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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

Details

Product Status Active

Core Processor AVR

Core Size 8/16-Bit

Speed 32MHz

Connectivity I²C, IrDA, SPI, UART/USART, USB

Peripherals Brown-out Detect/Reset, POR, PWM, WDT

Number of I/O 34

Program Memory Size 16KB (8K x 16)

Program Memory Type FLASH

EEPROM Size 1K x 8

RAM Size 2K x 8

Voltage - Supply (Vcc/Vdd) 1.6V ~ 3.6V

Data Converters A/D 16x12b

Oscillator Type Internal

Operating Temperature -40°C ~ 105°C (TA)

Mounting Type Surface Mount

Package / Case 44-TQFP

Supplier Device Package 44-TQFP (10x10)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/atxmega16c4-anr

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/atxmega16c4-anr-4439111
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


2. Pinout/Block Diagram

Figure 2-1. Block Diagram and Pinout

Notes: 1. For full details on pinout and alternate pin functions refer to “Pinout and Pin Functions” on page 51.

2. The large center pad underneath the QFN/MLF package should be soldered to ground on the board to ensure good mechanical stability.
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14.3.4 Bus-keeper

The bus-keeper’s weak output produces the same logical level as the last output level. It acts as a pull-up if the last level 
was ‘1’, and pull-down if the last level was ‘0’.

Figure 14-4. I/O Configuration - Totem-pole with Bus-keeper

14.3.5 Others

Figure 14-5. Output Configuration - Wired-OR with Optional Pull-down

Figure 14-6. I/O Configuration - Wired-AND with Optional Pull-up
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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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33.1.14 SPI Characteristics

Figure 33-5. SPI Timing Requirements in Master Mode

Figure 33-6. SPI Timing Requirements in Slave Mode
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33.2.6 ADC Characteristics

Table 33-37. Power supply, Reference, and Input Range

Table 33-38. Clock and Timing

Symbol Parameter Condition Min. Typ. Max. Units

AVCC Analog supply voltage VCC- 0.3 VCC+ 0.3
V

VREF Reference voltage 1 AVCC- 0.6

Rin Input resistance Switched 4.5 k

Cin Input capacitance Switched 5 pF

RAREF Reference input resistance (leakage only) >10 M

CAREF Reference input capacitance Static load 7 pF

Vin Input range 0 VREF

VConversion range Differential mode, Vinp - Vinn -VREF VREF

Conversion range Single ended unsigned mode, Vinp -V VREF-V

Symbol Parameter Condition Min. Typ. Max. Units

ClkADC ADC clock frequency

Maximum is 1/4 of peripheral clock 
frequency

100 1800
kHz

Measuring internal signals 125

fClkADC Sample rate

16

300

ksps
fADC Sample rate

Current limitation (CURRLIMIT) off 300

CURRLIMIT = LOW 250

CURRLIMIT = MEDIUM 150

CURRLIMIT = HIGH 50

Sampling time
Configurable in steps of 1/2 ClkADC cycles 
up to 32 ClkADC cycles

0.28 320 µs

Conversion time (latency)
(RES+1)/2 + GAIN
RES (Resolution) = 8 or 12, GAIN=0 to 3

4.5 10

ClkADC
cyclesStart-up time ADC clock cycles 12 24

ADC settling time After changing reference or input mode 7 7
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33.2.11 Power-on Reset Characteristics

Table 33-45. Power-on Reset Characteristics

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

33.2.12 Flash and EEPROM Memory Characteristics 

Table 33-46. Endurance and Data Retention

Table 33-47. 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) 32KB Flash, EEPROM 50

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 33-58. 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 34-27. I/O Pin Output Voltage vs. Source Current

Figure 34-28. I/O Pin Output Voltage vs. Sink Current
VCC = 1.8V
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34.1.4 Analog Comparator Characteristics

Figure 34-47. Analog Comparator Hysteresis vs. VCC

High speed, small hysteresis

Figure 34-48. Analog Comparator Hysteresis vs. VCC

High speed, large hysteresis
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34.1.6 BOD Characteristics

Figure 34-55. BOD Thresholds vs. Temperature
BOD level = 1.6V

Figure 34-56. BOD Thresholds vs. Temperature
BOD level = 3.0V
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34.1.7 External Reset Characteristics

Figure 34-57. Minimum Reset Pin Pulse Width vs. VCC

Figure 34-58. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
VCC = 1.8V
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34.1.8 Power-on Reset Characteristics

Figure 34-63. Power-on Reset Current Consumption vs. VCC

BOD level = 3.0V, enabled in continuous mode

Figure 34-64. Power-on Reset Current Consumption vs. VCC

BOD level = 3.0V, enabled in sampled mode
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34.1.9.4 32MHz Internal Oscillator

Figure 34-71. 32MHz Internal Oscillator Frequency vs. Temperature
DFLL disabled

Figure 34-72. 32MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator
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Figure 34-104. I/O Pin Output Voltage vs. Source Current
VCC = 3.0V

Figure 34-105. I/O Pin Output Voltage vs. Source Current
VCC = 3.3V
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Figure 34-108. I/O Pin Output Voltage vs. Sink Current
VCC = 3.0V

Figure 34-109. I/O Pin Output Voltage vs. Sink Current
VCC = 3.3V

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

0 2 4 6 8 10 12 14 16

IPIN [mA]

V
P

IN
 [

V
]

85°C

25°C

-40°C

105°C

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2 4 6 8 10 12 14 16

IPIN [mA]

V
P

IN
 [

V
]

85°C

25°C

-40°C

105°C
157XMEGA C4 [DATASHEET]
 Atmel-8493I-AVR-ATxmega16C4-32C4-Datasheet–12/2014



Figure 34-130. Analog Comparator Current Source vs. Calibration Value
T = 25C

Figure 34-131. Analog Comparator Current Source vs. Calibration Value
VCC = 3.0V
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34.2.6 BOD Characteristics

Figure 34-134. BOD Thresholds vs. Temperature
BOD level = 1.6V

Figure 34-135. BOD Thresholds vs. Temperature
BOD level = 3.0V
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36. Datasheet Revision History

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.

36.1 8493I – 12/2014

36.2 8493H – 07/2014

36.3 8493G – 01/2014

36.4 8493F – 10/2013

36.5 8493E – 10/2013

1. Some minor corrections according to the template.

2. Trademark corrections.

3. Several cross-references have been corrected.

1. Updated the “Ordering Information” on page 2. Added ordering codes for ATxmega16C4/32C4 @ 105C.

2.
Updated Table 33-4 on page 67 and Table 33-33 on page 86. Added ICC Power-down power consumption for 
T=105C for all functions disabled and for WDT and sampled BOD enabled

3.
Updated Table 33-17 on page 75 and Table 33-46 on page 94. Updated all tables to include values for T=85C 
and T=105C. Removed T=55C

4.
Changed VCC to AVCC in Section 26. “ADC – 12-bit Analog to Digital Converter” on page 46 and in Section 27.1 
“Features” on page 48.

5. Updated the typical characteristics of “Atmel ATxmega16C4” and “Atmel ATxmega32C4” with characterizations 
@105C

6. Changed VCC to AVCC in Section 26. “ADC – 12-bit Analog to Digital Converter” on page 46 and Section 27. “AC – 
Analog Comparator” on page 48.

7. Changed values for TCCO in Table 29-3 on page 53.

1. Updated the typical characteristics with characterization at 105C.

1. Updated pin locations of TOSC1 and TOSC2 in Port E - Alternate functions in Table 29-5 on page 54.

2. Updated pin locations of XTAL1, XTAL2, TOSC1, and TOSC2 in Port R - Alternate functions in Table 29-6 on page 
54.

1. Updated Port C - Alternate functions in Table 29-3 on page 53.
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