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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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3.1 Block Diagram

Figure 3-1. XMEGA A3U block diagram.
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7. Memories

7.1 Features
Flash program memory
̶ One linear address space
̶ In-system programmable
̶ Self-programming and boot loader support
̶ Application section for application code
̶ Application table section for application code or data storage
̶ Boot section for application code or boot loader code
̶ Separate read/write protection lock bits for all sections
̶ Built in fast CRC check of a selectable flash program memory section

Data memory
̶ One linear address space
̶ Single-cycle access from CPU
̶ SRAM
̶ EEPROM

Byte and page accessible
Optional memory mapping for direct load and store

̶ I/O memory
Configuration and status registers for all peripherals and modules
16 bit-accessible general purpose registers for global variables or flags

̶ Bus arbitration
Deterministic priority handling between CPU, DMA controller, and other bus masters

̶ Separate buses for SRAM, EEPROM and I/O memory
Simultaneous bus access for CPU and DMA controller

Production signature row memory for factory programmed data
̶ ID for each microcontroller device type
̶ Serial number for each device
̶ Calibration bytes for factory calibrated peripherals

User signature row
̶ One flash page in size
̶ Can be read and written from software
̶ Content is kept after chip erase

7.2 Overview
The Atmel AVR architecture has two main memory spaces, the program memory and the data memory. 
Executable code can reside only in the program memory, while data can be stored in the program memory and 
the data memory. The data memory includes the internal SRAM, and EEPROM for nonvolatile data storage. All 
memory spaces are linear and require no memory bank switching. Nonvolatile memory (NVM) spaces can be 
locked for further write and read/write operations. This prevents unrestricted access to the application software.

A separate memory section contains the fuse bytes. These are used for configuring important system functions, 
and can only be written by an external programmer.

The available memory size configurations are shown in “Ordering Information” on page 3. In addition, each 
device has a Flash memory signature row for calibration data, device identification, serial number etc.
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0x018 TWIC_INT_base Two-Wire Interface on Port C Interrupt base

0x01C TCC0_INT_base Timer/Counter 0 on port C Interrupt base

0x028 TCC1_INT_base Timer/Counter 1 on port C Interrupt base

0x030 SPIC_INT_vect SPI on port C Interrupt vector

0x032 USARTC0_INT_base USART 0 on port C Interrupt base

0x038 USARTC1_INT_base USART 1 on port C Interrupt base

0x03E AES_INT_vect AES Interrupt vector

0x040 NVM_INT_base Non-Volatile Memory Interrupt base

0x044 PORTB_INT_base Port B Interrupt base

0x048 ACB_INT_base Analog Comparator on Port B Interrupt base

0x04E ADCB_INT_base Analog to Digital Converter on Port B Interrupt base

0x056 PORTE_INT_base Port E INT base

0x05A TWIE_INT_base Two-Wire Interface on Port E Interrupt base

0x05E TCE0_INT_base Timer/Counter 0 on port E Interrupt base

0x06A TCE1_INT_base Timer/Counter 1 on port E Interrupt base

0x072 SPIE_INT_vect SPI on port E Interrupt vector

0x074 USARTE0_INT_base USART 0 on port E Interrupt base

0x07A USARTE1_INT_base USART 1 on port E Interrupt base

0x080 PORTD_INT_base Port D Interrupt base

0x084 PORTA_INT_base Port A Interrupt base

0x088 ACA_INT_base Analog Comparator on Port A Interrupt base

0x08E ADCA_INT_base Analog to Digital Converter on Port A Interrupt base

0x09A TCD0_INT_base Timer/Counter 0 on port D Interrupt base

0x0A6 TCD1_INT_base Timer/Counter 1 on port D Interrupt base

0x0AE SPID_INT_vector SPI D Interrupt vector

0x0B0 USARTD0_INT_base USART 0 on port D Interrupt base

0x0B6 USARTD1_INT_base USART 1 on port D Interrupt base

0x0D0 PORTF_INT_base Port F Interrupt base

0x0D8 TCF0_INT_base Timer/Counter 0 on port F Interrupt base

0x0EE USARTF0_INT_base USART 0 on port F Interrupt base

0x0FA USB_INT_base USB on port D Interrupt base

Program address
(base address) Source Interrupt description
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18. AWeX – Advanced Waveform Extension

18.1 Features
Waveform output with complementary output from each compare channel
Four dead-time insertion (DTI) units
̶ 8-bit resolution
̶ Separate high and low side dead-time setting
̶ Double buffered dead time
̶ Optionally halts timer during dead-time insertion

Pattern generation unit creating synchronised bit pattern across the port pins
̶ Double buffered pattern generation
̶ Optional distribution of one compare channel output across the port pins

Event controlled fault protection for instant and predictable fault triggering

18.2 Overview
The advanced waveform extension (AWeX) provides extra functions to the timer/counter in waveform 
generation (WG) modes. It is primarily intended for use with different types of motor control and other power 
control applications. It enables low- and high side output with dead-time insertion and fault protection for 
disabling and shutting down external drivers. It can also generate a synchronized bit pattern across the port 
pins.

Each of the waveform generator outputs from the timer/counter 0 are split into a complimentary pair of outputs 
when any AWeX features are enabled. These output pairs go through a dead-time insertion (DTI) unit that 
generates the non-inverted low side (LS) and inverted high side (HS) of the WG output with dead-time insertion 
between LS and HS switching. The DTI output will override the normal port value according to the port override 
setting.

The pattern generation unit can be used to generate a synchronized bit pattern on the port it is connected to. In 
addition, the WG output from compare channel A can be distributed to and override all the port pins. When the 
pattern generator unit is enabled, the DTI unit is bypassed.

The fault protection unit is connected to the event system, enabling any event to trigger a fault condition that will 
disable the AWeX output. The event system ensures predictable and instant fault reaction, and gives flexibility in 
the selection of fault triggers.

The AWeX is available for TCC0. The notation of this is AWEXC.
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To maximize throughput, an endpoint address can be configured for ping-pong operation. When done, the input 
and output endpoints are both used in the same direction. The CPU or DMA controller can then read/write one 
data buffer while the USB module writes/reads the others, and vice versa. This gives double buffered 
communication.

Multipacket transfer enables a data payload exceeding the maximum packet size of an endpoint to be 
transferred as multiple packets without software intervention. This reduces the CPU intervention and the 
interrupts needed for USB transfers.

For low-power operation, the USB module can put the microcontroller into any sleep mode when the USB bus is 
idle and a suspend condition is given. Upon bus resumes, the USB module can wake up the microcontroller 
from any sleep mode.

PORTD has one USB. Notation of this is USB.
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The TWI module will detect START and STOP conditions, bus collisions, and bus errors. Arbitration lost, errors, 
collision, and clock hold on the bus are also detected and indicated in separate status flags available in both 
master and slave modes.

It is possible to disable the TWI drivers in the device, and enable a four-wire digital interface for connecting to an 
external TWI bus driver. This can be used for applications where the device operates from a different VCC 
voltage than used by the TWI bus.

PORTC and PORTE each has one TWI. Notation of these peripherals are TWIC and TWIE.
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33. Peripheral Module Address Map
The address maps show the base address for each peripheral and module in Atmel AVR XMEGA A3U. For 
complete register description and summary for each peripheral module, refer to the XMEGA AU manual.

Table 33-1. Peripheral module address map. 

Base address Name Description

0x0000 GPIO General Purpose IO Registers

0x0010 VPORT0 Virtual Port 0

0x0014 VPORT1 Virtual Port 1

0x0018 VPORT2 Virtual Port 2

0x001C VPORT3 Virtual Port 2

0x0030 CPU CPU

0x0040 CLK Clock Control

0x0048 SLEEP Sleep Controller

0x0050 OSC Oscillator Control

0x0060 DFLLRC32M DFLL for the 32MHz Internal RC Oscillator

0x0068 DFLLRC2M DFLL for the 2MHz RC Oscillator

0x0070 PR Power Reduction

0x0078 RST Reset Controller

0x0080 WDT Watch-Dog Timer

0x0090 MCU MCU Control

0x00A0 PMIC Programmable MUltilevel Interrupt Controller

0x00B0 PORTCFG Port Configuration

0x00C0 AES AES Module

0x00D0 CRC CRC Module

0x0100 DMA DMA Module

0x0180 EVSYS Event System

0x01C0 NVM Non Volatile Memory (NVM) Controller

0x0200 ADCA Analog to Digital Converter on port A

0x0240 ADCB Analog to Digital Converter on port B

0x0320 DACB Digital to Analog Converter on port B

0x0380 ACA Analog Comparator pair on port A

0x0390 ACB Analog Comparator pair on port B

0x0400 RTC Real Time Counter

0x0480 TWIC Two Wire Interface on port C
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36.1.3 Current consumption

Table 36-4. Current consumption for active mode and sleep modes. 

Notes: 1. All Power Reduction Registers set.
2. Maximum limits are based on characterization, and not tested in production.

Symbol Parameter Condition Min. Typ. Max. Units

ICC

Active Power 
consumption (1)

32kHz, Ext. Clk
VCC = 1.8V 50

µA

VCC = 3.0V 125

1MHz, Ext. Clk
VCC = 1.8V 250

VCC = 3.0V 520

2MHz, Ext. Clk
VCC = 1.8V 450 550

VCC = 3.0V
0.9 1.4

mA
32MHz, Ext. Clk 9.5 15

Idle Power
consumption (1)

32kHz, Ext. Clk
VCC = 1.8V 3.0

µA

VCC = 3.0V 4.8

1MHz, Ext. Clk
VCC = 1.8V 75

VCC = 3.0V 140

2MHz, Ext. Clk
VCC = 1.8V 145 250

VCC = 3.0V
275 450

32MHz, Ext. Clk 4.4 7.0 mA

Power-down power 
consumption

T = 25°C

VCC = 3.0V

0.1 1.0

µA

T = 85°C 1.6 5.0

T = 105°C 1.6 7

WDT and Sampled BOD enabled, 
T = 25°C

VCC = 3.0V

1.3 3.0

WDT and Sampled BOD enabled,
T = 85°C 2.5 7.0

WDT and Sampled BOD enabled,
T = 105°C 2.5 8

Power-save power 
consumption (2)

RTC from ULP clock, WDT and 
sampled BOD enabled, T = 25°C

VCC = 1.8V 1.2

µA

VCC = 3.0V 1.3

RTC from 1.024kHz low power 
32.768kHz TOSC, T = 25°C

VCC = 1.8V 0.6 2

VCC = 3.0V 0.7 2

RTC from low power 32.768kHz 
TOSC, T = 25°C

VCC = 1.8V 0.8 3

VCC = 3.0V 1.0 3

Reset power consumption Current through RESET pin 
substracted VCC = 3.0V 150 µA
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36.1.5 I/O Pin Characteristics 

The I/O pins comply with the JEDEC LVTTL and LVCMOS specification and the high- and low level input and 
output voltage limits reflect or exceed this specification.

Table 36-7. I/O pin characteristics.

Notes: 1. The sum of all IOH for PORTA and PORTB must not exceed 100mA.
The sum of all IOH for PORTC, PORTD, PORTE must for each port not exceed 200mA.
The sum of all IOH for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all IOL for pins PF[6-7] on PORTF, PORTR and PDI must not exceed 100mA.

2. The sum of all IOL for PORTA and PORTB must not exceed 100mA.
The sum of all IOL for PORTC, PORTD, PORTE must for each port not exceed 200mA.
The sum of all IOL for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all IOL for pins PF[6-7] on PORTF, PORTR and PDI must not exceed 100mA.

Symbol Parameter Condition Min. Typ. Max. Units

IOH 
(1)/

IOL 
(2) I/O pin source/sink current -20 20 mA

VIH High Level Input Voltage

VCC = 2.7 - 3.6V 2 VCC+0.3

VVCC = 2.0 - 2.7V 0.7*VCC VCC+0.3

VCC = 1.6 - 2.0V 0.8*VCC VCC+0.3

VIL Low Level Input Voltage

VCC = 2.7- 3.6V -0.3 0.8

VVCC = 2.0 - 2.7V -0.3 0.3*VCC

VCC = 1.6 - 2.0V -0.3 0.2*VCC

VOH High Level Output Voltage

VCC = 3.0 - 3.6V IOH = -2mA 2.4 0.94*VCC

V

VCC = 2.3 - 2.7V
IOH = -1mA 2.0 0.96*VCC

IOH = -2mA 1.7 0.92*VCC

VCC = 3.3V IOH = -8mA 2.6 2.9

VCC = 3.0V IOH = -6mA 2.1 2.6

VCC = 1.8V IOH = -2mA 1.4 1.6

VOL Low Level Output Voltage

VCC = 3.0 - 3.6V IOL = 2mA 0.05*VCC 0.4

V

VCC = 2.3 - 2.7V
IOL = 1mA 0.03*VCC 0.4

IOL = 2mA 0.06*VCC 0.7

VCC = 3.3V IOL = 15mA 0.4 0.76

VCC = 3.0V IOL = 10mA 0.3 0.64

VCC = 1.8V IOL = 5mA 0.3 0.46

IIN Input Leakage Current T = 25°C <0.01 0.1 µA

RP Pull/Buss keeper Resistor 27 kΩ

tr Rise time No load
4

ns
slew rate limitation 7
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36.2.9 Bandgap and Internal 1.0V Reference Characteristics

Table 36-48.  Bandgap and Internal 1.0V reference characteristics.

36.2.10 Brownout Detection Characteristics 

Table 36-49.  Brownout detection characteristics.

tdelay Propagation delay
mode = HS

VCC = 3.0V, T= 85°C 90 100

ns
VCC = 1.6V - 3.6V

95

mode = LP 200 500

64-Level Voltage Scaler Integral non-linearity (INL) 0.5 1.0 lsb

Symbol Parameter Condition Min. Typ. Max. Units

Symbol Parameter Condition Min. Typ. Max. Units

Startup time
As reference for ADC or DAC 1 ClkPER + 2.5µs

µs
As input voltage to ADC and AC 1.5

Bandgap voltage 1.1 V

INT1V Internal 1.00V reference T= 85°C, after calibration 0.99 1 1.01

Variation over voltage and temperature Relative to T= 85°C, VCC = 3.0V ±1.0 %

Symbol Parameter Condition Min. Typ. Max. Units

VBOT

BOD level 0 falling VCC 1.60 1.62 1.72

V

BOD level 1 falling VCC 1.8

BOD level 2 falling VCC 2.0

BOD level 3 falling VCC 2.2

BOD level 4 falling VCC 2.4

BOD level 5 falling VCC 2.6

BOD level 6 falling VCC 2.8

BOD level 7 falling VCC 3.0

tBOD Detection time
Continuous mode 0.4

µs
Sampled mode 1000

VHYST Hysteresis 1.6 %
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37.1.10.5 32MHz internal oscillator calibrated to 48MHz

Figure 37-78. 48MHz internal oscillator frequency vs. temperature.
DFLL disabled.

Figure 37-79. 48MHz internal oscillator frequency vs. temperature.
DFLL enabled, from the 32.768kHz internal oscillator.
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Figure 37-96. Idle mode supply current vs. VCC.
fSYS = 32MHz internal oscillator prescaled to 8MHz.

Figure 37-97. Idle mode current vs. VCC.
fSYS = 32MHz internal oscillator.
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Figure 37-112. I/O pin output voltage vs. sink current.
VCC = 3.3V.

Figure 37-113. I/O pin output voltage vs. sink current.
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37.2.10.5 32MHz internal oscillator calibrated to 48MHz

Figure 37-161. 48MHz internal oscillator frequency vs. temperature.
DFLL disabled.

Figure 37-162. 48MHz internal oscillator frequency vs. temperature.
DFLL enabled, from the 32.768kHz internal oscillator.
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37.3.1.4 Power-save mode supply current

Figure 37-183. Power-save mode supply current vs. VCC.
Real Time Counter enabled and running from 1.024kHz output of 32.768kHz TOSC.

37.3.1.5 Standby mode supply current

Figure 37-184. Standby supply current vs. VCC.
Standby, fSYS = 1MHz.
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Figure 37-199. I/O pin input threshold voltage vs. VCC.
VIL I/O pin read as “0”.

Figure 37-200. I/O pin input hysteresis vs. VCC .
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37.3.5 Analog Comparator Characteristics

Figure 37-217. Analog comparator hysteresis vs. VCC.
High-speed, small hysteresis.

Figure 37-218. Analog comparator hysteresis vs. VCC. 
Low power, small hysteresis.
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Figure 37-229. Reset pin pull-up resistor current vs. reset pin voltage.
VCC = 3.0V.

Figure 37-230. Reset pin pull-up resistor current vs. reset pin voltage.
VCC = 3.3V.
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Figure 37-238. 2MHz internal oscillator frequency vs. temperature.
DFLL enabled, from the 32.768kHz internal oscillator.

Figure 37-239. 2MHz internal oscillator CALA calibration step size.
VCC = 3V.
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Figure 37-278. I/O pin output voltage vs. sink current.
VCC = 3.3V.

Figure 37-279. I/O pin output voltage vs. sink current.
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