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Preface

Read This First

i3 TEXAS INSTRUMENTS

This technical reference manual provides information about how to use the CC13x2 and CC26x2 SimpleLink™
ultra-low power wireless microcontroller (MCU). The CC26x2 and the CC13x2 device platforms share the same
MCU architecture and most of the peripherals. The radio in the CC26x2 device operates in the 2.4 GHz ISM
frequency band, while the radio in the CC13x2 device is designed for use in the Sub-1 GHz frequency bands.
The CC1352 device is a multi-band wireless MCU and can operate both in the Sub-1 GHz and 2.4 GHz bands.
This document covers the whole platform of devices, so refer to the individual device data sheets for supported
modules and features.

About This Manual

This document is organized into sections that correspond to each major feature; it explains the features

and functionality of each module, and it also explains how to use them. For each feature, references are
given to the documentation for the driver of the corresponding operating systems. This document does not
contain performance characteristics of the device or modules, which are gathered in the corresponding device
data sheets. This manual is intended for system software developers, hardware designers, and application
developers.

Devices

The CC13x2 and CC26x2 device platform includes both 2.4 GHz (CC26x2 and CC1352) and

Sub-1 GHz (CC13x2) radios along with a variety of different memory sizes, peripherals, and package options.
All devices are centered around an Arm® Cortex®-M4F series processor that handles the application layer and
protocol stack, as well as an autonomous radio core centered around an Arm® Cortex®-MO processor that
handles all the low-level radio control and processing. Network processor options are available.

The availability of a wide range of different radio and MCU system combinations makes these device families
very well suited for almost any low-power RF node implementation.

Register, Field, and Bit Calls
The naming convention applied for a call consists of:

» For aregister call: <Module name>.<Register name=>; for example: UART.UASR
» For a bit field call:
— <Module name>.<Register name>[End:Start] <Field name> field; for example, UART.UASR[4:0] SPEED
bit field
— <Field name> field <Module name>.<Register name>[End:Start]; for example, SPEED bit field
UART.UASR[4:0]
* For a bit call:
— <Module name>.<Register name>[pos] <Bit name> bit; for example, UART.UASR[5] BIT_BY_CHAR bit
— <Bit name> bit <Module name>.<Register name>[pos]; for example, BIT_BY_CHAR bit UART.UASR][5]
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Related Documentation

The following related documents are available on the CC13x2 and CC26x2 device product pages at www.ti.com:

1.

10.

1.
12.
13.

CC1312:

* CC1312R data sheet and errata (Technical Documents)

* CC1312PSIP data sheet and errata (Technical Documents)
CC1352:

+ CC1352R data sheet and errata (Technical Documents)

+ CC1352P data sheet and errata (Technical Documents)
CC2642:

+ CC2642R data sheet and errata (Technical Documents)
CC2652:

* CC2652R data sheet and errata (Technical Documents)

* CC2652P data sheet and errata (Technical Documents)

* CC2652RSIP data sheet and errata (Technical Documents)
* CC2652PSIP data sheet and errata (Technical Documents)
Cortex-M3/M4F Instruction Set Technical User's Manual

Note

This list of documents was current as of publication date. Check the website for additional
documentation, application notes, and white papers.

Additional, related documentation follows:

The Institute of Electrical and Electronic Engineers, Inc., IEEE Standard Test Access Port and Boundary
Scan Architecture, IEEE Std 1149.1a 1993 and Supplement Std. 1149.1b 1994 (see IEEExplore.ieee.org)
The Institute of Electrical and Electronic Engineers, Inc., IEEE 1149.7 Standard for Reduced-Pin and
Enhanced-Functionality Test Access Port and Boundary-Scan Architecture (see IEEExplore.ieee.org)
National Institute of Standards and Technology, NIST Special Publication 800-38A, Recommendation for
Block Cipher Modes of Operation Methods and Techniques (see NIST.gov)

National Institute of Standards and Technology, NIST Special Publication 800-38D, Recommendation for
Block Cipher Modes of Operation: Galois/Counter Mode (GCM) and GMAC (see NIST.gov)

National Institute of Standards and Technology, FIPS 197, Advanced Encryption Standard (AES) (see
NIST.gov)

Bluetooth SIG, Inc., Bluetooth Specification versions 4.0, 4.1, 4.2, and 5.0 (see Bluetooth.com)
Arm®v7-M Architecture Reference Manual (see Arm.com)

Arm® Debug Interface V5 Architecture Specification (see Arm.com)
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1 Trademarks

SimpleLink™ and EnergyTrace™ are trademarks of Texas Instruments.

CoreSight™ is a trademark of Arm Limited (or its subsidiaries).

Motorola™ is a trademark of Motorola Trademark Holdings, LLC.

Arm®, Cortex®, Thumb®, Arm7®, AMBA®, and PrimeCell® are registered trademarks of Arm Limited (or its
subsidiaries).

Zigbee® is a registered trademark of Zigbee Alliance.

All trademarks are the property of their respective owners.
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Chapter 1
Architectural Overview

i3 TEXAS INSTRUMENTS

The CC13x2 and CC26x2 device platform of the SimpleLink™ ultra-low-power wireless MCUs provides solutions
for a wide range of applications. To help the user develop these applications, this user's guide focuses on the
use of the different building blocks of the devices. For detailed device descriptions, complete feature lists, and
performance numbers, see the data sheet for the specific device. The following subsections provide easy access
to relevant information and guide the reader to the different chapters in this document.

The device platform system-on-chips (SoCs) are optimized for ultra-low power, while providing fast and capable
MCU systems to enable short processing times and high integration. The combination of an Arm® Cortex®-
MA4F processing core up to 48 MHz, flash memory, and a wide selection of peripherals makes the CC13x2

and CC26x2 device platform specifically designed for single-chip implementation or network processor
implementations of lower-power RF nodes.

1.1 Target APPIICALIONS. .......... oottt e bt e e ettt e et e ek et e e aabe e e easee e e sane e e e b n e e nnneeenanneeenneenans 65
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1.1 Target Applications

The CC13x2 and CC26x2 SimpleLink™ ultra-low-power wireless MCU platform is positioned for low-power
wireless applications, such as:

Consumer electronics

Mobile phone accessories
Sports and fitness equipment
HID applications

Home and building automation
Lighting control

Alarm and security
Electronic shelf labeling
Proximity tags

Medical

Remote controls

Smart metering

Asset tracking

Wireless sensor networks

1.2 Overview
Figure 1-1 shows the building blocks of the CC13x2 and CC26x2 device platform.

The CC13x2 and CC26x2 device platform has the following features:

Arm® Cortex®-M4F processor core

— 48 MHz RC oscillator and 48 MHz crystal oscillator

— 32 kHz crystal oscillator, 32 kHz RC oscillator, or low-power 48 MHz crystal derive clock for timing
maintenance while in low-power modes

— Arm® Cortex® SysTick timer

— Nested vectored interrupt controller (NVIC)

On-chip memory

— 352 kB of Flash with 8 kB of 4-way set-associative cache RAM for speed and low power

— 32 kB of System RAM with configurable retention in 16 kB blocks

Power management

— Wide supply voltage range

— Efficient on-chip DC/DC converter for reduced power consumption

— High granularity clock gating and power gating of device parts

— Flexible frequency of operation
* Flexible low-power modes allowing low energy consumption in duty cycled applications

Sensor interface

— Autonomous, intelligent sensor interface that can wake up independently of the System CPU system to
perform sensor readings, collect data, and determine if the System CPU must be woken

— 12-bit analog-to-digital converter (ADC) with eight analog input channels

— Low-power analog comparator

— Serial communication interfaces
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RF Core

' ADC
"‘ ADC

Digital PLL

Main CPU

Arm® Cortex®-M4F
Processor 352 kB

Flash
with 8 kB
Cache DSP Modem

Arm® Cortex™-M0
Processor

General Hardware Peripherals and Modules Sensor Interface

I*C and I’S 4x 32-bit Timers ULP Sensor Controller

2x UART 2x S8l (SPI) 8-bit DAC

32 ch. yDMA Watchdog Timer

26 GPIOs TRNG 2x Low-Power Comparator

Temperature and SPI-I’C Digital Sensor IF

AES-256, SHA2-512 Battery Monitor

RTC Capacitive Touch IF

Time-to-Digital Converter

4 kB SRAM

Figure 1-1. CC13x2 and CC26x2 Block Diagram
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* Advanced serial integration
— Universal asynchronous receiver/transmitter (UART)
— Inter-integrated circuit (12C) module
— Synchronous serial interface modules (SSls)
— Audio interface 1S module
+ System integration
— Direct memory access (DMA) controller
— Four 32-bit timers (up to eight 16-bit) with pulse width modulation (PWM) capability and synchronization
— 32 kHz real-time clock (RTC)
— Watchdog timer
— On-chip temperature and supply voltage sensing
— GPIO with normal or high-drive capabilities
— GPIOs with analog capability for ADC and comparator
— Fully flexible digital pin muxing allows use as GPIO or any peripheral function
* |EEE 1149.7 compliant 2-pin cJTAG with legacy 1149.1 JTAG support
e 7mm x 7 mm VQFN and 7 mm x 7 mm MOT packages

For applications requiring extreme conservation of power, the CC13x2 and CC26x2 device platform features a
power-management system to efficiently power down the devices to a low-power state during extended periods
of inactivity. A power-up and power-down sequencer, a 32-bit sleep timer (an RTC), with interrupt and 80

kB of ultra-low-leakage (ULL) RAM with retention in all power modes positions the MCU perfectly for battery
applications.

In addition, the CC13x2 and CC26x2 device platform offers the advantages of the widely available development
tools of Arm®, SoC infrastructure IP applications, and a large user community. Additionally, the microcontroller
uses Arm Thumb®-compatible Thumb-2 instruction set to reduce memory requirements and, thereby, cost.

Tl offers a complete solution to get to market quickly, with evaluation and development boards, white papers and
application notes, an easy-to-use peripheral driver library, and a strong support, sales, and distributor network.
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1.3 Functional Overview
The following subsections provide an overview of the features of the CC13x2 and CC26x2 device platform.
1.3.1 Arm® Cortex®-M4F

The following subsections provide an overview of the Arm® Cortex®-M4F processor core and instruction set, the
integrated system timer (SysTick), and the NVIC.

1.3.1.1 Processor Core

The CC13x2 and CC26x2 device platform is designed around an Arm® Cortex®-M4F processor core. The

Arm® Cortex®-M4F processor provides the core for a high-performance, low-cost platform that meets the needs
of minimal memory implementation, reduced pin count, and low power consumption, while delivering outstanding
computational performance and exceptional system response to interrupts.

Features of the processor core are as follows:

+  32-bit Arm® Cortex®-M4F architecture optimized for small-footprint embedded applications

» OQutstanding processing performance combined with fast interrupt handling

+  Thumb-2 mixed 16- and 32-bit instruction set delivers the high performance expected of a 32-bit Arm® core
in @ compact memory size, usually associated with 8- and 16-bit devices, typically in the range of a few
kilobytes of memory for microcontroller-class applications.
— Single-cycle multiply instruction and hardware divide
— Atomic bit manipulation (bit-banding), delivering maximum memory use and streamlined peripheral control
— Unaligned data access, enabling efficient packing of data into memory

* Fast code execution permits slower processor clock or increases sleep mode time

* Harvard architecture characterized by separate buses for instruction and data

» Efficient processor core, system, and memories

» Hardware division and fast multiplier

» Deterministic, high-performance interrupt handling for time-critical applications

* Enhanced system debug with extensive breakpoint capabilities and debugging through power modes

» Compact JTAG interface reduces the number of pins required for debugging

« Ultra-low power consumption with integrated sleep modes

* Up to 48 MHz operation
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1.3.1.2 System Timer (SysTick)

The Arm® Cortex®-M4F processor includes an integrated system timer (SysTick). SysTick provides a simple,
24-bit, clear-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The counter can
be used in several different ways; for example:

* An RTOS tick timer that fires at a programmable rate (for example, 100 Hz) and invokes a SysTick routine

* A high-speed alarm timer using system clock 11

* Avariable rate alarm or signal timer—the duration is range-dependent on the reference clock used and the
dynamic range of the counter

* A simple counter used to measure time to completion and time used

* An internal clock-source control based on missing or meeting durations

1.3.1.3 Nested Vector Interrupt Controller (NVIC)

The CC13x2 and CC26x2 device controller includes the Arm® NVIC. The NVIC and Arm® Cortex®-M4F prioritize
and handle all exceptions in handler mode. The processor state is automatically stored to the stack on an
exception and automatically restored from the stack at the end of the interrupt service routine (ISR). The
interrupt vector is fetched in parallel to state saving, thus enabling efficient interrupt entry. The processor
supports tail-chaining, that is, back-to-back interrupts can be performed without the overhead of state saving
and restoration. Software can set eight priority levels on seven exceptions (system handlers) and can set device
interrupts.

Features of the NVIC are as follows:

» Deterministic, fast interrupt processing
— Always 12 cycles, or just 6 cycles with tail-chaining

» External nonmaskable interrupt (NMI) signal available for immediate execution of NMI handler for safety-
critical applications

* Dynamically reprioritizable interrupts

» Exceptional interrupt handling through hardware implementation of required register manipulations

1.3.1.4 System Control Block

The system control block (SCB) provides system implementation information and system control (configuration,
control, and reporting of system exceptions).

1.3.2 On-Chip Memory
The following subsections describe the on-chip memory modules.
1.3.2.1 SRAM

The CC13x2 and CC26x2 device platform provides 80 kB of low-leakage, on-chip SRAM with optional retention
in all power modes. Retention can be configured per 16 kB block. Additionally, the 8 kB flash cache RAM

can be reconfigured to operate as normal system RAM. Because read-modify-write (RMW) operations are

very time consuming, Arm® has introduced bit-banding technology in the Arm® Cortex®-M4F processor. With a
bit-band-enabled processor, certain regions in the memory map (SRAM and peripheral space) can use address
aliases to access individual bits in a single, atomic operation.

Data can be transferred to and from the SRAM using the micro DMA (uDMA) controller.
1.3.2.2 Flash Memory

The flash block provides an in-circuit, programmable, nonvolatile program memory for the device. The 352 kB

of flash memory is organized as a set of 8 kB pages that can be individually erased. Erasing a block causes

the entire contents of the block to be reset to all 1s. These pages can be individually protected. Read-only
blocks cannot be erased or programmed, protecting the contents of those blocks from being modified. In addition
to holding program code and constants, the nonvolatile memory allows the application to save data that must

be preserved so that it is available after restarting the device. Using this feature lets the user use saved
network-specific data to avoid the need for a full start-up and network find-and-join process.
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1.3.2.3 ROM

The ROM is preprogrammed with a boot sequence, device driver functions, low-level protocol stack components,
and a serial bootloader (SPI or UART).

1.3.3 Radio

The CC26x2 device provides a highly integrated low-power 2.4 GHz radio transceiver with support for multiple
modulations and packet formats. The CC1312 device provides similar functionality optimized for the Sub-1 GHz
bands. The CC1352 device is a true dual-band radio with separate RF paths for Sub-1 GHz and 2.4 GHz
operation. The radio subsystem provides an interface between the MCU and the radio, which makes it possible
to issue commands, read status, also automate and sequence radio events.

1.3.4 Security Core

The security core of the CC13x2 and CC26x2 device platform features an Advanced Encryption Standard (AES)
module with 256-bit key support, local key storage and DMA capability. It also includes a Hash engine (SHA-2)
and a Public Key Acceleration (PKA) engine.

Features of the AES engine are as follows:

+ ECB, CBC, CBC-MAC, CTR, CCM, and GCM modes of operation
* 118 Mbps throughput

» Secure key storage memory

* Low latency

* SHA-224, SHA-256, SHA-384, and SHA-512

» Hardware accelerators for elliptic curve calculations
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1.3.5 General-Purpose Timers

General-purpose timers can be used to count or time external events that drive the timer-input pins. Each 16-
or 32-bit GPTM block provides two 16-bit timers or counters that can be configured to operate independently as
timers or event counters, or configured to operate as one 32-bit timer.

The general-purpose timer module (GPTM) contains four 16- or 32-bit GPTM blocks with the following functional
options:

* 16- or 32-bit operating modes:

16- or 32-bit programmable one-shot timer

16- or 32-bit programmable periodic timer

16-bit general-purpose timer with an 8-bit prescaler

16-bit input-edge count- or time-capture modes with an 8-bit prescaler

16-bit PWM mode with an 8-bit prescaler and software-programmable output inversion of the PWM signal
* Count up or down

* Four 32-bit counters or up to eight 16-bit counters

* Up to eight capture/compare pins

* Up to four PWM pins (one PWM pin per 32-bit timer)

» Daisy-chaining of timer modules allows a single timer to initiate multiple timing events

« Timer synchronization allows selected timers to start counting on the same clock cycle

» User-enabled stalling when the microcontroller asserts CPU halt flag during debug

» Ability to determine the elapsed time between the assertion of the timer interrupt and entry into the ISR
» Efficient transfers using the uDMA controller

1.3.5.1 Watchdog Timer

The watchdog timer is used to regain control when the system fails because of a software error or an external
device fails to respond properly. The watchdog timer can generate an interrupt or a reset when a predefined
time-out value is reached.

1.3.5.2 Always-On Domain

The AON domain contains circuitry that is always enabled, except for the shutdown mode (where the digital
supply is off). This domain includes the following:

* The RTC can be used to wake the CC13x2 and CC26x2 device platform from any state where it is active.
The RTC contains three match registers and one compare register. With software support, the RTC can be
used for clock and calendar operation. The RTC is clocked from the 32 kHz RC oscillator or the
32 kHz crystal oscillator.

* The battery monitor and temperature sensors are accessible by software. The battery monitor and
temperature sensors provide continuous monitoring of battery state as well as coarse temperature.

1.3.6 Direct Memory Access

The CC13x2 and CC26x2 device platform includes a DMA controller, known as uDMA. The uDMA controller
provides a way to offload data transfer tasks from the Arm® Cortex®-M4F processor, allowing more efficient
use of the processor and the available bus bandwidth. The uDMA controller can perform transfers between
memory and peripherals. Channels in the uDMA are dedicated for each supported on-chip module and can

be programmed to automatically perform transfers between peripherals and memory, because the peripheral is
ready to transfer more data.
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1.3.7 System Control and Clock

System control determines the overall operation of the CC13x2 and CC26x2 device platform. System control
provides information about the devices, controls power-saving features, controls the clocking of the devices and
individual peripherals, and handles reset detection and reporting.

* Power control:
— On-chip fixed DC/DC converter and low drop-out (LDO) voltage regulators
— Handles the power-up sequencing, power-down sequencing, and control for the core digital-logic and
analog circuits
— Low-power options for the microcontroller
— Low-power options for on-chip modules:
» Software controls shutdown of individual peripherals and memory
* RAM and configuration registers are retained in all power modes
— Control-pin option for control of external DC/DC regulator
— Configurable wake up from sleep timer or any GPIO interrupt
— Voltage supervision circuitry
* Multiple clock sources for microcontroller system clock:
— RC oscillator (HSRCOSC):
» On-chip resource providing a 48 MHz frequency
» The 48 MHz crystal oscillator (HSXOSC) is a frequency-accurate clock source from an external crystal
connected across the X48M_P input and X48M_N output pins.
» The internal 32 kHz RC oscillator is an on-chip resource providing a 32 kHz frequency, used during
power-saving modes and for RTC.
» The 32.768 kHz crystal oscillator is a frequency-accurate clock source from an external crystal
connected across the X32K_Q1 input and X32K_Q2 output pins
» Ideal for accurate RTC operation or synchronous network timing
» An external 32.768 kHz clock signal can be supplied by using one of the digital input/output (DIO) pins
as clock input.
— CPU and periphery clock division options

1.3.8 Serial Communication Peripherals

The CC13x2 and CC26x2 device platform supports both asynchronous and synchronous serial communication
including:

*« Two UART modules

+ 12C module

+ 12S module

*  Two SSI (SPI) modules

The following subsections provide more detail on each of the communication functions.
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1.3.8.1 UART

A UART is an integrated circuit used for RS-232C serial communications. A UART contains a transmitter
(parallel-to-serial converter) and a receiver (serial-to-parallel converter); each is clocked separately.

The CC13x2 and CC26x2 device platform includes one fully programmable UART. The UART can generate
individually masked interrupts from the receive (RX), transmit (TX), modem flow control, and error conditions.
The module generates one combined interrupt when any of the interrupts are asserted and are unmasked.

The UART has the following features:

* Programmable baud-rate generator allows speeds up to 3 Mbps
» Separate 32 x 8 TX FIFOs and 32 x 16 RX FIFOs reduce CPU interrupt service loading
*  Programmable FIFO length, including 1-byte deep operation that provides conventional double-buffered
interface
» FIFO trigger levels of 1/8, 1/4, 1/2, 3/4, and 7/8
» Standard asynchronous communication bits for start, stop, and parity
» Line-break generation and detection
» Fully programmable serial interface characteristics:
— 5,6, 7, or 8 data bits
— Even, odd, stick, or no-parity bit generation and detection
— One or two stop-bit generation
* Full modem-handshake support
* Programmable hardware flow control
« Standard FIFO-level interrupts
» Efficient transfers using the uDMA controller:
— Separate channels for TX and RX
— Receive single request asserted when data is in the FIFO; burst request asserted at programmed FIFO
level
— Transmit single request asserted when there is space in the FIFO; burst request asserted at programmed
FIFO level

1.3.8.212C

The 12C bus provides bidirectional data transfer through a 2-wire design (a serial data line SDA and a serial clock
line SCL). The I2C bus interfaces to external 1°C devices such as serial memory (RAM and ROM), networking
devices, LCDs, tone generators, and so on. The I12C bus may also be used for system testing and diagnostic
purposes in product development and manufacturing.

Each device on the I2C bus can be designated as a master or a slave. Each 12C module supports both sending
and receiving data (as either a master or a slave) and can operate simultaneously (as both a master and a
slave). Both the 12C master and slave can generate interrupts.

The CC13x2 and CC26x2 device platform includes an 12C module with the following features:

+ Devices on the I2C bus can be designated as either a master or a slave:
— Supports both transmitting and receiving data as either a master or a slave
— Supports simultaneous master and slave operation
+ Four I2C modes:
— Master transmit
— Master receive
— Slave transmit
— Slave receive
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* Two transmission speeds:
— Standard (100 kbps)
— Fast (400 kbps)
* Clock low time-out interrupt
» Master and slave interrupt generation:
— Master generates interrupts when a TX or RX operation completes (or aborts due to an error)
— Slave generates interrupts when data is transferred or requested by a master or when a START or STOP
condition is detected
— Master with arbitration and clock synchronization, multimaster support, and 7-bit addressing mode

1.3.8.31°S

An I2S module enables the CC13x2 and CC26x2 device platform to communicate with external devices like
codecs, DAC, ADCs, or DSPs. The devices only support audio streaming formats like 1S, RJF, LJF, and DSP;
the devices do not support configuration of external devices. The CC13x2 and CC26x2 device platform supports
both external and internally generated bit clock and word clock (BCLK and WCLK).

1.3.8.4 SSI

An SSI module is a 4-wire bidirectional communications interface that converts data between parallel and

serial. The SSI performs serial-to-parallel conversion on data received from a peripheral device and performs
parallel-to-serial conversion on data transmitted to a peripheral device. The SSI can be configured as either a
master or slave device. As a slave device, the SSI can be configured to disable its output, which allows coupling
of a master device with multiple slave devices. The TX and RX paths are buffered with separate internal FIFOs.

The SSI also includes a programmable bit rate clock divider and prescaler to generate the output serial clock
derived from the input clock of the SSI. Bit rates are generated based on the input clock, and the maximum bit
rate is determined by the connected peripheral.

The CC13x2 and CC26x2 device platform includes two SSI modules with the following features:

*  Programmable interface operation for Freescale SPI, MICROWIRE, or Tl synchronous serial interfaces
* Master or slave operation
*  Programmable clock bit rate and prescaler
» Separate TX and RX FIFOs, each 16 bits wide and 8 locations deep
* Programmable data-frame size from 4 bits to 16 bits
* Internal loopback test mode for diagnostic and debug testing
» Standard FIFO-based interrupts and EoT interrupt
» Efficient transfers using the uDMA controller:
— Separate channels for TX and RX
— Receive single request asserted when data is in the FIFO; burst request is asserted when FIFO contains
four entries
— Transmit single request asserted when there is space in the FIFO; burst request is asserted when FIFO
contains four entries
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1.3.9 Programmable I/Os

I/0O pins offer flexibility for a variety of connections. The CC13x2 and CC26x2 device platform supports highly
configurable 1/0 pins that can be multiplexed to any digital peripheral through the 1/0 Controller.

Note

Analog functionality, Sensor Controller connections, and high-drive strength is limited to certain pins.
See Chapter 13 for details.

* Up to 31 GPIOs, depending on configuration
» Up to five 8 mA drive strength pins
» Fully flexible digital pin muxing allows use as GPIO or any of several peripheral functions
*  Programmable control for GPIO interrupts:
— Interrupt generation masking per pin
— Edge-triggered on rising or falling
* Bit masking in read and write operations through address lines
* Can initiate a uyDMA transfer
* Pin state can be retained during all sleep modes
* Pins configured as digital inputs are Schmitt-triggered
*  Programmable control for DIO configuration:
— Weak pullup or pulldown resistors
— Digital input enables

1.3.10 Sensor Controller

The sensor controller contains circuitry that can be selectively enabled in the power-down mode. The peripherals
in this domain may be controlled by the sensor controller, which is a proprietary power-optimized CPU (sensor
controller engine), or directly from the System CPU. The sensor controller engine CPU can read and monitor
sensors or perform other tasks autonomously, thereby reducing power consumption and offloading the System
CPU.

The sensor controller is set up using a PC-based configuration tool, and typical use cases may be (but not
limited to) the following:

» Analog sensors using integrated ADC

+ Digital sensors using GPIO with bit-banged I1°C and SPI
« Capacitive sensing

* Waveform generation

» Keyboard scan

* Quadrature decoder for polling rotation sensors

» Oscillator calibration

The peripherals in the sensor interface include the following:
* Analog comparator

The ultra-low-power analog comparator can wake the CC13x2 and CC26x2 device platform from any active
state. A configurable internal reference can be used with the comparator. The output of the comparator can
also trigger an interrupt or trigger the ADC.

» Capacitive sensing

Capacitive sensing is not a stand-alone module in the CC13x2 and CC26x2 device platform; rather, the
functionality is achieved through the use of a constant current source, a time to digital converter, and a
comparator. The analog comparator in this block can also be used as a higher-accuracy alternative to the
ultra-low-power comparator. The sensor controller takes care of baseline tracking, hysteresis, filtering, and
other related functions.
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ADC

The ADC is a 12-bit, 200 ksps ADC with 8 inputs and a built-in voltage reference. The ADC can be triggered
by many different sources including timers, 1/O pins, software, the analog comparator, and the RTC.

An ADC is a peripheral that converts a continuous analog voltage to a discrete digital number. The ADC
module features 12-bit conversion resolution and supports eight input channels plus an internal division of the
battery voltage and a temperature sensor.

Low-power UART, SPI, and I2C digital sensor interface

The analog modules can be connected to up to eight different 1/Os.

1.3.11 Random Number Generator

The random number generator generates true random numbers for backoff calculations or security keys.
1.3.12 ¢JTAG and JTAG

The Joint Test Action Group (JTAG) port is an IEEE standard that defines a test access port (TAP) and boundary
scan architecture for digital integrated circuits. The JTAG port also provides a standardized serial interface for
controlling the associated test logic. The TAP, Instruction Register (IR), and Data Registers (DR) can be used

to test the interconnections of assembled printed circuit boards (PCBs) and obtain manufacturing information

on the components. The JTAG port also provides a means of accessing and controlling design-for-test features
such as /O pin observation and control, scan testing, and debugging. The compact JTAG (cJTAG) interface has
the following features:

IEEE1149.1-1990 compliant TAP controller

IEEE 1149.7 cJTAG interface

ICEPick JTAG router

A 4-bit IR chain for storing JTAG instructions

IEEE standard instructions: BYPASS, IDCODE, SAMPLE and PRELOAD, EXTEST and INTEST
Arm® additional instructions: APACC, DPACC, and ABORT
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1.3.13 Power Supply System
1.3.13.1 Supply System

There are several voltage levels in use on the CC13x2 and CC26x2 device platform. Figure 1-2 shows an
overview of the supply system.

VDDS
|E POR / BOD / Misc
Global LDO
I10s Digital LDO —e
VDD
VDDS2
|X’_'— 10s Micro LDO Y
VDDS3
VDDS_DCDC \
|E AON_VD |
DCDC_SW
MCU_VD
|X’—Q— DC/DC Converter
VDDR
VDDR_RF
|E Oscillators
RF LDOs
DCOUPL

|Z} .

Figure 1-2. CC13x2 and CC26x2 Supply System

1.3.13.1.1 VDDS

The battery voltage on the CC13x2 and CC26x2 device platform is called VDDS (supply). This supply has the
highest potential in the system and typically is the only one provided by the user.

Note
VDDS2 and VDDS3 must always be at the same potential as VDDS.
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1.3.13.1.2 VDDR

The two VDDR (regulated) pins are normally powered from one of the internal regulators. For lowest power, Tl
recommends using the internal DC/DC regulator (see Section 1.3.13.2 for further details on this configuration).

Using the Global LDO is also an option. In this case the two VDDR pins must be tied together. In this
case, VDDR should have a 22 pF decoupling capacitor, whereas VDDR_RF should have the decoupling
recommended in the various reference designs. In this setup, VDDS_DCDC should be tied to VDDS and
DCDC_SW should be left floating.

1.3.13.1.3 Digital Core Supply

The digital core of the CC13x2 and CC26x2 device platform is supplied by a 1.28 V regulator connected to
VDDR. The output of this regulator requires an external decoupling capacitor for proper operation; this capacitor
must be connected to the DCOUPL pin.

Note
The DCOUPL pin cannot be used to supply external circuitry.

When the system is in power down, a small low-power regulator (micro LDO) with limited current capacity
supplies the digital domain to ensure enabled modules still have power.

1.3.13.1.4 Other Internal Supplies

Several other modules in the device (such as the frequency synthesizer, RF power amplifier, and so forth)
have separate internal regulators running at either 1.4 V (analog modules) or 1.28 V (digital modules). These
regulators are powered up or down automatically by firmware when needed.

1.3.13.2 DC/DC Converter

The on-chip buck-mode DC/DC converter provides a simple way to reduce the power consumption of the device.
The DC/DC converter is integrated into the supply system and handles bias and clocks automatically through the
system controller.

The DC/DC converter is controlled through the AON_PMCTL:PWRCTL register.

To enable the DC/DC converter when the system is active, the AON_PMCTL:PWRCTL.DCDC_ACTIVE bit must
be set. The DC/DC converter is also used periodically when the device is in Standby mode to maintain voltage
on the VDDR domain.

The output voltage of the DC/DC regulator is typically timmed to 1.68 V, but there are use cases where other
voltage levels are used. The voltage levels are controlled automatically by the device and cannot be changed by
the user.

Note

The DC/DC regulator output cannot be used to supply external circuitry.
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Chapter 2
Arm® Cortex®-M4F Processor

i3 TEXAS INSTRUMENTS

The CC13x2 and CC26x2 device platform builds on the Arm® Cortex®-M4F core to bring high-performance 32-
bit computing to cost-sensitive embedded microcontroller applications, such as factory automation and control,
industrial control power devices, building and home automation, and stepper motor control.

This chapter provides information on the CC13x2 and CC26x2 device platform implementation of the
Arm® Cortex®-M4F processor.

For technical details on the instruction set, see Cortex-M3/M4F Instruction Set Technical User's Manual.
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2.1 Arm® Cortex®-M4F Processor Introduction

The Arm® Cortex®-M4F processor provides a high-performance, low-cost platform that meets the system
requirements of minimal memory implementation, reduced pin count, and low-power consumption. The following
features are included:

+  32-bit Arm® Cortex®-M4F architecture optimized for small-footprint, embedded applications
» Qutstanding processing performance combined with fast interrupt handling
+ Arm Thumb®-2 technology with mixed 16- and 32-bit instruction set delivers the high performance expected
of a 32-bit Arm® core in a compact memory size usually associated with 8- and 16-bit devices, typically in the
range of a few kilobytes of memory for microcontroller-class applications:
— Single-cycle multiply instruction and hardware divide
— Atomic bit manipulation (bit-banding), delivering maximum memory use and streamlined peripheral control
— Unaligned data access, enabling efficient packing of data into memory
* Fast code execution permits slower processor clock or increases sleep mode time
» Harvard architecture characterized by separate buses for instruction and data
» Efficient processor core, system, and memories
» Hardware division and fast digital signal processing oriented multiply accumulate
» Saturating arithmetic for signal processing
» Deterministic, high-performance interrupt handling for time-critical applications
» Floating point unit (FPU) for single precision floating point arithmetic functionality
* Memory protection unit (MPU) for memory management and protection functionality
« Enhanced system debug with extensive breakpoint and trace capabilities
» Full debug with data matching for watchpoint generation
- DWT
— JTAG debug port
- FPB
« Migration from the Arm7® processor family for better performance and power efficiency
» Standard trace support
- IT™
— TPIU with asynchronous serial wire output (SWO)
*  Optimized for single-cycle flash memory use
» Ultra-low power consumption with integrated sleep modes
* 48 MHz operation

2.2 Block Diagram

Figure 2-1 shows the core processor unit (CPU) block diagram. The Arm® Cortex®-M4F processor is built on

a high-performance processor core with a 3-stage pipeline Harvard architecture, thus it is ideal for demanding
embedded applications. The processor delivers exceptional power efficiency through an efficient instruction set
and extensively optimized design, which provides high-end processing hardware. The instruction set includes
a range of single-cycle and SIMD multiplication and multiply-with-accumulate capabilities, saturating arithmetic,
and dedicated hardware division.

To facilitate the design of cost-sensitive devices, the Arm® Cortex®-M4F processor implements tightly coupled
system components that reduce processor area while significantly improving interrupt handling and system-
debug capabilities. The Arm® Cortex®-M4F processor implements a version of the Thumb instruction set
based on Thumb-2 technology; thus ensuring high code density and reduced program-memory requirements.
The Arm® Cortex®-M4F instruction set provides the exceptional performance expected of a modern 32-bit
architecture, with the high code density of 8-bit and 16-bit microcontrollers.

The Arm® Cortex®-M4F processor closely integrates a nested vector interrupt controller (NVIC) to deliver fast
execution of interrupt service routines (ISRs) thereby dramatically reducing interrupt latency. The hardware
stacking of registers and the ability to suspend load-multiple and store-multiple operations further reduces
interrupt latency. Interrupt handlers do not require any assembler stubs, thus removing code overhead from the
ISRs. Tail-chaining optimization also significantly reduces the overhead when switching from one ISR to another.
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To optimize low-power designs, the NVIC integrates with the sleep modes, including deep-sleep mode, which
enables the entire device to be rapidly powered down.

» Trace Data
| Interrupts
M Am® CortexO-M4 Trace Port Trace Clock
NVIC | Sleep > Core Intarrf]ﬁce To 10C
<« 2°0u9 » Instructions Data ) )
Y Y Serial Wire
Viewer (SWV)
CPU_TIPROP_TRACECLKMUX
Register
Y
FlasanZatch Data Instrumentation
Breakpoint V:s(tjc?s:égt Trace Macrocell
ROM
Table
Advance
\ Peripheral Bus
_>
x

= I-code Bus .
> Z »>
Serial Wire JTAG | Debug @ D-code Bus >
Debug Port | Access Port ”l @ System Bus >

Copyright © 2017, Texas Instruments Incorporated

Figure 2-1. CPU Block Diagram

2.3 Overview
2.3.1 System-Level Interface

The Arm® Cortex®-M4F processor provides multiple interfaces using AMBA® technology to provide high-
speed, low-latency memory accesses. The core supports unaligned data accesses and implements atomic bit
manipulation that enables faster peripheral controls, system spinlocks, and thread-safe Boolean data handling.

2.3.2 Integrated Configurable Debug

The Arm® Cortex®-M4F processor implements a complete hardware-debug solution through a Serial Wire or
JTAG Debug Port (SWJ-DP) module. SWJ-DP provides a high system visibility of the processor and memory
through a traditional JTAG port. See Chapter 6 and the Arm Debug Interface V5 Architecture Specification for
details on SWJ-DP.

For system trace, the processor integrates an instrumentation trace macrocell (ITM) alongside data watchpoints
and a profiling unit. To enable simple and cost-effective profiling of the system trace events, a serial wire viewer
(SWV) can export a stream of software-generated messages, data trace, and profiling information through one
pin.

The flash patch and breakpoint unit (FPB) provides up to eight hardware-breakpoint comparators that debuggers
can use. The comparators in the FPB also provide remap functions of up to eight words in the program code in
the CODE memory region. Remap functions enable patching of applications stored in a read-only area of flash
memory into another area of on-chip SRAM or flash memory. If a patch is required, the application programs the

SWCU185G — JANUARY 2018 — REVISED JUNE 2024 CC13x2, CC26x2 SimpleLink™ Wireless MCU 81
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SWCU185
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWCU185G&partnum=

13 TEXAS
INSTRUMENTS

Arm® Cortex®-M4F Processor www.ti.com

FPB to remap a number of addresses. When those addresses are accessed, the accesses are redirected to a
remap table specified in the FPB configuration.

For more information on the Arm® Cortex®-M4F debug capabilities, see the Arm Debug Interface V5 Architecture
Specification.

2.3.3 Trace Port Interface Unit

Figure 2-2 shows the trace port interface unit (TPIU) block diagram. The TPIU acts as a bridge between the
Arm® Cortex®-M4F trace data from the ITM, and an off-chip trace port analyzer.
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MUX Register

Serial
Wire

Viewer

(SWv)

Debug ATB ATB Asynchronous | Trace Out 10C
Slave Port Interface FIFO (Serializer)[  Trace

Clock
Trace

———»
Data

A 4
A4

A
A

APB
APB Slave Port—| 1o ce

Copyright © 2017, Texas Instruments Incorporated

Figure 2-2. TPIU Block Diagram

2.3.4 Floating Point Unit (FPU)

The Arm® Cortex®-M4F processor includes a floating point unit (FPU) that is an implementation of the single
precision variant of the ARMv7-M Floating-Point Extension (FPv4-SP). It provides floating-point computation
functionality that is compliant with the ANSI/IEEE Std 754-2008, IEEE Standard for Binary Floating-Point
Arithmetic, referred to as the IEEE 754 standard. The FPU supports all single-precision data-processing
instructions and data types described in the ARMv7-M Architecture Reference Manual (see Section 2.7).

2.3.5 Memory Protection Unit (MPU)

The Arm® Cortex®-M4F processor includes a memory protection unit (MPU) that supports the standard ARMv7
Protected Memory System Architecture model (see Section 2.8).

2.3.6 Arm® Cortex®-M4F System Component Details
The Arm® Cortex®-M4F includes the following system components:

» SysTick: A 24-bit count-down timer that can be used as a real-time operating system (RTOS) tick timer or as
a simple counter (see Section 4.2.1)

* Nested Vectored Interrupt Controller: An embedded interrupt controller (INTC) that supports low-latency
interrupt processing (see Section 4.2.2)

» System Control Block: The programming model interface to the processor, which provides system
implementation information and system control, including configuration, control, and reporting of system
exceptions (see Section 4.2.3). Key control and status features of the processor are managed centrally in
SCB within the system control space (SCS).
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2.4 Programming Model

This section describes the Arm® Cortex®-M4F programming model. For more information about the processor
modes and privilege levels for software execution and stacks and for descriptions of the individual core registers,
see Section 2.5.

2.4.1 Processor Mode and Privilege Levels for Software Execution
The Arm® Cortex®-M4F processor has two modes of operation:

» Thread mode executes application software. The processor enters thread mode when it comes out of reset.
* Handler mode handles exceptions. When the processor completes exception processing, it returns to thread
mode.

In addition, the Arm® Cortex®-M4F processor has two privilege levels, unprivileged and privileged.

* In unprivileged mode, software has the following restrictions:
— Limited access to the MSR and MRS instructions and no use of the CPS instruction
— No access to the system timer, NVIC, or SCB
» In privileged mode, software can use all the instructions and has access to all resources in the processor.

In thread mode, the CONTROL register (see Table 2-24) controls whether software execution is privileged or
unprivileged. In handler mode, software execution is always privileged.

Only privileged software can write to the CONTROL register to change the privilege level for software execution
in thread mode. Unprivileged software can use the SVC instruction to make a supervisor call to transfer control
to privileged software.

2.4.2 Stacks

The Arm® Cortex®-M4F processor uses a full descending stack, meaning that the stack pointer indicates the last
stacked item on the memory. When the processor pushes a new item onto the stack, it decrements the stack
pointer and then writes the item to the new memory location. The processor implements two stacks, the main
stack and the process stack, with a pointer for each held in independent registers (see the SP register in Table
2-16).

In thread mode, the CONTROL register (see Table 2-24) controls whether the processor uses the main stack or
the process stack. In handler mode, the processor always uses the main stack. Table 2-1 lists the options for
processor operations.

Table 2-1. Summary of Processor Mode, Privilege Level, and Stack Use

Processor Mode Use Privilege Level Stack Used
Thread Applications Privileged or unprivileged (V) Main stack or process stack
Handler Exception handlers Always privileged Main stack

(1) See the CONTROL register in Table 2-24.
2.4.3 Exceptions and Interrupts

An exception changes the normal flow of software control. The support for interrupts and system exceptions is
implemented by using the built-in NVIC, which supports up to 240 external interrupt inputs. Besides the external
interrupts, the Arm® Cortex®-M4F also services 16 predefined exception sources including Reset, NMI, and

so on. The processor and the NVIC prioritize and handle all exceptions. The processor uses handler mode

to handle all exceptions, except for reset. Software configures the actual priorities assigned to NVIC external
interrupt inputs through registers.

2.4.4 Data Types

The Arm® Cortex®-M4F processor supports 32-bit words, 16-bit halfwords, and 8-bit bytes. The processor also
supports 64-bit data transfer instructions. All instruction and data memory accesses are little endian. For more
information, see Cortex-M3/M4F Instruction Set Technical User's Manual.
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2.5 Arm® Cortex®-M4F Core Registers

Figure 2-3 shows the Arm® Cortex®-M4F register set. Table 2-2 lists the core registers. The core registers are
not memory mapped and are accessed by register name, so the base address is N/A (not applicable) and there
is no offset.

RO
R1
R2
R3
R4
R5
R6 General-purpose registers
R7
R8
R9
High registers R10
R11
R12
Stack pointer SP (R13) | PSP " MSP See Note.
Link register LR (R14)
Program counter PC (R15)

Low registers

PSR Program status register
PRIMASK

FAULTMASK Exception mask registers Special registers
BASEPRI
CONTROL Control register

Note: Banked version of SP

Figure 2-3. Arm® Cortex®-M4F Register Set
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2.5.1 Core Register Map

Table 2-2. Processor Register Map
Name Type Reset Description Link

RO R/W — Cortex general-purpose register 0 See Section 2.5.2.1.

R1 R/W — Cortex general-purpose register 1 See Section 2.5.2.2.

R2 R/W — Cortex general-purpose register 2 See Section 2.5.2.3.

R3 R/W — Cortex general-purpose register 3 See Section 2.5.2.4.

R4 R/wW — Cortex general-purpose register 4 See Section 2.5.2.5.

R5 R/W — Cortex general-purpose register 5 See Section 2.5.2.6.

R6 R/W — Cortex general-purpose register 6 See Section 2.5.2.7.

R7 R/W — Cortex general-purpose register 7 See Section 2.5.2.8.

R8 R/W — Cortex general-purpose register 8 See Section 2.5.2.9.
R9 R/W — Cortex general-purpose register 9 See Section 2.5.2.10.
R10 R/W — Cortex general-purpose register 10 See Section 2.5.2.11.
R11 R/W — Cortex general-purpose register 11 See Section 2.5.2.12.
R12 R/wW — Cortex general-purpose register 12 See Section 2.5.2.13.
SP R/W - Stack pointer See Section 2.5.2.14.
LR R/W OxFFFF FFFF Link register See Section 2.5.2.15.
PC R/W — Program counter See Section 2.5.2.16.
PSR R/W 0x0100 0000 Program status register See Section 2.5.2.17.
PRIMASK R/W 0x0000 0000 Priority mask register See Section 2.5.2.18.
FAULTMASK R/W 0x0000 0000 Fault mask register See Section 2.5.2.19.
BASEPRI R/W 0x0000 0000 Base priority mask register See Section 2.5.2.20.
CONTROL R/wW 0x0000 0000 Control register See Section 2.5.2.21.

2.5.2 Core Register Descriptions

This section lists and describes the Arm® Cortex®-M4F registers, in the order listed in Figure 2-3. The core

registers are not memory mapped and are accessed by register name rather than offset.

The register type shown in the register descriptions refers to type during program execution in thread

Note

mode and handler mode. Debug access can differ.

2.5.2.1 Cortex®General-Purpose Register 0 (R0)
Table 2-3. Cortex® General-Purpose Register 0 (R0)

Address Offset

Reset

Physical Address

Instance

Description The RO registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.
Type R/W
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8|7 6 5 4 3
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W
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2.5.2.2 Cortex® General-Purpose Register 1 (R1)

Table 2-4. Cortex® General-Purpose Register 1 (R1)

Address Offset Reset -

Physical Address Instance

Description The R1 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.

Type R/W

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —

2.5.2.3 Cortex® General-Purpose Register 2 (R2)

Table 2-5. Cortex® General-Purpose Register 2 (R2)

Address Offset Reset -

Physical Address Instance

Description The R2 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.

Type R/W

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —
2.5.2.4 Cortex® General-Purpose Register 3 (R3)
Table 2-6. Cortex® General-Purpose Register 3 (R3)
Address Offset Reset -
Physical Address Instance
Description The R3 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.
Type R/W
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —
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2.5.2.5 Cortex® General-Purpose Register 4 (R4)

Table 2-7. Cortex® General-Purpose Register 4 (R4)

Address Offset Reset -

Physical Address Instance

Description The R4 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.

Type R/W

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

%5 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —

2.5.2.6 Cortex® General-Purpose Register 5 (R5)

Table 2-8. Cortex® General-Purpose Register 5 (R5)
Address Offset Reset -
Physical Address Instance
Description The RS registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.
Type R/W

3130292827262524‘23222120191817161514131211 10 9 8‘7 6 5 4 3 2 1 0
DATA

Bits Field Name ‘ Description

‘ Type Reset
31-0 DATA

R/W —

Register data

2.5.2.7 Cortex® General-Purpose Register 6 (R6)

Table 2-9. Cortex® General-Purpose Register 6 (R6)

Address Offset Reset -

Physical Address Instance

Description The RG6 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.

Type R/W

3130292827262524‘23222120191817161514131211 10 9 8‘7 6 5 4 3 2 1 0

DATA
Bits Field Name ‘Description ‘ Type Reset
31-0 DATA Register data R/W —
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2.5.2.8 Cortex® General-Purpose Register 7 (R7)

Table 2-10. Cortex® General-Purpose Register 7 (R7)

Address Offset Reset -

Physical Address Instance

Description The R7 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.

Type R/W

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —

2.5.2.9 Cortex® General-Purpose Register 8 (R8)

Table 2-11. Cortex® General-Purpose Register 8 (R8)

Address Offset Reset -

Physical Address Instance

Description The R8 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.

Type R/W

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —
2.5.2.10 Cortex® General-Purpose Register 9 (R9)
Table 2-12. Cortex® General-Purpose Register 9 (R9)
Address Offset Reset -
Physical Address Instance
Description The RO registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.
Type R/W
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —
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2.5.2.11 Cortex® General-Purpose Register 10 (R10)

Table 2-13. Cortex® General-Purpose Register 10 (R10)
Address Offset Reset -
Physical Address Instance
Description The R10 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.
Type R/W
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 1 10 9 8|7 6 5 4 3 2 1 O
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —

2.5.2.12 Cortex® General-Purpose Register 11 (R11)

Table 2-14. Cortex® General-Purpose Register 11 (R11)

Address Offset Reset -

Physical Address Instance

Description The R11 registers are 32-bit general-purpose registers for data operations and can be accessed from

either privileged or unprivileged mode.
Type R/W
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8|7 6 5 4 3 2 1 0
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —
2.5.2.13 Cortex® General-Purpose Register 12 (R12)
Table 2-15. Cortex® General-Purpose Register 12 (R12)
Address Offset Reset -
Physical Address Instance
Description The R12 registers are 32-bit general-purpose registers for data operations and can be accessed from
either privileged or unprivileged mode.
Type R/W
31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16(15 14 13 12 1 10 9 8|7 6 5 4 3 2 1 O
DATA
Bits Field Name Description Type Reset
31-0 DATA Register data R/W —
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2.5.2.14 Stack Pointer (SP)

Table 2-16. Stack Pointer (SP)

Address Offset

Reset

Physical Address

Instance

Description

The Stack Pointer (SP) is register R13. In thread mode, the function of this register changes depending on the ASP bit in the Control
Register (CONTROL) register. When the ASP bit is clear, this register is the Main Stack Pointer (MSP). When the ASP bit is set, this
register is the Process Stack Pointer (PSP). On reset, the ASP bit is clear, and the processor loads the MSP with the value from address
0x0000 0000. The MSP can only be accessed in privileged mode; the PSP can be accessed in either privileged or unprivileged mode.

Type

\ RIW

3130292827262524‘23222120191817161514131211 07 9 87 6 56 4 3 2 1 0

SP

Bits

Field Name

Description

Type Reset

31-0

SP

This field is the address of the stack pointer.

R/W —

2.5.2.15 Link Register (LR)

Table 2-17. Link Register (LR)

Address Offset

Reset

OXFFFF FFFF

Physical Address

Instance

Description

The Link Register (LR) is register R14, and it stores the return information for subroutines, function calls, and exceptions. LR can be

accessed from either privileged or unprivileged mode.

EXC_RETURN is loaded into LR on exception entry. See Table 5-2 for the values and description.

Type

\ RIW

3130292827262524‘23222120191817161514131211 07 9 87 6 56 4 3 2 1 0

LINK

Bits

Field Name

Description

Type Reset

31-0

LINK

This field is the return address.

RIW OXFFFF FFFF
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2.5.2.16 Program Counter (PC)
Table 2-18. Program Counter (PC)

Address Offset Reset -
Physical Address Instance
Description

The Program Counter (PC) is register R15, and it contains the current program address. On reset, the processor loads the PC with the
value of the reset vector, which is at address 0x0000 0004. Bit O of the reset vector is loaded into the THUMB bit of the EPSR register at
reset and must be 1. The PC register can be accessed in either privileged or unprivileged mode

Type \ RIW

3130292827262524‘23222120191817161514131211 07 9 87 6 56 4 3 2 1 0
PC

Bits Field Name Description Type Reset

31-0 PC This field is the current program address. R/W —

2.5.2.17 Program Status Register (PSR)
Table 2-19. PSR Combinations

Register Type Combination

PSR R/W @) (1) APSR, EPSR, and IPSR
IEPSR RO EPSR and IPSR

IAPSR R/W APSR and IPSR
EAPSR R/W APSR and EPSR

(1)  The processor ignores writes to the IPSR bits.
(2) Reads of the EPSR bits directly using the MSR instruction return 0, and the processor ignores writes to these bits.

Table 2-20. Program Status Register (PSR) or (xPSR)

Address Offset Reset 0x0100 0000
Physical Address Instance
Description

Also referred to as xPSR

The Program Status Register (PSR) has three functions, and the register bits are assigned to the different functions:
* Application Program Status Register (APSR), bits 31-27

» Execution Program Status Register (EPSR), bits 26—24, 15-10

* Interrupt Program Status Register (IPSR), bits 6-0

The PSR, IPSR, and EPSR registers can be accessed only in privileged mode; the APSR register can be accessed in privileged or
unprivileged mode.

APSR contains the current state of the condition flags from previous instruction executions.

EPSR contains the Thumb state bit and the execution state bits for the if-then (IT) instruction or the interruptible-continuable instruction (ICI)
field for an interrupted load multiple or store multiple instruction. Attempts to read the EPSR directly through application software using the
MSR instruction always return 0. Attempts to write the EPSR using the MSR instruction in application software are always ignored. Fault
handlers can examine the EPSR value in the stacked PSR to determine the operation that faulted (see Section 5.1.7).

IPSR contains the exception type number of the current ISR.

These registers can be accessed individually or as a combination of any two or all three registers, using the register name as an argument
to the MSR or MRS instructions. For example, all of the registers can be read using PSR with the MRS instruction, or APSR only can be
written to using APSR with the MSR instruction. Table 2-20 shows the possible register combinations for the PSR. See the MRS and MSR
instruction descriptions in Cortex-M3/M4F Instruction Set Technical User's Manual for more information about how to access the program
status registers.

Type ‘ R/W

‘31‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11‘10‘ 9 \ 8 \ 7 \ 6 \ 5\4 \ 3\2 \ 1 \ o\
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N|Z|C|V|Q|ICI/IT|TH RESERVED ICI/IT RESERVE ISRNUM
U D
M
B
Bits Field Name Description Type Reset
31 N APSR Negative or Less Flag R/W 0
Value Description
1 The previous operation result was negative or less
than.
0 The previous operation result was positive, zero,
greater than, or equal
The value of this bit is meaningful only when accessing PSR or
APSR.
30 4 APSR Zero Flag R/W 0
Value Description
1 The previous operation result was zero.
0 The previous operation result was nonzero.
The value of this bit is meaningful only when accessing PSR or
APSR.
29 C APSR Carry or Borrow Flag R/W 0
Value Description
1 The previous add operation resulted in a carry bit
or the previous subtract operation did not result in a
borrow bit.
0 The previous add operation did not result in a carry
bit or the previous subtract operation resulted in a
borrow bit.
The value of this bit is meaningful only when accessing PSR or
APSR.
28 \Y APSR Overflow Flag R/W 0
Value Description
1 The previous operation resulted in an overflow.
0 The previous operation did not result in an overflow.
The value of this bit is meaningful only when accessing PSR or
APSR.
27 Q APSR Sticky Overflow and Saturation Flag R/W 0
Value Description
1 Overflow or saturation has occurred. (set by SSAT or
USAT instructions).
0 Overflow or saturation has not occurred since reset
or since the bit was last cleared.
The value of this bit is meaningful only when accessing PSR or
APSR.
This flag is sticky, in that, when set by an instruction it remains set
until explicitly cleared using an MSR instruction.
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Bits Field Name Description Type Reset
26-25 |ICI/IT EPSR ICI / IT status R/O 0x0

These bits, along with bits 15:10, contain the ICI field for an
interrupted load multiple or store multiple instruction or the execution
state bits of the IT instruction. When EPSR holds the ICI execution
state, bits 26:25 are 0. The If-Then block contains up to four
instructions following an IT instruction. Each instruction in the

block is conditional. The conditions for the instructions are either

all the same, or some can be the inverse of others. See the
Cortex-M3/M4F Instruction Set Technical User's Manual for more
information. The value of this field is meaningful only when
accessing PSR or EPSR.

24 THUMB EPSR Thumb state R/O 1
This bit indicates the Thumb state and must always be set. The
following can clear the THUMB bit:

+ The BLX, BX and POP{PC} instructions
* Restoration from the stacked xPSR value on an exception return
» Bit 0 of the vector value on an exception entry or reset

Attempting to execute instructions when this bit is clear results in a
fault or lockup. For more information, see Section 5.2.4. The value
of this bit is meaningful only when accessing PSR or EPSR.

23-16 |RESERVED Reserved R/O 0x00

15-10 [ICI/IT EPSR ICI / IT status R/O 0x0
These bits, along with bits 26:25, contain the ICI field for an
interrupted load multiple or store multiple instruction or the execution
state bits of the IT instruction. When an interrupt occurs during

the execution of an LDM, STM, PUSH, or POP instruction, the
processor stops the load multiple or store multiple instruction
operation temporarily and stores the next register operand in the
multiple operation to bits 15:12. After servicing the interrupt, the
processor returns to the register pointed to by bits 15:12 and
resumes execution of the multiple load or store instruction. When
EPSR holds the ICI execution state, bits 11:10 are 0. The If-Then
block contains up to four instructions following a 16-bit IT instruction.
Each instruction in the block is conditional. The conditions for the
instructions are either all the same, or some can be the inverse of
others. See Cortex-M3/M4F Instruction Set Technical User's Manual
for more information. The value of this field is meaningful only when
accessing PSR or EPSR.

9-7 RESERVED Software must not rely on the value of a reserved bit. To provide R/O 0x0
compatibility with future products, the value of a reserved bit must
be preserved across a read-modify-write operation.
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Bits Field Name Description Type Reset
6-0 ISRNUM IPSR ISR Number R/O 0x00
This field contains the exception type number of the current ISR.
Value Description
0x00 Thread mode
0x01 Reserved
0x02 NMI
0x03 Hard fault
0x04 Memory management fault
0x05 Bus fault
0x06 Usage fault
0x07-0x0A |Reserved
0x0B SVCall
0x0C Reserved for debug
0x0D Reserved
0x0E PendSV
O0xOF SysTick
0x10 Interrupt vector 0
0x11 Interrupt vector 1
0x31 Interrupt vector 33
0x32-0x7F Reserved
For more information, see Section 5.1.2.
The value of this field is meaningful only when accessing PSR or
IPSR.
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2.5.2.18 Priority Mask Register (PRIMASK)
Table 2-21. Priority Mask Register (PRIMASK)

Address Offset Reset 0x0000 0000
Physical Address Instance
Description

The Priority Mask (PRIMASK) register prevents activation of all exceptions with programmable priority. Reset, nonmaskable interrupt (NMI),
and hard fault are the only exceptions with fixed priority. Exceptions must be disabled when they might impact the timing of critical tasks.
This register is accessible only in privileged mode. The MSR and MRS instructions are used to access the PRIMASK register, and the CPS
instruction may be used to change the value of the PRIMASK register. For more information on these instructions, see Cortex-M3/M4F
Instruction Set Technical User's Manual . For more information on exception priority levels, see Section 5.1.2.

Type \ RIW

31 ‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21 ‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11 \10\ 9 \ 8 \ 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1]0
RESERVED PR
IM
AS
K
Bits Field Name Description Type Reset
31-1 RESERVED Software must not rely on the value of a reserved bit. To provide R/O 0x0000 000

compatibility with future products, the value of a reserved bit must
be preserved across a read-modify-write operation.

0 PRIMASK Priority Mask R/wW 0

Value Description
1 Prevents the activation of all exceptions with configurable
priority
0 No effect
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2.5.2.19 Fault Mask Register (FAULTMASK)

Table 2-22. Fault Mask Register (FAULTMASK)

Address Offset Reset 0x0000 0000
Physical Address Instance
Description

The Fault Mask FAULTMASK register prevents activation of all exceptions except for the NMI. Exceptions must be disabled when
they might impact the timing of critical tasks. This register is accessible only in privileged mode. The MSR and MRS instructions are
used to access the FAULTMASK register, and the CPS instruction may be used to change the value of the FAULTMASK register. See
Cortex-M3/MA4F Instruction Set Technical User's Manual for more information on these instructions. For more information on exception

priority levels, see Section 5.1.2.

Type ‘R/W
31 ‘30‘29‘28‘27‘26‘25‘24‘23‘22‘21 ‘20‘19‘18‘17‘16‘15‘14‘13‘12‘11 \10\ 9 \ 8 \ 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 110
RESERVED FA
UL
T
M
AS
K
Bits Field Name Description Type Reset
31-1 RESERVED Reserved R/O 0x0000 000
0 FAULTMASK Fault Mask R/W 0
Value Description
1 Prevents the activation of all exceptions except for NMI
0 No effect

The processor clears the FAULTMASK bit on exit from any
exception handler except the NMI handler.
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2.5.2.20 Base Priority Mask Register (BASEPRI)
Table 2-23. Base Priority Mask Register (BASEPRI)

Address Offset Reset 0x0000 0000
Physical Address Instance
Description
The Base Priority Mask BASEPRI register defines the minimum priority for exception processing. When BASEPRI is set to a nonzero value,
it prevents the activation of all exceptions with the same or lower priority level as the BASEPRI value. Exceptions must be disabled when
they might impact the timing of critical tasks. This register is accessible only in privileged mode. For more information on exception priority
levels, see Section 5.1.2.
Type [RW
31]30] 29[ 28] 2726 [25]24] 23] 22]21]20[ 19] 18] 17[16] 15[ 14 [ 13]12] 11 [10] 9 [8 |7 [6[5[4[3[2]1]0
RESERVED BASEPRI RESERVED
Bits Field Name Description Type Reset
31-8 RESERVED Reserved R/O 0x0000 00
7-5 BASEPRI Base Priority R/W 0x0
Any exception that has a programmable priority level with the same
or lower priority as the value of this field is masked. The PRIMASK
register can be used to mask all exceptions with programmable
priority levels. Higher priority exceptions have lower priority levels.
Value Description
0x0 All exceptions are unmasked.
0x1 All exceptions with priority levels 1-7 are masked.
0x2 All exceptions with priority levels 2—7 are masked.
0x3 All exceptions with priority levels 3—7 are masked.
0x4 All exceptions with priority levels 4-7 are masked.
0x5 All exceptions with priority levels 5-7 are masked.
0x6 All exceptions with priority levels 6 and 7 are masked.
0x7 All exceptions with priority level 7 are masked.
4-0 RESERVED Reserved R/O 0x0
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2.5.2.21 Control Register (CONTROL)
Table 2-24. Control Register (CONTROL)

Address Offset Reset 0x0000 0000
Physical Address Instance
Description

The CONTROL register controls the stack used and the privilege level for software execution when the processor is in thread mode. This
register is accessible only in privileged mode.

Handler mode always uses MSP, so the processor ignores explicit writes to the ASP bit of the CONTROL register when in handler mode.
The exception entry and return mechanisms automatically update the CONTROL register based on the EXC_RETURN value (see

Table 5-2). In an OS environment, threads running in thread mode must use the process stack and the kernel and exception handlers
must use the main stack. By default, thread mode uses MSP. To switch the stack pointer used in thread mode to PSP, either use the MSR
instruction to set the ASP bit, as detailed in the Cortex-M3/M4F Instruction Set Technical User's Manual, or perform an exception return to
thread mode with the appropriate EXC_RETURN value, as shown in Table 5-2.

When changing the stack pointer, software must use an ISB instruction immediately after the MSR instruction, ensuring that instructions
after the ISB instruction executes use the new stack pointer. See the Cortex-M3/M4F Instruction Set Technical User's Manual.

Type ‘ R/W

31]30] 29[ 28] 27[26[25]24] 23] 22]21]20[ 19] 18] 17[16] 15[ 14[13[12] 11 [10] 9 [8 [ 7 [6[5[4[3[2]1 |0
RESERVED AS| T
P|M
PL
Bits Field Name Description Type Reset
31-2 RESERVED Reserved R/O 0x0000 000
1 ASP Active Stack Pointer R/W 0
Value Description
1 PSP is the current stack pointer.
0 MSP is the current stack pointer.

In handler mode, this bit reads as zero and ignores writes. The Arm
Cortex-M4F updates this bit automatically on exception return.

0 TMPL Thread Mode Privilege Level R/W 0

Value Description

1 Unprivileged software can be executed in thread mode.
0 Only privileged software can be executed in thread mode.
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2.6 Instruction Set Summary
This section provides the following information:

+  Arm® Cortex®-M4F instructions (see Section 2.6.1)
» Load and store timings (see Section 2.6.2)
+ Binary compatibility with other Cortex® processors (see Section 2.6.3)

2.6.1 Arm® Cortex®-M4F Instructions

The processor implements the ARMv7-M Thumb instruction set. Table 2-25 lists the Arm® Cortex®-M4F
instructions and their cycle counts. The cycle counts are based on a system with zero wait states.

Within the assembler syntax, depending on the operation, the <op2> field can be replaced with one of the
following options:

» A simple register specifier, for example

oo |

* An immediate shifted register, for example

‘ Rm, LSL #4 ‘

» Aregister shifted register, for example

‘Rm, LSL Rs ‘

* An immediate value, for example

‘ #OXEOOOE000 ‘

For brevity, not all load and store addressing modes are shown. See the ARMv7-M Architecture Reference
Manual for more information.

Table 2-25 uses the following abbreviations in the Cycles column:
P The number of cycles required for a pipeline refill. This ranges from 1 to 3 depending on the alignment and
width of the target instruction, and whether the processor manages to speculate the address early.

B The number of cycles required to perform the barrier operation. For DSB and DMB, the minimum number of
cycles is zero. For ISB, the minimum number of cycles is equivalent to the number required for a pipeline
refill.

N The number of registers in the register list to be loaded or stored, including PC or LR.
W The number of cycles spent waiting for an appropriate event.

Table 2-25. Arm® Cortex®-M4F Instruction Set Summary

Operation Description Assembler Cycles
Register ‘MOV Rd, <op2> ‘ 1
16-bit immediate [MOVW Rd, #<imm> | 1
Move
Immediate into top ‘MOVT Rd, #<imm> ‘ 1
To PC [MOv PC, Rm | 1+P
Add ‘ADD Rd, Rn, <op2> ‘ 1
Add to PC ‘ADD PC, PC, Rm ‘ 1+P
Add
Add with carry ‘ADC Rd, Rn, <op2> ‘ 1
Form address ‘ADR Rd, <label> ‘ 1
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Table 2-25. Arm® Cortex®-M4F Instruction Set Summary (continued)
Operation Description Assembler Cycles
Subtract ‘SUB Rd, Rn, <op2> ‘ 1
Subtract Subtract with borrow ‘SBC Rd, Rn, <op2> ‘ 1
Reverse ‘RSB Rd, Rn, <op2> ‘ 1
Multiply ‘MUL Rd, Rn, Rm ‘ 1
Multiply accumulate ‘MLA Rd, Rn, Rm ‘ 1
Multiply subtract ‘MLS Rd, Rn, Rm ‘ 1
Multiply Long signed [SMULL RdLo, RdHi, Rn, Rm | 1
Long unsigned ‘UMULL RdLo, RdHi, Rn, Rm ‘ 1
Long signed accumulate ‘SMLAL RdLo, RdHi, Rn, Rm ‘ 1
Long unsigned accumulate ‘UMLAL RdLo, RdHi, Rn, Rm ‘ 1
Signed ‘SDIV Rd, Rn, Rm ‘ 210 120
Divide
Unsigned ‘UDIV Rd, Rn, Rm \ 2to 12()
Signed ‘SSAT Rd, #<imm>, <op2> ‘ 1
Saturate
Unsigned ‘USAT Rd, #<imm>, <op2> ‘ 1
Compare ‘CMP Rn, <op2> ‘ 1
Compare
Negative ‘CMN Rn, <op2> ‘ 1
AND ‘AND Rd, Rn, <op2> \ 1
Exclusive OR ‘EOR Rd, Rn, <op2> ‘ 1
OR ‘ORR Rd, Rn, <op2> \ 1
OR NOT ‘ORN Rd, Rn, <op2> \ 1
Logical
Bit clear ‘BIC Rd, Rn, <op2> ‘ 1
Move NOT [MWN Rd, <op2> | 1
AND test ‘TST Rn, <op2> ‘ 1
Exclusive OR test ‘TEQ Rn, <opl> ‘ 1
Logical shift left [LSL Rd, Rn, #<imm> | 1
Logical shift left [LSL Rd, Rn, Rs | 1
Logical shift right ‘LSR Rd, Rn, #<imm> ‘ 1
Shift
Logical shift right ‘LSR Rd, Rn, Rs ‘ 1
Arithmetic shift right [ASR Rd, Rn, #<imm> | 1
Arithmetic shift right [ASR Rd, Rn, Rs | 1
Rotate right ‘ROR Rd, Rn, #<imm> ‘ 1
Rotate Rotate right ‘ROR Rd, Rn, Rs ‘ 1
With extension ‘RRX Rd, Rn ‘ 1
Count Leading zeroes ‘CLZ Rd, Rn ‘ 1
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Table 2-25. Arm® Cortex®-M4F Instruction Set Summary (continued)

Operation Description Assembler Cycles
Word ‘LDR Rd, [Rn, <op2>] ‘ 2(2)
To PC ‘LDR PC, [Rn, <op2>] ‘ 2@ +p
Halfword ‘LDRH Rd, [Rn, <op2>] ‘ 2(2)
Byte ‘LDRB Rd, [Rn, <op2>] ‘ 22
Signed halfword ‘LDRSH Rd, [Rn, <op2>] ‘ 22)
Signed byte ‘LDRSB Rd, [Rn, <op2>] ‘ 2(2)
User word ‘LDRT Rd, [Rn, #<imm>] ‘ 2(2)
Load User halfword [LDRHT Rd, [Rn, #<imm>] | 22)
User byte ‘LDRBT Rd, [Rn, #<imm>] ‘ 2(2)
User signed halfword ‘LDRSHT Rd, [Rn, #<imm>] ‘ 22)
User signed byte ‘LDRSBT Rd, [Rn, #<imm>] ‘ 22)
PC relative ‘LDR Rd, [PC, #<imm>] ‘ 2(2)
Doubleword ‘LDRD Rd, Rd, [Rn, #<imm>] \ 1+N
Multiple ‘LDM Rn, {<reglist>} ‘ 1+N
Multiple including PC [LoM Rn, {<reglist>, PC} | 1+N+P
Word ‘STR Rd, [Rn, <op2>] ‘ 22)
Halfword ‘STRH Rd, [Rn, <op2>] ‘ 22)
Byte ‘STRB Rd, [Rn, <op2>] ‘ 22)
Signed halfword ‘STRSH Rd, [Rn, <op2>] ‘ 22)
Signed byte ‘STRSB Rd, [Rn, <op2>] ‘ 2()
User word ‘STRT Rd, [Rn, #<imm>] ‘ 2)
Store
User halfword ‘STRHT Rd, [Rn, #<imm>] ‘ 2(2)
User byte ‘STRBT Rd, [Rn, #<imm>] ‘ 2(2)
User signed halfword ‘STRSHT Rd, [Rn, #<imm>] ‘ 2(2)
User signed byte ‘STRSBT Rd, [Rn, #<imm>] ‘ 2(2)
Doubleword ‘STRD Rd, Rd, [Rn, #<imm>] ‘ 1+N
Multiple ‘STM Rn, {<reglist>} ‘ 1+N
Push ‘PUSH {<reglist>} ‘ 1+N
Push
Push with link register ‘PUSH {<reglist>, LR} ‘ 1+N
Pop ‘POP {<reglist>} ‘ 1+N
Pop
Pop and return ‘POP {<reglist>, PC} ‘ 1+N+P
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Table 2-25. Arm® Cortex®-M4F Instruction Set Summary (continued)
Operation Description Assembler Cycles
Load exclusive ‘LDREX Rd, [Rn, #<imm>] ‘ 2
Load exclusive half ‘LDREXH Rd, [Rn] ‘ 2
Load exclusive byte ‘LDREXB Rd, [Rn] ‘ 2
Semaphore Store exclusive ‘STREX Rd, Rt, [Rn,#<imm>] ‘ 2
Store exclusive half [STREXH Rd, Rt, [Rn] | 2
Store exclusive byte ‘STREXB Rd, Rt, [Rn] ‘ 2
Clear exclusive monitor ‘CLREX ‘ 1
Conditional ‘B<cc> <label> ‘ 1or1+P0O
Unconditional ‘B <label> ‘ 1+P
With link [BL <label> | 1+P
With exchange ‘BX Rm ‘ 1+P
Branch With link and exchange ‘ BLX Rm ‘ 1+P
Branch if zero ‘CBZ Rn, <label> ‘ 1or1+ PG
Branch if nonzero ‘CBNZ Rn, <label> ‘ 1or1+ PG
Byte table branch ‘TBB [Rn, Rm] ‘ 2+P
Halfword table branch ‘TBH [Rn, Rm, LSL#1] ‘ 2+P
Supervisor call ‘SVC #<imm> ‘ -
If-then-else ‘IT. .. <cond> ‘ 14)
Disable interrupts ‘CPSID <flags> ‘ 1or2
State change Enable interrupts ‘CPSIE <flags> ‘ 1or2
Read special register ‘MRS Rd, <specreg> ‘ 1or2
Write special register ‘MSR <specreg>, Rn ‘ 1or2
Breakpoint ‘BKPT #<imm> ‘ -
Signed halfword to word ‘SXTH Rd, <op2> ‘ 1
Signed byte to word ‘SXTB Rd, <op2> ‘ 1
Extend
Unsigned halfword ‘UXTH Rd, <op2> ‘ 1
Unsigned byte ‘UXTB Rd, <op2> ‘ 1
Extract unsigned ‘UBFX Rd, Rn, #<imm>, #<imm> ‘ 1
o Extract signed ‘SBFX Rd, Rn, #<imm>, #<imm> ‘ 1
Bit field
Clear ‘BFC Rd, Rn, #<imm>, #<imm> ‘ 1
Insert ‘BFI Rd, Rn, #<imm>, #<imm> ‘ 1
Bytes in word ‘REV Rd, Rm ‘ 1
Bytes in both halfwords [REV16 Rd, Rm | 1
Reverse
Signed bottom halfword ‘REVSH Rd, Rm ‘ 1
Bits in word ‘RBIT Rd, Rm ‘ 1
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Table 2-25. Arm® Cortex®-M4F Instruction Set Summary (continued)

Operation Description Assembler Cycles
Send event ‘ SEV ‘ 1
Wait for event ‘WFE ‘ 1+W
Hint
Wait for interrupt ‘WFI ‘ 1+W
No operation ‘ NOP ‘ 1
Instruction synchronization ‘ISB ‘ 1+B
Barriers Data memory ‘DMB ‘ 1+B
Data synchronization ‘DSB <flags> ‘ 1+B

(1) Division operations terminate when the divide calculation completes, with the number of cycles required dependent on the values of
the input operands. Division operations are interruptible, meaning that an operation can be abandoned when an interrupt occurs, with
worst case latency of one cycle, and restarted when the interrupt completes.

(2) Neighboring load and store single instructions can pipeline their address and data phases but in some cases such as 32-bit opcodes
aligned on odd halfword boundaries they might not pipeline optimally.

(3) Conditional branch completes in a single cycle if the branch is not taken.

(4) AnIT instruction can be folded onto a preceding 16-bit Thumb instruction, enabling execution in zero cycles.

Table 2-26 lists the DSP instructions that the Arm® Cortex®-M4F processor implements.
Table 2-26. Arm® Cortex®-M4F DSP Instruction Set Summary

Operation Description Assembler Cycles
32 bit multiply with 32 most significant bit accumulate ‘ SMMLA ‘ 1
32 bit multiply with 32 most significant bit subtract ‘ SMMLS ‘ 1
. 32 bit multiply returning 32 most significant bits ‘ SMMUL ‘ 1
Multiply
32 bit multiply with rounded 32 most significant bit accumulate ‘ SMMLAR ‘ 1
32 bit multiply with rounded 32 most significant bit subtract ‘ SMMLSR ‘ 1
32 bit multiply returning rounded 32 most significant bits ‘ SMMULR ‘ 1
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Table 2-26. Arm® Cortex®-M4F DSP Instruction Set Summary (continued)
Operation Description Assembler Cycles
S setting 16 bit signed multiply with 32 bit accumulate, bottom by ‘ SMLABB ‘ 1
ottom

Q setting 16 bit signed multiply with 32 bit accumulate, bottom by top \ SMLABT \ 1
16 bit signed multiply with 64 bit accumulate, bottom by bottomn \ SMLALBB \ 1
16 bit signed multiply with 64 bit accumulate, bottom by top \ SMLALBT \ 1
Dual 16 bit signed multiply with single 64 bit accumulator ‘ SMLALD{X} ‘ 1
16 bit signed multiply with 64 bit accumulate, top by bottom ‘ SMLALTB ‘ 1
16 bit signed multiply with 64 bit accumulate, top by top ‘ SMLALTT ‘ 1
16 bit signed multiply yielding 32 bit result, bottom by bottom ‘ SMULBB ‘ 1
16 bit signed multiply yielding 32 bit result, bottom by top ‘ SMULBT ‘ 1
16 bit signed multiply yielding 32 bit result, top by bottom ‘ SMULTB ‘ 1

Signed multiply 16 bit signed multiply yielding 32 bit result, top by top ‘ SMULTT ‘ 1
16 bit by 32 bit signed multiply returning 32 most significant bits, bottom ‘ SMULWB ‘ 1
16 bit by 32 bit signed multiply returning 32 most significant bits, top ‘ SMULWT ‘ 1
Dual 16 bit signed multiply returning difference ‘ SMUSD{X} ‘ 1
Q setting 16 bit signed multiply with 32 bit accumulate, top by bottom ‘ SMLATB ‘ 1
Q setting 16 bit signed multiply with 32 bit accumulate, top by top ‘ SMLATT ‘ 1
Q setting dual 16 bit signed multiply with single 32 bit accumulator ‘ SMLAD{X} ‘ 1
Q setting 16 bit by 32 bit signed multiply with 32 bit accumulate, bottom ‘ SMLAWB ‘ 1
Q setting 16 bit by 32 bit signed multiply with 32 bit accumulate, top ‘ SMLAWT ‘ 1
Q setting dual 16 bit signed multiply subtract with 32 bit accumulate ‘ SMLSD{X} ‘ 1
Q setting dual 16 bit signed multiply subtract with 64 bit accumulate ‘ SMLSLD{X} ‘ 1
Q setting sum of dual 16 bit signed multiply | SMUAD{X} | 1

Unsigned multiply ?eZSS:: unsigned multiply with double 32 bit accumulation yielding 64 bit ‘ UMAAL ‘ 1
Q setting dual 16 bit saturate \ SSAT16 \ 1

Saturate
Q setting dual 16 bit unsigned saturate ‘ USAT16 ‘ 1
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Table 2-26. Arm® Cortex®-M4F DSP Instruction Set Summary (continued)

Operation Description Assembler Cycles
Pack halfword top with shifted bottom | PKHTB |
Pack half word bottom with shifted top | PKHBT | 1
Extract 8 bits and sign extend to 32 bits ‘ SXTB ‘ 1
Dual extract 8 bits and sign extend each to 16 bits ‘ SXTB16 ‘ 1
Extract 16 bits and sign extend to 32 bits ‘ SXTH ‘ 1
Extract 8 bits and zero-extend to 32 bits ‘ UXTB ‘ 1
Packing and Dual extract 8 bits and zero-extend to 16 bits ‘ UXTB16 ‘ 1
unpacking Extract 16 bits and zero-extend to 32 bits ‘ UXTH ‘ 1
Extract 8 bit to 32 bit unsigned addition ‘ UXTAB ‘ 1
Dual extracted 8 bit to 16 bit unsigned addition ‘ UXTAB16 ‘ 1
Extracted 16 bit to 32 bit unsigned addition \ UXTAH \ 1
Extracted 8 bit to 32 bit signed addition | SXTAB | 1
Dual extracted 8 bit to 16 bit signed addition ‘ SXTAB16 ‘ 1
Extracted 16 bit to 32 bit signed addition | SXTAH | 1
Select bytes based on GE bits ‘ SEL ‘ 1
Miscellaneous data | Unsigned sum of quad 8 bit unsigned absolute difference ‘ USADS ‘ 1
processing - - - - - -
Unsigned sum of quad 8 bit unsigned absolute difference with 32 bit ‘ USADAS ‘ 1
accumulate
Dual 16 bit unsigned saturating addition ‘ UQADD16 ‘ 1
Quad 8 bit unsigned saturating addition ‘ UQADDS ‘ 1
Q setting saturating add ‘ QADD ‘ 1
Q setting dual 16 bit saturating add ‘ QADD16 ‘ 1
Q setting quad 8 bit saturating add ‘ QADDS ‘ 1
Q setting saturating double and add ‘ QDADD ‘ 1
GE setting quad 8 bit signed addition | SADDS | 1
Addition
GE setting dual 16 bit signed addition | SADD16 | 1
Dual 16 bit signed addition with halved results \ SHADD16 \ 1
Quad 8 bit signed addition with halved results \ SHADDS \ 1
GE setting dual 16 bit unsigned addition \ UADD16 \ 1
GE setting quad 8 bit unsigned addition ‘ UADDS ‘ 1
Dual 16 bit unsigned addition with halved results \ UHADD16 \ 1
Quad 8 bit unsigned addition with halved results \ UHADDS \ 1
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Table 2-26. Arm® Cortex®-M4F DSP Instruction Set Summary (continued)
Operation Description Assembler Cycles
Q setting saturating double and subtract ‘ QDSUB ‘ 1
Dual 16 bit unsigned saturating subtraction ‘ UQSUB16 ‘ 1
Quad 8 bit unsigned saturating subtraction ‘ UQSuUB8 ‘ 1
Q setting saturating subtract ‘ QSuB ‘ 1
Q setting dual 16 bit saturating subtract ‘ QSUB16 ‘ 1
Q setting quad 8 bit saturating subtract ‘ QSuB8 ‘ 1
Dual 16 bit signed subtraction with halved results ‘ SHSUB16 ‘ 1
Subtraction
Quad 8 bit signed subtraction with halved results ‘ SHSUB8 ‘ 1
GE setting dual 16 bit signed subtraction ‘ SSUB16 ‘ 1
GE setting quad 8 bit signed subtraction ‘ SSUBS8 ‘ 1
Dual 16 bit unsigned subtraction with halved results ‘ UHSUB16 ‘ 1
Quad 8 bit unsigned subtraction with halved results ‘ UHSUB8 ‘ 1
GE setting dual 16 bit unsigned subtract ‘ USUB16 ‘ 1
GE setting quad 8 bit unsigned subtract ‘ USsuB8 ‘ 1
Dual 16 bit unsigned saturating addition and subtraction with exchange ‘ UQASX ‘ 1
Dual 16 bit unsigned saturating subtraction and addition with exchange ‘ UQSAX ‘ 1
GE setting dual 16 bit addition and subtraction with exchange ‘ SASX ‘ 1
Q setting dual 16 bit add and subtract with exchange ‘ QASX ‘ 1
Q setting dual 16 bit subtract and add with exchange ‘ QSAX ‘ 1
Dual 16 bit signed addition and subtraction with halved results ‘ SHASX ‘ 1
Parallel addition and
subtraction Dual 16 bit signed subtraction and addition with halved results ‘ SHSAX ‘ 1
GE setting dual 16 bit signed subtraction and addition with exchange ‘ SSAX ‘ 1
GE setting dual 16 bit unsigned addition and subtraction with exchange ‘ UASX ‘ 1
Dual 16 bit unsigned addition and subtraction with halved results and ‘
UHASX | 1
exchange
Dual 16 bit unsigned subtraction and addition with halved results and
| UHSAX | 1
exchange
GE setting dual 16 bit unsigned subtract and add with exchange ‘ USAX ‘ 1

2.6.2 Load and Store Timings
This section describes how best to pair instructions to achieve more reductions in timing.

*  STR Rx,[Ry,#mm] is always one cycle. This is because the address generation is performed in the initial
cycle, and the data store is performed at the same time as the next instruction is executing. If the store is to
the write buffer, and the write buffer is full or not enabled, the next instruction is delayed until the store can
complete. If the store is not to the write buffer, for example to the Code segment, and that transaction stalls,
the impact on timing is only felt if another load or store operation is executed before completion.

* LDR PC,[any] is always a blocking operation. This means at least two cycles for the load, and three cycles for
the pipeline reload. So this operation takes at least five cycles, or more if stalled on the load or the fetch.
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* Any load or store that generates an address dependent on the result of a preceding data processing
operation stalls the pipeline for an additional cycle while the register bank is updated. There is no forwarding
path for this scenario.

* LDR Rx,[PC,#imm] might add a cycle because of contention with the fetch unit.

« TBB and TBH are also blocking operations. These are at least two cycles for the load, one cycle for the add,
and three cycles for the pipeline reload. This means at least six cycles, or more if stalled on the load or the
fetch.

* LDR [any] are pipelined when possible. This means that if the next instruction is an LDR or STR, and the
destination of the first LDR is not used to compute the address for the next instruction, then one cycle is
removed from the cost of the next instruction. So, an LDR might be followed by an STR, so that the STR
writes out what the LDR loaded. More multiple LDRs can be pipelined together. Some optimized examples
are:

— LDR RO,[R1]; LDR R1,[R2]: normally three cycles total

— LDR RO,[R1,R2]; STR RO0,[R3,#20]: normally three cycles total

— LDRRO0,[R1,R2]; STR R1,[R3,R2]: normally three cycles total

— LDRRO0,[R1,R5]; LDR R1,[R2]; LDR R2,[R3,#4]: normally four cycles total

+ Other instructions cannot be pipelined after STR with register offset. STR can only be pipelined when it
follows an LDR, but nothing can be pipelined after the store. Even a stalled STR normally only takes two
cycles, because of the write buffer.

* LDREX and STREX can be pipelined exactly as LDR. Because STREX is treated more like an LDR, it can be
pipelined as explained for LDR. Equally LDREX is treated exactly as an LDR and so can be pipelined.

* LDRD and STRD cannot be pipelined with preceding or following instructions. However, the two words are
pipelined together. So, this operation requires three cycles when not stalled.

* LDM and STM cannot be pipelined with preceding or following instructions. However, all elements after the
first are pipelined together. So, a three element LDM takes 2 + 1 + 1 or 5 cycles when not stalled. Similarly,
an eight element store takes nine cycles when not stalled. When interrupted, LDM and STM instructions
continue from where they left off when returned to. The continue operation adds one or two cycles to the first
element when started.

» Unaligned word or halfword loads or stores add penalty cycles. A byte-aligned halfword load or store adds
one extra cycle to perform the operation as two bytes. A halfword-aligned word load or store adds one extra
cycle to perform the operation as two halfwords. A byte-aligned word load or store adds two extra cycles to
perform the operation as a byte, a halfword, and a byte. These numbers increase if the memory stalls. An
STR or an STRH cannot delay the processor because of the write buffer.

2.6.3 Binary Compatibility With Other Cortex® Processors

The processor implements a subset of the instruction set and features provided by the ARMv7-M architecture
profile, and is binary compatible with the instruction sets and features implemented in other Cortex®-M profile
processors. You can move software, including system level software, from the Arm® Cortex®-M4F processor to
other Cortex®-M profile processors.

To ensure a smooth transition, Arm® recommends that code designed to operate on other Cortex®-M profile
processor architectures obey the following rules and configure the Configuration and Control Register (CCR)
appropriately:

* Use word transfers only to access registers in the NVIC and System Control Space (SCS).
» Treat all unused SCS registers and register fields on the processor as Do-Not-Modify.
» Configure the following fields in the CCR:

— STKALIGN bit to 1

— UNALIGN_TRP bit to 1

— Leave all other bits in the CCR register as their original value.

SWCU185G — JANUARY 2018 — REVISED JUNE 2024 CC13x2, CC26x2 SimpleLink™ Wireless MCU 107
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SWCU185
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWCU185G&partnum=

13 TEXAS
INSTRUMENTS

Arm® Cortex®-M4F Processor www.ti.com

2.7 Floating Point Unit (FPU)
This section describes the programmers model of the Floating Point Unit (FPU) and contains information about:

* About the FPU (see Section 2.7.1)
* FPU Functional Description (see Section 2.7.2)
*  FPU Programmers Model (see Section 2.7.3)

2.7.1 About the FPU

The Arm® Cortex®-M4F FPU is an implementation of the single precision variant of the ARMv7-M Floating-Point
Extension (FPv4-SP). It provides floating-point computation functionality that is compliant with the ANSI/IEEE
Std 754-2008, IEEE Standard for Binary Floating-Point Arithmetic, referred to as the IEEE 754 standard.

The FPU supports all single-precision data-processing instructions and data types described in the ARMv7-M
Architecture Reference Manual.

2.7.2 FPU Functional Description

The FPU fully supports single-precision add, subtract, multiply, divide, multiply and accumulate, and square root
operations. It also provides conversions between fixed-point and floating-point data formats, and floating-point
constant instructions.

The FPU functional description includes the following topics:

* FPU views of the register bank (see Section 2.7.2.1)

* Modes of operation (see Section 2.7.2.2)

* FPU instruction set (see Section 2.7.2.3)

» Compliance with the IEEE 754 standard (see Section 2.7.2.4)

» Complete implementation of the IEEE 754 standard (see Section 2.7.2.5)
» |EEE 754 standard implementation choices (see Section 2.7.2.6)

» Exceptions (see Section 2.7.2.7)

» Enabling the FPU (see Section 2.7.3.1)

2.7.2.1 FPU Views of the Register Bank

The FPU provides an extension register file containing 32 single-precision registers (see Figure 2-4). These can
be viewed as:

» Sixteen 64-bit doubleword registers, DO-D15.
» Thirty-two 32-bit single-word registers, S0-S31.
* A combination of registers from these views:

S0

- DO -
S1
S2

= D1 =
S3
S4

- D2 -
S5
S6

- D3 -
s7
528

D14
529
S30

D15
S31

Figure 2-4. FPU Register Bank

The mapping between the registers is as follows:

* S<2n> maps to the least significant half of D<n>.
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* S<2n+1> maps to the most significant half of D<n>.

For example, you can access the least significant half of the value in D6 by accessing S12, and the most
significant half of the elements by accessing S13.

2.7.2.2 Modes of Operation
The FPU provides three modes of operation to accommodate a variety of applications:

* Full-compliance mode
e Flush-to-zero mode
* Default NaN mode

2.7.2.2.1 Full-Compliance Mode

In full-compliance mode, the FPU processes all operations according to the IEEE 754 standard in hardware.
2.7.2.2.2 Flush-to-Zero Mode

Setting the FZ bit of the Floating -point Status and Control Register FPSCR[24], enables flush-to-zero mode.

In this mode, the FPU treats all subnormal input operands of arithmetic CDP operations as zeros in the
operation. Exceptions that result from a zero operand are signaled appropriately. VABS, VNEG, and VMOV are
not considered arithmetic CDP operations and are not affected by flush-to-zero mode. A result that is tiny, as
described in the IEEE 754 standard, where the destination precision is smaller in magnitude than the minimum
normal value before rounding, is replaced with a zero. The IDC flag, FPSCR[7], indicates when an input flush
occurs. The UFC flag, FPSCR[3], indicates when a result flush occurs.

2.7.2.2.3 Default NaN Mode

Setting the DN bit, FPSCR[25], enables default NaN mode. In this mode, the result of any arithmetic data
processing operation that involves an input NaN, or that generates a NaN result, returns the default NaN.
Propagation of the fraction bits is maintained only by VABS, VNEG, and VMOV operations. All other CDP
operations ignore any information in the fraction bits of an input NaN.

2.7.2.3 FPU Instruction Set
Table 2-27 lists the instruction set of the FPU.
Table 2-27. FPU Instruction Set

Operation Description Assembler Cycles
Absolute value of float ‘ VABS.F32 ‘ 1
Addition floating point | VADD. F32 | 1
float with register or zero ‘ VCMP . F32 ‘ 1
Compare
float with register or zero ‘ VCMPE . F32 ‘ 1
Convert between integer, fixed-point, half-precision and float ‘ VCVT.F32 ‘ 1
Divide Floating-point | VDIV.F32 | 14
1+ 2 x N, where
multiple doubles ‘ VLDM. 64 ‘ N is the number of
doubles.
Load multiple floats ‘ VLDM. 32 ‘ ! ;L\lr;];v;e;fef:\;;sthe
single double ‘ VLDR. 64 ‘ 3
single float ‘ VLDR. 32 ‘ 2
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Table 2-27. FPU Instruction Set (continued)
Operation Description Assembler Cycles
top/bottom half of double to/from core register ‘ VMOV ‘ 1
immediate/float to float-register ‘ VMOV ‘ 1
Move two floats/one doubl_e to/from two core registers or one float ‘ VMOV ‘ 2
to/from one core register
floating-point control/status to core register ‘ VMRS ‘ 1
core register to floating-point control/status ‘ VMSR ‘ 1
float | VMUL . F32 | 1
then accumulate float ‘ VMLA.F32 ‘ 3
Multiply then subtract float ‘ VMLS.F32 ‘ 3
then accumulate then negate float ‘ VNMLA.F32 ‘ 3
then subtract then negate float ‘ VNMLS.F32 ‘ 3
then accumulate float ‘ VFMA.F32 ‘ 3
then subtract float ‘ VFMS.F32 ‘ 3
Multiply (fused)
then accumulate then negate float ‘ VFNMA.F32 ‘ 3
then subtract then negate float ‘ VFNMS . F32 ‘ 3
float | VNEG.F32 | 1
Negate
and multiply float ‘ VNMUL . F32 ‘ 1
1+2x N, where N is
double registers from stack ‘ VPOP. 64 ‘ the number of double
Pop registers
float registers from stack ‘ VPOP. 32 ‘ 1n:r$t‘>;vrh;r?egi§;rse
1+2x N, where N is
double registers to stack ‘ VPUSH. 64 ‘ the number of double
Push registers
float registers to stack ‘ VPUSH. 32 ‘ 1n:r,r\1‘t’);'hoefr?egi§etrse
Square-root of float ‘ VSQRT.F32 ‘ 14
1+ 2 x N, where
multiple double registers ‘ VSTM. 64 ‘ N is the number of
doubles
Store multiple float registers ‘ VSTM. 32 ‘ ! +nl’:lr:n\g2?$ fll\lo;ststhe
single double register ‘ VSTR. 64 ‘ 3
single float registers ‘ VSTR. 32 ‘ 2
Subtract float ‘ VSUB.F32 ‘ 1
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Note

» Integer-only instructions following VDIVR or VSQRT instructions complete out-of-order. VDIV and
VSQRT instructions take one cycle if no more floating-point instructions are executed.

* Floating-point arithmetic data processing instructions, such as add, subtract, multiply, divide,
square-root, all forms of multiply with accumulate, in addition to conversions of all types take one
cycle longer if their result is consumed by the following instruction.

» Both fused and chained multiply with accumulate instructions consume their addend one cycle
later, so the result of an arithmetic instruction that is followed by a multiply with accumulate
instruction is consumed as the addend of the MAC instruction.

2.7.2.4 Compliance With the IEEE 754 Standard

When Default NaN (DN) and Flush-to-Zero (FZ) modes are disabled, FPv4 functionality is compliant with the
IEEE 754 standard in hardware. No support code is required to achieve this compliance.

See the ARMv7-M Architecture Reference Manual for information about FP architecture compliance with the
IEEE 754 standard.

2.7.2.5 Complete Implementation of the IEEE 754 Standard

The floating point instruction set does not support all operations defined in the IEEE 754-2008 standard.
Unsupported operations include, but are not limited to the following:

* Remainder

* Round floating-point number to integer-valued floating-point number
* Binary-to-decimal conversions

» Decimal-to-binary conversions

» Direct comparison of single-precision and double-precision values

The Arm® Cortex®-M4F FPU supports fused MAC operations as described in the IEEE standard. For complete
implementation of the IEEE 754-2008 standard, floating-point functionality must be augmented with library
functions.

2.7.2.6 IEEE 754 Standard Implementation Choices

Some of the implementation choices permitted by the IEEE 754-2008 standard and used in the FPv4
architecture are described in the ARMv7-M Architecture Reference Manual.

2.7.2.6.1 NaN Handling

All single-precision values with the maximum exponent field value and a nonzero fraction field are valid NaNs. A
most significant fraction bit of zero indicates a Signaling NaN (SNaN). A one indicates a Quiet NaN (QNaN). Two
NaN values are treated as different NaNs if they differ in any bit. Table 2-28 shows the default NaN values.

Table 2-28. Default NaN Values
Sign Fraction Fraction
0 OxFF bit [22] = 1, bits [21:0] are all zeros

Processing of input NaNs for Arm® floating-point functionality and libraries is defined as follows:

* In full-compliance mode, NaNs are handled as described in the ARMv7-M Architecture Reference Manual.
The hardware processes the NaNs directly for arithmetic CDP instructions. For data transfer operations,
NaNs are transferred without raising the Invalid Operation exception. For the non-arithmetic CDP instructions,
VABS, VNEG, and VMOV, NaNs are copied, with a change of sign if specified in the instructions, without
causing the Invalid Operation exception.

* In default NaN mode, arithmetic CDP instructions involving NaN operands return the default NaN regardless
of the fractions of any NaN operands. SNaNs in an arithmetic CDP operation set the I0C flag, FPSCR[0].
NaN handling by data transfer and non-arithmetic CDP instructions is the same as in full-compliance mode.

Table 2-29 summarizes the effects of NaN operands on instruction execution.
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Table 2-29. QNaN and SNaN Handling
. Default . .
Instruction Type NaN Mode With QNaN Operand With SNaN Operand
The QNaN or one of the QNaN operands, if I0C(") set. The SNaN is quieted and the result NaN
there is more than one, is returned according . . . .
) . Off to the rules given in the ARMV7-M Architecture | 'S determined by the rules given in the ARMv7-M
Arithmetic CDP g Architecture Reference Manual.
Reference Manual.
On Default NaN returns. IO0C( set. Default NaN returns.
Off
Non-arithmetic CDP N NaN passes to destination with sign changed as appropriate.
n
- Unordered compare. IOC set. Unordered compare.
FCMP(Z)
- IOC set. Unordered compare. IOC set. Unordered compare.
Off
Load/store o All NaNs transferred.
n

(1) 10C is the Invalid Operation exception flag, FPSCR[0].
2.7.2.6.2 Comparisons

Comparison results modify the flags in the FPSCR. You can use the MVRS APSR_nzcv instruction (formerly
FMSTAT) to transfer the current flags from the FPSCR to the APSR. See the ARMv7-M Architecture Reference
Manual for mapping of IEEE 754-2008 standard predicates to Arm® conditions. The flags used are chosen so
that subsequent conditional execution of Arm® instructions can test the predicates defined in the IEEE standard.

2.7.2.6.3 Underflow

The FPU uses the before rounding form of tininess and the inexact result form of loss of accuracy as described
in the IEEE 754-2008 standard to generate Underflow exceptions.

In flush-to-zero mode, results that are tiny before rounding, as described in the IEEE standard, are flushed to a
zero, and the UFC flag, FPSCR[3], is set. See the ARMv7-M Architecture Reference Manual for information on
flush-to-zero mode.

When the FPU is not in flush-to-zero mode, operations are performed on subnormal operands. If the operation
does not produce a tiny result, it returns the computed result, and the UFC flag, FPSCR[3], is not set. The IXC
flag, FPSCRI[4], is set if the operation is inexact. If the operation produces a tiny result, the result is a subnormal
or zero value, and the UFC flag, FPSCR[3], is set if the result was also inexact.

2.7.2.7 Exceptions

The FPU sets the cumulative exception status flag in the FPSCR register as required for each instruction, in
accordance with the FPv4 architecture. The FPU does not support exception traps. The processor also has the
following six output pins that each reflect the status of one of the cumulative exception flags:

+ FPIXC
+ FPUFC
+ FPOFC
+ FPDzC
« FPIDC
+ FPIOC

See the Cortex-M4 Integration and Implementation Manual for a description of these six outputs.
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The processor can reduce the exception latency by using lazy stacking. This means that the processor reserves
space on the stack for the FP state, but does not save that state information to the stack unless the processor
executes an FPU instruction in the current exception handler.

The lazy save of the FP state is interruptible by a higher priority exception. The FP state saving operation starts
over after that exception returns.

See the ARMv7-M Architecture Reference Manual for more information.
2.7.3 FPU Programmers Model

Section 2.7.3.1 shows the FP system registers in the Arm® Cortex®-M4F processor, if your implementation
includes the FPU.

Table 2-30. Arm® Cortex®-M4F Floating Point System Registers

Address Name Type Reset Description
0xEO00 EF34 FPCCR R/W 0xC000 0000 FP Context Control Register
0xE000 EF38 FPCAR R/W - FP Context Address Register
0xEO000 EF3C FPDSCR R/W 0x0000 0000 FP Default Status Control Register
0xE000 EF40 MVFRO R/O 0x1011 0021 Media and VFP Feature Register 0, MVFRO
0xE000 EF44 MVFR1 R/O 0x1100 0011 Media and VFP Feature Register 1, MVFR1

All Arm® Cortex®-M4F FPU registers are described in the ARMv7-M Architecture Reference Manual.
2.7.3.1 Enabling the FPU

Example 2-1 shows an example code sequence for enabling the FPU in both privileged and user modes. The
processor must be in privileged mode to read from and write to the CPACR.

Example 2-1. Enabling the FPU

; CPACR 1is located at address OxEOOOED88

LDR.W RO, =0xEOOOED88

; Read CPACR

LDR R1l, [RO]

; Set bits 20-23 to enable CP10 and CP1ll coprocessors
ORR R1, R1l, #(OxF << 20)

; Write back the modified value to the CPACR

STR R1, [RO]
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2.8 Memory Protection Unit (MPU)
This chapter describes the processor Memory Protection Unit (MPU). It contains the following sections:

* About the MPU (see Section 2.8.1)
* MPU functional description (see Section 2.8.2)
*  MPU programmers model (see Section 2.8.3)

2.8.1 About the MPU

The MPU is an optional component for memory protection. The processor supports the standard ARMv7
Protected Memory System Architecture model. The MPU provides full support for:

* Protection regions

» Overlapping protection regions, with ascending region priority:
— 7 = highest priority
— 0 = lowest priority

* Access permissions

» Exporting memory attributes to the system

MPU mismatches and permission violations invoke the programmable-priority MemManage fault handler. See
the ARMv7-M Architecture Reference Manual for more information.

Use the MPU to:

» Enforce privilege rules
» Separate processes
* Enforce access rules

2.8.2 MPU Functional Description

The access permission bits, TEX, C, B, AP, and XN, of the Region Access Control Register control access to the
corresponding memory region. If an access is made to an area of memory without the required permissions, a
permission fault is raised. For more information, see the ARMv7-M Architecture Reference Manual.

2.8.3 MPU Programmers Model

Table 2-31 shows the MPU registers. These registers are described in the ARMv7-M Architecture Reference
Manual.

Table 2-31. MPU Registers

Address Name Type Reset Description
0xE000 ED90 MPU_TYPE R/O 0x0000 0800 MPU Type Register
0xEO000 ED94 MPU_CTRL R/W 0x0000 0000 MPU Control Register
0xE000 ED98 MPU_RNR R/W 0x0000 0000 MPU Region Number Register
0xE000 ED9C MPU_RBAR R/W 0x0000 0000 MPU Region Base Address Register
0xE000 EDAO MPU_RASR R/W 0x0000 0000 MPU Region Attribute and Size Register
0xE000 EDA4 MPU_RBAR_A1 0x0000 0000
0xE000 EDA8 MPU_RASR_A1 0x0000 0000
0xE000 EDAC MPU_RBAR_A2 0x0000 0000 ) )
0xE000 EDBO MPU_RASR_A2 0x0000 0000 MPU allas reglsters
0xE000 EDB4 MPU_RBAR_A3 0x0000 0000
0xE000 EDB8 MPU_RASR_A3 0x0000 0000
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2.9 Arm® Cortex®-M4F Processor Registers
Table 2-32 lists the registers in the Arm® Cortex®-M4F Processor.

Table 2-32. Arm® Cortex®-M4F Processor Registers

Module Name Section
CPU_DWT Core Data Watchpoint and Trace Section 2.9.1
CPU_FPB Core Flash Patch and Breakpoint Section 2.9.2
CPU_ITM Core Instrumentation Trace Macrocell Section 2.9.3
CPU_SCS Core System Control Space Section 2.9.4
CPU_TPIU Core Trace Port Interface Unit Section 2.9.5
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2.9.1 CPU_DWT Registers

Table 2-33 lists the memory-mapped registers for the CPU_DWT registers. All register offset addresses not
listed in Table 2-33 should be considered as reserved locations and the register contents should not be modified.

Table 2-33. CPU_DWT Registers

Offset Acronym Register Name Section

Oh CTRL Control CTRL Register (Offset = Oh) [Reset =
40000000h]

4h CYCCNT Current PC Sampler Cycle Count CYCCNT Register (Offset = 4h) [Reset =
00000000h]

8h CPICNT CPI Count CPICNT Register (Offset = 8h) [Reset =
00000000h]

Ch EXCCNT Exception Overhead Count EXCCNT Register (Offset = Ch) [Reset =
00000000h]

10h SLEEPCNT Sleep Count SLEEPCNT Register (Offset = 10h) [Reset =
00000000h]

14h LSUCNT LSU Count LSUCNT Register (Offset = 14h) [Reset =
00000000h]

18h FOLDCNT Fold Count FOLDCNT Register (Offset = 18h) [Reset =
00000000h]

1Ch PCSR Program Counter Sample PCSR Register (Offset = 1Ch) [Reset =
00000000h]

20h COMPO Comparator 0 COMPO Register (Offset = 20h) [Reset =
00000000h]

24h MASKO Mask 0O MASKO Register (Offset = 24h) [Reset =
00000000h]

28h FUNCTIONO Function 0 FUNCTIONO Register (Offset = 28h) [Reset =
00000000h]

30h COMP1 Comparator 1 COMP1 Register (Offset = 30h) [Reset =
00000000h]

34h MASKA1 Mask 1 MASK1 Register (Offset = 34h) [Reset =
00000000h]

38h FUNCTION1 Function 1 FUNCTION1 Register (Offset = 38h) [Reset =
00000200h]

40h COMP2 Comparator 2 COMP2 Register (Offset = 40h) [Reset =
00000000h]

44h MASK2 Mask 2 MASK2 Register (Offset = 44h) [Reset =
00000000h]

48h FUNCTION2 Function 2 FUNCTION2 Register (Offset = 48h) [Reset =
00000000h]

50h COMP3 Comparator 3 COMP3 Register (Offset = 50h) [Reset =
00000000h]

54h MASK3 Mask 3 MASKS3 Register (Offset = 54h) [Reset =
00000000h]

58h FUNCTION3 Function 3 FUNCTIONS3 Register (Offset = 58h) [Reset =
00000000h]

Complex bit access types are encoded to fit into small table cells. Table 2-34 shows the codes that are used for

access types in this section.
Table 2-34. CPU_DWT Access Type Codes

Access Type ‘Code ‘Description
Read Type
R R |Read
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Table 2-34. CPU_DWT Access Type Codes
(continued)
Access Type ‘Code ‘Description
Write Type
w w |write
Reset or Default Value
-n Value after reset or the default
value
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2.9.1.1 CTRL Register (Offset = 0h) [Reset = 40000000h]
CTRL is shown in Figure 2-5 and described in Table 2-35.
Return to the Summary Table.
Control
Use the DWT Control Register to enable the DWT unit.
Figure 2-5. CTRL Register
31 30 29 28 27 26 25 24
RESERVED | NOCYCONT | NOPRFCNT
R/W-10h R/W-0h R/W-0h
23 22 21 20 19 18 17 16
RESERVED CYCEVTENA | FOLDEVTENA | LSUEVTENA |SLEEPEVTENA| EXCEVTENA ‘ CPIEVTENA ‘ EXCTRCENA
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h
15 14 13 12 1 10 9 8
RESERVED PCSAMPLEEN SYNCTAP CYCTAP POSTCNT
A
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h
7 6 5 4 3 2 1 0
POSTCNT POSTPRESET CYCCNTENA
R/W-0h R/W-0h R/W-0h
Table 2-35. CTRL Register Field Descriptions
Bit Field Type Reset Description
31-26 RESERVED R/W 10h Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.
25 NOCYCCNT R/W Oh When set, CYCCNT is not supported.
24 NOPRFCNT R/W Oh When set, FOLDCNT, LSUCNT, SLEEPCNT, EXCCNT, and CPICNT
are not supported.
23 RESERVED R/W Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.
22 CYCEVTENA R/W Oh Enables Cycle count event. Emits an event when the POSTCNT

counter triggers it. See CYCTAP and POSTPRESET for details.
This event is only emitted if PCSAMPLEENA is disabled.
PCSAMPLEENA overrides the setting of this bit.

0: Cycle count events disabled

1: Cycle count events enabled

21 FOLDEVTENA R/W Oh Enables Folded instruction count event. Emits an event when
FOLDCNT overflows (every 256 cycles of folded instructions). A
folded instruction is one that does not incur even one cycle to
execute. For example, an IT instruction is folded away and so does
not use up one cycle.

0: Folded instruction count events disabled.

1: Folded instruction count events enabled.

20 LSUEVTENA R/W Oh Enables LSU count event. Emits an event when LSUCNT overflows
(every 256 cycles of LSU operation). LSU counts include all LSU
costs after the initial cycle for the instruction.

0: LSU count events disabled.

1: LSU count events enabled.

19 SLEEPEVTENA R/W Oh Enables Sleep count event. Emits an event when SLEEPCNT
overflows (every 256 cycles that the processor is sleeping).

0: Sleep count events disabled.

1: Sleep count events enabled.
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Table 2-35. CTRL Register Field Descriptions (continued)
Bit Field Type Reset Description
18 EXCEVTENA R/W Oh Enables Interrupt overhead event. Emits an event when EXCCNT
overflows (every 256 cycles of interrupt overhead).
0x0: Interrupt overhead event disabled.
0x1: Interrupt overhead event enabled.
17 CPIEVTENA R/W Oh Enables CPI count event. Emits an event when CPICNT overflows
(every 256 cycles of multi-cycle instructions).
0: CPI counter events disabled.
1: CPI counter events enabled.
16 EXCTRCENA R/W Oh Enables Interrupt event tracing.
0: Interrupt event trace disabled.
1: Interrupt event trace enabled.
15-13 RESERVED R/W Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.
12 PCSAMPLEENA R/W Oh Enables PC Sampling event. A PC sample event is emitted when the
POSTCNT counter triggers it. See CYCTAP and POSTPRESET for
details. Enabling this bit overrides CYCEVTENA.
0: PC Sampling event disabled.
1: Sampling event enabled.
11-10 SYNCTAP R/W Oh Selects a synchronization packet rate. CYCCNTENA and
CPU_ITM:TCR.SYNCENA must also be enabled for this feature.
Synchronization packets (if enabled) are generated on tap transitions
(0 to1 or 1to0).
Oh = Disabled. No synchronization packets
1h = Tap at bit 24 of CYCCNT
2h = Tap at bit 26 of CYCCNT
3h = Tap at bit 28 of CYCCNT
9 CYCTAP R/W Oh Selects a tap on CYCCNT. These are spaced at bits [6] and [10].
When the selected bit in CYCCNT changes from 0 to 1 or 1 to O,
it emits into the POSTCNT, post-scalar counter. That counter then
counts down. On a bit change when post-scalar is 0, it triggers
an event for PC sampling or cycle count event (see details in
CYCEVTENA).
Oh = Selects bit [6] to tap
1h = Selects bit [10] to tap
8-5 POSTCNT R/W Oh Post-scalar counter for CYCTAP. When the selected tapped bit
changes from 0 to 1 or 1 to 0, the post scalar counter is down-
counted when not 0. If 0, it triggers an event for PCSAMPLEENA or
CYCEVTENA use. It also reloads with the value from POSTPRESET.
4-1 POSTPRESET R/W Oh Reload value for post-scalar counter POSTCNT. When 0, events are
triggered on each tap change (a power of 2). If this field has a non-0
value, it forms a count-down value, to be reloaded into POSTCNT
each time it reaches 0. For example, a value 1 in this register means
an event is formed every other tap change.
0 CYCCNTENA R/W Oh Enable CYCCNT, allowing it to increment and generate
synchronization and count events. If NOCYCCNT = 1, this bit reads
zero and ignore writes.

SWCU185G — JANUARY 2018 — REVISED JUNE 2024
Submit Document Feedback

CC13x2, CC26x2 SimpleLink™ Wireless MCU 119

Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SWCU185
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWCU185G&partnum=

13 TEXAS
INSTRUMENTS

Arm® Cortex®-M4F Processor www.ti.com

2.9.1.2 CYCCNT Register (Offset = 4h) [Reset = 00000000h]
CYCCNT is shown in Figure 2-6 and described in Table 2-36.
Return to the Summary Table.

Current PC Sampler Cycle Count

This register is used to count the number of core cycles. This counter can measure elapsed execution time. This
is a free-running counter (this counter will not advance in power modes where free-running clock to CPU stops).
The counter has three functions:

1: When CTRL.PCSAMPLEENA = 1, the PC is sampled and emitted when the selected tapped bit changes
value (0 to 1 or 1 to 0) and any post-scalar value counts to 0.

2: When CTRL.CYCEVTENA =1, (and CTRL.PCSAMPLEENA = 0), an event is emitted when the selected
tapped bit changes value (0 to 1 or 1 to 0) and any post-scalar value counts to 0.

3: Applications and debuggers can use the counter to measure elapsed execution time. By subtracting a start
and an end time, an application can measure time between in-core clocks (other than when Halted in debug).
This is valid to 232 core clock cycles (for example, almost 89.5 seconds at 48MHz).

Figure 2-6. CYCCNT Register
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CYCCNT
R/W-0h

Table 2-36. CYCCNT Register Field Descriptions
Bit Field Type Reset Description

31-0 CYCCNT R/W Oh Current PC Sampler Cycle Counter count value. When enabled, this
counter counts the number of core cycles, except when the core is
halted. The cycle counter is a free running counter, counting upwards
(this counter will not advance in power modes where free-running
clock to CPU stops). It wraps around to 0 on overflow. The debugger
must initialize this to 0 when first enabling.
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2.9.1.3 CPICNT Register (Offset = 8h) [Reset = 00000000h]
CPICNT is shown in Figure 2-7 and described in Table 2-37.

Return to the Summary Table.

CPI Count

This register is used to count the total number of instruction cycles beyond the first cycle.
Figure 2-7. CPICNT Register

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RESERVED CPICNT
R/W-0h R/W-X

Table 2-37. CPICNT Register Field Descriptions

Bit Field Type Reset Description

31-8 RESERVED R/W Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.

7-0 CPICNT R/W X Current CPI counter value. Increments on the additional cycles

(the first cycle is not counted) required to execute all instructions
except those recorded by LSUCNT. This counter also increments
on all instruction fetch stalls. If CTRL.CPIEVTENA is set, an event
is emitted when the counter overflows. This counter initializes to 0
when it is enabled using CTRL.CPIEVTENA.
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2.9.1.4 EXCCNT Register (Offset = Ch) [Reset = 00000000h]
EXCCNT is shown in Figure 2-8 and described in Table 2-38.

Return to the Summary Table.

Exception Overhead Count

This register is used to count the total cycles spent in interrupt processing.
Figure 2-8. EXCCNT Register

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

RESERVED

EXCCNT

R/W-0h

R/W-X

Table 2-38. EXCCNT Register Field Descriptions

Bit Field Type Reset Description

31-8 RESERVED R/W Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.

7-0 EXCCNT R/W X Current interrupt overhead counter value. Counts the total cycles

spent in interrupt processing (for example entry stacking, return
unstacking, pre-emption). An event is emitted on counter overflow
(every 256 cycles). This counter initializes to 0 when it is enabled
using CTRL.EXCEVTENA.
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2.9.1.5 SLEEPCNT Register (Offset = 10h) [Reset = 00000000h]
SLEEPCNT is shown in Figure 2-9 and described in Table 2-39.

Return to the Summary Table.

Sleep Coun

t

This register is used to count the total number of cycles during which the processor is sleeping.
Figure 2-9. SLEEPCNT Register

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

RESERVED

SLEEPCNT

R/W-0h

R/W-X

Table 2-39. SLEEPCNT Register Field Descriptions

Bit Field Type Reset Description

31-8 RESERVED R/W Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.

7-0 SLEEPCNT R/W X Sleep counter. Counts the number of cycles during which the

processor is sleeping. An event is emitted on counter overflow (every
256 cycles). This counter initializes to 0 when it is enabled using
CTRL.SLEEPEVTENA. Note that the sleep counter is clocked using
CPU's free-running clock. In some power modes the free-running
clock to CPU is gated to minimize power consumption. This means
that the sleep counter will be invalid in these power modes.
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2.9.1.6 LSUCNT Register (Offset = 14h) [Reset = 00000000h]
LSUCNT is shown in Figure 2-10 and described in Table 2-40.

Return to the Summary Table.
LSU Count

This register is used to count the total number of cycles during which the processor is processing an LSU
operation beyond the first cycle.

Figure 2-10. LSUCNT Register

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

RESERVED

LSUCNT

R/W-0h

R/W-X

Table 2-40. LSUCNT Register Field Descriptions

Bit Field Type Reset Description

31-8 RESERVED R/W Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.

7-0 LSUCNT R/W X LSU counter. This counts the total number of cycles that the

processor is processing an LSU operation. The initial execution cost
of the instruction is not counted. For example, an LDR that takes two
cycles to complete increments this counter one cycle. Equivalently,
an LDR that stalls for two cycles (i.e. takes four cycles to execute),
increments this counter three times. An event is emitted on counter
overflow (every 256 cycles). This counter initializes to 0 when it is
enabled using CTRL.LSUEVTENA.
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2.9.1.7 FOLDCNT Register (Offset = 18h) [Reset = 00000000h]
FOLDCNT is shown in Figure 2-11 and described in Table 2-41.
Return to the Summary Table.

Fold Count
This register is used to count the total number of folded instructions. The counter increments on each instruction
which takes 0 cycles.

Figure 2-11. FOLDCNT Register
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESERVED FOLDCNT
R/W-0h R/W-X

Table 2-41. FOLDCNT Register Field Descriptions

Bit Field Type Reset Description

31-8 RESERVED R/W Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.

7-0 FOLDCNT R/W X This counts the total number folded instructions. This counter
initializes to 0 when it is enabled using CTRL.FOLDEVTENA.
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2.9.1.8 PCSR Register (Offset = 1Ch) [Reset = 00000000h]
PCSR is shown in Figure 2-12 and described in Table 2-42.
Return to the Summary Table.

Program Counter Sample

This register is used to enable coarse-grained software profiling using a debug agent, without changing the
currently executing code. If the core is not in debug state, the value returned is the instruction address of a
recently executed instruction. If the core is in debug state, the value returned is OXFFFFFFFF.

Figure 2-12. PCSR Register
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EIASAMPLE
R-X

Table 2-42. PCSR Register Field Descriptions

Bit Field Type Reset Description
31-0 EIASAMPLE R X Execution instruction address sample, or OXFFFFFFFF if the core is
halted.
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2.9.1.9 COMPO Register (Offset = 20h) [Reset = 00000000h]
COMPOQ is shown in Figure 2-13 and described in Table 2-43.
Return to the Summary Table.

Comparator 0
This register is used to write the reference value for comparator O.

Figure 2-13. COMPO Register
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
COMP
R/W-X

Table 2-43. COMPO Register Field Descriptions
Bit Field Type Reset Description

31-0 COMP R/W X Reference value to compare against PC or the data address as
given by FUNCTIONO. Comparator O can also compare against the
value of the PC Sampler Counter (CYCCNT).
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2.9.1.10 MASKO Register (Offset = 24h) [Reset = 00000000h]
MASKO is shown in Figure 2-14 and described in Table 2-44.

Return to the Summary Table.

Mask 0

Use the DWT Mask Registers 0 to apply a mask to data addresses when matching against COMPO.
Figure 2-14. MASKO Register

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

RESERVED

MASK

R/W-0h

R/W-X

Table 2-44. MASKO Register Field Descriptions

Bit Field Type Reset Description

31-4 RESERVED R/W Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.

3-0 MASK R/W X Mask on data address when matching against COMPO. This is the

size of the ignore mask. That is, DWT matching is performed as:
(ADDR ANDed with (OxFFFF left bit-shifted by MASK)) == COMPO.
However, the actual comparison is slightly more complex to enable
matching an address wherever it appears on a bus. So, if COMPO is
3, this matches a word access of 0, because 3 would be within the
word.
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2.9.1.11 FUNCTIONO Register (Offset = 28h) [Reset = 00000000h]
FUNCTIONO is shown in Figure 2-15 and described in Table 2-45.

Return to the Summary Table.

Function O

Use the DWT Function Registers 0 to control the operation of the comparator 0. This comparator can:
1. Match against either the PC or the data address. This is controlled by CYCMATCH. This function is only

available for comparator 0 (COMPO).

2. Emit data or PC couples, trigger the ETM, or generate a watchpoint depending on the operation defined by

FUNCTION.
Figure 2-15. FUNCTIONO Register
31 30 29 28 27 26 25 24
RESERVED MATCHED
R-0h R/W-0h
23 22 21 20 19 18 17 16
RESERVED
R-0h
15 14 13 12 1 10 9 8
RESERVED
R-0h
7 6 5 4 3 2 1 0
CYCMATCH RESERVED EMITRANGE RESERVED FUNCTION
R/W-0h R-0h R/W-0h R-0h R/W-0h
Table 2-45. FUNCTIONO Register Field Descriptions
Bit Field Type Reset Description
31-25 RESERVED R Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.
24 MATCHED R/W Oh This bit is set when the comparator matches, and indicates that the
operation defined by FUNCTION has occurred since this bit was last
read. This bit is cleared on read.
23-8 RESERVED R Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.
7 CYCMATCH R/W Oh This bit is only available in comparator 0. When set, COMPO will
compare against the cycle counter (CYCCNT).
6 RESERVED R Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.
5 EMITRANGE R/W Oh Emit range field. This bit permits emitting offset when range match
occurs. PC sampling is not supported when emit range is enabled.
This field only applies for: FUNCTION =1, 2, 3, 12, 13, 14, and 15.
4 RESERVED R Oh Software should not rely on the value of a reserved. Writing any
other value than the reset value may result in undefined behavior.
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Table 2-45. FUNCTIONO Register Field Descriptions (continued)

Bit Field Type Reset Description
3-0 FUNCTION R/W Oh Function settings.
0x0: Disabled

0x1: EMITRANGE = 0, sample and emit PC through ITM.
EMITRANGE = 1, emit address offset through ITM

0x2: EMITRANGE = 0, emit data through ITM on read and write.
EMITRANGE = 1, emit data and address offset through ITM on read
or write.

0x3: EMITRANGE = 0, sample PC and data value through ITM on
read or write. EMITRANGE = 1, emit address offset and data value
through ITM on read or write.

0x4: Watchpoint on PC match.

0x5: Watchpoint on read.

0x6: Watchpoint on write.

0x7: Watchpoint on read or write.

0x8: ETM trigger on PC match

0x9: ETM trigger on read

OxA: ETM trigger on write

0xB: ETM trigger on read or write

0xC: EMITRANGE = 0, sample data for read transfers. EMITRANGE
=1, sample Daddr (lower 16 bits) for read transfers

0xD: EMITRANGE = 0, sample data for write transfers. EMITRANGE
=1, sample Daddr (lower 16 bits) for write transfers

OxE: EMITRANGE = 0, sample PC + data for read transfers.
EMITRANGE = 1, sample Daddr (lower 16 bits) + data for read
transfers

0xF: EMITRANGE = 0, sample PC + data for write transfers.
EMITRANGE = 1, sample Daddr (lower 16 bits) + data for write
transfers

Note 1: If the ETM is not fitted, then ETM trigger is not possible.
Note 2: Data value is only sampled for accesses that do not fault
(MPU or bus fault). The PC is sampled irrespective of any faults. The
PC is only sampled for the first address of a burst.

Note 3: PC match is not recommended for watchpoints because it
stops after the instruction. It mainly guards and triggers the ETM.
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2.9.1.12 COMP1 Register (Offset = 30h) [Reset = 00000000h]
COMP1 is shown in Figure 2-16 and described in Table 2-46.

Return to the Summary Table.

Comparator 1
This register is used to write the reference value for comparator 1.

Figure 2-16. COMP1 Register

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

COMP

R/W-X

Table 2-46. COMP1 Register Field Descriptions

Bit

Field

Type

Reset

Description

31-0

COMP

R/W

X

Reference value to compare against PC or the data address as
given by FUNCTION1.

Comparator 1 can also compare data values. So this register can
contain reference values for data matching.

SW