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Register 9:  SSl Interrupt Clear (SSIICR), offset 0X020 .........cooiiiiiiiiiii e 365
Register 10:  SSI Peripheral Identification 4 (SSIPeriphlD4), offset OXFDO ..........cccooviiiiiiiiiiiiiee 366
Register 11:  SSI Peripheral Identification 5 (SSIPeriphID5), offset OXFD4 .........c..covviiiiiiiiiieeeie, 367
Register 12:  SSI Peripheral Identification 6 (SSIPeriphlD6), offset OXFDS8 ..............cccoiviiiiiiiiiiiieee, 368
Register 13:  SSI Peripheral Identification 7 (SSIPeriphlD7), offset OXFDC ..........cccoiiiiiiiiiieiiiieeeceiin, 369
Register 14:  SSI Peripheral Identification 0 (SSIPeriphlDO0), offset OXFEO ..........cccoiviiiiiiiiiiiieeii, 370
Register 15:  SSI Peripheral Identification 1 (SSIPeriphlD1), offset OXFE4 ...........ccooiiiiiiiiiiie, 371
Register 16:  SSI Peripheral Identification 2 (SSIPeriphlD2), offset OXFES8 ...........cccoiiiiiiiiiiiii, 372
Register 17:  SSI Peripheral Identification 3 (SSIPeriphlD3), offset OXFEC .........ccoiviiiiiiiiiiieeees 373
Register 18: SSI PrimeCell Identification 0 (SSIPCelllD0), offset OXFFO ...........ccccoviiiiiiiiiiiieeieeeen, 374
Register 19:  SSI PrimeCell Identification 1 (SSIPCelliD1), offset OXFF4 .........ccooiviiiiiiiiiiieee e 375
Register 20: SSI PrimeCell Identification 2 (SSIPCelllD2), offset OXFF8 ..., 376
Register 21:  SSI PrimeCell Identification 3 (SSIPCellID3), offset OXFFC ..........cooiiiiiiiiii, 377
ANalog COMPArAtOrsS ........ccccimmiriiiiiiisrrr s s e e e s s a s an s e e e e nen e s s nnnns 378
Register 1:  Analog Comparator Masked Interrupt Status (ACMIS), offset 0X000 .............cccevviiiieiiinnnes 383
Register 2:  Analog Comparator Raw Interrupt Status (ACRIS), offset 0x004 ............ccoeviiiiiiiiiiiiniinnnnnn. 384
Register 3:  Analog Comparator Interrupt Enable (ACINTEN), offset OX008 ..........c.ccoooiiiiiiiiiiiiiiniiinnnn. 385
Register 4:  Analog Comparator Reference Voltage Control (ACREFCTL), offset 0X010 ............c.ccenneee. 386
Register 5:  Analog Comparator Status 0 (ACSTATO0), offset OX020 ..........ccccoeviiiiiiiiiieeiiee e 387
Register 6:  Analog Comparator Status 1 (ACSTAT1), offset OX040 ........cceviviiiiiiiiiiie e, 387
Register 7:  Analog Comparator Control 0 (ACCTLO), offset 0X024 ..........cccvuiiiiiiiiiiiiie e 388
Register 8:  Analog Comparator Control 1 (ACCTL1), offset 0X044 .........ccoomiiiiiiiiiiii e 388
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Revision History

The revision history table notes changes made between the indicated revisions of the LM3S101

datas

Table 1. Revision History

heet.

Date Revision [Description
November 2011 11107 m Added module-specific pin tables to each chapter in the new Signal Description sections.

m In Timer chapter, clarified that in 16-Bit Input Edge Time Mode, the timer is capable of capturing
three types of events: rising edge, falling edge, or both.

m  In UART chapter, clarified interrupt behavior.

m In SSlchapter, corrected SSICIk in the figure "Synchronous Serial Frame Format (Single Transfer)".

m In Signal Tables chapter:
—  Corrected pin numbers in table "Connections for Unused Signals" (other pin tables were correct).

m In Electrical Characteristics chapter:
— Added parameter "Input voltage for a GPIO configured as an analog input" to the "Maximum

Ratings" table.
—  Corrected Nom values for parameters "TCK clock Low time" and "TCK clock High time" in "JTAG
Characteristics" table.
m Additional minor data sheet clarifications and corrections.
January 2011 9102 = In Application Interrupt and Reset Control (APINT) register, changed bit name from SYSRESETREQ

to SYSRESREQ.

m Added DEBUG (Debug Priority) bit field to System Handler Priority 3 (SYSPRI3) register.

m  Added missing bit MVARV to the Configurable Fault Status (FAULTSTAT) register.

m  Added "Reset Sources" table to System Control chapter.

m  Removed mention of false-start bit detection in the UART chapter. This feature is not supported.

m Added note that specific module clocks must be enabled before that module's registers can be
programmed. There must be a delay of 3 system clocks after the module clock is enabled before
any of that module's registers are accessed.

m Added specification for maximum input voltage on a non-power pin when the microcontroller is
unpowered (Vyon parameter in Maximum Ratings table).

m Additional minor data sheet clarifications and corrections.

November 17, 2011
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Revision History

Table 1. Revision History (continued)

Date Revision |Description
September 2010 7783 m  Reorganized ARM Cortex-M3 Processor Core, Memory Map and Interrupts chapters, creating two
new chapters, The Cortex-M3 Processor and Cortex-M3 Peripherals. Much additional content was
added, including all the Cortex-M3 registers.
m Changed register names to be consistent with StellarisWare® names: the Cortex-M3 Interrupt
Control and Status (ICSR) register to the Interrupt Control and State (INTCTRL) register, and
the Cortex-M3 Interrupt Set Enable (SETNA) register to the Interrupt 0-31 Set Enable (ENO)
register.
m Added clarification of instruction execution during Flash operations.
m  Modified Figure 7-2 on page 203 to clarify operation of the GPIO inputs when used as an alternate
function.
m  Added caution not to apply a Low value to PB7 when debugging; a Low value on the pin causes
the JTAG controller to be reset, resulting in a loss of JTAG communication.
m In General-Purpose Timers chapter, clarified operation of the 32-bit RTC mode.
m  Added missing table "Connections for Unused Signals" (Table 14-9 on page 402).
m In Electrical Characteristics chapter:
— Added | | g parameter (GPIO input leakage current) to Table 16-4 on page 405.
— Corrected values for t o kge parameter (SSI C k rise/fall time) in Table 16-13 on page 412.
m  Added dimensions for Tray and Tape and Reel shipping mediums.
June 2010 7393 m  Corrected base address for SRAM in architectural overview chapter.
m Clarified system clock operation, adding content to “Clock Control” on page 136.
m In Signal Tables chapter, added table "Connections for Unused Signals."
m In "Reset Characteristics" table, corrected value for supply voltage (VDD) rise time.
m Additional minor data sheet clarifications and corrections.
April 2010 7004 m Added caution note to the I2C Master Timer Period (I2CMTPR) register description and changed
field width to 7 bits.
m  Added note about RST signal routing.
m Clarified the function of the TnSTALL bit in the GPTMCTL register.
m Additional minor data sheet clarifications and corrections.

18
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Table 1. Revision History (continued)

Date Revision |Description
January 2010 6712 m In "System Control" section, clarified Debug Access Port operation after Sleep modes.
m Clarified wording on Flash memory access errors.
m  Added section on Flash interrupts.
m Clarified operation of SSI transmit FIFO.
m Made these changes to the Operating Characteristics chapter:
— Added storage temperature ratings to "Temperature Characteristics" table
— Added "ESD Absolute Maximum Ratings" table
m Made these changes to the Electrical Characteristics chapter:
— In"Flash Memory Characteristics" table, corrected Mass erase time
— Added sleep and deep-sleep wake-up times ("Sleep Modes AC Characteristics" table)
— In"Reset Characteristics" table, corrected supply voltage (VDD) rise time
October 2009 6438 m  The reset value for the DID1 register may change, depending on the package.
m  Deleted reset value for 16-bit mode from GPTMTAILR, GPTMTAMATCHR, and GPTMTAR registers
because the module resets in 32-bit mode.
m Made these changes to the Electrical Characteristics chapter:
— Removed VSIH and VSIL parameters from Operating Conditions table.
— Changed SSiI set up and hold times to be expressed in system clocks, not ns.
m  Added 48QFN and 48QFP packages.
m Additional minor data sheet clarifications and corrections.
July 2009 5953 m Clarified Power-on reset and RST pin operation; added new diagrams.
m  Added DBGbits missing from FMPRE register. This changes register reset value.
m In ADC characteristics table, changed Max value for GAl N parameter from +1 to +3 and added E|g
(Internal voltage reference error) parameter.
m  Corrected ordering numbers.
m Additional minor data sheet clarifications and corrections.
April 2009 5369 m  Added JTAG/SWD clarification (see “Communication with JTAG/SWD” on page 126).
m  Added "GPIO Module DC Characteristics" table (see Table 16-4 on page 405).
m Additional minor data sheet clarifications and corrections.
January 2009 4644 m Incorrect bit type for RELOAD bit field in SysTick Reload Value register; changed to R/W.
m Clarification added as to what happens when the SSI in slave mode is required to transmit but there
is no data in the TX FIFO.
m  Minor corrections to comparator operating mode tables.
m  Additional minor data sheet clarifications and corrections.

November 17, 2011
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Table 1. Revision History (continued)

Date Revision |Description
November 2008 4283 m  Revised High-Level Block Diagram.
m  Additional minor data sheet clarifications and corrections were made.
October 2008 4149 m Added note on clearing interrupts to the Interrupts chapter:
Note: It may take several processor cycles after a write to clear an interrupt source in order for
NVIC to see the interrupt source de-assert. This means if the interrupt clear is done as
the last action in an interrupt handler, it is possible for the interrupt handler to complete
while NVIC sees the interrupt as still asserted, causing the interrupt handler to be
re-entered errantly. This 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)
m  Bit 13 and bit 5 of the GPTM Control (GPTMCTL) register should have been marked as reserved
for Stellaris® devices without an ADC module.
m  Additional minor data sheet clarifications and corrections were made.
June 2008 2972 Started tracking revision history.
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About This Document

This data sheet provides reference information for the LM3S101 microcontroller, describing the
functional blocks of the system-on-chip (SoC) device designed around the ARM® Cortex™-M3
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 Stellaris® web site at www.ti.com/stellaris:

m Stellaris® Errata

m ARM® Cortex™-M3 Errata

m  Cortex™-M3/M4 Instruction Set Technical User's Manual

m Stellaris® Graphics Library User's Guide

m Stellaris® Peripheral Driver Library User's Guide

The following related documents are also referenced:

m ARM® Debug Interface V5 Architecture Specification

m ARM® Embedded Trace Macrocell Architecture Specification

m |EEE 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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About This Document

Documentation Conventions

This document uses the conventions shown in Table 2 on page 22.

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 56.

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:xx

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
Types

This value in the register bit diagram indicates whether software running on the controller can
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.

R/W Software can read or write this field.

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

R/wW1C 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.

R/W1S Software can read or write a 1 to this field. A write of a 0 to a R/W1S 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.

22
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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 S| GNAL and ST GNAC
below).

deassert a signal

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

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

S| GNAL Signal names are in uppercase and in the Courier font. An active High signal has no overbar. To
assert S| GNAL is to drive it High; to deassert SI GNAL 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, 0xO0FF 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.

November 17, 2011
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Architectural Overview

1.1

Architectural Overview

The Stellaris® family of microcontrollers—the first ARM® Cortex™-M3 based controllers—brings
high-performance 32-bit computing to cost-sensitive embedded microcontroller applications. These
pioneering parts deliver customers 32-bit performance at a cost equivalent to legacy 8- and 16-bit
devices, all in a package with a small footprint.

The LM3S101 microcontroller is targeted for industrial applications, including test and measurement
equipment, factory automation, HVAC and building control, motion control, medical instrumentation,
fire and security, and power/energy.

In addition, the LM3S101 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, the LM3S101 microcontroller is code-compatible
to all members of the extensive Stellaris family; providing flexibility to fit our customers' precise
needs.

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. See “Ordering and Contact

Information” on page 433 for ordering information for Stellaris family devices.

Product Features
The LM3S101 microcontroller includes the following product features:
m 32-Bit RISC Performance

— 32-bit ARM® Cortex™-M3 v7M architecture optimized for small-footprint embedded
applications

— System timer (SysTick), providing a simple, 24-bit clear-on-write, decrementing, wrap-on-zero
counter with a flexible control mechanism

— Thumb®-compatible Thumb-2-only instruction set processor core for high code density
— 20-MHz operation
— Hardware-division and single-cycle-multiplication

— Integrated Nested Vectored Interrupt Controller (NVIC) providing deterministic interrupt
handling

— 14 interrupts with eight priority levels
— Unaligned data access, enabling data to be efficiently packed into memory

— Atomic bit manipulation (bit-banding), delivering maximum memory utilization and streamlined
peripheral control

m ARM® Cortex™-M3 Processor Core

— Compact core.

24
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— Thumb-2 instruction set, delivering the high-performance expected of an ARM core in the
memory size usually associated with 8- and 16-bit devices; typically in the range of a few
kilobytes of memory for microcontroller class applications.

— Rapid application execution through Harvard architecture characterized by separate buses
for instruction and data.

— Exceptional interrupt handling, by implementing the register manipulations required for handling
an interrupt in hardware.

— Deterministic, fast interrupt processing: always 12 cycles, or just 6 cycles with tail-chaining
— Migration from the ARM7™ processor family for better performance and power efficiency.
— Full-featured debug solution

» Serial Wire JTAG Debug Port (SWJ-DP)

* Flash Patch and Breakpoint (FPB) unit for implementing breakpoints

» Data Watchpoint and Trigger (DWT) unit for implementing watchpoints, trigger resources,
and system profiling

» Instrumentation Trace Macrocell (ITM) for support of printf style debugging
» Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer

— Optimized for single-cycle flash usage

— Three sleep modes with clock gating for low power

— Single-cycle multiply instruction and hardware divide

— Atomic operations

— ARM Thumb2 mixed 16-/32-bit instruction set

1.25 DMIPS/MHz

m JTAG
— |IEEE 1149.1-1990 compatible Test Access Port (TAP) controller
— Four-bit Instruction Register (IR) chain for storing JTAG instructions
— |EEE standard instructions: BYPASS, IDCODE, SAMPLE/PRELOAD, EXTEST and INTEST
— ARM additional instructions: APACC, DPACC and ABORT
— Integrated ARM Serial Wire Debug (SWD)
m Internal Memory
— 8 KB single-cycle flash

» User-managed flash block protection on a 2-KB block basis

November 17, 2011 25
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» User-managed flash data programming
» User-defined and managed flash-protection block
— 2 KB single-cycle SRAM
m GPIOs
— 2-18 GPIOs, depending on configuration
— 5-V-tolerant in input configuration
— Fast toggle capable of a change every two clock cycles
— 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
— 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
» Slew rate control for the 8-mA drive
* Open drain enables
» Digital input enables
m General-Purpose Timers

— Two General-Purpose Timer Modules (GPTM), each of which provides two 16-bit
timers/counters. Each GPTM can be configured to operate independently:

* As a single 32-bit timer
» As one 32-bit Real-Time Clock (RTC) to event capture
» For Pulse Width Modulation (PWM)
— 32-bit Timer modes
* Programmable one-shot timer
* Programmable periodic timer

* Real-Time Clock when using an external 32.768-KHz clock as the input
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» User-enabled stalling when the controller asserts CPU Halt flag during debug
16-bit Timer modes

» General-purpose timer function with an 8-bit prescaler (for one-shot and periodic modes
only)

* Programmable one-shot timer

* Programmable periodic timer

» User-enabled stalling when the controller asserts CPU Halt flag during debug
16-bit Input Capture modes

* Input edge count capture

* Input edge time capture

16-bit PWM mode

+ Simple PWM mode with software-programmable output inversion of the PWM signal

m  ARM FiRM-compliant Watchdog Timer

32-bit down counter with a programmable load register
Separate watchdog clock with an enable

Programmable interrupt generation logic with interrupt masking
Lock register protection from runaway software

Reset generation logic with an enable/disable

User-enabled stalling when the controller asserts the CPU Halt flag during debug

m UART

Fully programmable 16C550-type UART
Separate 16x8 transmit (TX) and receive (RX) FIFOs to reduce CPU interrupt service loading
Programmable baud-rate generator allowing speeds up to 1.25 Mbps

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

November 17, 2011
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» Even, odd, stick, or no-parity bit generation/detection

» 1 or 2 stop bit generation

Synchronous Serial Interface (SSI)

Master or slave operation
Programmable clock bit rate and prescale
Separate transmit and receive FIFOs, 16 bits wide, 8 locations deep

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

Programmable data frame size from 4 to 16 bits

Internal loopback test mode for diagnostic/debug testing

Analog Comparators

Two independent integrated analog comparators

Configurable for output to drive an output pin or generate an interrupt

Compare external pin input to external pin input or to internal programmable voltage reference
Compare a test voltage against any one of these voltages

* Anindividual external reference voltage

» A shared single external reference voltage

» A shared internal reference voltage

Power

On-chip Low Drop-Out (LDO) voltage regulator, with programmable output user-adjustable
from2.25V1t02.75V

Low-power options on controller: Sleep and Deep-sleep modes
Low-power options for peripherals: software controls shutdown of individual peripherals
User-enabled LDO unregulated voltage detection and automatic reset

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

Flexible Reset Sources

Power-on reset (POR)
Reset pin assertion
Brown-out (BOR) detector alerts to system power drops

Software reset

28
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— Watchdog timer reset

— Internal low drop-out (LDO) regulator output goes unregulated

Industrial and extended temperature 28-pin RoHS-compliant SOIC package1
Industrial and extended temperature 48-pin RoHS-compliant LQFP package

Industrial and extended temperature 48-pin RoHS-compliant QFN package

1.2 Target Applications

Factory automation and control
Industrial control power devices
Building and home automation
Stepper motors

Brushless DC motors

AC induction motors

1.3 High-Level Block Diagram

Figure 1-1 on page 30 depicts the features on the Stellaris LM3S101 microcontroller.

"NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this

package in a new design.
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Figure 1-1. Stellaris LM3S101 Microcontroller High-Level Block Diagram
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1.4

141
1411

1.4.1.2

1413

1.41.4

Functional Overview

The following sections provide an overview of the features of the LM3S101 microcontroller. The
page number in parenthesis indicates where that feature is discussed in detail. Ordering and support
information can be found in “Ordering and Contact Information” on page 433.

ARM Cortex™-M3

Processor Core (see page 37)

All members of the Stellaris product family, including the LM3S101 microcontroller, are designed
around an ARM Cortex™-M3 processor core. The ARM Cortex-M3 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.

Memory Map (see page 56)

A memory map lists the location of instructions and data in memory. The memory map for the
LM3S101 controller can be found in Table 2-4 on page 56. Register addresses are given as a
hexadecimal increment, relative to the module's base address as shown in the memory map.

System Timer (SysTick) (see page 77)

Cortex-M3 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 which 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. Software can use this to measure time to completion and time used.

m Aninternal clock source control based on missing/meeting durations. The COUNTFLAG bit-field
in the control and status register can be used to determine if an action completed within a set
duration, as part of a dynamic clock management control loop.

Nested Vectored Interrupt Controller (NVIC) (see page 78)

The LM3S101 controller includes the ARM Nested Vectored Interrupt Controller (NVIC) on the
ARM® Cortex™-M3 core. The NVIC and Cortex-M3 prioritize and handle all exceptions. All exceptions
are handled 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, which enables 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. Software can set eight priority levels on 7 exceptions
(system handlers) and 14 interrupts.
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1.4.1.5 System Control Block (SCB) (see page 80)
The SCB provides system implementation information and system control, including configuration,
control, and reporting of system exceptions.
1.4.2 Motor Control Peripherals
To enhance motor control, the LM3S101 controller features Pulse Width Modulation (PWM) outputs.
14.21 PWM
Pulse width modulation (PWM) is a powerful technique for digitally encoding analog signal levels.
High-resolution counters are used to generate a square wave, and the duty cycle of the square
wave is modulated to encode an analog signal. Typical applications include switching power supplies
and motor control.
On the LM3S101, PWM motion control functionality can be achieved through:
m The motion control features of the general-purpose timers using the CCP pins
CCP Pins (see page 246)
The General-Purpose Timer Module's CCP (Capture Compare PWM) pins are software programmable
to support a simple PWM mode with a software-programmable output inversion of the PWM signal.
14.3 Analog Peripherals
For support of analog signals, the LM3S101 microcontroller offers two analog comparators.
1.4.31 Analog Comparators (see page 378)
An analog comparator is a peripheral that compares two analog voltages, and provides a logical
output that signals the comparison result.
The LM3S101 microcontroller provides two independent integrated analog comparators that can
be configured to drive an output or generate an interrupt .
A comparator can compare a test voltage against any one of these voltages:
m An individual external reference voltage
m A shared single external reference voltage
m A shared internal reference voltage
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 to cause it to start
capturing a sample sequence.
14.4 Serial Communications Peripherals
The LM3S101 controller supports both asynchronous and synchronous serial communications with:
m  One fully programmable 16C550-type UART
m One SSI module
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1.4.41 UART (see page 300)

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 LM3S101 controller includes one fully programmable 16C550-type UARTthat supports data
transfer speeds up to 1.25 Mbps. (Although similar in functionality to a 16C550 UART, it is not
register-compatible.)

Separate 16x8 transmit (TX) and receive (RX) FIFOs reduce CPU interrupt service loading. The
UART can generate individually masked interrupts from the RX, TX, modem status, and error
conditions. The module provides a single combined interrupt when any of the interrupts are asserted
and are unmasked.

1.4.4.2 SSI (see page 340)

Synchronous Serial Interface (SSI) is a four-wire bi-directional full and low-speed communications
interface.

The LM3S101 controller includes one SSI module that provides the functionality for synchronous
serial communications with peripheral devices, and can be configured to use the Freescale SPI,
MICROWIRE, or Tl synchronous serial interface frame formats. The size of the data frame is also
configurable, and can be set between 4 and 16 bits, inclusive.

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 TX and RX paths
are buffered with internal FIFOs, allowing up to eight 16-bit values to be stored independently.

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 SSI module also includes a programmabile 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.

1.4.5 System Peripherals
1.4.51 Programmable GPIOs (see page 197)

General-purpose input/output (GPIO) pins offer flexibility for a variety of connections.

The Stellaris GPIO module is comprised of three 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 2-18 programmable input/output pins.
The number of GPIOs available depends on the peripherals being used (see “Signal

Tables” on page 393 for the signals available to each GPIO pin).

The GPIO module features programmable interrupt generation as either edge-triggered or
level-sensitive on all pins, programmable control for GPIO pad configuration, and bit masking in
both read and write operations through address lines. Pins configured as digital inputs are
Schmitt-triggered.

1.4.5.2 Two Programmable Timers (see page 240)

Programmable timers can be used to count or time external events that drive the Timer input pins.
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1.4.5.3

1.4.6

1.4.6.1

1.4.6.2

1.4.7
1.4.71

The Stellaris General-Purpose Timer Module (GPTM) contains two GPTM blocks. Each 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).

When configured in 32-bit mode, a timer can run as a Real-Time Clock (RTC), one-shot timer or
periodic timer. When in 16-bit mode, a timer can run as a one-shot timer or periodic timer, and can
extend its precision by using an 8-bit prescaler. A 16-bit timer can also be configured for event
capture or Pulse Width Modulation (PWM) generation.

Watchdog Timer (see page 276)

A watchdog timer can generate an interrupt or a reset when a time-out value is reached. The
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 Stellaris Watchdog Timer module consists of a 32-bit down counter, a programmable load
register, interrupt generation logic, and a locking register.

The Watchdog Timer can be configured to generate an interrupt to the controller on its first time-out,
and to generate a reset signal on its second time-out. Once the Watchdog Timer has been configured,
the lock register can be written to prevent the timer configuration from being inadvertently altered.

Memory Peripherals
The LM3S101 controller offers both single-cycle SRAM and single-cycle Flash memory.

SRAM (see page 180)

The LM3S101 static random access memory (SRAM) controller supports 2 KB SRAM. The internal
SRAM of the Stellaris devices starts at base address 0x2000.0000 of the device memory map. To
reduce the number of time-consuming read-modify-write (RMW) operations, ARM has introduced
bit-banding technology in the new Cortex-M3 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.

Flash (see page 181)

The LM3S101 Flash controller supports 8 KB of flash memory. The flash 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 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.

Additional Features

JTAG TAP Controller (see page 120)

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 1/O pin observation and control, scan testing, and debugging.

34
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The JTAG port is composed of the standard five pins: TRST, TCK, TMS, TDI , and TDO. Data is
transmitted serially into the controller on TDI and out of the controller on TDO. The interpretation of
this data is dependent on the current state of the TAP controller. For detailed information on the
operation of the JTAG port and TAP controller, please refer to the IEEE Standard 1149.1-Test
Access Port and Boundary-Scan Architecture.

The Stellaris JTAG controller works with the ARM JTAG controller built into the Cortex-M3 core.
This is implemented by multiplexing the TDO outputs from both JTAG controllers. ARM JTAG
instructions select the ARM TDO output while Stellaris JTAG instructions select the Stellaris TDO
outputs. The multiplexer is controlled by the Stellaris JTAG controller, which has comprehensive
programming for the ARM, Stellaris, and unimplemented JTAG instructions.

1.4.7.2 System Control and Clocks (see page 131)

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

1.4.8 Hardware Details

Details on the pins and package can be found in the following sections:
m “Pin Diagram” on page 390

m “Signal Tables” on page 393

m “Operating Characteristics” on page 403

m “Electrical Characteristics” on page 404

m “Package Information” on page 435
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1.4.9 System Block Diagram

Figure 1-2. LM3S101 Controller System-Level Block Diagram
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2 The Cortex-M3 Processor

The ARM® Cortex™-M3 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:

Compact core.

Thumb-2 instruction set, delivering the high-performance expected of an ARM core in the memory
size usually associated with 8- and 16-bit devices; typically in the range of a few kilobytes of
memory for microcontroller class applications.

Rapid application execution through Harvard architecture characterized by separate buses for
instruction and data.

Exceptional interrupt handling, by implementing the register manipulations required for handling
an interrupt in hardware.

Deterministic, fast interrupt processing: always 12 cycles, or just 6 cycles with tail-chaining
Migration from the ARM7™ processor family for better performance and power efficiency.
Full-featured debug solution

— Serial Wire JTAG Debug Port (SWJ-DP)

— Flash Patch and Breakpoint (FPB) unit for implementing breakpoints

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

— Instrumentation Trace Macrocell (ITM) for support of printf style debugging
— Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer
Optimized for single-cycle flash usage

Three sleep modes with clock gating for low power

Single-cycle multiply instruction and hardware divide

Atomic operations

ARM Thumb2 mixed 16-/32-bit instruction set

1.25 DMIPS/MHz

The Stellaris® family of microcontrollers builds on this core to bring high-performance 32-bit computing
to cost-sensitive embedded microcontroller applications, such as factory automation and control,
industrial control power devices, building and home automation, and stepper motor control.

This chapter provides information on the Stellaris implementation of the Cortex-M3 processor,
including the programming model, the memory model, the exception model, fault handling, and
power management.
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21

For technical details on the instruction set, see the Cortex™-M3/M4 Instruction Set Technical User's
Manual.

Block Diagram

The Cortex-M3 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 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-M3 processor implements tightly coupled
system components that reduce processor area while significantly improving interrupt handling and
system debug capabilities. The Cortex-M3 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-M3 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-M3 processor closely integrates a nested interrupt controller (NVIC), to deliver
industry-leading interrupt performance. The Stellaris 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.

38
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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-M3 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.

Integrated Configurable Debug

The Cortex-M3 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 Stellaris
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.

The Flash Patch and Breakpoint Unit (FPB) provides up to eight hardware breakpoint comparators
that debuggers can use. The comparators in the FPB also provide remap functions of up to eight
words in the program code in the CODE memory region. This enables applications stored in a
read-only area of Flash memory to be patched in another area of on-chip SRAM or Flash memory.
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2.2.3

2.2.4

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-M3 debug capabilities, see theARM® Debug Interface V5
Architecture Specification.

Trace Port Interface Unit (TPIU)

The TPIU acts as a bridge between the Cortex-M3 trace data from the ITM, and an off-chip Trace
Port Analyzer, as shown in Figure 2-2 on page 40.

Figure 2-2. TPIU Block Diagram
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Cortex-M3 System Component Details
The Cortex-M3 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 77).

m Nested Vectored Interrupt Controller (NVIC)

An embedded interrupt controller that supports low latency interrupt processing (see “Nested
Vectored Interrupt Controller (NVIC)” on page 78).

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 80).

40
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2.3

2.31

2.3.2

Programming Model

This section describes the Cortex-M3 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.

Processor Mode and Privilege Levels for Software Execution

The Cortex-M3 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-M3 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 55) controls whether software execution is
privileged or unprivileged. In Handler mode, software execution is always privileged.

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

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 45).

In Thread mode, the CONTROL register (see page 55) 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 42.
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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 55).

233 Register Map

Figure 2-3 on page 42 shows the Cortex-M3 register set. Table 2-2 on page 42 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.

Figure 2-3. Cortex-M3 Register Set

e N
RO
R1
R2
R3
Low registers
R4
R5
R6 General-purpose registers
R7
>_
R8
R9
High registers R10
R11
R12
N— —
Stack Pointer SP (R13) psP* | wmsp? *Banked version of SP
Link Register LR (R14)
Program Counter PC (R15)
PSR Program status register
PRIMASK
FAULTMASK Exception mask registers Special registers
BASEPRI
CONTROL CONTROL register
Table 2-2. Processor Register Map
o See
Offset Name Type Reset Description
page
- RO R/W - Cortex General-Purpose Register 0 44
- R1 R/W - Cortex General-Purpose Register 1 44
- R2 R/W - Cortex General-Purpose Register 2 44
- R3 R/W - Cortex General-Purpose Register 3 44
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Table 2-2. Processor Register Map (continued)

Offset Name Type Reset Description ;ZZ
- R4 R/W - Cortex General-Purpose Register 4 44
- R5 R/W - Cortex General-Purpose Register 5 44
- R6 R/W - Cortex General-Purpose Register 6 44
- R7 R/W - Cortex General-Purpose Register 7 44
- R8 R/W - Cortex General-Purpose Register 8 44
- R9 R/W - Cortex General-Purpose Register 9 44
- R10 R/W - Cortex General-Purpose Register 10 44
- R11 R/W - Cortex General-Purpose Register 11 44
- R12 R/W - Cortex General-Purpose Register 12 44
- SP R/W - Stack Pointer 45
- LR R/W OxFFFF.FFFF Link Register 46
- PC R/W - Program Counter 47
- PSR R/W 0x0100.0000 Program Status Register 48
- PRIMASK R/W 0x0000.0000 Priority Mask Register 52
- FAULTMASK R/W 0x0000.0000 Fault Mask Register 53
- BASEPRI R/W 0x0000.0000 Base Priority Mask Register 54
- CONTROL R/W 0x0000.0000 Control Register 55

234 Register Descriptions

This section lists and describes the Cortex-M3 registers, in the order shown in Figure 2-3 on page 42.
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 R/W, reset -

Type
Reset

Type
Reset

31

30

29 28 27 26 25 24 23 22 21 20 19

RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW R/W RIW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 I 1 I 1 I 1 1 1 1 1 I
DATA
1 1 1
RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW R/W RIW
Bit/Field Name Type Reset Description
31:0 DATA R/W - 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 R/W, 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 R/W RIW R/W R/W RIW R/W R/W R/W RIW R/W RIW R/W RIW RIW R/W
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 R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W RIW R/W R/W RIW R/W
Reset - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 SP R/W - 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. LR can be accessed from either privileged or unprivileged mode.

EXC_RETURN s loaded into LR on exception entry. See Table 2-10 on page 70 for the values and
description.

Link Register (LR)
Type R/W, 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 R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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
LINK
1 1 1
Type  RW R/W RIW RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W RIW R/W
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 R/W  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 R/W, 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
PC
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset - - - - - - - - - - - - - - - -
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
PC
1 1 1
Type  RW RIW RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
Reset - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 PC R/W - 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,
m Execution Program Status Register (EPSR), bits 26:24, 15:10
m Interrupt Program Status Register (IPSR), bits 5:0

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 (I T) instruction or
the Interruptible-Continuable Instruction (I Cl ) field for an interrupted load multiple or store multiple
instruction. Attempts to read the EPSR directly through application software using the MSRinstruction
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 68).

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 MSRinstruction. page 48 shows the possible register combinations for the PSR. See
the MRS and MSR instruction descriptions in the Cortex™-M3/M4 Instruction Set Technical User's
Manual for more information about how to access the program status registers.

Table 2-3. PSR Register Combinations

Register Type Combination

PSR RIW? P APSR, EPSR, and IPSR
IEPSR RO EPSR and IPSR

IAPSR R/W? APSR and IPSR
EAPSR R/WP 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 R/W, reset 0x0100.0000

Type
Reset

Type
Reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 1 1 1 1 1 T
N z [} \Y Q ICI/IT THUMB reserved
1
R/W R/W R/W R/W R/W RO RO RO RO RO RO RO RO RO RO RO
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 1 I 1 1 I I I I I 1 I
ICI/IT reserved ISRNUM
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
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Bit/Field

31

30

29

28

27

Type

R/W

R/W

R/W

R/W

R/W

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.

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 Name

26:25 ICI/IT

24 THUMB

23:16 reserved

15:10 ICI/IT

9:6 reserved

Type

RO

RO

RO

RO

Reset

0x0

0x00

0x0

0x0

Description

EPSR ICI / IT status

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

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

The I-Then block contains up to four instructions following an | T
instruction. Each instruction in the block is conditional. The conditions
for the instructions are either all the same, or some can be the inverse
of others. See the Cortex™-M3/M4 Instruction Set Technical User's
Manual for more information.

The value of this field is only meaningful when accessing PSR or EPSR.

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 72 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.

EPSRICI / IT status

These bits, along with bits 26:25, contain the Interruptible-Continuable
Instruction (I Cl ) field for an interrupted load multiple or store multiple
instruction or the execution state bits of the | T instruction.

When an interrupt occurs during the execution of an LDM STM PUSH
or POP instruction, the processor stops the load multiple or store multiple
instruction operation temporarily and stores the next register operand
in the multiple operation to bits 15:12. After servicing the interrupt, the
processor returns to the register pointed to by bits 15:12 and resumes
execution of the multiple load or store instruction. When EPSR holds
the | Cl execution state, bits 11:10 are zero.

The If-Then block contains up to four instructions following a 16-bit | T
instruction. Each instruction in the block is conditional. The conditions
for the instructions are either all the same, or some can be the inverse
of others. See the Cortex™-M3/M4 Instruction Set Technical User's
Manual for more information.

The value of this field 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.

50

November 17, 2011

Texas Instruments-Production Data



Stellaris® LM3S101 Microcontroller

Bit/Field

5:0

Name

ISRNUM

Type Reset Description

RO 0x00

IPSR ISR Number

This field contains the exception type number of the current Interrupt
Service Routine (ISR).

Value
0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07-0x0A
0x0B
0x0C
0x0D
0x0E
OxOF
0x10
0x11

0x2D
O0x2E-0x3F

Description

Thread mode
Reserved

NMI

Hard fault

Memory management fault
Bus fault

Usage fault
Reserved

SVCall

Reserved for Debug
Reserved

PendSV

SysTick

Interrupt Vector 0

Interrupt Vector 1

Interrupt Vector 29

Reserved

See “Exception Types” on page 64 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™-M3/M4 Instruction Set Technical User's Manual for more information on these instructions.
For more information on exception priority levels, see “Exception Types” on page 64.

Type R/W, 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
reserved
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
reserved PRIMASK
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RIW
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 PRIMASK R/W 0 Priority Mask
Value Description
1 Prevents the activation of all exceptions with configurable
priority.
0 No effect.
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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™-M3/M4 Instruction Set Technical User's Manual for more information on
these instructions. For more information on exception priority levels, see “Exception

Types” on page 64.

Fault Mask Register (FAULTMASK)
Type R/W, 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 RIW
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 R/W 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 64.

Base Priority Mask Register (BASEPRI)
Type R/W, 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
reserved
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 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
Type RO RO RO RO RO RO RO RO RW RIW RW RO RO RO RO RO
Reset 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 R/W 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. This register is only accessible in privileged mode.

Handler mode always uses MSP, so the processor ignores explicit writes to the ASP bit of the
CONTROL register when in Handler mode. The exception entry and return mechanisms automatically
update the CONTROL register based on the EXC_RETURN value (see Table 2-10 on page 70).
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 MSP. To switch
the stack pointer used in Thread mode to PSP, either use the MSR instruction to set the ASP bit, as
detailed in the Cortex™-M3/M4 Instruction Set Technical User's Manual, or perform an exception
return to Thread mode with the appropriate EXC_RETURN value, as shown in Table 2-10 on page 70.

Note: When changing the stack pointer, software must use an | SB instruction immediately after
the MSR instruction, ensuring that instructions after the | SB execute use the new stack
pointer. See the Cortex™-M3/M4 Instruction Set Technical User's Manual.

Control Register (CONTROL)
Type R/W, 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 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 T 1 1 1 1 1 1 1
reserved ASP TMPL
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:2 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.
1 ASP R/W 0 Active Stack Pointer
Value Description
1 PSP is the current stack pointer.
0 MSP is the current stack pointer
In Handler mode, this bit reads as zero and ignores writes. The
Cortex-M3 updates this bit automatically on exception return.
0 TMPL R/W 0 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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2.3.5

2.3.6

24

Exceptions and Interrupts

The Cortex-M3 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 68 for more information.

The NVIC registers control interrupt handling. See “Nested Vectored Interrupt Controller
(NVIC)” on page 78 for more information.
Data Types

The Cortex-M3 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 57 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 LM3S101 controller is provided in Table 2-4 on page 56. 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 59).

The processor reserves regions of the Private peripheral bus (PPB) address range for core peripheral
registers (see “Cortex-M3 Peripherals” on page 77).

Note: Within the memory map, all reserved space returns a bus fault when read or written.

Table 2-4. Memory Map

Start End Description For details,
see page ...

Memory

0x0000.0000 0x0000.1FFF On-chip Flash 181

0x0000.2000 Ox1FFF.FFFF Reserved -

0x2000.0000 0x2000.07FF Bit-banded on-chip SRAM 180

0x2000.0800 0x21FF.FFFF Reserved -

0x2200.0000 0x2200.FFFF Bit-band alias of bit-banded on-chip SRAM starting at 180

0x2000.0000

0x2201.0000 Ox3FFF.FFFF Reserved -

FiRM Peripherals

0x4000.0000 0x4000.0FFF Watchdog timer 0 279

0x4000.1000 0x4000.3FFF Reserved -

0x4000.4000 0x4000.4FFF GPIO Port A 208

0x4000.5000 0x4000.5FFF GPIO Port B 208

0x4000.6000 0x4000.6FFF GPIO Port C 208

0x4000.7000 0x4000.7FFF Reserved -

0x4000.8000 0x4000.8FFF SSI0 352
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Table 2-4. Memory Map (continued)

Start End Description For details,
see page ...
0x4000.9000 0x4000.BFFF Reserved -
0x4000.C000 0x4000.CFFF UARTO 307
0x4000.D000 0x4001.FFFF Reserved -
Peripherals
0x4002.0000 0x4002.FFFF Reserved -
0x4003.0000 0x4003.0FFF Timer 0 251
0x4003.1000 0x4003.1FFF Timer 1 251
0x4003.2000 0x4003.BFFF Reserved -
0x4003.C000 0x4003.CFFF Analog Comparators 378
0x4003.D000 0x400F.CFFF Reserved -
0x400F.D000 0x400F.DFFF Flash memory control 185
0x400F.E000 0x400F.EFFF System control 142
0x400F.FO00 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) 39
0xE000.1000 0xE000.1FFF Data Watchpoint and Trace (DWT) 39
0xE000.2000 0xE000.2FFF Flash Patch and Breakpoint (FPB) 39
0xE000.3000 0xE000.DFFF Reserved -
0xE000.E000 0xEO000.EFFF Cortex-M3 Peripherals (SysTick, NVIC and SCB) 80
0xE000.F000 O0xE003.FFFF Reserved -
0xE004.0000 0xE004.0FFF Trace Port Interface Unit (TPIU) 40
0xE004.1000 OxFFFF.FFFF Reserved -

2.41

Memory Regions, Types and Attributes

The memory map splits 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:

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

Device: The processor preserves transaction order relative to other transactions to Device or
Strongly Ordered memory.

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

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.
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2.4.2

243

24.4

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 58).

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 58 shows the behavior of accesses to each region in the memory map. See
“Memory Regions, Types and Attributes” on page 57 for more information on memory types and
the XN attribute. Stellaris devices may have reserved memory areas within the address ranges
shown below (refer to Table 2-4 on page 56 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 - 0x3FFF.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 60).

0x4000.0000 - Ox5FFF.FFFF | Peripheral Device XN This region includes bit band and bit band
alias areas (see Table 2-7 on page 60).

0x6000.0000 - Ox9FFF.FFFF | External RAM Normal - This executable region is for data.
0xA000.0000 - OXDFFF.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-M3 has separate buses that can perform
instruction fetches and data accesses simultaneously.

The Cortex-M3 prefetches instructions ahead of execution and speculatively prefetches from branch
target addresses.

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.

58
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2.4.5

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 58 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-M3
has the following memory barrier instructions:

m The Data Memory Barrier (DVB) 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 (I SB) 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 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 | SB instruction immediately after the code
modification in the program. The | SBinstruction ensures subsequent instruction execution uses
the updated program.

m  Memory map switching

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 DVB instructions.

For more information on the memory barrier instructions, see the Cortex™-M3/M4 Instruction Set
Technical User's Manual.

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 60. 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 60. For the specific address range of the bit-band regions,
see Table 2-4 on page 56.
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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 Memory Region Instruction and Data Accesses

0x2000.0000 - 0x200F.FFFF |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 - 0x23FF.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.

Table 2-7. Peripheral Memory Bit-Banding Regions

Address Range Memory Region Instruction and Data Accesses

0x4000.0000 - Ox400F.FFFF |Peripheral bit-band region |Direct accesses to this memory range behave as 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_nunber x 4)
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 61 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 0 of the bit-band byte at 0Ox200F.FFFF:

O0x23FF. FFEO = 0x2200. 0000 + (Ox000F. FFFF*32) + (0*4)

60
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m The alias word at 0x23FF.FFFC maps to bit 7 of the bit-band byte at 0x200F.FFFF:

0x23FF. FFFC = 0x2200. 0000 + (0X000F. FFFF*32) + (7*4)

m The alias word at 0x2200.0000 maps to bit 0 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)

Figure 2-4. Bit-Band Mapping

32-MB Alias Region

| oxa3FrFFFC | ox23FFFFFs I 0x23FF.FFF4 I 0x23FF.FFFO | 0x23FF.FFEC I 0x23FF.FFE8 I 0x23FFFFE4 | 0x23FFFFEO |
/ | 0x2200.001C | 0x2200.0018 | 0x2200.0014 | 0x2200.0010 ] 0x2200.0 0x2200.0008 I 0x2200.0004 | 0x2200.0000 |
1-MB SRAM Bit-Band Region \
\‘7 6 5 4 3 2 1 07 6 3 2107 65 4321076543210
T 1 1 T T T 1 T 1
0x200F.FFFF 0x200F.FFFE [ 1~ 0x200F.FFFD 0x200F.FFFC
Ll Ll [~ Ll L
76 5 432107 654321076543 21 7 6 5 4 3 2 10
A T 1 T 1 T T 1
0x2000.0003 0x2000.0002 0x2000.0001 0x2000.0000
Ll Ll Ll Ll

2451 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.
2.4.5.2 Directly Accessing a Bit-Band Region
“Behavior of Memory Accesses” on page 58 describes the behavior of direct byte, halfword, or word
accesses to the bit-band regions.
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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 62 illustrates how data is stored.

Figure 2-5. Data Storage

Memory Register

7 0

31 2423 1615 87 0
Address A BO Isbyte B3 B2 B1 BO
A+1| Bf1
A+2| B2
A+3 B3 msbyte
247 Synchronization Primitives

The Cortex-M3 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.
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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:

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-M3 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™-M3/M4
Instruction Set Technical User's Manual.

Exception Model

The ARM Cortex-M3 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 65 lists all exception types. Software can set eight priority levels on seven of
these exceptions (system handlers) as well as on 14 interrupts (listed in Table 2-9 on page 66).

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 78.

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.
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2.5.2

Important: After a write to clear an interrupt source, it may take several processor cycles for the

NVIC to see the interrupt source de-assert. 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 78 for more information on exceptions
and interrupts.

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. NMls
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 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.
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m 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.

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

An undefined instruction

An illegal unaligned access

Invalid state on instruction execution

— 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.

m 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.

m 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.

m 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.

m 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 66 lists the interrupts on the LM3S101 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 65 shows as having
configurable priority (see the SYSHNDCTRL register on page 108 and the DISO register on page 87).

For more information about hard faults, memory management faults, bus faults, and usage faults,
see “Fault Handling” on page 70.

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
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Table 2-8. Exception Types (continued)

Exception Type Vector Priority® Vector Address or Activation
Number Offset’
Non-Maskable Interrupt 2 -2 0x0000.0008 Asynchronous
(NMI)
Hard Fault -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
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 67.
c. See SYSPRI1 on page 105.
d. See PRIn registers on page 91.

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

19-20 3-4 - Reserved
21 5 0x0000.0054 UARTO
22 6 - Reserved
23 7 0x0000.005C SSI0

24-33 8-17 - Reserved
34 18 0x0000.0088 Watchdog Timer O
35 19 0x0000.008C Timer OA
36 20 0x0000.0090 Timer OB
37 21 0x0000.0094 Timer 1A
38 22 0x0000.0098 Timer 1B

39-40 23-24 - Reserved
41 25 0x0000.00A4 Analog Comparator 0
42 26 0x0000.00A8 Analog Comparator 1
43 27 - Reserved
44 28 0x0000.00B0O System Control
45 29 0x0000.00B4 Flash Memory Control
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253 Exception Handlers

The processor handles exceptions using:
= 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.

254 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 65. Figure 2-6 on page 67 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

Figure 2-6. Vector Table

Exception number IRQ number Offset Vector
45 29 IRQ29
0x00B4
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
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2.5.7

memory location, in the range 0x0000.0100 to 0x3FFF.FFOO (see “Vector Table” on page 67). Note
that when configuring the VTABLE register, the offset must be aligned on a 256-byte boundary.

Exception Prioriti