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Resources A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

Data Retention Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.
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Watchdog Reset When the Watchdog times out, it will generate a short reset pulse of 1 CK cycle duration. On the
falling edge of this pulse, the delay timer starts counting the time-out period t;o 1. Refer to page
43 for details on operation of the Watchdog Timer.

Figure 19. Watchdog Reset During Operation
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MCU Control and The MCU Control and Status Register provides information on which reset source caused an
Status Register - MCU Reset.
MCUCSR Bit 7 6 5 4 3 2 1 0
| - = = = WDRF | BORF | EXTRF | PORF | MCUCSR
Read/Write R R R R R/W R/W R/W R/W
Initial Value 0 0 0 0 See Bit Description
¢ Bit 7..4 — Res: Reserved Bits
These bits are reserved bits in the ATmega8 and always read as zero.
e Bit 3 — WDRF: Watchdog Reset Flag
This bit is set if a Watchdog Reset occurs. The bit is reset by a Power-on Reset, or by writing a
logic zero to the flag.
e Bit 2 - BORF: Brown-out Reset Flag
This bit is set if a Brown-out Reset occurs. The bit is reset by a Power-on Reset, or by writing a
logic zero to the flag.
¢ Bit 1 — EXTRF: External Reset Flag
This bit is set if an External Reset occurs. The bit is reset by a Power-on Reset, or by writing a
logic zero to the flag.
¢ Bit 0 — PORF: Power-on Reset Flag
This bit is set if a Power-on Reset occurs. The bit is reset only by writing a logic zero to the flag.
To make use of the Reset Flags to identify a reset condition, the user should read and then reset
the MCUCSR as early as possible in the program. If the register is cleared before another reset
occurs, the source of the reset can be found by examining the Reset Flags.
| Atme[ 41
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Alternate Functions of The Port C pins with alternate functions are shown in Table 25.

Port C
Table 25. Port C Pins Alternate Functions
Port Pin Alternate Function
PC6 RESET (Reset pin)
PC5 ADCS5 (ADC Input Channel 5)
SCL (Two-wire Serial Bus Clock Line)
PC4 ADC4 (ADC Input Channel 4)
SDA (Two-wire Serial Bus Data Input/Output Line)

PC3 ADC3 (ADC Input Channel 3)

PC2 ADC2 (ADC Input Channel 2)

PC1 ADC1 (ADC Input Channel 1)

PCO ADCO (ADC Input Channel 0)
The alternate pin configuration is as follows:
e RESET - Port C, Bit 6
RESET, Reset pin: When the RSTDISBL Fuse is programmed, this pin functions as a normal I/O
pin, and the part will have to rely on Power-on Reset and Brown-out Reset as its reset sources.
When the RSTDISBL Fuse is unprogrammed, the reset circuitry is connected to the pin, and the
pin can not be used as an 1/O pin.
If PC6 is used as a reset pin, DDC6, PORTC6 and PINC6 will all read 0.
e SCL/ADC5 - Port C, Bit5
SCL, Two-wire Serial Interface Clock: When the TWEN bit in TWCR is set (one) to enable the
Two-wire Serial Interface, pin PC5 is disconnected from the port and becomes the Serial Clock
I/0 pin for the Two-wire Serial Interface. In this mode, there is a spike filter on the pin to sup-
press spikes shorter than 50 ns on the input signal, and the pin is driven by an open drain driver
with slew-rate limitation.
PCS5 can also be used as ADC input Channel 5. Note that ADC input channel 5 uses digital
power.
e SDA/ADCA4 - Port C, Bit 4
SDA, Two-wire Serial Interface Data: When the TWEN bit in TWCR is set (one) to enable the
Two-wire Serial Interface, pin PC4 is disconnected from the port and becomes the Serial Data
I/0 pin for the Two-wire Serial Interface. In this mode, there is a spike filter on the pin to sup-
press spikes shorter than 50 ns on the input signal, and the pin is driven by an open drain driver
with slew-rate limitation.
PC4 can also be used as ADC input Channel 4. Note that ADC input channel 4 uses digital
power.
e ADC3-PortC,Bit3
PC3 can also be used as ADC input Channel 3. Note that ADC input channel 3 uses analog
power.
e ADC2 - Port C, Bit 2
PC2 can also be used as ADC input Channel 2. Note that ADC input channel 2 uses analog
power.

| Atme[ 61
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16-bit
Timer/Counter
Register
Description

Timer/Counter 1
Control Register A —
TCCR1A

Bit 7 6 5 4 3 2 1 0

I COM1A1 | COM1A0 | COM1B1 | COM1BO | FOC1A FOC1B WGM11 WGM10 I TCCR1A
Read/Write R/W R/W R/W R/W w w R/W R/W
Initial Value 0 0 0 0 0 0 0 0

* Bit 7:6 —- COM1A1:0: Compare Output Mode for channel A
e Bit 5:4 - COM1B1:0: Compare Output Mode for channel B

The COM1A1:0 and COM1B1:0 control the Output Compare Pins (OC1A and OC1B respec-
tively) behavior. If one or both of the COM1A1:0 bits are written to one, the OC1A output
overrides the normal port functionality of the 1/O pin it is connected to. If one or both of the
COM1B1:0 bit are written to one, the OC1B output overrides the normal port functionality of the
I/0O pin it is connected to. However, note that the Data Direction Register (DDR) bit correspond-
ing to the OC1A or OC1B pin must be set in order to enable the output driver.

When the OC1A or OC1B is connected to the pin, the function of the COM1x1:0 bits is depen-
dent of the WGM13:0 bits setting. Table 36 shows the COM1x1:0 bit functionality when the
WGM13:0 bits are set to a normal or a CTC mode (non-PWM).

Table 36. Compare Output Mode, Non-PWM

COM1A1/ COM1A0/
COM1B1 COM1B0 | Description
0 0 Normal port operation, OC1A/OC1B disconnected.
0 1 Toggle OC1A/OC1B on Compare Match
1 0 Clear OC1A/OC1B on Compare Match (Set output to low level)
1 1 Set OC1A/OC1B on Compare Match (Set output to high level)

Table 37 shows the COM1x1:0 bit functionality when the WGM13:0 bits are set to the fast PWM

mode.

Table 37. Compare Output Mode, Fast PWM(")

COM1A1/ COM1A0/
COM1B1 COM1B0 | Description

0 0 Normal port operation, OC1A/OC1B disconnected.

0 1 WGM13:0 = 15: Toggle OC1A on Compare Match, OC1B
disconnected (normal port operation). For all other WGM1
settings, normal port operation, OC1A/OC1B disconnected.

1 0 Clear OC1A/OC1B on Compare Match, set OC1A/OC1B at
BOTTOM, (non-inverting mode)

1 1 Set OC1A/OC1B on Compare Match, clear OC1A/OC1B at
BOTTOM, (inverting mode)

Note: 1. A special case occurs when OCR1A/OCR1B equals TOP and COM1A1/COM1B1 is set. In

this case the Compare Match is ignored, but the set or clear is done at BOTTOM. See “Fast
PWM Mode” on page 88 for more details

| /ltmeL
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The following code examples show how to initialize the SPI as a Master and how to perform a
simple transmission. DDR_SPI in the examples must be replaced by the actual Data Direction
Register controlling the SPI pins. DD_MOSI, DD_MISO and DD_SCK must be replaced by the
actual data direction bits for these pins. For example if MOSI is placed on pin PB5, replace

DD_MOSI with DDB5 and DDR_SPI with DDRB.

Assembly Code Example!"

SPI_MasterInit:
1di 117, (1<<DD_MOSTI) | (1<<DD_SCK)
out DDR_SPI,rl7

1di 117, (1<<SPE) | (1<<MSTR) | (1<<SPRO)
out SPCR,rl7

ret

SPI_MasterTransmit:
; Start transmission of data (rlé6)
out SPDR,rl6

Wait_Transmit:

; Wait for transmission complete
sbis SPSR, SPIF

rjmp Wait_Transmit

ret

Set MOSI and SCK output, all others input

; Enable SPI, Master, set clock rate fck/1l6

C Code Example"

void SPI_MasterInit (void)

{

DDR_SPI = (1<<DD_MOSI) | (1<<DD_SCK) ;

SPCR = (1<<SPE) | (1<<MSTR) | (1<<SPRO) ;

void SPI_MasterTransmit (char cData)
{
/* Start transmission */
SPDR = cData;
/* Wait for transmission complete */

while (! (SPSR & (1<<SPIF)))

7

/* Set MOSI and SCK output, all others input */

/* Enable SPI, Master, set clock rate fck/16 */

Note: 1. See “About Code Examples” on page 8

| /ltmeL
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Data Packet Format

Combining Address
and Data Packets into
a Transmission

All data packets transmitted on the TWI bus are nine bits long, consisting of one data byte and
an acknowledge bit. During a data transfer, the Master generates the clock and the START and
STOP conditions, while the Receiver is responsible for acknowledging the reception. An
Acknowledge (ACK) is signalled by the Receiver pulling the SDA line low during the ninth SCL
cycle. If the Receiver leaves the SDA line high, a NACK is signalled. When the Receiver has
received the last byte, or for some reason cannot receive any more bytes, it should inform the
Transmitter by sending a NACK after the final byte. The MSB of the data byte is transmitted first.

Figure 72. Data Packet Format

Data MSB Data LSB ACK

i
Aggregate !
SDA N |

SDA from
Transmitter ~ \

s R =R
I
I
I

SDA from
Receiver

SCL from ! !
Master ! ¢ T

Data Byte

STOP, REPEATED
START or Next
Data Byte

A transmission basically consists of a START condition, a SLA+R/W, one or more data packets
and a STOP condition. An empty message, consisting of a START followed by a STOP condi-
tion, is illegal. Note that the Wired-ANDing of the SCL line can be used to implement
handshaking between the Master and the Slave. The Slave can extend the SCL low period by
pulling the SCL line low. This is useful if the clock speed set up by the Master is too fast for the
Slave, or the Slave needs extra time for processing between the data transmissions. The Slave
extending the SCL low period will not affect the SCL high period, which is determined by the
Master. As a consequence, the Slave can reduce the TWI data transfer speed by prolonging the
SCL duty cycle.

Figure 73 shows a typical data transmission. Note that several data bytes can be transmitted
between the SLA+R/W and the STOP condition, depending on the software protocol imple-
mented by the application software.

Figure 73. Typical Data Transmission

I
3 Addr MSB

I
AddrLSB R/W ACK Data MSB Data LSB ACK i

1 7 8 9 1 7 8 9
START SLA+R/W Data Byte STOP
| AtmeL 160
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Using the TWI

e Bits 7..1 - TWA: TWI (Slave) Address Register

These seven bits constitute the slave address of the TWI unit.
e Bit 0 —- TWGCE: TWI General Call Recognition Enable Bit

If set, this bit enables the recognition of a General Call given over the Two-wire Serial Bus.

The AVR TWI is byte-oriented and interrupt based. Interrupts are issued after all bus events, like
reception of a byte or transmission of a START condition. Because the TWI is interrupt-based,
the application software is free to carry on other operations during a TWI byte transfer. Note that
the TWI Interrupt Enable (TWIE) bit in TWCR together with the Global Interrupt Enable bit in
SREG allow the application to decide whether or not assertion of the TWINT Flag should gener-
ate an interrupt request. If the TWIE bit is cleared, the application must poll the TWINT Flag in
order to detect actions on the TWI bus.

When the TWINT Flag is asserted, the TWI has finished an operation and awaits application
response. In this case, the TWI Status Register (TWSR) contains a value indicating the current
state of the TWI bus. The application software can then decide how the TWI should behave in
the next TWI bus cycle by manipulating the TWCR and TWDR Registers.

Figure 77 is a simple example of how the application can interface to the TWI hardware. In this
example, a Master wishes to transmit a single data byte to a Slave. This description is quite
abstract, a more detailed explanation follows later in this section. A simple code example imple-
menting the desired behavior is also presented.

Figure 77. Interfacing the Application to the TWI in a Typical Transmission

1. Application
writes to TWCR to
initiate
transmission of
START

Application
Action

3. Check TWSR to see if START was
sent. Application loads SLA+W into
TWDR, and loads appropriate control
signals into TWCR, makin sure that
TWINT is written to one,
and TWSTA is written to zero.

5. Check TWSR to see if SLA+W was
sent and ACK received.
Application loads data into TWDR, and
loads appropriate control signals into
TWCR, making sure that TWINT is
written to one

7.Check TWSR to see if data was sent
and ACK received.
Application loads appropriate control
signals to send STOP into TWCR,
making sure that TWINT is written to one

L

TWIlbus | START SLA+W ‘ A Data ‘ A . STOP ‘
Indicates
2. TWINT set. 4. TWINT set. 6. TWINT set. . TWINT set
Status code indicates

TWI
Hardware
Action

Status code indicates
START condition sent

received

SLA+W sent, ACK

Status code indicates
data sent, ACK received

1. The first step in a TWI transmission is to transmit a START condition. This is done by
writing a specific value into TWCR, instructing the TWI hardware to transmit a START
condition. Which value to write is described later on. However, it is important that the
TWINT bit is set in the value written. Writing a one to TWINT clears the flag. The TWI will
not start any operation as long as the TWINT bit in TWCR is set. Immediately after the
application has cleared TWINT, the TWI will initiate transmission of the START condition

2. When the START condition has been transmitted, the TWINT Flag in TWCR is set, and
TWSR is updated with a status code indicating that the START condition has success-

fully been sent

| /ltmeL
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Transmission
Modes

Master Transmitter
Mode

The TWI can operate in one of four major modes. These are named Master Transmitter (MT),
Master Receiver (MR), Slave Transmitter (ST) and Slave Receiver (SR). Several of these
modes can be used in the same application. As an example, the TWI can use MT mode to write
data into a TWI EEPROM, MR mode to read the data back from the EEPROM. If other masters
are present in the system, some of these might transmit data to the TWI, and then SR mode
would be used. It is the application software that decides which modes are legal.

The following sections describe each of these modes. Possible status codes are described
along with figures detailing data transmission in each of the modes. These figures contain the
following abbreviations:

S: START condition

Rs: REPEATED START condition

R:  Read bit (high level at SDA)

W:  Write bit (low level at SDA)

A:  Acknowledge bit (low level at SDA)

A:  Not acknowledge bit (high level at SDA)
Data: 8-bit data byte

P:  STOP condition

SLA: Slave Address

In Figure 79 on page 174 to Figure 85 on page 183, circles are used to indicate that the TWINT
Flag is set. The numbers in the circles show the status code held in TWSR, with the prescaler
bits masked to zero. At these points, actions must be taken by the application to continue or
complete the TWI transfer. The TWI transfer is suspended until the TWINT Flag is cleared by
software.

When the TWINT Flag is set, the status code in TWSR is used to determine the appropriate soft-
ware action. For each status code, the required software action and details of the following serial
transfer are given in Table 66 on page 173 to Table 69 on page 182. Note that the prescaler bits
are masked to zero in these tables.

In the Master Transmitter mode, a number of data bytes are transmitted to a Slave Receiver
(see Figure 78 on page 172). In order to enter a Master mode, a START condition must be
transmitted. The format of the following address packet determines whether Master Transmitter
or Master Receiver mode is to be entered. If SLA+W is transmitted, MT mode is entered, if
SLA+R is transmitted, MR mode is entered. All the status codes mentioned in this section
assume that the prescaler bits are zero or are masked to zero.

| AtmeL 171
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Figure 79. Formats and States in the Master Transmitter Mode

MT

DATA A P |

Successfull
transmission
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receiver

S | SLA
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>
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Next transfer
started with a
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condition

Not acknowledge
received after the A P

slave address
Not acknowledge
received after a data A P

byte

MR

Arbitration lost in slave Other master Other master
address or data byte AorA | continues AorA continues
$38 $38

Arbitration lost and Other master
addressed as slave A continues

To corresponding
states in slave mode

T Any number of data bytes
From master to slave DATA A and their associated acknowledge bits

From slave to master This number (contained in TWSR) corresponds
to a defined state of the Two-Wire Serial Bus. The

prescaler bits are zero or masked to zero
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Table 68. Status Codes for Slave Receiver Mode

Status Code Application Software Response
(TWSR) Status of the Two-wire Serial Bus To TWCR
Prescaler Bits and Two-wire Serial Interface Tolfrom TWDR
are 0 Hardware STA STO | TWINT | TWEA | Next Action Taken by TWI Hardware
0x60 Own SLA+W has been received; No TWDR action or X 0 1 0 Data byte will be received and NOT ACK will be re-
ACK has been returned turned
No TWDR action X 0 1 1 Data byte will be received and ACK will be returned
0x68 Arbitration lost in SLA+R/W as | No TWDR action or X 0 1 0 Data byte will be received and NOT ACK will be re-
Master; own SLA+W has been turned
received; ACK has been returned | No TWDR action X 0 1 1 Data byte will be received and ACK will be returned
0x70 General call address has been No TWDR action or X 0 1 0 Data byte will be received and NOT ACK will be re-
received; ACK has been returned turned
No TWDR action X 0 1 1 Data byte will be received and ACK will be returned
0x78 Arbitration lost in SLA+R/W as | No TWDR action or X 0 1 0 Data byte will be received and NOT ACK will be re-
Master; General call address has turned
been received; ACK has been No TWDR action X 0 1 1 Data byte will be received and ACK will be returned
returned
0x80 Previously addressed with own | Read data byte or X 0 1 0 Data byte will be received and NOT ACK will be re-
SLA+W; data has been received, turned
ACK has been returned Read data byte X 0 1 1 Data byte will be received and ACK will be returned
0x88 Previously addressed with own | Read data byte or 0 0 1 0 Switched to the not addressed Slave mode;
SLA+W; data has been received; no recognition of own SLA or GCA
NOT ACK has been returned Read data byte or 0 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “1”
Read data byte or 1 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA;
a START condition will be transmitted when the bus
becomes free
Read data byte 1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “17;
a START condition will be transmitted when the bus
becomes free
0x90 Previously addressed with Read data byte or X 0 1 0 Data byte will be received and NOT ACK will be re-
general call; data has been re- turned
ceived; ACK has been returned Read data byte X 0 1 1 Data byte will be received and ACK will be returned
0x98 Previously addressed with Read data byte or 0 0 1 0 Switched to the not addressed Slave mode;
general call; data has been no recognition of own SLA or GCA
received; NOT ACK has been Read data byte or 0 0 1 1 Switched to the not addressed Slave mode;
returned own SLA will be recognized;
GCA will be recognized if TWGCE = “1”
Read data byte or 1 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA;
a START condition will be transmitted when the bus
becomes free
Read data byte 1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “17;
a START condition will be transmitted when the bus
becomes free
0xAO0 A STOP condition or repeated | No action 0 0 1 0 Switched to the not addressed Slave mode;
START condition has been no recognition of own SLA or GCA
received while still addressed as 0 0 1 1 Switched to the not addressed Slave mode;
Slave own SLA will be recognized;
GCA will be recognized if TWGCE = “1”
1 0 1 0 Switched to the not addressed Slave mode;
no recognition of own SLA or GCA;
a START condition will be transmitted when the bus
becomes free
1 0 1 1 Switched to the not addressed Slave mode;
own SLA will be recognized;
GCA will be recognized if TWGCE = “17;
a START condition will be transmitted when the bus
becomes free

| /| t m eL
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Memory
Programming

Program And Data
Memory Lock Bits

erased to “1” with the Chip Erase command.

Table 85. Lock Bit Byte

Lock Bit Byte Bit No. Description Default Value("

7 - 1 (unprogrammed)

6 - 1 (unprogrammed)
BLB12 5 Boot lock bit 1 (unprogrammed)
BLB11 4 Boot lock bit 1 (unprogrammed)
BLB02 3 Boot lock bit 1 (unprogrammed)
BLBO1 2 Boot lock bit 1 (unprogrammed)
LB2 1 Lock bit 1 (unprogrammed)
LB1 0 Lock bit 1 (unprogrammed)

Note: 1. “1” means unprogrammed, “0” means programmed

Table 86. Lock Bit Protection Modes®

Protection Type

LB1

No memory lock features enabled

Further programming of the Flash and EEPROM is
disabled in Parallel and Serial Programming mode. The
Fuse Bits are locked in both Serial and Parallel
Programming mode )

Further programming and verification of the Flash and
EEPROM is disabled in parallel and Serial Programming
mode. The Fuse Bits are locked in both Serial and Parallel
Programming modes ("

BLBO1

No restrictions for SPM or LPM accessing the Application
section

SPM is not allowed to write to the Application section

SPM is not allowed to write to the Application section, and
LPM executing from the Boot Loader section is not
allowed to read from the Application section. If Interrupt
Vectors are placed in the Boot Loader section, interrupts
are disabled while executing from the Application section

Memory Lock Bits
LB Mode LB2
1 1
2 1
3 0
BLBO Mode | BLB02
1 1
2 1
3 0
4 0

LPM executing from the Boot Loader section is not
allowed to read from the Application section. If Interrupt
Vectors are placed in the Boot Loader section, interrupts
are disabled while executing from the Application section

| /ltmeL
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T, =-40°C to +85°C, V¢ = 2.7V to 5.5V (unless otherwise noted) (Continued)

Symbol Parameter Condition Min Typ | Max Units
Rou I/O Pin Pull-up Resistor 20 50 kQ
Active 4MHz, Ve = 3V 3 5
(ATmega8L)
Active 8MHz, V¢ =5V
11 15
(ATmega8)
Power Supply Current mA
Idle 4MHz, V¢ = 3V 1 2
lcc (ATmega8L)
Idle 8MHz, V5 = 5V
(ATmega8) 4.5 7
WDT enabled, Vg =3V <22 | 28
Power-down mode® pA
WDT disabled, V¢ = 3V <1 3
Analog Comparator Ve =5V
Vacio Input Offset Voltage Vin = Vc/2 40 mv
Analog Comparator Vee =5V i
acLk Input Leakage Current Vi = Vgc/2 50 50 nA
t Analog Comparator Veg =27V 750 ns
ACPD Propagation Delay Vee = 5.0V 500

Notes: 1. “Max” means the highest value where the pin is guaranteed to be read as low

2. “Min” means the lowest value where the pin is guaranteed to be read as high

3. Although each /O port can sink more than the test conditions (20mA at Vcc = 5V, 10mA at Vcc = 3V) under steady state
conditions (non-transient), the following must be observed:
PDIP, TQFP, and QFN/MLF Package:
1] The sum of all IOL, for all ports, should not exceed 300mA.
2] The sum of all IOL, for ports CO - C5 should not exceed 100mA.
3] The sum of all IOL, for ports BO - B7, C6, DO - D7 and XTAL2, should not exceed 200mA.
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test condition

4. Although each I/O port can source more than the test conditions (20mA at Vcc = 5V, 10mA at Vcc = 3V) under steady state
conditions (non-transient), the following must be observed:
PDIP, TQFP, and QFN/MLF Package:
1] The sum of all IOH, for all ports, should not exceed 300mA.
2] The sum of all IOH, for port CO - C5, should not exceed 100mA.
3] The sum of all IOH, for ports BO - B7, C6, DO - D7 and XTAL2, should not exceed 200mA.
If IOH exceeds the test condition, VOH may exceed the related specification. Pins are not guaranteed to source current
greater than the listed test condition

5. Minimum V¢ for Power-down is 2.5V

| /| t m eL 236
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Idle Supply Current Figure 125. Idle Supply Current vs. Frequency (0.1MHz - 1.0MHz)
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Figure 129. Idle Supply Current vs. V. (Internal RC Oscillator, 2MHz)
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Figure 130. Idle Supply Current vs. V¢ (Internal RC Oscillator, 1MHz)
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Figure 137. Standby Supply Current vs. V¢ (2MHz Resonator, Watchdog Timer Disabled)
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Figure 138. Standby Supply Current vs. V¢ (2MHz Xtal, Watchdog Timer Disabled)
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Figure 151. Reset Pin as I/O — Pin Source Current vs. Output Voltage (V¢ = 5V)
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Figure 152. Reset Pin as I/O — Pin Source Current vs. Output Voltage (V¢ = 2.7V)
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Figure 153. Reset Pin as I/O — Pin Sink Current vs. Output Voltage (V¢ = 5V)
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Figure 154. Reset Pin as I/O — Pin Sink Current vs. Output Voltage (V¢ = 2.7V)
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ATmega8
Typical
Characteristics
— TA =-40°C to 105°C

The following charts show typical behavior. These figures are not tested during manufacturing.
All current consumption measurements are performed with all I/O pins configured as inputs and
with internal pull-ups enabled. A sine wave generator with Rail-to-Rail output is used as clock
source.

The power consumption in Power-down mode is independent of clock selection.

The current consumption is a function of several factors such as: operating voltage, operating
frequency, loading of I/O pins, switching rate of 1/O pins, code executed and ambient tempera-
ture. The dominating factors are operating voltage and frequency.

The current drawn from capacitive loaded pins may be estimated (for one pin) as C, *V:*f where
C, = load capacitance, V. = operating voltage and f = average switching frequency of 1/0 pin.

The parts are characterized at frequencies higher than test limits. Parts are not guaranteed to
function properly at frequencies higher than the ordering code indicates.

The difference between current consumption in Power-down mode with Watchdog Timer
enabled and Power-down mode with Watchdog Timer disabled represents the differential cur-
rent drawn by the Watchdog Timer.

Active Supply Current

Figure 0-1.  Active Supply Current vs. V¢ (Internal RC Oscillator, 8 MHz)
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Figure 0-16. /O Pin Source Current vs. Output Voltage (V¢ = 2.7V)
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Figure 0-17. 1/0O Pin Sink Current vs. Output Voltage (V¢ = 5V)
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Changes fromRev. 1.

2486C-03/02 to
Rev. 2486D-03/02

Changes fromRev. 1.

2486B-12/01 to
Rev. 2486C-03/02

Updated Typical Start-up Times.
The following tables has been updated:

Table 5, “Start-up Times for the Crystal Oscillator Clock Selection,” on page 28, Table 6,
“Start-up Times for the Low-frequency Crystal Oscillator Clock Selection,” on page 28,
Table 8, “Start-up Times for the External RC Oscillator Clock Selection,” on page 29, and
Table 12, “Start-up Times for the External Clock Selection,” on page 32.

Added “ATmega8 Typical Characteristics — TA = -40°C to 85°C” on page 244.

Updated TWI Chapter.

More details regarding use of the TWI Power-down operation and using the TWI as Master
with low TWBRR values are added into the datasheet.

Added the note at the end of the “Bit Rate Generator Unit” on page 164.
Added the description at the end of “Address Match Unit” on page 164.

Updated Description of OSCCAL Calibration Byte.

In the datasheet, it was not explained how to take advantage of the calibration bytes for 2, 4,
and 8MHz Oscillator selections. This is now added in the following sections:

Improved description of “Oscillator Calibration Register — OSCCAL” on page 31 and “Cali-
bration Byte” on page 218.

Added Some Preliminary Test Limits and Characterization Data.
Removed some of the TBD’s in the following tables and pages:

Table 3 on page 26, Table 15 on page 38, Table 16 on page 42, Table 17 on page 44, “TA =
-40°C to +85°C, VCC = 2.7V to 5.5V (unless otherwise noted)” on page 235, Table 99 on
page 237, and Table 102 on page 239.

Updated Programming Figures.

Figure 104 on page 219 and Figure 112 on page 230 are updated to also reflect that AV
must be connected during Programming mode.

Added a Description on how to Enter Parallel Programming Mode if RESET Pin is Dis-
abled or if External Oscillators are Selected.

Added a note in section “Enter Programming Mode” on page 221.
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