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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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1. Description
The Atmel® AVR® AT32UC3L016/32/64 is a complete system-on-chip microcontroller based on
the AVR32 UC RISC processor running at frequencies up to 50MHz. AVR32 UC is a high-per-
formance 32-bit RISC microprocessor core, designed for cost-sensitive embedded applications,
with particular emphasis on low power consumption, high code density, and high performance.

The processor implements a Memory Protection Unit (MPU) and a fast and flexible interrupt con-
troller for supporting modern and real-time operating systems. The Secure Access Unit (SAU) is
used together with the MPU to provide the required security and integrity.

Higher computation capability is achieved using a rich set of DSP instructions.

The AT32UC3L016/32/64 embeds state-of-the-art picoPower technology for ultra-low power
consumption. Combined power control techniques are used to bring active current consumption
down to 165µA/MHz, and leakage down to 9nA while still retaining a bank of backup registers.
The device allows a wide range of trade-offs between functionality and power consumption, giv-
ing the user the ability to reach the lowest possible power consumption with the feature set
required for the application.

The Peripheral Direct Memory Access (DMA) controller enables data transfers between periph-
erals and memories without processor involvement. The Peripheral DMA controller drastically
reduces processing overhead when transferring continuous and large data streams.

The AT32UC3L016/32/64 incorporates on-chip Flash and SRAM memories for secure and fast
access. The FlashVault technology allows secure libraries to be programmed into the device.
The secure libraries can be executed while the CPU is in Secure State, but not read by non-
secure software in the device. The device can thus be shipped to end customers, who will be
able to program their own code into the device to access the secure libraries, but without risk of
compromising the proprietary secure code.

The External Interrupt Controller (EIC) allows pins to be configured as external interrupts. Each
external interrupt has its own interrupt request and can be individually masked. 

The Peripheral Event System allows peripherals to receive, react to, and send peripheral events
without CPU intervention. Asynchronous interrupts allow advanced peripheral operation in low
power sleep modes.

The Power Manager (PM) improves design flexibility and security. The Power Manager supports
SleepWalking functionality, by which a module can be selectively activated based on peripheral
events, even in sleep modes where the module clock is stopped. Power monitoring is supported
by on-chip Power-on Reset (POR), Brown-out Detector (BOD), and Supply Monitor (SM). The
device features several oscillators, such as Digital Frequency Locked Loop (DFLL), Oscillator 0
(OSC0), and system RC oscillator (RCSYS). Either of these oscillators can be used as source
for the system clock. The DFLL is a programmable internal oscillator from 40 to 150MHz. It can
be tuned to a high accuracy if an accurate refernce clock is running, e.g. the 32KHz crystal
oscillator. 

The Watchdog Timer (WDT) will reset the device unless it is periodically serviced by the soft-
ware. This allows the device to recover from a condition that has caused the system to be
unstable.

The Asynchronous Timer (AST) combined with the 32KHz crystal oscillator supports powerful
real-time clock capabilities, with a maximum timeout of up to 136 years. The AST can operate in
counter mode or calendar mode. 
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Power Manager - PM

RESET_N Reset Input Low

Pulse Width Modulation Controller - PWMA

PWMA35 - PWMA0 PWMA channel waveforms Output

PWMAOD35 - 
PWMAOD0

PWMA channel waveforms, open drain 
mode

Output
Not all channels support open 
drain mode

System Control Interface - SCIF

GCLK4 - GCLK0 Generic Clock Output Output

RC32OUT RC32K output at startup Output

XIN0 Crystal 0 Input
Analog/ 
Digital

XIN32 Crystal 32 Input (primary location)
Analog/ 
Digital

XIN32_2 Crystal 32 Input (secondary location)
Analog/ 
Digital

XOUT0 Crystal 0 Output Analog

XOUT32 Crystal 32 Output (primary location) Analog

XOUT32_2 Crystal 32 Output (secondary location) Analog

Serial Peripheral Interface - SPI

MISO Master In Slave Out I/O

MOSI Master Out Slave In I/O

NPCS3 - NPCS0 SPI Peripheral Chip Select I/O Low

SCK Clock I/O

Timer/Counter - TC0, TC1

A0 Channel 0 Line A I/O

A1 Channel 1 Line A I/O

A2 Channel 2 Line A I/O

B0 Channel 0 Line B I/O

B1 Channel 1 Line B I/O

B2 Channel 2 Line B I/O

CLK0 Channel 0 External Clock Input Input

CLK1 Channel 1 External Clock Input Input

CLK2 Channel 2 External Clock Input Input

Two-wire Interface - TWIMS0, TWIMS1

TWALM SMBus SMBALERT I/O Low

TWCK Two-wire Serial Clock I/O

TWD Two-wire Serial Data I/O

Universal Synchronous/Asynchronous Receiver/Transmitter - USART0, USART1, USART2, USART3

Table 3-7. Signal Descriptions List
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3.4.8 RC32OUT Pin

3.4.8.1 Clock output at startup
After power-up, the clock generated by the 32kHz RC oscillator (RC32K) will be output on PA20,
even when the device is still reset by the Power-On Reset Circuitry. This clock can be used by
the system to start other devices or to clock a switching regulator to rise the power supply volt-
age up to an acceptable value. 

The clock will be available on PA20, but will be disabled if one of the following conditions are
true:

• PA20 is configured to use a GPIO function other than F (SCIF-RC32OUT)

• PA20 is configured as a General Purpose Input/Output (GPIO)

• The bit FRC32 in the Power Manager PPCR register is written to zero (refer to the Power 
Manager chapter)

The maximum amplitude of the clock signal will be defined by VDDIN.

Once the RC32K output on PA20 is disabled it can never be enabled again. 

3.4.8.2 XOUT32_2 function
PA20 selects RC32OUT as default enabled after reset. This function is not automatically dis-
abled when the user enables the XOUT32_2 function on PA20. This disturbs the oscillator and
may result in the wrong frequency. To avoid this, RC32OUT must be disabled when XOUT32_2
is enabled.

3.4.9 ADC Input Pins
These pins are regular I/O pins powered from the VDDIO. However, when these pins are used
for ADC inputs, the voltage applied to the pin must not exceed 1.98V. Internal circuitry ensures
that the pin cannot be used as an analog input pin when the I/O drives to VDD. When the pins
are not used for ADC inputs, the pins may be driven to the full I/O voltage range.
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than the oldest instruction. An instruction B is younger than an instruction A if it was sent down
the pipeline later than A.

The addresses and priority of simultaneous events are shown in Table 4-4 on page 31. Some of
the exceptions are unused in AVR32UC since it has no MMU, coprocessor interface, or floating-
point unit.
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5. Memories 

5.1 Embedded Memories
• Internal high-speed flash

– 64Kbytes (AT32UC3L064)
– 32Kbytes (AT32UC3L032)
– 16Kbytes (AT32UC3L016)

• 0 wait state access at up to 25mhz in worst case conditions
• 1 wait state access at up to 50mhz in worst case conditions
• Pipelined flash architecture, allowing burst reads from sequential Flash locations, hiding 

penalty of 1 wait state access
• Pipelined flash architecture typically reduces the cycle penalty of 1 wait state operation 

to only 8% compared to 0 wait state operation
• 100 000 write cycles, 15-year data retention capability
• Sector lock capabilities, bootloader protection, security bit
• 32 fuses, erased during chip erase
• User page for data to be preserved during chip erase

• Internal high-speed SRAM, single-cycle access at full speed
– 16Kbytes (AT32UC3L064, AT32UC3L032)
– 8Kbytes (AT32UC3L016)

5.2 Physical Memory Map
The system bus is implemented as a bus matrix. All system bus addresses are fixed, and they
are never remapped in any way, not even in boot. Note that AVR32 UC CPU uses unsegmented
translation, as described in the AVR32 Architecture Manual. The 32-bit physical address space
is mapped as follows:

Table 5-1. AT32UC3L016/32/64 Physical Memory Map

Device Start Address
Size

AT32UC3L064 AT32UC3L032 AT32UC3L016

Embedded SRAM 0x00000000 16Kbytes 16Kbytes 8Kbytes

Embedded Flash 0x80000000 64Kbytes 32Kbytes 16Kbytes

SAU Channels 0x90000000 256 bytes 256 bytes 256 bytes

HSB-PB Bridge B 0xFFFE0000 64Kbytes 64Kbytes 64Kbytes

HSB-PB Bridge A 0xFFFF0000 64Kbytes 64Kbytes 64Kbytes

Table 5-2. Flash Memory Parameters

Part Number Flash Size (FLASH_PW)
Number of pages 

(FLASH_P)
Page size

(FLASH_W)

AT32UC3L064 64Kbytes 256 256 bytes

AT32UC3L032 32Kbytes 128 256 bytes

AT32UC3L016 16Kbytes 64 256 bytes
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6.1.3.2 1.8V Single Supply Mode
In 1.8V single supply mode the internal regulator is not used, and VDDIO and VDDCORE are
powered by a single 1.8V supply as shown in Figure 6-3. All I/O lines will be powered by the
same power (VDDIN = VDDIO = VDDCORE).

Figure 6-3. 1.8V Single Supply Mode.
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Notes: 1. VVDD corresponds to either VVDDIN or VVDDIO, depending on the supply for the pin. Refer to Section 3.2 on page 9 for details. 
2. These values are based on simulation and characterization of other AVR microcontrollers manufactured in the same pro-

cess technology. These values are not covered by test limits in production.

VIL Input low-level voltage
VVDD = 3.0V -0.3 0.3*VVDD

V
VVDD = 1.62V -0.3 0.3*VVDD

VIH Input high-level voltage
VVDD = 3.6V 0.7*VVDD VVDD + 0.3

V
VVDD = 1.98V 0.7*VVDD VVDD + 0.3

VOL Output low-level voltage
VVDD = 3.0V, IOL = 6mA 0.4

V
VVDD = 1.62V, IOL = 4mA 0.4

VOH Output high-level voltage
VVDD = 3.0V, IOH = 6mA VVDD-0.4

V
VVDD = 1.62V, IOH = 4mA VVDD-0.4

fMAX

Output frequency, all High-
drive I/O pins, except 
PA08 and PA09(2)

VVDD = 3.0V, load = 10pF 45
MHz

VVDD = 3.0V, load = 30pF 23

tRISE

Rise time, all High-drive 
I/O pins, except PA08 and 
PA09(2)

VVDD = 3.0V, load = 10pF 4.7

ns
VVDD = 3.0V, load = 30pF 11.5

tFALL

Fall time, all High-drive I/O 
pins, except PA08 and 
PA09(2)

VVDD = 3.0V, load = 10pF 4.8

VVDD = 3.0V, load = 30pF 12

fMAX
Output frequency, PA08 
and PA09(2)

VVDD = 3.0V, load = 10pF 52
MHz

VVDD = 3.0V, load = 30pF 39

tRISE
Rise time, PA08 and 
PA09(2)

VVDD = 3.0V, load = 10pF 2.9

ns
VVDD = 3.0V, load = 30pF 4.9

tFALL
Fall time, PA08 and 
PA09(2)

VVDD = 3.0V, load = 10pF 2.5

VVDD = 3.0V, load = 30pF 4.6

ILEAK Input leakage current Pull-up resistors disabled 1 µA

CIN

Input capacitance, all 
High-drive I/O pins, except 
PA08 and PA09

TQFP48 package 2,2

pF

QFN48 package 2.0

TLLGA 48 package 2.0

CIN
Input capacitance, PA08 
and PA09

TQFP48 package 7.0

QFN48 package 6.7

TLLGA 48 package 6.7

Table 7-8. High-drive I/O Pin Characteristics(1)

Symbol Parameter Condition Min Typ Max Units

Table 7-9. High-drive I/O, 5V Tolerant, Pin Characteristics(1)

Symbol Parameter Condition Min Typ Max Units

RPULLUP Pull-up resistance 30 50 110 kOhm

VIL Input low-level voltage
VVDD = 3.0V -0.3 0.3*VVDD

V
VVDD = 1.62V -0.3 0.3*VVDD
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Notes: 1. Please refer to the SCIF chapter for details.
2. Nominal crystal cycles.
3. These values are based on simulation and characterization of other AVR microcontrollers manufactured in the same pro-

cess technology. These values are not covered by test limits in production.

Figure 7-3. Oscillator Connection

7.6.2 32KHz Crystal Oscillator (OSC32K) Characteristics
Figure 7-3 and the equation above also applies to the 32KHz oscillator connection. The user
must choose a crystal oscillator where the crystal load capacitance CL is within the range given
in the table. The exact value of CL can then be found in the crystal datasheet.

tSTARTUP Startup time SCIF.OSCCTRL.GAIN = 2(1) 30 000(2) cycles

IOSC Current consumption

Active mode, f = 0.45MHz, 
SCIF.OSCCTRL.GAIN = 0

30

µA
Active mode, f = 10MHz,

SCIF.OSCCTRL.GAIN = 2
170

Table 7-12. Crystal Oscillator Characteristics

Symbol Parameter Conditions Min Typ Max Unit

XIN

XOUT

CLEXT

CLEXT

CL
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