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9.1

9.2

System Clock and Clock Options

Features
e Fast start-up time
e Safe run-time clock switching
e Internal oscillators:
e 32MHz run-time calibrated and tuneable oscillator
e 2MHz run-time calibrated oscillator
e 32.768kHz calibrated oscillator
e 32kHz ultra low power (ULP) oscillator with 1kHz output
e External clock options
e 0.4MHz - 16MHz crystal oscillator
e 32.768kHz crystal oscillator
e External clock
e PLL with 20MHz - 128MHz output frequency
e Internal and external clock options and 1x to 31x multiplication
e Lock detector
Clock prescalers with 1x to 2048x division
Fast peripheral clocks running at two and four times the CPU clock
Automatic run-time calibration of internal oscillators

External oscillator and PLL lock failure detection with optional non-maskable interrupt

Overview

Atmel AVR XMEGA C3 devices have a flexible clock system supporting a large number of clock sources. It incorporates
both accurate internal oscillators and external crystal oscillator and resonator support. A high-frequency phase locked
loop (PLL) and clock prescalers can be used to generate a wide range of clock frequencies. A calibration feature (DFLL)
is available, and can be used for automatic run-time calibration of the internal oscillators to remove frequency drift over
voltage and temperature. An oscillator failure monitor can be enabled to issue a non-maskable interrupt and switch to the
internal oscillator if the external oscillator or PLL fails.

When a reset occurs, all clock sources except the 32kHz ultra low power oscillator are disabled. After reset, the device
will always start up running from the 2MHz internal oscillator. During normal operation, the system clock source and
prescalers can be changed from software at any time.

Figure 9-1 on page 20 presents the principal clock system. Not all of the clocks need to be active at a given time. The
clocks for the CPU and peripherals can be stopped using sleep modes and power reduction registers, as described in
“Power Management and Sleep Modes” on page 22.
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9.3.2

9.3.3

9.34

9.3.5

9.3.6

9.3.7

9.3.8

1kHz output. The oscillator is automatically enabled/disabled when it is used as clock source for any part of the device.
This oscillator can be selected as the clock source for the RTC.

32.768kHz Calibrated Internal Oscillator

This oscillator provides an approximate 32.768kHz clock. It is calibrated during production to provide a default frequency
close to its nominal frequency. The calibration register can also be written from software for run-time calibration of the
oscillator frequency. The oscillator employs a built-in prescaler, which provides both a 32.768kHz output and a 1.024kHz
output.

32.768kHz Crystal Oscillator

A 32.768kHz crystal oscillator can be connected between the TOSC1 and TOSC2 pins and enables a dedicated low
frequency oscillator input circuit. A low power mode with reduced voltage swing on TOSC2 is available. This oscillator
can be used as a clock source for the system clock and RTC, and as the DFLL reference clock.

0.4 - 16MHz Crystal Oscillator

This oscillator can operate in four different modes optimized for different frequency ranges, all within 0.4 - 16MHz.

2MHz Run-time Calibrated Internal Oscillator

The 2MHz run-time calibrated internal oscillator is the default system clock source after reset. It is calibrated during
production to provide a default frequency close to its nominal frequency. A DFLL can be enabled for automatic run-time
calibration of the oscillator to compensate for temperature and voltage drift and optimize the oscillator accuracy.

32MHz Run-time Calibrated Internal Oscillator

The 32MHz run-time calibrated internal oscillator is a high-frequency oscillator. It is calibrated during production to
provide a default frequency close to its nominal frequency. A digital frequency looked loop (DFLL) can be enabled for
automatic run-time calibration of the oscillator to compensate for temperature and voltage drift and optimize the oscillator
accuracy. This oscillator can also be adjusted and calibrated to any frequency between 30MHz and 55MHz. The
production signature row contains 48MHz calibration values intended used when the oscillator is used a full-speed USB
clock source.

External Clock Sources

The XTAL1 and XTALZ2 pins can be used to drive an external oscillator, either a quartz crystal or a ceramic resonator.
XTAL1 can be used as input for an external clock signal. The TOSC1 and TOSC2 pins is dedicated to driving a
32.768kHz crystal oscillator.

PLL with 1x-31x Multiplication Factor

The built-in phase locked loop (PLL) can be used to generate a high-frequency system clock. The PLL has a user-
selectable multiplication factor of from 1 to 31. In combination with the prescalers, this gives a wide range of output
frequencies from all clock sources.
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Table 33-39. Accuracy Characteristics

Symbol Parameter Condition
Differential 8 12 12
RES Resolution 12-bit resolution Single ended signed 7 11 11 Bits
Single ended unsigned 8 12 12
16ksps, Vger = 3V 0.5 1
16ksps, all Vger 0.8 2
Differential mode
300ksps, Vggr = 3V 0.6 1
INL) Integral non-linearity
300ksps, all Ve 1 2
Single ended 16ksps, Vger = 3.0V 0.5 1
igned mod
unsigned mode 16ksps, all Vger 1.3 2 "
S
16ksps, Vger = 3V 0.3 1
16ksps, all Vger 0.5 1
Differential mode
300ksps, Vggr = 3V 0.3 1
DNL™ Differential non-linearity
300ksps, all Ve 0.5 1
Single ended 16ksps, Vger = 3.0V 0.6 1
unsigned mode 16ksps, all Veer 0.6 1
300ksps, Vggr=3V -7 mV
Offset error Differential mode = Temperature drift, Vgge=3V 0.01 mV/K
Operating voltage drift 0.16 mV/V
External reference -5
AVcc/1.6 -5
mV
AVc/2.0 -6
Gain error Differential mode
Bandgap +10
Temperature drift 0.02 mV/K
Operating voltage drift 2 mV/V
External reference -8
AVcc/1.6 -8
mV
. Single ended AVccf2.0 -8
Gain error X
unsigned mode Bandgap +10
Temperature drift 0.03 mV/K
Operating voltage drift 2 mV/V
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.
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33.2.8 Bandgap and Internal 1.0V Reference Characteristics

Table 33-42. Bandgap and Internal 1.0V Reference Characteristics

Symbol | Parameter Condition Min. Typ. Max. Units

As reference for ADC 1 Clkpggr + 2.5us

Startup time Ve
As input voltage to ADC and AC 15

Bandgap voltage 1.1
T=85°C, calibrated at 85°C 0.99 1.0 1.01 \Y

INT1V  Internal 1.00V reference

T=105°C, calibrated at 85°C 0.99 1.0 1.01

Variation over voltage and temperature Calibrated at T= 85°C 1 %

33.2.9 Brownout Detection Characteristics

Table 33-43. Brownout Detection Characteristics'"

Parameter Condition
BOD level 0 falling V¢ 1.40 1.60 1.70
BOD level 1 falling V¢ 1.8
BOD level 2 falling V¢ 2.0
BOD level 3 falling V¢ 2.2
Veor ) \Y
BOD level 4 falling V¢ 24
BOD level 5 falling V¢ 2.6
BOD level 6 falling V¢ 2.8
BOD level 7 falling V¢ 3.0
Continuous mode 04
tsop Detection time ps
Sampled mode 1000
Vivst Hysteresis 1.0 %
Note: 1. BOD is calibrated at 85°C within BOD level 0 values, and BOD level 0 is the default level.

33.2.10 External Reset Characteristics

Table 33-44. External Reset Characteristics

Symbol @ Parameter Condition Min. Typ. Max. Units

text Minimum reset pulse width 1000 90 ns
Vee =2.7 - 3.6V 0.45*V¢c

Vrst Reset threshold voltage \%
Ve =1.6-2.7V 0.45*V¢¢

Rrst Reset pin Pull-up Resistor 25 kQ
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33.3.14 SPI Characteristics

Figure 33-19.SPI Timing Requirements in Master Mode
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Figure 33-20.SPI Timing Requirements in Slave Mode
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Table 33-116. Two-wire Interface Characteristics

Parameter Condition
Vi4 Input high voltage 0.7Vcc Vect0.5
Vi Input low voltage -0.5 0.3*V¢e
\
Viys Hysteresis of Schmitt trigger inputs 0.05*Vc ™
VoL Output low voltage 3mA, sink current 0 0.4
t, Rise time for both SDA and SCL 20+0.1C, M@ 300
tor Output fall time from Vi, 10 Vi max 10pF < C,, < 400pF @ 20+0.1C, M@ 250 ns
tsp Spikes suppressed by input filter 0 50
I Input current for each I/O Pin 0.1Vee <V, < 0.9V -10 10 pA
C, Capacitance for each 1/0O Pin 10 pF
fscL SCL clock frequency fopr @>max(10fgc, , 250kHz) 0 400 kHz
100ns
fsoL < 100kHz o
R Value of pull ist Vec 047 ’ )
alue of pull-up resistor ——
B pufi-up fsoL > 100kHz 3mA 300ns
Cy
fgoL < 100kHz 4.0
typ.sta  Hold time (repeated) START condition
fscL > 100kHz 0.6
fscL < 100kHz 4.7
tLow Low period of SCL clock
fscL > 100kHz 1.3
fsoL < 100kHz 4.0
thich High period of SCL clock us
fscL > 100kHz 0.6
" Setup time for a repeated START fscL < 100kHz 4.7
SU;STA it
condition foe, > 100kHz 06
fscL < 100kHz 0 3.45
tuppar ~ Data hold time
fscL > 100kHz 0 0.9
fscL < 100kHz 250
tsupar = Data setup time ns
fscL > 100kHz 100
fgoL < 100kHz 4.0
tsusto | Setup time for STOP condition
fscL > 100kHz 0.6
us
¢ Bus free time between a STOP and fsoL < 100kHz 4.7
BUF iti
START condition fsoL > 100kHz 13
Notes: 1. Required only for fg > 100kHz.
2. C, = Capacitance of one bus line in pF.
3. fper = Peripheral clock frequency.
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Table 33-141.External Clock with Prescaler (' for System Clock

ter

A

Notes: 1.
2.

Parameter Condition
Vee=1.6-1.8V 0 90

Clock Frequency @ MHz
Voo =2.7-3.6V 0 142
Vec=1.6-1.8V 11

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

Clock High Time
Vee =2.7-3.6V 24
Vee=1.6-1.8V 4.5

Clock Low Time ns
Voo =2.7 - 3.6V 2.4
Ve =1.6-1.8V 1.5

Rise Time (for maximum frequency)
Vg =2.7 - 3.6V 1.0
Vgc=1.6-1.8V 1.5

Fall Time (for maximum frequency)
Vee =2.7 - 3.6V 1.0

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

System Clock Prescalers must be set so that maximum CPU clock frequency for device is not exceeded.
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.

33.5.13.7 External 16MHz Crystal Oscillator and XOSC Characteristics

Table 33-142. External 16MHz Crystal Oscillator and XOSC Characteristics

Symbol

Atmel

Parameter

Cycle to cycle jitter

Long term jitter

Frequency error

Duty cycle

Condition Min. Typ. Max. Units
FRQRANGE=0 0
XOSCPWR=0
FRQRANGE=1, 2, or 3 0
XOSCPWR=1 0
ns
FRQRANGE=0 0
XOSCPWR=0
FRQRANGE=1, 2, or 3 0
XOSCPWR=1 0
FRQRANGE=0 0.03
XOSCPWR=0 FRQRANGE=1 0.03
FRQRANGE=2 or 3 0.03
XOSCPWR=1 0.003
%
FRQRANGE=0 50
XOSCPWR=0 FRQRANGE=1 50
FRQRANGE=2 or 3 50
XOSCPWR=1 50
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34.1.3 ADC Characteristics

Figure 34-31. INL Error vs. External Vgge
T=25°C, V¢ = 3.6V, external reference

Single-ended unsigned mode

0.8

INL[LSB]

0.6 Differential mode

/:S

04 Single-ended signed mode

02

0.0

Figure 34-32. INL Error vs. Sample Rate
T=25%C, V¢ = 3.6V, Ve = 3.0V external
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Figure 34-41. Offset Error vs. V¢
T = 25°C, Vrer = external 1.0V, ADC sample rate = 300ksps
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34.1.4 Analog Comparator Characteristics

Figure 34-42. Analog Comparator Hysteresis vs. V¢
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I1/0 Pin Characteristics

34.2.2

34.2.2.1 Pull-up

Figure 34-90. I/O Pin Pull-up Resistor Current vs. Input Voltage
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Figure 34-100. I/O Pin Input Threshold Voltage vs. V¢
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Figure 34-108. Gain Error vs. Vggpe
T=25°, V¢ = 3.6V, ADC sample rate = 300ksps
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Figure 34-109. Gain Error vs. V¢
T = 25°C, Ve = external 1.0V, ADC sample rate = 300ksps
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Figure 34-153. Idle Mode Supply Current vs. V¢
fsys = 1MHz external clock
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Figure 34-154. Idle Mode Supply Current vs. V¢
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34.3.1.3 Power-down Mode Supply Current

Figure 34-157. Power-down Mode Supply Current vs. V¢
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Figure 34-158. Power-down Mode Supply Current vs. V¢
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Figure 34-261. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
Figure 34-262. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
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Figure 34-267. 32.768kHz Internal Oscillator Frequency vs. Calibration Value
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34.4.8.3 2MHz Internal Oscillator

Figure 34-268. 2MHz Internal Oscillator Frequency vs. Temperature
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34.4.8.4 32MHz Internal Oscillator

Figure 34-271. 32MHz Internal Oscillator Frequency vs. Temperature
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Figure 34-272. 32MHz Internal Oscillator Frequency vs. Temperature
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Figure 34-281. SDA Hold Time vs. Supply Voltage
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Figure 34-282. Maximum PDI Frequency vs. V¢
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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 8492G - 11/2014

1.

Updated the “Ordering Information” on page 2. Added ordering information for
ATxmega32C3/64C3/128C3/192C3/256C3 @ 105°C.

Updated Table 33-4 on page 67, Table 33-33 on page 86, Table 33-62 on page 105, Table 33-91 on page 124 and
Table 33-120 on page 143. Added | Power-down power consumption for T=105°C for all functions disabled and
for WDT and sampled BOD enabled.

Updated Table 33-17 on page 75, Table 33-46 on page 94, Table 33-75 on page 113, Table 33-104 on page 132
and Table 33-133 on page 151. Updated all tables to include values for T=85°C and T=105°C. Removed T=55°C.

Updated “Bandgap and Internal 1.0V Reference Characteristics” on page 93:
® Added values of INT1V for T= 105°C, calibrated at 85°C

Changed V¢ to AV in Section 26. “ADC — 12-bit Analog to Digital Converter” on page 46 and Section 27. “AC —
Analog Comparator” on page 48.

Changed EEPROM size to 1K for 32C3 in Section 1. “Ordering Information” on page 2, in Table 7-2 on page 15 and
in Table 7-3 on page 17.

10.

TWI electrical characteristics: Units of Data setup time (tgy.par) changed from ps to ns in:
e ATxmega32C3: Table 33-29 on page 83

ATxmega64C3: Table 33-58 on page 102

ATxmega128C3: Table 33-87 on page 121

ATxmega192C3: Table 33-116 on page 140

ATxmega256C3: Table 33-145 on page 159

“Typical Characteristics” updated with 105°C data:
“Atmel ATxmega32C3” on page 160

e “Atmel ATxmega64C3” on page 196

e “Atmel ATxmega128C3” on page 232

e “Atmel ATxmega192C3” on page 267

e “Atmel ATxmega256C3” on page 302

Corrected use of capital letters and punctuation in headings, table headings and figure titles. Added trademarks to
the back side.

Cross references have been corrected.

36.2 8492F - 07/2013

1.

Errata Temperature sensor not calibrated added to:
e ATxmega256C3 “Rev |I” on page 337
ATxmega192C3 “Rev |” on page 338
ATxmega128C3 “Rev J” on page 339
ATxmega64C3 “Rev |” on page 340
ATxmega32C3 “Rev |I” on page 341
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