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13.

13.1

13.2

WDT - Watchdog Timer

Features
e Issues a device reset if the timer is not reset before its timeout period

e Asynchronous operation from dedicated oscillator
e 1kHz output of the 32kHz ultra low power oscillator
e 11 selectable timeout periods, from 8ms to 8s
e Two operation modes:

e Normal mode

e Window mode
e Configuration lock to prevent unwanted changes
Overview

The watchdog timer (WDT) is a system function for monitoring correct program operation. It makes it possible to
recover from error situations such as runaway or deadlocked code. The WDT is a timer, configured to a predefined
timeout period, and is constantly running when enabled. If the WDT is not reset within the timeout period, it will issue
a microcontroller reset. The WDT is reset by executing the WDR (watchdog timer reset) instruction from the
application code.

The window mode makes it possible to define a time slot or window inside the total timeout period during which WDT
must be reset. If the WDT is reset outside this window, either too early or too late, a system reset will be issued.
Compared to the normal mode, this can also catch situations where a code error causes constant WDR execution.

The WDT will run in active mode and all sleep modes, if enabled. It is asynchronous, runs from a CPU-independent
clock source, and will continue to operate to issue a system reset even if the main clocks fail.

The configuration change protection mechanism ensures that the WDT settings cannot be changed by accident. For
increased safety, a fuse for locking the WDT settings is also available.
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There are two differences between timer/counter type 0 and type 1. Timer/counter 0 has four CC channels, and
timer/counter 1 has two CC channels. All information related to CC channels 3 and 4 is valid only for timer/counter 0.
Only Timer/Counter 0 has the split mode feature that split it into two 8-bit Timer/Counters with four compare channels
each.

Some timer/counters have extensions to enable more specialized waveform and frequency generation. The advanced
waveform extension (AWeX) is intended for motor control and other power control applications. It enables low- and
high-side output with dead-time insertion, as well as fault protection for disabling and shutting down external drivers. It
can also generate a synchronized bit pattern across the port pins.

The advanced waveform extension can be enabled to provide extra and more advanced features for the
Timer/Counter. This are only available for Timer/Counter 0. See “AWeX — Advanced Waveform Extension” on page
38 for more details.

The high-resolution (hi-res) extension can be used to increase the waveform output resolution by four or eight times
by using an internal clock source running up to four times faster than the peripheral clock. See “Hi-Res — High
Resolution Extension” on page 39 for more details.

Figure 16-1. Overview of a Timer/Counter and closely related peripherals.
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PORTC and PORTD each has one Timer/Counter 0 and one Timer/Counter1. PORTE has one Timer/Conter0.
Notation of these are TCCO (Time/Counter C0), TCC1, TCDO, TCD1 and TCEQ, respectively.
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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
ELPM Rd, Z+ Extended Load Program Memory and Post- Rd « (RAMPZ:Z), None 3
Increment Z « Z+1
SPM Store Program Memory (RAMPZ:Z) <« R1:RO None -
SPM Z+ Store Program Memory and Post-Increment (RAMPZ:Z) « R1RO, None -
by 2 Z « Z+2
IN Rd, A In From 1/O Location Rd « 1/0(A) None 1
ouT A Rr Out To I/O Location I/I0(A) <« Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 1M
POP Rd Pop Register from Stack Rd « STACK None 2M
XCH Z,Rd Exchange RAM location Temp <« Rd, None 2
Rd « (2),
(Z) <« Temp
LAS Z,Rd Load and Set RAM location Temp <« Rd, None 2
Rd  « (2),
(Z) <« Tempv(Z)
LAC Z,Rd Load and Clear RAM location Temp <« Rd, None 2
Rd « (2),
(2) <« ($FFh—Rd)® (2)
LAT Z,Rd Load and Toggle RAM location Temp “— Rd, None 2
Rd  « (2),
2) «— Temp ® (2)
Bit and bit-test instructions
LSL Rd Logical Shift Left Rd(n+1) «  Rd(n), Z,CNVH 1
Rd(0) <« 0,
C « Rd7)
LSR Rd Logical Shift Right Rd(n) <«  Rd(n+1), ZCNV 1
Rd(7) <« 0,
C « Rd(0)
ROL Rd Rotate Left Through Carry Rd(0) « C, Z,C,N,V,H 1
Rd(n+1) <  Rd(n),
C <« Rd7)
ROR Rd Rotate Right Through Carry Rd(7) <« C, Z,CN\V 1
Rd(n) «  Rd(n+1),
C <« Rd(0)
ASR Rd Arithmetic Shift Right Rd(n) «  Rd(n+1),n=0.6 Z,CNV 1
SWAP Rd Swap Nibbles Rd(3.0) <« Rd(7.4) None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR s Flag Clear SREG(s) « O SREG(s) 1
SBI A b Set Bit in I/O Register I/O(A,b)  « 1 None 1
CBI Ab Clear Bit in 1/0 Register I/IO(A,b) « 0 None 1
BST Rr, b Bit Store from Register to T T <« Rr(b) T 1
BLD Rd, b Bit load from T to Register Rdb) « T None 1
SEC Set Carry C « 1 (e} 1
CLC Clear Carry C « o0 (¢} 1
SEN Set Negative Flag N « 1 N 1
CLN Clear Negative Flag N «~ 0 N 1
SEZ Set Zero Flag Z « 1 z 1
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Parameter Condition

1x gain, normal mode -2.0
Offset error, .
. 8x gain, normal mode -5.0 mV
input referred
64x gain, normal mode -4.0
1x gain, normal mode 0.5
Noise 8x gain, normal mode 1.5
64x gain, normal mode 1
Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% input voltage range.

36.2.7 DAC Characteristics

Table 36-44. Power supply, reference and output range.

Symbol = Parameter Condition Min. Typ. Max. Units
AVce Analog supply voltage Vee- 0.3 Vet 0.3 \Y
AViRer External reference voltage 1.0 Vee- 0.6 \Y,
Rehamnet | DC output impedance 50 Q

Linear output voltage range 0.15 AVc-0.15 \Y,
RAREE Reference input resistance >10 MQ
CAREF  Reference input capacitance  Static load 7.0 pF
Minimum Resistance load 1.0 kQ
100 pF
Maximum capacitance load
1000Q serial resistance 1.0 nF
Operating within accuracy specification AV /1000
Output sink/source mA
Safe operation 10

Table 36-45. Clock and timing.

Symbol = Parameter Condition

Cioag=100pF Normal mode 0 1000
oal )

foac Conversion rate ksps

maximum step size Low power mode 500
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36.2.8 Analog Comparator Characteristics

Table 36-47. Analog Comparator characteristics.

Symbol = Parameter Condition
Vst Input offset voltage <+10 mV
[ Input leakage current <1 nA
Input voltage range -0.1 AVce \
AC startup time 100 Ve
Viyst Hysteresis, none 0 mV
mode = High Speed (HS) 13
Viys2 Hysteresis, small mV
mode = Low Power (LP) 30
mode = HS 30
Viyss Hysteresis, large mV
mode = LP 60
Ve = 3.0V, T=85°C mode = HS 30 90
mode = HS 30
taelay Propagation delay ns
Vee = 3.0V, T=85°C mode = LP 130 500
mode = LP 130
64-level voltage scaler Integral non-linearity (INL) 0.3 0.5 Isb

36.2.9 Bandgap and Internal 1.0V Reference Characteristics

Table 36-48. Bandgap and Internal 1.0V reference characteristics.

Symbol | Parameter Condition
As reference for ADC or DAC 1 Clkpgr + 2.5us
Startup time us
As input voltage to ADC and AC 1.5
Bandgap voltage 1.1 \%
INT1V Internal 1.00V reference T= 85°C, after calibration 0.99 1.0 1.01 \Y
Variation over voltage and temperature  Relative to T= 85°C, V¢ = 3.0V 1.5 %
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36.2.14.5 Internal Phase Locked Loop (PLL) characteristics

Table 36-58. Internal PLL characteristics.

Parameter Condition
fin Input frequency Output frequency must be within for 0.4 64 MHz
Vee=1.6-1.8V 20 48
four  Output frequency ") MHz
Vee=2.7 - 3.6V 20 128
Start-up time 25 us
Re-lock time 25 us
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.

36.2.14.6 External clock characteristics
Figure 36-10. External clock drive waveform

ten ter——

tcr —* — — tcr

VIH‘1

Vi N 7 k

oL
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Symbol | Parameter Condition

Ve =1.6-1.8V 0 12

ek Clock Frequency (") MHz
Ve =2.7-3.6V 0 32
Ve =1.6-1.8V 83.3

tok Clock Period ns
Ve =2.7 - 3.6V 31.5
Ve =1.6-1.8V 30.0

ten Clock High Time ns
Vg =2.7-3.6V 12.5
Ve =1.6-1.8V 30.0

toL Clock Low Time ns
Ve =2.7-3.6V 12.5
Ve =1.6-1.8V 10

ter Rise Time (for maximum frequency) ns
Ve =2.7-3.6V 3
Ve =1.6-1.8V 10

ter Fall Time (for maximum frequency) ns
Vgc =2.7-3.6V 3

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

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.
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Parameter Condition
FRQRANGE=0 <6
XOSCPWR=0
Long term jitter FRQRANGE=1, 2, or 3 <0.5 ns
XOSCPWR=1 <0.5
FRQRANGE=0 <0.1
XOSCPWR=0 FRQRANGE=1 <0.05
Frequency error %
FRQRANGE=2 or 3 <0.005
XOSCPWR=1 <0.005
FRQRANGE=0 40
XOSCPWR=0 FRQRANGE=1 42
Duty cycle %
FRQRANGE=2 or 3 45
XOSCPWR=1 48
0.4MHz resonator,
CL=100pF 24K
XOSCPWR=0,
FRQRANGE=0 1MHz crystal, CL=20pF 8.7k
2MHz crystal, CL=20pF 2.1k
2MHz crystal 4.2k
XOSCPWR=0,
FRQRANGE=1, 8MHz crystal 250
CL=20pF
9MHz crystal 195
8MHz crystal 360
XOSCPWR=0,
FRQRANGE=2, 9MHz crystal 285
CL=20pF
12MHz crystal 155
9MHz crystal 365
XOSCPWR=0,
o ’ FRQRANGE=3, 12MHz crystal 200
Rq Negative impedance () _ Q
CL=20pF
16MHz crystal 105
9MHz crystal 435
XOSCPWR=1,
FRQRANGE=0, 12MHz crystal 235
CL=20pF
16MHz crystal 125
9MHz crystal 495
XOSCPWR=1,
FRQRANGE=1, 12MHz crystal 270
CL=20pF
16MHz crystal 145
XOSCPWR=1, 12MHz crystal 305
FRQRANGE=2,
CL=20pF 16MHz crystal 160
XOSCPWR=1, 12MHz crystal 380
FRQRANGE-=3,
CL=20pF 16MHz crystal 205

Atmel
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Symbol = Parameter Condition

FRQRANGE=0 40
XOSCPWR=0 FRQRANGE=1 42
Duty cycle %
FRQRANGE=2 or 3 45
XOSCPWR=1 48
0.4MHz resonator,
CL=100pF 413
XOSCPWR=0,
FRQRANGE=0 1MHz crystal, CL=20pF 8.7k
2MHz crystal, CL=20pF 2.1k
2MHz crystal 4.2k
XOSCPWR=0,
FRQRANGE=1, 8MHz crystal 250
CL=20pF
9MHz crystal 195
8MHz crystal 360
XOSCPWR=0,
FRQRANGE=2, 9MHz crystal 285
CL=20pF
12MHz crystal 155
9MHz crystal 365
XOSCPWR=0,
o ™) FRQRANGE=3, 12MHz crystal 200
Rq Negative impedance CL=20pF Q
16MHz crystal 105
9MHz crystal 435
XOSCPWR=1,
FRQRANGE-=0, 12MHz crystal 235
CL=20pF
16MHz crystal 125
9MHz crystal 495
XOSCPWR=1,
FRQRANGE=1, 12MHz crystal 270
CL=20pF
16MHz crystal 145
XOSCPWR=1, 12MHz crystal 305
FRQRANGE=2,
CL=20pF 16MHz crystal 160
XOSCPWR=1, 12MHz crystal 380
FRQRANGE=3,
CL=20pF 16MHz crystal 205
ESR SF = Safety factor min(RQ)/SF kQ
Parasitic capacitance
Cxmlt XTAL1 pin P S48 e
Parasitic capacitance
Cxratz XTAL2 pin P 7.51 pF
Parasitic capacitance
Clom  oag . 3.16 pF
Note: 1. Numbers for negative impedance are not tested in production but guaranteed from design and characterization.
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37.1.10 Oscillator Characteristics

37.1.10.1 Ultra Low-Power internal oscillator

Figure 37-70. Ultra Low-Power internal oscillator frequency vs. temperature.
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Figure 37-71. 32.768kHz internal oscillator frequency vs. temperature.
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Figure 37-87.Active mode supply current vs. V.
fsys = 32.768kHz internal oscillator.
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Figure 37-88.Active mode supply current vs. V.
fsys = 1TMHz external clock.
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Figure 37-109. I/O pin output voltage vs. source current.
Ve = 3.0V.
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Figure 37-110. 1/O pin output voltage vs. source current.
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Figure 37-124. DNL error vs. sample rate.
T =25, V¢ = 3.6V, Vger = 3.0V external.
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Figure 37-125. DNL error vs. input code.
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Figure 37-201. I/O pin input threshold voltage vs. V.
Vy I/0 pin read as “1”.
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Figure 37-202. I/O pin input threshold voltage vs. V.
V), I/O pin read as “0”.
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Figure 37-219. DAC noise vs. temperature.
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37.3.5 Analog Comparator Characterist

Figure 37-220. Analog comparator hysteresis vs. Vc.

High-speed, small hysteresis.
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37.3.10.2 32.768kHz Internal Oscillator

Figure 37-239. 32.768kHz internal oscillator frequency vs. temperature.
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Figure 37-240. 32.768kHz internal oscillator frequency vs. calibration value.
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Figure 37-265. Idle mode supply current vs. V.

fsys = 32MHz internal oscillator prescaled to 8VIHz
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Figure 37-266. Idle mode current vs. V.

fsys = 32MHz internal oscillator
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Figure 37-281. 1/O pin output voltage vs. sink current.
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Figure 37-282. 1/0 pin output voltage vs. sink current.
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Figure 37-321. Power-on reset current consumption vs. V¢
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37.4.10 Oscillator Characteristics

37.4.10.1 Ultra Low-Power internal oscillator

Figure 37-322. Ultra Low-Power internal oscillator frequency vs. temperature.
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