AVR® 8
RISC
. 31 (1 ) [ ]

ATMEL

e 32 1 +
¢ 16MHz 16MIPS
2

. 64K (32K )

. 2K EEPROM

. 4K SRAM

. : 10,000/ , 100,000/ EEPROM
. 20 /85 ,100 /25

* 64K

. SPI

JTAG (IEEE 1149.1 )

« JTAG (Boundary- Scan)

* JTAG EEPROM

. 8 / (RTC)
2 8 PWM 6 1 16 PWM

*8 10 A/D

8 7
(x 1,x 10,x 200) 2
2
2 USART

SPl

L] L] L] L] L]
~

« ON (BOD)
. RC

. A/D

. ATmegalO03

IO

* 53 11O

*64 TQFP 64 QFN/ MLF
«2.7 55V

*0 16MHz

AIMEL

ATmegab4A

NN/ ®

g AVR'

64K

ATmegab4A

Rev. 8160C- 07/ 09, 8160CJ3- 09/ 11



By
K j

1 PF5 (ADC5/ TM
1 PF6 (ADC6/ TD
: PF7 (ADC7/ TD

1)

TQFP QFN/ MLF

ADCO

=1 pF1 (ADC1
) PE2 (ADC2
5 PF3 (ADC3

1 PF4(ADC4/ TC

1 PFO

2 58 56 54
61 59 57 55 5

PB5 Cji )
<18 PB2 8 20 22 24 26 28 30 %-

5
m16 1
OC18)PBE 1?7 19 21 23 25 27 29 3137
DU U U OO T O T O LI LTI L

: QFN/ MLF GND

ATmegab4A




ATmegab4A
2.

ATmegabdA AVRRISC CMOS 8 1 MHz IMIPS
2.1.
2-1.
3T 9 m
PFO PF7 PAO PA7 PCO PC7 < <
E I = |4
............... $6868885 PO RE

AUUUUtIUkik AAAAAAAA iUUUUUUUk AAAAAAAA AUtAAiUUUk AAAAAAAY

YYVYVYVYYY YYYYVYVYVY YYVYVYYYVYY E
. F F A A C C .
=) ! A A A A A A :
GND | ¢ v v 4 4 A ) N ;
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ATMEL

[ ]
AVR 32 32 ALU(Arithmetic Logic Unit)
1 AVR CIC 10
ATmegab4A 64K 2K EEPROM 4K
SRAM 53 32 (RTC) PWM 4 /
2 USART 2 8 10 A/D
SP IEEE 11
49.1 JTAG 6
SRAM / S
( )
A/D A/D
A/D CPU
/
ATMEL (ISP)
S AVR
8 RISC CPU ATMEL ATmega64A
ATmegab4A AVR C
2.2. ATmegab4A ATmegalO3
ATmegab4A AVR 64 1/0 I/O ATmegal03
ATmegalO3 110 ATmegab4A /O
$60 $FF /O (ATmegal03 SRAM ) IN OUT
LD/LDY LDD ST/STY STD RAM ATmegal03
( )
M103C ) ATmegal03
/O RAM  ATmegalO3
ATmegab4A ATmegal03 100% ATmegalO3 ATmegal28 ATmegalO3
ATmega64 ATmegal28 ATmegab4 ATmegal28 ATmegalO3
2.2.1. ATmegalO3 ( : )
M103C 0) ATmegab4A RAM 1/ O ATmegalO3
ATmegab4A
m 2 1 USART 8
= 3 2 16 / 2 1 16 /
=2 (TwW)
" C
o G ( )
. F A/D
" «C )
" RC
]
ATmegal03
= MCU / (MCUCSR) (EXTRF) ON (PORF)
|
. 0 3 Low ( )
m USART FIFO
ATmegab4A ATmegal03 I/ O 0
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2.3.

23.1. VvCC
232. GND

233. PA7 PAO
«C A

234. PB7 PBO
( B

235. PC7 PCO
( ©

236. PD7 PDO
( D

237. PE7 PEO
( B

238. PF7 PFO
( B

239. PG4 PGO
( 0

23.10. RESET

XTAL1
XTAL2

2311
23.12.

Low
Hi-Z
A 45
B (

Low
Hi-Z
B 46
C (

Low
Hi-Z
C 48

: ATmegab4A

)
D (

Low
Hi-Z
D 49
E (

Low
Hi-Z
E 51
F A/D
A/D

F JTAG
ATmegalO3

G (

Low
Hi-Z
G 55
ATmegal03

PG4

207 28-3.

) 8
A
ATmegab4A
) 8
B
ATmegab4A
) 8
C
ATmegab4A
Hi-Z
ATmegal03
ATmegal03
) 8
D
ATmegab4A
) 8
E
ATmegab4A
F 8
F
¢ )
PF7(TDI) PF5(TMS) PF4(TCK)
TAP TDO Hi-Z
F
) 5
G
ATmegab4A
Low

AIMEL

A

(
B

(
C

(

ATmegalO3
PCB

C
D

(
E

(

Low F
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¢ )
G
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PG0=1,PG1=1,PG2=0
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2.313. AvcC AvCC F A/D ( ) AID vce
AID vce
2314. AREF AREF A/D ( )
2315, PEN S ON Low S
PEN High 30
10- 1. 205 DC
3.
http:/ / vwwv.at mel.cony avr
4,
20 /85 100 /25  1PPM
5.
C
C C
I/O I/ O IN, OUT, SBIS, SBIC, CBI, SBI 11O
BRS, BRC, BR, CBR LDS, STS
ATmegab4A



ATmegab4A

6. AVR CPU
6.1.
AVR CPU CPU
AVR 6- 1. AVR MCU
1 < 8- hit Data Bus
v
] A L
: z — I
1 ALU(Arithmetic Logic Unit) ) |osexs |
ALU 2 < >
] >
v 2| ¥ v
32 I N -
6 16
1 \i
T | o[ 1
X,Y,Z z >
ALU Bl = |2
ALU EEPROM [«
(0 | E—
/
AVR
16 ( )16 32
2
SPM ( )
(PC) SRAM
SRAM SRAM
( ) (SP) S /o
SRAM AVR 5
AVR
I/ O (SREG) 0)
Xe} Pl I/ O CPU 64 I/ O
$20 $5F ATmegab4A  ST/STY STD LD/LDY LDD SRAM
$60 $FF Xe}
6.2. ALU (Arithmetic Logic Unit)
AVR ALU 32
ALU 3

AIMEL 7
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6.3.
ALU
« )
6.3.1. (Status Register) SREG
7 6 5 4 3 2 1 0
$3F@sF) [ 1 [ T | H [ s [ v [ N [T zZ | C ]sreG
Read/ Write RIW RI'W RI'W RI'W RI'W RI'W RI'W RIW
0 0 0 0 0 0 0 0
. 7-1: (Global Interrupt Enable)
(€
©)
| (0) RETI @)
| SEl CLI ( ) (1) (0)
L 6-T: (Bit Copy Storage)
BLD(Bit LoaD) BST(Bit STore) T
BST T T BLD
= 5-H: (Half Carry Flag)
(H) BCD

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

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

4] ©)
. 0-C: (Carry Flag)

8 ATmegab4A




ATmegab4A

6.4.
AVR RISC 6- 2. AVR CPU
7
RO $00
=1 8 1 8 R1 $01
=2 8 1 8 R2 $02
=2 8 1 16
=1 16 1 16 R13 0D
6-2. CPU 32 R14 $0E
R15 $OF
R16 $10
R17 $11
6- 2.
2 e
SRAM R26 $IA- 1y
XY,z () 27 SIE S A :
R28 $1IC 1y
R29 $1ID i H
R30 $1E Ez b b
R31 SIE L. e
6.4.1. X Y  Z
R26 R31 6-3.X,Y,Z
16 3 xyz 5 XH( ) XL( ) 0
63 ' X (7 R27 ($1B) 0|7 R26 ($1A) 0]
' 15  YH( ) YL( ) 0
Y (7 R29 ($1D) 0|7 R28 ($1C) 0]
( 15 ZH( ) ZL( ) o
) z [ _ReLGIF) 07 _ROGIE) 0]
6.5.
( )
PUSH
(15)
SRAM SRAM
$100
PUSH -1
-2 POP +1
(RET) (RETI) +2
AVR I/0 2 8 ( )
SPL AVR ( ) SPH
6.5.1. (Stack Pointer) SPH,SPL (SP)
15 14 13 12 11 10 9 8
$3EMSE) [ SPis | SPi4 | SPi3 | SP1i2 | SPil | SP10 [ SP9 SP8 | SPH
Read/ Write RW RW RW RW R'W RW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
$3D@D) [ sPer | see | S5 | Sse4 | s | s | s SPo | SPL
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
9
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6.6.

CPU

6-4.

1IMIPS

6-5.

6.7.
AVR

0]

AVR

10 ATmegab4A
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6-4.
AVR CPU ( . TL ;. T2, T3 ; T4
(clkepu) CPU clkcpu / \ / \ / \ / \__
/2 i > i
2 ‘ 1 ) —
/ 1 P —
MHz
6-5.1 ALU
3 T1 3 T2 3 T3 3 T4
5 CPU ckeeo _ /N / \_/ \__J/ \__
ALU —____ >
LN\ l
< ‘
ALU — O~
N\
Y
(SREG) 0} 1
BLBO2 BLB12 (0)
186
35
O(INTO) MCU (MCUCR) (IVSEL) (1)
35 BOOTRST
(0) 177 ( )
0 ©)
0) 1
(RETI) (1)
1 0
©) ©) 1 ©)
©) (1)
©) «( ) () (0)
@ 0} (1)
(1=1)
( )

(SREG)




ATmegab4A

CLI CLI CLI
EEPROM
IN R16, SREG ;
adl ; EEPROM
= EECR EBWEE ; EEPROM
= EECR BBV ; EEPROM
aJr SREG R16 ;
©
char cSREG /* */
CSREG = SREG e */
_aiQ); /* EEPROM */
EER | = (1<<EEWH) ; /* EEPROM */
EER | = (1<<ERV) ; /* EEPROM ]
SREG = cSREG e */
SE SEl
S ;
SLEEP ; ( )
C
_SH(); /* */
_SLBEH(); I* ( ) ¥/
: SLEEP
6.7.1.
AVR 4
(PC) ( )
3
MCU 4
4 4 (PC:2 ) (
) (+2) (SREG) 0} @
7. AVR
ATmegab4A 2
ATmegab4A EEPROM 3
7.1 (ISP: In- System Program)
ATmegab4A 64K 7-1.
AVR 16 32 32Kx 16 $0000
2
10,000 / ATmegab4A
(PC) 15 32K
177 ( (28K 31.5K)x 16
) 186 SPI
JTAG
(LPM )
10 (512 4K)x 16 STFFF
11
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AIMEL

7.2. SRAM
ATmegab4A  7-1. 2 SRAM 2.1 SRAM/
SRAM
7-2. ATmegab4A SRAM( ) e ESVER
SRAM( ) $60 $FF 110
LD/LDS/LDD ST/STY STD
ATmegab4A ATm r2 SRAM
egal03 vo | ATmegalO3
RO $0000 RO $0000
( ) 4352 (32x 8) Rl | $001F (32x 8) R3L | $001F
110 o | T Teron
SRAM 110 $00 | $0020 /O $00 | $0020
32 64 (64x°8) $3F  |goosF (64x 8) s3F | $00sF
. IO 01962 10O $0060 | $0060 RAM $0060 | $0060
! RAM 4 (et & $OOFF | $00FF (4000 8) $OFFF | $OFFF
RAM $0100 | $0100 RAM $1000 | $1000
ATmegalO3 4096 4096 8 0 60Kx 8
e ( ) $10FF | $10FF ( ) | SFFFF | sFFFF
SRAM N 32 RAM $1100 | $1100
(0 59.75Kx 8)
I/ 0 4000 e SR e
SRAM
SRAM  ATmegab4A SRAM 64K
SRAM IO /0 SRAM 4352 ATme
alo3 ( 1o ) 4096 64K (65536) 61184
ATmegal03 61440 14
SRAM SRAM
(PG1 PGO)
SRAM MCU (MCUCR) SRAM  (SRE) @)
SRAM SRAM 1 1 (  SRAM  )LD,ST,LDSSTS,
LDD, STD,PUSH,POP 1 SRAM
/ 2 (PC) ( )i « )
2+1 1 1,2,3
( SRAM )2,3,4 1,2,3
57,9
5 «C )
R26 R31
Y z 63
( X,Y,Z (-1
(+1)
ATmegab4A 32 64 1/0 160 e} 4096 SRAM
9
72.1. 7-3. SRAM
T T2 (1)
SRAM 7-3. CPU ckerv _/ N/ \ 7\ a
2clkcpu : ¢ : :
() SRAM T1,72 1 : 1
2 T1 ICoy = e
2 WR A U
™ m B e ——
12 ATmegab4A



7.3. EEPROM

ATmegabdA 2K
OM 100,000
ROM

186

7.3.1. EEPROM
EEPROM
EEPROM (

EEPROM

/ CPU EEPROM
EEPROM

Pl JTAG EEPROM

IO

7-5.
EEPROM
/ VCC

) 21

EEPROM

EEPROM

EEPROM

7.3.2.
EEPROM

(
7.3.3. EEPROM

VCC
EEPROM

EEPROM
EEPROM

BOD

7400 ()
ATmegabdA 1/ O

ATmegab4A
LD/ LDY LDD

I/O

LD ST

ATmega64A IN OUT
) $60 $FF
IO

IO

11O

CPU 4

EEPROM

EEPROM

EEPROM
EPROM

CPU EEPROM

AVR RESET (Low)

234

I/O
ST/STS STD

I/O

SBIS SBIC
/O IN OUT

I/O

64
LD/LDS LDD ST/STY STD
SRAM

1 )
©)

AIMEL

CBl Bl

ATmegab4A

EEPR

EEPROM

EEPROM

EEPROM CPU

EEPROM

(EEWE=0)
)

EEPROM

EEPROM
CPU

(BOD)
VCC

I/ O 32
$00 $1F I/O CBI
I/O $00 $3F
$20

SRAM(
ATmega64A ATmegalO3

IO

I/ O
CBI SBI

@

(/O )$00 $IF

EEP
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AIMEL

75.
LCD A/D D/A SRAM
=4 ( )
= ( )
u
. ( )
75.1.
(XMEM) SRAM 2
45 13-3. 48 13-9. 55 13-21. ) 7-4.
7-4.
ATmegalO3
$0000 $0000
(4352x 8) S10FF (4096x 8) SOFFF
$1100 $1000
SRWOL1,0 i
------------- SRL2 0
(0 59.75Kx 8) O 60kx g | SRWIO
SRW11,0
$FFFF $FFFF
75.2. ATmegal03
(XMCRA XMCRB) I/ O ATmegal03
( ) ( ) ATmegal0O3
ATmegalO3 ATmegalO3
=2 (SRW1n=00 SRW1n=01)
[
| |
u
= RD, WR, ALE (ATmegaB4A G)
753.
m AD7 0 :
= Al5 8 ( )
= ALE
= RD
= WR ;
(XMEM) 3 MCU (MCUCR) A(XMCRA)
B(XMCRB)
XMEM
41 XMEM
XMEM 7-6.( )
ALE High-Low( ) AD7 0 ALE Low
_ XMEM ALE RD
WR XMEM
SRAM SRAM 7-5. G High
( ) 8 ( 74xx573 ) AVR SRAM

14 ATmegab4A




ATmegab4A

754.
XMEM 4MHz/ 2.7V 8MHz/ 4V
74HC
74AHC
=D Q (trp) ( ) AVR
= G (8SV))
" G ( ) th)
G Low tH=5ns (211 213 28-8.
15. tLaxxLb tLaxx.sr ) D Q (trp)
G=Low( ) (tsu) ALE=Low( ) (tavLLc) PCB
( )
7-5. AVR SRAM
,_'\—‘/ D7 o
AD7 0K—=)D Q A7 0
AVR (x 8) SRAM
ALE > G
Al5 8 A15 8
"D -| R0
WR > WR
755.
AD7 0 1 ( )
0
XMEM AD7 0 19 B(XMCRB)
XMEM Hi- Z
AD7 0 © 1)
756.
ATmegab4A XMEM 7-3.
4
ATmegab4A
ALE
Low (211 212 28-8. 15. tLLRLHRLRH-
tDVRH)
2 2 XMEM
XMEM 211 28-8. 15. 28-6. 9.
XMEM (XTAL1)
( ) XMEM

AIMEL 15
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7-6. (SRWn1=0, SRWno=0) [T1 T3]
3 1 T2 T3 T4 SRwnl  SRW11( ) SRwW
ko NN T Y s
ALE__ . /T N\ i /| [T1 T
Al5 8 X X
AD7 0 | X XZX‘ X | X
R I AR )ALE RAM(
AD7 0 (XMBK=0) T y———~
AD7 0 (XMBK=1) ‘ X —Y | X
R 3 N
7-7. 1 (SRWn1=0, SRWno=1) [T1 T4]
} T1 } T2 } T3 } T4 } T5
(CLKcpu) —/_\ /N /1 /1 \ /_
ALE__ . /T N\ ? AR
Al15 8 | X ‘ )C
ADT 0 — l X
WR T 1 i\ /———
AD7 0 (xMBK=0) _ y——— ——Y <
AD7 0 (XMBK=1) X —Y | X
RO i N\ /A
7-8.2 (SRWn1=1, SRWN0=0) [T1 T5]
T i T2 { T3 | T4 | T5 | T6 |
(CLKcpu) —/_\ /N [ N/ \ /_\—/_
ALE__ . /TN ? i VAREE
Al5 8 | X ‘ )C
AD7 0 X XZ(X ‘ X
WR T 1 i\ /——
AD7 0 (xMBK=0) _ y——— Y =
AD7 0 (XMBK=1) X —Y | e
RD i N\ S
7-9.2 + 1 (SRWn1=1, SRWnO=1) [T1 T6]
. TL 0 T2 0 T3 1 T4 1 T5 i Te | T7T
(CLKcpu) —/_\ /N [ N/ \ /_\—/_\—/_
ALE . /T N\ i i i i /[
Al5 8 | X X_
AD7 0 ‘ X XZ(X X:
WR i i \ 3 3 /
AD7 0 (XMBK=0) C)r—X ‘ ‘ ) a8
AD7 0 (XMBK=1) | X —Y | | | e
B i N\ i i / i

16 ATmegab4A




ATmegab4A

75.7. 64K
7-4. 4352
4352 ( $0000 $10FF) 64K
32K $8000 $9OFF
Al15 $8000 $90FF $0000 $10FF
$90FF ( )
32K $1100 $90FF 1 32K 7-10.
( / 1 )
ATmegalO3 4096 4096 $8000
8FFF $1000 $8FFF 1 32K
7-10. 32K
AVR . AVR
$0000 $0000 $0000 $0000
10FF | (4352 10FF | SOFFF | (4096 )| A SOFFF
%1100 ( ) / """"""" %1(3)_00 $1000 $1000
> (32K ) > (32K )
s7ree | B ) $7AFF | $7RF [ 82K ) $TFFF
$8000  $8000
$9OFF | $8HT
. $9000
U0 ; ATmegal03
75.8. 64K
7-4. 60K (
$0000 $10FF ) 0
XMMn C $00
$0000 $1FFF
. BQJ CFFSET=$2000 ;
[ C ]
LO RL6, $00 ;
QJr PCRIC R16 0
LD R16, $FF
QJr OORC R16 ;
; [$0000 $1FFF ]
LD RL6, (1<<XMM) | (1<<XM\D) :PORTC7 5
STS XMORB, R1L6 :PORTC7 5 ( $IFFF )
LO RL6, $AA ;
STS $0001+CFFSET, R16 ; $0001 $AA
; [$2000 $FFFF ]
Lo R16, $00 ; (16 )
STS XMCRB, R16 : PORTC ( $FFFF )
LO RL6, $55 ;
STS $0001+CFFSET, R16 OFFSET+$0001 $55
C
#def i ne G-FSET 0x2000 [* “f
voi d XRAM exanpl e( voi d)
{
unsi gned char *p = (unsi gned char *) (GFFSET +1); /* ( ) */
PORTC = 0x00; [* 0 Y
DORC = OxFF; fi5 %
XMIRB = (1<<XWM) | ( 1<<XMWD) ; /* PORTC7 5 ( S$IFFF ) */
*p = OxAA /* $0001 $AA */
XMORB = 0x00; /* PORTC ( $FFFF ) */
*p = Ox55; J% $2001 $55 &
}
16
17
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7.6.
7.6.1. MCU (MCU Control Register) MCUCR
7 6 5 4 3 2 1 0
$35($55) | SRE [ SRwio | SE [ Swva | Svio | sSvi2 | IVSEL | IVCE | MCUCR
Read/ Write R'W R'W R'W R'W R'W R'W RI'W RIW
0 0 0 0 0 0 0 0
= 7- SRE: (External SRAM/ XMEM Enable)
SRE 1 A15 8, AD7 0, ALE, RD, WR ( )
SRE SRE O
L 6 - SRWIO : (Wait- state Select Bit)
ATmegalO3 ( ) (XMCRA ) SRWn ATmega
103 SRwW10 1 7-7. / 1
76.2. A (External Memory Control Register A) XMCRA
7 6 5 4 3 2 1 0
($6D) I | SRl2 | SR1 | SRO | SRW01 | SRW00 | SRwi1 | - | XMCRA
Read/ Write R RIW RIW RIW RIW RIW RIW R
0 0 0 0 0 0 0 0
= 7- Res: (Reserved)
0 0
L 6 4- SRL2 0O SRAM (Wait- state Sector Limit)
7-2. /
2 SRL2|SRL1|SRLO
RL2 0 Sl 0 0 2 74 I"9 [0 | o $1100 SFFFF
1 SRAM( ) 1 0 0 1 |$1100 S$1FFF|$2000 $HHF
SRW11 SRwWI10 0 1 0 |[$1100 $3FFF |$4000 $FFFF
0 1 1 |$1100 $5FHF|$6000 $HHF
1 0 0 |%$1100 $7FF|$8000 $HAFF
1 0 1 |$1100 $OFFF|$A000 S$FHHF
1 1 0 |$1100 $BFFF|$@00 $HAFF
1 1 1 |$1100 S$DFFF|$E000 $FHFF
= 1,MCUCR 6 - SRWL10: 1,0 (Wait- state Select Bits for Upper Sector)
SRW11 SRW10 7-3.
. 32 - SRWO10: 1,0 (Wait- state Select Bits for Lower Sector)
SRW01 SRWO00 7-3.
o | SRwh1 | SRwho
3 0 0
0 1 / 1
1 0 / 2
1 1 / 2 , 1
:n 0 ) I )
7-6. 9. SRW
u 0- Res: (Reserved)
0 0

18 ATmegab4A



ATmegab4A

76.3. B (External Memory Control Register B) XMCRB
7 6 5 4 3 2 1 0
($6C) [ XMBK [ - | - | - | - | XMM2 | XMM1 | XMMo | XMCRB
Read/ Write R'W R R R R R'W R'W RI'W
0 0 0 0 0 0 0 0
L 7 - XMBK : (External Memory Bus- keeper Enable)
XMBK 1 AD7 0 Hi-Z
AD7 0 (@ 1) XMBK 0 XMBK SRE
XMEM XMBK 1 ( )
L 6 3- Res: (Reserved)
0 0
= 2 0- XMM2 0: (External Memory High Mask)
C 60K
7-4. C
17 64K 64K XMMn
7-4. C
XMM2 XMM1L XMMo
0 0 0 8 ( 60K )
0 0 1 7 PORTC7
0 1 0 6 PORTC7 6
0 1 1 5 PORTC7 5
1 0 0 4 PORTC7 4
1 0 1 3 PORTC7 3
1 1 0 2 PORTC7 2
1 1 1 0 ( ) PORTC7 0
7.6.4. EEPROM (EEPROM Address Register) EEARH,EEARL (EEAR)
15 14 13 12 11 10 9 8
$1F@$3F) | - | - | - | - | - | EEARI0 | EEAR9 | EEARS | EEARH
Read/ Write R R R R R R'W R'W R'W
0 0 0 0 0
7 6 5 4 3 2 1 0
$1E ($3E) | EEAR7 | EEAR6 | EEARS | EEAR4 | EEAR3 | EEAR2 | EEARL | EEARO | EEARL
Read/ Write RIW RIW RW RIW RW RIW RIW RIW
. 15 11- Res: (Reserved)
0 0
= 10 0- EEAR10 0:EEPROM (EEPROM Address)
EEPROM (EEARH EEARL) 2048  EEPROM EEPROM EEPROM 0 2047

EEAR EEPROM

AIMEL 19
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7.6.5. EEPROM (EEPROM Data Register) EEDR
7 6 5 4 3 2 1 0
$1D ($30) [ (MSB) | | | | | | | (LSB) | EEDR
Read/ Write RIW RIW RIW RW RW R'W RW RW
0 0 0 0 0 0 0 0
] 7 0- EEDR7 0:EEPROM (EEPROM Data)
EEPROM EEDR EEPROM (EEAR) EEPROM
EEPROM EEDR EEAR EEPROM
7.6.6. EEPROM (EEPROM Control Register) EECR
7 6 5 4 3 2 1 0
$1C ($3¢) [ - | - | - | - | EERIE | EEMWE | EEWE | EERE | EECR
Read/ Write R R R R RIW RW RW RW
0 0 0 0 0 0 0
L 7 4- Res: (Reserved)
0
. 3 - EERIE : EEPROM (EEPROM Ready Interrupt Enable)
EERIE 1 (SREG) () 1) EEPROM
EERIE 0O EEPROM EEWE (0)
L 2 - EEMWE : EEPROM (EEPROM Master Write Enable)
EEMWE EEPROM (EEWE) 1 EEPROM EEMWE
(1) EEWE 1 EEPROM EEMWE 0 EEWE 1
EEMWE (1) 4 0 EEPROM
(EEVE)
= 1- EEWE : EEPROM (EEPROM Write Enable)
EEPROM (EEWE) EEPROM EEPROM
EEWE 1 EEWE EEPROM (EEMWE)
1 EEPROM EEPROM (
)
EEPROM (EEWE) 0
SPM -/ (SPMCSR) SPM (SPMEN) 0
EEPROM EEPROM (EEAR) ( )
EEPROM EEPROM (EEDR) ( )
EEPROM (EECR) EEPROM (EEMWE) 1 EEPROM (EEWE) 0
EEMWE 4 EEPROM (EEWE) 1
CPU EEPROM ( ) EEPROM
( )
CPU CPU
177 ( )
EEPROM EEPROM
EEPROM EEAR EEDR EEPROM
(SREG) ) ©
EEPROM (EEWE) (0)
0 EEWE 6] CPU 2
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. 0 - EERE : EEPROM (EEPROM Read Enable)
EEPROM (EERE) EEPROM EEAR EEPROM
EERE 1 EEPROM )1
EEPROM CPU 4
EEWE EEPROM (EE
AR) EEPROM
EEPROM RC 7-5. EEPROM
7-5. CPU EEPROM
RC
Typ
()
EEPROM (CPU) 8448 8.4ms
: CKSEL 1MHz
C EEPROM ( )
EEPROM SPM
EEPRMVWR SBIC HEER BEBVE ; EEPROM
RIMP  EEPROMWR ; EEPROM
aJr EEARH R18 ; EEPROM
aJr EEARL, RL7 ; EEPROM
aJr BER R16 ; EEPROM
B BEECR EEMAE ; EEPROM
B EECR BERVE ; EEPROM ( )
RET ;
C
void EEPROMw i t e(unsi gned i nt ui Address, unsigned char ucDat a)
{
vhi | e( BEECR & (1<<EEV¥) ) ; /* EEPROM */
EEAR = ui Addr ess; /* EEPROM */
BEEDR = ucDat a; /* EEPROM */
BER | = (1<<BEBW¥) ; /* EEPROM */
ER | = (1<<BRV¥E); /* EEPROM */
}
C EEPROM
EEPRIMRD SBIC HRBEVE ; EEPROM
RIMP EEFPRMRD ; EEPROM
’ aJr EEARH R18 ; EEPROM
aJr EEAR., RL7 ; EEPROM
B EECR BEERE ; EEPROM ( )
I'N RL6, BEDR ; EEPROM
RET ;
C
unsi gned char EEPROM r ead( unsi gned i nt ui Addr ess)
{
vhi | e( BEECR & (1<<EBV¥) ) ; e EEPROM */
EEAR = ui Addr ess; /* EEPROM */
ER | = (1<<BEH); /* EEPROM */
return BELR /* EEPROM , */
}

AIMEL
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8.
8.1.
8-1. AVR
27
8-1
; A/D CPU SRAM Oy
A A A A A A A
CI k|/ o TC' kADC CI kCPU
clkasy AVR ClKeL A
T | [ |
* A
[\ e
A A T A
. |
/ RC
RC
81.1. CPU CPU AVR
clkcpu CPU
812. 1/0 110 / SPI USART 110 110
clkyo I/ O
2 I/ F(TWI)
clkio TWI
813. CPU
ClkeLasH
814, 32kHz /
clkasy /
815. A/ID A/D
clkapc CPU I/O A/ID
8.2.
8-1.
AVR CKSEL3 0
oPU / 1111 1010
1001
CPU RC 1000 0101
RC 0100 0001
0000
(WDT) 8-2. = =
214 |
8-2.WDT
- VCC=30V | VCC=50V
= . 4.3ms 4.1ms 4K (4096)
CKSEL=0001, 3UT=10 69ms 65ms 64K (65536)

1MHz RC
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84.
XTALL XTAL2  8-2. 8.2
c2
CKOPT 2 F=———XTAL2
1 CKOPT 0 -
© KL T Ixrain
XTAL2
CKOPT Q) T GND
8-3.
cKopT . CKOPT |CKSEL3 1 Cl12
V4
CKOPT (0) 16MHz  Cl C2 101( 1) |04 0.9MHz -
1 110 |09 3.0MHz| 12 22pF
111 |30 80MHz| 12 22pF
0 |101 111| 10 MHz | 12 22pF
8-3. "
3
8-3. CKSEL3 1
CKSELO UTL.0 8- 4.
8- 4. /
CKSELO | SUT10 ’ ——
00 258x CK (1) 41ms
o 01 258x CK (1) 65ms
10 1Kx CK ( 2) - (BOD)
11 1Kx CK ( 2) 4.1ms
00 1Kx CK ( 2) 65ms
. 01 16Kx CK - (BOD)
10 16Kx CK 4.1ms
11 16Kx CK 65ms
1:
2:
8.5.
32.768kHz CKSEL3 0 '1001"
8-2. CKOPT )
XTAL1 XTAL2 ( 36pF
85 UT
8-5.
SUIRLD ’ (VCC=5.0V)
00 1Kx CK ( 1) 4.1ms (BOD)
01 1Kx CK (1) 65ms
10 32Kx CK 65Ms
11 C )
1:
23
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8.6. RC
8-3. RC 83 RC
f=1/ (3RC) 22pF vce
CKOPT (0) XTAL1 GND  36pF Ij e
R
4 i XTAL1
86 CKSEL3 0 C
8-7. UT i GND
8-6. RC
CKSEL3 0 (MHz)
0101 0.1 0.9
0110 0.9 3.0
0111 3.0 80
1000 8.0 12.0
87 RC
e ’ (VCC=5.0V)
00 18x CK - (BOD)
01 18x CK 4.1ms
10 18x CK 65ms
11 6x CK ( 1) 4.1ms (BOD)
1
8.7. RC
RC 1.0, 2.0, 4.0, 8.0MHz 8-8. RC
] V.25 8-8. CKSE CKSELS 0 (MH2)
CKOPT 0001( 1) 1.0
@ (OSCCAL) 1MHz 0010 2.0
RC 5V,25  1.0MHz 0011 4.0
t 3% 0100 8.0
atmel.cony avr 1:
vce + 1% (
)
188
8-9 uT XTAL1 XTAL2 (NC)
8-9. RC
S ’ (VCC=5.0V)
00 6x CK - (BOD)
01 6x CK 4.1ms
10 (1) 6x CK 65ms
11 )
1
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8.8.
XTALL 84 84
CKSEL '0000"
( ) CKOPT (0) XTAL2
XTAL1 GND  36pF
8-10. uT S e
I — GND
8- 10.
SUT10 ’ (VCC=5.0V)
00 6x CK - (BOD)
01 6x CK 4.1ms
10 6x CK 65ms
L ()
MCU
2% MCU
8.9. /
AVR / (TOSC1 TOSC2)
32.768kHz TOSC1
/ (©) 36pF

AIMEL
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8.10.
8.10.1. (Oscillator Calibration Register) OSCCAL
7 6 5 4 3 2 1 0
($6F) [ CAL7 | CAL6 | CAL5 | CAL4 | CAL3 | CAL2 | CAL1 | CALO | OSCCAL
Read/ Write RW RW RIW RW RW RW RIW RIW
: OSCCAL ATmegal03
. 7 0- CAL7 0: (Oscillator Calibration Value)
( $00) 1IMHz (OSCCAL) RC
EEPROM OSCCAL
OSCCAL 0 0
$FF 8-11. RC
EEPROM OSCCAL .
EEPROM Min Max
10% $00 50 % 100 %
EEPROM 1.0, 2.0, 4.0, $7F 75 % 150 %
8.0MHz 8- 11. SFF 100 % 200 %
8.10.2. (XTAL Divide Control Register) XDIV
2 129
7 6 5 4 3 2 1 0
$3C ($5C) [ XDIVEN | XDIV6 | XDIV5 | XDIV4 | XDIV3 | XDIV2 | XDIV1 | XDIVO | XDIV
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
. 7 - XDIVEN : (XTAL Divide Enable)
XDIVEN 1 CPU (clkcpu, clki/o, clkrLasH, clkapc) XDIV6 0
" 6 0- XDIV6 0: (XTAL Divide Slect Bits 6 0)
(XDIVEN) (1) d
CPU fcLk
f -
CLK 129 d
(XDIVEN) (0) XDIVEN 1 XDIV6 0
XDIVEN 0 XDIV6 0
MCU ( )
/ 0 ( )
14 / 0
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0.
MCU AVR
6 MCU (MCUCR) (SE) 1 SLEEP
MCUCR (SM2,1,0) SLEEP ( ) ( A/ D
) 9-2. MCU
MCU MCU 4
S EEP SRAM
MCU
22 8-1. ATmegaB4A
9.1.
(SM2 0) 000" SLEEP MCU CPU SPl USAR
T A/D 2 /
clkepu clkrFLASH
MCU USART
/ (ACSR)
(ACD) 1) A/D
92.A/D
M2 o ‘001" S EEP MCU A/D CPU A/D
2 / 0 ( )
clkiy o, clkcpu, clkFLASH
A/D A/D
A/D (BOD)
2 / 0 SPM/ EEPROM INT7 4
INT3 0 A/D MCU
9.3.
(SM2 0) '010' SLEEP MCU
2 ( )
(BOD) 2 INT7 4 INT3
0 MCU
MCU
39
( ) 22
CKSEL
94.
M2 0 '011' SLEEP MCU ( Nn
/ 0 / 0 (ASSR) (ASD) 1)
/ 0 ( ) (SREG) )] @ /
(TIMSK) / 0 (TOIEQ) 0 (OCIEQ) (1)
/ 0 / 0 ASSR ASD=0
clkasy / 0
95.
/ M2 0 '110' S EEP MCU
( ) « )
6
27
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96.
/ SM2 0 1171 SLEEP MCU
( ) ( )
6
o-1.
( )
ok | ok | ck|ck] ck N L I =5 Ko
CPU | FLASH 10 ADC | ASY 0 I/ O
A/D
1)
(1
1:
/ 0 (ASR) (ASD) 1)
INT3 0 INT7 4
7.
AVR
9.71. A/D (ADC)
A/ D A/ D
A/ D OFF ON ( ) ( ) A/D
153 A/D
9.7.2.
A/ID
151
9.7.3. (BOD)
(BOD) OFF BODEN
(BOD) 31 (BOD)
9.7.4.
(BOD) A/D
( ) ON
31
9.75.
OFF
32
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9.7.6.
I/ O (clkiyo) A/D (clkapc)
43
vcce/ 2
9.7.7. JTAG (OCD)
OCDEN
3
= OCDEN ( @ )
= JTAGEN ( @ )
= MCU / (MCUCSR) JTAG  (JTD) 1
JTAG JTAG TAP TDO TDO
TDI
MCUCSR JID 1 JTAGEN
JTAG
9.8.
9.8.1. MCU (MCU Control Register) MCUCR
MCU
7 6 5 4 3 2 1 0
$35($55) [ SRE [ SRWio | SE [ SM1 [ SMo [ Sv2 [ IVSEL | IVCE | MCUCR
Read/ Write RI'W RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
. 5- SE: (Yeep Enable)
SLEEP MCU (SE) 1 MCU
SLEEP (SB) D )
" 243 - SM2 0: (Seep Mode Select Bit 2, 1 and 0)
9-2. 6 1 9.2
SM2 [ SM1 | SMO
A/D

P[P |IO|IO(FR|[FP|O|O
P|O|IFRP|IO(FR|[O|F|O

—~ |~
— |~—

~|P|IP(PIPIO|O|OC|O
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10.
10.0.1. AVR
110
IMP( )
10- 1. 28-3.
AVR /0O
« )
CKSEL
22
10.0.2.
ATmegab4A 5
. ON ON (VPoOT) MCU
. RESET Low MCU
. MCU
. (BOD) (vce) (VBOT) MCU
« JTAG AVR JTAG 1 1 MCU
167 IEEE 1149.1 (JTAG)
10- 1.
BODEN Mcu  / 0]
BODLEVEL MCUCSR) @
THITR TR <
fEEEg |
PEN D Q > Z|@|x £
L 0§ b
) a0 eoka g I | '
| .
: D+
JTAG R RQ
WDT RC > SUT1,0
_ + A\
CK 4
CKSEL3 0 $ i
10.0.3. ON
ON  (POR) 28-3. POR vce
( ) POR
ON ON (VPOT) vce
( ) vce
10- 2. ON (RESET vce ) 10-3.  RESET ON
vce - VpPOT vce - VPOT
REET ___ -/ Vgrsr RESET 9 A Vrst
<— tTourT —>] ! <~—tToUT —]
| L | L

30 ATmegab4A




ATmegab4A

10.04.
RESET Low 10- 4.
( 283 )
vce
(VRsT) RESET « VRST
( ) (ttout) ; ;
MCU ! < trour —>
| L
10.05. ( )
ATmegab4A ( )
VCC (BOD) L~
BOD BODLEVEL 2.7V( ‘ — VBOT+
1) 4.0V( ) 1
BOD | 3 ,
VBOT+=VBOT+VHYST/2 VBOT-=VBOT- : : tTout [
VHYST/ 2 : : :
BOD BODEN / BOD —I I_
(BODEN= (0)) vce
( 10-5. VBOT-) VCC ( 10-5. VBoTH (
) (trour) MCU
BOD 28-3. tBoD VCcC
10.0.6.
( )JICK 10- 6.
(tTour)
30 vce
RESET
—» «— 1 CK
| tTouT —>
I L
10.1.
ATmegab4A (BOD) A/D
A/D 2.56V (1.23V)
10.1.1.
28- 3.
ON ON
(BODEN = 0))
( / (ACSR) (ACBG)=1)
A/D (A/ D / A(ADCSRA) A/D (ADEN)=1)
(BOD) ACBG (=1) A/ID (ADEN=1)
A/D
OFF 3
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10.2.
1MHz 10-7.
VCcCc=5V Vcc R
R
34 10-2. Ml el e e
(WDR) SR3BBITEE
Qggiﬁfam
8 838833
00000088
ATmegab4A O|0
YYYVYVYVYYY
WDPQ —>
31 WDP1 —> /
3 WDP2 ——>!
10-1. WDTON M103C MCU
0 ATmegal0O3 WDE
WDT
10-1. M103C WDTON
M103C WDTON WDT WDT
(1) (1) 1
(1) © 2 ( )
© (1) 0
© © 2 ( )
10.3.
10.3.1. 0 ATmegal03
(WDE) 1
33 WDE
10.3.2. 1 (WDE) 1
( ) (WDCE) WDE 1 WDE
1 WDE
4 ( ) WDE (WDP2 0)
WDCE 0)
10.3.3. 2 WDE 1
( ) WDCE WDE 1 WDE Q) WDE
1
4 ( ) WDP2 0 WDCE 0)
WDE

32
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104.
10.4.1. MCU / (MCU Control and Satus Register) MCUCSR
MCU / MCU
7 6 5 4 3 2 1 0
$34($54) |_JD | - | - | JTRFE | WDRF | BORF | EXTRF | PORF | MCUCSR
Read/ Write RIW R R R'W R'W R'W RIW RIW
0 0 0
: ATmegal03 EXTRF PORF
= 4 - JTRF : JTAG (JTAG Reset Flag)
JTAG ~ AVRRESET JTAG 1 @)
ON 0 0)
. 3- WDRF: (Watchdog Reset Flag)
(1) ON 0
©)
L 2 - BORF: (Brown- Out Reset Flag)
(1) ON 0 (0)
. 1- EXTRF: (External Reset Flag)
(1) ON 0 (0)
L 0- PORF: ON (Power- on Reset Flag)
ON D 0 0)
MCUCSR (0)
©)
104.2. (Watchdog Timer Control Register) WDTCR
7 6 5 4 3 2 1 0
$20($41) [ - T - T - T WDCE ] WDE [ WDP2 [ WDP1 | WDP0 | WDTCR
Read/ Write R R R RI'W RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
L 7 5- Res: (Reserved)
0
L 4 - WDCE : (Watchdog Change Enable)
(WDE) 0 1)
1 4 (0) WDE
12 (1) 32
L 3- WDE: (Watchdog Enable)
(WDE) 1 WDE 0
WDE (WDCE) 1 (0)
() (WDCE) (WDE) 1
WDE 1 1 WDE
4 0 WDE
2 32

AIMEL

33



AIMEL

[ a—
L 2 0- WDP2 0: (Watchdog Timer Prescaler 2,1 and 0)
WDP2 0 10-2.
WDP2 WDP1 WDPO WDT
VCC=3.0V | VCC=5.0V
10-2. 0 0 0 16k (16,384) 17.1ms 16.3ms
0 0 1 32k (32,768) 34.3ms 32.5ms
0 1 0 64k (65,536) 68.5ms 65ms
0 1 1 128k (131,072) 0.14s 0.13s
1 0 0 256k (262,144) 0.27s 0.26s
1 0 1 512k (524,288) 0.55s 0.52s
1 1 0 1024k (1,048,576) 1.1s 1.0s
1 1 1 2048k (2,097,152) 2.2s 2.1s
(WDT) OFF C (
VDT G F: WIR :
IN R16, WOTCR ;. WDTCR
(@3] R16, ( 1<<VDCE) | ( 1<<VE) :WDCE WDE 1
aJr VOTCR RL6 ; WDCE WDE 1
LD RL6, ( 0<<VIE) WDE 0
aJr VOTCR RL6 ;
RET ;
©
voi d VDT _of f (voi d)
{
_VIR(); | * %/
VOICR | = (1<<VIDE) | (1<<WIE) ; /* WDCE WDE 1 */
WDTAR = 0xO00; /* */
}
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11.
11.1.
ATmegab4A AVR 10
11.2. ATmegab4A
11-1.
( 2
il $0000 (1) ON, WDT, BOD
7 $0002 INTO 0
g $0004 INT1 1
4 $0006 INT2 2
5 $0008 INT3 3
6 $000A INT4 4
7 $000C INT5 5
8 $000E INT6 6
9 $0010 INT7 7
10 $0012 / 2 COMP2 ] 2
11 $0014 / 2 OVF2 / 2
12 $0016 / 1 CAPT1 / 1
= $0018 / 1 COMPIA / 1A
14 $001A / 1 COMP1B / 1 B
15 $001C / 1 OVF1 / 1
16 $001E / 0 COMPO / 0
17 $0020 / 0 OVFO / 0
18 $0022 I STC 2
19 $0024 USARTO RX USARTO
20 $0026 USARTO UDRE USARTO
21 $0028 USARTO TX USARTO
22 $002A A/D ADC A/D
BB $002C EEPROM EE RDY EEPROM
24 $002E ANA COMP
25 $0030  ( 3) ] 1 COMPIC ] 1 _C
26 $0032  ( 3) / 3 CAPT3 / 3
27 $0034 __ ( 3) / 3 COMP3A / 3 A
28 $0036  ( 3) / 3 COMP3B / 3 B
29 $0038  ( 3) / 3 COMP3C / 3 C
30 $003A  ( 3) / 30VF3 / 3
31 $003C _ ( 3)| USARTIRX USART1
32 $003E  ( 3)| USART1 UDRE USART1
& $0040  ( 3)] USART1TX USART1
34 $0042  ( 3)] 2 TWI 2
35 $0044  ( 3)| SPM___ SPM RDY SPM
1: BOOTRST 177 (
2: MCU (MCUCR) (IVSEL) Q) ()
3: $0030 $0044 ATmegal03
11-2. BOOTRST( ) IVSEL( 11-2.
) BOOTRST | IVSEL
@ 0 $0000 $0002
1 $0000 $0002
0 $0002
© $0002
184 26-6.
35
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$0000 JMP RESET :
$0002 JMP EXT _| NTO : 0
$0004 JMP EXT_| NT1 : 1
$0006 JMP EXT_| NT2 : 2
$0008 JMP EXT_| NT3 : 3
$000A JW  EXT_INM4 : 4
$000C JMP EXT_| NT5 : 5
$000E JMP EXT_| NT6 : 6
$0010 JMP EXT _| NT7 ; 7
$0012 JIMP T M_COP ; / 2
$0014 JW  TIM OF c 2
$0016 JIMP T M._CAPT ; / 1
$0018 JIMP T M._GCOMPA / 1 A
$001A JMP T M._QCOMB / 1 B
$001C JMP T M._Ow- / 1
$001E JMP T M_COWP / 0
$0020 JIMP T M_OVF ; / 0
$0022 JIMP S _SIC ; SPI
$0024 JMP USARTO_RXC ; USARTO
$0026 JMP USARTO DRE ; USARTO
$0028 JMP USARTO_TXC ; USARTO
$002A JMP ADC ;A/D
$002C JMP EE RDY ; EEPROM
$002E JW  ANA QWP ;
$0030 JMP TIM._GOMPC : / 1 C
$0032 JMP T1 M8_CAPT : / 3
$0034 JMP T1 M8_GOMPA : / 3 A
$0036 JMP TI MB_COMPB : / 3 B
$0038 JWP TI MB_COMPC : / 3 C
$003A JMP TIMB_OWF : / 3
$003C I BARTL RXC : USART1
$003E JMP USART1 DRE ; USART1
$0040 JMP USART1 TXC ; USART1
$0042 JMP ™ 12
$0044 JMP SPM RDY ;' SPM
$0046 LD RL6, H G{ RAMEND) ; RAM
$0047 aJr SPH R16 ;
$0048 LDl RL6, LOYRAMEND)  ; RAM
$0049 aJr AL, R16 ;
I/ O
BOOTRST (1) MCU
(MCUCR) (IVSEL) (1)
$0000 LDl RL6, H G{ RAMEND) ; RAM
$0001 aJr SPH R16 ;
$0002 LD RL6, LOYRAMEND)  ; RAM
$0003 aJr SAL, RL6 ;
; I/O
.ORG  $7002 : 8K
$7002 JMP EXT _| NTO : 0
$7004 JMP EXT_| NT1 ; 1
$7044 IW  SPMRDY . SPM
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BOOTRST (0) 8K
.G $0002 :
$0002 JMP EXT_| NTO : 0
$0004 JMP EXT_| NT1 : 1
$0044 JMP SPM RDY : SPM
.G $7000 : 8K
$7000 RESET: LD R16, H GH RAMEND) RAM ( )
$7001 aJr SPH R16
$7002 LD R16, LON RAMEND) RAM
$7003 aJr AL, R16 :
; I/ O
BOOTRST 0) 8K MCU
(MCUCR) (IVSEL) @)
.G $7000 : 8K
$7000 JMP RESET ; (BOOTRST =0)
$7002 IMP EXT | NTO : 0
$7004 IMP EXT | NT1 : 1
$7044 IMP SPM RDY : SPM
$7046 RESET: LD RL6, H GH RAMEND) RAM ( )
$7047 aJr SPH R16
$7048 LD RL6, LON RAMEND RAM
$7049 aJr S, R16 :
; I/O
11.2.1.
MCU (MCUCR)

AIMEL
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11.3.
11.3.1. MCU (MCU Control Register) MCUCR
7 6 5 4 3 2 1 0
$35 ($55) SRE | SRWio | SE | SM1 | Swo SM2 | IVSEL | IVCE | MCUCR
Read/ Write RI'W RI'W RI'W RI'W R'W R'W R'W RIW
0 0 0 0 0 0 0 0
L 1- IVSEL: (Interrupt Vector Select)
IVSEL (0) (1)
BOOTHZ
177 ( )
IVSEL
(IVCE) 1
4 IVSEL 0 IVCE
IVCE (1) IVSEL
IVSEL (SREG)
U]
BLB02 (0)
BLB12 (0)
(
)
= 0- IVCE: (Interrupt Vector Change Enable)
IVCE (IVSEL) IVCE IVSEL
IVCE 4 (0) IVSEL IVCE (1)
( )
MOVE | VT: I'N R16, MOUR MCUCR
MOV R17, RL6 ;. MCUCR
(@3] RL6, ( 1<<| \CE) :IVCE 1
aJr MOUCR RL6 ; IVCE 1
(@3] RL7, (1<<l VSEL) JIVSEL 1
aJr MOUCR RL7 ;
RET
C
voi d Mbve i nterrupt s(voi d)
{
uchr tenp; /* */
tenp = MR /* MCUCR */
MOUCR = tenp| (1<<I VCB); /* IVCE 1 *f
MOUCR = tenp| (1<<I VSH); 1* */
}
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12.
INT7 O INT7 O
(
Low (EICRA(INT3 0) EICRB(INT7 4))
Low ( )
INT7 4 22 I/ O
INT7 4 Low INT3 O
I/ O
MCU
MCU
50V,25 ( )lus 214
MCU
22 UT
2 MCU
MCU
12.1.
1211, A (External Interrupt Control Register A) EICRA
7 6 5 4 3 2 1 0
($6A) [ ISC31 | ISC30 | ISC21 | ISC20 | ISCli | ISClo | ISCO1 | ISC00 | EICRA
Read/ Write R'W RI'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0
ATmegalO3 ( ) ATmegalO3 (  )Low INT3 0
« )
L 7 0-1SC310 I1SC01,0: 30 (External Interrupt3 0 Sense Control Bits)
30 (SREG) ) 12-1. 3 0
N3 O (EIMSK) C ) @ nr pscnL]iscno
30 12-1. INT3 0 R, (NTn | ow
12-2. INT3 0 0 1 1C )
Low 1 0 |INTn
Low 1 1 INTn
:n=3 0
Low ( ) ISCnL 0 EIMSK
(0) INTn
ISCn INTN
(EIFR) n  (INTFn)
1 ©)
12-2.
Min Typ Max
UNT 50 ns
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12.1.2. B (External Interrupt Control Register B) EICRB
7 6 5 4 3 2 1 0
$3A ($5A) | ISC71 | ISC70 | 1SC61 | 1SC60 | 1SC51 | 1SC50 | 1SC41 | 1SC40 | EICRB
Read/ Write RIW RW RIW RW RW RW RW RW
0 0 0 0 0 0 0 0
= 7 0-1SC710 I1SC41,0: 7 4 (External Interrupt7? 4 Sense Control Bits)
7 4 (SREG) 0] 12-3. 7 4
(EIMSK) (1)
INT7 4 ¢ ) INT ISCn1 | ISCno
7 4 12-3 INT7 4 v O |INTn  Low
1 0 1 |[INTn ( )
1 0 [INTNn
XTAL CPU 1 1 |[INTNn
XTA L ] Low =7 4
ow ISCn1 0 EIMSK
Low ( ) ©
12.1.3. (External Interrupt Mask Register) EIMSK
7 6 5 4 3 2 1 0
$39($59) | INT7 [ INT6 | INT5 | INT4 | INT3 [ INT2 | INT1 [ INTO | EIMSK
Read/ Write R'W R'W RW RW RW R'W RW RW
0 0 0 0 0 0 0 0
= 7 0- INT7 INTO: 70 (External Interrupt Request 7 0 Enable)
(SREG) 0} @ INT7 0O 1
(EICRA EICRB) n(ISCn1,1SCno)
Low ( )
12.14. (External Interrupt Flag Register) EIFR
7 6 5 4 3 2 1 0
$38($58) | INTF7 | INTF6 | INTF5 | INTF4 | INTF3 | INTF2 | INTF1 | INTFO | EIFR
Read/ Write R'W R'W RW RW RW RW RIW RW
0 0 0 0 0 0 0 0
= 7 0- INTF7 INTFO: 70 (External Interrupt Flag7 0)
INT7 O INTF7 0 @ (SREG)
0} (EIMSK) (INT7 0) @ MCU
©) 1
(0) INT7 0 (0) INT3 0
INTF3 0 (1)
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13.
13.1.
AVR IO - - 13- 1.
( ) Bl CBI
1
( ) (
) /
« ) ()
LED( )
IO 13- 1. VCC GND
205
|X| 'n'
( PORTxn B
PORTB3) I/O 56
1 (PORTX) (DDRX) (PINX) 3 1/0
I/ O ) I/O
(PUD) (D)
IO IO
13.2.
I/O 13- 2. IO 1
13- 2.
O\ VCC
RDx:DDRx PUD:
) 4 E ) 4E
»| D
DDxn: Q
) WDx:DDRx —+ R
m
% RESET: 4
o RRXx: X é
5| < —
oo}
PORTxn: g - @
WPx:PORTx —+ R S _EEP —
RESET: 4
RPx: X q_
PINXn:
N
clkio:110

: WPx, WDX, RRx, RPx, RDx
clki/ o,SLEEP, PUD

AIMEL

(SFIOR)
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13.2.1.
3 DDxn PORTxn PINxn 56 IO DDxn DDRX
/O PORTxn PORTx I/ O PINX PINX I/ O
DDRx DDxn DDxn 1 Pxn DDxn
0 Pxn
PORTxn 1 ( ) OFF
PORTxn 0
( ) Hi-Z
PORTxnN 1 High(1)
PORTXn 0 Low(0)
Hi-Z (DDxn=0, PORTxn=0) High (DDxn=1, PORTxn=1) (DDxn=0, PORTxn=1)
Low  (DDxn=1, PORTxn=0) High( )
110 (SFIOR) (PUD) @)
Low Hi-Z (DDxn=0, PORTxn=0) High
(DDxn=1, PORTxn=1)
13- 1.
13- 1.
DDxn PORTxn | PUD (SFIOR)
0 0 X (Hi-2)
0 1 0 Pxn Low
0 1 1 (Hi- 2)
1 0 X Low( )
1 1 X High ()
13.22.
DDxn PINXn 13- 3.
13- 2. PINxn w w w w w w
S I AN I A N B
( ) XXX XINRIGPINGK_ XXX
13-3. SRR /N
tpd,min pd,max GO : : I
R16 | | X
( 13-3. ) ! «—>tpd,min ‘
Low «—— T pd, max —»
High
( ) 13- 4.
Low ( ) ‘ ‘ ‘ ‘
PINXN S N I N N B N R
2 tpd,min  tpd,max 05 15 _X0OUT PORTEX__NOP__XIN RI6,PINGK__ XXX
| [ |
13- 4. i : |
NOP PINXn |
ouT R16 X
(tpd) «— tpd —> ‘
1
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B 0 1 High 2 3 Low 6 7 7
NOP
Lo RL6, (1<<PB7) | (1<<PBO) | (1<<PB1) | ( 1<<PB0) High
Lo RL7, (1<<CDB3) | (1<<[DR2) | ( 1<<[CBL1) | ( 1<<DCR0)
aJr PCRTB, R16 High
aJr CCRB, RL7
NP
IN R16, P NB
C
unsi gned char i;
[**]
PCRTB = (1<<PB7)| (1<<PB6) | (1<<PB1) | (1<<PR0); /* High */
CORB = (1<<DoB3) | (1<<CDRR2) | (1<<CDBl) | (1<<[CR0); /* */
_I\EP() l /* */
i =P |\B, | * * [
[* */
0,1,6,7 1 High 23
Low 2
1323.
13-2. GND SLEEP
VCcC/ 2
MCU @)
SLEEP SLEEP
SLEEP 44
¢ )
1 «C )
1)
13.24.
( )
GND
VCC
43

AIMEL



AIMEL

13.3.
13-5. 13-2.
AVR
13-5.
PUOEXnN:
O PUOVXN: . vce
RDx:DDRx PUD: 0
: = D) i
>D Q¢ DDOExn:
DDxn:
Qa WDx:DDRx — R DDOVxn: 1
o 0
s RESET: —
) RRXx: X é
E < Q—; PVOEXn:
o) PVOVxn: jrlf
»D Q 10
PORTxn:
WPx: PORTX — R DIEOEXxn:
DIEOVXn: 1
RESET: — SLEEP ﬂ 0:
RPx: X
> B T o BN gy .
PINxn: ' i
v = -
clkyollo @ —mM————— — T .
Dixn: <
AlOXxn: o
. WPx, WDX, RRx, RPx, RDx
clkiy o,SLEEP, PUD
13-2. C ) 13-5 ()
13-2.
PUOE 1 PUOV 0 DDxn=0, PORTxn=1, PUD=0
PUOV PUOE=1 DDxn, PORTxn, PUD @)/ (0
DDOE 1 DDOV 0 DDxn
DDOV DDOE=1 DDxn ON(1)/ OFF(0)
1 ON PVOV ON
PVOE PORTxn
PVOV PVOE=1 PORTxn (1/0)
DIEOE 1 ) DIEOV 0 MCU (
GG DIEOE=1 MCU ( ) 2y
©)
DI
AlO

a4 ATmegab4A
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133.1. A
A
13-3. A
PA7 AD7  ( / 7)
PAG AD6  ( / 6)
PA5 AD5  ( / 5)
PA4 AD4  ( / 4)
PA3 AD3 ( / 3)
PA2 AD2  ( / 2)
PA1L AD1  ( / 1)
PAO ADO  ( / 0)
13-4. 13-5. A 44 13-5.
13-4. A7 4
PA7/ AD7 PAG/ AD6 PA5/ AD5 PA4/ AD4
PUOE SRE SRE SRE SRE
PUOV | (WRIADA) PORTA7 PUD | (WRIADA) PORTA6 PUD | (WRJADA) PORTA5 PUD | (WRJADA) PORTA4 PUD
DDOE SRE SRE SRE SRE
DDOV WRJADA WRJADA WRJADA WR|ADA
PVOE SRE SRE SRE SRE
PVOV A7 ADA|D7 WR A6 ADA|D6 WR A5 ADA|D5 WR A4 ADA|D4 WR
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI D7 D6 D5 D4
AlO - - - -
13-5. A3 0
PA3/ AD3 PA2/ AD2 PA1/ AD1 PAO/ ADO
PUOE SRE SRE SRE SRE
PUOV | (WRJADA) PORTA3 PUD | (WRIADA) PORTA2 PUD | (WRIADA) PORTA1 PUD | (WRJADA) PORTAO PUD
DDOE SRE SRE SRE SRE
DDOV WRJADA WRJADA WRJADA WRJADA
PVOE SRE SRE SRE SRE
PVOV A3 ADA|D3 WR A2 ADA|D2 WR Al ADA|D1 WR A0 ADA|DO WR
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI D3 D2 D1 DO
AIO - - - -
: ADA (ADdress Active) 14

AIMEL
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13.3.2. B
B 13-6.
13- 6. B
oc2 ( |/ 2
FE ocic ( /| 1 ¢ Y (1)
PB6 OoCciB ( [/ 1 B )
PB5 OC1A ( [/ 1 A )
PB4 oco ( / 0 )
PB3 MISO  (SPI / )
PB2 MOS  (SPI / )
PB1 K (SPl / )
PBO S (SPl )
1: OC1C ATmegal0O3
= OC2/ OCIC - B 7:PB7
ocz: |/ 2 PB7 / 2
(DDB7=1) 0oC2 PWM
ocic: |/ 1 C PB7 / 1 C
(DDB7=1) oci1C PWM
= OCI1B - B 6:PB6
OCiB: [/ 1 B PB6 / 1 B
(DDB6=1) OC1B PWM
= OCIA - B 5:PB5
OCI1A: |/ 1 A PB5 / 1 A
(DDB5=1) OC1A PWM
= OCO - B 4:PB4
oco: |/ 0 PB4 / 0
(DDB4=1) OCO0 PWM
= MISO - B 3:PB3
MISO : SPI SPI B (DDRB)
DDB3 SPl DDB3
S2 B (PORTB) PORTB3
= MOSI - B 2:PB2
MOSI : SPI Pl B (DDRB)
DDB2 S DDB2
S B (PORTB) PORTB2
= SCK - B 1:PB1
SCK : SPI SPI B (DDRB)
DDB1 S DDB1
Sa] B (PORTB) PORTB1
= SS- B  0:PBO
SS:SPI Pl (DDRB) DDBO
Low SPI( ) ) SPI
DDBO SPI

(PORTB) PORTBO
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13-7.  13-8. B 44 13-5. SPl SPl
MISO MOS <P SPI
13-7. B7 4
PB7/ OC2/ OC1C PB6/ OC1B PB5/ OC1A PB4/ OCO
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0C2/ OC1C (D OC1B OC1A 0CO
PVOV OC2/OCIC ( 1) OC1B OC1A 0C0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - - - -
AlO - - - -
1: 108 (Com1C2) ATmegal03 ocic
13-8. B3 0
PB3/ MISO PB2/ MOSI PB1/ SCK PBO/ SS
PUOE SPE MSTR SPE MSTR SPE MSTR SPE MSTR
PUOV PORTB3 PUD PORTB2 PUD PORTB1 PUD PORTBO PUD
DDOE SPE MSTR SPE MSTR SPE MSTR SPE MSTR
DDOV 0 0 0 0
PVOE SPE MSTR SPE MSTR SPE MSTR 0
PVOV SPI SPI SCK 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI SPI SPI SCK SPI SS
AlO - - - -

AIMEL
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1333. C
ATmegal03 C C
13-9. C
PC7 A5 ( 15)
PC6 A4 ( 14)
PC5 A13  ( 13)
PC4 A2 ( 12)
PC3 Al ( 11)
PC2 A0 ( 10)
PC1 A9 ( 9)
PCO A8 ( 8)
13-10. 13-1L C 13-5.
13- 10. C7 4
PC7/ A15 PC6/ A14 PC5/ A13 PC4/ A12
PUOE SRE (XMM<1) SRE (XMM<2) SRE (XMM<3) SRE (XMM<4)
PUOV 0 0 0 0
DDOE SRE (XMM<1) SRE (XMM<2) SRE (XMM<3) SRE (XMM<4)
DDOV 1 1 1 1
PVOE SRE (XMM<1) SRE (XMM<2) SRE (XMM<3) SRE (XMM<4)
PVOV A15 Al4 A13 A12
DIEOCE 0 0 0 0
DIEOV 0 0 0 0
DI - - - -
AIO - - - -
1: ATmegal03 XMM=0
13-11. C3 0
PC3/ A11 PC2/ A10 PC1/ A9 PCO/ A8
PUOE SRE (XMM<5) SRE (XMM<6) SRE (XMM<7) SRE (XMM<7)
PUOV 0 0 0 0
DDOE SRE (XMM<5) SRE (XMM<6) SRE (XMM<7) SRE (XMM<7)
DDOV 1 1 1 1
PVOE SRE (XMM<5) SRE (XMM<6) SRE (XMM<7) SRE (XMM<7)
PVOV A1l A10 A9 A8
DIEOE 0 0 0 0
DIEQV 0 0 0 0
DI = - - -
AlO . - - -
1: ATmegal03 XMM=0
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1334. D
D 13-12,
13-12. D
PD7 T2 ( / 2 )
PD6 T1 ( / 1 )
PD5 XCK1 (USART1 )( 1)
PD4 IcPL ( / 1 )
INT3  ( 3 )
e TXD1 (USART1 Y( 1)
INT2  ( 2 )
Hie RXD1 (USART1 Y( 1)
INTL  ( 1)
PD1 DA (2 )( D
INTO  ( 0o )
PDO L (2 Y

1: XCK1, TXD1, RXD1, SDA, SCL ATmegalO03

m T2- D 7. PD7
T2: / 2
s T1- D 6 : PD6
T1: / 1
= XCK1 - D 5:PD5
XCK1:USART1 D (DDRD) DDD5 (DDD5=0) (DDD5=1)
XCK1 USART1 ( )
= ICP1 - D 4 : PD4
ICP1: / 1 PD4 / 1
= INT3/TXD1 - D 3:PD3
INT3: 3 PD3 MCU
TXD1: (USART1 ) USART1 D (DDRD) DDD3
= INT2/ RXD1 - D 2. PD2
INT2: 2 PD2 MCU
RXD1: (USART1 ) USART1 DDRD DDD2
USART1 PORTD2
= INT1/ SDA - D 1:PD1
INT1: 1 PD1 MCU
SDA:2 2 2 (TWCR) 2
(TWEN) 1) PD1 ( ) 2
50ns ( ) ( /
) 2
PORTD1 ( : )
= INTO/ SCL - D 0:PDO
INTO: 0 PDO MCU
SCL:2 2 2 (TWCR) 2
(TWEN) 1) PDO ( ) 2
50ns ( ) ( /
) 2
PORTDO ( : )
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13-13.  13-14. D 44 13-5
13-13. D7 4
PD7/ T2 PD6/ T1 PD5/ XCK1 PD4/ ICP1
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 UMSEL1 0
PVOV 0 0 XCK1 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI T2 T1 XCK1 ICP1
AlO - -
13-14. D3 0
PD3/ INT3/ TXD1 PD2/ INT2/ RXD1 PD1/ INT1/ SDA PDO/ INTO/ SCL
PUOE TXENL RXEN1 TWEN TWEN
PUOV 0 PORTD2 PUD PORTD1 PUD PORTDO PUD
DDOE TXEN1L RXEN1 TWEN TWEN
DDOV 1 0 SDA_ SCL_
PVOE TXEN1 0 TWEN TWEN
PVOV TXD1 0 0 0
DIEOE INT3 INT2 INTL INTO
DIEOV 1 1 1 1
DI INT3 INT2  /RXD1 INT1 INTO
AlO - - SDA CL
2 PDO PD1

ATmegab4A
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1335, E
E 13-15.
13-15. E
R % ;g (1) = ’8'3'§A§ /3 A (1)
#8 IT'\éTG E /3 ° Y( 1) 22 Qg\l}?o gusmTo Y( 1)
- § P oa e (1) PEL | o gUSARTO ) )
PES | Ocas 2 T (1) PO | ) gUSARTO ))
1. ICP3, T3, OC3C, OC3B, OC3A, XCKO ATmegal03
= INT7/ICP3- E 7:PE7
INT7 7 PE7T  MCU
IcP3: /3 PE7 /3
= INT6T3- E 6:PE6
INT6 : 6 PE6  MCU
3. /3
= INTSSOC3C- E 5:PE5
INT5 : 5  PE5  MCU
ocac: /| 3 C PES /3 C
(DDE5=1) 0C3c PWM
= INT4/OC3B- E 4:PE4
INT4 4  PEA  MCU
oc3B: /3 B PE4 /3 B
(DDE4=1) 0C3B PWM
= ANVOC3A- E 3:PE3
AINL:
oc: /3 A PE3 ;3 A
(DDE3=1) 0C3A PWM
= AINO/XCKO- E  2:PE2
AINO
XCKO : USARTO E (DDRE) DDE2 (DDE2=0) (DDE2=1)
XCKO  USARTO )
= TXDO/PDO- E  1:PEL
TXDO: (USARTO ) USARTO E (DDRE) DDE1
PDO: ATmegab4A
= RXDO/PDI- E  0:PED
RXDO (USARTO ) USARTO DDRE DDEO
USARTO PORTED
PDI: ATmegab4A

AIMEL
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13-16.  13-17. E 44 13-5.
13-16. E7 4
PE7/ INT7/ ICP3 PE6/ INT6/ T3 PE5/ INT5/ OC3C PE4/ INT4/ OC3B
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 0C3C 0C3B
PVOV 0 0 0C3C 0oC3B
DIEOE INT7 INT6 INT5 INT4
DIEOV 1 1 1 1
DI INT7  /ICP3 INT6 /T3 INT5 INT4
AlO - - - -
13-17. E3 0
PE3/ AN/ OC3A PE2/ AINO/ XCKO PE1/ TXDO/ PDO PEO/ RXDO/ PDI
PUOE 0 0 TXENO RXENO
PUOV 0 0 0 PORTEO PUD
DDOE 0 0 TXENO RXENO
DDOV 0 0 1 0
PVOE OC3A UMSELO TXENO 0
PVOV OC3A XCKO TXDO 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI : XCKO : RXDO
AlO AIN1 AINO : :

52

ATmegab4A




ATmegab4A

1336. F
F 13-18. A/D F
A/D ATmegal
03 F ITAG PF7(TDI) PF5(TMS) PF4(TCK)
(¢ )
13-18. F
ADC7 (A/D 7
R TDI  (JTAG )
ADC6 (A/D 6)
=3 TDO  (JTAG )
ADC5 (A/D 5)
P TMS  (JTAG )
ADC4 (A/D 2
i TCK  (JTAG )
PF3 ADC3 (A/D 3)
PF2 ADC2 (A/D 2)
PF1 ADCL (A/D 1)
PFO ADCO (A/D 0)
= ADC7/TDI- F  7:PF7
ADC7:PF7 A/D 7
TDI: JTAG ( ) JTAG
e
= ADC6/TDO- F  6:PF6
ADC6:PF6 A/D 6
TDO: JTAG JTAG
e TDO TAP Hi- Z
= ADC5/TMS- F  5:PF5
ADC5:PF5 A/D 5
TMS : JTAG TAR( ) JTAG
e
= ADC4/TCK- F  4:PF4
ADC4:PF4 A/D 4
TCK:JTAG  JTAG TCK JTAG e
= ADC3- F 3:PF3
ADC3:PF3 A/D 3
= ADC2- F 2:PR2
ADC2:PF2 A/D 2
= ADCl- F 1:PF1
ADC1:PF1 A/D 1
= ADCO- F 0:PFO
ADCO:PFO A/D 0

AIMEL
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13-19.  13-20. F 44 13-5.
13-19. F7 4
PF7/ ADC7/ TDI PF6/ ADC/ TDO PF5/ ADC5/ TMS PF4/ ADC4/ TCK
PUOE JTAGEN JTAGEN JTAGEN JTAGEN
PUOV 1 0 1 1
DDOE JTAGEN JTAGEN JTAGEN JTAGEN
DDOV 0 IR+ DR 0 0
PVOE 0 JTAGEN 0 0
PVOV 0 TDO 0 0
DIEOE JTAGEN JTAGEN JTAGEN JTAGEN
DIEOV 0 0 0 0
DI - - - -
AIO ADC7  /TDI ADC6 ADC5  /TMS ADC4  /TCK
13-20. F3 0
PF3/ ADC3 PF2/ ADC2 PFL/ ADC1 PFO/ ADCO
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
DDOV 0 0 0 0
PVOE 0 0 0 0
PVOV 0 0 0 0
DIEOE 0 0 0 0
DIEOV 0 0 0 0
DI - - - -
AIO ADC3 ADC2 ADC1 ADCO
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13.3.7. G
ATmegal03 G G
13-21. G
PG4 TOSC1 ( )
PG3 TOSC2 ( )
PG2 ALE ( )
PG1 RD ( )
PGO WR ( )
= TOSC1 - G 4: PG4
TOSC1: 1 / 0 ASSR (ASD) (1) PG4
I/ O
» TOSC2 - G 3:PG3
TOSC2: 2 / 0 ASSR (ASD) (1) PG3
I/ O
= ALE- G 2:PG2
ALE:
" RD- G 1:PG1
RD:
= WR- G 0:PGo
WR:
13-22. G 44 13-5.
13-22. G4 0
PG4/ TOSC1 PG3/ TOSC2 PG2/ ALE PG1/ RD PGO/ WR
PUOE AD AD SRE SRE SRE
PUOV 0 0 0 0 0
DDOE AD A SRE SRE SRE
DDOV 0 0 1 1 1
PVOE 0 0 SRE SRE SRE
PVOV 0 0 ALE RD WR
DIEOE AD A 0 0 0
DIEOV 0 0 0 0 0
DI - - = - -
AIO T/ CO T/CO ) i )
( ) 13-22.  13-23. 13-22.
55
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134.1/ 0
134.1.

$20 ($40)
Read/ Write

. 2- PUD:

1

134.2. A

$1B ($3B)
Read/ Write

134.3. A

$1A ($3A)
Read/ Write

1344. A

$19 ($39)
Read/ Write

1345. B

$18 ($38)
Read/ Write

134.6. B

$17 ($37)
Read/ Write

134.7. B

$16 ($36)
Read/ Write

134.38. C

$15 ($35)
Read/ Write

56 ATmegab4A

I/O
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(Special Function I/ O Register) SFIOR

7 6 5 4 3 2 1 0
[ Tsv | - | - | - | ACME | PUD | PSRO | PSR321 | SFIOR
R'W R R R R'wW R'wW R'wW R'wW
0 0 0 0 0 0 0 0
(Pull- up Disable)
DDxn PORTXn (DDxn=0, PORTxn=1) I/0

42

(Port A Data Register) PORTA

7 6 5 4 3 2 1 0
[ PORTA7 | PORTA6 | PORTAS | PORTA4 | PORTA3 | PORTA2 | PORTA1 | PORTAO | PORTA

RIW RIW RIW RI'W RI'W RIW RI'W RI'W
0 0 0 0 0 0 0 0
(Port A Data Direction Register) DDRA
7 6 5 4 3 2 1 0
| DDA7 | DDA6 | DDAs | DDA4 | DDA3 | DDA2 | DDA1 [ DDAo | DDRA
RI'W RI'W RI'W RI'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
(Port A Input Address) PINA
7 6 5 4 3 2 1 0
| PINA7 | PINA6 | PINA5 | PINA4 | PINA3 | PINA2 | PINA1 | PINA0 | PINA
R R R R R R R R

(Port B Data Register) PORTB

7 6 5 4 3 2 1 0
| PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB?2 | PORTB1 | PORTB0 | PORTB

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
(Port B Data Direction Register) DDRB
7 6 5 4 3 2 1 0
| DDB7 | DDB6 | DDB5 | DDB4 | DDB3 | DDB2 | DDB1 | DDBO | DDRB
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
(Port B Input Address) PINB
7 6 5 4 3 2 1 0
[ PINB7 | PINB6 | PINB5 | PINB4 | PINB3 | PINB2 | PINB1 | PINBO | PINB
R R R R R R R R

(Port C Data Register) PORTC
7 6 5 4 3 2 1 0
| PORTC7 | PORTC6 | PORTC5 | PORTC4 | PORTC3 | PORTC?2 | PORTC1 | PORTCO | PORTC

R'W R'W R'W R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0




ATmegab4A

1349. C (Port C Data Direction Register) DDRC
7 6 5 4 3 2 1 0
$14($34) | DDC7 | DDCé | DDC5 | DDC4 | DDC3 | DDC2 | DDC1 | DDCO | DDRC
Read/ Write RIW RIW RIW RW RW R'W RIW RW
0 0 0 0 0 0 0 0
13.4.10. C (Port C Input Address) PINC
7 6 5 4 3 2 1 0
$13($33) | PINC7 | PINC6 | PINC5 | PINC4 | PINC3 | PINC2 | PINC1 | PINCO | PINC
Read/ Write R R R R R R R R
ATmegal03 DDRC PINC 0(Low)
DDRC PINC ATmegal03 100%
134.11. D (Port D Data Register) PORTD
7 6 5 4 3 2 1 0
$12 ($32) | PORTD7 | PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTD2 | PORTD1 | PORTDO | PORTD
Read/ Write RW RW RW RIW RIW RW RW RW
0 0 0 0 0 0 0 0
134.12. D (Port D Data Direction Register) DDRD
7 6 5 4 3 2 1 0
$11($31) | DDD7 | DDDé | DDD5 | DDD4 | DDD3 | DDD2 | DDD1 | DDDO | DDRD
Read/ Write RI'W RI'W RI'W RI'W RI'W R'W R'W RI'W
0 0 0 0 0 0 0 0
134.13. D (Port D Input Address) PIND
7 6 5 4 3 2 1 0
$10($30) | PIND7 | PIND6 | PIND5 | PIND4 | PIND3 | PIND2 | PIND1 | PINDO | PIND
Read/ Write R R R R R R R R
13.4.14. E (Port E Data Register) PORTE
7 6 5 4 3 2 1 0
$03 ($23) | PORTE7 | PORTE6 | PORTE5 | PORTE4 | PORTE3 | PORTE2 | PORTEL | PORTEO | PORTE
Read/ Write RW R'W RW RIW RIW RW RW RW
0 0 0 0 0 0 0 0
13.4.15. E (Port E Data Direction Register) DDRE
7 6 5 4 3 2 1 0
$02($22) | DDE7 | DDE6 | DDE5 | DDE4 | DDE3 | DDE2 | DDE1 | DDEO | DDRE
Read/ Write RW RW RW RIW RIW RW RW RW
0 0 0 0 0 0 0 0
13.4.16. E (Port E Input Address) PINE
7 6 5 4 3 2 1 0
$01($21) | PINE7 | PINE6 | PINE5 | PINE4 | PINE3 | PINE2 | PINEL | PINEO | PINE
Read/ Write R R R R R R R R

AIMEL
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13.4.17. F (Port F Data Register) PORTF
7 6 5 4 3 2 1 0
($62) [ PORTF7 | PORTF6 | PORTF5 | PORTF4 | PORTF3 | PORTF2 | PORTF1 | PORTFO | PORTF
Read/ Write RW RIW RIW RW RW RW RIW RW
0 0 0 0 0 0 0 0
13.4.18. F (Port F Data Direction Register) DDRF
7 6 5 4 3 2 1 0
($61) | DDF7 | DDF6 | DDF5 | DDF4 | DDF3 | DDF2 | DDF1 | DDFo | DDRF
Read/ Write R'W R'W RW RW RW R'W RW RIW
0 0 0 0 0 0 0 0
13.4.19. F (Port F Input Address) PINF
7 6 5 4 3 2 1 0
$00($20) | PINF7 | PINF6 | PINF5 | PINF4 | PINF3 | PINF2 | PINF1_| PINFO | PINF
Read/ Write R R R R R R R R
F ATmegal03 PORTF DDRF
13.4.20. G (Port G Data Register) PORTG
7 6 5 4 3 2 1 0
($65) I | - | - | PORTG4 | PORTG3 | PORTG2 | PORTGL1 | PORTGO | PORTG
Read/ Write R R R R'W RW RW RIW R'W
0 0 0 0 0 0 0 0
134.21. G (Port G Data Direction Register) DDRG
7 6 5 4 3 2 1 0
($64) (- | - | - | DbG4 | DDG3 | DDG2 | DDG1 | DDGO | DDRG
Read/ Write R R R RW RW R'W R'W RW
0 0 0 0 0 0 0 0
13.4.22. G (Port G Input Address) PING
7 6 5 4 3 2 1 0
($63) [ - | - | - 1 PING4 | PING3 | PING2 | PING1 | PINGO | PING
Read/ Write R R R R R R R R
0 0 0
PORTG, DDRG, PING ATmegal03 ATmegal03

(TOSC1, TOSC2, ALE, RD, WR)
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14. 8 / 0 (PWM, )
14.1.
= / ( )
= (PWM)
. 10
. (TOVO OCFO)
= 1/ O( ) 32kHz
14.2.
/ 0 8 / 8 / 14-1.
e} 2 CPU [(Xe) I/ O )/ O
( ) I/ O 69 8 / 0
14-1.8 /
O\
< M TCCRn
v
L TOVn
C|an ( )

TCNTn [ =0 | [=SFE

é'? r» OCFn ( )

8- bit Data Bus

BOTTOM? %TOP /
! Al
YVYVY
LC”(I/O
RE

& OCRn
€ <— clkiyo
ASR
> <« clk
@ AT @ ASY
%
14.2.1.
/ (TCNTO) (OCRO) 8 / (TIFR)
/ (TIMSK) ( ) TIFR TIMSK
/
/ TOSC1/ 2
(ASSR) / ( )
/ /
(clkTo)
2 (OCRO) / (OC0) PWM
61
(OCFO) 1)

AIMEL
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14.2.2.
n 14-1.
/ 0
( / 0 TCNTO BOTTOM / $00
) MAX / $FF(255)
_ / ($FF)
141 TOP OCRO
(TOP)
14.3. /
/ (clkTo) McCU (clkiy o)
(ASSR) (ASD) 1 TOSC1 TOSC2 /
70 (ASSR)
68 / 0
14.4.
8 / 14- 2.
14- 2.
8- bit Data Bus » TOVn ( )
if .count
TCNTn | _direction clktn P /
« / )| clear . ‘—I::L @
t t clkiro
BOTTOM TOP
count TCNTO 1
direction ( )
clear TCNTO ($00 )
( ) clktn clkto /
TOP TCNTO
BOTTOM TCNTO ($00)
/ (clkTo) ($00) (+1) -1 clkto
(CS02 0) (CS02  0=000) /
TCNTO / (clkTo) CPU CPU
( )
( ) / (TCCRO) (WGMOL 0)
( ) 0Co
63
/ (TOVO0) WGMO1 0 1) TOVO CPU
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14 5.
8 TCNTO
/
1
(WGMO01 0)
OMO1 0)
(63 )
14-3.
OCRO (PWM)
/
2
TOP BOTTOM
OCRO
2
OCRO
1451.
PWM
(OCFO0)
(COMO1L 0
1452. TCNTO
TCNTO CPU
/
OCRO
1453.
TCNTO
)
TCNTO
0Co
(FOCO)
(COMO1 0)

ATmegab4A

AIMEL

(OCRO) TCNTO OCRO
(OCFO0) @ (I=1, OCIEO=1)
OCFO0 (0) OCFO0
(©) 14-3.
8- bit Data Bus
MAX BOTTOM i} %
™ OCRn TCNTn
<z
2 > __OCRn
(CTC) <
2 =(8 )
OCRO 2
TOP —>|
BOTTOM —» ><§EE>
FOCn—>
CPU OCRO WGMn1 0 COMnl 0
(FOCO) 1 « )
1) / / 0COo
0CO0 (1) (0) 170 )
/ /
TCNTO
1/ /
TCNTO TCNTO OCRO
/ BOTTOM
0COo
oco( )
(OCRO) 2 COMO1 0
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14.6.
(COMO1 0) 2 (OC0) COMO1 0
COMO1 0 0Co 14-4. COMO1 0
I/ O I/ O 11O ( ) COMO01 ©
I/ O (PORT DDR) 0CO0 0Co0
0Co
14- 4.
COMnL1 i: OCn
COMNO > D Q
FOCh —> B :
. >
g PORT
@| D Q
©
® *—
[a)
go DDR
clkiyo
COMO1 0 (1) I/ O (OC0)
0CO0 ( ) (DDR) 0Co
(DDROCO0) OCO
0CO0 COMO1 0
69 8 / 0
146.1.
CTC PWM COMO1 0 COMO1 0=00
0Co PWM 69
14-3. PWM 69 14- 4, PWM 69 14-5.
COMOL 0 PWM
(FOCO)
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14.7.
/ (WGMO01 0) (COMO01 0)
« )
COMO1 0 PWM ( PWM)
PWM COMO01 0 (0) (1) 1o (62
)
66 / 0
14.7.1.
(WGMO1  0=00) )
8 (TOP=$FF) $00(BOTTOM) /
(TOVO) TCNTO $00 / 1) TOVO (1)
(0) 9 TOVO (0) / 0
/
CPU
147.2. / (CTC)
/ (CTC)  (WGMO1 0=10) OCRO CTC
(TCNTO)  OCRO $00 OCRO TOP
CTC 14-5. (TCNT0O)  TCNTO OCRO
(TCNTO) ($00)
14-5.CTC
TOP
TCNTn
i \ A\ Y_YVYVYY v \
ocn( ) [ 1 [ ][] I
«——— ] —>€«— 2 —><€3>e— 4 —><«——5
: COMn1 0=01
OCF0 / TOP
TOP
BOTTOM TOP CTC 2 OCRO
TCNTO ( ) / ( )
($FF) $00
CTC 0Co (COMO1 0) (=01)
0Co (DDR OCO0=1)
OCRO 0($00) foco=fclk 110/ 2
focns fak o
~ 2x Nx (1 OCRn)
N (1,8,32,64,128,256,1024)
/ (TOVO) MAX  $00 / 1)
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14.7.3. PVWM
(PWM)  (WGMO1 0=11) PWM PWM ()
PWM BOTTOM MAX BOTTOM
(COMOL 0=10) (OC0) TCNTO OCRO (O  BOTTOM )
(COMO1 0=11) (1) BOTTOM (0)
PWM ( ) PWM 2
D/ A PWM ( )
PWM / / MAX / ( ) /
($00) PWM 14-6. TCNTO ()
PWM OCRO TCNTO
() TCNTO OCRO ( ) (OCF0) OCRO=
MAX @) ( )
14- 6. PWM
OCRn  TOVn OCFn
OCRn v v v v v v
Y,
TCNTn ! ). )/ )/
|y - l/
1 v VYV VYWYV VY Y
OCn( ‘ : j
(COMNi_ o=1035 ‘ - U | LT LT
oCn( ;
connt o=113 | ‘ L 1rifrt
€ ] > 2 e 3Pt 4§ > 5> [P T >
/ (TOVO) MAX Q)
PWM OCO PWM COMO01 0 '10' PWM
PWM cCOM01 o '11 (69 14- 4. ) OCo
(DDR OCO0) PWM TCNTO OCRO OCOo
( ) ax 0) ($00 MAX  BOTTOM ) / 0Co
©) (@)
PWM
f
f _ clk /0
OCNPWM= "= 256
N (1,8,32,64,128,256,1024)
OCRO PWM PWM OCRO BOTTOM($00)
MAX+L ( ) OCRO MAX (COMO1 0
) Low High
( TOP=MAX($FF) ) PWM ( 50%
OCO  (COMOL 0=01) OCRO  0($00)
foco=fclk 110/ 2 PWM 2

CTC 0Co (COMO01 0=01)
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14.74. PVWM
(PWM)  (WGMO01 0=01) PWM PWM
( ) BOTTOM  MAX MAX  BOTTOM
(COMO01 0=10) (OCO) TCNTO OCRO 0)
D (COMO1 0=11) ( ) ( )
( )
PWM PWM 8 PWM MAX
MAX TCNTO 1/ MAX
PWM 14-7. TCNTO ( )
PWM OCRO TCNTO () TCNTO OCRO
( )
14-7. PWM
OCFn TOVn
OCRn \ \ E ‘ ; %
TCNTn . /\ |
v N\
OCn( g \‘V A4 \ A4 i \ y i
(COMNn1_ 0=10 : [ |—-‘
OCn : :
conmi\o=119 N N R
< 1 > 2 > 3 >
A A A A
OCRn
/ (TOVO) / BOTTOM @) BOTT
oM
PWM 0Co PWM COMO01 0 '10' PWM
PWM COMO1 0 11 (69 14-5. ) 0Co
(DDR OCO0) PWM
TCNTO OCRO oco( ) (a)( (0)) TCNTO OCRO
0CO0 (0)( @) PWM PWM
focnPcPwim= felkvro
~ Nx 510
N (1,8,32,64,128,256,1024)
OCRO PWM PWM PWM OCRO
BOTTOM($00) Low MAX High PWM
14-7. 2 OCn High Low
BOTTOM 2
= 147 OCRO MAX OCR0  MAX OCn
( :LoH H H) BOTTOM ( MAX( )  OCn
(H-L)
. / OCRO OCn
( MAX ( H HL )
65
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14.8. /
14-8.  14-9. / / /
(clkT0) MAX 14-10.  14-11.
(o
/ / (clkT0)
clkiro / (TOSC) (1)
14-8. / PWM
MAX
14-8. 1/ 1) /
clkiro I‘ | I‘ | I‘ | I‘ |
clkrn (clkiof 1) ! : :
TCNTO X MAX- 1 X MAX X BOTTOM X BOTTOM+1
TOVn __| | [ |
14-9.
14-9. (felk 110/ 8) /
EeEinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
clkrn (clkiror 8) 7] [1 [1 [] [
TCNTO X MAX- 1 X MAX X BOTTOM X BOTTOM+1
TOVn __| | [ |
14-10. CTC OCFO0
14-10. (fclk 17 0/ 8) / OCFO
clkiro |||‘||||||||||||||||‘||||||||||||||||‘||||||||||||||||‘|||||||||||||||
clkn (clkiror8) 7] [1 [1 [] [
TCNTO X OCRn- 1 X OCRn X OCRn+1 X OCRN+2
ocRn T | OCRn | |
OCFn ___ [
14-11. CTC TCNTO OCFO0
14-11. (felk 110/ 8) / OCFO
clkiyo ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
clkrn (clkiror8) 7] [ [1 [] [
TCNTO (CTC) X TOP-1 X TOP X BOTTOM X BOTTOM+1
OCRn ___ | ToP . |
OCFn ___ [
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14.9. /
1491. |/ 0
/ 0
c 0 / / O(TCNTO) / 0 (OCRO) /
0 (TCCRO)
/ (TIMSK) OCIEO TOIEOD 0) / 0
(ASR) (ASD)
TCNTO, OCRO, TCCRO
TCNOUB, OCROUB, TCROUB =0 )
/ (TIFR) OCFO TOVO (0)
. 32.768kHz TOSC1
/ 0 CPU 4
= TCNTO, OCRO, TCCRO 1 TOSC1 2 ( )
3
TCNTO OCRO
(ASR)
= TCNTO, OCRO, TCCRO / 0
MCU
/ 0 TCNTO OCRO
OCROUB 0 MCU
MCU
. / 0 ( )
1TOC1
1TOSC1
1TOSC1
TCNTO, OCRO, TCCRO
(ASSR) 0
. / 0 32.768kHz
1
/ 0 1
TOSC
/ 0
. / 0
/ / 1
MCU 4 S.EEP
. TCNTO TCNTO TOSC
TCNTO Xe} TOSC
1o (clkio) () TCNTO TOSC
( ) TOC
TCNTO
OCRO TCCRO
(ASR) (0)
TCNTO
[ 3 +1
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14.10. / 0

o

YV

clkros 8]

clkTog 32
clkrog 64
clkTog 128
clkTog 256
clkros 1024

<
<
<
<
<
<

<
<

/ 0 clktos clktos 14-12.  / 0
I/ O (clki o) / 0 (ASR)
(ASD) ) /0 TOsC1 clkiro =™
(RTC) / 0 /
ASO (1) TOSC1 TOSC2 G |TOXl— f g
/ 0 ASD =
TOSC1 TOSC2 32.768kHz PSRO————'F%
TOC1
0
/ 0 clktog 8, clkTog 32, l
clktog 64, clkTog 128, clkTog 256, clkTog 1024 o ) CS0 —»}
clktos I/O (SFIOR) / 0 C01
(PSR0) (1) CP2 ——

~
o
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1411.8 / 0
14.11.1. / 0 (Timer/ Counter0 Control Register) TCCRO
7 6 5 4 3 2 1 0
$33($53) | FOCO | WGMOo | COMO1 | COMOO | WGMO1 | CS02 | CS01 | CS0o | TCCRO
Read/ Write w R'W R'W R'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
L 7 - FOCO : OCO0 (Force Output Compare 0)
FOCO WGMO01 0 PWM PWM
TCCRO 0 FOCO 1
OCO0 COMO1 0 FOCO
COMO1L o
FOCO TOP OCRO (CTC) / ($00)
FOCO 0
. 3,6 - WGMO01,0 : (Waveform Generation Mode bit 1 and 0)
«C ) 14-2.
(TOP) wemot [weMoo [ Top OCRO | TOVO
/ (CTCO) | (PWMO)
/ (CTC) 5 0 0 0 $FF MAX
(PWM) 14-2. 63 1 0 1 PWM $FF TOP |BOTTOM
/
2 1 0 (CTC) OCRO MAX
3 1 1 PWM $FF  |BOTTOM| MAX
: CTCO PWMO WGMO1 0
/
= 54 - COMO01,0 : 0 (Compare Match 0 Output Mode bit 1 and 0)
OCO0 COMO01 O 1 1 OCO0 I/ O
I/ O OCO0
(DDR) (1)
OCO0 COMO1 0 WGMO1 0
14-3. WGMO1 0 CTC ( 14-3. PWM
PvM ) comoL 0 COMO1 | COMO0
14-4. WGMO1 0 PWM CcoO 0 0 (OCO )
MO1 O
0 1 0Co ( )
14-5. WGMO1 0 PWM 1 0 0CO  Low
COMO1 o 5
1 1 OCO  High
14- 4. PVWM 14-5. PWM
COMO1 | COMOO0 COMO1 | COMOOo
0 0 (0Co ) 0 0 (0co )
0 1 | 0 1 [ )
1 0 Low BOTTOM High 1 0 Low
0Co0 ( ) High OCO
1 1 High BOTTOM Low 1 1 High
0Co ( ) Low OCO
: COMO1 (1) OCRO TOP : COMO1 (1) OCRO TOP
BOTTOM (1) (0) TOP (1) (0)
64 PWM 65 PVW
69
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[ a—

. 2 0-CS02 0: 0 (Clock SelectO, bit 2,1 and 0)
3 / (TCNTO) 14-6.
14-6. |/ 0

CS02 CS01 CS00
0 0 0 ( |/ 0 )
0 0 1 clkros ( )
0 1 0 clktog 88 )
0 1 1 clkTog32(32 )
1 0 0 clkTog/ 64 (64 )
1 0 1 ClkTog/ 128 (128 )
1 1 0 clkTog/ 256 (256 )
1 1 1 clkTog 1024 (1024 )

14.11.2. / 0 (Timer/ CounterQ) TCNTO

7 6 5 4 3 2 1 0
$32($52) [ (MSB) | | | | | | [ (LSB) ] TCNTO
Read/ Write RIW RIW R'W R'W R'W R'W R'W RIW
0 0 0 0 0 0 0 0
/ / 8 TCNTO
/ ( ) (TCNTO) TCNTO OCRO
14.11.3. / 0 (Timer/ Counter0 Output Compare Register) OCRO
7 6 5 4 3 2 1 0
$31($51) [ (MSB) | | | | | | [ (LSB) ] OCRO
Read/ Write RIW RIW R'W R'W R'W R'W R'W RIW
0 0 0 0 0 0 0 0
(TCNTO) 8 0Co
14.114. / 0 (Timer/ CounterO Asynchronous Status Register) ASSR
7 6 5 4 3 2 1 0
$30($500 [ - T - T - T - T A [TCNOUB]OCROUB]TCROUB] ASSR
Read/ Write R R R R R'W R R R
0 0 0 0 0 0 0 0
L 3- ASO: / 0 (Asynchronous Timer/ Counter0)
ASD 0 / 0 I/O (clki o) A0 1 / 0
(TOSC1,TOSC2) ASO / O(TCNTO) 0
(OCRO) / 0 (TCCRO)
= 2 - TCNOUB : / 0 (Timer/ Counter0O Update Busy)
/ 0 / O(TCNTO) (1) TCNTO
(0) 0 TCNTO
L 1- OCROUB : 0 (Output Compare RegisterO Update Busy)
/ 0 0 (OCRO) 1) OCRO
(0) 0 0 (OCRO)
= 0- TCROUB : / 0 (Timer/ CounterO Control Register Update Busy)
/ 0 / 0 (TCCRO) (1) TCCRO
(0) 0 / 0 (TCCRO)
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1 3 / 0
TCNTO OCRO TCCRO TCNTO / OCRO
TCCRO
14.115. / (Timer/ Counter Interrupt Mask Register) TIMSK
7 6 5 4 3 2 1 0
$37($57) [OCIE2 | TOIE2 | TICIEL [ OCIEIA [ OCIEIB | TOIEL | OCIEO | TOIEO ] TIMSK
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
. 1- OCIEOQ: / 0 (Timer/ CounterO Output Compare Match Interrupt Enable)
OCIEQ 1 (SREG) 0} (1) / 0
/ 0 ( / (TIFR) 0
(OCF0) D )
= 0- TOIEO : / 0 (Timer/ CounterO Overflow Interrupt Enable)
TOIEO 1 (SREG) 0) 1) / 0
/ 0 ( / (TIFR) / 0 (TOVO)
o) )
14.116. / (Timer/ Counter Interrupt Flag Register) TIFR
7 6 5 4 3 2 1 0
$36($56) [ OCF2 | TOV2 | ICF1 [ OCFIA [ OCFIB [ TOV1 | OCFO | TOVO | TIFR
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
. 1- OCFO: / 0 (Timer/ Conter0, Output Compare Match Flag)
OCFO0 / (TCNTO) (OCRO) (1)
OCFO0 (0) 1 OCFO0 (0)
(SREG) (1) / (TIMSK) / 0 (OCIEO)
OCFO (1) / 0
. 0- TOVO: / 0 (Timer/ CounterO Overflow Flag)
TOVO / (TCNTO) (1) TOVO
(0) 1 TOVO (0) (SREG)
(" / (TIMSK) / 0 (TOIEO) TOVO (1) /
0 PWM / 0 $00 @D
14.11.7. I/ O (Special Function I/ O Register) SFIOR
7 6 5 4 3 2 1 0
$20($400 | _TS™M | - | - | - | ACME | PUD | PSRO | PSR321 | SFIOR
Read/ Write R'W R R R R'W R'W R'W RIW
0 0 0 0 0 0 0 0
L 7-TSM: / (Timer/ Counter Synchronization Mode)
TSM 1 / ( ) PSRO PSR321
/ 1
TSM 0 PSRO PSR321 (0)
/
. 1- PSRO: / 0 (Prescaler Reset Timer/ CounterQ)
1 / 0 (0) /
0 ) 1 TSM (1)

©)

AIMEL

71



15. 16 / ( |/ 1 3)
15.1.

. 16 ( 16  PWM ) . (PWM)

=3 0 PWM

n 2 ]

] ]

u = 10 (TOV1, OCF1A, OCF1B, OCF1C,ICF1,
= / ( ) TOV3, OCF3A, OCF3B, OCF3C, ICF3)

15.1.1. ATmegalO3

ATmegal03 1 16 N G A ATimegal03
2 ( A B
15.2.
16 / ( )
n / X
( !
TCNT1 ) /o 86 16 /13
16 / 15-1. CPU Wo 1o )/ O
¢ )
15-1.16 /
> TOVn ( )
_ clkrn
%TOP +BOTTOM
| R < ( )
:[L—( ) !

1—» OCFnNA (

\4

r OCFnB (

L »>

|—> OCFNC ( )
1 ( )
F |—> ICFn ( ) J
v ool e
TCCRnA TCCRnB TCCRnC
@ 8- bit Data Bus @ @ >
/ 13 2 46 13-6. 51 13- 15.
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15.2.1.
/ (TCNTN) (OCRnA,OCRnB,0CRnC) (ICRn) 16 16
74 / n
(TCCRnA, TCCRnB,TCCRNC) 8 CPU /
(TIFR) / (ETIFR) / (TIM
X) / (ETIMSK) ( (E)TIFR (E)TIMSK /
/ Tn /
( ) /
/ (clkTn)
2 (OCRnA,OCRNB,OCRNC) / (OCnA,
0OCnB,0CnC) PWM 78
(OCFnA,OCFnB,0CFnC)
1)
(ICRn) (ICPn) (151 ) (
) / «( ) (
)
TOP / OCRnA ICRn
PWM TOP OCRNA OCRNA PWM TOP
TOP 2 TOP ICRn PWM
OCRNA
15.2.2.
15-1.
BOTTOM $0000
MAX $FFFF(65535)
TOoP TOP ( ) TOP ($00FF,$01FF,$03FF)
OCRnA ICRn 1
15.2.3.
16 / 16 AVR / 16 /
/ 16 / I/O
/ 16 / I/O
= PWMn0O WGMNO
= PWMn1 WGMn1
= CTCn WGMn2
16 /
L] / n C(TCCRNC)
= OCRnCH OCRNCL nC (OCRNC)
16 /
= COMnC1 0 TCCRnA
= FOCnA, FOCnB, FOCnC TCCRNnC
= WWGMn3 TCCRnB
C
16 /

AIMEL
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15.3. 16
TCNTn,OCRnA,OCRNB,0OCRNC,ICRn 8 AVR CPU 16 16 2
16 / 16
1 8 16 / 16
16 16 CPU
16 16 CPU
16
16 OCRnA,OCRnB,0CRNC 16
16 16
16 / OCRNA, OCRnB,
OCRNC, ICRn C 16
:[16  ($O01FF) ]
LD RL7, $01 - $01FF
LD RL6, $FF - $01FF
air TONTNH RL7 : ( )
air TONTNL, RL6 ; ( )
; [16 ]
IN RL6, TONTNL ; ( )
IN RL7, TONThH ; ( )
C
unsigned int i;
[* *]
TONTN = OX1FF: /*16  ($01FF) */
i = TQNTN: /* 16 */
[* *]
16
R17:R16 TCNTn
16 16 2
16 /

74 ATmegab4A
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TCNTn OCRNA,OCRNB,OCRNC,ICRn
RD_TQONTn: I'N RL8, SREG ; 0]
al ;
I'N RL6, TONThL ; TCNTn (
I'N RL7, TONThH ; TCNTn ( )
aJr SREG R18 ; ()
RET ;
C
unsi gned int TI M6 Read TCONTn(voi d)
{
unsi gned char sreg; /* */
unsigned int i; /* TCNTn */
sreg = SREG /* () */
_alq; /% y
i = TONTn; /* TCNTn */
SREG = sreg; /* () */
return i; /* TCNTn */
}
16
R17:R16 TCNTn
TCNTn OCRnA,OCRNnB,0OCRNC,ICRn
VR TONTn: IN RL8, SREG ; 0]
l ;
aJr TONTNH RL7 ; TCNTn ( )
aJr TONTNL, RL6 ; TCNTn (
aJr SREG R18 ; ()
RET ;
C
void TIM6 Wite TONTn(unsigned int i)
{
unsi gned char sreg; /* */
unsigned int i; /* TCNTn */
sreg = SREG /* () */
_atQ:; /* */
TONTh = i ; [* TCNTn */
SREG = sreg; /* () */
}
16
R17:R16 TCNTn
15.3.1.
16

AIMEL

75



AIMEL

154. /
/ / B(TCCRnB)
(CSn2 0) 95
/ 1 / 2 / 3
155.
16 / 16 15-2.
15-2.
8- bit Data Bus
< 3 4
TEMP(8 ) > TOVn ( )
it __count : ;
TCNTrH@ )| TeNTnL@ )| direction clktn | <D
TCNTn(16 /I ) | Clear ! ( )E
TOP BOTTOM
count TCNTn 1
direction ( )
clear TCNTn ($0000 )
( ) clkTn /
TOP TCNTn
BOTTOM TCNTn ($0000)
TEMP
16 8 (TCNTnH) 8 (TCNTnL) 2 8 /O
TCNTnH CPU CPU TCNTnH /O CPU
(TEMP) TCNTNL TCNTnH TCNTNL
TCNTnH 8 1 16 CPU
TCNTn
/ (clkTn) ($0000) (+1) (-1) clkTn
(CSn2 0) (CSn2  0=000)
TCNTn / (clkTn) CPU
CPU ( )
( ) / A(TCCRnA) / B(TCCRnB) (WGMn3  0)
( ) OCnx
81
/ (TOVN) WGMn3 0 (@) TOVn CPU
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15.6.
/ « / )
ICPn
15- 3. (
) n /
15-3.
8- bit Data Bus
< 0 = >
TEMPB8 )
ZAY
! s > <'|7
ICRNH(8 ) | ICRIL(B ) TCNTnH(@ )| TCNTnL@E )
WR  ICRn(16 ) TCNTN(16 / )
r T S |
ACIC ICNC ICES
ACO ¢ ¢
> » |CFn
@ e .
: ACO,ACIC / (ACSR)
(ACO) / 1 / 3
(ICPn) (ACO) ( )
(TCNTn) 16 (ICRn)
(ICFn) TCNTn  ICRn (1) (1=1, TICIEn=1)
ICFn 0) /O
1 ©)
(ICRn) 16 (ICRnL) (ICRnH)
(TEMP) CPU ICRNH I/O
ICRn TOP ICRN TOP ICRn
(WGMn3 0) ICRn ICRnL
ICRNH I/ O
16 74 16
156.1.
(ICPn) / 1
/ (ACSR) (ACIC) (@)
(ICFn) (0)
(ICPn) (ACO) Tn (95 16-1. )
4 / TOP ICRn
ICPn
15.6.2.
4
4
/ B(TCCRnB) (ICNCn) (1)
ICRNn 4
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15.6.3.
« ) 2
(ICRn) ICRn
ICRn
TOP ( )
ICRn
(ICFn) (10 1
0) ( ICFn 1) )
) ICFn 0)
15.7.
16 TCNTn (OCRnx) TCNTn OCRnx
/ (OCFnx) 1) (I=1,0CIEnx=1)
OCFnx ) OCFnx
I/O 1 0) (WGMn3 0)
(COMnx1 0) TOP BOTTOM
(81 )

A / TOP ( ) TOP
15-4. n / / 1 n=1)
‘X' (A B C) (

15-4.
~ = : 4
s 8- bit Data Bus
TEMPGB )
[ T
11 ) 3
OCRnxH (8 )| OCRnxL 8 ) TCNTRH@E ) TCNTNL(8 )
OCRnx (16 ) TCNTN(16 / )
6CRan 8 ) OCRnxL (8 )
< OCRnx (16 )
{0 -
= (16 )
:V—> OCFnx ( )
TOP —> -
BOTTOM —> '@
WGMn3 0 COMnx1 0
8 ATmegab4A
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OCRnx 12 (PWM) 2 / (CTO)
2 2 TOP BOTTOM OCRnNX
PWM
OCRnx 2 CPU OCRnx
OCRNx OCRnx( )
(« / TCNTn ICRn OCRnx ) OCRnx (TEMP)
16 OCRnXx 16
(OCRnxH)
/O CPU (OCRnxL)
8 ( ) ( ) OCRnX OCRnx
16 74 16
( ) nx OCRnx OCRnx OCRnx
OCRnNX
15.7.1.
PWM (FOCnx) 1 ( )
(OCFnx) (@) / / OCnx
(COMnx1 0 OCnx (1) 0 10 )
15.7.2. TCNTn
TCNTn CPU / /
/ TCNTn
OCRnX
15.73.
TCNTn 1/ /
TCNTn TCNTn OCRnX
( ) TOP PWM TOP TCNTn
( )TOP $FFFF  ( )
BOTTOM TCNTn
OCnx OCnx
(FOCnx) OCnx( )
(COMNnx1 0) (OCRnX) 2 COMnx1 0

AIMEL k&
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15.8.
(COMNnx1 0) 2 (OCnx) COMnNx
10 COMnx1 0 OCnx 15-5. COMnx1 O
I/O I/O I/O ( : ) COMnx1 0
I/ O (PORT DDR) OCnx
OCnx OCnx OCnx 0
15-5.
COMnx1 l: OCnx
COMnNx0 > D Q
FOCnx —> | n
N =
q PORT
M »D Q
©
®| *—]
O
go DDR
clkio
COMnx1 0 (@)} I/ O (OCnx)
OCnx ( ) (DDR) OCnx
(DDROCnx) OCnx
15- 2. 15- 3. 15-4.
OCnx COMnx1 0
86 16 / 13
COMnx1 0
15.8.1.
CTC PWM COMnx1 O COMnx1 0=00
OCnx PWM 86
15-2. PWM 86 15-3. PWM / PWM 86
15-4.
COMnx1 0 PWM
(FOCnx)
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15.9.
/ (WGMn3 0) (COMNnx1 0)
C )
COMnx1 0 PWM ( PWM)
PWM COMnx1 0 0) (1) 10
80
85 13
159.1.
(WGMn3  0=0000) (+)
(MAX=$FFFF) $0000(BOTTOM)
/ (TOVn) TCNTn $0000 / (1) TOVn
(@) 0) 17 TOVn 0) /
/
/ (16 )
/
CPU
159.2. / (CTC)
(CTC)  (WGMn3 0=0100 1100)  OCRnA ICRn
CTC (TCNTn)  OCRnA(WGMn3 0=4) ICRN(WGMnN3 0=12)
$0000 OCRnA ICRn TOP
CTC 15-6. (TCNTn) OCRNA ICRn
(TCNTn) ($0000)
15-6. CTC
SR L L 1 N— )
' i i v v
TOP Y :
TCNTn
! \ \d Y _YVYVY v \
OCnA( ) | | | | ‘ |
«—— ] —><«—2 —><«3>ec— 4 —><«——5
: COMnA1 0=01
TOP OCFnA ICFn TOP
TOP
BOTTOM TOP CTC 2
OCRNA ICRn TCNTn
( ) ($FFFF)
$0000 OCRNA 2
TOP OCRnA PWM  (WGMn3 0=1111)
CcTC OCnA (COMnAL 0) (=01)
OCnA (DDR OCnA=1)
OCRnA  0($0000) focna=fclk 110/ 2
focmas felk 110
2x Nx (1 OCRnA)
N (1,8,64,256,1024)
/ (TOVn) MAX  $0000 /

@
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159.3. PWM

(PWM) (WGMn3 0=0101,0110,0111,1110,1111) PWM PWM
( ) PWM BOTTOM  TOP BOTTOM
(COMNnx1 0=10) (OCnx) TCNTn OCRnx )
BOTTOM D) (COMnx1 0=11) 1) BOTTOM 0)
PWM ( ) / PWM 2
D/ A PWM

( )

PWM PWM 8,9,10 OCRnA ICRn
2 (OCRnA ICRn $0003 ) 16  (OCRnA ICRn MAX ) PWM

PWM $00FF,$01FF,$03FF(WGMNn3  0=0101,0110,0111) ICRn log (TOP 1)
(WGMn3 0=1110) OCRnA (WGMn3 0=1111) RePwM= —————
( ) / ($0000) PWM
15-7. OCRnA ICRn TOP PWM TCNTn
( ) PWM OCRnx
TCNTn ( ) TCNTn OCRnx ( : )
(OCFnx) (1)

/ (TOVn) 15-7. PWM
TOP 1)
OCRnNA ICRn TOP OCRnx/ TOP TOVn OCFnA
OCFnA IC i L oo -

Fn TOVn (1) v v : I Y Y

OCRNx 0
/ 1 (1) och // A4 / /

log 2

TOP

v v YV ¥V VYVVVV_ YV v v \

OCnx( :
TOP TOP (COMnx1 0:103 3

TOP (coﬁi?x(mug 3 j : I_I L ‘ )

TCNTn OCRn “ ] > 2 > 3> 4> 5 6« 7 —>e— 8 —>

X TOP
OCRnx 0 ( )

ICRn TOP ICRn OCRnA ICRn 2
ICRn ICRn
TCNTn ( )TOP
MAX ($FFFF) $0000
OCRnA 2 OCRMA 1/0 OCRnA I/ O
OCRnA OCRPA( ) TCNTn TOP /
OCRnA TCNTn ($0000) TOVn 1) /

TOP ICRn TOP ICRn OCnA
PWM OCRnA PWM (TOP )
OCRnA 2 TOP  OCRnA

PWM OCnx PWM COMnx1 0 '10' PWM
PWM COMnx1 0 '1T' 86 15-3. OCnx
(DDR OCnx=1) PWM TCNTn OCRnx
ocnx( ) () (0)) (30000 TOP  BOTTOM ) /

OCnx ) 1)
PWM N (1,8,64,256,1024) focmmume k1O
OCRnx PWM PWM OCR Nx (1 TOP)
nx BOTTOM($0000) TOP+1  / ( ) TOP
OCRnx (COMnx1 0 ) Low High

PWM ( 50% OCnA  (COMnAl 0=01)

OCRnA  0($0000) focna=fclk 110/ 2 PWM
2 CcTC OCnA (COMnA1 0=01)
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1594. PWM
(PWM)  (WGMn3 0=0001,0010,0011,1010,1011) PWM
PWM ( ) / PWM BOTTOM($0000)
TOP TOP  BOTTOM (COMnx1 0=10) (OCnx)
TCNTn OCRnx ©) ) (COMnx1
0=11) ( ) «( )
( JPWM
PWM PWM 8,9,10 OCRnA ICRn
2 (OCRnA ICRn $0003 ) 16  (OCRnA ICRN MAX ) PWM
log (TOP 1) PWM $O0OFF, $01FF,$03FF(WGMn3 0=0001,0010,
RPCPWM= —————  0011) ICRn (WGMn3 0=1010) OCRnA (WGMn3 0=1011)
log 2 TOP TCNTR 1/
TOP PWM 15-8. OCRnA ICRn TOP
PWM TCNTn ( )
PWM OCRnx TCNTn () TCNTn OCRnx
( : ) (OCFnx) D
15-8. PWM
OCRnx/ TOP OCFnA  ICFn TOVn
(TOP ) (BOTTOM )
TOP
OCRNnx
TCNTR " |
OCnx( g
(COMnx1 0=10
OCnx( 3
(COMnx1 0=11 ‘ ‘
«——— 1 — > 2 —Pec— 3 —Pe—— 4——>
/ (TOVn) BOTTOM ) OCRnA ICRn TOP
OCFnA ICFn OCRnx (TOP )2
/ ) TOP  BOTTOM
TOP TOP TOP
TCNTh  OCRnx TOP OCRn
X 0o ) 15-8. 3 /
PWM TOP oc
Rnx OCRnx TOP PWM TOP
TOP TOP 2 (TOP)
2
/ TOP PWM / PWM
TOP 2
PWM oCnx PWM COMnx1 0  '10° PWM
PWM COMnx1 0 '11 86 15-4. ) OCnx
(DDR OCnx=1) PWM
TCNTh OCRnx ocnx( ) (1) ) TCNTh OCRnx
OCnx (O)( (1)
PWM PWM felk 110
f _ q!
(1,8,64,256,1024) OCHXPCPWM= 5 "Nx TOP
OCRnx PWM PWM PWM OCRnx
BOTTOM Low TOP High PWM
TOP OCRnA (WGMn3 0=1011) COMnA1 0=01  OCnA
50%
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15.95. / PWM
/ (PWM)  (WGMn3 0=1000,1001) PWM
/ PWM ( ) PWM BOTTOM($0000)
TOP TOP BOTTOM (COMnx1 0=10) (OCnx)
TCNTn OCRnx 0) D (COMNx1
0=11) ( ) « )
( PWM
/ PWM OCRnx OCRNX ( :TOP BOTOM)
( 15-8. 15-9. )
/ PWM PWM OCRnA ICRn 2  (OCRnA
ICRn  $0003 ) 16  (OCRnA ICRn MAX ) PWM
log (TOP 1) / PWM / / ICRn (WGMn3 0=1000) OCRnA
Rercpwm= ~ gz (WGMn3 0=1001) TOP
TCNTn 1/ TOP /
PWM 15-9. OCRnA ICRn TOP /
PWM TCNTn (
PWM OCRnx TCNTn () TCNTn OCRnx (
) (OCFnx) (1)
159. [/ PWM
OCFnA ICFn OCRnx/ TOP TOVn
(TOP ) (BOTTOM )
TOP v y 4 X
OCRnX - ; /\ /\
. . v
et N\ NS
! Y v \ VY Y vy
OCnx( : : : :
(CoNmd. 0=10] A Iy AN I
A ‘ . A N
(COMnNx1 (0:113 : : ['1 :
12— 4 >
/ (TOVn) OCRnx (BOTTOM )2 /
(1) OCRnA ICRn TOP OCFnA ICFn /
TOP 1) TOP BOTTOM
TOP TOP TOP
TCNTn OCRnx
15-9. PWM OCRnx BOTTOM
TOP ICRn TOP ICRn OCnA
PWM OCRnA PWM (TOP )
OCRnA 2 TOP OCRnA
/ PWM OCnx PWM COMnx1 0 '10'
PWM PWM COMnx1 0 '11' (86 15-4. )
OCnx (DDR OCnx=1) PWM
TCNTn OCRnx ocnx( ) () 0)) TCNTn OCRn
X OCnx O)( D)
/ PWM PWM R falk 10
N (1,8,64,256,1024) MPFCPWM= 5 "Nx TOP
OCRNX / PWM PWM PWM
OCRnx BOTTOM Low TOP High PWM
TOP OCRnA (WGMn3 0=1001) COMnA1 0=01 OCnA

50%
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15.10. /

/ /
@) OCRnx

15-10. OCFnx

15- 10. V1) /

(C| an)

OCRnx

OCFnx

@

ATmegab4A

clkiyo | | | | | | | |

clkrn (clki of 1)

OCRNX X

TCNTn X OCRnx- 1 X ‘ OCRnx+1 X OCRNx+2
OCRix __ | OCRx . |
OCFnx |
15-11.
15-11. (fclk 110/ 8) / OCFnx
clkro TLMLMTLMLMMLLATLL UL LU LU LT
clkrn (clkiror8) 7] [ [1 [] [
TCNTn X OCRnx-1 X OCRX X OCRnx+1 X OCRx+2
OCRx ___ | OCRx |
OCFnx |
15-12. TOP / PWM OCRIx BOTTOM
TOP BOTTOM TOP-1 BOTTOM+1 BOTT
OM TOVn (1)
15-12. 1/ 1) / TOP

clkiyo | | | | | | | |

clkrn (clki of 1)

TCNTn (CTC,FPWM) X TOP-1 X TOP X BOTTOM X BOTTOM+l
TCNTn (PCPWM,PFCPWM) X TOP 1 X TOP X TOP 1 N Top2
TOVN(FPWM) | I ‘
ICFn(TOP ) ; | |
OCRnx(TOP ) OCRnx X OCRnx
15-13.
15- 13. (fclk 1/ o/ 8) / TOP

clkiyo |||‘||||||||||||||||‘||||||||||||||||‘||||||||||||||||‘|||||||||||||||

clkrn (clkiy of 8) J_| |_| |—| l—l [
TCNTn (CTC,FPWM) X TOP-1 X TOP X BOTTOM X BOTTOM+l
TCNTn (PCPWM,PFCPWM) X TOP-1 X ToP X TOP-1 XN Top2
TOVN(FPWM) | I ‘
ICFn(TOP ) ; | ‘
OCRNx(TOP ) OCRNx X OCRnx

AIMEL
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15.11. 16 / 13
15.11.1. / 1 A (Timer/ Counter1 Control Register A) TCCR1A
7 6 5 4 3 2 1 0
$2F ($4F) [COM1A1[COMIA0|COM1B1|COM1BO|[COMIC1|[COMICO| WGM11 | WGM10 | TCCR1A
Read/ Write RI'W RI'W R'W RI'W RI'W RIW RI'W RIW
0 0 0 0 0 0 0 0
15.11.2. / 3 A (Timer/ Counter3 Control Register A) TCCR3A
7 6 5 4 3 2 1 0
($8B) [COM3A1] COM3A0] COM3B1[ COM3B0[COM3C1]COM3Co] WGM31 | WGM30 | TCCR3A
Read/ Write R'W R'W R'W RI'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
. 7,6 - COMNALQ : nA (Compare Output Mode A bit 1 and 0)
= 54 - COMNnB1,0 : nB (Compare Output Mode B hit 1 and 0)
. 32 - COMNnC1,0: nC (Compare Output Mode C bit 1 and 0)
COMnA1L 0 COMnB1 0 COMnC1 0 OCnA,OCnB,0CnC COMnA1 0 1
1 OCnA I/ O I/ O COMNnB1 0
1 1 OCnB /0O I/ O COMnNnC1
0 1 1 OoCnC 11O 11O
OCnA,OCnB,OCnC (DDR) (1)
OCnA,OCnB,0CnC COMnx1 0 WGMn3 0 15-2. WGMn3 0
CTC  ( PWM) COMnx1 0
15-2. PWM ( :n 1 3 x AB C)
COMnx1 | COMNnx0
0 0 (OCnx )
0 1 OCnx ( )
1 0 OCnx Low
1 1 OCnx  High
15-3. WGMn3 0 PWM COMNnx1 0
15- 3. PWM ( :n 1 3 x AB C)
COMnx1 | COMnx0
0 0 (OCnx )
0 1 WGMn3 0=1111 : OCnA ( ) OCnB/ OCnC ( )
WGMn3 0 : (OCnx )
1 0 Low BOTTOM High OCnx ( )
1 1 High BOTTOM Low OCnx ( )
: COMnx1 (D OCRnx TOP BO
TTOM (1) (0) 82 PWM
15-4. WGMn3 0 / PWM COMnx1 0
15-4. / PVWM ( :n 1 3 x AB C, X 0 1)
COMnx1 | COMNnx0
0 0 (OCnx )
0 1 WGMn3 0=10X1 : OChA ( ) OCnB/ OCnC ( )
WGMn3 0 : (OCnx )
1 0 Low High OCnx
1 1 High Low OCnx
: COMnx1 (1) OCRnx TOP 83 P
W
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. 1,0 - WGMN1,0 : (Waveform Generation Mode bit 1 and 0)
/ B(TCCRnB) WGMn3 2 (
(TOP) ( 15-5. )

( ) / (CTC) 3 (PWM) 81
15-5.

. \(/c\:gl\é% (&Gv?ﬂﬂi) (%”28) d Top | OCRm| TOWN
0 0 0 0 0 $FFFF MAX
1 0 0 0 1 8 PWM $O0FF TOP |BOTTOM
2 0 0 1 0 9 PWM $01FF TOP |BOTTOM
3 0 0 1 1 10 PWM $03FF TOP |BOTTOM
4 0 1 0 0 / (CTC) OCRnA MAX
5 0 1 0 1 8 PWM $00FF [BOTTOM| TOP
6 0 1 1 0 9 PWM $01FF [BOTTOM| TOP
7 0 1 1 1 10 PWM $03FF [BOTTOM| TOP
8 1 0 0 0 / PWM ICRn |BOTTOM|BOTTOM
9 1 0 0 1 / PWM OCRnA |BOTTOM |BOTTOM
10 1 0 1 0 PWM ICRn TOP |BOTTOM
11 1 0 1 1 PWM OCRnA TOP |BOTTOM
12 1 1 0 0 / (CTC) ICRn MAX
13 1 1 0 1 ( ) - - -
14 1 1 1 0 PWM ICRh |BOTTOM| TOP
15 1 1 1 1 PWM OCRnA |BOTTOM| TOP
:CTCn PWMn1 0 WGMn2 0

/
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B (Timer/ Counterl Control Register B) TCCR1B

7 6 5 4 3 2 1 0
$2E($4E) [ ICNC1 | ICESL | - | WGM13 | WGM12 | CSl2 | CSl1 | CSlo | TCCRI1B
Read/ Write RI'W RIW R RIW RI'W RIW RIW RIW
0 0 0 0 0 0 0 0
15.11.4. / 3 B (Timer/ Counter3 Control Register B) TCCR3B
7 6 5 4 3 2 1 0
($8A) [ ICNC3 | ICES3 | - | WGM33 | WGM32 | CS32 | CS31 | CS30 | TCCR3B
Read/ Write R'W R'W R R'W R'W R'W RIW RIW
0 0 0 0 0 0 0 0
L 7 - ICNCn : n (Input Capture Noise Canceler)
1) « )
(ICPn) 4 ICPn
4 ( )
L 6- ICESN: n (Input Capture Edge Select)
(ICPn) ICESn
() ICESh 1 ()
ICESh (ICRn)
(ICFn) 1)
ICRh TOP (TCCRnNA TCCRNB WGMn3 0 ) ICPn
L 5- Res: (Reserved)
TCCRNB
= 43 - WGMn3,.2 : (Waveform Generation Maode bit 3 and 2)
TCCRNA WGMnN1 0
" 2 0-CSn2 0: n (Clock Select, hit 2,1 and 0)
3 / (TCNTn) 15-6. / n
15-10.  15-1L CS12 | CSl1 | CSlo
/ n C ) 0 0 0 ( / n )
™ ™ 0o | o | 1 |ckio( )
0 1 0 |[clkyro/8@® )
0 1 1 |ckyo/64(64 )
1 0 0 |clkyo/2s6(256 )
1 0 1 | clkiyo/1024 (1024 )
1 1 0 |[Tn ( )
1 1 1 |Tn ( )
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C (Timer/ Counter1 Control Register C) TCCR1C

7 6 5 4 3 2 1 0
($7A) [ FOCIA | FOCIB | FOCIC | - | - | - [ - [ - | TCCR1C
Read/ Write W W W R R R R R
0 0 0 0 0 0 0 0
15.116. / 3 C (Timer/ Counter3 Control Register C) TCCR3C
7 6 5 4 3 2 1 0
($8C) [ FOC3A | FOC3B | FOC3C | - | - | - | - | - | TCCR3C
Read/ Write w W W R R R R R
0 0 0 0 0 0 0 0
L 7 - FOCnhA : OCnA (Force Output Compare A)
. 6 - FOCnB : OCnB (Force Output Compare B)
L 5- FOCnC : OCnC (Force Output Compare C)
FOCnA/ FOCnB/ FOCnC WGMn3 0 PWM FOCnA/ FOCnB/ FOCnC 1
OCnx COMnx1 0 FOCnA/ FOCnB
/ FOCnC COMnx1 0
FOCnA/ FOCnB/ FOCnC TOP OCRNA (CTO) /
($0000)
FOCnhA/ FOCnB/ FOCnC 0
. 4 0- Res: (Reserved)
TCCRnC
0
15.11.7. / 1 (Timer/ Counterl) TCNT1H TCNT1L (TCNT1)
15 14 13 12 11 10 9 8
$2D ($4D) [ (MSB) | | | | | | | | TCNT1H
Read/ Write RI'W R'W R'W R'W RI'W R'W RI'W RI'W
0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
$2C (340) | | | | | | | | (LSB) | TCNTIiL
Read/ Write R'W R'W R'W RI'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
15.11.8. / 3 (Timer/ Counter3) TCNT3H,TCNT3L (TCNT3)
15 14 13 12 11 10 9 8
($89) [ (MSB) | | | | | | | | TCNT3H
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 6 5 4 3 2 1 0
($88) I | | | | | | | (LSB) | TCNT3L
Read/ Write RI'W RI'W RI'W RI'W RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
2 / 11O (TCNTnH TCNTnL TCNTnN) / 16
CPU
8 (TEMP) 16 74
16
(TCNTn) OCRix 1 TCNTn
TCNTn / ( )
89
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15.1109. / 1 A (Timer/ Counter1 Output Compare Register A) OCR1AH,OCRIAL (OCR1A)
15 14 13 12 11 10 9 8
$2B ($4B) | (MSB) | I I I I I I | OCR1AH
Read/ Write RIW RIW RI'W RI'W RI'W RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
$2A (34A) | I I I I I I | (LSB) | OCRIAL
Read/ Write R'W R'W R'W R'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
15.11.10. / 1 B (Timer/ Counter1 Output Compare Register B) OCR1BH,OCR1BL (OCR1B)
15 14 13 12 11 10 9 8
$29 (349) | (MSB) | I I I I I I | OCR1BH
Read/ Write R'W R'W R'W R'W RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
$28 ($48) | | | | | | | | (LSB) | OCR1BL
Read/ Write R'W RI'W RI'W RI'W R'W R'W R'W RI'W
0 0 0 0 0 0 0 0
151111 / 1 C (Timer/ Counter1 Output Compare Register C) OCR1CH,0CR1CL (OCR1C)
15 14 13 12 11 10 9 8
$79) L (MSB) | | | | | | | | ocricH
Read/ Write R'W R'W R'W R'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($78) I I I I I I I | (LSB) | OCRiCL
Read/ Write RI'W RI'W RI'W RI'W RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
15.11.12. / 3 A (Timer/ Counter3 Output Compare Register A) OCR3AH,0CR3AL (OCR3A)
15 14 13 12 11 10 9 8
($87) L (vsB) | I I I I I I | OCR3AH
Read/ Write RI'W RI'W R'W RI'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($86) I | | | | | | [ (LSB) | OCR3AL
Read/ Write R'W R'W R'W R'W RIW RIW RIW RI'W
0 0 0 0 0 0 0 0
15.11.13. / 3 B (Timer/ Counter3 Output Compare Register B) OCR3BH,OCR3BL (OCR3B)
15 14 13 12 11 10 9 8
($85) [ (MsB) | I I I I I I | OCR3BH
Read/ Write RI'W RI'W RI'W RI'W RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($84) I I I I I I I | (LSB) | OCR3BL
Read/ Write R'W R'W R'W R'W RIW RIW RIW RI'W
0 0 0 0 0 0 0 0
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(Timer/ Counter3 Output Compare Register C) OCR3CH,0CR3CL (OCR3C)

15 14 13 12 11 10 9 8
($83) [ (MSB) | | | | | | | | OCR3CH
Read/ Write RIW RIW RIW 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
($82) I | | | | | | | (LSB) | ocRacL
Read/ Write RI'W RI'W RIW RIW RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
(TCNTn) 16 OCnx
16 CPU
8 (TEMP) 16
74 16
15.11.15. / 1 (Timer/ Counterl Input Capture Register) ICR1H,ICR1L (ICR1)
15 14 13 12 11 10 9 8
$27 ($47) | (MSB) | | | | | | | | ICR1H
Read/ Write RI'W RI'W RIW RIW RIW RI'W RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
$26 ($46) | | | | | | | | (LSB) | ICRIL
Read/ Write R'W RIW RI'W RI'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
15.11.16. / 3 (Timer/ Counter3 Input Capture Register) ICR3H,ICR3L (ICR3)
15 14 13 12 11 10 9 8
($81) [ (MSB) | | | | | | | | ICR3H
Read/ Write RI'W RIW RIW RI'W RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
($80) I | | | | | | | (LSB) | ICR3L
Read/ Write R'W RI'W RIW RIW RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
ICPn  ( / 1 ) (TCNTn)
/ TOP
16 CPU
8 (TEMP) 16
74 16

AIMEL

91



AIMEL

15.11.17. / (Timer/ Counter Interrupt Mask Register) TIMSK
7 6 5 4 3 2 1 0
$37($57) | OCIE2 | TOIE2 | TICIEL | OCIEJIA [ OCIEIB | TOIEL | OCIEO | TOIEQ | TIMSK
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
/ / 1
/
. 5- TICIEL : / 1 (Timer/ Counterl Input Capture Interrupt Enable)
1 (SREG) 0! (1) / 1
/ (TIFR) 1 (ICF1) (1)
(35 )
L 4 - OCIELA : / 1 A (Timer/ Counterl Output Compare A Match Interrupt Enable)
1 (SREG) 0) (1) / 1 A
/ (TIFR) 1A (OCF1A) @)
(35 )
. 3 - OCIE1B : / 1 B (Timer/ Counter1 Output Compare B Match Interrupt Enable)
1 (SREG) 0 1) / 1 B
/ (TIFR) 1B (OCF1B) (1)
(35 )
L 2- TOIE1 : / 1 (Timer/ Counter1 Overflow Interrupt Enable)
1 (SREG) 0) (1) / 1
/ (TIFR) / 1 (TOV]) @)
(35 )
15.11.18. / (Extended Timer/ Counter Interrupt Mask Register) ETIMSK
7 6 5 4 3 2 1 0
($7D) [ - T - T TICIE3 JOCIE3A | OCIE3B | TOIE3 | OCIE3C [ OCIEIC ]| ETIMSK
Read/ Write R R R'W R'W R'W R'W RIW RIW
0 0 0 0 0 0 0 0
ATmegalO3
L 76 - Res: (Reserved)
EIMSK 0
= 5- TICIE3: / 3 (Timer/ Counter3 Input Capture Interrupt Enable)
1 (SREG) 0! (1) / 3
/ (ETIFR) 3 (ICF3) 1)
(35 )
L 4 - OCIE3A : / 3 A (Timer/ Counter3 Output Compare A Match Interrupt Enable)
1 (SREG) 0) (1) / 3 A
/ (ETIFR) 3A (OCF3A) (@)
(35 )
= 3- OCIE3B : / 3 B (Timer/ Counter3 Output Compare B Match Interrupt Enable)
1 (SREG) () @) / 3 B
/ (ETIFR) 3B (OCF3B) (1)
35 )
L 2- TOIE3: / 3 (Timer/ Counter3 Overflow Interrupt Enable)
1 (SREG) 0) @ / 3
/ (ETIFR) / 3 (TOV3) (1)
(35 )

02 ATmegab4A
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. 1- OCIE3C: / 3 C (Timer/ Counter3 Output Compare C Match Interrupt Enable)
1 (SREG) 0) (1) / 3 C
/ (ETIFR) 3C (OCF3C) (1)
(35 )
= 0- OCIELC : / 1 C (Timer/ Counter1 Output Compare C Match Interrupt Enable)
1 (SREG) 0 1) / 1 C
/ (ETIFR) 1C (OCF1C) (1)
35 )
15.11.19. / (Timer/ Counter Interrupt Flag Register) TIFR
7 6 5 4 3 2 1 0
$36($56) [ _OCF2 | TOV2 | ICF1 [ OCFIA [ OCFIB [ TOV1 | OCFO | TOVO | TIFR
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
/ / 1
/
. 5-ICF1: / 1 (Timer/ Conterl, Input Capture Flag)
ICP1 1) (ICR1) WGM13 0 TOP
ICF1 TOP 1)
1 ICF1 (0) 1 ICF1
©)
. 4 - OCF1A : / 1 A (Timer/ Conter1, Output Compare A Match Flag)
(TCNT1) A (OCR1A) () / (1)
(FOC1A) OCF1A (1)
1A OCF1A 0) 1
OCF1A (0)
= 3- OCF1B : / 1 B (Timer/ Conterl, Output Compare B Match Flag)
(TCNT1) B (OCRIB) () / (1)
(FOC1B) OCF1B @
1B OCF1B (0) 1
OCF1B (0)
. 2- TOV1: / 1 (Timer/ Counterl Overflow Flag)
(1) WGM13 0 CcTC TOV1 / 1 1)
WGM13 0 TOV1 87 15-5.
/ 1 TOV1 (0) 1
TOV1 (0)
15.11.20. / (Extended Timer/ Counter Interrupt Flag Register) ETIFR
7 6 5 4 3 2 1 0
($7C) [ - [ - | ICF3 | OCF3A | OCF3B | TOV3 | OCF3C | OCFiC | ETIFR
Read/ Write R R R'W R'W R'W R'W RIW RIW
0 0 0 0 0 0 0 0
L 76 - Res: (Reserved)
ETIFR 0
. 5-ICF3: / 3 (Timer/ Conter3, Input Capture Flag)
ICP3 (1) (ICR3) WGM33 0 TOP
ICF3 TOP (1)
3 ICF3 (0) 1 ICF3

©
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. 4 - OCF3A: / 3

3A

OCF3A

(TCNT3) A
(FOC3A)

©)

. 3- OCF3B : / 3

3B
OCF3B

(TCNT3) B
(FOC3B)

©)

. 2-TOV3: / 3

/

TOV3

) WGM33 0

WGM33 0

3
©

. 1- OCF3C: / 3

3C

OCF3C

(TCNT3) c
(FOC3C)

©

. 0- OCF1C: / 1

1C

OCF1C

94

(TCNT1) C
(FOCIC)

©)

ATmegab4A

A
(OCR3A)
OCF3A
OCF3A

B
(OCR3B)
OCF3B
OCF3B

TOV3
TOV3

C
(OCR3C)
OCF3C
OCF3C

C
(OCRIC)
OCF1C
OCF1C

ATMEL

@)

@

(Timer/ Counter3 Overflow Flag)

@)

@

(Timer/ Conter3, Output Compare A Match Flag)

()

©)

(Timer/ Conter3, Output Compare B Match Flag)

()

©)

CTC
87

©)

(Timer/ Conter3, Output Compare C Match Flag)

()

©)

(Timer/ Conter1, Output Compare C Match Flag)

()

©)

/

/

/

/

TOV3
15-5.

@

1)

@

@

@)
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16. / 1 / 2 / 3

/ 1 / 2 / 3 /
/
16.0.1.
/ (CSn2 0=001 ) (felk 1/ 0)
/ 4 1
felk 1 of 8, felk 11 of 64, felk 11 of 256, felk 17 of 1024
16.0.2.
( / ) / 1, |/ 2, |
3 /
/ (CSn2 0=
5 2) / N
(8, 64, 256, 1024) 1 N+
/
/ /
16.0.3.
Tn / (felk T2/ felk T2/ felk T3) Tn
¢ )
16-1. Tn (felk 1/ 0)
High (Low )
(Csn2 0=111) (Cn2 0=110) 1 clkryclkro clkts
16-1. Tn
)
Tn 25 35
Tn 1
/
1
509450% (fextelk<felk 17 of 2)
( )
( )
felk 1ol 2.5

AIMEL o
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16- 2. / 1 / 2 / 3

\ 4
[N
o

clkiio

—>0

PSR321

clkiyo/8
clkiy ol 64
clkis of 256
clkiy o/ 1024

.
T3— / ‘[
YYYYYYYY YYYYYYYY YYYYYYYY

CS20

CS31 — / 3 CX1 — / 2 CSl1 — J !
CS32 — C22 — CSl2 —
clkts clkt2 clkt1
/ 3 / 2 / 1
(TU T2/ T3) / 16-1.
16.1. /
16.1.1. I/ O (Special Function I/ O Register) SFIOR
7 6 5 4 3 2 1 0
$20%400 [ Tsm [ - T - [ - T[T ACME [ PUD [ PSRO [ PSR321 | SFIOR
Read/ Write RIW R R R RIW R'W R'W R'W
0 0 0 0 0 0 0 0
. 7- TSM: / (Timer/ Counter Synchronization Mode)
TSM 1 / ( ) PSRO PSR321
/ 1
TSM 0 PSRO PSR321 (0)
/
= 0- PSR321: / 321 (Prescaler Reset Timer/ Counter 3,2,1)
1 / 1 / 2 / 3 TSM (1)
) / 1 / 2 / 3
3 /

% ATmegab4A
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17.8 / 2 (PVWM )
17.1.
. / ( )
. (PWM)
. 10
. (TOV2 OCF2)
17.2.
/ 2 8 / 8 / 17-1.
110 2 CPU (o) 1Ko} )/ O
( ) e} 105 8 /2
17-1.8 /
A\
€ M TCCRn — TOVn ( )
! gy e
clkrn | NG
a BOTTOM? %TOP ; ( )
of({ !t 1 X ...l
B Ty
= Y VYV
e}
S|K2{ TCNTn [ =0 | [=SFF]
[ee]
' |—>OCFn( )
: @
&| OCRn
A\
17.2.1.
/ (TCNT2) (OCR2) 8 / (TIFR)
/ (TIMSK) ( ) TIFR TIMSK
/
/ T2 /
( ) /
/ (clkT2)
2 (OCR2) / (0C2) PWM
99
(OCF2) )
17.2.2.
m 17-1,
/ 2
( } ) TONT2 | BOTTOM / $00
1 MAX / $FF(255)
' / ($FF)
TOP OCR2
(TOP)
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17.3. /
/ / 2 (TCCR2)
(CS22 0)
/ 1 / 2 / 3
17.4.
8 / 17-2.
17- 2.
8- bit Data Bus > TOVn (
EE ._count
TCNTn | direction clktn ! 4—@
C / )| clear 5
) f f S o )
BOTTOM TOP
count TCNT2 1
direction ( )
clear TCNT2 ($00 )
( ) clkTn clkT2 /
TOP TCNT2
BOTTOM TCNT2 ($00)
/ (clkT2) ($00) (+1) (-1) clkT2
(Cs22 0) (CS22 0=000)
TCNT2 / (clkT2) CPU
( )
() / (TCCR2) (WGM21 0)
( ) 0C2
101
/ (TOV2) WGM21 0 D) TOV2 CPU

% ATmegab4A
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175.
8 TCNT2 (OCR?2) TCNT2 OCR2
/ (OCF2) 1) (I=1, OCIE2=1)
OCF2 (0) OCF2
1 © 17-3,
(WGM21 0) (COM
21 0) 8- bit Data Bus
MAX BOTTOM @ 4
(101 )
& OCRn TCNTh
17-3. <z
OCR2 (PWM) 2 |  OCRn
/ (CTC) IT
2 2 : 8 =@ )
TOP BOTTOM OCR2
PWM $——> OCFn( )
TOP—>
OCR2 BOTTOM — —»
2 CPU OCR2 FOCn —>
OCR2 WGMn1 0 COMn1 0
175.1.
PWM (FOC2) 1 ( )
(OCF2) 1) / / oc2
(COM21 0 0Cc2 (1) ©) 10 )
175.2. TCNT2
TCNT2 CPU / /
/ TCNT2
OCR2
175.3.
TCNT2 1/ /
TCNT2 TCNT2 OCR2
( ) / BOTTOM
TCNT2
0c2 0Cc2
(FOC2) oc )
(COM21 0) (OCR2) 2 COM21 0

ATmegab4A
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17.6.
(COM21 0) 2 (0C2) COoM21
0 COM21 0 0oC2 17-4. COM21 ©
I/ O I/ O I/ O ( ) COM21 0
I/ O (PORT DDR) ocC?2
oc2 ocC2 oc2 0
17-4.
COMn1 i: OCn
COMNO > D Q
FOCh——> | i
. >
g PORT
@| D Q
]
® *—
[a)
go DDR
clkiyo
COM21 0 (1) I/ O (0C2)
0oC?2 ( ) (DDR) oc?2
(DDROC2) 0OC2
0oC2 COM21 0
105 8 / 2
17.6.1.
CTC PWM COM21 0 COM21 0=00
0oC2 PWM 105
17-3. PWM 105 17- 4. PWM 105 17-5.
COM21 0 PWM
(FOC2)

100 ATmegab4A
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17.7.
( / ) (WGM21 0) (COM21 0)
« )
COM21 0 PWM ( PWM) PWM
COM21 0 (0) (1) Yo (100
)
104 / 2 ( : )
17.7.1.
(WGM21  0=00) )
8 (TOP=$FF) $00(BOTTOM) /
(TOV2) TCNT2 $00 / 1) TOV2 1)
(0) 9 TOV2 (0) / 2
/
CPU
17.7.2. / (CTC)
/ (CTC)  (WGM21 0=10) OCR2 CTC
(TCNT2) OCR2 $00 OCR2 TOP
CTC 17-5. (TCNT2)  TCNT2 OCR2
(TCNT2) ($00)
17-5.CTC
TOP
TCNTn
i \ A\ Y_YVYVYY v \
ocn( ) [ | I
«——— ] —>€«— 2 —><€3>e— 4 —><«——5
: COMn1 0=01
OCF2 / TOP
TOP
BOTTOM TOP CTC 2 OCR2
TCNT2 ( ) / ( )
($FF) $00
CTC oc2 (COM21 0) (=01)
oc2 (DDR OC2=1)
OCR2 0($00) foca=fclk 1/ 0/ 2
focns fak o
~ 2x Nx (1 OCRn)
N (1,8,64,256,1024)
/ (TOV2) MAX  $00 / (1)
101
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17.7.3. PVWM
(PWM)  (WGM21 0=11) PWM PWM ( )
PWM BOTTOM MAX BOTTOM
(COM21 0=10) (OC2) TCNT2 OCR2 0) BOTTOM (1)
(COM21 0=11) (1) BOTTOM 0) PWM
( ) PWM 2
D/ A PWM )
PWM / / MAX / ( ) /
($00) PWM 17-6. TCNT2 ( )
PWM OCR2 TCNT2
( ) TCNT2 OCR2 ( ) (OCF2) OCRz2=
MAX D ( )
17-6.  PWM
OCRn TOVn OCFn
T - ¢
OCRn A\ 4 v \ 4 \ 4 \ 4 \ A
TCNTn T Y )/
v, - l/
1 A A vv v vv \ v \ v \
oCn( :
S g} o e
oCn( ;
conmto=11} | ‘ L 1rifrt
€ ] > 2 e 3Pt 4§ > 5> [P T >
/ (TOV2) MAX o
PWM OoC2 PWM COM21 0 '10' PWM
PWM CcOM21 o '11 (205 17- 4. ) OoC2
(DDR OC2) PWM TCNT2 OCR2
oc2 ) () 0) ($00 MAX  BOTTOM ) / oc2
@) @
PWM
f
f _ clk /0
OCNPWM= "< 256
N (1,8,64,256,1024)
OCR2 PWM PWM OCR2 BOTTOM($00)
MAX+l [ () OCR2 MAX (COM21
0 Low High
( TOP=MAX($FF) ) PWM ( 50%
OC2  (COM21 0=01) OCR2 0($00)
foco=fclk 1/ 0/ 2 PWM 2

CTC 0OC2 (COM21 0=01)
102 ATmegab4A




ATmegab4A

17.74. PVWM
(PWM)  (WGM21 0=01) PWM PWM
( ) BOTTOM  MAX MAX  BOTTOM
(COM21 0=10) (OC2) TCNT2 OCR2 (0)
(@)} (COM21 0=11) ( ) ( )
( )
PWM PWM 8 PWM MAX
MAX TCNT2 1/ MAX
PWM 17-7. TCNT2 ( )
PWM OCR2 TCNT2 () TCNT2 OCR2
( )
17-7. PWM
OCFn ' TOVn
TCNTn ¢ /\
v v\
\ Y \ A / Ly v
St w I —
(COMn1_ 0=103 : : : ‘
OCn : : :
conmi\o=119 ; N N R
- 1 > 2 >< 3 >
A A A A
OCRn
/ (TOV2) / BOTTOM (1) BOTT
oM
PWM oc2 PWM COM21 0 '10' PWM
PWM COM21 0 11 (105 17-5. ) oc2
(DDR OC2) PWM
TCNT2 OCR2 oc2( ) ()( () TCNT2 OCR2
0oC2 0)( ) PWM PWM
focnPcPwim= fdkyo
~ Nx 510
N (1,8,64,256,1024)
OCR2 PWM PWM PWM OCR2
BOTTOM($00) Low MAX High PWM
17-7. 2 OCn High Low
BOTTOM 2
= 17-7. OCR2 MAX OCR2  MAX OCn
( :L-H H H) BOTTOM ( MAX( ) OCn
(H-L)
= / OCR2 OCn
( MAX ( H HL )
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17.8. /
/ / (clkT2)
(1) 17-8. /
PWM MAX
17-8. 1/ 1) /
oo 1__ T 1T 1 1 1
clkrn (clkiyof 1) ‘ ‘ :
TCNT2 :X MAX-1 X MAX X BOTTOM X BOTTOM+1
TOvn __| | i |
17-9.
17-9. (felk 11 0/ 8) /
clkro T
clkrn (clkiro/8) 7] ] [] [] [
TCNT2 :X MAX- 1 X MAX X BOTTOM X BOTTOM+1
TOVn | | [ |
17-10. CTC OCF2
17-10. (felk 110/ 8) / OCF2
clkyo LML LML LU UL UL UL LT
clkn (clkiror 8) 7] [ [1 [] [
TCNT2 OCRn-1 X OCRn X OCRN+1 X OCRN+2
OoCcRn | OCRn |
OCFn |
17-11. CTC TCNT2 OCF2
17-11. (felk 110/ 8) / OCF2
clkro LALLM LU L LLLLL
clkn (clkiror8) 7] [ [1 [] [
TCNT2 (CTC) :X TOP-1 X TOP X BOTTOM X BOTTOM+1
OCRn ___ | Top__ |
OCFn |
ws  ATmegab4A
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179.8 / 2
179.1. / 2 (Timer/ Counter2 Control Register) TCCR2
7 6 5 4 3 2 1 0
$25($45) | FOC2 | WGM20 | COM21 | COM20 | WGM21 | CS2 | C21 | CS0 | TCCR2
Read/ Write w R'W R'W R'W RIW RIW RIW RIW
0 0 0 0 0 0 0 0
u 7 - FOC2 :0C2 (Force Output Compare 2)
FOC2 WGM21 0 PWM PWM
TCCR2 0 FOC2 1
0C2 COM21 0 FOC2
COM21 o
FOC2 TOP OCR2 (CTC) / ($00)
FOC2 0
u 36 - WGM21,0 : (Waveform Generation Mode bit 1 and 0)
«C ) 17-2.
(TOP) weMe1 [wemzo[ Top OCR2 | TOV2
/ (CTC2) | (PWM2)
/ (CTC) 5 0 0 0 $FF MAX
(PWM) 17-2. 101 1 0 1 PWM $FF TOP |BOTTOM
/
2 1 0 (CTC) OCR2 MAX
3 1 1 PWM $FF  |BOTTOM| MAX
:CTC2 PWM2 WGM21 0
/
= 54 - COM21,0 : 2 (Compare Match 2 Output Mode bit 1 and 0)
0ocC2 COM21 0 1 1 ocC2 I/ O
I/ O 0oC2
(DDR) (1)
0oC2 COM21 0 WGM21 0
17-3. WGM21 0 CTC ( PW 17-3. PWM
M) com21 o COM21 | COM20
17-4. WGM21 0 PWM CoO 0 0 (0c2 )
M21 0
0 1 oc2 ( )
17-5. WGM21 0 PWM 1 0 0OC2 Low
COM21 o 5
1 1 OC2  High
17-4. PVWM 17-5. PWM
COM21 | COM20 COM21 | COM20
0 0 (ocz2 ) 0 0 (oc2 )
0 1 ( ) 0 1 ( )
1 0 Low BOTTOM High 1 0 Low
0oc2 ( ) High OC2
1 1 High BOTTOM Low 1 1 High
oc2 ( ) Low OC2
: COM21 (1) OCR2 TOP : COM21 (1) OCR2 TOP
BOTTOM (1) (0) TOP (1) (0)
102 PWM 103 PWM
105
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[ S
. 2 0-CS22 0: 2 (Clock Select2, hit 2,1 and 0)
3 / (TCNT2)
17-6. |/ 2
CS22 CS21 CS20
0 0 0 ( |/ 2 )
0 0 1 clkiso ( )
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 T2 ( )
1 1 1 T2 ( )
( ) / 2 T2 T2

179.2. / 2 (Timer/ Counter2) TCNT2

7 6 5 4 3 2 1 0
$24($44) [ (vsB) | | | | | | | (LSB) | TCNT2
Read/ Write RI'W R'W R'W R'W R'W RIW RIW RIW
0 0 0 0 0 0 0 0
/ / 8 TCNT2
/ ( ) (TCNT2) TCNT2 OCR2
179.3. / 2 (Timer/ Counter2 Output Compare Register) OCR2
7 6 5 4 3 2 1 0
$23($43) [ (MB) | | | | | | [ (LSB) ] OCR2
Read/ Write R'W R'W R'W R'W R'W RIW RIW RIW
0 0 0 0 0 0 0 0
(TCNT2) 8 0oC2
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1794. / (Timer/ Counter Interrupt Mask Register) TIMSK
7 6 5 4 3 2 1 0
$37($57) | OCIE2 | TOIE2 | TICIEL | OCIEIA | OCIEIB | TOIEL | OCIEO | TOIEO | TIMSK
Read/ Write RIW RI'W RI'W RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
L 7- OCIE2 : / 2 (Timer/ Counter2 Output Compare Match Interrupt Enable)
OCIE2 1 (SREG) 0} (1) / 2
/ 2 / (TIFR) 2 (OCF2)
D
L 6- TOE2: / 2 (Timer/ Counter2 Overflow Interrupt Enable)
TOIE2 1 (SREG) ) (1) / 2
/ 2 / (TIFR) / 2 (TOV2)
)
1795. / (Timer/ Counter Interrupt Flag Register) TIFR
7 6 5 4 3 2 1 0
$36($56) | OCF2 | TOV2 | ICF1 | OCFIA | OCFIB | TOV1 | OCFO | TOVO | TIFR
Read/ Write RI'W RIW RI'W RIW RIW RI'W RIW RIW
0 0 0 0 0 0 0 0
= 7- OCF2: / 2 (Timer/ Conter2, Output Compare Match Flag)
OCF2 / (TCNT2) (OCR2) 1)
OCF2 (0) 1 OCF2 (0)
(SREG) (0 / (TIMSK) / 2 (OClI
E2) OCF2 1) / 2
= 6- TOV2: / 2 (Timer/ Counter2 Overflow Flag)
TOV2 / (TCNT2) @) TOV2
(0) 1 TOV2 (0) (SREG)
() / (TIMSK) / 2 (TOIE2) TOV2 (1)
/ 2 PWM / 2 $00 (1)

AIMEL
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18.
18.1.
16

72
/

18.2.
1C

DDB7

18.2.1.
18- 3.

PWM

AIMEL

(OCM1C2)
(OCM) 18-1.
/ 1 C 8 /2
/ / 1 |—ocic—, =
16 / ( / 1 | 3 97 8 @)_> ol
2 (PWM ) ( ) ATmegalO3 0Cc2
/| 2}—oc2—*
( 18-1) 2
2 PB7 (OC1C 0C2) 1
COMnxL 0# 00 ) PORTB7 OC1C 0C2
18-2. / B 7
18-2.
COM21 VCC
COMZO:D_ — ;
COMIC1 | :
COMlCO:D_ ‘ —o}"l
(T/C1C )—>D Q
OC1C PB7
oCiC
(T/ C2 y—|D @ 0C2
oC2
D Q * D Q
DD
¢ PORTBY 8-bit DataBus | DDRB7Y )
( AND OR) PORTB7 COMnx1 0
/ 1 ( ) PWM /2
(COM21 0=01) CTC
18-3.
clkio [ [0 |
OC1C(FPWM )J L 1 ] [
0OC2(CTC )||||||||||||||||||||||||||||||||||||||||||||||
PB7(PORTB7=0) _|'|_|'|_|'|_|'|_|'| |'|_|'| |'|_|'| ﬂ
PB?(PORTB7_1)J'|_| IJ'|_| |||||||||| |||||J|JU|_|
e o
/ ( ) / 1 C
(OC1C) (0C2)1
2 ( 12 18-3. PORTB7=0  PB7 2 3
2 High 3 High 1 PB7

108
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19. (SPI: Serial Peripheral Interface)
19.1. 19- 1. SPI
g 3 N
Py > S
. / clkiyo 9 M
= LSB/MSB v Cl|| MB_(SDOR LB M .@
. 7 =z 8 <«+—1S
u
. TTITIES(3(8 5 ____4} iL - -
. I I I -
. (CK/ 2) SPI -
Y YV Y Y YVYY
192. - > s
ATn.ega64A A A A A A A
AVR
T vy -
SPI CPU Pl - >
19-2. o ru o ]
2 w |8 5 w2\ 15| 2| @
_ SPl &l = t &b a|=|0| S| Bk
=S ) vov [ [ ] ]
Low | Pl
(PR v<:> (SPCR)
. SRl 2 46 13-6.
SCK MOSI(Master Out Save In) MISO
(Master In Save Out) SY ) High
SPI SS
SPI (SPDR) SPI
8 1 SPI Pl (PR
(SPIF) (1) SPI (SPCR) SPI (SPIE) (1)
SPDR S ) High
SPI SS  High _ MISO Hi-Z
Pl (SPDR) S Low SCK
1 (SPIF) (1) SPCR SPI
(SPIE) (1) SPDR
2 19-2. SPI /
SPI (SPD M L2 ilvnso |v||so§ M LB
R 8 Q0«8
r A % MOS MOS o X A T
SPI (SPDR) »o LK SCK
SPI CK :
_ 19- 1. SPI
High/ Low
2CPU SCK B DDRB
SPI MOS, MISO, SCK, SS ( )
19-1 MISO B (DDRB)
a4 MOS B (DDRB)
SS B (DDRB)
: Pl 46 B
109
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DDR SPI

DD_MOSI, DD_MISO, DD_SCK

MOS PB5

S

DD MOS DDB5 DDR SPI

DDRB

A _Minit: LO RL7, (1<<CD MH ) | (1<<DD SK) ; MOSl, SCK=
aJr CCR SA, RL7 ; MOSl, SCK=
LD R17, (1<<SPE) | (1<<MBTR) | ( 1<<SPRD) ; SPI 16
aJr SPCR RL7 ; SPI 16
RET ;
A MTx:  QJr SPCR RL6 (R16)
A MTx W SBS SPSRSAF
RIMP SPAI_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))); /* */
}
16
S
S _Sinit: LD RL7, (1<<CD M O ; MISO
aJr R S, RL7 ; MISO
LD RL7, (1<<SPE) ; P
aJr SPCR RL7 ; P
RET ;
S S R BS SPRPF ; ( )
RIMP SP_S R ; ( )
IN RL6, SPDR g
RET ;
C
void SPl_d avel nit (voi d)
{
RSP = (1<<DD M SO); /* MISO */
SPCR = (1<<SPB); /* SPI */
}
char SP_9 aveRecei ve(voi d)
{
vhile(! (SPSR & (1<<SPI F))); /* ( ) */
return SPCR [* */
}
16
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19.3. SS
19.3.1.
P ) SS Low SPl ( )
MISO SS High _
MISO SPI SS High
Pl
sS / S High
Pl
19.3.2.
Pl (SPI (SPCR) (MSTR)  =1) S
S S Pl S
SS] SPl High S
Pl S Low Pl
Pl
SPCR / (MSTR) (0) Pl Pl MOS SCK
SPl (SPSR)  SPI (SPIF) (1) SPl (SPCR SPIE=1)
(SREG) 0} 1)
Pl S Low () MSIR
(1) MSTR (0) Pl

@

AIMEL
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194.
S (SPCR) SCK  (CPHA) SCK  (CPOL) SCK
P 19-3. 19-4.
K ( 19-3.  19-4.
19- 2. CPOL,CPHA
SPI CPOL | CPHA SCK SCK
0 0 0 / /
1 0 1 / /
2 1 0 / /
3 1 1 / /
19-3. SPI (CPHA=0)
MSB (DORD=0) | MSB | 6 | 5 ] 4 ] 3 ] 2 ] 1 | LB |
LsB  (DORD=1) | LSB | 1] 2| 3 | 4] 5 | 6 | MSB |
SR@EPOLY . ML LI L r L L
b A B Uy U I Yy Yy Ny
MOS! MISO SN N I Y N N Y N N O A A
s () DD OO
MISD ) OO0
SS( )\ /
19-4. SPI (CPHA=1)
MSB (DORD=0) [ MSB ] 6 | 5 ] 4 ] 3 ] 2 ] 1 | L8 |
LB  (DORD=1) [ LB ] 1] 2| 3 | 4] 5 ] 6 [ MSB |
SREPo=) _ ML L1 L
J e Ay U Iy Y Sy Ny I oy Ny (N
MOSI/ MISO S I I S S I N I S
YT e e o ¥ s i e e
MISD ) - OO
SS( ) "\ /
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19.5. SPI
195.1. SPI (SPI Control Register) SPCR
7 6 5 4 3 2 1 0
$0D($2D) [ SPIE | SPE | DORD | MSTR | CPOL | CPHA | SPR1 | SPRo | SPCR
Read/ Write R'W R'W R'W R'W RIW RIW RI'W RIW
0 0 0 0 0 0 0 0
= 7 - SPIE : SPI (SPI Interrupt Enable)
(SREG) 0) @) SPI (SPR) SPI (SPIF) @)
FI
L 6 - SPE : SPI (SPI Enable)
SPE 1 S2 S2 1)
= 5- DORD : (Data Order)
DORD 1 LSB DORD 0 MSB
L 4- MSTR: / (Master/ Save Select)
1 0 SS MSTR (1)
Low MSTR (0) SPl (SPR) SPI (SPIF) (1)
S MSTR 1)
u 3- CPOL : SCK (Clock Polarity)
1 SCK  High CPOL O 19- 3. CPOL
0
1
L 2- CPHA : SCK (Clock Phase)
SCK (CPHA) SCK () () 19- 4. CPHA
C ) 19-3.  19-4.
CPHA CPHA | SCK SCK
0
1
= 1,0- SPR1,0: SPI (SPI Clock Rate Select 1 and 0)
2 CK SPR1 SPRO K ( )
fosc 19-5.
19-5. 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
195.2. SPI (SPI Satus Register) SPSR
7 6 5 4 3 2 1 0
$OE($2E) | SPIF | wCOL | - | - | - | - | - | SPI2X | SPSR
Read/ Write R R R R R R R R'W
0 0 0 0 0 0 0 0
. 7 - SPIF : SPI (SPI Interrupt Flag)
SPIF @ ( (SREG) ) =1)
Pl (SPCR) SPI (SPIE) (1) Pl S
Low SPIF (1) SPIF
(0) SPIF 1) Sa] (SPR) Sa (SPD
R SPIF (0)
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[ ]
. 6 - WCOL : (Write Collision Flag)
SPl (SPDR) WCOL (1) WCOL ( SPIF ) WCOL (1)
S (PR Pl (SPDR) (0)
= 5 1- Res: (Reserved Bit)
0
. 0- SPI2X : SPI (Double SPI Speed Bit)
1 S2 SCK  (SCK ) ( 19-5. ) SCK
2CPU Pl Pl fosc(CPU )4
ATmegab4A SPI EEPROM ( )
196
195.3. SPI (SPI Data Register) SPDR
7 6 5 4 3 2 1 0
$OF ($2F) | (MSB) | | | | | | | (LSB) | SPDR
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
Pl S ( )
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20. USART (USARTO, USART1)

ATmegab4A

20.1.
| ( ) |
u | |
| / |
n L 3
= 5678 9 1 2
| |
u | |
201.1.2 USART
ATmegab4A USARTO USART1 2 USART USART USARTO USART1
234 IO /O ATmegal0O3 USART1 UBRRO
H UCSROC ATmegalO3 ATmegab4A USARTO
20.2.
USART (Universal Synchronous and Asynchronous Receiver and Transmitter)
USART 20-1. CPU I/ O ( )
20- 1. USART
e e ;
USART :
(UBRRnH, UBRRNL) 0o
! |
@
!
- D@
" pe— 7 w———
: N USART :
s g (UDRn) |
R L
o= USART <
: (UDRn) g
L i
+ r [ )
USART / USART / USART /
A (UCSRnA) B (UCSRnB) C (UCSRnC)
8- bit Data Bus @ @ @ >
: USART 2 49 13-12. 51 13- 15.
USART 3 ( )
(XCKn) (UDRn)
USART
2 (UDRn)
115
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20.2.1. UART
USART AVR UART
u USART
[ ]
[ ]
[ ]
[ ]
2
= 2 2 FIFO USART (UDRnN)
(FEn DORn) 9 (RXB8n)
USART (UDRnN)
L] 3
( 20-1. ) USART (DORn)
()
=9 (CHR9) 2(UCZn2)
L] (OR) (DORN)
L] (PE) (UPEN) ( : )
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20.3.
USART 4
USART  / C(UCSRNC) USART (UMSELn)
( ) USART / A(UCSRNA) (U2Xn)
(UMSELn=1) XCKn (DDR XCKn) ( )
( ) XCKn ( )
20- 2.
20- 2.
USART
(UBRRnH, UBRRNL)
7 fosc u2Xn
UBRRN+1 L
> 1/2 > 1/4 > 1/2 >
( ) o,
CcK 3 > 1 Tx CLK
v v v 1
XCKI[ F/F) — ) r UMSELN
A o>
XCKn)_XCKO LU || Reci
L Dbbrxckn UCPOLN >
DDR XCKn
Tx CLK ( )
RXCLK ( )
XCKI : XCK ( )
XCKO  :XCK ( )
DDR XCKn :
fosc :
20.3.1.
20- 2.
USART (UBRRn(UBRRNH: UBRRNL))
(fog:) 0 UBRRNL UBRRN
1 0 (=fosc/ (UBRRN+1))
2,8,16
USART (UMSELn) (U2Xn) DDR XCKn
2,8,16
20- 1. (bps) UBRRn
20- 1. (UBRRN)
UBRRN
fosc fosc
U2Xn=0 S - __OEE
( lEAL & (UBRRn+1) | VB 6% BAUD -
fosc fosc
U2Xn=1 S - _los
( jl BAUD o (UBRRn+D) | VB g gaup !
fosc fosc
BAUD o (UBRRn+1) UBRRN o BAUD !
: ( /1)
BAUD : (bps)
UBRRn : UBRRNH UBRRNL (0 4095)
fosc
UBRRN 127 128 20- 4.
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20.3.2. (U2Xn)
USART  / A(UCSRnA) (U2Xn) 1)
0
1) 16 8
(16 8 )
20.3.3.
20- 2.
XCKn ( )
2CPU
XCKn
fxckn < fo43c
fosc
20.34.
(UMSELn=1)  XCKn ( ) ( )
(TXDn) XCKn
(RXDn)
USART  / C(UCSRNC) XCKn  (UC  20-3. XCKn
POLn)
20- 3.
UCPOLNn 0 XCKn N
UCPOLN UCPOLN=1 RXDn/ TXDn
1) XCKn
UCPOLN=0 RXDn/ TXDn
204.
1 ( ) USART
30
.1
"= 56789
.1 2
(LSB) MSB) ()
9
(high) 20- 4.
[]
20-4. 1
(IDLE) \ s / po X b1 X D2 X D3 X Da X[Ds] X [Ds] X[D7] X[Ds] X [P / Sp1 [SpZ]\j (/IDLE)
< 1 >
S ( Low) Sn ( high)
Dn : © 8 IDLE: (RXD, TXD=High)
P ( )
USART USART  / B C(UCSRnB, UCSRNC) (UCSZn2 0)
(UPMn1,0) (USBSn)
(UCSZn2 0) (UPMn1,0) (1)
1 2 (UsBS) 2
(FEnN) O(Low)
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204.1.
(Ex- OR)
= D0 Ex-ORD1 Ex-OR D2 Ex-OR Ex-ORDn-1
= DO Ex-ORD1 Ex-ORD2 Ex-OR Ex-ORDn-1 Ex-OR 1 n:
205. USART
USART
USART
0] ©) ( )
USART  / A(UCSRnA) (TXCn) (RXCn)
( ) TXC
(USART (UDRn) ) TXCn (0)
USART C
( ) (UBRRnN)
R17:R16
WART Init: QJI  WBRH RL7 ; ( )
QI BRI, R16 ; ( )
LD RL6, (1<<USBSn) | ( 3<<UCSZn0) ;
aJr UCSR1C RL6 ; 8 2 )
LD R16, (1<<R<B\n) | (1<<TXE\n) 5
aJr UCSRB, RL6 5
RET ;
©
#def i ne FCBC 1843200 /* MCU */
#defi ne BALD 9600 [* USART */
#def i ne MWWUBRR FOBU 16/ BALD- 1 /* UBRRn */
voi d nmai n(voi d)
{
USART | ni t (MABRR) ; /* USART *
}
voi d USART | nit(unsigned int baud)
{
BRRH = (unsi gned char) (baud>>8) ; /* ( ) */
WBRRL = (unsi gned char) baud; /* ( ) */
UCSRC = (1<<USBSn) | (3<<UCZn0): /* 8 2 ) */
UCSRB = (1<<R<E\h) | (1<<TXB\h); | * */
}

/O
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20.6. USART
USART USART  / B(UCSRNnB) (TXENN) 1)
TXDn USART
XCKn ( )
206.1.5 8
CPU USART (UDRn)I/ O
(
(UBRRnH:UBRRL) (U2Xn)
XCKn 1 8 UDRN
USART A(UCSRnA) (UDREN) USART
R16
UBART_Tx: HBS WCSRA DR ;
RIMP  USART Tx :
' QU WR, RI6 ; ( )
RET ;
(e
voi d USART Transmt (unsi gned char dat a)
{
vhile ( ! (UCSRA & (1<<UDREN)) ); 1* *f
DR = dat a; /* ( ) */
}
16
UDREN
206.2.9
9 (UCSZn2 0=111) USART (UDRn) 9
USART  / B(UCSRnB) 8(TXB8n) 9
R17:R16
WBART_Tx: HBS WCSRA DR ;
RIMP  WSART_Tx ;
’ B  WCSRB TE8n . 9 0
SBRC R17,0 9 0
Bl UCSR1B, TXB3n 9 1
Qs  UWR, RI6 ; ( )
RET ;
©
voi d UBART Transmit (unsi gned i nt dat a)
{
vhile (! (UCSRA & (1<<UCREN)) ); /* */
UCSRNB &= ~( 1<<TXB3n) ; /[* TXB8n O */
if (data & 0x0100) UCSRB | = (1<<TXB3n); /* 9 R17 TXBS8n *
DR = dat a; /* ( ) */
}
UCSRBN ( UCSRNB TXB8n
6
9
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20.6.3.
USART 2 USART (UDREN) (TXCn)
USART (UDREN)
(€ (0)
USART  / A(UCSRnA) 0
USART  / B(UCSRnB) (UDRIEN) 1 (
)UDREN (1) USART UDREn USART (UDRn)
© UDREN (0)
UDRN
( )
(TXCn)
(1) TXCn (0) 1
(0) TXCn
(R85 ) ( )
UCSRnB (TXCIEn) (1) ( )TXCn (1)
USART TXCn (0)
20.6.4.
(UPMn1=1)
20.6.5.
(UCSRNB  USART (TXENn)  =0) (
) TXDn (
)
20.7. USART
USART USART  / B(UCSRnB) (RXENN) 1
RXDn USART
XCKn
20.71.5 8
XCKn
2
( )
USART (UDRn)I/ O 8 UDRn
0
USART  / A(UCSRnA) (RXCn) USART

USART

UWART R  SBIS WCSRA ROh
RIMP  USART Rx

IN RL6, LDR

RET
C
unsi gned char USART _Recei ve(voi d)
{
vhile (! (LCSRA & (1<<RXQ)) ); /* */
return WDR; [* */
}

RXCn
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20.72.9
9 (UCxZn2 0=111) USART (UDRN) 9 USART
/ B(UCSRnB) 8(RXB8n) (FEn)
(DORN) (UPEN) USART / A(UCSRnA)
UDRnN UDRn I/ O FIFO FIFO
RXB8n,FEn,DORN,UPEN
9 USART
WSART_Rx: SBS UCSRA RO
RIMP  USART_Rx
I'N R18, UICSRhA 5
IN RL7, UCSRB ; 9
IN RL6, LD ;
ANO R18, (1<<FEn) | (1<<DdR) | (1<<UPEN)
BREQ WSART _Rx V
Lo RL7,-1 c -1
LD RL6, - 1 5
WBART_ RV LR RL7 ; RXB8n 0
AND RL7, $01 ; RXB8n
RET ;
(@
unsi gned i nt USART Recei ve(voi d)
{
unsi gned char status, resh, resl; /* */
vhile (I (WCRA & (1<<RAD)) ); /* */
status = UCSRA /* */
resh = UCSRB, /* 9 */
resl = WRy; /* */
if ( status & ((1<<FE)| (1<<DOR)| (1<<WPE1)) ) return -1; /* -1 / */
resh = (resh>>1) & 0x01; /* RXB8n */
return ((resh<<8) | resl); /* 9 / */
}
16
/O
20.7.3.
USART 1
USART (RXCn)
1 ( ) 0 (RXENN=0)
RXCn 0
USART / B(UCSRnB) USART (RXCIEN) @) (
)RXCn (1) USART
RXCn 0) USART (UDRn)
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20.7.4.

USART
USART /

(FEN)
A(UCSRnA)

UCSRnA (UDRn)

(FEn)
(High

C(UCSRNC) (USBS)

0
(DORN)

UDRnN
UCSRNA

@

©)
(UPEN)

UPEN 0
119

20.7.5.

(UPMn1)
) UPMNo

)
(UPEN)

UPEN

1) USART

20.7.6.

B(UCSRnB) USART
FIFO

20.7.7.
FIFO (

(RXENN)

USART (UDRn)I/ O

©

(DORnN)

USART

(Low)
(1

UDRN

ATmegab4A

(UPEn) 3

FEn

(UDRn)I/ O

USART(

1
1

DORnN

UCSRNA

o (

(UDRn)

USART

RXDn

) UCSRnA

FEn

USART /
UCSRNA

FEn

@ )
DORn

(UPMn1=1)

( USART  /

A(UCSRnA) (RXCn)

WSART Hush: SBI'S
RET

UCSRnA RXh

IN RL6, UDRN
RIMP  USART A ush
C
voi d USART A ush(voi d)

{
unsi gned char dummy;

vhile (! (UCSRA & (1<<RXQ)) )

dunmy=ULCRn;

/*
/*

*/
*/

AIMEL
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)
0 RXDn

20-5.

AIMEL

16

:1)
20-5.

(U2Xn

20.8

USART
RXDn

208.1

RXDn

“«— M <« N

—— <

<« <«

<« «~

«d <o

“«— O <«

<« N~ <« <

“«— L €« ™

“«— M <+« N

< <

<« O <«

0

(U2Xn=0)
(U2Xn=1)

)

Low(
4.5,6(

)

High(

RXDn

Low

8,9,10

Low

High

(

High

20.8.2.

16

20-6.

20- 6.

n+l

n- 12X

RXDn

“«— ™M <+« N

<— < <

<« <«

<« «~

«—d <o

“«— N~ <

“«— L «— ™

“«— ™M <+« N

<

9 <«

8

:]_)

(U2Xn

High

RXDn

20-7.

20-7.

B\
FAA LA A ALt
6 7 8 9 100/10/10/114 1516 1 2 3

RXDn
(U2Xn=0)

<« N

-«

“«— ™

<« N

<

<

8

:]_)

(U2Xn

@)

(FEn)

Low

High

Low

20-7. A

Low

ATmegab4A
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20.8.3.
( 20-2 )
D+1)S D+2)S
RS'OW = % Rfast = %
S- 1+Dx S+Sg (D+1)S+Sy
D (5 10
S ( =16 =8)
S ( =B =2
Su ( =9 =
Rslow
Rfast
20- 2.
20- 2.
D (U2Xn=0) (U2Xn=1)
Rslow(%p| Rfast(% [€4) (%] Rslow(%| Rfast(% (€4 [€4)
5 93.20 106.67 -6.80 +6.67 + 3.0 94.12 105.66 -5.88 +5.66 t25
6 94.12 105.79 -5.88 +5.79 t25 94.92 104.92 -5.08 +4.92 + 2.0
7 94.81 105.11 -5.19 +5.11 +2.0 95.52 104.35 -4.48 +4.35 +1.5
8 95.36 104.58 -4.54 +4.58 +2.0 96.00 103.90 -4,00 +3.90 t1.5
9 95.81 104.14 -4.19 +4.14 +1.5 96.39 103.53 -3.61 +3.53 t+1.5
10 96.17 103.78 -3.83 +3.78 +1.5 96.70 103.23 -3.30 +3.23 + 1.0
:D
( ) 20- 2. 20- 3. 20- 2.
2 (XTAL)
( )
2% 2
UBRRnN
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20.9.
USART / A(UCSRnA) (MPCMn) (1) USART
MCU CPU MPCMn
5 8
9 USART / B(UCSRNB) 9(RXB8n)
( 9) 1
0
MCU MCU MCU
MCU MCU
MCU
20.9.1.
MCU MCU 9 (UCZn=7) UCSRNB 9(TXB8n)
@ © MCU 9
MCU (UCSRnA (MPCMn) 1)
MCU CPU UCSRnA
(RXCn) (@)
MCU USART (UDRn) UCSRnA MPCMn 0)
( JMPCMn
MCU MPCMn (D]
CPU
MCU MCU MPCMn D
5 8 n n+l
( )
5 8 2 (USBsn
:j_)
MPCMn (@)} 0) - - ( ) (SBlI CBI) MPCMn
(TXCn) IO SBI CBI 0)
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20.10.
20-4. UBRRnN
1.5% :U2Xn=0) 1.0%  :U2Xn=l)
( 0.5%0 ) (125
)
@=( ( L 1) x 1009
20- 4. Xtal UBRRNH,UBRRNL (UBRR=UBRRNH:UBRRNL)
1MHz 1.8432MHz 2MHz 2.4576MHz
(bps) U2xXn=0 uU2xXn=1 U2Xn=0 U2xXn=1 U2xXn=0 U2xn=1 U2xXn=0 u2xXn=1
WBRR]  (|UBRR]  @|UBRR]  @/UBRR]  @|UBRR] (@/UBRR] (93|UBRR]  (93/UBRR] (%

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

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

3.2768MHz 3.6864MHz 4MHz 4.608MHz
(bps) u2xXn=0 U2Xn=1 u2Xn=0 u2Xn=1 U2Xn=0 u2xXn=1 u2xXn=0 U2Xn=1
WBRR]  (@»UBRR[  (%|UBRR]  (%|UBRR]  (%|UBRR]  (@3|UBRR]  (©@3|UBRR]  (@3|UBRR] (%
1200 170 -0.2 340 0.1 191 0.0 384 0.0 207 0.2 416 -0.1 239 0.0 479 0.0
2400 84 0.4 170 -0.2 95 0.0 191 0.0 103 0.2 207 0.2 119 0.0 239 0.0
4800 42 -0.8 84 0.4 47 0.0 95 0.0 51 0.2 103 0.2 59 0.0 119 0.0
9600 20 1.6 42 -0.8 23 0.0 47 0.0 25 0.2 51 0.2 29 0.0 59 0.0
14400 13 1.6 27 1.6 15 0.0 31 0.0 16 2.1 34 -0.8 19 0.0 39 0.0
19200 10 -3.0 20 1.6 11 0.0 23 0.0 12 0.2 25 0.2 14 0.0 29 0.0
28800 6 1.6 13 1.6 7 0.0 15 0.0 8 -3.5 16 2.1 9 0.0 19 0.0
38400 4 6.7 10 -3.0 5 0.0 11 0.0 6 -7.0 12 0.2 7 -6.3 14 0.0
57600 3 -11.1 6 1.6 3 0.0 7 0.0 3 8.5 8 -3.5 4 0.0 9 0.0
76800 2 -11.1 4 6.7 2 0.0 5 0.0 2 8.5 6 -7.0 3 -6.3 7 -6.3
115.2k 1 -11.1 3 -11.1 1 0.0 3 0.0 1 8.5 3 8.5 2 -16.7 4 0.0
230.4k 0 -11.1 1 -11.1 0 0.0 1 0.0 0 8.5 1 8.5 0 25.0 2 -16.7
250k - - 1 -18.1 0 -7.8 1 -7.8 0 0.0 1 0.0 0 15.2 1 15.2
500k - 0 -18.1 - - 0 -7.8 - - 0 0.0 0 -42.4 0 15.2
1M - - - - - - - - - - - - - - 0 -42.4
204.8k 409.6k 230.4k 460.8k 250k 500k 288k 576k
UBRR=0 =0.0%
() 20-4. 7. 20-4.
127
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20-4 ( ). Xtal UBRRNH,UBRRNL (UBRR=UBRRNH:UBRRnNL)
4.9152MHz 6.144MHz 7.3728MHz 8MHz
(bps) U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1 U2Xn=0 U2xn=1 U2Xn=0 U2Xn=1
UBRR (%| UBRR (%| UBRR (%| UBRR (%| UBRR (%| UBRR (%| UBRR (%| UBRR (%
1200 | 255 0.0 | 511 0.0 | 319 0.0 639 0.0 383 0.0 767 0.0 | 416 -0.1 832 0.0
2400 | 127 0.0 | 255 0.0 159 0.0 319 0.0 191 0.0 | 383 0.0 | 207 0.2 | 416 -0.1
4800 63 0.0 127 0.0 79 0.0 159 0.0 95 0.0 191 0.0 103 0.2 207 0.2
9600 31 0.0 63 0.0 39 0.0 79 0.0 47 0.0 95 0.0 51 0.2 103 0.2
14400 | 20 1.6 42 -0.8 26 -1.2 52 0.6 31 0.0 63 0.0 34 -0.8 68 0.6
19200 | 15 0.0 31 0.0 19 0.0 39 0.0 23 0.0 47 0.0 25 0.2 51 0.2
28800 | 10 -3.0 20 1.6 12 2.6 26 -1.2 15 0.0 31 0.0 16 2.1 34 -0.8
38400 7 0.0 15 0.0 9 0.0 19 0.0 11 0.0 23 0.0 12 0.2 25 0.2
57600 4 6.7 10 -3.0 6 -4.8 12 2.6 7 0.0 15 0.0 8 -3.5 16 2.1
76800 3 0.0 7 0.0 4 0.0 9 0.0 5 0.0 11 0.0 6 -7.0 12 0.2
115.2k 2 -11.1 4 6.7 2 11.1 6 -4.8 3 0.0 7 0.0 3 8.5 8 -3.5
230.4k 1 33.3 2 -11.1 1 -16.7 2 11.1 1 0.0 3 0.0 1 8.5 3 8.5
250k 1 22.9 2 -18.1 1 -23.2 2 2.4 1 7.8 3 0.0 1 0.0 3 0.0
500k 0 -38.6 0 22.9 0 -23.2 1 -23.2 0 7.8 1 -7.8 0 0.0 1 0.0
M - - 0 -38.6 - - 0 -23.2 - - 0 -7.8 - - 0 0.0
307.2k 614.4k 384k 768k 460.8k 921.6k 500k 1M
9.216MHz 9.8304MHz 10MHz 11.0592MHz
(bps) U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1
UBRR (%] UBRR (%) UBRR (%] UBRR (%) UBRR (%| UBRR (%) UBRR (%] UBRR (%
1200 | 479 0.0 | 959 0.0 | 511 0.0 | 1023 0.0 520 -0.0 [ 1041 | -0.0 | 575 0.0 | 1151 0.0
2400 | 239 0.0 | 479 0.0 | 255 0.0 511 0.0 259 0.2 | 520 -0.0 | 287 0.0 | 575 0.0
4800 | 119 0.0 | 239 0.0 127 0.0 255 0.0 129 0.2 259 0.2 143 0.0 | 287 0.0
9600 59 0.0 119 0.0 63 0.0 127 0.0 64 0.2 129 0.2 71 0.0 143 0.0
14400 | 39 0.0 79 0.0 42 -0.8 84 0.4 42 0.9 86 -0.2 47 0.0 95 0.0
19200 | 29 0.0 59 0.0 31 0.0 63 0.0 32 -1.4 64 0.2 35 0.0 71 0.0
28800 | 19 0.0 39 0.0 20 1.6 42 -0.8 21 -1.4 42 0.9 23 0.0 47 0.0
38400 | 14 0.0 29 0.0 15 0.0 31 0.0 15 1.8 32 -1.4 17 0.0 35 0.0
57600 9 0.0 19 0.0 10 -3.0 20 1.6 10 -1.4 21 -1.4 11 0.0 23 0.0
76800 7 6.7 14 0.0 7 0.0 15 0.0 7 1.8 15 1.8 8 0.0 17 0.0
115.2k 4 0.0 9 0.0 4 6.7 10 -3.0 4 8.5 10 -1.4 5 0.0 11 0.0
230.4k 2 -16.7 4 0.0 2 -11.1 4 6.7 2 -9.6 4 8.5 2 0.0 5 0.0
250k 1 15.2 4 -7.8 1 -23.2 4 -1.7 2 -16.7 4 0.0 2 -7.8 5 -7.8
500k 0 15.2 1 15.2 0 22.9 1 22.9 0 25.0 2 -16.7 0 38.2 2 -7.8
M 0 -42.4 0 15.2 0 -38.6 0 22.9 0 -37.5 0 25.0 0 -30.9 0 38.2
576k 1.152M 614.4k 1.2288M 625k 1.25M 691.2k 1.3824M
14.7456MHz 16MHz 18.4320MHz 20MHz
(bps) U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1 U2Xn=0 U2Xn=1
UBRR (%| UBRR (%| UBRR (%| UBRR (%| UBRR (%| UBRR (%| UBRR (%| UBRR (%
1200 | 767 0.0 | 1533 0.0 | 832 0.0 | 1666 0.0 959 0.0 | 1919 0.0 | 1041 0.0 | 2082 0.0
2400 | 383 0.0 | 767 0.0 | 416 -0.1 832 0.0 | 479 0.0 | 959 0.0 | 520 0.0 | 1041 0.0
4800 | 191 0.0 | 383 0.0 | 207 0.2 | 416 -0.1 239 0.0 | 479 0.0 | 259 0.2 520 0.0
9600 95 0.0 191 0.0 103 0.2 207 0.2 119 0.0 239 0.0 129 0.2 259 0.2
14400 | 63 0.0 127 0.0 68 0.6 138 -0.1 79 0.0 159 0.0 86 -0.2 173 -0.2
19200 | 47 0.0 95 0.0 51 0.2 103 0.2 59 0.0 119 0.0 64 0.2 129 0.2
28800 | 31 0.0 63 0.0 34 -0.8 68 0.6 39 0.0 79 0.0 42 0.9 86 -0.2
38400 | 23 0.0 47 0.0 25 0.2 51 0.2 29 0.0 59 0.0 32 -1.4 64 0.2
57600 | 15 0.0 31 0.0 16 2.1 34 -0.8 19 0.0 39 0.0 21 -1.4 42 0.9
76800 | 11 0.0 23 0.0 12 0.2 25 0.2 14 0.0 29 0.0 15 1.7 32 -1.4
115.2k 7 0.0 15 0.0 8 -35 16 2.1 9 0.0 19 0.0 10 -1.4 21 -1.4
230.4k 3 0.0 7 0.0 3 8.5 8 -35 4 0.0 9 0.0 4 8.5 10 -1.4
250k 3 -7.8 6 5.3 3 0.0 7 0.0 4 -7.8 8 2.4 4 0.0 9 0.0
500k 1 -7.8 3 -7.8 1 0.0 3 0.0 1 15.2 4 -7.8 1 25.0 4 0.0
M 0 -7.8 1 -7.8 0 0.0 1 0.0 0 15.2 1 15.2 0 25.0 1 25.0
921.6k 1.8432M 1M 2M 1.152M 2.304M 1.25M 2.5M
UBRR=0 =0.0%
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20.11. USART
20.11.1. USARTN
7

(USARTnN I/ O Data Register) UDRn

6 5 4 3 2 1 0

$OC($2C) : ($9C)

| R TXBn7| R/ TXBn6| R/ TXBn5 | R/ TXBn4| R TXBn3| R/ TXBn2 | R/ TXBn1| R/ TXBno| UDRN

ATmegab4A

Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
o) USART USART USART UDRn
(TXB) UDRn UDRn
(RXB)
5 7 0
UCSRnA (UDREN) @) UDREN o)
UDRnN USART
( ) TXDn
2 FIFO FIFO
e ) (SBI CBI) (BIC SBIS FIFO

20.11.2. USARTnN /

7

A (USARTnN Control and Satus Register A) UCSRnA

6 5 4 & 2 1 0

$0B($2B): ($9B) [ RXCn | TXCn [ UDREn | FEn | DORn | UPEn | U2Xn [ MPCMn | UCSRnA
Read/ Write R R'W R R R R RI'W RI'W
0 0 1 0 0 0 0 0
L 7 - RXCn : USART (USARTnN Receive Complete)
(€ ( )
RXCn 0 RXCn
(USART  / B(UCSRNnB) (RXCIEn) )
= 6 - TXCn : USART (USARTN Transmit Complete)
(UDRn)
TXCn (0) 1
) TXCn (UCSRnB (TXCIEn)
L 5 - UDREnN : USART (USARTnN Data Register Empty)
UDREN (UDRn) UDREn 1
UDREN (UCSRnB
(UDRIEN) ) UDREN (1)
= 4- FEn: (Framing Error)
( (D Low)
(1) (UDRn) High
0 UCSRnA 0
L 3- DORN: (Data OverRun)
1) @ )
UCSRnA 0
u 2- UPEn: (USART Parity Error)
(UPMn1=1)
(UDRn) UCSRnA 0
L 1-U2Xn: (Double the USART Transmission Speed)
0
1 16 8
L 0- MPCMn : (Multi- Processor Communication Mode)
MPCMn 1 USART
MPCMn 126
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20.11.3. USARTnN / B (USARTN Control and Status Register B) UCSRnB
7 6 5 4 3 2 1 0
$0A($2A) : ($9A) [ RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n | TXB8n | UCSRnB
Read/ Write R'W RI'W RI'W RI'W RI'W RI'W R RI'W
0 0 0 0 0 0 0 0
. 7 - RXCIEn : (Receive Complete Interrupt Enable)
1 USART  / A(UCSRnA) (RXCn) USART
RXCIEn 1 (SREG) 0! 1 UCSRnA RXCn
)
L 6 - TXCIEn : (Transmit Complete Interrupt Enable)
1 USART  / A(UCSRnA) (TXCn) USART
TXCIEn 1 SREG 0} 1 UCSRNA TXCn @)
. 5- UDRIEN: (Transmit Data Register Empty Interrupt Enable)
1 USART / A(UCSRNA) (UDREN)
USART UDRIEN 1 SREG () 1 UCSRnA UDREN
@
L 4 - RXENnN : (Receiver Enable)
1 USART () RXDn
(FEN) (DORN) (UPEN)
. 3- TXENn: (Transmitter Enable)
1 USART () TXDn
(TXENNn=0 ) (
) TXDn  ( Vo )
L 2- UCSZn2: 2 (Character Sze)
USART / C(UCSRnC) UCszn1,0 UCszn2
(Character size)
= 1- RXB8n: 8 (Receive Data Bit 8)
RXB8n 9 9 ( 9 UDRN
L 0- TXB8n: 8 (Transmit Data Bit 8)
TXB8n 9 9 ( 9 UDRn
20.11.4. USARTnN / C (USARTN Control and Satus Register C) UCSRnC
7 6 5 4 3 2 1 0
($95): ($90) [ - TUMSELn] UPMni [ UPMn0 | USBSh | UCSZn1 | UCSZn0 JUCPOLN] UCSRNC
Read/ Write R RI'W RI'W RI'W RI'W RI'W RI'W RI'W
0 0 0 0 0 1 1 0
ATmegalO3
. 7- Res: (Reserved)
UCSRnC 0
= 6 - UMSELN : USARTnN (USARTN Mode Select)
20-8. USART
UMSELN
0
1
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L 54 - UPMn1,0 : (Parity Mode)
20-9.
UPMNo USART UPMn1 | UPMnO
/ A(UCSRnA) (UPEN) o 0 0
0 i C )
1 0
1 1
. 3- USBSnh: (Stop Bit Select)
20- 10.
¢ 1 ) USBSn
0 1
1 2
L 21 - UCSZn1,0: (Character Sze)
USART / B(UCSRnB) UCSZn2 UCsZni,0
(Character size)
20- 11.
UCSZn2,1,0 000 001 010 011 100 101 110 111
5 6 7 8 C ) C ) C ) 9
= 0- UCPOLn: (Clock Polarity)
0 20- 12. XCK
UCPOLN (XCKn) UCPOLN (TXDn ) (RXDn )
0 XCKn XCKn
1 XCKn XCKn
20.11.5. USARTN (USARTn Baud Rate Register) UBRRNH, UBRRNL (UBRRN)
15 14 13 12 11 10 9 8
($90): ($98) | - | - | - | - | UBRRn11 | UBRRN10| UBRRn9 | UBRRn8 | UBRRNH
Read/ Write R R R R R'W R'W RI'W RI'W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
$09($29) : ($99) [ UBRRn7 [ UBRRn6 [ UBRRn5 | UBRRn4 | UBRRn3 [ UBRRn2 [ UBRRNn1 | UBRRNO | UBRRNL
Read/ Write RI'W RI'W RI'W RI'W RI'W RI'W RI'W RI'W
0 0 0 0 0 0 0 0
: UBRRNH ATmegalO3
= 15 12- Res: (Reserved Bits)
UBRRnH 0
= 11 0- UBRRn11 O: (USARTN Baud Rate Register)
USARTN 12 UBRRNH USARTnN 4 UBRRNL 8
UBRRNL
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21. 2 (TWI: Two- wire Serial Interface, 12C)

[ |
.7 128
[ |
= 400kHz
. / ( )
[ |
[ |
= AVR ()
21.2.
21-1. TWI « ) AVR
21-1.2
r&D &R
_____ [ T T TV
/ A
/ b
awoRr) [AK[: 1] aweR)
awar | G L_aowss (TWCR)
2121.SCL SDA
AVRTWI MCU TWI (
) 50ns AVR
SCL DA (=1)
2122.
scL scL T™WI (TWBR) TWI (TWSR)
CPU
scL 16 L Low TWI
scL
wL _ CPU TWBR  :TWI
16 2x (TWBR)x L TWI TWPS (150  21-7. )
: L 208
28-4.
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21.2.3.
(TWDR) / TWDR
8 TWDR
(N)ACK (N)ACK
TWI (TWCR) (1) () (N)ACK
TWSR
/ /
AVR MCU MCU 1
T™WI ™
21.24.
TWI (TWAR) 7 TWAR
(TWGCE) 1
™I TwW (TWCR)
AVR MCU MCU 1
( : 2 )TWI CPU
( INTO) TWI
T™WI
21.25.
TWI TWI (TWCR) TWI
T™WI (TWINT) T™WI (TWSR)
TWI TWSR TWSR
TWINT 1) SCL Low
T™WI ( )
TWI (TWINT) (1)
u
" SAHRW
u
u
u
u
u
u
213.2
2 (Twi) 21-2.2 (TW)
TWI 2 —1 1 Ve
1 (SDA) 1 (SCL)
TWI 1 < l > SCL
< > DA
T™WI
21.31. T™W
21-1. TWI
SCL
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21.3.2.
21-2. TWI
AND TWI
Low 1 TWI 0 High TWI Hi- Z
High T™WI AVR
7 400pF TWI
208 2 2 1 100kHz
1 400kHz
214.
214.1.
TWI 21-3.
High . T :
DA _L X A
214.2.
SCL High SDA
21-4.
oA\ _/ T\ / .../ ./
st/ T\ _.._/T\.../
2143.
TWI 7 1 (Read/ Write) 1 9
R'W) @
9 SCL(ACK) SDA Low
(ACK) SDA High
R'W)
SLA+R SLA+W
(MSB) 0000 000
(ACK) SDA Low
W(
) ACK DA Low
r 25
( ) SDA \___ /MBX A5 X XLSBXRWXACK/
S AN A VAR SAVAAW
1111 xxx
( :12C )
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2144,
TWI 1 1 21- 6.
9
DA __/MsBX D6 X ... X D1 XLB/
(ACK) 9 DA
SCL SDA Low /
DA High NACK DA _ /MBX D6 X X D1 XLSBXACK/
st /1\S2 L. /7\S e\ S\ __
NACK
(MSB)
2145,
SLAHR/W 1
scL AND
SCL Low SCL Low
SCL Low
SCL  High sCL (Low ) T™WI
21-7. SLA+RIW
21-7.

SDA \__ /MBX A5 X | XLSBXRW\ACK /MSBX D6 X . X D1 XLSBXACK\ /
st [\ 2\ 7\ [e\Jo o\ [\ S\ S\ [

S A+R/'W

AIMEL 135



SLA+R/'W

215.
TWI
. 1
) (
(
. SCL
AND
High 1
Low
SCL High
Low
SDA  High
( )

136 ATm@ga A
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2
)
AND
High
Low Low
SCL
Low SCL  High
SDA
Low
SDA High

2
(
( )
21-8. SCL
BK:L -:--"\ :E E---':“
CL H_TB|OW_>E ; . .
5 * — TBhigh —>!
4 Low A_High
21-9.2
A SDA
ADA TN/ KR
BSDA - \_/ \___/
oa TN/
scL T\ S\
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21.6. TW
AVR TWI
TWI TWI (SREG)
() TWI (TWCR) TwI (TWIE) TWCR TWI (TWINT)
@ ( ) TWIE © ( )
TWI TWINT
TWINT @ TWI ( ) TWI (TWSR) TwI
TWCR TWDR TWI TWI
21-10. ( ) TwWI
21-10. 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 ©) TWI
TWCR TWINT 1)  TWSR
TWSR TWSR
( ) TWDR SLA+W TWDR
TWDR SLA+W TWDR SLA+W TWI
TWCR TWINT @
TWINT 1 ©) TWCR TWINT (1) TWI
( ) TWINT ©) TWI
TWCR TWINT 1)  TWSR
ACK TWSR
TWSR
( ) TWDR TWDR
TWI TWCR
TWINT ) TWINT 1 ©) TWCR TWINT
@ TWI ( ) TWINT ©) TWI
TWCR  TWINT 1  TWR
ACK TWSR
TWSR
( ) TWI TWCR
TWINT (1) TWINT 1
©0) TWCR TWINT (1) TWI (
) TWINT ©) TWI TWINT (1)

AIMEL
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TWI
= TWI ( ) TWINT (@) SCL TWINT 0)
Low
= TWINT (@) TWI ( ) TWI
TWDR TWI
m( ) TWI TWCR TWCR
TWINT (@) TWINT 1 0) TWCR
TWI (TWINT=0)
C
©
LD RL6, (1<<TWNI) | (1<<TVETA) | TWR = (1<<TWNI) | (1<<TVETA ;
| (1<<TVEEN | (1<<TVEEN) ;
QJr TWR R16
W TL IN  R16 TWR vhile (!(TWR & (1<<TWNT))); : TWINT=1
SBRS  R16, TWNT i ( )
RIMP VA T1
IN  R16, TVER if ((TVBR & OxF8) ! = STARI) :TWI
A\D  RIG, $F8 ERRR); :
A R16, START ; START
BR\E HRR :
LD RI6, AW TR = SA W :TWDR SLA+W
QJr TWIR R16 ;
LD  R16, (1<<TWNI) | (1<<TVEN) | TWR = (1<<TWNI) | (1<<TVEN); : TWCR TWINT ()
QJr TWR R16
W T2 IN RI6 TWR vhile (! (TWR & (1<<TWNT))); ; TWINT=1
PBRS R16, TWNI ; (SLA+HW
RIMP WA T2 ; ACK/ NACK )
IN R16, TVER if ((TVBR&OXF8) !'= M SAAXK) | TW
AND  RI16, $F8 ERRR); :
P RI6, M_SLA AK : MT_SLA ACK
BR\E HRR :
LD R16, DATA TWIR = DATA ; TWDR
QJr TWIR R16 ;
LD  RI16, (1<<TWNI) | (1<<TVEAN TWR = (1<<TWNI) | (1<<TVEN ; ; TWCR TWINT ©)
QJr TWR R16
W T3 IN  R16 TWR vhile (! (TWR & (1<<TWNT))); ; TWINT=1
SBRS RI16, TWNT 7 (
RIMP VA T3 ; ACK/ NACK )
IN  R16, TVER if ((TVBR & OXF8) != M _DATA AXK) | ; TWI
AND  RIG, $F8 ERRXR); :
CP  R16, M[_DATA ACK : MT DATA ACK
BR\E HRR :
LD  R16, (1<<TWN) | (1<<TVETQ | TWR = (1<<TWNI) | ( 1<<TVETO ;
| (1<<TVEN | (1<<TVEEN) ;
QJr TWR R16
16
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21.7.
TWI 4 1
EEPROM MR
R
S (START)
Rs (REPEATED START)
R (SDA=High)
W (SDA=Low)
A (ACK) (SDA=Low)
A (NACK) (SDA=High)
Data 8
P (STOP)
SLA
21-12. 18. ( : ) TWI
TWI
TWINT 0)
TWI (TWINT) (@D}

(MT)
TWI
(TWCR) TwWI
0 TWI
( )
TWI (TWSR)

AIMEL
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(MR) (ST) (RN
EEPROM TWI MT
TWI
(TWINT) (1)
(TWSR)
T™WI
21-2. 5.
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21.7.1.
( 21-11. )
SLAHW (MT) SLA+R (MR)
0 0
21-11.
_T—T_VCC
1 2
3 n R1 R2
( ) ( )
A
DR N N < l 1 i Y
< v DA
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 1
TWINT  TWINT (0) 1 ™I 2
TWINT (1)
TWSR $08( 21-2. ) SLA+W
TWDR 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 21-2.
SLA+W TWDR
TWDR TWINT 1 TWCR (TWWC)
@) 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 | - | TWE |
1 X 1 0 X 1 0 X
( $10) 2
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21-2. ( : TWSR 0 )
TWR) R TWCR TWCR
MWD TWSTA | TWSTO | TWINT | TWEA
$08 SLAHW 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
21-12.
A
[s|[sAiw]Aa  Daa__ Al P|
@ @) @
® ®) ®,
> Rs| 9A W
@
A @ \ 4
Al P R
v
A
P |

SHIEIE

(TWSR)
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21.7.2.
( 21-13. )
SLA+W (MT) SLA+R (MR)
0 0
21-13.
_T—T_VCC
1 2
3 n R1 R2
( ) ( )
A
< + %IA i l l l » SCL
< A > PA
TWCR
7 6 5 4 3 2 1 0
TWCR [ TWINT | TWEA | TWSTA | TWSTO | TWWC | TWEN | - | TWE |
1 X 1 0 X 1 0 X
TWEN 2 (TWI) (1) TWSTA 1
TWINT TWINT (0) 1 ™I 2
TWINT 1)
TWSR $08( 21-3. ) S A+R TWDR
AR TWINT @ ) O
TWCR
7 6 5 4 3 2 1 0
TWCR [ TWINT [ TWEA JTWSTAJTWSTO [ TWWC [ TWEN [ - [ TWIE |
1 X 0 0 X 1 0 X
AR TWINT (1) TWSR
$38,$40,$48 21-3.
TWINT (1) TWDR
NACK
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 [ - T TWIE |
1 X 1 0 X 1 0 X
( $100 2
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21-3. ( : TWSR 0 )
(TWSR) R TWCR TWCR
MWD TWSTA | TWSTO | TWINT | TWEA
$08 S A+R 0 0 1 X |9AR ACK NACK
- S AR 0 0 1 X |9AR ACK NACK
AW 0 0 1 X |9LA+W
S AR 0 0 1 X
$38 NACK 1 0 1 X
o0 | 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 R TWSTO=0
0 0 1 0 NACK
%0 ack 0 0 1 1 ACK
1 0 1 X
$58 | \ack 0 1 1 X TWSTO=0
1 1 1 X R TWSTO=0
21-14.
v
|s]sAa i rR[A]|] Daa Alpaa| A| P |
®),
» Rs| SA I R

@H‘

() 16

(TWSR)
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21.7.3.

( 21-15. )
0 0
21-15
_T—T_VCC
1 2
3 n R1
( ) ( )
A
— 1 XL 3 ] ] [l Y
> A\ S)A
TWAR TWCR
7 6 5 4 3 2 1 0
TWCR | TWAs | TWA5s | TWA4 | TWA3 | TWA2 | TWAL | TWA0 | TWGCE |
| | wvo
7 2 (TWGCE) (@)
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 )
W TWINT (@)} TWSR
21- 4.
TWI $68,$78
TWEA ) TWI SDA (NACK)(SDA=High)
TWEA 0 TWI
TWEA (] TWEA TWI
T™WI OFF TWEA D
2 (SCL)
TWI TWINT (1 ) © SCL
AVR AVR SCL
Low
(TWDR)
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21-4, ( : TWSR 0 )
TWCR TWCR
(ritesy VB TWSTA | TWSTO | TWINT | TWEA
- AW X 0 1 0 NACK
ACK X 0 1 1 ACK
SARW 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
S A+HR/'W
8 / 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
388 | \acok 1 0 1 0
1 0 1 1
X 0 1 0 NACK
$90 / ACK X 0 1 1 ACK
0 0 1 0
0 0 1 1
$98 1 0 1 0
NACK
1 0 1 1
0 0 1 0
0 0 1 1
$A0 1 0 1 0
1 0 1 1
21- 16.
s[sA W[A] paa | A]Daa]AJrs]
@) @ @
(60) (80) v )
LA
Y
A
| ®
A| Daa | A|Daa| A [PS
f ® @ ®
79 (90) v )
LA
! (98)
A

(TWSR)
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21.7.4.
( 21-17. )
0 0
21-17.
_T—T_VCC
1 2
3 n R1 R2
( ) ( )
A
DU S N <N l ] i
< v DA
TWAR TWCR
7 6 5 4 3 2 1 0
TWCR | TWAs | TWAs | TWA4 | TWA3 | TWA2 | TWA1L | TWA0 | TWGCE |
| | wvo
7 2 (TWGCE) @)
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 0
TWAR TWCR TWI ( )
1(R) TWI (O(W) )
R TWINT (1) TWSR
21-5.
TWI ( $80 )
TWEA 0 TWI ACK NACK
$CO 3$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) SCL Low
AVR AVR sCL
Low
( ) 2 (TWDR)
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21-5. ( : 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
$B0 /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
21-18.
[s[sA TR[A] paa [A]Dpaa]A[rs]
A
®
A
&9 |
(TWEA=0) Al 1 ]ps]
[ ] [ ] [ Data [ A ] (o) 16 (TWSR)
21.75.
T™WI 2 21-6.
$F8  TWI (TWINT) 1)
™I
$00 2 (START)
(STOP) (ACK)
TWINT 1) (STOP) (TWSTO) @
TWINT 1 0) T™WI T
STO 0) (TWCR ) SDA SCL
21-6. ( : TWSR 0 )
TWCR TWCR
(TWSR) TWDR
TWSTA | TWSTO | TWINT | TWEA
$F8 | r\winT=0 - - ' .
$00 / 0 1 1 X | twsrom
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TWI EEPROM

EEPROM

EEPROM ( )

21-19. EEPROM TW

[ s| sA wla|eEPrOM Al rs| sA iR|aA|EEPROM  |A] P |

[]
¥ ¥ O

21.8.
1 TWI
1

2

21- 20.

1 2 3 o [ R1 | vce
( ) ( ) ( )

v L v I Ji .

. DA ¢ + sCL

< Y Y SDA
. /
" (R'W) RIW

DA 0 1
. SA DA 0
1 SA
RI'W (SR (ST)
21-21. ( )
21-21.
SA RWA| [A/A]
vSLA
No
Yes NACK
<'>W . @ ACK
R
. NACK
g ACK
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219. TW
2191 T™W (TWI Bit Rate Register) TWBR
7 6 5 4 3 2 1 0
($70) [ TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBRL | TWBRO | TWBR
Read/ Write R'W R'W R'W R'W R'W RI'W RIW RIW
0 0 0 0 0 0 0 0
u 7 0- TWBR7 0:TW (TWI Bit Rate Register)
TWBR SCL
132
2192. TW (TWI Control Register) TWCR
7 6 5 4 3 2 1 0
($74) [ TWINT [ TWEA JTWSTA[TWSTO [ TWWC [ TWEN | - [ TWIE | TWCR
Read/ Write RIW R'W R'W R'W R RI'W R RI'W
0 0 0 0 0 0 0 0
TWCR TwiI TWI
TWI (TWDR)
TWDR TWDR
L 7 - TWINT : TW (TWI Interrupt Flag)
T™WI (1) TWI
(TWCR) TWI (TWIE) (SREG) (1) (1) MCU Twi
TWINT (1) SCL Low TWINT 1
©) ©)
(0) T™W (0) TWI (TWAR) TWI (TWDR) TWI
(TWSR)
= 6- TWEA: (ACK) (TWI Enable Acknowledge Bit)
TWEA (ACK ) TWEA 1 TWI ACK
TWI (TWAR) (TWGCE) (1)
TWEA 0 2
TWEA 1
. 5- TWSTA: (START) (TWI START Condition Bit)
2 TWSTA 1 TWI
TWI
TWSTA ©)
u 4- TWSTO : (STOP) (TWI STOP Condition Bit)
TWSTO 1 2 TWSTO
(0) TWSTO (1)
TWI SCL DA Hi-Z
L 3- TWAWC: TW (TWI Write Callision Flag)
TWI (TWINT) 0 TWI (TWDR) TWWC (1)
TWINT 1 TWDR (0)
. 2- TWEN: TW (TWI Enable Bit)
TWEN TWI TWI ( ) TWEN 1 TWI SCL SDA
110 0 TWI OFF
TWI
L 1- Res: (Reserved Bit)
0
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L 0- TWE: T™W (TWI Interrupt Enable)
1 (SREG) () ) TWI (TWINT) 1
TWI ( )
2193. TW (TWI Satus Register) TWSR
7 6 5 4 3 2 1 0
($71) [ TWS7 | TWSS | TWSS | TWSS | 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 T™WI 2 139 TWSR
5 2
0
L 2- Res: (Reserved Bit)
0
u 10- TWPS1,0: TW (TWI Prescaler Bits)
21-7. TW
132 TWPSL 0 TWPS1 0 0 1 1
TWPS0 0 1 0 1
1 4 | 16 | 64
2194. TW (TWI Data Register) TWDR
7 6 5 4 3 2 1 0
($73) [ 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 @)
TWI TWDR
TWDR
(ACK) TWI CPU ACK
. 7 0- TWD7 0:TW (TWI Data)
8 2
21.9.5. TW( ) (TWI (Slave) Address Register) TWAR
7 6 5 4 3 2 1 0
($72) [ TWA6 | TWA5 | TWA4 | TWA3 | TWA2 | TWA1L | TWAO0 | TWGCE | TWAR
Read/ Write R'W R'W RW RW RW 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 T™WI
L 0- TWGCE : (TWI General Call Recognition Enable Bit)

1) 2 « )
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22.
AINO AIN1 2.1
AINO
AIN1 ACSR
ACIE
(ACO) 1) ACD
- D-
—> ACI
22-1. ACISL ACIS ACIC—>  / 1
ACO
22-1.
2 51 13-15.
22.1.
ADC7 0 A/D
A/D OFF( ) SFIOR
(ACME) (@) A/D OFF(ADCSRA ADEN 0) 22-1. ADMUX
(MUX2 0) ACME (0) ADEN
@) AIN1
22-1.
ACME ADEN MUX2 0
0 X X X X AINL
1 X X X
000 ADCO
001 ADC1
010 ADC2
1 0 011 ADC3
100 ADC4
101 ADC5
110 ADC6
111 ADC7
22.2.
2221 I/ O (Special Function I/ O Register) SFIOR
7 6 5 4 3 2 1 0
$20%400 [Tsm [ - [ - T - T ACME ] PUD [ PSRO [ PSR321 | SFIOR
Read/ Write R'W R R R R'W R'W R'W R'W
0 0 0 0 0 0 0 0
. 3- ACME: (Analog Comparator Multiplexer Enable)
1 Al D OFF(ADCSRA ADEN 0) Al D
0 AIN1
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222.2. / (Analog Comparator Control and Status Register) ACSR
7 6 5 4 3 2 1 0
$08($28) | ACD | ACBG | ACO | ACI | ACIE | ACIC | ACISL | ACISO | ACSR
Read/ Write RIW R'W R RIW RIW RIW RIW RI'W
0 0 0 0 0 0 0
= 7- ACD: (Analog Comparator Disable)
1 OFF OFF
(1) ACD ACSR
(ACIE) (0)
L 6 - ACBG: (Analog Comparator Bandgap Select)
@) ( 123v) 0)
AINO 31
= 5- ACO: (Analog Comparator Output)
ACO 1 2
L 4- ACI . (Analog Comparator Interrupt Flag)
ACSR (ACISL,0)
(1) ACSR (ACIE) (1) (SREG) 0)
(€ ACI
(0) 1 ACI ()
. 3- ACIE: (Analog Comparator Interrupt Enable)
ACIE 1 (SREG) 0 (1)
« ) 0
L 2- ACIC: (Analog Comparator Input Capture Enable)
1 / 1
/ 1
0 / 1
(TIMK) (TICIEY) @)
= 10- ACIS10: (Analog Comparator Interrupt Mode Select)
22- 2.
22-2. ACIS1 ACISO
ACISLACISO ACSR 0 0 )
(ACIE) (0) 0 1 C )
1 0
1 1
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AREF

23. A/D
23.1.
= 10
L 0.75LSB
L + 1.5L.SB
L] 13 260up s
m 769kSPS( /s)  ( 15kSPS )
= 38
7
= x 10, x 200 2
n A/D
m 0 VCCA/D
m 27 VCC A/ D
L 256V A/ D
[ ]
u A/ D
n A/D
[ ]
23.2.
ATmegabdA 10 AID AID F 8
8 OV(GND)
16 2 (ADC1,ADCO ADC3,ADC2) A/D
0dB(x 1) 20dB(x 10) 46dB(x 200) 7
(ADC1) ADC x 1 x 10 8
x 200 7
AID Al D & (SH)
A/D 23-1.
A/D (AvVce) AVCC VCC  +0.3V
158
2.56V AVCC
( )
23-1. A/ D
ADIF
@} : BED-e
¢ 8- bit Data Bus FADTS 0 >
2.56V ]
S iy & & 154287 11 o
GRED [ A/D / A/D
- ' (ADMUX) A (ADCSRA) (ADCH/ ADCL)
A A
1.23V I@E"iééééé \/\/ggéza %%% °
— o|=(3|2|5|= Zl<lg|lgl 2= 3
Y ¥ A\ \ ¢ ¢ \ ¢
MUX START
¢ A
= : i L !
EAA‘ 10 DAC -
< S&H
ADC2 <
A
> \ 4
ADCO >J (A/D )
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233.
A/D 10 GND AREF
-1LSB Al D (ADMUX) (REFSL,0) AvCC
2.56V AREF AREF
( )
ADMUX (MUX4 0) GND
(1.23V (VBG)) ADC (ADC7 0) A/D ADC
A/D ( )
A/ID A/D / A(ADCSRA) A/D  (ADEN) (1) ( )
ADEN 1) ADEN (0) A/D
A/D OFF
Al D Al D (ADCH,ADCL) 10 (16 0
10 ) ADMUX (ADLAR) (1) (16 15 10 )
8 ADCH
( ) ADCL ADCH ADCL
A/ID A/ D (ADCH,ADCL) ADCL ADCH
(ADCH,ADCL) ADCH
ADCH,ADCL A/D
A/D A/D A/D ADCL ADCH
234.
ADCSRA (ADSC) 1 1
©) A/D
AID |/ A(ADCSRA) A/D
(ADATE) (1) A/D / B(ADCSRB) A/D
(ADTS2 0) A/D
(1)
(SREG) 0) ©) (1)
©
23-2.A/D
ADTS2 0 START
ADATE
ADIF CLKADC,,
Y —LDi}
n
ADSC
A/D (ADIF) A/D
Al D ( ) AD ADC
SRA ADSC 1 A/D A/D
(ADIF) 0)
ADCSRA ADSC 1 ADSC
ADSC 1
A/D A/D
158 ( 2 )
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50 200kHz 23-3.A/D
10 A/D CK
A/D 100kHz CPU A/D START SREEREE
AI'D / SR R N
A(ADCSRA) A/D (ADPS2 0) O|0|05|815|=
ADCSRA A/D (ADEN) (D) A/D ON EEEENEL
ADEN (1) ADPSD AID
ADEN 0 ADPSL ———»
ADCSRA A/D (ADSC) (1) ADPS2 ————>
156 Al D
13 A/D ON (ADCSRA
ADEN=1) 25
& ( ) 15 13.5
A/D (ADCH,ADCL) ADCSRA A/D (ADIF) (1)
(ADATE=0) ADCSRA A/D (ADSC) (0)
ADSC 1)
& 2 (
) 3CPU
A/ID 25 A/D
(ADATE=1) ADSC 1
23-1.
23-4. ( )
- > —
12/ f12]13]14[15[16] /[ 22[23]24] 25 | [1] 2] 3
i i i H
w m= &
S — \ — :
AD$ ‘: ----- l \ \ \ : ------- l %
ADIF | x‘l | ;
I [ / | \
ADCH,ADCL ]/ | /) / | 0
— < A
23-5. ( )
- > —
1] 2[3[4a]5][6[7][8]9[10[11][12]13| [1] 2] 3
----- ! [ | L
ADSC __ /| | P 5
ADIF | \‘1 | ;
ADCH,ADCL | [ :
_N -~ X
155
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23-6. ( )
| > -
L2l 2[3[4a[5[6[7[8[9[10[11[12[13] L1l 2]
4 i i H
I — S —
ADATE [ @ 3 : - 0
ADIF | | < Y o :
ADCH,ADCL | 0
23-7. 23-1. AID
J— _H<_ —_—
11]12]13[ 1] 2] 3 13.5 25
REERNRERNE TR, = =
‘ 1.5 (2 135
ADSC : ! é @
: : 9 1525( 1) | 13/14( 1)
ADIF v | 0 .
ADCH,ADCL [ : 1: CKADC2 ( )
o~ AN
235.1.
t
CKADC2 & CKADC2
A/D CKaDc2 Low
( ) ( 13 )
CKabpc2 High 14
CKaDc2 High
) 14
4kHz
( ) A/ D
A/D 6us
12k /s
Al D OFF
Al D A/ID
A/D (ADCSRA ADEN
1 ) (
155
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23.6.
A/ D (ADMUX) (MUX4 0)
ADCSRA (ADSC)
ADSC 1 ( )

ADMUX
ADCSRA A/D (ADEN) A/D (ADATE)

ADMUX
= ADEN ADATE (@)
" 1
. ©)

1 ADMUX A/D
1251s

(ADMUX REFS1L 0 JA/ D
JTAG PORTF7 4 ADC
236.1. A/D
236.2. A/D

A/D (VREF) A/D

VREF AVCC 2.56V AREF
AvVCC A/D 2.56V
AREF
VREF(
VREF
AREF
AVCC 2.56V
210

AIMEL

ATmegab4A

(REFSL 0) CPU

A/D /
(ADCSRA  ADIF=1)

ADMUX
ADMUX
1251s
«( )
53 13-18.
ADSC 1 1
ADSC 1 1
VREF $3FF
( ) (VBG)
AREF GND
AREF
A/D
AVCC
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23.7.
A/D CPU I/O
A/ D
A/D (ADEN=1) (ADSC=0) (ADATE=0)
AID (ADIE=1)
Al D ( ) CPU A/ D
A/ D A/D CPU A/ D
A/D CPU A/D A/D
CPU S _EEP
A/ D A/D OFF
ADEN O
A/D (
) A/D OFF - ON(ADEN=0 - 1)
23.7.1.
23-8. ADCn ( ) ADC
( )
( ) SH
A/D 10kQ 23- 8.
( ) vce
( )
9H ( )
1 100kQ
C o | @ oo
100kQ Cg H=14pF
0 L T
(fabpc/ 2) ADC L vce/ 2
( )
23.7.2.
EMI
GND 23-9. A/D
SasannE ATT‘?Q@Q“,A ,,,,,,,,,,, @ PEN
Avee 239 Lc R OB REBEREE
(vee) 255555858588 % 212
CPU A/ D Oouooooooooﬁ o|Q !
> Nooabkwbde ol o
g | =33333IR3R= |
ADC = Jegsaenee
‘ )| —
,,,,,,,,,,,,,,,,,,,, dgn 4 P
23.7.3.
1LSB
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2374. A/D
n A/D GND VREF 2N 0 2n.1
" - 2310 23-10. 23-11.
(3000  $001) ( 05 R R pu
LSB) OLSB [T
. - 23-1L ‘A o
($3FE  $3FF)
( 15.B ) :
OLSB
. (INL) - 23-12. ;
OLSB ) e
. (DNL) - 23-13.
( 2 )
(1LSB) OLSB 23-12. 23-13.
[ | A
1LSB
i -
0.5LB |
. ]
+ 0.5LSB 'y >
VREF
238. A/D
(ADIF=1) A/D (ADCH, ADCL)
VIN VINX 1024
VREF (160 233 23-4 ) $000 GND ADC="VRer
$3FF -1LSB
VPOS v
POS VNEG)x GAINx 512
VNEG GAIN VREF ADC= ( VR)EF
-512($200) +511 ($1FF) 2
MSB(ADCH ADCY9) 1
0 23- 14.
23-2. (ADCn- ADCm) (VREF)
23-2. 23-14.
VADCnN 10 A
VADCn+VREF/ GAIN $1FF 511 $1FF T / = :
VADCnH(511/ 512)VREF/ GAIN $1FF 511 T \JJ—
VADCmH(510/ 512)VREF/ GAIN $1FE 510 1 f ;
- VREF/ GAIN — i
00 |
VADCIHY 512)VREF/ GAIN $001 1 e = R
VADCm $000 0 VREE/ GAIN
Vabpcnr (1 512)VREF/ GAIN $3FF -1
VADCHr (511 512)VReF/ GAIN $201 -511 S % 4200
VADCr VREF/ GAIN $200 -512
: ADMUX=$ED(ADC3 ADC2 10 VREF=2.56V ) ADC3 300mV ADC2 500mV
A/D =512x 10x (300-500)+ 2560=- 400=$270

ADCH=$9C, ADCL=$00 ADLAR=0 ADCH=$02, ADCL=$70
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239. A/D
2391. A/D (ADC Multiplexer Select Register) ADMUX
7 6 5 4 3 2 1 0
$07 ($27) | REFSL | REFS) | ADLAR | MUX4 | MUX3 | MUX2 | MUX1 | MUX0 | ADMUX
Read/ Write R'W R'W RW RW RW RW RW RW
0 0 0 0 0 0 0 0
= 7,6 - REFS1,0: (Reference Select Bits 1, 0)
23-3. A/ID
(ADCSRA ADIF=1) AREF
23-3.A/D
REFS1 REFS0
0 0 AREF (Avcc 2.56V )
0 1 Avcc ( 256V AREF )
1 0 C )
1 1 2.56V (Avcc AREF )
= 5- ADLAR: (ADC Left Adjust Result)
ADLAR A/D ADLAR 1
ADLAR A/ID
162 AID
= 4 0- MUX4 0:A/D (Analog Channel Select Bits 4 0)
A/ID
23- 4. (ADCSRA
ADIF=1)
23-4,
MUX4 0 MUX4 0
00000 ADCO 10000 ADCO ADC1 x 1
00001 ADC1 10001 (1) ADC1 ADC1 x 1
00010 ADC2 10010 ADC2 ADC1 x 1
00011 ADC3 10011 ADC3 ADC1 x 1
00100 ADC4 10100 ADC4 ADC1 x 1
00101 ADC5 10101 ADC5 ADC1 x 1
00110 ADC6 10110 ADC6 ADC1 x 1
00111 ADC7 10111 ADC7 ADC1 x 1
01000 (1) ADCO ADCO x 10 11000 ADCO ADC2 x 1
01001 ADC1 ADCO x 10 11001 ADC1 ADC2 x 1
01010 ( 1) ADCO ADCO |x 200| 11010 ( 1) ADC2 ADC2 x 1
01011 ADC1 ADCO | x 200 11011 ADC3 ADC2 x 1
01100 ( 1) ADC2 ADC2 x 10 11100 ADC4 ADC2 x 1
01101 ADC3 ADC2 x 10 11101 ADC5 ADC2 x 1
01110 ( 1) ADC2 ADC2 | x 200 11110 1.23V(VBG)
01111 ADC3 ADC2 | x 200 11111 OV(GND)

1
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2392.A/ID / A (ADC Control and Status Register A) ADCSRA
7 6 5 4 3 2 1 0
$06 ($26) | ADEN | ADSC | ADATE | ADIF | ADIE | ADPS2 | ADPSL | ADPSO | ADCSRA
Read/ Write RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

n 7- ADEN: A/D (ADC Enable)

1 AID ( ) 0 A/D ( )JOFF
A/D OFF ( )
. 6- ADSC:A/D (ADC Start Conversion)
1 1
A/D (ADEN=1) ADSC A/ D ADSC
13 25 A/D
ADSC 1 0 0
L 5- ADATE: A/D (ADC Auto Trigger Enable)
1 A/D A/D
A/ID / B(ADCSRB) A/D (ADTS2 0)
" 4 - ADIF : A/D (ADC Interrupt Flag)
A/ D A/D (1) (SREG) 0
AI'D (ADIE) @) A/D
ADIF (0) 1 ADIF ©
ADCSRA - - ( ) SBI,CBI
L 3- ADIE: A/D (ADC Interrupt Enable)
1 SREG 0] (1) AID ( )
©) ( )
= 2 0- ADPS2 0:A/D (ADC Prescaler Select Bits)
XTAL( ) A/D
23-5.A/D (CK= )
ADPS2 0 0 0 0 1 1 1 1
ADPS1 0 0 1 1 0 0 1 1
ADPS0 0 1 0 1 0 1 0 1
A/ D CK/ 2 CK/ 2 CK/ 4 CK/8 CK/ 16 CK/ 32 CK/ 64 CK/ 128
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2393.A/D / B (ADC Control and Satus Register B) ADCSRB
7 6 5 4 3 2 1 0
($8E) - 1 -1 - 1 - 1 - 1ADT® | ADTSL | ADTS | ADCSRB
Read/ Write R R R R R RI'W R'W RI'W
0 0 0 0 0 0 0 0
= 7 3- Res: (Reserved)
0
L 2 0- ADTS2 0:A/D (ADC Auto Trigger Source)
A/D / A(ADCSRA) A/D (ADATE) 1 23-6. A/D
A/D AD
ATE (0) ADTS2 0 ADOTEZO 0
©) (1)
ADCSRA A/ 001
D  (ADEN) (1) 010
(ADTS2 0=0) A/D (@)} 011 / 0
100 / 0
101 / 1
110 / 1
111 / 1
2394.A/ID (ADC Data Register) ADCHADCL (ADCD)
ADLAR=0
15 14 13 12 11 10 9 8
$05(%25) |- | - | - | - | - | - | ADC9 | 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
$04 ($24) [ _ADC7 | ADCs6 | 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 | ADC8 | ADC7 | ADCé6 | ADC5 | ADC4 | ADC3 | ADC2 | ADCH
7 6 5 4 3 2 1 0
[ ADC1 | ADCo | - | - | - | - | - | - | ADCL
A/D 2 2
ADCL A/D ADCH 8
ADCH ADCL ADCH
A/D (ADMUX) (ADLAR) A/D (MUX4 0)
ADLAR (1) ADLAR o )
= ADC9 0:A/D (ADC Conversion result)
159 A/D
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A
A

24. JTAG
24.1. = JTAG (IEEE 11491 )
= JTAG (Boundary- Scan)
u
RAM
EEPROM
n (BREAK)
AVR BREAK
1 ( )
( )
= JTAG EEPROM ( )
= AVR Studio
24.2.
AVR |EEE 1149.1 JTAG
= JTAG (Boudary- Scan)
= ( )
n
JTAG (Boundary- Scan)
198 JTAG 167 IEEE 1149.1(JTAG) (Boundary- Scan)
JTAG ATMEL
24-1. JTAG TAP( ) TMS TCK
TAP TDI TDO ( ) JTAG
1 JTAG JTAG
(Device Identification) (Bypass) (Boundary- Scan chain)
( WTAG JTAG
(Scan chain) ( )
24-1. JTAG
A
E > (Boundary- Scan chain)
Dl —rf———— >
TDO 1 le TAP \]TAG
TCK —— .
TMS ——>L! ]
A J/ A A AVR CPU
\ 4 Y
ag I o

Y
\ 4

A

E JTAG/ AVR ‘

A T AA T
<
\ 4
Y VY
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24.3. (TAP:Test Access Port)
JTAG AVR 4 JTAG (TAP)
= TMS: TAP
= TCK: JTAG TCK
» TDI : ( )
= TDO:
IEEE  1149.1 TAP (TRST)
JTAGEN 1) 4 TAP TAP 0) MCU
(MCUCSR) JTAG (JTD) (0) TAP High JTAG
(Boundary- Scan) TAP (TDO) JTAG TAP
( ) (
DI ) )
JTAG RESET
( ) RESET Low
244. TAP
TAP (Boundary- Scan) 24-2. TAP
JTAG
16 242, a [«
™S @] I }>—[cr F—[r ]
A ¢O 0
{Tor |1 A r__]
L 0 0
/ 1 0 1 0
JTAG
DR 1 |- R 1 I
0 0
. (IR )
TCK T™S 1,1,0,0 bR [of| LrR___ o)
TCK TDI JTA . 1 . 1
G 4 JTAG DR 2 IR 2
TMS IR 3LS 1 1
B MLSEW ™S Hiah DR <~ | IR |
'9 1 0 1 0
TDI
IR ($01) TDO
JTAG TDI TDO ( )
. / T™S 1,1,0 (JTAG) IR
IR 11IR IR 2
] (DR ) TCK TMS 1,0,0 TCK
TDI (JTAG JTAG ) DR
MSB T™MS Low MSB TMS High
TDI DR (1,0)
TDO
. / T™MS 1,1,0
DR DR 1 DR DR 2
/ JTAG
JTAG /
- TAP 5TCK TMS High
JTAG 166
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24.5. (Boundary- Scan Chain)
167 |EEE 1149.1(JTAG) (Boundary- Scan)

24.6.

24-1.
n AVR CPU (Scan chain)
. ( )
s CPU JTAG

/ AVR CPU (Scan chain) AVR
CPU CPU JTAG e}
(Break) 1 (Sngle Sep Break) 2 2
4
m 4
= 3 1
n 2 2
2 1 ( )
2 1 ( )
AVR Sudio® 1
JTAG JTAG
JTAG (TAP) JTAGEN (0)
OCDEN (0) (0)
( )

AVR Studio () AVR (AVR Sudio) AVR

AVR AVR Sudio ATMEL AVR

C
AVR Sudio Microsoft Windows® 98/ 2000 Windows NT® Windows XP® Windows Vista®
AVR Sudio AVR Sudio
AVR Sudio 1
(Sngle Step) ( ) ( ) ( )
(BREAK ) 2
«C )
24.7. JTAG
JTAG ATMEL
0:3%8 ( JTAG ) 2:%A ( JTAG )
1:$9 ( JJAG ) 3:$B ( JAG )
248. JTAG
JTAG AVR 4 JTAG TCK, TMS,TDI, TDO JTAG
( Yy 12V JTAG
(TAP) JTAGEN (0) MCU  / (MCUCSR) JTAG (JTD)
©
JTAG
| |
= EEPROM
| |
| |
LB1 LB2 (0)
OCDEN 0)
JTAG 198 JTAG JTAG
198 JTAG
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24.9. I/ O
249.1. (On- chip Debug Register) OCDR
7 6 5 4 3 2 1 0
$22 ($42)  |IDRD/MSB] | | | | | | LSB | OCDR
Read/ Write R'W R'W R'W R'W R'W RIW RI'W RIW
0 0 0 0 0 0 0 0
OCDR CPU
IDRD(I/ O
(D] CPU OCDR LSB 7 OCDR MSB IDRD
IDRD (0)
AVR 11O OCDR (OCDEN)
(0) OCDR 11O
24.10.

(Boudary- Scan)
m |EEE : IEEE Sd 1149.1- 1990. IEEE Sandard Test Access Port and Boundary- Scan Architecture, IEEE, 1993
= Colin Maunder : The Board Designers Guide to Testable Logic Circuits, Addison Wesley, 1992
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25. |[EEE 1149.1 (JTAG) (Boundary- Scan)

ATmegab4A

25.1. = JTAG (IEEE 1149.1 )
= JTAG (Boundary- Scan)
= (Scan)
L] IDCODE
= AVR AVR RESET
25.2.
(Boundary- Scan chain) I/ O
JTAG IC TDI TDO
(Boundary- Scan) 4 TAP
IEEE 1149.1 4 JTAG IDCODE, BYPASS, SAMPLE/ PRELOAD, EXTEST AVR
JTAG AVR RESET JTAG IDCODE
(ID- code) ( ) AVR
Hi-Z HIGHZ
BYPASS RESET Low
AVR RESET
EXTEST EXTEST JTAG (IR
EXTEST
SAMPLE/ PRELOAD SAMPLE/ PRELOAD
JTAG (TAP) JTAGEN 0) MCU  / (MCUCSR) JTAG
(JTD) ©)
(Boundary- Scan) JTAG JTAG TCK
25.3.
(Boundary- Scan) (DR
(Bypass) L] (Device Identification)
u (Reset) L] (Boundary- Scan chain)
253.1. (Bypass)
1 TDI TDO TAP
(BR) 0 (Scan chain)
25.3.2. (Device Identification)
25- 1. 25 1.
31 2827 12 11 10
I | | [1]
4 16 11 1
( ) 4 JTAG A $00, B
$011
() 16 ATmegab4A 251 AVR JTAG
JTAG 251 JTAG (Hex)
ATmegab4A $9602
11 ATMEL 25-2. D
JTAG 25-2. JTAG D (Hex)
ATMEL $O1F
167
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25.3.3. (Reset)
AVR Hi-Z
JTAG  HIGHZ 259
1 RESET Low /
1
2 ) TDI »—D Q
AVR RESET
25-2 ~ ©OR T TDO
25.34. (Boundary- Scan Chain)
I/ O
169 (Boundary- Scan chain)
254. (Boundary- Scan) JTAG
(IR) 16 4 (Boundary- Scan) JTAG
Hi-Z HIGHZ AVR RESET
Hi-Z
LSB
16 TDI TDO
( )
254.1. EXTEST AVR (DR) (Boundary- Scan
($0) chain) JTAG
(Scan chain)
JTAG
(IR) EXTEST
= DR :
= DR : TCK
= DR : « )
25.4.2. IDCODE (DR) 32 (ID) JTAG
($1) JEDEC
= DR :
= DR : ( ) TCK
25.4.3. SAMPLE PRELOAD JTAG
($2) (DR)
(Boundary- Scan chain)
= DR :
= DR : TCK
= DR ; « )
2544. AVR RESET AVR JTAG AVR JTAG
($C) (TAP) (DR)
1 ( ) 1 « )
= DR : ( ) TCK
25.4.5. BYPASS (DR (Bypass) JTAG
($F)
= DR : 0
= DR :TDI TDO ()
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255. (Boundary- Scan Chain)
JX@)
255.1.
25-3. 25-3. (Boundary- Scan)
(Boundary- Scan)
(PUEXn) DR" A EX'l"'EST
(Boundary-Scan) 3 ( > . VCC
) (OCxn) (ODxn) (PUE) i FF2 LD2
0 D
(IDxn) 2 0 D Q D Q —d
— —c
(Boundary-Scan) | seeeeeeeeeeeeeeeedeeeos R e e e
25-4. 41
(oc) - b !
25- 3. s FF1 LD1 0
25- 4. 1 D Q D Q12
*— — G
(ID) PINXn ( ID |
) (OD) PORTxn _
(OC) DDxn .
(PUE) (PUD AND (OD) . o
0 0
DDxn AND PORTxn) 015 — — _[>_<
1
() (Scan
chain) 25- 4, . 16
(ID) A A A
DR DR
25-4.
o e vee
n,
RDx:DDRx ﬁ PUD: '
< < E H
> D
DDxn: Q
@ WDx:DDRx —P R
@
s RESET: ——
0o RRx X é
=l e Q—» ocxn| |
@ ODxn; N '
»|D S Pxn) |
PORTxn: o v 1 @ !
WPx:PORTx —+ R 9 EEP: . IDxn
RESET: 4
RPx X ﬁ
< <l Q D Q D
PINxn:
v —| E —| [
clkiyo:l/0 .

(Boundary- Scan)
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2552. 2 ( )
2 SCL SDA 1 TWIEN(2 25-5. TW
) 25-5 TWIEN vee
( |/ ) 3 25-9.
TWIEN PUExn »—{>0—
2 1. 50ns OCxn
TWIEN ODXA >—s
2 OC TWIEN LIS .®
IDXn «——
25.5.3. RESET
RESET 5V (Low ) 25- 6.
12v (High ) 25- 6. DR
5V (RSTT) 12V (RSTHV) T T
B FF1 J i
> Q
DR
25.54.
AVR RC RC
( )
25-7. /
RC
25-7.
DR EXTEST DR
T A
. o I L
L 1 FF1 J
Q D Q b o

o

DR

\= of

DR

25-3. 32kHz
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25-3.
EXTCLKEN EXTCLK(XTALZL) 0
OSCON OSCCK 0
RCOSCEN RCCK RC 0
OSC32EN OSC32CK 1
TOSKON TOSCK 32kHz 0
o1
2. JTAG TCK
3.
() (
( ) CKOPT ( : INTCAP
©)
XTAL
2555.
25-8. 25-9.
25-4.
25-8. 25-9. A/D
DR EXTEST
T A
I, ., 5
1
ACO D Q D Q
DR DR
25-4.
AC IDLE OFF 1 CPU
ACO CPU 0
ACME A/D 0 CPU
ACBG 0 CPU

AIMEL
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2556. A/D

172

25-10. A/D
A/D

25-10. A/D

PASSEN

MUXEN_7 :3/ A
ADC 7 (o]

MUXEN_6 :3/
ADC 6 O—e

MUXEN_5 :3/
ADC 5 O—se

%

EXTCH
MUXEN_3

MUXEN 1 >—

MUXEN 4 SCTEST ADCBGEN
o )
O

ADC 1>

MUXEN 0 >

ADC 0>

NEGSEL 2 >

NEGSEL 0>

o

||
NEGSEL 1> 40}
|~

(0]

1.23Vv

G20 ACTEN

VCCREN >—>\O°

AREF »——9¢
IREFEN

@, |

2.56V

> (DACCNT)

PRECH »
(AREF)
DAC9 0 10 DAC)

ADCEN »——]

>—> COMP

25-5.
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25-5.A/D
A/D
COMP 0 0
ACLK 0 0
ACTEN 0 0
ADCBGEN 1.23Vv 0 0
ADCEN A/D ON 0 0
AMPEN ON 0 0
DAC 9 D/ A 9 1 1
DAC 8 D/ A 8 0 0
DAC 7 D/ A 7 0 0
DAC 6 D/ A 6 0 0
DACS5 D/ A 5 0 0
DAC 4 D/ A 4 0 0
DAC 3 D/ A 3 0 0
DAC 2 D/ A 2 0 0
DAC 1 D/ A 1 0 0
DAC 0 D/ A 0 0 0
EXTCH ADC3 0 1 1
G10 10 0 0
G20 20 0 0
GNDEN GND 0 0
HOLD §&H 0= 1= ACLK 1 1
IREFEN D/ A AREF 2.56V 0 0
MUXEN 7 ADC7 0 0
MUXEN 6 ADC6 0 0
MUXEN 5 ADC5 0 0
MUXEN 4 ADC4 0 0
MUXEN 3 ADC3 0 0
MUXEN 2 ADC2 0 0
MUXEN 1 ADC1 0 0
MUXEN 0 ADCO 1 1
NEGSEL 2 ADC2 0 0
NEGSEL 1 ADC1 0 0
NEGSEL 0 ADCO 0 0
PASSEN 1 1
PRECH ( ) 1 1
SCTEST (10 ADC4) 0 0
ST AMPEN=1 2ACLK 1 0 0
VCCREN D/ A AREF AvVcCC 0 0
25- 10. 25-
10. XH 1 ADC GND 1
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A/D 255,
AVR A/D 25 10.
DACO 0 () Low(0) DACO 0 )
High(1)
A/D
A/D
= ADC
. A/D (10 ) A/D A/D
/ 200ns
= DAC HOLD  Lom0O: ) ($200)
5V AREF vee ADC 3 15V:5%
. 1024x 1.5Vx 1.05+ 5V=323=$143
. 1024x 1.5Vx 0.95+ 5V=201=$123
256, 255, ( 256 ) DAC
JTAG
25 6. A/D
ADCEN | DAC9 0| MUXEN7 o |HOLD|PRECH | PP3 | PF3 | PR3
1 SAMPLE PRELOAD 1 $200 $08 1 1 | o] o0 0
2 EXTEST 1 $200 $08 0 1 | o] o 0
3 1 $200 $08 1 1 | o] o 0
4 1 $123 $08 1 1 | o] o 0
5 1 $123 $08 1 0o | 0] o 0
6 |0 CoMP 1 $200 $08 1 1 | o] o 0
7 1 $200 $08 0 1 | 0] o 0
8 1 $200 $08 1 1 | 0] o 0
9 1 $143 $08 1 1 | 0] o 0
10 1 $143 $08 1 0o | 0] o 0
11 |1 CoMP 1 $200 $08 1 1 | oo 0
HOLD TCK 5 HOLD  High(l)
TCK (thold max) >
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25.6. ATmegab4A

(Boundary- Scan)

ATmegab4A

25-7. TDI TDO 0
A
25-3.
Pxn FFO Pxn FF1 Pxn FF2 F 4,5,6,7 JTAG TAP
25-7. ATmegab4A (Boundary- Scan)

204 AC IDLE 152 PE2.Control 99 RCOSCEN /
203 ACO 151 | PE2.Pullup Enable 98 OSC32EN
202 ACME 150 PE3.Data 97 | EXTCLK(XTAL1)
201 ACBG 149 PE3.Control 96 OSCCK /
200 COMP 148 | PE3.Pullup Enable 95 RCCK
199 |PRIVATE SIGNALL(( ) 147 PE4.Data 94 0OSC32CK )
198 ACLK 146 PE4.Control 93 TWIEN TWI
197 ACTEN 145 | PE4.Pullup Enable 92 PDO0.Data
196 |PRIVATE SIGNAL2(( ) 144 PE5.Data 91 PDO.Control
195 ADCBGEN 143 PE5. Control 90 | PDO.Pullup Enable
194 ADCEN 142 | PE5.Pullup Enable 89 PD1.Data
193 AMPEN 141 PE6.Data 88 PD1.Control
192 DAC 9 140 PE6.Control 87 | PD1.Pullup Enable
191 DAC 8 139 | PE6.Pullup Enable 86 PD2.Data
190 DAC 7 138 PE7.Data 85 PD2.Control
189 DAC 6 137 PE7.Control 84 | PD2.Pullup Enable
188 DAC 5 136 | PE7.Pullup Enable 83 PD3.Data
187 DAC 4 135 PB0.Data 82 PD3.Control
186 DAC 3 134 PBO0.Control 81 | PD3.Pullup Enable D
185 DAC 2 133 | PBO.Pullup Enable 80 PD4.Data
184 DAC 1 132 PB1.Data 79 PD4.Control
183 DAC 0 131 PB1.Control 78 | PDA4.Pullup Enable
182 EXTCH 130 | PB1.Pullup Enable 77 PD5.Data
181 G10 A/D 129 PB2.Data 76 PD5.Control
180 G20 128 PB2.Control 75 | PD5.Pullup Enable
179 GNDEN 127 | PB2.Pullup Enable 74 PD6.Data
178 HOLD 126 PB3.Data 73 PD6.Control
177 IREFEN 125 PB3.Control 72 | PD6.Pullup Enable
176 MUXEN 7 124 | PB3.Pullup Enable 71 PD7.Data
175 MUXEN 6 123 PB4.Data 70 PD7.Control
174 MUXEN 5 122 PB4.Control 69 | PD7.Pullup Enable
173 MUXEN 4 121 | PB4.Pullup Enable 68 PGO0.Data
172 MUXEN_3 120 PB5.Data 67 PGO0.Control
171 MUXEN 2 119 PB5.Control 66 | PGO.Pullup Enable G
170 MUXEN 1 118 | PB5.Pullup Enable 65 PG1.Data
169 MUXEN 0 117 PB6.Data 64 PG1.Control
168 NEGSEL 2 116 PB6.Control 63 | PG1.Pullup Enable
167 NEGSEL 1 115 | PB6.Pullup Enable 62 PCO0.Data
166 NEGSEL 0 114 PB7.Data 61 PCO.Control
165 PASSEN 113 PB7.Control 60 | PCO.Pullup Enable
164 PRECH 112 | PB7.Pullup Enable 59 PC1.Data
163 SCTEST 111 PG3.Data 58 PC1.Control
162 ST 110 PG3.Control 57 | PC1.Pullup Enable
161 VCCREN 109 | PG3.Pullup Enable 56 PC2.Data

108 PG4.Data 55 PC2.Control
1Y FEN ( 107 PG4.Control 54 | PC2.Pullup Enable ©
159 PEO.Data 106 | PGA.Pullup Enable 53 PC3.Data
158 PEO.Control 105 TOSC 52 PC3.Control
157 | PEO.Pullup Enable 104 TOSCON 32kHz 51 | PC3.Pullup Enable
156 PE1.Data 103 RSTT 50 PC4.Data
155 PE1.Control 102 RSTHV ( 49 PC4.Control
154 | PE1.Pullup Enable 101 EXTCLKEN 48 | PCA4.Pullup Enable
153 PE2.Data 100 OSCON 47 PC5.Data

: PRIVATE SSIGNAL1 PRIVATE SGNALZ2 0
175

AIMEL



25-7( ). ATmegab4A

AIMEL

(Boundary- Scan)

46 PC5.Control 30 | PA6.Pullup Enable 14 PAO.Data
45 | PC5.Pullup Enable 29 PA5.Data 13 PAO.Control A
44 PC6.Data 28 PA5.Control 12 | PAO.Pullup Enable
43 PC6.Control 27 | PAS5.Pullup Enable 11 PF3.Data
42 | PC6.Pullup Enable 26 PA4.Data 10 PF3.Control
41 PC7.Data 25 PA4.Control 9 PF3.Pullup Enable
40 PC7.Control 24 | PA4.Pullup Enable 8 PF2.Data
39 | PC7.Pullup Enable 23 PA3.Data 7 PF2.Control
38 PG2.Data 22 PA3.Control 6 PF2.Pullup Enable F
37 PG2.Control 21 | PAS3.Pullup Enable 5 PF1.Data
36 | PG2.Pullup Enable 20 PA2.Data 4 PF1.Control
35 PA7.Data 19 PA2.Control 3 PF1.Pullup Enable
34 PA7.Control 18 | PA2.Pullup Enable 2 PF0.Data
33 | PA7.Pullup Enable A 17 PAl.Data 1 PFO0.Control
32 PA6.Data 16 PA1.Contral 0 PFO.Pullup Enable
31 PA6.Control 15 | PAL.Pullup Enable
25.7. (Boundary- Scan Description Language)
(BSDL)
25.8. (Boundary- Scan) I/ O
25.8.1. MCU / (MCU Control and Status Register) MCUCSR
MCU / MCU MCU
7 6 5 4 3 2 1 0
$34 ($54) [ JID | - | - | JTJRF | WDRF | BORF | EXTRF | PORF | MCUCSR
Read/ Write R'W R R R'W R'W R'W R'W R'W
0 0 0
= 7-JTD:JTAG (JTAG interface disable)
0 JTAGEN ) JTAG 1 JTAG
JTAG
4
JTAG JTAG JTD JTAG
TDO
= 4 - JTRF : JTAG (JTAG Reset Flag)
JTAG AVR RESET JTAG 1 (@)

ON
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26. ( )
26.1.
u (Read- While- Write)
= ( )
= (D
. - )
1 (189 27-10. )

26.2.

MCU

MCU
( )
2
26.3.
2 ( 26-2 ) 184 26-6. 26-
2. BOOTXZ 2
26.3.1.
(
0) (179 26- 2. ) SPM
26.3.2. (BLS)
SPM BLS
BLS SPM BLS
( 1) (179 26- 3. )
26.4.
CPU CPU
BOOTSZ 2
(RWW) (NRWW) 2 RWW NRWW
178 26-2. 184 ATmegab4A 2
= RAVW NRWW
= NRWW CPU
RWW
( )
NRWW RWW
NRWW RWW NRWW
( ) RWW CPU ( )
NRWW
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AImEY

26.4.1. (RWW)
RwWwW NRWW
RwWwW
( CALL,JMP,LPM JRWW
NRWW RwWw
SPM / (SPMCSR) RWW (RWWSB) 1 RWW
RWWSB (0) RWWSB (0)
185 SPM / (SPMCSR)
26.4.2. (NRWW)
NRWW Rww NRWW
CPU
26-1.
YA CPU RWW
RWW NRWW
NRWW
26- 1. RWW NRWW
(RWW)
z RWW ///
Z NRWW
- (NRWW) ;,
(CPU )
26-2
BOOTSZ=11 BOOTXZ=10 BOOTSZ=01 BOOTSZ=00
$0000
RWW
R
NRWW
NRWW
184 26-6
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26.5.
2
= MCU
= MCU
= MCU
[ |
26-2. 26-3. )
(1) (LB 2) SPM
(LB 3) LPM SPM
( LB LPM/ SPM )
26- 2. (0= =
BLBO BLBO2 | BLBO1
1 1 1 LPM, SPM
2 1 0 PM
3 0 0 SPM ) LPM
4 0 1 LPM ()
: BLB02=0
26- 3. (0: 1= )
BLB1 BLB12 | BLB11
1 1 1 LPM, SPM
2 1 0 M
3 0 . M () LPM
4 0 1 LPM ()
: BLB12=0
26.6.
(Jump) (Call) USART SPI
(BOOTRST) ©
( ) ( ) MCU
)
JTAG
26- 4. 0= 1= )
BOOTRST ( )
(184 26-6. )
$0000
179
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26.7.
Z ( ) SPM
15 14 13 12 11 10 9 8
ZHR3Y) | z5 | 24 | z13 | zi2 | zi1 | zi0 | 79 | 78 |
7 6 5 4 3 2 1 0
ZL@R30) | zz | 7z | 75 | za | z3 | 72 | zz | 7o |
(189 27-10. ) ( ) 2
1 « )
26-3
Z
z SPM z LPM
Z Z (20)
26-3. SPM
15 ZPCMSB ZPAGEMSB 10
z | 0]
PCMSB PAGEMSB
PCPAGE PCWORD
« )
PCWORD (PAGEMSB  0)
) $00
$01
$02
— PAGEEND
: 184 26-7.
PCPAGE PCWORD 189 27-10.
26.8.
SPM 1 ()
= 1( )
= 2 ( )
( )
1.
- -« ) 2
183
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26.8.1. SPM
z SPM / (SPMCSR) 'X0000011' SPMCSR
4 SPM RL RO z PCPAGE
z 0
= RWW : NRWW
= NRWW : CPU
26.8.2. ( )
( ) ( ) z R1:RO SPMCSR 00000001 SPMCSR
4 SPM z PCWORD
SPMCSR RWWSRE
: SPM EEPROM
26.83.
z SPMCSR 'X0000101" SPMCSR 4 SPM
RL RO @ )PCPAGE
y 0
= RWW : NRWW
= NRWW : CPU
26.8.4. SPM
SPM SPMCSR  SPMEN 0) SPM
SPMCSR SPM
RWW (BLS)
« ) 35
26.85.
11(BLB11) 1)
11(BLB11) ©)
26.8.6. RWW
( ) RWW
SPMCSR RWWSB RWW
@) 35 (BLS)
RWW
RWWSRE RWWSB () 183
26.8.7. SPM
0) RO SPMCSR  'X0001001' SPMCSR 4
SPM MCU
7 6 5 4 3 2 1 0
RO [T T 1 [ BBz [ BlBlL [ BLBO2 | BLBOL | 1 | 1 |
26-2. 26-3.
RO 5 2 ©0) SPMCSR  SPMEN (BLBSET) ) 4 Sa
©) z
( )$0001 Z

RO 7,6,1,0 1
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26.8.8. SPM EEPROM
EEPROM
EEPROM EEPROM (EECR) EEPROM (EEWE)
M / (SPMCSR) (0)
26.8.9.
z $0001 SPMCSR  SPMEN
(BLBSET) (1) SPMEN BLBSET SPMCSR 3CPU LPM
SPMEN BLBSET 3CPU
LPM 4CPU SPM (0) SPMEN
BLBSET (0) LPM
7 6 5 4 3 2 1 0
Rd | - | - | BLB12 | BLB11 | BLB02 | BLBOL | LB2 | LB1 |
z $0000 SPM
CSR SPMEN BLBSET (1) SPMEN BLBSET S$PMCSR 3CPU LPM
(FLB)
187 27-5.
7 6 5 4 3 2 1 0
Rd | FLB7 | FLBe | FLBs | FLB4 | FLB3 | FLB2 | FLB1 | FLBo |
z $0003 SPMEN BLBSET SPMCSR (1) 3
LPM (FHB)
187 27- 4.
7 6 5 4 3 2 1 0
Rd | FHB7 | FHBs | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBo |
z $0002 SPMEN BLBSET SPMCSR (1) 3
LPM (EFB)
187 27-3.
7 6 5 4 3 2 1 0
Rd | - | = | = | - | = | - | EFB1 | EFBo |
©) 0 1) 1
26.8.10.
vce CPU
2 1
2 CPU
(1 )
. ©)
= AVR RESET (Low)
(BOD) vce
= VCC AVR CPU S$PMCR
26.8.11. SPM ( )
RC 26-5. CPU
26-5. SPM
Min Max
SPM ( ) 3.7ms 4.5ms
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26.8.12.
RAM 1 RAM Y
Z ( SPMJ
NRWW ( )
RO,R1, TMP,CNTL,CNTH, SPMC
256
( )
.EQU PGSZB = PAGES ZB+2 : PGSZB (PAGESIZE )
.G SVALL BAOTSTART :
| ]
VWG LD SPVG, (1<<PERS) H 1<<SPMEN) : PMCR
CALL SP\V ;
; [ Rww ]
LD SPVG, (1<<RWVERE) +( 1<<SPMEN) : RWW PMCSR
CALL P : RWW
; [ RAM ]
LD ONTL, LON PGSZB) ;
LD QNTH H GH{ PGZB) )
VP LD RO, Y+ : RAM ( )
LD RL, Y+ : RAM (
LD SP\G, (1<<SPVEN) : SPMCSR
CALL ; «C )
ADW zZHZA, 2 ;
SBW  QNTH ONTL, 2 c (SUBI)
BRN\E WP :
| ]
SR ZL, LON PGSZB) ;
=a ZH H GH PGZB) )
LD SPME, (1<<PGQ/RT) +( 1<<SPMEN) ; SPMCSR
CALL =]
; [ Rww ]
LD PG, (1<<RVERE) +( 1<<SPMVEN) © RWW SPMCSR
CALL SPM : RWW
| ( )l
LD QNTL, LON PGSZB) ;
LD CNTH H GH PGSZB) )
B YL, LON PGSZB) : RAM
SBa YH H GH PGZB) :
RP. LPM RO, Z+ 1 ( )
LD RL, Y+ : RAM 1 ( )
CPSE RO, RL
IMP ERRR
BW  ONTH NI, 1 c (SUBI)
BR\E RP :
0 ; [ RWW 1
RN LCS T™P, SPMCSR . SPM /
BRS T™P, RVEB : RWW
RET ;
[ RWW
LD SPME ( 1<<RWERE) +H( 1<<SPMEN) RWW SPMCSR
CALL =] : RWW
RIMP RTN : RWW
; [ SPM ]
SPMI:  LDS T™P, SPMCSR . SPM /
SBRC ™, SPMEN ; ( M)
RIMP S=Vi| ;
IN T™P, SREG
al ;
VWT SBC EECR ERVE : EEPROM
RIMP VA T : EEPROM
STS SPMCSR, SPMVC : SPM
SPM : M
aur SREG TWP
RET

AIMEL
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26.8.13. ATmega64A

26-6. 8.
26-6.
BOOTSZ1 | BOOTSZ0 )
1 1 512 4 $0000 $7DFF $7E00 $7FFF $7E00
1 0 1024 8 $0000 $7BFF $7C00 $7FFF $7C00
0 1 2048 16 $0000 $77FF $7800 $7FFF $7800
0 0 4096 2 $0000 $6FFF $7000 $7FFF $7000
BOOTSZ %62
26-7.RWW  NRWW
[R5 224 $0000 $6FFF
(NRWW) 2 $7000 $7FFF
. 2 178 (RWW) (NR
W)
26-8. 26-3, z
PC [z ()
PCMSB PC14 15 Pci 0)
1 (
PAGEMSB |  PCt : w0 97 mma
PCMSB ( Ya
ARG 25 |20 ZPCMSB=PCMSB+1)
PAGEMSB )z
AFAEEEE Z 20 ZPAGEMSB=PAGEMSB+1)
PCPAGE | PCl4 7 | z15 8 :
PCWORD | PCs 0 | 27 1 | (), ) ¢ )
£ 20 SPM 0 LPM
z 180
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26.9.
26.9.1. SPM / (Sore Program Memory Control and Status Register) SPMCSR
7 6 5 4 3 2 1 0
($68) [ SPMIE | RWWSB | - |RWWSRE| BLBSET | PGWRT | PGERS | SPMEN | SPMCSR
Read/ Write R'W R R R'W R'W R'W R'W R'W
0 0 0 0 0 0 0 0
= 7 - SPMIE : SPM (SPM Interrupt Enable)
SPMIE 1 (SREG) 0! 1) SPM
M SPMCSR  SPM (SPMEN) (0)
L 6 - RWWSB : RWW (Read- While- Write Section Busy)
RWW ( ) RWWSB (€D}
RWWSB 1) RWW RWWSRE 1
RWWSB (0) RWWSB (0)
= 5- Res: (Reserved)
0
L 4 - RWWSRE : RWW (Read- While- Write Section Read Enable)
RwWwW ( ) RWW (RWWSB (@) )
RWW (SPMEN (0))
RWWSRE SPMEN 1 4 SPM RWW
(SPMEN=1) RWW
RWWSRE
= 3- BLBSET : (Boot Lock Bits Set)
SPMEN 1 4 SPM RO R1
Z BLBSET 4 SPM
©)
SPMCSR BLBSET SPMEN (1) 3 LPM 4 20 )
182
L 2 - PGWRT : (Page Write)
SPMEN 1 4 SPM
z R1 RO PGWRT
4 SPM (0) NRWW
CPU
. 1- PGERS: (Page Erase)
SPMEN 1 4 SPM Z
R1 RO PGERS 4 SPM
0) NRWW CPU
L 0 - SPMEN : SPM (Sore Program Memory Enable)
4 SPM RWWSRE, BLBSET, PGWRT, PGERS 1
SPM ( ) SPMEN SPM z
R1:RO zZ SPMEN SPM
4 SPM (0) SPMEN
1
5 10001, 01001, 00101, 00011, 00001
185

AIMEL



AIMEL

27.
27.1.
ATmegab4A 27-2.
1
27-1.
()
- 7 1( )
. 6 1( )
BLB12 5 1( )
BLB11 4 1( )
BLBO02 3 1( )
BLBO1 2 1( )
LB2 1 1( )
EEPROM
LB1 0 RO 1( )
;0 1
27-2.
LB LB2 LB1 JTAG
1 1 1
EEPROM (
2 1 0
(9
EEPROM ( )
3 0 0
(D
LBO BLB02 BLBO1
1 1 1 LPM, SPM
2 1 0 SPM
SPM LPM
3 0 0 2
4 0 1 LPM ( 2
LB1 BLB12 BLB11
1 1 1 LPM, SPM
2 1 0 SPM
SPM LPM
3 0 0
(3
4 0 1 LPM ( 3
: 0 1
1
2: BLB02=0
3: BLB12=0
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27.2.
ATmegabdA 3 27-3. 5.
0
27-3.
- 7 1( )
- 6 1( )
- 5 1( )
- 4 1( )
- 3 1( )
- 2 1( )
M103C( 1) | 1 | ATmega103 0( ) ATmegal03
WDTON( 2) | o 1( ) WDT WDTCR
1; 4 ATmegabdA ATmegal03
2: 33 (WDTCR)
27-4.
OCDEN( 4) | 7 (OCD) 1( ) OCD
JTAGEN( 5) | 6 |JTAG 0 ( ) JTAG
SPEN( 1) | 5 0( )
CKOPT( 2) | 4 1( )
EESAVE 3 EEPROM 1( ) EEPROM
BOOTSZ1 2 0( )
BOOTSZ0 1 (266 ) €3 0 ( )
BOOTRST 0 ( ) 1( )
1: SPIEN
2. CKOPT CKSEL 22
3: BOOTSZ1,0 184 26- 6.
4 JTAGEN OCDEN ) )
OCDEN
5. JTAG JTAGEN JTAG
TDO
27-5.
BODLEVEL | 7 (BOD) 1( )
BODEN 6 (BOD) 1( ) BOD
SUT1 5 (1 1( )
UTO 4 0( )
CKSEL3 3 0( )
CKSEL2 2 ( 2 0( )
CKSEL1 1 0( )
CKSELO 0 1( )
1: SUTL,0 24 8-0.
2. CKSEL3 0 1MHz RC 22 8-1
1(LB1) )
©) ( )
272.1.
EESAVE

AIMEL
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27.3.
ATMEL 3 $000 : $1E ATMEL
3 $001 : $96 64K
ATmega64A $002 : $02 $96 ATmegab4A
274.
ATmegab4A RC 4 1,2,4,8MHz
$0000,$0001,$0002,$0003 IMHz  OSCCAL
26 (OSCCAL)
275.
ATmegab4A EEPROM 27-1.
250ns +(5)V
275.1 +g —>| RESET VCC
o RDY/ BSY «—PD1 Avcc
ATmegab4A OE ——>|PD2
27-1. 27-6. WR—>|PD3 PB7 0 [K==) DATA
BS1L —>| PD4
XA0 XAl XTAL1 XA0 —>| PD5
27-8. XA1—>| PD6
= = PAGEL —>|PD7
WR OF 7.9 B2 —>| PAO
e 1. —>{XTAL1
GND
L
27-6.
RDY/ BSY PD1 O(Low) : ( ) 1(High) : ( )
OE PD2 ( )
WR PD3 ( )
BS1 PD4 / 10 ,1 ) (
XA0 PD5 XTAL 0
XA1 PD6 XTAL 1
PAGEL PD7 EEPROM
B2 PAO / 20: ,L ) ( )
DATA PB7 0 (OE=Low )
27-17. 27-8. XA0 XA1 ( )
XA1 | XA0 XTAL1
PAGEL Prog enable[3] 0 0 0 EEPROM « |/ BSL )
XA1 Prog_enable[ 2] 0 0 1 ( / BS1 )
XAO0 Prog_enable[1] 0 1 0
BS1 Prog_enable[0] 0 1 1 ( )
27-9.
$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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27-10.
PCWORD PCPAGE | PCMSB
32K
64K 128 PC6 0 256 | PC14 7 14
27-11. EEPROM
PCWORD PCPAGE | EEAMSB
2K 8 EEA2 0| 256 |EEA10 3 10
27.6.
276.1.
VCC GND 45 5.5V 10Qu s
RESET Low0) XTAL1 6 (High/ Low)
188 27-7. Prog_enable Low(0) 100ns
RESET 115 12.5V +12V RESET 100ns Prog_enable
RC XTAL1
188 27-7. Prog_enable Low(0)
VCC GND 45 55V RESET 115 125V
100ns
(CKSEL3 0=0000) ( )
©)
RESET Low(0)
276.2.
u
= (EESAVE 0) )JEEPROM $FF $FF
= 256 ( ) EEPROM 256
276.3.
EEPROM( 1) (
EEPROM
1: EESAVE 0) EEPROM
XAl High(1) XA0 Low0)
BSL Low(0)
DATA $80(1000 0000)
XTAL1
WR RDY/BSY Low(0)
RDY/BSY High(1)

AIMEL
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27.64. ( 27-3. )
(189 27-10. )
1
XA1 High(1) XA0 Low(0)
BSL Low(0)
DATA  $10(0001 0000)
XTAL1
XA1 Low(0) XA0 Low(0)
BSL Low(0) ()
DATA ($00 $FF)
XTAL1
XAL1 Low(0) XA0 High(1)
DATA (300 $FF)
XTAL1
BSL High(1)
XA1 Low(0) XA0 High(1)
DATA ($00 $FF)
XTAL1
« )
BSL High(1)
PAGEL )
( )
« ) 27-
2 ) ( <256) ()
XAl Lowm0) XA0 Low(0)
BSL High(1) ( )
DATA ($00 $7F)
XTAL1
BSL Low(0) __
WR RDY/BSY Low0)
RDY/BSY High(1)
( )
XA1 High(1) XA0 Low(0)
DATA  $00(0000 0000)
XTAL1
27-2.
PCMSB PAGEMSB
| PCPAGE | PCWORD |
)
PCWORD (PAGEMSB  0)
) $00
$01
$02
e —
e ——
PAGEEND
: PCPAGE PCWORD 189 27-10.
190 ATmegab4A
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27-3.

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

XAO _ ‘ : 3 3 1
BSL _ / \
XTAL1§/_\§/\§/\§/\§ /_\

R N/

RESET

OE
B : : : : :
PAGEL _| | | | /T \

T XX A H

I_II_II_II_EI_II_II_II_II_II_II_I

27.6.5. EEPROM

EEPROM (189 27-11. ) EEPROM
1 EEPROM (
190 27-4. )

. EEPROM $11(0001 0001) ( )
($00 $07) ( )
($00 $FF) ( )
($00 $FF) ( )
(PAGEL ) ( )

. EEPROM
BSL Low(0) L
WR EEPROM RDY/BSY Low0)
RDY/BSY High(1)

27-4. EEPROM

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

XA0 _|

BS1 _ T\

xTALL . N\ L |
w\_/
RDY/BSY \___/

RESET

OE
BX

PAGEL | i ! ! T\

I_II_II_II_EI_II_II_II_II_II_II_I
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27.6.6.
( 190 )
$02(0000 0010) ( )
($00 $7F) ( )
: ($00 $FF) ( )
. BSL Low(0) OE Low(0) ( ) DATA
. BSL High(1) ( ) DATA
. OE High(1) DATA Hi-Z
27.6.7. EEPROM
EEPROM ( 190 )
. EEPROM $03(0000 0011) ( )
($00 $07) ( )
: ($00 $FF) ( )
. BSL Low(0) OE Low(0) EEPROM DATA
. OE High(1) DATA Hi-Z
27.68. ( I 1 )
( 190 )
$40(0100 0000) ( )
: 0= 1= « ) ( )
' \E/gTSF% - RDY/BSY High < o>
.. High BSL B2 Low0) Bl | B2
Low(0) | High(1)
High(1) | Low(0)
Low(0) | Low(0)
27-5.
[ | [ | [ | "
DATA Y40 X X XX X840 X X XX XCs40 X X XX ]
XL /TN /N A }
- — i
B2 R MR S W—
w N NN A
ovesy T\ /N[ \_/ ]
RESET | | | | | | | | | 1EV
ot [’
PAGEL i
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2769.
( 190
$20(0010 0000) (
. ( ) 0= 1= (
. WR RDY/BSY High
@
27.6.10.
( 190
. B $04(0000 0100) (
. BSL B Low0) OE Low(0) DATA
. BSL BS2 High(l) OE Low(0) DATA
. BSL Low(0) B2 High(1) OE Low(0)
. BSL high(l) B Low(0) OE Low(0) DATA
. OE High(1) DATA Hi-Z
27-6. , BS1, BS2
¥ |
0

|

e o E

0
I‘ DATA
1

B2 BSL
27.6.11.

( 190

$08(0000 1000) (
_ (300 $02) ( )
. BSL Lom0) OE Low(0) DATA
. OE High(1) DATA Hi-Z
27.6.12.
( 190
$08(0000 1000) (

_ _ ($00 $03) ( )
. BSL High(l) OE Low0) DATA
. OE High(1) DATA Hi-Z

AIMEL
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27.6.13.
27-7. ( )
< t o
XTAL1 ‘ j KWL .
«tpvxH><txHXxL »<«tx DXx><lBVWM >
DATA, XA0, XAL, __X ? 1 X | ) G
BSL B ~ ! | ! : : 1
<«tBVPH»> <tpLBX > | - < twex
PAGEL «tpHPL»> : — -
«—tpLwL— twiwH |
_ -~ — -
WR N~
<twLRL> |
RDY/ BSY | N .7
« tmRH— >
27-8. ( )
XTALL /7 N/ N~ "\ SN
<« tXLXH—> } 1
BSL ‘ | / | T AN
XLPH == = oty s
PAGEL ‘
DATA X o ) X ( ) X ( ) X\ ) X
XAO0 \ / AN
XA1
( )
27-7. ( tovxH txHxL txLbDx)
27-9. ( )
XTALL /7 N\ 2
> <« IxLoL ‘
BS1 \ — /- N\
- oty > i« —» <« tvDv
OE N . o
| | | —> = loHpz
DATA X o ) )—X ( ) X ( D>—_ K ) X
XAO0 AN / AN /
XA1 AN / AN /
27-7. ( tovxH UxHxL txLDX)
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27-12. (VCC=5V+ 10%
Min Typ Max
Vpp 115 12.5 V
Ipp 250 uA
tpvxH XTAL1? 67
tXLXH XTAL1L XTAL1t 200
IXHXL XTAL1 High 150
tXLDX XTAL1 ! 67
EXLWL XTAL1 ! WR! 0
tXLPH XTALL o PAGEL 1 0
tPLXH PAGEL ! XTAL1 1 150
teveH | PAGEL 1 BSL 67 ns
tPHPL PAGEL High 150
tPLBX PAGEL ! BS1 67
twLBX WR BS1,BS2 67
tPLwL PAGEL ! WR l 67
tBVWL WR ! BSL 67
tWLWH WR Low 150
tWLRL WR RDY/BSY! 0 1 us
tWLRH (WR.  RDY/BSY1 ) ( 1 3.7 4.5
tWLRH CE (WR.  RDY/BSV1 ) ( 2| 75 9 ms
txLcL XTAL1 ! OE! 0
tBvDV BS1 DATA 0 250
toLov | OE:  DATA 250 ns
toHDZ OE1 DATA 250
1: EEPROM
2
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27.7.
EEPROM RESET GND S
CK MOSI MISO RESET Low /
27-13. S|
Pl S MOS MISO
ATmegab4A PDI PDO
27.7.1.
SPI SPII/O 1 27-10.
SPII/O  PB2 PB3 MOSI/ MISO
9713, 2.7 5.5V
PEO PE1 SPI (GND) —>| RESET vce
0713 2.7 5.5V
' () AVCC | (29
——»|XTAL1 PB1 [«—— sCK
MOS (PDI) PEO b1 1O
MISO (PDO) PEL GND PEO |«—— MOSI
SCK PB1 —E
EEPROM 1: XTAL1
( )
( ) EEPROM 2: VCC-0.3V<AVCC<VCCH0.3V AvVcc
$FF 2.7 5.5V
CKSEL
(SCK) Low High
fck  12MHz : Low 2CPU fck  12MHz : High 2CPU
fck 12MHz : Low 3CPU fck  12MHz : High 3CPU
27.7.2.
ATmegab4A SCK ATmegab4A SCK
27-11.
ATmegab4A
1. :
RESET SCK Low(0) VCC GND SCK  Low
SCK  Low(0) RESET 2CPU
RESET L SCK  Low(0) ON PEN Low L
ON PEN SCK Low PEN
2. 20ms MOSI
3. 3 2
($53) 4 $53
RESET
4. 1 189 27-10.
7+1 1
( )
8 ( )
two FLASH( 27-14. )
( EEPROM ) ( )
( : Note )
5. EEPROM EEPROM 1 EEPROM
twp EEPROM(  27-14. )
6. MISO
7. RESET High(1)
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8. OFF (
RESET High(1)

ATmegab4A

\V/ol®; OFF
27.7.3.
$FF
$FF
twD FLASH $FF
$FF twD FLASH 27-14.
27.7.4. EEPROM
( ) EEPROM SFF
$FF 27-14. , , EEPROM
$FF $FF
EEPROM twb FUSE 4.5ms
$FF twD FLASH 4.5ms
twbp EEPROM twb_EEPRO | twD EEPROM 9.0ms EEPROM
M 27-14. twbD ERASE 9.0ms
27-11.
(MOS:PDI) __ / MSB X X X X X X X LB\
(MISO:PDO) __ /[ MSB X X X X X X X LB\
(SCK) M re rrerererrri
A 4 4 A A 4 4 A
27-15.
1 2 3 4
1010 1100|0101 0011 | XXXX XXXX | XXXX XxxX | RESET=Low
1010 1100 100X XXXX | XXXX XXXX | XXXX XXXX ,EEPROM,
0010 POOO | OH-HH HHH| LLLL LLLL | RRRR RRRR HL PH/L)
0100 POO0O0 | 0000 xxxx | xLLL LLLL | VWYV VWYY L PH/L)
0100 1100 | OHHH HHHH| LXXX XXXX | XXXX XXXX HL
EEPROM 1010 0000 | 00xx xH-H|LLLL LLLL|RRRR RRRR HL
EEPROM 1100 0000 | 00xx xH-H|LLLL LLLL | VWYY \WYW\ HL
0101 1000|0000 0000 | xxxx xxXxXX | XXRR RRRR
1010 1100 111x XXXX [ XXxX XxXX | 11VWV W\ (186 27-1. )
0101 0000 | 0000 0000 | xxxx xxxx | RRRR RRRR
1010 1100|1010 0000 | xxxx XxxX | VYWV W\ (187 27-5. )
0101 1000|0000 1000 | xxxx xxxx | RRRR RRRR
1010 1100|1010 1000 | XXX XXXX | VWWWV VWWW\ (187 27-4. )
0101 0000 | 0000 1000 [ xxxx xxxx | RRRR RRRR
1010 1100|1010 0100 | XXX XXXX | VWWWV VWWW\ (187 27-3. )
0011 0000 | 00xx xxxx | xxxx XXLL | RRRR RRRR L
0011 1000 | 00xx xxxx | 0000 OOLL | RRRR RRRR L
H= = P=0= 1=
R= (MCU ) W= (MCU ) x=0 1( / )
27.75.
SPI 209 SPI
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278.JTAG
JTAG 4 JTAG TCK,TMSTDI, TDO RESET
JTAG JTAGEN ©)
MCU [ (MCUCSR) JTAG (JTD) ()
JID 1) Low 2 (CPU) JID (0)
JTAG JTAG
JTAG (Boundary- Scan) JTAG
JTAG
LSB
27.8.1. JTAG
(IR) 4 16 27-12
JTAG 0 e
16 o 1o ) DR: ) IR: . ;
T (G e - W e
A : 0 0
\
(TAP) ! AR TR ]
Jr oS - S
AC TR
o712 || i DR S % 0)
_______ S T
».DR 1 i IR
------- i-q----:‘. 0
iDR . foxi| R o)
| 0 gamases - 0 L
DR 2 IR
....... \ T e
i DR -t IR e
11 10 i1
27.8.2. AVR RESET ($C)
AVR AVR JTAG
(TAP) 1 (DR) 1
= DR TCK
27.8.3. PROG ENABLE ($4)
JTAG AVR JTAG 16
(OR)
= DR
= DR
27.84. PROG COMMANDS ($5)
JTAG AVR JTAG 15 (DR)
= DR
= DR TCK
= DR
. / 200 27-16.
108 ATmegab4A
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27.8.5. PROG PAGELOAD ($6)

JTAG AVR JTAG 1024
(OR) 1 (Scan chain)
8 JTAG DR
DR ( )
« )
= DR : TCK TDI
 JTAG PROG PAGELOAD AVR JTAG AVR

27.8.6. PROG PAGEREAD ($7)

JTAG 1 AVR JTAG 1032
(DR 1 8 (Scan
chain) 8 JTAG DR
DR (
) )
= DR : ( ) TCK TDO
TDI
: JTAG PROG PAGEREAD AVR JTAG AVR
27.8.1.
(DR) 198 JTAG JTAG (IR
. (Reset) " (Virtual Flash Page Load)
= (Programing Enable) . (Virtual Flash Page Read)
. (Programing Command)
27.8.8. (Reset)
1 RESET Low 1
(22 )
168 25-2.
27.89. (Programing Enable)
16 27-13.
$A370(1010 0011 0111 0000)
TDI — —> TDO
JTAG v
ON 0 [0 ol
£
$A370 [ |
PROG ENABLE
(DR)
27.8.10. (Programing Command)
15 27-14.

— TDO

JTAG |TDI —>

27-16. . 3 %

| EEPROM
/
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27-16. JTAG

AIMEL

TDI

TDO

010

0011

1000 0000 | xxx

XXXX XXXX

011

0001

1000 0000 | xxx

XXXX XXXX

011

0011

1000 0000 | xxx

XXXX XXXX

011

0011

1000 0000 | xxx

XXXX XXXX

011

0011

1000 0000 | xxx

XXSX XXXX

2)

010

0011

0001 0000 | xxx

XXXX XXXX

000

0111

HHHH HHHH | xxx

XXXX XXXX

10)

000

0011

LLLL LLELL | xxX

XXXX XXXX

001

0011

VWVW VYWV ([ xxX

XXXX XXXX

NININININ[-

001

0111

VWVYWW VWVW | xxx

XXXX XXXX

011

0111

0000

0000

XXXX XXXX

111

0111

0000

0000

XXXX XXXX

011

0111

0000

0000

XXXX XXXX

1

011

0111

0000

0000

XXXX XXXX

011

0101

0000

0000

XXXX XXXX

011

0111

0000

0000

XXXX XXXX

011

0111

0000

0000

XXXX XXXX

1)

011

0111

0000

0000

XXSX XXXX

2

010

0011

0000

0010

XXXX XXXX

000

0111

HHH HHH

XXXX XXXX

10)

WIWIWIN

000

0011

LLLL

LLLL

XXXX XXXX

w

011

0010

0000

0000

XXXX XXXX

011

0110

0000

0000

XXXX RRRR RRRR

011

0111

0000

0000

XXXX RRRR RRRR

EEPROM

010

0011

0001

0001

XXXX XXXX

000

0111

HHHH HHH | xxx

XXXX XXXX

10)

000

0011

LLLL LLLL | xxx

XXXX XXXX

BipIA_|D

001

0011

VWVYW WVW | xxx

XXXX XXXX

N

011

0111

0000

0000

XXXX XXXX

111

0111

0000

0000

XXXX XXXX

011

0111

0000

0000

XXXX XXXX

1

4 EEPROM

011

0011

0000

0000

XXXX XXXX

011

0001

0000

0000

XXXX XXXX

011

0011

0000

0000

XXXX XXXX

011

0011

0000

0000

XXXX XXXX

1

EEPROM

011

0011

0000

0000

XXSX XXXX

2)

EEPROM

010

0011

0000

0011

XXXX XXXX

000

0111

HHHH HHH | xxx

XXXX XXXX

10)

gjo|o|bs~

000

0011

LLLL LLLL | xxx

XXXX XXXX

5 EEPROM

011

0011

LLLL LLLL | xxx

XXXX XXXX

011

0010

0000 0000 | xxx

XXXX XXXX

011

0011

0000 0000 | xxx

XXXX RRRR RRRR

»

010

0011

0100 0000 | xxX

XXXX XXXX

001

0011

VWVW WVWV | xxx

XXXX XXXX

3) 187

2(-3.

011

1011

0000 0000 | xxx

XXXX XXXX

011

1001

0000 0000 | xxx

XXXX XXXX

011

1011

0000 0000 | xxx

XXXX XXXX

011

1011

0000 0000 | xxx

XXXX XXXX

1

011

1011

0000 0000 | xxx

XXSX XXXX

2)

001

0011

VWVW WWWYWV ([ xxX

XXXX XXXX

3) 187

27-4.

011

0111

0000 0000 | xxx

XXXX XXXX

011

0101

0000 0000 | xxx

XXXX XXXX

011

0111

0000 0000 | xxX

XXXX XXXX

011

0111

0000 0000 | xxx

XXXX XXXX

1

(o2}

011

0111

0000 0000 | xxx

XXSX XXXX

2)

001

0011

VWYV VWWVWV [ xxx

XXXX XXXX

3) 187

21(=5.

011

0011

0000 0000 | xxX

XXXX XXXX

011

0001

0000 0000 | xxx

XXXX XXXX

011

0011

0000 0000 | xxx

XXXX XXXX

011

0011

0000 0000 | xxX

XXXX XXXX

1

011

0011

0000 0000 | xxX

XXSX XXXX

2)
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27-16 (). JTAG

ATmegab4A

TDI TDO
7 010 0011 0010 0000 | XXX XXXX XXXX XXXX
7 001 0011 IIVWVVWWWV| XXX XXXX XXXX XXXX 4) 186 27-1.
011 0011 0000 0000 | XXX XXXX XXXX XXXX 1)
7 011 0001 0000 0000 | XXX XXXX XXXX XXXX
011 0011 0000 0000 [ XXX XXXX XXXX XXXX
011 0011 0000 0000 | XXX XXXX XXXX XXXX
7 011 0011 0000 0000 | XXX XXSX XXXX XXXX 2)
8 / 010 0011 0000 0100 | XXX XXXX XXXX XXXX
8 011 1010 0000 0000 | XXX XXXX XXXX XXXX 187 27.3
011 1011 0000 0000 | xxx xxxx RRRR RRRR 5) )
8 011 1110 0000 0000 | XXX XXXX XXXX XXXX 187 274
— 011 1111 0000 0000 | xxx xxxx RRRR RRRR 5) )
8 011 0010 0000 0000 | XXX XXXX XXXX XXXX 187 275
011 0011 0000 0000 | xxx xxxx RRRR RRRR 5) )
8 011 0110 0000 0000 | XXX XXXX XXXX XXXX 186 27.1
011 0111 0000 0000 | xxx XXxX XXRR RRRR 5) )
011 1010 0000 0000 | XXX XXXX XXXX XXXX
011 1110 0000 0000 | xxx Xxxx RRRR RRRR
8 / 011 0010 0000 0000 | xxx xxxx RRRR RRRR ( 5
011 0110 0000 0000 | xxx xxxx RRRR RRRR
011 0111 0000 0000 | xxx xxxx RRRR RRRR
9 010 0011 0000 1000 | XXX XXXX XXXX XXXX
9 000 0011 LLLL LLLL | XXX XXXX XXXX XXXX
9 011 0010 0000 0000 | XXX XXXX XXXX XXXX
011 0011 0000 0000 | xxx xxxx RRRR RRRR
10 010 0011 0000 1000 [ XXX XXXX XXXX XXXX
10 000 0011 LLLL LLLL | XXX XXXX XXXX XXXX
10 011 0110 0000 0000 | XXX XXXX XXXX XXXX
011 0111 0000 0000 | xxx xxxXx RRRR RRRR
11 010 0011 0000 0000 | XXX XXXX XXXX XXXX
011 0011 0000 0000 | XXX XXXX XXXX XXXX
H= L= =
R= (MCU ) W= (MCU ) x=0 1( /
i ¢ 7 ( )
2:S1 ( )
3 : 0 1
4 . 0 1
5 0 1
« ) 6 9

10: PCMSB( 27-10.

) EEAMSB( 27-11.

AIMEL
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27811 (Virtual Flash Page Load)

1 27-16.
(Scan chain) 8
TDI — — TDO
«C )
LSB MSB
/ EEPROM
/
27.8.12. (Virtual Flash Page Read)
1 27-17.
+8 (Scan chain)
8 TDI —> —> TDO
8
8
LSB
MSB ! iy
1 / EEPROM
/
27.8.13.
1 1 27- 16.
27.8.14.
1. JTAG AVR RESET 1
2. PROG ENABLE $A370(1010 0011 0111 0000)
27.8.15.
1. JTAG PROG COMMANDS
2. (11 )
3. PROG ENABLE $0000(0000 0000 0000 0000)
4. JTAG AVR RESET 0
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27.8.16.
1. JTAG  PROG COMMANDS
2. e )
3. [« )
27.8.117.
1. JTAG  PROG COMMANDS
2. @ )
3. 2 )
4. @ )
5. @ ,2 ,2 )
6. ( ) 4 5.
7. @ )
8. @ )
9. 3. 8.

PROG PAGELOAD
1. JTAG  PROG COMMANDS
2. @ )
3. @ ,2 )

0
4. JTAG  PROG_PAGELOAD
5. LB
6. TJAG  PROG COMMANDS
7. @ )
8. @ )
9. 3. 8.
27.8.18
1. JTAG  PROG COMMANDS
2. 3 )
3. 3 ,3 )
4. 3 )
5. 3. 4

PROG PAGEREAD
1. JTAG  PROG COMMANDS
2. 3 )
3. @ ,3 )

0
4. JTAG  PROG PAGEREAD
5. LSB

8

6. TJAG  PROG COMMANDS
7. 3. 6.
27.8.19. EEPROM
EEPROM
1. JTAG  PROG COMMANDS
2. EEPROM @ )
3. (4 )
4. (4 )
5. @ ,4 )
6. 4. 5.
7. EEPROM @ )
8. EEPROM @ )
9. 3. 8.
PROG PAGELOAD EEPROM

tWLRH_CE(195

MSB

MSB

EEPROM

EEPROM

AIMEL

tWLRH FLASH(195

tWLRH FLASH(195

tWLRH(195

ATmegab4A

27-12. )

27-12. )
PCWORD(189 27-10. )
27-12. )
PCWORD(189 27-10. )
27-12. )
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27.8.20. EEPROM

1. JTAG  PROG COMMANDS
2. EEPROM G ) EEPROM
3. G ,5 )

4. G )

5. 3. 4

PROG_PAGEREAD EEPROM

278.21.

1. JTAG  PROG COMMANDS
6 )
6 ) (0= 1= )
6 )
6 ) tWLRH(195 27-12. )
6 ) (0= 1= )
6 )
6 ) tWLRH(195 27-12. )
(6 ) (0= 1= )
6 )
6 ) tWLRH(195 27-12. )

el
POOONDORWDN

27.8.22.

1. JTAG  PROG COMMANDS
2. 7 )

3. 7 ) (0= 1= )

4. 7 )

5. 7 ) tWLRH(195 27-12. )

27.8.23. /

1. JTAG  PROG COMMANDS
2. / @ ) /
3. / @ )

8 )

27.8.24.
1. JTJAG  PROG COMMANDS
2 © )
3. © ) $00
4. © )
5. 2 3 $01,$02 3. 4
27.8.25.
1. JTAG  PROG COMMANDS
2. (10 )
3. (10 ) $00
4. (10 )

¢ ) 4 (
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ATmegab4A

28.
28.1. ( )
-55 +125 [ )
-65 +150
RESET -0.5V  Vvcc+0.5Vv
RESET -0.5V  +13.0V
6.0V
40.0mA
400.0 mA
28.2. DC
TA=40 85 ,VCC=2.7V 5.5V ( )
Min Typ Max
VIL |Low XTAL1,RESET -0.5 0.2vcc (1)
VL1 |Low XTAL1 -0.5 0.1vcc (1)
VL2 |Low RESET -0.5 0.2vcc (1)
VIH |High XTAL1,RESET o.6vcc ( 2) VCCc+0.5
VIH1 |High XTAL1 0.7vcc( 2) VccH.5 v
VIH2 |High RESET 0.85vVcc ( 2) VCccH.5
L |OL=20mA, VCC=5V 0.9
VoL (3
(  ABCDEFQ) |OL=10mA, VCC=3V 0.6
H |OH=-20mA, VCC=5V 4.2
VOH (4
(  ABCDEFQG) |OH=-10mA, VCC=3V 2.2
L |/O  Low VCC=5.5V ( ) 1.0
lH |10 High H/L 10 HA
RRST |RESET 30 60
RPEN | PEN 30 60 kQ
Rpu [I/0 20 50
VCC=3V, 4MHz 25 5
VCC=5V, 8MHz 8.1 20 A
lec vce=3V, 4MHz 0.7 2
VCC=5V, 8MHz 2.8 12
vce=3V, WDT <10 20
(9 Necc=v, wot < 10 A
VACIO . -40 40 mvV
LK VCce=5V, Vin=Vce/ 2 % = vy
{ACFD vce=2.7v 750 o
vce=4.0vV 500
1. Low
2: High
(3 (9

AIMEL
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3 10 ( ) (VCC=5V 20mA VCC=3V 10mA)
oL 400mA
A0 A7 C3 C7 G2 IoL 100mA
Bo B7 EO E7 G3 G4 IOL 100mA
Co C2 Do D7 GO G1 XTAL2 IoL 100mA
FO F7 IOL 100mA
oL VoL
4. 110 ( ) (VCC=5V 20mA VCC=3V 10mA)
IOH 400mA
A0 A7 C3 C7 G2 IOH 100mA
Bo B7 EO E7 G3 G4 IOH 100mA
Co C2 Do D7 GO G1 XTAL2 IOH 100mA
FO F7 IOH 100mA
IOH VOH
5: (Vce) 2.5V
28.3.
28-1 vce
16MHZ [ -----==m = mmmmm e
8MHZ--------=mmmmm oo e
I » VCC
1.8 2.7 45 55 (V)
284.
28-2.
tcLcH —> W« tcHox — —tcHeL
VIL1- ; /7 VIH1 \'&:7 tcLex 4% \
< tcLeL >
28-1.
VCC=27 55V Vcc=45 55V
Min Max Min Max
1UtcLeL 0 8 0 16 MHz
tcLeL 125 62.5
tcHeX High 50 25 ns
tcLex Low 50 25
fcLcH 1.6 0.5 .
tCHCL 16 05 H
fcLeL 2 2 %
: 25
28-2. RC (Vcec=5v)
f R (kQ) C (pF)
650kHz 31.5 20
2.0MHz 6.5 20
'R 3 100kQ C 20pF C
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28.5.
28-3. (BOD)
Min Typ Max
ON 1.4 2.3
VpoT
ON (D 1.3 2.3 \Y
VRsT RESET 0.2vce 0.85VcC
tRsT 1.5 VB
Vaor (2 BODLEVEL: (1) 2.5 2.7 2.9 y
BODLEVEL= (0) 3.6 4.0 4.2
taorT BODLEVEL= (1) 2 us
BODLEVEL= (0) 2
VHysT 120 mv
VBG 1.15 1.23 1.35 \%
teg 40 70 us
IBG 10 uA
1: ON
2: VBOT
VCC=VBOT VCC
(BOD)
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286. 2
28-4. 2 ATmegab4A 2
28-3.2
> e tof <—tHIGH—><—TLow—> PN ¢

AIMEY

tou:stA —>

o\

UHD:DAT «—»<——>tsy:DAT

‘ tHD:STﬁ‘i‘

X

tsy:sto—> <«—>1BuUF

I S

208

28-4.2
Min Max
VIL Low -0.5 0.3vcc
VIH  |High 0.7vce VCCH0.5 v
Vhys 0.05vcc
VoL Low loL=3mA 0 0.4
tr (VILmin- VIHmMax) 20+0.1Cbh 300
tof (VIHmMin - ViLmax) 10pF<Ch<400pF 20+0.1Cb 250 ns
ts ( ) 0 50
li ( ) 0.1vVcceevi<0.9vece -10 10 bA
Ci 10 pF
fooL L fok>max(16f ey ,250kHz) 0 400 kHz
- fscL  100kHz (VeC-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
ttow |SCL Low fscL 100kHZ 13
thigt [scL kg o = 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 ns
fscL 100kHz 4.0
tsu:sto fscL  100kHz 0.6
fscL  100kHz 4.7 S
tBUF - f 100kH 1.3
SCL yA .
ATmegab4A 100%
fscL  100kHz
Cb 1 (pF)
fck CPU( )
ATmegab4A 2
fscL
ATmegabdA 2 Low (U fscL-2/ fek) Low
fscL=100kHz fck (1 )6MHz
ATmegab4A 2 Low 1/ fscL-2/ fek) fCK=8MHz
fgcL>308kHz Low ATmegab4A tLow
ATmegab4A (400kHZz)

ATmegab4A




ATmegab4A

28.7. SPI
28-4. 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 = /
28-5. SP ( )
S )N Dl
o »16%
SCK (CPOL=0) 9 f / I N / ‘
« 11 > & 11 ﬂ }
SCK (CPOL=1) . B \ / \
| 12! e
MOS ( ) ——-——- {——
15> < ]_7% -
MISO ( ) —<§ MSB X X LB XX -
28-5. SPI
Min Typ Max
1 |SCK 19-5.
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 S5t 20
17 |SSt Hi-Z 10
18 |SS SCK 20
. SPI SCK High/ Low 2tcLeL(tck 12MHz) 3tcLcL(tck 12MHz)
209
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288. A/D
28-6.A/D (TA=40 +85 )
Min Typ Max
10
vce=4v =200kHz 1.5
(INL,DNL, , VREF=4V =1MHz 3
, =200kHz 1.5
) =1MHz 3
(INL) 0.75 LS8
(DNL) | VeC=4V 0.25
VREF=4V
() =200KHzZ 0.75
0.75
50 1000 kHz
13 260 us
VREF 2.0 AVCC Vv
VIN GND VREF
38.5 kHz
A/ID 0 1023 LB
x 1 10
x 10 10
x 200 10
x 1 16
( ) x 10 16
’ x 200 8
x 1 0.75
(INL) x 10 0.75 LB
Vec=ov x 200 25
VREF=4V
=50 200kHz | X1 15
() x 10 1
x 200 6
x 1 1.6
x 10 1.6 %
x 200 0.3
50 1000 kHz
13 260 us
VREF 2.0 AVCC-0.5
VIN GND VCC V
VDIFF - VREF/ VREF/
4 kHz
A/D -512 511 LB
AvVCC vce-0.3( 1) vce+.3( 2) v
VINT 2.56V 2.4 2.56 2.8
RREF 32 kQ
RAIN 100 MQ
1: AvVcc 2.7V
2: AVCC 5.5V
( ) 28-6. 28-7. 286
210
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ATmegab4A

28.9.
28-8. (VCcCc=4.5V 5.5V )
8MHz
Min Max Min Max
0 |UtcLcL 0.0 16 MHz
1| tLHLL | ALE High 115 1.0tcrLcL-10
2| tavLL | ALE! 57.5 0.5tcLcL-5
3A|TLLAX,ST ALE! 5 5
3B|tLLAX,LD ALE! 5 5
4 | tavLLe | ALEL 57.5 0.5tcLcL-5
5| tAavRL RD! 115 1.0tcLcL-10
6| tavwL WR! 115 1.0tcLcL-10
7| tlowe | ALEL WRL 475 | 675 | 0.5tcLcL-15 | 0.5tcLcL+s
8| tLLR. | ALEL  RDI 47.5 | 67.5 | 0.5tcLcL-15 0.5tcLcLtb ns
9 | tovrd | RD1 40 40
10| trLDV | RD! 75 1.0tcLcL-50
11| trRHDX | RDt 0 0
12| tRLRH | RD Low 115 1.0tcLcL-10
13| towwL | WR 425 0.5tcLcL-20
14| twHDX | WRt 115 1.0tcLcL-10
15| tovwH | WRt 125 1.0tcLcL
16| twiwH | WR Low 115 1.0tcLcL-10
1: =509XTAL1 High )
2: =5096XTAL1 Low )
28-9. (VCC=4.5V 5.5V SRWnh1=0, SRWno=1 (1 ))
8MHz
Min Max Min Max
0 |tcLcL 0.0 16 MHz
10| trpv | RDU 200 2.0tcLcL-50
12| tRLRH | RD Low 240 2.0tcLcL-10 ns
15| tpywH | WR? 250 2.0tcLcL
16 | twiwH | WR Low 240 2.0tcLcL-10
28-10. (VCC=4.5V 5.5V SRWni=1, SRWno=0 (2 )
8MHz
Min Max Min Max
0 | VtcLcL 0.0 16 MHz
10| trLpv | RD! 325 3.0tcLcL-50
12| tRLRH @Low 365 3.0tcLcL-10 ns
15| tpywH | WR? 375 3.0tcLcL
16| twiwH | WR Low 365 3.0tcLcL-10
28-11. (VCC=4.5V 5.5V SRWni1=1, SRWno=1 (2&1 ))
8MHz
Min Max Min Max
0 | VtcLcL 0.0 16 MHz
10| trLpv | RD! 325 3.0tcLcL-50
12| tRLRH | RD Low 365 3.0tcLcL- 10
14| twHDX | WRt 240 2.0tcLcL-10 ns
15| tovwH | WRt 375 3.0tcLcL
16| twLwH | WR Low 365 3.0tcLcL- 10
211
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28-12. (VCC=2.7V 5.5V )
4AMHz
Min Max Min Max
0|VtcLcL 0.0 8 MHz
1| tLHLL | ALE High 235 1.0tcLcL-15
2| tavLL | ALEL 115 0.5tcLcL-10
3A|tLLAX,ST ALE! 5 5
3B [tLLAX,LD ALE!| 5 5
4 | tavLLc | ALE! 115 0.5tcLcL- 10
5| tAVRL RD! 235 1.0tcLcL-15
6| tavwL WR! 235 1.0tcLcL-15
7 | tLowe | ALEL vjm 115 | 130 | 0.5tcLcL-10 0.5tcLcLtb s
8| tLLRL | ALE! RD! 115 | 130 | 0.5tcLcL-10 0.5tcLcL+b
9| tbvrH | RD? 45 45
10| trRpv | RDY 190 1.0tcLcL-60
11| trHDX | RD? 0 0
12| tRLRH | RD Low 235 1.0tcLcL-15
13| tovwL | WR! 105 0.5tcLcL- 20
14| twHDX | WRt 235 1.0tcLcL-15
15| tovwH | WRt 250 1.0tcLcL
16| twiwH | WR Low 235 1.0tcLcL-15
1: =50%XTAL1 High )
2. =50%XTALL Low )
28-13. (VCC=2.7V 5.5V SRWn1=0, SRWno=1 (1 ))
4MHz
Min Max Min Max
0|dtcLcL 0.0 8 MHz
10| trRpv | RD! 440 2.0tcLcL-60
12| tRLRH | RD Low 485 2.0tcLcL-15
15| tovwH | WRt 500 2.0tcLcL ns
16| twLwH | WR Low 485 2.0tcLcL-15
28-14. (VCC=2.7V 5.5V SRWnh1=1, SRWno=0 (2 ))
4MHz
Min Max Min Max
0 |VtcLcL 0.0 8 MHz
10| trupv | RD! 690 3.0tcLcL-60
12| tRLRH @ Low 735 3.0tcLcL-15 ns
15| tpywH | WR? 750 3.0tcLcL
16 | twiwH | WR Low 735 3.0tcLcL-15
28- 15. (VCC=2.7V 5.5V SRWni=1, SRWno=1 (2&1 ))
4MHz
Min Max Min Max
0 | VtcLcL 0.0 8 MHz
10| trRpv | RDY 690 3.0tcLcL- 60
12| trRLRH | RD Low 735 3.0tcLcL-15
14| twHDX | WRt 485 2.0tcLcL-15 ns
15| tpvwH | WRt 750 3.0tcLcL
16| twiwH | WR Low 735 3.0tcLcL- 15
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28-6. (SRWn1=0, SRWno=0) [T1 T3]
T1 T2 T3 T4 SRWn1 SRW11( ) SRwW
‘ : : \_/—\_/— 01( ) SRWnO SRW10(
cLker) — N\ ( ; | ) SRwoo( )
ALE : / 1 \ | / ‘ [TL Tn]
: w %4*7* :
Al5 8 X | | X
: fZ% >3 . X
AD7 0 X | ‘
1 A ‘¢41715*><—14ﬂ)‘c ALE RAM(
WR [P L A )
: @ 3B < T <0 =1l :
AD7 0 (XMBK=0) s S s 1
_ ‘ <5 10 < R ‘
RD ‘ ‘ g 2
28-7.1 (SRWNn1=0, SRWno=1) [T1 T4]
T2+ T2 . T3 i T4 i+ T5
(CLKcpU) _/_\ /NN N\ [
ALE | ZE—— ‘ I I /
: 4> T > ‘ ‘ !
Al5 8 ) G | X
i c
AD7 0 X ! !
L 3 L 3A> %4715—»H14ﬂ‘
WR T P ‘
: P 3B € T e 09— =1l :
AD7 0(XMBK=0) __ »——  }——< | 1
o ! «——5—» 10 : L :
RD ‘ ‘ PP Y :
28-8.2 (SRWn1=1, SRWno=0) [T1 T5]
T T2 . T3 ¢ T4 ¢+ T5  Te
Cker) —/ N/ N/ [ [ _ /1 _/
ALE | 1\ | /[
: ! D ey :
Al5 8 | | X_
€2 > >3 ‘
AD7 0 ; R X
| 3A> < : 5 < 11>
WR 16—\ | S | :
: p 3B : 9— > <11 :
AD7 0 (XMBK=0) . —— : j
- ‘ < 5 0~ . ‘ % :
RD g L :
28-9.2 + 1 (SRWn1=1, SRWno=1) [T1 T6]
T T2 . T3 T4 i+ T5 . T6 . TT
Ckepy) —/ /[ N[\ [ [ [ [
ALE | 1 | | | | | /T
‘ ‘ e ‘
Al5 8 | | X_
€2 > >3 3
AD7 0 : R XC
L A> < < e — > S 1 E—
WR 516 : :
‘ p 3B = 9— > <11 : :
AD7 0 (XMBK=0) ‘ { —H D; 3 <
L —— 5 —» 10 <« ‘ ! ! : ‘
RD fSA"\ L——% : w
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29.
I/O
11O 11O
a ) CL( )x vVee( > (170
( )
29.1.
29-1. (100kHz 1MHz)
2.5
, VCC=5.5V
vVce=5v
[ ——vec=asv
N e =
Icc (mA) // / | __—vece=2.7v
. %/
. %/
O0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
(MH2)
29-2. (IMHz 16MHz2)
20
VCC=5.5V
16 / vce=5v
VCC=4.5V
" / /
| vce=4V
lcc (mA) //v/q Y
8 cCc=3.6V———
//
e
4 vce=2.7V
e
0 0 2 4 6 8 10 12 14 16
(MH2)
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29- 3. ( RC , IMHz)
2.4 TA=85
$A:25
A=
e TA=40
2
1.8 —
1.4
1.2
1
2.5 3 35 4 4.5 5 5.5
2 VCC (V)
29- 4, ( RC , 2MH2)
4.5
TA=40
4 TA=25
TA=85
35
icc (ma) /
2.5
2 /
1.5
2.5 3 35 4 4.5 5 55
2 VCC (V)
29-5. ( RC , 4MHz)
7 TA=40
TA=25
TA=85
6 /
5
4 /
2
2.5 3 35 4 4.5 5 5.5
s VCC (V)

AIMEL
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29- 6. ( RC , 8MHz)
N T
A=
1 TA=85
10
9
Icc (mA) 8
7
6
5 =
4 =]
25 3 35 4 4.5 5 5.5
s VCC (V)
29-7. (32kHz )
90
TA=25
80
lccua) °
60
/
50
2.5 3 35 4 4.5 5 5.5
2 VCC (V)
29.2.
29-8. (100kHz 1MH2)
0.6
VCC=5.5V
05 ] VCC=5V
0.4 | — VCC=4.5V
. / .
] // vee=4v
o 03 ? — |vcc=3.6v
cc P
/é///
0.1 ==
0
01 02 03 04 05 06 07 08 09 1
(MH2)
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29-9. (IMHz 16MHzZ)
8
/ VCC=5.5V
6 vce=5v
G () 4 vce=4V
cc
/? ?/ vee=3.6v
/ //, vce=2.7v
—
; /Z///
0 2 4 6 8 10 12 14 16
(MH2)
29-10. ( RC , IMHZ)
0.7 TA=85
TA=25
TA=40
0.6
0.5
Icc (mA) /
0.4 /
0.3
=
0.2
2.5 3 35 4 4.5 5 5.5
2 VCC (V)
29-11. ( RC , 2MHzZ)
1.2 TA=85
TA=25
TA=-40
1 /
lcc ma) 08
0.6 //
0.4
2.5 3 35 4 4.5 5 5.5
:VCC (V)
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20- 12. ( RC , 4MH2)
2.6 TA=-40
TA=25
TA=85
2.2 /
lcc (ma) -8
1 =]
2.5 3 3.5 4 4.5 5 55
:VCC (V)
29-13. ( RC , 8MH2)
5 TA=40
=
4.5 A
4
3.5
Icc (mA) 3
2.5
2 _——
1.5
2.5 3 3.5 4 4.5 5 55
2 VCC (V)
29-14. (32kHz )
30
25 TA=25
20
iccpa) P
/
10
5
0
2.5 3 3.5 4 4.5 5 55
s VCC (V)
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29.3.
29-15. (
3.5
TA=85
3
2.5
2
] TA=40
IcCUA) g TA=25
1 %
——
/_/
0.5
0
2.5 3 3.5 4 4.5 5 55
2 VCC (V)
29- 16. (
25
TA=85
TA=25
) / TA=-40
17
|CC (UA) /
= /
9 /
/
5
2.5 3 35 4 4.5 5 55
:VCC (V)
294,
29- 17. (
12 TA=25
11
10
9
lcc @A) 8
7
/
6
5
2.5 3 35 4 4.5 5 55
:VCC (V)
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295.
29-18. (CKOPT=1)
160 6MHz(Xtal)
140 GMHZ( )
120
— AMHZ( )
100 I | — 4MHzEXtaI)
—
2MHz
cCUA) gy // 2M|I<|z§Xt§|)
- T ﬁAOH?(Z( ) )
- 1 —]
—
20
2.5 3 35 4 45 5.5
2 VCC (V)
29-19. (CKOPT=0)
2
16MHz(Xtal)
1.6 // 12MHz(Xtal)
1.2
// 6MHz(Xtal)
Icc (mA) 08 ] AMHZz(Xtal)
0.4
e p—
0
2.5 3 35 4 45 5.5
:VCC (V)
29.6.
29-20.1/0 (vee=5v)
140
120
100
80
o U A) 60
40 \
20 A TA=25
TA=40
0 TA=85
0 1 2 3 4 6
2 Vio (V)
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29-21.1/0

(VCC=2.7V)

ATmegab4A

80
70
60
50
40
llo @A) -
20

10

TA=25
TA=40
TA=85

0.5 1 15 2 25
: Vio (V)

29-22. RESET

(VCC=5V)

120
100
80
60
IRESET (U A)

40

20

/

TA=40
TA=25
TA=85

0.5 1 1.5 2 2.5 3 3.5 4
: VRESET (V)

29-23. RESET

(VCC=2.7V)

60
50
40
30
IRESET (U A)

20

10

TA=40
TA=25
TA=85

0.5 1 1.5 2 2.5
' VRESET (V)
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29-24. PEN

AIMEL

(VCC=5V)

140

120

J

100

80

/

IPEN 1 A) 60

40

/

20

0 0.5 1 15 2

25 3
- VPEN (V)

3.5 4

TA=25
TA=85
TA=40

29-25. PEN

(VCC=2.7V)

80
70

60

50

40
IPEN (U A)

30
20

10

i 25
- VPEN (V)

TA=25
TA=85
TA=40

29.7.

29-26.1/0

(Vce=5V)

90

80

70

60

50

loH (MA) 40
30

20

10

4 3.8

4.2

: 4.6
H : VOH (V)

TA=-40
TA=25
TA=85
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29-27.1/ 0

(VCC=2.7V)

ATmegab4A

IoH (MA)

35

30

25

20

15

10

TA=40
TA=25
TA=85

0
0.5

H : VOH (V)

29-28.1/0

loL (mA)

90

TA=40

80

TA=25

70
60

TA=85

50

40

30

20

10

0.4 0.8

12 1.6

L - VoL (.V)

29-29.1/ 0

(VCC=2.7V)

loL (mA)

35

30

A=

25

TA=25

20

—— TA=85

15

10

0.4 0.8

12 1.6

L : VoL (\/)
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29.8.
29-30.1/ 0 ( ) (VIH,1 )
3 TA=85
TA=25
TA=40
2.6
2.2
VThreshold (V) /
1.8 =
1.4 —
1
2.5 3 35 4 4.5 5 55
:VCC (V)
29-31.1/0 ( ) (VIL,0 )
2.5
TA=-40
=
2.2 / =
VThreshold (V) /
16 /
1
2.5 3 35 4 4.5 5 55
s VCC (V)
29-32.1/0
0.8
TA=85
TA=25
/ TA=40
0.6 e
VHysteresis (V) 0.4 )
0.2
0
2.5 3 35 4 4.5 5 55
:VCC (V)
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29- 33. RESET

(VIH,1

)

ATmegab4A

VThreshold (V)

2.4

2.2

1.8
TA=40

TA=25

14

TA=85

12

1
2.5

3.5

4.5 5

2 VCC (V)

55

29-34. RESET

(VIL,0

)

VThreshold (V)

2.4

2.2

TA=85

18

1.4

TA=25

1.2
TA=140

1
25

3.5

4.5 5

:VCC (V)

55

29- 35. RESET

VHysteresis (V)

0.5

TA=40

0.4

0.3

0.2

TA=25

0.1
TA=85

0
2.5

4.5 5

2 VCC (V)

55
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299.

(BOD)

29- 36. (BOD)

(

AIMEL

( 4.0V)

3.92

3.9

VCC

3.88
3.86

84

VThreshold (V)3'
3.82

3.8

3.78

VCC

3.76 ———

-40 -25

5 20 35 50 65 80
CTA( )

95

29- 37. (BOD)

(

2.76
2.74

2.72 ——

VCC

2.7

VThreshold (\/)2'68

2.66

2.64
2.62

I—

2.6

I

VCC

-40 -25

-10

5 20 35 50 65 80
CTA( )

95

29- 38, ( )

1.215

TA=85
TA=25

121

1.205

TA=40

12

VBG(V) 1105

1.19

1.185

1.18
2.5

35 4 4.5 5
:VCC (V)

55
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29.10.
29- 39.
1180 TA=25
Thzes’
1160 A
1140
1120
1080 —
//
1060
1040
2.5 3 35 4 4.5 5 55
s VCC (V)
29- 40. 1MHz RC
1.02 ————
\\\
\\ \
— ] T e I [ vees5.5v
0.98 — — vce=5v
— | \
FRC (MHz) T ~_| VCC=4.5V
\ \
096 ——— — \Yele=\Y,
I e — Vvce=3.6V
—_—
0.94 —
; —
T——|vcc=2.7v
0.92
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80
CTA( )
29-41. 1MHz RC
1.02 TA=-40
/ TA=25
1
/ TA=85
0.98 /
Frc (MH2)
0.96 - /
0.94 /
0.92
2.5 3 35 4 4.5 5 55
2 VCC (V)
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20-42. IMHz RC (OSCCAL)
1.8 TA=25
16 /
1.4
1.2
FRC (MH2) yed
/
0.8 —
0.6 =
0.4
0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 (256)
OSCCAL
20- 43, 2MHz  RC
2.05 —
\\\
\\ \
2 \\\ \\
\\\\\:\\\\\ ~Vces5.5v
1.95 - e — —— —— vccssv
R — — [T ~—VCC=4.5V
FRC (MH2) ] I i e \\\\\ CC_ -
R e S iy e [ Vec=3.6v
— \
\
1.85 — vce=3v
| vee=2.7v
1.8
-40 -30 -20 -10 O 10 20 30 40 50 60 70 80
CTA( )
20- 44, 2MHz ~ RC
2.05 TA=-40
/TA:25
2
1.95
1.9
1.8
2.5 3 35 4 45 5 5.5
s VCC (V)
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29- 45, 2MHz ~ RC (OSCCAL)
36 TA=25
3.2 /
2.8
4
2.4 /]
Frc (MHD) |
/
1.6
1.2 —
0.8
0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 (256)
OSCCAL
20- 46. AMHz RC
41 ———T1——
. — |
——— ——— —— —
\\\:\\\\\i\:\ VCC=5.5V
3.9 — S \\ VCce=5Vv
\\\\\\ vce=4.5v
sg | —T——— | i~ — vce=av
FRC (MHZ) \\\ Vvee=3.6v
3.7 M—
) \
\\\
3.6 VCC=2.7V
3.5
-40 -30 -20 -10 O 10 20 30 40 50 60 70 80
CTA( )
20-47. AMHz RC
41 TA=40
—
| — TA=25
4
TA=85
3.9 — | |
Fre (MHz) o8
3.7 /
3.6
3.5
2.5 3 3.5 4 4.5 5 5.5
s VCC (V)
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29-48. AMHz  RC (OSCCAL)

TA=25

FrRc (MH2)

1
0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 (256)
OSCCAL

29-49. 8MHz RC

8.4

8.2 —

= = ] VCC=5.5V
76 — — — [ ——vce=sv
' — ——— [~ VvCce=4.5V
FrRC (MH2) 4 — a— vce=4Vv
7.2 — — VCC=3.6V

vee=2.7v

6.6

6.4
-40 -30 -20 -10 O 100 20 30 40 50 60 70 80

CTA( )

29-50. 8MHz RC

8.4
8.2

TA=40

TA=25

TA=85

7.8
P——
7.6

FrRC (MH2) 74
7.2

6.8

6.6
25 3 3.5 4 4.5 5 55

:VCC (V)
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29-51.

ATmegab4A

8MHz  RC (OSCCAL)

Frc (MH2z)

15
TA=25

13

11

©

—

3
0 16 32 438 64 80 96 112 128 144 160 176 192 208 224 240 (256)
OSCCAL

29.11.

29-52.

(BOD)

Ilcc @A)

20

TA=40
18

TA=25
16

TA=85

/
]

12

10

8
2.5 3 3.5 4

2 VCC (V)

4.5 5 55

29-53. A/D

( =50kHz)

Icc @A)

TA=25
TA=85
TA=40

375

350

325

300

275

-

250

225

200
2.5 3

3.5 4
: AVCC (V)

4.5 5 55
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29- 54, (AREF)
200
TA=25
TA=85
175 / / TA=-40
150
lcc @A) /
125
75
2.5 3 35 4 4.5 55
: AVCC (V)
29-55.
70 TA=85
65
60 TA=25
55
5 TA=40
Icc @A) | —
45
J—
40
o) —
T —
30
2.5 3.5 4 4.5 55
2 VCC (V)
29- 56.
8
; TA=40
5 TA=85
lcc (mA) 4
/_\\_/
3
\_,//
2 ———
1
2.5 35 4 4.5 55
s VCC (V)
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29.12.
29-57. ( ) (100kHz 1MHz RESET )
3
VCC=5.5V
P
2.5 vces5v
/ /
2 B
—
y /////// VCC=3.6V
////// | lvee=27v
L [
—
0.5 ——
0
01 02 03 04 05 06 07 08 09 1
(MH2)
29-58. ( ) (IMHz 16MHz RESET )
16
/ VCC=5.5V
vce=5v
12
VCC=4.5V
/, vee=4v
lcc(ma) 8 ——
// — 1 vce=sev
4 e vVee=2.7v
=1 T
0
0 2 4 6 8 10 12 14 16
(MH2)
29- 59.
0.8
0.6
trsT (U s) 04 I | TA=S5
\\\\ TA=25
0. T 1TA=40
0
2.5 3 3.5 4 4.5 5 5.5
:VCC (V)
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30.1/ 0
/O
7 6 5 4 3 2 1 0

(_$FF)
($9F)
($9E)
($D) | ucsric - UMSELL [ UPM11 | UPM1o | USBSI [ UCSZ11 | UCSZ10 | UCPOL1 130
($9C) UDRL USART1 129
($98B) | UCSRIA | RXC1 | TXC1 | UDREL FEL DOR1L UPEL U2x1 | MPCM1 129
(9A) | UCSRIB | RXCIEL [ TXCIEL | UDRIEL | RXEN1 | TXEN1 | UCS712 [ RXBsl | TXBsl 130
($99) UBRRIL USART1 (UBRR17 0) 131
($98) | UBRRIH - - - - USART1 (UBRRI11 8)
($97)
($96)
($95) [ uCSsRoC - UMSELO | UPMO1L | UPM0O0 | USB) | UCSZ01 | UCSZ00 | UCPOLO 130
($94)
($93)
($92)
($91)
($90) | UBRROH - - - - USARTO (UBRRO11 8) 131
($8F)
(88E) | ADCSRB - - - - - ADTS | ADTSI | ADTSD 162
($8D)
(8C) | TCCR3C | FOC3A | FOC3B | FOC3C - - - - - 89
(8B) | TCCR3A | COMB3A1 [ COMB3A0 [ COM3B1 | COM3B0 | COM3C1 | COM3Co | WGM31 | WGM30 86
(88A) | TCCR3B [ ICNC3 [ ICES3 - WGM33 | WGM32 | CS32 CS31 CS30 88
($89) [ TCNT3H I3 89
($83) | TCNT3L I3
($87) | OCR3AH [ 3 A %0
($86) | OCRBAL [ 3 A
($85) | OCR3BH [ 3 B %0
($84) | OCR3BL [ 3 B
($83) | OCR3CH [, 3 ¢C o1
($82) | OCRsCL [ 3 C
($81) ICR3H [ 3 o1
($80) ICR3L [ 3
($7F)
($TE)
@m) | ETIMX - - TICIE3 | OCIE3A | OCIE3B | TOIE3 | OCIE3C | OCIEIC 92
($7C) ETIFR - - ICF3 | OCF3A | OCF3B | TOV3 [ OCF3C | OCFiC 93
($7B)
($7A) | TCCRIC | FOCIA | FOCIB | FOCIC - - - - - 89
($79) | OCRICH / 1 C %0
($78) | OCRICL / 1 C
($77)
($76)
($75)
($74) TWCR | TWINT [ TWEA [ TWSTA | TWSTO | TWWC [ TWEN - TWIE 149
($73) TWDR 2 150
$72) TWAR TWA6 | TWA5 | TWA4 | TWA3 | TWA2 | TWAL [ TWAo | TWGCE 150
($71) TWSR WS | TWS | TWS [ TWSS [ TWS3 - TWPSL [ TWPSD 150
($70) TWBR 2 149
$6F) | OSCCAL RC 26
$6E)
(6D) | XMCRA - SRL2 RL1 SRLO_| SRWO1 | SRWOO [ SRwii - 18
$6C) | XMCRB | XMBK - - - - XMM2_ [ XMM1 [ XMMo 19
($6B)
($6A) EICRA ISC31 ISC30 ISC21 ISC20 ISC11 ISC10 1SCO1 ISC00 38
($69)
($68) | SPMCSR | SPMIE | RWWSB - RWWSRE | BLBSET | PGWRT | PGERS | SPMEN 185
($67)
($66)
($65) PORTG - - - PORTG4 | PORTG3 | PORTG2 | PORTGL | PORTGO 58
($64) DDRG - - - DDF4 DDF3 DDF2 DDF1 DDFO0 58
($63) PING - - - PINFA | PINF3 | PINF2 [ PINF1 | PINFO 58
($62) PORTF | PORTF7 | PORTF6 | PORTF5 | PORTF4 | PORTF3 | PORTF2 | PORTF1 | PORTFO 58
($61) DDRF DDF7 DDF6 DDF5 DDF4 DDF3 DDF2 DDF1 DDFo 58
($60)
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I/ O

7 6 5 4 3 2 1 0
$3F @5F) | SREG | T H S v N Z C
$3E ($5E) SPH P15 P14 P13 P12 SP11 SP10 SPo P8
$3D ($5D)|  SPL 7 6 s >4 3 2 P1 S0
$3C ($5C)| XDIV__| XDIVEN | XDIV6 | XDIV5 | XDIV4 | XDIV3 | XDIV2 | XDIVI | XDIVO 26
$3B ($5B)
$3A ($5A)| EICRB ISC71_| ISC70 | ISC6L | ISC60 | ISCBL | ISC50 | ISC4L | 1SC40 39
$39 ($59) | EIMSK INT?Z INT6 INT5 INT4 INT3 INT2 INTL INTO 39
$38($58) | EIFR INTFZ_| INTF6 | INTF5 | INTF4 | INTF3 | INTF2 | INTFL | INTFO 39
$37($57) | TIMSK__| OCIE2 | TOIE2 | TICIEL | OCIEIA | OCIEIB | TOIEL | OCIEO | TOIEQ 107,92,71
$36 ($56) | TIFR OCF2_| TOV2 ICFL_| OCFIA | OCFIB | TOVL | OCFO | TOVO 107,93,71
$35 ($55) | MCUCR RE SRW10 = VL Vo V2 IVSEL IVCE 18,29,38
$34 ($54) | MCUCSR | JiD - - JIRF_| WDRFE_| BORE_| EXTRF_| PORF 176,33
$33($53) | TCCRO | FOCO | WGMOO | COMOL | COMOO0 | WGMOL | _CS02 C01 CS00 69
$32 ($52) | _TCNTO /0 70
$31($51) | OCRO ) 70
$30 ($50) | ASR - - - - ASD__ | TCNOUB | OCROUB | TCROUB 70
$2F ($4F) | TCCRIA | COMIAL | COMIA0 | COMIBL | COM1BO | FOCIA | FOCIB | WGMIL | WGMI0 86
$2E ($4E) | TCCRIB | ICNCL | ICESL - WGM13 | WGM12 | _CSl2 Csl1 CSlo 88
$2D ($4D)| TCNTIH /1 g
$2C ($4C)| TCNTAIL 1
$2B ($4B) | OCRIAH 1A %0
$2A ($4A)| OCRIAL I 1A
$29 ($49) | OCRIBH /1B %
$28 ($48) | OCRIBL /1 B
$27 (347) | ICRIH 1 oL
$26 ($46) | ICRIL 1
$25($45) | TCCR2 | FOC2 | WGM20 | COM2L | COM20 | WGM2L | CS22 | C1 | C20 105
$24 ($44) | TCNT2 I 2 106
$23 ($43) | OCR2 ;2 106
$22($42) | ocpR | (DROF | OCDRs | OCDRs | OCDR4 | OCDRs | OCDRz | OCDRL | OCDRO 166
$21 (341) | WDTCR - - - WDCE | WDE | WDP2 | WDPL | WDPO 33
$20 ($40) | SFIOR TSV - - - ACME | _PUD PSRO_| PR32l | 151,56,71,96
$1F ($3F) | EEARH - - - - - EEARI0 | EEARY | EEARS 19
$1E ($3E) | EEARL - EEPROM (EEAR7_0)
$1D ($3D)| _ EEDR EEPROM 20
$1C ($3C)| EECR - - - - EERIE | EEMWE | EEWE | EERE 20
$1B ($3B)| PORTA | PORTA7 | PORTA6 | PORTA5 | PORTA4 | PORTA3 | PORTA2 | PORTAL | PORTAO 56
$1A (33A)| _DDRA DDA7 | DDA6 | DDA5 | DDA4 | DDA3 | DDA2 | DDAL | DDAO 56
$19 ($39) [ PINA PINA7 | PINA6 | PINA5 | PINA4 | PINA3 | PINA2 | PINAL | PINAO 56
$18 ($38) | PORTB_| PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 | PORTBL | PORTBO 56
$17 (337) | _DDRB DDB7 | DDB6 | DDBs5 | DDB4 | DDB3 | DDB2 | DDBL | DDBO 56
$16 ($36) | PINB PINB7 | PINB6 | PINB5 | PINB4 | PINB3 | PINB2 | PINBL | PINBO 56
$15 ($35) | PORTC | PORTC7 | PORTC6 | PORTC5 | PORTC4 | PORTC3 | PORTC2 | PORTCL | PORTCO 56
$14 ($34) | DDRC DDC7 | DDCé | DDC5 | DDC4 | DDC3 | DDC2 | DDC1 | DDCO 57
$13 ($33) | PINC PINC7 | PINC6 | PINC5 | PINC4 | PINC3 | PINC2 | PINCL | PINCO 57
$12 ($32) | PORTD | PORTD7 | PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTD2 | PORTDL | PORTDO 57
$11 (331) | DDRD DDD7 | DDDé | DDD5 | DDD4 | DDD3 | DDD2 | DDD1 | DDDO 57
$10 ($30) | PIND PIND7 | PIND6 | PIND5 | PIND4 | PIND3 | PIND2 | PINDL | PINDO 57
$OF ($2F) | SPDR 53 114
$OE ($25) | PR SIF__| wcoL - - - - - PI2X 113
$0D ($2D)| _ SPCR PIE SPE DORD | MSTR | CPOL | CPHA | SPRL PRO 113
$0C ($2C)| _UDRO USARTO 129
$O0B ($2B)| UCSROA | RXCO | TXCO | UDREO | FEO DORO | UPEO U2X0__| MPCMO 129
$0A ($2A)| UCSROB_| RXCIEO | TXCIEO | UDRIEO | RXENO | TXENO | UCSZ02 | RXB8O | TXB8O 130
$09 ($29) | UBRROL USARTO (UBRRO7 0) 131
$08 ($28) | ACR ACD | ACBG | ACO ACI ACIE | ACIC | ACISL | ACI 152
$07 ($27) | ADMUX | REFSL | REFS | ADLAR | MUX4 | MUX3 | MUX2 | MUXL | MUXo0 160
$06 ($26) | ADCSRA | ADEN | ADSC_| ADFR | ADIF ADIE | ADPS | ADPSL | ADP 161
$05 ($25) | ADCH AID (ADC9 8 ADC9 2) 16
$04 ($24) | ADCL A/D (ADC7 0 ___ADCL 0)
$03 ($23) | PORTE | PORTE7 | PORTE6 | PORTE5 | PORTE4 | PORTE3 | PORTE2 | PORTEL | PORTEQ 57
$02 (322) | DDRE DDE7 | DDE6 | DDEs | DDE4 | DDE3 | DDE2 | DDEL | DDEO 57
$0L($21) | PINE PINE7 | PINEs | PINE5 | PINE4 | PINE3 | PINE2 | PINEL | PINEO 57
$00 ($20) | PINF PINF7 | PINF6_| PINF5_| PINF4_| PINF3_| PINF2_| PINFL_|_PINFO 58

: 0 /0
1 ©) CBI,SBI 110 @
©) CBI,SBI $00 $1F 1/ O
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AIMEL

31. 1/ 2)
I
ADD Rd,Rr Rd -« Rd+Rr I,THSV,.NZC| 1
ADC Rd,Rr Rd « RA+Rr +C ,THSV.NZC[ 1
ADIW | Rd,K6 ( ) RdH:RdL ~ RdH:RdL + K6 I,THSV.NZC| 2
UB Rd,Rr Rd « Rd- Rr I,TTHSV.NZC| 1
UBI Rd,K Rd « Rd- K ,THSV.NZC[ 1
SBIW__ | Rd,K6 ( ) RdH:RdL ~ RdH:RdL - K6 I,THSV.NZC| 2
SBC Rd,Rr Rd - Rd- Rr- C I,TTHSV,.NZC| 1
SBCI Rd,K Rd « Rd- K- C L 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 ,THSONZC[ 1
ORI Rd,K (OR) Rd « RdORK I,THSONZC| 1
EOR [Rd,Rr (Ex-OR) Rd « Rd EORRr ,THSONZC[ 1
COoM Rd 1 ( ) Rd — $FF - Rd ,THSONZT|[ 1
NEG Rd 2 Rd ~ $00 - Rd L THSV.NZC[ 1
SBR  [Rd,K () [@) Rd <« RdORK I,THSONZC| 1
CBR Rd,K ( ) (0) Rd — Rd AND ($FF - K) ,THSONZC|[ 1
INC Rd (+1) Rd « Rd+1 I,T,HSV,.NZC| 1
DEC Rd (-1) Rd -« Rd- 1 I,THSV.NZC| 1
TST Rd Rd <« Rd AND Rd ,THSONZC[ 1
CLR Rd 0 (=$00) Rd —« Rd EORRd ,T,H6001C| 1
SER |Rd 1 (=3FF) Rd — $FF IL,T,HSV,NZC[] 1
MUL Rd,Rr R1:RO « Rdx Rr (Ux U) ,THSV.NZC[ 2
MULS |Rd,Rr R1:RO — Rdx Rr (%9 I,T,HSV,NZC| 2
MULSU |Rd,Rr R1:RO — Rdx Rr (sx V) I, THSV.NZC[ 2
FMUL |Rd,Rr R1:RO — (Rdx Rr)<<1 (Ux U) I, THSV.NZC[ 2
FMULS | Rd,Rr R1:RO — (Rdx Rr)<<1 (%9 I,T,HSV,NZC| 2
FMULSU | Rd, R1:RO — (Rdx Rr)<<1 (< V) I,THSV,NZC| 2
RIMP |k PC -« PC+k+1 I,THSV,NZC| 2
1IIMP Z PC - Z I,T,HSV,NZC| 2
JMP k PC — k I,T,HSV,NZC| 3
RCALL |k STACK - PC,PC « PC+k+1 I, T,HSV.NZC[ 3
ICALL Z STACK « PC,PC - Z I,T,HSV,NZC| 3
CALL [k STACK < PC, PC « k L THSV.NZC| 4
RET PC — STACK I,THSV,NZC| 4
RETI PC — STACK 1T HSV,NZC| 4
CPSE | Rd,Rr Rdo=Rr , PC - PC +20r3 LT HSV,NZC|1/23
CP Rd,Rr Rd- Rr ,THSV.NZC| 1
CPC Rd,Rr Rd- Rr- C I,TTHSV.NZC| 1
CPI Rd,K Rd - K L THSV.NZC| 1
SBRC _|[Rr,b (0) Rr(b)=0 , PC — PC +20r3 L THSV.NZC| 123
SBRS |Rr,b (1) Rr(b)=1 , PC — PC +20r3 LT HSV,.NZC| 123
S8BIC P.b 1/0 (0) Pb=0 ,PC - PC +20r3 LT HSV,NZC|1/23
BIS |Pb 11O (1) Pb)=1 ,PC ~ PC +20r3 LT HSV,.NZC| 123
BRBS |sk (1) SREG(s)=1  ,PC -« PC+K+1 I,T,HSV.NZC| 1/2
BRBC |[sk (0) SREG(s)=0 ,PC -« PC+K+1 I,T,HSV,NZC| 1/2
BREQ |k Z=1 ,PC - PC+K+1 L THSV.NZC| 1/2
BRNE |k Z=0 ,PC - PC+K+1 I,T,HSV,.NZC| 1/2
BRCS [k (1) Cc=1 ,PC - PC+K+1 I,T,HSV,.NZC| 1/2
BRCC |k 0) C=0 ,PC-PC+K+1 I,THSV,NZC| 1/2
BRSH |k C=0 ,PC-PC+K+1 I, T,HSV,.NZC| 1/2
BRLO |k Cc=1 ,PC - PC+K+1 I,T,HSV,.NZC| 1/2
BRMI k -( ) N=1 ,PC-PC+K+1 L THSV.NZC| 1/2
BRPL k + ) N=0 ,PC-PC+K+1 I, T,HSV,.NZC| 1/2
BRGE |k (NEORV)=0 ,PC -« PC+K+1 I,T,HSV,.NZC| 1/2
BRLT |k (NEORV)=1 ,PC - PC+K+1 L THSV.NZC| 1/2
BRHS |k (1) H=1 ,PC - PC+K+1 I,T,HSV,.NZC| 1/2
BRHC [k 0) H=0 ,PC - PC+K+1 L,THSV.NZC| 1/2
BRTS [k @) T=1 ,PC - PC+K+1 I,THSV,NZC| 1/2
BRTC |k (9)) T=0 ,PC - PC+K+1 I,T,HSV,.NZC| 1/2
BRVS [k 2 (1) V=1 ,PC « PC+K+1 L,THSV.NZC| 1/2
BRVC [k 2 (0) V=0 ,PC . PC+K+1 I,THSV,NZC| 1/2
BRIE k =1 ,PC - PC+K+1 I,T,HSV,.NZC| 1/2
BRID k I=0 ,PC - PC+K+1 ,THSV.NZC| 1/2
K6, K: 6, 8 P:1/O Rd, Rr (RO R31) X,Y,Z:XY,Z
b : O 7 k: (7,12,16 ) 6 ( ) S : (C,ZN,V,X,H,T,I)
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(22
Rd,Rr Rd « Rr LT,HSV.NZC[ 1
Rd,Rr RO+LRd — Rr+LRr L T,HSVNZC|[ 1
Rd,K Rd - K I T,HSVNZC[ 1
Rd, X X Rd « (X) L T,HSV.NZC[ 2
Rd, X+ X Rd« (X), X « X+1 L T,HSVNZC[ 2
Rd,- X X X « X- L Rd < (X) I T,HSV,.NZC[ 2
Rd,Y Y Rd — (Y) ILT,HSV.NZC[ 2
Rd, Y+ Y Rd— (Y),Y - Y+1 L T,HSVNZC[ 2
Rd,-Y Y Y- Y-LRd-(Y) I.T,HSV.NZC[ 2
Rd,Y+q Rd — (Y +q) L T,HSV.NZC[ 2
Rd,Z Z Rd — 2 L T,HSVNZC[ 2
Rd,Z+ Rl (2,2 7Z+1 L T,HSV.NZC[ 2
Rd,-Z Z-Z-1LRd- (2 L T,HSV.NZC[ 2
Rd,Z+q Rd - (Z+Q) L T,HSVNZC|[ 2
Rd,k (SRAM) Rd — (K) L T,HSV.NZC[ 2
X,Rr X X) < Rr LT,HSV.NZC[ 2
X+ Rr (X) « R, X <« X+1 L T,HSVNZC|[ 2
“X,Rr X X-1L X <R I.T,HSV.NZC[ 2
Y.Rr Y M) < Rr LT,HSV.NZC[ 2
Y+Rr Y) cR,Y c Y+1 I T,HSVNZC[ 2
-Y,Rr Y-Y-1L() - R L T,HSV.NZC[ 2
Y+q,Rr Y+q < R L T,HSV.NZC[ 2
ZRr Z @ <R L T,HSVNZC|[ 2
Z+Rr @ -R,Z-Z+1 L T,HSV.NZC[ 2
-ZRr Z-7-1,2 - R L T,HSV.NZC[ 2
Z+q,Rr (Z+q) < Rr L T,HSVNZC[ 2
K,Rr (SRAM) K < Rr L T,HSV.NZC[ 2
Z RO « 2 ILT,HSV.NZC[ 3
Rd,Z ( ) Rd « (2) ILT,HSV.NZC| 3
Rd,Z+ ( ) Rd- (2,Z — Z+1 L T,HSV.NZC[ 3
Z (@) - RLRO L T,HSV.NZC[ -
Rd,P I/O Rd - P LT.HSVNZC|[ 1
P.Rr 7o) P.Rr L T,HSV.NZC[ 1
Rr STACK « Rr LT,HSV.NZC[ 2
Rd Rd — STACK . T,H,SV,NZC| 2
P.b /O @) /O(Pb) — 1 L T,H.SV.NZC] 2
P.b I/O ) I/ O(P,b) — 0 IL,T,HSV.NZC| 2
Rd Rd(n+1) — Rd(n), Rd(0) — O ,THSV.NZC| 1
Rd Rd(n) — Rd(n+1), Rd(7) « 0 I T.HSV.0,ZC[ 1
Rd Rd(0) — C, Rd(n+1) — Rd(n), C — Rd(7) I T.HSVNZC[ 1
Rd Rd(7) « C, Rd(n) « Rd(n+1), C — Rd(0) I THSV.NZC| 1
Rd Rd(n) — Rd(n+1), n=0 6 L T.HSV.NZC[ 1
Rd @ / Rd(7 4) = Rd(3 0) LT,HSV.NZC| 1
s @) SREG(s) « 1 1TAEY0TIT[ 1
s ) SREG(s) — 0 00,0,60.0,.00] 1
Rr,b T « R(b) L T,HSVNZC[ 1
Rd,b Rib) - T L T,HSV.NZC[ 1
@) C-1 LTHSVNZE[ 1
(0) C-0 ILT,HSV.NZO| 1
@) N1 LTHSV.UZC[ 1
) N-o0 L T,HSV.8ZC[ 1
@) Z.1 L T,HSVNIC[ 1
(0) Z-0 L T,HSV.NBC[ 1
1 1THSVNZC[ 1
) 0T,HSV.NZC[ 1
@) S— 1 ITHEV.NZC[ 1
) S0 I T,HEBV.NZC[ 1
2 @) Vol L T,HSYNZC[ 1
2 ©) V.o L T,HSONZC[ 1
@) T 1 I THSV.NZC[ 1
) T-0 LO,HSV.NZC[ 1
@) H.1 L T,A,SVNZC[ 1
0) H.oO I T.8,SV.NZC[ 1
MCU

L T,HSV.NZC[ 1
L T,HSVNZC[ 1
I T,HSVNZC|[ 1

L. T,H.SV.N.ZC| N/A
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32.
(MHz) 2) (1
ATmegab4A- AU B64A
16 27 33V ATmegab4A- MU 64ML gy
1: ( ) ATMEL
2: (ROHS )
B64A 64  14x 14x 1.0mm (TQFP)
64M1 64 9x 9x 1mm 0.5mm / (QFN/ MLF)
33.
33.1. 64A 33.2. 64M1
64 0.8mm (TQFP) 64 0.5mm /
— (QFN/ MLF)
JEDEC MS 026 AEB . mm
JEDEC ~ MO-220
16.00+ 0.250]
1
0.80 Typ 0.30 0.45 005
Rz
Y o.o0sc
0.50 BSC
0.09 0.20 0.05 0.15
+0.03
0.023:33
0.90+ 0.10
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34.

ATmegab4A

XDIV

OSCCAL

IDCODE  TDI

EERE 1) ST STS
EEPROM

VCC

2 / /
/ (TCNTX) $00

/ (TCCRX)
(OCRX) /

3. XDIV (D)
XDIV 2%

EG 0] 0)

EG 0] @)

aJr X3V, RL6 ;

4. OSCCAL (D)
OSCCAL 2%

AIMEL

®)

(D)

/ (TCNTX)
$FF $00

(VRvAvAvEUAW)

ATmegab4A

NOP

239



240

5. IDCODE TDI
IDCODE

= ATmegab4A

= ATmega64A
IDCODE
ATmegab4A

ATmegab4A BYPASS

6. EERE 1)
(D)
EEPROM
EEPROM

/
EECR EERE

ATmegab4A

ID

1D

ATMEL

(©)

DR

ST

TAP

(EECR) EEPROM
EEPROM

@

ouT

STS

Bl

ID
ATmegab4A
EEPROM
(EERE) (1) ST STS
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35.
351. 8160A-08/08 1. (ATmegab4/ L 2490N- 06/ 08 )
ATmegab4/ L 2490N- 06/ 08
205
VOL Max(0.9V 0.6V) IcC 205 DC
206
207
214
238
35.2. 8160B-03/09 1. 214
2. 226 29-36.  29-37.BOD )
3.
35.3. 8160C-07/09 1. 239
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NP

3.
4.
S.
6.

7. AVR

10.

11.

12.
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21
22.
23.

ATmegab4A ATmegalO3

AVR CPU

6.1.
6.2.
6.3.
6.4.
6.5.
6.6.
6.7

7.1
7.2.
7.3.
74.
75.
7.6.

8.1.
8.2.
8.3.
84.
8.5.
8.6.
8.7.
8.8.
8.9.
8.10.

9.1
9.2.
9.3.
94.
95.
9.6.
9.7.
9.8.

10.1.
10.2.
10.3.
104.

11.1.
11.2.
11.3.

12.1.

ALU (Arithmetic Logic Unit)

SRAM
EEPROM
o ()

RC
RC

ATmegab4A
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13. 41
13.1. 41
13.2. 41
13.3. 44
134. 110 56

14. 8 / 0 (PW\V, ) 59
14.1. 59
14.2. 59
14.3. / 60
14.4. 60
145. 61
14.6. 62
14.7. 63
14.8. / 66
14.9. / 67
14.10. / 0 68
14.11. 8 / 0 69

15. 16 / 1 / 3 72
15.1. 72
15.2. 72
153. 16 74
154. / 76
155. 76
1586. 77
15.7. 78
15.8. 80
159. 81
15.10. / 85
15.11. 16 / 13 86

16. / 123 95
16.1. / 96

17. 8 / 2 (PWV) 97
17.1. 97
17.2. 97
17.3. / 98
174. 98
175. 99
176. 100
177. 101
17.8. / 104
179. 8 / 2 105

18. (Com1C2) 108
18.1. 108
18.2. 108

19. SPI ( ) 109
19.1. 109
19.2. 109
193. SS 111
194. 112
195. SPI 113

20. USARTO USART1 115
20.1. 115
20.2. 115
20.3. 117
204. 118
205. USART 119
206. USART 120




20.7. USART
20.8.

20.9.

20.10.

20.11. USARTO,1

21. 2 (TW)

21.1.

21.2.

213. 2

214.

215.

216. TW

21.7.

218.

219. T™W

22.
22.1.
22.2.

23. AD
231
232.
233.
234.
235.
236.
23.7.
238. A/ID
239. A/ID

24. JTAG
24.1.
24.2.
24.3. (TAP:Test Access Port)
244. TAP
24.5. (Boundary- Scan Chain)

24.6.

24.7. JTAG
248. JTAG

24.9. I/ O
24.10.

25. IEEE1149.1(JTAG)
25.1.
25.2.
25.3.
254. (Boundary- Scan) JTAG
255. (Boundary- Scan Chain)
256. ATmegab4A
257. (BSDL)
2538. I/O

26. - RWww
26.1.
26.2.
26.3.
264.
26.5.
26.6.
26.7.
26.8.
26.9.

121
124
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132
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165
166
166

167
167
167
167
168
169
175
176
176

177
177
177
177
177
179
179
180
180
185

27.

27.1.
27.2.
27.3.
274,
275.
27.6.
27.7.
27.8.

28.

28.1.
28.2.
28.3.
284.
28.5.
28.6.
28.7.
28.8.
28.9.

29.

30

29.1.
29.2.
29.3.
294.
295.
29.6.
29.7.
298.
29.9.

29.10.
29.11.
29.12.

e

31
32.
33.

35.

AIMEL

ATmegab4A

186
186
187
188
188
188
189
196
JTAG 198

205

205

DC 205
206

206

207

2 208
SPI 209
A/ID 210
211

214

214

216

219

219

220

220

222

224

226

227
231
233

234
236
238
238
239
241

(BOD)

243



AIMEL

—; ()

Atmel Corporation

2325 Orchard Parkway
San Jose, CA 95131
USA

TEL 1(408) 441- 0311
FAX 1(408) 487- 2600

Atmel Asia Atmel Europe

Unit 1-5 & 16, 19/ F Le Krebs

BEA Tower, Millennium City 5 8, Rue Jean- Pierre Timbaud
418 Kwun Tong Road BP 309

Kwun Tong, Kowloon 78054 Saint- Quentin- en-

Hong Kong Yvelines Cedex

TEL (852) 2245- 6100 France

FAX (852) 2722- 1369 TEL (33) 1- 30- 60- 70- 00
FAX (33) 1- 30- 60- 71- 11

Atmel Japan
104- 0033
1-24-8
o9F

TEL (81) 03- 3523- 3551
FAX (81) 03- 3523- 7581

www. atmel.com avr @it mel.com

www.atmel.conV literature

www. atmel.com/ contacts

ATMEL ATMEL
ATMEL
ATMEL
ATMEL
)
ATMEL ATMEL
ATMEL
ATMEL
ATMEL
© Atmel Corporation 2009. ATMEL® AVR®

ATMEL

ATMEL Corporation

© HERO 2011.

ATMEL ATmegab4A

(Rev.8160C- 07/ 09)

0

0,1 0,1



	はじめに
	特徴
	1. ﾋﾟﾝ配置
	2. 概要
	2.1. 構成図
	2.2. ATmega64AとATmega103の互換性
	2.2.1. ATmega103互換動作

	2.3. ﾋﾟﾝ概要
	2.3.1. VCC
	2.3.2. GND
	2.3.3. ﾎﾟｰﾄA(PA7～0)
	2.3.4. ﾎﾟｰﾄB(PB7～0)
	2.3.5. ﾎﾟｰﾄC(PC7～0)
	2.3.6. ﾎﾟｰﾄD(PD7～0)
	2.3.7. ﾎﾟｰﾄE(PE7～0)
	2.3.8. ﾎﾟｰﾄF(PF7～0)
	2.3.9. ﾎﾟｰﾄG(PG4～0)
	2.3.10. /RESET
	2.3.11. XTAL1
	2.3.12. XTAL2
	2.3.13. AVCC
	2.3.14. AREF
	2.3.15. /PEN


	3. 資料
	4. ﾃﾞｰﾀ保持力
	5. ｺｰﾄﾞ例について
	6. AVR CPUｺｱ
	6.1. 概要
	6.2. ALU
	6.3. ｽﾃｰﾀｽ ﾚｼﾞｽﾀ
	6.3.1. SREG：ｽﾃｰﾀｽ ﾚｼﾞｽﾀ

	6.4. 汎用ﾚｼﾞｽﾀ ﾌｧｲﾙ
	6.4.1. X,Y,Zﾚｼﾞｽﾀ

	6.5. ｽﾀｯｸ ﾎﾟｲﾝﾀ
	6.5.1. SPH,SPL：ｽﾀｯｸ ﾎﾟｲﾝﾀ

	6.6. 命令実行ﾀｲﾐﾝｸﾞ
	6.7. ﾘｾｯﾄと割り込みの扱い
	6.7.1. 割り込み応答時間


	7. AVRのﾒﾓﾘ
	7.1. ﾌﾟﾛｸﾞﾗﾑ用ﾌﾗｯｼｭ ﾒﾓﾘ
	7.2. ﾃﾞｰﾀ用SRAMﾒﾓﾘ
	7.2.1. ﾃﾞｰﾀ ﾒﾓﾘ ｱｸｾｽ ﾀｲﾐﾝｸﾞ

	7.3. ﾃﾞｰﾀ用EEPROMﾒﾓﾘ
	7.3.1. EEPROMｱｸｾｽ
	7.3.2. ﾊﾟﾜｰﾀﾞｳﾝ動作中のEEPROM書き込み
	7.3.3. EEPROMﾃﾞｰﾀ化けの防止

	7.4. I/Oﾒﾓﾘ(ﾚｼﾞｽﾀ)
	7.5. 外部ﾒﾓﾘ ｲﾝﾀｰﾌｪｰｽ
	7.5.1. 概要
	7.5.2. ATmega103互換動作
	7.5.3. 外部ﾒﾓﾘ ｲﾝﾀｰﾌｪｰｽの使用
	7.5.4. ｱﾄﾞﾚｽ ﾗｯﾁの必要性
	7.5.5. ﾌﾟﾙｱｯﾌﾟとﾊﾞｽ保持機能
	7.5.6. ﾀｲﾐﾝｸﾞ
	7.5.7. 64K未満外部ﾒﾓﾘ全域使用
	7.5.8. 外部ﾒﾓﾘ全64Kの使用

	7.6. ﾒﾓﾘ関係ﾚｼﾞｽﾀ
	7.6.1. MCUCR：MCU制御ﾚｼﾞｽﾀ
	7.6.2. XMCRA：外部ﾒﾓﾘ制御ﾚｼﾞｽﾀA
	7.6.3. XMCRB：外部ﾒﾓﾘ制御ﾚｼﾞｽﾀB
	7.6.4. EEARH,EEARL：EEPROMｱﾄﾞﾚｽ ﾚｼﾞｽﾀ
	7.6.5. EEDR：EEPROMﾃﾞｰﾀ ﾚｼﾞｽﾀ
	7.6.6. EECR：EEPROM制御ﾚｼﾞｽﾀ


	8. ｼｽﾃﾑ ｸﾛｯｸとｸﾛｯｸ選択
	8.1. ｸﾛｯｸ系統とその配給
	8.1.1. CPUｸﾛｯｸ(clkCPU)
	8.1.2. I/Oｸﾛｯｸ(clkI/O)
	8.1.3. ﾌﾗｯｼｭ ﾒﾓﾘ ｸﾛｯｸ(clkFLASH)
	8.1.4. 非同期ﾀｲﾏ ｸﾛｯｸ(clkASY)
	8.1.5. A/D変換ｸﾛｯｸ(clkADC)

	8.2. ｸﾛｯｸ元
	8.3. 既定のｸﾛｯｸ元
	8.4. ｸﾘｽﾀﾙ用発振器
	8.5. 低周波数ｸﾘｽﾀﾙ用発振器
	8.6. 外部RC発振器
	8.7. 校正付き内蔵RC発振器
	8.8. 外部ｸﾛｯｸ信号
	8.9. ﾀｲﾏ/ｶｳﾝﾀ用発振器
	8.10. ｸﾛｯｸ関係用ﾚｼﾞｽﾀ
	8.10.1. OSCCAL：発振校正ﾚｼﾞｽﾀ
	8.10.2. XDIV：ｸﾛｯｸ分周制御ﾚｼﾞｽﾀ


	9. 電力管理と休止形態
	9.1. ｱｲﾄﾞﾙ動作
	9.2. A/D変換雑音低減動作
	9.3. ﾊﾟﾜｰﾀﾞｳﾝ動作
	9.4. ﾊﾟﾜｰｾｰﾌﾞ動作
	9.5. ｽﾀﾝﾊﾞｲ動作
	9.6. 拡張ｽﾀﾝﾊﾞｲ動作
	9.7. 消費電力の最小化
	9.7.1. A/D変換器
	9.7.2. ｱﾅﾛｸﾞ比較器
	9.7.3. 低電圧検出器(BOD)
	9.7.4. 内部基準電圧
	9.7.5. ｳｫｯﾁﾄﾞｯｸﾞ ﾀｲﾏ
	9.7.6. ﾎﾟｰﾄ ﾋﾟﾝ
	9.7.7. JTAGｲﾝﾀｰﾌｪｰｽと内蔵ﾃﾞﾊﾞｯｸﾞ機能(OCD)

	9.8. 電力管理用ﾚｼﾞｽﾀ
	9.8.1. MCUCR：MCU制御ﾚｼﾞｽﾀ


	10. ｼｽﾃﾑ制御とﾘｾｯﾄ
	10.0.1. AVRのﾘｾｯﾄ
	10.0.2. ﾘｾｯﾄ要因
	10.0.3. 電源ONﾘｾｯﾄ
	10.0.4. 外部ﾘｾｯﾄ
	10.0.5. 低電圧検出(BOD)ﾘｾｯﾄ
	10.0.6. ｳｫｯﾁﾄﾞｯｸﾞ ﾘｾｯﾄ
	10.1. 内部基準電圧
	10.1.1. 基準電圧許可信号と起動時間

	10.2. ｳｫｯﾁﾄﾞｯｸﾞ ﾀｲﾏ
	10.3. ｳｫｯﾁﾄﾞｯｸﾞ ﾀｲﾏ設定変更の時間制限手順
	10.3.1. 安全ﾚﾍﾞﾙ0
	10.3.2. 安全ﾚﾍﾞﾙ1
	10.3.3. 安全ﾚﾍﾞﾙ2

	10.4. ﾘｾｯﾄ関係用ﾚｼﾞｽﾀ
	10.4.1. MCUCSR：MCU制御/状態ﾚｼﾞｽﾀ
	10.4.2. WDTCR：ｳｫｯﾁﾄﾞｯｸﾞ ﾀｲﾏ制御ﾚｼﾞｽﾀ


	11. 割り込み
	11.1. 概要
	11.2. ATmega64Aの割り込みﾍﾞｸﾀ
	11.2.1. 応用領域とﾌﾞｰﾄ領域間の割り込みﾍﾞｸﾀ移動

	11.3. ﾍﾞｸﾀ移動用ﾚｼﾞｽﾀ
	11.3.1. MCUCR：MCU制御ﾚｼﾞｽﾀ


	12. 外部割り込み
	12.1. 外部割り込み用ﾚｼﾞｽﾀ
	12.1.1. EICRA：外部割り込み制御ﾚｼﾞｽﾀA
	12.1.2. EICRB：外部割り込み制御ﾚｼﾞｽﾀB
	12.1.3. EIMSK：外部割り込みﾏｽｸ ﾚｼﾞｽﾀ
	12.1.4. EIFR：外部割り込み要求ﾌﾗｸﾞ ﾚｼﾞｽﾀ


	13. 入出力ﾎﾟｰﾄ
	13.1. 概要
	13.2. 標準ﾃﾞｼﾞﾀﾙ入出力としてのﾎﾟｰﾄ
	13.2.1. ﾋﾟﾝの設定
	13.2.2. ﾋﾟﾝ値の読み込み
	13.2.3. ﾃﾞｼﾞﾀﾙ入力許可と休止形態
	13.2.4. 未接続ﾋﾟﾝ

	13.3. 兼用ﾎﾟｰﾄ機能
	13.3.1. ﾎﾟｰﾄAの兼用機能
	13.3.2. ﾎﾟｰﾄBの兼用機能
	13.3.3. ﾎﾟｰﾄCの兼用機能
	13.3.4. ﾎﾟｰﾄDの兼用機能
	13.3.5. ﾎﾟｰﾄEの兼用機能
	13.3.6. ﾎﾟｰﾄFの兼用機能
	13.3.7. ﾎﾟｰﾄGの兼用機能

	13.4. I/Oﾎﾟｰﾄ用ﾚｼﾞｽﾀ
	13.4.1. SFIOR：特殊I/O機能ﾚｼﾞｽﾀ
	13.4.2. PORTA：ﾎﾟｰﾄA出力ﾚｼﾞｽﾀ
	13.4.3. DDRA：ﾎﾟｰﾄA方向ﾚｼﾞｽﾀ
	13.4.4. PINA：ﾎﾟｰﾄA入力ﾚｼﾞｽﾀ
	13.4.5. PORTB：ﾎﾟｰﾄB出力ﾚｼﾞｽﾀ
	13.4.6. DDRB：ﾎﾟｰﾄB方向ﾚｼﾞｽﾀ
	13.4.7. PINB：ﾎﾟｰﾄB入力ﾚｼﾞｽﾀ
	13.4.8. PORTC：ﾎﾟｰﾄC出力ﾚｼﾞｽﾀ
	13.4.9. DDRC：ﾎﾟｰﾄC方向ﾚｼﾞｽﾀ
	13.4.10. PINC：ﾎﾟｰﾄC入力ﾚｼﾞｽﾀ
	13.4.11. PORTD：ﾎﾟｰﾄD出力ﾚｼﾞｽﾀ
	13.4.12. DDRD：ﾎﾟｰﾄD方向ﾚｼﾞｽﾀ
	13.4.13. PIND：ﾎﾟｰﾄD入力ﾚｼﾞｽﾀ
	13.4.14. PORTE：ﾎﾟｰﾄE出力ﾚｼﾞｽﾀ
	13.4.15. DDRE：ﾎﾟｰﾄE方向ﾚｼﾞｽﾀ
	13.4.16. PINE：ﾎﾟｰﾄE入力ﾚｼﾞｽﾀ
	13.4.17. PORTF：ﾎﾟｰﾄF出力ﾚｼﾞｽﾀ
	13.4.18. DDRF：ﾎﾟｰﾄF方向ﾚｼﾞｽﾀ
	13.4.19. PINF：ﾎﾟｰﾄF入力ﾚｼﾞｽﾀ
	13.4.20. PORTG：ﾎﾟｰﾄG出力ﾚｼﾞｽﾀ
	13.4.21. DDRG：ﾎﾟｰﾄG方向ﾚｼﾞｽﾀ
	13.4.22. PING：ﾎﾟｰﾄG入力ﾚｼﾞｽﾀ


	14. 8ﾋﾞｯﾄ ﾀｲﾏ/ｶｳﾝﾀ0(PWM,非同期動作)
	14.1. 特徴
	14.2. 概要
	14.2.1. 関係ﾚｼﾞｽﾀ
	14.2.2. 定義

	14.3. ﾀｲﾏ/ｶｳﾝﾀのｸﾛｯｸ
	14.4. 計数器部
	14.5. 比較出力部
	14.5.1. 強制比較出力
	14.5.2. TCNT0書き込みによる比較一致妨害
	14.5.3. 比較一致部の使用

	14.6. 比較一致出力部
	14.6.1. 比較一致出力選択と波形生成

	14.7. 動作種別
	14.7.1. 標準動作
	14.7.2. 比較一致ﾀｲﾏ/ｶｳﾝﾀ解除(CTC)動作
	14.7.3. 高速PWM動作
	14.7.4. 位相基準PWM動作

	14.8. ﾀｲﾏ/ｶｳﾝﾀのﾀｲﾐﾝｸﾞ
	14.9. ﾀｲﾏ/ｶｳﾝﾀの非同期動作
	14.9.1. ﾀｲﾏ/ｶｳﾝﾀ0非同期動作

	14.10. ﾀｲﾏ/ｶｳﾝﾀ0の前置分周器
	14.11. 8ﾋﾞｯﾄ ﾀｲﾏ/ｶｳﾝﾀ0用ﾚｼﾞｽﾀ
	14.11.1. TCCR0：ﾀｲﾏ/ｶｳﾝﾀ0制御ﾚｼﾞｽﾀ
	14.11.2. TCNT0：ﾀｲﾏ/ｶｳﾝﾀ0 ﾚｼﾞｽﾀ
	14.11.3. OCR0：ﾀｲﾏ/ｶｳﾝﾀ0比較ﾚｼﾞｽﾀ
	14.11.4. ASSR：非同期状態ﾚｼﾞｽﾀ
	14.11.5. TIMSK：ﾀｲﾏ/ｶｳﾝﾀ割り込みﾏｽｸ ﾚｼﾞｽﾀ
	14.11.6. TIFR：ﾀｲﾏ/ｶｳﾝﾀ割り込み要求ﾌﾗｸﾞ ﾚｼﾞｽﾀ
	14.11.7. SFIOR：特殊I/O機能ﾚｼﾞｽﾀ


	15. 16ﾋﾞｯﾄ ﾀｲﾏ/ｶｳﾝﾀ1,3
	15.1. 特徴
	15.1.1. ATmega103互換動作での制限

	15.2. 概要
	15.2.1. 関係ﾚｼﾞｽﾀ
	15.2.2. 定義
	15.2.3. 互換性

	15.3. 16ﾋﾞｯﾄ ﾚｼﾞｽﾀのｱｸｾｽ
	15.3.1. 上位ﾊﾞｲﾄ一時ﾚｼﾞｽﾀの再利用

	15.4. ﾀｲﾏ/ｶｳﾝﾀのｸﾛｯｸ
	15.5. 計数器部
	15.6. 捕獲入力部
	15.6.1. 捕獲起動元
	15.6.2. 雑音消去器
	15.6.3. 捕獲入力の使用

	15.7. 比較出力部
	15.7.1. 強制比較出力
	15.7.2. TCNTn書き込みによる比較一致妨害
	15.7.3. 比較一致部の使用

	15.8. 比較一致出力部
	15.8.1. 比較一致出力選択と波形生成

	15.9. 動作種別
	15.9.1. 標準動作
	15.9.2. 比較一致ﾀｲﾏ/ｶｳﾝﾀ解除(CTC)動作
	15.9.3. 高速PWM動作
	15.9.4. 位相基準PWM動作
	15.9.5. 位相/周波数基準PWM動作

	15.10. ﾀｲﾏ/ｶｳﾝﾀのﾀｲﾐﾝｸﾞ
	15.11. 16ﾋﾞｯﾄ ﾀｲﾏ/ｶｳﾝﾀ1,3用ﾚｼﾞｽﾀ
	15.11.1. TCCR1A：ﾀｲﾏ/ｶｳﾝﾀ1制御ﾚｼﾞｽﾀA
	15.11.2. TCCR3A：ﾀｲﾏ/ｶｳﾝﾀ3制御ﾚｼﾞｽﾀA
	15.11.3. TCCR1B：ﾀｲﾏ/ｶｳﾝﾀ1制御ﾚｼﾞｽﾀB
	15.11.4. TCCR3B：ﾀｲﾏ/ｶｳﾝﾀ3制御ﾚｼﾞｽﾀB
	15.11.5. TCCR1C：ﾀｲﾏ/ｶｳﾝﾀ1制御ﾚｼﾞｽﾀC
	15.11.6. TCCR3C：ﾀｲﾏ/ｶｳﾝﾀ3制御ﾚｼﾞｽﾀC
	15.11.7. TCNT1H,TCNT1L：ﾀｲﾏ/ｶｳﾝﾀ1 ﾚｼﾞｽﾀ
	15.11.8. TCNT3H,TCNT3L：ﾀｲﾏ/ｶｳﾝﾀ3 ﾚｼﾞｽﾀ
	15.11.9. OCR1AH,OCR1AL：ﾀｲﾏ/ｶｳﾝﾀ1比較Aﾚｼﾞｽﾀ
	15.11.10. OCR1BH,OCR1BL：ﾀｲﾏ/ｶｳﾝﾀ1比較Bﾚｼﾞｽﾀ
	15.11.11. OCR1CH,OCR1CL：ﾀｲﾏ/ｶｳﾝﾀ1比較Cﾚｼﾞｽﾀ
	15.11.12. OCR3AH,OCR3AL：ﾀｲﾏ/ｶｳﾝﾀ3比較Aﾚｼﾞｽﾀ
	15.11.13. OCR3BH,OCR3BL：ﾀｲﾏ/ｶｳﾝﾀ3比較Bﾚｼﾞｽﾀ
	15.11.14. OCR3CH,OCR3CL：ﾀｲﾏ/ｶｳﾝﾀ3比較Cﾚｼﾞｽﾀ
	15.11.15. ICR1H,ICR1L：ﾀｲﾏ/ｶｳﾝﾀ1捕獲ﾚｼﾞｽﾀ
	15.11.16. ICR3H,ICR3L：ﾀｲﾏ/ｶｳﾝﾀ3捕獲ﾚｼﾞｽﾀ
	15.11.17. TIMSK：ﾀｲﾏ/ｶｳﾝﾀ割り込みﾏｽｸ ﾚｼﾞｽﾀ
	15.11.18. ETIMSK：拡張ﾀｲﾏ/ｶｳﾝﾀ割り込みﾏｽｸ ﾚｼﾞｽﾀ
	15.11.19. TIFR：ﾀｲﾏ/ｶｳﾝﾀ割り込み要求ﾌﾗｸﾞ ﾚｼﾞｽﾀ
	15.11.20. ETIFR：拡張ﾀｲﾏ/ｶｳﾝﾀ割り込み要求ﾌﾗｸﾞ ﾚｼﾞｽﾀ


	16. ﾀｲﾏ/ｶｳﾝﾀ1,2,3の前置分周器
	16.0.1. 内部ｸﾛｯｸ
	16.0.2. 前置分周器ﾘｾｯﾄ
	16.0.3. 外部ｸﾛｯｸ
	16.1. 同期系ﾀｲﾏ/ｶｳﾝﾀ前置分周器用ﾚｼﾞｽﾀ
	16.1.1. SFIOR：特殊I/O機能ﾚｼﾞｽﾀ


	17. 8ﾋﾞｯﾄ ﾀｲﾏ/ｶｳﾝﾀ2(PWM)
	17.1. 特徴
	17.2. 概要
	17.2.1. 関係ﾚｼﾞｽﾀ
	17.2.2. 定義

	17.3. ﾀｲﾏ/ｶｳﾝﾀのｸﾛｯｸ
	17.4. 計数器部
	17.5. 比較出力部
	17.5.1. 強制比較出力
	17.5.2. TCNT2書き込みによる比較一致妨害
	17.5.3. 比較一致部の使用

	17.6. 比較一致出力部
	17.6.1. 比較一致出力選択と波形生成

	17.7. 動作種別
	17.7.1. 標準動作
	17.7.2. 比較一致ﾀｲﾏ/ｶｳﾝﾀ解除(CTC)動作
	17.7.3. 高速PWM動作
	17.7.4. 位相基準PWM動作

	17.8. ﾀｲﾏ/ｶｳﾝﾀのﾀｲﾐﾝｸﾞ
	17.9. 8ﾋﾞｯﾄ ﾀｲﾏ/ｶｳﾝﾀ2用ﾚｼﾞｽﾀ
	17.9.1. TCCR2：ﾀｲﾏ/ｶｳﾝﾀ2制御ﾚｼﾞｽﾀ
	17.9.2. TCNT2：ﾀｲﾏ/ｶｳﾝﾀ2 ﾚｼﾞｽﾀ
	17.9.3. OCR2：ﾀｲﾏ/ｶｳﾝﾀ2比較ﾚｼﾞｽﾀ
	17.9.4. TIMSK：ﾀｲﾏ/ｶｳﾝﾀ割り込みﾏｽｸ ﾚｼﾞｽﾀ
	17.9.5. TIFR：ﾀｲﾏ/ｶｳﾝﾀ割り込み要求ﾌﾗｸﾞ ﾚｼﾞｽﾀ


	18. 比較出力変調器(COM1C2)
	18.1. 概要
	18.2. 説明
	18.2.1. ﾀｲﾐﾝｸﾞ例


	19. SPI(直列周辺ｲﾝﾀｰﾌｪｰｽ)
	19.1. 特徴
	19.2. 概要
	19.3. /SSﾋﾟﾝの機能
	19.3.1. 従装置動作
	19.3.2. 主装置動作

	19.4. ﾃﾞｰﾀ転送形式
	19.5. SPI用ﾚｼﾞｽﾀ
	19.5.1. SPCR：SPI制御ﾚｼﾞｽﾀ
	19.5.2. SPSR：SPI状態ﾚｼﾞｽﾀ
	19.5.3. SPDR：SPIﾃﾞｰﾀ ﾚｼﾞｽﾀ


	20. USART0,1
	20.1. 特徴
	20.1.1. 2つのUSART

	20.2. 概要
	20.2.1. UARTとの互換性

	20.3. ｸﾛｯｸ生成
	20.3.1. ﾎﾞｰﾚｰﾄ発振器での内部ｸﾛｯｸ発生
	20.3.2. 倍速動作(U2X)
	20.3.3. 外部ｸﾛｯｸ
	20.3.4. 同期ｸﾛｯｸ動作

	20.4. ﾌﾚｰﾑ形式
	20.4.1. ﾊﾟﾘﾃｨ ﾋﾞｯﾄの計算

	20.5. USARTの初期化
	20.6. USARTのﾃﾞｰﾀ送信
	20.6.1. 5～8ﾋﾞｯﾄ ﾃﾞｰﾀ ﾌﾚｰﾑ送信
	20.6.2. 9ﾋﾞｯﾄ ﾃﾞｰﾀ ﾌﾚｰﾑ送信
	20.6.3. 送信ﾌﾗｸﾞと割り込み
	20.6.4. ﾊﾟﾘﾃｨ発生器
	20.6.5. 送信の禁止

	20.7. USARTのﾃﾞｰﾀ受信
	20.7.1. 5～8ﾋﾞｯﾄ ﾃﾞｰﾀ ﾌﾚｰﾑ受信
	20.7.2. 9ﾋﾞｯﾄ ﾃﾞｰﾀ ﾌﾚｰﾑ受信
	20.7.3. 受信完了ﾌﾗｸﾞと割り込み
	20.7.4. 受信異常ﾌﾗｸﾞ
	20.7.5. ﾊﾟﾘﾃｨ検査器
	20.7.6. 受信の禁止
	20.7.7. 受信ﾊﾞｯﾌｧの破棄

	20.8. 非同期受信
	20.8.1. 非同期ｸﾛｯｸ補正
	20.8.2. 非同期ﾃﾞｰﾀ補正
	20.8.3. 非同期での動作範囲

	20.9. 複数ﾌﾟﾛｾｯｻ通信動作
	20.9.1. 複数ﾌﾟﾛｾｯｻ通信の使用法

	20.10. ﾎﾞｰﾚｰﾄ設定例
	20.11. USART用ﾚｼﾞｽﾀ
	20.11.1. UDR0,UDR1：USARTﾃﾞｰﾀ ﾚｼﾞｽﾀ
	20.11.2. UCSR0A,UCSR1A：USART制御/状態ﾚｼﾞｽﾀA
	20.11.3. UCSR0B,UCSR1B：USART制御/状態ﾚｼﾞｽﾀB
	20.11.4. UCSR0C,UCSR1C：USART制御/状態ﾚｼﾞｽﾀC
	20.11.5. UBRR0H,UBRR0L,UBRR1H,UBRR1L：USARTﾎﾞｰﾚｰﾄ ﾚｼﾞｽﾀ


	21. TWI(2線直列ｲﾝﾀｰﾌｪｰｽ)
	21.1. 特徴
	21.2. 概要
	21.2.1. SCLとSDAﾋﾟﾝ
	21.2.2. ﾋﾞｯﾄ速度発生器
	21.2.3. ﾊﾞｽ ｲﾝﾀｰﾌｪｰｽ部
	21.2.4. ｱﾄﾞﾚｽ一致部
	21.2.5. 制御部

	21.3. 2線直列ﾊﾞｽの定義
	21.3.1. TWI用語定義
	21.3.2. 電気的な相互接続

	21.4. ﾃﾞｰﾀ転送とﾌﾚｰﾑ形式
	21.4.1. ﾋﾞｯﾄ転送
	21.4.2. 開始条件と停止条件
	21.4.3. ｱﾄﾞﾚｽ ﾊﾟｹｯﾄ形式
	21.4.4. ﾃﾞｰﾀ ﾊﾟｹｯﾄ形式
	21.4.5. 転送内でのｱﾄﾞﾚｽ ﾊﾟｹｯﾄとﾃﾞｰﾀ ﾊﾟｹｯﾄの組み合わせ

	21.5. 複数主装置ﾊﾞｽ ｼｽﾃﾑの調停と同期
	21.6. TWIの使用法
	21.7. 転送種別
	21.7.1. 送信主装置動作
	21.7.2. 受信主装置動作
	21.7.3. 受信従装置動作
	21.7.4. 送信従装置動作
	21.7.5. その他の状態
	21.7.6. 各種TWI動作種別の組み合わせ

	21.8. 複数主装置ｼｽﾃﾑでのﾊﾞｽ競合と調停
	21.9. TWI用ﾚｼﾞｽﾀ
	21.9.1. TWBR：TWIﾋﾞｯﾄ速度ﾚｼﾞｽﾀ
	21.9.2. TWCR：TWI制御ﾚｼﾞｽﾀ
	21.9.3. TWSR：TWI状態ﾚｼﾞｽﾀ
	21.9.4. TWDR：TWIﾃﾞｰﾀ ﾚｼﾞｽﾀ
	21.9.5. TWAR：TWI(従装置)ｱﾄﾞﾚｽ ﾚｼﾞｽﾀ


	22. ｱﾅﾛｸﾞ比較器
	22.1. ｱﾅﾛｸﾞ比較器入力選択
	22.2. ｱﾅﾛｸﾞ比較器用ﾚｼﾞｽﾀ
	22.2.1. SFIOR：特殊I/O機能ﾚｼﾞｽﾀ
	22.2.2. ACSR：ｱﾅﾛｸﾞ比較器 制御/状態ﾚｼﾞｽﾀ


	23. A/D変換器
	23.1. 特徴
	23.2. 概要
	23.3. 操作
	23.4. 変換の開始
	23.5. 前置分周と変換ﾀｲﾐﾝｸﾞ
	23.5.1. 差動増幅ﾁｬﾈﾙ

	23.6. ﾁｬﾈﾙ変更と基準電圧選択
	23.6.1. A/D入力ﾁｬﾈﾙ
	23.6.2. A/D変換基準電圧

	23.7. 雑音低減機能
	23.7.1. ｱﾅﾛｸﾞ入力回路
	23.7.2. ｱﾅﾛｸﾞ雑音低減技術
	23.7.3. ｵﾌｾｯﾄ補償の仕組み
	23.7.4. A/D変換の精度定義

	23.8. A/D変換の結果
	23.9. A/D変換用ﾚｼﾞｽﾀ
	23.9.1. ADMUX：A/D多重器選択ﾚｼﾞｽﾀ
	23.9.2. ADCSRA：A/D制御/状態ﾚｼﾞｽﾀA
	23.9.3. ADCSRB：A/D制御/状態ﾚｼﾞｽﾀB
	23.9.4. ADCH,ADCL：A/Dﾃﾞｰﾀ ﾚｼﾞｽﾀ


	24. JTAGｲﾝﾀｰﾌｪｰｽと内蔵ﾃﾞﾊﾞｯｸﾞ機能
	24.1. 特徴
	24.2. 概要
	24.3. 検査入出力ﾎﾟｰﾄ(TAP)
	24.4. TAP制御器
	24.5. 境界走査ﾁｪｰﾝの使用
	24.6. 内蔵ﾃﾞﾊﾞｯｸﾞ機能の使用
	24.7. 内蔵ﾃﾞﾊﾞｯｸﾞ特殊JTAG命令
	24.8. JTAGﾌﾟﾛｸﾞﾗﾐﾝｸﾞ能力の使用
	24.9. 内蔵ﾃﾞﾊﾞｯｸﾞに関連するI/Oﾚｼﾞｽﾀ
	24.9.1. OCDR：内蔵ﾃﾞﾊﾞｯｸﾞ ﾚｼﾞｽﾀ

	24.10. 参考文献

	25. IEEE1149.1(JTAG)境界走査
	25.1. 特徴
	25.2. 概要
	25.3. ﾃﾞｰﾀ ﾚｼﾞｽﾀ
	25.3.1. 迂回ﾚｼﾞｽﾀ
	25.3.2. ﾃﾞﾊﾞｲｽ識別ﾚｼﾞｽﾀ
	25.3.3. ﾘｾｯﾄ ﾚｼﾞｽﾀ
	25.3.4. 境界走査ﾁｪｰﾝ

	25.4. 境界走査用JTAG命令
	25.4.1. EXTEST($0)
	25.4.2. IDCODE($1)
	25.4.3. SAMPLE_PRELOAD($2)
	25.4.4. AVR_RESET($C)
	25.4.5. BYPASS($F)

	25.5. 境界走査ﾁｪｰﾝ
	25.5.1. ﾃﾞｼﾞﾀﾙ ﾎﾟｰﾄ ﾋﾟﾝの走査
	25.5.2. 境界走査とTWI
	25.5.3. RESETﾋﾟﾝの走査
	25.5.4. ｸﾛｯｸ ﾋﾟﾝの走査
	25.5.5. ｱﾅﾛｸﾞ比較器の走査
	25.5.6. A/D変換器の走査

	25.6. ATmega64Aの境界走査順
	25.7. 境界走査記述言語(BSDL)ﾌｧｲﾙ
	25.8. 境界走査に関連するI/Oﾚｼﾞｽﾀ
	25.8.1. MCUCSR：MCU制御/状態ﾚｼﾞｽﾀ


	26. ﾌﾞｰﾄ ﾛｰﾀﾞ(RWW自己ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ)
	26.1. 特徴
	
26.2. 概要
	26.3. ﾌﾗｯｼｭ ﾒﾓﾘの応用領域とﾌﾞｰﾄ ﾛｰﾀﾞ領域
	26.3.1. 応用領域
	26.3.2. ﾌﾞｰﾄ ﾛｰﾀﾞ領域(BLS)

	26.4. ﾌﾗｯｼｭ書き込み中の読み出し可能領域と不能領域
	26.4.1. 可能(RWW)領域
	26.4.2. 不能(NRWW)領域

	26.5. ﾌﾞｰﾄ ﾛｰﾀﾞ施錠ﾋﾞｯﾄ
	26.6. ﾌﾞｰﾄ ﾛｰﾀﾞ ﾌﾟﾛｸﾞﾗﾑへの移行
	26.7. 自己ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ中のﾌﾗｯｼｭ ﾒﾓﾘのｱﾄﾞﾚｽ指定
	26.8. ﾌﾗｯｼｭ ﾒﾓﾘの自己ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ
	26.8.1. SPM命令によるﾍﾟｰｼﾞ消去の実行
	26.8.2. ﾍﾟｰｼﾞ一時ﾊﾞｯﾌｧの設定
	26.8.3. ﾍﾟｰｼﾞ書き込みの実行
	26.8.4. SPM操作可割り込みの使用法
	26.8.5. ﾌﾞｰﾄ ﾛｰﾀﾞ領域更新中の考慮
	26.8.6. 自己ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ中のRWW領域読み込みの防止
	26.8.7. SPM命令によるﾌﾞｰﾄ ﾛｰﾀﾞ施錠ﾋﾞｯﾄの設定
	26.8.8. SPM命令での書き込み時のEEPROM書き込みによる妨害
	26.8.9. ｿﾌﾄｳｪｱからのﾋｭｰｽﾞと施錠ﾋﾞｯﾄの読み出し
	26.8.10. ﾌﾗｯｼｭ ﾒﾓﾘ ﾃﾞｰﾀ化けの防止
	26.8.11. SPM命令使用時のﾌﾗｯｼｭ ﾒﾓﾘ用ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ時間
	26.8.12. ｱｾﾝﾌﾞﾘ言語による簡単なﾌﾞｰﾄ ﾛｰﾀﾞ例
	26.8.13. ATmega64A用ﾌﾞｰﾄ ﾛｰﾀﾞのﾊﾟﾗﾒｰﾀ

	26.9. ﾌﾞｰﾄﾛｰﾀﾞ用ﾚｼﾞｽﾀ
	26.9.1. SPMCSR：SPM命令制御/状態ﾚｼﾞｽﾀ


	27. ﾒﾓﾘ ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ
	27.1. ﾌﾟﾛｸﾞﾗﾑ ﾒﾓﾘとﾃﾞｰﾀ ﾒﾓﾘ用施錠ﾋﾞｯﾄ
	27.2. ﾋｭｰｽﾞ ﾋﾞｯﾄ
	27.2.1. ﾋｭｰｽﾞのﾗｯﾁ

	27.3. 識票ﾊﾞｲﾄ
	27.4. 発振校正値ﾊﾞｲﾄ
	27.5. 並列ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ
	27.5.1. 信号名

	27.6. 並列ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ手順
	27.6.1. 並列ﾌﾟﾛｸﾞﾗﾐﾝｸﾞへの移行
	27.6.2. 効率的なﾌﾟﾛｸﾞﾗﾐﾝｸﾞへの考慮
	27.6.3. ﾁｯﾌﾟ消去
	27.6.4. ﾌﾗｯｼｭ ﾒﾓﾘ書き込み
	27.6.5. EEPROM書き込み
	27.6.6. ﾌﾗｯｼｭ ﾒﾓﾘ読み出し
	27.6.7. EEPROM読み出し
	27.6.8. ﾋｭｰｽﾞ ﾋﾞｯﾄ書き込み
	27.6.9. 施錠ﾋﾞｯﾄ書き込み
	27.6.10. ﾋｭｰｽﾞ ﾋﾞｯﾄと施錠ﾋﾞｯﾄの読み出し
	27.6.11. 識票ﾊﾞｲﾄ読み出し
	27.6.12. 発振校正値ﾊﾞｲﾄ読み出し
	27.6.13. 並列ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ特性

	27.7. 直列ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ
	27.7.1. 直列ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ用ﾋﾟﾝ配置
	27.7.2. 直列ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ手順
	27.7.3. ﾌﾗｯｼｭ ﾒﾓﾘのﾃﾞｰﾀ ﾎﾟｰﾘﾝｸﾞ
	27.7.4. EEPROMのﾃﾞｰﾀ ﾎﾟｰﾘﾝｸﾞ
	27.7.5. 直列ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ特性

	27.8. JTAGｲﾝﾀｰﾌｪｰｽ経由のﾌﾟﾛｸﾞﾗﾐﾝｸﾞ
	27.8.1. ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ特殊JTAG命令
	27.8.2. AVR_RESET($C)
	27.8.3. PROG_ENABLE($4)
	27.8.4. PROG_COMMANDS($5)
	27.8.5. PROG_PAGELOAD($6)
	27.8.6. PROG_PAGEREAD($7)

	27.8.7. ﾃﾞｰﾀ ﾚｼﾞｽﾀ
	27.8.8. ﾘｾｯﾄ ﾚｼﾞｽﾀ
	27.8.9. ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ許可ﾚｼﾞｽﾀ
	27.8.10. ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ命令ﾚｼﾞｽﾀ
	27.8.11. 仮想ﾌﾗｯｼｭ ﾍﾟｰｼﾞ設定ﾚｼﾞｽﾀ
	27.8.12. 仮想ﾌﾗｯｼｭ ﾍﾟｰｼﾞ取得ﾚｼﾞｽﾀ

	27.8.13. ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ手法
	27.8.14. ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ動作への移行
	27.8.15. ﾌﾟﾛｸﾞﾗﾐﾝｸﾞ動作からの抜け出し
	27.8.16. ﾁｯﾌﾟ消去の実行
	27.8.17. ﾌﾗｯｼｭ ﾒﾓﾘの書き込み
	27.8.18. ﾌﾗｯｼｭ ﾒﾓﾘの読み出し
	27.8.19. EEPROMの書き込み
	27.8.20. EEPROMの読み出し
	27.8.21. ﾋｭｰｽﾞ ﾋﾞｯﾄの書き込み
	27.8.22. 施錠ﾋﾞｯﾄの書き込み
	27.8.23. ﾋｭｰｽﾞ/施錠ﾋﾞｯﾄの読み出し
	27.8.24. 識票ﾊﾞｲﾄの読み出し
	27.8.25. 発振校正値ﾊﾞｲﾄの読み出し



	28. 電気的特性
	28.1. 絶対最大定格
	28.2. DC特性
	28.3. 速度勾配
	28.4. ｸﾛｯｸ特性
	28.5. ｼｽﾃﾑとﾘｾｯﾄの特性
	28.6. TWI(2線直列ｲﾝﾀｰﾌｪｰｽ)特性
	28.7. SPIﾀｲﾐﾝｸﾞ特性
	28.8. A/D変換器特性
	28.9. 外部ﾒﾓﾘ ﾀｲﾐﾝｸﾞ特性

	29. 代表特性
	29.1. 標準動作消費電流
	29.2. ｱｲﾄﾞﾙ動作消費電流
	29.3. ﾊﾟﾜｰﾀﾞｳﾝ動作消費電流
	29.4. ﾊﾟﾜｰｾｰﾌﾞ動作消費電流
	29.5. ｽﾀﾝﾊﾞｲ動作消費電流
	29.6. ﾋﾟﾝ ﾌﾟﾙｱｯﾌﾟ
	29.7. ﾋﾟﾝ駆動能力
	29.8. ﾋﾟﾝ閾値とﾋｽﾃﾘｼｽ
	29.9. 低電圧検出器(BOD)閾値とｱﾅﾛｸﾞ比較器ｵﾌｾｯﾄ
	29.10. 内部発振周波数
	29.11. 周辺機能部消費電流
	29.12. ﾘｾｯﾄ消費電流とﾘｾｯﾄ ﾊﾟﾙｽ幅

	30. I/Oﾚｼﾞｽﾀ一覧
	31. 命令一覧
	32. 注文情報
	33. 外囲器情報
	34. 障害情報
	35. 更新記録
	目次



