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Register 16: GPTM TimerB Prescale Match (GPTMTBPMR), offset 0044 ............ccoooeiiiiiieiiiiineecein, 304
Register 17:  GPTM TimerA (GPTMTAR), offset OX048 .......coomiii e 305
Register 18: GPTM TimerB (GPTMTBR), offset OX04C .......coouiiiii e 306
WatChdOog TIMET ... s R e e e e e an R e e e e e e annaas 307
Register 1:  Watchdog Load (WDTLOAD), offset OX000 .........ccoiuiiiiiiiiiiee e 311
Register 2:  Watchdog Value (WDTVALUE), offset OX004 ........coouuiiiii e 312
Register 3:  Watchdog Control (WDTCTL), offset OX008 ..........ccoouuiiiiiiiiiieeie e 313
Register 4:  Watchdog Interrupt Clear (WDTICR), offset OX00C .........ccoiiiiiiiiiiii e 314
Register 5:  Watchdog Raw Interrupt Status (WDTRIS), offset 0X010 ..........ccoeeiiiiiiiiiiiiiieiieeeeeeeis 315
Register 6:  Watchdog Masked Interrupt Status (WDTMIS), offset OX014 ........cooviiiiiiiiiiiiei e, 316
Register 7:  Watchdog Test (WDTTEST), offset OX418 ... 317
Register 8:  Watchdog Lock (WDTLOCK), offset OXCO0 .........uiiiiiiiiiiiiiie e 318
Register 9:  Watchdog Peripheral Identification 4 (WDTPeriphlD4), offset OXFDO ........ccccooeviiiiiiiinnnnnnn. 319
Register 10: Watchdog Peripheral Identification 5 (WDTPeriphlD5), offset OXFD4 ...........cccoviviiiiiiinnnns 320
Register 11: Watchdog Peripheral Identification 6 (WDTPeriphlD6), offset OXFDS8 ...............ccccceveeinnnnis 321
Register 12:  Watchdog Peripheral Identification 7 (WDTPeriphIlD7), offset OXFDC ..........ccooovvviiiiiiinnnnnn. 322
Register 13:  Watchdog Peripheral Identification 0 (WDTPeriphlDO0), offset OXFEO ..............cccciiiiiiinnnnnn. 323
Register 14: Watchdog Peripheral Identification 1 (WDTPeriphlD1), offset OXFE4 ...............cooiiiiiinnnnnn. 324
Register 15:  Watchdog Peripheral Identification 2 (WDTPeriphlD2), offset OXFES ...............cccoeiieiiinnnnnn. 325
Register 16: Watchdog Peripheral Identification 3 (WDTPeriphID3), offset OXFEC ............cciviviieennnnnne. 326
Register 17:  Watchdog PrimeCell Identification 0 (WDTPCelllD0), offset OXFFO ............ccccoovviiinieinnnnn.n. 327
Register 18: Watchdog PrimeCell Identification 1 (WDTPCelllD1), offset OXFF4 ..........ccooviiiiiiiiiiiins 328
Register 19:  Watchdog PrimeCell Identification 2 (WDTPCelllD2), offset OXFF8 .........cccooviiiiiiiiiiiines 329
Register 20: Watchdog PrimeCell Identification 3 (WDTPCellID3 ), offset OXFFC .........ccooiiiiiiiiiiiinnnnnn. 330
Analog-to-Digital Converter (ADC) ........ccccimmmmiiiinerr s 331
Register 1:  ADC Active Sample Sequencer (ADCACTSS), offset 0X000 ...........ccouiviiiiiiiiiiiiiiiiieeeeiinen, 341
Register 2:  ADC Raw Interrupt Status (ADCRIS), offset OX004 ............oiiiiiiiiiiiiie e 342
Register 3:  ADC Interrupt Mask (ADCIM), offset OX008 ..........ccoouiiiiiiiiie e 343
Register 4:  ADC Interrupt Status and Clear (ADCISC), offset O0X00C ..........cooiiiiiiiiiiiieiieece e 344
Register 5: ADC Overflow Status (ADCOSTAT), offset OX010 ......c..ieirniiiiiiiiiceie e, 345
Register 6:  ADC Event Multiplexer Select (ADCEMUX), offset OX014 ..........coiiiiiiiiiiiiiieecee e 346
Register 7:  ADC Underflow Status (ADCUSTAT), offset OX018 .......coommiiiiiiiii e 350
Register 8:  ADC Sample Sequencer Priority (ADCSSPRI), offset OX020 ..........cccoiviiiiiiiiiiiie, 351
Register 9:  ADC Processor Sample Sequence Initiate (ADCPSSI), offset 0x028 .............cccevviiiiiiinnnnen. 353
Register 10: ADC Sample Averaging Control (ADCSAC), offset OX030 .........ccceeiiiiiiiiiiii e 354
Register 11: ADC Sample Sequence Input Multiplexer Select 0 (ADCSSMUXO0), offset 0x040 ............... 355
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Register 12:  ADC Sample Sequence Control 0 (ADCSSCTLO), offset 0X044 ..........ccoeeeviviieeiiiiieeeeeninnn. 357
Register 13:  ADC Sample Sequence Result FIFO 0 (ADCSSFIFOQ0), offset 0x048 ............ccooviiieiinnnnnen. 360
Register 14: ADC Sample Sequence Result FIFO 1 (ADCSSFIFO1), offset 0x068 .............cccccovieiinnnnnen. 360
Register 15: ADC Sample Sequence Result FIFO 2 (ADCSSFIFO2), offset 0x088 ............ccccvviiieiinnnnnen. 360
Register 16: ADC Sample Sequence Result FIFO 3 (ADCSSFIFO3), offset OX0A8 ..........ccoevviviiieeennnnns 360
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Register 18: ADC Sample Sequence FIFO 1 Status (ADCSSFSTAT1), offset 0xX06C .............c.cceevvvnnennns 361
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Register 22: ADC Sample Sequence Input Multiplexer Select 2 (ADCSSMUX2), offset 0x080 ............... 362
Register 23: ADC Sample Sequence Control 1 (ADCSSCTL1), offset 0x064 .............ccceevvveiiieiineinnnnnns 363
Register 24: ADC Sample Sequence Control 2 (ADCSSCTL2), offset 0X084 ..........ccoeeeveviieeiiiiineeeeiinnnn. 363
Register 25: ADC Sample Sequence Input Multiplexer Select 3 (ADCSSMUX3), offset 0x0AO ............... 365
Register 26: ADC Sample Sequence Control 3 (ADCSSCTL3), offset OX0A4 ..........oviiiiiiiiiiiiiiieeceiie, 366
Register 27: ADC Test Mode Loopback (ADCTMLB), offset OX100 ..........coeiiiiiiiiiiiiniii e 367
Universal Asynchronous Receivers/Transmitters (UARTS) ......ccccciiiiiiniiemmnnc e 368
Register 1:  UART Data (UARTDR), offset OX000 ..........cooiiiiiiiiiiiee e 376
Register 2:  UART Receive Status/Error Clear (UARTRSR/UARTECR), offset 0x004 ............ccoccvevnnnnen. 378
Register 3:  UART Flag (UARTFR), offSet OX018 .......oiiiniiii e 380
Register 4:  UART Integer Baud-Rate Divisor (UARTIBRD), offset 0x024 ..............ccoeieiiiiiiiiieiiiieeeins 382
Register 5:  UART Fractional Baud-Rate Divisor (UARTFBRD), offset 0x028 ............ccccoevveiiiiiiieniiinnnnn. 383
Register 6:  UART Line Control (UARTLCRH), offset OX02C ...........cooimiiiiiiii e 384
Register 7:  UART Control (UARTCTL), offset OX030 .......cceeiiuiiiiiiieeiii e 386
Register 8:  UART Interrupt FIFO Level Select (UARTIFLS), offset 0x034 ..........ccoiiiiiiiiiiiiii, 388
Register 9:  UART Interrupt Mask (UARTIM), offset OX038 ..........ccovuiiiiiiiiiii e 390
Register 10: UART Raw Interrupt Status (UARTRIS), offset OX03C ..........cooiiiiiiiiiiiiieeeeeee e 392
Register 11: UART Masked Interrupt Status (UARTMIS), offset OX040 ...........cooeiiiiiiiiiiiiiiiiee e, 393
Register 12:  UART Interrupt Clear (UARTICR), offset OX044 ..........coiiiiiiii e 394
Register 13: UART Peripheral Identification 4 (UARTPeriphlD4), offset OXFDO ...........ccoiiiiiiiiiiiiiiinnnnn. 396
Register 14: UART Peripheral Identification 5 (UARTPeriphID5), offset OXFD4 ..........ccooiiiiiiiiiiiiiinnnn. 397
Register 15: UART Peripheral Identification 6 (UARTPeriphID6), offset OXFDS8 .............ccovvviiiiiiiiiennnnns 398
Register 16: UART Peripheral Identification 7 (UARTPeriphlD7), offset OXFDC ............ccccoevviiiiiiiiiinn, 399
Register 17: UART Peripheral Identification 0 (UARTPeriphIDO0), offset OXFEO .............cccoveviiiiieiiiiinnens 400
Register 18: UART Peripheral Identification 1 (UARTPeriphlD1), offset OXFE4 ............ccoviiiiiiiiiiiiinnns 401
Register 19:  UART Peripheral Identification 2 (UARTPeriphlD2), offset OXFES ...........ccccooiiiiiiiiiiiiiinnns 402
Register 20: UART Peripheral Identification 3 (UARTPeriphlD3), offset OXFEC ............cccooiiiiiiiiiiiinnnnen. 403
Register 21:  UART PrimeCell Identification 0 (UARTPCellIDO0), offset OXFFO ...........ccooviviiiiiiiiiiiieees 404
Register 22:  UART PrimeCell Identification 1 (UARTPCellID1), offset OXFF4 ............ccoooiviiiiiiiiii 405
Register 23: UART PrimeCell Identification 2 (UARTPCellID2), offset OXFF8 .........ccooeiviiiiiiiiiiiieeeiienn, 406
Register 24: UART PrimeCell Identification 3 (UARTPCellID3), offset OXFFC ..o 407
Synchronous Serial Interface (SSI) ... e 408
Register 1:  SSI Control 0 (SSICRO0), OffSet OX000 ........iiiiiiiieeeiie e 421
Register 2:  SSI Control 1 (SSICR1), offsSet OX004 ... 423
Register 3:  SSI Data (SSIDR), offset OX008 ..........coiiiiiiiiiii e 425
Register 4:  SSI Status (SSISR), offset OX00C ... oo e 426
Register 5:  SSI Clock Prescale (SSICPSR), offset OX010 ......ccvuiiiiiiiii e 428
Register 6:  SSI Interrupt Mask (SSIIM), offSet OX014 .......couniiiiniiii e 429
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Revision History

The revision history table notes changes made between the indicated revisions of the LM3S613
data sheet.

Table 1. Revision History

Date Revision [Description
July 2014 15852.2743 |m In Internal Memory chapter, added sections on Execute-Only Protection, Read-Only Protection,
and Permanently Disabling Debug.
m  In UART chapter:
— Clarified that the transmit interrupt is based on a transition through level.
— Corrected reset for UART Raw Interrupt Status (UARTRIS) register.
m In Ordering and Contact Information appendix, moved orderable part numbers table to addendum.
m Additional minor data sheet clarifications and corrections.
June 2012 12739.2515 |m  In Reset Characteristics table, changed values and units for Internal reset timeout after hardware
reset (R7).
m  Removed 48QFN package.
m  Minor data sheet clarifications and corrections.
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).
— Corrected buffer type for PWMn signals in pin tables.
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.
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Table 1. Revision History (continued)

Date Revision |Description
January 2011 9102 m 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 "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 Changed I2C slave register base addresses and offsets to be relative to the I2C module base address
of 0x4002.0000 , so register bases and offsets were changed for all I2C slave registers. Note that
the hw_i2c.h file in the StellarisWare® Driver Library uses a base address of 0x4002.0800 for the
I2C slave registers. Be aware when using registers with offsets between 0x800 and 0x818 that
StellarisWare uses the old slave base address for these offsets.

m  Corrected nonlinearity and offset error parameters (E_, Ep, and Eg) in ADC Characteristics table.

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.

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 234 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 17-5 on page 541).

m In Electrical Characteristics chapter:

— Added | | g parameter (GPIO input leakage current) to Table 19-4 on page 544.
— Corrected values for t o kge parameter (SSI C k rise/fall time) in Table 19-16 on page 552.

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 158.

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.
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Table 1. Revision History (continued)

Date Revision |Description
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.
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  Changed the reset value of the ADC Sample Sequence Result FIFO n (ADCSSFIFOn) registers
to be indeterminate.
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 MAXADCSPD bit field from DCGCO register as it is not applicable in Deep-Sleep mode.
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.
— Revised ADC electrical specifications to clarify, including reorganizing and adding new data.
m  Added 48QFN package.
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.
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Table 1. Revision History (continued)

Date Revision |Description
April 2009 5369 m  Added JTAG/SWD clarification (see “Communication with JTAG/SWD” on page 148).
m  Added "GPIO Module DC Characteristics" table (see Table 19-4 on page 544).
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 2008 4283 m  Revised High-Level Block Diagram.
m Corrected descriptions for UART1 signals.
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  Step 1 of the Initialization and Configuration procedure in the ADC chapter states the wrong register
to use to enable the ADC clock. Sentence changed to:
1. Enable the ADC clock by writing a value of 0x0001.0000 to the RCGCO register.
m Additional minor data sheet clarifications and corrections were made.
June 2008 2972 Started tracking revision history.
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About This Document

About This Document

This data sheet provides reference information for the LM3S613 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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Documentation Conventions

This document uses the conventions shown in Table 2 on page 25.

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 62.

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.
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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.

SI'GNAC

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.
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Stellaris® LM3S613 Microcontroller

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 LM3S613 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 LM3S613 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 LM3S613 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 580 for ordering information for Stellaris family devices.

1.1 Product Features
The LM3S613 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
— 50-MHz operation
— Hardware-division and single-cycle-multiplication

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

— 25 interrupts with eight priority levels

— Memory protection unit (MPU), providing a privileged mode for protected operating system
functionality

— 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
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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

Memory protection unit (MPU) to provide a privileged mode of operation for complex
applications.

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

JTAG

IEEE 1149.1-1990 compatible Test Access Port (TAP) controller

Four-bit Instruction Register (IR) chain for storing JTAG instructions

IEEE standard instructions: BYPASS, IDCODE, SAMPLE/PRELOAD, EXTEST and INTEST
ARM additional instructions: APACC, DPACC and ABORT

Integrated ARM Serial Wire Debug (SWD)

28
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m Internal Memory
— 32 KB single-cycle flash
+ User-managed flash block protection on a 2-KB block basis
+ User-managed flash data programming
» User-defined and managed flash-protection block
— 8 KB single-cycle SRAM
m GPIOs
— 3-32 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
— Caninitiate an ADC sample sequence
— 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

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

* As asingle 32-bit timer
* As one 32-bit Real-Time Clock (RTC) to event capture

* For Pulse Width Modulation (PWM)
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» To trigger analog-to-digital conversions

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

» User-enabled stalling when the controller asserts CPU Halt flag during debug
+ ADC event trigger

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
+ ADC event trigger

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

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

ADC

Four analog input channels

Single-ended and differential-input configurations
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— On-chip internal temperature sensor
— Sample rate of 500 thousand samples/second
— Flexible, configurable analog-to-digital conversion

— Four programmable sample conversion sequences from one to eight entries long, with
corresponding conversion result FIFOs

— Flexible trigger control
» Controller (software)
+ Timers
* Analog Comparators
« PWM
+ GPIO
— Hardware averaging of up to 64 samples for improved accuracy
— Converter uses an internal 3-V reference
m UART
— Two fully programmable 16C550-type UARTs
— Separate 16x8 transmit (TX) and receive (RX) FIFOs to reduce CPU interrupt service loading
— Programmable baud-rate generator allowing speeds up to 3.125 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
* Even, odd, stick, or no-parity bit generation/detection
* 1 or 2 stop bit generation
m 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
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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

Devices on the I°C bus can be designated as either a master or a slave

» Supports both sending and receiving data as either a master or a slave
» Supports simultaneous master and slave operation

Four I°C modes

» Master transmit

* Master receive

+ Slave transmit

» Slave receive

Two transmission speeds: Standard (100 Kbps) and Fast (400 Kbps)
Master and slave interrupt generation

» Master generates interrupts when a transmit or receive operation completes (or aborts
due to an error)

+ Slave generates interrupts when data has been sent or requested by a master

Master with arbitration and clock synchronization, multimaster support, and 7-bit addressing
mode

Analog Comparators

One integrated analog comparator

Configurable for output to drive an output pin, generate an interrupt, or initiate an ADC sample
sequence

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

PWM
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— Two PWM generator blocks, each with one 16-bit counter, two PWM comparators, a PWM
signal generator, a dead-band generator, and an interrupt/ADC-trigger selector

— One fault input in hardware to promote low-latency shutdown
— One 16-bit counter
* Runs in Down or Up/Down mode
» Output frequency controlled by a 16-bit load value
* Load value updates can be synchronized
* Produces output signals at zero and load value
— Two PWM comparators
» Comparator value updates can be synchronized
* Produces output signals on match
— PWM generator

+ Output PWM signal is constructed based on actions taken as a result of the counter and
PWM comparator output signals

* Produces two independent PWM signals
— Dead-band generator

» Produces two PWM signals with programmable dead-band delays suitable for driving a
half-H bridge

* Can be bypassed, leaving input PWM signals unmodified

— Flexible output control block with PWM output enable of each PWM signal
+  PWM output enable of each PWM signal
» Optional output inversion of each PWM signal (polarity control)
» Optional fault handling for each PWM signal
» Synchronization of timers in the PWM generator blocks
* Interrupt status summary of the PWM generator blocks

— Can initiate an ADC sample sequence

m Power

— On-chip Low Drop-Out (LDO) voltage regulator, with programmable output user-adjustable
from2.25V 10 2.75V

— Low-power options on controller: Sleep and Deep-sleep modes

— Low-power options for peripherals: software controls shutdown of individual peripherals
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1.2

1.3

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

Watchdog timer reset

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

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

Target Applications

Factory automation and control

Industrial control power devices

Building and home automation

Stepper motors

Brushless DC motors

AC induction motors

High-Level Block Diagram

Figure 1-1 on page 35 depicts the features on the Stellaris LM3S613 microcontroller.
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Figure 1-1. Stellaris LM3S613 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 LM3S613 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 580.

ARM Cortex™-M3

Processor Core (see page 43)

All members of the Stellaris product family, including the LM3S613 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 62)

A memory map lists the location of instructions and data in memory. The memory map for the
LM3S613 controller can be found in Table 2-4 on page 62. 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 85)

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 86)

The LM3S613 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 25 interrupts.
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1.4.1.5 System Control Block (SCB) (see page 88)

The SCB provides system implementation information and system control, including configuration,
control, and reporting of system exceptions.

1.4.1.6 Memory Protection Unit (MPU) (see page 88)

The MPU supports the standard ARMv7 Protected Memory System Architecture (PMSA) model.
The MPU provides full support for protection regions, overlapping protection regions, access
permissions, and exporting memory attributes to the system.

1.4.2 Motor Control Peripherals
To enhance motor control, the LM3S613 controller features Pulse Width Modulation (PWM) outputs.

1.4.2.1 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 LM3S613, PWM motion control functionality can be achieved through:
m Dedicated, flexible motion control hardware using the PWM pins
m The motion control features of the general-purpose timers using the CCP pins

PWM Pins (see page 495)

The LM3S613 PWM module consists of two PWM generator blocks and a control block. Each PWM
generator block contains one timer (16-bit down or up/down counter), two comparators, a PWM
signal generator, a dead-band generator, and an interrupt/ADC-trigger selector. The control block
determines the polarity of the PWM signals, and which signals are passed through to the pins.

Each PWM generator block produces two PWM signals that can either be independent signals or
a single pair of complementary signals with dead-band delays inserted. The output of the PWM
generation blocks are managed by the output control block before being passed to the device pins.

CCP Pins (see page 277)

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.

Fault Pin (see page 501)

The LM3S613 PWM module includes one fault-condition handling input to quickly provide low-latency
shutdown and prevent damage to the motor being controlled.

14.3 Analog Peripherals
To handle analog signals, the LM3S613 microcontroller offers an Analog-to-Digital Converter (ADC).

For support of analog signals, the LM3S613 microcontroller offers one analog comparator.

1.4.3.1 ADC (see page 331)

An analog-to-digital converter (ADC) is a peripheral that converts a continuous analog voltage to a
discrete digital number.
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The LM3S613 ADC module features 10-bit conversion resolution and supports four input channels,
plus an internal temperature sensor. Four buffered sample sequences allow rapid sampling of up
to eight analog input sources without controller intervention. Each sample sequence provides flexible
programming with fully configurable input source, trigger events, interrupt generation, and sequence
priority.

1.4.3.2 Analog Comparators (see page 483)
An analog comparator is a peripheral that compares two analog voltages, and provides a logical
output that signals the comparison result.
The LM3S613 microcontroller provides one analog comparator that can be configured to drive an
output or generate an interrupt or ADC event.
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 or triggers to the
ADC to cause it to start capturing a sample sequence. The interrupt generation and ADC triggering
logic is separate. This means, for example, that an interrupt can be generated on a rising edge and
the ADC triggered on a falling edge.

144 Serial Communications Peripherals
The LM3S613 controller supports both asynchronous and synchronous serial communications with:
m  Two fully programmable 16C550-type UARTs
m One SSI module
= One I°C module

1.4.41 UART (see page 368)
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 LM3S613 controller includes two fully programmable 16C550-type UARTSs that support data
transfer speeds up to 3.125 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 408)
Synchronous Serial Interface (SSI) is a four-wire bi-directional full and low-speed communications
interface.
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The LM3S613 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.

1.4.4.3 I2C (see page 446)

The Inter-Integrated Circuit (12C) bus provides bi-directional data transfer through a two-wire design
(a serial data line SDA and a serial clock line SCL).

The IC bus interfaces to external I2C devices such as serial memory (RAMs and ROMs), networking
devices, LCDs, tone generators, and so on. The 1°C bus may also be used for system testing and
diagnostic purposes in product development and manufacture.

The LM3S613 controller includes one I°C module that provides the ability to communicate to other
IC devices over an I2C bus. The I2C bus supports devices that can both transmit and receive (write
and read) data.

Devices on the I°C bus can be designated as either a master or a slave. The I°C module supports
both sending and receiving data as either a master or a slave, and also supports the simultaneous
operation as both a master and a slave. The four I1°C modes are: Master Transmit, Master Receive,
Slave Transmit, and Slave Receive.

A Stellaris [2C module can operate at two speeds: Standard (100 Kbps) and Fast (400 Kbps).

Both the I2C master and slave can generate interrupts. The 12C master generates interrupts when
a transmit or receive operation completes (or aborts due to an error). The I°C slave generates
interrupts when data has been sent or requested by a master.

14.5 System Peripherals
1.4.51 Programmable GPIOs (see page 230)

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

The Stellaris GPIO module is comprised of five 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 3-32 programmable input/output pins.
The number of GPIOs available depends on the peripherals being used (see “Signal

Tables” on page 534 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.
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1.4.5.2

1.4.5.3

1.4.6

1.4.6.1

1.4.6.2

1.4.7
1.4.7.1

Three Programmable Timers (see page 271)
Programmable timers can be used to count or time external events that drive the Timer input pins.

The Stellaris General-Purpose Timer Module (GPTM) contains three 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).
Timers can also be used to trigger analog-to-digital (ADC) conversions.

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 307)

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 LM3S613 controller offers both single-cycle SRAM and single-cycle Flash memory.

SRAM (see page 212)

The LM3S613 static random access memory (SRAM) controller supports 8 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 213)

The LM3S613 Flash controller supports 32 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 143)

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)
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1.4.7.2

1.4.8

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.

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.

System Control and Clocks (see page 153)

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.

Hardware Details

Details on the pins and package can be found in the following sections:
m “Pin Diagram” on page 533

m “Signal Tables” on page 534

m “Operating Characteristics” on page 542

m “Electrical Characteristics” on page 543

m “Package Information” on page 582
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1.4.9 System Block Diagram
Figure 1-2. LM3S613 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
Memory protection unit (MPU) to provide a privileged mode of operation for complex applications.
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, tr