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Register 6:  GPIO Interrupt Mask (GPIOIM), offSet OX410 ......iiiiiiiieiiie e 631
Register 7:  GPIO Raw Interrupt Status (GPIORIS), offset OX414 ..., 632
Register 8:  GPIO Masked Interrupt Status (GPIOMIS), offset 0X418 ..., 633
Register 9:  GPIO Interrupt Clear (GPIOICR), OffSet OX41C .....coouuiiiiiiiiiie e 634
Register 10: GPIO Alternate Function Select (GPIOAFSEL), offset 0x420 .........cceviviiiieiiiiiiiieeeeeeis 635
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Register 3:  UART Flag (UARTFR), OffSet OX018 ......ouuniiiiiiie e 872
Register 4:  UART IrDA Low-Power Register (UARTILPR), offset OX020 ...........ccoiviiiiiiiiiiiiieeeeeeen, 874
Register 5: UART Integer Baud-Rate Divisor (UARTIBRD), offset 0x024 ..............ccovveiiiiiiiiieiiiieeeins 875
Register 6:  UART Fractional Baud-Rate Divisor (UARTFBRD), offset 0x028 ............ccccoevveiiiiiiieniiinnnnn. 876
Register 7:  UART Line Control (UARTLCRH), offset OX02C ...........cooimiiiiiiii e 877
Register 8:  UART Control (UARTCTL), offset OX030 .......cceeuriiiiiiiieeieii e 879
Register 9:  UART Interrupt FIFO Level Select (UARTIFLS), offset 0x034 .........cccoiiiiiiiiiiiiieee, 883
Register 10: UART Interrupt Mask (UARTIM), offset OX038 .........cccoviiiiiiiiiii e 885
Register 11: UART Raw Interrupt Status (UARTRIS), offset OX03C ..........cooiiiiiiiiiiiiiiieeeeee e 888
Register 12:  UART Masked Interrupt Status (UARTMIS), offset OX040 ...........ccooeiiiiiiiiiiiiieeee e, 891
Register 13:  UART Interrupt Clear (UARTICR), offset OX044 ..........cooiiiiiii e 894
Register 14: UART DMA Control (UARTDMACTL), offset OX048 .......ccouuiiiiiiiiiiiii e 896
Register 15: UART 9-Bit Self Address (UARTOBITADDR), offset OX0A4 .........ooiimiiiiiiieiieeciee e 897
Register 16: UART 9-Bit Self Address Mask (UART9BITAMASK), offset OX0A8 .........cccocvviviiiiiiiiiieeiins 898
Register 17: UART Peripheral Properties (UARTPP), offset OXFCO ...........cccooviiiiiiiiiiiiecie e 899
Register 18: UART Clock Configuration (UARTCC), offset OXFC8 .........oiiiiiiiiiiiiiiie e 900
Register 19: UART Peripheral Identification 4 (UARTPeriphID4), offset OXFDO ...........ccooviiiiiiiiiiieiiinnnnn. 901
Register 20: UART Peripheral Identification 5 (UARTPeriphID5), offset OXFD4 ...........cooiiiiiiiiiiiiinnnn. 902
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Register 21:  UART Peripheral Identification 6 (UARTPeriphID6), offset OXFD8 ...........cccceveiiiiiiieeerinnnnn. 903
Register 22: UART Peripheral Identification 7 (UARTPeriphlD7), offset OXFDC ..........ccooiiiiiiiiiiiiiiien. 904
Register 23: UART Peripheral Identification 0 (UARTPeriphIDO0), offset OXFEO ...........ccccooeveiiiiiiiiinnnns 905
Register 24: UART Peripheral Identification 1 (UARTPeriphID1), offset OXFE4 ............ccooviiiiiiiiiiiiiinis 906
Register 25: UART Peripheral Identification 2 (UARTPeriphID2), offset OXFES8 ............ccccovviiiiiiiieennn. 907
Register 26: UART Peripheral Identification 3 (UARTPeriphlD3), offset OXFEC ..............ccoooiiiiiiiiins 908
Register 27: UART PrimeCell Identification 0 (UARTPCellIDO0), offset OXFFO .........ccooevviiiiiiiiiiiiieeceienne, 909
Register 28: UART PrimeCell Identification 1 (UARTPCellID1), offset OXFF4 ........ccoooiiiiiiiiiii, 910
Register 29: UART PrimeCell Identification 2 (UARTPCelllD2), offset OXFF8 .........cccooiiiiiiiiiiiin, 911
Register 30: UART PrimeCell Identification 3 (UARTPCelllD3), offset OXFFC ........c.oooiiiiiiiiiiiiis 912
Synchronous Serial Interface (SSI) ..o ————— 913
Register 1:  SSI Control 0 (SSICRO0), offset OX000 .........ooiieiiieiiiie e 930
Register 2: ~ SSI Control 1 (SSICR1), offsSet OX004 .........ouniiii e eeeeeeeeees 932
Register 3:  SSI Data (SSIDR), OffSet OX008 .........couuiiiiiie e e e e e e 934
Register 4:  SSI Status (SSISR), offset OXO0C ........couiiiiiii e e 935
Register 5:  SSI Clock Prescale (SSICPSR), offset OX010 ......iiiiiiiiiiiiiiie e 937
Register 6:  SSI Interrupt Mask (SSIHIM), offset OX014 ......cooriiiii e 938
Register 7:  SSI Raw Interrupt Status (SSIRIS), offset OX018 .........cooiiiiiiiii e, 939
Register 8:  SSI Masked Interrupt Status (SSIMIS), offset OX01C .......c..iiiiiiiii i 941
Register 9:  SSI Interrupt Clear (SSIICR), OffsSet 0X020 .........oviiniiiiie e e e e 943
Register 10: SSI DMA Control (SSIDMACTL), offset 0X024 ..........oovniiiiiiii e 944
Register 11:  SSI Clock Configuration (SSICC), offset OXFC8 ..........ooiiiiiiiiii e 945
Register 12:  SSI Peripheral Identification 4 (SSIPeriphlD4), offset OXFDO ..........cccooviiiiiiiiiiiiiee 946
Register 13:  SSI Peripheral Identification 5 (SSIPeriphlD5), offset OXFD4 ... 947
Register 14:  SSI Peripheral Identification 6 (SSIPeriphlD6), offset OXFDS8 ..........cccooviiiiiiiiiiiie 948
Register 15:  SSI Peripheral Identification 7 (SSIPeriphlD7), offset OXFDC .........ccoviviiiiiiiiiiee e 949
Register 16: SSI Peripheral Identification 0 (SSIPeriphlDO0), offset OXFEQ ..........ccoeviviiiiiiiiiiieeiieeei, 950
Register 17:  SSI Peripheral Identification 1 (SSIPeriphlD1), offset OXFE4 ..........cocvoiiiiiiiiiiiiiiieeeeee, 951
Register 18:  SSI Peripheral Identification 2 (SSIPeriphlD2), offset OXFES ..o 952
Register 19:  SSI Peripheral Identification 3 (SSIPeriphlD3), offset OXFEC ............cccoiiiiiiiiiiiiii, 953
Register 20: SSI PrimeCell Identification 0 (SSIPCellID0), offset OXFFO ..........coooiiiiiiiiiiii e, 954
Register 21:  SSI PrimeCell Identification 1 (SSIPCelllD1), offset OXFF4 ........ccoveiiiiiiiiiiie e, 955
Register 22:  SSI PrimeCell Identification 2 (SSIPCelllD2), offset OXFF8 ...........ccooviiiiiiiiiiiieeeeeen, 956
Register 23:  SSI PrimeCell Identification 3 (SSIPCellID3), offset OXFFC .........ccoooiiiiiiiiiiiieeiie e, 957
Inter-Integrated Circuit (I2C) INtErfACE ........ccceueeieerucemiciis e seer s sas s s e s ens s s e ens 958
Register 1:  12C Master Slave Address (I2CMSA), offset OX000 .............cooeeeeeoeeeeeeeeeeeeeee oo 980
Register 2:  12C Master Control/Status (I2CMCS), offset O0X004 ............eooueeieeeeeee oo 981
Register 3:  12C Master Data (I2CMDR), 0ffset 0X008 ............c.cceieieeeeeee e 986
Register 4:  12C Master Timer Period (I2CMTPR), offset OX00C ..........c.coceoeieoeeeeeeeeeeee e, 987
Register 5:  1°C Master Interrupt Mask (I2CMIMR), offset 0X010 ..........c.ccooiureioieeeeee e 988
Register 6:  1°C Master Raw Interrupt Status (I2CMRIS), offset OX014 ...........ccoevvveoeieeeeeeeeeeeeeeeeen 989
Register 7. 1°C Master Masked Interrupt Status (I2CMMIS), offset OX018 .........c..cceovveevecerieeceeennn. 990
Register 8:  12C Master Interrupt Clear (I2CMICR), 0ffset OXOTC .......covveeieeeeeeeee e 991
Register 9:  12C Master Configuration (I2CMCR), offset 0X020 ...........ccveoueeeeeeeeee e e 992
Register 10:  12C Master Clock Low Timeout Count (I2CMCLKOCNT), offset 0x024 .............c..cccveeuee... 994
Register 11:  12C Master Bus Monitor (I2CMBMON), offset 0X02C ..........c..cceoveeueeueeeeeeeeeeeeeee e 995
Register 12:  12C Master Configuration 2 (I2CMCR2), offset 0X038 ...........c.ccveeveeveeeeeeeeeeeeeeeeeeeeennn 996
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Revision History

The revision history table notes changes made between the indicated revisions of the
TM4C1231D5PM data sheet.

Table 1. Revision History

Date

Revision

Description

June 2014

15842.2741

In System Control Chapter, corrected description for MINSYSDIYV bitfield in Device Capabilities 1
(DC1) legacy register.

In Timers chapter, removed erroneous references to TCACT bit field.
In SSI chapter, corrected that during idle periods the transmit data line SSInTx is tristated.

In Electrical Characteristics chapter, added Data Retention parameter for extended temperature
devices to Flash Memory Characteristics table.

In Package Information appendix:

— Corrected Key to Part Numbers diagram.

— Moved Orderable Part Numbers table to addendum.

— Deleted Packaging Materials section and put into separate packaging document.

Additional minor data sheet clarifications and corrections.

March 2014

15741.2722

In the Internal Memory chapter, in the EEPROM section:
— Added section on soft reset handling.
— Added important information on EEPROM initialization and configuration.

In the DMA chapter, added information regarding interrupts and transfers from the UART or SSI
modules.

In the Hibernation chapter, noted that the EXTW bit is set in the HIBRIS register regardless of the
PINWEN setting in the HIBCTL register.

In the GPIO chapter:

— Corrected table GPIO Pins with Special Considerations.
— Added information on preventing false interrupts.

— Corrected GPIOAMSEL register to be 8 bits.

In the Timer chapter:

Clarified initialization and configuration for Input-Edge Count mode.

Clarified behavior of TnMIE and TnCINTD bits in the GPTM Timer n Mode (GPTMTnMR)
register.

In the Electrical Characteristics chapter:

— In table Reset Characteristics, clarified internal reset time parameter values.

— Intable Hibernation Oscillator Input Characteristics, added parameter C yse Input capacitance.

— In tables Hibernation Oscillator Input Characteristics and Main Oscillator Input Characteristics,
removed parameter CO Crystal shunt capacitance.

— Updated table Crystal Parameters.

— Intable GPIO Module Characteristics, added parameter Cgp ;o GPIO Digital Input Capacitance.

— Added table PWM Timing Characteristics.

In the Package Information appendix:
— Updated Orderable Devices section to reflect silicon revision 7 part numbers.
— Added Tape and Reel pin 1 location.

Additional minor data sheet clarifications and corrections.

November 2013

15553.2700

In System Control chapter, clarified PIOSC features and accuracy.
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Table 1. Revision History (continued)

Date

Revision

Description

In Hibernation Module chapter:

In Watchdog Timers chapter, clarified Watchdog Control (WDTCTL) register description.

In ADC chapter:

In UART chapter, clarified DMA operation.

In SSI chapter:

In Signal Tables chapter:

In Electrical Characteristics chapter:

In Packaging Information appendix, added Packaging Materials figures.

Corrected figures "Using a Crystal as the Hibernation Clock Source with a Single Battery Source"
and "Using a Regulator for Both VDD and VBAT".

Replaced RTC Trim tables with two new figures "Counter Behavior with a TRIM Value of 0x8002"
and "Counter Behavior with a TRIM Value of Ox7FFC".

Clarified Hibernation Data (HIBDATA) register description.

Clarified functionality when using an ADC digital comparator as a fault source.
Clarified signals used for ADC voltage reference.

Corrected VREF bit in ADC Control (ADCCTL) register from 2-bit field [1:0] to 1-bit field [0].

Corrected timing guidelines in figures "Freescale SPI Frame Format (Continuous Transfer) with
SPO=1 and SPH=0" and "Freescale SPI Format (Continuous Transfer) with SPO=0 and SPH=0".

Clarified SSlI Initialization and Configuration.

Corrected bit 3 in SSI Control 1 (SSICR1) register from SOD (SSI Slave Mode Output Disable)
to reserved.

In Unused Signals table, corrected preferred and acceptable practices for RST pin.

Clarified GNDX pin description.

In Power-On and Brown-Out Levels table, corrected Typpc rise Parameter min and max values.

In PIOSC Clock Characteristics table, clarified Fpggc parameter values by defining values for
both factory calibration and recalibration. Also added PIOSC startup time parameter to table.

In Main Oscillator Specifications section, corrected minimum value for External load capacitance
on 0SCO, OSC1 pins. Also added two 25-MHz crystals to Crystal Parameters table.

Corrected figure "Master Mode SSI Timing for SPI Frame Format (FRF=00), with SPH=1".

In I2C Characteristics table, clarified Tpy data hold time parameter values by defining values
for both slave and master. In addition, added parameter 110 Ty, data valid.

Modified figure "12C Timing" to add new parameter 110.

July 16, 2013

15033.2672

In the Electrical Characteristics chapter:

Added maximum junction temperature to Maximum Ratings table. Also moved Unpowered
storage temperature range parameter to this table.

In SSI Characteristics table, corrected values for Trxpms: Trxomn: @nd Trxpssu- Also clarified
footnotes to table.

June 12, 2014
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Table 1. Revision History (continued)

Date

Revision

Description

— Corrected parameter numbers in figures "Master Mode SSI Timing for SPI Frame Format
(FRF=00), with SPH=1" and "Slave Mode SSI Timing for SPI Frame Format (FRF=00), with
SPH=1".

Additional minor data sheet clarifications and corrections.

July 2013

14995.2667

In the System Control chapter, corrected resets for bits [7:4] in System Properties (SYSPROP)
register.

In the Hibernation Module chapter:

— Corrected figures "Using a Crystal as the Hibernation Clock Source with a Single Battery Source"
and "Using a Dedicated Oscillator as the Hibernation Clock Source with VDD3ON Mode".

—  Clarified when the Hibernation module can generate interrupts.

In the Internal Memory chapter, removed the INVPL bit from the EEPROM Done Status (EEDONE)
register.

In the uDMA chapter, in the uDMA Channel Assignments table, corrected names of timers 6-11 to
wide timers 0-5.

In the Timers chapter:

— Clarified that the timer must be configured for one-shot or periodic time-out mode to produce
an ADC trigger assertion and that the GPTM does not generate triggers for match, compare
events or compare match events.

— Added a step in the RTC Mode initialization and configuration: If the timer has been operating
in a different mode prior to this, clear any residual set bits in the GPTM Timer n Mode
(GPTMTnMR) register before reconfiguring.

In the Watchdog Timer chapter, added a note that locking the watchdog registers using the
WDTLOCK register does not affect the WDTICR register and allows interrupts to always be serviced.

In the SSI chapter, clarified note in Bit Rate Generation section to indicate that the System Clock
or the PIOSC can be used as the source for SSICIk. Also corrected to indicate maximum SSIClk
limit in SSI slave mode as well as the fact that SYSCLK has to be at least 12 times that of SSICLk.

In the Electrical Characteristics chapter:
— Moved Maximum Ratings and ESD Absolute Maximum Ratings to the front of the chapter.

— Added Vgarrmp Parameter to Maximum Ratings and Hibernation Module Battery Characteristics
tables.

— Added ambient and junction temperatures to Temperature Characteristics table and clarified
values in Thermal Characteristics table.

— Added clarifying footnote to Vypp_pok parameter in Power-On and Brown-Out Levels table.

— In the Flash Memory and EEPROM Characteristics tables, added a parameter for page/mass
erase times for 10k cycles and corrected existing values for all page and mass erase parameters.

— Corrected DNL max value in ADC Electrical Characteristics table.

— Inthe SSI Characteristics table, changed parameter names for S7-S14, provided a max number
instead of a min for S7, and corrected values for S9-S14.

— Replaced figure "SSI Timing for SPI Frame Format (FRF=00), with SPH=1" with two figures,
one for Master Mode and one for Slave Mode.

— Updated and added values to the table Table 21-39 on page 1135.
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Table 1. Revision History (continued)

Date

Revision

Description

m In the Package Information appendix, moved orderable devices table from addendum to appendix,
clarified part markings and moved packaging diagram from addendum to appendix.

m Additional minor data sheet clarifications and corrections.

June 12, 2014
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About This Document

About This Document

This data sheet provides reference information for the TM4C1231D5PM microcontroller, describing
the functional blocks of the system-on-chip (SoC) device designed around the ARM® Cortex™-M4F
core.

Audience

This manual is intended for system software developers, hardware designers, and application
developers.

About This Manual

This document is organized into sections that correspond to each major feature.

Related Documents

The following related documents are available on the Tiva™ C Series web site at
http://www.ti.com/tiva-c:

Tiva™ C Series TM4C123x Silicon Errata (literature number SPMZ849)

TivaWare™ Boot Loader for C Series User's Guide (literature number SPMU301)
TivaWare™ Graphics Library for C Series User's Guide (literature number SPMU300)
TivaWare™ for C Series Release Notes (literature number SPMU299)

TivaWare™ Peripheral Driver Library for C Series User's Guide (literature number SPMU298)
TivaWare™ USB Library for C Series User's Guide (literature number SPMU297)

Tiva™ C Series TM4C123x ROM User’s Guide (literature number SPMU367)

The following related documents may also be useful:

ARM® Cortex™-M4 Errata (literature number SPMZ637)
ARM® Cortex™-M4 Technical Reference Manual

ARM® Debug Interface V5 Architecture Specification

ARM® Embedded Trace Macrocell Architecture Specification

Cortex™-M4 instruction set chapter in the ARM® Cortex™-M4 Devices Generic User Guide
(literature number ARM DUI 0553A)

IEEE Standard 1149.1-Test Access Port and Boundary-Scan Architecture

This documentation list was current as of publication date. Please check the web site for additional
documentation, including application notes and white papers.
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Documentation Conventions

This document uses the conventions shown in Table 2 on page 37.

Table 2. Documentation Conventions

Notation Meaning

General Register Notation

REGISTER APB registers are indicated in uppercase bold. For example, PBORCTL is the Power-On and
Brown-Out Reset Control register. If a register name contains a lowercase n, it represents more
than one register. For example, SRCRn represents any (or all) of the three Software Reset Control
registers: SRCR0O, SRCR1 , and SRCR2.

bit A single bit in a register.
bit field Two or more consecutive and related bits.
offset Oxnnn A hexadecimal increment to a register's address, relative to that module's base address as specified

in Table 2-4 on page 82.

Register N Registers are numbered consecutively throughout the document to aid in referencing them. The
register number has no meaning to software.

reserved Register bits marked reserved are reserved for future use. In most cases, reserved bits are set to
0; however, user software should not rely on the value of a reserved bit. To provide software
compatibility with future products, the value of a reserved bit should be preserved across a
read-modify-write operation.

Yy:Xxx The range of register bits inclusive from xx to yy. For example, 31:15 means bits 15 through 31 in
that register.

Register Bit/Field This value in the register bit diagram indicates whether software running on the controller can

Types change the value of the bit field.

RC Software can read this field. The bit or field is cleared by hardware after reading the bit/field.

RO Software can read this field. Always write the chip reset value.

RW Software can read or write this field.

RWC Software can read or write this field. Writing to it with any value clears the register.

RwW1C Software can read or write this field. A write of a 0 to a W1C bit does not affect the bit value in the

register. A write of a 1 clears the value of the bit in the register; the remaining bits remain unchanged.

This register type is primarily used for clearing interrupt status bits where the read operation provides
the interrupt status and the write of the read value clears only the interrupts being reported at the
time the register was read.

RW1S Software can read or write a 1 to this field. A write of a 0 to a RW1S bit does not affect the bit value
in the register.

Ww1C Software can write this field. A write of a 0 to a W1C bit does not affect the bit value in the register.
A write of a 1 clears the value of the bit in the register; the remaining bits remain unchanged. A
read of the register returns no meaningful data.

This register is typically used to clear the corresponding bit in an interrupt register.

WO Only a write by software is valid; a read of the register returns no meaningful data.
Register Bit/Field This value in the register bit diagram shows the bit/field value after any reset, unless noted.
Reset Value

0 Bit cleared to 0 on chip reset.

1 Bit set to 1 on chip reset.

- Nondeterministic.

Pin/Signal Notation

[] Pin alternate function; a pin defaults to the signal without the brackets.
pin Refers to the physical connection on the package.
signal Refers to the electrical signal encoding of a pin.
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Table 2. Documentation Conventions (continued)

Notation

Meaning

assert a signal

Change the value of the signal from the logically False state to the logically True state. For active
High signals, the asserted signal value is 1 (High); for active Low signals, the asserted signal value
is 0 (Low). The active polarity (High or Low) is defined by the signal name (see SIGNAL and STGNAL
below).

deassert a signal

Change the value of the signal from the logically True state to the logically False state.

STGNAL

Signal names are in uppercase and in the Courier font. An overbar on a signal name indicates that
it is active Low. To assert STGNAL is to drive it Low; to deassert STGNAL is to drive it High.

SIGNAL Signal names are in uppercase and in the Courier font. An active High signal has no overbar. To
assert SIGNAL is to drive it High; to deassert SIGNAL is to drive it Low.

Numbers

X An uppercase X indicates any of several values is allowed, where X can be any legal pattern. For
example, a binary value of 0X00 can be either 0100 or 0000, a hex value of 0xX is 0x0 or 0x1, and
SO on.

0x Hexadecimal numbers have a prefix of Ox. For example, OxO0FF is the hexadecimal number FF.

All other numbers within register tables are assumed to be binary. Within conceptual information,
binary numbers are indicated with a b suffix, for example, 1011b, and decimal numbers are written
without a prefix or suffix.
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Tiva™ TM4C1231D5PM Microcontroller

1 Architectural Overview

Texas Instrument's Tiva™ C Series microcontrollers provide designers a high-performance ARM®
Cortex™-M-based architecture with a broad set of integration capabilities and a strong ecosystem
of software and development tools. Targeting performance and flexibility, the Tiva™ C Series
architecture offers a 80 MHz Cortex-M with FPU, a variety of integrated memories and multiple
programmable GPIO. Tiva™ C Series devices offer consumers compelling cost-effective solutions
by integrating application-specific peripherals and providing a comprehensive library of software
tools which minimize board costs and design-cycle time. Offering quicker time-to-market and cost
savings, the Tiva™ C Series microcontrollers are the leading choice in high-performance 32-bit
applications.

This chapter contains an overview of the Tiva™ C Series microcontrollers as well as details on the
TM4C1231D5PM microcontroller:

“Tiva™ C Series Overview” on page 39

“TM4C1231D5PM Microcontroller Overview” on page 40
“TM4C1231D5PM Microcontroller Features” on page 42
“TM4C1231D5PM Microcontroller Hardware Details” on page 58
“Kits” on page 58

“Support Information” on page 58

1.1 Tiva™ C Series Overview

The Tiva™ C Series ARM Cortex-M4 microcontrollers provide top performance and advanced
integration. The product family is positioned for cost-conscious applications requiring significant
control processing and connectivity capabilities such as:

Low power, hand-held smart devices
Gaming equipment

Home and commercial site monitoring and control
Motion control

Medical instrumentation

Test and measurement equipment
Factory automation

Fire and security

Smart Energy/Smart Grid solutions
Intelligent lighting control
Transportation

For applications requiring extreme conservation of power, the TM4C1231D5PM microcontroller
features a battery-backed Hibernation module to efficiently power down the TM4C1231D5PM to a
low-power state during extended periods of inactivity. With a power-up/power-down sequencer, a
real-time counter (RTC), multiple wake-from-hibernate options, and dedicated battery-backed
memory, the Hibernation module positions the TM4C1231D5PM microcontroller perfectly for battery
applications.

In addition, the TM4C1231D5PM microcontroller offers the advantages of ARM's widely available
development tools, System-on-Chip (SoC) infrastructure IP applications, and a large user community.
Additionally, the microcontroller uses ARM's Thumb®-compatible Thumb-2 instruction set to reduce
memory requirements and, thereby, cost. Finally, much of the TM4C1231D5PM microcontroller
code is compatible to the Tiva™ C Series product line, providing flexibility across designs.
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Texas Instruments 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.

1.2 TM4C1231D5PM Microcontroller Overview

The TM4C1231D5PM microcontroller combines complex integration and high performance with the

features shown in Table 1-1.

Table 1-1. TM4C1231D5PM Microcontroller Features

Feature Description

Performance

Core ARM Cortex-M4F processor core

Performance 80-MHz operation; 100 DMIPS performance

Flash 64 KB single-cycle Flash memory

System SRAM 24 KB single-cycle SRAM

EEPROM 2KB of EEPROM

Internal ROM Internal ROM loaded with TivaWare™ for C Series software

Security

Communication Interfaces

Universal Asynchronous Receivers/Transmitter Eight UARTs

(UART)

Synchronous Serial Interface (SSI) Four SSI modules

Inter-Integrated Circuit (12C) Four I2C modules with four transmission speeds including high-speed
mode

Controller Area Network (CAN) CAN 2.0 A/B controllers

System Integration

Micro Direct Memory Access (UDMA) ARM® PrimeCell® 32-channel configurable uDMA controller

General-Purpose Timer (GPTM) Six 16/32-bit GPTM blocks and six 32/64-bit Wide GPTM blocks

Watchdog Timer (WDT) Two watchdog timers

Hibernation Module (HIB) Low-power battery-backed Hibernation module

General-Purpose Input/Output (GPIO) Six physical GPIO blocks

Analog Support

Analog-to-Digital Converter (ADC) Two 12-bit ADC modules, each with a maximum sample rate of one
million samples/second

Analog Comparator Controller Two independent integrated analog comparators

Digital Comparator 16 digital comparators

JTAG and Serial Wire Debug (SWD) One JTAG module with integrated ARM SWD

Package Information

Package 64-pin LQFP

Operating Range (Ambient) Industrial (-40°C to 85°C) temperature range
Extended (-40°C to 105°C) temperature range

Figure 1-1 on page 41 shows the features on the TM4C1231D5PM microcontroller. Note that there

are two on-chip buses that connect the core to the peripherals. The Advanced Peripheral Bus (APB)

bus is the legacy bus. The Advanced High-Performance Bus (AHB) bus provides better back-to-back

access performance than the APB bus.
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Figure 1-1. Tiva™ TM4C1231D5PM Microcontroller High-Level Block Diagram
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1.3

1.3.1

1.3.1.1

TMA4C1231D5PM Microcontroller Features

The TM4C1231D5PM microcontroller component features and general function are discussed in
more detail in the following section.

ARM Cortex-M4F Processor Core

All members of the Tiva™ C Series, including the TM4C1231D5PM microcontroller, are designed
around an ARM Cortex-M processor core. The ARM Cortex-M 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.

Processor Core (see page 59)

32-bit ARM Cortex-M4F architecture optimized for small-footprint embedded applications
80-MHz operation; 100 DMIPS performance
Outstanding processing performance combined with fast interrupt handling

Thumb-2 mixed 16-/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 utilization and streamlined
peripheral control

— Unaligned data access, enabling data to be efficiently packed into memory
IEEE754-compliant single-precision Floating-Point Unit (FPU)

16-bit SIMD vector processing unit

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 orientated multiply accumulate
Saturating arithmetic for signal processing

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

Memory protection unit (MPU) to provide a privileged mode for protected operating system
functionality

Enhanced system debug with extensive breakpoint and trace capabilities

Serial Wire Debug and Serial Wire Trace reduce the number of pins required for debugging and
tracing

42
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m Migration from the ARM7™ processor family for better performance and power efficiency

m Optimized for single-cycle Flash memory usage up to specific frequencies; see “Internal
Memory” on page 489 for more information.

m Ultra-low power consumption with integrated sleep modes

1.3.1.2 System Timer (SysTick) (see page 113)
ARM Cortex-M4F 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:
m  An RTOS tick timer that fires at a programmable rate (for example, 100 Hz) and invokes a SysTick
routine
m A high-speed alarm timer using the system clock
m A variable rate alarm or signal timer—the duration is range-dependent on the reference clock
used and the dynamic range of the counter
m A simple counter used to measure time to completion and time used
m An internal clock-source control based on missing/meeting durations
1.3.1.3 Nested Vectored Interrupt Controller (NVIC) (see page 114)
The TM4C1231D5PM controller includes the ARM Nested Vectored Interrupt Controller (NVIC).
The NVIC and 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 the
state saving, enabling efficient interrupt entry. The processor supports tail-chaining, meaning that
back-to-back interrupts can be performed without the overhead of state saving and restoration.
Software can set eight priority levels on 7 exceptions (system handlers) and 64 interrupts.
m Deterministic, fast interrupt processing: always 12 cycles, or just 6 cycles with tail-chaining (these
values reflect no FPU stacking)
m External non-maskable interrupt signal (NMI) available for immediate execution of NMI handler
for safety critical applications
m Dynamically reprioritizable interrupts
m Exceptional interrupt handling via hardware implementation of required register manipulations
1.3.1.4  System Control Block (SCB) (see page 115)
The SCB provides system implementation information and system control, including configuration,
control, and reporting of system exceptions.
1.3.1.5 Memory Protection Unit (MPU) (see page 115)
The MPU supports the standard ARM7 Protected Memory System Architecture (PMSA) model. The
MPU provides full support for protection regions, overlapping protection regions, access permissions,
and exporting memory attributes to the system.
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1.3.1.6

1.3.2

1.3.21

1.3.2.2

Floating-Point Unit (FPU) (see page 120)

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.

m 32-bit instructions for single-precision (C float) data-processing operations
m  Combined multiply and accumulate instructions for increased precision (Fused MAC)

m Hardware support for conversion, addition, subtraction, multiplication with optional accumulate,
division, and square-root

m Hardware support for denormals and all IEEE rounding modes
m 32 dedicated 32-bit single-precision registers, also addressable as 16 double-word registers
m Decoupled three stage pipeline

On-Chip Memory

The TM4C1231D5PM microcontroller is integrated with the following set of on-chip memory and
features:

m 24 KB single-cycle SRAM

m 64 KB Flash memory

s 2KB EEPROM

m Internal ROM loaded with TivaWare™ for C Series software:
— TivaWare™ Peripheral Driver Library
TivaWare Boot Loader
Advanced Encryption Standard (AES) cryptography tables
Cyclic Redundancy Check (CRC) error detection functionality

SRAM (see page 490)

The TM4C1231D5PM microcontroller provides 24 KB of single-cycle on-chip SRAM. The internal
SRAM of the device is located at offset 0x2000.0000 of the device memory map.

Because read-modify-write (RMW) operations are very time consuming, ARM has introduced
bit-banding technology in the 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 SRAM by the following masters:
= pDMA

Flash Memory (see page 493)

The TM4C1231D5PM microcontroller provides 64 KB of single-cycle on-chip Flash memory. The
Flash memory is organized as a set of 1-KB blocks that can be individually erased. Erasing a block
causes the entire contents of the block to be reset to all 1s. These blocks are paired into a set of
2-KB blocks that can be individually protected. The blocks can be marked as read-only or
execute-only, providing different levels of code protection. Read-only blocks cannot be erased or
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programmed, protecting the contents of those blocks from being modified. Execute-only blocks
cannot be erased or programmed, and can only be read by the controller instruction fetch mechanism,
protecting the contents of those blocks from being read by either the controller or by a debugger.

1.3.2.3 ROM (see page 491)
The TM4C1231D5PM ROM is preprogrammed with the following software and programs:

m TivaWare Peripheral Driver Library

m TivaWare Boot Loader

m Advanced Encryption Standard (AES) cryptography tables

m Cyclic Redundancy Check (CRC) error-detection functionality

The TivaWare Peripheral Driver Library is a royalty-free software library for controlling on-chip
peripherals with a boot-loader capability. The library performs both peripheral initialization and
control functions, with a choice of polled or interrupt-driven peripheral support. In addition, the library
is designed to take full advantage of the stellar interrupt performance of the ARM Cortex-M4F core.
No special pragmas or custom assembly code prologue/epilogue functions are required. For
applications that require in-field programmability, the royalty-free TivaWare Boot Loader can act as
an application loader and support in-field firmware updates.

The Advanced Encryption Standard (AES) is a publicly defined encryption standard used by the
U.S. Government. AES is a strong encryption method with reasonable performance and size. In
addition, it is fast in both hardware and software, is fairly easy to implement, and requires little
memory. The Texas Instruments encryption package is available with full source code, and is based
on Lesser General Public License (LGPL) source. An LGPL means that the code can be used within
an application without any copyleft implications for the application (the code does not automatically
become open source). Modifications to the package source, however, must be open source.

CRC (Cyclic Redundancy Check) is a technique to validate a span of data has the same contents
as when previously checked. This technique can be used to validate correct receipt of messages
(nothing lost or modified in transit), to validate data after decompression, to validate that Flash
memory contents have not been changed, and for other cases where the data needs to be validated.
A CRC is preferred over a simple checksum (for example, XOR all bits) because it catches changes
more readily.

1.3.24 EEPROM (see page 499)
The TM4C1231D5PM microcontroller includes an EEPROM with the following features:

m 2Kbytes of memory accessible as 512 32-bit words
m 32 blocks of 16 words (64 bytes) each

m Built-in wear leveling

m Access protection per block

m Lock protection option for the whole peripheral as well as per block using 32-bit to 96-bit unlock
codes (application selectable)

m Interrupt support for write completion to avoid polling
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1.3.3

1.3.3.1

1.3.3.2

m Endurance of 500K writes (when writing at fixed offset in every alternate page in circular fashion)
to 15M operations (when cycling through two pages ) per each 2-page block.

Serial Communications Peripherals

The TM4C1231D5PM controller supports both asynchronous and synchronous serial communications
with:

= CAN 2.0 A/B controller

m Eight UARTs with IrDA, 9-bit and ISO 7816 support.

m Four I°C modules with four transmission speeds including high-speed mode

m Four Synchronous Serial Interface modules (SSI)

The following sections provide more detail on each of these communications functions.

Controller Area Network (CAN) (see page 1009)

Controller Area Network (CAN) is a multicast shared serial-bus standard for connecting electronic
control units (ECUs). CAN was specifically designed to be robust in electromagnetically noisy
environments and can utilize a differential balanced line like RS-485 or twisted-pair wire. Originally
created for automotive purposes, it is now used in many embedded control applications (for example,
industrial or medical). Bit rates up to 1 Mbps are possible at network lengths below 40 meters.
Decreased bit rates allow longer network distances (for example, 125 Kbps at 500m).

A transmitter sends a message to all CAN nodes (broadcasting). Each node decides on the basis
of the identifier received whether it should process the message. The identifier also determines the
priority that the message enjoys in competition for bus access. Each CAN message can transmit
from O to 8 bytes of user information.

The TM4C1231D5PM microcontroller includes one CAN unit with the following features:

m  CAN protocol version 2.0 part A/B

m Bit rates up to 1 Mbps

m 32 message objects with individual identifier masks

m Maskable interrupt

m Disable Automatic Retransmission mode for Time-Triggered CAN (TTCAN) applications

m Programmable loopback mode for self-test operation

m Programmable FIFO mode enables storage of multiple message objects

m Gluelessly attaches to an external CAN transceiver through the CANNnTX and CANNnRX signals
UART (see page 854)

A Universal Asynchronous Receiver/Transmitter (UART) is an integrated circuit used for RS-232C
serial communications, containing a transmitter (parallel-to-serial converter) and a receiver
(serial-to-parallel converter), each clocked separately.

The TM4C1231D5PM microcontroller includes eight fully programmable 16C550-type UARTSs.
Although the functionality is similar to a 16C550 UART, this UART design is not register compatible.
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The UART can generate individually masked interrupts from the Rx, Tx, modem flow control, and
error conditions. The module generates a single combined interrupt when any of the interrupts are
asserted and are unmasked.

The eight UARTs have the following features:

Programmable baud-rate generator allowing speeds up to 5 Mbps for regular speed (divide by
16) and 10 Mbps for high speed (divide by 8)

Separate 16x8 transmit (TX) and receive (RX) FIFOs to reduce CPU interrupt service loading

Programmable FIFO length, including 1-byte deep operation providing 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/detection

— 1 or 2 stop bit generation

IrDA serial-IR (SIR) encoder/decoder providing

— Programmable use of IrDA Serial Infrared (SIR) or UART input/output
— Support of IrDA SIR encoder/decoder functions for data rates up to 115.2 Kbps half-duplex
— Support of normal 3/16 and low-power (1.41-2.23 ps) bit durations

— Programmable internal clock generator enabling division of reference clock by 1 to 256 for
low-power mode bit duration

Support for communication with ISO 7816 smart cards

Modem flow control (on UART1)

EIA-485 9-bit support

Standard FIFO-level and End-of-Transmission interrupts

Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Separate channels for transmit and receive

— 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

June 12, 2014
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1.3.3.3  I’C (see page 958)
The Inter-Integrated Circuit (1°C) bus provides bi-directional data transfer through a two-wire design
(a serial data line SDA and a serial clock line SCL). The 12C bus interfaces to external 12C devices
such as serial memory (RAMs and ROMs), networking devices, LCDs, tone generators, and so on.
The I2C bus may also be used for system testing and diagnostic purposes in product development
and manufacture.
Each device on the I°C bus can be designated as either a master or a slave. I°C 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 [°C master and slave can generate interrupts.
The TM4C1231D5PM microcontroller includes four 12C modules with the following features:
m Devices on the I°C 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
m Four I°C modes
— Master transmit
— Master receive
— Slave transmit
— Slave receive
m Four transmission speeds:
— Standard (100 Kbps)
— Fast-mode (400 Kbps)
— Fast-mode plus (1 Mbps)
— High-speed mode (3.33 Mbps)
m Clock low timeout interrupt
m Dual slave address capability
m Glitch suppression
m Master and slave interrupt generation
— Master generates interrupts when a transmit or receive operation completes (or aborts due
to an error)
— Slave generates interrupts when data has been transferred or requested by a master or when
a START or STOP condition is detected
m Master with arbitration and clock synchronization, multimaster support, and 7-bit addressing
mode
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1.3.3.4

134

SSI (see page 913)

Synchronous Serial Interface (SSI) is a four-wire bi-directional communications interface that converts
data between parallel and serial. The SSI module performs serial-to-parallel conversion on data
received from a peripheral device, and parallel-to-serial conversion on data transmitted to a peripheral
device. The SSI module can be configured as either a master or slave device. As a slave device,
the SSI module can also be configured to disable its output, which allows a master device to be
coupled with multiple slave devices. The TX and RX paths are buffered with separate internal FIFOs.

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

The TM4C1231D5PM microcontroller includes four SSI modules with the following features:

m Programmable interface operation for Freescale SPl, MICROWIRE, or Texas Instruments
synchronous serial interfaces

m Master or slave operation
m Programmable clock bit rate and prescaler
m Separate transmit and receive FIFOs, each 16 bits wide and 8 locations deep
m Programmable data frame size from 4 to 16 bits
m Internal loopback test mode for diagnostic/debug testing
m Standard FIFO-based interrupts and End-of-Transmission interrupt
m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Separate channels for transmit and receive

— Receive single request asserted when data is in the FIFO; burst request asserted when FIFO
contains 4 entries

— Transmit single request asserted when there is space in the FIFO; burst request asserted
when four or more entries are available to be written in the FIFO

System Integration

The TM4C1231D5PM microcontroller provides a variety of standard system functions integrated
into the device, including:

m Direct Memory Access Controller (DMA)

m System control and clocks including on-chip precision 16-MHz oscillator
m  Six 32-bit timers (up to twelve 16-bit)

m Six wide 64-bit timers (up to twelve 32-bit)

m Twelve 32/64-bit Capture Compare PWM (CCP) pins

m Lower-power battery-backed Hibernation module
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1.3.4.1

m Real-Time Clock in Hibernation module

m Two Watchdog Timers

One timer runs off the main oscillator
One timer runs off the precision internal oscillator

m Up to 43 GPIOs, depending on configuration

Highly flexible pin muxing allows use as GPIO or one of several peripheral functions
Independently configurable to 2-, 4- or 8-mA drive capability
Up to 4 GPIOs can have 18-mA drive capability

The following sections provide more detail on each of these functions.

Direct Memory Access (see page 549)

The TM4C1231D5PM microcontroller includes a Direct Memory Access (DMA) controller, known
as micro-DMA (uDMA). The uDMA controller provides a way to offload data transfer tasks from the
Cortex-M4F processor, allowing for more efficient use of the processor and the available bus
bandwidth. The uDMA controller can perform transfers between memory and peripherals. It has
dedicated channels for each supported on-chip module and can be programmed to automatically
perform transfers between peripherals and memory as the peripheral is ready to transfer more data.
The uDMA controller provides the following features:

ARM PrimeCell® 32-channel configurable yDMA controller

Support for memory-to-memory, memory-to-peripheral, and peripheral-to-memory in multiple
transfer modes

Basic for simple transfer scenarios
Ping-pong for continuous data flow

Scatter-gather for a programmable list of up to 256 arbitrary transfers initiated from a single
request

Highly flexible and configurable channel operation

Independently configured and operated channels

Dedicated channels for supported on-chip modules

Flexible channel assignments

One channel each for receive and transmit path for bidirectional modules
Dedicated channel for software-initiated transfers

Per-channel configurable priority scheme

Optional software-initiated requests for any channel

Two levels of priority

Design optimizations for improved bus access performance between uDMA controller and the
processor core
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MDMA controller access is subordinate to core access
RAM striping

Peripheral bus segmentation

Data sizes of 8, 16, and 32 bits

Transfer size is programmable in binary steps from 1 to 1024

Source and destination address increment size of byte, half-word, word, or no increment

Maskable peripheral requests

Interrupt on transfer completion, with a separate interrupt per channel

1.3.4.2 System Control and Clocks (see page 202)

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

Device identification information: version, part number, SRAM size, Flash memory size, and so

on

Power control

On-chip fixed Low Drop-Out (LDO) voltage regulator

Hibernation module handles the power-up/down 3.3 V sequencing and control for the core
digital logic and analog circuits

Low-power options for microcontroller: Sleep and Deep-Sleep modes with clock gating

Low-power options for on-chip modules: software controls shutdown of individual peripherals
and memory

3.3-V supply brown-out detection and reporting via interrupt or reset

Multiple clock sources for microcontroller system clock. The following clock sources are provided
to the TM4C1231D5PM microcontroller:

Precision Internal Oscillator (PIOSC) providing a 16-MHz frequency

* 16 MHz £3% across temperature and voltage

» Can be recalibrated with 7-bit trim resolution to achieve better accuracy (16 MHz +1%)
+ Software power down control for low power modes

Main Oscillator (MOSC): A frequency-accurate clock source by one of two means: an external
single-ended clock source is connected to the OSCO input pin, or an external crystal is
connected across the OSCO input and OSC1 output pins.

Low Frequency Internal Oscillator (LFIOSC): On-chip resource used during power-saving
modes
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Hibernate RTC oscillator (RTCOSC) clock that can be configured to be the 32.768-kHz
external oscillator source from the Hibernation (HIB) module or the HIB Low Frequency clock
source (HIB LFIOSC), which is located within the Hibernation Module.

m Flexible reset sources

Power-on reset (POR)

Reset pin assertion

Brown-out reset (BOR) detector alerts to system power drops
Software reset

Watchdog timer reset

— MOSC failure
1.3.4.3 Programmable Timers (see page 668)

Programmable timers can be used to count or time external events that drive the Timer input pins.
Each 16/32-bit GPTM block provides two 16-bit timers/counters that can be configured to operate
independently as timers or event counters, or configured to operate as one 32-bit timer or one 32-bit
Real-Time Clock (RTC). Each 32/64-bit Wide GPTM block provides two 32-bit timers/counters that
can be configured to operate independently as timersor event counters, or configured to operate
as one 64-bit timer or one 64-bit Real-Time Clock (RTC). Timers can also be used to trigger
analog-to-digital (ADC) conversions and DMA transfers.
The General-Purpose Timer Module (GPTM) contains six 16/32-bit GPTM blocks and six 32/64-bit
Wide GPTM blocks with the following functional options:
m 16/32-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

— 32-bit Real-Time Clock (RTC) when using an external 32.768-KHz clock as the input

— 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

m 32/64-bit operating modes:

— 32- or 64-bit programmable one-shot timer

— 32- or 64-bit programmable periodic timer

— 32-bit general-purpose timer with a 16-bit prescaler

— 64-bit Real-Time Clock (RTC) when using an external 32.768-KHz clock as the input

— 32-bit input-edge count- or time-capture modes with a16-bit prescaler
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— 32-bit PWM mode with a 16-bit prescaler and software-programmable output inversion of the
PWM signal

m Count up or down

m Twelve 16/32-bit Capture Compare PWM pins (CCP)

m Twelve 32/64-bit Capture Compare PWM pins (CCP)

m Daisy chaining of timer modules to allow a single timer to initiate multiple timing events
m Timer synchronization allows selected timers to start counting on the same clock cycle
m ADC event trigger

m User-enabled stalling when the microcontroller asserts CPU Halt flag during debug (excluding
RTC mode)

m Ability to determine the elapsed time between the assertion of the timer interrupt and entry into
the interrupt service routine

m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Dedicated channel for each timer
— Burst request generated on timer interrupt

1.3.4.4 CCP Pins (see page 676)

Capture Compare PWM pins (CCP) can be used by the General-Purpose Timer Module to time/count
external events using the CCP pin as an input. Alternatively, the GPTM can generate a simple PWM
output on the CCP pin.

The TM4C1231D5PM microcontroller includes twelve 16/32-bit CCP pins that can be programmed
to operate in the following modes:

m Capture: The GP Timer is incremented/decremented by programmed events on the CCP input.
The GP Timer captures and stores the current timer value when a programmed event occurs.

m Compare: The GP Timer is incremented/decremented by programmed events on the CCP input.
The GP Timer compares the current value with a stored value and generates an interrupt when
a match occurs.

m PWM: The GP Timer is incremented/decremented by the system clock. A PWM signal is generated
based on a match between the counter value and a value stored in a match register and is output
on the CCP pin.

1.3.4.5 Hibernation Module (HIB) (see page 458)

The Hibernation module provides logic to switch power off to the main processor and peripherals
and to wake on external or time-based events. The Hibernation module includes power-sequencing
logic and has the following features:

m 32-bit real-time seconds counter (RTC) with 1/32,768 second resolution and a 15-bit sub-seconds
counter
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1.3.4.6

— 32-bit RTC seconds match register and a 15-bit sub seconds match for timed wake-up and
interrupt generation with 1/32,768 second resolution

— RTC predivider trim for making fine adjustments to the clock rate

Two mechanisms for power control

— System power control using discrete external regulator

— On-chip power control using internal switches under register control
Dedicated pin for waking using an external signal

RTC operational and hibernation memory valid as long as Vpp or Vgt is valid
Low-battery detection, signaling, and interrupt generation, with optional wake on low battery
GPIO pin state can be retained during hibernation

Clock source from a 32.768-kHz external crystal or oscillator

Sixteen 32-bit words of battery-backed memory to save state during hibernation
Programmable interrupts for:

— RTC match

— External wake

— Low battery

Watchdog Timers (see page 738)

A watchdog timer is used to regain control when a system has failed due to a software error or to
the failure of an external device to respond in the expected way. The TM4C1231D5PM Watchdog
Timer can generate an interrupt, a non-maskable interrupt, or a reset when a time-out value is
reached. In addition, the Watchdog Timer is ARM FiRM-compliant and can be configured to generate
an interrupt to the microcontroller on its first time-out, and to generate a reset signal on its second
timeout. Once the Watchdog Timer has been configured, the lock register can be written to prevent
the timer configuration from being inadvertently altered.

The TM4C1231D5PM microcontroller has two Watchdog Timer modules: Watchdog Timer 0 uses
the system clock for its timer clock; Watchdog Timer 1 uses the PIOSC as its timer clock. The
Watchdog Timer module has the following features:

32-bit down counter with a programmable load register

Separate watchdog clock with an enable

Programmable interrupt generation logic with interrupt masking and optional NMI function
Lock register protection from runaway software

Reset generation logic with an enable/disable

User-enabled stalling when the microcontroller asserts the CPU Halt flag during debug
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1.3.4.7 Programmable GPIOs (see page 613)

General-purpose input/output (GPIO) pins offer flexibility for a variety of connections. The
TM4C1231D5PM GPIO module is comprised of six physical GPIO blocks, each corresponding to
an individual GPIO port. The GPIO module is FiRM-compliant (compliant to the ARM Foundation
IP for Real-Time Microcontrollers specification) and supports 0-43 programmable input/output pins.
The number of GPIOs available depends on the peripherals being used (see “Signal

Tables” on page 1075 for the signals available to each GPIO pin).

Up to 43 GPIOs, depending on configuration

Highly flexible pin muxing allows use as GPIO or one of several peripheral functions
5-V-tolerant in input configuration

Ports A-G accessed through the Advanced Peripheral Bus (APB)

Fast toggle capable of a change every clock cycle for ports on AHB, every two clock cycles for
ports on APB

Programmable control for GPIO interrupts

— Interrupt generation masking

— Edge-triggered on rising, falling, or both

— Level-sensitive on High or Low values

Bit masking in both read and write operations through address lines
Can be used to initiate an ADC sample sequence or a uDMA transfer
Pin state can be retained during Hibernation mode

Pins configured as digital inputs are Schmitt-triggered

Programmable control for GPIO pad configuration

— Weak pull-up or pull-down resistors

— 2-mA, 4-mA, and 8-mA pad drive for digital communication; up to four pads can sink 18-mA
for high-current applications

— Slew rate control for 8-mA pad drive
— Open drain enables

— Digital input enables

1.3.5 Analog

The TM4C1231D5PM microcontroller provides analog functions integrated into the device, including:

Two 12-bit Analog-to-Digital Converters (ADC), with a total of 12 analog input channels and each
with a sample rate of one million samples/second

m Two analog comparators
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1.3.5.1

m  On-chip voltage regulator
The following provides more detail on these analog functions.

ADC (see page 763)

An analog-to-digital converter (ADC) is a peripheral that converts a continuous analog voltage to a
discrete digital number. The TM4C1231D5PM ADC module features 12-bit conversion resolution
and supports 12 input channels plus an internal temperature sensor. Four buffered sample
sequencers allow rapid sampling of up to 12 analog input sources without controller intervention.
Each sample sequencer provides flexible programming with fully configurable input source, trigger
events, interrupt generation, and sequencer priority. Each ADC module has a digital comparator
function that allows the conversion value to be diverted to a comparison unit that provides eight
digital comparators.

The TM4C1231D5PM microcontroller provides two ADC modules, each with the following features:
m 12 shared analog input channels

m 12-bit precision ADC

m Single-ended and differential-input configurations

m  On-chip internal temperature sensor

m  Maximum sample rate of one million samples/second

m Optional phase shift in sample time programmable from 22.5° to 337.5°

m Four programmable sample conversion sequencers from one to eight entries long, with
corresponding conversion result FIFOs

m Flexible trigger control

Controller (software)

Timers

Analog Comparators

GPIO

m Hardware averaging of up to 64 samples
m Eight digital comparators
m Power and ground for the analog circuitry is separate from the digital power and ground
m Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
— Dedicated channel for each sample sequencer

— ADC module uses burst requests for DMA
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1.3.5.2 Analog Comparators (see page 1059)

An analog comparator is a peripheral that compares two analog voltages and provides a logical
output that signals the comparison result. The TM4C1231D5PM microcontroller provides two
independent integrated analog comparators that can be configured to drive an output or generate
an interrupt or ADC event.

The comparator can provide its output to a device pin, acting as a replacement for an analog
comparator on the board, or it can be used to signal the application via interrupts or triggers to the
ADC to cause it to start capturing a sample sequence. The interrupt generation and ADC triggering
logic is separate. This means, for example, that an interrupt can be generated on a rising edge and
the ADC triggered on a falling edge.

The TM4C1231D5PM microcontroller provides two independent integrated analog comparators
with the following functions:

m Compare external pin input to external pin input or to internal programmable voltage reference
m Compare a test voltage against any one of the following voltages:

— An individual external reference voltage

— A shared single external reference voltage

— A shared internal reference voltage

1.3.6 JTAG and ARM Serial Wire Debug (see page 190)

The Joint Test Action Group (JTAG) port is an IEEE standard that defines a Test Access Port and
Boundary Scan Architecture for digital integrated circuits and 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 and obtain manufacturing
information on the components. The JTAG Port also provides a means of accessing and controlling
design-for-test features such as I/O pin observation and control, scan testing, and debugging. Texas
Instruments replaces the ARM SW-DP and JTAG-DP with the ARM Serial Wire JTAG Debug Port
(SWJ-DP) interface. The SWJ-DP interface combines the SWD and JTAG debug ports into one
module providing all the normal JTAG debug and test functionality plus real-time access to system
memory without halting the core or requiring any target resident code. The SWJ-DP interface has
the following features:

m |EEE 1149.1-1990 compatible Test Access Port (TAP) controller
m Four-bit Instruction Register (IR) chain for storing JTAG instructions
m |EEE standard instructions: BYPASS, IDCODE, SAMPLE/PRELOAD, and EXTEST
m  ARM additional instructions: APACC, DPACC and ABORT
m Integrated ARM Serial Wire Debug (SWD)
— Serial Wire JTAG Debug Port (SWJ-DP)
— Flash Patch and Breakpoint (FPB) unit for implementing breakpoints

— Data Watchpoint and Trace (DWT) unit for implementing watchpoints, trigger resources, and
system profiling
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1.3.7

1.4

1.5

1.6

— Instrumentation Trace Macrocell (ITM) for support of printf style debugging

— Embedded Trace Macrocell (ETM) for instruction trace capture

— Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer
Packaging and Temperature
m 64-pin RoHS-compliant LQFP package
m Industrial (-40°C to 85°C) ambient temperature range
m Extended (-40°C to 105°C) ambient temperature range
TM4C1231D5PM Microcontroller Hardware Details
Details on the pins and package can be found in the following sections:
m “Pin Diagram” on page 1074
m “Signal Tables” on page 1075
m “Electrical Characteristics” on page 1095

m “Package Information” on page 1138

Kits

The Tiva™ C Series provides the hardware and software tools that engineers need to begin

development quickly.

m Reference Design Kits accelerate product development by providing ready-to-run hardware and

comprehensive documentation including hardware design files

m Evaluation Kits provide a low-cost and effective means of evaluating TM4C1231D5PM

microcontrollers before purchase

m Development Kits provide you with all the tools you need to develop and prototype embedded

applications right out of the box

See the Tiva series website at http://www.ti.com/tiva-c for the latest tools available, or ask your

distributor.

Support Information

For support on Tiva™ C Series products, contact the Tl Worldwide Product Information Center

nearest you.
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2 The Cortex-M4F Processor

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, while delivering outstanding computational performance and exceptional system
response to interrupts. Features include:

32-bit ARM® Cortex™-M4F architecture optimized for small-footprint embedded applications
80-MHz operation; 100 DMIPS performance
Outstanding processing performance combined with fast interrupt handling

Thumb-2 mixed 16-/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 utilization and streamlined
peripheral control

— Unaligned data access, enabling data to be efficiently packed into memory
IEEE754-compliant single-precision Floating-Point Unit (FPU)

16-bit SIMD vector processing unit

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 orientated multiply accumulate
Saturating arithmetic for signal processing

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

Memory protection unit (MPU) to provide a privileged mode for protected operating system
functionality

Enhanced system debug with extensive breakpoint and trace capabilities

Serial Wire Debug and Serial Wire Trace reduce the number of pins required for debugging and
tracing

Migration from the ARM7™ processor family for better performance and power efficiency

Optimized for single-cycle Flash memory usage up to specific frequencies; see “Internal
Memory” on page 489 for more information.

Ultra-low power consumption with integrated sleep modes
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21

The Tiva™ C Series microcontrollers builds on this core to bring high-performance 32-bit computing
to

This chapter provides information on the Tiva™ C Series implementation of the Cortex-M4F
processor, including the programming model, the memory model, the exception model, fault handling,
and power management.

For technical details on the instruction set, see the Cortex™-M4 instruction set chapter in the ARM®
Cortex™-M4 Devices Generic User Guide (literature number ARM DUI 0553A).

Block Diagram

The Cortex-M4F processor is built on a high-performance processor core, with a 3-stage pipeline
Harvard architecture, making it ideal for demanding embedded applications. The processor delivers
exceptional power efficiency through an efficient instruction set and extensively optimized design,
providing high-end processing hardware including IEEE754-compliant single-precision floating-point
computation, 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 Cortex-M4F processor implements tightly
coupled system components that reduce processor area while significantly improving interrupt
handling and system debug capabilities. The Cortex-M4F processor implements a version of the
Thumb® instruction set based on Thumb-2 technology, ensuring high code density and reduced
program memory requirements. The 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 Cortex-M4F processor closely integrates a nested interrupt controller (NVIC), to deliver
industry-leading interrupt performance. The TM4C1231D5PM NVIC includes a non-maskable
interrupt (NMI) and provides eight interrupt priority levels. The tight integration of the processor core
and NVIC provides fast execution of interrupt service routines (ISRs), dramatically reducing interrupt
latency. The hardware stacking of registers and the ability to suspend load-multiple and store-multiple
operations further reduce interrupt latency. Interrupt handlers do not require any assembler stubs
which removes code overhead from the ISRs. Tail-chaining optimization also significantly reduces
the overhead when switching from one ISR to another. 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.
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2.2
2.21

2.2.2

Figure 2-1. CPU Block Diagram
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Overview

System-Level Interface

The 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.

The Cortex-M4F processor has a memory protection unit (MPU) that provides fine-grain memory
control, enabling applications to implement security privilege levels and separate code, data and
stack on a task-by-task basis.

Integrated Configurable Debug

The Cortex-M4F processor implements a complete hardware debug solution, providing high system
visibility of the processor and memory through either a traditional JTAG port or a 2-pin Serial Wire
Debug (SWD) port that is ideal for microcontrollers and other small package devices. The Tiva™
C Series implementation replaces the ARM SW-DP and JTAG-DP with the ARM
CoreSight™-compliant Serial Wire JTAG Debug Port (SWJ-DP) interface. The SWJ-DP interface
combines the SWD and JTAG debug ports into one module. See 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 a single pin.
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The Embedded Trace Macrocell (ETM) delivers unrivaled instruction trace capture in an area smaller
than traditional trace units, enabling full instruction trace. For more details on the ARM ETM, see
the ARM® Embedded Trace Macrocell Architecture Specification.

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 for up to eight
words of program code in the code memory region. This FPB enables applications stored in a
read-only area of Flash memory to be patched in another area of on-chip SRAM or Flash memory.
If a patch is required, the application programs the 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 Cortex-M4F debug capabilities, see theARM® Debug Interface V5
Architecture Specification.

223 Trace Port Interface Unit (TPIU)
The TPIU acts as a bridge between the Cortex-M4F trace data from the ITM, and an off-chip Trace
Port Analyzer, as shown in Figure 2-2 on page 62.
Figure 2-2. TPIU Block Diagram
Debug  |ARM® Trace Serial Wire
ATB ‘ | Trace Out
Slave — %:feggcz) > Asynchronous FIFO > (serializer) — Treg\;evgort
Port ( )
7} 7}
APB F,Adyahncel
eripnera
SP""“’e > Bus (APB)
ort
Interface
224 Cortex-M4F System Component Details
The Cortex-M4F includes the following system components:
m 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 “System Timer (SysTick)” on page 113).
m Nested Vectored Interrupt Controller (NVIC)
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An embedded interrupt controller that supports low latency interrupt processing (see “Nested
Vectored Interrupt Controller (NVIC)” on page 114).

m System Control Block (SCB)

The programming model interface to the processor. The SCB provides system implementation
information and system control, including configuration, control, and reporting of system exceptions
(see “System Control Block (SCB)” on page 115).

m  Memory Protection Unit (MPU)

Improves system reliability by defining the memory attributes for different memory regions. The
MPU provides up to eight different regions and an optional predefined background region (see
“Memory Protection Unit (MPU)” on page 115).

m Floating-Point Unit (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 (see “Floating-Point Unit (FPU)” on page 120).

23 Programming Model

This section describes the Cortex-M4F programming model. In addition to the individual core register
descriptions, information about the processor modes and privilege levels for software execution and
stacks is included.

2.31 Processor Mode and Privilege Levels for Software Execution

The Cortex-M4F has two modes of operation:

m Thread mode

Used to execute application software. The processor enters Thread mode when it comes out of
reset.

m Handler mode

Used to handle exceptions. When the processor has finished exception processing, it returns to
Thread mode.

In addition, the Cortex-M4F has two privilege levels:

m  Unprivileged

In this 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 system control block

— Possibly restricted access to memory or peripherals

m Privileged

In this mode, software can use all the instructions and has access to all resources.

In Thread mode, the CONTROL register (see page 78) controls whether software execution is
privileged or unprivileged. In Handler mode, software execution is always privileged.
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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.

2.3.2 Stacks
The 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 on page 68).
In Thread mode, the CONTROL register (see page 78) controls whether the processor uses the
main stack or the process stack. In Handler mode, the processor always uses the main stack. The
options for processor operations are shown in Table 2-1 on page 64.
Table 2-1. Summary of Processor Mode, Privilege Level, and Stack Use
Processor Mode Use Privilege Level Stack Used
Thread Applications Privileged or unprivileged Main stack or process stack
Handler Exception handlers Always privileged Main stack
a. See CONTROL (page 78).

233 Register Map
Figure 2-3 on page 65 shows the Cortex-M4F register set. Table 2-2 on page 65 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.
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Figure 2-3. Cortex-M4F Register Set

e IR

RO
R1
R2
R3
R4
R5
R6 General-purpose registers
R7
R8
R9
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R11
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Stack Pointer SP (R13) PSPt || MSP* *Banked version of SP
Link Register LR (R14)

PC (R15)

Low registers

Program Counter

PSR
PRIMASK
FAULTMASK Exception mask registers Special registers
BASEPRI
CONTROL CONTROL register

Program status register

Table 2-2. Processor Register Map

Offset Name Type Reset Description ps:;
- RO RW - Cortex General-Purpose Register 0 67
- R1 RW - Cortex General-Purpose Register 1 67
- R2 RW - Cortex General-Purpose Register 2 67
- R3 RW - Cortex General-Purpose Register 3 67
- R4 RW - Cortex General-Purpose Register 4 67
- R5 RW - Cortex General-Purpose Register 5 67
- R6 RW - Cortex General-Purpose Register 6 67
- R7 RW - Cortex General-Purpose Register 7 67
- R8 RW - Cortex General-Purpose Register 8 67
- R9 RW - Cortex General-Purpose Register 9 67
- R10 RW - Cortex General-Purpose Register 10 67
- R11 RW - Cortex General-Purpose Register 11 67
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Table 2-2. Processor Register Map (continued)

Offset Name Type Reset Description ;ZZ
- R12 RwW - Cortex General-Purpose Register 12 67
- SP RwW - Stack Pointer 68
- LR RW OXFFFF.FFFF Link Register 69
- PC RW - Program Counter 70
- PSR RW 0x0100.0000 Program Status Register 71
- PRIMASK RW 0x0000.0000 Priority Mask Register 75
- FAULTMASK RW 0x0000.0000 Fault Mask Register 76
- BASEPRI RW 0x0000.0000 Base Priority Mask Register 77
- CONTROL RwW 0x0000.0000 Control Register 78
- FPSC RW - Floating-Point Status Control 80
234 Register Descriptions
This section lists and describes the Cortex-M4F registers, in the order shown in Figure
2-3 on page 65. The core registers are not memory mapped and are accessed by register name
rather than offset.
Note: The register type shown in the register descriptions refers to type during program execution
in Thread mode and Handler mode. Debug access can differ.
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Register 1: Cortex General-Purpose Register 0 (R0)
Register 2: Cortex General-Purpose Register 1 (R1)
Register 3: Cortex General-Purpose Register 2 (R2)
Register 4: Cortex General-Purpose Register 3 (R3)
Register 5: Cortex General-Purpose Register 4 (R4)
Register 6: Cortex General-Purpose Register 5 (R5)
Register 7: Cortex General-Purpose Register 6 (R6)
Register 8: Cortex General-Purpose Register 7 (R7)
Register 9: Cortex General-Purpose Register 8 (R8)
Register 10: Cortex General-Purpose Register 9 (R9)
Register 11: Cortex General-Purpose Register 10 (R10)
Register 12: Cortex General-Purpose Register 11 (R11)
Register 13: Cortex General-Purpose Register 12 (R12)

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

Cortex General-Purpose Register 0 (R0)
Type RW, reset -

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DATA
1 1 1
Type  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Reset - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DATA
1 1 1
Type  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Reset - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 DATA RwW - Register data.
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Register 14: Stack Pointer (SP)

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.

Stack Pointer (SP)
Type RW, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SP
1 1 1
Type  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Reset - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 I 1 I 1 I 1 1 1 1 I 1 I
SP
1 1 1
Type  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Reset - - - - - _
Bit/Field Name Type Reset Description
31:0 SP RW - This field is the address of the stack pointer.
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Register 15: Link Register (LR)

The Link Register (LR) is register R14, and it stores the return information for subroutines, function
calls, and exceptions. The Link Register can be accessed from either privileged or unprivileged
mode.

EXC_RETURN is loaded into the LR on exception entry. See Table 2-10 on page 101 for the values
and description.

Link Register (LR)
Type RW, reset OxFFFF.FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
LINK
1 1 1
Type  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
LINK
1 1 1
Type  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:0 LINK RW OxFFFF.FFFF This field is the return address.
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Register 16: Program Counter (PC)

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
0 of the reset vector is loaded into the THUMB bit of the EPSR at reset and must be 1. The PC register

can be accessed in either privileged or unprivileged mode.

Program Counter (PC)
Type RW, reset -

31 30 29 28 27 26 25 24 23 22 21 20 18 17 16
1 1 1 1 1 1 1
PC
1
Type  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Reset - - - - - - - - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
1 1 1 I 1 1 I
PC
1
Type  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Reset - - - - - - - - - - - - - -
Bit/Field Name Reset Description
31:0 PC - This field is the current program address.
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Register 17: Program Status Register (PSR)
Note: This register is also referred to as xPSR.

The Program Status Register (PSR) has three functions, and the register bits are assigned to the
different functions:

m Application Program Status Register (APSR), bits 31:27, bits 19:16
m Execution Program Status Register (EPSR), bits 26:24, 15:10
m Interrupt Program Status Register (IPSR), bits 7:0

The PSR, IPSR, and EPSR registers can only be accessed in privileged mode; the APSR register
can be accessed in either 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 (1T) instruction or
the Interruptible-Continuable Instruction (IC1) 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 zero. 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 “Exception Entry and Return” on page 98).

IPSR contains the exception type number of the current Interrupt Service Routine (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. page 71 shows the possible register combinations for the PSR. See
the MRS and MSR instruction descriptions in the Cortex™-M4 instruction set chapter in the ARM®
Cortex™-M4 Devices Generic User Guide (literature number ARM DUI 05653A) for more information
about how to access the program status registers.

Table 2-3. PSR Register Combinations

Register Type Combination

PSR Rw?° APSR, EPSR, and IPSR
IEPSR RO EPSR and IPSR

IAPSR RwW? APSR and IPSR
EAPSR RWP APSR and EPSR

a. The processor ignores writes to the IPSR bits.
b. Reads of the EPSR bits return zero, and the processor ignores writes to these bits.

Program Status Register (PSR)
Type RW, reset 0x0100.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 1 1 I 1 I
N z [} \Y Q ICI/IT THUMB reserved GE
Type RW RW RW RW RW RO RO RO RO RO RO RO RW RW RW RW
Reset 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
I I 1 I 1 1 I I I I I 1 I
ICI/IT reserved ISRNUM
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Bit/Field Name Type
31 N RW
30 z RW
29 C RW
28 \Y RW
27 Q RW

Reset

Description
APSR Negative or Less Flag

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 only meaningful when accessing PSR or APSR.
APSR Zero Flag

Value Description
1 The previous operation result was zero.

0 The previous operation result was non-zero.
The value of this bit is only meaningful when accessing PSR or APSR.
APSR Carry or Borrow Flag

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 only meaningful when accessing PSR or APSR.
APSR Overflow Flag

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 only meaningful when accessing PSR or APSR.
APSR DSP Overflow and Saturation Flag

Value Description

1 DSP Overflow or saturation has occurred when using a SIMD
instruction.
0 DSP overflow or saturation has not occurred since reset or since

the bit was last cleared.

The value of this bit is only meaningful when accessing PSR or APSR.
This bit is cleared by software using an MRS instruction.
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Bit/Field

26:25

24

23:20

19:16

Name

ICI/IT

THUMB

reserved

GE

Type

RO

RO

RO

RwW

Reset

0x0

0x00

0x0

Description

EPSR ICI / IT status

These bits, along with bits 15:10, contain the Interruptible-Continuable
Instruction (ICI) field for an interrupted load multiple or store multiple
instruction or the execution state bits of the IT instruction.

When EPSR holds the I1C1 execution state, bits 26:25 are zero.

The I-Then block contains up to four instructions following an 1T
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™-M4 instruction set chapter in the ARM®
Cortex™-M4 Devices Generic User Guide (literature number ARM DU/
0553A) for more information.

The value of this field is only meaningful when accessing PSR or EPSR.
Note that these EPSR bits cannot be accessed using MRS and MSR
instructions but the definitions are provided to allow the stacked (E)PSR
value to be decoded within an exception handler.

EPSR Thumb State
This bit indicates the Thumb state and should always be set.
The following can clear the THUMB bit:

m  The BLX, BX and POP{PC} instructions

m Restoration from the stacked xPSR value on an exception return
m  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. See “Lockup” on page 103 for more information.
The value of this bit is only meaningful when accessing PSR or EPSR.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Greater Than or Equal Flags

See the description of the SEL instruction in the Cortex™-M4 instruction
set chapter in the ARM® Cortex™-M4 Devices Generic User Guide
(literature number ARM DUI 0553A) for more information.

The value of this field is only meaningful when accessing PSR or APSR.
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Bit/Field Name Type Reset Description
15:10 ICI/IT RO 0x0 EPSR ICI / IT status
These bits, along with bits 26:25, contain the Interruptible-Continuable
Instruction (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
POP, VLDM, VSTM, VPUSH, or VPOP 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
zero.
The If-Then block contains up to four instructions following a 16-bit 1T
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™-M4 instruction set chapter in the ARM®
Cortex™-M4 Devices Generic User Guide (literature number ARM DUI
0553A) for more information.
The value of this field is only meaningful when accessing PSR or EPSR.
9:8 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
7:0 ISRNUM RO 0x00 IPSR ISR Number

This field contains the exception type number of the current Interrupt
Service Routine (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
OxOF SysTick
0x10 Interrupt Vector 0
0x11 Interrupt Vector 1
0x9A Interrupt Vector 138
See “Exception Types” on page 92 for more information.
The value of this field is only meaningful when accessing PSR or IPSR.
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Priority Mask Register (PRIMASK)

Register 18: Priority Mask Register (PRIMASK)

The PRIMASK register prevents activation of all exceptions with programmable priority. Reset,
non-maskable interrupt (NMI), and hard fault are the only exceptions with fixed priority. Exceptions
should be disabled when they might impact the timing of critical tasks. This register is only accessible
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. See the Cortex™-M4
instruction set chapter in the ARM® Cortex™-M4 Devices Generic User Guide (literature number
ARM DUI 0553A) for more information on these instructions. For more information on exception
priority levels, see “Exception Types” on page 92.

Type RW, reset 0x0000.0000

Type
Reset

Type
Reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1
reserved
1 1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1
reserved PRIMASK
1 1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RW
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:1 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
0 PRIMASK RW 0 Priority Mask

Value Description

1 Prevents the activation of all exceptions with configurable
priority.
0 No effect.

June 12, 2014

75

Texas Instruments-Production Data


http://infocenter.arm.com/help/topic/com.arm.doc.dui0553a/DUI0553A_cortex_m4_dgug.pdf

The Cortex-M4F Processor

Register 19: Fault Mask Register (FAULTMASK)

The FAULTMASK register prevents activation of all exceptions except for the Non-Maskable Interrupt
(NMI). Exceptions should be disabled when they might impact the timing of critical tasks. This register
is only accessible 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 the Cortex™-M4 instruction set chapter in the ARM® Cortex™-M4 Devices Generic
User Guide (literature number ARM DUI 05653A) for more information on these instructions. For
more information on exception priority levels, see “Exception Types” on page 92.

Fault Mask Register (FAULTMASK)
Type RW, reset 0x0000.0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1
reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1
reserved FAULTMASK
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:1 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
0 FAULTMASK RW 0 Fault Mask

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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Register 20: Base Priority Mask Register (BASEPRI)

The 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 should be disabled when they might impact the timing of
critical tasks. This register is only accessible in privileged mode. For more information on exception
priority levels, see “Exception Types” on page 92.

Base Priority Mask Register (BASEPRI)
Type RW, reset 0x0000.0000

Type
Reset

Type
Reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1
reserved
1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1
reserved BASEPRI reserved
L
RO RO RO RO RO RO RO RO RW RW RW RO RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:8 reserved RO 0x0000.00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
75 BASEPRI RwW 0x0 Base Priority
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 level 1-7 are masked.
0x2  All exceptions with priority level 2-7 are masked.
0x3  All exceptions with priority level 3-7 are masked.
0x4  All exceptions with priority level 4-7 are masked.
0x5  All exceptions with priority level 5-7 are masked.
0x6  All exceptions with priority level 6-7 are masked.
0x7  All exceptions with priority level 7 are masked.
4:0 reserved RO 0x0 Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 21: Control Register (CONTROL)

The CONTROL register controls the stack used and the privilege level for software execution when
the processor is in Thread mode, and indicates whether the FPU state is active. This register is only
accessible in privileged mode.

Handler mode always uses the 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 2-10 on page 101).
In an OS environment, threads running in Thread mode should use the process stack and the kernel
and exception handlers should use the main stack. By default, Thread mode uses the MSP. To
switch the stack pointer used in Thread mode to the PSP, either use the MSR instruction to set the
ASP bit, as detailed in the Cortex™-M4 instruction set chapter in the ARM® Cortex™-M4 Devices
Generic User Guide (literature number ARM DUI 0553A), or perform an exception return to Thread
mode with the appropriate EXC_RETURN value, as shown in Table 2-10 on page 101.

Note: When changing the stack pointer, software must use an I1SB instruction immediately after
the MSR instruction, ensuring that instructions after the 1SB execute use the new stack
pointer. See the Cortex™-M4 instruction set chapter in the ARM® Cortex™-M4 Devices
Generic User Guide (literature number ARM DUI 0553A).

Control Register (CONTROL)
Type RW, reset 0x0000.0000

Type
Reset

Type
Reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1 1 1 1 1 1
reserved
1 1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1
reserved FPCA ASP TMPL
1 1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RW RW RW
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:3 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
2 FPCA RW 0 Floating-Point Context Active

Value Description
1 Floating-point context active

0 No floating-point context active

The Cortex-M4F uses this bit to determine whether to preserve
floating-point state when processing an exception.

Important: Two bits control when FPCA can be enabled: the ASPEN
bit in the Floating-Point Context Control (FPCC)
register and the DISFPCA bit in the Auxiliary Control
(ACTLR) register.
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Bit/Field

1

Name

ASP

TMPL

Type

RwW

RwW

Reset

0

Description
Active Stack Pointer

Value Description
1 The PSP is the current stack pointer.
0 The MSP is the current stack pointer

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

Thread Mode Privilege Level

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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Register 22: Floating-Point Status Control (FPSC)

The FPSC register provides all necessary user-level control of the floating-point system.

Floating-Point Status Control (FPSC)
Type RW, reset -

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T
N z C Vv reserved AHP DN Fz RMODE reserved
1
Type RW RW RW RW RO RW RW RW RW RW RO RO RO RO RO RO
Reset - - - - 0 - - - - - 0 0 0 0 0 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
reserved IDC reserved IXC UFC OFC DzC I0C
1
Type RO RO RO RO RO RO RO RO RwW RO RO RW RW RW RW RwW
Reset 0 0 0 0 0 0 0 0 - 0 0 - - - - -
Bit/Field Name Type Reset Description
31 N RwW - Negative Condition Code Flag

Floating-point comparison operations update this condition code flag.

30 4 RW - Zero Condition Code Flag
Floating-point comparison operations update this condition code flag.

29 Cc RwW - Carry Condition Code Flag
Floating-point comparison operations update this condition code flag.

28 \% RW - Overflow Condition Code Flag
Floating-point comparison operations update this condition code flag.

27 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

26 AHP RW - Alternative Half-Precision

When set, alternative half-precision format is selected. When clear,
IEEE half-precision format is selected.

The AHP bit in the FPDSC register holds the default value for this bit.

25 DN RwW - Default NaN Mode

When set, any operation involving one or more NaNs returns the Default
NaN. When clear, NaN operands propagate through to the output of a
floating-point operation.

The DN bit in the FPDSC register holds the default value for this bit.

24 FZ RW - Flush-to-Zero Mode

When set, Flush-to-Zero mode is enabled. When clear, Flush-to-Zero
mode is disabled and the behavior of the floating-point system is fully
compliant with the IEEE 754 standard.

The FZ bit in the FPDSC register holds the default value for this bit.
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Bit/Field Name
23:22 RMODE
21:8 reserved
7 IDC
6:5 reserved
4 IXC
3 UFC
2 OFC
1 DzC
0 10C

Type

RwW

RwW

RO

RwW

RwW

RwW

RwW

RwW

Reset

0x0

0x0

Description

Rounding Mode

The specified rounding mode is used by almost all floating-point
instructions.

The RMODE bit in the FPDSC register holds the default value for this bit.

Value Description

0x0  Round to Nearest (RN) mode

0x1  Round towards Plus Infinity (RP) mode
0x2 Round towards Minus Infinity (RM) mode
0x3  Round towards Zero (RZ) mode

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Input Denormal Cumulative Exception

When set, indicates this exception has occurred since 0 was last written
to this bit.

Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

Inexact Cumulative Exception

When set, indicates this exception has occurred since 0 was last written
to this bit.

Underflow Cumulative Exception

When set, indicates this exception has occurred since 0 was last written
to this bit.

Overflow Cumulative Exception

When set, indicates this exception has occurred since 0 was last written
to this bit.

Division by Zero Cumulative Exception

When set, indicates this exception has occurred since 0 was last written
to this bit.

Invalid Operation Cumulative Exception

When set, indicates this exception has occurred since 0 was last written
to this bit.
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2.3.5

2.3.6

24

Exceptions and Interrupts

The Cortex-M4F processor supports interrupts and system exceptions. The processor and the
Nested Vectored Interrupt Controller (NVIC) prioritize and handle all exceptions. An exception
changes the normal flow of software control. The processor uses Handler mode to handle all
exceptions except for reset. See “Exception Entry and Return” on page 98 for more information.

The NVIC registers control interrupt handling. See “Nested Vectored Interrupt Controller
(NVIC)” on page 114 for more information.

Data Types

The Cortex-M4F 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. See
“Memory Regions, Types and Attributes” on page 84 for more information.

Memory Model

This section describes the processor memory map, the behavior of memory accesses, and the
bit-banding features. The processor has a fixed memory map that provides up to 4 GB of addressable
memory.

The memory map for the TM4C1231D5PM controller is provided in Table 2-4 on page 82. In this
manual, register addresses are given as a hexadecimal increment, relative to the module's base
address as shown in the memory map.

The regions for SRAM and peripherals include bit-band regions. Bit-banding provides atomic
operations to bit data (see “Bit-Banding” on page 87).

The processor reserves regions of the Private peripheral bus (PPB) address range for core peripheral
registers (see “Cortex-M4 Peripherals” on page 112).

Note: Within the memory map, attempts to read or write addresses in reserved spaces result in
a bus fault. In addition, attempts to write addresses in the flash range also result in a bus
fault.

Table 2-4. Memory Map

Start End Description For details,
see page ...
Memory
0x0000.0000 0x0000.FFFF On-chip Flash 504
0x0001.0000 Ox1FFF.FFFF Reserved -
0x2000.0000 0x2000.5FFF Bit-banded on-chip SRAM 490
0x2000.6000 0x21FF.FFFF Reserved -
0x2200.0000 0x220B.FFFF Bit-band alias of bit-banded on-chip SRAM starting at 490
0x2000.0000
0x220C.0000 Ox3FFF.FFFF Reserved -
Peripherals
0x4000.0000 0x4000.0FFF Watchdog timer 0 740
0x4000.1000 0x4000.1FFF Watchdog timer 1 740
0x4000.2000 0x4000.3FFF Reserved -
0x4000.4000 0x4000.4FFF GPIO Port A 622
0x4000.5000 0x4000.5FFF GPIO Port B 622
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Table 2-4. Memory Map (continued)

Start End Description For details,
see page ...
0x4000.6000 0x4000.6FFF GPIO Port C 622
0x4000.7000 0x4000.7FFF GPIO Port D 622
0x4000.8000 0x4000.8FFF SSI0 928
0x4000.9000 0x4000.9FFF SSI1 928
0x4000.A000 0x4000.AFFF SSI2 928
0x4000.B000 0x4000.BFFF SSI3 928
0x4000.C000 0x4000.CFFF UARTO 864
0x4000.D000 0x4000.DFFF UART1 864
0x4000.E000 0x4000.EFFF UART2 864
0x4000.FO00 0x4000.FFFF UART3 864
0x4001.0000 0x4001.0FFF UART4 864
0x4001.1000 0x4001.1FFF UART5 864
0x4001.2000 0x4001.2FFF UART6 864
0x4001.3000 0x4001.3FFF UART7 864
0x4001.4000 0x4001.FFFF Reserved -
Peripherals
0x4002.0000 0x4002.0FFF 1’C 0 978
0x4002.1000 0x4002.1FFF 1’C 1 978
0x4002.2000 0x4002.2FFF 1’C 2 978
0x4002.3000 0x4002.3FFF 1’c 3 978
0x4002.4000 0x4002.4FFF GPIO Port E 622
0x4002.5000 0x4002.5FFF GPIO Port F 622
0x4002.6000 0x4002.FFFF Reserved -
0x4003.0000 0x4003.0FFF 16/32-bit Timer 0 689
0x4003.1000 0x4003.1FFF 16/32-bit Timer 1 689
0x4003.2000 0x4003.2FFF 16/32-bit Timer 2 689
0x4003.3000 0x4003.3FFF 16/32-bit Timer 3 689
0x4003.4000 0x4003.4FFF 16/32-bit Timer 4 689
0x4003.5000 0x4003.5FFF 16/32-bit Timer 5 689
0x4003.6000 0x4003.6FFF 32/64-bit Timer 0 689
0x4003.7000 0x4003.7FFF 32/64-bit Timer 1 689
0x4003.8000 0x4003.8FFF ADCO 782
0x4003.9000 0x4003.9FFF ADCA1 782
0x4003.A000 0x4003.BFFF Reserved -
0x4003.C000 0x4003.CFFF Analog Comparators 1064
0x4003.D000 0x4003.FFFF Reserved -
0x4004.0000 0x4004.0FFF CANO Controller 1028
0x4004.1000 0x4004.BFFF Reserved -
0x4004.C000 0x4004.CFFF 32/64-bit Timer 2 689
0x4004.D000 0x4004.DFFF 32/64-bit Timer 3 689
0x4004.E000 0x4004.EFFF 32/64-bit Timer 4 689
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Table 2-4. Memory Map (continued)

Start End Description For details,
see page ...
0x4004.FO00 0x4004.FFFF 32/64-bit Timer 5 689
0x4005.0000 0x4005.7FFF Reserved -
0x4005.8000 0x4005.8FFF GPIO Port A (AHB aperture) 622
0x4005.9000 0x4005.9FFF GPIO Port B (AHB aperture) 622
0x4005.A000 0x4005.AFFF GPIO Port C (AHB aperture) 622
0x4005.B000 0x4005.BFFF GPIO Port D (AHB aperture) 622
0x4005.C000 0x4005.CFFF GPIO Port E (AHB aperture) 622
0x4005.D000 0x4005.DFFF GPIO Port F (AHB aperture) 622
0x4005.E000 0x400A.EFFF Reserved -
0x400A.F000 0x400A.FFFF EEPROM and Key Locker 504
0x400B.0000 0x400F.8FFF Reserved -
0x400F.9000 0x400F.9FFF System Exception Module 450
0x400F.A000 0x400F.BFFF Reserved -
0x400F.C000 0x400F.CFFF Hibernation Module 470
0x400F.D0O00 0x400F.DFFF Flash memory control 504
0x400F.E000 0x400F.EFFF System control 220
0x400F.F000 0x400F.FFFF uDMA 570
0x4010.0000 0x41FF.FFFF Reserved -
0x4200.0000 0x43FF.FFFF Bit-banded alias of 0x4000.0000 through 0x400F.FFFF -
0x4400.0000 OxDFFF.FFFF Reserved -
Private Peripheral Bus
0xE000.0000 0xE000.0FFF Instrumentation Trace Macrocell (ITM) 61
0xE000.1000 0xE000.1FFF Data Watchpoint and Trace (DWT) 61
0xE000.2000 0xE000.2FFF Flash Patch and Breakpoint (FPB) 61

0xE000.3000

O0xEO000.DFFF

Reserved

0xE000.E000

O0xE000.EFFF

Cortex-M4F Peripherals (SysTick, NVIC, MPU, FPU and SCB)

124

0xE000.F000

OxEO03.FFFF

Reserved

0xE004.0000

0xE004.0FFF

Trace Port Interface Unit (TPIU)

62

0xE004.1000

0xE004.1FFF

Embedded Trace Macrocell (ETM)

61

0xE004.2000

OXFFFF.FFFF

Reserved

241 Memory Regions, Types and Attributes

The memory map and the programming of the MPU split the memory map into regions. Each region
has a defined memory type, and some regions have additional memory attributes. The memory
type and attributes determine the behavior of accesses to the region.

The memory types are:

m Normal: The processor can re-order transactions for efficiency and perform speculative reads.

m Device: The processor preserves transaction order relative to other transactions to Device or

Strongly Ordered memory.

m Strongly Ordered: The processor preserves transaction order relative to all other transactions.

84

June 12, 2014

Texas Instruments-Production Data



Tiva™ TM4C1231D5PM Microcontroller

2.4.2

243

The different ordering requirements for Device and Strongly Ordered memory mean that the memory
system can buffer a write to Device memory but must not buffer a write to Strongly Ordered memory.

An additional memory attribute is Execute Never (XN), which means the processor prevents
instruction accesses. A fault exception is generated only on execution of an instruction executed
from an XN region.

Memory System Ordering of Memory Accesses

For most memory accesses caused by explicit memory access instructions, the memory system
does not guarantee that the order in which the accesses complete matches the program order of
the instructions, providing the order does not affect the behavior of the instruction sequence. Normally,
if correct program execution depends on two memory accesses completing in program order,
software must insert a memory barrier instruction between the memory access instructions (see
“Software Ordering of Memory Accesses” on page 86).

However, the memory system does guarantee ordering of accesses to Device and Strongly Ordered
memory. For two memory access instructions A1 and A2, if both A1 and A2 are accesses to either
Device or Strongly Ordered memory, and if A1 occurs before A2 in program order, A1 is always
observed before A2.

Behavior of Memory Accesses

Table 2-5 on page 85 shows the behavior of accesses to each region in the memory map. See
“Memory Regions, Types and Attributes” on page 84 for more information on memory types and
the XN attribute. Tiva™ C Series devices may have reserved memory areas within the address
ranges shown below (refer to Table 2-4 on page 82 for more information).

Table 2-5. Memory Access Behavior

Address Range Memory Region |Memory Type |[Execute |Description
Never
(XN)

0x0000.0000 - Ox1FFF.FFFF |Code Normal - This executable region is for program code.
Data can also be stored here.

0x2000.0000 - Ox3FFF.FFFF |SRAM Normal - This executable region is for data. Code
can also be stored here. This region
includes bit band and bit band alias areas
(see Table 2-6 on page 87).

0x4000.0000 - Ox5FFF.FFFF |Peripheral Device XN This region includes bit band and bit band
alias areas (see Table 2-7 on page 87).

0x6000.0000 - OX9FFF.FFFF |External RAM Normal - This executable region is for data.
0xA000.0000 - 0OxDFFF.FFFF | External device Device XN This region is for external device memory.

0xE000.0000- OXEOOF.FFFF |Private peripheral |Strongly XN This region includes the NVIC, system
bus Ordered timer, and system control block.

0xE010.0000- OxFFFF.FFFF |Reserved - - -

The Code, SRAM, and external RAM regions can hold programs. However, it is recommended that
programs always use the Code region because the Cortex-M4F has separate buses that can perform
instruction fetches and data accesses simultaneously.

The MPU can override the default memory access behavior described in this section. For more
information, see “Memory Protection Unit (MPU)” on page 115.

The Cortex-M4F prefetches instructions ahead of execution and speculatively prefetches from
branch target addresses.
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24.4

Software Ordering of Memory Accesses

The order of instructions in the program flow does not always guarantee the order of the
corresponding memory transactions for the following reasons:

m The processor can reorder some memory accesses to improve efficiency, providing this does
not affect the behavior of the instruction sequence.

m The processor has multiple bus interfaces.
m  Memory or devices in the memory map have different wait states.
m Some memory accesses are buffered or speculative.

“Memory System Ordering of Memory Accesses” on page 85 describes the cases where the memory
system guarantees the order of memory accesses. Otherwise, if the order of memory accesses is
critical, software must include memory barrier instructions to force that ordering. The Cortex-M4F
has the following memory barrier instructions:

m The Data Memory Barrier (DMB) instruction ensures that outstanding memory transactions
complete before subsequent memory transactions.

m The Data Synchronization Barrier (DSB) instruction ensures that outstanding memory transactions
complete before subsequent instructions execute.

m The Instruction Synchronization Barrier (1SB) instruction ensures that the effect of all completed
memory transactions is recognizable by subsequent instructions.

Memory barrier instructions can be used in the following situations:
m MPU programming

— Ifthe MPU settings are changed and the change must be effective on the very next instruction,
use a DSB instruction to ensure the effect of the MPU takes place immediately at the end of
context switching.

— Use an ISB instruction to ensure the new MPU setting takes effect immediately after
programming the MPU region or regions, if the MPU configuration code was accessed using
a branch or call. If the MPU configuration code is entered using exception mechanisms, then
an ISB instruction is not required.

m Vector table

If the program changes an entry in the vector table and then enables the corresponding exception,
use a DMB instruction between the operations. The DMB instruction ensures that if the exception
is taken immediately after being enabled, the processor uses the new exception vector.

m Self-modifying code

If a program contains self-modifying code, use an 1SB instruction immediately after the code
modification in the program. The 1SB instruction ensures subsequent instruction execution uses
the updated program.

m  Memory map switching
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If the system contains a memory map switching mechanism, use a DSB instruction after switching
the memory map in the program. The DSB instruction ensures subsequent instruction execution
uses the updated memory map.

m Dynamic exception priority change

When an exception priority has to change when the exception is pending or active, use DSB
instructions after the change. The change then takes effect on completion of the DSB instruction.

Memory accesses to Strongly Ordered memory, such as the System Control Block, do not require
the use of DMB instructions.

For more information on the memory barrier instructions, see the Cortex™-M4 instruction set chapter
in the ARM® Cortex™-M4 Devices Generic User Guide (literature number ARM DUI 0553A).

245 Bit-Banding

A bit-band region maps each word in a bit-band alias region to a single bit in the bit-band region.
The bit-band regions occupy the lowest 1 MB of the SRAM and peripheral memory regions. Accesses
to the 32-MB SRAM alias region map to the 1-MB SRAM bit-band region, as shown in Table

2-6 on page 87. Accesses to the 32-MB peripheral alias region map to the 1-MB peripheral bit-band
region, as shown in Table 2-7 on page 87. For the specific address range of the bit-band regions,
see Table 2-4 on page 82.

Note: A word access to the SRAM or the peripheral bit-band alias region maps to a single bit in
the SRAM or peripheral bit-band region.

A word access to a bit band address results in a word access to the underlying memory,
and similarly for halfword and byte accesses. This allows bit band accesses to match the
access requirements of the underlying peripheral.

Table 2-6. SRAM Memory Bit-Banding Regions

Address Range
Start End

0x2000.0000 0x2000.5FFF SRAM bit-band region | Direct accesses to this memory range behave as SRAM
memory accesses, but this region is also bit addressable
through bit-band alias.

0x2200.0000 0x220B.FFFF SRAM bit-band alias |Data accesses to this region are remapped to bit band
region. A write operation is performed as
read-modify-write. Instruction accesses are not remapped.

Memory Region Instruction and Data Accesses

Table 2-7. Peripheral Memory Bit-Banding Regions

Address Range
Memory Region Instruction and Data Accesses
Start End
0x4000.0000 0x400F.FFFF Peripheral bit-band Direct accesses to this memory range behave as
region peripheral memory accesses, but this region is also bit
addressable through bit-band alias.
0x4200.0000 0x43FF.FFFF Peripheral bit-band alias | Data accesses to this region are remapped to bit band
region. A write operation is performed as
read-modify-write. Instruction accesses are not permitted.

The following formula shows how the alias region maps onto the bit-band region:

bit word offset = (byte_offset x 32) + (bit _number x 4)
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bit word _addr = bit_band base + bit word offset
where:

bit_word_offset
The position of the target bit in the bit-band memory region.

bit word_addr
The address of the word in the alias memory region that maps to the targeted bit.

bit_band_base
The starting address of the alias region.

byte offset
The number of the byte in the bit-band region that contains the targeted bit.

bit_number
The bit position, 0-7, of the targeted bit.

Figure 2-4 on page 89 shows examples of bit-band mapping between the SRAM bit-band alias
region and the SRAM bit-band region:

m The alias word at 0x23FF.FFEO maps to bit O of the bit-band byte at 0Ox200F.FFFF:

Ox23FF.FFEO = 0x2200.0000 + (OxOOOF.FFFF*32) + (0*4)

m The alias word at 0x23FF.FFFC maps to bit 7 of the bit-band byte at 0x200F.FFFF:

Ox23FF.FFFC = 0x2200.0000 + (OxO00F.FFFF*32) + (7*4)

m The alias word at 0x2200.0000 maps to bit O of the bit-band byte at 0x2000.0000:

0x2200.0000 = 0x2200.0000 + (0*32) + (0*4)

m The alias word at 0x2200.001C maps to bit 7 of the bit-band byte at 0x2000.0000:

0x2200.001C = 0x2200.0000+ (0*32) + (7*4)
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Figure 2-4. Bit-Band Mapping

32-MB Alias Region

| oxesFrFFFC | ox2aFFFFFs | 0x23FF.FFF4 | 0x23FF.FFFO | Ox23FF.FFEC | 0x23FF.FFES | 0x23FF.FFE4 | 0x23FF.FFEO |
/ | 0x2200.001C | 0x2200.0018 | 0x2200.0014 | 0x2200.0010 | 0x2200.0! 0x2200.0008 | 0x2200.0004 | 0x2200.0000 |
K 1-MB SRAM Bit-Band Region \
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0x200F FFFF 0x200F.FFFE ] 0x200F.FFFD 0x200F.FFFC
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| | | | | | | | | | | |
0x2000.0003 0x2000.0002 0x2000.0001 0x2000.0000
| | | | | | | | | | | |

24.51 Directly Accessing an Alias Region
Writing to a word in the alias region updates a single bit in the bit-band region.

Bit 0 of the value written to a word in the alias region determines the value written to the targeted
bit in the bit-band region. Writing a value with bit 0 set writes a 1 to the bit-band bit, and writing a
value with bit O clear writes a 0 to the bit-band bit.

Bits 31:1 of the alias word have no effect on the bit-band bit. Writing 0x01 has the same effect as
writing OxFF. Writing 0x00 has the same effect as writing OxOE.

When reading a word in the alias region, 0x0000.0000 indicates that the targeted bit in the bit-band
region is clear and 0x0000.0001 indicates that the targeted bit in the bit-band region is set.

2452 Directly Accessing a Bit-Band Region

“Behavior of Memory Accesses” on page 85 describes the behavior of direct byte, halfword, or word
accesses to the bit-band regions.

246 Data Storage

The processor views memory as a linear collection of bytes numbered in ascending order from zero.
For example, bytes 0-3 hold the first stored word, and bytes 4-7 hold the second stored word. Data
is stored in little-endian format, with the least-significant byte (Isbyte) of a word stored at the
lowest-numbered byte, and the most-significant byte (msbyte) stored at the highest-numbered byte.
Figure 2-5 on page 90 illustrates how data is stored.
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Figure 2-5. Data Storage

Memory Register
7 0
31 2423 1615 87 0
Address A| BO |lIsbyte | B3 | B2 | B1 | BO |
A+1 B1
A+2| B2

A+3 B3 msbyte

247 Synchronization Primitives

The Cortex-M4F instruction set includes pairs of synchronization primitives which provide a

non-blocking mechanism that a thread or process can use to obtain exclusive access to a memory

location. Software can use these primitives to perform a guaranteed read-modify-write memory
update sequence or for a semaphore mechanism.

A pair of synchronization primitives consists of:

m A Load-Exclusive instruction, which is used to read the value of a memory location and requests
exclusive access to that location.

m A Store-Exclusive instruction, which is used to attempt to write to the same memory location and
returns a status bit to a register. If this status bit is clear, it indicates that the thread or process
gained exclusive access to the memory and the write succeeds; if this status bit is set, it indicates
that the thread or process did not gain exclusive access to the memory and no write was
performed.

The pairs of Load-Exclusive and Store-Exclusive instructions are:

m The word instructions LDREX and STREX

m The halfword instructions LDREXH and STREXH

m The byte instructions LDREXB and STREXB

Software must use a Load-Exclusive instruction with the corresponding Store-Exclusive instruction.

To perform an exclusive read-modify-write of a memory location, software must:

1. Use a Load-Exclusive instruction to read the value of the location.

2. Modify the value, as required.

3. Use a Store-Exclusive instruction to attempt to write the new value back to the memory location.

4. Test the returned status bit.

If the status bit is clear, the read-modify-write completed successfully. If the status bit is set, no
write was performed, which indicates that the value returned at step 1 might be out of date. The
software must retry the entire read-modify-write sequence.

Software can use the synchronization primitives to implement a semaphore as follows:
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2.5

1. Use a Load-Exclusive instruction to read from the semaphore address to check whether the
semaphore is free.

2. |If the semaphore is free, use a Store-Exclusive to write the claim value to the semaphore
address.

3. If the returned status bit from step 2 indicates that the Store-Exclusive succeeded, then the
software has claimed the semaphore. However, if the Store-Exclusive failed, another process
might have claimed the semaphore after the software performed step 1.

The Cortex-M4F includes an exclusive access monitor that tags the fact that the processor has
executed a Load-Exclusive instruction. The processor removes its exclusive access tag if:

m |t executes a CLREX instruction.
m |t executes a Store-Exclusive instruction, regardless of whether the write succeeds.

m An exception occurs, which means the processor can resolve semaphore conflicts between
different threads.

For more information about the synchronization primitive instructions, see the Cortex™-M4 instruction
set chapter in the ARM® Cortex™-M4 Devices Generic User Guide (literature number ARM DUI
0553A).

Exception Model

The ARM Cortex-M4F processor and the Nested Vectored Interrupt Controller (NVIC) 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 vector is fetched in parallel to the state saving, enabling efficient interrupt entry. The
processor supports tail-chaining, which enables back-to-back interrupts to be performed without the
overhead of state saving and restoration.

Table 2-8 on page 93 lists all exception types. Software can set eight priority levels on seven of
these exceptions (system handlers) as well as on 64 interrupts (listed in Table 2-9 on page 94).

Priorities on the system handlers are set with the NVIC System Handler Priority n (SYSPRIn)
registers. Interrupts are enabled through the NVIC Interrupt Set Enable n (ENn) register and
prioritized with the NVIC Interrupt Priority n (PRIn) registers. Priorities can be grouped by splitting
priority levels into preemption priorities and subpriorities. All the interrupt registers are described in
“Nested Vectored Interrupt Controller (NVIC)” on page 114.

Internally, the highest user-programmable priority (0) is treated as fourth priority, after a Reset,
Non-Maskable Interrupt (NMI), and a Hard Fault, in that order. Note that 0 is the default priority for
all the programmabile priorities.

Important: After a write to clear an interrupt source, it may take several processor cycles for the
NVIC to see the interrupt source deassert. Thus if the interrupt clear is done as the last
action in an interrupt handler, it is possible for the interrupt handler to complete while
the NVIC sees the interrupt as still asserted, causing the interrupt handler to be
re-entered errantly. This situation can be avoided by either clearing the interrupt source
at the beginning of the interrupt handler or by performing a read or write after the write
to clear the interrupt source (and flush the write buffer).

See “Nested Vectored Interrupt Controller (NVIC)” on page 114 for more information on exceptions
and interrupts.
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2.51

2.5.2

Exception States

Each exception is in one of the following states:

Inactive. The exception is not active and not pending.

Pending. The exception is waiting to be serviced by the processor. An interrupt request from a
peripheral or from software can change the state of the corresponding interrupt to pending.

Active. An exception that is being serviced by the processor but has not completed.

Note: An exception handler can interrupt the execution of another exception handler. In this
case, both exceptions are in the active state.

Active and Pending. The exception is being serviced by the processor, and there is a pending
exception from the same source.

Exception Types

The exception types are:

Reset. Reset is invoked on power up or a warm reset. The exception model treats reset as a
special form of exception. When reset is asserted, the operation of the processor stops, potentially
at any point in an instruction. When reset is deasserted, execution restarts from the address
provided by the reset entry in the vector table. Execution restarts as privileged execution in
Thread mode.

NMI. A non-maskable Interrupt (NMI) can be signaled using the NMI signal or triggered by
software using the Interrupt Control and State (INTCTRL) register. This exception has the
highest priority other than reset. NMI is permanently enabled and has a fixed priority of -2. NMIs
cannot be masked or prevented from activation by any other exception or preempted by any
exception other than reset.

Hard Fault. A hard fault is an exception that occurs because of an error during exception
processing, or because an exception cannot be managed by any other exception mechanism.
Hard faults have a fixed priority of -1, meaning they have higher priority than any exception with
configurable priority.

Memory Management Fault. A memory management fault is an exception that occurs because
of a memory protection related fault, including access violation and no match. The MPU or the
fixed memory protection constraints determine this fault, for both instruction and data memory
transactions. This fault is used to abort instruction accesses to Execute Never (XN) memory
regions, even if the MPU is disabled.

Bus Fault. A bus fault is an exception that occurs because of a memory-related fault for an
instruction or data memory transaction such as a prefetch fault or a memory access fault. This
fault can be enabled or disabled.

Usage Fault. A usage fault is an exception that occurs because of a fault related to instruction
execution, such as:

— An undefined instruction
— Anillegal unaligned access

— Invalid state on instruction execution
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— An error on exception return
An unaligned address on a word or halfword memory access or division by zero can cause a
usage fault when the core is properly configured.

SVCall. A supervisor call (SVC) is an exception that is triggered by the SVC instruction. In an
OS environment, applications can use SVC instructions to access OS kernel functions and device
drivers.

Debug Monitor. This exception is caused by the debug monitor (when not halting). This exception
is only active when enabled. This exception does not activate if it is a lower priority than the
current activation.

PendSV. PendSV is a pendable, interrupt-driven request for system-level service. In an OS
environment, use PendSV for context switching when no other exception is active. PendSV is
triggered using the Interrupt Control and State (INTCTRL) register.

SysTick. A SysTick exception is an exception that the system timer generates when it reaches
zero when it is enabled to generate an interrupt. Software can also generate a SysTick exception
using the Interrupt Control and State (INTCTRL) register. In an OS environment, the processor
can use this exception as system tick.

Interrupt (IRQ). An interrupt, or IRQ, is an exception signaled by a peripheral or generated by
a software request and fed through the NVIC (prioritized). All interrupts are asynchronous to
instruction execution. In the system, peripherals use interrupts to communicate with the processor.
Table 2-9 on page 94 lists the interrupts on the TM4C1231D5PM controller.

For an asynchronous exception, other than reset, the processor can execute another instruction
between when the exception is triggered and when the processor enters the exception handler.

Privileged software can disable the exceptions that Table 2-8 on page 93 shows as having
configurable priority (see the SYSHNDCTRL register on page 163 and the DISO0 register on page 134).

For more information about hard faults, memory management faults, bus faults, and usage faults,
see “Fault Handling” on page 101.

Table 2-8. Exception Types

Exception Type Vector Priority® Vector Address or Activation
Number Offset’

- 0 - 0x0000.0000 Stack top is loaded from the first
entry of the vector table on reset.

Reset 1 -3 (highest) 0x0000.0004 Asynchronous

Non-Maskable Interrupt 2 -2 0x0000.0008 Asynchronous

(NMI)

Hard Fault 3 -1 0x0000.000C -

Memory Management 4 programmable® 0x0000.0010 Synchronous

Bus Fault 5 programmable® 0x0000.0014 Synchronous when precise and
asynchronous when imprecise

Usage Fault 6 programmable® 0x0000.0018 Synchronous

- 7-10 - - Reserved

SVCall 11 programmable® 0x0000.002C Synchronous

Debug Monitor 12 programmable® 0x0000.0030 Synchronous

- 13 - - Reserved
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Table 2-8. Exception Types (continued)

Exception Type Vector Priority® Vector Address or Activation
Number Offset’

PendSV 14 programmable® 0x0000.0038 Asynchronous

SysTick 15 programmable® 0x0000.003C Asynchronous

Interrupts 16 and above programmabled 0x0000.0040 and above |Asynchronous

a. 0 is the default priority for all the programmable priorities.
b. See “Vector Table” on page 96.
c. See SYSPRI1 on page 160.

d. See PRIn registers on page 142.

Table 2-9. Interrupts

Vector Number Interrupt Number (Bit| Vector Address or |Description
in Interrupt Registers) Offset
0-15 - 0x0000.0000 - Processor exceptions
0x0000.003C

16 0 0x0000.0040 GPIO Port A
17 1 0x0000.0044 GPIO Port B
18 2 0x0000.0048 GPIO Port C
19 3 0x0000.004C GPIO Port D
20 4 0x0000.0050 GPIO Port E
21 5 0x0000.0054 UARTO
22 6 0x0000.0058 UART1
23 7 0x0000.005C SSI0
24 8 0x0000.0060 12Co

25-29 9-13 - Reserved
30 14 0x0000.0078 ADCO Sequence 0
31 15 0x0000.007C ADCO Sequence 1
32 16 0x0000.0080 ADCO Sequence 2
33 17 0x0000.0084 ADCO Sequence 3
34 18 0x0000.0088 Watchdog Timers 0 and 1
35 19 0x0000.008C 16/32-Bit Timer OA
36 20 0x0000.0090 16/32-Bit Timer 0B
37 21 0x0000.0094 16/32-Bit Timer 1A
38 22 0x0000.0098 16/32-Bit Timer 1B
39 23 0x0000.009C 16/32-Bit Timer 2A
40 24 0x0000.00A0 16/32-Bit Timer 2B
41 25 0x0000.00A4 Analog Comparator 0
42 26 0x0000.00A8 Analog Comparator 1
43 27 - Reserved
44 28 0x0000.00B0 System Control
45 29 0x0000.00B4 Flash Memory Control and EEPROM Control
46 30 0x0000.00B8 GPIO Port F

47-48 31-32 - Reserved
49 33 0x0000.00C4 UART2
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Table 2-9. Interrupts (continued)

Vector Number Interrupt Number (Bit| Vector Address or |Description
in Interrupt Registers) Offset
50 34 0x0000.00C8 SSi1
51 35 0x0000.00CC 16/32-Bit Timer 3A
52 36 0x0000.00D0 16/32-Bit Timer 3B
53 37 0x0000.00D4 12C1
54 38 - Reserved
55 39 0x0000.00DC CANO
56-58 40-42 - Reserved
59 43 0x0000.00EC Hibernation Module
60-61 44-45 - Reserved
62 46 0x0000.00F8 uDMA Software
63 47 0x0000.00FC UDMA Error
64 48 0x0000.0100 ADC1 Sequence 0
65 49 0x0000.0104 ADC1 Sequence 1
66 50 0x0000.0108 ADC1 Sequence 2
67 51 0x0000.010C ADC1 Sequence 3
68-72 52-56 - Reserved
73 57 0x0000.0124 SSI2
74 58 0x0000.0128 SSI3
75 59 0x0000.012C UART3
76 60 0x0000.0130 UART4
77 61 0x0000.0134 UART5
78 62 0x0000.0138 UART6
79 63 0x0000.013C UART7
80-83 64-67 0x0000.0140 - Reserved
0x0000.014C
84 68 0x0000.0150 12c2
85 69 0x0000.0154 1°c3
86 70 0x0000.0158 16/32-Bit Timer 4A
87 71 0x0000.015C 16/32-Bit Timer 4B
88-107 72-91 0x0000.0160 - Reserved
0x0000.01AC
108 92 0x0000.01B0 16/32-Bit Timer 5A
109 93 0x0000.01B4 16/32-Bit Timer 5B
110 94 0x0000.01B8 32/64-Bit Timer 0A
111 95 0x0000.01BC 32/64-Bit Timer 0B
112 96 0x0000.01C0O 32/64-Bit Timer 1A
113 97 0x0000.01C4 32/64-Bit Timer 1B
114 98 0x0000.01C8 32/64-Bit Timer 2A
115 99 0x0000.01CC 32/64-Bit Timer 2B
116 100 0x0000.01D0 32/64-Bit Timer 3A
117 101 0x0000.01D4 32/64-Bit Timer 3B
118 102 0x0000.01D8 32/64-Bit Timer 4A
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2.5.3

2.5.4

Table 2-9. Interrupts (continued)

Vector Number Interrupt Number (Bit| Vector Address or |Description
in Interrupt Registers) Offset
119 103 0x0000.01DC 32/64-Bit Timer 4B
120 104 0x0000.01E0 32/64-Bit Timer 5A
121 105 0x0000.01E4 32/64-Bit Timer 5B
122 106 0x0000.01E8 System Exception (imprecise)
123-154 107-138 - Reserved

Exception Handlers

The processor handles exceptions using:

m Interrupt Service Routines (ISRs). Interrupts (IRQx) are the exceptions handled by ISRs.

m Fault Handlers. Hard fault, memory management fault, usage fault, and bus fault are fault
exceptions handled by the fault handlers.

m System Handlers. NMI, PendSV, SVCall, SysTick, and the fault exceptions are all system
exceptions that are handled by system handlers.

Vector Table

The vector table contains the reset value of the stack pointer and the start addresses, also called
exception vectors, for all exception handlers. The vector table is constructed using the vector address
or offset shown in Table 2-8 on page 93. Figure 2-6 on page 97 shows the order of the exception
vectors in the vector table. The least-significant bit of each vector must be 1, indicating that the
exception handler is Thumb code

96

Texas Instruments-Production Data

June 12, 2014



Tiva™ TM4C1231D5PM Microcontroller

2.5.5

Figure 2-6. Vector Table

Exception number IRQ number Offset Vector
154 138 IRQ131
0x0268
0x004C
18 2 IRQ2
0x0048
17 1 IRQ1
0x0044
16 0 IRQO
0x0040 -
15 -1 Systick
0x003C
14 -2 PendSV
0x0038
13 Reserved
12 Reserved for Debug
11 -5 SVCall
0x002C
10
9
Reserved
8
7
6 -10 Usage fault
0x0018
5 -11 Bus fault
0x0014
4 -12 Memory management fault
0x0010
3 -13 Hard fault
0x000C
2 -14 NMI
0x0008
1 Reset
0x0004
Initial SP value

0x0000

On system reset, the vector table is fixed at address 0x0000.0000. Privileged software can write to
the Vector Table Offset (VTABLE) register to relocate the vector table start address to a different
memory location, in the range 0x0000.0400 to Ox3FFF.FCOO (see “Vector Table” on page 96). Note
that when configuring the VTABLE register, the offset must be aligned on a 1024-byte boundary.

Exception Priorities

As Table 2-8 on page 93 shows, all exceptions have an associated priority, with a lower priority
value indicating a higher priority and configurable priorities for all exceptions except Reset, Hard
fault, and NMI. If software does not configure any priorities, then all exceptions with a configurable
priority have a priority of 0. For information about configuring exception priorities, see page 160 and
page 142.

Note: Configurable priority values for the Tiva™ C Series implementation are in the range 0-7.
This means that the Reset, Hard fault, and NMI exceptions, with fixed negative priority
values, always have higher priority than any other exception.

For example, assigning a higher priority value to IRQ[0] and a lower priority value to IRQ[1] means
that IRQ[1] has higher priority than IRQ[O]. If both IRQ[1] and IRQ[0] are asserted, IRQ[1] is processed
before IRQ[O].
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2.5.6

2.5.7

If multiple pending exceptions have the same priority, the pending exception with the lowest exception
number takes precedence. For example, if both IRQ[0] and IRQ[1] are pending and have the same
priority, then IRQ[O0] is processed before IRQ[1].

When the processor is executing an exception handler, the exception handler is preempted if a
higher priority exception occurs. If an exception occurs with the same priority as the exception being
handled, the handler is not preempted, irrespective of the exception number. However, the status
of the new interrupt changes to pending.

Interrupt Priority Grouping

To increase priority control in systems with interrupts, the NVIC supports priority grouping. This
grouping divides each interrupt priority register entry into two fields:

m An upper field that defines the group priority
m A lower field that defines a subpriority within the group

Only the group priority determines preemption of interrupt exceptions. When the processor is
executing an interrupt exception handler, another interrupt with the same group priority as the
interrupt being handled does not preempt the handler.

If multiple pending interrupts have the same group priority, the subpriority field determines the order
in which they are processed. If multiple pending interrupts have the same group priority and
subpriority, the interrupt with the lowest IRQ number is processed first.

For information about splitting the interrupt priority fields into group priority and subpriority, see
page 154.

Exception Entry and Return

Descriptions of exception handling use the following terms:

m Preemption. When the processor is executing an exception handler, an exception can preempt
the exception handler if its priority is higher than the priority of the exception being handled. See
“Interrupt Priority Grouping” on page 98 for more information about preemption by an interrupt.
When one exception preempts another, the exceptions are called nested exceptions. See
“Exception Entry” on page 99 more information.

m Return. Return occurs when the exception handler is completed, and there is no pending
exception with sufficient priority to be serviced and the completed exception handler was not
handling a late-arriving exception. The processor pops the stack and restores the processor
state to the state it had before the interrupt occurred. See “Exception Return” on page 100 for
more information.

m Tail-Chaining. This mechanism speeds up exception servicing. On completion of an exception
handler, if there is a pending exception that meets the requirements for exception entry, the
stack pop is skipped and control transfers to the new exception handler.

m Late-Arriving. This mechanism speeds up preemption. If a higher priority exception occurs
during state saving for a previous exception, the processor switches to handle the higher priority
exception and initiates the vector fetch for that exception. State saving is not affected by late
arrival because the state saved is the same for both exceptions. Therefore, the state saving
continues uninterrupted. The processor can accept a late arriving exception until the first instruction
of the exception handler of the original exception enters the execute stage of the processor. On
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2.5.71

return from the exception handler of the late-arriving exception, the normal tail-chaining rules
apply.

Exception Entry

Exception entry occurs when there is a pending exception with sufficient priority and either the
processor is in Thread mode or the new exception is of higher priority than the exception being
handled, in which case the new exception preempts the original exception.

When one exception preempts another, the exceptions are nested.

Sufficient priority means the exception has more priority than any limits set by the mask registers
(see PRIMASK on page 75, FAULTMASK on page 76, and BASEPRI on page 77). An exception
with less priority than this is pending but is not handled by the processor.

When the processor takes an exception, unless the exception is a tail-chained or a late-arriving
exception, the processor pushes information onto the current stack. This operation is referred to as
stacking and the structure of eight data words is referred to as stack frame.

When using floating-point routines, the Cortex-M4F processor automatically stacks the architected
floating-point state on exception entry. Figure 2-7 on page 100 shows the Cortex-M4F stack frame
layout when floating-point state is preserved on the stack as the result of an interrupt or an exception.

Note: Where stack space for floating-point state is not allocated, the stack frame is the same as
that of ARMv7-M implementations without an FPU. Figure 2-7 on page 100 shows this stack
frame also.
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Figure 2-7. Exception Stack Frame
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Immediately after stacking, the stack pointer indicates the lowest address in the stack frame.

The stack frame includes the return address, which is the address of the next instruction in the
interrupted program. This value is restored to the PC at exception return so that the interrupted
program resumes.

In parallel with the stacking operation, the processor performs a vector fetch that reads the exception
handler start address from the vector table. When stacking is complete, the processor starts executing
the exception handler. At the same time, the processor writes an EXC_RETURN value to the LR,
indicating which stack pointer corresponds to the stack frame and what operation mode the processor
was in before the entry occurred.

If no higher-priority exception occurs during exception entry, the processor starts executing the
exception handler and automatically changes the status of the corresponding pending interrupt to
active.

If another higher-priority exception occurs during exception entry, known as late arrival, the processor
starts executing the exception handler for this exception and does not change the pending status
of the earlier exception.

25.7.2 Exception Return
Exception return occurs when the processor is in Handler mode and executes one of the following
instructions to load the EXC_RETURN value into the PC:
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m  An LDM or POP instruction that loads the PC

m A BXinstruction using any register

m  An LDR instruction with the PC as the destination

EXC_RETURN is the value loaded into the LR on exception entry. The exception mechanism relies
on this value to detect when the processor has completed an exception handler. The lowest five
bits of this value provide information on the return stack and processor mode. Table 2-10 on page 101

shows the EXC_RETURN values with a description of the exception return behavior.

EXC_RETURN bits 31:5 are all set. When this value is loaded into the PC, it indicates to the processor
that the exception is complete, and the processor initiates the appropriate exception return sequence.

Table 2-10. Exception Return Behavior

EXC_RETURN[31:0] Description
OxFFFF.FFEO Reserved
OxFFFF.FFE1 Return to Handler mode.

Exception return uses floating-point state from MSP.
Execution uses MSP after return.

OXFFFF.FFE2 - OXFFFF.FFES

Reserved

OXFFFF.FFE9

Return to Thread mode.
Exception return uses floating-point state from MSP.
Execution uses MSP after return.

OXFFFF.FFEA - OXFFFF.FFEC

Reserved

OXFFFF.FFED

Return to Thread mode.
Exception return uses floating-point state from PSP.
Execution uses PSP after return.

OXFFFF.FFEE - OxFFFF.FFFO

Reserved

OXFFFF.FFF1

Return to Handler mode.
Exception return uses non-floating-point state from MSP.
Execution uses MSP after return.

OxFFFF.FFF2 - OXFFFF.FFF8

Reserved

OXFFFF.FFF9

Return to Thread mode.
Exception return uses non-floating-point state from MSP.
Execution uses MSP after return.

OXFFFF.FFFA - OXFFFF.FFFC

Reserved

OXFFFF.FFFD

Return to Thread mode.
Exception return uses non-floating-point state from PSP.
Execution uses PSP after return.

OXFFFF.FFFE - OXFFFF.FFFF

Reserved

2.6 Fault Handling

Faults are a subset of the exceptions (see “Exception Model” on page 91). The following conditions

generate a fault:

m A bus error on an instruction fetch or vector table load or a data access.
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m  Aninternally detected error such as an undefined instruction or an attempt to change state with
a BX instruction.

m Attempting to execute an instruction from a memory region marked as Non-Executable (XN).

= An MPU fault because of a privilege violation or an attempt to access an unmanaged region.

2.6.1 Fault Types
Table 2-11 on page 102 shows the types of fault, the handler used for the fault, the corresponding
fault status register, and the register bit that indicates the fault has occurred. See page 167 for more
information about the fault status registers.
Table 2-11. Faults
Fault Handler Fault Status Register Bit Name
Bus error on a vector read Hard fault Hard Fault Status (HFAULTSTAT) VECT
Fault escalated to a hard fault Hard fault Hard Fault Status (HFAULTSTAT) FORCED
MPU or default memory mismatch on |Memory management |Memory Management Fault Status IERR?
instruction access fault (MFAULTSTAT)
MPU or default memory mismatch on |Memory management |Memory Management Fault Status DERR
data access fault (MFAULTSTAT)
MPU or default memory mismatch on |Memory management |Memory Management Fault Status MSTKE
exception stacking fault (MFAULTSTAT)
MPU or default memory mismatch on |Memory management |Memory Management Fault Status MUSTKE
exception unstacking fault (MFAULTSTAT)
MPU or default memory mismatch Memory management |Memory Management Fault Status MLSPERR
during lazy floating-point state fault (MFAULTSTAT)
preservation
Bus error during exception stacking Bus fault Bus Fault Status (BFAULTSTAT) BSTKE
Bus error during exception unstacking |Bus fault Bus Fault Status (BFAULTSTAT) BUSTKE
Bus error during instruction prefetch  |Bus fault Bus Fault Status (BFAULTSTAT) 1BUS
Bus error during lazy floating-point state | Bus fault Bus Fault Status (BFAULTSTAT) BLSPE
preservation
Precise data bus error Bus fault Bus Fault Status (BFAULTSTAT) PRECISE
Imprecise data bus error Bus fault Bus Fault Status (BFAULTSTAT) IMPRE
Attempt to access a coprocessor Usage fault Usage Fault Status (UFAULTSTAT) NOCP
Undefined instruction Usage fault Usage Fault Status (UFAULTSTAT) UNDEF
Attempt to enter an invalid instruction |Usage fault Usage Fault Status (UFAULTSTAT) INVSTAT
set state
Invalid EXC_RETURN value Usage fault Usage Fault Status (UFAULTSTAT) INVPC
lllegal unaligned load or store Usage fault Usage Fault Status (UFAULTSTAT) UNALIGN
Divide by 0 Usage fault Usage Fault Status (UFAULTSTAT) DIVO
a. Occurs on an access to an XN region even if the MPU is disabled.
b. Attempting to use an instruction set other than the Thumb instruction set, or returning to a non load-store-multiply instruction

with 1CI continuation.

2.6.2 Fault Escalation and Hard Faults
All fault exceptions except for hard fault have configurable exception priority (see SYSPRI1 on
page 160). Software can disable execution of the handlers for these faults (see SYSHNDCTRL on
page 163).
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Usually, the exception priority, together with the values of the exception mask registers, determines
whether the processor enters the fault handler, and whether a fault handler can preempt another
fault handler as described in “Exception Model” on page 91.

In some situations, a fault with configurable priority is treated as a hard fault. This process is called
priority escalation, and the fault is described as escalated to hard fault. Escalation to hard fault
occurs when:

m A fault handler causes the same kind of fault as the one it is servicing. This escalation to hard
fault occurs because a fault handler cannot preempt itself because it must have the same priority
as the current priority level.

m A fault handler causes a fault with the same or lower priority as the fault it is servicing. This
situation happens because the handler for the new fault cannot preempt the currently executing
fault handler.

m An exception handler causes a fault for which the priority is the same as or lower than the currently
executing exception.

m A fault occurs and the handler for that fault is not enabled.

If a bus fault occurs during a stack push when entering a bus fault handler, the bus fault does not
escalate to a hard fault. Thus if a corrupted stack causes a fault, the fault handler executes even
though the stack push for the handler failed. The fault handler operates but the stack contents are
corrupted.

Note: Only Reset and NMI can preempt the fixed priority hard fault. A hard fault can preempt any
exception other than Reset, NMI, or another hard fault.

2.6.3 Fault Status Registers and Fault Address Registers
The fault status registers indicate the cause of a fault. For bus faults and memory management
faults, the fault address register indicates the address accessed by the operation that caused the
fault, as shown in Table 2-12 on page 103.
Table 2-12. Fault Status and Fault Address Registers
Handler Status Register Name Address Register Name Register Description
Hard fault Hard Fault Status (HFAULTSTAT) - page 173
Memory management |Memory Management Fault Status |Memory Management Fault |page 167
fault (MFAULTSTAT) Address (MMADDR) page 174
Bus fault Bus Fault Status (BFAULTSTAT) Bus Fault Address page 167

(FAULTADDR) page 175

Usage fault Usage Fault Status (UFAULTSTAT) |- page 167

2.6.4 Lockup
The processor enters a lockup state if a hard fault occurs when executing the NMI or hard fault
handlers. When the processor is in the lockup state, it does not execute any instructions. The
processor remains in lockup state until it is reset, an NMI occurs, or it is halted by a debugger.
Note: If the lockup state occurs from the NMI handler, a subsequent NMI does not cause the

processor to leave the lockup state.
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