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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"
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AVR

8/16-Bit

32MHz

I2C, IrDA, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
34

32KB (16K x 16)

FLASH

1K x 8

4K x 8

1.6V ~ 3.6V

A/D 12x12b

Internal

-40°C ~ 85°C

Surface Mount

44-VFQFN Exposed Pad
44-VQFN (7x7)
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Flash EEPROM SRAM Speed Power

Ordering Code (Bytes) (Bytes) (Bytes) (MHz) Supply Package
ATxmega128D4-AN 128K + 8K 2K 8K
ATxmega128D4-ANR“) 128K + 8K 2K 8K
ATxmega64D4-AN 64K + 4K 2K 4K
ATxmega64D4-ANR*) 64K + 4K 2K 4K
ATxmega32D4-AN 32K + 4K 1K 4K A
ATxmega32D4-ANR?) 32K + 4K 1K 4K
ATxmega16D4-AN 16K + 4K 1K 2K
ATxmega16D4-ANR*) 16K + 4K 1K 2K

32 1.6-3.6V -40°C - 105°C
ATxmega128D4-M7 128K + 8K 2K 8K
ATxmega128D4-M7R“) 128K + 8K 2K 8K
ATxmega64D4-M7 64K + 4K 2K 4K
ATxmega64D4-M7R*) 64K + 4K 2K 4K
ATxmega32D4-M7 32K + 4K 1K 4K A
ATxmega32D4-M7R*) 32K + 4K 1K 4K
ATxmega16D4-M7 16K + 4K 1K 2K
ATxmega16D4-M7R*) 16K + 4K 1K 2K
Notes: This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information.

1
2. Pb-free packaging, complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also Halide free and fully Green.
3. For packaging information see "Packaging information” on page 64.

4. Tape and Reel.

Package type

44A 44-lead, 10*10mm body size, 1.0mm body thickness, 0.8mm lead pitch, thin profile plastic quad flat package (TQFP)
44M1 44-Pad, 7*7*1mm body, lead pitch 0.50mm, 5.20mm exposed pad, thermally enhanced plastic very thin quad no lead package (VQFN)
49C2 49-ball (7 * 7 Array), 0.65mm pitch, 5.0*5.0*1.0mm, very thin, fine-pitch ball grid array package (VFBGA)

Typical Applications

Industrial control Climate control Low power battery applications
Factory automation RF and ZigBee® Power tools
Building control USB connectivity HVAC
Board control Sensor control Utility metering
White goods Optical Medical applications
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4.1

Resources

A comprehensive set of development tools, application notes and datasheets are available for download on
http://www.atmel.com/avr.

Recommended Reading
e Atmel AVYR XMEGA D manual
e XMEGA application notes
This device data sheet only contains part specific information with a short description of each peripheral and module. The

XMEGA D manual describes the modules and peripherals in depth. The XMEGA application notes contain example code
and show applied use of the modules and peripherals.

All documentations are available from www.atmel.com/avr.

Capacitive Touch Sensing

The Atmel QTouch library provides a simple to use solution to realize touch sensitive interfaces on most Atmel AVR
microcontrollers. The patented charge-transfer signal acquisition offers robust sensing and includes fully debounced
reporting of touch keys and includes Adjacent Key Suppression® (AKS®) technology for unambiguous detection of key
events. The QTouch library includes support for the QTouch and QMatrix acquisition methods.

Touch sensing can be added to any application by linking the appropriate Atmel QTouch library for the AVR
microcontroller. This is done by using a simple set of APIs to define the touch channels and sensors, and then calling the
touch sensing API’s to retrieve the channel information and determine the touch sensor states.

The QTouch library is FREE and downloadable from the Atmel website at the following location:
http://www.atmel.com/tools/QTOUCHLIBRARY .aspx. For implementation details and other information, refer to the
QTouch library user guide - also available for download from the Atmel website.

Atmel XMEGA D4 [DATASHEET] 8
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19. RTC - 16-bit Real-Time Counter

19.1 Features
® 16-bit resolution

e Selectable clock source
e 32.768kHz external crystal
e External clock
o 32.768kHz internal oscillator
o 32kHz internal ULP oscillator

Programmable 10-bit clock prescaling
One compare register

One period register

Clear counter on period overflow

Optional interrupt/event on overflow and compare match

19.2 Overview

The 16-bit real-time counter (RTC) is a counter that typically runs continuously, including in low-power sleep modes, to
keep track of time. It can wake up the device from sleep modes and/or interrupt the device at regular intervals.

The reference clock is typically the 1.024kHz output from a high-accuracy crystal of 32.768kHz, and this is the
configuration most optimized for low power consumption. The faster 32.768kHz output can be selected if the RTC needs
a resolution higher than 1ms. The RTC can also be clocked from an external clock signal, the 32.768kHz internal
oscillator or the 32kHz internal ULP oscillator.

The RTC includes a 10-bit programmable prescaler that can scale down the reference clock before it reaches the
counter. A wide range of resolutions and time-out periods can be configured. With a 32.768kHz clock source, the
maximum resolution is 30.5us, and time-out periods can range up to 2000 seconds. With a resolution of 1s, the
maximum timeout period is more than18 hours (65536 seconds). The RTC can give a compare interrupt and/or event
when the counter equals the compare register value, and an overflow interrupt and/or event when it equals the period
register value.

Figure 19-1. Real-time Counter Overview
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23. IRCOM - IR Communication Module

23.1 Features
o Pulse modulation/demodulation for infrared communication
e IrDA compatible for baud rates up to 115.2kbps

e Selectable pulse modulation scheme
e 3/16 of the baud rate period
e Fixed pulse period, 8-bit programmable
e Pulse modulation disabled

Built-in filtering

Can be connected to and used by any USART

23.2 Overview

Atmel AVR XMEGA devices contain an infrared communication module (IRCOM) that is IrDA compatible for baud rates
up to 115.2Kbps. It can be connected to any USART to enable infrared pulse encoding/decoding for that USART.

Atmel XMEGA D4 [DATASHEET] 42

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



31. Packaging information

311 44A
PIN 1 IDENTIFIER
ATRTRTNIRVAATAL
PIN1 —[% =
e, = =B
fi E;} E1 E
ooy v
- D
C— go~7° V *
}
\j Al A2 LA
- L

COMMON DIMENSIONS

(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE

A - - 1.20

Al 0.05 - 0.15

A2 0.95 1.00 1.05

D 11.75 12.00 12.25
D1 9.90 10.00 | 10.10 | Note 2

Notes: E 11.75 | 12,00 | 1225
1. This package conforms to JEDEC reference MS-026, Variation ACB. E1 9.90 10.00 | 10.10 | Note 2

2. Dimensions D1 and E1 do not include mold protrusion. Allowable B 0.30 037 045

protrusion is 0.25mm per side. Dimensions D1 and E1 are maximum : : :
plastic body size dimensions including mold mismatch. C 0.09 (0.17) 0.20
3. Lead coplanarity is 0.10mm maximum. L 0.45 0.60 0.75
e 0.80 TYP
06/02/2014
TITLE DRAWING NO.[ REV.
/It m e[ Package Drawing Contact: 44A, 44-lead, 10 x 10mm body size, 1.0mm body thickness, 44A c
packagedrawings@atmel.com 0.8 mm lead pitch, thin profile plastic quad flat package (TQFP)
XMEGA D4 [DATASHEET] 61
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Table 32-10. Accuracy Characteristics

Parameter

Condition

Differential 12 12
RES Resolution 12-bit resolution Single ended signed 11 11 Bits
Single ended unsigned 12 12
16ksps, Vger = 3V 0.5 1
16ksps, all Vrer 0.8 2
Differential mode
200ksps, Vger = 3V 0.6 1
INL) Integral non-linearity
200ksps, all Vger 1 2
Single ended 16ksps, Vggr = 3.0V 0.5 1
igned mod
unsigned mode  16ksps, all Viger 1.3 2 "
S
16ksps, Vger = 3V 0.3 1
16ksps, all Vrer 0.5 1
Differential mode
200ksps, Vger = 3V 0.35 1
DNL™ Differential non-linearity
200ksps, all Vger 0.5 1
Single ended 16ksps, Vggr = 3.0V 0.6 1
igned mod
unsigned mode — 16ksps, all Vier 06 1
8 mV
Offset Error Differential mode = Temperature drift 0.01 mV/K
Operating voltage drift 0.25 mV/V
External reference -5
AVc/1.6 -5
mV
AVc/2.0 -6
Differential mode
Bandgap +10
Temperature drift 0.02 mV/K
Operating voltage drift 2 mV/V
Gain Error
External reference -8
AVc/1.6 -8
mV
Single ended AVcc/2.0 -8
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.
XMEGA D4 [DATASHEET] 71
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32.2.6 ADC Characteristics

Table 32-36. Power Supply, Reference and Input Range

Parameter Condition
AVic Analog supply voltage Vee- 0.3 Vet 0.3 v
VRer Reference voltage 1 AV 0.6
Rin Input resistance Switched 4.5 kQ
Ci, Input capacitance Switched 5 pF
RaRer Reference input resistance (leakage only) >10 MQ
CaRer Reference input capacitance  Static load 7 pF
Vin Input range 0 Vrer
Conversion range Differential mode, Vinp - Vinn -VRrer Vrer \Y
Conversion range Single ended unsigned mode, Vinp -AV Vrep-AV
AV Fixed offset voltage 200 LSB

Table 32-37. Clock and Timing

Symbol Parameter Condition
]Ic\/IaX|mum is 1/4 of peripheral clock 100 1800
Clkapc ADC clock frequency G kHz
Measuring internal signals 125
fokanc Sample rate 300
Current limitation (CURRLIMIT) off 300
CURRLIMIT = LOW 16 250 ksps
fanc Sample rate
CURRLIMIT = MEDIUM 150
CURRLIMIT = HIGH 50
N Configurable in steps of 1/2 Clkpc cycles
Sampling time up 1o 32 Clkypc cycles 0.28 320 us
N (RES+1)/2 + GAIN
SRR teney) RES (Resolution) = 8 or 12, GAIN=0 to 3 6D iy
Start-up time ADC clock cycles 12 24 cycles
ADC settling time After changing reference or input mode 7 7
XMEGA D4 [DATASHEET 89
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32.3.5 1/0 Pin Characteristics

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

Table 32-63. I/O Pin Characteristics

Symbol | Parameter Condition
)
||°H(2)/ I/0 pin source/sink current -15 15 mA
oL
Ve =2.7-3.6V 2 Vcct0.3 V
Viy High level input voltage Ve =2.0-2.7V 0.7*V¢e Vcc+0.3
Vee =1.6-2.0V 0.7*V¢e Vcc+0.3
Ve =2.7- 3.6V -0.3 0.3*V¢e
Vi Low level input voltage Ve =2.0-2.7V -0.3 0.3*V¢e
Ve =1.6-2.0V -0.3 0.3*V¢e
Vee =3.0- 3.6V lon = -2mA 24 0.94*Vc
Vee = 3.3V lon = -4mA 26 29
Vou High level output voltage
Ve = 3.0V lon = -3mA 2.1 2.6
Ve = 1.8V lon = -1mA 1.4 1.6
Vee =3.0- 3.6V loL =2mA 0.05*V¢¢ 0.4
Vee = 3.3V loL = 8mA 0.4 0.76
VoL Low level output voltage
Ve = 3.0V loL = 5mA 0.3 0.64
Ve = 1.8V loL = 3mA 0.2 0.46
In Input leakage current T=25°C <0.001 0.1 MA
Rp Pull/Buss keeper resistor 24 kQ
t. Rise time No load 4 ns

Notes: 1. The sum of all Iy for PORTA and PORTB must not exceed 100mA.
The sum of all Iy, for PORTC must not exceed 200mA.
The sum of all |y, for PORTD and pins PE[0-1] on PORTE must not exceed 200mA.
The sum of all | for PE[2-3] on PORTE, 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 must not exceed 200mA.
The sum of all I, for PORTD and pins PE[0-1] on PORTE must not exceed 200mA.
The sum of all I, for PE[2-3] on PORTE, PORTR and PDI must not exceed 100mA.

Atmel XMEGA D4 [DATASHEET] 107
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The maximum CPU clock frequency depends on V. As shown in Figure 32-22 the Frequency vs. V¢ curve is linear

between 1.8V <V <2.7V.

Figure 32-22.Maximum Frequency vs. V¢
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Table 32-90. Current Consumption for Modules and Peripherals

Parameter

Condition

Max.

Note:

1.

ULP oscillator 1.0
32.768kHz int. oscillator 29
85
2MHz int. oscillator
DFLL enabled with 32.768kHz int. osc. as reference 115
270
32MHz int. oscillator
DFLL enabled with 32.768kHz int. osc. as reference 440
=0 20x multiplication factor, 320 HA
32MHz int. osc. DIV4 as reference
Watchdog Timer 1.0
Continuous mode 138
BOD
Sampled mode, includes ULP oscillator 1.2
Internal 1.0V reference 260
Temperature sensor 250
3.0
150ksps CURRLIMIT = LOW 2.6
ADC Voo = Ext ref mA
REF = EXLIe CURRLIMIT = MEDIUM 2.1
CURRLIMIT = HIGH 1.6
High Speed mode 330
AC
Low power mode 130
MA
Timer/Counter 16
USART Rx and Tx enabled, 9600 BAUD 2.5
Flash memory and EEPROM programming 4.0 8.0 mA

All parameters measured as the difference in current consumption between module enabled and disabled. All data at V¢ = 3.0V, Clkgyg = 1MHz external clock
without prescaling, T = 25°C unless other conditions are given.

Atmel

XMEGA D4 [DATASHEET] 126

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



Table 32-95. Accuracy Characteristics

Parameter Condition
RES Resolution Programmable to 8 or 12 bit 8 12 12 Bits
V1.0V < Vgee< Ve-0.6V +1.2 12
50ksps
All Vger 1.5 +3
INL() Integral non-linearity
V1.0V < Vgge< Vc-0.6V 1.0 12 Isb
200ksps
All Ve +1.5 13
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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33.2.6 BOD Characteristics

Figure 33-134. BOD Thresholds vs. Temperature
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Figure 33-135. BOD thresholds vs. Temperature
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Figure 33-154. 48MHz Internal Oscillator Frequency vs. Temperature

DFLL enabled, from the 32.768kHz internal oscillator
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Figure 33-155. 48MHz Internal Oscillator CALA Calibration Step Size
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Figure 33-185. 1/0 Pin Output Voltage vs. Source Current
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Figure 33-186. 1/0 Pin Output Voltage vs. Sink Current
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Figure 33-191. I/O Pin Input Threshold Voltage vs. V¢
V\y I/O pin read as “1”
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Figure 33-192. I/0O Pin Input Threshold Voltage vs. V¢
V,, I/O pin read as “0”
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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 33-199. DNL Error vs. Input Code
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Figure 33-200. Gain Error vs. Vg
T=25%C, V¢ = 3.6V, ADC sampling speed = 500ksps
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33.3.11 Two-Wire Interface Characteristics

Figure 33-241. SDA Hold Time vs. Supply Voltage
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33.3.12 PDI Characteristics

Figure 33-242. Maximum PDI Frequency vs. V¢
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Figure 33-259. Power-down Mode Supply Current vs. V¢
Watchdog and sampled BOD enabled
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33.4.1.4 Power-save Mode Supply Current

Figure 33-260. Power-save Mode Supply Current vs.V
Real Time Counter enabled and running from 1.024kHz output of 32.768kHz TOSC
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