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Register 6:  PWM Interrupt Enable (PWMINTEN), offset OX014 ........couuiiiiiiiiei e 974
Register 7: PWM Raw Interrupt Status (PWMRIS), offset OX018 .......c.oiviiiiiiiiieii e, 976
Register 8:  PWM Interrupt Status and Clear (PWMISC), offset OX01C ..........cceovviiiiiiiiiiiiiiieeee e 979
Register 9:  PWM Status (PWMSTATUS), offSet OX020 ........uiiiiiiiiiiiiii e 982
Register 10: PWM Fault Condition Value (PWMFAULTVAL), offset 0x024 ..........ccoiiiiiiiiiiieeen 984
Register 11: PWM Enable Update (PWMENUPD), offset OX028 ............cooiiiiiiiiiiiiiiiee e 986
Register 12:  PWMO Control (PWMOCTL), offset OX040 .......couuiiiiiiiiii e 990
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Register 50: PWM2 Generator B Control (PWM2GENB), offset OX0E4 ...........cccooeiviiiiiiiiiiiiieee, 1009
Register 51: PWM3 Generator B Control (PWM3GENB), offset 0X124 .........cccooveiiiiieiiiiiieeeeeeeeeeei, 1009
Register 52: PWMO0 Dead-Band Control (PWMODBCTL), offset OX068 ............cccuuiiiiiiiiiiiiiiiiieeeeiie, 1012
Register 53: PWM1 Dead-Band Control (PWM1DBCTL), offset OX0AS8 .........ccooviiiiiiiiiiiiiii e 1012
Register 54: PWM2 Dead-Band Control (PWM2DBCTL), offset OX0ES ...........ccoeeiiiiiiiiiiiieieeeeeeeiiinn, 1012
Register 55: PWMS3 Dead-Band Control (PWM3DBCTL), offset OX128 ..........coevviiiiiiiiiiieeieeee e, 1012
Register 56: PWMO0 Dead-Band Rising-Edge Delay (PWMODBRISE), offset OX06C ...............cccceeevnneee. 1013
Register 57: PWM1 Dead-Band Rising-Edge Delay (PWM1DBRISE), offset OXOAC ..........cccoeevvivnneenns 1013
Register 58: PWM2 Dead-Band Rising-Edge Delay (PWM2DBRISE), offset OXOEC ...............ccceviies 1013
Register 59: PWMS3 Dead-Band Rising-Edge Delay (PWM3DBRISE), offset 0x12C ...........cccooeiiiiinnnin. 1013
Register 60: PWMO0 Dead-Band Falling-Edge-Delay (PWMODBFALL), offset OX070 ..........ccccoeveeuineees 1014
Register 61: PWM1 Dead-Band Falling-Edge-Delay (PWM1DBFALL), offset OX0BO .............cccocevnneneen. 1014
Register 62: PWM2 Dead-Band Falling-Edge-Delay (PWM2DBFALL), offset OXOFOQ ..............cccccevneeene. 1014
Register 63: PWM3 Dead-Band Falling-Edge-Delay (PWM3DBFALL), offset OX130 ........cccccevevviiinenns 1014
Register 64: PWMO Fault Source 0 (PWMOFLTSRCO), offset OX074 ........ccoviiiiiiiiiiiieee, 1015
Register 65: PWM1 Fault Source 0 (PWM1FLTSRCO), offset OX0B4 ...........oviiiiiiiiiiiiiiee i 1015
Register 66: PWM2 Fault Source 0 (PWM2FLTSRCO), offset OXOF4 ..........oovvieiiiiieiiiiiiiiie e 1015
Register 67: PWMS3 Fault Source 0 (PWM3FLTSRCO), offset 0X134 ........coovvniiiiiiiiiiceicee e 1015
Register 68: PWMO Fault Source 1 (PWMOFLTSRC1), offset OX078 .........ccovviiiiiiiiiiiiieeeeeceeees 1017
Register 69: PWM1 Fault Source 1 (PWM1FLTSRC1), offset OX0B8 ..........ccooeviiiiiiiiiiiiieei e 1017
Register 70: PWM2 Fault Source 1 (PWM2FLTSRC1), offset OXOF8 ............ooiiiiiiiiiiiii e, 1017
Register 71:  PWM3 Fault Source 1 (PWM3FLTSRC1), offset OX138 .......cooviiiiii, 1017
Register 72:  PWMO Minimum Fault Period (PWMOMINFLTPER), offset 0X07C ...........ceeiiiieeieiiiiinnnnn. 1020
Register 73: PWM1 Minimum Fault Period (PWM1MINFLTPER), offset OXOBC ...........ccocoiviiiiiiiinnen. 1020
Register 74: PWM2 Minimum Fault Period (PWM2MINFLTPER), offset OXOFC .............cooiiiiiiiiiiiiinnnnn. 1020
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Register 75: PWMS3 Minimum Fault Period (PWM3MINFLTPER), offset 0x13C .........cccovvviiiiiieiiiinees 1020
Register 76: PWMO Fault Pin Logic Sense (PWMOFLTSEN), offset 0X800 ............cccoiiiiiiiiiiiiiiiiinieees 1021
Register 77: PWM1 Fault Pin Logic Sense (PWM1FLTSEN), offset 0x880 ...........ccccoiiiiiiiiiiiiiiiiinieees 1021
Register 78: PWM2 Fault Pin Logic Sense (PWM2FLTSEN), offset 0X900 ............ccovvuiiiiieeeiireeiiiinnnnnn. 1021
Register 79: PWM3 Fault Pin Logic Sense (PWM3FLTSEN), offset 0X980 ..........cccoovvviiveiiiieiiineeiieeen, 1021
Register 80: PWMO Fault Status 0 (PWMOFLTSTATO), offset 0x804 ...........oiviiiiiiiiiiiiiiieeeeeceeei 1022
Register 81: PWM1 Fault Status 0 (PWM1FLTSTATO), offset 0X884 ..........coeviiiiiiiiiiiiieeiieeeeee e 1022
Register 82: PWM2 Fault Status 0 (PWM2FLTSTATO), offset 0X904 ..........viiiiiiiiiiiiiieeeeeei e 1022
Register 83: PWM3 Fault Status 0 (PWM3FLTSTATO), offset 0X984 .........uuiiiiiieiiiiie e 1022
Register 84: PWMO Fault Status 1 (PWMOFLTSTAT1), offset 0X808 ..........uciiiieiiiiiiiiiei e 1024
Register 85: PWM1 Fault Status 1 (PWM1FLTSTAT1), offset OX888 .........ccviviiiiiiiiiiieeee e, 1024
Register 86: PWM2 Fault Status 1 (PWM2FLTSTAT1), offset 0X908 ...........oiiiiiiiiiiiiiiiiieeeeeei 1024
Register 87: PWM3 Fault Status 1 (PWM3FLTSTAT1), offset 0X988 ..........cveiiiiiiiiiiiiieeeeei e 1024
Quadrature Encoder Interface (QEI) .........ooocoiimiiiiiiiciir s 1027
Register 1:  QEI Control (QEICTL), offset 0X000 .........ccoiiuiieiiiiie e 1034
Register 2:  QEI Status (QEISTAT), offSet OX004 .........oiiiiiiiiiiiiii e 1037
Register 3:  QEI Position (QEIPOS), offset OX008 ..........ccouuiiiiiiiiiii e 1038
Register 4:  QEIl Maximum Position (QEIMAXPOS), offset OX00C ..........ccouuiiiiiiiiiiei e 1039
Register 5:  QEI Timer Load (QEILOAD), offset OX010 .......uuiiiiiiieii e 1040
Register 6:  QEI Timer (QEITIME), offset OX014 ......uuiiii e e 1041
Register 7:  QEI Velocity Counter (QEICOUNT), offset OX018 ......ccoovriiiiiiii e 1042
Register 8:  QEI Velocity (QEISPEED), 0ffset OX0TC .......cooiiiiiiiiiiiei e 1043
Register 9:  QEI Interrupt Enable (QEIINTEN), offset 0X020 ...........ccouiiiiiiiiiiie e 1044
Register 10: QEI Raw Interrupt Status (QEIRIS), offset OX024 ... 1046
Register 11:  QEI Interrupt Status and Clear (QEIISC), offset O0X028 ..........ccoiiiiiiiiiiii e, 1048
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Revision History

The revision history table notes changes made between the indicated revisions of the LM3S2U93
data sheet.

Table 1. Revision History

Date

Revision

Description

January 2012

11425

In System Control chapter:

— Clarified that an external LDO cannot be used.

Clarified system clock requirements when the ADC module is in operation.
— Added important note to write the RCC register before the RCC2 register.
In Hibernation chapter:

— Changed terminology from non-volatile memory to battery-backed memory.

Numerous clarifications, including adding a section "System Implementation".
— Clarified Hibernation module register reset conditions.
In Internal Memory chapter, clarified programming and use of the non-volatile registers.

In GPIO chapter, corrected "GPIO Pins With Non-Zero Reset Values" table and added note that if
the same signal is assigned to two different GPIO port pins, the signal is assigned to the port with
the lowest letter.

In EPI chapter:
—  Clarified table "Capabilities of Host Bus 8 and Host Bus 16 Modes".

— Corrected bit and register resets for FREQ (Frequency Range) in EPI SDRAM Configuration
(EPISDRAMCFG) register.

— Corrected bit and register resets for MAXWAIT (Maximum Wait) in EPl Host-Bus 8 Configuration
(EPIHB8CFG) and EPI Host-Bus 16 Configuration (EPIHB16CFG) registers. Also clarified
bit descriptions in these registers.

— Corrected bit definitions for the EPSZ and ERSZ bits in the EPI Address Map (EPIADDRMAP)
register.

— Corrected size of COUNT bit field in EPI Read FIFO Count (EPIRFIFOCNT) register.
In Timer chapter, clarified timer modes and interrupts.

In ADC chapter, added "ADC Input Equivalency Diagram".

In UART chapter, clarified interrupt behavior.

In SSI chapter, corrected SSICIk in the figure "Synchronous Serial Frame Format (Single Transfer)"
and clarified behavior of transmit bits in interrupt registers.

In I12C chapter, corrected bit and register reset values for IDLE bit in I2C Master Control/Status
(12CMCS) register.

In Analog Comparators chapter, clarified internal reference programming.
In PWM chapter, clarified PWM Interrupt Enable (PWMINTEN) register description.
In Signal Tables chapter, clarified VDDC and LDO pin descriptions.

In Electrical Characteristics chapter:
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Stellaris® LM3S2U93 Microcontroller

Table 1. Revision History (continued)

Date

Revision

Description

m Additional minor data sheet clarifications and corrections.

In Maximum Ratings table, deleted parameter "Input voltage for a GPIO configured as an analog
input".

In Recommended DC Operating Conditions table, corrected values for | parameter.

In JTAG Characteristics, table, corrected values for parameters "TCK clock Low time" and "TCK
clock High time".

In LDO Regulator Characteristics table, added clarifying footnote to C, po parameter.

In System Clock Characteristics with ADC Operation table, added clarifying footnote to Fgysaqc
parameter.

In Sleep Modes AC Characteristics table, split parameter "Time to wake from interrupt" into
sleep mode and deep-sleep mode parameters.

In SSI Characteristics table, corrected value for parameter "SSICIk cycle time".
Deleted erroneously included Ethernet Controller tables, since this part does not have Ethernet.

In Analog Comparator Characteristics table, added parameter "Input voltage range" and corrected
values for parameter "Input common mode voltage range".

In Analog Comparator Voltage Reference Characteristics table, corrected values for absolute
accuracy parameters.

Deleted table "USB Controller DC Characteristics".
In Nominal Power Consumption table, added parameter for sleep mode.

In Maximum Current Consumption section, changed reference value for MOSC and temperature
in tables that follow.

Deleted table "External VDDC Source Current Specifications".

January 23, 2012
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Revision History

Table 1. Revision History (continued)

Date Revision |Description
July 2011 9970 m  Corrected "Reset Sources" table.

m  Added Important Note that RCC register must be written before RCC2 register.

m  Added missing Start Calibration (CAL) bit to the Precision Internal Oscillator Calibration
(PIOSCCAL) register.

m Added missing Precision Internal Oscillator Statistics (PIOSCSTAT) register.

m InHibernation Module chapter, deleted section "Special Considerations When Using a 4.194304-MHz
Crystal" as this content was added to the errata document.

m  Added a note that all GPIO signals are 5-V tolerant when configured as inputs except for PBO and
PB1, which are limited to 3.6 V.

m  Corrected LIN Mode bit names in UART Interrupt Clear (UARTICR) register.

m  Corrected pin number for RST in table "Connections for Unused Signals" (other pin tables were
correct).

m In the "Operating Characteristics" chapter:
— In the "Thermal Characteristics" table, the Thermal resistance value was changed.
— In the "ESD Absolute Maximum Ratings" table, the Vegpcpm Parameter was changed and the

Vespmm Parameter was deleted.

m  The "Electrical Characteristics" chapter was reorganized by module. In addition, some of the
Recommended DC Operating Conditions, LDO Regulator, Clock, GPIO, EPI, Hibernation Module,
ADC, and SSI characteristics were finalized.

m Additional minor data sheet clarifications and corrections.

March 2011 9538 Started tracking revision history.
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Stellaris® LM3S2U93 Microcontroller

About This Document

This data sheet provides reference information for the LM3S2U93 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:

Stellaris® Errata

ARM® Cortex™-M3 Errata

Cortex™-M3/M4 Instruction Set Technical User's Manual
Stellaris® Boot Loader User's Guide

Stellaris® Graphics Library User's Guide

Stellaris® Peripheral Driver Library User's Guide
Stellaris® ROM User’s Guide

The following related documents are also referenced:

ARM® Debug Interface V5 Architecture Specification
ARM® Embedded Trace Macrocell Architecture Specification

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

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

Documentation Conventions

This document uses the conventions shown in Table 2 on page 36.

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 79.

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 SIGNAL and STGNAL
below).

deassert a signal

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

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

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

Numbers

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

0x Hexadecimal numbers have a prefix of Ox. For example, 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.

January 23, 2012
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Architectural Overview

1.1

Architectural Overview

Texas Instruments is the industry leader in bringing 32-bit capabilities and the full benefits of ARM®
Cortex™-M-based microcontrollers to the broadest reach of the microcontroller market. For current
users of 8- and 16-bit MCUs, Stellaris® with Cortex-M offers a direct path to the strongest ecosystem
of development tools, software and knowledge in the industry. Designers who migrate to Stellaris
benefit from great tools, small code footprint and outstanding performance. Even more important,
designers can enter the ARM ecosystem with full confidence in a compatible roadmap from $1 to
1 GHz. For users of current 32-bit MCUs, the Stellaris family offers the industry’s firstimplementation
of Cortex-M3 and the Thumb-2 instruction set. With blazingly-fast responsiveness, Thumb-2
technology combines both 16-bit and 32-bit instructions to deliver the best balance of code density
and performance. Thumb-2 uses 26 percent less memory than pure 32-bit code to reduce system
cost while delivering 25 percent better performance. The Texas Instruments Stellaris family of
microcontrollers—the first ARM Cortex-M3 based controllers— brings high-performance 32-bit
computing to cost-sensitive embedded microcontroller applications.

Overview

The Stellaris LM3S2U93 microcontroller combines complex integration and high performance with
the following feature highlights:

m ARM Cortex-M3 Processor Core

m High Performance: 80-MHz operation; 100 DMIPS performance

m 384 KB single-cycle Flash memory

m 96 KB single-cycle SRAM

» Internal ROM loaded with StellarisWare® software

m External Peripheral Interface (EPI)

m Advanced Communication Interfaces: UART, SSI, 12C, 12S, CAN

m System Integration: general-purpose timers, watchdog timers, DMA, general-purpose I/Os
m Advanced motion control using PWMs, fault inputs, and quadrature encoder inputs

m Analog support: analog and digital comparators, Analog-to-Digital Converters (ADC), on-chip
voltage regulator

m JTAG and ARM Serial Wire Debug (SWD)

m 100-pin LQFP package

m 108-ball BGA package

m Industrial (-40°C to 85°C) temperature range

Figure 1-1 on page 39 depicts the features on the Stellaris LM3S2U93 microcontroller. Note that
there are two on-chip buses that connect the core to the peripherals. The Advanced Peripheral Bus
(APB) bus is the legacy bus. The Advanced High-Performance Bus (AHB) bus provides better
back-to-back access performance than the APB bus.
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