NRF5340

Product Specification
v1.2

N

NORDIC

SEMICONDUCTOR

4406_640v1.2 / 2021-09-30



NRF5340 features

Features:

1.7 V to 5.5 V supply voltage range
Single 32 MHz crystal operation

Package variants

e aQFN94 package, 7x7 mm

e WLCSP95 package, 4.4 x 4.0 mm

Application core

® ® ®
Arm Cortex -M33 with TrustZone technology

. 128 MHz or 64 MHz operation

e 514 EEMBC CoreMark score running from flash, 4.0 CoreMark per MHz
e  Single-precision floating-point unit (FPU)

e Digital signal processing (DSP) instructions

. Data watchpoint and trace (DWT), embedded trace macrocell (ETM),

instrumentation trace macrocell (ITM), and cross trigger interface (CTI)
e Serial wire debug (SWD)

e Trace port interface unit (TPIU)

®  4-bit parallel trace of ITM and ETM trace data
e Serial wire output (SWO) trace of ITM data
1 MB flash and 512 kB low leakage RAM

Arm TrustZone CryptoCell -312 security subsystem

. NIST 800-90B, AIS-31, and FIPS 140-2 compliant random number generator

e AES-128 and 256: ECB, CBC, CMAC/CBC-MAC, CTR, CCM/CCM*, GCM
e SHA-1, SHA-2 up to 256 bits

e  Keyed-hash message authentication code (HMAC)

*  RSA public key cryptography with max key size 3072 bits

e  ECC support for most used curves

e Application key management using derived key model

Two-way set associative cache towards flash and QSPI XIP code regions

QSPI peripheral for communicating with an external flash memory device

*  Execute in place with optional on-the-fly encryption and decryption
Near field communication (NFC-A) tag with wake-on field and touch-to-pair
Up to 5x SPI master/slave with EasyDMA

Up to 4x 1’c compatible two-wire master/slave with EasyDMA

Up to 4x UART (CTS/RTS) with EasyDMA

Audio peripherals - IZS, digital microphone interface (PDM)

Four pulse width modulator (PWM) units with EasyDMA

12-bit, 200 ksps ADC with EasyDMA - eight configurable channels with

programmable gain

Three 32-bit timers with counter mode

Two 24-bit real-time counters (RTC)

Two Quadrature decoders (QDEC)

Distributed programmable peripheral interconnect (DPPI)
Inter-processor communication (IPC)

Mutually exclusive peripheral (MUTEX)
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e 1.8Vto3.3Vregulated supply for external components
e  Operating temperature from -40°C to 105°C

e 48 general purpose I/O pins

Network core
e Arm Cortex-M33

. 64 MHz operation

e 244 EEMBC CoreMark score running from flash memory, 101

CoreMark per mA
e Cross trigger interface (CTI)
e  Serial wire debug (SWD)
. SWO trace port
e 256 kB flash and 64 kB low leakage RAM

®
e  Bluetooth 5.2, |EEE 802.15.4-2006, 2.4 GHz enabled transceiver

e  -98 dBm sensitivity in 1 Mbps Bluetooth Low Energy mode

e -104 dBm sensitivity in 125 kbps Bluetooth Low Energy mode
(long range)

e  -101 dBm sensitivity in IEEE 802.15.4
-40 dBm to +3 dBm configurable TX power

. On-air compatible with nRF52, nRF51, nRF24L, and nRF24AP

series devices

e  Supported data rates:

*  Bluetooth 5.2 - 2 Mbps, 1 Mbps, 500 kbps, and 125 kbps
. IEEE 802.15.4-2006 - 250 kbps
e  Proprietary 2.4 GHz - 2 Mbps, 1 Mbps
e Angle of Arrival (AoA) and Angle of Departure (AoD) direction
finding using Bluetooth Low Energy
e  Single-ended antenna output (on-chip balun)
e 128-bit AES/ECB/CCM/AAR co-processor (on-the-fly packet
encryption)
e 3.2mArun current in TX (0 dBm)
e 2.6 mArun current in RX
e  RSSI (1 dB resolution)
e SPI master/slave with EasyDMA
. I compatible two-wire master/slave with EasyDMA
e UART (CTS/RTS) with EasyDMA
e Three 32-bit timers with counter mode
e Two real-time counters (RTC)
e Temperature sensor
e Distributed programmable peripheral interconnect (DPPI)
* Inter-processor communication (IPC)

e Mutually exclusive peripheral (MUTEX)
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nRF5340 features

e Advanced computer peripherals and I/O devices e Internet of things (loT)
e Multi-touch trackpad e Smart home sensors and controllers
e Advanced wearables e Industrial loT sensors and controllers

e Health/fitness sensor and monitor devices * Interactive entertainment devices

e Wireless payment enabled devices e Remote controls

e Wireless audio devices *  Gaming controllers

. e Professional lighting
e  Bluetooth Low Energy Audio

e True wireless earbuds e Wireless connected luminaire

e Headphones, microphones, and speakers
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About this document

This document is organized into chapters that are based on the modules and peripherals available in the
IC.

2.1 Document status

The document status reflects the level of maturity of the document.

Document name Description

Objective Product Specification (OPS) Applies to document versions up to 1.0.

This document contains target specifications for
product development.

Product Specification (PS) Applies to document versions 1.0 and higher.

This document contains final product
specifications. Nordic Semiconductor ASA reserves
the right to make changes at any time without
notice in order to improve design and supply the
best possible product.

Table 1: Defined document names

2.2 Peripheral chapters

Every peripheral has a unique capitalized name or an abbreviation of its name, e.g. TIMER, used for
identification and reference. This name is used in chapter headings and references, and it will appear in
the Arm Cortex Microcontroller Software Interface Standard (CMSIS) hardware abstraction layer to identify
the peripheral.

The peripheral instance name, which is different from the peripheral name, is constructed using the
peripheral name followed by a numbered postfix, starting with 0, for example, TIMERO. A postfix is
normally only used if a peripheral can be instantiated more than once. The peripheral instance name is
also used in the CMSIS to identify the peripheral instance.

The chapters describing peripherals may include the following information:

¢ A detailed functional description of the peripheral
e Register configuration for the peripheral

¢ Electrical specification tables, containing performance data which apply for the operating conditions
described in Recommended operating conditions on page 819.

2.3 Register tables

Individual registers are described using register tables. These tables are built up of two sections. The first
three colored rows describe the position and size of the different fields in the register. The following rows
describe the fields in more detail.
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About this document

2.3.1 Fields and values

The Id (Field Id) row specifies the bits that belong to the different fields in the register. If a field has
enumerated values, then every value will be identified with a unique value id in the Value Id column.

A blank space means that the field is reserved and read as undefined, and it also must be written as 0

to secure forward compatibility. If a register is divided into more than one field, a unique field name is
specified for each field in the Field column. The Value Id may be omitted in the single-bit bit fields when
values can be substituted with a Boolean type enumerator range, e.g. true/false, disable(d)/enable(d), on/
off, and so on.

Values are usually provided as decimal or hexadecimal. Hexadecimal values have a 0x prefix, decimal
values have no prefix.

The Value column can be populated in the following ways:

¢ Individual enumerated values, for example 1, 3, 9.
¢ Range of values, e.g. [0..4], indicating all values from and including 0 and 4.

¢ Implicit values. If no values are indicated in the Value column, all bit combinations are supported, or
alternatively the field's translation and limitations are described in the text instead.

If two or more fields are closely related, the Value Id, Value, and Description may be omitted for all but
the first field. Subsequent fields will indicate inheritance with '..".

A feature marked Deprecated should not be used for new designs.

2.3.2 Permissions

Different fields in a register might have different access permissions enforced by hardware.

The access permission for each register field is documented in the Access column in the following ways:

Access Description Hardware behavior

RO Read-only Field can only be read. A write will be ignored.

\\Ye] Write-only Field can only be written. A read will return an undefined value.

RW Read-write Field can be read and written multiple times.

w1 Write-once Field can only be written once per reset. Any subsequent write will be ignored. A read will return an undefined value.
RW1 Read-write-once Field can be read multiple times, but only written once per reset. Any subsequent write will be ignored.

Table 2: Register field permission schemes

2.4 Registers

Register Offset Security Description

DUMMY 0x514 Example of a register controlling a dummy feature

Table 3: Register overview

2.4.1 DUMMY

Address offset: 0x514

Example of a register controlling a dummy feature
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About this document

R/W  Field Value ID Description
A RW  FIELD_A Example of a read-write field with several enumerated
values
Disabled 0 The example feature is disabled
NormalMode 1 The example feature is enabled in normal mode
ExtendedMode 2 The example feature is enabled along with extra

functionality
B RW  FIELD_B Example of a deprecated read-write field Deprecated
Disabled 0 The override feature is disabled
Enabled 1 The override feature is enabled
C RW  FIELD_C Example of a read-write field with a valid range of values
ValidRange [2..7] Example of allowed values for this field
D RW  FIELD_D Example of a read-write field with no restriction on the

values

4406_640v1.2 16 .
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3

Product overview

nNRF5340 is a wireless, ultra-low power multicore System on Chip (SoC), integrating two fully
programmable Arm Cortex-M33 processors, advanced security features, a range of peripherals, and
a multiprotocol 2.4 GHz transceiver. The transceiver supports Bluetooth Low Energy, ANTTM, and IEEE
802.15.4 for Thread and Zigbee protocols. It also allows the implementation of proprietary 2.4 GHz
protocols.

The two Arm Cortex-M33 processors share the power, clock, and peripheral architecture with Nordic
Semiconductor nRF51, nRF52, and nRF91 Series of SoCs, ensuring minimal porting efforts. The application
core is a full-featured Arm Cortex-M33 processor including DSP instructions and FPU, running at up to 128
MHz with 1 MB of flash and 512 kB of RAM. The option to run the application processor at 64 MHz allows
the CPU to increase energy efficiency. The network core is an Arm Cortex-M33 processor with a reduced
feature set, designed for ultra-low power operation. It runs at a fixed 64 MHz frequency and contains 256
kB of flash and 64 kB of RAM.

The peripheral set offers a variety of analog and digital functionality enabling single-chip implementation
of a wide range of applications. Arm TrustZone technology, Arm CryptoCell-312, and supporting blocks
for system protection and key management are embedded for the advanced security needed for loT
applications.

3.1 Block diagram

The block diagram illustrates the overall system. More detailed diagrams of the two cores, including pins
and EasyDMA connectivity, can be found in Block diagram on page 104 and Block diagram on page
135.
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2-way set
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CryptoCell
312
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Figure 1: Simplified block diagram

3.2 Memory

The nRF5340 SoC contains two processor cores, each with flash memory and RAM that can be used for
code and data storage.
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Core RAM Flash
Application core 512 kB, arranged as follows: 1024 kB in 4 kB pages

e 256 kB CPU single-cycle RAM
e 256 kB of additional RAM

Network core 64 kB total 256 kB in 2 kB pages

Table 4: nRF5340 memory configuration

All memory and registers are found in the same address space, as shown in Memory map on page 20.
This includes the two blocks of 256 kB RAM, which are accessible in the memory map as one contiguous
512 kB block of RAM. The first 256 kB block of RAM has single-cycle access time from the CPU, while up to
four CPU cycles additional latency occurs when accessing the additional 256 kB block of RAM.

The application core memory is mapped to the network core memory map. This means that the network
core CPU can access and use the application core memory for shared memory communication. The
application core can restrict network core access through the domain configuration (DCNF) PROTECT
registers, see DCNF — Domain configuration on page 200. Access to secure memory or peripherals as
defined by the SPU — System protection unit on page 588 is also prevented when the network core is
marked as non-secure in an application using TrustZone technology.

Note: The EasyDMA masters of the network core peripherals cannot access the application core
RAM. The network core processor cannot execute code directly from the application core flash or
access QSPI XIP memories.
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Legend: Application resource

Application core

OxEOOF FOOO0
OxEOOF EOOO

OxE004 3000
OxE004 2000
OxE004 1000
OxE004 0000

O0xEO00 EO0O
OxE000 2000
O0xEO00 1000
0xEOO0 0000

0x5000 0000

0x4100 0000

0x4000 0000

0x2100 0000

0x2000 0000

0x1000 0000

0x0100 0000

0x0000 0000

Memory map

Reserved

TPIU
SCS

ITM

[ Reserved |
L TPIU______ |
[ sG]
L TM

Peripherals
(secure)

Peripherals

(non-secure)

Network core
Memory map

M33 ROM table M33 ROM table
Core ROM table Core ROM table

Peripherals
(secure)

Peripherals

Peripherals
(non-secure)

RAM

3.2.1 RAM — Random access memory

RAM can be read and written an unlimited number of times.

Arm memory model

Private peripheral

bus

~~~~~~~~~~~~~

Each RAM AHB slave within a core is connected to one or more RAM sections that has separate power
control for System ON and System OFF mode operation. For details, see VMC — Volatile memory
controller on page 738.
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3.2.2 Flash — Non-volatile memory

Flash memory can be read an unlimited number of times by the CPU, but is restricted in the number of
times it can be written to or erased. Flash memory is also restricted in how it can be written.

Writing to flash memory is managed by the non-volatile memory controller (NVMC), see NVMC — Non-
volatile memory controller on page 333.

Flash memory is divided in pages, as listed in nRF5340 memory configuration on page 19.

3.2.3 XIP — Execute in place

Execute in Place (XIP) allows the application core to execute program code directly from the external flash
memory device using the Quad serial peripheral interface (QSPI). The external flash memory supports on-
the-fly encryption and decryption.

For details, see QSP| — Quad serial peripheral interface on page 396.

3.2.4 Access latency

When accessing memories or peripherals across bus bridges, additional access latency will occur. An
example of this is when the network core accesses the application core memory or peripherals.
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4 Power and clock management

The power and clock management system in nRF5340 is optimized for ultra-low power applications to
ensure maximum power efficiency.

The core of the power and clock management system is the power management unit (PMU) shown in the
following figure.

SoC
VDDH
_>[ |_>
External Internal P _
power sources VDD voltage < =
regulators .
—» — -—» Application core
PMU
32 MHz crystal
Internal | o > - Network core
oscillators
Optional
32 kHz crystal

Figure 3: Power management unit

The PMU automatically tracks the power and clock resources required by the different components in
the system at any given time. To achieve the lowest power consumption possible, the PMU optimizes the
system by evaluating power and clock requests, automatically starting and stopping clock sources, and
choosing regulator operation modes.

The nRF5340 start-up sequence after reset is described in RESET — Reset control on page 64.

4.1 System ON mode

System ON is the default operation mode after power-on reset.

In System ON, all functional blocks, such as the CPU and peripherals, can be in an idle or run state
depending on the configuration set by the software and the state of the executing application. The
network core's CPU and peripherals can be in an idle state, run state, or Force-OFF mode (see Force-OFF
mode on page 24).

The PMU can switch the appropriate internal power sources on and off, depending on how much power is
needed. The power requirement of a peripheral is directly related to its activity level, which increases and
decreases when specific tasks are triggered or events are generated.

Voltage and frequency scaling

nRF5340 automatically adjusts the internal voltages to optimize power efficiency, which is a trade off
between performance and power consumption.

Some configuration options request a higher internal voltage, which is seen as an increase in power
consumption. These configurations are the following:

e Setting the frequency of the application core's clock to 128 MHz, see Application core frequency scaling
on page 75. Increased power consumption in this mode is also observed when the CPU is sleeping,
such as after executing the WFI (wait for interrupt) or WFE (wait for event) instructions.
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Power consumption during System ON idle sleep is reduced by configuring the application core's clock
to 64 MHz before entering CPU sleep.

¢ Using QSPI with 96 MHz clock frequency

e Using the USB peripheral

¢ When debugging

¢ Requesting additional voltage on the VREGRADIO supply using VREQCTRL — Voltage request control on
page 62

4.1.1 Power submodes

In System ON mode, when the CPU and all peripherals are IDLE, the system can reside in one of two power
submodes.

The power submodes are:

¢ Constant latency
e Low-power

In Constant latency, the CPU wakeup latency and the PPI task response will be constant and kept at a
minimum. This is secured by a set of resources that are always enabled. Compared to Low-power, the
advantage of having a constant and predictable latency comes at a cost of increased power consumption.
Constant latency is selected by triggering the CONSTLAT task.

In Low-power, the most power efficient supply option is chosen by the automatic power management
system. Achieving the lowest power possible is at the expense of variations in CPU wakeup latency and PPI
task response. Low-power is selected by triggering the LOWPWR task.

When the system enters System ON, it is by default in the Low-power submode.

4.2 System OFF mode

System OFF is the deepest power-saving mode the system can enter. In this mode, the system's core
functionality is powered down and all ongoing tasks are terminated.

The device can be put into System OFF mode using the register SYSTEMOFF on page 53 . The following
initiate a wakeup from System OFF:

e The DETECT signal, generated by the GPIO peripheral

¢ The ANADETECT signal, generated by the LPCOMP peripheral

¢ The SENSE signal, generated by the NFCT peripheral to wake-on-field
¢ Avalid USB voltage on the VBUS pin is detected

¢ A debug session is started

e A pinreset

When the device wakes up from System OFF, a system reset is performed. For more details, see
Application core reset behavior on page 66.

One or more RAM sections can be retained in System OFF depending on the RAM retention settings in the
peripheral VMC — Volatile memory controller on page 738.

Before entering System OFF, all on-going EasyDMA transactions should be completed. This is accomplished
by making sure that the EasyDMA enabled peripheral is not active when entering System OFF. It is also
recommended that the network core is in an idle state (i.e. peripherals are stopped and CPU is idle).

4.2.1 Emulated System OFF mode

When the device is in Debug Interface mode, System OFF is emulated to ensure that all resources required
for debugging are available during System OFF.
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Resources required for debugging include the following key components:

¢ Debug Interface mode on page 754

e CLOCK — Clock control on page 72

e POWER — Power control on page 45

e OSCILLATORS — Oscillator control on page 97

e REGULATORS — Regulator control on page 50

e RESET — Reset control on page 64

e NVMC — Non-volatile memory controller on page 333

e CPU
¢ Flash memory
e RAM

Because the CPU is kept on in an emulated System OFF mode, it is recommended to add an infinite loop
directly after entering System OFF. This prevents the CPU from executing code that normally should not be
executed. For more information, see Debug and trace on page 749.

4.3 Force-OFF mode

Force-OFF is only applicable for the network core.

The register interface RESET — Reset control on page 64 is used by the application core to force the
network core to Force-OFF mode. In this mode, the network core is stopped in order to achieve the lowest
power consumption possible. When the network core is in Force-OFF mode, only the application core can
release the mode, causing the network core to wake up and start the CPU again.

Before the application core sets the network core to Force-OFF mode, it is recommended that the network
core is in an idle state, as defined by the following:

e All peripherals are stopped.

¢ Any additional voltage on the VREGRADIO supply is canceled using VREQCTRL — Voltage request
control on page 62.

e The CPU is an idle state, meaning it is running the WFI or WFE instruction.

When the network core wakes up from Force-OFF mode, it is reset. For more details, see Network core
reset behavior on page 67.

Several RAM sections can be retained in Force-OFF mode depending on the RAM retention settings in the
peripheral VMC — Volatile memory controller on page 738.

4.3.1 Emulated Force-OFF mode

If the device is in Debug Interface mode, Force-OFF mode will be emulated to secure the required
resources needed for debugging.

When Force-OFF mode is emulated, the CPU and all peripherals are reset. The CPU is prevented from
running during debug access to a core's resources, including writing to RAM, flash, and/or peripherals. See
Debug and trace on page 749 for more information.

4.4 Current consumption

Because the Power Management Unit (PMU) is constantly adjusting the different power and clock sources,
estimating an application's current consumption can be challenging when the measurements cannot be
performed directly on the hardware. To facilitate the estimation process, a set of current consumption
scenarios is provided to show the typical current drawn from the VDD or VDDH supply.
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Each scenario specifies a set of operations and conditions applying to the given scenario. All scenarios
are listed in Electrical specification on page 27. The following table shows a set of common conditions
used in all scenarios, unless otherwise stated in the description of a given scenario.
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and VREGH (when used)

Condition Value Note
Supply 3V on VDD/VDDH (normal voltage
mode)
Temperature 25°C
CPU WFI (wait for interrupt)/WFE (wait
for event) sleep
Peripherals Allidle
Clock HFCLK=HFINT running at 64 MHz
LFCLK=Not running
Regulator DC/DC on VREGMAIN, VREGRADIO,

Application core RAM 8 kB In System ON, RAM value refers to
the amount of RAM that is switched
on. The remainder of RAM is non
retained. In System OFF, RAM value
refers to amount of RAM that is
retained.

Network core RAM 0 kB

Cache enabled Yes Only applies when the CPU is
running from flash memory.

Network core forced off Yes

32 MHz crystal SMD 2016 Only applies when the high

39 MHz Trequer.my crystal'oscHIator (HFXO)
is running. HFXO is used when the
fio= £30 ppm radio is running.
C|_=8 pF
Rs<50 Q
DLS].OO puw
32 kHz crystal SMD 2012 Only applies when the low frequency
32,768 kHz crystal oscillator (LFXO) is running.
fio= 220 ppm
C|_=9 pF
Co=1.3 pF
R|_=70 kQ
D;<1.0 pW
Inductors SMD 1608
L=10puH
Tol =20%
lsat 2 90 MA

4406_640 v1.2
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Roc<1.20 ‘
Compiler version GCC version 7.3.1 20180622 (arm-none-eabi-gcc)
Compiler flags -mcpu=cortex-m33 -mthumb -mcmse -mfloat-abi=hard -

mfpu=fpv5-sp-dl6 -fno-delete-null-pointer-checks
-fmax-errors=1 -funroll-all-loops -ffunction-
sections -falign-functions=16 -fno-strict-aliasing
-03

Table 5: Current consumption scenarios, common conditions

4.4.1 Electrical specification

4.4.1.1 Sleep

lon_IpLEL System ON, 0 kB application RAM, wake on any event 1.3 uA

loN_IDLEL,LDO System ON, Ok application RAM, wake on any event, 3.3 UA

regulator = LDO

lon_ipLe2 System ON, wake on any event 1.3 uA

loN_IDLE2,LDO System ON, wake on any event, regulator = LDO 3.4 uA

lon_ipLE3 System ON, wake on any event, power-fail comparator 1.3 uA
enabled

lON_IDLE3, 128MHz System ON, wake on any event, power-fail comparator 785 UA

enabled, clock=HFINT128M

lon_iDLE4 System ON, wake on GPIOTE input (event mode, 48 UA
LATENCY=LowLatency)

lon_iDLE4_LP System ON, wake on GPIOTE input (event mode, 13 UuA

LATENCY=LowPower)
lon_iDLES System ON, wake on GPIOTE PORT event 1.3 UA

lon_IDLes System ON, 0 kB application RAM, wake on RTC (running 1.5 uA
from LFXO clock)

lon_ipLE7 System ON, wake on RTC (running from LFXO clock) 15 UA
lon_ipLEs System ON, 0 kB application RAM, wake on RTC (running 1.7 UuA

from LFXO clock), 5 V supply on VDDH, VREGH output = 3.3
\Y

lon_iDLE7 System ON, 0 kB network RAM, wake on network RTC 1.5 UA

(running from LFXO clock)
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Symbol

lon_IDLES

lon_IDLE9

lon_IDLE10

lon_IDLE10_VREQH

lorro

lorro,L00

lorr1

lorr2

loFr3

lofrs,LDo

lorra

4406_640 v1.2

Description
System ON, 64 kB network RAM, wake on network RTC
(running from LFXO clock)

System ON, 0 kB application RAM, wake on RTC (running
from LFRC clock)

Both cores in System ON, wake on any event.

VREQH=Disabled.

Both cores in System ON, wake on any event.

VREQH=Enabled.

System OFF, 0 kB application RAM, wake on reset

System OFF, 0 kB application RAM, wake on reset; regulator
=LDO

System OFF, 0 kB application RAM, wake on LPCOMP

System OFF, wake on reset

System OFF, 0 kB application RAM, wake on reset, 5V
supply on VDDH, VREGH output = 3.3V

System OFF, 0 kB application RAM, wake on reset, 5V
supply on VDDH, VREGH output = 3.3V, regulator = LDO

System OFF, 512 kB application RAM + 64 kB network RAM,

wake on reset

28

Min.

Typ.

a7/

21

13

14

1.0

1.4

0.9

0.9

11

1.4

2.4

Units

uA

uA

uA

uA

uA

uA

uA

uA

uA

uA

uA
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Figure 4: System OFF, 0 kB application RAM, wake on reset (typical values)
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Figure 5: System ON, wake on any event, power-fail comparator enabled (typical values)

4.4.1.2 Application CPU running

The application CPU running parameters are obtained using the following compiler version:

Compiler: Arm version 6.14 (armclang)

4406_640 v1.2 29 >
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Compiler flags:

-std=c99 --target=arm-arm-none-eabi -mcpu=cortex-m33 -mfpu=fpv5-sp-dl6 -mfloat-abi=hard -

fno-rtti -flto -funsigned-char -mcmse -Omax -ffunction-sections
Linker flags:

—Omax

20 kB of RAM in application core switched on and retained in execute-from-flash cases, and 44 kB in
execute-from-RAM cases.

Symbol Description Min. Typ. Max. Units
lapPCPUO CPU running CoreMark from flash, regulator = LDO, clock = 15.5 mA
HFINT128M
IapPCPU2 CPU running CoreMark from flash, clock = HFX0128M 8.0 mA
IappcPU3 CPU running CoreMark from flash, clock = HFXO64M 3.6 mA
lappcPU4 CPU running CoreMark from flash, clock = HFINT128M 7.8 mA
lapPCPUS CPU running CoreMark from flash 3.3 mA
IappcPUS CPU running CoreMark from RAM, clock = HFINT128M 7.9 mA
IapPCPUY CPU running CoreMark from RAM 3.4 mA
lapPCPUL0 CPU running CoreMark from RAM, clock = HFX0128M 8.2 mA
IappcPULL CPU running CoreMark from RAM, clock = HFXO64M 3.6 mA

4.4.1.3 Network CPU running
The network CPU running parameters are obtained using the following compiler version:

Compiler: Arm version 6.14 (armclang)

Compiler flags: -std=c99 --target=arm-arm-none-eabi -mcpu=cortex-m33+nodsp -mfpu=none -

mfloat-abi=soft -fno-rtti -flto -funsigned-char -Omax -ffunction-sections

Linker flags:

—Omax
20 kB of RAM in network core switched on and retained in execute-from-flash cases, and 40 kB in execute-
from-RAM cases.

Clock and regulator settings only apply to network core. The settings in the application core are the same
as the common conditions.
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INETCPUO CPU running CoreMark from flash, regulator = LDO 5.1 mA
INETCPUL CPU running CoreMark from flash 2.4 mA
INETCPU2 CPU running CoreMark from flash, clock = HFXO64M 2.6 mA
INETCPU3 CPU running CoreMark from RAM, regulator = LDO 4.3 mA
INETCPUS CPU running CoreMark from RAM 2.0 mA
INETCPUS CPU running CoreMark from RAM, clock = HFXO64M 2.2 mA

4.4.1.4 COMP active

Icomprp COMP enabled, Low-power mode 60 uA
lcomp,NORM COMP enabled, normal mode 62 uA
lcompHs COMP enabled, High-speed mode 68 UA

4.4.1.5 12S active

li2s0 12S transferring data @ 2 x 16 bit x 16 kHz 2000 UA
(CONFIG.MCKFREQ = 32MDIV63, CONFIG.RATIO = 32X),
clock = HFXO64M

li2s1 12S transferring data @ 2 x 16 bit x 16 kHz 2170 UuA
(CONFIG.MCKFREQ = 510000, CONFIG.RATIO = 32X), clock =
HFXO ACLK @ 12.288 MHz

li2s2 12S transferring data @ 2 x 16 bit x 48 kHz 2310 UA
(CONFIG.MCKFREQ = 505286656, CONFIG.RATIO = 32X),
clock = HFXO ACLK @ 12.288 MHz

4.4.1.6 LPCOMP active

ILpcompen LPCOMP enabled 45 A

NORDIC

SEMICONDUCTOR

4406_640v1.2 31



Power and clock management

4.4.1.7 NFCT active

IsEnSE System ON, current in SENSE STATE (this current does not 1.3 uA

apply when in NFC field)

|ACTIVATED System ON, current in ACTIVATED STATE, clock = HFXO64M 1080 uA

4.4.1.8 PDM active

IpoM,RUN PDM receiving and processing data @ 1 MHz (RATIO = 655 uA
64, PDMCLKCTRL = 135274496), stereo mode, clock =
HFX064M

IpPDM,RUN, ACLK PDM receiving and processing data @ 1 MHz (RATIO = 64, 1045 uA

PDMCLKCTRL = 343597056), stereo mode, HFXO ACLK =
12.288 MHz

4.4.1.9 PWM active

lpwm,RUNO PWM running at 125 kHz, top = 10, duty = 50% 560 uA

Ipwim,RUNT PWM running at 16 MHz, top = 10, duty = 50% 50 "

IpwMm,RUN1,LDO PWM running at 16 MHz, top = 10, duty = 50%; regulator = 1035 A
LDO

Ipwm,RUN2 PWM running at 125 kHz, top = 10, duty = 50%, clock = 750 uA
HFX064M

Ipwim,RUN3 PWM running at 16 MHz, top = 10, duty = 50%, clock = 755 A
HFX064M

4.4.1.10 QDEC active

lapec,RUN QDEC running 480 UA

32 .
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4.4.1.11 QSPI active

Symbol

laspl,IpLE

laspi,AcTIVE

laspi,pATA

Description

QSPI idle (enabled, but not activated)

QSPI active (activated, but not transferring data)

QSPI transferring data (activated, and transferring data to/

from external flash memory), SCKFREQ = 96 MHz, quad
mode, clock = HFX0192M

4.4.1.12 RADIO transmitting/receiving

64 kB of network core RAM switched on and retained.

Min. Typ.
45

1790

4430

Units

UuA

uA

uA

Clock and regulator settings only apply to network core. The settings in the application core are the same
as the common conditions.

Symbol

IrADIO_TXO

IrRADIO_TX1

IrADIO_TX2

IrADIO_TX3

IrADIO_TxX4

IrADIO_TXS

IraADIO_TX6

IraDIO_TX7

IraADIO_TX8

IrADIO_RX0

4406_640 v1.2

Description
Radio transmitting @ +3 dBm output power, 1 Mbps

Bluetooth low energy (BLE) mode, clock = HFXO64M

Radio transmitting @ 0 dBm output power, 1 Mbps
Bluetooth low energy (BLE) mode, clock = HFXO64M

Radio transmitting @ -40 dBm output power, 1 Mbps
Bluetooth low energy (BLE) mode, clock = HFXO64M

Radio transmitting @ 0 dBm output power, 1 Mbps
Bluetooth low energy (BLE) mode, clock = HFXO64M;

regulator = LDO

Radio transmitting @ -40 dBm output power, 1 Mbps
Bluetooth low energy (BLE) mode, clock = HFXO64M;

regulator = LDO

Radio transmitting @ 0 dBm output power, 2 Mbps
Bluetooth low energy (BLE) mode, clock = HFXO64M

Radio transmitting @ 0 dBm output power, 500 kbps
Bluetooth low energy (BLE) long-range (LR) mode, clock =
HFX064M

Radio transmitting @ 0 dBm output power, 125 kbps
Bluetooth low energy (BLE) long-range (LR) mode, clock =

HFX064M

Radio transmitting @ 0 dBm output power, 250 kbps IEEE
802.15.4-2006 mode, clock = HFXO64M

Radio receiving @ 1 Mbps Bluetooth low energy (BLE)

mode, clock = HFXO64M

33

Min. Typ.
5.3

4.1

2.6

9.7

5.0

4.2

4.1

4.1

4.1

3.7

Units

mA
mA
mA

mA
mA

mA

mA
mA

mA
mA
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IrRADIO_RX1

IrRADIO_RX2

IrRADIO_RX3

IRADIO_RX4

IRADIO_RXS

Current consumption [mA]

Radio receiving @ 1 Mbps Bluetooth low energy (BLE)
mode, clock = HFXO64M; regulator = LDO

Radio receiving @ 2 Mbps Bluetooth low energy (BLE)
mode, clock = HFX064M

Radio receiving @ 500 kbps Bluetooth low energy (BLE)
long-range (LR) mode, clock = HFXO64M

Radio receiving @ 125 kbps Bluetooth low energy (BLE)
long-range (LR) mode, clock = HFXO64M

Radio receiving @ 250 kbps IEEE 802.15.4-2006 mode, clock
= HFX064M

8.0

4.1

3.6

3.6

3.9

93 ! ! ! !

1.6 1.8 2 22 24

Supply voltage [V]

-40°C

25°C

mA

mA

mA

mA

mA

Figure 6: Radio transmitting at 3 dBm output power, 1 Mbps Bluetooth LE mode (typical values)
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Current consumption [mA]

1.6 1.8 2 22 24 2.6 2.8 3 3.2 34 3.6
Supply voltage [V]

-40°C

25°C

105°C

Figure 7: Radio transmitting at 0 dBm output power, 1 Mbps Bluetooth LE mode (typical values)

4.4.1.13 RNG active

IrRnGO RNG running, 64 kB network RAM 270 uA

4.4.1.14 SAADC active

IsAADC,RUN SAADC sampling @ 16 ksps, acquisition time = 20 us, clock 980 UA
= HFX064M
IsaaDCTASK SAADC sampling @ 1 kHz from RTC in task mode, 770 UA

LPOP=LowLlat, acquisition time = 20 us, clock = HFINT64M
and LFXO

IsaADCTASK,LPOP SAADC sampling @ 1 kHz from RTC in task 160 UA

mode,LPOP=LowPower , acquisition time = 20 us, clock =

HFINT64M and LFXO

4.4.1.15 TEMP active

Itempo TEMP started, 64 kB network RAM 615 uA

4406_640v1.2 35 .
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4.4.1.16 TIMER running

ITimero

ITimer1

ITimer2

Iimer2,L0o

ITiMeR3

ITIMER3,LDO

ITimeRa

INETTIMERO

INETTIMERL

INETTIMER2

INETTIMER3

One TIMER running @ 1 MHz

One TIMER running @ 1 MHz, clock = HFXO64M

One TIMER running @ 16 MHz

One TIMER running @ 16 MHz; regulator = LDO

One TIMER running @ 16 MHz, clock = HFXO64M

One TIMER running @ 16 MHz, clock = HFXO64M,; regulator
LDO

One TIMER running @ 16 MHz, clock = HFINT128M

One network TIMER running @ 1 MHz

One network TIMER running @ 1 MHz, clock = HFX064M

One network TIMER running @ 16 MHz

One network TIMER running @ 16 MHz, clock = HFXO64M

4.4.1.17 SPIM active

Ispivo

SPIM transferring data @ 2 Mbps

Ispim1 SPIM transferring data @ 2 Mbps, clock = HFXO64M
Ispiv2 SPIM transferring data @ 8 Mbps

Ispiv3 SPIM transferring data @ 8 Mbps, clock = HFXO64M
Ispiva SPIM transferring data @ 32 Mbps

Ispivs SPIM transferring data @ 32 Mbps, clock = HFXO64M
4.4.1.18 SPIS active

475 uA
670 UuA
560 uA
1040 uA
750 uA
1280 uA
750 uA
170 UuA
400 uA
220 uA
445 UuA

935 UuA
1145 uA
1705 uA
1930 UuA
2115 uA
2345 uA

Ispiso

Ispis1

Ispis2

4406_640 v1.2

SPIS configured and idle (enabled, no CSN activity)

SPIS transferring data @ 2 Mbps

SPIS transferring data @ 2 Mbps, clock = HFXO64M
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4.4.1.19 TWIM active

lrwimo TWIM transferring data @ 100 kbps 965 uA
lrwimi TWIM transferring data @ 100 kbps, clock = HFXO64M 1170 uA
lrwimz TWIM transferring data @ 400 kbps 1000 UA
lrwivs TWIM transferring data @ 400 kbps, clock = HFXO64M 1205 uA
lrwiva TWIM transferring data @ 1000 kbps 2050 UA
lrwims TWIM transferring data @ 1000 kbps, clock = HFXO64M 2295 UuA

4.4.1.20 TWIS active

Irwis, iDLE TWIS configured and enabled (IDLE state) 45 uA
lrwiso TWIS transferring data @ 100 kbps 945 uA
lrwisy TWIS transferring data @ 400 kbps 985 uA
lrwis2 TWIS transferring data @ 100 kbps, clock = HFXO64M 1150 UuA
lrwis3 TWIS transferring data @ 400 kbps, clock = HFX064M 1185 uA

4.4.1.21 UARTE active

IUARTE,IDLEO UARTE RX idle (started, waiting for data, no data transfer) 645 uA

|UARTE,IDLEL UARTE RX idle (started, waiting for data, no data transfer), 840 UuA
clock = HFXO64M

luaRTED UARTE transferring data @ 1200 bps, clock = HFXO64M 885 UA
lUARTEL UARTE transferring data @ 115200 bps, clock = HFXO64M 890 uA
lUARTE2 UARTE receiving data @ 115200 bps, clock = HFXO64M 890 uA
luARTE3 UARTE transmitting and receiving data @ 115200 bps, clock 895 UA
= HFX064M
4406_640 v1.2 37 .

NORDIC

SEMICONDUCTOR



Power and clock management

4.4.1.22 WDT active

Symbol Description Min. Typ. Max. Units
lwoT,APP Application MCU WDT started 2.0 uA
lwoT,APPLDO Application MCU WDT started; regulator = LDO 4.9 UA
lwoT,NET Network MCU WDT started, 64 kB network RAM 3.2 UuA

4.4.1.23 Compounded

These are scenarios where both cores are active. 20 kB of RAM in the application core and 64 kB of RAM in
the network core are switched on and retained.

In scenarios where both cores are active, the clock and regulator settings apply to both.

Symbol Description Min. Typ. Max. Units
Iso Application CPU running CoreMark from flash, radio 7.3 mA
transmitting @ 0 dBm output power, 1 Mbps Bluetooth Low

Energy mode; clock = HFXO64M

Isy Application CPU running CoreMark from flash, radio 6.9 mA
receiving @ 1 Mbps Bluetooth Low Energy mode; clock =
HFX064M

Isy Application CPU running CoreMark from flash, radio 16.9 mA
transmitting @ 0 dBm output power, 1 Mbps Bluetooth Low

Energy mode; clock = HFXO64M, regulator = LDO

ls3 Application CPU running CoreMark from flash, radio 15.6 mA
receiving @ 1 Mbps Bluetooth Low Energy mode; clock =
HFXO64M; regulator = LDO

Isq Application CPU running CoreMark from flash, radio 6.7 mA
transmitting @ 0 dBm output power, 1 Mbps Bluetooth
Low Energy mode; clock = HFXO64M, 5 V supply on VDDH,
VREGH output =3.3V

Iss Application CPU running CoreMark from flash, radio 6.4 mA
receiving @ 1 Mbps Bluetooth Low Energy mode; clock =
HFX064M, 5 V supply on VDDH, VREGH output =3.3 V

Isg Network CPU running CoreMark from flash, radio 5.9 mA
transmitting @ 0 dBm output power, 1 Mbps Bluetooth Low

Energy mode, clock = HFXO64M

ls7 Network CPU running CoreMark from flash, radio receiving 5.4 mA

@ 1 Mbps Bluetooth Low Energy mode, clock = HFXO64M

Isg Application + Network CPU running CoreMark from 9.1 mA
flash, radio transmitting @ 0 dBm output power, 1 Mbps
Bluetooth Low Energy mode; clock = HFXO64M
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Symbol

Is10

Is11

Is12

Is13

Is1a

Is1s

4406_640 v1.2

Description

Application + Network CPU running CoreMark from flash,
radio receiving @ 1 Mbps Bluetooth Low Energy mode;
clock = HFXO64M

Application + Network CPU running CoreMark from flash,
radio transmitting @ +3 dBm output power, 1 Mbps

Bluetooth Low Energy mode; clock = HFXO64M

Application + Network CPU running CoreMark from flash,
radio transmitting @ +3 dBm output power, 1 Mbps
Bluetooth Low Energy mode; clock = HFXO64M; regulator =
LDO

Application + Network CPU running CoreMark from

flash, radio transmitting @ 0 dBm output power, 1 Mbps
Bluetooth Low Energy mode; clock = HFXO64M; regulator =
LDO

Application + Network CPU running CoreMark from flash,
radio receiving @ 1 Mbps Bluetooth Low Energy mode;

clock = HFXO64M; regulator = LDO

Network CPU running CoreMark from flash, radio
transmitting @ 0 dBm output power, 1 Mbps Bluetooth Low
Energy mode, clock = HFXO64M; regulator = LDO

Network CPU running CoreMark from flash, radio receiving

@ 1 Mbps Bluetooth Low Energy mode, clock = HFXO64M;

regulator = LDO

39

Min.

Typ.
8.6

9.1

20.2

21.5

12.6

14.0

Units

mA

mA

mA

mA

mA

mA

mA
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4.4.1.24 USBD active

Symbol Description Min. Typ. Max. Units
lusB,ACTIVE,VBUS Current from VBUS supply, USB active 1.2 mA
lUsB,SUSPENDVBUS Current from VBUS supply, USB suspended, CPU sleeping 180 UA
lusB,ACTIVEVDD Current from VDD supply (normal voltage mode), all RAM 3.0 mA

retained, CPU running, USB active

lusg,sUSPEND,VDD Current from VDD supply (normal voltage mode), all RAM 815 uA

retained, CPU sleeping, USB suspended

lyss,suspenpvop,LD0  Current from VDD supply (normal voltage mode), all RAM 135 uA

retained, CPU sleeping, USB suspended, regulator = LDO

lusB,ACTIVE,VDDH Current from VDDH supply (high voltage mode), VDD=3 V 3.2 mA
(VREGH output), all RAM retained, CPU running, USB active

lusB,SUSPEND,VDDH Current from VDDH supply (high voltage mode), VDD=3 2340 UA
V (VREGH output), all RAM retained, CPU sleeping, USB

suspended

luse,suspenpyopH,Loo Current from VDDH supply (high voltage mode), VDD=3 125 UA
V (VREGH output), all RAM retained, CPU sleeping, USB

suspended, regulator = LDO

lusB, DISABLEDVDD Current from VDD supply, USB disabled, VBUS supply 3 UuA

connected, all RAM retained, CPU sleeping

4.5 Power supply modes and regulators

nRF5340 supports two power supply voltage ranges, each with a dedicated power supply pin. The PMU
automatically activates the correct voltage regulator depending on which power supply pin is used.

The nRF5340 PMU controls three different regulators to support the following power supply modes:

¢ Normal voltage mode on page 41 - Powers the device through the VDD pin
¢ High voltage mode on page 42 - Powers the device through the VDDH pin

In addition, the nRF5340 has a dedicated regulator used only for USB, controlled and operated separately
using USBREG — USB regulator control on page 57.

The following figure shows the regulators and how they are connected to the supply pins.
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. GPIOs )
O--—-0o0!

i '

voD [

L

Internal
power
Radio voltage regulator supply

(VREGRADIO) > Network core

\ 4

High voltage regulator
VDDH [ —|
L (VREGH) Internal

power

Main voltage regulator supply
(VREGMAIN)

A

Internal Application core
power

USB regulator supply
vaus [ }— (USBREG)

\i

Figure 8: Regulators used in nRF5340

4.5.1 Normal voltage mode

When the device operates in normal voltage mode, only the main voltage regulator (VREGMAIN) and the
radio voltage regulator (VREGRADIO) are used.

GPIOs

Jp——
VDD
External power source . I} Internal
power
Radio voltage regulator supply
(VREGRADIO) Network core
L
o Internal
VDOH power
f suppl
»| Main voltage regulator pply
(VREGMAIN)
Internal Application core
power
USB regulator supply
veus [ —» (USBREG)

Figure 9: Regulator usage in normal voltage mode

The VDD and VDDH pins are connected together. The external power supply is connected to the both pins.
In this case, the VREGH regulator is automatically deactivated.

In normal voltage mode, each regulator can operate in LDO or DC/DC mode. See Normal voltage mode on
page 50 for details about configuration of the regulators in this mode.
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4.5.2 High voltage mode

When the device operates in high voltage mode, the high voltage regulator (VREGH), the main voltage
regulator (VREGMAIN), and the radio voltage regulator (VREGRADIO) are used.

GPIOs

O-———00

f

vDD[

L_f
A

External power source ———— —®| High voltage regulator

VDDH (VREGH)

USB regulator
veus [ 1— (USBREG)

Radio voltage regulator
(VREGRADIO)

Internal
power
supply

Main voltage regulator
(VREGMAIN)

Internal
power
supply

Network core

Internal
power

supply

Application core

Figure 10: Regulator usage in high voltage mode

The external power supply is connected to the VDDH pin. The VREGMAIN and VREGRADIO regulators
power the internal circuitry from the VDD pin. The VREGH regulator supplies the VDD pin.

By default, the high voltage regulator is configured to source external components from the VDD pin. To
save power this feature must be disabled. For details, see High voltage mode on page 51.

In high voltage mode, each of the three regulators can operate in LDO or DC/DC mode. See High voltage

mode on page 51 for details about configuring the regulators in this mode.

4.5.3 Power supply supervisor

Several voltage monitoring devices, enabled through the power management unit (PMU), monitor the

connected power supply.

The following figure illustrates the main components for power supply supervision.
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Brownout detector

j Brownout reset
Vior (BOR)

Enable signal for
—————————— »>
VREGH
voD [ |

Power supply mode
detector

Power-on reset
>
VDDH [ | (POR)

Power-fail comparator (POF)

j POFWARN event
Vpof

POFCON

Figure 11: Power supply supervision in nRF5340

The power supply mode detector determines which supply pin is used when the device is powered up.
It selects the appropriate power supply mode, generates the enable signal that automatically enables
VREGH, and generates a power-on reset (POR) initializing the device. For an overview of the supply
modes, see Power supply modes and regulators on page 40.

The brownout detector monitors the VDD supply (input of the VREGMAIN regulator) to ensure safe
operation. It generates a brownout reset (BOR) when the voltage is too low, holding the device in reset
when the voltage is too low for safe operation. The brownout reset voltage is defined in parameters

Veor,orF and Vgor on-

4.5.3.1 Power-fail comparator
The power-fail comparator (POF) can provide the CPU with an early warning of an impending power
supply failure.

The POF can be used to signal the application when the supply voltage drops below a configured
threshold. The POF will not reset the system, but give the CPU time to prepare for an orderly power-down.
The following figure shows the main elements of the POF.
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POFCON.POF
POFCON.THRESHOLDVDDH (VDDH>VDD)
/
—4.2 V—> VDDH \
: j Application core
: MUX VPOFH
—2.8 V— »  POWER
27V POFWARN
]
:D——H Network core
—2.8 V| VDD
: »  POWER
VPOF j
' MUX {
—2.0 V|
—1.9 V—»
3
POFCON.THRESHOLD POFCON.POF

Figure 12: Power-fail comparator

Using the POF is optional, and must be enabled and configured through the register POFCON (Retained)
on page 54.

Depending on the supply mode (see Power supply modes and regulators on page 40), the thresholds
Vpor and Vpopy must be configured to a suitable level through the POFCON register. When the supply
voltage falls below the defined threshold, the POF generates the event POFWARN that is sent to the
POWER module within both the application and network cores. Software running on both cores uses this
signal to prepare for a power failure. This event is also generated when the supply voltage is below the
threshold at the time the power-fail comparator is enabled, or if the threshold is reconfigured to a level
above the supply voltage.

If the POF is enabled and the supply voltage is below the threshold, the POF prevents the NVMC from
performing write operations to the NVM.

To save power, the power-fail comparator is not active in System OFF or in System ON when HFCLK is not
running.

The POF features a hysteresis of Vpgrnyst, as illustrated in the following figure.
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Veor +Vpormys

Veor

VBOR,ON

\ 4
—+

POFWARN
POFWARN

i

Core

Figure 13: POF hysteresis and POFWARN event (BOR = brownout reset)

The POF hysteresis voltage is defined with the Vporqyst parameter in Electrical specification on page
55.

4.6 POWER — Power control

The POWER peripheral provides an interface for the power and clock subsystem for task, event, and
interrupt related settings.

Each core has its own POWER peripheral that is responsible for requesting resources from the power and
clock subsystem. The power and clock subsystem ensure that the power mode with the proper latency
settings is selected when requested by an instance of the POWER peripheral. This means that for the core,
the Constant latency mode is prioritized over Low-power mode. For an overview of power modes, see
Power submodes on page 23.

The POFWARN event is a system level event that enables each core to react quickly if there is a power
failure. The power-fail comparator must be configured and enabled in order to receive the event, see
Power-fail comparator on page 43 for more information.

Power control of the RAM blocks is controlled by the Volatile memory controller (VMC), see VMC —
Volatile memory controller on page 738.

Note: Registers INTEN on page 49, INTENSET on page 49, and INTENCLR on page 49 are
shared between the POWER and CLOCK peripherals.

4.6.1 Registers

Base address Domain Peripheral Instance Secure mapping DMA security Description Configuration
0x50005000 POWER: S
APPLICATION POWER us NA Power control
0x40005000 POWER : NS
0x41005000 NETWORK  POWER POWER NS NA Power control

Table 6: Instances

Register Offset Security Description

TASKS_CONSTLAT 0x78 Enable Constant Latency mode

TASKS_LOWPWR 0x7C Enable Low-Power mode (variable latency)
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SUBSCRIBE_CONSTLAT OxF8 Subscribe configuration for task CONSTLAT
SUBSCRIBE_LOWPWR OxFC Subscribe configuration for task LOWPWR
EVENTS_POFWARN 0x108 Power failure warning
EVENTS_SLEEPENTER 0x114 CPU entered WFI/WFE sleep
EVENTS_SLEEPEXIT 0x118 CPU exited WFI/WFE sleep
PUBLISH_POFWARN 0x188 Publish configuration for event POFWARN
PUBLISH_SLEEPENTER 0x194 Publish configuration for event SLEEPENTER
PUBLISH_SLEEPEXIT 0x198 Publish configuration for event SLEEPEXIT
INTEN 0x300 Enable or disable interrupt

INTENSET 0x304 Enable interrupt

INTENCLR 0x308 Disable interrupt

GPREGRET[n] 0x51C General purpose retention register Retained

Table 7: Register overview

4.6.1.1 TASKS CONSTLAT
Address offset: 0x78

Enable Constant Latency mode

ID R/W  Field Value ID Description
A w TASKS_CONSTLAT Enable Constant Latency mode
Trigger 1 Trigger task

4.6.1.2 TASKS LOWPWR
Address offset: 0x7C

Enable Low-Power mode (variable latency)

ID R/W  Field Value ID Description
A % TASKS_LOWPWR Enable Low-Power mode (variable latency)
Trigger 1 Trigger task

4.6.1.3 SUBSCRIBE_CONSTLAT
Address offset: OxF8
Subscribe configuration for task CONSTLAT
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ID R/W  Field Value ID Description

A RW  CHIDX [255..0] DPPI channel that task CONSTLAT will subscribe to
B RW  EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription

4.6.1.4 SUBSCRIBE_LOWPWR
Address offset: OxFC
Subscribe configuration for task LOWPWR

ID R/W  Field Value ID Value Description
A RW  CHIDX [255..0] DPPI channel that task LOWPWR will subscribe to
B RW EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription

4.6.1.5 EVENTS_POFWARN
Address offset: 0x108

Power failure warning

ID R/W  Field Value ID Description

A RW  EVENTS_POFWARN Power failure warning
NotGenerated 0 Event not generated
Generated 1 Event generated

4.6.1.6 EVENTS_SLEEPENTER
Address offset: 0x114

ID R/W  Field Value ID Description

A RW EVENTS_SLEEPENTER CPU entered WFI/WFE sleep
NotGenerated 0 Event not generated
Generated 1 Event generated

4.6.1.7 EVENTS_SLEEPEXIT

Address offset: 0x118
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CPU exited WFI/WFE sleep

ID R/W  Field Value ID Description

A RW EVENTS_SLEEPEXIT CPU exited WFI/WFE sleep
NotGenerated 0 Event not generated
Generated 1 Event generated

4.6.1.8 PUBLISH_POFWARN
Address offset: 0x188

Publish configuration for event POFWARN

ID R/W  Field Value ID Description
A RW  CHIDX [255..0] DPPI channel that event POFWARN will publish to.
B RW  EN

Disabled 0 Disable publishing

Enabled 1 Enable publishing

4.6.1.9 PUBLISH_SLEEPENTER
Address offset: 0x194

Publish configuration for event SLEEPENTER

ID R/W  Field Description
A RW  CHIDX [255..0] DPPI channel that event SLEEPENTER will publish to.
B RW EN

Disabled 0 Disable publishing

Enabled 1 Enable publishing

4.6.1.10 PUBLISH_SLEEPEXIT
Address offset: 0x198

Publish configuration for event SLEEPEXIT

ID R/W  Field Value ID Description
A RW  CHIDX [255..0] DPPI channel that event SLEEPEXIT will publish to.
B RW EN

Disabled 0 Disable publishing

Enabled 1 Enable publishing
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4.6.1.11 INTEN
Address offset: 0x300

Enable or disable interrupt

Value ID Description

A RW  POFWARN Enable or disable interrupt for event POFWARN
Disabled 0 Disable
Enabled 1 Enable

B RW  SLEEPENTER Enable or disable interrupt for event SLEEPENTER
Disabled 0 Disable
Enabled 1 Enable

C RW  SLEEPEXIT Enable or disable interrupt for event SLEEPEXIT
Disabled 0 Disable
Enabled 1 Enable

4.6.1.12 INTENSET
Address offset: 0x304

Enable interrupt

Value ID Description
A RW  POFWARN Write '1' to enable interrupt for event POFWARN
Set 1 Enable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled
B RW  SLEEPENTER Write '1' to enable interrupt for event SLEEPENTER
Set 1 Enable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled
C RW  SLEEPEXIT Write '1' to enable interrupt for event SLEEPEXIT
Set 1 Enable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled

4.6.1.13 INTENCLR
Address offset: 0x308

Disable interrupt

ID R/W  Field Value ID Description
A RW  POFWARN Write '1' to disable interrupt for event POFWARN
Clear 1 Disable
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ID R/W  Field Value ID Description
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled
B RW  SLEEPENTER Write '1' to disable interrupt for event SLEEPENTER
Clear 1 Disable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled
C RW  SLEEPEXIT Write '1' to disable interrupt for event SLEEPEXIT
Clear 1 Disable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled

4.6.1.14 GPREGRET[n] (n=0..1) (Retained)
Address offset: 0x51C + (n x 0x4)
This register is a retained register

General purpose retention register

ID R/W  Field Value ID Description

A RW GPREGRET General purpose retention register

This register is a retained register

4.7 REGULATORS — Regulator control

All system components are powered from the on-chip voltage regulators. These regulators are responsible
for converting the voltage supplied on the VDD or VDDH pins to adequate voltages to be used internally.

The available regulators can be configured in multiple ways to accommodate different input voltage
ranges. Some modes support sourcing power to external circuitry. The voltage modes that are supported
by nRF5340 are listed in the following table.

Normal voltage mode 1.7Vto3.6V -

High voltage mode 25Vto55V 1.8Vto3.3V

Table 8: Supported voltage modes
For an overview on the available regulators, see Power supply modes and regulators on page 40.

4.7.1 Normal voltage mode
Normal voltage mode uses the main regulator (VREGMAIN) and the radio regulator (VREGRADIO).
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The VREGMAIN and VREGRADIO regulators operate in LDO mode by default. DC/DC mode is
enabled independently for each regulator using VREGMAIN.DCDCEN (Retained) on page 54 and
VREGRADIO.DCDCEN (Retained) on page 55 respectively.

When configured as shown in the following figure, nRF5340 enters normal voltage mode. Here both
regulators are in DC/DC mode. An external LC filter is required for each regulator in DC/DC mode. If a
regulator is only to be used in LDO mode, the inductor for this regulator is not needed. In this mode, the
VDDH pin must be connected to VDD, even if the high voltage regulator (VREGH) is not in use.

SoC
VREGH.DCDCEN UICR.VREGHVOUT
VDDH, VDDH
LJ >
High voltage regulator
(VREGH)
DCCH[]
Supply
VDD
L
| cvop
I | VREGMAIN.DCDCEN |
GND *
VDD
- Main regulator
LDCCD (*
A e (VREGMAIN) -
r
System power
DECD application core
L
| CDECD
Tt | VREGRADIO.DCDCEN |
GND VDD
LDCC (%) - Radio regulator
DCC (VREGRADIO) _
Y Y YN i .
Radio power
DECR network core
L
_ CDECR
b GND
_GND GND

(*) Inductors required only if DC/DC mode is used
Figure 14: Normal voltage mode

Operating a regulator in DC/DC mode reduces the overall power consumption due to higher efficiency
than in LDO mode. Regulator efficiency in DC/DC mode varies depending on the supply voltage and the
current drawn from the regulators.

4.7.2 High voltage mode

High voltage mode uses the main regulator (VREGMAIN), the high voltage regulator (VREGH), and the
radio regulator (VREGRADIO).

All regulators operate in LDO mode by default. DC/DC mode is enabled independently for each regulator
using VREGMAIN.DCDCEN (Retained) on page 54, VREGH.DCDCEN (Retained) on page 55, and
VREGRADIO.DCDCEN (Retained) on page 55.

When configured as shown in the following figure, nRF5340 enters high voltage mode. Here all three
regulators are in DC/DC mode. An external LC filter is required for each of the regulators in DC/DC mode.
The inductor is not needed when the regulator is exclusively in LDO mode.
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Supply
SoC
VDDH
r
En | VREGH.DCDCEN || UICR.VREGHVOUT |
CVDDH * *
VDDH
> High voltage
GND
LDCCH (*) DCCH regulator
Y Y . (VREGH)
L1
M
L I
| oo VDD
:I: | VREGMAIN.DCDCEN |
GND VDD *
" - Main regulator
LDCCD (*) DCCD (VREGMAIN)
YT Y 0 o
System power
DECDI application core
L1
L corep
- | VREGRADIO.DCDCEN |
“GND VDD
T Radio regulator
*
LDCC (*) DCC (VREGRADIO)
YT Y 0 >
Radio power
DECR network core
L1
__CDECR
- GND
TGND GND

(*) Inductors required only if DC/DC mode is used
Figure 15: High voltage mode

Operating a regulator in DC/DC mode reduces the overall power consumption due to higher efficiency
than in LDO mode. Regulator efficiency in DC/DC mode varies depending on the supply voltage and the
current drawn from the regulators.

4.7.2.1 External circuitry supply
In high voltage mode, the output from VREGH can be used to supply external circuitry from the VDD pin.

As illustrated in High voltage mode on page 51, external circuitry can be powered from the VDD pin.
The VDD output voltage is programmed in the register UICRVREGHVOUT.

The supported output voltage range depends on the supply voltage provided to the VDDH pin. The
difference between voltage supplied on the VDDH pin and the voltage output on the VDD pin is defined by
the Vreeh,prop Parameter in Regulator specifications, VREGH stage on page 56.

Supplying power to external circuitry is allowed in both System OFF and System ON mode.

Note: The maximum allowed current drawn by external circuitry is dependent on the total
internal current draw. The maximum current that can be drawn externally from REGH is defined in
Regulator specifications, VREGH stage on page 56).

4.7.3 GPIO levels

The GPIO high reference voltage depends on the regulator voltage mode.
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In normal voltage mode, the GPIO high level equals the voltage supplied to the VDD pin. In high voltage
mode, it equals the level specified in the VREGHVOUT register.

4.7.4 Registers

REGULATORS :
0x50004000 S
APPLICATION REGULATORS us NA Regulator configuration
0x40004000 REGULATORS :
NS

Table 9: Instances

MAINREGSTATUS 0x428 Main supply status Retained
SYSTEMOFF 0x500 System OFF register

POFCON 0x510 Power-fail comparator configuration Retained
VREGMAIN.DCDCEN 0x704 DC/DC enable register for VREGMAIN Retained
VREGRADIO.DCDCEN 0x904 DC/DC enable register for VREGRADIO Retained
VREGH.DCDCEN 0xBOO DC/DC enable register for VREGH Retained

Table 10: Register overview

4.7.4.1 MAINREGSTATUS (Retained)
Address offset: 0x428

This register is a retained register

Main supply status

Note:

R/W  Field Value ID Description
A R VREGH VREGH status
Inactive 0 Normal voltage mode. Voltage supplied on VDD and VDDH.
Active 1 High voltage mode. Voltage supplied on VDDH.

4.7.4.2 SYSTEMOFF
Address offset: 0x500

System OFF register

ID R/W  Field Value ID Description
A % SYSTEMOFF Enable System OFF mode
Enter 1 Enable System OFF mode
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4.7.4.3 POFCON (Retained)
Address offset: 0x510

This register is a retained register

Power-fail comparator configuration

ID R/W  Field Value ID Description

A RW  POF Enable or disable power-fail comparator
Disabled 0 Disable
Enabled 1 Enable

B RW  THRESHOLD Power-fail comparator threshold setting
V19 6 Set threshold to 1.9V
V20 7 Set threshold to 2.0V
V21 8 Set threshold to 2.1V
V22 9 Set threshold to 2.2 V
V23 10 Set threshold to 2.3V
V24 11 Set threshold to 2.4 V
V25 12 Set threshold to 2.5 V
V26 13 Set threshold to 2.6 V
V27 14 Set threshold to 2.7 V
V28 15 Set threshold to 2.8 V

D RW  THRESHOLDVDDH Power-fail comparator threshold setting for voltage supply

on VDDH

V27 0 Set threshold to 2.7 V
V28 1 Set threshold to 2.8 V
V29 2 Set threshold to 2.9 V
V30 3 Set threshold to 3.0 V
V31 4 Set threshold to 3.1V
V32 5 Set threshold to 3.2V
V33 6 Set threshold to 3.3 V
V34 7 Set threshold to 3.4 V
V35 8 Set threshold to 3.5 V
V36 9 Set threshold to 3.6 V
V37 10 Set threshold to 3.7 V
V38 11 Set threshold to 3.8 V
V39 12 Set threshold to 3.9V
Va0 13 Set threshold to 4.0V
val 14 Set threshold to 4.1V
Va2 15 Set threshold to 4.2 V

4.7.4.4 VREGMAIN.DCDCEN (Retained)
Address offset: 0x704
This register is a retained register

DC/DC enable register for VREGMAIN
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ID R/W  Field Value ID Description

A RW DCDCEN Enable or disable DC/DC converter
Disabled 0 Disable
Enabled 1 Enable

4.7.4.5 VREGRADIO.DCDCEN (Retained)
Address offset: 0x904

This register is a retained register

DC/DC enable register for VREGRADIO

ID R/W  Field Value ID Description

A RW DCDCEN Enable or disable DC/DC converter
Disabled 0 Disable
Enabled 1 Enable

4.7.4.6 VREGH.DCDCEN (Retained)
Address offset: 0xBOO

This register is a retained register

DC/DC enable register for VREGH

ID R/W  Field Value ID Description

A RW DCDCEN Enable or disable DC/DC converter
Disabled 0 Disable
Enabled 1 Enable

4.7.5 Electrical specification

4.7.5.1 Recommended operating conditions

|

Vbp,por VDD supply voltage needed during power-on reset. 1.75
Voo Normal voltage mode operating voltage. 1.7 3.6 Vv
VpoH High voltage mode operating voltage. 25 5.5 Vv
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4.7.5.2 Regulator specifications, VREGH stage

Vbpout VDD output voltage. 18
VbDOUT,ERR VDD output voltage error (deviation from setting in ). -10
lext,0FF External current draw’ allowed in high voltage mode

(supply on VDDH) during System OFF.

lext,nepe External current draw” allowed in High Voltage mode
(supply on VDDH) when VREGMAIN and VREGRADIO are
in DC/DC mode. Assumes worst-case power consumption
from both coresz, and at the lowest VDD output voltage
setting.

lextL00 External current draw’ allowed in High Voltage mode
(supply on VDDH) when when VREGMAIN and VREGRADIO
are in LDO mode. Assumes worst-case power consumption
from both coresz, and at the lowest VDD output voltage
setting.

VREGH,DROP Required difference between input voltage (VDDH) and
output voltage (VDD, configured in VREGHVOUT on page
129), VDDH > VDD

4.7.5.3 Regulator startup times

33
+5
1

0.3

\
%
mA

mA

mA

tRISEVREGHOUT VREGH output (VDD) rise time after VDDH reaches
minimum VDDH supply voltage

trisevREGHOUT,10us ~ VDDH rise time 10 ps

trisevREGHOUT,10ms ~ VDDH rise time 10 ms

trisevREGHOUT,50ms ~ VDDH rise time 50 ms 30

1.6

80

ms

ms

! External current draw is defined as the sum of all GPIO currents and the current being drawn from

VDD.

2 n practice, the maximum external current draw is limited by the maximum output current of VREGH,

subtracting the actual current being drawn from VDD.
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4.7.5.4 Power-fail comparator

Symbol Description Min. Typ. Max. Units

Vpornv Nominal power level warning thresholds (falling supply 1.7 2.8 "
voltage) in normal voltage mode (supply on VDD). Levels
are configurable between min. and max. in increments of
100 mV.

Vpor v Nominal power level warning thresholds (falling supply 2.7 4.2 Y
voltage) in high Voltage mode (supply on VDDH). Levels are
configurable between min. and max. in increments of 100
mV.

VportoL Threshold voltage tolerance (applies in both normal voltage -5 +5 %
mode and high voltage mode).

VpOFHYST Threshold voltage hysteresis (applies in both normal voltage 40 50 60 mV
mode and high voltage mode).

VBOR,0FF Brownout reset voltage range System OFF mode. Brownout 1.54 1.64 Vv
only applies to the voltage on VDD.

VBoR,0N Brownout reset voltage range System ON mode. Brownout 1.57 1.63 \%

only applies to the voltage on VDD.

4.8 USBREG — USB regulator control

The USB peripheral has its own voltage regulator. When using the USB peripheral, a 5 V USB supply needs
to be provided on the VBUS pin.

The USB peripheral has a dedicated internal voltage regulator for converting the VBUS supply to 3.3 V to
be used by the USB signalling interface (D+ and D- lines, and pull-up on D+). The rest of the USB peripheral
(USBD) is supplied through the main supply like other on-chip features. As a consequence, both VBUS and
combinations of VDDH and VDD are required for USB peripheral operation. For details on configuring the
main supplies, see Power supply modes and regulators on page 40.

When VBUS rises into its valid range, the software is notified through the USBDETECTED event. The
USBREMOVED event is sent when VBUS goes below its valid range. Use these events to implement the
USBD startup sequence described in USBD power-up sequence on page 697.

When VBUS rises into its valid range while the device is in System OFF, the device resets and transitions to
System ON mode. The RESETREAS register will have the VBUS bit set to indicate the source of the wakeup.

See VBUS detection specifications on page 62 for the voltage level where events are sent (Vgys petect
and Vgys,remove) or where the system causes a wakeup from System OFF (Vgys petect)-

When the USBD peripheral is enabled through the ENABLE register and VBUS is detected, the regulator
is turned on. A USBPWRRDY event is sent when the regulator's worst case settling time has elapsed,
indicating to the software that it can enable the USB pull-up to signal a USB connection to the host.

The software can read the state of the VBUS detection and regulator output readiness at any time through
the USBREGSTATUS register.
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USB supply
5V USB
supply
VBUS 3.3V USB power
—1 LDO >
CVBUS
— DECUSB |
LJ
T CDECUSB

Figure 16: USB voltage regulator

To ensure stability, the input and output of the USB regulator need to be decoupled with a suitable
decoupling capacitor Cygys. See Reference circuitry on page 799 for the recommended values.

4.8.1 Registers

USBREGULATOR :
0x50037000
APPLICATION USBREG us NA USB regulator control
0x40037000 USBREGULATOR :
NS

Table 11: Instances

EVENTS_USBDETECTED 0x100 Voltage supply detected on VBUS
EVENTS_USBREMOVED 0x104 Voltage supply removed from VBUS
EVENTS_USBPWRRDY 0x108 USB 3.3 V supply ready
PUBLISH_USBDETECTED 0x180 Publish configuration for event USBDETECTED
PUBLISH_USBREMOVED 0x184 Publish configuration for event USBREMOVED
PUBLISH_USBPWRRDY 0x188 Publish configuration for event USBPWRRDY
INTEN 0x300 Enable or disable interrupt

INTENSET 0x304 Enable interrupt

INTENCLR 0x308 Disable interrupt

USBREGSTATUS 0x400 USB supply status

Table 12: Register overview

4.8.1.1 EVENTS_USBDETECTED
Address offset: 0x100
Voltage supply detected on VBUS
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ID R/W  Field Value ID Description

A RW  EVENTS_USBDETECTED Voltage supply detected on VBUS
NotGenerated 0 Event not generated
Generated 1 Event generated

4.8.1.2 EVENTS_USBREMOVED

Address offset: 0x104

Voltage supply removed from VBUS

ID R/W  Field Value ID Description

A RW  EVENTS_USBREMOVED Voltage supply removed from VBUS
NotGenerated 0 Event not generated
Generated 1 Event generated

4.8.1.3 EVENTS_USBPWRRDY
Address offset: 0x108

USB 3.3 V supply ready

ID R/W  Field Description

A RW  EVENTS_USBPWRRDY USB 3.3 V supply ready
NotGenerated 0 Event not generated
Generated 1 Event generated

4.8.1.4 PUBLISH_USBDETECTED
Address offset: 0x180

Publish configuration for event USBDETECTED

ID R/W  Field Description
A RW  CHIDX [255..0] DPPI channel that event USBDETECTED will publish to.
B RW EN

Disabled 0 Disable publishing

Enabled 1 Enable publishing

4.8.1.5 PUBLISH_USBREMOVED

Address offset: 0x184
Publish configuration for event USBREMOVED
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Value ID Description
A RW  CHIDX [255..0] DPPI channel that event USBREMOVED will publish to.
B RW  EN

Disabled 0 Disable publishing

Enabled 1 Enable publishing

4.8.1.6 PUBLISH_USBPWRRDY
Address offset: 0x188
Publish configuration for event USBPWRRDY

R/W  Field Value ID Value Description
A RW  CHIDX [255..0] DPPI channel that event USBPWRRDY will publish to.
B RW EN
Disabled 0 Disable publishing
Enabled 1 Enable publishing

4.8.1.7 INTEN
Address offset: 0x300

Enable or disable interrupt

Value ID Description

A RW  USBDETECTED Enable or disable interrupt for event USBDETECTED
Disabled 0 Disable
Enabled 1 Enable

B RW  USBREMOVED Enable or disable interrupt for event USBREMOVED
Disabled 0 Disable
Enabled 1 Enable

C RW  USBPWRRDY Enable or disable interrupt for event USBPWRRDY
Disabled 0 Disable
Enabled 1 Enable

4.8.1.8 INTENSET
Address offset: 0x304

Enable interrupt

ID R/W  Field Value ID Description
A RW  USBDETECTED Write '1' to enable interrupt for event USBDETECTED
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ID R/W  Field Value ID Description
Set 1 Enable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled
B RW  USBREMOVED Write '1' to enable interrupt for event USBREMOVED
Set 1 Enable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled
C RW  USBPWRRDY Write '1' to enable interrupt for event USBPWRRDY
Set 1 Enable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled

4.8.1.9 INTENCLR
Address offset: 0x308

Disable interrupt

Value ID Description
A RW  USBDETECTED Write '1' to disable interrupt for event USBDETECTED
Clear 1 Disable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled
B RW  USBREMOVED Write '1' to disable interrupt for event USBREMOVED
Clear 1 Disable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled
C RW  USBPWRRDY Write '1' to disable interrupt for event USBPWRRDY
Clear 1 Disable
Disabled 0 Read: Disabled
Enabled 1 Read: Enabled

4.8.1.10 USBREGSTATUS
Address offset: 0x400

USB supply status
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Value ID Description

A R VBUSDETECT VBUS input detection status (USBDETECTED and

USBREMOVED events are derived from this information)

NoVbus 0 VBUS voltage below valid threshold
VbusPresent 1 VBUS voltage above valid threshold
B R OUTPUTRDY USB supply output settling time elapsed
NotReady 0 USBREG output settling time not elapsed
Ready 1 USBREG output settling time elapsed (same information as
USBPWRRDY event)

4.8.2 Electrical specification

4.8.2.1 USB operating conditions

Vgus Supply voltage on VBUS pin 4.35 5 5.5 \"
Vbrom Voltage on D+ and D- lines VSS-0.3 Vusgaz + V
0.3

4.8.2.2 USB regulator specifications

luss,Quies USB regulator quiescent current drawn from VBUS (USBD 170 UA
enabled)

tUSBPWRRDY Time from USB enabled to USBPWRRDY event triggered, 1 ms
Vgus supply provided

Vusg33 On voltage at the USB regulator output (DECUSB pin) 3.0 33 3.6

RsouRcevBUS Maximum source resistance on VBUS, including cable, when 6

VDDH is not connected to VBUS
RsourceveusvopH ~ Maximum source resistance on VBUS, including cable, when 3.8 Q
VDDH is connected to VBUS

Cbecuss Decoupling capacitor on the DECUSB pin 2.35 4.7 55 uF

4.8.2.3 VBUS detection specifications

Vgus,DETECT Voltage at which rising VBUS gets reported by 3.4 4.0 4.3 \"
USBDETECTED

VBus,REMOVE Voltage at which decreasing VBUS gets reported by 3.0 3.6 3.9 Y
USBREMOVED

4.9 VREQCTRL — Voltage request control

The VREQCTRL can request additional voltage on the VREGRADIO regulated supply to support +3 dBm TX
power on RADIO.
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Setting the VREGRADIO.VREQH register will request high voltage. The request is active until the register
is cleared. Status register VREGRADIO.VREQHREADY indicates when the regulator has changed to high
voltage.

=
©
=
X
D
i}
wn
—+
D
=
%]

0x41004000 NETWORK  VREQCTRL VREQCTRL NS NA Voltage request control

Table 13: Instances

VREGRADIO.VREQH 0x500 Request high voltage on RADIO Retained

After requesting high voltage, the user must wait until VREQHREADY is set to Ready
VREGRADIO.VREQHREADY 0x508 High voltage on RADIO is ready

Table 14: Register overview

4.9.1.1 VREGRADIO.VREQH (Retained)
Address offset: 0x500
This register is a retained register

Request high voltage on RADIO

After requesting high voltage, the user must wait until VREQHREADY is set to Ready

ID R/W  Field Value ID Description

A RW  VREQH Request high voltage
Disabled 0 Disable
Enabled 1 Enable

4.9.1.2 VREGRADIO.VREQHREADY
Address offset: 0x508

High voltage on RADIO is ready

ID R/W  Field Value ID Description

A R READY RADIO is ready to operate on high voltage
NotReady 0 Not ready
Ready 1 Ready
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4.9.2 Electrical specification

4.9.2.1 VREQCTRL electrical specifications

Symbol Description Min. Typ. Max. Units

tVREQH,VREQREADY Time from VREQH requested until VREQREADY. 12 us

4.10 RESET — Reset control

A reset in the system is triggered by either a system-level or core-level reset source.

A system-level reset resets all cores. Power-on reset, brownout reset, and pin reset are examples of a
system-level reset. A core-level reset, such as a soft reset or a lockup, resets either the entire core or only
part of it. The different reset sources in the system are illustrated in the following figure.

Application core

Brownout reset CPU lockup
> Soft reset Cortex-M33

Power-on reset
VDD POR >
WDT reset

BOR

Y

y
AA

A

A

VDD

GPIO

Reset logic
VBUS |
ﬁ Pin reset * * + +

System OFF reset
System OFF

wakeup logic

|
|
|
|
|
|
|
|
|
Soft reset
CTRL-AP
SWD . NETWORK.
I " | FORCEOFF
|
|
|
|
|
|
|
|
|
|

NFC LPCOMP

RESET

A

-
%

A

Network core

Forceoff

A

Soft reset
CTRL-AP >
. CPU lockup

Reset logic . Soft reset

A

Cortex-M33

WDT reset

Figure 17: Reset sources

After a system-level reset, the application core starts up on its own. The network core is not automatically
started, but can be started by the application core CPU, see Network Force-OFF on page 66.

After a reset occurs, the register RESETREAS on page 69 can be read to determine which source
generated the reset. Each core has its own RESETREAS register. System-level and application core reset
sources are also available in the network core's RESETREAS register, unless otherwise noted.

N

NORDIC"

SEMICONDUCTOR

4406_640v1.2 64



Power and clock management

4.10.1 Power-on reset

The power-on reset (POR) generator initializes the system when the VDD supply voltage is above the
power-on threshold. This also applies in high voltage mode, where the VDD supply voltage is provided by
the high voltage regulator (VREGH).

The system is held in a reset state until the supply has reached the minimum operating voltage, and the
internal voltage regulators have started. After a power-on reset, the application core is started while the
network core is held in reset, see Network Force-OFF on page 66.

4.10.2 Pin reset

A pin reset is generated when the physical reset pin on the device is asserted.

Similar to a power-on reset, the application core is started after the reset pin is deasserted. The network
core is held in reset, see Network Force-OFF on page 66.

The reset pin has an internal pull-up resistor with the same resistance as GPIO pull-ups, see GPIO —
General purpose input/output on page 223.

4.10.3 Brownout reset

The brownout reset (BOR) generator puts the system in reset state if the VDD supply voltage drops below
the brownout reset threshold. This also applies in high voltage mode, where the VDD supply voltage is
provided by the high voltage regulator (VREGH).

Similar to a power-on reset, the application core is started after BOR is deasserted while the network core
is held in reset, see Network Force-OFF on page 66.

4.10.4 Wakeup from System OFF mode reset

The device is reset when it wakes up from System OFF mode.

Similar to a power-on reset, the application core is started while the network core is held in reset, see
Network Force-OFF on page 66.

If the device is in Debug Interface mode, the debug access port (DAP) is not reset after a wakeup from
System OFF. For more information, see Debug and trace on page 749.

4.10.5 Soft reset

Soft reset is generated when the SYSRESETREQ bit of the application interrupt and reset control register
(AIRCR) in the Arm core is set. For more information, see Arm documentation.

When the application core performs a soft reset, the network core is held in reset, see Network Force-OFF
on page 66. A soft reset in the network core will only cause the network core to reset.

A soft reset can also be generated using the RESET on page 766 register in the associated CTRL-AP.

4.10.6 Watchdog timer reset

A watchdog timer (WDT) reset is generated when the watchdog timer times out.

Each core has its own WDT instance. When the application core gets a WDT reset, the network core is
held in reset, see Network Force-OFF on page 66. A WDT reset in the network core will only cause the
network core to reset. The reset target depends on the core where WDT is instantiated.

Note: Because the network core WDT reset is local for the network core, the application core is not
aware of WDT timing out in the network core. Notifying the application core is possible. One way is
to check the register RESETREAS on page 69 for WDT flags and report the error through inter-
processor communication (IPC).
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For more information about WDT, see WDT — Watchdog timer on page 741. More information about
IPC is available in IPC — Interprocessor communication on page 268.

4.10.7 Network Force-OFF

The application core can force the network core off.

The application core can hold the network core in Force-OFF mode, using register NETWORK.FORCEOFF on
page 70.

Application core resets implicitly result in the network core being held in Force-OFF. The network core will
be held in Force-OFF until the application core releases it using the NETWORK.FORCEOFF register.

For details on how to use this mode, see Force-OFF mode on page 24.

4.10.8 Retained registers

A retained register is one that retains its value in System OFF and/or Force-OFF modes and when reset,
depending on the reset source. See individual peripheral chapters for information about which registers
are retained for the various peripherals.

4.10.9 Application core reset behavior

Application core reset behavior depends on the reset source.

Any reset in the application core will cause a network core Force-OFF, triggering the FORCEOFF reset
source in the network core. For more information, see Network Force-OFF on page 66.

In System OFF mode, the watchdog timer is not running and there is no CPU lockup possible. RAM may be
fully or partially retained, depending on RAM retention settings in VMC — Volatile memory controller on
page 738.

If the device is in Debug Interface mode, the debug components will not be reset. Additionally, CPU lockup
will not generate a reset. See Debug and trace on page 749 for more information about the different
debug components in the system.

Application core reset targets and their reset sources are summarized in the following table.

An 'x' in the table means that the specific module is reset.

Reset target
Reset source CPU Network Debug RAM WDT  RESETREAS
core

CPU lockup X X

Soft reset X X

Wakeup from System OFF X X X 3 X

mode reset

Watchdog timer reset X X X X X

Pin reset X X X X X

Brownout reset X X X X X X
Power-on reset X X X X X X
NETWORK.FORCEOFF X

Table 15: Application core reset targets and their reset sources
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Note: RAM is never reset, but depending on the reset source, its content may be corrupted.

Some retained registers may have a different reset behavior, as shown in the following table.

An 'x' in the table means that the specific module is reset.

X x*

CPU lockup X

Soft reset X X e

Wakeup from System OFF X

mode reset

Watchdog timer reset X X X X

Pin reset X X X X

Brownout reset X X X X X
Power-on reset X X X X X

Table 16: Application core reset behavior for retained registers

4.10.10 Network core reset behavior

Network core reset behavior depends on the reset source.

In System OFF mode, or when the network core is held in Force-OFF, the watchdog timer is not running
and there is no CPU lockup possible. RAM may be fully or partially retained, depending on RAM retention
settings in VMC — Volatile memory controller on page 738.

If the device is in Debug Interface mode, the debug components will not be reset. Additionally, CPU lockup
will not generate a reset. See Debug and trace on page 749 for more information about the different
debug components in the system.

Any reset in the application core will cause a network core force off, triggering the network FORCEOFF
reset source in the following table. For more information, see Network Force-OFF on page 66.

3 Depending on RAM retention settings.
4 Except MCUSEL field, the MCUSEL register of the GPIO peripheral is not reset for CPU lockup and Soft

reset.
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An 'x' in the table means that the specific module is reset. Pin reset, brownout reset, and power-on reset
are system level reset sources with the network core and application core having the same behavior, see
Application core reset behavior on page 66.

CPU lockup X
Soft reset X
Network FORCEOFF X x> X
Application Watchdog timer reset X X X
Local Watchdog timer reset X X X

Table 17: Network core reset target sources

Note: RAM is never reset, but its content may be corrupted depending on the reset source.

Some retained registers may have a different reset behavior, as shown in following table.

An 'x' in the table means that the specific module is reset. Pin reset, brownout reset, and power-on reset
are system level reset sources with the network core and application core having the same behavior, see
Application core reset behavior on page 66.

CPU lockup X x 6
Soft reset X x &
Network FORCEOFF X

Application Watchdog timer reset X X
Local Watchdog timer reset X X

Table 18: Network core reset behavior for retained registers

> Depending on RAM retention settings.
® MCUSEL settings are kept.
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4.10.11 Registers

Not supported: LSREQ,

0x50005000 RESET : S
APPLICATION RESET us NA Reset control and status LLOCKUP, LDOG, MRST,
0x40005000 RESET : NS
MFORCEOFF, LCTRLAP
0x41005000 NETWORK  RESET RESET NS NA Reset status Not supported:

NETWORK.FORCEOFF
Table 19: Instances

RESETREAS 0x400 Reset reason
NETWORK.FORCEOFF 0x614 Force network core off

Table 20: Register overview
4.10.11.1 RESETREAS

Address offset: 0x400

Reset reason

Unless cleared, the RESETREAS register will be cumulative. A field is cleared by writing 1 to it. Multiple
fields can be cleared at the same time by writing a value with several of the fields set to 1.

Value ID Description

A RW  RESETPIN Reset from pin reset detected
NotDetected 0 Not detected
Detected 1 Detected

B RW  DOGO Reset from application watchdog timer O detected
NotDetected 0 Not detected
Detected 1 Detected

C RW  CTRLAP Reset from application CTRL-AP detected
NotDetected 0 Not detected
Detected 1 Detected

D RW  SREQ Reset from application soft reset detected
NotDetected 0 Not detected
Detected 1 Detected

E RW  LOCKUP Reset from application CPU lockup detected
NotDetected 0 Not detected
Detected 1 Detected

F RW  OFF Reset due to wakeup from System OFF mode when wakeup

is triggered by DETECT signal from GPIO

NotDetected 0 Not detected
Detected 1 Detected
G RW  LPCOMP Reset due to wakeup from System OFF mode when wakeup

is triggered by ANADETECT signal from LPCOMP
NotDetected 0 Not detected

Detected 1 Detected
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Value ID Description

H RW  DIF Reset due to wakeup from System OFF mode when wakeup

is triggered by entering the Debug Interface mode

NotDetected 0 Not detected
Detected 1 Detected
| RW  LSREQ Reset from network soft reset detected

Function present only in network core

NotDetected 0 Not detected
Detected 1 Detected
J RW  LLOCKUP Reset from network CPU lockup detected

Function present only in network core

NotDetected 0 Not detected
Detected 1 Detected
K RW  LDOG Reset from network watchdog timer detected

Function present only in network core

NotDetected 0 Not detected
Detected 1 Detected
M RW  MFORCEOFF Force-OFF reset from application core detected

Function present only in network core

NotDetected 0 Not detected
Detected 1 Detected
N RW  NFC Reset after wakeup from System OFF mode due to NFC

field being detected

NotDetected 0 Not detected
Detected 1 Detected
[0} RW  DOG1 Reset from application watchdog timer 1 detected
NotDetected 0 Not detected
Detected 1 Detected
P RW  VBUS Reset after wakeup from System OFF mode due to VBUS

rising into valid range

NotDetected 0 Not detected
Detected 1 Detected
Q RW  LCTRLAP Reset from network CTRL-AP detected

Function present only in network core
NotDetected 0 Not detected

Detected 1 Detected

4.10.11.2 NETWORK.FORCEOFF
Address offset: 0x614
Force network core off

Function present only in application core
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ID R/W  Field Value ID Description

A RW  FORCEOFF Force network core off

Release 0 Release Force-OFF

Hold 1 Hold Force-OFF

4.10.12 Electrical specification

4.10.12.1 Application core startup times

tpoR Time in power-on reset after supply reaches minimum
operating voltage, depending on supply rise time.
tPoR, 10us VDD rise time 10 ps 0.7 1.0 ms
tpoR,10ms VDD rise time > 10 ms 0 ms
thINR Reset time when using pin reset, depending on pin
capacitance
tpINR,500nF 500 nF capacitance at reset pin 13 40 ms
tpINR, 10uF 10 pF capacitance at reset pin 260 800 ms
troON Time from reset to ON (CPU execute) tpor +
teinr
toFF20N,NM Time from OFF to CPU execute when in normal voltage 38 us
mode (supply on VDD)
tOFF20N,LDO,HV Time from OFF to CPU execute when in high voltage mode 38 us
(supply on VDDH) and VREGH using LDO regulator
tOFF20N,DCDC,HV Time from OFF to CPU execute when in high voltage mode 38 us
(supply on VDDH) and VREGH using DC/DC regulator
tipLe2cPU Time from IDLE to CPU execute 23 us
tipLeacpu,constiar  Time from IDLE to CPU execute in constant latency 10 us
submode
tevTseT,CLL Time from HW event to PPl event in Constant Latency 62.5 ns
System ON mode
tevTsET,CLO Time from HW event to PPl event in Low-Power System ON 62.5 ns

mode

4.10.12.2 Network core startup times

NETEVTSET,CLL Time from HW event to PPl event in Constant Latency 62.5 ns
System ON mode

ENETEVTSET,CLO Time from HW event to PPl event in Low-Power System ON 62.5 ns
mode

tNET,IDLE2CPU Time from IDLE to CPU execute 15 ps

tneT iDLE2cPU,CONsTLAT Time from IDLE to CPU execute in constant latency 7 us
submode

tF020N,NET64 Time for network core from OFF to CPU execute after 20 us

4406_640 v1.2
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4.11 CLOCK — Clock control

The clock control system can source the system clocks from a range of internal or external high and
low frequency oscillators, and distribute them to peripherals and modules based on their individual
requirements. Clock distribution is automated and grouped independently by module to limit current
consumption in unused branches of the clock tree.

Each core subsystem has its own clock control system that is responsible for requesting resources from the
power and clock subsystem.
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Figure 18: Clock control
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The power and clock subsystem secures glitch-free switching from one clock source to another. This
applies to all clock sources.

Note: Registers INTEN on page 88, INTENSET on page 88, and INTENCLR on page 89 are
the same registers (at the same address) as the corresponding registers in POWER.

4.11.1 HFCLK controller

Each core has a number of high frequency clock (HFCLK) control instances. Each instance distributes one or
more clocks to the core.

The following table lists the core clocks that are available.
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Core clock Description

HCLK128M Scalable 128 MHz CPU clock for the application core
HCLK64M 64 MHz CPU clock for the network core

PCLK192M Scalable 192 MHz clock for QSPI

PCLK64M 64 MHz peripheral clock

PCLK48M 48 MHz clock for USB

PCLK32M 32 MHz peripheral clock

PCLK16M 16 MHz peripheral clock

PCLK1M 1 MHz peripheral clock

ACLK 11.289 MHz or 12.288 MHz tunable audio peripheral clock

Table 21: Core clocks

The HFCLK clocks sourced from the power and clock subsystem to the HFCLK control instances are the
following:

HFCLK clock Description
HFCLK128M 128 MHz HFCLK clock
HFCLK64M 64 MHz HFCLK clock
HFCLK192M 192 MHz HFCLK clock
HFCLKAUDIO Audio HFCLK clock

Table 22: HFCLK clocks for HFCLK control instances

In order to generate the HFCLK clocks, the following HFCLK sources are available:

e 192 MHz/128 MHz/64 MHz internal oscillator (HFINT)

e 32 MHz crystal oscillator (HFXO), optionally using built-in capacitors as described in OSCILLATORS —
Oscillator control on page 97

See Clock control on page 72 for more information.

CPUs, peripherals, and other system components within a core will automatically request clocks from
its corresponding local HFCLK control. The HFCLK control passes the request to the power and clock
subsystem and, once the clocks are running, distributes them to the components within the core.

When HFCLK control requests within a core are stopped, the HFCLK control will stop requesting clock
from the power and clock subsystem. For example, when the CPU enters sleep or when peripherals
have completed their tasks. If there are no HFCLK control requests from any core, the power and clock
subsystem will automatically stop the clock.

When the system enters System ON mode, and a HFCLK clock is requested, the relevant HFINT will be used
as the HFCLK source. When requests for the clock are stopped, the HFINT will automatically stop.

HFCLK clocks are only available to the HFCLK controllers when the system is in System ON mode.

It is possible to have a HFCLK source running before being started by the relevant clock request (for
instance, the HFCLK source is kept running during sleep). This gives shorter start-up time but causes
increased power consumption. Starting the HFXO is needed when crystal clock accuracy is required.
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The HFCLK source selected in register HFCLKSRC on page 93 is started by triggering the HFCLKSTART
task.

The source for the HFCLK128M/HFCLK64M clocks can be configured at any time (for instance, when
the HFCLK has already been started). The content of the HFCLKSRC register only takes effect when the
HFCLKSTART task is triggered.

The event HFCLKSTARTED is generated when the HFCLKSTART task is triggered, the oscillator is started, and
the frequency is stabilized.

The HFCLK source selected in register HFCLK192MSRC on page 95 is started by triggering the
HFCLK192MSTART task.

The source for the HFCLK192M clock can be configured at any time (for instance, when the HFCLK
has already been started). The content of the HFCLK192MSRC register only takes effect when the
HFCLK192MSTART task is triggered.

The event HFCLK192MSTARTED is generated when the HFCLK192MSTART task is triggered, the oscillator is
started, and the frequency stabilized.

HFCLKAUDIO requires HFXO, so when triggering the HFCLKAUDIOSTART task, this always starts the HFXO.

The event HFCLKAUDIOSTARTED is generated when the HFCLKAUDIOSTART task is triggered, the oscillator
is started, and the frequency stabilized.

It is possible to trigger a new START task after one has already been triggered, and before the
corresponding STARTED event is generated. In this case, only one STARTED event will be generated,
corresponding to the last triggered START task. Triggering a START task after the STARTED event from a
previous triggered START taks is generated, will generate a new STARTED event.

Time from a START task to the corresponding STARTED event may differ depending on whether the HFCLK
source is already running or in the process of starting. The amount of time before a STARTED event may
vary when a different HFCLK source is configured before triggering a new START task.

When the clock control system switches from HFINT source to HFXO source, the HFXO becomes active.
The startup time is programmable, enabling the use of different types of crystal oscillators (e.g. standard
crystals that may have different startup times). The HFXO startup time is given as the sum of the following:

¢ HFXO power-up time, as specified in 32 MHz crystal oscillator (HFXO) on page 101.
¢ HFXO count time, as specified in HFXOCNT on page 130.

The HFXO must be selected and started in order to do the following:
e Use RADIO

¢ The network domain HFCLKSTART task is used
e Enable USBD to respond to USB traffic

e The application domain HFCLK192MSTART is used
e Set NFCT to activated state

¢ The application domain HFCLKSTART task is used
¢ Improve SAADC performance by reducing clock jitter

¢ The application domain HFCLKSTART task is used

Each HFCLK control can request the HFXO source independently from one another via the corresponding
START task. This ensures that each core and peripheral will have access to a high accuracy clock when
needed. Core clocks that originate from the same HFCLK clock will also have the same HFCLK source. This
means that parts of the core that have not requested the HFXO may get a clock that is more accurate than
expected, but not the other way around.
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All cores that have requested a HFCLK source to start by triggering a START task must also request it to
stop by triggering the corresponding STOP task (see HFCLKSTOP, HFCLK192MSTOP, and HFCLKAUDIOSTOP
tasks) before the power and clock subsystem will stop it.

HFCLK source(s) will stop when all corresponding STOP tasks have been triggered and there are no
requests for HFCLK clock(s) from the system.

Triggering a HFCLK STOP task is required only if the corresponding HFCLK START task has been triggered
before. When a HFCLK START task is triggered, it is possible to trigger again the same HFCLK START task
without triggering the corresponding HFCLK STOP task in between.

4.11.1.1 Application core frequency scaling
The application core clocks can be scaled from their respective HFCLK clocks.

The application core clock HCLK128M can at any time be scaled from the HFCLK128M clock using the
HFCLKCTRL register.

The HCLK192M clock can be scaled from the HFCLK192M clock using the HFCLK192MCTRL register.

Note: Settings Divl and Div2 in HFCLK192MCTRL register will result in increased power
consumption.

The ACLK audio clock cannot be scaled from the HFCLKAUDIO clock. Instead, its frequency can be
configured in the relevant peripherals. Refer to Audio oscillator on page 75 for more information on
audio clock and related peripherals.

Note: It is possible to scale the application core clocks at any time, for instance when a clock has
already has been started, without having to stop it first.

4.11.1.2 32 MHz crystal oscillator (HFXO)

The 32 MHz crystal oscillator (HFXO) is controlled by a 32 MHz external crystal, see OSCILLATORS —
Oscillator control on page 97.

4.11.1.3 Audio oscillator

The audio oscillator generates clock frequencies suitable for audio applications.
The audio oscillator has the following features:

¢ Adjustable frequency with 3.3 ppm resolution in two frequency bands - 11.176 MHz to 11.402 MHz,
and 12.165 MHz to 12.411 MHz

e Low jitter, suitable for audio applications

e Always uses the HFXO

The HFCLKAUDIO clock generated by the audio oscillator is suitable for use as the source clock in the

1S and PDM audio peripherals. In order to use this clock, it must be selected in the corresponding
configuration registers in these peripherals. It is required to trigger the HFCLKAUDIOSTART task before it
is used. To stop the HFCLKAUDIO clock, the HFCLKAUDIOSTOP task must be triggered. After triggering this
task, the oscillator will be kept running as long as a peripheral is using it.

In applications where the audio data is arriving asynchronously to on-chip clocks, the frequency
can be adjusted to stay in sync with the sender. The frequency can be configured in register
HFCLKAUDIO.FREQUENCY on page 94 using one of the following equations.

fout = %(4 + HFCLKAUDIO.FREQUENCY - 27'%)

Figure 19: Calculating audio frequency f,,: from register value
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HFCLKAUDIO.FREQUENCY = 216(% _4)

Figure 20: Calculating register value from audio frequency fou:

The acceptable HFCLKAUDIO.FREQUENCY register value ranges for the two frequency bands are listed in
the following table.

When switching between the two frequency ranges, the peripherals must be stopped.

Frequency band Register value and frequency
Min Center Max
11.176 MHz to 11.402 MHz 12519 15298 16068
(11.176 MHz) (11.289 MHz) (11.402 MHz)
12.165 MHz to 12.411 MHz 36834 39854 42874
(12.165 MHz) (12.288 MHz) (12.411 MHz)

Table 23: HFCLKAUDIO.FREQUENCY register ranges

4.11.1.4 Overriding the automatic HFCLK control system

Overriding the automatic clock control system is possible to ensure a HFCLK clock is started and kept
running, even if not requested.

This can be used to avoid associated HFCLK clock start-up times and have the highest clock accuracy after
wake-up from sleep.

The register HFCLKALWAYSRUN on page 94 can override the automatic clock control system for the
HFCLK128M/HFCLK64M clocks. This override is initiated by performing the following steps:

1. Set HFCLKSRC.SRC to select the HFCLK source.
2. Set HFCLKALWAYSRUN.ALWAYSRUN.
3. Trigger the HFCLKSTART task.

The register HFCLK192MALWAYSRUN on page 96 can override the automatic clock control system for
the HFCLK192M clock. This override is initiated by performing the following steps:

1. Set HFCLK192MSRC.SRC to select the HFCLK source.
2. Set HFCLK192MALWAYSRUN.ALWAYSRUN.
3. Trigger the HFCLK192MSTART task.

Registers HFCLKSRC/HFCLK192MSRC and HFCLKALWAYSRUN/HFCLK192MALWAYSRUN can be written at
any time, but are only activated by the START task.

The register HFCLKAUDIOALWAYSRUN on page 95 can override the automatic clock control system for
the HFCLKAUDIO clock. The override is initiated by performing the following steps:

1. Set HFCLKAUDIOALWAYSRUN.ALWAYSRUN.
2. Trigger the HFCLKAUDIOSTART task.

Note: In this case, the HFCLK source is always the HFXO.

Register HFCLKAUDIOALWAYSRUN can be written at any time, but is only activated by the START task.
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4.11.2 LFCLK controller

Each core has a number of low frequency clock (LFCLK) control instances. Each instance distributes one or
more clocks to the core.

The LFCLK control instance in each core distributes the 32.768 kHz PCLK32KI peripheral clock to its
corresponding core. The LFCLK clock is sourced from the power and clock subsystem to each LFCLK control
instance.

In order to generate the LFCLK clock, the LFCLK controller uses the following LFCLK sources:

e 32.768 kHz RC oscillator (LFRC)
e 32.768 kHz crystal oscillator (LFXO)
e 32.768 kHz synthesized from HFCLK (LFSYNT)

For an illustration of the clock sources, see Clock control on page 72.
The LFCLK controller and all LFCLK sources are switched off in System OFF mode.

When peripherals require the PCLK32KI clock, such as RTC — Real-time counter on page 507 and WDT
— Watchdog timer on page 741, the LFCLK control will automatically request the LFCLK clock to the
power and clock subsystem. The default LFCLK source is the LFRC.

When LFCLK control requests are stopped, LFCLK will stop requesting clock from the power and clock
subsystem. If there are no LFCLK control requests from other cores, the power and clock subsystem will
automatically stop the LFCLK clock and the LFRC source.

The LFCLK source may also be started by triggering the LFCLKSTART task. The LFCLK source is configured by
selecting the preferred LFCLK source in register LFCLKSRC on page 93. Once selected, the LFCLK source
will be started by triggering the LFCLKSTART task.

The LFCLK source can be configured at any time (for instance, when the LFCLK has already been started).
The content of the LFCLKSRC register only takes effect when the LFCLKSTART task is triggered.

Note: Automatic requests of the LFCLK clock will ignore the value in LFCLKSRC and use LFRC as
source, unless the LFCLK source is started by triggering the LFCLKSTART start. In this case, the LFCLK
source will correspond to the value in LFCLKSRC when the LFCLKSTART start was last triggered.

The LFCLKSTARTED event will be generated after the LFCLKSTART task has been triggered and the LFCLK
source has started. Triggering a LFCLKSTART task before the LFCLKSTARTED event from a previous
LFCLKSTART task is generated will only generate one LFCLKSTARTED event. Triggering a LFCLKSTART task
after a LFCLKSTARTED event is generated will generate a new LFCLKSTARTED event.

The LFCLK clock is stopped when nothing requests it, e.g. RTC — Real-time counter on page 507 and
WDT — Watchdog timer on page 741 are stopped, and the LFCLKSTOP task is triggered. This must
be done for all cores. Triggering the LFCLKSTOP task is required only if the LFCLKSTART task has been
triggered before.

When the LFCLKSTART task is triggered, it is possible to trigger a new LFCLKSTART task without triggering a
LFCLKSTOP task in between.

If the LFXO is selected as the LFCLK source, the LFCLK clock will initially start running from the LFRC while
the LFXO is starting up, and then automatically switch to using the LFXO once this oscillator is running.

Events will be generated in the correct order, even if an LFCLK source that is already started by another
LFCLK control instance is requested. The timing of events may differ, depending on whether a LFCLK source
is already running or in the process of starting.

If two instances of the LFCLK control system request different LFCLK sources, the power and clock
subsystem will secure that the most accurate of the requested LFCLK sources is selected. If one LFCLK
control instance requests a particular LFCLK source to stop when another LFCLK control instance (or a
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peripheral) requests the same source to run, but at a lower accuracy, the power and clock subsystem will
switch to the less accurate source. The following table summarizes the priorities of the LFCLK sources.

Priority LFCLK source
Highest LFSYNT
Second highest LFXO

Lowest LFRC

Table 24: LFCLK request priority

When switching the LFCLK source, such as from LFRC to LFXO, up to one LFCLK cycle may be lost.

4.11.2.1 32.768 kHz RC oscillator (LFRC)
An internal 32.768 kHz RC oscillator (LFRC) is available as the LFCLK source.

The LFRC oscillator is fully embedded in nRF5340 and does not require additional external components.
4.11.2.1.1 Calibrating the 32.768 kHz RC oscillator
To improve accuracy of the LFRC oscillator, it can be calibrated using the HFXO as a reference oscillator.

The LFRC oscillator can be calibrated while it is running. The calibration is started by triggering the CAL task
which temporarily requests the HFCLK with the HFXO as the source for calibration.

A DONE event will be generated when the calibration is finished.

Note: Any core changing the LFCLK source will abort calibration without the DONE event being
generated in the core triggering the CAL task.

If the CAL task is triggered while a calibration routine is already running (i.e. before the DONE event is
generated), the CAL task has no effect and the calibration continues.

All cores can trigger the CAL task independently of each other. As a result, each core will receive a
corresponding DONE event. If the calibration routine is already running (i.e. a core has triggered the CAL
task), and the CAL task is triggered from another core, a DONE event is generated in both cores when the
calibration of its corresponding LFRC oscillator is complete.

4.11.2.2 32.768 kHz crystal oscillator (LFXO)

For higher LFCLK accuracy (when greater than + 250 ppm accuracy is required), the low frequency crystal
oscillator (LFXO) must be used.

This clock source requires external components and GPIO pin configuration, see OSCILLATORS — Oscillator
control on page 97.

4.11.2.3 32.768 kHz synthesized from HFCLK (LFSYNT)
The LFCLK can be synthesized from the HFCLK clock source.

LFSYNTH depends on the HFCLK to run. The accuracy of the LFCLK clock with the LFSYNTH as a source
assumes the accuracy of the HFCLK. If high accuracy is required, the HFCLK must be generated from the
HFXO.

Using the LFSYNT clock removes the requirement for an external 32.768 kHz crystal, but increases average
power consumption as the HFCLK will need to be requested in the system.
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4.11.2.4 Overriding the automatic LFCLK control system
Overriding the automatic clock control system to ensure the LFCLK clock is started and kept running is
possible, even if not requested.

This can be used to avoid associated LFCLK clock start-up times and have the highest clock accuracy after
wake-up from sleep.

The register LFCLKALWAYSRUN on page 95 can override the automatic clock control system. This
override is initiated by performing the following steps:

1. Set LFCLKSRC.SRC to select the LFCLK source.
2. Set LFCLKALWAYSRUN.ALWAYSRUN.
3. Trigger the LFCLKSTART task.

Registers LFCLKSRC.SRC and LFCLKALWAYSRUN.ALWAYSRUN can be written at any time, but are only
activated by the LFCLKSTART task.

4.11.3 Registers

Base address Domain Peripheral Instance Secure mapping DMA security Description Configuration
0x50005000 CLOCK : S
APPLICATION CLOCK us NA Clock control
0x40005000 CLOCK : NS
0x41005000 NETWORK  CLOCK CLOCK NS NA Clock control HFCLKAUDIO not
supported

HFCLK192M not supported

HFCLKCTRL reset value is

0x0.
Table 25: Instances
Register Offset Security Description
TASKS_HFCLKSTART 0x000 Start HFCLK128M/HFCLK64M source as selected in HFCLKSRC
TASKS_HFCLKSTOP 0x004 Stop HFCLK128M/HFCLK64M source
TASKS_LFCLKSTART 0x008 Start LFCLK source as selected in LFCLKSRC
TASKS_LFCLKSTOP 0x00C Stop LFCLK source
TASKS_CAL 0x010 Start calibration of LFRC oscillator
TASKS_HFCLKAUDIOSTART 0x018 Start HFCLKAUDIO source
TASKS_HFCLKAUDIOSTOP 0x01C Stop HFCLKAUDIO source
TASKS_HFCLK192MSTART 0x020 Start HFCLK192M source as selected in HFCLK192MSRC
TASKS_HFCLK192MSTOP 0x024 Stop HFCLK192M source
SUBSCRIBE_HFCLKSTART 0x080 Subscribe configuration for task HFCLKSTART
SUBSCRIBE_HFCLKSTOP 0x084 Subscribe configuration for task HFCLKSTOP
SUBSCRIBE_LFCLKSTART 0x088 Subscribe configuration for task LFCLKSTART
SUBSCRIBE_LFCLKSTOP 0x08C Subscribe configuration for task LFCLKSTOP
SUBSCRIBE_CAL 0x090 Subscribe configuration for task CAL
SUBSCRIBE_HFCLKAUDIOSTART 0x098 Subscribe configuration for task HFCLKAUDIOSTART
SUBSCRIBE_HFCLKAUDIOSTOP 0x09C Subscribe configuration for task HFCLKAUDIOSTOP
SUBSCRIBE_HFCLK192MSTART 0x0A0 Subscribe configuration for task HFCLK192MSTART
SUBSCRIBE_HFCLK192MSTOP 0x0A4 Subscribe configuration for task HFCLK192MSTOP
EVENTS_HFCLKSTARTED 0x100 HFCLK128M/HFCLK64M source started
EVENTS_LFCLKSTARTED 0x104 LFCLK source started
EVENTS_DONE 0x11C Calibration of LFRC oscillator complete event
EVENTS_HFCLKAUDIOSTARTED 0x120 HFCLKAUDIO source started
EVENTS_HFCLK192MSTARTED 0x124 HFCLK192M source started
N
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PUBLISH_HFCLKSTARTED 0x180 Publish configuration for event HFCLKSTARTED
PUBLISH_LFCLKSTARTED 0x184 Publish configuration for event LFCLKSTARTED
PUBLISH_DONE 0x19C Publish configuration for event DONE
PUBLISH_HFCLKAUDIOSTARTED 0x1A0 Publish configuration for event HFCLKAUDIOSTARTED
PUBLISH_HFCLK192MSTARTED 0x1A4 Publish configuration for event HFCLK192MSTARTED
INTEN 0x300 Enable or disable interrupt

INTENSET 0x304 Enable interrupt

INTENCLR 0x308 Disable interrupt

INTPEND 0x30C Pending interrupts

HFCLKRUN 0x408 Status indicating that HFCLKSTART task has been triggered
HFCLKSTAT 0x40C Status indicating which HFCLK128M/HFCLK64M source is running

This register value in any CLOCK instance reflects status only due to configurations/
actions in that CLOCK instance.

LFCLKRUN 0x414 Status indicating that LFCLKSTART task has been triggered

LFCLKSTAT 0x418 Status indicating which LFCLK source is running

This register value in any CLOCK instance reflects status only due to configurations/

actions in that CLOCK instance.

LFCLKSRCCOPY 0x41C Copy of LFCLKSRC register, set when LFCLKSTART task was triggered

HFCLKAUDIORUN 0x450 Status indicating that HFCLKAUDIOSTART task has been triggered

HFCLKAUDIOSTAT 0x454 Status indicating which HFCLKAUDIO source is running

HFCLK192MRUN 0x458 Status indicating that HFCLK192MSTART task has been triggered

HFCLK192MSTAT 0x45C Status indicating which HFCLK192M source is running

HFCLKSRC 0x514 Clock source for HFCLK128M/HFCLK64M

LFCLKSRC 0x518 Clock source for LFCLK

HFCLKCTRL 0x558 HFCLK128M frequency configuration

HFCLKAUDIO.FREQUENCY 0x55C Audio PLL frequency in 11.176 MHz - 11.402 MHz or 12.165 MHz - 12.411 MHz
frequency bands

HFCLKALWAYSRUN 0x570 Automatic or manual control of HFCLK128M/HFCLK64M

LFCLKALWAYSRUN 0x574 Automatic or manual control of LFCLK

HFCLKAUDIOALWAYSRUN 0x57C Automatic or manual control of HFCLKAUDIO

HFCLK192MSRC 0x580 Clock source for HFCLK192M

HFCLK192MALWAYSRUN 0x584 Automatic or manual control of HFCLK192M

HFCLK192MCTRL 0x5B8 HFCLK192M frequency configuration

Table 26: Register overview

4.11.3.1 TASKS_HFCLKSTART
Address offset: 0x000

Start HFCLK128M/HFCLK64M source as selected in HFCLKSRC

ID R/W Field Value ID Description
A w TASKS_HFCLKSTART Start HFCLK128M/HFCLK64M source as selected in
HFCLKSRC
Trigger 1 Trigger task

4.11.3.2 TASKS _HFCLKSTOP
Address offset: 0x004
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ID R/W  Field Value ID Description

A w TASKS_HFCLKSTOP Stop HFCLK128M/HFCLK64M source
Trigger 1 Trigger task

4.11.3.3 TASKS _LFCLKSTART
Address offset: 0x008

ID R/W  Field Description
A w TASKS_LFCLKSTART Start LFCLK source as selected in LFCLKSRC
Trigger 1 Trigger task

4.11.3.4 TASKS_LFCLKSTOP

ID R/W  Field Value ID Description
A W TASKS_LFCLKSTOP Stop LFCLK source
Trigger 1 Trigger task

Start calibration of LFRC oscillator

ID R/W  Field Value ID Description
A W TASKS_CAL Start calibration of LFRC oscillator
Trigger 1 Trigger task

4.11.3.6 TASKS_HFCLKAUDIOSTART
Address offset: 0x018
Start HFCLKAUDIO source
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ID R/W  Field Value ID Description

A w TASKS_HFCLKAUDIOSTART Start HFCLKAUDIO source

Trigger 1 Trigger task

4.11.3.7 TASKS_HFCLKAUDIOSTOP

Address offset: 0x01C

ID R/W  Field Value ID Description
A W TASKS_HFCLKAUDIOSTOP Stop HFCLKAUDIO source
Trigger 1 Trigger task

4.11.3.8 TASKS HFCLK192MSTART
Address offset: 0x020
Start HFCLK192M source as selected in HFCLK192MSRC

ID R/W  Field Value ID Description
A w TASKS_HFCLK192MSTART Start HFCLK192M source as selected in HFCLK192MSRC
Trigger 1 Trigger task

4.11.3.9 TASKS_HFCLK192MSTOP
Address offset: 0x024

ID R/W  Field Value ID Description
A W TASKS_HFCLK192MSTOP Stop HFCLK192M source
Trigger 1 Trigger task

4.11.3.10 SUBSCRIBE_HFCLKSTART
Address offset: 0x080
Subscribe configuration for task HFCLKSTART
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ID R/W  Field Value ID Description

A RW  CHIDX [255..0] DPPI channel that task HFCLKSTART will subscribe to
B RW  EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription

4.11.3.11 SUBSCRIBE_HFCLKSTOP
Address offset: 0x084
Subscribe configuration for task HFCLKSTOP

ID  R/W Field Value ID Description
A RW  CHIDX [255..0] DPPI channel that task HFCLKSTOP will subscribe to
B RW EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription

4.11.3.12 SUBSCRIBE_LFCLKSTART
Address offset: 0x088

Subscribe configuration for task LFCLKSTART

ID R/W  Field Value ID Description
A RW  CHIDX [255..0] DPPI channel that task LFCLKSTART will subscribe to
B RW EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription

4.11.3.13 SUBSCRIBE_LFCLKSTOP
Address offset: 0x08C

Subscribe configuration for task LFCLKSTOP

ID R/W  Field Description
A RW  CHIDX [255..0] DPPI channel that task LFCLKSTOP will subscribe to
B RW  EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription
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4.11.3.14 SUBSCRIBE_CAL
Address offset: 0x090

Subscribe configuration for task CAL

ID R/W  Field Value ID Description
A RW  CHIDX [255..0] DPPI channel that task CAL will subscribe to
B RW EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription

4.11.3.15 SUBSCRIBE_HFCLKAUDIOSTART
Address offset: 0x098

Subscribe configuration for task HFCLKAUDIOSTART

ID R/W  Field Value ID Value Description
A RW  CHIDX [255..0] DPPI channel that task HFCLKAUDIOSTART will subscribe to
B RW  EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription

4.11.3.16 SUBSCRIBE_HFCLKAUDIOSTOP
Address offset: 0x09C

Subscribe configuration for task HFCLKAUDIOSTOP

ID R/W  Field Value ID Value Description
A RW  CHIDX [255..0] DPPI channel that task HFCLKAUDIOSTOP will subscribe to
B RW EN

Disabled 0 Disable subscription

Enabled 1 Enable subscription

4.11.3.17 SUBSCRIBE_HFCLK192MSTART
Address offset: 0x0AO
Subscribe configuration for task HFCLK192MSTART
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ID R/W  Field Value ID

A RW  CHIDX [255..0]
B RW  EN
Disabled 0
Enabled 1

4.11.3.18 SUBSCRIBE_HFCLK192MSTOP
Address offset: 0x0A4
Subscribe configuration for task HFCLK192MSTOP

Description

DPPI channel that task HFCLK192MSTART will subscribe to

Disable subscription

Enable subscription

Description

ID R/W  Field Value ID Value
A RW  CHIDX [255..0]
B RW EN
Disabled 0
Enabled 1

4.11.3.19 EVENTS_HFCLKSTARTED
Address offset: 0x100
HFCLK128M/HFCLK64M source started

ID R/W  Field Value ID

DPPI channel that task HFCLK192MSTOP will subscribe to

Disable subscription

Enable subscription

Description

A RW EVENTS_HFCLKSTARTED
NotGenerated 0

Generated 1

4.11.3.20 EVENTS_LFCLKSTARTED
Address offset: 0x104

LFCLK source started

ID R/W  Field Value ID

HFCLK128M/HFCLK64M source started
Event not generated

Event generated

Description

A RW EVENTS_LFCLKSTARTED
NotGenerated 0

Generated 1

4.11.3.21 EVENTS_DONE

Address offset: 0x11C
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Calibration of LFRC oscillator complete event

ID R/W  Field Value ID Description

A RW  EVENTS_DONE Calibration of LFRC oscillator complete event
NotGenerated 0 Event not generated
Generated 1 Event generated

4.11.3.22 EVENTS_HFCLKAUDIOSTARTED
Address offset: 0x120

HFCLKAUDIO source started

ID R/W  Field Value ID Description

A RW EVENTS_HFCLKAUDIOSTARTED HFCLKAUDIO source started
NotGenerated 0 Event not generated
Generated 1 Event generated

4.11.3.23 EVENTS_HFCLK192MSTARTED

Address offset: 0x124

HFCLK192M source started

ID R/W  Field Value ID Description

A RW  EVENTS_HFCLK192MSTARTED HFCLK192M source started
NotGenerated 0 Event not generated
Generated 1 Event generated

4.11.3.24 PUBLISH_HFCLKSTARTED
Address offset: 0x180

Publish configuration for event HFCLKSTARTED

ID R/W  Field Value ID Description
A RW  CHIDX [255..0] DPPI channel that event HFCLKSTARTED will publish to.
B RW  EN

Disabled 0 Disable publishing

Enabled 1 Enable publishing
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4.11.3.25 PUBLISH_LFCLKSTARTED
Address offset: 0x184

Publish configuration for e