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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"

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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1. Ordering Information

Notes: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information.
2. Pb-free packaging, complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also Halide free and fully Green.
3. For packaging information, see “Packaging information” on page 71.
4. Tape and Reel.

Typical Applications

Ordering code Flash (bytes)
EEPROM 
(bytes)

SRAM 
(bytes) Speed (MHz)

Power 
supply

Package 
(1)(2)(3) Temp.

ATxmega128A1U-AU 128K + 8K 2K 8K

32 1.6 - 3.6V

100A

-40°C - 85°C

ATxmega128A1U-AUR(4) 128K + 8K 2K 8K

ATxmega64A1U-AU 64K + 4K 2K 4K

ATxmega64A1U-AUR(4) 64K + 4K 2K 4K

ATxmega128A1U-CU 128K + 8K 2K 8K

100C1
ATxmega128A1U-CUR(4) 128K + 8K 2K 8K

ATxmega64A1U-CU 64K + 4K 2K 4K

ATxmega64A1U-CUR(4) 64K + 4K 2K 4K

ATxmega128A1U-C7U 128K + 8K 2K 8K

100C2
ATxmega128A1U-C7UR(4) 128K + 8K 2K 8K

ATxmega64A1U-C7U 64K + 4K 2K 4K

ATxmega64A1U-C7UR(4) 64K + 4K 2K 4K

ATxmega128A1U-AN 128K + 8K 2K 8K

100A -40°C - 105°C
ATxmega128A1U-ANR(4) 128K + 8K 2K 8K

ATxmega64A1U-AN 64K + 4K 2K 4K

ATxmega64A1U-ANR(4) 64K + 4K 2K 4K

Package Type

100A 100-lead, 14 x 14 x 1.0mm, 0.5mm lead pitch, thin profile plastic quad flat package (TQFP)

100C1 100-ball, 9 x 9 x 1.2mm body, ball pitch 0.80mm, chip ball grid array (CBGA)

100C2 100-ball, 7 x 7 x 1.0mm body, ball pitch 0.65mm, very thin fine-pitch ball grid array (VFBGA)

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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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 I/O 
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 0x0FFF. I/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 0x1FFF 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.

6.4 ALU - Arithmetic Logic Unit
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. The ALU operates in direct connection with all 32 general 
purpose registers. In a single clock cycle, arithmetic operations between general purpose registers or between a register 
and an immediate are executed and the result is stored in the register file. After an arithmetic or logic operation, the 
status register is updated to reflect information about the result of the operation.

ALU operations are divided into three main categories – arithmetic, logical, and bit functions. Both 8- and 16-bit 
arithmetic is supported, and the instruction set allows for efficient implementation of 32-bit aritmetic. The hardware 
multiplier supports signed and unsigned multiplication and fractional format.

6.4.1 Hardware Multiplier

The multiplier is capable of multiplying two 8-bit numbers into a 16-bit result. The hardware multiplier supports different 
variations of signed and unsigned integer and fractional numbers:

Multiplication of unsigned integers
Multiplication of signed integers
Multiplication of a signed integer with an unsigned integer
Multiplication of unsigned fractional numbers
Multiplication of signed fractional numbers
Multiplication of a signed fractional number with an unsigned one

A multiplication takes two CPU clock cycles.
9XMEGA A1U [DATASHEET]
Atmel-8385I-AVR-ATxmega64A1U-128A1U-Datasheet–09/2014



20. RTC – 16-bit Real-Time Counter

20.1 Features
16-bit resolution
Selectable clock source

32.768kHz external crystal
External clock
32.768kHz internal oscillator
32kHz internal ULP oscillator

Programmable 10-bit clock prescaling
One compare register
One period register
Clear counter on period overflow 
Optional interrupt/event on overflow and compare match

20.2 Overview
The 16-bit real-time counter (RTC) is a counter that typically runs continuously, including in low-power sleep modes, to 
keep track of time. It can wake up the device from sleep modes and/or interrupt the device at regular intervals.

The reference clock is typically the 1.024kHz output from a high-accuracy crystal of 32.768kHz, and this is the 
configuration most optimized for low power consumption. The faster 32.768kHz output can be selected if the RTC needs 
a resolution higher than 1ms. The RTC can also be clocked from an external clock signal, the 32.768kHz internal 
oscillator or the 32kHz internal ULP oscillator.

The RTC includes a 10-bit programmable prescaler that can scale down the reference clock before it reaches the 
counter. A wide range of resolutions and time-out periods can be configured. With a 32.768kHz clock source, the 
maximum resolution is 30.5µs, and time-out periods can range up to 2000 seconds. With a resolution of 1s, the 
maximum timeout period is more than18 hours (65536 seconds). The RTC can give a compare interrupt and/or event 
when the counter equals the compare register value, and an overflow interrupt and/or event when it equals the period 
register value.

Figure 20-1. Real-time counter overview.
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30. DAC – 12-bit Digital to Analog Converter

30.1 Features
Two digital to analog converters (DACs)
12-bit resolution
Two independent, continuous-drive output channels
Up to one million samples per second conversion rate per DAC channel
Built-in calibration that removes:

Offset error
Gain error

Multiple conversion trigger sources
On new available data
Events from the event system

High drive capabilities and support for
Resistive loads
Capacitive loads
Combined resistive and capacitive loads 

Internal and external reference options
DAC output available as input to analog comparator and ADC
Low-power mode, with reduced drive strength
Optional DMA transfer of data

30.2 Overview
The digital-to-analog converter (DAC) converts digital values to voltages. The DAC has two channels, each with12-bit 
resolution, and is capable of converting up to one million samples per second (msps) on each channel. The built-in 
calibration system can remove offset and gain error when loaded with calibration values from software.

Figure 30-1. DAC overview.
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(6)
Table 33-3. Port C - alternate functions.

Notes: 1. Pin mapping of all TC0 can optionally be moved to high nibble of port. Refer to Pin Remap register in I/O Ports in the XMEGA AU Manual.

2. If TC0 is configured as TC2 all eight pins can be used for PWM output. Refer to Pin Remap register in I/O Ports in the XMEGA AU Manual..
3. Pin mapping of all USART0 can optionally be moved to high nibble of port. Refer to Pin Remap register in I/O Ports in the XMEGA AU Manual..
4. Pins MOSI and SCK for all SPI can optionally be swapped.Refer to Pin Remap register in I/O Ports in the XMEGA AU Manual.
5. CLKOUT can optionally be moved between port C, D and E and between pin 4 and 7. Refer to CLKEVOUT register in I/O port configuration in the XMEGA AU 

Manual. 
6. EVOUT can optionally be moved between port C, D and E and between pin 4 and 7. Refer to CLKEVOUT register in I/O port configuration in the XMEGA AU 

Manual.

Table 33-4. Port D - alternate functions.

Table 33-5. Port E - alternate functions.

PORT C PIN# INTERRUPT TCC0(1)(2) AWEXC TCC1 USARTC0(3) USARTC1 SPIC(4) TWIC CLOCKOUT(5) EVENTOUT

GND 13

VCC 14

PC0 15 SYNC OC0A OC0ALS SDA

PC1 16 SYNC OC0B OC0AHS XCK0 SCL

PC2 17 SYNC/ASYNC OC0C OC0BLS RXD0

PC3 18 SYNC OC0D OC0BHS TXD0

PC4 19 SYNC OC0CLS OC1A SS

PC5 20 SYNC OC0CHS OC1B XCK1 MOSI

PC6 21 SYNC OC0DLS RXD1 MISO clkRTC

PC7 22 SYNC OC0DHS TXD1 SCK clkPER EVOUT

PORT D PIN# INTERRUPT TCD0 TCD1 USBD USARTD0 USARTD1 SPID TWID CLOCKOUT EVENTOUT

GND 23

VCC 24

PD0 25 SYNC OC0A SDA

PD1 26 SYNC OC0B XCK0 SCL

PD2 27 SYNC/ASYN
C OC0C RXD0

PD3 28 SYNC OC0D TXD0

PD4 29 SYNC OC1A SS

PD5 30 SYNC OC1B XCK1 MOSI

PD6 31 SYNC D- RXD1 MISO

PD7 32 SYNC D+ TXD1 SCK clkPER EVOUT

PORT E PIN # INTERRUPT TCE0 AWEXE TCE1 USARTE0 USARTE1 SPIE TWIE CLOCKOUT EVENTOUT

GND 33

VCC 34

PE0 35 SYNC OC0A OC0ALS SDA

PE1 36 SYNC OC0B OC0AHS XCK0 SCL
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ICALL Indirect Call to (Z) PC(15:0)
PC(21:16)

←
←

Z,
0

None 2 / 3 (1)

EICALL Extended Indirect Call to (Z) PC(15:0)
PC(21:16)

←
←

Z,
EIND

None 3 (1)

CALL k call Subroutine PC ← k None 3 / 4 (1)

RET Subroutine Return PC ← STACK None 4 / 5 (1)

RETI Interrupt Return PC ← STACK I 4 / 5 (1)

CPSE Rd,Rr Compare, Skip if Equal if (Rd = Rr) PC ← PC + 2 or 3 None 1 / 2 / 3

CP Rd,Rr Compare Rd - Rr Z,C,N,V,S,H 1 

CPC Rd,Rr Compare with Carry Rd - Rr - C Z,C,N,V,S,H 1

CPI Rd,K Compare with Immediate Rd - K Z,C,N,V,S,H 1

SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b) = 0) PC ← PC + 2 or 3 None 1 / 2 / 3

SBRS Rr, b Skip if Bit in Register Set if (Rr(b) = 1) PC ← PC + 2 or 3 None 1 / 2 / 3

SBIC A, b Skip if Bit in I/O Register Cleared if (I/O(A,b) = 0) PC ← PC + 2 or 3 None 2 / 3 / 4

SBIS A, b Skip if Bit in I/O Register Set If (I/O(A,b) =1) PC ← PC + 2 or 3 None 2 / 3 / 4

BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC ← PC + k + 1 None 1 / 2

BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0) then PC ← PC + k + 1 None 1 / 2

BREQ  k Branch if Equal if (Z = 1) then PC ← PC + k + 1 None 1 / 2

BRNE  k Branch if Not Equal if (Z = 0) then PC ← PC + k + 1 None 1 / 2

BRCS  k Branch if Carry Set if (C = 1) then PC ← PC + k + 1 None 1 / 2

BRCC  k Branch if Carry Cleared if (C = 0) then PC ← PC + k + 1 None 1 / 2

BRSH  k Branch if Same or Higher if (C = 0) then PC ← PC + k + 1 None 1 / 2

BRLO  k Branch if Lower if (C = 1) then PC ← PC + k + 1 None 1 / 2

BRMI  k Branch if Minus if (N = 1) then PC ← PC + k + 1 None 1 / 2

BRPL  k Branch if Plus if (N = 0) then PC ← PC + k + 1 None 1 / 2

BRGE  k Branch if Greater or Equal, Signed if (N ⊕ V= 0) then PC ← PC + k + 1 None 1 / 2

BRLT  k Branch if Less Than, Signed if (N ⊕ V= 1) then PC ← PC + k + 1 None 1 / 2

BRHS  k Branch if Half Carry Flag Set if (H = 1) then PC ← PC + k + 1 None 1 / 2

BRHC  k Branch if Half Carry Flag Cleared if (H = 0) then PC ← PC + k + 1 None 1 / 2

BRTS  k Branch if T Flag Set if (T = 1) then PC ← PC + k + 1 None 1 / 2

BRTC  k Branch if T Flag Cleared if (T = 0) then PC ← PC + k + 1 None 1 / 2

BRVS  k Branch if Overflow Flag is Set if (V = 1) then PC ← PC + k + 1 None 1 / 2

BRVC  k Branch if Overflow Flag is Cleared if (V = 0) then PC ← PC + k + 1 None 1 / 2

BRIE  k Branch if Interrupt Enabled if (I = 1) then PC ← PC + k + 1 None 1 / 2

BRID  k Branch if Interrupt Disabled if (I = 0) then PC ← PC + k + 1 None 1 / 2

Data transfer instructions

MOV Rd, Rr Copy Register Rd ← Rr None 1

MOVW Rd, Rr Copy Register Pair Rd+1:Rd ← Rr+1:Rr None 1

LDI Rd, K Load Immediate Rd ← K None 1

Mnemonics Operands Description Operation Flags #Clocks
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36.2 100C1

  2325 Orchard Parkway
  San Jose, CA  95131

TITLE DRAWING NO. REV.  
100C1, 100-ball, 9 x 9 x 1.2 mm Body, Ball Pitch 0.80 mm 
Chip Array BGA Package (CBGA)  
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37. 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.
Note: For devices that are not available yet, preliminary values in this datasheet are based on simulations, and/or 

characterization of similar AVR XMEGA microcontrollers. After the device is characterized the final values will be 
available, hence existing values can change. Missing minimum and maximum values will be available after the 
device is characterized.

37.1 ATxmega64A1U

37.1.1 Absolute Maximum Ratings

Stresses beyond those listed in Table 37-1 on page 74 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 37-1. Absolute maximum ratings.

37.1.2 General Operating Ratings

The device must operate within the ratings listed in Table 37-2 in order for all other electrical characteristics and typical 
characteristics of the device to be valid.

Table 37-2. General operating conditions.

Symbol Parameter Condition Min. Typ. Max. Units

VCC Power supply voltage -0.3 4 V

IVCC Current into a VCC pin 200
mA

IGND Current out of a Gnd pin 200

VPIN Pin voltage with respect to Gnd and VCC -0.5 VCC+0.5 V

IPIN I/O pin sink/source current -25 25 mA

TA Storage temperature -65 150
°C

Tj Junction temperature 150

Symbol Parameter Condition Min. Typ. Max. Units

VCC Power supply voltage 1.60 3.6
V

AVCC Analog supply voltage 1.60 3.6

TA Temperature range -40 85
°C

Tj Junction temperature -40 105
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Table 37-39. 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 given.

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

ICC

ULP oscillator 1.0

µA

32.768kHz int. oscillator 27

2MHz int. oscillator
85

DFLL enabled with 32.768kHz int. osc. as reference 120

32MHz int. oscillator
310

DFLL enabled with 32.768kHz int. osc. as reference 560

Watchdog timer 1.0

BOD
Continuous mode 126

Sampled mode, includes ULP oscillator 1.2

Internal 1.0V reference 89

Temperature sensor 83

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

Low Power mode 1.1

AC
High speed mode 324

µA

Low power mode 122

DMA 615KBps between I/O registers and SRAM 140

Timer/counter 20

USART Rx and Tx enabled, 9600 BAUD 4

Flash memory and EEPROM programming 4 mA
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Table 37-48. Accuracy characteristics.

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

37.2.8 Analog Comparator Characteristics

Table 37-49.  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 3.0

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

Gain calibration step size 4

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 +0.1 V

Vhys1 Hysteresis, none 0

mV
Vhys2 Hysteresis, small

mode = High Speed (HS) 22

mode = Low Power (LP) 30

Vhys3 Hysteresis, large
mode = HS 43

mode = LP 60
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Figure 38-9. Idle mode supply current vs. frequency.
fSYS = 1 - 32MHz external clock, T = 25°C.

Figure 38-10.Idle mode supply current vs. VCC.
fSYS = 32.768kHz internal oscillator.
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Figure 38-13.Idle mode supply current vs. VCC.
fSYS = 32MHz internal oscillator prescaled to 8MHz.

Figure 38-14.Idle mode current vs. VCC.
fSYS = 32MHz internal oscillator.
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38.1.2.2 Output Voltage vs. Sink/Source Current

Figure 38-23.I/O pin output voltage vs. source current.
VCC = 1.8V.

Figure 38-24.I/O pin output voltage vs. source current.
VCC = 3.0V.
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Figure 38-49.DAC DNL error vs. VREF.
VCC = 3.6V, external reference, room temperature.

Figure 38-50.DAC noise vs. temperature.
VCC = 3.0V, VREF = 2.4V . TBD
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38.1.8 External Reset Characteristics

Figure 38-61.Minimum Reset pin pulse width vs. VCC.

Figure 38-62.Reset pin pull-up resistor current vs. reset pin voltage.
VCC = 1.8V.
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Figure 38-89. Active mode supply current vs. VCC.
fSYS = 32MHz internal oscillator.

38.2.1.2 Idle mode supply current

Figure 38-90.Idle mode supply current vs. frequency.
fSYS = 0 - 1MHz external clock, T = 25°C.
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Figure 38-93.Idle mode supply current vs. VCC.
fSYS = 1MHz external clock.

Figure 38-94.Idle mode supply current vs. VCC.
fSYS = 2MHz internal oscillator.
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Figure 38-127.ADC Offset vs. VCC.
T = 25°C, VREF = external 1.0V, ADC sampling speed = 500ksps.

Figure 38-128.Noise vs. VREF.
T = 25°C, VCC = 3.6V, ADC sampling speed = 500ksps.
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Figure 38-129.Noise vs. VCC.
T = 25°C, VREF = external 1.0V, ADC sampling speed = 500ksps.

38.2.4 DAC Characteristics

Figure 38-130.DAC INL error vs. VREF.
VCC = 3.6V, external reference, room temperature.
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