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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"

Active

AVR

8/16-Bit

32MHz

I2C, IrDA, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
50

256KB (128K x 16)

FLASH

4K x 8

16K x 8

1.6V ~ 3.6V

A/D 16x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-TQFP

64-TQFP (14x14)
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18. Hi-Res - High Resolution Extension
18.1 Features
e Increases waveform generator resolution up to 8x (three bits)
e Supports frequency, single-slope PWM, and dual-slope PWM generation
e Supports the AWeX when this is used for the same timer/counter
18.2 Overview
The high-resolution (hi-res) extension can be used to increase the resolution of the waveform generation output from a
timer/counter by four or eight. It can be used for a timer/counter doing frequency, single-slope PWM, or dual-slope PWM
generation. It can also be used with the AWeX if this is used for the same timer/counter.
The hi-res extension uses the peripheral 4x clock (Clkpggr4). The system clock prescalers must be configured so the
peripheral 4x clock frequency is four times higher than the peripheral and CPU clock frequency when the hi-res
extension is enabled.
There is one hi-res extensions that can be enabled for timer/counters pair on PORTC. The notation of this is HIRESC.
At L XMEGA D3 [DATASHEET] 38
m e Atmel-8134Q-ATxmega32D3-64D3-128D3-192D3-256D3-384D3_datasheet—10/2015



29. Peripheral Module Address Map

The address maps show the base address for each peripheral and module in Atmel AVR XMEGA D3. For complete
register description and summary for each peripheral module, refer to the XMEGA D manual.

Table 29-1. Peripheral Module Address Map

Base address Name Description
0x0000 GPIO General Purpose 10 Registers
0x0010 VPORTO Virtual Port 0
0x0014 VPORT1 Virtual Port 1
0x0018 VPORT2 Virtual Port 2
0x001C VPORT3 Virtual Port 2
0x0030 CPU CPU
0x0040 CLK Clock Control
0x0048 SLEEP Sleep Controller
0x0050 0OSC Oscillator Control
0x0060 DFLLRC32M DFLL for the 32MHz Internal Oscillator
0x0068 DFLLRC2M DFLL for the 2MHz Internal Oscillator
0x0070 PR Power Reduction
0x0078 RST Reset Controller
0x0080 WDT Watchdog Timer
0x0090 MCU MCU Control
0x00A0 PMIC Programmable Multilevel Interrupt Controller
0x00B0O PORTCFG Port Configuration
0x0180 EVSYS Event System
0x00DO0 CRC CRC Module
0x01CO0 NVM Non Volatile Memory (NVM) Controller
0x0200 ADCA Analog to Digital Converter on port A
0x0380 ACA Analog Comparator pair on port A
0x0400 RTC Real-Time Counter
0x0480 TWIC Two-Wire Interface on port C
0x04A0 TWIE Two-Wire Interface on port E
0x0600 PORTA Port A
0x0620 PORTB Port B
0x0640 PORTC Port C
AtmeL XMEGA D3 [DATASHEET] 55
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S Operands Description Operation
LD Rd, X+ Load Indirect and Post-Increment Rd « & None 1 (@)
X o« X#1
LD Rd, -X Load Indirect and Pre-Decrement XeX-1, « X1 None 2 (@)
Rd«(X) <« X
LD Rd, Y Load Indirect Rd«(Y) « (V) None 1 (0@
LD Rd, Y+ Load Indirect and Post-Increment Rd « None 1 (@)
« Y+1
LD Rd, -Y Load Indirect and Pre-Decrement <« Y-1 None 2 (MR
Rd <« (V)
LDD Rd, Y+q Load Indirect with Displacement Rd  « (Y+q) None 22
LD Rd, Z Load Indirect Rd « (2 None 1 (0@
LD Rd, Z+ Load Indirect and Post-Increment Rd < (@) None 1 (0@
z « 7+
LD Rd, -Z Load Indirect and Pre-Decrement z <« Z-1, None 2 (MR
Rd <« (@
LDD Rd, Z+q Load Indirect with Displacement Rd  « (Z+q) None 22
STS k, Rr Store Direct to Data Space k) <« Rd None 2
ST X, Rr Store Indirect X) <« Rr None 1M
ST X+, Rr Store Indirect and Post-Increment X) < R None 1M
X o« X+
ST -X, Rr Store Indirect and Pre-Decrement X« X1, None 2™
x) < R
ST Y, Rr Store Indirect YY) <« Rr None 1M
ST Y+, Rr Store Indirect and Post-Increment ) < Rn None 1M
Y o« YH1
ST -Y, Rr Store Indirect and Pre-Decrement Y < Y- None 2™
v <« K
STD Y+q, Rr Store Indirect with Displacement (Y+q) <« Rr None 2M
ST Z,Rr Store Indirect Z) <« Rr None 1M
ST Z+, Rr Store Indirect and Post-Increment @ <« R None 1M
z « Z+1
ST -Z,Rr Store Indirect and Pre-Decrement z «— Z2-1 None 2
STD Z+q, Rr Store Indirect with Displacement (Z+q) <« Rr None 2M
LPM Load Program Memory RO “«— 2) None 3
LPM Rd, Z Load Program Memory Rd “«— 2) None 3
LPM Rd, Z+ Load Program Memory and Post-Increment Rd & @. None 3
zZ « Z#+1
ELPM Extended Load Program Memory RO “«— (RAMPZ:2) None 3
ELPM Rd, Z Extended Load Program Memory Rd “«— (RAMPZ:2) None 3
ELPM Rd, Z+ Extended Load Program Memory and Post- Rd “«— (RAMPZ:2), None 3
Increment zZ « Z+1
SPM Store Program Memory (RAMPZ:2) “«— R1:RO None -
SPM Z+ Store Program Memory and Post-Increment by 2 (RAMPZ:Z) S R1:R0, None -
z « Z*2
IN Rd, A In From 1/O Location Rd <« I/O(A) None 1
ouT A, Rr Out To I/O Location I/0(A) “«— Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 10
POP Rd Pop Register from Stack Rd < STACK None 2M

XMEGA D3 [DATASHEET] 59

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

Atmel



32.2.13.5 Internal Phase Locked Loop (PLL) Characteristics

Table 32-52. Internal PLL Characteristics

Symbol @ Parameter Condition Min Typ. Max. Units
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.

32.2.13.6 External Clock Characteristics

Figure 32-10.External Clock Drive Waveform
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Table 32-53. External Clock used as System Clock without Prescaling

Parameter

ter

Note:

Atmel

1.

Clock Frequency ()

Clock Period

Clock High Time

Clock Low Time

Rise Time (for maximum frequency)

Fall Time (for maximum frequency)

Change in period from one clock cycle to the next

Condition
Vee=1.6-1.8V 0 12
MHz
Voo =2.7-3.6V 0 32
Vee =1.6-1.8V 83.3
Vee = 2.7 - 3.6V 31.5
Vee =1.6-1.8V 30.0
Voo =2.7-3.6V 12.5
Vec=1.6-1.8V 30.0
ns
Ve =2.7 - 3.6V 12.5
Vee =1.6-1.8V 10
Ve =2.7 - 3.6V 3
Vee =1.6-1.8V 10
Ve =2.7-3.6V 3
10 %

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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32.2.14 SPI Characteristics

Figure 32-12. SPI Timing Requirements in Master Mode
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Figure 32-13.SPI Timing Requirements in Slave Mode
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32.4.3 Current Consumption

Table 32-91. Current Consumption for Active Mode and Sleep Modes

Symbol | Parameter Condition Typ. Max. Units
Vee = 1.8V 60
32kHz, Ext. Clk
Ve = 3.0V 140
Ve = 1.8V 245 pA
Active power 1MHz, Ext. Clk Vo —30v 550
consumption (") cem =
Ve = 1.8V 440 700
2MHz, Ext. Clk
0.9 1.5
VCC = 30V mA
32MHz, Ext. Clk 9.0 15
Vee = 1.8V 3.0
32kHz, Ext. Clk
Vee = 3.0V 3.5
Ve = 1.8V 55
Idle power 1MHz, Ext. Clk Ve =30V 0 pA
consumption ) cem =
Ve = 1.8V 105 350
2MHz, Ext. Clk
215 650
Ve = 3.0V
lec 32MHz, Ext. Clk 3.4 8.0 mA
T=25°C 0.1 1.0
T=85°C Vee = 3.0V 3.5 6.0
Power-down power T=105°C e =
consumption WDT and sampled BOD enabled, T = 25°C 1.5 2.0
WDT and sampled BOD enabled, T =85°C = V¢ = 3.0V 5.8 10
WDT and sampled BOD enabled, T= 105°C 12 20
RTC from ULP clock, WDT and sampled ~ Ycc = 1.8V . HA
BOD enabled, T = 25°C Ve = 3.0V 14
Power-save power RTC from 1.024kHz low power 32.768kHz Vg = 10 oLy 24y
consumption ) TOSC, T =25°C Ve = 3.0V 0.8 20
RTC from low power 32.768kHz TOSC, Vg = 1.8V -
T=25C Vg = 3.0V 11 3.0
Reset power consumption = Current through RESET pin substracted Ve = 3.0V 170

Notes: 1. All power reduction registers set including FPRM and EPRM.
2. All power reduction registers set without FPRM and EPRM.
3. Maximum limits are based on characterization, and not tested in production.

Atmel
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Table 32-98.

Gain Stage Characteristics

Parameter

Condition

Rin Input resistance Switched in normal mode 4.0 kQ
Coample Input capacitance Switched in normal mode 4.4 pF
Signal range Gain stage output 0 AVi:-0.6 \%
Propagation delay ADC conversion rate 1/2 1 3 Clkapc cycles
Clock frequency Same as ADC 100 1800 kHz
0.5x gain, normal mode -1
1% gain, normal mode -1
Gain error %
8x gain, normal mode -1
64x gain, normal mode 5
0.5% gain, normal mode 10
1% gain, normal mode 5
Offset error, input referred mV
8x gain, normal mode -20
64x gain, normal mode -126

32.4.7 Analog Comparator Characteristics

Table 32-99. Analog Comparator Characteristics

Parameter

Condition

Vst Input offset voltage 10 mV
[ Input leakage current <10 50 nA
Input voltage range -0.1 AVic \%
AC startup time 50 us
Viyst Hysteresis, none Vee = 1.6V -3.6V 0
Viys2 Hysteresis, small Vee = 1.6V - 3.6V 15 mV
Viyss Hysteresis, large Vee = 1.6V - 3.6V 30
Vee =3.0V, T =85°C 20 40
taelay Propagation delay ns
Ve = 3.0V 17
64-level voltage scaler Integral non-linearity (INL) 0.3 0.5 Isb
Current source accuracy after calibration 5 %
Current source calibration range Single mode 4 6 A

Atmel
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32.6.13 Clock and Oscillator Characteristics

32.6.13.1 Calibrated 32.768kHz Internal Oscillator Characteristics

Table 32-164. 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 °

32.6.13.2 Calibrated 2MHz RC Internal Oscillator Characteristics

Table 32-165. 2MHz Internal Oscillator Characteristics

Parameter Condition

Frequency range DFLL can tune to tie requency over 45 22 |
Factory calibrated frequency 2.0

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

User calibration accuracy -0.2 0.2 %
DFLL calibration stepsize 0.23

32.6.13.3 Calibrated 32MHz Internal Oscillator Characteristics

Table 32-166. 32MHz Internal Oscillator Characteristics

Parameter Condition

Frequency range Sjt::gz”ngufeenfg;:‘;fufgq“ency over 30 32 35 -
Factory calibrated frequency 32

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

User calibration accuracy -0.2 0.2 %
DFLL calibration step size 0.24

32.6.13.4 32kHz Internal ULP Oscillator Characteristics

Table 32-167. 32kHz Internal ULP Oscillator Characteristics

Parameter Condition

Factory calibrated frequency 26 kHz
Factory calibration accuracy T =85°C, V¢ = 3.0V -12 12 .
Accuracy -30 30 *
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Symbol | Parameter Condition

Parasitic capacitance

Cxmt XTAL1 pin 2

c Parasitic capacitance 83 pF
XTALZ - XTAL2 pin

CLoap Parasitic capacitance load 3.5

Note: 1. Numbers for negative impedance are not tested in production but guaranteed from design and characterization.

32.6.13.8 External 32.768kHz Crystal Oscillator and TOSC Characteristics

Table 32-172. External 32.768kHz Crystal Oscillator and TOSC Characteristics

Symbol Parameter Condition in. Typ. Max.
Crystal load capacitance 6.5pF 60
Recommended crystal equivalent .
ESR/R1 series resistance (ESR) Crystal load capacitance 9.0pF 35 kQ
Crystal load capacitance 12pF 28
Crosc1 | Parasitic capacitance TOSC1 pin 3.5
pF
Crosce | Parasitic capacitance TOSC2 pin 3.5
Recommended safety factor Capggltar?ce Lt ey ] 3
specification
Note: See Figure 32-39 on page 173 for definition.

Figure 32-39. TOSC Input Capacitance
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| e l Ceal |

TOSC1 Device internal TOSC2

External

il

32.768 kHz crystal

The parasitic capacitance between the TOSC pinsis C, 4 + C, in series as seen from the crystal when oscillating without
external capacitors.
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Figure 33-25. /0 Pin Output Voltage vs. Sink Current
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Figure 33-37. Gain Error vs. Vggp
T=25%C, V¢ = 3.6V, ADC sample rate = 300ksps
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Figure 33-38. Gain Error vs. V¢
T = 25°C, Vger = external 1.0V, ADC sample rate = 300ksps
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Figure 33-108. Gain Error vs. Vgge
T=25%C, V¢ = 3.6V, ADC sample rate = 300ksps
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Figure 33-109. Gain Error vs. V¢
T = 25°C, Vree = external 1.0V, ADC sample rate = 300ksps
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Figure 33-173. INL Error vs. Sample Rate
T=25%C, Ve = 3.6V, Vg = 3.0V external
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Figure 33-174. INL Error vs. Input Code
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33.4.5 Internal 1.0V Reference Characteristics

Figure 33-257.ADC Internal 1.0V Reference vs. Temperature
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33.4.6 BOD Characteristics

Figure 33-258.BOD Thresholds vs. Temperature
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Figure 33-273. 32MHz Internal Oscillator CALA Calibration Step Size
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Figure 33-274. 32MHz Internal Oscillator CALA Calibration Step Size
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Figure 33-301.1/0 Pin Pull-up Resistor Current vs. Input Voltage
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33.6.4 Analog Comparator Characteristics

Figure 33-393. Analog Comparator Hysteresis vs. V¢
Small hysteresis
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Figure 33-394. Analog Comparator Hysteresis vs. V¢
Large hysteresis
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Figure 33-399. BOD Thresholds vs. Temperature
BOD level = 3.0V
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33.6.7 External Reset Characteristics

Figure 33-400. Minimum Reset Pin Pulse Width vs. V¢
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CRC generator module

ADC 1/2x gain option, and this configuration option in the GAIN bits in the ADC Channel CTRL register
ADC VCC/2 reference option and this configuration option in the REFSEL bits on the ADC REFCTRL
register

ADC option to use internal Gnd as negative input in differential measurements and this configuration option
in the MUXNEG bits in the ADC Channel MUXCTRL register

ADC channel scan and the ADC SCAN register

ADC current limitation option, and the CURRLIMIT bits in the ADC CTRLB register

ADC impedance mode selection for the gain stage, and the IMPMODE bit in the ADC CTRLB register

Timer/Counter 2 and the SPLITMODE configuration option in the BYTEM bits in the Timer/Counter 0
CTRLE register

Analog Comparator (AC) current output option, and the AC CURRCTRL and CURRCALIB registers

PORT remap functions with alternate pin locations for Timer/Counter output compare channels, USARTO
and SPI, and the PORT REMAP register

PORT RTC clock output option and the RTCOUT bit in the PORT CLKEVOUT register

PORT remap functions with alternate pin locations for the clock and event output, and the CLKEVPIN bit in
the PORT CLKEVOUT register

TOSC alternate pin locations, and TOSCSEL bit in FUSEBYTE2

Real Time Counter clock source options of external clock from TOSC1, and 32.768kHz from TOSC, and
32.768kHz from the 32.768kHz internal oscillator, and these configuration options in the RTCSRC bits in the
Clock RTCTRL register

PLL divide by two option, and the PLLDIV bit in the Clock PLLCTRL register
PLL lock detection failure function and the PLLDIF and PLLFDEN bits in the Clock XOSCFAIL register
The high drive option for external crystal and the XOSCPWR bit on the Oscillator XOSCCTRL register

The option to enable sequential startup of the analog modules and the ANAINIT register in MCU Control
memory

Problem fix/workaround

None.

27. Sampled BOD in Active mode will cause noise when bandgap is used as reference

Using the BOD in sampled mode when the device is running in Active or Idle mode will add noise on the bandgap
reference for ADC, DAC and Analog Comparator.

Problem fix/workaround

If the bandgap is used as reference for either the ADC, DAC and Analog Comparator, the BOD must not be set in
sampled mode.

28. Temperature sensor not calibrated

Temperature sensor factory calibration not implemented.

Problem fix/workaround

None.

28. Disabling of USART transmitter does not automatically set the TxD pin direction to input

If the USART transmitter is idle with no frames to transmit, setting TXEN to zero will not automatically set the TxD
pin direction to input.
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Problem fix/workaround

Table 34-6. Configure PWM and CWCM According to this Table:

PGM CWCM Description
0 0 PGM and CWCM disabled
0 1 PGM enabled
1 0 PGM and CWCM enabled
1 1 PGM enabled

11. PWM is not restarted properly after a fault in cycle-by-cycle mode

When the AWeX fault restore mode is set to cycle-by-cycle, the waveform output will not return to normal
operation at first update after fault condition is no longer present.

Problem fix/workaround

Do a write to any AWeX I/O register to re-enable the output.

12. BOD will be enabled after any reset

If any reset source goes active, the BOD will be enabled and keep the device in reset if the V. voltage is
below the programmed BOD level. During Power-On Reset, reset will not be released until V. is above the
programmed BOD level even if the BOD is disabled.

Problem fix/workaround

Do not set the BOD level higher than V. even if the BOD is not used.

13. EEPROM page buffer always written when NVM DATAO is written
If the EEPROM is memory mapped, writing to NVM DATAO will corrupt data in the EEPROM page buffer.
Problem fix/workaround

Before writing to NVM DATADO, for example when doing software CRC or flash page buffer write, check if
EEPROM page buffer active loading flag (EELOAD) is set. Do not write NVM DATAO when EELOAD is set.

14. Pending full asynchronous pin change interrupts will not wake the device

Any full asynchronous pin-change Interrupt from pin 2, on any port, that is pending when the sleep instruction
is executed, will be ignored until the device is woken from another source or the source triggers again. This
applies when entering all sleep modes where the System Clock is stopped.

Problem fix/workaround

None.

15. Pin configuration does not affect Analog Comparator output
The Output/Pull and inverted pin configuration does not affect the Analog Comparator output.
Problem fix/workaround
None for Output/Pull configuration.

For inverted 1/0O, configure the Analog Comparator to give an inverted result (that is, connect positive input to
the negative AC input and vice versa), or use and external inverter to change polarity of Analog Comparator
output.

Atmel XMEGA D3 [DATASHEET] 432

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



