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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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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 (USBC) supports several USB classes at the same
time, thanks to the rich end-point configuration.

The device includes six identical 16-bit Timer/Counter (TC) channels. Each channel can be inde-
pendently programmed to perform frequency measurement, event counting, interval
measurement, 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. 36 PWM channels are available, enabling
applications that require multiple PWM outputs, such as LCD backlight control. The PWM chan-
nels can operate independently, with duty cycles set individually, or in interlinked mode, with
multiple channels changed at the same time.

The ATUC64/128/256L3/4U also features many communication interfaces, like USART, SPI,
and TWI, for communication intensive applications. The USART supports different communica-
tion modes, like SPI Mode and LIN Mode. 

A general purpose 8-channel ADC is provided, as well as eight analog comparators (AC). The
ADC can operate in 10-bit mode at full speed or in enhanced mode at reduced speed, offering
up to 12-bit resolution. The ADC also provides an internal temperature sensor input channel.
The analog comparators can be paired to detect when the sensing voltage is within or outside
the defined reference window.

The Capacitive Touch (CAT) module senses touch on external capacitive touch sensors, using
the QTouch technology. Capacitive touch sensors use no external mechanical components,
unlike normal push buttons, and therefore demand less maintenance in the user application.
The CAT module allows up to 17 touch sensors, or up to 16 by 8 matrix sensors to be interfaced.
All touch sensors can be configured to operate autonomously without software interaction,
allowing wakeup from sleep modes when activated.

Atmel offers the QTouch library for embedding capacitive touch buttons, sliders, and wheels
functionality into AVR microcontrollers. The patented charge-transfer signal acquisition offers
robust sensing and includes fully debounced reporting of touch keys as well as Adjacent Key
Suppression® (AKS®) technology for unambiguous detection of key events. The easy-to-use
QTouch Suite toolchain allows you to explore, develop, and debug your own touch applications.

The Audio Bitstream DAC (ABDACB) converts a 16-bit sample value to a digital bitstream with
an average value proportional to the sample value. Two channels are supported, making the
ABDAC particularly suitable for stereo audio.

The Inter-IC Sound Controller (IISC) provides a 5-bit wide, bidirectional, synchronous, digital
audio link with external audio devices. The controller is compliant with the Inter-IC Sound (I2S)
bus specification. 

The ATUC64/128/256L3/4U integrates a class 2+ Nexus 2.0 On-chip Debug (OCD) System,
with non-intrusive real-time trace and full-speed read/write memory access, in addition to basic
runtime control. The NanoTrace interface enables trace feature for aWire- or JTAG-based
debuggers. The single-pin aWire interface allows all features available through the JTAG inter-
face to be accessed through the RESET pin, allowing the JTAG pins to be used for GPIO or
peripherals.
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7.7.12 Status Register
Name: SR

Access Type: Read-only

Offset: 0x01C + n*0x040

Reset Value: 0x00000000

• TEN: Transfer Enabled
This bit is cleared when the TDIS bit in CR is written to one.
This bit is set when the TEN bit in CR is written to one.

0: Transfer is disabled for the DMA channel.

1: Transfer is enabled for the DMA channel.

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

- - - - - - - TEN
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• After all kinds of resets, the USB device address is 0.

• The host starts a SETUP transaction with a SET_ADDRESS(addr) request.

• The user writes this address to the USB Address field (UDCON.UADD), and writes a zero to 
the Address Enable bit (UDCON.ADDEN), resulting in the address remaining zero.

• The user sends a zero-length IN packet from the control endpoint.

• The user enables the stored USB device address by writing a one to ADDEN.

Once the USB device address is configured, the controller filters the packets to only accept
those targeting the address stored in UADD.

UADD and ADDEN should not be written to simultaneously. They should be written sequentially,
UADD field first.

If UADD or ADDEN is cleared, the default device address 0 is used. UADD and ADDEN are
cleared:

• On a hardware reset.

• When the USBC is disabled (USBE written to zero).

• When a USB reset is detected.

8.6.2.7 Suspend and Wakeup
When an idle USB bus state has been detected for 3 ms, the controller sets the Suspend
(SUSP) interrupt bit in UDINT. In this case, the  transceiver is suspended, reducing power
consumption.

To further reduce power consumption it is recommended to freeze the USB clock by writing a
one to the Freeze USB Clock (FRZCLK) bit in USBCON when the USB bus is in suspend mode.
The MCU can also enter the idle or frozen sleep mode to further lower power consumption.

To recover from the suspend mode, the user shall wait for the Wakeup (WAKEUP) interrupt bit,
which is set when a non-idle event is detected, and then write a zero to FRZCLK.

As the WAKEUP interrupt bit in UDINT is set when a non-idle event is detected, it can occur
regardless of whether the controller is in the suspend mode or not. The SUSP and WAKEUP
interrupts are thus independent of each other except for that one bit is cleared when the other is
set.

8.6.2.8 Detach
The reset value of the DETACH bit located in the UDCON register, is one.

It is possible to initiate a device re-enumeration simply by writing a one and then a zero to
DETACH.

DETACH acts on the pull-up connections of the DP and DM pads. See “Device mode”  for fur-
ther details.

8.6.2.9 Remote wakeup
The remote wakeup request (also known as upstream resume) is the only request the device
may send on its own initiative. This should be preceded by a DEVICE_REMOTE_WAKEUP
request from the host.

• First, the USBC must have detected a “Suspend” state on the bus, i.e. the remote wakeup 
request can only be sent after a SUSP interrupt has been set.
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12.7 Module Configuration
The specific configuration for each INTC instance is listed in the following tables.The module
bus clocks listed here are connected to the system bus clocks. Please refer to the Power Man-
ager chapter for details.

12.7.1 Interrupt Request Signal Map

12.8 Interrupt Request Signal Map
The various modules may output Interrupt request signals. These signals are routed to the Inter-
rupt Controller (INTC), described in a later chapter. The Interrupt Controller supports up to 64
groups of interrupt requests. Each group can have up to 32 interrupt request signals. All interrupt
signals in the same group share the same autovector address and priority level. Refer to the
documentation for the individual submodules for a description of the semantics of the different
interrupt requests.

The interrupt request signals are connected to the INTC as follows.

Table 12-2. INTC Clock Name

Module Name Clock Name Description

INTC CLK_INTC Clock for the INTC bus interface

Table 12-3. Interrupt Request Signal Map

Group Line Module Signal

0 0 AVR32UC3 CPU SYSREG COMPARE

1
0 AVR32UC3 CPU OCD DCEMU_DIRTY

1 AVR32UC3 CPU OCD DCCPU_READ

2 0 Flash Controller FLASHCDW

3 0 Secure Access Unit SAU

4

0 Peripheral DMA Controller PDCA 0 

1 Peripheral DMA Controller PDCA 1 

2 Peripheral DMA Controller PDCA 2 

3 Peripheral DMA Controller PDCA 3 

5

0 Peripheral DMA Controller PDCA 4 

1 Peripheral DMA Controller PDCA 5 

2 Peripheral DMA Controller PDCA 6 

3 Peripheral DMA Controller PDCA 7 

6

0 Peripheral DMA Controller PDCA 8 

1 Peripheral DMA Controller PDCA 9 

2 Peripheral DMA Controller PDCA 10 

3 Peripheral DMA Controller PDCA 11 

7 0 Power Manager PM
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14.6.3 Interrupt Mask Register

Name: IMR

Access Type: Read-only

Offset: 0x0008

Reset Value: 0x00000000

0: The corresponding interrupt is disabled.

1: The corresponding interrupt is enabled.
A bit in this register is cleared when the corresponding bit in IDR is written to one.

A bit in this register is set when the corresponding bit in IER is written to one.

31 30 29 28 27 26 25 24

AE - - - - - - -

23 22 21 20 19 18 17 16

- - - - -
PLLLOCKLO

ST0
PLLLOCK0 BRIFARDY

15 14 13 12 11 10 9 8

DFLL0RCS DFLL0RDY
DFLL0LOCK

LOSTA
DFLL0LOCK

LOSTF
DFLL0LOCK

LOSTC
DFLL0LOCK

A
DFLL0LOCK

F
DFLL0LOCK

C

7 6 5 4 3 2 1 0

BODDET SM33DET VREGOK - - - OSC0RDY OSC32RDY
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14.6.18 System RC Oscillator Calibration Register

Name: RCCR

Access Type: Read/Write

Reset Value: -

• FCD: Flash Calibration Done 
0: The flash calibration will be redone after any reset.

1: The flash calibration will only be redone after a Power-on Reset.

This bit is cleared after a POR.
This bit is set when the CALIB field has been updated by the flash fuses after a reset.

• CALIB: Calibration Value 
Calibration Value for the System RC oscillator (RCSYS).

Note that this register is protected by a lock. To write to this register the UNLOCK register has to be written first. Please
refer to the UNLOCK register description for details.

31 30 29 28 27 26 25 24

- - - - - - - -

23 22 21 20 19 18 17 16

- - - - - - - FCD

15 14 13 12 11 10 9 8

- - - - - - CALIB[9:8]

7 6 5 4 3 2 1 0

CALIB[7:0]



290
32142D–06/2013

ATUC64/128/256L3/4U

Selects the operating mode for the SM33.

Note that this register is protected by a lock. To write to this register the UNLOCK register has to be written first. Please
refer to the UNLOCK register description for details.

Table 14-6. Operation Mode for SM33

CTRL Description

0 SM33 is disabled.

1
SM33 is enabled and can reset the  device. An interrupt request will be generated if the corresponding 
interrupt is enabled in the IMR register.

2
SM33 is enabled and cannot reset the  device. An interrupt request will be generated if the corresponding 
interrupt is enabled in the IMR register.

3 SM33 is disabled

4-7 Reserved
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14.6.23 32kHz RC Oscillator Configuration Register

Name: RC32KCR

Access Type: Read/Write

Reset Value: 0x00000000

• EN: RC32K Enable
0: The 32 kHz RC oscillator is disabled.

1: The 32 kHz RC oscillator is enabled.

Note that this register is protected by a lock. To write to this register the UNLOCK register has to be written first. Please
refer to the UNLOCK register description for details.

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

- - - - - - - EN
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15.5.2.3 Calendar operation
When the CAL bit in the Control Register is one, the counter operates in calendar mode. Before
this mode is enabled, the prescaler should be set up to give a pulse every second. The date and
time can then be read from or written to the Calendar Value (CALV) register.

Time is reported as seconds, minutes, and hours according to the 24-hour clock format. Date is
the numeral date of month (starting on 1). Month is the numeral month of the year (1 = January,
2 = February, etc.). Year is a 6-bit field counting the offset from a software-defined leap year
(e.g. 2000). The date is automatically compensated for leap years, assuming every year divisible
by 4 is a leap year.

All peripheral events and interrupts work the same way in calendar mode as in counter mode.
However, the Alarm Register (ARn) must be written in time/date format for the alarm to trigger
correctly.

15.5.3 Interrupts
The AST can generate five separate interrupt requests:

• OVF: OVF

• PER: PER0, PER1

• ALARM: ALARM0, ALARM1

• CLKREADY

• READY

This allows the user to allocate separate handlers and priorities to the different interrupt types.

The generation of the PER interrupt is described in Section 15.5.3.1., and the generation of the
ALARM interrupt is described in Section 15.5.3.2. The OVF interrupt is generated when the
counter overflows, or when the alarm value is reached, if the Clear on Alarm bit in the Control
Register is one. The CLKREADY interrupt is generated when SR.CLKBUSY has a 1-to-0 transi-
tion, and indicates that the clock synchronization is completed. The READY interrupt is
generated when SR.BUSY has a 1-to-0 transition, and indicates that the synchronization
described in Section 15.5.8 is completed. 

An interrupt request will be generated if the corresponding bit in the Interrupt Mask Register
(IMR) is set. Bits in IMR are set by writing a one to the corresponding bit in the Interrupt Enable
Register (IER), and cleared by writing a one to the corresponding bit in the Interrupt Disable
Register (IDR). The interrupt request remains active until the corresponding bit in SR is cleared
by writing a one to the corresponding bit in the Status Clear Register (SCR).

The AST interrupts can wake the CPU from any sleep mode where the source clock and the
interrupt controller is active.

15.5.3.1 Periodic interrupt
The AST can generate periodic interrupts. If the PERn bit in the Interrupt Mask Register (IMR) is
one, the AST will generate an interrupt request on the 0-to-1 transition of the selected bit in the
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17.7.3 Interrupt Mask Register
Name: IMR

Access Type: Read-only

Offset: 0x008

Reset Value: 0x00000000

• INTn: External Interrupt n
0: The corresponding interrupt is disabled.

1: The corresponding interrupt is enabled.

This bit is cleared when the corresponding bit in IDR is written to one.
This bit is set when the corresponding bit in IER is written to one.

Please refer to the Module Configuration section for the number of external interrupts.

• NMI: Non-Maskable Interrupt
0: The Non-Maskable Interrupt is disabled.

1: The Non-Maskable Interrupt is enabled.
This bit is cleared when the corresponding bit in IDR is written to one.

This bit is set when the corresponding bit in IER is written to one.

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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18.6.4 Value Register

Name: VALUE

Access Type: Read-only

Offset: 0x00C

Reset Value: 0x00000000

• VALUE:
Result from measurement.

31 30 29 28 27 26 25 24

- - - - - - - -

23 22 21 20 19 18 17 16

VALUE[23:16]

15 14 13 12 11 10 9 8

VALUE[15:8]

7 6 5 4 3 2 1 0

VALUE[7:0]
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19.7.21 Parameter Register
Name: PARAMETER

Access Type: Read-only

Offset: 0x1F8

Reset Value: -

• PARAMETER: 
0: The corresponding pin is not implemented in this GPIO port.

1: The corresponding pin is implemented in this GPIO port.
There is one PARAMETER register per GPIO port. Each bit in the Parameter Register indicates whether the corresponding 

GPER bit is implemented. 

31 30 29 28 27 26 25 24

PARAMETER

23 22 21 20 19 18 17 16

PARAMETER

15 14 13 12 11 10 9 8

PARAMETER

7 6 5 4 3 2 1 0

PARAMETER
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20.7.12 LIN Mode Register
Name: LINMR

Access Type: Read-write

Offset: 0x54

Reset Value: 0x00000000 

• PDCM: Peripheral DMA Controller Mode
0: The LIN mode register is not written by the Peripheral DMA Controller.

1: The LIN mode register is, except for this bit, written by the Peripheral DMA Controller.

• DLC: Data Length Control
0 - 255: If DLM=0 this field defines the response data length to DLC+1 bytes.

• WKUPTYP: Wakeup Signal Type
0: Writing a one to CR.LINWKUP will send a LIN 2.0 wakeup signal.

1: Writing a one to CR.LINWKUP will send a LIN 1.3 wakeup signal.
• FSDIS: Frame Slot Mode Disable

0: The Frame Slot mode is enabled.
1: The Frame Slot mode is disabled.

• DLM: Data Length Mode
0: The response data length is defined by DLC.

1: The response data length is defined by bits 4 and 5 of the Identifier (LINIR.IDCHR).

• CHKTYP: Checksum Type
0: LIN 2.0 “Enhanced” checksum

1: LIN 1.3 “Classic” checksum
• CHKDIS: Checksum Disable

0: Checksum is automatically computed and sent when master, and checked when slave.
1: Checksum is not computed and sent, nor checked.

• PARDIS: Parity Disable
0: Identifier parity is automatically computed and sent when master, and checked when slave.

1: Identifier parity is not computed and sent, nor checked.

• NACT: LIN Node Action 

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – – – – PDCM

15 14 13 12 11 10 9 8

DLC

7 6 5 4 3 2 1 0

WKUPTYP FSDIS DLM CHKTYP CHKDIS PARDIS NACT

Table 20-18.

NACT Mode Description

0 0 PUBLISH: The USART transmits the response.
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24.8.12 Module Parameters
Name: PARAMETER

Access Type: Read-only

Offset: 0x2C

Reset Value: -

Reserved. No functionality associated.

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

- - - - - - - -
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28.8 Module Configuration
The specific configuration for each ABDACB instance is listed in the following tables.The module
bus clocks listed here are connected to the system bus clocks. Please refer to the Power Man-
ager chapter for details. 

Table 28-6. ABDACB Clocks

Clock Name Description

CLK_ABDACB Clock for the ABDACB bus interface

GCLK The generic clock used for the ABDACB is GCLK6

Table 28-7. Register Reset Values

Register Reset Value

VERSION 0x00000100

PARAMETER 0x00000000
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29.9.14 Version Register
Name: VERSION

Access Type: Read-only

Offset: 0x34

Reset Value: 0x00000000

• 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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30.9 User Interface

Note: 1. The reset values for these registers are device specific. Please refer to the Module Configuration section at the end of this 
chapter.

Table 30-4. ACIFB Register Memory Map

Offset Register Register Name Access Reset

0x00 Control Register CTRL Read/Write 0x00000000

0x04 Status Register SR Read-only 0x00000000

0x10 Interrupt Enable Register IER Write-only 0x00000000

0x14 Interrupt Disable Register IDR Write-only 0x00000000

0x18 Interrupt Mask Register IMR Read-only 0x00000000

0x1C Interrupt Status Register ISR Read-only 0x00000000

0x20 Interrupt Status Clear Register ICR Write-only 0x00000000

0x24 Test Register TR Read/Write 0x00000000

0x30 Parameter Register PARAMETER Read-only -(1)

0x34 Version Register VERSION Read-only -(1)

0x80 Window0 Configuration Register CONFW0 Read/Write 0x00000000

0x84 Window1 Configuration Register CONFW1 Read/Write 0x00000000

0x88 Window2 Configuration Register CONFW2 Read/Write 0x00000000

0x8C Window3 Configuration Register CONFW3 Read/Write 0x00000000

0xD0 AC0 Configuration Register CONF0 Read/Write 0x00000000

0xD4 AC1 Configuration Register CONF1 Read/Write 0x00000000

0xD8 AC2 Configuration Register CONF2 Read/Write 0x00000000

0xDC AC3 Configuration Register CONF3 Read/Write 0x00000000

0xE0 AC4 Configuration Register CONF4 Read/Write 0x00000000

0xE4 AC5 Configuration Register CONF5 Read/Write 0x00000000

0xE8 AC6 Configuration Register CONF6 Read/Write 0x00000000

0xEC AC7 Configuration Register CONF7 Read/Write 0x00000000
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Figure 34-4. AUX+JTAG Based Debugger

34.3.8.1 Trace Operation
Trace features are enabled by writing OCD registers by the debugger. The OCD extracts the
trace information from the CPU, compresses this information and formats it into variable-length
messages according to the Nexus standard. The messages are buffered in a 16-frame transmit
queue, and are output on the AUX port one frame at a time.

The trace features can be configured to be very selective, to reduce the bandwidth on the AUX
port. In case the transmit queue overflows, error messages are produced to indicate loss of
data. The transmit queue module can optionally be configured to halt the CPU when an overflow
occurs, to prevent the loss of messages, at the expense of longer run-time for the program.

34.3.8.2 Program Trace
Program trace allows the debugger to continuously monitor the program execution in the CPU.
Program trace messages are generated for every branch in the program, and contains com-
pressed information, which allows the debugger to correlate the message with the source code
to identify the branch instruction and target address.

34.3.8.3 Data Trace
Data trace outputs a message every time a specific location is read or written. The message
contains information about the type (read/write) and size of the access, as well as the address
and data of the accessed location. The ATUC64/128/256L3/4U contains two data trace chan-
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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.

Notes: 1. VVDD corresponds to either VVDDIN or VVDDIO, depending on the supply for the pin. Refer to Section  on page 10 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.

 

Table 35-8. 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

VIH Input high-level voltage
VVDD = 3.6V 0.7 * VVDD 5.5

V
VVDD = 1.98V 0.7 * VVDD 5.5

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(2)
VVDD = 3.0V, load = 10pF 87

MHz
VVDD = 3.0V, load = 30pF 58

tRISE Rise time(2)
VVDD = 3.0V, load = 10pF 2.3

ns
VVDD = 3.0V, load = 30pF 4.3

tFALL Fall time(2)
VVDD = 3.0V, load = 10pF 1.9

VVDD = 3.0V, load = 30pF 3.7

ILEAK Input leakage current 5.5V, pull-up resistors disabled 10 µA

CIN Input capacitance

TQFP48 package 4.5

pF

QFN48 package 4.2

TLLGA48 package 4.2

TQFP64 package 4.6

QFN64 package 4.2

Table 35-9. TWI Pin Characteristics(1)

Symbol Parameter Condition Min Typ Max Units

RPULLUP Pull-up resistance 25 35 60 kOhm

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

Input high-level voltage, 5V tolerant 
SMBUS compliant pins

VVDD = 3.6V 0.7 * VVDD 5.5
V

VVDD = 1.98V 0.7 * VVDD 5.5
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Fix/Workaround
Configure the lower channel with RA = 0x1 and RC = 0x2 to produce a dummy clock cycle
for the upper channel. After the dummy cycle has been generated, indicated by the
SR.CPCS bit, reconfigure the RA and RC registers for the lower channel with the real
values. 

38.5.10 ADCIFB

1. ADCIFB DMA transfer does not work with divided PBA clock
DMA requests from the ADCIFB will not be performed when the PBA clock is slower than
the HSB clock.
Fix/Workaround
Do not use divided PBA clock when the PDCA transfers from the ADCIFB.

38.5.11 CAT

1. CAT QMatrix sense capacitors discharged prematurely
At the end of a QMatrix burst charging sequence that uses different burst count values for
different Y lines, the Y lines may be incorrectly grounded for up to n-1 periods of the periph-
eral bus clock, where n is the ratio of the PB clock frequency to the GCLK_CAT frequency.
This results in premature loss of charge from the sense capacitors and thus increased vari-
ability of the acquired count values.
Fix/Workaround
Enable the 1kOhm drive resistors on all implemented QMatrix Y lines (CSA 1, 3, 5, 7, 9, 11,
13, and/or 15) by writing ones to the corresponding odd bits of the CSARES register.

2. Autonomous CAT acquisition must be longer than AST source clock period
When using the AST to trigger CAT autonomous touch acquisition in sleep modes where the
CAT bus clock is turned off, the CAT will start several acquisitions if the period of the AST
source clock is larger than one CAT acquisition. One AST clock period after the AST trigger,
the CAT clock will automatically stop and the CAT acquisition can be stopped prematurely,
ruining the result.
Fix/Workaround
Always ensure that the ATCFG1.max field is set so that the duration of the autonomous
touch acquisition is greater than one clock period of the AST source clock. 

3. CAT consumes unnecessary power when disabled or when autonomous touch not
used
A CAT prescaler controlled by the ATCFG0.DIV field will be active even when the CAT mod-
ule is disabled or when the autonomous touch feature is not used, thereby causing
unnecessary power consumption.
Fix/Workaround
If the CAT module is not used, disable the CLK_CAT clock in the PM module. If the CAT
module is used but the autonomous touch feature is not used, the power consumption of the
CAT module may be reduced by writing 0xFFFF to the ATCFG0.DIV field.

4. CAT module does not terminate QTouch burst on detect
The CAT module does not terminate a QTouch burst when the detection voltage is
reached on the sense capacitor. This can cause the sense capacitor to be charged more
than necessary. Depending on the dielectric absorption characteristics of the capacitor, this
can lead to unstable measurements.
Fix/Workaround
Use the minimum possible value for the MAX field in the ATCFG1, TG0CFG1, and
TG1CFG1 registers. 


