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32.1.5 Communication functions

SCL Serial Clock for TWI

SDA Serial Data for TWI

SCLIN Serial Clock In for TWI when external driver interface is enabled
SCLOUT Serial Clock Out for TWI when external driver interface is enabled
SDAIN Serial Data In for TWI when external driver interface is enabled
SDAOUT Serial Data Out for TWI when external driver interface is enabled
XCKn Transfer Clock for USART n

RXDn Receiver Data for USART n

TXDn Transmitter Data for USART n

SS Slave Select for SPI

MOSI Master Out Slave In for SPI

MISO Master In Slave Out for SPI

SCK Serial Clock for SPI

D- Data- for USB

D+ Data+ for USB

32.1.6 Oscillators, Clock and Event

TOSCn Timer Oscillator pin n

XTALn Input/Output for Oscillator pin n
CLKOUT Peripheral Clock Output
EVOUT Event Channel Output
RTCOUT RTC Clock Source Output

32.1.7 Debug/System functions

RESET Reset pin
PDI_CLK Program and Debug Interface Clock pin
PDI_DATA Program and Debug Interface Data pin
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Mnemonic Operand
s s Description Operation
RCALL k Relative Call Subroutine PC « PC+k+1 None 2/3M
ICALL Indirect Call to (2) PC(15:0) <« Z, None 2/30
PC(21:16) <« 0
EICALL Extended Indirect Call to (Z) PC(15:0) <« Z, None 3™
PC(21:16) <« EIND
CALL k call Subroutine PC « k None 3/40
RET Subroutine Return PC « STACK None 4/50
RETI Interrupt Return PC « STACK I 4/50
CPSE Rd,Rr Compare, Skip if Equal if(RA=Rr)PC  « PC+2o0r3 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,SH 1
CPI Rd,K Compare with Immediate Rd - K Z,CN,V,SH 1
SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b)=0)PC « PC+20r3 None 1/2/3
SBRS Rr, b Skip if Bit in Register Set if (Rr(b)=1)PC « PC+2o0r3 None 1/2/3
SBIC A b Skip if Bit in 1/0 Register Cleared if /O(Ab)=0)PC <« PC+2o0r3 None 2/3/4
SBIS A b Skip if Bit in I/0O Register Set If I/O(Ab)=1)PC « PC+2o0r3 None 2/3/4
BRBS s, k Branch if Status Flag Set if SREG(s)=1)thenPC « 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)thenPC « PC+k+1 None 1/2
BRNE k Branch if Not Equal if Z=0)thenPC « PC+k+1 None 1/2
BRCS k Branch if Carry Set ifC=1)thenPC « PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if C=0)thenPC <« PC+k+1 None 1/2
BRSH k Branch if Same or Higher if C=0)thenPC « PC+k+1 None 1/2
BRLO k Branch if Lower ifC=1)thenPC « PC+k+1 None 1/2
BRMI k Branch if Minus if(N=1)thenPC « PC+k+1 None 1/2
BRPL k Branch if Plus if(N=0)thenPC <« PC+k+1 None 1/2
BRGE k Branch if Greater or Equal, Signed if(N®V=0)thenPC « PC+k+1 None 1/2
BRLT k Branch if Less Than, Signed if(N®V=1)thenPC « PC+k+1 None 1/2
BRHS k Branch if Half Carry Flag Set if(H=1)thenPC « PC+k+1 None 1/2
BRHC k Branch if Half Carry Flag Cleared if(H=0)thenPC « PC+k+1 None 1/2
BRTS k Branch if T Flag Set ifT=1)thenPC « PC+k+1 None 1/2
BRTC k Branch if T Flag Cleared if T=0)thenPC « PC+k+1 None 1/2
BRVS k Branch if Overflow Flag is Set if(V=1)thenPC « 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)thenPC « PC+k+1 None 1/2
BRID k Branch if Interrupt Disabled if(1=0)thenPC « PC+k+1 None 1/2
Data transfer instructions
MOV Rd, Rr Copy Register Rd «— Rr None 1
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Mnemonic Operand
s s Description Operation
Movw Rd, Rr Copy Register Pair Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd “— K None 1
LDS Rd, k Load Direct from data space Rd « (k) None 2 @)
LD Rd, X Load Indirect Rd « (X None 1 (M@
LD Rd, X+ Load Indirect and Post-Increment Rd « (X) None 1 (@)
X <«  X+1
LD Rd, -X Load Indirect and Pre-Decrement X« X-1, « X-1 None 2 MR
Rd « (X) «— (X)
LD Rd, Y Load Indirect Rd<(Y) « (V) None 1 (@)
LD Rd, Y+ Load Indirect and Post-Increment Rd  « (V) None 1 (M@
Y <« Y +1
LD Rd, -Y Load Indirect and Pre-Decrement Y « Y-1 None 2 MR
Rd « (V)
LDD Rd, Y+q Load Indirect with Displacement Rd « (Y+q) None 2 M@
LD Rd, Z Load Indirect Rd « (2 None 1 (@)
LD Rd, Z+ Load Indirect and Post-Increment Rd « (2), None 1 (@)
Z <« Z+1
LD Rd, -Z Load Indirect and Pre-Decrement Z « Z-1, None 2 MR
R& « (@
LDD Rd, Z+q Load Indirect with Displacement Rd « (Z+q) None 2 M@
STS k, Rr Store Direct to Data Space k) <« Rd None 2™
ST X, Rr Store Indirect X) « Rr None 1M
ST X+, Rr Store Indirect and Post-Increment X) <« Rrn None 1M
X <« X+1
ST -X, Rr Store Indirect and Pre-Decrement X « X-1 None 2™
X) <« Rr
ST Y, Rr Store Indirect (YY) <« Rr None 1M
ST Y+, Rr Store Indirect and Post-Increment YY) <« R None 10
Y <« Y +1
ST -Y, Rr Store Indirect and Pre-Decrement Y « Y-1, None 2™
YY) <« Rr
STD Y+q, Rr Store Indirect with Displacement (Y+q) <« Rr None 2™
ST Z,Rr Store Indirect Z) <« Rr None 1M
ST Z+, Rr Store Indirect and Post-Increment Z2) <« Rr None 1M
Z <« Z+1
ST -Z,Rr Store Indirect and Pre-Decrement Z < Z-1 None 2M
STD Z+q,Rr Store Indirect with Displacement (Z+q) <« Rr None 2M
LPM Load Program Memory RO <« (2) None &
LPM Rd, Z Load Program Memory Rd <« (2) None 3
LPM Rd, Z+ Load Program Memory and Post-Increment Rd <« (2), None &
z <« Z+1
ELPM Extended Load Program Memory RO « (RAMPZ:Z) None 3
ELPM Rd, Z Extended Load Program Memory Rd « (RAMPZ:Z) None 3
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36.2.4 Wake-up time from sleep modes

Table 36-38. Device wake-up time from sleep modes with various system clock sources.

Symbol | Parameter Condition
External 2MHz clock 2.0
Wake-up time from idle, 32.768kHz internal oscillator 120
standby, and extended standby us
mode 2MHz internal oscillator 2.0
32MHz internal oscillator 0.2
twakeup
External 2MHz clock 4.5
Wake-up time from power-save 32.768kHz internal oscillator 320 s
and power-down mode 2MHz internal oscillator 9.0
32MHz internal oscillator 5.0
Note: 1. The wake-up time is the time from the wake-up request is given until the peripheral clock is available on pin, see Figure 36-9. All peripherals and modules
start execution from the first clock cycle, expect the CPU that is halted for four clock cycles before program execution starts.
Figure 36-9. Wake-up time definition.
< Wakeup time
Wakeup request
Clock output ’7
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Table 36-78. Accuracy characteristics.

Symbol = Parameter Condition
RES Input resolution 12 Bits
Ve = 1.6V +2.0 +3.0
Vree= Ext 1.0V
Ve = 3.6V 1.5 2.5
Vee = 1.6V 2.0 4.0
INL " Integral non-linearity Veer=AVcc Isb
Ve = 3.6V 1.5 4.0
Ve = 1.6V 5.0
Vree=INT1V
Ve = 3.6V 5.0
Ve = 1.6V 1.5 3.0
Vsee=Ext 1.0V
Ve =3.6V 0.6 1.5
Ve = 1.6V 1.0 3.5
DNL (" Differential non-linearity Vrer=AVcc Isb
Vee =3.6V 0.6 1.5
Ve = 1.6V 4.5
Vree=INT1V
Vee=3.6V 4.5
Gain error After calibration <4.0 Isb
Gain calibration step size 4.0 Isb
Gain calibration drift Vrer= Ext 1.0V <0.2 mV/K
Offset error After calibration <1.0 Isb
Offset calibration step size 1.0
Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% output voltage range.
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Table 36-110.Accuracy characteristics.

Symbol = Parameter Condition
RES Input resolution 12 Bits
Ve = 1.6V +2.0 +3.0
Vree= Ext 1.0V
Ve = 3.6V 1.5 2.5
Vee = 1.6V 2.0 4.0
INL " Integral non-linearity Veer=AVcc Isb
Ve = 3.6V 1.5 4.0
Ve = 1.6V 5.0
Vree=INT1V
Ve = 3.6V 5.0
Ve = 1.6V 1.5 3.0
Vsee=Ext 1.0V
Ve =3.6V 0.6 1.5
Ve = 1.6V 1.0 3.5
DNL (" Differential non-linearity Vrer=AVcc Isb
Vee =3.6V 0.6 1.5
Ve = 1.6V 4.5
Vree=INT1V
Vee=3.6V 4.5
Gain error After calibration <4.0 Isb
Gain calibration step size 4.0 Isb
Gain calibration drift Vrer= Ext 1.0V <0.2 mV/K
Offset error After calibration <1.0 Isb
Offset calibration step size 1.0
Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% output voltage range.
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Figure 37-93.1dle mode supply current vs. frequency.
fsys = 1 - 32MHz external clock, T = 25°C.
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Figure 37-94. Idle mode supply current vs. V.
fsys = 32.768kHz internal oscillator.
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Figure 37-128. Offset error vs. Vgge.
T=25°%C, V¢ = 3.6V, ADC sampling speed = 500ksps.
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Figure 37-129. Gain error vs. temperature.
Ve = 3.0V, Vger = external 2.0V.
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Figure 37-134. DNL error vs. Vggg.
Vee = 3.6V.
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Figure 37-135. DAC noise vs. temperature.
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Figure 37-150. Reset pin input threshold voltage vs. V¢
V4 - Reset pin read as “1”.
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Figure 37-151. Reset pin input threshold voltage vs. V¢
V|, - Reset pin read as “0”.
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Figure 37-156. 32.768kHz internal oscillator frequency vs. calibration value.
Ve = 3.0V, T=25°C.
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Figure 37-199. I/O pin output voltage vs. sink current.

1.50

1.6V

/1.8V

1.35

1.20

1.05

I
I
I
I

2.7V

0.90

/

3.0V

——— 33V

0.75

Vein [V]

/

pd

— 3.6V

0.60

0.45

0.30

0.15 4

—

0.00

0

3 6

37.3.2.3 Thresholds and Hysteresis
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Figure 37-213. Gain error vs. temperature.
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Figure 37-233. Reset pin pull-up resistor current vs. reset pin voltage.

Ve = 3.3V.
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Figure 37-234. Reset pin input threshold voltage vs. V¢
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Figure 37-285. 1/O pin input threshold voltage vs. V.
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Figure 37-286. 1/O pin input threshold voltage vs. V.
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Figure 37-287. 1/0 pin input hysteresis vs. V¢
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37.4.3 ADC Characteristics

Figure 37-288. INL error vs. external Vg
T =25, V¢ = 3.6V, external reference
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Figure 37-291. DNL error vs. external Vgge
T =25, V¢ = 3.6V, external reference
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Figure 37-292. DNL error vs. sample rate
T =25, V¢ = 3.6V, Vger = 3.0V external
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Figure 37-317. Reset pin pull-up resistor current vs. reset pin voltage

Voo = 3.3V
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Figure 37-318. Reset pin input threshold voltage vs. V¢

V4 - Reset pin read as “1”
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Figure 37-319. Reset pin input threshold voltage vs. V¢

V|, - Reset pin read as “0”
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37.4.9 Power-on Reset Characteristics

Figure 37-320. Power-on reset current consumption vs. V¢
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37.4.10.2 32.768kHz Internal Oscillator

Figure 37-323. 32.768kHz internal oscillator frequency vs. temperature
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Figure 37-324. 32.768kHz internal oscillator frequency vs. calibration value
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