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Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscillator
amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting Oscillator
amplifier.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7:6 is used as TOSC2:1 input for
the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in Alternate Functions of Port B and System Clock
and Clock Options.

5.1.4. Port C (PC5:PC0)
Port C is an 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port C
output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs,
Port C pins that are externally pulled low will source current if the pull-up resistors are activated. The Port
C pins are tri-stated when a reset condition becomes active, even if the clock is not running.

5.1.5. PC6/RESET
If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical characteristics
of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin for longer
than the minimum pulse length will generate a Reset, even if the clock is not running. The minimum pulse
length is given in Table 30-5. Shorter pulses are not guaranteed to generate a Reset.

The various special features of Port C are elaborated in Alternate Functions of Port C.

5.1.6. Port D (PD7:PD0)
Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port D
output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs,
Port D pins that are externally pulled low will source current if the pull-up resistors are activated. The Port
D pins are tri-stated when a reset condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega8A as listed in Alternate
Functions of Port D.

5.1.7. RESET
Reset input. A low level on this pin for longer than the minimum pulse length will generate a reset, even if
the clock is not running. The minimum pulse length is given in Table 30-5. Shorter pulses are not
guaranteed to generate a reset.

5.1.8. AVCC

AVCC is the supply voltage pin for the A/D Converter, Port C (3:0), and ADC (7:6). It should be externally
connected to VCC, even if the ADC is not used. If the ADC is used, it should be connected to VCC through
a low-pass filter. Note that Port C (5:4) use digital supply voltage, VCC.

5.1.9. AREF
AREF is the analog reference pin for the A/D Converter.

5.1.10. ADC7:6 (TQFP and QFN/MLF Package Only)
In the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D converter. These pins are
powered from the analog supply and serve as 10-bit ADC channels.
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15. System Control and Reset

15.1. Resetting the AVR
During Reset, all I/O Registers are set to their initial values, and the program starts execution from the
Reset Vector. If the program never enables an interrupt source, the Interrupt Vectors are not used, and
regular program code can be placed at these locations. This is also the case if the Reset Vector is in the
Application section while the Interrupt Vectors are in the boot section or vice versa. The circuit diagram in
the following section shows the Reset Logic. The Table in System and Reset Characteristics defines the
electrical parameters of the reset circuitry.

The I/O ports of the AVR are immediately reset to their initial state when a reset source goes active. This
does not require any clock source to be running.

After all reset sources have gone inactive, a delay counter is invoked, stretching the internal reset. This
allows the power to reach a stable level before normal operation starts. The time-out period of the delay
counter is defined by the user through the CKSEL Fuses. The different selections for the delay period are
presented in Clock Sources.

Related Links
System and Reset Characteristics on page 305
Clock Sources on page 45

15.2. Reset Sources
The ATmega8A has four sources of Reset:

• Power-on Reset. The MCU is reset when the supply voltage is below the Power-on Reset threshold
(VPOT).

• External Reset. The MCU is reset when a low level is present on the RESET pin for longer than the
minimum pulse length.

• Watchdog Reset. The MCU is reset when the Watchdog Timer period expires and the Watchdog is
enabled.

• Brown-out Reset. The MCU is reset when the supply voltage VCC is below the Brown-out Reset
threshold (VBOT) and the Brown-out Detector is enabled.
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The synchronization and edge detector logic introduces a delay of 2.5 to 3.5 system clock cycles from an
edge has been applied to the T1/T0 pin to the counter is updated.

Enabling and disabling of the clock input must be done when T1/T0 has been stable for at least one
system clock cycle, otherwise it is a risk that a false Timer/Counter clock pulse is generated.

Each half period of the external clock applied must be longer than one system clock cycle to ensure
correct sampling. The external clock must be guaranteed to have less than half the system clock
frequency (fExtClk < fclk_I/O/2) given a 50/50% duty cycle. Since the edge detector uses sampling, the
maximum frequency of an external clock it can detect is half the sampling frequency (Nyquist sampling
theorem). However, due to variation of the system clock frequency and duty cycle caused by Oscillator
source (crystal, resonator, and capacitors) tolerances, it is recommended that maximum frequency of an
external clock source is less than fclk_I/O/2.5.

An external clock source can not be prescaled.

Figure 20-2 Prescaler for Timer/Counter1 and Timer/Counter0(1)

CSn0
CSn1
CSn2

Synchronization

10-BIT T/C PRESCALER

Tn

clk I/O

PSR10

Clear

C
K

/8

C
K

/2
56

C
K/

64

C
K

/ 1
02

4

OFF

TIMER/COUNTERn CLOCK 
SOURCE clk Tn

Note:  1. The synchronization logic on the input pins (T1/T0) is shown in figure T1/T0 Pin Sampling in
this section.

20.5. Register Description
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The extreme values for the OCR1x Register represent special cases when generating a PWM waveform
output in the phase correct PWM mode. If the OCR1x is set equal to BOTTOM the output will be
continuously low and if set equal to TOP the output will be continuously high for non-inverted PWM mode.
For inverted PWM the output will have the opposite logic values.

If OCR1A is used to define the TOP value (WGM13:0 = 11) and COM1A1:0 = 1, the OC1A output will
toggle with a 50% duty cycle.

21.9.5. Phase and Frequency Correct PWM Mode
The phase and frequency correct Pulse Width Modulation, or phase and frequency correct PWM mode
(WGM13:0 = 8 or 9) provides a high resolution phase and frequency correct PWM waveform generation
option. The phase and frequency correct PWM mode is, like the phase correct PWM mode, based on a
dual-slope operation. The counter counts repeatedly from BOTTOM (0x0000) to TOP and then from TOP
to BOTTOM. In non-inverting Compare Output mode, the Output Compare (OC1x) is cleared on the
Compare Match between TCNT1 and OCR1x while upcounting, and set on the Compare Match while
downcounting. In inverting Compare Output mode, the operation is inverted. The dual-slope operation
gives a lower maximum operation frequency compared to the single-slope operation. However, due to the
symmetric feature of the dual-slope PWM modes, these modes are preferred for motor control
applications.

The main difference between the phase correct, and the phase and frequency correct PWM mode is the
time the OCR1x Register is updated by the OCR1x Buffer Register, (see Figure 21-8 Phase Correct
PWM Mode, Timing Diagram on page 127 and Figure 21-9 Phase and Frequency Correct PWM Mode,
Timing Diagram on page 129).

The PWM resolution for the phase and frequency correct PWM mode can be defined by either ICR1 or
OCR1A. The minimum resolution allowed is 2-bit (ICR1 or OCR1A set to 0x0003), and the maximum
resolution is 16-bit (ICR1 or OCR1A set to MAX). The PWM resolution in bits can be calculated using the
following equation:�PFCPWM = log TOP+1log 2
In phase and frequency correct PWM mode the counter is incremented until the counter value matches
either the value in ICR1 (WGM13:0 = 8), or the value in OCR1A (WGM13:0 = 9). The counter has then
reached the TOP and changes the count direction. The TCNT1 value will be equal to TOP for one timer
clock cycle. The timing diagram for the phase correct and frequency correct PWM mode is shown on
timing diagram below. The figure shows phase and frequency correct PWM mode when OCR1A or ICR1
is used to define TOP. The TCNT1 value is in the timing diagram shown as a histogram for illustrating the
dual-slope operation. The diagram includes non-inverted and inverted PWM outputs. The small horizontal
line marks on the TCNT1 slopes represent compare matches between OCR1x and TCNT1. The OC1x
Interrupt Flag will be set when a Compare Match occurs.
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Figure 22-2 Counter Unit Block Diagram
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Signal description (internal signals):

count Increment or decrement TCNT2 by 1.

direction Selects between increment and decrement.

clear Clear TCNT2 (set all bits to zero).

clkT2 Timer/Counter clock.

TOP Signalizes that TCNT2 has reached maximum value.

BOTTOM Signalizes that TCNT2 has reached minimum value (zero).

Depending on the mode of operation used, the counter is cleared, incremented, or decremented at each
timer clock (clkT2). clkT2 can be generated from an external or internal clock source, selected by the clock
select bits (CS22:0). When no clock source is selected (CS22:0 = 0) the timer is stopped. However, the
TCNT2 value can be accessed by the CPU, regardless of whether clkT2 is present or not. A CPU write
overrides (has priority over) all counter clear or count operations.

The counting sequence is determined by the setting of the WGM21 and WGM20 bits located in the Timer/
Counter Control Register (TCCR2). There are close connections between how the counter behaves
(counts) and how waveforms are generated on the Output Compare Output OC2. For more details about
advanced counting sequences and waveform generation, refer to Modes of Operation on page 152 .

The Timer/Counter Overflow (TOV2) Flag is set according to the mode of operation selected by the
WGM21:0 bits. TOV2 can be used for generating a CPU interrupt.

22.5. Output Compare Unit
The 8-bit comparator continuously compares TCNT2 with the Output Compare Register (OCR2).
Whenever TCNT2 equals OCR2, the comparator signals a match. A match will set the Output Compare
Flag (OCF2) at the next timer clock cycle. If enabled (OCIE2 = 1), the Output Compare Flag generates an
Output Compare interrupt. The OCF2 Flag is automatically cleared when the interrupt is executed.
Alternatively, the OCF2 Flag can be cleared by software by writing a logical one to its I/O bit location. The
waveform generator uses the match signal to generate an output according to operating mode set by the
WGM21:0 bits and Compare Output mode (COM21:0) bits. The max and bottom signals are used by the
waveform generator for handling the special cases of the extreme values in some modes of operation
(refer to Modes of Operation on page 152).

The following figure shows a block diagram of the Output Compare unit.
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Compare Match will be missed, resulting in incorrect waveform generation. Similarly, do not write the
TCNT2 value equal to BOTTOM when the counter is downcounting.

The setup of the OC2 should be performed before setting the Data Direction Register for the port pin to
output. The easiest way of setting the OC2 value is to use the Force Output Compare (FOC2) strobe bit
in Normal mode. The OC2 Register keeps its value even when changing between waveform generation
modes.

Be aware that the COM21:0 bits are not double buffered together with the compare value. Changing the
COM21:0 bits will take effect immediately.

22.6. Compare Match Output Unit
The Compare Output mode (COM21:0) bits have two functions. The waveform generator uses the
COM21:0 bits for defining the Output Compare (OC2) state at the next Compare Match. Also, the
COM21:0 bits control the OC2 pin output source. The figure below shows a simplified schematic of the
logic affected by the COM21:0 bit setting. The I/O Registers, I/O bits, and I/O pins in the figure are shown
in bold. Only the parts of the general I/O Port Control Registers (DDR and PORT) that are affected by the
COM21:0 bits are shown. When referring to the OC2 state, the reference is for the internal OC2 Register,
not the OC2 pin.

Figure 22-4 Compare Match Output Unit, Schematic
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The general I/O port function is overridden by the Output Compare (OC2) from the waveform generator if
either of the COM21:0 bits are set. However, the OC2 pin direction (input or output) is still controlled by
the Data Direction Register (DDR) for the port pin. The Data Direction Register bit for the OC2 pin
(DDR_OC2) must be set as output before the OC2 value is visible on the pin. The port override function is
independent of the Waveform Generation mode.
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Figure 22-5 CTC Mode, Timing Diagram
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An interrupt can be generated each time the counter value reaches the TOP value by using the OCF2
Flag. If the interrupt is enabled, the interrupt handler routine can be used for updating the TOP value.
However, changing the TOP to a value close to BOTTOM when the counter is running with none or a low
prescaler value must be done with care since the CTC mode does not have the double buffering feature.
If the new value written to OCR2 is lower than the current value of TCNT2, the counter will miss the
Compare Match. The counter will then have to count to its maximum value (0xFF) and wrap around
starting at 0x00 before the Compare Match can occur.

For generating a waveform output in CTC mode, the OC2 output can be set to toggle its logical level on
each Compare Match by setting the Compare Output mode bits to toggle mode (COM21:0 = 1). The OC2
value will not be visible on the port pin unless the data direction for the pin is set to output. The waveform
generated will have a maximum frequency of fOC2 = fclk_I/O/2 when OCR2 is set to zero (0x00). The
waveform frequency is defined by the following equation:�OCn = �clk_I/O2 ⋅ � ⋅ 1 + OCRn
The N variable represents the prescaler factor (1, 8, 32, 64, 128, 256, or 1024).

As for the Normal mode of operation, the TOV2 Flag is set in the same timer clock cycle that the counter
counts from MAX to 0x00.

22.7.3. Fast PWM Mode
The fast Pulse Width Modulation or fast PWM mode (WGM21:0 = 3) provides a high frequency PWM
waveform generation option. The fast PWM differs from the other PWM option by its single-slope
operation. The counter counts from BOTTOM to MAX then restarts from BOTTOM. In non-inverting
Compare Output mode, the Output Compare (OC2) is cleared on the Compare Match between TCNT2
and OCR2, and set at BOTTOM. In inverting Compare Output mode, the output is set on Compare Match
and cleared at BOTTOM. Due to the single-slope operation, the operating frequency of the fast PWM
mode can be twice as high as the phase correct PWM mode that uses dual-slope operation. This high
frequency makes the fast PWM mode well suited for power regulation, rectification, and DAC
applications. High frequency allows physically small sized external components (coils, capacitors), and
therefore reduces total system cost.

In fast PWM mode, the counter is incremented until the counter value matches the MAX value. The
counter is then cleared at the following timer clock cycle. The timing diagram for the fast PWM mode is
shown in the following figure. The TCNT2 value is in the timing diagram shown as a histogram for
illustrating the single-slope operation. The diagram includes non-inverted and inverted PWM outputs. The
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23.5.2. SPSR – SPI Status Register
When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses. The device is a complex microcontroller with more peripheral units than can be supported
within the 64 location reserved in Opcode for the IN and OUT instructions. For the Extended I/O space
from 0x60 in SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can be used.

Name:  SPSR
Offset:  0x0E
Reset:  0x00
Property:
 

When addressing I/O Registers as data space the offset address is 0x2E

Bit 7 6 5 4 3 2 1 0  
 SPIF WCOL      SPI2X  

Access R R R/W  
Reset 0 0 0  

Bit 7 – SPIF: SPI Interrupt Flag
When a serial transfer is complete, the SPIF Flag is set. An interrupt is generated if SPIE in SPCR is set
and global interrupts are enabled. If SS is an input and is driven low when the SPI is in Master mode, this
will also set the SPIF Flag. SPIF is cleared by hardware when executing the corresponding interrupt
handling vector. Alternatively, the SPIF bit is cleared by first reading the SPI Status Register with SPIF
set, then accessing the SPI Data Register (SPDR).

Bit 6 – WCOL: Write Collision Flag
The WCOL bit is set if the SPI Data Register (SPDR) is written during a data transfer. The WCOL bit (and
the SPIF bit) are cleared by first reading the SPI Status Register with WCOL set, and then accessing the
SPI Data Register.

Bit 0 – SPI2X: Double SPI Speed Bit
When this bit is written logic one the SPI speed (SCK Frequency) will be doubled when the SPI is in
Master mode (refer to Table 23-5 Relationship between SCK and Oscillator Frequency on page 177).
This means that the minimum SCK period will be two CPU clock periods. When the SPI is configured as
Slave, the SPI is only guaranteed to work at fosc/4 or lower.

The SPI interface on the ATmega8A is also used for program memory and EEPROM downloading or
uploading. Refer to section Serial Downloading in Memory Programming for serial programming and
verification.
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Assembly Code Example(1)

USART_Transmit:
   ; Wait for empty transmit buffer
   sbis    UCSRA,UDRE
   rjmp    USART_Transmit
   ; Put data (r16) into buffer, sends the data
   out    UDR,r16
   ret

C Code Example(1)

void USART_Transmit( unsigned char data )
{
   /* Wait for empty transmit buffer */
   while ( !( UCSRA & (1<<UDRE)) )
      ;
   /* Put data into buffer, sends the data */
   UDR = data;
}

Note:  1. See About Code Examples.

The function simply waits for the transmit buffer to be empty by checking the UDRE Flag,
before loading it with new data to be transmitted. If the Data Register Empty Interrupt is
utilized, the interrupt routine writes the data into the buffer.

Related Links
About Code Examples on page 23

24.6.2. Sending Frames with 9 Data Bits
If 9-bit characters are used (UCSZ = 7), the ninth bit must be written to the TXB8 bit in UCSRB before the
Low byte of the character is written to UDR. The following code examples show a transmit function that
handles 9-bit characters. For the assembly code, the data to be sent is assumed to be stored in registers
R17:R16.

Assembly Code Example(1)

USART_Transmit:
   ; Wait for empty transmit buffer
   sbis    UCSRA,UDRE
   rjmp    USART_Transmit
   ; Copy 9th bit from r17 to TXB8
   cbi     UCSRB,TXB8
   sbrc    r17,0
   sbi     UCSRB,TXB8
   ; Put LSB data (r16) into buffer, sends the data
   out    UDR,r16
   ret

C Code Example(1)

void USART_Transmit( unsigned int data )
{
   /* Wait for empty transmit buffer */
   while ( !( UCSRA & (1<<UDRE))) )
      ;
   /* Copy 9th bit to TXB8 */
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24.7. Data Reception – The USART Receiver
The USART Receiver is enabled by writing the Receive Enable (RXEN) bit in the UCSRB Register to
one. When the Receiver is enabled, the normal pin operation of the RxD pin is overridden by the USART
and given the function as the Receiver’s serial input. The baud rate, mode of operation and frame format
must be set up once before any serial reception can be done. If synchronous operation is used, the clock
on the XCK pin will be used as transfer clock.

24.7.1. Receiving Frames with 5 to 8 Data Bits
The Receiver starts data reception when it detects a valid start bit. Each bit that follows the start bit will be
sampled at the baud rate or XCK clock, and shifted into the Receive Shift Register until the first stop bit of
a frame is received. A second stop bit will be ignored by the Receiver. When the first stop bit is received
(i.e., a complete serial frame is present in the Receive Shift Register), the contents of the Shift Register
will be moved into the receive buffer. The receive buffer can then be read by reading the UDR I/O
location.

The following code example shows a simple USART receive function based on polling of the Receive
Complete (RXC) Flag. When using frames with less than eight bits the most significant bits of the data
read from the UDR will be masked to zero. The USART has to be initialized before the function can be
used.

Assembly Code Example(1)

USART_Receive:
   ; Wait for data to be received
   sbis  UCSRA, RXC
   rjmp  USART_Receive
   ; Get and return received data from buffer
   in    r16, UDR
   ret

C Code Example(1)

unsigned char USART_Receive( void )
{
   /* Wait for data to be received */
   while ( !(UCSRA & (1<<RXC)) )
      ;
   /* Get and return received data from buffer */
   return UDR;
}

Note:  1. See About Code Examples.

The function simply waits for data to be present in the receive buffer by checking the
RXC Flag, before reading the buffer and returning the value.

Related Links
About Code Examples on page 23

24.7.2. Receiving Frames with 9 Data Bits
If 9-bit characters are used (UCSZ=7) the ninth bit must be read from the RXB8 bit in UCSRB before
reading the low bits from the UDR. This rule applies to the FE, DOR and PE Status Flags as well. Read
status from UCSRA, then data from UDR. Reading the UDR I/O location will change the state of the
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Table 24-3 Recommended Maximum Receiver Baud Rate Error for Double Speed Mode (U2X = 1)

D
# (Data+Parity Bit)

Rslow [%] Rfast [%] Max Total Error [%] Recommended Max
Receiver Error [%]

5 94.12 105.66 +5.66/-5.88 ±2.5

6 94.92 104.92 +4.92/-5.08 ±2.0

7 95.52 104.35 +4.35/-4.48 ±1.5

8 96.00 103.90 +3.90/-4.00 ±1.5

9 96.39 103.53 +3.53/-3.61 ±1.5

10 96.70 103.23 +3.23/-3.30 ±1.0

The recommendations of the maximum Receiver baud rate error was made under the assumption that
the Receiver and Transmitter equally divides the maximum total error.

There are two possible sources for the Receivers Baud Rate error. The Receiver’s system clock (XTAL)
will always have some minor instability over the supply voltage range and the temperature range. When
using a crystal to generate the system clock, this is rarely a problem, but for a resonator the system clock
may differ more than 2% depending of the resonators tolerance. The second source for the error is more
controllable. The baud rate generator can not always do an exact division of the system frequency to get
the baud rate wanted. In this case an UBRR value that gives an acceptable low error can be used if
possible.

24.9. Multi-Processor Communication Mode
Setting the Multi-processor Communication mode (MPCM) bit in UCSRA enables a filtering function of
incoming frames received by the USART Receiver. Frames that do not contain address information will
be ignored and not put into the receive buffer. This effectively reduces the number of incoming frames
that has to be handled by the CPU, in a system with multiple MCUs that communicate via the same serial
bus. The Transmitter is unaffected by the MPCM setting, but has to be used differently when it is a part of
a system utilizing the Multi-processor Communication mode.

If the Receiver is set up to receive frames that contain 5 to 8 data bits, then the first stop bit indicates if
the frame contains data or address information. If the Receiver is set up for frames with nine data bits,
then the ninth bit (RXB8) is used for identifying address and data frames. When the frame type bit (the
first stop or the ninth bit) is one, the frame contains an address. When the frame type bit is zero the frame
is a data frame.

The Multi-processor Communication mode enables several Slave MCUs to receive data from a Master
MCU. This is done by first decoding an address frame to find out which MCU has been addressed. If a
particular Slave MCU has been addressed, it will receive the following data frames as normal, while the
other Slave MCUs will ignore the received frames until another address frame is received.

24.9.1. Using MPCM
For an MCU to act as a Master MCU, it can use a 9-bit character frame format (UCSZ = 7). The ninth bit
(TXB8) must be set when an address frame (TXB8 = 1) or cleared when a data frame (TXB = 0) is being
transmitted. The Slave MCUs must in this case be set to use a 9-bit character frame format.

The following procedure should be used to exchange data in Multi-Processor Communication Mode:

1. All Slave MCUs are in Multi-processor Communication mode (MPCM in UCSRA is set).
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Bit 3 – USBS: Stop Bit Select
This bit selects the number of stop bits to be inserted by the Transmitter. The Receiver ignores this
setting.

Table 24-6 USBS Bit Settings

USBS Stop Bit(s)

0 1-bit

1 2-bit

Bits 2:1 – UCSZn: Character Size [n = 1:0]
The UCSZ1:0 bits combined with the UCSZ2 bit in UCSRB sets the number of data bits (Character Size)
in a frame the Receiver and Transmitter use.

Table 24-7 UCSZ Bits Settings

UCSZ2 UCSZ1 UCSZ0 Character Size

0 0 0 5-bit

0 0 1 6-bit

0 1 0 7-bit

0 1 1 8-bit

1 0 0 Reserved

1 0 1 Reserved

1 1 0 Reserved

1 1 1 9-bit

Bit 0 – UCPOL: Clock Polarity
This bit is used for Synchronous mode only. Write this bit to zero when Asynchronous mode is used. The
UCPOL bit sets the relationship between data output change and data input sample, and the
synchronous clock (XCK).

Table 24-8 UCPOL Bit Settings

UCPOL Transmitted Data Changed (Output of TxD
Pin)

Received Data Sampled (Input on RxD
Pin)

0 Rising XCK Edge Falling XCK Edge

1 Falling XCK Edge Rising XCK Edge
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• Two or more masters are accessing the same Slave with different data or direction bit. In this case,
arbitration will occur, either in the READ/WRITE bit or in the data bits. The masters trying to output
a '1' on SDA while another Master outputs a zero will lose the arbitration. Losing masters will switch
to not addressed Slave mode or wait until the bus is free and transmit a new START condition,
depending on application software action.

• Two or more masters are accessing different slaves. In this case, arbitration will occur in the SLA
bits. Masters trying to output a '1' on SDA while another Master outputs a zero will lose the
arbitration. Masters losing arbitration in SLA will switch to Slave mode to check if they are being
addressed by the winning Master. If addressed, they will switch to SR or ST mode, depending on
the value of the READ/WRITE bit. If they are not being addressed, they will switch to not addressed
Slave mode or wait until the bus is free and transmit a new START condition, depending on
application software action.

This is summarized in the next figure. Possible status values are given in circles.

Figure 25-21 Possible Status Codes Caused by Arbitration

Own
Address / General Call

received

Arbitration lost in SLA

TWI bus will be released and not addressed slave mode will be entered
A START condition will be transmitted when the bus becomes free

No

Arbitration lost in Data

Direction

Yes

Write Data byte will be received and NOT ACK will be returned
Data byte will be received and ACK will be returned

Last data byte will be transmitted and NOT ACK should be received
Data byte will be transmitted and ACK should be received

Read
B0

68/78

38

SLASTART Data STOP

25.8. Register Description
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25.8.1. TWBR – TWI Bit Rate Register
When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When
addressing I/O Registers as data space using LD and ST instructions, 0x20 must be added to these offset
addresses. The device is a complex microcontroller with more peripheral units than can be supported
within the 64 location reserved in Opcode for the IN and OUT instructions. For the Extended I/O space
from 0x60 in SRAM, only the ST/STS/STD and LD/LDS/LDD instructions can be used.

Name:  TWBR
Offset:  0x00
Reset:  0x00
Property:
 

When addressing I/O Registers as data space the offset address is 0x20

Bit 7 6 5 4 3 2 1 0  
 TWBR7 TWBR6 TWBR5 TWBR4 TWBR3 TWBR2 TWBR1 TWBR0  

Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0 0 0  

Bits 7:0 – TWBRn: TWI Bit Rate Register [n = 7:0]
TWBR selects the division factor for the bit rate generator. The bit rate generator is a frequency divider
which generates the SCL clock frequency in the Master modes. See Bit Rate Generator Unit for
calculating bit rates.
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Bits 1:0 – ACISn: Analog Comparator Interrupt Mode Select [n = 1:0]
These bits determine which comparator events that trigger the Analog Comparator interrupt.

Table 26-2 ACIS[1:0] Settings

ACIS1 ACIS0 Interrupt Mode

0 0 Comparator Interrupt on Output Toggle.

0 1 Reserved

1 0 Comparator Interrupt on Falling Output Edge.

1 1 Comparator Interrupt on Rising Output Edge.

When changing the ACIS1/ACIS0 bits, the Analog Comparator Interrupt must be disabled by clearing its
Interrupt Enable bit in the ACSR Register. Otherwise an interrupt can occur when the bits are changed.
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Table 28-6 Boot Size Configuration, ATmega8A

BOOTSZ1 BOOTSZ0 Boot
Size

Pages Application
Flash Section

Boot
Loader
Flash
Section

End
Application
Section

Boot Reset
Address
(Start Boot
Loader
Section)

1 1 128
words

4 0x000 - 0xF7F 0xF80 -
0xFFF

0xF7F 0xF80

1 0 256
words

8 0x000 - 0xEFF 0xF00 -
0xFFF

0xEFF 0xF00

0 1 512
words

16 0x000 - 0xDFF 0xE00 -
0xFFF

0xDFF 0xE00

0 0 1024
words

32 0x000 - 0xBFF 0xC00 -
0xFFF

0xBFF 0xC00

Note:  The different BOOTSZ Fuse configurations are shown in Figure 28-2 Memory Sections on page
269.

Table 28-7 Read-While-Write Limit, ATmega8A

Section Pages Address

Read-While-Write section (RWW) 96 0x000 - 0xBFF

No Read-While-Write section (NRWW) 32 0xC00 - 0xFFF

Note:  For details about these two section, see NRWW – No Read-While-Write Section on page 267 and 
RWW – Read-While-Write Section.

Table 28-8 Explanation of Different Variables used in Figure and the Mapping to the Z-pointer, ATmega8A

Variable Corresponding Z-
value(1)

Description

PCMSB 11 Most significant bit in the Program Counter. (The Program
Counter is 12 bits PC[11:0])

PAGEMSB 4 Most significant bit which is used to address the words
within one page (32 words in a page requires 5 bits PC
[4:0]).

ZPCMSB Z12 Bit in Z-register that is mapped to PCMSB. Because Z0 is
not used, the ZPCMSB equals PCMSB + 1.

ZPAGEMSB Z5 Bit in Z-register that is mapped to PAGEMSB. Because
Z0 is not used, the ZPAGEMSB equals PAGEMSB + 1.

PCPAGE PC[11:5] Z12:Z6 Program counter page address: Page select, for page
erase and page write

PCWORD PC[4:0] Z5:Z1 Program counter word address: Word select, for filling
temporary buffer (must be zero during page write
operation)
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Symbol Parameter Condition Min Typ Max Units

tBG Bandgap reference start-up time 40 70 μs

IBG Bandgap reference current consumption 10 μs

Note: 
1. The Power-on Reset will not work unless the supply voltage has been below VPOT (falling).
2. VBOT may be below nominal minimum operating voltage for some devices. For devices where this

is the case, the device is tested down to VCC = VBOT during the production test. This guarantees
that a Brown-out Reset will occur before VCC drops to a voltage where correct operation of the
microcontroller is no longer guaranteed. The test is performed using BODLEVEL = 1 and
BODLEVEL = 0 for ATmega8A.

30.5. Two-wire Serial Interface Characteristics
The table below describes the requirements for devices connected to the Two-wire Serial Bus. The
ATmega8A Two-wire Serial Interface meets or exceeds these requirements under the noted conditions.

Timing symbols refer to Figure 30-3.

Table 30-6 Two-wire Serial Bus Requirements

Symbol Parameter Condition Min Max Units

VIL Input Low-voltage -0.5 0.3VCC V

VIH Input High-voltage 0.7VCC VCC + 0.5 V

Vhys
(1) Hysteresis of Schmitt Trigger

Inputs
0.05VCC

(2) – V

VOL
(1) Output Low-voltage 3mA sink current 0 0.4 V

tr(1) Rise Time for both SDA and
SCL

20 + 0.1Cb
(3)(2) 300 ns

tof
(1) Output Fall Time from VIHmin to

VILmax

10pF < Cb < 400pF(3) 20 + 0.1Cb
(3)(2) 250 ns

tSP
(1) Spikes Suppressed by Input

Filter
0 50(2) ns

Ii Input Current each I/O Pin 0.1VCC < Vi < 0.9VCC -10 10 μA

Ci
(1) Capacitance for each I/O Pin – 10 pF

fSCL SCL Clock Frequency fCK
(4) > max(16fSCL,

250kHz)(5)
0 400 kHz

Rp Value of Pull-up resistor fSCL ≤ 100kHz �CC − 0.4V3mA 1000ns�� �
fSCL > 100kHz �CC − 0.4V3mA 300ns�� �
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Figure 32-67 Watchdog Timer Current vs. VCC
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Figure 32-68 Analog Comparator Current vs. VCC

ANALOG COMPARATOR CURRENT vs . VCC
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33.1.9. BOD Threshold
Figure 33-31 BOD Threshold vs. Temperature (VCC = 4.3V)

BOD THRESHOLDS vs . TEMPERATURE
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Figure 33-32 BOD Threshold vs. Temperature (VCC = 2.7V)
BOD THRESHOLDS vs . TEMPERATURE
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Figure 33-53 Programming Current vs. VCC

EEPROM WRITE CURRENT vs . Vcc
Ext Clk

105 °C
85 °C

25 °C

-40 °C

0

1

2

3

4

5

6

2.5 2.8 3.1 3.4 3.7 4 4.3 4.6 4.9 5.2 5.5

VCC (V)

I C
C

(m
A)

33.1.12. Current Consumption in Reset and Reset Pulsewidth
Figure 33-54 Reset Supply Current vs. VCC (0.1 - 1.0MHz, Excluding Current Through the Reset Pull-up)

RESET SUPPLY CURRENT vs . VCC
EXCLUDING CURRENT THROUGH THE RESET PULLUP
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