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3.1 Block Diagram
Figure 3-1. XMEGA A3U block diagram.
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10. System Clock and Clock options
10.1 Features
e Fast start-up time
e Safe run-time clock switching
e |Internal oscillators:
— 32MHz run-time calibrated and tuneable oscillator
— 2MHz run-time calibrated oscillator
— 32.768kHz calibrated oscillator
— 32kHz ultra low power (ULP) oscillator with 1kHz output
e External clock options
— 0.4MHz - 16MHz crystal oscillator
— 32.768kHz crystal oscillator
— External clock
e PLL with 20MHz - 128MHz output frequency
— Internal and external clock options and 1x to 31x multiplication
— Lock detector
e Clock prescalers with 1x to 2048x division
e Fast peripheral clocks running at two and four times the CPU clock
e Automatic run-time calibration of internal oscillators
e External oscillator and PLL lock failure detection with optional non-maskable interrupt
10.2 Overview
Atmel AVR XMEGA A3U 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 10-1 on page 23 presents the principal clock system in the XMEGA A3U family of devices. 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 25.
/ItmeL XMEGA A3U [DATASHEET] 22
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12.4.2

12.4.3

1244

12.4.5

12.4.6

Brownout Detection

The on-chip brownout detection (BOD) circuit monitors the V. level during operation by comparing it to a fixed,
programmable level that is selected by the BODLEVEL fuses. If disabled, BOD is forced on at the lowest level
during chip erase and when the PDI is enabled.

External Reset

The external reset circuit is connected to the external RESET pin. The external reset will trigger when the
RESET pin is driven below the RESET pin threshold voltage, Vggy, for longer than the minimum pulse period,
texr. The reset will be held as long as the pin is kept low. The RESET pin includes an internal pull-up resistor.

Watchdog Reset

The watchdog timer (WDT) is a system function for monitoring correct program operation. If the WDT is not
reset from the software within a programmable timeout period, a watchdog reset will be given. The watchdog
reset is active for one to two clock cycles of the 2MHz internal oscillator. For more details see “WDT — Watchdog
Timer” on page 29.

Software Reset

The software reset makes it possible to issue a system reset from software by writing to the software reset bit in
the reset control register.The reset will be issued within two CPU clock cycles after writing the bit. It is not
possible to execute any instruction from when a software reset is requested until it is issued.

Program and Debug Interface Reset

The program and debug interface reset contains a separate reset source that is used to reset the device during
external programming and debugging. This reset source is accessible only from external debuggers and
programmers.

Atmel XMEGA A3U [DATASHEET] 28
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15.3.4 Bus-keeper

The bus-keeper’s weak output produces the same logical level as the last output level. It acts as a pull-up if the
last level was ‘1’, and pull-down if the last level was ‘0.

Figure 15-4. 1/O configuration - Totem-pole with bus-keeper.
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15.3.5 Others

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.
T
i
]
INn .
Pn
outn 4
XMEGA A3U [DATASHEET 34
Atmel [ ]

Atmel-8386E-AVR-XMEGA A3U-Datasheet_09/2014



24. USART
241 Features
e Seven identical USART peripherals
e Full-duplex operation
e Asynchronous or synchronous operation
— Synchronous clock rates up to 1/2 of the device clock frequency
— Asynchronous clock rates up to 1/8 of the device clock frequency
e Supports serial frames with 5, 6, 7, 8, or 9 data bits and 1 or 2 stop bits
e Fractional baud rate generator
— Can generate desired baud rate from any system clock frequency
— No need for external oscillator with certain frequencies
e Built-in error detection and correction schemes
— Odd or even parity generation and parity check
— Data overrun and framing error detection
— Noise filtering includes false start bit detection and digital low-pass filter
e Separate interrupts for
— Transmit complete
— Transmit data register empty
— Receive complete
e Multiprocessor communication mode
— Addressing scheme to address a specific devices on a multidevice bus
— Enable unaddressed devices to automatically ignore all frames
e Master SPI mode
— Double buffered operation
— Operation up to 1/2 of the peripheral clock frequency
e |[RCOM module for IrDA compliant pulse modulation/demodulation
24.2 Overview
The universal synchronous and asynchronous serial receiver and transmitter (USART) is a fast and flexible
serial communication module. The USART supports full-duplex communication and asynchronous and
synchronous operation. The USART can be configured to operate in SPI master mode and used for SPI
communication.
Communication is frame based, and the frame format can be customized to support a wide range of standards.
The USART is buffered in both directions, enabling continued data transmission without any delay between
frames. Separate interrupts for receive and transmit complete enable fully interrupt driven communication.
Frame error and buffer overflow are detected in hardware and indicated with separate status flags. Even or odd
parity generation and parity check can also be enabled.
The clock generator includes a fractional baud rate generator that is able to generate a wide range of USART
baud rates from any system clock frequencies. This removes the need to use an external crystal oscillator with
a specific frequency to achieve a required baud rate. It also supports external clock input in synchronous slave
operation.
When the USART is set in master SPI mode, all USART-specific logic is disabled, leaving the transmit and
receive buffers, shift registers, and baud rate generator enabled. Pin control and interrupt generation are
identical in both modes. The registers are used in both modes, but their functionality differs for some control
settings.
/ItmeL XMEGA A3U [DATASHEET] 47
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36.2.5 1/0 Pin Characteristics

The 1/O pins comply with the JEDEC LVTTL and LVCMOS specification and the high- and low level input and
output voltage limits reflect or exceed this specification.

Table 36-39. 1/0O pin characteristics.

Parameter Condition
low "/ . .
e I/O pin source/sink current -20 20 mA
oL
Vee =2.7-3.6V 2 Vct0.3
Viy High Level Input Voltage Ve =2.0-2.7V 0.7*V¢e Vcet+0.3 \
Vee = 1.6 -2.0V 0.8*"Ve Vct0.3
Voo =2.7- 3.6V -0.3 0.8
Vi Low Level Input Voltage Ve =2.0-2.7V -0.3 0.2*V¢e \Y
Vee=1.6-2.0V -0.3 0.2*V¢¢
Vg =3.0-3.6V lon = -2mA 2.4 0.19
lon = -1mMA 2.0 2.44
Vec=23-2.7V
lon = -2mA 1.7 2.37
Vou High Level Output Voltage V
Ve = 3.3V loy = -8mA 2.6 29
Ve = 3.0V lon = -6mMA 2.1 2.6
Ve = 1.8V lon = -2mA 1.4 1.6
Vee=3.0-3.6V loL =2mA 0.05 0.4
loL = TMA 0.03 0.4
Vee=23-2.7V
loL = 2mA 0.05 0.7
Voo Low Level Output Voltage \%
Ve =3.3V loL = 15mA 0.4 0.76
Ve = 3.0V loL = 10mA 0.3 0.64
Ve = 1.8V loL = 5mA 0.2 0.46
In Input Leakage Current T =25°C <0.01 0.1 pA
Rp Pull/Buss keeper Resistor 27 kQ
| 4
t, Rise time No load ns
‘ slew rate limitation 7

Notes: 1. The sum of all I for PORTA and PORTB must not exceed 100mA.
The sum of all I for PORTC, PORTD, PORTE must for each port not exceed 200mA.
The sum of all | for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all |, for pins PF[6-7] on PORTF, PORTR and PDI must not exceed 100mA.

2. The sum of all I, for PORTA and PORTB must not exceed 100mA.

The sum of all I, for PORTC, PORTD, PORTE must for each port not exceed 200mA.
The sum of all I, for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all |, for pins PF[6-7] on PORTF, PORTR and PDI must not exceed 100mA.
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36.3.5 1/0 Pin Characteristics

The 1/O pins comply with the JEDEC LVTTL and LVCMOS specification and the high- and low level input and
output voltage limits reflect or exceed this specification.

Table 36-71. 1/O pin characteristics.

Parameter Condition
low "/ . .
e I/O pin source/sink current -20 20 mA
oL
Vee =2.7-3.6V 2 Vct0.3
Viy High Level Input Voltage Ve =2.0-2.7V 0.7*V¢e Vcet+0.3 \
Vee = 1.6 -2.0V 0.8*"Ve Vct0.3
Voo =2.7- 3.6V -0.3 0.8
Vi Low Level Input Voltage Ve =2.0-2.7V -0.3 0.3*V¢e \Y
Vee=1.6-2.0V -0.3 0.2*V¢¢
Vg =3.0-3.6V lon = -2mA 2.4 0.94*V
IOH =-1mA 2.0 0'96*VCC
Vec=23-2.7V
lon = -2mA 1.7 0.92*V¢
Vou High Level Output Voltage V
Ve = 3.3V loy = -8mA 2.6 29
Ve = 3.0V lon = -6mMA 2.1 2.6
Ve = 1.8V lon = -2mA 1.4 1.6
Vee=3.0-3.6V loL =2mA 0.05*V¢¢ 0.4
loL = TMA 0.03*V¢¢ 0.4
Vee=23-2.7V
loL = 2mA 0.06*V¢¢ 0.7
Voo Low Level Output Voltage \%
Ve =3.3V loL = 15mA 0.4 0.76
Ve = 3.0V loL = 10mA 0.3 0.64
Ve = 1.8V loL = 5mA 0.3 0.46
In Input Leakage Current T =25°C <0.001 0.1 pA
Rp Pull/Buss keeper Resistor 27 kQ
| 4
t, Rise time No load ns
‘ slew rate limitation 7

Notes: 1. The sum of all I for PORTA and PORTB must not exceed 100mA.
The sum of all I for PORTC, PORTD, PORTE must for each port not exceed 200mA.
The sum of all | for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all |, for pins PF[6-7] on PORTF, PORTR and PDI must not exceed 100mA.

2. The sum of all I, for PORTA and PORTB must not exceed 100mA.

The sum of all I, for PORTC, PORTD, PORTE must for each port not exceed 200mA.
The sum of all I, for pins PF[0-5] on PORTF must not exceed 200mA.
The sum of all |, for pins PF[6-7] on PORTF, PORTR and PDI must not exceed 100mA.
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Table 36-78. Accuracy characteristics.

Symbol = Parameter Condition
RES Input Resolution 12 Bits
Ve = 1.6V 2.0 +3
Vrer= Ext 1.0V
Vee = 3.6V 1.5 2.5
Vee = 1.6V 2.0 +4
INL " Integral non-linearity Veer=AVcc Isb
Ve = 3.6V 1.5 +4
Vee = 1.6V 5.0
Vree=INT1V
Ve = 3.6V 5.0
Vee = 1.6V 1.5 3
Vzer=Ext 1.0V
Vee = 3.6V 0.6 1.5
Ve = 1.6V 1.0 3.5
DNL (" Differential non-linearity Vrer=AVcc Isb
Ve = 3.6V +0.6 1.5
Vee=1.6V 4.5
Vree=INT1V
Ve = 3.6V 4.5
Gain error After calibration <4 Isb
Gain calibration step size 4 Isb
Gain calibration drift Vrer= Ext 1.0V <0.2 mV/K
Offset error After calibration <1 Isb
Offset calibration step size 1
Note: 1. Maximum numbers are based on characterisation and not tested in production, and valid for 5% to 95% output voltage range.
36.3.8 Analog Comparator Characteristics
Table 36-79. Analog Comparator characteristics.
Symbol = Parameter Condition Min. Typ. Max. Units
Vo Input Offset Voltage <+10 mV
I Input Leakage Current <1 nA
Input voltage range -0.1 AV¢c Vv
AC startup time 100 ps
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
XMEGA A3U [DATASHEET 126
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36.3.15 SPI Characteristics

Figure 36-19. SPI timing requirements in master mode.
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Figure 36-20. SPI timing requirements in slave mode.
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Table 36-117. Programming time.

Symbol | Parameter Condition

Chip Erase 256KB Flash, EEPROM ®) and SRAM Erase 105 ms

Application Erase Section erase 6 ms
Page Erase 4

Flash Page Write 4 ms
Atomic Page Erase and Write 8
Page Erase 4

EEPROM Page Write 4 ms
Atomic Page Erase and Write 8

Notes: 1. Programming is timed from the 2MHz internal oscillator.
2. EEPROM is not erased if the EESAVE fuse is programmed.

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, Vo= 3.0V -0.5 0.5 %

User calibration accuracy -0.5 0.5 ms

36.4.14.2 Calibrated 2MHz RC Internal Oscillator characteristics

Table 36-119. 2MHz internal oscillator characteristics.

Parameter Condition
DFLL can tune to this frequency over

Frequency range voltage and temperatureq y 1.8 2.2 MHz

Factory calibrated frequency 2.0 MHz

Factory calibration accuracy T =85°C, Vo= 3.0V -1.5 1.5 %

User calibration accuracy -0.2 0.2 %

DFLL calibration stepsize 0.22 %
XMEGA A3U [DATASHEET 151
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Figure 37-11. Idle mode supply current vs. V..
fsys = 1TMHz external clock.
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Figure 37-12. Idle mode supply current vs. V.
fsys = 2MHz internal oscillator.
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37.1.5 Analog Comparator Characteristics

Figure 37-51. Analog comparator hysteresis vs. V¢
High-speed, small hysteresis.
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Figure 37-52. Analog comparator hysteresis vs. Vc.
Low power, small hysteresis.
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Figure 37-82. SDA hold time vs. supply voltage.
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37.1.12 PDI characteristics

Figure 37-83. Maximum PDI frequency vs. V.
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Figure 37-108. 1/O pin output voltage vs. source current.
Ve = 3.3V.
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Figure 37-109. 1/O pin output voltage vs. source current.
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Figure 37-140. Voltage scaler INL vs. SCALEFAC.
T =25, Vg = 3.0V.
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37.2.6 Internal 1.0V reference Characteristics

Figure 37-141. ADC/DAC Internal 1.0V reference vs. temperature.
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37.3 ATxmega192A3U

37.3.1 Current consumption

37.3.1.1 Active mode supply current

Figure 37-167. Active supply current vs. frequency.
fsys = 0 - 1MHz external clock, T = 25°C.
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Figure 37-168. Active supply current vs. frequency.
fsys = 1 - 32MHz external clock, T = 25°C.
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Figure 37-187. 1/O pin pull-up resistor current vs. input voltage.
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Figure 37-188. /O pin pull-up resistor current vs. input voltage.
Ve =3.3V.
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37.3.8 External Reset Characteristics

Figure 37-227. Minimum Reset pin pulse width vs. V..
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Figure 37-228. Reset pin pull-up resistor current vs. reset pin voltage.
Ve = 1.8V.
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Figure 37-258. Idle mode supply current vs. frequency.
fsys = 1- 32MHz external clock, T = 25°C.
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Figure 37-259. Idle mode supply current vs. V.
fsys = 32.768kHz internal oscillator.
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Figure 37-321. 2MHz internal oscillator frequency vs. temperature.
DFLL enabled, from the 32.768kHz internal oscillator.
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Figure 37-322. 2MHz internal oscillator CALA calibration step size.
Ve = 3V.
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