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Introduction

The AVR® DU Family of microcontrollers uses the AVR® CPU with a hardware multiplier running at clock

speeds up to 24 MHz. They include 16/32/64 KB of Flash, 2/4/8 KB of SRAM, and 256 bytes of EEPROM. The
microcontrollers are available in 14-, 20-, 28-, and 32-pin packages. The family uses the latest technologies from
Microchip Technology, with a flexible and low-power architecture, including an Event System, intelligent analog
features, and advanced digital peripherals such as a USB 2.0 full-speed device.



Features

+ AVR® CPU

Running at up to 24 MHz

Single-cycle 1/0 access

Two-level interrupt controller

Two-cycle hardware multiplier

Program and Debug Interface Disable (PDID)
Supply voltage range: 1.8-5.5V

* Memories

16/32/64 KB in-system self-programmable Flash memory with a genuine read-while-write operation
2/4/8 KB SRAM
256B EEPROM

512B of user row in nonvolatile memory that can keep data during chip erase and be programmed while
the device is locked

256B of boot row

Write/erase endurance
+ Flash 1,000 cycles

+ EEPROM 100,000 cycles
Data retention: 40 years at 55°C

+ System

Power-on Reset (POR) circuit
Brown-out Detector (BOD)
Voltage Level Monitor (VLM) with interrupt at a programmable level above the BOD
Clock options
+ High-precision internal high-frequency oscillator with selectable frequency up to 24 MHz (OSCHF)
- Auto-tuning for improved internal oscillator accuracy

+ 32.768 kHz internal oscillator (OSC32K)

+ 32.768 kHz external crystal oscillator (XOSC32K)

+ External clock input

+ External high-frequency crystal oscillator (XOSCHF) with clock failure detection
Single-pin Unified Program and Debug Interface (UPDI)

Three sleep modes
+ Idle with all peripherals running for immediate wake-up

+ Standby with a configurable operation of selected peripherals

+ Power-Down with full data retention
Automated Cyclic Redundancy Check (CRC) Flash memory scan
Watchdog Timer (WDT) with Window mode, with a separate on-chip oscillator
External interrupt on all general purpose pins

+ Peripherals
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One 16-bit Timer/Counter type A (TCA) with three compare channels for Pulse-Width Modulation (PWM)
and waveform generation



- Two 16-bit Timer/Counter type B (TCB) with input capture and signal measurements
- One 16-bit Real-Time Counter (RTC) that can run from an external crystal or internal oscillator
- One USB 2.0 full-speed (12 Mbps) device-compliant interface(")
+ Optional internal 3.3V voltage regulator
+ OSCHF oscillator can be tuned to the USB Start-of-Frames (SOFs) for crystal-less operation
+ 16 endpoint addresses each, with one input and one output endpoint for up to 32 endpoints
* Multipacket transfer for reduced interrupt load and software intervention
- Two USARTs
+ Operation modes: RS-485, LIN client, SPI host, and IrDA
+ Fractional baud rate generator, auto-baud, and start-of-frame detection
- One SPI with host/client operation modes
- One Two-Wire Interface (TWI) with dual address match
+ Simultaneous host/client operation (dual mode)

+ Philips Inter-Integrated Circuit (12C) compatible
« Standard mode (Sm, 100 kHz)
« Fast mode (Fm, 400 kHz)
+ Fast mode plus (Fm+, 1 MHz))
- Event System for CPU independent and predictable inter-peripheral signaling
- Configurable Custom Logic (CCL) with four programmable Look-up Tables (LUTs)
- One 10-bit 170 ksps Analog-to-Digital Converter (ADC)
- One Analog Comparator (AC)
- Internal 1.024V, 2.048V, 2.500V and 4.096V voltage references and external reference option (VREF)

+ 1/0 and Packages:
- Upto 25 (24) programmable GPIO (I/0) pins
- 32-pin VQFN 5x5 mm and TQFP 7x7 mm
- 28-pin VQFN 4x4 mm, SPDIP and SSOP
- 20-pin VQFN 3x3 mm and SSOP
- 14-pin SOIC
* Temperature Ranges:
- Industrial: -40°C to +85°C
Notes:
1. USB function is only available for VDD above 3.0V.
2. 12C Fm+ is only supported for 2.7V and above.
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AVR® DU Family Overview

The figure below shows the AVR DU devices, laying out pin count variants and memory sizes:

« Vertical migration is possible without code modification, as these devices are entirely pin and feature
compatible

* Horizontal migration to the left reduces the pin count and, therefore, the available features

Figure 1. AVR® DU Family Overview
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The name of a device in the AVR DU Family is decoded as follows:
Figure 2. AVR® DU Device Designations
Flash size in KB —— —— Package Style
RXB = VQFN32
Ny — | PT = TQFP
Family SS = SSOP
SO =S0IC
Pin count SP=SPDIP

——— Temperature Range
| =-40°C to +85°C (Industrial)

Carrier Type

T = Tape & Reel
Blank = Tube or tray

Memory Overview
The following table shows the memory overview of the entire AVR DU family.
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Table 1. Memory Overview

AVR16DU14 AVR32DU14
Devices AVR16DU20 AVR32DU20

AVR16DU28 AVR32DU28 AVR64DU28

AVR16DU32 AVR32DU32 AVR64DU32
Flash memory 16 KB 32KB 64 KB
Flash read-while-write sectioning 4 KB/12 KB 4 KB/28 KB 8 KB/56 KB
- bottom NRWW /upper RWW
SRAM 2 KB 4 KB 8 KB
EEPROM 256B 256B 256B
User row 512B 512B 512B
Boot row 256B 256B 256B

Peripheral Overview
The following table shows the peripheral overview of the entire AVR DU family.

Table 2. Peripheral Overview

AVR16DU14 AVR16DU20 AVR16DU28 AVR16DU32
Feature AVR32DU14 AVR32DU20 AVR32DU28 AVR32DU32
AVR64DU28 AVR64DU32
_———
Max. frequency (MHz) 24
16-bit Timer/Counter type A (TCA) 1 1 1 1
16-bit Timer/Counter type B (TCB) 2 2 2 2
Real-Time Counter (RTC) 1 1 1 1
USB 2.0 full-speed device 1 1 1 1
USART 2 2 2 2
SPI 1 1 1 1
TWI/12C(™M 1M 1M 1(M) 1(M)
10-bit ADC (channels) 1(5) 1(11) 1(17) 121)
Analog Comparator (AC) 1 1 1 1

Peripheral Touch Controller (PTC) - - - -
Operational amplifier (OP) - = - ;

Configurable Custom Logic Look-up Table 4 4 4 4

(CCL LUT)

Watchdog Timer (WDT) 1 1 1 1

Event System (EVSYS) channels 6 6 6 6

General Purpose 1/0@) 9/8(2 15/14@) 21/202 25/242)

PORT PA[1:0], PC[3], PA[7:0], PC[3], PA[7:0], PC[3], PA[7:0], PC[3],
PD[7:4], PF[7:6] PD[7:4], PF[7:6] PD[7:0], PF[7,6,1,0] PDI[7:0], PF[7:0]

External interrupts 9 15 21 25

CRCSCAN 1 1 1 1

Unified Program and Debug Interface (UPDI) 1 1 1 1

Notes:

1. The TWI/I2C can operate simultaneously as both host and client on different pins.
2. PF6/RESET pin is input only.
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Security Concept

The AVR DU devices are general purpose microcontrollers that offer fundamental security features to
implement secure firmware upgrades and authenticate the application firmware. When using the security
features correctly, they protect against remote attacks and some PCB-level attacks where the application code is
attempted modified to change the product functionality.

The cornerstone of the security features is the Program and Debug Interface Disable (PDID), a mechanism
preventing access to the device's reprogrammable Flash memory over the Unified Program and Debug Interface
(UPDI). After activating the PDID as described in the section Memories, the UPDI is prevented from making any
changes to the device. The UPDI can still read out the device information and CRC status.

The only way to program the device after activating the PDID is by using software stored in the Boot Code
section of the Flash to update the Application Code section software. This application-specific software must be
able to receive new data and program the Application Code section. It is impossible to alter code stored in the
Boot Code section using this mechanism, as the Boot Code section is only accessible using the UPDI.

In addition, there is a separate storage space accessible only by code in the Boot Code section, which can hold
any data intended to be accessible only from the Boot Code section. One example of this is a cryptographic key
to be used to validate data that are sent to a bootloader to update the application software on the device.

This creates a two-layer security: The device is prevented from being erased or reprogrammed over the UPD|,
and the code in the Boot Code section is protected. Secondly, the code in the Boot Code section can use a
cryptographic key (that is only accessible by code in this section of Flash) to verify that any new application code
that is received for the device software update is authentic.

Using the Program and Debug Interface Disable (PDID) in software requires cryptographic competencies to ensure
conformity to cyber-security standards such as ISO/SAE DIS 21434,
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2. Pinout
2.1 14-Pin SOIC

GND

PF6 (RESET)

PF7 (UPDI)

PAO (XTAL32K1/XTALHF1)
PA1 (XTAL32K2/XTALHF2)
VUSB

DM

Power

|:| Input supply

. Ground

!I PIN on VDD power domain
!I PIN on VUSB power domain
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\ICDO'IAOJI\)—\.

14 [] vDD
13 ] PD7
12 |I] PD6
11 ] PD5
10 ] PD4
9 PC3
8 DP

Functionality

|2 Programming/Debug
|:| Clock/Crystal
Ij Digital Function Only

|:| Analog Function



2.2 20-Pin SSOP

GND

PF6 (RESET)

PF7 (UPDI)

PAO (XTAL32K1/XTALHF1)
PA1 (XTAL23K2/XTALHF2)
PA2

PA3

PA4

PA5

PAG

RN
(@)

@OO\ICDO'I-bOOI\)A.

20
19
18
17
16
15
14
13
12
11

Power

|:| Input supply

. Ground

!I PIN on VDD power domain
!I PIN on VUSB power domain
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Functionality

VDD
PD7
PD6
PD5
PD4
PC3
DP
DM
VUSB
PA7

Iz Programming/Debug

|:| Clock/Crystal

Ij Digital Function Only

|2 Analog Function




2.3 20-Pin VQFN

18[W PA1 (XTAL32K2/XTALHF2)
17[W PAO (XTAL32K1/XTALHF1)

a

o

2

2 g -

Qa a o

o D E

[qV] ~ ~
PA4
PA5
PAG
PA7
VUSB

S o M T W

oo O o N

o o o

Power

|:| Input supply

. Ground

!I PIN on VDD power domain
!I PIN on VUSB power domain
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PF6 (RESET)
GND
VDD
PD7
PD6

Functionality

Programming/Debug
Clock/Crystal

Digital Function Only
Analog Function
TWI

USB

ININININ




24 28-Pin SPDIP and SSOP
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PA7 .1 28 PAG
VUSB 2 27 PA5
DM 3 26 PA4
DP 4 25 PA3
PC3 5 24 PA2
PDO 6 23 PA1 (XTALHF2)
PD1 7 22 PAO (XTALHF1)
PD2 8 21 GND
PD3 9 20 VDD
PD4 10 19 PF7 (UPDI)
PD5 11 18 PF6 (RESET)
PDG6 12 17 PF1 (XTAL32K2)
PD7 13 16 PFO (XTAL32K1)
VDD 14 15 GND
Power Functionality

|:| Input supply

. Ground

!I PIN on VDD power domain
!I PIN on VUSB power domain

|2 Programming/Debug
|:| Clock/Crystal

|4 Digital Function Only
D Analog Function




2.5 28-Pin VQFN
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Yz ~
|_
I3 s b
< < Q 0
E E o
X X =
AN «— O O A N~ ©
pd
S XX 6SE &
<
N
PA3 PF1 (XTAL32K2)
PA4 PFO (XTAL32K1)
PA5 GND
PAG VDD
PA7 PD7
VUSB PD6
DM PD5
o M O = N ™o <
=)
cPEaRR 8
Power Functionality

|:| Input supply Programming/Debug

. Ground

!I PIN on VDD power domain

Clock/Crystal

Digital Function Only
!I PIN on VUSB power domain Analog Function
TWI

uUsSB

NPINENININ




2.6 32-Pin TQFP and VQFN

-~ ~
T T — |
T = |
< < o |»n
= B o (W
X X 2 X

a)
— O
2 I 2 z T PP
oo o O o o o
- O
N o

PA3 PF4
pa4 Pl 2 PF3
PA5 PF2

PAG 21 | PF1 (XTAL32K2)

o N o o B~ 0N -

PA7 20 || PFO (XTAL32K1)
VUSB GND
by -~ | 18 | | vDD
DP PD7
M O - N O T W ©
O 00000 anAN
[ I o I o IR o O o T A E A N A B
Power Functionality
|:| Input supply |2 Programming/Debug
. Ground |:| Clock/Crystal
!I PIN on VDD power domain |2 Digital Function Only
!I PIN on VUSB power domain |2 Analog Function
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3.
3.1

30

31

32

20
21
22
23
24
25
26
27
28

29
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VQFN32, TQFP32

I/0 Multiplexing and Considerations

o =)
[v] v
< =)

I/0 Multiplexing

22

23

24

25

26

27

28

20

21

SPDIP28, SSOP28

26

27

28

20

21

22

23

24

25

20

20

Pin name (1.2)

XTAL32K1(6)
PAO XTALHF1

EXTCLK

XTAL32K2(6)

PA1
XTALHF2

PA2

PA3

PA4
PAS
PA6
PA7 CLkouTt
vusB
DM
DP
PC3
PDO
PD1
PD2
PD3
PD4

PD5

PD6

PD7 VREFA

GND
PFO XTAL32K1
PF1 XTAL32K2
PF2

PF3

PF4

PF5

PF6(5) RESET
PF7 UPDI
VDD

GND

AIN22

AIN23

AIN24

AIN25

AIN26

AIN27

AIN31

AINO

AINT

AIN2

AIN3

AIN4

AIN5

AIN6

AIN7

AIN16

AIN17

AIN18

AINT9

AIN20

AIN21

out

AINP4

AINN1

AINPO

AINNO

AINP3

AINN2

VUsB

DM

DP

0,TxD

0,RxD

0,XCK

0,7xD(3)
0,XDIR

0,RxD(3)
0,7xD3)
0,RxD()
0,XCK3)

0,XDIRG)

0,7xD(3)
0,RxDE)
0,XCK3)
1,TxD(3)
0,XDIRG)

1,RxD3)

SDAHO)®)

MOSI
MISO

SCK

MOsIG)

MISO3)

SckB)

553

SCLHC)®)

SDA(HC)

SCL(HC)

WO1

W02

WO3

W04

WO5

wo3(3)
woo3)
wo16)
wo203)
wo3(3)
wo43)

wos(3)

woo3)
wo16)
wo023)
wo3(3)
wo4(3)

wos(3)

owo

1WOo

owo®)

1,W0o®)

EVOUTA

EVOUTA®)

EVOUTD

EVOUTD(3)

EVOUTF

EVOUTFG)

LUTO,INO

LUTO,IN1

LUTO,IN2

LUTO,0UT

LUTO,0UT3)

LUT1,0UT
LUT2,INO

LUT2,IN1
LUT2,IN2

LUT2,0UT

LUT2,0UT3)

LUT3,INO
LUT3,IN1
LUT3,IN2

LUT3,0UT
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Notes:

1. The pin names are Pxn type, with x being the PORT instance (A, B, C, ...) and n, the pin number.
The notation for signals is PORTx_PINn. All pins can be used as event input.

All pins can be used for external interrupt.

Alternate pin positions. For selecting the alternate positions, refer to the PORTMUX - Port
Multiplexer section.

4, The TWI pins that can be used as host or client are marked H. The pins with client-only are
marked C.

5. Input-only.
Only for 14- and 20-pin devices.

@ MICROCHIP
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4.1

4.1.1

4.2

4.2.1

Hardware Guidelines

This section contains guidelines for designing or reviewing electrical schematics using AVR 8-bit
microcontrollers. The information presented here is a brief overview of the most common topics.
More detailed information can be found in application notes, listed in this section where applicable.

General Guidelines

Unused pins must be soldered to their respective soldering pads. The soldering pads must not be
connected to the circuit.

The PORT pins are in their default state after Reset. Follow the recommendations in the PORT section
to reduce power consumption.

All values are typical values and serve only as a starting point for circuit design.
Refer to the following application notes for further information:

« AVR040 - EMC Design Considerations
+ AVR042 - AVR Hardware Design Considerations

Special Consideration for Packages with Center Pad

Flat packages often come with an exposed pad located on the bottom, often referred to as the
center pad or the thermal pad. This pad is not electrically connected to the internal circuit of the
chip but mechanically bonded to the internal substrate. It serves as a thermal heat sink and provides
added mechanical stability. This pad must be connected to GND since the ground plane is the best
heat sink (largest copper area) of the printed circuit board (PCB).

Connection for Power Supply

The basics and details of power supply design lie beyond the scope of these guidelines. See the
application notes mentioned at the beginning of this section for more detailed information about
this subject.

A decoupling capacitor must be placed close to the microcontroller for each supply pin pair (VDD
or other power supply pin and its corresponding GND pin). If the decoupling capacitor is placed too
far from the microcontroller, a high-current loop might form that will result in increased noise and
increased radiated emission.

Each supply pin pair (power input pin and ground pin) must have separate decoupling capacitors.

It is recommended to place the decoupling capacitor on the same side of the PCB as the
microcontroller. If space does not allow it, the decoupling capacitor may be placed on the other
side through a via, but make sure to keep the distance to the supply pin as short as possible.

If the board is experiencing high-frequency noise (upward of tens of MHz), add a second ceramic
type capacitor parallel to the decoupling capacitor described above. Place this second capacitor next
to the primary decoupling capacitor.

On the board layout from the power supply circuit, run the power and return traces to the
decoupling capacitors first and then to the device pins, ensuring that the decoupling capacitors

are first in the power chain. Equally important is to keep the trace length between the capacitor and
the power pins to a minimum, thereby reducing PCB trace inductance.

As mentioned at the beginning of this section, all values used in examples are typical values. The
actual design may require other values.

Digital Power Supply

For higher pin count package types, there are several VDD and corresponding GND pins. All the VDD
pins in the microcontroller are internally connected. The same voltage must be applied to each of
the VDD pins.

@ MICROCHIP
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The figure below shows the recommended connection of the power supply to the device's VDD

pin(s).
Figure 4-1. Recommended VDD Connection Circuit Schematic
2\ Vpp
Typical values (recommended):
C;: 100 nF (primary decoupling capacitor)
) E VvbD C,: 1-10 nF (HF decoupling capacitor)
T oo C,": 1 uF (decoupling capacitor - optional)
| |
| |
T T
| C3 | C2 C1
| |
| |
41 GND

Important: For systems that frequently cycle Vpp or experience fast Vpp
transients, it is recommended to add a decoupling capacitor (C3) if the power
supply slew rate exceeds the slew rate limits. Refer to the Supply Voltage section in
the Electrical Characteristics for details about the power supply's slew rate limits.

4.3 Connection for RESET

The RESET pin on the device is active-low with an internal pull-up resistor, and externally pulling the
pin low will result in a device Reset. An external pull-up resistor is usually not required.

The following figure shows the recommendation for connecting an external Reset switch to the
device.

Figure 4-2. Recommended External Reset Circuit Schematic

Typical values (recommended):
[ RESET C4: 100 nF (filtering capacitor)
R, R;: 330Q (switch series resistance)
+ sw, _———
o

ﬂ GND

Shorting the filtering capacitor may cause a noise spike that can harm the system. To prevent this,
a resistor in series with the switch can safely discharge the filtering capacitor preventing a current
surge.
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4.4

4.4.1

4.4.2

UPDI Enable with High-Voltage Override

It is possible to enable a disabled UPDI by applying a high-voltage pulse on the RESET pin. Take care
with the reset circuit design and any components connected to the RESET pin to prevent damage if
such a high-voltage pulse may be applied.

See the Connection for UPDI Programming sub-section and the UPD/ section for more details.

Connection for UPDI Programming

The Unified Program and Debugging Interface (UPDI) connection provides a one-wire interface
for external programming and on-chip debugging (OCD). This section is related to the physical
connection itself and not the details of the signal protocol and features of the UPDI peripheral.
These details are described in the UPD/ section.

The recommended UPDI connection has changed since its first introduction. For this reason, both
connections are described below, with the initial UPDI connection layout named UPDI Connection
v1 while the new UPDI connection layout is named UPDI Connection v2. The difference between
the two connections is the inclusion of a RESET signal in the connection for v2.

UPDI Connection v1

This was the initial layout for the UPDI connection used by older programming tools (like the Atmel
ICE).

The UPDI Connection v1 is a 100-mil 6-pin 2x3 header. Even though using only three pins for
programming, it is recommended to use a 2x3 header since most programming tools using this
connection are delivered with 100-mil 6-pin 2x3 connectors.

The following figure shows the recommendation for a UPDI connection to the device using the UPDI
Connection v1.

Figure 4-3. Recommended UPDI Programming Circuit Schematic

Typical values (recommended):

C4: 100 nF (primary decoupling capacitor)
C,: 1-10 nF (HF decoupling capacitor)
NC = Not Connected

[ ]

UPDI

] vobD

1 GND
100-mil 6-pin

2x3 connector

The decoupling capacitor between VDD and GND must be placed as close to the pin pair as possible.
Include the decoupling capacitor even if the UPDI connector is not included in the circuit.

UPDI Connection v2

This connection is compatible with any AVR device but requires an adapter cable for users with
older programmers/debuggers like the Atmel-ICE and the Atmel PowerDebugger with the 100-mil
2x3 header connector. This connection is directly compatible with the programming tool PICkit" 4
In-Circuit Debugger.

@ MICROCHIP

24



4.5

The UPDI Connection v2 is a 100-mil 4-pin 1x4 header. Even though three pins are sufficient for
programming many AVR devices, it is recommended to use a single row 100-mil 4-pin header,
allowing for the RESET signal to be included. This connector is also compatible with the P/Ckit 4
programmer.

The following figure shows the recommendation for connecting a UPDI connector to the device.

Figure 4-4. Recommended UPDI Programming Circuit Schematic

2 Vpp

Typical values (recommended):

C: 100 nF (primary decoupling capacitor)
C,: 1-10 nF (HF decoupling capacitor)

| | RESET

. ] vop

RESET — 7S — 0

VDD b 8

oND B Ml onp
UPDI

" | uPDI

4-pin connector

The decoupling capacitor between VDD and GND must be placed as close to the pin pair as possible.
Include the decoupling capacitor even if the UPDI connector is not included in the circuit.

Enabling UPDI using RESET

By design or mistake it may be possible to disable UPDI by writing to the appropriate fuse. For
details on disabling UPDI, see the FUSE sub-section of the Memories section. Note that for some
devices, it is not possible to disable UPDI.

A high-voltage pulse must be applied to the RESET pin to re-enable the UPDI. See the UPDI section
for details on how to apply the high-voltage pulse to the RESET pin.

Take additional care in the design of the circuit if the RESET pin is connected to other components.

If the high-voltage pulse is applied to the RESET pin, other components connected to the line might
be damaged. In this case, the design must allow disconnection of these components from the circuit
before the high-voltage pulse is applied. One example of this may be a removable jumper.

Note: On devices that feature Program and Debug Interface Disable (PDID), the UPDI cannot be
re-enabled using the RESET pin after the PDID feature has been activated.
Connection for External Voltage Reference

If the design includes using an external voltage reference, the general recommendation is to use a
suitable capacitor connected in parallel to the reference. The nature of the reference and the type of
electrical noise that needs to be filtered out gives the capacitor value.

Additional filtering components may be necessary depending on the type of external voltage
reference used.

@ MICROCHIP
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Figure 4-5. Recommended External Voltage Reference Connection

+ || VREFA

Voltage

Reference —
of

- H GND
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5.2

5.3

54
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Power Supply

Power Domains
The AVR DU Family devices have several power domains with the following power supply pins:

VDD Powers I/0 lines, XOSCHF and the internal voltage regulator

VUSB Powers the USB peripheral’s internal transceiver (connected to pins DM and DP)

The ground pins, GND, are mutual to VDD and VUSB.

For recommendations on layout and decoupling, refer to the Hardware Guidelines section.

Voltage Regulator

The device has an internal voltage regulator that powers the Vppcore domain. This domain has most
of the digital logic and the internal oscillators. The voltage regulator adjusts the power consumption
when the CPU is active or in a sleep mode. Refer to the SLPCTRL - Sleep Controller section for further
information.

Power-Up

The Power-On Reset (POR) and the Brown-out Detector (BOD) will monitor Vpp and keep the system
Reset if the voltage level is below the respective voltage thresholds. Refer to the RSTCTRL - Reset
Controller and BOD - Brown-out Detector sections for further information.

Refer to the Electrical Characteristics section for further information on voltage thresholds.
USB Power Supply Configurations

A USB host or hub supplies nominal 5V power on the VBUS wire for use by USB devices that are
directly connected. In addition, any USB device may have its own power supply. As stated in the USB
2.0 specification, USB devices that rely solely on power from the USB cable are called bus-powered
devices. In contrast, those having a separate power source are called self-powered devices.

One important design consideration is the maximum allowed slew rate on the device's VDD pin(s).
Exceeding this value may cause the device to lock up or even damage the device. Because the slew
rate of Vgys can be more than 0.5 V/ps at the moment the USB is connected, it may be necessary

to include components in the design to reduce the slew rate on the device's VDD pin(s). These
components will be referred to generically as Slew Rate Limiting Components or SRLC. One example
of an SRLC is the MIC94165 high-side load switch with reverse blocking and soft start.

The USB peripheral’s internal transceiver requires a nominal 3.3V power supply voltage on the VUSB
pin for successful data transfer operations on USB, provided by an external source or generated

by an internal Vpp-to-Vysg (3.3V) voltage regulator called USB VREG. For operating the USB VREG, a
minimum supply voltage Vpp = Vppumin is required. The USB VREG has these configuration bits:

+ The USBVREG bit in the Vysg Control (VUSBCTRL) register of the SYSCFG peripheral enables/
disables the Vsg regulation.

+ The USBSINK bit in the System Configuration 1 (SYSCFG1) fuse controls whether the USB VREG
can sink current. It is recommended to leave this feature enabled.

Refer to the Electrical Characteristics section for standard operating conditions.

The flexibility of external or internally generated Vsg allows the following seven power
configurations to be supported (with mnemonics in parentheses):

* 5V Bus-powered (5b)
+ 5V Self-powered (5s)
+ 3.3V Self-powered (3s)
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+ Dual-powered 5V Bus-dominance and 5V Self-powered (5b5s)

+ Dual-powered 5V Bus-dominance and 3.3V Self-powered (5b3s)

+ Dual-powered 5V Bus-dominance and Self-powered by variable 2V to 3V (5b2s)

+ Dual-powered 5V Self-dominance and 5V Bus-powered (5s5b)

5b (5V Bus-powered)

In power configuration 5b, the VBUS supply from the USB receptacle is connected, either directly
or via SRLC, to the device's VDD pin(s). When the USB is not connected, the device is not powered.

When USB is connected, the nominal 5V VBUS supply powers the device, and the internal voltage
regulator must also be enabled, generating the required 3.3V on the VUSB pin.

Figure 5-1. Power Configuration 5b

VBUS
(from USB
receptacle)

VusB

5s (5V Self-powered)

In power configuration 5s, a local 5V supply is connected, either directly or via SRLC, to the device's
VDD pin(s). Also, enable the internal voltage regulator while the USB is connected, generating the
required 3.3V on the VUSB pin. The internal voltage regulator may be disabled when the USB is not
connected.

@ MICROCHIP
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Figure 5-2. Power Configuration 5s

R ! Device
Local 5V 'SRLC

supply :

\VusB

3s (3.3V Self-powered)

In power configuration 3s, the VDD and VUSB pins are connected, and a local supply provides 3.3V
power to them, either directly or via SRLC. The internal voltage regulator is unused, and both the
USBVREG bit in the SYSCFG.VUSBCTRL register and the USBSYNC bit in the SYSCFG1 fuse can be
written to "0’

Figure 5-3. Power Configuration 3s

R . ! Device
Local 3.3V SRLC,

supply ! i l

Vuss

5b5s (Dual-powered 5V Bus-dominance and 5V Self-powered)

In power configuration 5b5s, the USB VBUS supply is always used to power the device when the
USB is connected. VBUS is connected, directly or via SRLC, to the device's VDD pin(s). The internal
voltage regulator must also be enabled, thereby generating the required 3.3V on the VUSB pin.
When the USB is not connected, typically through reverse-blocking circuitry (RBC) such as a Schottky
diode or a transistor configuration, a local 5V supply provides power to the VDD pin(s). The internal
voltage regulator may be disabled when the USB is not connected by writing the USBVREG bit in the
SYSCFG.VUSBCTRL register to "0'.
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Figure 5-4. Power Configuration 5b5s

......... ! Device I
VBUS ESRLC > !
(from USB |
receptacle): !
: Vuss i
: RBC 5
Local 5V ! \['! :
supply ” ! !

5b3s (Dual-powered 5V Bus-dominance and 3.3V Self-powered)

In power configuration 5b3s, the USB VBUS supply is always used to power the device when the USB
is connected. VBUS is connected, directly or via SRLC, to the device's VDD pin(s). The internal voltage
regulator must also be enabled, thereby generating the required 3.3V on the VUSB pin. A local 3.3V
supply provides power to the VDD pin(s) through RBC when the USB is disconnected. The internal
voltage regulator will be inoperable when the USB is not connected because Vpp is below Vppymin-

Figure 5-5. Power Configuration 5b3s

......... ! Device
VBUS SRLC

(from USBE l X

receptacle):
' Vuss

Local 3.3V a1 |
supply ::”: :

5b2s (Dual-powered 5V Bus-dominance and Self-powered by Variable 2V to 3V)

In power configuration 5b2s, the USB VBUS supply is always used to power the device when the USB
is connected. VBUS is connected, directly or via SRLC, to the device's VDD pin(s). The internal voltage
regulator must also be enabled, generating the required 3.3V on the VUSB pin. When the USB is

not connected, a local supply that can vary from 2V to 3V, such as a battery, provides power to the
device's VDD pin(s), typically through RBC. The internal voltage regulator will be inoperable when the
USB is not connected because Vpp is below Vppumin-
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Figure 5-6. Power Configuration 5b2s

. ! Device '
VBUS ' SRLC >
(from USB . :
receptacle) !
' Vuss I
+ RBC E
Local % :
2-3V ¥ ” ! :
supply ~ =rEEE--- :

5s5b (Dual-powered 5V Self-dominance and 5V Bus-powered)

In power configuration 5s5b, the device is powered by a local 5V supply whenever available. The
local 5V supply is connected, directly or via SRLC, to the device's VDD pin(s). If the local supply

fails or is unavailable, the device will be powered only when the USB is connected because VBUS
provides power to the device's VDD pin(s), typically through RBC. The internal voltage regulator must
be enabled when the USB is connected, generating the required 3.3V on the VUSB pin.

Figure 5-7. Power Configuration 5s5b

e ! Device
Local 5V 'SRLC

supply

VBUS ¥ ’F !
(from USB !, Do

receptacle):---=-"
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6. AVR® CPU

6.1 Features
+ 8-Bit, High-Performance AVR RISC CPU:
- 135 instructions

- Hardware multiplier
+ 32 8-Bit Registers Directly Connected to the ALU
+ Stack in RAM
+ Stack Pointer Accessible in I/0 Memory Space
+ Direct Addressing of up to 64 KB of Unified Memory
+ Efficient Support for 8-, 16-, and 32-Bit Arithmetic
+ Configuration Change Protection for System-Critical Features
+ Native On-Chip Debugging (OCD) Support:
- Two hardware breakpoints
- Change of flow, interrupt, and software breakpoints

- Run-time read-out of Stack Pointer (SP) register, Program Counter (PC), and Status Register
(SREG)

- Register file read- and writable in Stopped mode

6.2 Overview

The AVR CPU can access memories, perform calculations, control peripherals, execute instructions
from the program memory, and handle interrupts.

6.3 Architecture

To maximize performance and parallelism, the AVR CPU uses a Harvard architecture with separate
buses for program and data. The instructions in the program memory are executed with a single-
level pipeline. While one instruction is being executed, the next instruction is prefetched from the
program memory. This enables instructions to be executed on every clock cycle.

Refer to the Instruction Set Summary section for a summary of all AVR instructions.
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Figure 6-1. AVR® CPU Architecture

Stack
Pointer

Register file

R31 (ZH)

R29 (YH)

R27 (XH)
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R23
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R15
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R26 (XL)
R24
R22
R20
R18
R16

Program
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v

Flash Program
Memory

#

Instruction
Register

Instruction
Decode

Y

Y

Register
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6.3.1

6.3.1.1

6.4

6.4.1

6.4.2

Arithmetic Logic Unit (ALU)

The Arithmetic Logic Unit (ALU) supports arithmetic and logic operations between working registers
or between a constant and a working register. Also, single-register operations can be executed.

The ALU operates in a direct connection with all the 32 general purpose working registers in the
register file. The arithmetic operations between working registers or between a working register and
an immediate operand are executed in a single clock cycle, and the result is stored in the register
file. After an arithmetic or logic operation, the Status Register (CPU.SREG) is updated to reflect
information about the result of the operation.

ALU operations are divided into three main categories - arithmetic, logical, and bit functions. Both 8-
and 16-bit arithmetic are supported, and the instruction set allows for an efficient implementation
of the 32-bit arithmetic. The hardware multiplier supports signed and unsigned multiplication and
fractional formats.

Hardware Multiplier

The multiplier is capable of multiplying two 8-bit numbers into a 16-bit result. The hardware
multiplier supports different variations of signed and unsigned integer and fractional numbers:

* Multiplication of signed/unsigned integers

* Multiplication of signed/unsigned fractional numbers

« Multiplication of a signed integer with an unsigned integer

+ Multiplication of a signed fractional number with an unsigned fractional number

A multiplication takes two CPU clock cycles.

Functional Description

Program Flow

After being reset, the CPU will execute instructions from the lowest address in the Flash program
memory, 0x0000. The Program Counter (PC) addresses the next instruction to be fetched.

The CPU supports instructions that can change the program flow conditionally or unconditionally
and are capable of addressing the whole address space directly. Most AVR instructions use a 16-bit
word format, and a limited number use a 32-bit format.

During interrupts and subroutine calls, the return address PC is stored on the stack as a word
pointer. The stack is 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 the Stack Pointer (SP) is reset,

it points to the highest address in the internal SRAM. The SP is read/write accessible in the 1/0
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 by the AVR CPU. See the
Instruction Set Summary section for details.

Instruction Execution Timing

The AVR CPU is clocked by the CPU clock, CLK_CPU. No internal clock division is applied. The figure
below shows the parallel instruction fetches and executions enabled by the Harvard architecture
and the fast-access register file concept. This is the basic pipelining concept enabling up to 1
MIPS/MHz performance with high efficiency.
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6.4.3

6.4.4

Figure 6-2. The Parallel Instruction Fetches and Executions

T T2 T3 T4

CLK_CPU mm

|
Instruction 1 >< Instruction 2 >< Instruction 3 >< Instruction 4
|
|
|
|
|

Fetch

Instruction 1 >< Instruction 2 >< Instruction 3

Execute

The following figure shows the internal timing concept for the register file. In a single clock cycle, an
ALU operation using two register operands is executed, and the result is stored in the destination
register.

Figure 6-3. Single Cycle ALU Operation

™ T2 T3 T4

7 7 7

clk

CPU
Total Execution Time

Register Operands Fetch

ALU Operation Execute

Result Write Back

Status Register

The Status Register (CPU.SREG) contains information about the result of the most recently executed
arithmetic or logic instructions. This information can be used for altering the program flow to
perform conditional operations.

CPU.SREG is updated after all ALU operations, as specified in the Instruction Set Summary section,
which will, in many cases, remove the need for using the dedicated compare instructions, resulting
in a faster and more compact code. CPU.SREG is not automatically stored or restored when entering
or returning from an Interrupt Service Routine (ISR). Therefore, maintaining the Status Register
between context switches must be handled by user-defined software. CPU.SREG is accessible in the
I/0 memory space.

Stack and Stack Pointer

The stack is used for storing return addresses after interrupts and subroutine calls. Also, it can
be used for storing temporary data. The Stack Pointer (SP) always points to the top of the stack.
The address pointed to by the SP is stored in the Stack Pointer (CPU.SP) register. The CPU.SP is
implemented as two 8-bit registers that are accessible in the I/0 memory space.

Data are pushed and popped from the stack using the instructions given in Table 6-1, or by
executing interrupts. The stack grows from higher to lower memory locations. This means that
when pushing data onto the stack, the SP decreases, and when popping data off the stack, the SP
increases. The SP is automatically set to the highest address of the internal SRAM after being reset.
If the stack is changed, it must be set to point above the SRAM start address (see the SRAM Data
Memory topic in the Memories section for the SRAM start address), and it must be defined before any
subroutine calls are executed and before interrupts are enabled. See the table below for SP details.
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Table 6-1. Stack Pointer Instructions

PUSH Decremented by 1 Data are pushed onto the stack

ICALL Decremented by 2 A return address is pushed onto the stack with a subroutine call or interrupt

RCALL

POP Incremented by 1 Data are popped from the stack

RET A return address is popped from the stack with a return from subroutine or return from
Incremented by 2 .

RETI interrupt

During interrupts or subroutine calls, the return address is automatically pushed on the stack as a
word, and the SP is decremented by two. The return address consists of two bytes and the Least
Significant Byte (LSB) is pushed on the stack first (at the higher address). As an example, a byte
pointer return address of 0x0006 is saved on the stack as 0x0003 (shifted one bit to the right),
pointing to the fourth 16-bit instruction word in the program memory. The return address is popped
off the stack with RETI (when returning from interrupts) and RET (when returning from subroutine
calls), and the SP is incremented by two.

The SP is decremented by one when data are pushed on the stack with the pUsH instruction, and
incremented by one when data are popped off the stack using the poP instruction.

To prevent corruption when updating the SP from software, a write to SPL will automatically disable
interrupts for up to four instructions or until the next I/0 memory write, whichever comes first.

6.4.5 Register File

The register file consists of 32 8-bit general purpose working registers used by the CPU. The register
file is located in a separate address space from the data memory.

All CPU instructions that operate on working registers have direct and single-cycle access to the
register file. Some limitations apply to which working registers can be accessed by an instruction,
like the constant arithmetic and logic instructions SBCI, SUBI, CPI, ANDI, ORI and LDI. These
instructions apply to the second half of the working registers in the register file, R16 to R31. See the
AVR Instruction Set Manual for further details.

Figure 6-4. AVR® CPU General Purpose Working Registers

7 0 Addr.
RO 0x00
R1 0x01
R2 0x02
R13 0x0D
R14 0x0E
R15 0x0F
R16 0x10
R17 0x11
R26 0x1A X-register Low Byte
R27 0x1B X-register High Byte
R28 0x1C Y-register Low Byte
R29 0x1D Y-register High Byte
R30 Ox1E  Z-register Low Byte
R31 0x1F Z-register High Byte

6.4.5.1 The X-, Y-, and Z-Registers
Working registers R26...R31 have added functions besides their general purpose usage.
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These registers can form 16-bit Address Pointers for indirect addressing of data memory. These
three address registers are called the X-register, Y-register, and Z-register. The Z-register can also be
used as Address Pointer for program memory.

Figure 6-5. The X-, Y-, and Z-Registers

Bit (individually) 7 R27 0o 7 R26 0
X-register | XH XL

Bit (X-register) 15 8 7 0
Bit (individually) 7 R29 0o 7 R28 0
Y-register | YH YL

Bit (Y-register) 15 8 7 0
Bit (individually) 7 R31 0o 7 R30 0
Z-register | ZH | ZL |
Bit (Z-register) 15 8 7 0

The lowest register address holds the Least Significant Byte (LSB), and the highest register address
holds the Most Significant Byte (MSB). These address registers can function as fixed displacement,
automatic increment, and automatic decrement, with different LD*/ST* instructions. See the
Instruction Set Summary section for details.

6.4.6  Configuration Change Protection (CCP)

System critical I/0 register settings are protected from accidental modification. Flash self-
programming is protected from accidental execution. This is handled globally by the Configuration
Change Protection (CCP) register.

Changes to the protected I/0 registers or bits, or execution of protected instructions, are only
possible after the CPU writes a signature to the CCP register. The different signatures are listed in
the description of the CCP register (CPU.CCP).

Once the correct signature is written by the CPU, interrupts will be ignored for the duration of

the configuration change enable period. Any interrupt request (including non-maskable interrupts)
during the CCP period will set the corresponding Interrupt flag as normal, and the request is kept
pending. After the CCP period is completed, any pending interrupts are executed according to their
level and priority.

There are two modes of operation: One for protected I/0 registers, and one for protected self-
programming.
6.4.6.1 Sequence for Write Operation to Configuration Change Protected 1/O Registers
To write to registers protected by CCP, the following steps are required:
1. The software writes the signature that enables change of protected I/0 registers to the CCP bit
field in the CPU.CCP register.

2. Within four instructions, the software must write the appropriate data to the protected register.
Most protected registers also contain a Write Enable/Change Enable/Lock bit. This bit must be
written to ‘1’ in the same operation as the data are written.

The protected change is immediately disabled if the CPU performs write operations to the I/0
register or data memory, if load or store accesses to Flash, NVMCTRL, or EEPROM are conducted,
or if the SLEEP instruction is executed.

6.4.6.2 Sequence for Execution of Self-Programming

To execute self-programming (the execution of writes to the NVM controller’s command register),
the following steps are required:
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1. The software temporarily enables self-programming by writing the SPM signature to the CCP
register (CPU.CCP).

2. Within four instructions, the software must execute the appropriate instruction. The protected
change is immediately disabled if the CPU performs accesses to the Flash, NVMCTRL, or
EEPROM, or if the SLEEP instruction is executed.

6.4.7 On-Chip Debug Capabilities

The AVR CPU includes native On-Chip Debug (OCD) support. It contains some powerful debug
capabilities to enable profiling and detailed information about the CPU state. It is possible to alter
the CPU state and resume code execution. Also, normal debug capabilities like hardware Program
Counter breakpoints, breakpoints on change of flow instructions, breakpoints on interrupts, and
software breakpoints (BREAK instruction) are present. Refer to the UPDI - Unified Program and Debug
Interface section for details about OCD.
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6.5 Register Summary

Cofset | Name loitposl 7 |6 | 5 | 4 | 3 | 2 | 1 | o

0x00

Reserved
0x03
0x04 CCP 7:0 CCP[7:0]
0x05

Reserved
0x0C

7:0 SP[7:0]

0x0D P 15:8 SP[15:8]
OxOF SREG 7:0 | T H S \Y N A C

6.6 Register Description
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6.6.1 Configuration Change Protection

Name: CCP
Offset: 0x04

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| CCP[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - CCP[7:0] Configuration Change Protection
Writing the correct signature to this bit field allows changing protected I/0 registers or executing
protected instructions within the following four CPU instructions executed.
All interrupts are ignored during these cycles. After completing these cycles, the interrupts will be
handled automatically by the CPU. Any pending interrupts will be executed according to their level
and priority.
When the protected 1/O register signature is written, CCP[0] will read ‘1" as long as the CCP feature is
enabled.
When the protected self-programming signature is written, CCP[1] will read ‘1" as long as the CCP
feature is enabled.
CCP[7:2] will always read ‘0".

Value Name Description
0x9D SPM Allow self-programming
0xD8 IOREG Unlock protected I/0 registers
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6.6.2  Stack Pointer

Name: SP

Offset: 0x0D
Reset: Top of stack
Property: -

The CPU.SP register holds the Stack Pointer (SP) that points to the top of the stack. After being reset,
the SP points to the highest internal SRAM address.

Only the number of bits required to address the available SRAM is implemented for each device. The
remaining bits are set, so the Stack Pointer (SP) always points to the SRAM.

The CPU.SPL and CPU.SPH register pair represents the 16-bit value, CPU.SP. The low byte [7:0] (suffix
L) is accessible at the original offset. The high byte [15:8] (suffix H) can be accessed at offset + 0x01.

To prevent corruption when updating the SP from software, a write to CPU.SPL will automatically
disable interrupts for the following four instructions or until the next I/0 memory write, whichever

comes first.
Bit 15 14 13 12 11 10 9 8
| SP[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset
Bit 7 6 5 4 3 2 1 0
SP[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset

Bits 15:8 - SP[15:8] Stack Pointer High Byte
These bits hold the MSB of the 16-bit register.

Bits 7:0 - SP[7:0] Stack Pointer Low Byte
These bits hold the LSB of the 16-bit register.

@ MICROCHIP

41



6.6.3  Status Register

Name: SREG
Offset: OxOF
Reset: 0x00
Property: -

The Status Register contains information about the result of the most recently executed arithmetic
or logic instructions. See the Instruction Set Summary section for the bit details in this register and
how they are influenced by different instructions.

Bit 7 6 5 4 3 2 1 0
.+ [ T+ [ w4 J s [ v | N [ z | < |
Access  R/W R/W RIW R/W RIW R/W R/W RIW
Reset 0 0 0 0 0 0 0 0

Bit 7 - 1 Global Interrupt Enable Bit
Writing a ‘1’ to this bit enables interrupts on the device.
Writing a ‘0’ to this bit disables the interrupts on the device, independent of the individual interrupt
enable settings of the peripherals.
This bit is not cleared by hardware while entering an Interrupt Service Routine (ISR) or set when the
RETI instruction is executed.
This bit can be set and cleared by software with the SEI and CLI instructions.
Changing the | bit through the I/0 register results in a one-cycle Wait state on the access.

Bit 6 - T Transfer Bit
The bit copy instructions, Bit Load (BLD) and Bit Store (BST), use the T bit as source or destination for
the operated bit.

Bit 5 - H Half Carry Flag
This flag is set when there is a half carry in the arithmetic operations that support this and is cleared
otherwise. Half carry is useful in BCD arithmetic.

Bit 4 - S Sign Flag
This flag is always an Exclusive Or (XOR) between the Negative flag (N) and the Two's Complement
Overflow (V) flag.

Bit 3 - V Two's Complement Overflow Flag
This flag is set when there is an overflow in the arithmetic operations that support this and is cleared
otherwise.

Bit 2- N Negative Flag
This flag is set when there is a negative result in an arithmetic or logic operation and is cleared
otherwise.

Bit 1-Z Zero Flag
This flag is set when there is a zero result in an arithmetic or logic operation and is cleared
otherwise.

Bit 0 - C Carry Flag
This flag is set when there is a carry in an arithmetic or logic operation and is cleared otherwise.
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7.2

7.3

Memories

Overview

The main memories of the AVR32/16DU32/28/20/14 devices are SRAM data memory space, EEPROM
data memory space, and Flash program memory space. The peripheral registers are located in the
I/0 memory space.

Memory Map

The figure below shows the memory map for the highest memory derivative in the AVR DU Family.
For further details, refer to the subsequent sections and the Peripheral Address Map table.

Figure 7-1. Memory Map

- Single-cycle

Code space Data space =~ -~ oY R 0x0000 - 0x003F
0x00000 Extended
/0 Memory 0x0000 - 0x101F o) il | 0x0040 - 0x101F
LOCK 0x1040 - 0x1043
FUSE 0x1050 - Ox105F
SIGROW 0x1080 - Ox10FF
BOOTROW
Flash code 256 Bytes 0x1100 - Ox11FF
64 KB
USERROW
512 Bytes 0x1200 - Ox13FF
0x08000 EEPROM
256 Bytos 0x1400 - Ox14FF
(Reserved) 0x1500 - OX5FFF
SRAM
o Kb 0x6000 - Ox7FFF
Mapped Flash
32 KB 0x8000 - OXFFFF
v
OXOFFFF

In-System Reprogrammable Flash Program Memory

The AVR32/16DU32/28/20/14 contains up to 32 KB on-chip in-system reprogrammable Flash
memory for program storage. Since all AVR instructions are 16 or 32 bits wide, the Flash is organized
with a 16-bit data width. For write protection, the Flash program memory space can be divided

into the following three sections: The Boot Code section, the Application Code section, and the
Application Data section. The code in one section may be restricted from writing to addresses in the
other sections. The Program Counter can address the whole program memory.

For further details, refer to the Code Size (CODESIZE) and Boot Size (BOOTSIZE) descriptions and the
NVMCTRL - Nonvolatile Memory Controller section.

The Program Counter can address the whole program memory. The procedure for writing Flash
memory is described in detail in the documentation of the Nonvolatile Memory Controller
(NVMCTRL) peripheral.
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7.4

Each 32 KB section from the Flash memory is mapped into the data memory space and is accessible
with LD/ST instructions. For LD/ST instructions, the Flash is mapped from address 0x8000 to
O0xFFFF. The entire Flash memory space can be accessed with the LpM/sPM instruction. For the
LPM/SPM instruction, the Flash start address is 0x0000.

Table 7-1. Physical Properties of Flash Memory

AVR16DU14 AVR32DU14

AVR16DU20 AVR32DU20
Property AVR16DU28 AVR32DU28

AVR16DU32 AVR32DU32
Size 16 KB 32 KB
Page size 512B 512B
Number of pages 32 64
NRWW section size (bottom of overall 4 KB/12 KB 4 KB/28 KB
Flash) / RWW section size
Start address in data space 0x8000 0x8000
Start address in code space 0x0 0x0

Program and Debug Interface Disable (PDID)

After activating the Program and Debug Interface Disable (PDID), the only way to write to the
reprogrammable Flash memory (nonvolatile memory - NVM) is from the Boot Code section of the
NVM. Consequently, CHIPERASE or other re-programming attempts through the UPDI will fail. Also,
any attempt to read out any NVM content will fail.

Use the following procedure to enable the PDID feature (restrict access to NVM):

1. Write 0xB452 to the PDI Configuration (PDICFG) fuse:
- Provide the NVM Protection Active (NVMACT) key by writing 0xB45 to bits PDICFG[15:4] (KEY)
- Bits PDICFGI[3:2] are unused. Ensure they are zero.

- Select the Protection Level NVM Access Disabled (NVMACCDIS) by writing 0x2 to PDICFG[1:0]
(LEVEL)

2. Write the Lock Key Bits (KEY) in the LOCK.KEY fuse to LOCKED.
3. Reset the device.

Once protection level NVMACCDIS is invoked, the following access rules apply:

* NVM access through UPDI is disabled

« Updates to the application software can only be performed by code located in the Boot Code
section (bootloader)

+ Chip Erase is disabled

« User Row write access is disabled

+ CRC status will be available

Unlike for locked devices, performing a CHIPERASE through the UPDI interface
once the PDID feature is activated is impossible. The only way to alter the NVM
content after PDID activation is by executing NVM writes from the Boot Code
section (bootloader). The application software must ensure that the bootloader
implementation fulfills the security requirements.

/\WARNING
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7.5 SRAM Data Memory

The primary task of the SRAM memory is to store application data. The program stack is located at
the end of SRAM. It is not possible to execute from SRAM.

Table 7-2. Physical Properties of SRAM Memory

AVR16DU14 AVR32DU14

AVR16DU20 AVR32DU20
Property AVR16DU28 AVR32DU28

AVR16DU32 AVR32DU32
Size 2 KB 4 KB
Start address 0x7800 0x7000
End address OX7FFF OX7FFF

7.6 EEPROM Data Memory

The task of the EEPROM memory is to store nonvolatile application data. The EEPROM memory
supports single- and multi-byte read and write. The EEPROM is controlled by the Nonvolatile
Memory Controller (NVMCTRL) peripheral.

Table 7-3. Physical Properties of EEPROM Memory

Property AVR® DU Family

Size 256B
Start address 0x1400

7.7 SIGROW - Signature Row

The content of the Signature Row (SIGROW) fuses is preprogrammed and read-only. SIGROW
contains information as device ID, serial number, and calibration values.

All the AVR32/16DU32/28/20/14 devices have a device ID to identify family, Flash size, and pin count.
The device ID consists of three DEVICEIDn bytes, as shown in the following table.

Table 7-4. Device ID

Device Name Signature Byte Address and Value

AVR32DU32 0x1E 0x95 0x3F
AVR32DU28 0x1E 0x95 0x40
AVR32DU20 0x1E 0x95 0x4E
AVR32DU14 0x1E 0x95 0x4F
AVR16DU32 0x1E 0x94 0x38
AVR16DU28 0x1E 0x94 0x39
AVR16DU20 0x1E 0x94 0x3A
AVR16DU14 0x1E 0x94 0x3B
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7.7.1  Signature Row Summary

[offset | Name [Bitpos| 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
7:0

0x00 DEVICEIDO DEVICEID[7:0]
0x01 DEVICEID1 7:0 DEVICEID[7:0]
0x02 DEVICEID2 7:0 DEVICEID[7:0]
0x03 Reserved
0x04 TEMPSENSEO 7:0 TEMPSENSE[7:0]
15:8 TEMPSENSE[15:8]
7:0 TEMPSENSE[7:0]
0x06 TEMPSENSE1
15:8 TEMPSENSE[15:8]
0x08
Reserved
OxOF
0x10 SERNUMO 7:0 SERNUM[7:0]
Ox1F SERNUM15 7:0 SERNUM[7:0]

7.7.2  Signature Row Description
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7.7.2.1 DevicelD

Name: DEVICEIDn

Offset: 0x00 + n*0x01 [n=0..2]

Reset: [Signature byte n of device ID]
Property: -

Each device has an ID identifying the device and its properties, such as memory sizes and pin count,
and can be used to identify a device and, hence the available features by software. The Device ID
consists of three bytes: SIGROW.DEVICEID[2:0].

Bit 7 6 5 4 3 2 1 0

| DEVICEID[7:0]
Access R R R R R R R R
Reset X X X X X X X X

Bits 7:0 - DEVICEID[7:0] Byte n of the Device ID
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7.7.2.2 Temperature Sensor Calibration n

Name: TEMPSENSEN

Offset: 0x04 + n*0x02 [n=0..1]

Reset: [Temperature sensor calibration value]
Property: -

The Temperature Sensor Calibration value contains correction factors for temperature
measurements from the on-chip temperature sensor. The SIGROW.TEMPSENSEOQ is a correction
factor for the gain/slope (unsigned), and SIGROW.TEMPSENSE1 is a correction factor for the offset

(signed).

Bit 15 14 13 12 11 10 9 8

| TEMPSENSE[15:8]

Access R R R R R
Reset X X X X X X X X
Bit 7 6 5 4 3 2 1 0

TEMPSENSE[7:0]

Access R R R R R
Reset X X X X X X X X

Bits 15:0 - TEMPSENSE[15:0] Temperature Sensor Calibration Word n
Refer to the ADC - Analog-to-Digital Converter section on how to use the value stored in this bit field.
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7.7.2.3 Serial Number Byte n

Name: SERNUMN

Offset: 0x10 + n*0x01 [n=0..15]

Reset: [Byte n of device serial number]
Property: -

Each device has a serial number representing a unique ID. This number can identify a specific device
in the field. The serial number consists of 16 bytes: SIGROW.SERNUM[15:0].

Bit 7 6 5 4 3 2 1 0
| SERNUM[7:0] |
Access R R R R R
Reset X X X X X X X X

Bits 7:0 - SERNUM([7:0] Serial Number Byte n

7.8 BOOTROW - Boot Row
The AVR32/16DU32/28/20/14 devices have a memory section called the Boot Row (BOOTROW). The

BOOTROW can be accessed from only the BOOT section on a locked device and may be used to
store data such as keys.

For more details, refer to the System Memory Address Map and the NVMCTRL - Nonvolatile Memory
Controller sections.

7.9 USERROW - User Row

The AVR32/16DU32/28/20/14 devices have a special 512-byte memory section called the User Row
(USERROW). The USERROW can be used for end-production data and is not affected by chip erase.
It can be written by the UPDI even if the device is locked, which enables the storage of the final
configuration without having access to any other memory. When the part is locked, the UPDI is not
allowed to read the content of the USERROW.

The CPU can write and read this memory as an ordinary Flash. Refer to the System Memory Address
Map for further details.

7.10 FUSE - Configuration and User Fuses

Fuses are part of the nonvolatile memory and hold factory calibration and device configuration. The
fuses can be read by the CPU or UPDI but can only be programmed or cleared by the UPDI. The
configuration values stored in the fuses are written to their respective target registers at the end of
the start-up sequence.

The fuses for peripheral configuration (FUSE) are preprogrammed, but the user can alter them.
Altered values in the configuration fuse will be applicable only after a Reset.

Note: All reserved bits must be written to ‘0’ when writing the fuses.
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7.10.1 Fuse Summary

0x00 WDTCFG
0x01 BODCFG 7:0
0x02 OSCCFG 7:0
0x03
Reserved
0x04
0x05 SYSCFGO 7:0
0x06 SYSCFG1 7:0
0x07 CODESIZE 7:0
0x08 BOOTSIZE 7:0
0x09 Reserved
7:0
0x0A PDICFG 15:8

7.10.2 Fuse Description
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7:0

CRCSRC[1:0]

CHN IR N T T
LVL[2:0]

PERIOD[3:0]

SAMPFREQ ACTIVE[1:0] SLEEP[1:0]

CLKSEL[3:0]

CRCSEL  UPDIPINCFG = RSTPINCFG BROWSAVE  EESAVE
USBSINK SUT[2:0]
CODESIZE[7:0]
BOOTSIZE[7:0]
KEY[3:0] LEVEL[1:0]

KEY[11:4]
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7.10.2.1 Watchdog Timer Configuration

Name: WDTCFG
Offset: 0x00
Default: 0x00
Property: -

The default value given in this fuse description is the factory-programmed value and must not be
mistaken for the Reset value.

Bit 7 6 5 4 3 2 1 0

| WINDOW[3:0] | PERIOD[3:0]
Access R R R R R R R R
Default 0 0 0 0 0 0 0 0

Bits 7:4 - WINDOW[3:0] Watchdog Window Time-out Period
This value is loaded into the WINDOW bit field of the Watchdog Control A (WDT.CTRLA) register
during Reset.

Bits 3:0 - PERIOD[3:0] Watchdog Time-out Period

This value is loaded into the PERIOD bit field of the Watchdog Control A (WDT.CTRLA) register during
Reset.
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7.10.2.2 Brown-out Detector Configuration

Name: BODCFG
Offset: 0x01
Default: 0x00

The bit values of this fuse register are written to the corresponding BOD configuration registers at
start-up.

The default value given in this fuse description is the factory-programmed value and must not be
mistaken for the Reset value.

Bit 7 6 5 4 3 2 1 0
| LVL[2:0] | SAMPFREQ | ACTIVE[1:0] | SLEEP[1:0]

Access R R R R R R R R

Default 0 0 0 0 0 0 0 0

Bits 7:5 - LVL[2:0] BOD Level
This value is loaded into the LVL bit field of the BOD Control B (BOD.CTRLB) register during Reset.

Value Name Description
0x0 BODLEVELO 1.9v

0x1 BODLEVEL1 2.45V

0x2 BODLEVEL2 2.70V

0x3 BODLEVEL3 2.85V
Other - Reserved
Notes:

« Refer to BOD and POR Characteristics in the Electrical Characteristics section for further details
+ Values in the description are typical values

Bit 4 - SAMPFREQ BOD Alternative Sample Frequency
This value is loaded into the Sample Frequency (SAMPFREQ) bit of the BOD Control A (BOD.CTRLA)
register during Reset. Refer to the BOD - Brown-out Detector section for further details.

Value Name Description
0 128HZ The sample frequency is 128 Hz
1 32HZ The sample frequency is 32 Hz

Bits 3:2 - ACTIVE[1:0] BOD Operation Mode in Active and Idle
This value is loaded into the ACTIVE bit field of the BOD Control A (BOD.CTRLA) register during Reset.
Refer to the BOD - Brown-out Detector section for further details.

Value Name Description

0x0 DISABLE BOD disabled

0x1 ENABLE BOD enabled in Continuous mode

0x2 SAMPLE BOD enabled in Sampled mode

0x3 ENABLEWAIT BOD enabled in Continuous mode. Execution is halted at wake-up until BOD is running.

Bits 1:0 - SLEEP[1:0] BOD Operation Mode in Sleep
The value is loaded into the SLEEP bit field of the BOD Control A (BOD.CTRLA) register during Reset.
Refer to the BOD - Brown-out Detector section for further details.

Value Name Description

0x0 DISABLE BOD disabled

0x1 ENABLE BOD enabled in Continuous mode
0x2 SAMPLE BOD enabled in Sampled mode
0x3 - Reserved

@ MICROCHIP



7.10.2.3 Oscillator Configuration

Name: OSCCFG
Offset: 0x02
Default: 0x00
Property: -

The default value given in this fuse description is the factory-programmed value and must not be
mistaken for the Reset value.

Bit 7 6 5 4 3 2 1 0

| | | | | CLKSEL[3:0]
Access R R R R
Default 0 0 0 0

Bits 3:0 - CLKSEL[3:0] Clock Select
This bit field controls the default oscillator of the device.

Value Name Description

0x0 OSCHF Device running on internal high-frequency oscillator
0x1 0OSC32K Device running on internal 32.768 kHz oscillator
Other - Reserved
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7.10.2.4 System Configuration 0

Name: SYSCFGO
Offset: 0x05
Default: 0xDO
Property: -

The default value given in this fuse description is the factory-programmed value and must not be
mistaken for the Reset value.

Bit 7 6 5 4 3 2 1 0

| CRCSRC[1:0] | CRCSEL [UPDIPINCFG| RSTPINCFG | | BROWSAVE | EESAVE |
Access  R/W R/W R/W R/W R/W R/W RIW
Default 1 1 0 1 0 0 0

Bits 7:6 - CRCSRC[1:0] CRC Source
This bit field controls which Flash section will be checked by the CRCSCAN peripheral during the
Reset initialization. Refer to the CRCSCAN - Cyclic Redundancy Check Memory Scan section for more
information about the functionality.

Value Name Description

0x0 FLASH CRC of full Flash (boot, application code, and application data)
0x1 BOOT CRC of the Boot section

0x2 BOOTAPP CRC of the Application code and Boot sections

0x3 NOCRC No CRC

Bit 5 - CRCSEL CRC Mode Selection
This bit controls the type of CRC performed by the CRCSCAN peripheral. Refer to the CRCSCAN - Cyclic
Redundancy Check Memory Scan section for more information about the functionality.

VEINS Name Description
0 CRC16 CRC-16-CCITT
1 CRC32 CRC-32 (IEEE 802.3)

Bit 4 - UPDIPINCFG Configuration of UPDI Pin at Start-Up
This bit controls the UPDI pin configuration.

0 GPIO UPDI pin is configured as GPIO
1 UPDI The UPDI pin is configured as a UPDI pin with pull-up enabled on PF7. This is the factory default value.

Bit 3 - RSTPINCFG Reset Pin Configuration at Start-Up
This bit controls the Reset pin configuration.

Value Name Description
0 INPUT  No external Reset. It can be used as a GPIO input pin. This is the factory default value.
1 RESET External Reset with pull-up enabled on PF6

Bit 1 - BROWSAVE Boot Row Save During Chip Erase
This bit controls if the Boot Row will be erased or not during a chip erase. If the device is locked, the
Boot Row is erased by a chip erase regardless of this bit.

VEIS Name Description
0 DISABLE The Boot Row is erased by a chip erase
1 ENABLE The Boot Row is not erased by a chip erase

Bit 0 - EESAVE EEPROM Save During Chip Erase
This bit controls if the EEPROM will be erased or not during a chip erase.

Value Name Description
0 DISABLE The EEPROM is erased by a chip erase
1 ENABLE The EEPROM is not erased by chip erase, regardless of whether the device is locked or not
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7.10.2.5 System Configuration 1

Name: SYSCFG1
Offset: 0x06
Default: 0x08
Property: -

The default value given in this fuse description is the factory-programmed value and must not be
mistaken for the Reset value.

Bit 7 6 5 4 3 2 1 0

| | | | | USBSINK | SUT[2:0] |
Access R/W R R R
Default 1 0 0 0

Bit 3 - USBSINK USB Voltage Regulator Current Sink Enable
This bit controls whether the USB Voltage Regulator can sink current.

Value Name Description
0x0 DISABLE USBVREG can not sink current
0x1 ENABLE USBVREG can sink current

Bits 2:0 - SUT[2:0] Start-Up Time
This bit field controls the start-up time between power-on and code execution.

VEIS Name Description
0x0 0MS 0ms

0x1 1MS 1 ms

0x2 2MS 2ms

0x3 4MS 4 ms

0x4 8MS 8 ms

0x5 16MS 16 ms

0x6 32MS 32ms

0x7 64MS 64 ms
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7.10.2.6 Code Size

Name: CODESIZE
Offset: 0x07
Default: 0x00
Property: -

The default value given in this fuse description is the factory-programmed value and must not be
mistaken for the Reset value.

Bit 7 6 5 4 3 2 1 0

| CODESIZE[7:0]
Access R R R R R R R R
Default 0 0 0 0 0 0 0 0

Bits 7:0 - CODESIZE[7:0] Code Section Size
This bit field controls the combined size of the Boot and Application Code sections in blocks of 512
bytes. For more details, refer to the NVMCTRL - Nonvolatile Memory Controller section.
Note: If FUSE.BOOTSIZE and FUSE.CODESIZE are 0x00, the entire Flash is the Boot Code section.
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7.10.2.7 Boot Size

Name: BOOTSIZE
Offset: 0x08
Default: 0x00
Property: -

The default value given in this fuse description is the factory-programmed value and must not be
mistaken for the Reset value.

Note: If FUSE.BOOTSIZE and FUSE.CODESIZE are 0x00, the entire Flash is the Boot Code section.

Bit 7 6 5 4 3 2 1 0

| BOOTSIZE[7:0]
Access R R R R R R R R
Default 0 0 0 0 0 0 0 0

Bits 7:0 - BOOTSIZE[7:0] Boot Section Size
This bit field controls the size of the boot section in blocks of 512 bytes. A value of 0x00 defines the
entire Flash as a Boot Code section.
For more details, refer to the NVMCTRL - Nonvolatile Memory Controller section.
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7.10.2.8 Programming and Debug Interface Configuration

Name: PDICFG
Offset: 0x0A
Default: 0x0003
Property: -

Note: These fuses are only effective after a Reset (Reset initialization has run) and if the device is in

the locked state.

Bit 15 14 13 12 11 10 9 8

| KEY[11:4] |
Access R R R R R R R R
Default 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

| KEY[3:0] | | | LEVEL[1:0] |
Access R R R R R R
Default 0 0 0 0 1 1

Bits 15:4 - KEY[11:0] NVM Protection Activation Key

Value Name Description
0xB45 NVMACT NVM protection active
Other - Not active

Bits 1:0 - LEVEL[1:0] Protection Level

7.11

Value Name Description
Other — Reserved
0x2 NVMACCDIS NVM access through UPDI is disabled.

Program and Debug Interface Disable (PDID): All erase and write commands to NVM must be
executed from the Boot Code section (bootloader). Chip Erase and User Row write access is
blocked. The CRC status is available.

0x3 BASIC The UPDI peripheral and the UPDI pin are working as described in the UPDI section

Important: There is no way to recover from this mode, so once NVMACCDIS
is enabled, it is not possible to re-enable UPDI access for device programming.
Ensure that the consequences of enabling this feature are fully comprehended
before enabling this mode.

Note: After NVMACCDIS activation, the access to NVM is very restricted for external testing. Some
testing will be possible, but advanced failure analysis will not be possible.

LOCK - Memory Sections Access Protection

The device can be locked, making the memories unreadable using the UPDI. The locking protects
the Flash (all Boot Code, Application Code, and Application Data sections), SRAM, and the EEPROM,
including the FUSE data, preventing the reading of application data or code using the debugger
interface. Regular memory access from within the application is still enabled.

Writing a nonvalid key to the Lock Key (LOCK.KEY) register locks the device.
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Table 7-5. Memory Access Unlocked (FUSE.LOCK Valid Key)®)

Memory Section CPU Access UPDI Access
Yes Yes Yes Yes

Flash

SRAM Yes Yes Yes Yes
EEPROM Yes Yes Yes Yes
SIGROW Yes No Yes No
USERROW Yes Yes Yes Yes
BOOTROW®) Yes Yes Yes Yes
FUSES Yes No Yes Yes
I1/0 Memory Yes Yes Yes Yes

Table 7-6. Memory Access Locked (FUSE.LOCK Invalid Key)!!)

Memory Section CPU Access UPDI Access
Yes Yes No No

Flash

SRAM Yes Yes No No
EEPROM Yes Yes No No
SIGROW Yes No No No
USERROW Yes Yes No Yes@
BOOTROW®) Yes Yes No No
FUSES Yes No No No
1/0 Memory Yes Yes No No

Notes:

1. Read operations marked No in the tables may appear successful, but the data is invalid. Hence,
any attempt of code validation through the UPDI will fail on these memory sections.

2. Using the Fuse Write command in the Locked mode can write the USERROW, but it is impossible
to read out the current USERROW values.

3. The BOOTROW can be read and written only from the BOOT section.

Important: The only way to unlock a device is a CHIPERASE, which won't erase
the USERROW and not retain any application data.
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7.11.1 Lock Summary

[ Ofset | Name [ icbos| 7| 6 |5 _
7:0

15:8
23:16
31:24

0x00 KEY

7.11.2 Lock Description
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7.11.2.1 Lock Key Fuse

Name: KEY
Offset: 0x00

Reset: Initial factory value 0x5CC5C55C
Property: -
Bit 31 30 29 28 27 26 25 24
| KEY[31:24]
Access R R R R R R R R
Reset X X X X X X X X
Bit 23 22 21 20 19 18 17 16
| KEY[23:16] |
Access R R R R R R R R
Reset X X X X X X X X
Bit 15 14 13 12 11 10 9 8
KEY[15:8] |
Access R R R R R
Reset X X X X X X X X
Bit 7 6 5 4 3 2 1 0
KEY[7:0] |
Access R R R R R R R
Reset X X X X X X X X

Bits 31:0 - KEY[31:0] Lock Key Bits
This bit field controls whether the device is locked or not.

Ve e peserpion

0x5CC5C55C UNLOCKED Device unlocked
Other LOCKED Device locked

7.12 1/O0 Memory

All AVR32/16DU32/28/20/14 devices' I/0 and peripheral registers are in the I/0 memory space. Refer
to the Peripheral Address Map table for further details.

For compatibility with future devices, if writing a register containing reserved bits, the reserved bits
have to be written to ‘0". Never write the reserved I/0 memory addresses.

7.12.1 Single-Cycle I/O Registers
A single-cycle CPU instruction using the IN or OUT instruction can access the I/O memory ranging
from 0x00 to 0x3F.
The peripherals available in the single-cycle I/0 registers are the following:
* VPORTX
- Refer to the PORT section for further details
+ GPR
- Refer to the General Purpose Registers section for further details
« CPU
- Refer to the AVR® CPU section for further details
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The single-cycle 1/0 registers ranging from 0x00 to Ox1F (VPORTx and GPR) are also directly bit-
accessible using the SBI or CBI instruction. In these single-cycle I/0 registers, the SBIs or SBIC
instruction can check the single bits.

Refer to the Instruction Set Summary section for further details.

7.12.2 Extended I/O Registers
The I/0 memory space ranging from 0x0040 to 0x103F can only be accessed by the LD/LDS/LDD
or ST/STS/STD instructions, transferring data between the 32 general purpose working registers
(RO-R31) and the I/0 memory space.

For further details, refer to the Peripheral Address Map table and the Instruction Set Summary section.

7.12.3 Accessing 16-Bit Registers
Most of the registers for the AVR32/16DU32/28/20/14 devices are 8-bit registers, but the devices also
feature a few 16-bit registers. As the AVR data bus has a width of eight bits, accessing the 16-bit
requires two read or write operations. All the 16-bit registers of the AVR32/16DU32/28/20/14 devices
are connected to the 8-bit bus through a temporary (TEMP) register.

Figure 7-2. 16-Bit Register Write Operation

:u<>>

>->0

nwCcw

<mcw >->0 ;u<>>

<

Write Low Byte Write High Byte

For a 16-bit write operation, the low byte register (e.g., DATAL) of the 16-bit register must be written
before the high byte register (e.g., DATAH). Writing the low byte register will result in a write to the
temporary register instead of the low byte register, as shown on the left side of Figure 7-2. When the
high byte register of the 16-bit register is written, TEMP will be copied into the low byte of the 16-bit
register in the same clock cycle, as shown on the right side of Figure 7-2.
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Figure 7-3. 16-Bit Register Read Operation

<wcrn >-4>0 :u<>>

<:wcm >-4>0 ;u<>>

Read Low Byte Read High Byte

For a 16-bit read operation, the low byte register (e.g., DATAL) of the 16-bit register must be read
before the high byte register (e.g., DATAH). When the low byte register is read, the high byte register
of the 16-bit register is copied into the temporary register in the same clock cycle, as shown on the
left side of Figure 7-3. Reading the high byte register will result in a read from TEMP instead of the
high byte register, as shown on the right side of Figure 7-3.

The described mechanism ensures that the low and high bytes of 16-bit registers are always
accessed simultaneously when reading or writing the registers.

The interrupts can corrupt the timed sequence if an interrupt is triggered during a 16-bit read/write
operation and a 16-bit register within the same peripheral is accessed in the Interrupt Service
Routine (IRS). To prevent this, the interrupts must be disabled when writing or reading 16-bit
registers. Alternatively, the temporary register can be read before and restored after the 16-bit
access in the IRS.

7.12.4 Accessing 24- and 32-Bit Registers
For 24- and 32-bit registers, the read and write access is done the same way as described for 16-bit
registers, except there are two temporary registers for 24-bit registers and three temporary registers
for 32-bit registers. Write the Most Significant Byte (MSB) last when writing to the register. Read the
Least Significant Byte (LSB) first when reading the register.
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8. Peripherals and Architecture
8.1 Peripheral Address Map

The address map shows the base address for each peripheral. For a complete register description
and summary for each peripheral, refer to the respective peripheral sections.

Table 8-1. Peripheral Address Map

0x0000 VPORTA Virtual Port A X

0x0008 VPORTC Virtual Port C X X X X
0x000C VPORTD Virtual Port D X X X X
0x0014 VPORTF Virtual Port F X X X X
0x001C GPR General Purpose Registers X X X X
0x0030 CPU CPU X X X X
0x0040 RSTCTRL Reset Controller X X X X
0x0050 SLPCTRL Sleep Controller X X X X
0x0060 CLKCTRL Clock Controller X X X X
0x00A0 BOD Brown-out Detector X X X X
0x00B0 VREF Voltage Reference X X X X
0x0100 WDT Watchdog Timer X X X X
0x0110 CPUINT Interrupt Controller X X X X
0x0120 CRCSCAN Cyclic Redundancy Check Memory Scan X X X X
0x0140 RTC Real-Time Counter X X X X
0x01CO CCL Configurable Custom Logic X X X X
0x0200 EVSYS Event System X X X X
0x0400 PORTA Port A Configuration X X X X
0x0440 PORTC Port C Configuration X X X X
0x0460 PORTD Port D Configuration X X X X
0x04A0 PORTF Port F Configuration X X X X
0x05EO0 PORTMUX Port Multiplexer X X X X
0x0600 ADCO Analog-to-Digital Converter O X X X X
0x0680 ACO Analog Comparator 0 X X X X
0x0800 USARTO Universal Synchronous Asynchronous Receiver X X X X

Transmitter O
0x0820 USART1 Universal Synchronous Asynchronous Receiver X X X X
Transmitter 1

0x0900 TWIO Two-Wire Interface 0 X X X X
0x0940 SPIO Serial Peripheral Interface 0 X X X X
0x0A00 TCAO Timer/Counter Type A instance 0 X X X X
0x0B0OO TCBO Timer/Counter Type B instance 0 X X X X
0x0B10 TCB1 Timer/Counter Type B instance 1 X X X X
0x0C00 USBO Universal Serial Bus instance 0 X X X X
0x0F00 SYSCFG System Configuration X X X X
0x1000 NVMCTRL Nonvolatile Memory Controller X X X X
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8.2

Table 8-3. Interrupt Vector Mapping

Table 8-2. System Memory Address Map

0x1040
0x1050
0x1080
0x1100
0x1200

LOCK

FUSE
SIGROW
BOOTROW
USERROW

Lock Bits

User Configuration X
Signature Row X
Boot Row X
User Row X

Interrupt Vector Mapping

Each interrupt vector is connected to one peripheral instance, as shown in the table below. A
peripheral can have one or more interrupt sources. For more details on the available interrupt

xX X X X

sources, see the Interrupt section in the Functional Description of the respective peripheral.

xX X X X

xX X X X

An interrupt flag is set in the Interrupt Flags register of the peripheral (peripheral.INTFLAGS) when
the interrupt condition occurs, even if the interrupt is not enabled.

By writing to the corresponding Interrupt Enable bit in the peripheral's Interrupt Control register

(peripheral INTCTRL), an interrupt is enabled or disabled..

When the corresponding interrupt is enabled, an interrupt request is generated, and the interrupt

flag is set. Interrupts must be enabled globally to generate interrupt requests. The interrupt request
remains active until clearing the interrupt flag. See the peripheral's INTFLAGS register for details on

clearing interrupt flags.

Program

Vector

Address

Number

O 00 N o ul b W N —_

-
o

11

12

13

14
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(word)

0x00
0x02

0x04
0x06
0x08
0x0A
0x0C
OXOE
0x10
0x12

0x14

0x16

0x18

Ox1A

0x1C

Peripheral

Source

RESET
NMI

BOD_VLM
CLKCTRL_CFD
RTC_RTC
RTC_PIT
CCL_CCL
USB_BUS
USB_TAC
PORTA_PORT
TCAO _OVF
TCAO_LUNF

TCAO_HUNF

TCAO_CMPO
TCAO_LCMPO

TCAO_CMP1
TCAO_LCMP1

TCAO_CMP2
TCAO_LCMP2

Description

Non-Maskable Interrupt available for:
+  CRCSCAN

+  CLKCTRL

Voltage Level Monitor Interrupt

External crystal oscillator or clock source failure
Real-Time Counter Overflow or Compare Match Interrupt
Real-Time Counter Periodic Interrupt

Configurable Custom Logic Interrupt

USB Bus Event Interrupt

USB Transaction Complete Interrupt

PORTA External Interrupt

Normal: Timer/Counter Type A Overflow Interrupt
Split: Timer/Counter Type A Low Underflow Interrupt
Normal: Unused

Split: Timer/Counter Type A High Underflow Interrupt
Normal: Timer/Counter Type A Compare 0 Interrupt
Split: Timer/Counter Type A Low Compare 0 Interrupt
Normal: Timer/Counter Type A Compare 1 Interrupt
Split: Timer/Counter Type A Low Compare 1 Interrupt
Normal: Timer/Counter Type A Compare 2 Interrupt
Split: Timer/Counter Type A Low Compare 2 Interrupt

X X X X

X X X X

X X X X X X X X

>

X X X X X X X X

>

X X X X X X X X

>

X X X X X X X X

>
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Vector

Number

.continued
Program

Address

(word)

Peripheral

Source

Description

15 Ox1E TCBO_INT Timer Counter Type B Capture/Overflow Interrupt X X X

16 0x20 TWIO_TWIS Two-Wire Interface Client Interrupt X X X

17 0x22 TWIO_TWIM Two-Wire Interface Host Interrupt X X X

18 0x24  SPIO_INT Serial Peripheral Interface Interrupt X X X

19 0x26 USARTO_RXC Universal Synchronous Asynchronous Receiver and X X X
Transmitter Receive Complete Interrupt

20 0x28 USARTO_DRE Universal Synchronous Asynchronous Receiver and X X X
Transmitter Data Register Empty Interrupt

21 0x2A USARTO_TXC Universal Synchronous Asynchronous Receiver and X X X
Transmitter Transmit Complete Interrupt

22 0x2C PORTD_PORT PORTD External Interrupt X X X

23 O0x2E PORTC_PORT PORTC External Interrupt X X X

24 0x30 PORTF_PORT PORTF External Interrupt X X X

25 0x32 NVMCTRL_NVMRE Nonvolatile Memory Controller EEPROM/Flash Ready X X X

ADY Interrupt

26 0x34 USART1_RXC Universal Synchronous Asynchronous Receiver and X X X
Transmitter Receive Complete Interrupt

27 0x36 USART1_DRE Universal Synchronous Asynchronous Receiver and X X X
Transmitter Data Register Empty Interrupt

28 0x38 USART1_TXC Universal Synchronous Asynchronous Receiver and X X X
Transmitter Transmit Complete Interrupt

29 0x3A TCB1_INT Timer Counter Type B Capture/Overflow Interrupt X X X

30 0x3C ACO_AC Analog Comparator Interrupt X X X

31 Ox3E ADCO_ERROR Analog-to-Digital Converter Error Interrupt X X X

32 0x40 ADCO_RESRDY Analog-to-Digital Converter Result Ready Interrupt X X X

33 0x42 ADCO_SMPRDY Analog-to-Digital Converter Sample Ready Interrupt X X X

8.3

SYSCFG - System Configuration

xX X X X

xX X X X X

The system configuration contains the revision ID of the part. The revision ID is readable from the
CPU, making it fit for implementing application changes between part revisions.
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8.3.1 Register Summary

Corset | name lowposl 7| o | 5 | 4 | 3 | 2 | 1 | o

0x00 Reserved
0x01 REVID 7:0 MAJOR[3:0] MINOR[3:0]
0x02
Reserved
0x05
0x06 VUSBCTRL 7:0 USBVREG

8.3.2  Register Description
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8.3.2.1 Device Revision ID Register

Name: REVID
Offset: 0x01

Reset: [revision ID]
Property: -

This register is read-only and gives the device revision ID.

Bit 7 6 5 4 3 2 1
| MAJOR[3:0] | MINOR[3:0]
Access R R R R R
Reset X X X X X X X

Bits 7:4 - MAJOR[3:0] Major revision
This bit field contains the major revision for the device. 0x01 = A, 0x02 = B, and so on.

Bits 3:0 - MINOR[3:0] Minor revision
This bit field contains the minor revision for the device. 0x00 = 0, 0x01 = 1, and so on.
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8.3.2.2 USB Voltage System Control

Name: VUSBCTRL
Offset: 0x06

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| | | | | [ USBVREG |
Access R/W
Reset 0

Bit 0 - USBVREG USB Voltage Regulator
This bit controls the status of the USB voltage regulator. See the description of the USB peripheral,
USB - Universal Serial Bus Device Controller, for more details.

Value Name Description
0 DISABLE The USB voltage regulator is disabled
1 ENABLE The USB voltage regulator is enabled
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0. GPR - General Purpose Registers

The AVR32/16DU32/28/20/14 devices provide four General Purpose registers that can be used for
storing any information. They are applicable for storing global variables and interrupt flags. General
Purpose registers, residing in the address range 0x1C-0x1F, are directly bit-accessible using the sBI,
CBI, SBIS, and SBIC instructions.
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9.1 Register Summary

Coffset | Name [Bitpos| 7|6 | 5 | 4 | 3 | 2 | 1 | o
7:0

0x00 GPRO GPR[7:0]
0x01 GPR1 7:0 GPR[7:0]
0x02 GPR2 7:0 GPR[7:0]
0x03 GPR3 7:0 GPR[7:0]

9.2 Register Description
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9.2.1 General Purpose Register n

Name: GPRn

Offset: 0x00 + n*0x01 [n=0..3]
Reset: 0x00

Property: -

These are general purpose registers that can be used to store data, such as global variables and
flags, in the bit accessible /0 memory space.

Bit 7 6 5 4 3 2 1 0
| GPR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - GPR[7:0] General Purpose Register Byte
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10. NVMCTRL - Nonvolatile Memory Controller

10.1 Features
+ Unified Memory
+ In-System Programmable
* True Read-While-Write Support
+ Self-Programming and Boot Loader Support
+ Configurable Sections for Write Protection:
- Boot section for boot loader code or application code
- Application code section for application code
- Application data section for application code or data storage
+ Signature Row for Factory-Programmed Data:
- ID for each device type
- Serial number for each device
- Calibration bytes for factory-calibrated peripherals
+ User Row for Application Data:
- Can be read and written from software

- Can be written from UPDI on a locked device
- Content is kept after chip erase

+ Boot Row for Boot Data:
- For storage of device specific data

- Accessible from the BOOT section only

10.2 Overview

The NVM Controller (NVMCTRL) is the interface between the CPU and Nonvolatile Memories (Flash,
EEPROM, Signature Row, User Row, and fuses). These are reprogrammable memory blocks that
retain their values when not powered. The Flash is mainly used for program storage but can also be
used for data storage. EEPROM, Signature Row, User Row, and fuses are used solely for data storage.
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10.2.1 Block Diagram

Figure 10-1. NVMCTRL Block Diagram

Program Memory Bus

{

Data Memory Bus

< Signature Row

Boot Row

User Row
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Register access

10.3  Functional Description

10.3.1 Memory Organization

10.3.1.1 Flash

The Flash is divided into a set of pages. A page is the smallest addressable unit when erasing the
Flash. It is only possible to write or erase an entire page at a time. One page consists of 512 bytes.

Independent of page size, the Flash is organized in sections. The Flash is split into two physical
sections to optimize the structure for boot loader applications: Read-While-Write (RWW) and No-
Read-While-Write (NRWW). It is possible to divide these two sections into three logical sections: Boot
Loader Code (BOQT), Application Code (APPCODE), and Application Data (APPDATA).
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Figure 10-2. AVR DU Flash Memory Map
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10.3.1.1.1 Physical Sections
The Flash is divided physically into two fixed sections: A Read-While-Write (RWW) section and a
No-Read-While-Write (NRWW) section.

The main differences between the two sections are as follows:

*  When erasing or writing a page located inside the RWW Flash, the NRWW Flash can be read
during the operation

*  When erasing or writing a page located inside the NRWW Flash, the CPU is halted during the
entire operation

The syntax “Read-While-Write section” refers to which section to program (erase or write), not the
one read. Only the code located inside the NRWW Flash is accessible by either executing a CPU
instruction or reading data while the RWW Flash is being written or erased.

Note: The interrupt code in the RWW section may halt the CPU if the associated interrupt is
triggered while the RWW section is erased or written. Disable or place the interrupt code in the
Boot Code (BOOT) section to avoid this.

The figures and table below explain these two physical Flash sections in detail:
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Figure 10-3. Read-While-Write Scenarios
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Table 10-1. Read-While-Write Scenarios

Flash Section Erased/Written Flash Section Accessed CPU

RWW section NRWW section Running
NRWW section NRWW section Halted
RWW section RWW section Halted
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Notes:
+ The User Row is located in the RWW Flash. When erasing or writing a page in the User Row, the
NRWW Flash can be read during the operation.

+ The Boot Row is located in the RWW Flash. When erasing or writing a page in the Boot Row, the
NRWW Flash can be read during the operation.

+ The physical section sizes are device-dependent. Refer to the Memory Overview section for further
details.

10.3.1.1.2 Logical Sections
The Flash can be divided into three logical sections, each consisting of a variable number of pages.
These sections are:
+ Boot Code (BOOT) - The code executed from the BOOT area has write access to all other Flash
sections. Boot loader software must be placed in this section if used.

+ Application Code (APPCODE) - The code executed from the APPCODE area has limited write
access to other Flash sections. Executable application code is typically placed in this section.

+ Application Data (APPDATA) - Flash section without write access. Parameters are usually placed
in this section.

Note: For detailed inter-section read/write access, refer to the Flash Access Protection section.

Section Sizes

The Boot Size (FUSE.BOOTSIZE) fuse and Code Size (FUSE.CODESIZE) fuse set the sizes of these
sections. The fuses select section sizes in blocks of 512 bytes. The BOOT section stretches from
FLASHSTART to BOOTEND, and the APPCODE section extends from BOOTEND to CODEEND. The
remaining area is the APPDATA section.

If FUSE.BOQOTSIZE is written to '0’, the entire Flash is regarded as the BOOT section. If FUSE.CODESIZE
is written to ‘0’ and FUSE.BOOTSIZE > 0, the APPCODE section runs from BOOTEND to the end of
Flash (no APPDATA section).

When FUSE.CODESIZE < FUSE.BOOTSIZE, the APPCODE section is removed, and the APPDATA runs
from BOOTEND until the end of the Flash.

Table 10-2. Setting Up Flash Sections

BOOTSIZE CODESIZE BOOT Section APPCODE Section APPDATA Section
0 - R R

0 to FLASHEND

>0 0 0 to BOOTEND BOOTEND to FLASHEND
>0 < BOOTSIZE 0 to BOOTEND - BOOTEND to FLASHEND
>0 > BOOTSIZE 0 to BOOTEND BOOTEND to CODEEND CODEEND to FLASHEND

Using the BOOT section for the application code is recommended if there is no boot loader software.

Notes:

1. After Reset, the default vector table location is at the start of the APPCODE section. The
peripheral interrupts can be used in the code running in the BOOT section by relocating the
interrupt vector table at the beginning of this section. That is done by setting the IVSEL bit in the
CPUINT.CTRLA register. Refer to the CPUINT section for details.

2. If BOOTEND/CODEEND, as determined by the BOOTSIZE/CODESIZE fuse settings, exceeds the
device FLASHEND, the corresponding fuse setting is ignored, and the default value is used. Refer
to Fuse in the Memories section for default values.
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Example 10-1. Size of Flash Sections Example

If FUSE.BOOTSIZE is written to 0x04 and FUSE.CODESIZE is written to 0x08, the first
4*512 bytes will be BOOT, the next 4*512 bytes will be APPCODE, and the remaining
Flash will be APPDATA.

10.3.1.1.3 Flash Access Protections

Inter-Section Write Protection

For security reasons, it is impossible to write to the section of Flash from which the code is currently
executing. Code writing to the APPCODE section must execute from the BOOT section, and code
writing to the APPDATA section must execute from either the BOOT section or the APPCODE section.

Table 10-3. Write Protection for Self-Programming
BOOT No
APPCODE

BOOT APPDATA Yes

EEPROM
USERROW
BOOTROW Yes
BOOT
APPCODE
APPDATA
EEPROM Yes
USERROW
BOOTROW No
BOOT
APPCODE
APPDATA No
EEPROM
USERROW
BOOTROW No

No

APPCODE

APPDATA

Flash Read/Write Protection

In addition to the inter-section write protection, the NVMCTRL provides a security mechanism to
avoid unwanted access to the Flash memory sections. Even if the CPU can never write to the BOOT
section, a Boot Section Read Protection (BOOTRP) bit in the Control B (NVMCTRL.CTRLB) register is
provided to prevent the read and execution of code from the BOOT section. This bit can be set only
from the code executed in the BOOT section and has an effect only when leaving the BOOT section.

The three write protection bits (EEWP, APPDATAWP and APPCODEWP) in the Control B
(NVMCTRL.CTRLB) register can be set to prevent writes respectively to the EEPROM or the APPDATA
or APPCODE sections.

10.3.1.2 EEPROM

The EEPROM is a 256 bytes nonvolatile memory section having byte granularity on erase/write. It can
be erased in blocks of 1/2/4/8/16/32 bytes, but writes are done only one byte at a time. It can also do
a byte erase and write in one operation.

10.3.1.3 Signature Row

The Signature Row contains a device ID that identifies each microcontroller device type and a serial
number for each manufactured device. The serial number consists of the production lot number,
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wafer number, and the device's wafer coordinates. The Signature Row can be read by the CPU or the
UPDI interface but not written or erased.

10.3.1.4 User Row
The User Row is 512 bytes. This section can be used to store various data, such as calibration/
configuration data and serial numbers. This section is not erased by a chip erase.

The User Row section can be read or written from the CPU. This section can be read from UPDI on
an unlocked device and written through UPDI, even on a locked device.

10.3.1.5 Boot Row
The Boot Row is 256 bytes of Flash. This section is only accessible from the BOOT section and can be
used to store various data, such as keys. This page is optionally erased by a chip erase.

The Boot Row is erased/written as an ordinary Flash and located in the RWW section of the Flash.
It cannot be written when the Boot Row Write Protection (BOOTROWWP) bit in the Control C
(NVMCTRL.CTRLC) register is set to ‘1".

10.3.1.6 Fuses
The fuses contain device configuration values and are copied to their target registers at the end of
the start-up sequence.

The fuses can be read by the CPU or the UPDI but can only be programmed or cleared by the UPDI.

10.3.2 Memory Access
For read/write operations, the Flash memory can be accessed from either the code space or the CPU
data space. The Flash is accessible through the L.pM and spM instructions when using the code space.

Additionally, the Flash memory is byte accessible when accessed through the CPU data space,
meaning that it shares the same address space and instructions as SRAM, EEPROM, and I/0 registers
and it is accessible using LD/ ST instructions in assembly.

For the LPM and sPM instructions, address 0x0000 is the start of the Flash, but for LD and ST, it is
0x8000, as shown in the Memory Map section.

Addressing Flash Memory in Code Space

For read and write access to the Flash memory in the code space, use the Z-pointer for LPM/SPM
access.

@ MICROCHIP

79



Figure 10-4. Flash Addressing for Self-Programming

Bit PAGEMSB WORDMSB 1.0
Z-Pointer FPAGE FWORD ‘ 0/ ‘
— Low/High Byte select for (E)LPM
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
FPAGE PROGRAM MEMORY PAGE FWORD
00 PAGE < N INSTRUCTION WORD 00
01 ) 01
02 02
+— —>
1 — PAGEEND
v
FLASHEND

The Flash is word-accessed and organized in pages, so the Address Pointer can be treated as having
two sections, as shown in Figure 10-4. The word address in the page (FWORD) is held by the Least
Significant bits in the Address Pointer, while the Most Significant bits in the Address Pointer hold the
Flash page address (FPAGE). Together, FWORD and FPAGE hold an absolute address to a word in the
Flash.

The Flash is word-accessed for code space write operations, so the Least Significant bit (bit 0) in the
Address Pointer is ignored.

For Flash read operations, one byte is read at a time. For this, the Least Significant bit (bit 0) in the
Address Pointer is used to select the low byte or high byte in the word address. If this bit is ‘0, the
low byte is read, and if this bit is ‘1, the high byte is read.

Once initiating a programming operation, the address is latched, and the Address Pointer can be
updated and used for other operations.
Addressing Flash in CPU Data Space

The Flash area in the data space has only 32 KB. For devices with a Flash memory size greater than
32 KB, the Flash memory is divided into blocks of 32 KB. Those blocks are mapped into data space
using the FLMAP bit field of the NVMCTRL.CTRLB register.

For read and write access to the Flash memory in the CPU data space, the LD/ST instructions are
used to access one byte at a time.

10.3.2.1 Programming

Flash programming is done by writing one byte or one word at a time. Writing from the CPU using
store type instructions (ST*) will write one byte at a time, while a write with the Store Program
Memory (sPM) instruction will write one word at a time.
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The NVMCTRL command set supports multiple Flash erase operations. Up to 32 pages can be erased
at the same time. The duration of the erase operation is independent of the number of pages being
erased.

The EEPROM erasing has byte granularity with the possibility of erasing up to 32 bytes in one
operation. The EEPROM is written one byte at a time, and it has an option to do the erase and write
of one byte in the same operation.

The User Row is erased/written as an ordinary Flash. When the erasing operation is used, the entire
User Row is erased at once. The User Row writing has byte granularity.

The Fuse programming is identical to the EEPROM programming, but it can be performed only via
the UPDI interface.

Table 10-4. Programming Granularity

Memory Section Erase Granularity Write Granularity

Flash array Page Word(™
EEPROM array Byte Byte
User Row Page(? Byte(3
Boot Row Page(2 Byte
Fuses Byte Byte
Notes:

1. Byte granularity when writing to the CPU data space memory mapped section.
2. One page is 512 bytes.
3. Page granularity when programming from UPDI on a locked device.

10.3.2.2 Read
Reading the Flash is done using Load Program Memory (1LPM) instructions or Load (1.D*) instructions
with an address according to the memory map. Reading the EEPROM and Signature Row is done
using LD* instructions. Performing a read operation while a write or erase is in progress will result in
a bus wait, and the instruction will be suspended until the ongoing operation is complete.

10.3.2.3 Command Modes
Reading the memory arrays is handled using the Lp*/LpPM(" instructions.
The erase of the whole Flash (CHER) or the EEPROM (EECHER) is started by writing commands to the
NVMCTRL.CTRLA register. The other write/erase operations are just enabled by writing commands
to the NVMCTRL.CTRLA register and must be followed by writes using sT*/spM" instructions to the

memory arrays.
Note:

1. LPM/SPM cannot be used for EEPROM.

To write a command in the NVMCTRL.CTRLA register, the following sequence needs to be executed:

1. Confirm that any previous operation is completed by reading the Busy (EEBUSY and FBUSY) flags
in the NVMCTRL.STATUS register.

2. Write the appropriate key to the Configuration Change Protection (CPU.CCP) register to unlock
the NVM Control A (NVMCTRL.CTRLA) register.

3. Write the desired command value to the CMD bit field in the Control A (NVMCTRL.CTRLA) register
within the next four instructions.

The following steps are required to perform a write/erase operation in the NVM:

1. Confirm that any previous operation is completed by reading the Busy (EEBUSY and FBUSY) flags
in the NVMCTRL.STATUS register.
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2. Optional: If accessing the Flash in the CPU data space, map the corresponding 32 KB Flash
section into the data space by writing the FLMAP bit field in the NVMCTRL.CTRLB register.

3. Write the desired command value to the NVMCTRL.CTRLA register as described before.
4. Write to the correct address in the data space/code space using the ST*/SpM instructions.
5. Optional: If multiple write operations are required, go to step 4.

6. Write a NOOP or NOCMD command to the NVMCTRL.CTRLA register to clear the current command.

10.3.2.3.1 Page Write Command
The Page Write (FLPW/EEPW) commands write the content of the page buffer to the Flash or
EEPROM.

If the write is to the Flash, the CPU will execute code as explained in 10.3.1.1.1. Physical Sections.

If the write is to the EEPROM, the CPU will continue executing code while the operation is ongoing.
Erase the page/byte before performing a write.

The page buffer used will automatically be cleared after finishing the operation.

10.3.2.3.2 Page Erase Command
The Page Erase (FLPER/EEPER) commands erase the current page. Write one byte in the page buffer
for the Page Erase command to take effect.

For erasing the Flash, a dummy write to one address in the desired page is required first, followed by
command execution. The whole page in the Flash will then be erased. The CPU will stop or continue
based on the same conditions as the Page Write command.

When executing the command for the EEPROM, only the bytes written in the page buffer will be
erased. To erase a specific byte, write to its corresponding address before executing the command.
Update all the bytes in the page buffer before writing the command to erase a whole page. The CPU
will continue running code while the operation is ongoing.

The page buffer used will automatically be cleared after finishing the operation.

10.3.2.3.3 Flash Multi-Page Erase Mode
The Multi-Page Erase (FLMPERN) mode will allow each write to the memory array to erase multiple
pages. When enabling FLMPERN, it is possible to select between erasing 2, 4, 8, 16, or 32 pages.

The LSbs of the page address are ignored when defining which Flash pages are erased. Using
FLMPER4 as an example, erasing any page in the 0x08 - 0x0B range will cause the erase of all pages
in the range.

Table 10-5. Flash Multi-Page Erase

FLMPER2 2 Pages matching FPAGE[N:1] are erased. The value in FPAGE[O] is ignored.

FLMPER4 4 Pages matching FPAGE[N:2] are erased. The value in FPAGE[1:0] is ignored.
FLMPERS8 8 Pages matching FPAGE[N:3] are erased. The value in FPAGE[2:0] is ignored.
FLMPER16 16 Pages matching FPAGE[N:4] are erased. The value in FPAGE[3:0] is ignored.
FLMPER32 32 Pages matching FPAGE[N:5] are erased. The value in FPAGE[4:0] is ignored.

Note: FPAGE is the page number when doing a Flash erase. Refer to 10.3.2. Memory Access for
details.

10.3.2.3.4 EEPROM Write Mode
The EEPROM Write (EEWR) mode enables the EEPROM array for writing operations. Several writes
can be done while the EEWR mode is enabled in the NVMCTRL.CTRLA register. When the EEWR
mode is enabled, writes with the sT* instructions will be performed one byte at a time.

When writing the EEPROM, the CPU will continue executing code. If a new load/store operation is
started before the EEPROM erase/write is completed, the CPU will be halted.
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Erasing its content is necessary before performing a write to an address.

10.3.2.3.5 EEPROM Erase/Write Mode

The EEPROM Erase/Write (EEERWR) mode enables the EEPROM array for the erase operation
directly followed by a write operation. Several erase/writes can be done while the EEERWR mode

is enabled in the NVMCTRL.CTRLA register. When the EEERWR mode is enabled, writes with the sT*
instructions are performed one byte at a time.

When writing/erasing the EEPROM, the CPU will continue executing code.

If a new load or store instruction is started before the erase/write is completed, the CPU will be
halted.

10.3.2.3.6 EEPROM Byte Erase Mode

The EEPROM Byte Erase (EEBER) mode allows each write to the memory array to erase the selected
byte. An erased byte always reads back 0xFF, regardless of the value written to the EEPROM
address.

When erasing the EEPROM, the CPU can continue running from the Flash. If the CPU starts an erase
or write operation while the EEPROM is busy, the CPU will be halted until finishing the current
operation.

10.3.2.3.7 EEPROM Multi-Byte Erase Mode
The EEPROM Multi-Byte Erase (EEMBERnN) mode allows erasing several bytes in one operation. When
enabling the EEMBERN mode, it is possible to select between erasing 2, 4, 8, 16, or 32 bytes in one
operation.

The LSbs of the address are ighored when defining which EEPROM locations are erased. For
example, while doing an 8-byte erase, addressing any byte in the 0x18 - Ox1F range will result in
erasing the entire range of bytes.

Table 10-6. EEPROM Multi-Byte Erase

EEMBER2 2 Addresses matching ADDR[N:1] are erased. The value in ADDR[O0] is ignored.

EEMBER4 4 Addresses matching ADDR[N:2] are erased. The value in ADDR[1:0] is ignored.
EEMBERS8 8 Addresses matching ADDR[N:3] are erased. The value in ADDR[2:0] is ignored.
EEMBER16 16 Addresses matching ADDR[N:4] are erased. The value in ADDR[3:0] is ignored.
EEMBER32 32 Addresses matching ADDR[N:5] are erased. The value in ADDR[4:0] is ignored.

Note: ADDR is the address written when doing an EEPROM erase.

The CPU can continue executing instructions from the Flash while erasing the EEPROM. If the CPU
starts an erase or write operation while the EEPROM is busy, the NVMCTRL module will give a wait
on the bus, and the CPU will be halted until finishing the current operation.

10.3.2.3.8 Chip Erase Command
The Chip Erase (CHER) command erases the Flash and the EEPROM. The EEPROM is unaltered if the
EEPROM Save During Chip Erase (EESAVE) fuse in FUSE.SYSCFGO is set.

If the device is locked, the EEPROM is always erased by a chip erase regardless of the EESAVE bit. The
read/write protection (BOOTRP, APPCODEWP, APPDATAWP) bits in NVMCTRL.CTRLB do not prevent
the operation. All Flash and EEPROM bytes will read back 0xFF after this command.

This command can only be started from the UPDI.

10.3.2.3.9 EEPROM Erase Command

The EEPROM Erase (EECHER) command erases the EEPROM. All EEPROM bytes will read back 0xFF
after the operation. The CPU is halted during the EEPROM erase.
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10.3.3 Preventing Flash/EEPROM Corruption
A Flash/EEPROM write or erase can cause memory corruption if the supply voltage is too low for the
CPU and the Flash/EEPROM to operate correctly. These issues are the same on board-level systems
using Flash/EEPROM. The internal or an external Brown-out Detector (BOD) is recommended to
ensure that the operating voltage is high enough.
Two circumstances may cause Flash/EEPROM corruption when the voltage is too low:

1. Aregular write sequence to the Flash, requiring a minimum voltage to operate correctly.
2. The CPU can execute instructions incorrectly when the supply voltage is too low.

The chip erase does not clear fuses. If the BOD is enabled by fuses before starting the Chip Erase
command, it is automatically enabled at its previous configured level during the chip erase.

Refer to the Electrical Characteristics section for Maximum Frequency vs. Vpp.

Attention: Taking the following measures may avoid Flash/EEPROM corruption:

1. Keep the device in Reset during periods of insufficient power supply voltage.
Do this by enabling the internal BOD.

2. The Voltage Level Monitor (VLM) in the BOD can be used to prevent starting a
write to the EEPROM close to the BOD level.

3. If the detection levels of the internal BOD do not match the required detection
level, an external Vpp Reset protection circuit can be used. If a Reset occurs
while a write operation is ongoing, the write operation will be aborted.

10.3.4 Interrupts

Table 10-7. Available Interrupt Vectors and Sources

EEREADY NVM The EEPROM is ready for new write/erase operations
FLREADY The Flash is ready for new write/erase operations

When an interrupt condition occurs, the FLREADY or EEREADY interrupt flag is set in the Interrupt
Flags (NVMCTRL.INTFLAGS) register.

An interrupt source is enabled or disabled by writing to the FLREADY or EEREADY bit in the Interrupt
Control (NVMCTRL.INTCTRL) register.

An interrupt request is generated when the corresponding interrupt source is enabled and the
interrupt flag set. The interrupt request remains active until the interrupt flag is cleared. Refer to the
NVMCTRL.INTFLAGS register for details on how to clear interrupt flags.

10.3.5 Sleep Mode Operation

If there is no ongoing NVM write/erase operation, the NVMCTRL will enter sleep mode when the
system enters sleep mode.

If an NVM write/erase operation is ongoing when the system enters a sleep mode, the NVM
block, the NVMCTRL, and the peripheral clock will remain ON until the operation is finished and
automatically turn off once the operation is completed. This is valid for all sleep modes, including
Power-Down.

The NVM Ready interrupt will wake up the device only from Idle sleep mode.
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10.3.6 Configuration Change Protection

This peripheral has registers that are under Configuration Change Protection (CCP). To write to these
registers, a given key must first be written to the CPU.CCP register, followed by a write access to the
protected bits within four CPU instructions.

Attempting to write to a protected register without following the appropriate CCP unlock sequence
leaves it unchanged.

The following registers are under CCP:

Table 10-8. NVMCTRL - Registers under Configuration Change Protection

NVMCTRL.CTRLA SPM
NVMCTRL.CTRLB IOREG
NVMCTRL.CTRLC IOREG
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10.4

Register Summary

0x00
0x01

0x02

0x03
0x04
0x05
0x06
0x07

0x08

0x0A
0x0B

0x0C

10.5

L2223 I I I T T AT N

CTRLA CMD[6:0
CTRLB 7:0 FLMAPLOCK FLMAP[1:0] EEWP APPDATAWP BOOTRP  APPCODEWP
CTRLC 7:0 BOOTEOWW UROWWP
Reserved
INTCTRL 7:0 FLREADY EEREADY
INTFLAGS 7:0 FLREADY EEREADY
STATUS 7:0 ERROR[2:0] FBUSY EEBUSY
Reserved
7: DATA[7
DATA 0 [7:0]
15:8 DATA[15:8]
Reserved
7:0 ADDR[7:0]
15:8 ADDRI[15:8]
ADDR
23:16 ADDR[23:16]
31:24

Register Description
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10.5.1 Control A

Name: CTRLA
Offset: 0x00
Reset: 0x00
Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| CMDI6:0] |
Access RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0

Bits 6:0 - CMD[6:0] Command
Write this bit field to enable or issue a command. The Chip Erase and EEPROM Erase commands
start when writing the command. The others enable an erase or write operation. The operation is
started by doing a store instruction to an address location.

A change from one command to another must always go through a No command (NocMD) or No
operation (NOOP) command. If attempting written to a programming command (except NOCMD or
NooP) while the Flash or EEPROM is busy, a Command Collision error is signalized in the ERROR bit
field in the NVMCTRL.STATUS register.

Voiue —Name ————Joespton

0x00
0x01
0x02
0x08
0x09
0x0A
0x0B
0x0C
0x0D
0x12
0x13
0x18
0x19
0x1A
0x1B
0x1C
0x1D

0x20

0x30
Other
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NOCMD
NOOP
FLWR
FLPER
FLMPER2
FLMPER4
FLMPERS8
FLMPER16
FLMPER32
EEWR
EEERWR
EEBER
EEMBER2
EEMBER4
EEMBERS8
EEMBER16
EEMBER32

CHER
EECHER

No command

No operation

Flash Write Enable

Flash Page Erase Enable

Flash 2-page Erase Enable
Flash 4-page Erase Enable
Flash 8-page Erase Enable
Flash 16-page Erase Enable
Flash 32-page Erase Enable
EEPROM Write Enable
EEPROM Erase and Write Enable
EEPROM Byte Erase Enable
EEPROM 2-byte Erase Enable
EEPROM 4-byte Erase Enable
EEPROM 8-byte Erase Enable
EEPROM 16-byte Erase Enable
EEPROM 32-byte Erase Enable
Erase Flash and EEPROM. EEPROM is skipped if EESAVE fuse is set. (UPDI access
only.)

Erase EEPROM

Reserved
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10.5.2 Control B

Name: CTRLB

Offset: 0x01

Reset: 0x30

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| FLMAPLOCK | | FLMAP[1:0] | EEWP |APPDATAWP| BOOTRP [APPCODEWP|
Access R/W RIW R/W R/W R/W R/W R/W
Reset 0 1 1 0 0 0 0

Bit 7 - FLMAPLOCK Flash Mapping Lock
Setting this bit to ‘1’ prevents further updates of FLMAP[1:0]. Only a Reset can clear this bit.

Bits 5:4 - FLMAP[1:0] Flash Section Mapped into Data Space
Select which part (in blocks of 32 KB) of the Flash will be mapped as part of the CPU data space
and accessible through LD/ST instructions. For devices with Flash size of 32 KB or less, changing this
bitfield value has no effect since the entire Flash is mapped to the CPU data space.

Value Mapped Flash Section (KB)
8 KB Flash 16 KB Flash 32 KB Flash 64 KB Flash

0 SECTIONO 0-32

1 SECTION1 32-64
- -1 -32

2 SECTION2 0-8 0-16 03 0-32

3 SECTION3 32-64

Bit 3 - EEWP EEPROM Write Protection
Writing a ‘1’ to this bit protects the EEPROM from further writes.
This bit can only be written to ‘1". It is cleared to ‘0’ only by Reset.

Bit 2 - APPDATAWP Application Data Section Write Protection
Writing a ‘1" to this bit protects the application data section from further writes.
This bit can only be written to ‘1. It is cleared to ‘0’ only by Reset.

Bit 1 - BOOTRP Boot Section Read Protection
Writing a ‘1" to this bit protects the BOOT section from a read and instruction fetch. If issuing a read
from the application section, it will return ‘0". An instruction fetch from the BOOT section will return a
NOP instruction.
This bit can only be written to ‘1’ from the BOOT section. It is cleared to ‘0’ only by Reset. The bit will
only take effect when the BOOT section is left the first time after the bit is written.

Bit 0 - APPCODEWP Application Code Section Write Protection

Writing a ‘1’ to this bit protects the application code section from further writes.
This bit can only be written to ‘1. It is cleared to ‘0’ only by Reset.
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10.5.3 Control C

Name: CTRLC

Offset: 0x02

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
BOOTROWW| UROWWP
P
Access R/W R/W
Reset 0 0

Bit 1 - BOOTROWWP Boot Row Write Protect

Writing this bit to 1 prevents further updates to the Boot Row. Only a reset can clear this bit.

Bit 0 - UROWWP User Row Write Protect

Writing this bit to 1 prevents further updates to the User Row. Only a reset can clear this bit.
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10.5.4 Interrupt Control

Name: INTCTRL

Offset: 0x04

Reset: 0x00

Property: -

Bit 7 6 5 4 3 2 1 0
| | | | | FLREADY | EEREADY |

Access R/W R/W
Reset 0 0

Bit 1 - FLREADY Flash Ready Interrupt
Writing a ‘1" to this bit enables the interrupt indicating that the Flash is ready for new write/erase
operations.
This is a level interrupt that will be triggered only when the FLREADY bit in the INTFLAGS register
is set to ‘1". The interrupt must be disabled in the interrupt handler before triggering a Flash write/
erase operation, as the FLREADY bit will not be cleared before this command is issued.

Bit 0 - EEREADY EEPROM Ready Interrupt
Writing a ‘1’ to this bit enables the interrupt indicating that the EEPROM is ready for new write/erase
operations.
This is a level interrupt that will be triggered only when the EEREADY bit in the INTFLAGS register
is set to ‘1". The interrupt must be disabled in the interrupt handler before triggering an EEPROM
write/erase operation, as the EEREADY bit will not be cleared before this command is issued.
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10.5.5 Interrupt Flags

Name: INTFLAGS

Offset: 0x05

Reset: 0x00

Property: -

Bit 7 6 5 4 3 2 1 0
| | | | | FLREADY | EEREADY |

Access R/W R/W
Reset 0 0

Bit 1 - FLREADY FLREADY Interrupt Flag
This flag is set continuously as long as the Flash is not busy. This flag is cleared by writing a ‘1" to it.

Bit 0 - EEREADY EEREADY Interrupt Flag

This flag is set continuously as long as the EEPROM is not busy. This flag is cleared by writing a ‘1' to
it.
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10.5.6 Status

Name: STATUS
Offset: 0x06

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| ERROR[2:0] | | | FBUSY | EEBUSY |
Access R/W R/W R/W R R
Reset 0 0 0 0 0

Bits 6:4 - ERROR[2:0] Error Code
Error code bit field reports the status of the last programming operation. INVALIDCMD and
WRITEPROTECT are cleared only if/whenthe operation that caused the error is followed by a legal
one. If CMDCOLLISION error occurs, then any new programming operation is ignored, until the
error is cleared. Ensure no programming operation is ongoing (see FBUSY and EEBUSY flags) before
clearing this error, otherwise the error will be reported once more.
The Error Code bit field can be cleared by writing ‘0" to it.
Notes: Rules for error/halting:

1. If changing command while programming is ongoing, then CMDCOLLISION error is set.
2. If ERROR = CMDCOLLISION, then the programming operation is ignored.
3. If accessing (read/write) while NVM section is busy, then the CPU is halted.

Value Name Description

0x0 NONE No error

0x1 INVALIDCMD The selected command is not supported

0x2 WRITEPROTECT Attempt to write a section that is protected

0x3 CMDCOLLISION A new write/erase command was selected while a write/erase command was already ongoing
Other — Reserved

Bit 1 - FBUSY Flash Busy
This bit will read ‘1" when a Flash programming operation is ongoing.

Bit 0 - EEBUSY EEPROM Busy
This bit will read ‘1" when an EEPROM programming operation is ongoing.
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10.5.7 Data

Name: DATA

Offset: 0x08

Reset: 0x00

Property: -

The NVMCTRL.DATAL and NVMCTRL.DATAH register pair represents the 16-bit value, NVMCTRL.DATA.
The low byte [7:0] (suffix L) is accessible at the original offset.

The high byte [15:8] (suffix H) can be accessed at offset + 0x01.

Bit 15 14 13 12 11 10 9 8
| DATA[15:8]
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| DATA[7:0]
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 - DATA[15:0] Data Register
The Data register will contain the last read value from Flash, EEPROM, or NVMCTRL. For EEPROM

access, only DATA[7:0] is used.
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10.5.8 Address

Name: ADDR
Offset: 0x0C
Reset: 0x00
Property: -

NVMCTRL.ADDRO, NVMCTRL.ADDR1 and NVMCTRL.ADDR2 represent the 24-bit value

NVMCTRL.ADDR.

The low byte [7:0] (suffix 0) is accessible at the original offset.
The high byte [15:8] (suffix 1) can be accessed at offset +0x01.

The extended byte [23:16] (suffix 2) can be accessed at offset +0x02.

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
ADDR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ADDRJ[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| ADDR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 23:0 - ADDR[23:0] Address
The Address register contains the address of the last accessed memory location. Only the number of

bits required to access the memory is used.
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11.
11.1

11.2

CLKCTRL - Clock Controller

Features
+ All Clocks and Clock Sources Are Automatically Enabled When Requested by Peripherals
+ Internal Oscillators:
- Up to 24 MHz Internal High-Frequency Oscillator (OSCHF)
- 32.768 kHz Ultra-Low Power Oscillator (OSC32K)
- 48 MHz Phase-Locked Loop (PLL48M)
+ Auto-Tuning for Improved Internal Oscillator Accuracy
+ External Clock Options:
- 32.768 kHz Crystal Oscillator (XOSC32K)
- External clock
+ Main Clock Features:
- Safe run-time switching
- Prescaler with a division factor ranging from 1 to 64
- Clock Failure Detection with automatic clock switching to an internal source

Overview

The Clock Controller (CLKCTRL) controls, distributes and prescales the clock signals from the
available oscillators and supports internal and external clock sources.

The CLKCTRL is based on an automatic clock request system implemented in all peripherals on the
device. The peripherals will automatically request the clocks needed. The request is routed to the
correct clock source if multiple clock sources are available.

The Main Clock (CLK_MAIN) is used by the CPU, Nonvolatile Memory (NVM), SRAM, and all
peripherals connected to the I/0 bus. The main clock source can be selected and prescaled. Some
peripherals can share the same clock source as the main clock or run asynchronously to the main
clock domain.
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11.2.1 Block Diagram

Figure 11-1. CLKCTRL Block Diagram
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The clock system consists of the main clock and clocks derived from the main clock, as well as
several asynchronous clocks:
+ Main Clock (CLK_MAIN) is always running in Active and Idle sleep modes. If requested, it will also
run in Standby sleep mode.
+ CLK_MAIN is prescaled and distributed by the clock controller:
- CLK_CPU is used by the CPU, SRAM and the Nonvolatile Memory Controller (NVMCTRL)
peripheral
- CLK_PER s used by all peripherals not listed under asynchronous clocks and can also be
routed to the CLKOUT pin
- All the clock sources can be used as the main clock

+ Clocks running asynchronously to the main clock domain:

- CLK_RTC is used by the Real-Time Counter (RTC) and the Periodic Interrupt Timer (PIT). It will
be requested when the RTC/PIT is enabled. The CLK_RTC clock source may be changed only if
the peripheral is disabled.

- CLK_WDT is used by the Watchdog Timer (WDT). It will be requested when the WDT is
enabled.

- CLK_BOD is used by the Brown-out Detector (BOD). It will be requested when the BOD is
enabled in Sampled mode. A fuse controls the alternative clock source.
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- CLK_USB is used by the Universal Serial Bus (USB) peripheral. It will be requested when the
USB is enabled.

- Clock Failure Detector (CFD) is an asynchronous mechanism to detect a failure on an external
crystal or clock source

The clock source for the main clock domain is configured by writing to the Clock Select (CLKSEL)

bit field in the Main Clock Control A (CLKCTRL.MCLKCTRLA) register. This register has Configuration
Change Protection (CCP), and the appropriate key must be written to the CCP register before writing
to the CLKSEL bit field. The registers in the respective peripheral configure the asynchronous clock
sources.

11.2.2 Signal Description
CLKOUT Digital output CLK_PER output
XTALHF1 Analog input Input for external clock source (EXTCLK) or one pin of a high-frequency crystal
XTALHF2 Analog input Input for one pin of a high-frequency crystal
XTAL32K1  Analog input Input for external 32.768 kHz clock source or one pin of a 32.768 kHz crystal
XTAL32K2  Analog input Input for one pin of a 32.768 kHz crystal

For more details, refer to the I/0 Multiplexing section.

11.3 Functional Description

11.3.1 |Initialization
To initialize a clock source as the main clock, these steps need to be followed:

1. Optional: Force the clock to always run by writing the Run Standby (RUNSTDBY) bit in the
respective clock source CTRLA register to ‘1".

2. Configure the clock source as needed in the corresponding clock source CTRLA register and, if
applicable, enable the clock source by writing a ‘1’ to the Enable bit.

3. Optional: If RUNSTDBY is ‘1', wait for the clock source to stabilize by polling the respective status
bit in CLKCTRL.MCLKSTATUS.

4. The following sub-steps need to be performed in an order such that the main clock frequency
never exceeds the allowed maximum clock frequency. Refer to the Electrical Characteristics
section for further information.

a. Ifrequired, divide the clock source frequency by writing to the Prescaler Division (PDIV) bit
field and enable the main clock prescaler by writing a ‘1’ to the Prescaler Enable (PEN) bit in
CLKCTRL.MCLKCTRLB.

b. Select the configured clock source as the main clock in the Clock Select (CLKSEL) bit field in
CLKCTRL.MCLKCTRLA.

5. Wait for the main clock to change by polling the Main Clock Oscillator Changing (SOSC) bit in the
Main Clock Status (CLKCTRL.MCLKSTATUS) register.

6. Optional: Clear the RUNSTDBY bit in the clock source CTRLA register.

11.3.2 Main Clock Selection and Prescaler

All available oscillators and the external clock (EXTCLK) can be used as the main clock source for
the Main Clock (CLK_MAIN). The main clock source is selectable from software and can be safely
changed during normal operation.

The Configuration Change Protection mechanism prevents unsafe clock switching. For more details,
refer to the Configuration Change Protection (CCP) section.
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1133

1134

The Clock Failure Detection mechanism ensures safe switching to an internal clock source upon
clock failure when enabled.

Upon the selection of an external clock source, a switch to the chosen clock source will occur only if
clock edges on the external clock are detected. Until a sufficient number of clock edges are detected,
the switch will not occur, and it will not be possible to change to another clock source again without
executing a Reset.

An ongoing clock source switch is indicated by the Main Clock Oscillator Changing (SOSC) bit in
the Main Clock Status (CLKCTRL.MCLKSTATUS) register. The stability of the external clock sources is
indicated by the respective Status (EXTS and XOSC32KS) bits in CLKCTRL.MCLKSTATUS.

If an external clock source fails while used as the CLK_MAIN source, the clock
source will default to the start-up clock source only if the CFD is enabled. If the
CFD is not enabled, only the Watchdog Timer (WDT) can provide a System Reset.
For more details, refer to the Clock Failure Detection (CFD) section.

/\ CAUTION

The CLK_MAIN is fed into the prescaler before being used by the peripherals (CLK_PER) in the device.
The prescaler divides CLK_MAIN by a factor from 1 to 64.

Figure 11-2. Main Clock and Prescaler

OSCHF .
OSC32K (32.768 kHz) CLK_MAIN Main Clock Prescaler CLK _PER
. V4
g . g
XOSC32K (32.768 kHz) (Div 1, 2, 4, 8, 16, 32, >
XOSCKHF/External Clock 64,6, 10, 24, 48)

Main Clock After Reset

After any Reset, the Main Clock (CLK_MAIN) is provided either by the OSCHF, running at the default
frequency of 4 MHz, or the OSC32K, depending on the Clock Select (CLKSEL) bit field configuration of
the Oscillator Configuration (FUSE.OSCCFG) fuse. Refer to the description of the FUSE.OSCCFG fuse
for details of the possible frequencies after Reset.

Clock Sources

All the internal clock sources are automatically enabled when requested by a peripheral. The crystal
oscillators, based on an external crystal, must be enabled before they can serve as a clock source.

+ The XOSC32K oscillator is enabled by writing a ‘1’ to the ENABLE bit in the 32.768 kHz Crystal
Oscillator Control A (CLKCTRL.XOSC32KCTRLA) register

+ The XOSCHF oscillator is enabled by writing a ‘1’ to the ENABLE bit in the High-Frequency Crystal
Oscillator Control A (CLKCTRL.XOSCHFCTRLA) register

After Reset, the device starts running from the internal high-frequency or 32.768 kHz oscillator.

The respective oscillator status bits in the Main Clock Status (CLKCTRL.MCLKSTATUS) register indicate
if the clock source is running and stable.

11.3.4.1 Internal Oscillators

The internal oscillators do not require any external components to run. Refer to the Electrical
Characteristics section for accuracy and electrical specifications.

11.3.4.1.1 Internal High-Frequency Oscillator (OSCHF)

The OSCHF supports output frequencies of 1, 2, 3, and 4 MHz and multiples of four, up to 24 MHz,
which can be used as the main clock or peripheral clock. The OSCHF also supports a separate fixed 4
MHz output to the Phase-Locked Loop (PLL48M).
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11.3.4.1.2 32.768 kHz Oscillator (0OSC32K)

The 32.768 kHz oscillator is optimized for Ultra-Low Power (ULP) operation. Power consumption is
decreased at the cost of reduced accuracy compared to an external crystal oscillator.

This oscillator provides a 1.024 kHz or 32.768 kHz clock for the Real-Time Counter (RTC), the
Watchdog Timer (WDT), and the Brown-out Detector (BOD). Also, this oscillator can provide a 32.768
kHz clock to the Main Clock (CLK_MAIN).

For the start-up time of this oscillator, refer to the Electrical Characteristics section.

11.3.4.2 External Clock Sources
The available external clock sources are described in the following sections.

11.3.4.2.1 High-Frequency Crystal Oscillator (XOSCHF)
This oscillator supports two input options:
« Acrystal is connected to the XTALHF1 and XTALHF2 pins
* An external clock running at up to 32 MHz connected to XTALHF1

The input option must be configured by writing to the Source Select (SELHF) bit in the XOSCHF
Control A (CLKCTRL.XOSCHFCTRLA) register.

The maximum crystal frequency must be configured by writing to the Frequency Range (FRQRANGE)
bit field in XOSCHFCTRLA, which ensures sufficient power is delivered to the oscillator to drive the
crystal.

The XOSCHF is enabled by writing a ‘1’ to the ENABLE bit in XOSCHFCTRLA. When enabled, the
configuration of the general purpose input/output (GPIO) pins used by the XOSCHF is overridden as
XTALHF1 and XTALHF2 pins. The oscillator needs to be enabled to start running when requested.

The start-up time of a given crystal oscillator can be accommodated by writing to the Crystal Start-
Up Time (CSUTHF) bit field in XOSCHFCTRLA.

When XOSCHF is configured to use an external clock on XTALHF1, the start-up time is fixed to two
cycles.

11.3.4.2.2 32.768 kHz Crystal Oscillator (XOSC32K)
This oscillator supports two input options:
« Acrystal is connected to the XTAL32K1 and XTAL32K2 pins
* An external clock running at 32.768 kHz, connected to XTAL32K1

Configure the input option by writing the Source Select (SEL) bit in the XOSC32K Control A
(CLKCTRL.XOSC32KCTRLA) register.

The XOSC32K is enabled by writing a ‘1’ to the ENABLE bit in CLKCTRL.XOSC32KCTRLA. When
enabled, the configuration of the general purpose input/output (GPIO) pins used by the XOSC32K
is overridden of XTAL32K1 and XTAL32K2 pins. The oscillator needs to be enabled to start running
when requested.

The start-up time of a given crystal oscillator can be accommodated by writing to the Crystal Start-
Up Time (CSUT) bit field in XOSC32KCTRLA.

When XOSC32K is configured to use an external clock on XTAL32KT1, the start-up time is fixed to two
cycles.

11.3.5 Tuning the Internal High-Frequency Oscillator
Tune the output frequency of the OSCHF either manually or automatically against external inputs.

Manual Tuning

Disable the Automatic Oscillator Tune (AUTOTUNE) bit field in the Internal High-Frequency Oscillator
Control A (CLKCTRL.OSCHFCTRLA) register by writing '0' to the bit field. Tune the output frequency
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of the OSCHF manually by writing the Oscillator Frequency Tuning (TUNE) bit field in the Internal
High-Frequency Oscillator Frequency Tune (CLKCTRL.OSCHFTUNE) register.

Auto-Tune Against an External Crystal Oscillator

The OSCHF output frequency can be calibrated by automatic tuning against XOSC32K. Enable the
auto-tune by writing the 32K setting to the AUTOTUNE bit field in the OSCHFCTRLA register, locking
the OSCHFTUNE register, and no manual tuning is possible. The OSCHFTUNE register is updated
with the latest auto-tuned value when AUTOTUNE is disabled.

Figure 11-3. OSCHF Auto-Tune Block Diagram

v

"tune up/down"
AUTO-TUNE —>»
XOSC32K _> Control Logic ]

Refer to the Electrical Characteristics section for details.

Auto-Tune Against Start-of-Frame signal
The output frequency of the OSCHF must be tuned against the Start-of-Frame (SOF) signal from the
USB when using the USB peripheral.

Enable the auto-tune by writing the SOF setting to the AUTOTUNE bit field in the OSCHFCTRLA
register, locking the OSCHFTUNE register, and no manual tuning is possible. The SOF auto-tune has
two options for algorithm selection, Binary Search and Incremental Search, respectively. These can
be chosen by writing the ALGSEL bit in the OSCHFCTRLA register. Using the binary search algorithm
may temporarily change the oscillator output frequency up to half the tune range, affecting running
timing critical asynchronous peripherals, such as the USART or a timer generating PWM waveforms.
The OSCHFTUNE register is updated with the latest auto-tuned value when AUTOTUNE is disabled.

Figure 11-4. OSCHF Start-Of-Frame Auto-Tune Block Diagram

i "SOF"
AUTO-TUNE tune up/down S Use
Control Logic

Refer to the USB section for details.

11.3.6 Clock Failure Detection (CFD)
The Clock Failure Detection (CFD) allows the device to continue operating if an external crystal
oscillator or clock source fails. The CFD is enabled by writing a ‘1" to the Clock Failure Detection
Enable (CFDEN) bit in the Main Clock Control C (CLKCTRL.MCLKCTRLC) register. See the Clock Failure
Detection (CFD) Block Diagram for monitorable oscillators and clock sources.

11.3.6.1 Clock Failure Detection (CFD) Operation
The Clock Failure Detection (CFD) feature detects a failed oscillator or clock source by checking
for edges on the selected oscillator/clock. If no edges are detected within a specific time, a CFD
condition is issued and triggers an interrupt or forces the device to switch to a stable internal clock
source.
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Figure 11-5. Clock Failure Detection (CFD) Block Diagram
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When the CFD feature is enabled, it will monitor the selected source from the Clock Failure Detection
Source (CFDSRC) bit field in the Main Clock Control C (CLKCTRL.MCLKCTRLC) register. In sleep, the
CFD will only be enabled if the selected source is active.

If a CFD condition occurs, the CFD interrupt flag in the Main Clock Interrupt Flags
(CLKCTRL.MCLKINTFLAGS) register is set. If the interrupt is enabled, an interrupt request is issued.
The Interrupt Type (INTTYP) bit in the Main Clock Interrupt Control (CLKCTRL.MCLKINTCTRL) register
determines if a normal interrupt or a Non-Maskable Interrupt (NMI) will be issued. If the NMl is
selected, and more than one interrupt source is set to NMl|, it is necessary to check the vector to see
which source generated an interrupt.

If the monitored clock source is the main clock and it fails, everything running on it will stop. If this
happens, the CFD condition will overwrite the Clock Selection (CLKSEL) bit field in the Main Clock
Control A (CLKCTRL.MCLKCTRLA) register to select the start-up clock source, which is changed back
to its Reset frequency.

The start-up clock source is defined as the clock the system runs on after a Power-on Reset (POR).
This start-up clock source is selectable by fuse(s).

When the CLKSEL is overridden by a CFD event, the CLKOUT signal will be disabled.

Figure 11-6. Clock Failure Detection (CFD) Timing Diagram
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11.3.6.2 Condition Clearing

The CFD condition is cleared after a Reset, the monitored source starts toggling again, or the CFD
flag in the Main Clock Interrupt Flags (CLKCTRL.MCLKINTFLAGS) register is set. As long as the failure
condition is met, the interrupt will trigger every ten OSC32K cycles. If these repeated interrupts

are not wanted, write a ‘0’ to the Clock Failure Detection (CFD) interrupt enable bit in the Main

Clock Interrupt Control (CLKCTRL.MCLKCTRL) register. If it is the main clock that is being monitored,
changing back to the default start-up clock will make the main clock start toggling again, clearing the
condition.
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11.3.6.3 CFD Test
The Clock Failure Detection Test (CFDTST) bit in the Main Clock Control C (CLKCTRL.CTRLC) register
can be used to trigger a clock failure in the clock failure detector. Depending on the use case, there
are two different modes of testing the clock failure detector.

11.3.6.3.1 Testing the CFD Without Influencing the Main Clock
This mode is intended to use run-time. To not influence the main clock when writing to the Clock
Failure Detection Test (CFDTST) bit in the Main Clock Control C (CLKCTRL.MCLKCTRLC) register, the
Clock Failure Detection Source (CFDSRC) bit in CLKCTRL.MCLKCTRLC must be configured to a clock
source different than the main clock. CFDSRC must be different from ‘0. The CFD interrupt flag in
the Main Clock Interrupt Flags (CLKCTRL.MCLKINTFLAGS) register will be set, but the main clock will
not change to the start-up clock source.

If the clock failure detector is monitoring the main clock and a run-time check of the clock failure
detector is needed, it is necessary to do the following steps:

1. Disable the clock failure detector by writing a ‘0" to the Clock Failure Detection Enable (CFDEN)

bit in CLKCTRL.MCLKCTRLC, and change the source to the oscillator directly by writing a number
other than a ‘0’ to the CFDSRC bit.

Write a ‘1" to the CFD interrupt flag in CLKCTRL.MCLKINTFLAGS to clear the flag.

Write a ‘1" to the CFDTST bit and enable the clock failure detector again by writing a ‘1’ to the
CFDEN bit.

Wait for the CFD bit in CLKCTRL.MCLKINTFLAGS to be set to check that the clock failure works.

5. Disable the clock failure detector by writing a ‘0’ to the CFDEN bit and changing the source to the
main clock again by writing a ‘0’ to the CFDSRC bit.

6. Enable the clock failure detector again by writing a ‘1’ to the CFDEN bit and writing a ‘0’ to the
CFDTST bit.

11.3.6.3.2 Testing the CFD and Changing the Main Clock to the Start-Up Clock Source
If the Clock Failure Detection Source (CFDSRC) bit field in the Main Clock Control C
(CLKCTRL.MCLKCTRLC) register has the value 0x0 and the main clock is monitored, writing a ‘1’
to the Clock Failure Detection Test (CDFTST) bit in MCLKCTRLC will trigger a fault that will change the
main clock to the start-up clock source.

11.3.7 Interrupts

Table 11-1. Available Interrupt Vectors and Sources

The CFD flag in CLKCTRL.MCLKINTFLAGS is '1'

NMI and the INTTYPE bit in CLKCTRL.MCLKINTCTRL is
External crystal "

CFD oscillator or clock
source failure The CFD flag in CLKCTRL.MCLKINTFLAGS is '1'

CLKCTRL and the INTTYPE bit in CLKCTRL.MCLKINTCTRL is
0"

When an interrupt condition occurs, the corresponding interrupt flag is set in the peripheral’s
Interrupt Flags (peripheral.INTFLAGS) register.

An interrupt source is enabled or disabled by writing to the corresponding enable bit in the
peripheral's Interrupt Control (peripheral INTCTRL) register.

An interrupt request is generated when the corresponding interrupt source is enabled, and the
interrupt flag is set. The interrupt request remains active until the interrupt flag is cleared. See the
peripheral's INTFLAGS register for details on how to clear interrupt flags.

102

@ MICROCHIP



11.3.8 Sleep Mode Operation
When a clock source is not used or requested, it will stop. It is possible to request a clock source
directly by writing a ‘1' to the Run Standby (RUNSTDBY) bit in the respective oscillator's Control
A (CLKCTRL.oscillatorCTRLA) register. This will cause the oscillator to run constantly, except for
Power-Down sleep mode. Additionally, when this bit is written to a ‘1’, the oscillator start-up time is
eliminated when the clock source is requested by a peripheral.

The main clock will always run in Active mode and Idle sleep mode. In Standby sleep mode, the
main clock will run only if any peripheral is requesting it, or RUNSTDBY in the respective oscillator’s
CLKCTRL.oscillatorCTRLA register is written to a ‘1.

In Power-Down sleep mode, the main clock will stop after all nonvolatile memory (NVM) operations
are completed. Refer to the SLPCTRL - Sleep Controller section for more details on sleep mode
operation.

11.3.9 Configuration Change Protection (CCP)

This peripheral has registers that are under Configuration Change Protection (CCP). To write to these
registers, a given key must first be written to the CPU.CCP register, followed by a write access to the
protected bits within four CPU instructions.

Attempting to write to a protected register without following the appropriate CCP unlock sequence
leaves it unchanged.

The following registers are under CCP:

Table 11-2. CLKCTRL - Registers Under Configuration Change Protection

CLKCTRL.MCLKCTRLA IOREG
CLKCTRL.MCLKCTRLB IOREG
CLKCTRL.MCLKCTRLC IOREG
CLKCTRL.MCLKINTCTRL IOREG
CLKCTRL.OSCHFCTRLA IOREG
CLKCTRL.OSC32KCTRLA IOREG
CLKCTRL.XOSC32KCTRLA IOREG
CLKCTRL.XOSCHFCTRLA IOREG
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11.4 Register Summary

Coffset | Name [Bitpos| 7 |6 | 5 | 4 | 3 | 2 | 1 _
7:0

0x00 MCLKCTRLA CLKOUT
0x01 MCLKCTRLB 7:0
0x02 MCLKCTRLC 7:0
0x03 MCLKINTCTRL 7:0 INTTYPE
0x04 MCLKINTFLAGS 7:0
0x05 MCLKSTATUS 7:0
0x06 MCLKTIMEBASE 7:0
0x07 Reserved
0x08 OSCHFCTRLA 7:0 RUNSTDBY
0x09 OSCHFTUNE 7:0
0x0A OSCHFSTATUS 7:0
0x0B
Reserved
0x17
0x18 OSC32KCTRLA 7:0 RUNSTDBY
0x19
Reserved
0x1B
0x1C XOSC32KCTRLA 7:0 RUNSTDBY
0x1D
Reserved
Ox1F
0x20 XOSCHFCTRLA 7:0 RUNSTDBY
0x21
Reserved
0x24
0x25 USBPLLSTATUS 7:0
11.5 Register Description
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CLKSEL[3:0]

PDIV[3:0]
CFDSRC[1:0] CFDTST
EXTS XOSC32KS 0OSC32KS OSCHFS

TIMEBASE[4:0]

ALGSEL FRQSEL[3:0]
TUNE[6:0]
ATLOCK
CSUT[1:0] SEL LPMODE
CSUTHF[1:0] FRQRANGE[1:0] SELHF

PEN
CFDEN
CFD
CFD
SOsC

AUTOTUNE[1:0]

ATSYNC

ENABLE

ENABLE

PLLS
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11.5.1 Main Clock Control A

Name: MCLKCTRLA

Offset: 0x00

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| CLKOUT | | | CLKSEL[3:0] |
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 7 - CLKOUT Main Clock Out
This bit controls whether the main clock is available on the Main Clock Out (CLKOUT) pin or not
when the main clock is running.
This bit is cleared when a ‘0’ is written to it or when a Clock Failure Detection (CFD) condition with
the main clock as the source occurs.
This bit is set when a ‘1’ is written to it.

Value Description
0 The main clock is not available on the CLKOUT pin
1 The main clock is available on the CLKOUT pin

Bits 3:0 - CLKSEL[3:0] Clock Select
This bit field controls the source for the Main Clock (CLK_MAIN).

Value Name Description

0x0 OSCHF Internal high-frequency oscillator

0x1 OSC32K 32.768 kHz internal oscillator

0x2 XOSC32K  32.768 kHz external crystal oscillator

0x3 EXTCLK External clock or external crystal, depending on the SELHF bit in XOSCHFCTRLA
Other Reserved  Reserved
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11.5.2 Main Clock Control B

Name: MCLKCTRLB

Offset: 0x01

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| | | PDIV[3:0] | PEN |
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 4:1 - PDIV[3:0] Prescaler Division
This bit field controls the division ratio of the Main Clock (CLK_MAIN) prescaler when the Prescaler

(PEN) bit is ‘1.

Value Name Description

0x0 DIV2 Divide by 2

0x1 DIv4 Divide by 4

0x2 DIV8 Divide by 8

0x3 DIV16 Divide by 16
0x4 DIV32 Divide by 32
0x5 DIve4 Divide by 64
0x8 DIV6 Divide by 6

0x9 DIV10 Divide by 10
0xA DIV12 Divide by 12
0xB DIv24 Divide by 24
0xC DIv48 Divide by 48
Other - Reserved

Note: Configuration of the input frequency (CLK_MAIN) and prescaler settings must not exceed the
allowed maximum frequency of the peripheral clock (CLK_PER) or CPU clock (CLK_CPU). Refer to the
Electrical Characteristics section for further information.

Bit 0 - PEN Prescaler Enable
This bit controls whether the Main Clock (CLK_MAIN) prescaler is enabled or not.

Value Description

0 The CLK_MAIN prescaler is disabled
1 The CLK_MAIN prescaler is enabled, and the division ratio is controlled by the Prescaler Division (PDIV) bit field
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11.5.3 Main Clock Control C

Name: MCLKCTRLC
Offset: 0x02
Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| | | CFDSRC[1:0] | CFDTST | CFDEN |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:2 - CFDSRC[1:0] Clock Failure Detection Source

This bit field controls which clock source to monitor when the Clock Failure Detection Enable
(CFDEN) bit is ‘1".

Value Name Description

0x0 CLKMAIN Main Clock

0x1 XOSCHF External High-Frequency Oscillator
0x2 XOSC32K External 32.768 kHz Oscillator
Other Reserved Reserved

Note: This bit field is read-only when the CFDEN bit is ‘1’, and both the Clock Failure Detection
(CFD) interrupt enable bit and Interrupt Type (INTTYPE) bit in the Main Clock Interrupt Control
(CLKCTRL.MCLKINTCTRL) register are ‘1. This bit will remain read-only until a System Reset occurs.

Bit 1 - CFDTST Clock Failure Detection Test
This bit controls testing of the CFD functionality.
Writing a ‘0" to this bit will clear the bit, and the ongoing CFD test fail condition.
Writing a ‘1" to this bit will set the bit and force a CFD fail condition.

Value Description

0 No ongoing test of the CFD functionality
1 A CFD fail condition has been forced

Bit 0 - CFDEN Clock Failure Detection Enable
This bit controls whether CFD is enabled or not.

Value Description

0 CFD is disabled
1 CFD is enabled

Note: This bit is read-only when this bit is ‘1’, and both the Clock Failure Detection (CFD)

interrupt enable bit and Interrupt Type (INTTYPE) bit in the Main Clock Interrupt Control
(CLKCTRL.MCLKINTCTRL) register are ‘1". This bit will remain read-only until a System Reset occurs.
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11.5.4 Main Clock Interrupt Control

Name: MCLKINTCTRL

Offset: 0x03

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| INTTYPE | | | | | CFD |
Access R/W R/W
Reset 0 0

Bit 7 - INTTYPE Interrupt Type
This bit controls the type of CFD interrupt.

Value Name Description
0 INT Regular Interrupt
1 NMI Non-Maskable Interrupt

Note: This bit is read-only when the Clock Failure Detection Enable (CFDEN) bit in the Main Clock
Control C (CLKCTRL.MCLKCTRLC) register is ‘1, and both the Clock Failure Detection (CFD) interrupt
enable bit and this bit are ‘1'. This bit will remain read-only until a System Reset occurs.

Bit 0 - CFD Clock Failure Detection Interrupt Enable
This bit controls whether the CFD interrupt is enabled or not.

Value Description

0 The CFD interrupt is disabled
1 The CFD interrupt is enabled

Note: This bit is read-only when the Clock Failure Detection Enable (CFDEN) bit in the Main Clock

Control C (CLKCTRL.MCLKCTRLC) register is ‘1’, and both the Interrupt Type (INTTYPE) bit and this bit
are ‘1. This bit will remain read-only until a System Reset occurs.
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11.5.5 Main Clock Interrupt Flags

Name: MCLKINTFLAGS
Offset: 0x04

Reset: 0x0
Property: -
Bit 7 6 5 4 3 2 1 0
| | | | [ ]
Access R/W
Reset 0

Bit 0 - CFD Clock Failure Detection Interrupt Flag
This flag is cleared by writing a ‘1" to it.
This flag is set when a clock failure is detected.
Writing a ‘0’ to this bit has no effect.
Writing a ‘1" to this bit will clear the Clock Failure Detection (CFD) interrupt flag.
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11.5.6 Main Clock Status

Name: MCLKSTATUS
Offset: 0x05

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| | | EXTS | XOSC32KS | 0SC32KS | OSCHFS | SOSC |
Access R R R R R
Reset 0 0 0 0 0

Bit 4 - EXTS External Crystal/Clock Status
Value Description

‘

The external high-frequency crystal is not stable when the Source Select (SELHF) bit in
the External High-Frequency Oscillator Control A (CLKCTRL.XOSCHFCTRLA) register is ‘0.
The external high-frequency clock is not running when the SELHF bit is ‘1".

The external high-frequency crystal is stable when the SELHF bit is ‘0".
The external high-frequency clock runs when the SELHF bit is ‘1".

Bit 3 - XOSC32KS XOSC32K Status

VEIS Description
0

The external 32.768 kHz crystal is not stable when the Source Select (SEL) bit in the
32.768 Crystal Oscillator Control A (CLKCTRL.XOSC32K) register is ‘0.
The external 32.768 kHz clock is not running when the SEL bit is ‘1".

The external 32.768 kHz crystal is stable when the SEL bit is ‘0".
The external 32.768 kHz clock runs when the SEL bit is ‘1.

Bit 2 - OSC32KS OSC32K Status

Value Description
0 0OSC32K is not stable
1 0OSC32K is stable

Bit 1 - OSCHFS Internal High-Frequency Oscillator Status

Value Description
0 OSCHF is not stable
1 OSCHF is stable

Bit 0 - SOSC Main Clock Oscillator Changing
Value Description

0 The clock source for CLK_MAIN is not undergoing a switch
1 The clock source for CLK_MAIN is undergoing a switch and will change as soon as the new source is stable
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11.5.7 Main Clock Timebase

Name: MCLKTIMEBASE
Offset: 0x06

Reset: 0x00
Bit 7 6 5 4 3 2 1 0
| | | TIMEBASE[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 4:0 - TIMEBASE[4:0] Timebase
This bit field selects the number of CLK_PER cycles to get a period equal to or larger than 1 ps, used
for timing internal delays such as ADC start-up time.
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11.5.8 Internal High-Frequency Oscillator Control A

Name: OSCHFCTRLA

Offset: 0x08

Reset: 0x0C

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| RUNSTDBY | ALGSEL | FRQSEL[3:0] | AUTOTUNE[1:0] |
Access R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 1 1 0 0

Bit 7 - RUNSTDBY Run Standby
This bit controls whether the internal high-frequency oscillator (OSCHF) is always running or not.

Value Description

0 The OSCHF oscillator will only run when requested by a peripheral or by the main clock (1)
1 The OSCHF oscillator will always run in Active, Idle and Standby sleep modes @)
Notes:

1. The requesting peripheral, or the main clock, must take the oscillator start-up time into account.
2. The oscillator signal is only available if requested and will be available after two OSCHF cycles.

Bit 6 - ALGSEL Algorithm Selection
This bit determines which tuning algorithm is used after a USB bus reset. It must be written
simultaneously with writing the SOF setting to the AUTOTUNE bit field to configure the tuning logic.
This bit is considerable only when the SOF setting is written to the AUTOTUNE bit field.

Value Description

0 Binary search(!)
1 Incremental search up to five tune steps
Note:

1. Using the binary search algorithm may temporarily change the oscillator output frequency to
up half the tune range, affecting timing critical asynchronous peripherals running, such as the
USART or a timer generating PWM waveforms.

Bits 5:2 - FRQSEL[3:0] Frequency Select
This bit field controls the internal high-frequency oscillator (OSCHF) output frequency.

Value _Name _________|Description |

0x00 ™ 1 MHz output
0x01 2M 2 MHz output
0x02 3M 3 MHz output
0x03 4M 4 MHz output (default)
0x04 - Reserved

0x05 8M 8 MHz output
0x06 12M 12 MHz output
0x07 16M 16 MHz output
0x08 20M 20 MHz output
0x09 24M 24 MHz output
Other - Reserved

Bits 1:0 - AUTOTUNE[1:0] Automatic Oscillator Tune
This bit field controls whether the internal high-frequency oscillator (OSCHF) auto-tune functionality
is enabled or not.
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0x00 OFF Automatic oscillator frequency tune disabled
0x01 32K Automatic oscillator frequency tune against XOSC32K enabled
0x02 SOF Automatic oscillator frequency tune against USB SOF enabled

@ MICROCHIP

113



11.5.9 Internal High-Frequency Oscillator Frequency Tune

Name: OSCHFTUNE
Offset: 0x09

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| | TUNE[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 6:0 - TUNE[6:0] Oscillator Frequency Tune
This bit field controls the manual tuning of the output frequency of the internal high-frequency
oscillator (OSCHF). The frequency can be tuned 32 steps down or 31 up from the oscillator’s target
frequency. Thus, the register’s acceptable input value range is -32 to +31.
Writing to bit 6 has no effect, as bit 5 will be mirrored to bit 6 due to the 6-bit value in this bit field
being represented in a signed (two's complement) form.

Note: If the Auto-Tune Enable (AUTOTUNE) bit field in the Internal High-Frequency Oscillator
Control A (CLKCTRL.OSCHFCTRLA) register is written with a value other than ‘0’, the TUNE value

is locked. When AUTOTUNE is disabled, it takes up to three ps and three Main Clock cycles before
this bit field is updated with the latest tune value from the auto-tune operation.
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11.5.10 Internal High-Frequency Oscillator Status

Name: OSCHFSTATUS
Offset: Ox0A

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| | | | | | ATLOCK | ATSYNC |
Access R R
Reset 0 0

Bit 1 - ATLOCK Automatic oscillator tune in lock
This bit is set when the tune algorithm has locked on the correct frequency.

Value Description

0 Selected auto-tune algorithm is not in lock
1 Selected auto-tune algorithm is in lock

Bit 0 - ATSYNC Auto-tune Synchronized
This bit is set when the new value written to the AUTOTUNE bit field in the OSCHFCTRLA register has
been synchronized to the 1 MHz clock domain.

Value Description

0 Synchronization in progress
1 Synchronization done/No synchronization in progress
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11.5.11 Internal 32.768 kHz Oscillator Control A

Name: OSC32KCTRLA

Offset: 0x18

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0

| RUNSTDBY | | | | | |

Access R/W
Reset 0

Bit 7 - RUNSTDBY Run Standby
This bit controls whether the 32.768 kHz Oscillator (OSC32K) is always running.

0 The OSC32K oscillator will only run when requested by a peripheral or by the main clock (!

1 The OSC32K oscillator will always run in Active mode, Idle sleep mode, Standby sleep mode and Power-Down
sleep mode @

Notes:
1. The requesting peripheral, or the main clock, must take the oscillator start-up time into account.
2. The oscillator signal is only available if requested and will be available after four OSC32K cycles.
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11.5.12 External 32.768 kHz Crystal Oscillator Control A

Name: XOSC32KCTRLA

Offset: 0x1C

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0

| RUNSTDBY | | CSUT[1:0] | | SEL | LPMODE | ENABLE |
Access R/W RIW R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 7 - RUNSTDBY Run Standby
This bit controls whether the 32.768 kHz Crystal Oscillator (XOSC32K) is always running and in which
modes when the ENABLE bit is ‘1'.

0 The XOSC32K oscillator will only run when requested by a peripheral or by the main clock in Active mode and
Idle sleep mode (M
1 The XOSC32K oscillator will always run in Active mode, Idle sleep mode, Standby sleep mode and Power-Down

sleep mode @

Notes:
1. The requesting peripheral, or the main clock, must take the oscillator start-up time into account.

2. The oscillator signal is only available if requested and will be available after a maximum of three
XOSC32K cycles if the initial crystal start-up time has already ended.

Bits 5:4 - CSUT[1:0] Crystal Start-Up Time
This bit field controls the 32.768 kHz Crystal Oscillator (XOSC32K) start-up time when the Source
Select (SEL) bit is ‘0".

Value Name Description
0x0 1K 1k cycles
0x1 16K 16k cycles
0x2 32K 32k cycles
0x3 64K 64k cycles

Note: This bit field is read-only when the ENABLE bit or the XOSC32K Status (XOSCS) bit in the Main
Clock Status (CLKCTRL.MCLKSTATUS) register is ‘1",

Bit 2 - SEL Source Select
This bit controls the source of the 32,768 kHz Crystal Oscillator (XOSC32K).

Value Description
0 External crystal connected to the XTAL32K1 and XTAL32K2 pins
1

External clock on the XTAL32K1 pin

Note: This bit field is read-only when the ENABLE bit or the XOSC32K Status (XOSCS) bit in the Main
Clock Status (CLKCTRL.MCLKSTATUS) register is ‘1".

Bit 1 - LPMODE Low-Power Mode
This bit controls whether the 32.768 kHz Crystal Oscillator (XOSC32K) is in Low-Power mode.
Note: Enabling the Low-Power mode can increase the crystal's start-up time. Mitigate this by
altering the crystal implementation to reduce serial resistance and overall capacitance or disabling
the Low-Power mode.
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Value Description

0 The Low-Power mode is disabled
1 The Low-Power mode is enabled

Bit 0 - ENABLE Enable
This bit controls whether the 32.768 kHz Crystal Oscillator (XOSC32K) is enabled.

0 The XOSC32K oscillator is disabled
1 The XOSC32K oscillator is enabled and overrides ordinary port operation for the respective oscillator pins
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11.5.13 External High-Frequency Oscillator Control A

Name: XOSCHFCTRLA

Offset: 0x20

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0

| RUNSTDBY | | CSUTHF[1:0] | FRQRANGE[1:0] | SELHF | ENABLE |
Access R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 7 - RUNSTDBY Run Standby

This bit controls whether the External High-Frequency Oscillator (XOSCHF) is always running or not
when the ENABLE bit is ‘1'.

Value Description

0 The XOSCHF oscillator will only run when requested by a peripheral or by the main clock
1 The XOSCHF oscillator will always run in Active, Idle and Standby sleep modes @)
Notes:

1. The requesting peripheral, or the main clock, must take the oscillator start-up time into account.

2. The oscillator signal is only available if requested, and will be available after two XOSCHF cycles if
the initial crystal start-up time has already ended.

Bits 5:4 - CSUTHF[1:0] Crystal Start-Up Time

This bit field controls the start-up time for the External High-Frequency Oscillator (XOSCHF) when
the Source Select (SELHF) bit is ‘0’

VEIS Name Description

0x0 256 256 XOSCHF cycles
0x1 1K 1K XOSCHF cycles
0x2 4K 4K XOSCHF cycles
0x3 - Reserved

Note: This bit field is read-only when the ENABLE bit or the External Crystal/Clock Status (XOSCHFS)
bit in the Main Clock Status (MCLKSTATUS) register is ‘1".

Bits 3:2 - FRQRANGE[1:0] Frequency Range
This bit field controls the maximum frequency supported for the external crystal. The larger the
range selected, the higher the current consumption by the oscillator.

Value Name Description

0x0 8M Max. 8 MHz XTAL frequency
0x1 16M Max. 16 MHz XTAL frequency
0x2 24M Max. 24 MHz XTAL frequency
0x3 32M Max. 32 MHz XTAL frequency

Note: If a crystal with a frequency higher than the maximum supported CLK_CPU frequency is
used, and it is used as the main clock, it is necessary to divide it down by writing the appropriate
configuration to the PDIV bit field in the Main Clock Control B register.

Bit 1 - SELHF Source Select
This bit controls the source of the External High-Frequency Oscillator (XOSCHF).

Value Name Description
0 XTAL External Crystal on the XTALHF1 and XTALHF2 pins
1 EXTCLK External Clock on the XTALHF1 pin
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Note: This bit field is read-only when the ENABLE bit or the External Crystal/Clock Status (XOSCHFS)
bit in the Main Clock Status (MCLKSTATUS) register is ‘1",

Bit 0 - ENABLE Enable
This bit controls whether the External High-Frequency Oscillator (XOSCHF) is enabled or not.

Value Description

0 The XOSCHF oscillator is disabled
1 The XOSCHF oscillator is enabled and overrides normal port operation for the respective oscillator pins
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11.5.14 USB PLL Status

Name:
Offset:

Reset:

Bit 7

USBPLLSTATUS
0x25
0x00

Access
Reset

Bit 0 - PLLS PLL Status

This bit shows the PLL status.

Value Description

PLL is not running
PLL is running

0
1
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12. SLPCTRL - Sleep Controller

12.1 Features
+ Power Management for Adjusting Power Consumption and Functions

+ Three Sleep Modes:
- Idle

- Standby
- Power-Down
+ Configurable Standby Mode Where Peripherals Can Be Configured as ON or OFF

12.2 Overview

Sleep modes are used to shut down peripherals and clock domains in the device to save power. The
Sleep Controller (SLPCTRL) controls and handles the transitions between Active and sleep modes.

There are four modes available: One Active mode in which software is executed, and three sleep
modes. The available sleep modes are Idle, Standby and Power-Down.

All sleep modes are available and can be entered from the Active mode. In Active mode, the CPU is
executing application code. When the device enters sleep mode, the program execution is stopped.
The application code decides which sleep mode to enter and when.

Interrupts are used to wake the device from sleep. The available interrupt wake-up sources depend
on the configured sleep mode. When an interrupt occurs, the device will wake up and execute the
Interrupt Service Routine before continuing normal program execution from the first instruction
after the SLEEP instruction. Any Reset will take the device out of sleep mode.

The content of the register file, SRAM and registers, is kept during sleep. If a Reset occurs during
sleep, the device will reset, start, and execute from the Reset vector.

12.2.1 Block Diagram

Figure 12-1. SLPCTRL Block Diagram

SLEEP Instruction

Interrupt Request

SLPCTRL

Sleep State

Interrupt Request

——» Peripheral

12.3 Functional Description

12.3.1 |Initialization
To put the device into a sleep mode, follow these steps:

1. Configure and enable the interrupts that can wake the device from sleep.
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Enable also the global interrupts.

If there are no interrupts enabled when going to sleep, the device cannot wake

WARNING . . : . .
A up again. Only a Reset will allow the device to continue operation.

2. Select which sleep mode to enter, and enable the Sleep Controller by writing to the Sleep Mode
(SMODE) bit field and the Enable (SEN) bit in the Control A (SLPCTRL.CTRLA) register.

The SLEEP instruction must be executed to make the device go to sleep.

12.3.2 Voltage Regulator Configuration

A voltage regulator is used to regulate the core voltage. The regulator can be configured to balance
power consumption, wake-up time from sleep, and maximum clock speed.

The Voltage Regulator Control (SLPCTRLVREGCTRL) register is used to configure the regulator start-
up time and power consumption. The Power Mode Select (PMODE) bit field in SLPCTRLVREGCTRL
can be set to make the regulator switch to Normal mode when OSC32K is the only oscillator enabled
and if the device is in sleep mode. In Normal mode, the regulator consumes less power but can
supply only a limited amount of current, permitting only a low clock frequency.

The user may select one of the following Voltage Regulator Power modes:

Table 12-1. Voltage Regulator Power Modes Description

Voltage Regulator Description Condition Active/ldle Standby/Power-
Power Mode Down

External clock or Maximum

. . . . Low Power

Maximum performance in Active fast oscillator Performance
Normal (AUTO)

mode and Idle mode 32.768 kHz Low Power Low Power

oscillator

Maximum performance in all modes Maximum Maximum

Performance (FULL)  (Active and Sleep) and fast start-up
Performance Performance

from all sleep modes

12.3.3 Operation

12.3.3.1 Sleep Modes
Three different sleep modes can be enabled to reduce power consumption.

Idle The CPU stops executing code, resulting in reduced power consumption.
All peripherals are running, and all interrupt sources can wake the device.

Standby All high-frequency clocks are stopped unless running in Standby sleep mode is enabled
for a peripheral or clock. This is enabled by writing the corresponding RUNSTDBY bit to
‘1". The power consumption is dependent on the enabled functionality.
A subset of interrupt sources can wake the device(™,

Power-  All high-frequency clocks are stopped, resulting in a power consumption lower than the

Down Idle sleep mode.
When operating at temperatures above 70°C, the power consumption can be reduced
further by writing the High-Temperature Low Leakage Enable (HTLLEN) bit in the Voltage
Regulator Control (SLPCTRLVREGCTRL) register to ‘1'.
A subscat) of the peripherals are running, and a subset of interrupt sources can wake the
device.
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Important: The TWI address match and CCL wake-up sources must be disabled
when High-Temperature Low Leakage Enable is activated to avoid unpredictable
behavior.

Note:
1. Refer to the Sleep Mode Activity tables for further information.

Refer to the Wake-up Time section for information on how the wake-up time is affected by the
different sleep modes.

Table 12-2. Sleep Mode Activity Overview for Peripherals

Clock Peripheral Active in Sleep Mode
Standby Power-Down Power-Down
VREGCTRL.HTLLEN | VREGCTRL.HTLLEN
=0 =1
CPU

CLK_CPU
CLK_RTC RTC X x(.2) X(2) X2
CLK_WDT WDT X X X X
CLK_BOD®) BOD X X X X
@ ccL X XM
CLK_PER EVSYS X X X X
ACn X x(1)
ADCn
TCAN
TCBnN
All other X
peripherals
Notes:

1. RUNSTDBY bit of the corresponding peripheral must be set to enter an active state.

2. In Standby sleep mode, only the RTC functionality requires the RUNSTDBY to be set to enter an
active state. In Power-Down sleep mode, only the PIT functionality is available.

3. CLK_BOD is required only when the BOD is running in Sampled mode.
The clock domain depends on the clock source selected for CCL.

Table 12-3. Sleep Mode Activity Overview for Clock Sources

Clock Source Active in Sleep Mode
Standby Power-Down Power-Down
VREGCTRL.HTLLEN | VREGCTRL.HTLLEN
=0 =1
x()

Main clock source X

RTC clock source X X(1.2) X(2) X2
WDT oscillator X X X X
BOD oscillatort3) X X X X
CCL clock source X XM

USB clock source X
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Notes:

1. RUNSTDBY bit of the corresponding peripheral must be set to enter an active state.

2. In Standby sleep mode, only the RTC functionality requires the RUNSTDBY to be set to enter an
active state. In Power-Down sleep mode, only the PIT functionality is available.

3. CLK_BOD is required only when the BOD is running in Sampled mode.

Table 12-4. Sleep Mode Wake-Up Sources

Wake-Up Source

PORT Pin interrupt

BOD VLM interrupt

RTC interrupts

Periodic Interrupt

TWI Address Match interrupt
CCL interrupts

USART Start-of-Frame interrupt
TCAO interrupts

TCBO interrupts

ADCO window

ACO Compare interrupt

USB Resume interrupt

All other interrupts

1. The I/0 pin has to be configured according to Asynchronous Sensing Pin Properties in the PORT

Notes:
section.

2.

3.

Active in Sleep Mode

X X X X X X X

XM
X
X24)
X

X
X@
X

Standby Power-Down
VREGCTRL.HTLLEN
=0

XM

Power-Down

VREGCTRL.HTLLEN

)

X4

E)

RUNSTDBY bit of the corresponding peripheral must be set to enter an active state.

CCL can wake up the device if the path through LUTn is asynchronous (FILTSEL=0x0 and
EDGEDET=0x0 in the LUT n Control A (CCL.LUTNnCTRLA) register).

4. In Standby sleep mode, only the RTC functionality requires the RUNSTDBY to be set to enter an
active state. In Power-Down sleep mode, only the PIT functionality is available.

5. Not available when High-Temperature Low Leakage is enabled (i.e., HTLLEN =‘1"in

SLPCTRL.VREGCTRL).

12.3.3.2 Wake-Up Time

The normal wake-up time for the device is six main clock cycles (CLK_PER), plus the time it takes to
start the main clock source and the time it takes to start the regulator if it has been switched off:

+ Inldle sleep mode, the main clock source is kept running to eliminate additional wake-up time
+ In Standby sleep mode, the main clock might be running depending on the peripheral

configuration

* In Power-Down sleep mode, only the OSC32K oscillator and the Real-Time Clock (RTC) may be
running if the clock is used by the Brown-out Detector (BOD), Watchdog Timer (WDT) or Periodic
Interrupt Timer (PIT). All the other clock sources will be OFF.

Table 12-5. Sleep Modes and Start-Up Time

Sleep Mode Start-Up Time

Idle
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........... continued

Standby Six clock cycles + one (OSC start-up + Regulator start-up)

Power-Down Six clock cycles + one (OSC start-up + Regulator start-up)

The start-up time for the different clock sources is described in the CLKCTRL - Clock Controller section.

In addition to the normal wake-up time, it is possible to make the device wait until the BOD is ready
before executing the code. This is done by writing 0x3 to the BOD operation mode in the Active and
Idle (ACTIVE) bit field in the BOD Configuration (FUSE.BODCFG) fuse. If the BOD is ready before the
normal wake-up time, the total wake-up time will be the same. If the BOD takes longer than the
normal wake-up time, the wake-up time will be extended until the BOD is ready. This ensures correct
supply voltage whenever code is executed.

12.3.4 Debug Operation

During run-time debugging, this peripheral will continue normal operation. The SLPCTRL is only
affected by a break in the debug operation: If the SLPCTRL is in a sleep mode when a break occurs,
the device will wake up, and the SLPCTRL will go to Active mode, even if there are no pending
interrupt requests.

If the peripheral is configured to require periodic service by the CPU through interrupts or similar,
improper operation or data loss may result during halted debugging.

12.3.5 Configuration Change Protection

This peripheral has registers that are under Configuration Change Protection (CCP). To write to these
registers, a given key must first be written to the CPU.CCP register, followed by a write access to the
protected bits within four CPU instructions.

Attempting to write to a protected register without following the appropriate CCP unlock sequence
leaves it unchanged.

The following registers are under CCP:

Table 12-6. SLPCTRL - Registers Under Configuration Change Protection

SLPCTRLVREGCTRL IOREG
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12.4 Register Summary

0x00 CTRLA 7:0 SMODE[2:0] SEN
0x01 VREGCTRL 7:0 HTLLEN PMODE[2:0]

12.5 Register Description
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12.5.1 Control A

Name: CTRLA
Offset: 0x00
Reset: 0x00

Property: -
Bit 7 6 5 4 3 2 1 0
| | | SMODE[2:0] | SEN |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:1 - SMODE[2:0] Sleep Mode

Writing these bits selects the desired sleep mode when the Sleep Enable (SEN) bit is written to ‘1’
and the SLEEP instruction is executed.

Value Name Description

0x0 IDLE Idle mode enabled

0x1 STANDBY Standby mode enabled

0x2 PDOWN Power-Down mode enabled
Other Reserved

Bit 0 - SEN Sleep Enable

This bit must be written to ‘1’ before the SLEEP instruction is executed to make the microcontroller
enter the selected sleep mode.
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12.5.2 Voltage Regulator Control Register

Name: VREGCTRL

Offset: 0x01

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| | | | HTLLEN | | PMODE[2:0] |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 4 - HTLLEN High-Temperature Low Leakage Enable
This bit controls whether the current leakage is reduced or not when operating at temperatures

above 70°C.

Value Name Description

0 OFF High-temperature low leakage disabled
1 ON High-temperature low leakage enabled(?3)
/\WARNING

If entering the Standby sleep mode, this bit must be ‘0"

2. This will only have an effect when PMODE is set to AUTO and must only be
used for the Power-Down sleep mode.

3. The TWI address match and CCL wake-up sources must be disabled before
writing this bit to ‘1".

Bits 2:0 - PMODE[2:0] Power Mode Select
This bit field controls the drive strength of the voltage regulator.

0x0 AUTO The regulator will run with maximum performance in active/idle mode unless the 32.768 kHz oscillator
source is selected. Power saving in deep sleep modes.

0x1 FULL Maximum performance voltage regulator drive strength in all modes. Faster start-up from sleep modes.

Other - Reserved
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13. RSTCTRL - Reset Controller

13.1 Features
+ Returns the Device to an Initial State After a Reset
+ |dentifies the Previous Reset Source
+ Power Supply Reset Sources:
- Power-on Reset (POR)
- Brown-out Detector (BOD) Reset
+ User Reset Sources:
- External Reset (RESET)
- Watchdog Timer (WDT) Reset
- Software Reset (SWRST)
- Unified Program and Debug Interface (UPDI) Reset

13.2 Overview

The Reset Controller (RSTCTRL) manages the Reset of the device. When receiving a Reset request, it
sets the device to an initial state and allows the Reset source to be identified by the software. The
Reset controller can also be used to issue a Software Reset (SWRST).

13.2.1 Block Diagram

Figure 13-1. Reset System Overview
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I Reset Sources
|
R e
|
|
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Pull-up
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|
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RESET [XH All other
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|
|
|
|
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13.2.2 Signal Description

RESET External Reset (active-low) Digital input
UPDI Unified Program and Debug Interface Digital input

13.3 Functional Description

13.3.1 Initialization

The RSTCTRL is always enabled, but some of the Reset sources must be enabled individually (either
by Fuses or software) before they can request a Reset.

The registers in the device with automatic loading from the Fuses or the Signature Row are updated.
The program counter will be set to 0x0000 after a Reset from any source.

13.3.2 Operation

13.3.2.1 Reset Sources

After any Reset, the source that caused the Reset is found in the Reset Flag (RSTCTRL.RSTFR)
register. The user can identify the previous Reset source by reading this register in the software
application.

There are two types of Resets based on the source:
+ Power Supply Reset Sources:

- Power-on Reset (POR)

- Brown-out Detector (BOD) Reset

* User Reset Sources:
- External Reset (RESET)

- Watchdog Timer (WDT) Reset
- Software Reset (SWRST)
- Unified Program and Debug Interface (UPDI) Reset

13.3.2.1.1 Power-on Reset (POR)

The Power-on Reset (POR) aim is to ensure a safe start-up of logic and memories. An on-chip
detection circuit is always enabled and generates this. The POR is activated when the Vpp rises and
gives active Reset as long as Vpp is below the POR threshold voltage (Vpogr). The Reset will last until
the Start-up and Reset initialization sequence is finished. Fuses determine the Start-Up Time (SUT).
Reset is activated again, without delay, when Vpp falls below the detection level (Vporg)-

Figure 13-2. MCU Start-Up, RESET Tied to Vpp

| |
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| |
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| | | :
| | | |
I I I
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INTERNAL
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13.3.2.1.2 Brown-out Detector (BOD) Reset
The Brown-out Detector (BOD) needs to be enabled by the user. The BOD prevents code execution
when the voltage drops below a set threshold, ensuring the voltage level needed for the oscillator to
run at the speed required by the application and will avoid code corruption due to low-voltage level.

The BOD issues a System Reset and is not released until the voltage level increases above the

set threshold. The on-chip BOD circuit will monitor the Vpp level during operation by comparing it
to a fixed trigger level. The trigger level for the BOD must be selected by the BOD Configuration
(FUSE.BODCFG) fuse.

Figure 13-3. Brown-out Detector Reset
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13.3.2.1.3 External Reset (RESET)
The RESET pin requires a noise filter that eliminates short, low-going pulses. Filtering the input
assures that an external Reset event is only issued when the RESET has been low for a minimum
amount of time. See the Electrical Characteristics section for the minimum pulse width of the RESET
signal.

The external Reset is enabled by configuring the Reset Pin Configuration (RSTPINCFG) bits in the
System Configuration 0 (FUSE.SYSCFGO) fuse.

When enabled, the external Reset requests a Reset as long as the RESET pin is low. The device will
stay in Reset until the RESET pin is high again.
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Figure 13-4. External Reset Characteristics
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13.3.2.1.4 Watchdog Timer (WDT) Reset
The Watchdog Timer (WDT) is a system function that monitors the program's operation. A Watchdog
Reset will be issued if the software doesn't handle the WDT according to the programmed time-out
period. Find more details in the WDT - Watchdog Timer section.

Figure 13-5. Watchdog Reset
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Note: The time typr is approximately 150 ns.

13.3.2.1.5 Software Reset (SWRST)
The Software Reset makes it possible to issue a System Reset from the software. Writing a ‘1’ to the
Software Reset (SWRST) bit in the Software Reset (RSTCTRL.SWRR) register generates the Reset.

The Reset sequence will start immediately after the bit is written.
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Figure 13-6. Software Reset

I

|

v I
DD |

|

|

tswr :4_ tINIT—>:
L |
I I
| |
I I
I |
I I
SWRST H : :
t T
|— |
DEVICE Running Active I Initialization I Running
STATE el |
I ! |
INTERNAL
RESET
[

Note: The time tsypg is approximately 150 ns.

13.3.2.1.6 Unified Program and Debug Interface (UPDI) Reset
The Unified Program and Debug Interface (UPDI) contains a separate Reset source used to reset
the device during external programming and debugging. The Reset source is accessible only from
external debuggers and programmers. Find more details in the UPDI - Unified Program and Debug
Interface section.

13.3.2.1.7 High Voltage (HV) Pulse
A device Reset is issued if a high voltage is applied to or removed from the RESET pin. When using
the HV pulse to enable the UPDI, it will cause a device Reset. Refer to the UPDI - Unified Program and
Debug Interface section for more information on the HV pulse.

13.3.2.1.8 Domains Affected By Reset
The following logic domains are affected by the various Resets:

Table 13-1. Logic Domains Affected by Various Resets
configuration Reloaded Volatile Logic

POR X X

BOD X

External Reset

Watchdog Reset

Software Reset

UPDI Reset
High Voltage (HV) Pulse("

X

X X X X X X X
X X X X X X X

X

Note: 1. An HV pulse can cause a Reset but should not be used intentionally as a Reset source.
13.3.2.2 Reset Time
The Reset time can be split into two parts.

The first part is when any of the Reset sources are active. This part depends on the input to the
Reset sources. The external Reset is active as long as the RESET pin is low. The Power-on Reset (POR)
and the Brown-out Detector (BOD) are active when the supply voltage is below the Reset source
threshold.
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The second part is when all the Reset sources are released, and an internal Reset initialization of
the device is done. If a Power Supply Reset Source has caused the Reset, this time will be increased
with the start-up time given by the Start-Up Time (SUT) bit field in the System Configuration 1
(FUSE.SYSCFG1) fuse. The internal Reset initialization time will also increase if the Cyclic Redundancy
Check Memory Scan (CRCSCAN) is configured to run at start-up. This configuration can be changed
in the CRC Source (CRCSRC) bit field in the System Configuration 0 (FUSE.SYSCFGO) fuse.

13.3.3 Sleep Mode Operation
The RSTCTRL operates in Active mode and all sleep modes.

13.3.4 Configuration Change Protection

This peripheral has registers that are under Configuration Change Protection (CCP). To write to these
registers, a given key must first be written to the CPU.CCP register, followed by a write access to the
protected bits within four CPU instructions.

Attempting to write to a protected register without following the appropriate CCP unlock sequence
leaves it unchanged.

The following registers are under CCP:

Table 13-2. RSTCTRL - Registers Under Configuration Change Protection

RSTCTRL.SWRR IOREG
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13.4 Register Summary

Cofset | Nome | atpos| 7|6 |~ 5 | 4 | 3 | 2 | 1 | o0

0x00 RSTFR UPDIRF SWRF WDRF EXTRF BORF PORF
0x01 SWRR 7.0 SWRST

13.5 Register Description
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13.5.1 Reset Flag Register

Name: RSTFR
Offset: 0x00
Reset: OxXX
Property: -

The Reset flags can be cleared by writing a ‘1’ to the respective flag. All flags will be cleared by
a Power-on Reset (POR), except for the Power-on Reset (PORF) flag. All flags will be cleared by a
Brown-out Reset (BOR), except for the Power-on Reset (PORF) and Brown-out Reset (BORF) flags.

Bit 7 6 5 4 3 2 1 0
| | | UPDIRF | SWRF | WDRF | EXTRF | BORF | PORF |
Access R/W R/W R/W R/W R/W R/W
Reset X X X X X X

Bit 5 - UPDIRF UPDI Reset Flag
This bit is set to ‘1" if either a UPDI Reset has occurred or a reset caused by an HV pulse has
occurred.

Bit 4 - SWRF Software Reset Flag
This bit is set to ‘1" if a Software Reset has occurred.

Bit 3 - WDRF Watchdog Reset Flag
This bit is set to ‘1" if a Watchdog Reset has occurred.

Bit 2 - EXTRF External Reset Flag
This bit is set to ‘1’ if an External Reset has occurred.

Bit 1 - BORF Brown-out Reset Flag
This bit is set to ‘1’ if a Brown-out Reset has occurred.

Bit 0 - PORF Power-on Reset Flag
This bit is set to ‘1’ if a Power-on Reset has occurred.
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13.5.2 Software Reset Register

Name: SWRR

Offset: 0x01

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| | | | | _SWRST |
Access R/W
Reset 0

Bit 0 - SWRST Software Reset
When this bit is written to ‘1’, a Software Reset will occur.
This bit will always read as ‘0'.
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14. CPUINT - CPU Interrupt Controller

14.1 Features

« Short and Predictable Interrupt Response Time

+ Separate Interrupt Configuration and Vector Address for Each Interrupt

+ Interrupt Prioritizing by Level and Vector Address

+ Non-Maskable Interrupts (NMI) for Critical Functions

« Two Interrupt Priority Levels: 0 (Normal) and 1 (High):
- One of the interrupt requests can optionally be assigned as a priority level 1 interrupt
- Optional round robin priority scheme for priority level O interrupts

+ Interrupt Vectors Optionally Placed in the Application Section or the Boot Loader Section

+ Selectable Compact Vector Table (CVT)

14.2 Overview

An interrupt request signals a state change inside a peripheral and can be used to alter the program
execution. The peripherals can have one or more interrupts. All interrupts are individually enabled
and configured. When an interrupt is enabled and configured, it will generate an interrupt request
when the interrupt condition occurs.

The CPU Interrupt Controller (CPUINT) handles and prioritizes the interrupt requests. When an
interrupt is enabled and the interrupt condition occurs, the CPUINT will receive the interrupt
request. Based on the interrupt’s priority level and the priority level of any ongoing interrupt, the
interrupt request is either acknowledged or kept pending until it has priority. After returning from
the interrupt handler, the program execution continues from where it was before the interrupt
occurred, and any pending interrupts are served after executing one instruction.

The CPUINT offers NMI for critical functions, one selectable high-priority interrupt, and an optional
round robin scheduling scheme for normal-priority interrupts. The round robin scheduling ensures
servicing all interrupts within a certain amount of time.

14.2.1 Block Diagram

Figure 14-1. CPUINT Block Diagram

Interrupt Controller

Priority
Decoder
CPU RETI
< CPU INT ACK
L]
CPU INT REQ

Global
Interrupt

Enable Wake-up
CPUSREG - SLPCTRL |
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14.3 Functional Description

14.3.1 Initialization
Initialize an interrupt in the following order:

1. Optional: Configure the expected location of the interrupt vectors using the IVSEL bit in the
Control A (CPUINT.CTRLA) register.

2. Optional: Enable compact vector table by writing ‘1’ to the CVT bit in the Control A
(CPUINT.CTRLA) register.

3. Optional: Enable vector prioritizing by round robin by writing a ‘1’ to the Round Robin Priority
Enable (LVLORR) bit in CPUINT.CTRLA.

4. Optional: Select the Priority Level 1 vector by writing the interrupt vector number to the Interrupt
Vector with Priority Level 1 (CPUINT.LVL1VEC) register.

5. Optional: Modify the priority of the LVLO interrupts by configuring Interrupt Priority Level O
(LVLOPRI) register.

Configure the interrupt conditions within each peripheral and enable the peripheral’s interrupt.

7. Enable interrupts globally by writing a ‘1’ to the Global Interrupt Enable (1) bit in the CPU Status
(CPU.SREG) register.

14.3.2 Operation

14.3.2.1 Enabling, Disabling and Resetting
The global enabling of interrupts is done by writing a ‘1 to the Global Interrupt Enable (1) bit in the
CPU Status (CPU.SREG) register. To disable interrupts globally, write a ‘0’ to the | bit in CPU.SREG.

The desired interrupt lines must also be enabled in the respective peripheral by writing to the
peripheral’s Interrupt Control (peripheral INTCTRL) register.

The interrupt flags are not automatically cleared after the interrupt is executed. The respective
INTFLAGS register descriptions provide information on how to clear specific flags.

14.3.2.2 Interrupt Vector Locations

The expected location of interrupt vectors is dependent on the value of the Interrupt Vector Select
(IVSEL) bit in the Control A (CPUINT.CTRLA) register. Refer to the IVSEL description in CPUINT.CTRLA
for the possible locations.

If the program never enables an interrupt source, the interrupt vectors are not used, and the regular
program code can be placed at these locations.

14.3.2.3 Interrupt Response Time
The minimum interrupt response time is represented in the following table.

Table 14-1. Minimum Interrupt Response Time

Finish ongoing instruction One cycle One cycle
Store PC to stack Two cycles Two cycles
Jump to interrupt handler Three cycles (jmp) Two cycles (rjmp)

After the Program Counter is pushed on the stack, the program vector for the interrupt is executed.
See the following figure.
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Figure 14-2. Interrupt Execution of Single-Cycle Instruction

Clock
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INT REQ

INT ACK

If an interrupt occurs during the execution of a multi-cycle instruction, the instruction is completed
before the interrupt is served, as shown in the following figure.

Figure 14-3. Interrupt Execution of Multi-Cycle Instruction

Clock

IVEC \/ VEC \/ IVEC
Program Counter PC ADDR /\ADDR+1/\ADDR+

"Instruction” inst "store PC” JMP(1)

INT REQ J

INT ACK

If an interrupt occurs when the device is in a sleep mode, the interrupt execution response time is

increased by five clock cycles, as shown in the figure below. Also, the response time is increased by
the start-up time from the selected sleep mode.

Figure 14-4. Interrupt Execution From Sleep

Clock

Program Counter PC A\SE?R ><‘\E)VDER?+ 1><\II3VDERC+ 2><
"Instruction” sleep "store PC” JMP(1)

INT REQ

INT ACK

A return from an interrupt handling routine takes four to five clock cycles, depending on the size of

the Program Counter. During these clock cycles, the Program Counter is popped from the stack, and
the Stack Pointer is incremented.

Note:
1. Devices with 8 KB of Flash or less use RJMP instead of JMP, which takes only two clock cycles.
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14.3.2.4 Interrupt Priority

All interrupt vectors are assigned to one of three possible priority levels, as shown in the table
below. An interrupt request from a high-priority source will interrupt any ongoing interrupt
handler from a normal-priority source. When returning from the high-priority interrupt handler,
the execution of the normal-priority interrupt handler will resume.

Table 14-2. Interrupt Priority Levels

Highest Non-Maskable Interrupt Device-dependent and statically assigned
Level 1 (high priority) One vector is optionally user selectable as level 1
Lowest Level O (normal priority) The remaining interrupt vectors

14.3.2.4.1 Non-Maskable Interrupts

A Non-Maskable Interrupt (NMI) will be executed regardless of the | bit setting in CPU.SREG. An NMI
will never change the | bit. No other interrupt can interrupt an NMI handler. If more than one NMI
is requested at the same time, the priority is static according to the interrupt vector address, where
the lowest address has the highest priority.

Which interrupts are non-maskable is device-dependent and not subject to configuration. Non-
maskable interrupts must be enabled before they can be used. Refer to the Interrupt Vector Mapping
table of the device for available NMI sources.

14.3.2.4.2 High-Priority Interrupt
It is possible to assign one interrupt request to level 1 (high priority) by writing its interrupt vector
number to the CPUINT.LVL1VEC register. This interrupt request will have a higher priority than the

other (normal priority) interrupt requests. The priority level 1 interrupts will interrupt the level 0
interrupt handlers.

14.3.2.4.3 Normal-Priority Interrupts

All interrupt vectors other than NMI are assigned to priority level 0 (normal) by default. The user
may override this by assigning one of these vectors as a high-priority vector. The device will have
many normal-priority vectors, and some of these may be pending at the same time. Two different
scheduling schemes are available to choose which of the pending normal-priority interrupts to
service first: Static or round robin.

IVEC is the interrupt vector mapping, as listed in the Peripherals and Architecture section. The
following sections use IVEC to explain the scheduling schemes. IVECO is the Reset vector, IVEC1

is the NMI vector, and so on. In a vector table with n+1 elements, the vector with the highest vector
number is denoted IVECn. Reset, non-maskable interrupts, and high-level interrupts are included in
the IVEC map, but will always be prioritized over the normal-priority interrupts.

Static Scheduling

If several level 0 interrupt requests are pending at the same time, the one with the highest priority
is scheduled for execution first. The following figure illustrates the default configuration, where the
interrupt vector with the lowest address has the highest priority.
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Figure 14-5. Default Static Scheduling

Lowest Address IVEC 0 Highest Priority
IVEC 1 A
Highest Address IVEC n Lowest Priority

Modified Static Scheduling

The default priority can be changed by writing a vector number to the CPUINT.LVLOPRI register. This
vector number will be assigned the lowest priority. The next interrupt vector in the IVEC will have the
highest priority among the LVLO interrupts, as shown in the following figure.

Figure 14-6. Static Scheduling When CPUINT.LVLOPRI Is Different from Zero

Lowest Address IVEC 0 RESET
IVEC 1 NMI
IVECY Lowest Priority

IVEC Y+1 Highest Priority

Highest Address IVEC n

Here, value Y has been written to CPUINT.LVLOPRI so that the interrupt vector Y+1 has the highest
priority. Note that, In this case, the priorities will wrap so that the lowest address no longer has the
highest priority, not including RESET and NMI, which will always have the highest priority.

Refer to the interrupt vector mapping of the device for available interrupt requests and their
interrupt vector number.

Round Robin Scheduling

The static scheduling may prevent some interrupt requests from being serviced. To avoid this,

the CPUINT offers round robin scheduling for normal-priority (LVLO) interrupts. In the round robin
scheduling, the CPUINT.LVLOPRI register stores the last acknowledged interrupt vector number.
This register ensures that the last acknowledged interrupt vector gets the lowest priority and is
automatically updated by the hardware. The following figure illustrates the priority order after
acknowledging IVEC Y and after acknowledging IVEC Y+1.
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Figure 14-7. Round Robin Scheduling
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The round robin scheduling for LVLO interrupt requests is enabled by writing a ‘1’ to the Round
Robin Priority Enable (LVLORR) bit in the Control A (CPUINT.CTRLA) register.

14.3.2.5 Compact Vector Table

The Compact Vector Table (CVT) is a feature to allow the writing of compact code by having all level

0 interrupts share the same interrupt vector number. Thus, the interrupts share the same Interrupt
Service Routine (ISR). This reduces the number of interrupt handlers and thereby frees up memory

that can be used for the application code.

When CVT is enabled by writing a ‘1’ to the CVT bit in the Control A (CPUINT.CTRLA) register, the
vector table contains these three interrupt vectors:
1. The non-maskable interrupts (NMI) at vector address 1.

2. The Priority Level 1 (LVL1) interrupt at vector address 2.
3. All priority level 0 (LVLO) interrupts at vector address 3.

This feature is most suitable for devices with limited memory and applications using a few of
interrupt generators.

14.3.3 Debug Operation
When using a level 1 priority interrupt, it is important to make sure the Interrupt Service Routine

is configured correctly as it may cause the application to be stuck in an interrupt loop with level 1
priority.

By reading the CPUINT STATUS (CPUINT.STATUS) register, it is possible to see if the application has
executed the correct RETI (interrupt return) instruction. The CPUINT.STATUS register contains state
information, which ensures that the CPUINT returns to the correct interrupt level when the RETI
instruction is executed at the end of an interrupt handler. Returning from an interrupt will return the
CPUINT to the state it had before entering the interrupt.
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14.3.4 Configuration Change Protection

This peripheral has registers that are under Configuration Change Protection (CCP). To write to these
registers, a given key must first be written to the CPU.CCP register, followed by a write access to the
protected bits within four CPU instructions.

Attempting to write to a protected register without following the appropriate CCP unlock sequence
leaves it unchanged.

The following registers are under CCP:

Table 14-3. CPUINT - Registers Under Configuration Change Protection

The IVSEL and CVT bit fields in CPUINT.CTRLA IOREG
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14.4 Register Summary

Coffset | Name [ Bitpos| 7|6 |5 | 4 | 3 | 2 | 1 | o
7:0 CvT

0x00 CTRLA IVSEL LVLORR
0x01 STATUS 7:0 NMIEX LVL1EX LVLOEX
0x02 LVLOPRI 7:0 LVLOPRI[7:0]
0x03 LVL1VEC 7:0 LVL1VEC[7:0]

14.5 Register Description
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14.5.1 Control A

Name: CTRLA

Offset: 0x00

Reset: 0x00

Property: Configuration Change Protection

Bit 7 6 5 4 3 2 1 0
| IVSEL | ovT | | | | LVLORR |
Access R/W R/W R/W
Reset 0 0 0

Bit 6 - IVSEL Interrupt Vector Select
When the entire Flash is configured as a BOOT section, this bit will be ignored.

Value Description

0 The expected location of the interrupt vectors is directly after the BOOT section(!)
1 The expected location of the interrupt vectors is at the start of the BOOT section
Note:
1. Asystem reset will cause the Program Counter to be reset to 0x0000, regardless of the IVSEL bit
value.

Bit 5 - CVT Compact Vector Table

0 Compact Vector Table function is disabled
1 Compact Vector Table function is enabled

Bit 0 - LVLORR Round Robin Priority Enable
This bit is not protected by the Configuration Change Protection mechanism.

Value Description

0 Priority is fixed for priority level O interrupt requests: The lowest interrupt vector address has the highest
priority.
1 The round robin priority scheme is enabled for priority level 0 interrupt requests
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14.5.2 Status

Name: STATUS
Offset: 0x01

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| NMIEX | | | | | LVL1IEX | LVLOEX |
Access R R R
Reset 0 0 0

Bit 7 - NMIEX Non-Maskable Interrupt Executing
This flag is set if a non-maskable interrupt is executing. The flag is cleared when returning (RETI)
from the interrupt handler.

Bit 1 - LVL1EX Level 1 Interrupt Executing
This flag is set when a priority level 1 interrupt is executing, or when the interrupt handler has been
interrupted by an NMI. The flag is cleared when returning (RETI) from the interrupt handler.

Bit 0 - LVLOEX Level O Interrupt Executing
This flag is set when a priority level O interrupt is executing, or when the interrupt handler has been
interrupted by a priority level 1 interrupt or an NMI. The flag is cleared when returning (RETI) from
the interrupt handler.
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14.5.3 Interrupt Priority Level 0

Name: LVLOPRI
Offset: 0x02

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| LVLOPRI[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - LVLOPRI[7:0] Interrupt Priority Level O
This register is used to modify the priority of the LVLO interrupts. See the section Normal-Priority
Interrupts for more information.
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14.5.4 Interrupt Vector with Priority Level 1

Name: LVLTVEC
Offset: 0x03

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| LVL1VEC[7:0]
Access RIW R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - LVL1VEC[7:0] Interrupt Vector with Priority Level 1
This bit field contains the number of the single vector with increased priority level 1 (LVL1). If this bit
field has the value 0x00, no vector has LVL1. Consequently, the LVL1 interrupt is disabled.
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15. EVSYS - Event System

15.1 Features
+ System for Direct Peripheral-to-Peripheral Signaling
+ Peripherals Can Directly Produce, Use, and React to Peripheral Events
+ Short and Predictable Response Time
+ Up to 6 Parallel Event Channels Available
+ Each Channel Is Driven by One Event Generator and Can Have Multiple Event Users
+ Events Can Be Sent and/or Received by Most Peripherals and by Software
+ The Event System Works in Active, Idle, and Standby Sleep Modes

15.2 Overview

The Event System (EVSYS) enables direct peripheral-to-peripheral signaling. It allows a change in one
peripheral (the event generator) to trigger actions in other peripherals (the event users) through
event channels, without using the CPU. It is designed to provide a short and predictable response
time between peripherals, allowing for autonomous peripheral control and interaction, and for
synchronized timing of actions in several peripheral modules. Thus, the EVSYS peripheral makes it
possible to implement Core Independent Peripherals (CIPs). Also, it is a powerful tool for reducing
the complexity, size, and execution time of the software.

A change of the event generator’s state is referred to as an event and usually corresponds to one of
the peripheral’s interrupt conditions. Events can be forwarded directly to other peripherals using the
dedicated event routing network. The routing of each channel is configured in software, including
event generation and use.

Only one event signal can be routed on each channel. Multiple peripherals can use events from the
same channel.

The EVSYS can connect peripherals such as ADCs, analog comparators, /0 PORT pins, the real-time
counter, timer/counters, and the configurable custom logic peripheral. Events can also be generated
from software.

15.2.1 Block Diagram

Figure 15-1. EVSYS Block Diagram
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15.2.2

15.3

15.3.1

The block diagram shows the operation of an event channel. A multiplexer controlled by Channel n
Generator Selection (EVSYS.CHANNELN) register at the input selects which of the event sources to
route onto the event channel. Each event channel has two subchannels: one asynchronous and one
synchronous. A synchronous user will listen to the synchronous subchannel, and an asynchronous
user will listen to the asynchronous subchannel.

An event signal from an asynchronous source will be synchronized by the Event System before being
routed to the synchronous subchannel. An asynchronous event signal to be used by a synchronous
consumer must last for at least one peripheral clock cycle to ensure that it will propagate through
the synchronizer. The synchronizer will delay such an event between two and three clock cycles,
depending on when the event occurs.

Figure 15-2. Example of Event Source, Generator, User, and Action

Event Generator Event User

Timer/Counter ADC

| Compare Match

Channel Sweep

Event
Routing
Network

| Over/Underflow

L
Error 4|

Single
Conversion

L—— Event Action Selection

“- -+ Event Source Event Action

Signal Description

EVOUTx Digital output Event output, one output per I/0 Port
Functional Description

Initialization
To utilize events, the Event System, the generating peripheral, and the peripheral(s) using the event
must be set up accordingly:

1. Configure the generating peripheral appropriately. For example, if the generating peripheral is a
timer, set the prescaling, the Compare register, etc., so that the desired event is generated.

2. Configure the event user peripheral(s) appropriately. For example, if the ADC is the event user,
set the ADC prescaler, resolution, conversion time, etc., as desired, and configure the ADC
conversion to start at the reception of an event.

3. Configure the Event System to route the desired source. In this case, the Timer/Compare match
to the desired event channel. This may, for example, be Channel 0, which is accomplished by
writing to the Channel 0 Generator Selection (EVSYS.CHANNELDO) register.

4. Configure the ADC to listen to this channel by writing to the corresponding User x Channel MUX
(EVSYS.USERX) register.
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15.3.2 Operation

15.3.2.1 Event User Multiplexer Setup

Each event user has one dedicated event user multiplexer selecting which event channel to listen to.
The application configures these multiplexers by writing to the corresponding EVSYS.USERX register.

15.3.2.2 Event System Channel
An event channel can be connected to one of the event generators.

The source for each event channel is configured by writing to the respective Channel n Generator
Selection (EVSYS.CHANNELN) register.

15.3.2.3 Event Generators

Each event channel has several possible event generators, but only one can be selected at a time.
The event generator for a channel is selected by writing to the respective Channel n Generator
Selection (EVSYS.CHANNELN) register. By default, the channels are not connected to any event
generator. For details on event generation, refer to the documentation of the corresponding
peripheral.

A generated event is either synchronous or asynchronous to the device peripheral clock (CLK_PER).
Asynchronous events can be generated outside the normal edges of the peripheral clock, making
the system respond faster than the selected clock frequency would suggest. Asynchronous events
can also be generated while the device is in a sleep mode when the peripheral clock is not running.

Any generated event is classified as either a pulse event or a level event. In both cases, the event can
be either synchronous or asynchronous, with properties according to the table below.

Table 15-1. Properties of Generated Events

Pulse Sync An event generated from CLK_PER that lasts one clock cycle
Async An event generated from a clock other than CLK_PER lasting one clock
cycle
Level Sync An event generated from CLK_PER that lasts multiple clock cycles
Async An event generated without a clock (for example, a pin or a

comparator), or an event generated from a clock other than CLK_PER
that lasts multiple clock cycles

The properties of both the generated event and the intended event user must be considered in
order to ensure reliable and predictable operation.

The table below shows the available event generators for this device family.

Table 15-2. Event Generator Types

Description Event Type| Generating Clock Length of Event

UPDI SYNCH SYNCH character Level CLK_PDI SYNCH character on PDI RX
input synchronized to CLK_PDI
OVF Overflow Pulse CLK_RTC One CLK_RTC period
RTC CMP Compare Match
EVGENO Selectable prescaled RTC Level Prescaled CLK_RTC period
EVGEN1 event
CCL LUTn LUT output level Level Asynchronous Depends on CCL configuration
ACO ouTt Comparator output level Level Asynchronous Given by AC output level
ADCO RESRDY Result ready Pulse CLK_PER One CLK_PER period
SAMPRDY Sample ready
WCMP Window compare
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........... continued

Description Event Type| Generating Clock Length of Event

PORTX EVGENN Pin level Level Asynchronous Given by pin level
USARTN XCK USART Baud clock Level TXCLK Minimum two CLK_PER periods
SPI0 SCK SPI Server clock Level CLK_PER Minimum two CLK_PER periods
OVF_LUNF Overflow/Low-byte timer
underflow
HUNF High-byte timer underflow

CMPQ_LCMPO Compare channel 0 match/
Low-byte timer compare

TCAO channel 0 match Pulse CLK_PER One CLK_PER period

CMP1_LCMP1 Compare channel 1 match/
Low-byte timer compare
channel 1 match

CMP2_LCMP2 Compare channel 2 match/
Low-byte timer compare
channel 2 match

CAPT CAPT flag set™

TCBO Pulse CLK_PER One CLK_PER period
OVF Overflow

TCB1 CAPT CAPT flag set™ Pulse CLK_PER One CLK_PER period
OVF Overflow

USB SETUP SETUP received Pulse CLK_PER One CLK_PER period
SOF SOF token received
CRC CRC error
UNFOVF USB under- or overflow
RX Data byte received
X Data byte transmitted

Note:

1. The operational mode of the timer decides when the CAPT flag is raised. Refer to the TCB section

for details.

15.3.2.4 Event Users

The event channel to listen to is selected by configuring the event user. An event user may require
the event signal to be either synchronous or asynchronous to the peripheral clock. An asynchronous
event user can respond to events in sleep modes when clocks are not running. Such events can

be responded to outside the normal edges of the peripheral clock, making the event user respond
faster than the clock frequency would suggest. For details on the requirements of each peripheral,
refer to the documentation of the corresponding peripheral.

Most event users implement edge or level detection to trigger actions in the corresponding
peripheral based on the incoming event signal. In both cases, a user can either be synchronous,
which requires that the incoming event is generated from the peripheral clock (CLK_PER), or
asynchronous, if not. Some asynchronous event users do not apply event input detection but use
the event signal directly. The different event user properties are described in general in the table
below.

@ MICROCHIP

154



Table 15-3. Properties of Event Users

Edge Sync An event user is triggered by an event edge and requires that the
incoming event is generated from CLK_PER

Async An event user is triggered by an event edge and has asynchronous
detection or an internal synchronizer

Level Sync An event user is triggered by an event level and requires that the
incoming event is generated from CLK_PER

Async An event user is triggered by an event level and has asynchronous
detection or an internal synchronizer

No detection Async An event user will use the event signal directly
The table below shows the available event users for this device family.

Table 15-4. Event User Types

USER Name Description Input Detection | Async/Sync
Peripheral
CCL

LUTnx  LUTn input x or clock signal No detection Async
ADCO START  ADC start on event Edge Async
EVSYS EVOUTx Forward event signal to pin No detection Async
USARTn IRDA  IrDA mode input Level Sync
Count on positive event edge Edge
Count on any event edge Edge
CNTA _ . o Sync
Count while event signal is high Level
TCAO Event level controls count direction Level
Event level controls count direction Level Sync
CNTB Restart counter on positive event edge Edge
Restart counter on any event edge Edge
Restart counter while event signal is high Level
TCBn CAPT  Time-out check Edge Sync
Input capture on event Edge
Input capture frequency measurement Edge
Input capture pulse-width measurement Edge
Input capture frequency and pulse-width measurement Edge
Single-shot Edge Both
COUNT Count on event Edge Sync

15.3.2.5 Synchronization

Events can be either synchronous or asynchronous to the peripheral clock. Each Event System
channel has two subchannels: one asynchronous and one synchronous.

The asynchronous subchannel is identical to the event output from the generator. If the event
generator generates a signal asynchronous to the peripheral clock, the signal on the asynchronous
subchannel will be asynchronous. If the event generator generates a signal synchronous to the
peripheral clock, the signal on the asynchronous subchannel will also be synchronous.

The synchronous subchannel is identical to the event output from the generator, if the event
generator generates a signal synchronous to the peripheral clock. If the event generator generates
a signal asynchronous to the peripheral clock, this signal is first synchronized before being routed
onto the synchronous subchannel. Depending on when it occurs, synchronization will delay the
event by two to three clock cycles. The Event System automatically performs this synchronization if
an asynchronous generator is selected for an event channel.
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15.3.2.6 Software Event
The application can generate a software event. Software events on Channel n are issued by writing a
‘1" to the Software Event Channel Select (CHANNEL[N]) bit in the Software Events (EVSYS.SWEVENTX)
register. A software event appears as a pulse on the Event System channel, inverting the current
event signal for one clock cycle.

Event users see software events as no different from those produced by event generating
peripherals.

15.3.3 Sleep Mode Operation

When configured, the Event System will work in all sleep modes. Software events represent one
exception since they require a peripheral clock.

Asynchronous event users are able to respond to an event without their clock running in Standby
sleep mode. Synchronous event users require their clock to be running to be able to respond to
events. Such users will only work in Idle sleep mode or in Standby sleep mode, if configured to run in
Standby mode by setting the RUNSTDBY bit in the appropriate register.

Asynchronous event generators are able to generate an event without their clock running, that is,
in Standby sleep mode. Synchronous event generators require their clock to be running to be able
to generate events. Such generators will only work in Idle sleep mode or in Standby sleep mode, if
configured to run in Standby mode by setting the RUNSTDBY bit in the appropriate register.

15.3.4 Debug Operation
This peripheral is unaffected by entering Debug mode.
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15.4 Register Summary

I S T T N N S S N

0x00 SWEVENTA SWEVENTA[7:0]
0x01 SWEVENTB 7:0 SWEVENTB[7:0]
0x02

Reserved
OxOF
0x10 CHANNELO 7:0 CHANNELO[7:0]
0x11 CHANNEL1 7:0 CHANNEL1[7:0]
0x12 CHANNEL2 7:0 CHANNELZ2[7:0]
0x13 CHANNEL3 7:0 CHANNEL3[7:0]
0x14 CHANNEL4 7:0 CHANNEL4[7:0]
0x15 CHANNELS 7:0 CHANNEL5[7:0]
0x16

o Reserved
Ox1F
0x20 USERCCLLUTOA 7:0 USER[7:0]
0x33 USERTCB1COUNT 7:0 USER[7:0]

15.5 Register Description

157

@ MICROCHIP



15.5.1 Software Events

Name: SWEVENTX

Offset: 0x00 + x*0x01 [x=0..1]
Reset: 0x00

Property: -

Write bits in this register to create a software event on the corresponding event channels.
Bits 0-7 in the EVSYS.SWEVENTA register correspond to event channels 0-7. If the number of
available event channels is between eight and 15, these are available in the EVSYS.SWEVENTB
register, where bit n corresponds to event channel 8+n.

Refer to the Peripheral Overview section for the available number of Event System channels.

Bit 7 6 5 4 3 2 1 0

| SWEVENTX[7:0] |
Access W W W W W W W W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - SWEVENTX[7:0] Software Event Channel Select
Writing a bit in this bit group to ‘1’ will generate a single-pulse event on the corresponding event
channel by inverting the signal on the event channel for one peripheral clock cycle.
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15.5.2 Channel n Generator Selection

Name: CHANNELN

Offset: 0x10 + n*0x01 [n=0..5]
Reset: 0x00

Property: -

Each channel can be connected to one event generator. Not all generators can be connected to all
channels. Refer to the table below to see which generator sources can be routed onto each channel
and the generator value to be written to EVSYS.CHANNELN to achieve this routing. Writing the value
0x00 to EVSYS.CHANNELnN turns the channel off.

Refer to the Peripheral Overview section for the available number of Event System channels.

Bit 7 6 5 4 3 2 1 0
| CHANNELN[7:0] |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - CHANNELN[7:0] Channel Generator Selection
The specific generator name corresponding to each bit group configuration is given by combining
Peripheral and Output from the table below in the following way: PERIPHERAL_OUTPUT.

Table 15-5. Event Generators

GENERATOR Async/Sync Description Channel Availability

0x01 UPDI SYNCH Sync Rising edge of SYNCH character detection All channels
0x06 RTC OVF Async Counter overflow All channels
0x07 CMP Compare match
0x08 EVGENO Selectable prescaled RTC event
0x09 EVGEN1
0x10 CCL LUTO Async LUT output level All channels
0x11 LUT1
0x12 LUT2
0x13 LUT3
0x20 ACO ouTt Async Comparator output level All channels
0x24 ADCO RESRDY Sync Result ready All channels
0x25 SAMPRDY Sample ready
0x26 WCMP Window compare
0x40  PORTA(M EVGENO Async  Pin level (2) All channels
0x41 EVGEN1
ox44  PORTC(D EVGENO Async  Pin level (2) All channels
0x45 EVGEN1
0x46 ~ PORTD(M EVGENO Async  Pin level (2) All channels
0x47 EVGEN1
Ox4A  PORTF(M EVGENO Async  Pin level (2) All channels
0x4B EVGEN1
0x60  USARTO ) )

XCK Sync Clock signal in SPI Host mode and synchronous USART Host mode All channels
0x61 USART1
0x68 SPIO SCK Sync SPI server clock signal All channels
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........... continued

GENERATOR
[ = —

0x80
0x81
0x84
0x85
0x86
0xA0
OxA1
0xA2
0xA3
0xCo
0xC1
0xC2
0xC3
0xC4
0xC5

Notes:

TCAQ OVF_LUNF
HUNF
CMPO_LCMPO
CMP1_LCMP1
CMP2_LCMP2
TCBO CAPT
OVF
TCB1 CAPT
OVF
SETUP
SOF
CRC
UNFOVF
RX
X

USBO

Async/Sync

Sync

Sync

Sync

Sync

Description

Overflow/Low-byte timer underflow

High-byte timer underflow

Compare channel 0 match/Low-byte timer compare channel 0 match
Compare channel 1 match/Low-byte timer compare channel 1 match
Compare channel 2 match/Low-byte timer compare channel 2 match

CAPT Interrupt flag set(3)
Counter overflow

CAPT Interrupt flag set3)
Counter overflow

SETUP received

SOF token received

CRC error

USB under- or overflow
Data byte received

Data byte transmitted

Channel Availability

All channels

All channels

All channels

All channels

1. Not all peripheral instances are available for all pin counts. Refer to the Peripherals and
Architecture section for details.

Event from PORT pin will be zero if input driver is disabled.

The operational mode of the timer decides when the CAPT flag is raised. Refer to the TCB section
for details.
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15.5.3 User Channel MUX

Name: USER

Offset: 0x20 + n*0x01 [n=0..19]
Reset: 0x00

Property: -

Each event user can be connected to one channel and several users can be connected to the same
channel. The following table lists all Event System users with their corresponding user ID number
and name. The user name is given by combining USER with Peripheral and Input from the table
below in the following way: USERPERIPHERALINPUT.

Table 15-6. Event Users
USER Description

e
0 LUTOA CCL LUTO event input A
1 LUTOB CCL LUTO event input B
2 LUTTA CCL LUT1 event input A
3 LUT1B CCL LUT1 event input B
CCL Async .
4 LUT2A CCL LUT2 event input A
5 LUT2B CCL LUT2 event input B
6 LUT3A CCL LUT3 event input A
7 LUT3B CCL LUT3 event input B
8 ADCO START Async  ADC start on event
9 EVOUTA EVSYS pin output A
10 EVSYS EVOUTD Async Event output D
1 EVOUTF(™ Event output F
12 USARTO IRDA USARTO IrDA event input
13 USART1 IRDA 2yne USART1 IrDA event input
14 CNTA Count on event or control count direction
15 TCAD CNTB 2yne Restart on event or control count direction
16 S— CAPT Both@  Start, stop, capture, restart or clear counter
17 COUNT Sync Count on event
18 B CAPT Both@  Start, stop, capture, restart or clear counter
19 COUNT Sync Count on event

Notes:

1. Not all peripheral instances are available for all pin counts. Refer to the Peripherals and
Architecture section for details.

2. Depends on Timer/Counter operational mode. Refer to the TCB section for details.

Bit 7 6 5 4 3 2 1 0
| USER[7:0] |
Access  R/W R/W R/W R/W R/W R/W R/W RIW
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - USER[7:0] User Channel Selection
Configures which Event System channel the user is connected to.

Value Description

0 OFF, no channel is connected to this Event System user
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Value Description

n The event user is connected to CHANNEL(n-1)
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16. PORTMUX - Port Multiplexer

16.1 Overview

The Port Multiplexer (PORTMUX) can either enable or disable the functionality of the pins or change
between default and alternative pin positions. Available options are described in detail in the
PORTMUX register map and depend on the actual pin and its properties.

Refer to the I/0 Multiplexing and Considerations section for available pins and functions.
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16.2

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08

16.3

@ MICROCHIP

Register Summary

[ Offset | Name _J@itPos| 7 | 6 1 5 | 4 | 3 | 2 | 1 | 0 |

EVSYSROUTEA
CCLROUTEA
USARTROUTEA

Reserved

SPIROUTEA
TWIROUTEA
TCAROUTEA
TCBROUTEA

7.0
7:0

7:0
7:0
7:0
7:0

EXTBRK

Register Description

EVOUTF

EVOUTD
LUT3
USART1[1:0]

LUT2

EVOUTA
LUT1 LUTO
USARTO[2:0]
SPI0[2:0]
TWIO[1:0]
TCAO[2:0]
TCB1 TCBO
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16.3.1 EVSYS Pin Position

Name: EVSYSROUTEA
Offset: 0x00

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| EXTBRK | | EVOUTF | | EvOuTD | | EVOUTA |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 7 - EXTBRK External Break Pin
This bit selects the pin for the External Break signal.

Vo Jname iy

0x0 DEFAULT External Break signal on PA6
0x1 ALT1 External Break signal on PF2

Bit 5 - EVOUTF Event Output F
This bit controls the pin position for event output F.

0x0 DEFAULT EVOUT on PF2
0x1 ALT1 EVOUT on PF7

Bit 3 - EVOUTD Event Output D
This bit controls the pin position for event output D.

S S O S

0x0 DEFAULT EVOUT on PD2
0x1 ALT1 EVOUT on PD7

Bit 0 - EVOUTA Event Output A
This bit controls the pin position for event output A.

S S O

0x0 DEFAULT EVOUT on PA2
0x1 ALT1 EVOUT on PA7
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16.3.2 CCL LUTn Pin Position

Name: CCLROUTEA
Offset: 0x01

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| | | wr3 | wr2 | wmt [ wrto |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 3 - LUT3 CCL LUT 3 Signals
This bit field controls the pin positions for CCL LUT 3 signals.

o [ w [ W [ e
0 DEFAULT PF3 PFO PF1 PF2
1 - Reserved Reserved Reserved Reserved

Bit 2 - LUT2 CCL LUT 2 Signals
This bit field controls the pin positions for CCL LUT 2 signals.

- o [ w | wi [
0 DEFAULT PD3 PDO PD1 PD2
1 ALT1 PD6 PDO PD1 PD2

Bit 1 - LUT1 CCL LUT 1 Signals
This bit field controls the pin positions for CCL LUT 1 signals.

Value Description

o [ w [ W [ e
0 DEFAULT PC3 - - -
1 - Reserved Reserved Reserved Reserved

Bit 0 - LUTO CCL LUT 0 Signals
This bit field controls the pin positions for CCL LUT 0 signals.

Value Description
I I S e o
0 DEFAULT PA3 PAO PA1 PA2

1 ALT1 PA6 PAO PA1 PA2
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16.3.3 USARTN Pin Position

Name: USARTROUTEA
Offset: 0x02

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| | | USART1[1:0] | USARTO[2:0] |
Access R/W R/W R/W
Reset 0 0 0

Bits 4:3 - USART1[1:0] USART 1 Signals
This bit field controls the pin positions for USART 1 signals.

0x0 DEFAULT No pin connection
0x2 ALT2 PD6 PD7 =
0x3 NONE No pin connection

Bits 4:2 - USARTO0[2:0] USART 0 Signals
This bit field controls the pin positions for USART 0 signals.

Value Description
PAO PA1 PA2 PA3

0x0 DEFAULT

0x1 ALT1 PA4 PAS5 PA6 PA7
0x2 ALT2 PA2 PA3 - -
0x3 ALT3 PD4 PD5 PD6 PD7
0x4 - Reserved

0x5 NONE No pin connection
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16.3.4 SPIn Pin Position

Name: SPIROUTEA
Offset: 0x05

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| | | | SPIO2:0] |
Access R/W R/W R/W
Reset 0 0 0

Bits 2:0 - SP10[2:0] SPI O Signals
This bit field controls the pin positions for SPI 0 signals.

0x0 PA4 PA5 PA6 PA7

DEFAULT
0x4 ALT4 PD4 PD5 PD6 PD7
0x7 NONE Not connected Set to ‘1’
other - Reserved
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16.3.5 TW!I Pin Positions

Name: TWIROUTEA
Offset: 0x06

Reset: 0x00
Property: -
Bit 7 6 2 1 0
| | | | TWIO[1:0] |
Access R/W R/W
Reset 0 0

Bits 1:0 - TWIO[1:0] TWI O Signals

This bit field controls the pin positions for TWI 0 signals in both Host and Client mode.

i “

0x0 DEFAULT
0x1 ALT1
0x2 Reserved
0x3 ALT3
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Description
PA2 PA3
PA3
PA1
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16.3.6 TCAnN Pin Position

Name: TCAROUTEA
Offset: 0x07
Reset: 0x00
Property: -
Bit 7 6 5 2 1 0
| TCAQ[2:0] |
Access R/W R/W R/W
Reset 0 0 0
Bits 2:0 - TCAO[2:0] TCAO Signals
This bit field controls the pin positions for TCAO signals.
Description

i “

0x0
0x2
0x3
0x5
Other

@ MICROCHIP

PORTA
PORTC
PORTD
PORTF

PAO PA1 PA2 PA3 PA4 PA5

PDO
PFO
Reserved

PD1
PF1

PD2
PF2

PC3
PD3
PF3

PD4
PF4

PD5
PF5
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16.3.7 TCBn Pin Position

Name: TCBROUTEA
Offset: 0x08
Reset: 0x00

Property: -
Bit 7 6 5 4 3 2 1 0
| | | | | TCB1T | TCBO |
Access R/W R/W
Reset 0 0
Bit 1 - TCB1 TCB1 Output
This bit controls pin position for TCB1 output.
0 DEFAULT WO on PA3
1 ALT1 WO on PF5
Bit 0 - TCBO TCBO Output
This bit controls pin position for TCBO output.
Vae —————Name ——— loesciption
0 DEFAULT WO on PA2
1 ALT1 WO on PF4
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17. PORT - 1/0 Pin Configuration

17.1 Features

+ General Purpose Input and Output Pins with Individual Configuration:
- Pull-up
- Inverted I/0
- Input voltage threshold

* Interrupts and Events:
- Sense both edges
- Sense rising edges
- Sense falling edges
- Sense low level

+ Asynchronous Pin Change Sensing That Can Wake the Device From All Sleep Modes

+ Efficient and Safe Access to Port Pins
- Hardware Read-Modify-Write (RMW) through dedicated toggle/clear/set registers
- Mapping of often-used PORT registers into bit-accessible I/0 memory space (virtual ports)

17.2 Overview

The device's I/0 pins are controlled by instances of the PORT peripheral registers. Each PORT
instance has up to eight I/0 pins. The PORTs are named PORTA, PORTB, PORTC, etc. Refer to the

I/0 Multiplexing and Considerations section to see which pins are controlled by what instance of PORT.
The base addresses of the PORT instances and the corresponding Virtual PORT instances are listed
in the Peripherals and Architecture section.

Each PORT pin has a corresponding bit in the Data Direction (PORTx.DIR) and Data Output Value
(PORTx.OUT) registers to enable that pin as an output and define the output state. For example,
DIR[3] and OUT[3] of the PORTA instance controls pin PA3.

The input value of a PORT pin is synchronized to the Peripheral Clock (CLK_PER) and then made
accessible as the data input value (PORTX.IN). The pin value can be read whether the pin is
configured as input or output.

The PORT also supports asynchronous input sensing with interrupts and events for selectable
pin change conditions. Asynchronous pin change sensing means that a pin change can trigger an
interrupt and wake the device from sleep, including sleep modes where CLK_PER is stopped.

All pin functions are individually configurable per pin. The pins have hardware RMW functionality for
a safe and correct change of the drive values and/or input and sense configuration.

The PORT pin configuration controls the input and output selection of other device functions.

172

@ MICROCHIP



17.2.1 Block Diagram

Figure 17-1. PORT Block Diagram

Pull-up Enable > |:
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17.2.2 Signal Description

Pxn I/0 pin I/0 pin n on PORTXx
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17.3 Functional Description

17.3.1 |Initialization
After Reset, all outputs are tri-stated, and digital input buffers enabled even if there is no clock
running.
The following steps are all optional when initializing PORT operation:

+ Enable or disable the output driver for pin Pxn by respectively writing ‘1’ to bit n in the
PORTx.DIRSET or PORTx.DIRCLR register

+ Set the output driver for pin Pxn to high or low level respectively by writing ‘1’ to bit n in the
PORTx.OUTSET or PORTX.OUTCLR register

+ Read the input of pin Pxn by reading bit n in the PORTx.IN register
+ Configure the individual pin configurations and interrupt control for pin Pxn in PORTx.PINNCTRL

Important: For the lowest possible power consumption, disable the digital input
buffer of unused pins and pins used as analog inputs or outputs. For pins with the
digital input buffer enabled it is recommended to transition between the high and
low voltage thresholds as quickly as possible.

Specific pins, such as those used to connect a debugger, may be configured differently, as required
by their special function.

17.3.2 Operation

17.3.2.1 Basic Functions
Each pin group x has its own set of PORT registers. I/O pin Pxn can be controlled by the registers in
PORTXx.

To use pin number n as an output, write bit n of the PORTx.DIR register to ‘1. This can be done by
writing bit n in the PORTx.DIRSET register to ‘1’, which will avoid disturbing the configuration of other
pins in that group. The nt bit in the PORTx.OUT register must be written to the desired output value.

Similarly, writing a PORTx.OUTSET bit to ‘1’ will set the corresponding bit in the PORTx.OUT register
to ‘1'. Writing a bit in PORTX.OUTCLR to ‘1" will clear that bit in PORTx.OUT to ‘0". Writing a bit in
PORTX.OUTTGL or PORTx.IN to ‘1" will toggle that bit in PORTx.OUT.

To use pin n as an input, bit n in the PORTX.DIR register must be written to ‘0’ to disable the

output driver. This can be done by writing bit n in the PORTx.DIRCLR register to ‘1’, which will avoid
disturbing the configuration of other pins in that group. The input value can be read from bit n in the
PORTX.IN register as long as the ISC bit is not set to INPUT_DISABLE.

Writing a bit to ‘1" in PORTx.DIRTGL will toggle that bit in PORTx.DIR and toggle the direction of the
corresponding pin.

17.3.2.2 Pin Configuration
The Pin n Control (PORTX.PINNCTRL) register is used to configure inverted I/O, pull-up, and input
sensing of a pin. The control register for pin n is at the byte address PORTx + 0x10 + n.

All input and output on the respective pin n can be inverted by writing a ‘1’ to the Inverted I/0 Enable
(INVEN) bit in PORTX.PINNCTRL. When INVEN is ‘1’, the PORTX.IN/OUT/OUTSET/OUTTGL registers will
have inverted operation for this pin.

Toggling the INVEN bit causes an edge on the pin, which can be detected by all peripherals using this
pin and is seen by interrupts or events if enabled.
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The Input Level Select (INLVL) bit controls the input voltage threshold for pin nin PORTx.PINNCTRL. A
selection of Schmitt trigger thresholds derived from the supply voltage or TTL levels is available.

The input threshold is important in determining the value of bit n in the PORTx.IN register and also
the level at which an interrupt condition occurs if that feature is enabled.

The input pull-up of pin n is enabled by writing a ‘1’ to the Pull-up Enable (PULLUPEN) bit in
PORTX.PINNCTRL. The pull-up is disconnected when the pin is configured as an output, even if
PULLUPEN is ‘1",

Pin interrupts can be enabled for pin n by writing to the Input/Sense Configuration (ISC) bit field in
PORTX.PINNCTRL. Refer to 17.3.3. Interrupts for further details.

The digital input buffer for pin n can be disabled by writing the INPUT_DISABLE setting to ISC. This
can reduce power consumption and may reduce noise if the pin is used as analog input. While
configured to INPUT_DISABLE, bit n in PORTx.IN will not change since the input synchronizer is
disabled.

17.3.2.3 Virtual Ports

The Virtual PORT registers map the most frequently used regular PORT registers into the I/0
Register space with single-cycle bit access. Access to the Virtual PORT registers has the same
outcome as access to the ordinary registers allowing for memory-specific instructions, such as bit
manipulation instructions, which cannot be used in the extended I/O Register space where the
regular PORT registers reside. The following table shows the mapping between the PORT and VPORT
registers.

Table 17-1. Virtual Port Mapping

Regular PORT Register Mapped to Virtual PORT Register

PORTx.DIR VPORTx.DIR
PORTx.OUT VPORTx.OUT
PORTx.IN VPORTX.IN
PORTX.INTFLAGS VPORTX.INTFLAGS

Note: Avoid accessing the mapped VPORT register using the single-cycle I/0 instructions
immediately after accessing the regular PORT register. This may cause a memory collision since
the single-cycle 1/0 access to VPORT is faster than the regular PORT register access.

17.3.2.4 Peripheral Override

Peripherals, such as USARTs, ADCs and timers, may be connected to I/0 pins. Such peripherals

will usually have a primary and, optionally, one or more alternate 1/0 pin connections, selectable

by PORTMUX or a multiplexer inside the peripheral. By configuring and enabling such peripherals,
the general purpose I/0 pin behavior normally controlled by PORT will be overridden in a peripheral-
dependent way. Some peripherals may not override all the PORT registers, leaving the PORT module
to control some aspects of the I/0O pin operation.

Refer to the description of each peripheral for information on the peripheral override. Any pinin a
PORT that is not overridden by a peripheral will continue to operate as a general purpose 1/0 pin.

17.3.3 Interrupts

Table 17-2. Available Interrupt Vectors and Sources

. INTn in PORTX.INTFLAGS is raised as configured by the Input/Sense Configuration (ISC) bit in
PORTx PORT interrupt PORTX.PINNCTRL

Each PORT pin n can be configured as an interrupt source. Each interrupt can be individually
enabled or disabled by writing to ISC in PORTx.PINNCTRL.
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When an interrupt condition occurs, the corresponding interrupt flag is set in the Interrupt Flags
register of the peripheral (peripheral INTFLAGS).

An interrupt request is generated when the corresponding interrupt source is enabled and the
interrupt flag is set. The interrupt request remains active until the interrupt flag is cleared. See the
peripheral's INTFLAGS register for details on how to clear interrupt flags.

When setting or changing interrupt settings, consider these points:
« If anInverted I/O Enable (INVEN) bit is toggled in the same cycle as ISC is changed, the edge
caused by the inversion toggling may not cause an interrupt request

+ Changing INLVL for a pin must be performed while relevant interrupts and peripheral modules
are disabled. Changing the threshold while a module is active may generate a temporary state
transition on the input, regardless of the actual voltage level on that pin.

+ If disabling an input by writing to ISC while synchronizing an interrupt, that specific interrupt may
be requested on re-enabling the input, even if it is re-enabled with a different interrupt setting

+ If the interrupt setting is changed by writing to ISC while synchronizing an interrupt, that
interrupt may not be requested

17.3.3.1 Asynchronous Sensing Pin Properties

All PORT pins support fully asynchronous input sensing with interrupts for selectable pin change
conditions. Fully asynchronous pin change sensing can trigger an interrupt and wake the device
from all sleep modes, including modes where the Peripheral Clock (CLK_PER) is stopped. The pulse
width needed to trigger an interrupt is less than one CLK_PER cycle.

17.3.4 Events
PORT can generate the following events:

Table 17-3. Event Generators in PORTx

- Description Event Type Generating Clock Domain Length of Event

PORTx EVGENOSEL Pin input level Level Asynchronous Given by pin level
PORTx EVGEN1SEL Pin input level Level Asynchronous Given by pin level

All PORT pins can be configured as asynchronous Event System generators. Two event generators
are available for each port. The output from PORT to the Event System is the value present on
the corresponding pin if the digital input buffer is enabled. If a pin input buffer is disabled, the
corresponding output to the Event System is zero.

PORT has no event inputs. Refer to the Event System (EVSYS) section for more details regarding event
types and Event System configuration.

17.3.5 Sleep Mode Operation

Except for interrupts and input synchronization, all pin configurations are independent of sleep
modes. All pins can wake the device from sleep. See the PORT Interrupt section for further details.

Peripherals connected to the PORTSs can be affected by sleep modes, described in the respective
peripherals' data sheet section.

Important: The PORTs will always use the Peripheral Clock (CLK_PER). Input
synchronization will halt when this clock stops.
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17.3.6 Debug Operation

The PORT continues ordinary operation when halting the CPU in Debug mode. If configuring the
PORT in a way that requires it to be periodically serviced by the CPU through interrupts or similar,
improper operation or data loss may result during debugging.
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17.4 Register Summary - PORTx

I S T S R

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08
0x09
0x0A
OxOF
0x10
0x11
0x12
0x13
0x14
0x15
0x16
0x17
0x18

17.5
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DIR
DIRSET
DIRCLR
DIRTGL

ouTt
OUTSET
OUTCLR
OUTTGL
IN
INTFLAGS

Reserved

PINOCTRL
PINTCTRL
PIN2CTRL
PIN3CTRL
PIN4CTRL
PINSCTRL
PIN6CTRL
PIN7CTRL
EVGENCTRLA

7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0

7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0

INVEN
INVEN
INVEN
INVEN
INVEN
INVEN
INVEN
INVEN

INLVL
INLVL
INLVL
INLVL
INLVL
INLVL
INLVL
INLVL

Register Description - PORTx

EVGEN1SEL[2:0]

I N AT N I

DIR[7:0
DIRSET[7:0]
DIRCLR[7:0]
DIRTGL[7:0]

ouT[7:0]
OUTSET[7:0]
OUTCLR[7:0]
OUTTGL[7:0]
IN[7:0]
INT[7:0]

PULLUPEN
PULLUPEN
PULLUPEN
PULLUPEN
PULLUPEN
PULLUPEN
PULLUPEN
PULLUPEN

1SC[2:0]
1SC[2:0]
1SC[2:0]
1SC[2:0]
1SC[2:0]
1SC[2:0]
1SC[2:0]
1SC[2:0]

EVGENOSEL[2:0]
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17.5.1 Data Direction

Name: DIR
Offset: 0x00

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| DIR[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - DIR[7:0] Data Direction
This bit field controls the output driver for each PORTx pin.
This bit field does not control the digital input buffer. The digital input buffer for pin n (Pxn) can
be configured in the Input/Sense Configuration (ISC) bit field in the Pin n Control (PORTx.PINNCTRL)

register.

The table below shows the available configuration for each bit n in this bit field.
0 Pxn is configured as an input-only pin, and the output driver is disabled
1 Pxn is configured as an output pin, and the output driver is enabled
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17.5.2 Data Direction Set

Name: DIRSET
Offset: 0x01

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| DIRSET[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - DIRSET[7:0] Data Direction Set
This bit field controls the output driver for each PORTx pin without using a read-modify-write
operation.
Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1’ to bit n in this bit field will set the corresponding bit in PORTx.DIR, which will configure
pin n (Pxn) as an output pin and enable the output driver.
Reading this bit field will return the value of PORTx.DIR.
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17.5.3 Data Direction Clear

Name: DIRCLR
Offset: 0x02

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| DIRCLR[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - DIRCLR[7:0] Data Direction Clear
This bit field controls the output driver for each PORTx pin without using a read-modify-write
operation.
Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1’ to bit n in this bit field will clear the corresponding bit in PORTx.DIR, which will configure
pin n (Pxn) as an input-only pin and disable the output driver.
Reading this bit field will return the value of PORTx.DIR.
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17.5.4 Data Direction Toggle

Name: DIRTGL
Offset: 0x03

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| DIRTGL[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - DIRTGL[7:0] Data Direction Toggle

This bit field controls the output driver for each PORTx pin without using a read-modify-write
operation.

Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1’ to bit n in this bit field will toggle the corresponding bit in PORTx.DIR.
Reading this bit field will return the value of PORTx.DIR.
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17.5.5 Output Value

Name: ouT
Offset: 0x04

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| OUT[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - OUT[7:0] Output Value
This bit field controls the output driver level for each PORTX pin.

This configuration only affects the output when the output driver (PORTx.DIR) is enabled for the
corresponding pin.

The table below shows the available configuration for each bit n in this bit field.

Value Description
0 The pin n (Pxn) output is driven low
1 The Pxn output is driven high
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17.5.6 Output Value Set

Name: OUTSET
Offset: 0x05

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| OUTSET[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - OUTSET[7:0] Output Value Set
This bit field controls the output driver level for each PORTx pin without using a read-modify-write
operation.
Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1’ to bit n in this bit field will set the corresponding bit in PORTX.OUT, which will configure
the output for pin n (Pxn) to be driven high.
Reading this bit field will return the value of PORTx.OUT.
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17.5.7 Output Value Clear

Name: OUTCLR
Offset: 0x06

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| OUTCLR[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - OUTCLR[7:0] Output Value Clear
This bit field controls the output driver level for each PORTx pin without using a read-modify-write
operation.
Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1’ to bit n in this bit field will clear the corresponding bit in PORTx.OUT, which will configure
the output for pin n (Pxn) to be driven low.
Reading this bit field will return the value of PORTx.OUT.
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17.5.8 Output Value Toggle

Name: OUTTGL
Offset: 0x07
Reset: 0x00

Property: -
Bit 7 6 5 4 3 2 1 0
| OUTTGL[7:0] |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - OUTTGL[7:0] Output Value Toggle

This bit field controls the output driver level for each PORTx pin without using a read-modify-write
operation.

Writing a ‘0’ to bit n in this bit field has no effect.

Writing a ‘1" to bit n in this bit field will toggle the corresponding bit in PORTx.OUT.
Reading this bit field will return the value of PORTx.OUT.
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17.5.9 Input Value

Name: IN
Offset: 0x08
Reset: 0x00

Property: -
Bit 7 6 5 4 3 2 1 0
| IN[7:0] |
Access  RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - IN[7:0] Input Value
This bit field shows the state of the PORTx pins when the digital input buffer is enabled.
Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1’ to bit n in this bit field will toggle the corresponding bit in PORTx.OUT.
If the digital input buffer is disabled, the input is not sampled, and the bit value will not change. The
digital input buffer for pin n (Pxn) can be configured in the Input/Sense Configuration (ISC) bit field in
the Pin n Control (PORTX.PINNCTRL) register.
The table below shows the available states of each bit n in this bit field.

Value Description
0 The voltage level on Pxn is low
1 The voltage level on Pxn is high
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17.5.10 Interrupt Flags

Name: INTFLAGS
Offset: 0x09
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| INT[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - INT[7:0] Pin Interrupt Flag
Pin Interrupt Flag n is cleared by writing a ‘1’ to it.
Pin Interrupt Flag n is set when the change or state of pin n (Pxn) matches the pin's Input/Sense
Configuration (ISC) in PORTx.PINNCTRL.
Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1" to bit n in this bit field will clear Pin Interrupt Flag n.
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17.5.11 Pin n Control

Name: PINNCTRL
Offset: 0x10 + n*0x01 [n=0..7]

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
[ INVEN [ INLVL | | PULLUPEN | ISC[2:0] |
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 7 - INVEN Inverted I/0 Enable
This bit controls whether the input and output for pin n are inverted or not.

Value Description

Input and output values are not inverted
1 Input and output values are inverted

Bit 6 - INLVL Input Level Select
This bit controls the input voltage threshold for pin n, used for port input reads and interrupt

conditions.

Value Name Description
0 ST Schmitt Trigger derived from supply level
1 TTL TTL Levels

Bit 3 - PULLUPEN Pull-Up Enable
This bit controls whether the internal pull-up of pin n is enabled or not when the pin is configured as

input-only.

VEINS Description

0 Pull-up disabled
1 Pull-up enabled

Bits 2:0 - 1SC[2:0] Input/Sense Configuration
This bit field controls the input and sense configuration of pin n. The sense configuration determines
the pin conditions that will trigger a port interrupt.

Value Name Description
0x0 INTDISABLE Interrupt disabled but digital input buffer enabled
0x1 BOTHEDGES Interrupt enabled with sense on both edges
0x2 RISING Interrupt enabled with sense on rising edge
0x3 FALLING Interrupt enabled with sense on falling edge
0x4 INPUT_DISABLE Interrupt and digital input buffer disabled™
0x5 LEVEL Interrupt enabled with sense on low level®
other — Reserved
Notes
1. If the digital input buffer for pin n is disabled, bit n in the Input Value (PORTx.IN) register will not
be updated.

2. The LEVEL interrupt will keep triggering continuously as long as the pin stays low.
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17.5.12 Event Generator Control A

Name: EVGENCTRLA
Offset: 0x18

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
| EVGEN1SEL[2:0] | | EVGENOSEL[2:0] |
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 0:2, 4:6 - EVGENNSEL Event Generator n Select
This bit field controls which pin is connected to Event Generator n.

Value Name Description

0x0 PINO Pin 0 used as event generator
0x1 PIN1 Pin 1 used as event generator
0x2 PIN2 Pin 2 used as event generator
0x3 PIN3 Pin 3 used as event generator
0x4 PIN4 Pin 4 used as event generator
0x5 PINS Pin 5 used as event generator
0x6 PIN6 Pin 6 used as event generator
0x7 PIN7 Pin 7 used as event generator
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17.6 Register Summary - VPORTx

Comser | ameawpos | 7 16 |5 | 4 |5 o
7:0 [7:0]

0x00 DIR DIR[7:0:
0x01 ouTt 7:0 OUT[7:0]
0x02 IN 7:0 IN[7:0]
0x03 INTFLAGS 7:0 INT[7:0]

17.7 Register Description - VPORTx
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17.7.1 Data Direction

Name: DIR
Offset: 0x00
Reset: 0x00
Property: -

Access to the Virtual PORT registers has the same outcome as access to the ordinary registers
allowing for memory-specific instructions, such as bit manipulation instructions, which cannot be
used in the extended I/0 Register space where the regular PORT registers reside.

Bit 7 6 5 4 3 2 1 0
| DIR[7:0] |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - DIR[7:0] Data Direction
This bit field controls the output driver for each PORTx pin.
This bit field does not control the digital input buffer. The digital input buffer for pin n (Pxn) can
be configured in the Input/Sense Configuration (ISC) bit field in the Pin n Control (PORTx.PINNCTRL)
register.
The table below shows the available configuration for each bit n in this bit field.

0 Pxn is configured as an input-only pin, and the output driver is disabled
1 Pxn is configured as an output pin, and the output driver is enabled
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17.7.2 Output Value

Name: ouT
Offset: 0x01
Reset: 0x00
Property: -

Access to the Virtual PORT registers has the same outcome as access to the ordinary registers
allowing for memory-specific instructions, such as bit manipulation instructions, which cannot be
used in the extended I/0 Register space where the regular PORT registers reside.

Bit 7 6 5 4 3 2 1 0
| OUT[7:0] |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - OUT[7:0] Output Value
This bit field controls the output driver level for each PORTX pin.

This configuration only affects the output when the output driver (PORTx.DIR) is enabled for the
corresponding pin.

The table below shows the available configuration for each bit n in this bit field.

Value Description
0 The pin n (Pxn) output is driven low
1 The Pxn output is driven high
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17.7.3 Input Value

Name: IN
Offset: 0x02
Reset: 0x00
Property: -

Access to the Virtual PORT registers has the same outcome as access to the ordinary registers
allowing for memory-specific instructions, such as bit manipulation instructions, which cannot be
used in the extended I/0 Register space where the regular PORT registers reside.

Bit 7 6 5 4 3 2 1 0
| IN[7:0] |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - IN[7:0] Input Value
This bit field shows the state of the PORTx pins when the digital input buffer is enabled.
Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1’ to bit n in this bit field will toggle the corresponding bit in PORTx.OUT.
If the digital input buffer is disabled, the input is not sampled, and the bit value will not change. The
digital input buffer for pin n (Pxn) can be configured in the Input/Sense Configuration (ISC) bit field in
the Pin n Control (PORTX.PINNCTRL) register.
The table below shows the available states of each bit n in this bit field.

0 The voltage level on Pxn is low
1 The voltage level on Pxn is high
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17.7.4 Interrupt Flags

Name: INTFLAGS
Offset: 0x03
Reset: 0x00
Property: -

Access to the Virtual PORT registers has the same outcome as access to the ordinary registers
allowing for memory-specific instructions, such as bit manipulation instructions, which cannot be
used in the extended I/0 Register space where the regular PORT registers reside.

Bit 7 6 5 4 3 2 1 0
| INT[7:0] |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - INT[7:0] Pin Interrupt Flag
Pin Interrupt Flag n is cleared by writing a ‘1’ to it.
Pin Interrupt Flag n is set when the change or state of pin n (Pxn) matches the pin's Input/Sense
Configuration (ISC) in PORTx.PINNCTRL.
Writing a ‘0’ to bit n in this bit field has no effect.
Writing a ‘1" to bit n in this bit field will clear Pin Interrupt Flag n.
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18. BOD - Brown-out Detector

18.1 Features
+ Brown-out Detector Monitors the Power Supply to Avoid Operation Below a Programmable Level
+ Three Available Modes:
- Enabled mode (continuously active)
- Sampled mode
- Disabled
+ Separate Selection of Mode for Active and Sleep Modes
+ Voltage Level Monitor (VLM) with Interrupt
+ Programmable VLM Level Relative to the BOD Level

18.2 Overview

The Brown-out Detector (BOD) monitors the power supply and compares the supply voltage with the
programmable brown-out threshold level. The brown-out threshold level defines when to generate

a System Reset. The Voltage Level Monitor (VLM) monitors the power supply and compares it to

a threshold higher than the BOD threshold. The VLM can then generate an interrupt as an “early
warning” when the supply voltage is approaching the BOD threshold. The VLM threshold level is
expressed as a percentage above the BOD threshold level.

The BOD is controlled mainly by fuses and has to be enabled by the user. The mode used in Standby
sleep mode and Power-Down sleep mode can be altered in normal program execution. The VLM is
controlled by I/0 registers as well.

When activated, the BOD can operate in Enabled mode, where the BOD is continuously active, or
in Sampled mode, where the BOD is activated briefly at a given period to check the supply voltage
level.
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18.2.1 Block Diagram

Figure 18-1. BOD Block Diagram

VDD /
/
BOD
BOD
> Reset
BOD Threshold
VLM
VLM
P Interrupt
VLM Threshold

18.3 Functional Description

18.3.1 |Initialization
The BOD settings are loaded from fuses during Reset. The BOD level and operating mode in Active
mode and Idle sleep mode are set by fuses and cannot be changed by software. The operating mode
in Standby and Power-Down sleep mode is loaded from fuses and can be changed by software.

The Voltage Level Monitor function can be enabled by writing a ‘1’ to the VLM Interrupt Enable
(VLMIE) bit in the Interrupt Control (BOD.INTCTRL) register. The VLM interrupt is configured by
writing the VLM Configuration (VLMCFG) bits in BOD.INTCTRL. An interrupt is requested when the
supply voltage crosses the VLM threshold from either above or below.

The VLM functionality will follow the BOD mode. If the BOD is disabled, the VLM will not be enabled,
even if the VLMIE is ‘1". If the BOD is using the Sampled mode, the VLM will also be sampled. When
enabling the VLM interrupt, the interrupt flag will always be set if VLMCFG equals 0x2, and may be
set if VLMCFG is configured to 0x0 or 0x1.

The VLM threshold is defined by writing the VLM Level (VLMLVL) bits in the VLM Control
(BOD.VLMCTRLA) register.
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18.3.2 Interrupts

Table 18-1. Available Interrupt Vectors and Sources

VLM  Voltage