
' l—»OCFnA( )
<:r> -- OCRNA --1] o
l;i? r»OCFnB( )
|~ OCRnB --
TCCRnA TCCRnB
@ 8- bit Data Bus @
>
132.1.
/ (TCNTO) (OCROA OCROB) 8 / 0
(TIFRO) / 0 (TIMSKO) ( ) TIFRO
TIMSKO
/ TO /
( ) /
/ (clkTo)
(OCROA OCROB) / (OCOA OCOB)
PWM 58
(OCFOA OCFOB) o)
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13.2.2.
n 13-1.
/ 0 X
A B BOTTOM / $00
( /0 TCNTO ) MAX / $FF(255)
_ / ($FF)
131 TOP OCROA
(TOP)
13.3. /
/ / B(TCCROB)
(Cs02 0) 87
/ 0 / 1
134.
8 / 13-2.
13- 2.
8- bit Data Bus > Tovn( )
EE _count 5
TCNTn | direction clktn ¢ <—®
« !/ )| clear
) f f A C )
BOTTOM TOP
count TCNTO 1
direction ( )
clear TCNTO ($00 )
( ) clkTn clkto /
TOP TCNTO
BOTTOM TCNTO ($00)
/ (clkT0) ($00) (+1) -1 clkTo
(CS02 0) (CS02 0=000)
/ TCNTO / (clkTo) CPU
CPU ( )
( ) / 0 A(TCCROA) (WGMO1 0) / 0
(TCCROB) (WGMO02) ( ) OCOA/ OCOB
60
/ (TOVO) WGMO02 0 (=1) TOVO CPU
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135.
8 TCNTO (OCROA OCROB) TCNTO OCROA OCROB
/ (OCFOA OCFOB) 1)
(I=1, OCIEOA OCIEOB=1)
) I/O 1
(0) 13- 3.
(WGMO02 0) (COMOX1 0)
8- bit Data Bus
MAX BOTTOM (60 @ 4
)
KE) OCRnx TCNTn
13-3. S
OCROX (PWM) N OCRnx
/ (CTC) S
=8 )
TOP BOTTOM N
OCROX §— > OCknx( )
PWM TOP —>
BOTTOM —>
CPU OCROx WGMn2 0 COMnx1 0
OCROX
( ) nx OCROx OCROx OCROx
OCROX
135.1.
PWM (FOCOX) 1 ( )
(OCFOx) (1) / / OCOx
(COMOx1 0 OCOx (1) (0) 1/0 )
1352. TCNTO
TCNTO CPU / /
/ TCNTO
OCROX
1353.
TCNTO 1/ /
TCNTO TCNTO OCROX
( ) / BOTTOM
TCNTO
OCOx OCOx
(FOCOx) ocox( )
(COMOx1 0) (OCROX) COMOXx1 0

=  ATmegad8/ 88/ 168
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13.6.
(COMOx1 0) 2 (OCOx) COM
Ox1 0 COMOx1 0 OCOx 13-4. COMOx1 0
I/O I/ O I/ O ( COMOx1 0
I/ O (PORT DDR) OCOx
OCOx OCOx OCOx 0
13-4.
|/
COMnx1 l: OCnx
COMNX0 > D Q
FOCnx — | 5
o oG
. PORT 12
@ »>D 0
©
® *—
[a)
go DDR
clkiyo
COMOxL 0 (1) I/ O (OCOx)
OCOx ( ) (DDR) OCOx
(DDR OCOx) OCOx
OCOx COMOXL 0
64 8 / 0
13.6.1.
CTC PWM COMOx1 0 COMOx1 0=00
OCOx PWM
64 13-2.  13-5. PWM 64 13-3.  13-6. PWM 64
13-4.  13-7.
COMOx1 0 PWM
(FOCOx)
59
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13.7.
/ (WGMO02 0) (COMOXL 0)
«( )
COMOXL 0 PWM ( PWM)
PWM COMOXL 0 © () Vo (59
)
63 /0
13.7.1.
(WGMO02 0=000) +)
8 (TOP=$FF) $00(BOTTOM) /
(TOVO) TCNTO $00 / 1) TOVO
(1) (0) 9 TOVO (0) / 0
/
CPU
13.7.2. / (CTC)
/ (CTC)  (WGMO02 0=010) OCROA cTC
(TCNTO)  OCROA $00 OCROA TOP
cTC 13-5. (TCNTO)  TCNTO OCROA
(TCNTO) ($00)
13-5.CTC . COMnx1 0=01
TOP
TCNTn
\A A Y _YVYVYVYVY \/ \/
ocnx( )i [ | [ 1[I T
:ﬂ— 1+ 2—>1A—3->%<—4—>%<—5
OCFOA / TOP
TOP
BOTTOM TOP CTC
OCROA TCNTO ( ) / ( )
($FF) $00
cTC OCOA (COMOAL 0) (=01)
OCOA (DDR OCO0A=1)
OCROA 0($00) focoa=fclk 110/ 2
f
f _ clk I/ O
OCE 25 Nx (1 OCRX)
N (1,8,64,256,1024)

/ (TOVO) MAX  $00 / 1)
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13.7.3. PWM

(PWM)  (WGMO02 0=011 111) PWM PWM
( ) PWM BOTTOM TOP BOTTOM
TOP WGMO2 0=011 $FF WGMO02 0=111  OCROA (COMOx1  0=10)
(OCOx) TCNTO OCROx 0) BOTTOM (@)} (COMOx1 0=11)
(@)} BOTTOM ©) PWM (
) PWM 2 D/ A PWM
( )
PWM / / TOP / ( ) /
($00) PWM 13-6. TCNTO ( )
PWM OCROx TCNTO
() TCNTO OCROX ( ) (OCFOX)
OCROX=TOP ) ( )
13-6. PWM
OCRnx TOVn OCFnx
OCRX ' v y v Y Y Y
Y,
TCNTn A )/ Y
: Co ]y, - I/
Y Y YV YWOYY OV voy
OCnx( : ; ;
(COMNX1 0:1035 | L L | [
OCnx ; 1 1 ‘ ‘ ‘ ‘ ‘
(COMnx1 (0:113 | ; M Lrirt
€ ] P 2 e 3 >a— f > 5 > § > T >
/ (TOVO) TOP (@D}
PWM OCOx PWM COMOx1 0 ‘10 PWM
PWM COMOx1 0 "1 WGMO02 (@) COMOA1 0 'or
OCOA OCoB (64 13-3. 13- 6.
) 0COX (DDR OCOx) PWM
TCNTO OCROX ocox( ) (1)( ) ($00,TOP  BOTTOM )
/ 0COx ©) 1)
PWM
f
f _ clk 1/ 0
OCnxPWM NX (1+TOP) (1+TOP)
N (1,8,64,256,1024)
OCROX PWM PWM OCROXx BOTTOM($00)
TOP+l  / () OCROX TOP (COMOX
10 ) Low High
( :WGMO02 0=111 ) PWM ( 50%
OCOA  (COMOAL 0=01) OCROA  0($00) focox=fclk 110/ 2
PWM CTC OCOA

(COMOAL 0=01)
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13.7.4. PVWM
(PWM)  (WGMO02 0=001 101) PWM
PWM ( ) BOTTOM TOP TOP BOTTOM
TOP WGM02 0=001 $FF WGMO02 0=101 OCROA (COMOx1 0=
10) (OCOx) TCNTO OCROX (0) 1)
(COMOx1 0=11) ( ) ()
( )
PWM TOP TOP
TCNTO 1 / TOP PWM 13-7 TCNTO
( ) PWM
OCROX TCNTO () TCNTO OCROX ( )
13-7. PWM
OCFnx TOVn
OCRnX X oo N N
TCNTn i /\
s NN\
ocnx( - T 7
(COMnx1 0=10 ; | ‘ [ |—-‘
OCnx( 3 : I I I B I_‘_‘
(COMNnx1 0=11 : ; 3 %
< 1 > 2 > 3 >
i o 5 i
OCRnX
/ (TOV0) / BOTTOM 1)
BOTTOM
PWM OCOx PWM COMOx1 O '10' PWM
PWM COMOx1 O ‘11 WGMO02 (1) COMOA1 0
‘o1 OCOA ocoB (64 13-
4, 13-7. ) OCOx (DDR OCOX)
PWM TCNTO OCROx ocox( ) () )
TCNTO OCROx OCOx 0)( @) PWM
PWM
f
f _ clk 1/ O
OCnxPCPWM 2—>< Nx TOP
N (1,8,64,256,1024)
OCROX PWM PWM PWM OCROXx
BOTTOM($00) Low TOP High PWM
13-7. 2 OCnx High Low
BOTTOM 2
u 13-7. OCROx TOP OCROx TOP OCnx
( :L-H H H) BOTTOM ( )TOP( )  OCnx
(H-L)
L] / OCROx OCnx
( TOP ( H JHoL
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138. /
/ / (clkT0)
(1) 13-8. /
PWM MAX
13-8. wy | | |
cdkyo _{— L[ L [— 11
clktn (clkirof 1) :
TCNTO _X MAX- 1 X MAX X BOTTOM X BOTTOM+1
Tovn __ | ‘
13-9.
13-9. (felk v o/ 8) / ‘ ‘ ‘
clkvo JLILMLMLMLMLLLAL UL L L LU UL LU UL L LA LTLL L
clkrn (clkiorg) 1] ] ] ] r
TCNTO _X MAX- 1 X MAX X BOTTOM X BOTTOM+1
| ‘
13-10. CTC OCROA TOP PWM OCFOA OCFOB
13- 10. (felk v o/ 8) / OCFOx | |
clkvo T UL UL L LALLM L L L L LT
clkrn (clkirorg) 1] ] ] ] r
TCNTO _5( OCRnx- 1 X OCRnX X OCRnx+1 X OCRNx+2
OCRnx OCRNX ‘
OCFnx |
13-11. OCROA TOP PWM CTC TCNTO OCFO0A
13-11. (felk 1/ o/ 8) / OCF0A | |
clkyo LML U U L
clkrn (clkir o/ 8) J_| FI FI FI [
TCNTO (CTC) —_X TOP-1 X TOP X Bottom X BOTTOM
OCRnNXx TOP ‘
OCFnx |
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139. 8 / 0
139.1. / 0 A (Timer/ CounterO Control Register A) TCCROA
7 6 5 4 3 2 1 0
$24 ($44) | COMOA1 [ COMOAO | COMOB1 | COMOBO | | - | WGMO1 | WGMO0 | TCCROA
Read/ Write RI'W R'W RI'W RI'W R R RI'W RIW
0 0 0 0 0 0 0 0
u 7,6 - COMOA1,COMOAO : A (Compare Match A Output Mode bit 1 and 0)
OCOA COMOA1L 0 1 1 OCOA
I/ O I/ O OCOA
(DDR) 1)
OCOA COMOAL 0 WGMO02 0
13-2. WGMO02 o CTC ( 13-2. PWM A
PWM-) COMOAL 0 COMOA1[COMOAQ
13-3. WGMO02 0 PWM 0 0 (OCOA )
COMOAL1 0 0 1 OCOA )
2% If/l- OA"l"G(')V'OZ 0 PWM 1 0 OCOA  Low
1 1 OCOA  High
13- 3. PWM A ( ) 13-4, PWM A ( )
COMOA1{COMOAO COMOA1|COMOAO
0 0 (OCOA ) 0 0 (OCOA )
WGMO02=0 : (OCOA ) WGMO02=0 : (OCOA )
0 1 WGMO02=1 : OCOA 0 1 WGMO02=1 : OCOA
C ) C )
1 0 Low BOTTOM High 1 0 Low
OCOA ( ) High OCOA
1 1 High BOTTOM Low 1 1 High
OCOA ( ) Low OCOA
= 54 - COM0B1,COMOBO : B (Compare Match B Output Mode bit 1 and 0)
0OCoB COMOB1 © 1 1 OocCoB
I/ O I/ O ocoB
(DDR) (€
OC0B COMOB1L 0 WGMO02 0
13-5. WGMO2 0 CTC ( 13-5. PWM B
PWM ) COMOBL 0 COMOB1]COMOBO
13-6. WGMO02 0 PWM 0 0 ©OcoB )
C(i';/lofl V\(/)GMO PWM g 2 Oco8 ( )
-7. 2 0
COMOBL 0 1 0 OoCoB L(j.)W
1 1 OCOB  High
13- 6. PWM B ( ) 13-7. PWM B ( )
COMOB1{COMOBOQ COMOB1|COMOBO
0 0 (OCOB ) 0 0 (OcoB )
0 1 0 1
1 0 Low BOTTOM High 1 0 Low
OCO0B ( ) High OCOB
1 1 High BOTTOM Low 1 1 High
OCoB ( ) Low OCOB
: COMOx1 (1) OCROx TOP
BOTTOM TOP @)} ©) 61 PWM
62 PWM ( 13-3,4,6,7. : )

64
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. 32- Res: (Reserved)
0
L 1,0 - WGMO1,WGMOO : (Waveform Generation Mode hit 1 and 0)
/ B(TCCROB) WGMO02 ( ) (TOP)
( 13-8. ) /
( ) / (CTC) 2 (PWM) 60
13-8.
WGMO02 | WGMO1 | WGMOO0 / TOP OCROx TOVO
0 0 0 0 $FF MAX
1 0 0 1 8 PWM $FF TOP BOTTOM
2 0 1 0 / (CTC) OCROA MAX
3 0 1 1 8 PWM $FF BOTTOM MAX
4 1 0 0 ( ) - - -
5 1 0 1 PWM OCROA TOP BOTTOM
6 1 1 0 ( ) - - -
7 1 1 1 PWM OCROA BOTTOM TOP
: MAX=$FF BOTTOM=3$00
139.2. / 0 B (Timer/ CounterO Control Register B) TCCROB
7 6 5 4 3 2 1 0
$25 ($45) | FOCOA | FOCOB | - | - | WGMO02 | CS02 CO1 | CS00 | TCCROB
Read/ Write W W R R RI'W RI'W R'W R'W
0 0 0 0 0 0 0 0
. 7 - FOCOA : OCOA (Force Output Compare A)
FOCOA WGM02 0 PWM
PWM TCCROB 0
FOCOA 1 OCOA COMOAL 0
FOCOA
COMOA1 0
FOCOA TOP OCROA (CTC) / ($00)
FOCOA 0
. 6 - FOCOB : OCO0B (Force Output Compare B)
FOCOB WGMO02 0 PWM
PWM TCCROB 0
FOCOB 1 OCoB COMOB1 0
FOCOB
COMOB1 o0
FOCOB
FOCOB 0
. 54 - Res: (Reserved)
0
= 3- WGMO2 : (Waveform Generation Mode bit 2)
64 / A (TCCROA) WGMO1 0
65
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[ a—
. 2,1,0 - CS02,CS01,CS00 : 0 (Clock Select0, bit 2,1 and 0)
3 / (TCNTO)
13-9.  / 0
CS02 CS01 CS00

0 0 0 ( |/ 0 )
0 0 1 clki o ( )
0 1 0 clkyo/8(8 )
0 1 1 clkiyo/ea 64 )
1 0 0 clkiyo/ 256 (256 )
1 0 1 clkiy o/ 1024 (1024 )
1 1 0 TO ( )
1 1 1 TO ( )
( ) / 0 TO TO

1393. / 0 (Timer/ CounterQ) TCNTO

7 6 5 4 3 2 1 0
$26 ($46) | (MSB) | | | | | | | (LSB) | TCNTO
Read/ Write R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
/ / 8 TCNTO
/ ( ) (TCNTO) TCNTO OCROx
13.94. / 0 A (Timer/ CounterO Output Compare A Register) OCROA
7 6 5 4 3 2 1 0
$27 $47) L(MSB) | | | | | | | (LSB) | OCROA
Read/ Write R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
(TCNTO) 8 OCOA
13.95. / 0 B (Timer/ CounterO Output Compare B Register) OCROB
7 6 5 4 3 2 1 0
$28($48) | (MSB) | | | | | | | (LSB) | OCRoOB
Read/ Write RI'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
(TCNTO) 8 OCOB

«  ATmegads/ 88/ 168



13.96. / 0
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(Timer/ Counter O Interrupt Mask Register) TIMSKO

7 6 5 4 3 2 1 0
($6E) - 1 - [ - 1 - | - 1OCIEOB|OCIEOA | TOIEO | TIMSKO
Read/ Write R R R R R R'W R'W R'W
0 0 0 0 0 0 0 0
. 7 3- Res: (Reserved)
0
L 2 - OCIEOB : / 0 B (Timer/ Counter0Q Output Compare Match B Interrupt Enable)
OCIEOB 1 (SREG) 0) @) / 0 B
/ 0 B / 0 (TIFRO) B
(OCFOB) (1)
L 1- OCIEOQA : / 0 A (Timer/ Counter0 Output Compare Match A Interrupt Enable)
OCIEOA 1 (SREG) 0 (1) / 0o A
/ 0 A / 0 (TIFRO) A
(OCFOA) (1)
L 0- TOIEO : / 0 (Timer/ CounterO Overflow Interrupt Enable)
TOIEO 1 (SREG) 0] (1) / 0
/ 0 / 0 (TIFRO) / 0
(TOVO) @
139.7. / 0 (Timer/ Counter O Interrupt Flag Register) TIFRO
7 6 5 4 3 2 1 0
$153%) |- I - [ - I - | - T OCFOB[OCFOA [ TOVO | TIFRO
Read/ Write R R R R R RI'W RI'W R'W
0 0 0 0 0 0 0 0
= 7 3- Res: (Reserved)
0
L 2- OCFOB : / 0 B (Timer/ Conter0, Output Compare B Match Flag)
OCFOB / (TCNTO) (OCROB) 1)
OCFO0B (0) 1 OCFO0B (0)
(SREG) 0) / 0 (TIMSKO) / 0 B
(OCIEOB) OCFOB (1) / 0 B
= 1- OCFOA: / 0 A (Timer/ Conter0, Output Compare A Match Flag)
OCFO0A / (TCNTO) (OCROA) (1)
OCFOA (0) 1 OCFOA (0)
(SREG) (1 / 0 (TIMSKO) / 0 A
(OCIEOA) OCFO0A (1) / 0 A
L 0- TOVO: / 0 (Timer/ Counter0 Overflow Flag)
TOVO / (TCNTO) (1) TOVO
(0) 1 TOVO (0) (SREG)
0! / 0 (TIMSKO) / 0 (TOIED) OVFO
(1) / 0 PWM / 0 $00
)
WGMO02 0 65 13-8.
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67



AIMEL

14. 16 / 1
14.1.
. 16 ( 16 PWM )
.2
=1 ( )
. / ( )
= (PWM)
. PWM
"4 (TOV1, OCF1A, OCF1B, ICF1)
14.2.
16 / ( )
n / X
(
TCNT1 )
16 / 14-1. IO 2
CPU (/o 1o N/ O (
82 16 /1
26 (PRR)  PRTIM1 / 1 0
14-1.16 /
> TOV
< clktn et rl _( _____________ :)
§TOP ¥BOTTOM :
gl:|<—( ) |
1—» OCFnA ( )
J—> OCFnB ( )
i ( )
— r» ICFn ( )
= IS S . <
TCCRnA TCCRnB TCCRnC
@ 8- bit Data Bus @ @ >
/o1 2 47 12-3. 52 12-9.
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14.2.1.

/ (TCNT1) (OCR1A,0OCR1B) (ICR1) 16 16

70 16 / 1

(TCCRIA, TCCR1B,TCCRIC) 8 CPU / 1

(TIFRY) / 1 (TIMSK1) ( ) TIFRL
TIMSK1

/ T1 /
( ) /
/ (clkt1)
(OCR1A,0OCRI1B) / (OC1A,0C1B)
PWM 74
(OCF1A,0CF1B) (1)
(ICR1) (ICP1) (152 ) (

) / «( ) (

)
TOP / OCRI1A ICR1
PWM TOP OCRIA OCRIA PWM TOP

TOP TOP ICR1 PWM
OCRI1A

14.2.2.

14-1.

BOTTOM $0000

MAX $FFFF(65535)

GlE TOP ) TOP ($00FF,$01FF, $03FF)

OCRIA ICRL
69
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14.3. 16
TCNT1,0CRI1A,OCRIB,ICR1L 8 AVR CPU 16 16 2
16 / 16 1
8 16 / 16
16 16 CPU
16 16 CPU 16
16 OCRIA OCRIB 16
16 16
16 / OCRIA, OCRIB,
ICRL C 16
:[16  ($01FF) ]
LD RL7, $01 - $01FF
LD RL6, $FF - $01FF
aur TONT1H RL7 : ( )
air TONTLL, RL6 ; ( )
; [16 ]
IN RL6, TONT1L : ( )
IN RL7, TONT1H ; ( )
C
unsigned int i;
[* *]
TONTL = OX1FF: /*16  ($01FF) */
i = TONTL /* 16 */
[* *]
14
R17:R16 TCNT1
16 16 2
16 /
16
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TCNT1 OCRI1A,0CR1B,ICR1
RD TQONT1: IN R18, SREG ; 0]
al ;
IN RL6, TONT1L ; TCNT1 ( )
IN RL7, TONT1H ; TCNT1 ( )
aJr SREG R18 ; ()
RET ;
C
unsi gned int TIM6 Read TCONT1(voi d)
{
unsi gned char sreg; [* */
unsigned int i; /* TCNT1 */
sreg = SREG /* () */
__disable interrupt(); /* */
i = TONTL,; /* TCNT1 */
SREG = sreg; /* () */
return i; /* TCNT1 */
}
R17:R16 TCNT1
TCNT1 OCRI1A,0CRI1B,ICR1
VR TONT1: IN RL8, SREG ; 0]
l ;
aJr TONT1H RL7 ; TCNT1 ( )
aJr TONTLL, RL6 ; TCNT1 ( )
aJr SREG R18 ; ()
RET ;
(©
void TIM6 Wite TONT1(unsigned int i)
{
unsi gned char sreg; [* */
unsigned int i; /* TCNT1 */
sreg = SREG /* () */
__disable interrupt(); [* */
TONTL = i ; [* TCNT1 */
SREG = sreg; [* () */

14.3.1.

R17:R16 TCNT1

16

AIMEL
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144, /
/ / B(TCCRIB)
(CSl2 0) 87
/ 0 / 1
145.
16 / 16 14- 2.
14- 2.
8- bit Data Bus
< o 4
TEMP@8 ) > TOVn ( )
it _count : !
TCNTnHE )] TenTnL@ ) ]| direction clkTn | <—®
TCNTN(16 I ) | Clear 5 ( )E
TOP BOTTOM
count TCNT1 1
direction ( )
clear TCNT1 ($0000 )
( ) clktn clkT1 /
TOP TCNT1
BOTTOM TCNT1 ($0000)
TEMP
16 8 (TCNT1H) 8 (TCNTIL) 2 8 1/O
TCNT1H CPU CPU TCNT1HI/O CPU
(TEMP) TCNT1L TCNT1H TCNT1L
TCNT1H 8 1 16
CPU TCNT1
/ (clkT1) ($0000) (+1) (-1) clkT1
(CS12 0) (CS12 0=000)
TCNT1 / (clkT) CPU CPU
( )
( ) / A(TCCRIA) / B(TCCRIB) (WGM13 0)
( ) OC1x
7
/ (TOVY) WGM13 0 =D TOV1l CPU
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14.6.

ICR1

16

146.1.

(ICF1)

146.2.

ATmega48/ 88/ 168

( )
( / )
ICP1
14-3. (
n' /
14- 3.
8- hit Data Bus
< i = >
TEMPB8 )
AN
! s z BN |7
ICRNH(8 ) | ICRIL(B ) TCNTnH(@ )| TCNTnL@E )
WR  ICRn(16 ) TCNTN(16 / )
r T S I
ACIC ICNC ICES
D ACO ¢ ¢
> > |CFn ( )
j

: ACO,ACIC / (ACR)
(ICP1) (ACO) ( )
(TCNT1) 16 (ICR1)
(ICF1) TCNT1 ICR1 (1) (I=1, ICIE1=1)
ICF1 () I/ O
©)
(ICR1) 16 (ICRLL) (ICR1H)
(TEMP) CPU ICRIH I/O
TOP ICRL TOP ICR1
(WGM13 0) ICRL ICRIL
ICRIH I/ O
70 16
(ICP1) / 1
/ (ACSR) (ACIC) (=1)
©)
(ICP1) (ACO) T1 (87 15-1. )
/ TOP ICRL
ICP1
4
4
/ B(TCCRI1B) (ICNC1) (1)
ICR1 4
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14.6.3. ( )
) 2
(ICR1) ICRL
ICRL
TOP ( )
ICR1
(ICF1) (10 1
) ©) ( ICF1 1) )
)ICF1 (0)
14.7.
16 TCNT1 (OCRIx) TCNT1 OCRIx
/ (OCF1x) (1) (1=1,0CIE1x=1)
OCF1x (0) OCF1x
I/ O 1 (0) (WGM13 0)
(COM1x1 0) TOP BOTTOM
(77 )

A / TOP ( ) TOP
14- 4. n / ( 1 1 n=1)
'S (A B) ( )

14- 4.
~ =~ : >
@ 8- bit Data Bus
TEMP@B )
| T
|_<| |7f s Z < L
OCRnxH 8 )| OCRnxL 8 ) TCNTRH@B ) TCNTNL@ )
OCRnx (16 ) TCNTN(16 / )
IOICRan 8 ) OCRnXL 8 )
g OCRnx (16 )
s L
= (16 )
:V—> OCFnx ( )
TOP —>| _
BOTTOM —>L ~(0on)
WGMn3 0 COMnx1 0
74 ATmega48/ 88/ 168
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OCR1x 12 (PWM) /
(CTC) TOP BOTTOM
OCR1x PWM
OCR1x CPU OCR1x
OCRI1x OCRIx( )
« / TCNT1 ICR1 OCRI1x ) OCRI1x (TEMP)
16 OCR1x 16
(OCR1xH)
I/ O CPU (OCR1xL)
8 ( ) ( ) OCRI1x OCRI1x
16 70 16
( ) nx OCRnx OCRnx OCRnx
OCRnx
14.7.1.
PWM (FOC1x) 1 ( )
(OCF1x) (1) / / OC1x
(COM1x1 0 OC1x 1) 0 10 )
14.72. TCNT1
TCNT1 CPU / /
/ TCNT1
OCRI1x
14.7.3.
TCNT1 1 /
TCNT1 TCNT1 OCRIx
( ) TOP PWM TOP TCNT1
( )TOP $FFFF  ( )
BOTTOM TCNT1
OC1x OC1x
(FOC1x) OC1x( )
(COMIx1 0) (OCR1x) COMIx1 0
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14.8.
(COM1x1 0) 2 (OC1x)
COM1x1 0 COM1x1 O OC1x 14-5. COM1x1 O
11O 11O 11O : ) COM1x1 0
1Ko (PORT DDR) OC1x
OC1x OC1x OC1x 0
14-5.
|\
[—
COMnx1 o> OCnx
COMNX0 > D Q
FOCnx —> | i
2 b
" PORT 0 @
@ »>D 0
o
® *~—
la)
o DDR
clkio
COM1x1 0 D) I/O (OC1Lx)
OC1x ( ) (DDR) OCl1x
(DDR OC1x) 0OC1x
14- 2. 14- 3. 14- 4.
OC1x COM1x1 o0
82 16 / 1
COM1Ix1 0
1481.
CTC PWM COM1x1 O COM1x1 0=00
OC1x PWM
82 14- 2. PWM 82 14- 3. PWM / PWM
82 14- 4.
COMIx1 o PWM
(FOC1x)
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14.9.
/ (WGM13 0) (COM1x1 0)
« )
COMIx1 0 PWM ( PWM)
PWM COMIx1 0 (0) (1) 10
81 / 1
14.9.1.
(WGM13 0=0000) @)
16 (MAX=$FFFF) $0000(BOTTOM)
/ (TOV1) TCNT1 $0000 / (1)
TOoV1 (1) (0) 17 TOoV1 (0)
/ 1 /
/ (16 )
/
CPU
14.9.2. / (CTO)
/ (CTC)  (WGM13 0=0100 1100) OCRI1A ICRL
CTC (TCNT1)  OCRIA(WGM13 0=4) ICRL(WGM13 0=12)
$0000 OCRIA ICR1 TOP
CcTC 14- 6. (TCNT1)  OCRIA ICRL
(TCNT1) ($0000)
14-6. CTC : COMnAL 0=01
Ol ICR ORI )
' v
TOP
TCNTn
\ v Y_YVYY v v
OCnA( ) ! | [ LI LI L T
«—— 1— >« 2—><3>«—4—>«—5
TOP OCF1A ICF1 TOP
TOP
BOTTOM TOP CTC
OCRI1A ICR1 TCNT1
( ) ( ) ($FFFF)
$0000 OCRI1A
TOP OCRIA PWM  (WGM13 0=1111)
CTC OC1A (COM1A1 0) (=01)
OC1A (DDR OC1A=1)
OCR1A 0($0000) focia=fclk 110/ 2
focmas fak o
2x Nx (1 OCRnA)
N (1,8,64,256,1024)
/ (TOV1) MAX  $0000 /

@
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149.3. PWM
(PWM)

)

(WGM13
PWM

(COMix1 0=10)

(COM1x1 0=11)

(

(

@)
PWM

TOM

D/ A
(
PWM PWM
(OCRI1A

)
8,9,10

2 ICR1 $0003

)

PWM
(WGM13 0=1110)
( ) /

OCR1A

)
(

14-7. ICRL TOP

TCNT1
(OCF1x)

) TCNT1 OCRIX
@)
(TOV1)
€]
TOP
OCF1A
1)
1)

TOP

OCR1A ICR1

ICF1 TOV1

TOP

oCnx( g l
(COMnxi 0=10) !

TOP TOP

(COMNnx1 0=1

TOP
TCNT1 OCR1x

TOP

ICR1L TOP ICR1

ICR1 TCNT1

MAX  ($FFFF)

OCR1A
OCRI1A
OCR1A

TOP
PWM

ICR1
OCRI1A
OCR1A

PWM

TOP

OC1x PWM
COMix1 0 '11'
(DDR OC1x=1)
(X )
1)

PWM

OC1x(
OC1x

PWM

OCRIx PWM
OCRIx BOTTOM($0000)
OCRIx TOP

)
(OX

PWM

(COMIx1 0

PWM

( 50%

OCRIA 0($0000)

78
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0=0101,0110,0111,1110,1111)

16

$O0OFF, $01FF, $03FF(WGM13 0=0101,0110,0111) ICRL
OCRIA (WGM13 0=1111)
($0000)

14-7.

TOP

AIMEL

PWM

BOTTOM TOP

(OC1x) TCNT1 OCRIX

1) BOTTOM
/

PWM
BOTTOM
©  BOT

2

©)
) PWM

PWM

OCR1A ICR1

(OCR1A ICR1 MAX PWM

)

~ log (TOP 1)

RFPwM
log 2

PWM
PWM

PWM

TCNT1
OCRI1x

)

PWM

OCRnx/ TOP TOVn OCFnA

OCRnx
TCNTn

v YY_ YV VVYVVV_V A/

OCnx(

J i

j~—1—>}<—2—>§<—3—»j<—4—»153614—7—»j<—8—~j

OCRIx 0

( )

OCR1A
ICR1

ICR1

(
$0000

OCRIA

)TOP

e}
TCNT1 TOP
($0000) TOV1 @)

OCRIA I/ O
OCRIA( /

TCNT1

)
/

ICR1
(TOP

OC1A
PWM
OCR1A

COM1Ix1 o
82

10

14-3.
PWM

BOTTOM

PWM
OC1x
TCNT1 OCRIX

(%0000 TOP /

)

fak o
Nx (1 TOP)

)
High

(1,8,64,256,1024) focnxPwmv=

TOP+1 (

/
Low

OCIA  (COMI1Al 0=01)

focia=fclk 110/ 2

CTC OC1A (COM1A1 0=01)




14.9.4. PWM
(PWM)  (WGM13 0=0001,0010,0011,1010,1011) PWM
PWM ( ) PWM BOTTOM($0000)
TOP TOP BOTTOM (COM1x1 0=10) (OC1x)
TCNT1 OCRIx 0) (1) (COM1x1 0
=11) ( ) ( (
)PWM
PWM PWM 8,9,10 OCRIA ICR1
2 (OCRIA ICRL $0003 ) 16 (OCRIA ICRL MAX ) PWM
log (TOP 1) PWM $00FF, $01FF, $03FF(WGM13 0=0001,0010,
RpcpwM= ————  0011) ICRL (WGM13 0=1010) OCRIA (WGM13 0=1011)
log 2 TOP TCNTL 1/
TOP PWM 14-8. OCRIA ICRL TOP
PWM TCNT1 ( )
PWM OCRIx TCNT1 () TCNT1
OCR1x ( : ) (OCF1x) (@)}
14-8. PWM
OCRnx/ TOP OCFnA ICFn TOVn
(TOP (BOTTOM )
: i 5 v v
TOP Y 4 ‘ N
OCRnx —-:—' . ‘ 1
TONTD 2 N NS\
vy YY YV wvy Ly v
OCnx | :
(oM. 0=10f L L ‘ ‘
OCnx( -
(COMnNx1 0:11; |_| ! 1
1 — >« 2—>e—3—>e——4—>
/ (TOV1) BOTTOM Q) OCRIA ICRL TOP
OCF1A ICF1 OCRIXx (TOP )
/ 1) TOP BOTTOM
TOP TOP TOP
TCNT1 OCRIx TOP OCRIx
0 ) 14-8. 3 /
PWM TOP
OCRIx OCRIx TOP PWM TOP
TOP TOP 2 (TOP)
2
/ TOP PWM / PWM
TOP 2
PWM OC1x PWM COMIx1 0 '10' PWM
PWM COMix1 0 '11' (82 14- 4. ) OC1x
(DDR OC1x=1) PWM
TCNT1 OCRIx ocix( ) ()( ) TCNT1 OCRIx
OC1x (0)( )
PWM PWM N felk 110
f _ 9!
(1,8,64,256,1024) OCHPCPWM= 5 "Nx TOP
OCRIx PWM PWM PWM OCRIx
BOTTOM Low TOP High PWM
TOP OCRIA (WGM13 0=1011) COM1A1 0=01 OCIA
50%

ATmegad48/ 88/ 168
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14.95. / PWM
/ (PWM)  (WGM13 0=1000,1001) PWM
/ PWM ( ) PWM BOTTOM($0000)
TOP TOP BOTTOM (COM1x1 0=10) (OC1x)
TCNT1 OCRIx (0) 1) (COMix1 0
=11) ( ) « ) (
)PWM
/ PWM OCRIXx OCRIXx (  :TOP BOTOM)
( 148 149 )
/ PWM PWM OCRI1A ICR1 2 (OCRIA
ICRL $0003 ) 16  (OCR1A ICRL MAX ) PWM
log (TOP 1) / PWM / / ICR1L (WGM13 0=1000) OCRI1A
Rercpwm= ~ gz (WGMI3 0=1001) TOP
TCNT1 1/ TOP /
PWM 14-9. OCRIA ICR1 TOP /
PWM TCNT1 ( )
PWM OCRIx TCNT1 () TCNT1 OCRIx (
: ) (OCF1x) (1)
14-9. |/ PWM
OCFnA ICFn OCRnx/ TOP TOVn
(TOP ) (BOTTOM )

TCNTN ; :
Y \ 4 Y \ 4 Y A\
OCnx( : : : : :
(COMnX1_ 0:103 | : ;U; :
OC( | A R B ‘
(COMNx1 0=113 : : : : I——I
L 2 e3P 4>
/ (TOV1) OCRIx (BOTTOM ) /
) OCRIA ICRL TOP OCF1A ICF1
/ TOP Q) TOP BOTTOM
TOP TOP TOP
TCNTL  OCRIX
14-9. PWM OCRIx BOTTOM
TOP ICRL TOP ICRL OC1A
PWM OCRI1A PWM (TOP )
OCRIA TOP  OCRIA
/ PWM OC1x PWM COMIxL 0  '10'
PWM PWM COMIxL 0 '11' (82 14- 4. )
OC1x (DDR OC1x=1) PWM
TCNT1 OCRIx ocix( ) ax 0)) TCNT1 OCRIx
OC1x (O)( 1)
/ PWM PWM fOCXPECPWM= felk 110
N (1,8,64,256,1024) MXPFCPWM= 5 Nx TOP
OCRIx / PWM PWM PWM
OCRI1x BOTTOM Low TOP High PWM
TOP OCRIA (WGM13 0=1001) COMIAL 0=01 OC1A
50%
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14.10. /
/ / (clkT1)
1) OCRIx OCRIx ( ) 14-
10. OCF1x
14-10. V1) / OCF1x

clkiyo | | | | | | | |

clkrn (clki of 1)

TeNTL — X ocRwa X OCR™x X ockRwil X OCRw2
OCRX __ ; OCRx
OCFnx [
14-11.
14-11. (fclk 170/ 8) / OCF1x
clkiro ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
clkrn (clkio/g) 1 [] [] [] [
TCNTL — X__ocrwi X OCR™X X ocrRwel X OCRw2
OCRNx OCRnx
OCFnx [
14-12. TOP / PWM OCRI1x
BOTTOM TOP BOTTOM TOP-1 BOTTOM+1
BOTTOM TOV1 (1)
14-12. 1/ 1) / TOP
clkiio | | | | | | | |
clktn clkyo/1) | | |
TCNTL (CTC,FPWM) X TOP-1 X TOP X Bottom X BOTTOMA
TCNT1 (PCPWM,PFCPWM) X TOP-1 X TOP X TOP-1 X TOP-2
TOVn(FPWM) 3 I ‘
ICFn(TOP ) — : ‘ ‘
OCRnX(TOP ) ! OCRnx X OCRnx
14-13.
14-13. (felk 1/ o/ 8) / TOP
clkiro ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
clkrn (clkis of 8) J_l r' |—| |—| I
TCNT1 (CTC,FPWM) X TOP 1 X ToP X BoTtoM X BOTTOM+L
TCNT1 (PCPWM,PFCPWM) X TOP-1 X TOP X TOP-1 X TOP-2
TOVn(FPWM) 3 I ;
ICFn(TOP ) — : ‘ ‘
OCRnx(TOP ) ! OCRnX X OCRnx

AIMEL o1
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14.11. 16 / 1
14.11.1. / 1 A (Timer/ Counterl Control Register A) TCCR1A
7 6 5 4 3 2 1 0
($80) | COM1A1 [ COM1A0| COM1B1|COM1Bo| - I | WGM11 | WGM10 | TCCR1A
Read/ Write RI'W R'W RI'W RI'W R R RI'W RIW
0 0 0 0 0 0 0 0
L 7,6 - COM1A1,COM1AQ : 1A (Compare Output ModelA bit 1 and 0)
L 54 - COM1B1,COM1BO : 1B (Compare Output ModelB bit 1 and 0)
COM1A1 0 COM1B1 O OCl1A 0OCi1B COM1A1L 0 1 1
OC1A JX@) JX@) COM1B1 0 1 1
OC1B 11O JX@)
OCI1A OC1B (DDR) (1)
OC1A OC1B COM1Ix1 o WGM13 0 14-2. WGM13 0
CTC ( PWM) COMIx1 0
14-2. PWM ( :x A B)
COM1x1 | COM1x0
0 0 (OC1x )
0 1 OC1x C )
1 0 OC1x Low
1 1 OCl1x  High
14-3. WGM13 0 PWM COMIx1 0
14- 3. PWM ( :x A B,X 0 1)
COM1x1 | COM1x0
0 0 (OC1x )
. 1 WGM13 0=111X : OC1A ( ) OC1B (OCi1B )
WGM13 0 : (OC1x )
1 0 Low BOTTOM High OC1x ( )
1 1 High BOTTOM Low OCI1x ( )
: COM1x1 (1) OCR1x TOP
BOTTOM (@) (0) 78 PWM
14-4. WGM13 0 / PWM COMIx1 0
14- 4. / PWM ( :x A B,X 0 1)
COM1x1 | COM1x0
0 0 (OC1x )
0 q WGM13 0=10X1 OC1A ( ) OC1B (ociB )
WGM13 0 : (OC1x )
1 0 Low High OC1x
1 1 High Low OCi1x
: COM1x1 @ OCR1x TOP 79
PWM
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" 1,0 - WGM11,WGM10 : (Waveform Generation Mode bit 1 and 0)
/ B(TCCRI1B) WGM13 2 ( )
(TOP) ( 14-5. ) /
( ) / (CTC) 3 (PWM) 77
14-5.
WoMI3 | () | i) | PO / Top | O IOV
0 0 0 0 0 $FFFF MAX
1 0 0 0 1 8 PWM $00FF TOP |BOTTOM
2 0 0 1 0 9 PWM $01FF TOP |BOTTOM
3 0 0 1 1 10 PWM $O3FF TOP |BOTTOM
4 0 1 0 0 / (CTC) OCRI1A MAX
5 0 1 0 1 8 PWM $00FF [BOTTOM| TOP
6 0 1 1 0 9 PWM $01FF [BOTTOM| TOP
7 0 1 1 1 10 PWM $03FF [BOTTOM| TOP
8 1 0 0 0 / PWM ICRL |BOTTOM|BOTTOM
9 1 0 0 1 / PWM OCR1A |BOTTOM |BOTTOM
10 1 0 1 0 PWM ICRL TOP |BOTTOM
11 1 0 1 1 PWM OCRI1A TOP |BOTTOM
12 1 1 0 0 / (CTC) ICR1 MAX
13 1 1 0 1 ( ) - - -
14 1 1 1 0 PWM ICRL |BOTTOM| TOP
15 1 1 1 1 PWM OCRIA |BOTTOM| TOP
:CTC1 PWM11 O WGM12 0
/
14.11.2. / 1 B (Timer/ Counterl Control Register B) TCCR1B
7 6 5 4 3 2 1 0
($82) | ICNC1 | ICESL | - | WGM13 | WGM12 | CS12 | CSl1 | CSlo | TCCR1B
Read/ Write RIW RI'W R RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
L 7 - ICNC1: ( ) 1 (Input Capturel Noise Canceler)
1) «C )
(ICP1) 4 ICP1
4 ( )
= 6- ICESL: ( ) (Input Capturel Edge Select)
(ICP1) ICESL 0
() ICESL 1 ()
ICESL (ICR1)
(ICFY) D
ICR1 TOP (TCCR1A TCCRI1B WGM13 0 ) ICP1
L 5- Res: (Reserved)
TCCR1B 0
= 43 - WGM13WGM12 : (Waveform Generation Maode bit 3 and 2)

TCCRIA WGM11 0

AIMEL
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| IS
. 2,10- CS12,CS11,CS10 : 1 (Clock Selectl, bit 2,1 and 0)
3 / (TCNT2) 14-10. 14-11.
14- 6. / 1
CS12 CS11 CS10
0 0 0 ( |/ 1 )
0 0 1 clkiro ( )
0 1 0 clkyo/8s@ )
0 1 1 clkiyo/e4 64 )
1 0 0 clkiyo/ 256 (256 )
1 0 1 clkiyo/ 1024 (1024 )
1 1 0 T1 ( )
1 1 1 T1 ( )
/ 1 ( ) T1 T1
14.11.3. / 1 C (Timer/ Counter1 Control Register C) TCCR1C
7 6 5 4 3 2 1 0
($82) |_LFOCI1A | FOC1B | - | - | - | - | - | - | TCCR1C
Read/ Write w w R R R R R R
0 0 0 0 0 0 0 0
L 7 - FOC1A : OC1A (Force Output Compare 1A)
= 6 - FOC1B : OC1B (Force Output Compare 1B)
FOC1A/FOC1B WGM13 0 PWM FOC1A/FOC1B 1
OC1x COMIx1 0 FOC1A/FOC1B
COMIx1 0
FOC1A/ FOC1B TOP OCRIA (CTC)
($0000)
FOC1A/FOC1B 0
14.114. / 1 (Timer/ Counterl) TCNT1H,TCNTLL (TCNT1)
15 14 13 12 11 10 9 8
($85) L (\sB) | | | | | | | | TCNT1H
Read/ Write RI'W R'W R'W R'W R'W R'W RIW R'W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($84) | | | | | | | | (LSB) | TCNTIL
Read/ Write RIW R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
2 / I/ O (TCNT1H TCNTI1L TCNT1) / 16
CPU
8 (TEMP) 16
70 16
(TCNTY) OCR1x 1 TCNT1
TCNT1 / ( )
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14.115. / 1 A (Timer/ Counter1 Output Compare Register A) OCR1AH,OCR1AL (OCR1A)
15 14 13 12 11 10 9 8
($89) [ (MsB) | | | | | | | | OCR1AH
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($88) | | | | | | | | (LSB) | OCRIAL
Read/ Write RIW RIW R'W R'W R'W RIW RIW RIW
0 0 0 0 0 0 0 0
14.116. / 1 B (Timer/ Counter1 Output Compare Register B) OCR1BH,OCR1BL (OCR1B)
15 14 13 12 11 10 9 8
($8B) [ (MSB) | | | | | | | | ocRr1BH
Read/ Write R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($8A) | | | | | | | | (LSB) | OCRiBL
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
(TCNT1) 16 OC1x
16 CPU
8 (TEMP) 16
70 16
14.11.7. / 1 ( ) (Timer/ Counterl Input Capture Register) ICR1H,ICR1L (ICR1)
15 14 13 12 11 10 9 8
($87) [ (MsB) | | | | | | | | ICRIH
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($86) | | | | | | | | (LsB) |ICRIL
Read/ Write RIW RIW R'W R'W R'W RIW RIW RIW
0 0 0 0 0 0 0 0
ICP1 ( / 1 ) (TCNTY)
/ TOP
16 CPU
8 (TEMP) 16
70 16
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14.11.8. / 1 (Timer/ Counterl Interrupt Mask Register) TIMSK1
7 6 5 4 3 2 1 0
($6F) [ - T - Ticer [ - T - TJOCIEIB]OCIEIA] TOIEL | TIMSK1
Read/ Write R R RI'W R R RI'W RI'W R'W
0 0 0 0 0 0 0 0
= 5- ICIEL: / 1 ( ) (Timer/ Counterl Input Capture Interrupt Enable)
1 (SREG) Q) 1 / 1
/ 1 (TIFRL) (ICF1) (1)
(33 )
L 2- OCIELB : / 1 B (Timer/ Counterl Output Compare B Match Interrupt Enable)
1 (SREG) ) (1) / 1 B
/ 1 (TIFR1) 1B (OCF1B) (1)
(33 )
L 1- OCIE1A: / 1 A (Timer/ Counter1 Output Compare A Match Interrupt Enable)
1 (SREG) () @) / 1 A
/ 1 (TIFRL) 1A (OCF1A) (1)
(33 )
L 0- TOIEL : / 1 (Timer/ Counterl Overflow Interrupt Enable)
1 (SREG) 0) (1) / 1
/ 1 (TIFRL) / 1 (TOV]) @)
(33 )
14.11.9. / 1 (Timer/ Counterl Interrupt Flag Register) TIFR1
7 6 5 4 3 2 1 0
$6(%36) |_- | - [ IcFr1 | - | - | OCFIB | OCFIA | TOV1 | TIFRL
Read/ Write R R R'W R R R'W RIW RIW
0 0 0 0 0 0 0 0
L 5-ICFL: / 1 ( ) (Timer/ Conterl, Input Capture Flag)
ICP1 (1) (ICR1) WGM13 0 TOP ICF1
TOP @
ICF1 (0) 1 ICF1
©)
L 2- OCF1B : / 1 B (Timer/ Conterl, Output Compare B Match Flag)
(TCNT1) B (OCRIB) () / (1)
(FOC1B) OCF1B (@)
B OCF1B (0) 1
OCF1B (0)
= 1- OCFl1A: / 1 A (Timer/ Conter1, Output Compare A Match Flag)
(TCNT1) A (OCRI1A) () / (1)
(FOC1A) OCF1A 1)
A OCF1A (0) 1
OCF1A (0)
L 0- TOVL1: / 1 (Timer/ Counterl Overflow Flag)
(1) WGM13 0 CTC TOoVi / (1)
WGM13 0 TOV1 83 14-5.
/ 1 TOV1 (0) 1
TOV1 (0)
() 7,6,4,3 0
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15. / 0 / 1
56 / oPWM ) 68 / 1(PWM ) /
/ 0 / 1
15.0.1.
/ (CSn2 0=001 ) (felk 1V 0) /
4 1
felk 1/ o/ 8, felk 11 of 64, felk 11 of 256, felk 17 of 1024
15.0.2.
( / ) / 0 / 1
/
/ (CS2 05 2)
/ N (8, 64,
256, 1024) 1 N+1
/
/
/
15.0.3.
TO/T1 / (feik_To/ folk T2) TO/T1
¢ )
15-1. TO/T1 (felk 17 0)
High (Low )
(Csn2 0=111) (Csn2 0=110) 1 clkroclkr1
15-1. TO/ T1

TO/T1 1
509450% (fextclk<felk 11 of 2)

) (
felk 11 ol 2.5

87
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15-2. / 0 / 1

clkiio P 10
[ee] Q| <
PSRSYNC i 2 % g g
< 3 9s
O =| X| =
O| 5| X
°lT
T0o— 1 | ’
'_'_'_'_'_'_'_'_'_'_'_'_'_'_'.'_'_'_'_': 0 0
T1— / ; [
Y YYVYVYVYYVYY Y YYVYVYVYYVYY
CSsl1o / 1 C300 / 0
Csl1 —» C01
CSl2 —> C2 —>
clkr1 clkto
/ 1 / 0
(TO/ T2) / 15- 1.
15.1. /
15.1.1. / (General Timer/ Counter Control Register) GTCCR
7 6 5 4 3 2 1 0
$3%439) L[ 1sm | - | - [ - | - | - |PSRASY [PSRSYNC| GTCCR
Read/ Write RIW R R R R R RIW RIW
0 0 0 0 0 0 0 0
L 7- TSM: / (Timer/ Counter Synchronization Mode)
TSM 1 / ( ) PSRASY PSRSYNC
/ 1
TSM 0 PSRASY PSRSYNC (0)
/
. 0- PSRSYNC : / (Prescaler Reset Timer/ Counter 1,0)
1 / 0 / 1 TSM (1)
0) / 0 / 1
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16. 8 / 2 (PWMV, )
16.1.
.2
" / ( )
. (PWM)
u
= 10
. (TOV2, OCF2A, OCF2B)
= /o ) 32kHz
16.2.
/22 PWM 8 / 8 /
16-1. I/ 0 2 CPU (/0
/0 o ( ) /0 9 8 /
2
26 (PRR)  PRTIM2 /2 0
16-1.8 /
> TOVn ( )
_ clkTn
TOP ] BOTTOM /
: - =
A\ Y VY 4_.
] ToNTn =15 Cliaro
' — r»oanA( )
-- OCRnA -~ [ 73
(2 e ]
|—>OCFnB( )
g | X _»
-- OCRnB --
=
TCCRnA TCCRnB
@ 8- bit Data Bus @
£ ¢ ¢ ><— clki o
ASR |Y
> <— clk
e ASY
162.1.
I (TCNT2) (OCR2A OCRZ2B) 8 /2
(TIFR2) / 2 (TIMSK2) ( ) TIFR2
TIMSK2
/ TOSCU/ 2
(ASSR) / ( )
/ /
(clkT2)
(OCRA OCRZ2B) / (OC2A 0C2B)
PWM 91

AIMEL

(OCF2A OCF2B) 1)
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16.2.2.
n 16-1.
/ 2 X
A B BOTTOM / $00
( " TCNT2 ) MAX / $FF(255)
. / ($FF)
16-1. TOP OCR2A
(TOP)
16.3. /
/ (clkt2) mMcu (clkis o)
(ASR) (AS2) 1 TOSC1 TOSC2 /
103 (ASSR)
98 / 2
16.4.
8 / 16- 2.
16- 2.
8- bit Data Bus » TOVn (
if __count
TCNTn | _direction clkTn J /
BOTTOM TOP clkio
count TCNT2 1
direction ( )
clear TCNT2 ($00
( ) clktn clkT2 /
TOP TCNT2
BOTTOM TCNT2 ($00)
/ (clkT2) ($00) (+1) -1 clkT2
(CS22 0) (CS22  0=000)
/ TCNT2 / (clkT2) CPU
CPU ( )
( ) / 2 A(TCCR2A) (WGM21 0) / 2
(TCCR2B) (WGM22) ( ) OC2A/ OC2B
93
/ (TOV2) WGM22 0 (=1) TOV2 CPU
90
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16.5.
8 TCNT2 (OCR2A OCR2B) TCNT2 OCR2A OCR2B
/ (OCF2A OCF2B) 1)
(I=1, OCIE2A OCIE2B=1)
(0) I/ O 1
(0) 16- 3.
(WGM22 0) (COM2x1 0)
8- bit Data Bus
MAX BOTTOM (93 @ 4
)
KE) OCRnx TCNTn
16-3. S
OCR2x (PWM) N OCRnx
/ (CTC) S
=8 )
TOP BOTTOM N
OCR2x [ OCFnx ( )
PWM TOP —>]
BOTTOM —>
CPU OCR2x WGMn2 0 COMnx1 0
OCR2x
( ) nx OCR2x OCROx OCR2x
OCR2x
16.5.1.
PWM (FOC2x) 1 ( )
(OCF2x) (1) / / 0C2x
(COM2x1 0 0C2x (1) (0) 1/0 )
16.52. TCNT2
TCNT2 CPU / /
/ TCNT2
OCR2x
165.3.
TCNT2 1/ /
TCNT2 TCNT2 OCR2x
( ) / BOTTOM
TCNT2
0C2x 0C2x
(FOC2x) oc2x( )
(COM2x1 0) (OCR2X) COM2x1 0

ATmega48/ 88/ 168
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16.6.
(COM2x1 0) 2 (0C2x) COM
2x1 0 COM2x1 0 0C2x 16-4. COM2x1 0
e 110 110 ( ) COM2x1 0
I/ O (PORT DDR) 0C2x
0C2x oC2x
16-4.
|\
[ —
COMnx1 ——o> OCnx
COMNX0 > D Q
FOCnx — | 5
o oG
. PORT 12
@ »>D 0
©
® *—
[a)
go DDR
clkiyo
COM2x1 0 (1) 110 (OC2x)
0C2x ( ) (DDR) 0oC2x
(DDROC2x) OC2x
0C2x COM2x1 0
9 8 / 2
16.6.1.
CTC PWM COM2x1 0 COM2x1 0=00
0C2x PWM
99 16-2. 16-5. PWM 99 16-3.  16-6. PWM 99
16-4. 16-7.
COM2x1 0 PWM
(FOC2x)
92 ATmega48/ 88/ 168




ATmegad48/ 88/ 168

16.7.
/ (WGM22 0) (COM2x1 0)
«( )
COM2x1 0 PWM ( PWM)
PWM COM2x1 0 © () Vo (92
)
% /2
16.7.1.
(WGM22  0=000) +)
8 (TOP=$FF) $00(BOTTOM)
(TOV2) TCNT2 $00 / ) TOV2
(1) 0) 9 TOV2 (0) 2
/
CPU
16.7.2. / (CTC)
/ (CTC)  (WGM22 0=010) OCR2A cTC
(TCNT2)  OCR2A $00 OCR2A TOP
cTC 16-5. (TCNT2)  TCNT2 OCR2A
(TCNT2) ($00)
16-5. CTC : COMnx1 0=01
TOP
TCNTn
\A A Y _YVYVYVYVY \/ \/
ocnx( ) [ 1 | —
:ﬂ— 1 —>H— 2 —>H—3-H<— 4 —>H— 5
OCF2A / TOP
TOP
BOTTOM TOP cTC
OCR2A TCNT2 ( ) / ( )
($FF) $00
cTC 0C2A (COM2A1 0) (=01)
OC2A (DDR OC2A=1)
OCR2A  0($00) focoa=fclk 110/ 2
f
f _ clk I/ O
OCE 25 Nx (1 OCRX)
N (1,8,32,64,128,256,1024)

@

/ (TOV2)

MAX

$00

AIMEL
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16.7.3. PVWM
(PWM)  (WGM22 0=011 111) PWM PWM
( ) PWM BOTTOM TOP BOTTOM
TOP WGM22 0=011 $FF WGM22 0=111 OCR2A (COM2x1 0=10)
(OC2x) TCNT2 OCR2x 0) BOTTOM (@)} (COM2x1 0=11)
(@)} BOTTOM ©) PWM (
) PWM 2 D/ A PWM
( )
PWM / / TOP / ( ) /
($00) PWM 16-6. TCNT2 ( )
PWM OCR2x TCNT2
() TCNT2 OCR2x ( ) (OCF2x)
OCR2x=TOP 1) ( )
16- 6. PWM
OCRnx TOVn OCFnx
OCRnNX I VIV v VIV VIV ‘IV ; ;
TCNTn A )/ Y
- Co ! ! l/
Y Y YV YWOYY OV voy
OCnx( ‘ ! :
(COMNX1 0:1035 | L L | [
OCnx ; 1 1 ‘ |—|‘ | ‘ ‘ ‘
(COMnNx1 (0:113 : : : |_| ‘ I—I I—I |—
€ ] P 2 e 3 e ] > 5 > > T >
/ (TOV2) TOP Q)
PWM OC2x PWM COM2x1 0 ‘10 PWM
PWM COM2x1 0 "1 WGM22 (@) COM2A1 0 'or
OC2A OC2B (99 16- 3. 16- 6.
) ( .2 ) 0OC2x (DDR OC2x)
PWM TCNT2 OCR2x ocx( ) (1) 0) ($00 TOP
BOTTOM ) / 0C2x ©) 1)
PWM
f
f _ clk 1/0
OCnxPWM NX (1:TOP) (1+TOP)
N (1,8,32,64,128,256,1024)
OCR2x PWM PWM OCR2x BOTTOM($00)
TOP+L  / () OCR2x TOP (COM2x
10 ) Low High
( :WGM22 o0=111 ) PWM ( 50%
OC2A (COM2A1 0=01) OCR2A  0($00) focox=fclk 110/ 2
PWM CTC OC2A

(COM2A1 0=01)
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16.7.4. PVWM
(PWM)  (WGM22 0=001 101) PWM
PWM ( ) BOTTOM TOP TOP BOTTOM
TOP WGM22 0=001 $FF WGM22 0=101 OCR2A (COM2x1 0=
10) (OC2x) TCNT2 OCR2x (0) @)
(COM2x1 0=11) ( ) ()
( )
PWM TOP TOP
TCNT2 1 / TOP PWM 16-7. TCNT2
( ) PWM
OCR2x TCNT2 () TCNT2 OCR2x ( )
16-7. PWM
OCFnx ' TOVn
OCRnX X oo N N
TCNTn i /\
s NN\
ocnx( - T 7
(COMnx1 0=10 ; | ‘ [ |—-‘
OCnx( 3 : I I I B I_‘_‘
(COMNnx1 0=11 : ‘ 3 %
< 1 > < 2 > < 8 >
i o 5 i
OCRnX
/ (TOV2) / BOTTOM 1)
BOTTOM
PWM OC2x PWM COM2x1 0 '10' PWM
PWM COM2x1 0 ‘11 WGMO02 (1) COMOA1 0
‘o1 OCOA ocoB (99 16-
4. 16-7. (2 ) 0C2x (DDR OC2x)
PWM TCNT2 OCR2x ocx( ) 1)
( 0)) TCNT2 OCR2x 0OC2x )( 1)
PWM PWM
f
f _ clk 1/ O
OCnxPCPWM 2—>< Nx TOP
N (1,8,32,64,128,256,1024)
OCR2x PWM PWM PWM OCR2x
BOTTOM($00) Low TOP High PWM
16-7. 2 OCnx High Low
BOTTOM 2
u 16-7. OCR2x TOP OCR2x TOP OCnx
( :L-H H H) BOTTOM ( )TOP( )  OCnx
(H-L)
L] / OCR2x OCnx
( : TOP ( H JH-L )
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16.8. /
/ / (clkT2)
clkiyo / (TOSC) 1
16- 8. / PWM
MAX
16-8. wy | | |
dko _ 1 1.1 1
clkn (clkirof 1) :
TCNT2 _X MAX- 1 X MAX X BOTTOM X BOTTOM+1
TOVn | ‘
16-9.
16-9. (felk v 0/ 8) / | | |
cremnnnnnnnnnhiiiipiyiyiyigiyiyiyyiyiiiiii
clkrn (clki o/ 8) J_| |_| |_| |_| [
TCNT2 _5( MAX- 1 X MAX X BOTTOM X BOTTOM+1
TOVn | ‘
16-10. CTC OCF2A
16- 10. (felk v 0/ 8) / OCF2A | |
cremnnnnnnnnyhiiiipiiyipigiyiyiyyiiiiiii
clkrn (clki o/ 8) J_| |_| |_| |_| [
TCNT2 _5( OCRnx-1 X OCRNx X OCRnx+1 X OCRNx+2
OCRnx OCRNX ‘
OCFnX I
16-11. CTC TCNT2 OCF2A
16-11. (felk v o/ 8) / OCF2A | |
cremnnnnnnnnnhiiiiipiyiyipigiyiyiyyiyiiiini
clkrn (clkio/g) ] 1 1 1 [
TCNT2 (€TC) —_ X TOP-1 X TOP X _BoTToM ___X__BOTTOM+1
OCRnx TOP ‘
OCFnx |
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16.9. / 2
/ 2
c 2 / / 2(TCNT2) / 2 (OCR2X) /
2 (TCCR2x)
/ 2 (TIMK2) OCIE2x TOIE2 0) / 2
(ASR) (AR)
TCNT2,0CR2x, TCCR2X
TCN2UB, OCR2xUB, TCR2XUB =0 )
/ 2 (TIFR2) OCF2x TOV2 ()
= CPU 4
= TCNT2,0CR2x, TCCR2X 1 TOC1 2 ( )
3
TCNT2 OCR2x
(ASR)
= TCNT2,0CR2x, TCCR2x A/D
/ 2 MCU
/ 2
TCNT2 OCR2x
OCR2xUB 0 MCU MCU
. AID / 2 (
) 1TOSC1
1TOSC1
AID 1TOSC1
TCNT2,0CR2x, TCCR2X
(ASR) 0
A/ D
. / 2 32.768kHz
1
/ 2 1
TOSC
/ 2
. / 2 A/D
/ / 1
MCU 4 S EEP
. TCNT2 TCNT2 TOSC
TCNT2 110 TOSC
I/ O (clkis 0) (¢ ) TCNT2
TOSC ( ) TOC
TCNT2
OCR2x TCCR2x
(ASR) (0)
TCNT2
n 3 +1
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16.10. / 2

/ 2 clkTt2s clkT2s
I/ O (clkiy o) / 2 (ASSR)
(AR) (@) / 2 TOSC1
(RTC) /
2 AS2 (1) TOSC1 TOSC2
/ 2 TOSC1 TOSC2
32.768kHz
TOSC1 ASSR
(EXTCLK) (1) (
)
/ 2 clkt2g 8, clkT2g 32,
clktog 64, clkT2g 128, clkT2g 256, clkT29 1024 o )
clkr2s
/ (GTCCR) /
(PSRASY) (1)
98 ATmega48/ 88/ 168

N

16- 12. /

clkl/o—>\I

TOSC1 —> f
A2

PSRASY

CsS20 —>
Cx21
C&2

>R10
Q 29388l
= ™ —| | o
~ N D™ —
= —l N N DD
O X | | & & ™
S|1EB|1LL £
0 S5l
ﬂ 4O
Y V VY ¥V V VY
;2 /
clkt2
/ 2
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16.11. 8 / 2
16.11.1. / 2 A (Timer/ Counter2 Control Register A) TCCR2A
7 6 5 4 3 2 1 0
($B0) | COM2A1 [ COM2A0 | COM2B1 | COM2B0 | | - | WGM21 | WGM20 | TCCR2A
Read/ Write RI'W RI'W RI'W R'W R R RI'W RIW
0 0 0 0 0 0 0 0
u 7,6 - COM2A1,COM2A0 : A (Compare Match A Output Mode bit 1 and 0)
OC2A COM2A1 © 1 1 OC2A
I/ O I/ O OC2A
(DDR) D)
OC2A COM2A1 0 WGM22 0
16-2. WGM22 o0 CTC ( 16-2. PWM A
PWM) COM2A1 0 COM2A1[COM2A0
16-3. WGM22 0 PWM 0 0 (OC2A )
COZ/IZAl OG , 0 1 OC2A ( )
16-4. WGM22 0 PWM
COM2A1 0 L 0 Oc2A LC.)W
1 1 OC2A  High
16- 3. PWM A ( ) 16- 4. PWM A (
COM2A1{COM2A0 COM2A1|COM2A0
0 0 (OC2A ) 0 0 (OC2A )
WGM22=0 : (0Cc2A ) WGM22=0 : (0C2A )
0 1 WGM22=1 : OC2A 0 1 WGM22=1 : OC2A
C ) C )
1 0 Low BOTTOM High 1 0 Low
OC2A ( ) High OC2A
1 1 High BOTTOM Low 1 1 High
OC2A ( ) Low OC2A
= 54 - COM2B1,COM2BO0 : B (Compare Match B Output Mode bit 1 and 0)
0OC2B COM2B1 0 1 1 0oC2B
I/ O I/ O oCz2B
(DDR) @)
oC2B COM2B1 0 WGM22 0
16-5. WGM22 o0 CTC ( 16-5. PWM B
PWM ) COM2B1 0 COM2B1]COM2B0
16-6. WGM22 0 PWM 0 0 (OC2B )
C(i'(\SAZ?Bl V\(/)GMZ PWM g 2 oc2s ( )
-7. 2 0
COM2B1 0 1 0 OoC2B L(j.)W
1 1 OC2B  High
16- 6. PWM B ( ) 16-7. PWM B ( )
COM2B1{COM2B0 COM2B1|COM2B0O
0 0 (oCc2B ) 0 0 (oc2B )
0 1 0 1
1 0 Low BOTTOM High 1 0 Low
0OC2B ( ) High OC2B
1 1 High BOTTOM Low 1 1 High
oc2B ( ) Low OC2B
: COM2x1 (1) OCR2x TOP
BOTTOM TOP @)} ©) 94 PWM
95 PWM ( 16-3,4,6,7. : )
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. 32- Res: (Reserved)
0
L 1,0 - WGM21,WGM20 : (Waveform Generation Mode hit 1 and 0)
/ B(TCCR2B) WGM22 ( ) (TOP)
( 16-8. ) /
( ) / (CTC) 2 (PWM) 93
16- 8.
WGM22 | WGM21 | WGM20 / TOP OCR2x TOV2
0 0 0 0 $FF MAX
1 0 0 1 8 PWM $FF TOP BOTTOM
2 0 1 0 / (CTC) OCR2A MAX
3 0 1 1 8 PWM $FF BOTTOM MAX
4 1 0 0 ( ) - - -
5 1 0 1 PWM OCR2A TOP BOTTOM
6 1 1 0 ( ) - - -
7 1 1 1 PWM OCR2A BOTTOM TOP
: MAX=$FF BOTTOM=3$00
16.11.2. / 2 B (Timer/ Counter2 Control Register B) TCCR2B
7 6 5 4 3 2 1 0
($B1) | FOC2A | FOC2B | - | - | WGM22 | CS22 C21 | CS20 | TCCR2B
Read/ Write W W R R RI'W R'W R'W R'W
0 0 0 0 0 0 0 0
. 7 - FOC2A : OC2A (Force Output Compare A)
FOC2A WGM22 0 PWM
PWM TCCR2B 0
FOC2A 1 OC2A COM2A1 0
FOC2A
COM2A1 0
FOC2A TOP OCR2A (CTC) / ($00)
FOC2A 0
= 6 - FOC2B : OC2B (Force Output Compare B)
FOC2B WGM22 0 PWM
PWM TCCR2B 0
FOC2B 1 0OC2B COM2B1 0
FOC2B
COM2B1 0
FOC2B
FOC2B 0
. 54 - Res: (Reserved)
0
= 3- WGM22 : (Waveform Generation Mode bit 2)
99 / A (TCCR2A) WGM21 0
w  ATmegad8/ 88/ 168
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. 2,10 - CS22,CS21,CS20 : 2 (Clock Select2, bit 2,1 and 0)
3 / (TCNT2) 16-9.
16-9. / 2

CS22 CS21 CS20
0 0 0 ( |/ 2 )
0 0 1 clkras ( )
0 1 0 clkTog8(@8 )
0 1 1 clktog32(32 )
1 0 0 clktog 64 (64 )
1 0 1 clktog/ 128 (128 )
1 1 0 clktaog/ 256 (256 )
1 1 1 clktog 1024 (1024 )

16.11.3. / 2 (Timer/ Counter2) TCNT2

7 6 5 4 3 2 1 0
($B2) [ (MsB) | | | | | | | (LsB) | TCNT2
Read/ Write RIW R'W R'W R'W R'W RIW RIW RIW
0 0 0 0 0 0 0 0
/ / 8 TCNT2
/ ( ) (TCNT2) TCNT2 OCR2x
16.11.4. / 2 A (Timer/ Counter2 Output Compare A Register) OCR2A
7 6 5 4 3 2 1 0
($B3) [ (MSB) | | | | | | | (LSB) | OCRoA
Read/ Write R'W R'W R'W R'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
(TCNT2) 8 OC2A
16.115. / 2 B (Timer/ Counter2 Output Compare B Register) OCR2B
7 6 5 4 3 2 1 0
($B4) L (MsB) | | | | | | | (LsB) | OCR2B
Read/ Write RIW RI'W RIW RI'W RI'W RIW RI'W RI'W
0 0 0 0 0 0 0 0
(TCNT2) 8 0oC2B
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16.11.6. / 2 (Timer/ Counter 2 Interrupt Mask Register) TIMSK2
7 6 5 4 3 2 1 0
($70) - 1 - [ - 1 - | - 1OCIE2B[OCIE2A | TOIE2 | TIMSK2
Read/ Write R R R R R R'W R'W R'W
0 0 0 0 0 0 0 0
. 7 3- Res: (Reserved)
0
L 2- OCIEZ2B : / 2 B (Timer/ Counter2 Output Compare Match B Interrupt Enable)
OCIE2B 1 (SREG) 0} (1) / 2 B
/ 2 B / 2 (TIFR2) B
(OCF2B) (1)
L 1- OCIE2A : / 2 A (Timer/ Counter2 Output Compare Match A Interrupt Enable)
OCIE2A 1 (SREG) 0 (1) / 2 A
/ 2 A / 2 (TIFR?) A
(OCF2A) (1)
L 0- TOIE2 : / 2 (Timer/ Counter2 Overflow Interrupt Enable)
TOIE2 1 (SREG) ) (1) / 2
/ 2 / 2 (TIFR2) / 2
(TOV2) @
16.11.7. / 2 (Timer/ Counter 2 Interrupt Flag Register) TIFR2
7 6 5 4 3 2 1 0
$17@37y L - I - [ - I - | - ToOCF2B[OCFA [ TOV2 | TIFR2
Read/ Write R R R R R RI'W R'W R'W
0 0 0 0 0 0 0 0
= 7 3- Res: (Reserved)
0
L 2- OCF2B : / 2 B (Timer/ Conter2, Output Compare B Match Flag)
OCF2B / (TCNT2) (OCR2B) (1)
OCF2B (0) 1 OCF2B (0)
(SREG) 0 / 2 (TIMSK2) / 2 B
(OCIE2B) OCF2B (1) / 2 B
= 1- OCF2A: / 2 A (Timer/ Conter2, Output Compare A Match Flag)
OCF2A / (TCNT2) (OCR2A) (1)
OCF2A (0) 1 OCF2A (0)
(SREG) (1 / 2 (TIMSK?2) / 2 A
(OCIE2A) OCF2A (1) / 2 A
L 0- TOV2: / 2 (Timer/ Counter2 Overflow Flag)
TOV2 / (TCNT2) (D) TOV2
(0) 1 TOV2 (0) (SREG)
() / 2 (TIMSK?2) / 2 (TOIE2) OVF2
(1) / 2 PWM / 2 $00
)
WGM22 0 100 16-8.
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16.11.8. / 2 (Timer/ Counter2 Asynchronous Status Register) ASSR
7 6 5 4 3 2 1 0
($B6) L_- | EXCLK | AS2 [ TCN2UB |OCR2AUB|OCR2BUB|TCR2AUB|TCR2BUB| ASSR
Read/ Write R RI'W RI'W R R R R R
0 0 0 0 0 0 0 0
= 7 - Res: (Reserved hit)
0
L 6 - EXCLK: (Enable External Clock Input)
EXCLK 1 32kHz
1(TOSC1) EXCLK
0 « )
. 5- AS2: / 2 (Asynchronous Timer/ Counter2)
A2 0 / 2 110 (clkir 0) A2 1 / 2
(TOSC1,TOSC2) A2 / 2(TCNT2)
(OCR2A,OCR2B) / 2 (TCCR2A, TCCR2B)
L 4 - TCN2UB : / 2 (Timer/ Counter2 Update Busy)
/ 2 / 2(TCNT2) (@) TCNT2
©) 0 TCNT2
= 3 - OCR2AUB : / 2 A (Output Compare A Register2 Update Busy)
/ 2 A (OCR2A) (1) OCR2A
(0) 0 OCR2A
L 2- OCR2BUB : / 2 B (Output Compare B Register2 Update Busy)
/ 2 B (OCR2B) (1) OCR2B
) 0 OCR2B
= 1- TCR2AUB : / 2 A (Timer/ Counter2 Control Register A Update Busy)
/ 2 / 2 A(TCCR2A) (1) TCCR2A
© 0 TCCR2A
L 0- TCR2BUB : / 2 B (Timer/ Counter2 Control Register B Update Busy)
/ 2 / 2 B(TCCR2B) (1) TCCR2B
) 0 TCCR2B
1 3 / 2
TCNT2,0CR2A,0CR2B, TCCR2A, TCCR2B TCNT2 /
OCR2A,0CR2B, TCCR2A, TCCR2B
16.11.9. / (General Timer/ Counter Control Register) GTCCR
7 6 5 4 3 2 1 0
$23($43) |_Tsm | - | - 1 - | - 1 - | PSRASY [PSRSYNC| GTCCR
Read/ Write R'W R R R R R RI'W RI'W
0 0 0 0 0 0 0 0
= 1- PSRASY : / (Prescaler Reset Timer/ Counter?2)
1 / 2 (0) / 2
@) 1 TS™ @
(0) / ( ) 88 7-TSM: [
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17. (SPI: Serial Peripheral Interface)
17.1. 17-1. SPI
| | 3 A\
& > S
L] / clkiyo 9 M
= LSB/MSB v @ MSB (SPDR) LSB M
- 7 < 8 <o S
u
N| <t oof©f o ol <[l 4
. NEEEBEE =
- Ll IR A IO
. (CKI2) SPI Y V.V VY V VY
(M)
> < S
172. - >
A A A A A A
ATmegads/
88/ 168 AVR
T yv _
S < >
USART SPI = <4 x| ol <
@] w E
126 USART SPI Lo S ww &Slp QE L E
Y VY
(PRR) PRSP SPI == i
0 (SPR) = (SPCR)
Vv
SPI CPU D SP 2 47 12- 3. -
17-2. 2 S 5S¢
) Low
SCK MOSI(Master Out Save In)
MISO(Master In Save Out) SY( ) High
Pl SS
S (SPDR) S
8 1 =] S= (SPR) (SPIF)
(1) S (SPCR) SPI _ (sPiB) (1) SPDR
5S¢ ) High
SPI SS  High _ MISO Hi-Z
P (SPDR) S Low CK
1 (SPIF) (1) SPCR SPI
(SPIE) @) SPDR
17-2.SP1  /
MSB LB i i MSB LSB
i MISO MISO &
8 O O« 8
P r A~ 1 MOS MOS i ) A T
(SPDR) »& LK SCK
1SS SS:
SPI > %
(SPDR) '
17-1. SPI
Pl CK
High/ Low 2% B (EBRE)
2CPU MISO B (DDRB)
P MOSI, MISO, SCK, SS Mos B (DDRB)
17-1. SS B (DDRB)
46 P 47 B
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Pl DDRSPI SPI
DD MOS, DD _MISO, DD_SCK
MOS PB3 DD MOS DDB3 DDRSPI DDRB
SPA _Minit: LO RL7, (1<<[D MM ) | (1<<[D SK) ; MOSl, SCK=
aJr [CCR S, RL7 ; MOSl, SCK=
Lo RL7, (1<<SPB) | (1<<MBTR) | ( 1<<SPRD) ; P 16
aJr SPCR RL7 ; P 16
RET ;
S _MTx: aJr SPOR R16 (R16)
S MTx W IN RL7, SPSR ; P
SBRS RL7, HF ;
RIMP SP MTx W
RET
C
void SPl_Nasterlnit(void)
{
DR SP = (1<<DD MH ) | (1<<DD SK); /* MOS, SCK=
*/
SPCR = (1<<SPB) | (1<<MBTR) | (1<<SPRD) ; [* SPI 16 */
}
void SPl_Master Transnit (char cDat a)
{
SPOR = chat a; /* */
vhile(! (SPSR & (1<<SPI F))); /* */
14
Pl
SA _Sinit: LO RL7, (1<<CD M O ; MISO
aJr CCR A, RL7 ; MISO
LD RL7, (1<<SPB : SPI
aJr SPCR RL7 ; Pl
RET ;
PF S R IN R16, SPSR ; Pl
SBRS  RI6, P F : « )
RIMP  SPI_S R : « )
IN R16, SPDR ;
RET ;
@
void SPl_d avel nit (voi d)
{
LR SA = (1<<D MO ; /* MISO */
SPCR = (1<<SPB); /* SPI */
}
char SP_9 aveRecei ve(voi d)
{
vhile(! (SPSR & (1<<SPI F))); /[* ( ) */
return SPOR /* */
}
4

AIMEL
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17.3. SS
17.3.1.
SPI )
MISO
P
S /
P
17.32.
P (SPI (SPCR) (MSTR)  =1)
Ss SPI
S
S S
S S Low
=
SPCR (MSTR) 0) =
Pl (SPSR) Sl (SPIF) (1)
(SREG) 0} 1)
P S Low
(1) MSTR
@
ws  ATmegad8/ 88/ 168

SS Low Pl ( )
SS High SPI
SS  High
SS High
S
SPI
High S
Pl
Pl MOS SCK
SPI (SPCR SPIE=1)
( ) MSIR

0) P
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174.

Sa (SPCR) SCK  (CPHA) SCK  (CPOL) SCK 4
Sa 17-3.  17-4.
SCK ( ) 17-3.  17-4.

17-2. CPOL,CPHA
SPI CPOL | CPHA SCK SCK
0

WIN[F|O

RO |O
~| |-
~| |-

0
1
1

17-3. SPI (CPHA=0)

MSB (DORD=0) | MSB | 6 | 5

LSB (DORD=1) [ LSB ] 1] 2 |
ke - L L

R S AN I Y Y A S (Y A oy B

R
MOS ( S s Venn Venns cnns Vennn anun Y anms Ve
SR sSss =
SS( ) \ -

17-4. SPI (CPHA=1)
MSB  (DORD=0) Y 6
LS8  (DORD=l) (] 1

KPR 1 M

kel ™ M1 L L1

MOSI/ MISO I
T Ve Ve Ve Ve Ve
- o e -
SS( ) "\ e
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17.5. SPI
175.1. SPI (SPI Control Register) SPCR
7 6 5 4 3 2 1 0
$2C($4C) | SPIE | SPE [ DORD | MSTR | CPOL | CPHA | SPR1 | SPRo | SPCR
Read/ Write R'W R'W R'W R'W R'W R'W RIW RIW
0 0 0 0 0 0 0 0
= 7 - SPIE : SPI (SPI Interrupt Enable)
(SREG) ) @) Pl (SPR) P (SPIF) @)
FI
L 6 - SPE : SPI (SPI Enable)
SPE 1 S2 S2 1)
= 5- DORD : (Data Order)
DORD 1 LSB DORD 0 MSB
L 4- MSTR: / (Master/ Save Select)
1 0 SS MSTR (1)
Low MSTR (0) SPl (SPR) Pl (SPIF) 1)
SPl MSTR (1)
u 3- CPOL : SCK (C|0Ck Polarity) 17- 3. CPOL
1 SCK High CPOL 0 CPOL | SCK SCK
SCK Low 17-3.  17-4. CPOL 0
1
L 2 - CPHA : SCK (Clock Phase) 17- 4. CPHA
SCK (CPHA) SCK () () |CPHA| SCK SCK
c ) 17-3. 17-4. 0
CPHA 1
u 1,0 - SPR1,SPRO : SPI (SPI Clock Rate Select 1 and 0)
2 SCK SPR1 SPRO K ( )
fosc
17-5. SCK (fosc=CPU )
SPR1 0 0 1 1
SPRo 0 1 0 1
SPI2X 1 0 1 0 1 0 1 0
SCK fosc/ 2 fosc/ 4 fosc/ 8 fosc/ 16 fosc/ 32 fosc/ 64 fosc/ 128
175.2. SPI (SPI Satus Register) SPSR
7 6 5 4 3 2 1 0
$2D ($4D) | SPE | wCOL | - | - | - | - | - | SPI2X | SPSR
Read/ Write R R R R R R R RI'W
0 0 0 0 0 0 0 0
= 7 - SPIF : SPI (SPI Interrupt Flag)
PIF (1) ( (SREG) O =)
= (SPCR) Pl (SPIE) (1) Pl S
Low SPIF (1) SPIF
(0) SPIF (1) Pl (SPSR) Pl (SPDR)
SPIF (0)

108
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L 6 - WCOL : (Write Collision Flag)
S (SPDR) WCOL (1) WCOL ( SPIF ) WCOL (1)
P (PR Pl (SPDR) ()
= 5 1- Res: (Reserved Bit)
0
. 0- SPI2X : SPI (Double SPI Speed Bit)
1 SCK  (SCK ) SPI ( 17-5. ) SCK
2CPU SPI SPl fosc(CPU )4
ATmega48/ 88/ 168 SPI EEPROM (
187
17.5.3. SPI (SPI Data Register) SPDR
7 6 5 4 3 1 0
$2E ($4E) | (MSB) | | | | | [ (LB) ] SPDR
Read/ Write RIW RI'W RIW RIW RIW RIW RIW RIW
sPI SPI ( )

AIMEL
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18. USART
18.1. n (
n
" /
n
m 56,738 9 1 2
n
n
n
n
L] 3
n
n
USART SPI 126 USART SPI 26 (PRR) USAR
T (PRUSARTO) 0
18.2.
USART (Universal Synchronous and Asynchronous Receiver and Transmitter) USART
18-1. CPU I/ O ( )
18- 1. USART
LT R T ST ST E S LR R PR SR I E R LR TR PRt ;
§ USART
g (UBRRnH, UBRRNL) OsC |
+ — @
;
»D_' ----------------- 7 ———
: \| USART g ;
s T
= USART B
: (UDRn) g
i
1D*> - <
USART / USART / USART /
A (UCSRnA) B (UCSRnB) C (UCSRnC)
8- hit Data Bus @ @ @
: USART 2 52 12-9
USART 3 (
(XCKn) (UDRn)
USART
(UDRn)

110
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18.3.
USART 4
USART  / C(UCSRNC) USART (UMSELNO)
( ) USART / A(UCSRNA) (U2Xn)
(UMSELno=1) XCKn (DDR XCKn) ( )
( ) XCKn ( )
18-2.
18-2.
USART
(UBRRnH, UBRRnL)
7 fosc u2Xn
UBRRN+1 J\
> 1/ 2 »| 1/ 4 > 12—
( ) o,
CK h 1 Tx CLK
A4 v v 1 X
XCKI[ ] (FIF) — >B r UMSELNO
A e
(xcKn) XCKO LU || Reci
DDR XCKn UCPOLnN >
DDR XCKn
Tx CLK : ( )
RXCLK ( )
XCKI - XCK ( )
XCKO - XCK ( )
DDR XCKn :
fosc :
18.3.1.
18-2.
USART (UBRRN(UBRRNH: UBRRNL))
(fosc) 0 UBRRNL UBRRN
1 0 (=fosc/ (UBRRn+1))
2,8, 16
USART (UMSELNO) (U2Xn) DDR XCKn
2,8,16
18-1. (bps) UBRRn
18-1. (UBRRn)
UBRRN
fosc fosc
U2Xn=0 O O
( ) | BAUD 16x (UBRRN+1) UBRRY  1ex BaUD *
fosc fosc
U2Xn=1 — O _OX
( )| BAUD 8x (UBRRN+1) UBRRN 5 BauD *
fosc fosc
BAUD o (UBRRn+1) UBRRN o BAUD *
: ( /1)
BAUD : (bps)
UBRRN : UBRRNH UBRRnL (0 4095)
fosc
UBRRN 18-9. (124 125 )
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1832. (U2Xn)
USART |/ A(UCSRnA) (U2Xn) (1)
0
(1) 6 8
(16 8 )
18.3.3.
18-2.
XCKn ( )
2CPU
XCKn
fxCKn < JOSC
fosc
18.34.
(UMSELNO=1) XCKn ( ) ()
(TXDn) XCKn
(RXDn)
18- 3. XCKn
SO : : : : : : : :
UCPOLN=1 RXDn/ TXDn X l X \3( ; X
UCPOLN=0 RXDn/ TXDn X X X X
USART  / C(UCSRNC) XCKn  (UCPOLn)
18-3. UCPOLNn O XCKn
UCPOLN (1) XCKn
184.
1 ( ) USART
30
=]
= 567289
=] 2
(LSB) MSB) (
) 9
(high) 18- 4.
[]
18-4.1 |
(IDLE) \ s / Dpo X b1 X D2 X D3 X D4 X[Ds] X [Ds] X[D7] X[Ds] X [P / Sp1 [spz]\; (/ IDLE)
« 1 >
S ( Low) Son ( high)
Dn : (0 8) IDLE: (RXD, TXD=High)
P : ( )
USART USART  / B C(UCSRnB, UCSRnC) (UCSZn2 0)
(UPMnNL1,0) (USBSn)
(UCsZn2 0) (UPMn1,0) (1)
1 2 (USBsn) 2
(FEn) O(Low)
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184.1.
(Ex- OR)
= D0 Ex-OR D1 EX-OR D2 Ex-OR  Ex-ORDn-1
= D0 Ex-OR D1 EX-OR D2 Ex-OR Ex-ORDn-1 Ex-OR 1 n:
185. USART
USART
USART
0} ©) ( )
USART / A(UCSRNA) (TXCn) (RXCn)
( ) TXC
(USART (UDRn) ) TXCn 0)
USART C
( ) (UBRRn)
R17:R16
WSART [nit: QJr BRRH RL7 ; ( )
QI BRI, R16 ; ( )
LD RL6, (1<<USBn) | (3<<UUCSZNn0) 5
aJr UCSR1C RL6 ; 8 2 )
Lo RL6, (1<<RE\N) | (1<<TXBE\n) ;
aJr UCSRB, RL6 5
RET ;
C
#def i ne FCBC 1843200 /* MCU */
#def i ne BALD 9600 [* USART */
#def i ne MWUBRR FOBU 16/ BALD- 1 /* UBRRn */
voi d mai n(voi d)
{
WSART | ni t (MABRR) ; /* USART */
}
voi d USART | nit (unsi gned i nt baud)
{
BRRH = (unsi gned char) (baud>>8) ; /* ( ) */
WBRRL = (unsi gned char) baud; /* ( ) */
UCSR1C = (1<<UBBSn) | (3<<UCZn0): /* 8 2 ) */
UCSRB = (1<<R<B\h) | (1<<TXB\h); [* */
}

/0
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18.6. USART
USART USART  / B(UCSRnB) (TXENN) (1)
TXDn USART
XCKn ( )
186.1.5 8
CPU USART (UDRN)I/ O
( )
(UBRRnH:UBRRnL) (U2Xn)
XCKn 1 8 UDRnN
USART A(UCSRnA) (UDREN) USART
USART
R16
UBART_Tx: HBS WCSRA DR ;
RIMP  USART Tx :
' Qr  UR, RL6 ; ( )
RET ;
(e
voi d USART Transmt (unsi gned char dat a)
{
vhile ( ! (UCSRA & (1<<UDREN)) ); 1* *f
DR = dat a; /* ( ) */
}
14
UDREN
186.2.9
9 (UCSZn2 0=111) USART (UDRn) 9
USART  / B(UCSRNB) 8(TXB8n) 9
R17:R16
WBART_Tx: HBS WCSRA DR ;
RIMP  WSART_Tx ;
’ B  WCSRB TE8n . 9 0
SBRC R17,0 ; 9 0
Bl UCSR1B, TXB3n 79 1
QI  WR, R16 ; ( )
RET ;
©
voi d UBART Transmit (unsi gned i nt dat a)
{
vhile (! (UCSRA & (1<<lDREN)) ); i */
UCSRNB &= ~( 1<<TXB3n) ; /[* TXB8n O */
if (data & 0x0100) UCSRB | = (1<<TXB3n); /* 9 R17 TXBS8n *
DR = dat a; /* ( ) */
}
UCSRBN ( UCSRNB TXB8n
4
9
s ATmegad8/ 88/ 168
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18.6.3.
USART 2 USART (UDREN) (TXCn)
USART (UDREn)
1 (0)
USART  / A(UCSRnA) 0
USART  / B(UCSRnB) (UDRIEN) 1 (
JUDREN 1) USART UDREn USART (UDRn)
©) UDREN (0)
UDRN
( )
(TXCn)
(1) TXCn (0) 1
(0) TXCn
(R485 ) ( )
UCSRnB (TXCIEn) (1) ( )TXCn (1)
USART TXCn (0)
18.6.4.
(UPMn1=1)
18.65.
(UCSRNB  USART (TXENn)  =0) (
) TXDn (
)
18.7. USART
USART USART  / B(UCSRnB) (RXENN) 1
RXDn USART
XCKn
187.1.5 8
XCKn
2
( )
USART (UDRn)I/ O 8 UDRn
0
USART  / A(UCSRnA) (RXCn) USART
USART

WSART_Rx: SBS UCSRA RO
RIMP  WBART_Rx

IN R16, UDR

RET

@
unsi gned char USART _Recei ve(voi d)
{

vhile (I (UCSRA & (1<<RX@)) ); /* */

return WR; /* */
}

14
RXCn
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1872. 9
9 (UCZn2 0=111) USART (UDRnN) 9 USART
/ B(UCSRnB) 8(RXB8n) (FEn)
(DORN) (UPEN) USART / A(UCSRnA)
UDRnN UDRn I/ O FIFO FIFO
RXB8n,FEn,DORN,UPEN
9 USART
WSART_Rx: SBS UCSRA RO
RIMP  USART_Rx
I'N R18, UICSRhA ;
I'N RL7, UCSRB ; 9
I'N RL6, LD ;
ANO R18, (1<<FEn) | (1<<DdR) | (1<<UPEN)
BREQ WSART _Rx V
Lo RL7,-1 ; -1
LD RL6, - 1 ;
WBART_ RV LR RL7 ; RXB8n 0
AND RL7, $01 ; RXB8n
RET ;
(@
unsi gned i nt USART Recei ve(voi d)
{
unsi gned char status, resh, resl; /* */
vhile (I (WCRA & (1<<RAD)) ); /* */
status = UCSRA /* */
resh = UCSRB /* 9 */
resl = WRy; /* */
if (status & (1<<FE)| (1<<DR)| (1<<UPE") ) return -1; /* -1 */
resh = (resh>>1) & 0x01; /* RXB8n */
return ((resh<<8) | resl); /* 9 / */
}
14
/O
18.7.3.
USART 1
USART (RXCn)
1 ( ) 0 (RXENN=0)
RXCn 0
USART / B(UCSRNB) USART (RXCIEnN) Q) (
JRXCn (1) USART
RXCn © USART (UDRn)
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18.7.4.

USART (FEn)
USART  / A(UCSRnA)

UCSRnA (UDRn)

(FEnN)
(High ) 0

USART  / C(UCSRNC)
UCSRnA 0
(DORN)

1) UDRn
UCSRNA
©)
(UPEN)

UPEN 0
113

18.7.5.
(UPMn1) 1)
) UPMno

)
(UPEN)

UPEN

(UPMn1=1) (@) USART

18.7.6.

B(UCSRNB) USART (RXENn)

FIFO

18.7.7.
FIFO (

) USART (UDRn)I/ O

(DORN) (UPEn) 3

USART (UDRn)I/ O
USART( )

1
(Low) FEn 1

(USBSn)

UDRnN 1
0 DORnN

UCSRNA

(UDRn)

0 ) RXDn

USART  / A(UCSRnA)

ATmegad48/ 88/ 168

UCSRnA

FEn

FEn

(2 )
DORN

USART /

(RXCn)

WBSART Hush: SBIS UCSRA RXh

RET

IN R16, LDR
RIMP  UWSART H ush
C
voi d USART H ush(voi d)

{
unsi gned char dummy;

/* */

vhile ( ! (UCSRA & (1<<RX®1)) ) dummy=LDRn; /* */

AIMEL
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18.8.

USART

RXDn

188.1.

18-5.

16

0 RXDn

:1)

(U2Xn

18-5.

RXDn

“«— ™

<

(U2Xn=0)

<« N

<

<— ©

-~

<« ©

< L0

<« <

“«— ™

<« N

<

0

-«

:]_)

(U2Xn

RXDn

Low( )

)

High(

Low

4,5,6(

8,9,10

High

High

Low

188.2.

16

18- 6.

18- 6.

n+l

n-1X

RXDn

“«— ™

<« N

<

< 0

<~

“-— ©

<+ 0

<« <

“«— ™

“-— N

<

<

8

:]_)

(U2Xxn

High

RXDn

18-7.

18-7.

RXDn

<“«— ™M <« AN

<« N

<« - <«
©

=

<« <«

3

<« «Z
) S
—

Alw
—

5 «o©

-9

“«— O <«10

«©

<« '~ <«

«©

“« 10 €«m

-« <

“«— M €«

-«

<« <«d

9

<« <«
T T
c c
x x
N N
) )
N N

@

(FEn)

Low

High

Low

18-7. A

Low

ATmegads/ 88/ 168
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18.8.3.
( 18-2 )
D+1)S D+2)S
Rslow = _ (D*1)S Rfast = _(D*2)S
S- 1+Dx S+Sg (D+1)S+Sy
D (5 10
S ( =16 =8)
S )
Sv =9 =9)
Rslow
Rfast
18- 2.
18- 2.
D (U2Xn=0) (U2Xn=1)
Rslow(%| Rfast(% [€4) (%] Rslow(%| Rfast(% » %
5 93.20 106.67 -6.80 +6.67 + 3.0 94.12 105.66 -5.88 +5.66 t25
6 94.12 105.79 -5.88 +5.79 +25 94.92 104.92 -5.08 +4.92 + 2.0
7 94.81 105.11 -5.19 +5.11 +2.0 95.52 104.35 -4.48 +4.35 +1.5
8 95.36 104.58 -4.54 +4.58 + 2.0 96.00 103.90 -4,00 +3.90 t1.5
9 95.81 104.14 -4.19 +4.14 +15 96.39 103.53 -3.61 +3.53 t+1.5
10 96.17 103.78 -3.83 +3.78 t15 96.70 103.23 -3.30 +3.23 + 1.0
:D
( ) 18- 2. 18- 3. 18- 2.
2 (XTAL)
( )
2% 2
UBRRN
119
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18.9.
USART / A(UCSRnA) (MPCMn) (1) USART
MCU CPU MPCMn
5 8
9 USART / B(UCSRNnB) 9(RXB8n)
( 9) 1
0
MCU MCU MCU
MCU MCU
MCU
18.9.1.
MCU MCU 9 (UCZn=7) UCSRNB 9(TXB8n)
Q) 0) MCU 9
MCU (UCSRnA (MPCMn) L)
MCU CPU UCSRnA
(RXCn) @
MCU USART (UDRnN) UCSRnA MPCMn
) ( JMPCMn
MCU MPCMn @
CPU
MCU MCU MPCMn Q)
5 8 n n+l
( )
5 8 2
(USBS=1)
MPCMn (1) 0) - ( ) (SBI CBI) MPCMn
(TXCn) IO SBI CBI 0)
( ) ATmegad8/ 88/ 168 UCSRnA 1I/O SBI, CBI

120
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18.10. USART
18.10.1. USART (USART 1/ O Data Register) UDRn
7 6 5 4 3 2 1 0
($C6) |LR.TXB7 | RFTXB6 | RRFTXB5 | RRTXB4 | RRTXB3 | RITXB2 | RFTXB1 | RF TXB0 | UDRn
Read/ Write RIW RIW R'W R'W R'W R'W RIW RIW
0 0 0 0 0 0 0 0
/10O USART USART USART UDRnN
(TXB) UDRn UDRn
(RXB)
57 0
UCSRnA (UDREN) (1) UDREN (1)
UDRnN USART
( ) TXDn
2  FIFO FIFO
- - ( )  (SBI CBI) (SBIC SBIS FIFO
( )
18.10.2. USART / A (USART Control and Status Register A) UCSRnA
7 6 5 4 3 2 1 0
($CO) | RXCn | TXCn | UDREn | FEn | DORn | UPEn | U2Xn | MPCMn | UCSRnA
Read/ Write R RIW R R R R RIW RIW
0 0 1 0 0 0 0 0
L 7 - RXCn : USART (USART Receive Complete)
@ ( ) ©)
RXCn 0 RXCn
(USART  / B(UCSRNB) (RXCIEN) )
= 6 - TXCn : USART (USART Transmit Complete)
(UDRNn) (@)
TXCn (0) 1 (0)
TXCn (UCSRnB (TXCIEn) )
L 5 - UDREnN : USART (USART Data Register Empty)
UDREN (UDRn) UDREn 1
UDREN (UCSRnB
(UDRIEN) ) UDREnN @)
= 4- FEn: (Framing Error)
( (3 Low)
(1) (UDRn) High
FENn 0 UCSRNA 0
L 3- DORn: (Data OverRun)
) @ )
UCSRnA 0
= 2- UPEn: (Parity Error)
(UPMn1=1) (1)
(UDRn) UCSRnA 0
L 1- U2Xn: (Double the USART Transmission Speed)
0
1 16 8
L 0- MPCMn : (Multi- Processor Communication Mode)
MPCMn 1 USART
MPCMn 120
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18.10.3. USART

AIMEL

B (USART Control and Satus Register B) UCSRnB
6 5 4 3 2 1 0

($C1)

LRXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n | TXB8n | UCSRnB

Read/ Write

L] 7 - RXCIEn :

1

RXCIEN

@

= 6 - TXCIEn:

1

TXCIEn

L] 5- UDRIEN:

1
USART

@
= 4 - RXENn :
1

= 3- TXENn:

1
(TXENN=0
)

= 2- UCSZn2:

USART /
(Character size)

L] 1- RXB8n:
RXB8n 9

= 0- TXB8n:
TXB8n 9

18.104. USART

R'W

RIW RIW RIW RIW RIW R RIW
0 0 0 0 0 0 0
(Receive Complete Interrupt Enable)
USART  / A(UCSRnA) (RXCn) USART
1 (SREG) (1) 1 UCSRNA RXCn
(Transmit Complete Interrupt Enable)
USART  / A(UCSRnA) (TXCn) USART
1 SREG () 1 UCSRnA TXCn €]
(Transmit Data Register Empty Interrupt Enable)
USART / A(UCSRNA) (UDREN)
UDRIENn 1 SREG () 1 UCSRnA UDREN
(Rceiver Enable)
USART () RXDn
(FEn) (DORn) (UPEN)
(Transmitter Enable)
USART () TXDn
) (
TXDn  ( 1o )
2 (Character Sze)
C(UCSRNC) UCsZn1,0 uCszn2
8 (Receive Data Bit 8)
9 ( 9 UDRN
8 (Transmit Data Bit 8)
9 ( 9 UDRn
C (USART Control and Satus Register C) UCSRnC
6 5 4 3 2 1 0

($C2)

[UMSELN1[UMSELNO| UPMn1 | UPMn0 | USBSh | UCSZn1 | UCSZno | UCPOLN| UCSRnC

Read/ Write

n 7,6 - UMSELN1,0 : USART

18- 4.

22 ATmegad8/ 88/ 168

R'W

RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 1 1 0
(USART Mode Select)
USART 18- 4. USART
UMSELN1 | UMSELNO
0
0
1
X 0
1 SPI (MSPIM) ()
Pl (MSPIM)

126 USRT SPI
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. 54 - UPMn1,0 : (Parity Mode)
18-5.
UPMn1 | UPMnO
UPMnNO USART 5 5
/ A(UCSRnA) (UPEN) (1)
0 1
1 0
1 1
. 3- USBSn: (Sop Bit Select)
18- 6.
( 1 ) USBSN
0 1
1 2
" 2,1 - UCSZn1,0: (Character Sze)
USART  / B(UCSRnB) UCSZn2 UCSZn1,0
(Character size)
18-7.
UCSZn2,1,0 000 001 010 011 100 101 110 111
5 6 7 8 9
. 0 - UCPOLN: (Clock Polarity)
18- 8. XCK
UepoL )?CK UCPOLN (TXDn ) (RXDn )
: (XCKn) 0 XCKn XCKn
1 XCKn XCKn
18.10.5. USART (USART Baud Rate Register) UBRRnH, UBRRNL (UBRRnN)
15 14 13 12 11 10 9 8
($C5) L - T - [ - T - TUBRRIl|UBRRIO | UBRR9 | UBRR8 | UBRRnH
Read/ Write R R R R RI'W RI'W RI'W RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($C4) [UBRR7 ] UBRR6 | UBRR5 | UBRR4 | UBRR3 | UBRR2 | UBRRL | UBRRO | UBRRNL
Read/ Write R'W RI'W RI'W RI'W RIW RI'W RI'W RI'W
0 0 0 0 0 0 0 0
. 15 12- Res: (Reserved Bits)
UBRRNH 0
= 11 0- UBRR11 O: (USART Baud Rate Register)
USART 12 UBRRNH USART 4 UBRRnNL 8

UBRRNL
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18.11.
18-9. UBRRn
1.5% SU2X=0) 1.0%  : U2X=1)
( 0.5% ) (119
)
(%:(UBRRn ( ) i 1)x 100(%
18- 9. Xtal UBRRNH,UBRRNL (UBRR=UBRRNH:UBRRnL)
1MHz 1.8432MHz 2MHz 2.4576MHz
(bps) Uzx=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 Uz2x=0 U2X=1
UBRR (%| UBRR (%] UBRR (%] UBRR (%] UBRR (%] UBRR (%] UBRR (%| UBRR (%

1200 51 0.2 103 0.2 95 0.0 191 0.0 103 0.2 | 207 0.2 | 127 0.0 | 255 0.0
2400 25 0.2 51 0.2 47 0.0 95 0.0 51 0.2 103 0.2 63 0.0 | 127 0.0
4800 12 0.2 25 0.2 23 0.0 47 0.0 25 0.2 51 0.2 31 0.0 63 0.0
9600 6 -7.0 12 0.2 11 0.0 23 0.0 12 0.2 25 0.2 15 0.0 31 0.0
14400 3 8.5 8 -35 7 0.0 15 0.0 8 -35 16 2.1 10 -3.0 20 1.6
19200 2 8.5 6 -7.0 5) 0.0 11 0.0 6 -7.0 12 0.2 7 0.0 15 0.0
28800 1 8.5 3 8.5 3 0.0 7 0.0 8 8.5 8 -3.5 4 6.7 10 -3.0
38400 1 -18.6 2 8.5 2 0.0 5 0.0 2 8.5 6 -7.0 3 0.0 7 0.0
57600 0 8.5 1 8.5 1 0.0 3 0.0 1 615 8 515 2 -11.1 4 6.7
76800 0 -18.6 1 -18.6 1 -25.0 2 0.0 1 -18.6 2 8.5 1 0.0 3 0.0
115.2k - - 0 8.5 0 0.0 1 0.0 0 8.5 1 8.5 0 33.3 2 -11.1
230.4k - - 0 -45.7 0 -50.0 0 0.0 0 -45.7 0 8.5 0 -33.3 0 33.3
250k - - - - - - 0 -7.8 - - 0 0.0 - - 0 22.9

62500 125k 115.2k 230.4k 125k 250k 153.6k 307.2k

3.2768MHz 3.6864MHz 4AMHz 4.608MHz
(bps) U2X=0 U2X=1 U2X=0 U2Xx=1 U2X=0 U2X=1 U2X=0 U2X=1
UBRR (%| UBRR (%] UBRR (%] UBRR (%] UBRR (%| UBRR (%] UBRR (%] UBRR (Y%
1200 | 170 -0.2 | 340 0.1 191 0.0 | 384 0.0 | 207 0.2 | 416 -0.1 | 239 0.0 | 479 0.0
2400 84 0.4 | 170 -0.2 95 0.0 191 0.0 103 0.2 | 207 0.2 | 119 0.0 | 239 0.0
4800 42 -0.8 84 0.4 47 0.0 95 0.0 51 0.2 103 0.2 59 0.0 | 119 0.0
9600 20 1.6 42 -0.8 23 0.0 47 0.0 25 0.2 51 0.2 29 0.0 59 0.0
14400 | 13 1.6 27 1.6 15 0.0 31 0.0 16 2.1 34 -0.8 19 0.0 39 0.0
19200 | 10 -3.0 20 1.6 11 0.0 23 0.0 12 0.2 25 0.2 14 0.0 29 0.0
28800 6 1.6 13 1.6 7 0.0 15 0.0 8 SO0 16 2.1 9 0.0 19 0.0
38400 4 6.7 10 -3.0 5 0.0 11 0.0 6 -7.0 12 0.2 7 -6.3 14 0.0
57600 3 -11.1 6 1.6 3 0.0 7 0.0 3 8.5 8 -3.5 4 0.0 9 0.0
76800 2 -11.1 4 6.7 2 0.0 B) 0.0 2 8.5 6 -7.0 3 -6.3 7 -6.3
115.2k 1 -11.1 3 calbal 1 0.0 3 0.0 1 8.5 S 8.5 2 -16.7 4 0.0
230.4k 0 -11.1 1 -11.1 0 0.0 1 0.0 0 8.5 1 8.5 0 25.0 2 -16.7
250k - - 1 -18.1 0 -7.8 1 -7.8 0 0.0 1 0.0 0 15.2 1 15.2
500k - 0 -18.1 - - 0 -7.8 - - 0 0.0 0] -42.4 0 il5.2
M - - - - - - - - - - - - - - 0 -42.4
204.8k 409.6k 230.4k 460.8k 250k 500k 288k 576k
: UBRR=0 =0.0%
( ) 18-9. 12. 18-9.
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18-9( ). Xtal UBRRNH,UBRRNL (UBRR=UBRRnH:UBRRnL)
4.9152MHz 6.144MHz 7.3728MHz 8MHz
009 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBRR (%] UBRR | UBRR (%] UBRR | UBRR (%] UBRR (%] UBRR (%] UBRR %
1200 | 255 | 00 | 511 | 00 | 319 | 00 | 639 | 00 | 383 | 00 | 767 | 00 | 416 | -0.1 | 832 | 0.0
2400 | 127 | 00 | 255 | 00 | 159 | 00 | 319 | 00 | 191 | 00 | 383 | 00 | 207 | 02 | 416 | -01
4800 | 63 00 | 127 | 00 | 79 00 | 159 | 00 | 95 00 | 191 | 00 | 103 ] 02 [ 207 | 0.2
9600 | 31 0.0 | 63 0.0 | 39 00 | 79 0.0 | 47 00 | 9% 0.0 | 51 02 | 103 | 0.2
14400 | 20 16 | 42 | -08 | 26 | -1.2 | 52 06 | 31 00 | 63 00 | 34 | -08 | 68 0.6
19200 | 15 0.0 | 31 0.0 | 19 0.0 | 39 00 | 23 0.0 | 47 00 | 25 02 | 51 0.2
28800 | 10 | -3.0 | 20 16 | 12 26 | 26 | -12 | 15 0.0 | 31 00 | 16 21 | 34 | -08
38400 | 7 00 | 15 00 | 9 0.0 | 19 00 | 11 00 | 23 00 | 12 02 | 25 0.2
57600 | 4 67 | 10 | 30| 6 | -a8 | 12 26 | 7 00 | 15 00| 8 | -35 | 16 2.1
76800 | 3 00 | 7 00 | 4 00 | 9 00 | 5 00 | 11 00| 6 | -70 | 12 0.2
1152k| 2 [-111 | 4 67 | 2 | 1121 | 6 | -48 | 3 00 | 7 00 | 3 85 | 8 | -35
2304k| 1 [ 333 | 2 [-11a | 1 [-167 | 2 [ 11| 1 00 | 3 00 | 1 85 | 3 8.5
250k | 1 | 229 | 2 [-181 | 1 [-232 | 2 24 | 1 | -78 | 3 00 | 1 00 | 3 0.0
500k | 0 [-386 | o | 220 | o [-232 | 1 [-232| o | -78 | 1 | -78| o 00 | 1 0.0
M - - 0 |-386 | - - 0 [-232 - o | -78 | - - 0 0.0
307.2k 614.4K 384k 768k 460.8k 921.6k 500k M
9.216MHz 9.8304MHz 10MHz 11.0592MHz
0p9) U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBRR (%] UBRR | UBRR (%] UBRR | UBRR (%] UBRR (9| UBRR (%] UBRR %
1200 | 479 | 00 | 959 | 00 | 511 | 0.0 | 1023| 00 | 520 | -0.0 | 1041]| -0.0 | 575 | 0.0 | 1151 | 0.0
2400 | 239 | 00 | 479 | 00 | 255 | 00 [ 511 | 00 | 259 | 02 | 520 | -0.0 [ 287 | 00 | 575 | 0.0
4800 | 119 | 00 | 239 | 00 [ 127 | 00 | 255 | 00 [ 129 | 02 | 250 | 02 | 143 | 00 | 287 | 0.0
9600 | 59 00 | 119 | 00 | 63 00 | 127 | 00 | 64 02 | 129 02| 71 00 | 143 | 00
14400 | 39 00 | 79 00 | 42 | -08 | &4 04 | 42 09 | 86 | -02 | 47 00 | 9% 0.0
19200 | 29 0.0 | 59 00 | 31 0.0 | 63 00 | 32 | -14 | &4 02 | 35 00 | 71 0.0
28800 | 19 0.0 | 39 0.0 | 20 16 | 42 | -08 | 21 | -1.4 | 42 09 | 23 0.0 | 47 0.0
38400 | 14 0.0 | 29 00 | 15 00 | 31 00 | 15 18 | 32 | -14 | 17 00 | 35 0.0
57600 | 9 00 | 19 00 | 10 | -30 | 20 16 | 10 | -1.4 | 21 | -14 | 11 0.0 | 23 0.0
76800 | 7 6.7 | 14 00 | 7 00 | 15 00 | 7 18 | 15 18 | 8 00 | 17 0.0
1152k | 4 00 | 9 00 | 4 67 | 10 | -30 | 4 85 | 10 | -14 | 5 00 | 11 0.0
230.4k| 2 [-167 | a4 00| 2 [-1121 ] 4 67 | 2 | -96 | 4 85 | 2 00| 5 0.0
250k | 1 | 152 4 | 78| 1 [-232 | 4 | .27 | 2 |-167 | 4 00| 2 | -78 | 5 | -78
500k | o | 152 1 [ 152 o [ 229 1 [ 220 | o0 [ 250 2 [-167 ] o [ 32| 2 | -78
M 0 |-424 | o | 152 | 0 [-386 ] 0 | 2290 | o [-375| 0 | 250 | 0o [-309 | 0 | 382
576k 1.152M 614.4K 1.2288M 625k 1.25M 691.2K 1.3824M
14.7456MHz 16MHz 18.4320MHz 20MHz
(009 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBRR (%] UBRR (%] UBRR (%] UBRR (9% UBRR (%] UBRR (%] UBRR (%] UBRR %
1200 | 767 | 00 | 1533| 00 | 832 | 0.0 |1666] 00 | 959 | 00 | 1919| 0.0 | 1041| 00 | 2082 | 0.0
2400 | 383 | 00 | 767 | 00 | 416 | -01 [ 832 | 00 | 479 | 00 | 959 | 00 [ 520 | 0.0 |1041| 0.0
4800 | 191 | 00 | 383 | 00 [ 207 | 02 | 416 | -01 | 239 00| 479] 00| 250 | 02520 00
9600 | 95 00 | 191 | 00 [ 103 02 [ 207 | 02 [119| 00 [ 239 | 00 | 120 | 02 | 259 | 0.2
14400 | 63 00 | 127 | 00 | 68 06 | 138 | -01 | 79 00 | 159 | 00 | 8 | -02 | 173 | -0.2
19200 | 47 00 | 9% 0.0 | 51 02 | 103 | 02 | 59 00 | 119 | 00 | 64 02 | 129 | 0.2
28800 | 31 00 | 63 00| 3¢ | -08 | 68 06 | 39 00 | 79 00 | 42 09 | 8 | -02
38400 | 23 0.0 | 47 00 | 25 02 | 51 02 | 29 0.0 | 59 00 | 32 | -14 | &4 0.2
57600 | 15 00 | 31 0.0 | 16 21 | 34 | -08 | 19 0.0 | 39 00 | 21 | -14 | 42 0.9
76800 | 11 00 | 23 00 | 12 02 | 25 02 | 14 0.0 | 29 00 | 15 17 | 32 | -14
1152k | 7 00 | 15 00| 8 | -35 | 16 21 | 9 00 | 19 00 | 10 | -24 | 21 | -14
230.4k| 3 00 | 7 00 | 3 85 | 8 | -35 | 4 00 | 9 00 | 4 85 | 10 | -14
250k | 3 | 78| 6 53 | 3 00 | 7 00| 4 | -78 | 8 24 | 4 00 | 9 0.0
500k | 1 | 78| 3 | -78 | 1 00 | 3 00| 1 [ 1582 4 | -78| 1 | 250 | 4 0.0
M 0o | -78 | 1 | -78 | o 00 | 1 00| o [ 152 1 [ 152 o | 250 | 1 | 250
921.6k 1.8432M M 2M 1.152M 2.304M 1.25M 2.5M
UBRR=0 =0.0%
125
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19. USART SPI

19.1.
= 3
u
=4 SPI ( 0,1,2,3)
= LSB MSB ( )
= ( )
u
. (fXckmax=fcK/ 2)
u
19.2.
USART (Universal Synchronous and Asynchronous Receiver and Transmitter) P USART
(UMSELN1,0) 11 SPI(MSPIM) USART SPI
USART /
/ USART SP
JX@) MSPIM
19.3.
19-1. (UBRRn)
USART MSPIM ( UBRRN
) USART " -
MSPIM XCKn BAUD L UBRRN &_
(DDR XCKn) 1( ) 2x (UBRRn+1) 2x BAUD
DDR XCKn USART : ( /1)
MSPIM ( TXENn RXENn 1 ) BAUD : (bps)
UBRRn : UBRRNH UBRRNL (0 4095)
MSPIM USART fosc
UBRRN
19- 1.
194.
(UCPHAnN) (UCPOLN) XCKN(SCK) 4
19- 1.
XCKn ( ) UCPLn UCPHAnN 19-2.
19- 2. UCPOLN,UCPHAN
SPI UCPOLN | UCPHAN |  XCKn(SCK) XCKn(SCK)
0 0 0 / /
1 0 1 / /
2 1 0 / /
3 1 1 / /
19- 1. UCPHANn UCPOLN
,,,,,,,,,,,, ©eeeee_._.._.._cPOLP=O ... JepoLn=l
xckn [T L LT LT L: xckn [ LI LI LT
UCPHAN=0 | (TXDn) X X X X | (TXDn) X X X X
‘ Rom 4444 Rxom) 44 44
| xckn | L1 L1 L1 L: xekn L LT LT LT
UCPHAN=1 ! (mxpn) _X X X X | (mxpn) _X X X X
: oyt b 4 4 ®on 44 p
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19.5.
MSPIM 8 /1 USART MSPIM 2
= MSB 8
= | B 8
(LSB) (MSB) (MSB)
(LSB) 8
(high)
USART  / C(UCSRNC) (UDORDN) USART  MSPIM
16 UDRn 2 USART (TXCn) 16
195.1. USART MSPIM
USART MSPIM
(DDR XCKn 1)
USART 0] © (
)
: XCKn (UBRRN) 0
USART UBRRN
UBRRn O UBRRn O
USART  / A(UCSRnA) (TXCn)
(RXCn) ( ) TXC
(USART (UDRn) ) TXCn 0)
USART C (
) (UBRRn) R17:R16
WSART [nit: AR RI8 .0
aJr LBRRH R18 ; ( )=0
aJr LBRRIL, R18 ; ( )70 ( )
B XKn R XCKn ; XCKn
LD R18, (1<<UvBE.N1) | (1<<UMBELNO) | (0<<UPHAN) | (0<<UPQLN)
aJr UCSRC RI8 : MSPL, 0
LD R18, ( 1<<REN") | ( 1<<TXE\h) :
aJr UCSRB, R18 ;
aJr WBRRH RL7 ; ( )
aJr LBRR1L, R16 ; ( )
RET ;
(&
voi d USART | nit(unsigned i nt baud)
{
WBRR = O; [* ( ) */
XQKn_ LR | = (1<<XQKN; /* XCKn *f
UCSRIC = (1<<UVBELN1) | (1<<WUVBHELNO) | (O<<UPHAN) | (O<<UPQLN):
[* MSPI, 0 &/
UCSRB = (1<<RENn) | (1<<TXENh); /* x|
UBRR = baud; /* */
}

AIMEL
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19.6.
USART MSPI USART / B(UCSRNnB) (TXENN)
1 TXDn
UCSRNB (RXENN) (=1)
RXDn XCKn
USART USART (UDRN)I/ O
UDRn
UDRn
USART
1 2 3 4 4
DDRn 1 3
USART / A(UCSRnA) (UDREN) USART
MSPIM USART
R16 R16
UDREN
RXCn
WSART MBP: SBIS UCSRA UDREN ;
RIMP  UBART_MsPI ;
’ Qr  WR, RI6 ; ( )
WSART SPFR SBS  UCSRhA RXOh ;
RIMP WBART SPIR ;
IN R16, DR 5
RET ;
C
voi d USART _MBPI M Tr ansf er (unsi gned i nt dat a)
{
vhile (! (UCSRA & (1<<lDREN)) ); /* */
DR = dat a; /* ( ) */
vhile (! (UCSRA & (1<<R)) ); /* &
return WR; /* */
}
14
196.1.
USART MSPI (RXCn) (TXCn) (UDREN)
USART (FEn,DORN,UPEN) 0
196.2.
USART MSPI USART

128
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19.7. USART MSPIM  SPI

ATmegad48/ 88/ 168

USART  MSPI P
[ ]
" (UCPOLN) Pl K (CPOL)
. (UCPHAN) I K (CPHA)
. (UDORDN) Pl (DORD)
USART  MSPI USART USART  MSPI Pl
USART  MSPI 2
" USART  MSPI ( ) Pl
" USART MSPI
" P (WCOL) USART  MSPI
. P (SPI2X) (UBRRN)
[ ]
" USART  MSPI
USART  MSPI P 19-3. 19-3. USART  MSPIM SPI
USART MSPIM SPI
TXDn MOS
RXDn MISO
XCKn CK ( )
S USART  MSPIM

AIMEL
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19.8. MSPIM USART

USART SPI
19.8.1. USART MSPIM (USART 1/ O Data Register) UDRn
MSPIM USART (UDRnN) USART 121 USART (UDRN)
19.8.2. USART MSPIM / A (USART Control and Satus Register A) UCSRnA
7 6 5 4 3 2 1 0
($CO) | RXCn | TXCn | UDREn | - | - | - | - | - | UCSRnA
Read/ Write R RIW R R R R R R
0 0 1 0 0 0 1 0
L 7 - RXCn : USART (USART Receive Complete)
D ( ) ©)
RXCn 0 RXCn
(USART  / B(UCSRnB) (RXCIEN) )
= 6 - TXCn : USART (USART Transmit Complete)
(UDRNn) (1)
TXCn (0) 1 (0)
TXCn (UCSRnB (TXCIEn) )
L 5 - UDREnN : USART (USART Data Register Empty)
UDREN (UDRn) UDREn 1
UDREN (UCSRnB
(UDRIEN) ) UDREN (@)
= 4 0- Res: (Reserved Bits in MSPI mode)
MSPI UCSRnA
0
19.8.3. USART MSPIM / B (USART Control nad Status Register B) UCSRnB
7 6 5 4 3 2 1 0
($C1) [[RXCIEn [ TXCIEn [UDRIEn | RXENn [ TXENn [ - T - T - ] UCSRnB
Read/ Write R'W RIW RIW R'W R'W R R R
0 0 0 0 0 1 1 0
L 7 - RXCIEn : (Receive Complete Interrupt Enable)
1 USART  / A(UCSRnA) (RXCn) USART
RXCIEn 1 (SREG) 0] 1 UCSRNA RXCn
)
. 6 - TXCIEn: (Transmit Complete Interrupt Enable)
1 USART / A(UCSRnA) (TXCn) USART
TXCIEn 1 SREG 0) 1 UCSRnA TXCn (1)
L 5- UDRIEN : (Transmit Data Register Empty Interrupt Enable)
1 USART  / A(UCSRNA) (UDREN)
USART UDRIEN 1 SREG 0) 1 UCSRnA UDREN
(€
. 4 - RXENn : (Receiver Enable)
1 MSPIM  USART () RXDn
MSPI () ( RXENN=1 TXENN=0)

()
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. 3- TXENn: (Transmitter Enable)
1 USART () TXDn
(TXENN=0 ) (
) TXDn  ( /o )
= 2 0- Res: (Reserved Bits in MSPI mode)
MSPI UCSRnB
0
19.84. USART MSPIM / C (USART Control nad Status Register C) UCSRnC
7 6 5 4 3 2 1 0
($C2) [umMsELnifumsELnol - [ - [ - [UDORDnJUCPHANn[UCPOLNn] UCSRnC
Read/ Write R'W RI'W R R R RI'W RI'W RI'W
0 0 0 0 0 1 1 0
. 7,6 - UMSELN1,0 : USART (USART Mode Select)
19-4. USART USART 19- 4. USART
122 USART / (UCSRNC)
- (MSPIM)  UMSELn 1 UMSELN1 | UMSELNO
(UDORDn) (UCPHAnN) (UCPO 0 0
Ln) MSPIM 1.
1 0
1 Pl (MSPIM)
L 5 3- Res: (Reserved Bits in MSPI mode)
MSPI UCSRnC
0
= 2 - UDORDnN : (Data Order)
UDORDnN 1 LSB UDORDN 0 MSB
127
L 1- UCPHAN: (Clock Phase)
(UCPHAnN) XCKn () () ()
126
. 0- UCPOLN : (Clock Polarity)
(UCPOLN) XCKn UCPOLN (UCPHAN)
126
19.85. USART MSPIM (USART Baud Rate Register) UBRRnH, UBRRnL (UBRRn)
MSPIM (UBRRN) USART 123 USART (UBRRnNH,
UBRRnL)
131
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20. 2 (TWI: Two- wire Serial Interface, 12C)
20.1.
"2
[ |
[ |
n 7 128
[ |
 400kHz
. / ( )
[ |
[ |
= AVR «( )
= Philips 12C
26 (PRR)  PRTWI 2 0
202. 2
2 (TWI) TWI 2
1 (SDA) 1 (sCL) 128
T™WI 1
TWI
20-1.2 (TW) 1 vee
1 2 3 n | [r] |re
< l > SCL
< > DA
2021. TW
20-1. TW
L
20.2.2.
20- 1. TWI
AND TWI
Low 1 TWI 0 High TWI Hi-Z
High T™WI AVR
7 400pF TWI
193 2 2 1 100kHz
1 400kHz
20.3.
20.3.1.
T™WI 20- 2.
High - v -
DA _ L X \
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20.3.2.
20-3.
SoAT\_ /L N\ / .../ ../
SCL
High DA st/ T\ ... /T \.../
20.3.3.
TWI 7 1 (Read/ Write) 1 9
(R'W) @
9 SCL(ACK) SDA Low
(ACK) SDA High
(R'W)
AR SLA+W
(MSB) 0000 000
(ACK) SDA Low
W(
) ACK SDA Low
R( )
20-4.
SDA \___ /MsBX A5 X XLSBXRWXACK/
1111 xxx
scL 1\ 7\ S\ S\
(i ) 1\ 2\ .../7\S8\S9
20.34.
TWI 1 1 9
(ACK) 9 scL 20-5
or  Low oA _/MEBX D6 X .. XTSBXRW/
SDA High NACK DA \ 7
NACK DA __/MsBX D6 X ... XLSBXRWXACK/
(MSB)
st __ /1S ../ 7\Se\So\__
20.35.
SLA+R'W 1
SCL AND SCL
Low SCL Low
SCL Low
SCL High SCL (Low ) TWI
20-6. SLA+R/W
20-6.
SDA \__ /MBX A5 X | XLSBXRW\ACK /MBX D5 X XLBXRWYXACK\ _/
st i\ A s\ o A\ o\ [ s\ o\ [
S AR W
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20.4.
TWI >
2
[ 1 ( )
( ) ( )
( )
= SCL
AND AND
High 1 High Low Low Low
L L High Low SCL High
Low
20-7. SCL
A SCL < TAjow—> """ T Ahigh—>
BscL ~ \_° . co=d
scL <— TBlow —>!/
[ * <— TBhigh —>
4 Low A High
SDA DA
SDA High Low
SDA High
20-8.2 DA
ASDA N\ _/ A S
BDATN_/ \_/ \
SDA N/ L/ N\
L N /S
SLA+HR/'W
« )
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205. TW
20-9. TWI ( ) AVR
20-9.2
~&D G
_____ bR
/ N :
- $
/ P §
(TwpR) |ACK (TWER) | &
(TWAMR) awar)  |i (TWSR) awcr) |
K :
205.1. SCL SDA
AVRTWI MCU TWI ( /
) 50ns
AVR SCL SDA (=1)
205.2.
scL scL TWI (TWBR) TWI (TWSR)
CPU
scL 16 SCL Low TWI
cL
<L _ CPU TWBR : TWI
T 16 2x (TWBR)X CTWI TWPS (150 20-7. )
: scL 193
27-5.
205.3.
(TWDR) / TWDR
8 TWDR
(N)ACK (N)ACK
TWI (TWCR) Q) ) (N)ACK
TWSR
/ /
AVR MCU MCU 1
TWI
TWI
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20.54.
TWI (TWAR) 7 TWAR
(TWGCE) 1
™I TWI (TWCR)
AVR MCU MCU 1
T™WI CPU ( INTO) TWI
TWI
2055,
TWI TWI (TWCR) TWI
TWI (TWINT) TWI (TWSR)
TWI TWSR TWSR
TWINT 1) scL Low
T™WI ( )
T™WI (TWINT) 1)
| |
s SAHRW
| |
| |
| |
| |
| |
| |
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206. TWM
AVR TWI
TWI TWI
(SREG) 0) TWI (TWCR) TWI (TWIE) TWCR TWwWi
(TWINT) (1) ( ) TWIE (0)
( ) TWI TWINT
TWINT @) TWI ( ) T™WI (TWSR) TWI
TWCR TWDR TWI T™WI
20-10. ( ) TWI
20- 10. TW
TWCR
TWSR SLA+W ACK TWSR ACK TWSR
SLA+W TWDR TWDR
TWCR TWCR TWCR
TWINT=1,TWSTA=0 TWINT=1 TWINT=1
Y Y Y Y
TWI S SA w | A Data [ A P |
A T™WI A A
TWINT (@) TWINT (@) TWINT @ D TWINT=1
S A+W S
ACK ACK p -
TWI ™I TWCR
TWINT 1)
TWINT 1 (0) TWCR TWINT 1) T™WI
( ) TWINT 0) TWI
TWCR TWINT 1 TWSR
TWSR TWSR
( ) TWDR SLAHW TWDR
TWDR SLA+W TWDR SLA+W T™WI TWCR
TWINT @)
TWINT 1 0) TWCR TWINT ) T™WI
( ) TWINT 0) TWI
TWCR TWINT 1 TWSR
ACK TWSR
TWSR
( ) TWDR TWDR
TWI TWCR
TWINT (1) TWINT 1 (0) TWCR
TWINT (1) T™WI ( ) TWINT 0) T™WI
TWCR  TWINT (1)  TWSR
ACK TWSR
TWSR
( ) T™WI TWCR
TWINT 1)
TWINT 1 (0) TWCR TWINT ) TWI
( ) TWINT (0) TWI
TWINT 1)
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TWI
= TWI ( ) TWINT (1) SCL TWINT 0)
Low
= TWINT (1) TWI ( ) TWI
TWDR TWI
= ( ) TWI TWCR TWCR
TWINT (1) TWINT 1 (0) TWCR
T™WI (TWINT=0)
C
C
LD RL6, (1<<TWNI) | (1<<TVETA) | TWR = (1<<TWNI) | (1<<TVETA ;
| (1<<TVEEN | (1<<TVEEN) ;
QJr TWR R16
WATL IN RL6 TWR vhile (! (TWR & (1<<TWND))); : TWINT=1
SBRS  R16, TWNT i ( )
RIMP WA T1
IN RI6, TVER if ((TVBR & OxF8) != START) : TWI
A\D  RIG, $F8 ERRR); :
P RI16, START : START
BR\E ERRCR :
LD R16, SLAW TWR = SSA W : TWDR SLA+W
QJr TWR RL6 ;
LD  R16, (1<<TWNI) | (1<<TVEN TWR = (1<<TWNI) | (1<<TVEEN); : TWCR TWINT (0)
QJr TWR R16
WA T2 IN RI6 TWR while (! (TR & (1<<TWN))); : TWINT=1
SBRS RI16, TWNT ; (SLA+W
RIMP WA T2 : ACK/ NACK )
IN RI16, TVER if ((TVER & OxF8) != MI_SLA AK) : TWI
AND  RI16, $F8 ERRR); :
P RI6, M_9A AXK : MT_SLA ACK
BR\E EHRXR :
LD R16, DATA TVER = DATA : TWDR
QJr TWR R16 :
LD  RI16, (1<<TWNI) | (1<<TVEAN TWR = (1<<TWNI) | (1<<TVEN ; ; TWCR TWINT ©
QJr TWR R16
WA T3 IN RI6 TWR vhile (! (TWR & (1<<TWNI))); : TWINT=1
SBRS RI16, TWNT 7 (
RIMP WA T3 : ACK/ NACK )
IN RI6, TVER if ((TVER & OxF8) != NI DATA ACK) | ; TWI
AND  RIG, $F8 ERRXR); ,
P R16, M_DATA AK : MT DATA ACK
BR\E ERRCR :
LD  R16, (1<<TWNI) | (1<<TVBTO | TWIR = (1<<TWNI) | ( 1<<TWETO ;
| (1<<TVEN | (1<<TVEEN) ;
QJr TWR R16
14
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20.7.
T™WI 4 1 (MT) (MR) (ST
(R TWI EEPROM TWI
MT EEPROM MR
TWI R
S (START)
Rs (REPEATED START)
R (SDA=High)
W (SDA=Low)
A (ACK) (SDA=Low)
A (NACK) (SDA=High)
Data 8
P (STOP)
SA
20-12. 18. ( : ) TWI (TWCR) TwI (TWINT) (@)
0 TWI (TWSR)
TWI ( ) TWI
TWINT 0)
TWI (TWINT) (@) TWI (TWSR)
20-2. 5.

AIMEL
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20.7.1.
( 20-11. )
SLAHW (MT) SLA+R (MR)
0 0
20-11. _T—T_VCC
1 2
3 n R1| |R2
( ) | LC )
¥ L § ¢ l : ] > CL
< Y S:)A > SDA
TWCR
7 6 5 4 8 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE |
1 X 1 0 X 1 0 X
TWEN 2 (TWI) (1) TWSTA 1
TWINT TWINT () 1 ™I 2
TWINT 1) TWSR
$08( 20-2. ) SLA+W TWDR
SLA+HW TWINT 1 ) 0)
TWCR
7 6 5 4 3 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWE |
1 X 0 0 X 1 0 X
SLA+W TWINT 1) TWSR
$18, $20, $38 20- 2.
SLA+W TWDR
TWDR TWINT 1 (TWWC)
TWCR (D) TWDR TWINT (1 ) ©
TWCR
7 6 5 4 3 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE |
1 X 0 0 X 1 0 X
TWCR
7 6 5 4 3 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWE |
1 X 0 1 X 1 0 X
TWCR
7 6 5 4 3 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE |
1 X 1 0 X 1 0 X

( $10) 2
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20-2. ( : TWSR 0 )
TWR) R TWCR TWCR
WD TWSTA | TWSTO | TWINT | TWEA
$08 SLAHW 0 0 1 X [sLAtw  ACK NACK
- SLA+W 0 0 1 X [sLAtw  ACK NACK
SLA+R 0 0 1 X [sLA+R
0 0 1 X ACK NACK
15 |SLAHW 1 0 1 X
ACK 0 1 1 X TWSTO=0
1 1 1 X - TWSTO=0
0 0 1 X ACK NACK
520 | SLAW 1 0 1 X
NACK 0 1 1 X TWSTO=0
1 1 1 X - TWSTO=0
0 0 1 X ACK NACK
1 0 1 X
2
28 | ack o | 1 | 1 | x TWSTO=0
1 1 1 X - TWSTO=0
0 0 1 X ACK NACK
1 0 1 X
%0 nack 0 1 1 X TWSTO=0
1 1 1 X - TWSTO=0
SLA+W, 0 0 1 X
538 1 0 1 X
20-12.
v
[s|[sAiw]|Aa ‘Data_ Al P |
® @ @
® ®) ®)
»[Rs| SA i w
@
Y @ Y
AlP| R
|
\
AlP]
\ > v ~
A/ A - A/ A ~
[ ®
[ A
] [] [oata T A] @) 16 (TWSR)
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20.7.2.
( 20-13. )
SLAHW (MT) SLA+R (MR)
0 0
20-13. —t 1t VcC
1 2
3 n R1 R2
( ( )
< Vv t s % l ! ‘ > SCL
< DA v DA
TWCR
7 6 5 4 3 2 1 0
TWCR LTWINT | TWEA | TWSTA [ TWSTO | TWWC | TWEN | - | TWIE |
1 X 1 0 X 1 0 X
TWEN 2 (TWI) (1) TWSTA 1
TWINT TWINT (0) 1 ™I 2
TWINT 1) TWSR
$08( 20-3. ) S A+R TWDR
SLA+R TWINT (1 ) ()
TWCR
7 6 5 4 3 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWE |
1 X 0 0 X 1 0 X
SLA+R TWINT (1) TWSR
$38, $40, $48 20- 3.
TWINT (1) TWDR
NACK
TWCR
7 6 5 4 3 2 1 0
TWCR [TWINT T TWEA T TWSTATTWSTO] TWWC [ TWEN [ - [ TWIE |
1 X 0 1 X 1 0 X
TWCR
7 6 5 4 3 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWE |
1 X 1 0 X 1 0 X
( $10) 2
(
)
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20-3. (:TWSR 0 )
(TWSR) = TWCR TWCR
e TWSTA | TWSTO | TWINT | TWEA
$08 SLA+R 0 0 1 X |9A+R  ACK NACK
- SLA+R 0 0 1 X |9A+R  ACK NACK
SLA+W 0 0 1 X [sLAa+w
SLA+R 0 0 1 X
= NACK 1 0 1 X
o0 | AR 0 0 1 0 NACK
ACK 0 0 1 1 ACK
QAR 1 0 1 X
+
$48 | Ak 0 1 1 X TWSTO=0
1 1 1 X - TWSTO=0
0 0 1 0 NACK
%50 | ack 0 0 1 1 ACK
1 0 1 X
$58 | \acK 0 1 1 X TWSTO=0
1 1 1 X - TWSTO=0
20-14.
v
| s|sAairR[A] Daa Alpaa| A| P |
®,
» Rs| SA IR
Y Y
AlPr] W
v
\ 4 o \4 >
A/A| . LAl g
\@® (33)
A
] ] [ A] @1 R
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20.73.
( 20-15. )
0 0
20-15. —T—T—VCC
1 2
3 n R1 R2
( ) L )
A
- 1 %k v l . l > SCL
< Y > SD A
TWAR TWCR
7 6 5 4 3 2 1 0
TWCR | TwAe | TWAs | TWA4 | TWA3 | TWA2 | TWA1 | TWA0 | TWGCE |
| | wvo
7 2 (TWGCE) 1)
TWI ($00)
7 6 5 4 3 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWE |
0 1 0 0 0 1 0 X
TWEN 2 (TWI) 1 TWEA
(ACK) 1 TWSTA TWSTO 0
TWAR TWCR TWI ( )
(W) TWI (1(R) )
W TWINT 1) TWSR
20- 4. TWI (
$68, $78 )
TWEA (0) TWI DA (NACK)(SDA=High)
TWEA O TWI
2 TWEA (1) TWEA T™W 2
TWI OFF TWEA @)
2 (SCL)
T™WI TWINT @ ) (0 scL Low
AVR AVR SCL

Low

w  ATmegad8/ 88/ 168
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20- 4. (:TWSR )
TWCR TWCR
(rit=s) UEERS TWSTA [ TWSTO | TWINT | TWEA
— AW X 0 1 0 NACK
ACK X 0 1 1 ACK
SARW X 0 1 0 NACK
$68 / S A+
W / ACK X 0 1 1 ACK
X 0 1 0 NACK
$70 | ack X 0 1 1 ACK
SARW X 0 1 0 NACK
$78 /
/ ACK X 0 1 1 ACK
X 0 1 0 NACK
$80 | ack X 0 1 1 ACK
0 0 1 0
0 0 1 1
388 [ \ack 1 0 1 0
1 0 1 1
X 0 1 0 NACK
$90 / ACK X 0 1 1 ACK
0 0 1 0
0 0 1 1
$98 1 0 1 0
NACK
1 0 1 1
0 0 1 0
0 0 1 1
$A0 1 0 1 0
1 0 1 1
20- 16.
s[SAW[A] Daa | A][DaaA]JPS|
®)| ® @ ®
(60) (80) v (20)
NEE
A
A] Daa | A[Daal A [PS]

[]

®

(%8

() 16

(TWSR)
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20.74.
( 20-17. )
0 0
20-17. _T—T_VCC
1 2
3 n Rl| |R2
( )] L )
A
< i %}& + l L i » SCL
< i > SDA
TWAR TWCR
7 6 5 4 3 2 1 0
TWCR | TwAe | TWA5 | TWA4 | TWA3 | TWA2 | TWA1 | TWA0 | TWGCE |
| | wo
7 2 (TWGCE) (1)
TWI ($00)
7 6 5 4 3 2 1 0
TWCR LTWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE |
0 1 0 0 0 1 0 X
TWEN 2 (TWI) 1 TWEA
(ACK) 1 TWSTA TWSTO 0
TWAR TWCR TWI ( )
1R TWI (O(W) )
R TWINT (1) TWSR
20-5. TWI (
$BO )
TWEA 0 TWI ACK NACK
$CO $C8 TWI
1
(TWEA O NACK ) (ACK ) $C8
TWEA O TWI 2 TWEA @h]
TWEA T™WI 2
TWI OFF TWEA (1)
2 (SCL)
TWI TWINT (1 ) (0 L Low
AVR AVR CL
Low
( ) 2 (TWDR)
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20-5. ( : TWSR 0 )
TWCR TWCR
(TWSR) TWDR
TWSTA | TWSTO [ TWINT | TWEA
X 0 1 0 NACK
$AS S A+R
ACK X 0 1 1 ACK
SLA+RIW X 0 1 0 NACK
$BO I SLA+
R / ACK X 0 1 1 ACK
X 0 1 0 NACK
$B8 | ack X 0 1 1 ACK
0 0 1 0
0 0 1 1
$CO | \ack 1 0 1 0
1 0 1 1
0 0 1 0
0 0 1 1
$C8 | (TWEA=0) 1 0 1 0
ACK
1 0 1 1
20-18.
[s]TsA  R[A] paa [A[DpaaA[rPs]
A
&
A
Al 1 ]P9|
(TWEA=0)
[ ] [ ] [ Data [ A ] (on) 16 (TWSR)
20.7.5.
TWI 2 20-6.
$F8 TWI (TWINT) 1) TWI
$00 2 (START)
(STOP) (ACK)
TWINT 1) (STOP) (TWSTO) 1)
TWINT 1 0) TWI TWSTO
) (TWCR ) SDA SCL
20- 6. ( : TWSR 0 )
TWCR TWCR
WSR TWD
(TWSR) R TWSTA | TWSTO [ TWINT | TWEA
$F8 | r\winT=0 - - : -
$00 / . . . X |twsro=o
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20.7.6. ™
TWI EEPROM
EEPROM
)
EEPROM )
20- 19. EEPROM ™
[ s| sA iwa[eerrom [Alrs| sA R[aA|EEPROM  [A] P |
*
20.8.
TWI 1
2
20- 20. _T—T_VCC
1 2 3
( ) + ( : ) : R
B SCL i l .
; 4 DA Y i i j 4 %k
| |
" (R'W) RIW
SDA 1
. SLA SDA 0 1
SLA
RI'W (RN (ST)
20-21. ( )
20-21.
SA RWA] [A/A]
vSLA
&
(68) NACK
<’>W " (78) ACK
R _ NACK
> ACK

s ATmegad8/ 88/ 168
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209. TWM
209.1. TW (TWI Bit Rate Register) TWBR
7 6 5 4 3 2 1 0
($B8) [ TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 [ TWBR2 | TWBRL | TWBRO | TWBR
Read/ Write R'W RIW RIW RIW RIW RIW RIW R'W
0 0 0 0 0 0 0 0
. 7 0- TWBR7 0:TW (TWI Bit Rate Register)
TWBR SCL
135
209.2. TW (TWI Control Register) TWCR
7 6 5 4 3 2 1 0
($BC) | TWINT [ TWEA | TWSTA [ TWSTO | TWWC | TWEN | - | TWIE | TWCR
Read/ Write RIW RIW RIW RIW R RIW R R'W
0 0 0 0 0 0 0 0
TWCR TWwI TWI
TWI (TWDR)
TWDR TWDR
L 7 - TWINT : TW (TWI Interrupt Flag)
TWI (1) TWI
(TWCR) TwI (TWIE) (SREG) 0! (1) MCU TWI
TWINT D SCL  Low TWINT 1
© (0)
(0) TWI (0) TWI (TWAR) TwI (TWDR) TWI
(TWSR)
= 6- TWEA: (ACK) (TWI Enable Acknowledge Bit)
TWEA (ACK ) TWEA 1 TWI ACK
TWI (TWAR) (TWGCE) (1)
TWEA 0 2
TWEA 1
. 5- TWSTA: (START) (TWI START Condition Bit)
2 TWSTA 1 TWI
TWI
TWSTA ©)
. 4 - TWSTO:: (STOP) (TWI STOP Condition Bit)
TWSTO 1 2 TWSTO
(0) TWSTO (1)
TWI L DA Hi-Z
L 3- TWAC : TW (TWI Write Collision Flag)
TWI (TWINT) 0 TWI (TWDR) TWWC 1)
TWINT 1 TWDR (0)
. 2- TWEN: TW (TWI Enable Bit)
TWEN TWI TWI ( ) TWEN 1 TWI SCL SDA
170 0 TWI OFF
T™WI
= 1- Res: (Reserved Bit)
0
= 0- TWE: TW (TWI Interrupt Enable)
1 (SREG) 0} (1) TWI (TWINT) 1
TWI ( )

AIMEL
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209.3. TW (TWI Satus Register) TWSR
7 6 5 4 3 2 1 0
($B9) | Twsr | Twss | TWSs [ Twst [ Twss [ - [ TwPSL | TWPSD | TWSR
Read/ Write R R R R R R RI'W R'W
1 1 1 1 1 0 0 0
= 7 3-TWsS7 3:TW (TWI Satus)
5 TWI 2 TWSR
5 2
0
. 2- Res: (Reserved Bit)
0
" 1,0 - TWPS1,TWPSO : TWM (TWI Prescaler Bits)
20-7. TWM
135 TWPS TWPS1 TWPS0
10 0 0 1
0 1 4
1 0 16
1 1 64
2094. TW (TWI Data Register) TWDR
7 6 5 4 3 2 1 0
($BB) | TWD7 | TWD6 | TWD5 | TWD4 | TWD3 | TWD2 | TwD1 | TWD0o | TWDR
Read/ Write R'W R'W R'W R'W R'W R'W R'W R'W
1 1 1 1 1 1 1 1
TWDR TWDR TWDR TWwI
TWI (TWCR) Twil (TWINT)
(1) TWI (TWDR)
TWDR TWINT (1)
TWI TWDR
TWDR (ACK)
TWI CPU ACK
. 7 0- TWD7 0:TW (TWI Data)
8 2
2095. TW ( ) (TWI (Save) Address Register) TWAR
7 6 5 4 3 2 1 0
($BA) | TwA6 | TWA5 | TWA4 | TWA3 | TWA2 | TWA1 | TWA0 | TWGCE | TWAR
Read/ Write RI'W RIW RIW RI'W RIW RIW RIW RIW
1 1 1 1 1 1 1 0
TWAR TWI 7 (TWAR 7 )
TWAR
TWAR (TWGCE) ($00)
( )
. 7 1- TWA6 0:TW (TWI (Qave) Address)
7 TWI
L 0- TWGCE : (TWI General Call Recognition Enable Bit)

1) 2 « )

s ATmegad8/ 88/ 168
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ATmegad48/ 88/ 168

(TWI (Save) Address Mask Register) TWAMR

6 5 4 3 2 1 0
($BD) [TwAMe | TWAMS [ TWAM4 [ TWAM3 [ TWAM2 [ TWAML [TWAMO [ - ] TWAMR
Read/ Write RIW RI'W RI'W RIW RI'W RIW RIW R

1 1 1 1 1 1 0
= 7 1- TWAM6 0:TW (TWI (Save) Address Mask)
TWAMR 7 TWAMR 20-22. TW

TWI( ) (TWAR) S
( 1 : 0
TWAR
20-22.

. 0- Res: (Reserved Bit)

0

AIMEL
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21.
21.1.
AINO AIN1 21-1.
AINO
AIN1 ACSR
ACIE
(ACO) ACD
/ 1 (
—> ACI
ACIS1 ACISO ACIC —» / 1
21-1. ACO
ADC  (A/D )
26 (PRR) PRADC - A/D 21- 1.
0 ) 2 52 12-9.
21.2.
ADC7 O A/D
A/D OFF( ) ADCSRB
(ACME) (1) A/D OFF(ADCSRA  ADEN 0) 21-1.
ADMUX (MUX2 0) ACME ©
ADEN 1) AIN1
21-1.
ACME ADEN MUX2 0
0 X X X X A
1 X X X
000 ADCO
001 ADC1
010 ADC2
1 0 011 ADC3
100 ADC4
101 ADC5
110 ADC6 TQFP, QFN/ MLF32
111 ADC7
21.3.
21.31. A/D / B (ADC Control and Satus Register B) ADCSRB
7 6 5 4 3 2 1 0
($7B) L_- | ACME | - | - | - | ADTS | ADTSL | ADTSD | ADCSRB
Read/ Write R R'W R R R R'W RI'W R'W
0 0 0 0 0 0 0 0
= 6 - ACME : (Analog Comparator Multiplexer Enable)
1 AID OFF(ADCSRA ADEN 0) A/D
0 AIN1
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21.3.2. / (Analog Comparator Control and Status Register) ACSR
7 6 5 4 3 2 1 0
$30(%500 | ACD | ACBG | ACO | ACI [ ACIE | ACIC [ ACISL | ACISo | ACSR
Read/ Write RIW RIW R RIW RIW RI'W RIW RIW
0 0 0 0 0 0 0
= 7- ACD: (Analog Comparator Disable)
1 OFF OFF
(1) ACD ACSR
(ACIE) (0)
L 6 - ACBG: (Analog Comparator Bandgap Select)
(@)} ( 1.1V) 0)
AINO
( ) 29
= 5- ACO: (Analog Comparator Output)
ACO 1 2
L 4- ACI . (Analog Comparator Interrupt Flag)
ACR (ACISL,ACISD)
(1) ACSR (ACIE) (1) (SREG) 0)
1) ACI
©) 1 ACI )
. 3- ACIE: (Analog Comparator Interrupt Enable)
ACIE 1 (SREG) 0] (1)
) 0
L 2- ACIC: (Analog Comparator Input Capture Enable)
1 / 1 )
/ 1
0 / 1
/ 1 (TIMSK1) (ICIED) @)
= 1,0- ACISL, ACISO : (Analog Comparator Interrupt Mode Select)
21-2.
2l-2. ACIS1 ACIS0
ACISLACISO ACSR 0 0 )
(ACIE) (0) 0 1
1 0
1 1
21.3.3. 1 (Digital Input Disable Register 1) DIDR1
7 6 5 4 3 2 1 0
$7F) L - - - [ - [ - [ - | ANID [ AINOD | DIDRL
Read/ Write R R R R R R R'W RIW
0 0 0 0 0 0 0 0
. 7 2- Res: (Reserved)
0
L 1,0 - AIN1D,AINOD : AINL1,AINO (AIN1,AINO Digital Input Disable)
1 AIN1/ 0 (1)

(PINX) 0

AINY O

AIMEL
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22. AID
22.1.
= 10
u 0.5LSB
u + 2LSB
. 13 260y s (50kHz 1MHz )
" 769kSPS(  /s)  ( 15kSPS )
=6
.2 (TQFP, QFN/ MLF32 )
= A/D
= 0 VCCA/D
u 1.1V A/D
[ ]
= A/ D
= A/D
[ ]
22.2.
ATmegad8/ 83/ 168 10 A/D A/D c 8(6)
8 0V(GND)
A/D A/D & (SH | )
A/ D 22-1.
A/D (AvCe) AVCC VCC 0.3V
159
1.1V AvVce AREF
( )
26 (PRR) PRADC  A/D 0
22-1. A/D
ADIF
@D—]o i a0 [~
¢ 8- bit Data Bus (ADT& 0 S
1.1V ]
U - & & 154287 11 o
- | A/D A/D / A/D
(ADMUX) A (ADCSRA) (ADCH/ ADCL)
A A
x MmN H| o Z W m
@ AR Z)9)-|5| 2|88 o
1.1V %%D SIsSIsSIs \7\7‘<<D$ 9(9(9( o~
------ i T < = 9}
ADC7—— < > 2
',-:'-::.‘ Y V VY ¢ ¢ Y ¢
"A.[_)_czg' MUX SI-ART
:
§§4| I—» 10 DAC >
> %H
<ADC2> <
:
( )

= ATmegad8/ 88/ 168
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AID 10 GND AREF
-1LSB AID (ADMUX) (REFS1,REFSD) AvCC
1.1V AREF AREF
( )
ADMUX (MUX3 0) GND (1.1v
(VBG)) ADC (ADC7 0) A/D A/D A/D
/ A(ADCSRA) A/D  (ADEN) (1) ( ) ADEN
(1) ADEN (0) Al D
Al D OFF
Al D Al D (ADCH, ADCL) 10 (16 0
10 ) ADMUX (ADLAR) 1) (16 15 10 )
8 ADCH
( ) ADCL ADCH ADCL
Al D Al D (ADCH, ADCL) ADCL ADCH
(ADCH, ADCL) ADCH
ADCH, ADCL  A/D
Al D AID Al D ADCL ADCH
22.3.
ADCSRA (ADSC) 1 1
© A/D
A/D / A(ADCSRA) A/D
(ADATE) (1) A/ID / B(ADCSRB) A/D
(ADTS2 0) ( ADTS )
A/D
(1)
(SREG) 0 ©)
1
©)
22-2. AID
ADTS2 0
ADIF LKADC |
1 1
n
ADSC
A/D (ADIF) A/D
A/D ( ) A/D
ADCSRA ADSC 1 AID A/D
(ADIF) (0)
ADCSRA ADSC 1 ADSC
ADSC 1
A/ID AID
158 ( 2 )

AIMEL
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224.
50 200kHz 22-3.AID
10 A/ D CK
A/D 100kHz CPU A/D START A REERRE
Al'D / 222 212|LelS
A(ADCSRA) A/ D (ADPS2 0) O|O|10|55151%
ADCSRA A/D (ADEN) (@) A/D ON EREEENEL
ADEN 1) ADPSD 0D
ADEN 0 ADPSL
ADCSR A/D (ADSC) ) ADPS2 ———> 7
13 A/D ON (ADCSRA A/D
ADEN=1) 25
A/D ( )
& ( ) 1.5 13.5
A/ID (ADCH,ADCL) ADCSRA A/D (ADIF)
(1) (ADATE=0) ADCSRA A/D (ADSC) 0)
ADSC (1)
& 2
( ) 3CPU
(ADFR=1) ADSC 1
22-1.
22-4. ( )
< > - —
(1121 (12[13[14]15]16] A22]23]24][25] [L]2]3
| 1 H
‘ R L
: i i 1
ADEN__| | \ Vo _— 0
ADSC__ [} \ \ - 0
ADIF ‘ Y :
I | ] / \
ADCH,ADCL ]/ | /) / | 0
N — X
22-5. ( )
< > - —
[T12[3[4]5]6]7[8[oJwoJum]12][13] [Lf]2]3
----- ! [ | L
ADSC ,1 | g /l é
ADIF ‘ Y :
ADCH,ADCL | | :
__ -~ R
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22- 6. (

<&

)

»!

I P2 T I S B B B B O B BV e

ATmegad48/ 88/ 168

-

(11 2]

: |_||_||_||_||_||—||—||—||—|:|‘T—|‘|—|H
L
— ‘ — — 1
4 | . 0
ADATE [ | | i | 0
ADIF R 5
ADCH,ADCL | 5
N B NS
22-7. 22-1. A/D
— _H<_ —_—
1112713172713 13.5 25
1T 5 { H 15 13
ADSC ! 2 135
ADIF 1 1 5
ADCH,ADCL §
o AN
22.5.
A/D (ADMUX) (MUX3 0) (REFSL 0)  CPU
A/D /
(ADCSRA  ADIF=1)
ADCSRA (ADSC)
ADSC 1 () ADMUX
ADMUX
ADCSRA A/D  (ADEN) A/D (ADATE)
ADMUX ADMUX
= ADEN  ADATE  (0)
. 1
. ©)
1 ADMUX A/D
225.1. A/D

AIMEL

ADSC 1 1

ADSC 1
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2252. AID

A/D (VRer) A/D

VREF AVCC
A/D

1.1v

AvVcC
AREF
VREF(
VREF

AREF

AvcCcC 1.1v

22.6.

A/D CPU 11O

A/D

A/D (ADEN=1)
A/D (ADIE=1)

A/D ( )
A/ID

(ADSC=0)

CPU
SLEEP

A/D
CPU

A/D

226.1.
22-8.

10kQ

SH ( )

18 ATmegad8/ 88/ 168

AREF
1.1v

)

AREF

CPU

ADCn

(fapc/ 2)
ADC

VREF

(
AREF

AREF

A/D

CPU
A/D

A/D

$3FF

) (VBG)
GND

(ADATE=0)

A/D

OFF
ADEN 0

22-8.

ADC

=

VCC

1 100kQ

@
Cg H=14pF
0 = T

— VCC/ 2
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226.2.
22-9.A/D
EM S e A
Ei@i 8 &g :
GND 28 § 8 0O i
'3 <2< ;
AVCC 22-9. LC [29]:[8] [27] [26] [25] ;
(vee) t-oeooooeooooo 4 ADCL(PCY)
CPU A/D " @ Apco@co) 10uHi
ADCO 3 ATmegad8/ 83/ 168 [22] ADCT |
2 ¢ [21/= GND :
(ADC4 ADC5) ADC4 ADCS5 ADC ' [ arer 5
() 229 + |19/ ADCE 0.1
' i [rsAVEC ;
17] PB5 (SCK)
2263. AID
n  AD GND VREF 2N 0 2N 1
. - 22-10. 22-11
($000  $001) ( 0.5 S .t SO
LSB) OLSB !
. - 22-11 i
($3FE  $3FF) 5
( 1.5L.SB ) 5
OLSB E
. (NL) - 22-12.
OLSB VREF
. (ONL) - 22-13.
( 2 ) ] ]
1) LB 22-12. 22-13.
e Y .
1LSB !
t g 1
0.5LSB Z .
. i ]
+ 0.5LSB i Ly .
VREF
22.7. AID
(ADIF=1) A/D (ADCH, ADCL) ViNx 1024
ADC=————
VREF
VIN VREF (160 22-2. 22-3. ) $000 GND
$3FF -1LSB
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228. A/ID
2281. A/ID (ADC Multiplexer Select Register) ADMUX
7 6 5 4 3 2 1 0
($7C) | REFSL | REFSO | ADLAR | - | MUX3 | MUX2 | MUX1 | MUX0 | ADMUX
Read/ Write RIW RIW R'W R R'W R'W R'W RIW
0 0 0 0 0 0 0 0
= 7,6 - REFS1, REFSO : (Reference Select Bits 1, 0)
22-2. A/ D
(ADCSRA ADIF=1) AREF
22-2. A/ D
REFS1 REFS0
0 0 AREF (AVce 1.1V )
0 1 AVCC ( 1.1v AREF
1 0
1 1 1.1V (Avcc AREF
L 5- ADLAR: (ADC Left Adjust Result)
ADLAR A/D ADLAR 1
ADLAR A/D
162 A/D
= 32,1,0 - MUX3, MUX2, MUX1, MUX0 : A/ D (Analog Channel Select Bits3 0)
A/D 22-3.
(ADCSRA ADIF=1)
22-3.
MUX3 0 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 1000 1101 1110 | 1111
ADCO | ADC1 | ADC2 | ADC3 | ADC4 | ADCS5 |(ADCE6)|(ADCT7) 1.1V ov
PCO | PC1 | PC2 | PC3 | PC4 | PC5 | ADC6 | ADC7 VBG | GND
( )PDIP QFN/MLF28 6 ADC6,7
2282. AID / A (ADC Control and Status Register A) ADCSRA
7 6 5 4 3 2 1 0
($7A) | ADEN | ADSC | ADATE | ADIF | ADIE | ADPS2 | ADPSL | ADPS) | ADCSRA
Read/ Write RIW RIW R'W R'W RIW R'W RI'W RIW
0 0 0 0 0 0 0 0
u 7- ADEN:A/D (ADC Enable)
1 A/D ( ) 0 A/D ( YOFF
AID OFF ( )
= 6- ADSC:A/D (ADC Sart Conversion)
1
1 A/D (ADEN=1) ADSC A/D
ADSC 13 25 A/D
ADSC 1 0 0
u 5- ADATE:A/D (ADC Auto Trigger Enable)
1 A/D A/D
A/D / B(ADCSRB) A/D (ADTS2 0)
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. 4- ADIF: A/D (ADC Interrupt Flag)
A/D A/D (1) (SREG) 0)
A/D (ADIE) 1) A/D
ADIF (0) 1 ADIF (0)
ADCSRA N ) SBI,CBI
( )
= 3- ADIE:A/D (ADC Interrupt Enable)
1 SREG 0 (1) A/ D ( )
©) ( )
= 2,10 - ADPS2, ADPS1, ADPSO : A/D (ADC Prescaler Select Bits)
XTAL( ) A/D
22-4. N D (CK= )
ADPS2 0 0 0 0 1 1 1 1
ADPS1 0 0 1 1 0 0 1 1
ADPS0 0 1 0 1 0 1 0 1
A/D CK/2 CK/2 CK/ 4 CK/8 CK/ 16 CK/ 32 CK/ 64 CK/ 128
2283. A/ID / B (ADC Control and Satus Register B) ADCSRB
7 6 5 4 3 2 1 0
($7B) L - lAamMeE] - | - | - | ADT® | ADTSL | ADTSD | ADCSRB
Read/ Write R R'W R R R RI'W RI'W RIW
0 0 0 0 0 0 0 0
= 75 3- Res: (Reserved Bits)
ADCSRB 0
L 2 0- ADTS2ADTS1ADTSO0: A/D (ADC Auto Trigger Source)
A/ D / A(ADCSRA) A/D 22-5.A/D
(ADATE) - AID ADTS2 | ADTS1 | ADTS0
ADATE ©) ADTS2 0 0 0 0
©) 1) 0 0 L
0 1 0 0
ADCSRA A/D  (ADEN) 1) 0 1 1 / 0o A
(ADTS2 0=0) 1 0 0 / 0
A/D @ 1 0 1 /1 B
1 1 0 / 1
1 1 1 / 1
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2284. A D (ADC Data Register) ADCHADCL (ADCD)
ADLAR=0
15 14 13 12 11 10 9 8
($79) .- r - - 1 - f§ - | - | ADC9 | ADC8 | ADCH
Read/ Write R R R R R R R R
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($78) | ADC7 | ADCé6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1i | ADCO | ADCL
Read/ Write R R R R R R R R
0 0 0 0 0 0 0 0
ADLAR=1
15 14 13 12 11 10 9 8
| ADC9 | ADC8 | ADC7 | ADCé6 | ADC5 | ADC4 | ADC3 | ADC2 | ADCH
7 6 5 4 3 2 1 0
| ADC1 | ADCO | - [ - [ - [ - [ - | - | ADCL
A/ID 2
ADCL A/D ADCH 8
ADCH ADCL ADCH
A/ID (ADMUX) (ADLAR) A/D (MUX3 0)
ADLAR 6] ADLAR (0) ( )
= ADC9 0:A/D (ADC Conversion result)
159 A/D
22.85. 0 (Digital Input Disable Register 0) DIDRO
7 6 5 4 3 2 1 0
($7E) - | - | ADC5D | ADC4D | ADC3D | ADC2D | ADC1D | ADCOD | DIDRO
Read/ Write R R RIW RIW RIW RIW RW RW
0 0 0 0 0 0 0 0
= 76 - Res: (Reserved Bits)
DIDRO
. 5 0- ADC5D ADCOD :ADC5 0 (ADC5 0 Digital Input Disable)
1 ADCn (1)
(PINX) 0 ADCn

ADC ADC6 ADC7
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23. WRE
23.1. . .
m RESET .
n ( ) n
n ( C ) n
n ( ) n
23.2. WIRE CPU AVR
1
23.3.
WIRE  (DWEN) (0) ® 23-1. WRE 1.8 5.5V
WIRE ( ) RESET
AND ( ) I/0 vce —?
dwW <—>| dW(RESET)
23-1. WIRE MCU
WIRE CKSEL [ GND
WIRE
= dW/ (RESET) 10kQ WIRE
m RESET vce
m RESET WIRE
[ ]
234. ( )
WIRE AVR BREAK AVR Studio®
BREAK BREAK ( )
( ) BREAK
WIRE AVR Sudio
235. WRE
WIRE  (dW) (RESET) WIRE
WIRE Pl (PRR) PRSP (1)
PRSP €] WIRE
(0) DWEN
DWEN WIRE
23.6. WRE I/ O
WIRE
236.1. WRE (debugWIRE Data Register) DWDR
7 6 5 4 3 2 1 0
$-%-) LB | | | | | | (LSB) | DWDR
Read/ Write R'W R'W RIW RIW RIW RIW RI'W RIW
0 0 0 0 0 0 0 0
DWDR MCU WIRE
163
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[ ]
24. - ATmega48
24.1.
ATmega48 (Read- While- Write)
MCU
( )
SPM 1 ()
. 1( )
. 2( )
( )
1.
- - ) 2
24.1.1. SPM
z SPM / (SPMCSR) '00000011' SPMCSR
4 SPM R1 RO z PCPAGE
z
. CPU
24.1.2. ( )
( ) ( ) z R1:RO SPMCSR  '00000001" SPMCSR
4 SPM z PCWORD
SPMCSR RWWSRE  (=1)
SPM EEPROM
24.1.3.
Z SPMCSR  '00000101 SPMCR 4 SPM
Rl RO (V4 YPCPAGE
Z 0
. CPU
24.2.
z ( ) SPM
15 14 13 12 1 10 9 8
ZHR3Y) | zi5 | z14 | z1i3 | z1i2 | zin | zio | 79 | 78 |
7 6 5 4 3 2 1 0
ZL(R30) | zz | 76 | 75 | 74 | 73 | 72 | 7nn | 7o |
(180 26-9. ) ( ) 2
1
24-1.
LPM z z
(20)

w  ATmegad8/ 88/ 168
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24-1. SPM
15  ZPCMSB ZPAGEMSB 10
z | 0]
PCMSB PAGEMSB
PCPAGE PCWORD
) PCWORD (PAGEMSB  0)
() |00
$01
\ $02
———— e PAGEEND
180 26- 9.
24.21. SPM EEPROM
EEPROM
EEPROM EEPROM (EECR) EEPROM (EEPE)
M / (SPMCSR) 0)
24.2.2.
z $0001 SPMCSR
SELFPRGEN (BLBSET) (1) SELFPRGEN BLBSET SPMCSR
3CPU LPM SELFPRGEN BLBSET
3CPU LPM 4ACPU SPM
(0) SELFPRGEN BLBSET 0) LPM
7 6 5 4 3 2 1 0
Rd | - | - | - | - | - | | B2 | 1B |
z $0000
SPMCSR  SELFPRGEN BLBSET (1) SELFPRGEN BLBSET SPMCSR 3CPU
LPM (FLB)
179 26-7.
7 6 5 4 3 2 1 0
Rd [ TFLB7 | FLBe | FLB5S | FLB4 | FLB3 | FLB2 | FLBL | FLBo |
z $0003 SELFPRGEN BLBSET SPMCSR (1)
3 LPM (FHB)
179 26- 6.
7 6 5 4 3 2 1 0
Rd [ FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |
Z $0002 SELFPRGEN BLBSET PMCR (1)
3 LPM (EFB)
179 26- 4.
7 6 5 4 3 2 1 0
Rd - r - 1 - &> - ;- ;1 -1 - 1 EFBo_|
) 0 ) 1

AIMEL
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242.3.

VCC

VCC
SPMCSR

24.24. SPM

24-1. SPM

(BOD)

AVR

AIMEL

CPU

2 1
2 CPU

@ )
AVR RESET (Low)
VCC

CPU

24-1. CPU

Min

Max

SPM

( ) 3.7ms

4.5ms

166
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24.25. - ATmega48
ATmega48 RWWSB 0 (Read- While- Write)
RAM 1 Y
RO,R1, TMP,CNTL,CNTH,SPMC
256
( )
. BQUJ PGSZB = PAES ZE 2 . PGB (PAGESIZE )
.G SVALLBAOTSTART ;
| ]
WG LD SPVG, (1<<PERS) +( 1<<SELFPRCEEN : SPMCSR
RCALL PV
; [ Rww ]
Lo SPVG, (1<<RWVERE) +( 1<<SHLFPREN) ;. RWwW SPMCSR
RCALL PV ;. RWwW
: [ RAM
LD ONITL, LONPGSZB) :
LD ONTH H GH PGS7B) ()
WP LD RO, Y+ : RAM (
LD RL, Y+ ; RAM (
LD SP\G, (1<<SHLFPREN : SPMCSR
RCALL SPM :
AD W H 7,2 ;
SBW  ONTH QNTL, 2 : (SUBI)
BR\E WP ;
ol ]
S8 ZL, LONPGSZB) :
SBa ZH H GH PGZB) ()
LD SP\G, ( 1<<PG/RT) +( 1<<SELFPREN) : SPMCSR
RCALL PV
; [ Rww ]
LD PG, ( 1<<RVERE) +( 1<<SELFPREEN) : RWW SPMCSR
RCALL SP\VI ;. RWW
| ( )]
LD ONIL, LONPGSZB :
LD ONTH H GH PGSZB) ()
S YL, LON PGSZB) : RAM
SEa YH H GH PGZB) :
RP LPM RO, Z+ 1 (
LD RL, Y+ RAM 1 (
aPsE RO, RL
RIMP BHRRR
SBW  ONTH QNTL, 1 ; (SUBI)
BRN\E RP ;
: ; [ Rww ]
RN IN ™, SPMCSR . SPM /
SBRS T™™P, RVE&EB ;. RWW
RET ;
; [ Rww
LO SPME ( 1<<RWERE) +( 1<<SH_FPREEN) RWW SPMCSR
RCALL PV ;. RWwW
RIMP RIN ;. RWW
; [ SPM ]
SP\MD: IN T™P, SPMCSR ;. SPM /
SBRC TMP, SELFPREN ; ( M)
RIMP SP\VI
IN ™, S)REG
al ;
VWA T: B C BEECR BEEPE ;. EEPROM
RIMP VWA T : EEPROM
QJr SPVCSR SPMC . SPM
SPM ; SPM
QJr SFREG TMP
RET

AIMEL
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24.3. - ATmega48
24.3.1. SPM / (Store Program Memory Controll and Status Register) SPMCSR
7 6 5 4 3 2 1 0
$37 ($57) | SPMIE | RWWSB | - [RWWSRE| BLBSET | PGWRT | PGERS | SELFPRGEN | SPMCSR
Read/ Write R'W R R R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
. 7 - SPMIE : SPM (SPM Interrupt Enable)
SPMIE 1 (SREG) () (1) SPM
SPM SPMCSR (SELFPRGEN) (0) EEPROM
SPM
. 6 - RWWSB : RWwW (Read- While- Write Section Busy)
(Read- While- Write) ATmega43 0
. 5- Res: (Reserved)
0
. 4 - RWASRE : RWW (Read- While- Write Section Read Enable)
ATmegad8 ATmega88/ 168 RWWSRE 1
. 3- BLBSET : (Boot Lock Bits Set)
ATmega4d8 ATmegaB88/ 168 SPMCSR BLBSET SELFPRGEN (D)
3 LPM Z Z0 )
165
. 2- PGWRT : (Page Write)
SELFPRGEN 1 4 SPM
Z R1 RO PGWRT
4 SPM (0) CPU
. 1- PGERS: (Page Erase)
SELFPRGEN 1 4 SPM Z
R1 RO PGERS 4 SPM
©) CPU
= 0 - SELFPRGEN : (Self Programming Enable)
4 SPM RWWSRE,BLBSET,PGWRT,PGERS 1
SPM ( ) SELFPRGEN SPM V4
R1:RO 4 SELFPRGEN SPM
4 SPM (0) SELFPRGEN

1
5 10001, 01001, 00101, 00011, 00001
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25,
25.1.

25.2.

25.3.

2531

0)

25.3.2.

254.

170

= RWW
= NRWW

(Read- While- Write)

(D

MCU

BOOTHZ

(171 25-2.

(BLS)

BLS

(RWW)

25-2. 176 25-7.

NRWW RWwW

NRWW

) - ATmega88/ 168

ATmega48/ 88/ 168

AIMEL

(180 26-9. )
MCU
( )
2
( 25-2. ) 176 25-6.  25-
2
(
) M
SPM BLS
SPM BLS
1) (171 25-3. )
CPU CPU
BOOTSZ 2
(NRWW) 2 RWW NRWW
2
NRWW
CPU
RWW
( )
NRWW RWW NRWW
RWW CPU (
169
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254.1. (RWW)
RWW NRWW
RWW
( CALL,JMP,LPM JRWW
NRWW SPM / (SPMCSR) RWW
(RWWSB) RWW 1 RWW
RWWSB (0) RWWSB ©)
177 SPM / (SPMCSR)
2542. (NRWW)
NRWW RWW
NRWW CPU
25-1.
Z CPU RWW
RWW NRWW
NRWW
25-1. RWW NRWW
(RWW)
Z  RW %
Z NRWW
- (NRWW) 2,
(CPU )
25-2
BOOTSZ=11 BOOTSZ=10 BOOTSZ=01 BOOTSZ=00
$0000
RWW
_______ Rww
NRWW
___________________________ NRWW
"""""""""""""" 176 256
o  ATmegad8/ 88/ 168
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25.5.
2
= MCU
= MCU
= MCU
u
25-2. 253,
©) 1) (LB 2) SPM
(LB 3) LPM SPM
( : LB LPW/SPM )
25-2. (0= 1= )
BLBO BLBO2 | BLBOL
1 1 1 LPM, SPM
2 1 0 SPM
- . . SPM ) LPM
4 0 1 LPM ()
: BLB02=0
25-3. (0= 1=
BLB1 BLB12 | BLBI1
1 1 1 LPM, SPM
2 1 0 SPM
. . . SPM ) LPM
4 0 1 LPM ()
: BLB12=0
25.6.
(Jump) (Call) USART SPI
(BOOTRST) )
) ( ) MCU
©
25-4, 0= 1= )
BOOTRST ( )
0 (176 25-6. )
1 $0000

AIMEL
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25.7.
Z ( ) SPM
15 14 13 12 1 10 9 8
ZH@R31) | Zz15 714 | 713 | z12 | z11 | zi0 | 79 | 78
7 6 5 4 3 2 1 0
ZL (R30) 4 Z6 | 75 | z4 | 73 | 72 | 72 | 70
(180 26-9. ) ( ) 2
1
25-3.
z
Z SPM z
z z
25-3. SPM
15  ZPCMSB ZPAGEMSB 10
z [ 0f
PCMSB PAGEMSB
PCPAGE PCWORD
PCWORD (PAGEMSB  0)
$00
$01
$02
— PAGEEND
: 176 25-8.
PCPAGE PCWORD 180 26-9. ( )
25.8.
SPM 1 ()
= 1( )
= 2( )

175

172
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258.1. SPM
z SPM / (SPMCSR) ' X0000011' SPMCSR
4 SPM R1 RO Z PCPAGE
Z
= RWW : NRWW
= NRWW : CPU
25.8.2. ( )
( ) ( ) yA R1:RO SPMCSR  '00000001' SPMCSR
4 SPM Z PCWORD
SPMCSR RWWSRE
SPM EEPROM
258.3.
Z SPMCSR 'X0000101" SPMCSR 4
SPM Rl RO Z YPCPAGE
Z 0
= RAWW : NRWW
= NRWW : CPU
258.4. SPM
SPM SPMCSR  SELFPRGEN 0) SPM
SPMCSR SPM
RWW (BLS
( ) 33
2585.
11(BLB11) (1)
11(BLB11) (0)
25.8.6. RWW
( ) RWw
SPMCSR RWWSB RWW
(1) 33 (BLS
RWW
RWWSRE RWWSB 0) 175
25.8.7. SPM
(0) RO SPMCSR 'X0001001' SPMCSR
4 SPM
7 6 5 4 3 2 1 0
RO | 1 | 1 | BLB12 | BLB11 | BLB02 | BLBO1 | LB2 | LB1 |
25-2. 25-3.
RO 5 0 (0) SPMCSR  SELFPRGEN (BLBSET) 1) 4
SPM (0) yA
( )$0001 Z
RO 76 1

AIMEL
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25.8.8. SPM EEPROM
EEPROM
EEPROM EEPROM (EECR) EEPROM (EEPE)
M / (SPMCSR) (0)
25.8.9.
z $0001 SPMCSR  SELFPRGEN
(BLBSET) (1) SELFPRGEN BLBSET PMCR 3CPU LPM
SELFPRGEN BLBSET
3CPU LPM 4CPU SPM (0)
SELFPRGEN BLBSET ) LPM
7 6 5 4 3 2 1 0
Rd | - | - | BLB12 | BLB11 | BLBo2 | BLBO1 | LB2 [ LBl |
$0000
SPMCSR  SELFPRGEN BLBSET (1) SELFPRGEN BLBSET SPMCSR 3CPU
LPM (FLB)
179 26-7.
7 6 5 4 3 2 1 0
Rd | FLB7 | FLBe | FLBs | FLB4 | FLB3 | FLB2 | FLB1 | FLBo |
z $0003 SELFPRGEN BLBSET SPMCSR (1)
3 LPM (FHB)
179 26- 6.
7 6 5 4 3 2 1 0
Rd [ FHB7 | FHB6 | FHBS | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |
z $0002 SELFPRGEN BLBSET PMCSR (1) 3
LPM (EFB)
179 26-5.
7 6 5 4 3 2 1 0
Rd | - | - | - | - | - | EFB2 | EFBL | EFB0 |
©) 0 ©)
25.8.10.
vce CPU
2 1
2 CPU
(1 )
. ©)
] AVR RESET (Low)
(BOD) vce
= VCC AVR CPU
PMCR
25.8.11. SPM ( )
RC 25-5. CPU
25-5. SPM
Min Max
M ( ) 3.7ms 4.5ms
: Min Max ( )
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25.8.12. - ATmega88,ATmegal68
RAM 1 RAM Y
z ( SPMJ )
NRWW ( )
RO, R1, TMP, CNTL, CNTH, SPMC
256
( )
B PGSZB = PAGES ZB+2 : PGZB (PAGESIZE )
.ORG SVALL BAOTSTART :
| ]
VWG LD VG (1<<PERS) H 1<<SELFPREN) PMCR
CALL S=Vi] ;
: [ RWW ]
LD PG, (1<<RVERE) +( 1<<SELFPREN) ; RWW PMCSR
CALL P : RWW
; [ RAM ]
LD QNTL, LON PGSZB) ;
LD ONTH H GH PGZB) ()
VP LD RO, Y+ : RAM ( )
LD RL, Y+ : RAM (
LD SP\G, (1<<SELFPRGEN) : SPMCSR
CALL P ;
ADW zZHZA, 2 ;
SBW  ONTH ONTL, 2 c (SUBI)
BRN\E WP :
| ]
S B ZL, LON PGSZB) :
=a ZH H GH PGZB) ( )
LD SP\E, (( 1<<PG/RT) +H 1<<SHLFPREEN) PMCR
CALL =] ;
; [ Rww ]
LD PG, (1<<RWVERE) + 1<<SELFPREN) ; RWW SPMCSR
CALL S=Vi] : RWW
| ( )l
LD QNTL, LON PGSZB) ;
LD ONTH H GH PGSZB) ()
B YL, LON PGSZB) : RAM
SBa YH H GH PGZB) c
RP. LPM RO, Z+ : 1 ( )
LD RL, Y+ : RAM 1 ( )
PsE RO, RL ;
IMP ERRR
BW  ONTH NI, 1 (SUBI)
BRN\E RLP
: ; [ RwWww ]
RN IN T™P, SPMCSR . SPM /
BS T™P, R\VEB : RWW
RET ;
. [ Rww ]
LD SPME, ( 1<<RWERE) +H( 1<<SH_FPREN) RWW SPMCSR
CALL =] : RWW
RIMP RTN : RWW
; [ SPM ]
S= Vi N T™P, SPMCSR . SPM /
SBRC TMP, SELFPREN ; M)
RIMP S=Vi|
IN T™P, SREG
al ;
VWT SBC EECR EEPE : EEPROM
RIMP WA T : EEPROM
aur SPMCSR, SPMVC : SPM
SPVv ; SPM
aur SREG TWP
RET
() ATmegas8 CALL,IMP RCALL,RIMP

AIMEL
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25.6. 8.
25- 6. (ATmega88/ ATmegal6d)
BOOTSZ1 | BOOTSZ0 )
1 1 128 42 | $0000 SOF7F/ SLF7F | $OF80/ SLF80 SOFFF/ SLFFF | $OF80/ $1F80
1 0 256 8/4 | $0000 SOEFF/$1EFF | $OF00/ $1IFO0 $OFFF/ $IFFF | $OF0O/ $1F00
0 1 512 16/8 | $0000 SODFF/$1DFF | $OEO0/ $1E00 $OFFF/ $1FFF | $OE00/ $1E00
0 0 1024 32/16 | $0000 $OBFF/$1BFF |$0C00/ $1C00 SOFFF/$1FFF| $0CO0/ $1C00
BOOTSZ 952,
( ) 25-6.(ATmega88)  25- 9.(ATmegal6s) 25-6.
257 RWW  NRWW (ATmega88/ ATmegal6s)
RWW) 96/ 112 $0000/ $0000 $OBFF/ $1BFF
(NRWW) 32/16 $0C00/ $1C00  $OFFF/ $1FFF
: 2 170 (RWW)
(NRWW)
() 25.7(ATmega88) 25 10(ATmegal6é8)  25-7.
25.8, 253, z (ATmega88/ ATmegal6s)
PC z ()
PCMSB PC1L 12 ( 12/13  PClU12 0)
1
PAGEMSB PC4/5 ( - 56 Pous o )
PCMSB ( )Z
ARG 212113 | (7 ZPCMSB=PCMSB+1)
PAGEMSB )Z
AFNGENEE e 20 ZPAGEMSB=PAGEMSB+1)
PCPAGE | PClU12 56 | z12/13 67 :
PCWORD PC4/5 0 256 1 | 0: )
1 Z15 13/14:
20 M 0 LPM
z 172
() 25 8(ATmegag8) 25 11(ATmegalé8)  25-8,
e ATmegad8/ 88/ 168
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25.9. - ATmega88,ATmegal68
25.9.1. SPM / (Store Program Memory Controll and Status Register) SPMCSR
7 6 5 4 3 2 1 0
$37 ($57) | SPMIE | RWWSB | - [RWWSRE| BLBSET | PGWRT | PGERS | SELFPRGEN | SPMCSR
Read/ Write R'W R R R'W R'W R'W RIW R'W
0 0 0 0 0 0 0 0
. 7 - SPMIE : SPM (SPM Interrupt Enable)
SPMIE 1 (SREG) 0) (@) SPM
M SPMCSR (SELFPRGEN) 0)
. 6 - RWWSB : RWwW (Read- While- Write Section Busy)
RWW ( ) RWWSB (1)
RWWSB (@) RWW RWWSRE 1
RWWSB (0) RWWSB (0)
. 5- Res: (Reserved)
0
. 4 - RWASRE : RWW (Read- While- Write Section Read Enable)
RWW ( ) RwWW (RWWSB Q) )
RWW (SELFPRGEN ()]
RWWSRE SELFPRGEN 1 4 SPM RWW
(SELFPRGEN=1) RWW
RWWSRE
. 3- BLBSET : (Boot Lock Bits Set)
SELFPRGEN 1 4 SPM RO
R1 z BLBSET 4 SPM
©)
SPMCSR BLBSET SELFPRGEN (1) 3 LPM Z Z0 )
174
L 2- PGWRT : (Page Write)
SELFPRGEN 1 4 SPM
z R1 RO PGWRT
4 SPM (0) NRWW
CPU
= 1- PGERS: (Page Erase)
SELFPRGEN 1 4 SPM 4
R1 RO PGERS 4 SPM
0) NRWW CPU
L 0 - SELFPRGEN : (Self Programming Enable)
4 SPM RWWSRE, BLBSET, PGWRT, PGERS 1
SPM ( ) SELFPRGEN SPM z
R1:RO z SELFPRGEN SPM
4 SPM 0)
SELFPRGEN 1

5 10001, 01001, 00101, 00011, 00001
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26.
26.1.
ATmega88/ 168 (1) 26-2. (0) 6
1
ATmega48 SELFPRGEN (0) SPM
26- 1.
1)
- 7 1( )
; 6 1( )
BLB12 ( 2) 5 1( )
BLB11 ( 2) 4 1( )
BLB02 ( 2) 3 1( )
BLBO1 ( 2) 2 1( )
LB2 1 1 ( )
EEPROM
LB1 0 RO 1( )
1: 0 1
2: ATmega88/ 168
26-2.
LB LB2 LB1 WRE
1 1 1
2 1 0 EEPROM ( ) 1)
3 0 0 LB 2 ( ( 1)
LBO BLB02 BLBO1 |( 4)
1 1 1 LPM, SPM
2 1 0 SPM
SPM LPM
3 0 0 2)
4 0 1 LPM 2)
LB1 BLB12 BLB11 |( 4)
1 1 1 LPM, SPM
2 1 0 SPM
SPM LPM
3 0 0
(3
4 0 1 LPM 3)
0 1
1 WIRE
2: BLB02=0
3: BLB12=0
4: BLBnn ATmega88/ 168
( ) 26-2. 26-3. 26-2.
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26.2.
ATmega48/ 88/ 168 3 26-4. 7.
0
26- 4. ATmega48
- 7 1 1( )
SELFPRGEN 0 1( )
26-5. ATmega88/ 168
- 7 3 1( )
BOOTSZ1 2 0( )
25- 6. 1
BOOTSZ0 1 ( ) (9 0 ( )
BOOTRST 0 ( ) 1( )
1: BOOTSZ1,0 176 25- 6.
26- 6.
RSTDISBL( 1)| 7 |PC6 I/0O RESET 1( ) PC6 RESET
DWEN 6 WIRE 1( ) WIRE
SPIEN ( 2) 5 0( )
WDTON( 3) | 4 1( ) WDT WDTCSR
EESAVE 3 EEPROM 1( ) EEPROM
BODLEVEL2 | 2 1( )
BODLEVEL1 | 1 (BOD) ( 8| 1¢( )
BODLEVELO | © 1( )
1: RSTDISBL 50 C
2: SPIEN
& 32 (WDTCSR)
4: BODLEVEL 192 27- 4.
26-7.
CKDIV8( 4) | 7 8 0 ( )8
CKOUT ( 3) | 6 1( )
WUT1 5 (1) 1( )
UTo 4 0 ( )
CKSEL3 3 0( )
CKSEL2 2 (2 0 ( )
CKSEL1 1 1( )
CKSELO 0 0 ( )
1: UT1,0 19 7-9.
2: CKSEL3 0 8MHz RC 19 7-8.
3 CKOUT BO 20
4: 20
1(LB1) (0)
() ( )
26.2.1.
(0) EESAVE

AIMEL
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26.3.
ATMEL

26-8.

26.4.
ATmegad8/ 88/ 168

26.5.

1w ATmegad8/ 88/ 168

AIMEL

3 26- 8. (ID)
ATmegad8/ 88/ 168 $0000 | $0001 | $0002
ATmega48 $1E | $92 | $05
ATmega88 $1E | $93 | $0A
ATmegal68 | $1E | $94 | $06
RC 1 $0000
RC (OSCCAL)
26- 9.
PCWORD PCPAGE | PCMSB
ATmegad8 | 2k @k ) | 32 PC4 0 64 PC10 5 10
ATmega88 | 4k (8K ) | 32 PC4 0 128 | PC11 5 11
ATmegalé8 | 8K (16K )| 64 PC5 0 128 | PC12 6 12
26- 10. EEPROM
PCWORD PCPAGE | EEAMSB
ATmega48 256 4 EEA1 0 64 EEA7 2 7
ATmega88 512 4 EEA1 0 128 EEA8 2 8
ATmegal68 512 4 EEA1 0 128 EEA8 2 8




ATmegad48/ 88/ 168

AIMEL

26.6.
ATmegad8/ 88/ 168 EEPROM
250ns
26.6.1.
ATmegad8/ 88/ 168 26- 1. +5V
26-1. 26-11. 0
+12V —>| RESET vce
XAO XAl  XTAL1 RDY/BSY <——PD1 AvcC
26-13. OE ——»PD2
R oF WR——>|{PD3 PC1,0:PB5 0 K=—) DATA
BSL —>|PD4
26-14. XA0 —>| PD5
XA1—>| PD6
PAGEL —>| PD7
B2 —>|PC2
1. —>|XTAL1
J__ GND
26-11.
RDY/ BSY PD1 O(Low) : ( ) 1(High) : ( )
OE PD2 (
WR PD3 ( )
BSL PD4 / 10 ,1 ) (
XAO PD5 XTAL 0
XA1 PD6 XTAL 1
PAGEL PD7 EEPROM
B2 PC2 / 200 ,L ) ( )
DATA PC1,0:PB5 0 (OE=Low )
26-12. 26-13. XA0 XAl ( )
XAl | XAO XTAL1
PAGEL Prog_ enable[3] 0 0 0 EEPROM ( BS1
XA1 Prog_ enable[2] 0 0 1 ( / BS1 )
XA0 Prog enable[1] 0 1 0
BS1 Prog enable[0] 0 1 1 )
26- 14.
$80 (1000 0000)
$40 (0100 0000)
$20 (0010 0000)
$10 (0001 0000)
$11 (0001 0001) | EEPROM
$08 (0000 1000)
$04 (0000 0100)
$02 (0000 0010)
$03 (0000 0011) | EEPROM
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26.7.

26.7.1.

( )
VCC 0OV RESET ov 181
VCC GND 45 5.5V
RESET 11.5 125V
Prog enable

RESET ov
VCC
VCC 0V RESET ov 181
VCC GND 45 5.5V
VCC 09 11v
Prog enable

RESET ov
26.7.2.

. (EESAVE

" 256

26.7.3.
EEPROM( 1)

1: EESAVE ()

XA1 High(1) XA0 Low(0)
BSL Low(0)
DATA $80(1000 0000)
XTAL1
WR
RDY/ BSY

182 ATmega48/ 88/ 168

20 60u's

AIMEL

26-12.

20us

26-12.

©)

Low(0)
1.8v

Prog_enable
VCC

300u s

Prog enable Low(0)

REEST 11.5 125V

VCC 4.5 55V

YEEPROM

EEPROM 256

EEPROM

High(1)

EEPROM

RDY/BSY Low(0)

10u s Prog enable

10p s Prog enable

$FF

$FF
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26.7.4. ( 26-3. )

(180 26-9. )
1

XAl High(l) XA0 Low(0)
BSL Low(0)

DATA  $10(0001 0000)
XTAL1

XAL Low(0) XA0 Low(0)

BSL Low(0) ( )
DATA ($00 $FF)

XTALL

XAL Lom0) XA0 High(1)
DATA ($00 S$FF)
XTALL

BSL High(1)

XAl Low(0) XA0 High(1)
DATA (00 $FF)
XTAL1

BSL High(1)
PAGEL (¢ )

26- 2.
) ( <256) ()

XA1 Low(0) XA0 Low0)

BSL High(1) ( )
DATA ($00  $07/ $OF/ $1F)
XTALL

BSL Low(0)

WR RDY/BSY Low(0)
RDY/BSY High(1)

XAL High(l) XA0 Low(0)
DATA  $00(0000 0000)

XTAL1
26-2.
PCMSB PAGEMSB
l PCPAGE [ PCWORD |
PCWORD (PAGEMSB  0)
$00
$01
$02
— PAGEEND
- PCPAGE PCWORD 180 26-9.
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26- 3.

DATA X810 X X X X xx

XAL _/ \

XAO | | /

SN R S S

XTAL1_§_/_\§/\§/\§/\

WR

RDY/ BSY

RESET

OE
B2

PAGEL | i i i T\

I XX A H

26.7.5. EEPROM

EEPROM (180 26- 10. ) EEPROM
1 EEPROM
183 26-4.

. EEPROM $11(0001 0001) (
($00  $00/ $01/ $01) (
($00 $FF) (
($00 $FF) (
(PAGEL ) (

. EEPROM
BSL Low(0)
WR EEPROM
RDY/BSY High(1)

26- 4. EEPROM

RDY/BSY Low(0)

XX

DATA X 811 X X X X xx
XAL / \ 3 3 3

XAO | /

BSl_—/—\

XTALl__/_\/\/\/\

WR

RDY/ BSY

RESET

OE
B2

PAGEL | i i i T\

12 ATmegad8/ 88/ 168
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ATmega48/ 88/ 168

26.756.
( 183 )
$02(0000 0010) ( )
($00  $07/ $OF/ $1F) ( )
. ($00  $FF) ( )
. BSL Low(0) OE Low(0) DATA
. BSL High(1) DATA
. OE High(1) DATA Hi-Z
26.7.7. EEPROM
EEPROM ( 183 )
. EEPROM $03(0000 0011) ( )
($00  $00/ $01/ $01) ( )
. ($00  $FF) ( )
. BSL Low(0) OE Low(0) EEPROM DATA
. OE High(1) DATA Hi-Z
2678 10. ( I 1 )
( 183 )
$40(0100 0000) ( )
: 0= 1= « ) ( )
' \?\Tslal o RDY/BSY High A SSRERR
' . p BSL | BS2
. High BSL B2 Low0) Low0) | High(D)
High(1) | Low(0)
Lowm0) | Low(0)
26-5.
[ 1 [ 1 [ 1 .
DATA XT840 X X XX Xs40 X X XX X420 X X XX L
| 1 | | | | : H
o — \
B2 N — AR /S W—
XA _/\ /T FMNYmY /L ]
— — : : : : : : : : H
e S s L
ovesy T N/ N/ \_/ A
RESET i i i i i i i i i 1iv
e :
PAGEL i
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26.7.11.
( 183
$20(0010 0000) ( )
( ) 0= 1= LB 3 (LB1 LB2
o (
. WR RDY/BSY High
@
26.7.12.
( 183
. o $04(0000 0100) (
. BSL B2 Low0) OE Low(0) DATA (0=
. BSL B High(l) OE Low(0) DATA (0=
. BSL Low(0) B® High(l) OE Low(0) DATA
. BSL high(l) B2 Low0) OE Low(0) DATA (0=
. OE High(1) DATA Hi-Z
26- 6. BS1, BS2
0
il 0
« —> DATA
0 1
i }
B2 BSL
26.7.13.
( 183
$08(0000 1000) ( )
: ($00 $02) ( )
. BSL Lom0) OE Low(0) DATA
. OE High(1) DATA Hi-Z
26.7.14.
( 183
$08(0000 1000) ( )
: %00 ( )
. BSL High(1) OE Low(0) DATA
. OE High(1) DATA Hi-Z
26.7.15.
196

186

ATmegads/ 88/ 168

©)




ATmega48/ 88/ 168

26.8.
EEPROM RESET GND SPl
SCK MOS MISO RESET Low /
26-15. SPI
S Sa
26.8.1.
26-15. 26-7. 1.8 5.5V
ND) —>|RESET \Y; 7
MOS PB3 (GND) = [ 18 ssv
MISO PB4 (27
SCK PB5 ( 1) Avee
> XTAL1 PB5 |[«—— SCK
PB4 |—> MISO
EEPROM
GND PB3 |[«—— MOS
( ) L
( ) EEPROM =
$FF 1: XTAL1
CKSEL _
(SCK) Low High 2: VCC- 0.3V<AVCC<VCCH0.3V AvCC
1.8 5.5V
fck 12MHz: Low 2CPU fck  12MHz : High 2CPU
fck  12MHz : Low 3CPU fck  12MHz : High 3CPU
26.9.
ATmega48/ 88/ 168 SCK ATmega48/ 88/ 168 SCK
26-9.
ATmegad8/ 88/ 168 ( 26-17. )
1. :
RESET SCK Low(0) VcC GND SCK Low
SCK  Low(0) RESET 2CPU
2. 20ms MOS
3. 3
2 ($53) 4 $53
RESET
4, 1 180 26-9.
5/ 5/ 6+1 1
6/ 717 ( ) (BSY/ RDY)
twp FLASH( 26-16. )
( )
5. EEPROM
: EEPROM EEPROM 1
EEPROM (BSY/ RDY)
twbp EEPROM( 26-16. )
: EEPROM 1 EEPROM 2 1
EEPROM 6/7/7 EEPROM (EEPROM )
EEPROM EEPROM
(BSY/ RDY) ( 26-10. ) twp EEPROM(  26- 16. )
$FF
6. MISO
7. RESET High(1)
8. OFF ( )
RESET High(1)
vce OFF

AIMEL 187
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26- 16. , [EEPROM ( )
twp Fuse
twb Fuse 4.5ms
twp FLASH 4.5ms
twD EEPROM 3.6ms EEPROM
twD ERASE 9.0ms
26.9.1.
26-17. 26- 8.
26- 17.
1 2 3 4
$AC $53 $00 $00
$AC $80 $00 $00
/ $FO $00 $00
(D $4D $00 $00
$48
$40
EEPROM $C1 $00 : 0
$28
$20
EEPROM $A0
$58 $00 $00
$30 $00
$50 $00 $00
$58 $08 $00
$50 $08 $00
$38 $00 $00
(2
$4C $00
EEPROM $CO
EEPROM $C2 $00 : 0
$AC $EO $00
$AC $A0 $00
$AC $A8 $00
$AC $A4 $00
1:
2: ()
0 1 @)
http:/ / www.at mel.cony avr
4 ( )
/ LSB 1 ( ) 0

EEPROM 26-8.
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26-8.
( 1
EEPROM EEPROM
1 2 3 4 1 2 3
| ' | :
15 0 15 0
I —
( ) 0
2 e
—
__———
n-1
EEPROM
() EEPROM () ATmega
48/ 88/ 168
B, (23 )
> 3
000L LLLL | ATmegadg/ 88 T L=PC4 0
0000 0000 | oo || (| ATmega168 . L=PC5 0
EEPROM 0000 0000 | 0000 OOLL | ATmegad8/ 88/ 168 : L=EEA1 0
0000 OHH ATmegad8 T H=PC10 8,L=PC7 0
0000 HHH|LLLL LLLL | ATmegass ' H=PC11 8,L=PC7 0
000H HHH ATmegal6s ' H=PC12 8,L=PC7 0
—— 0000 0000 | LLLL LLLL | ATmegad8 . L=EEA7 0
0000 O0OH|LLLL LLLL|ATmege88/168  : H=EEA8,L=EEA7 0
0000 OHH|LLLO 0000 | ATmegads . H=PC10 8,L=PC7 5
0000 HHH|LLLO 0000 | ATmega88 ' H=PC11 8,L=PC7 5
000H HHH| LLOO 0000 | ATmegal68 ' H=PC12 8,L=PC7 6
. 0000 0000 | LLLL LLLL | ATmegad8 . L=EEA7 0
0000 000H|LLLL LLLL | ATmega83/168  : H=EEA8L=EEA7 0
— 0000 0000 | LLLL LLOO| ATmegad8 . L=EEA7 2
0000 O0OH|LLLL LLOO|ATmegag8/168  : H=EEA8,L=EEA7 2
26.9.2.
26-9.
wros) —LTEX XX XX
sy —LTEX XX XX\
(SCK) M r rererereriri
A A 4 A A A 4 A
> 194 sPl
189
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27.
27.1. ( )
.55 +125 | ()
-65 +150
RESET -0.5V  VCCH0.5V
RESET -0.5V  +13.0V
6.0V
40.0mA
200.0 mA
27.2. DC
TA=40 85 ,Vcc=1.8V 5.5V ( )
Min Typ Max
vl |Low vce=1.8 2.4V -0.5 0.2vcc (1)
(XTAL1,RESET ) Vcc=2.4 5.5V -0.5 0.3vcc (1)
VL1 |Low (XTAL1) vce=1.8 5.5V -0.5 0.1vcc (1)
ViL2 |Low (RESET) vce=1.8 5.5V -0.5 0.2vcc (1)
viLa | LW Vce=1.8 2.4V -0.5 0.2vce (1)
(70 RESET) vce=2.4 5.5V -0.5 0.3vce (1)
vy | High Vce=1.8 2.4V 0.7vcc( 2) VCC+0.5
(XTAL1,RESET ) vce=2.4 5.5V 0.6vcc( 2) VccH).5
Vira | High (XTALY) vce=1.8 2.4V 0.8vcc( 2) VCcCcH.5 \Y
vce=2.4 5.5V 0.7vcc( 2) VCcCcH.5
VIH2 |High (RESET) vce=1.8 5.5V 0.9vce ( 2) VCC+0.5
Via |Hioh vce=1.8 2.4V 0.7vcc( 2) VCccH.5
(Ke} RESET) Vcc=2.4 5.5V 0.6vcec ( 2) VCcCcH.5
L |OL=20mA, VCC=5V 0.7
VoL — ( 3
(10 RESET ) lOL=6mA, VCC=3V 0.5
Vor H (4 |OH=-20mA, VCC=5V 4.2
(e} RESET ) |OH=-10mA, VCC=3V 2.3
. |10 Low VCC=5.5V 1
i [0 High H/ L 1 HA
RRST |RESET 30 60 -
Rpu |I/0O 20 50
vce=2V, IMHz 0.55
( (PRR) -1) VCC=3V, 4MHz 35
VCCc=5V, 8MHz 12 A
. vce=2V, IMHz 0.25 0.5
( (PRR) -1) VCC=3V, 4MHz 1.5
VCC=5V, 8MHz 5.5
vce=3v, WDT 8 15
VCC=3V, WDT 1 2 HA
VACIO . 10 40 mv
IACLK VCC=5V, Vin=Vcc/ 2 = =5 A
{ACFD vce=2.7V 750 o
VCC=4.0V 500
(D (9
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1: Low
2: High
3 /O ( ) (VvCcCc=3V 10mA,VCC=5V 20mA)
C5 0 ADC7,6 IOL 100mA
C6 D4 0 IoL 100mA
B7 0 D7 5 IoL 100mA
oL VoL
4: /0 ( ) (VCcCc=3V 10mA,VCC=5V 20mA)
C6 0 D4 0 ADC7 IOH 150mA
B7 0 D7 5 ADC6 IOH 150mA
|OH VOH
27.3.
27-1.  27-2. 1.8 2.7V 2.7 45V
27- 1. ATmega48/ 88/ 168V Ve 27- 2. ATmega48/ 88/ 168 Vvce
AVIRR2|peesssssssssossssssoasccccasssassans
1OMHz [ -------=--=----------= 1OMHzZ [ -------=--=------------
4MHZ ____________ /
| | » VCC | » VCC
1.8 2.7 4.5 55 (V) 1.8 2.7 4.5 55 (V)
274,
27- 1. RC
vce
8.0MHz 3V 25 + 10%
7.3 8.1MHz 1.8 55V( 1),2.7 55V( 2) -40 85 + 1%
1: ATmegad8V/ 88V/ 168V
2: ATmegad8/ 88/ 168
27- 3.
tereH — «——lcHox——» i« TlcHeL
- A VIHL t .
i, < lcLex —»
27- 2.
vce=18 55V Vce=2.7 55V vcc=45 55V
Min Max Min Max Min Max
UtcLeL 0 4 0 10 0 20 MHz
tcLcL 250 100 50
tcHeX High 100 40 20 ns
tcLex Low 100 40 20
fcLcH 2.0 1.6 0.5 .
fcHeL 2.0 1.6 0.5 H
tcLcL 2 2 2 %
: 20
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AIMEL



AIMEL

275.
27-3. (BOD)
Min Typ Max
ON 0.7 1.0 1.4
v TA=40 85 Vv
FOT ON (1) 0.05 0.9 1.3
VPR ON 0.01 45 v/ ms
VRsT RESET 0.2vce oovcc | v
trst 2.5 ps
VHYST 50 mv
tBoD 2 us
VBG Voo 1y 1.0 1.1 1.2 Y,
tec TAZS 40 70 us
IBg 10 pA
1: ON
27- 4. BODLEVEL (VBOT) (1)
BODLEVEL2 0| Min | Typ | Max | il VBOT
T11 (BOD) VCC=VBOT
110 17 | 18 | 20 (BOD)
101 = 20 | 2 B ATmegads/ 88/ 168 BODLEVEL=101 AT
100 41 | 43 | 45 megadsV/ 88V/ 168V BODLEVEL=110
000 011

192
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276. 2
27-5. 2 ATmegads/ 88/ 168 2
27-4.2
—»! e tof «—tHIGH—><—TtLow—> >
cL /

tHD:STA !
'«

tsy:stA —>! tHD:DAT «—>«——>itsu:DAT

= N\ /[ X

e U

A "
. v
Y VA
. 1
[y '

tsy:sto—> «—>tpuUF

ATmegad48/ 88/ 168

27-5.2
Min Max
VIL Low -0.5 0.3vcc
VIH  |High 0.7vVce VCC+0.5 v
Vhys 0.05vcce
VoL Low loL=3mA 0 0.4
tr (ViLmin- VIHmMax) 20+0.1Cbh 300
tof (VIHmMin - ViLmax) | 10pF<Ch<400pF 20+0.1Cbh 250 ns
tsp ( ) 0 50
li ( ) 0.1vcceevi<0.9vce -10 10 pA
Ci 10 pF
fooL CL fok>max(16f ¢ ,250kHz) 0 400 kHz
Ro fscL  100kHz (VCcC-0.4V)/ 3mA 1000ns/ Cb 0
fscL  100kHz (VCcC-0.4V)/ 3mA 300ns/ Cb
fscL  100kHz 4.0
tHo:sta () fscL  100kHz 0.6
fscL 100kHz 4.7
fttow |SCL Low fscL 100kHzZ 1.3
thign |01 High N T us
fscL 100kHz 4.7
tsu:stA fscL  100kHz 0.6
fscL 100kHz 0 3.45
tHD:DAT focL  100kHz 0 0.9
fscL 100kHz 250
tsu:DAT fscL  100kHz 100 ns
fscL  100kHz 4.0
tsu:sto fscL  100kHz 0.6
fscL  100kHz 4.7 2
tBUF - focL  100kHz 1.3
ATmegads/ 88/ 168 100%
fscL  100kHz
Ch 1 (pF)
fck  CPU( )
ATmegad8/ 88/ 168 2 2
fscL
ATmegad8/ 88/ 168 2 Low 1/ fsoL-2/ fek) Low
fscL =100kHz fck ( )6MHz
ATmega48/ 88/ 168 2 Low (1 fsoL-2/ fek) fck=8MHz
fsc>308kHz  Low ATmega48/ 88/ 168
tLow ATmegads/ 88/ 168 (400kHzZ)

AIMEL
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27.7. SPI
27-5. SPI ( )
SS( ‘ ‘ : ‘
«—6—> A —
SCK (CPOL=0) i ,f—\_/_ N N
u— 2 —> «— 2 —»
SCK (CPOL=1) | \ﬂ /1/_
| 3 > e
MISO ( ) ——-——-— ——C >———
8 > <
MO ( ) \j MSB X X /
27-6. SPI ( )
S5( ) TN 18—,
SCK (CPOL=0) 9 f /—\_/_ ‘
A— 11 —N 47 11 4’ 1
SCK (CPOL=1) —— \ﬂ ‘
| <> 12» &
MOS ( ) ——-——- {——
15> e 17>
MISO ( ) —< MSB X X X
27-6. SPI
Min Typ Max
1 |scK 17-5.
2 | SCK High/ Low 50%
3 |scK / 3.6
4 10
5 10
6 CK 0.5tsck ns
7 |scK 10
8 |sck High 10
9 | D
10 |SCK 4tck
11 | SCK High/ Low () 2tck
12 |SCK / 1.6 us
13 10
14 tek
15 |SCK _ 15 ns
16 |scK St 20
17 |Sst Hi-Z 10
18 |SS. SCK 20
: SPI SCK High/ Low 2tcLeL(tck  12MHZ) 3tcici(tck  12MHz)

1 ATmegad8/ 88/ 168




ATmegad48/ 88/ 168

278. AID ( )
27-7.A/D
Min Typ Max
10
=200kHz 2 2.5
=1IMHz 45
( vee=av —200kHz
VREF=4V 2
) =il 45 LB
0.5
VCC=4V VREF=4V 0.25
=200kHz 2
() 2
13 260 T
0.05 1 MHz
AVCC VCC-0.3 VCC+0.3
VREF 1.0 AvCC Vv
VIN GND VREF
38.5 kHz
VINT 1.0 11 12 Vv
RREF 32 kQ
RAIN 100 MQ
: /  AVCC 1.8/55V
195
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27.9.
27-17. )
» t o
XTAL1 ‘ j Wt .
<l pyxH»=«txHXL >« XL DX ><«lBvWL> S
DATA, XA0, XA1, ? 1 X | ) G
BS1, B2 : : : : : 1
<«tBVPH> <«lpLBX > — < lwex
PAGEL «UPHPL > ] o
«—tpLwL— twiwH |
_ > —— -
WR ~~—"
- <twLRL >
RDY/ BSY | N ¢

27-8. )
XTAL1L / \ / \\ / \ AN
<« IXLXH—> } 1
BSL | ‘ / ] 1 AN
XLPH = < e tpLXH>
PAGEL
DATA X ) X ( ) X ( ) X\ ) X
XA0 \\ / AN
XA1
27-7. ( tovxH txHxL txLDX)
27-9. )
XTAL1 / . / —
> <« IxLoL ‘
BS1 \ —— / N\
- toLpv > = > < tavpy
OE N o yan
o | — = loHpz
DATA X o ) >—X ( ) X« ) >—< 1( ) X
XAO N\ / AN /
XAL N\ / N\ /
27-7. ( tovxH txHxL txLDx)

s ATmegad8/ 88/ 168




ATmegad48/ 88/ 168

27-8. (VCC=5V+ 10%
Min Typ Max
Vpp 115 12.5 V
Ipp 250 uA
tpvxH XTAL11 67
tXLXH XTAL1L XTAL1t 200
IXHXL XTAL1 High 150
tXLDX XTAL1 ! 67
EXLWL XTAL1 ! WRL 0
tXLPH XTALL PAGEL 1 0
tPLXH PAGEL ! XTAL1 1 150
tevpH | PAGEL 1 BSL 67 ns
tPHPL PAGEL High 150
tPLBX PAGEL ) BS1 67
twLBX WR BS1,BS2 67
tPLwL PAGEL l WR l 67
tBVWL WR ! BSL 67
tWLWH WR Low 150
tWLRL WR RDY/BSY! 0 1 us
tWLRH (WR.  RDY/BSY1 ) ( 1 3.7 4.5
tWLRH CE (WR.  RDY/BSY1 ) ( 2| 75 9 ms
txLcL XTAL1 ! OE! 0
tBvDV BS1 DATA 0 250
to,ov | OE:  DATA 250 ns
toHDZ OE1 DATA 250
1: EEPROM
2

AIMEL

197



28, ()

ICC

28.1.

1.2
Icc (mA) 1
0.8
0.6
0.4
0.2

18

Ilcc (mA
(mA) 14
12

10

o N B O

w  ATmegad8/ 88/ 168

AIMEL

o
(PRR) @) OFF
201 281 282 PRR
23 ()
o o
(1 ) CL( )x Vee( ) (110 )
28-1. (100kHz  1MH2)
Vee=5.5v
] vees5v
VCC=4.5V
T T 1 Ivccav
——— = vce2w
— —— T ___lvce=lev
=————F | |
ol 02 03 04 05 06 07 08 09 1
(MHz)
28-2. (IMHz  24MHz)
Vee=5.5v
vee=5v
VCe=4.5v
vee=4av
——— L vcc=2w
= — e
4 8 12 16 20 24
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28-3. (  WDT ,128KHz)
TA=40
TA=25
TA=85
= =
/
/ /
/
=
5 2 2.5 3 3.5 4 4.5 5 55
s VCC (V)
28- 4. ( RC ,CKDIV8= (0),1MHz2)
TA=25
TA=40
TA=85
//
/
—
5 2 2.5 3 3.5 4 4.5 5 55
2 VCC (V)
28-5. ( RC ,8MH2)
TA=25
TA=40
TA=85
//
///
/
//
.5 2 2.5 3 35 4 4.5 5 55
. VCC (V)
28-6. (32kHz )
TA=25
//
/
//
_—
5 2 2.5 3 35 4 4.5 5 55
:VCC (V)
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28.2.

200

AIMEL

015 28-7. (100kHz 1MH2)
i
0.16 \VCC=5.5V
Icc My 4 veessv
e VCC=4.5V
o1 _— VCC=4V
) ——
0.08 —
0.04 | — [ VCe=1.8V
0.02 / | — | | T |
0 =
0O 01 02 03 04 05 06 07 08 09 1
(MH2)
28-8. (IMHz 24MH?2)
45
ccmy 4 \VCC=5.5V
3.5 VCC=5V
3 VCC=4.5V
2.5
) Vce=4V
15
. —VCe=2.7V
o.g =———— T vcc=18V
0 4 8 12 16 20 24
(MH2)
28-9. (  WDT ,128kHz)
> TAZe
=
U —
20 —
__——
5
0
15 2 25 3 3.5 4 4.5 5 5.5
2 VCC (V)
28- 10. RC ,CKDIV8= 0),1MHZ
( © )
0.35
TA=85
icc () 03 — "%
0.25
—
0.2 //
0.15 —
6 1 %/
0.05
15 2 25 3 3.5 4 4.5 5 5.5
: VCC (V)
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28-11. ( RC ,8MHz)
16 TA=85
14 TA=25
Icc (mA) 1'2 /TA:—4O
1
0.8 =
0.6 — —
0.4
0.2
0
1.5 2 2.5 3 35 4 45 5 5.5
:VCC (V)
28-12. (32kHz )
30
Icc(MA) 25  TA=s
20
—
15
/
10
5
0
1.5 2 2.5 3 35 4 4.5 5 5.5
:VCC (V)
28.3.
23 ( )
28-1. ( ‘M A) 28-2. ( %)
PRR IMHz2V | 4MHz,3V | 8MHz5V PRR ( 281, 28-2) ( 287, 28-8)
PRUSARTO 8.0 51 220 PRUSARTO 3.3 18
PRTWI 12 75 315 PRTWI 4.8 26
PRTIM2 11 72 300 PRTIM2 4.7 25
PRTIM1 5.0 32 130 PRTIM1 2.0 11
PRTIMO 4.0 24 100 PRTIMO 1.6 8.5
PRSPI 15 95 400 PRSPI 6.1 33
PRADC 12 75 315 PRADC 4.9 26
28-1. vce 28-2.
1: vce=3V, f=IMHz USARTO, TWI,  / 1 28-2.
USARTO 18% TWI 26%  / 1 11% 28-7. vce=3V, f=1MHz
0.075mA USARTO, TWI,  / 1

0.075mAx (1+0.18+0.26+0.11) 0.116mA

2 1 28-2. USARTO 3.3% TWI
28-1. vce=3V, f=1MHz 0.42mA
TWI, / 1

0.42mAx (1+0.033+0.048+0.02) 0.46mA

3: vVcc=3.6V, f=10MHz
4.0mA ( 28-2. ) 28-2.
4.0mAx (1+0.033+0.048+0.047+0.02+0.016+0.061+0.049) 5.1mA
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/

1 2.0%
USARTO,
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284.
28-13,
2.5
TA=85
lccWA) 2 —
15
1 T
TA=25
] | __—TA=140
0.5
|
0 /——,—i_——/’//—/‘ﬂ
1.5 2 2.5 3 35 4 4.5 5 5.5
:Vce (V)
28-14.
12
lcc(uA) 10 TA=85
TA=40
8 TA=25
/
6
4 ———F—
2
0
1.5 2 2.5 3 35 4 45 5 5.5
:VCC (V)
28.5.
o 28-15,
1 =
A Tas
lcc(uA) 8 — —
—
6
//
4
2
0
1.5 2 2.5 3 3.5 4 4.5 5 5.5
2 VCC (V)
28.6.
28-16.
180
6MHz(Xtal)
Icc (uA) 1‘618 6MHzE )
120 — AMHZ( )
T ———— AMHz(xtal)
100 T ——— = 2MHz(Xtal)
80 — L 2MHz
60 — | — | 455kHz( ")
o ———— — I ———— 1MHZ( )
20 —
0 32kHz(Xtal)
1.5 2 2.5 3 35 4 45 5 5.5
:VCC (V) :
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28-17. ( )
500

450 16MHz(Xtal)

| A
cc (MA) 400 — 12MHz(Xtal)
350 H—
300 — I

250 —

200 —————

6MHz(Xtal)
150 ]

100 ] — E‘Mﬂ%&%&'}

50

0
1.5 2 2.5 3 3.5 4 4.5 5 55
:VCC (V)

28.7.
28-18.1/0 (VCcC=5V)

160
140

o (A) 120 | — TA=25
100 |TA=40

TA=85

80

60
40 ~

28-19.1/0 (VCC=2.7V)

90
80

oA 0
60

50
40
20

10

TA85 |
~.__TA=25

TA=40

Vo )

28- 20. RESET (VCC=5V)
120

TA=-40
100

IRESET (U A) 80 TA=25
TA=85

60
40

20 ~

0
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70
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60
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IRESET (MA) 50

40 TA=85

30

\

20
10

~

15

2

! VRESET (V)

28-22.1/0
90

2.5

(Vce=5V)

loH (MA) TA=40

70
60

TA=25

TA=85

50
40

30
20

10

H : VoH (V)

28-23.1/0
30

(VCC=2.7V)

TA=-40 —

TA=25

loH (MA) TA=85 ———

20

15
10

1.5
H : VoH (V)

28-24.1/1 0

2.5

(VCC=1.8V)

IOH (MA)

TA=40

-TA=25

TA=85

O L N WA Ul o N 0 ©

0.4 0.6 0.8 1 12

H : VOH N)
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80

TA=25
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40
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TA=85

15
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0.5 15
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28-29.1/0 ( ) (VIL,0 )
3 TA=85
V' 2 ¥ﬁ:’2g0
Threshold 2.5 =
V) , = |
/
1.5
_—
1
=]
0.5
0
1.5 2 2.5 3 3.5 4 4.5 5 55
s VCC (V)
28- 30. RESET ( ) (VIH,1 )
=
VThreshold 2.5 — TA=40
v |
//
1.5
1 ]
0.5
0
1.5 2 2.5 3 35 4 4.5 5 55
2 VCC (V)
; 28-31. RESET ( ) (VIL,0 )
VThreshold 2.5 TA=40
TA=85
\% 2 —— ?/ TA=25
1 —
//
/
0.5
0
1.5 2 2.5 3 3.5 4 4.5 5 55
:VCC (V)
28- 32. RESET
0.6
VHysteresis 0.5
V) 0.4
I E———
0.3
0.2
0.1
0
2 2.5 3 3.5 4 4.5 5 55
:VCC (V)
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28.10. (BOD)
28-33. (BOD)  ( ) ( 4.3V)
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Y i ]
4.35 I e
0] \ \\
43 - — ___[——Vcce
1 |
4.25 R —\Vce
]
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VThreshold 1.84 = —
V) 1|
1.82
\\\\ - T——vce
1.8 — i i
1.78 [T VCC
1.76
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V —
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2 VCC (V)

AIMEL

ATmegad48/ 88/ 168

207
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TA=85

VACOFS (mV)
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4

15
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2 2.5 3
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28-41. 8MHz RC
8.6
8.4
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_—
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T
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2 VCC (V)
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B ( ) (IMHz 24MHz RESET )
lcc(may) 2 vce=5.5v
3.5 VCe=5v
3 VCC=4.5V
25
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UDRO

USART

121

UBRROH

USART

(UBRRO11 8)

UBRROL

(UBRRO7 0)

123

UCSROC

UMSEL 01

UMSEL 00

UPMO1

UPMO0

USBSO

UCSZ01
/ UDORDO

UCSZ00
[/ UCPHAQ

UCPOLO

122

UCSR0B

RXCIEOQ

TXCIEO

UDRIEO

RXENO

TXENO

UCsz02

RXB80

TXB80

122

UCSROA

RXCO

TXCO

UDREO

FEO

DORO

UPEOQ

u2xo

MPCMO

121

TWAMR

TWAMe6

TWAMS5

TWAM4

TWAMS

TWAM2

TWAM1

TWAMO

TWCR

TWINT

TWEA

TWSTA

TWSTO

TWWC

TWEN

TWIE

TWDR

2

TWAR

TWA6

TWAS5

TWA4

TWA3

TWA2

TWA1

TWAO

TWGCE

TWSR

TWS?

TWS

TWS

TWH

TWS3

TWPSL

TWPSO

TWBR

2

ASSR

EXCLK

AR

TCN2UB

OCR2AUB

OCR2BUB

TCR2AUB

TCR2BUB

103

OCR2B

/ 2

101

OCR2A

/ 2

101

TCNT2

/

B
A
2

101

TCCR2B

FOC2A

FOC2B

WGM22

Cs22

Cx21

CS20

100

TCCR2A

COM2A1

COM2A0

COM2B1

COM2Bo

WGM21

WGM20

99
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I/ O 2/ 2)
7 6 5 4 3 2 1 0
($8F)
($8E)
($8D)
($8C)
($8B) OCR1BH / 1 B 85
($8A) OCRI1BL / 1 B
($89) OCRIAH / 1 A 85
($88) OCRIAL / 1 A
($87) ICR1H / 1 85
($86) ICRIL / 1
($85) TCNT1H / 1 8
($84) TCNTIL / 1
($83)
($82) TCCRIC | FOC1A | FOC1B - = = = = = 84
($81) TCCRI1B ICNC1 ICESL = WGM13 | WGM12 CSl12 CSl1 CSlo 83
($80) TCCRIA | COM1A1 | COM1A0 | COM1B1 | COM1BO = = WGM11 | WGM10 82
$7F) DIDR1 - = = = = = AIN1D AINOD 153
$7E) DIDRO = = ADC5D | ADC4D | ADC3D | ADC2D | ADC1D | ADCOD 162
($7D)
($7C) ADMUX REFSL REFS | ADLAR = MUX3 MUX2 MUX1 MUX0 160
($7B) ADCSRB 2 ACME = = = ADTS | ADTSL | ADTS 152,161
($7A) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPSL ADPSD 160
($79) ADCH A/D (ADC9 8 ADC9 2) 162
($78) ADCL A/ID (ADC7 0 ADC1 0)
($77)
($76)
($75)
($74)
($73)
($72)
($71)
($70) TIMSK2 = = = = = OCIE2B | OCIE2A | TOIE2 102
($6F) TIMK1 - - ICIEL - - OCIE1B | OCIEIA | TOIE1 86
($6E) TIMSKO = = = = = OCIEOB | OCIEOA [ TOIEO 67
($6D) PCMSK2 | PCINT23 | PCINT22 | PCINT21 | PCINT20 | PCINT19 | PCINT18 | PCINT17 | PCINT16 42
($6C) PCMSK1 - PCINT14 [ PCINT13 | PCINT12 | PCINT11 | PCINT10 [ PCINT9 | PCINT8 42
($6B) PCMSKO | PCINT7 | PCINT6 | PCINT5 | PCINT4 | PCINT3 | PCINT2 | PCINT1 | PCINTO 42
($6A)
($69) EICRA - - - - ISC11 ISC10 ISCO1 1SC00 39
($68) PCICR = = = = = PCIE2 PCIE1 PCIEO 41
($67)
($66) OSCCAL RC 21
($65)
($64) PRR PRTWI | PRTIM2 | PRTIMO = PRTIM1 PRSPl |PRUSARTO| PRADC 26
($63)
($62)
($61) CLKPR | CLKPCE = = = CLKPS3 | CLKPS | CLKPSL | CLKPSO 21
($60) WDTCSR | WDIF WDIE WDP3 WDCE WDE WDP2 WDP1 WDPO 32
‘m 0 I/O
. $00 $3F I/ O SBlI CBI SBIS
BIC
" 1 ) AVR CBI SBI
CBI SBI $00 S$1F
= |/O IN OUT 11O $00 $3F LD ST
I/0 $20 ATmegad48/ 88/ 168 IN
ouT 64 ( ) SRAM( )
11O ST/STYSTD LD/LDY LDD
213
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I/ O
7 6 5 4 3 2 1 0

$3F ($5F) SREG I T H S V N Z C
$3E ($5E) SPH - - - - - (SP10) SPo P8
$3D ($5D) SPL SP7 6 5 P4 3 2 1 SPo
$3C ($5C)
$3B ($5B)
$3A ($5A)
$39 ($59)
$38 ($58)
$37 ($57) | SPMCR SPMIE | (RWWSB) = (RWWSRE)| BLBSET | PGWRT | PGERS |SELFPRGEN 168/ 177
$36 ($56)
$35 ($55) | MCUCR - - - PUD - = (IVSEL) | (IVCE) 54,38
$34 ($54) | MCUSR = = = = WDRF BORF EXTRF PORF 31
$33 ($53) SMCR = = = = M2 M1 SMo £ 25
$32 ($52)
$31 ($51)
$30 ($50) ACSR ACD ACBG ACO ACI ACIE ACIC ACISL ACISO 153
$2F ($4F)
$2E ($4E) SPDR P 109
$2D ($4D) PR PIF WCOL = = = = = PI2X 108
$2C ($4C)| SPCR SPIE SPE DORD MSTR CPOL CPHA SPRL SPRo 108
$2B ($4B)| GPIOR2 I/ 0 2 15
$2A ($4A)| GPIORL 1/ 0 1 15
$29 ($49) \ \ \ \ \ \
$28 ($48) | OCROB / 0 B 66
$27 ($347) | OCROA / 0 A 66
$26 ($46) | TCNTO / 0 66
$25 ($45) | TCCROB | FOCOA | FOCOB - = WGMO2 C02 C01 CS00 65
$24 ($44) | TCCROA | COMOA1 | COMOAO | COMOBL | COMOBO = = WGMO1 | WGMO00 64
$23 ($43) | GTCCR TSM - - - - - PSRASY | PSRSYNC 103,88
$22 ($42) | EEARH - - - - - = = (EEARS) 12
$21 ($41) | EEARL EEPROM (EEAR7 _0)
$20 ($40) EEDR EEPROM 12
$1F ($3F) EECR - - | EEPM1 | EEPMo | EERIE | EEMPE | EEPE | EERE 12
$1E ($3E)| GPIORO 1/ 0 0 15
$1D ($3D)| EIMSK - - - - = = INT1 INTO 40
$1C ($3C) EIFR - - - - - = INTF1 INTFO 40
$1B (33B)| PCIFR = = = = = PCIF2 PCIF1 PCIFO 41
$1A ($3A)
$19 ($39)
$18 ($38)
$17 ($37) TIFR2 = = = = = OCF2B | OCF2A TOV2 102
$16 ($36) TIFRL - - ICF1 - = OCF1B | OCF1A TOV1 86
$15 ($35) TIFRO - - - - - OCFOB | OCFOA TOVO 67
$14 ($34)
$13 ($33)
$12 ($32)
$11 ($31)
$10 ($30)
$OF ($2F)
$0E ($2E)
$0D ($2D)
$0C ($2C)
$0B ($2B)| PORTD | PORTD7 | PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTD2 | PORTD1 | PORTDO 55
$0A ($2A)| DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 55
$09 ($29) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 55
$08 ($28) | PORTC = PORTC6 | PORTC5 | PORTC4 | PORTC3 | PORTC2 | PORTC1 | PORTCO 54
$07 ($27) DDRC = DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO 54
$06 ($26) PINC - PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 54
$05($25)| PORTB | PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTBO 54
$04 ($24) DDRB DDB? DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO0 54
$03 ($23) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 54
$02 ($22)
$01 ($21)
$00 ($20)
() ATmega38/ 168

)
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30. 2
I ]
ADD Rd,Rr Rd -« Rd+Rr I THSV.NZC| 1
ADC Rd,Rr Rd « Rd+Rr+C I,THSV,NZC| 1
ADIW [Rd,K6 RdH:RdL —~ RdH:RdL + K I, THSV,NZC| 2
SUB  |Rd,Rr Rd « Rd- Rr ,THSV.NZC[ 1
SUBI Rd,K Rd « Rd- K I,THSV,NZC| 1
SBIW Rd,K6 RdH:RdL — RdH:RdL - K I, THSV,NZC| 2
SBC  |Rd,Rr Rd - Rd- Rr- C ,THSV.NZC|[ 1
SBCI Rd,K Rd « Rd- K- C I THSV.NZC| 1
AND Rd,Rr (AND) Rd —« Rd AND Rr I, THSONZC| 1
ANDI Rd,K (AND) Rd « Rd AND K | THSONZC| 1
OR Rd,Rr (OR) Rd « RAORRr I,THSONZC| 1
ORI Rd,K (OR) Rd « RdORK I, THSONZC| 1
EOR Rd,Rr (Ex-OR) Rd « RdEORRr I,THSONZC| 1
COoOM Rd 1 ( ) Rd « $FF- Rd I,THSONZT] 1
NEG Rd 2 Rd <« $00- Rd I,TTHSV,NZC| 1
SBR  [Rd,K () [@) Rd « RdORK I,THSONZC[ 1
CBR Rd,K ( ) (0) Rd « Rd AND ($FF - K) ,THSONZC| 1
INC Rd (+1) Rd -« Rd+1 I, THSV.NZC| 1
DEC |Rd (-1) Rd - Rd- 1 I,THSV.NZC[ 1
TST Rd Rd « Rd AND Rd ,THSONZC| 1
CLR Rd 0 (=$00) Rd -« RAEORRd T H0001C| 1
SER |Rd 1 (=$FF) Rd — $FF IL,THSV,NZC| 1
MUL Rd,Rr R1:RO « Rdx Rr (Ux U) I,THSV,NZC| 2
MULS |Rd,Rr R1:R0O « Rdx Rr S I, THSV,NZC| 2
MULSU | Rd,Rr R1:RO « Rdx Rr (S V) I,THSV,NZC| 2
FMUL [ Rd,Rr R1:RO « (Rdx Rr)<<1 (Ux U) I,THSV,NZC| 2
FMULS | Rd,Rr R1:R0 « (Rdx Rr)<<1 S I, THSV,NZC| 2
FMULSU | Rd, RL:RO — (Rdx Rr)<<1 (Sx V) IL,T,HSV,NZC|[ 2
RIMP [k PC - PC+k+1 I,THSV,NZC| 2
1IIMP Z PC - Z IL,THSV.NZC|[ 2
IMP () [k PC « k IL,THSV.NZC| 3
RCALL |k STACK - PC,PC -« PC+k+1 I, THSV,NZC| 3
ICALL Z STACK « PC,PC - Z IL,THSV,NZC| 3
CALL ( )|k STACK — PC,PC « k L,THSV.NZC| 4
RET PC - STACK I,THSV,NZC| 4
RETI PC — STACK 1THSVNZC| 4
CPSE Rd,Rr Rd=Rr ,PC « PC +20r3 I,T,H,SV,N,ZC| 1/2,3
CP Rd,Rr Rd- Rr I THSV.NZC| 1
CPC _ |Rd,Rr Rd- Rr- C L,THSV.NZC[ 1
CPI Rd,K Rd- K I THSV.NZC| 1
SBRC Rr,b (0) Rr(b)=0 ,PC « PC +20r3 I, T,HSV,N,ZC| /2,3
SBRS [Rr,b Q) Rr(b)=1 ,PC « PC +20r3 I, T,H,SV,N,ZC| 1/2,3
BIC P,b 1/ O (0) P(b)=0 ,PC « PC +20r3 I,T,H,SV,N,ZC| 1/ 2,3
BIS P.b 1/ O (1) Pb)=1 ,PC ~ PC +20r3 I, T,HSV,N,ZC| 1/2,3
BRBS [sk [@) SREG(s)=1L ,PC -« PC+K+1 LT HSV.NZC| 1/2
BRBC [sk (0) SREG(S)=0 ,PC - PC+K +1 L,THSV.NZC| 1/2
BREQ |k Z=1 ,PC -« PC+K+1 I,THSV,NZC| 1/2
BRNE |k ZZ0 ,PC - PC+K+1 IL,THSV.NZC| 1/2
BRCS |k [@) Cz1 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRCC |k (0) C=0 ,PC_PC+K+1 IL,THSV.NZC| 1/2
BRSH |k C=0 ,PC - PC+K+1 IL,THSV.NZC| 1/2
BRLO [k Cz1 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRMI k -( ) N=1 ,PC -« PC+K+1 I,THSV,NZC| 1/2
BRPL [k + ) N=0 ,PC - PC+K+1 IL,THSV.NZC| 1/2
BRGE [k (NEORV)=0 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRLT k (N EOR V)=1 ,PC -« PC+K+1 I,THSV,NZC| 1/2
BRHS |k [@) H=1 ,PC - PC+K+1 LT HSV.NZC| 1/2
BRHC |k (0) H=0 ,PC -« PC+K+1 I,T,HSV,NZC| 1/2
BRTS [k [@) T=1 ,PC - PC+K+1 IL,THSV.NZC| 1/2
BRTC [k (0) T=0 ,PC - PC+K+1 IL,THSV.NZC| 1/2
BRVS |k (D) V=1 ,PC -« PC+K+1 I,T,HSV,NZC| 1/2
BRVC [k (0) V=0 ,PC - PC+K+1 IL,THSV.NZC| 1/2
BRIE |k =1 ,PC - PC+K+1 IL,THSV.NZC| 1/2
BRID k 1=0 ,PC - PC+K+1 I,THSV,NZC| 1/2
K6, K : 6, 8 P:I/O Rd, Rr : (RO R31) X, Y,Z:XYVY,Z
b : © 7 k : (7,12,16 ) q: 6 ( ) S : (C,Z,N,V,X,H,T,I)
: ATmegal68

215



AIMEL

(22
I
MOV _ |RA,Rr Rd « Rr . T,H.SV.NZC] 1
MOVW_ | Rd,Rr RO+LRd — Rr+LRr I T,HSVNZC[ 1
LDl |RdK Rd - K I T,HSV,NZC[ 1
LD [RdX X Rd « (X) L T,HSV.NZC[ 2
LD |RdX+ X Rd« (X), X « X+1 L T,HSVNZC[ 2
LD |[Rd-X X X « X- L Rd < (X) I T,HSV,NZC[ 2
LD [Rd,Y Y Rd — (Y) L T,HSV.NZC[ 2
LD |RdY+ Y Rd— (Y),Y - Y+1 L. T,HSVNZC[ 2
LD [Rd-Y Y Y- Y-LRd-(Y) I T,HSV,NZC[ 2
LDD _|Rd,Y+q Y Rd — (Y +q) L T,HSV.NZC[ 2
LD |RdZ Z Rd — 2 I T,HSVNZC[ 2
LD [Rd,Z+ Z Rl (2,2 7Z+1 I T,HSV,NZC[ 2
LD |Rd-Z Z Z-Z-1LRd- (2 L T,HSV.NZC[ 2
LDD | Rd,Z+q Z Rd — (Z+0Q) L T,HSVNZC[ 2
LDS [Rdk (SRAM) Rd — (K) I T,HSV,.NZC[ 2
ST | XRr X X) < Rr L T,HSV.NZC[ 2
ST |[X+Rr X (X) « R, X <« X+1 L T,HSVNZC[ 2
ST |- XRr X X X-1L X <R I T,HSV,NZC[ 2
ST YR Y M) < Rr ILT,HSV.NZC[ 2
ST |[Y+Rr Y Y) cR,Y c Y+1 I T,HSVNZC[ 2
ST |- YR Y Y-Y-1L() - R I T,HSV,NZC[ 2
STD__ | Y+q,Rr Y Y+q < R L T,HSV.NZC[ 2
ST |ZR Z @ <R L T,HSVNZC[ 2
ST |Z+Rr Z @ -R,Z-Z+1 I T,HSV,NZC[ 2
ST |-ZRr Z Z-7-1,2 - R L T,HSV.NZC[ 2
SID__ | Z+g,Rr Z Z+q) - Rr L T,HSVNZC[ 2
SIS |kRr (SRAM) K < Rr I T,HSV,NZC[ 2
LPM Z RO « 2 ILT,HSV.NZC[ 3
LPM_ |Rd,Z ( ) Rd - (2 I T,HSVNZC|[ 3
LPM__|Rd,Z+ ( ) Rl (2),Z - Z+1 I T,HSV,NZC|[ 3
M Z (@) - RLRO L T,H,SV.NZC[ -
IN Rd,P I/O Rd - P LT.HSVNZC|[ 1
OUT _|PRr /O P.Rr L T,HSV.NZC[ 1
PUH [Rr STACK « Rr L T,HSV.NZC[ 2
POP__|Rd Rd — STACK L. T.H,SV.NZC| 2
Bl [Pb 7O @) /O(Pb) « 1 I.T.H.SV.NZC] 2
CBl__|[Pb I/O ) I/ O(P,b) — 0 I T,HSVNZC[ 2
LS. |Rd Rd(n+1) — Rd(n), RA(0) — 0 I THSV.NZC[ 1
LSR_[Rd Rd(n) — Rd(n+1), Rd(7) « 0 L T.HSV.0,ZC[ 1
ROL |Rd Rd(0) — C, Rd(n+1) — Rd(n), C — Rd(7) I T.HSVNZC[ 1
ROR _|Rd Rd(7) — C, Rd(n) — Rd(n+1), C — Rd(0) L THSVNZC[ 1
AR _|Rd Rd(n) — Rd(n+1), n=0 6 L T.HSV.NZC[ 1
SWAP_|Rd @ Rd(7 4) = Rd(3 0) L T,HSVNZC[ 1
BSET |s @) SREG(s) « 1 1TAEY0TIT[ 1
BCLR |s 0) SREG(s) — 0 00,0,60.0.00] 1
BST |Rrb T « R(b) L T,HSVNZC[ 1
BLD |Rd,b Rib) - T L T,HSV.NZC[ 1
SEC @) C-1 LTHSVNZT[ 1
CLC () cC-o0 L T,HSV,.NZO[ 1
SEN @) N1 LT,HSV.UZC[ 1
CLN 0 N-o0 L T,HSV.8ZC[ 1
4 @) Z-1 L T,HSVNIC[ 1
CLZ ) Z-0 L T,HSV.NBC[ 1
S 1 1THSVNZC[ 1
CLI ) 0T,HSV.NZC| 1
SES @) S 1 ITHEV.NZC[ 1
CLS ) S0 I T,HEBV.NZC[ 1
EV 2 @) Vel L T,HSYNZC[ 1
CLV 2 ©) V.o L T,HSONZC[ 1
SET @) T 1 I THSV.NZC[ 1
CLT ©) T-0 .O,H,SV,NZC[ 1
SEH @) H.1 L T,A,.SVNZC[ 1
CLH (0) H.oO0 . T.8.SV.NZC[ 1
MCU
NOP . T,H.SV.NZC] 1
S EEP L T,HSVNZC[ 1
WDR I T,HSVNZC[ 1
BREAK WIRE LT.H.SV.N.ZC[ N[A
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31.
(MH2)
ATmegad8V- 10Al _—
ATmegad8V- 10AU  ( 2)
ATmega48V- 10P| —_—
10 ( 3)| 1.8 5.5V ATmegad8V-10PU  ( 2)
ATmegad8V- 10MMU ( 2) 28M1
ATmegad8V- 10MI
32M1-A
ATmegad8V-10MU  ( 2)
ATmega48 ATrmegadd- 20A1 oA (-40 85 )
ATmegad8-20AU  ( 2)
ATmegad8- 20P 28P3
20 ( 3)| 2.7 55V ATmegad8-20PU  ( 2)
ATmegad8- 20MMU  ( 2) 28M1
ATmegad8- 20MI
ATmegad8-20MU  ( 2) 32M1-A
ATmega88V- 10Al o
ATmega88V- 10AU  ( 2)
ATmega88V- 10P|
10 ( 3)| 1.8 55V ATmegagev-_10PU_ ( 2) 28P3
ATmega88V- 10MI
32M1-A
ATmega88V-10MU ( 2)
ATmega88 ATrmegass- 20A oA (-40 85 )
ATmega88-20AU  ( 2)
ATmega88- 20P!
20 ( 3)| 2.7 55V ATmeqass 2P0 ( 2) 28P3
ATmega88- 20MI
ATmega88-20MU  ( 2) 32M1-A
ATmegal68V- 10Al _—
ATmegal68V-10AU ( 2)
ATmegal68V- 10PI
10 ( 3)| 1.8 55V ATmegal68v-10PU ( 2) 28P3
ATmegal68V- 10MI
32M1-A
ATmegal68V-10MU ( 2)
ATmegal68 ATrmegal68- 20Al oA (-40 85 )
ATmegal68-20AU  ( 2)
ATmegal68- 20P|
20 ( 3)| 2.7 55V ATmeqalss 2P0 ( 2) 28P3
ATmegal6s- 20MI
ATmegal68-20MU ( 2) S2M1-A
( ) ATMEL
2: (RoHS )
3: 191 27-1.  27-2.
31.1.
32A 32  1.0mm (TQFP)
28P3 28 300mil (PDIP)
28M1 28 4x 4x 1mm 0.45mm / (QFN/ MLF)
32M1-A 32 5x 5x 1mm 0.5mm / (QFN/ MLF)

AIMEL
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32.
32.1. 32A 32.2. 28P3
32 0.8mm (TQFP) 28 300mil (PDIP)
. mm . mm

JEDEC MS- 026 ABA

9.00+ 0.250
32

34.544 34.798
ﬁ 7.112 7.493
030 0.45 4.5724 Max
7} 0.508 Min
3.175 ¥
3.429 0.762 1.143
2.

540 T 0.381 0.533 @)
ypl 143 1.397

7.620 8.255

0° 15° Ref

~ ~— ‘/

0.09 0.20 '
' ' 0.05 0.15 . R
10.160 Max

0.80 Typ

0.203 0.356

32.3. 28M1 324. 32M1- A
28  0.45mm / 32  0.5mm /
(QFN/ MLF) (QFN/ MLF)
©mm >
325-00i 0.100 JEDEC MO- 220
28
1
1
4.00¢ 0.050 BSC 4.75¢ 0.050

Max 0.08C

+0.03

0.22+ 0.05 0.45BSC O. 20 Ref
0.90¢ 0.10

+0.07 0.
0.23_0.05 0.50 BSC
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33.

ATmegad8/ 88/ 168(V)
= EEPROM
= 900kHz EEPROM
ATmega88 Rev. B,C
1 (48-A, 168- A)
2.7V
/
EEPROM
2. (48-A)
(WDIF)
)
/
3. (48-A)
32kHz
/
4. (48-A)
/
5. (48-A)
/
6. EEPROM (88-A)
EEPROM
/
4.5V EEPROM (

AIMEL

EEPROM

Rev.B

48- A, 168-A

48-A
48-A
48-A
48-A
88-A

ATmega48/ 88/ 168

48-A, 88-A, 168-A/B

48-C

48-A D,88-A/D,168-A C

($00)

©)

$FF

10
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220

ON
8. 900kHz

/
900kHz

ATmegad8/ 88/ 168

AIMEL

(48-A ,88-A, 168- A/ B)

10ns
10ns (1SP)
3
10ns 2 2
10ns
SPI
«( )
(ISP) RC
OFF
EEPROM (48-C)
EEPROM
EEPROM
/ (48-A D,88-A/D,168-A C)
/ 2 1
(TCCR2) / 2 (OCR2) / 2 $FF
2 $FF
$FF 1




34.

34.1. 2545B-01/04 1.
2.
3.

N o g s

©

Rev

1
7
23

Il O
RAMEND)

PRR /

29
82
89
22

14-2.  14-3.
/ 2 (PWM,

8-1. 157 22-1. 161
11-1.

)
22-5. 179
39

198
219

10.

11.
12.

34.2. 2545C-04/04 1.

34.3. 2545D- 07/ 04

AW DNDPE MWD

© © N o O

10.

34.4. 2545E-02/05 1.

© O N ok wDd

[ Y
N = O

SPMEN  SELFPRGEN
PSR2 PSRASY
PSR10 PSRSYNC

IAR
168

C

SPM BLBSET

12MHz 10MHz
24MHz 20MHz

191
217

219 ATmega88

WDTCSR
18 7-5. 192

20

27-4. 176 25-9. 25-11. 188

132
135
180
187
217
219

MLF
12
19
20
192
39
56
168
182
190
. 217
219

ATmegal68
ATmega88/ 168

/

EEPROM (EECR)

RC

27-3. 188 26-16. 191 27-2. 194

SPM (SPMCSR)
DC

ATmegas8/ 168

AIMEL

26-7.

ATmegad48/ 88/ 168

Rev

PDIP

USART A/D

(OCF2B)

178 26-1.

26- 16.

99

QFN/ MLF"

27-6.
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34.5. 2545F-06/05 1. 4
2. 19
188
190
219

34.6. 2545G- 06/ 06
19
20
22
25
26
65
78
97

. 104

. 130

. 135

. 153

. 154

. 154

. 163

. 191

. 78

. 219

. 219

© O Nk WDNDPRE O A~®

e e S o T S G Sr G Y
©O © N U WNEPEPO

34.7. 2545H- 10/ 06
1
19
27
28
78
84
104
64

© O N Uk wDdNPRE

16-6. 100

10. 166
11. 173
12. 180
13. 190
14. 219

1
132
192

1

34.8. 25451-11/06 1
2
3
L
2. 2
3
4,
L

34.9. 25453-12/ 06

217
218

34.10. 2545K- 04/ 07 173

2 ATmegad8/ 88/ 168
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RC

DC

RC

7-12. 22 8-1. 32 9-1. 47 12-3.
AD
8-2.

2- PRSP

/0 B (TCCROB)

PWM (

/ 2

(SPI)

USART MSPIM ~ / A (UCSRnA)
6- ACBG:

AID (ADC)

WRE
27-1.
14-7. 209
ATmega48 Rev.A
ATmega48 Rev.C D

28-44. ( : 147

RC

(BOD)
PWM
C (TCCRIC)
(SPI)

13-3, 13-6. 65 13-8. 82 14- 3,
16-8. 179 26-5.

25-5. 188

14-4. 83

24-1. 174 26-17.

SPM

27-3.

14-5. 99 16- 3,




34.10. 2545L- 08/ 07

AW NP WD

219
154

38
192
17

AID

MCU

7-3,18

(ADC)

(MCUCR)

7-5.,19 7-8,

AIMEL

7-10.
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1 10 33
1. 2 10.1. 33
1.1. 2 10.2. ATmega48/ 88/ 168 33
) 3 10.3. 38
2.1. 3 11 39
22. ATmegad8 ATmega88 ATmegal68 4 111 39
3 4 11.2. 39
4 4 12. 43
' 12.1. 43
5. AVR CPU 5 122 P
gé 2 123, 46
< 124. 110 54

5.3. ALU (Arithmetic Logic Unit 5
o2 ALY (Arithmetic Loge Uni) > 138 I 0(PWM) 56
55, 7 131, 56
56 7 132. 56
57 8 133, / 57
58, 3 134. 57
- 135. 58
6. AVR 10 136 =
g';' 18 137. 60
£ 138. / 63
6.3. SRAM 10 139 8 / 0 o

4. EEPROM 11 .

2.5. o O) 11 14. 16 / 1 68
6.6 12 14.1. 68
4 o 16 14.2. 68
' 143. 16 70
7L 16 144, | 72
72 16 145, 7
3 17 146. 73
;'g' ig 147. 74
e 14.8. 76
76. RC 19 149, 7
7.7. 128kHz 19 1“1, o1
;g' 38 1411. 16 ;1 82
7100 50 ./ 0o [ 1 87
7:11: 20 15.1. / 38
7.12. 21 16. 8 / 2 (PW\V, ) 89
8. 22 16.1. 89
82. - 163/ %0
83. A/ID 22 16.4. 90
8.6. 23 16.7. 93
57 ( ) 23 16.8. / 9%
88, o 16.9. /2 97
89. o5 1610. |/ 2 98
9 o 7 16.11. 8 / 2 99
91. AVR 27 17. SPI ( ) 104
9.2. 27 17.1 104
93. ON 28 172, 104
174. 107

95. BOD 28
96 (BOD) o8 175. SPI 108
9.7. 29 18. USART 110
9.8. 29 18.1. 110
9.9 31 1822. 110
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18.3. 111 2586. 171
184. 111 257. 172
185. USART 113 258. 172
186. USART 114 250. 177
187. USART 115 26. 178
188. 118 26.1. 178
189. 120 26.2. 179
18.10. USART 121 26.3. 180
18.11. 124 26.4. 180
19. USART SPI 126 26.5. 180
19.1. 126 26.6. 181
19.2. 126 26.7. 182
19.3. 126 26.8. 187
194. 126 26.9. 187
195. 127 27. 190
196. 128 27.1. 190
19.7. USART  MSPIM SPI 129 272 DC 190
198. MSPIM  USART 130 273, 191
20. 2 (TW) 132 274. 191
20.1. 132 275. 192
202. 2 132 276. 2 193
20.3. 132 27.7. SPI 194
20.4. 134 278. A/D ( ) 195
205. TW 135 279. 196
206. TW 137 28. ( ) 198
20.7. 139 28.1. 198
208. 148 28.2. 199
209. ™ 149 283. 201
21. 152 284. 202
21.1. 152 285. 202
21.2. 152 28.6. 202
21.3. 152 287. 203
22 A/D 154 288. 204
221. 154 28.9. 205
222. 155 28.10. (BOD) 207
22.3. 155
22 4. 156 28.11. 208
225, 157 28.12. 209
226. 158 28.13. 210
227. AID 159 29. 1/O 212
228. AID 160 30. 215
23. WRE 163 31 217
23.1. 163
232. 163 52. 218
233, 163 33. 219
234, 163 34. 221
235. WRE 163
236. WRE Il O 163
24. - ATmegad8 164
24.1. 164
242. 164
24.3. 168
25. - RWW 169
- ATmega88,ATmegal68
25.1. 169
25.2. 169
25.3. 169
254, 169
25.5. 171
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