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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

16KB (8K x 16)

FLASH

1K x 8

2K x 8

1.6V ~ 3.6V

A/D 12x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

44-VFQFN Exposed Pad
44-VQFN (7x7)
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11.

11.1

11.2

11.3

11.3.1

11.3.2

Power Management and Sleep Modes

Features
e Power management for adjusting power consumption and functions

e Five sleep modes

e Idle
Power down
Power save
Standby
Extended standby

e Power reduction register to disable clock and turn off unused peripherals in active and idle modes

Overview

Various sleep modes and clock gating are provided in order to tailor power consumption to application requirements.
This enables the Atmel AVR XMEGA microcontroller to stop unused modules to save power.

All sleep modes are available and can be entered from active mode. In active mode, the CPU is executing application
code. When the device enters sleep mode, program execution is stopped and interrupts or a reset is used to wake the
device again. The application code decides which sleep mode to enter and when. Interrupts from enabled peripherals
and all enabled reset sources can restore the microcontroller from sleep to active mode.

In addition, power reduction registers provide a method to stop the clock to individual peripherals from software. When
this is done, the current state of the peripheral is frozen, and there is no power consumption from that peripheral. This
reduces the power consumption in active mode and idle sleep modes and enables much more fine-tuned power
management than sleep modes alone.

Sleep Modes

Sleep modes are used to shut down modules and clock domains in the microcontroller in order to save power.
XMEGA microcontrollers have five different sleep modes tuned to match the typical functional stages during
application execution. A dedicated sleep instruction (SLEEP) is available to enter sleep mode. Interrupts are used to
wake the device from sleep, and the available interrupt wake-up sources are dependent on the configured sleep
mode. When an enabled interrupt occurs, the device will wake up and execute the interrupt service routine before
continuing normal program execution from the first instruction after the SLEEP instruction. If other, higher priority
interrupts are pending when the wake-up occurs, their interrupt service routines will be executed according to their
priority before the interrupt service routine for the wake-up interrupt is executed. After wake-up, the CPU is halted for
four cycles before execution starts.

The content of the register file, SRAM and registers are kept during sleep. If a reset occurs during sleep, the device
will reset, start up, and execute from the reset vector.

Idle Mode

In idle mode the CPU and nonvolatile memory are stopped (note that any ongoing programming will be completed),
but all peripherals, including the interrupt controller, event system and DMA controller are kept running. Any enabled
interrupt will wake the device.

Power-down Mode

In power-down mode, all clocks, including the real-time counter clock source, are stopped. This allows operation only
of asynchronous modules that do not require a running clock. The only interrupts that can wake up the MCU are the
two-wire interface address match interrupt, asynchronous port interrupts, and the USB resume interrupt.
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Figure 30-1. Analog comparator overview.
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The window function is realized by connecting the external inputs of the two analog comparators in a pair as shown in
Figure 30-2.

Figure 30-2. Analog comparator window function.
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Base address Name Description

0x0620 PORTB Port B
0x0640 PORTC Port C
0x0660 PORTD Port D
0x0680 PORTE Port E
0x07EQ PORTR Port R
0x0800 TCCO Timer/Counter 0 on port C
0x0840 TCCA1 Timer/Counter 1 on port C
0x0880 AWEXC Advanced Waveform Extension on port C
0x0890 HIRESC High Resolution Extension on port C
0x08A0 USARTCO USART 0 on port C
0x08B0 USARTC1 USART 1 on port C
0x08C0 SPIC Serial Peripheral Interface on port C
0x08F8 IRCOM Infrared Communication Module
0x0900 TCDO Timer/Counter 0 on port D
0x0940 TCD1 Timer/Counter 1 on port D
0x0990 HIRESD High Resolution Extension on port D
0x09A0 USARTDO USART 0 on port D
0x09B0 USARTD1 USART 1 on port D
0x09CO0 SPID Serial Peripheral Interface on port D
0x0A00 TCEO Timer/Counter 0 on port E
0x0A80 AWEXE Advanced Waveform Extensionon port E
0x0A90 HIRESE High Resolution Extension on port E
0x0AAQ USARTEO USART 0 on port E
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36.1.6 ADC characteristics

Table 36-8. Power supply, reference and input range.

Parameter Condition
AVcc Analog supply voltage Vee- 0.3 Vet 0.3 \
VRer Reference voltage 1.0 AVc- 0.6 \Y
Ri, Input resistance Switched 4.0 kQ
Coample Input capacitance Switched 4.4 pF
Rarer Reference input resistance (leakage only) >10 MQ
CaRer Reference input capacitance = Static load 7.0 pF
Vin Input range -0.1 AV +0.1 \
Conversion range Differential mode, Vinp - Vinn -VRrer VRer
Conversion range Single ended unsigned mode, Vinp -AV VR5ep-AV
AV Fixed offset voltage 190 LSB

Table 36-9. Clock and timing.

Symbol Parameter Condition

Maximum is 1/4 of peripheral clock 100 2000

Clkaoc  ADC Clock frequency frequency kHz
Measuring internal signals 100 125
Current limitation (CURRLIMIT) off 100 2000
CURRLIMIT = LOW 100 1500
fanc Sample rate ksps
CURRLIMIT = MEDIUM 100 1000
CURRLIMIT = HIGH 100 500
Sampling time 1/2 Clkppc cycle 0.25 5) ps
S (RES+2)/2+(GAIN !=0) Clkapc
CenmrEien i (EETe) RES (Resolution) = 8 or 12 2 g cycles
Start-up time ADC clock cycles 12 24 cycles
After changing reference or input mode 7 7
ADC settling time Clk/i\DC
After ADC flush 1 1 cycles
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Table 36-60. External clock with prescaler (for system clock.

Symbol | Parameter Condition

Vee=1.6-1.8V 0 90

1tex  Clock Frequency ) MHz
Ve =2.7-3.6V 0 142
Vge=1.6-1.8V 11

tex Clock Period ns
Vge = 2.7 - 3.6V 7
Vee=1.6-1.8V 4.5

ten Clock High Time ns
Vee =27 -3.6V 24
Vee=1.6-1.8V 4.5

toL Clock Low Time ns
Vge =2.7 -3.6V 24
Vge=1.6-1.8V 15

ter Rise Time (for maximum frequency) ns
Vge =2.7 - 3.6V 1.0
Vee=1.6-1.8V 1.5

ter Fall Time (for maximum frequency) ns
Ve =2.7 -3.6V 1.0

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

Notes: 1. System Clock Prescalers must be set so that maximum CPU clock frequency for device is not exceeded.

2. The maximum frequency vs. supply voltage is linear between 1.6V and 2.7V, and the same applies for all other parameters with supply voltage conditions.

36.2.14.7 External 16MHz crystal oscillator and XOSC characteristic

Table 36-61. External 16MHz crystal oscillator and XOSC characteristics.

Symbol @ Parameter Condition
FRQRANGE=0 <10
XOSCPWR=0
Cycle to cycle jitter FRQRANGE=1, 2, or 3 <1 ns
XOSCPWR=1 <1
FRQRANGE=0 <6
XOSCPWR=0
Long term jitter FRQRANGE=1, 2, or 3 <0.5 ns
XOSCPWR=1 <0.5
FRQRANGE=0 <0.1
XOSCPWR=0 FRQRANGE=1 <0.05
Frequency error %
FRQRANGE=2 or 3 <0.005
XOSCPWR=1 <0.005
FRQRANGE=0 40
XOSCPWR=0 FRQRANGE=1 42
Duty cycle %
FRQRANGE=2 or 3 45
XOSCPWR=1 48
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36.3.13 Flash and EEPROM Memory Characteristics

Table 36-84. Endurance and data retention.

Symbol | Parameter Condition
25°C 10K
Write/Erase cycles 85°C 10K Cycle
105°C 2K
Flash
25°C 100
Data retention 85°C 25 Year
105°C 10
25°C 100K
Write/Erase cycles 85°C 100K Cycle
105°C 30K
EEPROM
25°C 100
Data retention 85°C 25 Year
105°C 10

Table 36-85. Programming time.

Symbol | Parameter Condition

Chip Erase 64KB Flash, EEPROM® and SRAM Erase 55 ms

Application Erase Section erase 6 ms
Page erase 4

Flash Page write 4 ms
Atomic page erase and write 8
Page erase 4

EEPROM Page write 4 ms
Atomic page erase and write 8

Notes: 1. Programming is timed from the 2MHz internal oscillator.
2. EEPROM is not erased if the EESAVE fuse is programmed.
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36.4 ATxmega128A4U

36.4.1 Absolute Maximum Ratings

Stresses beyond those listed in Table 36-97 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 36-97. Absolute maximum ratings.

Parameter Condition
Vee Power supply voltage -0.3 4 \%
lvee Current into a V¢ pin 200 mA
lenD Current out of a Gnd pin 200 mA
Ve Pin voltage with respect to Gnd and V¢ -0.5 Vect0.5 \Y,
lein I/O pin sink/source current -25 25 mA
Ta Storage temperature -65 150 °C
T Junction temperature 150 °C

36.4.2 General Operating Ratings

The device must operate within the ratings listed in Table 36-98 in order for all other electrical characteristics and
typical characteristics of the device to be valid.

Table 36-98. General operating conditions.

Parameter Condition
Vee Power supply voltage 1.60 3.6 \Y
AV¢c Analog supply voltage 1.60 3.6 \%
Ta Temperature range -40 85 °C
T; Junction temperature -40 105 °C

Table 36-99. Operating voltage and frequency.

Symbol Parameter Condition Min. Typ. Max. Units
Ve = 1.6V 0 12
Vee = 1.8V 0 12

Clkcpy CPU clock frequency MHz
Vee =2.7V 0 32
Ve = 3.6V 0 32

The maximum CPU clock frequency depends on V.. As shown in Figure 36-22 the Frequency vs. V. curve is linear
between 1.8V <V <2.7V.
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Figure 37-3. Active mode supply current vs. Vc.
fsys = 32.768kHz internal oscillator.
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Figure 37-4. Active mode supply current vs. Vc.
fsys = 1TMHz external clock.
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Figure 37-5. Active mode supply current vs. Vc.
fsys = 2MHz internal oscillator.

1600

1400

-
s
1200 —

< 1000
S
_8 800 // /
—
600
/
400

1.6 1.8 2 22 2.4 2.6 2.8 3 3.2 3.4 3.6

Vee [V]

Figure 37-6. Active mode supply current vs. V..
fsys = 32MHz internal oscillator prescaled to 8VIHz.
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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 37-34. 1/0 pin input threshold voltage vs. V.
V), I/O pin read as “0”.
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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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37.2.9 Power-on Reset Characteristics

Figure 37-152. Power-on reset current consumption vs. V..
BOD level = 3.0V, enabled in continuous mode.
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Figure 37-153. Power-on reset current consumption vs. V..
BOD level = 3.0V, enabled in sampled mode.
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Figure 37-162. 32MHz internal oscillator CALA calibration step size.
Ve = 3.0V.
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Figure 37-163. 32MHz internal oscillator frequency vs. CALB calibration value.
Ve = 3.0V.
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Figure 37-185. Power-down mode supply current vs. Vgc.
Watchdog and sampled BOD enabled.
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37.3.1.4 Power-save mode supply current

Figure 37-186. 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 37-197. 1/O pin output voltage vs. sink current.
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Figure 37-198. I/O pin output voltage vs. sink current.
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Figure 37-209. DNL error vs. input code.
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Figure 37-210. Gain error vs. Vpge.
T =25, V¢ = 3.6V, ADC sampling speed = 500ksps.
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Figure 37-289. INL error vs. sample rate
T =25, V¢ = 3.6V, Vg = 3.0V external
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Figure 37-290. INL error vs. input code
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39.

39.1

Datasheet Revision History

Please note that the referring page numbers in this section are referred to this document. The referring revision in this
section are referring to the document revision.

8387H —09/2014

Updated “Ordering Information” on page 2. Added ordering information for ATxmega16A4U/32A4U/64A4U/128A4U @
105°C

Updated the Application Table Section from 4K/4K/4K/4K to 8K/4K/4K/4K in the Figure 7-1 on page 14

Updated Table 36-4 on page 74, Table 36-36 on page 95, Table 36-68 on page 117 and Table 36-100 on page 139. Added
Icc Power-down power consumption for T=105°C for all functions disabled and for WDT and sampled BOD enabled

Updated Table 36-20 on page 84, Table 36-52 on page 105, Table 36-84 on page 127 and Table 36-116 on page 149.
Updated all tables to include values for T=85°C and T=105°C. Removed T=55°C

Added 105°C Typical Characterization plots for:

ATxmega16A4U
ATxmega32A4U
ATxmega64A4U
ATxmega128A4U

Changed Vcc to AVcce in Figure 28-1 on page 50 and in the text in Section 28. “ADC — 12-bit Analog to Digital Converter” on
page 49 andSection 30. “AC — Analog Comparator” on page 53.

Changed values for 128A4U in Table 7-3 on page 17. Page size = 128, FWORD = Z(6:0)

Changed unit notation for parameter tg.par to ns in Table 36-32 on page 92, Table 36-64 on page 113, and Table 36-128
on page 157.

39.2 8387G - 03/2014

Removed “Preliminary” from the datasheet

Updated “Errata” on page 327: added ERRATA “Rev. D” and “Rev. C” for “ATxmega64A4U” on page 329

39.3 8387F —01/2014

Removed JTAG references from the datasheet

Updated Figure 30-1 on page 54. The positive Mux has two “Input” while the negative Mux has four “Input”

39.4 8387E -11/2013

Updated Flash size column in “Ordering Information” on page 2 for:
ATxmega128A4U-AU, ATxmega128A4U-AUR, ATxmega128A4U-MH and ATxmega128A4U-MHR
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