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NRFI9160 features

Features:
Microcontroller: LTE modem:
® ®
e Arm Cortex -M33 e Transceiver and baseband

®
e 247 EEMBC CoreMark score running from flash memory

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

instrumentation trace macrocell (ITM) .
e Serial wire debug (SWD) .
e Trace port
1 MB flash
256 kB low leakage RAM
Arm TrustZone®
Arm CryptoCeIIW 310
Up to 4x SPI master/slave with EasyDMA
Up to 4x 12C compatible two-wire master/slave with EasyDMA
Up to 4x UART (CTS/RTS) with EasyDMA
12S with EasyDMA
Digital microphone interface (PDM) with EasyDMA
4x pulse width modulator (PWM) unit with EasyDMA
12-bit, 200 ksps ADC with EasyDMA - eight configurable channels with
programmable gain
3x 32-bit timer with counter mode
2x real-time counter (RTC)
Programmable peripheral interconnect (PPI)

32 general purpose 1/0 pins

Single supply voltage: 3.0-5.5V

3GPP LTE release 13 Cat-M1 and Cat-NB1 compliant

e 3GPP release 13 coverage enhancement
3GPP LTE release 14 Cat-NB2 compliant

GPS receiver

e  GPSL1C/Asupported
e QZSSL1C/A supported

RF transceiver for global coverage

. Up to 23 dBm output power

e -108 dBm sensitivity (LTE-M) for low band, -107 dBm for mid
band

e  Single 50 Q antenna interface

LTE band support in hardware:

e Cat-M1:B1, B2, B3, B4, B5, B8, B12, B13, B18, B19, B20, B25,
B26, B28, B66

e Cat-NB1/NB2:B1, B2, B3, B4, B5, B8, B12, B13, B17, B19, B20,
B25, B26, B28, B66

Supports SIM and eSIM with an ETSI TS 102 221 compatible UICC

interface
Power saving features: DRX, eDRX, PSM
IP v4/v6 stack

Secure socket (TLS/DTLS) API

Current consumption @ 3.7 V:

All necessary clock sources integrated

Package: 10.5 x 16 x 1.04 mm LGA

Applications:

Sensor networks 3
Logistics and asset tracking .
Smart energy .
Smart building automation .

Smart agriculture
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Power saving mode (PSM) floor current: 2.7 pA

eDRX @ 81.92s: 18 pA in Cat-M1, 37 pA in Cat-NB1 (UICC included)

Industrial
Retail and monitor devices
Medical devices

Wearables
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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.
¢ The register configuration for the peripheral.

¢ The electrical specification tables, containing performance data which apply for the operating
conditions described in Operating conditions on page 517.

2.2.2 Peripheral instantiation

The peripherals have a set of security capabilities listed in the instantiation tables.

The following table describes the abbreviations used.
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Abbreviation Description

NS Trustzone/security attribute is Non-secure - The peripheral is always accessible as a Non-
secure peripheral.

S Trustzone/security attribute is Secure - The peripheral is always accessible as a Secure
peripheral.
us Trustzone Map is user selectable - The Trustzone/security attribute of the peripheral is

configurable.

HF Trustzone Map is Hardware Fixed - The Trustzone/security attribute of the peripheral
cannot be changed.

NA Not Applicable - Peripheral has no DMA capability.

NSA NoSeparateAttribute - Peripheral with DMA and DMA transfer has the same security
attribute as assigned to the peripheral.

SA SeparateAttribute - Peripheral with DMA and DMA transfers can have a different
security attribute than the one assigned to the peripheral.

Table 2: Instantiation table abbreviations

The Secure mapping column in the peripheral instantiation table defines configuration capabilities for the
Arm TrustZone for Armv8-M secure attribute. The DMA security column describes the DMA capabilities of
the peripheral.

The instantiation table has the following columns:

¢ Instance Column - Indicates the peripheral instance name followed by optional Trustzone attribute. A
corresponding address is listed in Base address column indicating the base address for Secure and Non-
secure Trustzone attribute. This optional Trustzone attribute is separated by a colon (:).

e Trustzone Column - This has 3 sub-columns indicating the Trustzone map, Trustzone attribute and DMA
capability. The options are as listed in Instantiation table abbreviations on page 14.

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.

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.
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¢ 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:

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

WO 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.

wic Write 1 to clear Field can be read multiple times. A one clears (set to zero) the corresponding bit in the register. Bits set to zero are ignored.
W1s Write 1 to set Field can be read multiple times. A one sets the corresponding bit in the register. Bits set to zero are ignored.

Table 3: Register field permission schemes

2.4 Registers

Register overview

DUMMY 0x514

2.4.1 DUMMY

Address offset: 0x514

Example of a register controlling a dummy feature

R/W  Field Value ID

Example of a register controlling a dummy feature

Description

-A RW  FIELDO
Disabled
NormalMode
ExtendedMode
B RW  FIELD1

Disabled
Enabled
C RW  FIELD2
ValidRange
D RW  FIELD3

4418_1315v2.2
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Example of a read-write field with several enumerated values
The example feature is disabled

The example feature is enabled in normal mode

The example feature is enabled along with extra functionality

Example of a deprecated read-write field

This field is deprecated.

The override feature is disabled

The override feature is enabled

Example of a read-write field with a valid range of values
Example of allowed values for this field

Example of a read-write field with no restriction on the values
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Product overview

The nRF9160 System-in-Package (SiP) is a low-power cellular IoT (Internet of Things) solution, integrating
an Arm Cortex-M33 processor with advanced security features, a range of peripherals, as well as a
complete LTE modem compliant with 3GPP LTE release 13 Cat-M1 and Cat-NB1, and 3GPP LTE release 14
Cat-NB1 and Cat-NB2 standards.

The Arm Cortex-M33 processor is exclusively for user application software, and it offers 1 MB of flash
and 256 kB of RAM dedicated to this use. The M33 application processor shares the power, clock, and
peripheral architecture with Nordic Semiconductor nRF51 and nRF52 Series of PAN/LAN SoCs, ensuring
minimal porting efforts.

The peripheral set offers a variety of analog and digital functionality enabling single-chip implementation
of a wide range of cellular |oT (Internet of Things) applications. Arm TrustZone technology, CryptoCell 310
and supporting blocks for system protection and key management, are embedded to enable advanced
security needed for loT applications.

The LTE modem integrates a very flexible transceiver that in hardware supports frequency range from

700 to 2200 MHz (through a single 50 Q antenna pin), and a baseband processor handling LTE Cat-M1/
NB1/NB2 protocol layers L1-L3 as well as IP upper layers offering secure socket API for the application. The
modem is supported by prequalified software builds available for free from Nordic Semiconductor.

On specific nRF9160 device variants, the LTE modem supports A-GPS operation during sleep intervals in
the LTE operation (RRC idle and PSM modes).

Note: The LTE modem hardware supports Cat-NB2, but needs modem firmware support to get
enabled. For information on Cat-NB2 feature support, see the nRF9160 Modem Firmware Release
Notes included in the latest nRF9160 modem firmware.

3.1 Block diagram

The block diagram illustrates the overall system. Arrows with white heads indicate signals that share
physical pins with other signals.
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3.2 Peripheral interface

Figure 1: Block diagram

Peripherals are controlled by the CPU through configuration registers, as well as task and event registers.
Task registers are inputs, enabling the CPU and other peripherals to initiate a functionality. Event registers
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are outputs, enabling a peripheral to trigger tasks in other peripherals and/or the CPU by tying events to
CPU interrupts.

Channel inputs from DPPI

Peripheral

task

Peripheral
core

event

1
1
]
1
1
1

\ IRQ signal to NVIC
------ 1

YVY

Channel outputs to DPPI

Figure 2: Peripheral interface

The distributed programmable peripheral interconnect (DPPI) feature enables peripherals to connect
events to tasks without CPU intervention. For more information on DPPI and the DPPI channels, see DPPI -
Distributed programmable peripheral interconnect on page 153.

3.2.1 Peripheral ID

Every peripheral is assigned a fixed block of 0x1000 bytes of address space, which is equal to 1024 x 32-bit
registers.

See Instantiation on page 27 for more information about which peripherals are available and where
they are located in the address map.

There is a direct relationship between peripheral ID and base address. For example, a peripheral with base
address 0x40000000 is assigned ID=0, a peripheral with base address 0x40001000 is assigned ID=1, and a
peripheral with base address 0x4001F000 is assigned ID=31.

Peripherals may share the same ID, which may impose one or more of the following limitations:

¢ Shared registers or common resources
¢ Limited availability due to mutually exclusive operation; only one peripheral in use at a time
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¢ Enforced peripheral behavior when switching between peripherals (disable the first peripheral before
enabling the second)

3.2.2 Peripherals with shared ID

In general (with the exception of ID 0), peripherals sharing an ID and base address may not be used
simultaneously. Only one peripheral can be enabled at a given ID.

When switching between two peripherals sharing an ID, the following should be performed to prevent
unwanted behavior:

1. Disable the previously used peripheral.

2. Disable any publish/subscribe connection to the DPPI system for the peripheral that is being disabled.

3. Clear all bits in the INTEN register, i.e. INTENCLR = OxFFFFFFFF.

4. Explicitly configure the peripheral being enabled. Do not rely on inherited configuration from the
disabled peripheral.

5. Enable the now configured peripheral.

For a list of which peripherals that share an ID see Instantiation on page 27.

3.2.3 Peripheral registers

Most peripherals feature an ENABLE register. Unless otherwise specified, the peripheral registers must be
configured before enabling the peripheral.

PSEL registers need to be set before a peripheral is enabled or started. Updating PSEL registers while the
peripheral is running has no effect. To connect a peripheral to a different GPIO, the following must be
performed:

1. Disable the peripheral.
2. Update the PSEL register.
3. Re-enable the peripheral.

It takes four CPU cycles between the PSEL register update and the connection between a peripheral and a
GPIO becoming effective.

Note: The peripheral must be enabled before tasks and events can be used.

Most of the register values are lost during System OFF or when a reset is triggered. Some registers will
retain their values in System OFF or for some specific reset sources. These registers are marked as retained
in the register description for a given peripheral. For more information on their behavior, see chapter
Reset on page 61.

3.2.4 Bit set and clear

Registers with multiple single-bit bit fields may implement the set-and-clear pattern. This pattern enables
firmware to set and clear individual bits in a register without having to perform a read-modify-write
operation on the main register.

This pattern is implemented using three consecutive addresses in the register map, where the main
register is followed by dedicated SET and CLR registers (in that exact order).

In the main register, the SET register sets individual bits and the CLR register clears them. Writing 1 to a
bit in the SET or CLR register will set or clear the same bit in the main register respectively. Writing 0 to a
bit in the SET or CLR register has no effect. Reading the SET or CLR register returns the value of the main
register.

Note: The main register may not be visible and therefore not directly accessible in all cases.
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3.2.5 Tasks

Tasks are used to trigger actions in a peripheral, such as to start a particular behavior. A peripheral can
implement multiple tasks with each task having a separate register in that peripheral's task register group.

A task is triggered when firmware writes 1 to the task register, or when the peripheral itself or another
peripheral toggles the corresponding task signal. See the figure Peripheral interface on page 18.

3.2.6 Events

Events are used to notify peripherals and the CPU about events that have happened, for example a state
change in a peripheral. A peripheral may generate multiple events, where each event has a separate
register in that peripheral's event register group.

An event is generated when the peripheral itself toggles the corresponding event signal, and the event
register is updated to reflect that the event has been generated, see figure Peripheral interface on page
18. An event register is cleared when a 0 is written to it by firmware. Events can be generated by the
peripheral even when the event register is set to 1.

3.2.7 Publish and subscribe

Events and tasks from different peripherals can be connected together through the DPPI system using the
PUBLISH and SUBSCRIBE registers in each peripheral. See Peripheral interface on page 18. An event

can be published onto a DPPI channel by configuring the event's PUBLISH register. Similarly, a task can
subscribe to a DPPI channel by configuring the task's SUBSCRIBE register.

See DPPI - Distributed programmable peripheral interconnect on page 153 for details.

3.2.8 Shortcuts

A shortcut is a direct connection between an event and a task within the same peripheral. If a shortcut is
enabled, the associated task is automatically triggered when its associated event is generated.

Using shortcuts is equivalent to making the connection outside the peripheral and through the DPPI.
However, the propagation delay when using shortcuts is usually shorter than the propagation delay
through the DPPI.

Shortcuts are predefined, which means that their connections cannot be configured by firmware. Each
shortcut can be individually enabled or disabled through the shortcut register, one bit per shortcut, giving
a maximum of 32 shortcuts for each peripheral.

3.2.9 Interrupts

All peripherals support interrupts which are generated by events.

A peripheral only occupies one interrupt, and the interrupt number follows the peripheral ID. For example,
the peripheral with ID=4 is connected to interrupt number 4 in the nested vectored interrupt controller
(NVIC).

Using registers INTEN, INTENSET, and INTENCLR, every event generated by a peripheral can be
configured to generate that peripheral's interrupt. Multiple events can be enabled to generate interrupts
simultaneously. To resolve the correct interrupt source, the event registers in the event group of
peripheral registers will indicate the source.

Some peripherals implement only INTENSET and INTENCLR registers, and the INTEN register is not
available on those peripherals. See the individual peripheral chapters for details. In all cases, reading back
the INTENSET or INTENCLR register returns the same information as in INTEN.

Each event implemented in the peripheral is associated with a specific bit position in the INTEN, INTENSET,
and INTENCLR registers.
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The relationship between tasks, events, shortcuts, and interrupts is illustrated in figure Peripheral interface
on page 18.

3.2.9.1 Interrupt clearing and disabling

Interrupts should always be cleared by writing 0 to the corresponding EVENT register.

Until cleared, interrupts will immediately be re-triggered and cause software interrupt service routines to
be executed repeatedly.

Because the clearing of the EVENT register may take a number of CPU clock cycles, the program should
perform a read from the EVENT register that has been cleared before exiting the interrupt service routine.
This will ensure that the EVENT clearing has taken place before the interrupt service routine is exited. Care
should be taken to ensure that the compiler does not remove the read operation as an optimization.

Similarly, when disabling an interrupt inside an interrupt service routine, the program should perform
a read from the INTEN or INTENCLR registers to ensure that the interrupt is disabled before exiting the
interrupt service routine.

3.2.10 Secure/non-secure peripherals

For some peripherals, the security configuration can change from secure to non-secure, or vice versa. Care
must be taken when changing the security configuration of a peripheral, to prevent security information
leakage and ensure correct operation.

The following sequence should be followed, where applicable, when configuring and changing the security
settings of a peripheral in the SPU — System protection unit on page 324.

Stop peripheral operation.

Disable the peripheral.

Remove pin connections.

Disable DPPI connections.

Clear sensitive registers (e.g. writing back default values).

Change peripheral security setting in the SPU — System protection unit on page 324.
Re-enable the peripheral.

NowmhewNPE
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The nRF9160 application core has a modern and powerful Arm Cortex-M33 with on-chip flash and RAM
exclusively for application use.

4.1 CPU

The Arm Cortex-M33 processor has a 32-bit instruction set (Thumb®-2 technology) that implements a
superset of 16 and 32-bit instructions to maximize code density and performance.

This processor implements several features that enable energy-efficient arithmetic and high-performance
signal processing, including:

¢ Digital signal processing (DSP) instructions

¢ Single-cycle multiply and accumulate (MAC) instructions

e Hardware divide

e 8- and 16-bit single instruction, multiple data (SIMD) instructions
¢ Single-precision floating-point unit (FPU)

* Memory Protection Unit (MPU)

e Arm TrustZone for ARMv8-M

The Arm Cortex Common Microcontroller Software Interface Standard (CMSIS) hardware abstraction layer
for the Arm Cortex processor series is implemented and available for the M33 CPU.

Real-time execution is highly deterministic in thread mode, to and from sleep modes, and when handling
events at configurable priority levels via the nested vectored interrupt controller (NVIC).

Executing code from internal or external flash will have a wait state penalty. The instruction cache can

be enabled to minimize flash wait states when fetching instructions. For more information on cache,

see Cache on page 34. The section Electrical specification on page 23 shows CPU performance

parameters including the wait states in different modes, CPU current and efficiency, and processing power
and efficiency based on the CoreMark benchmark.

4.1.1 Floating-point interrupt
The floating-point unit (FPU) might generate exceptions when used (for example, due to overflow or

underflow), which trigger the FPU interrupt.

See Instantiation on page 27 for more information about which exception number (peripheral ID) is
triggered by an FPU exception.

The FPU is not affected by any security configuration. It is presented as non-secure in register
PERIPHID[n].PERM. See SPU — System protection unit on page 324 for more information.

To clear the IRQ (interrupt request) line when an exception occurs, the relevant exception bit within the
floating-point status and control register (FPSCR) must be cleared. For more information about the FPSCR
or other FPU registers, see the Arm Cortex-M33 Devices Generic User Guide.

4.1.2 CPU and support module configuration

The Arm Cortex-M33 processor has a number of CPU options and support modules implemented on the
device.
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Option / Module Description Implemented

Core options

NVIC Nested vectored interrupt controller YES

PRIORITIES Priority bits 3

WIC Wake-up interrupt controller NO

Endianness Memory system endianness Little endian

DWT Data watchpoint and trace YES

Modules

MPU_NS Number of non-secure memory protection unit (MPU) regions 16

MPU_S Number of secure MPU regions 16

SAU Number of security attribution unit (SAU) regions 0, see SPU for more information about

secure regions.

FPU Floating-point unit YES
DSP Digital signal processing extension YES
ARMvV8-M TrustZone ARMV8-M security extensions YES
CPIF Co-processor interface NO
ETM Embedded trace macrocell YES
IT™ Instrumentation trace macrocell YES
MTB Micro trace buffer NO
CTI Cross trigger interface YES
BPU Breakpoint unit YES
HTM AMBA® AHB trace macrocell NO

4.1.3 Electrical specification
4.1.3.1 CPU performance
The CPU clock speed is 64 MHz. Current and efficiency data is taken when in System ON and the CPU is

executing the CoreMark benchmark. It includes power regulator and clock base currents. All other blocks
are IDLE.

Symbol Description Min. Typ. Max. Units

WeLAsH CPU wait states, running from flash, cache disabled 0 4

W ELASHCACHE CPU wait states, running from flash, cache enabled 0 2

Wgram CPU wait states, running from RAM 0

CMEasH CoreMark?, running from flash, cache enabled 247 CoreMark

CMELASH/MHZ CoreMark per MHz, running from flash, cache enabled 3.86 CoreMark/
MHz

CMEasH/mA CoreMark per mA, running from flash, cache enabled 91 CoreMark/mA

4.2 Memory

The application microcontroller has embedded 1024 kB flash and 256 kB RAM for application code and
data storage.

As illustrated in Memory layout on page 24, both CPU and EasyDMA are able to access RAM via the

AHB multilayer interconnect. See AHB multilayer interconnect on page 50 and EasyDMA on page

48 for more information about AHB multilayer interconnect and EasyDMA respectively. The LTE

modem can access all application MCU memory, but typically a small portion of RAM is dedicated to data
exchange between application MCU and the modem baseband controller.

1 e .
Using armclang compiler
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E—2  Peripheral Modem CPU
Arm Cortex-M33
2 3
[%) e
3 o £
s 3 2
o n
02003 000
,,,,,,, RAM7 0x2003 €000
APB2APB AHB slave 0x2003 A00O
042003 8000
02003 6000
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, RAM6 0x2003 4000
pectionts 0x2003 2000
0x2003 0000
0x2002 £000
,,,,,,, P S S S S | 0x2002 C000
0x2002 A000
0x2002 8000
02002 6000
,,,,,,, P S S S RAM4 0x2002 4000
Section 0x2002 2000
0x2002 0000
02001 000
,,,,,,, P S S S RAM3 0x2001 €000
section 0x2001 AO0O
0x2001 8000
0x2001 6000
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, RAM2 0x2001 4000
® * D) |
0x2001 2000
012001 0000
02000 £000
,,,,,,, e RAM1 0x2000 C000
Section 0x2000 AO0O
Section 0
| sectiono [NNENNS
02000 6000
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, RAMO 0x2000 4000
g s ® D)
0x2000 2000
Section 0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ) R B [ sectiono_ [NNNN
IR 2852 0X00OF FO0O
e ] G L ] ST @
> Page 3..254
uy
@
w
2 0x0000 3000
BT 0,000 2000
BRI 0000 1000
AHB multilayer interconnect _ OX0000 0000
X

Figure 3: Memory layout

RAM - Random access memory
RAM can be read and written an unlimited number of times by the CPU and the EasyDMA.

Each RAM AHB slave is connected to one or more RAM sections. See Memory layout on page 24 for
more information.
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The RAM blocks power states and retention states in System ON and System OFF modes are controlled by
the VMC.

Flash - Non-volatile memory

Flash can be read an unlimited number of times by the CPU and is accessible via the AHB interface
connected to the CPU, see Memory layout on page 24 for more information. There are restrictions
on the number of times flash can be written and erased, and also on how it can be written. For more
information, see Absolute maximum ratings on page 518. Writing to flash is managed by the non-
volatile memory controller (NVMC).

4.2.1 Memory map

All memory and registers are found in the same address space, as illustrated in the device memory map
below.
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System address map

OXFFFF FFFF

Private peripheral bus

0xEQ00 0000 ‘
0xC000 0000

0xA000 0000
0x8000 0000

0x6000 0000
Secure peripheral

0x5000 0000

Non-secure peripheral
0x4000 0000
0x2000 0000

Code
0x0000 0000

Address map

ROM table O0xEOOF FO00

MCU ROM table OxEOOF E000

Reserved (MTB) 0xE004 3000
CTI 0xE004 2000

IS I 0+£004 1000
Reserved (TPIU 0xE004 0000

ETM
)
IT™

0xEO000 1000

AHB peripherals 0x5080 0000

APB peripherals
0x5000 0000

AHB peripherals 0x4080 0000

APB peripherals
0x4000 0000

0x2000 0000

0xO0FF 8000

0xO00FF 0000

0x0000 0000

Figure 4: Memory map

Some of the registers are retained (their values kept). Read more about retained registers in Retained

registers on page 62 and Reset behavior on page 62.

4418_1315v2.2
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4.2.2 Instantiation

ID Base address

3 0x50003000

0x50004000
¢ 0x40004000
0x50005000
° 0x40005000
0x50005000
° 0x40005000

6 0x50006000

0x50008000
8

0x40008000

0x50008000
8

0x40008000

0x50008000
8

0x40008000

0x50008000
8

0x40008000

0x50008000
8

0x40008000

0x50009000
9

0x40009000

0x50009000
9

0x40009000

0x50009000
9

0x40009000

0x50009000
9

0x40009000

0x50009000
9

0x40009000

0x5000A000
10

0x4000A000

0x5000A000
10

0x4000A000

0x5000A000
10

0x4000A000

0x5000A000
10

0x4000A000

0x5000A000
10

0x4000A000

0x5000B000
11

0x4000B000

0x5000B000
11

0x4000B000

0x5000B000
11

0x4000B000

0x5000B000
11

0x4000B000

0x5000B000
11

0x4000B000

13 0x5000D000

4418_1315v2.2

Instance

SPU
REGULATORS :
REGULATORS : NS
CLOCK : S
CLOCK : NS
POWER: S
POWER : NS
CTRL_AP_PERI
SPIMO: S
SPIMO : NS
SPISO : S
SPISO : NS
TWIMO : S
TWIMO : NS
TWISO : S
TWISO : NS
UARTEO : S
UARTEO : NS
SPIM1:S
SPIM1 : NS
SPIS1:S
SPIS1 : NS
TWIM1 : S
TWIM1 : NS
TWIS1 : S
TWIST : NS
UARTE1: S
UARTEL : NS
SPIM2 : S
SPIM2 : NS
SPIS2:S
SPIS2 : NS
TWIM2 : S
TWIM2 : NS
TWIS2 : S
TWIS2 : NS
UARTE2: S
UARTE2 : NS
SPIM3: S
SPIM3 : NS
SPIS3: S
SPIS3 : NS
TWIM3 : S
TWIM3 : NS
TWIS3 : S
TWIS3 : NS
UARTE3 : S
UARTE3 : NS
GPIOTED

TrustZone
Map
HF

us

us

us

HF

us

us

us

us

us

us

us

us

us

us

us

us

us

us

us

us

us

us

us

us

HF

Att

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

DVA
NA

NA

NA

NA

NA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

SA

NA
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Split access Description

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

System Protection Unit

Regulator configuration
Clock control

Power control
CTRL-AP-PERI

SPI master 0
SPI slave O
Two-wire interface master 0

Two-wire interface slave 0

Universal asynchronous receiver/transmitter with

EasyDMA 0

SPI master 1
SPI slave 1
Two-wire interface master 1

Two-wire interface slave 1

Universal asynchronous receiver/transmitter with

EasyDMA 1

SPI master 2
SPI slave 2
Two-wire interface master 2

Two-wire interface slave 2

Universal asynchronous receiver/transmitter with

EasyDMA 2

SPI master 3
SPI slave 3
Two-wire interface master 3

Two-wire interface slave 3

Universal asynchronous receiver/transmitter with
EasyDMA 3

Secure GPIO tasks and events
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14

15

16

17

20

21

23

24

27

28

29

30

31

32

33

34

35

36

38

40

42

44
49

57

57

58

64
65

Base address

0x5000E000
0x4000E000
0x5000F000
0x4000F000
0x50010000
0x40010000
0x50011000
0x40011000
0x50014000
0x40014000
0x50015000
0x40015000
0x50017000
0x40017000
0x50018000
0x40018000
0x5001B000
0x4001B000
0x5001C000
0x4001C000
0x5001D000
0x4001D000
0x5001E000
0x4001E000
0x5001F000
0x4001F000
0x50020000
0x40020000
0x50021000
0x40021000
0x50022000
0x40022000
0x50023000
0x40023000
0x50024000
0x40024000
0x50026000
0x40026000
0x50028000
0x40028000
0x5002A000
0x4002A000
0x4002C000
0x40031000
0x50039000
0x40039000
0x50039000
0x40039000
0x5003A000
0x4003A000
0x50840000
0x50841000

4418 _1315v2.2

Instance

SAADC: S
SAADC : NS
TIMERO :
TIMERO : NS
TIMER1 : §
TIMER1 : NS
TIMER2 : S
TIMER2 : NS
RTCO: S
RTCO : NS
RTC1:S
RTC1 : NS
DPPIC: S
DPPIC : NS
WDT : S
WDT : NS
EGUO:S
EGUO : NS
EGU1L:S
EGU1 : NS
EGU2:S
EGU2 : NS
EGU3:S
EGU3 : NS
EGUA4:S
EGU4 : NS
EGUS : S
EGUS : NS
PWMO : S
PWMO : NS
PWM1:S
PWM1 : NS
PWM2 : S
PWM2 : NS
PWM3 : S
PWM3 : NS
PDM: S
PDM : NS
125:5
125 : NS
IPC:S
IPC: NS
FPU
GPIOTEL
KMU : S
KMU : NS
NVMC: S
NVMC : NS
VMC:S
VMC : NS
CRYPTOCELL
CC_AES

TrustZone

Map

us

us

us

us

us

us

HF

us

us

us

us

us

us

us

us

us

us

us

us

us

us

HF
HF

HF

HF

us

HF
HF

Att

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS
NS

NS

NS

NS

DMA

SA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

SA

SA

SA

SA

SA

SA

NA

NA
NA

NA

NA

NA

NSA
NSA
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Split access Description

No

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

Yes

No

No
No

Analog to digital converter

Timer 0

Timer 1

Timer 2

Real time counter 0

Real time counter 1

DPPI configuration

Watchdog timer

Event generator unit 0

Event generator unit 1

Event generator unit 2

Event generator unit 3

Event generator unit 4

Event generator unit 5

Pulse width modulation unit 0

Pulse width modulation unit 1

Pulse width modulation unit 2

Pulse width modulation unit 3

Pulse density modulation (digital microphone)

interface

Inter-IC Sound

Interprocessor communication

Floating-point unit

Non Secure GPIO tasks and events

Key management unit

Non-volatile memory controller

Volatile memory controller

CRYPTOCELL 310 security subsystem
CRYPTOCELL AES engine
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ID Base address Instance TrustZone Split access Description
Map Att DMA

65 0x50841000 CC_AHB HF S NSA No CRYPTOCELL AHB interface

65 0x50841000 CC_CHACHA HF S] NSA No CRYPTOCELL CHACHA engine

65 0x50841000 CC_CTL HF S NSA No CRYPTOCELL CTL interface

65 0x50841000 CC_DIN HF S NSA No CRYPTOCELL DIN DMA engine

65 0x50841000 CC_DouTt HF S NSA No CRYPTOCELL DOUT DMA engine

65 0x50841000 CC_HASH HF S NSA No CRYPTOCELL HASH engine

65 0x50841000 CC_HOST_RGF HF S NSA No CRYPTOCELL HOST register interface

65 0x50841000 CC_MISC HF S] NSA No CRYPTOCELL MISC interface

65 0x50841000 CC_PKA HF S NSA No CRYPTOCELL PKA engine

65 0x50841000 CC_RNG HF S NSA No CRYPTOCELL RNG engine

65 0x50841000 CC_RNG_SRAM HF S NSA No CRYPTOCELL RNG SRAM interface
0x50842500 PO:S

66 HF NS NA Yes General purpose input and output
0x40842500 PO : NS

N/A  0xO0FF0000 FICR HF S NA No Factory information configuration

N/A  0xOOFF8000 UICR HF S NA No User information configuration

N/A  0xE0041000 ETM HF NS NA No ETM

N/A  0xE0051000 ETB HF NS NA No ETB

N/A  0xE0054000 TPIU HF NS NA No TPIU

N/A  0xE0058000 ATBREPLICATOR HF NS NA No ATBREPLICATOR

N/A  OXEOO5A000 ATBFUNNEL1 HF NS NA No ATBFUNNEL unit 1

N/A  OxE005B000 ATBFUNNEL2 HF NS NA No ATBFUNNEL unit 2

N/A  0xE0080000 TAD HF S NA No Trace and debug control

Table 4: Instantiation table

4.2.3 Peripheral access control capabilities

Information about the peripheral access control capabilities can be found in the instantiation table.

The instantiation table has two columns containing the information about access control capabilities for a
peripheral:

e Secure mapping: This column defines configuration capabilities for TrustZone-M secure attribute.

¢ DMA security: This column indicates whether the peripheral has DMA capabilities, and if DMA transfer
can be assigned to a different security attribute than the peripheral itself.

For details on options in secure mapping column and DMA security column, see the following tables
respectively.

Abbreviation Description

NS Non-secure: This peripheral is always accessible as a non-secure peripheral.
S Secure: This peripheral is always accessible as a secure peripheral.
us User-selectable: Non-secure or secure attribute for this peripheral is defined by the

PERIPHID[0].PERM register.

SPLIT Both non-secure and secure: The same resource is shared by both secure and non-
secure code.

Table 5: Secure mapping column options
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NA Not applicable: Peripheral has no DMA capability.

NSA No separate attribute: Peripheral has DMA, and DMA transfers always have the same
security attribute as assigned to the peripheral.

SA Separate attribute: Peripheral has DMA, and DMA transfers can have a different security
attribute than the one assigned to the peripheral.

Table 6: DMA security column options

4.3 VMC — Volatile memory controller

The volatile memory controller (VMC) provides power control of RAM blocks.

Each of the available RAM blocks, which can contain multiple RAM sections, can be turned on or off
independently in System ON mode, using the RAM[n]registers. These registers also control if a RAM block,
or some of its sections, is retained in System OFF mode. See Memory chapter for more information about
RAM blocks and sections.

Note: Powering up a RAM block takes typically 10 cycles. Thus, it is recommended reading the
POWER register before accessing a RAM block that has been recently powered on.

4.3.1 Registers

Instances
VMC:S 0x5003A000

us NS NA No Volatile memory controller
VMC : NS 0x4003A000

Register overview

RAM[n].POWER 0x600 RAMnN power control register
RAM[n].POWERSET 0x604 RAMn power control set register
RAM[n].POWERCLR 0x608 RAMN power control clear register

4.3.1.1 RAM[n].POWER (n=0..7)
Address offset: 0x600 + (n x 0x10)

RAMN power control register
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ID R/W Field Value ID Description

A-D RW S[i]JPOWER (i=0..3) Keep RAM section Si of RAM n on or off in System ON mode

All RAM sections will be switched off in System OFF mode

Off 0 Off
On 1 On
E-H RW  S[iJRETENTION (i=0..3) Keep retention on RAM section Si of RAM n when RAM section is switched
off
Off 0 Off
On 1 On

4.3.1.2 RAM[n].POWERSET (n=0..7)
Address offset: 0x604 + (n x 0x10)

RAMnN power control set register

When read, this register will return the value of the POWER register.

ID R/W Field Value ID Description
A-D W S[i]POWER (i=0..3) Keep RAM section Si of RAM n on or off in System ON mode
On 1 On
E-H W  S[iJRETENTION (i=0..3) Keep retention on RAM section Si of RAM n when RAM section is switched
off
On 1 On

4.3.1.3 RAM[n].POWERCLR (n=0..7)
Address offset: 0x608 + (n x 0x10)

RAMN power control clear register

When read, this register will return the value of the POWER register.

ID R/W  Field Value ID Description
A-D W  S[i]JPOWER (i=0..3) Keep RAM section Si of RAM n on or off in System ON mode
Off 1 Off
EEH W S[i]RETENTION (i=0..3) Keep retention on RAM section Si of RAM n when RAM section is switched
off
Off 1 Off

4.4 NVMC — Non-volatile memory controller

The non-volatile memory controller (NVMC) is used for writing and erasing of the internal flash memory
and the user information configuration register (UICR).
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The NVMC is a split security peripheral. This means that when the NVMC is configured as non-secure, only
a subset of the registers is available from the non-secure code. See SPU — System protection unit on page
324 and Registers on page 34 for more details.

When the NVMC is configured to be a secure peripheral, only secure code has access.

Before a write can be performed, the NVMC must be enabled for writing in CONFIG.WEN. Similarly, before
an erase can be performed, the NVMC must be enabled for erasing in CONFIG.EEN, see CONFIG on page
35. The user must make sure that writing and erasing are not enabled at the same time. Failing to do

so may result in unpredictable behavior.

4.4.1 Writing to flash

When writing is enabled, in CONFIG register for secure region, or in CONFIGNS register for non-secure
region, flash is written by writing a full 32-bit word to a word-aligned address in flash.

Secure code has access to both secure and non-secure regions, by using the appropriate configuration
of CONFIG and CONFIGNS registers. Non-secure code, in contrast, has access to non-secure regions only.
Thus, non-secure code only needs CONFIGNS.

The NVMC is only able to write '0' to erased bits in flash, that is bits set to '1'. It cannot write a bit back to
'1'.
As illustrated in Memory on page 23, flash is divided into multiple pages. The same address in flash can

only be written nygrte number of times before a page erase must be performed.

Only full 32-bit words can be written to flash using the NVMC interface. To write less than 32 bits to flash,
write the data as a word, and set all the bits that should remain unchanged in the word to '1'. Note that
the restriction about the number of writes (see above) still applies in this case.

The time it takes to write a word to flash is specified by tyrte. If CPU executes code from flash while the
NVMC is writing to flash, the CPU will be stalled.

Only word-aligned writes are allowed. Byte or half-word-aligned writes will result in a bus fault.

4.4.2 Erasing a secure page in flash

When secure region erase is enabled (in CONFIG register), a flash page can be erased by writing
OXFFFFFFFF into the first 32-bit word in a flash page.

Page erase is only applicable to the code area in the flash and does not work with UICR.

After erasing a flash page, all bits in the page are set to '1'. The time it takes to erase a page is specified by
terasepace. The CPU is stalled if the CPU executes code from the flash while the NVMC performs the erase
operation.

See Partial erase of a page in flash for information on splitting the erase time in smaller chunks.

4.4.3 Erasing a non-secure page in flash

When non-secure region erase is enabled, a non-secure flash page can be erased by writing OxFFFFFFFF
into the first 32-bit word of the flash page.

Page erase is only applicable to the code area in the flash and does not work with UICR.

After erasing a flash page, all bits in the page are set to '1'. The time it takes to erase a page is specified by
terasepage- The CPU is stalled if the CPU executes code from the flash while the NVMC performs the erase
operation.

4.4.4 Writing to user information configuration registers (UICR)

User information configuration registers (UICR) are written in the same way as flash. After UICR has been
written, the new UICR configuration only takes effect after a reset.
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UICR is only accessible by secure code. Any write from non-secure code will be faulted.
In order to lock the chip after uploading non-secure code, a simple sequence must be followed:

1. Block access to secure code by setting UICR register SECUREAPPROTECT on page 46 to protected

2. Use the WRITEUICRNS on page 37 register, via non-secure debugger, in order to set APPROTECT
(APPROTECT is automatically written to 0x00000000 by the NVMC)

UICR can only be written nygite number of times before an erase must be performed using ERASEALL.

The time it takes to write a word to the UICR is specified by t\g;te. The CPU is stalled if the CPU executes
code from the flash while the NVMC is writing to the UICR.

4.4.5 Erase all

When erase is enabled, the whole flash and UICR can be erased in one operation by using the ERASEALL
register. ERASEALL does not erase the factory information configuration registers (FICR).

This functionality can be blocked by some configuration of the UICR protection bits, see the table NVMC
protection (1 - Enabled, O - Disabled, X - Don't care) on page 33.

The time it takes to perform an ERASEALL on page 35 command is specified by tgrasear. The CPU is
stalled if the CPU executes code from the flash while the NVMC performs the erase operation.

4.4.6 NVMC protection mechanisms

This chapter describes the different protection mechanisms for the non-volatile memory.

4.4.6.1 NVMC blocking

UICR integrity is assured through use of multiple levels of protection. UICR protection bits can be
configured to allow or block certain operations.

The table below shows the different statuses of UICR protection bits, and which operations are allowed or
blocked.

UICR protection bit status NVMC protection
SECUREAPPROTECT APPROTECT ERASEPROTECT CTRL-AP NVMC
ERASEALL ERASEALL
0 0 0 Available Available
1 X 0 Available Blocked
X 1 0 Available Blocked
X X 1 Blocked Blocked

Table 7: NVMC protection (1 - Enabled, O - Disabled, X - Don't care)

Note: Erase can still be performed through CTRL-AP, regardless of the above settings. See CTRL-AP
- Control access port on page 498 for more information.

Uploading code with secure debugging blocked

Non-secure code can program non-secure flash regions. In order to perform these operations, the NVMC
has the following non-secure registers: CONFIGNS, READY and READYNEXT.

Register CONFIGNS on page 37 works as the CONFIG register but it is used only for non-secure
transactions. Both page erase and writing to flash require a write transaction (see Erasing a secure page in
flash on page 32 or Erasing a non-secure page in flash on page 32). The SPU — System protection

unit on page 324 prevents non-secure code from writing to a secure page since the transaction will

never reach the NVMC controller.
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4.4.6.2 NVMC power failure protection

NVMC power failure protection is possible using a power-fail comparator which monitors the power
supply. If the power-fail comparator is enabled, and the power supply voltage is below Vpgf threshold, the
comparator prevents the NVMC from performing erase or write operations in non-volatile memory (NVM).

If a power failure warning is present at the start of an NVM write or erase operation, the NVMC blocks the
operation and a bus error is signaled.

If the power failure warning occurs during an ongoing NVM write operation, the NVMC will try to finish
the operation. However, if the power failure warning persists, consecutive NVM write operations are
blocked by the NVMC, and a bus error is signaled.

If a power failure warning occurs during an NVM erase operation, the operation is aborted and a bus error
is signaled.

4.4.7 Cache

An instruction cache (I-Cache) can be enabled for the ICODE bus in the NVMC.
See Memory map on page 25 for the location of flash.

A cache hit is an instruction fetch from the cache, and it has a 0 wait-state delay. The number of wait-
states for a cache miss, where the instruction is not available in the cache and needs to be fetched from
flash, depends on the processor frequency, see CPU parameter W_FLASHCACHE.

Enabling the cache can increase the CPU performance and reduce power consumption, by reducing the
number of wait cycles and the number of flash accesses. This depends on the cache hit rate. Cache draws
current when enabled. If the reduction in average current due to reduced flash accesses is larger than the
cache power requirement, the average current to execute the program code is reduced.

When disabled, the cache does not draw current and its content is not retained.

It is possible to enable cache profiling to analyze the performance of the cache for your program using
the register ICACHECNF. When profiling is enabled, registers IHIT and IMISS are incremented for every
instruction cache hit or miss respectively.

4.4.8 Registers

Instances
Instance Base address TrustZone Split access  Description
Map Att DMA
NVMC: S 0x50039000
HF NS NA Yes Non-volatile memory controller
NVMC : NS 0x40039000
Register overview
Register Offset TZ Description
READY 0x400 NS Ready flag
READYNEXT 0x408 NS Ready flag
CONFIG 0x504 N Configuration register
ERASEALL 0x50C S Register for erasing all non-volatile user memory
ERASEPAGEPARTIALCFG 0x51C S Register for partial erase configuration
ICACHECNF 0x540 S I-code cache configuration register
IHIT 0x548 S I-code cache hit counter
IMISS 0x54C S I-code cache miss counter
4418_1315v2.2 34 >
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CONFIGNS 0x584 NS
WRITEUICRNS 0x588 NS Non-secure APPROTECT enable register

4.4.8.1 READY
Address offset: 0x400

Ready flag

R/W TZ  Field Description
A R READY NVMC is ready or busy
Busy 0 NVMC is busy (on-going write or erase operation)
Ready 1 NVMC is ready

4.4.8.2 READYNEXT
Address offset: 0x408

Ready flag

R/W TZ  Field Description
A R READYNEXT NVMC can accept a new write operation
Busy 0 NVMC cannot accept any write operation
Ready 1 NVMC is ready

4.4.8.3 CONFIG
Address offset: 0x504

Configuration register

Note: This register is one hot

R/W TZ  Field Value ID Description

A RW WEN Program memory access mode. It is strongly recommended to only

activate erase and write modes when they are actively used.

Enabling write or erase will invalidate the cache and keep it invalidated.

Ren 0 Read only access
Wen 1 Write enabled

Een 2 Erase enabled

PEen 4 Partial erase enabled

4.4.8.4 ERASEALL
Address offset: 0x50C
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NORDIC

SEMICONDUCTOR



Application core

Register for erasing all non-volatile user memory

R/W TZ  Field Description

A W ERASEALL Erase all non-volatile memory including UICR registers.

Note that erasing must be enabled by setting CONFIG.WEN = Een before
the non-volatile memory can be erased.
NoOperation 0 No operation

Erase 1 Start chip erase

4.4.8.5 ERASEPAGEPARTIALCFG
Address offset: 0x51C

Register for partial erase configuration

R/W TZ  Field Description

A RW DURATION Duration of the partial erase in milliseconds

The user must ensure that the total erase time is long enough for a

complete erase of the flash page

4.4.8.6 ICACHECNF
Address offset: 0x540

I-code cache configuration register

Field Value ID Description
A RW CACHEEN Cache enable
Disabled 0 Disable cache. Invalidates all cache entries.
Enabled 1 Enable cache
B RW CACHEPROFEN Cache profiling enable
Disabled 0 Disable cache profiling
Enabled 1 Enable cache profiling

4.4.8.7 IHIT
Address offset: 0x548

I-code cache hit counter
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R/W TZ  Field Description

A RW HITS Number of cache hits

Write zero to clear

4.4.8.8 IMISS
Address offset: 0x54C

I-code cache miss counter

R/W TZ  Field Description

A RW MISSES Number of cache misses

Write zero to clear

4.4.8.9 CONFIGNS
Address offset: 0x584

Note: This register is one hot

Value ID Description

A RW WEN Program memory access mode. It is strongly recommended to only

activate erase and write modes when they are actively used.

Enabling write or erase will invalidate the cache and keep it invalidated.

Ren 0 Read only access

Wen 1 Write enabled

Een 2 Erase enabled
4.4.8.10 WRITEUICRNS

Address offset: 0x588

Non-secure APPROTECT enable register

Value ID Description

A w SET Allow non-secure code to set APPROTECT
Set 1 Set value

B W KEY Key to write in order to validate the write operation
Keyvalid OxAFBESA7 Key value
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4.4.9 Electrical specification

4.4.9.1 Flash programming

NWRITE Number of times a 32-bit word can be written before erase 2

NENDURANCE Erase cycles per page 10,000

twerite Time to write one 32-bit word 43 us
TERASEPAGE Time to erase one page 87 i
TERASEALL Time to erase all flash 173 ms
tERASEPAGEPARTIAL setup Setup time for one partial erase 1.08 ms

4.4.9.2 Cache size

Sizeicope |-Code cache size 2048 Bytes

4.5 FICR — Factory information configuration registers

Factory information configuration registers (FICR) are pre-programmed in factory and cannot be erased by
the user. These registers contain chip-specific information and configuration.

4.5.1 Registers

Instances

FICR 0x00FF0000 HF S NA No Factory information configuration

Register overview

SIPINFO.PARTNO 0x140 SIP part number

SIPINFO.HWREVISION[n] 0x144 SIP hardware revision, encoded in ASCII, for example BOA or B1A

SIPINFO.VARIANT[n] 0x148 SIP VARIANT, encoded in ASCII, for example SIAA, SIBA or SICA. See Ordering information for
details.

INFO.DEVICEID[n] 0x204 Device identifier

INFO.RAM 0x218 RAM variant

INFO.FLASH 0x21C Flash variant

INFO.CODEPAGESIZE 0x220 Code memory page size

INFO.CODESIZE 0x224 Code memory size

INFO.DEVICETYPE 0x228 Device type

TRIMCNF[n].ADDR 0x300 Address

TRIMCNF[n].DATA 0x304 Data

TRNG90B.BYTES 0xC00 Amount of bytes for the required entropy bits

TRNG90B.RCCUTOFF 0xC04 Repetition counter cutoff

TRNG9S0B.APCUTOFF 0xC08 Adaptive proportion cutoff

TRNG90B.STARTUP 0xCOC Amount of bytes for the startup tests
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TRNG90B.ROSC1 0xC10 Sample count for ring oscillator configuration 1
TRNG90B.ROSC2 0xC14 Sample count for ring oscillator configuration 2
TRNG90B.ROSC3 0xC18 Sample count for ring oscillator configuration 3
TRNG90B.ROSC4 0xC1C Sample count for ring oscillator configuration 4

4.5.1.1 SIPINFO
SIP-specific device information is provided in the following chapters.
4.5.1.1.1 SIPINFO.PARTNO

Address offset: 0x140

SIP part number

ID R/W Field Value ID Description

A R PARTNO

9161 0x00009161 Device is an nRF9161 sip
9160 0x00009160 Device is an nRF9160 sip
9151 0x00009151 Device is an nRF9151 sip
9131 0x00009131 Device is an nRF9131 sip

4.5.1.1.2 SIPINFO.HWREVISION[n] (n=0..3)
Address offset: 0x144 + (n x 0x1)

SIP hardware revision, encoded in ASCII, for example BOA or B1A

Note: When treated as a c-string, content is not NULL-terminated

ID R/W  Field Value ID Description

A R HWREVISION

4.5.1.1.3 SIPINFO.VARIANT[n] (n=0..3)
Address offset: 0x148 + (n x 0x1)
SIP VARIANT, encoded in ASCII, for example SIAA, SIBA or SICA. See Ordering information for details.

Note: When treated as a c-string, content is not NULL-terminated
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ID R/W  Field Value ID Description

A R VARIANT VARIANT[0] contains the most significant character of the SIP VARIANT.
VARIANTI[3] contains the least significant character of the SIP VARIANT.

A 0x41
B 0x42
C 0x43
| 0x49
L 0x4C
S 0x53

4.5.1.2 INFO
Device info
4.5.1.2.1 INFO.DEVICEID[n] (n=0..1)

Address offset: 0x204 + (n x 0x4)

Device identifier

Description

A R DEVICEID 64 bit unique device identifier

DEVICEID[O] contains the least significant bits of the device identifier.

DEVICEID[1] contains the most significant bits of the device identifier.

4.5.1.2.2 INFO.RAM
Address offset: 0x218

RAM variant

Description
A R RAM RAM variant
K256 0x100 256 kByte RAM
Unspecified OXFFFFFFFF Unspecified

4.5.1.2.3 INFO.FLASH
Address offset: 0x21C

Flash variant
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ID R/W  Field Value ID Value Description
A R FLASH Flash variant
K1024 0x400 1 MByte FLASH

4.5.1.2.4 INFO.CODEPAGESIZE

ID R/W Field Value ID Description
A R CODEPAGESIZE Code memory page size
K4096 0x1000 4 kByte

ID R/W  Field Value ID Description

A R CODESIZE Code memory size in number of pages

Total code space is: CODEPAGESIZE * CODESIZE
P256 256 256 pages

[] R/W  Field Value ID Description

A R DEVICETYPE Device type
Die 0x0000000 Device is an physical DIE
FPGA OxFFFFFFFF Device is an FPGA

4.5.1.3 TRIMCNF[n].ADDR (n=0..255)
Address offset: 0x300 + (n x 0x8)
Address
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ID R/W  Field Value ID Description

A R Address Address

4.5.1.4 TRIMCNF[n].DATA (n=0..255)
Address offset: 0x304 + (n x 0x8)
Data

ID R/W Field Description
A R Data Data
4.5.1.5 TRNG90B

NIST800-90B RNG calibration data

4.5.1.5.1 TRNG90B.BYTES
Address offset: 0xC0O0

Amount of bytes for the required entropy bits

ID R/W Field Value ID Description

A R BYTES Amount of bytes for the required entropy bits

4.5.1.5.2 TRNG90OB.RCCUTOFF
Address offset: 0xC04

Repetition counter cutoff

ID R/W Field Value ID Description

A R RCCUTOFF Repetition counter cutoff

4.5.1.5.3 TRNG9OB.APCUTOFF
Address offset: 0xC08

Adaptive proportion cutoff
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ID R/W  Field Value ID
A R APCUTOFF

ID R/W Field Value ID
A R STARTUP

4.5.1.5.5 TRNG90B.ROSC1
Address offset: 0xC10

Sample count for ring oscillator configuration 1

ID R/W  Field Value ID

A R ROSC1

4.5.1.5.6 TRNG90B.ROSC2
Address offset: 0xC14

Sample count for ring oscillator configuration 2

ID R/W  Field Value ID

A R ROSC2

4.5.1.5.7 TRNG90B.ROSC3
Address offset: 0xC18

Sample count for ring oscillator configuration 3

ID R/W  Field Value ID
A R ROSC3

4418_1315v2.2
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Description

Adaptive proportion cutoff

Description

Amount of bytes for the startup tests

Description

Sample count for ring oscillator configuration 1

Description

Sample count for ring oscillator configuration 2

Description

Sample count for ring oscillator configuration 3
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4.5.1.5.8 TRNG90B.ROSC4
Address offset: 0xC1C

Sample count for ring oscillator configuration 4

ID R/W Field Value ID Description

A R ROSC4 Sample count for ring oscillator configuration 4

4.6 UICR — User information configuration registers

The user information configuration registers (UICRs) are non-volatile memory (NVM) registers for
configuring user specific settings.

For information on writing UICR registers, see the NVMC — Non-volatile memory controller on page
31 and Memory on page 23 chapters.

4.6.1 Registers

Instances
UICR 0x00FF8000 User information configuration

Register overview

APPROTECT 0x000 Access port protection

X0SsC32M 0x014 Oscillator control

HFXOSRC 0x01C HFXO clock source selection

HFXOCNT 0x020 HFXO startup counter

APPNVMCPOFGUARD 0x024 Enable blocking NVM WRITE and aborting NVM ERASE for Application NVM in POFWARN
condition.

SECUREAPPROTECT 0x02C Secure access port protection

ERASEPROTECT 0x030 Erase protection

OTP[n] 0x108 One time programmable memory

KEYSLOT.CONFIG[n].DEST 0x400 Destination address where content of the key value registers (KEYSLOT.KEYn.VALUE[0-3]) will

be pushed by KMU. Note that this address must match that of a peripheral's APB mapped
write-only key registers, otherwise the KMU can push this key value into an address range

which the CPU can potentially read.

KEYSLOT.CONFIG[n].PERM 0x404 Define permissions for the key slot. Bits 0-15 and 16-31 can only be written when equal to
OXFFFF.
KEYSLOT.KEY[n].VALUE[o] 0x800 Define bits [31+0*32:0+0*32] of value assigned to KMU key slot.

Address offset: 0x000
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Access port protection

R/W Field Value ID Description
A RW  PALL Blocks debugger read/write access to all CPU registers and memory mapped
addresses
Unprotected OXFFFFFFFF Unprotected
Protected 0x00000000 Protected
4.6.1.2 XOSC32M

Address offset: 0x014

Oscillator control

R/W Field Description

A RW CTRL Pierce current DAC control signals

4.6.1.3 HFXOSRC
Address offset: 0x01C

HFXO clock source selection

Description
A RW  HFXOSRC HFXO clock source selection
XTAL 1 32 MHz crystal oscillator
TCXO 0 32 MHz temperature compensated crystal oscillator (TCXO)

4.6.1.4 HFXOCNT
Address offset: 0x020

HFXO startup counter

R/W Field Description
A RW  HFXOCNT HFXO startup counter. Total debounce time = HFXOCNT*64 us + 0.5 us
MinDebounceTime 0 Min debounce time = (0*64 us + 0.5 us)
MaxDebounceTime 255 Max debounce time = (255*64 us + 0.5 us)

4.6.1.5 APPNVMCPOFGUARD

Address offset: 0x024
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Enable blocking NVM WRITE and aborting NVM ERASE for Application NVM in POFWARN condition.

ID R/W  Field Value ID

Description

A RW  NVMCPOFGUARDEN

Disabled
Enabled

4.6.1.6 SECUREAPPROTECT
Address offset: 0x02C

Secure access port protection

ID R/W Field Value ID

Enable blocking NVM WRITE and aborting NVM ERASE in POFWARN

condition

NVM WRITE and NVM ERASE are not blocked in POFWARN condition

NVM WRITE and NVM ERASE are blocked in POFWARN condition

Description

A RW  PALL

Unprotected

Protected

4.6.1.7 ERASEPROTECT
Address offset: 0x030

Erase protection

OXFFFFFFFF
0x00000000

Blocks debugger read/write access to all secure CPU registers and secure

memory mapped addresses
Unprotected
Protected

ID R/W  Field Value ID

A RW  PALL
Unprotected

Protected

4.6.1.8 OTP[n] (n=0..189)
Address offset: 0x108 + (n x 0x4)

One time programmable memory

4418_1315v2.2

OXFFFFFFFF
0x00000000

Description
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NORDIC

SEMICONDUCTOR



Application core

ID R/W Field Value ID Description

A RW1 LOWER Lower half word

Note: Can only be written to a non OxFFFF value once.

B RW1 UPPER Upper half word

Note: Can only be written to a non OxFFFF value once.

4.6.1.9 KEYSLOT.CONFIG[n].DEST (n=0..127)
Address offset: 0x400 + (n x Ox8)

Destination address where content of the key value registers (KEYSLOT.KEYn.VALUE[0-3]) will be pushed
by KMU. Note that this address must match that of a peripheral's APB mapped write-only key registers,
otherwise the KMU can push this key value into an address range which the CPU can potentially read.

Note: Writing/reading this register requires the KMU SELECTKEYSLOT register to be set to n+1.

ID R/W Field Value ID Description

A RW  DEST Secure APB destination address

4.6.1.10 KEYSLOT.CONFIG[n].PERM (n=0..127)
Address offset: 0x404 + (n x 0x8)

Define permissions for the key slot. Bits 0-15 and 16-31 can only be written when equal to OxFFFF.

Note: Writing/reading this register requires the KMU SELECTKEYSLOT register to be set to n+1.

ID R/W Field Value ID Description
A RW  WRITE Write permission for key slot
Disabled 0 Disable write to the key value registers
Enabled 1 Enable write to the key value registers
B RW READ Read permission for key slot
Disabled 0 Disable read from key value registers
Enabled 1 Enable read from key value registers
C RW  PUSH Push permission for key slot
Disabled 0 Disable pushing of key value registers over secure APB, but can be read if

field READ is Enabled
Enabled 1 Enable pushing of key value registers over secure APB. Register

KEYSLOT.CONFIGn.DEST must contain a valid destination address!
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ID R/W Field Value ID Description

D RW  STATE Revocation state for the key slot

Note that it is not possible to undo a key revocation by writing the value '1'

to this field
Revoked 0 Key value registers can no longer be read or pushed
Active 1 Key value registers are readable (if enabled) and can be pushed (if enabled)

4.6.1.11 KEYSLOT.KEY[n].VALUE[0] (n=0..127) (0=0..3)
Address offset: 0x800 + (n x 0x10) + (o x 0x4)
Define bits [31+0*32:0+0*32] of value assigned to KMU key slot.

Note: Writing/reading this register requires the KMU SELECTKEYSLOT register to be set to n+1.

ID R/W  Field Value ID Description

A RW  VALUE Define bits [31+0*32:0+0*32] of value assigned to KMU key slot

4.7 EasyDMA

EasyDMA is a module implemented by some peripherals to gain direct access to Data RAM.

EasyDMA is an AHB bus master similar to CPU and is connected to the AHB multilayer interconnect for
direct access to Data RAM. EasyDMA is not able to access flash.

A peripheral can implement multiple EasyDMA instances to provide dedicated channels. For example,
for reading and writing of data between the peripheral and RAM. This concept is illustrated in EasyDMA
example on page 48.

AHB Multilayer Peripheral
READER
AHB
] ] EasyDMA
M l
L
Peripheral
Core
WRITER
AHB
{ ] [ ] ] EasyDMA

Figure 5: EasyDMA example
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An EasyDMA channel is implemented in the following way, but some variations may occur:

READERBUFFER SIZE 5
WRITERBUFFER SIZE 6

uint8 t readerBuffer [READERBUFFER SIZE]  at  0x20000000;
uint8 t writerBuffer [WRITERBUFFER SIZE] _ at  0x20000005;

// Configuring the READER channel
MYPERIPHERAL->READER.MAXCNT = READERBUFFER SIZE;
MYPERIPHERAL->READER.PTR = &readerBuffer;

// Configure the WRITER channel
MYPERIPHERAL->WRITER.MAXCNT = WRITEERBUFFER SIZE;
MYPERIPHERAL->WRITER.PTR = &writerBuffer;

This example shows a peripheral called MYPERIPHERAL that implements two EasyDMA channels - one for
reading called READER, and one for writing called WRITER. When the peripheral is started, it is assumed
that the peripheral will perform the following tasks:

¢ Read 5 bytes from the readerBuffer located in RAM at address 0x20000000
¢ Process the data
e Write no more than 6 bytes back to the writerBuffer located in RAM at address 0x20000005

The memory layout of these buffers is illustrated in EasyDMA memory layout on page 49.

0x20000000 readerBuffer[0] readerBuffer[1] readerBuffer[2] readerBuffer[3]

0x20000004 readerBuffer[4] writerBuffer[0] writerBuffer[1] writerBuffer[2]

0x20000008 writerBuffer[3] writerBuffer[4] writerBuffer[5]

Figure 6: EasyDMA memory layout

The WRITER.MAXCNT register should not be specified larger than the actual size of the buffer
(writerBuffer). Otherwise, the channel would overflow the writerBuffer.

Once an EasyDMA transfer is completed, the AMOUNT register can be read by the CPU to see how many
bytes were transferred. For example, CPU can read MYPERIPHERAL->WRITER.AMOUNT register to see how
many bytes WRITER wrote to RAM.

Note: The PTR register of a READER or WRITER must point to a valid memory region before use.
The reset value of a PTR register is not guaranteed to point to valid memory. See Memory on page
23 for more information about the different memory regions and EasyDMA connectivity.

4.7.1 EasyDMA error handling

Some errors may occur during DMA handling.

If READER.PTR or WRITER.PTR is not pointing to a valid memory region, an EasyDMA transfer may result
in a HardFault or RAM corruption. See Memory on page 23 for more information about the different
memory regions.
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If several AHB bus masters try to access the same AHB slave at the same time, AHB bus congestion might
occur. An EasyDMA channel is an AHB master. Depending on the peripheral, the peripheral might either
stall and wait for access to be granted, or lose data.

4.7.2 EasyDMA array list

EasyDMA can operate in Array List mode.
The Array List mode is implemented in channels where the LIST register is available.

The array list does not provide a mechanism to explicitly specify where the next item in the list is located.
Instead, it assumes that the list is organized as a linear array where items are located one after the other
in RAM.

The EasyDMA Array List can be implemented by using the data structure ArrayList_type as illustrated in
the code example below using a READER EasyDMA channel as an example:

#define BUFFER SIZE 4

typedef struct Arraylist

{
uint8 t buffer [BUFFER SIZE];

} ArrayList type;
ArrayList type ReaderList[3] _ at  0x20000000;

MYPERIPHERAL->READER.MAXCNT = BUFFER SIZE;
MYPERIPHERAL->READER.PTR = &ReaderList;
MYPERIPHERAL->READER.LIST = MYPERIPHERAL READER LIST ArrayList;

The data structure only includes a buffer of size equal to the size of READER.MAXCNT register. EasyDMA
uses the READER.MAXCNT register to determine when the buffer is full.

READER.PTR = &ReaderlList

0x20000000 : ReaderList[0] L buffer[0] buffer[1] buffer[2] buffer[3]
0x20000004 : ReaderList[1] buffer[0] buffer[1] buffer[2] buffer[3]
0x20000008 : ReaderList[2] buffer[0] buffer[1] buffer([2] buffer[3]

Figure 7: EasyDMA array list

4.8 AHB multilayer interconnect

On the AHB multilayer interconnect, the application CPU and all EasyDMA instances are AHB bus masters
while RAM, cache, and peripherals are AHB slaves. External MCU subsystems can be seen both as master
and slave on the AHB multilayer interconnect.

Multiple AHB masters can access slave resources within the AHB multilayer interconnect as illustrated in
Memory on page 23. Access rights to each of the AHB slaves are resolved using the default natural
priority of the different bus masters in the system.
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4.8.1 AHB multilayer priorities

Each master connected to the AHB multilayer is assigned a default natural priority.

System (CPU) Highest priority 1/0
LTE Modem 1/0
128 1/0
PDM |
SPIMO/SPISO/TWIMO/TWISO/UARTEO 1/0
SPIM1/SPIS1/TWIM1/TWIS1/UARTE1 1/0
SPIM2/SPI1S2/TWIM2/TWIS2/UARTE2 1/0
SPIM3/SPIS3/TWIM3/TWIS3/UARTE3 1/0
SAADC |
PWMO (0]
PWM1 (o}
PWM2 [0}
PWM3 [0}
CC310 Lowest priority 1/0

Table 8: AHB bus masters (listed from highest to lowest priority)
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Power and clock management

The power and clock management system automatically ensures maximum power efficiency.

The nRF9160 has three power modes - System Disabled, System ON and System OFF. The System ON and
System OFF are internal (automatically handled by the device) and the System Disabled is external (driven
by the ENABLE pin and overriding internal ones).

The core of the automatic power and clock management is the power management unit (PMU) illustrated
in the following image.

nRF9160

Power

VDD [ manal%ement

(PMIC)

Application core

Clock

e VEemory g

s 2 Peripherals pa

sources

Figure 8: Power management unit

When the device is powered and enabled, the PMU automatically tracks the power and clock resources
required by the different components in the system. It then starts/stops and chooses operation modes in
supply regulators and clock sources, without user interaction, to achieve the lowest power consumption
possible.

5.1 Power management
The two internal modes are handled by the power management unit (PMU), whereas the external is

handled by the user via the ENABLE pin.

The System Disabled mode provides a way to override the PMU by manipulating voltages presented to the
ENABLE pin.

The PMU steers system-wide clock and power in order to provide the power modes - System ON and
System OFF. Under the various modes, internal blocks are automatically powered by the PMU as required
by the application.

5.1.1 System Disabled mode

The entire device can be powered down by presenting the appropriate voltage to the externally available
ENABLE pin.
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The nRF9160 provides a feature to be able disable power throughout the entire device externally. This
can be useful when the device is operating as slave processor where it does not need to be powered on
at all times, then it is possible to avoid unnecesary current leaking by driving the ENABLE pin to low. The
nNRF9160 will not start if is not enabled. Moreover, a change from disable to enable, will result in a power-
on-reset behavior inside the device.

Note: VDD_GPIO input must be driven low when device is disabled, failing to do so could result in
increased leakage. For more information, see VDD_GPIO considerations in Operating conditions on
page 517.

Note: In case the System Disabled mode is not used, ENABLE must be connected to VDD.

Pin Value Power status description
Low Disabled Device's internal power regulator disabled
High Enabled Device's internal power regulator enabled

Table 9: ENABLE pin configuration

5.1.2 System OFF mode

System OFF is the deepest internal power saving mode the system can enter.

In this mode, the core system functionality is powered down and ongoing tasks terminated, and only the
reset and the wakeup functions are available and responsive.

The device is put into System OFF mode using the REGULATORS register interface. When in System OFF
mode, one of the following signals/actions will wake up the device:

1. DETECT signal, generated by the GPIO peripheral
2. RESET
3. Debug session start

When the device wakes up from System OFF mode, a system reset is performed.

One or more RAM blocks can be retained in System OFF mode depending on the settings in the
RAM[n].POWER registers in VMC. RAM[n].POWER are retained registers, see Reset behavior on page
62. Note that these registers are usually overwritten by the startup code provided with the nRF
application examples.

Before entering System OFF mode, the user must make sure that all on-going EasyDMA transactions have
completed. This can be done by making sure that EasyDMA enabled peripherals have stopped and END
events from them received. The LTE modem must also be stopped, by issuing a command through the
modem API, before entering System OFF mode. Once the command is issued, wait for the modem to
respond that it actually has stopped, as there may be a delay until the modem is disconnected from the
network.

5.1.2.1 Emulated System OFF mode

If the device is in debug interface mode, System OFF will be emulated to ensure that all resources required
for debugging are available during System OFF.

See Debug and trace on page 432 chapter for more information. Resources required for debugging
include the following key components: Debug and trace on page 432, CLOCK — Clock control on page

75, POWER — Power control on page 69, NVMC — Non-volatile memory controller on page 31,

CPU on page 22, flash, and RAM. To prevent the CPU from executing unwanted code, an infinite loop must
be added directly after entering System OFF mode.
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5.1.3 System ON mode

System ON is the power mode entered after a power-on reset.
While in System ON, the system can reside in one of two sub modes:

e Low power
¢ Constant latency

The low power mode is default after power-on reset.

In low power mode, whenever no application or wireless activity takes place, function blocks like the
application CPU, LTE modem and all peripherals are in IDLE state. That particular state is referred to as
System ON IDLE. In this state, all function blocks retain their state and configuration, so they are ready to
become active once configured by the CPU.

If any application or modem activity occurs, the system leaves the System ON IDLE state. Once a
given activity in a function block is completed, the system automatically returns to IDLE, retaining its
configuration.

As long as the system resides in low power mode, the PMU ensures that the appropriate regulators and
clock sources are started or stopped based on the needs of the function blocks active at any given time.

This automatic power management can be overridden by switching to constant latency mode. In this
mode, the CPU wakeup latency and the PPl task response are constant and kept at a minimum. This

is secured by keeping a set of base resources that are always enabled. The advantage of having a

constant and predictable latency will be at the cost of having significantly increased power consumption
compared to the low power mode. The constant latency mode is enabled by triggering the CONSTLAT task
(TASKS_CONSTLAT on page 70).

While the system is in constant latency mode, the low power mode can be enabled by triggering LOWPWR
task (TASKS_LOWPWR on page 70).

To reduce power consumption while in System ON IDLE, RAM blocks can be turned off in System ON mode
while enabling the retention of these RAM blocks in RAM[n].POWER registers in VMC. RAM[n].POWER are
retained registers, see Reset behavior on page 62. Note that these registers are usually overwritten by

the startup code provided with the nRF application examples.

5.1.4 Electrical specification

5.1.4.1 ENABLE pin

Symbol Description Min. Typ. Max. Units
VsySTEM_DISABLED_ON Operational voltage to enforce System-Disabled power mode. 0.8*VDD \Y
VSYSTEM_DISABLED_OFF Operational voltage to cancel System-Disabled power mode. 0.4 Vv

5.2 Power supply

The nRF9160 has a single main power supply VDD, and the internal components are powered by
integrated voltage regulators. The PMU manages these regulators automatically, no voltage regulator
control needs to be included in application firmware.

5.2.1 General purpose I/0O supply

The input/output (1/0) drivers of P0.00 - P0.31 pins are supplied independently of VDD through
VDD_GPIO. This enables easy match to signal voltage levels in the printed circuit board design.
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nRF91
External supply
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VDD_GPIO
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T 1 1 g
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P0.00  P0.01 P0.30 PO0.31

Figure 9: GPIO supply input (VDD_GPIO)

The 1/Os are supplied via VDD_GPIO pin as shown in figure above. VDD_GPIO pin supports voltage levels
within range given in table Operating conditions on page 517. See VDD_GPIO considerations on page
517 for more information on how to control VDD_GPIO power supply.

5.3 Power supply monitoring

Power monitor solutions are available in the device, in order to survey the VDD (battery voltage).

5.3.1 Power supply supervisor

The power supply supervisor enables monitoring of the connected power supply.
Two functionalities are implemented:

e Power-on reset (POR): Generates a reset when the supply is applied to the device, and ensures that the
device starts up in a known state

e Brownout reset (BOR): Generates a reset when the supply drops below the minimum voltage required
for safe operations

Two BOR levels are used:

¢ Vpororr, Used in System OFF
*  Vporon, used in System ON

The power supply supervisor is illustrated in the image below.
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Figure 10: Power supply supervisor

5.3.2 External power failure warning

The external power failure (EXTPOF) warning can provide the CPU an early warning of an imminent
power failure. It does not reset the system, but gives the CPU time to prepare for an orderly power-down.
EXTPOF detects power failures external to PMU from the device internal PMIC.

Note: This feature is only supported with nRF9160 modem firmware version 1.3.1 and higher.
The user can start and stop the PMIC EXTPOF feature and set the battery voltage low threshold level

through the modem API.

For application core to receive the power failure warning events, EXTPOFCON on page 84 register in
REGULATORS — Voltage regulators control on page 83 must be enabled. If this is disabled, the state of
the PMIC warning input is ignored and the power failure warning events are not delivered to application
core.

The available time for the CPU to prepare for a power-down depends on the set warning threshold level,
the load of the running tasks, and the type of power source used.

Note: For details on services provided by the modem AT command interface, see nRF Connect SDK
AT interface and nRF91 AT Commands.

The EXTPOF functional overview is shown in the following figure.
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nRF9160

EVENTS_POFWARN

PMU

Application core

Power
management EXTPOFWARN
vDD [ IC REGULATORS L » NVMC
(PMlC) EXTPOFCON

Figure 11: External power failure warning arrangement

If EXTPOF is enabled and the device's internal PMIC detects that battery voltage has dropped below
the low threshold level, an POFWARN event is generated (see EVENTS_POFWARN on page 71). The
POFWARN event to the CPU can be cleared in the event register, however the PMIC input continues to
indicate a warning as long as the battery voltage remains below the low threshold level.

POFWARN event also sets the LTE modem in offline mode.

Note: If a power failure warning occurs during an ongoing NVM write operation, the NVMC tries to
finish the operation. Consecutive NVM write operations will be blocked by the NVMC as long as the
PMIC input indicates a warning. The CPU interprets a blocked NVM write as a fault, which needs

to be handled by the application. If a power failure warning occurs during an ongoing NVM erase
operation, the operation will be aborted. Blocking NVM writes and aborting NVM erase operations
can be disabled in APPNVMCPOFGUARD on page 45.

The external power failure warning doesn't trigger wakeup from System OFF.

The external power failure warning is disabled in System OFF mode.

5.3.3 Battery monitoring on VDD

A battery voltage (VDD) monitoring capability is provided via a modem API.

Note: For details on services provided by the modem AT command interface, see nRF Connect SDK
AT interface and nRF91 AT Commands.

5.3.4 Electrical specification

5.3.4.1 Device startup times

tpoR Time in power-on reset after VDD has reached 3V, ENABLE is tied to VDD. 1.2 ms
thINR The maximum time taken to pull up the nRESET pin and release reset after

power-on reset. Dependent on the pin capacitive load (C)Z: t=TRC; Typical:

T=2 R=13 kQ; Max: T=5 R=16 kQ.

tPINR5001F €=500 nF 13 40 ms

2 To decrease the maximum time a device can be held in reset, a strong external pull-up resistor can be

used.
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Symbol Description Min. Typ. Max. Units
tpINR,10uF C=10 uF 260 800 ms
tR20ON Time from reset to ON (CPU execute) 127 135 us
torr20N Time from OFF to CPU execute 73 92 us
twre2cPU Time from WFE to CPU execute 70 90 Hs
twri2cPu Time from WFI to CPU execute 69 90 Hs
tevTsET,CL Time from HW event to PPI event in constant latency System ON mode 0.1 0.1 us
tevTseT,CLO Time from HW event to PPl event in low power System ON mode 0.1 0.7 us
tiTEMODEM,TYP LTE modem typical startup time. Time from application core powering up the 200 ms

modem until the modem is ready to receive the first AT command.

tLTEMODEM,WORSTCASE LTE modem worst case startup time. Time from application core powering up 250 ms
the modem until the modem is ready to receive the first AT command, with
modem firmware variable elements included.

tLTEMODEM, FOTA LTE modem startup time after modem FOTA update. Time from application 7.5 s
core powering up the modem after a modem FOTA update until the modem is
ready to receive the first AT command.

tLTEMODEM, FOTAREJECT LTE modem startup time after a rejected modem FOTA update. Time from 90 s
application core powering up the modem after a rejected modem FOTA
update until the modem is ready to receive the first AT command. Modem
will revert back to original firmware image.

tLTEMODEM,STOPTYP LTE modem typical shutdown time. Time from application core calling 16 s
bsd_shutdown command until bsd_shutdown returns.

tiTemopem,sTopwoRsTcAse  LTE modem worst case shutdown time. Time from application core calling 79 S
bsd_shutdown command until bsd_shutdown returns, including modem

firmware variable elements.

5.3.4.2 Power supply supervisor

Symbol Description Min. Typ. Max. Units
VBor Brownout reset voltage threshold. 2.80 Vv
Vpor Voltage threshold at which the device enters power-on reset (POR) when VDD 3.0 Vv

is ramping up.

5.4 Clock management

The clock control system can source the system clocks from a range of high and low frequency oscillators,
and distribute them to modules based upon a module's individual requirements.

Clock generation and distribution is handled automatically by PMU to optimize current consumption. This
optimization will affect the predictability of the oscillators' startup times under different device operating
conditions. However, it is possible to bypass some of the power saving mechanisms by explicitly keeping
the system on constant latency sub mode (more about constant latency in System ON mode on page

54) and/or manipulating START/STOP clock task registers.

The following are the available clock signal sources:

* 64 MHz oscillator (HFINT)

® 64 MHz high accuracy oscillator (HFXO)

e 32.768 kHz RC oscillator (LFRC)

e 32.768 kHz high accuracy oscillator (LFXO)

The clock and oscillator resources are configured and controlled via the CLOCK peripheral as illustrated
below.
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Clock and oscillator control unit
PCLK1IM
oxclltor PeLiem
. clock control PCLK32M
(high accuracy)
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oscillator )
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LI':XO LFCLK PCLK32KI
oscillator clock control
LFCLKSTART —» CLOCK b LFCLKSTARTED
LFCLKSTOP ——» LFCLKSRC
HFCLKSTOP — HFCLKCTRL —» HFCLKSTARTED
HFCLKSTART —

Figure 12: Clock and oscillator setup

5.4.1 HFCLK clock controller

The HFCLK clock controller provides several clocks in the system.
These are as follows:

e HCLK: 64 MHz CPU clock

e PCLK1M: 1 MHz peripheral clock

¢ PCLK16M: 16 MHz peripheral clock
e PCLK32M: 32 MHz peripheral clock

The HFCLK controller uses the following high frequency clock (HFCLK) sources:

e 64 MHz oscillator (HFINT)
e 64 MHz high accuracy oscillator (HFXO)

For illustration, see Clock and oscillator setup on page 59.

The HFCLK controller automatically provides the clock(s) requested by the system. If the system does not
request any clocks from the HFCLK controller, the controller switches off all its clock sources and enters a
power saving mode.

The HFINT source is used when HFCLK is requested and HFXO has not been started.

The HFXO is started by triggering the HFCLKSTART task and stopped using the HFCLKSTOP task. A
HFCLKSTARTED event is generated when the HFXO has started and its frequency is stable.
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5.4.2 LFCLK clock controller

The system supports several low frequency clock sources.

As illustrated in Clock and oscillator setup on page 59, the system supports the following low
frequency clock sources:

e LFXO0: 32.768 kHz high accuracy oscillator
e LFRC: 32.768 kHz RC oscillator

The LFCLK clock controller and all LFCLK clock sources are always switched off when in System OFF mode.

The LFCLK clock is started by first selecting the preferred clock source in the LFCLKSRC on page 83
register and then triggering the LFCLKSTART task. LFXO is highly recommended as the LFCLK clock source,
since the LFRC has a large frequency variation.

Note: The LTE modem requires use of LFXO as the LFCLK source.

Switching between LFCLK clock sources can be done without stopping the LFCLK clock. A LFCLK clock
source which is running prior to triggering the LFCLKSTART task continues to run until the selected clock
source is available. After that the clock sources will be switched. Switching between clock sources will
stretch a clock pulse by 0.5 to 1.0 clock cycle (i.e. will delay rising edge by 0.5 to 1.0 clock cycle).

Note: If the watchdog timer (WDT) is running, the default LFCLK clock source (LFRC - see LFCLKSRC
on page 83) is started automatically (LFCLKSTART task doesn't have to be triggered).

A LFCLKSTARTED event will be generated when the selected LFCLK clock source has started.

Note: The first time LFXO is selected, LFRC quality is provided until LFXO is stable.
A LFCLKSTOP task will prevent global requesting of the LFCLK clock, unless a system component such as
WDT or modem requires the LFCLK, in which case the clock is not stopped. The LFCLKSTOP task should

only be triggered after the STATE field in the LFCLKSTAT register indicates a LFCLK running state.

5.4.2.1 32.768 kHz RC oscillator (LFRC)
The default source of the low frequency clock (LFCLK) is the 32.768 kHz RC oscillator (LFRC).

The LFRC frequency is affected by variation in temperature.

5.4.3 Electrical specification

5.4.3.1 64 MHz internal oscillator (HFINT)

Symbol Description Min. Typ. Max. Units
fnom_HFINT Nominal output frequency 64 MHz
fTo|__HHNT Frequency tolerance +1 5 %
ESTART_HFINT Startup time 3.2 us

5.4.3.2 64 MHz high accuracy oscillator (HFXO)

Symbol Description Min. Typ. Max. Units
fnom_HFxo Nominal output frequency 64 MHz

froL_HFxo Frequency tolerance +1 ppm

tsTART_HFXO Startup time 2 ms
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5.4.3.3 32.768 kHz high accuracy oscillator (LFXO)

Symbol Description Min. Typ. Max. Units
fnom_LFxo Frequency 32.768 kHz
fTOL_LFXO Frequency tolerance +40 ppm
tSTART_LFXO Startup time 200 ms

5.4.3.4 32.768 kHz RC oscillator (LFRC)

Symbol Description Min. Typ. Max. Units
fnom_LFRC Nominal frequency 32.768 kHz
froL_trre Frequency tolerance 30 %
tSTART_LFRC Startup time 600 us

5.5 Reset

A system reset can be triggered by multiple sources. After a reset the CPU can query the RESETREAS (reset
reason register) to find out which source generated the reset.

5.5.1 Power-on reset

The power-on reset generator initializes the system at power-on. The system is held in reset state until the
supply has reached the minimum operating voltage and the internal voltage regulators have started.

5.5.2 Pin reset

A pin reset is generated when the physical reset pin (nRESET) on the device is pulled low.

To ensure that reset is issued correctly, the reset pin should be held low for the time specified in Pin reset
on page 63.

NRESET pin has an always-on internal pull-up resistor connected to nRF9160 internal voltage typically of
2.2 V level, as illustrated in the following figure. The value of the pull-up resistor is given in Pin reset on
page 63.

Note: Driving nRESET high with a voltage lower than 2.2V will result in additional leakage.

nRF91
2.2V

nReset [}— »  pin reset

Figure 13: Pin reset internal generation

5.5.3 Wakeup from System OFF mode reset

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

N

NORDIC

SEMICONDUCTOR

4418 1315v2.2 61



Power and clock management

The Debug access port is not reset following a wake up from System OFF mode if the device is in debug
interface mode, see Debug and trace on page 432 chapter for more information.

5.5.4 Soft reset

A soft reset is generated when the SYSRESETREQ bit of the application interrupt and reset control register
(AIRCR register) in the Arm core is set.

5.5.5 Watchdog reset

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

See WDT — Watchdog timer on page 418 chapter for more information.

5.5.6 Brownout reset

The brownout reset generator puts the system in reset state if the supply voltage drops below the
brownout reset threshold.

5.5.7 Retained registers

A retained register is a register that will retain its value in System OFF mode, and through a reset
depending on reset source. For information on which peripheral registers are retained, see the
corresponding peripheral's chapter.

5.5.8 Reset behavior

Reset behavior depends on the reset source.

The reset behavior is summarized in the table below.

Reset source Reset target
CPU Modem Debug® SWJ-DP Not retained Retained wDT RESETREAS
RAM* RAM*
CPU lockup ® X X
Soft reset X X
Wakeup from System OFF X X x© X X
mode reset
Watchdog reset X X X X X X
Pin reset X X X X X X X
Brownout reset X X X X X X X X
Power-on reset X X X X X X X

Table 10: Reset behavior for the main components

Note: The RAM is never reset but its content might be corrupted after reset in the cases given in
the table above.

All debug components excluding SWJ-DP. See Debug and trace on page 432 chapter for more
information about the different debug components in the system.

RAM can be configured to be retained using registers in VMC — Volatile memory controller on page
30

Reset from CPU lockup is disabled if the device is in debug interface mode. CPU lockup is not possible
in System OFF.

® The debug components will not be reset if the device is in debug interface mode.

/ Watchdog reset is not available in System OFF.
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CPU lockup® X X X

Soft reset X X X

Wakeup from System OFF mode reset x X

Watchdog reset’ X X X X

Pin reset X X X X

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

Table 11: Reset behavior for the retained registers

5.5.9 Electrical specification

5.5.9.1 Pin reset

tHOLDRESET Hold time for reset pin when doing a pin reset 5 us

RpuLL-up Value of the internal pull-up resistor 13 kQ

5.6 Current consumption

As the system is constantly tuned by the PMU described in Power and clock management on page 52,
estimating the current consumption of an application can be challenging if the designer cannot perform
measurements directly on the hardware. To facilitate the estimation process, a set of current consumption
scenarios are provided to show the typical current drawn from the VDD supply.

Each scenario specifies a set of operations and conditions that apply to the given scenario. The following
table shows a set of common conditions used in all scenarios, unless otherwise is stated in the scenario's
description. Similarly, Current consumption scenarios, common conditions for LTE modem on page

64 describes the conditions used for the modem current consumption specifications. For a list of all
scenarios, see Electrical specification on page 64.

Peripherals typically share one or more power sources. This results in a current consumption that does
not scale linearly with the number of peripherals enabled. For example, the current consumption for
an application with two peripherals enabled, is not the sum of the currents reported by their individual
peripherals.
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Supply 3.7V

Temperature 25°C

CPU WFI (wait for interrupt)/WFE (wait for event) sleep
Peripherals Allidle®

Clock HFCLK=HFINT Not running

LFCLK=Not running

RAM No retention

Cache enabled Yes

Table 12: Current consumption scenarios, common conditions

Cat-M1 and Cat-NB1 HD FDD mode

Good channel, RF cable, no errors in DL/UL communication

Minimum network response times

Output power at antenna port, single-ended 50 Q

Modem eDRX current consumption quoted with UICC that allows UICC supply shut down at eDRX
intervals.

91011

Modem PSM TAU event energy is measured from the modem PSM wake-up until end of RX inactivity
time

All LTE modem current consumption numbers include application core idle mode consumption

12

Table 13: Current consumption scenarios, common conditions for LTE modem

5.6.1 Electrical specification

5.6.1.1 Current consumption during System Disabled

ISYSTEM_DISABLED ENABLE and VDD_GPIO pins grounded 150 nA

10

11

12

4418

Except for currents reported for a given peripheral. Peripherals' currents are estimated during
momentary transmission.

Required UICC restart current consumption is included.

If the UICC used does not support supply shut down, then UICC will remain in clock stop mode.
Depending on the UICC used, a clock stop current in the range of 20 pA to 60 PA@3.7 V must be
added to get the total average consumption.

Minimum UICC supply shut down interval and clock stop mode current consumption must be
obtained from the UICC supplier.

Application RAM leakage not included. Application RAM leakage quoted separately under Sleep on

page 65
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5.6.1.2 Sleep

IMcUOFFO MCU off, modem off, wake on GPIO and reset 1.4 HA
IMmcuono MCU on IDLE, modem off, RTC off 1.8 WA
Imcuont MCU on IDLE, modem off, RTC on 2.2 HA
Imcuon2 MCU on IDLE, modem off, wake on GPIOTE input (event mode), Constant 600 HA

latency System ON mode
Imcuons MCU on IDLE, modem off, wake on GPIOTE input (event mode), Low power 18 HA
System ON mode
Imcuona MCU on IDLE, modem off, wake on GPIOTE input (port event) 1.8 HA
lram RAM retention leakage current of a 32kB block 0.1 HA

5.6.1.3 Application CPU active current consumption
The application CPU running parameters are obtained using the following compiler version:
Compiler: Arm version 6.16 (armclang)

Compiler flags:

-Wno-unused