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6. I/O Multiplexing
Each pin is by default controlled by the PORT as a general purpose I/O and alternatively it can be
assigned to one of the peripheral functions.

The following table describes the peripheral signals multiplexed to the PORT I/O pins.

Table 6-1. PORT Function Multiplexing

(32-pin
MLF/TQFP)
Pin#

(28-pin
MLF) Pin#

(28-pin
PIPD) Pin#

PAD EXTINT PCINT ADC/AC OSC T/C #0 T/C
#1

USART 0 I2C 0 SPI 0

1 1 5 PD[3] INT1 PCINT19 OC2B

2 2 6 PD[4] PCINT20 T0 XCK0

4 3 7 VCC

3 4 8 GND

6 - - VCC

5 - - GND

7 5 9 PB[6] PCINT6 XTAL1/
TOSC1

8 6 10 PB[7] PCINT7 XTAL2/
TOSC2

9 7 11 PD[5] PCINT21 OC0B T1

10 8 12 PD[6] PCINT22 AIN0 OC0A

11 9 13 PD[7] PCINT23 AIN1

12 10 14 PB[0] PCINT0 CLKO ICP1

13 11 15 PB[1] PCINT1 OC1A

14 12 16 PB[2] PCINT2 OC1B SS0

15 13 17 PB[3] PCINT3 OC2A MOSI0

16 14 18 PB[4] PCINT4 MISO0

17 15 19 PB[5] PCINT5 SCK0

18 16 20 AVCC

19 - - ADC6 ADC6

20 17 21 AREF

21 18 22 GND

22 - - ADC7 ADC7

23 19 13 PC[0] PCINT8 ADC0

24 20 24 PC[1] PCINT9 ADC1

25 21 25 PC[2] PCINT10 ADC2

26 22 26 PC[3] PCINT11 ADC3

27 23 27 PC[4] PCINT12 ADC4 SDA0

28 24 28 PC[5] PCINT13 ADC5 SCL0

29 25 1 PC[6]/
RESET

PCINT14
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Figure 11-5. Single Cycle ALU Operation
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11.7. Reset and Interrupt Handling
The AVR provides several different interrupt sources. These interrupts and the separate Reset Vector
each have a separate program vector in the program memory space. All interrupts are assigned individual
enable bits which must be written logic one together with the Global Interrupt Enable bit in the Status
Register in order to enable the interrupt. Depending on the Program Counter value, interrupts may be
automatically disabled when Boot Lock bits BLB02 or BLB12 are programmed. This feature improves
software security.

The lowest addresses in the program memory space are by default defined as the Reset and Interrupt
Vectors. They have determined priority levels: The lower the address the higher is the priority level.
RESET has the highest priority, and next is INT0 – the External Interrupt Request 0. The Interrupt Vectors
can be moved to the start of the Boot Flash section by setting the IVSEL bit in the MCU Control Register
(MCUCR). The Reset Vector can also be moved to the start of the Boot Flash section by programming
the BOOTRST Fuse.

When an interrupt occurs, the Global Interrupt Enable I-bit is cleared and all interrupts are disabled. The
user software can write logic one to the I-bit to enable nested interrupts. All enabled interrupts can then
interrupt the current interrupt routine. The I-bit is automatically set when a Return from Interrupt
instruction – RETI – is executed.

There are basically two types of interrupts:

The first type is triggered by an event that sets the Interrupt Flag. For these interrupts, the Program
Counter is vectored to the actual Interrupt Vector in order to execute the interrupt handling routine, and
hardware clears the corresponding Interrupt Flag. Interrupt Flags can also be cleared by writing a logic
one to the flag bit position(s) to be cleared. If an interrupt condition occurs while the corresponding
interrupt enable bit is cleared, the Interrupt Flag will be set and remembered until the interrupt is enabled,
or the flag is cleared by software. Similarly, if one or more interrupt conditions occur while the Global
Interrupt Enable bit is cleared, the corresponding Interrupt Flag(s) will be set and remembered until the
Global Interrupt Enable bit is set, and will then be executed by order of priority.

The second type of interrupts will trigger as long as the interrupt condition is present. These interrupts do
not necessarily have Interrupt Flags. If the interrupt condition disappears before the interrupt is enabled,
the interrupt will not be triggered. When the AVR exits from an interrupt, it will always return to the main
program and execute one more instruction before any pending interrupt is served.

The Status Register is not automatically stored when entering an interrupt routine, nor restored when
returning from an interrupt routine. This must be handled by software.

When using the CLI instruction to disable interrupts, the interrupts will be immediately disabled. No
interrupt will be executed after the CLI instruction, even if it occurs simultaneously with the CLI instruction.
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Figure 12-5. Data Memory Map with 1024 byte internal data SRAM

(1024x8)

0x04FF
12.3.1. Data Memory Access Times

The internal data SRAM access is performed in two clkCPU cycles as described in the following Figure.

Figure 12-6. On-chip Data SRAM Access Cycles
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12.4. EEPROM Data Memory
The ATmega48P/PV /88P/PV /168P/PV contains 256/512/512 bytes of data EEPROM memory. It is
organized as a separate data space, in which single bytes can be read and written. The EEPROM has an
endurance of at least 100,000 write/erase cycles. The access between the EEPROM and the CPU is
described in the following, specifying the EEPROM Address Registers, the EEPROM Data Register, and
the EEPROM Control Register.

See the related links for a detailed description on EEPROM Programming in SPI or Parallel Programming
mode.
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Figure 15-1. Reset Logic
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15.3. Power-on Reset
A Power-on Reset (POR) pulse is generated by an On-chip detection circuit. The POR is activated
whenever VCC is below the detection level. The POR circuit can be used to trigger the start-up Reset, as
well as to detect a failure in supply voltage.

A Power-on Reset (POR) circuit ensures that the device is reset from Power-on. Reaching the Power-on
Reset threshold voltage invokes the delay counter, which determines how long the device is kept in Reset
after VCC rise. The Reset signal is activated again, without any delay, when VCC decreases below the
detection level.

Figure 15-2. MCU Start-up, RESET Tied to VCC
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Bit 3 – WDE: Watchdog System Reset Enable
WDE is overridden by WDRF in MCUSR. This means that WDE is always set when WDRF is set. To
clear WDE, WDRF must be cleared first. This feature ensures multiple resets during conditions causing
failure, and a safe startup after the failure.

Bits 2:0 – WDP[2:0]: Watchdog Timer Prescaler 2, 1, and 0
The WDP[3:0] bits determine the Watchdog Timer prescaling when the Watchdog Timer is running. The
different prescaling values and their corresponding timeout periods are shown in the following table.

Table 15-2. Watchdog Timer Prescale Select

WDP[3] WDP[2] WDP[1] WDP[0] Number of WDT Oscillator (Cycles) Oscillator

0 0 0 0 2K (2048) 16ms

0 0 0 1 4K (4096) 32ms

0 0 1 0 8K (8192) 64ms

0 0 1 1 16K (16384) 0.125s

0 1 0 0 32K (32768) 0.25s

0 1 0 1 64K (65536) 0.5s

0 1 1 0 128K (131072) 1.0s

0 1 1 1 256K (262144) 2.0s

1 0 0 0 512K (524288) 4.0s

1 0 0 1 1024K (1048576) 8.0s

1 0 1 0 Reserved

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1
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placed in the Application section and Boot Lock bit BLB12 is programed, interrupts are disabled while
executing from the Boot Loader section.

Bit 0 – IVCE: Interrupt Vector Change Enable
The IVCE bit must be written to logic one to enable change of the IVSEL bit. IVCE is cleared by hardware
four cycles after it is written or when IVSEL is written. Setting the IVCE bit will disable interrupts, as
explained in the IVSEL description above. See Code Example below.

Assembly Code Example

Move_interrupts:
; Get MCUCR
in    r16, MCUCR
mov   r17, r16
; Enable change of Interrupt Vectors
ori   r16, (1<<IVCE)
out   MCUCR, r16
; Move interrupts to Boot Flash section
ori   r17, (1<<IVSEL)
out   MCUCR, r17
ret

C Code Example

void Move_interrupts(void)
{
uchar temp;
/* GET MCUCR*/
temp = MCUCR;
/* Enable change of Interrupt Vectors */
MCUCR = temp|(1<<IVCE);
/* Move interrupts to Boot Flash section */
MCUCR = temp|(1<<IVSEL);
}
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– XTAL2: Chip clock Oscillator pin 2. Used as clock pin for crystal Oscillator or Low-frequency
crystal Oscillator. When used as a clock pin, the pin can not be used as an I/O pin.

– TOSC2: Timer Oscillator pin 2. Used only if internal calibrated RC Oscillator is selected as
chip clock source, and the asynchronous timer is enabled by the correct setting in ASSR.
When the AS2 bit in ASSR is set (one) and the EXCLK bit is cleared (zero) to enable
asynchronous clocking of Timer/Counter2 using the Crystal Oscillator, pin PB7 is
disconnected from the port, and becomes the inverting output of the Oscillator amplifier. In
this mode, a crystal Oscillator is connected to this pin, and the pin cannot be used as an I/O
pin.

– PCINT7: Pin Change Interrupt source 7. The PB7 pin can serve as an external interrupt
source.

If PB7 is used as a clock pin, DDB7, PORTB7 and PINB7 will all read 0.

• XTAL1/TOSC1/PCINT6 – Port B, Bit 6
– XTAL1: Chip clock Oscillator pin 1. Used for all chip clock sources except internal calibrated

RC Oscillator. When used as a clock pin, the pin can not be used as an I/O pin.
– TOSC1: Timer Oscillator pin 1. Used only if internal calibrated RC Oscillator is selected as

chip clock source, and the asynchronous timer is enabled by the correct setting in ASSR.
When the AS2 bit in ASSR is set (one) to enable asynchronous clocking of Timer/Counter2,
pin PB6 is disconnected from the port, and becomes the input of the inverting Oscillator
amplifier. In this mode, a crystal Oscillator is connected to this pin, and the pin can not be
used as an I/O pin.

– PCINT6: Pin Change Interrupt source 6. The PB6 pin can serve as an external interrupt
source.

If PB6 is used as a clock pin, DDB6, PORTB6 and PINB6 will all read 0.

• SCK/PCINT5 – Port B, Bit 5
– SCK: Master Clock output, Slave Clock input pin for SPI channel. When the SPI is enabled as

a Slave, this pin is configured as an input regardless of the setting of DDB5. When the SPI is
enabled as a Master, the data direction of this pin is controlled by DDB5. When the pin is
forced by the SPI to be an input, the pull-up can still be controlled by the PORTB5 bit.

– PCINT5: Pin Change Interrupt source 5. The PB5 pin can serve as an external interrupt
source.

• MISO/PCINT4 – Port B, Bit 4
– MISO: Master Data input, Slave Data output pin for SPI channel. When the SPI is enabled as

a Master, this pin is configured as an input regardless of the setting of DDB4. When the SPI is
enabled as a Slave, the data direction of this pin is controlled by DDB4. When the pin is
forced by the SPI to be an input, the pull-up can still be controlled by the PORTB4 bit.

– PCINT4: Pin Change Interrupt source 4. The PB4 pin can serve as an external interrupt
source.

• MOSI/OC2A/PCINT3 – Port B, Bit 3
– MOSI: SPI Master Data output, Slave Data input for SPI channel. When the SPI is enabled as

a Slave, this pin is configured as an input regardless of the setting of DDB3. When the SPI is
enabled as a Master, the data direction of this pin is controlled by DDB3. When the pin is
forced by the SPI to be an input, the pull-up can still be controlled by the PORTB3 bit.

– OC2A: Output Compare Match output. The PB3 pin can serve as an external output for the
Timer/Counter2 Compare Match A. The PB3 pin has to be configured as an output (DDB3 set
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Signal
Name

PC3/ADC3/
PCINT11

PC2/ADC2/
PCINT10

PC1/ADC1/
PCINT9

PC0/ADC0/
PCINT8

PVOE 0 0 0 0

PVOV 0 0 0 0

DIEOE PCINT11 • PCIE1 +
ADC3D

PCINT10 • PCIE1 +
ADC2D

PCINT9 • PCIE1 +
ADC1D

PCINT8 • PCIE1 +
ADC0D

DIEOV PCINT11 • PCIE1 PCINT10 • PCIE1 PCINT9 • PCIE1 PCINT8 • PCIE1

DI PCINT11 INPUT PCINT10 INPUT PCINT9 INPUT PCINT8 INPUT

AIO ADC3 INPUT ADC2 INPUT ADC1 INPUT ADC0 INPUT

18.3.3. Alternate Functions of Port D
The Port D pins with alternate functions are shown in the table below:

Table 18-9. Port D Pins Alternate Functions

Port Pin Alternate Function

PD7 AIN1 (Analog Comparator Negative Input)

PCINT23 (Pin Change Interrupt 23)

PD6 AIN0 (Analog Comparator Positive Input)

OC0A (Timer/Counter0 Output Compare Match A Output)

PCINT22 (Pin Change Interrupt 22)

PD5 T1 (Timer/Counter 1 External Counter Input)

OC0B (Timer/Counter0 Output Compare Match B Output)

PCINT21 (Pin Change Interrupt 21)

PD4 XCK (USART External Clock Input/Output)

T0 (Timer/Counter 0 External Counter Input)

PCINT20 (Pin Change Interrupt 20)

PD3 INT1 (External Interrupt 1 Input)

OC2B (Timer/Counter2 Output Compare Match B Output)

PCINT19 (Pin Change Interrupt 19)
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– INT1: External Interrupt source 1. The PD3 pin can serve as an external interrupt source.
– OC2B: Output Compare Match output: The PD3 pin can serve as an external output for the

Timer/Counter2 Compare Match B. The PD3 pin has to be configured as an output (DDD3 set
(one)) to serve this function. The OC2B pin is also the output pin for the PWM mode timer
function.

– PCINT19: Pin Change Interrupt source 19. The PD3 pin can serve as an external interrupt
source.

• INT0/PCINT18 – Port D, Bit 2
– INT0: External Interrupt source 0. The PD2 pin can serve as an external interrupt source.
– PCINT18: Pin Change Interrupt source 18. The PD2 pin can serve as an external interrupt

source.

• TXD/PCINT17 – Port D, Bit 1
– TXD: Transmit Data (Data output pin for the USART). When the USART Transmitter is

enabled, this pin is configured as an output regardless of the value of DDD1.
– PCINT17: Pin Change Interrupt source 17. The PD1 pin can serve as an external interrupt

source.

• RXD/PCINT16 – Port D, Bit 0
– RXD: Receive Data (Data input pin for the USART). When the USART Receiver is enabled

this pin is configured as an input regardless of the value of DDD0. When the USART forces
this pin to be an input, the pull-up can still be controlled by the PORTD0 bit.

– PCINT16: Pin Change Interrupt source 16. The PD0 pin can serve as an external interrupt
source.

The tables below relate the alternate functions of Port D to the overriding signals shown in Figure 18-5.

Table 18-10. Overriding Signals for Alternate Functions PD7...PD4

Signal
Name

PD7/AIN1
/PCINT23

PD6/AIN0/
OC0A/PCINT22

PD5/T1/OC0B/
PCINT21

PD4/XCK/
T0/PCINT20

PUOE 0 0 0 0

PUO 0 0 0 0

DDOE 0 0 0 0

DDOV 0 0 0 0

PVOE 0 OC0A ENABLE OC0B ENABLE UMSEL

PVOV 0 OC0A OC0B XCK OUTPUT

DIEOE PCINT23 • PCIE2 PCINT22 • PCIE2 PCINT21 • PCIE2 PCINT20 • PCIE2

DIEOV 1 1 1 1

DI PCINT23 INPUT PCINT22 INPUT PCINT21 INPUT
/ T1 INPUT

PCINT20 INPUT
/ XCK INPUT
/ T0 INPUT

AIO AIN1 INPUT AIN0 INPUT – –
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Figure 20-9. Phase and Frequency Correct PWM Mode, Timing Diagram
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Note:  The “n” in the register and bit names indicates the device number (n = 1 for Timer/Counter 1), and
the “x” indicates Output Compare unit (A/B).

The Timer/Counter Overflow Flag (TOV1) is set at the same timer clock cycle as the OCR1x Registers
are updated with the double buffer value (at BOTTOM). When either OCR1A or ICR1 is used for defining
the TOP value, the OC1A or ICF1 Flag set when TCNT1 has reached TOP. The Interrupt Flags can then
be used to generate an interrupt each time the counter reaches the TOP or BOTTOM value.

When changing the TOP value the program must ensure that the new TOP value is higher or equal to the
value of all of the Compare Registers. If the TOP value is lower than any of the Compare Registers, a
compare match will never occur between the TCNT1 and the OCR1x.

As shown in the timing diagram above, the output generated is, in contrast to the phase correct mode,
symmetrical in all periods. Since the OCR1x Registers are updated at BOTTOM, the length of the rising
and the falling slopes will always be equal. This gives symmetrical output pulses and is therefore
frequency correct.

Using the ICR1 Register for defining TOP works well when using fixed TOP values. By using ICR1, the
OCR1A Register is free to be used for generating a PWM output on OC1A. However, if the base PWM
frequency is actively changed by changing the TOP value, using the OCR1A as TOP is clearly a better
choice due to its double buffer feature.

In phase and frequency correct PWM mode, the compare units allow generation of PWM waveforms on
the OC1x pins. Setting the COM1x[1:0] bits to 0x2 will produce a non-inverted PWM and an inverted
PWM output can be generated by setting the COM1x[1:0] to 0x3 (See description of TCCRA.COM1x).
The actual OC1x value will only be visible on the port pin if the data direction for the port pin is set as
output (DDR_OC1x). The PWM waveform is generated by setting (or clearing) the OC1x Register at the
compare match between OCR1x and TCNT1 when the counter increments, and clearing (or setting) the
OC1x Register at compare match between OCR1x and TCNT1 when the counter decrements. The PWM
frequency for the output when using phase and frequency correct PWM can be calculated by the
following equation:�OCnxPFCPWM = �clk_I/O2 ⋅ � ⋅ TOP
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small horizontal line marks on the TCNT2 slopes represent compare matches between OCR2x and
TCNT2.

Figure 22-6. Fast PWM Mode, Timing Diagram
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The Timer/Counter Overflow Flag (TOV2) is set each time the counter reaches TOP. If the interrupt is
enabled, the interrupt handler routine can be used for updating the compare value.

In fast PWM mode, the compare unit allows generation of PWM waveforms on the OC2x pin. Setting the
COM2x1:0 bits to two will produce a non-inverted PWM and an inverted PWM output can be generated
by setting the COM2x[1:0] to three. TOP is defined as 0xFF when WGM2[2:0] = 0x3, and OCR2A when
MGM2[2:0] = 0x7. The actual OC2x value will only be visible on the port pin if the data direction for the
port pin is set as output. The PWM waveform is generated by setting (or clearing) the OC2x Register at
the compare match between OCR2x and TCNT2, and clearing (or setting) the OC2x Register at the timer
clock cycle the counter is cleared (changes from TOP to BOTTOM).

The PWM frequency for the output can be calculated by the following equation:�OCnxPWM = �clk_I/O� ⋅ 256
The N variable represents the prescale factor (1, 8, 32, 64, 128, 256, or 1024).

The extreme values for the OCR2A Register represent special cases when generating a PWM waveform
output in the fast PWM mode. If the OCR2A is set equal to BOTTOM, the output will be a narrow spike for
each MAX+1 timer clock cycle. Setting the OCR2A equal to MAX will result in a constantly high or low
output (depending on the polarity of the output set by the COM2A[1:0] bits.)

A frequency (with 50% duty cycle) waveform output in fast PWM mode can be achieved by setting OC2x
to toggle its logical level on each compare match (COM2x[1:0] = 1). The waveform generated will have a
maximum frequency of foc2 = fclk_I/O/2 when OCR2A is set to zero. This feature is similar to the OC2A
toggle in CTC mode, except the double buffer feature of the Output Compare unit is enabled in the fast
PWM mode.

22.7.4. Phase Correct PWM Mode
The phase correct PWM mode (WGM2[2:0] = 0x1 or 0x5) provides a high resolution phase correct PWM
waveform generation option. The phase correct PWM mode is based on a dual-slope operation. The
counter counts repeatedly from BOTTOM to TOP and then from TOP to BOTTOM. TOP is defined as
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0xFF when WGM2[2:0] = 0x3, and OCR2A when MGM2[2:0] = 7. In non-inverting Compare Output mode,
the Output Compare (OC2x) is cleared on the compare match between TCNT2 and OCR2x while
upcounting, and set on the compare match while downcounting. In inverting Output Compare mode, the
operation is inverted. The dual-slope operation has lower maximum operation frequency than single slope
operation. However, due to the symmetric feature of the dual-slope PWM modes, these modes are
preferred for motor control applications.

In phase correct PWM mode the counter is incremented until the counter value matches TOP. When the
counter reaches TOP, it changes the count direction. The TCNT2 value will be equal to TOP for one timer
clock cycle. The timing diagram for the phase correct PWM mode is shown on Figure 22-7. The TCNT2
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 TCNT2 slopes
represent compare matches between OCR2x and TCNT2.

Figure 22-7. Phase Correct PWM Mode, Timing Diagram

TOVn Interrupt Flag Set

OCnx Interrupt Flag Set

1 2 3

TCNTn

Period

OCnx

OCnx

(COMnx[1:0] = 2)

(COMnx[1:0] = 3)

OCRnx Update

The Timer/Counter Overflow Flag (TOV2) is set each time the counter reaches BOTTOM. The Interrupt
Flag can be used to generate an interrupt each time the counter reaches the BOTTOM value.

In phase correct PWM mode, the compare unit allows generation of PWM waveforms on the OC2x pin.
Setting the COM2x[1:0] bits to two will produce a non-inverted PWM. An inverted PWM output can be
generated by setting the COM2x[1:0] to three. TOP is defined as 0xFF when WGM2[2:0] = 0x3, and
OCR2A when WGM2[2:0] = 7. The actual OC2x value will only be visible on the port pin if the data
direction for the port pin is set as output. The PWM waveform is generated by clearing (or setting) the
OC2x Register at the compare match between OCR2x and TCNT2 when the counter increments, and
setting (or clearing) the OC2x Register at compare match between OCR2x and TCNT2 when the counter
decrements. The PWM frequency for the output when using phase correct PWM can be calculated by the
following equation:
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(TWSRn). Slave operation does not depend on Bit Rate or Prescaler settings, but the CPU clock
frequency in the Slave must be at least 16 times higher than the SCL frequency. Note that slaves may
prolong the SCL low period, thereby reducing the average TWI bus clock period.

The SCL frequency is generated according to the following equation:SCL frequency = CPU Clock frequency16 + 2(TWBR) ⋅ PrescalerValue
• TWBR = Value of the TWI Bit Rate Register TWBRn
• PrescalerValue = Value of the prescaler, see description of the TWI Prescaler bits in the TWSR

Status Register description (TWSRn.TWPS[1:0])

Note:  Pull-up resistor values should be selected according to the SCL frequency and the capacitive bus
line load. See the Two-Wire Serial Interface Characteristics for a suitable value of the pull-up resistor.

Related Links
Two-wire Serial Interface Characteristics on page 390

26.5.3. Bus Interface Unit
This unit contains the Data and Address Shift Register (TWDRn), a START/STOP Controller and
Arbitration detection hardware. The TWDRn contains the address or data bytes to be transmitted, or the
address or data bytes received. In addition to the 8-bit TWDRn, the Bus Interface Unit also contains a
register containing the (N)ACK bit to be transmitted or received. This (N)ACK Register is not directly
accessible by the application software. However, when receiving, it can be set or cleared by manipulating
the TWI Control Register (TWCRn). When in Transmitter mode, the value of the received (N)ACK bit can
be determined by the value in the TWSRn.

The START/STOP Controller is responsible for generation and detection of START, REPEATED START,
and STOP conditions. The START/STOP controller is able to detect START and STOP conditions even
when the AVR MCU is in one of the sleep modes, enabling the MCU to wake up if addressed by a Master.

If the TWI has initiated a transmission as Master, the Arbitration Detection hardware continuously
monitors the transmission trying to determine if arbitration is in process. If the TWI has lost an arbitration,
the Control Unit is informed. Correct action can then be taken and appropriate status codes generated.

26.5.4. Address Match Unit
The Address Match unit checks if received address bytes match the seven-bit address in the TWI
Address Register (TWARn). If the TWI General Call Recognition Enable bit (TWARn.TWGCE) is written
to '1', all incoming address bits will also be compared against the General Call address. Upon an address
match, the Control Unit is informed, allowing correct action to be taken. The TWI may or may not
acknowledge its address, depending on settings in the TWI Control Register (TWCRn). The Address
Match unit is able to compare addresses even when the AVR MCU is in sleep mode, enabling the MCU to
wake up if addressed by a Master.

If another interrupt (e.g., INT0) occurs during TWI Power-down address match and wakes up the CPU,
the TWI aborts operation and return to it’s idle state. If this cause any problems, ensure that TWI Address
Match is the only enabled interrupt when entering Power-down(1).
Note:  1. This applies to all device revisions except ATmega88P revision C or newer.

26.5.5. Control Unit
The Control unit monitors the TWI bus and generates responses corresponding to settings in the TWI
Control Register (TWCRn). When an event requiring the attention of the application occurs on the TWI
bus, the TWI Interrupt Flag (TWINT) is asserted. In the next clock cycle, the TWI Status Register
(TWSRn) is updated with a status code identifying the event. The TWSRn only contains relevant status
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Assembly Code Example C Example Comments

7 in r16,TWSR0 
andi r16, 0xF8 
cpi r16, MT_DATA_ACK 
brne ERROR

if ((TWSR0 & 0xF8) != 
MT_DATA_ACK) ERROR();

Check value of TWI Status Register. Mask
prescaler bits. If status different from
MT_DATA_ACK go to ERROR.

ldi r16, (1<<TWINT)|
(1<<TWEN)| (1<<TWSTO) 
out TWCR0, r16 

TWCR0 = (1<<TWINT)|
(1<<TWEN)|(1<<TWSTO);

Transmit STOP condition.

26.7. Transmission Modes
The TWI can operate in one of four major modes:

• Master Transmitter (MT)
• Master Receiver (MR)
• Slave Transmitter (ST)
• 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 use 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

Circles are used to indicate that the TWINT Flag is set. The numbers in the circles show the status code
held in TWSRn, 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 TWSRn is used to determine the appropriate software
action. For each status code, the required software action and details of the following serial transfer are
given below in the Status Code table for each mode. Note that the prescaler bits are masked to zero in
these tables.
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Symbol Parameter Condition Min. Typ Max Units

SRON Power-on Slope Rate 0.01 - 10 V/ms

VRST RESET Pin Threshold Voltage 0.2 VCC - 0.9 VCC V

tRST Minimum pulse width on RESET Pin - - 2.5 μs

VHYST Brown-out Detector Hysteresis - 50 - mV

tBOD Min. Pulse Width on Brown-out Reset - 2 - μs

VBG Bandgap reference voltage VCC=2.7

TA=25°C

1.0 1.1 1.2 V

tBG Bandgap reference start-up time VCC=2.7

TA=25°C

- 40 70 μs

IBG Bandgap reference current consumption VCC=2.7

TA=25°C

- 10 - μA

Note: 
1. Values are guidelines only.
2. The Power-on Reset will not work unless the supply voltage has been below VPOT (falling)

Table 33-9. BODLEVEL Fuse Coding(1)

BODLEVEL [2:0] Fuses Min. VBOT Typ. VBOT Max VBOT Units

111 BOD Disabled

110 1.7 1.8 2.0 V

101 2.5 2.7 2.9

100 4.1 4.3 4.5

011 Reserved

010

001

000

Note:  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 = 101 and BODLEVEL = 100 for
ATmega48P/88P/168P, and BODLEVEL = 110 and BODLEVEL = 101 for ATmega48PV/88PV/168PV.
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Figure 34-41. ATmega48P/PV: AREF External Reference Current vs. VCC
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Figure 34-42. ATmega48P/PV: Brownout Detector Current vs. VCC
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Figure 34-43. ATmega48P/PV: Programming Current vs. VCC
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Figure 34-104. ATmega168P/PV: Power-Down Supply Current vs. VCC (Watchdog Timer Enabled)
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34.3.5. Power-save Supply Current
Figure 34-105. ATmega168P/PV: Power-Save Supply Current vs. VCC (Watchdog Timer Disabled and 32kHz
Crystal Oscillator Running)
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OUT instructions. For the Extended I/O space from 0x60 - 0xFF in SRAM, only the ST/STS/STD
and LD/LDS/LDD instructions can be used.

5. SPH.SP10, SPMCSR.RWWSB, SPMCSR.RWWSRE and EEARH registers are only available for
ATmega88P/PV and ATmega168P/PV.
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37.3. 28-pin 28M1

TITLE DRAWING NO.GPC REV.
Package Drawing Contact:
packagedrawings@atmel.com 28M1ZBV B

28M1,28-pad, 4 x 4 x 1.0mm Body, Lead Pitch 0.45mm, 
2.4 x 2.4mm Exposed Pad, Thermally Enhanced 
Plastic Very Thin Quad Flat No Lead Package (VQFN)

10/24/08

SIDE VIEW

Pin 1 ID

BOTTOM VIEW

TOP VIEW

Note: The ter mi na l  #1 ID is a Laser -ma r ked Feat ur e .

D 

E

e

K

A1

C

A

D2

E2

y

L

1 
2 
3

b

1 
2 
3

0.45 COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL MIN NOM MAX NOTER 0.20

0.4 Ref 
(4x)

A
A1
b
C
D
D2
E
E2
e
L 
y
K 

0.80      0.90      1.00
0.00      0.02      0.05
0.17      0.22      0.27
             0.20 REF
3.95      4.00      4.05
2.35      2.40      2.45
3.95      4.00      4.05
2.35      2.40      2.45
             0.45
0.35      0.40     0.45
0.00        –        0.08
0.20        –          –
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38. Errata

38.1. Errata ATmega48P/PV
The revision letter in this section refers to the revision of the ATmega48P/PV device.

38.1.1. Rev. B to C
No known errata.

38.1.2. Rev. A
Not Sampled.

38.2. Errata ATmega88P/PV
The revision letter in this section refers to the revision of the ATmega88P/PV device.

38.2.1. Rev. B to C
No known errata.

38.2.2. Rev. A
Not Sampled.

38.3. Errata ATmega168P/PV
The revision letter in this section refers to the revision of the ATmega168P/PV device.

38.3.1. Rev. B to C
No known errata.

38.3.2. Rev. A
Not Sampled.
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