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Welcome to E-XFL.COM

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
50

256KB (128K x 16)

FLASH

4K x 8

16K x 8

1.6V ~ 3.6V

A/D 16x12b; D/A 2x12b

Internal

-40°C ~ 105°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-QFN (9x9)

https://www.e-xfl.com/product-detail/microchip-technology/atxmega256a3u-mn

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong
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3. For packaging information, see “Packaging information” on page 71.
4. Tape and Reel.

Package Type
64A 64-lead, 14 x 14mm body size, 1.0mm body thickness, 0.8mm lead pitch, thin profile plastic quad flat package (TQFP)
64M2 64-pad, 9 x 9 x 1.0mm body, lead pitch 0.50mm, 7.65mm exposed pad, quad flat no-lead package (QFN)

Typical Applications

Industrial control Climate control Low power battery applications
Factory automation RF and ZigBee® Power tools
Building control USB connectivity HVAC
Board control Sensor control Utility metering
White goods Optical Medical applications
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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 documentations 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 APIs 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/qgtouchlibrary. For implementation details and other information, refer to the QTouch library
user guide - also available for download from the Atmel website.

Atmel XMEGA A3U [DATASHEET] 8

Atmel-8386E-AVR-XMEGA A3U-Datasheet_09/2014


http://www.atmel.com/avr
http://www.atmel.com/avr
www.atmel.com/qtouchlibrary

Figure 6-1. Block diagram of the AVR CPU architecture.
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The arithmetic logic unit (ALU) supports arithmetic and logic operations between registers or between a
constant and a register. Single-register operations can also be executed in the ALU. After an arithmetic
operation, the status register is updated to reflect information about the result of the operation.

The ALU is directly connected to the fast-access register file. The 32 x 8-bit general purpose working registers
all have single clock cycle access time allowing single-cycle arithmetic logic unit (ALU) operation between
registers or between a register and an immediate. Six of the 32 registers can be used as three 16-bit address
pointers for program and data space addressing, enabling efficient address calculations.

The memory spaces are linear. The data memory space and the program memory space are two different
memory spaces.

The data memory space is divided into I/O registers, SRAM, and external RAM. In addition, the EEPROM can
be memory mapped in the data memory.

All I/O status and control registers reside in the lowest 4KB addresses of the data memory. This is referred to as
the 1/0 memory space. The lowest 64 addresses can be accessed directly, or as the data space locations from
0x00 to 0x3F. The rest is the extended I/O memory space, ranging from 0x0040 to OxOFFF. 1/O registers here
must be accessed as data space locations using load (LD/LDS/LDD) and store (ST/STS/STD) instructions.

The SRAM holds data. Code execution from SRAM is not supported. It can easily be accessed through the five
different addressing modes supported in the AVR architecture. The first SRAM address is 0x2000.

Data addresses 0x1000 to Ox1FFF are reserved for memory mapping of EEPROM.

The program memory is divided in two sections, the application program section and the boot program section.
Both sections have dedicated lock bits for write and read/write protection. The SPM instruction that is used for
self-programming of the application flash memory must reside in the boot program section. The application
section contains an application table section with separate lock bits for write and read/write protection. The
application table section can be used for safe storing of nonvolatile data in the program memory.
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7. Memories
7.1  Features
e 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
e Data memory
— One linear address space
— Single-cycle access from CPU
— SRAM
— EEPROM
e Byte and page accessible
e Optional memory mapping for direct load and store
— 1/O memory
e Configuration and status registers for all peripherals and modules
e 16 bit-accessible general purpose registers for global variables or flags
— Bus arbitration
e Deterministic priority handling between CPU, DMA controller, and other bus masters
— Separate buses for SRAM, EEPROM and I/O memory
e Simultaneous bus access for CPU and DMA controller
e 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
e 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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10. System Clock and Clock options
10.1 Features
e Fast start-up time
e Safe run-time clock switching
e |Internal oscillators:
— 32MHz run-time calibrated and tuneable oscillator
— 2MHz run-time calibrated oscillator
— 32.768kHz calibrated oscillator
— 32kHz ultra low power (ULP) oscillator with 1kHz output
e External clock options
— 0.4MHz - 16MHz crystal oscillator
— 32.768kHz crystal oscillator
— External clock
e PLL with 20MHz - 128MHz output frequency
— Internal and external clock options and 1x to 31x multiplication
— Lock detector
e Clock prescalers with 1x to 2048x division
e Fast peripheral clocks running at two and four times the CPU clock
e Automatic run-time calibration of internal oscillators
e External oscillator and PLL lock failure detection with optional non-maskable interrupt
10.2 Overview
Atmel AVR XMEGA A3U devices have a flexible clock system supporting a large number of clock sources. It
incorporates both accurate internal oscillators and external crystal oscillator and resonator support. A high-
frequency phase locked loop (PLL) and clock prescalers can be used to generate a wide range of clock
frequencies. A calibration feature (DFLL) is available, and can be used for automatic run-time calibration of the
internal oscillators to remove frequency drift over voltage and temperature. An oscillator failure monitor can be
enabled to issue a non-maskable interrupt and switch to the internal oscillator if the external oscillator or PLL
fails.
When a reset occurs, all clock sources except the 32kHz ultra low power oscillator are disabled. After reset, the
device will always start up running from the 2MHz internal oscillator. During normal operation, the system clock
source and prescalers can be changed from software at any time.
Figure 10-1 on page 23 presents the principal clock system in the XMEGA A3U family of devices. Not all of the
clocks need to be active at a given time. The clocks for the CPU and peripherals can be stopped using sleep
modes and power reduction registers, as described in “Power Management and Sleep Modes” on page 25.
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13. WDT - Watchdog Timer

13.1 Features
e |Issues a device reset if the timer is not reset before its timeout period
Asynchronous operation from dedicated oscillator
1kHz output of the 32kHz ultra low power oscillator
11 selectable timeout periods, from 8ms to 8s

Two operation modes:
— Normal mode
—  Window mode

e Configuration lock to prevent unwanted changes

13.2 Overview

The watchdog timer (WDT) is a system function for monitoring correct program operation. It makes it possible to
recover from error situations such as runaway or deadlocked code. The WDT is a timer, configured to a
predefined timeout period, and is constantly running when enabled. If the WDT is not reset within the timeout
period, it will issue a microcontroller reset. The WDT is reset by executing the WDR (watchdog timer reset)
instruction from the application code.

The window mode makes it possible to define a time slot or window inside the total timeout period during which
WDT must be reset. If the WDT is reset outside this window, either too early or too late, a system reset will be
issued. Compared to the normal mode, this can also catch situations where a code error causes constant WDR
execution.

The WDT will run in active mode and all sleep modes, if enabled. It is asynchronous, runs from a CPU-
independent clock source, and will continue to operate to issue a system reset even if the main clocks fail.

The configuration change protection mechanism ensures that the WDT settings cannot be changed by accident.
For increased safety, a fuse for locking the WDT settings is also available.
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Symbol

Ra

CXT/-\L1

CXTAL2

CLOAD

Note:

1.

Parameter

Negative impedance
Q)

ESR

Parasitic
capacitance XTAL1
pin

Parasitic
capacitance XTAL2
pin

Parasitic
capacitance load

Numbers for negative impedance are not tested in production but guaranteed from design and characterization.

Atmel

Condition

0.4MHz resonator,
CL=100pF BALS
XOSCPWR=0,
FRQRANGE=0 1MHz crystal, CL=20pF 8.7k
2MHz crystal, CL=20pF 2.1k
2MHz crystal 4.2k
XOSCPWR=0,
FRQRANGE=1, 8MHz crystal 250
CL=20pF
9MHz crystal 195
8MHz crystal 360
XOSCPWR=0,
FRQRANGE=2, 9MHz crystal 285
CL=20pF
12MHz crystal 155
9MHz crystal 365
XOSCPWR=0,
FRQRANGE=3, 12MHz crystal 200
CL=20pF
16MHz crystal 105
9MHz crystal 435
XOSCPWR=1,
FRQRANGE=0, 12MHz crystal 235
CL=20pF
16MHz crystal 125
9MHz crystal 495
XOSCPWR=1,
FRQRANGE=1, 12MHz crystal 270
CL=20pF
16MHz crystal 145
XOSCPWR=1, 12MHz crystal 305
FRQRANGE=2,
CL=20pF 16MHz crystal 160
XOSCPWR=1, 12MHz crystal 380
FRQRANGE=3,
CL=20pF 16MHz crystal 205
SF = Safety factor min(Rq)/SF
5.2
6.8
2.95
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36.2 ATxmega128A3U

36.2.1 Absolute Maximum Ratings

Stresses beyond those listed in Table 36-1 under 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 36-33. Absolute maximum ratings.

Parameter Condition
Vee Power Supply Voltage -0.3 4 \
lvee Current into a V¢ pin 200 mA
IenD Current out of a Gnd pin 200 mA
Vo, gl:dvggzg\fcvcwth respect to 05 Vec+0.5 v
Ipin I/0 pin sink/source current -25 25 mA
Ta Storage temperature -65 150 °C
T Junction temperature 150 °C

36.2.2 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 36-34. General operating conditions.

Parameter Condition
Vee Power Supply Voltage 1.60 3.6 \
AVic Analog Supply Voltage 1.60 3.6 V
85°C -40 85
Ta Temperature range °C
105 °C -40 105
85°C -40 105
T Junction temperature °C
105°C -40 125

Table 36-35. Operating voltage and frequency.

Parameter Condition
Vee = 1.6V 0 12
Vee = 1.8V 0 12
Clkcpy CPU clock frequency MHz
Voo =2.7V 0 32
Vee = 3.6V 0 32
/It L XMEGA A3U [DATASHEET] 95
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Table 36-42. Accuracy characteristics.

Parameter Condition
RES Resolution Programmable to 8 or 12 bit 8 12 12 Bits
Viee-1.0V < Vggp< V0.6V +1.2 +2
500ksps
All Vger 1.5 +3
INL () Integral non-linearity Isb
2000ksps
All Vger 1.5 +3
DNL (V" Differential non-linearity guaranteed monotonic <+0.8 <#1 Isb
-1 mV
Offset Error Temperature drift <0.01 mV/K
Operating voltage drift <0.6 mV/V
External reference -1
Differential AVec/1.6 o
de mV
mo AVcc/2.0 8
Gain Error
Bandgap 5
Temperature drift <0.02 mV/K
Operating voltage drift <0.5 mV/V
Noise Differential mode, shorted input 0.4 mV
2msps, Ve = 3.6V, Clkpgg = 16MHz ’ rms
Notes: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% input voltage range.

2. Unless otherwise noted all linearity, offset and gain error numbers are valid under the condition that external Vggr is used.

Table 36-43. Gain stage characteristics.

Parameter Condition
Rin Input resistance Switched in normal mode 4.0 kQ
Coample Input capacitance Switched in normal mode 4.4 pF
Signal range Gain stage output 0 V- 0.6 \%
. . Clkapc
Propagation delay ADC conversion rate 1
cycles
Sample rate Same as ADC 100 1000 kHz
INL () Integral Non-Linearity 500ksps All gain +1.5 +4 Isb
settings
1x gain, normal mode -0.8
Gain Error 8x gain, normal mode -2.5 %
64x gain, normal mode -3.5
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Parameter Condition

1x gain, normal mode -2
Offset Error, .
. 8x gain, normal mode -5 mV
input referred
64x gain, normal mode -4
1x gain, normal mode 0.5
Noise 8x gain, normal mode 1.5
64x gain, normal mode 1
Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% input voltage range.

36.2.7 DAC Characteristics

Table 36-44. Power supply, reference and output range.

Symbol = Parameter Condition Min. Typ. Max. Units
AVcc Analog supply voltage Vee-0.3 Vet 0.3
AVRer External reference voltage 1.0 Vee- 0.6 Vv
Rehanmnet | DC output impedance 50
Linear output voltage range 0.15 AVc-0.15 Vv
Rarer Reference input resistance >10 MQ
CAREF  Reference input capacitance  Static load 7 pF
Minimum Resistance load 1 kQ
100 pF
Maximum capacitance load
1000Q serial resistance 1 nF
Operating within accuracy specification AV/1000
Output sink/source mA
Safe operation 10

Table 36-45. Clock and timing.

Symbol | Parameter Condition
- Normal mode 0 1000
e Conversion rate C"’ad._mOpT . ksps
maximum step size Low power mode 0 500
XMEGA A3U [DATASHEET 103
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36.4.14.6 External clock characteristics

Figure 36-24. External clock drive waveform
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Table 36-123. External clock used as system clock without prescaling.

Symbol | Parameter Condition

Ve =1.6-1.8V 0 12

1tex  Clock Frequency (") MHz
Voo =2.7-3.6V 0 32
Vec=1.6-1.8V 83.3

tek Clock Period ns
Ve =2.7 - 3.6V 31.5
Ve =1.6-1.8V 30.0

ten Clock High Time ns
Vee =2.7-3.6V 12.5
Ve =1.6-1.8V 30.0

toL Clock Low Time ns
Vge =2.7-3.6V 12.5
Ve =1.6-1.8V 10

tcr Rise Time (for maximum frequency) ns
Vee =2.7-3.6V 3
Ve =1.6-1.8V 10

tee Fall Time (for maximum frequency) ns
Ve =2.7-3.6V 3

Atek Change in period from one clock cycle to the next 10 %

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.
XMEGA A3U [DATASHEET 153
Atmel [ ]

Atmel-8386E-AVR-XMEGA A3U-Datasheet_09/2014



37.1.1.4 Power-save mode supply current

Figure 37-17. Power-save mode supply current vs. V.

Real Time Counter enabled and running from 1.024kHz output of 32.768kHz TOSC.
RTC from 1kHz outputof 32.768kHz TOSC
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37.1.1.5 Standby mode supply current
Figure 37-18. Standby supply current vs. V..
Standby, fsys = TMHz.
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Figure 37-37.
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Figure 37-38.
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DNL error vs. external V.
T =25°C, V¢ = 3.6V, external reference.
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Figure 37-53. Analog comparator hysteresis vs. Vc.
High-speed mode, large hysteresis.
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Figure 37-54. Analog comparator hysteresis vs. V..
Low power, large hysteresis.
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Figure 37-171. Active mode supply current vs. V.
fsys = 2MHz internal oscillator.
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Figure 37-172. Active mode supply current vs. V..
fsys = 32MHz internal oscillator prescaled to 8MHz.
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Figure 37-219. Analog comparator hysteresis vs. Vc.
High-speed mode, large hysteresis.
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Figure 37-220. Analog comparator hysteresis vs. Vc.
Low power, large hysteresis.
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Figure 37-258. Idle mode supply current vs. frequency.
fsys = 1- 32MHz external clock, T = 25°C.
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Figure 37-259. Idle mode supply current vs. V.
fsys = 32.768kHz internal oscillator.
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Figure 37-260. Idle mode supply current vs. V.
fsys = 1TMHz external clock.
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Figure 37-261. Idle mode supply current vs. V..
fsys = 2MHz internal oscillator.
1650
1500 - 40°g
25°
~_~2 85°C
1350 / 7 105°C
_ 1200 é
<
= 1050 -~
-
9 //
900 —~
750
600
450 +
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 34 3.6
Vee [V]
/It L XMEGA A3U [DATASHEET] 292
m e Atmel-8386E-AVR-XMEGA A3U-Datasheet_09/2014



Figure 37-268. Standby supply current vs. V.
25°C, running from different crystal oscillators.
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37.4.2 1/0 Pin Characteristics
37.4.2.1 Pull-up

Figure 37-269. 1/O pin pull-up resistor current vs. input voltage.
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Figure 37-331. SDA hold time vs. supply voltage.
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37.4.12 PDI characteristics

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