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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"

Active

AVR

8/16-Bit

32MHz

12C, IrDA, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, POR, PWM, WDT
34

32KB (16K x 16)

FLASH

1K x 8

4K x 8

1.6V ~ 3.6V

A/D 12x12b; D/A 2x12b

Internal

0°C ~ 105°C (TA)

Surface Mount

49-VFBGA

49-VFBGA (5x5)
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4.1

Resources

A comprehensive set of development tools, application notes and datasheets are available for download on
http://www.atmel.com/avr.

Recommended reading
e Atmel AVR XMEGA AU manual
e XMEGA application notes
This device data sheet only contains part specific information with a short description of each peripheral and module.

The XMEGA AU manual describes the modules and peripherals in depth. The XMEGA application notes contain
example code and show applied use of the modules and peripherals.

All documentation are available from www.atmel.com/avr.

Capacitive touch sensing

The Atmel QTouch library provides a simple to use solution to realize touch sensitive interfaces on most Atmel AVR
microcontrollers. The patented charge-transfer signal acquisition offers robust sensing and includes fully debounced
reporting of touch keys and includes Adjacent Key Suppression® (AKS®) technology for unambiguous detection of key
events. The QTouch library includes support for the QTouch and QMatrix acquisition methods.

Touch sensing can be added to any application by linking the appropriate Atmel QTouch library for the AVR
microcontroller. This is done by using a simple set of APIs to define the touch channels and sensors, and then calling
the touch sensing API’s to retrieve the channel information and determine the touch sensor states.

The QTouch library is FREE and downloadable from the Atmel website at the following location:
www.atmel.com/qtouchlibrary. For implementation details and other information, refer to the QTouch library user
guide - also available for download from the Atmel website.
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6. AVRCPU

6.1 Features

e 8/16-bit, high-performance Atmel AVR RISC CPU
e 142 instructions
e Hardware multiplier

32x8-bit registers directly connected to the ALU

Stack in RAM

Stack pointer accessible in I/O memory space

Direct addressing of up to 16MB of program memory and 16MB of data memory
True 16/24-bit access to 16/24-bit I/O registers

Efficient support for 8-, 16-, and 32-bit arithmetic

Configuration change protection of system-critical features

6.2 Overview

All Atmel AVR XMEGA devices use the 8/16-bit AVR CPU. The main function of the CPU is to execute the code and
perform all calculations. The CPU is able to access memories, perform calculations, control peripherals, and execute
the program in the flash memory. Interrupt handling is described in a separate section, refer to “Interrupts and
Programmable Multilevel Interrupt Controller” on page 29.

6.3 Architectural Overview

In order to maximize performance and parallelism, the AVR CPU uses a Harvard architecture with separate memories
and buses for program and data. Instructions in the program memory are executed with single-level pipelining. While
one instruction is being executed, the next instruction is pre-fetched from the program memory. This enables

instructions to be executed on every clock cycle. For details of all AVR instructions, refer to http://www.atmel.com/avr.
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Table 14-1. Reset and interrupt vectors

Program address

(base address) Source Interrupt description
0x000 RESET
0x002 OSCF_INT_vect Crystal oscillator failure interrupt vector (NMI)
0x004 PORTC_INT_base Port C interrupt base
0x008 PORTR_INT_base Port R interrupt base
0x00C DMA_INT_base DMA controller interrupt base
0x014 RTC_INT_base Real time counter interrupt base
0x018 TWIC_INT_base Two-Wire Interface on Port C interrupt base
0x01C TCCO_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 USARTCO_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 Nonvolatile Memory interrupt base
0x044 PORTB_INT base Port B interrupt base
0x056 PORTE_INT base Port E interrupt base
0x05A TWIE_INT_base Two-wire Interface on Port E interrupt base
0x05E TCEOQ_INT_base Timer/counter 0 on port E interrupt base
0x06A TCE1_INT_base Timer/counter 1 on port E interrupt base
0x074 USARTEO_INT base USART 0 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 TCDO_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 on port D interrupt vector
0x0BO USARTDO_INT base USART 0 on port D interrupt base
0x0B6 USARTD1_INT_base USART 1 on port D interrupt base
O0xOFA USB_INT_base USB on port D interrupt base

Atmel
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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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Table 32-5. Port E - alternate functions.

PORTE PIN # INTERRUPT TCEO USARTEO

PEO 28 SYNC OCOA SDA
PE1 29 SYNC OCo0B XCKO SCL
GND 30

vCcC 31

PE2 32 SYNC/ASYNC ococC RXDO

PE3 33 SYNC OCoD TXDO

Table 32-6. Port R - alternate functions.

PORT R PIN # INTERRUPT PDI XTAL TOSC

PDI 34 PDI_DATA

RESET 35 PDI_CLOCK

PRO 36 SYNC XTAL2 TOSC2

PR1 37 SYNC XTALA1 TOSCH1
Note: 1. TOSC pins can optionally be moved to PE2/PE3.
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36. Electrical Characteristics

All typical values are measured at T = 25°C unless other temperature condition is given. All minimum and maximum
values are valid across operating temperature and voltage unless other conditions are given.

36.1 ATxmega16A4U

36.1.1 Absolute Maximum Ratings

Stresses beyond those listed in Table 36-1 may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or other conditions beyond those indicated in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.

Table 36-1. Absolute maximum ratings.

Parameter Condition
Vee Power supply voltage -0.3 4 \Y
lvee Current into a V¢ pin 200 mA
IenD Current out of a Gnd pin 200 mA
Ve Pin voltage with respect to Gnd and V¢ -0.5 Vct0.5 Vv
Ipin I/0 pin sink/source current -25 25 mA
Ta Storage temperature -65 150 °C
T Junction temperature 150 °C

36.1.2 General Operating Ratings

The device must operate within the ratings listed in Table 36-2 in order for all other electrical characteristics and
typical characteristics of the device to be valid.

Table 36-2. General operating conditions.

Parameter Condition
Vee Power supply voltage 1.60 3.6 \%
AVic Analog supply voltage 1.60 3.6 V
Ta Temperature range -40 85 °C
T Junction temperature -40 105 °C
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36.1.8 Analog Comparator Characteristics

Table 36-15. Analog Comparator characteristics.

Symbol = Parameter Condition
Vst Input offset voltage <+10 mV
[ Input leakage current <1.0 nA
Input voltage range -0.1 AVce \
AC startup time 100 Ve
Viyst Hysteresis, none 0 mV
mode = High Speed (HS) 13
Viys2 Hysteresis, small mV
mode = Low Power (LP) 30
mode = HS 30
Viyss Hysteresis, large mV
mode = LP 60
Ve = 3.0V, T=85°C mode = HS 30 90
mode = HS 30
taelay Propagation delay ns
Vee = 3.0V, T=85°C mode = LP 130 500
mode = LP 130
64-level voltage scaler Integral non-linearity (INL) 0.3 0.5 Isb

36.1.9 Bandgap and Internal 1.0V Reference Characteristics

Table 36-16. Bandgap and Internal 1.0V reference characteristics.

Symbol | Parameter Condition
As reference for ADC or DAC 1 Clkpgr + 2.5us
Startup time us
As input voltage to ADC and AC 1.5
Bandgap voltage 1.1 \%
INT1V Internal 1.00V reference T= 85°C, after calibration 0.99 1.0 1.01 \Y
Variation over voltage and temperature  Relative to T= 85°C, V¢ = 3.0V 1.5 %
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36.1.14 Clock and Oscillator Characteristics

36.1.14.1 Calibrated 32.768kHz Internal Oscillator characteristics

Table 36-22. 32.768kHz internal oscillator characteristics.

Parameter Condition

Frequency 32.768 kHz
Factory calibration accuracy T =85°C, Vg = 3.0V -0.5 0.5 %
User calibration accuracy -0.5 0.5 %

36.1.14.2 Calibrated 2MHz RC Internal Oscillator characteristics

Table 36-23. 2MHz internal oscillator characteristics.

Parameter Condition

Frequency range DFLL can tune to this frequency over 18 29 MHz
voltage and temperature
Factory calibrated frequency 2.0 MHz
Factory calibration accuracy T =85°C, V= 3.0V -1.5 1.5 %
User calibration accuracy -0.2 0.2 %
DFLL calibration stepsize 0.21 %
36.1.14.3 Calibrated and tunable 32MHz internal oscillator characteristics
Table 36-24. 32MHz internal oscillator characteristics.

Symbol | Parameter Condition Min. Typ. Max. Units

Frequency range DFLL can tune to this frequency over 30 55 MHz
voltage and temperature
Factory calibrated frequency 32 MHz
Factory calibration accuracy T =85°C, V= 3.0V -1.5 1.5 %
User calibration accuracy -0.2 0.2 %
DFLL calibration step size 0.22 %
36.1.14.4 32kHz Internal ULP Oscillator characteristics
Table 36-25. 32kHz internal ULP oscillator characteristics.

Symbol = Parameter Condition Min. Typ. Max. Units
Output frequency 32 kHz
Accuracy -30 30 %
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Table 36-63. SPI timing characteristics and requirements.

Parameter Condition
e SCK period Master stg;azls f;;:dgl)
tsckw SCK high/low width Master 0.5xSCK
tsckr SCKrise time Master 2.7
tsckre SCK fall time Master 2.7
twis MISO setup to SCK Master 10
tvin MISO hold after SCK Master 10
tvos MOSI setup SCK Master 0.5xSCK
tymon MOSI hold after SCK Master 1.0
tssck Slave SCK Period Slave 4xt Clkpgr
tssckw ~ SCK high/low width Slave 2xt Clkpgg e
tssckr | SCKrise time Slave 1600
tssckr | SCKfall time Slave 1600
tsis MOSI setup to SCK Slave 3.0
tin MOSI hold after SCK Slave t Clkpgr
tsss  SS setup to SCK Slave 21
tssy  SS hold after SCK Slave 20
tsos MISO setup SCK Slave 8.0
tson MISO hold after SCK Slave 13
tsoss MISO setup after SS low Slave 1
tsosy  MISO hold after SS high Slave 8.0
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36.3.4 Wake-up time from sleep modes

Table 36-70. Device wake-up time from sleep modes with various system clock sources.

Symbol | Parameter Condition
External 2MHz clock 2.0
Wake-up time from idle, 32.768kHz internal oscillator 120
standby, and extended standby us
mode 2MHz internal oscillator 2.0
32MHz internal oscillator 0.2
twakeup
External 2MHz clock 4.5
Wake-up time from power-save 32.768kHz internal oscillator 320 s
and power-down mode 2MHz internal oscillator 9.0
32MHz internal oscillator 4.0
Note: 1. The wake-up time is the time from the wake-up request is given until the peripheral clock is available on pin, see Figure 36-16. All peripherals and modules
start execution from the first clock cycle, expect the CPU that is halted for four clock cycles before program execution starts.
Figure 36-16.Wake-up time definition.
P Wakeup time
Wakeup request
Clock output
XMEGA A4U [DATASHEET] 119
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36.3.8 Analog Comparator Characteristics

Table 36-79. Analog Comparator characteristics.

Symbol = Parameter Condition
Vst Input offset voltage <+10 mV
[ Input leakage current <1 nA
Input voltage range -0.1 AVce \
AC startup time 100 Ve
Viyst Hysteresis, none 0 mV
mode = High Speed (HS) 20
Viys2 Hysteresis, small mode = Low Power (LP) 20 mV
mode = HS 35
Viyss Hysteresis, large rode = LP 60 mV
Ve = 3.0V, T=85°C mode = HS 30 90
mode = HS 30
taelay Propagation delay Voo = 3.0V, T= 85°C mode = LP 130 500 ns
mode = LP 130
64-level voltage scaler Integral non-linearity (INL) 0.3 0.5 Isb

36.3.9 Bandgap and Internal 1.0V Reference Characteristics

Table 36-80. Bandgap and Internal 1.0V reference characteristics.

Symbol | Parameter Condition
As reference for ADC or DAC 1 Clkpgr + 2.5us
Startup time us
As input voltage to ADC and AC 1.5
Bandgap voltage 1.1 \%
INT1V Internal 1.00V reference T= 85°C, after calibration 0.99 1 1.01 \Y
Variation over voltage and temperature  Relative to T= 85°C, V¢ = 3.0V 1.5 %
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Table 36-110.Accuracy characteristics.

Symbol = Parameter Condition
RES Input resolution 12 Bits
Ve = 1.6V +2.0 +3.0
Vree= Ext 1.0V
Ve = 3.6V 1.5 2.5
Vee = 1.6V 2.0 4.0
INL " Integral non-linearity Veer=AVcc Isb
Ve = 3.6V 1.5 4.0
Ve = 1.6V 5.0
Vree=INT1V
Ve = 3.6V 5.0
Ve = 1.6V 1.5 3.0
Vsee=Ext 1.0V
Ve =3.6V 0.6 1.5
Ve = 1.6V 1.0 3.5
DNL (" Differential non-linearity Vrer=AVcc Isb
Vee =3.6V 0.6 1.5
Ve = 1.6V 4.5
Vree=INT1V
Vee=3.6V 4.5
Gain error After calibration <4.0 Isb
Gain calibration step size 4.0 Isb
Gain calibration drift Vrer= Ext 1.0V <0.2 mV/K
Offset error After calibration <1.0 Isb
Offset calibration step size 1.0
Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% output voltage range.
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36.4.8 Analog Comparator Characteristics

Table 36-111. Analog Comparator characteristics.

Symbol = Parameter Condition
Vst Input offset voltage <+10 mV
[ Input leakage current <1 nA
Input voltage range -0.1 AVce \
AC startup time 100 Ve
Viyst Hysteresis, none 0 mV
mode = High Speed (HS) 13
Viys2 Hysteresis, small mV
mode = Low Power (LP) 30
mode = HS 30
Viyss Hysteresis, large mV
mode = LP 60
Ve = 3.0V, T=85°C mode = HS 30 90
mode = HS 30
taelay Propagation delay ns
Vee = 3.0V, T=85°C mode = LP 130 500
mode = LP 130
64-level voltage scaler Integral non-linearity (INL) 0.3 0.5 Isb

36.4.9 Bandgap and Internal 1.0V Reference Characteristics

Table 36-112. Bandgap and Internal 1.0V reference characteristics.

Symbol | Parameter Condition
As reference for ADC or DAC 1 Clkpgr + 2.5us
Startup time us
As input voltage to ADC and AC 1.5
Bandgap voltage 1.1 \%
INT1V Internal 1.00V reference T= 85°C, after calibration 0.99 1.0 1.01 \Y
Variation over voltage and temperature  Relative to T= 85°C, V¢ = 3.0V 1.5 %
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Figure 37-17. Power-down mode supply current vs. V.
Watchdog and sampled BOD enabled.
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37.1.1.4 Power-save mode supply current

Figure 37-18. Power-save mode supply current vs.V¢c.
Real Time Counter enabled and running from 1.024kHz output of 32.768kHz TOSC.
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Figure 37-91.Active mode supply current vs. V¢c.
fsys = 32MHz internal oscillator.
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Figure 37-92.I1dle mode supply current vs. frequency.
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Figure 37-140. Analog comparator current source vs. calibration value.
Temperature = 25°C.
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Figure 37-141. Analog comparator current source vs. calibration value.
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Figure 37-229. BOD thresholds vs. temperature.

3.0V.

BOD level

i T i ¥ i T
1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1
r==-r [ Stk bl et Sl ===
1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1
DR T T T e e e
1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

1 1 1 1 1 1

| Mp— RIS R NI W N NI R—
1 1 i 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 9 1

1 1 1 1 1 O 1
L RS R - 8
i 1 g i i 12 i

1 1 S 1 1 1 £ 1

1 [ 1 1 1 = 1

1 [ 1 1 1 @ 1

1 po 1 1 oW 1

1 1 1 1 1 1 1 1
Fem=pee=fee e ——f g ———
1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1
[RYSRYY Sp iy 1 RS YRS SR SR -
1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

| ISRy RN RPN § PV NI S " ) —
i T T 1 1 T i T

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1
[iaiuil shebet Aalelel ekt Sl sl sl (il
1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

1 1 1 | 1 1 1 1

1 1 1 i 1 1 1 1

1 1 1 i 1 1 1 1

1 1 1 i 1 1 1 1
CEEETEEEE EEES Tt Lt SEEET RS DR
1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1

1 1 1 1 1 1 1 1

L L L L L L L L

r T T T T T T T

@ ~ © w0 < [0 N - o
S S 8 o S S g 5 ©
[sp) s [sp) 5] [sp) 5] [sp) s [sp

[AIL08A

30 45 60 75 90 105

15

-30 -15

-45

Temperature [°C]

37.3.8 External Reset Characteristics

Figure 37-230. Minimum Reset pin pulse width vs. V..
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Figure 37-277. 1/0 pin output voltage vs. source current.
Ve = 3.0V
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Figure 37-278. 1/O pin output voltage vs. source current.
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8387D - 02/2013

Updated typos in “Ordering Information” on page 2.

Updated PE2 and PES3 pins in “Pinout/Block Diagram” on page 4 to indicate that these can be used as TOSC pins.
Renamed pin 19 from VDD to VCC in Figure 2-1 on page 4.

Updated page size for ATxmega128A4U in Table 7-3 on page 17.

Added column for TWI using external driver interface in Table 32-3 on page 59.

Updated ATxmega16A4U leakage current in Table 36-7 on page 77.

Added application erase time for ATxmega16A4U in Table 36-21 on page 84.

Updated limits for VIH and VIL:
ATxmega16A4U: Table 36-7 on page 77
ATxmega32A4U: Table 36-39 on page 98
ATxmegab4A4U: Table 36-71 on page 120
ATxmega128A4U:Table 36-103 on page 142

Updated DAC clock and timing characteristics:
ATxmega16A4U: Table 36-13 on page 81
ATxmega32A4U: Table 36-45 on page 101
ATxmega64A4U: Table 36-77 on page 123
ATxmega128A4U: Table 36-109 on page 145.

Updated ATxmega16A4U “ External clock characteristics” on page 86.

Added ESR parameter to the External 16MHz crystal oscillator and XOSC characteristics:
ATxmega16A4U: Table 36-29 on page 87

ATxmega32A4U: Table 36-61 on page 108

ATxmegab4A4U: Table 36-93 on page 130

ATxmega128A4U: Table 36-125 on page 152.

Updated ATxmega32A4U leakage current in Table 36-39 on page 98.
Added application erase time for ATxmega32A4U in Table 36-53 on page 105.
Updated ATxmega32A4U “ External clock characteristics” on page 107.

Updated ATxmega32A4U current consumption in electrical characteristics section, see “Current consumption” on
page 117.

Updated electrical characteristics for “ATxmega64A4U” on page 115.
Updated typical characteristics for “ATxmega64A4U” on page 243.
Added application erase time for ATxmega128A4U in Table 36-117 on page 149.

Updated ATxmega128A4U “ External clock characteristics” on page 151.

8387C - 03/2012

Updated “Ordering Information” on page 2. Added a new package PW.
Updated “Packaging information” on page 68. A new package PW added.
Updated the Table 36-4 on page 74 with new values for I active power consumption.

Updated all typical characteristics in “ Active mode supply current” on page 159.
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