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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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Table 32-10. Accuracy Characteristics

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 VREF is used.

Symbol Parameter Condition (2) Min. Typ. Max. Units

RES Resolution 12-bit resolution

Differential 8 12 12

BitsSingle ended signed 7 11 11

Single ended unsigned 8 12 12

INL (1) Integral non-linearity

Differential mode

16ksps, VREF = 3V 0.5 1

lsb

16ksps, all VREF 0.8 2

300ksps, VREF = 3V 0.6 1

300ksps, all VREF 1 2

Single ended 
unsigned mode

16ksps, VREF = 3.0V 0.5 1

16ksps, all VREF 1.3 2

DNL (1) Differential non-linearity

Differential mode

16ksps, VREF = 3V 0.3 1

16ksps, all VREF 0.5 1

300ksps, VREF = 3V 0.3 1

300ksps, all VREF 0.5 1

Single ended 
unsigned mode

16ksps, VREF = 3V 0.6 1

16ksps, all VREF 0.6 1

Offset error Differential mode

300ksps, VREF = 3V -7 mV

Temperature drift, VREF = 3V 0.01 mV/K

Operating voltage drift 0.16 mV/V

Gain error Differential mode

External reference -5

mV
AVCC/1.6 -5

AVCC/2.0 -6

Bandgap ±10

Temperature drift 0.02 mV/K

Operating voltage drift 2 mV/V

Gain error
Single ended 
unsigned mode

External reference -8

mV
AVCC/1.6 -8

AVCC/2.0 -8

Bandgap ±10

Temperature drift 0.03 mV/K

Operating voltage drift 2 mV/V
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RQ Negative impedance (1)

XOSCPWR=0,
FRQRANGE=0

0.4MHz resonator, 
CL=100pF

44k



1MHz crystal, CL=20pF 67k

2MHz crystal, CL=20pF 67k

XOSCPWR=0,
FRQRANGE=1,
CL=20pF

2MHz crystal 82k

8MHz crystal 1500

9MHz crystal 1500

XOSCPWR=0,
FRQRANGE=2,
CL=20pF

8MHz crystal 2700

9MHz crystal 2700

12MHz crystal 1000

XOSCPWR=0,
FRQRANGE=3,
CL=20pF

9MHz crystal 3600

12MHz crystal 1300

16MHz crystal 590

XOSCPWR=1,
FRQRANGE=0,
CL=20pF

9MHz crystal 390

12MHz crystal 50

16MHz crystal 10

RQ Negative impedance (1)

XOSCPWR=1,
FRQRANGE=1,
CL=20pF

9MHz crystal 1500

12MHz crystal 650

16MHz crystal 270

XOSCPWR=1,
FRQRANGE=2,
CL=20pF

12MHz crystal 1000

16MHz crystal 440

XOSCPWR=1,
FRQRANGE=3,
CL=20pF

12MHz crystal 1300

16MHz crystal 590

ESR SF = safety factor min(RQ)/SF k

Start-up time

XOSCPWR=0,
FRQRANGE=0

0.4MHz resonator, 
CL=100pF

1.0

ms

XOSCPWR=0,
FRQRANGE=1

2MHz crystal, CL=20pF 2.6

XOSCPWR=0,
FRQRANGE=2

8MHz crystal, CL=20pF 0.8

XOSCPWR=0,
FRQRANGE=3

12MHz crystal, CL=20pF 1.0

XOSCPWR=1,
FRQRANGE=3

16MHz crystal, CL=20pF 1.4

Symbol Parameter Condition Min. Typ. Max. Units
77XMEGA D3 [DATASHEET]
Atmel-8134Q-ATxmega32D3-64D3-128D3-192D3-256D3-384D3_datasheet–10/2015



32.3.3 Current Consumption

Table 32-62. Current Consumption for Active Mode and Sleep Modes

Notes: 1. All Power Reduction Registers set.

2. Maximum limits are based on characterization, and not tested in production.

Symbol Parameter Condition Min. Typ. Max. Units

ICC

Active power 
consumption (1)

32kHz, Ext. Clk
VCC = 1.8V 55

µA

VCC = 3.0V 135

1MHz, Ext. Clk
VCC = 1.8V 237

VCC = 3.0V 515

2MHz, Ext. Clk
VCC = 1.8V 425 700

VCC = 3.0V
0.9 1.5

mA
32MHz, Ext. Clk 8.3 12

Idle power
consumption (1)

32kHz, Ext. Clk
VCC = 1.8V 2.8

µA

VCC = 3.0V 3.1

1MHz, Ext. Clk
VCC = 1.8V 47

VCC = 3.0V 95

2MHz, Ext. Clk
VCC = 1.8V 94 200

VCC = 3.0V
190 400

32MHz, Ext. Clk 3.0 7.0 mA

Power-down power 
consumption

T = 25°C

VCC = 3.0V

0.1 1.0

µA

T = 85°C 1.9 4.0

T = 105°C 4.0 8.0

WDT and sampled BOD enabled, T = 25°C

VCC = 3.0V

1.5 2.0

WDT and sampled BOD enabled, T = 85°C 3.0 8.0

WDT and sampled BOD enabled, T= 105°C 5.0 10

Power-save power 
consumption (2)

RTC from ULP clock, WDT and sampled 
BOD enabled, T = 25°C

VCC = 1.8V 1.3

VCC = 3.0V 1.4

RTC from 1.024kHz low power 32.768kHz 
TOSC, T = 25°C

VCC = 1.8V 0.7 2.0

VCC = 3.0V 0.8 2.0

RTC from low power 32.768kHz TOSC, 
T = 25°C

VCC = 1.8V 0.9 3.0

VCC = 3.0V 1.1 3.0

Reset power consumption Current through RESET pin substracted VCC = 3.0V 145
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Table 32-83. External Clock with Prescaler (1) for System Clock

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.

32.3.13.7 External 16MHz Crystal Oscillator and XOSC Characteristics

Table 32-84. External 16MHz Crystal Oscillator and XOSC Characteristics

Symbol Parameter Condition Min. Typ. Max. Units

1/tCK Clock Frequency (2)
VCC = 1.6 - 1.8V 0 90

MHz
VCC = 2.7 - 3.6V 0 142

tCK Clock Period
VCC = 1.6 - 1.8V 11

ns

VCC = 2.7 - 3.6V 7

tCH Clock High Time
VCC = 1.6 - 1.8V 4.5

VCC = 2.7 - 3.6V 2.4

tCL Clock Low Time
VCC = 1.6 - 1.8V 4.5

VCC = 2.7 - 3.6V 2.4

tCR Rise Time (for maximum frequency)
VCC = 1.6 - 1.8V 1.5

VCC = 2.7 - 3.6V 1.0

tCF Fall Time (for maximum frequency)
VCC = 1.6 - 1.8V 1.5

VCC = 2.7 - 3.6V 1.0

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

Symbol Parameter Condition Min. Typ. Max. Units

Cycle to cycle jitter
XOSCPWR=0

FRQRANGE=0 0

ns

FRQRANGE=0 0

XOSCPWR=1 0

Long term jitter
XOSCPWR=0

FRQRANGE=0 0

FRQRANGE=0 0

XOSCPWR=1 0

Frequency error
XOSCPWR=0

FRQRANGE=0 0.03

%

FRQRANGE=0 0.03

FRQRANGE=0 0.03

XOSCPWR=1 0.003

Duty cycle
XOSCPWR=0

FRQRANGE=0 50

FRQRANGE=0 50

FRQRANGE=0 50

XOSCPWR=1 50
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32.3.14 SPI Characteristics

Figure 32-19.SPI Timing Requirements in Master Mode

Figure 32-20.SPI Timing Requirements in Slave Mode
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32.6.13.5 Internal Phase Locked Loop (PLL) Characteristics

Table 32-168. Internal PLL Characteristics

Note: 1. The maximum output frequency vs. supply voltage is linear between 1.8V and 2.7V, and can never be higher than four times the maximum CPU frequency.

32.6.13.6 External Clock Characteristics

Figure 32-38. External Clock Drive Waveform

Table 32-169.External Clock used as System Clock without Prescaling

Note: 1. 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.

Symbol Parameter Condition Min. Typ. Max. Units

fIN Input frequency Output frequency must be within fOUT 0.4 64

MHz
fOUT Output frequency (1)

VCC = 1.6 - 1.8V 20 48

VCC = 2.7 - 3.6V 20 128

Start-up time 25
µs

Re-lock time 25

tCH

tCL

tCK

tCH

VIL1

VIH1

tCR tCF

Symbol Parameter Condition Min. Typ. Max. Units

1/tCK Clock Frequency (1) VCC = 1.6 - 0 12
MHz

VCC = 2.7 - 0 32

tCK Clock Period
VCC = 1.6 - 83.3

ns

VCC = 2.7 - 31.5

tCH Clock High Time
VCC = 1.6 - 30.0

VCC = 2.7 - 12.5

tCL Clock Low Time
VCC = 1.6 - 30.0

VCC = 2.7 - 12.5

tCR Rise Time (for maximum frequency)
VCC = 1.6 - 10

VCC = 2.7 - 3

tCF Fall Time (for maximum frequency)
VCC = 1.6 - 10

VCC = 2.7 - 3

tCK Change in period from one clock cycle to the next 10 %
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Table 32-174. 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 0.7VCC VCC + 0.5

V
VIL Input low voltage -0.5 0.3VCC

Vhys Hysteresis of Schmitt trigger inputs 0.05VCC 
(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

µs

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 33-41. Offset Error vs. VCC

T = 25C, VREF = external 1.0V, ADC sample rate = 300ksps

33.1.4 Analog Comparator Characteristics

Figure 33-42. Analog Comparator Hysteresis vs. VCC
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33.1.6 BOD Characteristics

Figure 33-47. BOD Thresholds vs. Temperature
BOD level = 1.6V

Figure 33-48. BOD Thresholds vs. Temperature
BOD level = 3.0V
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33.1.7 External Reset Characteristics

Figure 33-49. Minimum Reset Pin Pulse Width vs. VCC

Figure 33-50. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
VCC = 1.8V
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Figure 33-76. Active Mode Supply Current vs. VCC

fSYS = 2MHz internal oscillator

Figure 33-77. Active Mode Supply Current vs. VCC

fSYS = 32MHz internal oscillator prescaled to 8MHz
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Figure 33-132. 32MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator

Figure 33-133. 32MHz Internal Oscillator CALA Calibration Step Size
T = -40°C, VCC = 3.0V

3.6 V
3.0 V
2.7 V
2.2 V

1.8 V

1.6 V

31.83

31.86

31.89

31.92

31.95

31.98

32.01

32.04

32.07

32.10

-45 -35 -25 -15 -5 5 15 25 35 45 55 65 75 85 95 105

F
re

q
u
e
n
c
y
 [

M
H

z]

Temperature [°C]

-40 °C
0.13 %

0.15 %

0.17 %

0.18 %

0.20 %

0.22 %

0.24 %

0.26 %

0.27 %

0.29 %

0.31 %

0 16 32 48 64 80 96 112 128

F
re

q
u
e
n
cy

 S
te

p
 s

iz
e
 [

%
]

CALA
243XMEGA D3 [DATASHEET]
Atmel-8134Q-ATxmega32D3-64D3-128D3-192D3-256D3-384D3_datasheet–10/2015



33.2.8.5 32MHz Internal Oscillator Calibrated to 48MHz

Figure 33-138. 48MHz Internal Oscillator Frequency vs. Temperature
DFLL disabled

Figure 33-139. 48MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator
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Figure 33-159. Power-down Mode Supply Current vs. Temperature
Watchdog and sampled BOD enabled and running from internal ULP oscillator

33.3.2 I/O Pin Characteristics

33.3.2.1 Pull-up

Figure 33-160. I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 1.8V
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Figure 33-191. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
VCC = 1.8V

Figure 33-192. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
VCC = 3.0V

105 °C

85 °C

25 °C
-40 °C

0

20

40

60

80

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

I R
E

S
E

T 
[µ

A
]

VRESET [V]

105 °C
85 °C
25 °C
-40 °C

0

20

40

60

80

100

120

140

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0

I R
E

S
E

T 
[µ

A
]

VRESET [V]
273XMEGA D3 [DATASHEET]
Atmel-8134Q-ATxmega32D3-64D3-128D3-192D3-256D3-384D3_datasheet–10/2015



Figure 33-241.I/O Pin Input Hysteresis vs. VCC

33.4.3 ADC Characteristics

Figure 33-242.INL Error vs. External VREF

T = 25C, VCC = 3.6V, external reference
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Figure 33-245.DNL Error vs. External VREF

T = 25C, VCC = 3.6V, external reference

Figure 33-246.DNL Error vs. Sample Rate
T = 25C, VCC = 3.6V, VREF = 3.0V external
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33.5.4 Analog Comparator Characteristics

Figure 33-323. Analog Comparator Hysteresis vs. VCC

Small hysteresis

Figure 33-324. Analog Comparator Hysteresis vs. VCC

Large hysteresis
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Figure 33-369.Power-down Mode Supply Current vs. Temperature
Watchdog and sampled BOD enabled and running from internal ULP oscillator

33.6.2 I/O Pin Characteristics

33.6.2.1 Pull-up

Figure 33-370.I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 1.8V
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Figure 34-6. Analog Comparator Voltage Scaler vs. Scalefac
T = 25°C

Problem fix/workaround

Use external voltage input for the analog comparator if accurate voltage levels are needed.

3. ADC gain stage cannot be used for single conversion

The ADC gain stage will not output correct result for single conversion that is triggered and started from soft-
ware or event system.

Problem fix/workaround

When the gain stage is used, the ADC must be set in free running mode for correct results.

4. ADC has increased INL error for some operating conditions

Some ADC configurations or operating condition will result in increased INL error.

In signed mode INL is increased to:

6LSB for sample rates above 130ksps, and up to 8LSB for 200ksps sample rate.

6LSB for reference voltage below 1.1V when VCC is above 3.0V.

20LSB for ambient temperature below 0°C and reference voltage below 1.3V.

In unsigned mode, the INL error cannot be guaranteed, and this mode should not be used.

Problem fix/workaround

None, avoid using the ADC in the above configurations in order to prevent increased INL error. Use the ADC 
in signed mode also for single ended measurements.

5. ADC gain stage output range is limited to 2.4V

The amplified output of the ADC gain stage will never go above 2.4V, hence the differential input will only 
give correct output when below 2.4V/gain. For the available gain settings, this gives a differential input range 
of:
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