Microchip Technology - ATXMEGA16A4-AU Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

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"

Active

AVR

8/16-Bit

32MHz

12C, IrDA, SPI, UART/USART
Brown-out Detect/Reset, DMA, POR, PWM, WDT
34

16KB (8K x 16)

FLASH

1K x 8

2K x 8

1.6V ~ 3.6V

A/D 12x12b; D/A 2x12b
Internal

-40°C ~ 85°C (TA)

Surface Mount

44-TQFP

44-TQFP (10x10)
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XMEGA A4

2. Pinout/Block Diagram

Figure 2-1. Bock Diagram and TQFP/QFN pinout
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Notes: 1. For full details on pinout and pin functions refer to "Pinout and Pin Functions” on page 49.
2. The large center pad underneath the QFN/MLF package should be soldered to ground on the board to ensure good
mechanical stability.
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Figure 2-2. VFBGA pinout
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Table 2-1. VFBGA pinout
1 2 3 4 5 6
A PA3 AVCC GND PR1 PRO PDI PE3
B PA4 PA1 PAO GND RESET/PDI PE2 VCC
C PA5 PA2 PA6 PA7 GND PE1 GND
D PB1 PB2 PB3 PBO GND PD7 PEO
E GND GND PC3 GND PD4 PD5 PD6
F VCC PCO PC4 PC6 PDO PD1 PD3
G PC1 PC2 PC5 PC7 GND VCC PD2
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3. Overview

8069R-AVR-06/2013

The Atmel® AVR® XMEGA™A4 is a family of low power, high performance and peripheral rich
CMOS 8/16-bit microcontrollers based on the AVR enhanced RISC architecture. By executing
powerful instructions in a single clock cycle, the XMEGA A4 achieves throughputs approaching
1 Million Instructions Per Second (MIPS) per MHz allowing the system designer to optimize
power consumption versus processing speed.

The AVR CPU combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction, executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs many times faster than conven-
tional single-accumulator or CISC based microcontrollers.

The XMEGA A4 devices provide the following features: In-System Programmable Flash with
Read-While-Write capabilities, Internal EEPROM and SRAM, four-channel DMA Controller,
eight-channel Event System, Programmable Multi-level Interrupt Controller, 34 general purpose
I/O lines, 16-bit Real Time Counter (RTC), five flexible 16-bit Timer/Counters with compare
modes and PWM, five USARTS, two Two Wire Serial Interfaces (TWIs), two Serial Peripheral
Interfaces (SPIs), AES and DES crypto engine, one Twelve-channel, 12-bit ADC with optional
differential input with programmable gain, one Two-channel 12-bit DAC, two analog comparators
with window mode, programmable Watchdog Timer with separate Internal Oscillator, accurate
internal oscillators with PLL and prescaler and programmable Brown-Out Detection.

The Program and Debug Interface (PDI), a fast 2-pin interface for programming and debugging,
is available.

The XMEGA A4 devices have five software selectable power saving modes. The Idle mode
stops the CPU while allowing the SRAM, DMA Controller, Event System, Interrupt Controller and
all peripherals to continue functioning. The Power-down mode saves the SRAM and register
contents but stops the oscillators, disabling all other functions until the next TWI or pin-change
interrupt, or Reset. In Power-save mode, the asynchronous Real Time Counter continues to run,
allowing the application to maintain a timer base while the rest of the device is sleeping. In
Standby mode, the Crystal/Resonator Oscillator is kept running while the rest of the device is
sleeping. This allows very fast start-up from external crystal combined with low power consump-
tion. In Extended Standby mode, both the main Oscillator and the Asynchronous Timer continue
to run. To further reduce power consumption, the peripheral clock to each individual peripheral
can optionally be stopped in Active mode and in Idle sleep mode.

The device is manufactured using Atmel's high-density nonvolatile memory technology. The pro-
gram Flash memory can be reprogrammed in-system through the PDI. A Bootloader running in
the device can use any interface to download the application program to the Flash memory. The
Bootloader software in the Boot Flash section will continue to run while the Application Flash
section is updated, providing true Read-While-Write operation. By combining an 8/16-bit RISC
CPU with In-System Self-Programmable Flash, the Atmel XMEGA A4 is a powerful microcon-
troller family that provides a highly flexible and cost effective solution for many embedded
applications.

The XMEGA A4 devices are supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, programmers,
and evaluation kits.
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6.3 Register File

concept enables instructions to be executed in every clock cycle. The program memory is In-
System Re-programmable Flash memory.

The fast-access Register File contains 32 x 8-bit general purpose working registers with single
clock cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU) operation. In a typ-
ical ALU cycle, the operation is performed on two Register File operands, and the result is stored
back in the Register File.

Six of the 32 registers can be used as three 16-bit address register pointers for data space
addressing - enabling efficient address calculations. One of these address pointers can also be
used as an address pointer for look up tables in Flash program memory.

6.4 ALU - Arithmetic Logic Unit

6.5 Program Flow

8069R-AVR-06/2013

The high performance 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. Within a single clock cycle, arithmetic operations between general purpose registers
or between a register and an immediate are executed. After an arithmetic or logic operation, the
Status Register is updated to reflect information about the result of the operation.

The ALU operations are divided into three main categories — arithmetic, logical, and bit-func-
tions. Both 8- and 16-bit arithmetic is supported, and the instruction set allows for efficient
implementation of 32-bit arithmetic. The ALU also provides a powerful multiplier supporting both
signed and unsigned multiplication and fractional format.

When the device is powered on, the CPU starts to execute instructions from the lowest address
in the Flash Program Memory ‘0’. The Program Counter (PC) addresses the next instruction to
be fetched. After a reset, the PC is set to location ‘0’.

Program flow is provided by conditional and unconditional jump and call instructions, capable of
addressing the whole address space directly. Most AVR instructions use a 16-bit word format,
while a limited number uses a 32-bit format.

During interrupts and subroutine calls, the return address PC is stored on the Stack. The Stack
is effectively allocated in the general data SRAM, and consequently the Stack size is only limited
by the total SRAM size and the usage of the SRAM. After reset the Stack Pointer (SP) points to
the highest address in the internal SRAM. The SP is read/write accessible in the I/O memory
space, enabling easy implementation of multiple stacks or stack areas. The data SRAM can
easily be accessed through the five different addressing modes supported in the AVR CPU.
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9. Event System

9.1 Features

9.2 Overview

8069R-AVR-06/2013

* Inter-peripheral communication and signalling with minimum latency
* CPU and DMA independent operation
* 8 Event Channels allow for up to 8 signals to be routed at the same time
* Events can be generated by
— TImer/Counters (TCxn)
— Real Time Counter (RTC)
— Analog to Digital Converters (ADCx)
— Analog Comparators (ACx)
— Ports (PORTX)
— System Clock (Clkgys)
— Software (CPU)
* Events can be used by
— TImer/Counters (TCxn)
— Analog to Digital Converters (ADCXx)
Digital to Analog Converters (DACXx)
Ports (PORTX)
DMA Controller (DMAC)
— IR Communication Module (IRCOM)
* The same event can be used by multiple peripherals for synchronized timing
* Advanced Features
— Manual Event Generation from software (CPU)
— Quadrature Decoding
— Digital Filtering
* Functions in Active and Idle mode

The Event System is a set of features for inter-peripheral communication. It enables the possibil-
ity for a change of state in one peripheral to automatically trigger actions in one or more
peripherals. Whose changes in a peripheral that will trigger actions in other peripherals are con-
figurable by software. It is a simple, but powerful system as it allows for autonomous control of
peripherals without any use of interrupts, CPU or DMA resources.

The indication of a change in a peripheral is referred to as an event, and is usually the same as
the interrupt conditions for that peripheral. Events are passed between peripherals using a dedi-
cated routing network called the Event Routing Network. Figure 9-1 on page 17 shows a basic
block diagram of the Event System with the Event Routing Network and the peripherals to which
it is connected. This highly flexible system can be used for simple routing of signals, pin func-
tions or for sequencing of events.

The maximum latency is two CPU clock cycles from when an event is generated in one periph-
eral, until the actions are triggered in one or more other peripherals.

The Event System is functional in both Active and Idle modes.
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11.35 Extended Standby Mode

Extended Standby mode is identical to Power-save mode with the exception that all enabled
system clock sources are kept running while the CPU and Peripheral clocks are stopped. This
reduces the wake-up time when external crystals or resonators are used.
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14. PMIC - Programmable Multi-level Interrupt Controller

14.1 Features

14.2 Overview

Separate interrupt vector for each interrupt

Short, predictable interrupt response time

Programmable Multi-level Interrupt Controller
— 3 programmable interrupt levels

— Selectable priority scheme within low level interrupts (round-robin or fixed)

— Non-Maskable Interrupts (NMI)

* Interrupt vectors can be moved to the start of the Boot Section

XMEGA A4 has a Programmable Multi-level Interrupt Controller (PMIC). All peripherals can
define three different priority levels for interrupts; high, medium or low. Medium level interrupts
may interrupt low level interrupt service routines. High level interrupts may interrupt both low-
and medium level interrupt service routines. Low level interrupts have an optional round robin
scheme to make sure all interrupts are serviced within a certain amount of time.

The built in oscillator failure detection mechanism can issue a Non-Maskable Interrupt (NMI).

14.3 Interrupt vectors

When an interrupt is serviced, the program counter will jump to the interrupt vector address. The
interrupt vector is the sum of the peripheral’s base interrupt address and the offset address for
specific interrupts in each peripheral. The base addresses for the XMEGA A4 devices are shown
in Table 14-1. Offset addresses for each interrupt available in the peripheral are described for
each peripheral in the XMEGA A manual. For peripherals or modules that have only one inter-

rupt, the interrupt vector is shown in Table 14-1. The program address is the word address.

Table 14-1. Reset and Interrupt Vectors

Program Address
(Base Address) Source Interrupt Description

0x000 RESET
0x002 OSCF_INT _vect Crystal Oscillator Failure Interrupt vector (NMI)
0x004 PORTC_INT_base Port C Interrupt base
0x008 PORTR_INT_base Port R Interrupt base
0x00C DMA_INT_base DMA Controller Interrupt base
0x014 RTC_INT_base Real Time Counter Interrupt base
0x018 TWIC_INT_base Two-Wire Interface on Port C Interrupt base
0x01C TCCO_INT_base Timer/Counter 0 on port C Interrupt base
0x028 TCC1_INT_base Timer/Counter 1 on port C Interrupt base
0x030 SPIC_INT_vect SPI on port C Interrupt vector
0x032 USARTCO_INT_base USART 0 on port C Interrupt base
0x038 USARTC1_INT base USART 1 on port C Interrupt base
Ox03E AES_INT_vect AES Interrupt vector

8069R-AVR-06/2013
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Figure 15-4. 1/O configuration - Totem-pole with bus-keeper
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17. AWEX - Advanced Waveform Extension

17.1 Features

¢ QOutput with complementary output from each Capture channel

* Four Dead Time Insertion (DTI) Units, one for each Capture channel
* 8-bit DTI Resolution

e Separate High and Low Side Dead-Time Setting

* Double Buffered Dead-Time

* Event Controlled Fault Protection

¢ Single Channel Multiple Output Operation (for BLDC motor control)
* Double Buffered Pattern Generation

17.2 Overview

The Advanced Waveform Extension (AWEX) provides extra features to the Timer/Counter in
Waveform Generation (WG) modes. The AWEX enables easy and safe implementation of for
example, advanced motor control (AC, BLDC, SR, and Stepper) and power control applications.

Any WG output from a Timer/Counter 0 is split into a complimentary pair of outputs when any
AWEX feature is enabled. These output pairs go through a Dead-Time Insertion (DTI) unit that
enables generation of the non-inverted Low Side (LS) and inverted High Side (HS) of the WG
output with dead time insertion between LS and HS switching. The DTI output will override the
normal port value according to the port override setting. Optionally the final output can be
inverted by using the invert 1/O setting for the port pin.

The Pattern Generation unit can be used to generate a synchronized bit pattern on the port it is
connected to. In addition, the waveform generator output from Compare Channel A can be dis-
tributed to, and override all port pins. When the Pattern Generator unit is enabled, the DTl unit is
bypassed.

The Fault Protection unit is connected to the Event System. This enables any event to trigger a
fault condition that will disable the AWEX output. Several event channels can be used to trigger
fault on several different conditions.

The AWEX is available for TCCO. The notation of this is AWEXC.
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18. Hi-Res - High Resolution Extension

18.1 Features
* Increases Waveform Generator resolution by 2-bits (4x)
e Supports Frequency, single- and dual-slope PWM operation
e Supports the AWEX when this is enabled and used for the same Timer/Counter

18.2 Overview
The Hi-Resolution (Hi-Res) Extension is able to increase the resolution of the waveform genera-
tion output by a factor of 4. When enabled for a Timer/Counter, the Fast Peripheral clock running
at four times the CPU clock speed will be as input to the Timer/Counter.

The High Resolution Extension can also be used when an AWEX is enabled and used with a
Timer/Counter.

XMEGA A4 devices have three Hi-Res Extensions that each can be enabled for each
Timer/Counters pair on PORTC, PORTD and PORTE. The notation of these are HIRESC,
HIRESD and HIRESE, respectively.
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20. TWI - Two-Wire Interface

20.1 Features

20.2 Overview

8069R-AVR-06/2013

e Two Identical TWI peripherals

* Simple yet Powerful and Flexible Communication Interface

* Both Master and Slave Operation Supported

* Device can Operate as Transmitter or Receiver

* 7-bit Address Space Allows up to 128 Different Slave Addresses
* Multi-master Arbitration Support

* Up to 400 kHz Data Transfer Speed

e Slew-rate Limited Output Drivers

* Noise Suppression Circuitry Rejects Spikes on Bus Lines

* Fully Programmable Slave Address with General Call Support
* Address Recognition Causes Wake-up when in Sleep Mode

* 12C and System Management Bus (SMBus) compatible

The Two-Wire Interface (TWI) is a bi-directional wired-AND bus with only two lines, the clock
(SCL) line and the data (SDA) line. The protocol makes it possible to interconnect up to 128 indi-
vidually addressable devices. Since it is a multi-master bus, one or more devices capable of
taking control of the bus can be connected.

The only external hardware needed to implement the bus is a single pull-up resistor for each of
the TWI bus lines. Mechanisms for resolving bus contention are inherent in the TWI protocol.

PORTC and PORTE each has one TWI. Notation of these peripherals are TWIC and TWIE,
respectively.
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Table 30-4. Port D - Alternate functions
PORTD PIN # INTERRUPT TCDO TCD1 USARTDO USARTD1 SPID CLOCKOUT EVENTOUT
GND 18
VCC 19
PDO 20 SYNC OCO0A
PD1 21 SYNC OocCoB XCKO
PD2 22 SYNC/ASYNC ococC RXDO
PD3 23 SYNC OCO0D TXDO
PD4 24 SYNC OC1A Ss
PD5 25 SYNC 0OCi1B XCK1 MOSI
PD6 26 SYNC RXD1 MISO
PD7 27 SYNC TXD1 SCK CLKOUT EVOUT
Table 30-5. Port E - Alternate functions
PORTE PIN # INTERRUPT TCEO USARTEO TWIE
PEO 28 SYNC OCO0A SDA
PE1 29 SYNC OCoB XCKO SCL
GND 30
VCC 31
PE2 32 SYNC/ASYNC ococ RXDO
PE3 33 SYNC OCoD TXDO
Table 30-6. Port R - Alternate functions
PORTR PIN # XTAL PDI TOSC
PDI 34 PDI_DATA
RESET 35 PDI_CLK
PRO 36 XTAL2 TOSC2
PR1 37 XTALL TOSC1
AIMEL 52
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34.5 ADC Characteristics

Table 34-5. ADC Characteristics
Symbol Parameter Condition Min Typ Max Units
RES Resolution Programmable: 8/12 8 12 12 Bits
INL Integral Non-Linearity 500 ksps -5 +2 5
DNL Differential Non-Linearity 500 ksps <zl LS8
Gain Error <=*10
mV
Offset Error <+2
ADC ADC Clock frequency Max is 1/4 of Peripheral Clock 2000 kHz
Conversion rate 2000 ksps
Conversiqn time (RES+2)/2+GAIN 5 7 8 ADC
(propagation delay) RES=8o0r12, GAIN=0or1 cycles
Sampling Time 1/2 ADC, cycle 0.25 us
Conversion range 0 VREF
AVCC Analog Supply Voltage V0.3 V+0.3 \Y
VREF Reference voltage 1.0 V0.6V
Input bandwidth kHz
INT1V Internal 1.00V reference®™ 1.00
INTVCC Internal V./1.6 Vec/1.6 \%
scaLtebvec | Scaled internal V¢/10 input Vc/10
Raree Reference input resistance >10 MQ
Start-up time 12 24 ﬁiﬁ:ec'sk
Internal input sampling speed Temp. sensor, V/10, Bandgap 100 ksps
Note: 1. Referto "Bandgap Characteristics” on page 66 for more parameter details.
Table 34-6. ADC Gain Stage Characteristics
Symbol Parameter Condition Min Typ Max Units
Gain error 1 to 64 gain <#l %
Offset error <zl
VREF = Int. 1V 0.12 mV
Vrms Noise level at input 64x gain
VREF = Ext. 2V 0.06
Clock rate Same as ADC 1000 kHz
ATMEL 65
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Figure 35-11.
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fsys = 2.0 MHz internal RC.
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Figure 35-23. 1/0 Pin Output Voltage vs. Source Current
Vce = 3.3V.
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Figure 35-24. 1/0 Pin Output Voltage vs. Sink Current
Vce =1.8V.
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Figure 35-39. Internal 2 MHz Oscillator CALB Calibration Step Size
T =-4010 85, V¢ = 3V.
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Figure 35-40. Internal 32 MHz Oscillator CALA Calibration Step Size
T=-4010 85, V¢ = 3V.
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37.15 8069D — 08/08

37.16 8069C — 06/08

37.17 8069B — 06/08

37.18 8069A — 02/08
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Updated "Features” on page 1 and "Overview” on page 5.

Inserted "Interrupt Vector Summary.” on page 52.

Updated Figure 2-1 on page 3 and "Pinout and Pin Functions” on page 49.
Updated "Overview” on page 5.

Updated XMEGA A4 Block Diagram, Figure 3-1 on page 6 by removing JTAG from the block
diagram.

Removed the sections related to JTAG: JTAG Reset and JTAG Interface.
Updated Table 14-1 on page 25.

Updated all tables in section "Alternate Pin Functions” on page 51.

Updated "Features” on page 1.

Updated "Pinout/Block Diagram” on page 3 and "Pinout and Pin Functions” on page 49.
Updated "Ordering Information” on page 2.

Updated "Overview” on page 5, included the XMEGA A4 explanation text on page 6.
Added XMEGA A4 Block Diagram, Figure 3-1 on page 6.

Updated AVR CPU "Features” on page 8 and Updated Figure 6-1 on page 8.
Updated Event System block diagram, Figure 9-1 on page 17.

Updated "PMIC - Programmable Multi-level Interrupt Controller” on page 25.
Updated "AC - Analog Comparator” on page 44.

Updated "I/O configuration” on page 27.

Inserted a new Figure 16-1 on page 32.

Updated "Peripheral Module Address Map” on page 53.

Inserted "Instruction Set Summary” on page 54.

Added Speed grades in "Speed” on page 63.

Initial revision.
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