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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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old value and program the new value) or to split the Erase and Write operations in two different
operations. The Programming times for the different modes are shown in Table 5-1.

When EEPE is set, any write to EEPMn will be ignored. During reset, the EEPMn bits will be
reset to 0b00 unless the EEPROM is busy programming.

• Bit 3 – EERIE: EEPROM Ready Interrupt Enable

Writing EERIE to one enables the EEPROM Ready Interrupt if the I-bit in SREG is set. Writing
EERIE to zero disables the interrupt. The EEPROM Ready Interrupt generates a constant inter-
rupt when Non-volatile memory is ready for programming.

• Bit 2 – EEMPE: EEPROM Master Program Enable

The EEMPE bit determines whether writing EEPE to one will have effect or not.

When EEMPE is set, setting EEPE within four clock cycles will program the EEPROM at the
selected address. If EEMPE is zero, setting EEPE will have no effect. When EEMPE has been
written to one by software, hardware clears the bit to zero after four clock cycles.

• Bit 1 – EEPE: EEPROM Program Enable

The EEPROM Program Enable Signal EEPE is the programming enable signal to the EEPROM.
When EEPE is written, the EEPROM will be programmed according to the EEPMn bits setting.
The EEMPE bit must be written to one before a logical one is written to EEPE, otherwise no
EEPROM write takes place.  When the write access time has elapsed, the EEPE bit is cleared
by hardware. When EEPE has been set, the CPU is halted for two cycles before the next
instruction is executed.

• Bit 0 – EERE: EEPROM Read Enable

The EEPROM Read Enable Signal – EERE – is the read strobe to the EEPROM. When the cor-
rect address is set up in the EEAR Register, the EERE bit must be written to one to trigger the
EEPROM read. The EEPROM read access takes one instruction, and the requested data is
available immediately. When the EEPROM is read, the CPU is halted for four cycles before the
next instruction is executed. The user should poll the EEPE bit before starting the read opera-
tion. If a write operation is in progress, it is neither possible to read the EEPROM, nor to change
the EEAR Register.

5.5.5 GPIOR2 – General Purpose I/O Register 2

Table 5-1. EEPROM Mode Bits

EEPM1 EEPM0
Programming 

Time Operation

0 0 3.4 ms Erase and Write in one operation (Atomic Operation)

0 1 1.8 ms Erase Only

1 0 1.8 ms Write Only

1 1 – Reserved for future use

Bit 7 6 5 4 3 2 1 0

0x0C (0x2C) MSB LSB GPIOR2

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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1 1 0 1 Reserved

1 1 1 0 Reserved

1 1 1 1 Reserved

Table 6-13. Clock Prescaler Select (Continued)

CLKPS3 CLKPS2 CLKPS1 CLKPS0 Clock Division Factor
35
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8.1.2 External Reset

An External Reset is generated by a low level on the RESET pin if enabled. Reset pulses longer
than the minimum pulse width (see “System and Reset Characteristics” on page 190) will gener-
ate a reset, even if the clock is not running. Shorter pulses are not guaranteed to generate a
reset. When the applied signal reaches the Reset Threshold Voltage – VRST – on its positive
edge, the delay counter starts the MCU after the Time-out period – tTOUT – has expired.

Figure 8-4. External Reset During Operation

8.1.3 Brown-out Detection

ATtiny261/461/861 has an On-chip Brown-out Detection (BOD) circuit for monitoring the VCC

level during operation by comparing it to a fixed trigger level. The trigger level for the BOD can
be selected by the BODLEVEL Fuses. The trigger level has a hysteresis to ensure spike free
Brown-out Detection. The hysteresis on the detection level should be interpreted as VBOT+ =
VBOT + VHYST/2 and VBOT- = VBOT - VHYST/2.

When the BOD is enabled, and VCC decreases to a value below the trigger level (VBOT- in Figure
8-5), the Brown-out Reset is immediately activated. When VCC increases above the trigger level
(VBOT+ in Figure 8-5), the delay counter starts the MCU after the Time-out period tTOUT has
expired.

The BOD circuit will only detect a drop in VCC if the voltage stays below the trigger level for lon-
ger than tBOD given in “System and Reset Characteristics” on page 190.

Figure 8-5. Brown-out Reset During Operation
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1. In the same operation, write a logical one to WDCE and WDE. Even though the WDE 
always is set, the WDE must be written to one to start the timed sequence.

2. Within the next four clock cycles, in the same operation, write the WDP bits as desired, 
but with the WDCE bit cleared. The value written to the WDE bit is irrelevant.

8.3.2 Code Examples

The following code example shows one assembly and one C function for turning off the WDT.
The example assumes that interrupts are controlled (e.g., by disabling interrupts globally) so that
no interrupts will occur during execution of these functions.

Note: See “Code Examples” on page 6.

Assembly Code Example

WDT_off:

wdr

; Clear WDRF in MCUSR

ldi r16, (0<<WDRF)

out MCUSR, r16

; Write logical one to WDCE and WDE

; Keep old prescaler setting to prevent unintentional Watchdog Reset

in  r16, WDTCSR

ori  r16, (1<<WDCE)|(1<<WDE)

out  WDTCSR, r16

; Turn off WDT

ldi  r16, (0<<WDE)

out  WDTCSR, r16

ret

C Code Example

void WDT_off(void)

{

_WDR();

/* Clear WDRF in MCUSR */

MCUSR = 0x00

/* Write logical one to WDCE and WDE */

WDTCSR |= (1<<WDCE) | (1<<WDE);

/* Turn off WDT */

WDTCSR = 0x00;

}
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Table 10-2 summarizes the function of the overriding signals. The pin and port indexes from Fig-
ure 10-5 are not shown in the succeeding tables. The overriding signals are generated internally
in the modules having the alternate function.

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.

Table 10-2. Generic Description of Overriding Signals for Alternate Functions

Signal Name Full Name Description

PUOE
Pull-up Override 
Enable

If this signal is set, the pull-up enable is controlled by the PUOV 
signal. If this signal is cleared, the pull-up is enabled when 
{DDxn, PORTxn, PUD} = 0b010. 

PUOV
Pull-up Override 
Value

If PUOE is set, the pull-up is enabled/disabled when PUOV is 
set/cleared, regardless of the setting of the DDxn, PORTxn, 
and PUD Register bits.

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.

PTOE
Port Toggle 
Override Enable

If PTOE is set, the PORTxn Register bit is inverted.

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.
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• Port B, Bit 1 – MISO/ DO/ OC1A/ PCINT9

• DO: Three-wire mode Universal Serial Interface Data output. Three-wire mode Data output 
overrides PORTB1 value and it is driven to the port when data direction bit DDB1 is set (one). 
PORTB1 still enables the pull-up, if the direction is input and PORTB1 is set (one).

• OC1A: Output Compare Match output: The PB1 pin can serve as an external output for the 
Timer/Counter1 Compare Match B when configured as an output (DDB1 set). The OC1A pin 
is also the output pin for the PWM mode timer function.

• PCINT9: Pin Change Interrupt source 9.

• Port B, Bit 0 – MOSI/ DI/ SDA/ OC1A/ PCINT8

• DI: Data Input in USI Three-wire mode. USI Three-wire mode does not override normal port 
functions, so pin must be configure as an input for DI function.

• SDA: Two-wire mode Serial Interface Data.

• OC1A: Inverted Output Compare Match output: The PB0 pin can serve as an external output 
for the Timer/Counter1 Compare Match B when configured as an output (DDB0 set). The 
OC1A pin is also the inverted output pin for the PWM mode timer function.

• PCINT8: Pin Change Interrupt source 8.

Table 10-7 and Table 10-8 relate the alternate functions of Port B to the overriding signals
shown in Figure 10-5 on page 61.

Note: 1. “1” when the Fuse is “0” (Programmed).

Table 10-7. Overriding Signals for Alternate Functions in PB7:PB4

Signal 

Name

PB7/RESET/
dW/ADC10/
PCINT15

PB6/ADC9/T0/
INT0/PCINT14

PB5/XTAL2/CLKO/
OC1D/ADC8/
PCINT13(1)

PB4/XTAL1/
OC1D/ADC7/
PCINT12(1)

PUOE
RSTDISBL(1) • 
DWEN(1) 0 INTRC • EXTCLK INTRC

PUOV 1 0 0 0

DDOE
RSTDISBL(1) • 
DWEN(1) 0 INTRC • EXTCLK INTRC

DDOV debugWire Transmit 0 0 0

PVOE 0 0 OC1D Enable OC1D Enable

PVOV 0 0 OC1D OC1D

PTOE 0 0 0 0

DIEOE 0
RSTDISBL + (PCINT5 
• PCIE + ADC9D)

INTRC • EXTCLK + 
PCINT4 • PCIE + 
ADC8D

INTRC + PCINT12 • 
PCIE + ADC7D

DIEOV ADC10D ADC9D
(INTRC • EXTCLK) + 
ADC8D

INTRC • ADC7D

DI PCINT15 T0/INT0/PCINT14 PCINT13 PCINT12

AIO RESET / ADC10 ADC9 XTAL2, ADC8 XTAL1, ADC7
68
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The following code examples show how to do an atomic read of the TCNT0 register contents.
Reading any of the OCR0 register can be done by using the same principle.

Note: See “Code Examples” on page 6.

The assembly code example returns the TCNT0H/L value in the r17:r16 register pair.

Assembly Code Example

TIM0_ReadTCNT0:

; Save global interrupt flag

in r18,SREG

; Disable interrupts

cli

; Read TCNT0 into r17:r16

in r16,TCNT0L

in r17,TCNT0H

; Restore global interrupt flag

out SREG,r18

ret

C Code Example

unsigned int TIM0_ReadTCNT0( void )

{

  unsigned char sreg;

  unsigned int i;

  /* Save global interrupt flag */

  sreg = SREG;

  /* Disable interrupts */

  _CLI();

  /* Read TCNT0 into i */

  i = TCNT0L;

  i |= ((unsigned int)TCNT0H << 8);

  /* Restore global interrupt flag */

  SREG = sreg;

  return i;

}
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in a constantly high or low output (depending on the polarity of the output set by the COM1x1:0
bits.)

A frequency (with 50% duty cycle) waveform output in fast PWM mode can be achieved by set-
ting the Waveform Output (OCW1x) to toggle its logical level on each Compare Match
(COM1x1:0 = 1). The waveform generated will have a maximum frequency of fOC1 = fclkT1/4 when
OCR1C is set to three.

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
actual value from the port register will be visible on the port pin. The Output Compare Pin config-
urations are described in Table 12-3.

12.8.3 Phase and Frequency Correct PWM Mode

The Phase and Frequency Correct PWM Mode (PWM1A/PWM1B = 1 and WGM11:10 = 01) pro-
vides a high resolution Phase and Frequency Correct PWM waveform generation option. The
Phase and Frequency Correct PWM mode is based on a dual-slope operation. The counter
counts repeatedly from BOTTOM to TOP (defined as OCR1C) and then from TOP to BOTTOM.
In non-inverting Compare Output Mode the Waveform Output (OCW1x) is cleared on the Com-
pare Match between TCNT1 and OCR1x while upcounting, and set on the Compare Match while
down-counting. In inverting Output Compare mode, the operation is inverted. In complementary
Compare Output Mode, the Waveform Ouput is cleared on the Compare Match and set at BOT-
TOM. 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.

The timing diagram for the Phase and Frequency Correct PWM mode is shown on Figure 12-13
in which the TCNT1 value is shown as a histogram for illustrating the dual-slope operation. The
counter is incremented until the counter value matches TOP. When the counter reaches TOP, it
changes the count direction. The TCNT1 value will be equal to TOP for one timer clock cycle.
The diagram includes the Waveform Output (OCW1x) in non-inverted and inverted Compare
Output Mode. The small horizontal line marks on the TCNT1 slopes represent Compare
Matches between OCR1x and TCNT1.

Table 12-3.  Output Compare Pin Configurations in Fast PWM Mode

COM1x1 COM1x0 OC1x Pin OC1x Pin

0 0 Disconnected Disconnected

0 1 OC1x OC1x

1 0 Disconnected OC1x

1 1 Disconnected OC1x
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The following code examples show how to do an atomic read of the TCNT1 register contents.
Reading any of the OCR1A/B/C/D registers can be done by using the same principle.

Note: See “Code Examples” on page 6.

The assembly code example returns the TCNT1 value in the r17:r16 register pair.

Assembly Code Example

TIM1_ReadTCNT1:

; Save global interrupt flag

in r18,SREG

; Disable interrupts

cli

; Read TCNT1 into r17:r16

in r16,TCNT1

in r17,TC1H

; Restore global interrupt flag

out SREG,r18

ret

C Code Example

unsigned int TIM1_ReadTCNT1( void )

{

  unsigned char sreg;

  unsigned int i;

  /* Save global interrupt flag */

  sreg = SREG;

  /* Disable interrupts */

  _CLI();

  /* Read TCNT1 into i */

  i = TCNT1;

  i |= ((unsigned int)TC1H << 8);

  /* Restore global interrupt flag

  SREG = sreg;

  return i;

}
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Table 12-10 shows the COM1A1:0 bit functionality when the PWM1A, WGM10 and WGM11 bits
are set to Phase and Frequency Correct PWM Mode.

Table 12-11 shows the COM1A1:0 bit functionality when the PWM1A, WGM10 and WGM11 bits
are set to single-slope PWM6 Mode. In the PWM6 Mode the same Waveform Output (OCW1A)
is used for generating all waveforms and the Output Compare values OC1A and OC1A are con-
nected on thw all OC1x and OC1x pins as described below.

Table 12-12 shows the COM1A1:0 bit functionality when the PWM1A, WGM10 and WGM11 bits
are set to dual-slope PWM6 Mode.I

Bits COM1A1 and COM1A0 are shadowed in TCCR1C. Writing to bits COM1A1 and COM1A0
will also change bits COM1A1S and COM1A0S in TCCR1C. Similary, changes written to bits
COM1A1S and COM1A0S in TCCR1C will show here. See “TCCR1C – Timer/Counter1 Control
Register C” on page 117.

Table 12-10. Compare Output Mode, Phase and Frequency Correct PWM Mode

COM1A1:0 OCW1A Behaviour OC1A Pin OC1A Pin

00 Normal port operation. Disconnected Disconnected

01
Cleared on Compare Match when up-counting.

Set on Compare Match when down-counting.
Connected Connected

10
Cleared on Compare Match when up-counting.

Set on Compare Match when down-counting.
Connected Disconnected

11
Set on Compare Match when up-counting.

Cleared on Compare Match when down-counting.
Connected Disconnected

Table 12-11. Compare Output Mode, Single-Slope PWM6 Mode

COM1A1:0 OCW1A Behaviour OC1x Pin OC1x Pin

00 Normal port operation. Disconnected Disconnected

01
Cleared on Compare Match.

Set when TCNT1 = 0x000. 
OC1A OC1A

10
Cleared on Compare Match.

Set when TCNT1 = 0x000. 
OC1A OC1A

11
Set on Compare Match.

Cleared when TCNT1 = 0x000. 
OC1A OC1A

Table 12-12. Compare Output Mode, Dual-Slope PWM6 Mode

COM1A1:0 OCW1A Behaviour OC1x Pin OC1x Pin

00 Normal port operation. Disconnected Disconnected

01
Cleared on Compare Match when up-counting. 

Set on Compare Match when down-counting.
OC1A OC1A

10
Cleared on Compare Match when up-counting. 

Set on Compare Match when down-counting.
OC1A OC1A

11
Set on Compare Match when up-counting. 

Cleared on Compare Match when down-counting.
OC1A OC1A
113
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the corresponding interrupt handling vector. Alternatively, OCF1A is cleared, after synchroniza-
tion clock cycle, by writing a logic one to the flag. When the I-bit in SREG, OCIE1A, and OCF1A
are set (one), the Timer/Counter1 A compare match interrupt is executed.

• Bit 5 – OCF1B: Output Compare Flag 1B

The OCF1B bit is set (one) when compare match occurs between Timer/Counter1 and the data
value in OCR1B - Output Compare Register 1A. OCF1B is cleared by hardware when executing
the corresponding interrupt handling vector. Alternatively, OCF1B is cleared, after synchroniza-
tion clock cycle, by writing a logic one to the flag. When the I-bit in SREG, OCIE1B, and OCF1B
are set (one), the Timer/Counter1 B compare match interrupt is executed.

• Bit 2 – TOV1: Timer/Counter1 Overflow Flag

In Normal Mode and Fast PWM Mode the TOV1 bit is set (one) each time the counter reaches
TOP at the same clock cycle when the counter is reset to BOTTOM. In Phase and Frequency
Correct PWM Mode the TOV1 bit is set (one) each time the counter reaches BOTTOM at the
same clock cycle when zero is clocked to the counter.

The bit TOV1 is cleared by hardware when executing the corresponding interrupt handling vec-
tor. Alternatively, TOV1 is cleared, after synchronization clock cycle, by writing a logical one to
the flag. When the SREG I-bit, and TOIE1 (Timer/Counter1 Overflow Interrupt Enable), and
TOV1 are set (one), the Timer/Counter1 Overflow interrupt is executed.

12.12.15 DT1 – Timer/Counter1 Dead Time Value

The dead time value register is an 8-bit read/write register.

The dead time delay of all Timer/Counter1 channels are adjusted by the dead time value regis-
ter, DT1. The register consists of two fields, DT1H3:0 and DT1L3:0, one for each
complementary output. Therefore a different dead time delay can be adjusted for the rising edge
of OC1x and the rising edge of OC1x.

• Bits 7:4 – DT1H3:DT1H0: Dead Time Value for OC1x Output

The dead time value for the OC1x output. The dead time delay is set as a number of the pres-
caled timer/counter clocks. The minimum dead time is zero and the maximum dead time is the
prescaled time/counter clock period multiplied by 15.

• Bits 3:0 – DT1L3:DT1L0: Dead Time Value for OC1x Output

The dead time value for the OC1x output. The dead time delay is set as a number of the pres-
caled timer/counter clocks. The minimum dead time is zero and the maximum dead time is the
prescaled time/counter clock period multiplied by 15.

Bit 7 6 5 4 3 2 1 0

0x24 (0x44) DT1H3 DT1H2 DT1H1 DT1H0 DT1L3 DT1L2 DT1L1 DT1L0 DT1

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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The 4-bit counter can be both read and written via the data bus, and it can generate an overflow
interrupt. The data register and the counter are clocked simultaneously by the same clock
source, allowing the counter to count the number of bits received or transmitted and generate an
interrupt when the transfer is complete. Note that when an external clock source is selected the
counter counts both clock edges. In this case the counter counts the number of edges, and not
the number of bits. The clock can be selected from three different sources: The USCK pin, the
Timer/Counter0 Compare Match or from software.

The Two-wire clock control unit can generate an interrupt when a start condition is detected on
the Two-wire bus. It can also generate wait states by holding the clock pin low after a start con-
dition is detected, or after the counter overflows.

13.3 Functional Descriptions

13.3.1 Three-wire Mode

The USI Three-wire mode is compliant to the Serial Peripheral Interface (SPI) mode 0 and 1, but
does not have the slave select (SS) pin functionality. However, this feature can be implemented
in software if necessary. Pin names used by this mode are: DI, DO, and USCK.

Figure 13-2. Three-wire Mode Operation, Simplified Diagram

Figure 13-2 shows two USI units operating in three-wire mode, one as Master and one as Slave.
The two USI Data Register are interconnected in such way that after eight USCK clocks, the
data in each register are interchanged. The same clock also increments the USI’s 4-bit counter.
The Counter Overflow (interrupt) Flag, or USIOIF, can therefore be used to determine when a
transfer is completed. The clock is generated by the Master device software by toggling the
USCK pin via the PORT Register or by writing a one to the USITC bit in USICR.

SLAVE

MASTER

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

DO

DI

USCK

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

DO

DI

USCK

PORTxn
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0 x xxxxxx 100 AIN2 AIN0

0 x xxxxxx 101,110,111 AIN2 AIN1

1 1 xxxxxx 000 AIN0 AIN1

1 0 000000 000 AIN0 ADC0

1 0 000000 01x AIN1 ADC0

1 0 000000 1xx AIN2 ADC0

1 0 000001 000 AIN0 ADC1

1 0 000001 01x AIN1 ADC1

1 0 000001 1xx AIN2 ADC1

1 0 000010 000 AIN0 ADC2

1 0 000010 01x AIN1 ADC2

1 0 000010 1xx AIN2 ADC2

1 0 000011 000 AIN0 ADC3

1 0 000011 01x AIN1 ADC3

1 0 000011 1xx AIN2 ADC3

1 0 000100 000 AIN0 ADC4

1 0 000100 01x AIN1 ADC4

1 0 000100 1xx AIN2 ADC4

1 0 000101 000 AIN0 ADC5

1 0 000101 01x AIN1 ADC5

1 0 000101 1xx AIN2 ADC5

1 0 000110 000 AIN0 ADC6

1 0 000110 01x AIN1 ADC6

1 0 000110 1xx AIN2 ADC6

1 0 000111 000 AIN0 ADC7

1 0 000111 01x AIN1 ADC7

1 0 000111 1xx AIN2 ADC7

1 0 001000 000 AIN0 ADC8

1 0 001000 01x AIN1 ADC8

1 0 001000 1xx AIN2 ADC8

1 0 001001 000 AIN0 ADC9

1 0 001001 01x AIN1 ADC9

1 0 001001 1xx AIN2 ADC9

1 0 001010 000 AIN0 ADC10

1 0 001010 01x AIN1 ADC10

1 0 001010 1xx AIN2 ADC10

Table 14-1. Analog Comparator Multiplexed Input (Continued)

ACME ADEN MUX5:0 ACM2:0 Positive Input Negative Input
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reference may be decoupled by an external capacitor at the AREF pin to improve noise
immunity.

The analog input channel and differential gain are selected by writing to the MUX5:0 bits in
ADMUX. Any of the 11 ADC input pins ADC10:0 can be selected as single ended inputs to the
ADC. The positive and negative inputs to the differential gain amplifier are described in Table
15-4. 

If differential channels are selected, the differential gain stage amplifies the voltage difference
between the selected input pair by the selected gain factor, 1x, 8x, 20x or 32x, according to the
setting of the MUX5:0 bits in ADMUX and the GSEL bit in ADCSRB. This amplified value then
becomes the analog input to the ADC. If single ended channels are used, the gain amplifier is
bypassed altogether.

If the same ADC input pin is selected as both the positive and negative input to the differential
gain amplifier, the remaining offset in the gain stage and conversion circuitry can be measured
directly as the result of the conversion. This figure can be subtracted from subsequent conver-
sions with the same gain setting to reduce offset error to below 1 LSW.

The on-chip temperature sensor is selected by writing the code “111111” to the MUX5:0 bits in
ADMUX register when the ADC11 channel is used as an ADC input.

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.

The ADC generates a 10-bit result which is presented in the ADC Data Registers, ADCH and
ADCL. By default, the result is presented right adjusted, but can optionally be presented left
adjusted by setting the ADLAR bit in ADMUX.

If the result is left adjusted and no more than 8-bit precision is required, it is sufficient to read
ADCH. Otherwise, ADCL must be read first, then ADCH, to ensure that the content of the data
registers belongs to the same conversion. Once ADCL is read, ADC access to data registers is
blocked. This means that if ADCL has been read, and a conversion completes before ADCH is
read, neither register is updated and the result from the conversion is lost. When ADCH is read,
ADC access to the ADCH and ADCL Registers is re-enabled. 

The ADC has its own interrupt which can be triggered when a conversion completes. When ADC
access to the data registers is prohibited between reading of ADCH and ADCL, the interrupt will
trigger even if the result is lost.

15.4 Starting a Conversion
A single conversion is started by writing a logical one to the ADC Start Conversion bit, ADSC.
This bit stays high as long as the conversion is in progress and will be cleared by hardware
when the conversion is completed. If a different data channel is selected while a conversion is in
progress, the ADC will finish the current conversion before performing the channel change. 

Alternatively, a conversion can be triggered automatically by various sources. Auto Triggering is
enabled by setting the ADC Auto Trigger Enable bit, ADATE in ADCSRA. The trigger source is
selected by setting the ADC Trigger Select bits, ADTS in ADCSRB (see description of the ADTS
bits for a list of the trigger sources). When a positive edge occurs on the selected trigger signal,
the ADC prescaler is reset and a conversion is started. This provides a method of starting con-
versions at fixed intervals. If the trigger signal still is set when the conversion completes, a new
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19.5 System and Reset Characteristics

Note: 1. Values are guidelines, only.

19.5.1 Power-On Reset

Notes: 1. Values are guidelines, only.

2. Threshold where device is released from reset when voltage is rising

3. The power-on reset will not work unless the supply voltage has been below VPOA

Table 19-3. External Clock Drive Characteristics

Symbol Parameter

VCC = 1.8 - 5.5V VCC = 2.7 - 5.5V VCC = 4.5 - 5.5V

UnitsMin. Max. Min. Max. Min. Max.

1/tCLCL Clock Frequency 0 4 0 10 0 20 MHz

tCLCL Clock Period 250 100 50 ns

tCHCX High Time 100 40 20 ns

tCLCX Low Time 100 40 20 ns

tCLCH Rise Time 2.0 1.6 0.5 s

tCHCL Fall Time 2.0 1.6 0.5 s

tCLCL Change in period from one clock cycle to the next 2 2 2 %

Table 19-4. Reset, Brown-out, and Internal Voltage Characteristics

Symbol Parameter Condition Min Typ Max Units

VRST RESET Pin Threshold Voltage (1) 0.2 VCC 0.9 VCC V

tRST
Minimum pulse width on
RESET Pin (1) VCC = 3V 2.5 µs

VHYST Brown-out Detector Hysteresis (1) 50 mV

tBOD
Min Pulse Width on
Brown-out Reset (1) 2 µs

VBG
Internal bandgap reference
voltage

VCC = 2.7V
TA = 25°C

1.0 1.1 1.2 V

tBG
Internal bandgap reference
start-up time (1)

VCC = 5V
TA = 25°C

40 70 µs

IBG
Internal bandgap reference
current consumption (1)

VCC = 5V
TA = 25°C

15 µA

Table 19-5. Characteristics of Power-On Reset. TA = -40 to +85C

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

VPOR Release threshold of power-on reset (2) 0.7 1.0 1.4 V

VPOA Activation threshold of power-on reset (3) 0.05 0.9 1.3 V

SRON Power-on slope rate 0.01 4.5 V/ms
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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
191
2588F–AVR–06/2013



19.8 Parallel Programming Characteristics

Figure 19-6. Parallel Programming Timing, Including some General Timing Requirements

Figure 19-7. Parallel Programming Timing, Loading Sequence with Timing Requirements

Note: The timing requirements shown in Figure 19-6 (i.e., tDVXH, tXHXL, and tXLDX) also apply to loading operation.

Data & Contol
(DATA, XA0, XA1/BS2, PAGEL/BS1)

XTAL1
tXHXL

tWLWH

tDVXH tXLDX

tPLWL

tWLRH

WR

RDY/BSY

tPLBXtBVPH

tXLWL

tWLBX
tBVWL

WLRL

XTAL1

XLXHt

ADDR0 (Low Byte) DATA (Low Byte) DATA (High Byte) ADDR1 (Low Byte)DATA

PAGEL/BS1

XA0

XA1/BS2

LOAD ADDRESS
(LOW BYTE)

LOAD DATA 
(LOW BYTE)

LOAD DATA
(HIGH BYTE)

LOAD ADDRESS
(LOW BYTE)
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Figure 20-2. Active Supply Current vs. Frequency (1 - 20 MHz)

Figure 20-3. Active Supply Current vs. VCC (Internal RC Oscillator, 8 MHz)
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Figure 20-20. I/O Pin Output Voltage vs. Sink Current (VCC = 5V)

Figure 20-21. I/O Pin Output Voltage vs. Source Current (VCC = 3V)
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Figure 20-36. Bandgap Voltage vs. Supply Voltage (VCC).

20.9 Internal Oscillator Speed

Figure 20-37. Watchdog Oscillator Frequency vs. VCC
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