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The fast peripheral clock, clkPCK, can be selected as the clock source for Timer/Counter1 and a
prescaled version of the PLL output, clkPLL, can be selected as system clock. See Figure 6-3 for
a detailed illustration on the PLL clock system.

Figure 6-3. PCK Clocking System

The internal PLL is enabled when CKSEL fuse bits are programmed to ‘0001’and the PLLE bit of
PLLCSR is set. The internal oscillator and the PLL are switched off in power down and stand-by
sleep modes.

When the LSM bit of PLLCSR is set, the PLL switches from using the output of the internal 8
MHz oscillator to using the output divided by two. The frequency of the fast peripheral clock is
effectively divided by two, resulting in a clock frequency of 32 MHz. The LSM bit can not be set if
PLLCLK is used as a system clock.

Since the PLL is locked to the output of the internal 8 MHz oscillator, adjusting the oscillator fre-
quency via the OSCCAL register also changes the frequency of the fast peripheral clock. It is
possible to adjust the frequency of the internal oscillator to well above 8 MHz but the fast periph-
eral clock will saturate and remain oscillating at about 85 MHz. In this case the PLL is no longer
locked to the internal oscillator clock signal. Therefore, in order to keep the PLL in the correct
operating range, it is recommended to program the OSCCAL registers such that the oscillator
frequency does not exceed 8 MHz. 

The PLOCK bit in PLLCSR is set when PLL is locked. 

Programming CKSEL fuse bits to ‘0001’, the PLL output divided by four will be used as a system
clock, as shown in Table 6-4.

Table 6-4. PLLCK Operating Modes

 CKSEL3:0 Nominal Frequency

0001 16 MHz

1/2

8 MHz

LSM

8 MHz
OSCILLATOR PLL

8x

CKSEL3:0PLLEOSCCAL

4 MHz

1/4

LOCK
DETECTOR

PRESCALER

CLKPS3:0

clkPLL

PLOCK

clkPCK

OSCILLATORS

XTAL1

XTAL2

64 / 32 MHz

8 MHz

16 MHz
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• Bit 2 – PRTIM0: Power Reduction Timer/Counter0

Writing a logic one to this bit shuts down the Timer/Counter0 module. When the Timer/Counter0
is enabled, operation will continue like before the shutdown.

• Bit 1 – PRUSI: Power Reduction USI

Writing a logic one to this bit shuts down the USI by stopping the clock to the module. When
waking up the USI again, the USI should be re initialized to ensure proper operation.

• Bit 0 – PRADC: Power Reduction ADC

Writing a logic one to this bit shuts down the ADC. The ADC must be disabled before shut down.
Also analog comparator needs this clock.
40
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the next time-out will generate a reset. To avoid the Watchdog Reset, WDIE must be set after
each interrupt.

• Bit 4 – WDCE: Watchdog Change Enable

This bit must be set when the WDE bit is written to logic zero. Otherwise, the Watchdog will not
be disabled. Once written to one, hardware will clear this bit after four clock cycles. Refer to the
description of the WDE bit for a Watchdog disable procedure. This bit must also be set when
changing the prescaler bits. See “Timed Sequences for Changing the Configuration of the
Watchdog Timer” on page 45.

• Bit 3 – WDE: Watchdog Enable

When the WDE is written to logic one, the Watchdog Timer is enabled, and if the WDE is written
to logic zero, the Watchdog Timer function is disabled. WDE can only be cleared if the WDCE bit
has logic level one. To disable an enabled Watchdog Timer, the following procedure must be
followed:

1. In the same operation, write a logic one to WDCE and WDE. A logic one must be writ-
ten to WDE even though it is set to one before the disable operation starts.

2. Within the next four clock cycles, write a logic 0 to WDE. This disables the Watchdog.

In safety level 2, it is not possible to disable the Watchdog Timer, even with the algorithm
described above. See “Timed Sequences for Changing the Configuration of the Watchdog
Timer” on page 45.

In safety level 1, WDE is overridden by WDRF in MCUSR. See “MCUSR – MCU Status Regis-
ter” on page 47 for description of WDRF. This means that WDE is always set when WDRF is set.
To clear WDE, WDRF must be cleared before disabling the Watchdog with the procedure
described above. This feature ensures multiple resets during conditions causing failure, and a
safe start-up after the failure.

Note: If the watchdog timer is not going to be used in the application, it is important to go through a 
watchdog disable procedure in the initialization of the device. If the Watchdog is accidentally 
enabled, for example by a runaway pointer or brown-out condition, the device will be reset, which 
in turn will lead to a new watchdog reset. To avoid this situation, the application software should 
always clear the WDRF flag and the WDE control bit in the initialization routine.

Table 8-2. Watchdog Timer Configuration

WDE WDIE Watchdog Timer State Action on Time-out

0 0 Stopped None

0 1 Running Interrupt

1 0 Running Reset

1 1 Running Interrupt
48
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• Bits 5, 2:0 – WDP3:0: Watchdog Timer Prescaler 3, 2, 1, and 0

The WDP3:0 bits determine the Watchdog Timer prescaling when the Watchdog Timer is
enabled. The different prescaling values and their corresponding Timeout Periods are shown in
Table 8-3.

Notes: 1. If selected, one of the valid settings below 0b1010 will be used.

Table 8-3. Watchdog Timer Prescale Select

WDP3 WDP2 WDP1 WDP0
Number of WDT Oscillator 

Cycles
Typical Time-out at 

VCC = 5.0V

0 0 0 0 2K (2048) cycles 16 ms

0 0 0 1 4K (4096) cycles 32 ms

0 0 1 0 8K (8192) cycles 64 ms

0 0 1 1 16K (16384) cycles 0.125 s

0 1 0 0 32K (32764) cycles 0.25 s

0 1 0 1 64K (65536) cycles 0.5 s

0 1 1 0 128K (131072) cycles 1.0 s

0 1 1 1 256K (262144) cycles 2.0 s

1 0 0 0 512K (524288) cycles 4.0 s

1 0 0 1 1024K (1048576) cycles 8.0 s

1 0 1 0

Reserved(1)

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1
49
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rupt will be generated. The start-up time is defined by the SUT and CKSEL Fuses as described
in “Clock System” on page 24.

If the low level on the interrupt pin is removed before the device has woken up then program
execution will not be diverted to the interrupt service routine but continue from the instruction fol-
lowing the SLEEP command.

9.3 Register Description

9.3.1 MCUCR – MCU Control Register

The MCU Register contains control bits for interrupt sense control.

• Bits 1, 0 – ISC01, ISC00: Interrupt Sense Control 0 Bit 1 and Bit 0

The External Interrupt 0 is activated by the external pin INT0 or INT1 if the SREG I-flag and the
corresponding interrupt mask are set. The level and edges on the external INT0 or INT1 pin that
activate the interrupt are defined in Table 9-2. The value on the INT0 or INT1 pin is sampled
before detecting edges. If edge or toggle interrupt is selected, pulses that last longer than one
clock period will generate an interrupt. Shorter pulses are not guaranteed to generate an inter-
rupt. If low level interrupt is selected, the low level must be held until the completion of the
currently executing instruction to generate an interrupt.

9.3.2 GIMSK – General Interrupt Mask Register

• Bit 7 – INT1: External Interrupt Request 1 Enable

When the INT1 bit is set (one) and the I-bit in the Status Register (SREG) is set (one), the exter-
nal pin interrupt is enabled. The Interrupt Sense Control0 bits 1/0 (ISC01 and ISC00) in the MCU
Control Register (MCUCR) define whether the external interrupt is activated on rising and/or fall-
ing edge of the INT1 pin or level sensed. Activity on the pin will cause an interrupt request even
if INT1 is configured as an output. The corresponding interrupt of External Interrupt Request 1 is
executed from the INT1 Interrupt Vector.

• Bit 6 – INT0: External Interrupt Request 0 Enable

When the INT0 bit is set (one) and the I-bit in the Status Register (SREG) is set (one), the exter-
nal pin interrupt is enabled. The Interrupt Sense Control0 bits 1/0 (ISC01 and ISC00) in the MCU

Bit 7 6 5 4 3 2 1 0

0x35 (0x55) – PUD SE SM1 SM0 – ISC01 ISC00 MCUCR

Read/Write R R/W R/W R/W R/W R R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Table 9-2. Interrupt 0 Sense Control

ISC01 ISC00 Description

0 0 The low level of INT0 or INT1 generates an interrupt request.

0 1 Any logical change on INT0 or INT1 generates an interrupt request.

1 0 The falling edge of INT0 or INT1 generates an interrupt request.

1 1 The rising edge of INT0 or INT1 generates an interrupt request.

Bit 7 6 5 4 3 2 1 0

0x3B (0x5B) INT1 INT0 PCIE1 PCIE0 – – – – GIMSK

Read/Write R/W R/W R/W R/w R R R R

Initial Value 0 0 0 0 0 0 0 0
52
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9.3.4 PCMSK0 – Pin Change Mask Register A

• Bits 7:0 – PCINT7:0: Pin Change Enable Mask 7:0

Each PCINT7:0 bit selects whether pin change interrupt is enabled on the corresponding I/O pin.
If PCINT7:0 is set and the PCIE1 bit in GIMSK is set, pin change interrupt is enabled on the cor-
responding I/O pin. If PCINT7:0 is cleared, pin change interrupt on the corresponding I/O pin is
disabled.

9.3.5 PCMSK1 – Pin Change Mask Register B

• Bits 7:0 – PCINT15:8: Pin Change Enable Mask 15:8

Each PCINT15:8 bit selects whether pin change interrupt is enabled on the corresponding I/O
pin. If PCINT11:8 is set and the PCIE0 bit in GIMSK is set, pin change interrupt is enabled on
the corresponding I/O pin, and if PCINT15:12 is set and the PCIE1 bit in GIMSK is set, pin
change interrupt is enabled on the corresponding I/O pin. If PCINT15:8 is cleared, pin change
interrupt on the corresponding I/O pin is disabled.

Bit 7 6 5 4 3 2 1 0

0x23 (0x43) PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINT0 PCMSK0

Read/Write R/W R/W R/W R/w R/W R/W R/W R/W

Initial Value 1 1 0 0 1 0 0 0

Bit 7 6 5 4 3 2 1 0

0x22 (0x42) PCINT15 PCINT14 PCINT13 PCINT12 PCINT11 PCINT10 PCINT9 PCINT8 PCMSK1

Read/Write R/W R/W R/W R/w R/W R/W R/W R/W

Initial Value 1 1 1 1 1 1 1 1
54
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10.2.2 Alternate Functions of Port B

The Port B pins with alternate function are shown in Table 10-6.

• Port B, Bit 7 – RESET/ dW/ ADC10/ PCINT15

• 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 I/O pin. 

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

• dW: When the debugWIRE Enable (DWEN) Fuse is programmed and Lock bits are 
unprogrammed, the RESET port pin is configured as a wire-AND (open-drain) bi-directional 
I/O pin with pull-up enabled and becomes the communication gateway between target and 
emulator.

Table 10-6. Port B Pins Alternate Functions

Port Pin Alternate Function

PB7

RESET: Reset pin

dW: debugWire I/O

ADC10: ADC Input Channel 10

PCINT15:Pin Change Interrupt 0, Source 15

PB6

ADC9: ADC Input Channel 9

T0: Timer/Counter0 Clock Source

INT0: External Interrupt 0 Input

PCINT14:Pin Change Interrupt 0, Source 14

PB5

XTAL2: Crystal Oscillator Output

CLKO: System Clock Output

OC1D: Timer/Counter1 Compare Match D Output

ADC8: ADC Input Channel 8

PCINT13:Pin Change Interrupt 0, Source 13

PB4

XTAL1: Crystal Oscillator Input

CLKI:  External Clock Input

OC1D: Inverted Timer/Counter1 Compare Match D Output

ADC7: ADC Input Channel 7

PCINT12:Pin Change Interrupt 0, Source 12

PB3
OC1B: Timer/Counter1 Compare Match B Output

PCINT11:Pin Change Interrupt 0, Source 11

PB2

USCK: USI Clock (Three Wire Mode)
SCL : USI Clock (Two Wire Mode)

OC1B: Inverted Timer/Counter1 Compare Match B Output

PCINT10:Pin Change Interrupt 0, Source 10

PB1

DO: USI Data Output (Three Wire Mode)

OC1A: Timer/Counter1 Compare Match A Output

PCINT9: Pin Change Interrupt 1, Source 9

PB0

DI: USI Data Input (Three Wire Mode)

SDA: USI Data Input (Two Wire Mode)

OC1A: Inverted Timer/Counter1 Compare Match A Output

PCINT8: Pin Change Interrupt 1, Source 8
66
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10.3.4 PINA – Port A Input Pins Address

10.3.5 PORTB – Port B Data Register

10.3.6 DDRB – Port B Data Direction Register

10.3.7 PINB – Port B Input Pins Address

Bit 7 6 5 4 3 2 1 0

0x19 (0x39) PINA7 PINA6 PINA5 PINA4 PINA3 PINA2 PINA1 PINA0 PINA

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value N/A N/A N/A N/A N/A N/A N/A N/A

Bit 7 6 5 4 3 2 1 0

0x18 (0x38) PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTB0 PORTB

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

0x17 (0x37) DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDB0 DDRB

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

0x16 (0x36) PINB7 PINB6 PINB5 PINB4 PINB3 PINB2 PINB1 PINB0 PINB

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value N/A N/A N/A N/A N/A N/A N/A N/A
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Figure 12-13. Phase and Frequency Correct PWM Mode, Timing Diagram

The Timer/Counter Overflow Flag (TOV1) 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 the Phase and Frequency Correct PWM mode, the compare unit allows generation of PWM
waveforms on the OC1x pins. Setting the COM1x1:0 bits to two will produce a non-inverted
PWM and setting the COM1x1:0 to three will produce an inverted PWM output. Setting the
COM1A1:0 bits to one will enable complementary Compare Output mode and produce both the
non-inverted (OC1x) and inverted output (OC1x). The actual values 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 Waveform Output (OCW1x) at the Compare Match between OCR1x and
TCNT1 when the counter increments, and setting (or clearing) the Waveform Output at Compare
Match when the counter decrements. The PWM frequency for the output when using the Phase
and Frequency Correct PWM can be calculated by the following equation:

The N variable represents the number of steps in dual-slope operation. The value of N equals to
the TOP value.

The extreme values for the OCR1C Register represent special cases when generating a PWM
waveform output in the Phase and Frequency Correct PWM mode. If the OCR1C is set equal to
BOTTOM, the output will be continuously low and if set equal to MAX the output will be continu-
ously high for non-inverted PWM mode. For inverted PWM the output will have the opposite
logic values.

The general I/O port function is overridden by the Output Compare value (OC1x / OC1x) from
the Dead Time Generator, if either of the COM1x1:0 bits are set and the Data Direction Register
bits for the OC1X and OC1X pins are set as an output. If the COM1x1:0 bits are cleared, the

TOVn Interrupt Flag Set

OCnx Interrupt Flag Set

1 2 3

TCNTn

Period

OCWnx

OCWnx

(COMnx = 2)

(COMnx = 3)

OCRnx Update

fOCnxPCPWM

fclkT1

N
-------------=
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12.12.10 OCR1B – Timer/Counter1 Output Compare Register B

The output compare register B is an 8-bit read/write register.

The Timer/Counter Output Compare Register B contains data to be continuously compared with
Timer/Counter1. Actions on compare matches are specified in TCCR1. A compare match does
only occur if Timer/Counter1 counts to the OCR1B value. A software write that sets TCNT1 and
OCR1B to the same value does not generate a compare match.

A compare match will set the compare interrupt flag OCF1B after a synchronization delay follow-
ing the compare event.

Note that, if 10-bit accuracy is used special procedures must be followed when accessing the
internal 10-bit Output Compare Registers via the 8-bit AVR data bus. These procedures are
described in section “Accessing 10-Bit Registers” on page 108.

12.12.11 OCR1C – Timer/Counter1 Output Compare Register C

The output compare register C is an 8-bit read/write register.

The Timer/Counter Output Compare Register C contains data to be continuously compared with
Timer/Counter1, and a compare match will clear TCNT1. This register has the same function in
Normal mode and PWM modes.

Note that, if a smaller value than three is written to the Output Compare Register C, the value is
automatically replaced by three as it is a minumum value allowed to be written to this register. 

Note that, if 10-bit accuracy is used special procedures must be followed when accessing the
internal 10-bit Output Compare Registers via the 8-bit AVR data bus. These procedures are
described in section “Accessing 10-Bit Registers” on page 108.

12.12.12 OCR1D – Timer/Counter1 Output Compare Register D

The output compare register D is an 8-bit read/write register.

The Timer/Counter Output Compare Register D contains data to be continuously compared with
Timer/Counter1. Actions on compare matches are specified in TCCR1A. A compare match does
only occur if Timer/Counter1 counts to the OCR1D value. A software write that sets TCNT1 and
OCR1D to the same value does not generate a compare match.

A compare match will set the compare interrupt flag OCF1D after a synchronization delay follow-
ing the compare event.

Bit 7 6 5 4 3 2 1 0

0x2C (0x4C) MSB LSB OCR1B

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

0x2B (0x4B) MSB LSB OCR1C

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 1 1 1 1 1 1 1 1

Bit 7 6 5 4 3 2 1 0

0x2A (0x4A) MSB LSB OCR1D

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0
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SPITransfer_loop:

sts USICR,r16

lds r16, USISR

sbrs r16, USIOIF

rjmp SPITransfer_loop

lds r16,USIDR

ret

The code is size optimized using only eight instructions (plus return). The code example
assumes that the DO and USCK pins have been enabled as outputs in DDRA. The value stored
in register r16 prior to the function is called is transferred to the slave device, and when the
transfer is completed the data received from the slave is stored back into the register r16.

The second and third instructions clear the USI Counter Overflow Flag and the USI counter
value. The fourth and fifth instructions set three-wire mode, positive edge clock, count at USITC
strobe, and toggle USCK. The loop is repeated 16 times.

The following code demonstrates how to use the USI as an SPI master with maximum speed
(fSCK = fCK/2):

SPITransfer_Fast:

out USIDR,r16

ldi r16,(1<<USIWM0)|(0<<USICS0)|(1<<USITC)

ldi r17,(1<<USIWM0)|(0<<USICS0)|(1<<USITC)|(1<<USICLK)

out USICR,r16 ; MSB

out USICR,r17

out USICR,r16

out USICR,r17

out USICR,r16

out USICR,r17

out USICR,r16

out USICR,r17

out USICR,r16

out USICR,r17

out USICR,r16

out USICR,r17

out USICR,r16

out USICR,r17

out USICR,r16 ; LSB

out USICR,r17

in r16,USIDR

ret
128
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• Bits 1, 0 – ACIS1, ACIS0: Analog Comparator Interrupt Mode Select

These bits determine which comparator events that trigger the Analog Comparator interrupt. The
different settings are shown in Table 14-2.

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.

14.2.2 ACSRB – Analog Comparator Control and Status Register B

• Bit 7 – HSEL: Hysteresis Select

When this bit is written logic one, the hysteresis of the Analog Comparator is switched on. The
hysteresis level is selected by the HLEV bit.

• Bit 6 – HLEV: Hysteresis Level

When the hysteresis is enabled by the HSEL bit, the Hysteresis Level, HLEV, bit selects the hys-
teresis level that is either 20mV (HLEV=0) or 50mV (HLEV=1). 

• Bits 2:0 – ACM2:ACM0: Analog Comparator Multiplexer

The Analog Comparator multiplexer bits select the positive and negative input pins of the Analog
Comparator. The different settings are shown in Table 14-1.

14.2.3 DIDR0 – Digital Input Disable Register 0

• Bits 7:4,2:0 – ADC6D:ADC0D: ADC6:0 Digital Input Disable

When this bit is written logic one, the digital input buffer on the corresponding ADC pin is dis-
abled. The corresponding PIN register bit will always read as zero when this bit is set. When an
analog signal is applied to the ADC7:0 pin and the digital input from this pin is not needed, this
bit should be written logic one to reduce power consumption in the digital input buffer.

• Bit 3 – AREFD: AREF Digital Input Disable

When this bit is written logic one, the digital input buffer on the AREF pin is disabled. The corre-
sponding PIN register bit will always read as zero when this bit is set. When an analog signal is

Table 14-2. ACIS1/ACIS0 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.

Bit 7 6 5 4 3 2 1 0

0x09 (0x29) HSEL HLEV - - - ACM2 ACM1 ACM0 ACSRB

Read/Write R/W R/W R R R R/W R/W R/W

Initial Value 0 0 N/A 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

0x01 (0x21) ADC6D ADC5D ADC4D ADC3D AREFD ADC2D ADC1D ADC0D DIDR0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0
140
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• Differential Non-linearity (DNL): The maximum deviation of the actual code width (the interval 
between two adjacent transitions) from the ideal code width (1 LSB). Ideal value: 0 LSB.

Figure 15-12. Differential Non-linearity (DNL)

• Quantization Error: Due to the quantization of the input voltage into a finite number of codes, 
a range of input voltages (1 LSB wide) will code to the same value. Always ± 0.5 LSB.

• Absolute Accuracy: The maximum deviation of an actual (unadjusted) transition compared to 
an ideal transition for any code. This is the compound effect of offset, gain error, differential 
error, non-linearity, and quantization error. Ideal value: ± 0.5 LSB.

15.11 ADC Conversion Result
After the conversion is complete (ADIF is high), the conversion result can be found in the ADC
Result Registers (ADCL, ADCH). The form of the conversion result depends on the type of the
conversio as there are three types of conversions: single ended conversion, unipolar differential
conversion and bipolar differential conversion.

15.11.1 Single Ended Conversion

For single ended conversion, the result is

where VIN is the voltage on the selected input pin and VREF the selected voltage reference (see
Table 15-3 on page 155 and Table 15-4 on page 157). 0x000 represents analog ground, and

Output Code

0x3FF

0x000

0 VREF Input Voltage

DNL

1 LSB

ADC
VIN 1024

VREF
--------------------------=
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0x3FF represents the selected voltage reference minus one LSB. The result is presented in one-
sided form, from 0x3FF to 0x000.

15.11.2 Unipolar Differential Conversion

If differential channels and an unipolar input mode are used, the result is

where VPOS is the voltage on the positive input pin, VNEG the voltage on the negative input pin,
and VREF the selected voltage reference (see Table 15-3 on page 155 and Table 15-4 on page
157). The voltage on the positive pin must always be larger than the voltage on the negative pin
or otherwise the voltage difference is saturated to zero. The result is presented in one-sided
form, from 0x000 (0d) to 0x3FF (+1023d). The GAIN is either 1x, 8x, 20x or 32x.

15.11.3 Bipolar Differential Conversion

As default the ADC converter operates in the unipolar input mode, but the bipolar input mode
can be selected by writting the BIN bit in the ADCSRB to one. In the bipolar input mode two-
sided voltage differences are allowed and thus the voltage on the negative input pin can also be
larger than the voltage on the positive input pin. If differential channels and a bipolar input mode
are used, the result is

where VPOS is the voltage on the positive input pin, VNEG the voltage on the negative input pin,
and VREF the selected voltage reference. The result is presented in two’s complement form, from
0x200 (-512d) through 0x000 (+0d) to 0x1FF (+511d). The GAIN is either 1x, 8x, 20x or 32x. 

However, if the signal is not bipolar by nature (9 bits + sign as the 10th bit), this scheme loses
one bit of the converter dynamic range. Then, if the user wants to perform the conversion with
the maximum dynamic range, the user can perform a quick polarity check of the result and use
the unipolar differential conversion with selectable differential input pair. When the polarity check
is performed, it is sufficient to read the MSB of the result (ADC9 in ADCH). If the bit is one, the
result is negative, and if this bit is zero, the result is positive.

15.12 Temperature Measurement
The temperature measurement is based on an on-chip temperature sensor that is coupled to a
single ended ADC11 channel. Selecting the ADC11 channel by writing the MUX5:0 bits in
ADMUX register to “111111” enables the temperature sensor. The internal 1.1V voltage refer-
ence must also be selected for the ADC voltage reference source in the temperature sensor
measurement. When the temperature sensor is enabled, the ADC converter can be used in sin-
gle conversion mode to measure the voltage over the temperature sensor. 

The measured voltage has a linear relationship to the temperature as described in Table 15-2
The sensitivity is approximately 1 LSB / C and the accuracy depends on the method of user cal-
ibration. Typically, the measurement accuracy after a single temperature calibration is ±10C,

ADC
VPOS VNEG–  1024

VREF
-------------------------------------------------------- GAIN=

ADC
VPOS VNEG–  512

VREF
----------------------------------------------------- GAIN=
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3. Load Data Low Byte:

a. Set XA1, XA0 to “01”. This enables data loading.

b. Set DATA = Data low byte (0x00 - 0xFF).

c. Give XTAL1 a positive pulse. This loads the data byte.

4. Load Data High Byte:

a. Set BS1 to “1”. This selects high data byte.

b. Keep XA1, XA0 at “01”. This enables data loading.

c. Set DATA = Data high byte (0x00 - 0xFF).

d. Give XTAL1 a positive pulse. This loads the data byte.

5. Repeat steps 2 to 4 until the entire buffer is filled or until all data within the page is 
loaded.

6. Load Address High byte:

a. Set XA1, XA0 to “00”. This enables address loading.

b. Set BS1 to “1”. This selects high address.

c. Set DATA = Address high byte (0x00 - 0xFF).

d. Give XTAL1 a positive pulse. This loads the address high byte.

7. Program Page:

a. Give WR a negative pulse. This starts programming of the entire page of data. 
RDY/BSY goes low.

b. Wait until RDY/BSY goes high.

8. Repeat steps 2 to 7 until the entire Flash is programmed or until all data has been 
programmed.

9. End Page Programming:

a. Set XA1, XA0 to “10”. This enables command loading.

b. Set DATA to “0000 0000”. This is the command for No Operation.

c. Give XTAL1 a positive pulse. This loads the command, and the internal write sig-
nals are reset.

While the lower bits in the address are mapped to words within the page, the higher bits address
the pages within the FLASH. This is illustrated in Figure 18-4. Note that if less than eight bits are
required to address words in the page (pagesize < 256), the most significant bit(s) in the address
low byte are used to address the page when performing a Page Write.
181
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19. Electrical Characteristics

19.1 Absolute Maximum Ratings*

19.2 DC Characteristics

Operating Temperature.................................. -55C to +125C *NOTICE: Stresses beyond those listed under “Absolute 
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and 
functional operation of the device at these or 
other conditions beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may affect 
device reliability.

Storage Temperature ..................................... -65°C to +150°C

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

Voltage on RESET with respect to Ground......-0.5V to +13.0V

Maximum Operating Voltage ............................................ 6.0V

DC Current per I/O Pin ............................................... 40.0 mA

DC Current VCC and GND Pins ................................ 200.0 mA

Table 19-1. DC Characteristics. TA = -40C to +85C, VCC = 1.8V to 5.5V (unless otherwise noted).

Symbol Parameter Condition Min Typ (1) Max Units

VIL Input Low-voltage

Except XTAL1 and
RESET pins

-0.5 0.2VCC
(3) V

XTAL1 pin,
External Clock Selected

-0.5 0.1VCC
(3) V

RESET pin -0.5 0.2VCC
(3) V

RESET pin as I/O -0.5 0.2VCC
(3) V

VIH Input High-voltage

Except XTAL1 and
RESET pins

0.7VCC
(2) VCC +0.5 V

XTAL1 pin,
External Clock Selected

0.8VCC
(2) VCC +0.5 V

RESET pin 0.9VCC
(2) VCC +0.5 V

RESET pin as I/O 0.7VCC
(2) VCC +0.5 V

VOL
Output Low Voltage (4)

(Except Reset pin) (6)
IOL = 10 mA, VCC = 5V
IOL = 5 mA, VCC = 3V

0.6
0.5

V
V

VOH
Output High-voltage (5)

(Except Reset pin) (6)
IOH = -10 mA, VCC = 5V
IOH = -5 mA, VCC = 3V

4.3
2.5

V
V

IIL
Input Leakage
Current I/O Pin

Vcc = 5.5V, pin low
(absolute value)

< 0.05 1 µA

IIH
Input Leakage
Current I/O Pin

Vcc = 5.5V, pin high
(absolute value)

< 0.05 1 µA

RRST Reset Pull-up Resistor 30 60 k

RPU I/O Pin Pull-up Resistor 20 50 k
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19.5.2 Brown-Out Detection

Note: 1. 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 guar-
antees that a Brown-out Reset will occur before VCC drops to a voltage where correct 
operation of the microcontroller is no longer guaranteed.

Table 19-6. 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

V101 2.5 2.7 2.9

100 4.1 4.3 4.5

0XX Reserved
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Figure 20-4. Active Supply Current vs. VCC (Internal RC Oscillator, 1 MHz)

Figure 20-5. Active Supply Current vs. VCC (Internal RC Oscillator, 128 kHz)
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23. Ordering Information

Notes: 1. These devices can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering informa-
tion and minimum quantities.

2. All packages are Pb-free, halide-free and fully green and they comply with the European directive for Restriction of Hazard-
ous Substances (RoHS).

3. For Speed vs. VCC, see Figure 19.3 on page 188.

4. Code indicators:

– U: matte tin

– R: tape & reel

5. Mature devices, replaced by ATtiny261A.

23.1 ATtiny261 - Mature

Speed (MHz)(3) Power Supply (V) Ordering Code(4)(5) Package(2) Operational Range

10 1.8 - 5.5

ATtiny261V-10MU
ATtiny261V-10MUR
ATtiny261V-10PU
ATtiny261V-10SU
ATtiny261V-10SUR

32M1-A
32M1-A
20P3
20S2
20S2

Industrial
(-40C to +85C)(1)

20 2.7 - 5.5

ATtiny261-20MU
ATtiny261-20MUR
ATtiny261-20PU
ATtiny261-20SU
ATtiny261-20SUR

32M1-A
32M1-A
20P3
20S2
20S2

Industrial
(-40C to +85C)(1)
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25. Errata

25.1 Errata ATtiny261
The revision letter in this section refers to the revision of the ATtiny261 device.

25.1.1 Rev A

No known errata.

25.2 Errata ATtiny461
The revision letter in this section refers to the revision of the ATtiny461 device.

25.2.1 Rev B

Yield improvement. No known errata.

25.2.2 Rev A

No known errata.

25.3 Errata ATtiny861
The revision letter in this section refers to the revision of the ATtiny861 device.

25.3.1 Rev B

No known errata.

25.3.2 Rev A

Not sampled.
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