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Figure 5-3 MLF Top View
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NOTE:
The large center pad underneath 
the MLF packages is made of 
metal and internally connected to 
GND. It should be soldered or 
glued to the PCB to ensure good
mechanical stability. If the center 
pad is left unconneted, the
package might loosen from the 
PCB.

5.1. Pin Descriptions

5.1.1. VCC

Digital supply voltage.

5.1.2. GND
Ground.

5.1.3. Port B (PB7:PB0) – XTAL1/XTAL2/TOSC1/TOSC2
Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port B
output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs,
Port B pins that are externally pulled low will source current if the pull-up resistors are activated. The Port
B pins are tri-stated when a reset condition becomes active, even if the clock is not running.
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14.8.1. MCUCR – MCU Control Register
The MCU Control Register contains control bits for power management.

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:  MCUCR
Offset:  0x35
Reset:  0x00
Property:
 

When addressing I/O Registers as data space the offset address is 0x55

Bit 7 6 5 4 3 2 1 0  
   SE SM2 SM1 SM0    

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

Bit 5 – SE: Sleep Enable
The SE bit must be written to logic one to make the MCU enter the sleep mode when the SLEEP
instruction is executed. To avoid the MCU entering the sleep mode unless it is the programmer’s purpose,
it is recommended to set the Sleep Enable (SE) bit just before the execution of the SLEEP instruction.

Bits 4:2 – SMn: Sleep Mode n Select Bits [n=2:0]
These bits select between the five available sleep modes as shown in the table.

SM2 SM1 SM0 Sleep Mode

0 0 0 Idle

0 0 1 ADC Noise Reduction

0 1 0 Power-down

0 1 1 Power-save

1 0 0 Reserved

1 0 1 Reserved

1 1 0 Standby(1)

Note:  1. Standby mode is only available with external crystals or resonators.
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Signal Name Full Name Description

DDOE Data Direction
Override Enable

If this signal is set, the Output Driver Enable is controlled by the DDOV
signal. If this signal is cleared, the Output driver is enabled by the DDxn
Register bit.

DDOV Data Direction
Override Value

If DDOE is set, the Output Driver is enabled/disabled when DDOV is
set/cleared, regardless of the setting of the DDxn Register bit.

PVOE Port Value Override
Enable

If this signal is set and the Output Driver is enabled, the port value is
controlled by the PVOV signal. If PVOE is cleared, and the Output
Driver is enabled, the port Value is controlled by the PORTxn Register
bit.

PVOV Port Value Override
Value

If PVOE is set, the port value is set to PVOV, regardless of the setting of
the PORTxn Register bit.

DIEOE Digital Input Enable
Override Enable

If this bit is set, the Digital Input Enable is controlled by the DIEOV
signal. If this signal is cleared, the Digital Input Enable is determined by
MCU state (Normal mode, sleep mode).

DIEOV Digital Input Enable
Override Value

If DIEOE is set, the Digital Input is enabled/disabled when DIEOV is set/
cleared, regardless of the MCU state (Normal mode, sleep mode).

DI Digital Input This is the Digital Input to alternate functions. In the figure, the signal is
connected to the output of the Schmitt Trigger but before the
synchronizer. Unless the Digital Input is used as a clock source, the
module with the alternate function will use its own synchronizer.

AIO Analog Input/Output This is the Analog Input/output to/from alternate functions. The signal is
connected directly to the pad, and can be used bi-directionally.

The following subsections shortly describe the alternate functions for each port, and relate the overriding
signals to the alternate function. Refer to the alternate function description for further details.

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

Table 18-3 Port B Pins Alternate Functions

Port Pin Alternate Functions

PB7 XTAL2 (Chip Clock Oscillator pin 2)
TOSC2 (Timer Oscillator pin 2)

PB6 XTAL1 (Chip Clock Oscillator pin 1 or External clock input)
TOSC1 (Timer Oscillator pin 1)

PB5 SCK (SPI Bus Master clock Input)

PB4 MISO (SPI Bus Master Input/Slave Output)

PB3 MOSI (SPI Bus Master Output/Slave Input)
OC2 (Timer/Counter2 Output Compare Match Output)

PB2 SS (SPI Bus Master Slave select)
OC1B (Timer/Counter1 Output Compare Match B Output)
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Signal 
Name

PB3/MOSI/
OC2

PB2/SS/
OC1B

PB1/OC1A PB0/ICP1

DDOV 0 0 0 0

PVOE SPE • MSTR + OC2 ENABLE OC1B ENABLE OC1A ENABLE 0

PVOV SPI MSTR OUTPUT + OC2 OC1B OC1A 0

DIEOE 0 0 0 0

DIEOV 0 0 0 0

DI SPI SLAVE INPUT SPI SS – ICP1 INPUT

AIO – – – –

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

Table 18-6 Port C Pins Alternate Functions

Port Pin Alternate Function

PC6 RESET (Reset pin)

PC5 ADC5 (ADC Input Channel 5)
SCL (Two-wire Serial Bus Clock Line)

PC4 ADC4 (ADC Input Channel 4)
SDA (Two-wire Serial Bus Data Input/Output Line)

PC3 ADC3 (ADC Input Channel 3)

PC2 ADC2 (ADC Input Channel 2)

PC1 ADC1 (ADC Input Channel 1)

PC0 ADC0 (ADC Input Channel 0)

The alternate pin configuration is as follows:

• RESET – Port C, Bit 6

RESET, Reset pin: When the RSTDISBL Fuse is programmed, this pin functions as a normal I/O pin, and
the part will have to rely on Power-on Reset and Brown-out Reset as its reset sources. When the
RSTDISBL Fuse is unprogrammed, the reset circuitry is connected to the pin, and the pin can not be
used as an I/O pin.

If PC6 is used as a reset pin, DDC6, PORTC6 and PINC6 will all read 0.

• SCL/ADC5 – Port C, Bit 5

SCL, Two-wire Serial Interface Clock: When the TWEN bit in TWCR is set (one) to enable the Two-wire
Serial Interface, pin PC5 is disconnected from the port and becomes the Serial Clock I/O pin for the Two-
wire Serial Interface. In this mode, there is a spike filter on the pin to suppress spikes shorter than 50 ns
on the input signal, and the pin is driven by an open drain driver with slew-rate limitation.

PC5 can also be used as ADC input Channel 5. Note that ADC input channel 5 uses digital power.

• SDA/ADC4 – Port C, Bit 4
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19.2.2. Definitions
Many register and bit references in this document are written in general form. A lower case “n” replaces
the Timer/Counter number, in this case 0. However, when using the register or bit defines in a program,
the precise form must be used i.e. TCNT0 for accessing Timer/Counter0 counter value and so on.

The definitions in the table below are also used extensively throughout this datasheet.

Table 19-1 Definitions

BOTTOM The counter reaches the BOTTOM when it becomes 0x00

MAX The counter reaches its MAXimum when it becomes 0xFF (decimal 255)

19.3. Timer/Counter Clock Sources
The Timer/Counter can be clocked by an internal or an external clock source. The clock source is
selected by the clock select logic which is controlled by the clock select (CS02:0) bits located in the
Timer/Counter Control Register (TCCR0). For details on clock sources and prescaler, see Timer/Counter0
and Timer/Counter1 Prescalers.

Related Links
Timer/Counter0 and Timer/Counter1 Prescalers on page 108

19.4. Counter Unit
The main part of the 8-bit Timer/Counter is the programmable counter unit. The following figure shows a
block diagram of the counter and its surroundings.

Figure 19-2 Counter Unit Block Diagram

DATA BUS

TCNTn Control Logic
count

TOVn
(Int. Req.)

Clock Se lect

max

TnEdge
Detector

( From Presca le r )

clkTn

Signal description (internal signals):

count Increment TCNT0 by 1.

clkTn Timer/Counter clock, referred to as clkT0 in the following.

max Signalize that TCNT0 has reached maximum value.

The counter is incremented at each timer clock (clkT0). clkT0 can be generated from an external or internal
clock source, selected by the clock select bits (CS02:0). When no clock source is selected (CS02:0 = 0)
the timer is stopped. However, the TCNT0 value can be accessed by the CPU, regardless of whether
clkT0 is present or not. A CPU write overrides (has priority over) all counter clear or count operations.
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19.5. Operation
The counting direction is always up (incrementing), and no counter clear is performed. The counter simply
overruns when it passes its maximum 8-bit value (MAX = 0xFF) and then restarts from the bottom (0x00).
In normal operation the Timer/Counter Overflow Flag (TOV0) will be set in the same timer clock cycle as
the TCNT0 becomes zero. The TOV0 Flag in this case behaves like a ninth bit, except that it is only set,
not cleared. However, combined with the timer overflow interrupt that automatically clears the TOV0 Flag,
the timer resolution can be increased by software. A new counter value can be written anytime.

19.6. Timer/Counter Timing Diagrams
The Timer/Counter is a synchronous design and the timer clock (clkT0) is therefore shown as a clock
enable signal in the following figures. The figures include information on when Interrupt Flags are set. The
following figure contains timing data for basic Timer/Counter operation. The figure shows the count
sequence close to the MAX value.

Figure 19-3 Timer/Counter Timing Diagram, No Prescaling

clkTn
(clkI/O/1)

TOVn

clkI/O

TCNTn MAX - 1 MAX BOTTOM BOTTOM + 1

The next figure shows the same timing data, but with the prescaler enabled.

Figure 19-4 Timer/Counter Timing Diagram, with Prescaler (fclk_I/O/8)

TOVn

TCNTn MAX - 1 MAX BOTTOM BOTTOM + 1

clkI/O

clkTn
(clkI/O/8)

19.7. Register Description
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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)
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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

Atmel ATmega8A [DATASHEET]
Atmel-8159F-8-bit AVR Microcontroller_Datasheet_Complete-09/2015

109



Figure 21-8 Phase Correct PWM Mode, Timing Diagram

OCRnx/TOP Update and
OCnA Interrupt Flag Set
or ICFn Interrupt Flag Set
(Interrupt on TOP)

1 2 3 4

TOVn Interrupt Flag Set
(Interrupt on Bottom)

TCNTn

Period

OCnx

OCnx

(COMnx1:0 = 2)

(COMnx1:0 = 3)

The Timer/Counter Overflow Flag (TOV1) is set each time the counter reaches BOTTOM. When either
OCR1A or ICR1 is used for defining the TOP value, the OC1A or ICF1 Flag is set accordingly at the same
timer clock cycle as the OCR1x Registers are updated with the double buffer value (at TOP). The
Interrupt Flags can 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. Note that when using fixed TOP
values, the unused bits are masked to zero when any of the OCR1x Registers are written. As the third
period shown in the timing diagram above illustrates, changing the TOP actively while the Timer/Counter
is running in the Phase Correct mode can result in an unsymmetrical output. The reason for this can be
found in the time of update of the OCR1x Register. Since the OCR1x update occurs at TOP, the PWM
period starts and ends at TOP. This implies that the length of the falling slope is determined by the
previous TOP value, while the length of the rising slope is determined by the new TOP value. When these
two values differ the two slopes of the period will differ in length. The difference in length gives the
unsymmetrical result on the output.

It is recommended to use the Phase and Frequency Correct mode instead of the Phase Correct mode
when changing the TOP value while the Timer/Counter is running. When using a static TOP value there
are practically no differences between the two modes of operation.

In phase correct PWM mode, the compare units allow generation of PWM waveforms on the OC1x pins.
Setting the COM1x1:0 bits to 2 will produce a non-inverted PWM and an inverted PWM output can be
generated by setting the COM1x1:0 to 3. Refer to Table 21-4 Compare Output Mode, Phase Correct and
Phase and Frequency Correct PWM(1) on page 133. 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
correct PWM can be calculated by the following equation:�OCnxPCPWM = �clk_I/O2 ⋅ � ⋅ TOP
N variable represents the prescale divider (1, 8, 64, 256, or 1024).
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Figure 22-2 Counter Unit Block Diagram

DATA BUS

TCNTn Control Logic

count

TOVn
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T/C
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clkI/O
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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.

Atmel ATmega8A [DATASHEET]
Atmel-8159F-8-bit AVR Microcontroller_Datasheet_Complete-09/2015

149



Table 23-4 CPHA Functionality

CPHA Leading Edge Trailing Edge

0 Sample Setup

1 Setup Sample

Bits 1:0 – SPRn: SPI Clock Rate Select [n = 1:0]
These two bits control the SCK rate of the device configured as a Master. SPR1 and SPR0 have no effect
on the Slave. The relationship between SCK and the Oscillator Clock frequency fosc is shown in the table
below.

Table 23-5 Relationship between SCK and Oscillator Frequency

SPI2X SPR1 SPR0 SCK Frequency

0 0 0 fosc/4

0 0 1 fosc/16

0 1 0 fosc/64

0 1 1 fosc/128

1 0 0 fosc/2

1 0 1 fosc/8

1 1 0 fosc/32

1 1 1 fosc/64
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Baud
Rate
[bps]

fosc = 1.0000MHz fosc = 1.8432MHz fosc = 2.0000MHz

U2X = 0 U2X = 1 U2X= 0 U2X = 1 U2X = 0 U2X = 1

UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error

14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%

19.2k 2 8.5% 6 -7.0% 5 0.0% 11 0.0% 6 -7.0% 12 0.2%

28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%

38.4k 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 -7.0%

57.6k 0 8.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% 3 8.5%

76.8k – – 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%

115.2k – – 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 8.5%

230.4k – – – – – – 0 0.0% – – – –

250k – – – – – – – – – – 0 0.0%

Max(1) 62.5kbps 125kbps 115.2kbps 230.4kbps 125kbps 250kbps

Note:  1. UBRR = 0, Error = 0.0%

Table 24-10 Examples of UBRR Settings for Commonly Used Oscillator Frequencies (Continued)

Baud
Rate
[bps]

fosc = 3.6864MHz fosc = 4.0000MHz fosc = 7.3728MHz

U2X = 0 U2X = 1 U2X = 0 U2X = 1 U2X = 0 U2X = 1

UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error

2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%

4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%

9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%

14.4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%

19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%

28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%

38.4k 5 0.0% 11 0.0% 6 -7.0% 12 0.2% 11 0.0% 23 0.0%

57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%

76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 11 0.0%

115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%

230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%

250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%

0.5M – – 0 -7.8% – – 0 0.0% 0 -7.8% 1 -7.8%

1M – – – – – – – – – – 0 -7.8%

Max.(1) 230.4kbps 460.8kbps 250kbps 0.5Mbps 460.8kbps 921.6kbps
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Bit 4 – TWSTO: TWI STOP Condition
Writing the TWSTO bit to one in Master mode will generate a STOP condition on the 2-wire Serial Bus.
When the STOP condition is executed on the bus, the TWSTO bit is cleared automatically. In Slave
mode, setting the TWSTO bit can be used to recover from an error condition. This will not generate a
STOP condition, but the TWI returns to a well-defined unaddressed Slave mode and releases the SCL
and SDA lines to a high impedance state.

Bit 3 – TWWC: TWI Write Collision Flag
The TWWC bit is set when attempting to write to the TWI Data Register – TWDR when TWINT is low.
This flag is cleared by writing the TWDR Register when TWINT is high.

Bit 2 – TWEN: TWI Enable
The TWEN bit enables TWI operation and activates the TWI interface. When TWEN is written to one, the
TWI takes control over the I/O pins connected to the SCL and SDA pins, enabling the slew-rate limiters
and spike filters. If this bit is written to zero, the TWI is switched off and all TWI transmissions are
terminated, regardless of any ongoing operation.

Bit 0 – TWIE: TWI Interrupt Enable
When this bit is written to one, and the I-bit in SREG is set, the TWI interrupt request will be activated for
as long as the TWINT Flag is high.
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26.3.2. ACSR – Analog Comparator Control and 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:  ACSR
Offset:  0x08
Reset:  N/A
Property:
 

When addressing I/O Registers as data space the offset address is 0x28

Bit 7 6 5 4 3 2 1 0  
 ACD ACBG ACO ACI ACIE ACIC ACIS1 ACIS0  

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

Bit 7 – ACD: Analog Comparator Disable
When this bit is written logic one, the power to the Analog Comparator is switched off. This bit can be set
at any time to turn off the Analog Comparator. This will reduce power consumption in Active and Idle
mode. When changing the ACD bit, the Analog Comparator Interrupt must be disabled by clearing the
ACIE bit in ACSR. Otherwise an interrupt can occur when the bit is changed.

Bit 6 – ACBG: Analog Comparator Bandgap Select
When this bit is set, a fixed bandgap reference voltage replaces the positive input to the Analog
Comparator. When this bit is cleared, AIN0 is applied to the positive input of the Analog Comparator.
Refer to Internal Voltage Reference in System Control and Reset.

Bit 5 – ACO: Analog Comparator Output
The output of the Analog Comparator is synchronized and then directly connected to ACO. The
synchronization introduces a delay of 1 - 2 clock cycles.

Bit 4 – ACI: Analog Comparator Interrupt Flag
This bit is set by hardware when a comparator output event triggers the interrupt mode defined by ACIS1
and ACIS0. The Analog Comparator interrupt routine is executed if the ACIE bit is set and the I-bit in
SREG is set. ACI is cleared by hardware when executing the corresponding interrupt handling vector.
Alternatively, ACI is cleared by writing a logic one to the flag.

Bit 3 – ACIE: Analog Comparator Interrupt Enable
When the ACIE bit is written logic one and the I-bit in the Status Register is set, the Analog Comparator
interrupt is activated. When written logic zero, the interrupt is disabled.

Bit 2 – ACIC: Analog Comparator Input Capture Enable
When written logic one, this bit enables the input capture function in Timer/Counter1 to be triggered by
the Analog Comparator. The comparator output is in this case directly connected to the input capture
front-end logic, making the comparator utilize the noise canceler and edge select features of the Timer/
Counter1 Input Capture interrupt. When written logic zero, no connection between the Analog
Comparator and the input capture function exists. To make the comparator trigger the Timer/Counter1
Input Capture interrupt, the ICIE1 bit in the Timer Interrupt Mask Register (TIMSK1) must be set.
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Figure 27-1 Analog to Digital Converter Block Schematic Operation
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The ADC converts an analog input voltage to a 10-bit digital value through successive approximation. The
minimum value represents GND and the maximum value represents the voltage on the AREF pin minus
1LSB. Optionally, AVCC or an internal 2.56V reference voltage may be connected to the AREF pin by
writing to the REFSn bits in the ADMUX Register. The internal voltage reference may thus be decoupled
by an external capacitor at the AREF pin to improve noise immunity.

The analog input channel is selected by writing to the MUX bits in ADMUX. Any of the ADC input pins, as
well as GND and a fixed bandgap voltage reference, can be selected as single ended inputs to the ADC.
The ADC is enabled by setting the ADC Enable bit, ADEN in ADCSRA. Voltage reference and input
channel selections will not go into effect until ADEN is set. The ADC does not consume power when
ADEN is cleared, so it is recommended to switch off the ADC before entering power saving sleep modes.
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Figure 29-3 Programming the Flash Waveform
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Note:  “XX” is don’t care. The letters refer to the programming description above.

29.7.5. Programming the EEPROM
The EEPROM is organized in pages, see Page Size on page 286, Table 29-7 Number of Words in a
Page and Number of Pages in the EEPROM on page 286. When programming the EEPROM, the
program data is latched into a page buffer. This allows one page of data to be programmed
simultaneously. The programming algorithm for the EEPROM data memory is as follows (For details on
Command, Address and Data loading, refer to Programming the Flash on page 289):

1. Step A: Load Command “0001 0001”.
2. Step G: Load Address High Byte (0x00 - 0xFF).
3. Step B: Load Address Low Byte (0x00 - 0xFF).
4. Step C: Load Data (0x00 - 0xFF).
5. Step E: Latch data (give PAGEL a positive pulse).
6. Step K:Repeat 3 through 5 until the entire buffer is filled.
7. Step L: Program EEPROM page

7.1. Set BS1 to “0”.
7.2. Give WR a negative pulse. This starts programming of the EEPROM page. RDY/BSY goes

low.
7.3. Wait until to RDY/BSY goes high before programming the next page. Refer to the figure

below for signal waveforms.
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Figure 30-4 SPI interface timing requirements (Master Mode)
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SPI interface timing requirements (Slave Mode)
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Related Links
SPCR on page 176

30.7. ADC Characteristics
Table 30-8 ADC Characteristics

Symbol Parameter Condition Min(1) Typ(1) Max(1) Units

Resolution Single Ended Conversion 10 Bits

Differential Conversion
Gain = 1x or 20x

8 Bits

Differential Conversion
Gain = 200x

7 Bits
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Figure 32-4 Active Supply Current vs. VCC (Internal RC Oscillator, 4MHz)
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Figure 32-5 Active Supply Current vs. VCC (Internal RC Oscillator, 2MHz)
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Figure 32-35 Reset Pin as I/O - Pin Sink Current vs. Output Voltage (VCC = 2.7V)
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32.8. Pin Thresholds and Hysteresis
Figure 32-36 I/O Pin Input Threshold Voltage vs. VCC (VIH, I/O Pin Read as “1”)
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Figure 32-71 Reset Supply Current vs. VCC (1 - 16MHz, Excluding Current Through The Reset Pull-up)
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Figure 32-72 Reset Pulse Width vs. VCC
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33.1.10. Internal Oscillator Speed
Figure 33-35 Watchdog Oscillator Frequency vs. VCC
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Figure 33-36 Watchdog Oscillator Frequency vs. Temperature
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