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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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4. Resources

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

4.1 Recommended Reading
 Atmel AVR XMEGA C manual

 XMEGA application notes

This device data sheet only contains part specific information with a short description of each peripheral and module. The 
XMEGA C 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.

5. 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: 
http://www.atmel.com/tools/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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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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33. Electrical Characteristics

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

33.1 Atmel ATxmega16C4

33.1.1 Absolute Maximum Ratings

Stresses beyond those listed in Table 33-1 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 33-1. Absolute Maximum Ratings

33.1.2 General Operating Ratings

The device must operate within the ratings listed in Table 33-2 in order for all other electrical characteristics and typical 
characteristics of the device to be valid.

Table 33-2. General Operating Conditions

Table 33-3. Operating Voltage and Frequency

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

Symbol Parameter Condition Min. Typ. Max. Units

ClkCPU CPU clock frequency

VCC = 1.6V 0 12

MHz
VCC = 1.8V 0 12

VCC = 2.7V 0 32

VCC = 3.6V 0 32
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The maximum CPU clock frequency depends on VCC. As shown in Figure 33-1 the Frequency vs. VCC curve is linear 
between 1.8V < VCC < 2.7V.

Figure 33-1. Maximum Frequency vs. VCC
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33.1.8 Bandgap and Internal 1.0V Reference Characteristics

Table 33-13.  Bandgap and Internal 1.0V Reference Characteristics

33.1.9 Brownout Detection Characteristics

Table 33-14. Brownout Detection Characteristics(1)

Note: 1. BOD is calibrated at 85°C within BOD level 0 values, and BOD level 0 is the default level.

33.1.10 External Reset Characteristics

Table 33-15. External Reset Characteristics

Symbol Parameter Condition Min. Typ. Max. Units

Startup time
As reference for ADC 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 0.98 1 1.02

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

Symbol Parameter Condition Min. Typ. Max. Units

VBOT

BOD level 0 falling VCC 1.50 1.62 1.75

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 1.2 %

Symbol Parameter Condition Min. Typ. Max. Units

tEXT Minimum reset pulse width 1000 90 ns

VRST

Reset threshold voltage (VIH)
VCC = 2.7 - 3.6V 0.6*VCC

V
VCC = 1.6 - 2.7V 0.6*VCC

Reset threshold voltage (VIL)
VCC = 2.7 - 3.6V 0.5*VCC

VCC = 1.6 - 2.7V 0.4*VCC

RRST Reset pin pull-up resistor 25 k
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33.1.11 Power-on Reset Characteristics

Table 33-16. Power-on Reset Characteristics

Note: 1. VPOT- values are only valid when BOD is disabled. When BOD is enabled VPOT- = VPOT+.

33.1.12 Flash and EEPROM Memory Characteristics 

Table 33-17. Endurance and Data Retention

Table 33-18. Programming Time

Notes: 1. Programming is timed from the 2MHz internal oscillator.

2. EEPROM is not erased if the EESAVE fuse is programmed.

Symbol Parameter Condition Min. Typ. Max. Units

VPOT- 
(1) POR threshold voltage falling VCC

VCC falls faster than 1V/ms 0.4 1.0

VVCC falls at 1V/ms or slower 0.8 1.0

VPOT+ POR threshold voltage rising VCC 1.3 1.59

Symbol Parameter Condition Min. Typ. Max. Units

Flash

Write/Erase cycles

25°C 10K

Cycle85°C 10K

105°C 2K

Data retention

25°C 100

Year85°C 25

105°C 10

EEPROM

Write/Erase cycles

25°C 100K

Cycle85°C 100K

105°C 30K

Data retention

25°C 100

Year85°C 25

105°C 10

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

Chip erase(2) 16KB Flash, EEPROM 45

ms

Flash

Page erase 4

Page write 4

Atomic page erase and write 8

EEPROM

Page erase 4

Page write 4

Atomic page erase and write 8
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Table 33-34. 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 0.8

µA

32.768kHz int. oscillator 29

2MHz int. oscillator
85

DFLL enabled with 32.768kHz int. osc. as reference 115

32MHz int. oscillator
245

DFLL enabled with 32.768kHz int. osc. as reference 410

PLL
20x multiplication factor,
32MHz int. osc. DIV4 as reference

290

Watchdog timer 1.0

BOD
Continuous mode 138

Sampled mode, includes ULP oscillator 1.2

Internal 1.0V reference 175

Temperature sensor 170

ADC

16ksps
VREF = Ext. ref.

1.2

mA

CURRLIMIT = LOW 1.0

CURRLIMIT = MEDIUM 0.9

CURRLIMIT = HIGH 0.8

75ksps
VREF = Ext. ref.

CURRLIMIT = LOW 1.7

300ksps
VREF = Ext. ref.

3.1

USART Rx and Tx enabled, 9600 BAUD 11 µA

Flash memory and EEPROM programming 4 mA
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Table 33-58. Two-wire Interface Characteristics

Notes: 1. Required only for fSCL > 100kHz.

2. Cb = Capacitance of one bus line in pF.

3. fPER = Peripheral clock frequency.

Symbol Parameter Condition Min. Typ. Max. Units

VIH Input high voltage 0.7*VCC VCC+0.5

V
VIL Input low voltage -0.5 0.3*VCC

Vhys Hysteresis of Schmitt trigger inputs 0.05*VCC 
(1)

VOL Output low voltage 3mA, sink current 0 0.4

tr Rise time for both SDA and SCL 20+0.1Cb 
(1)(2) 300

nstof Output fall time from VIHmin to VILmax 10pF < Cb < 400pF (2) 20+0.1Cb 
(1)(2) 250

tSP Spikes suppressed by input filter 0 50

II Input current for each I/O Pin 0.1VCC < VI < 0.9VCC -10 10 µA

CI Capacitance for each I/O Pin 10 pF

fSCL SCL clock frequency fPER 
(3)>max(10fSCL, 250kHz) 0 400 kHz

RP Value of pull-up resistor

fSCL  100kHz


fSCL > 100kHz

tHD;STA Hold time (repeated) START condition
fSCL  100kHz 4.0

µs

fSCL > 100kHz 0.6

tLOW Low period of SCL clock
fSCL  100kHz 4.7

fSCL > 100kHz 1.3

tHIGH High period of SCL clock
fSCL  100kHz 4.0

fSCL > 100kHz 0.6

tSU;STA
Set-up time for a repeated START 
condition

fSCL  100kHz 4.7

fSCL > 100kHz 0.6

tHD;DAT Data hold time
fSCL  100kHz 0 3.45

fSCL > 100kHz 0 0.9

tSU;DAT Data setup time
fSCL  100kHz 250

fSCL > 100kHz 100

tSU;STO Setup time for STOP condition
fSCL  100kHz 4.0

fSCL > 100kHz 0.6

tBUF
Bus free time between a STOP and 
START condition

fSCL  100kHz 4.7

fSCL > 100kHz 1.3

VCC 0.4V–

3mA
----------------------------

100ns
Cb
---------------

300ns
Cb
---------------
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Figure 34-7. Active Mode Supply Current vs. VCC

fSYS = 32MHz internal oscillator

34.1.1.2 Idle Mode Supply Current

Figure 34-8. Idle Mode Supply Current vs. Frequency
fSYS = 0 - 1MHz external clock, T = 25°C
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Figure 34-23.I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 3.3V

34.1.2.2 Output Voltage vs. Sink/Source Current 

Figure 34-24. I/O Pin Output Voltage vs. Source Current
VCC = 1.8V
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Figure 34-35. I/O Pin Input Hysteresis vs. VCC

34.1.3 ADC Characteristics

Figure 34-36. INL Error vs. External VREF

T = 25C, VCC = 3.6V, external reference
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Figure 34-61. Reset Pin Input Threshold Voltage vs. VCC

VIH - Reset pin read as “1”

Figure 34-62. Reset Pin Input Threshold Voltage vs. VCC

VIL - Reset pin read as “0”
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Figure 34-67. 32.768kHz Internal Oscillator Frequency vs. Calibration Value
VCC = 3.0V, T = 25°C

34.1.9.3 2MHz Internal Oscillator

Figure 34-68. 2MHz Internal Oscillator Frequency vs. Temperature
DFLL disabled
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Figure 34-88. Idle Mode Supply Current vs. Frequency
fSYS = 1 - 32MHz external clock, T = 25°C

Figure 34-89. Idle Mode Supply Current vs. VCC

fSYS = 32.768kHz internal oscillator
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Figure 34-92. Idle Mode Supply Current vs. VCC

fSYS = 32MHz internal oscillator prescaled to 8MHz

Figure 34-93. Idle Mode Current vs. VCC

fSYS = 32MHz internal oscillator
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34.2.1.3 Power-down Mode Supply Current

Figure 34-94. Power-down Mode Supply Current vs. VCC

All functions disabled

Figure 34-95. Power-down Mode Supply Current vs. VCC

Watchdog and sampled BOD enabled
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Figure 34-124. Gain Error vs. Temperature
VCC = 3.0V, VREF = external 2.0V

Figure 34-125. Offset Error vs. VCC

T = 25C, VREF = external 1.0V, ADC sample rate = 300ksps
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34.2.4 Analog Comparator Characteristics

Figure 34-126. Analog Comparator Hysteresis vs. VCC

High speed, small hysteresis

Figure 34-127. Analog Comparator Hysteresis vs. VCC

High speed, large hysteresis
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