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AVR CPU
Figure 3. AVR
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AVR SREG
Bit 7 6 5 4 3 2 1 0
| ' | 7t | wH S v N z ¢ | srec
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2
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Figure 4 CPU 32
Figure 4. AVR CPU
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R13 0x0D
R14 O0x0E
R15 O0xOF
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2313/V

R17 0x11
R26 Ox1A X
R27 ox1B X
R28 ox1C Y
R29 0x1D Y
R30 OX1E z
R31 Ox1F z
Figure 4
32 SRAM
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Figure 5
Figure5. X Y Z
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R29 (0x1D) R28 (0x1C)
15 ZH zL 0
z |7 0 |7 0 |
R31 (0x1F) R30 (0x1E)
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AVR
SRAM
0x60 PUSH
POP RET RETI
AVR I/0 8
AVR SPL SPH
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- - - - - - - - SPH
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R R R R R R R R
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0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
AVR CPU clkepy
Figure 6 Harvard
1 MIPS MHz
Figure 6.
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Figure 7. ALU
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in rl6, SREG ; SREG

cli ;

sbi EECR, EEMAE ; EEPROM
shi EECR, EEWE

out SREG, r 16 ; SREG (| )
char cSREG

CSREG = SREG, /* SREG  */
/* */
__disable_interrupt();

EECR | = (1<<EEMAE); [* EEPROM */
EECR | = (1<<EEVE);
SREG = cSREG /* SREG (I )*/
SEI
sei
sl eep ;
MCU
_SEI(); /* */
_SLEEP(); /* */
/* : MCU */
4 4
4 PC
3
MCU MCU
4
4 PC(
SREG |

ATtiny2313/V m———
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ATtiny2313 AVR
ATtiny2313 EEPROM

ATtiny2313 2K Flash
AVR 16 32 Flash 1K x 16
Flash 10,000  ATtiny2313 (PC) 10
1K P150¢ ? SPI Flash
LPM
P10*
Figure 8.
Program Memory
0x0000
O0x03FF
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Figure 9 ATtiny2313 SRAM
224 I/0 I/O SRAM
32 64 I/0 128 SRAM
5
R26 R31
Y Z 63
XY Zz
ATtiny2313 32 64 1/0 128 SRAM
P8H ”
Figure 9.
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Figure 10 SRAM
clkepy
Figure 10. SRAM
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ATtiny2313 128 EEPROM
EEPROM 100,000 EEPROM
EEPROM
EEPROM II0
EEPROM Table 1
EEPROM
Vee CPU
P19“  EEPROM g EEPROM
EEPROM EEPROM
EEPROM CPU 4
EEPROM CPU 2
Bit 7 6 5 4 3 2 1 0
I - EEAR6 EEARS5 EEAR4 EEAR3 EEAR2 EEAR1 EEARO I EEAR
R/W R/W R/W R/W R/W R/W R/W
0 X X X X X X X

¢ Bit7 — Res:

ATMEL
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* Bits 6..0 - EEARG6..0: EEPROM

EEPROM EEARL 128 EEPROM EEPROM
0 127 EEAR EEPROM
EEDR
Bit 7 6 5 4 3 2 1 0
| mse LsB | EEDR
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
e Bits 7..0 - EEDR7..0: EEPROM
EEPROM EEDR EEAR EEDR
EEARL
EECR
Bit 7 6 5 4 3 2 1 0
| - EEPM1 | EEPMO | EERIE | EEMPE | EEPE EERE | EECR
R/W RIW R/W RIW R/W RIW
0 0 X X 0 0 X 0

e Bits 7..6 — Res:

» Bits 5,4-EEPM1 EEPMO0: EEPROM

EEPE
( ) Table 1
EEPE EEPMn EEPROM
EEPMn 0b00
Table 1. EEPROM
EEPM1 | EEPMO

0 0 34 ms

0 1 1.8 ms

1 0 1.8 ms

1 1 -

* Bit 3 — EERIE: EEPROM

SREG | "1" EERIE EEPROM EERIE
EEPROM

16 ATtiny2313/V me———————————
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* Bit2 - EEMPE: EEPROM

EEMPE EEPE "1”
EEMPE ™" EEPE EEPROM
EEMPE  "0“ EEPE EEMPE "1”

* Bit 1 — EEPE: EEPROM

EEPE EEPROM EEPE "1" EEPMn
EEPROM EEPE "1"  EEMPE "1" EEPROM
EEPE EEPE CPU

* Bit 0 — EERE: EEPROM

EERE EEPROM EEPROM EERE
EEARL EEPROM EEPROM
CPU 4 EEPROM
EEPE EEPROM EEAR
EEPROM
EEARL EEDR EEPMn EEPE (
EEMPE ) /
Table 1 EEPE
EEPROM
(
)
( )
EEARL EEPMn 0b01 EEPE  (  EEMPE
) ( Table 1) EEPE
EEPROM
EEARL EEDR EEPMn 0b10 EEPE
(  EEMPE ) ( Table 1)
EEPE
EEPROM
EEPROM P25 OSCCAL”

ATMEL y
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C EEPROM

EEPROM wri t e:

sbi ¢ EECR, EEPE

rimp EEPROM wite

Idi r16, (O<<EEPM.)| (0O<<EEPM)
out EECR r16

; ri7

out EEARL, r17

; (r16)

out EEDR r 16

; EEMAE
sbi EECR, EEM\E
; EEVE
sbi EECR, EEVE
ret
C

voi d EEPROM write(unsi gned char ucAddress, unsigned char ucData)

{
[ * */
whi | e(EECR & (1<<EEPE))
[ * */
EECR = (0<<EEPM) | ( 0>>EEPM)
/* */
EEARL = ucAddress;
EEDR = ucDat a;
/* EEMAE */
EECR | = ( 1<<EEMVE);
/* EEVE */
EECR | = (1<<EEVE);

}

18 ATtlny231 3/V |
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C EEPROM

EEPROM r ead:

sbi ¢ EECR, EEPE
rj np EEPROM read
; ri7
out EEARL, r17

; EERE

sbi EECR, EERE

in r16, EEDR
ret

{
| * *
whi | e( EECR & ( 1<<EEPE))

/*‘ */
EEARL = ucAddr ess;

/* EERE */
EECR | = (1<<EERE);

/* */
return EEDR;

unsi gned char EEPROM read(unsi gned char ucAddress)

CPU EEPROM
) EEPROM

EEPROM
CPU

EEPROM

AVR RESET
BOD

ATtiny2313  1/O P202¢ ?

ATtiny2313 I/O I/0
ST/STS/STD 32
-0x1F /O SBI CBI
IN  OUT
SRAM LD ST I/O

uou

ATMEL

EEPROM (

EEPROM

BOD

I/0 LD/LDS/LDD
110 0x00
SBIS SBIC
0x00 - Ox3F
0x20

I/0

19
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"1" AVR
CBI SBI
CBI  SBI 0x00 Ox1F
110
ATtiny2313 3 110
0x00 - Ox1F /O SBI CBI
SBIS SBIC
110
Bit 7 6 5 4 3 2 1 0
| wse LsB | GPIOR2
/ R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| MSB LSB | GPIOR1
/ R/W R/W R/W R/W R/W R/W R/W RIW
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| MSB LSB | GPIORO
/ R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
20 ATtlny231 3/V ]
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Figure 11  AVR
P29*
" Figure 11
Figure 11.
G&Z?EISZO CPU Core RAM E'g;;g”h;’
A A A A
clkyo AVR Clock ClKpy
Control Unit
CIkFLASH
Y
Reset Logic Watchdog Timer
L *
Source clock Watchdog clock
/ Clock \
Multiplexer
A 4 A T—
Watchdog
Oscillator
External Clock OCs::)i/IIS;iIJr Caclil;rciiilt;?ofc
CPU AVR
CPU
I/0 I/0 USART 1/0
I/1O
clkyo usl
usl
Flash Flash CPU
ATtiny2313 Flash AVR
Table 2. U
CKSEL3..0
0000
8MHz RC 0100

ATMEL
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Table 2. ()
CKSEL3..0
0000
128kHz 0110
1000 - 1111
0001/0011/0101/0111
Note: 1. “1” “0”
CPU
CPU
MCU
WDT
Table 3 P171“ATtiny2313
Table 3.
(Ve = 5.0V) (Ve = 3.0V)
4.1 ms 4.3 ms 4K (4,096)
65 ms 69 ms 64K (65,536)
CKSEL =“0010" SUT =“10" CKDIV8
RC 8
ISP
XTAL1 XTAL2 P22Figure 12
C1 cC2
P23Table 4
Figure 12.
Cc2
— »—17 XTAL2
C1 -
—— XTAL1

GND

il

ATtiny2313/V m———
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CKSEL3..1 Table 4
Table 4.
CKSEL3..1 () (MHz) c1 c2 (pF)
100@ 04-0.9 -
101 0.9-3.0 12 -22
110 3.0-8.0 12 -22
111 8.0 - 12-22
Notes: 1.
Table 5 CKSELO SUT1..0

ATMEL 2
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Table 5.
CKSELO | SUT1..0 (Vee = 5.0V)
0 00 258 CK™M 14CK + 4.1 ms
0 01 258 CK™M 14CK + 65 ms
0 10 1K CK®@ 14CK BOD
0 11 1K CK® 14CK + 4.1 ms
1 00 1K CK® 14CK + 65 ms
1 01 16K CK 14CK BOD
1 10 16K CK 14CK + 4.1 ms
1 11 16K CK 14CK + 65 ms
Notes: 1.
2.
RC 8.0 MHz 3V 25°C
CKDIV8
8 CKDIV8
Table 6 CKSEL
OSCCAL RC 3V 25°C
+ 10% www.atmel.com/avr
+ 2%
P152¢ ?
Table 6. RC
CKSEL3..0
0010 - 0011 4.0 MHz("
0100 - 0101 8.0 MHz
Note: 1.
SUT Table 7
Table 7. RC
SUT1..0 (Vee = 5.0V)
00 6 CK 14CK BOD

24 ATtiny2313/V m——
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Table 7. RC
SUT1..0 (Vee =5.0V)

01 6 CK 14CK + 4.1 ms

100 6 CK 14CK + 65 ms

"
Note: 1.
Bit 7 6 5 4 3 2 1 0

| - CAL6 | CAL5 | CAL4 | CAL3 | CAL2 | CAL1 | CALO0 | OSCCAL
RIW RIW RIW RIW RIW RIW R/W
* Bits 6..0 - CAL6..0:
OSCCAL
Ox7F
EEPROM  Flash EEPROM  Flash
10% 8.0/4.0 MHz
Table 8
MCU RC
2% OSCCAL 0x20
Table 8. RC

OSCCAL

0x00 50% 100%

Ox3F 75% 150%

Ox7F 100% 200%

AIMEL 25
2543F-AVR-07/04 I ©
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XTAL1 Figure 13
CKSEL “0000”
Figure 13.
NC XTAL2
EXTERNAL
CLOCK XTAL1
SIGNAL
GND
SUT Table 10
Table 9.
CKSEL3..0
0000 - 0001 0-16 MHz
Table 10.
SUT1..0 (Vee = 5.0V)
00 6 CK 14CK BOD
01 6 CK 14CK + 4.1 ms
10 6 CK 14CK + 65 ms
11
MCU
2% MCU

ATtiny2313/V m———
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The 128 kHz Internal Oscillator is a low power Oscillator providing a clock of 128 kHz.
The frequency is nominal at 3 V and 25°C. This clock may be selected as the system
clock by programming the CKSEL Fuses to “0110 - 0111”.128 kHz

128 kHz 3V 25°C CKSEL
“0110 -0111”
Table 11 SUT
Table 11. 128 kHz
SUT1..0
00 6 CK 14CK BOD
01 6 CK 14CK +4 ms
10 6 CK 14CK + 64 ms
1
Bit 7 6 5 4 3 2 1 0
I CLKPCE - CLKPS3 | CLKPS2 CLKPS1 CLKPSO I CLKPR
/ RIW R R R R/W R/W R/W RIW
0 0 0 0
e Bit7 - CLKPCE:
CLKPCE "1” CLKPS CLKPR "0” CLK-
PCE CLKPCE CLKPS
CLKPCE CLKPCE
+ Bits 3..0 - CLKPS3..0: 3-0
MCU
Table 12
CLKPS
1. CLKPCE "1” CLKPR "0”
2. CLKPS CLKPCE "0”
CKDIV8 CLKPS CKDIV8 CLKPS “0000”
CKDIV8 CLKPS “0011” 8
CLKPS
CKDIV8
CKDIV8
Table 12.
CLKPS3 CLKPS2 CLKPS1 CLKPSO
0 0 0 0 1
0 0 0 1 2
0 0 1 0 4
0 0 1 1 8
0 1 0 0 16

ATMEL 2
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Table 12.
CLKPS3 CLKPS2 CLKPS1 CLKPSO
0 1 0 1 32
0 1 1 0 64
0 : 1 : 128
1 0 0 0 256
1 0 0 :
1 0 1 0
1 0 1 1
1 1 0 0
1 : 0 :
1 1 1 0
1 1 1 1
28 ATtiny2313/V m———

2543F-AVR-07/04



A T tiny2313/V

MCU AVR
MCUCR SE SLEEP
( Standby ) MCUCR SM1 SMO Table
13 MCU 4
MCU SLEEP
SRAM MCU
P21Figure 11 ATtiny2313
Bit 7 6 5 4 3 2 1 0
| PuD SM1 SE SMO Isc11 | 1sc1o | Isco1 | 1scoo | Mcucr
R RW RW RW RIW RIW RIW RW
0 0 0 0 0 0 0 0
* Bits 6, 4 — SM1..0: 1 0
Table 13
Table 13.
SM1 SMO0
0 0
0 1
1 1
1 0 Standby
Note: 1. Standby
* Bit5-SE:
MCU SLEEP SE
SLEEP SE MCU
SE
SM1..0 00 SLEEP MCU CPU
ADC
clkepy  ClKpash
MCU MCU
ACSR
ACD ADC
SM1.0 01 11 SLEEP MCU
usl
BOD usl INTO
MCU
MCU
P57“ ”

ATMEL 2
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CKSEL P21
SM1..0 10 SLEEP MCU Standby
6
Table 14.
s
o)
= &
5 3 o S - s
x x x g 7] o
(8] o (3] Z -} (7]
X X X X X X
X®@ X
Standby™ X X@ X
Notes: 1.
2. INTO
AVR
P141“ ”
BOD BODLEVEL
BOD
P33¢ ” BOD
BOD
P36“
P42“ ”
/0 clkyo
P48* ”
Vo2
Vo2 DIDR
P142“ DIDR”

30 ATtiny2313/V m———
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I/O
JMP
Figure 14 Table
15
I/O
MCU
SUT CKSEL pP21* ?
The ATtiny2313 4
. Veor MCU
. RESET MCU
¢ Veor
MCU
Figure 14.
DATA BUS

MCU Status
Register (MCUSR)

LL| LLfLL) LL|
o of | o
O Ol [a)
alalx 2

=

>
vee Power-on Reset 0]
Circuit

Brown-out
BODLEVEL [2..0] Reset Circuit

[l] Pull-up Resistor
RESET SPIKE Reset Circuit s Qf—

1)
FILTER i/
R

Watchdog
Timer

i

Watchdog

Oscillator v

Clock CK Delay Counters
Generator TIMEOUT

CKSEL([3:0] M

SUT[1:0]

INTERNAL RESET

COUNTER RESET

ATMEL s
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Table 15.
(1) (1) (1)
(
) T, =-40 - 85°C 1.2 v
Veor
)(2)( T, =-40 - 85°C 1.1 %
Vgrst | RESET Ve =1.8-5.5V | 0.1 Vg 0.9 Ve %
trsT RESET Ve = 1.8-5.5V 25 us
Notes: 1.
2. Veor
(POR) Table 15 Veo
POR POR
POR Vee
Vee RESET
Figure 15. MCU RESET Vee

1
I
1
TIME-OUT < hour _’|
1
1
1
1
1
1

INTERNAL |
RESET

Figure 16. MCU RESET
Vee 'f:" Veor
RESET ! _/_?/ VrsT
TIME-OUT : frout

INTERNAL
RESET

RESET
( Table 15)
Vrst trout MCU

32 ATtiny2313/V
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Figure 17.
Vee
RESET | |
| <— t —>|
TIME-OUT : | ouT
INTERNAL |
RESET
ATtiny2313 BOD(Brown-out Detection)
Vee BODLEVEL BOD
Veor+ = Veor *
Viyst/2 Veor. = Veor - Vhyst/2
Table 16. BODLEVEL ()
BODLEVEL [1..0] Vior Veor Veor
111 BOD
110 1.8
101 2.7 \%
100 4.3
oM
010
001
000
Note: 1. Vot Vee
= Vgor Vee ATtiny2313V
BODLEVEL = 110 ATtiny2313L BODLEVEL = 101
Table 17.
tsop 2 us
BOD Ve (Vgor. Figure 18) BOD
Vee (Vgor+ Figure 18)
trour MCU
Vee Table 15 tgop BOD

2543F-AVR-07/04



Figure 18.
Vee VBOT_:,::t::::;:vson
RESET ; ;
TIME-OUT I E< tour T
" ReseT | L
34 ATtiny2313/V m———
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1 CK
trout
Figure 19.
VCC
RESET
—>, [«— 1 CK Cycle
WwDT
TIME-OUT H
RESET | trour _>|
TIME-OUT |
INTERNAL |
RESET
MCU MCU
Bit 7 6 5 4 3 2 1 0
I = L= WDRF | BORF | EXTRF | PORF | MCUSR
R R RIW RIW RIW RIW
0 0 0
 Bit 3 - WDRF:
”0”
+ Bit 2 - BORF:
"0"
e Bit1 - EXTRF:
"0
 Bit 0 — PORF:
”0”

ATMEL 5
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ATtiny2313
Table 18.
1. BOD ( BODLEVEL [2..0] )
2. (ACSR ACBG )
BOD ACBG
Table 18. Q)
Vee =27V,
Vag T.= 26°C 1.0 | 1.1 1.2 \Y
Ve =27V,
tsg T\ = 26°C 40 70 us
Ve =27V,
lsg T.= 26°C 15 WA
Note: 1

36 ATtiny2313/V m———————————————————————————
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ATtiny2313 (WDT)
*3
. 16ms 8s
Figure 20.
> WATCHDOG
128kHz > PRESCALER
OSCILLATOR MEEEEEEREE
\A 4 VL \A 4 VL \A 4 VOV WDPO
WATCHDOG WBE%
RESET WDP3
WDE D—» MCU RESET
WDIF ;D—\—%»
WOIE INTERRUPT
128 kHz WDT
WDT
WDT
WDTON
(WDE) (WDTIE) 1 0
1. WDCE WDE "1” WDE
o
2. WDE WDP WDCE

ATMEL s
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C WDT

MCUSR VDRF

in r1l6, MCUSR

andi r16, (Oxff & (0<<WDRF))
out MCUSR, r16

; WDCE WDE 1

in r16, WDTCR

ori ri6, (1<<WDCE) | (1<<WDE)
out WDOTCR, r16

WDT

| di r16, (O0<<WDE)

out WDOTCR, r16

sei
ret
C M

voi d WDT_of f (voi d)

{
__disable_interrupt();
__wat chdog_reset();
/* MCUSR V\DRF* /
MCUSR &= ~( 1<<WDRF);
/* WDCE WDE 1*/
/* */
WDTCR | = (1<<WDCE) | (1<<WDE);
/* WOT */
WDTCR = 0x00;
__enable_interrupt();

Note: 1.

WDRF  WDE

38 ATtiny2313/V m———



A T tiny2313/V

2543F-AVR-07/04

(M

WDT_Pr escal er _Change:

in r16, WDTCR
ori r16, (1<<WDCE) | (1<<WDE)
out WDOTCR, r16

; = 64K  (~0.5 s)

| di ri6, (1<<WDE) | (1<<WDP2) | (1<<WDPO)

out WDTCR, r16

;o 2 -
sei
ret
C (1)

voi d WDT_Prescal er _Change(voi d)

{
__disable_interrupt();
__wat chdog_reset();
/* */
WDTCR | = (1<<WDCE) | (1<<VDE);
/* = 64K (~0.5 s) */
WDTCR = (1<<VDE) | (1<<WDP2) | (1<<WDPO);
__enable_interrupt();

}

Note: 1.

WDP

ATMEL

WDP
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Bit 7 6 5 4 3 2 1 0
| woiF WDIE WDP3 | WDCE WDE WDP2 | WDP1 WDPO | WDTCSR
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 X 0 0 0
e Bit 7 - WDIF:
WDTIF "1” SREG
WDTIE
+ Bit 6 - WDIE:
SREG | WDE
WDE
WDIF WDIE WDIF(
)
WDIE
Table 19.
WDTON WDE WDIE
0 0 0
0 0 1
0 1 0
0 1 1
1 X X
 Bit4 - WDCE:
WDE WDCE WDE /
"1” WDCE
e Bit3 - WDE:
WDE MCUSR WDRF WDRF WDE
WDE WDRF
e Bit5, 2..0 - WDP3..0: 3,2,1 0
WDP3..0 P40Table 20
Table 20.
Ve =5.0V
WDP3 | WDP2 | WDP1 | WDPO
0 0 0 0 2K (2048) 16 ms
0 0 0 1 4K (4096) 32 ms
0 0 1 0 8K (8192) 64 ms
40 ATtlny231 3/V ]
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Table 20.
Ve = 5.0V
WDP3 | WDP2 | WDP1 | WDPO

0 0 1 1 16K (16384) 0.125s
0 1 0 0 32K (32768) 0.25s
0 1 0 1 64K (65536) 05s
0 1 1 0 128K (131072) 10s
0 1 1 1 256K (262144) 20s
1 0 0 0 512K (524288) 40s
1 0 0 1 1024K (1048576) 8.0s
1 0 1 0

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1

ATMEL X
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ATtiny2313 AVR p11" ,
Table 21.
1 0x0000 RESET
2 0x0001 INTO 0
3 0x0002 INT1 1
4 0x0003 TIMER1 CAPT 1
5 0x0004 TIMER1 COMPA 1 A
6 0x0005 TIMER1 OVF 1
7 0x0006 TIMERO OVF 0
8 0x0007 USARTO, RX USARTO
9 | 0x0008 | USARTO,UDRE | USARTO
10 0x0009 USARTO, TX USARTO
11 0x000A ANALOG COMP
12 0x000B PCINT
13 0x000C TIMER1 COMPB 1 B
14 0x000D TIMERO COMPA 0
15 0x000E TIMERO COMPB 0 B
16 0x000F USI START usl
17 0x0010 USI OVERFLOW usl
18 0x0011 EE READY EEPROM
19 0x0012 WDT OVERFLOW
42 ATtiny2313/V m———
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ATtiny2313

0x0000
0x0001
0x0002
0x0003
0x0004
0x0005
0x0006
0x0007
0x0008
0x0009
0x000A
0x000B
0x000C
0x000D
0x000E
0x000F
0x0010
0x0011
0x0012

0x0013
0x0014
0x0015
0x0016

RESET:

rjnp
rj np
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp
rjnp

| di
out
sei

RESET
| NTO

| NT1

TI ML_CAPT
TI ML_COVPA
TIML_OVF

TI MD_OVF
USARTO_RXC
USARTO_DRE
USARTO_TXC
ANA_COWP
PCI NT

TI MER1_COVPB
TI MERO_COVPA
TI MERO_COVPB

USI _START

USI _ OVERFLOW

EE_READY

WDT_OVERFLOW

r16, | ow( RAMEND);

SPL, r16

<instr> Xxxx

ATMEL

1

1

1

0
USARTO
USARTO, UDR
USARTO

1 B

0 A

0 B
usl
(U8
EEPROM

43
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/10 AVR /O
SBI CBI
LED
Vee Figure 21 P168*
Figure 21. 1/0
|
|
|
| -
|
I R
| >
Pxn i LOglC
|
Cpin T I See Figure
| "General Digital 1/0" for
| Details
= = Lo
“X” n
PORTB3 B 3
PORTxn /O P56“1/0
110 — PORTXx — DDRx
— PINx
PINx "1
"¢ 1 MCUCR PUD
/10 P44* /10
P48* ”
110
I/0 Figure 22 1/0
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Table 22
Table 22.
PUD (
MCUCR2
DDxn | PORTxn ) 110
0 0 X No (Hi-Z)
0 1 0 Yes
0 1 1 No (Hi-2)
1 0 X No ( )
1 1 X No ( )
DDxn PINxn Figure 22
PINxn
Figure 23 tpd,max
tpd,min
Figure 23.

systemclk __ [ | [ | [ L[ 1_
INSTRUCTIONS — X xxx X xxx X nazne X

SYNC LATCH v
PINXn : :
ri7 OXOOE X OXFE
: tpd, max : =:
tp(:l, min
e >

ATtiny2313/V m———



A T tiny2313/V

2543F-AVR-07/04

SYNC LATCH
PINxn tod.max
tpd,min V2~ 1%
Figure 24 out in
nop out SYNC LATCH

tod

Figure 24.

systemck __ [ L[ L[ LI 1_

rl6 : OXFF

INSTRUCTIONS Y out PORTX, 116 >< nop >< in r17, PINx X

SYNC LATCH [

PINxn

ri7z : 0x00 : X OXFF

pd

A
R AR

ATMEL 7



nop

out PORTB,r16
out DDRB,r17
; nop
nop

in r16, Pl NB

Idi r16, (1<<PB7)]| (1<<PB6)| (1<<PB1)| ( 1<<PB0)
Idi r17, (1<<DDB3)| (1<<DDB2) | ( 1<<DDB1) | ( 1<<DDB0)

C
unsi gned char i;
/*
I* */
PORTB = (1<<PB7)| (1<<PBS6) | (1<<PB1)| ( 1<<PBO);
DDRB = (1<<DDB3)| (1<<DDB2) | ( 1<<DDB1) | ( 1<<DDBO0) ;
/* nop */
__no_operation();
/* */
i = PINB;
Note: 1.
Figure 22 ( ) SLEEP
MCU Standby
Vo/2
SLEEP SLEEP
SLEEP P48*
(1) "
"1" IIOH
"0 ™M
I/0O Figure 25 Figure
22
AVR
48 ATtlny231 3/V |

2543F-AVR-07/04



A T tiny2313/V




AIMEL

Table 23.

PUOE PUOV

{DDxn, PORTxn, PUD} = 0b010
PUOV PUOE PUOV

DDxn PORTxn PUD
DDOE DDOV

DDxn
DDOV DDOE DDOV
DDxn
PVOE PVOV
PVOE
PORTxn
PVOV PVOE PVOV
PORTxn
PTOE PTOE
DIEOE DIEOV
DIEOE MCU (
)

DIEOV DIEOE DIEOV

MCU ( )
DI
AlO

/

50 ATtiny2313/V m———
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Bit 7 6 5 4 3 2 1 0
| Ppup SM1 SE SMo ISC11 | 1SC10 | IsC01 | ISCoo | MCUCR
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
* Bit7-PUD:
1 DDxn PORTxn ({DDxn, PORTxn} =
0b01) /O P45° "
A Table 5
Table 24. A
PA2 RESET, dW
PA1 XTAL2
PAO XTAL1
B Table 25
Table 25. B

PB7 USCK/SCL/PCINT7
PB6 DO/PCINT6

PB5 DI/SDA/PCINT5
PB4 OC1B/PCINT4

PB3 OC1A/PCINT3

PB2 OCOA/PCINT2

PB1 AIN1/PCINTA1

PBO AINO/PCINTO

* USCKI/SCL/PCINT7 - B, Bit7
USCK
SCL Usl

PCINT7 7 PBY
* DO/PCINT®6 - B, Bit 6

DO PORTB6
DDB6 1 PORTB6 1 PORTB6

PCINT6 6 PB6
* DI/SDA/PCINTS - B, Bit 5

DI

ATMEL s
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SDA
PCINT5 5 PB5
- OC1B/PCINTA- B, Bit4
OC1B B PB4
(DDB6 1) OC1B
PCINT4 4 PB4
- OC1A/PCINT3- B, Bit3
OC1A A PB3
(DDB3 1) OC1A
PCINT3 3 PB3
- OCOA/PCINT2- B, Bit2
OCO0A A PB2
(DDB2 1) OCOA
PCINT2 2 PB2
« AINT/PCINTI- B, Bit1
AIN1
PCINT1 1 PB1
« AINO/PCINTO- B, Bit0
AINO
PCINTO 0 PBO

Table 26 Table 27 B
SPI SLAVE OUTPUT MISO
INPUT

T/C1
PWM

T/C1
PWM

T/CO
PWM

MOSI

P49Figure 25 SPIMSTR INPUT
SPIMSTR OUTPUT  SPI SLAVE

ATtiny2313/V m———
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Table 26. PB7..PB4

PB7/USCK/ PB5/SDA/ PB4/0C1B/
SCL/PCINT7 PB6/DO/PCINT6 DI/PCINT5 PCINT4

PUOE |0 0 0 0

PUOV | 0 0 0 0

DDOE | USI_TWO WIRE | 0 USI_TWO _WIRE | 0

DDOV | (US| SCL HOLD | 0 (SDA+PORTB5)s | 0
+ PORTB7)-DDB7 DDRB5

PVOE | USI_TWO_WIRE | USI_THREE_WIRE | USI_TWO_WIRE | OC1B_PVOE
- DDRB7 - DDRB5

PVOV |0 DO 0 00C1B_PVOV

PTOE | USI_PTOE 0 0 0

DIEOE | (PCINT7-PCIE) (PCINT6+PCIE) (PCINT5PCIE) + | (PCINT4+PCIE)
+USISIE USISIE

DIEOV | 1 1 1 1

DI PCINT7 PCINT6 PCINT5 PCINT4
USCK SCL SDA

DI
AIO - - - -
Table 27. PB3..PB0

PB3/OC1A/ PB2/OCOA/ PB1/AIN1/ PBO/AINO/
PCINT3 PCINT2 PCINT1 PCINTO

PUOE |0 0 0 0

PUOV |0 0 0 0

DDOE | 0 0 0 0

DDOV | 0 0 0 0

PVOE | OC1A_PVOE OCOA_PVOE 0 0

PVOV | OC1A_PVOV OCOA_PVOV 0 0

PTOE |0 0 0 0

DIEOE | (PCINT3 -« PCIE) (PCINT2 « PCIE) (PCINT1 « PCIE) | (PCINTO  PCIE)

DIEOV | 1 1 1 1

DI PCINT7 PCINT6 PCINT5 PCINT4

AIO - - AIN1 AINO

ATMEL
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D Table 28
Table 28. D
PD6 ICP
PD5 | OCOB/T1
PD4 TO
PD3 INT1
PD2 INTO/XCK/CKOUT
PD1 TXD
PDO RXD
-« ICP-  D,Bit6
ICP  T/C1 PD6 T/C1
- OC1BT1-  D,Bit5
ocoB B PD5 T/CO B
(DDB5 1) OCOB PWM
T T/C1 TCCR1 CS02 CS01  T/Ct
- TO-  D,Bit4
TO T/CO TCCRO CS02 CS01  T/CO
« INTI-  D,Bit3
INTO 0 PD3 MCU
« INTO/XCKICKOUT- D, Bit2
INT1 1 PD2 MCU
XCK USART
CKOUT
« TXD- D, Bit1
TXD UART
« RXD- D, Bit0
RXD UART

s ATtiny2313/V m——————————————————————————————
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Table 29  Table 30 D P49Figure 25
Table 29. PD7..PD4
PD6/ICP PD5/0C1B/T1 PD4/TO
PUOE 0 0 0
PUOV 0 0 0
DDOE 0 0 0
DDOV 0 0 0
PVOE 0 OC1B_PVOE 0
PVOV 0 OC1B_PVOV 0
PTOE 0 0 0
DIEOE ICP T1 TO
DIEOV 1 1 1
DI ICP T1 TO
AlIO - - AIN1
Table 30. PD3..PDO
PD2/INTO/XCK/
PD3/INT1 CKOUT PD1/TXD PDO/RXD
PUOE | 0 0 TXD_OE RXD_OE
PUOV 0 0 0 PORTDO « PUD
DDOE 0 0 TXD_OE RXD_EN
DDOV 0 0 1 0
PVOE 0 XCKO_PVOE TXD_OE 0
PVOV 0 XCKO_PVOV TXD_PVOV 0
PTOE 0 0 0 0
DIEOE INT1 INTO / 0 0
XCK
DIEQV 1 1 0 0
DI INT1 INTO / - RXD
XCK
AlO - - - -

2543F-AVR-07/04
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Bit 7 6 5 4 3 2 1 0
| - - - - - PORTA2 | PORTA1 | PORTA0 | PORTA
R R R R/W R/W R/W
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Il - - - - - DDA2 DDA1 DDA0 | DDRA
R R R R R R/W R/W R/W
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Il - - - - - PINA2 PINA1 PINAO | PINA
R R R R R R/W R/W R/W
N/A N/A N/A N/A N/A N/A N/A N/A
Bit 7 6 5 4 3 2 1 0
I PORTB7 PORTB6 PORTBS PORTB4 PORTB3 PORTB2 PORTB1 PORTBO I PORTB
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| pos7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 pDB0 | DDRB
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| PinB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO | PINB
R/W R/W R/W R/W R/W RIW RIW RIW
N/A N/A N/A N/A N/A N/A N/A N/A
Bit 7 6 5 4 3 2 1 0
| - PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTD2 | PORTD1 [ PORTDO | PORTD
R R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| - DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO | DDRD
R R/W RIW R/W R/W R/W R/W R/W
0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| - PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO | PIND
R R/W RIW R/W R/W R/W R/W R/W
N/A N/A N/A N/A N/A N/A N/A N/A
56 ATtiNy 231 3/V m————————
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INTO INT1 PCINT?7..0 INTO
INT1 PCINT7..0
PCINT7..0 PCIO
PCMSK1 PCMSKO PCINT7..0
A - EICRA
INTO INT1 110 P21¢
INTO INT1
( ) 10
MCU
MCU P21¢
SUT CKSEL
A
Bit 7 6 5 4 3 2 1 0
TR | SM1 | SE SMD ISC11 ISC10 1SCO01 ISC00 | MCUCR
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
e Bit3,2-1SC11, ISC10: 1 Bit 1 Bit 0
SREG | 1 INT1
Table 32 MCU INT1
Table 31. 1
ISC11 ISC10
0 0 INT1
0 1 INT1
1 0 INT1
1 1 INT1
 Bit1,0-1SC01, ISCO00: 0 Bit1 Bit 0
SREG | 0 INTO
Table 32 MCU INTO
Table 32. 0
1ISCO01 ISC00
0 0 INTO
0 1 INTO
1 0 INTO
1 1 INTO
57
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Bit 7 6 5 4 3 2 1 0
| Tt INTO PCIE = - | cmmsk
R/W R/W R/W
0 0 0 0 0 0 0 0
e Bit7—INT1: 1
INT1 1’ SREG |
1 1/0 (ISC11 ISC10) INT1
INT1
e Bit6—INTO: 0
INTO 1 SREG |
0 1/0 (1SCO1 ISC00) INTO
INTO
+ Bit5-PCIE:
PCIE "1’ SREG |
PCINT7..0 PCI PCINT7..0
PCMSK

58 ATtiny2313/V m———
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Bit 7 6 5 4 3 2 1 0
| INTF1 INTFO PCIF = = = = - | EFR
R/W R/W R/W R
0 0 0 0 0 0 0 0
e Bit7 —INTF1: 1
INT1 INTF1 SREG
| GIMSK INT1T  "1” MCU
”1” INT1
e Bit6 —INTFO: 0
INTO INTFO SREG
| GIMSK INTO ”"1” MCU
”1” INTO
* Bit5-PCIF:
PCINT7..0 PCIF "1” SREG I  GIMSK
PCIE "1” MCU
"
Bit 7 6 5 4 3 2 1 0
I PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINTO I PCMSK
R/W R/W R/W R/W RIW R/W R/W R/W
0 0 0 0 0 0 0 0
e Bit7..0 - PCINT?7..0: 15..8
PCINT7..0 I/O PCINT7..0 PCIE
PCINT7..0

ATMEL
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T/CO 8 / PWM
. ( )
* PWM
. PWM
° (TOVO, OCFOA OCFo0B)
Figure 26 8 / P2“ATtiny2313
*> CPU I/0 /0
P69“8 »
Figure26. 8 T/C
o e
Direction Control Logic C\km T
|
TOP | BOTTOM
A Tirr:er/‘Cour:(er y ( From Prescaler )
D TCNTn 1 —
t + ¢ e
]
é o e,
Fixed
9 vae F (e
B Waveform
< ™| Generation OoCnB
s ==
<
[a)]

[ TCCTnA | TCCRnB
A
. v v
\ o
T/C(TCNTO) (OCROA OCROB) 8 (
Int.Req. ) TIFRO
TIMSK TIFR  TIMSK
T/C TO
( yT/C
TIC clky
(OCROA OCROB) T/C
PWM OCO0 P62 “
, (OCFOA  OCFOB)
“n” T/C
0 “X” A B
TCNTO T/CO

60
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Table 33
Table 33.

BOTTOM 0x00 BOTTOM

MAX OXFF ( 255) MAX

TOP TOP TOP OxFF

(MAX) OCROA
T/IC
T/C TCCROB CS02:0 P75“T/CO  T/C1
8 TIC Figure 27
Figure 27.
TOVn
> (Int.Req.)
< DATA BUS > a
# Clock Select
i zcl):;: . clk;, DEtigcfor ™ n
TCNTn Bl Control Logic [«
direction
( From Prescaler)
bottom T Ttop
( )

count TCNTO 1 1

direction

clear TCNTO ( )

clky, TIC clkro

top TCNTO

bottom TCNTO (0)

61
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clkyg clkyg
CS02:0
(CS02:0 =0) clkyy CPU TCNTO CPU
( )
TIC (TCCROA) WGMO01 WGMO00 (TCCROB) WGMO02
OCOA
P87* ?
T/IC TOVO WGMO01:0 TOVO CPU
8 TCNTO OCROA( OCRO0B) TCNTO
OCROA OCROB
OCFOA(  OCFOB) CPU
OCFOA( OCFOB) "
WGM2:0 COMOx1:0
max  bottom
(P87* ”)
Figure 28
Figure 28.
DATA BUS
OCRnNX TCNTn
| = (8-bit Comparator ) |
OCFnx (Int.Req.)
\ A
top >
bottom

FOCn »

Waveform Generator

1]

WGMnN1:0 COMNX1:0

| OCnx

ATtiny2313/V m———
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PWM OCROx
OCROx top  bottom
PWM
OCROx CPU OCROx
CPU OCROx
PWM FOCOx 71”7
OCFOx / OCOx
(COMO01:0 OCO0x "0“-"1”
)
CPU TCNTO
OCROx TCNTO
TCNTO
TCNTO T/IC TCNTO
OCROx
TCNTO BOTTOM
OCO0x OCO0x
FOCOx OCO0x
COMOx1:0 COMOx1:0
COMOx1:0 COMOx1:0
(OC0x) COMOx1:0 OCOx
Figure 29 COMOx1:0 I/0 1/0 1/0
COMOx1:0 /0 (DDR
PORT) OCO0x OCOx OCOx OCOx
Figure 29.
COMnx1
COMnx0 Waveform
FOC:X Generator D Q
— 1
oCn
OCnx o :> Pin
A
»D Q
" -
2 PORT
<
%
\ DDR
clkyo
63
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COMOx1:0 I/O OCO0x
DDR OCOx
DDR_OCO0x
OCO0x COMOx1:0
P69 “8 ”
COMOx1:0 CTC PWM
COMOx1:0=0 OCO0x
PWM P62Figure 28 PWM P53Table
26 PWM P53Table 27
COMOx1:0 PWM
FOCOx
T/C (WGMO02:0)
(COMOx1:0)
COMOx1:0 PWM PWM COMOx1:0
(P63 “
")
P67“T/C ”  Figure 33 Figure 34 Figure 35 Figure
36
(WGMO02:0 = 0) 8
(TOP = OxFF) 0x00
TCNTO T/C TOVO TOVO
9 TOVO
CPU
( ) CTC (WGMO02:0 =2) OCROA
TCNTO OCROA OCROA TOP
CTC Figure 30 TCNTO TCNTO OCROA
TCNTO

Figure 30. CTC

/ / / vdr%
oggle)  ——— L

OCnx Interrupt Flag Set

(COMnx1:0=1)

Period I 1 | 2 I 3 I 4 I

64  ATtiny2313/V
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OCFOA TOP
TOP CTC
TOP BOTTOM OCROA
TCNTO
OxFF 0x00 OCFOA
CTC OCOA
COMOA1:0 =1 OCOA
foc = fak_o/2 (OCRO A= 0x00)
¢ _ fak_ 1o
OCnx = 27N - (1 + OCRnx)
N (1 8 64 256 1024)
TOVO MAX 0x00
PWM (WGM02:0=3 7) PWM PWM
PWM BOTTOM TOP
BOTTOM WGM2:0 =3 TOP OxFF WGM2:0 =7
TOP OCROA OCOx TCNTO OCROx
BOTTOM OCO0x
PWM PWM
PWM DAC
( )
PWM TOP
Figure 29 TCNTO
PWM PWM TCNTO OCROx
TCNTO
Figure 31. PWM
OCRnx Interrupt Flag Set
OCRnx Update and
TOVn Interrupt Flag Set
A Y
4 / /1
TCNTn / / % /
OCn ____ L | (COMNx1:0 = 2)
OCn |_| (COMnNx1:0 = 3)
Period |<—1 I 2 I 3 I 4 I 5 I 6 I 7—>|
TOP T/C TOVO
PWM OCOx PWM COMOx1:0
2 PWM 3 PWM WGMO02

2543F-AVR-07/04
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COMOA1:0 "1” ACOA OoCcoB (
P53Table 26) OCO0x
PWM OCOx OCROx TCNTO ( )
( TOP BOTTOM) ( )
PWM
f = fclk_I/O
OCnxPWM N - 256
N (1 8 64 256 1024)
OCROA PWM OCROA
BOTTOM MAX+1 OCROA MAX
COMOA1:0
OCO0x (COMOx1:0=1) 50%
OCROA 0 foco = far_10/2 CTC
OCOA PWM
PWM (WGM02:0=1 5) PWM
BOTTOM TOP TOP
BOTTOM WGM2:0 = 1 TOP OxFF WGM2:0 =5 TOP
OCROA TOP TCNTO
OCROx OCO0x BOTTOM TCNTO
OCROx OCO0x
TOP TCNTO
TOP Figure 32 TCNTO
PWM PWM TCNTO
OCROx TCNTO
Figure 32. PWM
OCnx Interrupt Flag Set
OCRnx Update
TOVn Interrupt Flag Set
Y A\ Yy vy \A
TCNTn / \/ \/ \/
OCn |_| |_ (COMNX1:0 = 2)
OCn |_| |_| |— (COMNX1:0 = 3)
Period I 1 I 2 I 3 I
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BOTTOM T/C TOVO
PWM OCO0x PWM COMO0x1:0
2 PWM COMOx1:0 3 PWM WGMO02
COMOAO "1” OCO0A OoCcoB
( P53Table 27) OCO0x
OCROx TCNTO OCO0x
PWM PWM
; _ foax o
OCnxPCPWM ~ N 510
N (1 8 64 256 1024)
OCROA PWM PWM
OCROA BOTTOM OCROA MAX
PWM
Figure 32 2 OCn
BOTTOM
. Figure 32 OCROA MAX OCROA MAX
OCn
BOTTOM T/IC MAX OCn
. OCROA
OCn
T/IC clkr
Figure 33 T/IC PWM
MAX

Figure 33. T/C

.

clk,o

.

L

L

clky,
(clk,o/1)

TCNTn MAX -1

MAX

BOTTOM

BOTTOM + 1

TOVNn

Figure 33

ATMEL
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Figure 34. T/C for_10/8

oo IR
(cﬁl(ﬁ/”s) F r r r

TCNTn MAX - 1 MAX BOTTOM BOTTOM + 1
TOVn

Figure 35 OCFO0B ( CTC JOCFOA

OCROA TOP

Figure 35. T/C OCFOx fo 110/8

oo ML
o8 F r r r

TCNTn OCRnx -1 OCRNXx OCRnx + 1 OCRnx + 2
OCRnNx OCRnNXx Value
OCFnx
Figure 36 CTC PWM OCFOA TCNTO
OCROA TOP
Figure 36. T/C CTC fok_1io/8
« [JUUUUUUULUUUUUUULUUUUUUULUUUUU UL
Ian
o || [ [
TCNT! )
(CTC? ] TOP -1 TOP BOTTOM BOTTOM + 1
OCRnx TOP
OCFnx
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TOP  OCOA

ATMEL

P66* PWM

Bit 7 6 5 4 3 2 1 0
I COMOA1 COMOAO COoMO0oB1 COMOBO - - WGMO01 WGMO00 I TCCROA
R/W R/W R/W R/W R R R/W R/W
0 0 0 0 0 0 0 0
* Bits 7:6 —- COMO0A1:0: A
(OCOA) COMOA1:0 OCOA
110 OCOA DDR
OCOA COMOA1:0 WGMO02:0 Table 34
WGMO02:0 CTC ( PWM) COMOA1:0
Table 34. PWM
COMOA1 COMOAO
0 0 OCOA
0 1 OCO0A
1 0 OCO0A
1 1 OCOA
Table 35 WGMO01:0 PWM COMO01:0
Table 35. PWM (1
COMOA1 COMOAO
0 0 OCOA
0 1 WGMO02 = 0: OCO0A
WGMO02 = 1: OCOA
1 0 OCO0A TOP OCO0A
1 1 OCOA TOP  OCOA
Note: 1. OCROA TOP COMO01
TOP OCO P65“ PWM
Table 36 WGMO02:0 PWM COMOA1:0
Table 36. PWM U]
COMOA1 COMOAO
0 0 OCOA
0 1 WGMO02 = 0: OCO0A
WGMO02 = 1: OCO0A
1 0 OCOA
OCOA
1 1 OCOA
OCO0A
Note: 1. OCROA TOP COMOA1
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* Bits 5:4 - COM0B1:0: B
OCoB COMOB1:0
ocoB 1
ocoB COMOB1:0 WGMO01:0 Table 37
WGM02:0 CTC COMOB1:0
Table 37. PWM
COMOB1 | COMOBO
0 0 OCOB
0 1 OCoB
1 0 OcoB
1 1 OcoB
Table 38 WGM02:0 PWM COMOB1:0
Table 38. PWM M
CcomoB1 CcOomMoBO
0 0 OCOB
0 1
1 0 OCoB TOP OCOB
1 1 OcoB TOP 0OCOB
Note: 1. OCROB  TOP  COMOB1
TOP 0OCOB P65“ PWM
Table 39 WGMO02:0 PWM COMOB1:0
Table 39. PWM M
COMOB1 | COMOBO
0 0 OCOB
0 1
1 0 OcoB
0COB
1 1 0COB
0COB
Note: 1. OCROB TOP COMOB1

TOP OCOB P66“ PWM
¢ Bits 3, 2 — Res:

¢ Bits 1:0 - WGMO01:0:

TCCROB WGMO02 TOP
Table 40 T/C ( ) CTC
PWM ( P87 )

ATtiny2313/V m———
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Table 40.
OCRx TOV
Mode | WGM2 | WGM1 | WGMO | T/C TOP M@
0 0 0 0 OXFF MAX
1 0 0 1 PWM OXFF TOP BOTTOM
2 0 1 0 CTC OCRA MAX
3 0 1 1 PWM OxFF TOP MAX
4 1 0 0 - - _
5 1 0 1 PWM | OCRA TOP BOTTOM
6 1 1 0 - - _
7 1 1 1 PWM OCRA TOP TOP
Notes: 1. MAX = OxFF

2. BOTTOM = 0x00

ATMEL
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Bit 7 6 5 4 3 2 1 0
| FOCOA FOCOB - - WGM02 CS02 Cso01 CS00 | TCCROB
w w R R R/W R/W RIW R/W
0 0 0 0 0 0 0 0
e Bit7-FOCO0A: A
FOCOA WGM PWM
PWM TCCROB
1 OCOA COMOA1:0
FOCOA
COMOA1:0
FOCOA OCROA TOP CTC
FOCOA 0
e Bit6 - FOCO0B: B
FOCOB WGM PWM
PWM TCCROB
1 OCO0B CcOMO0B1:0
FOCOB
CcOMO0B1:0
FOCOB OCROB TOP CTC
FOCOB 0
¢ Bits 5:4 — Res:
¢ Bit 3 -WGMO02:
P69“T/C A  TCCROA’
e Bits 2:0 — CS02:0:
T/C P73Table 41

ATtiny2313/V m———
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Table 41.
CS02 | CS01 | CS00
0 0 0 T/C
0 0 1 clk;o/1 ( )
0 1 0 clkyo/8 ( )
0 1 1 clky0/64 ( )
1 0 0 clky0/256 ( )
1 0 1 clk;;/1024 ( )
1 1 0 T0
1 1 1 TO0
T/CO TO
Bit 7 6 5 4 3 2 1 0
| TCNTO[7:0] ] TenTo
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
TIC 8 TCNTO
TCNTO
TCNTO  OCROx
Bit 7 6 5 4 3 2 1 0
| OCROA[7:0] ] ocroa
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
8 TCNTO
OCOA
Bit 7 6 5 4 3 2 1 0
| OCROB(7:0] ] ocros
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
8 TCNTO
0ocoB
73
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Bit 7 6 5 4 3 2 1 0
| TOIE1 OCIE1A | OCIE1B - ICIE1 OCIEOB TOIEO OCIEOA | TIMSK
R/W R/W R/W R R/W R/W R/W R/W
0 0 0 0 0 0 0 0
¢ Bit4 —Res:
e Bit2 - OCIEOB: T/CO B
OCIEOB | ”1” T/C B
T/C TIFR OCFO0B
e Bit1-TOIEO: T/CO
TOIEO | ”1” T/CO T/CO
TIFR TOVO
e Bit 0 — OCIEOA: T/CO A
OCIEOQA | "1 T/CO A
T/CO TIFR OCFOA
Bit 7 6 5 4 3 2 1 0
| TOV1 OCF1A OCF1B - ICF1 OCFOB TOVO OCFOA I TIFR
R/W R/W R/W R R/W R/W R/W R/W
0 0 0 0 0 0 0 0
¢ Bit4 — Res:
* Bit2 - OCFO0B: 0B
T/C  OCROB( 0B) OCFO0OB
1 SREG | OCIEOB T/CO B
OCFO0OB
« Bit1-TOVO: T/CO
T/CO TOVO TOVO
1 SREG | TOIEO T/CO TOVO
WGMO02:0 Table 40 P71
* Bit 0 — OCFO0A: 0A
T/CO  OCROA( 0) OCFOA
1 SREG I  OCIEOA T/CO
OCFOA
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T/C1 TI/CO T/C1
T/CO
CSn2:0 =1 T/C T/C
fCLK_I/O 4 fCLK_I/O/8
fCLK_I/O/64 fCLK_I/O/256 fCLK_I/O/1024
T/C T/C1
T/CO T/C
6>
CSn2:0>1) 1 N+1
N (8 64 256 1024)
T/C
T/C T/C
T1/T0 TIC  clkpq/clkrg
T1/TO Figure 37
T1/T0 clkyo
CSn2:.0=7 clky4 CSn2:0=6
clkp/clkrg
Figure 37. T1/TO
™ 0 Qo @ > - ol ) B
Select Logic)
LE
wof— | ]
Synchronization Edge Detector
T1/T0 25 35
T1/T0
T/IC
50%

2543F-AVR-07/04

(fextoik < for_10/2)

for_110/2.5

ATMEL
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Figure 38. T/CO T/C1 M
clkyo > 10-BIT T/C PRESCALER
Clear
A © ~ [ <
S < g g
(6] S >
PSR10 S
4
TO T
1 Synchronization L 4
TR e D
! Synchronization ! (l) 0
v vV Y V V VY lvwvwrvr

Cs10 =\\ CS00
cs11 >\ Cso1
Cs12 >\ CS02

! !

TIMER/COUNTER1 CLOCK SOURCE TIMER/COUNTERO CLOCK SOURCE
cIkT1 clkTO
Note: 1. T1/T0 Figure 37.
Bit 7 6 5 4 3 2 1 0
I - = = = = = = PSR10 | GTCCR
R R R R R R R R/W
0 0 0 0 0 0 0 0

e Bits 7..1 — Res:

* Bit0-PSR10: T/C1 T/CO

T/C1  TI/CO
T/C1 TI/CO
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/ 16 T/C ( )
. 16 ( 16 PWM)
y ( )
. PWM
. PWM
* 4 (TOV1 OCF1A OCF1B ICF1)
“n” T/C “X”
TCNT1 T/C1
16 T/C Figure 39 1/0 P2“ATtiny2313
> CPU I/0 I/0 I/10 I/10
P97“16 ”
Figure 39. 16 T/C ()
Count TOVn
Clear (Int.Req.)
— Control Logic
Direction clk;, Clock Select
A Dgtigc?or « ™
TTOP BOTTOM
A Tirr:er/Crour:ter 3 (From Prescaler)
4—+{ TCNTn | % ,_:O_l
* I f OCnA
s (Int.Req.)
Y | r
E? i > Generaton > ocn
OCRNnA g ;
- | = 1 d OoCnB
! -|—Iéep (Int.Req.)
% : Values ’—>
m = ' ‘G"’a"efotr.m »{ OCNnB
< | eneration
= |
< |
= < OCRnB : ( From Analog
Il ' Comparator Ouput )
1 ICFn (Int.Req.)
:I Edge Noise
<'>| ICIRn ' Detector - Canceler
M e e e | ICPn
| TCCRnA | | TCCRnB
A A
- Y y _
\ D o
Note: 1. P2Figure 1 P56Table 25 P61Table 31 T/C1
/ TCNT1 OCR1A/B ICR1 16
16 pP78* 16 > TIC
TCCR1A/B 8 CPU

ATMEL m
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Int.Req. TIFR1
TIMSK TIFR  TIMSK
T/IC T1 T/C
T/C
clky,
OCR1A/B T/C
PWM OC1A/B P84 “
OCF1A/B
ICP1 ( P141° ")
T/C
TOP T/C OCR1A ICR1
PWM OCR1A TOP OCR1A
PWM OCR1A TOP
TOP ICR1 OCR1A PWM
Table 42.
BOTTOM 0x0000 BOTTOM
MAX OxXFFFF ( 65535) MAX
TOP TOP Ox00FF
TOP 0x01FF  OxO03FF OCR1A ICR1
16 T/C 16 AVRT/C
. 16 T/C I/0
. 16 T/C
+  PWM10 WGM10
+  PWM11 WGM11
« CTC1 WGM12
16 T/C
+ TCCRI1C FOC1A FOC1B
+ TCCR1B WGM13
16 T/C
TCNT1 OCR1A/B ICR1 AVRCPU 8 16
16 16 8 8
16 16 16
CPU 16 8
8 16 16 CPU
16
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16

16

16

OCR1A/B

OCR1A/B  ICR1

16

16

“cr

; TCNT1  OxOlFF
Idi r17,0x01

I di ri6, OxFF

out TCNT1H, r17

out TCNT1L, r16

; TCNT1 ri7:r16
in rl6, TCNT1L

in r17, TCNT1H

C (@]
unsigned int i;
/* TCNT1  OxO1FF */
TCNT1 = Ox1FF;
/* TCNT1 i */
i = TCNTZ1,
Note: 1.
110 1/0 “‘LDS” “STS” “SBRS” “SBRC”
“‘SBR” “CBR’” 110 ‘“IN* “OUuT” “SBIS” “SBIC”
“CBI” “SBI
r17:r16 TCNT1
16 16
16
16
16

ATMEL
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TCNT1 OCR1A/B  ICR1

()

TI ML6_ReadTCNT1:
in rl18, SREG

cli

TCNT1 ri7:r16
in ri6, TCNT1L
in rl7, TCNT1H

out SREG, r18
ret
C (1
unsi gned int TIML6_ReadTCNT1( void )
{

unsi gned char sreg;

unsigned int i;

/* */

sreg = SREG

/* */

a0

/* TCNT1 i */

i = TCNT1,

/* */

SREG = sreg;

return i;

)
Note: 1.
1/0 I/0
“‘LDS” “STS” “SBRS” “SBRC” “SBR” “CBR” 1/0
“IN” - “OUT” “SBIS” “SBIC” “CBI” “SBI”
TCNTH r17:r16
80 ATtiny2313/V m———
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TCNT1 OCR1A/B  ICR1

()

TIML6_WiteTCNTL1:
in rl18, SREG

cli

; TCNT1  r17:r16
out TCNT1H, r17

out TCNT1L,r16

out SREG r 18
ret

C ™

void TIML6_WiteTCNT1 ( unsigned int i )
{

unsi gned char sreg;
unsigned int i;

/* */

sreg = SREG

/* */

_QQ;

/* TCNTT i */

TCNT1 = i;

/* */

SREG = sreg;

}

Note: 1.
I/0 I/0
“‘LDS” “STS” “SBRS” “SBRC” “SBR” “CBR” 1/0

“IN” - “OUT” “SBIS” “SBIC” “CBI” “SBI”
r17:r16 TCNT1
16

ATMEL
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T/C T/C B TCCR1B
(CS12:0) P75“T/CO  T/C1 "
16 T/C 16 Figure 40
Figure 40.
< DATA BUS (s-bit) > -
n
(Int.Req.)
Clock Select
Count Edge P ™
[ ToNTnH (b | TONTNL (8-bit) Clear | e, Detector
R — Control Logic |-
TCNTh (16-bit Counter) g 2rection
( From Prescaler )
TTOP TBOTTOM

Count TCNT1 1 1

Direction
Clear TCNTA1
clky,
TOP TCNTA1
BOTTOM TCNTA1 0
16 8 1/0 TCNT1H 8 TCNTA1L 8 CPU
TCNT1H CPU TCNT1H
(TEMP) TCNT1L TCNT1H TCNT1L
TCNT1H CPU
8 16
TCNTA1
clks 1 1
clks CS12:0 CS12:0=0 CPU TCNT1
clks CPU
TCCR1A TCCR1B WGM13:0
OC1x
P87« ?
WGM13:0 TOVA1 TOV1
CPU
T/C
ICP1
Figure 41
“n!!
82 ATtlny231 3/V ]
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Figure 41.
- DATA BUS (s-bit) >
t A
[ TEMP @by |
ICRnH 8-bi) |  ICRnL (8-bit) | [ TonTRH @by [ TONTAL 8-biyy |
»| WRITE ICRn (16-bit Register) TCNTn (16-bit Counter)
‘ s |
+ ACO* ACIC* ICNC ICES
> Analog > # ¢
© ¢ )
o | ey [t (ke
ICPn |
ICP1 ACO
16 TCNTA1
ICR1 ICF1 ICIE1 =1
ICF1
I/0 "1”
ICR1 ICR1L ICR1H
TEMP CPU ICR1H TEMP
ICR1 ICR1 TOP
ICR1 WGM13:0 ICR1
ICR1H I/O ICR1L
p78“ 16 16
ICP1 T/C1
ACSR ACIC
ICP1 ACO T1 (P75Figure 37)
4
ICR1 TOP T/C
ICP1
4
4
TCCR1B ICNC1 ICR1
4
83
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ICR1 ICR1
ICR1
TOP
ICR1
ICF1 /O "1”
ICF1
16 TCNT1 OCR1x
OCF1x OCIE1x=1 OCF1x
OCF1x 110
"1” WGM13:0 COM1x1:0
TOP BOTTOM
(P87 “ )
A T/IC TOP TOP
Figure 42 “n” (n=1
T/IC1) “X’ (A/B)
Figure 42.
DATA BUS (s-bit)
11 i >
— ¥
[ ocrnxH Buf. (8-bit) | OCRnxL Buf. (8-bit) | [ TonTnH @by [ TCNTNL (8-biy
OCRnx Buffer (16-bit Register) TCNTn (16-bit Counter)
T
OCRnxH (8-bi) |  OCRnxL (8-bit) |
OCRnNXx (16-bit Register)
J L
| = (16-bit Comparator )
——» OCFnx (Int.Req.)
A
TOP ——»
Waveform Generator » OCnx
BOTTOM ——p»f
1
WGMn3:0 COMnx1:0
T/C 12 PWM OCR1x
CTC OCR1x
TOP BOTTOM PWM
OCR1x CPU OCR1x
CPU OCR1x OCR1x
T/C TCNTA1 ICR1
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OCR1x TEMP 16
OCR1x TEMP
OCR1xH CPU /0
TEMP OCR1xL TEMP
OCR1x OCR1x
pP78* 16 16
PWM FOC1x "1
OCF1x / OC1x
(COMx1:0 OC1x
)
CPU TCNT1 OCR1x
TCNT1
TCNT1
TCNT1 T/IC TCNT1 OCR1x
PWM TOP
TCNT1 TOP
OxFFFF TCNT1 BOTTOM
OC1x OC1x
FOC1x OC1x
COM1x1:0 COM1x1:0

ATMEL
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COM1x1:0 COM1x1:0
OC1x COM1x1:0 OC1x
Figure 43 COM1x1:0 110 110 /0
COM1x1:0 /0 (DDR  PORT)
OC1x OC1x OC1x
COM1x "0”
Figure 43.
COMnx1
COMnx0 Waveform D Q
FOCnX Generator
1
| OCnx
OCnx 0 I/ Pin
A
»D Q
2
m PORT
<
K
a »D O
 J DDR
clkyo
COM1x1:0 OC1x I/O
OC1x (DDR) OC1x
DDR_OC1x
Table 43 Table 44 Table
45
OC1x COM1x1:0
P97 “16 ?
COM1x1:0

g6 ATtiny2313/V m——————————————————————————————
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COM1x1:0 CTC
COM1x1:0=0
PWM P97Table 43
44 PWM P98Table 45
COM1x1:0
FOC1x
T/IC

(COM1x1:0)

COM1x1:0 PWM
")
P95
(WGM13:0 = 0)
(MAX = OxFFFF)

TCNTA1 T/IC TOV1

CPU
( ) CTC (WGM13:0=4 12) OCR1A ICR1
TCNTA1 OCR1A(WGM13:0 = 4)
OCR1A ICR1 TOP
CTC P87Figure 44 TCNT1
ICR1 TCNTA1

Figure 44. CTC

PWM
OC1x
PWM P97Table
PWM
(WGM13:0)
PWM COM1x1:0
(P86 “
0x0000
TOV1 17
TOV1

ICR1 (WGM13:0 = 12)

TCNT1 OCR1A

OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set

y y

o VUV

OCnA ]
(Toggle) ——— L1 L
Period I 1 ~I 2 ~I 3 ~I 4 ~I
OCF1A ICF1 TOP
TOP CTC
TOP BOTTOM
ICR1 TCNT1

ATMEL

2543F-AVR-07/04

(Interrupt on TOP)

(COMNAL:0 = 1)

OCR1A
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OxFFFF 0x0000 OCR1A
ICR1 PWM
OCR1A TOP (WGM13:0 = 15) OCR1A
CTC OC1A
COM1A1:0=1 OC1A
DDR_OC1A = 1 foca = fux yo/2 (OCRIA
= 0x0000) B
) _ fak_ 1o
OCnA — 2.N.(1+ OCRnA
N (1 8 64 256 1024)

TOV1 MAX 0x0000
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PWM (WGM13:.0=5 6 7 14 15) PWM
PWM PWM BOTTOM
TOP BOTTOM OC1x
TCNT1 OCR1x TOP OCR1x
PWM
PWM PWM
DAC ( )
PWM PWM 8 9 10 ICR1 OCR1A
2 (ICR1 OCR1A 0x0003) 16 (ICR1
OCR1A MAX) PWM
R _ log(TOP+1)
PWM Ox00FF Ox01FF OxO03FF
(WGM13:0=5 6 7) ICR1(WGM13:0=14) OCR1A (WGM13:0=15)
Figure 45 OCR1A ICR1
TOP PWM TCNT1
PWM PWM TCNT1
OCR1x  TCNT1 OC1x
Figure 45. PWM
OCRNx/TOP Update and
TOVn Interrupt Flag Set and
. OCnA Interrupt Flag Set
Y or ICFn Interrupt Flag Set
(Interrupt on TOP)
y y
[ [ \ AR
TCNTn
OCnx J J (COMNX1:0 = 2)
oCnx U_l_l_l_ﬂ_m [ ] (COMNXL:0 = 3)
Period |<—1 I 2 I 3 I 4—>|<5>|<6 I 7 I I
TOP T/C TOV1 TOP OCR1A  ICR1
OC1A ICF1 TOVA1
TOP
TOP TOP TCNT1 OCR1x
TOP OCR1x
IIO!!
TOP ICR1 OCR1A ICR1
ICR1
ICR1 TCNT1
OxFFFF
0x0000 OCR1A
OCR1A OCR1A TCNT1 TOP
OCR1A
TCNT1 TOV1
89
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TOP ICR1 TOP OCR1A OC1A
PWM PWM TOP OCR1A
PWM OC1x PWM COM1x1:0
2 PWM 3 PWM ( P97Table 43)
0C1x DDR_OC1x
PWM 0CAx OCR1x TCNT1 ( )
( TOP  BOTTOM) ( )
PWM
fo 1o

ocnxPWM = NT(T+ TOP)

N (1 8 64 256 1024)

OCR1x PWM OCR1x
BOTTOM(0x0000) TOP+1 OCR1x TOP

COM1x1:0

OC1A (COM1A1:0=1)
50% OCR1A TOP (WGM13:0 = 15) OCR1A

0(0x0000) foc2 = for_10/2 CTC OC1A
PWM

90 ATtiny2313/V m———



A T tiny2313/V

PWM (WGM13:0=1 2 3 10 11)

PWM
BOTTOM TOP TOP BOTTOM
TOP TCNT1 OCR1x OC1x
BOTTOM TCNT1  OCR1x OC1x
PWM PWM 8 9 10 ICR1 OCR1A
2 (ICR1 OCR1A 0x0003) 16 (ICR1 OCR1A
MAX) PWM
R _ log(TOP+ 1)
PWM Ox00FF OxO01FF
0x03FF (WGM13:0=1 2 3) ICR1(WGM13:0=10) OCR1A (WGM13:0=11)
TCNT1 TOP Figure
46 OCR1A ICR1 TOP PWM
TCNT1 PWM PWM
TCNT1 OCR1x  TCNT1 OC1x
Figure 46. PWM

OCRNx/TOP Update and
OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

TOVn Interrupt Flag Set
(Interrupt on Bottom)

R
et \/\\/

OCnx (COMNX1:0 = 2)
OCnx (COMNx1:0 = 3)
Period I 1 I 2 I 3 I 4 I
BOTTOM T/C TOV1 TOP OCR1A ICR1
OCR1x OC1A ICF1
TOP TOP TCNT1 OCR1x
TOP OCR1x
"0” Figure 46 T/IC
TOP OCR1x OCR1x
TOP PWM
TOP TOP

ATMEL o
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T/C TOP TOP
PWM OC1x PWM
COM1x1:0 2 PWM COM1x1:.0 3 PWM (
P97Table 44) OC1x DDR_OC1x
OCR1x TCNT1 OC1x
PWM PWM
foi 110

focnxpcPwM = 5N TOP

N (1 8 64 256 1024)
OCR1x PWM PWM
OCRI1x BOTTOM OCRI1x TOP
PWM
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PWM (WGM13:0=8 9) PWM
PWM PWM
BOTTOM TOP TOP
BOTTOM TOP TCNT1 OCR1x
OC1x BOTTOM TCNT1 OCR1x OC1x
PWM PWM OCR1x
Figure 46  Figure 47
PWM PWM ICR1 OCR1A 2
(ICR1  OCR1A 0x0003) 16 (ICR1  OCR1A MAX)
PWM
R _ log(TOP+1)
PFCPWM = ™ log(2)
PWM ICR1 (WGM13:0=8) OCR1A
(WGM13:0=9) TCNT1 TOP
Figure 47 OCR1A  ICR1 TOP
PWM TCNT1 PWM
PWM TCNT1 OCR1x  TCNT1
OC1x
Figure 47. PWM

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

OCRNx/TOP Updateand
TOVnN Interrupt Flag Set
(Interrupt on Bottom)

OCnx (COMNX1:0 = 2)
OCnx (COMnNx1:0 = 3)
Period I 1 I 2 I 3 I 4 I

OCR1x TIC TOVA

TOP OCR1A ICR1 TCNT1 TOP OC1A ICF1
TOP BOTTOM
TOP TOP TCNT1 OCR1x
Figure 47 PWM

OCR1x BOTTOM

ATMEL .
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TOP
PWM

COM1x1:0 2

P98Table 45)
OC1x
TCNT1

OCR1x
OCR1x

AIMEL

ICR1 TOP OCR1A
PWM TOP
PWM OC1x
PWM 3 PWM
OC1x
OCR1x TCNT1 (
( ) PWM
" _ fakwo
OCnxPFCPWM ~ 2 N. TOP
(1 8 64 256 1024)
PWM
BOTTOM OCR1x
PWM

OC1A

OCR1A

PWM

(
PWM

)

PWM
TOP

ATtiny2313/V m———
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clkry
OCR1x OCR1x
Figure 48 OCF1x
Figure 48. T/C OCF1x
clk,o
clk;,,
(clk,o/1)
TCNTn X OCRnx -1 X OCRnNx OCRNnx +1 X OCRNx + 2
OCRNX OCRnNx Value
OCFnx
Figure 49
Figure 49. T/C OCF1x for_1o/8

o AT
(cflll.fgln& F F F F

TCNTn X OCRnx -1 X OCRnNx OCRnx + 1 OCRNx + 2
OCRnNx OCRnNx Value
OCFnx
Figure 50 TOP PWM
OCR1x BOTTOM TOP BOTTOM
BOTTOM+1 TOP-1 BOTTOM TOV1

ATMEL o
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Figure 50. T/C

AIMEL

clk,o

clk,

(clk, /1)

TCNTn _><

(CTC and FPWM) L

TOP -1 TOP

BOTTOM BOTTOM + 1

TCNTn _><

(PC and PFC PWM) _|

TOP -1 TOP

TOP -1 TOP -2

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

OCRnNx
(Update at TOP)

Old OCRnx Value

New OCRnx Value

Figure 51

Figure 51. T/C

« U

clk_ ”
(CIBJS)

fclk_I/O/ 8

-

] ]

TCNTn _><

(CTC and FPWM) _|

TOP -1 TOP

BOTTOM BOTTOM + 1

TCNTn _><

(PC and PFC PWM) |

TOP -1 TOP

TOP -1 TOP -2

TOVN(FPWM)

and ICFn(if used
as TOP)

OCRNx
(Update at TOP)

Old OCRnx Value

New OCRnx Value
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Bit 7 6 5 4 3 2 1 0
I COM1A1 COM1A0 comMm1B1 COM1BO - - WGM11 WGM10 I TCCR1A
R/W R/W R/W R/W R R R/W R/W
0 0 0 0 0 0 0 0
« Bit 7:6 — COM1A1:0: A
« Bit 5:4 - COM1B1:0: B
COM1A1:0 COM1B1:0 OC1A OC1B COM1A1:0
"1”  OC1A /0 COM1B1:0
"1” OC1B /0 OC1A OC1B
OC1A OC1B COM1x1:0 WGM13:0 Table
43 WGM13:0 CTC  ( PWM) COM1x1:0
Table 43. PWM
COM1A1/COM1B1 | COM1A0/COM1B0
0 0 OC1A/OC1B
0 1 OC1A/OC1B
1 0 OC1A/OC1B( )
1 1 OC1A/OC1B( )
Table44  WGM13:0 PWM COM1x1:0
Table 44. PWM®
COM1A1/COM1B1 | COM1A0/COM1B0
0 0 OC1A/OC1B
0 1 WGM13=0:
OC1A/OC1B
WGM13=1: OC1A
OC1B
1 0 OC1A/OC1B TOP
OC1A/OC1B
1 1 OC1A/OC1B  TOP
OC1A/OC1B
Note: 1. OCR1A/OCR1B TOP COM1A1/COM1B1
OC1A/OC1B P89 PWM

ATMEL
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Table 45 WGM13:0 PWM PWM COM1x1:0
Table 45. PWM U
COM1A1/COM1B1 | COM1A0/COM1B0
0 0 OC1A/OC1B
0 1 WGM13=0: OC1A/OC1B
WGM13=1: OC1A
OC1B/OCnC
1 0 OC1A/OC1B
OC1A/OC1B
1 1 OC1A/OC1B
OC1A/OC1B
Note: 1. OCR1A/OCR1B TOP COM1A1/COM1B1
P91 “ PWM "
* Bit1:0 - WGM11:0:
TCCR1B WGM13:2
Table 46 T/C
(CTC) (PWM)

(P87 © ")
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Table 46. M
WGM12 | WGM11 | WGM10 OCR1X TOV1
Mode | WGM13 | (CTC1) | (PWM11) @ (PWM10) TOP

0 0 0 0 0 OxFFFF MAX

1 0 0 0 1 8 PWM 0x00FF TOP BOTTOM
2 0 0 1 0 9 PWM 0x01FF TOP BOTTOM
3 0 0 1 1 10 PWM Ox03FF TOP BOTTOM
4 0 1 0 0 CTC OCR1A MAX

5 0 1 0 1 8 PWM Ox00FF TOP TOP

6 0 1 1 0 9 PWM 0x01FF TOP TOP

7 0 1 1 1 10 PWM 0x03FF TOP TOP

8 1 0 0 0 PWM ICR1 BOTTOM BOTTOM
9 1 0 0 1 PWM OCR1A BOTTOM BOTTOM
10 1 0 1 0 PWM ICR1 TOP BOTTOM
1 1 0 1 1 PWM OCR1A TOP BOTTOM
12 1 1 0 0 CTC ICR1 MAX

13 1 1 0 1 - - -

14 1 1 1 0 PWM ICR1 TOP TOP

15 1 1 1 1 PWM OCR1A TOP TOP

Note: 1. CTC1 PWM11:0 WGM12:0

2543F-AVR-07/04
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Bit 7 6 5 4 3 2 1 0
| 1cnct | icEst - WGM13 | WGM12 | CS12 | CS11 cs10 | TccriB
RIW RIW R RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
* Bit7 -ICNC1:
ICNC1 ICP1
ICP1 4 4
4
* Bit 6 - ICES1:
ICP1 ICES1T "0”
ICES1 "1”
ICES1
ICF1
ICR1 TOP TCCR1A TCCR1B WG
* Bit5-
TCCR1B
* Bit4:3-WGM13:2:
TCCR1A
e Bit2:0 - CS12:0:
3 T/IC Figure 48  Figure 49
Table 47.
Cs12 Cs11 Cs10
0 0 0 (T/Ic )
0 0 1 clkyo/1 ( )
0 1 0 clkyo/8 ( )
0 1 1 clkyo/64 ( )
1 0 0 clk,o/256 ( )
1 0 1 clk;;5/1024 ( )
1 1 0 T1
1 1 1 T1
T1 1
T/CA1
Bit 7 6 5 4 3 2 1 0
| Focia | Focie - - - - - - ] Tccric
W W R R R R R R
0 0 0 0 0 0 0 0
* Bit7-FOC1A: A
* Bit 6 - FOC1B: B
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FOC1A/FOC1B WGM13:0 PWM
PWM TCCR1A 1 FOC1A/FOC1B "1
COM1x1:0
OC1A/OC1B FOC1A/FOC1B COM1x1:0
FOC1A/FOC1B OCR1A
TOP CTC
FOC1A/FOC1B
Bit 7 6 5 4 3 2 1
TCNT1[15:8] TCNT1H
TCNT1[7:0] TCNTIL
RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0
TCNT1H TCNT1L T/CA TCNT1
16 CPU
8 TEMP TEMP 16 P78
16
TCNT1 TCNT1 OCR1x
TCNT1
Bit 7 6 5 4 3 2 1
OCR1A[15:8] OCR1AH
OCR1A[7:0] OCR1AL
R/W R/W R/W RIW RIW RIW RIW
0 0 0 0 0 0 0
101

2543F-AVR-07/04
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Bit 7 6 5 4 3 2 1 0
OCR1B[15:8] OCR1BH
OCR1BI[7:0] OCR1BL
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
16 TCNT1
OC1x
16 CPU
8 TEMP TEMP 16 P78«
16 ”
Bit 7 6 5 4 3 2 1 0
ICR1[15:8] ICR1H
ICR1[7:0] ICR1IL
RIW RIW RW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
ICP1 T/C1 TCNTA1
ICR1 ICR1 TOP
16 CPU
8 TEMP TEMP 16 P78«
16 ”
Bit 7 6 5 4 3 2 1 0
| ToE1 | ociE1A | OCIE1B = ICIE1 | OCIEOB | TOIE0O | OCIEOA | TIMSK
RIW RIW RIW R RIW RIW RIW RIW
0 0 0 0 0 0 0 0
» Bit7 - TOIE1:T/C1
Il1” I !!1!! T/C1
TIFR TOV1 CPU T/C1 (P42 “ )
» Bit 6 - OCIE1A: T/C1 A
"1” [ "1” T/C1 A
TIFRA OCF1A CPU T/C1 A
(P42 “ ")
» Bit5- OCIE1B: T/C1 B
ll1” I Il1!! T/C1 B
TIFRA OCF1B CPU T/C1 B
(P42 “ ")
* Bit3-ICIE1: T/C1
"1” I "1” T/C1
TIFR1 ICF1 CPU T/C1 (P42 “ )
Bit 7 6 5 4 3 2 1 0
[ Tovi T ocFia | ocFiB - ICF1 | OCFOB | TOVO | OCFOA | TIFR
RIW RIW RIW R RIW RIW RIW RIW
0 0 0 0 0 0 0 0

ATtiny2313/V m———
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Bit 7 — TOV1: T/C1

T/C1
TOV1
TOV1
Bit 6 — OCF1A: T/C1 A
TCNT1 OCR1A "1”
(FOC1A) OCF1A
A OCF1A
Bit 5— OCF1B: T/C1 B
TCNT1 OCR1B "1”
(FOC1B) OCF1B
B OCF1B
Bit 3 - ICF1: T/C1
ICP1 ICF1
TOP ICF1
ICF1

ATMEL

CTC T/C1 TOV1
P99Table 46
|l1 ”
Il1 ”
|l1 ”»
ICR1 TOP
ll1 ”
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(USART)
. ( )
. 5,6,7,8, 9 1 2
Figure 52 USART CPU 110 110
Figure 52. USART ()
——————————— ¥ T T T T T T T T T T T T Ciock Generator
UBRR[H:L]

osc

Y

|
|
|
BAUD RATE GENERATOR | :
|
|
1
|

Y

PARITY
CHECKER

UDR (Receive)

1 sYNC LOGIC PIN e
y »| conTROL [ XCK
F+t+——_—_—_—_—_—_———_—_—_— e —— = —— _
| Transmltter_:
) >
: UDR (Transmit) CONTROL |
7 PARITY I
ol | GENERATOR 1
of | PIN 1,
af | TRANSMIT SHIFT REGISTER CONTROL | T*D
< »
oY _  _ __________1
o r Receiver |
| >  cLock RX |
| RECOVERY CONTROL |
| |
I |
DATA | PIN _
: ;:D_’ RECEIVE SHIFT REGISTER REGOVERY [ conTROL [ Rx@
|
| Y |
I |
| |

Note: 1. P2Figure 1 P55Table 29 P53Table 26 USART
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USART
XCK ( )
USART
UDR
USART AVR UART
. USART
) FIFO
FE DOR 9 RXB8
UDR
( Figure 52)
USART (DOR)
« CHR9 uCcsz2
+ OR DOR
USART 4
USART
C (UCSRC) ( )
UCSRA u2x (UMSEL=1)  XCK
(DDR_XCK) ( ) ( )
XCK
Figure 53
Figure 53.
fosc
va;i?éacinngter —= > 2 > /4 2 B
A
0sSC — txclk
DDR_XCK
vy v
Sync > Edge .
e e ] ik e
DDRTXCK UCPOL »

AIMEL



txclk ( )

rxclk ( )

xcki XCK ( )

xcko XCK ( ).
fosc XTAL ( )

Figure 53

USART UBRR
UBRRL
UBRR
f«o/(UBRR+1) 2 8
16
28 16 UMSEL
U2X DDR_XCK

Table 48 ( ) UBRR
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Table 48.
M UBRR
(U2X =0) f f
_ 0SC _ osc_
BAUD = 16(UBRR + 1) UBRR 16BAUD 1
(U2x=1) f f
____'osc _ _losc__
BAUD = 8(UBRR+ 1) UBRR = sBAUD
BAUD = A UBRR = foi_
2(UBRR +1) 2BAUD
Note: 1. (bps)
BAUD ( bps)
fosc
UBRR UBRRH UBRRL (0-4095)
Table 56 UBRR
UCSRA u2x
IIOH
16 8
Figure 53
XCK
CPU
XCK
fosc
fxck <

osc

ATMEL
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(UMSEL = 1)XCK
)
TxD XCK

Figure 54. XCK

UCPOL =1 XCK

RxD

RxD / TxD ><

D X X

UCPOL =0 XCK

t Sample

RxD / TxD ><

D X X

UCRSC UCPOL
Figure 54 UCPOL 0
UCPOL 1
(
USART 30

e 1 2
55
Figure 55.

Sample

XCK XCK

XCK XCK

Figure

rrrrr |
RAME

|
(IDLE) \ St/ 0 X 1 X 2 X 3 X 4 X[s] X [6] X 7] X 8] X[P] /Sp1 [sz]\ (St/IDLE)

St
(n) 0 8

Sp

IDLE (RxD  TxD)

UCSRB UCSRC

UCSz2:0 UPM1:0 USBS
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ATMEL

USART UCSz2:0 UPM1:0
USBS
(FE) "0”
2 ven =0, 1©.. 0d;®dr®d, ©dy®0
Peven
|Dodd
d, n
USART
USART
( )
USART TXC
RXC
( UDR )TXC
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USART ( )
r17:.r16
(1
USART Init:
out UBRRH, r17
out UBRRL, r16
| di r16, (1<<RXEN)| (1<<TXEN)
out UCSRB, r 16
; 8 , 2
| di r16, (1<<USBS)| (3<<UCSZ0)
out UCSRC, r 16
ret
C Q)
voi d USART_I nit( unsigned int baud )
{
/* */
UBRRH = (unsi gned char) (baud>>8);
UBRRL = (unsigned char) baud;
/* */
UCSRB = (1<<RXEN)| (1<<TXEN);
/* : 8 , 2 */
UCSRC = (1<<USBS) | (3<<UCSZ0);
}
Note: 1.
110 /0 “‘LDS” “STS” “SBRS” “SBRC”
“SBR” “CBR’ o) “N’ “OUT” “SBIS” “SBIC”
“cBI”  “sBI”
I/0
110 ATtiNy 231 3/V m————————

2543F-AVR-07/04




A T tiny2313/V

UCSRB TXEN USART TxD
I/0 USART
XCK
CPU UDR
( )
UDRE 8
UDR
USART R16

(M

USART_Transmi t:

shis UCSRA, UDRE
rinmp USART_Transmt

out UDR, r 16

ret
C (M
voi d USART_Transmit( unsigned char data )
{
/* */

while ( !'( UCSRA & (1<<UDRE)) )

/* */

UDR = data;
}
Note: 1.
1/10 110 “LDS” “STS” “SBRS” “SBRC”
“SBR” “CBR’” /0 “IN* “OUT” “SBIS” “SBIC”
“CBI” “SBI

UDRE

A mEl% 111
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9 (UCSZ =7) 9 UCSRB
TXB8 8 UDR 9
R17:R16

(1)

USART_Transmi t:

shbis UCSRA, UDRE
rjinmp USART_Transmit

; rl7 TXB8
chi UCSRB, TXB8
sbrc r17,0

sbi UCSRB, TXB8

out UDR, r 16

ret
C M@
voi d USART_Transmit( unsigned int data )
{
/* */

while ( !'( UCSRA & (1<<UDRE))) )

/* TXB8 */

UCSRB &= ~(1<<TXB8);

if ( data & 0x0100 )
UCSRB | = (1<<TXB8);

/* */
UDR = data;
}
Notes: 1. UCSRB
UCSRB TXB8
2.
110 110 “LDS” “STS” “SBRS” “SBRC”
“SBR” “CBR’ /0 “N” “OUT” “SBIS” “SBIC”
“CBI”  “SBI”
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USART USART UDRE TXC
UDRE
"1 ”
UCSRA "0”
UCSRB UDRIE  "1” UDRE (
USART UDR
UDRE
UDR UDRE
TXC TXC "1 TXC
RS-485
UCSRB TXCIE "y TXC
USART TXC
TXC
(UPM1 = 1)
TXEN
TxD /0

A mEl% 113

2543F-AVR-07/04



114

AIMEL

UCSRB RXEN USART RxD
USART
XCK
XCK
UDR
RXC 8
UDR 0 USART

USART_Recei ve:

shis UCSRA, RXC
rjinmp USART_Receive

in rl6, UDR

ret
C (M
unsi gned char USART_Recei ve( void )
{
/* */

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

/* */

return UDR;
}
Note: 1.
110 110 “LDS” “STS” “SBRS” “SBRC”
“SBR” “CBR” I/O ‘“IN” “OUT” “SBIS” “SBIC”
“CBI” “SBI”

RXC
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9 (UCSZ=7) UDR 8
UCSRB  RXB8 9 FE DOR
UPE UCSRA UDR UDR
FIFO FIFO  TXB8 FE DOR UPE
USART 9

(M

USART_Recei ve:

shis UCSRA, RXC
rjinmp USART_Receive

in r18, UCSRA
in rl7, UCSRB
in r1l6, UDR
; -1
andi r18, (1<<FE)| (1<<DOR) | ( 1<<UPE)
breq USART_Recei veNoErr or
| di rl7, HGH(-1)
| di ri6, LOW-1)
USART_Recei veNoError:

| sr rl7

andi r17, 0xO01
ret
C M
unsi gned i nt USART_Recei ve( void )
{
unsi gned char status, resh, resl;
/* */

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

/* */
st at us = UCSRA;
resh = UCSRB;

resl = UDR

/* -1 %/

if ( status & (1<<FE)|(1<<DOR)| (1<<UPE) )
return -1,

/* */

resh = (resh >> 1) & 0x01;
return ((resh << 8) | resl);

}
Note: 1.
110 110 “LDS” “STS” “SBRS” “SBRC”
“SBR” “CBR’” /0 “IN” “OUT” “SBIS” “SBIC”
“CBI" “SBI”
110
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USART
(RXC)
1
(RXEN = 0)
UCSRB
USART
UDR
USART
UCSRA
UCSRA
(FE)
1 FE
0
(DOR)
DOR
(UPE)
UPE
0 P109"

RXC

(RXCIE) RXC

RXC

(FE) (DOR)
(UDR)

"0“

0 FE 1
UCSRC USBS

UDR
UCSRA
DOR

P117¢

(UPE)
UDR

FE
UCSRA

UDR

UCSRA

ATtiny2313/V m———
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UPM1 UPMO
(UPE)
(UPM1 = 1)
UPE (UDR)
RXEN
RxD FIFO
FIFO
UDR RXC

(1

USART_Fl ush:
shis UCSRA, RXC

ret
in rl6, UDR
rjinp USART_FI ush

C ™

voi d USART_Fl ush( void )
{
unsi gned char dumy;
while ( UCSRA & (1<<RXC) ) dummy = UDR,

}
Note: 1.
110 110 “LDS” “STS” “SBRS” “SBRC”
“SBR” “CBR’ /0 “N” “OUT” “SBIS” “SBIC”
“CBI" “SBI”
USART
RxD
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Figure 56
16
8 (U2X = 1)
RxD 0
Figure 56.
RxD IDLE START BIT O
sae | f bt DE T T f Pttt
(U2X =0) o o 1 2 3 4 5 6 7 [8]o9J1w0]11 12 13 14 15 16 1 2 3
e | [ 11 L Lot
(U2X=1) 0 1 2 3 7 8 1 2
RxD
1 0
8 9 10 4 5 6
16 8
Figure 57
Figure 57.
RxD >< BITn ><
T 1t !
(U2X =0) 12 3 4 5 6 7 [8]9J1w]11 12 13 14 15 16 1
Sample |<—T—>| T T L \%’ T T T
(U2x=1) 1 2 3 7 8 1
2 3 1 2
3 0 RxD
Figure 58
18 ATtiny2313/V m——————————————————————————————
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RxD

Sample I<i>| T

(U2x =0) 1002

Sample I<—T—>|

(U2x = 1) 1

!
!

N = O

B

Table 49)

2 -__(D+1DS

slow = S_1+D-S+5;

D
S
Sk
Sm
Rslow

Table 49 Table 50

ATMEL

2543F-AVR-07/04

STOP 1 (A) (B) (©)

Pt Pt

7 [ 9T10]or o1 on

o

o1

Figure 58 A

o . _(D*+2)S
fast = (D+1)S+S,,

(D=5 10 )
S=16 S=8
Sp=8 Sp=4
Sy =9 Sy =5

ATtiny2313/V
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Table 49. (U2X = 0)

D
#( ) | Reiow (%) | Rpast (%) (%) (%)

5 93.20 106.67 +6.67/-6.8 +3.0
6 94.12 105.79 +5.79/-5.88 +25
7 94.81 105.11 +5.11/-5.19 +2.0
8 95.36 104.58 +4.58/-4.54 +2.0
9 95.81 104.14 +4.14/-4.19 +15
10 96.17 | 103.78 +3.78/-3.83 £15

Table 50. (U2X = 1)
D

#( ) | Rgiow (%) | Reast (%) (%) (%)
5 94.12 | 105.66 +5.66/-5.88 £25
6 94.92 104.92 +4.92/-5.08 +2.0
7 95.52 104,35 +4.35/-4.48 +15
8 96.00 103.90 +3.90/-4.00 +15
9 96.39 103.53 +3.53/-3.61 1.5
10 9670 | 103.23 +3.23/-3.30 £1.0
(XTAL)
2%

UBRR
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UCSRA (MPCM) USART
CPU
MPCM
5 8
9 9 (RXBS8)
9 1
9 (UCSZ=17)
(TXB8 =1) 9 (TXB8) 1 (TXB =0)
9
1. UCSRA MPCM
2. UCSRA
RXC
3. UDR
UCSRA MPCM
MPCM 1
4.
MPCM 1
5. MPCM
2
5 8 n n+1
5 8 (USBS =1)
(SBI CBI) MPCM MPCM TXC
110 SBI CBI
Bit 7 6 5 4 3 2 1 0
RXB[7:0] UDR( )
TXBI[7:0] UDR( )
RIW RIW RIW R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
USART USART /O
USART UDR UDR
(TXB) UDR (RXB)
5 6 7 0
UCSRA UDRE UDRE
UDR USART

A mEl% 121
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TxD
FIFO FIFO
(SBI  CBI) (SBIC SBIS)
FIFO
Bit 7 6 5 4 3 2 1 0
| rxc TXC UDRE FE DOR UPE u2x MPCM | UCSRA
R R/W R R R R R/W R/W
0 0 1 0 0 0 0 0
e Bit 7 - RXC: USART
RXC
RXC RXC RXCIE
e Bit 6 — TXC: USART
(UDR) TXC
TXC 1 TXC

TXCIE
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* Bit 5- UDRE: USART

UDRE (UDR) UDRE 1
UDRE UDRIE
UDRE
. Bit4 - FE:
0 FE (UDR)
1 FE 0  UCSRA 0
- Bit3-DOR:
DOR
(UDR) UCSRA 0
« Bit2- UPE: USART
(UPM1 = 1)
UPE (UDR) UCSRA
0
. Bit1-U2X:
1 16 8
« Bit0 - MPCM:
MPCM USART
MPCM

ATMEL
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Bit 7 6 5 4 3 2 1 0
| RXCIE | TXCIE | UDRIE | RXEN | TXEN | ucsz2 | RxB8 | TXB8 | UCSRB
RIW RIW RIW RIW RIW RIW R RIW
0 0 0 0 0 0 0 0
* Bit 7 - RXCIE:
RXC RXCIE 1 SREG UCSRA
RXC 1 USART
» Bit 6 — TXCIE:
TXC TXCIE 1 SREG UCSRA
TXC 1 USART
* Bit 5—- UDRIE: USART
UDRE UDRIE 1 SREG UCSRA
UDRE 1 USART
* Bit 4 — RXEN:
USART RxD USART
FE DOR UPE
» Bit 3 - TXEN:
USART TxD USART
TXEN
TxD I/0
* Bit2-UCSZ2:
UCSZ2 UCSRC UCSz1:0
* Bit1 - RXBS: 8
9 RXB8 9 UDR
RXB8
* Bit 0 — TXBS: 8
9 TXB8 9 UDR
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Bit 7

6

5

4

3

2

1

0

UMSEL UPM1

UPMO

USBS

ucsz1

ucszo

ucpPoL | UCSRC

R/W R/W

0

0

* Bit 6 — UMSEL: USART

Table 51. UMSEL

R/W
0

R/W
0

R/W
1

R/W
1

R/W
0

UMSEL

0

1

* Bit 5:4 — UPM1:0:

UPMO

Table 52. UPM

UCSRA

UPE

UPM1

UPMO

0

0

1

1

* Bit 3 - USBS:

Table 53. USBS

USBS

0

1

* Bit2:1-UCSZ1:0:

UCSZ1:0 UCSRB
P126Table 54

UCsz2

ATMEL
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Table 54. UCSZ

uUcsz2 uCcsz1 ucszo
0 0 0 5
0 0 1 6
0 1 0 7
0 1 1 8
1 0 0
1 0 1
1 1 0
1 1 1 9

* Bit 0 - UCPOL:

UCPOL
XCK
Table 55. UCPOL
UCPOL TxD RxD
0 XCK XCK
1 XCK XCK
Bit 15 14 13 12 11 10 9 8
— - - - | UBRR[11:8] UBRRH
UBRR[7:0] UBRRL
7 6 5 4 3 2 1 0
R R R R R/W R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

e Bit15:12 -

UBRRH
¢ Bit 11:0 - UBRR11:0: USART
12 USART UBRRH USART
4 UBRRL 8
UBRRL
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Table 56 UBRR

0.5%
P119¢ ?
Error[%] = (Baudgztjglg):: Mateh _ 1) * 100%
Table 56. UBRR
fosc = 1.0000 MHz fosc = 1.8432 MHz fosc =2.0000 MHz
uz2x=0 uz2x=1 Uz2x=0 uzx=1 uz2x=0 uz2x=1
(bps) UBRR UBRR UBRR UBRR UBRR UBRR
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 1 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 21%
19.2k 2 8.5% 6 -7.0% 5 0.0% 11 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 -7.0%
57.6k 0 8.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% 3 8.5%
76.8k - - 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%
115.2k - - 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 8.5%
230.4k - - - - - - 0 0.0% - - - -
250k - - - - - - - - - - 0 0.0%
O 62.5 kbps 125 kbps 115.2 kbps 230.4 kbps 125 kbps 250 kbps
1. UBRR =0, =0.0%
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Table 57. UBRR
f.. = 3.6864 MHz f... = 4.0000 MHz f.o. = 7.3728 MHz
U2x=0 u2x =1 U2X=0 U2X =1 U2x=0 u2X =1
(bps) | UBRR UBRR UBRR UBRR UBRR UBRR
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4k 5 0.0% 1 0.0% 6 -7.0% 12 0.2% 11 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 11 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - - - - - 0 -7.8%
() 230.4 kbps 460.8 kbps 250 kbps 0.5 Mbps 460.8 kbps 921.6 kbps
1. UBRR =0, =0.0%
128 ATtiny2313/V m——————————————————————————————
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Table 58. UBRR
f,. = 8.0000 MHz f... = 11.0592 MHz fo. = 14.7456 MHz
U2x=0 U2X =1 U2x=0 u2x =1 U2Xx=0 U2Xx =1

(bps) | UBRR UBRR UBRR UBRR UBRR UBRR

2400 207 0.2% 416 -0.1% 287 0.0% 575 0.0% 383 0.0% 767 0.0%
4800 103 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 383 0.0%
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4k 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2k 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8k 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4k 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6k 8 -3.5% 16 2.1% 1 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8k 6 -7.0% 12 0.2% 8 0.0% 17 0.0% 11 0.0% 23 0.0%
115.2k 3 8.5% 8 -3.5% 5 0.0% 1 0.0% 7 0.0% 15 0.0%
230.4k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250k 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M 0 0.0% 1 0.0% - - 2 -7.8% 1 -7.8% 3 -7.8%
1M - - 0 0.0% - - - - 0 -7.8% 1 -7.8%

() 0.5 Mbps 1 Mbps 691.2 kbps 1.3824 Mbps 921.6 kbps 1.8432 Mbps
1. UBRR =0, =0.0%
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Table 59.
UBRR
f . = 16.0000 MHz
U2X=0 U2X =1
(bps) UBRR UBRR
2400 416 -0.1% 832 0.0%
4800 207 0.2% 416 -0.1%
9600 103 0.2% 207 0.2%
14.4k 68 0.6% 138 -0.1%
19.2k 51 0.2% 103 0.2%
28.8k 34 -0.8% 68 0.6%
38.4k 25 0.2% 51 0.2%
57.6k 16 2.1% 34 -0.8%
76.8k 12 0.2% 25 0.2%
115.2k 8 -3.5% 16 2.1%
230.4k 3 8.5% 8 -3.5%
250k 3 0.0% 7 0.0%
0.5M 1 0.0% 3 0.0%
1M 0 0.0% 1 0.0%
U 1 Mbps 2 Mbps
1. UBRR =0, =0.0%
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usli
usli
usli
* ( ’ fSCLmax = fCK/1 6)
’ ( fsckmax = fck/4)
Figure 59. usl /0 P2“ATtiny2313
CPU Ils; e,
P137°USI ?
Figure 59.
=D Q | DO (Output only)
— > LE
4\—\—»@ (Input/Open Drain)
y - § 4J_°Q_l

o UsioR =

TIMO COMP

usck/scL | (Input/Open Drain)

CCCCC

usIbDC
&
3
o]
2
i
AN
H%TLMA L{JLN&
A AJ
[Se
<
pr
A

DATA BUS

c
%
7}

by

=

=
0%
co
- =

usiCs1

uUsICSO

USICLK
USITC

(D1)

USCK 0

oS! (P) 0 1 )
DI DO USCK

A I.IIEL® 131
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Figure 60.

DO

Bit7 Bit6 Bit5 Bit4 | Bit3 Bit2 Bitl Bit0

USCK

SLAVE

DO

PORTxn
Figure 60 usli
8 USCK
usi 4 usIOl
USCK
USICR USITC
Figure 61.
CYCLE (Reference) ‘ 1 l 2 l 3 l 4 l 5 l 6 l 7 l 8 ‘
usck /N /N N N N N
USCK
DO X mMsB X 6 X 5 X 4 X 3 X 2 X 1 X 1sB X
DI MSB 6 5 4 3 2 1 LSB
bodd b
Figure 61. USCK
usl (USIDR) USCK
0(USICSO0 = 0) DI DO
1(USICSO = 1) 0
usil SPI
0 1
Figure 61.
1.
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2.
(D1

3.

4. 8

USCK  (C
usl (C)

16

usil

SPI Tr ansf er:

SP

16

2543F-AVR-07/04

out
| di
out
| di

out
shi s
rjnp
in
ret

DDRE

USI DR r 16
r16, (1<<Usl O F)
USI SR, r 16

C USCK

D)

SPI

r16, (1<<USI WWD) | ( 1<<USI CS1) | (1<<USI CLK) | (1<<UsI TC)
Transfer_| oop:

USICR, r 16

USI SR, USI A F

SPI Tr ansf er _| oop
ri16, USI DR

8 (+ ret)

r16

usSl
USITC

ATMEL

DO USCK
r16

uSI
USCK
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(fsck = fck/2) usli SPI
SPI Tr ansf er _Fast :
out USI DR, r 16
| di r16, ( 1<<USI WD) | ( 0<<USI CS0) | ( 1<<USI TC)
| di r17, (1<<usl WD) | (0<<USI CS0O) | (1<<USI TC) | ( 1<<USI CLK)

out USICR r16 ; NMSB
out USI CR r 17
out USICR, r16
out USICR, r17
out USICR, r 16
out USICR, r17
out USICR, r16
out USI CR r 17
out USICR, r16
out USICR, r17
out USICR, r 16
out USICR, r17
out USICR, r16
out USI CR r 17
out USICR r16 ; LSB
out USICR, r17

in r 16, USI DR
r et

UsSlI SPI
init:
| di r16, ( 1<<USlI WD) | (1<<USI CS1)
out USICR, r16

Sl aveSPI Transfer:
out USIDR, r16
| di ri16, (1<<USl O F)
out USI SR, r 16
Sl aveSPI Tr ansf er _I oop:
sbis USISR USIOF
rinp SlaveSPI Transfer_| oop

in r16, USI DR
ret
8 (+ ret) DO USCK
DDR rié
r16
usl
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usl IC  (TWI)
SCL SDA

Figure 62.

\Yele}
g\s.— |
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SbA
B SCL
\ BB HSE::LLD
[Two-wire Clock
Control Unit
SLAVE
—a,
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 SDA
SCL
PORTxn j
MASTER
Figure 62 uslI
SCL
SCL
PORT
USCK
TWI
Figure 63.

SDA - - __X
SCL \_/1-7\_/7\_/T\_[1-5\_/T\_/1Ta 9

[ N N L N A

I Lol i
(Figure 63.)
1. SCL (A) SDA
SDA 7 0 PORT
0
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(Figure 64.) USISIF
2. SCL (B) SCL
3. SCL (C) SCL
4. 8
SCL (D)
SCL
5. SCL SCL(D)
14 SDA R/W
RW 1 SDA (E)
SCL
6. (F)
Figure 64.
» USISIF

CLOCK
HOLD

Qo
O
O
o]
O

SDA — —

scL I
Write( USISIF)
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Figure 64. SDA SCL
SCL CKSEL
P21¢
uslI
UART
4
uslt 4 12
(F)
USICS1
Bit 7 6 5 1 0
| wsB LsB | USIDR
R/W R/W R/W R/W R/W
0 0 0 0 0
UsSlI
USICS1..0 0
USICLK (USIWM1..0=0)
(DI/SDA) (USCK/SCL)
DO SDA 7
(USICS1 =1)
(USICS1 =0)
MSB
Bit 7 6 5 1 0
| USISIF USIOIF USIPF USICNT1 USICNTOI USISR
R/W R/W RIW R/W R/W
0 0 0 0 0

* Bit 7 - USISIF:

(USICSx = 0b11 & USICLK = 0)

ATMEL

2543F-AVR-07/04

(USICS = 0b10 & USICLK = 0) SCK
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USISIF USICR USISIE
USISIF 1
UsCL
- Bit 6 — USIOIF:
4 15 0 USICR USIOIE
USIOIF 1
scL
« Bit5- USIPF:
USIPF USIOIF
1
. Bit4 - USIDC:
7 usIDC
« Bits 3..0 — USICNT3..0:
4 CPU
0
USICLK  USITC USICS1..0
usITC (USICS1 = 1)
USICLK 1
(USIWM1..0 = 0)
(USCK/SCL)
Bit 7 6 5 4 3 2 1 0
I USISIE USIOIE uUsiwMm1 uUsiwmMmo usics1 USICS0 USICLK USsITC I USICR
R/W R/W R/W R/W R/W R/W w w
0 0 0 0 0 0 0 0

» Bit 7 — USISIE:
1 USISIE

» Bit 6 — USIOIE:
1 USIOIE

* Bit 5..4 — USIWM1..0:

USIWM1..0 usl
P139Table 60
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Table 60. USIWM1..0 USI

USIWM1 | USIWMO
0 0
0 1 DO DI USCK
(DO) 10
DDR
PORT
(DI) (USCK)
PORT
USICR usITC
1 0 SDA (DI)  SCL (USCK) )
(SDA) (SCL)
DDR
SDA PORT
0 SDA SDA
SCL PORT
0 SCL
SCL
SCL
(USISIF) SDA SCL
SDA SCL
1 1 SDA SCL
SCL
(USIOIF)
Note: 1. DI USCK (SDA) (SCL)
139
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* Bit 3..2 - USICS1..0:

(USCK/SCL) (DI/SDA)
0
USICS1.0 0 USICLK 1
(USICS1=1) USICLK
UsITC
Table 61 USICS1..0 USICLK 4

Table 61. USICS1..0 USICLK

USICS1 | USICSO | USICLK
0 0 0
0 0 1 (USICLK) (USICLK)
0 1 X 0 0
1 0 0
1 1 0
1 0 1 (USITC)
1 1 1 (USITC)
« Bit1- USICLK:
USICS1.0 0 USICLK
0
(USICS1=1) USICLK
USICLK usITC 4 (  Table 61)
« Bit 0 - USITC:
usITC USCK/SCL 0 1
DDRE4
0
(USICS1=1) USICLK 1 usITC 4
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AINO AIN1 AINO AIN1
ACO
1
Figure 65
Figure 65.
BANDGAP
REFERENCE vCcC
ACBG l
ACD —>»
ACIE
AINO
+ ANALOG
> IN;EII_?S(EJTPT ICR%MPARATOR
AIN1 -
/ -———— > ACI
ACIS1 ACISO ACIC
—
TO T/C1 CAPTURE
ACO R TRIGGER MUX
Bit 7 6 5 4 3 2 1 0
| Aco | Acee | Aco ACI ACIE ACIC | Acis1 | ACIso | AcsrR
RIW RIW R RW RIW RIW RIW RIW
0 0 N/A 0 0 0 0 0
* Bit7 - ACD:
ACD
ACD ACSR
ACIE ACD
* Bit 6 — ACBG:
ACBG "17 ACBG AINO
P36 “
* Bit5-ACO:
ACO 1-2
* Bit4-ACI:
ACIS1  ACISO ACI
ACIE SREG I
ACI ACI 1
* Bit 3 - ACIE:
ACIE 1 I
* Bit2 - ACIC:
T/C1
T/C1
T/C1
(TIMSK) ICIE1
141
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» Bits 1, 0 — ACIS1, ACISO:

Table 62
Table 62. ACIS1/ACISO
ACIS1 ACISO
0 0
0 1
1 0
1 1
ACIS1/ACISO ACSR
Bit 7 6 5 4 3 2 1 0
[ - — - = = = AINTD | AINOD | DIDR
R R R R R RIW RIW
0 0 0 0 0 0 0 0
* Bit1, 0 — AIN1D, AINOD: AIN1, AINO
"1”  AIN1/0 AIN1/0

"1 ”

122 ATtiny2313/V m———————————



A T tiny2313/V

. RESET
. (C HLL)
. ( )
debugWIRE CPU AVR
debugWIRE DWEN debugWIRE
RESET ( ) 1o

Figure 66. debugWIRE

1.8-55V
VCC
dw dW(RESET)
f GND
Figure 66 debugWIRE MCU
debugWIRE CKSEL
debugWIRE

+ dW/(RESET) 10k  debugWIRE
. RESET Vee
. debugWIRE RESET

A IIIEI% 143

2543F-AVR-07/04



AIMEL

debugWIRE AVR AVR Studio®
BREAK BREAK
BREAK
Flash AVR Studio® debugWIRE
Flash
debugWIRE (dW) (RESET) debugWIRE
CPU debugWIRE I/O CPU
I/0 debugWIRE
DWEN
debugWire DWEN
debugWire
Bit 7 6 5 4 3 2 1 0
| DWDR[7:0] ] pwor
/ RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
DWDR MCU debug-
WIRE
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MCU

SPM

) 1

SPM R1 RO
PCPAGE Z

. CPU

z

“00000001” SPMCSR

PCWORD

SPM EEPROM

SPM R1 RO
PCPAGE Z

. CPU

ATMEL

2543F-AVR-07/04

Boot Loader

“00000011” SPMCSR

z

R1:RO
SPM  Z
SPMCSR CTPB

“00000101” SPMCSR

z
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Figure

LSB

Z SPM
Bit 15 14 13 12 1 10 9 8
ZH (R31) Z15 214 Z13 212 Z1 Z10 29 Z8
ZL (R30) z7 26 zZ5 Z4 Z3 Z2 21 20
7 6 5 4 3 2 1 0
Flash ( P152Table 69)
67 Boot Loader
LPM Z Z
( Z0)
Figure 67. SPM )
BIT 15 ZPCMSB ZPAGEMSB 1 0
Z - REGISTER | 0
oroRAy PEUSE PAGEMSB
COUNTER PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY L B PAGE PCWORD[PAGEMSB:0]:
PAGE S INSTRUCTION WORD 00
\ 01
\
\ 02
! I
< . L, |
\ |
\ |
\ |
\ |
; |
\ |
\ |
\ |
\ PAGEEND
\ — -
Note: 1. Figure 67 P152Table 69

ATtiny2313/V m———
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SPMCSR Boot Loader
Bit 7 6 5 4 3 2 1 0
| - | - | - | CTPB RFLB PGWRT | PGERS | SELFPRGEN | SPMCSR
R R R R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
e Bits 7..5 — Res:
ATtiny2313 "0”
 Bit4-CTPB:
CTPB
e Bit 3 - RFLB:
SPMCSR RFLB SELFPRGEN LPM
( Z Z0 ) P148“EEPROM
SPMCSR i
e Bit2 - PGWRT:
SELFPRGEN SPM
Flash Z R1
RO SPM
PGWRT CPU
 Bit1-PGERS:
SELFPRGEN SPM
Z R1 RO
SPM PGERS
CPU
e Bit 0 — SELFPRGEN:
SPM CTPB RFLB
PGWRT PGERS SPM
SELFPRGEN SPM R1:RO Z
Z LSB SPM
SPM SPMEN SELFPRGEN
“10001” “01001” “00101” “00011” “00001”

ATMEL
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EEPROM Flash
SPMCSR EECR EEWE
0x0001 Y4
SPMCSR RFLB SELFPRGEN RFLB SELFPRGEN CPU
LPM
CPU LPM CPU SPM
RFLB

ATtiny2313/V m———
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Vee
1.
2.
RC
Table 63. SPM
Flash

2543F-AVR-07/04

CPU Flash

Flash

Flash
CPU
Flash

AVR RESET
BOD

AVR
SPMCSR

Flash

ATMEL

Flash

Flash

Flash

Table 63

CPU

CPU

Flash
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ATtiny2313 2 (“0”) (“17)
Table 65 “q”
Table 64. U]
7 - 1( )
6 - 1( )
5 - 1( )
4 - 1( )
3 - 1( )
2 - 1( )
LB2 1 1( )
LB1 0 1( )
Note: 1. “1” “Q”
Table 65. Qe
LB LB2 LB1
1 1 1
2 1 0 Fla?h EEPROM
3 0 0 Flash EEPR%I;/I
Notes: 1. LB1 LB2 Boot
2. 17 , ‘0”7
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ATtiny2313 Table 67 Table 68
HO!!
Table 66.
7 - 1( )
6 - 1( )
5 - 1( )
4 - 1( )
3 |- 1( )
2 - 1( )
1 - 1( )
SELFPRGEN 0 1( )
Table 67.
DWEN® 7 debugWIRE 1( )
EESAVE 5 EEPROM 1( ) EEPROM
SPIEN™ 5 0( SPI )
WDTON®@ 4 1( )
BODLEVEL2® 3 BOD 1( )
BODLEVEL1® 2 BOD 1( )
BODLEVELO® 1 BOD 1( )
RSTDISBL® 0 1( )
Note: 1. SPIEN
2. P40" WDTCSR”
3. DWEN DWEN
4. P33Table 16 BODLEVEL
5. RSTDISBL P51¢ A
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Table 68.

CKDIV8
CKOUT
SUT1
SUTO
CKSEL3
CKSEL2
CKSEL1 1 1
CKSELO 0 0

N W |~ OO | N

Note: 1. SUT1..0 P32Table 15
2. CKSEL3..0 RC 8 MHz

1(LB1)

EESAVE

Atmel

ATtiny2313
1. 0x000: Ox1E ( Atmel )
2. 0x001: 0x91 ( 2KB Flash )
3. 0x002: Ox0OA (  0x001 0x91 ATmega48)

ATtiny2313 RC 0x000
0x0001 4 8MHz 4 MHz
OSCCAL RC

Table 69. Flash
Flash PCWORD PCPAGE PCMSB
1K (2K ) 16 PC[3:0] 64 PC[9:4] 9

Table 70. EEPROM
EEPROM PCWORD PCPAGE | EEAMSB

128 4 EEA[1:0] 32 EEA[6:2] 6

ATtiny2313 Flash EEPROM
250 ns
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ATtiny2313 Figure 68 Table
71
XA1/XA0 XTAL1 Table 73
WR OE Table 74
Figure 68.
+5V
RDY/BSY «— PD1
VCC
OE —»{ PD2
WR —>{ PD3
BS1/PAGEL ——>»{ PD4
XA0 PD5 PB7 - PBO [«—>» DATA /O
XA1/BS2 ——» PD6
+12V ——| RESET
—>» XTALL
GND
Table 71.
/0
RDY/BSY PD1 o | O 1
OE PD2 | ( ).
WR PD3 | ( ).
BS1/PAGEL PD4 | 1(“0” , 17 ).
XAO0 PD5 | XTAL 0
XTAL 1
XA1/BS2 PD6 | 2 (0" 17
)
DATA 1/0 PB7-0 | I/O (OE )
Table 72.
XA1 Prog_enable[3] 0
XAOQ Prog_enable[2] 0
BS1 Prog_enable[1] 0
WR Prog_enable[0] 0

A IIIEI% 153
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Table 73. XA1 XAO0

XA1 XA0 XTAL1
0 0 Flash EEPROM BS1
0 1 ( BS1 Flash
1 0
1 1
Table 74.
1000 0000
0100 0000
0010 0000
0001 0000 Flash
0001 0001 EEPROM
0000 1000
0000 0100
0000 0010 Flash
0000 0011 EEPROM
Table 75.
110
MOSI PB5 |
MISO PB6 O t
SCK PB7 |
1. Vee GND 45-5.5V
2. RESET XTAL1 6
3. P153Table 72 Prog_enable "0000" 100 ns
4, RESET 11.5-12.5V RESET +12V 100 ns
Prog_enable
5. 50 ps
. OxFF Flash
EEPROM EESAVE

154 ATtiny2313/V m———————————————————————————————
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. Flash EEPROM 256

Flash EEPROM(")

Flash
EEPROM
Note: 1. EESAVE EEPRPOM
1. XA1 XAO “10”
2.  BSt1 “0”
3. DATA “1000 0000”
4.  XTAL1
5.  WR RDY/BSY
6. RDY/BSY

A mEl% 155
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Flash P152Table 69 Flash
Flash
Flash”
XA1 XAO “10”
BS1 "0”
DATA “0001 0000 Flash
XTAL1

XA1 XAO  “00”
BS1 “0’

DATA (0x00 - OXFF)
XTAL1

XA1 XAO  “O1”
DATA (0x00 - OXFF)
XTAL1

BS1 “1”
XA1 XAO  “O1”

DATA (0x00 - OXFF)
XTAL1

BS1 “1”
PAGEL ( Figure 70 )

B E

mNMN=_2m OO 020 o= RO P

FLASH P157Figure 69
8 <256

XA1 XAO  “00”
BS1 “17

DATA (0x00 - OXFF)
XTAL1

S, I D20

WR RDY/BSY
RDY/BSY (  Figure 70 )
B H Flash

1. XA1 XAO0 “10”
DATA “0000 0000”

N = o

156 ATtiNy2313/V m—————————————————————————————



A T tiny2313/V

3. XTALA1
Figure 69. Flash ()
PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY o | PAGE PCWORD[PAGEMSBO];
PAGE N INSTRUCTION WORD 00
\
. 01
\
\ 02
\ 1
< \ > '
\ 1
\ '
'
\ 1
\ '
\ |
\ '
! |
\ 1
. .
\ PAGEEND
Note: 1. PCPAGE PCWORD P152Table 69
Figure 70. Flash (1)
E
A
I Y
A B Cc D E B Cc D E G
DATA X__ox10 _ Xapor.Low X patA Low X DATA H\GH ADDR. LOWX DATA Low X DATAHIGH X xx X ADDR. HIGHX XX
XA1 — \
XAO —/—\_/ \
BS1 J/ | W — \
o — /N /\
WR —/
RDY/BSY \—/_

RESET +12v

Note: 1. "XX"

ATMEL

2543F-AVR-07/04
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P152Table 70 EEPROM EEPROM
EEPROM
P156“ Flash ")
1. A “0001 00017
2. G (0X00 - OXFF)
3. B (0X00 - OXFF)
4. C (000 - OXFF)
5 E ( PAGEL
K 3 5
L EEPROM
1. BS “0”
2. WR EEPROM RDY/BSY
3. RDY/BSY Figure 71 )
Figure 71. EEPROM
K
K_H
A G B C E C E L

DATA D( ox11_ XADDR. HIGH X ADDR. LOWX_ DATA X xx X Apor.towX DA X xx

XAL _/—\

XA0 /  / \

BS1 / \
we /N . ____/\_/\

W= \_/
RDY/BSY \—/—
PAGEL / \ / \

Flash ( P156“  Flash ”)
1. A “0000 0010”
2. G (000 - OXFF)
3. B (0x00 - OXFF)
4. OE *“0" BS1 0 DATA Flash
5. BS “1” DATA Flash
6. OE “1

158 ATtiNny2313/V m———————————————————————————
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2543F-AVR-07/04

( P156“ Flash ")
1. A “0000 0011”
2. G (0x00 - OXFF)
3. B (0x00 - OXFF)
4, OE "0" BS1 "0 DATA EEPROM
5. OE ™"
( P156“ Flash ")
1. A “0100 0000”
2. C "0”
3.  WR RDY/BSY
( P156“ Flash ")
1. A “0100 0000”
2. C 0
3. BS1 “1” BS2 “0”
4,  WR RDY/BSY
5. BS1 “0”
( P156“ Flash ")
1. A “0100 0000”
2. C “0”
3. 3. BS1T “0" BS2 “1”
4. 4. WR RDY/BSY
5. 5. BS2 “0"
Figure 72.
Write Fuse Low byte Write Fuse high byte Write Extended Fuse byte
A c (_/% A c /—H A c /—H
oara o X om Y ) T N O N
wi O\ [\ [\
Bs1 /A
Bs2 /A
amn N\ \ VAR SN
WR \_/ \_/ \_/
ROVIESY \_/ -/ \_/
( P156 Flash )
1. A “0010 0000”
2. C. n “0 LB
3LB1 LB2

A IIIEI% 159
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3. WR RDY/BSY
( P156“ Flash ")
1. A “0000 01007
2.  OE BS2 BS1 “0 DATA “0” )
3. ﬁ no!! BSZ BS1 n1u DATA (“0”
)
4, OE BS1 “0” BS2 “1 DATA (“0”
)
5. OE *“0” BS2 “0” BS1 “1” DATA (“0”
)
6. OE “1
Figure 73. BS1 BS2
I Fuse Low Byte H 0
0
IExtended Fuse Byte H 1
DATA
BS2 —>
I Lock Bits 0
1
I Fuse High Byte 1 BL‘I_/
BS2
( P156“ Flash ")
1. A “0000 1000”
2. B 0x00 - 0x02
3. OE “0" BS1 “1" DATA
4. ﬁ “1!!
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P156* Flash )
1. A “0000 1000”
2. B 0x00
3. OE “0” BSH1 “1” DATA
4. OE “1”
Figure 74.
Tewi
XTALL Exhxiy
ovxH DX
Data & Contol ---
(DATA, XA0/1, BS1, BS2) -
tBvPH tpLex | tBVWL twLex
PAGEL (—— ..
_ twiwH -
WR teLwL ~———
WLRL
RDY/BSY L
tWLRH
Figure 75. M
LOAD ADDRESS LOAD DATA LOAD DATA LOAD DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
— — — — —

LpH

IxixH tpLxH
<PLxH
XTALL e . / ‘I: ;I’ ‘l: m

BS1
PAGEL
DATA X ADDRO (Low Byte) >< DATA (Low Byte) >< DATA (High Byte) >< ADDRI1 (Low Byte)
XAO0
XAl

Note: 1. Figure 74

ATMEL

(towxn  txHxe

tyLox)

161
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: 1
Figure 76. ()
LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
/_H f_/H

xi oL

e
XTALL

BS1

tgvbv

toLbv
-

tOHDZ

-~
DATA —< ADDRO (Low Byte) DATA (Low Byte) DATA (High Byte) ADDR1 (Low Byte)

XAO0

XAl

Note: 1. Figure 74 ( tovxn txaxe  txeox)
Table 76. Voo =5V +10%
Vpp 11.5 125 |V
lpp 250 | upA
tovxH XTAL1 67 ns
tyi xH XTAL1 XTAL1 200 ns
txrxL XTAL1 150 ns
tyLpx XTAL1 67 ns
tyuwL XTAL1 WR 0 ns
tyL PH XTAL1 PAGEL 0 ns
toL xH PAGEL  XTAL1 150 ns
tavpH PAGEL BS1 67 ns
torpL PAGEL 150 ns
toL B PAGEL BS1 67 ns
twLex WR BS2/1 67 ns
teLwL PAGEL  WR 67 ns
tavwL BS1 WR 67 ns
twLWH WR 150 ns
twLRL WR RDY/BSY 0 1 us
tWLRH WR RoyBSY (M 3.7 45 ms
twLRH CE WR  RDY/BSY @ 7.5 9 ms
tyLoL XTAL1 OE 0 ns
162 ATtiny2313/V m——————————————————————————————
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Table 76. Vee =5V £ 10%
tavpy BS1 DATA 0 250 ns
toLpy OE DATA 250 ns
tonpz OE DATA 250 ns

Notes: 1. Flash EEPROM twWLRH

twirH cE
RESET SPI Flash EEPROM
SCK MOSI MISO RESET
P154Table 75 SPI
SPI SPI
Figure 77. ()
+1.8 - 5.5V
VCC J

MOSI ———»|

MISO €«——

SCK ———»|
—— | XTALL
——»| RESET

=
Notes: 1. XTAL1
2. Vge-0.3V <AVCC < Vg + 0.3V AVCC 1.8-5.5V
EEPROM MCU
EEPROM OxFF
CKSEL (SCK)
>fy <12 MHz 2 CPU fy >=12 MHz 3 CPU
>fy <12 MHz 2 CPU fy >=12 MHz 3 CPU

ATMEL

2543F-AVR-07/04
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ATtiny2313 SCK
ATtiny2313 SCK Figure 78 Figure
79 Table 79
ATtiny2313 ( P165Table
78 4 )
1.
RESET SCK "0” Vee GND
SCK SCK RESET
2 CPU
2. 20 ms MOSI
3.
(0x53)
4 0x53 RESET
4. Flash 4LSB
8
two FLasH P165Table 77.) Flash

5 A: EEPROM

EEPROM

OxFF

B:EEPROM Load EEPROM

2LSB EEPROM

EEPROM 5MSB EEPROM

Load EEPROM

77) OxFF -
6. MISO
7. RESET
8.

RESET 1
Vee

ATtiny2313/V m———
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Table 77. Flash EEPROM
two_FLasH 4.5 ms
twp_eEPROM 4.0 ms
two_ErASE 4.0 ms
twp_Fuse 4.5 ms
Figure 78.
SERIAL DATA INPUT MSB LSB
(MOSI) .
SERIAL DATA OUTPUT <R 1
(MISO) M?B: X LB \
SERIAL CLOCK INPUT
e T T
S SR AR S SRS S B
Table 78.
1 2 3 4
1010 1100 | 0101 0011 | XXXX XXXX | XXXX XXxX | RESET
1010 1100 | 100X XXXX | XXXX XXXX | XXXX XXXX EEPROM Flash
0010 HOOO | 0000 OOaa | bbbb bbbb | cooo oooo0 ab H
0100 HOOO | 000x xxxx | xxxx bbbb | iiii iiii b H
i
0100 1100 | 0000 OOaa | bbbb xxxx | XXXX XXXX ab
EEPROM 1010 0000 | 000x xxxx | xbbb bbbb | oooo oooo EEPROM ab
o
EEPROM 1100 0000 | 000x xxxx | xbbb bbbb | iiii iiii EEPROM b i
EEPROM 1100 0001 0000 0000 0000 OObb | iiii iiii i EEPROM
EEPROM
EEPROM 1100 0010 | 00xx xxxx | xbbb bb00 | xxxx xXXXX b EEPROM
0101 1000 | 0000 0000 | XXXX XXXX | XX00 0000 ’0” "1”
P150Table 64
1010 1100 | 111x XXXX | XXXX XXXX | 12ii iiii “0”
P150Table 64
0011 0000 | 000x xxxx | xxxx xxbb | oooo 0000 b o
165
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Table 78.
1 2 3 4
1010 1100 | 1010 0000 | XXXX XXXX | iiii iiii “0” “1”
1010 1100 | 1010 1000 | XXXX XXXX | iiii iiii “0” “1”
1010 1100 | 1010 0100 | xxxx xxxx | xxxx xxxi | “0” “1”
0101 0000 | 0000 0000 | XXXX XXXX | 0000 0000 “0” “1”
0101 1000 | 0000 1000 | XXXX XXXX | 0000 0000 “0” “1”
0101 0000 | 0000 1000 | XXXX XXXX | OOOO 0OOO0O “0” “1”
0011 1000 | 000x xxxx | 0000 000b | ocooo 00OO b
RDY/BSY 1111 0000 | 0000 0000 | xxxx xxXXX | xXxxxX xxxo0 | o “1”
“"
Note: a-= b= H=0- 1- o= i= X =
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Figure 79.
MOSI
tOVSH <> rtSHOX tSLSH
sok Nl
tshsL
MISO
tsLiv
Table 79. Tp=-40°C 85°C, V=27V -5.5V ( )
= (ATtiny2313L) 0 8 | MHz
teLoL (ATtiny2313L) 125 ns
MereL (ATtiny2313, V¢ = 4.5V - 5.5V) 0 16 | MHz
telcL (ATtiny2313, V¢ = 4.5V - 5.5V) 67 ns
tshsL | SCK 2tccl” ns
tSLSH SCK 2 tCLCL* ns
tovsy | MOSI SCK toLeL ns
tsy | SCK MISO TBD | TBD | TBD | ns
Note: 1. fy <12MHz 2t ¢ fy>=12MHz 3t
167
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*
........................................................ -55°C  +125°C *NOTICE:
........................................................ -65°C  +150°C
RESET............ 0.5V Vc+0.5V
RESET e 0.5V +13.0V
.................................................................... 6.0V
......................................... 40.0 mA
Vee GND e, 200.0 mA
To=-40°C  85°C,Voc=1.8V 55V ( )
Vi 0.5 0.2V %
Viy RESET 0.6V Vg +0.5 Y
ViH2 RESET 0.9V c® Ve +0.5 \%
vV “) lo. =10 MA, Ve = 5V 0.7 Y
oL ( B) lop =5 mA, Vg =3V 0.5 Y
vV ®) loy =-10 MA, Ve = 5V 4.2 v
OH ( B) loy = -5 mMA, Ve = 3V 25 v
I 7o) Vee = 5.5V, 1 UA
( )
I 1o Vce = 5.5V, 1 uA
( )
Rrst Reset 30 60 kQ
Rou /0 20 50 kQ
1MHz, Ve = 2V 0.35 mA
4MHz, Ve = 3V 2 mA
8MHz, V¢ = 5V 6 mA
1MHz, V¢ = 2V 0.08 0.2 mA
[
ce AMHz, Vg = 3V 0.41 1 mA
8MHz, V¢ = 5V 1.6 3 mA
WDT , Vee =3V <3 6 A
WDT , Vg = 3V <05 2 PA
Notes: AVR
168 ATt|ny231 S o——— e —
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1

1

2543F-AVR-07/04

( ) 110 (20mA V=5V 10mA Vi =3V)
IOL 60 mA
IOL VOL
( ) /0 (20mA V=5V 10mA Vg =3V)
IOH 60 mA
IOH VOH
Figure 80.
terex
toLen — *— tcheL

N /] N

[ toLex —

< tereL >

Table 80. ( )
Vec=1.8-5.5V Vcc=4.5-5.5V
cLeL 0 1 0 8 0 16 MHz
toLcL 1000 125 62.5 ns
tcHex 400 50 25 ns
toLex 400 50 25 ns
tCLCH 20 16 05 HS
tCHCL 2.0 1.6 0.5 us
AtCLCL 2 2 2 0/0
169
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Figure 81
<27V 2.7V <V <4.5V

Figure 81. ATtiny2313V

10 MHz

4 MHz

N

Figure 82

VCC

Safe Operating Area

1.8V < Vge

v

1.8V

Figure 82. ATtiny2313

20 MHz

10 MHz

/

N

2.7V

Safe Operating Area

5.5V

2.7V

4.5V

v

5.5V

ATtiny2313/V m———
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I/0
I/0 I/0
I/O C V' f C. = Vee =
f=10
Figure 83. (0.1 -1.0 MHz)
ACTIVE SUPPLY CURRENT vs. FREQUENCY
0.1-1.0 MHz
1.2
1 55V
/ 50V
0.8
— 45V
T o / // 40V
0.4 27V
/// //
o %//// | 118V
ééﬁ//
0 t 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency (MHz)
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Figure 84. (1-20 MHz)
ACTIVE SUPPLY CURRENT vs. FREQUENCY
1-20 MHz
14
55V
12
// 50V
10 — 45V
T 6
, " Taov
] 33V
%é/ 27V
2
% 18V
0 I : |
0 2 4 6 8 10 12 14 16 18 20
Frequency (MHz)
Figure 85. Vee RC 8 MHz)
ACTIVE SUPPLY CURRENT vs. Ve
INTERNAL RC OSCILLATOR, 8 MHz
10 ~
9 -40 °C
85°C

8 / 25°C
2

6 /
<
E s /
Q
(&)
<, ,/
3
) //
1
0 1
1.5 2 2.5 3 35 4 4.5 5 55
Vee (V)
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Figure 86. Vee ( RC 4 MHz)

ACTIVE SUPPLY CURRENT vs. V¢e
INTERNAL RC OSCILLATOR, 4 MHz

6 —
-40 °C
5 25°C
/ 85 °C
4 /
2 /
E 3
Q
3

P
1
0 1
15 2 25 3 35 4 45 5 55
Vee (V)
Figure 87. Vee ( RC 1 MHz)
ACTIVE SUPPLY CURRENT vs. Ve
INTERNAL RC OSCILLATOR, 1 MHz
2 —
1.8 85 °C
25°C
1.6 -40 °C
1.4
1.2
g /
E 1
< 08
0.6
0.4 e
0.2
O 1
15 2 25 3 35 4 45 5 55

Vee (V)
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Figure 88. Vee ( RC 0.5 MHz)

ACTIVE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 0.5 MHz

1.2
85 °C
. 25°C
/ -40 °C
0.8 /
3 ~
i //
" /
02 =]
0 1
1.5 2 2.5 3 3.5 4 4.5 5 55 6
Vee (V)
Figure 89. Voo ( RC 128 KHz)
ACTIVE SUPPLY CURRENT vs. Ve
INTERNAL RC OSCILLATOR, 128 KHz
0.14
0.12
-40 °C

25 °C
0.1 85 °C
0.08 /

0.06 /7

lcc (MA)

0.04 //
=
0.02
0 1
1.5 2 25 3 35 4 4.5 5 55

Vee (V)
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Figure 90.

0.25

ATtiny2313/V

0.2

0.1

lec (MA)

0.1

0.05

LA AN

TAAANNN

T\

Figure 91.

-
o

Frequency (MHz)

—

TN

A\

/

7
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Figure 92. Vee ( RC 8 MHz)

IDLE SUPPLY CURRENT vs. V¢c
INTERNAL RC OSCILLATOR, 8 MHz

3.5
3
85°C
25°C
25 -40 °C
2 2
\E] /
Q
L 15 /
1 /
=
0.5
0 1
1.5 2 2.5 3 35 4 4.5 5 5.5
Vee (V)
Figure 93. Voo (  RC 4 MHz)
IDLE SUPPLY CURRENT vs. V¢e
INTERNAL RC OSCILLATOR, 4 MHz
1.8 4
1.6
85 °C
25 °C
1.4 43¢
1.2

lec (MA)

0:4 ///

0.2

1.5 2 2.5 3 3.5 4 4.5 5 5.5
Vee (V)
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Figure 94. Vee ( RC 1 MHz)

IDLE SUPPLY CURRENT vs. V¢c

INTERNAL RC OSCILLATOR, 1 MHz
0.6

0.5 85°C

25°C
= w-
0.4 /

i

<
£ 03 /
3
//
0.1
0 1
1.5 2 25 3 35 4 4.5 5 55
Vee (V)
Figure 95. Vee ( RC 0.5 MHz)
IDLE SUPPLY CURRENT vs. Ve
INTERNAL RC OSCILLATOR, 0.5 MHz
0.35 -
0.3
85 °C
0.25 25 °C
/ -40 °C
T 0.2 /
£
3 /
< 015 /
0.1
—
0.05
0 |
15 2 25 3 35 4 45 5 5.5

Vee (V)
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Figure 96. Vee ( RC 128 KHz)

IDLE SUPPLY CURRENT vs. V¢
INTERNAL RC OSCILLATOR, 128 KHz

0.035
-40 °C
0.03 25°C
/ 85 °C
0.025 /
0.02 =
e /
-~ 0.015 -
//
0.01
=
0.005
0
15 2 2.5 3 35 4 45 5 55
Vee (V)
Figure 97. Vee ( )
POWER-DOWN SUPPLY CURRENT vs. V¢
WATCHDOG TIMER DISABLED
1.4 -
/ 85 °C
1.2
1
z 08 -40°C
2
8 06 25°C
//
0.4 /
0.2 ——
1.5 2 2.5 3 35 4 45 5 55

Vee (V)
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Figure 98.

25

20

15

Icc (UA)

10

Figure 99. Standby

lcc (MA)

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

VCC ( )
POWER-DOWN SUPPLY CURRENT vs. Ve
WATCHDOG TIMER ENABLED
85°C
/ 25°C
-40 °C
//
1.5 2 2.5 3 3.5 4 4.5 5 5.5
Vee (V)
VCC
STANDBY SUPPLY CURRENT vs. V¢
2MHz Res
2MHz Xtal
455KHz Res
/ / 1MHz Res
——] | _—— T —]
——F—]
15 2 2.5 3 35 4 4.5 5 55
Vee (V)

ATMEL
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Figure 100. I/O (Ve =5V)
RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Vee = BV
120
25 °C
-40 °C
100 N
8&
80 N
< \
‘é 60 RS
) \\
) \\
0 |
0 1 2 3 4 5 6
VRESET (V)
Figure 101. 1/O (Vee =2.7V)

I/0 PIN PULL-UP RESISTOR CURRENT vs. INPUT VOLTAGE
Vee = 2.7V

80

85 0% 25 °C

T 0°C

50

40

lop (UA)

30

. ~C

10 \

Vor (V)
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120

-40 °C

Reset

RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE

25°C

Reset

Vee =5V

ATtiny2313/V

100 N
8&
80

™\

D
o

Ireser (UA)

AN

(Vee = 2.7V)

40 N
) \\
0
0 1 2 3 4 5
VRESET (V)
Figure 103. Reset Reset
RESET PULL-UP RESISTOR CURRENT vs. RESET PIN VOLTAGE
Vec =27V
60
-40 °C 25°C
50
85 °C
40
<
3
5 30
20 N
i \\
o —
0 0.5 1 15 25
VRESET (V)

2543F-AVR-07/04
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Figure 104. I/O

I/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE

(Vec =5V)

Vee = 5V
90 +
g0 40°C
& 25°C
€0 85 °C
Z 50
£
35 40
30
20
10 \
0 |
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Figure 105. 1/O (Ve = 2.7V)
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Figure 106. I/O

(Vge = 1.8V)

1/0 PIN SOURCE CURRENT vs. OUTPUT VOLTAGE

Vce = 1.8V
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Figure 107. 1/0 (Ve = 5V)
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Figure 108. I/O (Vec =2.7V)

1/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
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Figure 109. 1/0 (Ve = 1.8V)
I/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
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Figure 110. I/O (Ve =5V)

RESET I/O PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vce =5V

85 °C

Current (mA)
-
vz

0 1 2 3 4 5 6
Von (V)
Figure 111. /0 (Ve = 2.7V)
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Figure 112. I/O (Ve =1.8V)
RESET I/0O PIN SOURCE CURRENT vs. OUTPUT VOLTAGE
Vce = 1.8V
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Figure 113. /0 (Vee =5V)
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Figure 116. 1/O Voo (Vy, 11O “1”)

I/0 PIN INPUT THRESHOLD VOLTAGE vs. V¢c
VIH, 10 PIN READ AS '1'
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Figure 117. 1/0O Vee Vi, 11O “0”)
1/0 PIN INPUT THRESHOLD VOLTAGE vs. Ve
VIL, 10 PIN READ AS '0'
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Figure 118. I/O
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Figure 120. Reset I/O Vee (V, ,Reset “07)

RESET I/O INPUT THRESHOLD VOLTAGE vs. V¢
VIL, 10 PIN READ AS '0'
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Figure 121. Reset I/O Vee
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Figure 122. Reset Vee (V\y,Reset “17)

RESET INPUT THRESHOLD VOLTAGE vs. V¢
VIH, 10 PIN READ AS 'I'
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Figure 123. Reset Vee (V. ,Reset “0”)
RESET INPUT THRESHOLD VOLTAGE vs. V¢
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Figure 124. Reset Vee

RESET INPUT PIN HYSTERESIS vs. V.
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Figure 125. BOD (BOD 4.3V)
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Figure 128. Vee

BANDGAP VOLTAGE vs. OPERATING VOLTAGE
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Figure 129. Vee
WATCHDOG OSCILLATOR FREQUENCY vs. V¢
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Figure 130.
WATCHDOG OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 131. 8 MHz RC
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Figure 132. 8 MHz RC Vee

CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. V¢
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Figure 133. 8 MHz RC Osccal
CALIBRATED 8MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 134. 4 MHz RC I
CALIBRATED 4MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Figure 135. 4 MHz RC Vee
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Figure 136. 4 MHz RC Osccal

CALIBRATED 4MHz RC OSCILLATOR FREQUENCY vs. OSCCAL VALUE
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Figure 137. BOD Vee
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Figure 138. Vee
ANALOG COMPARATOR CURRENT vs. V¢
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Figure 139. Vee
Programming Current vs. V¢
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Figure 142. Vee

MINIMUM RESET PULSE WIDTH vs. V¢
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7 6 5 4 3 2 1 0
0x3F (0x5F) SREG | T H S \ N Z C 7
Ox3E (0x5E) - - - - - - - -
0x3D (0x5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 10
0x3C (0x5C) OCROB T/CO B 73
0x3B (0x5B) GIMSK INT1 INTO PCIE - - - - - 58
0x3A (0x5A) EIFR INTF1 INTFO PCIF - - - - - 59
0x39 (0x59) TIMSK TOIE1 OCIE1A OCIE1B - ICIE1 OCIEOB TOIEQ OCIEQA 74,102
0x38 (0x58) TIFR TOV1 OCF1A OCF1B - ICF1 OCFOB TOVO OCFOA 74
0x37 (0x57) SPMCSR - = - CTPB RFLB PGWRT PGERS SELFPRGEN 147
0x36 (0x56) OCROA T/CO A 73
0x35 (0x55) MCUCR PUD SM1 SE SMO0 ISC11 I1ISC10 1SC01 1SC00 51
0x34 (0x54) MCUSR - - - - WDRF BORF EXTRF PORF 35
0x33 (0x53) TCCROB FOCOA FOCO0B - - WGMO02 CS02 CS01 CS00 72
0x32 (0x52) TCNTO T/CO(8 ) 73
0x31 (0x51) OSCCAL - CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CALO 25
0x30 (0x50) TCCROA COMOA1 COMOAO COMOB1 COMO0BO - - WGMO01 WGMO00 69
0x2F (0x4F) TCCR1A COM1A1 COM1A0 COM1B1 COM1BO - - WGM11 WGM10 97
Ox2E (0x4E) TCCR1B ICNC1 ICES1 - WGM13 WGM12 CS12 CS11 CS10 100
0x2D (0x4D) TCNT1H T/IC1- 101
0x2C (0x4C) TCNT1L TIC1- 101
0x2B (0x4B) OCR1AH T/IC1 - A 101
0x2A (0x4A) OCR1AL T/IC1- A 101
0x29 (0x49) OCR1BH T/IC1 - B 102
0x28 (0x48) OCR1BL T/IC1 - B 102
0x27 (0x47) — — — — — — — —
0x26 (0x46) CLKPR CLKPCE - - - CLKPS3 CLKPS2 CLKPS1 CLKPSO0 27
0x25 (0x45) ICR1H T/C1 - 102
0x24 (0x44) ICR1L T/C1 - 102
0x23 (0x43) GTCCR - - - - - - - PSR10 76
0x22 (0x42) TCCR1C FOC1A FOC1B - - - - - - 100
0x21 (0x41) WDTCSR WDIF WDIE WDP3 WDCE WDE WDP2 WDP1 WDPO 40
0x20 (0x40) PCMSK PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINTO 59
0x1F (0x3F) - - - - - - - -
Ox1E (0x3E) EEAR - EEPROM 15
0x1D (0x3D) EEDR EEPROM 16
0x1C (0x3C) EECR - - EEPM1 EEPMO EERIE EEMPE EEPE EERE 16
0x1B (0x3B) PORTA - - - - - PORTR2 PORTA1 PORTAO 56
0x1A (0x3A) DDRA - - - - - DDA2 DDA1 DDAO 56
0x19 (0x39) PINA - - - - - PINA2 PINA1 PINAO 56
0x18 (0x38) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 56
0x17 (0x37) DDRB DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO 56
0x16 (0x36) PINB PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINBO 56
0x15 (0x35) GPIOR2 1/10 2 20
0x14 (0x34) GPIOR1 110 1 20
0x13 (0x33) GPIOR0O /10 0 20
0x12 (0x32) PORTD - PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 56
0x11 (0x31) DDRD - DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 56
0x10 (0x30) PIND - PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO 56
OxOF (0x2F) USIDR usl 137
OxOE (0x2E) USISR USISIF USIOIF USIPF USIDC USICNT3 USICNT2 USICNT1 USICNTO 137
0x0D (0x2D) USICR USISIE USIOIE USIWM1 UsIwMo UsICS1 USICS0 USICLK usITC 138
0x0C (0x2C) UDR UART 8 ) 121
0x0B (0x2B) UCSRA RXC TXC UDRE FE DOR UPE U2x MPCM 122
Ox0A (0x2A) UCSRB RXCIE TXCIE UDRIE RXEN TXEN Ucsz2 RXB8 TXB8 124
0x09 (0x29) UBRRL UBRRH][7:0] 126
0x08 (0x28) ACSR ACD ACBG ACO ACI ACIE ACIC ACIS1 ACISO 141
0x07 (0x27) - - - - - - - -
0x06 (0x26) - - - - - - - -
0x05 (0x25) — — — — — — — —
0x04 (0x24) - - - - - - - -
0x03 (0x23) UCSRC - UMSEL UPM1 UPMO USBS UCSszZ1 UCSZ0 UCPOL 125
0x02 (0x22) UBRRH - - - - UBRRH[11:8] 126
0x01 (0x21) DIDR - - - - - - AIN1D AINOD 142
0x00 (0x20) - — - - - - - -
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Note: 1. "0” /0
2. SBI  CBI 0x00 - Ox1F  I/O SBIS
SBIC
3. "1" AVR CBI SBI
CBI SBI 0x00 - Ox1F
4. I/0 IN OUT 0x00 - 0x3F 1/O LD ST
I/0 0x20
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#

ADD Rd, Rr Rd < Rd + Rr Z,CN,V,H 1
ADC Rd, Rr Rd« Rd+Rr+C Z,CN,V,H 1
ADIW Rdl,K Rdh:Rdl < Rdh:Rdl + K ZCN\V,S 2
SuB Rd, Rr Rd «~ Rd - Rr Z,CN,\V,H 1
SuBlI Rd, K Rd « Rd -K Z,CN,\VH 1
SBC Rd, Rr Rd < Rd-Rr-C Z,CN,V,H 1
SBCI Rd, K Rd« Rd-K-C Z,CN,V,H 1
SBIW Rdl,K Rdh:Rdl <~ Rdh:RdI - K ZCN,\V,S 2
AND Rd, Rr Rd < Rd e Rr ZNV 1
ANDI Rd, K Rd < Rd ¢ K ZNV 1
OR Rd, Rr Rd <~ RdvRr ZN\V 1
ORI Rd, K Rd <« RdvK ZNV 1
EOR Rd, Rr Rd <« Rd @ Rr ZNV 1
COM Rd 1 Rd < OxFF — Rd Z,CNV 1
NEG Rd 2 Rd « 0x00 - Rd ZCN,\VH 1
SBR Rd,K Rd <~ Rd v K ZN\V 1
CBR Rd K Rd < Rd e (OXFF - K) ZNV 1
INC Rd Rd «— Rd + 1 ZN\V 1
DEC Rd Rd < Rd -1 ZNV 1
TST Rd Rd < Rd ¢« Rd ZNV 1
CLR Rd Rd < Rd ® Rd ZNV 1
SER Rd Rd « OXFF None 1
RJMP Kk PC«PC+k +1 None 2
IJMP (2) PC«Z None 2
RCALL Kk PC«PC+k+1 None 3
ICALL (2) PC«Z None 3
RET PC « STACK None 4
RETI PC « STACK | 4
CPSE Rd,Rr if (Rd=Rr)PC« PC+2o0r3 None 1/213
CP Rd,Rr Rd —Rr Z,N,V,CH 1
CPC Rd,Rr Rd-Rr-C Z,N,V,CH 1
CPI Rd,K Rd - K Z,N,V,CH 1
SBRC Rr, b "0” if (Rr(b)=0) PC <~ PC + 2 0or 3 None 1/213
SBRS Rr, b "1” if (Rr(b)=1) PC « PC +2o0r3 None 1/213
SBIC P, b 110 0" if (P(b)=0) PC <~ PC +2o0r3 None 1/213
SBIS P, b 110 "1” if (P(b)=1) PC« PC+2o0r3 None 1/2/3
BRBS s, k 1" if (SREG(s) = 1) then PC<-PC+k + 1 None 1/2
BRBC s, k "0” if (SREG(s) = 0) then PC<-PC+k + 1 None 12
BREQ k if Z=1)then PC« PC+k +1 None 12
BRNE Kk if (Z=0)then PC« PC+k+1 None 12
BRCS Kk "” if C=1)then PC« PC+k+1 None 12
BRCC Kk "0” if (C=0)then PC« PC+k+1 None 12
BRSH k if (C=0)then PC« PC +k + 1 None 1/2
BRLO k if (C=1)then PC « PC +k +1 None 12
BRMI Kk if (N=1)then PC« PC+k+1 None 12
BRPL k if (N = 0) then PC «— PC +k + 1 None 1/2
BRGE Kk if (N® V=0) then PC« PC +k +1 None 12
BRLT Kk if (N®V=1)then PC« PC+k+1 None 12
BRHS Kk 1" if (H=1) then PC « PC +k +1 None 1/2
BRHC Kk "0” if (H=0) then PC« PC+k+1 None 12
BRTS k T "1 if (T=1)then PC «~ PC +k +1 None 12
BRTC Kk T "0 if (T=0) then PC« PC+k+1 None 12
BRVS Kk "” if (V=1)then PC« PC+k+1 None 12

_BRVC K "0” if (V.= 0) thﬁ” PC < PC +k+1 N% 1/2
BRIE Kk if (1=1)then PC <« PC +k +1 None 12
BRID Kk if (1=0) then PC « PC + k +1 None 1/2
SBI P,b 110 1/O(P,b) « 1 None 2
CBI P,b 110 I/O(P,b) « 0 None 2
LSL Rd Rd(n+1) < Rd(n), Rd(0) «- 0 ZCNV 1
LSR Rd Rd(n) < Rd(n+1), Rd(7) «- 0 Z,CNV 1
ROL Rd Rd(0)«-C,Rd(n+1)« Rd(n),C«Rd(7) ZCNV 1

.
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#
ROR Rd Rd(7)«C,Rd(n)« Rd(n+1),C<«Rd(0) ZCNV 1
ASR Rd Rd(n) «- Rd(n+1), n=0..6 ZCNV 1
SWAP Rd Rd(3..0)«-Rd(7..4),Rd(7..4)«-Rd(3..0) None 1
BSET s SREG(s) « 1 SREG(s) 1
BCLR s SREG(s) «- 0 SREG(s) 1
BST Rr, b T T < Rr(b) T 1
BLD Rd, b T Rd(b) « T None 1
SEC C«1 C 1
CLC C«0 C 1
SEN N« 1 N 1
CLN N« 0 N 1
SEZ Z<1 4 1
CLZ Z<0 4 1
SEI 11 | 1
CLI <0 | 1
SES S«1 S 1
CLS S« 0 S 1
SEV 2 V1 \ 1
CLV 2 V<« 0 \ 1
SET SREG T T 1 T 1
CLT SREG T T« 0 T 1
SEH SREG He«1 H 1
CLH SREG H«0 H 1
MOV Rd, Rr Rd « Rr None 1
MOVW Rd, Rr Rd+1:Rd «- Rr+1:Rr None 1
LDI Rd, K Rd « K None 1
LD Rd, X Rd « (X) None 2
LD Rd, X+ Rd « (X), X« X +1 None 2
LD Rd, - X X« X-1,Rd « (X) None 2
LD Rd, Y Rd « (Y) None 2
LD Rd, Y+ Rd« (Y), Y« Y+1 None 2
LD Rd, - Y Y« Y-1,Rd«(Y) None 2
LDD Rd,Y+q Rd « (Y +q) None 2
LD Rd, Z Rd « (2) None 2
LD Rd, Z+ Rd « (Z), Z < Z+1 None 2
LD Rd, -Z Z«<Z-1,Rd« (2) None 2
LDD Rd, Z+q Rd « (Z+q) None 2
LDS Rd, k SRAM Rd « (k) None 2
ST X, Rr (X) < Rr None 2
ST X+, Rr (X) <« Rr, X« X+1 None 2
ST - X, Rr X« X-1,(X)«<Rr None 2
ST Y, Rr (Y) < Rr None 2
ST Y+, Rr (Y)«<Rr, Y« Y+1 None 2
ST -Y,Rr Y«<Y-1,(Y)«<Rr None 2
STD Y+q,Rr (Y+q)«Rr None 2
ST Z, Rr (Z) < Rr None 2
ST Z+, Rr (Z)«Rr,Z«—Z+1 None 2
ST -Z, Rr Z«Z-1,(Z)«Rr None 2
STD Z+q,Rr (Z+q)«<Rr None 2
STS k, Rr SRAM (k) « Rr None 2
LPM RO « (2) None 3
LPM Rd, Z Rd « (2) None 3
LPM Rd, Z+ Rd « (2), Z < Z+1 None 3
SPM (Z) < R1:RO None -
IN Rd, P 110 Rd « P None 1
ouT P, Rr 110 P« Rr None 1
&H Rr STASK < Rr Nﬁ 2
POP Rd Rd < STACK None 2
MCU
NOP None 1
SLEEP ( Sleep specific) None 1
WDR ( WDR/timer specific) None 1
BREAK None N/A
205
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(MHz) )
ATtiny2313V-10PI 20P3
i 2 @
10® 1855y ATt!ny23‘I3V 10PJ 20P3
ATtiny2313V-10S| 20S (-40°C  85°C)
ATtiny2313V-10SJ®@ 208
ATtiny2313-20PI 20P3
i - (2)
20 07 55V ATt!ny2313 20PJ 20P3
ATtiny2313-20SI 20S (-40°C  85°C)
ATtiny2313-20SJ@ 20S
Note: 1. wafer Atmel
2.
3. P170Figure 81  P170Figure 82
20P3 20 0.300" PDIP
20S 20 0.300" SoIC
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Notes:

SEATING PLANE

PIN
1
101 NN Y B 101

E1l

g ooy d [

AWWW%

”’ e Bl
e

1. This package conforms to JEDEC reference MS-001, Variation AD.

2. Dimensions D and E1 do not include mold Flash or Protrusion.
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010").

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 5.334
Al 0.381 - -
25.493 - 25.984 | Note 2
E 7.620 - 8.255
El 6.096 - 7.112 | Note 2
B 0.356 . 0.559
B1 1.270 . 1551
L 2.921 . 3.810
C 0.203 . 0.356
eB - - 10.922
eC 0.000 . 1.524
e 2.540 TYP
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Top View
End View
COMMON DIMENSIONS
(Unit of Measure = inches)
- - @ ﬂ b SYMBOL| MIN NOM MAX | NOTE
[ T I A 0.0926 0.1043
A Al 0.0040 0.0118
‘ D | C 0.0091 0.0125
D 0.4961 0.5118 | 1
. . E 0.2914 0.2992 | 2
Side View
H 0.3940 0.4190
L 0.0160 0.050 | 3
e 0.050 BSC

Notes: 1. This drawing is for general information only; refer to JEDEC Drawing MS-013, Variation AC for additional information.
2. Dimension "D" does not include mold Flash, protrusions or gate burrs. Mold Flash, protrusions and gate burrs shall not exceed
0.15 mm (0.006") per side.
3. Dimension "E" does not include inter-lead Flash or protrusion. Inter-lead Flash and protrusions shall not exceed 0.25 mm
(0.010") per side.

4. "L"is the length of the terminal for soldering to a substrate.
5. The lead width "b", as measured 0.36 mm (0.014") or greater above the seating plane, shall not exceed a maximum value of 0.61 mm
(0.024") per side. 1/9/02
TITLE DRAWING NO. |REV.
AIMEL 2325 Orchard Parkway 20S2, 20-lead, 0.300" Wide Body, Plastic Gull 2052 A
> San Jose, CA 95131 Wing Small Outline Package (SOIC)
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