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About This Manual

Preface

Read This First

The purpose of this user’s guide is to assist you, the hardware or software en-
gineer, in developing applications using the TMS320C240/F240 digital signal
processors (DSPs).

Throughout this book, the TMS320C240 and the TMS320F240 (with on-chip
flash EEPROM) are generally referred to as the '240.

For more information about the '240 CPU and instruction set, see
TMS320C24x DSP Controllers, CPU and Instruction Set (literature number
SPRU160).

For known exceptions to the functional and emulation specifications for the
'240, referto Enhancements and Exceptions for the 'F240 DSP Controller, Sili-
con Releases 1.1, 2.0, 3.1, and 3.2 (literature number SPRS066).

How to Use This Manual

The following table summarizes the '240 information contained in this manual
(refer to the Table of Contents for a complete listing):

If you are looking for

information about Turn to

Digital 1/0O ports Chapter 12, Digital I/O Ports

Dual 10-bit A/D converter Chapter 7, Dual 10-Bit Analog to Digital

Converter (ADC) Module

Event manager
External memory interface
PLL clock module

Serial communications interface

Serial peripheral interface

Watchdog and real-time interrupt
module

Chapter 6, Event Manager Module
Chapter 11, External Memory Interface
Chapter 4, PLL Clock Module

Chapter 8, Serial Communications
Interface (SCI) Module

Chapter 9, Serial Peripheral Interface
(SPI) Module

Chapter 5, Watchdog (WD) and
Real-Time Interrupt (RTI) Module




Notational Conventions / Information About Cautions

Notational Conventions

This document uses the following conventions:

(1 Program listings and program examples are shown in a special type-

face .
Here is a segment of a program listing:

OUTPUT LDP #6 ;select data page 6
BLDD #300, 20h  ;move data at address 300h to 320h
RET

Hexadecimal numbers are represented with a lowercase letter hfollowing
the number. For example, 7400h or 743Fh.

In syntax descriptions, the instruction is in a bold typeface and
parameters are in an italic typeface. Portions of a syntax in bold must be
entered as shown; portions of a syntax in italics describe the type of
information that you specify. Here is an example of an instruction syntax:

BLDD source, destination

BLDD is the instruction and has two parameters, source and destination.
When you use BLDD, the first parameter must be an actual data memory
source address and the second parameter must be a destination address.
A comma and a space (optional) must separate the two addresses.

Square brackets, [ ], identify an optional parameter. If you use an optional
parameter, specify the information within the brackets; do not type the
brackets themselves. When you specify more than one optional parame-
ter from a list, you separate them with a comma and a space. Here is a
sample syntax:

BLDD source, destination [, ARN]

BLDD is the instruction. The two required operands are source and
destination, and the optional operand is ARn. AR is bold and nis italic; if
you choose to use AR n, you must type the letters A and R and then supply
achosen value for n (in this case, a value from 0 to 7). Here is an example:

Information About Cautions

This book contains cautions.

This is an example of a caution statement.

A caution statement describes a situation that could potentially
damage your software or equipment.




Related Documentation from Texas Instruments

Related Documentation from Texas Instruments

The following books describe the 'F/C240 and related support tools. To obtain
a copy of any of these Tl documents, call the Texas Instruments Literature
Response Center at (800) 477—8924. When ordering, please identify the book
by its title and literature number. Many of these documents are located on the
internet at http://www.ti.com.

TMS320F/C24x DSP Controllers CPU and Instruction Set Reference
Guide (literature number SPRU160) describes the TMS320F/C24x
16-bit fixed-point digital signal processor controller. Covered are its
architecture, internal register structure, data and program addressing,
and instruction set. Also includes instruction set comparisons and design
considerations for using the XDS510 emulator.

TMS320F243/F241/C242 DSP Controllers System and Peripherals
Reference Guide (literature number SPRU276) describes the
architecture, system hardware, peripherals, and general operation of the
TMS320F243, 'F241, and ’'C242 digital signal processor (DSP)
controllers.

TMS320C240, TMS320F240 DSP Controllers (literature number SPRS042)
data sheet contains the electrical and timing specifications for these
devices, as well as signal descriptions and pinouts for all of the available
packages.

TMS320F20x/F24x Embedded Flash Memory Technical Reference
(literature number SPRU282) Describes the operation of the embedded
flash EEPROM module on the TMS320F20x/F24x digital signal
processor (DSP) devices and provides sample code that you can use to
develop your own software.

TMS320C1x/C2x/C2xx/C5x Code Generation Tools Getting Started
Guide (literature number SPRU121) describes how to install the
TMS320C1x, TMS320C2x, TMS320C2xx, and TMS320C5x assembly
language tools and the C compiler for the 'C1x, 'C2x, 'C2xx, and 'C5x de-
vices. The installations for MS-DOS[], OS/200, SunOS[J, and Solaris[
systems are covered.

TMS320C1x/C2x/C2xx/C5x Assembly Language Tools User’s Guide  (lit-
erature number SPRUQ018) describes the assembly language tools (as-
sembler, linker, and other tools used to develop assembly language
code), assembler directives, macros, common object file format, and
symbolic debugging directives for the 'C1x, 'C2x, 'C2xx, and 'C5x gen-
erations of devices.
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Related Documentation from Texas Instruments

vi

TMS320C2x/C2xx/C5x Optimizing C Compiler User’'s Guide  (literature
number SPRU024) describes the 'C2x/C2xx/C5x C compiler. This C
compiler accepts ANSI standard C source code and produces TMS320
assembly language source code for the 'C2x, 'C2xx, and 'C5x genera-
tions of devices.

TMS320C2xx C Source Debugger User’s Guide  (literature number
SPRU151) tells you how to invoke the 'C2xx emulator and simulator ver-
sions of the C source debugger interface. This book discusses various
aspects of the debugger interface, including window management, com-
mand entry, code execution, data management, and breakpoints. It also
includes a tutorial that introduces basic debugger functionality.

TMS320C2xx Simulator Getting Started  (literature number SPRU137)
describes how to install the TMS320C2xx simulator and the C source
debugger for the 'C2xx. The installation for MS-DOS[], PC-DOS[,
SunOS[, Solaris(1, and HP-UX[ systems is covered.

TMS320C2xx Emulator Getting Started Guide (literature  number
SPRUZ209) tells you how to install the Windows[I 3.1 and Windows[ 95
versions of the 'C2xx emulator and C source debugger interface.

XDS51x Emulator Installation Guide (literature number SPNUO070)
describes the installation of the XDS5100, XDS510PP[, and
XDS510WSO emulator controllers. The installation of the XDS5110
emulator is also described.

XDS522/XDS522A Emulation System Installation Guide  (literature num-
ber SPRU171) describes the installation of the emulation system.
Instructions include how to install the hardware and software for the
XDS5220 and XDS522A0.

XDS522A Emulation System User’s Guide  (literature number SPRU169)
tells you how to use the XDS522A[ emulation system. This book de-
scribes the operation of the breakpoint, tracing, and timing functionality
in the XDS522A emulation system. This book also discusses BTT
software interface and includes a tutorial that uses step-by-step
instructions to demonstrate how to use the XDS522A emulation system.

XDS522A Emulation System Online Help  (literature number SPRC002) is
an online help file that provides descriptions of the BTT software user in-
terface, menus, and dialog boxes.

JTAG/MPSD Emulation Technical Reference  (literature number SPDUQ79)
provides the design requirements of the XDS5100] emulator controller,
discusses JTAG designs (based on the IEEE 1149.1 standard), and
modular port scan device (MPSD) designs.



Related Documentation from Texas Instruments / Related Technical Articles

TMS320 DSP Development Support Reference Guide  (literature number
SPRUO011) describes the TMS320 family of digital signal processors and
the tools that support these devices. Included are code-generation tools
(compilers, assemblers, linkers, etc.) and system integration and debug
tools (simulators, emulators, evaluation modules, etc.). Also covered are
available documentation, seminars, the university program, and factory
repair and exchange.

TMS320 DSP Designer’s Notebook: Volume 1 (literature number
SPRT125) presents solutions to common design problems using 'C2x,
'C3x, 'C4x, 'C5x, and other TI DSPs.

TMS320 Third-Party Support Reference Guide (literature number
SPRUO052) alphabetically lists over 100 third parties that provide various
products that serve the family of TMS320 digital signal processors. A
myriad of products and applications are offered—software and hardware
development tools, speech recognition, image processing, noise can-
cellation, modems, etc.

Related Technical Articles

The following technical articles contain useful information regarding designs,
operations, and applications for signal-processing systems. These articles
supplement the material in this book.

“A Greener World Through DSP Controllers”, Panos Papamichalis, DSP &
Multimedia Technology, September 1994.

“A Single-Chip Multiprocessor DSP for Image Processing—TMS320C80",
Dr. Ing. Dung Tu, Industrie Elektronik, Germany, March 1995.

“Application Guide with DSP Leading-Edge Technology”, Y. Nishikori,
M. Hattori, T. Fukuhara, R.Tanaka, M. Shimoda, |. Kudo, A.Yanagitani,
H. Miyaguchi, et al., Electronics Engineering, November 1995.

“Approaching the No-Power Barrier”, Jon Bradley and Gene Frantz, Electronic
Design, January 9, 1995.

“Beware of BAT: DSPs Add Brilliance to New Weapons Systems”, Panos
Papamichalis, DSP & Multimedia Technology, October 1994.

“Choose DSPs for PC Signal Processing”, Panos Papamichalis, DSP &
Multimedia Technology, January/February 1995.

“Developing Nations Take Shine to Wireless”, Russell MacDonald, Kara
Schmidt and Kim Higden, EE Times, October 2, 1995.
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Related Technical Articles

viii

“Digital Signal Processing Solutions Target Vertical Application Markets”, Ron
Wages, ECN, September 1995.

“Digital Signal Processors Boost Drive Performance”, Tim Adcock, Data
Storage, September/October 1995.

“DSP and Speech Recognition, An Origin of the Species”, Panos
Papamichalis, DSP & Multimedia Technology, July 1994,

“DSP Design Takes Top-Down Approach”, Andy Fritsch and Kim Asal, DSP
Series Part Ill, EE Times, July 17, 1995.

“DSPs Advance Low-Cost ‘Green’ Control”, Gregg Bennett, DSP Series Part
I, EE Times, April 17, 1995.

“DSPs Do Best on Multimedia Applications”, Doug Rasor, Asian Computer
World, October 9-16, 1995.

“DSPs: Speech Recognition Technology Enablers”, Gene Frantz and Gregg
Bennett, /&CS, May 1995.

“Easing JTAG Testing of Parallel-Processor Projects”, Tony Coomes, Andy
Fritsch, and Reid Tatge, Asian Electronics Engineer, Manila, Philippines,
November 1995.

“Fixed or Floating? A Pointed Question in DSPs”, Jim Larimer and Daniel
Chen, EDN, August 3, 1995.

“Function-Focused Chipsets: Up the DSP Integration Core”, Panos
Papamichalis, DSP & Multimedia Technology, March/April 1995.

“GSM: Standard, Strategien und Systemchips”, Edgar Auslander, Elektronik
Praxis, Germany, October 6, 1995.

“High Tech Copiers to Improve Images and Reduce Paperwork”, Karl Guttag,
Document Management, July/August 1995.

“Host-Enabled Multimedia: Brought to You by DSP Solutions”, Panos
Papamichalis, DSP & Multimedia Technology, September/October 1995.

“Integration Shrinks Digital Cellular Telephone Designs”, Fred Cohen and
Mike McMahan, Wireless System Design, November 1994.

“On-Chip Multiprocessing Melds DSPs”, Karl Guttag and Doug Deao, DSP
Series Part Ill, EE Times, July 18, 1994,

“Real-Time Control”, Gregg Bennett, Appliance Manufacturer, May 1995.

“Speech Recognition”, P.K. Rajasekaran and Mike McMahan, Wireless
Design & Development, May 1995.



Trademarks

Related Technical Articles / Trademarks

“Telecom Future Driven by Reduced Milliwatts per DSP Function”, Panos
Papamichalis, DSP & Multimedia Technology, May/June 1995.

“The Digital Signal Processor Development Environment”, Greg Peake,
Embedded System Engineering, United Kingdom, February 1995.

“The Growing Spectrum of Custom DSPs”, Gene Frantz and Kun Lin, DSP
Series Part I, EE Times, April 18, 1994.

“The Wide World of DSPs, " Jim Larimer, Design News, June 27, 1994,

“Third-Party Support Drives DSP Development for Uninitiated and Experts
Alike”, Panos Papamichalis, DSP & Multimedia Technology, December
1994/January 1995.

“Toward an Era of Economical DSPs”, John Cooper, DSP Series Part I, EE
Times, Jan. 23, 1995.

HP-UX is a trademark of Hewlett-Packard Company.
MS-DOS and Windows are registered trademarks of Microsoft Corporation.

0S/2, PC, and PC-DOS are trademarks of International Business Machines
Corporation.

PALU is a registered trademark of Advanced Micro Devices, Inc.
Solaris and SunOS are trademarks of Sun Microsystems, Inc.

320 Hotline On-line, TI, XDS510, XDS510PP, XDS510WS, XDS511, XDS522,
and XDS522A are trademarks of Texas Instruments Incorporated.
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INtrOdUCHION .. @

Summarizes the TMS320 family of products. Introduces the TMS320C24x DSP controllers and
provides an overview of the ‘240 device.

1.1 TMS320 Family OVEIVIEW . . ...ttt e e e e e
1.2 TMS320C24x Series of DSP Controllers . ... e
1.3 TMS3B20F/C240 OVEIVIEW . vttt ettt e et e e e e e e e e
TMS320F/C240 DSP Controller . ... . e e 21 |

Describes the TMS320F/C240 DSP Controller. Includes a device overview, pin-out diagram,
memory map, and a discussion on interrupts.

2.1 TMS320F/C240 DSP Controller OVeIVIEW .. .....couuiiii it ens -2
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2.2 MEMOIY MaAP ..ot -15
2.3 Peripheral MemMoOry Map ... ... D-17,
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2.4.1 Description of Groupl Shared /O pINS ...........cciiiiiiiiiiiinnn 2-19
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3

Xii

System FUNCHONS .. ... @

Describes 240 functions that are not specific to any peripheral.

3.1 Peripheral INEMACE . ... ... ...ttt e e B-2

3.2  System Configuration Registers . ......... .. e @
3.2.1 System Control Register (SYSCR) . ... e
3.2.2 System Status Register (SYSSR) .. ...t
3.2.3 System Interrupt Vector Register (SYSIVR) ......... ... i

3.3 Power -DOWNn MOES . ... 3-10
3.3.1  ClOCK GENEIALON . . ettt e e e e B-10|
3.3.2 Setting and Entering the Power-Down Modes .......................... 3-12
3.3.3  Exiting the Power-Down Modes ............ ... .. i 3-12)
3.3.4  LOW-POWEr MOOE . . ...\ttt e B-14
3.3.5  After EXiting POWEr-DOWN . .. ... ..t B-16
3.3.6 Summary of Power-Down Mode Operation ................ccocivunn... -18

PLLClock Module ... EI

Describes the architecture, functions, and programming of the PLL Clock module.

4.1  PLL Clock Module OVEIVIEW . . ... e e e e e e e -2

4.2 PLL CIOCK OPEration . . ... ...ttt e e e -5
421 PinDeSCrPtioN . ..ottt -5
4.2.2 Oscillator Operation Modes . ... -6
4.2.3 PLLOperation Modes ... ..ottt e -6
4.2.4 CPU Clock (CPUCLK) Frequency Selection . ...............coiiiian... -7
4.2.5 System Clock (SYSCLK) Frequency Selection .......................... -8
4.2.6 Watchdog Counter Clock (WDCLK) . ... ...t k-9
427  PLL StAIMUP . . oo -9
4.2.8 LOW-POWEr MOAES . ... i 4-10

4.3  PLL Clock Control RegISters .......... ... A-14
4.3.1 Clock Control Register 0 (CKCRO) .. .......vuteieiaeie e, h-14
4.3.2 Clock Control Register 1 (CKCRL) ... ...t h-16

Watchdog and Real-Time Interrupt Module . ... ... .. e 5-

Describes the watchdog (WD) and real-time Interrupt (RTI) module. The WD provides inter-
rupts at selected intervals (1 to 4096 interrupts per second), while the RTI is operable by polling
or interrupts. Covers the architecture of both functions as well as the registers used to set up
the functions.

5.1 Watchdog (WD) and Real-Time Interrupt (RTI) Overview . ............ ... .. ....... @
5.1.1 WD and RTI COMPONENTS . ...ttt e e e
5.1.2  Control RegISters . ... e

5.2  Operation of Watchdog (WD) and Real-Time Interrupt (RTI) Timers ...............
521 WD TIMEL ..ottt e e e e 5-6
5.2.2  RTIHMET © .ottt ettt ettt ettt B-9
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5-11

5.3 Watchdog (WD) and Real-Time Interrupt (RTI) Control Registers ................
5.3.1 Real-Time Interrupt Counter Register (RTICNTR) .......................
5.3.2 WD Counter Register (WDCNTR) ..ottt
5.3.3 WD Reset Key Register (WDKEY) .. ...
5.3.4 RTI Control Register (RTICR) ... ..o e
5.3.5 WD Timer Control Register (WDCR) ........ ...,

5.4  Watchdog (WD) and Real-Time Interrupt (RTI) Routines ........................

Event Manager Module . ........ ..

5-12

5-13

5-13

o-14

5-16

5-18

Describes the event manager (EV) module. Includes descriptions of the general purpose timer,
compare units, pulse-width modulation waveform circuits, capture units, and quadrature en-
coder pulse circuits.

6.1 Event Manager (EV) Module OVEIVIEW ... ...ttt
6.1.1 EV Functional BIOCKS . ....... ...
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6.1.3 Power-Drive Protection .. ...... ... e
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6.3.12 B2-Bit TIMEI ..ottt et e 5-16
6.3.13 QEP-Based Clock INput . ... .. 6-17]
6.3.14 GP Timer Synchronization . ............c.cu it 6-17
6.3.15 ADC Startby GP Timer Event . ...t 6-17]
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6.3.17 GP TIMer INterrupts . ... ..ot e -18
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6.4.4 Directional Up/Down Counting Mode of GP Timers1and3 .............. 6-25
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Dual 10-Bit Analog-to-Digital Converter (ADC) Module ~ ........... ... ... ... .......
Describes the Dual 10-Bit Analog-to-Digital Converter (ADC) module.
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Describes the architecture, functions, and programming of the serial communications interface
(SCIl) module.
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Chapter 1

Introduction

The TMS320C24x ('C24x) series is a member of the TMS320 family of digital
signal processors (DSPs). The 'C24x series is designed to meet a wide range
of digital motor control (DMC) and embedded control applications.

This reference guide discusses the peripherals available on the
TMS320F240/C240 DSP controllers. For a description of the 'C2xx CPU core
and instruction set, refer to TMS320F/C24x DSP Controllers, CPU and In-
struction Set Reference Guide (literature number SPRU160).

This chapter provides an overview of the current TMS320 family, describes the
background and benefits of the 'C24x DSP controller products, and introduces
the 'F/C240 device.

Topic Page
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TMS320 Family Overview

1.1 TMS320 Family Overview

1-2

The TMS320 family consists of fixed-point, floating-point, multiprocessor digi-
tal signal processors (DSPs), and fixed-point DSP controllers. TMS320 DSPs
have an architecture designed specifically for real-time signal processing. The
'F/IC240 is a member of the 'C2000 DSP platform, and is optimized for control
applications. The 'C24x series of DSP controllers combines this real-time
processing capability with controller peripherals to create an ideal solution for
control system applications. The following characteristics make the TMS320
family the right choice for a wide range of processing applications:

[ Very flexible instruction set

(1 Inherent operational flexibility
[ High-speed performance

(1 Innovative parallel architecture
[ Cost effectiveness

In 1982, Texas Instruments introduced the TMS32010, the first fixed-point
DSP in the TMS320 family. Before the end of the year, Electronic Products
magazine awarded the TMS32010 the title “Product of the Year”. Today, the
TMS320 family consists of these generations (Figure 1-1): 'C1x, 'C2x, 'C2xXx,
'C5x, 'C54x, and 'C6x fixed-point DSPs; 'C3x and 'C4x floating-point DSPs;
and 'C8x multiprocessor DSPs. The 'C24x is part of the 'C2xx family of DSPs
designed using the 2xLP DSP core.

Devices within a generation of the TMS320 family have the same CPU struc-
ture but different on-chip memory and peripheral configurations. Spin-off
devices use new combinations of on-chip memory and peripherals to satisfy
a wide range of needs in the worldwide electronics market. By integrating
memory and peripherals onto a single chip, TMS320 devices reduce system
costs and save circuit board space.
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Figure 1-1. TMS320 Family
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Figure 1-2. TMS320 Device Nomenclature
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1.2 TMS320C24x Series of DSP Controllers

Designers have recognized the opportunity to redesign existing DMC systems
to use advanced algorithms that yield better performance and reduce system
component count. DSPs enable:

[J Design of robust controllers for a new generation of inexpensive motors,
such as AC induction, DC permanent magnet, and switched-reluctance
motors

[ Full variable-speed control of brushless motor types that have lower
manufacturing cost and higher reliability

[ Energy savings through variable-speed control, saving up to 25% of the
energy used by fixed-speed controllers

[ Increased fuel economy, improved performance, and elimination of
hydraulic fluid in automotive electronic power steering (EPS) systems

1 Reduced manufacturing and maintenance costs by eliminating hydraulic
fluids in automotive electronic braking systems

[ More efficient and quieter operation due to less generation of torque
ripple, resulting in less loss of power, lower vibration, and longer life

(1 Elimination or reduction of memory lookup tables through real-time poly-
nomial calculation, thereby reducing system cost

[ Use of advanced algorithms that can reduce the number of sensors
required in a system

1 Control of power switching inverters, along with control algorithm
processing

[ Single-processor control of multimotor systems

The 'C24x DSP controllers are designed to meet the needs of control-based
applications. By integrating the high performance of a DSP core and the
on-chip peripherals of a microcontroller into a single-chip solution, the 'C24x
series yields a device that is an affordable alternative to traditional microcon-
troller units (MCUs) and expensive multichip designs. At 20 million instructions
per second (MIPS), the 'C24x DSP controllers offer significant performance
over traditional 16-bit microcontrollers and microprocessors.

Introduction 1-5
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1-6

The 16-bit, fixed-point DSP core of the 'C24x devices provides analog design-
ers a digital solution that does not sacrifice the precision and performance of
their systems. In fact, system performance can be enhanced through the use
of advanced control algorithms for techniques such as adaptive control,
Kalman filtering, and state control. The 'C24x DSP controllers offer reliability
and programmability. Analog control systems, on the other hand, are hard-
wired solutions and can experience performance degradation due to aging,
component tolerance, and drift.

The high-speed central processing unit (CPU) allows the digital designer to
process algorithms in real time rather than approximate results with look-up
tables. The instruction set of these DSP controllers, which incorporates both
signal processing instructions and general-purpose control functions, coupled
with the extensive development support available for the 'C24x devices,
reduces development time and provides the same ease of use as traditional
8- and 16-bit microcontrollers. The instruction set also allows you to retain your
software investment when moving from other general-purpose TMS320 fixed-
point DSPs. Itis source- and object-code compatible with the other members
of the 'C2xx generation, source code compatible with the 'C2x generation, and
upwardly source code compatible with the 'C5x generation of DSPs from Tex-
as Instruments.

The 'C24x architecture is also well-suited for processing control signals. It
uses a 16-bit word length along with 32-bit registers for storing intermediate
results, and has two hardware shifters available to scale numbers indepen-
dently of the CPU. This combination minimizes quantization and truncation
errors, and increases processing power for additional functions. Such func-
tions might include a notch filter that could cancel mechanical resonances in
a system or an estimation technique that could eliminate state sensors in a
system.

The 'C24x DSP controllers take advantage of an existing set of peripheral
functions that allow Texas Instruments to quickly configure various series
members for different price/performance points or for application optimization.
This library of both digital and mixed-signal peripherals includes:

Timers

Serial communications ports (SCI, SPI)

Analog-to-digital converters (ADC)

Event manager

System protection, such as low-voltage detection and watchdog timers

Uoood

The DSP controller peripheral library is continually growing and changing to
suit the needs of tomorrow’s embedded control marketplace.
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1.3 TMS320F/C240 Overview

The TMS320F/C240 is the first standard device introduced in the '24x series
of DSP controllers. It sets the standard for a single-chip digital motor controller.
The 240 can execute 20 MIPS. Almost all instructions are executed in a single
cycle of 50 ns. This high performance allows real-time execution of very com-
plex control algorithms, such as adaptive control and Kalman filters. Very high
sampling rates can also be used to minimize loop delays.

The '240 has the architectural features necessary for high-speed signal proc-
essing and digital control functions, and it has the peripherals needed to pro-
vide a single-chip solution for motor control applications. The '240 is manufac-
tured using submicron CMOS technology, achieving a low power dissipation
rating. Also included are several power-down modes for further power sav-
ings.

Some applications that benefit from the advanced processing power of the
'240 include:

J Industrial motor drives
] Power inverters and controllers

[ Automotive systems, such as electronic power steering, antilock brakes,
and climate control

Appliance and HVAC blower/compressor motor controls
Printers, copiers, and other office products

Tape drives, magnetic optical drives, and other mass storage products

I S IR

Robotics and CNC milling machines

To function as a system manager, a DSP must have robust on-chip I/O and
other peripherals. The event manager of the '240 is unlike any other available
on a DSP. This application-optimized peripheral unit, coupled with the high-
performance DSP core, enables the use of advanced control techniques for
high-precision and high-efficiency full variable-speed control of all motor
types. Included in the event manager are special pulse-width modulation
(PWM) generation functions, such as a programmable dead-band function
and a space vector PWM state machine for 3-phase motors that provides
state-of-the-art maximum efficiency in the switching of power transistors.
Three independent up/down timers, each with it's own compare register,
support the generation of asymmetric (noncentered) as well as symmetric
(centered) PWM waveforms. Two of the four capture inputs are direct connec-
tions for quadrature encoder pulse signals from an optical encoder.
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Here is a summary of '240 features:

4

TMS320C2xx core CPU:

B 32-bit central arithmetic logic unit (CALU)

B 32-bit accumulator

B 16-bit x 16-bit parallel multiplier with a 32-bit product capability

B Three scaling shifters

B Eight 16-bit auxiliary registers with a dedicated arithmetic unit for
indirect addressing of data memory

Memory:

B 544 words x 16 bits of on-chip data/program dual-access RAM

B 16K words x 16 bits of on-chip program ROM or flash EEPROM

B 224K words x 16 bits of maximum addressable memory space (64K
words of program space, 64K words of data space, 64K words of I/O
space, and 32K words of global space)

B External memory interface module with a software wait-state
generator, a 16-bit address bus, and a 16-bit data bus

B Support of hardware wait-states

Program control:

4-level pipeline operation
8-level hardware stack

Six external interrupts: power-drive protection interrupt, reset, NMI,
and three maskable interrupts

Instruction set:

B Source code compatibility with 'C2x, 'C2xx, and 'C5x fixed-point
generations of the TMS320 family

B Single-instruction repeat operation

B Single-cycle multiply/accumulate instructions

Bm Memory block move instructions for program/data management

B Indexed-addressing capability

B Bit-reversed indexed-addressing capability for radix-2 fast Fourier
transforms (FFTS)

Power:

B Static CMOS technology

B Four power-down modes to reduce power consumption
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Emulation: IEEE Standard 1149.1 test access port interface to on-chip
scan-based emulation logic

Speed: 50-ns (20 MIPS) instruction cycle time, with most instructions
single cycle

Event manager:
B 12 compare/pulse-width modulation (PWM) channels (9 independent)

B Three 16-bit general-purpose timers with six modes, including contin-
uous up counting and continuous up/down counting

B Three 16-bit full compare units with dead band capability
B Three 16-bit simple compare units

W Four capture units, two of which have quadrature-encoder-pulse-in-
terface capability

Dual 10-bit analog-to-digital converter (ADC)

28 individually programmable, multiplexed 1/O pins
Phase-locked loop (PLL) -based clock module

Watchdog (WD) timer module with real-time interrupt (RTI)
Serial communication interface (SCI)

Serial peripheral interface (SPI)

Development tools available:

B Tl ANSI C compiler, assembler/linker, and C-source debugger
B Full range of emulation products: self-emulation (XDS510™)

W Evaluation module (EVM) with JTAG emulation
|

Third-party digital motor control and fuzzy-logic development support

Introduction 1-9



Chapter 2

TMS320F/C240 DSP Controller

This chapter contains a general description of the '240 DSP Controller and pro-
vides a pin-out diagram and memory maps.

Topic Page
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2.1 TMS320F/C240 DSP Controller Overview

The TMS320C240 and TMS320F240 devices are the first members of a new
family of DSP controllers based on the TMS320C2xx generation of 16-bit
fixed-point digital signal processors (DSPs). Unless otherwise noted, the term
'240 refers to both the TMS320C240 and the TMS320F240.

The only difference between these two devices is the type of program memory
(see Table 2—1): the 'C240 contains 16K words of ROM and the 'F240 contains
16K words of flash EEPROM. This new family is optimized for digital motor and
motion control applications. The DSP controllers combine the enhanced
TMS320 architectural design of the 'C2xx core CPU for low-cost, high-perfor-
mance processing capabilities and several advanced peripherals optimized
for motor/motion control applications. These peripherals include the event
manager (EV) module, which provides general-purpose timers and compare
registers to generate up to 12 PWM outputs; and a dual, 10-bit analog-to-digi-
tal converter (ADC), which can perform two simultaneous conversions within
10 ps.

Figure 2—1 shows an overview of the '240 signals, Figure 2—2 provides a pin
out diagram, and Table 2—2 provides a list of the 'C240 and 'F240 Pin Func-
tions.

Table 2—1. Characteristics of the TMS320F/C240 DSP Controllers

On-chip Memory (Words)

Flash
RAM ROM EEPROM Power Cycle Package
'F/IC240 Supply Time Type
Devices Data Data/Program PROG PROG (v) (ns) Pin Count
'C240 288 256 16K - 5 50 PQ 132-P
'F240 288 256 - 16K 5 50 PQ 132-P
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Figure 2—1. TMS320F/C240 Device Overview

TMS320F/C240 DSP Controller Overview

NMI OSCBYP
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ADCINO,1,8,9/I0PA0,1,3,2
RS System DARAM (B1)
CLKOUT/I0PCL module 256 Words ADCIN2-7.10-15
PMTMODE
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DARAM (B2) Dual 10-bit ADC Veea
32 Words Vssa
VREFHI
Veep VREFLO
BIO/IOPC3 "Coxx Flash/ROM ADCSOC/IOPCO
XF/10PC2 CPU 16K Words
MC/MP SCIRXD/10
SCI SCITXD/10
AQ-ALS
oo 1o SPICLK /10
— SPISTE/IO
SSHESHER SPI SPISIMO /10
R/W SPISOMI/IO
W/R External
READY memory interface
STRB WD/RTI
WE
BR
PDPINT Digital I/0O
CAP1/QEP1/I0PC4
CAP2/QEP2/I0PC5 (Shared with
gﬁgj;:ggg: Event manager Elner i)
Port A-1OPAX
PWM1/CMP1 Port B-10PBx
PWM2/CMP2 . Port C-10PCx
PWM3/CMP3 ® 4 x Capture ip
PWM4/CMP4 ® 9 x Comp/PWM op TRST
PWM5/ CMP5 ® 3 x GP timers/PWM TDO
PWM6/CMP6 TDI
PWM7/CMP7/I0PBO JTAG port ™S
PWM8/CMP8/IOPB1 TCK
PWM9/CMP9/IOPB2 EMUO
T1PWM/T1CMP/IOPB3 EMU1
T2PWM/T2CMP /IOPB4
T3PWM/T3CMP/IOPB5 )
TMRCLKI/ [OPB7 VoD (8 pins)
TMRDIR/IOPB6
Vss (13 pins)
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Figure 2—2. TMS320F/C240 Pin Out Assignment
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T For TMS320C240 devices, this pin has only the WDDIS function.
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Table 2-2. TMS320F/C240 Pin Functions

Pin

Name No. Type' Description

A0 (LSB) 110

Al 111

A2 112

A3 114

A4 115

A5 116

A6 117 Parallel address bus A0 (LSB) through A15 (MSB). Multiplexed to

A7 118 o/z address external data/program memory or I/O. Placed in high-imped-

A8 119 ance state when EMU1/OFF is active low. They hold their previous

A9 122 states in power-down modes.

Al0 123

All 124

Al2 125

Al3 126

Al4 127

A15 (MSB) 128

DO (LSB) 9

D1 10

D2 11

D3 12

D4 15

D5 16 .

D6 17 Parallel data bus DO (LSB) through D15 (MSB). Multiplexed to transfer

D7 18 data between the T_MS320F/C24_0 and e_xter_nal data/program memory

D8 19 I/0/Z  and I/O space (devices). Placed in the high-impedance state when not
outputting, when in power-down mode, when reset (RS) is asserted, or

D9 22 when EMU1/OFF is active low.

D10 23

D11 24

D12 25

D13 26

D14 27

D15 (MSB) 28

t1=input, O = output, Z = high impedance
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Table 2-2. TMS320F/C240 Pin Functions (Continued)

Interface Control Signals

DS 129
PS 131
IS 130

Oo/z

Data, program, and /O space select signals. Always high unless low
level asserted for communication to a particular external space. Placed
in the high-impedance state during reset, power down, and when
EMU1/OFF is active low.

READY 36

Data ready input. Indicates that an external device is prepared for the
bus transaction to be completed. If the device is not ready (READY is
low), the processor waits one cycle and checks READY again.

R/W 4

O/z

Read/write signal. Indicates transfer direction during communication to
an external device. Normally in read mode (high), unless low level is
asserted for performing a write operation. Placed in the
high-impedance state during reset, power down, and when EMU1/OFF
is active low.

STRB 6

O/z

Strobe signal. Always high unless asserted low to indicate an external
bus cycle. Placed in the high-impedance state during reset, power
down, and when EMU1/OFF is active low.

(o)A

Write enable. The falling edge of WE indicates that the device is driving
the external data bus(D15-D0). Data can be latched by an external
device on the rising edge of WE. WE is active on all external program,
data, and 1/0 writes. WE goes in the high-impedance state following
reset and when EMU1/OFF is active low.

W/R 132

O/z

Write/read signal. This signal is an inverted form of R/W and can
connect directly to the output enable of external devices. W/R is placed
in active high state following reset and when EMU1/OFF is active low.

0o/z

Bus-request signal. BR is asserted during access of external global
data memory space. BR can be used to extend the data memory
address space by up to 32K words. BR goes in the high-impedance
state during reset, power-down mode, and when EMU1/OFF is active
low.

Vccp/WDDISH 50

Flash programming voltage supply pin. If Vocp =5V, then
WRITE/ERASE can be made to the entire on-chip flash memory block,
i.e., for programming the flash. If Voccp = 0V, the flash array cannot be
programmed. WDDIS also functions as a hardware watchdog disable.
The watchdog timer is disabled when

Vcep/WDDIS =5V and bit 6 in WDCR is set to 1.

T1=input, O = output, Z = high impedance
¥ For TMS320C240 devices, this pin is WDDIS.
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Table 2-2. TMS320F/C240 Pin Functions (Continued)

ADC Inputs (Unshared)

ADCIN2 74 |
ADCIN3 75 |
ADCIN4 76 |
Analog inputs to the first ADC
ADCIN5 77 |
ADCING 78 |
ADCIN7 79 |
ADCIN10 89 |
ADCIN11 88 |
ADCIN12 83 |
Analog inputs to the second ADC
ADCIN13 82 |
ADCIN14 81 |
ADCIN15 80 |
Bit /0 and Shared Functions Pins
Bidirectional digital 1/0
ADCINO/IOPAO 72 I/0  Analog input to the first ADC
ADCINO/IOPAQO is configured as a digital input by all device resets.
Bidirectional digital /0
ADCIN1/IOPA1 73 /0 Analog input to the first ADC
ADCIN1/IOPAL is configured as a digital input by all device resets.
Bidirectional digital 1/0
ADCIN9/IOPA2 90 /0 Analog input to the second ADC
ADCIN9/IOPAZ2 is configured as a digital input by all device resets.
Bidirectional digital 1/0
ADCINS8/IOPA3 91 1/0/z Analog input to the second ADC
ADCINS8/IOPA3 is configured as a digital input by all device resets.
Bidirectional digital 1/0. Simple compare/PWM 1 output pin. The state
PWM7/ of the pin is determined by the simple compare/PWM and the simple
CMP7/IOPBO 100 1/0/z action control register (SACTR). It goes to the high-impedance state

when unmasked PDPINT goes active low. PWM7/CMP7/IOPBO is con-
figured as a digital input device by all device resets.

ti= input, O = output, Z = high impedance
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Table 2-2. TMS320F/C240 Pin Functions (Continued)

Bit 1/0 and Shared Functions Pins (continued)

Bidirectional digital 1/0. Simple compare/PWM 2 output pin. The state
of the pin is determined by the simple compare/PWM and the SACTR.

:::)VI\:/)I\éIT/CMPB/ 101 1/0/Z It goes to the high-impedance state when unmasked PDPINT goes
active low. PWM8/CMP8/IOPBL is configured as a digital input device
by all device resets.

Bidirectional digital 1/0. Simple compare/PWM 3 output pin. The state

PWMO9/CMPY/ of the pin is determined by the simple compare/PWM and SACTR. It

|OPB2 102 1/0/Z goes to the high-impedance state when unmasked PDPINT goes active
low. PWM9/CMP9/IOPB2 is configured as a digital input device by all
device resets.

Bidirectional digital I/0. Timer 1 compare output. It goes to the high-im-

TIPWM/TICMPY 105 1/0/Z pedance state when unmasked PDPINT goes active low. This pin is

IOPB3 . o )
configured as a digital input by all device resets.

Bidirectional digital 1/0. Timer 2 compare output. It goes to the high-im-

T2PWM/T2CMPY 106 1/0/z pedance state when unmasked PDPINT goes active low. This pin is

IOPB4 . L )
configured as a digital input by all device resets.

Bidirectional digital 1/0. Timer 3 compare output. It goes to the high-im-

TSPWM/TSCMPY 107 1/0/Zz pedance state when unmasked PDPINT goes active low. This pin is

IOPB5 . L .
configured as a digital input by all device resets.

Bidirectional digital 1/0O. Direction signal for the timers. Up-counting

TMRDIR/IOPB6 108 I/O  direction if this pin is low, down-counting direction if this pin is high. This
pin is configured as a digital input by all device resets.

Bidirectional digital 1/0

TMRCLK/IOPB7 109 /O  External clock input for general-purpose timers
This pin is configured as a digital input by all device resets.
Bidirectional digital 1/0

ADCSOC/IOPCO 63 /O  External start of conversion input for ADC
This pin is configured as a digital input by all device resets.
Bidirectional digital 1/0

CAP1/QEP1/IOPC4 67 /O  Capture 1 or QEP 1 input
This pin is configured as a digital input by all device resets.
Bidirectional digital I/O

CAP2/QEP2/IOPC5 68 /O  Capture 2 or QEP 2 input

This pin is configured as a digital input by all device resets.

T1=input, O = output, Z = high impedance
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Table 2-2. TMS320F/C240 Pin Functions (Continued)

Bit 1/0 and Shared Functions Pins (continued)

CAP3/IOPC6

69

1/0

Bidirectional digital /0
Capture 3 input
This pin is configured as a digital input by all device resets.

CAP4/IOPC7

70

1/0

Bidirectional digital /0
Capture 4 input
This pin is configured as a digital input by all device resets.

XF/10OPC2

65

1/0

Bidirectional digital 1/0. External flag output (latched software-program-
mable signal). XF is used for signaling other processors in multiproces-
sing configurations or as a general-purpose output pin. This pin is con-
figured as an external flag output by all device resets.

BIO/IOPC3

66

I/0

Bidirectional digital 1/0. Branch control input. BIO is polled by BIOZ
instruction. If BIO is low, the CPU executes a branch. If BIO is not used,
it should be pulled high. This pin is configured as a branch control input
by all device resets.

CLKOUT/IOPC1

64

110

Bidirectional digital 1/0. Clock output pin. Clock output is selected by
CLKSRC bits in SYSCR register. This pin is configured as a DSP clock
output by a power-on reset.

Serial Communication and Bit I/0O Pins

SCITXD/IO

44

1/0

SCI asynchronous serial port transmit data, or general-purpose bidirec-
tional I/O. This pin is configured as a digital input by all device resets.

SCIRXD/IO

43

110

SCI asynchronous serial port receive data, or general-purpose bidirec-
tional /0. This pin is configured as a digital input by all device resets.

SPISIMO/IO

45

1/0

SPI slave in, master out , or general-purpose bidirectional 1/0. This pin
is configured as a digital input by all device resets.

SPISOMI/IO

48

110

SPI slave out, master in, or general-purpose bidirectional 1/0. This pin
is configured as a digital input by all device resets.

SPICLK/IO

49

110

SPI clock, or general-purpose bidirectional I/O. This pin is configured
as a digital input by all device resets.

SPISTE/IO

51

1/0

SPI slave transmit enable (optional), or general-purpose bidirectional
I/0. This pin is configured as a digital input by all device resets.

t= input, O = output, Z = high impedance
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Table 2-2. TMS320F/C240 Pin Functions (Continued)

Compare Signals

PWM1/CMP1 94
PWM2/CMP2 95 Compare units compare or PWM outputs. The state of these pins is
PWM3/CMP3 96 oz determined by the compare/PWM and the full-action control register
PWM4/CMP4 97 (ACTR). CMP1-CMP6 go to the high-impedance state when un-
PWM5/CMP5 98 masked PDPINT goes active low, and when reset (RS) is asserted.
PWM6/CMP6 99
Interrupt and Miscellaneous Signals
Reset input. Causes the TMS320F/C240 to terminate execution and
== sets PC = 0. When RS is brought to a high level, execution begins at
RS 35 I/0 . == )
location Oh of program memory. RS affects (or sets to zero) various
registers and status bits.
— MP/MC (microprocessor/microcomputer) select. If low, internal program
MP/MC 37 ' ) .
memory is selected. If high, external program memory is selected.
Non-maskable interrupt. When this pin is activated, device is inter-
NMI 40 rupted regardless of the state of the INTM bit of status register 0. NMI
has programmable polarity.
Power-on reset input. PORESET causes the TMS320F/C240 to termi-
nate execution and sets PC = 0. When PORESET is brought to a high
PORESET 41 level, execution begins at location Oh of program memory. PORESET
affects (or sets to zero) the same registers and status bits as RS. In
addition, PORESET initializes the PLL control registers.
XINT1 53 I External user interrupt number 1.
XINT2/I0 54 /0 Ex_tern'al user mterrupt numb_e_r 2. _General-purpo_se bidirectional 1/0.
This pin is configured as a digital input by all device resets.
XINT3/I0 55 /o Ex.tern.al user |qterrupt numper 3. .General-purpo§e bidirectional 1/0.
This pin is configured as a digital input by all device resets.
Maskable power-drive protection interrupt. If PDPINT is unmasked and
PDPINT 52 it goes to active low, the timer compare outputs immediately go to the

high-impedance state.

T1=input, O = output, Z = high impedance
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Table 2-2. TMS320F/C240 Pin Functions (Continued)

Clock Signals

PLL oscillator output pin. XTALZ2 is tied to one side of a reference crys-
tal when the device is in PLL mode (CLKMDJ[1:0] = 1x, CKCRO0.7:6).

XTAL2 57 (0] This pin can be left unconnected in oscillator bypass mode
(OSCBYP < V,1). This pin goes in the high-impedance state when
EMU1/OFF is active low.
PLL oscillator input pin. XTAL1/CLKIN is tied to one side of a reference
XTAL1/CLKIN 58 I/Z  crystal in PLL mode (CLKMDJ[1:0] = 1x, CKCRO0.7:6), or is connected to
an external clock source in oscillator bypass mode (OSCBYP < V).
OSCBYP 56 | Bypass oscillator if low.
Supply Signals
CVss 8 | Digital core logic ground reference
3
14
20
29
46
59 - .
Vss 61 | Digital logic ground reference
71
92
104
113
120
Vssa 87 I Analog ground reference
2
13
21
47 _ .
DVpp 62 | Digital 1/0 logic supply voltage
93
103
121
7 . .
CVpp 60 | Digital core logic supply voltage
Veea 84 | Analog supply voltage
ViefHi 85 | ADC analog voltage reference high
VrefLo 86 I ADC analog voltage reference low

t= input, O = output, Z = high impedance
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Table 2-2. TMS320F/C240 Pin Functions (Continued)

Test Signals

TCK 30

IEEE standard test clock. This is normally a free-running clock signal
with a 50% duty cycle. The changes on test-access port (TAP) input
signals (TMS and TDI) are clocked into the TAP controller, instruction
register, or selected test data register of the 'C2xx core on the rising
edge of TCK. Changes at the TAP output signal (TDO) occur on the
falling edge of TCK.

TDI 31

IEEE standard test data input (TDI). TDI is clocked into the selected
register (instruction or data) on a rising edge of TCK.

TDO 34

O/z

IEEE standard test data output (TDO). The contents of the selected
register (instruction or data) is shifted out of TDO on the falling edge of
TCK. TDO is in the high-impedance state when OFF is active low.

T™MS 33

IEEE standard test mode select. This serial control input is clocked into
the TAP controller on the rising edge of TCK.

TRST 32

IEEE standard test reset. TRST, when active low, gives the scan sys-
tem control of the operations of the device. If this signal is not con-
nected or driven low, the device operates in its functional mode, and
the test reset signals are ignored.

EMUO 38

1/10/Z

Emulator pin 0. When TRST is driven low, this pin must be high for ac-
tivation of the OFF condition (see pin 39). When TRST is driven high,
this pin is used as an interrupt to or from the emulator system and is
defined as input/output through the scan.

EMU1/OFF 39

1/10/z

Emulator pin 1/disable all outputs. When TRST is driven high, this pin is
used as an interrupt to or from the emulator system and is defined as
input/output through JTAG scan. When TRST is driven low, this pin is
configured as OFF. The EMU1/OFF signal, when active low, puts all
output drivers in the high-impedance state. Note that OFF is used
exclusively for testing and emulation purposes (not for multiprocessing
applications). Thus, for OFF condition, the following conditions apply:
TRST = low, EMUO = high, EMU1/OFF = low.

Reserved 42

Reserved for test. This pin has an internal pulldown and must be left
unconnected for the 'F240. On the 'C240, this pin is a no connect.

T1=input, O = output, Z = high impedance
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2.1.1 Architectural Overview

The functional block diagram (Figure 2—3) provides a high level description of
each component in the '240 DSP controller device. The '240 devices are com-
posed of three main functional units: a'C2xx DSP core, internal memory, and
peripherals. In addition to these three functional units, there are several sys-
tem-level features of the '240 that are distributed. These system features in-
clude the memory map, device reset, interrupts, digital input/output (1/0),
clock generation, and low-power operation.
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Figure 2-3. TMS320F/C240 Functional Block Diagram
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2.2 Memory Map

Memory Map

The TMS320F/C240 implements three separate address spaces for program
memory, data memory, and |/O. Each space accommodates a total of 64K
16-bit words. Within the 64K words of data space, the 256 to 32K words at the
top of the address range can be defined as external global memory, in incre-
ments of powers of two, as specified by the contents of the global memory
allocation register (GREG). Access to global memory is arbitrated using the
global memory bus request (BR) signal.

On the 240, the first 96 data memory locations (0—5Fh) are either allocated
for memory-mapped registers or reserved. This memory-mapped register
space contains various control and status registers including those for the
CPU.

All '240 on-chip peripherals are mapped into data memory space starting at
7000h. Accesstothese registersis made by CPU instructions addressing their
data memory locations. Figure 2—4 shows a memory map for the 'F/C240.

TMS320F/C240 DSP Controller 2-15



Memory Map

Figure 2—4. TMS320F/C240 Memory Map
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Peripheral Memory Map

2.3 Peripheral Memory Map
The '240 system and peripheral control register frame contains all the data,
status, and control bits to operate the system and peripheral modules on the
'240 device.

Figure 2-5 shows the peripheral memory map for the '240.
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Figure 2-5. '240 Peripheral Memory Map
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Digital I/O and Shared Pin Functions

2.4 Digital /0O and Shared Pin Functions

The '240 has a total of 28 pins shared between primary functions and 1/Os.
These pins are divided into two groups:

a

a

Groupl — Primary functions shared with I/Os belonging to dedicated I/O
ports, Port A, Port B, and Port C.

Group2 — Primary functions belonging to peripheral modules which also
have an in-built 1/O feature as a secondary function, for example SCI, SPI,
external interrupts, and PLL clock module.

2.4.1 Description of Groupl Shared I/O pins

The control structure for Group1l type shared I/O pins is shown in Figure 2—6.
The only exception to this configuration is the CLKOUT/IOPC1 pin, which is
described later in this section. In Figure 2—6, each pin has three bits which de-
fine its operation:

a

a

Q

MUX control bit — this bit selects between the primary function (1) and 1/O
function (0) of the pin.

I/O direction bit — if the I/O function is selected for the pin (MUX control bit
is set to 0), this bit determines whether the pin is an input (0) or output (1).

I/O data bit — if the I/O function is selected for the pin (MUX control bit is
set to 0) and the direction selected is an input, data is read from this bit;
if the direction selected is an output, data is written to this bit.

The MUX control bit, I/O direction bit, and 1/0 data bit are in the I/O control reg-
isters described in subsection 2.4.3 on page 2-21.

Figure 2—6. Shared Pin Configuration

IOP data bit Primary
(Read/Write) function

IOP DIR bit
0=Input
1=Output

In

Out
Note: ~ When the MUX control bit=1, the primary

function is selected in all cases except for
the following pins:
1. XF/IOPC2 (0=Primary function)

Primary function
or

2. BIO/IOPC3 (0=Primary function)

MUX control bit

O

00 A 1 . 0=1/O function <4+—
1=Primary function

1/0 pin Pin
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A summary of Groupl pin configurations and associated bits is shown in
Table 2-3.

Table 2-3. TMS320F/C240 Shared Pin Configuration

Mux C.ontrol Pin function selected |O Port Data & Direction T
Pin # (ngr?]%.st:ﬁr#) (CRx.n=1) (CRx.n=0) Register Data bit # Dir bit #
72 OCRA.O ADCINO IOPAO PADATDIR 0 8
73 OCRA.1 ADCIN1 IOPAl PADATDIR 1 9
90 OCRA.2 ADCIN9 IOPA2 PADATDIR 2 10
91 OCRA.3 ADCIN8 IOPA3 PADATDIR 3 11
100 OCRA.8 PWM7/CMP7 IOPBO PBDATDIR 0 8
101 OCRA.9 PWM8/CMP8 IOPB1 PBDATDIR 1 9
102 OCRA.10 PWM9/CMP9 I0PB2 PBDATDIR 2 10
105 OCRA.11 T1IPWM/T1CMP IOPB3 PBDATDIR 3 11
106 OCRA.12 T2PWM/T2CMP I0PB4 PBDATDIR 4 12
107 OCRA.13 T3PWM/T3CMP IOPB5 PBDATDIR 5 13
108 OCRA.14 TMRDIR IOPB6 PBDATDIR 6 14
109 OCRA.15 TMRCLK I0PB7 PBDATDIR 7 15
63 OCRB.0 ADCSOC IOPCO PCDATDIR 0 8
64 SYSCR.7-6%
00 IOPC1 PCDATDIR 1 9
01 WDCLK — — -
10 SYSCLK — — —
11 CPUCLK — — —
65 OCRB.2 I0PC2 XF PCDATDIR 2 10
66 OCRB.3 IOPC3 BIO PCDATDIR 3 11
67 OCRB.4 CAP1/QEP1 IOPC4 PCDATDIR 4 12
68 OCRB.5 CAP2/QEP2 IOPC5 PCDATDIR 5 13
69 OCRB.6 CAP3 IOPC6 PCDATDIR 6 14
70 OCRB.7 CAP4 IOPC7 PCDATDIR 7 15

T valid only if the 1/0 function is selected on the pin.
tscr.7-6 represents bits 7 and 6 in the system control register (see section 3.2.1, System Control Register, on page 3-6).
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2.4.2 Description of Group 2 Shared I/O Pins

Group 2 shared pins belong to peripherals which have built-in general purpose
I/O capability. Control and configuration for these pins is achieved by setting
appropriate bits within the control and configuration registers of the peripher-
als. Table 2—4 lists the Group 2 shared pins.

Table 2-4. Group 2 Shared Pins

Pin # Primary Function Register Address Peripheral Module
43 SCIRXD SCIPC2 705Eh SCI
44 SCITXD SCIPC2 705Eh SCI
45 SPISIMO SPIPC2 704Eh SPI
48 SPISOMI SPIPC2 704Eh SPI
49 SPICLK SPIPC1 704Dh SPI
51 SPISTE SPIPC1 704Dh SPI
54 XINT2 XINT2CR 7078h External interrupts
55 XINT3 XINT3CR 707Ah External interrupts

For information on:

[ Serial communications interface (SCI) — see Chapter 8
[ Serial peripheral interface (SPI) — see Chapter 9
[ External Interrupts — see section 2.5.7

2.4.3 Digital I/0O Control Registers

Table 2-5 lists the registers available to the digital I/O module. As with other
'240 peripherals, the registers are memory mapped to the data space.

Table 2-5. Addresses of Digital I/O Control Registers

Address Register Name Page
7090h OCRA I/O mux control register A 2-22
7092h OCRB 1/0 mux control register B 2-23
7098h PADATDIR 1/0O port A data and direction register 2-24
709Ah PBDATDIR 1/0O port B data and direction register 2-25
709Ch PCDATDIR I/O port C data and direction register 2-26
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I/0 MUX control registers

Figure 2—7. I/0 MUX Control Register A (OCRA) — Address 7090h

15 14 13 12 11 10 9 8
CRA.15 CRA.14 CRA.13 CRA.12 CRA.11 CRA.10 CRA.9 CRA.8
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
7 6 5 4 3 2 1 0
Reserved CRA.3 CRA.2 CRA.1 CRA.O
RW-0 RW-0 RW-0 RW-0

Note: R = read access, W = write access, —0 = value after reset

Table 2-6. I/0O MUX Control Register A (OCRA) Configuration

2-22

Pin function selected

Bit # Name.bit # (CRAn=1) (CRA.n=0)
0 CRA.0 ADCINO IOPAO
1 CRA.1 ADCIN1 IOPAL
2 CRA.2 ADCIN9 IOPA2
3 CRA.3 ADCINS IOPA3
8 CRA.8 PWM7/CMP7 IOPBO
9 CRA.9 PWM8/CMP8 IOPB1
10 CRA.10 PWM9/CMP9 |IOPB2
1 CRA.11 T1IPWM/T1CMP IOPB3
12 CRA.12 T2PWM/T2CMP |IOPB4
13 CRA.13 T3PWM/T3CMP IOPB5
14 CRA.14 TMRDIR IOPB6
15 CRA.15 TMRCLK |IOPB7




Digital I/O and Shared Pin Functions

Figure 2-8. I/0O MUX Control Register B (OCRB) — Address 7092h

15 14 13 12 11 10 9 8
Reserved
RW-0
7 6 5 4 3 2 1 0
CRB.7 CRB.6 CRB.5 CRB.4 CRB.3 CRB.2 Reserved CRB.O
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
Note: R = read access, W = write access, —0 = value after reset
Table 2—7. I/O MUX Control Register B (OCRB) Configuration
Pin function selected
Bit # Name.bit # (CRB.n =1) (CRB.n =0)
0 CRB.O ADCSOC IOPCO
2 CRB.2 I0OPC2 XF
3 CRB.3 IOPC3 BIO
4 CRB.4 CAP1/QEP1 IOPC4
5 CRB.5 CAP2/QEP2 IOPC5
6 CRB.6 CAP3 IOPC6
7 CRB.7 CAP4 IOPC7
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I/O port data and direction registers

Figure 2-9. I/0O Port A Data and Direction Register (PADATDIR) — Address 7098h

15 14 13 12 1 10 9 8
Reserved A3DIR A2DIR A1DIR AODIR
RW-0 RW-0 RW-0 RW-0
7 6 5 4 3 2 1 0
Reserved IOPA3 IOPA2 IOPAL IOPAO
RW-0 RW-0 RW-0 RW-0

Note: R = read access, W = write access, —0 = value after reset, n = 0-3

Bits 15-12 Reserved

Bits 11-8  A3DIR-AODIR . Port A direction control bits.

0 = Configure corresponding pin as an INPUT.
1 = Configure corresponding pin as an OUTPUT.

Bits 7-4 Reserved

Bits 3—-0 IOPA3—-IOPAO . Port A data bits.

If AnDIR = 0, then:

0
1

If AnDIR =1, then:

0
1
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Corresponding 1/O pin is read as a LOW.
Corresponding 1/O pin is read as a HIGH.

Set corresponding I/O pin to an output LOW level.
Set corresponding I/O pin to an output HIGH level.




Digital I/O and Shared Pin Functions

Figure 2—-10. I/O Port B Data and Direction Register (PBDATDIR) — Address 709Ah

15 14 13 12 1 10 9 8
B7DIR B6DIR B5DIR B4DIR B3DIR B2DIR B1DIR BODIR
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
7 6 5 4 3 2 1 0
IOPB7 IOPB6 I0PB5 IOPB4 I0PB3 IOPB2 I0PB1 IOPBO
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

Note: R = read access, W = write access, -0 = value after reset, n = 0-7

Bits 15-8 B7DIR-BODIR . Port B direction control bits.
0 = Configure corresponding pin as an INPUT.
1 = Configure corresponding pin as an OUTPUT.

Bits 7-0 |IOPB7-IOPBO . Port B data bits.

If BnDIR = 0, then:

0 = Corresponding I/O pin is read as a LOW.
1 Corresponding I/O pin is read as a HIGH.

If BnDIR =1, then:

Set corresponding I/O pin to an output LOW level.
Set corresponding I/O pin to an output HIGH level.

0
1
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Figure 2—11.1/0 Port C Data and Direction Register (PCDATDIR) — Address 709Ch

15 14 13 12 11 10 9 8
C7DIR C6DIR C5DIR C4DIR C3DIR C2DIR C1DIR CODIR
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

7 6 5 4 3 2 1 0
IOPC7 IOPC6 IOPC5 IOPC4 IOPC3 I0OPC2 IOPC1 IOPCO
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

Note: R = read access, W = write access, —0 = value after reset, n = 0—7

Bits 15-8 C7DIR-CODIR . Port C direction control bits.

0 = Configure corresponding pin as an INPUT.
1 = Configure corresponding pin as an OUTPUT.

Bits 7-0 IOPC7-I0OPCO. Port C data bits.
If CnDIR =0, then:

0 = Corresponding I/O pin is read as a LOW.
1 Corresponding 1/O pin is read as a HIGH.

If CnDIR = 1, then:

0
1

Set corresponding I/O pin to an output LOW level.
Set corresponding I/O pin to an output HIGH level.
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2.5

Interrupts

Interrupts

Interrupts are hardware or software-driven signals that cause the 240 to sus-
pend its main program and execute a subroutine. Typically, interrupts are gen-
erated by hardware devices that need to give data to, or take data from, the
'240 (for example, the A/D converter or event manager). Interrupts may also
be used to signal that a particular event has taken place (for example, a timer
has finished counting).

The '240 software-programmable interrupt structure supports flexible on-chip
and external interrupt configurations to meet real-time interrupt-driven applica-
tion requirements. The '240 recognizes three types of interrupt sources:

a

Reset (hardware- or software-initiated) is not arbitrated by the CPU and
takes immediate priority over any other executing functions. All maskable
interrupts are disabled until the reset service routine enables them.

Hardware-generated interrupts  are requested by external pins or by
on-chip peripherals. There are two types:

External interrupts are generated by one of five external pins corre-
sponding to the interrupts XINT1, XINT2, XINT3, PDPINT, and NMI.
The first four can be masked both by dedicated enable bits and by the
CPU's interrupt mask register (IMR), which can mask each maskable
interrupt line at the DSP core. NMI, which is not maskable, takes prior-
ity over peripheral interrupts and software-generated interrupts. It can
be locked out only by an already executing NMI or a reset.

Peripheral interrupts are initiated internally by the following on-chip
peripheral modules: the event manager, SPI, SCI, WD/RTI, and ADC.
They can be masked both by enable bits for each event in each periph-
eral and by the CPU's interrupt mask register (IMR), which can mask
each maskable interrupt line at the DSP core.

Software-generated interrupts  are requested by:

INTR instruction. This instruction allows initialization of any '240 inter-
rupt with software. Its operand indicates to which interrupt vector loca-
tion the CPU branches. This instruction globally disables maskable in-
terrupts (sets the INTM bit to 1).

NMI instruction. This instruction forces a branch to interrupt vector
location 24h, the same location used for the nonmaskable hardware
interrupt NMI. NMI can be initiated by driving the NMI pin low or by
executing an NMl instruction. This instruction globally disables mask-
able interrupts.
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B TRAP instruction. This instruction forces the CPU to branch to inter-
rupt vector location 22h. The TRAP instruction does not disable mask-
able interrupts (INTM is not set to 1); thus when the CPU branches to
the interrupt service routine, that routine can be interrupted by the
maskable hardware interrupts.

B Anemulator trap. This interrupt can be generated with either an INTR
instruction or a TRAP instruction.

Each of the '240 interrupts, whether hardware or software, can be placed in
one of the following two categories:

(1 Maskableinterrupts. These are hardware interrupts that can be blocked
(masked) or enabled (unmasked) by software.

(1 Nonmaskable interrupts. These are interrupts that cannot be blocked.
The '240 always responds to this type of interrupt and branches from the
main program to a subroutine. The '240 nonmaskable interrupts include
all software interrupts and three external hardware interrupts: reset (RS),
power-on reset (PORESET) and NMI. Note that although RS and PORE-
SET) are always active low, NMI has programmable polarity.

For information about the reset signal and its effects on the 240, see sec-
tion 2.5.1, Resets, on page 2-31, section 3.3.3, Exiting the Power-Down
Modes, on page 3-12, and section 5.2.1, WD Timer, on page 5-6.

The 'C2xx CPU offers 32 interrupt vector locations (0000-003E). These vec-
tors consists of hardware and software interrupt vectors. The six hardware
maskable interrupts, INT1—INT6 have been expanded using a system mod-
ule. This expansion is required to service all interrupts from '240 peripherals.
Table 2—8 describes the CPU interrupt grouping, along with peripheral inter-
rupt vectors.

Table 2—-11 summarizes the interrupts available on the '240. Other maskable
interrupts are available through on-chip peripherals. The relationship between
the maskable CPU interrupts (INT1—INT6) and the maskable peripheral inter-
ruptsisincluded in this section; however, for details on the peripheral interrupts
available on a specific '24x device, see the data sheet for that device.



Table 2-8. '240 DSP Core Interrupt Locations and Priorities

Interrupts

Vector
Kt Location Name Priority Function
0 Oh RS 1 (highest) Hardware reset (nonmaskable)
1 2h INT1 4 Maskable interrupt level #1F
2 4h INT2 5 Maskable interrupt level #2F
3 6h INT3 6 Maskable interrupt level #3%
4 8h INT4 7 Maskable interrupt level #4%
5 Ah INT5 8 Maskable interrupt level #5%
6 Ch INT6 9 Maskable interrupt level #6+
7 Eh 10 Reserved
8 10h INT8 - User-defined software interrupt
9 12h INT9 - User-defined software interrupt
10 14h INT10 - User-defined software interrupt
11 16h INT11 - User-defined software interrupt
12 18h INT12 - User-defined software interrupt
13 1Ah INT13 - User-defined software interrupt
14 1Ch INT14 - User-defined software interrupt
15 1Eh INT15 - User-defined software interrupt
16 20h INT16 - User-defined software interrupt
17 22h TRAP - TRAP instruction vector
18 24h NMI 3 Nonmaskable interrupt
19 26h 2 Reserved
20 28h INT20 - User-defined software interrupt
21 2Ah INT21 - User-defined software interrupt
22 2Ch INT22 - User-defined software interrupt

T The K value is the operand used in an INTR instruction that branches to the corresponding
interrupt vector location.
¥ Maskable interrupts are customized for each 'C24x DSP device with additional interrupt
expansion logic.
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Table 2-8. 240 DSP Core Interrupt Locations and Priorities (Continued)

2-30

Vector

KT Location Name Priority Function

23 2Eh INT23 - User-defined software interrupt
24 30h INT24 - User-defined software interrupt
25 32h INT25 - User-defined software interrupt
26 34h INT26 - User-defined software interrupt
27 36h INT27 - User-defined software interrupt
28 38h INT28 - User-defined software interrupt
29 3Ah INT29 - User-defined software interrupt
30 3Ch INT30 - User-defined software interrupt
31 3Eh INT31 - User-defined software interrupt

T The K value is the operand used in an INTR instruction that branches to the corresponding

interrupt vector location.

1+ Maskable interrupts are customized for each 'C24x DSP device with additional interrupt
expansion logic.



2.5.1 Resets

Interrupts

The reset operation ensures an orderly startup sequence for the device. There
are five possible causes of a reset, as shown in Figure 2—-12. Three of these
causes are internally generated; the other two causes, RS pin and PORESET
pin, are controlled externally.

Figure 2—-12. Reset Signals

Watchdog timer reset

To device

Software-generated reset Reset
_\:_\ signal
lllegal address reset ’ )— To reset out
Reset (RS) pin active

Power-on reset (PORESET) pin active

Areset pin generates a nonmaskable external interrupt that can be used atany
time to put the '240 into a known state. Reset is the highest priority interrupt;
no other interrupt takes precedence over a reset.

Reset is typically applied after power up when the machine is in an unknown
state. Because the reset signal aborts memory operations and initializes sta-
tus bits, the system should be reinitialized after each reset.

The NMlinterrupt can be used for soft resets because it neither aborts memory
operations nor initializes status bits.
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The five possible reset signals are generated as follows:

(1 Watchdog timer reset. A watchdog timer generated reset occurs if the
watchdog timer overflows or an improper value is written to either the
watchdog key register or the watchdog control register. (Note that when
the device is powered on, the watchdog timer is automatically active.)

[ Software-generated reset. This is implemented with the system control
register (SYSSR). Clearing the RESETO bit (bit14) or setting the RESET1
bit (bit15) causes a system reset.

(1 lllegal Address. The system and peripheral module control register
frame address map contains unimplemented address locations in the
ranges labeled reserved. Any access to an address located in the
Reserved ranges will generate an illegal-address reset.

[0 Reset pin active. To generate an external reset pulse on the RS pin a
low-level pulse duration of as little as a few nanoseconds is usually effec-
tive; however, pulses of one SYSCLK cycle are necessary to ensure that
the device recognizes the reset signal.

[ Power-on Reset pin active . To generate a power-on reset pulse on the
PORESET pin, a low-level pulse of one SYSCLK cycle is necessary to en-
sure that the device recognizes the reset signal.

Once a reset source is activated, the external RS pin is driven (active) low for
a minimum of eight SYSCLK cycles. This allows the '240 to reset external
devices connected to the RS pin. (The RS pin is an open-collector 1/O pin and
must have a pullup resistor attached.) Additionally, if the RS pin is held low, the
reset logic holds the device in a reset state for as long as the RS pin is held low.

When a reset signal is received, the program determines the source of the
reset by reading the contents of the system status register (SSR). The SSR
contains one status bit for each of the four internal sources that can cause a
reset. During areset, the RAM contents remain unchanged, and all control bits
that are affected by a reset are initialized.

The occurrence of a reset condition causes the '240 to terminate execution
and affects various registers and status bits. During a reset, RAM contents re-
main unchanged, and all control bits that are affected by a reset are initialized.
Processor execution begins at location 0, which normally contains a branch
instruction to the system initialization routine.
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In the case of a power-on reset, the PLL control register bits are initialized to
zero. Your program must recognize power-on resets and configure the PLL
for correct operation.

Your program can check the power-on reset flag (PORST flag, SYSSR, IS),
the legal address flag (ILL ADDR flag, SYSSR.12), the software reset flag
(SWRST flag, SYSSR.10), and the watchdog reset flag (WDRST flag,
SYSSR.9) to determine the source of the reset. A reset does not clear these
flags. The RS and PORESET pins must be held low until the clock signal is
valid and CVvdd/DVdd is within operating range. In addition, PORESET must
be driven low when Cvdd/DVdd drops below the minimum operating range.

When a '240 reset occurs, the following actions take place:

[ AlogicOisloaded into the CNF (configuration control) bit in status register
ST1; this maps dual-access RAM block 0 into the data space.

[ The program counter is cleared to 0.

[ The INTM (interrupt mode) bitis setto 1, disabling all maskable interrupts.
(RS and NMI are not maskable.) Also, the interrupt flag register (IFR) and
interrupt mask register (IMR) are cleared.

[0 The status bits are loaded with the following values: OV = 0, XF = 1,
SXM=1,PM=0,CNF =0, INTM =1, and C = 1. (The other status bits
remain undefined and should be initialized after a reset.)

[ The global memory allocation register (GREG) is cleared to make all
memory local.

1 The repeat counter (RPTC) is cleared.

[ The wait states (if the device has an external memory interface) are set
for the maximum duration.

[ The peripheral register bits are initialized as described in their respective
chapters.

No other CPU registers or status bits (such as the accumulator, the DP, the
ARP, and the auxiliary registers) are initialized.
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After PORST goes high, all I/O pins assume high impedance and
the PLL/CLK register bits are setto reset values. The PORST  signal
decides the reset state of the 1/0 pins and PLL/CLK bits,
irrespective of the RS~ signal. PORST should go high before the RS
signal goes inactive to ensure that reset conditions are well
defined.

The I/O pins and PLL/CLK bits are in their previous state on PORST
low (or undefined on power-up) until PORST s driven high.

RS is an /0 pin, unlike PORST , which is an input only. After reset,
the RS pin functions as an output to internal reset signals such as
watchdog.

2.5.2 Non-Maskable Interrupts (NMI) — Hardware and Software

Hardware generated

Software generated

2-34

Non-maskable interrupts can be generated by hardware or software.

The NMl interrupt is used as a soft reset. Unlike a hardware reset, NMI neither
affects any of the modes of the device nor aborts a currently active instruction
or memory operation. Although NMI uses the same logic as the maskable in-
terrupts, it is not maskable. NMI happens regardless of the value of the INTM
bit, and there is no mask bit for NMI. This interrupt can only be locked out by
an already executing NMI or a reset. When NMl is activated (either by the NMI
pin or by the NMl instruction), the processor switches program control to vector
location 24h. In addition, maskable interrupts are disabled: the INTM bit of sta-
tus register STO is set to 1.

Note that although RS and PORESET are always active low, NMI has pro-
grammable polarity. For more information, see section 2.6.1, External Inter-
rupt Control Registers, on page 2-67.

Software interrupts (which are inherently nonmaskable) are requested by the
following instructions:

(1 INTR. This instruction allows you to initiate any 240 interrupt, including
user-defined interrupts INT8—INT16 and INT20—-INT31. The instruction
operand (K) indicates which interrupt vector location the CPU branches
to. Table 2—11 (page 2-44) shows the operand K that corresponds to each
vector location. When an INTR interrupt is acknowledged, the interrupt
mode (INTM) bit of status register ST1 is set to 1 to disable maskable
interrupts.
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[ NMI. This instruction forces a branch to interrupt vector location 24h, the
same location used for the nonmaskable hardware interrupt NMI. Thus,
you can either initiate NMI by driving the NMI pin active or by executing
an NMI instruction. When the NMI instruction is executed, INTM is set to
1 to disable maskable interrupts.

[ TRAP. This instruction forces the CPU to branch to interrupt vector loca-
tion 22h. The TRAP instruction does not disable maskable interrupts
(INTMis not setto 1); thus when the CPU branches to the interrupt service
routine, that routine can be interrupted by the maskable hardware
interrupts.

(1 EMULATOR TRAP. This interrupt can be generated with either an INTR
instruction or a TRAP instruction.

After acknowledging a nonmaskable interrupt, the CPU:

1) Stores the program counter (PC) value (the return address) to the top of
the hardware stack

2) Loads the PC with the address of the interrupt vector

3) Fetches the branch instruction that you stored at the vector location

If the interrupt was a hardware interrupt or was requested by either the
INTR or NMI instructions, the CPU sets the INTM bit to 1 to disable mask-
able interrupts.

4) Executes the branch, which leads it to the address of your ISR

5) Executes the ISR until a return instruction concludes the ISR

If INTM is 1, all maskable interrupts are disabled during the execution of
the ISR.

6) Pops the return address off the stack and into the PC
7) Continues executing the main program

To determine which vector address has been assigned to each of the inter-
rupts, refer to Table 2—11, '240 Interrupt Locations and Priorities, on page
2-44. Each interrupt address has been spaced apart by two locations so that
two-word branch instructions can be accommodated in those locations.
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2.5.3 Interrupt Structure — Detailed Description

Allthe hardware interrupt lines of the CPU (DSP core) are given a priority rank
from 1 to 10 (1 being highest). When more than one of these hardware inter-
rupts is pending acknowledgment, the interrupt of highest rank gets acknowl-
edged first. The others are acknowledged in order after that. Of those ten lines,
six are for maskable interrupt lines (INT1-INT6) and one is for the nonmask-
able interrupt (NMI) line. INT1-INT6 and NMI have the priorities shown in
Table 2-9.

The CPU provides six maskable interrupt levels, INT1, INT2, INT3, INT4,
INT5, and INT6. Because a '240 device can have more than six maskable in-
terrupt sources, each of the six interrupt levels can be shared by multiple inter-
rupt sources. Figure 2—13 on page 2-38 illustrates the structure used for re-
ceiving and acknowledging maskable interrupts for CPU interrupt level 1. The
figure shows seven interrupt sources (XINT1, XINT2, XINT3, SPI, SCIRX, SCI
TX and RTI) sharing the interrupt level INT1. A similar situation exists for the
other levels (INT2—INT6).

Table 2-9. Interrupt Priorities at the Level of the DSP Core

2-36

Priority at the

DSP Core Interrupt
1 Reset
2 Tl reservedt
g NMI
4 INT1
5 INT2
6 INT3
7 INT4
8 INTS
9 INT6
10 Tl Reservedt

TTI reserved means that the address space is
reserved for Texas Instruments Incorporated.
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Inputs to interrupt lines are controlled by the system module and the event
manager as summarized in Table 2—-10, and shown in Figure 2—14 on page
2-40.

Table 2-10. Interrupt Lines Controlled by the System Module and Event Manager

Interrupt
Line Peripheral

INT1
INTS
INT6
NMI

INT2
INT3 Event Manager
INT4

System Module

Each of the interrupt sources has its own control register with a flag bit and a
mask bit. When an interrupt signal is received, the flag bit in the corresponding
control register is set, indicating that the interrupt has been requested. If the
mask bit is also set, a signal is sent to arbitration logic, which may simulta-
neously receive similar signals from one or more other control registers.

The arbitration logic compares the priority level of competing interrupt re-
quests, and it passes the interrupt of highest priority to the CPU. The interrupt
flag in the CPU’s IFR that corresponds to the interrupt priority level on which
the request was received is set. This indicates that the interrupt is pending. If
the corresponding IMR bit is 1 and the INTM bit is 0, the CPU acknowledges
the interrupt and executes the interrupt service routine (ISR).
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Figure 2-13. Maskable Interrupt Structure For CPU Interrupt Level 1

CPU interrupt registers and logic
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Figure 2-13. Maskable Interrupt Structure for CPU Interrupt Level 1 (Continued)
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Interrupt Structure — Priority and Ranking

At the level of the system module and the event manager, each of the mask-
able interrupt lines (INT1-INT6) is connected to multiple maskable interrupt
sources. Sources connected to interruptline INT1 are called Level 1 interrupts;
sources connected to interrupt line INT2 are called Level 2 interrupts; and so
on. For each interruptline, the multiple sources also have a set priority ranking.
The DSP core responds first to the interrupt request of the source with the high-
est priority.

Figure 2—14. DSP Interrupt Structure

DSP core
Address
lines 5—-1 IACK INT6 INT5 INT4 INT3 INT2 INT1 NMI
A A A A A A A
5
4 v I\IIC I\IIC I\IIC
Address IACK INT6 INT5 INT4 INT3 INT2 INT1 NMI INTC INTB INTA
lines 5-1
System module Event manager
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Figure 2-15 shows the sources and priority ranking for the interrupts con-
trolled by the system module. Note that for each interrupt chain, the interrupt
source of highest priority is at the top. Priority decreases from the top of the
chain to the bottom.

Figure 2—16 on page 2-42 shows the interrupt sources and priority ranking for
the event manager interrupts.

Figure 2—-15. System-Module Interrupt Structure

To DSP INT6 To DSP INT5 NC NC NC  ToDSP INT1 To DSP NMI
INT6 INT5 IN'|I'4 IN|T3 IN'|I'2 INT1 NMI
System Module
IRQ6 IACK6 IRQ5 IACK5 IRQ4 IACK4 IRQ3 IACK3IRQ2 IACK2 IRQ1 IACK1 IRQ_NMI  IACK_NMI

7 1 T T T 11 7 ]

NC NC NC NC NC NC
| ADC System-module System-module
Dual AD external interrupt external interrupt
interrupt XINT1 NMI
T (high priority)

System-module

external interrupt System-module

external interrupt

XINT1
S XINT2
(low priority) SP) (high priority)
v interrupt \ 4
(low priority)

System-module System-module
external interrupt v external interrupt
XINT2 SC XINT3
(low priority) receiver (high priority)
N4 interrupt v

(low priority)
System-module Watchdog
external interrupt Y timer
XINT3 i
Lo SCI interrupt
(low priority) transmitter +
interrupt
(low priority) SPI
interrupt
(high priority)
A 4
SCl receiver
interrupt
(high priority)
Legend: NC = no connection scl t;ansmtltter
IACK = interrupt acknowledge Jrterrup:
(high priority)

IRQ = interrupt request
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Figure 2—16. Event Manager Interrupt Structure

2-42
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Each of the interrupt sources has its own control register with a flag bit and an
enable bit. When an interrupt requestis received, the flag bitin the correspond-
ing control register is set. If the enable bit is also set, a signal is sent to arbitra-
tion logic, which may simultaneously receive similar signals from one or more
other control registers. The arbitration logic compares the priority level of com-
peting interrupt requests, and it passes the interrupt of highest priority to the
CPU. The corresponding flag is set in the interrupt flag register (IFR), indicat-
ing that the interrupt is pending. The CPU then must decide whether to
acknowledge the request. Maskable hardware interrupts are acknowledged
only after the following conditions are met:

[ Priorityis highest. When more than one hardware interrupt is requested
at the same time, the '240 services them according to the set priority rank-

ing.

[ INTM bitis 0. The interrupt mode (INTM) bit, bit 9 of status register STO,
enables or disables all maskable interrupts:

B When INTM = 0, all unmasked interrupts are enabled.
B When INTM = 1, all unmasked interrupts are disabled.

1 INTMissetto1l automatically when the CPU acknowledges an interrupt
(except when initiated by the TRAP instruction) and at reset. It can be set
and cleared by software.

J IMRmaskbitis 1. Each of the maskable interrupt lines has a mask bit
in the interrupt mask register (IMR). To unmask an interrupt line, set its
IMR bit to 1.

When the CPU acknowledges a maskable hardware interrupt, it jams the
instruction bus with the INTR instruction. This instruction forces the program
counter (PC) to the appropriate address from which the CPU fetches the soft-
ware vector. This vector leads to an interrupt service routine.

Usually, the interrupt service routine reads the peripheral-vector-address off-
set from the peripheral-vector-address register (see Table 3-6) to branch to
code that is meant for the specific interrupt source that initiated the interrupt
request. The '240 includes a phantom-interrupt vector offset (0000h), which
is a system interrupt integrity feature that allows a controlled exit from an
improper interrupt sequence. If the CPU acknowledges a request from a
peripheral when, in fact, no peripheral has requested an interrupt, the phan-
tom-interrupt vector is read from the interrupt-vector register.

Table 2—-11, '240 Interrupt Locations and Priorities, on page 2-44 summarizes
the interrupt sources, overall priority, vector address/offset, source, and func-
tion of each interrupt available on the '240.
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Table 2-11. 240 Interrupt Locations and Priorities
DSP-Core Peripheral 'x240
Interrupt, Peripheral Vector Source
Interrupt Overall and Vector Address Peripheral  Function
Name Priority Address Address Offset Maskable? Module Interrupt
RS 1 RS N/A N Core, SD  External, system reset
Highest 0000h (RESET)
RESERVED 2 INT7 N/A N/A N DSP Core Emulator trap
0026h
NMI 3 NMI N/A 0002h N Core, SD  External user interrupt
0024h
XINT1 4 0001h Y SD High-priority external user
XINT2 5 0011h interrupts
XINT3 6 001Fh
SPIINT 7 INT1 0005h Y SPI High-priority SPI interrupt
RXINT 8 0002h SYSIVhR 0006h Y SCI SCl receiver interrupt
(701Eh) (high priority)
(System)
TXINT 9 0007h Y SCI SCI transmitter interrupt
(high priority)
WDTINT 10 0010h Y WDT Watchdog timer interrupt
PDPINT 11 0020h Y External  Power-drive protection
interrupt
CMPLINT 12 0021h Y EV.CMP1 Full compare 1 interrupt
CMP2INT 13 0022h Y EV.CMP2  Full compare 2 interrupt
CMP3INT 14 0023h Y EV.CMP3  Full Compare 3 interrupt
SCMP1INT 15 INT2 0024h Y EV.CMP4  Simple compare 1
0004h interrupt
SCMP2INT 16 EVIVRA  go25h % EV.CMP5  Simple compare 2
(Event (7432h) Tt
upt
Manager
SCMP3INT 17 Group A) 0026h Y EV.CMP6 Simple compare 3
interrupt
TPINT1 18 0027h Y EV.GPT1 Timerl-period interrupt
TCINT1 19 0028h Y EV.GPT1 Timerl-compare interrupt
TUFINT1 20 0029h Y EV.GPT1 Timerl-underflow interrupt
TOFINT1 21 002Ah Y EV.GPT1 Timerl-overflow interrupt
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Table 2-11. 240 Interrupt Locations and Priorities (Continued)
DSP-Core Peripheral 'x240
Interrupt, Peripheral Vector Source
Interrupt Overall and Vector Address Peripheral ~ Function
Name Priority Address Address Offset Maskable? Module Interrupt
TPINT2 22 002Bh Y EV.GPT2  Timer2-period interrupt
TCINT2 23 INT3 002Ch Y EV.GPT2 Timer2-compare interrupt
TUFINT2 24 0006h 002Dh Y EV.GPT2  Timer2-underflow interrupt
TOFINT2 25 002Eh Y EV.GPT2 Timer2-overflow interrupt
TPINT3 26 EVIVRB 002Fh Y EV.GPT3  Timer3-period interrupt
TCINT3 27 (Event (7433h) 0030h Y EV.GPT3  Timer3-compare interrupt
Manager . .
TUFINT3 28 Group B) 0031h Y EV.GPT3  Timer3-underflow interrupt
TOFINT3 29 0032h Y EV.GPT3 Timer3-overflow interrupt
CAPINT1 30 INT4 0033h Y EV.CAP1 Capture 1 interrupt
0008h )
CAPINT2 31 EVIVRC 0034h Y EV.CAP2  Capture 2 interrupt
CAPINT3 32 (Event (7434h) 0035h Y EV.CAP3  Capture 3 interrupt
Manager .
CAPINT4 33 Group C) 0036h Y EV.CAP4  Capture 4 interrupt
SPIINT 34 0005h Y SPI Low-priority SPI interrupt
RXINT 35 INTS 0006h Y SCI SCl receiver interrupt
000Ah SYSIVR (low priority)
(701Eh)
TXINT 36 (System) 0007h Y SCI SCI transmitter interrupt
(low priority)
ADCINT 37 INT6 0004h Y ADC Analog-to-digital interrupt
XINT1 38 000Ch SYSIVR 0001h Y External  Low-priority external
XINT2 39 (701Eh) 0011h Y pins user interrupts
XINT3 40 (System) 001Fh Y
RESERVED 41 000Eh N/A Y DSP Core Used for analysis
TRAP N/A 0022h N/A N/A TRAP instruction vector
Phantom N/A N/A 0000h N/A CPU Phantom interrupt vector
Interrupt
Vector
INT8 through N/A 0010h N/A N/A CPU
INT16 through
0020h Software interrupt
INT20 through  N/A 00028h N/A N/A cpu  vectors®
INT31 through
0603Fh

tFor more information, refer to TMS320F/C24x CPU and Instruction Set Reference Guide (SPRU160); and
TMS320F243,F241,C242 DSP Controllers System and Peripherals Reference Guide (SPRU276).

Note:

TMS320F/C240 DSP Controller

Interrupts 1-6 are supported by the CPU’s expanded system module to meet all 'F/C240 CPU interrupt
needs.
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2.55
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Interrupt Operation: Detailed Description

The '240 handles interrupts in the following three phases:

1)

2)

3)

Receive interrupt request.  Suspension of the main program must be re-
guested by software (program code) or hardware (a pin or an on-chip
device).

Acknowledge interrupt. The '240 must acknowledge the interrupt re-
guest. If the interrupt is maskable, certain conditions must be met in order
for the '240 to acknowledge it. For nonmaskable hardware interrupts and
for software interrupts, acknowledgment is immediate.

Execute interrupt service routine.  Once the interrupt is acknowledged,
the '240 branches to its corresponding subroutine, called an interrupt ser-
vice routine (ISR). The '240 follows the branch instruction you place at a
predetermined address (the vector location) and executes the ISR you
have written.
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Figure 2—-17. Interrupt Operation Flow Chart
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Acknowledging Maskable Interrupts

Software interrupts and nonmaskable hardware interrupts are acknowledged
immediately. Maskable hardware interrupts are acknowledged only after cer-
tain conditions are met:

[ Priorityis highest. When more than one hardware interrupt is requested
at the same time, the '240 services each interrupt according to a set prior-
ity ranking (see Figure 2—-15 on page 2-41).

[ INTM bitis 0. The interrupt mode (INTM) bit, bit 9 of status register STO,
enables or disables all maskable interrupts:

B When INTM = 0, all unmasked interrupts are enabled.
B When INTM = 1, all maskable interrupts are disabled.

INTM is set to 1 automatically when the CPU acknowledges an interrupt
(except when initiated by the TRAP instruction). INTM can also be set to
1 by a hardware reset or by execution of a disable-interrupts instruction
(SETC INTM). INTM is reset to O by executing the enable-interrupts
instruction (CLRC INTM). INTM has no effect on reset, NMI, or software-
interrupts. Also, INTM is unaffected by the LST (load status register)
instruction.

INTM does not modify the interrupt mask register (IMR) or the interrupt flag
register (IFR).

1 IMR mask bitis 1. Each of the maskable interrupt levels has a mask bit
in the IMR. To unmask an interrupt level, set its IMR bit to 1. For more de-
tails about the IMR, see Interrupt Mask Register (IMR) on page 2-66.

When the CPU acknowledges a maskable hardware interrupt, it jams the
instruction bus with the INTR instruction. This instruction forces the PC to the
appropriate address from which the CPU fetches the software vector.

Two-Part Interrupt Service Routine (ISR)

2-48

The 'C2xx CPU has six interrupt levels; however, '240 devices provide a
means of creating more than six ISRs. Figure 2—18, Interrupt Service Routine
Flow Chart, on page 2-49 illustrates the process of servicing an interrupt
request.

For each of the six interrupt levels, the CPU branches to a corresponding gen-
eral interrupt service routine (GISR). For example, when responding to an
interrupt request on priority level INT1, the CPU branches to and executes
GISR1. The GISR, after performing any necessary context saves, identifies
and then branches to the specific interrupt service routine (SISR). The SISR
performs the actions specific to the triggering interrupt and then returns pro-
gram control to the interrupted program sequence.
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Figure 2—-18. Interrupt Service Routine Flow Chart
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Branching to the GISR. Table 2-12, 240 Maskable Interrupt Vector Table,
shows the addresses and contents of the interrupt vector locations for the
maskable interrupt levels. (For a table with all interrupt vector locations, see
Table 2—11 on page 2-44.) When an interrupt is acknowledged through one of
these interrupt levels, the CPU branches to the corresponding vector address
and follows the branch at that address to the GISR. For example, if an interrupt
is acknowledged through INT3, the program counter (PC) value is stored to
the stack, and then the PC is loaded with program-memory address 0006h.
Locations 0006h and 0007h contain a branch instruction that takes the CPU
to the GISR.
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Table 2-12.

‘240 Maskable Interrupt Vector Table

Interrupt Interrupt Vector Contents of
Level Location Vector Location
INT1 0002h Branch to GISR1
INT2 0004h Branch to GISR2
INT3 0006h Branch to GISR3
INT4 0008h Branch to GISR4
INT5 000Ah Branch to GISR5
INT6 000Ch Branch to GISR6

Branching to the SISR. When a peripheral interrupt requestis acknowledged
(this includes the external interrupt control registers), the peripheral generates
a vector address offset (vector) that corresponds to this interrupt event. This
vector is usually latched in the system interrupt vector register (SYSIVR),
although some peripherals, including the event manager, may keep the vector
in aregister in the peripheral. The GISR must read the value stored in the IVR
and use it to generate the branch target address to the SISR. Several methods
of doing this are described in the section titled Additional Tasks of ISRs. Refer
to Table 2—-11 for details on the vector value for each interrupt event, and for
the location of the IVR for each interrupt level.

Phantom Interrupt Vector

2-50

Note: IVR

For the following discussion, IVR represents any one of these registers:
SYSIVR, EVIVRA, EVIVRB, EVIVRC.

The phantom interrupt vector is an interrupt system-integrity feature. In the
eventthat an interrupt is acknowledged but no peripheral responds by loading
an interrupt vector address offset value into the IVR, the phantom vector
(0000h) is loaded into the IVR instead, so that the fault can be handled in a
controlled manner.

Two causes of phantom interrupts are:

(1 Execution of the INTR instruction with an argument in the range of 1 to 6.
This is a software request to service one of the six maskable interrupt
levels (INT1, INT2, INT3, INT4, INTS5, or INT6)

[ A glitch on an interrupt request line
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In either case, when the interrupt is acknowledged, no peripheral loads a vec-
torinto the IVR. Loading the IVR with the phantom interrupt vector ensures that
the DSP branches to a known location.

Programming ISRs for Maskable Interrupts

The three methods for creating an interrupt service routine (ISR) for a mask-
able interrupt are:

a
a

Method 1: Typical ISR

Method 1: A typical ISR

Method 2: An ISR thatis designed to reduce the latency between the time
the interruptis requested and the time the event-specific portion of the ISR
is executed

Method 3: An ISR that has very little latency — used only if one peripheral
interrupt source is connected to an interrupt request priority level or if only
one of many interrupt sources connected to an interrupt request priority
level is enabled

The method described here is the typical implementation of an ISR for the 240.
Methods 2 and 3, described below are slightly more difficult to program. It is
best to implement this typical ISR first and then develop a more complex rou-
tine if the latency for certain events is too high.

In Method 1, the ISR for a maskable interrupt is divided into two segments:

1)

2)

General ISR (GISR). When an interrupt on one of the six maskable inter-
rupt levels (INT1-INT6) is acknowledged, the GISR reads the relevant in-
terrupt vector register (IVR), shifts the value left by one bit, adds an offset
tothe value, and then branches to a peripheral interrupt vector table. From
this table, it fetches and executes the appropriate branch to the specific
ISR (SISR).

Specific ISR (SISR). The SISR performs actions specific to the event that
caused the interrupt and then returns program control to the interrupted
code sequence.

Table 2—-13, Example of Method 1 ISR, on page 2-52 shows a typical imple-
mentation of an ISR.
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Table 2-13. Example of Method 1 ISR

Cycle
Count Address Assembly Language Code
;CPU interrupt vector table
0 0006h INT3 B ;Branch to address of general ISR
0007h GISR3 ;for INT3.
4 GISR3 Addr GISR3 LACCXxIVR,1 ;Load accumulator with
;contents of interrupt vector
;register (xIVR) shifted by 1.
4+nt GISR3 Addr+1 ADD offset ;Add offset to accumulator.
5+nT GISR3 Addr+2 BACC :Branch to address in accumulator
;(2*IVR+offset).
;Peripheral interrupt vector table
9+nt 2*|\VR+offset B ;Branch to specific ISR for
(2*IVR+offset)+1 SISRx ;event that requested interrupt.
13+nt SISRx Addr SISRx ... ;Perform event—specific actions.

SISRx Addr+1

SISRx Addr+n RET :Return from ISR.

T For the peripheral interface, n = 4; for the event manager,n =1

2-52

In Table 2-13, Example of Method 1 ISR, the following events occur:

1) Anacknowledged peripheralinterrupt asserts INT3 and causes the device
to enter its interrupt vector table at address 0006h.

2) From addresses 0006h and 0007h, the device reads a branch that leads
it to GISRS.

3) GISR3loads the accumulator with the contents of the relevant IVR shifted
by 1 (that is, multiplied by 2). Note the following:

(1 TheLACC instruction uses direct addressing to access the IVR value.
For this to work, the data page pointer (DP in status register ST0) must
be set to point to the page in data memory that contains the IVR.



4)

5)
6)

7)
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[ You may want to save the accumulator value before loading the accu-
mulator with the shifted IVR value.

(1 Theincoming vector has been multiplied by two because a peripheral
interrupt vector table must support a 2-word branch instruction for
each peripheral interrupt.

GISR3 adds an offset to the accumulator that corresponds to the start of
the peripheral interrupt vector table. The accumulator now contains the
address that needs to be accessed in the peripheral interrupt vector table.

GISR3 branches to the address in the accumulator.

From the peripheral interrupt vector location, the device reads a branch
that leads to the SISR for the event that requested the interrupt.

The SISR is executed. The SISR concludes with a return instruction,
which returns program control to the interrupted code sequence.

Method 2: Minimum latency ISR for multiple events per interrupt level

This method is similar to Method 1, but has reduced latency because one of
the branches (the branch to the peripheral interrupt vector table) is bypassed.
Instead, the general ISR (GISR) branches directly to the specific ISR (SISR)
To do this, the GISR shifts the value from the IVR by more than 2 and uses the
result as the branch target. It may be difficult to locate all the SISRs in program
space without leaving some holes in memory. Itis best to use Method 1 initially
and then Method 2 for some interrupts if the higher latency of Method 1 is unac-
ceptable.

The Method 2 ISR is implemented as follows:

1)

2)

General ISR (GISR). When an interrupt on one of the six maskable inter-
rupt levels (INT1-INT6) is acknowledged, the GISR reads the relevant
interrupt vector register (IVR), shifts the value left by a predetermined
amount, and then branches to the specific ISR (SISR). The shift amount
is chosen such that the accumulator will contain the address of the SISR.
For example, if three interrupt sources are tied to INT2 and the SISR for
each of the events is not greater than 16 words long, then a shift of 4 is
suitable.

Specific ISR (SISR). The SISR performs actions specific to the event that
caused the interrupt and then returns program control to the interrupted
code sequence.

An example of method 2 is shown in Table 2—-14, Example of Method 2 ISR,
on page 2-54.

TMS320F/C240 DSP Controller 2-53



Interrupts

Table 2-14. Example of Method 2 ISR

Cycle
Count Address Assembly Language Code
;CPU interrupt vector table
0 0004h INT2 B ;Branch to GISR
0005h GISR2 for INT2.

4 GISR2 Addr GISR2 LACC xIVR,shift ;Load accumulator with
;contents of interrupt vector
;register (xIVR) shifted by
:an amount that will result in
:SISRx address in accumulator.

4+nt GISR2 Addr+1 BACC :Branch to address in
:accumulator.

g+nt SISRx Addr SISRx ... ;Perform event—specific actions.

SISRx Addr+1

SISRx Addr+n RET ;Return from ISR.

T For the peripheral interface, n = 4; for the event manager, n = 1.

In Table 2-14, Example of Method 2 ISR, the following events occur:

1) Anacknowledged peripheralinterrupt asserts INT2 and causes the device
to enter it’s interrupt vector table at address 0004h.

2) From addresses 0004h and 0005h, the device reads a branch that leads
it to GISR2.

3) GISR2 loads the accumulator with the contents of the relevant IVR shifted
by an amount that results in the accumulator holding the address of the
SISR. Note the following:

(1 TheLACC instruction uses direct addressing to access the IVR value.
For this to work, the data page pointer (DP in status register STO) must
be set to point to the page in data memory that contains the IVR.

(1 You may want to save the accumulator value before loading the accu-
mulator with the shifted IVR value.
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4) GISR2 branches to the address in the accumulator (the start address of
the SISR).

5) The SISR is executed. The SISR concludes with a return instruction,
which returns program control to the interrupted code sequence.

Method 3: ISR for single event per interrupt level

A device can be configured such that only one event can assert a particular
maskable interrupt. There are two configurations for this.

g In the first configuration, both of these conditions must be met:

B Only one peripheral is connected to the maskable interrupt level
(INTZ1, INT2, INT3, INT4, INT5, or INT6).

B Thatone peripheral has only one event that can cause an interrupt re-
quest (and, thus, has only one interrupt vector).

[ Inthe second configuration, only one of the many events tied to a particu-
lar interrupt priority level is enabled.

With either configuration, there is no need for a two-part ISR like the one in
Method 1 or the one in Method 2. There is one simple ISR and thus, only one
branch instruction. The address of the ISR is known; it does not have to be cal-
culated in a routine. The GISR and the SISR become one in the same.

The following events occur during the routine described in Table 2-15, Exam-
ple of Method 3 ISR, on page 2-56:

1) Anacknowledged peripheralinterrupt asserts INT1 and causes the device
to enter its interrupt vector table at address 0002h.

2) From addresses 0002h and 0003h, the device reads a branch that leads
it directly to the SISR.

3) The SISR is executed and concludes with a return instruction that returns
program control to the interrupted code sequence.
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Table 2-15. Example of Method 3 ISR

Cycle
Count Address Assembly Language Code
;CPU interrupt vector table
0 0002h INT1 B ;Branch to ISR1.
0003h ISR1
4 SISRx Addr ISR1 .. ;Perform event—specific actions.
SISRx Addr+1
SISRx Addr+n RET ;Return from ISR.

Programming an ISR for Nonmaskable Interrupt (NMI)

2-56

Generally, there cannot be more than one event capable of generating an NMI
request, and in cases where they do, they all share the same ISR. Thus, NMI
does not require loading an interrupt vector register (IVR), and the branch at
vector location 24h is the only branch necessary for the ISR.

An NMI can interrupt a maskable ISR after the vector has been loaded into the
IVR but before the maskable ISR has read the IVR. Because NMI does not
cause aloading of the IVR, an NMI does not cause overwriting of the maskable
interrupt’s vector address offset. However, an enabled interrupt immediately
following the NMI ISR could overwrite the value in the IVR before the inter-
rupted ISR has read it. Therefore, the ISR for NMI must check the VECRD bit
(bit 0) in the system status register (SSR). If VECRD =1, aread of the IVR is
pending, and the NMI ISR should not reenable maskable interrupts.

The ISR for NMI can be implemented as shown in Table 2-16, Implementation
of an ISR for NMI, on page 2-57.
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Table 2-16. Implementation of an ISR for NM|

Address Assembly Language Code

; CPU interrupt vector table

0024h NMI B :Branch to NMI ISR.
0025h NMI_ISR
NMI ISR Addr NMI_ISR ;Start of ISR

;Body of ISR

BIT SSR,15 ;Test bit 0 (VECRD) of SYSSRO

RETC TC :If set, return from ISR
;(without enabling interrupts)

CLRC INTM ;If not set, enable interrupts and

RET :return from ISR.

Additional Tasks of ISRs
While performing the tasks requested by an interrupt, the ISR may also be:

[J Saving and restoring register values
[ Managing ISRs within ISRs

Saving and restoring register values

Only the incremented program counter value is stored automatically before
the CPU enters an ISR. You must design the ISR to save and then restore any
other important register values or control bit values. You can use a common
routine or routines individualized for each interrupt to secure the context of the
processor during interrupt processing.

You can manage stack storage as long as the stack does not exceed the
memory space. This stack is also used for subroutine calls; the '240 supports
subroutine calls within the ISR. The PSHD and POPD instructions can transfer
data-memory values to and from the stack.
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Managing ISRs within ISRs

2-58

The 240 hardware stack allows you to have ISRs within ISRs. When consider-
ing nesting ISRs like this, keep the following in mind:

a

If youwant the ISR to be interrupted by a maskable interrupt, the ISR must
unmask the interrupt by setting the appropriate individual mask bit and the
appropriate IMR bit and globally reenabling interrupts by clearing the
INTM bit (CLRC INTM).

The appropriate interrupt vector register must have beenread by the GISR
to obtain the vector address offset before globally reenabling interrupts.
Otherwise, a subsequent interrupt can cause the old vector value to be
overwritten.

The hardware stack is limited to eight levels. Each time an interrupt is serv-
iced or a subroutine is entered, the return address is pushed onto the hard-
ware stack. This provides a way to return to the previous context after the
interrupt service routine. The stack contains eight locations, allowing inter-
rupts or subroutines to be nested up to eight levels deep. (One level of the
stack is reserved for debugging, specifically for break-point/single-step
operations. If debugging is not used, this extra level is available for internal
use.) If your software requires more than eight levels of stack, you can use
the POPD and PSHD instructions to extend the stack into data memory.

You can avoid stack overflow by not nesting ISRs. The '240 has a feature
that allows you to prevent unintentional nesting. If an interrupt occurs dur-
ing the execution of a CLRC INTM instruction, the device always com-
pletes CLRC INTM as well as the following instruction before the pending
interruptis processed. This ensuresthatareturn (RET) placed immediate-
ly after the CLRC INTM can be executed before the next interrupt is
processed. The processor removes the previous return address from the
stack before it adds the new return address.

If you want an ISR to occur within the current ISR rather than after the
current ISR, place the CLRC INTM instruction more than one instruction
before the return (RET) instruction.
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2.5.6 Interrupt Latency

The length of an interrupt latency—the delay between when an interrupt
request is made and when it is serviced—depends on many factors. This sec-
tion describes the factors that determine minimum latency and then describes
factors that may cause additional latency. The maximum latency is a function
of wait states and pipeline protection.

Interrupt latency on the '240 consists of the following components:
[J Peripheral interface synchronization time

J CPU response time
[ ISR branching time

Peripheral interface synchronization time

CPU response time

Peripheral interface synchronization time is the time it takes for the interrupt
request from the peripheral to be recognized by the peripheral interface, arbi-
trated, and converted into a request to the DSP. This takes up to one SYSCLK
cycle for internal interrupts from on-chip peripherals (peripheral bus operates
atthe SYSCLK rate). Therefore, it takes two CPUCLK cycles in divide-by-two
clock mode, and four CPUCLK cycles in divide-by-four mode. External inter-
rupts (NMI, INTX) have a two-SYSCLK-cycle synchronization delay.

Interrupt requests from the event manager peripheral are not arbitrated by the
peripheral interface; there is a one-CPUCLK-cycle delay for the CPU to recog-
nize the interrupt.

CPU response time is the time it takes for the CPU to recognize the enabled
interrupt request, acknowledge the interrupt, clear its pipeline, and begin re-
trieving the firstinstruction from the CPU’s interrupt vector table. The minimum
CPU latency is four CPUCLK cycles. If a higher priority maskable interrupt is
requested during this minimum latency period, itis masked until the ISR for the
interrupt being serviced is completed. NMIs are not maskable and are serviced
before the current ISR is completed.

Latency is longer if the interrupt request occurs during multicycle operations
or other operations that cannot be interrupted. If a higher priority interrupt
occurs during this additional latency period, it is serviced before the original
lower priority interrupt, assuming both are enabled.
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ISR branching time

2-60

The effects of multicycle instructions are:

[ Memory access using wait states.  An instruction that writes to or reads
from external memory may be delayed by wait states caused by the exter-
nal READY pin or the on-chip wait-state generator. These wait states may
affect the instruction being executed at the time the interrupt is requested,
and they may affect the interrupt itself if the interrupt vector must be
fetched from external memory.

(1 Repeat loop. When repeated with RPT, instructions run parallel opera-
tions in the pipeline, and the context of these additional parallel operations
cannot be saved in an interrupt service routine. To protect the context of
the repeated instruction, the CPU locks out all interrupts except reset until
the RPT loop completes.

Note:

Reset (RS) is not delayed by multicycle instructions. An NMI can be delayed
by multicycle instructions.

If oneinterruptis being serviced, there are other factors that delay the servicing
of a new interrupt:

(1 Areturn address (incremented program counter value) is forced onto the
hardware stack every time the CPU follows another interrupt service rou-
tine or other subroutine. The '240 has a feature that helps you keep the
hardware stack from overflowing. Interrupts cannot be processed
between the CLRC INTM (enable maskable interrupts) instruction and the
nextinstruction in a program sequence. This ensures that a return instruc-
tion that directly follows CLRC INTM is executed before an interrupt is
processed. The return instruction pops the previous return address off the
top of the stack before the new return address is pushed onto the stack.
If the interrupt occurs before the return, the new return address is added
to the hardware stack, even if the stack is already full.

(1 Interrupts are also blocked after an RET instruction until at least one
instruction is executed at the return address.

ISR branching time is the time it takes to execute all the necessary branches
to get to the event-specific portion of the ISR. This length of time varies de-
pending on how you have implemented the ISR. For the simplest situation in
which only one branch to the ISR is required, the minimum branching time is
four DSP cycles. See the section titled Additional Tasks of ISRs, for the three
different methods of implementing ISRs for maskable interrupts.
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2.5.7 External Interrupts

The '240 has five external interrupts. These interrupts include:

a

XINT1. The XINT1 control register (at 7070h) provides control and status
for this interrupt. XINT1 can be used as a high-priority (Level 1) or low-
priority (Level 6) maskable interrupt or as a general-purpose input pin.

NMI. The NMI control register (at 7072h) provides control and status for
this interrupt. NMI is a nonmaskable external interrupt or a general-pur-
pose input pin.

XINT2. The XINT2 control register (at 7078h) provides control and status
for this interrupt. XINT2 can be used as a high-priority (Level 1) or low-
priority (Level 6) maskable interrupt or a general-purpose 1/O pin.

XINT3. The XINT3 control register (at 707Ah) provides control and status
for this interrupt. XINT3 can be used as a high-priority (Level 1) or low
priority (Level 6) maskable interrupt or as a general-purpose /O pin.

PDPINT. This interrupt is provided for safe operation of the power convert-
er and motor drive. This maskable interrupt can put the timers and PWM
output pins in high-impedance states and inform the CPU in case of motor
drive abnormalities such as overvoltage, overcurrent, and excessive
temperature rise. PDPINT is a Level 2 interrupt. Figure 3-5 shows the
wake up sequence from a power down.

Table 3-6, External Interrupt Types and Functions, on page 3-19 provides a
summary of the external interrupt capabilities of the '240.

2.5.8 Peripheral Interrupt Enable Sequence

You must ensure that the interrupts on the 'F/C240 are enabled correctly. You
can inadvertently prevent the recognition of interrupts by following anincorrect
initialization order.

This situation occurs when the peripheral interrupts are enabled before the
core IFR, IMR, and INTM are initialized. If this should happen, when an inter-
rupt request is sent to the core IFR and the core IFR is then cleared, the inter-
rupt request is lost.

You can avoid this situation by using the following three-step procedure:

1)
2)
3)

Set up the core interrupts (assume INTM = 1)
Enable peripheral interrupts
Enable interrupts globally (INTM = 0)

TMS320F/C240 DSP Controller 2-61



Interrupts

The following code shows an example of the recommended sequence:

; STEP1 Set up the core interrupts (assume INTM = 1)

LDP  #0Oh ; set data page
SPLK  #111111b,IFR ; clear any pending interrupts
SPLK  #001000b,IMR ; enable desired interrupts

; STEP2: Enable peripheral interrupts here ...
EV Capture 1-3 interrupt uses as example

LDP  #DP_EV ; set data page

SPLK  #0ffffh,EVIRC ; clear all group C interrupt
flags

LACL #0111b ; bits 1-3 for capture 1 and 2
and 3

OR EVIMRC ; OR into interrupt mask
register

SACL EVIMRC ; write back

; STEP3: Enable global interrupts in core
CLRC INTM ; enable global interrupts

After interrupt initialization, code should never manually clear an IFR bit(s)

without also reading the EVIVRx or SYSIVR register that is mapped to the IFR

bit(s) that are being cleared.

2.5.9 Summary of Interrupt Operation
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Once aninterrupt has been passed to the CPU, the CPU operates in the follow-
ing manner (see Figure 217, Interrupt Operation Flowchart, on page 2-47):

[ If a maskable interrupt is requested:

1) The flag bit in the individual control register is set. If the individual
mask bit is also set, the corresponding IFR bit is set.

2) Once the IFR bit is set, the acknowledgement conditions
(INTM bit = 0 and IMR bit = 1) are tested. If the conditions are true,
the CPU services the interrupt, generating an interrupt acknowledge
signal; otherwise, it ignores the interrupt and continues with the cur-
rent code sequence.



3)

4)
5)

Interrupts

When the interrupt has been acknowledged, the IFR bitis cleared to 0
and the INTM bit is set to 1 (to block other maskable interrupts). The
flag bit in the corresponding control register is not cleared.

The return address (incremented PC value) is saved on the stack.

The CPU branchesto and executes the interrupt service routine (ISR).
The ISR is concluded by a return instruction, which pops the return ad-
dress off the stack. The CPU continues with the interrupt code se-
guence.

1 If anonmaskable interrupt is requested:

1)

The CPU immediately acknowledges the interrupt, generating an in-
terrupt acknowledge signal.

Note:

When aninterruptis requested by an INTR instruction and the corresponding
IFR bit is set, the CPU does not clear the bit automatically. If an application

requires that the IFR bit be cleared, the bit must be cleared by software.

2)

3)
4)

If the interrupt was requested by the RS pin, the NMI pin, the NMI
instruction, or the INTR instruction, the the INTM bit is set to 1 to block
maskable hardware interrupts. If the interrupt was requested by the
TRAP instruction, the INTM bit is not set to 1.

The return address (incremented PC value) is saved on the stack.

The CPU branches to and executes the ISR. The ISR is concluded by
a return instruction, which pops the return address of the stack. The
CPU continues with the interrupted code sequence.

TMS320F/C240 DSP Controller 2-63



CPU Interrupt Registers

2.6 CPU Interrupt Registers

There are two CPU registers for controlling interrupts:

a

The interrupt flag register (IFR) contains flag bits that indicate when mask-
able interrupt requests have reached the CPU on levels INT1 through
INT6.

The interrupt mask register (IMR) contains mask bits that enable or dis-
able each of the interrupt levels (INT1 through INT6).

Interrupt Flag Register (IFR)
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The interrupt flag register (IFR), a 16-bit, memory-mapped register at address
0006h in data-memory space, is used to identify and clear pending interrupts.
The IFR contains flag bits for all the maskable interrupts.

When a maskable interrupt is requested, the flag bit in the corresponding con-
trol register is set to 1. If the mask bit in that same control register is also 1, the
interrupt request is sent to the CPU, setting the corresponding flag in the IFR.
This indicates that the interrupt is pending, or waiting for, acknowledgement.

You can read the IFR to identify pending interrupts and write to the IFR to clear
pending interrupts. To clear a single interrupt, write a 1 to the corresponding
IFR bit. All pending interrupts can be cleared by writing the current contents
of the IFR back into the IFR. A device reset clears all IFR bits.

The following events also clear an IFR flag:

(1 The CPU acknowledges the interrupt.

[ The 240 is reset.

Notes:

1) To clear an IFR bit, you must write a 1 to it, not a 0.

2) When a maskable interrupt is acknowledged, only the IFR bit is cleared
automatically. The flag bit in the corresponding control register is not
cleared. If an application requires that the control register flag be
cleared, the bit must be cleared by software.

3) When an interrupt is requested by an INTR instruction and the corre-

sponding IFR bit is set, the CPU does not clear the bit automatically. If
an application requires that the IFR bit be cleared, the bit must be cleared
by software.

The IFR is shown in Figure 2—19; descriptions of the bits follow the figure.
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Figure 2-19. Interrupt Flag Register (IFR) — Address 0006h

15-6 5 4 3 2 1 0
Reserved INT6 INTS5 INT4 INT3 INT2 INT1
0 R/W—x R/W1C—x R/W1C—x R/W1C—x R/W1C—x R/W1C—x

Note: 0 = Always read as zeros, R = Read access, W1C = Write 1 to this bit to clear it, —n = Value after reset, x = Value un-
changed by reset

Bits 15-6 Reserved . These bits are always read as 0Os.

Bit 5 INT6. Interrupt 6 flag. This bit is the flag for interrupts connected to interrupt
level INT6.

0 =No INT6 interrupt is pending.
1 =Atleast one INT6 interrupt is pending. Write a 1 to this bit to clear it to
0 and clear the interrupt request.

Bit 4 INT5. Interrupt 5 flag. This bit is the flag for interrupts connected to interrupt
level INT5.

0 =No INT5 interrupt is pending.
1 =Atleast one INT5 interrupt is pending. Write a 1 to this bit to clear it to
0 and clear the interrupt request.

Bit 3 INT4. Interrupt 4 flag. This bit is the flag for interrupts connected to interrupt
level INT4.

0 =No INT4 interrupt is pending.
1 =Atleast one INT4 interrupt is pending. Write a 1 to this bit to clear it to
0 and clear the interrupt request.

Bit 2 INT3. Interrupt 3 flag. This bit is the flag for interrupts connected to interrupt
level INT3.

0 =No INT3 interrupt is pending.
1 =Atleast one INT3 interrupt is pending. Write a 1 to this bit to clear it to
0 and clear the interrupt request.

Bit 1 INT2. Interrupt 2 flag. This bit is the flag for interrupts connected to interrupt
level INT2.

0 =No INT2 interrupt is pending.

1 =Atleast one INT2 interrupt is pending. Write a 1 to this bit to clear it to
0 and clear the interrupt request.
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Bit 0 INTL1. Interrupt 1 flag. This bit is the flag for interrupts connected to interrupt
level INT1.

0 =No INT1 interrupt is pending.

1 =Atleast one INT1 interrupt is pending. Write a 1 to this bit to clear it to
0 and clear the interrupt request.

Interrupt Mask Register (IMR)

The IMR is a 16-bit, memory-mapped register located at address 0004h in
data memory space. The IMR contains mask bits for all the maskable interrupt
levels (INT1-INT6). Neither NMI nor RS is included in the IMR; thus, IMR has
no effect on these interrupts.

You can read the IMR to identify masked or unmasked interrupt levels, and you
can write to the IMR to mask or unmask interrupt levels. Tounmask an interrupt
level, setits corresponding IMR bitto 1. To mask an interrupt level, setits corre-
sponding IMR bit to 0. When an interrupt is masked, it is not acknowledged,
regardless of the value of the INTM bit. When an interrupt is unmasked, it is
acknowledged if the corresponding IFR bit is 1 and the INTM bit is 0. The IMR
bits are not cleared by reset.

The IMR is shown in Figure 2—-20, Interrupt Mask Register (IMR) on page 2-67.
Bit descriptions follow the figure.
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Figure 2-20. Interrupt Mask Register (IMR) — Address 0004h

15-6 5 4 3 2 1 0
Reserved INT6 INTS INT4 INT3 INT2 INT1
0 R/W—x R/W—x R/W—x R/W—-x R/W—x R/W—x

Note: 0 = Always read as zeros, R = Read access, W = Write access, —n = Value after reset, x = value unchanged by reset
Bits 15-6 Reserved . These bits are always read as 0Os.

Bit 5 INT6. Interrupt 6 mask. This bit masks or unmasks interrupt level INT6.

0 =Level INT6 is masked.
1 =Level INT6 is unmasked.

Bit 4 INTS. Interrupt 5 mask. This bit masks or unmasks interrupt level INT5.

0 =Level INT5 is masked.
1 =Level INT5 is unmasked.

Bit 3 INT4. Interrupt 4 mask. This bit masks or unmasks interrupt level INT4.

0 =Level INT4 is masked.
1 =Level INT4 is unmasked.

Bit 2 INT3. Interrupt 3 mask. This bit masks or unmasks interrupt level INT3.

0 =Level INT3 is masked.
1 =Level INT3 is unmasked.

Bit 1 INT2. Interrupt 2 mask. This bit masks or unmasks interrupt level INT2.

0 =Level INT2 is masked.
1 =Level INT2 is unmasked.

Bit 0 INTL1. Interrupt 1 mask. This bit masks or unmasks interrupt level INT1.

0 =Level INT1 is masked.
1 =Level INT1 is unmasked.

2.6.1 External Interrupt Control Registers

The '240 device has four external interrupt pins, including NMI, with software
programmable polarity and priority. These pins are programmed using inter-
rupt control registers. A summary of the control registers is shown in
Figure 2-21, External Interrupt Control Registers.
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Figure 2-21. External Interrupt Control Registers

Address

7070h

7072h

7078h

707a

2-68

Register

XINT1CR

NMICR

XINT2CR

XINT3CR

15 14 13 12 11 10 9 8
XINT1 Reserved
Flag
7 6 5 4 3 2 1 0
XINT1 XINT1 XINT1 | XINT1
Res . Reserved . L
pin data polarity priority | enable
15 14 13 12 11 10 9 8
NMI Reserved
Flag
7 6 5 4 3 2 1 0
Res . NMI Reserved NM.I Reserved
pin data polarity
15 14 13 12 11 10 9 8
XINT2 Reserved
Flag
7 6 5 4 3 2 1 0
Res XINT2 Res XINT2 XINT2 XINT2 XINT2 XINT2
pin data data dir | data out polarity priority enable
15 14 13 12 11 10 9 8
XINT3 Reserved
Flag
7 6 5 4 3 2 1 0
Re XINT3 Re XINT3 XINT3 XINT3 XINT3 XINT3
s pin data S data dir | data out polarity priority enable
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External Interrupt Control Register Bit Descriptions

The NMI, XINT1, XINT2, and XINT3 control registers are shown below
together with their bit descriptions.

Figure 2-22. NMI Control Register

15 14-7 6 5 4 3 2 1 0
NMI Reserved _NMI Reserved NM.I NMI NMI
flag pin data polarity [riority enable

R/C-0 R—p R/W-0 R/W-0 R/W-0

Note: R = Read access, W = Write access, C = Clear-only write access, —n = Value after reset (x means value unchanged by
reset), —p = Logic level of pin

Bit 15 NMI Flag. Interrupt x flag. This read/clear bit indicates whether the selected
transition has been detected on the pin for interrupt x. This bit is set whether or
notthe interruptis enabled. You can use this bit for software polling to see if the
selected edge has occurred. This bit is cleared by software or a system reset.
This bit need not be cleared when this pin is used as an interrupt; the interrupt
occurs once for each selected edge on the interrupt pin, even though this bit is
already set. Clearing this bit, however, clears a pending request from the pin.

0 =No transition detected
1 =Transition detected

Bits 14—7 Reserved. Reads are undefined; writes have no effect.

Bit 6 NMI Pin data. Interrupt pin data bit. This read-only bit reflects the current level
on the interrupt pin, regardless of how the interrupt pin is configured.
0 =Pinis alogic 0
1 =Pinis alogic 1

Bits 5-3 Reserved. Reads are undefined; writes have no effect.

Bit 2 NMI Polarity. Interrupt polarity bit. This read/write bit determines whether
interrupts are generated on the rising edge or the falling edge of a signal on the
pin.

0 =Interrupt generated on a falling edge (high to low transition)
1 =Interrupt generated on a rising edge (low to high transition)

Bit 1 NMI Priority. Interrupt priority bit. This read/write bit determines which inter-
rupt priority is requested. This bit has no effect if the NMI bit is set. See the
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device data sheet for details about which interrupt level corresponds to high
priority and which interrupt level corresponds to low priority.

0 =High priority
1 =Low priority
Bit 0 NMI Enable. Interrupt enable bit. This read/write bit enables or disables the

maskable interrupt. This bit has no effect if the NMI bit is set.

0 =Disable interrupt (use pin as digital input)
1 =Enable interrupt
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Figure 2-23. XINT1 Control Register (7070h)

15 14-7 6 3-5 2 1 0
INT1 INT1 INT1 INT1 INT1
Reserved . Reserved ) L
flag pin data polarity priority enable
R/C-0 R—p R/W-0 R/W-0 R/W-0

Note: R = Read access, W = Write access, C = Clear-only write access, —n = Value after reset (x means value unchanged by
reset), —p = Logic level of pin

Bit 15

Bits 14-7

Bit 6

Bits 5-3

Bit 2

XINT1 Flag. Interrupt x flag. This read/clear bit indicates whether the selected
transition has been detected on the pin for interrupt x. This bit is set whether or
notthe interruptis enabled. You can use this bit for software polling to see if the
selected edge has occurred. This bit is cleared by software or a system reset.
This bit need not be cleared when this pin is used as an interrupt; the interrupt
occurs once for each selected edge on the interrupt pin, even though this bit is
already set. Clearing this bit, however, clears a pending request from the pin.

0 =No transition detected
1 =Transition detected

Reserved. Reads are undefined; writes have no effect.

XINT1 Pin data. Interrupt pin data bit. This read-only bit reflects the current
level on the interrupt pin, regardless of how the interrupt pin is configured.

0 =Pinis alogic 0
1 =Pinis alogic 1

0 =Pinis for a regular interrupt or a digital input
1 =Pin is for a nonmaskable interrupt

Reserved. Reads are undefined; writes have no effect.

XINT1 Polarity. Interrupt polarity bit. This read/write bit determines whether
interrupts are generated on the rising edge or the falling edge of a signal on the

pin.

0 =Interrupt generated on a falling edge (high to low transition)
1 =Interrupt generated on a rising edge (low to high transition)
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Bit 1

Bit 0

XINT1 Priority. Interrupt priority bit. This read/write bit determines which inter-
rupt priority is requested. This bit has no effect if the NMI bit is set. See the de-
vice data sheet to determine which interrupt levels corresponds to high and low
priority.

0 =High priority
1 =Low priority
XINT1 Enable. Interrupt enable bit. This read/write bit enables or disables the

maskable interrupt. This bit has no effect if the NMI bit is set.

0 =Disable interrupt (use pin as digital input)
1 =Enable interrupt

Figure 2-24. XINT2 Control Register (7078h)

15 14-7 6 5 4 3 2 1 0
XINT2 XINT2 XINT2 XINT2 XINT2 XINT2 XINT2
Reserved ) Reserved . . o
flag pin data fata dir fata out polarity priority enable
R/C-0 R—p R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

Note: R = Read access, W = Write access, C = Clear-only write access, —n = Value after reset, —p = Logic level of pin

Bit 15

XINT2 Flag. Interrupt flag. This read/clear bit indicates if the selected transi-
tion has been detected. This bit is set whether or not the interrupt is enabled.
You can use this bit for software polling to see if the selected edge has oc-
curred. This bitcan only be cleared by software or a system reset. This bitneed
not be cleared when this pin is used as an interrupt. The interrupt occurs once
for each selected edge on the interrupt pin, even though this bit is already set.
Clearing this bit, however, clears a pending request from the pin.

0 =No transition detected
1 =Transition detected

Bits 14-7 Reserved. Reads are undefined; writes have no effect.

Bit 6
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XINT2 Pin data. Interrupt pin data bit. This read-only bit reflects the current
level on the interrupt pin, regardless of how the interrupt pin is configured.

0 =Pinis alogic 0
1 =Pinis alogic 1



Bits 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0
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Reserved. Reads are undefined; writes have no effect.

XINT2 Data dir. Interrupt pin data direction bit. When the interrupt pin is not
enabled for interrupts, this read/write bit determines whether the pin is a digital
input or a digital output.

0 =Pinis an input
1 =Pinis an output

XINT2 Data out. Interrupt pin output data bit. This read/write bit determines
whether the logic level on the pinis low or high when the pin is used as a digital
output pin.

0 =Pin level is low (when pin used as digital output)
1 =Pin level is high (when pin used as digital output)

XINT2 Polarity. Interrupt polarity bit. This read/write bit determines whether
interrupts are generated on the rising edge or the falling edge of a signal on the

pin.

0 =Interrupt generated on a falling edge (high to low transition)
1 =Interrupt generated on a rising edge (low to high transition)

XINT2 Priority. Interrupt priority bit. This read/write bit determines which inter-
rupt priority is requested. See the device data sheet for details about which
interrupt level corresponds to high priority and which interrupt level corre-
sponds to low priority.

0 =High priority

1 =Low priority
XINT2 Enable. Interrupt enable bit. This read/write bit enables or disables the
maskable interrupt.

0 =Disable interrupt (use pin as digital input or output)
1 =Enable interrupt
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Figure 2-25. XINT3 Control Register (707Ah)

15 14-7 6 5 4 3 2 1 0
XINT3 XINT3 XINT3 XINT3 XINT3 XINT3 XINT3
Reserved . Reserved ; . .
flag pin data data dir | dataout | polarity priority enable
R/C-0 R-p R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

Note: R = Read access, W = Write access, C = Clear-only write access, —n = Value after reset, —p = Logic level of pin

Bit 15

Bits 14-7
Bit 6

Bits 5
Bit 4

Bit 3

Bit 2
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XINT3 Flag. Interrupt flag. This read/clear bit indicates if the selected transi-
tion has been detected. This bit is set whether or not the interrupt is enabled.
You can use this bit for software polling to see if the selected edge has oc-
curred. This bitcan only be cleared by software or a system reset. This bitneed
not be cleared when this pin is used as an interrupt. The interrupt occurs once
for each selected edge on the interrupt pin, even though this bit is already set.
Clearing this bit, however, clears a pending request from the pin.

0 =No transition detected
1 =Transition detected

Reserved. Reads are undefined; writes have no effect.

XINT3 Pin data. Interrupt pin data bit. This read-only bit reflects the current
level on the interrupt pin, regardless of how the interrupt pin is configured.

0 =Pinis alogic 0
1 =Pinisalogic 1

Reserved. Reads are undefined; writes have no effect.

XINT3 Data dir. Interrupt pin data direction bit. When the interrupt pin is not
enabled for interrupts, this read/write bit determines whether the pin is a digital
input or a digital output.

0 =Pinis an input
1 =Pinis an output

XINT3 Data out. Interrupt pin output data bit. This read/write bit determines
whether the logic level on the pin is low or high when the pinis used as a digital
output pin.

0 =Pin level is low (when pin used as digital output)
1 =Pin level is high (when pin used as digital output)

XINT3 Polarity. Interrupt polarity bit. This read/write bit determines whether
interrupts are generated on the rising edge or the falling edge of a signal on the

pin.

0 =Interrupt generated on a falling edge (high to low transition)
1 =Interrupt generated on a rising edge (low to high transition)
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Bit 0
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XINT3 Priority. Interrupt priority bit. This read/write bit determines which inter-
rupt priority is requested. See the device data sheet for details about which
interrupt level corresponds to high priority and which interrupt level corre-
sponds to low priority.

0 =High priority
1 =Low priority
XINT3 Enable. Interrupt enable bit. This read/write bit enables or disables the

maskable interrupt.

0 =Disable interrupt (use pin as digital input or output)
1 =Enable interrupt
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Chapter 3

System Functions

This chapter describes the device functions that are not specific to any
peripheral. They are:

[ Peripheral interface. This interface transfers data between the CPU data
bus and the peripheral bus, which is independent of the CPU.

[0 System configuration registers. These registers provide software control
and status information for functions that affect both the DSP core and cer-
tain peripherals.

[ Hardware interrupts (including reset). These interrupts require control by
both CPU registers and peripheral registers.

[ Power-down modes. These can affect both the CPU and the peripherals.

Topic Page
3.1 Peripheral Interface ......... ... ... 3
3.2 System Configuration Registers  ......... ... ..., 3E|
3.3  PoWer-DOWN MOOES . ........ouintieie e 310 |

3-1



Peripheral Interface

3.1 Peripheral Interface

In order to support a large number of peripherals without compromising the
electrical performance of the 'C24x DSP CPU'’s data bus, 'C24x devices have
a separate peripheral bus which operates at a lower frequency than the CPU
buses. All peripherals, except for the event manager, are attached to this
peripheral bus. For improved performance, the event manager interfaces di-
rectly to the CPU’s data bus.

One of the functions of the peripheral interface is to interface the CPU to the
peripheral bus.

The CPU is clocked at either two times (2 X mode) or four times (4 X mode)
the clock rate of the peripheral bus. Because the peripheral bus runs slower
than the CPU bus, peripheral bus reads and writes take multiple CPU cycles.
The exact number of CPU cycles a peripheral access takes to complete
depends on the:

(1 Peripheral clock rate

[0 Phase of the peripheral clock in which the CPU initiates the peripheral
access

[ Type of access: read or write

Table 3-1, CPU Cycles to Complete Reads From and Writes to the Peripheral
Bus, on page 3-3 shows how many CPU clock cycles it takes to complete
read and write accesses to peripherals connected to the peripheral bus. As an
example, if the clocks are in 4x mode, a single peripheral read may take 5, 6,
7, or 8 CPU cycles, depending on the phase of the peripheral clock when the
CPU initiates the peripheral access. If back-to-back accesses are performed,
all accesses after the first will take eight cycles in 4 X mode.

Note that writes always take one cycle longer than reads. This is consistent
with zero-wait-state external memory accesses and event manager accesses
over the CPU'’s data bus. These accesses take one cycle for a read and two
cycles for a write.



Peripheral Interface

Table 3—1. CPU Cycles to Complete Reads From and Writes to the Peripheral Bus

2x Clock Mode 4x Clock Mode
Type of Single Accesses Back-to-Back Single Accesses Back-to-Back
Access (Cycles) Accesses (Cycles) (Cycles) Accesses (Cycles)
Read 3or4 4 5,6,7,0r8 8
Write 4or5 4 6,7,8,0r9 8

All CPU memory accesses are 16 bits wide. Reads from 8-bit peripherals are
LSB aligned. The most significant eight bits of a write to an 8-bit peripheral are
ignored. All peripherals are located in the CPU'’s data space: this allows the
full instruction set to act upon the peripheral registers. I/O space is not used
by on-chip peripherals.
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3.2 System Configuration Registers

The system configuration registers are shown in Figure 3—1 and described in
sections 3.2.1 through 3.2.3. The following applies to the register locations:

J Allunimplemented (reserved) bits are read as indeterminate values (un-
less otherwise stated).

[ Bit0 of the peripheral address bus is not decoded; therefore, these 16-hit
registers are accessible at each even address location and at the (odd)
address location that follows. For example, the register SYSIVR is nomi-
nally at location 701Eh, but it can also be accessed at address 701Fh.



Figure 3—-1. System Configuration Registers

Address

7010h

7012h

7014h

7016h

7018h

701Ah

701Ch

701Eh

Register

SYSCR

SYSSR

SYSIVR

15-0

System Configuration Registers

Reserved

15-0

Reserved

15-0

Reserved

15-0

Reserved

15

14

13-8

7

6

5-0

RESET1

RESETO

Reserved

CLKSRC1

CLKSRCO

Reserved

15

14

13

12

11

10

9 8

PORST

Reserved

ILLADR

Reserved

SWRST

WDRST | Reserved

4

3

2

1 0

Reserved

HPO

Reserved

VCCAOR

Reserved VECRD

15-0

Reserved

15-0

System interrupt vector register
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3.2.1 System Control Register (SYSCR)

Figure 3-2. System Control Register (SYSCR) — Address 7018h

15 14 13-8 7 6 5-0
RESET1 RESETO Reserved CLKSRC1 CLKSRCO Reserved
R/W-0 R/W-1 R/W-1* R/W-1*

Note: R = Read access, W = Write access, —n = Value after reset,
* = Not affected by reset, set to 1 by power-on reset

Bits 15-14 RESET1, RESETO . Software reset bits. These bits, which control the software
reset function of the device, must be written to at the same time. Writing a 1 to
RESET1 or a 0 to RESETO causes a global reset to occur, as shown in the
following table.

Resulting
RESET1 RESETO Action
0 0 Global reset
0 1 -
1 0 Global reset
1 1 Global reset

Bits 13-8 Reserved . Reads are indeterminate; writes have no effect.

Bits 7-6 CLKSRC1, CLKSRCO . CLKOUT-pin source select. These bits control the
selection of the CLKOUT pin function.

CLKSRC1 CLKSRCO CLKOUT Pin Function

0 0 Digital I/O mode (controlled by I/O register bits—see
device data sheet).

0 1 WDCLK: Watchdog Timer Clock output mode (nomi-
nally 16 kHz).

1 0 SYSCLK: system clock.

1 1 CPUCLK: CPU clock output mode.

Bits 5-0 Reserved . Reads are indeterminate; writes have no effect.
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3.2.2 System Status Register (SYSSR)

Bits 15, 12, 10 and 9 of the system status register indicate the cause of areset.
The reset service routine can read this register and use these bits to take the
appropriate action according to the cause of reset. For example, if a power-on
reset occurs, the clock module control registers may have to be reconfigured.

Figure 3-3. System Status Register (SYSSR) — Address 701Ah

15 14-13 12 11 10 9 8-6 5 4 3 2-1 0

PORST | Res |ILLADR| Res |SWRST |WDRST | Res |HPO | Res |[VCCAOR | Res |VECRD

R/C—x R/C—x R/C—x R/C—x R/C—i R-1 R-0

Note: R = Read access, C = Clear-only write access, —n = Value after reset (x means value unchanged by reset),
—i = Value of Vccp pin latch on rising edge of RESET

Bit 15 PORST. Power-on reset status bit.
0 =No reset has occurred due to power-on reset signal PORESET.
1 =Reset due to power-on reset signal PORESET.

Bits 14-13 Reserved . Reads are indeterminate; writes have no effect.

Bit 12 ILLADR . lllegal-address reset status bit. lllegal address reset occurs when an
unimplemented on-chip address location in data or program space is ac-
cessed. Referto the '240 memory maps in Chapter 3, Memory and I/O Spaces,
for details on where these illegal addresses reside.

0 =No illegal address conditions
1 =Reset due to illegal address

Bit 11 Reserved . Reads are indeterminate; writes have no effect.

Bit 10 SWRST. Software reset status bit.

0 =No software reset

1 =Software reset occurred. (A 1 was written to bit 15 of the SYSCR, or a
0 was written to bit 14 of the SYSCR.)

Bit 9 WDRST. Watchdog reset status bit.

0 =No reset
1 =Reset due to Watchdog Timer overflow

Bits 8—6 Reserved . Reads are indeterminate; writes have no effect.
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Bit 5

Bit 4

Bit 3

Bits 2—-1

Bit 0

HPO . Hardware protect override. If the flash programming voltage pin (Vccp)
is at 5V on the trailing edge of the reset pin (RS) and is held at that value, the
HPO bit is set. (This only applies to an 'F24x device with on-chip flash EE-
PROM). This value is cleared either by software or when the Vccp pin level
changes to OV.

0 =Normal mode
1 =HPO mode: Flash EEPROM programming is enabled and the Watch-
dog can be disabled by setting the WDDIS bit in the WD control regis-

ter. For details about this register, see Chapter 13, Watchdog and
Real-Time Interrupt Module.

Reserved . Reads are indeterminate; writes have no effect.

VCCAOR . Analog V¢ (V) out-of-regulation bit. This bit is only valid if the
device has an on-chip low-voltage detect module.

0 =Vcca is on and in regulation.
1 =Vcca is off or out of regulation.

Reserved . Reads are indeterminate; writes have no effect.

VECRD. Interrupt vector read pending bit. This bitis set when an interrupt vec-
tor is loaded into the SYSIVR (when the interrupt is acknowledged). It is
cleared whenthe SYSIVR isread. This bitis used by the service routine of non-

maskable interrupt NMI (see Programming an ISR for Nonmaskable Interrupt
(NMI) on page ).

0 = No read of the interrupt vector register is pending.
1 = Aninterrupt vector has been latched but has not been read yet.
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3.2.3 System Interrupt Vector Register (SYSIVR)

The system interrupt vector register is a read-only register.

Figure 3—4. System Interrupt Vector Register (SYSIVR) — Address 701Eh

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

System interrupt vector

R-0

Note: R = Read access, —n = Value after reset

Bits 15-8 Eight MSBs of the system interrupt vector. These bits are always read as 0s.

Bits 7-0 Eight LSBs of the system interrupt vector. These bits are loaded with the inter-
rupt vector address offset value. This value is generated by a peripheral
attached to the peripheral bus in response to the acknowledgement of the
corresponding maskable interrupt.

The SYSIVR is aread-only register intended to provide a peripheral
interrupt vector address. While executing code from flash memory,
SYSIVR can be read only once during vector fetch. Successive
reads will stall the instruction fetch and will stop the CPU
indefinitely. However, this problem does not occur if two reads are
separated by a NOP instruction.
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3.3 Power -Down Modes

A 240 device can have up to four power-down modes that reduce the operat-
ing power of the '240 device by stopping the clocks (and, thus, the activity and
power consumption) of the CPU and various on-chip peripherals. While the
'240 is in a power-down mode, all of its internal contents are maintained and
operation continues unaltered when the power-down mode is terminated with
an interrupt. The content of all on-chip RAM remains unchanged. However, if
the power-down mode is terminated with a reset, the contents of some regis-
ters are changed. These are the register contents that are always changed
during a reset.

3.3.1 Clock Generation

3-10

The TMS320x240 has an on-chip, PLL-based clock module. This module pro-
vides all necessary clocking signals for the device as well as control for low-
power mode entry. The only external component necessary for this module is
an external fundamental reference crystal.

The "240 has two basic clocking domains: the CPU clock domain (CPUCLK),
and the system clock domain (SYSCLK). The CPU, memories, external
memory interface, and event manager are located in the CPU clock domain.
All other peripherals are in the system clock domain. The CPUCLK runs at 2 x
or 4x the frequency of the SYSCLK; that is, CPUCLK = 20 MHz,
SYSCLK = 10 MHz, or CPUCLK = 20 MHz, SYSCLK =5 MHz.

There are three different clock domains that can be shut off during power
down:

[ CPUclock domain. Allclocks inthe CPU and memories except the inter-
rupt control registers

1 System clock domain. All peripheral clocks (CPUCLK or SYSCLK), and
the clocks for the CPU’s interrupt control registers

(1 Watchdog clock (WDCLK). The nominally 16 kHz clock used to incre-
ment the watchdog timer and real time Interrupt module

Note:

The terms CPUCLK and CPU clock domain, SYSCLK and system clock
domain are not interchangeable.
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The four types of possible power-down modes on a '240 device have decreas-
ing levels of power consumption and increasing delays to exit the low power
mode. All of the possible power-down modes may not be implemented on a
'240 device. A low-power mode is entered when the CPU executes an IDLE
instruction. The PLLPM(1:0) bits in the CKCRO register in the clock module de-
termine which of the four possible low power modes is entered.

The power-down modes, in order of decreasing power and increasing startup
time, are as follows:

1 Idlel mode stops the clocks to the CPU (CPU clock domain) but the clocks
for all peripherals (system clock domain) continue to run. Exit from Idlel
occurs immediately following any interrupt or a reset.

g Idle2 mode stops the clocks in both the CPU clock domain and the system
clock domain. Exit from Idle2 occurs immediately following a wakeup inter-
rupt or areset. The watchdog clock continues to run, eventually times out,
and causes a reset.

(1 PLLpower-down mode powersdown the PLL (if enabled). The watchdog
clock continues to run. Exit from this mode can be caused by a wakeup
interrupt or areset. The watchdog clock continues to run, eventually times
out, and causes a reset. The device does not start full-speed operation
until the PLL has powered up and reattained lock, which can be hundreds
of microseconds.

[ Oscillator power-down mode shuts off power to the oscillator (if enabled)
and is the lowest power mode available. No clocks are running on the
device. A wakeup interrupt or reset causes the device to exit this low-
power mode. No clock runs until the oscillator has powered back up; the
power-up time is in milliseconds. The device does not start full-speed op-
eration until the PLL has powered up and reattained lock (this can be addi-
tional hundreds of microseconds).

For details of the low-power mode power consumption for each device, see
the relevant device data sheet. Table 3-2, Power-Down Modes, shows the
status of the CPU and peripheral clocks during each of the four power-down
modes.
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Table 3-2. Power-Down Modes

CPU System
Clock Clock  Watchdog

Mode Domain  Domain Clock Oscillator
ldlel Off On On On
Idle2 Off Off On On
PLL power down Off Off On On
Oscillator power down Off Off Off Off

3.3.2 Setting and Entering the Power-Down Modes

The power-down modes are initiated by the execution of the IDLE instruction.
The value inthe PLLPM field of clock module control register 0 (CKCRO) deter-
mines the mode. Table 3-3, Setting the Power-Down Mode With the PLLPM
bits, shows how the two PLLPM bits of CKCRO determine the power-down

mode.

Table 3-3. Setting the Power-Down Mode With the PLLPM Bits

PLLPM bits

Power-Down Mode

00

01

10

11

Idlel
Idle2
PLL power down

Oscillator power down

3.3.3 Exiting the Power-Down Modes
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In any one of the four power-down modes (ldlel, Idle2, PLL power down, and
oscillator power down), the CPU clock domain is off. Therefore, software inter-
rupts cannot be generated to take the processor out of power-down. Interrupts
can only be generated at external pins or by on-chip peripherals.

Reset. Reset signals terminate power-down modes as follows:

[ The reset pin (RS) causes the device to exit any power-down mode.

[0 Watchdogtimeout reset causes the device to exit Idlel, Idle2, or PLL pow-
er down. The watchdog timer is not incrementing during oscillator power
down because the watchdog clock is stopped.
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External interrupts. All power-down modes terminate when the CPU re-
ceives any one of these interrupts at a pin:

O NMI

1 XINTn (any external interrupt controlled by the external interrupt control
registers, if unmasked).

Wakeup interrupts. The external interrupts XINTn and NMI are also wakeup
interrupts. After the clocks are shut off, a combinatorial logic path from these
pins restarts the clocks.

The external interrupts, XINTn, are maskable interrupts and can completely
bring the processor out of the power-down mode only if they are unmasked.
If they are masked, they wake up the device by starting all clocks; however,
the device remains in the IDLE state.

Certain peripherals are also able to generate wakeup interrupts when the
clocks in the system clock domain are shut off. For example, some commu-
nication ports may be able to generate a wakeup interrupt in response to
receiving a character.

Oscillator power down mode is only terminated by an external interrupt (NMI
or XINTn). In this mode, the oscillator is off (no clocks on the device are active);
thus, no interrupts can be generated by on-chip peripherals, and the watchdog
timer cannot generate a time-out signal.

Peripheral interrupts. The Idlel, Idle2, and PLL power-down modes can be
terminated by various peripheral interrupts under the right conditions. In Idlel
mode, all the clocks for the peripheral devices are still running; therefore, any
unmasked peripheral interrupt terminates the Idlel mode. Inthe Idle2 and PLL
power-down modes, the clocks in the system clock domain are off. As aresult,
only unmasked peripheral interrupts that are not timed by the system clock can
bring the processor out of the Idle2 and PLL power-down modes.

In oscillator power-down mode, the peripheral clocks and the Watchdog timer
clocks are off. Only unmasked peripheral interrupts nottimed by either of those
clocks can terminate oscillator power-down mode.

Table 3-5, Power-Down Modes and Their Terminations, on page 3-15 sum-
marizes the state of processors in each power-down mode and lists the inter-
rupts that do and do not terminate each mode.
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3.3.4 Low-Power Mode

The '240 device has four low-power modes (ldlel, Idle2, Standby, and Halt).
Low-power modes reduce the operating power by reducing or stopping the ac-
tivity of various modules (by stopping their clocks). The two PLLPM bits of the
clock-module-control register (CKCRO0) select which of the low-power modes
the device enters when executing an IDLE instruction. Reset, or an unmasked
interrupt from any source, causes the device to exit from idle 1 low-power
mode. A real-time interrupt (from WD/RTI) causes the device to exit all except
the halt low-power mode (idle 1, idle 2, and standby). This is a wake-up inter-
rupt.

Reset, or any of the four external interrupts (NMI, XINT1, XINT2, or XINT3, if
enabled), causes the device to exit from any low-power mode (Idlel, Idle2,
Standby, and Halt). The external interrupts are all wake-up interrupts. Any in-
terrupt designed to allow an exit from a low-power mode must be enabled indi-
vidually and globally to bring the device out of a low-power mode properly. It
is important to ensure that the desired low—power mode exit path is enabled
before entering a low-power mode.

Table 3—4 lists the low-power modes.

Table 3—4. Low Power Modes

Low- PLLPM(1:0) CPU System Watchdog

Power Bits in Clock Clock PLL Clock Oscillator Exit

Mode CKCRO Status  Status Status Status Clock Condition Description

X + not XX On On On On On - Run

IDLE

0+IDLE 00 Off On On On On Any interrupt, Idlel

reset

1+ IDLE 01 Off Off On On On Wake-up Idle2
interrupt, reset

2+ IDLE 10 Off Off Off Off On Wake-up Standby
interrupt, reset

3+ IDLE 11 Off Off Off Off Off Wake-up Halt

interrupt, reset
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Table 3-5. Power-Down Modes and Their Terminations

CPU System
Clock Clock Watchdog Not Terminated
Mode Domain Domain PLL  Clock Oscillator ~ Terminated By By
Idlel Off Oon Oon Oon Oon Reset (RS) Masked interrupts
Watchdog reset
NMI (at pin)
XINT’s (at pin,
unmasked)
Any peripheral
interrupt (unmasked)
Idle2 Off Off on on on Reset (RS) Masked interrupts
Watchdog reset Peripheral inter-
NMI (at pin) rupts dependent
XINT's (at pin, on the system
unmasked) clock.
Peripheral wakeup
interrupts.
PLL Off Off off off Oon Reset (RS) Masked interrupts
gower Watchdog reset Peripheral inter-
(F?I\QIS) NMI (at pin) rupts dependent
XINT's (at pin, on the system
unmasked) clock
Peripheral wakeup
interrupts
Oscillator Off Off Off Off Off Reset (RS) Masked interrupts
ggaﬁr NMI (at pin) Peripheral inter-
(OPD) XINT’s (at pin, rupts
unmasked)

Peripheral wakeup
interrupts
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3.3.5 After Exiting Power-Down
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There are two items to consider when deciding how to wake the processor:

[ Ifyouusereset or NMI, the CPU immediately executes the corresponding
interrupt service routine.

[ Ifyou use a maskable hardware interrupt, the next action depends on the
interrupt mode (INTM) bit of status register STO:

B INTM = 0: The interrupt is enabled, and the CPU executes the
corresponding interrupt service routine.

B INTM = 1: The interrupt is disabled, and the CPU continues with
the instruction after IDLE.

If you do not want the CPU to execute an interrupt service routine before con-
tinuing with the interrupted program sequence:

(1 Do not use reset or NMI to bring the processor out of power-down.

(1 Make sure your program sets INTM to 1 (SETC INTM) before IDLE is
executed.

If you want the CPU to execute the interrupt service routine before continuing:

[ Make sure your program clears INTM to O (CLRC INTM) before IDLE is
executed.

[0 Make sure you enable all relevant interrupt sources, both locally (in the
peripheral mask/enable registers) and globally (in the CPU’s interrupt
mask register).
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Figure 3-5. Waking Up the Device from Power Down
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System Functions 3-17



Power -Down Modes

3.3.6  Summary of Power-Down Mode Operation
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When the IDLE instruction is executed:

1) The program counter is incremented once, so that when the power-down
mode is exited, the next instruction is the one that follows the IDLE instruc-
tion, except in the case of reset.

2) The '240 enters the power-down mode selected by the PLLPM bits and
remains in that low-power state until it receives a proper hardware inter-
rupt (as described in section 3.3.3, Exiting the Power-Down Modes, on
page 3-12).

3) Upon receipt of the proper interrupt, the '240 exits the power-down mode.

4) If you use NMI to wake the processor, the CPU executes the correspond-
ing interrupt service routine before continuing with the interrupted
program sequence.

Ifyou use a maskable interrupt, the next action depends on the value of the
INTM bit:

(1 INTM=0: Maskable interrupts are enabled; the CPU first executes the
interrupt service routine of the interrupt that brought it out of power-
down. Then it continues with the instruction after the IDLE instruction.

(1 INTM = 1: Maskable interrupts are disabled; the CPU continues exe-
cution of the instruction after IDLE.

Table 3-2, Power-Down Modes, on page 3-12 summarizes the four power-
down modes, and provides the approximate power level for each. (For more
accurate power values, see the data sheet for your particular 'C24x device.)
In addition, the table shows the status of the '240 when not in a power-down
mode. See Table 3-5, Power-Down Modes and Their Terminations, on page
3-15 for the list of interrupts that do and do not terminate each mode.



Table 3—6. External Interrupt Types and Functions

Power -Down Modes

Control
External Register
Interrupt Address Interrupt Type Can Do NMI? Digital 1/0 Pin Maskable?
XINT1 7070h A No Input only Yes
(Level 1 or 6)
NMI 7072h A Yes Input only No
N/C 7074h B Reserved
N/C 7076h B Reserved
XINT2 7078h C No I/0 Yes
(Level 1 or 6)
XINT3 707Ah C No lfe} Yes
(Level 1 or 6)
N/C 707Ch PM Reserved
N/C 707Eh PM Reserved
PDPINT 742Ch N/A N/A N/A Yes
(Level 2)
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Chapter 4

PLL Clock Module

This chapter describes the architecture, functions, and programming of the
PLL clock module. The PLL clock module provides all necessary clock signals
for 'C24x devices.

Note: 8-Bit Peripheral

This module is interfaced to the 16-bit peripheral bus as an 8-bit peripheral.
Therefore, reads from bits 15-8 are undefined; writes to bits 15-8 have no
effect.

Topic Page
4.1 PLL Clock Module Overview —...............c.ooiiiiiiiiana.n.. 4]
4.2 PLL CIoCK OPeration  ..............ueeeieeiieieieen. .. A5

4.3 PLL Clock Control Registers

4-1
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4.1 PLL Clock Module Overview
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The PLL clock module interfaces to the peripheral bus and provides all of the
clocks required for the entire device (see Figure 4-1). There are four sets of
clocks, all running at different frequencies:

[0 CPUCLK — This is the highest frequency clock provided by the module
and is used by the CPU, all memories and any peripherals tied directly to
the CPUs buses, including an external memory interface if used. All other
clocks are derived by dividing this clock down to a lower frequency.

[ SYSCLK —This clock is a half or a quarter the rate of CPUCLK. It is used
to clock all the peripherals on the TI peripheral bus.

(1 WDCLK — This is the low power clock used by the watchdog timer/real-
time interrupt module. It has a nominal frequency of 16 kHz with a 25%
duty cycle.

The clock module operates with a 4, 6, or 8 MHz reference crystal in conjunc-
tion with its on-chip oscillator circuit, or an external oscillator bypass clock in
the range 2—20 MHz. The PLL can multiply the input frequency by factors of
1,2,3,4,5,and 9. The input clock can also be divided by two before this multi-
plication to give additional factors of 1.5, 2.5, and 4.5. The actual CPU clock
frequency is software selectable from 2 MHz up to the maximum operating fre-
quency of the device. The PLL can also be bypassed with a 1x or 2x
(CPUCLK frequency) clock-in input.

Note:

If clock-in has a higher frequency than 20 MHz, the WDCLK frequencies will
not be correct.

The clock module contains all necessary control registers. It also contains low-
power mode control bits that determine which clocks are switched off when the
CPU goes into idle mode.
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Figure 4-1. PLL Clock Module Block Diagram
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| (CKCR1.2-0)
|
. 1 Watchdog clock prescaler Ii WDCLK
Prescale Bit (CKCRO0.0)
|
—I SYSCLK prescaler Div 2 or 4 I SYSCLK

Two registers (listed in Table 4-1) control the PLL Clock Module operations:

[ CKCRO (Clock control register 0)

This register contains bits used for general control of the clock module,
such as clock mode, low-power mode selection, SYSCLK prescale selec-
tion, and status flags.

[0 CKCR1 (Clock control register 1)

This register specifies the PLL multiplication factor (if enabled) and the fre-
quency of the input clock.
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Table 4-1. Addresses of PLL Clock Module Control Registers

Described in

Address Register Name Section Page

7020h Reservedt

7022h Reserved

7024h Reservedt

7026h Reservedt

7028h Reservedt

702Aht CKCRO Clock Control Register 0 4.3.1
702Ch#* CKCR1 Clock Control Register 1 432

702Eh Reserved

T Reserved for the watchdog and real-time interrupt module control registers. See Chapter 5, Watchdog (WD) and Real-Time
Interrupt (RTI) Module.
tEach register also appears at the next odd address location; ex. CKCRO appears at 702Bh and CKCR1 appears at 702Dh.
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4.2 PLL Clock Operation

This section describes the operation and functionality of the PLL clock module.
Included are these topics:

Uooooodd

4.2.1 Pin Description

Pin description

Oscillator operation modes

PLL operation modes

CPU clock (CPUCLK) signal frequency selection
System clock (SYSCLK) signal prescale selection
Watchdog counter clock (WDCLK) signal

PLL startup

Low-power modes

The PLL module has three associated pins:

a

OSCBYP

The oscillator bypass (OSCBYP) pin is used to select whether the oscilla-
toris bypassed or not. If the device is used with an external clock input (that
is, not used with a reference crystal), this signal should be tied to OV to by-
pass the crystal reference oscillator circuit.

XTAL1/CLKIN

The oscillator in (XTAL1/CLKIN) pin is typically tied to one side ofa 4, 6, or
8 MHz-reference crystal. This pin may also be used as a clock in pin for an
external signal. See section 4.2.2, Oscillator Operation Modes, for details.

XTAL2
The oscillator out (XTAL2) pin is:

B Tied to the other side of a 4, 6, or 8 MHz reference crystal, or
B Left open when an external clock is provided via XTAL1/CLKIN.
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4.2.2 Oscillator Operation Modes

The oscillator has two operation modes: oscillator and oscillator bypass
(clock-in) modes (see Table 4-2):

[J Oscillator mode

This is the normal operation mode when you use an external reference
crystal. Thismode is entered when the OSCBYP pinistied high (V|4) and a
4,6, or 8 MHz crystal is connected between XTAL1 and XTAL2 to provide a
reference crystal frequency. Following device power up ittakes about 1 ms
for the crystal oscillator circuitry to power up and start generating a good
clock.

(4 Clock-in mode

You can bypass the oscillator circuitry by tying the OSCBYP pin low (V).
This allows the device to be clocked by an external signal input on the
XTAL1/CLKIN pin. The oscillator circuitry is powered down when by-
passed.

Table 4-2. Oscillator Operation Mode Selection

OSCBYP Oscillator Operation
Pin Levels  Mode

ViH Oscillator mode

i Oscillator bypass
(Clock In) mode

4.2.3 PLL Operation Modes

The clock module can operate with the PLL as the clock source or with a divide-
by-1 or a divide-by-2 bypass clock.

The CLKMD(1:0) (CKCRO0.7-6) bits set the clock source as follows:

CLKMD(1:0) Mode
00 CLKIN /2
01 CLKIN
10 PLL
11 PLL

The PLL is only powered up when enabled, CLKMD(1) = 1.
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This PLL has a counter to ensure that enough time has elapsed for the PLL
to lock at all frequencies before the device is switched over to run from PLL
clocks. This lock counter is cleared by a power-on-reset. The PLLOCK(1) bit
in CKCRO indicates that the PLL counter has rolled over, the PLL has locked
and the device is running on PLL clocks.

PLL multiplication factor can be set to multiply by 1, 2, 3, 4, 5, and 9. Itis con-
trolled by the PLLFB(2:0) bits in CKCR1. Additionally, the clock input to the PLL
can be divide-by-2 before use to give additional multiplication factors of 1.5,
2.5, and 4.5. This is controlled by the PLLDIV2 bit in CKCR1.

4.2.4 CPU Clock (CPUCLK) Frequency Selection

The PLL clock module gives you the option of generating one of many possible
software-selectable CPU clock (CPUCLK) frequencies for a given crystal or
clockin frequency. The selection of the actual CPUCLK frequency is controlled
by four bits in the CKCR1 control register:

(1 The PLL multiplication ratio select bits, PLLFB(2:0) (CKCR1.2-0). These
bits control the PLL multiplication factor.

[ The PLL input divide-by-2 control bit, PLLDIV2 (CKCR1.3). This bit con-
trols whether or not the clock input to the PLL is divided by 2.

The following formulas may be used to calculate the CPU clock frequency
given the crystal frequency and the register values:

fepucLk = fekin * (PLL Multiply Ratio) / 2PLLDIV2
where,
0 MHz < fCPUCLK < 20 MHz

Table 4-3 shows all possible locked CPU clock frequencies, with 10 different
crystal or clock-in frequencies, by using different settings of the feedback bits.

CAUTION:

x240 devices are designed to run at 20 MHz CPUCLK. While
selecting PLL register values, care should be taken to limit the
CPUCLK rate to 20 MHz maximum.
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Table 4-3. Selectable CPU Clock Frequencies in MHz

Crysta'l orCtot Ran

PLL Multiply Ratio * 2 PLLDIV2

Frequency (MHz) 1 15 2 2.5 3 4 4.5 5 9
2 2 5 6 8 9 10 18
4 4 6 8 10 12 16 18 20
6 6 12 15 18
8 8 12 16 20
10 10 15 20
12 12 18
14 14
16 16
18 18
20 20

4.2.,5 System Clock (SYSCLK) Frequency Selection

The system clock (SYSCLK) frequency is generated by dividing the CPUCLK
by 2 or by 4. The SYSCLK divider is controlled by the prescale select bit,
PLLPS (CKCRO0.0). This bit controls two possible prescale options, as
described in Table 4-4.

Table 4-4. PLL Prescale Selection Options

PLLPS SYSCLK Prescale
(CKCRO0.0) Selection Options

0 CPUCLK divided by 4

1 CPUCLK divided by 2
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4.2.6 Watchdog Counter Clock (WDCLK)

The PLL clock module provides a watchdog counter clock (WDCLK) signal to
the WD/RTI (if available on the device). The WDCLK is generated by dividing
CPUCLK to yield a WDCLK signal of about 16384 Hz. WDCLK is produced by
a divider circuit which is controlled by the contents of the PLLFB(2:0),
PLLDIV2, CKINF(3:0), CLKMD(1:0), and PLLOCK(1) bits. If the CKINF(3:0)
bits are not programmed correctly, the WDCLK frequency will be incorrect.

Note that WDCLK is only 16 384 Hz (214 Hz) when CLKIN is a power of 2 Hz,
see Table 4-5.

Table 4-5. Watchdog Counter Clock Frequencies

4.2.7 PLL Startup

CLKIN (Hz) WDCLK (Hz)
4000 000 15 625
4194 304 (222) 16 384
8 000 000 15 625
8 388 608 (223) 16 384

A good way to obtain a higher or lower WDCLK frequency is to put an incorrect
value in the CKINF bits. For example, if CLKIN = 4.194304 MHz, but CKINF
is set to 1111 (2 MHz), WDCLK will be 32.768 kHz.

When the device first powers up the PLL is neither selected nor powered, the
device is running off the oscillator (or oscillator bypass) clocks divided-by-2
(CLKMD = 00). The CLKMD(1:0) bits are cleared to 0 by Power-On Reset, as
are the PLLFB(2:0) and PLLDIV2 bits.

If PLL clocks are required the PLLFB(2:0) and PLLDIV2 bits should be set to
the desired values and the CLKMD(1) bit setto 1. The PLL is powered up and
starts to lock. This takes about 100 us. The device continues to run off the di-
vide-by-2 (or 1) clocks until the PLL lock counter has rolled over, indicating that
the PLL has reached lock with its new settings. At this time, the clock module
automatically does a glitch-free switch over to the PLL clocks. If the user needs
to prevent some code from being executed before the switch to the (higher fre-
quency) PLL clocks has occurred, the PLLOCK(1) bitin CKCRO can be polled.
This bitindicates that the PLL has locked and the device is now running on PLL
clocks.

PLL Clock Module 4-9
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Subsequent changes to the PLLFB and DIV2 bits do not have an immediate
effect on the PLL if itis selected as the clock source. If these bits are changed,
the changes do not start to take effect until the PLL is deselected by clearing
the CLKMD(1) bit. The CLKMD(1) bit should then be immediately set back to
1, the PLL will be powered back up and will start to lock with the new settings.
The device will continue to run on the oscillator clocks. When the PLL relocks,
the device switches back to PLL clocks.

4.2.8 Low-Power Modes

4-10

When the IDLE instruction is executed, power is saved by shutting off some
or all of the on-chip clocks sources. For the purposes of low power modes,
there are three different clock domains that can be shut down independently:

(1 CPU Clock Domain. All clocks in CPU memory except for the interrupt
registers.

(1 System Clock Domain. All peripheral clocks (CPUCLK or SYSCLK) and
the clocks for the CPU'’s interrupt register.

[0 Watch Dog Clock. The nominally 16 kHz clock used to increment the
Watch Dog Timer (WDCLK).

Note:

The terms CPUCLK and CPU clock domain, SYSCLK and system clock do-
main are not interchangeable.

Executing the IDLE instruction causes the device to enter one of the four low-
power modes. The low-power mode that the device enters depends on the
PLLPM(1:0) (CKCRO0.3-2) bits. The selection bits are summarized in
Table 4-6.
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Table 4—-6. Low-Power Modes

CPU System

Low Power  PLLPM(1:0) Clock Clock PLL Osc. Exit

Mode bits Domain Domain WDCLK StateT StateT Condition  Description

X + not IDLE XX On On On On On — Normal run
mode

0 + IDLE 00 Off On On On On Interrupt, Idlel

LPMO reset

(IDLE1)

1+ IDLE 01 Off Off On On On  Wake-up Idle2

LPML1 mter:upt,

(IDLE2) rese

2 +IDLE 10 Off Off On Off On  Wake-up PLL power

LPM2 |nter;upt, down

(PLL Power rese

Down)

3+ IDLE 11 Off Off Off Off Off  Wake-up Oscillator

LPM3 mter;upt, power down

(Oscillator rese

Power

Down)

1 1f enabled

The low-power mode may be exited by a reset or any individually and globally
enabled wake-up interrupt. The actual wake-up interrupts available are
device-specific, but usually include the real time interrupt (RTI) and the ex