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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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̶ Programming and debug interfaces
JTAG (IEEE 1149.1 compliant) interface, including boundary scan
PDI (program and debug interface)

I/O and packages
̶ 50 Programmable I/O pins
̶ 64-lead TQFP
̶ 64-pad QFN

Operating voltage
̶ 1.6 – 3.6V

Operating frequency
̶ 0 – 12MHz from 1.6V
̶ 0 – 32MHz from 2.7V
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22. TWI – Two-Wire Interface

22.1 Features
Two Identical two-wire interface peripherals
Bidirectional, two-wire communication interface
̶ Phillips I2C compatible
̶ System Management Bus (SMBus) compatible

Bus master and slave operation supported
̶ Slave operation
̶ Single bus master operation
̶ Bus master in multi-master bus environment
̶ Multi-master arbitration

Flexible slave address match functions
̶ 7-bit and general call address recognition in hardware
̶ 10-bit addressing supported
̶ Address mask register for dual address match or address range masking
̶ Optional software address recognition for unlimited number of addresses

Slave can operate in all sleep modes, including power-down
Slave address match can wake device from all sleep modes
100kHz and 400kHz bus frequency support
Slew-rate limited output drivers
Input filter for bus noise and spike suppression
Support arbitration between start/repeated start and data bit (SMBus)
Slave arbitration allows support for address resolve protocol (ARP) (SMBus)

22.2 Overview
The two-wire interface (TWI) is a bidirectional, two-wire communication interface. It is I2C and System 
Management Bus (SMBus) compatible. The only external hardware needed to implement the bus is one pull-up 
resistor on each bus line.

A device connected to the bus must act as a master or a slave. The master initiates a data transaction by 
addressing a slave on the bus and telling whether it wants to transmit or receive data. One bus can have many 
slaves and one or several masters that can take control of the bus. An arbitration process handles priority if 
more than one master tries to transmit data at the same time. Mechanisms for resolving bus contention are 
inherent in the protocol.

The TWI module supports master and slave functionality. The master and slave functionality are separated from 
each other, and can be enabled and configured separately. The master module supports multi-master bus 
operation and arbitration. It contains the baud rate generator. Both 100kHz and 400kHz bus frequency is 
supported. Quick command and smart mode can be enabled to auto-trigger operations and reduce software 
complexity.

The slave module implements 7-bit address match and general address call recognition in hardware. 10-bit 
addressing is also supported. A dedicated address mask register can act as a second address match register or 
as a register for address range masking. The slave continues to operate in all sleep modes, including power-
down mode. This enables the slave to wake up the device from all sleep modes on TWI address match. It is 
possible to disable the address matching to let this be handled in software instead.
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25. IRCOM – IR Communication Module

25.1 Features
Pulse modulation/demodulation for infrared communication
IrDA compatible for baud rates up to 115.2Kbps
Selectable pulse modulation scheme
̶ 3/16 of the baud rate period
̶ Fixed pulse period, 8-bit programmable
̶ Pulse modulation disabled

Built-in filtering
Can be connected to and used by any USART

25.2 Overview
Atmel AVR XMEGA devices contain an infrared communication module (IRCOM) that is IrDA compatible for 
baud rates up to 115.2Kbps. It can be connected to any USART to enable infrared pulse encoding/decoding for 
that USART.
49XMEGA A3U [DATASHEET]
Atmel-8386E-AVR-XMEGA A3U-Datasheet_09/2014



A DAC conversion is automatically started when new data to be converted are available. Events from the event 
system can also be used to trigger a conversion, and this enables synchronized and timed conversions between 
the DAC and other peripherals, such as a timer/counter. The DMA controller can be used to transfer data to the 
DAC.

The DAC has high drive strength, and is capable of driving both resistive and capacitive loads, aswell as loads 
which combine both. A low-power mode is available, which will reduce the drive strength of the output. Internal 
and external voltage references can be used. The DAC output is also internally available for use as input to the 
analog comparator or ADC.

PORTB has one DAC. Notation of this peripheral is DACB.
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32. Pinout and Pin Functions
The device pinout is shown in “Pinout/Block Diagram” on page 5. In addition to general purpose I/O 
functionality, each pin can have several alternate functions. This will depend on which peripheral is enabled and 
connected to the actual pin. Only one of the pin functions can be used at time.

32.1 Alternate Pin Function Description
The tables below show the notation for all pin functions available and describe its function.

32.1.1 Operation/Power Supply

32.1.2 Port Interrupt functions

32.1.3 Analog functions

32.1.4 Timer/Counter and AWEX functions

32.1.5 Communication functions

VCC Digital supply voltage

AVCC Analog supply voltage

GND Ground

SYNC Port pin with full synchronous and limited asynchronous interrupt function

ASYNC Port pin with full synchronous and full asynchronous interrupt function

ACn Analog Comparator input pin n

ACnOUT Analog Comparator n Output

ADCn Analog to Digital Converter input pin n

DACn Digital to Analog Converter output pin n

AREF Analog Reference input pin

OCnxLS Output Compare Channel x Low Side for Timer/Counter n

OCnxHS Output Compare Channel x High Side for Timer/Counter n

SCL Serial Clock for TWI

SDA Serial Data for TWI

SCLIN Serial Clock In for TWI when external driver interface is enabled

SCLOUT Serial Clock Out for TWI when external driver interface is enabled

SDAIN Serial Data In for TWI when external driver interface is enabled

SDAOUT Serial Data Out for TWI when external driver interface is enabled

XCKn Transfer Clock for USART n

RXDn Receiver Data for USART n 
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36.1.16 Two-Wire Interface Characteristics

Table 36-32 describes the requirements for devices connected to the Two-Wire Interface Bus. The Atmel AVR 
XMEGA Two-Wire Interface meets or exceeds these requirements under the noted conditions. Timing symbols 
refer to Figure 36-7.

Figure 36-7. Two-wire interface bus timing.

Table 36-32. Two-wire interface characteristics.

tHD;STA

tof

SDA

SCL

tLOW
tHIGH

tSU;STA

tBUF

tr

tHD;DAT tSU;DAT
tSU;STO

Symbol Parameter Condition Min. Typ. Max. Units

VIH Input High Voltage 0.7*VCC VCC+0.5 V

VIL Input Low Voltage -0.5 0.3*VCC V

Vhys Hysteresis of Schmitt Trigger Inputs 0.05*VCC 
(1) 0 V

VOL Output Low Voltage 3mA, sink current 0 0.4 V

tr Rise Time for both SDA and SCL 20+0.1Cb 
(1)(2) 0 ns

tof Output Fall Time from VIHmin to VILmax 10pF < Cb < 400pF (2) 20+0.1Cb 
(1)(2) 300 ns

tSP Spikes Suppressed by Input Filter 0 50 ns

II Input Current for each I/O Pin 0.1VCC < VI < 0.9VCC -10 10 µA

CI Capacitance for each I/O Pin 10 pF

fSCL SCL Clock Frequency fPER 
(3)>max(10fSCL, 250kHz) 0 400 kHz

RP Value of Pull-up resistor

fSCL ≤ 100kHz

Ω
fSCL > 100kHz

tHD;STA Hold Time (repeated) START condition
fSCL ≤ 100kHz 4.0

µs
fSCL > 100kHz 0.6

tLOW Low Period of SCL Clock
fSCL ≤ 100kHz 4.7

µs
fSCL > 100kHz 1.3

tHIGH High Period of SCL Clock
fSCL ≤ 100kHz 4.0

µs
fSCL > 100kHz 0.6

VCC 0.4V–
3mA

----------------------------

100ns
Cb

---------------

300ns
Cb

---------------
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Table 36-46. Accuracy characteristics.

Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% output voltage range.

36.2.8 Analog Comparator Characteristics

Table 36-47.  Analog Comparator characteristics.

Symbol Parameter Condition Min. Typ. Max. Units

RES Input Resolution 12 Bits

INL (1) Integral non-linearity

VREF= Ext 1.0V
VCC = 1.6V ±2.0 ±3

lsb

VCC = 3.6V ±1.5 ±2.5

VREF=AVCC

VCC = 1.6V ±2.0 ±4

VCC = 3.6V ±1.5 ±4

VREF=INT1V
VCC = 1.6V ±5.0

VCC = 3.6V ±5.0

DNL (1) Differential non-linearity

VREF=Ext 1.0V
VCC = 1.6V ±1.5 3

lsb

VCC = 3.6V ±0.6 1.5

VREF=AVCC

VCC = 1.6V ±1.0 3.5

VCC = 3.6V ±0.6 1.5

VREF=INT1V
VCC = 1.6V ±4.5

VCC = 3.6V ±4.5

Gain error After calibration <4 lsb

Gain calibration step size 4 lsb

Gain calibration drift VREF= Ext 1.0V <0.2 mV/K

Offset error After calibration <1 lsb

Offset calibration step size 1

Symbol Parameter Condition Min. Typ. Max. Units

Voff Input Offset Voltage <±10 mV

Ilk Input Leakage Current <1 nA

Input voltage range -0.1 AVCC V

AC startup time 100 µs

Vhys1 Hysteresis, None 0 mV

Vhys2 Hysteresis, Small
mode = High Speed (HS) 13

mV
mode = Low Power (LP) 30

Vhys3 Hysteresis, Large
mode = HS 30

mV
mode = LP 60
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36.2.14.6 External clock characteristics

Figure 36-10. External clock drive waveform 

Table 36-59. External clock used as system clock without prescaling.

Note: 1. The maximum frequency vs. supply voltage is linear between 1.8V and 2.7V, and the same applies for all other parameters with supply voltage conditions.

tCH

tCL

tCK

tCH

VIL1

VIH1

tCR tCF

Symbol Parameter Condition Min. Typ. Max. Units

1/tCK Clock Frequency (1)
VCC = 1.6 - 1.8V 0 12

MHz
VCC = 2.7 - 3.6V 0 32

tCK Clock Period
VCC = 1.6 - 1.8V 83.3

ns
VCC = 2.7 - 3.6V 31.5

tCH Clock High Time
VCC = 1.6 - 1.8V 30.0

ns
VCC = 2.7 - 3.6V 12.5

tCL Clock Low Time
VCC = 1.6 - 1.8V 30.0

ns
VCC = 2.7 - 3.6V 12.5

tCR Rise Time (for maximum frequency)
VCC = 1.6 - 1.8V 10

ns
VCC = 2.7 - 3.6V 3

tCF Fall Time (for maximum frequency)
VCC = 1.6 - 1.8V 10

ns
VCC = 2.7 - 3.6V 3

ΔtCK Change in period from one clock cycle to the next 10 %
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Table 36-69. Current consumption for modules and peripherals.

Note: 1. All parameters measured as the difference in current consumption between module enabled and disabled. All data at 
VCC = 3.0V, ClkSYS = 1MHz external clock without prescaling, T = 25°C unless other conditions are givenAll parameters 
measured as the difference in current consumption between module enabled and disabled. All data at VCC = 3.0V, ClkSYS = 1MHz external clock without 
prescaling, T = 25°C unless other conditions are given.

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

ICC

ULP oscillator 1.0 µA

32.768kHz int. oscillator 27 µA

2MHz int. oscillator
85

µA
DFLL enabled with 32.768kHz int. osc. as reference 115

32MHz int. oscillator
270

µA
DFLL enabled with 32.768kHz int. osc. as reference 460

PLL
20x multiplication factor, 

32MHz int. osc. DIV4 as reference
220 µA

Watchdog Timer 1 µA

BOD
Continuous mode 138

µA
Sampled mode, includes ULP oscillator 1.2

Internal 1.0V reference 100 µA

Temperature sensor 95 µA

ADC
250ksps

VREF = Ext ref

3.0

mA
CURRLIMIT = LOW 2.6

CURRLIMIT = MEDIUM 2.1

CURRLIMIT = HIGH 1.6

DAC
250ksps
VREF = Ext ref
No load

Normal mode 1.9
mA

Low Power mode 1.1

AC
High Speed Mode 330

µA
Low Power Mode 130

DMA 615KBps between I/O registers and SRAM 115 µA

Timer/Counter 16 µA

USART Rx and Tx enabled, 9600 BAUD 2.5 µA

Flash memory and EEPROM programming 4 mA
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36.3.14.6 External clock characteristics

Figure 36-17. External clock drive waveform 

Table 36-91. External clock used as system clock without prescaling.

Note: 1. The maximum frequency vs. supply voltage is linear between 1.8V and 2.7V, and the same applies for all other parameters with supply voltage conditions.

tCH

tCL

tCK

tCH

VIL1

VIH1

tCR tCF

Symbol Parameter Condition Min. Typ. Max. Units

1/tCK Clock Frequency (1)
VCC = 1.6 - 1.8V 0 12

MHz
VCC = 2.7 - 3.6V 0 32

tCK Clock Period
VCC = 1.6 - 1.8V 83.3

ns
VCC = 2.7 - 3.6V 31.5

tCH Clock High Time
VCC = 1.6 - 1.8V 30.0

ns
VCC = 2.7 - 3.6V 12.5

tCL Clock Low Time
VCC = 1.6 - 1.8V 30.0

ns
VCC = 2.7 - 3.6V 12.5

tCR Rise Time (for maximum frequency)
VCC = 1.6 - 1.8V 10

ns
VCC = 2.7 - 3.6V 3

tCF Fall Time (for maximum frequency)
VCC = 1.6 - 1.8V 10

ns
VCC = 2.7 - 3.6V 3

ΔtCK Change in period from one clock cycle to the next 10 %
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36.3.14.8 External 32.768kHz crystal oscillator and TOSC characteristics 

Table 36-94. External 32.768kHz crystal oscillator and TOSC characteristics.

Note: 1. See Figure 36-4 for definition.

Figure 36-18. TOSC input capacitance.

The parasitic capacitance between the TOSC pins is CL1 + CL2 in series as seen from the crystal when 
oscillating without external capacitors.

Symbol Parameter Condition Min. Typ. Max. Units

ESR/R1 Recommended crystal equivalent 
series resistance (ESR)

Crystal load capacitance 6.5pF 60
kΩ

Crystal load capacitance 9.0pF 35

CTOSC1 Parasitic capacitance TOSC1 pin 4.2 pF

CTOSC2 Parasitic capacitance TOSC2 pin 4.3 pF

Recommended safety factor capacitance load matched to 
crystal specification 3

CL1 CL2

2CSOT1CSOT Device internal
External

32.768kHz crystal
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37.1.5 Analog Comparator Characteristics

Figure 37-51. Analog comparator hysteresis vs. VCC
High-speed, small hysteresis.

Figure 37-52. Analog comparator hysteresis vs. VCC.
Low power, small hysteresis.
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Figure 37-53. Analog comparator hysteresis vs. VCC.
High-speed mode, large hysteresis.

Figure 37-54. Analog comparator hysteresis vs. VCC.
Low power, large hysteresis.
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Figure 37-55. Analog comparator current source vs. calibration value.
Temperature = 25°C.

Figure 37-56. Analog comparator current source vs. calibration value.
VCC = 3.0V.

3.6 V

3.0 V
2.7 V
2.2 V
1.8 V
1.6 V

1

2

3

4

5

6

7

8

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

I C
U

R
R

E
N

TS
O

U
R

C
E

[µ
A

]

CURRCALIBA[3..0]

105 85
25

-40

3.5

3.9

4.3

4.7

5.1

5.5

5.9

6.3

6.7

0 2 4 6 8 10 12 14 16

I C
U

R
R

E
N

T
S

O
U

R
C

E
[µ

A
]

CUR R CALIB A[3.. .0]

Temp [°C]
188XMEGA A3U [DATASHEET]
Atmel-8386E-AVR-XMEGA A3U-Datasheet_09/2014



Figure 37-82. SDA hold time vs. supply voltage.

37.1.12 PDI characteristics

Figure 37-83. Maximum PDI frequency vs. VCC.
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Figure 37-132. DNL error vs. VREF.
T = 25°C, VCC = 3.6V.

Figure 37-133. DAC noise vs. temperature.
VCC = 3.0V, VREF = 2.0V.
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Figure 37-173. Active mode supply current vs. VCC.
fSYS = 32MHz internal oscillator.

37.3.1.2 Idle mode supply current

Figure 37-174. Idle mode supply current vs. frequency.
fSYS = 0 - 1MHz external clock, T = 25°C.

105°C 
85°C 

25°C 

-40°C 

8800

9600

10400

11200

12000

12800

13600

14400

15200

2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5 3.6

I C
C

 [
µA

]

VC C [V ]

3.3V

3.0V

2.7V

2.2V

1.8V

0

20

40

60

80

100

120

140

160

180

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Frequency [MHz]

I C
C
 [µ

A
]

248XMEGA A3U [DATASHEET]
Atmel-8386E-AVR-XMEGA A3U-Datasheet_09/2014



37.3.8 External Reset Characteristics

Figure 37-227. Minimum Reset pin pulse width vs. VCC.

Figure 37-228. Reset pin pull-up resistor current vs. reset pin voltage.
VCC = 1.8V.
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37.3.10.4 32MHz Internal Oscillator

Figure 37-240. 32MHz internal oscillator frequency vs. temperature.
DFLL disabled.

Figure 37-241. 32MHz internal oscillator frequency vs. temperature.
DFLL enabled, from the 32.768kHz internal oscillator.
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Figure 37-331. SDA hold time vs. supply voltage.

37.4.12 PDI characteristics

Figure 37-332. Maximum PDI frequency vs. VCC.
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