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Figure 9-1. The Clock System, Clock Sources and Clock Distribution
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9.3 Clock Sources
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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.
9.3.1  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 a
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10.3.3 Power-save Mode
Power-save mode is identical to power down, with one exception. If the real-time counter (RTC) is enabled, it will keep
running during sleep, and the device can also wake up from either an RTC overflow or compare match interrupt.
10.3.4 Standby Mode
Standby mode is identical to power down, with the exception that the enabled system clock sources are kept running
while the CPU, peripheral, and RTC clocks are stopped. This reduces the wake-up time.

10.3.5 Extended Standby Mode

Extended standby mode is identical to power-save mode, with the exception that the enabled system clock sources are
kept running while the CPU and peripheral clocks are stopped. This reduces the wake-up time.
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11. System Control and Reset
1.1 Features
e Reset the microcontroller and set it to initial state when a reset source goes active
e Multiple reset sources that cover different situations
e Power-on reset
e External reset
e \Watchdog reset
e Brownout reset
e PDI reset
e Software reset
e Asynchronous operation
e No running system clock in the device is required for reset
e Reset status register for reading the reset source from the application code
11.2 Overview
The reset system issues a microcontroller reset and sets the device to its initial state. This is for situations where
operation should not start or continue, such as when the microcontroller operates below its power supply rating. If a reset
source goes active, the device enters and is kept in reset until all reset sources have released their reset. The 1/O pins
are immediately tri-stated. The program counter is set to the reset vector location, and all I/O registers are set to their
initial values. The SRAM content is kept. However, if the device accesses the SRAM when a reset occurs, the content of
the accessed location can not be guaranteed.
After reset is released from all reset sources, the default oscillator is started and calibrated before the device starts
running from the reset vector address. By default, this is the lowest program memory address, 0, but it is possible to
move the reset vector to the lowest address in the boot section.
The reset functionality is asynchronous, and so no running system clock is required to reset the device. The software
reset feature makes it possible to issue a controlled system reset from the user software.
The reset status register has individual status flags for each reset source. It is cleared at power-on reset, and shows
which sources have issued a reset since the last power-on.
11.3 Reset Sequence
A reset request from any reset source will immediately reset the device and keep it in reset as long as the request is
active. When all reset requests are released, the device will go through three stages before the device starts running
again:
e Reset counter delay
e  Oscillator startup
e  Oscillator calibration
If another reset requests occurs during this process, the reset sequence will start over again.
XMEGA D4 [DATASHEET 24
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14. 1/O Ports

14.1 Features
e 34 general purpose input and output pins with individual configuration
e Output driver with configurable driver and pull settings:
e Totem-pole
o Wired-AND
e Wired-OR
o Bus-keeper
e |Inverted I/O
e Input with synchronous and/or asynchronous sensing with interrupts and events
e Sense both edges
e Sense rising edges
e Sense falling edges
e Sense low level
Optional pull-up and pull-down resistor on input and Wired-OR/AND configurations
Asynchronous pin change sensing that can wake the device from all sleep modes

Two port interrupts with pin masking per I/O port

Efficient and safe access to port pins
e Hardware read-modify-write through dedicated toggle/clear/set registers
e Configuration of multiple pins in a single operation
e Mapping of port registers into bit-accessible /O memory space

Peripheral clocks output on port pin
Real-time counter clock output to port pin
Event channels can be output on port pin

Remapping of digital peripheral pin functions
e Selectable USART, SPI, and timer/counter input/output pin locations

14.2 Overview

One port consists of up to eight port pins: pin 0 to 7. Each port pin can be configured as input or output with configurable
driver and pull settings. They also implement synchronous and asynchronous input sensing with interrupts and events for
selectable pin change conditions. Asynchronous pin-change sensing means that a pin change can wake the device from
all sleep modes, included the modes where no clocks are running.

All functions are individual and configurable per pin, but several pins can be configured in a single operation. The pins
have hardware read-modify-write (RMW) functionality for safe and correct change of drive value and/or pull resistor
configuration. The direction of one port pin can be changed without unintentionally changing the direction of any other
pin.

The port pin configuration also controls input and output selection of other device functions. It is possible to have both the
peripheral clock and the real-time clock output to a port pin, and available for external use. The same applies to events
from the event system that can be used to synchronize and control external functions. Other digital peripherals, such as
USART, SPI, and timer/counters, can be remapped to selectable pin locations in order to optimize pin-out versus
application needs.

The notation of the ports are PORTA, PORTB, PORTC, PORTD, PORTE, and PORTR.
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28.2 Alternate Pin Functions

The tables below show the primary/default function for each pin on a port in the first column, the pin number in the
second column, and then all alternate pin functions in the remaining columns. The head row shows what peripheral that
enable and use the alternate pin functions.

For better flexibility, some alternate functions also have selectable pin locations for their functions, this is noted under the
first table where this apply.

Table 28-1. Port A - Alternate Functions

ADCA ADCA ADCA
PORTA | PIN# | INTERRUPT A POS/GAINPOS NEG GAINNEG ACAPOS ACANEG ACAOUT REFA
GND 38
AVCC 39
PAO 40 SYNC ADCO ADCO ACO ACO AREF
PA1 41 SYNC ADC1 ADC1 AC1 AC1
PA2 42 SYNCI/ASYNC ADC2 ADC2 AC2
PA3 43 SYNC ADC3 ADC3 AC3 AC3
PA4 44 SYNC ADC4 ADC4 AC4
PA5 1 SYNC ADC5 ADC5 AC5 AC5
PA6 2 SYNC ADC6 ADC6 AC6
PA7 3 SYNC ADC7 ADC7 AC7 ACOOUT

Table 28-2. Port B - Alternate Functions

PORTB | PIN# | INTERRUPT ADCAPOS/GAINPOS REFB
PBO 4 SYNC ADC8 AREF
PB1 5 SYNC ADC9
PB2 6 SYNC/ASYNC ADC10
PB3 7 SYNC ADC11
AtmeL XMEGA D4 [DATASHEET] 51
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30. Instruction Set Summary

Mnemonics

Operands

Description

Operation

Flags

#Clocks

INC

DEC

TST

MULS

MULSU

FMUL

FMULS

FMULSU

RJMP

IUMP

EIJMP

RCALL

Atmel

Add without Carry

Add with Carry

Add Immediate to Word
Subtract without Carry
Subtract Immediate

Subtract with Carry

Subtract Immediate with Carry
Subtract Immediate from Word
Logical AND

Logical AND with Immediate
Logical OR

Logical OR with Immediate
Exclusive OR

One’s Complement

Two’s Complement

Set Bit(s) in Register

Clear Bit(s) in Register
Increment

Decrement

Test for Zero or Minus

Clear Register

Set Register

Multiply Unsigned

Multiply Signed

Multiply Signed with Unsigned
Fractional Multiply Unsigned

Fractional Multiply Signed

Fractional Multiply Signed with Unsigned

Relative Jump

Indirect Jump to (Z)

Extended Indirect Jump to (Z)

Jump

Relative Call Subroutine

Arithmetic and Logic Instructions

R1:R0

R1:RO

R1:R0

R1:RO

R1:R0

R1:RO

Branch instructions

PC

PC(15:0)
PC(21:16)

PC(15:0)
PC(21:16)

PC

PC

Rd + Rr

Rd +Rr+C
Rd + 1:Rd + K
Rd - Rr

Rd - K
Rd-Rr-C
Rd-K-C

Rd + 1:Rd - K
Rd e Rr

Rd e K

Rd v Rr

Rd v K

Rd @ Rr

$FF - Rd

$00 - Rd

Rd v K

Rd e ($FFh - K)
Rd +1

Rd - 1

Rd ¢ Rd

Rd ® Rd

$FF

Rd x Rr (UU)
Rd x Rr (SS)
Rd x Rr (SU)
Rd x Rr<<1 (UU)
Rd x Rr<<1 (SS)

Rd x Rr<<1 (SU)

PC+k+1

PC+k+1
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Z,CN,\V,SH
Z,CN,\V,SH
ZCN)\V,S
Z,CN,\V,SH
Z,CN,\V,SH
Z,CN,\V,SH
Z,CN,\V,SH
ZCN\V,S
ZN,V,S
ZN,\V,S
ZN,V,S
ZN,\V,S
ZN,V,S
ZCN)\V,S
Z,CN,\V,SH
ZN,\V,S
ZN,V,S
ZN,\V,S
ZN,V,S
ZN,\V,S
ZN,V,S

None

None

None

None

None

None
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32.2.13.5 Internal Phase Locked Loop (PLL) Characteristics

Table 32-51. Internal PLL Characteristics

Symbol @ Parameter Condition
fin Input frequency Output frequency must be within fo 1 0.4 64
Vee=1.6 - 1.8V 20 48 MHz
four  Output frequency'”
V= 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.

32.2.13.6External Clock Characteristics

Figure 32-10.External Clock Drive Waveform
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Table 32-52. External Clock'"

Parameter Condition
Ve =1.6-1.8V 0 90
1ftgx  Clock frequency®) MHz
Voo =2.7 - 3.6V 0 142
Vee=1.6-1.8V 11
tok Clock period
Vee =2.7 - 3.6V 7.0
ns
Ve =1.6-1.8V 4.5
tehicL Clock high/low time
Vec =2.7-3.6V 24
ViuH Low/high level input voltage See Table 32-7 on page 69 \Y
Reduction in period time from one o
Alek clock cycle to the next (Y k
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 1.8V and 2.7V, and the same applies for all other parameters with supply voltage conditions.
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Table 32-66. Accuracy Characteristics

Parameter Condition
RES Resolution Programmable to 8 or 12 bit 8 12 12 Bits
V1.0V < Vgee< Ve-0.6V +1.2 +3
50ksps
All Vger 1.5 14
INL() Integral non-linearity
V1.0V < Vgge< Vc-0.6V 1.0 13 Isb
200ksps
All Ve +1.5 14
DNL" Differential non-linearity guaranteed monotonic <#0.8 <#1
-1 mV
Offset error Temperature drift <0.01 mV/K
Operating voltage drift <0.6 mV/V
External reference -1
Differential AVcc/1.6 10
de mV
mo AVc/2.0 8
Gain error
Bandgap 5
Temperature drift <0.02 mV/K
Operating voltage drift <0.5 mV/V
Noise Differential mode, shorted input 04 mV
200ksps, V¢ = 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 Vgge is used.
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32.3.13.6 External Clock Characteristics

Figure 32-17.External Clock Drive Waveform
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Table 32-80. External Clock Used as System Clock without Prescaling

Parameter Condition

Veec=1.6-1.8V 0 12

ek Clock frequency”
Ve =2.7-3.6V 0 32
Vee=1.6-1.8V 83.3

tek Clock period
Vee =2.7-3.6V 31.5
Ve =1.6-1.8V 30.0

ten Clock high time
Ve =2.7-3.6V 12.5
Vee=1.6-1.8V 30.0

toL Clock low time

Ve =2.7-3.6V 12.5
Vee=1.6-1.8V 10

tcr Rise time (for maximum frequency)
Vee =2.7-3.6V 3
Ve =1.6-1.8V 10

ter Fall time (for maximum frequency)
Ve =2.7-3.6V 3

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

Note: 1. System Clock Prescalers must be set so that maximum CPU clock frequency for device is not exceeded.

Atmel
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Figure 33-35. I/0 Pin Input Hysteresis vs. V¢
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33.1.3 ADC Characteristics

Figure 33-36. INL Error vs. External Vgge
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Figure 33-171. Idle Mode Supply Current vs. V¢

fsys = 32MHz internal oscillator prescaled to 8MHz
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Figure 33-172. Idle Mode Current vs. V¢
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Figure 33-197. DNL Error vs. External Vg
T=25°%C, V¢ = 3.6V, external reference
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Figure 33-198. DNL Error vs. Sample rate
T=25°%C, V¢ = 2.7V, Vgee = 1.0V external
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Figure 33-201. Gain Error vs. V¢
T = 25°C, Vger = external 1.0V, ADC sampling speed = 500ksps
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Figure 33-202. Offset Error vs. Vggpe
T=25%C, V¢ = 3.6V, ADC sampling speed = 500ksps

-1.0

-1.1

1.1

'
-
N

'
-
N

Differential moc

'

N

w
)

-1.3

Offset Error [mV]

'
N
N

-1.4

-1.5

-1.5

1.0 1.2 14 1.6 1.8 2.0 22 24 26 2.8 3.0

Vref[V]

Atmel XMEGA D4 [DATASHEET] 245

Atmel-8135S-AVR-ATxmega16D4-32D4-64D4-128D4-Datasheet-09/2016



Figure 33-273. 1/0 Pin Output Voltage vs. Sink Current
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33.4.2.3 Thresholds and Hysteresis

Figure 33-274. 1/0 Pin Input Threshold Voltage vs. V¢
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Figure 33-297. Analog Comparator Hysteresis vs. V¢
Low power, large hysteresis
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Figure 33-298. Analog Comparator Current Source vs. Calibration Value
Temperature = 25°C
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Figure 33-303. BOD Thresholds vs. Temperature
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33.4.8 External Reset Characteristics

Figure 33-304. Minimum Reset Pin Pulse Width vs. V¢
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35.9 8135K -06/2012
1. ATxmega64D4-CU is added in “Ordering Information” on page 2

35.10 8135J - 12/10

1. Datasheet status changed to complete: Preliminary removed from the front page.

Updated all tables in the “Electrical Characteristics” on page 64.

Replaced Table 31-11 on page 64.

Replaced Table 31-17 on page 65 and added the figure "TOSC input capacitance” on page 66.
Updated ERRATA ADC (ADC has increased INL for some operating conditions).

Updated ERRATA "rev. A/B” on page 90 with TWIE (TWIE is not available).

NSl O R < g

Updated the last page with Atmel new Brand Style Guide.

35.11 81351-10/10

1. Updated Table 31-1 on page 58.

35.12 8135H - 09/10

1. Updated "Errata” on page 90.

35.13 8135G - 08/10

1. Updated the Footnote 3 of "Ordering Information” on page 2.

All references to CRC removed. Updated Figure 3-1 on page 7.

Updated "Features” on page 26. Event Channel 0 output on port pin 7.

Updated "DC Characteristics” on page 58 by adding Icc for Flash/EEPROM Programming.
Added AVCC in "ADC Characteristics” on page 62.

Updated Start up time in "ADC Characteristics” on page 62.

NS o R WS

Updated and fixed typo in “Errata” section.
35.14 8135F - 02/10

1. Added "PDI Speed” on page 89.
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