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27. Electrical Characteristics

27.1 Absolute Maximum Ratings*
Operating Temperature.............cccccccoeeviiennes -55°C to +125°C
Storage Temperature ............ccccvevevveieeeeeneens -65°C to +150°C

Voltage on any Pin except RESET
with respect to Ground ............cccocoevieninnns -0.5V to Ve +0.5V

Voltage on RESET with respect to Ground......-0.5V to +13.0V
Maximum Operating Voltage .............cccccoviiiiiiiiiiinne 6.0V

DC Current per 1/O Pin ........coveeiiieeieeeceeeeenes

DC Current V¢ and GND Pins....
400.0 mA TQFP/MLF

27.2 DC Characteristics

Ta =-40°C to 85°C, V¢ = 2.7V to 5.5V (Unless Otherwise Noted)

*NOTICE:

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

Symbol | Parameter Condition Min Typ Max Units
Input Low Voltage except | Vcc=2.7 - 5.5 } a
Vi XTAL1 and RESET pins | Vo=4.5-5.5 0.5 0.2 Voo v
Input High Voltage except | Vcc=2.7 - 5.5 @
Vi XTAL1 and RESET pins | Vo=4.5-5.5 0.6 Vee Vee +0.5 v
Input Low Voltage
\Y Vee=2.7-55 0.5 0.1 Vg™ \
L XTAL1 pin ce °
Input High Voltage Vee=2.7-5.5
vV, 0.7 Vee® Ve +0.5 Y
1H1 XTALA pin Vec=4.5-55 ce ce
Input Low Voltage
V Vee=2.7-5.5 -0.5 0.2V, \
L2 RESET pin ce ce
Input High Voltage
Vino RESET pin Ve=2.7 - 5.5 0.9 V@ Voo +0.5 \Y
v Output Low Voltage® loL =20 MA, Vg = 5V 0.7 \Y
oL (Ports A,B,C,D) loL = 10 MA, Ve = 3V 0.5 \Y
v Output High Voltage') loy = -20 MA, Vg = 5V 4.2 \Y
OH (Ports A,B,C,D) lop =-10 MA, Ve =3V 2.2 \Y
| Input Leakage Vee = 5.5V, pin low 1 A
L Current 1/O Pin (absolute value) H
| Input Leakage Ve = 5.5V, pin high 1 A
H Current I/O Pin (absolute value) H
RgsT Reset Pull-up Resistor 30 60 85 kQ
Ry 1/0 Pin Pull-up Resistor 20 50 kQ
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27.3 Speed Grades

Figure 27-1. Maximum Frequency vs. Vc.
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27.4 Clock Characteristics

27.41 External Clock Drive Waveforms

Figure 27-2. External Clock Drive Waveforms

27.4.2 External Clock Drive

Figure 27-3. External Clock Drive

4.5V

Vee =2.7V to 5.5V Vce = 4.5V to 5.5V
Symbol Parameter Min Max Min Max Units
1tcLeL Oscillator Frequency 0 8 0 16 MHz
teLeL Clock Period 125 62.5 ns
teHex High Time 50 25 ns
terex Low Time 50 25 ns
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All AVR data sheets are copyright of Atmel Semiconductor, Inc. 2009, used by permission.
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/
(XCK/TO) PBO | 1 40 [ PAO (ADCO) ==
(T1) PB1 ] 2 39 [ PA1 (ADC1) 82 & s-oas
(INT2/AINO) PB2 ] 3 38 [J PA2 (ADC2) Iaé%:% 8888
(OCO/AINT) PB3 | 4 37 [J PA3 (ADC3) cEseE ==
(SS) PB4 ] 5 36 [J PA4 (ADC4) RPPRRESTLER
(MOSI) PB5 ]| 6 35 [ PA5 (ADC5) OO000O000000n
(MISO) PB6 ] 7 34 [ PA6 (ADC6) ©® 44,342, 40343857865534
(SCK) PB7 ] 8 33 [ PA7 (ADC7) (MOSI) PB5 [ 1 oo 33 [0 PA4 (ADC4
RESET | 9 52 1 AREF s pee 2 | 32 5 o noce
VCC ] 10 31 [0 GND RESET ] 4 530 [ PA7 (ADC7
GND [} 11 30 [ AvVCC vCC ] 5 129 [ AREF
GND ] 6 ! 128
XTAL2 O] 12 29 [0 PC7 (TOSC2) XTAL2 o 7 127 g 2\'/\‘(?0
XTALT ] 13 28 [11 PC6 (TOSCH1) XTAL1 ] 8 Ezs [0 PC7 (TOSG
(RXD) PDO ] 14 27 [@ PC5 (TDI) (RXD) PDO = 9 125 1 PO (TOSC
(TXD) PD1 [ 15 26 |1 PC4 (TDO) (NT0) PD2 T 11 fmmmmmemmaneeanaad 35 B G {00y
(INTO) PD2 ] 16 25 |1 PC3 (TMS) 12131415461 718"%02 15,
(INT1) PD3 ] 17 24 [ PC2 (TCK) NjEgEREEpEREERERE
(OC1B) PD4 ] 18 23 | PC1 (SDA) Note: 23885828598
(OC1A) PD5 ] 19 22 [0 PCO (SCL) Bottom pad should iiiii>oi’iii
(ICP1) PD6 | 20 21 [3 PD7 (OC2) be soldered to ground. 2%%53 3568
Figure H-1. ATmegal6/32 DIP Figure H-2. ATmegal6/32 TQFP
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(T3/INT6) PE6 [| 8 41 [ PC6 (A14)
(IC3/INT7) PE7 [] 9 40 [0 PC5 (A13)
(SS)PBO |10 39 [1 PC4 (A12)
(SCK) PB1 ] 11 38 [1 PC3 (A11)
(MOSI) PB2 ] 12 37 [1 PC2 (A10)
(MISO) PB3 [] 13 36 [ 1 PC1 (A9)
(OC0) PB4 [] 14 35 [1 PCO (A8)
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Figure H-3. ATmega 64/128 TQFP
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T
(RESET) PC6 ] 1 28 [1PC5 (ADC5/SCL)
(RXD) PDO [] 2 27 [1PC4 (ADC4/SDA)
(TXD) PD1]3 26 [1PC3 (ADC3)
(INTO) PD2 | 4 25 [1PC2 (ADC2)
(INT1) PD3 ] 5 24 [1PC1 (ADCH)
(XCK/TO) PD4 [ 6 231 PCO (ADCO)
vee 7 221 GND
GND 8 211 AREF
(XTAL1/TOSC1) PB6 [ 9 20 [1AVCC
(XTAL2/TOSC2) PB7 [ 10 19 [ PB5 (SCK)
(T1) PD5 ] 11 18 [1 PB4 (MISO)
(AINO) PD6 ] 12 17 [d PB3 (MOSI/OC2)
(AIN1) PD7 [] 13 16 [J PB2 (SS/OC1B)
(ICP1) PBO ] 14 15 [J PB1 (OC1A)
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Figure H-4. ATmega8 DIP

Figure H-5. ATmega8 TQFP
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Figure H-6. MAX7221

Figure H-7. MAX7221 Connections
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Figure H-8. (a) Inside MAX232 and (b) Its Connection to the ATmega32 (Null Modem)
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Figure H-9. DS1307 Power Connection Options (Maxim/Dallas Semiconductor)

. LCD
LCD Pin Symbol AVR +5V
v
1 Ground PAO DO cc
EE 10K
3 VEE D7 POT
PA.7
5 R/W RS R/'W E
6 E PB.0 [
7 DBO0 PB.1 =
cee cee PB.z
14 DB7
Figure H-10. LCD Connections for 8-bit Data
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Figure H-11. LCD Connections Using 4-bit

Data

Single Port

Figure H-12. LCD Connections Using a
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