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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 UC3D is a complete System-On-Chip microcontroller based on the AVR32UC RISC proces-
sor running at frequencies up to 48MHz. AVR32UC is a high-performance 32-bit RISC
microprocessor core, designed for cost-sensitive embedded applications, with particular empha-
sis on low power consumption, high code density, and high performance.

The processor implements a fast and flexible interrupt controller for supporting modern operat-
ing systems and real-time operating systems. 

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

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 Power Manager improves design flexibility and security. Power monitoring is supported by
on-chip Power-On Reset (POR), and Brown-Out Detector (BOD). The device features several
oscillators, such as Oscillator 0 (OSC0), 32 KHz Oscillator and system RC oscillator (RCSYS),
and two Phase Lock Loop (PLL). Either of these oscillators/PLLs can be used as source for the
system clock.

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. The 32KHz crystal oscillator can operate in a 1- or 2-pin mode,
trading pin usage and accuracy.

The Frequency Meter (FREQM) allows accurate measuring of a clock frequency by comparing it
to a known reference clock.

The Full-Speed USB 2.0 Device interface supports several USB Classes at the same time
thanks to the rich End-Point configuration.

The device includes three identical 16-bit Timer/Counter (TC) channels. Each channel can be
independently programmed to perform frequency measurement, event counting, interval mea-
surement, pulse generation, delay timing, and pulse width modulation.

The Pulse Width Modulation controller (PWMA) provides 12-bit PWM channels which can be
synchronized and controlled from a common timer. Seven PWM channels are available,
enabling applications that require multiple PWM outputs, such as LCD backlight control. The
PWM channels can operate independently, with duty cycles set independently from each other,
or in interlinked mode, with multiple channels changed at the same time.

The UC3D also features many communication interfaces for communication intensive applica-
tions. In addition to standard serial interfaces like USART, SPI or TWI, USB is available. The
USART supports different communication modes, like SPI mode.

A general purpose 8-channel ADC is provided; It features a fully configurable sequencer that
handles many conversions. Window Mode allows each ADC channel to be used like a simple
Analog Comparator.

The Inter-IC Sound controller (IISC) provides easy access to digital audio interfaces following
I2S stereo standard.
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12.7.5 Clock Mask

Name: CPUMASK/HSBMASK/PBAMASK/PBBMASK

Access Type: Read/Write

Offset: 0x020-0x02C

Reset Value: -

• MASK: Clock Mask
If bit n is cleared, the clock for module n is stopped. If bit n is set, the clock for module n is enabled according to the current 
power mode. The number of implemented bits in each mask register, as well as which module clock is controlled by each bit, is 
shown in Table 12-7.

31 30 29 28 27 26 25 24

MASK[31:24]

23 22 21 20 19 18 17 16

MASK[23:16]

15 14 13 12 11 10 9 8

MASK[15:8]

7 6 5 4 3 2 1 0

MASK[7:0]

Table 12-7. Maskable Module Clocks in UC3D.

Bit CPUMASK HSBMASK PBAMASK PBBMASK

0 - FLASHCDW PDCA USBC

1 OCD(1) PBA bridge INTC HMATRIX

2 - PBB bridge PM FLASHCDW

3 - USBC AST -

4 - PDCA WDT -

5 - - EIC -

6 - - GPIO -

7 - - USART0 -

8 - - USART1 -

9 - - USART2 -

10 - - SPI -

11 - - TWIM -
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13.6.27 Generic Clock Interface Version Register

Name: GCLKVERSION

Access Type: Read-Only

Offset: 0x03F8

Reset Value: -

• VARIANT: Variant number
Reserved. No functionality associated.

• VERSION: Version number
Version number of the module. No functionality associated.

31 30 29 28 27 26 25 24

- - - - - - - -

23 22 21 20 19 18 17 16

- - - - VARIANT

15 14 13 12 11 10 9 8

- - - - VERSION[11:8]

7 6 5 4 3 2 1 0

VERSION[7:0]
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16. External Interrupt Controller (EIC)
Rev: 3.0.2.0

16.1 Features
• Dedicated interrupt request for each interrupt
• Individually maskable interrupts
• Interrupt on rising or falling edge
• Interrupt on high or low level
• Asynchronous interrupts for sleep modes without clock
• Filtering of interrupt lines
• Non-Maskable NMI interrupt

16.2 Overview
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. Each external
interrupt can generate an interrupt on rising or falling edge, or high or low level. Every interrupt
input has a configurable filter to remove spikes from the interrupt source. Every interrupt pin can
also be configured to be asynchronous in order to wake up the part from sleep modes where the
CLK_SYNC clock has been disabled.

A Non-Maskable Interrupt (NMI) is also supported. This has the same properties as the other
external interrupts, but is connected to the NMI request of the CPU, enabling it to interrupt any
other interrupt mode.

The EIC can wake up the part from sleep modes without triggering an interrupt. In this mode,
code execution starts from the instruction following the sleep instruction.

16.3 Block Diagram

Figure 16-1. EIC Block Diagram
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16.7.6 Mode Register
Name: MODE

Access Type: Read/Write

Offset: 0x014

Reset Value: 0x00000000

• INTn: External Interrupt n
0: The external interrupt is edge triggered.
1: The external interrupt is level triggered.
Please refer to the Module Configuration section for the number of external interrupts.

• NMI: Non-Maskable Interrupt
0: The Non-Maskable Interrupt is edge triggered.
1: The Non-Maskable Interrupt is level triggered.

31 30 29 28 27 26 25 24

- INT30 INT29 INT28 INT27 INT26 INT25 INT24

23 22 21 20 19 18 17 16

INT23 INT22 INT21 INT20 INT19 INT18 INT17 INT16

15 14 13 12 11 10 9 8

INT15 INT14 INT13 INT12 INT11 INT10 INT9 INT8

7 6 5 4 3 2 1 0

INT7 INT6 INT5 INT4 INT3 INT2 INT1 NMI
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16.7.12 Enable Register

Name: EN

Access Type: Write-only

Offset: 0x030

Reset Value: 0x00000000

• INTn: External Interrupt n
Writing a zero to this bit has no effect.
Writing a one to this bit will enable the corresponding external interrupt.
Please refer to the Module Configuration section for the number of external interrupts.

• NMI: Non-Maskable Interrupt
Writing a zero to this bit has no effect.
Writing a one to this bit will enable the Non-Maskable Interrupt.

31 30 29 28 27 26 25 24

- INT30 INT29 INT28 INT27 INT26 INT25 INT24

23 22 21 20 19 18 17 16

INT23 INT22 INT21 INT20 INT19 INT18 INT17 INT16

15 14 13 12 11 10 9 8

INT15 INT14 INT13 INT12 INT11 INT10 INT9 INT8

7 6 5 4 3 2 1 0

INT7 INT6 INT5 INT4 INT3 INT2 INT1 NMI
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18.7.18 Unlock Register
Name: UNLOCK

Access: Write-only

Offset: 0x1E0

Reset Value: -

• OFFSET: Register Offset
This field must be written with the offset value of the LOCK, LOCKC or LOCKT register to unlock. This offset must also include 
the port offset for the register to unlock. LOCKS can not be locked so no unlock is required before writing to this register.

• KEY: Unlocking Key
This bitfield must be written to 0xAA for a write to this register to have an effect.

This register always reads as zero.

31 30 29 28 27 26 25 24
KEY

23 22 21 20 19 18 17 16
- - - - - - - -

15 14 13 12 11 10 9 8
- - - - - - OFFSET

7 6 5 4 3 2 1 0
OFFSET
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19.7.1.8 IP Name Register 1
Register Name: UNAME1

Access Type: Read-Only

Offset: 0x0824

Reset Value: -

• UNAME1: IP Name Part One
This field indicates the first part of the ASCII-encoded name of the USBC IP.

31 30 29 28 27 26 25 24

UNAME1[31:24]

23 22 21 20 19 18 17 16

UNAME1[23:16]

15 14 13 12 11 10 9 8

UNAME1[15:8]

7 6 5 4 3 2 1 0

UNAME1[7:0]
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22.3 Block Diagram

Figure 22-1. IISC Block Diagram

22.4 I/O Lines Description

22.5 Product Dependencies
In order to use this module, other parts of the system must be configured correctly, as described
below.

22.5.1 I/O lines
The IISC pins may be multiplexed with I/O Controller lines. The user must first program the I/O
Controller to assign the desired IISC pins to their peripheral function. If the IISC I/O lines are not
used by the application, they can be used for other purposes by the I/O Controller. It is required
to enable only the IISC inputs and outputs actually in use.

22.5.2 Power Management
If the CPU enters a sleep mode that disables clocks used by the IISC, the IISC will stop function-
ing and resume operation after the system wakes up from sleep mode.
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Table 22-1. I/O Lines Description

Pin Name Pin Description Type

IMCK Master Clock Output

ISCK Serial Clock Input/Output

IWS I2S Word Select Input/Output

ISDI Serial Data Input Input

ISDO Serial Data Output Output
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22.6.5 Serial Clock and Word Select Generation
The generation of clocks in the IISC is described in Figure 22-3 on page 421. 

In Slave mode, the Serial Clock and Word Select Clock are driven by an external master. ISCK
and IWS pins are inputs and no generic clock is required by the IISC.

In Master mode, the user can configure the Master Clock, Serial Clock, and Word Select Clock
through the Mode Register (MR). IMCK, ISCK, and IWS pins are outputs and a generic clock is
used to derive the IISC clocks.

Audio codecs connected to the IISC pins may require a Master Clock signal with a frequency
multiple of the audio sample frequency (fs), such as 256fs. When the IISC is in Master mode,
writing a one to MR.IMCKMODE will output GCLK_IISC as Master Clock to the IMCK pin, and
will divide GCLK_IISC to create the internal bit clock, output on the ISCK pin. The clock division
factor is defined by writing to MR.IMCKFS and MR.DATALENGTH, as described ”IMCKFS:
Master Clock to fs Ratio” on page 427.

The Master Clock (IMCK) frequency is 16*(IMCKFS+1) times the sample frequency (fs), i.e. IWS
frequency. The Serial Clock (ISCK) frequency is 2*Slot Length times the sample frequency (fs),
where Slot Length is defined in Table 22-2 on page 420.

Warning: MR.IMCKMODE should only be written as one if the Master Clock frequency is strictly
higher than the Serial Clock.

If a Master Clock output is not required, the GCLK_IISC generic clock is used as ISCK, by writ-
ing a zero to MR.IMCKMODE. Alternatively, if the frequency of the generic clock used is a
multiple of the required ISCK frequency, the IMCK to ISCK divider can be used with the ratio
defined by writing the MR.IMCKFS field.

The IWS pin is used as Word Select  as described in Section 22.6.4.

Table 22-2. Slot Length

MR.DATALENGT
H Word Length Slot Length

0 32 bits 32

1 24 bits
32 if MR.IWS24 is zero
24 if MR.IWS24 is one

2 20 bits

3 18 bits

4 16 bits
16

5 16 bits compact stereo

6 8 bits
8

7 8 bits compact stereo
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23.9.8 Status Register
Name:  SR

Access Type:  Read-only

Offset:  0x1C

Reset Value:  0x00000002

• MENB: Master Interface Enable
0: Master interface is disabled. 
1: Master interface is enabled.

• STOP: Stop Request Accepted
This bit is one when a STOP request caused by writing a one to CR.STOP has been accepted, and transfer has stopped.
This bit is cleared by writing 1 to the corresponding bit in the Status Clear Register (SCR).

• PECERR: PEC Error
This bit is one when a SMBus PEC error occurred.
This bit is cleared by writing 1 to the corresponding bit in the Status Clear Register (SCR).

• TOUT: Timeout
This bit is one when a SMBus timeout occurred.
This bit is cleared by writing 1 to the corresponding bit in the Status Clear Register (SCR).

• ARBLST: Arbitration Lost
This bit is one when the actual state of the SDA line did not correspond to the data driven onto it, indicating a higher-priority 
transmission in progress by a different master. 
This bit is cleared by writing 1 to the corresponding bit in the Status Clear Register (SCR).

• DNAK: NAK in Data Phase Received
This bit is one when no ACK was received form slave during data transmission.
This bit is cleared by writing 1 to the corresponding bit in the Status Clear Register (SCR).

• ANAK: NAK in Address Phase Received
This bit is one when no ACK was received from slave during address phase
This bit is cleared by writing 1 to the corresponding bit in the Status Clear Register (SCR). 

• BUSFREE: Two-wire Bus is Free
This bit is one when activity has completed on the two-wire bus. 
Otherwise, this bit is cleared.

• IDLE: Master Interface is Idle
This bit is one when no command is in progress, and no command waiting to be issued. 
Otherwise, this bit is cleared.

31 30 29 28 27 26 25 24

- - - - - - - -

23 22 21 20 19 18 17 16

- - - - - - - MENB

15 14 13 12 11 10 9 8

- STOP PECERR TOUT - ARBLST DNAK ANAK

7 6 5 4 3 2 1 0

- - BUSFREE IDLE CCOMP CRDY TXRDY RXRDY
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26. Timer/Counter (TC)
Rev: 2.2.3.3

26.1 Features
• Three 16-bit Timer Counter channels
• A wide range of functions including: 

– Frequency measurement
– Event counting
– Interval measurement
– Pulse generation
– Delay timing
– Pulse width modulation
– Up/down capabilities

• Each channel is user-configurable and contains:
– Three external clock inputs
– Five internal clock inputs
– Two multi-purpose input/output signals

• Internal  interrupt signal
• Two global registers that act on all three TC channels

26.2 Overview
The Timer Counter (TC) includes three identical 16-bit Timer Counter channels.

Each channel can be independently programmed to perform a wide range of functions including
frequency measurement, event counting, interval measurement, pulse generation, delay timing,
and pulse width modulation.

Each channel has three external clock inputs, five internal clock inputs, and two multi-purpose
input/output signals which can be configured by the user. Each channel drives an internal inter-
rupt signal which can be programmed to generate processor interrupts.

The TC block has two global registers which act upon all three TC channels.

The Block Control Register (BCR) allows the three channels to be started simultaneously with
the same instruction.

The Block Mode Register (BMR) defines the external clock inputs for each channel, allowing
them to be chained.
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26.5.2 Power Management
If the CPU enters a sleep mode that disables clocks used by the TC, the TC will stop functioning
and resume operation after the system wakes up from sleep mode.

26.5.3 Clocks
The clock for the TC bus interface (CLK_TC) is generated by the Power Manager. This clock is
enabled at reset, and can be disabled in the Power Manager. It is recommended to disable the
TC before disabling the clock, to avoid freezing the TC in an undefined state.

26.5.4 Interrupts
The TC interrupt request line is connected to the interrupt controller. Using the TC interrupt
requires the interrupt controller to be programmed first.

26.5.5 Debug Operation
The Timer Counter clocks are frozen during debug operation, unless the OCD system keeps
peripherals running in debug operation.

26.6 Functional Description

26.6.1 TC Description
The three channels of the Timer Counter are independent and identical in operation. The regis-
ters for channel programming are listed in Figure 26-3 on page 545. 

26.6.1.1 Channel I/O Signals
As described in Figure 26-1 on page 529, each Channel has the following I/O signals.

26.6.1.2 16-bit counter 
Each channel is organized around a 16-bit counter. The value of the counter is incremented at
each positive edge of the selected clock. When the counter has reached the value 0xFFFF and
passes to 0x0000, an overflow occurs and the Counter Overflow Status bit in the Channel n Sta-
tus Register (SRn.COVFS) is set.

The current value of the counter is accessible in real time by reading the Channel n Counter
Value Register (CVn). The counter can be reset by a trigger. In this case, the counter value
passes to 0x0000 on the next valid edge of the selected clock.

Table 26-2. Channel I/O Signals Description

Block/Channel Signal Name Description

Channel Signal

XC0, XC1, XC2 External Clock Inputs

TIOA Capture mode: Timer Counter Input
Waveform mode: Timer Counter Output

TIOB Capture mode: Timer Counter Input
Waveform mode: Timer Counter Input/Output

INT Interrupt Signal Output

SYNC Synchronization Input Signal
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26.6.3.2 WAVSEL = 0
When CMRn.WAVSEL is zero, the value of CVn is incremented from 0 to 0xFFFF. Once
0xFFFF has been reached, the value of CVn is reset. Incrementation of CVn starts again and
the cycle continues. See Figure 26-6 on page 538.

An external event trigger or a software trigger can reset the value of CVn. It is important to note
that the trigger may occur at any time. See Figure 26-7 on page 539.

RC Compare cannot be programmed to generate a trigger in this configuration. At the same
time, RC Compare can stop the counter clock (CMRn.CPCSTOP = 1) and/or disable the counter
clock (CMRn.CPCDIS = 1).

Figure 26-6. WAVSEL= 0 Without Trigger
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Figure 26-8. WAVSEL = 2 Without Trigger

Figure 26-9. WAVSEL = 2 With Trigger

26.6.3.4 WAVSEL = 1
When CMRn.WAVSEL is one, the value of CVn is incremented from 0 to 0xFFFF. Once 0xFFFF
is reached, the value of CVn is decremented to 0, then re-incremented to 0xFFFF and so on.
See Figure 26-10 on page 541. 
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logic waits during this time and then starts the conversion of the enabled channels. When con-
versions of all enabled channels are complete, the ADC is deactivated until the next trigger
event.

Before entering power reduction mode the user must make sure the ADCIFD is idle and that the
Analog-to-Digital Converter cell is inactive. To deactivate the Analog-to-Digital Converter cell the
PRM bit in the ADC Configuration Register (CFG) must be written to one and the ADCIFD must
be idle. To make sure the ADCIFD is idle, write a zero to the Trigger Selection (TRGSEL) field in
the Sequencer Configuration Register (SEQCFG) and wait for the sequencer busy (SBUSY) bit
in the Status Register (SR) to be set. Note that by deactivating the Analog-to-Digital Converter
cell, a startup time penalty as defined in the STARTUP field in the timing register (TIM) will apply
on the next conversion.

28.6.7 Power-up and Startup time
The Analog-to-Digital Converter cell has a minimal startup time when the cell is activated. This
startup time is given in the Electrical Characteristics chapter and must be written to the
STARTUP field in the ADC timing register (TIM) to get correct conversion results. The
TIM.STARTUP field expects the startup time to be represented as the number of GCLK cycles
between 8 and 256 and in steps of 8 that is needed to cover the ADC startup time as specified in
the Electrical Characteristics chapter. The Analog-to-Digital Converter cell is activated at the first
conversion after reset and remains active if CFG.PRM is zero. If CFG.PRM is one, the Analog-
to-Digital Converter cell is automatically deactivated when idle and thus each conversion
sequence will have a initial startup time delay.

28.6.8 Operation Start/Stop
To reset ADCIFD to its initial state, user can enable the ADCIFD after it was previously disabled
thanks to the Enable bit EN in the Control register (CR.EN). Another way to reset ADCIFD is to
write a one in the SWRST field of the Control Register (CR.SWRST). In both cases configuration
registers won’t be affected.

28.6.9 Sample and hold time
A minimal Sample and Hold Time is necessary for the ADCIFD to guarantee the best converted
final value when switching between ADC channels. This time depends on the input impedance
of the analog input, but also on the output impedance of the driver providing the signal to the
analog input, as there is no input buffer amplifier. The Sample and Hold time by default is one
GCLK period and can be increased by programming the SHTIM field in the ADC timing register
(TIM). A null value means that no additional GCLK period are waited to charge the input sam-
pling capacitor, the maximum achievable additional GCLK period number is 15.

28.6.10 Analog reference
Please refer to the Electrical Characteristics chapter.

Please, note that it is recommended to insert a decoupling capacitor between ADVREF and
GNDANA externally to achieve maximum precision.

28.6.11 Conversion range and sampling rates
The conversion voltage amplitude range is [0, ADVREF].
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28.7.3 Status Register
Name : SR

Access Type : Read-Only

Offset : 0x08

Reset Value : 0x00000000

• CBUSY: Conversion busy
1: ADCIFD is converting
0: ADCIFD is not converting

• SBUSY: Sequencer busy
1: ADCIFD sequencer is running
0: ADCIFD sequencer is ready

• TBUSY: Timer busy
1: ADCIFD internal timer is running
0: ADCIFD internal timer is stopped

• EN: Enable Status
1: ADCIFD is ready for operation
0: ADCIFD is not ready

• CSCNV:Current Sequencer Conversion
This field is set to the sequencer current conversion identifier

• TTO: Timer time-out
This bit is set when the internal timer times out
This bit is cleared when the corresponding bit in SCR is written to one

• SUTD:Start-up time done
This bit is set when a start-up done event occurs
This bit is cleared when the corresponding bit in SCR is written to one

• SMTRG:Sequencer missed trigger event
This bit is set when a sequencer trigger event is missed
This bit is cleared when the corresponding bit in SCR is written to one

• WM:Window monitor 
This bit is set when the watched result value goes to the defined window

31 30 29 28 27 26 25 24

- - - - CBUSY SBUSY TBUSY EN

23 22 21 20 19 18 17 16

- - - - CSCNV

15 14 13 12 11 10 9 8

- - - - - - - -

7 6 5 4 3 2 1 0

TTO SUTD SMTRG WM LOVR SEOC SEOS SSOS
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30.7.1 Control Register
Name: CTRL

Access Type: Read/Write

Offset: 0x00

Reset Value: 0x00000000

• MODE: aWire UART user interface mode

31 30 29 28 27 26 25 24

- - - - - - - -

23 22 21 20 19 18 17 16

- - - - - - - -

15 14 13 12 11 10 9 8

- - - - - - - -

7 6 5 4 3 2 1 0

- - - - - - MODE

Table 30-3. aWire UART user interface Modes

MODE  Mode Description

0 Disabled

1 Receive

2 Transmit

3 Receive with resync.
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of TCK. In order to remain in the Shift-DR state, the TMS input must be held low. While the Data
Register is shifted in from the TDI pin, the parallel inputs to the Data Register captured in the
Capture-DR state is shifted out on the TDO pin.

Apply the TMS sequence 1, 1, 0 to re-enter the Run-Test/Idle state. If the selected Data Register
has a latched parallel-output, the latching takes place in the Update-DR state. The Exit-DR,
Pause-DR, and Exit2-DR states are only used for navigating the state machine.

As shown in the state diagram, the Run-Test/Idle state need not be entered between selecting
JTAG instruction and using Data Registers.

31.5.10 Boundary-scan
The boundary-scan chain has the capability of driving and observing the logic levels on the digi-
tal I/O pins, as well as the boundary between digital and analog logic for analog circuitry having
off-chip connections. At system level, all ICs having JTAG capabilities are connected serially by
the TDI/TDO signals to form a long shift register. An external controller sets up the devices to
drive values at their output pins, and observe the input values received from other devices. The
controller compares the received data with the expected result. In this way, boundary-scan pro-
vides a mechanism for testing interconnections and integrity of components on Printed Circuits
Boards by using the 4 TAP signals only.

The four IEEE 1149.1 defined mandatory JTAG instructions IDCODE, BYPASS, SAMPLE/PRE-
LOAD, and EXTEST can be used for testing the Printed Circuit Board. Initial scanning of the
data register path will show the ID-code of the device, since IDCODE is the default JTAG
instruction. It may be desirable to have the 32-bit AVR device in reset during test mode. If not
reset, inputs to the device may be determined by the scan operations, and the internal software
may be in an undetermined state when exiting the test mode. If needed, the BYPASS instruction
can be issued to make the shortest possible scan chain through the device. The device can be
set in the reset state either by pulling the external RESETn pin low, or issuing the AVR_RESET
instruction with appropriate setting of the Reset Data Register.

The EXTEST instruction is used for sampling external pins and loading output pins with data.
The data from the output latch will be driven out on the pins as soon as the EXTEST instruction
is loaded into the JTAG IR-register. Therefore, the SAMPLE/PRELOAD should also be used for
setting initial values to the scan ring, to avoid damaging the board when issuing the EXTEST
instruction for the first time. SAMPLE/PRELOAD can also be used for taking a snapshot of the
external pins during normal operation of the part.

When using the JTAG Interface for boundary-scan, the JTAG TCK clock is independent of the
internal chip clock. The internal chip clock is not required to run during boundary-scan
operations.

NOTE: For pins connected to 5V lines care should be taken to not drive the pins to a logic one
using boundary-scan, as this will create a current flowing from the 3,3V driver to the 5V pull-up
on the line. Optionally a series resistor can be added between the line and the pin to reduce the
current.

Details about the boundary-scan chain can be found in the BSDL file for the device. This can be
found on the Atmel website.

31.5.11 Service Access Bus
The AVR32 architecture offers a common interface for access to On-Chip Debug, programming,
and test functions. These are mapped on a common bus called the Service Access Bus (SAB),
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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 8 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.
3. This applies to all normal drive pads except PB13, PB17 and PB18.
4. This applies to PB13, PB17 and PB18 pads only.
5. This applies to all normal drive pad except PA00, PA01, PA02, PA03, PA04, PA05, PA06, PA07, PA08, PA09, PA10, PA11, 

PA12, PA13, PA18, PA19, PA27, PA30, PA31, PB13, PB16 and RESET_N.
6. This applies to PA00, PA01, PA02, PA03, PA04, PA05, PA06, PA07, PA08, PA09, PA10, PA11, PA12, PA13, PA18, PA19, 

PA27, PA30, PA31, PB13, PB16 and RESET_N pads only.
7. This applies to all normal drive pads except PA09, PA10, PA11, PA12, PA18, PA19, PB14, PB15.

 

IOL Output low-level current VVDD = 3.0V
(5) 4 mA
(6) 8 mA

IOH Output high-level current VVDD = 3.0V
(5) 4 mA
(6) 8 mA

FMAX Output frequency(2)

VVDD = 3.0V, load = 
10 pF

(5) 195 MHz
(6) 348 MHz

VVDD = 3.0V, load = 
30 pF

(5) 78 MHz
(6) 149 MHz

tRISE Rise time(2)

VVDD = 3.0V, load = 
10 pF

(5) 2.21 ns
(6) 1.26 ns

VVDD = 3.0V, load = 
30 pF

(5) 5.45 ns
(6) 2.88 ns

tFALL Fall time(2)

VVDD = 3.0V, load = 
10 pF

(5) 2.57 ns
(6) 1.44 ns

VVDD = 3.0V, load = 
30 pF

(5) 6.41 ns
(6) 3.35 ns

ILEAK Input leakage current Pull-up resistors disabled 1 µA

CIN Input capacitance,

(7) 2 pF

PA09, PA10 16.5 pF

PA11, PA12, PA18, PA19 18.5 pF

PB14, PB15 5 pF

Table 32-6. Normal I/O Pin Characteristics(1)

Symbol Parameter Condition Min Typ Max Units

Table 32-7. High-drive I/O Pin Characteristics(1)

Symbol Parameter Condition Min Typ Max Units

RPULLUP Pull-up resistance 9 15 25 kOhm

VIL Input low-level voltage VVDD = 3.0V -0.3 +0.8 V

VIH Input high-level voltage VVDD = 3.6V +2 VVDD + 0.3 V

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


