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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
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Brown-out Detect/Reset, POR, PWM, WDT
50

64KB (32K x 16)

FLASH

2K'x 8

4K x 8

1.6V ~ 3.6V

A/D 16x12b

Internal

-40°C ~ 105°C (TA)
Surface Mount

64-TQFP

64-TQFP (14x14)
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Figure 6-1. Block Diagram of the AVR CPU Architecture
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The arithmetic logic unit (ALU) supports arithmetic and logic operations between registers or between a constant and a
register. Single-register operations can also be executed in the ALU. After an arithmetic operation, the status register is
updated to reflect information about the result of the operation.

The ALU is directly connected to the fast-access register file. The 32 * 8-bit general purpose working registers all have
single clock cycle access time allowing single-cycle arithmetic logic unit (ALU) operation between registers or between a
register and an immediate. Six of the 32 registers can be used as three 16-bit address pointers for program and data
space addressing, enabling efficient address calculations.

The memory spaces are linear. The data memory space and the program memory space are two different memory
spaces.

The data memory space is divided into 1/O registers, SRAM, and external RAM. In addition, the EEPROM can be
memory mapped in the data memory.

All /O status and control registers reside in the lowest 4KB addresses of the data memory. This is referred to as the 1/0
memory space. The lowest 64 addresses can be accessed directly, or as the data space locations from 0x00 to 0x3F.
The rest is the extended I/O memory space, ranging from 0x0040 to OXOFFF. 1/O registers here must be accessed as
data space locations using load (LD/LDS/LDD) and store (ST/STS/STD) instructions.

The SRAM holds data. Code execution from SRAM is not supported. It can easily be accessed through the five different
addressing modes supported in the AVR architecture. The first SRAM address is 0x2000.

Data addresses 0x1000 to Ox1FFF are reserved for memory mapping of EEPROM.

The program memory is divided in two sections, the application program section and the boot program section. Both
sections have dedicated lock bits for write and read/write protection. The SPM instruction that is used for self-
programming of the application flash memory must reside in the boot program section. The application section contains
an application table section with separate lock bits for write and read/write protection. The application table section can
be used for safe storing of nonvolatile data in the program memory.
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1/0 Memory

The status and configuration registers for peripherals and modules, including the CPU, are addressable through I/O
memory locations. All /O locations can be accessed by the load (LD/LDS/LDD) and store (ST/STS/STD) instructions,
which are used to transfer data between the 32 registers in the register file and the 1/0 memory. The IN and OUT
instructions can address I/0O memory locations in the range of 0x00 to 0x3F directly. In the address range 0x00 - Ox1F,
single-cycle instructions for manipulation and checking of individual bits are available.

The I/O memory address for all peripherals and modules is shown in the “Peripheral Module Address Map” on page 55.

General Purpose I/0 Registers

The lowest 16 1/0O memory addresses are reserved as general purpose /O registers. These registers can be used for
storing global variables and flags, as they are directly bit-accessible using the SBI, CBI, SBIS, and SBIC instructions.

Memory Timing

Read and write access to the /0O memory takes one CPU clock cycle. A write to SRAM takes one cycle, and a read from
SRAM takes two cycles. EEPROM page load (write) takes one cycle, and three cycles are required for read. For burst
read, new data are available every second cycle. Refer to the instruction summary for more details on instructions and
instruction timing.

Device ID and Revision

Each device has a three-byte device ID. This ID identifies Atmel as the manufacturer of the device and the device type. A
separate register contains the revision number of the device.

I/0 Memory Protection

Some features in the device are regarded as critical for safety in some applications. Due to this, it is possible to lock the
I/O register related to the clock system, the event system, and the advanced waveform extensions. As long as the lock is
enabled, all related 1/O registers are locked and they can not be written from the application software. The lock registers
themselves are protected by the configuration change protection mechanism.

Flash and EEPROM Page Size

The flash program memory and EEPROM data memory are organized in pages. The pages are word accessible for the
flash and byte accessible for the EEPROM.

Table 7-2 on page 18 shows the Flash Program Memory organization and Program Counter (PC) size. Flash write and
erase operations are performed on one page at a time, while reading the Flash is done one byte at a time. For Flash
access the Z-pointer (Z[m:n]) is used for addressing. The most significant bits in the address (FPAGE) give the page
number and the least significant address bits (FWORD) give the word in the page.

Atmel XMEGA D3 [DATASHEET] 17
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14.4 Input Sensing

Input sensing is synchronous or asynchronous depending on the enabled clock for the ports, and the configuration is
shown in Figure 14-7.
Figure 14-7. Input Sensing System Overview
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When a pin is configured with inverted 1/O, the pin value is inverted before the input sensing.

14.5 Alternate Port Functions

Most port pins have alternate pin functions in addition to being a general purpose 1/O pin. When an alternate function is
enabled, it might override the normal port pin function or pin value. This happens when other peripherals that require pins
are enabled or configured to use pins. If and how a peripheral will override and use pins is described in the section for
that peripheral. “Pinout and Pin Functions” on page 50 shows which modules on peripherals that enable alternate
functions on a pin, and which alternate functions that are available on a pin.
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PIN # INTERRUPT TCCO AWEXC TCC1 | USARTCO SPIC TWIC | CLOCKOUT EVENTOUT

PC6 22 SYNC 0OCO0DLS MISO RTCOUT

PC7 23 SYNC OCODHS SCK clkper EVOUT
GND 24

vce 25

Notes: 1. Pin mapping of all TCO can optionally be moved to high nibble of port.

2. If TCO is configured as TC2 all eight pins can be used for PWM output.

3. Pin mapping of all USARTO can optionally be moved to high nibble of port.

4. Pins MOSI and SCK for all SPI can optionally be swapped.

5. CLKOUT can optionally be moved between port C, D, and E and between pin 4 and 7.
6

EVOUT can optionally be moved between port C, D, and E and between pin 4 and 7.

Table 28-4. Port D - Alternate Functions

PIN# INTERRUPT USARTDO CLOCKOUT EVENTOUT
PDO 26 SYNC OCOA

PD1 27 SYNC 0CoB XCKO

PD2 28 | SYNC/ASYNC ococ RXDO

PD3 29 SYNC 0CoD TXDO

PD4 30 SYNC S

PD5 31 SYNC MOSI

PD6 32 SYNC MISO

PD7 33 SYNC SCK Clkper EVOUT
GND 34

vce 35

Table 28-5. Port E - Alternate Functions

PORTE PIN#  INTERRUPT TCEO USARTEO TOSC TWIE CLOCKOUT EVENTOUT
PEO 36 SYNC OCOA SDA
PE1 37 SYNC 0CoB XCKO ScCL
PE2 38 SYNC/ASYNC ococ RXDO
PE3 39 SYNC 0CoD TXDO
PE4 40 SYNC
PE5 41 SYNC
PE6 42 SYNC TOSC2
PE7 43 SYNC TOSCH1 Clkper EVOUT
GND 44
vce 45
AtmeL XMEGA D3 [DATASHEET] 53
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32.1.3 Current Consumption

Table 32-4. Current Consumption for Active Mode and Sleep Modes

Symbol | Parameter Condition Typ. Max. Units
Vee = 1.8V 50
32kHz, Ext. Clk
Ve = 3.0V 130
Ve = 1.8V 215 MA
: 1MHz, Ext. Clk
Active power Ve = 3.0V 475
consumption
Ve = 1.8V 445 600
2MHz, Ext. Clk
0.95 1.5
Ve = 3.0V mA
32MHz, Ext. Clk 7.8 12.0
Vee = 1.8V 2.8
32kHz, Ext. Clk
Ve = 3.0V 3
Vee =1.8V 46
Idle power 1MHz, Ext. Clk ~ uA
L) Ve = 3.0V 92
consumption
Ve = 1.8V 93 225
2MHz, Ext. Clk
184 350
Ve = 3.0V
lcc 32MHz, Ext. Clk 29 5.0 mA
T=25°C 0.07 1.0
T =85°C Ve = 3.0V 1.3 5.0
Power-down power T=105°C 4.0 8.0
consumption WDT and sampled BOD enabled, T = 25°C 1.3 2.0
WDT and sampled BOD enabled, T =85°C = V¢ = 3.0V 2.6 6.0
WDT and sampled BOD enabled, T= 105°C 5.0 10
RTC from ULP clock, WDT and sampled Vo = 1.8V 1.7 HA
BOD enabled, T = 25°C Vg = 3.0V 18
Power-save power RTC from 1.024kHz low power 32.768kHz Voe = 1.8V 0.5 2.0
consumption ?) TOSC, T =25°C Ve = 3.0V 07 20
RTC from low power 32.768kHz TOSC, Vec = 1.8V 09 30
T=25C Vg = 3.0V 12 3.0
Reset power consumption = Current through RESET pin substracted Ve = 3.0V 120
Notes: 1. All Power Reduction Registers set.

2. Maximum limits are based on characterization, and not tested in production.

Atmel
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32.1.6 ADC Characteristics

Table 32-8. Power Supply, Reference, and Input Range
Parameter Condition
AVic Analog supply voltage Vee-0.3 Ve + 0.3
VRer Reference voltage 1 AV - 0.6
Rin Input resistance Switched 4.5
Ci, Input capacitance Switched 5
RaRer Reference input resistance (leakage only) >10
CaRer Reference input capacitance = Static load 7
Vin Input range 0 Vrer
Conversion range Differential mode, Vinp - Vinn -VR&er VRrer
Conversion range Single ended unsigned mode, Vinp -AV VRer - AV
AV Fixed offset voltage 200

Table 32-9. Clock and Timing

Parameter

Condition

kQ
pF
MQ
pF

Isb

Maximum is 1/4 of peripheral clock frequency 100 1800
Clkapc ~ ADC clock frequency kHz
Measuring internal signals 100 125
fokanc | Sample rate 16 300
Current limitation (CURRLIMIT) off 16 300
CURRLIMIT = LOW 16 250 ksps
fanc Sample rate
CURRLIMIT = MEDIUM 16 150
CURRLIMIT = HIGH 16 50
N Configurable in steps of 1/2 Clk,pc cycle up
Sampling time 0 32 Clkspc Cycles 0.28 320 us
L (RES+2)/2 + 1 + GAIN
CamErsten (e {B1O1e) RES (Resolution) = 8 or 12, GAIN = 0 to 3 2 i
Start-up time ADC clock cycles 12 24 cycles
ADC settling time After changing reference or input mode 7 7
XMEGA D3 [DATASHEET] 69
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32.3.4 Wake-up Time from Sleep Modes

Table 32-64. Device Wake-up Time from Sleep Modes with Various System Clock Sources

Symbol | Parameter Condition

External 2MHz clock 2.0

Wake-up time from idle, 32.768kHz internal oscillator 130

standby, and extended standby

mode 2MHz internal oscillator 2.0
32MHz internal oscillator 0.2

twakeup us

External 2MHz clock 4.5

Wake-up time from power-save 32.768kHz internal oscillator 320

and power-down mode 2MHz internal oscillator 9.0
32MHz internal oscillator 5.0

Note: 1. The wake-up time is the time from the wake-up request is given until the peripheral clock is available on pin, see Figure 32-16. All peripherals and modules start

execution from the first clock cycle, expect the CPU that is halted for four clock cycles before program execution starts.

Figure 32-16.Wake-up Time Definition

P Wakeup time
Wakeup request
Clock output ’7
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Table 32-83. External Clock with Prescaler () for System Clock

Parameter Condition

Ve =1.6-1.8V 0 90

1tk Clock Frequency @ MHz
Ve =2.7 - 3.6V 0 142
Vec=1.6-1.8V 11

tek Clock Period
Ve =2.7-3.6V 7
Ve =1.6-1.8V 4.5

ten Clock High Time
Vee =2.7-3.6V 24
Vee =1.6-1.8V 4.5

toL Clock Low Time ns
Vee =2.7-3.6V 24
Vee=1.6-1.8V 15

tcr Rise Time (for maximum frequency)
Vee=2.7-3.6V 1.0
Ve =1.6-1.8V 1.5

ter Fall Time (for maximum frequency)
Vg =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.

32.3.13.7 External 16MHz Crystal Oscillator and XOSC Characteristics

Table 32-84. External 16MHz Crystal Oscillator and XOSC Characteristics

Symbol Parameter Condition Min. Typ. Max. Units
FRQRANGE=0 0
XOSCPWR=0
Cycle to cycle jitter FRQRANGE=0 0
XOSCPWR=1 0
ns
FRQRANGE=0 0
XOSCPWR=0
Long term jitter FRQRANGE=0 0
XOSCPWR=1 0
FRQRANGE=0 0.03
XOSCPWR=0 FRQRANGE=0 0.03
Frequency error
FRQRANGE=0 0.03
XOSCPWR=1 0.003
%
FRQRANGE=0 50
XOSCPWR=0 FRQRANGE=0 50
Duty cycle
FRQRANGE=0 50
XOSCPWR=1 50
XMEGA D3 [DATASHEET 114
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Symbol Parameter Condition Min. Typ.
c Parasitic capacitance 5.9
ATAC XTAL1 pin ’
c Parasitic capacitance 8.3 pF
XTALZ  XTAL1 pin ’
CLoap Parasitic capacitance load 3.5
Note: 1. Numbers for negative impedance are not tested in production but guaranteed from design and characterization.

32.3.13.8 External 32.768kHz Crystal Oscillator and TOSC Characteristics

Table 32-85. External 32.768kHz Crystal Oscillator and TOSC Characteristics

Parameter Condition
Crystal load capacitance 6.5pF 60
Recommended crystal
ESR/R1 equivalent series Crystal load capacitance 9.0pF 35 kQ
resistance (ESR) )
Crystal load capacitance 12pF 28
Parasitic capacitance
Crosct  T0SCA pin 3.5
pF
Parasitic capacitance
Crosc2  108C2 pin e
ROBITITENEEE S Capacitance load matched to crystal specification 3
factor
Note: See Figure 32-18 for definition.

Figure 32-18.TOSC Input Capacitance

||C|_1 l CLo |

TOSC1 Device internal TOSC2

External

32.768 kHz crystal

The parasitic capacitance between the TOSC pins is C,; + C, in series as seen from the crystal when oscillating without
external capacitors.
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Symbol

Ra

Atmel

Parameter

Negative impedance (")

ESR

Start-up time

Condition
0.4MHz resonator, CL=100pF 44k

XOSCPWR=0, _

FRQRANGE=0 1MHz crystal, CL=20pF 67k
2MHz crystal, CL=20pF 67k
2MHz crystal 82k

XOSCPWR=0,

FRQRANGE=1, 8MHz crystal 1500

CL=20pF
9MHz crystal 1500
8MHz crystal 2700

XOSCPWR=0,

FRQRANGE=2, 9MHz crystal 2700

CL=20pF
12MHz crystal 1000
9MHz crystal 3600

XOSCPWR=0,

FRQRANGE=3, 12MHz crystal 1300

CL=20pF
16MHz crystal 590
9MHz crystal 390

XOSCPWR=1,

FRQRANGE=0, 12MHz crystal 50

CL=20pF
16MHz crystal 10
9MHz crystal 1500

XOSCPWR=1,

FRQRANGE=1, 12MHz crystal 650

CL=20pF
16MHz crystal 270

XOSCPWR=1, 12MHz crystal 1000

FRQRANGE=2,

CL=20pF 16MHz crystal 440

XOSCPWR=1, 12MHz crystal 1300

FRQRANGE=3,

CL=20pF 16MHz crystal 590

SF = safety factor min(Rg)/SF

XOSCPWR=0, _

FRQRANGE=0 0.4MHz resonator, CL=100pF 1.0

XOSCPWR=0, _

FRQRANGE=1 2MHz resonator, CL=20pF 2.6

XOSCPWR=0, _

FRQRANGE=2 8MHz resonator, CL=20pF 0.8

XOSCPWR=0, _

FRQRANGE=3 12MHz resonator, CL=20pF 1.0

XOSCPWR=1, _

FRQRANGE=3 16MHz resonator, CL=20pF 1.4

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

Vin Input range 0 Vrer
Conversion range Differential mode, Vinp - Vinn -VRer VRer \Y
Conversion range Single ended unsigned mode, Vinp -AV Vger - AV

AV Fixed offset voltage 200 Isb

Table 32-154. Clock and Timing

Symbol | Parameter Condition
Maximum is 1/4 of peripheral clock frequency 100 1800

Clkapc ~ ADC clock frequency kHz
Measuring internal signals 100 125

fekanc Sample rate 16 300
Current limitation (CURRLIMIT) off 16 300
CURRLIMIT = LOW 16 250 ksps

fanc Sample rate

CURRLIMIT = MEDIUM 16 150
CURRLIMIT = HIGH 16 50

Configurable in steps of 1/2 Clkapc cycles up

Sampling time 0 32 Clkxpe Cycles 0.28 320 us
L (RES+1)/2 + GAIN

CEmErsien i {EEmE) RES (Resolution) = 8 or 12, GAIN = 0 to 3 3 iy

Clkapc
Start-up time ADC clock cycles 12 24 cycles
ADC settling time After changing reference or input mode 7 7

XMEGA D3 [DATASHEET 164
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Figure 33-191. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage

Ve = 1.8V
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Figure 33-192. Reset Pin Pull-up Resistor Current vs. Reset Pin Voltage
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33.3.8.4 32MHz Internal Oscillator

Figure 33-201. 32MHz Internal Oscillator Frequency vs. Temperature

Frequency [MHZz]
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Figure 33-202. 32MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator
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Figure 33-223.Idle Mode Supply Current vs. V¢
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Figure 33-224.Idle Mode Supply Current vs. V¢
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33.4.1.3 Power-down Mode Supply Current

Figure 33-227.Power-down Mode Supply Current vs. V¢
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Figure 33-228.Power-down Mode Supply Current vs. V¢
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Figure 33-313.INL Error vs. Sample Rate
T=25°%, V¢ = 3.6V, Vger = 3.0V external
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Figure 33-314.INL Error vs. Input Code
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Figure 33-315.DNL Error vs. External Vg,

DNL [LSB]

T

0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20

1.

=257, V¢ = 3.6V, external reference

Single-ended unsigned mode

Differential mode

Single-ended signed mode

0 1.2 14 1.6 1.8 20 22 24 26 28 3.0

VREF [V]

Figure 33-316.DNL Error vs. Sample Rate
T=25%C, V¢ = 3.6V, Ve = 3.0V external
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Figure 33-409. 2MHz Internal Oscillator Frequency vs. Temperature
DFLL enabled, from the 32.768kHz internal oscillator
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Figure 33-410. 2MHz Internal Oscillator Frequency vs. CALA Calibration Value
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34.6 Atmel ATxmega384D3

34.6.1 Rev.B

e Sampled BOD in Active mode will cause noise when bandgap is used as reference
e Temperature sensor not calibrated

1. 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.

2. Temperature sensor not calibrated
Temperature sensor factory calibration not implemented.
Problem fix/workaround

None.

34.6.2 Rev.A

Not sampled.
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