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Table 32-10. 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, Vgegr = 3V 0.5 1
16ksps, all Vger 0.8 2
Differential mode
300ksps, Vger = 3V 0.6 1
INL ' Integral non-linearity
300ksps, all Ve 1 2
Single ended 16ksps, Vggr = 3.0V 0.5 1
Uil e 16ksps, all Vigr 1.3 2
Isb
16ksps, Vger = 3V 0.3 1
16ksps, all Vger 0.5 1
Differential mode
300ksps, Vger = 3V 0.3 1
DNL (" Differential non-linearity
300ksps, all Vgee 0.5 1
Single ended 16ksps, Vger = 3V 0.6 1
igned mod
unsigned mode 16ksps, all Veer 0.6 1
300ksps, Vger = 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
AVc/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
AVc/1.6 -8
mV
. Single ended AVcc/2.0 -8
Gain error -
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 VREF is used.
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Symbol | Parameter Condition
0.4MHz resonator,
CL=100pF Ak

XOSCPWR=0,

FRQRANGE=0 1MHz crystal, CL=20pF 67k
2MHz crystal, CL=20pF 67k
2MHz crystal 82k

XOSCPWR=0,

FRQRANGE=1, 8MHz crystal 1500

CL=20pF
9MHz crystal 1500
8MHz crystal 2700

Rq Negative impedance (") XOSCPWR_(_)’

FRQRANGE=2, 9MHz crystal 2700

CL=20pF
12MHz crystal 1000
9MHz crystal 3600

XOSCPWR=0,

FRQRANGE=3, 12MHz crystal 1300

CL=20pF
16MHz crystal 590
9MHz crystal 390

XOSCPWR=1,

FRQRANGE=0, 12MHz crystal 50

CL=20pF
16MHz crystal 10
9MHz crystal 1500

XOSCPWR=1,

FRQRANGE=1, 12MHz crystal 650

CL=20pF
16MHz crystal 270

RQ Negative impedance (1) XOSCPWR=1 g 12MHz Crystal 1000

FRQRANGE=2,

CL=20pF 16MHz crystal 440

XOSCPWR=1, 12MHz crystal 1300

FRQRANGE=3,

CL=20pF 16MHz crystal 590

ESR SF = safety factor min(Rq)/SF

XOSCPWR=0, 0.4MHz resonator, 10

FRQRANGE=0 CL=100pF ’

XOSCPWR=0, _

FRQRANGE=1 2MHz crystal, CL=20pF 2.6

. XOSCPWR=0, _
Start-up time FRQRANGE=2 8MHz crystal, CL=20pF 0.8

XOSCPWR=0, _

FRQRANGE=3 12MHz crystal, CL=20pF 1.0

XOSCPWR=1, _

FRQRANGE=3 16MHz crystal, CL=20pF 14

AtmeL XMEGA D3 [DATASHEET]

Atmel-8134Q-ATxmega32D3-64D3-128D3-192D3-256D3-384D3_datasheet—10/2015

kQ

ms

77



32.3.3 Current Consumption

Table 32-62. Current Consumption for Active Mode and Sleep Modes

Symbol | Parameter Condition Typ. Max. Units
Vee = 1.8V 55
32kHz, Ext. Clk
Ve = 3.0V 135
Ve = 1.8V 237 MA
Active power 1MHz, Ext. Clk -
) Ve = 3.0V 515
consumption
Ve = 1.8V 425 700
2MHz, Ext. Clk
0.9 1.5
Ve = 3.0V mA
32MHz, Ext. Clk 8.3 12
Vee = 1.8V 2.8
32kHz, Ext. Clk
Ve = 3.0V 3.1
Vee =1.8V 47
Idle power 1MHz, Ext. Clk ~ uA
L) Ve = 3.0V 95
consumption
Ve = 1.8V 94 200
2MHz, Ext. Clk
190 400
Ve = 3.0V
lcc 32MHz, Ext. Clk 3.0 7.0 mA
T=25°C 0.1 1.0
T =85°C Ve = 3.0V 1.9 4.0
Power-down power T=105°C 4.0 8.0
consumption WDT and sampled BOD enabled, T = 25°C 1.5 2.0
WDT and sampled BOD enabled, T =85°C = V¢ = 3.0V 3.0 8.0
WDT and sampled BOD enabled, T= 105°C 5.0 10
RTC from ULP clock, WDT and sampled Vo = 1.8V 1.3 HA
BOD enabled, T = 25°C Vg = 3.0V 14
Power-save power RTC from 1.024kHz low power 32.768kHz Voe = 1.8V 0.7 2.0
consumption ?) TOSC, T =25°C Ve = 3.0V 08 20
RTC from low power 32.768kHz TOSC, Vec = 1.8V 09 30
T=25C Vg = 3.0V 11 3.0
Reset power consumption = Current through RESET pin substracted Ve = 3.0V 145
Notes: 1. All Power Reduction Registers set.

2. Maximum limits are based on characterization, and not tested in production.

Atmel
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Table 32-83. External Clock with Prescaler () for System Clock

Parameter Condition

Ve =1.6-1.8V 0 90

1tk Clock Frequency @ MHz
Ve =2.7 - 3.6V 0 142
Vec=1.6-1.8V 11

tek Clock Period
Ve =2.7-3.6V 7
Ve =1.6-1.8V 4.5

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

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

tcr Rise Time (for maximum frequency)
Vee=2.7-3.6V 1.0
Ve =1.6-1.8V 1.5

ter Fall Time (for maximum frequency)
Vg =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.

32.3.13.7 External 16MHz Crystal Oscillator and XOSC Characteristics

Table 32-84. External 16MHz Crystal Oscillator and XOSC Characteristics

Symbol Parameter Condition Min. Typ. Max. Units
FRQRANGE=0 0
XOSCPWR=0
Cycle to cycle jitter FRQRANGE=0 0
XOSCPWR=1 0
ns
FRQRANGE=0 0
XOSCPWR=0
Long term jitter FRQRANGE=0 0
XOSCPWR=1 0
FRQRANGE=0 0.03
XOSCPWR=0 FRQRANGE=0 0.03
Frequency error
FRQRANGE=0 0.03
XOSCPWR=1 0.003
%
FRQRANGE=0 50
XOSCPWR=0 FRQRANGE=0 50
Duty cycle
FRQRANGE=0 50
XOSCPWR=1 50
XMEGA D3 [DATASHEET 114
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32.3.14 SPI Characteristics

Figure 32-19.SPI Timing Requirements in Master Mode
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Figure 32-20.SPI Timing Requirements in Slave Mode
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32.6.13.5 Internal Phase Locked Loop (PLL) Characteristics

Table 32-168. Internal PLL Characteristics

Symbol @ Parameter Condition
fin Input frequency Output frequency must be within fo 1 0.4 64
Vec=1.6-1.8V 20 48 MHz
four  Output frequency
Vee=2.7-3.6V 20 128
Start-up time 25
us
Re-lock time 25
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.

32.6.13.6 External Clock Characteristics

Figure 32-38. External Clock Drive Waveform

ter———— -~ tcn
tcr —* -~ ~— tcr
Vin
Vit N 7 N
ter
- tek >

Symbol = Parameter Condition
1Mk Clock Frequency ") Vec=16- 0 12 s
VCC = 27 - O 32
tek Clock Period Vec=16- 83.3
Vee =2.7 - 31.5
ton Clock High Time Ve =1.6- 30.0
Vee =2.7 - 12.5
toL Clock Low Time Vec=16- 30.0 -
Vee =2.7 - 12.5
ter Rise Time (for maximum frequency) Vec=16- 10
VCC = 27 - 3
ter Fall Time (for maximum frequency) Vec=1.6- 10
VCC = 27 - 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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Table 32-174. Two-wire Interface Characteristics

Parameter Condition
Vi4 Input high voltage 0.7Vcc Ve + 0.5
Vi Input low voltage -0.5 0.3V¢e
Viys Hysteresis of Schmitt trigger inputs 0.05Vc ™
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, V@ 250 ns
tsp Spikes suppressed by input filter 0 50
I Input current for each I/O pin 0.1V <V, < 0.9V -10 10 HA
C, Capacitance for each I/O pin 10 pF
fscL SCL clock frequency fogr @> max(10fgg, 250kHz) 0 400 kHz
100ns
fscL < 100kHz .
R Value of pull ist Vec 047 ' Q
alue of pull-up resistor ——
i i foL > 100kHzZ 3mA 300ns
Cp
fgoL < 100kHz 4.0
typsta | Hold time (repeated) START condition
fscL > 100kHz 0.6
fscL < 100kHz 4.7
tLow Low period of SCL clock
fscL > 100kHz 1.3
us
fsoL < 100kHz 4.0
thich High period of SCL clock
fscL > 100kHz 0.6
" Set-up time for a repeated START fscL < 100kHz 4.7
SU;STA it
condition foe, > 100kHz 0.6
fscL < 100kHz 0 3.45
tuppar | Data hold time
fscL > 100kHz 0 0.9
fsoL < 100kHz 250
tsupar = Data setup time
fscL > 100kHz 100
ps
fgoL < 100kHz 4.0
tsusto | Setup time for STOP condition
fscL > 100kHz 0.6
¢ Bus free time between a STOP and fsoL < 100kHz 4.7
BUF iti
START condition fsoL > 100kHz 13
Notes: Required only for fg > 100kHz.
Cy, = Capacitance of one bus line in pF.
foer = Peripheral clock frequency.
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Figure 33-41. Offset Error vs. V¢
T = 25°C, Vree = external 1.0V, ADC sample rate = 300ksps
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33.1.4 Analog Comparator Characteristics

Figure 33-42. Analog Comparator Hysteresis vs. V¢
Small hysteresis
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33.1.6 BOD Characteristics

Figure 33-47. BOD Thresholds vs. Temperature

BOD level = 1.6V
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Figure 33-48. BOD Thresholds vs. Temperature
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33.1.7 External Reset Characteristics

Figure 33-49. Minimum Reset Pin Pulse Width vs. V¢
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Figure 33-50. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
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Figure 33-76. Active Mode Supply Current vs. V¢
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Figure 33-77. Active Mode Supply Current vs. V¢

fsys = 32MHz internal oscillator prescaled to 8MHz
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Figure 33-132. 32MHz Internal Oscillator Frequency vs. Temperature
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33.2.8.5 32MHz Internal Oscillator Calibrated to 48MHz

Figure 33-138. 48MHz Internal Oscillator Frequency vs. Temperature
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Figure 33-139. 48MHz Internal Oscillator Frequency vs. Temperature

DFLL enabled, from the 32.768kHz internal oscillator
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Figure 33-159. Power-down Mode Supply Current vs. Temperature
Watchdog and sampled BOD enabled and running from internal ULP oscillator
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33.3.2 1/0 Pin Characteristics

33.3.2.1 Pull-up

Figure 33-160. 1/O Pin Pull-up Resistor Current vs. Input Voltage
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Figure 33-191. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
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Figure 33-192. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
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Figure 33-241.1/0 Pin Input Hysteresis vs. V¢
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33.4.3 ADC Characteristics

Figure 33-242.INL Error vs. External Vgge
T=25%C, V¢ = 3.6V, external reference
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Figure 33-245.DNL Error vs. External Vg,
T=25°%C, V¢ = 3.6V, external reference
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Figure 33-246.DNL Error vs. Sample Rate
T=25%C, Ve = 3.6V, Vg = 3.0V external
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33.5.4 Analog Comparator Characteristics

Figure 33-323. Analog Comparator Hysteresis vs. V¢
Small hysteresis
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Figure 33-324. Analog Comparator Hysteresis vs. V¢
Large hysteresis
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Figure 33-369.Power-down Mode Supply Current vs. Temperature
Watchdog and sampled BOD enabled and running from internal ULP oscillator
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33.6.2 1/0 Pin Characteristics

33.6.2.1 Pull-up

Figure 33-370.1/0 Pin Pull-up Resistor Current vs. Input Voltage
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Figure 34-6. Analog Comparator Voltage Scaler vs. Scalefac
T=25°C
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Problem fix/workaround
Use external voltage input for the analog comparator if accurate voltage levels are needed.

3. ADC gain stage cannot be used for single conversion

The ADC gain stage will not output correct result for single conversion that is triggered and started from soft-
ware or event system.

Problem fix/workaround
When the gain stage is used, the ADC must be set in free running mode for correct results.

4. ADC has increased INL error for some operating conditions
Some ADC configurations or operating condition will result in increased INL error.
In signed mode INL is increased to:
6LSB for sample rates above 130ksps, and up to 8LSB for 200ksps sample rate.
6LSB for reference voltage below 1.1V when V. is above 3.0V.
20LSB for ambient temperature below 0°C and reference voltage below 1.3V.
In unsigned mode, the INL error cannot be guaranteed, and this mode should not be used.
Problem fix/workaround

None, avoid using the ADC in the above configurations in order to prevent increased INL error. Use the ADC
in signed mode also for single ended measurements.

5. ADC gain stage output range is limited to 2.4V

The amplified output of the ADC gain stage will never go above 2.4V, hence the differential input will only
give correct output when below 2.4V/gain. For the available gain settings, this gives a differential input range
of:
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