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20. RTC - 16-bit Real-Time Counter

20.1 Features

e 16-bit resolution

e Selectable clock source
e 32.768kHz external crystal
e External clock
e 32.768kHz internal oscillator
e 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

20.2 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 30.5us, 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 20-1. Real-time counter overview.
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PORTC and PORTE each has one TWI. Notation of these peripherals are TWIC and TWIE.

23. SPI - Serial Peripheral Interface

23.1 Features

Two Identical SPI peripherals

Full-duplex, three-wire synchronous data transfer
Master or slave operation

Lsb first or msb first data transfer

Eight programmable bit rates

Interrupt flag at the end of transmission

Write collision flag to indicate data collision
Wake up from idle sleep mode

Double speed master mode

23.2 Overview

The Serial Peripheral Interface (SPI) is a high-speed synchronous data transfer interface using three or four pins. It
allows fast communication between an Atmel AVR XMEGA device and peripheral devices or between several
microcontrollers. The SPI supports full-duplex communication.

A device connected to the bus must act as a master or slave. The master initiates and controls all data transactions.
PORTC and PORTD each has one SPI. Notation of these peripherals are SPIC and SPID.
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A DAC conversion is automatically started when new data to be converted are available. Events from the event
system can also be used to trigger a conversion, and this enables synchronized and timed conversions between the
DAC and other peripherals, such as a timer/counter. The DMA controller can be used to transfer data to the DAC.

The DAC has high drive strength, and is capable of driving both resistive and capacitive loads, aswell as loads which
combine both. A low-power mode is available, which will reduce the drive strength of the output. Internal and external
voltage references can be used. The DAC output is also internally available for use as input to the analog comparator
or ADC.

PORTB has one DAC. Notation of this peripheral is DACB.
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36.1.14.8 External 32.768kHz crystal oscillator and TOSC characteristics

Table 36-30. External 32.768kHz crystal oscillator and TOSC characteristics.

Symbol | Parameter Condition
ESRIRT Recommended crystal equivalent Crystal load capacitance 6.5pF 60 <«
series resistance (ESR) Crystal load capacitance 9.0pF 35
5.4
Ctiosc1 | Parasitic capacitance TOSC1 pin pF
Alternate TOSC location 4.0
71
Crosce | Parasitic capacitance TOSC2 pin pF
Alternate TOSC location 4.0
Recommended safety factor capacnance_ I_oad_ ELEACEN 3
crystal specification
Note: 1. See Figure 36-4 for definition.

Figure 36-4. TOSC input capacitance.
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TOSCH1 Device internal TOSC2

External

32.768kHz crystal

The parasitic capacitance between the TOSC pins is C, 4 + C,, in series as seen from the crystal when oscillating
without external capacitors.
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36.2.14 Clock and Oscillator Characteristics

36.2.14.1 Calibrated 32.768kHz Internal Oscillator characteristics

Table 36-54. 32.768kHz internal oscillator characteristics.

Parameter Condition

Frequency 32.768 kHz
Factory calibration accuracy T =85°C, Vg = 3.0V -0.5 0.5 %
User calibration accuracy -0.5 0.5 %

36.2.14.2 Calibrated 2MHz RC Internal Oscillator characteristics

Table 36-55. 2MHz internal oscillator characteristics.

Parameter Condition

Frequency range DFLL can tune to this frequency over 18 29 MHz
voltage and temperature
Factory calibrated frequency 2.0 MHz
Factory calibration accuracy T =85°C, V= 3.0V -1.5 1.5 %
User calibration accuracy -0.2 0.2 %
DFLL calibration stepsize 0.21 %
36.2.14.3 Calibrated and tunable 32MHz internal oscillator characteristics
Table 36-56. 32MHz internal oscillator characteristics.

Symbol | Parameter Condition Min. Typ. Max. Units

Frequency range DFLL can tune to this frequency over 30 55 MHz
voltage and temperature
Factory calibrated frequency 32 MHz
Factory calibration accuracy T =85°C, V= 3.0V -1.5 1.5 %
User calibration accuracy -0.2 0.2 %
DFLL calibration step size 0.22 %
36.2.14.4 32kHz Internal ULP Oscillator characteristics
Table 36-57. 32kHz internal ULP oscillator characteristics.

Symbol = Parameter Condition Min. Typ. Max. Units
Output frequency 32 kHz
Accuracy -30 30 %
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Table 36-60. External clock with prescaler (for system clock.

Symbol | Parameter Condition

Vee=1.6-1.8V 0 90

1tex  Clock Frequency ) MHz
Ve =2.7-3.6V 0 142
Vge=1.6-1.8V 11

tex Clock Period ns
Vge = 2.7 - 3.6V 7
Vee=1.6-1.8V 4.5

ten Clock High Time ns
Vee =27 -3.6V 24
Vee=1.6-1.8V 4.5

toL Clock Low Time ns
Vge =2.7 -3.6V 24
Vge=1.6-1.8V 15

ter Rise Time (for maximum frequency) ns
Vge =2.7 - 3.6V 1.0
Vee=1.6-1.8V 1.5

ter Fall Time (for maximum frequency) ns
Ve =2.7 -3.6V 1.0

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

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.

36.2.14.7 External 16MHz crystal oscillator and XOSC characteristic

Table 36-61. External 16MHz crystal oscillator and XOSC characteristics.

Symbol @ Parameter Condition
FRQRANGE=0 <10
XOSCPWR=0
Cycle to cycle jitter FRQRANGE=1, 2, or 3 <1 ns
XOSCPWR=1 <1
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
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Parameter Condition

1x gain, normal mode -2
Offset error, .
. 8x gain, normal mode -5 mV
input referred
64x gain, normal mode -4
1x gain, normal mode 0.5
. . Vee = 3.6V mV
Noise 8x gain, normal mode ee 1.5
Ext. Vrer rms
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.

36.3.7 DAC Characteristics

Table 36-76. Power supply, reference and output range.

Symbol | Parameter Condition
AVce Analog supply voltage Vee- 0.3 Vet 0.3 V
AVier External reference voltage 1.0 Vee- 0.6 Vv
Rehanmnet | DC output impedance 50 Q
Linear output voltage range 0.15 AVc-0.15 \Y
RaRer Reference input resistance >10 MQ
CAREF  Reference input capacitance  Static load 7 pF
Minimum resistance load 1.0 kQ
100 pF
Maximum capacitance load
10002 serial resistance 1.0 nF
Operating within accuracy specification AVc/1000
Output sink/source mA
Safe operation 10

Table 36-77. Clock and timing.

Symbol = Parameter Condition
- Normal mode 0 1000
e Conversion rate C'°ad._100p|i’ . ksps
maximum step size Low power mode 500
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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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Table 36-106. Accuracy characteristics.

Parameter Condition
RES Resolution Programmable to 8 or 12 bit 8 12 12 Bits
Viee-1.0V < Vggp< V0.6V 1.2 +2 Isb
500ksps
All Vger 1.5 +3
INL () Integral non-linearity
2000ksps
All Vger 1.5 +3
DNL (V" Differential non-linearity guaranteed monotonic <+0.8 <#1 Isb
-1.0 mV
Offset error Temperature drift <0.01 mV/K
Operating voltage drift <0.6 mV/V
External reference -1
Differential AVec/1.6 o v
mode AVc/2.0 8.0
Gain error
Bandgap 5
Temperature drift <0.02 mV/K
Operating voltage drift <0.5 mV/V
Noise Differential mode, shorted input 0.4 mV
2msps, Ve = 3.6V, Clkpgg = 16MHz ’ rms
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 Vggr is used.

Table 36-107. Gain stage characteristics.

Parameter Condition
Rin Input resistance Switched in normal mode 4.0 kQ
Coample Input capacitance Switched in normal mode 4.4 pF
Signal range Gain stage output 0 V- 0.6 V
Propagation delay ADC conversion rate 1.0 Clkanc
cycles
Sample rate Same as ADC 100 1000 kHz
INL) Integral Non-Linearity 500ksps :‘;'tt?:g; +1.5 +4.0 Isb
1x gain, normal mode -0.8
Gain error 8x gain, normal mode -2.5 %
64x gain, normal mode -3.5
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36.4.14.5 Internal Phase Locked Loop (PLL) characteristics

Table 36-122. 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
Vo= 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.
36.4.14.6 External clock characteristics
Figure 36-24. External clock drive waveform
ten ten
tcr —> — ftcr

Vb1

A\ N 7

e e

tek

Table 36-123.External clock used as system clock without prescaling.

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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36.4.14.8 External 32.768kHz crystal oscillator and TOSC characteristics

Table 36-126. External 32.768kHz crystal oscillator and TOSC characteristics.

Symbol | Parameter Condition
ESRIRT Recommended crystal equivalent Crystal load capacitance 6.5pF 60 .
series resistance (ESR) Crystal load capacitance 9.0pF 35
5.4
Ctiosc1 | Parasitic capacitance TOSC1 pin pF
Alternate TOSC location 4.0
71
Crosce | Parasitic capacitance TOSC2 pin pF
Alternate TOSC location 4.0
Recommended safety factor capacnancel Ioaq e 3
crystal specification
Note: 1. See Figure 36-25 for definition.

Figure 36-25. TOSC input capacitance.

||C|_1 l Cw |

TOSCH1 Device internal TOSC2

External

32.768kHz crystal

The parasitic capacitance between the TOSC pins is C, 4 + C,, in series as seen from the crystal when oscillating
without external capacitors.
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37. Typical Characteristics

371 ATxmega16A4U

37.1.1 Current consumption

37.1.1.1 Active mode supply current

Figure 37-1. Active supply current vs. frequency.
fsys = 0 - 1MHz external clock, T = 25°C.
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Figure 37-2. Active supply current vs. frequency.
fsys = 1 - 32MHz external clock, T = 25°C.
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Figure 37-11. Idle mode supply current vs. V.
fsys = TMHz external clock.
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Figure 37-12. Idle mode supply current vs. V.
fsys = 2MHz internal oscillator.
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Figure 37-25. 1/0 pin output voltage vs. source current.
Ve = 3.0V.
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Figure 37-26. 1/0 pin output voltage vs. source current.

Ve = 3.3V.
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Figure 37-29. I/O pin output voltage vs. sink current.
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Figure 37-30. I/O pin output voltage vs. sink current.
Vee = 3.3V.
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Figure 37-31. I/O pin output voltage vs. sink current.
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Figure 37-56. Analog comparator current source vs. calibration value.
Temperature = 25°C.

7.4
6.8

_ 62 >

<§_ 5.6 ~— ~—

s 50 B T~ —

8 4.4 \\ — — \\

z . —~— — —_— —

£ 3.8 i — — L §8¥

g > — —— — | v
32 o '

— T — 22V

26 —— T ——— | 18V
2.0 —————J 16V

o
-
N
w

4 5 6 7 8 9 10 M1 12 13 14 15
CURRCALIBA[3..0]

Figure 37-57. Analog comparator current source vs. calibration value.
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Figure 37-177. Idle mode supply current vs. frequency.
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Figure 37-178. Idle mode supply current vs. Vc.

fsys = 32.768kHz internal oscillator.

[SYO]
wn o
o <
~
1 1
1 1
1 1
1 1
1 1
1 1
| N— | o
1 1
1 1
1 1
1 1
1 1
1 1
1 1
r=== -
1 1
1 1
1 1
1 1
1 1
1 1
e e -
1 1
1 1
1 1
1 1
1 1
1 1
| N— | -
] [}
1 1
1 1
1 1
1 1
1 1
1 1
r=== -
1 1
1 1
1 1
1 1
1 1
1 1
b e e el -
1 1
1 1
1 1
] ]
1 1
1 1
| — -
1 ]
1 1
1 1
1 1
1 1
] ]
1 1
r=== -
] ]
1 1
1 1
] ]
1 1
1 1
- -
1 1
1 1
1 1
1 1
1 1
1 1
L L
nu O v O L O uvuw o .1 o
N O N O M O N O M~ O
<t S O &N - - O O oo o
o MO O O O O O N N N
[wr] 29

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6

1.6

Vee [V]

247

XMEGA A4U [DATASHEET)]

Atmel-8387H-AVR-ATxmega16A4U-34A4U-64A4U-128A4U-Datasheet_09/2014

Atmel



274

3.0

XMEGA A4U [DATASHEET)]

0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7
Vreser[V]
Atmel-8387H-AVR-ATxmega16A4U-34A4U-64A4U-128A4U-Datasheet_09/2014

0.3

£% b b PO
0 v wv
$RB 3 2Rk5
Fmmmrmm e — e — e ———————— O ) -
1 1 1 1 1 1 1 1 ~ [y ey e e
1 i i i i 1 1 1 1 1 1 1 1 1 1 1
i I I 1 1 1 1 1 1 1 1 1 1 1 1 1
1 i i I I I I 1 1 1 1 1 1 1 1 1
1 i i 1 1 1 1 1 1 1 1 1 1 1 1 1
i I I 1 1 1 1 1 1 1 1 1 1 1 1 1
1 i i I I I I 1 © 1 1 1 1 1 1 1 1
[P SRR S [, — - ] bbb b i f
1 1 1 1 1 -~ 1 1 1 1 1 1 1
1 1 1 1 1 i i i i 1 1 1
1 1 1 1 1 1 1 i i 1 1 1
1 1 1 1 i 1 1 1 1 1 i i
1 1 1 1 1 i i i i 1 1 1 1
;44 b v AR T S N N NN 4
(] B < ST A e B e -
<) i e T = <) A A A A i
© 1 1 1 1 1 1 [v] 1 1 1 1 1 1 1
= 1 1 1 1 1 1 = i i i i 1 1 i
o T S R i ° T S T T B i
> 1 1 1 1 I > 1 1 1 1 1 1 1
1 1 1 1 1 [lalaiel il Sl it il ol i
£ A M /i I £ Y/ (A
A A A T A R Y/ A
- - 1 1
@ I S R i o T Y /
g b “ I B R w7 s s
o
e e AR/
"4 = 4
g I R N R Y/
- JRRP SR AN (R Ay / A S —
€ o “ 3 < O P
m [N RPN N R S u m 1 1 1 1 1 ! !
= P i i i i c > = i i i i i i i
= 1 1 1 1 1 1 3 1 1 1 1 1 1 I
(3} ! ! ! ! ! ! o [P SR P | [ I R
1 1 1 1 1 i i 1 1 i 1 i i
S 1 1 1 1 1 I b 1 i 1 [ ] I I
[*] i i i 1 1 1 o 1 1 1 1 1 1
- 1 1 1 1 1 1 © - i i i i i i
() i - it ik il sl Einiaink d (2]} 1 1 1 1 1 1
— 1 i 1 1 1 1 o — 1 1 1 1 1 1
[7] 1 1 1 1 i 1 1 7] 1 1 1 1 1 1
o i i I I i i Q r===r---T it plalael slutied dalal
- Lo “ s o
e !4 | | | g | P
=] b -SR-S N < =2 ! !
NNV /A R Y 7/ R
S R e A e L CEE T SRR L LT T J
2 P m a3 “ P
=] 1 1 1 1 1 c “ “ “ “ “ 1
[T S HESSNE RN SRS S O e i P
Q X v T 1 1 1 1 1 o > —— R P S TR S S )
52 A T A 33 N R T R
0T i ] o ] ] n ° i i i P i i
guo A T A ¢ n I O A
¥ o 1 ] 1 1 1 1 1 o ¥ o 1 1 1 1 1 1 1
(¥) L 1 1 1 1 1 ) . Q [ [ [ [ [ 1
- > r T T T T T T T o o~ > f T T T T T T T
o o o o o o o o o () o
& ® R & B ¥ ® & = & 8§ 8 8 R 8 2 8 2
- -
& &
Did [wri] 1353y ° [yri] 1353y
2 :
=]
> )
(TH TR

0.0

Atmel



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¢

V4 - Reset pin read as “1”.
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