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This data sheet provides reference information for the LM3S9B95 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 documents are referenced by the data sheet, and available on the documentation CD
or from the Luminary Micro web site at www.luminarymicro.com:

ARM® Cortex™-M3 Technical Reference Manual
ARM® CoreSight Technical Reference Manual
ARM® v7-M Architecture Application Level Reference Manual
Stellaris® Peripheral Driver Library User's Guide
Stellaris® ROM User’s Guide
The following related documents are also referenced:
IEEE Standard 1149.1-Test Access Port and Boundary-Scan Architecture

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

Documentation Conventions

This document uses the conventions shown in Table 1 on page 31.

Table 1. 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 “Memory Map” on page 72.
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Notation Meaning

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

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

Types change the value of the bit field.

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

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

R/wW Software can read or write this field.

R/W1C 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.

w1C 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.

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.
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Notation

Meaning

0x

Hexadecimal numbers have a prefix of Ox. For example, 0xOOFF 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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Architectural Overview

Luminary Micro is the industry leader in bringing 32-bit capabilities and the full benefits of ARM®
Cortex-M3™-based microcontrollers to the broadest reach of the microcontroller market. For current
users of 8- and 16-bit MCUs, Stellaris® with Cortex-M3 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 first implementation
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 Luminary Micro 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 LM3S9B95 microcontroller has the following features:
ARM® Cortex™-M3 Processor Core
80 and 100-MHz operation; 100 and 125 DMIPS performance
ARM Cortex SysTick Timer
Nested Vectored Interrupt Controller (NVIC)
On-Chip Memory
256 KB single-cycle Flash
96 KB single-cycle SRAM
Internal ROM loaded with StellarisWare software:
. Stellaris® Peripheral Driver Library
- Stellaris® Boot Loader
» Advanced Encryption Standard (AES) cryptography tables
* Cyclic Redundancy Check (CRC) error detection functionality
External Peripheral Interface (EPI)
8/16/32-bit dedicated parallel bus for external peripherals
Supports SDRAM, SRAM/Flash, FPGAs, CPLDs
Advanced Serial Integration
10/100 Ethernet MAC and PHY with IEEE 1588 PTP hardware support

Two CAN 2.0 A/B controllers
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USB 2.0 OTG/Host/Device
Three UARTSs with IrDA and ISO 7816 support (one UART with full modem controls)
Two I°C modules
Two Synchronous Serial Interface modules (SSI)
Integrated Interchip Sound (12S) module
System Integration
Direct Memory Access Controller (DMA)
System control and clocks including on-chip precision 16-MHz oscillator
Four 32-bit timers (up to eight 16-bit)
Eight Capture Compare PWM pins (CCP)
Real-Time Clock
Two Watchdog Timers
» One timer runs off the main oscillator
» One timer runs off the precision internal oscillator
0-65 GPIOs, depending on configuration
» Highly flexible pin muxing allows use as GPIO or one of several peripheral functions
* Independently configurable to 2, 4 or 8 mA drive capability
* Up to 4 GPIOs can have 18 mA drive capability
Advanced Motion Control
Eight advanced PWM outputs for motion and energy applications
Four fault inputs to promote low-latency shutdown
Two Quadrature Encoder Inputs (QEI)
Analog

Two 10-bit Analog-to-Digital Converters (ADC) with sixteen analog input channels and sample
rate of one million samples/second

Three Analog Comparators
16 Digital Comparators
On-chip voltage regulator

JTAG and ARM Serial Wire Debug (SWD)
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100-pin LQFP package
Industrial (-40°C to 85°C) Temperature Range

The LM3S9B95 microcontroller is targeted for industrial applications, including remote monitoring,
electronic point-of-sale machines, test and measurement equipment, network appliances and
switches, factory automation, HVAC and building control, gaming equipment, motion control, medical
instrumentation, and fire and security.

In addition, the LM3S9B95 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 LM3S9B95 microcontroller is code-compatible
to all members of the extensive Stellaris® family; providing flexibility to fit our customers' precise
needs.

Luminary Micro 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 1086 for
ordering information for Stellaris® family devices.

1.1 Functional Overview
The following sections provide an overview of the features of the LM3S9B95 microcontroller. The
page number in parentheses indicates where that feature is discussed in detail. Ordering and support
information can be found in “Ordering and Contact Information” on page 1086.
111 ARM Cortex™-M3
The following sections provide an overview of the ARM Cortex™-M3 processor core and instruction
set, the integrated System Timer (SysTick) and the Nested Vectored Interrupt Controller.
1111 Processor Core (see page 59)
All members of the Stellaris® product family, including the LM3S9B95 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.
32-bit ARM® Cortex™-M3 v7M architecture optimized for small-footprint embedded applications
Thumb-2 mixed 16-/32-bit instruction set, delivers the high performance expected of from a 32-bit
ARM core in a compact memory size usually associated with 8- and 16-bit devices; typically in
the range of a few kilobytes of memory for microcontroller-class applications
Single-cycle multiply instruction and hardware divide
Atomic bit manipulation (bit-banding), delivering maximum memory utilization and streamlined
peripheral control
Unaligned data access, enabling data to be efficiently packed into memory
Harvard architecture characterized by separate buses for instruction and data
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Memory protection unit (MPU) to provide a privileged mode for protected operating system
functionality

Migration from the ARM7™ processor family for better performance and power efficiency
Optimized for single-cycle Flash usage

80 and 100-MHz operation

1.25 DMIPS/MHz

“ARM Cortex-M3 Processor Core” on page 59 provides an overview of the ARM core; the core is
detailed in the ARM® Cortex™-M3 Technical Reference Manual.

1.1.1.2 System Timer (SysTick) (see page 69)

ARM 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:

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

A high-speed alarm timer using the system clock

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

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

An internal clock-source control based on missing/meeting durations. The COUNTFLAG field in
the SysTick 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

1113 Nested Vectored Interrupt Controller (NVIC) (see page 75)

The LM3S9B95 controller includes the ARM Nested Vectored Interrupt Controller (NVIC). The NVIC
and Cortex-M3 prioritize and handle all exceptions in Handler Mode. The processor state is
automatically stored to the stack on an exception and automatically restored from the stack at the
end of the Interrupt Service Routine (ISR). The interrupt vector is fetched in parallel to the state
saving, enabling efficient interrupt entry. The processor supports tail-chaining, meaning that
back-to-back interrupts can be performed without the overhead of state saving and restoration.
Software can set eight priority levels on 7 exceptions (system handlers) and 53 interrupts.

Deterministic, fast interrupt processing: always 12 cycles, or just 6 cycles with tail-chaining

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

Dynamically reprioritizable interrupts
Exceptional interrupt handling via hardware implementation of required register manipulations

“Interrupts” on page 75 provides an overview of the NVIC controller and the interrupt map. Exceptions
and interrupts are detailed in the ARM® Cortex™-M3 Technical Reference Manual.
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1.1.2

1.1.21

1.1.2.2

1.1.2.3

On-Chip Memory

The following sections describe the on-chip memory modules.

SRAM (see page 196)

The LM3S9B95 microcontroller provides 96 KB of single-cycle on-chip SRAM. The internal SRAM
of the Stellaris® devices is located at offset 0x2000.0000 of the device memory map.

Because read-modify-write (RMW) operations are very time consuming, ARM has introduced
bit-banding technology in the 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.

Data can be transferred to and from the SRAM using the Micro Direct Memory Access Controller
(UDMA).

Flash (see page 196)

The LM3S9B95 microcontroller provides 256 KB of single-cycle on-chip Flash memory. The Flash
is organized as a set of 2-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.

ROM (see page 1028)

Preprogrammed in the LM3S9B95 microcontroller's on-chip read-only memory (ROM) is the Stellaris®
Peripheral Driver Library, a royalty-free software library for controlling on-chip peripherals with a
boot-loader capability. The library performs both peripheral initialization and control functions, with
a choice of polled or interrupt-driven peripheral support. In addition, the library is designed to take
full advantage of the stellar interrupt performance of the ARM® Cortex™-M3 core. No special
pragmas or custom assembly code prologue/epilogue functions are required. For applications that
require in-field programmability, the royalty-free Stellaris® Boot Loader can act as an application
loader and support in-field firmware updates.

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

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

The LM3S9B95 ROM is preprogrammed with the following software and programs:

Stellaris® Peripheral Driver Library
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Stellaris® Boot Loader
Advanced Encryption Standard (AES) cryptography tables
Cyclic Redundancy Check (CRC) error-detection functionality

113 External Peripheral Interface (see page 342)

The External Peripheral Interface (EPI) provides access to external devices using a parallel path.
Unlike communications peripherals such as SSI, UART, and I12C, the EPI is designed to act like a
bus to external peripherals and memory. The EPI has the following features:

16-bit dedicated parallel bus for external peripherals and memory

Memory interface supports contiguous memory access independent of data bus width, thus
enabling code execution directly from SDRAM, SRAM and Flash memory

Blocking and non-blocking reads

Processor from timing details through use of an internal write FIFO

Efficient transfers using Micro Direct Memory Access Controller (WUDMA)
Separate channels for read and write

Read channel request asserted by programmable levels on the internal non-blocking read
FIFO (NBRFIFO)

Write channel request asserted by empty on the internal write FIFO (WFIFO)

The EPI supports three primary functional modes: Synchronous Dynamic Random Access Memory
(SDRAM) mode, Traditional Host-Bus mode, and General-Purpose mode. The EPI module also
provides custom GPIOs; however, unlike regular GPIOs, the EPI module uses a FIFO in the same
way as a communication mechanism and is speed-controlled using clocking.

Synchronous Dynamic Random Access Memory (SDRAM)
Supports x16 (single data rate) SDRAM at up to 50 MHz
Supports low-cost SDRAMs up to 64 MB (512 Mb)
Includes automatic refresh and access to all banks/rows
Includes a Sleep/Standby mode to keep contents active with minimal power draw
Multiplexed address/data interface for reduced pin count
Host-bus
Traditional x8 MCU bus interface capabilities
Similar device compatibility options as PIC, ATmega, 8051, and others
Access to SRAM, NOR Flash, and other devices, with up to 1 MB of addressing

Support of both muxed and de-muxed address and data
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Access to a range of devices supporting the non-address FIFO x8 interface variant, with
support for external FIFO (XFIFO) EMPTY and FULL signals

Speed controlled, with read and write data wait-state counters
Manual chip-enable (or use extra address pins)
General Purpose
Wide parallel interfaces for fast communications with CPLDs and FPGAs
Data widths up to 32-bits
Data rates up to 150 Mbytes/second
Optional “address” sizes from 4-bits to 16-bits

Optional clock output, read/write strobes, framing (with counter-based size), and clock-enable
input

General parallel GPIO
1 to 32 bits, FIFOed with speed control

Useful for custom peripherals or for digital data acquisition and actuator controls

114 Serial Communications Peripherals

The LM3S9B95 controller supports both asynchronous and synchronous serial communications
with:

Ethernet MAC and PHY with 1588 hardware support
Two CAN 2.0 A/B Controllers
USB 2.0 (full speed and low speed) OTG/Host/Device
Three UARTs with IrDA and ISO 7816 support (one UART with full modem controls)
Two I°C modules
Two Synchronous Serial Interface Modules (SSI)
Integrated Interchip Sound (12S) Module
The following sections provide more detail on each of these communications functions.

1.1.41 Ethernet Controller (see page 723)

Ethernet is a frame-based computer networking technology for local area networks (LANs). Ethernet
has been standardized as IEEE 802.3. This specification defines a number of wiring and signaling
standards for the physical layer, two means of network access at the Media Access Control
(MAC)/Data Link Layer, and a common addressing format.

The Stellaris® Ethernet Controller consists of a fully integrated media access controller (MAC) and
network physical (PHY) interface and has the following features:
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Conforms to the IEEE 802.3-2002 specification

10BASE-T/100BASE-TX IEEE-802.3 compliant. Requires only a dual 1:1 isolation transformer
interface to the line

10BASE-T/100BASE-TX ENDEC, 100BASE-TX scrambler/descrambler
Full-featured auto-negotiation
Multiple operational modes
Full- and half-duplex 100 Mbps
Full- and half-duplex 10 Mbps
Power-saving and power-down modes
Highly configurable
Programmable MAC address
LED activity selection
Promiscuous mode support
CRC error-rejection control
User-configurable interrupts
Physical media manipulation
MDI/MDI-X cross-over support through software assist
Register-programmable transmit amplitude
Automatic polarity correction and 10BASE-T signal reception
IEEE 1588 Precision Time Protocol - provides highly accurate time stamps for individual packets
Efficient transfers using Micro Direct Memory Access Controller (WUDMA)
Separate channels for transmit and receive
Receive channel request asserted on packet receipt
Transmit channel request asserted on empty transmit FIFO

1.1.4.2 Controller Area Network (see page 677)

Controller Area Network (CAN) is a multicast shared serial-bus standard for connecting electronic
control units (ECUs). CAN was specifically designed to be robust in electromagnetically noisy
environments and can utilize a differential balanced line like RS-485 or twisted-pair wire. Originally
created for automotive purposes, it is now used in many embedded control applications (for example,
industrial or medical). Bit rates up to 1Mbps are possible at network lengths below 40 meters.
Decreased bit rates allow longer network distances (for example, 125 Kbps at 500m).
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A transmitter sends a message to all CAN nodes (broadcasting). Each node decides on the basis
of the identifier received whether it should process the message. The identifier also determines the
priority that the message enjoys in competition for bus access. Each CAN message can transmit
from 0 to 8 bytes of user information. The LM3S9B95 microcontroller includes two CAN units with
the following features:

CAN protocol version 2.0 part A/B

Bit rates up to 1 Mbps

32 message objects with individual identifier masks

Maskable interrupt

Disable Automatic Retransmission mode for Time-Triggered CAN (TTCAN) applications
Programmable Loopback mode for self-test operation

Programmable FIFO mode enables storage of multiple message objects

Gluelessly attaches to an external CAN transceiver through the CANNnTX and CANNRX signals

USB (see page 772)

Universal Serial Bus (USB) is a serial bus standard designed to allow peripherals to be connected
and disconnected using a standardized interface without rebooting the system.

The LM3S9B95 controller supports three configurations in USB 2.0 full and low speed: USB Device,
USB Host, and USB On-The-Go (negotiated on-the-go as host or device when connected to other
USB-enabled systems). The USB module has the following features:

Complies with USB-IF certification standards
USB 2.0 full-speed (12 Mbps) and low-speed (1.5 Mbps) operation
Integrated PHY
4 transfer types: Control, Interrupt, Bulk, and Isochronous
16 endpoints
1 dedicated control IN endpoint and 1 dedicated control OUT endpoint
7 configurable IN endpoints and 7 configurable OUT endpoints

4 KB dedicated endpoint memory - one endpoint may be defined for double-buffered 1023-byte
isochronous packet size

Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
Separate channels for transmit and receive for up to 3 IN endpoints and 3 OUT endpoints
Burst requests

Channel requests asserted when FIFO contains required amount of data
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1144 UART (see page 520)

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 LM3S9B95 controller includes three fully programmable 16C550-type UARTSs. Although the
functionality is similar to a 16C550 UART, this UART design is not register compatible. The UART
can generate individually masked interrupts from the Rx, Tx, modem status, and error conditions.
The module generates a single combined interrupt when any of the interrupts are asserted and are
unmasked. The UARTSs have the following features:

Programmable baud-rate generator allowing speeds up to 5 (80 MHz) or 6.25 (100 MHz) Mbps
for regular speed (divide by 16) and 10 (80 MHz) or 12.5 (100 MHz) Mbps for high speed (divide
by 8)

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

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
False-start bit detection
Line-break generation and detection
Fully programmable serial interface characteristics
5, 6, 7, or 8 data bits
Even, odd, stick, or no-parity bit generation/detection
1 or 2 stop bit generation
IrDA serial-IR (SIR) encoder/decoder providing
Programmable use of IrDA Serial Infrared (SIR) or UART input/output
Support of IrDA SIR encoder/decoder functions for data rates up to 115.2 Kbps half-duplex
Support of normal 3/16 and low-power (1.41-2.23 ps) bit durations

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

Support for communication with ISO 7816 smart cards
Full modem handshake support (on UART1)
Standard FIFO-level and End-of-Transmission interrupts

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

Receive single request asserted when data is in the FIFO; burst request asserted at
programmed FIFO level

Transmit single request asserted when there is space in the FIFO; burst request asserted at
programmed FIFO level

1.1.4.5 I?C (see page 610)
The Inter-Integrated Circuit (1°C) bus provides bi-directional data transfer through a two-wire design
(a serial data line SDA and a serial clock line SCL). The 12C bus interfaces to external 12C devices
such as serial memory (RAMs and ROMs), networking devices, LCDs, tone generators, and so on.
The I2C bus may also be used for system testing and diagnostic purposes in product development
and manufacture.
Each device on the I°C bus can be designated as either a master or a slave. Each I°C module
supports both sending and receiving data as either a master or a slave and can operate
simultaneously as both a master and a slave. Both the I1°C master and slave can generate interrupts.
The LM3S9B95 controller includes two 12C modules with the following features:
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 I2C 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 or when a
START or STOP condition is detected
Master with arbitration and clock synchronization, multimaster support, and 7-bit addressing
mode
1.1.4.6 SSI (see page 570)
Synchronous Serial Interface (SSI) is a four-wire bi-directional communications interface that converts
data between parallel and serial. Each 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
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1.1.4.7

device. Each SSI module can be configured as either a master or slave device. As a slave device,
the SSI module can also be configured to disable its output, which allows a master device to be
coupled with multiple slave devices. The TX and RX paths are buffered with separate internal FIFOs.

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

Each SSI module provide the following features:

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

Master or slave operation

Programmable clock bit rate and prescaler

Separate transmit and receive FIFOs, 16 bits wide, 8 locations deep

Programmable data frame size from 4 to 16 bits

Internal loopback test mode for diagnostic/debug testing

Standard FIFO-based interrupts and End-of-Transmission interrupt

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

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

Transmit single request asserted when there is space in the FIFO; burst request asserted
when FIFO contains 4 entries

Inter-Integrated Circuit Sound (I2S) Interface (see page 645)

The I2S interface is a configurable serial audio core that contains a transmit module and a receive
module. The module is configurable for the I2S as well as Left-Justified and Right-Justified serial
audio formats. Data can be in one of four modes: Stereo, Mono, Compact 16-bit Stereo and Compact
8-Bit Stereo.

The transmit and receive modules each have an 8-entry audio-sample FIFO. An audio sample can
consist of a Left and Right Stereo sample, a Mono sample, or a Left and Right Compact Stereo
sample. In Compact 16-Bit Stereo, each FIFO entry contains both the 16-bit left and 16-bit right
samples, allowing efficient data transfers and requiring less memory space. In Compact 8-bit Stereo,
each FIFO entry contains an 8-bit left and an 8-bit right sample, reducing memory requirements
further.

Both the transmitter and receiver are capable of being a master or a slave.

The Stellaris® 12S interface has the following features:
Configurable audio format supporting I2S, Left-justification, and Right-justification

Configurable sample size from 8 to 32 bits
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Mono and Stereo support
8-, 16-, and 32-bit FIFO interface for packing memory
Independent transmit and receive 8-entry FIFOs
Configurable FIFO-level interrupt and uDMA requests
Independent transmit and receive MCLK direction control
Transmit and receive internal MCLK sources
Independent transmit and receive control for serial clock and word select
MCLK and SCLK can be independently set to master or slave
Configurable transmit zero or last sample when FIFO empty
Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
Separate channels for transmit and receive
Burst requests

Channel requests asserted when FIFO contains required amount of data

11.5 System Integration

The LM3S9B95 controller provides a variety of standard system functions integrated into the device,
including:

Micro Direct Memory Access Controller (uUDMA)
System control and clocks including on-chip precision 16-MHz oscillator
ARM Cortex SysTick Timer
Four 32-bit timers (up to eight 16-bit)
Eight Capture Compare PWM pins (CCP)
Real-Time Clock
Watchdog Timer
0-65 GPI10s, depending on configuration
Highly flexible pin muxing allows use as GPIO or one of several peripheral functions
Independently configurable to 2, 4 or 8 mA drive capability
Up to 4 GPIOs can have 18 mA drive capability

The following sections provide more detail on each of these functions.
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1.1.5.1

Direct Memory Access (see page 226)

The LM3S9B95 microcontroller includes a Direct Memory Access (DMA) controller, known as
micro-DMA (uDMA). The uDMA controller provides a way to offload data transfer tasks from the
Cortex-M3 processor, allowing for more efficient use of the processor and the expanded available
bus bandwidth. The uDMA controller can perform transfers between memory and peripherals. It
has dedicated channels for each supported on-chip module and can be programmed to automatically
perform transfers between peripherals and memory as the peripheral is ready to transfer more data.
The uDMA controller provides the following features:.

ARM PrimeCell® 32-channel configurable uDMA controller

Support for multiple transfer modes

Memory-to-memory, memory-to-peripheral, peripheral-to-memory
Basic for simple transfer scenarios
Ping-pong for continuous data flow

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

Highly flexible and configurable channel operation

Independently configured and operated channels

Dedicated channels for supported on-chip modules - USB, UART, Ethernet, GP Timer, ADC,
EPI, SSI, I°S

Alternate channel assignments

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

Per-channel configurable bus arbitration scheme

Optional software-initiated requests for any channel

Two levels of priority

Design optimizations for improved bus access performance between uDMA controller and the
processor core

MDMA controller access is subordinate to core access
RAM striping

Peripheral bus segmentation

Data sizes of 8, 16, and 32 bits
Transfer size is programmable in binary steps from 1 to 1024
Source and destination address increment size of byte, half-word, word, or no increment

Maskable device requests
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1.1.5.2

Interrupt on transfer completion, with a separate interrupt per channel

System Control and Clocks (see page 90)

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

Device identification information - version, part number, SRAM size, Flash size, and so on
Power control

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

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

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

3.3-V supply brown-out detection and reporting via interrupt or reset
Multiple clock sources for microcontroller system clock

Precision Oscillator (PIOSC) - on-chip resource providing a 16 MHz +1% frequency at room
temperature

* 16 MHz +3% across temperature
+ Software power down control for low power modes

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

» External oscillator used with or without on-chip PLL - select supported frequencies from
1 MHz to 16.384 MHz.

» External crystal - from DC to maximum device speed

Internal 30-kHz Oscillator - on chip resource providing a 30 kHz + 50% frequency, used during
power-saving modes

Flexible reset sources
Power-on reset (POR)
Reset pin assertion
Brown-out reset (BOR) detector alerts to system power drops
Software reset
Watchdog timer reset

Internal low drop-out (LDO) regulator output goes unregulated
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1.1.5.3 Four Programmable Timers (see page 388)
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 four 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.
The Timer Module can be configured independently and has the following functional options:
Count up or down
16- or 32-bit programmable one-shot timer
16- or 32-bit programmable periodic timer
16-bit general-purpose timer with an 8-bit prescaler
32-bit Real-Time Clock (RTC) when using an external 32.768-KHz clock as the input
Daisy chaining of timer modules to allow a single timer to initiate multiple timing events
ADC event trigger
User-enabled stalling when the controller asserts CPU Halt flag during debug (excluding RTC
mode)
16-bit input-edge count- or time-capture modes
16-bit PWM mode with software-programmable output inversion of the PWM signal
Ability to determine the elapsed time between the assertion of the timer interrupt and entry into
the interrupt service routine.
Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
Dedicated channel for each timer
Burst request generated on timer interrupt
11.54 CCP Pins (see page 393)
The LM3S9B95 microcontroller includes eight Capture Compare PWM pins (CCP) which can be
used by the General-Purpose Timer Module to time/count external events using the CCP pin as an
input. Alternatively, the GPTM can generate a simple PWM output on the CCP pin. Each pin can
be programmed to operate in the following modes:
Capture - The GP Timer is incremented/decremented by programmed events on the CCP input.
The GP Timer captures and stores the current timer value when a programmed event occurs.
Compare - The GP Timer is incremented/decremented by programmed events on the CCP input.
The GP Timer compares the current value with a stored value and generates an interrupt when
a match occurs.
PWM - The GP Timer is incremented/decremented by the system clock. A PWM signal is
generated based on a match between the counter value and a value stored in a match register
and is output on the CCP pin.
February 24, 2009 49

Preliminary



Architectural Overview

1.1.5.5

1.1.5.6

Watchdog Timers (see page 427)

A watchdog timer is used to regain control when a system has failed due to a software error or to
the failure of an external device to respond in the expected way. The Stellaris® Watchdog Timer
can generate a nonmaskable interrupt (NMI) or a reset when a time-out value is reached. In addition,
the Watchdog Timer is ARM FiRM-compliant and can be configured to generate an interrupt to the
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.

The LM3S9B95 microcontroller has two Watchdog Timer modules: Watchdog Timer 0 uses the
system clock for its timer clock; Watchdog Timer 1 uses the PIOSC as its timer clock. The Stellaris®
Watchdog Timer module has the following features:

32-bit down counter with a programmable load register

Separate watchdog clock with an enable

Programmable interrupt generation logic with interrupt masking

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

Programmable GPIOs (see page 291)

General-purpose input/output (GPIO) pins offer flexibility for a variety of connections. The Stellaris®
GPIO module is comprised of nine physical GPIO blocks, each corresponding to an individual GP1O
port. The GPIO module is FiRM-compliant (compliant to the ARM Foundation IP for Real-Time
Microcontrollers specification) and supports 0-65 programmable input/output pins. The number of
GPIOs available depends on the peripherals being used (see “Signal Tables” on page 961 for the
signals available to each GPIO pin).

0-65 GPIOs, depending on configuration

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

Fast toggle capable of a change every two clock cycles

Two means of port access: either Advanced Host Bus (AHB) with better back-to-back access
performance, or the legacy Advanced Peripheral Bus (APB) for backwards-compatibility with
existing code

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
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Can be used to initiate 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; up to four pads can be configured
with an 18-mA pad drive for high-current applications

Slew rate control for the 8-mA drive
Open drain enables

Digital input enables

1.1.6 Advanced Motion Control

The LM3S9B95 controller provides motion control functions integrated into the device, including:

Eight advanced PWM outputs for motion and energy applications

Four fault inputs to promote low-latency shutdown

Two Quadrature Encoder Inputs (QEI)

The following provides more detail on these motion control functions.

1.1.61 PWM (see page 884)

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. The LM3S9B95 PWM module consists of four 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.
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. PWM generator block has
the following features:

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
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1.1.6.2

1.1.6.3

PWM signal 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
Can initiate an ADC sample sequence

The control block determines the polarity of the PWM signals and which signals are passed through
to the pins. The output of the PWM generation blocks are managed by the output control block
before being passed to the device pins. The PWM control block has the following options:

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

Synchronization of timer/comparator updates across the PWM generator blocks

Interrupt status summary of the PWM generator blocks

Extended fault capabilities with multiple fault signals, programmable polarities, and filtering
PWM generators can be operated independently or synchronized with other generators

Fault Pins ( (see page 890))

The LM3S9B95 PWM module includes four fault-condition handling inputs to quickly provide
low-latency shutdown and prevent damage to the motor being controlled.

QEI (see page 943)

A quadrature encoder, also known as a 2-channel incremental encoder, converts linear displacement
into a pulse signal. By monitoring both the number of pulses and the relative phase of the two signals,
the position, direction of rotation, and speed can be tracked. In addition, a third channel, or index
signal, can be used to reset the position counter. The Stellaris® quadrature encoder with index (QEI)
module interprets the code produced by a quadrature encoder wheel to integrate position over time
and determine direction of rotation. In addition, it can capture a running estimate of the velocity of
the encoder wheel. The input frequency of the QEI inputs may be as high as 1/4 of the processor
frequency (for example, 12.5 MHz for a 50-MHz system). The LM3S9B95 microcontroller includes
two QEI modules providing control of two motors at the same time. The QEI module has the following
features:

Position integrator that tracks the encoder position
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Programmable noise filter on the inputs
Velocity capture using built-in timer
Interrupt generation on:

Index pulse

Velocity-timer expiration

Direction change

Quadrature error detection

11.7 Analog

The LM3S9B95 controller provides analog functions integrated into the device, including:

Two 10-bit Analog-to-Digital Converters (ADC) with sixteen analog input channels and sample
rate of one million samples/second

Three analog comparators
Digital Comparator
On-chip voltage regulator
The following provides more detail on these analog functions.

11.71 ADC (see page 452)

An analog-to-digital converter (ADC@? is a peripheral that converts a continuous analog voltage to a
discrete digital number. The Stellaris~ ADC module features 10-bit conversion resolution and supports
sixteen input channels plus an internal temperature sensor. Four buffered sample sequencers allow
rapid sampling of up to eight analog input sources without controller intervention. Each sample
sequencer provides flexible programming with fully configurable input source, trigger events, interrupt
generation, and sequencer priority. The LM3S9B95 microcontroller provides two ADC modules. A
digital comparator function is included which allows the conversion value to be diverted to a
comparison unit that provides digital comparator. The ADC module has the following features:

Sixteen analog input channels

Single-ended and differential-input configurations
On-chip internal temperature sensor

Sample rate of one million samples/second
Flexible, configurable analog-to-digital conversion

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

Flexible trigger control

Controller (software)
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1.1.7.2

1.1.8

Timers
Analog Comparators
PWM
GPIO
Hardware averaging of up to 64 samples for improved accuracy
Digital comparison unit providing digital comparator
Converter uses an internal 3-V reference or an external reference
Power and ground for the analog circuitry is separate from the digital power and ground
Efficient transfers using Micro Direct Memory Access Controller (uUDMA)
Dedicated channel for each sample sequencer
Burst request asserted when interrupt is triggered

Analog Comparators (see page 872)

An analog comparator is a peripheral that compares two analog voltages and provides a logical
output that signals the comparison result. The LM3S9B95 microcontroller provides three independent
integrated analog comparators that can be configured to drive an output or generate an interrupt or
ADC event.

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

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

An individual external reference voltage

A shared single external reference voltage

A shared internal reference voltage

JTAG and ARM Serial Wire Debug (see page 78)

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 1/0O pin observation and control, scan testing, and debugging.
Luminary Micro 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 providing all the normal JTAG debug and test functionality plus
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real-time access to system memory without halting the core or requiring any target resident code.
See the CoreSight™ Design Kit Technical Reference Manual for details on SWJ-DP. The SWJ-DP
interface has the following features:

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)
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
11.9 Packaging and Temperature
Industrial-range 100-pin RoHS-compliant LQFP package

1.2 Target Applications

The Stellaris® family is positioned for cost-conscious applications requiring significant control
processing and connectivity capabilities such as:

Remote monitoring

Electronic point-of-sale (POS) machines
Test and measurement equipment
Network appliances and switches
Factory automation

HVAC and building control

Gaming equipment

Motion control

Medical instrumentation

Fire and security

Power and energy
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Transportation

1.3 High-Level Block Diagram

Figure 1-1 depicts the features on the Stellaris® LM3S9B95 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 Host Bus (AHB) bus provides better back-to-back access performance

than the APB bus.
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Figure 1-1. Stellaris® LM3S9B95 Microcontroller High-Level Block Diagram
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1.4
1.4.1

1.4.2

Additional Features

Memory Map (see page 72)

A memory map lists the location of instructions and data in memory. The memory map for the

LM3S9B95 controller can be found in “Memory Map” on page 72. Register addresses are given as
a hexadecimal increment, relative to the module's base address as shown in the memory map. The
ARM® Cortex™-M3 Technical Reference Manual provides further information on the memory map.

Hardware Details

Details on the pins and package can be found in the following sections:
“Pin Diagram” on page 960
“Signal Tables” on page 961
“Operating Characteristics” on page 993
“Electrical Characteristics” on page 994

“Package Information” on page 1021
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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:

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

Thumb-2 mixed 16-/32-bit instruction set, delivers the high performance expected of from a 32-bit
ARM core in a compact memory size usually associated with 8- and 16-bit devices; typically in
the range of a few kilobytes of memory for microcontroller-class applications

Single-cycle multiply instruction and hardware divide

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

Unaligned data access, enabling data to be efficiently packed into memory
Harvard architecture characterized by separate buses for instruction and data

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

Migration from the ARM7™ processor family for better performance and power efficiency
Optimized for single-cycle Flash usage

80 and 100-MHz operation

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 motors.

For more information on the ARM Cortex-M3 processor core, see the ARM® Cortex™-M3 Technical
Reference Manual. For information on SWJ-DP, see the ARM® CoreSight Technical Reference
Manual.
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2.1

2.2

2.21

Block Diagram

Figure 2-1. CPU Block Diagram
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Functional Description

The ARM® Cortex™-M3 Technical Reference Manual describes all the features of an
ARM Cortex-M3 in detail. However, these features differ based on the implementation.
This section describes the Stellaris® implementation.

Luminary Micro implements the ARM Cortex-M3 core as shown in Figure 2-1 on page 60. The
Cortex-M3 uses the entire 16-bit Thumb instruction set and the base Thumb-2 32-bit instruction
set.. In addition, as noted in the ARM® Cortex™-M3 Technical Reference Manual, several Cortex-M3
components are flexible in their implementation: SW/JTAG-DP, ETM, TPIU, the ROM table, the
MPU, and the Nested Vectored Interrupt Controller (NVIC). Each of these is addressed in the
sections that follow.

Programming Model

This section provides a brief overview of the programming model for the Cortex-M3 core. More
detailed information can be found in the ARM® Cortex™-M3 Technical Reference Manual.

Privileged access and user access - Code can execute as privileged or unprivileged. Unprivileged
execution limits or excludes access to some resources. Privileged execution has access to all

resources. Handler mode is always privileged. Thread mode can be privileged or unprivileged.
Thread mode is privileged out of reset, but you can change it to user or unprivileged by setting
the CONTROL[0] bit using the MSR instruction. User access prevents:

Use of some instructions such as CPS to set FAULTMASK and PRIMASK
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Access to most registers in System Control Space (SCS)

When Thread mode has been changed from privileged to user, it cannot change itself back to
privileged. Only a Handler can change the privilege of Thread mode. Handler mode is always
privileged.

Register set - The processor has the following 32-bit registers:
13 general-purpose registers, r0-r12
Stack point alias of banked registers, SP_process and SP_main
Link register, r14
Program counter, r15
One program status register, xPSR.
Data types - The processor supports the following data types:
32-bit words
16-bit halfwords
8-bit bytes

Memory formats - The processor views memory as a linear collection of bytes numbered in
ascending order from 0. For example, bytes 0-3 hold the first stored word and bytes 4-7 hold the
second stored word. The processor accesses code and data in little-endian format. In little-endian
format, the byte with the lowest address in a word is the least-significant byte of the word. The
byte with the highest address in a word is the most significant. The byte at address 0 of the
memory system connects to data lines 7-0.

Instruction set - The Cortex-M3 instruction set contains both 16 and 32-bit instructions. These
instructions are summarized in Table 2-1 on page 61 and Table 2-2 on page 63, respectively.

Table 2-1. 16-Bit Cortex-M3 Instruction Set Summary

Assembler

ADC <Rd>, <Rm>

ADD <Rd>, <Rn>, #<immed_3>
ADD <Rd>, #<immed_8>

ADD <Rd>, <Rn>, <Rm>

Operation

Add register value and C flag to register value

Add immediate 3-bit value to register

Add immediate 8-bit value to register

Add low register value to low register value

Add high register value to low or high register value

ADD <Rd>, <Rm>

Add 4* (immediate 8-bit value) with PC to register

ADD <Rd>, PC, #<immed_8> * 4

Add 4* (immediate 8-bit value) with SP to register

ADD <Rd>, SP, #<immed_8> * 4

Add 4* (immediate 7-bit value) to SP

ADD SP, #<immed_7> * 4

Bitwise AND register values

AND <Rd>, <Rm>

Arithmetic shift right by immediate number

ASR <Rd>, <Rm>, #<immed_5>

Arithmetic shift right by number in register

ASR <Rd>, <Rs>

Branch conditional

B<cond> <target address>

Branch unconditional

B <target_address>

Bit clear

BIC <Rd>, <Rm>
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Operation Assembler
Software breakpoint BKPT <immed_8>
Branch with link BL <Rm>

Branch with link and exchange BLX <Rm>
Branch and exchange BX <Rm>

Compare not zero and branch

CBNZ <Rn>,<label>

Compare zero and branch

CBZ <Rn>,<label>

Compare negation of register value with another register value

CMN <Rn>, <Rm>

Compare immediate 8-bit value

CMP <Rn>, #<immed_8>

Compare registers

CMP <Rn>, <Rm>

Compare high register to low or high register

CMP <Rn>, <Rm>

Change processor state

CPS <effect>, <iflags>

Copy high or low register value to another high or low register

CPY <Rd> <Rm>

Bitwise exclusive OR register values

EOR <Rd>, <Rm>

Condition the following instruction

IT <cond>

Condition the following two instructions

IT<x> <cond>

Condition the following three instructions

IT<x><y> <cond>

Condition the following four instructions

IT<x><y><z> <cond>

Multiple sequential memory word loads

LDMIA <Rn>!, <registers>

Load memory word from base register address + 5-bit immediate offset

LDR <Rd>, [<Rn>, #<immed_5> * 4]

Load memory word from base register address + register offset

LDR <Rd>, [<Rn>, <Rm>]

Load memory word from PC address + 8-bit immediate offset

LDR <Rd>, [PC, #<immed_8> * 4]

Load memory word from SP address + 8-bit immediate offset

LDR, <Rd>, [SP, #<immed_8> * 4]

Load memory byte [7:0] from register address + 5-bit immediate offset

LDRB <Rd>, [<Rn>, #<immed_5>]

Load memory byte [7:0] from register address + register offset

LDRB <Rd>, [<Rn>, <Rm>]

Load memory halfword [15:0] from register address + 5-bit immediate offset

LDRH <Rd>, [<Rn>, #<immed_5> * 2]

Load halfword [15:0] from register address + register offset

LDRH <Rd>, [<Rn>, <Rm>]

Load signed byte [7:0] from register address + register offset

LDRSB <Rd>, [<Rn>, <Rm>]

Load signed halfword [15:0] from register address + register offset

LDRSH <Rd>, [<Rn>, <Rm>]

Logical shift left by immediate number

LSL <Rd>, <Rm>, #<immed_5>

Logical shift left by number in register

LSL <Rd>, <Rs>

Logical shift right by immediate number

LSR <Rd>, <Rm>, #<immed_5>

Logical shift right by number in register

LSR <Rd>, <Rs>

Move immediate 8-bit value to register

MOV <Rd>, #<immed_8>

Move low register value to low register

MOV <Rd>, <Rn>

Move high or low register value to high or low register

MOV <Rd>, <Rm>

Multiply register values

MUL <Rd>, <Rm>

Move complement of register value to register

MVN <Rd>, <Rm>

Negate register value and store in register

NEG <Rd>, <Rm>

No operation

NOP <c>

Bitwise logical OR register values

ORR <Rd>, <Rm>

Pop registers from stack

POP <registers>

Pop registers and PC from stack

POP <registers, PC>

Push registers onto stack

PUSH <registers>
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Operation Assembler

PUSH <registers, LR>
REV <Rd>, <Rn>
REV16 <Rd>, <Rn>
REVSH <Rd>, <Rn>
ROR <Rd>, <Rs>
Subtract register value and C flag from register value SBC <Rd>, <Rm>
Send event SEV <c>

Push LR and registers onto stack

Reverse bytes in word and copy to register

Reverse bytes in two halfwords and copy to register

Reverse bytes in low halfword [15:0], sign-extend, and copy to register

Rotate right by amount in register

Store multiple register words to sequential memory locations STMIA <Rn>!, <registers>

STR <Rd>, [<Rn>, #<immed_5> * 4]
STR <Rd>, [<Rn>, <Rm>]

STR <Rd>, [SP, #<immed_8> * 4]
STRB <Rd>, [<Rn>, #<immed_5>]
STRB <Rd>, [<Rn>, <Rm>]

STRH <Rd>, [<Rn>, #<immed_5> * 2]
STRH <Rd>, [<Rn>, <Rm>]

SUB <Rd>, <Rn>, #<immed_3>
SUB <Rd>, #<immed_8>

SUB <Rd>, <Rn>, <Rm>

SUB SP, #<immed_7> * 4

SVC <immed_8>

SXTB <Rd>, <Rm>

Store register word to register address + 5-bit immediate offset

Store register word to register address

Store register word to SP address + 8-bit immediate offset

Store register byte [7:0] to register address + 5-bit immediate offset

Store register byte [7:0] to register address

Store register halfword [15:0] to register address + 5-bit immediate offset

Store register halfword [15:0] to register address + register offset

Subtract immediate 3-bit value from register

Subtract immediate 8-bit value from register value

Subtract register values

Subtract 4 (immediate 7-bit value) from SP

Operating system service call with 8-bit immediate call code

Extract byte [7:0] from register, move to register, and sign-extend to 32 bits

Extract halfword [15:0] from register, move to register, and sign-extend to 32 bits | SXTH <Rd>, <Rm>
TST <Rn>, <Rm>
UXTB <Rd>, <Rm>10

Test register value for set bits by ANDing it with another register value

Extract byte [7:0] from register, move to register, and zero-extend to 32 bits

Extract halfword [15:0] from register, move to register, and zero-extend to 32 bits |UXTH <Rd>, <Rm>
Wait for event WFE <c>

Wait for interrupt WFI <c>

Table 2-2. 32-Bit Cortex-M3 Instruction Set Summary

Operation Assembler

Add register value, immediate 12-bit value, and C bit

ADC{S}.W <Rd>, <Rn>,
#<modify_constant(immed_12>

Add register value, shifted register value, and C bit

ADC{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Add register value and immediate 12-bit value

ADD{S}.W <Rd>, <Rn>,
#<modify_constant(immed_12)>

Add register value and shifted register value

ADD{S}.W <Rd>, <Rm>{, <shift>}

Add register value and immediate 12-bit value

ADDW.W <Rd>, <Rn>, #<immed_12>

Bitwise AND register value with immediate 12-bit value

AND{S}.W <Rd>, <Rn>,
#<modify_constant(immed_12>

Bitwise AND register value with shifted register value

AND{S}.W <Rd>, <Rn>, Rm>{, <shift>}

Arithmetic shift right by number in register

ASR({S}.W <Rd>, <Rn>, <Rm>

Conditional branch

B{cond}.W <label>

Clear bit field

BFC.W <Rd>, #<Isb>, #<width>

Insert bit field from one register value into another

BFI.W <Rd>, <Rn>, #<Isb>, #<width>
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Operation

Assembler

Bitwise AND register value with complement of immediate 12-bit
value

BIC{S}.W <Rd>, <Rn>,
#<modify_constant(immed_12)>

Bitwise AND register value with complement of shifted register value

BIC{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Branch with link BL <label>
Branch with link (immediate) BL<c> <label>
Unconditional branch B.W <label>
Clear exclusive clears the local record of the executing processor |CLREX <c>

that an address has had a request for an exclusive access.

Return number of leading zeros in register value

CLZ.W <Rd>, <Rn>

Compare register value with two’s complement of immediate 12-bit
value

CMN.W <Rn>, #<modify_constant(immed_12)>

Compare register value with two’s complement of shifted register
value

CMN.W <Rn>, <Rm>{, <shift>}

Compare register value with immediate 12-bit value

CMP.W <Rn>, #<modify_constant(immed_12)>

Compare register value with shifted register value

CMP.W <Rn>, <Rm>{, <shift>}

Data memory barrier

DMB <c>

Data synchronization barrier

DSB <c>

Exclusive OR register value with immediate 12-bit value

EOR{S}.W <Rd>, <Rn>,
#<modify_constant(immed_12)>

Exclusive OR register value with shifted register value

EOR{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Instruction synchronization barrier

ISB <c>

Load multiple memory registers, increment after or decrement before

LDM{IA|DB}.W <Rn>{!}, <registers>

Memory word from base register address + immediate 12-bit offset

LDR.W <Rxf>, [<Rn>, #<offset_12>]

Memory word to PC from register address + immediate 12-bit offset

LDR.W PC, [<Rn>, #<offset_12>]

Memory word to PC from base register address immediate 8-bit offset,
postindexed

LDR.W PC, [Rn], #<+/-<offset_8>

Memory word from base register address immediate 8-bit offset,
postindexed

LDR.W <Rxf>, [<Rn>], #+/—<offset_8>

Memory word from base register address immediate 8-bit offset,
preindexed

LDR.W <Rxf>, [<Rn>, #<+/—<offset_8>]!
LDRT.W <Rxf>, [<Rn>, #<offset_8>]

Memory word to PC from base register address immediate 8-bit offset,
preindexed

LDR.W PC, [<Rn>, #+/—<offset_8>]!

Memory word from register address shifted left by 0, 1, 2, or 3 places

LDR.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory word to PC from register address shifted left by 0, 1, 2, or
3 places

LDR.W PC, [<Rn>, <Rm>{, LSL #<shift>}]

Memory word from PC address immediate 12-bit offset

LDR.W <Rxf>, [PC, #+/—<offset_12>]

Memory word to PC from PC address immediate 12-bit offset

LDR.W PC, [PC, #+/—<offset_12>]

Memory byte [7:0] from base register address + immediate 12-bit
offset

LDRB.W <Rxf>, [<Rn>, #<offset_12>]

Memory byte [7:0] from base register address immediate 8-bit offset,
postindexed

LDRB.W <Rxf>. [<Rn>], #+/-<offset_8>

Memory byte [7:0] from register address shifted left by 0, 1, 2, or 3
places

LDRB.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory byte [7:0] from base register address immediate 8-bit offset,
preindexed

LDRB.W <Rxf>, [<Rn>, #<+/—<offset_8>]!

Memory byte from PC address immediate 12-bit offset

LDRB.W <Rxf>, [PC, #+/—<offset_12>]

Memory doubleword from register address 8-bit offset 4, preindexed

LDRD.W <Rxf>, <Rxf2>, [<Rn>, #+/—<offset_8> * 4|{!}
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Memory doubleword from register address 8-bit offset 4, postindexed

LDRD.W <Rxf>, <Rxf2>, [<Rn>], #+/—<offset_8> * 4

Load register exclusive calculates an address from a base register
value and an immediate offset, loads a word from memory, writes it
to a register

LDREX<c> <Rt>,[<Rn>{#<imm>}]

Load register exclusive halfword calculates an address from a base
register value and an immediate offset, loads a halfword from memory,
writes it to a register

LDREXH<c> <Rt>,[<Rn>{#<imm>}]

Load register exclusive byte calculates an address from a base
register value and an immediate offset, loads a byte from memory,
writes it to a register

LDREXB<c> <Rt>,[<Rn>{ #<imm>}]

Memory halfword [15:0] from base register address + immediate
12-bit offset

LDRH.W <Rxf>, [<Rn>, #<offset_12>]

Memory halfword [15:0] from base register address immediate 8-bit
offset, preindexed

LDRH.W <Rxf>, [<Rn>, #<+/—<offset_8>]!

Memory halfword [15:0] from base register address immediate 8-bit
offset, postindexed

LDRH.W <Rxf>. [<Rn>], #+/-<offset_8>

Memory halfword [15:0] from register address shifted left by 0, 1, 2,
or 3 places

LDRH.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory halfword from PC address immediate 12-bit offset

LDRH.W <Rxf>, [PC, #+/—<offset_12>]

Memory signed byte [7:0] from base register address + immediate
12-bit offset

LDRSB.W <Rxf>, [<Rn>, #<offset_12>]

Memory signed byte [7:0] from base register address immediate 8-bit
offset, postindexed

LDRSB.W <Rxf>. [<Rn>], #+/-<offset_8>

Memory signed byte [7:0] from base register address immediate 8-bit
offset, preindexed

LDRSB.W <Rxf>, [<Rn>, #<+/—<offset_8>]!

Memory signed byte [7:0] from register address shifted left by 0, 1,
2, or 3 places

LDRSB.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory signed byte from PC address immediate 12-bit offset

LDRSB.W <Rxf>, [PC, #+/—<offset_12>]

Memory signed halfword [15:0] from base register address +
immediate 12-bit offset

LDRSH.W <Rxf>, [<Rn>, #<offset_12>]

Memory signed halfword [15:0] from base register address immediate
8-bit offset, postindexed

LDRSH.W <Rxf>. [<Rn>], #+/-<offset_8>

Memory signed halfword [15:0] from base register address immediate
8-bit offset, preindexed

LDRSH.W <Rxf>, [<Rn>, #<+/—<offset_8>]!

Memory signed halfword [15:0] from register address shifted left by
0,1, 2, or 3 places

LDRSH.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Memory signed halfword from PC address immediate 12-bit offset

LDRSH.W <Rxf>, [PC, #+/—<offset_12>]

Logical shift left register value by number in register

LSL{S}.W <Rd>, <Rn>, <Rm>

Logical shift right register value by number in register

LSR{S}.W <Rd>, <Rn>, <Rm>

Multiply two signed or unsigned register values and add the low 32
bits to a register value

MLA.W <Rd>, <Rn>, <Rm>, <Racc>

Multiply two signed or unsigned register values and subtract the low
32 bits from a register value

MLS.W <Rd>, <Rn>, <Rm>, <Racc>

Move immediate 12-bit value to register

MOV{S}.W <Rd>, #<modify_constant(immed_12)>

Move shifted register value to register

MOV{S}.W <Rd>, <Rm>{, <shift>}

Move immediate 16-bit value to top halfword [31:16] of register

MOVT.W <Rd>, #<immed_16>

Move immediate 16-bit value to bottom halfword [15:0] of register
and clear top halfword [31:16]

MOVW.W <Rd>, #<immed_16>

Move to register from status

MRS<c> <Rd>, <psr>
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Move to status register

MSR<c> <psr>_<fields>,<Rn>

Multiply two signed or unsigned register values

MUL.W <Rd>, <Rn>, <Rm>

No operation

NOP.W

Logical OR NOT register value with immediate 12-bit value

ORN({S}.W <Rd>, <Rn>,
#<modify_constant(immed_12)>

Logical OR NOT register value with shifted register value

ORNI[S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Logical OR register value with immediate 12-bit value

ORR{S}.W <Rd>, <Rn>,
#<modify_constant(immed_12)>

Logical OR register value with shifted register value

ORR{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Reverse bit order

RBIT.W <Rd>, <Rm>

Reverse bytes in word

REV.W <Rd>, <Rm>

Reverse bytes in each halfword

REV16.W <Rd>, <Rn>

Reverse bytes in bottom halfword and sign-extend

REVSH.W <Rd>, <Rn>

Rotate right by number in register

ROR{S}.W <Rd>, <Rn>, <Rm>

Rotate right with extend

RRX{S}.W <Rd>, <Rm>

Subtract a register value from an immediate 12-bit value

RSB({S}.W <Rd>, <Rn>,
#<modify_constant(immed_12)>

Subtract a register value from a shifted register value

RSB{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Subtract immediate 12-bit value and C bit from register value

SBC{S}.W <Rd>, <Rn>,
#<modify_constant(immed_12)>

Subtract shifted register value and C bit from register value

SBC{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Copy selected bits to register and sign-extend

SBFX.W <Rd>, <Rn>, #<Isb>, #<width>

Signed divide

SDIV<c> <Rd>,<Rn><Rm>

Send event

SEV<c>

Multiply signed words and add signed-extended value to 2-register
value

SMLAL.W <RdLo>, <RdHi>, <Rn>, <Rm>

Multiply two signed register values

SMULL.W <RdLo>, <RdHi>, <Rn>, <Rm>

Signed saturate

SSAT.W <c> <Rd>, #<imm>, <Rn>{, <shift>}

Multiple register words to consecutive memory locations

STM{IA|DB}.W <Rn>{l}, <registers>

Register word to register address + immediate 12-bit offset

STR.W <Rxf>, [<Rn>, #<offset_12>]

Register word to register address immediate 8-bit offset, postindexed

STR.W <Rxf>, [<Rn>], #+/—<offset_8>

Register word to register address shifted by 0, 1, 2, or 3 places

STR.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Register word to register address immediate 8-bit offset, preindexed
Store, preindexed

STR.W <Rxf>, [<Rn>, #+/-<offset_8>{!}
STRT.W <Rxf>, [<Rn>, #<offset_8>]

Register byte [7:0] to register address immediate 8-bit offset,
preindexed

STRB{T}.W <Rxf>, [<Rn>, #+/—<offset_8>]{!}

Register byte [7:0] to register address + immediate 12-bit offset

STRB.W <Rxf>, [<Rn>, #<offset_12>]

Register byte [7:0] to register address immediate 8-bit offset,
postindexed

STRB.W <Rxf>, [<Rn>], #+/—<offset_8>

Register byte [7:0] to register address shifted by 0, 1, 2, or 3 places

STRB.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Store doubleword, preindexed

STRD.W <Rxf>, <Rxf2>, [<Rn>, #+/—<offset_8> * 4]{I}

Store doubleword, postindexed

STRD.W <Rxf>, <Rxf2>, [<Rn>, #+/—<offset_8> * 4]

Store register exclusive calculates an address from a base register
value and an immediate offset, and stores a word from a register to
memory if the executing processor has exclusive access to the
memory addressed.

STREX <c> <Rd>,<Rt>[<Rn>{#<imm>}]
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Store register exclusive byte derives an address from a base register
value, and stores a byte from a register to memory if the executing
processor has exclusive access to the memory addressed

STREXB <c> <Rd>,<Rt>,[<Rn>]

Store register exclusive halfword derives an address from a base
register value, and stores a halfword from a register to memory if the
executing processor has exclusive access to the memory addressed.

STREXH <c> <Rd>,<Rt> [<Rn>]

Register halfword [15:0] to register address + immediate 12-bit offset

STRH.W <Rxf>, [<Rn>, #<offset_12>]

Register halfword [15:0] to register address shifted by 0, 1, 2, or 3
places

STRH.W <Rxf>, [<Rn>, <Rm>{, LSL #<shift>}]

Register halfword [15:0] to register address immediate 8-bit offset,
preindexed

STRH{T}.W <Rxf>, [<Rn>, #+/—<offset_8>{!}

Register halfword [15:0] to register address immediate 8-bit offset,
postindexed

STRH.W <Rxf>, [<Rn>], #+/—<offset_8>

Subtract immediate 12-bit value from register value

SUB{S}.W <Rd>, <Rn>,
#<modify_constant(immed_12)>

Subtract shifted register value from register value

SUB{S}.W <Rd>, <Rn>, <Rm>{, <shift>}

Subtract immediate 12-bit value from register value

SUBW.W <Rd>, <Rn>, #<immed_12>

Sign extend byte to 32 bits

SXTB.W <Rd>, <Rm>{, <rotation>}

Sign extend halfword to 32 bits

SXTH.W <Rd>, <Rm>{, <rotation>}

Table branch byte

TBB [<Rn>, <Rm>]

Table branch halfword

TBH [<Rn>, <Rm>, LSL #1]

Exclusive OR register value with immediate 12-bit value

TEQ.W <Rn>, #<modify_constant(immed_12)>

Exclusive OR register value with shifted register value

TEQ.W <Rn>, <Rm>{, <shift}

Logical AND register value with 12-bit immediate value

TST.W <Rn>, #<modify_constant(immed_12)>

Logical AND register value with shifted register value

TST.W <Rn>, <Rm>{, <shift>}

Copy bit field from register value to register and zero-extend to 32
bits

UBFX.W <Rd>, <Rn>, #<Isb>, #<width>

Unsigned divide

UDIV<c> <Rd>,<Rn>,<Rm>

Multiply two unsigned register values and add to a 2-register value

UMLAL.W <RdLo>, <RdHi>, <Rn>, <Rm>

Multiply two unsigned register values

UMULL.W <RdLo>, <RdHi>, <Rn>, <Rm>

Unsigned saturate

USAT <c> <Rd>, #<imm>, <Rn>{, <shift>}

Copy unsigned byte to register and zero-extend to 32 bits

UXTB.W <Rd>, <Rm>{, <rotation>}

Copy unsigned halfword to register and zero-extend to 32 bits

UXTH.W <Rd>, <Rm>{, <rotation>}

Wait for event

WFE.W

Wait for interrupt

WFIL.W

Serial Wire and JTAG Debug

Luminary Micro replaces the ARM SW-DP and JTAG-DP with the ARM CoreSight™-compliant
Serial Wire JTAG Debug Port (SWJ-DP) interface. As a result, Chapter 12, “Debug Port,” of the
ARM® Cortex™-M3 Technical Reference Manual does not apply to Stellaris® devices.

The SWJ-DP interface combines the SWD and JTAG debug ports into one module. See the
CoreSight™ Design Kit Technical Reference Manual for details on SWJ-DP.

Embedded Trace Macrocell (ETM)

ETM is not implemented in the Stellaris® devices. As a

result, Chapters 15 and 16 of the ARM®

Cortex™-M3 Technical Reference Manual can be ignored.
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224 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. Stellaris® devices implement the TPIU as shown in Figure 2-2. This implementation
is similar to the non-ETM version described in the ARM® Cortex™-M3 Technical Reference Manual,
however, SWJ-DP only provides the Serial Wire Viewer (SWV) output format for the TPIU.
Figure 2-2. TPIU Block Diagram
Debug . )
Serial Wire
ATB ATB Trace Out
Slave P Interface [ Asynchronous FIFO > (serializer) [ Trace Port
P (SWO)
ort
APB T T
APB
Slave =P
Port Interface
2.2.5 ROM Table
The default ROM table is implemented as described in the ARM® Cortex™-M3 Technical Reference
Manual.
2.2.6 Memory Protection Unit (MPU)
The Memory Protection Unit (MPU) is included on the LM3S9B95 controller and 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.
227 Nested Vectored Interrupt Controller (NVIC)
The Nested Vectored Interrupt Controller (NVIC):
Facilitates low-latency exception and interrupt handling
Controls power management
Implements system control registers
The NVIC and the processor core interface are closely coupled, which enables low latency interrupt
processing and efficient processing of late arriving interrupts. The NVIC maintains knowledge of
the stacked (nested) interrupts to enable tail-chaining of interrupts.
68
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You can only fully access the NVIC from privileged mode, but you can pend interrupts in user-mode
by enabling the Configuration Control Register (see the ARM® Cortex™-M3 Technical Reference
Manual). Any other user-mode access causes a bus fault.

All NVIC registers are accessible using byte, halfword, and word unless otherwise stated.

2271 Interrupts

The ARM® Cortex™-M3 Technical Reference Manual describes the maximum number of interrupts
and interrupt priorities. The LM3S9B95 microcontroller supports 53 interrupts with eight priority
levels.

In addition to the peripheral interrupts, the system also provides for a non-maskable interrupt (NMI).
The NMl is generally used in safety critical applications where the immediate execution of an interrupt
handler is required. The NMI signal is available as an external signal so that it may be generated

by external circuitry. The NMl is also used internally as part of the main oscillator verification circuitry.
More information on the non-maskable interrupt is located in “Non-Maskable Interrupt” on page 93.

2238 System Timer (SysTick)

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:

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

A high-speed alarm timer using the system clock

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

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

An internal clock source control based on missing/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.

2.2.8.1 Functional Description

The timer consists of three registers:

SysTick Control and Status Register - a control and status counter to configure its clock, enable
the counter, enable the SysTick interrupt, and determine counter status

SysTick Reload Value Register - the reload value for the counter, used to provide the counter's
wrap value

SysTick Current Value Register - the current value of the counter

A fourth register, the SysTick Calibration Value Register, is not implemented in the Stellaris® devices.

When enabled, the timer counts down on each clock from the reload value to zero, reloads (wraps)
to the value in the SysTick Reload Value register on the next clock edge, then decrements on
subsequent clocks. Clearing the SysTick Reload Value register disables the counter on the next
wrap. When the counter reaches zero, the COUNTFLAG status bit is set. The COUNTFLAG bit
clears on reads.

February 24, 2009 69
Preliminary



ARM Cortex-M3 Processor Core

Writing to the SysTick Current Value register clears the register and the COUNTFLAG status bit.
The write does not trigger the SysTick exception logic. On a read, the current value is the value of
the register at the time the register is accessed.

If the core is in debug state (halted), the counter does not decrement. The timer is clocked with
respect to a reference clock, which can be either the core clock or an external clock source.

2.2.8.2 SysTick Control and Status Register

Use the SysTick Control and Status Register to enable the SysTick features. The reset is

0x0000.0000.

Bit/Field Name Type |Reset | Description

31:17 reserved RO |0x000 | 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.
16 COUNTFLAG|R/W | 0 |[CountFlag

When set, this bit indicates that the timer has counted to 0 since the last time this
register was read.
This bit is cleared by a read of the register.
If read by the debugger using the DAP, this bit is cleared only if the MasterType bit
in the AHB-AP Control Register is clear. Otherwise, the COUNTFLAG bit is not
changed by the debugger read.

15:3 reserved RO |0x000 | Software should not rely on the value of a reserved bit. To provide compatibility with
future products, the value of a reserved bit should be preserved across a
read-modify-write operation.

2 CLKSOURCE|R/W | 0 |Clock Source
Value Description
0 External reference clock. (Not implemented for Stellaris® microcontrollers.)
1 Core clock
Because an external reference clock is not supported, this bit must be set in order
for SysTick to operate.
1 TICKINT R/W | 0 |Tick Interrupt
When set, this bit causes an interrupt to be generated to the NVIC when SysTick
counts to 0.
When clear, interrupt generation is disabled. Software can use the COUNTFLAG
to determine if the counter has ever reached 0.
0 ENABLE |R/W| 0 |[Enable
When set, this bit enables SysTick to operate in a multi-shot way. That is, the counter
loads the Reload value and begins counting down. On reaching 0, the COUNTFLAG
bit is set and an interrupt is generated if enabled by TICKINT. The counter then
loads the Reload value again and begins counting.
When this bit is clear, the counter is disabled.
2.2.8.3 SysTick Reload Value Register
The SysTick Reload Value Register specifies the start value to load into the SysTick Current Value
Register when the counter reaches 0. The start value can be between 1 and OxOOFF.FFFF. A start
value of 0 is possible but has no effect because the SysTick interrupt and COUNTFLAG are activated
when counting from 1 to 0.
70
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SysTick can be configured as a multi-shot timer, repeated over and over, firing every N+1 clock
pulses, where N is any value from 1 to 0xO0OFF.FFFF. For example, if a tick interrupt is required
every 100 clock pulses, 99 must be written into the RELOAD field.

When configuring SysTick as a single-shot timer, a new value is written on each tick interrupt, and
the actual count down value must be written. For example, if a tick is next required after 400 clock
pulses, 400 must be written into the RELOAD field.

Bit/Field

Name |Type

Reset

Description

31:24

reserved | RO

0x00

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.

23:.0

RELOAD | RIW

Reload Value

Value to load into the SysTick Current Value Register when the counter reaches 0.

2284 SysTick Current Value Register

The SysTick Current Value Register contains the current value of the counter.

Bit/Field| Name |Type|Reset|Description
31:24 | reserved | RO | 0x00 |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.
23:0 |CURRENT|W1C| - |[Current Value

This field contains the current value at the time the register is accessed. No
read-modify-write protection is provided, so change with care.

This register is write-clear. Writing to it with any value clears the register to 0. Clearing
this register also clears the COUNTFLAG bit of the SysTick Control and Status Register.

2.2.8.5 SysTick Calibration Value Register

The SysTick Calibration Value register is not implemented.
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The memory map for the LM3S9B95 controller is provided in Table 3-1.

In this manual, register addresses are given as a hexadecimal increment, relative to the module’s
base address as shown in the memory map. See also Chapter 4, “Memory Map” in the ARM®
Cortex™-M3 Technical Reference Manual.

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

Table 3-1. Memory Map

Start End Description For details,
see page ...
Memory
0x0000.0000 0x0003.FFFF On-chip Flash 196
0x0004.0000 0x00FF.FFFF Reserved -
0x0100.0000 0x0100.4FFF On-chip ROM 196
0x0100.5000 0x0100.5EFF AES+CRC software in on-chip ROM 1048
0x0100.5F00 Ox1FFF.FFFF Reserved -
0x2000.0000 0x2001.7FFF Bit-banded on-chip SRAM 196
0x2001.8000 0x21FF.FFFF Reserved -
0x2200.0000 0x222F.FFFF Bit-band alias of 0x2000.0000 through 0x200F.FFFF 196
0x2230.0000 Ox3FFF.FFFF Reserved -
FiRM Peripherals
0x4000.0000 0x4000.0FFF Watchdog timer 0 430
0x4000.1000 0x4000.1FFF Watchdog timer 1 430
0x4000.2000 0x4000.3FFF Reserved -
0x4000.4000 0x4000.4FFF GPIO Port A 300
0x4000.5000 0x4000.5FFF GPIO Port B 300
0x4000.6000 0x4000.6FFF GPIO Port C 300
0x4000.7000 0x4000.7FFF GPIO Port D 300
0x4000.8000 0x4000.8FFF SSI0 583
0x4000.9000 0x4000.9FFF SSI1 583
0x4000.A000 0x4000.BFFF Reserved -
0x4000.C000 0x4000.CFFF UARTO 529
0x4000.D000 0x4000.DFFF UART1 529
0x4000.E000 0x4000.EFFF UART2 529
0x4000.FO00 0x4001.FFFF Reserved -
Peripherals
0x4002.0000 0x4002.07FF I2C Master 0 624
0x4002.0800 0x4002.0FFF I2C Slave 0 636
0x4002.1000 0x4002.17FF I°C Master 1 624
0x4002.1800 0x4002.1FFF I2C Slave 1 636
0x4002.2000 0x4002.3FFF Reserved -
0x4002.4000 0x4002.4FFF GPIO Port E 300
0x4002.5000 0x4002.5FFF GPIO Port F 300
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Start End Description For details,
see page ...
0x4002.6000 0x4002.6FFF GPIO Port G 300
0x4002.7000 0x4002.7FFF GPIO Port H 300
0x4002.8000 0x4002.8FFF PWM 894
0x4002.9000 0x4002.BFFF Reserved -
0x4002.C000 0x4002.CFFF QEIO 947
0x4002.D000 0x4002.DFFF QEI1 947
0x4002.E000 0x4002.FFFF Reserved -
0x4003.0000 0x4003.0FFF Timer O 400
0x4003.1000 0x4003.1FFF Timer 1 400
0x4003.2000 0x4003.2FFF Timer 2 400
0x4003.3000 0x4003.3FFF Timer 3 400
0x4003.4000 0x4003.7FFF Reserved -
0x4003.8000 0x4003.8FFF ADCO 468
0x4003.9000 0x4003.9FFF ADC1 468
0x4003.A000 0x4003.BFFF Reserved -
0x4003.C000 0x4003.CFFF Analog Comparators 872
0x4003.D000 0x4003.DFFF GPIO Port J 300
0x4003.E000 0x4003.FFFF Reserved -
0x4004.0000 0x4004.0FFF CANO Controller 695
0x4004.1000 0x4004.1FFF CAN1 Controller 695
0x4004.2000 0x4004.7FFF Reserved -
0x4004.8000 0x4004.8FFF Ethernet Controller 733
0x4004.9000 0x4004.FFFF Reserved -
0x4005.0000 0x4005.0FFF usB 790
0x4005.1000 0x4005.3FFF Reserved -
0x4005.4000 0x4005.4FFF 12S0 656
0x4005.5000 0x4005.7FFF Reserved -
0x4005.8000 0x4005.8FFF GPIO Port A (AHB aperture) 300
0x4005.9000 0x4005.9FFF GPIO Port B (AHB aperture) 300
0x4005.A000 0x4005.AFFF GPIO Port C (AHB aperture) 300
0x4005.B000 0x4005.BFFF GPIO Port D (AHB aperture) 300
0x4005.C000 0x4005.CFFF GPIO Port E (AHB aperture) 300
0x4005.D000 0x4005.DFFF GPIO Port F (AHB aperture) 300
0x4005.E000 0x4005.EFFF GPIO Port G (AHB aperture) 300
0x4005.FO00 0x4005.FFFF GPIO Port H (AHB aperture) 300
0x4006.0000 0x4006.0FFF GPIO Port J (AHB aperture) 300
0x4006.1000 0x400C.FFFF Reserved -
0x400D.0000 0x400D.FFFF EPIO 353
0x400E.0000 0x400F.CFFF Reserved -
0x400F.D000 0x400F.DFFF Flash control 200
0x400F.E000 0x400F.EFFF System control 101
0x400F.F000 0x400F.FFFF uDMA 247
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see page ...
0x4010.0000 0x41FF.FFFF Reserved -
0x4200.0000 0x43FF.FFFF Bit-banded alias of 0x4000.0000 through 0x400F.FFFF -
0x4400.0000 OxDFFF.FFFF Reserved -
Private Peripheral Bus
0xE000.0000 0xE000.0FFF Instrumentation Trace Macrocell (ITM) ARM®
Cortex™-M3
Technical
Reference
Manual
0xE000.1000 0xEO000.1FFF Data Watchpoint and Trace (DWT) ARM®
Cortex™-M3
Technical
Reference
Manual
0xE000.2000 0xE000.2FFF Flash Patch and Breakpoint (FPB) ARM®
Cortex™-M3
Technical
Reference
Manual
0xE000.3000 0xEO000.DFFF Reserved -
0xE000.E000 0xEO00.EFFF Nested Vectored Interrupt Controller (NVIC) ARM®
Cortex™-M3
Technical
Reference
Manual
0xE000.F000 0xE003.FFFF Reserved -
0xE004.0000 0xE004.0FFF Trace Port Interface Unit (TPIU) ARM®
Cortex™-M3
Technical
Reference
Manual
0xE004.1000 OxFFFF.FFFF Reserved -

74

February 24, 2009

Preliminary




LM3S9B95 Microcontroller

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 4-1 on page 75 lists all exception types. Software can set eight priority levels on seven of
these exceptions (system handlers) as well as on 53 interrupts (listed in Table 4-2 on page 76).

Priorities on the system handlers are set with the NVIC System Handler Priority registers. Interrupts
are enabled through the NVIC Interrupt Set Enable register and prioritized with the NVIC Interrupt
Priority registers. Priorities can be grouped by splitting priority levels into pre-emption priorities and
subpriorities. All of the interrupt registers are described in Chapter 8, “Nested Vectored Interrupt
Controller” in the ARM® Cortex™-M3 Technical Reference Manual.

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 programmable priorities.

If you assign the same priority level to two or more interrupts, their hardware priority (the lower
position number) determines the order in which the processor activates them. For example, if both
GPIO Port A and GPIO Port B are priority level 1, then GPIO Port A has higher priority.

It may take several processor cycles after a write to clear an interrupt source 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 Chapter 5, “Exceptions” and Chapter 8, “Nested Vectored Interrupt Controller” in the ARM®
Cortex™-M3 Technical Reference Manual for more information on exceptions and interrupts.

Table 4-1. Exception Types

Exception Type |Vector Priority® Description

Number
- 0 - Stack top is loaded from the first entry of the vector table on reset.
Reset 1 -3 (highest) |[This exception is invoked on power up and warm reset. On the first

instruction, Reset drops to the lowest priority (and then is called the base
level of activation). This exception is asynchronous.

Non-Maskable 2 -2 This exception is caused by the assertion of the NM1 signal or by using
Interrupt (NMI) the NVIC Interrupt Control State register and cannot be stopped or
preempted by any exception but Reset. This exception is asynchronous.

Hard Fault 3 -1 This exception is caused by all classes of Fault, when the fault cannot
activate due to priority or the configurable fault handler has been disabled.
This exception is synchronous.

Memory 4 programmable | This exception is caused by an MPU mismatch, including access violation
Management and no match. This exception is synchronous.
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Exception Type |Vector Priority® Description
Number

Bus Fault 5 programmable | This exception is caused by a pre-fetch fault, memory access fault, and
other address/memory related faults. This exception is synchronous when
precise and asynchronous when imprecise.

This fault can be enabled or disabled.

Usage Fault 6 programmable | This exception is caused by a usage fault, such as undefined instruction
executed or illegal state transition attempt. This exception is synchronous.

- 7-10 - Reserved.

SVCall 11 programmable | This exception is caused by a system service call with an SVC instruction.
This exception is synchronous.

Debug Monitor 12 programmable | This exception is caused by the debug monitor (when not halting). This
exception is synchronous, but only active when enabled. This exception
does not activate if it is a lower priority than the current activation.

- 13 - Reserved.

PendSV 14 programmable | This exception is caused by a pendable request for system service. This
exception is asynchronous and only pended by software.

SysTick 15 programmable | This exception is caused by the SysTick timer reaching 0, when it is
enabled to generate an interrupt. This exception is asynchronous.

Interrupts 16 and |programmable | This exception is caused by interrupts asserted from outside the ARM

above Cortex-M3 core and fed through the NVIC (prioritized). These exceptions

are all asynchronous. Table 4-2 on page 76 lists the interrupts on the
LM3S9B95 controller.

a. 0 is the default priority for all the programmable priorities.

Table 4-2. Interrupts

Vector Number

Interrupt Number (Bit in
Interrupt Registers)

Description

0-15 - Processor exceptions
16 0 GPIO Port A
17 1 GPIO Port B
18 2 GPIO Port C
19 3 GPIO Port D
20 4 GPIO Port E
21 5 UARTO
22 6 UART1
23 7 SSI0
24 8 12cCo
25 9 PWM Fault
26 10 PWM Generator 0
27 11 PWM Generator 1
28 12 PWM Generator 2
29 13 QEIO
30 14 ADCO Sequence 0
31 15 ADCO Sequence 1
32 16 ADCO Sequence 2
33 17 ADCO Sequence 3
34 18 Watchdog Timers 0 and 1

76

February 24, 2009

Preliminary



LM3S9B95 Microcontroller

Vector Number Interrupt Number (Bit in |Description
Interrupt Registers)
35 19 Timer OA
36 20 Timer 0B
37 21 Timer 1A
38 22 Timer 1B
39 23 Timer 2A
40 24 Timer 2B
41 25 Analog Comparator 0
42 26 Analog Comparator 1
43 27 Analog Comparator 2
44 28 System Control
45 29 Flash Control
46 30 GPIO Port F
47 31 GPIO Port G
48 32 GPIO Port H
49 33 UART2
50 34 SSI1
51 35 Timer 3A
52 36 Timer 3B
53 37 12C1
54 38 QEN
55 39 CANO
56 40 CAN1
57 41 Reserved
58 42 Ethernet Controller
59 43 Reserved
60 44 usB
61 45 PWM Generator 3
62 46 uDMA Software
63 47 UDMA Error
64 48 ADC1 Sequence 0
65 49 ADC1 Sequence 1
66 50 ADC1 Sequence 2
67 51 ADC1 Sequence 3
68 52 12S0
69 53 EPI
70 54 GPIO Port J
71 55 Reserved
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JTAG Interface

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 1/0O pin observation and control, scan testing, and debugging.

The JTAG port is comprised of four pins: 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 Luminary Micro JTAG controller works with the ARM JTAG controller built into the Cortex-M3
core by multiplexing the TDO outputs from both JTAG controllers. ARM JTAG instructions select the
ARM TDO output while Luminary Micro JTAG instructions select the Luminary Micro TDO output.
The multiplexer is controlled by the Luminary Micro JTAG controller, which has comprehensive
programming for the ARM, Luminary Micro, and unimplemented JTAG instructions.

The Stellaris® JTAG module has the following features:
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)
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

See the ARM® Cortex™-M3 Technical Reference Manual for more information on the ARM JTAG
controller.
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5.1

5.2

Block Diagram

Figure 5-1. JTAG Module Block Diagram
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Functional Description

A high-level conceptual drawing of the JTAG module is shown in Figure 5-1 on page 79. The JTAG
module is composed of the Test Access Port (TAP) controller and serial shift chains with parallel
update registers. The TAP controller is a simple state machine controlled by the TCK and TMS inputs.
The current state of the TAP controller depends on the sequence of values captured on TMS at the
rising edge of TCK. The TAP controller determines when the serial shift chains capture new data,
shift data from TDI towards TDO, and update the parallel load registers. The current state of the
TAP controller also determines whether the Instruction Register (IR) chain or one of the Data Register
(DR) chains is being accessed.

The serial shift chains with parallel load registers are comprised of a single Instruction Register (IR)
chain and multiple Data Register (DR) chains. The current instruction loaded in the parallel load
register determines which DR chain is captured, shifted, or updated during the sequencing of the
TAP controller.

Some instructions, like EXTEST and INTEST, operate on data currently in a DR chain and do not
capture, shift, or update any of the chains. Instructions that are not implemented decode to the
BYPASS instruction to ensure that the serial path between TD1 and TDO is always connected (see
Table 5-2 on page 85 for a list of implemented instructions).

See “JTAG and Boundary Scan” on page 1002 for JTAG timing diagrams.

Of all the possible reset sources, only Power-On reset (POR) and the assertion of the RST
input have any effect on the JTAG module. The pin configurations are reset by both the
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5.21.1

5.2.1.2

5.21.3

RST input and POR, whereas the internal JTAG logic is only reset with POR. See “Reset
Sources” on page 90 for more information on reset.

JTAG Interface Pins

The JTAG interface consists of four standard pins: TCK, TMS, TDI, and TDO. These pins and their
associated state after a power-on reset or reset caused by the RST input are given in Table 5-1.
Detailed information on each pin follows. Refer to “General-Purpose Input/Outputs (GPIOs)” on page

291 for information on how to reprogram the configuration of these pins.

Table 5-1. JTAG Port Pins State after Power-On Reset or RST assertion

Pin Name

Data Direction

Internal Pull-Up

Internal Pull-Down

Drive Strength

Drive Value

TCK

Input

Enabled

Disabled

N/A

N/A

T™MS

Input

Enabled

Disabled

N/A

N/A

TDI

Input

Enabled

Disabled

N/A

N/A

TDO

Output

Enabled

Disabled

2-mA driver

High-Z

Test Clock Input (TCK)

The TCK pin is the clock for the JTAG module. This clock is provided so the test logic can operate
independently of any other system clocks and to ensure that multiple JTAG TAP controllers that
are daisy-chained together can synchronously communicate serial test data between components.
During normal operation, TCK is driven by a free-running clock with a nominal 50% duty cycle. When
necessary, TCK can be stopped at 0 or 1 for extended periods of time. While TCK is stopped at 0
or 1, the state of the TAP controller does not change and data in the JTAG Instruction and Data
Registers is not lost.

By default, the internal pull-up resistor on the TCK pin is enabled after reset, assuring that no clocking
occurs if the pin is not driven from an external source. The internal pull-up and pull-down resistors
can be turned off to save internal power as long as the TCK pin is constantly being driven by an
external source (see page 317 and page 319).

Test Mode Select (TMS)

The TMS pin selects the next state of the JTAG TAP controller. TMS is sampled on the rising edge
of TCK. Depending on the current TAP state and the sampled value of TMS, the next state may be
entered. Because the TMS pin is sampled on the rising edge of TCK, the IEEE Standard 1149.1
expects the value on TMS to change on the falling edge of TCK.

Holding TMS high for five consecutive TCK cycles drives the TAP controller state machine to the
Test-Logic-Reset state. When the TAP controller enters the Test-Logic-Reset state, the JTAG
module and associated registers are reset to their default values. This procedure should be performed
to initialize the JTAG controller. The JTAG Test Access Port state machine can be seen in its entirety
in Figure 5-2 on page 82.

By default, the internal pull-up resistor on the TMS pin is enabled after reset. Changes to the pull-up
resistor settings on GPIO Port C should ensure that the internal pull-up resistor remains enabled
on PC1/TMS; otherwise JTAG communication could be lost (see page 317).

Test Data Input (TDI)

The TDI pin provides a stream of serial information to the IR chain and the DR chains. TD1 is
sampled on the rising edge of TCK and, depending on the current TAP state and the current
instruction, may present this data to the proper shift register chain. Because the TDI pin is sampled
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on the rising edge of TCK, the IEEE Standard 1149.1 expects the value on TDI to change on the
falling edge of TCK.

By default, the internal pull-up resistor on the TD1 pin is enabled after reset. Changes to the pull-up
resistor settings on GPIO Port C should ensure that the internal pull-up resistor remains enabled
on PC2/TDI; otherwise JTAG communication could be lost (see page 317).

Test Data Output (TDO)

The TDO pin provides an output stream of serial information from the IR chain or the DR chains.
The value of TDO depends on the current TAP state, the current instruction, and the data in the
chain being accessed. In order to save power when the JTAG port is not being used, the TDO pin
is placed in an inactive drive state when not actively shifting out data. Because TDO can be connected
to the TD1 of another controller in a daisy-chain configuration, the IEEE Standard 1149.1 expects
the value on TDO to change on the falling edge of TCK.

By default, the internal pull-up resistor on the TDO pin is enabled after reset, assuring that the pin
remains at a constant logic level when the JTAG port is not being used. The internal pull-up and
pull-down resistors can be turned off to save internal power if a High-Z output value is acceptable
during certain TAP controller states (see page 317 and page 319).

JTAG TAP Controller

The JTAG TAP controller state machine is shown in Figure 5-2. The TAP controller state machine
is reset to the Test-Logic-Reset state on the assertion of a Power-On-Reset (POR). In order to reset
the JTAG module after the microcontroller has been powered on, the TMS input must be held HIGH
for five TCK clock cycles, resetting the TAP controller and all associated JTAG chains. Asserting
the correct sequence on the TMS pin allows the JTAG module to shift in new instructions, shift in
data, or idle during extended testing sequences. For detailed information on the function of the TAP
controller and the operations that occur in each state, please refer to IEEE Standard 1149.1.
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Figure 5-2. Test Access Port State Machine
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5.2.3 Shift Registers

The Shift Registers consist of a serial shift register chain and a parallel load register. The serial shift
register chain samples specific information during the TAP controller’'s CAPTURE states and allows
this information to be shifted out on TDO during the TAP controller’s SHIFT states. While the sampled
data is being shifted out of the chain on TDO, new data is being shifted into the serial shift register
on TDI. This new data is stored in the parallel load register during the TAP controller’'s UPDATE
states. Each of the shift registers is discussed in detail in “Register Descriptions” on page 85.

5.24 Operational Considerations

Certain operational parameters must be considered when using the JTAG module. Because the

JTAG pins can be programmed to be GPIOs, board configuration and reset conditions on these

pins must be considered. In addition, because the JTAG module has integrated ARM Serial Wire
Debug, the method for switching between these two operational modes is described below.
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GPIO Functionality

When the microcontroller is reset with either a POR or RST, the JTAG/SWD port pins default to their
JTAG/SWD configurations. The default configuration includes enabling digital functionality (DEN[3:0]
setin the Port C GPIO Digital Enable (GPIODEN) register), enabling the pull-up resistors (PUE[3:0]
set in the Port C GPIO Pull-Up Select (GPIOPUR) register) and enabling the alternate hardware

function (AFSEL[3:0] set in the Port C GPIO Alternate Function Select (GPIOAFSEL) register)
on the JTAG/SWD pins. See page 321, page 317 and page 311.

It is possible for software to configure these pins as GPIOs after reset by clearing AFSEL[3:0] in
the Port C GPIOAFSEL register. If the user does not require the JTAG/SWD port for debugging or
board-level testing, this provides four more GPIOs for use in the design.

Caution — It is possible to create a software sequence that prevents the debugger from connecting to
the Stellaris® microcontroller. If the program code loaded into flash immediately changes the JTAG
pins to their GPIO functionality, the debugger may not have enough time to connect and halt the
controller before the JTAG pin functionality switches. As a result, the debugger may be locked out of
the part. This issue can be avoided with a software routine that restores JTAG functionality based on
an external or software trigger.

The GPIO commit control registers provide a layer of protection against accidental programming of
critical hardware peripherals. Protection is currently provided for the NM1 pin (PB7) and the four
JTAG/SWD pins (PC[3:0]). Writes to protected bits of the GPIOAFSEL register, GPIOPUR register,
GPIO Pull-Down Select (GPIOPDR) register (see page 319), and GPIODEN register are not
committed to storage unless the GPIO Lock (GPIOLOCK) register (see page 323) has been unlocked
and the appropriate bits of the GPIO Commit (GPIOCR) register (see page 324) have been set.

Recovering a "Locked" Microcontroller

Performing the sequence below restores the nonvolatile registers discussed in “Nonvolatile
Register Programming” on page 199 to their factory default values. The mass erase of the
Flash memory caused by the sequence below occurs prior to the nonvolatile registers being
restored.

If software configures any of the JTAG/SWD pins as GPIO and loses the ability to communicate
with the debugger, there is a debug sequence that can be used to recover the microcontroller.
Performing a total of ten JTAG-to-SWD and SWD-to-JTAG switch sequences while holding the
microcontroller in reset mass erases the Flash memory. The sequence to recover the microcontroller
is:

Assert and hold the RST signal.

Perform steps 1. and 2. of the JTAG-to-SWD switch sequence on the section called
“JTAG-to-SWD Switching” on page 84.

Perform steps 1. and 2. of the SWD-to-JTAG switch sequence on the section called
“SWD-to-JTAG Switching” on page 84.

Perform steps 1. and 2. of the JTAG-to-SWD switch sequence.
Perform steps 1. and 2. of the SWD-to-JTAG switch sequence.
Perform steps 1. and 2. of the JTAG-to-SWD switch sequence.

Perform steps 1. and 2. of the SWD-to-JTAG switch sequence.
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Perform steps 1. and 2. of the JTAG-to-SWD switch sequence.
Perform steps 1. and 2. of the SWD-to-JTAG switch sequence.
Perform steps 1. and 2. of the JTAG-to-SWD switch sequence.
Perform steps 1. and 2. of the SWD-to-JTAG switch sequence.
Release the RST signal.

Wait 400 ms.

Power-cycle the microcontroller.

ARM Serial Wire Debug (SWD)

In order to seamlessly integrate the ARM Serial Wire Debug (SWD) functionality, a serial-wire
debugger must be able to connect to the Cortex-M3 core without having to perform, or have any
knowledge of, JTAG cycles. This integration is accomplished with a SWD preamble that is issued
before the SWD session begins.

The switching preamble used to enable the SWD interface of the SWJ-DP module starts with the
TAP controller in the Test-Logic-Reset state. From here, the preamble sequences the TAP controller
through the following states: Run Test Idle, Select DR, Select IR, Test Logic Reset, Test Logic
Reset, Run Test Idle, Run Test Idle, Select DR, Select IR, Test Logic Reset, Test Logic Reset, Run
Test Idle, Run Test Idle, Select DR, Select IR, and Test Logic Reset states.

Stepping through this sequence of the TAP state machine enables the SWD interface and disables
the JTAG interface. For more information on this operation and the SWD interface, see the ARM®
Cortex™-M3 Technical Reference Manual and the ARM® CoreSight Technical Reference Manual.

Because this sequence is a valid series of JTAG operations that could be issued, the ARM JTAG
TAP controller is not fully compliant to the IEEE Standard 1149.1. This instance is the only one
where the ARM JTAG TAP controller does not meet full compliance with the specification. Due to
the low probability of this sequence occurring during normal operation of the TAP controller, it should
not affect normal performance of the JTAG interface.

JTAG-to-SWD Switching

To switch the operating mode of the Debug Access Port (DAP) from JTAG to SWD mode, the
external debug hardware must send the switching preamble to the microcontroller. The 16-bit TMS
command for switching to SWD mode is defined as b1110.0111.1001.1110, transmitted LSB first.
This command can also be represented as OXE79E when transmitted LSB first. The complete switch
sequence should consist of the following transactions on the TCK/SWCLK and TMS/SWD 10 signals:

Send at least 50 TCK/SWCLK cycles with TMS/SWD 10 High to ensure that both JTAG and SWD
are in their reset/idle states.

Send the 16-bit JTAG-to-SWD switch command, OXE79E, on TMS.

Send at least 50 TCK/SWCLK cycles with TMS/SWD 10 High to ensure that if SWJ-DP was already
in SWD mode, the SWD goes into the line reset state before sending the switch sequence.

SWD-to-JTAG Switching

To switch the operating mode of the Debug Access Port (DAP) from SWD to JTAG mode, the
external debug hardware must send a switch command to the microcontroller. The 16-bit TMS
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command for switching to JTAG mode is defined as b1110.0111.0011.1100, transmitted LSB first.
This command can also be represented as OXE73C when transmitted LSB first. The complete switch
sequence should consist of the following transactions on the TCK/SWCLK and TMS/SWD10 signals:

Send at least 50 TCK/SWCLK cycles with TMS/SWD 10 High to ensure that both JTAG and SWD
are in their reset/idle states.

Send the 16-bit SWD-to-JTAG switch command, OXxE73C, on TMS.

Send at least 50 TCK/SWCLK cycles with TMS/SWD 10 High to ensure that if SWJ-DP was already
in JTAG mode, the JTAG goes into the Test Logic Reset state before sending the switch
sequence.

Initialization and Configuration

After a Power-On-Reset or an external reset (RST), the JTAG pins are automatically configured for
JTAG communication. No user-defined initialization or configuration is needed. However, if the user
application changes these pins to their GPIO function, they must be configured back to their JTAG
functionality before JTAG communication can be restored. To return the pins to their JTAG functions,
enable the four JTAG pins (PC[3:0]) for their alternate function using the GPIOAFSEL register.
In addition to enabling the alternate functions, any other changes to the GPIO pad configurations
on the four JTAG pins (PC[3:0]) should be returned to their default settings.

Register Descriptions

The registers in the JTAG TAP Controller or Shift Register chains are not memory mapped and are
not accessible through the on-chip Advanced Peripheral Bus (APB). Instead, the registers within
the JTAG controller are all accessed serially through the TAP Controller. These registers include
the Instruction Register and the six Data Registers.

Instruction Register (IR)

The JTAG TAP Instruction Register (IR) is a four-bit serial scan chain connected between the JTAG
TDI and TDO pins with a parallel load register. When the TAP Controller is placed in the correct
states, bits can be shifted into the IR. Once these bits have been shifted into the chain and updated,
they are interpreted as the current instruction. The decode of the IR bits is shown in Table 5-2. A
detailed explanation of each instruction, along with its associated Data Register, follows.

Table 5-2. JTAG Instruction Register Commands

IR[3:0] Instruction Description

0x0 EXTEST Drives the values preloaded into the Boundary Scan Chain by the SAMPLE/PRELOAD
instruction onto the pads.

0x1 INTEST Drives the values preloaded into the Boundary Scan Chain by the SAMPLE/PRELOAD
instruction into the controller.

0x2 SAMPLE / PRELOAD |Captures the current I/O values and shifts the sampled values out of the Boundary Scan
Chain while new preload data is shifted in.

0x8 ABORT Shifts data into the ARM Debug Port Abort Register.
OxA DPACC Shifts data into and out of the ARM DP Access Register.
0xB APACC Shifts data into and out of the ARM AC Access Register.

OxE IDCODE Loads manufacturing information defined by the IEEE Standard 1149.1 into the IDCODE
chain and shifts it out.

OxF BYPASS Connects TDI to TDO through a single Shift Register chain.
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IR[3:0] Instruction Description

All Others Reserved Defaults to the BYPASS instruction to ensure that TDI is always connected to TDO.

EXTEST Instruction

The EXTEST instruction is not associated with its own Data Register chain. Instead, the EXTEST
instruction uses the data that has been preloaded into the Boundary Scan Data Register using the
SAMPLE/PRELOAD instruction. When the EXTEST instruction is present in the Instruction Register,
the preloaded data in the Boundary Scan Data Register associated with the outputs and output
enables are used to drive the GPIO pads rather than the signals coming from the core. With tests
that drive known values out of the controller, this instruction can be used to verify connectivity. While
the EXTEST instruction is present in the Instruction Register, the Boundary Scan Data Register can
be accessed to sample and shift out the current data and load new data into the Boundary Scan
Data Register.

INTEST Instruction

The INTEST instruction is not associated with its own Data Register chain. Instead, the INTEST
instruction uses the data that has been preloaded into the Boundary Scan Data Register using the
SAMPLE/PRELOAD instruction. When the INTEST instruction is present in the Instruction Register,
the preloaded data in the Boundary Scan Data Register associated with the inputs are used to drive
the signals going into the core rather than the signals coming from the GPIO pads. With tests that
drive known values into the controller, this instruction can be used for testing. It is important to note
that although the RST input pin is on the Boundary Scan Data Register chain, it is only observable.
While the INTEST instruction is present in the Instruction Register, the Boundary Scan Data Register
can be accessed to sample and shift out the current data and load new data into the Boundary Scan
Data Register.

SAMPLE/PRELOAD Instruction

The SAMPLE/PRELOAD instruction connects the Boundary Scan Data Register chain between
TDI and TDO. This instruction samples the current state of the pad pins for observation and preloads
new test data. Each GPIO pad has an associated input, output, and output enable signal. When the
TAP controller enters the Capture DR state during this instruction, the input, output, and output-enable
signals to each of the GPIO pads are captured. These samples are serially shifted out on TDO while
the TAP controller is in the Shift DR state and can be used for observation or comparison in various
tests.

While these samples of the inputs, outputs, and output enables are being shifted out of the Boundary
Scan Data Register, new data is being shifted into the Boundary Scan Data Register from TDI.
Once the new data has been shifted into the Boundary Scan Data Register, the data is saved in the
parallel load registers when the TAP controller enters the Update DR state. This update of the
parallel load register preloads data into the Boundary Scan Data Register that is associated with
each input, output, and output enable. This preloaded data can be used with the EXTEST and
INTEST instructions to drive data into or out of the controller. See “Boundary Scan Data

Register” on page 88 for more information.

ABORT Instruction

The ABORT instruction connects the associated ABORT Data Register chain between TDI and
TDO. This instruction provides read and write access to the ABORT Register of the ARM Debug
Access Port (DAP). Shifting the proper data into this Data Register clears various error bits or initiates
a DAP abort of a previous request. See the “ABORT Data Register” on page 89 for more information.
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5.4.1.5

5.4.1.6

5.4.1.7

5.4.1.8

5.4.2

5.4.2.1

DPACC Instruction

The DPACC instruction connects the associated DPACC Data Register chain between TDI and
TDO. This instruction provides read and write access to the DPACC Register of the ARM Debug
Access Port (DAP). Shifting the proper data into this register and reading the data output from this
register allows read and write access to the ARM debug and status registers. See “DPACC Data
Register” on page 89 for more information.

APACC Instruction

The APACC instruction connects the associated APACC Data Register chain between TDI and
TDO. This instruction provides read and write access to the APACC Register of the ARM Debug
Access Port (DAP). Shifting the proper data into this register and reading the data output from this
register allows read and write access to internal components and buses through the Debug Port.
See “APACC Data Register” on page 88 for more information.

IDCODE Instruction

The IDCODE instruction connects the associated IDCODE Data Register chain between TD1 and
TDO. This instruction provides information on the manufacturer, part number, and version of the
ARM core. This information can be used by testing equipment and debuggers to automatically
configure input and output data streams. IDCODE is the default instruction loaded into the JTAG
Instruction Register when a Power-On-Reset (POR) is asserted, or the Test-Logic-Reset state is
entered. See “IDCODE Data Register” on page 87 for more information.

BYPASS Instruction

The BYPASS instruction connects the associated BYPASS Data Register chain between TD1 and
TDO. This instruction is used to create a minimum length serial path between the TD1 and TDO ports.
The BYPASS Data Register is a single-bit shift register. This instruction improves test efficiency by
allowing components that are not needed for a specific test to be bypassed in the JTAG scan chain
by loading them with the BYPASS instruction. See “BYPASS Data Register” on page 88 for more
information.

Data Registers

The JTAG module contains six Data Registers. These serial Data Register chains include: IDCODE,
BYPASS, Boundary Scan, APACC, DPACC, and ABORT and are discussed in the following sections.

IDCODE Data Register

The format for the 32-bit IDCODE Data Register defined by the IEEE Standard 1149.1 is shown in
Figure 5-3. The standard requires that every JTAG-compliant microcontroller implement either the
IDCODE instruction or the BYPASS instruction as the default instruction. The LSB of the IDCODE
Data Register is defined to be a 1 to distinguish it from the BYPASS instruction, which has an LSB
of 0. This definition allows auto-configuration test tools to determine which instruction is the default
instruction.

The major uses of the JTAG port are for manufacturer testing of component assembly and program
development and debug. To facilitate the use of auto-configuration debug tools, the IDCODE
instruction outputs a value of 0x412F.C230. This value indicates an ARM Cortex-M3, Version 1
processor and allows the debuggers to automatically configure themselves to work correctly with
the Cortex-M3 during debug.
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5.4.2.2

5.4.2.3

5.4.2.4

Figure 5-3. IDCODE Register Format
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BYPASS Data Register

The format for the 1-bit BYPASS Data Register defined by the IEEE Standard 1149.1 is shown in
Figure 5-4. The standard requires that every JTAG-compliant microcontroller implement either the
BYPASS instruction or the IDCODE instruction as the default instruction. The LSB of the BYPASS
Data Register is defined to be a 0 to distinguish it from the IDCODE instruction, which has an LSB
of 1. This definition allows auto-configuration test tools to determine which instruction is the default
instruction.

Figure 5-4. BYPASS Register Format
0

—TDI~>|E|~TDO->—

Boundary Scan Data Register

The format of the Boundary Scan Data Register is shown in Figure 5-5. Each GPIO pin, starting
with a GPIO pin next to the JTAG port pins, is included in the Boundary Scan Data Register. Each
GPIO pin has three associated digital signals that are included in the chain. These signals are input,
output, and output enable, and are arranged in that order as shown in the figure. For detailed
information on the order of the input, output, and output enable bits for each of the GPIO ports and
any other pins included on the Boundary Scan Data Chain, please refer to the Stellaris® Family
Boundary Scan Description Language (BSDL) files, downloadable from www.luminarymicro.com.

When the Boundary Scan Data Register is accessed with the SAMPLE/PRELOAD instruction, the
input, output, and output enable from each digital pad are sampled and then shifted out of the chain
to be verified. The sampling of these values occurs on the rising edge of TCK in the Capture DR
state of the TAP controller. While the sampled data is being shifted out of the Boundary Scan chain
in the Shift DR state of the TAP controller, new data can be preloaded into the chain for use with
the EXTEST and INTEST instructions. The EXTEST instruction forces data out of the controller,
and the INTEST instruction forces data into the controller.

Figure 5-5. Boundary Scan Register Format

™I | | Ol 1o Ol 1o 100
N Y E Y E
T T
\%/—/

\%/—/
1% GPIO m" GPIO (m+1)" GPIO GPIO n™

APACC Data Register

The format for the 35-bit APACC Data Register defined by ARM is described in the ARM®
Cortex™-M3 Technical Reference Manual.
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5.4.2.5 DPACC Data Register

The format for the 35-bit DPACC Data Register defined by ARM is described in the ARM®
Cortex™-M3 Technical Reference Manual.

5.4.2.6 ABORT Data Register

The format for the 35-bit ABORT Data Register defined by ARM is described in the ARM®
Cortex™-M3 Technical Reference Manual.
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System control configures the overall operation of the device and provides information about the
device. Configurable features include reset control, NMI operation, power control, clock control, and
low-power modes.

6.1 Functional Description
The System Control module provides the following capabilities:
Device identification, see “Device ldentification” on page 90
Local control, such as reset (see “Reset Control” on page 90), power (see “Power
Control” on page 94) and clock control (see “Clock Control” on page 94)
System control (Run, Sleep, and Deep-Sleep modes), see “System Control” on page 99
6.1.1 Device Identification
Several read-only registers provide software with information on the microcontroller, such as version,
part number, SRAM size, Flash size, and other features. See the DID0 (page 102), DID1 (page 131),
DCO0-DC9 (page 133) and NVMSTAT (page 157) registers.
6.1.2 Reset Control
This section discusses aspects of hardware functions during reset as well as system software
requirements following the reset sequence.
6.1.2.1 Reset Sources
The LM3S9B95 microcontroller has six sources of reset:
External reset input pin (RST) assertion (see page 91).
Power-on reset (POR) (see page 91).
Internal brown-out (BOR) detector (see page 92).
Software-initiated reset (with the software reset registers) (see page 92).
A watchdog timer reset condition violation (see page 93).
MOSC failure (see page 93).
Table 6-1 provides a summary of results of the various reset operations.
Table 6-1. Reset Sources
Reset Source Core Reset? JTAG Reset? On-Chip Peripherals Reset?
RST Yes Pin Config Only Yes
Power-On Reset Yes Yes Yes
Brown-Out Reset Yes No Yes
Software Reset Yes® No Yes®
Watchdog Reset Yes No Yes
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Reset Source

Core Reset?

JTAG Reset?

On-Chip Peripherals Reset?

MOSC Failure Reset

Yes

No

Yes

a. By using the SYSRESETREQ bit in the ARM Cortex-M3 Application Interrupt and Reset Control register
b. Programmable on a module-by-module basis using the Software Reset Control Registers.

After a reset, the Reset Cause (RESC) register is set with the reset cause. The bits in this register
are sticky and maintain their state across multiple reset sequences, except when an internal POR
is the cause, in which case, all the bits in the RESC register are cleared except for the POR indicator.
A bit in the RESC register can be cleared by writing a 0.

6.1.2.2 RST Pin Assertion

The external reset pin (RST) resets the microcontroller including the core and all the on-chip
peripherals except the JTAG TAP controller (see “JTAG Interface” on page 78). The external reset

sequence is as follows:

The external reset pin (RST) is asserted for the duration specified by Ty, and then de-asserted
(see “Reset” on page 1003).

A few clock cycles from RST de-assertion to the start of the reset sequence is necessary for

synchronization.

The internal reset is released and the core loads from memory the initial stack pointer, the initial
program counter, and the first instruction designated by the program counter, and then begins

execution.

The external reset timing is shown in Figure 27-6 on page 1003.

6.1.2.3 Power-On Reset (POR)

The power-on reset also resets the JTAG controller. An external reset does not.

The Power-On Reset (POR) circuit monitors the power supply voltage (Vpp). The POR circuit
generates a reset signal to all of the internal logic including JTAG when the power supply ramp
reaches a threshold value (V1y). If the application only uses the POR circuit, the RST input must be
connected to the power supply (Vpp) through a pull-up resistor (1K to 10K Q).

The microcontroller must be operating within the specified operating parameters when the on-chip
power-on reset pulse is complete. The 3.3-V power supply to the microcontroller must reach 3.0 V
within 10 msec of Vpp crossing 2.0 V to guarantee proper operation. For applications that require

the use of an external reset signal to hold the microcontroller in reset longer than the internal POR,
the RST input may be used with the circuit as shown in Figure 6-1.

Figure 6-1. External Circuitry to Extend Reset
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6.1.24

6.1.2.5

The R4 and C; components define the power-on delay. The R, resistor mitigates any leakage from
the RST input. The diode (D4) discharges C, rapidly when the power supply is turned off.

The Power-On Reset sequence is as follows:
The microcontroller waits for both external reset (RST) and internal POR to go inactive.

The internal reset is released and the core loads from memory the initial stack pointer, the initial
program counter, and the first instruction designated by the program counter, and then begins
execution.

The internal POR is only active on the initial power-up of the microcontroller. The Power-On Reset
timing is shown in Figure 27-7 on page 1004.

Brown-Out Reset (BOR)

The microcontroller provides a brown-out detection circuit that triggers if the power supply (Vpp)
drops below a brown-out threshold voltage (Vg1y). If @ brown-out condition is detected, the system
may generate an interrupt or a system reset. Brown-out resets are controlled with the Power-On
and Brown-Out Reset Control (PBORCTL) register. The BORIOR bit in the PBORCTL register
must be set for a brown-out condition to trigger a reset; if BORIOR is clear, an interrupt is generated.
The default condition is to generate an interrupt, so BOR must be enabled. When a Brown-out
condition occurs during a Flash PROGRAM or ERASE operation, a full system reset is always
triggered without regard to the setting in the PBORCTL register.

The result of a brown-out reset is equivalent to that of an assertion of the external RST input, and
the reset is held active until the proper Vp level is restored. The RESC register can be examined
in the reset interrupt handler to determine if a Brown-Out condition was the cause of the reset, thus
allowing software to determine what actions are required to recover.

The internal Brown-Out Reset timing is shown in Figure 27-8 on page 1004.

Software Reset
Software can reset a specific peripheral or generate a reset to the entire microcontroller.

Peripherals can be individually reset by software via three registers that control reset signals to each
on-chip peripheral (see the SRCRn registers, see page 188). If the bit position corresponding to a
peripheral is set and subsequently cleared, the peripheral is reset. The encoding of the reset registers
is consistent with the encoding of the clock gating control for peripherals and on-chip functions (see
“System Control” on page 99).

The entire microcontroller including the core can be reset by software by setting the SYSRESETREQ
bit in the Cortex-M3 Application Interrupt and Reset Control register. The software-initiated system
reset sequence is as follows:

A software microcontroller reset is initiated by setting the SYSRESETREQ bit in the ARM
Cortex-M3 Application Interrupt and Reset Control register.

An internal reset is asserted.
The internal reset is deasserted and the microcontroller loads from memory the initial stack
pointer, the initial program counter, and the first instruction designated by the program counter,

and then begins execution.

The software-initiated system reset timing is shown in Figure 27-9 on page 1004.
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6.1.2.6

6.1.3

6.1.3.1

6.1.3.2

Watchdog Timer Reset

The Watchdog Timer module's function is to prevent system hangs. The LM3S9B95 microcontroller
has two Watchdog Timer modules in case one watchdog clock source fails. One watchdog is run
off the system clock and the other is run off the Precision Internal Oscillator (PIOSC). Each module
operates in the same manner except that because the PIOSC watchdog timer module is in a different
clock domain, register accesses must have a time delay between them. The watchdog timer can
be configured to generate an interrupt to the microcontroller on its first time-out and to generate a
reset on its second time-out.

After the watchdog's first time-out event, the 32-bit watchdog counter is reloaded with the value of
the Watchdog Timer Load (WDTLOAD) register and resumes counting down from that value. If
the timer counts down to zero again before the first time-out interrupt is cleared, and the reset signal
has been enabled, the watchdog timer asserts its reset signal to the microcontroller. The watchdog
timer reset sequence is as follows:

The watchdog timer times out for the second time without being serviced.
An internal reset is asserted.

The internal reset is released and the microcontroller loads from memory the initial stack pointer,
the initial program counter, and the first instruction designated by the program counter, and
then begins execution.

For more information on the Watchdog Timer module, see “Watchdog Timer” on page 427.

The watchdog reset timing is shown in Figure 27-10 on page 1004.

Non-Maskable Interrupt

The microcontroller has two sources of non-maskable interrupt (NMI):
The assertion of the NM1 signal
A main oscillator verification error

If both sources of NMI are enabled, software must check that the main oscillator verification is the
cause of the interrupt in order to distinguish between the two sources.

NMI Pin

The alternate function to GPIO port pin B7 is an NMI signal. The alternate function must be enabled
in the GPIO for the signal to be used as an interrupt, as described in “General-Purpose Input/Outputs
(GPIOs)” on page 291. Note that enabling the NMI alternate function requires the use of the GPIO
lock and commit function just like the GPIO port pins associated with JTAG/SWD functionality, see
page 324. The active sense of the NMI signal is High; asserting the enabled NMI signal above V4
initiates the NMI interrupt sequence.

Main Oscillator Verification Failure

The LM3S9B95 microcontroller provides a main oscillator verification circuit that generates an error
condition if the oscillator is running too fast or two slow. The main oscillator verification circuit can
be programmed to generate a reset event, at which time a Power-on Reset is generated and control
is transferred to the NMI handler. The NMI handler is used to address the main oscillator verification
failure because the necessary code can be removed from the general reset handler, speeding up
reset processing. The detection circuit is enabled by setting the CVAL bit in the Main Oscillator
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Control (MOSCCTL) register. The main oscillator verification error is indicated in the main oscillator
fail status (MOSCFAILL) bit in the Reset Cause (RESC) register. The main oscillator verification circuit
action is described in more detail in “Main Oscillator Verification Circuit” on page 98.

6.1.4 Power Control

The Stellaris® microcontroller provides an integrated LDO regulator that may be used to provide
power to the majority of the microcontroller's internal logic. For power reduction, a non-programmable
LDO may be used to scale the microcontroller’s 3.3 V input voltage to 1.2V. The voltage output has
a minimum voltage of 1.08 V and a maximum of 1.35 V. The LDO delivers up to 60 ma.

Figure 6-2 shows the power architecture.

On the printed circuit board, use the LDO output as the source of VDDC input. In addition,
the LDO requires decoupling capacitors. See “On-Chip Low Drop-Out (LDO) Regulator
Characteristics” on page 995.

Figure 6-2. Power Architecture
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6.1.5 Clock Control

System control determines the control of clocks in this part.
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6.1.5.1 Fundamental Clock Sources

There are multiple clock sources for use in the microcontroller:

Precision Internal Oscillator (PIOSC). The precision internal oscillator is an on-chip clock
source. It does not require the use of any external components. ][The PIOSC provides a clock
thatis 16 MHz £1% at room temperature and +3% across temperature. Applications that do not
depend on highly accurate clock sources may use this clock source to reduce system cost. The
precision internal oscillator is the clock source the microcontroller uses during and following
POR. If the main oscillator is required, software must enable the main oscillator following reset
and allow the main oscillator to stabilize before changing the clock reference.

Main Oscillator (MOSC). The main oscillator provides a frequency-accurate clock source by
one of two means: an external single-ended clock source is connected to the OSCO input pin, or
an external crystal is connected across the OSCO input and OSC1 output pins. If the PLL is being
used, the crystal value must be one of the supported frequencies between 3.579545 MHz through
16.384 MHz (inclusive). If the PLL is not being used, the crystal may be any one of the supported
frequencies between 1 MHz and 16.384 MHz. The single-ended clock source range is from DC
through the specified speed of the microcontroller. The supported crystals are listed in the XTAL
bit field in the RCC register (see page 113).

Internal 30-kHz Oscillator. The internal 30-kHz oscillator is similar to the internal oscillator,
except that it provides an operational frequency of 30 kHz + 50%. It is intended for use during
Deep-Sleep power-saving modes. This power-savings mode benefits from reduced internal
switching and also allows the main oscillator to be powered down.

The internal system clock (SysCIk), is derived from any of the above sources plus two others: the
output of the main internal PLL and the precision internal oscillator divided by four (4 MHz £ 1%).
The frequency of the PLL clock reference must be in the range of 3.579545 MHz to 16.384 MHz
(inclusive). Table 6-2 on page 95 shows how the various clock sources can be used in a system.

Table 6-2. Clock Source Options

Clock Source Drive PLL? Used as SysClk?

Precision Internal Oscillator Yes |BYPASS =0, OSCSRC = 0x1|Yes BYPASS =1, OSCSRC = 0x1
Internal Oscillator divide by 4 (4 MHz + 1%)|No  |BYPASS =1 Yes BYPASS =1, OSCSRC = 0x2
Main Oscillator Yes |BYPASS =0, OSCSRC = 0x0 |Yes BYPASS = 1, OSCSRC = 0x0
Internal 30-kHz Oscillator No |BYPASS =1 Yes BYPASS =1, OSCSRC = 0x3

The Run-Mode Clock Configuration (RCC) and Run-Mode Clock Configuration 2 (RCC2)
registers provide control for the system clock. The RCC2 register is provided to extend fields that
offer additional encodings over the RCC register. When used, the RCC2 register field values are
used by the logic over the corresponding field in the RCC register. In particular, RCC2 provides for
a larger assortment of clock configuration options.

Figure 6-3 shows the logic for the main clock tree. The peripheral blocks are driven by the system
clock signal and can be individually enabled/disabled. The ADC clock signal is automatically divided
down to 16 MHz for proper ADC operation. The PWM clock signal is a synchronous divide of the
system clock to provide the PWM circuit with more range (set with PWMDIV in RCC).
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Figure 6-3. Main Clock Tree

6.1.5.2

RXINT

RXFRAC
TXINT

fo— +2 H

TXFRAC

USEPWMDIV 2

PWMDW @

USESYSDIV2d

BYPASS ¢

SYSDIvPde

PWRDN

XTAL?
USBPWRDN®
] USB PLL
(240 MHz)
XTAL?
PWRDN b
MOSCDIS @
-
Main OSC — (400 MHz)
10SCDIS? /L
Precision
Internal OSC
(16 MHz)
=4 H—
Internal OSC
(30 kHz)
HIB Clock
Source OSCSRCb’d
(4.19 MHz)
Hibernation
Module
(32.768 kHz)

USB Clock

I’S Receive MCLK

12S Transmit MCLK

PWM Clock

»— System Clock

ADC Clock

than 50 MHz..

a. Control provided by RCC register bit/field.
b. Control provided by RCC register bit/field or RCC2 register bit/field, if overridden with RCC2 register bit USERCC2.
c. Control provided by RCC2 register bit/field.
d. Also may be controlled by DSLPCLKCFG when in deep sleep mode.
e. The USEFRACT and FRACT bit fields can also be used to influence the system clock for clock frequencies greater

Note:

The figure above shows all features available on all Stellaris® Tempest-class microcontrollers.

Crystal Configuration for the Main Oscillator (MOSC)

The main oscillator supports the use of a select number of crystals. If the main oscillator is used by
the PLL as a reference clock, the supported range of crystals is 3.579545 to 16.384 MHz, otherwise,
the range of supported crystals is 1 to 16.384 MHz.
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6.1.5.3

6.1.5.4

6.1.5.5

The XTAL bit in the RCC register (see page 113) describes the available crystal choices and default
programming values.

Software configures the RCC register XTAL field with the crystal number. If the PLL is used in the
design, the XTAL field value is internally translated to the PLL settings. Table 27-11 on page 1000
shows the actual PLL frequency and error for a given crystal choice.

Main PLL Frequency Configuration

The main PLL is disabled by default during power-on reset and is enabled later by software if
required. Software specifies the output divisor to set the system clock frequency and enables the
main PLL to drive the output.

If the main oscillator provides the clock reference to the main PLL, the translation provided by
hardware and used to program the PLL is available for software in the XTAL to PLL Translation
(PLLCFG) register (see page 118). The internal translation provides a translation within £ 1% of the
targeted PLL VCO frequency.

The Crystal Value field (XTAL) in the Run-Mode Clock Configuration (RCC) register (see page 113)
describes the available crystal choices and default programming of the PLLCFG register. Any time
the XTAL field changes, the new settings are translated and the internal PLL settings are updated.

The microcontroller powers up with the PIOSC running. To configure the PIOSC to be the clock
source for the main PLL, program the OSCRC2 field in the Run-Mode Clock Configuration 2 (RCC2)
register to be Ox1. If another clock source is desired, the PIOSC can be powered down by setting
the 10SCDIS bit in the RCC register.

The PIOSC generates a 16 MHz clock with a +1% accuracy at room temperatures. Across the
extended temperature range, the accuracy is +3%. At the factory, the PIOSC is set to 16 MHz at
room temperature, however, the frequency can be trimmed for other voltage or temperature conditions
using software in one of two ways:

Default calibration: clear the UTEN bit and set the UPDATE bit in the Precision Internal Oscillator
Calibration (PIOSCCAL) register.

User-defined calibration: The user can program the UT value to adjust the PIOSC frequency. As
the UT value increases, the generated period increases. To commit a new UT value, first set the
UTEN bit, then program the UT field, and then set the UPDATE bit. The adjustment finishes within
a few clock periods and is glitch free.

USB PLL Frequency Configuration

The USB PLL is disabled by default during power-on reset and is enabled later by software. The
USB PLL must be enabled and running for proper USB function. The main oscillator is the only clock
reference for the USB PLL. The USB PLL is enabled by clearing the USBPWRDN bit of the RCC2
register. The XTAL bit field (Crystal Value) of the RCC register describes the available crystal choices.
The main oscillator must be connected to one of the following crystal values in order to correctly
generate the USB clock: 4, 5, 6, 8, 10, 12, or 16 MHz. Only these crystals provide the necessary
USB PLL VCO frequency to conform with the USB timing specifications.

PLL Modes

Both PLLs have two modes of operation: Normal and Power-Down
Normal: The PLL multiplies the input clock reference and drives the output.

Power-Down: Most of the PLL internal circuitry is disabled and the PLL does not drive the output.
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6.1.5.6

6.1.5.7

The modes are programmed using the RCC/RCC2 register fields (see page 113 and page 121).
PLL Operation

If a PLL configuration is changed, the PLL output frequency is unstable until it reconverges (relocks)
to the new setting. The time between the configuration change and relock is Treapy (see Table
27-10 on page 1000). During the relock time, the affected PLL is not usable as a clock reference.

Either PLL is changed by one of the following:
Change to the XTAL value in the RCC register—writes of the same value do not cause a relock.
Change in the PLL from Power-Down to Normal mode.

A counter is defined to measure the Tgreapy requirement. The counter is clocked by the main
oscillator. The range of the main oscillator has been taken into account and the down counter is set
to 0x1200 (that is, ~600 ps at an 8.192 MHz external oscillator clock). When the XTAL value is
greater than 0xOF, the down counter is set to 0x2400 to maintain the required lock time on higher
frequency crystal inputs. Hardware is provided to keep the PLL from being used as a system clock
until the Treapy condition is met after one of the two changes above. It is the user's responsibility
to have a stable clock source (like the main oscillator) before the RCC/RCC2 register is switched
to use the PLL.

If the main PLL is enabled and the system clock is switched to use the PLL in one step, the system
control hardware continues to clock the microcontroller from the oscillator selected by the RCC/RCC2
register until the main PLL is stable (Trgapy time met), after which it changes to the PLL. Software
can use many methods to ensure that the system is clocked from the main PLL, including periodically
polling the PLLLRIS bit in the Raw Interrupt Status (RIS) register, and enabling the PLL Lock
interrupt.

The USB PLL is not protected during the lock time (Treapy), @nd software should ensure that the
USB PLL has locked before using the interface. Software can use many methods to ensure the
Treapy Period has passed, including periodically polling the USBPLLLRIS bit in the Raw Interrupt
Status (RIS) register, and enabling the USB PLL Lock interrupt.

Main Oscillator Verification Circuit

The clock control includes circuitry to ensure that the main oscillator is running at the appropriate
frequency. The circuit monitors the main oscillator frequency and signals if the frequency is outside
of the allowable band of attached crystals.

The detection circuit is enabled using the CVAL bit in the Main Oscillator Control (MOSCCTL)
register. If this circuit is enabled and detects an error, the following sequence is performed by the
hardware:

The MOSCFALL bit in the Reset Cause (RESC) register is set.

If the internal oscillator (PIOSC) is disabled, it is enabled.

The system clock is switched from the main oscillator to the PIOSC.
An internal power-on reset is initiated that lasts for 32 PIOSC periods.

Reset is de-asserted and the processor is directed to the NMI handler during the reset sequence.
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6.1.6

6.2

System Control

For power-savings purposes, the RCGCn, SCGCn, and DCGCn registers control the clock gating
logic for each peripheral or block in the system while the microcontroller is in Run, Sleep, and
Deep-Sleep mode, respectively. The DC1 , DC2 and DC4 registers act as a write mask for the
RCGCn, SCGCn, and DCGCn registers.

There are three levels of operation for the microcontroller defined as:

Run Mode. In Run mode, the microcontroller actively executes code. Run mode provides normal
operation of the processor and all of the peripherals that are currently enabled by the RCGCn
registers. The system clock can be any of the available clock sources including the PLL.

Sleep Mode. In Sleep mode, the clock frequency of the active peripherals is unchanged, but the
processor and the memory subsystem are not clocked and therefore no longer execute code.
Sleep mode is entered by the Cortex-M3 core executing a WFI (Wait for Interrupt) instruction.
Any properly configured interrupt event in the system brings the processor back into Run mode.
See the system control NVIC section of the ARM® Cortex™-M3 Technical Reference Manual
for more details.

Peripherals are clocked that are enabled in the SCGCn register when auto-clock gating is enabled
(see the RCC register) or the RCGCn register when the auto-clock gating is disabled. The system
clock has the same source and frequency as that during Run mode.

Deep-Sleep Mode. In Deep-Sleep mode, the clock frequency of the active peripherals may
change (depending on the Run mode clock configuration) in addition to the processor clock being
stopped. An interrupt returns the microcontroller to Run mode from one of the sleep modes; the
sleep modes are entered on request from the code. Deep-Sleep mode is entered by first writing
the Deep Sleep Enable bit in the ARM Cortex-M3 NVIC system control register and then executing
a WFl instruction. Any properly configured interrupt event in the system brings the processor
back into Run mode. See the system control NVIC section of the ARM® Cortex™-M3 Technical
Reference Manual for more details.

The Cortex-M3 processor core and the memory subsystem are not clocked. Peripherals are
clocked that are enabled in the DCGCn register when auto-clock gating is enabled (see the RCC
register) or the RCGCn register when auto-clock gating is disabled. The system clock source is
the main oscillator by default or the internal oscillator specified in the DSLPCLKCFG register if
one is enabled. When the DSLPCLKCFG register is used, the internal oscillator is powered up,
if necessary, and the main oscillator is powered down. If the PLL is running at the time of the
WEFI instruction, hardware powers the PLL down and overrides the SYSDIV field of the active
RCC/RCC2 register, to be determined by the DSDIVORIDE setting in the DSLPCLKCFG register,
up to /16 or /64 respectively. When the Deep-Sleep exit event occurs, hardware brings the system
clock back to the source and frequency it had at the onset of Deep-Sleep mode before enabling
the clocks that had been stopped during the Deep-Sleep duration. If the PIOSC is used as the
PLL reference clock source, it may continue to provide the clock during Deep-Sleep. See page 125.

Initialization and Configuration

The PLL is configured using direct register writes to the RCC/RCC2 register. If the RCC2 register
is being used, the USERCC2 bit must be set and the appropriate RCC2 bit/field is used. The steps
required to successfully change the PLL-based system clock are:

Bypass the PLL and system clock divider by setting the BYPASS bit and clearing the USESYS
bit in the RCC register, thereby configuring the microcontroller to run off a “raw” clock source
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6.3

and allowing for the new PLL configuration to be validated before switching the system clock
to the PLL.

Select the crystal value (XTAL) and oscillator source (OSCSRC), and clear the PWRDN bit in
RCC/RCC2. Setting the XTAL field automatically pulls valid PLL configuration data for the
appropriate crystal, and clearing the PWRDN bit powers and enables the PLL and its output.

Select the desired system divider (SYSD1V) in RCC/RCC2 and set the USESYS bitin RCC. The
SYSDIYV field determines the system frequency for the microcontroller.

Wait for the PLL to lock by polling the PLLLRIS bit in the Raw Interrupt Status (RIS) register.

Enable use of the PLL by clearing the BYPASS bit in RCC/RCC2.

Register Map

Table 6-3 on page 100 lists the System Control registers, grouped by function. The offset listed is a
hexadecimal increment to the register’s address, relative to the System Control base address of
0x400F.E000.

Spaces in the System Control register space that are not used are reserved for future or
internal use by Luminary Micro, Inc. Software should not modify any reserved memory

address.

Additional Flash and ROM registers defined in the System Control register space are
described in the “Internal Memory” on page 195.

Table 6-3. System Control Register Map

Offset Name Type Reset Description ;‘:)e
0x000 DIDO RO - Device Identification 0 102
0x004 DID1 RO - Device Identification 1 131
0x008 DCO RO 0x017F.007F Device Capabilities 0 133
0x010 | DC1 RO - Device Capabilities 1 134
0x014 DC2 RO 0x570F.5337 Device Capabilities 2 137
0x018  DC3 RO 0xBFFF.B6FF Device Capabilities 3 140
0x01C | DC4 RO 0x5100.F1FF Device Capabilities 4 143
0x020  DC5 RO 0x0F30.00FF Device Capabilities 5 145
0x024  DC6 RO 0x0000.0013 Device Capabilities 6 147
0x028 DC7 RO OxFFFF.FFFF Device Capabilities 7 148
0x02C  DC8 RO OxFFFF.FFFF Device Capabilities 8 ADC Channels 152
0x030 | PBORCTL R/wW 0x0000.7FFD Brown-Out Reset Control 104
0x040 | SRCRO R/W 0x00000000 Software Reset Control 0 188
0x044 | SRCR1 R/W 0x00000000 Software Reset Control 1 190
0x048 | SRCR2 R/wW 0x00000000 Software Reset Control 2 193
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Offset Name Type Reset Description :;;Z
0x050 RIS RO 0x0000.0000 Raw Interrupt Status 105
0x054 IMC R/W 0x0000.0000 Interrupt Mask Control 107
0x058 MISC R/W1C 0x0000.0000 Masked Interrupt Status and Clear 109
0x05C | RESC R/wW - Reset Cause 111
0x060 @ RCC R/W 0x078E.3AD1 Run-Mode Clock Configuration 113
0x064  PLLCFG RO - XTAL to PLL Translation 118
0x06C  GPIOHBCTL R/W 0x0000.0000 GPIO Host-Bus Control 119
0x070 | RCC2 R/W 0x0780.6810 Run-Mode Clock Configuration 2 121
0x07C | MOSCCTL R/wW 0x0000.0000 Main Oscillator Control 124
0x100 RCGCO R/W 0x00000040 Run Mode Clock Gating Control Register 0 158
0x104 | RCGC1 R/W 0x00000000 Run Mode Clock Gating Control Register 1 167
0x108 RCGC2 R/W 0x00000000 Run Mode Clock Gating Control Register 2 179
0x110 SCGCO R/W 0x00000040 Sleep Mode Clock Gating Control Register 0 161
0x114 | SCGC1 R/W 0x00000000 Sleep Mode Clock Gating Control Register 1 171
0x118 SCGC2 R/W 0x00000000 Sleep Mode Clock Gating Control Register 2 182
0x120  DCGCO R/W 0x00000040 Deep Sleep Mode Clock Gating Control Register 0 164
0x124 DCGCA1 R/W 0x00000000 Deep-Sleep Mode Clock Gating Control Register 1 175
0x128 DCGC2 R/W 0x00000000 Deep Sleep Mode Clock Gating Control Register 2 185
0x144 DSLPCLKCFG R/W 0x0780.0000 Deep Sleep Clock Configuration 125
0x14C  DSFLASHCFG R/W 0x0000.0000 Deep Sleep Flash Configuration 127
0x150 | PIOSCCAL R/wW 0x0000.0000 Precision Internal Oscillator Calibration 128
0x170  12SMCLKCFG R/W 0x0000.0000 I12S MCLK Configuration 129
0x190 DC9 RO 0x00FF.00FF Device Capabilities 9 ADC Digital Comparators 155
0x1A0 | NVMSTAT RO 0x0000.0001 Non-Volatile Memory Information 157
6.4 Register Descriptions
All addresses given are relative to the System Control base address of 0x400F.E000.
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Register 1: Device ldentification 0 (DID0), offset 0x000

This register identifies the version of the microcontroller.

Device Identification 0 (DIDO)

Base 0x400F.E000
Offset 0x000
Type RO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I I I I I I 1 I
reserved VER reserved CLASS
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 1 0 0 0 0 0 0 0 0 0 1 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
MAJOR MINOR
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

30:28 VER RO 0x1 DIDO Version
This field defines the DIDO register format version. The version number
is numeric. The value of the VER field is encoded as follows (all other
encodings are reserved):

Value Description
0x1  Second version of the DIDO register format.

27:24 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.

23:16 CLASS RO 0x04 Device Class
The CLASS field value identifies the internal design from which all mask
sets are generated for all microcontrollers in a particular product line.
The CLASS field value is changed for new product lines, for changes in
fab process (for example, a remap or shrink), or any case where the
MAJOR or MINOR fields require differentiation from prior microcontrollers.
The value of the CLASS field is encoded as follows (all other encodings
are reserved):

Value Description
0x04 Stellaris® Tempest-class microcontrollers
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Bit/Field Name Type Reset Description

15:8 MAJOR RO - Major Revision

This field specifies the major revision number of the microcontroller.
The major revision reflects changes to base layers of the design. The
major revision number is indicated in the part number as a letter (A for
first revision, B for second, and so on). This field is encoded as follows:

Value Description
0x0  Revision A (initial device)

0x1 Revision B (first base layer revision)

0x2 Revision C (second base layer revision)
and so on.

7:0 MINOR RO - Minor Revision

This field specifies the minor revision number of the microcontroller.
The minor revision reflects changes to the metal layers of the design.
The MINOR field value is reset when the MAJOR field is changed. This
field is numeric and is encoded as follows:

Value Description
0x0 Initial device, or a major revision update.
0x1  First metal layer change.

0x2 Second metal layer change.

and so on.
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Register 2: Brown-Out Reset Control (PBORCTL), offset 0x030

This register is responsible for controlling reset conditions after initial power-on reset.

Brown-Out Reset Control (PBORCTL)

Base 0x400F.E000
Offset 0x030
Type R/W, reset 0x0000.7FFD
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I 1 I
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 I 1 I 1 I 1 I I I I 1 I
reserved BORIOR | reserved
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO R/W RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:2 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 BORIOR R/W 0 BOR Interrupt or Reset
Value Description

0 A Brown Out Event causes an interrupt to be generated to the
interrupt controller.
1 A Brown Out Event causes a reset of the microcontroller.

0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 3: Raw Interrupt Status (RIS), offset 0x050

This register indicates the status for system control raw interrupts. An interrupt is sent to the interrupt
controller if the corresponding bit in the Interrupt Mask Control (IMC) register is set. Writing a 1
to the corresponding bit in the Masked Interrupt Status and Clear (MISC) register clears an interrupt

status bit.

Raw Interrupt Status (RIS)

Base 0x400F.E000
Offset 0x050
Type RO, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I 1 I
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 I 1 I 1 I I 1 I
reserved MOSCPUPRIS|USBPLLLRIS| PLLLRIS reserved BORRIS | 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
Bit/Field Name Type Reset Description
31:9 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.
8 MOSCPUPRIS RO 0 MOSC Power Up Raw Interrupt Status
Value Description
1  Sufficient time has passed for the MOSC to reach the expected
frequency. The value for this power-up time is indicated by
TMOSC_SETTLE:
0 Sufficient time has not passed for the MOSC to reach the
expected frequency.
This bit is cleared by writing a 1 to the MOSCPUPMIS bit in the MISC
register.
7 USBPLLLRIS RO 0 USB PLL Lock Raw Interrupt Status
Value Description
1 The USB PLL timer has reached Treapy indicating that sufficient
time has passed for the USB PLL to lock.
0 The USB PLL timer has not reached Tgrgapy-
This bit is cleared by writing a 1 to the USBPLLLMIS bit in the MISC
register.
6 PLLLRIS RO 0 PLL Lock Raw Interrupt Status

Value Description

1 The PLL timer has reached Trgppy indicating that sufficient time
has passed for the PLL to lock.

0  The PLL timer has not reached Tgreapy-

This bit is cleared by writing a 1 to the PLLLMI'S bit in the MISC register.
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Bit/Field

5:2

Name

reserved

BORRIS

reserved

Type

RO

RO

RO

Reset

0x0

Description

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.

Brown-Out Reset Raw Interrupt Status

Value Description
1 A brown-out condition is currently active.

0 A brown-out condition is not currently active.
Note the BORIOR bit in the PBORCTL register must be cleared to cause
an interrupt due to a Brown Out Event.
This bit is cleared by writing a 1 to the BORMI'S bit in the MISC register.
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 4: Interrupt Mask Control (IMC), offset 0x054

This register contains the mask bits for system control raw interrupts. A raw interrupt, indicated by
a bit being set in the Raw Interrupt Status (RIS) register, is sent to the interrupt controller if the
corresponding bit in this register is set.

Interrupt Mask Control (IMC)

Base 0x400F.E000
Offset 0x054
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I 1 I 1 I 1 I
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
I 1 I 1 I I 1 I
reserved MOSCPUPIM[USBPLLLIM| PLLLIM reserved BORIM | reserved
1 1
Type RO RO RO RO RO RO RO RIW RW RIW RO RO RO RO RIW RO
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:9 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.
8 MOSCPUPIM R/W 0 MOSC Power Up Interrupt Mask
This bit controls the reporting of the MOSC power up interrupt status to
the interrupt controller.
Value Description
1 Aninterrupt is sent to the interrupt controller when the
MOSCPUPRIS bit in the RIS register is set.
0 The MOSCPUPRIS interrupt is suppressed and not sent to the
interrupt controller.
7 USBPLLLIM R/W 0 USB PLL Lock Interrupt Mask

This bit controls the reporting of the USB PLL Lock interrupt status to
the interrupt controller.

Value Description

1 Aninterrupt is sent to the interrupt controller when the
USBPLLLRIS bit in the RIS register is set.

0 The USBPLLLRIS interrupt is suppressed and not sent to the
interrupt controller.
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Bit/Field Name Type Reset Description

6 PLLLIM R/W 0 PLL Lock Interrupt Mask
This bit controls the reporting of the PLL Lock interrupt status to the
interrupt controller.

Value Description
1 Aninterruptis sent to the interrupt controller when the PLLLRIS
bit in the RIS register is set.
0 The PLLLRIS interrupt is suppressed and not sent to the
interrupt controller.

5:2 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.

1 BORIM R/W 0 Brown-Out Reset Interrupt Mask
This bit controls the reporting of the Brown-Out Reset interrupt status
to the interrupt controller.

Value Description
1 Aninterrupt is sent to the interrupt controller when the BORRIS
bit in the RIS register is set.
0 The BORRIS interrupt is suppressed and not sent to the interrupt
controller.

0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 5: Masked Interrupt Status and Clear (MISC), offset 0x058

On a read, this register gives the current masked status value of the corresponding interrupt in the
Raw Interrupt Status (RIS) register. All of the bits are R/W1C, thus writing a 1 to a bit clears the
corresponding raw interrupt bit in the RIS register (see page 105).

Masked Interrupt Status and Clear (MISC)

Base 0x400F.E000
Offset 0x058
Type R/W1C, reset 0x0000.0000

Type
Reset

Type
Reset

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I 1 I 1 I 1 I
reserved
1 1 1
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I I 1 I
reserved MOsCPUPMIS|USBPLLLMIS| PLLLMIS reserved BORMIS | reserved
1 1
RO RO RO RO RO RO RO RWIC RWIC RMWIC RO RO RO RO RIW1C RO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:9 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.
8 MOSCPUPMIS R/W1C 0 MOSC Power Up Masked Interrupt Status
Value Description
1 Whenread, a 1 indicates that an unmasked interrupt was
signaled because sufficient time has passed for the MOSC PLL
to lock.
Writing a 1 to this bit clears it and also the MOSCPUPRI S bit in
the RIS register.
0 When read, a 0 indicates that sufficient time has not passed for
the MOSC PLL to lock.
A write of 0 has no effect on the state of this bit.
7 USBPLLLMIS R/W1C 0 USB PLL Lock Masked Interrupt Status

Value Description

1

When read, a 1 indicates that an unmasked interrupt was
signaled because sufficient time has passed for the USB PLL
to lock.

Writing a 1 to this bit clears it and also the USBPLLLRIS bit in
the RIS register.

When read, a 0 indicates that sufficient time has not passed for
the USB PLL to lock.

A write of 0 has no effect on the state of this bit.

February 24, 2009

109

Preliminary



System Control

Bit/Field Name Type Reset Description
6 PLLLMIS R/W1C 0 PLL Lock Masked Interrupt Status
Value Description

1 When read, a 1 indicates that an unmasked interrupt was
signaled because sufficient time has passed for the PLL to lock.
Writing a 1 to this bit clears it and also the PLLLRIS bit in the
RIS register.

0  When read, a 0 indicates that sufficient time has not passed for
the PLL to lock.
A write of 0 has no effect on the state of this bit.

5:2 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.

1 BORMIS R/W1C 0 BOR Masked Interrupt Status
Value Description

1 When read, a 1 indicates that an unmasked interrupt was
signaled because of a brown-out condition.
Writing a 1 to this bit clears it and also the BORRIS bit in the
RIS register.

0 When read, a 0 indicates that a brown-out condition has not
occurred.
A write of 0 has no effect on the state of this bit.

0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 6: Reset Cause (RESC), offset 0x05C

This register is set with the reset cause after reset. The bits in this register are sticky and maintain
their state across multiple reset sequences, except when an power-on reset is the cause, in which
case, all bits other than POR in the RESC register are cleared.

Reset Cause (RESC)
Base 0x400F.E000

Offset 0x05C
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
reserved MOSCFAIL]
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 -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 ) 1 1 1 1 ) 1
reserved Sw WDTO BOR POR EXT
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RIW R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 - - - - -
Bit/Field Name Type Reset Description
31:17 reserved RO 0x000 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.

16 MOSCFAIL R/W - MOSC Failure Reset
Value Description

1 When read, this bit indicates that the MOSC circuit was enabled
for clock validation and failed, generating a reset event.

0  When read, this bit indicates that a MOSC failure has not
generated a reset since the previous power-on reset.
Writing a 0 to this bit clears it.

15:5 reserved RO 0x00 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.

5 WDT1 R/W - Watchdog Timer 1 Reset

Value Description

1 When read, this bit indicates that Watchdog Timer 1 timed out
and generated a reset.

0  When read, this bit indicates that Watchdog Timer 1 has not
generated a reset since the previous power-on reset.

Writing a 0 to this bit clears it.
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Bit/Field

4

Name

Sw

WDTO

BOR

POR

EXT

Type Reset Description
R/W - Software Reset

Value Description

1 When read, this bit indicates that a software reset has caused
a reset event.

0 When read, this bit indicates that a software reset has not
generated a reset since the previous power-on reset.

Writing a 0 to this bit clears it.

R/W - Watchdog Timer 0 Reset

Value Description

1 When read, this bit indicates that Watchdog Timer O timed out
and generated a reset.

0  When read, this bit indicates that Watchdog Timer 0 has not
generated a reset since the previous power-on reset.

Writing a 0 to this bit clears it.

R/W - Brown-Out Reset

Value Description

1 When read, this bit indicates that a brown-out reset has caused
a reset event.

0  When read, this bit indicates that a brown-out reset has not
generated a reset since the previous power-on reset.

Writing a 0 to this bit clears it.

R/W - Power-On Reset

Value Description

1 When read, this bit indicates that a power-on reset has caused
areset event.

0  When read, this bit indicates that a power-on reset has not
generated a reset.

Writing a 0 to this bit clears it.

R/W - External Reset

Value Description

1 When read, this bit indicates that an external reset (RST
assertion) has caused a reset event.

0 When read, this bit indicates that an external reset (RS
assertion) has not caused a reset event since the previous
power-on reset.

Writing a 0 to this bit clears it.
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Register 7: Run-Mode Clock Configuration (RCC), offset 0x060

The bits in this register configure the system clock and oscillators.

Run-Mode Clock Configuration (RCC)

Base 0x400F.E000
Offset 0x060
Type R/W, reset 0x078E.3AD1
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 I I 1
reserved ACG SYSDIV USESYSDIV] reserved [USEPWMDI PWMDIV reserved
1
Type RO RO RO RO RIW R/W RIW R/W RIW RIW RO RIW R/W RIW R/W RO
Reset 0 0 0 0 0 1 1 1 1 0 0 0 1 1 1 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 ) ) )
reserved PWRDN | reserved | BYPASS XTAL OSCSRC reserved I0SCDIS [MOSCDIS
1
Type RO RO RIW RO RIW R/W RIW R/W RIW RIW RIW RIW RO RO R/W RIW
Reset 0 0 1 1 1 0 1 0 1 1 0 1 0 0 0 1
Bit/Field Name Type Reset Description
31:28 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.
27 ACG R/W 0 Auto Clock Gating

This bit specifies whether the system uses the Sleep-Mode Clock
Gating Control (SCGCn) registers and Deep-Sleep-Mode Clock
Gating Control (DCGCn) registers if the microcontroller enters a Sleep
or Deep-Sleep mode (respectively).

Value Description

1 The SCGCn or DCGCn registers are used to control the clocks
distributed to the peripherals when the microcontroller is in a
sleep mode. The SCGCn and DCGCn registers allows unused
peripherals to consume less power when the microcontroller is
in a sleep mode.

used when the microcontroller enters a sleep mode.

The Run-Mode Clock Gating Control (RCGCn) registers are

The RCGCn registers are always used to control the clocks in Run

mode.
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Bit/Field Name Type Reset Description

26:23 SYSDIV R/W OxF System Clock Divisor

Specifies which divisor is used to generate the system clock from the
PLL output.

Although the PLL VCO frequency is 400 MHz, it is predivided by 2 before
the divisor is applied.

Value Divisor (BYPASS=1) Frequency (BYPASS=0)

0x0 reserved reserved
ox1 /2 100 MHz
reserved
0x2 /3 80 MHz
0x3 /4 50 MHz
Ox4 /5 40 MHz
0x5 /6 33.33 MHz
ox6 /7 28.57 MHz
Ox7 /8 25 MHz
0x8 /9 22.22 MHz
0x9 /10 20 MHz
OxA /11 18.18 MHz
0xB /12 16.67 MHz
0xC /13 15.38 MHz
OoxD /14 14.29 MHz
OxE /15 13.33 MHz
OxF /16 12.5 MHz (default)

If the SYSDIV value is less than MINSYSDIV (see page 134), and the
PLL is being used, then the MINSYSDIV value is used as the divisor.

If the PLL is not being used, the SYSD1V value can be less than
MINSYSDIV.

22 USESYSDIV R/W 0 Enable System Clock Divider

Value Description

1 The system clock divider is the source for the system clock. The
system clock divider is forced to be used when the PLL is
selected as the source.

0 The system clock is used undivided.

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

20 USEPWMDIV R/W 0 Enable PWM Clock Divisor

Value Description
1 The PWM clock divider is the source for the PWM clock.

0 The system clock is the source for the PWM clock.
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Bit/Field Name Type Reset Description

19:17 PWMDIV R/W 0x7 PWM Unit Clock Divisor

This field specifies the binary divisor used to predivide the system clock
down for use as the timing reference for the PWM module. The rising
edge of this clock is synchronous with the system clock.

Value Divisor

0x0 /2
0x1 /4
0x2 /8
0x3 /16
0x4 /32
0x5 /64
O0x6 /64

0x7 /64 (default)

16:14 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.

13 PWRDN R/W 1 PLL Power Down

Value Description

1 The PLL is powered down. Care must be taken to ensure that
another clock source is functioning and that the BYPASS bit is
set before setting this bit.

0 The PLL is operating normally.

12 reserved RO 1 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 BYPASS R/W 1 PLL Bypass

Value Description
1  The system clock is derived from the OSC source.

0 The system clock is the PLL output clock divided by the system
divider.

The ADC must be clocked from the PLL or directly from a
14-MHz to 18-MHz clock source to operate properly. While
the ADC works in a 14-18 MHz range, to maintaina 1 M
sample/second rate, the ADC must be provided a 16-MHz
clock source.
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Bit/Field Name Type Reset Description
10:6 XTAL R/W 0x0B Crystal Value
This field specifies the crystal value attached to the main oscillator. The
encoding for this field is provided below. Depending on the crystal used,
the PLL frequency may not be exactly 400 MHz. See Table
27-11 on page 1000 for more information.
Frequencies that may be used with the USB interface are indicated in
the table. To function within the clocking requirements of the USB
specification, a crystal of 4, 5, 6, 8, 10, 12, or 16 MHz must be used.
Value Crystal Frequency (MHz) Crystal Frequency (MHz)
Not Using the PLL Using the PLL
0x00 1.000 reserved
0x01 1.8432 reserved
0x02 2.000 reserved
0x03 2.4576 reserved
0x04 3.579545 MHz
0x05 3.6864 MHz
0x06 4 MHz (USB)
0x07 4.096 MHz
0x08 4.9152 MHz
0x09 5 MHz (USB)
O0x0A 5.12 MHz
0x0B 6 MHz (reset value)(USB)
0x0C 6.144 MHz
0x0D 7.3728 MHz
Ox0E 8 MHz (USB)
0xOF 8.192 MHz
0x10 10.0 MHz (USB)
0x11 12.0 MHz (USB)
0x12 12.288 MHz
0x13 13.56 MHz
0x14 14.31818 MHz
0x15 16.0 MHz (USB)
0x16 16.384 MHz
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Bit/Field

5:4

3:2

Name

OSCSRC

reserved

IOSCDIS

MOSCDIS

Type

R/W

R/W

R/W

Reset

0x1

0x0

Description

Oscillator Source

Selects the input source for the OSC. The values are:

Value Input Source
0x0 MOSC

Main oscillator
0x1 PIOSC

Precision internal oscillator

(default)
0x2 PIOSC/4

Precision internal oscillator / 4
0x3 30kHz

30-kHz internal oscillator
For additional oscillator sources, see the RCC2 register.
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.

Precision Internal Oscillator Disable

Value Description
1 The precision internal oscillator (PIOSC) is disabled.

0 The precision internal oscillator is enabled.

Main Oscillator Disable

Value Description
1 The main oscillator is disabled (default).

0  The main oscillator is enabled.
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Register 8: XTAL to PLL Translation (PLLCFG), offset 0x064

This register provides a means of translating external crystal frequencies into the appropriate PLL
settings. This register is initialized during the reset sequence and updated anytime that the XTAL
field changes in the Run-Mode Clock Configuration (RCC) register (see page 113).

The PLL frequency is calculated using the PLLCFG field values, as follows:

PLLFreq = OSCFreq * F /7 (R + 1)

XTAL to PLL Translation (PLLCFG)

Base 0x400F.E000
Offset 0x064
Type RO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 18 17 16
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
Reset 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 2 1 0
1 1 1 1 1 1 1 1
reserved E R
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:14 reserved RO 0x0000.0  Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
13:5 F RO - PLL F Value
This field specifies the value supplied to the PLL’s F input.
4:0 R RO - PLL R Value
This field specifies the value supplied to the PLL’s R input.
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GPIO Host-Bus Control (GPIOHBCTL)

Register 9: GPIO Host-Bus Control (GPIOHBCTL), offset 0x06C

This register controls which internal bus is used to access each GPIO port. When a bit is clear, the
corresponding GPIO port is accessed across the legacy Advanced Peripheral Bus (APB) bus and
through the APB memory aperture. When a bit is set, the corresponding port is accessed across
the Advanced Host Bus (AHB) bus and through the AHB memory aperture. Each GPIO port can be
individually configured to use AHB or APB, but may be accessed only through one aperture. The
AHB bus provides better back-to-back access performance than the APB bus. The address aperture
in the memory map changes for the ports that are enabled for AHB access (see

Table 9-5 on page 299).

Base 0x400F.E000
Offset 0x06C
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I 1 I 1 I 1 I
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
I 1 I 1 I
reserved PORTJ | PORTH | PORTG | PORTF | PORTE | PORTD | PORTC | PORTB | PORTA
1
Type RO RO RO RO RO RO RO RIW RW RIW RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:9 reserved RO 0x0000.0  Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
8 PORTJ R/wW 0 Port J Advanced Host Bus
This bit defines the memory aperture for Port J.
Value Description
1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.
7 PORTH R/W 0 Port H Advanced Host Bus
This bit defines the memory aperture for Port H.
Value Description
1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.
6 PORTG R/wW 0 Port G Advanced Host Bus

This bit defines the memory aperture for Port G.

Value Description
1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.
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Bit/Field Name Type Reset Description

5 PORTF R/W 0 Port F Advanced Host Bus
This bit defines the memory aperture for Port F.
Value Description

1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.

4 PORTE R/W 0 Port E Advanced Host Bus
This bit defines the memory aperture for Port E.
Value Description

1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.

3 PORTD R/W 0 Port D Advanced Host Bus
This bit defines the memory aperture for Port D.
Value Description

1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.

2 PORTC R/W 0 Port C Advanced Host Bus
This bit defines the memory aperture for Port C.
Value Description

1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.

1 PORTB R/W 0 Port B Advanced Host Bus
This bit defines the memory aperture for Port B.
Value Description

1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.

0 PORTA R/W 0 Port A Advanced Host Bus
This bit defines the memory aperture for Port A.
Value Description

1 Advanced Host Bus (AHB)
0 Advanced Peripheral Bus (APB). This bus is the legacy bus.
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Register 10: Run-Mode Clock Configuration 2 (RCC2), offset 0x070

This register overrides the RCC equivalent register fields when the USERCC2 bit is set, allowing the
extended capabilities of the RCC2 register to be used while also providing a means to be
backward-compatible to previous parts. The fields within the RCC2 register occupy the same bit
positions as they do within the RCC register as LSB-justified.

The SYSDI1V2 field is 2 bits wider than the SYSDI1V field in the RCC register so that additional larger
divisors are possible, allowing a lower system clock frequency for improved Deep Sleep power
consumption. An additional bit, FRACT, has been added as an available LSB for SYSD1V2 to provide
additional frequency choices. FRACT can be modified when USEFRACT is set. The following table
provides some examples of frequency choices using the SYSD1V2, USEFRACT and FRACT bits. The
PLL VCO frequency is 400 MHz.

Table 6-4. Examples of Possible System Clock Frequencies

System Clock [SYSDIV2 |USEFRACT| FRACT
20 MHz 0x09 0 don't care
20 MHz 0x09 1 1
25 MHz 0x07 0 don't care
40 MHz 0x04 0 don't care
44.4 MHz 0x04 1 0
50 MHz 0x03 0 don't care
80 MHz 0x02 1 0
Run-Mode Clock Configuration 2 (RCC2)
Base 0x400F.E000
Offset 0x070
Type R/W, reset 0x0780.6810
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
USERCC2|USEFRACT] reserved I svs::nvz I I FRACT I I reselrved I I
Type  RW R/W RO RIW R/W RIW R/W R/W I R/W RIW RO RO I RO RO RO RO
Reset 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0
15 14 13 12 1 10 9 7 6 5 4 3 2 1 0
reserved |USBPWRDN| PWRDN?2 | reserved |BYPASS2 I reselrved I IOSCSRCZI I reselrved
Type RO R/W RIW RO R/W RO RO RO I RO RIW R/W RIW RO RO RO RO
Reset 0 1 1 0 1 0 0 0 0 0 1 0 0 0 0
Bit/Field Name Type Reset Description
31 USERCC2 R/W 0 Use RCC2

Value Description

1
0

The RCC2 register fields override the RCC register fields.
The RCC register fields are used, and the fields in RCC2 are

ignored.
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Bit/Field Name Type Reset Description

30 USEFRACT R/W 0 Use FRACT
The FRACT bit adds an additional bit as the LSB to the SYSDIV?2 field
allowing additional frequency choices.

Value Description
1 The FRACT bit can be set or cleared by the software.
0 The FRACT bit is forced to be set.

29 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.

28:23 SYSDIV2 R/W 0xOF System Clock Divisor
Specifies which divisor is used to generate the system clock from the
PLL output.

Although the PLL VCO frequency is 400 MHz, it is predivided by 2 before
the divisor is applied.

This field is wider than the RCC register SYSDIV field in order to provide
additional divisor values. These additional values permit the system
clock to be run at much lower frequencies during Deep Sleep mode.
For example, where the RCC register SYSD1V encoding of 1111 provides
/16, the RCC2 register SYSD1V2 encoding of 111111 provides /64.

22 FRACT R/W 0 Fractional Divider
The FRACT bit adds an additional bit as the LSB to the SYSDIV?2 field
allowing additional frequency choices.

This bit can only be set or cleared when USEFRACT is set.

21:15 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.

14 USBPWRDN R/wW 1 Power-Down USB PLL
Value Description

1 The USB PLL is powered down.
0 The USB PLL operates normally.

13 PWRDN2 R/wW 1 Power-Down PLL

Value Description
1 The PLL is powered down.
0 The PLL operates normally.

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

1

10:7

6:4

3:0

Name

BYPASS2

reserved

OSCSRC2

reserved

Type

R/W

RO

R/W

RO

Reset

1

0x0

0x1

0x0

Description
PLL Bypass

Value Description
1 The system clock is derived from the OSC source.

0 The system clock is the PLL output clock divided by the system
divider.

The ADC must be clocked from the PLL or directly from a
14-MHz to 18-MHz clock source to operate properly. While
the ADC works in a 14-18 MHz range, to maintaina 1 M
sample/second rate, the ADC must be provided a 16-MHz
clock source.

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.

Oscillator Source

Selects the input source for the OSC. The values are:

Value  Description
0x0 MOSC

Main oscillator
0x1 PIOSC

Precision internal oscillator
0x2 PIOSC/4

Precision internal oscillator / 4
0x3 30 kHz

30-kHz internal oscillator
0x4-0x7 Reserved

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 11: Main Oscillator Control (MOSCCTL), offset 0x07C

This register provides the ability to enable the MOSC clock verification circuit. When enabled, this
circuit monitors the frequency of the MOSC to verify that the oscillator is operating within specified
limits. If the clock goes invalid after being enabled, the microcontroller issues a power-on reset and
reboots to the NMI handler.

Main Oscillator Control (MOSCCTL)

Base 0x400F.E000
Offset 0x07C
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I 1 I
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 I 1 I 1 I 1 I I I I 1 I 1
reserved CVAL
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:1 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
0 CVAL R/W 0 Clock Validation for MOSC
Value Description
1 The MOSC monitor circuit is enabled.
0  The MOSC monitor circuit is disabled.
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Register 12: Deep Sleep Clock Configuration (DSLPCLKCFG), offset 0x144

This register provides configuration information for the hardware control of Deep Sleep Mode.

Deep Sleep Clock Configuration (DSLPCLKCFG)

Base 0x400F.E000
Offset 0x144
Type R/W, reset 0x0780.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I I 1 I 1 I 1 I 1 I 1 I
reserved DSDIVORIDE reserved
1 1 1
Type RO RO RO R/W RIW R/W RIW R/W RIW RO RO RO RO RO RO RO
Reset 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 I 1 ) 1 1 1 1 1 ) ) 1 1
reserved DSOSCSRC reserved
1 1
Type RO RO RO RO RO RO RO RO RO RIW R/W R/W 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
31:29 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.
28:23 DSDIVORIDE R/W 0xOF Divider Field Override
If Deep-Sleep mode is enabled when the PLL is running, the PLL is
disabled. This 6-bit field contains a system divider field that overrides
the SYSDI1V field in the RCC register or the SYSD1V?2 field in the RCC2
register during Deep Sleep. This divider is applied to the source selected
by the DSOSCSRC field.
Value Description
0x0 reserved
ox1 /2
0x2 /3
0x3 /4
0x4 /5
0x5 /6
ox6 /7
0x7 /8
0x8 /9
0x9 /10
O0xA /1
0xB /12
oxC /13
0xD /14
OxE /15
OxF /16
22:7 reserved RO 0x000 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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Bit/Field Name Type Reset Description
6:4 DSOSCSRC R/W 0x0 Clock Source
Specifies the clock source during Deep-Sleep mode.
Value  Description
0x0 MOSC
Use the main oscillator as the source.
If the PIOSC is being used as the clock reference
for the PLL, the PIOSC is the clock source instead
of MOSC in Deep-Sleep mode.
0x1 PlIOSC
Use the precision internal 16-MHz oscillator as the source.
0x2 Reserved
0x3 30 kHz
Use the 30-kHz internal oscillator as the source.
0x4-0x7 Reserved
3:0 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 13: Deep Sleep Flash Configuration (DSFLASHCFG), offset 0x14C

This register allows the user to force the shutdown of the Flash subsystem during all Deep-Sleep
periods. For deep-sleep periods that do not require a MOSC startup time or a PLL lock time, the
microcontroller has a lockout period of 30-120 us for the Flash to start up after the event to exit deep
sleep has occurred.

Deep Sleep Flash Configuration (DSFLASHCFG)
Base 0x400F.E000

Offset 0x14C
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I 1 I
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 I 1 I 1 I 1 I I I I 1 I 1
reserved SHDWN
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:1 reserved RO 0x0000.000 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
0 SHDWN R/W 0 Flash Shutdown
Value Description
1  The Flash subsystem is shutdown during all deep-sleep
operations.
0 The Flash subsystem is powered up during deep-sleep
operations
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Precision Internal Oscillator Calibration (PIOSCCAL)

Register 14: Precision Internal Oscillator Calibration (PIOSCCAL), offset 0x150

This register provides the ability to update or recalibrate the precision internal oscillator.

Base 0x400F.E000
Offset 0x150
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 1 I I 1 I 1 I 1 I
UTEN reserved
1 1 1
Type  RW 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
reserved UPDATE | reserved uT
1 1
Type RO RO RO RO RO RO RO R/W RO RIW R/W RIW R/W RIW 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 UTEN R/W 0 Use User Trim Value
Value Description
1 The trim value in bits[6:0] of this register are used for any update
trim operation.
0  The factory calibration value is used for an update trim operation.
30:9 reserved RO 0x0000 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.

8 UPDATE R/W 0 Update Trim

Value Description
1 Updates the PIOSC trim value with the UT bit or the DT bit in
the PIOSCSTAT register. Used with UTEN.
0 No action.
This bit is auto-cleared after the update.

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

6:0 uT R/W 0x0 User Trim Value
User trim value that can be loaded into the PIOSC.
Refer to “Main PLL Frequency Configuration” on page 97 for more
information on calibrating the PIOSC.
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Register 15: 1S MCLK Configuration (I2SMCLKCFG), offset 0x170

This register configures the receive and transmit fractional clock dividers for the for the I1°S master
transmit and receive clocks (I2SO0TXMCLK and 1I2SORXMCLK) . Varying the integer and fractional
inputs for the clocks allows greater accuracy in hitting the target I°S clock frequencies. Refer to
“Clock Control” on page 649 for combinations of the TX1 and TXF bits and the RXI and RXF bits that
provide MCLK frequencies within acceptable error limits.

I12S MCLK Configuration (I2SMCLKCFG)

Base 0x400F.E000
Offset 0x170
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 I 1 1 1 1 1
RXEN reserved RXI RXF
1
Type  RW RO RO RO RW RIW RW RIW RW RIW RW RIW RW RW RIW RW
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
I 1 1 I 1 I 1 1 1 I 1 I
TXEN reserved TXI TXF
1
Type  RW RO RO RO RW RW RW RW RW RIW RW RIW RW RW RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31 RXEN R/W 0 RX Clock Enable
Value Description
1 The IS receive clock generator is enabled.
0 The I?S receive clock generator is disabled.
If the RXSLV bit in the I12S Module Configuration (I2SCFG)
register is set, then the 12SORXMCLK must be externally
generated.

30:28 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.

27:20 RXI R/W 0x0 RX Clock Integer Input
This field contains the integer input for the receive clock generator.

19:16 RXF R/W 0x0 RX Clock Fractional Input
This field contains the fractional input for the receive clock generator.

15 TXEN R/W 0 TX Clock Enable
Value Description

1 The IS transmit clock generator is enabled.

0  The I?S transmit clock generator is disabled.
If the TXSLV bit in the I12S Module Configuration (I2SCFG)
register is set, then the 12SOTXMCLK must be externally
generated.
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Bit/Field Name Type Reset Description

14:12 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.

11:4 TXI R/W 0x00 TX Clock Integer Input
This field contains the integer input for the transmit clock generator.

3:0 TXF R/W 0x0 TX Clock Fractional Input
This field contains the fractional input for the transmit clock generator.
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Register 16: Device ldentification 1 (DID1), offset 0x004

This register identifies the device family, part number, temperature range, and package type.

Device Identification 1 (DID1)

Base 0x400F.E000
Offset 0x004
Type RO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 1 I 1 I I I I I 1 I
VER FAM PARTNO
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 1 0 0 0 0 0 1 1 0 1 1 1 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 1 1 ) 1 1 1
PINCOUNT reserved TEMP PKG ROHS QUAL
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 1 0 0 0 0 0 0 - - - - - 1 - -
Bit/Field Name Type Reset Description
31:28 VER RO 0x1 DID1 Version
This field defines the DID1 register format version. The version number
is numeric. The value of the VER field is encoded as follows (all other
encodings are reserved):
Value Description
0x1  Second version of the DID1 register format.
27:24 FAM RO 0x0 Family
This field provides the family identification of the device within the
Luminary Micro product portfolio. The value is encoded as follows (all
other encodings are reserved):
Value Description
0x0  Stellaris family of microcontollers, that is, all devices with
external part numbers starting with LM3S.
23:16 PARTNO RO 0x6E Part Number
This field provides the part number of the device within the family. The
value is encoded as follows (all other encodings are reserved):
Value Description
Ox6E LM3S9B95
15:13 PINCOUNT RO 0x2 Package Pin Count

This field specifies the number of pins on the device package. The value
is encoded as follows (all other encodings are reserved):

Value Description

0x2  100-pin package
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Bit/Field

12:8

75

4:3

1:0

Name

reserved

TEMP

PKG

ROHS

QUAL

Type

RO

RO

RO

RO

RO

Reset

0

Description

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.

Temperature Range

This field specifies the temperature rating of the device. The value is
encoded as follows (all other encodings are reserved):

Value Description

0x0 Commercial temperature range (0°C to 70°C)

0x1  Industrial temperature range (-40°C to 85°C)

0x2 Extended temperature range (-40°C to 105°C)

Package Type

This field specifies the package type. The value is encoded as follows
(all other encodings are reserved):

Value Description

0x0 SOIC package

0x1 LQFP package

0x2 BGA package

RoHS-Compliance

This bit specifies whether the device is RoHS-compliant. A 1 indicates
the part is RoHS-compliant.

Qualification Status

This field specifies the qualification status of the device. The value is
encoded as follows (all other encodings are reserved):

Value Description

0x0  Engineering Sample (unqualified)

0x1  Pilot Production (unqualified)

0x2  Fully Qualified
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Device Capabilities 0 (DCO)

Register 17: Device Capabilities 0 (DCO0), offset 0x008

This register is predefined by the part and can be used to verify features.

Base 0x400F.E000
Offset 0x008
Type RO, reset 0x017F.007F
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I
SRAMSZ
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 1 0 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1
FLASHSZ
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 1 1 1 1 1 1 1
Bit/Field Name Reset Description
31:16 SRAMSZ 0x017F SRAM Size
Indicates the size of the on-chip SRAM memory.
Value Description
0x017F 96 KB of SRAM
15:0 FLASHSZ 0x007F Flash Size
Indicates the size of the on-chip flash memory.
Value Description
0x007F 256 KB of Flash
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Register 18: Device Capabilities 1 (DC1), offset 0x010

This register is predefined by the part and can be used to verify features. If any bit is clear in this
register, the module is not present. The corresponding bit in the RCGC0, SCGCO0, and DCGCO
registers cannot be set.

Device Capabilities 1 (DC1)

Base 0x400F.E000
Offset 0x010
Type RO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I
reserved WDT1 reserved CAN1 CANO reserved PWM reserved ADC1 ADCO
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 1 0 0 1 1 0 0 0 1 0 0 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1
MINSYSDIV MAXADC1SPD MAXADCOSPD MPU | reserved [TEMPSNS|  PLL WwDTO | Swo SWD | JTAG
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset - - - - 1 1 1 1 1 0 1 1 1 1 1 1
Bit/Field Name Type Reset Description

31:29 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

28 WDT1 RO 1 Watchdog Timer1 Present
When set, indicates that watchdog timer 1 is present.
27:26 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
25 CAN1 RO 1 CAN Module 1 Present

When set, indicates that CAN unit 1 is present.
24 CANO RO 1 CAN Module 0 Present

When set, indicates that CAN unit O is present.

23:21 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

20 PWM RO 1 PWM Module Present
When set, indicates that the PWM module is present.

19:18 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

17 ADC1 RO 1 ADC Module 1 Present
When set, indicates that ADC module 1 is present.
16 ADCO RO 1 ADC Module 0 Present
When set, indicates that ADC module 0 is present
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Bit/Field Name
15:12 MINSYSDIV
11:10 MAXADC1SPD
9:8 MAXADCOSPD

7 MPU

6 reserved
5 TEMPSNS
4 PLL

3 WDTO

2 SWO

1 SWD

Type

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

Reset

0x3

0x3

Description

System Clock Divider

Minimum 4-bit divider value for system clock. The reset value is
hardware-dependent. See the RCC register for how to change the
system clock divisor using the SYSDIV bit.

Value Description

0x1 Divide VCO (400MHZ) by 5 minimum

0x2 Divide VCO (400MHZ) by 2*2 + 2 = 6 minimum

0x3 Specifies a 50-MHz CPU clock with a PLL divider of 4.
0x7  Specifies a 25-MHz clock with a PLL divider of 8.

0x9 Specifies a 20-MHz clock with a PLL divider of 10.

Max ADC1 Speed
This field indicates the maximum rate at which the ADC samples data.

Value Description

0x3 1M samples/second

Max ADCO Speed

This field indicates the maximum rate at which the ADC samples data.

Value Description

0x3 1M samples/second

MPU Present

When set, indicates that the Cortex-M3 Memory Protection Unit (MPU)
module is present. See the ARM Cortex-M3 Technical Reference Manual
for details on the MPU.

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.

Temp Sensor Present

When set, indicates that the on-chip temperature sensor is present.

PLL Present

When set, indicates that the on-chip Phase Locked Loop (PLL) is
present.

Watchdog Timer O Present

When set, indicates that watchdog timer 0 is present.

SWO Trace Port Present

When set, indicates that the Serial Wire Output (SWO) trace port is
present.

SWD Present

When set, indicates that the Serial Wire Debugger (SWD) is present.
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Bit/Field Name Type Reset Description

0 JTAG RO 1 JTAG Present
When set, indicates that the JTAG debugger interface is present.
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Register 19: Device Capabilities 2 (DC2), offset 0x014

This register is predefined by the part and can be used to verify features. If any bit is clear in this
register, the module is not present. The corresponding bit in the RCGC0, SCGCO0, and DCGCO
registers cannot be set.

Device Capabilities 2 (DC2)
Base 0x400F.E000
Offset 0x014
Type RO, reset 0x570F.5337
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I
reserved EPIO reserved 12S0 reserved | COMP2 | COMP1 | COMPO reserved TIMER3 | TIMER2 | TIMER1 | TIMERO
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 1 0 1 0 1 1 1 0 0 0 0 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 I
reserved 12C1 reserved 12C0 reserved QEI1 QEI0 reserved Ssi1 SSI0 reserved | UART2 | UART1 | UARTO
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 1 0 1 0 0 1 1 0 0 1 1 0 1 1 1
Bit/Field Name Type Reset Description

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

30 EPIO RO 1 EPI Module 0 Present
When set, indicates that EPI module 0 is present.

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

28 12S0 RO 1 I12S Module 0 Present
When set, indicates that 12S module 0 is present.

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

26 COMP2 RO 1 Analog Comparator 2 Present
When set, indicates that analog comparator 2 is present.

25 COMP1 RO 1 Analog Comparator 1 Present
When set, indicates that analog comparator 1 is present.

24 COMPO RO 1 Analog Comparator 0 Present
When set, indicates that analog comparator O is present.

23:20 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

19 TIMER3 RO 1 Timer Module 3 Present

When set, indicates that General-Purpose Timer module 3 is present.
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Bit/Field

18

17

16

15

14

13

12

11:10

7:6

Name

TIMER2

TIMER1

TIMERO

reserved

12C1

reserved

12C0

reserved

QEN

QEIO

reserved

SSI1

SSI0

reserved

UART2

UART1

Type

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

Reset

1

Description

Timer Module 2 Present

When set, indicates that General-Purpose Timer module 2 is present.

Timer Module 1 Present

When set, indicates that General-Purpose Timer module 1 is present.

Timer Module 0 Present

When set, indicates that General-Purpose Timer module 0 is present.

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.

12C Module 1 Present

When set, indicates that 12C module 1 is present.

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.

12C Module 0 Present

When set, indicates that 12C module O is present.

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.

QEI Module 1 Present

When set, indicates that QEI module 1 is present.

QEI Module 0 Present

When set, indicates that QEI module 0 is present.

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.

SSI Module 1 Present
When set, indicates that SSI module 1 is present.

SSI Module 0 Present

When set, indicates that SSI module 0 is present.

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.

UART Module 2 Present
When set, indicates that UART module 2 is present.

UART Module 1 Present

When set, indicates that UART module 1 is present.
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Bit/Field Name Type Reset Description

0 UARTO RO 1 UART Module 0 Present
When set, indicates that UART module 0 is present.
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Register 20: Device Capabilities 3 (DC3), offset 0x018

This register is predefined by the part and can be used to verify features. If any bit is clear in this
register, the module is not present. The corresponding bit in the RCGC0, SCGCO0, and DCGCO
registers cannot be set.

Device Capabilities 3 (DC3)

Base 0x400F.E000
Offset 0x018
Type RO, reset 0OxBFFF.B6FF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

32KHZ | reserved | CCP5 CCP4 CCP3 CCpP2 CCP1 CCPO |ADCOAIN7JADCOAINGJADCOAINSJADCOAIN4JADCOAIN3JADCOAIN2JADCOAIN1JADCOAINO]

Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1

PWMFAULT| reserved | C2PLUS |C2MINUS| reserved | C1PLUS |C1MINUS| reserved | COPLUS |COMINUS| PWMS5 PWM4 PWM3 PWM2 PWM1 PWMO

Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 0 1 1 0 1 1 0 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 32KHZ RO 1 32KHz Input Clock Available

When set, indicates an even CCP pin is present and can be used as a
32-KHz input clock.

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

29 CCP5 RO 1 CCP5 Pin Present
When set, indicates that Capture/Compare/PWM pin 5 is present.

28 CCP4 RO 1 CCP4 Pin Present
When set, indicates that Capture/Compare/PWM pin 4 is present.

27 CCP3 RO 1 CCP3 Pin Present
When set, indicates that Capture/Compare/PWM pin 3 is present.

26 CCP2 RO 1 CCP2 Pin Present
When set, indicates that Capture/Compare/PWM pin 2 is present.

25 CCP1 RO 1 CCP1 Pin Present
When set, indicates that Capture/Compare/PWM pin 1 is present.

24 CCPO RO 1 CCPO Pin Present
When set, indicates that Capture/Compare/PWM pin 0 is present.

23 ADCOAIN7 RO 1 ADC Module 0 AIN7 Pin Present
When set, indicates that ADC module 0 input pin 7 is present.

22 ADCOAING RO 1 ADC Module 0 AIN6 Pin Present
When set, indicates that ADC module 0 input pin 6 is present.
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Bit/Field

21

20

19

18

17

16

15

14

13

12

1"

10

Name

ADCOAINS

ADCOAIN4

ADCOAIN3

ADCOAIN2

ADCOAIN1

ADCOAINO

PWMFAULT

reserved

C2PLUS

C2MINUS

reserved

C1PLUS

C1MINUS

reserved

COPLUS

COMINUS

Type

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

Reset

1

Description

ADC Module 0 AIN5 Pin Present

When set, indicates that ADC module 0 input pin 5 is present.

ADC Module 0 AIN4 Pin Present

When set, indicates that ADC module 0 input pin 4 is present.

ADC Module 0 AIN3 Pin Present

When set, indicates that ADC module 0 input pin 3 is present.

ADC Module 0 AIN2 Pin Present

When set, indicates that ADC module 0 input pin 2 is present.

ADC Module 0 AIN1 Pin Present

When set, indicates that ADC module 0 input pin 1 is present.

ADC Module 0 AINO Pin Present

When set, indicates that ADC module 0 input pin 0 is present.

PWM Fault Pin Present

When set, indicates that a PWM Fault pin is present. See DC5 for
specific Fault pins on this device.

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.

C2+ Pin Present
When set, indicates that the analog comparator 2 (+) input pin is present.

C2- Pin Present

When set, indicates that the analog comparator 2 (-) input pin is present.

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.

C1+ Pin Present

When set, indicates that the analog comparator 1 (+) input pin is present.

C1- Pin Present

When set, indicates that the analog comparator 1 (-) input pin is present.

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.

CO+ Pin Present

When set, indicates that the analog comparator O (+) input pin is present.

CO- Pin Present

When set, indicates that the analog comparator O (-) input pin is present.
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Bit/Field Name Type Reset Description

5 PWM5 RO 1 PWMS5 Pin Present
When set, indicates that the PWM pin 5 is present.

4 PWM4 RO 1 PWM4 Pin Present
When set, indicates that the PWM pin 4 is present.

3 PWM3 RO 1 PWMS3 Pin Present
When set, indicates that the PWM pin 3 is present.

2 PWM2 RO 1 PWM2 Pin Present
When set, indicates that the PWM pin 2 is present.

1 PWM1 RO 1 PWM1 Pin Present
When set, indicates that the PWM pin 1 is present.

0 PWMO RO 1 PWMO Pin Present
When set, indicates that the PWM pin 0 is present.
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Register 21: Device Capabilities 4 (DC4), offset 0x01C

This register is predefined by the part and can be used to verify features. If any bit is clear in this
register, the module is not present. The corresponding bit in the RCGC0, SCGCO0, and DCGCO
registers cannot be set.

Device Capabilities 4 (DC4)
Base 0x400F.E000
Offset 0x01C
Type RO, reset 0x5100.F1FF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I I 1 I 1 I 1 I
reserved | EPHYO | reserved | EMACO reserved E1588 reserved
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 1 0 1 0 0 0 1 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 I
ccP7 | ccpe | UDMA | ROM reserved GPIOJ | GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description

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

30 EPHYO RO 1 Ethernet PHY Layer 0 Present
When set, indicates that Ethernet PHY layer 0 is present.

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

28 EMACO RO 1 Ethernet MAC Layer 0 Present
When set, indicates that Ethernet MAC layer O is present.

27:25 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

24 E1588 RO 1 1588 Capable
When set, indicates that that Ethernet MAC layer 0 is 1588 capable.

23:16 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

15 CCP7 RO 1 CCP7 Pin Present
When set, indicates that Capture/Compare/PWM pin 7 is present.

14 CCP6 RO 1 CCP6 Pin Present
When set, indicates that Capture/Compare/PWM pin 6 is present.

13 UDMA RO 1 Micro-DMA Module Present

When set, indicates that the micro-DMA module present.
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Bit/Field Name Type Reset Description
12 ROM RO 1 Internal Code ROM Present
When set, indicates that internal code ROM is present.
11:9 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
8 GPIOJ RO 1 GPIO Port J Present

When set, indicates that GPIO Port J is present.
7 GPIOH RO 1 GPIO Port H Present

When set, indicates that GPIO Port H is present.
6 GPIOG RO 1 GPIO Port G Present

When set, indicates that GPIO Port G is present.
5 GPIOF RO 1 GPIO Port F Present

When set, indicates that GPIO Port F is present.
4 GPIOE RO 1 GPIO Port E Present

When set, indicates that GPIO Port E is present.
3 GPIOD RO 1 GPIO Port D Present

When set, indicates that GPIO Port D is present.
2 GPIOC RO 1 GPIO Port C Present

When set, indicates that GPIO Port C is present.
1 GPIOB RO 1 GPIO Port B Present

When set, indicates that GPIO Port B is present.
0 GPIOA RO 1 GPIO Port A Present

When set, indicates that GPIO Port A is present.
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Register 22: Device Capabilities 5 (DC5), offset 0x020

This register is predefined by the part and can be used to verify features. If any bit is clear in this
register, the module is not present. The corresponding bit in the RCGC0, SCGCO0, and DCGCO
registers cannot be set.

Device Capabilities 5 (DC5)

Base 0x400F.E000
Offset 0x020
Type RO, reset 0xOF30.00FF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
reselrved PWMFAULT3|PWMFAULT2{PWMFAULT 1|PWMFAULTO reselrved PWMEFLT|IPWMVESYNC] reselrved
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 1 1 1 1 0 0 1 1 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I 1
reserved PWM7 | PwmMe | PWM5 | PwM4 | PWM3 | PWM2 | PWM1 | PWMO
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 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:28 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
27 PWMFAULT3 RO 1 PWM Fault 3 Pin Present

When set, indicates that the PWM Fault 3 pin is present.
26 PWMFAULT2 RO 1 PWM Fault 2 Pin Present

When set, indicates that the PWM Fault 2 pin is present.
25 PWMFAULT1 RO 1 PWM Fault 1 Pin Present

When set, indicates that the PWM Fault 1 pin is present.
24 PWMFAULTO RO 1 PWM Fault 0 Pin Present

When set, indicates that the PWM Fault 0 pin is present.

23:22 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

21 PWMEFLT RO 1 PWM Extended Fault Active
When set, indicates that the PWM Extended Fault feature is active.
20 PWMESYNC RO 1 PWM Extended SYNC Active
When set, indicates that the PWM Extended SYNC feature is active.
19:8 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
7 PWM7 RO 1 PWM?7 Pin Present

When set, indicates that the PWM pin 7 is present.
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Bit/Field Name Type Reset Description

6 PWM6 RO 1 PWM6 Pin Present

When set, indicates that the PWM pin 6 is present.

5 PWM5 RO 1 PWMS5 Pin Present

When set, indicates that the PWM pin 5 is present.

4 PWM4 RO 1 PWM4 Pin Present

When set, indicates that the PWM pin 4 is present.

3 PWM3 RO 1 PWM3 Pin Present

When set, indicates that the PWM pin 3 is present.

2 PWM2 RO 1 PWM2 Pin Present

When set, indicates that the PWM pin 2 is present.

1 PWM1 RO 1 PWM1 Pin Present

When set, indicates that the PWM pin 1 is present.

0 PWMO RO 1 PWMO Pin Present

When set, indicates that the PWM pin 0 is present.

146 February 24, 2009
Preliminary



LM3S9B95 Microcontroller

Register 23: Device Capabilities 6 (DC6), offset 0x024

This register is predefined by the part and can be used to verify features. If any bit is clear in this
register, the module is not present. The corresponding bit in the RCGC0, SCGCO0, and DCGCO
registers cannot be set.

Device Capabilities 6 (DC6)

Base 0x400F.E000
Offset 0x024
Type RO, reset 0x0000.0013
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 I I 1 I 1 I 1 I
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 11 10 9 8 7 6 5 4 3 2 1 0
1 I 1 1 I I I ) 1
reserved USBOPHY| reserved USBO
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 1 0 0 1 1
Bit/Field Name Type Reset Description
31:5 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
4 USBOPHY RO 1 USB Module 0 PHY Present
When set, indicates that the USB module 0 PHY is present.

3:2 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

1:0 USBO RO 0x3 USB Module 0 Present

Thie field indicates that USB module 0 is present and specifies its
capability.

Value Description
0x3 USBOis OTG.
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Register 24: Device Capabilities 7 (DC7), offset 0x028

This register is predefined by the part and can be used to verify uDMA channel features. A 1 indicates
the channel is available on this device; a 0 that the channel is only available on other devices in the
family. Most channels have primary and alternate assignments. If the primary function is not available
on this microcontroller, the alternate function becomes the primary function. If the alternate function
is not available, the primary function is the only option.

Device Capabilities 7 (DC7)
Base 0x400F.E000

Offset 0x028
Type RO, reset OXFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

reserved-31|DMACH30|DMACH29|DMACH28IDMACH27|DMACH26|DMACH25|DMACH24|DMACH23IDMACH22|DMACH21|DMACH20|DMACH 19|DMACH18|DMACH 17|DMACH16|

Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

DMACH15|DMACH14|DMACH13[DMACH12JDMACH11|DMACH10| DMACH9 | DMACH8 | DMACH7 | DMACH6 | DMACH5 | DMACH4 | DMACH3 | DMACH2 | DMACH1 | DMACHO

Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 reserved-31 RO 1 Reserved

Reserved for uDMA channel 31.

30 DMACH30 RO 1 SwW

When set, indicates uDMA channel 30 is available for software transfers.

29 DMACH29 RO 1 12S0_TX/CAN1_TX

When set, indicates uDMA channel 29 is available and connected to
the transmit path of 12S module 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of CAN module 1 transmit.

28 DMACH28 RO 1 12S0_RX/CAN1_RX

When set, indicates uDMA channel 28 is available and connected to
the receive path of 12S module 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of CAN module 1 receive.

27 DMACH27 RO 1 CAN1_TX/ADC1_SS3

When set, indicates uDMA channel 27 is available and connected to
the transmit path of CAN module 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of ADC module 1 Sample Sequencer 3.

26 DMACH26 RO 1 CAN1_RX/ADC1_SS2

When set, indicates uDMA channel 26 is available and connected to
the receive path of CAN module 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of ADC module 1 Sample Sequencer 2.
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Bit/Field

25

24

23

22

21

20

19

18

17

Name

DMACH25

DMACH24

DMACH23

DMACH22

DMACH21

DMACH20

DMACH19

DMACH18

DMACH17

Type

RO

RO

RO

RO

RO

RO

RO

RO

RO

Reset

1

Description

SSIM_TX/ADC1_S$1

When set, indicates uDMA channel 25 is available and connected to
the transmit path of SSI module 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of ADC module 1 Sample Sequencer 1.

SSI1_RX/ADC1_SS0

When set, indicates uDMA channel 24 is available and connected to
the receive path of SSI module 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of ADC module 1 Sample Sequencer 0.

UART1_TX/CAN2_TX

When set, indicates uDMA channel 23 is available and connected to
the transmit path of UART module 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of CAN module 2 transmit.

UART1_RX/CAN2_RX

When set, indicates uDMA channel 22 is available and connected to
the receive path of UART module 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of CAN module 2 receive.

Timer1B / EPIO_TX

When set, indicates uDMA channel 21 is available and connected to
Timer 1B. If the corresponding bit in the DMACHALT register is set, the
channel is connected instead to the alternate channel assignment of
EPI module 0 transmit.

Timer1A/EPIO_RX

When set, indicates uDMA channel 20 is available and connected to
Timer 1A. If the corresponding bit in the DMACHALT register is set, the
channel is connected instead to the alternate channel assignment of
EPI module O receive.

TimerOB / Timer1B

When set, indicates uDMA channel 19 is available and connected to
Timer OB. If the corresponding bit in the DMACHALT register is set, the
channel is connected instead to the alternate channel assignment of
Timer 1B.

TimerOA / Timer1A

When set, indicates uDMA channel 18 is available and connected to
Timer OA. If the corresponding bit in the DMACHALT register is set, the
channel is connected instead to the alternate channel assignment of
Timer 1A.

ADCO_SS3

When set, indicates uDMA channel 17 is available and connected to
ADC module 0 Sample Sequencer 3.
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Bit/Field

16

15

14

13

12

1

10

Name

DMACH16

DMACH15

DMACH14

DMACH13

DMACH12

DMACH11

DMACH10

DMACH9

DMACHS8

Type

RO

RO

RO

RO

RO

RO

RO

RO

RO

Reset

1

Description

ADCO_SS2

When set, indicates uDMA channel 16 is available and connected to
ADC module 0 Sample Sequencer 2.

ADCO_SS1/ Timer2B

When set, indicates uDMA channel 15 is available and connected to
ADC module 0 Sample Sequencer 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of Timer 2B.

ADCO_SS0/ Timer2A

When set, indicates uDMA channel 14 is available and connected to
ADC module 0 Sample Sequencer 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of Timer 2A.

CANO_TX / UART2_TX

When set, indicates uDMA channel 13 is available and connected to
the transmit path of CAN module 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of UART module 2 transmit.

CANO_RX / UART2_RX

When set, indicates uDMA channel 12 is available and connected to
the receive path of CAN module 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of UART module 2 receive.

SSI0_TX / UART1_TX

When set, indicates uDMA channel 11 is available and connected to
the transmit path of SSI module 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of UART module 1 transmit.

SSI0_RX / UART1_RX

When set, indicates uDMA channel 10 is available and connected to
the receive path of SSI module 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of UART module 1 receive.

UARTO_TX/ SSI1_TX

When set, indicates uDMA channel 9 is available and connected to the
transmit path of UART module 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of SSI module 1 transmit.

UARTO_RX / SSI1_RX

When set, indicates uDMA channel 8 is available and connected to the
receive path of UART module 0. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of SSI module 1 receive.
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Bit/Field

7

Name

DMACH7

DMACH®6

DMACHS5

DMACH4

DMACH3

DMACH2

DMACH1

DMACHO0

Type

RO

RO

RO

RO

RO

RO

RO

RO

Reset

1

Description

ETH_TX/ Timer2B

When set, indicates uDMA channel 7 is available and connected to the
transmit path of the Ethernet module. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of Timer 2B.

ETH_RX/ Timer2A

When set, indicates uDMA channel 6 is available and connected to the
receive path of the Ethernet module. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of Timer 2A.

USB_EP3_TX/ Timer2B

When set, indicates uDMA channel 5 is available and connected to the
transmit path of USB endpoint 3. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of Timer 2B.

USB_EP3_RX/ Timer2A

When set, indicates uDMA channel 4 is available and connected to the
receive path of USB endpoint 3. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of Timer 2A.

USB_EP2_TX/ Timer3B

When set, indicates uDMA channel 3 is available and connected to the
transmit path of USB endpoint 2. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of Timer 3B.

USB_EP2_RX/ Timer3A

When set, indicates uDMA channel 2 is available and connected to the
receive path of USB endpoint 2. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of Timer 3A.

USB_EP1_TX/UART2_TX

When set, indicates uDMA channel 1 is available and connected to the
transmit path of USB endpoint 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of UART module 2 transmit.

USB_EP1_RX/UART2_RX

When set, indicates uDMA channel 0 is available and connected to the
receive path of USB endpoint 1. If the corresponding bit in the
DMACHALT register is set, the channel is connected instead to the
alternate channel assignment of UART module 2 receive.
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Register 25: Device Capabilities 8 ADC Channels (DC8), offset 0x02C

This register is predefined by the part and can be used to verify features.

Device Capabilities 8 ADC Channels (DC8)

Base 0x400F.E000
Offset 0x02C
Type RO, reset OXFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ADC1AIN15|ADC1AIN14[ADC1AIN13[ADC1AIN12|ADC1AIN11 JADC1AIN10[ADC1AING|ADC 1 AINSJADC 1AIN7JADC1AINGJADC1AINS{ADC1AIN4JADC 1 AIN3JADC1AIN2JADC1AIN1{ADC1AING
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADCOAIN15ADCOAIN14]ADCOAIN13|ADCOAIN12] ADCOAIN11 JADCOAIN10JADCOAINSJADCOAINSJADCOAIN7JADCOAINGJADCOAINSJADCOAIN4JADCOAIN3JADCOAIN2JADCOAIN1JADCOAINOQ
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 ADC1AIN15 RO 1 ADC Module 1 AIN15 Pin Present
When set, indicates that ADC module 1 input pin 15 is present.
30 ADC1AIN14 RO 1 ADC Module 1 AIN14 Pin Present
When set, indicates that ADC module 1 input pin 14 is present.
29 ADC1AIN13 RO 1 ADC Module 1 AIN13 Pin Present
When set, indicates that ADC module 1 input pin 13 is present.
28 ADC1AIN12 RO 1 ADC Module 1 AIN12 Pin Present
When set, indicates that ADC module 1 input pin 12 is present.
27 ADC1AIN11 RO 1 ADC Module 1 AIN11 Pin Present
When set, indicates that ADC module 1 input pin 11 is present.
26 ADC1AIN10 RO 1 ADC Module 1 AIN10 Pin Present
When set, indicates that ADC module 1 input pin 10 is present.
25 ADC1AIN9 RO 1 ADC Module 1 AIN9 Pin Present
When set, indicates that ADC module 1 input pin 9 is present.
24 ADC1AIN8 RO 1 ADC Module 1 AIN8 Pin Present
When set, indicates that ADC module 1 input pin 8 is present.
23 ADC1AIN7 RO 1 ADC Module 1 AIN7 Pin Present
When set, indicates that ADC module 1 input pin 7 is present.
22 ADC1AING RO 1 ADC Module 1 AIN6 Pin Present
When set, indicates that ADC module 1 input pin 6 is present.
21 ADC1AIN5 RO 1 ADC Module 1 AIN5 Pin Present
When set, indicates that ADC module 1 input pin 5 is present.
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Bit/Field

20

19

18

17

16

15

14

13

12

1

10

Name

ADC1AIN4

ADC1AIN3

ADC1AIN2

ADC1AIN1

ADC1AINO

ADCOAIN15

ADCOAIN14

ADCOAIN13

ADCOAIN12

ADCOAIN11

ADCOAIN10

ADCOAIN9

ADCOAIN8

ADCOAIN7

ADCOAING

ADCOAINS

ADCOAIN4

Type

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

RO

Reset

1

Description

ADC Module 1 AIN4 Pin Present

When set, indicates that ADC module 1 input pin 4 is present.

ADC Module 1 AIN3 Pin Present

When set, indicates that ADC module 1 input pin 3 is present.

ADC Module 1 AIN2 Pin Present

When set, indicates that ADC module 1 input pin 2 is present.

ADC Module 1 AIN1 Pin Present

When set, indicates that ADC module 1 input pin 1 is present.

ADC Module 1 AINO Pin Present

When set, indicates that ADC module 1 input pin 0 is present.

ADC Module 0 AIN15 Pin Present

When set, indicates that ADC module 0 input pin 15 is present.

ADC Module 0 AIN14 Pin Present

When set, indicates that ADC module 0 input pin 14 is present.

ADC Module 0 AIN13 Pin Present

When set, indicates that ADC module 0 input pin 13 is present.

ADC Module 0 AIN12 Pin Present

When set, indicates that ADC module 0 input pin 12 is present.

ADC Module 0 AIN11 Pin Present

When set, indicates that ADC module 0 input pin 11 is present.

ADC Module 0 AIN10 Pin Present

When set, indicates that ADC module 0 input pin 10 is present.

ADC Module 0 AIN9 Pin Present

When set, indicates that ADC module 0 input pin 9 is present.

ADC Module 0 AIN8 Pin Present

When set, indicates that ADC module 0 input pin 8 is present.

ADC Module 0 AIN7 Pin Present

When set, indicates that ADC module 0 input pin 7 is present.

ADC Module 0 AIN6 Pin Present

When set, indicates that ADC module 0 input pin 6 is present.

ADC Module 0 AIN5 Pin Present

When set, indicates that ADC module 0 input pin 5 is present.

ADC Module 0 AIN4 Pin Present

When set, indicates that ADC module 0 input pin 4 is present.

February 24, 2009

Preliminary

153



System Control

Bit/Field Name Type Reset Description

3 ADCOAIN3 RO 1 ADC Module 0 AIN3 Pin Present
When set, indicates that ADC module 0 input pin 3 is present.

2 ADCOAIN2 RO 1 ADC Module 0 AIN2 Pin Present
When set, indicates that ADC module 0 input pin 2 is present.

1 ADCOAIN1 RO 1 ADC Module 0 AIN1 Pin Present
When set, indicates that ADC module 0 input pin 1 is present.

0 ADCOAINO RO 1 ADC Module 0 AINO Pin Present
When set, indicates that ADC module 0 input pin 0 is present.
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Register 26: Device Capabilities 9 ADC Digital Comparators (DC9), offset
0x190

This register is predefined by the part and can be used to verify features.

Device Capabilities 9 ADC Digital Comparators (DC9)

Base 0x400F.E000
Offset 0x190
Type RO, reset 0xO0FF.00FF
31 30 29 28 27 26 24 23 22 21 20 19 18 17 16
I I I reselrved I [ADC1DC7|ADC1DC6|ADC1DC5|ADC1DCA{ADC1DC3|ADC1DC2JADC1DC1|ADC1DCO
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
15 14 13 12 1 10 8 7 6 5 4 3 2 1 0
1 I 1 I 1
reserved /ADCODC7|ADCODC6|ADCODC5|ADCODC4ADCODC3|ADCODC2{ADCODC1[ADCODCO)
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
Bit/Field Name Type Description
31:24 reserved RO 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.
23 ADC1DC7 RO ADC1 DC7 Present
When set, indicates that ADC module 1 Digital Comparator 7 is present.
22 ADC1DC6 RO ADC1 DC6 Present
When set, indicates that ADC module 1 Digital Comparator 6 is present.
21 ADC1DC5 RO ADC1 DC5 Present
When set, indicates that ADC module 1 Digital Comparator 5 is present.
20 ADC1DC4 RO ADC1 DC4 Present
When set, indicates that ADC module 1 Digital Comparator 4 is present.
19 ADC1DC3 RO ADC1 DC3 Present
When set, indicates that ADC module 1 Digital Comparator 3 is present.
18 ADC1DC2 RO ADC1 DC2 Present
When set, indicates that ADC module 1 Digital Comparator 2 is present.
17 ADC1DC1 RO ADC1 DC1 Present
When set, indicates that ADC module 1 Digital Comparator 1 is present.
16 ADC1DCO RO ADC1 DCO Present
When set, indicates that ADC module 1 Digital Comparator 0 is present.
15:8 reserved RO Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
7 ADCODC?7 RO ADCO DC7 Present

When set, indicates that ADC module 0 Digital Comparator 7 is present.
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Bit/Field Name Type Reset Description

6 ADCODC6 RO 1 ADCO0 DC6 Present
When set, indicates that ADC module 0 Digital Comparator 6 is present.

5 ADCODC5 RO 1 ADCO DC5 Present
When set, indicates that ADC module 0 Digital Comparator 5 is present.

4 ADCODC4 RO 1 ADCO DC4 Present
When set, indicates that ADC module 0 Digital Comparator 4 is present.

3 ADCODC3 RO 1 ADCO DC3 Present
When set, indicates that ADC module 0 Digital Comparator 3 is present.

2 ADCODC2 RO 1 ADCO DC2 Present
When set, indicates that ADC module 0 Digital Comparator 2 is present.

1 ADCODCA1 RO 1 ADCO DC1 Present
When set, indicates that ADC module 0 Digital Comparator 1 is present.

0 ADCODCO RO 1 ADCO0 DCO Present
When set, indicates that ADC module 0 Digital Comparator 0 is present.
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Register 27: Non-Volatile Memory Information (NVMSTAT), offset 0x1A0

This register is predefined by the part and can be used to verify features.

Non-Volatile Memory Information (NVMSTAT)

Base 0x400F.E000
Offset 0x1A0
Type RO, reset 0x0000.0001
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I 1 I
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 I 1 I 1 I 1 I I I I 1 I 1
reserved FWB
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 1
Bit/Field Name Type Reset Description
31:1 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
0 FWB RO 1 32 Word Flash Write Buffer Active
When set, indicates that the 32 word Flash memory write buffer feature
is active.
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Register 28: Run Mode Clock Gating Control Register 0 (RCGCO0), offset 0x100

This register controls the clock gating logic in normal Run mode. Each bit controls a clock enable
for a given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes
to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the
ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGCO is the clock configuration register for
running operation, SCGCO0 for Sleep operation, and DCGCO for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Run Mode Clock Gating Control Register 0 (RCGCO)

Base 0x400F.E000
Offset 0x100
Type R/W, reset 0x00000040
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 ) 1 ) 1 )
reserved WDT1 reserved CAN1 CANO reserved PWM reserved ADC1 ADCO
Type RO RO RO R/W RO RO R/W RIW RO RO RO RIW RO RO R/W R/W
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
reserved MAXADC1SPD MAXADCOSPD reserved WDTO reserved
Type RO RO RO RO RIW R/W RIW R/W RO RO RO RO R/W 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

31:29 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

28 WDT1 R/W 0 WDT1 Clock Gating Control
This bit controls the clock gating for the Watchdog Timer module 1. If
set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

27:26 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

25 CAN1 R/W 0 CAN1 Clock Gating Control
This bit controls the clock gating for CAN module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

24 CANO R/W 0 CANO Clock Gating Control
This bit controls the clock gating for CAN module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name
23:21 reserved
20 PWM
19:18 reserved
17 ADCH1
16 ADCO
15:12 reserved
11:10 MAXADC1SPD
9:8 MAXADCOSPD
74 reserved

Type

RO

R/W

RO

R/W

R/W

RO

R/W

R/wW

Reset

Description

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.

PWM Clock Gating Control

This bit controls the clock gating for the PWM module. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

ADC1 Clock Gating Control

This bit controls the clock gating for SAR ADC module 1. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

ADCO Clock Gating Control

This bit controls the clock gating for ADC module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

ADC1 Sample Speed

This field sets the rate at which ADC module 1 samples data. You cannot
set the rate higher than the maximum rate. You can set the sample rate
by setting the MAXADC1SPD bit as follows (all other encodings are
reserved):

Value Description

0x3 1M samples/second

ADCO Sample Speed

This field sets the rate at which ADCO samples data. You cannot set
the rate higher than the maximum rate. You can set the sample rate by
setting the MAXADCOSPD bit as follows (all other encodings are reserved):

Value Description

0x3 1M samples/second

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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Bit/Field Name Type Reset Description

3 WDTO R/W 0 WDTO Clock Gating Control

This bit controls the clock gating for the Watchdog Timer module 0. If
set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

2:0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 29: Sleep Mode Clock Gating Control Register 0 (SCGCO0), offset
0x110

This register controls the clock gating logic in Sleep mode. Each bit controls a clock enable for a
given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes
to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the
ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGCO is the clock configuration register for
running operation, SCGCO for Sleep operation, and DCGCO0 for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Sleep Mode Clock Gating Control Register 0 (SCGCO0)

Base 0x400F.E000
Offset 0x110
Type R/W, reset 0x00000040
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1
reserved WDT1 reserved CAN1 CANO reserved PWM reserved ADC1 ADCO
Type RO RO RO R/W RO RO RIW R/W RO RO RO RIW RO RO R/W RIW
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 )
reserved MAXADC1SPD MAXADCOSPD reserved WDTO reserved
Type RO RO RO RO R/W RIW R/W RIW RO RO RO RO R/W 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

31:29 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

28 WDT1 R/W 0 WDT1 Clock Gating Control
This bit controls the clock gating for Watchdog Timer module 1. If set,
the module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

27:26 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

25 CAN1 R/W 0 CAN1 Clock Gating Control
This bit controls the clock gating for CAN module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

24 CANO R/W 0 CANO Clock Gating Control

This bit controls the clock gating for CAN module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name Type Reset Description

23:21 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

20 PWM R/W 0 PWM Clock Gating Control

This bit controls the clock gating for the PWM module. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

19:18 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

17 ADC1 R/W 0 ADC1 Clock Gating Control

This bit controls the clock gating for ADC module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

16 ADCO R/W 0 ADCO Clock Gating Control

This bit controls the clock gating for ADC module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

15:12 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

11:10 MAXADC1SPD R/W 0 ADC1 Sample Speed

This field sets the rate at which ADC module 1 samples data. You cannot
set the rate higher than the maximum rate. You can set the sample rate
by setting the MAXADC1SPD bit as follows (all other encodings are
reserved):

Value Description

0x3 1M samples/second

9:8 MAXADCOSPD R/wW 0 ADCO Sample Speed

This field sets the rate at which ADC module 0 samples data. You cannot
set the rate higher than the maximum rate. You can set the sample rate
by setting the MAXADCOSPD bit as follows (all other encodings are
reserved):

Value Description

0x3 1M samples/second

74 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description

3 WDTO R/W 0 WDTO Clock Gating Control

This bit controls the clock gating for the Watchdog Timer module 0. If
set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

2:0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 30: Deep Sleep Mode Clock Gating Control Register 0 (DCGCO0),
offset 0x120

This register controls the clock gating logic in Deep-Sleep mode. Each bit controls a clock enable
for a given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes
to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the
ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGCO is the clock configuration register for
running operation, SCGCO for Sleep operation, and DCGCO0 for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Deep Sleep Mode Clock Gating Control Register 0 (DCGCO0)

Base 0x400F.E000
Offset 0x120
Type R/W, reset 0x00000040
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1
reserved WDT1 reserved CAN1 CANO reserved PWM reserved ADC1 ADCO
Type RO RO RO R/W RO RO RIW R/W RO RO RO RIW RO RO R/W RIW
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 )
reserved MAXADC1SPD MAXADCOSPD reserved WDTO reserved
Type RO RO RO RO R/W RIW R/W RIW RO RO RO RO R/W 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

31:29 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

28 WDT1 R/W 0 WDT1 Clock Gating Control
This bit controls the clock gating for the Watchdog Timer module 1. If
set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

27:26 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

25 CAN1 R/W 0 CAN1 Clock Gating Control
This bit controls the clock gating for CAN module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

24 CANO R/W 0 CANO Clock Gating Control
This bit controls the clock gating for CAN module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name
23:21 reserved
20 PWM
19:18 reserved
17 ADCH1
16 ADCO
15:12 reserved
11:10 MAXADC1SPD
9:8 MAXADCOSPD
74 reserved

Type

RO

R/W

RO

R/W

R/W

RO

R/W

R/wW

RO

Reset

Description

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.

PWM Clock Gating Control

This bit controls the clock gating for the PWM module. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

ADC1 Clock Gating Control

This bit controls the clock gating for ADC module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

ADCO Clock Gating Control

This bit controls the clock gating for ADC module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

ADC1 Sample Speed

This field sets the rate at which ADC module 1 samples data. You cannot
set the rate higher than the maximum rate. You can set the sample rate
by setting the MAXADC1SPD bit as follows (all other encodings are
reserved):

Value Description

0x3 1M samples/second

ADCO Sample Speed

This field sets the rate at which ADC module 0 samples data. You cannot
set the rate higher than the maximum rate. You can set the sample rate
by setting the MAXADCOSPD bit as follows (all other encodings are
reserved):

Value Description

0x3 1M samples/second

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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Bit/Field Name Type Reset Description

3 WDTO R/W 0 WDTO Clock Gating Control

This bit controls the clock gating for the Watchdog Timer module 0. If
set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

2:0 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Register 31: Run Mode Clock Gating Control Register 1 (RCGC1), offset 0x104

This register controls the clock gating logic in normal Run mode. Each bit controls a clock enable
for a given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes
to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the
ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGC1 is the clock configuration register for
running operation, SCGC1 for Sleep operation, and DCGC1 for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Run Mode Clock Gating Control Register 1 (RCGC1)

Base 0x400F.E000
Offset 0x104
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
) 1
reserved EPIO reserved 12S0 reserved | COMP2 | COMP1 | COMPO reserved TIMERS3 | TIMER2 | TIMER1 | TIMERO
Type RO R/W RO R/W RO RIW R/W RIW RO RO RO RO R/W R/W R/W R/W
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
)
reserved 12C1 reserved 12C0 reserved QEI QEIO reserved SSI1 SSI0 reserved | UART2 | UART1 | UARTO
Type RO R/W RO R/W RO RO RIW R/W RO RO R/W RIW RO RIW 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 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

30 EPIO R/W 0 EPIO Clock Gating
This bit controls the clock gating for EPl module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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

28 12S0 R/W 0 12S0 Clock Gating
This bit controls the clock gating for I12S module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

27 reserved RO 0 Software should not rely on the value of a reserved bit. To provide

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

26

25

24

23:20

19

18

17

16

15

14

Name

COMP2

COMP1

COMPO

reserved

TIMERS3

TIMER2

TIMER1

TIMERO

reserved

12C1

Type

R/W

R/W

R/W

RO

R/W

R/W

R/W

R/W

RO

R/W

Reset

Description

Analog Comparator 2 Clock Gating

This bit controls the clock gating for analog comparator 2. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

Analog Comparator 1 Clock Gating

This bit controls the clock gating for analog comparator 1. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

Analog Comparator 0 Clock Gating

This bit controls the clock gating for analog comparator 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

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.

Timer 3 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 3.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 2 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 2.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 1 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 1.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 0 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 0.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

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.

I12C1 Clock Gating Control

This bit controls the clock gating for I2C module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name
13 reserved
12 12C0

11:10 reserved
9 QEN
8 QEIO
7:6 reserved
5 SSi
4 SSI0
3 reserved
2 UART2

Type

RO

R/W

RO

R/W

R/W

RO

R/W

R/W

RO

R/W

Reset

Description

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.

12C0 Clock Gating Control

This bit controls the clock gating for I2C module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

QEI1 Clock Gating Control

This bit controls the clock gating for QEI module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

QEIO Clock Gating Control

This bit controls the clock gating for QEI module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

SSI1 Clock Gating Control

This bit controls the clock gating for SSI module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

SSI0 Clock Gating Control

This bit controls the clock gating for SSI module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

UART2 Clock Gating Control

This bit controls the clock gating for UART module 2. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name Type Reset Description

1 UART1 R/W 0 UART1 Clock Gating Control

This bit controls the clock gating for UART module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

0 UARTO R/W 0 UARTO Clock Gating Control

This bit controls the clock gating for UART module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Register 32: Sleep Mode Clock Gating Control Register 1 (SCGC1), offset
0x114

This register controls the clock gating logic in Sleep mode. Each bit controls a clock enable for a
given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes
to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the
ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGC1 is the clock configuration register for
running operation, SCGC1 for Sleep operation, and DCGC1 for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Sleep Mode Clock Gating Control Register 1 (SCGC1)

Base 0x400F.E000
Offset 0x114
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1
reserved EPIO reserved 12S0 reserved | COMP2 | COMP1 | COMPO reserved TIMERS3 | TIMER2 | TIMER1 | TIMERO
Type RO R/W RO R/W RO R/W RIW R/W RO RO RO RO R/W RIW R/W RIW
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 )
reserved 12C1 reserved 12C0 reserved QEN QEIO reserved SSi1 SSIo reserved | UART2 | UART1 UARTO
Type RO R/W RO R/W RO RO R/W RIW RO RO R/W RIW RO R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

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

30 EPIO R/W 0 EPIO Clock Gating
This bit controls the clock gating for EPl module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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

28 12S0 R/W 0 12S0 Clock Gating
This bit controls the clock gating for I12S module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

27 reserved RO 0 Software should not rely on the value of a reserved bit. To provide

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

26

25

24

23:20

19

18

17

16

15

14

Name

COMP2

COMP1

COMPO

reserved

TIMERS3

TIMER2

TIMER1

TIMERO

reserved

12C1

Type

R/W

R/W

R/W

RO

R/W

R/W

R/W

R/W

RO

R/W

Reset

Description

Analog Comparator 2 Clock Gating

This bit controls the clock gating for analog comparator 2. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

Analog Comparator 1 Clock Gating

This bit controls the clock gating for analog comparator 1. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

Analog Comparator 0 Clock Gating

This bit controls the clock gating for analog comparator 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

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.

Timer 3 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 3.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 2 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 2.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 1 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 1.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 0 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 0.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

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.

I12C1 Clock Gating Control

This bit controls the clock gating for I2C module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name
13 reserved
12 12C0

11:10 reserved
9 QEN
8 QEIO
7:6 reserved
5 SSi
4 SSI0
3 reserved
2 UART2

Type

RO

R/W

RO

R/W

R/W

RO

R/W

R/W

RO

R/W

Reset

Description

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.

12C0 Clock Gating Control

This bit controls the clock gating for I2C module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

QEI1 Clock Gating Control

This bit controls the clock gating for QEI module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

QEIO Clock Gating Control

This bit controls the clock gating for QEI module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

SSI1 Clock Gating Control

This bit controls the clock gating for SSI module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

SSI0 Clock Gating Control

This bit controls the clock gating for SSI module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

UART2 Clock Gating Control

This bit controls the clock gating for UART module 2. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name Type Reset Description

1 UART1 R/W 0 UART1 Clock Gating Control

This bit controls the clock gating for UART module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

0 UARTO R/W 0 UARTO Clock Gating Control

This bit controls the clock gating for UART module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Register 33: Deep-Sleep Mode Clock Gating Control Register 1 (DCGC1),
offset 0x124

This register controls the clock gating logic in Deep-Sleep mode. Each bit controls a clock enable

for a given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes

to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the

ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGC1 is the clock configuration register for
running operation, SCGC1 for Sleep operation, and DCGC1 for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Deep-Sleep Mode Clock Gating Control Register 1 (DCGC1)

Base 0x400F.E000
Offset 0x124
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1
reserved EPIO reserved 12S0 reserved | COMP2 | COMP1 | COMPO reserved TIMERS3 | TIMER2 | TIMER1 | TIMERO
Type RO R/W RO R/W RO R/W RIW R/W RO RO RO RO R/W RIW R/W RIW
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 )
reserved 12C1 reserved 12C0 reserved QEN QEIO reserved SSi1 SSIo reserved | UART2 | UART1 UARTO
Type RO R/W RO R/W RO RO R/W RIW RO RO R/W RIW RO R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

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

30 EPIO R/W 0 EPIO Clock Gating
This bit controls the clock gating for EPl module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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

28 12S0 R/W 0 12S0 Clock Gating
This bit controls the clock gating for I12S module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

27 reserved RO 0 Software should not rely on the value of a reserved bit. To provide

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

26

25

24

23:20

19

18

17

16

15

14

Name

COMP2

COMP1

COMPO

reserved

TIMERS3

TIMER2

TIMER1

TIMERO

reserved

12C1

Type

R/W

R/W

R/W

RO

R/W

R/W

R/W

R/W

RO

R/W

Reset

Description

Analog Comparator 2 Clock Gating

This bit controls the clock gating for analog comparator 2. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

Analog Comparator 1 Clock Gating

This bit controls the clock gating for analog comparator 1. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

Analog Comparator 0 Clock Gating

This bit controls the clock gating for analog comparator 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

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.

Timer 3 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 3.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 2 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 2.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 1 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 1.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

Timer 0 Clock Gating Control

This bit controls the clock gating for General-Purpose Timer module 0.
If set, the module receives a clock and functions. Otherwise, the module
is unclocked and disabled. If the module is unclocked, a read or write
to the module generates a bus fault.

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.

I12C1 Clock Gating Control

This bit controls the clock gating for I2C module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name
13 reserved
12 12C0

11:10 reserved
9 QEN
8 QEIO
7:6 reserved
5 SSi
4 SSI0
3 reserved
2 UART2

Type

RO

R/W

RO

R/W

R/W

RO

R/W

R/W

RO

R/W

Reset

Description

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.

12C0 Clock Gating Control

This bit controls the clock gating for I2C module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

QEI1 Clock Gating Control

This bit controls the clock gating for QEI module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

QEIO Clock Gating Control

This bit controls the clock gating for QEI module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

SSI1 Clock Gating Control

This bit controls the clock gating for SSI module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

SSI0 Clock Gating Control

This bit controls the clock gating for SSI module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

UART2 Clock Gating Control

This bit controls the clock gating for UART module 2. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Bit/Field Name Type Reset Description

1 UART1 R/W 0 UART1 Clock Gating Control

This bit controls the clock gating for UART module 1. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

0 UARTO R/W 0 UARTO Clock Gating Control

This bit controls the clock gating for UART module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.
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Register 34: Run Mode Clock Gating Control Register 2 (RCGC2), offset 0x108

This register controls the clock gating logic in normal Run mode. Each bit controls a clock enable
for a given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes
to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the
ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGC2 is the clock configuration register for
running operation, SCGC2 for Sleep operation, and DCGC2 for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Run Mode Clock Gating Control Register 2 (RCGC2)

Base 0x400F.E000
Offset 0x108
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 ) 1 ) 1 ) 1
reserved | EPHYO | reserved | EMACO reserved USBO
1 1
Type RO R/W RO R/W 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) 1 1
reserved UDMA reserved GPIOJ | GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
1
Type RO RO RIW RO RO RO RO R/W RIW RIW R/W RIW R/W RIW 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 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

30 EPHYO R/W 0 PHYO Clock Gating Control
This bit controls the clock gating for Ethernet PHY layer 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

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

28 EMACO R/W 0 MACO Clock Gating Control
This bit controls the clock gating for Ethernet MAC layer 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

27:17 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description
16 USBO R/W 0 USBO Clock Gating Control
This bit controls the clock gating for USB module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

15:14 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

13 UDMA R/W 0 Micro-DMA Clock Gating Control
This bit controls the clock gating for micro-DMA. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

12:9 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

8 GPIOJ R/W 0 Port J Clock Gating Control
This bit controls the clock gating for Port J. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

7 GPIOH R/W 0 Port H Clock Gating Control
This bit controls the clock gating for Port H. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

6 GPIOG R/W 0 Port G Clock Gating Control
This bit controls the clock gating for Port G. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

5 GPIOF R/W 0 Port F Clock Gating Control
This bit controls the clock gating for Port F. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

4 GPIOE R/W 0 Port E Clock Gating Control
Port E Clock Gating Control. This bit controls the clock gating for Port
E. If set, the module receives a clock and functions. Otherwise, the
module is unclocked and disabled. If the module is unclocked, a read
or write to the module generates a bus fault.

3 GPIOD R/W 0 Port D Clock Gating Control
Port D Clock Gating Control. This bit controls the clock gating for Port
D. If set, the module receives a clock and functions. Otherwise, the
module is unclocked and disabled. If the module is unclocked, a read
or write to the module generates a bus fault.
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Bit/Field

2

Name

GPIOC

GPIOB

GPIOA

Type

R/W

R/W

R/W

Reset

Description

Port C Clock Gating Control

This bit controls the clock gating for Port C. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

Port B Clock Gating Control

This bit controls the clock gating for Port B. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

Port A Clock Gating Control

This bit controls the clock gating for Port A. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

February 24, 2009

181

Preliminary



System Control

Register 35: Sleep Mode Clock Gating Control Register 2 (SCGC2), offset
0x118

This register controls the clock gating logic in Sleep mode. Each bit controls a clock enable for a
given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes
to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the
ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGC2 is the clock configuration register for
running operation, SCGC2 for Sleep operation, and DCGC2 for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Sleep Mode Clock Gating Control Register 2 (SCGC2)

Base 0x400F.E000
Offset 0x118
Type R/W, reset 0x00000000
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
reserved | EPHYO | reserved | EMACO reserved uUsSBO
1 1
Type RO R/W RO R/W 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) 1 1
reserved UDMA reserved GPIOJ | GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
1
Type RO RO RIW RO RO RO RO R/W RIW RIW R/W RIW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

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

30 EPHYO R/W 0 PHYO Clock Gating Control
This bit controls the clock gating for Ethernet PHY layer 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

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

28 EMACO R/W 0 MACO Clock Gating Control
This bit controls the clock gating for Ethernet MAC layer 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

27:17 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field

16

15:14

13

12:9

Name

USBO

reserved

UDMA

reserved

GPIOJ

GPIOH

GPIOG

GPIOF

GPIOE

GPIOD

Type

R/W

RO

R/W

RO

R/W

R/W

R/W

R/W

R/W

R/W

Reset

Description

USBO Clock Gating Control

This bit controls the clock gating for USB module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

Micro-DMA Clock Gating Control

This bit controls the clock gating for micro-DMA. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

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.

Port J Clock Gating Control

This bit controls the clock gating for Port J. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

Port H Clock Gating Control

This bit controls the clock gating for Port H. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

Port G Clock Gating Control

This bit controls the clock gating for Port G. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

Port F Clock Gating Control

This bit controls the clock gating for Port F. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

Port E Clock Gating Control

Port E Clock Gating Control. This bit controls the clock gating for Port
E. If set, the module receives a clock and functions. Otherwise, the
module is unclocked and disabled. If the module is unclocked, a read
or write to the module generates a bus fault.

Port D Clock Gating Control

Port D Clock Gating Control. This bit controls the clock gating for Port
D. If set, the module receives a clock and functions. Otherwise, the
module is unclocked and disabled. If the module is unclocked, a read
or write to the module generates a bus fault.
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Bit/Field Name Type Reset Description

2 GPIOC R/W 0 Port C Clock Gating Control
This bit controls the clock gating for Port C. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

1 GPIOB R/W 0 Port B Clock Gating Control
This bit controls the clock gating for Port B. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

0 GPIOA R/W 0 Port A Clock Gating Control
This bit controls the clock gating for Port A. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.
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Register 36: Deep Sleep Mode Clock Gating Control Register 2 (DCGC2),
offset 0x128

This register controls the clock gating logic in Deep-Sleep mode. Each bit controls a clock enable
for a given interface, function, or module. If set, the module receives a clock and functions. Otherwise,
the module is unclocked and disabled (saving power). If the module is unclocked, reads or writes
to the module generate a bus fault. The reset state of these bits is 0 (unclocked) unless otherwise
noted, so that all functional modules are disabled. It is the responsibility of software to enable the
ports necessary for the application. Note that these registers may contain more bits than there are
interfaces, functions, or modules to control. This configuration is implemented to assure reasonable
code compatibility with other family and future parts. RCGC2 is the clock configuration register for
running operation, SCGC2 for Sleep operation, and DCGC2 for Deep-Sleep operation. Setting the
ACG bit in the Run-Mode Clock Configuration (RCC) register specifies that the system uses sleep
modes.

Deep Sleep Mode Clock Gating Control Register 2 (DCGC2)

Base 0x400F.E000
Offset 0x128
Type R/W, reset 0x00000000
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
reserved | EPHYO | reserved | EMACO reserved uUsSBO
1 1
Type RO R/W RO R/W 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) 1 1
reserved UDMA reserved GPIOJ | GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
1
Type RO RO RIW RO RO RO RO RIW R/W RIW R/W RIW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

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

30 EPHYO R/W 0 PHYO Clock Gating Control
This bit controls the clock gating for Ethernet PHY layer 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

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

28 EMACO R/W 0 MACO Clock Gating Control
This bit controls the clock gating for Ethernet MAC layer 0. If set, the
module receives a clock and functions. Otherwise, the module is
unclocked and disabled. If the module is unclocked, a read or write to
the module generates a bus fault.

27:17 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
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Bit/Field Name Type Reset Description
16 USBO R/W 0 USBO Clock Gating Control
This bit controls the clock gating for USB module 0. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

15:14 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

13 UDMA R/W 0 Micro-DMA Clock Gating Control
This bit controls the clock gating for micro-DMA. If set, the module
receives a clock and functions. Otherwise, the module is unclocked and
disabled. If the module is unclocked, a read or write to the module
generates a bus fault.

12:9 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

8 GPIOJ R/W 0 Port J Clock Gating Control
This bit controls the clock gating for Port J. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

7 GPIOH R/W 0 Port H Clock Gating Control
This bit controls the clock gating for Port H. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

6 GPIOG R/W 0 Port G Clock Gating Control
This bit controls the clock gating for Port G. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

5 GPIOF R/W 0 Port F Clock Gating Control
This bit controls the clock gating for Port F. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

4 GPIOE R/W 0 Port E Clock Gating Control
Port E Clock Gating Control. This bit controls the clock gating for Port
E. If set, the module receives a clock and functions. Otherwise, the
module is unclocked and disabled. If the module is unclocked, a read
or write to the module generates a bus fault.

3 GPIOD R/W 0 Port D Clock Gating Control
Port D Clock Gating Control. This bit controls the clock gating for Port
D. If set, the module receives a clock and functions. Otherwise, the
module is unclocked and disabled. If the module is unclocked, a read
or write to the module generates a bus fault.
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Bit/Field

2

Name

GPIOC

GPIOB

GPIOA

Type

R/W

R/W

R/W

Reset

Description

Port C Clock Gating Control

This bit controls the clock gating for Port C. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

Port B Clock Gating Control

This bit controls the clock gating for Port B. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.

Port A Clock Gating Control

This bit controls the clock gating for Port A. If set, the module receives
a clock and functions. Otherwise, the module is unclocked and disabled.
If the module is unclocked, a read or write to the module generates a
bus fault.
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Register 37: Software Reset Control 0 (SRCRO), offset 0x040

This register allows individual modules to be reset. Writes to this register are masked by the bits in
the Device Capabilities 1 (DC1) register.

Software Reset Control 0 (SRCRO)

Base 0x400F.E000

Offset 0x040

Type R/W, reset 0x00000000

31

30 29

27

26

25

24 23 22 21 20 19 18 17 16

reserved

1
reserved

CAN1

CANO reserved PWM reserved

Type RO
Reset 0

RO RO

R/W RO RO RO

WDTO reserved

Type RO
Reset 0

Bit/Field

31:29

28

27:26

25

24

23:21

20

19:18

Name

reserved

WDT1

reserved

CAN1

CANO

reserved

PWM

reserved

R/wW

RO

R/wW

R/W

RO

R/W

RO

R/W RO RO RO
0 0 0 0 0 0 0 0 0

Description

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.

WDT1 Reset Control

When this bit is set, Watchdog Timer module 1 is reset. All internal data
is lost and the registers are returned to their reset states. This bit must
be manually cleared after being set.

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.

CAN1 Reset Control

When this bit is set, CAN module 1 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

CANO Reset Control

When this bit is set, CAN module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

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.

PWM Reset Control

When this bit is set, PWM module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

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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Bit/Field

17

16

15:4

2:0

Name

ADCA1

ADCO

reserved

WDTO

reserved

Type

R/W

R/W

RO

R/W

RO

Reset

Description

ADC1 Reset Control

When this bit is set, ADC module 1 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

ADCO Reset Control

When this bit is set, ADC module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

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.

WDTO Reset Control

When this bit is set, Watchdog Timer module 0 is reset. All internal data
is lost and the registers are returned to their reset states. This bit must
be manually cleared after being set.

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 38: Software Reset Control 1 (SRCR1), offset 0x044

This register allows individual modules to be reset. Writes to this register are masked by the bits in
the Device Capabilities 2 (DC2) register.

Software Reset Control 1 (SRCR1)

Base 0x400F.E000
Offset 0x044
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I
reserved EPIO reserved 12S0 reserved | COMP2 | COMP1 | COMPO reserved TIMER3 | TIMER2 | TIMER1 | TIMERO
Type RO R/W RO R/W RO R/W RIW R/W RO RO RO RO R/W RIW R/W RIW
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 I
reserved 12C1 reserved 12C0 reserved QEI1 QEI0 reserved Ssi1 SSI0 | reserved | UART2 | UART1 | UARTO
Type RO RW RO RIW RO RO RW RIW RO RO RW RIW RO RIW RIW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

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

30 EPIO R/W 0 EPIO Reset Control
When this bit is set, EPI module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

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

28 12S0 R/wW 0 12S0 Reset Control
When this bit is set, 12S module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

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

26 COMP2 R/W 0 Analog Comp 2 Reset Control
When this bit is set, Analog Comparator module 2 is reset. All internal
data is lost and the registers are returned to their reset states. This bit
must be manually cleared after being set.

25 COMP1 R/W 0 Analog Comp 1 Reset Control
When this bit is set, Analog Comparator module 1 is reset. All internal
data is lost and the registers are returned to their reset states. This bit
must be manually cleared after being set.

24 COMPO R/W 0 Analog Comp 0 Reset Control
When this bit is set, Analog Comparator module 0 is reset. All internal
data is lost and the registers are returned to their reset states. This bit
must be manually cleared after being set.
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Bit/Field

23:20

19

18

17

16

15

14

13

12

11:10

Name

reserved

TIMERS3

TIMER2

TIMER1

TIMERO

reserved

12C1

reserved

12C0

reserved

QEN

QEIO

Type

RO

R/W

R/W

R/W

R/W

RO

R/W

RO

R/W

RO

R/W

R/W

Reset

Description

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.

Timer 3 Reset Control

Timer 3 Reset Control. When this bit is set, General-Purpose Timer
module 3 is reset. All internal data is lost and the registers are returned
to their reset states. This bit must be manually cleared after being set.

Timer 2 Reset Control

When this bit is set, General-Purpose Timer module 2 is reset. All internal
data is lost and the registers are returned to their reset states. This bit
must be manually cleared after being set.

Timer 1 Reset Control

When this bit is set, General-Purpose Timer module 1 is reset. All internal
data is lost and the registers are returned to their reset states. This bit
must be manually cleared after being set.

Timer 0 Reset Control

When this bit is set, General-Purpose Timer module 0 is reset. All internal
data is lost and the registers are returned to their reset states. This bit
must be manually cleared after being set.

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.

12C1 Reset Control

When this bit is set, 12C module 1 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

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.

12C0 Reset Control

When this bit is set, 12C module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

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.

QEI1 Reset Control

When this bit is set, QEl module 1 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

QEIO Reset Control

When this bit is set, QEl module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.
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Bit/Field

7:6

Name

reserved

SSi1

SSI0

reserved

UART2

UART1

UARTO

Type

RO

R/W

R/W

RO

R/W

R/W

R/W

Reset

Description

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.

SSI1 Reset Control

When this bit is set, SSI module 1 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

SSI0 Reset Control

When this bit is set, SSI module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

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.

UART2 Reset Control

When this bit is set, UART module 2 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

UART1 Reset Control

When this bit is set, UART module 1 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

UARTO Reset Control

When this bit is set, UART module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.
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Register 39: Software Reset Control 2 (SRCR2), offset 0x048

This register allows individual modules to be reset. Writes to this register are masked by the bits in
the Device Capabilities 4 (DC4) register.

Software Reset Control 2 (SRCR2)

Base 0x400F.E000
Offset 0x048
Type R/W, reset 0x00000000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I I 1 I 1 I 1
reserved | EPHYO | reserved | EMACO reserved USBO
1 1
Type RO R/W RO R/W 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
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I
reserved UDMA reserved GPIOJ | GPIOH | GPIOG | GPIOF | GPIOE | GPIOD | GPIOC | GPIOB | GPIOA
1
Type RO RO RIW RO RO RO RO RIW RW RIW RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description

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

30 EPHYO R/W 0 PHYO Reset Control
When this bit is set, Ethernet PHY layer O is reset. All internal data is
lost and the registers are returned to their reset states. This bit must be
manually cleared after being set.

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

28 EMACO R/W 0 MACO Reset Control
When this bit is set, Ethernet MAC layer 0 is reset. All internal data is
lost and the registers are returned to their reset states. This bit must be
manually cleared after being set.

27:17 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

16 USBO R/wW 0 USBO Reset Control
When this bit is set, USB module 0 is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

15:14 reserved RO 0 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.

13 UDMA R/W 0 Micro-DMA Reset Control
When this bit is set, uDMA module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.
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Bit/Field Name Type Reset Description
12:9 reserved RO 0 Software should not rely on the value of a reserved bit. To provide

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

8 GPIOJ R/W 0 Port J Reset Control
When this bit is set, Port J module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

7 GPIOH R/W 0 Port H Reset Control
When this bit is set, Port H module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

6 GPIOG R/W 0 Port G Reset Control
When this bit is set, Port G module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

5 GPIOF R/W 0 Port F Reset Control
When this bit is set, Port F module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

4 GPIOE R/W 0 Port E Reset Control
When this bit is set, Port E module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

3 GPIOD R/W 0 Port D Reset Control
When this bit is set, Port D module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

2 GPIOC R/W 0 Port C Reset Control
When this bit is set, Port C module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

1 GPIOB R/W 0 Port B Reset Control
When this bit is set, Port B module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.

0 GPIOA R/W 0 Port A Reset Control
When this bit is set, Port A module is reset. All internal data is lost and
the registers are returned to their reset states. This bit must be manually
cleared after being set.
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The LM3S9B95 microcontroller comes with 96 KB of bit-banded SRAM, internal ROM, and 256 KB
of Flash memory. The Flash controller provides a user-friendly interface, making Flash programming

a simple task. Flash protection can be applied to the Flash memory on a 2-KB block basis.

71 Block Diagram

Figure 7-1 on page 195 illustrates the Flash functions. The dashed boxes in the figure indicate

registers residing in the System Control module rather than the Flash Control module.

Figure 7-1. Flash Block Diagram
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7.2

7.21

7.2.2

7.2.3

Functional Description

This section describes the functionality of the SRAM, ROM, and Flash memories.

SRAM

The SRAM is implemented using two 32-bit wide SRAM banks (separate SRAM arrays).
The banks are partitioned such that one bank contains all even words (the even bank) and
the other contains all odd words (the odd bank). A write access that is followed immediately
by a read access to the same bank incurs a stall of a single clock cycle. However, a write
to one bank followed by a read of the other bank can occur in successive clock cycles
without incurring any delay.

The internal SRAM of the Stellaris® devices is located at 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 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. The bit-band base is located at address 0x2200.0000.

The bit-band alias is calculated by using the formula:

bit-band alias = bit-band base + (byte offset * 32) + (bit number * 4)
For example, if bit 3 at address 0x2000.1000 is to be modified, the bit-band alias is calculated as:
0x2200.0000 + (0Ox1000 * 32) + (3 * 4) = 0x2202.000C

With the alias address calculated, an instruction performing a read/write to address 0x2202.000C
allows direct access to only bit 3 of the byte at address 0x2000.1000.

For details about bit-banding, please refer to Chapter 4, “Memory Map” in the ARM® Cortex™-M3
Technical Reference Manual.

ROM

The internal ROM of the Stellaris® device is located at address 0x0100.0000 of the device memory
map. The ROM contains the following components:

Stellaris® Boot Loader and vector table (see “Boot Loader” on page 1023)

Stellaris® Peripheral Driver Library (DriverLib) release for product-specific peripherals and
interfaces (see “ROM DriverlLib Functions” on page 1028)

Advanced Encryption Standard (AES) cryptography tables (see “Advance Encryption Standard
and Cyclic Redundancy Check Software in ROM” on page 1048)

Cyclic Redundancy Check (CRC) error detection functionality (see “Advance Encryption Standard
and Cyclic Redundancy Check Software in ROM” on page 1048)

Flash Memory

The Flash is organized as a set of 1-KB blocks that can be individually erased. An individual 32-bit
word can be programmed to change bits from 1 to 0. In addition, a write buffer provides the ability
to concurrently program 32 continuous words in Flash memory. Erasing a block causes the entire
contents of the block to be reset to all 1s. The 1-KB blocks are paired into sets of 2-KB blocks that
can be individually protected. The protection allows blocks to be marked as read-only or execute-only,

196

February 24, 2009
Preliminary



LM3S9B95 Microcontroller

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.

The Flash memory controller has a prefetch buffer that is automatically used when the CPU frequency
is greater than 50 MHz. The prefetch buffer fetches two 32-bit words per clock allowing Flash memory
to be read with no wait states while code is executing linearly. Branches incur a single wait state.

7.2.31 Flash Memory Protection

The user is provided two forms of Flash protection per 2-KB Flash block in four pairs of 32-bit wide
registers. The policy for each protection form is controlled by individual bits (per policy per block)
in the FMPPEN and FMPREN registers.

Flash Memory Protection Program Enable (FMPPEN): If a bit is set, the corresponding block
may be programmed (written) or erased. If a bit is cleared, the corresponding block may not be
changed.

Flash Memory Protection Read Enable (FMPREN): If a bit is set, the corresponding block may
be executed or read by software or debuggers. If a bit is cleared, the corresponding block may
only be executed, and contents of the memory block are prohibited from being accessed as data.

The policies may be combined as shown in Table 7-1 on page 197.

Table 7-1. Flash Protection Policy Combinations

FMPPEnN | FMPREN | Protection

0 0 Execute-only protection. The block may only be executed and may not be written or erased. This mode
is used to protect code.

1 0 The block may be written, erased or executed, but not read. This combination is unlikely to be used.

0 1 Read-only protection. The block may be read or executed but may not be written or erased. This mode
is used to lock the block from further modification while allowing any read or execute access.

1 1 No protection. The block may be written, erased, executed or read.

An access that attempts to program or erase a program-protected block is prohibited. An access

that attempts to read an read-protected block is prohibited. Such accesses return data of all 0s. A
controller interrupt may be optionally generated whenever an attempt is made to improperly access
the Flash memory (by setting the AMASK bit in the Flash Controller Interrupt Mask (FCIM) register)
to alert software developers of poorly behaving software during the development and debug phases.

The factory settings for the FMPREn and FMPPER registers are a value of 1 for all implemented
banks. These settings create a policy of open access and programmability. The register bits may
be changed by clearing the specific register bit. The changes are not permanent until the register
is committed (saved), at which point the bit change is permanent. If a bit is changed froma 1 to a
0 and not committed, it may be restored by executing a power-on reset sequence. The changes
are committed using the Flash Memory Control (FMC) register. Details on programming these bits
are discussed in “Nonvolatile Register Programming” on page 199.

7.3 Flash Memory Initialization and Configuration

7.31 Flash Programming

The Stellaris® devices provide a user-friendly interface for Flash programming. All erase/program
operations are handled via three registers: Flash Memory Address (FMA), Flash Memory Data
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7.3.1.1

7.3.1.2

7.31.3

7.3.2

7.3.21

(FMD), and Flash Memory Control (FMC). Note that if the debug capabilities of the microcontroller
have been deactivated, resulting in a "locked" state, a recovery sequence must be performed in
order to reactivate the debug module. See “Recovering a "Locked" Microcontroller” on page 83.

To program a 32-bit word
Write source data to the FMD register.
Write the target address to the FMA register.
Write the Flash write key and the WRITE bit (a value of 0xA442.0001) to the FMC register.

Poll the FMC register until the WRITE bit is cleared.

To ensure proper operation, two writes to the same word must be separated by an
ERASE.

To perform an erase of a 1-KB page
Write the page address to the FMA register.
Write the Flash write key and the ERASE bit (a value of 0xA442.0002) to the FMC register.
Poll the FMC register until the ERASE bit is cleared.
To perform a mass erase of the Flash
Write the Flash write key and the MERASE bit (a value of 0xA442.0004) to the FMC register.

Poll the FMC register until the MERASE bit is cleared.

32-Word Flash Write Buffer

A 32-word write buffer provides the capability to perform faster write accesses to the Flash memory
by concurrently programing 32 words with a single buffered Flash write operation. The buffered
Flash write operation takes the same amount of time as the single word write operation controlled
by bit 0 in the FMC register. The data for the buffered write is written to the Flash Write Buffer
(FWBNn) registers.

The registers are 32-word aligned with Flash memory, and therefore the register FWBO corresponds
with the address in FMA where bits [6:0] of FMA are all 0. FWB1 corresponds with the address in
FMA + 0x4 and so on. Only the FWBn registers that have been updated since the previous buffered
Flash write operation are written. The Flash Write Buffer Valid (FWBVAL) register shows which
registers have been written since the last buffered Flash write operation. This register contains a
bit for each of the 32 FWBn registers, where bit[n] of FWBVAL corresponds to FWBn. The FWBn
register has been updated if the corresponding bit in the FWBVAL register is set.

To program 32 words with a single buffered Flash write operation
Write the source data to the FWBnN registers.

Write the target address to the FMA register. This must be a 32-word aligned address (that is,
bits [6:0] in FMA must be 0s).

Write the Flash write key and the WRBUF bit (a value of 0xA442.0001) to the FMC2 register.
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Poll the FMC2 register until the WRBUF bit is cleared.

7.3.3 Nonvolatile Register Programming
This section discusses how to update registers that are resident within the Flash memory itself.
These registers exist in a separate space from the main Flash array and are not affected by an
ERASE or MASS ERASE operation. These nonvolatile registers are updated using the COMT bit in
the FMC register to activate a write operation. With the exception of the USER_DBG register, the
settings in these registers can be tested before committing them to Flash memory.
For the USER_DBG register, the data to be written is loaded into the FMD register before it is
committed. The FMD register is read only and does not allow the USER_DBG operation to be tried
before committing it to nonvolatile memory.
These registers can only have bits changed from 1 to 0 by user programming, but can
be restored to their factory default values only by performing the sequence described
in “Recovering a "Locked" Microcontroller” on page 83. The mass erase of the main
Flash array caused by the sequence is performed prior to restoring these registers.
In addition, the USER_REGO0, USER_REG1, USER_REG2, USER_REG3, and USER_DBG registers
each use bit 31 (NW) to indicate that they are available for user write. These five registers can only
be committed once whereas the Flash protection registers may be committed multiple times. Table
7-2 on page 199 provides the FMA address required for commitment of each of the registers and
the source of the data to be written when the FMC register is written with a value of 0xA442.0008.
After writing the COMT bit, the user may poll the FMC register to wait for the commit operation to
complete.
Table 7-2. User-Programmable Flash Resident Registers
Register to be Committed| FMA Value | Data Source
FMPREO 0x0000.0000 | FMPREO
FMPRE1 0x0000.0002 [ FMPRE1
FMPRE2 0x0000.0004 | FMPRE?2
FMPRE3 0x0000.0006 | FMPRE3
FMPPEQ 0x0000.0001 |FMPPEO
FMPPE1 0x0000.0003 | FMPPE1
FMPPE2 0x0000.0005 | FMPPE2
FMPPE3 0x0000.0007 |FMPPE3
USER_REGO 0x8000.0000 [USER_REGO
USER_REGH 0x8000.0001 [USER_REG1
USER_REG2 0x8000.0002 [USER_REG2
USER_REG3 0x8000.0003 |USER_REG3
USER_DBG 0x7510.0000 |FMD
7.4 Register Map
Table 7-3 on page 200 lists the ROM Controller register and the Flash memory and control registers.
The offset listed is a hexadecimal increment to the register's address. The FMA, FMD, FMC, FCRIS,
FCIM, FCMISC, FMC2, FWBVAL, and FWBn register offsets are relative to the Flash control base
address of 0x400F.D000. The ROM and Flash protection register offsets are relative to the System
Control base address of 0x400F.EQQO.
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Table 7-3. Flash Register Map

Offset Name Type Reset Description ;ZZ
Flash Registers (Flash Control Offset)
0x000 FMA R/W 0x0000.0000 Flash Memory Address 201
0x004  FMD R/W 0x0000.0000 Flash Memory Data 202
0x008 FMC R/W 0x0000.0000 Flash Memory Control 203
0x00C | FCRIS RO 0x0000.0000 Flash Controller Raw Interrupt Status 205
0x010 FCIM R/W 0x0000.0000 Flash Controller Interrupt Mask 206
0x014 FCMISC R/W1C 0x0000.0000 Flash Controller Masked Interrupt Status and Clear 207
0x020  FMC2 R/W 0x0000.0000 Flash Memory Control 2 208
0x030  FWBVAL R/wW 0x0000.0000 Flash Write Buffer Valid 209
%);11%%_ FWBn R/wW 0x0000.0000 Flash Write Buffer n 210
Memory Registers (System Control Offset)
O0xOF0  RMCTL R/W1C - ROM Control 211
O0x0F4 RMVER RO 0x0202.5400 ROM Version Register 212
0x130  FMPREO R/W OxFFFF.FFFF Flash Memory Protection Read Enable 0 213
0x200 FMPREO R/W OxFFFF.FFFF Flash Memory Protection Read Enable 0 213
0x134 FMPPEO R/W OxFFFF.FFFF Flash Memory Protection Program Enable 0 214
0x400 | FMPPEO R/W OxFFFF.FFFF Flash Memory Protection Program Enable 0 214
0x1D0 | USER_DBG R/W OxFFFF.FFFE User Debug 215
Ox1E0 | USER_REGO R/W OxFFFF.FFFF User Register 0 216
Ox1E4 | USER_REG1 R/W OxFFFF.FFFF User Register 1 217
O0x1E8  USER_REG2 R/W OxFFFF.FFFF User Register 2 218
Ox1EC | USER_REG3 R/W OxFFFF.FFFF User Register 3 219
0x204 FMPRE1 R/W OxFFFF.FFFF Flash Memory Protection Read Enable 1 220
0x208 FMPRE2 R/W OxFFFF.FFFF Flash Memory Protection Read Enable 2 221
0x20C FMPRE3 R/W OxFFFF.FFFF Flash Memory Protection Read Enable 3 222
0x404 FMPPE1 R/W OxFFFF.FFFF Flash Memory Protection Program Enable 1 223
0x408 FMPPE2 R/W OxFFFF.FFFF Flash Memory Protection Program Enable 2 224
0x40C | FMPPE3 R/W OxFFFF.FFFF Flash Memory Protection Program Enable 3 225
7.5 Flash Register Descriptions (Flash Control Offset)
This section lists and describes the Flash Memory registers, in numerical order by address offset.
Registers in this section are relative to the Flash control base address of 0x400F.D00O0.
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Register 1: Flash Memory Address (FMA), offset 0x000

During a write operation, this register contains a 4-byte-aligned address and specifies where the
data is written. During erase operations, this register contains a 1 KB-aligned address and specifies
which page is erased. Note that the alignment requirements must be met by software or the results
of the operation are unpredictable.

Flash Memory Address (FMA)

Base 0x400F.D000
Offset 0x000
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I I
reserved OFFSET
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
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
OFFSET
1 1 1
Type  RW RW RIW RIW RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:18 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.
17:0 OFFSET R/wW 0x0 Address Offset
Address offset in Flash where operation is performed, except for
nonvolatile registers (see “Nonvolatile Register Programming” on page
199 for details on values for this field).
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Register 2: Flash Memory Data (FMD), offset 0x004

This register contains the data to be written during the programming cycle or read during the read
cycle. Note that the contents of this register are undefined for a read access of an execute-only

block. This register is not used during erase cycles.

Flash Memory Data (FMD)

25 24 23

R/W R/W R/W

17 16
1 I
R/W R/W R/W
0 0
1 0

Type

R/W

0 0 0
9 8 7
1 1 1
DATA
1
R/W R/W R/W
0 0 0

Reset Description

0x0000.0000 Data Value

Data value for write operation.

Base 0x400F.D000
Offset 0x004
Type R/W, reset 0x0000.0000
31 30 29
T T T
Type R/W R/W R/W
Reset 0 0 0
15 14 13
1 1 1
Type  RW R/W R/W
Reset 0 0 0
Bit/Field Name
31:0 DATA
202
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Register 3: Flash Memory Control (FMC), offset 0x008

When this register is written, the Flash controller initiates the appropriate access cycle for the location
specified by the Flash Memory Address (FMA) register (see page 201). If the access is a write
access, the data contained in the Flash Memory Data (FMD) register (see page 202) is written to
the specified address.

This register must be the final register written and initiates the memory operation. The four control
bits in the lower byte of this register are used to initiate memory operations.

Care must be taken not to set multiple control bits as the results of such an operation are
unpredictable.

Flash Memory Control (FMC)
Base 0x400F.D000

Offset 0x008
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I I I I I 1
WRKEY
1 1 1
Type WO WO wo WO wo WO wo WO WO WO WO WO WO wo WO wo
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 I 1 I 1 I 1 I I I I
reserved COMT |MERASE| ERASE | WRITE
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO R/W RIW 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
31:16 WRKEY \We] 0x0000 Flash Write Key
This field contains a write key, which is used to minimize the incidence
of accidental Flash writes. The value 0xA442 must be written into this
field for a Flash write to occur. Writes to the FMC register without this
WRKEY value are ignored. A read of this field returns the value 0.

15:4 reserved RO 0x000 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.

3 COMT R/W 0 Commit Register Value

This bit is used to commit writes to Flash-resident registers and to
monitor the progress of that process.

Value Description

1 Set this bit to commit (write) the register value to a
Flash-resident register.

When read, a 1 indicates that the previous commit access is
not complete.

0 A write of 0 has no effect on the state of this bit.

When read, a 0 indicates that the previous commit access is
complete.

A commit can take up to 50 ps.

See “Nonvolatile Register Programming” on page 199 for more information
on programming Flash-resident registers.
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Bit/Field Name Type Reset Description
2 MERASE R/W 0 Mass Erase Flash Memory
This bit is used to mass erase the Flash main memory and to monitor
the progress of that process.
Value Description
1  Set this bit to erase the Flash main memory.
When read, a 1 indicates that the previous mass erase access
is not complete.
0 A write of 0 has no effect on the state of this bit.
When read, a 0 indicates that the previous mass erase access
is complete.
A mass erase can take up to 250 ms.
1 ERASE R/W 0 Erase a Page of Flash Memory
This bit is used to erase a page of Flash memory and to monitor the
progress of that process.
Value Description
1  Set this bit to erase the Flash memory page specified by the
contents of the FMA register.
When read, a 1 indicates that the previous page erase access
is not complete.
0 A write of 0 has no effect on the state of this bit.
When read, a 0 indicates that the previous page erase access
is complete.
A page erase can take up to 25 ms.
0 WRITE R/W 0 Write a Word into Flash Memory
This bit is used to write a word into Flash memory and to monitor the
progress of that process.
Value Description
1  Set this bit to write the data stored in the FMD register into the
Flash memory location specified by the contents of the FMA
register.
When read, a 1 indicates that the write update access is not
complete.
0 A write of 0 has no effect on the state of this bit.
When read, a 0 indicates that the previous write update access
is complete.
Writing a single word can take up to 50 ps.
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Register 4: Flash Controller Raw Interrupt Status (FCRIS), offset 0x00C

This register indicates that the Flash controller has an interrupt condition. An interrupt is sent to the
interrupt controller only if the corresponding FCIM register bit is set.

Flash Controller Raw Interrupt Status (FCRIS)

Base 0x400F.D000
Offset 0x00C
Type RO, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 1 I I 1 I 1 I 1 I
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 11 10 9 8 7 6 5 4 3 2 1 0
1 I 1 1 1 I I I I 1 I
reserved PRIS ARIS
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
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 PRIS RO 0 Programming Raw Interrupt Status
This bit provides status on programming cycles which are write or erase
actions generated through the FMC or FMC2 register bits (see page
203 and page 208).
Value Description
1 The programming cycle has completed.
0 The programming cycle has not completed.
This status is sent to the interrupt controller when the PMASK bit in the
FCIM register is set.
This bit is cleared by writing a 1 to the PMISC bit in the FCMISC register.
0 ARIS RO 0 Access Raw Interrupt Status

This bit indicates if the Flash was improperly accessed.

Value Description

1  The program tried to access the Flash memory counter to the
policy set in the FMPREN and FMPPEn registers.

0 No access has tried to improperly access the Flash.

This status is sent to the interrupt controller when the AMASK bit in the
FCIM register is set.

This bit is cleared by writing a 1 to the AMISC bit in the FCMISC register.
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Register 5: Flash Controller Interrupt Mask (FCIM), offset 0x010

This register controls whether the Flash controller generates interrupts to the controller.

Flash Controller Interrupt Mask (FCIM)

Base 0x400F.D000
Offset 0x010
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I 1 I
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 I 1 I 1 I 1 I I I I 1 I
reserved PMASK | AMASK
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RIW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:2 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 PMASK R/W 0 Programming Interrupt Mask
This bit controls the reporting of the programming raw interrupt status
to the interrupt controller.
Value Description
1 Aninterruptis sent to the interrupt controller when the PRI'S bit
is set.
0 The PRIS interrupt is suppressed and not sent to the interrupt
controller.
0 AMASK R/W 0 Access Interrupt Mask
This bit controls the reporting of the access raw interrupt status to the
interrupt controller.
Value Description
1 Aninterrupt is sent to the interrupt controller when the ARI'S bit
is set.
0 The ARIS interrupt is suppressed and not sent to the interrupt
controller.
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Register 6: Flash Controller Masked Interrupt Status and Clear (FCMISC),

offset 0x014

This register provides two functions. First, it reports the cause of an interrupt by indicating which
interrupt source or sources are signalling the interrupt. Second, it serves as the method to clear the

interrupt reporting.

Flash Controller Masked Interrupt Status and Clear (FCMISC)

Base 0x400F.D000
Offset 0x014
Type R/W1C, 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
I 1 I 1 I 1 I I 1 I 1 I
reserved PMISC | AMISC
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RW1C RW1C
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 PMISC R/W1C 0 Programming Masked Interrupt Status and Clear
Value Description
1 When read, a 1 indicates that an unmasked interrupt was
signaled because a programming cycle completed.
Writing a 1 to this bit clears PMISC and also the PRIS bit in the
FCRIS register (see page 205).
0 When read, a 0 indicates that a programming cycle complete
interrupt has not occurred.
A write of 0 has no effect on the state of this bit.
0 AMISC R/W1C 0 Access Masked Interrupt Status and Clear

Value Description

1

When read, a 1 indicates that an unmasked interrupt was
signaled because an improper access to protected Flash
memory was attempted.

Writing a 1 to this bit clears AMISC and also the ARIS bit in the
FCRIS register (see page 205).

When read, a 0 indicates that no improper accesses have
occurred.

A write of 0 has no effect on the state of this bit.
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Register 7: Flash Memory Control 2 (FMC2), offset 0x020

When this register is written, the Flash controller initiates the appropriate access cycle for the location
specified by the Flash Memory Address (FMA) register (see page 201). If the access is a write
access, the data contained in the Flash Write Buffer (FWB) registers is written.

This register must be the final register written as it initiates the memory operation.

Flash Memory Control 2 (FMC2)

Base 0x400F.D000
Offset 0x020
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 1 I I I I I I 1 I
WRKEY
1 1 1
Type WO WO wo WO wo WO wo WO WO WO WO WO WO wo WO wo
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
I 1 I 1 1 I I I I 1 I 1
reserved WRBUF
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
31:16 WRKEY \We] 0x0000 Flash Write Key
This field contains a write key, which is used to minimize the incidence
of accidental Flash writes. The value 0xA442 must be written into this
field for a write to occur. Writes to the FMC2 register without this WRKEY
value are ignored. A read of this field returns the value 0.

15:1 reserved RO 0x000 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 WRBUF R/W 0 Buffered Flash Write
This bit is used to start a buffered Flash write to Flash Memory.
Value Description
1  Set this bit to write the data stored in the FWBn registers to the
location specified by the contents of the FMA register.
When read, a 1 indicates that the previous buffered Flash write
access is not complete.
0 A write of 0 has no effect on the state of this bit.
When read, a 0 indicates that the previous buffered Flash write
access is complete.
A buffered Flash write can take up to 4 ms.
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Register 8: Flash Write Buffer Valid (FWBVAL), offset 0x030

This register provides a bitwise status of which FWBn registers have been written by the processor
since the last write of the Flash write buffer. The entries with a 1 are written on the next write of the
Flash write buffer. This register is cleared after the write operation by hardware. A protection violation
on the write operation also clears this status.

Software can program the same 32 words to various Flash memory locations by setting the FWB[n]
bits after they are cleared by the write operation. The next write operation then uses the same data
as the previous one. In addition, if a FWBnN register change should not be written to Flash memory,
software can clear the corresponding FWB[n] bit to preserve the existing data when the next write
operation occurs.

Flash Write Buffer Valid (FWBVAL)

Base 0x400F.D000
Offset 0x030
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I I 1 I 1 I
FWBIn]
1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
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 I 1 ) 1 1 1 1
FWBIn]
1 1 1
Type  RW RW RIW RW RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 FWBIn] R/W 0x0 Flash Write Buffer
Value Description
1 The corresponding FWBn register has been updated since the
last buffer write operation and is ready to be written to Flash
memory.
0  The corresponding FWBnR register has no new data to be written.
Bit O corresponds to FWBO, offset 0x100, and bit 31 corresponds to
FWB31, offset 0x13C.
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Register 9: Flash Write Buffer n (FWBn), offset 0x100 - 0x13C

These 32 registers hold the contents of the data to be written into the Flash on a buffered Flash
write operation. The offset selects one of the 32-bit registers. Only FWBn registers that have been
updated since the preceding buffered Flash write operation are written into the Flash, so it is not
necessary to write the entire bank of registers in order to write 1 or 2 words. The FWBn registers
are written into the Flash with the FWBO register corresponding to the address contained in FMA.
FWBH1 is written to the address FMA+0x4 etc. Note that only data bits that are 0 result in the Flash
memory being modified. A data bit that is 1 leaves the content of the Flash memory bit at its previous
value.

Flash Write Buffer n (FWBnN)

Base 0x400F.D000
Offset 0x100 - 0x13C
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
DATA
1 1 1
Type  RW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W
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 1 1 1 1 1
DATA
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 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 DATA R/W  0x0000.0000 Data

Data to be written into the Flash.

7.6 Memory Register Descriptions (System Control Offset)

The remainder of this section lists and describes the registers that reside in Flash memory, in
numerical order by address offset. Registers in this section are relative to the System Control base
address of 0x400F.E000.
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Register 10: ROM Control (RMCTL), offset 0xOF0

This register provides control of the ROM controller state. This register offset is relative to the System

Control base address of 0x400F.E000.

ROM Control (RMCTL)

Base 0x400F.E000

Offset 0xOF0
Type R/W1C, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I I 1 I 1 I 1 I
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 11 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I I I I 1 I 1
reserved BA
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RIW1C
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -
Bit/Field Name Reset Description
31:1 reserved 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 BA R/W1C - Boot Alias

Upon reset, the system control module checks the first two words of the
Flash memory to see if it has been programmed. If the first two words
of Flash memory contain OXFFFF.FFFF then it has not yet been
programmed, and this bit is then set by hardware so that the on-chip
ROM appears at address 0xO0.

Value Description

1 The microcontroller's ROM appears at address 0x0. This bit is
set automatically if the first two words of the Flash memory
contain OxFFFF.FFFF.

0 The Flash memory is at address 0x0.

This bit is cleared by writing a 1 to this bit position.

February 24, 2009

211

Preliminary



Internal Memory

Register 11: ROM Version Register (RMVER), offset 0x0F4
Offset is relative to System Control base address of 0x400FEQQO.

A 32-bit read-only register containing the ROM content version information.

ROM Version Register (RMVER)

Base 0x400F.E000
Offset OxOF4
Type RO, reset 0x0202.5400
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 ) 1 1 1 ) 1 ) 1 ) 1 1
CONT SIZE
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 1 0 0 0 0 0 0 0 1 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1
VER REV
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Reset 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:24 CONT RO 0x02 ROM Contents
Value Description
0x02 Stellaris Boot Loader & DriverLib with AES
23:16 SIZE RO 0x02 ROM Size
This field encodes the size of the ROM.
Value Description
0x02 Stellaris Boot Loader & DriverLib with AES,ethernet
15:8 VER RO 0x54 ROM Version
7:0 REV RO 0x0 ROM Revision
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Register 12: Flash Memory Protection Read Enable 0 (FMPREDO), offset 0x130
and 0x200

This register is aliased for backwards compatability.
Offset is relative to System Control base address of 0x400FE00Q.

This register stores the read-only protection bits for each 2-KB flash block (FMPPEn stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Read Enable 0 (FMPREOQ)

Base 0x400F.E000
Offset 0x130 and 0x200
Type R/W, reset OXFFFF.FFFF

31

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

T
READ_ENABLE
1 1 1

Type  RW RW RIW RW RW RIW RW RW RW RIW RW RIW RW RW RW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I 1 I I I I I I 1 I
READ_ENABLE
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
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 READ_ENABLE R/W  OxFFFFFFFF Flash Read Enable. Enables 2-KB Flash memory blocks to be executed
or read. The policies may be combined as shown in the table “Flash
Protection Policy Combinations”.
Value Description
OXFFFFFFFF Enables 256 KB of Flash memory.
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Register 13: Flash Memory Protection Program Enable 0 (FMPPEO), offset
0x134 and 0x400

This register is aliased for backwards compatability.
Offset is relative to System Control base address of 0x400FE00Q.

This register stores the execute-only protection bits for each 2-KB flash block (FMPRER stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Program Enable 0 (FMPPEOQ)

Base 0x400F.E000
Offset 0x134 and 0x400
Type R/W, reset OXFFFF.FFFF

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 1 1 1

1
PROG_ENABLE
1 1 1

Type RW R/W R/W R/W R/W RW R/W R/W R/W RW 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
I I 1 I 1 I 1

I
PROG_ENABLE

Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
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 PROG_ENABLE R/W  OxFFFFFFFF Flash Programming Enable

Configures 2-KB flash blocks to be execute only. The policies may be
combined as shown in the table “Flash Protection Policy Combinations”.

Value Description
OXFFFFFFFF Enables 256 KB of Flash memory.
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Register 14: User Debug (USER_DBG), offset 0x1D0
Offset is relative to System Control base address of 0x400FEQQO.

This register provides a write-once mechanism to disable external debugger access to the device
in addition to 27 additional bits of user-defined data. The DBGO bit (bit 0) is set to 0 from the factory
and the DBG1 bit (bit 1) is set to 1, which enables external debuggers. Changing the DBG1 bit to 0
disables any external debugger access to the device permanently, starting with the next power-up
cycle of the device. The NOTWRITTEN bit (bit 31) indicates that the register is available to be written
and is controlled through hardware to ensure that the register is only written once.

User Debug (USER _

Base 0x400F.E000
Offset 0x1D0O

DBG)

Type R/W, reset OxFFFF.FFFE

31 30

29

28

27

26

25 24 23 22 21 20 19 18

I 1 1 I 1 I I I I I I 1 I
NW DATA
1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 1 1 1 1 I 1 I 1 1
DATA DBG1 | DBGO
1 1
Type  RW RW RW RW RW RIW RW RIW RW RIW RW RIW RW RIW RW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Bit/Field Name Type Reset Description
31 NW R/W 1 User Debug Not Written. When set, this bit specifies that this 32-bit
register has not been written. When clear, this bit specifies that this
register has been written and may not be written again.
30:2 DATA R/W  Ox1FFFFFFF User Data. Contains the user data value. This field is initialized to all 1s
and can only be written once.
1 DBGH1 R/W 1 Debug Control 1. The DBGL1 bit must be 1 and DBGO must be 0 for debug
to be available.
0 DBGO R/W 0 Debug Control 0. The DBG1 bit must be 1 and DBGO must be 0 for debug

to be available.
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Register 15: User Register 0 (USER_REGO0), offset 0x1E0
Offset is relative to System Control base address of 0x400FEQQO.

This register provides 31 bits of user-defined data that is non-volatile and can only be written once.
Bit 31 indicates that the register is available to be written and is controlled through hardware to
ensure that the register is only written once. The write-once characteristics of this register are useful
for keeping static information like communication addresses that need to be unique per part and
would otherwise require an external EEPROM or other non-volatile device.

User Register 0 (USER_REGO)

Base 0x400F.E000
Offset Ox1EQ
Type R/W, reset OxFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I I I I I 1 I
NW DATA
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
DATA
1 1 1
Type  RW RW RIW RIW RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 NW R/W 1 Not Written. When set, this bit specifies that this 32-bit register has not
been written. When clear, this bit specifies that this register has been
written and may not be written again.
30:0 DATA R/W  Ox7FFFFFFF User Data. Contains the user data value. This field is initialized to all 1s
and can only be written once.
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Register 16: User Register 1 (USER_REG1), offset 0x1E4
Offset is relative to System Control base address of 0x400FEQQO.

This register provides 31 bits of user-defined data that is non-volatile and can only be written once.
Bit 31 indicates that the register is available to be written and is controlled through hardware to
ensure that the register is only written once. The write-once characteristics of this register are useful
for keeping static information like communication addresses that need to be unique per part and
would otherwise require an external EEPROM or other non-volatile device.

User Register 1 (USER_REG1)

Base 0x400F.E000
Offset Ox1E4
Type R/W, reset OxFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I I I I I 1 I
NW DATA
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
DATA
1 1 1
Type  RW RW RIW RIW RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 NW R/W 1 Not Written. When set, this bit specifies that this 32-bit register has not
been written. When clear, this bit specifies that this register has been
written and may not be written again.
30:0 DATA R/W  Ox7FFFFFFF User Data. Contains the user data value. This field is initialized to all 1s

and can only be written once.
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Register 17: User Register 2 (USER_REG2), offset 0x1E8
Offset is relative to System Control base address of 0x400FEQQO.

This register provides 31 bits of user-defined data that is non-volatile and can only be written once.
Bit 31 indicates that the register is available to be written and is controlled through hardware to
ensure that the register is only written once. The write-once characteristics of this register are useful
for keeping static information like communication addresses that need to be unique per part and
would otherwise require an external EEPROM or other non-volatile device.

User Register 2 (USER_REG2)

Base 0x400F.E000
Offset OXx1E8
Type R/W, reset OxFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I I I I I 1 I
NW DATA
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
DATA
1 1 1
Type  RW RW RIW RIW RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 NW R/W 1 Not Written. When set, this bit specifies that this 32-bit register has not
been written. When clear, this bit specifies that this register has been
written and may not be written again.
30:0 DATA R/W  Ox7FFFFFFF User Data. Contains the user data value. This field is initialized to all 1s
and can only be written once.
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Register 18: User Register 3 (USER_REG3), offset 0Xx1EC
Offset is relative to System Control base address of 0x400FEQQO.

This register provides 31 bits of user-defined data that is non-volatile and can only be written once.
Bit 31 indicates that the register is available to be written and is controlled through hardware to
ensure that the register is only written once. The write-once characteristics of this register are useful
for keeping static information like communication addresses that need to be unique per part and
would otherwise require an external EEPROM or other non-volatile device.

User Register 3 (USER_REG3)

Base 0x400F.E000
Offset OX1EC
Type R/W, reset OxFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I I I I I 1 I
NW DATA
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
DATA
1 1 1
Type  RW RW RIW RIW RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31 NW R/W 1 Not Written. When set, this bit specifies that this 32-bit register has not
been written. When clear, this bit specifies that this register has been
written and may not be written again.
30:0 DATA R/W  Ox7FFFFFFF User Data. Contains the user data value. This field is initialized to all 1s

and can only be written once.
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Register 19: Flash Memory Protection Read Enable 1 (FMPRE1), offset 0x204

Offset is relative to System Control base address of 0x400FEQQO.

This register stores the read-only protection bits for each 2-KB flash block (FMPPEn stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPRERN and FMPPEN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1to a0
and not committed, it may be restored by executing a power-on reset sequence. For additional

information, see the "Flash Memory Protection" section.

Flash Memory Protection Read Enable 1 (FMPRE1)

Base 0x400F.E000
Offset 0x204
Type R/W, reset OxFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I I I I 1 I
READ_ENABLE
1 1 1
Type  RW RIW RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1
READ_ENABLE
1 1 1
Type  RW RW RIW RIW RW RIW RW RIW RW RIW RW RIW RW RIW RIW RW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:0 READ_ENABLE R/W  OxFFFFFFFF Flash Read Enable. Enables 2-KB Flash memory blocks to be executed
or read. The policies may be combined as shown in the table “Flash
Protection Policy Combinations”.
Value Description
OxFFFFFFFF Enables 256 KB of Flash memory.
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Register 20: Flash Memory Protection Read Enable 2 (FMPRE2), offset 0x208
Offset is relative to System Control base address of 0x400FEQQO.

This register stores the read-only protection bits for each 2-KB flash block (FMPPEn stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPRERN and FMPPEN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1to a0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Read Enable 2 (FMPREZ2)

Base 0x400F.E000
Offset 0x208
Type R/W, reset OxFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I I I I I 1 I
READ_ENABLE
1 1 1
Type  RW RIW RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
READ_ENABLE
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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:0 READ_ENABLE R/W  OxFFFFFFFF Flash Read Enable. Enables 2-KB Flash memory blocks to be executed
or read. The policies may be combined as shown in the table “Flash
Protection Policy Combinations”.
Value Description
OxFFFFFFFF Enables 256 KB of Flash memory.
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Register 21: Flash Memory Protection Read Enable 3 (FMPRE3), offset 0x20C

Offset is relative to System Control base address of 0x400FEQQO.

This register stores the read-only protection bits for each 2-KB flash block (FMPPEn stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPRERN and FMPPEN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1to a0
and not committed, it may be restored by executing a power-on reset sequence. For additional

information, see the "Flash Memory Protection" section.

Flash Memory Protection Read Enable 3 (FMPRES3)

Base 0x400F.E000
Offset 0x20C
Type R/W, reset OxFFFF.FFFF
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 I 1 I 1 I I I I I 1 I
READ_ENABLE
1 1 1
Type  RW RIW RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1
READ_ENABLE
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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Bit/Field Name Type Reset Description
31:0 READ_ENABLE R/W  OxFFFFFFFF Flash Read Enable. Enables 2-KB Flash memory blocks to be executed
or read. The policies may be combined as shown in the table “Flash
Protection Policy Combinations”.
Value Description
OxFFFFFFFF Enables 256 KB of Flash memory.
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Register 22: Flash Memory Protection Program Enable 1 (FMPPE1), offset
0x404

Offset is relative to System Control base address of 0x400FE00Q.

This register stores the execute-only protection bits for each 2-KB flash block (FMPRER stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Program Enable 1 (FMPPE1)

Base 0x400F.E000
Offset 0x404
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
PROG_ENABLE
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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 ) 1 1 1 1 ) 1 ) 1 ) 1 1
PROG_ENABLE
1 1 1
Type  RW R/W R/W R/W R/W RIW R/W RIW 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
Bit/Field Name Type Reset Description
31:0 PROG_ENABLE R/W  OxXFFFFFFFF Flash Programming Enable
Value Description
OxFFFFFFFF Enables 256 KB of Flash memory.
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Register 23: Flash Memory Protection Program Enable 2 (FMPPE2), offset
0x408

Offset is relative to System Control base address of 0x400FE00Q.

This register stores the execute-only protection bits for each 2-KB flash block (FMPRER stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Program Enable 2 (FMPPEZ2)

Base 0x400F.E000
Offset 0x408
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
PROG_ENABLE
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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I 1 I 1 I 1 I I I I I I 1 I
PROG_ENABLE
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
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 PROG_ENABLE R/W  OxXFFFFFFFF Flash Programming Enable
Value Description
OxFFFFFFFF Enables 256 KB of Flash memory.
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Register 24: Flash Memory Protection Program Enable 3 (FMPPE3), offset
0x40C

Offset is relative to System Control base address of 0x400FE00Q.

This register stores the execute-only protection bits for each 2-KB flash block (FMPRER stores the
execute-only bits). This register is loaded during the power-on reset sequence. The factory settings
for the FMPREN and FMPPERN registers are a value of 1 for all implemented banks. This achieves
a policy of open access and programmability. The register bits may be changed by writing the
specific register bit. However, this register is R/WO0; the user can only change the protection bit from
a 1to a0 (and may NOT change a 0 to a 1). The changes are not permanent until the register is
committed (saved), at which point the bit change is permanent. If a bit is changed froma1toa 0
and not committed, it may be restored by executing a power-on reset sequence. For additional
information, see the "Flash Memory Protection" section.

Flash Memory Protection Program Enable 3 (FMPPE3)

Base 0x400F.E000
Offset 0x40C
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
PROG_ENABLE
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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 ) 1 1 1 1 ) 1 ) 1 ) 1 1
PROG_ENABLE
1 1 1
Type  RW R/W R/W R/W R/W RIW R/W RIW 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
Bit/Field Name Type Reset Description
31:0 PROG_ENABLE R/W  OxXFFFFFFFF Flash Programming Enable
Value Description
OxFFFFFFFF Enables 256 KB of Flash memory.
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The LM3S9B95 microcontroller includes a Direct Memory Access (DMA) controller, known as
micro-DMA (uDMA). The uDMA controller provides a way to offload data transfer tasks from the
Cortex-M3 processor, allowing for more efficient use of the processor and the expanded available
bus bandwidth. The uDMA controller can perform transfers between memory and peripherals. It
has dedicated channels for each supported on-chip module and can be programmed to automatically
perform transfers between peripherals and memory as the peripheral is ready to transfer more data.
The uDMA controller provides the following features:.

ARM PrimeCell® 32-channel configurable uDMA controller
Support for multiple transfer modes

Memory-to-memory, memory-to-peripheral, peripheral-to-memory

Basic for simple transfer scenarios

Ping-pong for continuous data flow

Scatter-gather for a programmable list of arbitrary transfers initiated from a single request
Highly flexible and configurable channel operation

Independently configured and operated channels

Dedicated channels for supported on-chip modules - USB, UART, Ethernet, GP Timer, ADC,
EPI, SSI, I°S

Alternate channel assignments
One channel each for receive and transmit path for bidirectional modules
Dedicated channel for software-initiated transfers
Per-channel configurable bus arbitration scheme
Optional software-initiated requests for any channel
Two levels of priority

Design optimizations for improved bus access performance between uDMA controller and the
processor core

MDMA controller access is subordinate to core access
RAM striping
Peripheral bus segmentation

Data sizes of 8, 16, and 32 bits

Transfer size is programmable in binary steps from 1 to 1024

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

Interrupt on transfer completion, with a separate interrupt per channel

8.1 Block Diagram
Figure 8-1. yuDMA Block Diagram
uDMA System Memory
DMA error Controller
CH Control Table
y request DMASTAT DMASRCENDP
pheral — " DMACFG DMADSTENDP
DMA Channel 0 | (done DMACTLBASE DMACHCTRL
. DMAALTBASE
. DMAWAITSTAT *
. request DMASWREQ g *
Peripheral e DMAUSEBURSTSET .
DMA Channel N-1 {«M DMAUSEBURSTCLR DMASRCENDP |
DMAREQMASKSET DMADSTENDP |
DMAREQMASKCLR DMACHCTRL |
DMAENASET
Nested DMAENACLR
Vectored | o General request DMAALTSET
Interrupt Peripheral N DMAALTCLR Transfer Buffers
Controller done DMAPRIOSET > Used by uDMA
(NVIC) DMAPRIOCLR
DMAERRCLR
y
ARM
Cortex-M3
8.2 Functional Description

The uDMA controller is a flexible and highly configurable DMA controller designed to work efficiently
with the microcontroller's Cortex-M3 processor core. It supports multiple data sizes and address
increment schemes, multiple levels of priority among DMA channels, and several transfer modes
to allow for sophisticated programmed data transfers. The DMA controller's usage of the bus is
always subordinate to the processor core, and so it never holds up a bus transaction by the processor.
Because the uDMA controller is only using otherwise-idle bus cycles, the data transfer bandwidth
it provides is essentially free, with no impact on the rest of the system. The bus architecture has
been optimized to greatly reduce contention between the processor core and the uDMA controller,
thus improving performance. The optimizations include RAM striping and peripheral bus segmentation,
which in many cases allows both the processor core and the uDMA controller to access the bus
and perform simultaneous data transfers.

Each peripheral function that is supported has a dedicated channel on the uDMA controller that can
be configured independently. The uDMA controller implements a unique configuration method using
channel control structures that are maintained in system memory by the processor. While simple
transfer modes are supported, it is also possible to build up sophisticated "task" lists in memory that
allow the uDMA controller to perform arbitrary-sized transfers to and from arbitrary locations as part
of a single transfer request. The uDMA controller also supports the use of ping-pong buffering to
accommodate constant streaming of data to or from a peripheral.

Each channel also has a configurable arbitration size. The arbitration size is the number of items
that are transferred in a burst before the uDMA controller rearbitrates for channel priority. Using the
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arbitration size, it is possible to control exactly how many items are transferred to or from a peripheral
each time it makes a DMA service request.

8.21 Channel Assignments

MDMA channels 0-31 are assigned to peripherals according to the following table. The DMA Channel

Alternate Select (DMACHALT) register (see page 280) can be used to specify the alternate

assignment.
Channels noted in the table as "Available for software” may be assigned to peripherals in
the future. However, they are currently available for software use. Channel 30 is dedicated
for software use.

Table 8-1. DMA Channel Assignments

DMA Channel | Peripheral Assigned Alternate Assignment

0 USB Endpoint 1 Receive UART2 Receive

1 USB Endpoint 1 Transmit |UART2 Transmit

2 USB Endpoint 2 Receive General-Purpose Timer 3A

3 USB Endpoint 2 Transmit | General-Purpose Timer 3B

4 USB Endpoint 3 Receive General-Purpose Timer 2A

5 USB Endpoint 3 Transmit | General-Purpose Timer 2B

6 Ethernet Receive General-Purpose Timer 2A

7 Ethernet Transmit General-Purpose Timer 2B

8 UARTO Receive SSI1 Receive

9 UARTO Transmit SSI1 Transmit

10 SSI0 Receive UART1 Receive

11 SSI0 Transmit UART1 Transmit

12 Available for software UART2 Receive

13 Available for software UART2 Transmit

14 ADCO Sample Sequencer 0 |General-Purpose Timer 2A

15 ADCO Sample Sequencer 1|General-Purpose Timer 2B

16 ADCO Sample Sequencer 2 |Available for software

17 ADCO Sample Sequencer 3 |Available for software

18 General-Purpose Timer OA |General-Purpose Timer 1A

19 General-Purpose Timer OB |General-Purpose Timer 1B

20 General-Purpose Timer 1A |EPIO Receive

21 General-Purpose Timer 1B |EPIO Transmit

22 UART1 Receive Available for software

23 UART1 Transmit Available for software

24 SSI1 Receive ADC1 Sample Sequencer 0

25 SSI1 Transmit ADC1 Sample Sequencer 1

26 Available for software ADC1 Sample Sequencer 2

27 Available for software ADC1 Sample Sequencer 3

28 I°S0 Receive Available for software

29 IS0 Transmit Available for software

30 Dedicated for software use

31 Reserved
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8.2.2

8.2.3

8.24

Priority

The uDMA controller assigns priority to each channel based on the channel number and the priority
level bit for the channel. Channel number 0 has the highest priority and as the channel number

increases, the priority of a channel decreases. Each channel has a priority level bit to provide two
levels of priority: default priority and high priority. If the priority level bit is set, then that channel has
higher priority than all other channels at default priority. If multiple channels are set for high priority,
then the channel number is used to determine relative priority among all the high priority channels.

The priority bit for a channel can be set using the DMA Channel Priority Set (DMAPRIOSET)
register and cleared with the DMA Channel Priority Clear (DMAPRIOCLR) register.

Arbitration Size

When a uDMA channel requests a transfer, the uDMA controller arbitrates among all the channels
making a request and services the DMA channel with the highest priority. Once a transfer begins,
it continues for a selectable number of transfers before rearbitrating among the requesting channels
again. The arbitration size can be configured for each channel, ranging from 1 to 1024 item transfers.
After the uDMA controller transfers the number of items specified by the arbitration size, it then
checks among all the channels making a request and services the channel with the highest priority.

If a lower priority DMA channel uses a large arbitration size, the latency for higher priority channels
is increased because the uDMA controller completes the lower priority burst before checking for
higher priority requests. Therefore, lower priority channels should not use a large arbitration size
for best response on high priority channels.

The arbitration size can also be thought of as a burst size. It is the maximum number of items that
are transferred at any one time in a burst. Here, the term arbitration refers to determination of DMA
channel priority, not arbitration for the bus. When the uDMA controller arbitrates for the bus, the
processor always takes priority. Furthermore, the uDMA controller is held off whenever the processor
must perform a bus transaction on the same bus, even in the middle of a burst transfer.

Request Types

The uDMA controller responds to two types of requests from a peripheral: single or burst. Each
peripheral may support either or both types of requests. A single request means that the peripheral
is ready to transfer one item, while a burst request means that the peripheral is ready to transfer
multiple items.

The uDMA controller responds differently depending on whether the peripheral is making a single
request or a burst request. If both are asserted, and the uDMA channel has been set up for a burst
transfer, then the burst request takes precedence. See Table 8-2, which shows how each peripheral
supports the two request types.

Table 8-2. Request Type Support

Peripheral Single Request Signal |Burst Request Signal

USB TX None FIFO TXRDY

USB RX None FIFO RXRDY

Ethernet TX TX FIFO empty None

Ethernet RX RX packet received None

UART TX TX FIFO Not Full TX FIFO Level (configurable)
UART RX RX FIFO Not Empty RX FIFO Level (configurable)
SSITX TX FIFO Not Full TX FIFO Level (fixed at 4)
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8.2.4.1

8.2.4.2

8.2.5

Peripheral Single Request Signal |Burst Request Signal
SSIRX RX FIFO Not Empty RX FIFO Level (fixed at 4)
ADC None Sequencer IE bit
General-Purpose Timer | Raw interrupt pulse None

12S TX None FIFO service request

12S RX None FIFO service request

EPI TX None TX FIFO not full

EPI RX None RX FIFO not empty

Single Request

When a single request is detected, and not a burst request, the uDMA controller transfers one item
and then stops to wait for another request.

Burst Request

When a burst request is detected, the uDMA controller transfers the number of items that is the
lesser of the arbitration size or the number of items remaining in the transfer. Therefore, the arbitration
size should be the same as the number of data items that the peripheral can accommodate when
making a burst request. For example, the UART generates a burst request based on the FIFO trigger
level. In this case, the arbitration size should be set to the amount of data that the FIFO can transfer
when the trigger level is reached.

It may be desirable to use only burst transfers and not allow single transfers. For example, perhaps
the nature of the data is such that it only makes sense when transferred together as a single unit
rather than one piece at a time. The single request can be disabled by using the DMA Channel
Useburst Set (DMAUSEBURSTSET) register. By setting the bit for a channel in this register, the
MDMA controller only responds to burst requests for that channel.

Channel Configuration

The yDMA controller uses an area of system memory to store a set of channel control structures
in a table. The control table may have one or two entries for each DMA channel. Each entry in the
table structure contains source and destination pointers, transfer size, and transfer mode. The
control table can be located anywhere in system memory, but it must be contiguous and aligned on
a 1024-byte boundary.

Table 8-3 on page 231 shows the layout in memory of the channel control table. Each channel may
have one or two control structures in the control table: a primary control structure and an optional
alternate control structure. The table is organized so that all of the primary entries are in the first
half of the table, and all the alternate structures are in the second half of the table. The primary entry
is used for simple transfer modes where transfers can be reconfigured and restarted after each
transfer is complete. In this case, the alternate control structures are not used and therefore only
the first half of the table must be allocated in memory; the second half of the control table is not
necessary, and that memory can be used for something else. If a more complex transfer mode is
used such as ping-pong or scatter-gather, then the alternate control structure is also used and
memory space should be allocated for the entire table.

Any unused memory in the control table may be used by the application. This includes the control
structures for any channels that are unused by the application as well as the unused control word
for each channel.
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Table 8-3. Control Structure Memory Map

Offset Channel
0x0 0, Primary
0x10 1, Primary

0x1F0 31, Primary

0x200 0, Alternate
0x210 1, Alternate
0x3F0 31, Alternate

Table 8-4 shows an individual control structure entry in the control table. Each entry has a source
and destination end pointer. These pointers point to the ending address of the transfer and are
inclusive. If the source or destination is non-incrementing (as for a peripheral register), then the
pointer should point to the transfer address.

Table 8-4. Channel Control Structure

Offset Description

0x000 Source End Pointer
0x004 Destination End Pointer
0x008 Control Word

0x00C Unused

The remaining part of the control structure is the control word. The control word contains the following
fields:

Source and destination data sizes

Source and destination address increment size
Number of transfers before bus arbitration
Total number of items to transfer

Useburst flag

Transfer mode

The control word and each field are described in detail in “uDMA Channel Control

Structure” on page 248. The uDMA controller updates the transfer size and transfer mode fields as
the transfer is performed. At the end of a transfer, the transfer size indicates 0, and the transfer
mode will indicate "stopped." Because the control word is modified by the uDMA controller, it must
be reconfigured before each new transfer. The source and destination end pointers are not modified,
so they can be left unchanged if the source or destination addresses remain the same.

Prior to starting a transfer, a uDMA channel must be enabled by setting the appropriate bit in the
DMA Channel Enable Set (DMAENASET) register. A channel can be disabled by setting the
channel bit in the DMA Channel Enable Clear (DMAENACLR) register. At the end of a complete
DMA transfer, the controller automatically disables the channel.

February 24, 2009 231
Preliminary



Micro Direct Memory Access (UDMA)

8.2.6

8.2.6.1

8.2.6.2

8.2.6.3

8.2.6.4

Transfer Modes

The yDMA controller supports several transfer modes. Two of the modes support simple one-time
transfers. Several complex modes support a continuous flow of data.

Stop Mode

While Stop is not actually a transfer mode, it is a valid value for the mode field of the control word.
When the mode field has this value, the uDMA controller does not perform any transfers and disables
the channel if it is enabled. At the end of a transfer, the uDMA controller updates the control word

to set the mode to Stop.

Basic Mode

In Basic mode, the uDMA controller performs transfers as long as there are more items to transfer,
and a transfer request is present. This mode is used with peripherals that assert a DMA request
signal whenever the peripheral is ready for a data transfer. Basic mode should not be used in any
situation where the request is momentary even though the entire transfer should be completed. For
example, a software-initiated transfer creates a momentary request, and in Basic mode, only one
item is transferred on a software request.

When all of the items have been transferred using Basic mode, the uDMA controller sets the mode
for that channel to Stop.

Auto Mode

Auto mode is similar to Basic mode, except that once a transfer request is received, the transfer
runs to completion, even if the DMA request is removed. This mode is suitable for software-triggered
transfers. Generally, Auto mode is not used with a peripheral.

When all the items have been transferred using Auto mode, the uDMA controller sets the mode for
that channel to Stop.

Ping-Pong

Ping-Pong mode is used to support a continuous data flow to or from a peripheral. To use Ping-Pong
mode, both the primary and alternate data structures must be implemented. Both structures are set
up by the processor for data transfer between memory and a peripheral. The transfer is started
using the primary control structure. When the transfer using the primary control structure is complete,
the uDMA controller reads the alternate control structure for that channel to continue the transfer.
Each time this happens, an interrupt is generated, and the processor can reload the control structure
for the just-completed transfer. Data flow can continue indefinitely this way, using the primary and
alternate control structures to switch back and forth between buffers as the data flows to or from
the peripheral.

Refer to Figure 8-2 for an example showing operation in Ping-Pong mode.
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Figure 8-2. Example of Ping-Pong DMA Transaction
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Memory Scatter-Gather mode is a complex mode used when data must be transferred to or from
varied locations in memory instead of a set of contiguous locations in a memory buffer. For example,
a gather DMA operation could be used to selectively read the payload of several stored packets of
a communication protocol and store them together in sequence in a memory buffer.
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In Memory Scatter-Gather mode, the primary control structure is used to program the alternate
control structure from a table in memory. The table is set up by the processor software and contains
a list of control structures, each containing the source and destination end pointers, and the control
word for a specific transfer. The mode of each control word must be set to Scatter-Gather mode.
Each entry in the table is copied in turn to the alternate structure where it is then executed. The
MDMA controller alternates between using the primary control structure to copy the next transfer
instruction from the list and then executing the new transfer instruction. The end of the list is marked
by programming the control word for the last entry to use Basic transfer mode. Once the last transfer
is performed using Basic mode, the uDMA controller stops. A completion interrupt is generated only
after the last transfer. It is possible to loop the list by having the last entry copy the primary control
structure to point back to the beginning of the list (or to a new list). It is also possible to trigger a set
of other channels to perform a transfer, either directly, by programming a write to the software trigger
for another channel, or indirectly, by causing a peripheral action that results in a uDMA request.

By programming the uDMA controller using this method, a set of arbitrary transfers can be performed
based on a single DMA request.

Refer to Figure 8-3 on page 235 and Figure 8-4 on page 236, which show an example of operation
in Memory Scatter-Gather mode. This example shows a gather operation, where data in three
separate buffers in memory is copied together into one buffer. Figure 8-3 on page 235 shows how
the application sets up a uDMA task list in memory that is used by the controller to perform three
sets of copy operations from different locations in memory. The primary control structure for the
channel that is used for the operation is configured to copy from the task list to the alternate control
structure.

Figure 8-4 on page 236 shows the sequence as the uDMA controller performs the three sets of copy
operations. First, using the primary control structure, the uDMA controller loads the alternate control
structure with task A. It then performs the copy operation specified by task A, copying the data from
the source buffer A to the destination buffer. Next, the uDMA controller again uses the primary
control structure to load task B into the alternate control structure, and then performs the B operation
with the alternate control structure. The process is repeated for task C.
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Figure 8-3. Memory Scatter-Gather, Setup and Configuration
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NOTES:
1. Application has a need to copy data items from three separate location in memory into one combined buffer.
2. Application sets up uDMA “task list” in memory, which contains the pointers and control configuration for three
uDMA copy “tasks.”
3. Application sets up the channel primary control structure to copy each task configuration, one at a time, to the
alternate control structure, where it will be executed by the uDMA controller.
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Figure 8-4. Memory Scatter-Gather, uDMA Copy Sequence
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Then, using the channel’s alternate control structure, the

UDMA controller copies data from the source buffer C to
the destination buffer.
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8.2.6.6

Peripheral Scatter-Gather

Peripheral Scatter-Gather mode is very similar to Memory Scatter-Gather, except that the transfers
are controlled by a peripheral making a DMA request. Upon detecting a DMA request from the
peripheral, the uDMA controller uses the primary control structure to copy one entry from the list to
the alternate control structure and then performs the transfer. At the end of this transfer, the next
transfer is started only if the peripheral again asserts a DMA request. The uDMA controller continues
to perform transfers from the list only when the peripheral is making a request, until the last transfer
is complete. A completion interrupt is generated only after the last transfer.

By using this method, the uDMA controller can transfer data to or from a peripheral from a set of
arbitrary locations whenever the peripheral is ready to transfer data.

Refer to Figure 8-5 on page 238 and Figure 8-6 on page 239, which show an example of operation
in Peripheral Scatter-Gather mode. This example shows a gather operation, where data from three
separate buffers in memory is copied to a single peripheral data register. Figure 8-5 on page 238
shows how the application sets up a uDMA task list in memory that is used by the controller to
perform three sets of copy operations from different locations in memory. The primary control
structure for the channel that is used for the operation is configured to copy from the task list to the
alternate control structure.

Figure 8-6 on page 239 shows the sequence as the yDMA controller performs the three sets of copy
operations. First, using the primary control structure, the uDMA controller loads the alternate control
structure with task A. It then performs the copy operation specified by task A, copying the data from
the source buffer A to the peripheral data register. Next, the uyDMA controller again uses the primary
control structure to load task B into the alternate control structure, and then performs the B operation
with the alternate control structure. The process is repeated for task C.
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Figure 8-5. Peripheral Scatter-Gather, Setup and Configuration
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NOTES:
1. Application has a need to copy data items from three separate location in memory into a peripheral data
register.
2. Application sets up phDMA *“task list” in memory, which contains the pointers and control configuration for three
uDMA copy “tasks.”
3. Application sets up the channel primary control structure to copy each task configuration, one at a time, to the
alternate control structure, where it will be executed by the uDMA controller.
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Figure 8-6. Peripheral Scatter-Gather, uyDMA Copy Sequence
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Using the channel’s primary control structure, the
UDMA controller copies task A configuration to the
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Using the channel’s primary control structure, the
UDMA controller copies task B configuration to the
channel’s alternate control structure.

Then, using the channel’s alternate control structure,
the yDMA controller copies data from the source
buffer B to the peripheral data register.
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Using the channel’s primary control structure, the
uDMA controller copies task C configuration to the
channel’s alternate control structure.

Then, using the channel’s alternate control structure,
the uDMA controller copies data from the source
buffer C to the peripheral data register.
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8.2.7

8.2.8

8.2.9

Transfer Size and Increment

The uDMA controller supports transfer data sizes of 8, 16, or 32 bits. The source and destination
data size must be the same for any given transfer. The source and destination address can be
auto-incremented by bytes, half-words, or words, or can be set to no increment. The source and
destination address increment values can be set independently, and it is not necessary for the
address increment to match the data size as long as the increment is the same or larger than the
data size. For example, it is possible to perform a transfer using 8-bit data size, but using an address
increment of full words (4 bytes). The data to be transferred must be aligned in memory according
to the data size (8, 16, or 32 bits).

Table 8-5 shows the configuration to read from a peripheral that supplies 8-bit data.

Table 8-5. uDMA Read Example: 8-Bit Peripheral

Field Configuration

Source data size 8 bits

Destination data size 8 bits

Source address increment No increment

Destination address increment | Byte

Source end pointer Peripheral read FIFO register

Destination end pointer End of the data buffer in memory

Peripheral Interface

Each peripheral that supports uDMA has a DMA single request and/or burst request signal that is
asserted when the device is ready to transfer data (see Table 8-2 on page 229). The request signal
can be disabled or enabled using the DMA Channel Request Mask Set (DMAREQMASKSET)
and DMA Channel Request Mask Clear  DMAREQMASKCLR) registers. The DMA request signal
is disabled, or masked, when the channel request mask bit is set. When the request is not masked,
the DMA channel is configured correctly and enabled, and the peripheral asserts the DMA request
signal, the uDMA controller begins the transfer.

When a DMA transfer is complete, the uDMA controller asserts a DMA Done signal, which is routed
through the interrupt vector of the peripheral. Therefore, if DMA is used to transfer data for a
peripheral and interrupts are used, then the interrupt handler for that peripheral must be designed
to handle the uDMA transfer completion interrupt. When DMA is enabled for a peripheral, the uyDMA
controller masks the normal interrupts for a peripheral. Thus, when a large amount of data is
transferred using DMA, instead of receiving multiple interrupts from the peripheral as data flows,
the processor receives only one interrupt when the transfer is complete.

The interrupt request from the uDMA controller is automatically cleared when the interrupt handler
is activated.

Software Request

One uDMA channel is dedicated to software-initiated transfers. This channel also has a dedicated
interrupt to signal completion of a DMA transfer. A transfer is initiated by software by first configuring
and enabling the transfer, and then issuing a software request using the DMA Channel Software
Request (DMASWREQ) register. For software-based transfers, the Auto transfer mode should be
used.

It is possible to initiate a transfer on any channel using the DMASWREQ register. If a request is
initiated by software using a peripheral DMA channel, then the completion interrupt occurs on the
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8.2.10

8.3
8.3.1

8.3.2

interrupt vector for the peripheral instead of the software interrupt vector. Any channel may be used
for software requests as long as the corresponding peripheral is not using uDMA for data transfer.

Interrupts and Errors

When a uDMA channel generates an interrupt, the interrupt status is latched in the DMA Channel
Interrupt Status (DMACHIS) register (see page 281). This register can be used by the peripheral
interrupt handler code to determine if the interrupt was caused by the uDMA channel or something
else.

When a DMA transfer is complete, the uDMA controller generates a completion interrupt on the
interrupt vector of the peripheral. If the transfer uses the software DMA channel, then the completion
interrupt occurs on the dedicated software DMA interrupt vector.

If the uDMA controller encounters a bus or memory protection error as it attempts to perform a data
transfer, it disables the DMA channel that caused the error and generates an interrupt on the uyDMA
Error interrupt vector. The processor can read the DMA Bus Error Clear (DMAERRCLR) register
to determine if an error is pending. The ERRCLR bit is set if an error occurred. The error can be
cleared by writing a 1 to the ERRCLR bit.

If the peripheral generates an error that causes an interrupt, the interrupt is generated on the interrupt
vector for that peripheral. This is the same whether or not uDMA is being used with the peripheral.

Table 8-6 shows the dedicated interrupt assignments for the uDMA controller.

Table 8-6. uDMA Interrupt Assignments

Interrupt | Assignment
46 UDMA Software Channel Transfer
47 uDMA Error

Initialization and Configuration

Module Initialization

Before the uDMA controller can be used, it must be enabled in the System Control block and in the
peripheral. The location of the channel control structure must also be programmed.

The following steps should be performed one time during system initialization:

The uDMA peripheral must be enabled in the System Control block. To do this, set the UDMA
bit of the System Control RCGC2 register (page 179).

Enable the uDMA controller by setting the MASTEREN bit of the DMA Configuration (DMACFG)
register.

Program the location of the channel control table by writing the base address of the table to the
DMA Channel Control Base Pointer (DMACTLBASE) register. The base address must be
aligned on a 1024-byte boundary.

Configuring a Memory-to-Memory Transfer

MDMA channel 30 is dedicated for software-initiated transfers. However, any channel can be used
for software-initiated, memory-to-memory transfer if the associated peripheral is not being used.
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8.3.2.1 Configure the Channel Attributes
First, configure the channel attributes:
Program bit 30 of the DMA Channel Priority Set (DMAPRIOSET) or DMA Channel Priority
Clear (DMAPRIOCLR) registers to set the channel to High priority or Default priority.
Set bit 30 of the DMA Channel Primary Alternate Clear (DMAALTCLR) register to select the
primary channel control structure for this transfer.
Set bit 30 of the DMA Channel Useburst Clear (DMAUSEBURSTCLR) register to allow the
MDMA controller to respond to single and burst requests.
Set bit 30 of the DMA Channel Request Mask Clear (DMAREQMASKCLR) register to allow
the uDMA controller to recognize requests for this channel.
8.3.2.2 Configure the Channel Control Structure
Now the channel control structure must be configured.
This example transfers 256 words from one memory buffer to another. Channel 30 is used for a
software transfer, and the control structure for channel 30 is at offset 0x1EO of the channel control
table. The channel control structure for channel 30 is located at the offsets shown in Table 8-7.
Table 8-7. Channel Control Structure Offsets for Channel 30
Offset Description
Control Table Base + 0x1EQ |Channel 30 Source End Pointer
Control Table Base + Ox1E4 |Channel 30 Destination End Pointer
Control Table Base + 0x1E8 |Channel 30 Control Word
Configure the Source and Destination
The source and destination end pointers must be set to the last address for the transfer (inclusive).
Program the source end pointer at offset 0x1EQ to the address of the source buffer + Ox3FC.
Program the destination end pointer at offset 0x1E4 to the address of the destination buffer +
0x3FC.
The control word at offset Ox1E8 must be programmed according to Table 8-8.
Table 8-8. Channel Control Word Configuration for Memory Transfer Example
Field in DMACHCTL Bits Value Description
DSTINC 31:30 2 32-bit destination address increment
DSTSIZE 29:28 2 32-bit destination data size
SRCINC 27:26 2 32-bit source address increment
SRCSIZE 25:24 2 32-bit source data size
reserved 23:18 0 Reserved
ARBSIZE 17:14 3 Arbitrates after 8 transfers
XFERSIZE 13:4 255 Transfer 256 items
NXTUSEBURST 3 0 N/A for this transfer type
XFERMODE 2:0 2 Use Auto-request transfer mode
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8.3.2.3

8.3.3

8.3.3.1

8.3.3.2

Start the Transfer

Now the channel is configured and is ready to start.
Enable the channel by setting bit 30 of the DMA Channel Enable Set (DMAENASET) register.

Issue a transfer request by setting bit 30 of the DMA Channel Software Request (DMASWREQ)
register.

The DMA transfer begins. If the interrupt is enabled, then the processor is notified by interrupt when
the transfer is complete. If needed, the status can be checked by reading bit 30 of the DMAENASET
register. This bit is automatically cleared when the transfer is complete. The status can also be
checked by reading the XFERMODE field of the channel control word at offset 0x1E8. This field is
automatically cleared at the end of the transfer.

Configuring a Peripheral for Simple Transmit

This example configures the uDMA controller to transmit a buffer of data to a peripheral. The
peripheral has a transmit FIFO with a trigger level of 4. The example peripheral uses uDMA channel
7.

Configure the Channel Attributes

First, configure the channel attributes:

Configure bit 7 of the DMA Channel Priority Set (DMAPRIOSET) or DMA Channel Priority
Clear (DMAPRIOCLR) registers to set the channel to High priority or Default priority.

Set bit 7 of the DMA Channel Primary Alternate Clear (DMAALTCLR) register to select the
primary channel control structure for this transfer.

Set bit 7 of the DMA Channel Useburst Clear (DMAUSEBURSTCLR) register to allow the
MDMA controller to respond to single and burst requests.

Set bit 7 of the DMA Channel Request Mask Clear (DMAREQMASKCLR) register to allow
the uDMA controller to recognize requests for this channel.

Configure the Channel Control Structure

This example transfers 64 bytes from a memory buffer to the peripheral's transmit FIFO register
using NDMA channel 7. The control structure for channel 7 is at offset 0x070 of the channel control
table. The channel control structure for channel 7 is located at the offsets shown in Table 8-9.

Table 8-9. Channel Control Structure Offsets for Channel 7

Offset Description
Control Table Base + 0x070 | Channel 7 Source End Pointer
Control Table Base + 0x074 | Channel 7 Destination End Pointer
Control Table Base + 0x078 | Channel 7 Control Word

Configure the Source and Destination

The source and destination end pointers must be set to the last address for the transfer (inclusive).
Because the peripheral pointer does not change, it simply points to the peripheral's data register.

Program the source end pointer at offset 0x070 to the address of the source buffer + Ox3F.
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8.3.3.3

8.3.4

8.3.4.1

Program the destination end pointer at offset 0x074 to the address of the peripheral's transmit
FIFO register.

The control word at offset 0x078 must be programmed according to Table 8-10.

Table 8-10. Channel Control Word Configuration for Peripheral Transmit Example

Field in DMACHCTL Bits Value Description

DSTINC 31:30 3 Destination address does not increment
DSTSIZE 29:28 0 8-bit destination data size

SRCINC 27:26 0 8-bit source address increment
SRCSIZE 25:24 0 8-bit source data size

reserved 23:18 0 Reserved

ARBSIZE 17:14 2 Arbitrates after 4 transfers

XFERSIZE 13:4 63 Transfer 64 items

NXTUSEBURST 3 0 N/A for this transfer type

XFERMODE 2:0 1 Use Basic transfer mode

In this example, it is not important if the peripheral makes a single request or a burst request.
Because the peripheral has a FIFO that triggers at a level of 4, the arbitration size is set to
4. If the peripheral does make a burst request, then 4 bytes are transferred, which is what
the FIFO can accommodate. If the peripheral makes a single request (if there is any space
in the FIFO), then one byte is transferred at a time. If it is important to the application that
transfers only be made in bursts, then the Channel Useburst SET[7] bit should be set in

the DMA Channel Useburst Set (DMAUSEBURSTSET) register.

Start the Transfer

Now the channel is configured and is ready to start.
Enable the channel by setting bit 7 of the DMA Channel Enable Set (DMAENASET) register.

The uDMA controller is now configured for transfer on channel 7. The controller makes transfers to
the peripheral whenever the peripheral asserts a DMA request. The transfers continue until the
entire buffer of 64 bytes has been transferred. When that happens, the uDMA controller disables
the channel and sets the XFERMODE field of the channel control word to 0 (Stopped). The status of
the transfer can be checked by reading bit 7 of the DMA Channel Enable Set (DMAENASET)
register. This bit is automatically cleared when the transfer is complete. The status can also be
checked by reading the XFERMODE field of the channel control word at offset 0x078. This field is
automatically cleared at the end of the transfer.

If peripheral interrupts are enabled, then the peripheral interrupt handler receives an interrupt when
the entire transfer is complete.

Configuring a Peripheral for Ping-Pong Receive

This example configures the uDMA controller to continuously receive 8-bit data from a peripheral
into a pair of 64-byte buffers. The peripheral has a receive FIFO with a trigger level of 8. The example
peripheral uses uDMA channel 8.

Configure the Channel Attributes

First, configure the channel attributes:
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Configure bit 8 of the DMA Channel Priority Set (DMAPRIOSET) or DMA Channel Priority
Clear (DMAPRIOCLR) registers to set the channel to High priority or Default priority.

Set bit 8 of the DMA Channel Primary Alternate Clear (DMAALTCLR) register to select the
primary channel control structure for this transfer.

Set bit 8 of the DMA Channel Useburst Clear (DMAUSEBURSTCLR) register to allow the
HMDMA controller to respond to single and burst requests.

Set bit 8 of the DMA Channel Request Mask Clear (DMAREQMASKCLR) register to allow
the yDMA controller to recognize requests for this channel.

8.3.4.2 Configure the Channel Control Structure
This example transfers bytes from the peripheral's receive FIFO register into two memory buffers
of 64 bytes each. As data is received, when one buffer is full, the uDMA controller switches to use
the other.
To use Ping-Pong buffering, both primary and alternate channel control structures must be used.
The primary control structure for channel 8 is at offset 0x080 of the channel control table, and the
alternate channel control structure is at offset 0x280. The channel control structures for channel 8
are located at the offsets shown in Table 8-11.
Table 8-11. Primary and Alternate Channel Control Structure Offsets for Channel 8
Offset Description
Control Table Base + 0x080 |Channel 8 Primary Source End Pointer
Control Table Base + 0x084 | Channel 8 Primary Destination End Pointer
Control Table Base + 0x088 | Channel 8 Primary Control Word
Control Table Base + 0x280 |Channel 8 Alternate Source End Pointer
Control Table Base + 0x284 | Channel 8 Alternate Destination End Pointer
Control Table Base + 0x288 | Channel 8 Alternate Control Word
Configure the Source and Destination
The source and destination end pointers must be set to the last address for the transfer (inclusive).
Because the peripheral pointer does not change, it simply points to the peripheral's data register.
Both the primary and alternate sets of pointers must be configured.
Program the primary source end pointer at offset 0x080 to the address of the peripheral's receive
buffer.
Program the primary destination end pointer at offset 0x084 to the address of ping-pong buffer
A + Ox3F.
Program the alternate source end pointer at offset 0x280 to the address of the peripheral's
receive buffer.
Program the alternate destination end pointer at offset 0x284 to the address of ping-pong buffer
B + Ox3F.
The primary control word at offset 0x088 and the alternate control word at offset 0x288 must be
programmed according to Table 8-10 on page 244. Both control words are initially programmed the
same way.
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8.3.4.3

8.344

8.3.4.5

Program the primary channel control word at offset 0x088 according to Table 8-12.

Program the alternate channel control word at offset 0x288 according to Table 8-12.

Table 8-12. Channel Control Word Configuration for Peripheral Ping-Pong Receive Example

Field in DMACHCTL Bits Value Description

DSTINC 31:30 0 8-bit destination address increment
DSTSIZE 29:28 0 8-bit destination data size

SRCINC 27:26 3 Source address does not increment
SRCSIZE 25:24 0 8-bit source data size

reserved 23:18 0 Reserved

ARBSIZE 17:14 3 Arbitrates after 8 transfers
XFERSIZE 13:4 63 Transfer 64 items

NXTUSEBURST 3 0 N/A for this transfer type
XFERMODE 2:0 3 Use Ping-Pong transfer mode

In this example, it is not important if the peripheral makes a single request or a burst request.
Because the peripheral has a FIFO that triggers at a level of 8, the arbitration size is set to
8. If the peripheral does make a burst request, then 8 bytes are transferred, which is what
the FIFO can accommodate. If the peripheral makes a single request (if there is any data

in the FIFO), then one byte is transferred at a time. If it is important to the application that
transfers only be made in bursts, then the Channel Useburst SET[8] bit should be set in

the DMA Channel Useburst Set (DMAUSEBURSTSET) register.

Configure the Peripheral Interrupt

An interrupt handler should be configured when using uDMA Ping-Pong mode, it is best to use an
interrupt handler. However, the Ping-Pong mode can be configured without interrupts by polling.
The interrupt handler is triggered after each buffer is complete.

Configure and enable an interrupt handler for the peripheral.

Enable the yDMA Channel

Now the channel is configured and is ready to start.

Enable the channel by setting bit 8 of the DMA Channel Enable Set (DMAENASET) register.

Process Interrupts

The uDMA controller is now configured and enabled for transfer on channel 8. When the peripheral
asserts the DMA request signal, the uDMA controller makes transfers into buffer A using the primary
channel control structure. When the primary transfer to buffer A is complete, it switches to the
alternate channel control structure and makes transfers into buffer B. At the same time, the primary
channel control word mode field is configured to indicate Stopped, and an interrupt is

When an interrupt is triggered, the interrupt handler must determine which buffer is complete and
process the data or set a flag that the data must be processed by non-interrupt buffer processing
code. Then the next buffer transfer must be set up.

In the interrupt handler:

Read the primary channel control word at offset 0x088 and check the XFERMODE field. If the
field is O, this means buffer A is complete. If buffer A is complete, then:
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8.3.5

8.4

Process the newly received data in buffer A or signal the buffer processing code that buffer
A has data available.

Reprogram the primary channel control word at offset 0x88 according to Table
8-12 on page 246.

Read the alternate channel control word at offset 0x288 and check the XFERMODE field. If the
field is O, this means buffer B is complete. If buffer B is complete, then:

Process the newly received data in buffer B or signal the buffer processing code that buffer
B has data available.

Reprogram the alternate channel control word at offset 0x288 according to Table
8-12 on page 246.

Configuring Alternate Channels

Alternate peripherals can be assigned to each uDMA channel using the DMACHALT register. Each
bit represents a uDMA channel. If the bit is set, then the alternate peripheral is used for the channel.

Refer to Table 8-1 on page 228 for alternate channel assignments.

For example, to use SSI1 Receive on channel 8 instead of UARTO, set bit 8 of the DMACHALT
register to 1.

Register Map

Table 8-13 on page 247 lists the uDMA channel control structures and registers. The channel control
structure shows the layout of one entry in the channel control table. The channel control table is
located in system memory, and the location is determined by the application, that is, the base
address is n/a (not applicable). In the table below, the offset for the channel control structures is the
offset from the entry in the channel control table. See “Channel Configuration” on page 230 and Table
8-3 on page 231 for a description of how the entries in the channel control table are located in memory.
The yDMA register addresses are given as a hexadecimal increment, relative to the uDMA base
address of 0x400F.F000. Note that the uDMA module clock must be enabled before the registers
can be programmed (see page 179).

Table 8-13. uDMA Register Map

Offset Name Type Reset Description psaZi
UDMA Channel Control Structure

0x000  DMASRCENDP R/wW - DMA Channel Source Address End Pointer 249

0x004 DMADSTENDP R/W - DMA Channel Destination Address End Pointer 250

0x008 | DMACHCTL R/wW - DMA Channel Control Word 251
UDMA Registers

0x000 = DMASTAT RO 0x001F.0000 DMA Status 256

0x004  DMACFG wo - DMA Configuration 258

0x008 | DMACTLBASE R/W 0x0000.0000 DMA Channel Control Base Pointer 259

0x00C | DMAALTBASE RO 0x0000.0200 DMA Alternate Channel Control Base Pointer 260
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Offset Name Type Reset Description :;;Z
0x010 DMAWAITSTAT RO 0x0000.0000 DMA Channel Wait-on-Request Status 261
0x014 DMASWREQ wo - DMA Channel Software Request 262
0x018 | DMAUSEBURSTSET R/W 0x0000.0000 DMA Channel Useburst Set 263
0x01C  DMAUSEBURSTCLR wo - DMA Channel Useburst Clear 265
0x020 | DMAREQMASKSET R/W 0x0000.0000 DMA Channel Request Mask Set 266
0x024 DMAREQMASKCLR WO - DMA Channel Request Mask Clear 268
0x028 | DMAENASET R/W 0x0000.0000 DMA Channel Enable Set 269
0x02C | DMAENACLR Ye] - DMA Channel Enable Clear 271
0x030 ' DMAALTSET R/W 0x0000.0000 DMA Channel Primary Alternate Set 272
0x034 DMAALTCLR WO - DMA Channel Primary Alternate Clear 274
0x038 | DMAPRIOSET R/W 0x0000.0000 DMA Channel Priority Set 275
0x03C | DMAPRIOCLR WO - DMA Channel Priority Clear 277
0x04C  DMAERRCLR R/W 0x0000.0000 DMA Bus Error Clear 278
0x500 DMACHALT R/W 0x0000.0000 DMA Channel Alternate Select 280
0x504 DMACHIS R/W1C 0x0000.0000 DMA Channel Interrupt Status 281
0xFDO  DMAPeriphlD4 RO 0x0000.0004 DMA Peripheral Identification 4 286
OXFEO | DMAPeriphlDO RO 0x0000.0030 DMA Peripheral Identification 0 282
OxFE4 | DMAPeriphID1 RO 0x0000.00B2 DMA Peripheral Identification 1 283
OxFE8 DMAPeriphlD2 RO 0x0000.000B DMA Peripheral Identification 2 284
OXFEC | DMAPeriphlD3 RO 0x0000.0000 DMA Peripheral Identification 3 285
0xFFO | DMAPCelllDO RO 0x0000.000D DMA PrimeCell Identification 0 287
0xFF4 | DMAPCelllD1 RO 0x0000.00F0 DMA PrimeCell Identification 1 288
OxFF8 | DMAPCelllD2 RO 0x0000.0005 DMA PrimeCell Identification 2 289
O0XFFC | DMAPCelllD3 RO 0x0000.00B1 DMA PrimeCell Identification 3 290
8.5 MDMA Channel Control Structure
The yDMA Channel Control Structure holds the uDMA transfer settings for a uDMA channel. Each
channel has two control structures, which are located in a table in system memory. Refer to “Channel
Configuration” on page 230 for an explanation of the Channel Control Table and the Channel Control
Structure.
The channel control structure is one entry in the channel control table. Each channel has a primary
and alternate structure. The primary control structures are located at offsets 0x0, 0x10, 0x20 and
so on. The alternate control structures are located at offsets 0x200, 0x210, 0x220, and so on.
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Register 1: DMA Channel Source Address End Pointer (DMASRCENDP), offset
0x000

DMA Channel Source Address End Pointer (DMASRCENDP) is part of the Channel Control
Structure and is used to specify the source address for a uDMA transfer.

The offset specified is from the base address of the control structure in system memory,
not the yDMA module base address.

DMA Channel Source Address End Pointer (DMASRCENDP)

Base n/a
Offset 0x000
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
ADDR
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
ADDR
1 1 1
Type  RW RW RIW RW RIW RW RW RIW RW RIW RW RIW RW RIW RW RIW
Reset - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 ADDR R/W - Source Address End Pointer
This field points to the last address of the DMA transfer source
(inclusive). If the source address is not incrementing (the SRCINC field
in the DMACHCTL register is 0x3), then this field points at the source
location itself (such as a peripheral data register).
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Register 2: DMA Channel Destination Address End Pointer (DMADSTENDP),
offset 0x004

DMA Channel Destination Address End Pointer (DMADSTENDP) is part of the Channel Control
Structure and is used to specify the destination address for a uDMA transfer.

The offset specified is from the base address of the control structure in system memory,
not the yDMA module base address.

DMA Channel Destination Address End Pointer (DMADSTENDP)

Base n/a
Offset 0x004
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
ADDR
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
ADDR
1 1
Type  RW RW RIW RW RIW RW RW RIW RW RIW RW RIW RW RIW RW RIW
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 ADDR R/W - Destination Address End Pointer
This field points to the last address of the DMA transfer destination
(inclusive). If the destination address is not incrementing (the DSTINC
field in the DMACHCTL register is 0x3), then this field points at the
destination location itself (such as a peripheral data register).
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Register 3: DMA Channel Control Word (DMACHCTL), offset 0x008

DMA Channel Control Word (DMACHCTL) is part of the Channel Control Structure and is used
to specify parameters of a uDMA transfer.

The offset specified is from the base address of the control structure in system memory,
not the uDMA module base address.

DMA Channel Control Word (DMACHCTL)

Base n/a
Offset 0x008
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
DSTINC DSTSIZE SRCINC SRCSIZE reserved ARBSIZE
1
Type  RW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W
Reset - - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1
ARBSIZE XFERSIZE INXTUSEBLRST] XFERMODE
1
Type  RW R/W R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W R/W R/W RIW R/W
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:30 DSTINC R/W - Destination Address Increment

This field configures the destination address increment.
The address increment value must be equal or greater than the value
of the destination size (DSTS1ZE).

Value Description
0x0 Byte

Increment by 8-bit locations
0x1 Half-word

Increment by 16-bit locations
0x2 Word

Increment by 32-bit locations
0x3  No increment

Address remains set to the value of the Destination Address
End Pointer (DMADSTENDP) for the channel
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Bit/Field Name Type Reset Description
29:28 DSTSIZE R/W - Destination Data Size
This field configures the destination item data size.
DSTS1ZE must be the same as SRCSIZE.
Value Description
0x0 Byte
8-bit data size
0x1  Half-word
16-bit data size
0x2 Word
32-bit data size
0x3 Reserved
27:26 SRCINC R/W - Source Address Increment
This field configures the source address increment.
The address increment value must be equal or greater than the value
of the source size (SRCSI1ZE).
Value Description
0x0 Byte
Increment by 8-bit locations
0x1 Half-word
Increment by 16-bit locations
0x2 Word
Increment by 32-bit locations
0x3  No increment
Address remains set to the value of the Source Address End
Pointer (DOMASRCENDP) for the channel
25:24 SRCSIZE R/W - Source Data Size
This field configures the source item data size.
DSTS1ZE must be the same as SRCSIZE.
Value Description
0x0 Byte
8-bit data size.
0x1  Half-word
16-bit data size.
0x2 Word
32-bit data size.
0x3 Reserved
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Bit/Field Name Type Reset Description

23:18 reserved R/W - 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.

17:14 ARBSIZE R/W - Arbitration Size

This field configures the number of transfers that can occur before the
UDMA controller re-arbitrates. The possible arbitration rate configurations
represent powers of 2 and are shown below.

Value  Description

0x0 1 Transfer

Arbitrates after each uDMA transfer

0x1 2 Transfers
0x2 4 Transfers
0x3 8 Transfers

Ox4 16 Transfers
0x5 32 Transfers
0x6 64 Transfers
0x7 128 Transfers
0x8 256 Transfers
0x9 512 Transfers
OxA-OxF 1024 Transfers

In this configuration, no arbitration occurs during the uyDMA
transfer because the maximum transfer size is 1024.

134 XFERSIZE R/W - Transfer Size (minus 1)

This field configures the total number of items to transfer. The value of
this field is 1 less than the number to transfer (value 0 means transfer
1 item). The maximum value for this 10-bit field is 1023 which represents
a transfer size of 1024 items.

The transfer size is the number of items, not the number of bytes. If the
data size is 32 bits, then this value is the number of 32-bit words to
transfer.

The uDMA controller updates this field immediately prior to entering the
arbitration process, so it contains the number of outstanding DMA items
that is necessary to complete the uDMA cycle.

3 NXTUSEBURST R/W - Next Useburst

This field controls whether the Useburst SET[n] bit is automatically set
for the last transfer of a peripheral scatter-gather operation. Normally,
for the last transfer, if the number of remaining items to transfer is less
than the arbitration size, the uDMA controller uses single transfers to
complete the transaction. If this bit is set, then the controller uses a burst
transfer to complete the last transfer.

February 24, 2009 253
Preliminary



Micro Direct Memory Access (UDMA)

Bit/Field

2:0

Name Type Reset Description

XFERMODE R/W - DMA Transfer Mode

This field configures the operating mode of the uDMA cycle. Refer to
“Transfer Modes” on page 232 for a detailed explanation of transfer
modes.

Because this register is in system RAM, it has no reset value. Therefore,
this field should be initialized to 0 before the channel is enabled.

Value Description

0x0 Stop

O0x1  Basic

0x2  Auto-Request

0x3 Ping-Pong

0x4  Memory Scatter-Gather

0x5 Alternate Memory Scatter-Gather
0x6  Peripheral Scatter-Gather

0x7  Alternate Peripheral Scatter-Gather

XFERMODE Bit Field Values.

Stop
Channel is stopped or configuration data is invalid. No more transfers can occur.

Basic

For each trigger (whether from a peripheral or a software request), the uDMA controller performs
the number of transfers specified by the ARBS 1 ZE field.

Auto-Request

The initial request (software- or peripheral-initiated) is sufficient to complete the entire transfer
of XFERS1ZE items without any further requests.

Ping-Pong
This mode uses both the primary and alternate control structures for this channel. When the
number of transfers specified by the XFERS 1 ZE field have completed for the current control
structure (primary or alternate), the uDMA controller switches to the other one. These switches
continue until one of the control structures is not set to ping-pong mode. At that point, the uDMA
controller stops. An interrupt is generated upon completion of the transfers configured by each
control structure. See “Ping-Pong” on page 232.

Memory Scatter-Gather

When using this mode, the primary control structure for the channel is configured to allow a list
of operations (tasks) to be performed. The source address pointer specifies the start of a table
of tasks to be copied to the alternate control structure for this channel. The XFERMODE field for
the alternate control structure should be configured to 0x5 (Alternate memory scatter-gather)

to perform the task. When the task completes, the uDMA switches back to the primary channel
control structure, which then copies the next task to the alternate control structure. This process
continues until the table of tasks is empty. The last task must have an XFERMODE value other

than 0x5. Note that for continuous operation, the last task can update the primary channel control
structure back to the start of the list or to another list. See “Memory Scatter-Gather” on page 233.
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Alternate Memory Scatter-Gather
This value must be used in the alternate channel control data structure when the uDMA controller
operates in Memory Scatter-Gather mode.

Peripheral Scatter-Gather
This value must be used in the primary channel control data structure when the uDMA controller
operates in Peripheral Scatter-Gather mode. In this mode, the uDMA controller operates exactly
the same as in Memory Scatter-Gather mode, except that instead of performing the number of
transfers specified by the XFERSIZE field in the alternate control structure at one time, the
MDMA controller only performs the number of transfers specified by the ARBS I ZE field per
trigger; see Basic mode for details. See “Peripheral Scatter-Gather” on page 237.

Alternate Peripheral Scatter-Gather
This value must be used in the alternate channel control data structure when the uDMA controller
operates in Peripheral Scatter-Gather mode.

8.6 MDMA Register Descriptions
The register addresses given are relative to the uDMA base address of 0x400F.F000.
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DMA Status (DMASTAT)

Register 4: DMA Status (DMASTAT), offset 0x000

The DMA Status (DMASTAT) register returns the status of the uDMA controller. You cannot read
this register when the uDMA controller is in the reset state.

Base 0x400F.FO00
Offset 0x000
Type RO, reset 0x001F.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I 1 1 I 1 I 1
reserved DMACHANS
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 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I 1 1 I ) ) 1
reserved STATE reserved MASTEN
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
Bit/Field Name Type Reset Description
31:21 reserved RO 0x000 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.
20:16 DMACHANS RO Ox1F Available DMA Channels Minus 1
This field contains a value equal to the number of DMA channels the
UDMA controller is configured to use, minus one. The value of Ox1F
corresponds to 32 DMA channels.

15:8 reserved RO 0x00 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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Bit/Field Name Type Reset Description

74 STATE RO 0x0 Control State Machine Status

This field shows the current status of the control state machine. Status
can be one of the following.
Value Description
0x0 Idle
0x1 Read Chan Control Data
Reading channel controller data.
0x2 Read Source End Ptr
Reading source end pointer.
0x3 Read Dest End Ptr
Reading destination end pointer.
Ox4 Read Source Data
Reading source data.
0x5 Write Dest Data
Writing destination data.
0x6 Wait for Req Clear
Waiting for DMA request to clear.
0x7 Write Chan Control Data
Writing channel controller data.
0x8 Stalled
0x9 Done
0xA-0xF Undefined

31 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.

0 MASTEN RO 0 Master Enable
This bit shows the status of the uDMA controller.
Value Description

0 Disabled
1 Enabled
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Register 5: DMA Configuration (DMACFG), offset 0x004
The DMACFG register controls the configuration of the uDMA controller.

DMA Configuration (DMACFG)

Base 0x400F.FO00
Offset 0x004
Type WO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 I I 1 I 1 I 1 I
reserved
1 1
Type WO WO wo WO wo WO wo WO wo WO WO WO WO wo WO wo
Reset - - - - - - - - - - - - - - - -
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1 1 1 I I I I 1 I 1
reserved MASTEN
1 1
Type WO WO WO WO WO WO WO WO WO WO WO WO WO WO WO WO
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Reset Description
31:1 reserved - 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 MASTEN - Controller Master Enable
This bit enables the uDMA controller.
Value Description
0 Disable
1 Enable
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Register 6: DMA Channel Control Base Pointer (DMACTLBASE), offset 0x008

The DMACTLBASE register must be configured so that the base pointer points to a location in
system memory.

The amount of system memory that must be assigned to the uDMA controller depends on the
number of DMA channels used and whether the alternate channel control data structure is used.
See “Channel Configuration” on page 230 for details about the Channel Control Table. The base
address must be aligned on a 1024-byte boundary. This register cannot be read when the uyDMA
controller is in the reset state.

DMA Channel Control Base Pointer (DMACTLBASE)

Base 0x400F.FO00
Offset 0x008
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I I I I I I 1 I
ADDR
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
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
T ) 1 1 1 1 1 ) 1 ) 1 I 1 I
ADDR reserved
1 1 1
Type  RW R/W RIW R/W RIW R/W 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
Bit/Field Name Type Reset Description
31:10 ADDR R/W 0x0000.00 Channel Control Base Address
This field contains the pointer to the base address of the channel control
table. The base address must be 1024-byte aligned.

9:0 reserved RO 0x00 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 7: DMA Alternate Channel Control Base Pointer (DMAALTBASE),

offset 0x00C

The DMAALTBASE register returns the base address of the alternate channel control data. This
register removes the necessity for application software to calculate the base address of the alternate
channel control structures. This register cannot be read when the uDMA controller is in the reset

state.

DMA Alternate Channel Control Base Pointer (DMAALTBASE)

Base 0x400F.FO00
Offset 0x00C
Type RO, reset 0x0000.0200
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 1 1
ADDR
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
ADDR
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 1 0 0 0 0 0 0 0 0 0
Bit/Field Name Reset Description
31:0 ADDR 0x0000.0200 Alternate Channel Address Pointer
This field provides the base address of the alternate channel control
structures.
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Register 8: DMA Channel Wait-on-Request Status (DMAWAITSTAT), offset
0x010

This read-only register indicates that the uDMA channel is waiting on a request. A peripheral can
pull this Low to hold off the uDMA from performing a single request until the peripheral is ready for
a burst request. The use of this feature is dependent on the design of the peripheral and is used to
enhance performance of the uDMA with that peripheral. This register cannot be read when the
MDMA controller is in the reset state.

DMA Channel Wait-on-Request Status (DMAWAITSTAT)

Base 0x400F.FO00
Offset 0x010
Type RO, 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 1
WAITREQ[n]
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
I I 1 I 1 I 1 I I I I I I 1 I
WAITREQ[n]
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
Bit/Field Name Type Reset Description
31:0 WAITREQ[n] RO 0x0000.0000 Channel [n] Wait Status
These bits provide the channel wait-on-request status. Bit O corresponds
to channel 0.
Value Description
1 The corresponding channel is waiting on a request.
0 The corresponding channel is not waiting on a request.
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Register 9: DMA Channel Software Request (DMASWREQ), offset 0x014

Each bit of the DMASWREQ register represents the corresponding uDMA channel. Setting a bit
generates a request for the specified uDMA channel.

DMA Channel Software Request (DMASWREQ)

Base 0x400F.FO00
Offset 0x014
Type WO, 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
SWREQ[n]
1 1 1
Type WO WO wo WO wo WO wo WO wo WO WO WO WO wo WO wo
Reset - - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
SWREQ[n]
1 1 1
Type WO WO wo WO wo WO WO WO WO WO WO WO WO wo WO wo
Reset - - - - - -
Bit/Field Name Type Reset Description
31:0 SWREQIn] \We] - Channel [n] Software Request
These bits generate software requests. Bit 0 corresponds to channel 0.
Value Description
1 Generate a software request for the corresponding channel.
0 No request generated.
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Register 10: DMA Channel Useburst Set (DMAUSEBURSTSET), offset 0x018

Each bit of the DMAUSEBURSTSET register represents the corresponding uDMA channel. Setting
a bit disables the channel's single request input from generating requests, configuring the channel
to only accept burst requests. Reading the register returns the status of USEBURST.

When there are fewer items remaining to transfer than the arbitration (burst) size, the uDMA controller
automatically clears the corresponding SET[n] bit, allowing the remaining items to transfer using
single requests. A bit should not be set if the corresponding peripheral does not support the burst
request model.

Refer to “Request Types” on page 229 for more details about request types.

Reads
DMA Channel Useburst Set (DMAUSEBURSTSET)
Base 0x400F.FO00
Offset 0x018
Type RO, 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 )
SETIn]
1 1 1
Type R R R R R R R R R R R R R R R R
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 1 1 1 1
SETn]
1 1 1
Type R R R R R R R R R R R R R R R R
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 SETI[n] R 0x00 Channel [n] Useburst Status
Returns the useburst status of channel [n].
Value Description
0 Single and Burst
MDMA channel [n] responds to single or burst requests.
1 Burst Only
MDMA channel [n] responds only to burst requests.
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Writes

DMA Channel Useburst Set (DMAUSEBURSTSET)

Base 0x400F.FO00
Offset 0x018
Type WO, 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
SET[n]
1 1
Type w w W w W w W w w w w W w W w W
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 I 1 1 1
SETn]
1 1
Type W w W w W W W w w W w W w W w W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 SET[n] w 0x00 Channel [n] Useburst Set
Sets useburst bit on channel [n]. Use the DMAUSEBURSTCLR register
to clear bit [n].
Value Description
0 No Effect
1 Burst Only
UDMA channel [n] responds only to burst requests.
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Register 11: DMA Channel Useburst Clear (DMAUSEBURSTCLR), offset 0x01C

Each bit of the DMAUSEBURSTCLR register represents the corresponding DMA channel. Writing
a 1 enables dma_sreq[n] to generate requests.

DMA Channel Useburst Clear (DMAUSEBURSTCLR)

Base 0x400F.FO00
Offset 0x01C
Type WO, 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 )
CLRIn]
1 1
Type WO WO ) WO ) WO e WO e WO WO WO WO ) WO )
Reset - - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1
CLRIn]
1 1
Type WO WO ) WO ) WO e WO ) WO ) WO WO e WO e
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 CLR[n] \We] - Channel [n] Useburst Clear

Clears useburst bit on channel [n].
Value Description
0 No Effect

Use the DMAUSEBURSTSET to set bit [n] to 1.
1 Single and Burst

DMA channel [n] responds to single and burst requests.
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Register 12: DMA Channel Request Mask Set (DMAREQMASKSET), offset

0x020

Each bit of the DMAREQMASKSET register represents the corresponding DMA channel. Writing
a 1 disables DMA requests for the channel. Reading the register returns the request mask status.
When a uDMA channel's request is masked, that means the peripheral can no longer request uDMA

transfers. The channel can then be used for software-initiated transfers.

Reads
DMA Channel Request Mask Set (DMAREQMASKSET)
Base 0x400F.FO00
Offset 0x020
Type RO, 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
SETn]
1
Type R R R R R R R R R R R R R R R R
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
I I 1 1 I 1 1 I
SET[n]
1
Type R R R R R R R R R R R R R R R R
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Reset Description
31:0 SETI[n] 0x00 Channel [n] Request Mask Status
Returns the channel request mask status.
Value Description
0 Enabled
External requests are not masked for channel [n].
1 Masked
External requests are masked for channel [n].
Writes
DMA Channel Request Mask Set (DMAREQMASKSET)
Base 0x400F.FO00
Offset 0x020
Type WO, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 1 I I 1 I
SET[n]
1
Type w w w w w w w w w w w w w w w W
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
SETn]
1
Type w w W w W w w w w w w W w W w W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Bit/Field Name Type Reset Description

31:0 SETI[n] W 0x00 Channel [n] Request Mask Set

Masks (disables) the corresponding channel [n] from generating DMA
requests.

Value Description
0 No Effect

Use the DMAREQMASKCLR register to clear the request mask.
1 Masked

Masks (disables) DMA requests on channel [n].
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Register 13: DMA Channel Request Mask Clear (DMAREQMASKCLR), offset

0x024

Each bit of the DMAREQMASKCLR register represents the corresponding DMA channel. Writing
a 1 clears the request mask for the channel, and enables the channel to receive DMA requests.

DMA Channel Request Mask Clear (DMAREQMASKCLR)

Base 0x400F.FO00
Offset 0x024
Type WO, 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
CLR[n]
1 1 1
Type WO WO ) 7o) e 7o) e ) e ) e WO 7o) WO 7o) WO
Reset - - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 ) 1 ) 1 1 1 ) 1 ) 1 ) 1 1
CLR[n]
1 1 1
Type WO WO ) WO ) WO ) WO e WO WO WO WO ) ) )
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 CLR[n] WO - Channel [n] Request Mask Clear

Set the appropriate bit to clear the DMA request mask for channel [n].
This will enable DMA requests for the channel.

Value Description
0 No Effect

Use the DMAREQMASKSET register to set the request mask.
1 Clear Mask

Clears the request mask for the DMA channel. This enables
DMA requests for the channel.
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Register 14: DMA Channel Enable Set (DMAENASET), offset 0x028

Each bit of the DMAENASET register represents the corresponding DMA channel. Writing a 1
enables the DMA channel. Reading the register returns the enable status of the channels. If a

channel is enabled but the request mask is set (DMAREQMASKSET), then the channel can be

used for software-initiated transfers.

Reads
DMA Channel Enable Set (DMAENASET)
Base 0x400F.FO00
Offset 0x028
Type RO, 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
SETIn]
1 1 1
Type R R R R R R R R R R R R R R R R
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 1 1
SETIn]
1 1 1
Type R R R R R R R R R R R R R R R R
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 SETI[n] R 0x00 Channel [n] Enable Status
Returns the enable status of the channels.
Value Description
0 Disabled
1 Enabled
Writes
DMA Channel Enable Set (DMAENASET)
Base 0x400F.FO00
Offset 0x028
Type WO, 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
SETIn]
1 1 1
Type W w W w W w w W w W w W w W w w
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
SETn]
1 1 1
Type W w W w w w w w w W w W w W w w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Bit/Field Name Type Reset Description

31:0 SET[n] w 0x00 Channel [n] Enable Set
Enables the corresponding channels.

The controller disables a channel when it completes the DMA
cycle.

Value Description
0 No Effect

Use the DMAENACLR register to disable a channel.
1 Enable

Enables channel [n].
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Register 15: DMA Channel Enable Clear (DMAENACLR), offset 0x02C

Each bit of the DMAENACLR register represents the corresponding DMA channel. Writing a 1
disables the specified DMA channel.

DMA Channel Enable Clear (DMAENACLR)

Base 0x400F.FO00
Offset 0x02C
Type WO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I I I I I I 1 I
CLRIn]
1 1 1
Type WO WO wo WO wo WO wo WO wo WO WO WO WO wo WO wo
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
CLRIn]
1 1 1
Type WO WO wo WO wo WO WO WO WO WO WO WO WO wo WO wo
Reset - - - - - -
Bit/Field Name Type Reset Description
31:0 CLR[n] WO - Clear Channel [n] Enable
Set the appropriate bit to disable the corresponding DMA channel.
The controller disables a channel when it completes the DMA
cycle.
Value Description
0 No Effect
Use the DMAENASET register to enable DMA channels.
1 Disable
Disables channel [n].
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Register 16: DMA Channel Primary Alternate Set (DMAALTSET), offset 0x030

Each bit of the DMAALTSET register represents the corresponding DMA channel. Writing a 1
configures the DMA channel to use the alternate control data structure. Reading the register returns
the status of which control data structure is in use for the corresponding DMA channel.

Reads
DMA Channel Primary Alternate Set (DMAALTSET)
Base 0x400F.FO00
Offset 0x030
Type RO, 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
SETIn]
1 1
Type R R R R R R R R R R R R R R R R
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 1 1
SETIn]
1 1
Type R R R R R R R R R R R R R R R R
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Reset Description
31:0 SETI[n] 0x00 Channel [n] Alternate Status
Returns the channel control data structure status.
Value Description
0 Primary
DMA channel [n] is using the primary control structure.
1 Alternate
DMA channel [n] is using the alternate control structure.
Writes

DMA Channel Primary Alternate Set (DMAALTSET)

Base 0x400F.FO00
Offset 0x030
Type WO, 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
SET[n]
1 1
Type w w w w w w w w w w w w w w w w
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
T T T T T T T T T T T T
SET[n]
1 1
Type w w w w w w w w w w w w w w w w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Bit/Field Name Type Reset Description

31:0 SET[n] w 0x00 Channel [n] Alternate Set

Selects the alternate channel control data structure for the corresponding
DMA channel.

For Ping-Pong and Scatter-Gather DMA cycle types, the
controller automatically sets these bits to select the alternate
channel control data structure.

Value Description
0 No Effect

Use the DMAALTCLR register to set bit [n] to 0.
1 Alternate

Selects the alternate control data structure for channel [n].
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DMA Channel Primary Alternate Clear (DMAALTCLR)

Register 17: DMA Channel Primary Alternate Clear (DMAALTCLR), offset
0x034

Each bit of the DMAALTCLR register represents the corresponding DMA channel. Writing a 1
configures the DMA channel to use the primary control data structure.

Base 0x400F.FO00
Offset 0x034
Type WO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 I 1 I 1 1 1 1
CLRIn]
1 1
Type WO WO WO WO WO WO WO WO WO WO WO WO WO WO WO WO
Reset - - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 I 1 I I I I 1 I
CLR[n]
1 1
Type WO WO wo WO wo WO wo WO wo WO ) WO WO wo WO wo
Reset - - - - - - - - - - - - - - - -
Bit/Field Name Reset Description
31:0 CLR[n] - Channel [n] Alternate Clear
Set the appropriate bit to select the primary control data structure for
the corresponding DMA channel.
For Ping-Pong and Scatter-Gather DMA cycle types, the
controller sets these bits to select the primary channel control
data structure.
Value Description
0 No Effect
Use the DMAALTSET register to select the alternate control
data structure.
1 Primary
Selects the primary control data structure for channel [n].
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Register 18: DMA Channel Priority Set (DMAPRIOSET), offset 0x038

Each bit of the DMAPRIOSET register represents the corresponding DMA channel. Writing a 1
configures the DMA channel to have a high priority level. Reading the register returns the status of

the channel priority mask.

Reads
DMA Channel Priority Set (DMAPRIOSET)
Base 0x400F.FO00
Offset 0x038
Type RO, 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 )
SETIn]
1 1
Type R R R R R R R R R R R R R R R R
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 1
SETIn]
1 1
Type R R R R R R R R R R R R R R R R
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:0 SETI[n] R 0x00 Channel [n] Priority Status
Returns the channel priority status.
Value Description
0 Default Priority
DMA channel [n] is using the default priority level.
1 High Priority
DMA channel [n] is using a High Priority level.
Writes
DMA Channel Priority Set (DMAPRIOSET)
Base 0x400F.FO00
Offset 0x038
Type WO, 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
SET[n]
1 1
Type W w W w w w w w w W w W w w w w
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 )
SETIn]
1 1
Type w w w w W w w W w W w W w W w w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
February 24, 2009 275

Preliminary



Micro Direct Memory Access (UDMA)

Bit/Field Name Type Reset Description

31:0 SET[n] w 0x00 Channel [n] Priority Set
Sets the channel priority to high.
Value Description
0 No Effect

Use the DMAPRIOCLR register to set channel [n] to the default
priority level.

1 High Priority
Sets DMA channel [n] to a High Priority level.
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Register 19: DMA Channel Priority Clear (DMAPRIOCLR), offset 0x03C

Each bit of the DMAPRIOCLR register represents the corresponding DMA channel. Writing a 1
configures the DMA channel to have the default priority level.

DMA Channel Priority Clear (DMAPRIOCLR)

Base 0x400F.FO00
Offset 0x03C
Type WO, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I 1 I 1 I 1 I I I I I I 1 I
CLRIn]
1 1 1
Type WO WO wo WO wo WO wo WO wo WO WO WO WO wo WO wo
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
CLRIn]
1 1 1
Type WO WO wo WO wo WO WO WO WO WO WO WO WO wo WO wo
Reset - - - - - -
Bit/Field Name Type Reset Description
31:0 CLR[n] WO - Channel [n] Priority Clear
Set the appropriate bit to clear the high priority level for the specified
DMA channel.
Value Description
0 No Effect
Use the DMAPRIOSET register to set channel [n] to the High
priority level.
1 Default Priority
Sets DMA channel [n] to a Default priority level.
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Register 20: DMA Bus Error Clear (DMAERRCLR), offset 0x04C

The DMAERRCLR register is used to read and clear the yDMA bus error status. The error status
is set if the uDMA controller encountered a bus error while performing a DMA transfer. If a bus error
occurs on a channel, that channel is automatically disabled by the uDMA controller. The other

channels are unaffected.

Reads
DMA Bus Error Clear (DMAERRCLR)
Base 0x400F.FO00
Offset 0x04C
Type RO, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 1 I I 1 I 1 I
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 I I I I 1
reserved ERRCLR
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO R
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Reset Description
31:1 reserved 0x00 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 ERRCLR 0 DMA Bus Error Status
Value Description
1 Low
No bus error is pending.
1 High
Bus error is pending.
Writes
DMA Bus Error Clear (DMAERRCLR)
Base 0x400F.FO00
Offset 0x04C
Type WO, 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
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 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 I 1
reserved ERRCLR
1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
278 February 24, 2009

Preliminary



LM3S9B95 Microcontroller

Bit/Field Name Type Reset Description

31:1 reserved RO 0x00 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 ERRCLR W 0 DMA Bus Error Clear

Clears the bus error.

Value Description
0 No Effect

Bus error status is unchanged.
1 Clear

Clears a pending bus error.
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Register 21: DMA Channel Alternate Select (DMACHALT), offset 0x500

Each bit of the DMACHALT register represents the corresponding uDMA channel. Setting a bit
selects the alternate channel assignment as specified in Table 8-1 on page 228.

DMA Channel Alternate Select (DMACHALT)

Base 0x400F.FO00
Offset 0x500
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
CHALTI[n]
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
Reset - - - - - - - - - - - - - - - -
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
CHALT][n]
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 - - - - - - - - - - - - - - - -
Bit/Field Name Type Reset Description
31:0 CHALTIN] R/W - Channel [n] Alternate Assignment Select
Value Description
0 Use the primary channel assignment.
1 Use the alternate channel assignment.
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Register 22: DMA Channel Interrupt Status (DMACHIS), offset 0x504

Each bit of the DMACHIS register represents the corresponding uDMA channel. A bit is set when
that uDMA channel causes an interrupt. The bits are sticky and cleared by a writing a 1.

DMA Channel Interrupt Status (DMACHIS)

Base 0x400F.FO00
Offset 0x504
Type R/W1C, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

1
CHIS[n]
1

Type RWIC R/MWIC R/WIC RW1IC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC R/W1IC
Reset - - - - - - - - - - - - - - - -

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

1
CHIS[n]
1

1 1
Type R/WIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC RWIC R/W1IC
Reset - - - - - - - - - - - - - - - -

Bit/Field Name Type Reset Description

31:0 CHISI[n] R/W1C - Channel [n] Interrupt Status
Aread of 1 indicates that channel caused an interrupt. Writing a 1 clears
the channel if an interrupt was set.
Value Description

1 When read, this bit indicates that the corresponding channel
caused an interrupt.

Writing a 1 clears the channel if an interrupt was set.

0 The corresponding channel has not caused an interrupt.
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Register 23: DMA Peripheral Identification 0 (DMAPeriphID0), offset 0XFEO

The DMAPeriphlDn registers are hard-coded, and the fields within the registers determine the reset

values.

DMA Peripheral Identification 0 (DMAPeriphIDO0)

Base 0x400F.FO00

Offset OXFEO
Type RO, reset 0x0000.0030
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I I 1 I 1 I
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 I 1 I 1 ) 1 ) T T
reserved PIDO
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 1 1 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.
7:0 PIDO RO 0x30 DMA Peripheral ID Register [7:0]
Can be used by software to identify the presence of this peripheral.
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Register 24: DMA Peripheral Identification 1 (DMAPeriphIlD1), offset 0OXxFE4

The DMAPeriphlDn registers are hard-coded, and the fields within the registers determine the reset

values.

DMA Peripheral Identification 1 (DMAPeriphID1)

Base 0x400F.FO00

Offset OXFE4
Type RO, reset 0x0000.00B2
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I I I 1 I 1 I
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 I 1 I 1 I ) 1 ) T T
reserved PID1
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 1 0 1 1 0 0 1 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.
7:0 PID1 RO 0xB2 DMA Peripheral ID Register[ 15:8]

Can be used by software to identify the presence of this peripheral.
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Register 25: DMA Peripheral Identification 2 (DMAPeriphlD2), offset 0xFE8

The DMAPeriphlDn registers are hard-coded, and the fields within the registers determine the reset

values.

DMA Peripheral Identification 2 (DMAPeriphID2)

Base 0x400F.FO00

Offset OXFE8
Type RO, reset 0x0000.000B
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I I 1 I 1 I
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 I 1 I 1 ) 1 ) T T
reserved PID2
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 1 0 1 1
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.
7:0 PID2 RO 0x0B DMA Peripheral ID Register [23:16]
Can be used by software to identify the presence of this peripheral.
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Register 26: DMA Peripheral Identification 3 (DMAPeriphlD3), offset OXFEC

The DMAPeriphIDn registers are hard-coded and the fields within the registers determine the reset

values.

DMA Peripheral Identification 3 (DMAPeriphID3)

Base 0x400F.FO00

Offset OXFEC
Type RO, reset 0x0000.0000
31 30
T
Type RO RO
Reset 0
15 14
T
Type RO RO
Reset 0

Bit/Field

31:8

7:0

0x0000.00

24 23
T
reserved
1
RO RO
0 0
8 7
RO RO
0 0
Description

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.

DMA Peripheral ID Register [31:24]

Can be used by software to identify the presence of this peripheral.
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Register 27: DMA Peripheral Identification 4 (DMAPeriphlD4), offset 0xFD0

The DMAPeriphlDn registers are hard-coded, and the fields within the registers determine the reset

values.

DMA Peripheral Identification 4 (DMAPeriphlD4)

Base 0x400F.FO00

Offset 0xFDO
Type RO, reset 0x0000.0004
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I I 1 I 1 I
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 I 1 I 1 ) 1 ) T T
reserved PID4
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 1 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.
7:0 PID4 RO 0x04 DMA Peripheral ID Register
Can be used by software to identify the presence of this peripheral.
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Register 28: DMA PrimeCell Identification 0 (DMAPCelllD0), offset OxFF0

The DMAPCellIDn registers are hard-coded, and the fields within the registers determine the reset

values.

DMA PrimeCell Identification 0 (DMAPCelllDO0)

Base 0x400F.FO00

Offset OxFFO
Type RO, reset 0x0000.000D
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I
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 I 1 I 1 I 1 ) 1 ) T T
reserved CIDO
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 1 1 0 1
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.
7:0 CIDO RO 0x0D DMA PrimeCell ID Register [7:0]

Provides software a standard cross-peripheral identification system.
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Register 29: DMA PrimeCell Identification 1 (DMAPCelllD1), offset 0xFF4

The DMAPCellIDn registers are hard-coded, and the fields within the registers determine the reset

values.

DMA PrimeCell Identification 1 (DMAPCelllD1)

Base 0x400F.FO00

Offset OxFF4
Type RO, reset 0x0000.00F0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I
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 I 1 I 1 I 1 ) 1 ) T T
reserved CID1
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 1 1 1 1 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.
7:0 CID1 RO 0xFO DMA PrimeCell ID Register [15:8]
Provides software a standard cross-peripheral identification system.
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Register 30: DMA PrimeCell Identification 2 (DMAPCelllD2), offset OxFF8

The DMAPCellIDn registers are hard-coded, and the fields within the registers determine the reset

values.

DMA PrimeCell Identification 2 (DMAPCelllD2)

Base 0x400F.FO00

Offset OxFF8
Type RO, reset 0x0000.0005
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I I I 1 I 1 I
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 I 1 I 1 I ) 1 ) T T
reserved CID2
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 1 0 1
Bit/Field Name Type Reset Description
31:8 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
7:0 CID2 RO 0x05 DMA PrimeCell ID Register [23:16]

Provides software a standard cross-peripheral identification system.
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Register 31: DMA PrimeCell Identification 3 (DMAPCelllD3), offset OXFFC

The DMAPCellIDn registers are hard-coded, and the fields within the registers determine the reset

values.

DMA PrimeCell Identification 3 (DMAPCelllD3)

Base 0x400F.FO00

Offset OXFFC
Type RO, reset 0x0000.00B1
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I I 1 I 1 I
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 I 1 I 1 ) 1 ) T T
reserved CID3
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 1 0 1 1 0 0 0 1
Bit/Field Name Type Reset Description
31:8 reserved RO 0x00 Software should not rely on the value of a reserved bit. To provide
compatibility with future products, the value of a reserved bit should be
preserved across a read-modify-write operation.
7:0 CID3 RO 0xB1 DMA PrimeCell ID Register [31:24]
Provides software a standard cross-peripheral identification system.
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The GPIO module is composed of nine physical GPIO blocks, each corresponding to an individual
GPIO port (Port A, Port B, Port C, Port D, Port E, Port F, Port G, Port H, Port J). The GPIO module
supports 0-65 programmable input/output pins, depending on the peripherals being used.

The GPIO module has the following features:
0-65 GPI1O0s, depending on configuration
Highly flexible pin muxing allows use as GPIO or one of several peripheral functions
5-V-tolerant input/outputs
Fast toggle capable of a change every two clock cycles

Two means of port access: either Advanced Host Bus (AHB) with better back-to-back access
performance, or the legacy Advanced Peripheral Bus (APB) for backwards-compatibility with
existing code

Programmable control for GPIO interrupts

Interrupt generation masking

Edge-triggered on rising, falling, or both

Level-sensitive on High or Low values
Bit masking in both read and write operations through address lines
Can be used to initiate an ADC sample sequence
Pins configured as digital inputs are Schmitt-triggered
Programmable control for GPIO pad configuration

Weak pull-up or pull-down resistors

2-mA, 4-mA, and 8-mA pad drive for digital communication; up to four pads can be configured
with an 18-mA pad drive for high-current applications

Slew rate control for the 8-mA drive
Open drain enables

Digital input enables

9.1 Functional Description

All GPIO pins are configured as GPIOs and tri-stated by default (GPIOAFSEL=0,
GPIODEN=0, GPIOPDR=0, and GPIOPUR=0) with the exception of the pins shown in
Table 9-1. A Power-On-Reset (POR) or asserting RST puts the pins back to their default
state.
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Table 9-1. GPIO Pins With Non-Zero Reset Values

GPIO Pins | Default State | GPIOAFSEL | GPIODEN |GPIOPDR | GPIOPUR |GPIOPCTL
PA[1:0] UARTO 1 1 0 0 ox1
PA[5:2] SSI0 1 1 0 0 ox1
PB[3:2] 12C0O 1 1 0 0 0x1
PC[3:0] JTAG 1 1 0 1 0x3

Each GPIO port is a separate hardware instantiation of the same physical block (see Figure

9-1 on page 292 and Figure 9-2 on page 293). The LM3S9B95 microcontroller contains nine ports
and thus nine of these physical GPIO blocks. Some GPIO pins can function as I/O signals for the
on-chip peripheral modules. For information on which GPIO pins are used for alternate hardware
functions, refer to Table 25-5 on page 991.

Figure 9-1. Digital /0 Pads

Port ((::omtmilt Mode
Control ontro Control
GPIOLOCK
GPIOPCTL GPIOCR GPIOAFSEL
Periph 0 Alternate Input o
= Alternate Output E Pad Input
C| Alternate Output Enable c
x — X
I Digital Package 1/0 Pin
= Pad Output /o
c
Pad
Data . GPIO Input » X
Control GPIO Output l; Pad Output
GPIODATA <| Enable
GPIO Output Enabl
GPIODIR weu ° =
I~
Interrupt Pad
Control Control
GPIOIS GPIODR2R
Interrupt
L MemuPY TEPIOIBE | | GPIODR4R
GPIOIEV GPIODR8R
GPIOIM GPIOSLR
GPIORIS GPIOPUR
GPIOMIS GPIOPDR
GPIOICR GPIOODR
GPIODEN
Identification Registers
GPIOPeriphIDO0 | | GPIOPeriphlD4 GPIOPCelllDO
GPIOPeriphID1 | [ GPIOPeriphID5 | | GPIOPCelllD1
GPIOPeriphID2 | [ GPIOPeriphID6 | | GPIOPCelllD2
GPIOPeriphID3 | [ GPIOPeriphID7 | | GPIOPCelllD3
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Figure 9-2. Analog/Digital I/0 Pads

Port Commit Mode
Control Control Control
GPIOLOCK
oo 1
M Alternate Input o
E Pad Input
= Alternate Output g
E Alternate Output Enable —
1
L g pad Output Anz:;ggll:,glgltal Package I/0 Pin
Data GPIO Input .
Control
GPIO Output I
GPIODATA Z| Pad Output Enable
GPIODIR GPIO Output Enable S
L
Interrupt Pad
Control Control
GPIOIS GPIODR2R
GPIOIBE GPIODR4R
1Interrupt GPIOIEV GPIODRSR
GPIOIM GPIOSLR
GPIORIS GPIOPUR
GPIOMIS GPIOPDR
GPIOICR GPIOODR
GPIODEN
GPIOAMSEL 1
Analog Circuitry
Identification Registers
ADC
GPIOPeriphlDO | | GPIOPeriphID4 GPIOPCellIDO g‘o’kgf’?ﬂ%{iﬁ | | Isolation
GPIOPeriphID1 | | GPIOPeriphID5 | | GPIOPCelliD1 PortD[7:0] pins that Circuit
GPIOPeriphlD2 | | GPIOPeriphlD6 GPIOPCelllD2 connect to the ADC
GPIOPeriphID3 | [ GPIOPeriphiD7 | [ GPIOPCelliD3 input MUX)

9.1.1

9.1.1.1

Data Control

The data control registers allow software to configure the operational modes of the GPIOs. The data
direction register configures the GPIO as an input or an output while the data register either captures
incoming data or drives it out to the pads.

Caution — It is possible to create a software sequence that prevents the debugger from connecting to
the Stellaris® microcontroller. If the program code loaded into flash immediately changes the JTAG
pins to their GPIO functionality, the debugger may not have enough time to connect and halt the
controller before the JTAG pin functionality switches. As a result, the debugger may be locked out of
the part. This issue can be avoided with a software routine that restores JTAG functionality based on
an external or software trigger.

Data Direction Operation

The GPIO Direction (GPIODIR) register (see page 302) is used to configure each individual pin as
an input or output. When the data direction bit is cleared, the GPIO is configured as an input, and
the corresponding data register bit captures and stores the value on the GPIO port. When the data
direction bit is set, the GPIO is configured as an output, and the corresponding data register bit is
driven out on the GPIO port.
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9.1.1.2 Data Register Operation
To aid in the efficiency of software, the GPIO ports allow for the modification of individual bits in the
GPIO Data (GPIODATA) register (see page 301) by using bits [9:2] of the address bus as a mask.
In this manner, software drivers can modify individual GPIO pins in a single instruction without
affecting the state of the other pins. This method is more efficient than the conventional method of
performing a read-modify-write operation to set or clear an individual GPIO pin. To implement this
feature, the GPIODATA register covers 256 locations in the memory map.
During a write, if the address bit associated with that data bit is set, the value of the GPIODATA
register is altered. If the address bit is cleared, the data bit is left unchanged.
For example, writing a value of OxEB to the address GPIODATA + 0x098 has the results shown in
Figure 9-3, where u indicates that data is unchanged by the write.
Figure 9-3. GPIODATA Write Example
ADDR[9:2] 9 8 7 6 5 4 3 2 1 0
0x098 [o o[ 1[ofo[1]1]o]0]0
A A A A A A A A
OXEB | 1]1]1]o|1]o]1]1]
GPIODATA |u|u|1]u]ulo]1]u]
7 6 5 4 3 2 10
During a read, if the address bit associated with the data bit is set, the value is read. If the address
bit associated with the data bit is cleared, the data bit is read as a zero, regardless of its actual
value. For example, reading address GPIODATA + 0x0C4 yields as shown in Figure 9-4.
Figure 9-4. GPIODATA Read Example
ADDR[9:2] 9 8 7 6 5 4 3 2 1 0
0x0C4 [o]o[1[1]o]ofo[1]0]0
GPIODATA |1]o|1[1]1][1][1]0]
Returned Value [0 |o|1[1]0]o o]0
7 6 5 4 3
9.1.2 Interrupt Control
The interrupt capabilities of each GPIO port are controlled by a set of seven registers. These registers
are used to select the source of the interrupt, its polarity, and the edge properties. When one or
more GPIO inputs cause an interrupt, a single interrupt output is sent to the interrupt controller for
the entire GPIO port. For edge-triggered interrupts, software must clear the interrupt to enable any
further interrupts. For a level-sensitive interrupt, the external source must hold the level constant
for the interrupt to be recognized by the controller.
Three registers define the edge or sense that causes interrupts:
GPIO Interrupt Sense (GPIOIS) register (see page 303)
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9.1.3

9.1.4

GPIO Interrupt Both Edges (GPIOIBE) register (see page 304)
GPIO Interrupt Event (GPIOIEV) register (see page 305)

Interrupts are enabled/disabled via the GPIO Interrupt Mask (GPIOIM) register (see page 306).

When an interrupt condition occurs, the state of the interrupt signal can be viewed in two locations:
the GPIO Raw Interrupt Status (GPIORIS) and GPIO Masked Interrupt Status (GPIOMIS) registers
(see page 307 and page 308). As the name implies, the GPIOMIS register only shows interrupt
conditions that are allowed to be passed to the interrupt controller. The GPIORIS register indicates
that a GPIO pin meets the conditions for an interrupt, but has not necessarily been sent to the
interrupt controller.

In addition to providing GPIO functionality, PB4 can also be used as an external trigger for the ADC.
If PB4 is configured as a non-masked interrupt pin (the appropriate bit of GP10IM is set), an interrupt
for Port B is generated, and an external trigger signal is sent to the ADC. If the ADC Event
Multiplexer Select (ADCEMUX) register is configured to use the external trigger, an ADC conversion
is initiated. See page 477.

If no other Port B pins are being used to generate interrupts, the ARM Integrated Nested Vectored
Interrupt Controller (NVIC) Interrupt Set Enable (SETNA) register can disable the Port B interrupts,
and the ADC interrupt can be used to read back the converted data. Otherwise, the Port B interrupt
handler must ignore and clear interrupts on PB4 and wait for the ADC interrupt, or the ADC interrupt
must be disabled in the SETNA register and the Port B interrupt handler must poll the ADC registers
until the conversion is completed. See the ARM® Cortex™-M3 Technical Reference Manual for
more information.

Interrupts are cleared by writing a 1 to the appropriate bit of the GPIO Interrupt Clear (GPIOICR)
register (see page 310).

When programming the interrupt control registers (GPIOIS, GPIOIBE, or GPIOIEV), the interrupts
should be masked (GPIOIM cleared). Writing any value to an interrupt control register can generate
a spurious interrupt if the corresponding bits are enabled.

Mode Control

The GPIO pins can be controlled by either software or hardware. Software control is the default for
most signals and corresponds to the GPIO mode, where the GPIODATA register is used to read
or write the corresponding pins. When hardware control is enabled via the GPIO Alternate Function
Select (GPIOAFSEL) register (see page 311), the pin state is controlled by its alternate function
(that is, the peripheral).

Further pin muxing options are provided through the GPIO Port Control (GPIOPCTL) register which
selects one of several peripheral functions for each GPIO. For information on the configuration
options, refer to Table 25-5 on page 991.

If any pin is to be used as an ADC input, the appropriate bit in the GPIOAMSEL register
must be set to disable the analog isolation circuit.

Commit Control

The GPIO commit control registers provide a layer of protection against accidental programming of
critical hardware peripherals. Protection is currently provided for the NMI pin (PB7) and the four
JTAG/SWD pins (PC[3:0]). Writes to protected bits of the GPIOAFSEL register, GPIOPUR register,
GPIO Pull-Down Select (GPIOPDR) register (see page 319), and GPIODEN register are not
committed to storage unless the GPIO Lock (GPIOLOCK) register (see page 323) has been unlocked
and the appropriate bits of the GPIO Commit (GPIOCR) register (see page 324) have been set.
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9.1.5

9.1.6

9.2

Pad Control

The pad control registers allow software to configure the GPIO pads based on the application
requirements. The pad control registers include the GPIODR2R, GPIODR4R, GPIODRSR, GPIOODR,
GPIOPUR, GPIOPDR, GPIOSLR, and GPIODEN registers. These registers control drive strength,
open-drain configuration, pull-up and pull-down resistors, slew-rate control and digital input enable
for each GPIO.

For special high-current applications, the GPIO output buffers may be used with the following
restrictions. With the GPIO pins configured as 8-mA output drivers, a total of four GPIO outputs may
be used to sink current loads up to 18 mA each. At 18-mA sink current loading, the Vg, value is
specified as 1.2 V. The high-current GPIO package pins must be selected such that there are only
a maximum of two per side of the physical package with the total number of high-current GPIO
outputs not exceeding four for the entire package.

Identification

The identification registers configured at reset allow software to detect and identify the module as
a GPIO block. The identification registers include the GPIOPeriphID0-GPIOPeriphlD7 registers as
well as the GPIOPCellID0-GPIOPCelllD3 registers.

Initialization and Configuration

The GPIO modules may be accessed via two different memory apertures. The legacy aperture, the
Advanced Peripheral Bus (APB), is backwards-compatible with previous Stellaris® parts. The other
aperture, the Advanced Host Bus (AHB), offers the same register map but provides better
back-to-back access performance than the APB bus. These apertures are mutually exclusive. The
aperture enabled for a given GPIO port is controlled by the appropriate bit in the GPIOHBCTL
register (see page 119).

To use the pins in a particular GPIO port, the clock for the port must be enabled by setting the
appropriate GPIO Port bit field (GP10n) in the RCGC2 register (see page 179).

On reset, all GPIO pins are configured out of reset to be undriven (tristate): GPIOAFSEL=0,
GPIODEN=0, GPIOPDR=0, and GPIOPUR=0, except for the pins shown in Table 9-1 on page 292.
Table 9-2 on page 296 shows all possible configurations of the GPIO pads and the control register
settings required to achieve them. Table 9-3 on page 297 shows how a rising edge interrupt is
configured for pin 2 of a GPIO port.

Table 9-2. GPIO Pad Configuration Examples

Configuration GPIO Register Bit Value®

AFSEL |DIR ODR DEN PUR PDR DR2R DR4R DR8R SLR
Digital Input (GPIO) 0 0 0 1 ? ? X X X X
Digital Output (GPIO) 0 1 0 1 ? ? ? ? ? ?
Open Drain Input 0 0 1 1 X X X X X X
(GPIO)
Open Drain Output 0 1 1 1 X X ? ? ? ?
(GPIO)
Open Drain 1 X 1 1 X X ? ? ? ?
Input/Output (12C)
Digital Input (Timer 1 X 0 1 ? ? X X X X
CCP)
Digital Input (QEI) 1 X 0 1 ? ? X X X X
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Configuration GPIO Register Bit Value®

AFSEL |DIR ODR DEN PUR PDR DR2R DR4R DR8R SLR
Digital Output (PWM) 1 X 0 1 ? ? ? ? ? ?
Digital Output (Timer 1 X 0 1 ? ? ? ? ? ?
PWM)
Digital Input/Output 1 X 0 1 ? ? ? ? ? ?
(SSl)
Digital Input/Output 1 X 0 1 ? ? ? ? ? ?
(UART)
Analog Input 0 0 0 0 0 0 X X X X
(Comparator)
Digital Output 1 X 0 1 ? ? ? ? ? ?
(Comparator)

a. X=Ignored (don’t care

bit)

?=Can be either 0 or 1, depending on the configuration

Table 9-3. GPIO Interrupt Configuration Example

Register Desired
Interrupt
Event
Trigger

Pin 2 Bit Value®
7 6 5 4 3 2 1 (i}

1=level

GPIOIS O=edge X X X X X 0 X X

edge

1=both
edges

GPIOIBE O=single X X X X X 0 X X

edge

edge

GPIOIEV 0=Low level, X X X X X 1 X X
or falling

1=High level,
or rising

1=not

GPIOIM O0=masked 0 0 0 0 0 1 0 0

masked

a. X=Ignored (don’t care bit)

9.3 Regi

ster Map

Table 9-5 on page 299 lists the GPIO registers. Each GPIO port can be accessed through one of
two bus apertures. The legacy aperture, the Advanced Peripheral Bus (APB), is backwards-compatible

with pr

evious Stellaris® parts. The other aperture, the Advanced Host Bus (AHB), offers the same

register map but provides better back-to-back access performance than the APB bus.

The GPIO registers in this chapter are duplicated in each GPIO block; however,
depending on the block, all eight bits may not be connected to a GPIO pad. In those
cases, writing to unconnected bits has no effect, and reading unconnected bits returns
no meaningful data.
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The offset listed is a hexadecimal increment to the register’s address, relative to that GPIO port’s
base address:

GPIO Port A (APB): 0x4000.4000
GPIO Port A (AHB): 0x4005.8000
GPIO Port B (APB): 0x4000.5000
GPIO Port B (AHB): 0x4005.9000
GPIO Port C (APB): 0x4000.6000
GPIO Port C (AHB): 0x4005.A000
GPIO Port D (APB): 0x4000.7000
GPIO Port D (AHB): 0x4005.B000
GPIO Port E (APB): 0x4002.4000
GPIO Port E (AHB): 0x4005.C000
GPIO Port F (APB): 0x4002.5000

GPIO Port F (AHB): 0x4005.D000
GPIO Port G (APB): 0x4002.6000
GPIO Port G (AHB): 0x4005.E000
GPIO Port H (APB): 0x4002.7000
GPIO Port H (AHB): 0x4005.F000
GPIO Port J (APB): 0x4003.D000

GPIO Port J (AHB): 0x4006.0000

Note that each GPIO module clock must be enabled before the registers can be programmed (see
page 179).

All GPIO pins are configured as GPIOs and tri-stated by default (GPIOAFSEL=0,

GPIODEN=0, GPIOPDR=0, and GPIOPUR=0) with the exception of the pins shown in
Table 9-1. A Power-On-Reset (POR) or asserting RST puts the pins back to their default

state.

Table 9-4. GPIO Pins With Non-Zero Reset Values

GPIO Pins | Default State |GPIOAFSEL |GPIODEN | GPIOPDR | GPIOPUR | GPIOPCTL
PA[1:0] UARTO 1 1 0 0 ox1
PA[5:2] SSI0 1 1 0 0 ox1
PB[3:2] 2CO 1 1 0 0 ox1
PC[3:0] JTAG 1 1 0 1 0x3

The default register type for the GPIOCR register is RO for all GPIO pins with the exception
of the NM1I pin and the four JTAG/SWD pins (PB7 and PC[3:0]). These five pins are
currently the only GPIOs that are protected by the GPIOCR register. Because of this, the
register type for GPIO Port B7 and GPIO Port C[3:0] is R/W.

The default reset value for the GPIOCR register is 0x0000.00FF for all GPIO pins, with the
exception of the NMI pin and the four JTAG/SWD pins (PB7 and PC[3:0]). To ensure that
the JTAG port is not accidentally programmed as a GPIO, these four pins default to
non-committable. To ensure that the NMI pin is not accidentally programmed as the
non-maskable interrupt pin, it defaults to non-committable. Because of this, the default reset
value of GPIOCR for GPIO Port B is 0x0000.007F while the default reset value of GPIOCR
for Port C is 0x0000.00FO0.

298

February 24, 2009
Preliminary



LM3S9B95 Microcontroller

Table 9-5. GPIO Register Map

Offset Name Type Reset Description ;ZZ
0x000 = GPIODATA R/W 0x0000.0000 GPIO Data 301
0x400 | GPIODIR R/W 0x0000.0000 GPIO Direction 302
0x404  GPIOIS R/W 0x0000.0000 GPIO Interrupt Sense 303
0x408 | GPIOIBE R/W 0x0000.0000 GPIO Interrupt Both Edges 304
0x40C | GPIOIEV R/W 0x0000.0000 GPIO Interrupt Event 305
0x410 | GPIOIM R/W 0x0000.0000 GPIO Interrupt Mask 306
0x414 GPIORIS RO 0x0000.0000 GPIO Raw Interrupt Status 307
0x418  GPIOMIS RO 0x0000.0000 GPIO Masked Interrupt Status 308
0x41C | GPIOICR w1C 0x0000.0000 GPIO Interrupt Clear 310
0x420 GPIOAFSEL R/W - GPIO Alternate Function Select 311
0x500  GPIODR2R R/W 0x0000.00FF GPIO 2-mA Drive Select 313
0x504 | GPIODR4R R/W 0x0000.0000 GPIO 4-mA Drive Select 314
0x508 | GPIODR8R R/W 0x0000.0000 GPIO 8-mA Drive Select 315
0x50C  GPIOODR R/W 0x0000.0000 GPIO Open Drain Select 316
0x510 | GPIOPUR R/W - GPIO Pull-Up Select 317
0x514 | GPIOPDR R/W 0x0000.0000 GPIO Pull-Down Select 319
0x518  GPIOSLR R/W 0x0000.0000 GPIO Slew Rate Control Select 320
0x51C | GPIODEN R/W - GPIO Digital Enable 321
0x520 | GPIOLOCK R/W 0x0000.0001 GPIO Lock 323
0x524  GPIOCR - - GPIO Commit 324
0x528  GPIOAMSEL R/W 0x0000.0000 GPIO Analog Mode Select 326
0x52C | GPIOPCTL R/W - GPIO Port Control 328
O0xFDO | GPIOPeriphiD4 RO 0x0000.0000 GPIO Peripheral Identification 4 330
0xFD4 | GPIOPeriphlD5 RO 0x0000.0000 GPIO Peripheral Identification 5 331
0xFD8 | GPIOPeriphlD6 RO 0x0000.0000 GPIO Peripheral Identification 6 332
0xFDC | GPIOPeriphlD7 RO 0x0000.0000 GPIO Peripheral Identification 7 333
OxFEO | GPIOPeriphlDO RO 0x0000.0061 GPIO Peripheral Identification 0 334
OxFE4 | GPIOPeriphID1 RO 0x0000.0000 GPIO Peripheral Identification 1 335
OXFE8  GPIOPeriphiD2 RO 0x0000.0018 GPIO Peripheral Identification 2 336
OxFEC | GPIOPeriphiD3 RO 0x0000.0001 GPIO Peripheral Identification 3 337
OxFFO | GPIOPCelllDO RO 0x0000.000D GPIO PrimeCell Identification O 338
OxFF4 | GPIOPCelllD1 RO 0x0000.00F0 GPIO PrimeCell Identification 1 339
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Offset Name Type Reset Description =22
page
OxFF8 | GPIOPCelllD2 RO 0x0000.0005 GPIO PrimeCell Identification 2 340
OXFFC | GPIOPCelllD3 RO 0x0000.00B1 GPIO PrimeCell Identification 3 341
94 Register Descriptions
The remainder of this section lists and describes the GPIO registers, in numerical order by address
offset.
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Register 1: GPIO Data (GPIODATA), offset 0x000

The GPIODATA register is the data register. In software control mode, values written in the
GPIODATA register are transferred onto the GPIO port pins if the respective pins have been
configured as outputs through the GPIO Direction (GPIODIR) register (see page 302).

In order to write to GPIODATA, the corresponding bits in the mask, resulting from the address bus
bits [9:2], must be set. Otherwise, the bit values remain unchanged by the write.

Similarly, the values read from this register are determined for each bit by the mask bit derived from
the address used to access the data register, bits [9:2]. Bits that are set in the address mask cause
the corresponding bits in GPIODATA to be read, and bits that are clear in the address mask cause
the corresponding bits in GPIODATA to be read as 0, regardless of their value.

A read from GPIODATA returns the last bit value written if the respective pins are configured as
outputs, or it returns the value on the corresponding input pin when these are configured as inputs.
All bits are cleared by a reset.

GPIO Data (GPIODATA)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x000
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 1 10 9 8 7 6 5 4 3 2 1 0
I 1 I 1 I 1 I I I I I 1 I
reserved DATA
1 1
Type RO RO RO RO RO RO RO RO RIW RIW R/W RIW R/W RIW 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
31:8 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.
7:0 DATA R/wW 0x00 GPIO Data
This register is virtually mapped to 256 locations in the address space.
To facilitate the reading and writing of data to these registers by
independent drivers, the data read from and written to the registers are
masked by the eight address lines [9:2]. Reads from this register return
its current state. Writes to this register only affect bits that are not masked
by ADDR[9:2] and are configured as outputs. See “Data Register
Operation” on page 294 for examples of reads and writes.
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Register 2: GPIO Direction (GPIODIR), offset 0x400

The GPIODIR register is the data direction register. Setting a bit in the GPIODIR register configures
the corresponding pin to be an output, while clearing a bit configures the corresponding pin to be
an input. All bits are cleared by a reset, meaning all GPIO pins are inputs by default.

GPIO Direction (GPIODIR)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x400

Type R/W, reset 0x0000.0000

31 30 29 28
T T T
Type RO RO RO RO
Reset 0 0 0 0
15 14 13 12
T T T
Type RO RO RO RO
Reset 0 0 0 0
Bit/Field Name
31:8 reserved
70 DIR

0x0000.00

24 23
1 1
reserved
1
RO RO
0 0
8 7
1
RO R/W
0 0
Description

18 17 16
1 1
RO RO RO
0 0 0
2 1 0
1 I
R/W R/W R/W
0 0 0

Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be

preserved across a read-modify-write operation.
GPIO Data Direction

Value Description
0 Corresponding pin is an input.

1  Corresponding pins is an output.
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Register 3: GPIO Interrupt Sense (GPIOIS), offset 0x404

The GPIOIS register is the interrupt sense register. Setting a bit in the GPIOIS register configures
the corresponding pin to detect levels, while clearing a bit configures the corresponding pin to detect
edges. All bits are cleared by a reset.

GPIO Interrupt Sense (GPIOIS)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x404
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 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 I 1 I 1 I 1 1 I I I I 1 I
reserved IS
1 1
Type RO RO RO RO RO RO RO RO RIW RIW R/W RIW R/W RIW 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
31:8 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.
7:0 1S R/W 0x00 GPIO Interrupt Sense
Value Description
0 The edge on the corresponding pin is detected (edge-sensitive).
1 Thelevel on the corresponding pin is detected (level-sensitive).
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Register 4: GPIO Interrupt Both Edges (GPIOIBE), offset 0x408

The GPIOIBE register allows both edges to cause interrupts. When the corresponding bit in the
GPIO Interrupt Sense (GPIOIS) register (see page 303) is set to detect edges, setting a bit in the
GPIOIBE register configures the corresponding pin to detect both rising and falling edges, regardless
of the corresponding bit in the GPIO Interrupt Event (GPIOIEV) register (see page 305). Clearing
a bit configures the pin to be controlled by the GPIOIEV register. All bits are cleared by a reset.

GPIO Interrupt Both Edges (GPIOIBE)

GPIO Port A (APB) base:
GPIO Port A (AHB) base:
GPIO Port B (APB) base:
GPIO Port B (AHB) base:
GPIO Port C (APB) base:
GPIO Port C (AHB) base:
GPIO Port D (APB) base:
GPIO Port D (AHB) base:
GPIO Port E (APB) base:
GPIO Port E (AHB) base:

0x4000.4000
0x4005.8000
0x4000.5000
0x4005.9000
0x4000.6000
0x4005.A000
0x4000.7000
0x4005.8000
0x4002.4000
0x4005.C000

GPIO Port F (APB) base: 0x4002.5000

GPIO Port F (AHB) base:
GPIO Port G (APB) base:

GPIO Port G (AHB) base:

GPIO Port H (APB) base:
GPIO Port H (AHB) base:

0x4005.D000
0x4002.6000
0x4005.E000
0x4002.7000
0x4005.FO00

GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x408

Type R/W, reset 0x0000.0000

31 30

29 28 27

26 25 24 23 22 21 20 19 18

1 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 I 1 I 1 I 1 I I I I I 1 I
reserved IBE
1 1
Type RO RO RO RO RO RO RO RO RIW RIW R/W RIW R/W RIW 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
31:8 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.
7:0 IBE R/W 0x00 GPIO Interrupt Both Edges
Value Description
0 Interrupt generation is controlled by the GPIO Interrupt Event
(GPIOIEV) register (see page 305).
1  Both edges on the corresponding pin trigger an interrupt.
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Register 5: GPIO Interrupt Event (GPIOIEV), offset 0x40C

The GPIOIEV register is the interrupt event register. Setting a bit in the GPIOIEV register configures
the corresponding pin to detect rising edges or high levels, depending on the corresponding bit
value in the GPIO Interrupt Sense (GPIOIS) register (see page 303). Clearing a bit configures the
pin to detect falling edges or low levels, depending on the corresponding bit value in the GPIOIS
register. All bits are cleared by a reset.

GPIO Interrupt Event (GPIOIEV)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x40C
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 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 1 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I 1 I 1 I I I I I 1 I
reserved IEV
1 1
Type RO RO RO RO RO RO RO RO RIW RIW R/W RIW R/W RIW 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
31:8 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.
7:0 IEV R/W 0x00 GPIO Interrupt Event
Value Description
0 Afalling edge or a Low level on the corresponding pin triggers
an interrupt.
1 Arising edge or a High level on the corresponding pin triggers
an interrupt.
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Register 6: GPIO Interrupt Mask (GPIOIM), offset 0x410

The GPIOIM register is the interrupt mask register. Setting a bit in the GPIOIM register allows
interrupts that are generated by the corresponding pin to be sent to the interrupt controller on the

combined interrupt signal. Clearing a

bit prevents an interrupt on the corresponding pin from being

sent to the interrupt controller. All bits are cleared by a reset.

GPIO Interrupt Mask (GPIOIM)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x410

Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25

24 23 22 21 20 19 18

1 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 I 1 I 1 I 1 1 I I I I 1 I
reserved IME
1 1
Type RO RO RO RO RO RO RO RO RIW RIW R/W RIW R/W RIW 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
31:8 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.
7:0 IME R/W 0x00 GPIO Interrupt Mask Enable
Value Description
0  The interrupt from the corresponding pin is masked.
1 The interrupt from the corresponding pin is sent to the interrupt
controller.
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Register 7: GPIO Raw Interrupt Status (GPIORIS), offset 0x414

The GPIORIS register is the raw interrupt status register. A bit in this register is set when an interrupt
condition occurs on the corresponding GPIO pin. If the corresponding bit in the GPIO Interrupt
Mask (GPIOIM) register (see page 306) is set, the interrupt is sent to the interrupt controller. Bits
read as zero indicate that corresponding input pins have not initiated an interrupt. A bit in this register
can be cleared by writing a 1 to the corresponding bit in the GPIO Interrupt Clear (GPIOICR)
register.

GPIO Raw Interrupt Status (GPIORIS)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x414
Type RO, 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 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 I 1 I 1 I 1 I I I I I 1 I
reserved RIS
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
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.
7:0 RIS RO 0x00 GPIO Interrupt Raw Status
Value Description
1 Aninterrupt condition has occurred on the corresponding pin.
0 Aninterrupt condition has not occurred on the corresponding
pin.
A bit is cleared by writing a 1 to the corresponding bit in the GPIOICR
register.
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Register 8: GPIO Masked Interrupt Status (GPIOMIS), offset 0x418

The GPIOMIS register is the masked interrupt status register. If a bit is set in this register, the
corresponding interrupt has triggered an interrupt to the interrupt controller. If a bit is clear, either
no interrupt has been generated, or the interrupt is masked.

In addition to providing GPIO functionality, PB4 can also be used as an external trigger for the ADC.
If PB4 is configured as a non-masked interrupt pin (the appropriate bit of GP10IM is set), an interrupt
for Port B is generated, and an external trigger signal is sent to the ADC. If the ADC Event

Multiplexer Select (ADCEMUX) register is configured to use the external trigger, an ADC conversion
is initiated. See page 477.

If no other Port B pins are being used to generate interrupts, the ARM Integrated Nested Vectored
Interrupt Controller (NVIC) Interrupt Set Enable (SETNA) register can disable the Port B interrupts,
and the ADC interrupt can be used to read back the converted data. Otherwise, the Port B interrupt
handler must ignore and clear interrupts on PB4 and wait for the ADC interrupt, or the ADC interrupt
must be disabled in the SETNA register and the Port B interrupt handler must poll the ADC registers
until the conversion is completed. See the ARM® Cortex™-M3 Technical Reference Manual for

more information.

GPIOMIS is the state of the interrupt after masking.

GPIO Masked Interrupt Status (GPIOMIS)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x418

Type RO, 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
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
reserved MIS
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
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.
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Bit/Field Name Type Reset Description
7:0 MIS RO 0x00 GPIO Masked Interrupt Status

Value Description

1 Aninterrupt condition on the corresponding pin has triggered
an interrupt to the interrupt controller.

0 Aninterrupt condition on the corresponding pin is masked or
has not occurred.

A bit is cleared by writing a 1 to the corresponding bit in the GPIOICR
register.
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Register 9: GPIO Interrupt Clear (GPIOICR), offset 0x41C

The GPIOICR register is the interrupt clear register. Writing a 1 to a bit in this register clears the
corresponding interrupt bit in the GPIORIS and GPIOMIS registers. Writing a 0 has no effect.

GPIO Interrupt Clear (GPIOICR)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x41C

Type W1C, 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
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
reserved IC
1
Type RO RO RO RO RO RO RO RO w1C W1C W1C W1C W1C W1C W1C W1C
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.
7:0 IC W1C 0x00 GPIO Interrupt Clear
Value Description
1 The corresponding interrupt is cleared.
0 The corresponding interrupt is unaffected.
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Register 10: GPIO Alternate Function Select (GPIOAFSEL), offset 0x420

The GPIOAFSEL register is the mode control select register. If a bit is clear, the pin is used as a
GPIO and is controlled by the GPIO registers. Setting a bit in this register configures the
corresponding GPIO line to be controlled by an associated peripheral. Several possible peripheral
functions are multiplexed on each GPIO. The GPIO Port Control (GPIOPCTL) register is used to
select one of the possible functions. Table 25-5 on page 991 details which functions are muxed on
each GPIO pin. The reset value for this register is 0x0000.0000 for GPIO ports that are not listed
in Table 9-1.

All GPIO pins are configured as GPIOs and tri-stated by default (GPIOAFSEL=0,
GPIODEN=0, GPIOPDR=0, and GPIOPUR=0) with the exception of the pins shown in
Table 9-1. A Power-On-Reset (POR) or asserting RST puts the pins back to their default
state.

Table 9-6. GPIO Pins With Non-Zero Reset Values

GPIO Pins | Default State |GPIOAFSEL | GPIODEN | GPIOPDR | GPIOPUR | GPIOPCTL
PA[1:0] UARTO 1 1 0 0 ox1
PA[5:2] SSI0 1 1 0 0 0x1
PB[3:2] 12CO 1 1 0 0 ox1
PC[3:0] JTAG 1 1 0 1 0x3

Caution — It is possible to create a software sequence that prevents the debugger from connecting to
the Stellaris® microcontroller. If the program code loaded into flash immediately changes the JTAG
pins to their GPIO functionality, the debugger may not have enough time to connect and halt the
controller before the JTAG pin functionality switches. As a result, the debugger may be locked out of
the part. This issue can be avoided with a software routine that restores JTAG functionality based on
an external or software trigger.

The GPIO commit control registers provide a layer of protection against accidental programming of
critical hardware peripherals. Protection is currently provided for the NM1 pin (PB7) and the four
JTAG/SWD pins (PC[3:0]). Writes to protected bits of the GPIOAFSEL register, GPIOPUR register,
GPIO Pull-Down Select (GPIOPDR) register (see page 319), and GPIODEN register are not
committed to storage unless the GPIO Lock (GPIOLOCK) register (see page 323) has been unlocked
and the appropriate bits of the GPIO Commit (GPIOCR) register (see page 324) have been set.

When using the I°C module, in addition to setting the GPIOAFSEL register bits for the 1°C clock
and data pins, the pins should be set to open drain using the GPIO Open Drain Select (GPIOODR)
register (see examples in “Initialization and Configuration” on page 296).
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GPIO Alternate Function Select (GPIOAFSEL)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x420
Type R/W, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I 1 I
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 11 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I 1 I 1 1 1 T
reserved AFSEL
1
Type RO RO RO RO RO RO RO RO RW RIW RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0 - - - - - - B -
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.
7:0 AFSEL R/W - GPIO Alternate Function Select
Value Description
0 The associated pin functions as a GPIO and is controlled by
the GPIO registers.
1  The associated pin functions as a peripheral signal and is
controlled by the alternate hardware function.
The reset value for this register is 0x0000.0000 for GPIO ports
that are not listed in Table 9-1 on page 292.
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Register 11: GPIO 2-mA Drive Select (GPIODR2R), offset 0x500

The GPIODR2R register is the 2-mA drive control register. Each GPIO signal in the port can be
individually configured without affecting the other pads. When setting the DRV2 bit for a GPIO signal,
the corresponding DRV4 bit in the GPIODR4R register and DRV8 bit in the GPIODRSR register are
automatically cleared by hardware. By default, all GPIO pins have 2-mA drive.

GPIO 2-mA Drive Select (GPIODR2R)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x500
Type R/W, reset 0x0000.00FF
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
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 1 10 9 8 7 6 5 4 3 2 1 0
1 I 1 I 1 I 1 I I I 1 I 1 I
reserved DRV2
1 1
Type RO RO RO RO RO RO RO RO RW RIW RW RIW RW RIW RW RIW
Reset 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
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.
7:0 DRV2 R/W OxFF Output Pad 2-mA Drive Enable
Value Description
1  The corresponding GPIO pin has 2-mA drive.
0  The drive for the corresponding GPIO pin is controlled by the
GPIODR4R or GPIODRSR register.
Setting a bit in either the GPIODRA4 register or the GPIODRS register
clears the corresponding 2-mA enable bit. The change is effective on
the second clock cycle after the write if accessing GPIO via the APB
memory aperture. If using AHB access, the change is effective on the
next clock cycle.
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Register 12: GPIO 4-mA Drive Select (GPIODR4R), offset 0x504

The GPIODRA4R register is the 4-mA drive control register. Each GPIO signal in the port can be
individually configured without affecting the other pads. When setting the DRV4 bit for a GPIO signal,
the corresponding DRV2 bit in the GPIODR2R register and DRV8 bit in the GPIODRSR register are
automatically cleared by hardware.

GPIO 4-mA Drive Select (GPIODR4R)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x504
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 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 I 1 I 1 I 1 I I I 1 I 1 I
reserved DRV4
1 1
Type RO RO RO RO RO RO RO RO RW RIW RW RIW RW RIW RW RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:8 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.
7:0 DRV4 R/W 0x00 Output Pad 4-mA Drive Enable
Value Description
1 The corresponding GPIO pin has 4-mA drive.
0  The drive for the corresponding GPIO pin is controlled by the
GPIODR2R or GPIODRSR register.
Setting a bit in either the GPIODR2 register or the GPIODRS register
clears the corresponding 4-mA enable bit. The change is effective on
the second clock cycle after the write if accessing GPIO via the APB
memory aperture. If using AHB access, the change is effective on the
next clock cycle.
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Register 13: GPIO 8-mA Drive Select (GPIODR8R), offset 0x508

The GPIODRSR register is the 8-mA drive control register. Each GPIO signal in the port can be
individually configured without affecting the other pads. When setting the DRV8 bit for a GPIO signal,
the corresponding DRV2 bit in the GPIODR2R register and DRV4 bit in the GPIODRA4R register are
automatically cleared by hardware. The 8-mA setting is also used for high-current operation.

There is no configuration difference between 8-mA and high-current operation. The additional
current capacity results from a shift in the Vo,/V, levels. See “Recommended DC Operating
Conditions” on page 994 for further information.

GPIO 8-mA Drive Select (GPIODR8R)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x508

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 )
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 T T T
reserved DRV8
1 1
Type RO RO RO RO RO RO RO RO R/W RIW R/W R/W R/W R/W R/W R/W
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.

7:0 DRV8 R/wW 0x00 Output Pad 8-mA Drive Enable

Value Description
1 The corresponding GPIO pin has 8-mA drive.

0  The drive for the corresponding GPIO pin is controlled by the
GPIODR2R or GPIODRA4R register.

Setting a bit in either the GPIODR2 register or the GPIODR4 register
clears the corresponding 8-mA enable bit. The change is effective on
the second clock cycle after the write if accessing GPIO via the APB
memory aperture. If using AHB access, the change is effective on the
next clock cycle.

February 24, 2009 315
Preliminary



General-Purpose Input/Outputs (GPIOs)

Register 14: GPIO Open Drain Select (GPIOODR), offset 0x50C

The GPIOODR register is the open drain control register. Setting a bit in this register enables the
open-drain configuration of the corresponding GPIO pad. When open-drain mode is enabled, the
corresponding bit should also be set in the GPIO Digital Input Enable (GPIODEN) register (see
page 321). Corresponding bits in the drive strength and slew rate control registers (GPIODR2R,
GPIODR4R, GPIODRS8R, and GPIOSLR) can be set to achieve the desired rise and fall times. The
GPIO acts as an open-drain input if the corresponding bit in the GPIODIR register is cleared; and
as an open-drain output when it is set.

When using the I°C module, in addition to configuring the pin to open drain, the GPIO Alternate

Function Select (GPIOAFSEL) register bits for the I°C clock and data pins should be set (see
examples in “Initialization and Configuration” on page 296).

GPIO Open Drain Select (GPIOODR)

GPIO Port A (APB) base:
GPIO Port A (AHB) base:
GPIO Port B (APB) base:
GPIO Port B (AHB) base:
GPIO Port C (APB) base:
GPIO Port C (AHB) base:
GPIO Port D (APB) base:
GPIO Port D (AHB) base:
GPIO Port E (APB) base:
GPIO Port E (AHB) base:

GPIO Port F (APB) base:

GPIO Port F (AHB) base:
GPIO Port G (APB) base:
GPIO Port G (AHB) base:
GPIO Port H (APB) base:
GPIO Port H (AHB) base:

0x4000.4000
0x4005.8000
0x4000.5000
0x4005.9000
0x4000.6000
0x4005.A000
0x4000.7000
0x4005.B000
0x4002.4000

0x4005.C000
0x4002.5000

0x4005.D000
0x4002.6000
0x4005.E000
0x4002.7000
0x4005.FO00

GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x50C
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 1 I 1 I I I I 1 I 1 I
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 1 1 1
reserved ODE
1
Type RO RO RO RO RO RO RO RO RIW RIW R/W RIW R/W RIW 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
31:8 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.
7:0 ODE R/W 0x00 Output Pad Open Drain Enable

Value Description
1 The corresponding pin is configured as open drain.

0 The corresponding pin is not configured as open drain.
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Register 15: GPIO Pull-Up Select (GPIOPUR), offset 0x510

The GPIOPUR register is the pull-up control register. When a bit is set, a weak pull-up resistor on
the corresponding GPIO signal is enabled. Setting a bit in GPIOPUR automatically clears the
corresponding bit in the GPIO Pull-Down Select (GPIOPDR) register (see page 319). Write access
to this register is protected with the GPIOCR register. Bits in GPIOCR that are cleared prevent writes
to the equivalent bit in this register.

All GPIO pins are configured as GPIOs and tri-stated by default (GPIOAFSEL=0,
GPIODEN=0, GPIOPDR=0, and GPIOPUR=0) with the exception of the pins shown in
Table 9-1. A Power-On-Reset (POR) or asserting RST puts the pins back to their default
state.

Table 9-7. GPIO Pins With Non-Zero Reset Values

GPIO Pins | Default State |GPIOAFSEL |GPIODEN | GPIOPDR | GPIOPUR | GPIOPCTL
PA[1:0] UARTO 1 1 0 0 ox1
PA[5:2] SSI0 1 1 0 0 0x1
PB[3:2] 12CO 1 1 0 0 ox1
PC[3:0] JTAG 1 1 0 1 0x3

The GPIO commit control registers provide a layer of protection against accidental
programming of critical hardware peripherals. Protection is currently provided for the NMI
pin (PB7) and the four JTAG/SWD pins (PC[3:0]). Writes to protected bits of the
GPIOAFSEL register, GPIOPUR register, GPIO Pull-Down Select (GPIOPDR) register
(see page 319), and GPIODEN register are not committed to storage unless the GPIO Lock
(GPIOLOCK) register (see page 323) has been unlocked and the appropriate bits of the
GPIO Commit (GPIOCR) register (see page 324) have been set.

GPIO Pull-Up Select (GPIOPUR)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x510
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
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 1" 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
reserved PUE
1 1
Type RO RO RO RO RO RO RO RO R/W RW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 - - - - - - - -
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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.

7:0 PUE R/W - Pad Weak Pull-Up Enable

Value Description
1 The corresponding pin has a weak pull-up resistor.

0 The corresponding pin is not affected.

Setting a bit in the GPIOPDR register clears the corresponding bit in
the GPIOPUR register. The change is effective on the second clock
cycle after the write if accessing GPIO via the APB memory aperture.
If using AHB access, the change is effective on the next clock cycle.

The reset value for this register is 0x0000.0000 for GPIO ports that are
not listed in Table 9-1 on page 292.
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Register 16: GPIO Pull-Down Select (GPIOPDR), offset 0x514

The GPIOPDR register is the pull-down control register. When a bit is set, a weak pull-down resistor
on the corresponding GPIO signal is enabled. Setting a bit in GPIOPDR automatically clears the
corresponding bit in the GPIO Pull-Up Select (GPIOPUR) register (see page 317).

The GPIO commit control registers provide a layer of protection against accidental
programming of critical hardware peripherals. Protection is currently provided for the NMI
pin (PB7) and the four JTAG/SWD pins (PC[3:0]). Writes to protected bits of the
GPIOAFSEL register, GPIOPUR register, GPIO Pull-Down Select (GPIOPDR) register
(see page 319), and GPIODEN register are not committed to storage unless the GPIO Lock

(GPIOLOCK) register (see p

age 323) has been unlocked and the appropriate bits of the

GPIO Commit (GPIOCR) register (see page 324) have been set.

GPIO Pull-Down Select (GPIOPDR)

GPIO Port A (APB) base
GPIO Port A (AHB) base
GPIO Port B (APB) base
GPIO Port B (AHB) base
GPIO Port C (APB) base
GPIO Port C (AHB) base

: 0x4000.4000
: 0x4005.8000
: 0x4000.5000
: 0x4005.9000
: 0x4000.6000
: 0x4005.A000

GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x514

Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25

24 23 22 21 20 19 18

T
reserved

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 I 1 I 1 I 1 I I I 1 I 1 I
reserved PDE
1 1
Type RO RO RO RO RO RO RO RO RW RIW RW RIW RW RIW RW RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:8 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.
7:0 PDE R/W 0x00 Pad Weak Pull-Down Enable

Value Description
1
0

The corresponding pin has a weak pull-down resistor.

The corresponding pin is not affected.

Setting a bit in the GPIOPUR register clears the corresponding bit in
the GPIOPDR register. The change is effective on the second clock
cycle after the write if accessing GPIO via the APB memory aperture.
If using AHB access, the change is effective on the next clock cycle.
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Register 17: GPIO Slew Rate Control Select (GPIOSLR), offset 0x518

The GPIOSLR register is the slew rate control register. Slew rate control is only available when
using the 8-mA drive strength option via the GPIO 8-mA Drive Select (GPIODRS8R) register (see

page 315).

GPIO Slew Rate Control Select (GPIOSLR)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x518

Type R/W, reset 0x0000.0000

31 30 29 28
T T T
Type RO RO RO RO
Reset 0 0 0 0
15 14 13 12
T T T
Type RO RO RO RO
Reset 0 0 0 0
Bit/Field Name
31:8 reserved
70 SRL

0x0000.00

24 23
1 1
reserved
1
RO RO
0 0
8 7
1
RO R/W
0 0
Description

18 17 16
1 1
RO RO RO
0 0 0
2 1 0
1 I
R/W R/W R/W
0 0 0

Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved bit should be

preserved across a read-modify-write operation.
Slew Rate Limit Enable (8-mA drive only)

Value Description

1  Slew rate control is enabled for the corresponding pin.

0 Slew rate control is disabled for the corresponding pin.
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Register 18: GPIO Digital Enable (GPIODEN), offset 0x51C

Pins configured as digital inputs are Schmitt-triggered.

The GPIODEN register is the digital enable register. By default, with the exception of the GPIO
signals used for JTAG/SWD function, all other GPIO signals are configured out of reset to be undriven
(tristate). Their digital function is disabled; they do not drive a logic value on the pin and they do not
allow the pin voltage into the GPIO receiver. To use the pin in a digital function (either GPIO or
alternate function), the corresponding GP 10DEN bit must be set.

The GPIO commit control registers provide a layer of protection against accidental
programming of critical hardware peripherals. Protection is currently provided for the NMI
pin (PB7) and the four JTAG/SWD pins (PC[3:0]). Writes to protected bits of the
GPIOAFSEL register, GPIOPUR register, GPIO Pull-Down Select (GPIOPDR) register
(see page 319), and GPIODEN register are not committed to storage unless the GP1O Lock
(GPIOLOCK) register (see page 323) has been unlocked and the appropriate bits of the
GPIO Commit (GPIOCR) register (see page 324) have been set.

GPIO Digital Enable (GPIODEN)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x51C

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
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 I 1 I 1 I 1 I I I I I 1 I
reserved DEN
1 1
Type RO RO RO RO RO RO RO RO RW RIW RW RIW RW RIW RW RIW
Reset 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.
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Bit/Field Name Type Reset Description
7:0 DEN R/W - Digital Enable

Value Description
0 The digital functions for the corresponding pin are disabled.
1 The digital functions for the corresponding pin are enabled.

The reset value for this register is 0x0000.0000 for GPIO ports
that are not listed in Table 9-1 on page 292.
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Register 19: GPIO Lock (GPIOLOCK), offset 0x520

The GPIOLOCK register enables write access to the GPIOCR register (see page 324). Writing
0x4C4F.434B to the GPIOLOCK register unlocks the GPIOCR register. Writing any other value to
the GPIOLOCK register re-enables the locked state. Reading the GPIOLOCK register returns the
lock status rather than the 32-bit value that was previously written. Therefore, when write accesses
are disabled, or locked, reading the GPIOLOCK register returns 0x0000.0001. When write accesses
are enabled, or unlocked, reading the GPIOLOCK register returns 0x0000.0000.

GPIO Lock (GPIOLOCK)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x520

Type R/W, reset 0x0000.0001

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
LOCK
1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW
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
LOCK
1 1
Type  RW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Bit/Field Name Type Reset Description
31:0 LOCK R/W  0x0000.0001 GPIO Lock

A write of the value 0x4C4F.434B unlocks the GPIO Commit (GPIOCR)
register for write access.A write of any other value or a write to the
GPIOCR register reapplies the lock, preventing any register updates.

A read of this register returns the following values:

Value Description
0x0000.0001 The GPIOCR register is locked and may not be modified.
0x0000.0000 The GPIOCR register is unlocked and may be modified.
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Register 20: GPIO Commit (GPIOCR), offset 0x524

The GPIOCR register is the commit register. The value of the GPIOCR register determines which
bits of the GPIOAFSEL, GPIOPUR, GPIOPDR, and GPIODEN registers are committed when a
write to these registers is performed. If a bit in the GPIOCR register is cleared, the data being written
to the corresponding bit in the GPIOAFSEL, GPIOPUR, GPIOPDR, or GPIODEN registers cannot
be committed and retains its previous value. If a bit in the GPIOCR register is set, the data being
written to the corresponding bit of the GPIOAFSEL, GPIOPUR, GPIOPDR, or GPIODEN registers
is committed to the register and reflects the new value.

The contents of the GPIOCR register can only be modified if the status in the GPIOLOCK register
is unlocked. Writes to the GPlI OCR register are ignored if the status in the GPIOLOCK register is
locked.

This register is designed to prevent accidental programming of the registers that control
connectivity to the NMI and JTAG/SWD debug hardware. By initializing the bits of the
GPIOCR register to 0 for PB7 and PC[3:0], the NMI and JTAG/SWD debug port can
only be converted to GPIOs through a deliberate set of writes to the GPIOLOCK,
GPIOCR, and the corresponding registers.

Because this protection is currently only implemented on the NMI and JTAG/SWD pins
on PB7 and PC[3:0], all of the other bits in the GPIOCR registers cannot be written
with 0x0. These bits are hardwired to 0x1, ensuring that it is always possible to commit
new values to the GPIOAFSEL, GPIOPUR, GPIOPDR, or GPIODEN register bits of
these other pins.

GPIO Commit (GPIOCR)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset 0x524
Type -, reset -
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
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 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
reserved CR
1 1
Type RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
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Bit/Field

31:8

7:0

Name

reserved

CR

Type

RO

Reset Description

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.

- GPIO Commit

Value Description

1 The corresponding GPIOAFSEL, GPIOPUR, GPIOPDR, or
GPIODEN bits can be written.

0 The corresponding GPIOAFSEL, GPIOPUR, GPIOPDR, or
GPIODEN bits cannot be written.

The default register type for the GPIOCR register is RO for
all GPIO pins with the exception of the NMI pin and the four
JTAG/SWD pins (PB7 and PC[[3:0]). These five pins are
currently the only GPIOs that are protected by the GPIOCR
register. Because of this, the register type for GPIO Port B7
and GPIO Port C[3:0] is R/W.

The default reset value for the GPIOCR register is
0x0000.00FF for all GPIO pins, with the exception of the NM1
pin and the four JTAG/SWD pins (PB7 and PC[3:0]). To
ensure that the JTAG port is not accidentally programmed as
a GPIO, these four pins default to non-committable. To ensure
that the NM1 pin is not accidentally programmed as the
non-maskable interrupt pin, it defaults to non-committable.
Because of this, the default reset value of GPIOCR for GPIO
Port B is 0x0000.007F while the default reset value of
GPIOCR for Port C is 0x0000.00FO0.
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Register 21: GPIO Analog Mode Select (GPIOAMSEL), offset 0x528

This register is only valid for ports D and E, the corresponding base addresses for the
remaining ports are not valid.

If any pin is to be used as an ADC input, the appropriate bit in GPIOAMSEL must be
set to disable the analog isolation circuit.

The GPIOAMSEL register controls isolation circuits to the analog side of a unified /0O pad. Because
the GPIOs may be driven by a 5-V source and affect analog operation, analog circuitry requires
isolation from the pins when they are not used in their analog function.

Each bit of this register controls the isolation circuitry for the corresponding GPIO signal. For
information on which GPIO pins can be used for ADC functions, refer to Table 25-5 on page 991.

GPIO Analog Mode Select (GPIOAMSEL)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x528

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 )
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 1 10 9 8 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1
reserved GPIOAMSEL reserved
1
Type RO RO RO RO RO RO RO RO R/W RIW R/W R/W 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.
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Bit/Field Name Type Reset Description
7:4 GPIOAMSEL R/W 0x0 GPIO Analog Mode Select

Value Description

1 The analog function of the pin is enabled, the isolation is
disabled, and the pin is capable of analog functions.

0 The analog function of the pin is disabled, the isolation is
enabled, and the pin is capable of digital functions as specified
by the other GPIO configuration registers.

This register and bits are only valid for GPIO signals that
share analog function through a unified 1/0O pad.

The reset state of this register is 0 for all signals.
3:0 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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General-Purpose Input/Outputs (GPIOs)

Register 22: GPIO Port Control (GPIOPCTL), offset 0x52C

The GPIOPCTL register is used in conjunction with the GPIOAFSEL register and selects the specific
peripheral signal for each GPIO pin when using the alternate function mode. Most bits in the
GPIOAFSEL register are cleared upon reset, therefore most GPIO pins are configured as GPIOs
by default. When a bit is set in the GPIOAFSEL register, the corresponding GPIO signal is controlled
by an associated peripheral. The GPIOPCTL register selects one out of a set of peripheral functions
for each GPIO, providing additional flexibility in signal definition. For information on the configuration
options, refer to Table 25-5 on page 991. The reset value for this register is 0x0000.0000 for GP1O
ports that are not listed in Table 9-1 on page 292.

All GPIO pins are configured as GPIOs and tri-stated by default (GPIOAFSEL=0,
GPIODEN=0, GPIOPDR=0, and GPIOPUR=0) with the exception of the pins shown in
Table 9-1. A Power-On-Reset (POR) or asserting RST puts the pins back to their default
state.

Table 9-8. GPIO Pins With Non-Zero Reset Values

GPIO Pins

Default State

GPIOAFSEL

GPIODEN

GPIOPDR

GPIOPUR

GPIOPCTL

PA[1:0]

UARTO

1

1

0

0x1

PA[5:2]

SSI0

1

1

0x1

12Co 1 1
JTAG 1 1

0x1
1 0x3

PB[3:2]
PC[3:0]

0
0
0

GPIO Port Control (GPIOPCTL)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0x52C

Type R/W, reset -

31 30

29 28 27 24 23 20 19

1
PMC7

Type R/W R/W R/W R/W R/W R/W R/W
Reset - - - - - - -

Type R/W R/W R/W R/W
Reset - - - -
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Bit/Field Name Type Reset Description

31:28 PMC7 R/W - Port Mux Control 7

This field controls the configuration for GPIO pin 7. See Table
25-5 on page 991 for configuration options.

27:24 PMC6 R/W - Port Mux Control 6

This field controls the configuration for GPIO pin 6.

23:20 PMC5 R/W - Port Mux Control 5

This field controls the configuration for GPIO pin 5.

19:16 PMC4 R/W - Port Mux Control 4

This field controls the configuration for GPIO pin 4.

15:12 PMC3 R/W - Port Mux Control 3

This field controls the configuration for GPIO pin 3.

11:8 PMC2 R/W - Port Mux Control 2

This field controls the configuration for GPIO pin 2.

7:4 PMC1 R/W - Port Mux Control 1

This field controls the configuration for GPIO pin 1.

3:0 PMCO R/W - Port Mux Control 0

This field controls the configuration for GPIO pin 0.
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Register 23: GPIO Peripheral Identification 4 (GPIOPeriphlD4), offset 0xFDO0

The GPIOPeriphlD4, GPIOPeriphID5, GPIOPeriphlD6, and GPIOPeriphlD7 registers can
conceptually be treated as one 32-bit register; each register contains eight bits of the 32-bit register,
used by software to identify the peripheral.

GPIO Peripheral Identification 4 (GPIOPeriphlD4)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0xFDO

Type RO, 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 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 I 1 I 1 I 1 I I I I I 1 I
reserved PID4
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
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.

7:0 PID4 RO 0x00 GPIO Peripheral ID Register [7:0]
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Register 24: GPIO Peripheral Identification 5 (GPIOPeriphlID5), offset 0xFD4

The GPIOPeriphlD4, GPIOPeriphID5, GPIOPeriphlD6, and GPIOPeriphlD7 registers can
conceptually be treated as one 32-bit register; each register contains eight bits of the 32-bit register,
used by software to identify the peripheral.

GPIO Peripheral Identification 5 (GPIOPeriphID5)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset OxFD4

Type RO, 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 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 I 1 I 1 I 1 I I I I I 1 I
reserved PID5
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
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.

7:0 PID5 RO 0x00 GPIO Peripheral ID Register [15:8]
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Register 25: GPIO Peripheral Identification 6 (GPIOPeriphlD6), offset 0xFD8

The GPIOPeriphlD4, GPIOPeriphID5, GPIOPeriphlD6, and GPIOPeriphlD7 registers can
conceptually be treated as one 32-bit register; each register contains eight bits of the 32-bit register,
used by software to identify the peripheral.

GPIO Peripheral Identification 6 (GPIOPeriphlD6)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0XFD8

Type RO, 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 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 I 1 I 1 I 1 I I I I I 1 I
reserved PID6
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
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.

7:0 PID6 RO 0x00 GPIO Peripheral ID Register [23:16]
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Register 26: GPIO Peripheral Identification 7 (GPIOPeriphlD7), offset 0xFDC

The GPIOPeriphlD4, GPIOPeriphID5, GPIOPeriphlD6, and GPIOPeriphlD7 registers can
conceptually be treated as one 32-bit register; each register contains eight bits of the 32-bit register,
used by software to identify the peripheral.

GPIO Peripheral Identification 7 (GPIOPeriphID7)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset 0XFDC

Type RO, 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 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 I 1 I 1 I 1 I I I I I 1 I
reserved PID7
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
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.

7:0 PID7 RO 0x00 GPIO Peripheral ID Register [31:24]
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General-Purpose Input/Outputs (GPIOs)

Register 27: GPIO Peripheral Identification 0 (GPIOPeriphlD0), offset 0xFEO

The GPIOPeriphlD0, GPIOPeriphlD1, GPIOPeriphlD2, and GPIOPeriphlD3 registers can
conceptually be treated as one 32-bit register; each register contains eight bits of the 32-bit register,
used by software to identify the peripheral.

GPIO Peripheral Identification 0 (GPIOPeriphIDO0)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset OXFEO

Type RO, reset 0x0000.0061

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
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 I 1 I 1 I 1 I I I I I 1 I
reserved PIDO
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 1 1 0 0 0 0 1
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.

7:0 PIDO RO 0x61 GPIO Peripheral ID Register [7:0]

Can be used by software to identify the presence of this peripheral.

334 February 24, 2009
Preliminary



LM3S9B95 Microcontroller

Register 28: GPIO Peripheral Identification 1 (GPIOPeriphlD1), offset 0OxFE4

The GPIOPeriphlD0, GPIOPeriphlD1, GPIOPeriphlD2, and GPIOPeriphlD3 registers can
conceptually be treated as one 32-bit register; each register contains eight bits of the 32-bit register,
used by software to identify the peripheral.

GPIO Peripheral Identification 1 (GPIOPeriphID1)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset OxFE4

Type RO, 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 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 I 1 I 1 I 1 I I I I I 1 I
reserved PID1
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
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.

7:0 PID1 RO 0x00 GPIO Peripheral ID Register [15:8]

Can be used by software to identify the presence of this peripheral.
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General-Purpose Input/Outputs (GPIOs)

Register 29: GPIO Peripheral Identification 2 (GPIOPeriphlD2), offset 0xFES8

The GPIOPeriphlD0, GPIOPeriphlD1, GPIOPeriphlD2, and GPIOPeriphlD3 registers can
conceptually be treated as one 32-bit register; each register contains eight bits of the 32-bit register,
used by software to identify the peripheral.

GPIO Peripheral Identification 2 (GPIOPeriphlD2)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset OXFE8

Type RO, reset 0x0000.0018

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
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 I 1 I 1 I 1 I I I I I 1 I
reserved PID2
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 1 1 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.

7:0 PID2 RO 0x18 GPIO Peripheral ID Register [23:16]

Can be used by software to identify the presence of this peripheral.

336 February 24, 2009
Preliminary



LM3S9B95 Microcontroller

Register 30: GPIO Peripheral Identification 3 (GPIOPeriphlD3), offset OXFEC

The GPIOPeriphlD0, GPIOPeriphlD1, GPIOPeriphlD2, and GPIOPeriphlD3 registers can
conceptually be treated as one 32-bit register; each register contains eight bits of the 32-bit register,
used by software to identify the peripheral.

GPIO Peripheral Identification 3 (GPIOPeriphID3)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000
Offset OXFEC

Type RO, reset 0x0000.0001

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
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 I 1 I 1 I 1 I I I I I 1 I
reserved PID3
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 1
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.

7:0 PID3 RO 0x01 GPIO Peripheral ID Register [31:24]

Can be used by software to identify the presence of this peripheral.
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General-Purpose Input/Outputs (GPIOs)

Register 31: GPIO PrimeCell Identification 0 (GPIOPCelllD0), offset 0xFFO0

The GPIOPCelllD0, GPIOPCelllD1, GPIOPCelllD2, and GPIOPCelllD3 registers are four 8-bit wide
registers, that can conceptually be treated as one 32-bit register. The register is used as a standard
cross-peripheral identification system.

GPIO PrimeCell Identification 0 (GPIOPCellIDO0)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset OxFFO
Type RO, reset 0x0000.000D
31 30 29 28 27 26 25 24 23 22 21 20 18 17 16
1 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
Reset 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 2 1 0
1 I 1 I 1 I 1 I I I 1 I
reserved
1
Type 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 1 0 1
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.
7:0 CIDO RO 0x0D GPIO PrimeCell ID Register [7:0]
Provides software a standard cross-peripheral identification system.
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Register 32: GPIO PrimeCell Identification 1 (GPIOPCelllD1), offset 0xFF4

The GPIOPCelllD0, GPIOPCelllD1, GPIOPCelllD2, and GPIOPCelllD3 registers are four 8-bit wide
registers, that can conceptually be treated as one 32-bit register. The register is used as a standard
cross-peripheral identification system.

GPIO PrimeCell Identification 1 (GPIOPCelllD1)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset OxFF4
Type RO, reset 0x0000.00F0
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
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 I 1 I 1 I 1 I I I I I 1 I
reserved CID1
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 1 1 1 1 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.
7:0 CID1 RO 0xFO GPIO PrimeCell ID Register [15:8]
Provides software a standard cross-peripheral identification system.
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Register 33: GPIO PrimeCell Identification 2 (GPIOPCelllD2), offset 0xFF8

The GPIOPCelllD0, GPIOPCelllD1, GPIOPCelllD2, and GPIOPCelllD3 registers are four 8-bit wide
registers, that can conceptually be treated as one 32-bit register. The register is used as a standard
cross-peripheral identification system.

GPIO PrimeCell Identification 2 (GPIOPCelllD2)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset OxFF8
Type RO, reset 0x0000.0005
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
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 I 1 I 1 I 1 I I I I I 1 I
reserved CID2
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 1 0 1
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.
7:0 CID2 RO 0x05 GPIO PrimecCell ID Register [23:16]
Provides software a standard cross-peripheral identification system.
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Register 34: GPIO PrimeCell Identification 3 (GPIOPCelllD3), offset 0XFFC

The GPIOPCelllD0, GPIOPCelllD1, GPIOPCelllD2, and GPIOPCelllD3 registers are four 8-bit wide
registers, that can conceptually be treated as one 32-bit register. The register is used as a standard
cross-peripheral identification system.

GPIO PrimeCell Identification 3 (GPIOPCelllD3)

GPIO Port A (APB) base: 0x4000.4000
GPIO Port A (AHB) base: 0x4005.8000
GPIO Port B (APB) base: 0x4000.5000
GPIO Port B (AHB) base: 0x4005.9000
GPIO Port C (APB) base: 0x4000.6000
GPIO Port C (AHB) base: 0x4005.A000
GPIO Port D (APB) base: 0x4000.7000
GPIO Port D (AHB) base: 0x4005.B000
GPIO Port E (APB) base: 0x4002.4000
GPIO Port E (AHB) base: 0x4005.C000
GPIO Port F (APB) base: 0x4002.5000
GPIO Port F (AHB) base: 0x4005.D000
GPIO Port G (APB) base: 0x4002.6000
GPIO Port G (AHB) base: 0x4005.E000
GPIO Port H (APB) base: 0x4002.7000
GPIO Port H (AHB) base: 0x4005.F000
GPIO Port J (APB) base: 0x4003.D000
GPIO Port J (AHB) base: 0x4006.0000

Offset OXFFC
Type RO, reset 0x0000.00B1
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
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 I 1 I 1 I 1 I I I I I 1 I
reserved CID3
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 1 0 1 1 0 0 0 1
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.
7:0 CID3 RO 0xB1 GPIO PrimeCell ID Register [31:24]
Provides software a standard cross-peripheral identification system.
February 24, 2009 341

Preliminary



External Peripheral Interface (EPI)

The External Peripheral Interface is a high-speed parallel bus for external peripherals or memory.
It has several modes of operation to interface gluelessly to many types of external devices. The
External Peripheral Interface is similar to a standard microprocessor address/data bus, except that
it must typically be connected to just one type of external device. Enhanced capabilities include
MDMA support, clocking control and support for external FIFO buffers.

The EPI has the following features:
16-bit dedicated parallel bus for external peripherals and memory

Memory interface supports contiguous memory access independent of data bus width, thus
enabling code execution directly from SDRAM, SRAM and Flash memory

Blocking and non-blocking reads

Processor from timing details through use of an internal write FIFO

Efficient transfers using Micro Direct Memory Access Controller (uDMA)
Separate channels for read and write

Read channel request asserted by programmable levels on the internal non-blocking read
FIFO (NBRFIFO)

Write channel request asserted by empty on the internal write FIFO (WFIFO)

The EPI supports three primary functional modes: Synchronous Dynamic Random Access Memory
(SDRAM) mode, Traditional Host-Bus mode, and General-Purpose mode. The EPI module also
provides custom GPIOs; however, unlike regular GPIOs, the EPI module uses a FIFO in the same
way as a communication mechanism and is speed-controlled using clocking.

Synchronous Dynamic Random Access Memory (SDRAM)
Supports x16 (single data rate) SDRAM at up to 50 MHz
Supports low-cost SDRAMs up to 64 MB (512 Mb)
Includes automatic refresh and access to all banks/rows
Includes a Sleep/Standby mode to keep contents active with minimal power draw
Multiplexed address/data interface for reduced pin count
Host-bus
Traditional x8 MCU bus interface capabilities
Similar device compatibility options as PIC, ATmega, 8051, and others
Access to SRAM, NOR Flash, and other devices, with up to 1 MB of addressing

Support of both muxed and de-muxed address and data
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Access to a range of devices supporting the non-address FIFO x8 interface variant, with
support for external FIFO (XFIFO) EMPTY and FULL signals

Speed controlled, with read and write data wait-state counters
Manual chip-enable (or use extra address pins)
General Purpose
Wide parallel interfaces for fast communications with CPLDs and FPGAs
Data widths up to 32-bits
Data rates up to 150 Mbytes/second
Optional “address” sizes from 4-bits to 16-bits

Optional clock output, read/write strobes, framing (with counter-based size), and clock-enable
input

General parallel GPIO
1 to 32 bits, FIFOed with speed control
Useful for custom peripherals or for digital data acquisition and actuator controls
10.1 EPI Block Diagram

Figure 10-1 on page 343 provides a block diagram of a Stellaris® EPI module.

Figure 10-1. EPI Block Diagram
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10.2

10.2.1

Functional Description

The EPI controller provides a glueless, programmable interface to a variety of common external
peripherals such as SDRAM, Host Bus x8 devices, RAM, Flash memory, CPLDs and FPGAs. In
addition, the EPI controller provides custom GPIO that can use a FIFO with speed control by using
either the internal write FIFO (WFIFO) or the non-blocking read FIFO (NBRFIFO). The WFIFO can
hold 4 words of data that are written to the external interface at the rate controlled by the EPI Main
Baud Rate (EPIBAUD) register. The NBRFIFO can hold 8 words of data and samples at the rate
controlled by the EPIBAUD register. The advantage of this solution is that when using regular GPIO,
the access rate can vary due arbitration to the GPIO module and delays across any bus bridges.
Blocking reads stall the CPU until the transaction completes. Non-blocking reads are performed in
the background and allow the processor to continue operation. In addition, write data can also be
stored in the WFIFO to allow multiple writes with no stalls.

Main read and write operations can be performed in subsets of the range 0x6000.0000 to
0xCFFF.FFFF. A read from an address mapped location uses the offset and size to control the
address and size of the external operation. When performing a multi-value load, the read is done
as a burst (when available) to maximize performance. A write to an address mapped location uses
the offset and size to control the address and size of the external operation. When performing a
multi-value store, the write is done as a burst (when available) to maximize performance.

Non-blocking reads

The EPI Controller supports a special kind of read called a non-blocking read, also referred to as a
posted read. Where a normal read stalls the processor or uDMA until the data is returned, a
non-blocking read is performed in the background.

A non-blocking read is configured by writing the start address into a EPIRADDRX register, the size
per transaction into a EPIRSIZEX register, and then the count of operations into a EPIRPSTDx
register. After each read is completed, the result is written into the NBRFIFO and the EPIRADDRXx
register is incremented by the size (1, 2, or 4).

If the NBRFIFO is filled, then the reads pause until space is made available. The NBRFIFO can be
configured to interrupt the processor or trigger the yuDMA based on fullness using the EPIFIFOLVL
register. By using the trigger/interrupt method, the uDMA (or processor) can keep space available
in the NBRFIFO and allow the reads to continue unimpeded.

When performing non-blocking reads, the SDRAM controller issues two additional read transactions
after the burst request is terminated. The data for these additional transfers is discarded. This
situation is transparent to the user other than the additional EPI bus activity and can safely be
ignored.

Two non-blocking read register sets are available to allow sequencing and ping-pong use. When
one completes, the other then activates. So, for example, if 20 words are to be read from 0x100
and 10 words from 0x200, the EPIRPSTDO register can be set up with the read from 0x100 (with a
count of 20), and the EPIRPSTD1 register can be set up with the read from 0x200 (with a count of
10). When EPIRPSTDO finishes (count goes to 0), the EPIRPSTD1 register then starts its operation.
The NBRFIFO has then passed 30 values. When used with the uDMA, it may transfer 30 values
(simple sequence), or the primary/alternate model may be used to handle the first 20 in one way
and the second 10 in another. It is also possible to reload the EPIRPSTDO register when it is finished
(and the EPIRPSTD1 register is active); thereby, keeping the interface constantly busy.

To cancel a non-blocking read, the EPIRPSTDXx register is cleared. Care must be taken, however
if the register set was active to drain away any values read into the NBRFIFO and ensure that any
read in progress is allowed to complete.
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To ensure that the cancel is complete, the following algorithm is used (using the EPIRPSTDO register
for example):

EPIRPSTDO = 0;

while ((EPI STAT & 0x11) == 0x10)

; I we are active and busy

I if here, then other one is active or interface no longer busy

cnt = (EPI RADDRO — original_address) / EPIRSIZOE; // count of values read

cnt -= values_read_so_far;

/l ent is now number left in FIFO

while (cnt--)

value = EPIREADFIFO; // drain

The above algorithm can be optimized in code; however, the important point is to wait for the cancel

to complete because the external interface could have been in the process of reading a value when
the cancel came in, and it must be allowed to complete.

10.2.2 DMA Operation

The yDMA can be used to efficiently transfer data to and from the NBRFIFO and the WFIFO. The
MDMA has one channel for write and one for read. The write channel can be configured to copy
values to the WFIFO when the WFIFO is empty. For non-blocking reads, the start address, the size
per transaction, and the count of elements must be programmed in the yDMA. The NBRFIFO level
at which the uDMA triggers the read accesses must also be programmed. Note that both non-blocking
read channels can be used, and they fill the NBRFIFO such that one runs to completion, then the
next one starts (they do not interleave). For blocking reads, any uDMA channel can be used as a
memory-to-memory transfer (or memory to peripheral, where some other peripheral is used). In this
situation, the yDMA is blocked when reading, thus the uDMA is not able to service another channel
until the read is done. As aresult, the arbitration size should normally be programmed to one access
at atime. See “Micro Direct Memory Access (UDMA)” on page 226 for more information on configuring
the uDMA.

10.3 Initialization and Configuration
To enable and initialize the EPI block, the following steps are necessary:
Enable the EPI block using the RCGC1 register. See page 167.

Enable the clock to the appropriate GPIO module via the RCGC2 register. See page 179. To
find out which GPIO port to enable, refer to Table 25-5 on page 991.

Set the GPIO AFSEL bits for the appropriate pins. See page 311. To determine which GPIOs to
configure, see Table 25-5 on page 991.

Set the GPIO current level and/or slew rate as specified for the mode selected. See page 313
and page 320.

Select the mode for the EPI block to SDRAM, HB8, or general parallel use, using the MODE field
in the EPI Configuration (EPICFG) register. Set the mode-specific details (if needed) using
the appropriate mode configuration EPI xxx Configuration (EPIxxxCFG) and EPI xxx
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Configuration 2 (EPIxxxCFG2) registers. Set the EPI Main Baud Rate (EPIBAUD) register if
the baud rate must be slower than the core clock rate.

Configure the address mapping using the EPI Address Map (EPIADDRMAP) register. The
selected start address and range is dependent on the type of external device and maximum
address (as appropriate). For example, for a 512-MB SDRAM, program the ERADR field to 0x1
for address 0x60000000 or 0x2 for address 0x80000000; and program the ERSZ field to 0x3
for 512 MB. If using a non-mode and no address at all, program the EPADR field to 0x1 for
address 0xA0000000 or 0x2 for address 0xC0000000; and program the EPSZ field to 0x0 for
256 bytes.

To read or write directly, use the mapped address area (configured with the EPIADDRMAP
register). Up to 4 or 5 writes can be performed at once without blocking. Each read is blocked
until the value is retrieved.

To perform a non-blocking read, see “Non-blocking reads” on page 344.

The following sub-sections describe the initialization and configuration for each of the modes of
operation. Care must be taken to initialize everything properly to ensure correct operation. Control
of the GPIO states is also important, as changes may cause the external device to interpret pin
states as actions or commands (see “Register Descriptions” on page 300). Normally, a pull-up or
pull-down is needed on the board to at least control the chip-select or chip-enable as the Stellaris®
GPIOs come out of reset in tri-state.

The Table 10-1 on page 346 table defines how EPI module signals should be connected to various
external peripherals. The table applies when using a x16 SDRAM up to 512 MB.

Table 10-1. EPI Signal Connections

EPI Signal [SDRAM Signal®| Host Bus 8 | Host Bus 8 | Host Bus 8 |General-Purpose| General- | General- |General-
Signal Signal Signal Signal (D8, A20) | Purpose |Purpose |Purpose
(MODE =0x0 | (MODE =0x1 | (MODE =0x3 Signal Signal | Signal
in in in (D16, A12) ((D24,A4)| (D32)
EPIHB8CFG |EPIHB8CFG [ EPIHB8CFG
register) register) register)

EPIO A0 DO ADO DO DO DO DO DO DO
EPI1 A1 D1 AD1 D1 D1 D1 D1 D1 D1

EPI2 A2 D2 AD2 D2 D2 D2 D2 D2 D2

EPI3 A3 D3 AD3 D3 D3 D3 D3 D3 D3
EPI4 A4 D4 AD4 D4 D4 D4 D4 D4 D4
EPI5 A5 D5 AD5 D5 D5 D5 D5 D5 D5
EPI6 A6 D6 AD6 D6 D6 D6 D6 D6 D6
EPI7 A7 D7 AD7 D7 D7 D7 D7 D7 D7
EPI8 A8 D8 A8 A0 - A0 D8 D8 D8
EPI9 A9 D9 A9 A1 - A1 D9 D9 D9
EPI10 A10 D10 A10 A2 - A2 D10 D10 D10
EPI11 A11 D11 A11 A3 - A3 D11 D11 D11
EPI12 A12° D12 A12 Ad - A4 D12 D12 D12
EPI13 BAO D13 A13 A5 - A5 D13 D13 D13
EPI14 BA1 D14 A14 A6 - A6 D14 D14 D14
EPI15 D15 A15 A7 - A7 D15 D15 D15
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10.3.1

EPI Signal [SDRAM Signal®| Host Bus 8 | Host Bus 8 | Host Bus 8 |General-Purpose| General- | General- |General-
Signal Signal Signal Signal (D8, A20) | Purpose |Purpose |Purpose
(MODE =0x0 | (MODE =0x1 | (MODE =0x3 Signal Signal | Signal
in in in (D16, A12) ((D24,A4)| (D32)
EPIHB8CFG |EPIHB8CFG |EPIHB8CFG
register) register) register)
EPI16 DQMO A16 A8 - A8 A1° D16 D16
EPI17 DQMA1 A17 A9 - A9 A2 D17 D17
EPI18 CASn A18 A10 - A10 A3 D18 D18
EPI19 RASN A19 A11 - A11 Ad D19 D19
EPI20 - A20 A12 - A12 A5 D20 D20
EPI21 - A21 A13 - A13 A6 D21 D21
EPI22 - A22 A14 - A14 A7 D22 D22
EPI23 - A23 A15 - A15 A8 D23 D23
EPI24 - A24 A16 - A16 A9 A2° D24
EPI25 - A25 A17 - A17 A10 A3 D25
EPI26 - A26 A18 FEMPTY A18 A1 A4 D26
EPI27 - A27 A19 FFULL A19/iRDY*® A12/iRDY®|A5/iRDY®| D27
EPI28 WEn RDn/OEn RDn/OEn RDn WR WR WR D28
EPI29 CSn WRn WRn WRn RD RD RD D29
EPI30 CKE ALE' csn? - Frame Frame Frame D30
EPI31 CLK Clock Clock Clock Clock Clock Clock D31

a. If 2 signals are listed, connect the EPI signal to both pins.
b. Only for 256/512 Mb SDRAMs

c. A1 represents the system address bit 1 for 16-bit data access. If this signal is connected to a device that only has 16-bit
data access, then EPI16 should be connected to AO. EPI[27:17] should also be connected to A[11:1] in this case.

d. A2 represents the system address bit 2 for 32-bit data access. If this signal is connected to a device that only has 24-bit

data access then EPI24 should be connected to AO. EPI[27:25] should also be connected to A[3:1} in this case.

e. This signal is iRDY if the RDYEN bit in the EPIGPCFG register is set.
f. The CSCFG field in the EPIHB8CFG2 register should be configured to 0x0. This option creates an ALE pulse during the
address cycle preceding the read/write cycle.

g. The CSCFG field in the EPIHB8CFG2 register should be configured to 0x1. This option creates a CSn that is active during
the read/write cycle.

SDRAM mode

When activating the SDRAM mode, it is important to consider a few points:

Generally, it takes over 100 ps from when the mode is activated to when the first operation is
allowed. The SDRAM controller begins the SDRAM initialization sequence as soon as the mode
is selected and enabled via the EPICFG register. It is important that the GPIOs are properly
configured before the SDRAM mode is enabled, as the EPI Controller is relying on the GPIO
block's ability to drive the pins immediately. As part of the initialization sequence, the LOAD
MODE REGISTER command is automatically sent to the SDRAM with a value of 0x27, which
sets a CAS latency of 2 and a full page burst length.

The INITSEQ bit in the EPI Status (EPISTAT) register can be checked to determine when the
initialization sequence is complete.

When using a frequency range and/or refresh value other than the default value, It is important
to configure the FREQ and RFSH fields in the EPI SDRAM Configuration (EPISDRAMCFG)
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10.3.2

10.3.2.1

register shortly after activating the mode. After the 100-us startup time, the EPI block must be
configured properly to keep the SDRAM contents stable.

The SLEEP bit in the EPISDRAMCEFG register may be configured to put the SDRAM into a
low-power self-refreshing state. It is important to note that the SDRAM mode must not be
disabled once enabled, or else the SDRAM is no longer be clocked and the contents are lost.

The SI1ZE field of the EPISDRAMCFG register must be configured correctly based on the amount
of SDRAM in the system.

The FREQ field must be configured according to the value that represents the range being used.
Based on the range selected, the number of external clocks used between certain operations (for
example, PRECHARGE or ACTIVATE) is determined. If a higher frequency is given than is used,
then the only downside is that the peripheral is slower (uses more cycles for these delays). If a lower
frequency is given, incorrect operation occurs.

The refresh count is based on the external clock speed and the number of rows per bank as well
as the refresh period. The RFSH field represents how many external clock cycles remain before an
AUTO-REFRESH is required. The normal formula is:

RFSH = (tRefresh_us / number_rows) / ext clock period

A refresh period is normally 64 ms, or 64000 ps. The number of rows is normally 4096 or 8192. The
ext_clock_period is a value expressed in ysec and is derived by dividing 1000 by the clock speed
expressed in MHz. So, 50 MHz is 1000/50=20 ns, or 0.02 us. A typical SDRAM is 4096 rows per
bank if the core clock is running at 50 MHz with an EPIBAUD register value of 0:

RFSH = (64000/4096) / 0.02 = 15.625 pus /7 0.02 pus = 781.25

The default value in the RFSH field is 750 decimal or 0x2EE to allow for a margin of safety and
providing 15 s per refresh. It is important to note that this number should always be smaller or
equal to what is required by the above equation. For example, if running the external clock at 25
MHz (40 ns per clock period), 390 is the highest number that may be used. Note that the external
clock may be 25 MHz when running the core at 25 MHz or when running the core at 50 MHz and
setting the EPIBAUD register to 1 (divide by 2).

If a number larger than allowed is used, the SDRAM is not refreshed often enough, and data is lost.

See “External Peripheral Interface (EPI)” on page 1005 for timing details for the SDRAM mode.
Host Bus Mode

Host Bus supports the traditional 8-bit interface popularized by the 8051devices. This interface is
asynchronous and uses strobe pins to control activity.

Control Pins

The main three strobes are ALE (Address latch enable), WRn (write), and RDn (sometimes called
OEn, used for read). Note that the timings are designed for older logic and so are hold-time vs.
setup-time specific. To ensure proper operation on this bus, the EPI block uses two core clocks per
transition to allow significant skewing of control vs. data signals. So, for example, ALE rises one
EPI clock before ADDR/DA is asserted. Likewise, ALE falls (latch point) one EPI clock before DA
changes or tri-states. The same approach is used for the WRn and RDn/OEn strobes.

The ALE can be changed to CSn through the EPI Host-Bus Configuration 2 (EPIHB8CFG2)
register. The ALE is best used for Host-Bus muxed mode in which EPI address and data pins are
shared. All Host-Bus accesses have an address phase then a data phase. The ALE indicates to an
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external latch to capture the address then hold until the data phase. CSn is best used for Host-Bus
unmuxed mode in which EPI address and data pins are separate. The CSn indicate when the
address and data phases of a read or write access is occurring.

For FIFO mode, the ALE is not used, and two input holds are optionally supported to gate input and
output to what the XFIFO can handle.

10.3.2.2 Speed of Transactions

The COUNT field EPIBAUD must be configured to set the main transaction rate based on what the
slave device can support (including wiring considerations). The main control transitions are normally
Y2 the baud rate (COUNT = 1) because the EPI block forces data vs. control to change on alternating
clocks.

Additionally, the Host Bus mode provides read and write wait states for the data portion to support
different classes of device. These wait states stretch the data period (hold the rising edge of data

strobe) and may be used in all four sub-modes. The wait states are set using the WRWS and RDWS
bits in the EPI Host-Bus 8 Configuration (EPIHB8CFG) register.

10.3.2.3 Sub-Modes of Host Bus 8

The EPI controller supports four variants of the host bus model using 8 bits of data in all four cases.
The four sub-modes are selected using the MODE bits in the EPIHB8CFG register, and are:

Address and data are muxed (address and data share EP1[7:0] with additional address at
EP1[19:8]). This scheme is used by many 8051 devices, some Microchip PIC parts, and some
ATmega parts. When used for standard SRAMs, a latch must be used between the
microcontroller and the SRAM. This sub-mode is provided for compatibility with existing devices
that support data transfers without a latch (for example, LCD controllers or CPLDs). In general,
the de-muxed sub-mode should normally be used. The ALE configuration should be used in
this mode, as all Host-Bus accesses have an address phase followed by a data phase. The
ALE indicates to an external latch to capture the address then hold until the data phase. The
ALE configuration is controlled by configuring the CSCFG field to be 0x0 in the EPIHB8CFG2
register. The CSn is best used for Host-Bus 8 unmuxed mode which EPI address and data pins
are separate. The CSn will indicate when the address and data phases of a read or write access
is occurring.

Address and data are separate with 8 bits of data and up to 20 bits of address (1MB). This
scheme is used by more modern 8051 devices, as well as some PIC and ATmega parts. This
mode is generally used with real SRAMs, many EEPROMS, and many NOR Flash memory
devices. Note that there is no hardware command write support for Flash memory devices; this
mode should only be used for Flash memory devices programmed at manufacturing time. If a
Flash memory device must be written and does not support a direct programming model, the
command mechanism must be performed in software. The CSn configuration should be used
in this mode. The CSn signals indicate when the address and data phases of a read or write
access is occurring. The CSn configuration is controlled by configuring the CSCFG field to be
0x1 in the EPIHB8CFG2 register.

SRAM fast mode where address and data are separate. This sub-mode is used for real SRAMs
which can be read more quickly by only changing the address (and not using RDn/OEn strobing).

FIFO mode uses 8 bits of data, removes ALE and address pins and optionally adds external
XFIFO FULL/EMPTY flag inputs. This scheme is used by many devices, such as radios,
communication devices (including USB2 devices), and some FPGA configurations (FIFO through
block RAM). This sub-mode provides the data side of the normal Host Bus interface, but is
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10.3.3

paced by the FIFO control signals. It is important to consider that the XFIFO FULL/EMPTY
control signals may stall the interface and could have an impact on blocking read latency from
the processor or uDMA.

See “External Peripheral Interface (EPI)” on page 1005 for timing details for the Host-Bus 8 mode.

General-Purpose Mode

The General-Purpose Mode Configuration (EPIGPCFG) register is used to control the size of
control, data, and address pins, if used. The general-purpose configuration can be used for custom
interfaces with FPGAs, CPLDs, and digital data acquisition and actuator control.

It is designed for three general types of use:

Extremely high-speed clocked interfaces to FPGAs and CPLDs. Three sizes of data and optional
address are supported. Framing and clock-enable functions permit more optimized interfaces.

General parallel GPIO. From 1 to 31 pins may be written or read, with the speed controlled by
the EPIBAUD register baud rate (when used with the WFIFO and/or the NBRFIFO) or by the
rate of accesses from software or uDMA.

General custom interfaces of any speed.

The configuration allows for choice of an output clock (free-running or gated), a framing signal (with
frame size), a clock-enable input (to stretch transactions), a READ and WRITE strobe, an address
(of varying sizes), and data (of varying sizes). Additionally, provisions are made for separating data
and address phases.

To understand the interface’s possibilities, it is important to understand the optional features:

Use of output clock or not (controlled by the CLKPIN bit in the EPIGPCFG register). Unclocked
uses include general purpose I/0O and asynchronous interfaces (optionally using READ and
WRITE strobes). Clocked interfaces allow for higher speeds and are much easier to connect to
FPGAs and CPLDs (which usually include input clocks).

Clock, if used, may be free running or gated (using the CLKGATE bit in the EPIGPCFG register).
A free-running clock requires another method for determining when data is live, such as the
frame pin or READ/WRITE strobes. A gated clock approach uses a setup time model in which
the clock controls when transactions are starting and stopping. Note that a gated clock can only
be used when the EPIBAUD register has a value other than 0 (meaning the output clock is less
than the core clock). The gated clock is held low until a new transaction is started and goes high
at the end of the cycle where READ/WRITE/FRAME and address (and data if write) are emitted.

Clock-enable input (iIRDY) from the external device (controlled by the RDYEN bit in the EPIGPCFG
register). The clock-enable signal uses EP127 and may only be used with a free-running clock.
RDYEN gates transactions, no matter what state they are in. In addition, RDYEN is registered
internally and holds the transaction state across multiple clocks if clock-disabled. Generally,
RDYEN should be changed before the falling edge of the external clock. If the EPIBAUD register
is 0, an external device can stretch the current state by clearing the RDYEN bit.

Frame pin (controlled by the FRMPIN bit in the EPIGPCFG register). The frame pin may be used
whether the clock is output or not, and whether the clock is free running or not. It may also be
used along with the clock-enable. The frame may be a pulse (one clock) or may be 50/50 split
across the frame size (controlled by the FRM50 bit in the EPIGPCFG register). The frame count
(the size of the frame as specified by the FRMCNT field in the EPIGPCF G register) may be between
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1 and 15 clocks for pulsed and between 2 and 30 clocks for 50/50. The frame pin counts
transactions and not clocks; a transaction is any clock where the READ or WRITE strobe is high
(if used). So, if the FRMCNT bit is set, then the frame pin pulses every other transaction; if 2-cycle
reads and writes are used, it pulses every other address phase. FRM50 must be used with this
in mind as it may hold state for many clocks waiting for the next transaction.

READ and WRITE strobes may be used (controlled by the RW bit in the EPIGPCFG register).
For interfaces where the direction is known (in advance, related to frame size, or other means),
these strobes are not needed. For most other interfaces, READ and WRITE are used so the
external peripheral knows what transaction is taking place, and if any transaction is taking place.
READ is used in conjunction with separating the address and data phases (2-cycle mode), as
explained below.

Separation of address/request and data phases may be used on reads and writes using the
WR2CYC and RD2CYC bits in the EPIGPCFG register. This configuration allows the external
peripheral extra time to act and is more commonly used on reads. When configured to use an
address as specified by the AS1ZE field in the EPIGPCFG register, the address is emitted on
the READ cycle (first cycle) and data is expected to be returned on the next cycle (when READ
is not asserted). If no address is used, then READ is asserted on the first cycle and data is
captured on the second cycle (when READ is not asserted), allowing more setup time for data.
If single-cycle reads are used, then data is expected to be available on the same cycle as READ
using the specified setup time. To use single-cycle reads, the external peripheral must have
either fast combinatorial logic (relative to clock period) or must be able to setup the data in
advance.

For writes, the output may be in one or two cycles. In the two-cycle case, the address (if any) is
emitted on the first cycle with WRITE and the data is emitted on the second cycle (with WRITE
not asserted). Although split address and write data phases are not normally needed for logic
reasons, it may be useful to make read and write timings match. If 2-cycle reads or writes are
used, the RW bit is automatically set.

Address may be emitted (controlled by the ASIZE field in the EPIGPCFG register). The address
may be 4 bits (16 possible values), 12 bits (4096 possible values), or 20 bits (1 M possible
values). Size of address limits size of data, for example, 4 bits of address supports 20 bits data
in non-multiplex mode. Address comes from the bottom bits of the address used for the transaction
by the processor or uDMA. The address signals may be used by the external peripheral as an
address, code (command), or for other unrelated uses (such as a chip enable).

Data may be 8 bits, 16 bits, 24 bits, or 32 bits (controlled by the DS1ZE field in the EPIGPCFG
register). 32-bit data cannot be used with address or clock or any other signal. 24-bit data can

only be used with 4-bit address or no address. 32-bit data requires that either the WR2CYC bit or
the RD2CYC bit in the EPIGPCFG register is set.

When using the EPI as a GPIO interface, writes are FIFOed (up to 4 can be held at any time),
and up to 32 pins are changed using the EPIBAUD clock rate. So, output pin control can be very
precisely controlled as a function of time. By contrast, when writing to normal GPIOs, writes can
only occur 8-bits at a time and take up to two clock cycles to complete. In addition, the write itself
may be further delayed by the bus due to DMA or draining of a previous write. With both GPIO
and EPI, reads may be performed directly, in which case the current pin states are read back.
With EPI, the non-blocking interface may also be used to perform reads based on a fixed time
rule via the EPIBAUD clock rate.

See “External Peripheral Interface (EPI)” on page 1005 for timing details for the General-Purpose
mode.
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Register Map

Table 10-2 on page 352 lists the EPI registers. The offset listed is a hexadecimal increment to the
register’s address, relative to the base address of 0x400D.0000. Note that the EPI controller clock
must be enabled before the registers can be programmed (see page 167).

A back-to-back write followed by a read of the same register reads the value that written
by the first write access, not the value from the second write access. (This situation only
occurs when the processor core attempts this action, the uDMA does not do this.). To read
back what was just written, another instruction must be generated between the write and
read. Read-write does not have this issue, so use of read-write for clear of error interrupt

cause is not affected.

Table 10-2. External Peripheral Interface (EPI) Register Map

Offset Name Type Reset Description ;‘::e
0x000 @ EPICFG R/W 0x0000.0000 EPI Configuration 354
0x004 | EPIBAUD R/W 0x0000.0000 EPI Main Baud Rate 355
0x010  EPISDRAMCFG R/W 0x42EE.0000 EPI SDRAM Configuration 356
0x010  EPIHB8CFG R/W 0x0000.FF00 EPI Host-Bus 8 Configuration 358
0x010 | EPIGPCFG R/W 0x0000.FF00 EPI General-Purpose Configuration 362
0x014  EPIHB8CFG2 R/W 0x0000.0000 EPI Host-Bus 8 Configuration 2 366
0x014 | EPIGPCFG2 R/W 0x0000.0000 EPI General-Purpose Configuration 2 368
0x01C | EPIADDRMAP R/W 0x0000.0000 EPI Address Map 369
0x020 | EPIRSIZEO R/W 0x0000.0003 EPI Read Size 0 371
0x024  EPIRADDRO R/W 0x0000.0000 EPI Read Address 0 372
0x028 EPIRPSTDO R/W 0x0000.0000 EPI Non-Blocking Read Data 0 373
0x030  EPIRSIZE1 R/W 0x0000.0003 EPI Read Size 1 371
0x034  EPIRADDR1 R/W 0x0000.0000 EPI Read Address 1 372
0x038 EPIRPSTD1 R/W 0x0000.0000 EPI Non-Blocking Read Data 1 373
0x060  EPISTAT R 0x0000.0000 EPI Status 375
0x06C | EPIRFIFOCNT R - EPI Read FIFO Count 377
0x070  EPIREADFIFO R 0x0000.0000 EPI Read FIFO 378
0x074  EPIREADFIFO1 R 0x0000.0000 EPI Read FIFO Alias 1 378
0x078  EPIREADFIFO2 R 0x0000.0000 EPI Read FIFO Alias 2 378
0x07C | EPIREADFIFO3 R 0x0000.0000 EPI Read FIFO Alias 3 378
0x080  EPIREADFIFO4 R 0x0000.0000 EPI Read FIFO Alias 4 378
0x084  EPIREADFIFO5 R 0x0000.0000 EPI Read FIFO Alias 5 378
0x088  EPIREADFIFO6 R 0x0000.0000 EPI Read FIFO Alias 6 378
0x08C | EPIREADFIFO7 R 0x0000.0000 EPI Read FIFO Alias 7 378
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Offset Name Type Reset Description :;;Z
0x200 | EPIFIFOLVL R/W 0x0000.0033 EPI FIFO Level Selects 379
0x204 | EPIWFIFOCNT R 0x0000.0000 EPI Write FIFO Count 381
0x210 | EPIIM R/W 0x0000.0000 EPI Interrupt Mask 382
0x214 EPIRIS R 0x0000.0000 EPI Raw Interrupt Status 383
0x218 | EPIMIS R 0x0000.0000 EPI Masked Interrupt Status 385
0x21C | EPIEISC R/W1C 0x0000.0000 EPI Error Interrupt Status and Clear 386
10.5 Register Descriptions
This section lists and describes the EPI registers, in numerical order by address offset.
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Register 1: EPI Configuration (EPICFG), offset 0x000

The programming of the MODE field determines which configuration register is accessed
for offsets 0x010 and 0x014. Any write to the EPICFG register resets the register
contents at offsets 0x010 and 0x014.

The configuration register is used to enable the block, select a mode, and select the basic pin use
(based on the mode). Note that attempting to program an undefined MODE field clears the BLKEN
bit and disables the EPI controller.

EPI Configuration (EPICFG)
Base 0x400D.0000

Offset 0x000
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 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 I 1 1 1 I 1 1 1 1 I 1 I
reserved BLKEN MODE
1 1
Type RO RO RO RO RO RO RO RO RO RO RO RIW R/W RIW 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
31:5 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.
4 BLKEN R/W 0 Block Enable
Setting this bit enables the EPI Controller.
3:.0 MODE R/W 0x0 Mode Select
Value Description
0x0  General Purpose
General-Purpose mode. Control, address, and data pins are
configured using the EPIGPCFG and EPIGPCFG2 registers.
0x1 SDRAM
Supports SDR SDRAM. Control, address, and data pins are
configured using the EPISDRAMCFG register.
0x2  8-Bit Host-Bus (HB8)
Host-bus 8-bit interface (also known as the MCU interface).
Control, address, and data pins are configured using the
EPIHB8CFG and EPIHB8CFG2 registers.
0x3-0xF Reserved
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Register 2: EPI Main Baud Ra

The main core clock is used internally

te (EPIBAUD), offset 0x004

to the EPI Controller. The baud rate counter can be used to

divide the core clock down to control the speed on the external interface. If the mode selected emits

an external clock, this register defines

the clock emitted. If the mode selected does not use a clock,

this register controls the speed of changes on the external interface. Care must be taken to program
this register properly so that the speed of the external bus corresponds to the speed of the external
peripheral and puts acceptable current load on the pins.

1

The COUNT is not a straight divider or
CO;”T +1] %2

[

So, for example, a COUNT of 0x0001 r
0x0003 results in a clock rate of Y4(co

EPI Main Baud Rate (EPIBAUD)

Base 0x400D.0000
Offset 0x004
Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25

count, but is instead calculated using the following formula:

esults in a clock rate of Y5(core clock); a COUNT of 0x0002 or
re clock).

24 23 22 21 20 19 18

1 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 1 1 1 1 1 ) 1 ) 1 1
COUNT
1 1 1
Type  RW R/W R/W R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:16 reserved RO 0x0000 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.
15:0 COUNT R/W 0x0000 Baud Rate Counter

This bit field contains a counter used to divide the system clock by the
count. The maximum frequency for the external baud clock is 40 MHz.

A count of 0 means the system clock is used as is.
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Register 3: EPI SDRAM Configuration (EPISDRAMCFG), offset 0x010

To access this register, the MODE field in the EPICFG register must be 0x1.

The SDRAM Configuration register is used to specify several parameters for the SDRAM controller.
Note that this register is reset when the MODE field in the EPICFG register is changed. If another
mode is selected and the SDRAM mode is selected again, the values must be reinitialized.

The SDRAM interface designed to interface to x16 SDR SDRAMSs of 64 MHz or higher, with the
address and data pins overlapped (wire ORed on the board). See Table 10-1 on page 346 for pin

assignments.

EPI SDRAM Configuration (EPISDRAMCFG)

Base 0x400D.0000

24 23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1 1
RFSH
1 1
RIW R/W R/W R/W R/W RIW R/W RIW R/W
0 1 1 1 0 1 1 1 0
8 7 6 5 4 3 2 1 0
1 1 1 ) 1 1 1
reserved SIZE
1 1
RO RO RO RO RO RO RO RIW R/W
0 0 0 0 0 0 0 0 0
Description

Frequency Range

Frequency range of core clock. This field must be configured correctly
to ensure proper operation. This field does not affect the refresh counting,
which is configured separately using the RFSH field (and is based on
core clock rate and number of rows per bank). The ranges are:

Value Low (MHz) High (MHz)

0x0 0 15
0x1 15 30
0x2 30 50
0x3 50 100

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.

Refresh Counter

Refresh counter in core clocks. The reset value of 0x2EE provides a
refresh period of 64 ms when using a 50 MHz clock.

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.

Offset 0x010
Type R/W, reset 0x42EE.0000
31 30 29 28
1 1 1
FREQ reserved
1
Type  RW R/W RO RO
Reset 0 1 0 0
15 14 13 12
T T T T
reserved
1
Type RO RO RO RO
Reset 0 0 0 0
Bit/Field Name
31:30 FREQ
29:27 reserved
26:16 RFSH
15:10 reserved
356
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Bit/Field

9

8:2

1:0

Name

SLEEP

reserved

SIZE

Type

R/W

RO

R/W

Reset

0x00

0x0

Description
Sleep Mode

Value Description
1 The SDRAM is put into low power state, but is self-refreshed.
0 No effect.

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.

Size of SDRAM

The value of this field affects address pins and behavior.

Value Description
0x0 64Mb (8MB)
0x1 128Mb (16MB)
0x2 256Mb (32MB)
0x3 512Mb (64MB)
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Register 4: EPI Host-Bus 8 Configuration (EPIHB8CFG), offset 0x010
To access this register, the MODE field in the EPICFG register must be 0x2.

The Host Bus 8 sub-configuration register is activated when the HB8 mode is selected. The HB8
mode supports muxed address/data (overlay of lower 8 address and all 8 data pins), separated
address/data, and address-less FIFO mode. Note that this register is reset when the MODE field in
the EPICFG register is changed. If another mode is selected and the SDRAM mode is selected
again, the values must be reinitialized.

Itis intended to support SRAMs, Flash memory (read), FIFOs, CPLDs/FPGAs, and devices with
an MCU/HostBus slave or 8-bit FIFO interface support.

When activated, certain pins are assigned as follows:
EP131 is assigned to clock
EP130 is assigned to ALE/CSn (not used when using an external FIFO)
EP129 is assigned to WRn (or WR if WRHIGH is set)
EP128 is assigned to RDn/OEn
EP127 down to EP 18 are assigned to address for all but FIFO sub-mode
EP127 is assigned to FFULL (XFIFO full) when in FIFO sub-mode and XFFEN is set
EP126 is assigned to FEMPTY (XFIFO empty) when in FIFO sub-mode and XFEEN is set

EP17 down to EP10 are assigned to data (D[7:0]) in all sub-modes, and address low (A[7:0]) in
muxed AD sub-mode

See Table 10-1 on page 346 for more on pin assignments.

If less address pins are required, the corresponding GPIO’s AFSEL (page 311) should not be enabled
(so the EPI controller does not drive those pins, and they are available as standard GPIOs).

There is no direct chip enable (CE) model. Instead, CE can be handled in one of three ways:
Manually control via GPIOs.

Associate one or more upper address pins to CE. Because CE is normally CEn, lower addresses
are not used. For example, if pins EP127 and EP126 are used for Device 1 and 0 respectively,
then address 0x6800.0000 accesses Device 0 (Device 1 has its CEn high), and 0x6400.0000
accesses Device 1 (Device 0 has its CEn high). The pull-up behavior on the corresponding
GPIOs must be properly configured to ensure that the pins are disabled when the interface is
not in use.

With certain SRAMs, the ALE can be used as CEn because the address remains stable after
the ALE strobe. The subsequent WRn or RDn signals write or read when ALE is low thus
providing CEn functionality.
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EPI Host-Bus 8 Configuration (EPIHB8CFG)
Base 0x400D.0000

Offset 0x010
Type R/W, reset 0x0000.FF00
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1 I 1 1 I 1 I
reserved XFFEN | XFEEN |WRHIGH | RDHIGH reserved
1
Type RO RO RO RO RO RO RO RO RW RIW RW RIW 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 I I 1 1
MAXWAIT WRWS RDWS reserved MODE
1
Type  RW RW RIW RW RW RW RW RIW RW RIW RW RIW RO RO RW RW
Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:24 reserved RO 0x00 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.
23 XFFEN R/W 0 External FIFO FULL Enable
Value Description
1 Anexternal FIFO full signal can be used to control write cycles.
If this bit is set and the external FIFO full signal is high, XFIFO
writes are stalled.
0 No effect.
22 XFEEN R/W 0 External FIFO EMPTY Enable
Value Description
1 Anexternal FIFO empty signal can be used to control read
cycles. If this bit is set and the external FIFO empty signal is
high, XFIFO reads are stalled.
0  No effect.
21 WRHIGH R/wW 0 WRITE Strobe Polarity
Value Description
1 The WRITE strobe is WRn (active low).
0 The WRITE strobe is WR (active high).
20 RDHIGH R/wW 0 READ Strobe Polarity
Value Description
1  The READ strobe is RDn (active low).
0 The READ strobe is RD (active high).
19:16 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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Bit/Field Name Type

15:8 MAXWAIT R/W

7:6 WRWS R/W

5:4 RDWS R/W

3:2 reserved RO

Reset

OxFF

0x0

0x0

0x0

Description

Maximum Wait

This field defines the maximum number of external clocks to wait while
an external FIFO ready signal is holding off a transaction (FFULL and
FEMPTY).

When this field is clear, the transaction is held off forever.

Write Wait States

This field adds wait states to the data phase (the address phase is not
affected). The effect is to delay the rising edge of WRn (or the falling
edge of WR).

Value Description
0x0 No wait states
0x1 1 wait state
0x2 2 wait states

0x3 3 wait states
This field is used in conjunction with the EPIBAUD register.

Read Wait States

This field adds wait states to the data phase (the address phase is not
affected). The effect is to delay the rising edge of RDn/Oen (or the falling
edge of RD).

Value Description
0x0 No wait states
0x1 1 wait state
0x2 2 wait states

0x3 3 wait states
This field is used in conjunction with the EPIBAUD register.
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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Bit/Field

1:0

Name

MODE

Type

R/W

Reset

0x0

Description

Host Bus Sub-Mode

This field determines which of four Host Bus 8 sub-modes to use.
Sub-mode use is determined by the connected external peripheral.

Value Description
0x0 ADMUX — AD[7:0]

Data and Address are muxed on EPI[7:0] and additional
address is at EP1[27:8].

0x1  ADNONMUX - D[7:0]
Data and address are separate. D[7:0] are on EPI1[7:0] and
A[19:0] are on EPI1[27:8].

0x2 SRAM

This mode is the same as ADNONMUX, but uses address switch
for multiple reads vs. OEn.
0x3 XFIFO - D[7:0]

This mode adds XFIFO controls with sense of XFIFO full and
XFIFO empty. This mode uses no address or ALE.
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Register 5: EPI General-Purpose Configuration (EPIGPCFG), offset 0x010

To access this register, the MODE field in the EPICFG register must be 0x0.

The General-Purpose configuration register is used to control the size of control, data, and address
pins, if used. This mode can be used for custom interfaces with FPGAs, CPLDs, and for digital data
acquisition and actuator control. Note that this register is reset when the MODE field in the EPICFG
register is changed. If another mode is selected and the SDRAM mode is selected again, the register

the values must be reinitialized.

This mode is designed for 3 general types of use:

Extremely high-speed clocked interfaces to FPGAs and CPLDs, with 3 sizes of data and optional
address. Framing and clock-enable permit more optimized interfaces.

General parallel GPIO. From 1 to 31 pins may be written or read, with the speed controlled by
setting the baud rate in the EPIBAUD register (when used with the NBRFIFO and/or the WFIFO)
or by rate of accesses from software or uDMA.

General custom interfaces of any speed.

The configuration allows for choice of an output clock (free running or gated), a framing signal (with
frame size), a clock-enable input (to stretch transactions), READ and WRITE strobes, address of
varying sizes, and data of varying sizes. Additionally, provisions are made for splitting address and

data phases on the external interface.

EPI General-Purpose Configuration (EPIGPCFG)

Base 0x400D.0000

Offset 0x010
Type R/W, reset 0x0000.FF00
31 30 29 28 26 25 24 23 22 21 20 19 18 17 16
T T T T
CLKPIN |CLKGATE| reserved | RDYEN | FRMPIN | FRM50 FRMCNT RW | reserved | WR2CYC|RD2CYC reserved
1
Type  RW R/W RO R/W RW R/W RW R/W R/W R/W RO R/W R/W 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
T T T T T T T T T
MAXWAIT reserved ASIZE reserved DSIZE
1
Type  RW R/W R/W R/W R/W RW R/W RIW RO RO R/W R/W RO RO RIW R/W
Reset 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31 CLKPIN R/W 0 Clock Pin

Value Description
1 EPI131 functions as a clock output.
0  No clock output.

The clock is generated from the EPIBAUD register (as is the core clock
which is divided down from it).
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Bit/Field

30

29

28

27

26

Name

CLKGATE

reserved

RDYEN

FRMPIN

FRM50

Type Reset Description
R/W 0 Clock Gated

Value Description

1  The clock is output only when there is data to write or read
(current transaction); otherwise the clock is held low.

0 The clock is free running.

Note that EP127 is an iRDY signal if RDYEN is set. CLKGATE is ignored
if CLKPIN is O or if the EPIBAUD register is cleared.

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

R/W 0 Ready Enable

Value Description
1  The external peripheral drives an iRDY signal into pin EP127.

0  The external peripheral does not drive an iRDY signal and is
assumed to be ready always.

The ready enable signal may only be used with a free-running clock
(CLKGATE=0).

The external iRDY signal is sampled on the rising edge of the clock.
Setup and hold times must be met to ensure registration on the next
rising clock edge.

This bit is ignored if CLKPIN is 0 or CLKGATE is 1.
R/W 0 Framing Pin

Value Description
1 Aframing signal is output on EP130.

0 No framing signal.

Framing has no impact on data itself, but forms a context for the external
peripheral. When used with a free-running clock, FRAME forms the valid
signal. When used with a gated clock, it is usually used to form a frame
size.

R/W 0 50/50 Frame

Value Description

1 The FRAME signal is output as 50/50 duty cycle using count
(see FRMCNT).

0 The FRAME signal is output as a single pulse, and then held
low for the count.

This bit is ignored if FRMPIN is 0.
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Bit/Field Name Type

25:22 FRMCNT R/W

21 RwW R/W

20 reserved RO

19 WR2CYC R/W

18 RD2CYC R/wW

17:16 reserved RO

Reset

0x0

0x0

Description

Frame Count

This field specifies the size of the frame in clocks. The frame counter is
used to determine the frame size. The countis FRMCNT+1. So, a FRMCNT
of 0 forms a pure transaction valid signal (held high during transactions,
low otherwise).

A FRMCNT of 0 with FRM50 set inverts the FRAME signal on each
transaction. A FRMCNT of 1 means FRAME is inverted every other
transaction; a value of 15 means every sixteenth transaction.

If FRM50 is set, the frame is held high for FRMCNT+1 transactions, then
held low for that many transactions, and so on.

If FRM50 is clear, the frame is pulsed high for one clock and then low
for FRMCNT clocks.

This field is ignored if FRMPIN is O.
Read and Write

Value Description

1 READ and WRITE strobes are asserted on EP129 and EP128.
READ is asserted high on the rising edge of the clock when a
read is being performed. WRITE is asserted high on the rising
edge of the clock when a write is being performed

0 READ and WRITE strobes are not output.
This bit is forced to 1 when RD2CYC and/or WR2CYC is 1.

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

2-Cycle Writes

Value Description

1 Writes are two cycles long, with address on one cycle (with the
WRITE strobe asserted) and data written on the following cycle
(with WRITE strobe de-asserted). The next address (if any) is
in the cycle following.

0 Data is output on the same cycle as the address.
When this bit is set, then the RW bit is forced to be set.
2-Cycle Reads

Value Description

1 Reads are two cycles, with address on one cycle (with the READ
strobe asserted) and data captured on the following cycle (with
READ strobe de-asserted). The next address (if any) is in the
cycle following.

0 Data is captured on the cycle with READ strobe asserted.
When this bit is set, then the RW bit is forced to be set.
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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Bit/Field Name Type
15:8 MAXWAIT R/W
7:6 reserved RO
5:4 ASIZE R/W
3:2 reserved RO
1:0 DSIZE R/W

Reset

OxFF

0x0

0x0

0x0

0x0

Description

Maximum Wait

This field defines the maximum number of external clocks to wait while
an external clock-enable (see RDYEN) is holding off a transaction. If this
field is O, the transaction is held forever. If the maximum wait of 255
clocks (MAXWAIT=0xFF) is exceeded, an error interrupt occurs and the
transaction is aborted/ignored.

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.

Address Bus Size

This field defines the size of the address bus (starting at EP18, EP116,
or EP124, depending on size). Subsets of these numbers can be created
by disabling the AFSEL for the corresponding GPIOs. Also, if RDYEN is
1, then the address sizes are 1 smaller (3, 11, 19).

The values are:

Value Description
0x0 No address
0x1 4 Bits Wide (EP124 to EP127)

0x2 12 Bits Wide (EP116 to EP127). This size cannot be used with
24-bit data.

0x3 20 Bits Wide

(EP18to EP127). This size cannot be used with data sizes other
than 8.

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.

Size of Data Bus

This field defines the size of the data bus (starting at EP10). Subsets of
these numbers can be created by disabling the AFSEL for the
corresponding GPIOs. Note that size 32 may not be used with clock,
frame, address, or other control.

The values are:

Value Description
0x0 8 Bits Wide (EP10 to EP17)
0x1 16 Bits Wide (EP10 to EP115)
0x2 24 Bits Wide (EP10 to EP123)

0x3 32 Bits Wide (EP10 to EP131).This size may not be used with
a clock. This value is normally used for acquisition input and
actuator control as well as other general-purpose uses that
require 32 bits per direction.
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Register 6: EPI Host-Bus 8 Configuration 2 (EPIHB8CFG2), offset 0x014

Tempest RevB

To access this register, the MODE field in the EPICFG register must be 0x1.

This register is used to configure operation while in Host-Bus 8 mode. Note that this register is reset
when the MODE field in the EPICFG register is changed. If another mode is selected and the Host-Bus
8 mode is selected again, the values must be reinitialized.

EPI Host-Bus 8 Configuration 2 (EPIHB8CFG2)

Base 0x400D.0000
Offset 0x014
Type R/W, reset 0x0000.0000

31 30 29 28 27 26 25

24 23 22 21 20 19 18

1 1 1 1 1 1 1 1 1 1 1 1

WORD reserved reserved

1 1 1
Type  RW RO RO RO RO RO RW RIW RO RO RO RO RO RO RO RO
Reset 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 I 1 1 1 I 1 1 1 1 I 1 1 1 I
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
Bit/Field Name Type Reset Description
31 WORD R/W 0x0 Word Access Mode
By default, the EPI controller uses data bits [7:0] for Host-Bus 8
accesses. When using Word Access mode, the EPI controller can
automatically route bytes of data onto the correct byte lanes such that
data can be stored in bits [31:8].
Value Description
0  Word Access mode is disabled.
1 Word Access mode is enabled.

30:26 reserved RO 0x000.0000 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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Bit/Field

25:24

25:0

Name Type Reset Description
CSCFG R/W 0x0 Chip Select Configuration
This field controls the chip select options, including an ALE format and

a chip select format.

Value
0x0

0x1

0x2-0x3

Description

ALE Configuration

EP130 is used as an address latch (ALE). When using this
mode, the address and data should be muxed (HB8MODE field
in the CPIHB8CFG register should be configured to 0x0). If
needed, the address can be latched by external logic.

CSn Configuration

EP130is used as a Chip Select (CSn). When using this mode,
the address and data should not be muxed (HB8MODE field
in the CPIHB8CFG register should be configured to 0x1). In
this mode, the WR signal (EP129) and the RD signal (EP 128)
are used to latch the address when CSn is low.

reserved

reserved RO 0x000.0000 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 7: EPI General-Purpose Configuration 2 (EPIGPCFG2), offset 0x014

Tempest RevB

To access this register, the MODE field in the EPICFG register must be 0x1.

This register is used to configure operation while in General-Purpose sub-mode. Note that this
register is reset when the MODE field in the EPICFG register is changed. If another mode is selected
and the General-Purpose mode is selected again, the values must be reinitialized.

EPI General-Purpose Configuration 2 (EPIGPCFG2)

Base 0x400D.0000
Offset 0x014
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
WORD reserved
1 1 1
Type  RW 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
I 1 1 1 I 1 1 1 1 I 1 1 1 I
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
Bit/Field Name Type Reset Description
31 WORD R/W 0x0 Word Access Mode
By default, the EPI controller uses data bits [7:0] for Host-Bus 8
accesses. When using Word Access mode, the EPI controller can
automatically route bytes of data onto the correct byte lanes such that
data can be stored in bits [31:8].
Value Description
0  Word Access mode is disabled.
1 Word Access mode is enabled.

30:0 reserved RO 0x000.0000 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 8: EPlI Address Map (EPIADDRMAP), offset 0x01C

This register enables address mapping. The EPI controller can directly address memory and
peripherals. In addition, the EPI controller supports address mapping to allow indirect accesses in
the External RAM and External Peripheral areas. Note that use of either one does not affect how
the EPI Controller behaves, but care must be taken not to overlap memory regions.

EPI Address Map (EPIADDRMAP)
Base 0x400D.0000

Offset 0x01C
Type R/W, reset 0x0000.0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 I 1 I 1 I 1 I I 1 I 1 I 1 I
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 I 1 I 1 1 1 ) ) ) T
reserved EPSZ EPADR ERSZ ERADR
1
Type RO RO RO RO RO RO RO RO RW RIW RW RIW RW RIW RIW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:8 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.
7:6 EPSZ R/W 0x0 External Peripheral Size
This field selects the size of the external peripheral. If the size of the
external peripheral is larger, a bus fault occurs. If the size of the external
peripheral is smaller, it wraps (upper address bits unused):
Value Description
0x0 0x100 (256)
0x1 0x1.0000 (64 KB)
0x2 0x100.0000 (16 MB)
0x3 0x2000.0000 (512 MB)
5:4 EPADR R/W 0x0 External Peripheral Address

This field selects address mapping for the external peripheral area:

Value Description

0x0
0x1
0x2
0x3

Not mapped

At 0xA000.0000
At 0xC000.0000
reserved
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Bit/Field Name Type Reset Description

3:2 ERSZ R/W 0x0 External RAM Size

This field selects the size of mapped RAM. If the size of the external
memory is larger, a bus fault occurs. If the size of the external memory
is smaller, it wraps (upper address bits unused):

Value Description
0x0 0x100 (256)
0x1 0x1.0000 (64KB)
0x2 0x100.0000 (16MB)
0x3 0x2000.0000 (512MB)

1:0 ERADR R/W 0x0 External RAM Address

Selects address mapping for external RAM area:

Value Description
0x0 Not mapped
0x1 At 0x6000.0000
0x2 At 0x8000.0000
0x3 reserved
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Register 9: EPI Read Size 0 (EPIRSIZEO), offset 0x020
Register 10: EPI Read Size 1 (EPIRSIZE1), offset 0x030

This register selects the size of transactions when performing non-blocking reads with the EPIRPSTD
registers. This size affects how the external address is incremented.

The SI1ZE field must match the external data width as configured in the EPIHB8CFG or EPIGPCFG
register (see Table 10-1 on page 346).

SDRAM mode uses a 16-bit data interface. If SIZE is 0x1, data is returned on the least significant
bits (D[7:0]), and the remaining bits D[31:8] are all zeros, therefore the data on bits D[15:8] is lost..
If SIZE is 0x2, data is returned on the least significant bits (D[15:0]), and the remaining bits D[31:16]
are all zeros.

Note that changing this register while a read is active has an unpredictable effect.

EPI Read Size 0 (EPIRSIZEO)

Base 0x400D.0000
Offset 0x020
Type R/W, reset 0x0000.0003

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
I 1 I 1 I 1 I I I I 1 I I
reserved SIZE
1 1 1
Type RO RO RO RO RO RO RO RO RO RO RO RO RO RO RW RW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
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.
1:0 SIZE R/W 0x3 Current Size
Value Description
0x0 reserved
0x1 Byte (8 bits)
0x2 Half-word (16 bits)
0x3 Word (32 bits)
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Register 11: EPI Read Address 0 (EPIRADDRO), offset 0x024
Register 12: EPI Read Address 1 (EPIRADDR1), offset 0x034

This register holds the current address value. When performing non-blocking reads via the EPIRPSTD
registers, this register’s value forms the address (when used by the mode). That is, when a
EPIRPSTD register is written with a non-0 value, this register is used as the first address. After each
read, it is incremented by the size specified by the corresponding EPIRSIZE register. Thus at the
end of a read, this register contains the next address for the next read. For example, if the last read
was 0x20, and the size is word, then the register contains 0x24. When a non-blocking read is
cancelled, this register contains the next address that would have been read had it not been cancelled.
For example, if reading by bytes and 0x103 had been read but not 0x104, this register contains
0x104. In this manner, the system can determine the number of values in the NBRFIFO to drain.

Note that changing this register while a read is active has an unpredictable effect due to race
condition.

EPI Read Address 0 (EPIRADDRO)
Base 0x400D.0000

Offset 0x024
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 ADDR
1 1 1
Type RO RO RO R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW
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
ADDR
1 1 1
Type  RW R/W RIW R/W RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW 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
31:29 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.
28:0 ADDR R/W 0x000.0000 Current Address
Next address to read.
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Register 13: EPI Non-Blocking Read Data 0 (EPIRPSTDO), offset 0x028
Register 14: EPI Non-Blocking Read Data 1 (EPIRPSTD1), offset 0x038

This register sets up a non-blocking read via the external interface. A non-blocking read is started
by writing to this register with the count (other than 0). Clearing this register terminates an active
non-blocking read as well as cancelling any that are pending. This register should always be cleared
before writing a value other than 0; failure to do so can cause improper operation.

The first address is based on the corresponding EPIRADDR register. The address register is
incremented by the size specified by the EPIRSIZE register after each read. If the size is less than
a word, only the least significant bits of data are filled into the NBRFIFO; the most significant bits
are cleared.

Note that all three registers may be written using one STM instruction, such as with a structure copy
in C/C++.

The data may be read from the EPIREADFIFO register after the read cycle is completed. The
interrupt mechanism is normally used to trigger the FIFO reads via ISR or uDMA.

If the countdown has not reached 0 and the NBRFIFO is full, the external interface waits until a
NBRFIFO entry becomes available to continue.

Note: if a blocking read or write is performed through the address mapped area (at 0x6000.0000
through OxCFFF.FFFF), any current non-blocking read is paused (at the next safe boundary), and
the blocking request is inserted. After completion of any blocking reads or writes, the non-blocking
reads continue from where they were paused.

The other way to read data is via the address mapped locations (see the EPIADDRMAP register),
but this method is blocking (core or uDMA waits until result is returned).

To cancel a non-blocking read, clear this register. To make sure that all values read are drained
from the NBRFIFO, the EPISTAT register must be consulted to be certain that bits NBRBUSY and
ACTIVE are cleared. One of these registers should not be cleared until either the other EPIRPSTDx
register becomes active or the external interface is not busy. At that point, the corresponding
EPIRADDR register indicates how many values were read.

EPI Non-Blocking Read Data 0 (EPIRPSTDO)
Base 0x400D.0000

Offset 0x028
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 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 I I 1 I 1 I I I I I I 1 I
reserved POSTCNT
1 1 1
Type RO RO RO RW RIW RIW RIW RIW RW RIW RW RIW RW RIW RW RIW
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit/Field Name Type Reset Description
31:13 reserved RO 0x0000.0  Software should not rely on the value of a reserved bit. To provide

compatibility with future products, the value of a reserved