. AVR® 8 ATMEL
. RISC
. 23 (1 ) [ ]
-3 1
. AKIBK  (2KI4K )
- 64/ 64 EEPROM
« 256/ 512 SRAM
. : 10,000/ , 100,000/ EEPROM
. 120 /85 ,100 /25
. EEPROM
. 1 8 /
. 1 16 /
-6  (PDIP,QFN/MLF28), 8  (TQFP,QFN/MLF32) 10  A/D
. / >
. 2 (Philips12C )
[ |
. WIRE
. P (1P)
. ON (BOD)
. A/D 3
= /O
.28 (2 )24 (28 ) e
.28 PDIP 28 QFN/MLF 32 TQFP 32  QFN/MLF
18 55V
[ |
.40 85
<0 4MHZ/18 5.5V
<0 8MHZI27 5.5V
+0 12MHZ/45 55V
« 2400 A ( 1MHz, 1.8V)
< 0.1uA ( )

AIMEL

ATtiny48/

AIE

NN/ ®

g AVR'
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AIMEL

QFN/ MLF28 TQFP QFN/ MLF32
a9 ]
<L~ ~~ A O
5 Copo & Efeee
E 2532 E 55322
2 Ba%5 CRELRRRE
OREIRR el
SECHRIR =ZERIRY
SZzZHO00 Eos
[ te A atalal ZgngDDD
zRPPF << SLLELLLL
N e ANHOOLOSTMAN
BE86853 ERRRPRER
AVinlnininlnlnls e
BREQITN PCINT19/ INT1) PD3 C{U@FEE ST pC1 (ADCL PCINTY
eouTsTY oo heapimn RIS ooy
onts 2 B PCINTS; (PCINT26) PAZ L 21 PAL(ADC/ PCINT25)
GND CJZE( ) GND 5 751 PC7 (PCINT15
(PCINT®6/ CLKI) PB6 C}] 11 PC7 (PCINT15) PCINT27) PA3 1 PAQ EADCG/ P&INT24)
(PCINTSU T1) PG L (1 PoS (3CK/ PCINTS) roniTe) C'—’%‘i xESE 7 1ogalles
o>OHNO (PCINT7) PB7 L} M8 S el ST PBS (SCK/ PCINTS)
P O A A A A
DEE=IRED NN
LRLPRPY alafatatatntas
ggiﬁ = faqgooaoon
) .
;éé&%gg . QFN/ MLF GND gggggggg
o S
ZEEX e ZNNx,E‘I%—l—
220285 OZZgZaZZ
“EEoRze “pPsPEEE
z g Z 0O
5 < 5E
PDIP

(PCINT14/ RESET) PC
PCINT16) PD
PCINT17) P!

PCINT 18/ INTO) PD
PCINT19/ INT1) PD
(PCINT20/ T0)PD

21 PC5 (ADC5/ SCL/ PCINT13
270 PC4 (ADC4/ SDA/ PCINT1
2511 PC3 (ADC3/ PCINT11

O
ORWNROO

GND
(PCINT6/ CLKI) PB6 1)
PCINT7) PB7 Cllol= kel PB5 (SCK/ PCINTS5)

iPCINTZB/ AIN1) PD7 CJEEIE PB2 (SS OC1B/ PCI
(PCINTO/ CLKO/ ICP1) PBO [l ki1 PB1 (OC1A/ PCINT1)
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111. vCC
112. GND

113. PA3 PAO

( A
(32

1.14. PB7 PBO
( B

1.15. PC7,PC5 PCO
( ©

1.1.6. PC6/ RESET

1.1.7. PD7 PDO
( D

11.8. AvVCC

ATtiny48/

A 32 TQFP 32 QFN/ MLF ( )
4 PA3 OB /
Low A
A Hi-Z
B ( ) 8 B
/
Low B
B Hi-Z
PB6
B 43 B 17
C ( ) 8 PC7 PC5
0 /
Low C
C Hi-Z
RSTDISBL 0) PC6 1/0 PC6
RSTDISBL @ PC6
Low 136 21-3.
45 C
D ( ) 8 PD7 4
/ PD3 O
Low
D
D Hi-Z
D 47 D
AVCC IO A/D ( ) A/D
VCC A/D 110
VCC
PC7,PC5 0 (32 JPA1 O AVCC
I/O VCC

AIMEL



AIMEL

2.
ATtiny48/88 AVR RISC CMOS 8 1 ATtiny48/ 88
MHz IMIPS
2.1.
7l
GND Vvcc
: > > WIRE
: A POR/ BOD v :
: v i
: > SRAM :
: EEPROM AVR CPU
I /T @ 8bit DATA BUS @ >
: 763 :
! @ 7 @ ? :
| / 0 / 1 '
. > Al D < '
- (CHED) (16 ) :
: B B A (© |
: v |
: > 2 !
i ¢ A A @ * @ E
: > ||
E \L ; @ \ \4 @ A/ @ Y @ i
| D (8) B (8) C (8) A (4 :
i A A A A E
CLKI
\ 4 \ 4 Y \/
PDO PD7 PBO PB7 PCO PC7 PAO PA3
(32P )
AVR 32 32 ALU(Arithmetic Logic Unit)
1 AVR CIsC 10
ATtiny48/ 88 4/ 8K 64/ 64 EEPROM 256/ 512 SRAM  24(28
), 28(32 ) 32 2 /
2 SPl 6(28 ), 8(32 ) 10 A/D
3
/ 2 SPl
( ) Al D
A/D CPU A/ D

4 ATti ﬂy4/ e



ATtiny48/

ATMEL (ISP)
SPI AVR

8 RISC CPU ATMEL ATtiny48/ 88

ATtiny48/ 83 AVR C

2.2. ATtiny48 ATtiny38

ATtiny48 ATtiny88 2-1. 2 2.1
EEPROM | SRAM
ATtiny48 4K 64 256
ATtiny88 8K 64 512
3.1
http:/ / vwwv.at mel.cony avr
3.2.
C
C C
I/O I/ O IN, OUT, SBIS SBIC, CBI, SBI I/O
BRS, SBRC, SBR, CBR LDS, STS
3.3.
20 /85 100 /25 1PPM
34.
AVR Min
Max

AIMEL
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4. AVR CPU
41.
AVR CPU CPU
4.2.
AVR 4-1. AVR
1 < 8- bit Data Bus
v
S |
1 32 8 v
1 ALU(Arithmetic Logic Unit) g . H
ALU 2 < >
1 |} <>
7 : 3 3
32 6 | | 18 N .
3 16
l \/
S| < 1]
16 xX,Y,Z E e <>
= > <—>_2
ALU EEPROM |«
> |
(SREG) i
/
AVR 16 () 32
(PC) SRAM
SRAM SRAM
( ) (P P I/
SRAM AVR 5
AVR
IO (SREG) (1)
e} Pl IO CPU 64 IO
$20 $5F ATtiny48/88  ST/STS/STD LD/LDS LDD SRAM
$60 $FF IO

4.3. ALU (Arithmetic Logic Unit)

AVR ALU 32
ALU 3

6 ATti ﬂyﬁ}/ e



ATtiny48/

44, (Status Register) SREG
ALU
« )
AVR (SREG)

7 6 5 4 3 2 1 0
$F@eF) [ 1 | T [ H | S | V 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

L 7-1: (Global Interrupt Enable)
1)
)
| (0) RETI (1)
| SEI 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
L 4-S: (Sgn Bit, S=N Ex-OR V)
S (N) 2 %
= 3-V:2 (2's Complement Overflow Flag)
2 ) 2
. 2- N: (Negative Flag)
(N) (MSB=1)
L 1-Z (Zero Flag)
2 ©)
= 0-C: (Carry Flag)

AIMEL
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45.
AVR RISC 4-2. AVR CPU
7 0
RO $00
=1 8 1 8 R1 $01
=2 8 1 8 R2 $02
=2 38 1 16
=1 16 1 16 RI3 $0D
4-2. CPU 32 R14 $O0E
R15 $OF
R16 $10
R17 $11
4-2. 32
SRAM R26 SIA T
X,Y,Z ( ) R27 $1B
R28 $IC 1y, o
R29 $1D ¢
R30 $1E EZ L
R31 SIF T Lo
451. X Y  Z
R26 R31 4-3.XY,Z
3 XYz 4 316 15  XH( ) XL( ) 0
AL ) X |7 R27 ($1B) 0|7 R26 ($1A) 0|
15  YH( ) YL( ) 0
Y |7 R29 ($1D) 0|7 R28 ($1C) 0
( 15 zZH( ) ZL( ) o
) z [7  Re1GIF)  0]7 RS0 (SIE) 0]
4.6. (Sack Pointer) SPH,SPL (SP)
( )
PUH
SRAM SRAM
RAMEND PUSH -1
-2 POP +1
(RET) (RETI) +2
AVR 11O 2 8 ( )
SPL AVR ( ) SPH
15 14 13 12 11 10 9 8
$EMSE) |- | - | - F - [ - | - ] (P9 | S8 |SPH
Read/ Write R R R R R R RIW RIW
RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND
7 6 5 4 3 2 1 0
$3D@$D) [P T e [ s [ 4 [ S8 [ S22 [ 1 [ S0 | sPL
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND RAMEND
( ) SRAM ATtiny48 256  ($0100 $01FF) ATtiny88 512  ($0100 $02FF) ATtiny48  SPH
P9 RAMEND ATtiny48 $O1FF(0000 0001 1111 1111) ATtiny88 $02FF(0000 0010 1111 1111)

8 ATti ﬂyﬁ}/ e



4.7.

CPU

4-4.

4-5.

4.8.

AVR

0]

AVR

4-4,
AVR CPU ( . T1L o, T2, T3 ; T4
(clkcpu) cPUu  ckev /N /N N\
2 ———>
2 ‘ ‘ ¥ G —
/ 3 <
MHz  1IMIPS
4-5.1  ALU
. TL ;T2 ; T3 ., T4
2 LU VD A D A D A Y A
ALU —————— i
LN\ l
;u '
ALU — O
N\
N/
(SREG) 0} 1
LB2 LB1 )
121
31
O(INTO) 31
0] ©)
0 1
(RETI) )
1 (1)
©) ©) 1 )
©) (1)
©) ( 0} (0)
1) ") 1)
(1=1)
( )
1
(SREG)

ATtiny48/

AIMEL
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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
SLEEP ; ( )

C
__enable interrupt(); /* */
__sleep(); /* ( ) */
: SLEEP
481.
AVR 4 4
(PC) ( )
2 ( 3(IMP =3) RIMP
=2) MCU
4
4 4 (PC:2 )
« ) (+2) (SREG) 0} 1

10 ATti nyﬁ]:/ 1
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5.
ATtiny48/ 88 AVR 2
EEPROM 3
51.
ATtiny48/ 83 41 8K 51,
AVR 16 32 2/ 4Kx 16 0000
ATtiny48/ 88 SPM
120  SPM /
(SELFPRGEN)
10,000 / ATtiny48/ 88
(PC) 11/12 2/ 4K 121
P $07FH $OFFF
(LPM SPM )
9
5.2. SRAM
52, ATtiny48/88 SRAM )
ATtiny48/88 IN OUT 64
SRAM( ) $60 $FF =3 Ty
/0 LD/ LDS/ LDD ST/STS STD
(32x 8) R31 $001F
512/ 768 /0 110 50— s0020
SRAM 32 64 70
/0 160 110 256/ 512 (64x 8) $3F | $005F
SRAM e $0060 | $0060
5 (160x 8) $00FF | $00FF
( ) SRAM $0100 | $0100
— (256/512% 8) | $oxFF | $O1FF $02FF
e
Y z 63
( X,Y.Z (-1)
(+1)
ATtiny48/ 88 32 64 110 160 /0 256/ 512 SRAM
8
52.1.
53, SRAM
sclkens SRAM >3 T T2 (1)
U ke /SN N\ S\
() SRAM T1,T2 Rl ; ; /_
2 T1 IC) ‘ X : ‘
! T2 3 - >——+—
(T1) T1 ! ! ! !
WR | -/ \ |

AIMEL



5.3. EEPROM

ATtiny48/88 64 EEPROM
PROM 100,000 /
EEPROM EEPROM

121 SPI
5.3.1. EEPROM

EEPROM IO
EEPROM / (

EEPROM
EEPROM

EEPROM CPU

53.2.

EEPMn '00'

(@)
533.

534.

EEAR
EEPE 1

@)
5.35.

( ) EEAR
4 )EEPE 1

@

EEPROM

AIMEL

CPU EEPROM EEPROM
5-1. ( )
EEPROM
4 EEPROM CPU
EEPROM EEAR EEDR
(EEMPE 1 4 )EEPE 1 /
5-1.
EEPROM
(
EEPMn o1’ (EEMPE 1
5-1. ) EEPE
EEPROM
EEPMn '10'
( 5-1.
EEPROM
20 (OSCCAL)

(EEMPE 1

EE

12 ATti nyﬁ]:/ 1
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C EEPROM (
)
EEPROM SPM
( )
EEPRIMMVWR SBIC HER BEPE ; EEPROM
RIMP  EEPROM VR EEPROM
’ LD R18, (0<<EEPM) | (O<<EEPMD) ; (
aJr EECR R18 ;
aJr EEAR, RL7 ; EEPROM ( )
aJr BEECR R16 ; EEPROM
B BEECR BEBMPE ; EEPROM
B EECR BEEPE ; EEPROM (
RET ;
C
void EEPROMw i t e(unsi gned i nt ui Address, unsigned char ucData)
{
vhi | e(BEE(R & (1<<EEFE)); /* EEPROM */
EECR = (O<<EEPM) | (O<<EEP\D) ; % */
EEAR = ui Addr ess; /* EEPROM */
BEDR = ucDat a; /* EEPROM */
EECR | = (1<<EBMPD); /* EEPROM =
EER | = (1<<BEB); /* EEPROM */
}
C EEPROM
EEPRMRD SBIC HBEER EEE ; EEPROM
RIMP EEPRMRD ; EEPROM
aJr EEAR., RL7 ; EEPROM ( )
B BEECR BEERE ; EEPROM (
I'N R16, BEHER ; EEPROM
RET ;
C
unsi gned char EEPROM r ead(unsi gned i nt ui Addr ess)
{
vhi l e(EE(R & (1<<EHED)); [ EEPROM */
EEAR = ui Addr ess; /* EEPROM */
EER | = (1<<EERD); /* EEPROM &3]
return BEELCR [* EEPROM , */
}
5.3.6. EEPROM
VCC CPU EEPROM EEPROM
EEPROM
EEPROM 2 1 EEPROM
2 CPU
EEPROM
AVR RESET (Low) (BOD)
BOD Vcc

AIMEL
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54.1/0 ()

ATtiny48/88 1/ 0O 162
ATtiny48/ 88 I/O I/ O I/ O 11O 32
LD/ LDY LDD ST/ STY STD $00 $IF /O Bl CBI
SBIS SBIC
I/ O IN OUT I/O $00 $3F
LD ST I/ O $20
ATtiny48/88 IN OUT 64 SRAM(
) $60 $FF I/ O LD/LDYLDD ST/STY STD
0 I/ O
1 (0) CBI SBI
CBl SBI (10 )$00 $IF
I/ O
54.1. I/O
ATtiny48/88 3 I/ O
(I/0) $00 $1F I/O SBI,CBI,SBIS SBIC
5.5.
55.1. EEPROM (EEPROM Address Register) EEARH,EEARL (EEAR)
15 14 13 12 11 10 9 8
$2@&42 - [ - 1 - 1 - 1 - | - [ - [ - |EEARH
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
$21($41) | - | - | EEARs | EEAR4 | EEAR3 | EEAR2 | EEARL | EEAR0 | EEARL
Read/ Write R R R'W RIW RIW RIW RIW RIW
0 0
= 15 6- Res: (Reserved)
0
. 5 0- EEAR5 0:EEPROM (EEPROM Address)
EEPROM (EEARH EEARL) 64  EEPROM EEPROM EEPROM 0 63
EEAR EEPROM
55.2. EEPROM (EEPROM Data Register) EEDR
7 6 5 4 3 2 1 0
$20 (340) [ (VMSB) | | | | | | | (LSB) | EEDR
Read/ Write RW RIW RW RW RIW RW RIW RIW
0 0 0 0 0 0 0 0
. 7 0- EEDR7 0:EEPROM (EEPROM Data)
EEPROM EEDR EEPROM (EEAR) EEPROM
EEPROM EEDR EEAR EEPROM
55.3. EEPROM (EEPROM Control Register) EECR
7 6 5 4 3 2 1 0
$1F@$3F) [ - [ - T EEPv1 ]| EEPMo | EERIE [ EEMPE | EEPE | EERE | EECR
Read/ Write R R R'W R'W R'W R'W R'W R'W
0 0 0 0 0
L 76 - Res: (Reserved)

0

14 ATti ﬂy4/ 1



54 - EEPM1,0 : EEPROM
EEPROM

(EEPROM Programing Mode Bits)
EEPROM

ATtiny48/

5-1. EEPROM
(EEPE) . EEPM1|EEPMO
( ) 5 0 0 3.4ms 1 ( )
0 1 1.8ms
( ) 1 0 1.8ms
5-1. EEPE 1 1 -
(1) EEPMn
EEPMn EEPROM ‘00
= 3 - EERIE : EEPROM (EEPROM Ready Interrupt Enable)
EERIE 1 (SREG) 0! (1) EEPROM
EERIE O EEPROM ( EEPROM)
EEPROM SPM
L 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
M/ (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
EEPROM EEPROM
EEPROM EEAR EEDR EEPROM
(SREG) ) ©)
( ) EEPROM (EEPE) (0) EEPE
@) 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 5-2. EEPROM
5-2. CPU EEPROM
Typ
EEPROM (CPU) 26,368 3.4ms

AIMEL
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554. I/ O 2 (General Purpose I/ O Register 2) GPIOR2
7 6 5 4 3 2 1 0
$28 ($4B8) [ (MSB) | | | | | | | (LB) | GPIOR2
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
555. I/ O 1 (General Purpose I/ O Register 1) GPIOR1
7 6 5 4 3 2 1 0
$2A (34A) [ (vsB) | | | | | | | (LSB) | GPIORL
Read/ Write RIW RIW RIW RIW RIW R'W R'W RIW
0 0 0 0 0 0 0 0
55.6. I/ O 0 (General Purpose I/ O Register 0) GPIORO
7 6 5 4 3 2 1 0
$1E($3E) | (MSB) | | | | | | | (LSB) | GPIORO
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
16 ATtiny48/ 88 m——————



ATtiny48/

6.
6.1.
6-1. AVR
22
6-1
TWI A/ D CPU SRAM EEPROM
A A A A A A
TC| Kabc clkepy
clkv o AVR ClKeL A
clkrwiHs
A T A
\ [«—1
A T A
6.1.1. CPU CPU AVR
clkcpu CPU
6.12. I/O I/O / I/ O
clkyo I/ O
2 ( clkyo
) TWI
6.1.3. CPU
ClkrLasH
6.14. A/ID A/ D
clkapc CPU I/O AID
6.1.5. TWI 2
clkrwins 87
6.2.
6- 1.
AVR CKSEL1,0
128kHz  (WDT) 11
10
( ) 01
00
1 1= 0=
6.2.1.
8.0MHz CKDIVS 0) 1.0MHz

(CKSEL=10, SUT=10, CKDIV8=

AIMEL

©)
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6.2.2.
\V/ole 6-2.
CKSEL1,0 | SUT1,0 | WDT
vcce . 00 0 oms
. (trour) (1) 8 01 | 4K (409) 4mms
(trout) 11 10 8K (8192) 64ms
UT CKSEL 6-2. 11 C ) C )
157 01 X X ( ) ( )
AVR vce AVR vce
(BOD)
BOD vce
(BOD)
(¢ )
6
32K
vce
6.3.
8.0MHz
135 21-1. CKDIV8 (0)
20
6-3. CKSEL
(OSCCAL)
21-1.
OSCCAL ( (OSCCAL) )
21- 1.
( )
123
6-4 UT
6-3. :
CKSEL1,0 (MHz) : TBD
10 7.3 81 : 8MHz (vccC ) 8
CKDIV8 )
6-4.
Sl (VCC=5.0V)
00 6x CK 14x CK ( 1) (BOD)
01 6x CK 14x CK+4ms
10 ( 2 6x CK 14x CK+64ms
11 ( )
1: RSTDISBL (0) 14x CK+4ms
2

18 ATti ﬂy4/ 1



ATtiny48/

6.4. 128kHz
128kHz 128kHz 6- 5. 128kHz
3V,25 6-5. CKSEL CKSELL0
0011 ¢ ) 11 128kHz
6- 6. SUT TBD
6- 6. 128kHz
SUT1,0
00 6x CK 14x CK ( 1) (BOD)
01 6x CK 14x CK+4ms
10 6x CK 14x CK+64ms
11 )
1: RSTDISBL ) 14x CK+4ms
6.5.
CLKI 62 6-7.
CKSEL ‘00 ( CKSEL1,0
(&7 ) 00 0 12MHz
6-8. SUT
6-2.
»—CLKI
I — GND
6-8.
SILE (VCC=5.0V)
00 6x CK 14x CK (BOD)
01 6x CK 14x CK+4ms
10 6x CK 14x CK+64ms
11 ( )
MCU
206 MCU
6.6. ( )
CLKO CKOUT )
(0) 11O
CLKO
CKOUT 0)
19

AIMEL
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6.7.
ATtiny48/ 88 (CLKPR)
( ) CPU
clkcpu Clkriast clkiyo clkapc 6-9.
( )
CPU ( )
1
CLKPS ( ) T1+T2 T1+2x T2 2
T1 T2
CLKPS
(CLKPCE) 1 CLKPR 0
( Y4 CLKPCE 0 CLKPS
6.8.
6.8.1. (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 RIW RIW
L 7 0- CAL7 0: (Oscillator Calibration Value)
135 21-1.
OSCCAL 21- 1.
EEPROM
EEPROM 8.8MHz
EEPROM
$00 $FF
6.8.2. (Clock Prescale Register) CLKPR
7 6 5 4 3 2 1 0
($61) [CLKPCE| - | - | - | CLKPS3 | CLKPS2 | CLKPSL | CLKPSD | CLKPR
Read/ Write RI'W R R R RI'W R'W RI'W RI'W
0 0 0 0
. 7 - CLKPCE: (Clock Prescaler Change Enable)
CLKPS CLKPCE 1 CLKPCE CLKPR
0 CLKPCE 4 CLKPS
0) (4 )  CLKPCE CLKPCE (0)
. 6 4- Res: (Reserved)
0
. 3 0- CLKPS3 0: (Clock Prescaler Select Bits 3 0)
MCU
6-9.
CKDIV8 CLKPS CKDIV8 (@)} CLKPS '0000' CKDI
V8 (0) CLKPS 8 '0011"
CKDIV8 CLKPS
CKDIV8 (0)

20 ATti ﬂy4/ 1
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6-9.

CLKPS3

CLKPS2 1

CLKPS1 1 1 0

CLKPSO ol 1o 1]o0 0ol 1]o0]1
() 16 [ 32 | 64 [ 128 ] 256 )

AIMEL
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7.
MCU AVR
(BOD)
BOD (BOD)
71.
17 6-1. ATtiny48/ 88 7-1.
BOD
7-1
( )
%
2| S| o Q :m% ™ EEPROM | A/D
2l 2|2 e
Ol O| O] O
A/ D
:INT1 INTO
(SVICR) (SE) 1 SLEEP
SMCR (SM1,0) SLEEP ( ) ( A/D
) 24 7-2.
MCU MCU MCU 4
SLEEP SRAM
MCU
MCU ( MCU )
32
7.1.1.
(SM1,0) '00' SLEEP MCU CPU P
A/D 2 /
clkepu clkrLASH
MCU SPI
/ (ACSR) (ACD) D
A/D
712. A/D
(SM1,0) ‘o1’ SLEEP MCU A/D CPU
A/ D 2 ( )
clkis o, clkcpu, cIKFLASH
A/D A/D
A/D
(BOD) 2 EEPROM INTO INT1
A/D MCU
7.1.3.
(SM1,0) '10' SLEEP MCU
2 ( )
(BOD) 2 INTO
INT1 MCU
MCU
32
( ) 17
CKSEL
22 ATﬁﬂﬂyA/ [



ATtiny48/

72. (BOD)
(BOD) 122 20-4. BODLEVEL BOD
BOD 7-1.
BOD BOD
BOD OFF BOD
vce
BOD MCU BOD
60u s
BOD MCU (MCUCR) 6 BOD  (BODS 24 MCU (MCUCR)
1 BOD OFF 0 BOD ( )
BOD BODS 0
BODS 24 MCU (MCUCR)
7.3.
AVR
731 A/D (ADC)
Al D A/D
A/ D OFF ON ( ) ( )
Al D 106 A/ D
7.3.2.
A/ D
104
733. (BOD)
(BOD) OFF BODLEVEL
(BOD) 27 (BOD)
7.34.
(BOD) A/ID
( ) ON
28
7.35.
OFF
28
7.3.6.
I/ O (clkiyo) A/ID (clkapc)
40
vcel 2
vce/ 2
(DIDRO DIDRY)
105 1(DIDR1) 114 0(DIDRO)
7.37. (aw)
DWEN

AIMEL
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74,
74.1. (Seep Made Control Register) SMCR
7 6 5 4 3 2 1 0
$33($53) [ - | [ - T - 1 [ Svii_| sMo | S ] SMCR
Read/ Write R R R R R R'W RIW RIW
0 0 0 0 0 0 0 0
= 7 3- Res: (Reserved)
0
L 21- SM10: (Seep Mode Select Bit 1 and 0)
7-2. 1 7-2.
SM1 | SMoO
0 0
0 1 A/D
1 0
1 1 |
. 0- SE: (Seep Enable)
S EEP MCU (SE) 1 MCU
SLEEP (SB) Q) ©)
7.4.2. MCU (MCU Control Register) MCUCR
7 6 5 4 3 2 1 0
$35($55) | - | BODS | BODSE | PUD | - | | - | - | MCUCR
Read/ Write R RI'W R'W R'W R R R R
0 0 0 0 0 0 0 0
. 6 - BODS : BOD (BOD Seep)
BOD OFF BODS 1 22 7-1. BODS
MCUCR BOD (BODSE) BOD
BODS BODSE 1 BODS BODS 1
4 BODSE 0
BODS 3 ( ) SLEEP BOD OFF
BODS ( ) BODS 3 0)
. 5- BODSE : BOD (BOD Seep Enable)
BODSE BOD (BODS) BODS BOD

24 ATti ﬂy4/ 1



74.3. (Power Reduction Register) PRR
/O
©)
7 6 5 4 3 2 1 0
($64) [ PRTWI | - | PRTIMO | - | PRTIM1| PRSPl | - | PRADC | PRR
Read/ Write R'W R RI'W R R'W R'W R R'W
0 0 0 0 0 0 0 0

= 7- PRTW : 2 (Power Reduction TWI)

1 2 (TWI) TWI
. 64,1 - Res: (Reserved)

0

L 5- PRTIMO : / 0 (Power Reduction Timer/ CounterQ)

1 / 0 / 0
. 3- PRTIML : / 1 (Power Reduction Timer/ Counterl)

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

WIRE 1

1 (SP1) SPl
= 0- PRADC : A/D (Power Reduction ADC)

1 A/D (ADC) AlD

ADC

AIMEL

TWI

P

A/ D

ATtiny48/

(PRR)
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8.
8.1. AVR
110
RIMP( )
8- 1. 21-3.
8-1
MCU 9
(MCUSR @
[TH[TR[TH TS <
XX g
[alle]ls 8 @)
BODLEVEL2 0 > |0 =
> o
> N
vee 30 60kQ ° 1 D) S Q>
: ed i
R Q
WDT RC - =Y
- v v
CK .
CKSEL1,0— f
AVR 1/0
()
CKSEL
17
8.2.
ATtiny48/ 88 4
« ON ON (VPOT) MCU
. RESET Low MCU
. MCU
. (vVceo) (VBOT) MCU
26 ATﬁHﬂy4/ .
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82.1. ON
ON  (POR) 136 21-3. POR
vce ( ) POR
ON ON (VPOT) vce
( ) vce
8-2. ON (RESET Vce ) 8-3. RESET ON
VCC - VPOT VCC - VPOT
RESET A VRsT RESET ? A~ VRsT
<— troutr—> ; <~—ttour —>
1 L 1 L
822.
RESET Low 8-4.
(136 21-3. )
vce
(VRsT) RESET « VRST
( ) (trour) | 3
MCU RSTDISBL ; < ttouT —>|
122 20- 4. 1 ‘ ?
1 L
823. ( )
ATtiny48/ 88 ( )
vce (BOD) -
BOD BODLEVEL — VBOT+
BOD

VBOT-=VBOT- VHYST/ 2

BOD VCC
VBOT-)
( 85
(ttour)
BOD 136
8.24.
(
(ttour)
28

VBOT+=VBOT +VHYST/ 2

( 8-5.
\Y/el®
VBOT+) ( )
MCU
)1CK

<— ttout —>

L
vce
8- 6.
vce
RESET
—» «— 1 CK
< tTouT —>
i L

AIMEL
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8.3.
ATtiny48/ 88 (BOD) A/D
8.3.1.
136
ON ON
(BODLEVEL 0) )
( / (ACSR) (ACBG)=1)
A/D (A/D / A(ADCSRA) A/D (ADEN)=1)
(BOD) ACBG (=1) A/D (ADEN=1)
A/D
OFF 3
84.
(WDT) 128kHz 87
30 8- 3. >
WDR( ) R
(128KH2) MR R
10 gggﬁmgﬁﬁﬁs
S~~~ A N Pl ‘_|
ooogggaaag
ATtiny48/ 88 O|C|CI
27 YYYYVYVYVYVYVYY
WDPQ —>
WDP1 —>
WDP2 ——> /
WDP3 ———>
2 WDE ——¢ ' MCU
8- 1. WDTON j
WDIF
WDIE
8-1. WDTON
WDTON WDT WDT
@) 1
©) 2 ( )
84.1.
84.2. 1 (WDE) 1
( ) (WDCE) WDE 1 WDE
1 WDE
4 ( ) WDE (WDP2 0)
WDCE (0)
8.4.3. 2 WDE 1
( ) WDCE WDE 1 WDE (1) WDE
1
4 ( ) WDP2 0 WDCE (0)
WDE

28 ATti nyﬁ]:/ 1
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8.5.
85.1. MCU (MCU Satus Register) MCUSR
MCU MCU
7 6 5 4 3 1 0
$34@%49 |- | - 1 - 1 | WDRF | BORF_| EXTRF | PORF | MCUSR
Read/ Write R R R R R'W R'W R'W
0 0 0 0
= 7 4- Res: (Reserved)
0
. 3 - WDRF: (Watchdog Reset Flag)
1) ON 0 )
= 2 - BORF: (Brown- Out Reset Flag)
1) ON 0 ©)
. 1- EXTRF: (External Reset Flag)
@) ON 0 ©)
= 0- PORF: ON (Power-on Reset Flag)
ON (@) (0)
MCUSR (0)

©)

AIMEL
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[ S
85.2. (Watchdog Timer Control Register) WDTCSR
7 6 5 4 3 2 1 0
($60) ["wDIF T WDIE | wbP3 [ WDCE | WDE | WDP2 | WDP1 | WDPO | WDTCSR
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
" 7 - WDIF ; (Watchdog Interrupt Flag)
(1)
WDIF 0) WDIF 1 0)
(SREG) 0 (WDIE) (1)
L 6- WDIE : (Watchdog Interrupt Enable)
1 (SREG) 0] 1)
(=1) (WDE) )
WDE (1)
(WDIF) 1) WDIE WDIF
)
WDIE (1)
(¢ )
8- 2.
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 0)
WDP3 0
8- 3.
8-3.
WDP3 0 1
WDP2 0 1 0 1
WDP1 0 1 0 0 1 0 1
WDPO ol 1ol 1]ofl1]of[1]of]1]o]1]of]1]o0]a1
WDT 2k 4k 8k 16k | 32k | 64k | 128k | 256k | 512k |1024k
¢ ()
(VCC=5v) 16ms | 32ms | 64ms |0.1255 0.25s| 0.5s | 1.0s | 2.0s | 4.0s | 8.0s
1010 ( )1
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ATtiny48/

9.
ATtiny48/ 88 AVR 9
9.1.
9-1
1 $0000 ON, WDT, BOD
2 $0001 INTO 0
3 $0002 INT1 1
4 $0003 PCINTO (PCIO) 0
5 $0004 PCINT1 (PCI1) 1
6 $0005 PCINT2 (PCI2) 2
7 $0006 PCINT3 (PCI3) 3
8 $0007 WDT
9 $0008 / 1 CAPT / 1
10 $0009 / 1 COMPA / 1 A
11 $000A / 1 COMPB / 1 B
12 $000B / 1 OVF / 1
13 $000C / 0 COMPA / 0 A
14 $000D / 0 COMPB / 0 B
15 $O00E / 0 OVF / 0
16 $O00F SPl STC Pl
17 $0010 A/D ADC A/D
18 $0011 EEPROM EE RDY EEPROM
19 $0012 ANA COMP
20 $0013 2 TWI 2
ATtiny48/ 88
$0000 RIMP  RESET ;
$0001 RIMP  EXT_|I NTO ; 0
$0002 RIMP  EXT_I N1 ; 1
$0003 RIMP  PA NIO ; 0
$0004 RIMP  PA Nri ; 1
$0005 RIMP  PA NI2 ; 2
$0006 RIMP  PA NI3 ; 3
$0007 RIMP  VOOT_OF ;
$0008 RIMP  TIM._CAPT / 1
$0009 RIMP  TIM_QGOMPA ; / 1 A
$000A RIMP TIM._COMPB ; / 1 B
$000B RIMP TIM_OWF ; / 1
$000C RIMP  TI MD_GOMPA ; / 0 A
$000D RIMP  TIM_COMPB ; / 0 B
$000E RIMP TIM_OF ; / 0
$000F RIMP SP_SIC ; SPI
$0010 RIMP ACC ; ADC
$0011 RIMP EE RDY ; EEPROM
$0012 RIMP  ANA COWP ;
$0013 RIMP TW ;2
$0014 RESET: LO R16, H G{ RAMEND ; RAM
$0015 aur SPH R16 ;
$0016 Lo R16, LOYRAMBEND ; RAM
$0017 aJjr A, R16 ;
/O

31
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9.2.
INTO,INT1 PCINTO 27 INTO,1 PCINTO 27
PCI3 PCINT24 27
PCI2 PCINT16 23
PCI1 PCINT8 15
PCIO PCINTO 7
(PCMSK0,PCMSK 1,PCMSK 2, PCMSK3) PCI
NTO 27
INTO INT1 ( ) Low A
(EICRA) INTO INT1 Low
( ) INTO INT1 17
I/O
9.2.1. Low
INTO INT1 Low
I/ O
MCU
MCU 17
T CKSEL
Low
S_EEP
922.
91
91
A B C ok 1L 1 1 1
PCINTN D Q D Q PCINTN __| i i i
E — PCMSKm A ] ! : :
kA——1 PeinT RN — | |
N : :
L. D E c — : ‘ ‘
_) ) D Q D Q D QF> PCIFm D ! ] — ‘
H e T 1
f r PCIFm __. ‘ } —

ATti nyﬁ]:/ e



ATtiny48/

9.3.
9.3.1 A (External Interrupt Control Register A) EICRA
A
7 6 5 4 3 2 1 0
($69) [ - | - | ISC11 | 1SClo | 1SCO1 | ISCO0 | EICRA
Read/ Write R R R R RW R'W RIW RIW
0 0 0 0 0 0 0 0
= 7 4- Res: (Reserved)
0
. 32- ISC110: 1 (Interrupt Sense Control 1 bitl and 0)
1 (SREG) V) 9-2. 1(INT1)
- (EIMSK) . 1 (INTY) 1) T | e
INT1 9-2. INT1 0 0 |INT1  Low
0 1 |[INT1
1 1 0 |INT1
Low 1 1 |INT2
Low
= 1,0- 1SC01,0: 0 (Interrupt Sense Control 0 bit1 and 0)
0 (SREG) " o-3. O(INTO)
o (EIMSK) C) 0 (INTO) (1) 1SCoL | 1SCoo
INTO 9-3, INTO 0 R LIRS
0 1 |[INTO
1 1 0 |INTO
Low 1 1 INTO
Low

AIMEL
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9.3.2. (External Interrupt Mask Register) EIMSK
7 6 5 4 3 2 1 0
$to@g3p) - | - 1 - 1 - 1 - [ - 1 INTL | INTO | EIMSK
Read/ Write R R R R R R R'W R'W
0 0 0 0 0 0 0 0
. 7 2- Res: (Reserved)
0
L 1-INTL: 1 (External Interrupt Request 1 Enable)
(SREG) ) @) INT1 @) INT1
A(EICRA) 1 (1SC11,1SC10) INT1
Low ( ) INT1
1 INT1
= 0- INTO: 0 (External Interrupt Request O Enable)
(SREG) 0] (1) INTO (1) INTO
A(EICRA) 0 (1SC01,1SC00) INTO
Low ( ) INTO
0 INTO
9.33. (External Interrupt Flag Register) EIFR
7 6 5 4 3 2 1 0
$ic@3c) - I - 0 - 1 - @ - 1 - T INTF1 | INTFO | EIFR
Read/ Write R R R R R R R'W R'W
0 0 0 0 0 0 0 0
. 7 2- Res: (Reserved)
0
= 1- INTFL: 1 (External Interrupt Flag 1)
INT1 INTF1 (1) (SREG)
0! (EIMK) 1 (INT1) 1) MCU
) 1 ©
©)
. 0- INTFO: 0 (External Interrupt Flag 0)
INTO INTFO @) (SREG)
() (EIMSK) 0  (INTO) (1) MCU
) 1 ©)
©)
34
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9.34. (Pin Change Interrupt Control Register) PCICR ( )
7 6 5 4 3 2 1 0
($68) L - 1 - ] | - | PCIE3 | PCIE2 | PCIEL | PCIEO | PCICR
Read/ Write R R R R RI'W R'W RI'W R'W
0 0 0 0 0 0 0 0
. 7 4- Res: (Reserved)
0
L 3- PCIE3: 3 (Pin Change Interrupt Enable 3)
(SREG) 0) (1) PCIE3 (1) 3
PCINT24 27 PCI3
PCINT24 27 3 (PCMSK3)
. 2- PCIE2: 2 (Pin Change Interrupt Enable 2)
(SREG) (0 (1) PCIE2 (1) 2
PCINT16 23 PCI2
PCINT16 23 2 (PCMSK2)
L 1- PCIEL: 1 (Pin Change Interrupt Enable 1)
(SREG) 0) (1) PCIE1 (1) 1
PCINTS 14 PCI1
PCINT8 14 1 (PCMSK1)
= 0- PCIEO : 0 (Pin Change Interrupt Enable 0)
(SREG) (0 (1) PCIEO (1) 0
PCINTO 7 PCIO
PCINTO 7 0 (PCMSKO0)
9.35. (Pin Change Interrupt Flag Register) PCIFR ( )
7 6 5 4 3 2 1 0
$1B@$3B) [ - [ - T - T - TPcF3 ] PCIF2 [ PCIFL | PCIFO | PCIFR
Read/ Write R R R R R'W R'W R'W R'W
0 0 0 0 0 0 0 0
L 7 4- Res: (Reserved)
0
= 3- PCIF3: 3 (Pin Change Interrupt Flag 3)
PCINT24 27 PCIF3 (1) (SREG)
()] (PCICR) 3 (PCIE3) (@)} MCU
©) 1
©)
L 2- PCIF2: 2 (Pin Change Interrupt Flag 2)
PCINT16 23 PCIF2 (1) (SREG)
) (PCICR) 2 (PCIE2) (@)} MCU
©) 1
©)
= 1- PCIFL: 1 (Pin Change Interrupt Flag 1)
PCINT8 14 PCIF1 (1) (SREG)
)] (PCICR) 1 (PCIEL) (D) MCU
©) 1
©)
L 0- PCIFO : 0 (Pin Change Interrupt Flag 0)
PCINTO 7 PCIFO (1) (SREG)
)] (PCICR) 0 (PCIEOQ) (@B)] MCU

©)

©)
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9.36. 3 (Pin Change Enable Mask 24 27) PCMSKS3 ( : )
7 6 5 4 3 2 1 0
($6A) I | - | - | - | PCINT27 | PCINT26 | PCINT25 | PCINT24 | PCMSK3
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
u 3 0- PCINT27 PCINT24 . 27 24 (Pin Change Enable Mask 27 24)
PCINT24 27 I/ O PCINT24 27
(PCICR) PCIE3 1) I/ O PCINT24 27 (0)
/O
9.3.7. 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 RW R'W RW RW RW RIW RW
0 0 0 0 0 0 0 0
= 7 0- PCINT23 PCINT16 : 23 16 (Pin Change Enable Mask 23 16)
PCINT16 23 I/ O PCINT16 23
(PCICR) PCIE2 ) I/ O PCINT16 23 (0)
/O
9.38. 1 (Pin Change Enable Mask 8 14) PCMSK1
7 6 5 4 3 2 1 0
($6C) [PCINT15 | PCINT14 | PCINT13 | PCINT12 [ PCINT11 | PCINT10 | PCINT9 | PCINT8 | PCMSK1
Read/ Write R'W RW RW RW RW R'W RW R'W
0 0 0 0 0 0 0 0
u 7 0- PCINT15 PCINTS: 15 8 (Pin Change Enable Mask 15 8)
PCINT8 15 I/ 0 PCINT8 15
(PCICR) PCIE1 (1) I/O PCINT8 15 (0)
/0
9.3.9. 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 RW RIW RIW RIW RW RIW RW RW
0 0 0 0 0 0 0 0
. 7 0- PCINT7 PCINTO : 70 (Pin Change Enable Mask 7 0)
PCINTO 7 I/ O PCINTO 7
(PCICR) PCIEO () I/O PCINTO 7 (0)
I/ O
( )28 PCINT24 27 PCIE3,PCIF3 PCMSK3
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10.
10.1.
AVR /O - - 10-1.
( ) SBl CBI
1
( ) (
)
LED( )
110
10-1. VCcC GND
e
o
PORTxn B
/X®) 49 I/ O
1 (PORTX) (DDRX) (PINX) 3 1/0
/0 ( ) PINx
1 1/ 0) MCU (MCUCR) (PUD)
@
I/0
41
10.2.
/0 10- 2. Pxn /O 1
10- 2.
AN VCC
RDx:DDRx PUD:
. — 3 S
> D
DDxn: Q
WDx:DDRx —P R
é RESET: ]
© RRx: X é
T |« Q—»
a)
= oJ—
o
1 N
D Px
0 QI PoRTxn - @
WRPX: PINX R
D_r S_EEP —
WRx:PORTx —_—
RESET: S
RPx: X Q—;
PINxn:
A4
clkiyo:1/ O
. WRX, WPx WDx, RRX, RPx, RDx
clkiy 0,SLEEP, PUD
37
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10.2.1.
3 DDxn PORTxn PINxn 49 I/ O DDxn DDRXx
/O PORTxn PORTx I/ O PINX PINX 1/ O
DDRx DDxn DDxn 1 Pxn DDxn
0 Pxn
PORTxn 1 ( ) OFF
PORTxn 0
( ) Hi-Z
PORTXN 1 High(1)
PORTxnN 0 Low(0)
10.2.2.
PINxn 1 DDRxn PORTxn Bl 1
10.2.3. (Break- Before- Make)
DDRXn 1 Hi-Zz 10- 3.
4AMHz DDRxn PORTxn 250ns
Hi-Z DDRxn 2
(BBMXx) BBMx 49
(PORTCR) DDRxn Hi-Z
10-3.
R16 ‘ ! L $02 ! !
R17 ‘ ‘ $01 |
X OUT DDRxRI6 X NoP X OUT DDReRIZ X XXX X XXX
PORTx 1 ! $55 | ! !
DDRx $01 X 502 X 0L
PO () X Wz ) S
Px1 Hi-Z | ()Y (K Hi-Z |
| Pxl | | Px0 |
< Hi-Z —> <— Hi-Z —>
10.24.
Hi-Z (DDxn=0, PORTxn=0) High (DDxn=1, PORTxn=1) (DDxn=0, PORTxn=1)
Low (DDxn=1, PORTxn=0) High( )
MCU (MCUCR) (PUD) (@)
Low Hi-Z (DDxn=0, PORTxn=0) High
(DDxn=1, PORTxn=1)
10-1.
10- 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( )
(PORTCR) (PUDX)

38

ATtiny48/ ]



ATtiny48/

10.25.
DDxn PINxn 10- 4.
10- 2. PINxn ‘ ‘ ‘ ‘ ‘ :
4 1 1 [ I L
( ) X xxX_ X xxX__XINR16,PINOS XXX
10-4. V////[ : ‘
tpd,min tpd,max PINxn | : | !
R16 X
( 10-4. ) | «—> tpd,min |
Low «—— tpd, max —>»!
High
( ) ]
Low () 10- 5. | ‘ ‘ ‘
PINXN A [ N I R R
2 tpd,min tpd,max ; ! ! ;
0.5 1.5 —X0out PORTxX__NOP__ XINR16,PINGK XXX
| [ |
10-5. ! ' ‘
NOP PINxn 1 | l
ouT - ‘ ¢
(tpd) 1 1 :
1 «— tpd—>
B 0 1 High 2 3 Low 6 7 4 7
NOP
LD R16, (1<<PB7) | (1<<PB6) | (1<<PBl) | ( 1<<PB0) ; High
LD RL7, (1<<DCB3) | (1<<CORR) | ( 1<<DDBL) | (1<<[DR0) ;
aur PCRIB, R16 ; High
aJr CORB, RL7 ;
NP ;
IN R16, P \B ;
(&
unsi gned char i;
[**/
PCRIB = (1<<PB7)| (1<<PB06) | (1<<PB1) | ( 1<<PR0); /* High */
CORB = (1<<CR3) | (1<<[DR2) | (1<<[CDBL) | (1<<CDR0); /* */
__no _operation(); /* */
i = ANB | * */
/* */
0,1,6,7 01 High 2
3 Low 2
39
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10.2.6.
10-2. GND SLEEP
vees 2 MCU
(1)
SLEEP SLEEP
SLEEP 41
¢ )
1 ¢ )
=D
10.2.7.
( )
GND
vce
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10.3.
10- 6. 10- 2.
AVR
10- 6.
PUOEXnN:
> PUOVXN: . el
RDx:DDRx PUD: 0
: 5 EPE N
»D Qf— DDOEXxn:
DDxn: )
WDx:DDRx  —P R DDOVXn: é
2 reseT: —
© RRXx: X é
B e %|—.
Slie
. | PVOEXn:
o) . PVOVxn: jrlf
PTOEXN: 1 —(Pxn)
l 0 D Q PORTXn: 12
WPx: PINX B D!EoBa:
DIEOVXn: 1
WRX:PORTX S _EEP 0
RESET: ==
RPx: X
< j\]— Q D Q DR '
PINXnN: i |
v ; _| : [
ckyol/lo ———— -« -
DIxn: <
AlOXn: >
: WRx, WPx, WDX, RRx, RPx, RDx
clkiy o,SLEEP, PUD
10- 2. ( ) 10- 6. ( )
10- 2.
PUOE 1 PUOV 0 DDxn=0, PORTxn=1, PUD=0
PUOV PUOE=1  DDxn, PORTxn, PUD 1)/ (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 ( ) Xy
()
DI
AlO

AIMEL
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1031 A
B 10-3.
103 A
PA3 PCINT27 ( 27 )
PA2 PCINT26 ( % )
ADC7  (A/D 7 )
Pl PCINT25 ( 25 )
ADC6  (A/D 6 )
A PCINT4 4 )
= PCINT27- A 3:PA3
PCINT27: 27
= PCINT26- A  2:PA2
PCINT26: 26
= ADC7/PCINT25- A  1:PAL
ADC7:PAL A/D 7
PCINT25: 25
= ADC6/PCINT24- A 0:PAO
ADC6:PAO A/D 6
PCINT24 24
10-4. A 41 10-6.
104 A3 0
PA3/ PCINT27 PA2/ PCINT26 PAL/ PCINT25 PAO/ PCINT24
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 i i - -
DIEOE PCINT27 PCIE3 PCINT26 PCIE3 PCINT25 PCIE3 PCINT24 PCIE3
DIEOV 1 1 1 1
DI PCINT27 PCINT26 PCINT25 PCINT24
AIO : : ADC7 ADC6
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1032. B
B 10-5.
10-5. B
PB7 PCINT7 ( 7 )
CLKI  (
PB6 PCINT6  ( 6 )
<K (Pl )
Fize PCINT5  ( 5 )
MISO (S )
= PCINT4 4 )
MOS (P )
= PCINT3  ( 3 )
SS (SPI
PB2 ociB ( / 1 B
PCINT2 ( 2 )
oclA ( / 1 A
Riel PCINTL ( 1)
icrL (/1 )
PBO CLKO  ( )
PCINTO  ( 0 )
» PCINT7- B  7:PB7
PCINT7: PB7
» CLKI/PCINT6- B  6:PB6
CLKI: e}
PCINT6 : 6  PB6
PB6 PORTB6, DDB6, PINB6 0
» SCK/PCINTS- B 5:PB5
SCK : SPI P B (DDRB)
DDBS S DDBS
S B (PORTB) PORTBS
PCINTS 5  PBS
= MISO/PCINT4- B  4:PBa4
MISO : SPI Pl B (DDRB)
DDB4 s DDB4
S B (PORTB) PORTB4
PCINT4 4 PB4
= MOSI/PCINT3- B  3:PB3
MOSI : SPI Pl B (DDRB)
DDB3 S DDB3
S B (PORTB) PORTB3
PCINT3: 3 PR3
» SS/OCIB/PCINT2- B  2:PB2
SS: Pl Pl (DDRB) DDB2
Low SPI( ) ) SPI
DDB2 S (POR
TB) PORTB2
ociB: /1 B PB2 / PB2
(DDB2=1) OC1B PWM
PCINT2: 2 PR2
43
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= OC1A/ PCINT1 - B 1:PB1
oclA: /1 A PB1 ;1 A PB1
(DDB1=1) OC1A PWM
PCINT1 : 1 PBl
= |CP1/ CLKO/ PCINTO - B 0:PBO
IcPL: /1 PBO ;1
CLKO: PBO CKOUT ©)
PORTBO DDBO
PCINTO: 0  PBO
10-6.  10-7. B 41 10-6. Pl Pl
MISO MOS Pl s
10-6. B7 4
PB7/ PCINT7 PB6/ CLKI/ PCINT6 PB5/ SCK/ PCINTS PB4/ MISO/ PCINT4
PUOE 0 INTOSC SE MSTR SE MSTR
PUOV 0 0 PORTB5 PUD PORTB4 PUD
DDOE 0 INTOSC SE MSTR SE MSTR
DDOV 0 0 0 0
PVOE 0 0 SE MSTR SE MSTR
PVOV 0 0 K >
PTOE - - - -
DIEOE PCINT7 PCIEO INTOSC+PCINT6 PCIEO PCINT5 PCIEO PCINT4 PCIEO
DIEOV 1 INTRC 1 1
DI PCINT7 PCINT6 SCK/ PCINT5 > / PCINT4
AIO - - -
- INTOSC (CKSEL )
10-7. B3 0
PB3/MOSI/PCINT3 | PB2/ 55/ OC1B/PCINT2 | PBL OCIA/ PCINTL | PBO/ ICPL/ 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 SE MSTR OC1B OC1A 0
PVOV > OC1B OCIA 0
PTOE - - - -
DIEOE PCINT3 PCIEO PCINT2 PCIEO PCINT1 PCIEO PCINTO PCIEO
DIEOV 1 1 1 1
DI > /PCINT3 Pl S PCINT2 PCINT1 ICPL/ PCINTO
AlO ] - ] -
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10.33. C
C 10-8,
10-8. C
PC7 | PCINT15 ( 15 ) pca | ADC3  (A/D 3 )
PC6 RESET ) PCINT11 ( 11 )
PCINT14 ( 14 ) , |ADCZ (WD 2 )
ADC5  (A/D 5 ) PCINT10 ( 10 )
PCs | CL @ )
PCINT13 ( 13 ) pc; |ADPCl (/D 1)
ADC4  (A/D 4 ) PCINT9 _ ( 9O )
PCa | DA @ ) pco | ADCO  (A/D 0 )
PCINT12 ( 12 ) PCINT8 ( 8 )
= PCINT15 - cC 7:PC7
PCINT15: 15 PC7
» RESET/PCINT14 - 6 : PC6
RESET : RSTDISBL ©) 110 ON
RSTDISBL )
IO
PC6 PORTCS6, DDC6, PINC6
PCINT14: 14 PC6
= SCL/ ADC5/ PCINT13 - C 5:PC5
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 - C 3:PC3
ADC3:PC3 A/D 3 A/ D 3
PCINT11: 11 PC3
= ADC2/ PCINT10 - C 2:PC2
ADC2:PC2 A/D 2 A/ D 2
PCINT10: 10 PC2
= ADCY/ PCINTO - C 1:PC1
ADC1:PC1 A/D 1 A/ D 1
PCINTO: 9 PC1
= ADCO/ PCINTS - C 0:PCo
ADCO:PCO A/D 0 A/ D 0
PCINTS: 8 PCO
45
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10-9.  10-10. c 41 10-6.
10-9. C7 4
PC7/ PCINT15 PC6/ RESET/ PCINT14 | PC5/ SCL/ ADC5/ PCINT13| PC4/ SDA/ ADCA/ PCINT12

PUOE 0 RSTDISBL TWEN TWEN

PUOV 0 1 PORTC5 PUD PORTC4 PUD
DDOE 0 RSTDISBL TWEN TWEN

DDOV 0 0 <L DA

PVOE 0 0 TWEN TWEN

PVOV 0 0 0 0

PTOE - - - -

DIEOE PCINT15 PCIEL - D'SBPET;C'NTM ADC5D+PCINT13 PCIE1 | ADCAD+PCINT12 PCIEL
DIEOV 1 RSTDISBL PCINT13 PCIE1 PCINT12 PCIE1

DI PCINT15 PCINT14 PCINT13 PCINT12
AIO - ADC5  /SCL ADC4 /DA
2 PC4 PC5
AO 2 (TWI)
10-10. 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
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10.34. D
D 10-11.
1011 D
FoT %;Ergwm % s ) P3| L g L) |
A PCINT22 g 22 )) PD2 g\gng g 0 18) )
005 | 1L C 7 1 )
PCINT21 ( 21 ) PD1 | PCINT17 ( 17 )
FOA 220 § % » ) ) PD0 | PCINT16 ( 16 )
= AIN1/ PCINT23 - D 7 : PD7
AIN1: OFF
PCINT23: 23 PD7
= AINO/PCINT22- D  6:PD6
AINO: OFE
PCINT22: 22 PD6
= TUPCINT2L- D 5:PD5
T 1
PCINT21: 21 PD5
= TO/ PCINT20 - D 4 : PD4
To: / 0
PCINT20: 20  PD4
= [NT1/ PCINT19 - D 3:PD3
INTZ: 1 PD3
PCINT19: 19  PD3
= [NTO/ PCINT18 - D 2 :PD2
INTO: 0o PD2
PCINT18: 18 PD2
m PCINT17 - D 1:PD1
PCINT17: 17 PD1
= PCINTI6- D 0:PDO
PCINT16 16 PDO

AIMEL
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10-12.
10- 12.

10- 13. D 41

D7 4

AIMEL

10-6.

PD7/ AINL/ PCINT23

PD6/ AINO/ PCINT22

PD5/ T1/ PCINT21

PD4/ TO/ PCINT20

PUOE

0

0

PUOV

DDOE

DDOV

PVOE

PVOV

o|O|O|O|O

o|Oo|O|O|O

oO|O|O|(O (O |O

oO|O|O|(O|(O|O

PTOE

DIECE

PCINT23 PCIE2

PCINT22 PCIE2

PCINT21 PCIE2

PCINT20 PCIE2

DIEOV

1

1

1

1

DI

PCINT23

PCINT22

T1/ PCINT21

TO/ PCINT20

AlO

AIN1

AINO

10- 13.

D3 0

PD3/ INT1/ PCINT19

PD2/ INTO/ PCINT18

PD1/ PCINT17

PDO/ PCINT16

PUOE

0

0

0

0

PUOV

DDOE

DDOV

PVOE

PVOV

o|O|O|O|O

o|Oo|O|O|O

o|O|O|(O|O

o|Oo|O|(O|O

PTOE

DIEOCE

INT1 +PCINT19 PCIE2

INTO +PCINT18 PCIE2

PCINT17 PCIE2

PCINT16 PCIE2

DIEQV

1

1

1

1

DI

INTY PCINT19

INTO/ PCINT18

PCINT17

RXD/ PCINT16

AIO
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104.1/ 0O
10.4.1. MCU (MCU Control Register) MCUCR
7 6 5 4 3 2 1 0
$35($55) | - | BODS | BODSE | PUD | - | - | - | - | MCUCR
Read/ Write R R'W R'W R'W R R R R
0 0 0 0 0 0 0 0
= 4- PUD: (Pull-up Disable)
1 DDxn PORTxn (DDxn=0, PORTxn=1) 110
38
104.2. (Port Control Register) PORTCR
7 6 5 4 3 2 1 0
$12($32) [ BBMD | BBMC [ BBMB | BBMA [ PUDD | PUDC [ PUDB | PUDA | PORTCR
Read/ Write RIW RI'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
L 7 4- BBMx: (Break- Before- Make Mode Enable)
1 ( ) DDRxn
Hi-Z 38
= 3 0- PUDx: (Port- Wise Pull- up Disable)
1 DDxn PORTxn (DDxn=0, PORTxn=1)
MCU (MCUCR)
(PUD) OR) 38
104.3. A (Port A Data Register) PORTA ( ; )
7 6 5 4 3 2 1 0
$oE@$2E) [ - [ - [ - T - TPORTA3][PORTA2]PORTAL[PORTA0]| PORTA
Read/ Write R R R R R'W RI'W R'W RI'W
0 0 0 0 0 0 0 0
104.4. A (Port A Data Direction Register) DDRA ( : )
7 6 5 4 3 2 1 0
$0D ($2D) | - [ - | - | - | DDA3 | DDA2 | DDA1 | DDAO | DDRA
Read/ Write R R R R R'W R'W R'W R'W
0 0 0 0 0 0 0 0
10.4.5. A (Port A Input Address) PINA ( : )
6 5 4 3 2 1 0
soc@2c)y [ - | - | - | - 1 PINA3 | PINA2 | PINA1 | PINAO | PINA
Read/ Write R R R R R'W R'W R'W R'W
0 0 0 0
( ) 28 PA3 O PORTA,DDRA,PINA
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10.4.6. B (Port B Data Register) PORTB
7 6 5 4 3 2 1 0
$05 ($25) | PORTB7 | PORTB6 | PORTBS5 | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTBO | PORTB
Read/ Write RW R'W RW RW RW RW RIW RW
0 0 0 0 0 0 0 0
104.7. B (Port B Data Direction Register) DDRB
7 6 5 4 3 2 1 0
$04 ($24) | DDB7 | DDBé | DDB5 | DDB4 | DDB3 | DDB2 | DDB1 | DDBO | DDRB
Read/ Write R'W RW RW R'W RIW RIW RW RW
0 0 0 0 0 0 0 0
10.4.8. B (Port B Input Address) PINB
7 6 5 4 3 2 1 0
$03($23) | PINB7 | PINB6 | PINB5 | PINB4 | PINB3 | PINB2 | PINB1 | PINBO | PINB
Read/ Write RW RW RW R'W R'W R'W RIW RW
10.4.9. C (Port C Data Register) PORTC
7 6 5 4 3 2 1 0
$08 ($28) | PORTC7 | PORTC6 | PORTCS5 | PORTC4 | PORTC3 | PORTC2 | PORTC1 | PORTCO | PORTC
Read/ Write RW R'W R'W RIW RIW RIW RW RIW
0 0 0 0 0 0 0 0
10.4.10. C (Port C Data Direction Register) DDRC
7 6 5 4 3 2 1 0
$07($27) | DDC7 | DDCeé | DDC5s | DDC4 | DDC3 | DDC2 | DDC1i | DDCO | DDRC
Read/ Write R'W R'W RW RW RIW RIW RIW RW
0 0 0 0 0 0 0 0
104.11. C (Port C Input Address) PINC
7 6 5 4 3 2 1 0
$06 ($26) | _PINC7 | PINC6 | PINC5 | PINC4 | PINC3 | PINC2 | PINC1 | PINCO | PINC
Read/ Write RW RW RW RW RW RIW RIW RW
104.12. 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 RI'W R'W RI'W RI'W R'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
104.13. D (Port D Data Direction Register) DDRD
7 6 5 4 3 2 1 0
$0A ($2A) | DDD7 | DDD6 | DDD5 | DDD4 | DDD3 | DDD2 | DDD1 | DDDO | DDRD
Read/ Write RIW RIW RW RW RW R'W RW R'W
0 0 0 0 0 0 0 0
104.14. 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 RW RW RW RW RW RW RW
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11.8 / 0
11.1.
"2
. / ( )
=3 (TOVO, OCFOA, OCFOB)
11.2.
/ 0 2 8 / ( )
8 / 11-1. I/ O 2
CPU (10 Xe} )/ O ( )
1Xe 55 8 / 0
25 (PRR)  PRTIMO / 0 0
11-1.8 /
> TOVn ( )
_CKktn
%TOP fBOTTOM | !
2\ YyVYVY <~ ( )
< TcNtn | | [ =[]
L
= » OCFnA ( )
t-- OCRnA --{1 [1 7=
- ! I
%: > OCFnB ( )
-~ OCRNB --1
=
TCCRnA
@ 8- bit Data Bus
D
11.2.1.
/ (TCNTO) (OCROA OCROB) 8 /
(TIFRO) / (TIMSKO) ( ) TIFRO TIMSKO
/ TO /
/
/ (clkTo)
(OCROA OCROB) /
(OCFOA OCFOB) (1)
11.2.2.
n 11-1.
/ 0 X
A B MAX / $FF(255)
( / 0 TCNTO ) / ($FF)
TOP OCROA
11-1 (TOP)
51
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11.3. /
/ / A(TCCROA)
(CSD2 0) 76
/ 0 / 1
11.4.
8 / 11-2.
11- 2.
8- bit Data Bus > TOVn ( )
count :
TCNT < clkTn ! :
f . C ) |
TOP
count TCNTO 1
clear TCNTO ($00 )
( ) clkTn clkto /
TOP TCNTO
(clkT0) ($00) (+1) -1 clkTo
(CS2 0) (CS02 0=000) /
TCNTO / (clkTo) CPU CPU
( )
( ) / A(TCCROA) (CTCO)
53
/ (TOVO) CTCO (=1) TOVO CPU
115.
8 TCNTO (OCROA OCROB) TCNTO 11-3.
OCROA OCROB / .
(OCFOA  OCFOB) (1) p, 8 bit Data Bus >
(I=1, OCIEOA OCIEOB=1) { {
() <z N
11- 3. =8 )
OCFnx ( )
115.1. TCNTO
TCNTO CPU /
/ TCNTO
OCROx
115.2.
TCNTO 1 / /
TCNTO TCNTO OCROx
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11.6.
/ (CTCO)
54 / 0
116.1.
(CTC0=0) ©)
8 (TOP=$FF) $00
TCNTO $00 / (1) TOVO
9 TOVO (0) / 0
116.2. / (CTC)
/ (CTC) (CTCO=1) OCROA
(TCNTO)  OCROA $00 OCROA TOP
CTC 11- 4. (TCNTO)  TCNTO OCROA
(TCNTO) ($00)
11-4. CTC «( )
TOP
TCNTn
1 —>e— 2 —>«3>e—4—>e——5
OCFOA / TOP
TOP
$00 TOP 2
TCNTO ( ) / ( )
($FF) $00
/ (TOVO) MAX  $00

AIMEL
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/ (TOVO)

@ ©
/

CTC

OCFnx

OCROA

@
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11.7. /

/ / (clkT0)
(1) 11-5. /
MAX

11-5. 1/ 1) /
clkiyo | | | | | | | |

clktn (clkirof 1)

TCNTO :X MAX-1 X MAX X $00 X $01
TOovn __| | i |
11-6.
11-6. (fclk 1/ o/ 8) /
clkro T LU LU L
clkrn (clkiror8) ] [ [1 [] [
TCNTO :X MAX- 1 X MAX X $00 X $01
Tovn | | [ |
11-7. CTC OCFOA OCFOB
11-7. (felk 110/ 8) / OCFOx
clkvo LML LML LML UL UL UL UL LT
clkrn (clkiror8) 7] W ] ] [
TCNTO :X OCRnx-1 X OCRNX X OCRnx+1 X OCRNx+2
OCRwx __ | OCRw__ |
OCFnx |
11-8. OCROA TOP CTC TCNTO OCFOA
11-8. (felk 11 0/ 8) / OCFOA
clkro UL UL LALL L LU
clkn (clkiror8) 7] [] [] [] [
TCNTO (CTC) :X TOP-1 X TOP X $00 X $01
OCRx | | ToP | |
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11.8.8 /
11.8.1. / A (Timer/ Counter 0 Control Register A) TCCROA
7 6 5 4 3 2 1 0
$25 ($45) [ = | = | - | - | CTCO | CS02 | C01 | CS0 | TCCROA
Read/ Write R R R R R'W RIW RIW RIW
0 0 0 0 0 0 0 0
= 7 4- Res: (Reserved)
0
. 3- CTCO: (Clear Timer on Compare Match Mode)
(TOP) 11-2. /
( ) / (CTC) 53
11-2. CTC
CTCO / TOP OCROx TOVO
0 0 $FF MAX
1 1 / (CTC) OCROA MAX
- MAX=$FF
. 2 0-CS02 0: 0 (Clock SelectO, bit 2,1 and 0)
3 / (TCNTO)
11-3. / 0
CS02 CS01 CS00
0 0 0 ( / 0 )
0 0 1 clki/o ( )
0 1 0 clkyo/8s@ )
0 1 1 clkyo/64 (64 )
1 0 0 clkyy o/ 256 (256 )
1 0 1 clkiyo/ 1024 (1024 )
1 1 0 TO ( )
1 1 1 TO ( )
( ) / 0 TO TO
118.2. / (Timer/ Counter 0) TCNTO
7 6 5 4 3 2 1 0
$26 (46) [ (MSB) | | | | | | | (LSB) | TCNTO
Read/ Write RI'W R'W R'W R'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
/ / 8 TCNTO
/ ( ) (TCNTO) TCNTO OCROx
11.8.3. / A (Timer/ Counter 0 Output Compare A Register) OCROA
7 6 5 4 3 2 1 0
$27 (347) | (MSB) | | | | | | | (LSB) | OCROA
Read/ Write RIW RIW RIW R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
(TCNTO) 8
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11.84. / B (Timer/ Counter 0 Output Compare B Register) OCROB
7 6 5 4 3 2 1 0
$28 (348) | (MSB) | | | | | | | (LSB) | OCRoB
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
(TCNTO) 8
11.85. / 0 (Timer/ Counter O Interrupt Mask Register) TIMSKO
7 6 5 4 3 2 1 0
($6E) (- 1 - 1 - 1 - 1 - TOCIEOB | OCIEOA | TOIEO | TIMSKO
Read/ Write R R R R R RI'W RIW RIW
0 0 0 0 0 0 0 0
= 7 3- Res: (Reserved)
0
L 2 - OCIEOB : / B (Timer/ Counter Output Compare Match B Interrupt Enable)
OCIEOB 1 (SREG) 0] (1) / 0 B
/ O(TCNTO) / 0 (TIFRO) B
(OCFOB) 1)
= 1- OCIEOQA : / A (Timer/ Counter Output Compare Match A Interrupt Enable)
OCIEOA 1 (SREG) 0! (1) / 0o A
/ O(TCNTO) / 0 (TIFRO) A
(OCFOA) 1)
L 0- TOIEO : / (Timer/ Counter Overflow Interrupt Enable)
TOIEO 1 (SREG) 0! (1) / 0
/ O(TCNTO) / 0 (TIFRO) / 0
(TOVO) @
11.8.6. / 0 (Timer/ Counter O Interrupt Flag Register) TIFRO
7 6 5 4 3 2 1 0
$15(35) |- | - | - | - | - | OCFO0B | 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 : / B (Timer/ Conter, Output Compare B Match Flag)
OCFOB / (TCNTO) (OCROB) (1)
OCFOB (0) 1 OCFOB (0)
(SREG) 0) / 0 (TIMSKO) / 0 B
(OCIEOB) OCFOB (1) / 0 B
= 1- OCFOA: / A (Timer/ Conter, Output Compare A Match Flag)
OCFO0A / (TCNTO) (OCROA) (1)
OCFOA (0) 1 OCFOA (0)
(SREG) 0! / 0 (TIMSKO) / 0o A
(OCIEOA) OCFO0A (1) / 0 A
L 0- TOVO: / (Timer/ Counter Overflow Flag)
TOVO / (TCNTO) @) TOVO
(0) 1 TOVO (0) (SREG)
0] / 0 (TIMSKO) / 0 (TOIEO) TOVO (1)
/ 0
55 11-2. CTC
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12. 16 / 1
12.1.
n 16 ( 16 PWM )
m 2
m 2
m ]
. / ( )
. (PWM)
u PWM
m 4 (TOV1, OCF1A, OCF1B, ICF1)
12.2.
n / X'
( /
TCNT1 )
16 / ( ) 16 /
12- 1.
12-1. 16 /
> TOVn ( )

clkrn

%TOP +BOTTOM :

TCCRnA TCCRnB TCCRnC
@ 8- bit Data Bus @ @ N
/ 1 2 43 10-5. 47 10- 11.
I/O 2 CPU (1o I/O0 )IIXe;
( : ) I/0 71 16 / 1
25 (PRR)  PRTIM1 / 1 0

AIMEL



AIMEL

12.2.1.
/ (TCNT1) (OCR1A,0OCR1B) (ICR1) 16 16
59 16 / 1
(TCCRIA, TCCR1B,TCCRIC) 8 CPU / 1
(TIFR1) / 1 (TIMSK1) ( ) TIFRL
TIMSK1
/ T1 /
( ) /
/ (clkt1)
2 (OCR1A,0CRI1B) / (OC1A,0C1B)
PWM 63
(OCF1A,0CF1B) (1)
(ICR1) (ICP1) (104 ) (
) / « ) (
)
TOP / OCRIA ICR1
PWM TOP OCRIA OCRIA PWM TOP
TOP 2 TOP ICR1 PWM
OCRIA
12.2.2.
12-1.
BOTTOM $0000
MAX $FFFF(65535)
- TOP ( ) TOP ($00FF,$01FF, $03FF)
OCRIA ICRL 1
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TCNT1,0CRIA,OCRIB,ICRL 8 AVR CPU 16 16 2
16 / 16
8 16 / 16
16 16 CPU
16 16 CPU
16
16 OCR1A OCRIB 16
16 16
16 / OCRIA, OCRIB,
ICR1 C 16
:[16  ($01FF) ]
LD RL7, $01 : $O1FF
LD RL6, $FF : $O1FF
QJr TONT1H RL7 g ( )
QJur TONTLL, R16 ; ( )
; [16 ]
IN RL6, TONT1L g ( )
IN RL7, TONT1H ; ( )
C
unsigned int i;
[* %/
TONTL = OX1FF; /*16  ($O01FF) */
i = TONTL; /* 16 */
[* %/
:5
R17:R16 TCNT1
16 16 2
16 /

AIMEL
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TCNT1 OCRI1A,0CR1B,ICR1
RD TQONT1: IN R18, SREG ; 0]
al ;
IN RL6, TONT1L ; TCNT1 ( )
IN RL7, TONT1H ; TCNT1 ( )
QI SREGRI8 ; 0]
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 */
}
:5
R17:R16 TCNT1
TCNT1 OCRI1A,0CRI1B,ICR1
VR TONTL:  IN R18, SREG ; 0)
l ;
aJr TONT1H RL7 ; TCNT1 ( )
aJr TONTLL, R16 ; TCNT1 ( )
QJr SEGRIS ; 0]
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; [* () */
}
:5
R17:R16 TCNT1
12.3.1.
16
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124. /
/ / B(TCCRIB)
(CSl2 0)
76 / 0 / 1
125.
16 / 16 12-2.
12-2.
8- bit Data Bus
< 3 4
TEMP@B ) > TOVn (
it _count 5
TCNThH@ )| TeNTnL@ ) || direction clkTn <D
TCNTn(16 I ) | Clear ! ( )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 TCNT1IHI/O CPU
(TEMP) TCNT1L TCNT1H TCNT1L
TCNT1H 8 1 16
CPU TCNT1
/ (clkT1) ($0000) (+1) (-1) clkt1
(CS12 0) (CSl2 0=000)
TCNT1 / (clkT1) CPU CPU
( )
( ) / A(TCCRIA) / B(TCCRIB) (WGM13 0)
( ) OC1x
66
/ (TOV]) WGM13 0 (=D TOV1l CPU

AIMEL
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12.6.
/ « / )
ICP1
12-3. (
) n /
12- 3.
8- hit Data Bus
< 0 = >
TEMPB )
AN
! s z BN |7
ICRNH@B ) | ICRL@E ) TCNTnH( )| TCNTnL(8 )
WR  ICRn(16 ) TCNTN(16 / )
r T S I
ACIC ICNC ICES
D ACO f ¢
@ . > » |CFn ( )
: ACO,ACIC / (ACR)
(ICPY) (ACO) ( )
(TCNT1) 16 (ICR1)
(ICF1) TCNT1 ICRL (1) (I=1, ICIE1=1)
ICF1 0) 11O
1 ©)
(ICR1) 16 (ICRIL) (ICR1H)
(TEMP) CPU ICRIH I/ O
ICR1 TOP ICR1 TOP ICR1
(WGM13 0) ICRL ICRIL
ICR1IH I/ O
16 59 16
12.6.1.
(ICP1) / 1
/ (ACSR) (ACIC) (=1)
(ICFY) )
(ICP1) (ACO) T1 (76 13-1. )
4 / TOP ICR1L
ICP1
12.6.2.
4
4
/ B(TCCRIB) (ICNC1) (1)
ICR1 4
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12.6.3.
(¢ ) 2
(ICR1) ICR1
ICR1
TOP ( )
ICR1
(ICF1) (110 1
(0) ( ICF1 1 )
)ICF1 (0)
12.7.
16 TCNT1 (OCR1x) TCNT1 OCRIx
/ (OCF1x) (1) (1=1,0CIE1x=1)
OCF1x (0) OCF1x
110 1 (0) (WGM13 0)
(COM1x1 0) TOP BOTTOM
(66 )

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

12- 4.
=~ >~ : %
@ 8- bit Data Bus
TEMP@B )
| >
|_<| |7T s Z < L
OCRnxH (8 )| OCRnxL 8 ) TCNTnH@B ) TCNTNL(8 )
OCRnx (16 ) TCNTN(16 / )
IOICRan 8 ) OCRnXL 8 )
U OCRnx (16 )
it ‘
=(16 )
:V—> OCFnx ( )
TOP — _
BOTTOM —>| 7 '@
WGMn3 0 COMnx1 0

AIMEL
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| IS
OCR1x 12 (PWM) 2 / (CTC)
2 2 TOP BOTTOM OCRI1x
PWM
OCRIx 2 CPU OCRIx
OCR1x OCRILx( )
« TCNT1 ICR1 OCRI1x ) OCRI1x (TEMP)
16 OCRI1x 16
(OCR1xH)
11O CPU (OCR1xL)
8 ( ) ( ) OCRI1x OCRIx
16 59 16
( ) nx OCRnx OCRnx OCRnx
OCRnx
12.7.1.
PWM (FOC1x) 1 ( )
(OCF1x) (1) / / OC1x
(COMIx1 o© OC1x (1) 0) 1o )
12.72. TCNT1
TCNT1 CPU / /
/ TCNT1
OCRI1x
12.73.
TCNT1 1 /
TCNT1 TCNT1 OCRIx
( ) TOP PWM TOP TCNT1
( )TOP $FFFF  ( )
BOTTOM TCNT1
OC1x OC1x
(FOC1x) OC1x( )
(COM1Ix1 0) (OCR1x) 2 COMIx1 0
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12.8.
(COM1x1 0) 2 (OC1x) cCoMm1
X1 0 COM1Ix1 0 OC1x 12-5. COM1x1 O
110 I/ O o) ( ) COMIx1 0
I/ O (PORT DDR) OC1x
OC1x OC1x OC1x 0
12-5. ( PWM )
COMnx1 -L OCnx
COMnNXx0 > D Q
FOCnx —> | n
N =
9 PORT
@ »>D Q
I
® *—]
a
g DDR
oo > D Q
clkiro
COM1x1 0 (D] I/ O (OC1x)
OCI1x ( ) (DDR) OCI1x
(DDROC1x) OC1x
12-2. 12-3. 12- 4.
OC1x COM1x1 o0
71 16 / 1
COMIx1 o
12.8.1.
CTC PWM COM1Ix1 O COM1x1 0=00
OC1x PWM 71
12- 2. PWM 71 12- 3. PWM / PWM 71
12- 4.
COM1x1 O PWM
(FOC1x)

AIMEL 6
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12.9.
/ (WGM13 0) (COM1x1 0)
« )
COM1x1 0 PWM ( PWM)
PWM COM1x1 0 0) (1) 10
65
70 / 1
129.1.
(WGM13  0=0000) *)
16 (MAX=$FFFF) $0000(BOTTOM)
/ (TOV1) TCNT1 $0000 / (1)
(1) 17 TOV1 (0) /
/
/ (16 )
/
CPU
129.2. / (CTC)
/ (CTC)  (WGM13 0=0100 1100) OCRI1A ICRL
CTC (TCNT1)  OCRIA(WGM13 0=4) ICRL(WGM13 0=12)
$0000 OCRI1A ICRL TOP
CTC 12-6. (TCNT1)  OCRIA ICRL
(TCNT1) ($0000)
12-6.CTC
OCFnA
TOP Y
TCNTn
i \ y Y _YVYVYVY y \
ocra( )i | L 1T [
1 —>«— 2 —>e3>e—4—>«—5
: COMnA1 0=01
TOP OCF1A ICF1 TOP
TOP
BOTTOM TOP CTC
OCRI1A ICR1 TCNT1
( ) ( ) ($FFFF)
$0000 OCRIA 2
TOP OCRI1A PWM  (WGM13 0=1111)
CTC OC1A (COM1A1 0) (=01)
OC1A (DDR OC1A=1)
OCRI1A 0($0000) focia=fclk 1710/ 2
focmas felk 10
2x Nx (1 OCRnA)
N (1,8,64,256,1024)
/ (TOV1) MAX  $0000 /

@

66 ATt ny4/ 1
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12.9.3. PWM
(PWM)  (WGM13 0=0101,0110,0111,1110,1111) PWM PWM
C ) PWM BOTTOM  TOP BOTTOM
(COM1x1 0=10) (OC1x) TCNT1 OCRIx (0)
TOP 1) (COM1x1 0=11) 1)  TOP (0)
PWM ( ) / PWM 2
D/ A PWM
( )
PWM  PWM 8,9,10 OCRIA ICR1 log (TOP 1)
2 (OCRIA ICRL $0003 ) 16  (OCRIA Repwv= —— ———
ICRL MAX ) PWM () o9
PWM $0OFF, $01FF, $03FF(WGM13 0=0101,0110,0111) ICRL (WGM13 0=1110)
OCRIA (WGM13 0=1111) ( ) /
($0000) PWM 12-7. OCRIA ICRL TOP
PWM TCNT1 ( )
PWM OCRIx TCNT1 () TCNT1 OCRIx (
: ) (OCF1x) 1)
/ (TOVY) 12-7. PWM
TOP 1) OCRnx/ TOP TOVn OCFnA
OCRIA ICR1 TOP \CFn (TOP )
OCF1A Ic . I HE— L S v v
F1 TOV1 (1) OCRnx \4 4 /r \
: 1 @ UL / / vy / /
VoV
' \4 \ 4 Yv Y VYVVVV VY \ A { \4
TOP TP [(cOmmd o) LI
OCnx( 3 } M
TOP (COMNnx1 0=11) : : ‘ Ll ‘ ‘
TCNT1 OCRIx < 1€ 2 >« 3 >< 4> 56« 7 —><— 8>
TOP
OCRIx 0 )
ICRL TOP ICRL OCRIA ICRL 2
ICR1 ICR1
TCNT1 ( )TOP
MAX  ($FFFF) $0000
OCRIA 2 OCRIA 1/0 OCRIA I/ O
OCRIA OCRIA( ) TCNT1 TOP /
OCRIA TCNT1 ($0000) TOV1 ) /
TOP ICRL TOP ICRL OC1A
PWM OCRIA PWM (TOP )
OCRIA 2 TOP  OCRIA
PWM OC1x PWM COM1x1 0 '10' PWM
PWM COMIx1 0 '11' 71 12-3. OC1x
(DDR OC1x=1) PWM TCNT1 OCRIxX
ocix( ) () 0)) (30000 TOP  BOTTOM ) /
OC1x (0)( 1)
PWM N (1,8,64,256,1024) P folk /0
OCRIx PWM PWM N< (L TOP)
OCRIx BOTTOM($0000) TOP+L |/
( ) OCRIx TOP (COMIxL 0 )
Low High
PWM ( 50% OCIA  (COM1A1 0=01)
OCRIA 0($0000) focia=fclk 110/ 2 PWM
2 cTC OC1A (COM1A1 0=01)
67
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12.94. PWM
(PWM)  (WGM13 0=0001,0010,0011,1010,1011) PWM
PWM ( ) / PWM BOTTOM($0000)
TOP TOP BOTTOM (COM1x1 0=10) (OC1x)
TCNT1 OCRIx ©) ) (COMIx1 0
=11) ( ) «C ) (
JPWM
PWM PWM 8,9,10 OCRIA ICR1
2 (OCRIA ICRL $0003 ) 16 (OCRIA ICRL MAX ) PWM
log (TOP 1) PWM $O0OFF,$01FF,$03FF(WGM13 0=0001,0010,
RPCPWM= — ————  0011) ICRL (WGM13 0=1010) OCRIA (WGM13 0=1011)
log 2 TOP TCNT1T 1/
TOP PWM 12-8. OCRIA ICRL TOP
PWM TCNT1 ( )
PWM OCRIX TCNT1 () TCNT1 OCRIx
( ) (OCF1x) 1)
12-8. PWM
OCRnx/ TOP OCFnA ICFn TOVn
(TOP ) (BOTTOM )
' 5 v v
TOP Y 4 ‘ A~
OCRnX — \ o
TCNTn 5 , [ l D
: Y, : \/ ::\/: . E Y, E |
vy YY Y YV Y Ly v
OCnx( ‘ :
(COMnNx1 0:103 |—| ‘ U_I—— L
OCnx( :
(COMnX1 o=11; [1 [ 1 1 1
1 — e 23— 4>
/ (TOV1) BOTTOM 1) OCRIA ICR1 TOP
OCF1A ICF1 OCRIXx (TOP )2
/ Q) TOP BOTTOM
TOP TOP TOP
TCNT1 OCRIXx TOP OCRIXx
0 ( ) 12-8. 3 /
PWM TOP
OCRIXx 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' (71 12-4. ) OC1x
(DDR OC1x=1) PWM
TCNT1 OCRIXx ocix( ) QX 0) TCNT1 OCRIXx
OC1x ©O)( 1)
PWM PWM N felk 1o
f _ _ Teki
(1,8,64,256,1024) OCMPCPWM= 5 "Nx TOP
OCRIXx PWM PWM PWM OCRIXx
BOTTOM Low TOP High PWM
TOP OCRIA (WGM13 0=1011) COM1A1 0=01  OCIA
50%
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1295. / PWM
/ (PWM)  (WGM13 0=1000,1001) PWM
/ PWM ( ) PWM BOTTOM($0000)
TOP TOP BOTTOM (COM1x1 0=10) (OC1x)
TCNT1 OCRIx ©) (1) (COM1x1 o
=11) ( ) « ) (
)PWM
/ PWM OCRIx OCRIXx (  :TOP BOTOM)
( 12-8. 12-9. )
/ PWM PWM OCRIA 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 12-9. OCRIA ICRL TOP /
PWM TCNT1 ( )
PWM OCRIx TCNT1 () TCNT1 OCRix (
) (OCF1x) 1)
12-9. |/ PV
OCFnA ICFn OCRnx/ TOP TOVn
(TOP ) (BOTTOM )
TOP v v 5 X X
OCRnX ! JaN ; /\ /\
: . . v
oSN NN
| v v v vyl vy v v
OCnx( : : : : :
(coMmd. o=10) | N A Iy A I
OCnx( | L
(COMnx1 0:113 : : : [1 : ‘
1l e 23— 4
/ (TOVI) OCRIx (BOTTOM )2 /
(1) OCRIA ICR1 TOP OCF1A ICF1 /
TOP 1) TOP BOTTOM
TOP TOP TOP
TCNT1 OCRIx
12-9. PWM OCRIx BOTTOM
TOP ICRL TOP ICRL OC1A
PWM OCRI1A PWM (TOP )
OCRIA 2 TOP  OCRIA
/ PWM OC1x PWM COMiIx1 0 ‘10
PWM PWM COMIx1 0 '11' (71 12- 4. )
OC1x (DDR OC1x=1) PWM
TCNT1 OCRIx OCix( ) @ (0)) TCNT1 OCRIx
OC1x (O)( 1)
/ PWM PWM FO CIPECPWM= falk 1o
N (1,8,64,256,1024) MPFCPWM= 5 "Nx TOP
OCRIXx / PWM PWM PWM
OCRIx BOTTOM Low TOP High PWM
TOP OCRI1A (WGM13 0=1001) COM1A1l 0=01 OC1A
50%
69
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12.10. /
/ / (clkT1)
1) OCRI1x OCRI1x @ ) 12-
10. OCF1x
12-10. V1) / OCF1x

clkiyo | | | | | | | |

clkn (clkiyof 1)

TCNT1 X OCRnx- 1 X OCRnx X OCRnx+1 X OCRnx+2
OCRx ___ | OCRx . |
OCFnx |
12-11.
12-11. (fclk 110/ 8) / OCF1x
clkiro |||‘||||||||||||||||‘||||||||||||||||‘||||||||||||||||‘|||||||||||||||
clkrn (clkiror8) 7] [] [] [] [
TCNT1 X OCRnx- 1 X OCRNx X OCRnx+1 X OCRNx+2
OCRx | | OCRx |
OCFnx __| |
12-12. TOP / PWM OCRIXx BOTTOM
TOP BOTTOM TOP-1 BOTTOM+1 BOTTOM
TOV1 1)
12-12. (1/1) / TOP
clkiro I‘ | I‘ | I‘ | I‘ |
clkn (clkirof 1) | | |
TCNT1 (CTC,FPWM) X TOP-1 X TOP X BOTTOM X BOTTOM+1
TCNTL (PCPWM,PFCPWM) X TOP-1 X TOP X TOP-1 X _Top2
TOVN(FPWM) | | ‘
ICFn(TOP ) — ; ; |
OCRNnx(TOP ) i OCRnx X OCRnx
12-13.
12-13. (felk 11 0/ 8) / TOP
clkiro |||‘||||||||||||||||‘||||||||||||||||‘||||||||||||||||‘|||||||||||||||
clkrn (clkirorg) 1] ] [] [] [
TCNT1 (CTC,FPWM) X TOP-1 X TOP X BOTTOM X BOTTOM+l
TCNTL (PCPWM,PFCPWM) X TOP 1 X ToP X TOP-1 XN Top2
TOVN(FPWM) | 3 | ‘
ICFn(TOP ) — 3 | :
OCRnx(TOP ) i OCRNX X OCRNX
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12.11. 16 / 1
12.11.1. / 1 A (Timer/ Counterl Control Register A) TCCR1A
7 6 5 4 3 2 1 0
($80) [COM1A1 [ COM1A0 | COM1B1 [ COM1BO| - | - | WGM11 | WGM10 | TCCRI1A
Read/ Write R'W R'W R'W R'W R R R'W R'W
0 0 0 0 0 0 0 0
L 7,6 - COM1A10: 1A (Compare Output ModelA hit 1 and 0)
L 54 - COM1B10: 1B (Compare Output ModelB bit 1 and 0)
COM1A1 0 COM1B1 © OC1A 0OCi1B COM1AL 0 1
OC1A I/ O /O COM1B1 0 1 1
OC1B I/ O I/ O
OCI1A OC1B (DDR) (1)
OC1A OC1B COMIx1 o WGM13 0 12-2. WGM13 0
CTC ( PWM) COMIx1 0
12-2. PWM ( :x A B)
COM1x1 | COM1x0
0 0 (OC1x )
0 1 OC1x ( )
1 0 OCilx Low
1 1 OCl1x High
12-3. WGM13 0 PWM COM1x1 0
12-3.  PWM (:x A B,X 0 1)
COM1x1 | COM1x0
0 0 (OC1x )
0 1 WGM13 0=111X OC1A ( ) OC1B (ociB
WGM13 0 (OClx )
1 0 Low TOP High OCI1x ( )
1 1 High TOP Low OCIx ( )
: COM1Ix1 (@) OCR1x TOP TOP
(@) (0) 67 PVWM
12-4. WGM13 0 / PWM COMIx1 o0
12- 4. / PWM ( :x A B,X 0 1)
COM1x1 | COM1x0
0 0 (OC1x )
0 q WGM13 0=10XX OC1A ( ) OC1B (OC1B
WGM13 0 (OC1x )
1 0 Low High OC1x
1 1 High Low OC1x
: COM1x1 (1) OCRl1x TOP 68
PWM
L 32- Res: (Reserved)
0

AIMEL
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[ a—
. 1,0 - WGM11,0 : (Waveform Generation Mode bit 1 and 0)
/ B(TCCRI1B) WGM13 2 ( )
(TOP) ( 12-5. ) /
( ) / (CTC) 3 (PWM) 66
12- 5.
WGNI3 | (cTer) | vy | @anso / Top | OFR) O
0 0 0 0 0 $FFFF MAX
1 0 0 0 1 8 PWM $OOFF 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 $OOFF TOP TOP
6 0 1 1 0 9 PWM $01FF TOP TOP
7 0 1 1 1 10 PWM $O3FF TOP TOP
8 1 0 0 0 / PWM ICRL |(BOTTOM|BOTTOM
9 1 0 0 1 / PWM OCRI1A |BOTTOM BOTTOM
10 1 0 1 0 PWM ICR1 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 ICR1L TOP TOP
15 1 1 1 1 PWM OCRI1A TOP TOP
12.11.2. / 1 B (Timer/ Counterl Control Register B) TCCR1B
7 6 5 4 3 2 1 0
($81) [ICNC1 | ICESL | - | WGMI3 |WGMI12 | CSl2 | CSl1 | cCSlo | TCCRiB
Read/ Write RIW RIW R R'W R'W R'W R'W RIW
0 0 0 0 0 0 0 0
= 7- ICNC1: 1 (Input Capturel Noise Canceler)
1) « )
(ICP1) 4 ICP1
4 ( )
L 6- ICESL: (Input Capturel Edge Select)
(ICP1) ICES1 0
() ICESL 1 ()
ICESL (ICR1)
(ICF1) D
ICRL TOP (TCCR1A TCCRI1B WGM13 0 ) ICP1
= 5- Res: (Reserved)
TCCR1B 0
L 43 - WGM13,.2 : (Waveform Generation Mode bit 3 and 2)

TCCR1IA WGMI11 0
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" 2 0-CS12 0: 1 (Clock Selectl, bit 2,1 and 0)

ATtiny48/

3 / (TCNTY) 12-10.  12-11.
12-6. / 1
Csl12 Csl1 CS10
0 0 0 ( |/ 1 )
0 0 1 clki o ( )
0 1 0 clkyo/8s@ )
0 1 1 clkyo/64 (64 )
1 0 0 clkiyo/ 256 (256 )
1 0 1 clkiyo/ 1024 (1024 )
1 1 0 T1 ( )
1 1 1 T1 ( )
/ 1 ( ) T1 T1
12.11.3. / 1 C (Timer/ Counterl Control Register C) TCCR1C
7 6 5 4 3 2 1 0
($82) [ FOCIA | FOCIB | - | - | - | - | - - | TCCR1C
Read/ Write W W R R R R R R
0 0 0 0 0 0 0 0
= 7 - FOC1A : OC1A (Force Output Compare 1A)
L 6 - FOC1B : OC1B (Force Output Compare 1B)
FOC1A/ FOC1B WGM13 0 PWM
PWM TCCRIC 0 FOC1A/ FOC1B 1
OC1x COMi1x1 0 FOC1A/ FOC1B
COM1x1 o
FOC1A/ FOC1B TOP OCRI1A (CTC) /
($0000)
FOC1A/ FOC1B 0
= 5 0- Res: (Reserved)
0
12.11.4. / 1 (Timer/ Counterl) TCNT1H,TCNT1L (TCNT1)
15 14 13 12 11 10 9 8
($85) [ (MSB) | | | | | | | TCNT1H
Read/ Write RI'W RIW RI'W RI'W RIW RI'W RI'W RI'W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($84) I | | | | | | (LSB) | TCNTIL
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
2 / I/O  (TCNT1H TCNTIL TCNT1) / 16
CPU
8 (TEMP)
16
(TCNTY1) OCRIx 1 TCNT1
TCNT1 / «C )
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12.115. / 1 A (Timer/ Counter1 Output Compare Register A) OCR1AH,OCR1AL (OCR1A)
15 14 13 12 11 10 9 8
($89) [ (MsB) | I I I I I I | OCR1AH
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
($88) I I I I I I I [ (LSB) | OCRIAL
Read/ Write R'W R'W RIW RIW R'W R'W R'W R'W
0 0 0 0 0 0 0 0
12.116. / 1 B (Timer/ Counter1 Output Compare Register B) OCR1BH,OCR1BL (OCR1B)
15 14 13 12 11 10 9 8
($8B) [ MSB) | I I I I I I | OCR1BH
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) I I I I I I I | (LSB) | OCR1BL
Read/ Write R'W R'W RIW RIW R'W R'W R'W R'W
0 0 0 0 0 0 0 0
(TCNT2) 16 OC1x
16 CPU
8 (TEMP) 16
59 16
12.11.7. / 1 (Timer/ Counterl Input Capture Register) ICR1H,ICR1L (ICR1)
15 14 13 12 11 10 9 8
(387) [ MSB) | I I I I I I | ICR1H
Read/ Write R'W R'W RIW RIW R'W R'W R'W R'W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($86) I I I I I I I | (LSB) |ICRIL
Read/ Write R'W R'W RIW RIW R'W R'W R'W R'W
0 0 0 0 0 0 0 0
ICP1 ( / 1 ) (TCNT1)
/ TOP
16 CPU
8 (TEMP) 16
59 16
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12.118. / 1 (Timer/ Counterl Interrupt Mask Register) TIMSK1
7 6 5 4 3 2 1 0
($6F) I | - | ICIEL | - | - | OCIE1B | OCIE1A | TOIELl | TIMSK1
Read/ Write R R RI'W R R R'W R'W RI'W
0 0 0 0 0 0 0 0
L 5- ICIEL: / 1 (Timer/ Counterl Input Capture Interrupt Enable)
1 (SREG) 0) 1 / 1
/ 1 (TIFRL) (ICF1) (1)
(31 )
L 2- OCIELB : / 1 B (Timer/ Counterl Output Compare B Match Interrupt Enable)
1 (SREG) ) (1) / 1 B
/ 1 (TIFR1) 1B (OCF1B) @)
(31
L 1- OCIE1A: / 1 A (Timer/ Counter1 Output Compare A Match Interrupt Enable)
1 (SREG) 0] (1) / 1 A
/ 1 (TIFRL) 1A (OCF1A) (1)
(31 )
L 0- TOIEL : / 1 (Timer/ Counter1 Overflow Interrupt Enable)
1 (SREG) ) (1) / 1
/ 1 (TIFR1) / 1 (TOVY) (@)
@61 )
12.11.9. / 1 (Timer/ Counterl Interrupt Flag Register) TIFR1
7 6 5 4 3 2 1 0
$16 ($36) | - | - | ICF1 | - | - | OCF1B | OCF1A | TOV1 | TIFR1
Read/ Write R R RI'W R R R'W R'W RIW
0 0 0 0 0 0 0 0
L 5-ICF1: / 1 (Timer/ Conterl, Input Capture Flag)
ICP1 @) (ICR1) WGMI13 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 (OCR1A) () / 1)
(FOC1A) OCF1A 1)
A OCF1A (0) 1
OCF1A (0)
L 0- TOV1: / 1 (Timer/ Counterl Overflow Flag)
(@) WGM13 0 CTC TOV1 / 1 (@)
WGM13 0 TOV1 72 12-5.
/ 1 TOV1 (0) 1
TOV1 0)
() 7.6,4,3 0
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13. / 0 / 1
51 / 0 57 / 1(PWM ) /

13.1.
/ (CSn2 0=001 ) (felk 11 0)
/ 4 1
felk 1/ o/ 8, felk 11 of 64, felk 11 of 256, felk 17 of 1024
13.2.
( / ) / 0 / 1
/
/ (CSn2 0=010,011,100,
101) / N
(8, 64, 256, 1024) 1 N+L
/
/ /
133.
TO/T1 / (felk T/ felk T1) TO/T1
« )
13-1. TO/T1 (fclk 11 0)
High (Low )
(Csn2 0=111) (Cn2 0=110) 1 clkro clkr1
13-1. TO/ T1
@ b m(w |
=i |
cdkjo—b——+H—+—J
TO/T1 25 35
TO/T1 1
/
1
50% (fextelk<fclk 11 of 2)
( )

felk 1ol 2.5
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13-2. / 0 / 1

clkiyo P 10
[ee] Q| <
PSRSYNC i 2 % e
< 3 9
O =| X| =
O| 5| X
°lo
T0O— 1 | ’
'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_': 0 O
T1— / ; [
YYYVYVYVYYY YYYVYVYVYYVYY
CSsl1o / 1 C300 / 0
CSl1 —>» CP1L —
CSl2 —> C2 —>
clkr1 clkto
/ 1 / 0
(TO/ T2) / 13- 1.
134. /
134.1. / (General Timer/ Counter Control Register) GTCCR
7 6 5 4 3 2 1 0
$3@43) [ Tom | - [ - | - [ - | - | - [PSRSYNC| GTCCR
Read/ Write R'W R R R R R R R'W
0 0 0 0 0 0 0 0
L 7- TSM: / (Timer/ Counter Synchronization Mode)
TSM 1 / ( ) PSRSYNC
/ 1
TSM 0 PSRSYNC 0) /
. 6 1- Res: (Reserved)
0
L 0 - PSRSYNC : / (Prescaler Reset Timer/ Counter 1,0)
1 / 0 / 1 TSM (1)
0) / 0 / 1

/
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[ S
14, (SPI: Serial Peripheral Interface)
14.1. 14-1. SPI
| | 3 A\
& ; S
. / clkiio 9 M
= LSB/MSB v @ MSB (SPDR) LSB M
- 7 < 8 <o S
u
. ‘I\' T °|° A8 3|8 5 4} iL .
. I D -
- (CK/ 2) SP' Y YV Y Y YVYY
(M)
' < S
142. - >
A A A A A A
ATtiny44/ 48
AVR
T yv =
25 (PRR) PR SPI < >
— A
Pl S 0 Ak x 0 ol x Q' < ole
AP b 5 5|2 2 5|5(5|5
SPI CPU vy |
14- 2. I 52
2 (SPR) v<:> (S°CR)
SPI
N y P 2 43 10-5.
Low
SCK MOSI(Master Out Save In)
MISO(Master In Save Out) SY )
High
SPI SS
SPl (SPDR) SPl
8 1 =] S (SPSR)
(SPIF) (1) S (SPCR) SPI (SPIE) (1)
SPDR Sy ) High
SPI SS  High _ MISO Hi-Z
Pl (SPDR) S Low SCK
1 (SPIF) (1) SPCR Pl
(SPIE) D SPDR
2 14- 2. SPI /
MSB LSB ; i MSB LSB
SPl (SPDR) ' MISO MISO |
8 «Q—— — Q<38
r A _:MOY MOS A A 4—‘
S (SPDR) ‘ 5SCK__ SCK
I SCK : :
14-1. SPI
High/ Low
2CPU
>l MOSI, MISO, SCK, S5 SCK B (BB
14-1. MISO B (DDRB)
a1 MOS B (DDRB)
S B (DDRB)
: Pl 43 B
78 ATtﬂﬂyé]:/ |



P

DDR SPI

DD_MOSI, DD_MISO, DD_SCK
DD MOS DDB5 DDR SPI

MOS PB5

S

DDRB

ATtiny48/

S Mlnit: LD RL7, (1<<CD MH ) | (1<<DD SK) ; MOSl, SCK=
aJr R SHA, RL7 ; MOSl, SCK=
LD RL7, (1<<SPE) | (1<<MBTR | (1<<SPRD) ; P 16
aJr SPCR RL7 ; P 16
RET ;
S MTx: aJr SPER R16 (R16)
S MTx W SBS SPRSHF
RIP SA MTx W
RET
C
void SPI_Nasterlnit(void)
{
OCR SP = (1<<D MH ) | (1<<[D SK); /* MOSl, SCK= */
SPR = (1<<SPB) | (1<<MBTR | (1<<SPRD) ; /* SPI 16 */
}
void SPl_Master Transnit (char cDat a)
{
SPOR = cDat a; /* */
vhile(!(SPSR & (1<<SPIF))); /* */
}
:5
S
P Sinit: LD R17, (1<<[D M O ; MISO
aJr R S, RL7 ; MISO
LD RL7, (1<<SPE) ; P
aJr SPCR RL7 ; P
RET ;
S R BS SPRPF ; ( )
RIMP SP_S R ; ( )
IN RL6, SPDR g
RET ;
C
void SPl_d avel nit (voi d)
{
RSP = (1<<D MO ; /* MISO */
SPCR = (1<<SFB); [* SPI */
}
char SP _9 aveRecei ve(voi d)
{
vhile(! (SPSR & (1<<SPI F))); /* ( ) */
return SPOR [* */
}
:5

AIMEL
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14.3.SS
14.3.1.
SPl (S S Low S « )
MISO SS High
B MISO SPI SPI
SS  High
SS / SS High
S2
14.3.2.
S2 (SPI (SPCR) (MSTR)  =1) SS)
S SPl SPl 5SS
Ss SPI B High Ss
S2 S Low SPl
S2
SPCR (MSTR) (0) SPl SPl MOS SCK
SPl (SPSR) SPI (SPIF) (1) SPl (SPCR SPIE=1)
(SREG) 0 1)
Pl SS Low () MSIR
(1) MSTR (0) S

@
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144.

2 (SPCR) SCK  (CPHA) SCK  (CPOL) SCK
P 14-3.  14-4.

14- 3. SPI (CPHA=0)

MSB (DORD=0) [ MSB | 6
LSB (DORD=1) [ LSB | 1

SKEPOL=) | L L T

SckEPOLE) ™1 L LT LT LT LT LT L

MOS!/ MISO ||||IIII
e e Vs Yo e Ve Ve
e e U
SS( ) "\ I

14-4. SPI (CPHA=1)

MSB (DORD=0) [ MSB | 6
LB (DORD=1) [ LB | 1

R SN I I Y T Y N I

SCKCEPOLE) ™1 m 1L LI Lo L LI L 1

MOSI/ MISO |||||||I
wos( ) TN DC O DI DT O
o - T
SS( ) "\ e

14-2. 14-3. 14-4.

14-2. CPOL,CPHA
SPI CPOL | CPHA SCK SCK
0

WIN|(FPL|O
R|O|FR|O
~ |||
~ |||~

0
1
1

AIMEL
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14.5. SPI
145.1. 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 RIW 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 )
Low MSTR ©) P (SPSR) A (SPIF) @
S2 MSTR 1)
u 3- CPOL : SCK (ClOCk Polarlty) 14- 3. CPOL
1 SCK High CPOL 0O CPOL | SCK SCK
SCK Low 14-3.  14-4. CPOL 0
1
= 2 - CPHA : SCK (Clock Phase) 14- 4. CPHA
SCK (CPHA) SCK () () CPHA| SCK SCK
e ) 14-3.  14-4. 5
CPHA 1
= 1,0- SPR1,0: SPI (SPI Clock Rate Select 1 and 0)
2 CK SPR1 SPRO K ( )
fosc
14-5. 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
145.2. SPI (SPI Status Register) SPSR
7 6 5 4 3 2 1 0
$2D(®D) [ SPF [wcoL [ - [ - T - T - T - T sp2x]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 =)
S (SPCR) SPI (SPIE) (@D} S SS
Low SPIF (1) SPIF
0) SPIF D P (SPR) P (SPDR)
SPIF (0)
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L 6 - WCOL : (Write Collision Flag)
S (SPDR) WCOL (1) WCOL ( SPIF ) WCOL (1)
P (PR Pl (SPDR) 0)
= 5 1- Res: (Reserved Bit)
0
. 0- SPI2X : SPI (Double SPI Speed Bit)
1 SCK  (SCK ) SPl ( 145 ) SCK
2CPU SPI SPl fosc(CPU )4
ATtiny48/ 88 SPI EEPROM ( )
130
145.3. SPI (SPI Data Register) SPDR
7 6 5 4 3 2 1 0
$2E ($4E) | (MSB) | | | | | | | (LSB) | SPDR
Read/ Write RIW RI'W RIW R'W RI'W RIW RIW RIW
SPl Pl ( )

AIMEL 53
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15. 2 (TWI: Two- wire Serial Interface, 12C)
15.1.
"2
[ |
[ |
n 7 128
[ |
. 400kHz
. / ( )
[ |
[ |
= AVR ( )
= Philips 12C
25 (PRR)  PRTWI 2 0
152. 2
2 (TWI) TWI 2
1 (SDA) 1 (SCL) 128
T™WI 1
T™WI
15-1.2 (TW)
_T—T_VCC
1 2 3 n R1 R2
< l » SCL
< > DA
1521. TW
15-1. TW
L
15.2.2.
15-1. TWI
AND TWI
Low 1 T™WI 0 High T™WI Hi- Z
High TWI AVR
7 400pF TWI
138 2 2 1 100kHz
1 400kHz
15.3.
15.3.1.
TWI 15- 2.
High . T :
oA _ L KN
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15.3.2.
SCL High SDA
15-3.
oA \_ /L N\ / .../ N\ _ ../
s\ T\ _.._/T\../
15.33.
™I 7 1 (Read/ Write) 1 9
(R'W) 1)
9 SCL(ACK) SDA Low
(ACK) SDA High
(R'W)
SLA+R SLA+W
(MSB) 15-4.
0000 000 SDA \___ /msBX A5 X XLBXR WXACK/
(ACK) st 1\ 7\ S\ S\
SDA Low
W( ) ACK SDA
Low
R( )
1111 xxx ( 1 12C )
15.34.
TWI 1 1 15-5.
9
DA __/MsBX D6 X ... X DL XLSB/
(ACK) 9 DA
SCL SDA Low \—/
SDA High NACK DA __ /MBX D6 X . X D1 XLBXACK/
sct /NS 7\ S8\ S\ _
NACK
(MSB)

AIMEL
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15.35.
SLA+R/W 1
SCcL AND
SCL Low SCL  Low
SCL Low
SCL High L (Low ) TWI
15-6. SLA+R/W
15-6.
DA \___ /MBX A5 X XLSBXRW\ACK /MSBX D6 X X D1 XLBXACK\ [
s i\ 2\ ... _[7\ S8\ /o 2\ _[7\Ss\ o\
S A+R/'W
154,
TWI 2
2
[ ] 1 (
) ( ) ( )
( )
. SCL
AND 15-7. ScCL
AND e TAlow .7 '
High 1 High ASCL N oW/ «—T Anigh—>]
Low SCLSW Low B CL Y .
scL High  Low SCL High | scL < TBlow—> \
Low ! * <— TBhigh —>
DA A Low A High
SDA
SDA High Low 15-8.2
A DA
ASDA T T
SDA High \—/ ; A
BSDA~ \_/ ./ \
DA N U/ \
L T S
SLA+R/IW
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155. TW
15-9. TWI ( ) AVR
15-9. 2
r&D~ G
o v by T
/ " :
K as
/ P .
(TWDR) |ACK aweRr) |
(TWAMR) (TWAR) Lo (TWSR) awcr) |
K g
155.1. SCL SDA
AVR TWI MCU T™WI ( |/
) 50ns AVR
SCL SDA (=1)
155.2.
scL scL TWI (TWBR) TWI (TWSR)
CPU
scL 16 CL Low TWI
T™™W 103  TW (TWIHSR) T™WI
scL
1
CL = clkio clkiyo @z 6-1 )
16 2x (TWBR)x clkTwiHs a7 6-1. )
_ CIkTW|HS TWBR : TWI
L =16 2x (TWBR)x : TWI TWPS (102 157. )
CTWI TWBR 10
155.3.
(TWDR) / TWDR
8 TWDR
(N)ACK (N)ACK
TWI (TWCR) 1) ©) (N)ACK
TWSR
/ /
AVR MCU MCU 1
T™WI
T™WI
87

ATtiny48/
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1554.
TWI (TWAR) 7
(TWGCE) 1
™ Twi (TWCR)
AVR MCU
T™WI CPU

1555.

T™WI TWI (TWCR)

TWI (TWINT) TWI
T™WI TWSR
TWINT @)
TWI ( )

T™WI (TWINT) o)
u
" SARW
u
u
u
u
u
u

TWAR
MCU 1
( INTO) TWI
TWI
TWI
(TWSR)
TWSR
SCL Low
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156. TWM
AVR TWI
TWI TWI (SREG)
() TWI (TWCR) TwI (TWIE) TWCR TWI (TWINT)
@) ( ) TWIE ©) ( )
TWI TWINT
TWINT ) TWI ( ) TWI (TWSR) TWiI
TWCR TWDR TWI TWI
15- 10. ( ) TwWI
15-10. W
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 \4 A\
TWI S SLA Lw | A Data | A P |
A T™WI A A
TWINT (@) TWINT (@) TWINT @ D TWINT=1
S A+W S :
ACK ACK P -
TWI T™WI TWCR
TWINT (1)
TWINT 1 ) TWCR TWINT (1) TWI
( ) TWINT  (0) TWI
TWCR TWINT 1  TWR
TWSR TWSR
( ) TWDR SLA+W TWDR
TWDR SLA+W TWDR SLA+W TWI
TWCR TWINT 1)
TWINT 1 ©0) TWCR TWINT (1) TWI
( ) TWINT  (0) TWI
TWCR TWINT ®»  TWR
ACK TWSR
TWSR
( ) TWDR TWDR
TWI TWCR
TWINT ) TWINT 1 ©) TWCR TWINT
1) TWI ( ) TWINT  (0) TWI
TWCR  TWINT 1 TWSR
ACK TWSR
TWSR
( ) TWI TWCR
TWINT (1) TWINT
0) TWCR TWINT (1) TWI (
TWINT  (0) TWI TWINT

AIMEL

@

89



AIMEL

TWI
= TWI| ( ) TWINT (€D} SCL TWINT ©)
Low
= TWINT (@)} TWI ( ) TWI
TWDR TWI
= ( ) TWI TWCR TWCR
TWINT (@)} TWINT 1 0) TWCR
TWI (TWINT=0)
C
C
LD RL6, (1<<TWNI) | (1<<TVETA) | TWR = (1<<TWNI) | (1<<TVETA ;
| (1<<TVEEN | (1<<TVEEN) ;
QJr TWR R16
WITL IN RI6 TWR while (! (TWR & (1<<TWNT)));  TWINT=1
SBRS R16, TWNT i ( )
RIMP VA T1
IN RL6, TVER if ((TVBR & OxF8) ! = START) :TWI
A\D  RIG, $F8 ERRXR); :
(@3] R16, START ; START
BR\E BER(R :
LO R16, S A W ™R = SSA W ; TWDR SLA+W
QJr TWR RL6 ;
LD  RI6, (1<<TWND) | (1<<TVEN) | TVIR = (1<<TWNI) | (1<<TVEN) ; : TWCR TWINT )
QJr TWR R16
WIT2 IN  R16 TWR while (!(TVR & (1<<TWNT))); ; TWINT=1
SBRS Ri16, TWNI ; (SLA+HW
RIMP WA T2 ; ACK/ NACK
IN  R16, TVER if ((TVBR&OXF8) '= M SAAXK) | ;TW
AND  RI16, $F8 ERRR); :
P R16, M_SLA ACK : MT SLA ACK
BR\E EHRXR :
LO R16, DATA TR = DATA ; TWDR
QJr TWR R16 ;
LD  RI16, (1<<TWNI) | (1<<TVEAN TWR = (1<<TWNI) | (1<<TVEN ; ; TWCR TWINT ©
QJr TWR R16
W T3 IN  R16 TWR while (! (TWR & (1<<TWNT)));  TWINT=1
SBRS RI16, TWNT ¢
RIMP VA T3 ; ACK/ NACK
IN RL6, TVER if ((TVBR & OxF8) != M[_DATA AQK) | ; TWI
AND  RIG, $F8 ERRXR); ,
CP  RI16, M[_DATA ACK : MT_DATA ACK
BR\E BER(R :
LD  RI6, (1<<TWND) | (1<<TVBTQ | TWIR = ( 1<<TWNI) | ( 1<<TVETO ;
| (1<<TVEN | (1<<TVEEN) ;
QJr TWR R16
:5
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15.7.
TWI 4 1 (MT) (MR) (ST (SR
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

15-12. 18. ( : ) TWI (TWCR) TwWI (TWINT) (@)

0 TWI (TWSR)
TWI ( ) TWI
TWINT 0)
TWI (TWINT) (@) TWI (TWSR)
15-2. 5.
0

AIMEL
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15.7.1.
( 15-11. )
SLA+W (MT) SLA+R (MR)
0 0
15-11.
_T—T_VCC
1 2
3 n R1 R2
( ) ( )
A
DR N N < l 1 i Y
< v SDA
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
TWEN 2 (TWI) (1) TWSTA
TWINT  TWINT (0) 1 ™I 2
TWINT (1)
$08( 15-2. ) SLA+W
SLA+W 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 15-2.
SLA+W TWDR
TWDR TWINT 1 TWCR
(1) TWDR 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
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

TWSR
TWDR

(TWWC)
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15-2. ( : TWSR 0 )
TWR) R TWCR TWCR
MWD TWSTA | TWSTO | TWINT | TWEA
$08 AW 0 0 1 X  |SLA+W ACK NACK
- AW 0 0 1 X |SLA+W ACK NACK
AR 0 0 1 X |SLA+R
0 0 1 X ACK NACK
s18 | SLAHW 1 0 1 X
ACK 0 1 1 X TWSTO=0
1 1 1 X . TWSTO=0
0 0 1 X ACK NACK
50 | 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 I ack 0 1 1 X TWST0=0
1 1 1 X . TWSTO=0
0 0 1 X ACK NACK
1 0 1 X
$30 | \ack 0 1 1 X TWSTO=0
1 1 1 X . TWSTO=0
SLAHW, 0 0 1 X
e 1 0 1 X
15-12.
A
[s|[sAiw]Aa  Daa__ Al P|
@ i @
® ®) ®,
> Rs| 9A W

b
T
Py

AlPrP]
A V
[AA [AVA
@ ®
[ A
(8X781B0)

[Data T A ] @16 (TWSR)
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15.7.2.

SLA+W

TWCR

TWEN 2

+R
TWCR

TWCR

SLA+R

TWCR

TWCR

AIMEL

( 15-13. )
(MT) SLA+R (MR)
0 0
15-13.
_T—T_VCC
1 2
3 n R1 R2
( ( )
A
DR N S < l 1 i Y
< \ A DA
TWCR
7 6 5 4 3 2 1 0
[ TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE |
1 X 1 0 X 1 0 X
(TwWi) &y TWSTA 1
TWINT  TWINT (0) 1 ™ 2
TWINT (1) TWSR
$08( 15-3. ) LA+R TWDR SLA
TWINT (1 ) ()
7 6 5 4 3 2 1 0
[ TWINT | TWEA | TWSTA [ TWSTO | TWWC | TWEN | - | TWE |
1 X 0 0 X 1 0 X
TWINT (1) TWSR
$38,$40,$48 15-3.
TWINT (1) TWDR
NACK
TWCR
7 6 5 4 3 2 1 0
[ TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE |
1 X 0 1 X 1 0 X
TWCR
7 6 5 4 3 2 1 0
[ TWINT | TWEA | TWSTA [ TWSTO | TWWC | TWEN | - | TWE |
1 X 1 0 X 1 0 X
( $10) 2

ATtiny48/ ]
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15-3. ( : TWSR 0 )
(TWSR) R TWCR TWCR
MWD TWSTA | TWSTO | TWINT | TWEA
$08 S AR 0 0 1 X |9AR ACK NACK
- SLA+R 0 0 1 X |9AR ACK NACK
AW 0 0 1 X |9LA+W
S A+R 0 0 1 X
538 NACK 1 0 1 X
a0 | SLAR 0 0 1 0 NACK
ACK 0 0 1 1 ACK
AR 1 0 1 X
$48 | Aok 0 1 1 X TWSTO=0
1 1 1 X N TWSTO=0
0 0 1 0 NACK
$0 | Aok 0 0 1 1 ACK
1 0 1 X
$58 | \ack 0 1 1 X TWSTO=0
1 1 1 X R TWSTO=0
15- 14.
v
|s]sAa i rR[A]|] Daa Alpaa| A| P |
®),
» Rs| SA I R

@H‘

() 16

(TWSR)

AIMEL
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15.7.3.

( 15-15. )
0 0
15- 15.
_T—T_VCC
1 2
3 n R1 R2
( ) ( )
A
— 1 XL ¥ ] 1 (Sl S
< Y » PA
TWAR TWCR
7 6 5 4 3 2 1 0
TWCR | TWAs | TWA5s | TWA4 | TWA3 | TWA2 | TWAL | TWA0 | TWGCE |
| | wvo
7 2 (TWGCE) Q)
TWI ($00)
7 6 5 4 3 2 1 0
TWCR | TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWIE |
0 1 0 0 0 1 0 X
TWEN 2 (TWI) 1 TWEA
(ACK) 1 TWSTA TWSTO O
TWAR TWCR TWI ( )
o(W) TWI am )
W TWINT (@) TWSR
15- 4.
TWI ( $68,$78 )
TWEA 0) TWI SDA (NACK)(SDA=High)
TWEA 0 TWI 2
TWEA (@)} TWEA TWI 2
TWI OFF TWEA (@)
2 (SCL)
TWI TWINT @ ) (0) SCL Low
AVR AVR SCL
Low
(TWDR)
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15- 4. ( : TWSR 0 )
TWCR TWCR
(ritesy VB TWSTA [ TWSTO | TWINT | TWEA
60 AW X 0 1 0 NACK
ACK X 0 1 1 ACK
SLAHRIW X 0 1 0 NACK
$68 / 9 A+
W /ACK X 0 1 1 ACK
X 0 1 0 NACK
$70 | ack X 0 1 1 ACK
9 A+R'W
$78 ] X 0 1 0 NACK
/ 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
$88 | \ack 1 0 1 0
1 0 1 1
X 0 1 0 NACK
2l / 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
15- 16.
s[sA W[A] paa | A]Daa]AJrs]
@ ® |@®
(60) (80) v (A0)
ENEE
Y
A
| ®
A| Daa | A|Daa| A [PS
| @ @@
70 (90) v (A0
ENEE
| (98)
A

] [ ] [ Data [ A ] @ 16 (TWSR
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15.7.4.
( 15-17. )
0 0
15- 17.
_T—T_VCC
1 2
3 n R1 R2
( ) ( )
A
1 XL 3 ] ] il Y
< Y > DA
TWAR TWCR
7 6 5 4 3 2 1 0
TWCR [ Twae | TwAs | TwA4 | TWA3 [ TwWA2 | TWA1L | TWA0 | TWGCE |
| | wo
7 2 (TWGCE) (1)
TWI ($00)
7 6 5 4 3 2 1 0
TWCR [ TWINT | TWEA [ TWSTA]JTWSTO | TWWC | TWEN | - [ TWIE |
0 1 0 0 0 1 0 X
TWEN 2 (TWI) 1 TWEA
(ACK) 1 TWSTA TWSTO 0
TWAR TWCR TWI ( )
1(R) TWI (O(w) )
R TWINT (1) TWSR
15-5.
T™WI ( $B80 )
TWEA 0 TWI ACK NACK
$CO $C8 TWI
1
(TWEA 0 NACK ) (ACK ) $C8
TWEA 0 TWI 2 TWEA (1)
TWEA ™I 2
TWI OFF TWEA (1)
2 (SCL)
TWI TWINT 1 ) (0) L Low
AVR AVR L
Low
( ) 2 (TWDR)
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15-5. ( :TWSR 0 )
TWCR TWCR
(TWSR) TWDR
TWSTA | TWSTO | TWINT | TWEA
X 0 1 0 NACK
$A8 S AR
ACK X 0 1 1 ACK
SLAHRIW X 0 1 0 NACK
$BO /I SLA+
R | ACK X 0 1 1 ACK
X 0 1 0 NACK
$B8 | Aok 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
15-18.
[s[sA TR[A] paa [A]Dpaa]A[rs]
A
®
A
&9 |
(TWEA=0) Al 1 |ps]
[ ] [ ] [ Data [ A ] (o) 16 (TWSR)
15.7.5.
TWI 2 15- 6.
$F8 TWI (TWINT) @) TWI
$00 2 (START)
(STOP) (ACK)
TWINT 1) (STOP) (TWSTO) 1)
TWINT 1 0) TWI TWSTO
0) (TWCR ) SDA SCL
15- 6. ( : TWSR 0 )
TWCR TWCR
(TWSR) TWDR
TWSTA | TWSTO | TWINT | TWEA
$F8 | r\winT=0 - - ' .
/
$00 0 1 1 N STOm0
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15.7.6. ™
TWI EEPROM
EEPROM
( )
EEPROM ( )
15-19. EEPROM ™
[ s| sA wla|eEPrOM Al rs| sA iR|aA|EEPROM  |A] P | L]
f []
15.8.
1 TWI
1
2
15- 20.
1 2 3 o [ R1 | vce
( ) ( ) ( )
- ¥ L § P! ! > SCL
< v DA A DA
. /
" (R'W) RIW
DA 0 1
. SA DA 0
1 SA
RI'W (SR (ST)
15-21. ( - )
15-21.
SA RWA] [A/A]
vSLA
=
Yes NACK
<'>W . @ ACK
R - NACK
g ACK

w  ATtiny48/
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159. TW
159.1. TWM (TWI Bit Rate Register) TWBR
7 6 5 4 3 2 1 0
($B8) [ TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBRL | TWBRO | TWBR
Read/ Write R'W RW RW R'W RW RIW RW RW
0 0 0 0 0 0 0 0
. 7 0- TWBR7 0:TW (TWI Bit Rate Register)
TWBR SCL
87
T™WI TWBR 10
1592. TW (TWI Control Register) TWCR
7 6 5 4 3 2 1 0
($BC) [ TWINT | TWEA | TWSTA [ TWSTO | TWWC | TWEN | - | TWIE | TWCR
Read/ Write RW RW RW RW R RIW R RW
0 0 0 0 0 0 0 0
TWCR Twl TWI
T™WI (TWDR)
TWDR TWDR
L 7 - TWINT : TW (TWI Interrupt Flag)
TWI (1) TWI
(TWCR) TWI (TWIE) (SREG) () 1) MCU TwiI
TWINT 1) 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 T™WI ACK
TWI (TWAR) (TWGCE) (1)
TWEA 0 2 TWEA
1
. 5- TWSTA : (START) (TWI START Condition Bit)
2 TWSTA 1 T™WI
TWI
TWSTA ©)
= 4 - TWSTO : (STOP) (TWI STOP Condition Bit)
TWSTO 1 2 TWSTO
(0) TWSTO 1)
TWI SCL SDA Hi-Z
L 3- TWAWC: TW (TWI Write Callision Flag)
TWI (TWINT) 0 TWI (TWDR) TWWC )
TWINT 1 TWDR (0)
. 2- TWEN : TW (TWI Enable Bit)
TWEN TWI TWI ( ) TWEN 1 TWI SCL SDA
I/O 0 TWI OFF
TWI
L 1- Res: (Reserved Bit)
0

AIMEL
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L 0- TWE: T™W (TWI Interrupt Enable)
1 (SREG) 0} ) TWI (TWINT) 1
TWI ( )
159.3. TW (TWI Satus Register) TWSR
7 6 5 4 3 2 1 0
($B9) [ TWS7 | TWSS | TWSS | TWSt | TWS3 | - | TWPSL | TWPSD | TWSR
Read/ Write R R R R R R R'W RI'W
1 1 1 1 1 0 0 0
= 7 3-TWS7 3:TW (TWI Satus)
5 TWI 2 91 TWSR
5 2
0
L 2- Res: (Reserved Bit)
0
u 10- TWPS1,0: TW (TWI Prescaler Bits)
15-7. TW
87 TWPSL 0 TWPS1 | O 0 1 1
TWPS0 0 1 0 1
1 4 | 16 | 64
1594. TW (TWI Data Register) TWDR
7 6 5 4 3 2 1 0
($BB) [ TWD7 | TWD6 | TWD5 | TWD4 | TWD3 | TWD2 | TWD1 | TWDo | TWDR
Read/ Write R'W RW RW RW RW RW RW RW
1 1 1 1 1 1 1 1
TWDR TWDR TWDR Twi
TWI (TWCR) Twi (TWINT)
(1) TWI (TWDR)
TWDR TWINT (1)
TWI TWDR
TWDR
(ACK) TWI CPU ACK
. 7 0- TWD7 0:TW (TWI Data)
8 2
15.95. TW( ) (TWI (Slave) Address Register) TWAR
7 6 5 4 3 2 1 0
($BA) [ TWA6 | TWA5 | TWA4 | TWA3 | TWA2 | TWA1L | TWAO0 | TWGCE | TWAR
Read/ Write R'W R'W RW RW RIW RW RW RW
1 1 1 1 1 1 1 0
TWAR TWI 7 (TWAR 7 )
TWAR
TWAR (TWGCE) ($00)
( )
= 7 1- TWA6 0:TW (TWI (Save) Address)
7 TWI
L 0- TWGCE : (TWI General Call Recognition Enable Bit)

1) 2 « )
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15.9.6. TW( ) (TWI (Save) Address Mask Register) TWAMR

7 6 5 4 3 2 1 0

($BD) [ TWAMS6 | TWAMS | TWAM4 | TWAMS | TWAM2 | TWAML | TWAMO | - | TWAMR
Read/ Write RIW RIW RIW RIW RIW RIW RIW R

1 1 1 1 1 1 1 0
. 7 1- TWAM6 0:TW (TWI (Save) Address Mask)
TWAMR 7 TWAM 15-22. TW
R TWI( ) (TWAR) -

( ) 1 : 0
TWAR
15-22.
L 0- Res: (Reserved Bit)
0

159.7. TW (TWI High Speed Register) TWHSR

7 6 5 4 3 2 1 0

($BE) L - 1 - 1 - 1 | - | - | - | TWHS | TWHSR
Read/ Write R R R R R R R R'W

0 0 0 0 0 0 0 0

= 7 1- Res: (Reserved Bit)
0
L 0- TWHS : TW (TWI High Speed Enable)
1 TWI TWI
17 6-1.
TWI I/O (clkis o) 2 (clkTwiHS) 2
I/ O (clkiy o) 8MHz
( I/ O ) 4MHz

17

AIMEL
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16.
AINO AIN1 16- 1.
AINO
AIN1 ACSR
ACIE
(ACO) o) ACD -
o D-
—> ACI
ACISL ACISD ACIC —> / 1
16-1. ACO
ADC ADC (PR -
ADC) : 16-1.
(PRR) PRADC 2 47 10-
25 11.
(PRR)
16.1.
ADC7 O A/D
A/D OFF( ) ADCSRB
(ACME) (1) A/D OFF(ADCSRA  ADEN 0) 16- 1. ADMUX
(MUX2 0) ACME 0) ADEN
1) AIN1
16- 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
16.2.
16.21. A/D / B (ADC Control and Satus Register B) ADCSRB
7 6 5 4 3 2 1 0
($7B) [ - 1 AaME]|] - | - | - | ADTS | ADTSL | ADTSO | ADCSRB
Read/ Write R RIW R R R R'W RIW RIW
0 0 0 0 0 0 0 0
= 6 - ACME : (Analog Comparator Multiplexer Enable)
1 A/D OFF(ADCSRA ADEN 0) A/D

0 AIN1
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16.2.2. / (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 R'W RI'W R R'W R'W R'W R'W R'W
0 0 0 0 0 0 0
. 7- ACD: (Analog Comparator Disable)
1 OFF OFF
(1) ACD ACSR
(ACIE) (0)
= 6 - ACBG: (Analog Comparator Bandgap Select)
1) (  11v) 0)
AINO
( ) 28
. 5- ACO: (Analog Comparator Output)
ACO 1 2
= 4- ACI: (Analog Comparator Interrupt Flag)
ACSR (ACISL,0)
(1) ACSR (ACIE) (1) (SREG) 0
@ ACI
(0) 1 ACI (0)
. 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) @)
. 10- ACIS10: (Analog Comparator Interrupt Mode Select)
16- 2.
16-2. ACIS1 ACISO
ACISLACISO ACSR 0 0 ( )
(ACIE) (0) 0 1 C )
1 0
1 1
16.2.3. 1 (Digital Input Disable Register 1) DIDR1
7 6 5 4 3 2 1 0
($7F) [ - | - | - | - | - | - | AINID | AINOD | DIDR1
Read/ Write R R R R R R RIW RIW
0 0 0 0 0 0 0 0
. 7 2- Res: (Reserved)
0
= 1,0 - AIN1D,AINOD : AIN1,AINO (AIN1,AINO Digital Input Disable)
1 AIN1/ 0 (1)
(PINX) 0 AINL/ 0

AIMEL
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17. AID

|_\
N
=

10
1LSB
+ 2LSB

14u's

15kSPS( /)
6
2 (TQFP, QFN/ MLF32
A/D
0 VCCA/D

1.1V A/D

A/D

17.2.

ATtiny48/ 88 10 A/D (ADC) ADC 6 (
1

OV(GND)

A
A/D

ADC
AVCC

~

D A/D

17-1.
(AVCC)

32
ADC

AvVCC

8

&

ADC

110

(S'H)

VccC

8- bit Data Bus

[JADTS 0

ADIF
ADIE

}A/D

¢

(ADMUX)

Z

REFSD
MUX3
MUX2
MUX1
MUX0

¢

A/

)

/
A (ADCSRA)

15ﬁ87ﬁ%
A/D

(ADCH/ ADCL)

ADSC

ADLAR

A “/\[)EEPJ

ADATE

<
<

<

<

<

<

<

<
|

........

<
<

»

A

(ADIF)
ADP
ADPSL

ADP)

YvY

ADC9 0

.......

MUX

........

.......

10

DAC

(I

YYVYVYVYVYYY
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17.3.
Al D ADC (PRADC) (PRR)
PRADC 25 (PRR)
AID 10 GND
A/ID Al D (ADMUX) (REFSD)
Avcc 1.1V
A/D (ADMUX) (MUX3 0) GND
(1.1v (VBG)) ADC (ADC7 0) A/D
Al D Al D / AADCSRA) A/D  (ADEN) (1) ( )
ADEN 1) ADEN (0) A/ID
Al D OFF
Al D A/ID (ADCH,ADCL) 10 (16 0
10 ) ADMUX (ADLAR) (1) (16 15 10 )
8 ADCH
( ) ADCL ADCH ADCL
A/D A/D (ADCH,ADCL) ADCL ADCH
(ADCH,ADCL)
ADCH ADCH,ADCL  A/D
AID A/D A/D ADCL ADCH
174,
(PRR) A/D (PRADC) (0) ADC (25
(PRR) ) ADCSRA (ADSC) 1
1 ©)
AID
AID / A(ADCSRA) A/D
(ADATE) @) A/ID / B(ADCSRB) A/D
(ADTS2 0) ( ADTS )
Al D
D
(SREG) 0) ©)
(€
©)
17-2. A/D
ADTS 0
ADIF LKADC |
1 1
n
ADSC
A/D (ADIF) A/D
A/ D ( ) AD
ADCSRA ADSC 1 A/ID A/D
(ADIF) (0)
ADCSRA ADSC 1 ADSC
ADSC 1
A/D Al D
110 ( 2 )
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17.5.
50 200kHz 17-3.A/'D
10 AID CK
START N|<|0| O N g o]
17-3. A/D 100kHz CPU M N RN
A/D O|0o|0 5 5 5 >
A/D / A(ADCSRA) A/D (ADPS2 0) YV Y Yy vy
ADCSRA A/D  (ADEN) (1) A/D | ADPD AID
ON ADEN (1) ADPSL ———»
ADEN 0 ADPS2 ———>
ADCSRA A/D (ADSC) 1)
Al D
13 17- 4. Al D
ON (ADCSRA  ADEN=1) 25
17-4. ( )
- > —
112/ f12]13[14[15]16]/ f22[23]24[25] [1]2]3
: - H
* w &
ADEN__| \ | \ - 0
AD&: : % \ \ \ " 0
ADIF 1 Y 5
\ ] i ]/ i \
ADCH,ADCL /] / | ]/ | 6
A — N
& ( ) 1.5 135
17-5. Al D (ADCH,ADCL) ADCSRA A/D
(ADIF) (1) (ADATE=0) ADCSRA A/D (ADSC) (0)
ADSC (1)
17-5. ( )
- > e —
1] 2[3[4a]5][6[7][8]9[10[11]12]13| [1 [ 2]3
|—|r|‘m|—||—||—||—||—||—||—||—||—||—||—|r|‘ ﬂ‘|—||—|H
! L
e PR 1
ADSC /; : L‘ J 5
ADIF 1 | \‘| %
ADCH,ADCL | | 0
N . .
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17-6
& 2
( ) 3CPU
17-6. ( )
L > e
2] 2[3]4]5[6[]7]8[9[10]11]12[13] a2 ]
A i A H
:u“uuuuuul—ll—ll—lul—ll—ll—:u‘ H|—||_|_
‘ : R : 1
_/ " 0 l_/ ; 0
i ‘ : - 1
ADATE |/ = : | L 5
ADIF | < Y T .
ADCH,ADCL | [ ;
AR XL
(ADATE=1) ADC 1 17-7.
17-1.
17-7. 17-1. A/D
— _>:<— e
141516 1] 23] 4 13.5 25
LA L5 =
‘ ‘ 2 135
ADSC 1 1 :
: 1 Y 2.5 14
ADIF b 1 5
ADCH,ADCL | 5
o AN
17.6.
A/D (ADMUX) (MUX3 0) (REFSD) CPU
A/D /
(ADCSRA  ADIF=1)
ADCSRA (ADSC)
ADSC 1 ( ) ADMUX
ADMUX
ADCSRA A/D  (ADEN) A/D (ADATE) 1
ADMUX ADMUX
= ADEN ADATE )
" 1
- )
1 ADMUX A/D
17.6.1. AID
ADSC 1 1
ADSC 1 1

AIMEL

109



1762. A/ D
A/ D (VRer) A/D
VREF VCC 1.1V AREF
(VBG)
A/ D
17.7.
A/ D
A/ D
A/D (ADEN=1) (ADSC=0)
A/D (ADIE=1)
A/ D ( )
A/D A/D
A/D CPU
CPU SLEEP
A/D
17.8.
17-8.
( ) 9H
A/D 10kQ
( )
( )
SH ( )
SH
(fapc/ 2)
( )
SH
«C )
17.9.
EMI
GND
ADC
(AVCC) 17-9. LC
(veo)
A/ D
D
1MHz A/D
A/ D
( ) 17-9.
110 ATtiny48/

AIMEL

VREF $3FF
1.1V
CPU 110
(ADATE=0)
CPU A/D
CPU A/D
A/ D A/D
A/D OFF
ADEN 0
ADCn ( ) ADC
( )
17-8.
VCC
ol
1 100kQ
(a0c) o
ADC a I Cg H=14pF
L Vel 2
17-9. A/D
vec@d )
Eogesa |
188¢:¢8
=i < MmN
58888
222 <
[29] [28] [27] [26] [25]
R, 24] ADC1 (PCY)
23] ADCO (PCO) |
1uH |
ATtiny48/88 | |22 ADC7 |
Al 2= GND
20| AREF
19| ADC6 01
gAVCC ;
17] PB5 (SCK)
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17.10. A/ D
n A/D GND VREF 2N 0 2n.1
= - 17-10. 17- 10. 17-11
(5000  $001) 0.5 A A -
LSB) oos8s | [ L) [T 2
. - 17-11 ' 5
($3FE  $3FF) 5
( 1.5LSB ) ;
0LSB :
. (INL) - 17-12. |
0LSB VREF
. (DNL) - 17-13.
( 2 )
(1LSB) oLSB
| |
1L.SB
+
0.5LB
| |
+ 0.5LSB >
1711. A/D
ADC=—————
VREF
VIN VREF (112 17-3.  17-4 ) $000 GND
$3FF -1LSB
17.12.
ADCS8 A/D (ADMUX)
(MUX3 0) *1000" ADC8 A/ID
1.1V A/ID
(ADATE=0)
17-2. 17-2. )
1LSB/ () -40 [+25 | 485
, 1 +10 A/D (LSB)| 230 | 300 | 370
17-2.
T( )=kx (ADCH<<8|ADCL)- TOS
ADCH:ADCL A/D k Tos k 10

1
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1713. A/D
17131 A/D (ADC Multiplexer Select Register) ADMUX
7 6 4 3 2 1 0
($7C) [ - | REFSO | ADLAR | - | MUX3 | MUX2 | MUX1 | MUX0 | ADMUX
Read/ Write R RW RW R RW RW RW RW
0 0 0 0 0 0 0 0
= 74 - Res: (Reserved)
0
. 6 - REFSO: (Reference Selection Bit)
17-3. A/D 17-3. A/D
(ADCSRA ADIF=1) REESO
0 1.1v
1 AvCC
g 5- ADLAR: (ADC Left Adjust Result)
ADLAR A/D ADLAR 1
ADLAR A/D
114 AID
. 3 0- MUX3 0:A/D (Analog Channel Select Bits 3 0)
A/D ADCS8
17-4. (ADCSRA ADIF=1)
17- 4.
MUX3 0 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 1001 1101 1110 | 1111
ADCO | ADC1 | ADC2 | ADC3 | ADC4 | ADCS5 |(ADC6)|[(ADC7)| ADC8 ( ) 11V | oV
PCO | PC1 | PC2 | PC3 | PC4 | PC5 | PAO | PAL VBG | GND
: 111
() PDIP QFN/MLF28 6 ADCB6,7
17.132. A/D / A (ADC Control and Status Register A) ADCSRA
7 6 5 4 3 2 1 0
($7A) [ ADEN | ADSC | ADATE | ADIF | ADIE | ADPS2 | ADPSL | ADPSO | ADCSRA
Read/ Write R'W RW RIW RIW RIW RW RW RW
0 0 0 0 0 0 0 0
. 7- ADEN:A/D (ADC Enable)
1 A/D ( ) 0 A/D ( YOFF
A/D 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
= 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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n 4- ADIF:A/D

(ADC Interrupt Flag)

ATtiny48/

AID A/D (1) (SREG) ()
A/D (ADIE) @) A/D
ADIF ©) 1 ADIF 0)
ADCSRA - - ) SBI,CBI
( )
= 3- ADIE:A/D (ADC Interrupt Enable)
1 SREG (1 (1) A/D ( )
©) ( )
. 2 0- ADPS2 0:A/D (ADC Prescaler Select Bits)
XTAL( ) A/D
17-5. A/D (CK= )
ADPS2 0 0 0 0 1 1 1 1
ADPS1 0 0 1 1 0 0 1 1
ADPSO 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
17133.A/D / B (ADC Control and Satus Register B) ADCSRB
7 6 5 4 3 2 1 0
($7B) [ - [ ACME | - | - | - | ADTS | ADTSL | ADTS) | ADCSRB
Read/ Write R R'W R R R R'W RIW RIW
0 0 0 0 0 0 0 0
L 75 3- Res: (Reserved Bits)
ADCSRB 0
L 2 0- ADTS2 0:A/D (ADC Auto Trigger Source)
A/D / A(ADCSRA) A/D (ADA 17-6. A/ D
TE) 1 A/D ADTS2 | ADTS1 | ADTS0
ADATE (0) ADTS2 0
0 0 0
©) ) o 9 .
ADCSRA 0 1 0 0
AID  (ADEN) (1) 0 1 1 / 0 A
(ADTS2 0=0) A/D 1 0 0 / 0
@ 1 0 1 /1 B
1 1 0 / 1
1 1 1 / 1
113

AIMEL



AIMEL

17.134. A/ D (ADC Data Register) ADCHADCL (ADCD)
ADLAR=0
15 14 13 12 11 10 9 8
($79) - - - - - - | ADCo | ADCs | 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 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1 | 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
| ADCo | ADCs | ADC7 | ADCe6 | ADC5 | ADC4 | ADC3 | ADC2 | ADCH
7 6 5 4 3 2 1 0
[ ADC1 | ADCO | - [ [ [ [ [ | ADCL
= ADC9 0:A/D (ADC Conversion result)
111 A/D A/D
ADCL A/D ADCH 8
ADCH ADCL ADCH
A/D (ADMUX) (ADLAR) A/D (MUX3 0)
ADLAR (1) ADLAR (0) ( )
17.135. 0 (Digital Input Disable Register 0) DIDRO
7 6 5 4 3 2 1 0
($7E) [ ADC7D | ADC6D | ADC5D | ADC4D | ADC3D | ADC2D | ADC1D | ADCOD | DIDRO
Read/ Write R'W R'W R'W R'W RI'W RIW R'W RI'W
0 0 0 0 0 0 0 0
. 7 0- ADC7D ADCOD : ADC7 0 (ADC7 0 Digital Input Disable)
1 ADCn (1)
(PINX) 0 ADCn

1
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18. WRE
18.1. n .
m RESET .
n ( ) n
n ( C ) n
u ( : ) "
18.2. WIRE CPU AVR
18.3.
WIRE  (DWEN) ©) @8 18- 1. WRE
WIRE ( ) RESET
AND ) Vo 1.8 55V
VCC J
18- 1. WIRE MCU dW <—>| dW(RESET)
WIRE CKSEL ] GND
WIRE —
= dW/ (RESET) 10kQ WIRE
m RESET vce
m RESET WIRE
[ ]
184. ( )
WIRE AVR BREAK AVR Sudio®
BREAK BREAK ( )
( ) BREAK
WIRE AVR Sudio
18.5. WRE
WIRE  (dW) (RESET) WIRE
WIRE CPU I/O CPU
(AVR Sudio) I/O
WIRE (
CLKPS ) WIRE 100kHz
(0) DWEN
DWEN WIRE
18.6. WRE
18.6.1. WRE (debugWIRE Data Register) DWDR
7 6 5 4 3 2 1 0
$31($51) | (MSB) | | | | | | | (LSB) | DWDR
Read/ Write R'W RIW RIW RIW RIW RIW RI'W RIW
0 0 0 0 0 0 0 0
DWDR MCU WIRE
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19.
MCU
( )
SPM SELFPRGEN 0 )
SPM 1 ( )
= 1( )
= 2( )
( )
1
- - ) 2
190.1. SPM
z SPM / (SPMCSR) '00000011' SPMCSR
4 SPM Rl RO z PCPAGE
Z
CPU
19.0.2. ( )
( ) ( ) z R1:R0O SPMCSR  '00000001" SPMCSR
4 SPM z PCWORD
SPMCSR CTPB  (=1)
SPM EEPROM
19.0.3.
Z SPMCSR 00000101 SPMCSR 4 SPM
R1L RO Z YPCPAGE
Z 0
CPU
19.1.
z ( ) SPM
15 14 13 12 1 10 9 8
ZHR3Y) | _za5 | 724 | za3 | zi2 | zin | zi0 | 79 | 78 |
7 6 5 4 3 2 1 0
ZLR30) | zz | ze | 75 | z4a | zz3 | 722 | znn | z0o |
(123 20-7. ) ( ) 2
1 « )
19- 1.
LPM z Z
(20)
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19-1. SPM
15  ZPCMSB ZPAGEMSB 10
z | 0]
PCMSB PAGEMSB
PCPAGE PCWORD
()
] PCWORD (PAGEMSB  0)
() ]so00
$01
$02
— ———] PAGEEND
123 20-7.
19.1.1. SPM EEPROM
EEPROM
EEPROM EEPROM (EECR) EEPROM (EEPE)
SPM / (SPMCSR) )
19.1.2.
z $0001 SPMCSR  SELFPRGEN
/ (RFLB) 1) SELFPRGEN RFLB SPMCSR 3CPU
LPM SELFPRGEN RFLB
3CPU LPM 4CPU SPM 0)
SELFPRGEN RFLB 0) LPM
7 6 5 4 3 2 1 0
R - ! - 1 - ¢ - [ - [ - ] B2 | LBl |
z $0000 SPM
CSR SELFPRGEN RFLB 1) SELFPRGEN RFLB SPMCSR 3CPU LPM
(FLB)
122 20-5.
7 6 5 4 3 2 1 0
Rd [ FLB7 | FLBe | FLBs | FLB4 | FLB3 | FLB2 | FLBL | FLBO |
z $0003 SELFPRGEN RFLB SPMCSR 1) 3
LPM (FHB)
122 20- 4.
7 6 5 4 3 2 1 0
Rd [ FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHBL | FHBO |
z $0002 SELFPRGEN RFLB SPMCSR 1)
3 LPM (FEB)
122 20- 3.
7 6 5 4 3 2 1 0
Rd [ - | - | - | - | - | - | - | EFBO |
©) 0 ©) 1
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19.1.3.
VCC CPU
2 1
2 CPU
(@ )
" AVR RESET (Low)
(BOD) vce
s \VCC AVR CPU SPMCSR
19.1.4. SPM ( )
19-1. CPU
19-1. SPM
Min Max
==Y ( ) 3.7ms 4.5ms
: Min Max (
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19.15.
ATtiny48/ 88 RWWSB 0 (Read- While- Write)
RAM 1 RAM Y
z RO,R1, TMP,CNTL,CNTH,SPMC
256
( )
.BW PGZB = PAGES ZB*2 . PGZB (PAGESIZE )
.G SVALLBGOTSTART :
|
WG LD SPVG, (1<<PERS) H 1<<SHFPREN) :
RCALL SPV ;
| ]
LD SP\G, ((1<<CTPB) + 1<<SH_.FPRGEN) : S$PMCSR
RAL SPVJ c
; [ RAM ]
LD CNTL, LON PGSZB) ;
LD ONTH H GH{ PGZB) ()

WP, LD RO, Y+ : RAM ( )

LD RL, Y+ ; RAM (
LD SPVG (1<<SELFPRGEN) : S$PMCSR
RCALL SPV ; (
AD'W ZH 27,2 ;
BW CONTH CNITL, 2 ;
BR\E VP :
|
B 7L, LONPGSZB) ;
SBa ZH H GH{ PGXZB) )
LD SPMG, ( 1<<PQART) +( 1<<SHLFPREN) c SPMCSR
RALL SPV ;
| ]
LD SPVG, (1<<CIPB) +( 1<<SH.FPREN) ; SPMCSR
RCALL  SPV ;
| )1
LD QNTL, LON PGZB :
LD ONTH H GH PGSZB) 5 (
B YL, LONPGSZB) : RAM
sBa YH H G{ PGsZB) :

RP. LPM RO, Z+ ; ( )
LD RL, Y+ ; RAM 1 ( )
aPSE RO, RL ;

RIMP ERROR
BW ONTH QNTL, 1 c
BR\E RLP :

: ; [ Rww

RN IN T™P, SPMCSR : SPM
SBRS T™P, R\WEB : RWW
RET ;

; |
LD SPME, (1<<CTPB) +( 1<<SH_.FPREN ; SPMCSR
RCALL  SPV ;

RIMP RN : RWW
; [ SPM ]

SPMI: IN T™P, SPMCSR ;. SPM
SBRC TMP, SELFPREEN : M)

RIMP S Vi ;
IN ™, SREG
al ;

WAT SBC EECR EEPE : EEPROM
RIMP WA T : EEPROM
aJr SPVMCSR SP\VC : SPM
SPV ; SPM
aJr S=EG WP
RET

AIMEL
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19.2.
19.2.1. SPM / (Store Program Memory Controll and Satus Register) SPMCSR
7 6 5 4 3 2 1 0
$37@®$57) |- [RWWSB| - | CTPB | RFLB | PGWRT | PGERS | SELFPRGEN | SPMCSR
Read/ Write R R R R'W R/'W R'W RI'W RIW
0 0 0 0 0 0 0 0
= 7- Res: (Reserved)
0
L 6 - RWWSB : RWW (Read- While- Write Section Busy)
(Read- While- Write) ATtiny48/ 88 0
= 5- Res: (Reserved)
0
L 4- CTPB: (Clear Temporary Page Buffer)
CTPB 1
= 3- RFLB: / (Read Fuse and Lock Bits)
SPMCSR RFLB SELFPRGEN @) 3 LPM Z 20 )
117
. 2- PGWRT : (Page Write)
SELFPRGEN 1 4 SPM
VA Rl RO PGWRT
4 SPM (0) CPU
L 1- PGERS: (Page Erase)
SELFPRGEN 1 4 SPM zZ
R1 RO PGERS 4 SPM
(0) CPU
= 0 - SELFPRGEN : (Self Programming Enable)
4 SPM CTPB,RFLB,PGWRT,PGERS 1
SPM ( ) SELFPRGEN SPM z
R1:RO Z SELFPRGEN SPM
4 SPM (0) SELFPRGEN

1
5 10001, 01001, 00101, 00011, 00001

0 SELFPRGEN
AVR Studio 4.16 SELFPRGEN

—~
~
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20.
20.1.
ATtiny48/ 88 20-2. (0)
1 ATtiny48/ 88 SELFPRGEN
(0) M
20- 1.
()
7 1( )
6 1( )
5 1( )
4 1( )
3 1( )
: 2 1( )
LB2 1 1 ( )
1 5 EEPROM 10 )
;0 1
20- 2.
LB LB2 LB1 WRE
1 1 1
2 1 0 EEPROM ( (D
3 0 0 LB 2 ( 1)
1:
2: 0 1

AIMEL
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20.2.
ATtiny48/ 88 3 20-3. 5.

20- 3.

- 7 1 1( )
SELFPRGEN | 0 ( Df1¢ )
1: SPM 116

20-4.

RSTDISBL
DWEN
SPIEN

WDTON
EESAVE
BODLEVEL2
BODLEVEL1
BODLEVELO
1: RSTDISBL 45 C

2: (0) RESET

PC6 1/O RESET ( 12)] 1 ) PC6 RESET
WIRE ( 2]1¢ ) WIRE
( 3]0( )
(D1 ) WDT WDTCSR
EEPROM 1( ) EEPROM
1( )
(BOD) ( 9]1( )
1( )

O(RPrINW(I~lO|O |

@
3: SPIEN
4 30 (WDTCSR)
5: BODLEVEL 136 21- 4.

20-5.

CKDIV8
CKOUT
UT1
UTO

5 (a0 s
(a1 )
(5
)
)
)
0 )

CKSEL1
CKSELO
1. SUT1,0 18 6-4.
2: CKSELL,0 8MHz 17 6- 1.
3: CKOUT BO 19
4: 20

O(RPrINW|dM OO (N

1(LBY) )
© ( )
20.2.1.

() EESAVE
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20.3.

ATMEL

204.
ATtiny48/ 88

20.5.

ATtiny48/

20- 6. (ID)
ATtiny48/ 88 20- 6. $0000 | $0001 | $0002
ATtiny48 $1E | $92 | $09
ATtiny88 $1E | $93 | $11
1 $0000
(OSCCAL)
20-7.
PCWORD PCPAGE | PCMSB
ATtiny48 2K (4K 32 PC4 0 64 PC10 5 10
ATtiny8s 4K (8K 32 PC4 0 128 | PC11 5 11
20- 8. EEPROM
PCWORD PCPAGE | EEAMSB
ATtiny48 64 4 EEA1 0 16 EEAS 2 5
ATtiny88 64 4 EEA1 0 16 EEAS 2 5

AIMEL
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20.6.
ATtiny48/ 88 EEPROM
250ns
206.1.
ATtiny48/ 88 20-1.
20-1. 20-9. 5V
— 0
+12V ——>| RESET vce
RDY/ BSY «——PD1 Avcc
OE —>|PD2
WR——>{PD3 PC1,0:PB5 0 K===) DATA
BS1L —>| PD4
XA0 —>| PD5
XA1—>{PD6
PAGEL ——>| PD7
B2 ——>|PC2
1. —>{CLKI
B
: VCC-0.3V<AVCC<VCCc+0.3V AvVcc
45 55V
20-9.
RDY/ BSY PD1 O(Low) : ( ) 1(High) : ( )
OE PD2 ( )
WR PD3 ( )
BSL PD4 / 10 ,1 ) ( )
XA0 PD5 CLKI 0
XA1 PD6 CLKI 1
PAGEL PD7 EEPROM
B2 PC2 / 20,1 ) ( )
DATA PC1,0:PB5 0 (OE=Low )
XA0 XAl CLKI 20- 11.
20- 10. 20-11. XA0 XA1 ( )
XAl | XAO CLKI
PAGEL Prog_enable[3] 0 0 0 EEPROM ( / BSL )
XA1 Prog enable[2] 0 0 1 ( / BS1 )
XAO0 Prog enable[1] 0 1 0
BSL Prog_enable[0] 0 1 1 ( )
WR OE 20-12.
20-12.
$80 (1000 0000) $08 (0000 1000)
$40 (0100 0000) $04 (0000 0100)
$20 (0010 0000) $02 (0000 0010)
$10 (0001 0000) $03 (0000 0011) | EEPROM
$11 (0001 0001) | EEPROM
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ATtiny48/

20.7.

20.7.1.

( )
VCC 0V RESET ov 124 20- 10. Prog enable Low(0)
VCC GND 45 5.5V 2Qu's \Yelo: 1.8V
20 6Qus RESET 11.5 125V
Prog_enable 1Qu s Prog enable

30Qu s
RESET Y,
VCC
VCC 0V RESET ov 124 20-10. Prog enable Low(0)
VCC GND 45 5.5V
vce 09 1.1V REEST 115 125V
Prog enable 1Qus Prog enable

VCC 4.5 55V
RESET ov

20.7.2.

. (EESAVE 0) )JEEPROM $FF $FF

. 256 ( ) EEPROM 256

20.7.3.

EEPROM( 1) ( )
EEPROM

1: EESAVE () EEPROM

XA1 High(1) XA0 Low(0)

BSL Low(0)

DATA $80(1000 0000)

CLKI _

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

AIMEL 125



AIMEL

20.7.4. ( 20-3. )

(123 20-7. )
1

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

DATA  $10(0001 0000)
CLKI

XAl Lowm0) XAO Low(0)

BSL Low(0) ( )
DATA (300 $FF)

CLKI

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

BSL High(1)

XAL Low(0) XA0 High(1)
DATA (00 $FF)
CLKI

« )
BSL High(1)
PAGEL ( )

2 ) ( <256) ()

XA1 Low(0) XA0 Low0)

BSL High(1) ( )
DATA (300 $07/ $OF)

CLKI

BSL Low(0)

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

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

CLKI
20-2.
PCMSB PAGEMSB
I PCPAGE | PCWORD |
()
PCWORD (PAGEMSB  0)
(D) $00
$01
$02
— PAGEEND
: PCPAGE PCWORD 123 20-7.
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20- 3.

DATA X 810 X X X X x X X xx
XAL 3 3 5 5

XAO _ ‘ : | 3 :
BSL _ / \
CLKI%H%/\%/\%/\% /_\
R N/

RESET

OE
B | : : : : :
PAGEL | i | ! T\

T XX A H

I_II_II_II_EI_II_II_II_II_II_II_I

20.7.5. EEPROM

EEPROM (123 20-8. ) EEPROM
1 EEPROM (
126 20- 4. )

. EEPROM $11(0001 0001) ( )
($00) ( )
($00 $3F) ( )
(300 $FF) ( )
(PAGEL ) ( )

. EEPROM
BSL Low(0)

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

20- 4. EEPROM

DATA X s11_ X X X X X xx
XAL _ 3 3 5

XA0 _|

BSl% : :
CLKI%/jf/\f/\%/\% |
e

RESET

OE
BX

PAGEL | i ! ! T\

I_II_II_II_EI_II_II_II_II_II_II_I
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20.7.6.
( 126 )
$02(0000 0010) ( )
($00  $07/ $0F) ( )
: ($00 $FF) ( )
. BSL Low(0) OE Low(0) ( ) DATA
. BSL High(1) ( ) DATA
. OE High(1) DATA Hi-Z
20.7.7. EEPROM
EEPROM ( 126 )
. EEPROM $03(0000 0011) ( )
($00) ( )
. ($00 $3F) ( )
. BSL Lowm0) OE Low(0) EEPROM DATA
. OE High(1) DATA Hi-Z
20.7.8. ( I 1 )
( 126 )
$40(0100 0000) ( )
: 0= 1= « ) ( )
' \E/gTSF% - RDY/BSY High < o>
.. High BSL B2 Low0) B2l | B2
Low(0) | High(1)
High(1) | Low(0)
Low(0) | Low(0)
20-5.
[ | [ | [ | "
DATA Y40 X X XX X340 X X XX XCs40 X X XX ]
XL /TN /N A }
G BN S — - — t‘
B2 R MR S W—
w N NN A
ovesy T\ /N[ \_/ ]
RESET | | | | | | | | | 1ﬁv
ot [’
PAGEL i
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20.7.9.
( 126 )
$20(0010 0000) ( )
( ) 0= 1= LB 3 (LB1 LB2 (0)
( )
. WR RDY/BSY High
@)
20.7.10.
( 126 )
. o $04(0000 0100) ( )
. BSL B2 Low(0) OE Low(0) DATA (0= )
. BSL B2 High(l) OE Low0) DATA (0= )
. BSL Low(0) B High(l) OE Low0) DATA (0= )
. BSL high(l) B2 Low(0) OE Low0) DATA (0= )
. OE High(1) DATA Hi-Z
20- 6. BS1, BS2
3|
0
1 0
\ — > DATA
0 1
1 }
T
B BSL
20.7.11.
( 126 )
$08(0000 1000) ( )
. ($00 $02) ( )
. BSL Low(0) OE Low(0) DATA
. OE High(1) DATA Hi-Z
20.7.12.
( 126 )
$08(0000 1000) ( )
: ~ $00 ( )
. BSL High(l) OE Low0) DATA
. OE High(1) DATA Hi-Z
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20.8.
EEPROM RESET GND S
SCK MOS MISO RESET Low /
20-13. SPI
Sa] P
20.8.1.
20-13. 20-7.
MOS PB3 (GND) ——>| RESET VcCc —o01.8 55V
MISO PB4 avee K018 s55v
SCK PB5 ( 1)
| CLKI PB5 |[«—— SCK
EEPROM PB4 —> MISO
( ) _,_— GND PB3 [«—— MOS
( ) =
EEPROM $FF 1: CLKI
CKSEL
(SCK) Low High 2: VCC-0.3V<AVCC<VCC+0.3V Avcc
1.8 5.5V
fck 12MHz: Low 2CPU fck  12MHz : High 2CPU
fck  12MHz : Low 3CPU fck  12MHz : High 3CPU
20.8.2.
ATtiny48/ 88 SCK ATtiny48/ 88
CK 142 21-9.  21-10.
ATtiny48/ 88 ( 20-15. )
1. :
RESET SCK Low0) VcCc GND SCK  Low
SCK  Low(0) RESET 2CPU
2. 20ms MOS
3. 3 2
($53) 4 $53
RESET
4. 1 123 20-7.
5/ 5+1 1
6/7 ( ) (BSY/ RDY)
twbp FLASH( 20-14. ) (
)
5. EEPROM
: EEPROM EEPROM 1 EEPR
oM (BSY/ RDY)
twbp EEPROM( 20-14. )
: EEPROM 1 EEPROM 2 1
EEPROM 4/ 4 EEPROM (EEPROM ) EEP
ROM EEPROM
(BSY/ RDY) ( 20-8. ) twp EEPROM( 20-14. )
$FF
6. MISO
7. RESET High(1)
8. OFF ( )
RESET High(1)
vce OFF
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20- 14. , ,EEPROM ( )
twb FusE
twbD FUsE 4.5ms
twD FLASH 4.5ms
twD EEPROM 3.6ms EEPROM
twD ERASE 9.0ms
20.8.3.
20-15. 20- 8.
20- 15.
1 2 3 4
$AC $53 $00 $00
$AC $80 $00 $00
/ $FO $00 $00
(1 $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
$4C $00
EEPROM $CO
EEPROM $C2 $00 : 0
$AC $EO $00
$AC $A0 $00
$AC $A8 $00
$AC $A4 $00
1:
. 0 1 (1)
http:/ / vwwv.at mel.cony avr
4 ( )
/ LSB 1 ( ) 0

EEPROM 20-8.
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20-8.
(
EEPROM EEPROM
1 2 3 4 2 3
| i | ]
15 15
 —
( ) 0
2 e
E—
_———
n-1
EEPROM
) EEPROM ( ATtiny
48/ 88
B. (23 )
2 3
0000 0000 | 000L LLLL | ATtiny48/88 : L=PC4 0
EEPROM 0000 0000 | 0000 OOLL | ATtiny48/88 : L=EEA1 0
0000 OHH ATtiny48  : H=PC10 8L=PC7 0
0000 HH | FEEL ) ATtinggs  :H=PC11 8L=PC7 0
EEPROM 0000 0000 | 0OLL LLLL | ATtiny48/88 : L=EEA5 0
0000 OHHH| LLLO 0000 | ATtiny48  : H=PC10 8,L=PC7 5
0000 HHH|LLLO 0000 | ATtiny88  : H=PC11 8,L=PC7 5
EEPROM 0000 0000 | OOLL LLLL | ATtiny48/88 : L=EEA5 0
EEPROM 0000 0000 | OOLL LLOO| ATtny48/88 : L=EEA5 2
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21.
21.1. ( )
-55 +125 [ )
- 65 +150
RESET -0.5V  VCcc+H0.5V
RESET -0.5V  +13.0V
6.0V
40.0mA
200.0mA
21.2. DC
TA=40 85 ,VCC=1.8V 5.5V ( )
Min Typ Max
Low VCcCc=1.8 2.4V -0.5 0.2vcc ( 2)
ViL |(RESET ) Vcc=2.4 5.5V -0.5 0.3vcc ( 2)
Low (RESET ) ( 3)|vcc=1.8 5.5V -0.5 0.2vce ( 2)
High VCcc=1.8 2.4V 0.7vVcc ( 4) Vce+0.5
VIH |(RESET ) Vcc=2.4 5.5V 0.6vcc ( 4) Vce+0.5
High (RESET ) ( 3)|vcc=1.8 5.5V 0.9vcc ( 4) VCC+0.5
L IOL=10mA, VCC=5V 0.7
( I/ O ( 56)|loL=5mA, Vcc=3V 0.5
RESET ) loL=2mA, VCC=1.8V 0.4
IOL=20mA, VCC=5V 0.7
VoL (L Vo ) ( 57)|10L=10mA, VCC=3V 0.5 \Y;
lOL=4mA, VCC=1.8V 0.4
L lIOL=2mA, VCC=5V 0.7
(I/ O(PCB) ( 356)|loL=1mA, Vcc=3V 0.5
RESET ) |OL=0.4mA, VCC=1.8V 0.4
H IOH=-10mA, VCC=5V 4.3
( I/O ( 6.8)|IOH=-5mA, Vcc=3V 25
Vo RESET ) IOH=-2mA, VCC=1.8V 1.4
IOH=-10mA, VCC=5V 4.3
'(J' Vo ) ( 7.8)|10H=5mA, VcCc=3V 25
IOH=-2mA, VCC=1.8V 1.4
. |I/O Low VCC=5.5V <0.05 1( 9
IH |10 High HIL <0.05 1( 9"
I/ O 20 50
RpU e VCC=5.5V, Low 4 = kQ
vce=2V, IMHz 0.2 0.4
( 10)|vce=3V, 4MHz 1.4 25
VCC=5V, 8MHz 4.5 8 A
lec vce=2V, IMHz 0.03 0.1
( 10)|vce=3V, 4MHz 0.25 0.6
Vce=5V, 8MHz 1 2
vce=3V, WDT 4 10
( WNccsv, wot 0.2 2 HA
(D (11
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1 DC AVR -

2: "Max" Low

3

4: "Min" High

5 /O ( ) (VCC=5V 10mA,VCC=3V 5mA,VCC=2V 2mA)
A30 B7 0 C7 D7 5 IoL TBDmMA
A2,1 C6 0 D4 0 IoL TBDmMA

IOL VOL
6: RESET ( ) I/ O
(152 ) 22-28. 33.

7 I/O PDO,PD1,PD2,PD3

8 1/O ( ) (VcCc=5V 10mA,VCC=3V 5mA,VCC=2V 2mA)
A32 B7 0 C6 D7 0 IOH TBDmMA
A1,0 C75 O IOH TBDmMA

IOH VOH

9

10: OFF(PRR=$FF)

11: (BOD)

21.3.
VCC 21-1. 21-1. VCC
1.8 4.5V

, Vcc
1.8 45 55 (V)
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21.4.
214.1.
158 22-45.  22-46.
21-1.
vce ( 1)
8.0MHz 3V 25 + 10%
7.3 8.1MHz 1.8 5.5V -40 85 + 1%
1 ( )
214.2.
21-2.
tcLcH —> «——tcHox —» «—tcHeL
v N faox——/ AN
s teLeL >
21-2.
Vcc=18 55V VCC=2.7 55V Vcc=45 55V
Min Max Min Max Min Max
1tcLcL 0 2 0 6 0 12 MHz
tcLeL 500 166 83
tcHeX High 240 80 40 ns
tcLex Low 240 80 40
fcLcH 2.0 1.6 0.5 .
tCHCL 2.0 16 05 H
tcLcL 2 2 2 %
: 19

AIMEL
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215.
21- 3. (BOD)
Min Typ Max
ON 1.5
VpoT oN D TA=40 85 1o \Y
VRsT RESET 0.2vce 0.9vcc \%
VCcc=1.8V 2
trsT RESET vce=3v 0.7 us
VCC=5V 0.4
VHYST (BOD) 50 mv
tsoD (BOD) 2 us
VBG 1.0 1.1 1.2 \Y;
teg VCE:ZSV 40 70 ps
TA=25
IBG 15 uA
1 ON
TBD
21- 4. BODLEVEL (VBOT) (1
BODLEVEL2 0| Min | Typ | Max | 1: VBOT
111 (BOD) Vec=VeoT
110 17 | 1.8 | 20 (80D)
101 25 | 27 | 29 \Y
100 41 | 43 | 45
0 XX ( )
21.6.
21-5. (TA=40 85 )
Min Typ Max
VAIO ( ) VCC=5V,Vin=VCC/ 2 <10 40 mv
ILAC VCC=5V,Vin=Vcc/ 2 -50 50 nA
VCe=2.7V 750
{APD ( ) VCcc=4.0V 500 o
Vce=2.7V 100
( ) VCcCc=4.0V 75
tppD VCcc=1.8 5.5V 1 2 clkiyo
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21.7. AID ( )
21-6. A/D (TA=40 85 )
Min Typ Max
10
=200kHz 2
=1MHz 3
vee=av =200kHz 15
VREF=4V '
) =1MHz 25 LB
1
Vcc=4V VREF=4V 0.5
=200kHz 25
) 15
13 260 VIS
0.05 1 MHz
AVCC VCC-0.3 VCC+0.3
VREF VINT AVCC \Y
VIN GND VREF
38.5 kHz
VINT 1.0 1.1 12 \%
RREF 32 kQ
100 MQ

RAIN

/

AvVCC 1.8/5.5V
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218.2
21-7. 2 ATtiny48/88 2
21-3.2
> e tof <—tHIGH—><—TLow—> PN ¢

IHD:DAT «—><——>lsuipaT  tsuisTo > «—>tBUF

/ X I S

tsu:stA —> :<—A¥tHD:Sr

o\

21-7.2
Min Max
VIL Low -0.5 0.3vcc
VIH  |High 0.7VCce VCC+0.5 v
Vhys 0.05vcc
VoL Low loL=3mA 0 0.4
tr (VILmin- VIHmMax) 20+0.1Cb 300
tof (VIHmMin - ViLmax) 10pF<Ch<400pF 20+0.1Cb 250 ns
ts ( ) 0 50
li ( ) 0.1vVcceevi0.9vece -10 10 pA
Ci 10 pF
fooL L fck>max(16f ¢y ,250kHzZ) 0 400 kHz
- fscL  100kHz (Vee-0.4v)/ 3mA|  1000ns/Cb |
fscL  100kHz (Vcc-0.4V)/ 3mA|  300ns/ Cb
fscL  100kHz 4.0
tho:sta () focL  100kHz 0.6
fscL  100kHz 4.7
ftow |SCL - Low fscL 100kHZ 13
thiet [scL  Hig o T i
fscL  100kHz 4.7
tsu:stA fscL  100kHz 0.6
tHDDAT fscL 100kHz 0 3.45
fscL 100kHz 0 0.9
fscL 100kHz 250
tsu:DAT fscL  100kHz 100 ne
fscL 100kHz 4.0
tsu:sto fscL  100kHz 0.6
fscL  100kHz 4.7 1S
tBUF - fscL  100kHz 13
ATtiny48/ 88 100%o
fscL  100kHz
Ch 1 (pF)
fck CPU( )
ATtiny48/ 88 2 2
fscL
ATtiny48/88 2 Low (U fscL-2/ fek) Low
fscL =100kHz fck ( )6MHZz
ATtiny48/ 88 2 Low (1 fscL-2/ fek) fck=8MHz
fscL>308kHz  Low tiny48/ 88 tLow
ATtiny48/ 88 (400kHZz)
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21.9. SPI
21-4. SPI ( )
SS( ) ‘ ‘ : ‘
«— 6 —> <« 1 ——>
SCK (CPOL=0) | ,/‘ ] N\ / TN / N
4— 2 —> «— 2 —>»
SCK (CPOL=1) ! \ / AN / \‘ /
| 3 > e
MISO ( ) ——-——- —CS >————
8 > <«
MOSI ( ) \j MSB X . X = /
21-5. SPI ( )
SS( ) TN 18— E——
D »16%
SCK (CPOL=0) % . t W !
« 11 > & 11 ﬂ }
SCK (CPOL=1) . B \ / \
‘ 2» f
MOS ( ) ——-——- {——
15> < ]_7% -
MISO ( ) —<§ MSB X X LB XX -
21- 8. SPI
Min Typ Max
1 |SCK 14-5.
2 | SCK High/ Low 50%
3 |SCK / 3.6
4 10
5 10
6 SCK 0.5tsck ns
7 |SCK 10
8 [sck High 10
9 |[SsI 15
10 [ScK 4tck
11 |SCK High/ Low () 2tck
12 |CK / 1.6 [VES
13 10
14 tck
15 |SCK _ 15 ns
16 |SCK SSt 20
17 |SSt Hi-Z 10
18 |SS SCK 20
. SPI SCK High/ Low 2tcLeL(tck 12MHz) 3tcLcL(tck 12MHz)
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21.10.
21-6. ( )
< t o
CLKI ‘ j Xt L
<tpvxHreixHxL»<txiDx><lpywm >
DATA, XA0, XAL, __X ? 1 X | ) G
BSL, B2 | | | | | |
<tBVPH> «tpLBX> | — < twex
PAGEL «tpHpL > : r—e e
«—tPowL—— twiLwH |
_ e
WR ~__
<twLRL> |
RDY/ BSY | N 4
«— twmRH—— >
21-7. ( )
CLKI /7 N/ L~ "\ SN
<« IXLXH—> | |
BSL ‘ | / | T AN
XLPH == = oty s
PAGEL ‘
DATA X0 ) X« ) X ( ) XX ) X
XAO \ / AN
XA1
21-6. ( tovxH txHxL txLDx)
21-8. ( )
CLKI / N N
> < txioL |
2 \ — /A N\
- oty > i« —»> <« tpvDv
OE N s a
| | | —> =« loHpz
DATA X o ) )— ( ) X ( PD— K ) X
XA0 N\ / AN /
XA1 N\ / AN /
21-6. ( tovxH IxHxL txLDX)
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21-9. (TA=25 , VCC=5V+ 10%
Min Typ Max
VPP 11.5 12.5 \Y;
IpP 250 bA
tpvxH CLKI1t 67
tXLXH CLKIL CLKI1 200
IXHXL CLKI High 150
tXLDX CLKI ! 67
tXLWL CLKI Il WRL 0
tXLPH CLKI ! PAGEL 1 0
tPLXH PAGEL ! CLKI 1 150
tBvPH | PAGEL 1 BSL 67 ns
tPHPL PAGEL High 150
tPLBX PAGEL ! BS1 67
twLBX WR BS1,BS2 67
tPLwL PAGEL ! WR | 67
tBVWL WR ! BS1L 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/BSV1 ) ( 2| 75 9 ms
txLcL CLKI ! OE!. 0
tBvDV BS1 DATA 0 250
toLov | OE:  DATA 250 ns
toHDZ OE1 DATA 250
1: EEPROM
2:

AIMEL
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21.11.
21-9.
MOSI X X X
tovsH i«—»ie— tgHox —» e to s
K 5 5 = =
g >
MISO X X X
21-10.
(MOS) __ / MSB X X X X X X X LSB \
MISO) __/ MSB X X X X X X X LB\
(SCK) |_| T T T L LI
A A A A A A A A
21-10. ( TA=40 85 ,VCC=1.8 5.5V)
Min Typ Max
2.7 45V 0 6
VteLer 45 55V 0 12 MHz
¢ 2.7 45V 166
e 45 55V 83
tsHg SCK H 2tcLcL ns
ts SCK L 2tcLcL
tovsH SCK 1 MOS tcLcL
tsHox SCK1 MOS 2tcLeL
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22.
I/O
I/ O I/ O
1 ) Ci( )% Veo( )x fsw(i/ O
(
22.1.
22-1. (100kHz 1MHz)
1
VCC=5.5V
0.9
0.8 vce=5v
0.7 VCC=4.5V
0.6 vce=4Vv
0.5 — |
Icc (mA) ' / //
0.4
03 ___vee=2.7v
0.2 ] — [ vee=1.8v
— —
0 e —
01 02 03 04 05 06 07 08 09 1
(MH2)
22-2. (IMHz 12MHzZ)
8
7 VCC=5.5V
5 vce=5v
VCC=4.5V
5
4 VCcCc=4V
lcc (mA) ]
3 /
2 VCC=2.7V
0 —1vcc=1.8v
2 4 6 8 10 12
(MH2)

AIMEL
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AIMEL

22-3. ( , 8BMH2)
7
j s
5 A TA=-40
/
/
2 /
/
1
1.5 2 25 3 35 4 4.5 5 55
1 VCC (V)
22- 4. ( , IMHz)
1.2
TAS2
1 AATA=10
0.8 /
0.6
lcc (mA) /
0.4
//
0.2
0
1.5 2 2.5 3 3.5 4 4.5 5 55
:VCC (V)
22-5. (  WDT , 128kHz)
150
TA=-40
1S
100 TA=85
Icc @A) //
//
50 /
%%
0
1.5 2 25 3 35 4 4.5 5 55
2 VCC (V)




ATtiny48/ 88

22.2.
22- 6. (100kHz 1MHZ)
160
VCC=5.5V
140
\Yelo=2\Y
120
// VCC=4.5V
100
vce=4v
80 —
60 VCCc=2.7V
40 P ey |
T — [ —vce=lsv
2 =
. e ——
0 01 02 03 04 05 06 07 08 09 1
(MH2)
22-7. (IMHz 12MHz)
2
VCC=5.5V
1.5 Vces5v
/ VCC=4.5V
1 / vVce=4v
0.5
VCC=2.7V
//
//
. Z ey
0 2 4 6 8 10 12
(MH2)
22-8. ( , 8MHz)
14 TA=85
TA=25
1 /
0.8 /
Icc (mA) 06
0.4 —
/‘/
0.2
0
1.5 2 2.5 3 35 4 4.5 5 55

2 VCC (V)

AIMEL
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AIMEL

22-9, ( , IMHZ)
300
TA=85
TA=25
/ TA=40
200 /
Icc (U A) / /
//
0
1.5 2 2.5 3 35 4 4.5 5 5.5
:VCC (V)
22-10. (  WDT , 128kHz)
25
TA=-40
TA=25
Pk
20 //
lcc (uA) /
10
/
e
5
0
1.5 2 2.5 3 35 4 4.5 5 5.5
s VCC (V)
22.3.
22-11. ( )
0.7
0.6 TA=85
0.5
0.4 —— |
0 //
Icc @A) 03
0.2
TA=25
0.1 e e I —— TA=40
—
0
1.5 2 2.5 3 35 4 4.5 5 5.5
2 VCC (V)
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22-12. ( )
9
8 TA=40
7 TA=25
TA=85
6
. [
lcc @A) 4 — — ]
; —
2
1
0
1.5 2 2.5 3 35 4 4.5 5 5.5
:VCC (V)
224.
22-13.1/0 (vce=1.8V)
60
50
40 >
o U A) 30 \
20 S~
10 ~
TA=-40
TA=25
0 TA=85
0 02 04 06 08 1 1.2 14 16 18 2
:Vio (V)
22-14.1/0 (VCce=2.7V)
80
70
60 \
50
o (@A) 40
30
20 \
10 TA=25
~ TA=-40
0 TA=85
0 0.5 1 1.5 2 2.5 3
:Vio (V)

AIMEL
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22-15.1/ 0

AIMEL

(VCC=5V)

160

140
120

100

80

o (u A)
60

40

20

TA=25
TA=40
TA=85

22-16. RESET

(vce=1.8v)

40
35

30

25 \

IRESET (U A)

15
10

\\

\\

\\

0 0.2 0.4

0.6 0.8 1 1.2 1.4 1.6 1.8
! VRESET (V)

TA=25
TA=85

22-17. RESET

(VCC=2.7V)

60

50

40

IRESET (U A)

S

20

10

: .VRESEI' %)

TA=25
TA=40
TA=85

ATtiny48/ 88




22-18. RESET

(VCC=5V)

ATtiny48/ 88

IRESET (U A)

120

100

80

60

40

20

TA=25
TA=-40
TA=85

. VRESET (V)

22.5.

22-19.

I/ O

(Vce=1.8V)

VoL (V)

0.9

0.8

TA=85

0.7

0.6

TA=25

0.5
0.4

TA=40

0.3

0.2

0.1

10

22-20.

I/ O

(VCC=3V)

VoL (V)

0.8
0.7

0.6

TA=85

0.5

TA=25

0.4

TA=-40

0.3

0.2
0.1

10 15 20
s loL (mA)

25

AIMEL
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22-21. I/ O

AIMEL

(VCC=5V)

0.6

0.5

TA=85

0.4

TA=25
TA=40

VoL (V)

0.2

0.1

s loL (mA)

20

25

22-22. I/ O

(VCC=1.8V)

0.8

TA=85

0.6

VoL (V)
0.4

TA=25

TA=40

0.2

\

R

/
=1

0.5 1 15 2 2.5 3
s loL (mA)

3.5 4 4.5

22-23. I/ O

(VCC=3V)

1.2

TA=85

0.8

TA=25

TA=40

VoL (V)
0.4

)

/

0.2

/
2 4

s loL (mA)

10 12

14 15

ATtiny48/ 88




22-24. I/ O

ATtiny48/ 88

(VCC=5V)

VoL (V)

0.8

0.6

0.4

0.2

TA=85

TA=25
TA=-40

10 15

s loL (mA)

20 25

22-25. I/ O

(PB4,3,2)

(vce=1.8v)

VOH (V)

2
1.8
1.6
14
1.2

1
0.8
0.6
0.4
0.2

0

—_—

\

TA=40

TA=85

\\

0 1

5 TA=25 6

22- 26. I/ O

VOH (V)

31
2.9
2.7
25
2.3
21
1.9
1.7
15

TA=-40

TA=85

\ TATZZS

10 15

: loH (MA)

20 25

AIMEL
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AIMEL

22-27. I/ O (Vce=hv)
5.2
5 \
4.8 \
H
4.6
VOH (V)
4.4
TA=40
4.2
TA=25
4 TA=85
0 5 10 15 20 25
: loH (MA)
22-28.1/0 RESET (Vcec=1.8V)
0.3
TA=85
TA=25
0.2 TA=40
VoL (V) /
0.1
0
0 0.1 0.2 0.3 0.4 0.5
s loL (mA)
22-29.1/ 0 RESET (Vce=3v)
1.5
TA=85
1
TA=25
L //
\Y/
oL V) TA=40
%
%
0 /
0 0.5 1 15 2 2.5 3
s loL (mA)
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22-30.1/ 0 RESET (Vce=5v)
6
5 TA=85 /
4
L /
VoL (V) 3
TA=40
. ] - —
///
0 2 4 6 8 10 12
s loL (mA)
22-31.1/0 RESET (vce=1.8V)
15
1
H
VOH (V)
0.5
TA=85 k%
0
0 0.5 1 1.5 TA=25 2 2.5
: loH (MA)
22-32.1/0 RESET (Vce=3v)
3
2.5
AN
] \
Vor (v) 1° —
L \\ TA=-40
T TA=5
TA=85
0.5
0
0 0.5 1 15 2 2.5
: loH (MA)
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22-33.1/0

RESET

AIMEL

(VCC=5V)

VOH (V)

4.5

4 N\
3.5\

3

TA=-40

TA=25

2.5
2

TA=85

15

1
0.5

0
0

0.5

: loH (mA)

2.5

22.6.

22-34.1/0

(VIH,1 )

VThreshold (V)

3.5

TA=85

2.5

TA=25
TA=40

\

\

\

0.5

0
15 2

2.5 3

4.5
:VCC (V)

22-35.1/0

(VIL,0 )

VThreshold (V)

2.5

TA=85
TA=25
TA=40

\

15

\

1

N\

0.5

0
15 2

2.5 3

3.5 4
s VCC (V)

4.5
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22-36.1/ 0
0.6 T
TA=40 /
TA=25 ]
0.4
TA=85
VHysteresis (V)
0.2
0
1.5 2 2.5 3 3.5 4 45 5 55
:VCC (V)
22-37.1/0 RESET ( ) (VIH,1 )
2.5 TA=85
/ TA=25
/ TA= 40
2
///
15 ——
/
VThreshold (V) /?7
1
0.5
0
15 2 2.5 3 3.5 4 4.5 5 5.5
2 VCC (V)
22-38.1/0 RESET ( ) (VIL,0 )
25 TA=85
TA=25
_—|TA=%0
2 —
VThreshold (V) /
1
=
0.5
0
1.5 2 2.5 3 3.5 4 45 5 55
:VCC (V)
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22-39.1/0 RESET
0.6

TA=-40
—

0.5

0.4

~
TA=25

VHysteresis (V) U

0.2 TA=85

0.1 —

0
1.5 2 2.5 3 35 4 4.5 5 55
:VCC (V)

22.7. (BOD)
22- 40, (BOD)  ( ) ( 4.3V)
4.34
4.33 et N B — vce
4.32
4.31
43
4.29
VThreshold (V) 4.28
4.27
4.26 = vee
4.25 |
4.24

4.23
-60 -40 -20 0 20 40 60 80 100

CTA( )

22-41. (BOD)  ( ) ( 2.7V)
2.76

2.75 —

L — — VCC

2.74
2.73
2.72
2.71

2.7
2.69

2.68 ]

VThreshold (V)

VCC
2.67

2.66
-60 -40 -20 0 20 40 60 80 100

CTA( )
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22-42.

(BOD)  (

(

1.8V)

ATtiny48/ 88

VThreshold (V) L

1.825
1.82

VCC

1.815

181

1.805
8

1.795

VCC

1.79
1.785

1.78

1.775

-60 -40

-20

CTA( )

60

80

100

22.8.

22-43. 128kHz

Frc (kH2)

114

113

112

111

TA=40

110

TA=25

109
108

107

106

105

104

————— TA=85

15 2

2.5

2 VCC (V)

4.5

5

55

22- 44, 128kHz

Frc (kH2)

113

112 I—

111

110

109

108

VCC=1.8V

107

VCC=2.7V

106

VCC=4.0V

105
104

VCC=5.5V

-60 -40

-20

CTA( )

60

80

100

AIMEL
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22- 45, 8MHz
8.6

8.5
8.4
8.3
8.2

TA=85
TA=25

TA=-40

Frc (MHz) ™ | — |

7.9 E——

7.8

7.7
15 19 2.3 2.7 31 3.5 3.9 4.3 4.7 5.1 55

:VCC (V)

22-46. 8MHz
8.7
8.6
8.5 VCC=5.5V
8.4
8.3
8.2
8.1

Frc (MH2)

L VCC=3V

7.9
7.8

o 60 -40 -20 0 20 40 60 80 100

CTA( )

22-47. 8MHz (OSCCAL)
14

A=
12 TA=-40

\

10

\
\

\

Frc (MH2) 6 _

0
0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 (256)
OSCCAL
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22.9.

ATtiny48/ 88

22- 48, (BOD)
25
TA=85
P
— TA=25
2 L 1 ——TA=40
—
— |
15
Icc UA)
10
5
0
1.5 2 2.5 3 35 4 4.5 5 55
:VCC (V)
22-49. A/ D (AREF=AVCC)
350
e
) A:
300 " TA=20
250
/
200 ——
/
100
50
0
1.5 2 2.5 3 3.5 4 4.5 5 55
:VCC (V)
22-50.
90
TA=:
80 =
] __—— | TA=-40
70 P ——
/_/
60
50
lccA) 40
30
20
10
0
1.5 2 2.5 3 3.5 4 4.5 5 55
2 VCC (V)

AIMEL
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22-51.
9
8 TA=40
7
6 TA=25
5 L —]
lcc (M) 4 e N e TA=85
——
3 7
2
1
0
1.5 2 2.5 3 3.5 4 4.5 5 5.5
:VCC (V)
22.10.
22-52. ( ) (100kHz 1MHzZ)
160
140
VCC=5.5V
=Y == vce=sv
100 VCCc=4.5V
80 / VCcCc=4V
lce (lJ A) / //
60
] —] _vee=2.7v
| — // —1.
20 ﬁ — —]
=
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
(MH2)
22-53. ( ) (IMHz 12MHz)
1.6
VCC=5.5V
1.4
\Yelo=2Y
1.2
VCC=4.5V
1
08 \Vele=\Y,
Icc (mA) )
0.6 /
0.4
VCC=2.7V
0.2 =
0 =—— vcc=1.8V
0 2 4 6 8 10 12
(MH2)
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22-54.

2.5
2 \

15 \

tRST (U S)
1 \
~
' T T——— 1A=
TA=-40
0
15 2 2.5 3 35 4 4.5 5 5.5
:VCC (V)
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($BE) TWHSR = = = = - - - TWHS 103
($BD) TWAMR | TWAM6 | TWAM5 | TWAM4 | TWAM3 | TWAM2 | TWAM1 | TWAMO = 103
($BC) TWCR TWINT TWEA TWSTA | TWSTO | TWWC TWEN = TWIE 101
($BB) TWDR 2 102
($BA) TWAR TWA6 TWAS TWA4 TWA3 TWA2 TWA1 TWAO TWGCE 102
($B9) TWSR TWS? TWS TWS TWHS TWS3 - TWPSL TWPSO 102
($B8) TWBR 2 101

($8B) OCRI1BH
($8A) OCRIBL
($89) OCRI1AH
($88) OCRIAL
($87) ICRIH

($86) ICRIL /
($85) TCNT1H
($84) TCNTIL

74

74

~|~~|~~
>[>]mofm

~.

74

~|~
NN

=

73

($82) TCCRIC FOC1A FOC1B = = = = =
($81) TCCR1B ICNC1 ICESL = WGM13 | WGM12 CSl12 Csli Cslo 72
($80) TCCRIA [ COM1A1 | COM1A0 | COM1B1 | COM1BO - - WGM11 | WGM10 71
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ST/STSY STD LD/LDS LDD

AIMEL

e 2/2)
7 6 5 Z 3 2 1_|_WoMao 82
($7F) DIDRL - - - - - - AIN1D AINOD 105
($7E) DIDRO ADC7D ADC6D ADC5D ADC4D ADC3D ADC2D ADCI1D ADCOD 114
($7D)
($70) ADMUX - REFSO ADLAR - MUX3 MUX2 MUX1 MUXo0 112
($7B) ADCSRB - ACME - - - ADTS ADTS1L ADTSD 104,113
($7A) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1L ADPS) 112
($79) ADCH A/ D (ADC9 8 ADC9 2) 114
($78) ADCL A/D (ADC7 0 ADC1 0)
($77)
($76)
($75)
($74)
($73)
($72)
($71)
($70)
($6F) TIMSK1 - - ICIE1 - - OCIE1B | OCIE1A TOIEL 75
($6E) TIMSKO - - - - - OCIEOB | OCIEOA TOIEO 56
($6D) PCMSK2 | PCINT23 | PCINT22 | PCINT21 | PCINT20 | PCINT19 | PCINT18 | PCINT17 | PCINT16 36
($6C) PCMSK1 | PCINT15 | PCINT14 | PCINT13 | PCINT12 | PCINT11 | PCINT10 | PCINT9 PCINT8 36
($6B) PCMSKO PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINTO 36
($6A) PCMSK3 - - - - PCINT27 | PCINT26 | PCINT25 | PCINT24 36
($69) EICRA - - - - ISC1L | ISC10 | ISCOL | 1SC00 33
($68) PCICR - - - - PCIE3 PCIE2 PCIE1 PCIEOQ 35
($67)
($66) | OSCCAL RC 20
($65)
($64) PRR PRTWI - PRTIMO - PRTIM1 PRSP - PRADC 25
($63)
($62)
($61) CLKPR CLKPCE - - - CLKPS3 | CLKPS®2 | CLKPSL | CLKPSO 20
($60) WDTCSR WDIF WDIE WDP3 WDCE WDE WDP2 WDP1 WDPO 30
: 28
‘u 0 110
. $00 $3F /O Bl CBI BIS
8BIC
. 0) AVR CBl SBI
CBI SBI $00 $1F
= /O IN OUT /O $00 $3F LD ST
e} $20 ATtiny48/88 IN OUT
64 ( ) SRAM( ) 110
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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 - - - - - = (SP9) SPs
$3D ($5D) SPL SP7 6 5 P4 3 2 SP1 SPo
$3C ($5C)
$3B ($5B)
$3A ($5A)
$39 ($59)
$38 ($58)
$37 ($57) | SPMCSR = RWWSB = CTPB RFLB PGWRT | PGERS [SELFPRGEN 120
$36 ($56)
$35 ($55) | MCUCR - BODS | BODSE PUD = = = = 24,49
$34 ($54) | MCUSR = = = = WDRF BORF EXTRF PORF 29
$33 ($53) SMCR = = = = = M1 SMo = 24
$32 ($52)
$31($51) | DWDR WIRE 115
$30 ($50) ACSR ACD ACBG ACO ACI ACIE ACIC ACISL ACISO 105
$2F ($4F)
$2E ($4E) SPDR P 83
$2D ($4D) PR PIF WCOL = = = = = PI2X 82
$2C ($4C)] SPCR SPIE SPE DORD MSTR CPOL CPHA PR1 PRO 82
$2B ($4B) | GPIOR2 I/ 0 2 16
$2A ($4A)| GPIORL 1/ 0 1 16
$29 ($49) \ \ \ \ \ \ \
$28 ($48) | OCROB / 0 B 56
$27 ($47) | OCROA / 0 A 55
$26 ($46) | TCNTO / 0 55
$25 ($45) | TCCROA - - - = CTCO C02 C01 CS00 55
$24 ($44)
$23 ($43) | GTCCR TSM - - - - - - PSRSYNC 77
$22 ($42)
$21 ($41) | EEARL = = EEPROM (EEAR5 0 14
$20 ($40) EEDR EEPROM 14
$1F ($3F) EECR - - | EEPM1 | EEPMo | EERIE | EEMPE | EEPE | EERE 14
$1E ($3E) | GPIORO 1/ 0 0 16
$1D ($3D)| EIMSK - - - - = = INT1 INTO 34
$1C ($3C) EIFR - - - = = = INTF1 INTFO 34
$1B ($3B) | PCIFR = = = = PCIF3 PCIF2 PCIF1 PCIFO 35
$1A ($3A)
$19 ($39)
$18 ($38)
$17 ($37)
$16 ($36) TIFRL - - ICF1 = = OCF1B | OCF1A TOV1 75
$15 ($35) TIFRO - - - - - OCFOB | OCFOA TOVO 56
$14 ($34)
$13 ($33)
$12 ($32)
$11 ($31)
$10 ($30)
$OF ($2F)
$0E ($2E) | PORTA = = = = PORTA3 | PORTA2 | PORTAL | PORTAO 49
$0D ($2D)| DDRA - - - = DDA3 DDA2 DDA1 DDAO 49
$0C ($2C) PINA - - - = PINA3 PINA2 PINA1 PINAO 49
$0B ($2B)| PORTD | PORTD7 | PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTD2 | PORTD1 | PORTDO 50
$0A ($2A)| DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 50
$09 ($29) PIND PIND7 PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 50
$08 ($28) | PORTC | PORTC7 | PORTC6 | PORTC5 | PORTC4 | PORTC3 | PORTC2 | PORTC1 | PORTCO 50
$07 ($27) DDRC DDC7 DDC6 DDC5 DDC4 DDC3 DDC2 DDC1 DDCO 50
$06 ($26) PINC PINC7 PINC6 PINC5 PINC4 PINC3 PINC2 PINC1 PINCO 50
$05($25) | PORTB | PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTBO 50
$04 ($24) DDRB DDB? DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 50
$03 ($23) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 50
$02 ($22)
$01 ($21)
$00 ($20)
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24. 1/ 2)
I I 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 + K6 I, THSV,NZC| 2
SUB  [Rd,Rr Rd — Rd- Rr ,T,HSV.NZC[ 1
SUBI Rd,K Rd « Rd- K I,THSV,NZC| 1
SBIW Rd,K6 ( RdH:RdL —~ RdH:RdL - K6 I, THSV,NZC| 2
SBC |Rd,Rr Rd - Rd- Rr-C ,T,HSV.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 | THSONZC| 1
COM Rd 1 ( ) Rd « $FF- Rd |, T,H,SO,N,ZT 1
NEG Rd 2 Rd <« $00- Rd I THSV.NZC| 1
SBR  |Rd,K ) [@) Rd < RdORK I,T,HSONZC[ 1
CBR Rd,K ) (0) Rd « Rd AND ($FF - K) ,THSONZC| 1
INC Rd (+1) Rd -« Rd+1 I, THSV.NZC| 1
DEC |Rd (-1 Rd - Rd- 1 I,T,HSV.NZC[ 1
TST Rd Rd « Rd AND Rd I,THSONZC| 1
CLR Rd 0 (=$00) Rd « RAEORRd T H000ZXC| 1
SER [Rd 1 (=$FF) Rd — $FF IL,T,HSV,NZC[ 1
RIMP |k PC - PC+k+1 IL,T,HSV,NZC| 2
1IMP Z PC — Z I,T,HSV,NZC[] 2
RCALL |k STACK « PC,PC « PC+k+1 I,THSV,NZC| 3
ICALL Z STACK -« PC,PC - Z I, THSV,NZC| 3
RET PC — STACK I,THSV,NZC| 4
RETI PC — STACK 1T HSV.NZC| 4
CPSE Rd,Rr Rd=Rr ,PC « PC +20r3 I,T,HSV,NZC|1/23
CP Rd,Rr Rd- Rr L,THSVNZC|] 1
CPC Rd,Rr Rd- Rr- C I, THSV.NZC| 1
CPI Rd,K Rd- K I THSV.NZC| 1
SBRC | Rr,b (0) Rr()=0 , PC « PC + 20r3 I,THSV,NZC|1/23
SBRS [Rr,b (D) 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,HSV,NZC|1/23
BIS P,b 1/ O (1) P(b)=1 ,PC < PC +20r3 I,THSV,NZC|1/23
BRBS |[sk [@) SREG(s)=1L. ,PC - PC+K +1 ,THSV.NZC|] 1/2
BRBC |[sk (0) SREG(S)=0 ,PC - PC+K +1 I,T,HSV,NZC| /2
BREQ [k Z=1 ,PC - PC+K+1 I,THSVNZC|] 1/2
BRNE |k Z0 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRCS |k [@) C=1 ,PC - PC+K+1 I,T,HSV,NZC| /2
BRCC |k (0) C=0 ,PC_PC+K+1 I,THSVNZC|] 1/2
BRH |k C=0 ,PC_PC+K+1 L,THSV.NZC|] 1/2
BRLO [k C=1 ,PC - PC+K+1 I,T,HSV,NZC| /2
BRMI [k -( ) N=L ,PC - PC+K+1 ,THSVNZC|] 1/2
BRPL [k +H ) N=0 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRGE |k (N EOR V)=0 ,PC -« PC+K+1 I,THSV,NZC| 1/2
BRLT |k (NEORV)=1 ,PC - PC+K+1 I,THSV.NZC|] 1/2
BRHS |k [@) H=1 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRHC |k 0) H=0 ,PC -« PC+K+1 I,THSV,NZC| 1/2
BRTS [k [@) T=1 ,PC - PC+K+1 I,THSV.NZC|] 1/2
BRTC [k 0) T=0 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRVS |k 2 (1) V=1 ,PC - PC+K+1 I,THSV,NZC| 1/2
BRVC [k 2 (0) V=0 PC - PC+K+1 I,THSV.NZC|] 1/2
BREE |k =1 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRID |k I=0 ,PC - PC+K+1 I,T,H,SV,N,ZC| 1/2
K6, K : 6, 8 P:I/O Rd, Rr : (RO R31) X, Y,Z:X VY, Z
b : © 7 k : (7,12,16 ) q: 6 ( ) S : (C,Z,N,V,X,H,T,I)
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(22
I I
MOV |R4,Rr Rd « Rr L T,HSV.NZC[ 1
MOVW_ | Rd,Rr RO+LRd — Rr+LRr L T,HSVNZC[ 1
LDl |RdK Rd - K L T,HSVNZC|[ 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- 1L Rd « (X) I T,HSVNZC|[ 2
LD [Rd,Y Y Rd — (Y) L T,HSV.NZC[ 2
LD |Rd,Y+ Y Rd— (Y),Y - Y+1 L T,HSVNZC|[ 2
LD [Rd-Y Y Y- Y-1LRd<(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,HSVNZC[ 2
LD |Rd-Z Z Z-Z-1LRd- (2 L T,HSV.NZC[ 2
LDD | Rd,Z+q Z Rd — (Z+0Q) I 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 I T,HSVNZC|[ 2
ST |- XRr X X X-1LKX <R I T,HSV,NZC|[ 2
ST YR Y M) < Rr L T,HSV.NZC[ 2
ST |Y+Rr Y Y) cR,Y c Y+1 L T,HSVNZC[ 2
ST |- YR Y Y-Y-1L(Y) <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 I T,HSVNZC[ 2
SIS |kRr (SRAM) K < Rr I T,HSV.NZC[ 2
LPM Z RO « 2 L T,HSV.NZC[ 3
LPM_ |[Rd,Z ( ) Rd — (2 I T,HSVNZC|[ 3
LPM__|Rd,Z+ ( Rl (2),Z - 7+1 I T,HSV,NZC| 3
M Z (@) - RLRO L T,HSV.NZC[ -
IN Rd,P I/O Rd - P ,T.HSVNZC|[ 1
OUT _|PRr /O PR I T,HSVNZC[ 1
PUH [Rr STACK « Rr L T,HSV.NZC[ 2
POP__|Rd Rd — STACK I, T,H,SV,NZC| 2
Bl [Pb /O @) /O(Pb) — 1 L T,HSV.NZC] 2
CBl__|[Pb I/O ) I/ O(P,b) — 0O I T,HSVNZC|[ 2
LS. |Rd Rd(n+1) — Rd(n), RA(0) — 0 ITHSV.NZC[ 1
LSR_[Rd Rd(n) — Rd(n+1), Rd(7) « 0 L T.HSV,.8,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 I T.HSVNZC[ 1
SWAP_|Rd @ Rd(7 4) -~ Rd(3 0) L T,HSVNZC[ 1
BSET |s SREG(S) « 1 1TAEY0IT[ 1
BCLR |s 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-0 L T,HSV,.NZO[ 1
SEN @) N1 LT,HSV.UZC[ 1
CLN 0 N-o0 LT,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 LT,HEV.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 0) T-0 LO,H,SV,NZC|[ 1
SEH @) H.1 L T,A8,SVNZC[ 1
CLH (0) H.oO I T.8,SV.NZC[ 1
MCU
NOP L T,HSV.NZC[ 1
S EEP L T,HSVNZC[ 1
WDR L T,HSVNZC[ 1
BREAK WIRE L. T.H.SV.N.ZC| N/A
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25.
(MHz) (9
ATtiny48- AU 32A
ATtiny48- MMU 28M1
ATtiny48 12 ( 3)| 1.8 5.5V ATtiny48- MMH
ATtiny48- MU 32M1- A
ATt!ny48- PU 28P3 (-40 85
ATtiny88- AU 32A
ATtiny88- MMU 28M1.
ATtiny88 12 ( 3)| 1.8 55V ATtiny88- MMH
ATtiny88- MU 32M1- A
ATtiny88- PU 28P3
( ) ATMEL
2: (RoHS )
3: 134 21-1.
32A 32 1.0mm (TQFP)
28P3 28  300mil (PDIP)
28M1 28 4x 4x 1mm 0.45mm / (QFN/ MLF)
32M1- A 32 5% 5x 1mm 0.5mm / (QFN/ MLF)
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26.
26.1. 32A 26.2. 28P3
32  0.8mm (TQFP) 28 300mil (PDIP)
. mm . mm
JEDEC MS- 026 ABA
34.544 34.798
9.00+ 0.250 14 1
32
1 7.112 7.493
4.5724 Max
0.80 Typ 0.30 0.45 5
Y 0.508 Min
3.175 v
3.429 0.762 1.143
2.540 Typ 0381 0533 (4 )
1.143 1.397
7.620 8.255
0.203 0.356 0° 15° Ref
0.09 0.20 - J
10.160 Max
26.3. 28M1 26.4. 32M1- A
28 0.45mm / 32 0.5mm /
(QFN/ MLF) (QFN/ MLF)
e o D JDEC  MO-220
28
1
1
Max 0.08C
+0.03
0.0275:05
0.22+ 0.05 0.45 BC 0.20 Ref
0.90+ 0.10
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ATtiny48
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ATtiny88
ATtiny88
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28.

28.1. 8008A- 06/ 08

28.2. 8008B-06/08 1. 37

1
1
2. 133 DC
3. 143

28.3. 8008C-03/09 1

15  EEPROM (EECR)

87
101 TW (TWBR)
103 TW (TWHSR)
104

106

107

107

129

133

133 DC

134

162 e

17 ™ - clkrwiHs
136

3. 17 6-1.
4. 167
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1 11.1. 51
1 2 11.2. 51
11 3 11.3. / 52
- 11.4. 52
2, - i’ 115. 52
= . . 116. 53
22. ATtiny48 ATtiny38 5 117 / 54
3. S 118. 8 / 0 55
gé g 12. 16 / 1 57
a3 . 12.1. 57
ot o 12.2. 57
e 123. 16 59
4. AVR CPU 6 124. / 61
41. 6 125. 61
4.2. 6 1286. 62
43. ALU (Arithmetic Logic Unit) 6 127. 63
44. 7 1238. 65
45. 8 129. 66
4.6. 8 1210. / 70
4.7. 9 12.11. 16 / 1 71
48. 9 13. |/ 0 / 1 76
5. 11 131. 76
51 11 132. 76
5.2. SRAM 11 13.3. 76
5.3. EEPROM 12 134, / 77
54. 10 ( ) 14 14. SPI ( ) 78
55. 14 141, 78
6. 17 142, 78
6.1. 17 143. SS 80
6.2. 17 14.4. 81
6.3. ) 18 145. SPI 82
6.4. 128KkHz 19
15.
6.5. 19 5 2151 (TW) %ﬁ
6.6. 19 152. 2 84
6.7. 20 153 84
6.8. 20 154, 86
7. 22 155. TW 87
71. 22 156. TW 89
7.2. (BOD) 22 15.7. 91
73. 23 158. 100
74. 24 159. TW 101
8. 26 16. 104
81. AVR 26 16.1. 104
8.2. 26 16.2. 104
o o 17. AID 106
o 5 17.1. 106
s 17.2. 106
9. 31 173. 107
9.1. 31 17.4. 107
9.2. 32 175. 108
9.3. 33 1786. 109
10. 37 17.7. 110
10.1. 37 17.8. 110
10.2. 37 17.9. 110
103. 41 17.10. A/'D 111
104. /O 49 17.11. A'D 111
11. 8 / 0 (PVWM) 51 1712 111
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18.

19.

20.

21.

22.

23.
24,
25.
26.
27.
28.
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17.13. A'D 112
WRE 115

18.1. 115
18.2. 115
18.3. 115
18.4. 115
185. WRE 115
18.6. WRE 115
116

19.1. 116
19.2. 120
121

20.1. 121
20.2. 122
20.3. 123
20.4. 123
205. 123
20.6. 124
20.7. 125
20.8. 130
133

21.1. 133
212. DC 133
213. 134
21.4. 135
215. 136
216. 136
217. AID ( ) 137
218. 2 138
219. SPI 139
21.10. 140
21.11. 142
143

22.1. 143
222. 145
223. 146
224, 147
225. 149
226. 154
227. (BOD) 156
228. 157
229. 159
22.10. 160
I/ O 162
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