Chapter

INTRODUCTION

1.1 A REVOLUTION IN INFORMATION PROCESSING'

The embedded information processing revolution is happening all around us. Electronics intelligence is
hidden inside the products we use in our daily lives. As the cost of the integrated circuits that provide
this intelligence has dropped over the years, the number of manufacturers using these devices—and
their diverse applications—has exploded.

Competitive pressures require manufacturers to expand product functionality and provide differ-
entiation while maintaining or reducing cost. To address these requirements, manufacturers use integrated
circuit-based embedded control systems that provide an integrated solution for application-specific con-
trol requirements. Embedded control systems enable manufacturers to differentiate their product, re-
place less efficient electromechanical control devices, add product functionality, and significantly reduce
product costs. In addition, embedded control systems facilitate the emergence of complete new classes
of products. Embedded control systems typically incorporate microcontrollers for the principle activi-
ty, and sometimes are the sole component.

A microcontroller is a self-contained computer-on-a-chip consisting of a central processing unit, non-
volatile program memory, random access memory for data storage, and various input-output capabili-
ties. In addition to the microcontroller, a complete embedded control system incorporates
application-specific software and may include specialized peripheral device controllers and external,
nonvolatile memory components, such as EEPROMs to store additional program software.

'This section was written by Steve Sanghi, CEO and President of Microchip Technology Inc., Chandler, Arizona.
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Embedded control solutions have been incorporated into thousands of products and subassemblies
in a wide variety of markets worldwide. Some of these applications include

Automotive air bag systems
Remote control devices
Handheld tools

Appliances

Portable computers

Cordless and cellular telephones
Motor controls

Security systems
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The increasing demand for embedded control has made the market for microcontrollers one of the
largest segments of the semiconductor market. Microcontrollers are currently available in 4-bit through
32-bit architectures. Although 4-bit microcontrollers are relatively inexpensive, typically costing under
$1.00 each, they generally lack the minimum performance and features required by today’s design en-
gineers for product differentiation and are typically used only to produce basic functionality in products.
Although 16-bit and 32-bit architectures provide very high performance, they can be expensive for most
high-volume embedded control applications, typically costing $6.00 to $12.00 each. As a result, man-
ufacturers of competitive, high-volume products have increasingly found 8-bit microcontrollers, which
typically cost $1.00 to $8.00 each, to be the most cost-effective embedded control solution.

For example, a typical new automobile may include one 32-bit microcontroller for engine control;
three 16-bit microcontrollers for transmission control, audio systems, and antilock braking; and up to
fifty 8-bit microcontrollers to provide other embedded control functions, such as door locking, automatic
windows, sun roof, adjustable seats, electric mirrors, air bags, fuel pump, speedometer, and the securi-
ty and climate control systems.

The uses for 8-bit microcontrollers are multiplying, targeting many high-volume, low-cost appli-
cations and limited only by the imagination. Because 8-bit microcontrollers are so ubiquitous, success-
ful engineers need to comprehend the many complexities of designing with these devices.

Microchip Technology Inc. designed the PIC18F452 to help embedded control engineers explore
the many benefits of differentiating their end-product design by incorporating a very flexible, easy-to-
use, flash-based microcontroller. The PIC18F452 is loaded with peripherals and comes with a compre-
hensive suite of development tools. This book will help readers learn the PIC18FXXX architecture
rapidly and use the PIC18F452 device to differentiate products and enhance their end-market appeal.

1.2 THE LEARNING CURVE

A manufacturing principle that Microchip Technology handles adroitly is its use of learning curve
economies. This principle states that each doubling of the quantity of parts produced results in a fixed
percentage decrease in the unit cost of a part. Coupled with passing along the reduced costs to cus-
tomers, these economies are used by a company to gain market share. In Microchip Technology’s case,
it shows up as what might otherwise seem to be an unusual pricing of parts. A new part such as the
PIC18F452 microcontroller, for all of its new and attractive features, does not carry an elevated price
relative to older PIC® microcontroller parts. Instead, it carries a price that reflects its manufacturing
cost and follows a pricing regimen reflecting the reduction in that manufacturing cost as quantities in-
crease. The result is illustrated in Figure 1-1, which shows Microchip’s gain in market share in the world
of 8-bit microcontrollers relative to other manufacturers. This is a world that has been dominated for years
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1990 Rank 1993 Rank 1996 Rank 2000 Rank
Motorola Motorola Motorola Motorola
Mitsubishi Mitsubishi Mitsubishi Microchip
NEC NEC SGS-Thomson NEC
Intel Hitachi NEC Hitachi
Hitachi Philips Microchip ST-Micro
Philips Intel Philips Infineon
Matsushita SGS Zilog Mitsubishi
National Microchip Hitachi Philips
Siemens Matsushita Fujitsu Toshiba
TI Toshiba Intel Atmel
Sharp National Siemens Zilog
Oki Zilog Toshiba Fujitsu
Toshiba TI Matsushita Matsushita
SGS-Thomson Siemens TI Realtek
Zilog Sharp National Samsung
Matra MHS Oki Temic National
Sony Sony Sanyo Sanyo
Fujitsu Sanyo Ricoh Elan
AMD Fujitsu Oki TI
Microchip AMD Sharp Sony

Figure 1-1 Worldwide market share for producers of 8-bit microcontrollers, sorted by units shipped
(Dataquest).

by Motorola. As shown in Figure 1-2, Microchip’s market share has grown significantly relative to Mo-
torola’s, supporting Microchip’s stated goal of becoming the number-one supplier of 8-bit microcon-
trollers in the world. And while the technical press regularly touts the features of new 16-bit and 32-bit
microcontrollers, in fact the world of microcontrollers is dominated by 8-bit microcontrollers such as
the PIC18F452 discussed in this book, as illustrated in Figure 1-3.

What this means for readers of this book is that their learning is focused on a family of parts that
finds wide industrial use and is price competitive. Furthermore, the emphasis on Microchip’s latest mi-
crocontroller architecture is well placed, given Microchip’s propensity to gain market share with com-
petitively priced new parts.

1.3 FLASH MEMORY TECHNOLOGY

The flash program memory in the PIC18F452 microcontroller permits the microcontroller to be pro-
grammed, erased, and programmed again repeatedly. In contrast to its windowed EPROM counterpart,
the PIC18C452 microcontroller, it does not need a special programmer and an ultraviolet eraser to
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achieve this reprogramming capability. The cost of its plastic package also contrasts favorably with the
expensive ceramic package plus quartz window of the windowed PIC18C452 microcontroller. Some
observers predict a major migration in microcontroller program memory technology to flash program
memory. This migration is certainly happening for reprogrammable parts. For OTP (one-time pro-
grammable) parts made with an EPROM part in a windowless plastic package, such a migration would
seem to depend on the equalization of the die sizes for the two technologies as well as on learning curve
considerations.

The flash memory technology of the PIC18F452 microcontroller also has a profound effect on the
cost of the development tools required in the implementation of an application. The “low-cost” approach
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Figure 1-3 Microcontroller unit shipments per year, as distinguished by data word length (Dataquest).
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to code development with a windowed EPROM part calls for a programmer and an ultraviolet eraser. It
also inserts into the program-test-erase-reprogram-test code development cycle the need to shuffle among
several parts to deal efficiently with an erase time of several minutes. In contrast, as will be seen in this
book, a flash part can be reprogrammed in seconds in its target system environment with a low-cost
“in-circuit debugger” that interacts with the microcontroller via three of its pins plus power and ground.
Alternatively, it can be reprogrammed in seconds in its target system environment with the zero-cost
OwikBug monitor program discussed in this book. This program, resident in the chip, uses the on-chip
UART to establish communications with a PC.

1.4 MICROCONTROLLER FEATURE SET

The PIC18F452 microcontroller is actually one of a family of parts distinguished from each other on
the basis of

+ The number of pins available for inputs and outputs
+ The amount of memory available for programs and for variables

The part distinctions are listed in Figure 1-4. The package alternatives are shown in Figure 1-5. Be-
cause of the package alternatives available to this family of parts, it is interesting to note that in spite of
its 40 or 44 pins, the PIC18F452 microcontroller has both the largest and the smallest footprint, com-
pared with the 28-pin parts.

A block diagram of the PIC18F452 (and the PIC18F442) is shown in Figure 1-6. The use of the var-
ious features of this chip forms the heart of this book. For now, it is enough to understand that this chip
has a rich feature set, permitting it to meet a wide range of applications.

A block diagram of the 28-pin PIC18F252 (and the PIC18F242) is shown in Figure 1-7. It is iden-
tical to the block diagram of the PIC18F452 except for the absence of PORTD and PORTE and the re-
sources attached to the pins of these two ports.

Features of this PICI8FXXX family of microcontroller parts that designers find attractive are

* Speed: With its maximum internal clock rate of 10 MHz and its 16-bit-wide instruction bus, the
CPU can execute most of its instructions in 0.1 s, or ten instructions per microsecond.

o Flexible timer resources: Four independent timers plus two capture/compare/pulse-width-
modulation modules support timing measurements and output interval control with a timing res-
olution as fine as 0.1 ps.

« Interrupt control: Seventeen independent interrupt sources control when the CPU deals with
each source.

Program Package size—length X width, including pins
Memory
Part (16-bit | RAM | Total | I/O
Number words) | Bytes | Pins | Pins 40-pin DIP 44-pin PLCC 44-pin TQFP 28-pin DIP 28-pin SOIC

PICI8F452| 16384 | 1536 | 40/44 | 33 | 2.058" X 0.600" | 0.690" X 0.690" | 0.472" X 0.472"
PIC18F442 | 8192 768 | 40/44 | 33 | 2.058" X 0.600" | 0.690" X 0.690" | 0.472" X 0.472"
PICI8F252 | 16384 | 1536 | 28 22 1.345" X 0.300” | 0.704" X 0.407"
PIC18F242| 8192 768 28 22 1.345" X 0.300” | 0.704" X 0.407"

Figure 1-4 Alternative family member parts.
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Figure 1-5 PIC18FXXX family parts.

* Robustness: 1/0O pins can drive loads of up to 25 mA as outputs and are protected against static
electricity damage as inputs.

o Error recovery: The built-in watchdog timer, brown-out reset circuitry, and low-voltage detect
circuitry provide alternative means for detecting an actual or impending malfunction and deal-
ing with it.

« Support of low-power operation: In addition to being an exceedingly power-stingy part, the
PIC18F452 microcontroller can greatly extend battery life by alternating intervals of low-power
sleep mode with intervals of normal operation. The watchdog timer can be used to produce a low
duty cycle and, thereby, a low average power dissipation (Section 20.7).

* 1/0 expansion: The built-in serial peripheral interface (Chapter 15) can make use of standard 16-
pin shift-register parts to add any number of I/0 pins. The built-in I*C interface (Chapter 17) sup-
ports the addition of specialty peripheral parts.

« Math support: Microchip supports the PIC18F452 microcontroller with a variety of multiplica-
tion and division subroutines for multiple-byte, fixed-point numbers and for floating-point num-
bers (Chapter 14).

o Mail-order support: Digi-Key Corporation (www.digikey.com) and Newark Electronics
(www.newark.com) provide both on-line and telephone purchasing of PICI8FXXX microcon-
troller parts as well as development tools.

o Free software tools: To encourage new users and to support upgrades to veteran users, Microchip
makes its MPLAB® Integrated Development Package (consisting of assembler, simulator, and
user interface) as well as all manuals and application notes available at no cost from their Web
site (www.microchip.com).

o Development tool versatility: The PIC18F452 microcontroller’s flash program memory supports
not only a standard emulator that includes the ability to capture trace information, it also sup-
ports a low-cost in-circuit debugger and a zero-cost QwikBug monitor program. Each of these
permits the loading and execution of a user program as well as the use of breakpoints, memo-
ry/register modification, and single stepping (Section 4.4).
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PIC18F452/442 Interrupt PORTC
CPU logic Timers + Capture/Compare/PWM %I[QIECC
. TMR2IF <— [ T2CON | TMR2 | PR2
Working
WREG | caister TMR3IF |<— [ T3CON | TMR3H | TMR3L s
STATUS| C,Z,etc. TMRIIF (<— [ TICON [TMRIH [ TMRIL |T1CKI RCO
Direct addr. CCP2IF [ |CCP2CON|CCPR2H |CCPR2L| CCP2 RC1 16
ba‘"{ktse'e“ CCP1IF |<— [CCPICON[CCPRIH[CCPRIL] CCP1 RrC2 [«
register
FSROH | FSROL | [pdirect Serial Peripheral Interface SCK RC3 ;i
FSR1H [ FSRIL | addressing [SSPCON1[SSPSTAT[ SSPBUF ] SDI RC4 o
FSR2H | FSR2L | Pomters SSPIF = 50O RGS
IRTIpn I°C Interface
Multiplicat
PRODH | PRODL pr;dllllz:tlca on SSPCONI[SSPCONZ SCLP-
Program BCLIF [<€— [SSPSTAT[SSPADD] SSPBUF | SDA <>
;ounler latch UART 55
cgﬁi{g;“ TXIF [<—[SPBRG | TXSTA [TXREG| TX RC6
| RCIF |<— RCSTA |[RCREG| RX RC7 |€22
31-level stack PORTB
High priorit [~
Interrupts ¢ p‘ . Y Interrupt on selected edge LATB
Low priority [~ 1 TRISB| 5,
INTOIF 7Y RBO =%
INTLIF 7 RBI <=
Data RAM INT2IF Mot e §g§ 36
1536 bytes (PIC18F452) ernative pn RB1 |<2Z
768 bytes (PIC18F442) RBIF | tterrupt on change of bit 4, 5,6, or 7 input RBS %)
. RB6 W»
Data EEPROM - 256 bytes Timer 0 RB7 |«
TMROIF [<— [TOCON [TMROH[TMROL| TOCKI|<—
Flash program memory
16384 16-bit words (PIC18F452) Low-voltage detect PORTA
8192 16-bit words (PIC18F442) LVDIF [~<e— [LVDCON LVDIN|- LATA
————— b T remerer T T T TRISA|
able access register Analog-to-digital converter ANO RAO 5
[TBLPTRH|TBLPTRL] TABLAT | ADIF ADCONIADCONO AN1 RA1 =
——————— —— === > VREF—/AN2 RA2
Configuration bytes g DRESH|ADRESL VREF+/AN3 RA3 2
In-circuit Enable/disable [INTCON] RA4 4—»7
AN4 RAS
debugger NTCON2|
Program code Select options INTCON3 PLO/i’{T—llﬂiE
protect PIE1 TRISE 8
Power-on reset & Select options PIRL ANS REO 9
! [ IPRL ] AN6 RE1
start-up timers AN7 RE2 10
Enable/disabl [_PIE2 ]
nable/disable
Parallel Slave Port RD O~ PORTD)
e ey | === Vee— | [
. cs TRISD
Watchdog timer lsinlabict/,dlsablf; [RCON | PSPO RDO ;g
WDTCON clect imeou PSPl RD1 ol
PSP2 RD2 (<55
Select option - PSP3 RD3 €57
Eight oscillator L PSPIF TRISE |ADCONI PSP4] RD4 g;
options PSP5 RDS |5
Master Power 29
PSP6 RD6
0SCl  0SC2 clear | |vDD VSS VDD Vss PSP7 RD7 |32

lS* 14+

Figure 1-6 PIC1

ik

8F452/442 block diagram.

32| 31| lll ]2|

(40-pin DIP pinout shown)
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PIC18F252/242 Interrupt PORTC]
CPU logic Timers + Capture/Compare/PWM II:IQIECC
|—
WREG] Working TMR2IF T2CON TMR2 PR2
[ WREG ] register TMR3IF |[<— [ T3CON [ TMR3H [ TMR3L "
STATUS | C,Z,etc. TMRI1IF (<= | TICON | TMR1H | TMRIL |T1CKI| RCO
Direct addr. CCP2IF [ |CCP2CON|CCPR2H |CCPR2L| CCP2 RC1 12
bank select CCPLIF |<—] [CCPICON[CCPRIH[CCPRIL] CCPI RC2 |2
register
FSROH | FSROL | 1pdirect Serial Peripheral Interface SCK RC3 i:
FSR1H [ FSRIL | addressing [SSPCONT1[SSPSTAT] SSPBUF| SDI RC4 T
FSR2H | FSR2L | Pointers SSPIF SDO RGS
Multiplication I’C Interface
PRODH|PRODL | 1oyt [SSPCONI[SSPCON?] SCLP>
Program BCLIF [ [SSPSTAT[SSPADD[SSPBUF | SDA|-<>
;ounter latch UART .
o TXIF [«— [SPBRG | TXSTA [TXREG| TX RC6
| RCIF |<— RCSTA [RCREG]| RX RC7 |8
31-level stack PORTB
High priorit; |~
Interrupts € P‘ R Y Interrupt on selected edge LATB
Low priority €= 1 TRISB 21
INTOIF =Y RBO <5
INTIIF - RBI <73
Data RAM INT2IF Miormative CCPa o ﬁgg 24
1536 bytes (PICI18F252) ternative pm RE4 <2
768 bytes (PIC18F242) RBIF Interrupt on change of bit 4, 5,6, or 7 input RBS <€ 26 >
. RB6 <£>
Data EEPROM - 236 bytes Timer 0 RB7 |€Z5>
TMROIF {<— [ TOCON[TMROH[TMROL |  TOCKI|~—
Flash program memory
16384 16-bit words (PIC18F252) Low-voltage detect PORTA
8192 16-bit words (PIC18F242) LVDIF |~— [LVDCON LVDIN |~ LATA
_____ T _bl______'______- TRISA )
able access register Analog-to-digital converter ANO! RAO 5
[TBLPTRH|TBLPTRL] TABLAT | ADIF |<— [ADCONI[ADCONO) AN1 RAI (<
——————————————————— VREF—/AN2 RA2
Configuration bytes = ADRESH|ADRESL VREF+/AN3 RA3 2
In-circuit Enable/disable | [INTCON] — RA4 <=
AN4 RA5S
debugger NTCON2|
Program code Select options INTCON:
protect PIE1
: PIR1
Power-on reset & Select options
start-up timers [IPR1 ]
. [ PIE2 ]
Enable/disable
) [1PRZ ]
Watchdog timer ]sEr;ablel{dlsablf; [ RCON ]
WDTCON elect timeou
K . Select option
Eight oscillator
options
Master Power
0SCl1 08C2 clear VDD VSS  VSS
9 f 10 * 1 X 20 | 19 | 8 | (28-pin DIP pinout shown)

Figure 1-7 PIC18F252/242 block diagram.



