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Figure 2-2. BGA pinout
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Table 2-1. BGA pinout
1 2 3 4 5 (] 7
A PA3 AVCC GND PR1 PRO PDI_DATA PE3
RESET/
B PA4 PA1 PAO GND PE2 VCC
PDI_CLK

C PA5 PA2 PA6 PA7 GND PE1 GND
D PB1 PB2 PB3 PBO GND PD7 PEO
E GND GND PC3 GND PD4 PD5 PD6
F VCC PCO PC4 PC6 PDO PD1 PD3
G PC1 PC2 PC5 PC7 GND VCC PD2
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Figure 10-1. The clock system, clock sources and clock distribution.
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10.3 Clock Sources

The clock sources are divided in two main groups: internal oscillators and external clock sources. Most of the clock
sources can be directly enabled and disabled from software, while others are automatically enabled or disabled,
depending on peripheral settings. After reset, the device starts up running from the 2MHz internal oscillator. The other
clock sources, DFLLs and PLL, are turned off by default.

The internal oscillators do not require any external components to run. For details on characteristics and accuracy of
the internal oscillators, refer to the device datasheet.

10.3.1 32kHz Ultra Low Power Internal Oscillator

This oscillator provides an approximate 32kHz clock. The 32kHz ultra low power (ULP) internal oscillator is a very low
power clock source, and it is not designed for high accuracy. The oscillator employs a built-in prescaler that provides
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Figure 15-4. 1/0 configuration - Totem-pole with bus-keeper.
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Figure 15-5. Output configuration - Wired-OR with optional pull-down.
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Figure 15-6. 1/O configuration - Wired-AND with optional pull-up.
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Figure 30-1. Analog comparator overview.
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The window function is realized by connecting the external inputs of the two analog comparators in a pair as shown in
Figure 30-2.

Figure 30-2. Analog comparator window function.
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Table 36-28. External clock with prescaler ('for system clock.

Symbol | Parameter Condition

Vee=1.6-1.8V 0 90

ek 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.

36.1.14.7 External 16MHz crystal oscillator and XOSC characteristic

Table 36-29. External 16MHz crystal oscillator and XOSC characteristics.

Symbol @ Parameter Condition
FRQRANGE=0 <10
XOSCPWR=0
Cycle to cycle jitter FRQRANGE=1, 2, or 3 <1.0 ns
XOSCPWR=1 <1.0
FRQRANGE=0 <6.0
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
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36.1.15 SPI Characteristics

Figure 36-5. SPI timing requirements in master mode.
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Figure 36-6. SPI timing requirements in slave mode.
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36.4.14 Clock and Oscillator Characteristics

36.4.14.1 Calibrated 32.768kHz Internal Oscillator characteristics

Table 36-118. 32.768kHz internal oscillator characteristics.

Parameter Condition

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

36.4.14.2 Calibrated 2MHz RC Internal Oscillator characteristics

Table 36-119. 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 %
36.4.14.3 Calibrated and tunable 32MHz internal oscillator characteristics
Table 36-120. 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 %
36.4.14.4 32kHz Internal ULP Oscillator characteristics
Table 36-121. 32kHz internal ULP oscillator characteristics.

Symbol = Parameter Condition Min. Typ. Max. Units
Output frequency 32 kHz
Accuracy -30 30 %
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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
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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.
XMEGA A4U [DATASHEET] 151

Atmel

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



Figure 37-13. Idle mode supply current vs. V.
fsys = 32MHz internal oscillator prescaled to 8VIHz.
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Figure 37-14. Idle mode current vs. V.
fsys = 32MHz internal oscillator.
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Figure 37-34. 1/0 pin input threshold voltage vs. V.
V), I/O pin read as “0”.
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Figure 37-35. I/0 pin input hysteresis vs. V.
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37.1.8 External Reset Characteristics

Figure 37-62. Minimum Reset pin pulse width vs. V..
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Figure 37-63. Reset pin pull-up resistor current vs. reset pin voltage.
Ve = 1.8V.

72
64 \
56 ~

; %\\

24 \\
40°C

16 25 °G
8 85°C
105 °C

IreseT [UA]

0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Vreset [V]

XMEGA A4U [DATASHEET)] 189

Atl Y |eL Atmel-8387H-AVR-ATxmega16A4U-34A4U-64A4U-128A4U-Datasheet_09/2014



Figure 37-72. 32.768kHz internal oscillator frequency vs. calibration value.
Ve = 3.0V, T=25°C.
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37.1.10.3 2MHz Internal Oscillator

Figure 37-73. 2MHz internal oscillator frequency vs. temperature.
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Figure 37-107. 1/O pin pull-up resistor current vs. input voltage.
Ve = 3.3V.
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37.2.2.2 Output Voltage vs. Sink/Source Current

Figure 37-108. I/O pin output voltage vs. source current.
Ve = 1.8V.
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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 37-281. 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 37-291. 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 37-313. BOD thresholds vs. temperature.
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37.4.8 External Reset Characteristics

Figure 37-314. Minimum Reset pin pulse width vs. V¢
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