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14.4 Input Sensing

Input sensing is synchronous or asynchronous depending on the enabled clock for the ports, and the configuration is 
shown in Figure 14-7.

Figure 14-7. Input Sensing System Overview

When a pin is configured with inverted I/O, the pin value is inverted before the input sensing.

14.5 Alternate Port Functions

Most port pins have alternate pin functions in addition to being a general purpose I/O pin. When an alternate function is 
enabled, it might override the normal port pin function or pin value. This happens when other peripherals that require pins 
are enabled or configured to use pins. If and how a peripheral will override and use pins is described in the section for 
that peripheral. “Pinout and Pin Functions” on page 51 shows which modules on peripherals that enable alternate 
functions on a pin, and which alternate functions that are available on a pin.
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19. RTC – 16-bit Real-Time Counter

19.1 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

19.2 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 19-1. Real-time Counter Overview
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26. ADC – 12-bit Analog to Digital Converter

26.1 Features
 One Analog to Digital Converter (ADC)

 12-bit resolution

 Up to 300 thousand samples per second
 Down to 2.3µs conversion time with 8-bit resolution
 Down to 3.35µs conversion time with 12-bit resolution

 Differential and single-ended input
 16 single-ended inputs
 16x4 differential inputs without gain
 8x4 differential input with gain

 Built-in differential gain stage
 1/2x, 1x, 2x, 4x, 8x, 16x, 32x, and 64x gain options

 Single, continuous and scan conversion options

 Three internal inputs
 Internal temperature sensor
 AVCC voltage divided by 10
 1.1V bandgap voltage

 Internal and external reference options

 Compare function for accurate monitoring of user defined thresholds

 Optional event triggered conversion for accurate timing

 Optional interrupt/event on compare result

26.2 Overview

The ADC converts analog signals to digital values. The ADC has 12-bit resolution and is capable of converting up to 300 
thousand samples per second (ksps). The input selection is flexible, and both single-ended and differential 
measurements can be done. For differential measurements, an optional gain stage is available to increase the dynamic 
range. In addition, several internal signal inputs are available. The ADC can provide both signed and unsigned results.

The ADC measurements can either be started by application software or an incoming event from another peripheral in 
the device. The ADC measurements can be started with predictable timing, and without software intervention.

Both internal and external reference voltages can be used. An integrated temperature sensor is available for use with the 
ADC. The AVCC/10 and the bandgap voltage can also be measured by the ADC.

The ADC has a compare function for accurate monitoring of user defined thresholds with minimum software intervention 
required.
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RCALL k Relative Call Subroutine PC  PC + k + 1 None 2 / 3 

ICALL Indirect Call to (Z)
PC(15:0)

PC(21:16)




Z,
0

None 2 / 3 

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

PC(21:16)




Z,
EIND

None 3 

CALL k call Subroutine PC  k None 3 / 4 

RET Subroutine Return PC  STACK None 4 / 5 

RETI Interrupt Return PC  STACK I 4 / 5 

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

Mnemonics Operands Description Operation Flags #Clocks
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Table 33-39. 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 = 3.0V 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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Figure 34-9. Idle Mode Supply Current vs. Frequency
fSYS = 1 - 32MHz external clock, T = 25°C

Figure 34-10. Idle Mode Supply Current vs. VCC

fSYS = 32.768kHz internal oscillator
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Figure 34-27. I/O Pin Output Voltage vs. Sink Current
VCC = 3.3V

34.1.2.3 Thresholds and Hysteresis

Figure 34-28. I/O Pin Input Threshold Voltage vs. VCC
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Figure 34-33. INL Error vs. Input Code

Figure 34-34. DNL Error vs. External VREF

T = 25C, VCC = 3.6V, external reference
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Figure 34-94. I/O Pin Output Voltage vs. Source Current
VCC = 3.0V

Figure 34-95. I/O Pin Output Voltage vs. Source Current
VCC = 3.3V
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Figure 34-108. Gain Error vs. VREF

T = 25C, VCC = 3.6V, ADC sample rate = 300ksps

Figure 34-109. Gain Error vs. VCC

T = 25C, VREF = external 1.0V, ADC sample rate = 300ksps
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Figure 34-124. Reset Pin Input Threshold Voltage vs. VCC

VIH - Reset pin read as “1”

34.2.8 Oscillator Characteristics

34.2.8.1 Ultra Low-Power Internal Oscillator

Figure 34-125. Ultra Low-Power Internal Oscillator Frequency vs. Temperature
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34.2.9 Two-Wire Interface Characteristics

Figure 34-140. SDA Hold Time vs. Temperature

Figure 34-141. SDA Hold Time vs. Supply Voltage
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Figure 34-175. DNL Error vs. External VREF

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

Figure 34-176. DNL Error vs. Sample Rate
T = 25C, VCC = 3.6V, VREF = 3.0V external
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Figure 34-177. DNL Error vs. Input Code

Figure 34-178. Gain Error vs. VREF

T = 25C, VCC = 3.6V, ADC sample rate = 300ksps
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Figure 34-229. Power-down Mode Supply Current vs. Temperature
Watchdog and sampled BOD enabled and running from internal ULP oscillator

34.4.2 I/O Pin Characteristics

34.4.2.1 Pull-up

Figure 34-230. I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 1.8V
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Figure 34-231. I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 3.0V

Figure 34-232. I/O Pin Pull-up Resistor Current vs. Input Voltage
VCC = 3.3V
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34.4.5 Internal 1.0V Reference Characteristics

Figure 34-257. ADC Internal 1.0V Reference vs. Temperature

34.4.6 BOD Characteristics

Figure 34-258. BOD Thresholds vs. Temperature
BOD level = 1.6V
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Figure 34-289. Active Mode Supply Current vs. VCC

fSYS = 32MHz internal oscillator

34.5.1.2 Idle Mode Supply Current

Figure 34-290. Idle Mode Supply Current vs. Frequency
fSYS = 0 - 1MHz external clock, T = 25°C
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34.5.1.3 Power-down Mode Supply Current

Figure 34-297. Power-down Mode Supply Current vs. VCC

All functions disabled

Figure 34-298. Power-down Mode Supply Current vs. VCC

Watchdog and sampled BOD enabled
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Figure 34-343. 32MHz Internal Oscillator CALA Calibration Step Size
T = -40°C, VCC = 3.0V

Figure 34-344. 32MHz Internal Oscillator CALA Calibration Step Size
T = 25°C, VCC = 3.0V
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