


Harness the power of the PIC microcontroller unit with practical, common-

sense instruction ftom an engineering expert. Through eight real-world

projects, clear illustrations, and detailed schematics, Mafting P1C@

Microcofitroller Instruments and Controllers shows you, step-by-step,

how to design and build versatile PIC-based devices. Configure all necessary

hardware and software, read input voltages, work with control pulses,

interface with peripherals, and debug your results. You'll also get valuable

appendices covering technical terms, abbreviations, and a list of sample

prograrns available online.
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PREFACE

The advent ofthe miffoprocessor in a small all-encompassing package and the avail-
ability ol easy-to-use software have changed the scope of what can be easily accom-
plished in the engineering laboratory and on the hobbyist's workbench. The pICo
microcontrollen manufactured by Microchip Technology, lnc. of Tucson, Arizona
form a formidable family of microcontrollers that can be used to fil1 myriad everyday
needs, I have selected this family of mictocontrollers for the projects in this book as a
way of introducing the novice engineering student, serious hobbyist, and professional
technician to the basic techniques that must be mastered |o use these devices to make
fairly sophisticated instruments and controllers.

The projects in this tutorial have been designed so they each emphasize the role of one
specific technique for using these microcontrollers. Together, the ejght projects give you
the basic information and experience you require to design and build the unique instru-
ments add controllers you will need for both your special and everyday needs.

The book is divided into two main areas of interest. The first part of the book intro-
duces you to the PIC 16F877A in some detail so you know what is available in these
microprocessors in the way of features. The second part of the book uses these fea-
turcs inthe construction of the eight separate projects in detail. The l6F877Awas cho-
sen as the logic engine of choice in that this 40-pin IC has almost all the features one
finds in the entire family ofMCUS in rhe Microchip Technologies, Inc. offering. Once
you understand the use of the 16F877A, you will be able to use the other micro-
processors made by them and other manufacturers without difnculty. MicroEngine€ring
Labs, Jameco, Solarbotics in Canada, and a large number of other vendors &lso pro-
vide a host of boatds on which the 16F877A can be mounted.

The LAB"XI board manufactured by microEngineering Labs was chosen as the basic
board for all the experiments because it provides the user with a keyboad, an LCD
displa$ a piezo speaker, and three potentiometers already mounted on the board and
ready for use as part of the instruments we will make, and it can be used as a rcliable test
pla$orm for the software we develop. It malces all the projects easier to assemble, exper-
iment with, and modily as we develop them. The prograns you create can be transfened
to other microcontrollers in the family, with no modifications in some cases and minimal
modifications in others. All you have to do is tell the compiler how you have changeal
the wiring, identify the microcontidler you arc using, and it does the rest. Migmtion to
MCUS made by other manufactuErs should not present much dimculry ether

If you know very litde about PIC mictocontrollers and have never played wirh
them, I strongly reconmend you rcad my first book on microcontroilen, the Zr,rrr.ial
aul Resource Book for th? L4B X1. This book is available from a number of sources.
including me, microEngineering Labs inthe U.S., Jameco, Solarbotics in Canada, and

,lll



indcpcndent distribubrs al1 ovcr the $orld. Thc llrst haifof bolh books are simil.f in

thal ftcy both concenlralc on lhe proledies of thc nicrocontfoller. bul the first book
lvill be much easier for you i[]ou are a norice. This sccond book is targctcd at readeN
who tind ny Tnotul a d Resourc? Book.l)r the LAB Xl too btNic for lbcir needs
Though this book covcls the b sic propcrtics ofthe 16f877A. it does nol li gcr on
lirndamental expl.malions and techniques. This lcxt delves inlo advanced techniqucs
nd grciltcf integrution and so is more suilablc lbr thc advrrced engirccr the univer

sily slLldcnl. the techniciln, and lhc amateuf enginccr/hobbyist.
This booli is not ciesigrl,rd (o rnrkc you xn expcn j nrichine hngurgc progritnrming ol

to preparc yolr to becont a lcohnical cxJ)elt on ['IC l ricioprcccsso|s. 11 is dcsigned to gi!e
you n solid u dcKtandins of lvhal lhcsc logical engine\ cln do tbr you in fic l$out l/
llcld and to show you how you crn usc (hcrn 10 do it. I will covcr cvefything i r non-

rnalhcnraticrl. evcn so cwhal nontechnicll lo n.rL. so if yotr halc a lrrininrnl Ltndcr
slirnding ofthings bolh Incchanical and elcctRtlic. you can usc lhcsc rnicrocontrcllcrs (o

do usclul  work. With this i0 rnincl .  I  hrve conccrrtr i r lcd on using lhc PICBASIC I 'RO
Couipilcf providcd by lhe InLrnulrclurc|ls ol-lhc borl(l lo gcne rle thc rlrscnrbly-lclci
il:rchinc codc nthcf thiu spcn(l liluc tcnching yoLr how lo usc lNsenlbly hnguagc lhc
conpilor uscs u dirlcct oI BASIC lhrl is c.rsy to urxlcrslrrn(l .llld vcry Powcdll in thal il
docs Ncfylhing you nccrl Llonc in lhc corrlcxl o l- pr\)gfunrn irrg thc l)l(l urio()p()ccssors
Thc codc gcncflrLcd is hoth conlplLcl Lrnd liNl. Thclc fc tinrcs whclr rsscnllty liugLlrrgc
suhrl)u(irrcs can bc l(ldc(llo lhc p()grlnnmiug lo nrulic nrr osPccilllly cilicrl trlsk oxcctrlc
l i rs lcr,  and i l  you rrcc( l  ()  ( io this. lhc conrpi lcr i r lk)ws i l  rn( lol lofs l lnrplc i r l lb n l i (  on

rhc subjcc(. This workbook docs nol covcr rsscurbl], lllngu.tgc of lhc C' langurlgc.
' l 'hc sccon(l  pn ol  lh is book lcrrchci  you dboul bui lding brsio nl icr1)conlrcl lcr

basc( l  insr|rrmcnLs nrrd coDt() l lofs by showir)g you how lo bui ld cighl  scParaLc dcviccs
Thcsc cight pfoiects. trc dcsigned lo hcl l  you ( lcr l  wi lh tcal-wo d si lu l l t ions i  rd clch
o|lc conccntlales on ()l)c ilspcct ol lhc LechDiqucs uscd to nlrkc cLrlllfollcfs ltnd instl'tl
mcnts. Scnsoft of vllious ki ds rrc ulilized lo scc holv thcy can bc trscd with micra!
contrcllcrs 1o gct rhe rcsulls you want. A detlilcd discussion of lhe pfolrlcnrq th.tl rvill
be eDcountcrcd, ancl holv they Dray bc sol!cd, afe includcd.

The workboLrk sLar'rs out wifi thc constnrclior of a Prcgr nrrnable trlohorrolcr tll.l1
tcrchcs you nbout lhc mos! fundamcDtrrl lcchniques used in microprocess(ns: cotrnling
pulscs. lt nlso colers thc Lrsc of seven-seg cnl displrys. so you $ill be coDrfort.lblc
usirg thcm since they ar!  usual ly the besl solul ion lb nininral  displays Hrving n:rs

ercd thc lcchniques covercd in this cxcrcisc. you will bc,rblc to inted ce lo all scnsoN/
sources thal prolidc pulsed signals.

The ability to rcid rcal-wofld inputs and control fe.rl-workl outputs is conbincd 1(l
lirst cfcate simple inlcraclions. and then norc lophisticlted oncs. An enlite chaPlcr is
dcvolcd io feading input\ oi all kiods. In this chaptcr yor will lind tlc infofnadon
nccdcd to intedace your MCt-l to the kinds oflhings you find in your hone rnd olice.
as wcll as in the engirccrirg labofatofy. Both rc ,tnd dc signals arc corcrcd so you can
bring thc infofrration into thc MCLJ no maiter $hallhe source.

Anothcr cntjfe chrpter is dclolcd !o contfolliDg outpuls of rll kinds. The chapter
gives you |he infbrmation you need lC) control the real world with .u MCU. Both low-

cunent TTL deviccs and high-cutTent solid slatc switches trnd rcla,vs are colercd



PREFACE

By the time you get to thc cnd 01 lhis book, you should be able to use these logic
engines to create snall ye1 fairly sophislicalcd systems that can do work that is bot!
intcresting and useful. Frcm there, you will have the knowlcdgc and confidence needed
10 lakc on norc complicated and sophisticated tasks.

Since this book is dcsigncd to be a resource, you will see things rcpealed from timc
to time in nore than onc chaptcr This will save you from having to read the crlirc
book to get the iDfbmalion you nccd. By doiog this, each chapter bas been nadc ts
selt'-contained as possible (wilhin reason). Scgmcnls of code in the progmlns also
repeat thenselves for the sime re son.

A lot of what any inteiligent mlchine does has 1l] do with the softwafe in the
machinc. Thc software in the machine is speciJic to that nachiDc, but thc knowledge
lhrlgocs inlo lhc dcsign ofagood progfanr is universal.In this book, wc will look into
how the sollware is dcsigncd lbr lhcsc sma]l pmcessoll\. as well as how 10 dclcrnrinc
whxt musl be done lo makc a machinc funct;on prcpedy so it 0 0 molr complctcly
realize its potentii for doing useiirl work.

Plc miciocontrollers I sclcotcd thc Miflochip Technology flmily of PIC nricro-
processors s the fbcus ol these nolos lbr lwo rcasons. First, Micrcchip TechDology
provides ihe most oompfebensive Iine ol' nricroproccssors lin lhc kinds of prqiects we
arc interlstcd in, lnd seoond, the coDrpiler lor lhese ploccssors provides almost the
eDtirc line ol PlCs with comprlhcnsive suppo . AII you h ve to do is lcll thc compilcf
which PIC you are using, and il lhc lcaturcs you havc becn addressirg in your prcjccl
arc vail$le on thal Darticular PlC. thc conrDilcr will do thc rcst. You will nevcr havc to
buy another compilor if you stay with thc vcry oornprchcn sivc M ic I oc h ip Technobgy
tamily of PICs.

The LAB-XI The microEngineerirg Labs LAB-Xl boad was pickcd as the supporl
board bccnusc it providcs a very comprehensive set of onboard leaturcs lhat wjll lct
us do itilllost all our software experimentation and developmenl on il wilh casc. The
PIC l6F877A was choscn bccausc if has alnrost all the features you would cxpcct to
find on any small microcontroller. All rhc skills you will develop with this devicc will
be transferable to aDy olher systen you decide lC) lnigfaie to with ease. The boa and
the compiler togeiher give you the most vdue lbr your invcstmcnt.

Discounted package Arrangemenh have been made wilh microEngincsrj ng Labs
to provide a comprchcnsivc package of software and hardwafe items suilablc lbr use
with this book it a discount. A coupon to claim this discount is included ar the cnd ol

HARPRIT SINCH SANDHLJ

Chunpdisn, IL, U.S.A.

Internet supporl siles: wwwencodergeek.com and
wwwmhprcl-essional.com/sandhu
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AN INTRODUCTION TO THE PIC

1 6F877A MICROCONTROLLER UNIT

Making Plc-based instruments and controllers has to do with leaming how to combine
the various capabilities that single-chip microcontroller units provide and utilizing a
coherent set of interactive funclions that se e the purposes we have in mind.

A vast a[ray of PIC microcontrollers is manufactured by the Microchip Technology
Corporation of Tucson, Arizona. This tutorial is designed to introduce you to just orc
of these devices-and do so ir a non-intimidating way, if you are technically inclined
but not necessarily an electronic technician or electrical engineer Getting to know this
one d€vice will expose you to most of the features provided in this entire family of
devices and make you comfortable with selecting and using the device that most closely
meets your needs.

The device I have selecled is the PIC 16F877A microcontroller. This is a 40-pin
device that contains most of the features you are litely to nnd in the family of micro-
controllers that Microchip Technology manufactures. In geneml, the salient features we
need to get comfortable with can be described as dealing with the lbllowing:

: lnput capability
: Output capability
I Mathematical manipulations wifhin 8/16-bit math
I Using timers
I Using counters
I Commuoicanons with digital and analog devices
t Dealing with displays
I Interacting with personal computers

The PIC 16F877A will let us get familiar with all the preceding items and more,
and is an excellentchoice for the first-tjme serjous user. This particular MCU (micro-
controller unit) is also very popularwith robotic enthusiasts. Anumberofboards that
incorporate this device are available in the general marketplace and on the Internet.



4 AI{ II{TFODUCTIOI{ TO THE PIC I6FA77A MICROCOIITBOLLEB UNIT

As novices, if we want to get familiar with the concept of building insfiuments and
controllers based on PIC microprocessors, we need an easy{o-use yet sophisticated and
versalile board to play with and test our nascent ideas on- Though, ofcourse, it would
be possible to desigr and build a board that would do that, we do not have the expedse
or time at ihis juncture to do so. Therefore, I hale selected the very popular LAB-X I and
the suppofting PICBASIC PRO Compiler software as the basic platfbms ior the proj'
ects and ideaspresented inthis book.As you read this text, you will find that fhe system
provides an easy to use and versatrle platform for checking out your hardware dnd sofu
ware ideas before commitling to personal computer (PC) boards, wire, and solder.

McroEngineering Labs, Inc., the manufacturen of the LAB-XI board and the rclated
PICBASIC PRO Compiler. mainoin a very lsetul and helptul web site that will be a tr€men-
dous aid to you as you lean about your LAB-XI in particular, and the Microchip Technology
Corporation PIC microcontrollen in general. Their Web site contains a large number of
example programs, tutorials, and o&er technical infomation to help you get started using their
boards. A large number of Intenet-based Web sites also exist, which ar€ dedicaGd to the use
of PIC microconlrollers. You should booknark those pertaining to your area of interest.

This resource supplements the i.formatjon on the Internet both from the micro-
Engineedng Labs, Inc. site and from other sources. We will use the sample programs
(modified for clarilication as may be necessaly) and other infonnation on the Web in
this book. This book provides extensive diagrams that will help you in d]Jsigning your
own devices based on what you will learn. The diagrams ar€ on the support Web site
as AutoCAD files and can be expanded on for yourpafticular designs.

There are rwo basic aspects in iamiliarizing yourselfwith PIC microcontrollers-the
hardware aspect and the softwa{e aspect. The LAB Xl board is designed to Fovide you
with the hardwarc pladbm you need to conduct yorr first soitware (and hardware) exper-
iments with PIC microcontrollers. The PICBASIC PRO Compiler provided by the
manufactur€rs of the bod fd to program the 16F877A and similar microFocessors, is both
easy to use and powerful, and the code created is fast and efficient- Other compilers are
available but not covered in this book.

If you have serious budget constmints, the software of choice for use with this board is
tl1e sndler Basic Conpiler lrom micmEngineedng Labs. This compiler is avarlable for about
$100 (in 2008) and is not recorrnended by me for serious work. (A free copy of the PBP
compiler is available on the micrcEruineering Inbs Web site, which contains all ihe insguc-
tions in the full veNion ofPBP but is linited to 30lines of code. Even so. it can be used to
effectively try out the powerltl command structure of the language. The insL"uctions for the
language can be dowdloaded ftom the microEngineering Labs web site at no charge. Befor€
you mahe a decision in either d ection, be sure to try out the free version of the compiler)

On the other hand, if you have a serious interest in using PIC microconuollers, the
compiler I recoDxnend is the PICBASIC PRO Compiler because it gives you the com-
prehensive power and ease of use you need to do useful, eleryday, protbssional work
rapidly. The PRO Compiler is available for about $250 (in 2008) and all the sotlware
discussed in this workbook was written with the PICBASIC PRO Compiler in mind. A
comparative listing of the keylvords provided with each compiler is pmvided in Chapter 4
on soltwarc and editors.
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You will also need a hardware progrannner that lets you transfer the programs you write
on your PC ro your PIC microcontroller Prognmmers are available ftom mjcroEngine€ring
Labs for the parallel port, the RS232 sedal port, and the USB port of your computer These
programmers mrl€ it a "orc-button click pmposition" to transfer your program fmm
your computer to the microcontmller and rur it without ever having to remove the MCU
from the board. (The USB programmer is recommended by me.)

The editing software needed to wdte and edit the programs before transferring them
to lhe programmer and onto (he mioocontroller is a part of the compjler package. Other
editors are available at no charge from a number of other supplie{s. None is a better
choice than the editor provided.

The salient hardware features (with some rcpetition by categories listed) provided on
the LAB-Xl are as follows:

The foliowing inp&t capabilities are provided:

t A 16 switch keypad
I A reset switch
I Three potenliomete
: IR (infrared detection capability) (no detector provided)
a Tempemtule sensing socket, (no IC provided)
I Real-time clock socket (no IC Fovided)
r Sockets for experimenting with tfuee basic styles of "one wire" memory chips
r Serial interface for RS232 (IC is provided)
I Serial interface for RS485 (no IC provided)
I PC board holes are provided for other functions. See the microEngineering Labs, Inc.

The following or,tpul capabilifies are provided:

r Ten-LED bargraphs with eight programmable LEDS
r 2line x 2o-character LCD display module
I A piezo speakerAorn
I DTMF capability (digital tones used by the phone company)
I PwM (pulse width modulation) for various expenments
I IR (infrared transmission capability) (no LED provided)
I Two hobby radio control servo connectors (no hobby servos provided)
I Sockets for experimenting with (also mentioned earlier)

I Serial memories
: A to D conversion with l2-bit resolution
: Real time clocks

The followlng I/O intefa.ss are provided:

t RS232 interface with lC
I RS485 intedace, socket only (The chip is inexpensive and easy to obtain.)
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You can investigate the use of the following three r]ypes of Serial EEPROMS.

I lzc
r SPI
I Microwire

The following n,ilcelldn€ors d€Iic€r are also provided:

I A reset button
I A s-volt regulator
r A 40-pin ZIF socket for PIC micro MCU (the recommended PIC 16F877A IC is not

provided)
I Ajumper selectable oscillator from 4 MHz to 20 MHz
I An in-circuit progranming/debug connector
: A prototyping area for addilional circuilry
I A l6-switch keypad
: A socket for RS485 intedace (device not included)
: A socket for I2C serial EEPROM (device not included)
I A socket for SPI serial EEPROM (device not included)
I A socket for Microwire serial EEPROM (device not included)
I A socket for real-time clock/serial aflalog to digital converter (devices not

included)
I A socket for Dallas 1620/1820 time and temperature ICs (devices not included)
I An EPIC in-circuit progranming connector for serial, USB, or parallel Fogranrmer

A11 in all a very comp€hensive, well thought out, and useful experimental pladorm
suitable for our investigations.

The board is available assembled, as a kit, or as a bare PCB. The board is
5.5 inch x 5.6 inch.

Not all the features I have mentioned here are completely implemented, but, as
I stated, sockets or PC board pin holes are provided for all of them. You may not
have to make any soldering additions to the board to use the featurcs you are inter-
ested in, but you do have to purchase the additional IC chips ifyou are interested
in their use. The standard version of the board as shipped to you includes the
following

I The assembled boad
I Software diskette

r PDF schematic ofLAB-Xl
I Sample prograns
t Editor softwdre
: Additional suppo( infomation (on the Web site)
r (The 40-pin PIC nicrocontroller is not included.)
I As received, the board is configured to run at 4 MHz.
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The Microcontroller
The PIC I 6F877A microcontroller (which is a necessary component on the board) is
not provided, because each of the compatible PIC microprocessors available have
varying lbatures and you may want to select a unit that suits the application you have
in mind. We will be using the reconrmended PIC 16F877A microcontroller for all our
experiments. If you want to use another processol be sure to check it for pin-to-pil com
patibility with the LAB Xl board on the Web. Datasheets can be downloaded for all
the microcontrollers at no charge from the Intemet. A large number of PICS can be used
in the LAB-X l. See the list at the end of rhis chapter

IHE SOFTWARE COMPILEN

The PICBASIC PRO BASIC software compiler (ro be pwchased separately), produced
by microEngineering Labs, offe$ the functions needed to control all aspects of ihe
hardware provided by Microchip Technology as a part of their large PIC offering. A11
the functions available on the PIC 16F8?7A microconfoller we will be using are acces
sible from the software. The PICBASIC softwarc will create programs ior almost the
entire family of PIC microcontrollers. You will be able to use this compiler lbr all your
futue projects if you stay with the Microchip MCUS. (It is, all in all, a very wofthwhile
invesment.)

ADDITIOI{AL HARDWARE

The following hardware can be added wifhout making any modifications to the boad.
These hardware items fit into sockets or onto pins that are provided on the LAB-XI as
shipped. Not aI devices can be mounted simultaneously in that some adalresses are shared
by the sockets provided. In our expedments, we will populate oily one empry socker
at a time in order to make swe no conflicts arise. (There is no need to use more than
one device simultaneously for any one experiment, so this will not be a problem.)

: Memory chips
t I2C memory chip
I SPI memory chip
: Microwire memory chip

| l2-bitA{o-D convener chip
I Nru6355

I Real-time clock chips
r DSl202
r DSl302
r LIC1298

I Thermometer chip
r DS1802
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Serial intedace chip
I RS,l85
RC servos (Two hobby R/C servos can be controlled simultaneously.)
The LAB Xl providcs two scls ol pins for the R/C servos. A11 standard model air-
clafl servos canbe employed and you can use eilher onc or lwo servos, (Using these
is essentially anexercise in creating pulse width modulaled signals andprotiles that
meet the standards used in the radio control hobby industry.)

I
I

BB7IPGD
B86/PGC
B85
RB4
RB3/PG[4
R82
FB1
FBO
VDD
vss

RDs/PSP5

RC7/$qDT
RC6/T)0CK
RCs/SDO
RC4/SDI/SDA

RD2/PSP2

Ptcl6Fa77lA74

rlrfuiil&t:!;llalt Pin out designarions for the 40-pin 16F8774
PIC microconlroller.

40-P|l{ DEVTCES

All40 pin MCUs ofered by Microchipcan be accommodated in the 40-pin ZIF socket
prcvided on rhe board. (Check for compatibility with the pin layout before selecting/
buying yowMCU. See Figure 1.1. The recommcndcd PIC l6F877A we are Lrsing is an
excellelt choice for leaming.)

BREADBOARDII{G AI{D EXPAI{SION

All of d1e MCUS 40 pins (on the LAB-X 1) have been provided with cxtra PC board holes
that can be used to exiend the signals from these pins to an oflboard location tbr tur-
ther experimentation. The extensions are easily made with standard 0.1 inch on centcr
oins with matchins cables with henders.

RA3/AN3/VREF
RA4/TOCKI

FA5/AN4/SS
REO/RD/AN5

RE2/CS/AN7
VDD
VSS

oscl/cLKtN
OSCZCLKOUT

BC0/T1S0S0/T1CKl
RC1/r10StCCP2

RCZCCPl
RC3/SCK/SCL

1
2
3

5
6

a
9
1 0
1 1
1 2
1 3

1 5
1 6
1 7
1 8
1 9
20

40
39
38
37
36
35
34
33
32
31
30
29
2A
27
26
25
24
23
22
2 1



Asmall breadboard space is provided on rhe LAB Xl itselfto allow the addition of
a limited number of hardware iterns you may need to experiment with.

See the support Web site regarding the availability of readynade headers and cables
and so on, for use wirh the LAB-X l. (These are the devices I needed and made up to
allow me to experiment with rhe l6F877A when rhe circuitr v I required was not avail_
able on the LAB-X l.)

Special Precautions and Notes
of Interest
These caveats could have been placed later in this book but a(e included here ro encour
age you to think about the programmer besr suited to your needs.

Pin 87 on the 16F877A is connected ro a programming pin on rhe EPIC parailcl plo_
grammer at all times, and the programmer forces this pin high. ff you are using this pin in
your exp€riment and you decide it must be ,rlr, you must disconnect the EPIC program_
mer to release this pin. If you are using a serial or USB programmer, it can be lelt coDnected
to the LAB-XI at all times. The major bcnefit of usjng the USB or p,rallel programmer js
that it frees up your computer's serial pot for cornrnunications to the LAB Xl.

Resistor R17, which is connected to the keypad, is ofno consequence to rhe opera_
tion of the LAB-XI. Ii is needed fbr some (pIC) pro$amming functions and can be
ignored (fbr ou. purposes).

Data Sheets
The hardest pall ofleaming how to use these microcont ollen is understandirg the huee
dararheet\ .  Srnce eirch ddlarheet ,5 simi laf  bul  dj  Ffer.nr r 'om.,.n o,ne, drrui t  ect.  , i ,
l e a d \ r ( e d l o ' e l e . I o n e u r r \ o r n i c f o c o n l r o l l e r . t o g c l t l n i l i i r ; i l h u n d l h e n u s e l ; e m
for all your inirial projecrs. ln this workbook, the two discussed/mentioned are the pIC
l6F84A (|his chip will nor fit in the 40 pin socker provided bur is a good alternare
choice lbr the cost conscious), for yow small proj ects, and the pIC l6Fg77A. for larser
more (omprehen\ i !e projecl \ .  tach of lhece uses f ld.h metnuD and ctn therctorc be
proglammed over and over again with your plogrammer and a prograrrming socket. The
pocessor you select will be detemfued by the kind ol VO and intemal features you need,
and the availability of inexpensive OTp (one time programmable) equivaients ifyou
plan to go into producrion.

A lot of the iniomation in the datasheets is morc complicated and detailed than we
need Lo worry about at rhis lime, and we can do a lor of uselul work without under
standing it in every detail. Our main interesr js in what the various resisters are used
for and how lo u.e rhem prcperl)  . rnd effect ivel)  The l imin! dirgram:rnd other darc
atnut the jnterl workings ofthe chips are beyond what we need to undentand at the level
of this resource book. Our inrerest is in being abte ro set rhe vl]rious .egisters in the svstem
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so we can activate the featues we need for each particular project. Understandjng
tiners and counters is a pal1 of this. The enlire interactioD oI the microcontroller with
its environment is determined by the VO pins and how they arc configured, so know
Ing ho$ tu conrigurc lhe T/O i \  \ef)  impof ldnr

The datasheets are available as PDF (page description format) files on the lnternet
from the microEngineering Labs Web site or from the Microchip Technology Web site.
These should be downloaded onto your computer for immediate access when you need
them. Keepingawindow open spesi{ically for this dataisvery handy. Even so, you will
wart to prinr out some of the infomlation to have it in "in you| hands."

Of parlicular interest are the areas of &e datasheets that will support our needs as lhey
apply to the following areas:

: Undersianding and becoming familiar with what has already beer defined by the
Compiler software as il relates to the software

r Gefting familiar with the addressing and naming conventions used in the datasheet
I Understanding the use of the varioLrs areas of memory on the MCU
t Leaming how to assign ard use the yO pins to oru best advantage
I Understanding how to use the PICBASIC PRO software eflectivcly
r Getting familiar with the general register usage as it is implemented for the control

of the timers and counters

A FAST INTEN ET CONNECTION IS PRETTY
MUCH A MUST

You absolutely have to have an Intcmel connection, and il is veryhelpful to have more
than a standard phone line conneclion. so get the fastest connection you can afford. You
need the connectron because so nuch of the information you need is on the Internet. A
cable modem is strongly recommended. II you and a couple of neighbors can get

together and folm a local area network (LAN) and share a wireless modem set up, it
becomes a really inexpensive way to get fast Internet service. The Wi-Fi signals have
no problem reaching all the apartments in a small building and sometimes even the house
next door Relatively inexpensive amplifiers and repeaters are available to incleasc
signal strength where necessary.

DOWNLOADII{G DATA SHEEIS

One of rhe fi$t things you need to download is thc datasheets for ihe PIC16F87XA.
You will, in ali probability, end up using the etaller and less expensive PIC 16F84A
for a lot of your initial projects, so it might be best to download the iffolmalion fbr
that microcontroller while you are aI it. As mentioned befbre, these files arc available
from the Microchip Techrology Web site and the information js free. However, thc two
documents consist of about400 pages, so you probably will not want to prifit it all out
You will, however, want to have soml3 ofthe more commonly used infonnation prinled
so you can refer to it whenever necessary. The rest should be slored on yourcomputer
so you car call up o( search for what you need when necessdry.
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The Microchip Technology Coryoration Web site is www.microchip.com.
Click "Support" on their Web site to find what you need. The items arc easy ro down-

load. Just follow the instructions provided on the site.

]lole Much oJ the infornation tou will need is provided on the Web site that supports
thb book. But eyen so, it can t rcpldce a.fast Intemet connectiotr.

Some Useable PICS
The following 40-pin PICS will work in the LAB Xl (as ofJune 2008). Orhers may work
as well. Check these ICs for the featues you need for your parricular application, and
then select the one that provides the best match.

Prc16C64(A), 16C65(B), 16C662, 16C67, 16C74(AB), t6C765, r6c'�7'�7, r6c'7'�74,
t6F'�71, 16F'�74'�7,16F71, t6F'�7'�77,16F871, 16F874, 16F874A, 16F877, 16F877A,
16F914, t6F9l7, t8C442, 18C452,18F422, 18F4320. 18F4331, 18F4410, 18F.1.12.
18F1420, 18F4431, r 8F4439, 18F4455, I 8F448, I 8F4480, I 8F45 10. 18F45 15, 18F452.
18F4520, 18F4525. 18F4539, 18F4550, 18F458. 18F4580, 18F4585. 18F4610.
18F4620, r8F4680

We are considering the 16F877A.
The 18F4331 family optimizes motion control for encoded motors.
Features provided on each MCU by the nanufacturer vary liom chip to chip. A chalt

ofcomparative featues is maintained by microEngineering Labs on rheir Web site.



GETTING STARTED: THE HARDWARE
AND SOFTWARE SETUP

This chapter deals with the minimum hardware and software you need ro get starred.
and what you must do to set it up and gel it ready for use.

The following is a list ofthe hardware needed, and whal comes wirh each item:

I The LAB Xl board
I Software diskette

I Power supply for LAB Xl
I A wall-mounted ftansfbmer (9 to I 6 VDC at I amp)

I USB port programmer for the board (or other programmer.)
: Software diskette
t A l0-pin parallel cable with 2 x 5 comectors (programmer to LAB-XI)
! USB cable from computer to programmer

I Power supply for the programmer (not needed for a USB programmer)
I Wall mounted transformer

r A PIC l6F877A microcontroller or board-comparible 40-pin MCU

The following is a list ofthe software required:

I PICBASIC PRO Cornpiler
I Microcode Studio editor software for writing the programs
I Programmer software (comes \rrith the programner)

The infomation needed is as follows:

I Datasheet for PIC l6F877A microcontroller (downloaded from the lntemet)

l 3
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You should alreaaly have the following computor equipmed:

r Wintel computer (IBM-PC or compatible)
I Hard drive
I Pdnter
I Awindows operating system
I Access to the Intemet A broadband connection is recommended

Three programme$ are offereal by microEngineering Labs One uses the parallel port'

one us;s tie USB poft, and the third uses the serial port. The operation ofthe three plo-

grammers is almo;t idenlical (as far as the user interface is concemed) We will use a

iJSB port programmer for all o experiments because it is morc conveniert to use than

the others sin-ce it does not neeal a power supply. An impofant added bonus is that if

frees up the COM port for use with the computer (the parallel programmer allows this

I{OIES ON USII{G PROGRAMMERS

The USB programmer does not ne€d a power supply or wall transformer It ge$ its power

ftom the USB port. Using a USB port frees up the senal port for your expenmentatron'
which is impotant because most new computers have only one serial po(. The PC serial

port connects to ihe LAB Xl serial port for communication experiments

For the serial po and parallel port programmers' first plug the 16-volt power cord

connector ilto th! programner and then into the wall socket The USB pro$alnmer also

needs to be connected but does not need a power supply connection lfyou do nothave

power to the programmer when you start the programming softwarc' the softwar-e will

not be able tosee the programmer and aII enor message will be displayed The softlqare

will reDo( that it could not find the programmer

It is iest to start the progmmmer software from the Mjcrocode Studio editor window

If you alo it this way, the prc$ammer being used is selected automatically and the pro-

grarn you are working on in the Micmcode ealitor window is transfefied automatically

io the compiler software and onto the MCU on the LAB-XI boad lt can be set up to

be a "one mouse click" operation see this book's Appendi\ A for more infbrmation

Inse the microcontroller into the programming socket inrmediately before you begu

prcgranming the microcontroller (if you arc programming an MCU that is not on the

Lai-xt;. ffri" appti"" only ifyou are programming aloosemiuoco roller Ifyou.ar-e

programming a miirocontroller plugged into the LAB Xl, it can be Ieft in the board all

itreiime. On1 orlly exception is for the parallel poft progftnmet beaause the B? pin

is pulled low by this programmer and thus will interfere with your Fogram lf you plan

to use this pin,'you musi unplug the programmer between programming sessions This

is mentioneal again as a reminder and caution-)
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The sequence to create a program inside a microcontroller is as follows:

l. Wdte the program in the Microcode Studio editor environment.
2, Compile the program.
3. Program the device.
4. Use the dcvice.

Steps 2 to 4 can be combined into one keystrokc. SeeAppendixA.

Loadins the Software
The following pieces of softwaF will be provided with the various components you acquire:

t PICBASIC PRO Compllcr software and manual
a USB Port Progrdmmel software and manual (or software for whatever programmer

yolr decide to buy)
, Microcode Studio (ll1e editor) on disk or downloaded liom the Inrernet

The DOS environment is archaic and can be dif{icult for users not tamiliar with it.
You do not have to deal with DOS to usc t}Ie hardware and soflware we will use.
Everything can be done from the Windows environment. Therelore. DO,S lrill 'lot re
dircrs.red. Iiyou need to use DOS, a section at the beginning of the PICBASIC pRO
Compiler manual wilt tell you what you need to do.

The first manual you need to understand is the manual for the PICBASIC pRO
Compiler This manual covers lrse of the sofrware in the DOS environment. I suggest
you ignore the first pages of the manual and instead read the paragraph (below) thar I
have written on how to tun everything under the Windows enviroffnent. Once yo are
familiar with how the system works, you can go back and leam how to use the software
in the DOS environment. The DOS environmenr provides anumber ofthings that may
be uselirl, and you will want to know about rhese as you become more and more prc,
fi cient with microcontrollers.

Using the Software in the Windows
Environment
The first question that needs to be answered in almosr every endeavor is always ,,Whar

dolneed, what do I have 1()do, and what wili it cost to ger rhejob done?" Accordingly,
we will address this now

Let's assume you already have an IBM PC with a suitable Windows operaring system
and that you know how to use it. Yollr computer needs the lollowing capabilities to le1
you access the hardware and soilware you are going to use ir with. In thjs book, I will
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deal exclusi,el!- trith the IBM-PC in awindows enrimtmenr. The software is not nvail
able for the Macintosh. The foliowing outlines what you will need:

! A3.5-inch floppy drive (ifthe soflware is provided on 1.4-MB 3.5-inchfloppies only
and you must read if off a diskctte for the system 10 work right). (Incidentally, yo

cannol copy the software to a CD ROM and work from there. It will not work for some
software.) If the software is plovided on CD-ROM, you need a CD-ROM drive

! A hard disk with abolt 5 MB offree space. This is for softwarc storage and general

r A serial port (COM I or COM2) if you will be using the new serial programmer, and
a USB pol1 ifyou will be using the USB programmer

I LAB-X I Experimenlers board $195
N 16F877A Microcontroller (nol part ofLAB-Xl) $10
t USB programmer $99
! PICBASIC PRO Compiler $250
! Miscellaneous electronic items lbr expcrimentation $100 allowance

At the e of lhis book there is a discount voucher fiom nicroEngineering Labs wolth
about !j?0 off their rcrslope6 Bunllle. A desciption of what you get js included with
the voucher You have to use the actual voucher in the book; a photocopy will not be
acceptcd.

The $ 100 allowance is for the sensors, servos, and other miscellaneous electronic com_
ponents. It covers the need to purchase memory- ard time based components that are
socketed ibr, but are not provided as a part oi the needs menlioned previously. You may
decide that you do not need to expedment with these at this time. The allowance pro-

vides for almost everything you need to experiment with the LAB x I board.
Also provided by microEngineering Labs,Inc. are a number ol other preassembled

boards for experimeriation and educatioml puryoses. They are listed next and may be
more closely suited to the insfiument you are interested in creating. All can be used.

a TheLAB X I ExperimdnreJ.'r ,oa.l we are considedng.
r TheLAB X2 Experimenler's board for custom circuits.
I The LAB X20 Experimenter's board for 20-pin devices.
r The LAB 3 Experimenter's board lor 18 pin devices.
t The LAB-4 Expedmenter's board for 8 and l4-pin devioes.
t The LAB-XT Experimenter's board for telephone technology-related investigalions.
r The LAB-XUSB Expedmcnter's board forbuilding USB interfaces andperipherals

In this book, t|e will consider the LAB-XI onlr.This board provides a 2line by-20-
character display, which is very useful in the leaming environmentin that it can allow
you 10 see what is goirg on in the system as you experiment (ifyou program your pro-
grams to display the appropriatc intbnnatioD).

Start out by opening a new folder on your desktop and labcling itPIC Tools. Wewill
store everythin? that has to do v,ith all our ptujects in this a e folder.We arc opening
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this folder on the desktop now bua you can move il to wherever you like in the future.
Doing it this way avoids having to make a decision as 1() where to locate rhe foldet and
the fblder is dght in front of you when you start yout computer and the deskop appears.

Open tlle PIC Tools folder, and in it open folders-one for each of the items/
applications that wc are going lo be working with in this folder Name these folders

I MicrcCode Studio
! USB Prcgranrmer (or whichever unit you decide on)
r PICBASIC PRO Compiler
r LAB-XI

Put the Microcode Studio diskette/CD in the disk drive and open it.
Copy all files to the Microcode Studio folder
Eject the diskette/CD and store it in a safe place.
Put the progranmer diskette/CD in the disk drive and rcpeat the steps listed previ-

ously for the software in this package. Repeat the process for all the diskette/CDs.
Put a shotcut for the Microcode Studio program on your desktop. This is the only

shotcut yon need when you \{ant 1l) create programs for your MCUS. All other func
tions of the system can be accessed from the window of this editor

It's a good idea at this time to go to the microEngineering Web site and download
the infomalion on the LAB-XI experimeDter board, storing it iII your LAB-XI Tools
fblder Useful example programs abound in these files and cutting and pasting from these
to the programs you are writing will sa\,e you a lot of time. These programs are also on
the book's suppoft Web site.

ff you are familiar with an d.hare infomntion lo I the Basi. Sam?, it would be a good
idea to add these iiles to this file so all your microcontroller infomation is in one place.

As a general rule, you will never see the compiler as such. It is called f.om rhe
Microcode Studio editor screen, does its work on compiling the program it is asked to
compile, and then disapp€ars into the background ready for the next compilation request.
The eflors displayed after a compilation are generated by the compiler If all goes well,
therc shouldbe no enors and you should get a message telling you the compilation was
successfully perfomed. The new HEX file just generated will appear in the directory
listing the next time you open a file. The HEX nle will have ihe same name as the text
file it was compiled from. The PICBASIC PRO Compiler mmual covers how all this
is done in more detaill

s o u r c e n l e  U n l l t l e d . b a s
HEX f, le Unl i t led.HEx

It should be noted that the HEX file is not created until all rhe slntax eno that the
compile can find have becn elimi ated by )ou. After a successful compilation ofthe code,
there may still be errors in the programming itself that will need to be addressed as you
debug your work.
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The adalress of the microEngineenng web site is www melabs com/index htm

If you have a CD-ROM burner on your computer (and if you do not' you should,get

one), it is well woth you I tir\te to now copt the entire unadulterated PIC Took folder

to o CD-ROM for safekeeping. Data on a CD-ROM is much more secure than the data

on a floppy disk or disketio anal the best time to make a copy of it is right now before

you -aie any chang"s to any of the data you received fiom the vendors
' 

For the purposes of general discussion and expe mentation, we will always call the

.*ampL p-[ra thtt x being nanipulated "Utttled", while the lext file that is the

body of the program vr'ill be called

This is tbe file the compiler compiles for the microconfoller you are using to oeate

fhe HEX f,le it needs.
The I{EX file created from this program by the compiler will be referred 10 as

Un cr - fed. r lEX

We do it this way because ewry time Jou compiLe and 'att ct proqrun' the system aulo'-

m.aticatly saws th; prc|ram to disk at the same time. This means that you lose the old

progra m and cannoi go back lo it lf ) ou are \\ oru ng \ irh acomplicaled progmm thi'

.-"U..o*" u ,.ul ptoUt.m because lhere rrc lol' olgood recson" lo go back to lhe $ ay

things were. So, to;void this pitfall, every time you load a program from disk,/irst sale

ir as-Untitled.bas and then play with it all you wanf Then. when you have a viable prc-

cram, save il to lhe name rhal is dpprcpriale lor il Load lhe ne{t progBm dnd change

;is name to Untitled.bas and so on. I would even go so far as to recornmend that you

save each version of yoor prograrn with a version designation so that Blink bas 'flill be

worked on as "Untiiled.bas," and then re saved to disk as "Blinkvl 0 bas''' while
' 'Bl inkV|.0.bas would be \rorked on a\ " lJnl i l ledba- and then re sdved d\
"Blinkv I . l.bas," and so on. Though some tedium is involved in doing this, I can assure

you it will save you many headaches in the long rur'

NolGe The HEX fites created bl the PBP compilen can be loaded into the PIC nicm'

contmllerc with other soll !1re/loaders lt is not imPeratire that hardware pngrammers

Software Notes from
MicroEngineering Labs
The following are some notes lrom microEngineering Labs regarding the software pro-

vided by them:

t Locate the CDs labeled PICBASIC PRO Compiler and microEngineerinq Labs
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The compiler upgrade CD is identical to our full-version CD (with the exception of
the red stamp). You can run ihc setup program to begin the installation process. It
will install PBP and also ollers to install both MPLAB and Microcode Studio.
The progranner CD is the same for all the programmers. The sollwarc automati-
cally finds whichever programmer you have connected.
The LAB-XI materials can be found on the PBP CD (uabx\LABxl) or on
the LAB Xl product page on our support Wcb site. A disk is no longer shipped by
microEngine€ring Labs with the Xl.
The compiler ships on CD with a printed manual. Besides the compilet the CD
includes MPLAB (fron Microchip), Microcode Studio (ftom Mecanique), LAB-X
sample programs and documentation, and selected Plcmicro datasheets.
All the programmers include software on CD. The meProg sollware is
compatible with any microEngineering Labs programmer hardware.
The LAB X boards include a schematic and brief description printed on
paper as well as sample programs, applicable datasheets, and details on their se.
The latest compiler (2.50) is shipped with an enhanced version tbat offers 32-bit long
variables dnd signed 32-bit math operations. This is compatible with PICI8 series
microcontrollers oniv.



UNDERSTANDING MICROGHIP

TECHNOLOGYS PIC 1 6F877A:

A DESCRIPTION OF THE MCU

PIC mioocontrollers are manufactured by the Microchip TechDology Corporatiofl of
Chanaller, Arizona. The following address and Web site may be used to contact Midtchip
Technology. The Web site provides downloads for the datasheets.

MicrochipTechnology Corporation Inc.
2355 West Chandler Blvd.
Chandler Arizona, USA 85224-6199
,480) /92-1/n
(480) 899-9210 FAX
web site: wwwmicrochip-com

MicrcEngineedng l-abs, Inc. maintains a very useful and helpirl Web site that will also be a
tremendous aid to you as you learn about the PIC microcontrole$ by using their LAB-XI.

MicrcEngineering lnbs
Box 60039
Colorado Springs, CO 80960-0039

MicroEngineering Labs
1750 Brantfeather Grove
Colomdo Springs, CO 80960

('7r9) 520 5323
('7r9) 520 1867
e-mail: Support@melabs.com
Web site: www.melabs.com/index.htm

We will be using rfte t6F877A Mictocontnller h Ihe LAB-X1 board. Not all the
features described in the 220 page datasheet of the l6F877Awillbe ad&essed jn the
exercises to follow, but enough will be discussed to give you the conlidence and

2 l
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understanding you need to proceed on your own. In more technical terms, t]ris MCU
has the following ieatures

16F87 7 AMicrocontroller's
Core Features
(Reduced from descriptions provided by Microchip Technology, Inc.)

High pedbmance RISC CPU

Operating speed: DC 20 MHz clockinput

DC - 200 ns instruction cycle

Up 10 8K x 14 words oI FLASH program memory

Up to 368 x 8 bytes of dara menory (RAM)

Up to 256 x 8 bytes of EEPROM data memory

Inlerrupt capabiliry

Power-on reset (POR)

Power-up timer (PWRT) and oscillator start-up timer (OST)

Watchdog limer (WDT) wilh its own on-chip RC

Programmable code-proteclion

Power saving SLEEP mode

Seleclable oscillator options

Low power high speed CMOS FLASH/EEPROM lechnology

Fully staric design

In Circui l  Sedal Prog$nming aICSP) \  i r  twu pin\

Single 5 volts In Circuil Serial Proganrming capability

In-Circuit Deb gging via two pins

Prooessor rea(Vwrite access to program memory

Wide operating voltage range: 2.0 volts to 5.5 volts

High sinvsource cuffent: 25 milliamp

Cornmercial and industdal lemperaturc ranges

Low-power consumption
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Peripheral Features
The lbllowing are pefipheral fealures ofthc l6F877A Microcoruollcr:

s Tiner0: 8 bil timer/counter with 8 bit prcscalar.
a Timerl: 16 bit tinrer/countef vrith prcscalar (Il can be incfemented during slcep via

an external cryslal/clock.)
x Tiner2: s-bil dmer/countcr with an 8-bii period rcgistcr. prescrlar, and postscalar
e Two PWM modules (rnaximum resolution is 10 bils)
a l0 bit multichannel analog to digital converer
a Synchronous serial po( (SSP)
x Univcrsal synchronous asynchronous receivef transmitter (USART)
a Parallcl slave port (PSP) 8 bits wide
I Brown out dctcction circuitfy for Brown out rcscl (BOR)

This MCU is dcscrjbed in pfofuse detail h a 220 page datasheet you can do\\nload
fron the Microchip Web site at no charge. The datashcel is a PDF documcnt thal yox
should have availablc to you at all iimes (maybe, elcn opcn. ir its own window. rcady
for i mmediate access). whcncvcryou arcpfogramming thc l6FE77A. The sofiwarcyou
nccd in orderto read (butnotwrilc) PDF files is also availablealno charge on the Web.
You should have a copy of the lalesl vcrsion (9) of this very usciul softwarc (Adobe

Reader) on your compuier
We will nol covcf the entiie 220-page datashcc! in these exercises. but thc most com-

nonly used lcalures of the MCU (espe{-ially thc oncs relevant to the LAB X 1 and those
needed for our insLrumcnls and controllers) will bc djscussed- Aftefdoirg thc cxcrcises,
you should be comlbrlablc with reading the datasheel and linding the infornalion ]'ou
nccd to get youf wol'k done.

ln our parlicular case, on the LAB X I board, the MCU is alrcady connected to the
ilens on the borrd. Therefore. ifyou wal! to use the LAB-XI lbr your own hafdwarc
erperinents. you mlrsl use the MCU pins in a way that is compatible wilh lhe compo-
nents that are alrcady connecied to ihem. Oflen (imcs. even though a pin is bcirg used
in the LAB X1 circui!ry, you can drive something clsc with it wilhout adlerscly aftect'
ing your experiment (dcpcnding on the load beirg ,rddcd). The following is a list you

can refer to in order to quickly dclcnnine ifthe pin 1d porl you \lant io use is tiee. or
discovd how it is being used.

PORTA.O

POBTA,l

PORTA-2

POBTA.3

2

3

5

5K ohm Potentiomeier

5K ohm Polenliomeler

5K ohm Polent orneter

L4emory chips

ljsed by clock chips, memory

PORTA PIN* USAGE PORTA HAS ONLY SX EXTEFNAL PINS
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PORTA.4 6 This specific pin has No analog iunclion
sPecial Pull-uP needsl

PORTA.s 7 Free for Aio-D conversion l\4emory chips

POBTB

PORTB.o 33 Keypad inputs

PORTB.I 34 Keypad inpuls

POBTB.2 35 Keypad lnputs

PORTB.3 36 Keypad inputs

PORTB.4 37 Keypad inputs

PORTB.s 38 Keypad inputs

PORTB.6 39 Keypad inplrls

PORTB.T 40 Keypad lnputs

POBTC

POnTC.0 15 Seruo/Clock

PORTC.I 16 Clock chips

PORTC.2 17 Plezo speakef

PORTC.S '18 Clock chips

PORTC.4 23 used wilh Nlemory chips

PORTC.s 24 Clock chips

PORTC.6 25 Transmltserial
communicalions

PORTC.T 26 Receive se al
communications

PORTD

Pro9ag device

Progfg device

Progag device

Memory chlps, servo/clock, HPW[,4

IVemory chips, servo/clock

A,/D conversion, memofy chips

R3232C

RS232C

POnTD.0 19 LCD and LED bargraph

PORTD.I 20 LCD and LED bargraph

PORTD.2 21 LCD and LED bargraph

PORTD.3 22 LCD and LED bargraph

PORTD.4 27 LCD and LED bargraph

PORTD.S 28 LCD and LED bargaph

POFTD.6 29 LCD and LED bargraph

PORTD.T 30 LCD and LED bargraph

PORTE PORTE Has Only 3 Exlernal Pins

POBTE.o 8 LCD wrting conlrols

PORTE.I I LCD wfiting conlfols

PORTE.2 10 LCD wriiing controls Comnrunications
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Olher Pins

P n 1 IICLR l\,4icroprocessor feset pln pull-up

Pin 11 Vdd Logic power sVDC

Pin 12 vss Logic ground

Pin 13 OSCI Oscillator

Pir 14 OSC2 Oscillator

Pin 31 Vss Logic gfound

Pin 32 Vdd Logic power, 5VDC

Re]isted in serialorder, the pins are used as followsi

Programming

Clock chips U6

No analog lunction

Pin 1

Pin 2

Pin 3

Pin 5

Pln 6

Pln I

Pin 9

Pin 10

P i n l l

Pit\ 12

P i n  l 3

Pin 15

Pin 16

Pln l8

Pln 19

Pln 20

P n21

P n 2 2

Pin 23

tvtcLR Processor resel pin, pullup Proglg dev ce

PORTA.o 5K ohm Polenlorneter0

PORTA.I 5K ohm Polenlometer l

PORTA.2 A-lo-Dconv-orsions

PORTA.3 5K ohm Potenliometer2

PORTA.4 This specllic pin has

PORTA-5

PORTE,O

PORTE.l

POBTE.2

oscl
OSC2

PORTC.O

PORTC.l

PORTC.2

PORTC.3

PORTD,O

PORTD.l

POBTD,2

PORTD.3

PORTC,4

specialpull-up needsl

LCD wrillng conlrols

LCD wrillng conlrols

LCD writlng contro s

Oscillator

Oscillaior

Clock chips

Clockchips

LCD and LED bargraph

LCD and LED bargaph

LCD and LED bargraph

LCD and LED bargraph

Used with l,4ernory chips

Communications

IVemory chips, servo/clock,

M€mory chips, servo/c ock
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Pin 24

Pin 25

Pin 26

Pln 27

Pin 28

Pin 29

Pin 30

Pln 31

Pin 32

Pin 33

Pin 34

Pin 35

Pin 36

Pin 37

Pin 38

Pin 39

Pin 40

POBTC.5

PORTC,6

PORTC.T

POBTD,4

POBTD.5

PORTD,6

PORTD.T

PORTB,O

PORTB,]

PORTB.2

PORTB.3

PORTB.4

PORTB.5

PORTB.6

PORTB.T

Clock chips

Transmil seria communications

Receive seria comnrunications

LCD and LED barcraph

LCD and LED bargraph

LCD and LED bargraph

LCD and LED bargraph

Logrc grouno

Logrc power

R5232C

as232C

Proglg device

feypad inputs

Keypad inplrts

Keypad rnputs

Keypad inpuis

Keypad inpuis

Keypad inpuls

Progr'g device

Proglg device

PORTB lincs set as inputs can be plrllcd up ioternally wi|h a soti\rare instruclion
Inreffupis can bc gcneraied by changes on PORTB lines when lhey arc progranned to

USIT{G THE A-TO-D CAPABILITIES OF THE PIC I6FA77A

You can make a number ol basic nreasurements wilh thc I-AB Xl board by using its
analog to digital conversion capabilitics. The resolution oI thc conveNion can bc Il or
10 bits. Still highcr resolutions are av.rilable i[ wc Lrse ICs that go in cnrpty socket U6.
The measuremenls wc make can be used to delerninc the foliowing:

& Resistance
& Capacltance
X Voliage
e Frcquencl' (This is, ofcourse. not an.^-to-D function.)

Resislancc is determined by measuing how long it takes a rcsistor to discharyc a
capacitor thal has just been charged. The mcasurement is as accuralc as the value of the
capacitor The measurcmenl pafameters lnay nccd !o be adjusled in rc, lime to get a
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{*${tlSitl: A nearly full-size imase of the versalile LAB-xl experl-

usable reading (meaning the vaiue of the two components must be selected to get a read-
ing in a reasonable time with reasonable accuracy).

If the relative position of the wiper on a variable potentiometer is required, the A to
D conversion capabilities of the LAB-XI can be used to read the potettiometer wiper
position (not lhe resistance). The A-to-D converter always measures the voltage across
the device (hat you connect to the analog input port. You have the choice of reading the
value to a resolution ofeither 8 or 10 bits. IJ you are reading an 8 bit A to-D value, the value
across the resistance is divided into 256 divisions and the reading will always be between
0 and 255 (inclusive). If you are doing a 10-bit A{o-D conversion, the value will be
between 0 and 1023 (inclusive), but since 1 byte can hold only 8 bits, the remaining 2 bits
must be read fiom another register. This is explained jn more detail in the section on
setting up A to D conversions for the IC in socket U6. Here, lefs tate a quick look at
the POT command (used to read a potentiometer) to see how this works.

fhe POf Command The compiler provides the POT command to make it easy to
read the r€sistive load placed on a pin. ln order to use this command, it is necessary to
set up the connection to the LAB-X I as follows:
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Set up the pin used on ihe MCU for analog mode

Select the pin to be sed for input

Select what the excitation voltage soxrce will bc (inlernal or erlcrnal)

On rhe 16F877A. only l6 pins can be used with the POT command, and these l6 pirs

havc been assigned lhe aliases from PINo to PINI5 in thc lnclude file BSIDEFS-BAS
(see the PBP marual). For the 16F877A, these are the pins on PORTB (0 to 7) and

PORTC (8 to 15). Other PIC MCU have dillqent designations based on their pin counts
See pagc 26 of the PICBAS]C PRO nanual for more information

The POT command is:

POT Pin, Scale, NUBR

P,, is the pir  numbef qe hdrc been di .cr s. ing

S.?le is the adjustmcnt forvarious RC constanls.Ifthe RC constant is large, the value

oI Scale sho ld be small. Scale is detemincd experimen|ally with a potenliometef

in place ofthe resistive load. At the low end o[ the resistance, the value ofscale shou]d
be 0, and at the high end il shouldbe 255.

NMrli is the variable lhc result will be placcd in.

Values belween 5 and 50K ohms may be read with a 0.1 uF capacitor, as shown in

the Conpiler manual under the POT command.

Capacitance Capacilance can be measurcd by deternining how long i1 lakes to

charge a capacitor through an accuralely calibratcd resistor or by sctting up an oscilla

tor with the two components and ncasuring the oscillalor frequency.

yorfage Vollage is measured by setting up an appropriate dividing network with pre-

cision resistors and measurirg the vollage across an approprraie resrslance

Frequency The PIC 16F877A can neasurc trequencies directly (as made possible

by the compiler software). Thc timers and counlcrs within the MCU are used to sct the
mcJ.urelrenr inlen aL\ 3nd ( '  'unr in!  \arJs."e.

Ree.ting Siwitches Swilches can be read from thc lines of any port set up as an input
port. De-bouncjng must be perlbrmcd either in hardware or in soltware to avoid lalse
readlngs. (The BUTTON comnand provides flexible de bouncing capabilities.)

Make sure tha! other hardware lhat may be connecled to the pins does not interlere

with the switch lunction and iis detection.

Peading Switches in a iltatix Switches armnged in a matrix can be read by set

dng and reading ihe rows and columN in thc matrix. The technique activales one row

ofbutlons at a time by making it high or low and then seeing iI any of the columns have

been affected. A detailed desciption ofhow this is done is in Chapler 5.
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Configuring and Controlling
the Properties of the Pofts
The PIC 16F877A provides 33 VO pins distributed across five porls. Each of the ports

has unique capabilities built into it. The following section of this book discusses the capa_
bilities of each of the pots with special attention to these propeties.

These descriptions are cufsory and are designed to provide a quick and ready refer-
ence. Refer to the actual datasheet for detailed infomalion on these polls. The dalasheet
provides information at a level lhat cannot be provided in a short introductory text like

this. Refenhg to the datasheets frequently will make you comfortable with them in a
short time.

PORTA
PORTA is a 6 bit wide bidirectional port with both analog and digital capability

Note The general rule is that ifa PIC de\)ice has any analog inputs built into it, it
will come up as an analog input.lerice on reset dntuor staftup.

The PIC 16F877A has analog capability on PORTA (and PORTE) so it comes up as
an analog device on statup and rcset. lf you are going to use it as a digital device, you

must set register ADCON as needed. The most common \alne is ADCONI to
q.0000A111 for vsirg the LCD display. This line of code will be seen in nany of the
programs in tlis book and is explained in Chapter 5- (7o00000111 sets all the analog
pins to digital, but there are many otherchoices.)

The PIC 16F87?A supports external access |o only six of the eight pins on this port.

Each of the six pins may be set to function as an input or output by appropriately load-
ing the TRISA register A "0" (zero) in a bit in this register sets the cofesponding pin

to function as an output, while a "1" (one) sets it to function as an input.
Thus, selting...

IRIsA=%o0U1000
(% mcans this is a binary numbel Wo wilt use this binary notation throughout this book because
it makes it easier to see what eacb bit is being seito. Bil7. the mosl significant bh, is on fte
ieftibit 0, the leasl significant. is on the right.)

Would make lines A0, A I , and A2 outputs and lines A3, A4, and A5 inputs. The most
sienifcant 2 bits are igtrr,'ed (and could be set to I s or 0s) because PORTA has only
six activelines. (However, the 2 ignoredbits are used by the processor and they can be
read when necessary. You should not set them. Again, see lhe datasheet for specific
details.)

As mentioned earlier, the specilic functions (the uses the pins are put to) of the pins

are controlled with the ADCONI (the first A-to-D CONtrcl) rcgister
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All the pins have TTL level inputs and full CMOS level output drivers. This makes

il casy to connecl these lines direclly to standard logic components (meaning that r,t&-

dlh no intermediate rcsistors are needcd between components if TTL or CMOS com
ponents are interconnected).

PORTA (tetisnations are somewhat complicated. Pins A0, A 1 , A2, A3 ' (skip A4)' and

Pin A5 can be configured as analog inpuls by setting rhe ADCONI register appropri_

ately. Pin A3 is also used as a voltage input fbr comparing with the analog voltage

inputs on other pins. Pin PORTA4, is used as input for the timerTIMERo.lt is called

ToCKlforTimer0clocklnput.ThisisPin6of lhcPlCandisusedastheinputpjnlor
TIMERo only when configured as such. It is a Schmitt trigger input with open drain

ourput. Open drain means it acts like the contacts of a liny relay Scbmitt trjggered inputs

have increased noise immunity (becausc of the hystelesis between state changes)
The two registers that control PORIA arc TRISA and ADCONI
ADCON1 controls theA to-D and voltage reference functjons of PORTA The set

ting of the vadous bits select acomplicated set ofconditioN that are described jn detail

in atablein the datasheet and in this book. (Inlhcpreceding discussjon, whenADCONl

was setto 7.00000111, we were accessing this feature.)
Pitr A4 hds speciel needs when useA as an output.lt can be pulled down low but will

fioat when ser high. lt must be pulled up with a ( LoK to I 00K) resislor to tie it high when

this is necessary. This pin has an open drajn output rather thar the usual bipolar state

of the other pins. As noted earliet this pin is skipped in the A-to-D conversion table.
(Ignoring this fact is a source olmany common mistakes, so keep this in mind.)

PORTB
PORTB is a full 8 bjt-wide bidireclional po|t.

Intcmal circuitry (meaning built into the MCU) allows all the pins on PORTB to be
pulled up to a high slate (very weakly) by setting pin 7 of t}le option register
(OPTION REG.?) to 0. Only those pins designated at iDputs are affected. These pull

ups are disabled on starlup and on reset.
Pins 83. 86. and 87 are useal for the low voltage programning ofthe PlC. Bit 3 in

TRISB mustbe cleared (set |o 0 or pulled down to 0) to negate the pull up on this pin

to allow programning to take place. See pages 42 and 142 in the datasheet fbr more

infomation regarding thc 93 pin. This is wry inportant.
Pins 84 to B? will cause an intefupt 10 occur when lhcir state changcs if they are

configured as inputs and the appropriate irltelTupts are configured. Any of these four pins

that are conligured as outputs will be excluded fiom the intelrupt leature Thc intenxpts

are controlled by the INTCON (interupt control) register. This PORTB interupt capa

bility has the special feature oflelting it be used to awalen a sleeping MCU.

Pin B0 has spccjal inteffupi functions that are controlled tbrough the INTEDG bit'

which is bit 6 of the OPTION-REG. See datashect for more intbrmation rrt?/dl

interrup arc nuted tu the PIC through this pin.Extemal inteffupts are those that are

created bv events outside the PIC MCU.
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The three registers that conuol PORTB are TRISB, INTCON, and OPTION-REC.
OPIION-REG controls t]le oplional functions of PORTB as follows.

a Bit B0 of OPTION_REG sets prescalar value
I BitBI ofOPTION REG sets prescalar value
r BitB2 of OPTION REG sets prescalar value
r Bit83ofOPTION REG sets the prescalar option (used in low-voltage pogramming)
t Bir B4 of OPTION REG sets Timef0 input pulse edge selection
r Bit B5 ofOPIION REG sets the clock selection
I Bit B6 of OPTION REG sets edge selection for interupts (progranming uses)
: Bit 87 of OPTION-REG sets the pull-ups when cleared (programming uses)

PORTC
PORTC is a full s-bilwide bidirectional poft.

Al1 the pins on PORTC have Schmitt trigger input bulTers. This means they are
designed to be more inrmune to noise on these input lines.

The altemate function of the PORTC pins are defined as fbllows:

r BitC0 VOpinorTimerl Oscillator output or Timerl Clock input
rBitCl VO pin orTimerl Oscillator input or Capture 2 input or Compare 2 output

or Hardware PWM2 output
r BitC2 yO pin or Caprure 1 input or Compare I output or Hardware PwM I output
! Bit C3 yO pin or Synchronous clock for both SPI and I2C memory modes
r Bit C4 I/O pin or SPI data or data I/O for I2C mode
I Bit C5 VO pin or Synclronous serial port data ouQut
a Bit C6 VO pin or USART Asynchronous transmit ol synchronous clock
r Bit C7 VO pin or USART Asynchronous receive or synchronous data

Special care must be taken when using PORTC'S special function capabilities, in that
some of ttrcse functions will change/set the yO status of certain other pins when in use,
and this can cause unfbreseen complications in the function of other capabilities. See
the datasheet for details.

The rcgister that controls PORTC is the TRISC register. No other registers are
involved. DEFINES are used to set or contlol ce{ain PORTC functions.

Nole The speaker on the IAB-XI board is con ected to pin C I , so the use of this pin
is linited becduse the noise generated by the speaker i)hen this pin is used can be very
iffitating to humans. Since this is one of the lines that allotrs the generatiott of contin'
uous background PWM signals (HPWM 2), it compromises the clean use of this pin

unless the speaker is remo|ed or the siSnal is put thmuqh a gate to clean it up. (l rcc'
ommend that Jou avoid modifcations to the boa l if )ou ca .) The load of the ti )
speaker loacls the pin and can compromise ceftain other uses, but in ost cases you can
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se this ?in witllout cancem. (Utuler certain situations, the Jie(tuencJ on thili pin can
be set hieh enough to be above hLnan heating runge, allo\,)ing the pin to be used Like

PORTD
PORTD is a full s-bilwide bidirectional porl.

All the pins on PORTD have Sshmiu trigger input bullers. This mcans they are
designed to be more immune to noise on the inpur lines.

PORTD can also be configured as a microprocessor port by setting PSPMODE
through setting TRISE.4 to 1. (Note that we are specifying bil 4 of PORTE herc inter
nally; lhere is no extemal pin4.) In this odc. all lhe input pins are in TTL mode. (See
page 48 of the datasheet.)

The alterrate function of the PORTD pins arc delined as lbllowsl

Bit D0 or parallel slave port bit 0

Bit Dl or parallel slavc port bit 1

Bjt D2 orparallel slave port bit 2

Bit D3 orparallel slave poft bit 3 Port D is lhe

Bit D4 or parallel slave polt bit4 parallcl slave port

Bit D5 orparallel slave port bit 5

Bir D6 or parallel slave port bit 6

Bit D7 or parallel slave poll bit 7

The registers ihat control PORID are TRISD and TRISE. TRISE controls the oper-
ation of the PORTD parallel slave port mode wher Bit TRISE.4 is sel10 l. (Rcmember
again that only pins E0, El, and E2 are available external to the MCU on PORTE.)

Slave porr functions as set by PORTE when BitTRISE.4 is set 1() 1 are:

Bit TRISE.0 dircction control ofPin PORTE.o / RD /AN5

Bit TRISE.I direction control of Pin PORIE.I / WR /AN6

Bit TRISE.2 direction control of Pin PORTE.2 / CS /AN7

BilTRISE.3, NOT USED

Bit TRISE.,I Slave poft select l=Slave port selected

=Use as slandard l/O port

Bit TRISE.5 Buffer overfiow detect l=Write occurred before reading old dala

o=No effor occufed
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Bit TRISE.6 Buffer status

Bit TRISE.T Input buffer status

1=Still holds word

o=Has been read

1=Full

O=Nothing received

Read the datasheet a couple of limes to get a better understanding of these operations.
The precedhg is a very bdef ovefliew and is intended only to alet you and gjve you

an idea of what the possibilities are.

PORTE
PORTE is only 3 extemal bits wide and is a bidjrectional poll. The oiher bits are inter-
nal and are used as mentiooed earlier under PORTD (to which they are related). AII exter-
nai rhree pin'  can also be u\ed a\ analog inpul\ .

All the pins on PORTE hav€ Schmitt irigger input buffers when used as digital inputs.
The altemate function of the PORTE pins dre denned as follows:

Pin REo direction control of Ph PORTE.0 / RD / AN5

Pin RE1 direclior control of Pin PORTE. I / WR / AN6

Pin RE2 direction control of Pin PORTE.2 / CS / AN7

TIMERS
The PIC 16F877A MCU has four timers: a 'vafchdog timer and thr€e regular timers.
These allow the accurate timing (and counting) of chronological events. Timers are dis-
cussed in much g&ater detail in chapter 6.

Some of the timers have (pre- andpost) scalars associated with t}Iem that can be

usedto multiply the timer setting by an integer amount.As youcan imagine, the scal-
ing ability is not adequate to allow all timed inte als to be created. We also must
consider the unce(ainty in the frequency of the clocking crystal, which is usually
not exactly what it is stated to be (and may drift with ambient temperature) This
means that though fairly accurate timings can be achieved with the hardware as
received, additional software adjustnents may have to be added if more accurate
results are desired. This is doneby having the software make a correction to the time

every so often, (This also means tiat an extemal source, that is at least as accurate
as the result we want, is needed to verify the timing accuracy ofthe device created )

As always, the three limers in fhe microconfoller are clocked $ a fourth of the oscil-
lator speed, meaning that a timer within a 4 MHz system clock gets a counting signal
at I MHz
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Very simply stated, an 8 bit limer will count up to 255 and then flip to zero and start
counting from 0 to 255 again. An intenupt occuls (a bit is set) every time the timer rcg-
ister overflows from 255 to 0. We respond to the interupt by doing whatever needs to
be done in response to the interrupt and then resetting the intefupt flag bit (to 0). On
timers that pemit the use of a prescalat the,prescalar lets us increase the time between
intenupts by mulliplying the time between jnterrupts by a definable value in a 2 , 3 ,
or 4-bit location. On timers that can be wdlten to, we can start the counter wherever we
like (to change the inteffupt timing), and on timers that can be read, we can read the
contents whenever we want to.

Example: A l-second timer setting with a prescalar set to 16 would provide us with
an interupt every I6 seconds, and we would have 16 seconds to do whalever we wanted
to do between the interrupts or we would miss the next interlupt.

If we needed an inlenupt every 14.5 seconds, we would use a timer set to 0.5 seconds
and a prescalar of 29 if 29 was specifiable (which it is noo. So not all time intervals can
be created with this strategy because there are limits as to what can be put in the timer
and what can be put in the prescalar when we are using 8/16 bit rcgisters and specific
oscillator speeds.

WATCHDOG TIMER

A watchdog timer is a timer that sets an inteffupt when it runs out so as to tell us the
program has hung up or gone awry for some reason. As such, it is expected that in a
properly writtel program, the watchdog timer wi]l never set an intemrpt. This is accom-
plished by resetiirg the watchdog timer every so often within the program. The com-
piler does this automatically if the watchdog limer option is set. Setting the option does
not guarantee a program that cannot hmg up. software erro$ and inlinite loops that reset
the timer within them can still cause hangups.

PRESCALARS AI{D POSTSCALARS

The value of the scaling factor that will be applied to the timer is determined by the con
tents of2 or 3 bits in the intenupt control register. These bits multiply the time between
inteffupts often by powers of two. Prcscalars and postscalars have the same effect on
the interrupts: They delay them.

COUNTERS

Only Timer0 and Timerl can be used as counters. Timer2 cannot be used as a counter
because it does not have an extemal input line. Both the timers and the counters ar€ cov-
ered in detail in Chapter 6.



THE SOFTWARE, THE COMPILERS,

AND THE EDITOR

MicroEngircering Labs, Inc. provides h'ro BASIC compile,'s that make wdting the code
for the PIC family ofmicrocontrollers offered by Microchip Technology tremendously
easy. In this book, we will discuss the more powedul of the two: the PICBASIC PRO
Compiler A listing of the conmands provided by each compiler is provided in the fol
lowing to let you compale tt€ tw., compilers and select the one best suited to both your
budget and yout needs.

The Basic Compiler Instruction Set
The following is the smaller compiler of the two:

ASM,.ENDASM

BRANCH

BUTTON

CALL

EEPROM

END

FOR..NEXT

GOSUB

GOTO

Insert assembly language code section.

computed COTO (equivalent to ON..GOTO).

De bounce and auto-repeat input on specified pin.

Call assembly language subroutine.

Defirc initial contents of on-chip EEPROM.

Stop execution and enter low power mode,

Repeatedly execute statement(s).

Call BASIC subroutine at specified label.

Continue execution at specified label.

35
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HIGH Make pin output high.

I2CIN Read bytes from I2C devtce.

I2COUT Send bytes to I2C device.

IF.THEN - GOTO If specified condition is true.

INPUT Make pin an input.

ILETI Assign result of an expression to a variable

LOOKDOWN Search table lbr value.

LOOKUP Fetch value from table

LOW Make pin output low

NAP Power down processor for shoft period oftime.

OI-ITPI-IT Make pin an output.

PAUSE Delay (l msec resolution).

PEEK Read byte from register

POKE Write byte to register.

POT Read potentiometer on specined pin.

PULSIN Measure puise width (10 psec resolution).

PULSOUT Gercrate pulse (10 Llsec resolution).

PwM output puise width modulated pulse train to pin

RANDOM Generatepseudorandomnumber

READ Read byte fiom on chip EEPROM.

RETURN Continue execution at statement following last execuled
GOSUB call.

REVERSE Make output pin an iryut or an input pin an oulput.

SERIN Asynchronous serial input (8N1).

SEROUT Asynchronous serial output (8Nl).

SLEEP Power down processor for a period of time
(l sec resolution).

SOUND Generate tone or white noise on specified pin

TOGGLE MaIe pin output and toggle state.

WRITE Write byte to on chip EEPROM.



tHE P|CBAS|C PRO COflPllEn NSlRUCtlOll SET l7

MATH OPERATIONS

All math operations are unsigned and performed with 16-bit precision:

Addition

Subtraction

Multiplication

MSB of multiplication

Division

Remainder

Minimum

Maximum

BitwiseAND

Bitwise OR

Bitwise XOR

Bitwise ANID NOT

Bitwise OR NOT

Bitwise XOR NOT

MIN

MAX

&

u

The PICBASIC PRO Compiler
Instruction Set
This is the larger compile. of the twol

@

ADCIN

ASM..ENDASM

BRANCH

BRANCHL

BUTTON

CALL

CLEAR

Inset one line of assembly language code.

Read on chip analog to digital conveter.

Insert assembly language code section.

Computed GOTO (equivalent to ON.-GOTO).

Branch out of page (long BRANCH).

De-bounce and auto-repeat irput on specified pin.

Call assembly language subroutine.

Zerc all variables.
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CLEARWDT Clear (tickle) watchdog timer.

COUNT Count number of pulses on a pin.

DATA Define initial contents of on-chip EEPROM.

DEBUG Asynchronous seflal output to fixed pin and baud.

DEBUGIN Asynchronous serial input from fixed pin and baud.

DISABLE Disable ON DEBUG and ON INTERRLIPTFocessing.

DISABLEDEBUG Disable ON DEBUG processilg.

DISABLE INTERRUPI Disable ON INTERRUPI Focessing.

DTMFOI-IT Produce touch{ones on a pin.

EEPROM Define initial contents of on-chip EEPROM.

ENABLE Enable ONDEBUG and ONINTERRLlPTpocessing.

ENABLE DEBUG Enable ON DEBUG processing.

ENABLE INTERRUPI Enable ON INTERRUPT processing.

END Stop execution and enter low power mode.

ERASECODE Erase block oicode memoty.

FOR..NEXT Repeatedly execute statements.

FREQOUT Produce up to two frequencies on a pin.

GOSUB Call BASIC subrouti e at specified label.

GOTO Continue execution at specified label.

HIGH Make pin outpot high.

IIPWM Output hardwarc pulse width modulated pulse train.

HSERIN Hardware asynchronous serial input.

HSERIN2 Hardware asynchronous serial input, second port.

HSEROUT Hatrdwarc asynchonous serial output.

HSEROUT2 Hardware asynchronous serial output, second port.

I2CREAD Read from I2C device.

I2CWRIIE write to I2C devlce.

IR.THEN..ELSE..ENDIF Conditionallyexecutestatements.

INPUT MaIe pin aII input.

LCDIN Read from LCD RAM.
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LCDOUT Display characters on LCD.

{LET} Assign result ofan expression to a variable.

LOOKDOWN Search constant table for value.

LOOKDOWN2 Search constant / variable table for value.

LOOKIIP Fetch constant value ftom table.

LOOKUP2 Fetch constant / variable value from table.

LOW Make pin output low

NAP Power down prccessor for sho period of time.

ON DEBUG Execute BASIC debug monitor

ON INTERRUPT Execute BASIC subrootine on an intenupt.

OWIN One-wire input

OWOUT one-wire output.

OUTPUT Make pin an output.

PAUSE Delay (l msec resolution).

PAUSEUS Delay (1 psec r€solution).

PEEK Read byte from register

PEEKCODE Read byte from code space

POKE Write byte to register

POKECODE Wdte to code space at device progranrming time.

POT Read potentiometer on specified pin.

PULSIN Measure pulse width on a pin.

PULSOUT Cenemte pulse to apin.

PWM Output pulse width modulated pulse train to pin.

RANDOM Generate pseudorandom number.

RCTIME Measure pulse width on a pin.

READ Read byte from on chip EEPROM.

READCODE Read word from code memory.

REPEAT..UNTIL Execute sta(ements until condition is true.

RESUME Continue execution after interrupt handling.

RETURN Continue at statement following last GOSIJB call.
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REVERSE Make output pin an input, or an input pin an output

SELECT CASE Compare a vadable with different values'

SERIN Asyncbronous serial input (BS1 style)'

SERIN2 Asynchronous serial input (BS2 style)'

SEROTIT Asynchronous serial output (BS I styl€)'

SEROUT2 Asynchronous senal output (BS2 style)

SHIFTIN Synchronous serial input-

SHIFTOUT Slarchronous serial output

SLEEP Powel down prccessor for a period of time'

SOUND Generate tone or white noise on specified pin'

STOP StoP Program executron'

SWAP Exchange the values of two variables

TOCGLE Make pin output and toggle slate'

USBIN USB input.

USBINIT Initialize USB.

USBOUT USB output

WHILE..WEND Execute statements while condition is rue'

WRITE Wrile byte ro on-chip EEPROM'

WRITECODE Wrile wod to code memorv'

XIN X-10 input.

XOI-IT X-10 output.

IIIATH FUNCTIONS / OPERATORS

The math operations are unsigned and performed with 16 bit precisjon:

+ Addition

- Subtraction

* MultiPlication

** Top 16 bits oimultiplication

+/ Middle 16 bits of multiplicalion

/ Division
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Remainder (modulus)

Shift left

Shift right

Cosine

2n decode

Digit

31 bit x 15-bit divide

Maximum

Minimum

Encode

Reverse bits

Sine

Square root

Bitwise AND

Bitwise OR

Bitwise exclusive OR

Bitwise NOT

Bitwise NOT AND

Bitwise NOT OR

Bitwise NOT exclusive OR

ABS

cos
DCD

DIG

DIV32

MAX

MIN

NCD

REV

SIN

SQR

&

I

&/

As can be seen flom the preceding comparison, the PICBASIC PRO Conpikr prr-
yides a much more conprchensbe instruction set and. therefore is the compiler of choice
fbr serious development work.

It is, of course. also possible to program microcontrollers in assembly language and "C,"

but lhis book does not cover these ianguages. A number of good books are available on
the subjecr, and some that I iooked over are listed jn a file on the suppo{ Web site with
my cornments. Some educators feel that a Junior College level class on the subject is the
best way to leam how to do this and there is some merit to this but for our purposes the
PICBASIC PRO Conpiler will do everything we need ard is much easier to use.

In addition to the compile\ Wu need an editor lo allow you to write and edit pro-
grams with ease. A very adequate editor is provided as a part of the compiler package.
Its called the Microcode Studio editor. This comprehensive and powerful editoris aiso
available at no charge (on the Internet) from Microcode Studios. This is a complete editor
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with no limit on the number oilines of code you can wrile. It is fully inlegrated with

the software and hardware Fovided by microEngineering Labs and is the editor of

choice for mosl uscrs. (The free vclsion is limiled to compiling Fograms forjust a few

microcontrollers. bul these include both the -16F877A ^nd the 16F814)
Three ofthe editors available are:

: Midocode Studio Mecanique's Microcode Studio is a powedul, visual, inte
grated development environment (IDE) with an ln-Circuil Debugging (ICD) capa-

bility designed specifically lor microEngineering Labs'PICBASIC PRO Compiler

This software can be dow oaded from the Inlemet at no chafgc. The only limilation

on the softwde is thal it allows you to run only one IDE at one time- This is not a

realhandicap at our lcvel of interesl, howevet since it is the editor that best suils our

needs, and because all programs in lhis book were writtcn with this edjtor
r Pmton+ Lite BASIC editor (provided by Crownhill) This is a tesl version oftheir

editor and is limited to 50 lincs of code and three processors (including the PIC

16F877A).Ilyou like this editot you can use this as your nain editor dnd then cut and
paste to the Microcode Studio to compile and run your programs' and thus go around

the soljine limil. The ndr ive ldnguage of this editot ir t?ot t e r.,ne ds PICBASI C, so

there are other handicaps to contend with- (These incompatibilities are best avoided-)

r Miqochip MPLAB This is the sotlware that the makef of the microcontrollers'
Microchip Technology Inc., provides fbr cditing programs written for their PIC serics

of microcontrollers. It is an assembly levcl programmer We will not be doing any

assembly language progra ming, b l the editot can be usciul.

PICBASIC PRO Compiler
The PICBASIC PRO Compiler-hereaftcr referred to as the PBP provides all the

functions needed to program almost the entire family of PIC microconuollers in a

BASIC-like environment. This means ii allows you to wite ptograms that read the

inputs and write to the outputs ina simple andeasy to-learn fashion lt means thatcom-

munications are simplified and that the time ii takes to get aII application running is

reduceal manyfold. lt also means that the programs are easier 10 follow and debug
(though debugging can get quile complicated even on these seemingly simple deviccs).

The compiler suppots only integer math, but that is not a big handicap when we are

working with these limited microprocessols
It also means that the programs that are developed are shorter than assembly language

programs, but they are slower in their execution than assembly language programs
(Complications also existthat have to do with the use of inteflupts, and which must be

addressed, but these are beyond the scope of this book )
All the exercises and examples provjded in the text are based on the PBPcompiler'

We will,rdt go over the detailed instructions for using each ofthe PBP instructions in

the text. It is expected and will be assumed that you will have purchased the soitware



ptcBAsrc Dno coflDtlEn

and thus willhave the manual for the compi ler in hand. However, some commands can
be complicated to implement and so we will spend time on them as necessary.

The compiler is kept cunent by miuoEngineering l-abs. fbr the latest MCUS rcleased
by Microchip Technology. The LAB-XI uses the 16F877A MCU, and it is the MCU of
choice, though ot}er MCUS that have a general pin-for-pin compatibilily with this
MCU may also be used. Al1 the experiments and exercises in this book will use ihe PIC
16F877A only. The compiler addresses almost all the capabilities of this MCU, and we
will cover the use of all the devjces provided on the LAB-X I board to develop the com-
forl level you need to incorporate them into your instruments afld contro]lers.

Detailed instructions lor installing the software on your PC arc prcvided in the compiler
manual. It is not necessary to install the software from a DOS prcmpt. It is much easier to
install it under Mndows with the ' Install.exe" or equivalent file provided jn each package.

The software can be set up so that "one mouse click" will transfer the program liom
the editor to the PIC microcontroller and run the program in the PIC. In oder to do this,
you have to add a couple of functional codes to the programner operating system.
These codes tell the programmer to load the prcgram and execute it. Installing the soft
ware is covered in detail in the chapter on gefting stafted.

A SIIiIPLE EXAIIIPLE PROGRAM USII{G PICBASIC

A program that makes the LEDS blink ON and OFF is usudlly the first program writ-
ten by beginners. The pupose of the program is not to blink the LEDS but rather to allow
you to go through the programming procedures in a simple and straightforward way,
and get a result that is easy to verify. Once you have the LEDS blinking, you will know
you have followed all the steps necessary to write and execute a program, Larget morc
complicated programs may be m ch more difficult to write and debug but they are no
more difficult to compile,load, and run.

Progmm 4.1 outlines the keystrokes for writing and nnning tlle "blin}" the LEDS pro-
gram in PICBASIC.

1i!aii0a!i!1{i!i The rlrst program (Blinkins all eishi LEDS on PORTD one ai a tlme)

CI;EAR
DEFINE OgC 4
I.ED ID VAR BYTE
t VIR BYTE

nyBtinkSleds . BAS
Harpri! Singh Sandhu
Copyr iqht  o 2008
A11 Riqhts Reserved
1 /  F e b /  2 0 A B
1 . Q

, clear FnM nenory
, define the osc freq

ouE ! !e two d. . lab lec LfD ID and t
;  as 8 b i !  bytes
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tii.!!!.iia!ii.,:a!ii The first program (Blinking alleighi LEDS on PORTD one ai a llme)

TRISD =%00000000

UAINI"OOP:

FOR LED,ID = I TO a

PAUSE 100
l = I * 2

NEXI I,ED_ID
coEo lrArr{LooP
END

set  PORTD Lo a l l  outputs

toop is  eaecuLed forever
in i t iaL ize the counter  to I
do it for Lhe I LEDS
puLs nunber ln PoRTD
pause so you can see the d isplav
nultiptying by 2 noves Llr LED Left I pos
go up and increnent counter
do i t  a l r  forever
always end tith FND statement

PICBASIC PBO TIPS AND CAUTIONS

l. To get contexlsensitive help, move the cuisor over a PICBASIC command, click to

set the culsor, .md Press Fl.
2, Programs assume the PIC is running at 4 MH4 To change the default setting (for

l3xample, to 20 MHz), simply add DEFINE OSC 20 at the top of your program and

se! the oscillatorjumpe$ on the LAB X I accordingly lt is good praclice to always

specily the oscillator speeal in a program. Beginne$ should start with 4 MHz designs

Th" LAB-XI i. ."t up to run at 4 MHz as received from the factory' See the manual'

The defined OSC speed has to match the hardware orystal for ihe hardware and sofl

u r-re lo \^ork coneLt l \ .  This i .  e\pecial l )  imporlanl  lor rrme-'en5i l i \e rn ' l rucl ion'

3. Before you can use the LcDisptay on the LAB-XI' ADCON1 must be set (to

7o000001 11 to nake PORTE tand PORTAI digital) and you must pause about 500 msec

10 allow the LCD to siafl up before issuing it its nrst command You may not rced a

pause, orasho er pause may be specilied, if there are many time_consuming rnsfuc

tioft before the lirst LCDOUT inslruction is executed (Other values ofADCONI can

also be used, depending on how you want the A and E porls coniigured See ihe dis-

cussion in Chapter I8.)
4, I have useal binary notation (7,01010101) throughout this book to sct relevant bytes

and registers so you can teadily see which bit is being set to what. The compiler

accepts hexadecimal and decimal notalion just as willjngly Binaty nolation does not

permit a space after the 7o sign, and all eigbt bits mustbe specilied.

5. When using Wod ior prografiming support, if a single quotation mark (') is copied

f.om a Word fi le and pasted into the Microcode Sludio editot it will be i nterpreted as

a (') and wil thel€fore ,1rr pnperlr stut1 the commen secrio, of the line All these have

to be changed in the ealitor after pasting. Pasling from the editors il1lo Word does not

exhibit fie same effect. lf you use (:) for ihe conments' this problem does not occur

6. All the named registers can be called by name when using the compiler' The rcgis-

ler names are the same as those used (defined) by the manufacturer in the datasheet

and are the same across the entire family of PIC microcontrollers if they provide thc

same function. Uppercase ol lowercase names can bc used Thc DEFINES m st be
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stated in uppercase only, and the spellings in the DEFINE lines are not always
checked by the compilerl Therefore, be very careful with the spellings when adding
DEFINES to your Fogram.

7. Circuits and segments of circuits are provided tbroughout this book to show you how
to connect up the hardware when you design your own circuits. If you have access
to AutoCAD, you can cur and paste the diagrams in the files on the suppo Web sire
into your own designs. Al l  rhe diagrams in rh i (  book are on rhe Web " i te.

A FREE DEMO BASIC COMPILER
A free version of the PICBASIC PRO Compiler by microEngircering Labs can also be
downloaded from the miuoEngineeritg Labs Web site. This is a fully functional com_
piler with the limitation that pro$ams are lmited to 30 lines of code. This is enough
lo al low you to le\ t  rhe compi ler and any insrucl ion lhat )  ou migh( ha!e a special  in l ;_
est in. This version can give you a good idea of the power and ease of use of the lan_
guage. I encourage you to try out this compiler before you mate your compiler pulchase.



CONTROLLING THE OUTPUT
AND READING THE INPUT

General
Alter all is said and done, itt abour the input and output, and what happens between
the two of them. It has to do with how we use the many capabilities piovided within
each PICA4CU, and how creative we are about using those capabilities. In this chapter
we sta leaming to use allthe input and output capabilities Fovided on the l6FgtTA
using LAB-XI.
. All the programs we will be discussjng are provided on the support Web site
rwwwencodergee k.com ,.  $ hich j r  mrintained as pan of rhi"  book. Siml ly nar igare to
your area ol intetest on the Web site.

You can copy the liles from rhe Web sire and run rhem on rhe 16F877Ain the LAB_XI.
The eiercises listed in each chapter are exercises that are designed to increase your
familiarity and competence with the 16F8?7A. The answeis to them arc not Drovide;_

Tn preparation tor wriring programs. .et up $e L AB X I so ir can be prolrarned wirh
one_mouse bunon cl ic l  or b]  prc.cing Ft0. as descr ibed in deraj t  in App;dix A ot lh is

The yO that uses ICs in the seven empty sockets on the LAB_XI boatd is covered
sepantely in Chapters 7 and 8. These chapters also cover one_wire memory. A-to D con_
vefler.. and a numbef ol relaled thermometric de\ ices,

The VO that uses the sedal po{ (as RS-232 or RS485) is covercd in Chaprer 8. This
covers commrmications between pICs and personal computers,

We wi l l  leam about inpur and oulput b) f i r , r  q r i t ing r i ;ple progfams thar conrrol  f ie
outputs, and then wrire prcgrams that read ihe inputs. We will leam how to contlol
the outputs fust, because this can be done direcily from the sofh{are without need for anv
inpul.Once$econtrol  lbe ourpur.  we $ i l l  ledrn ho$ lo rcdd lhe inpuls anJ mdke !h;
outputs respond to them in a useful and coherent manner The following is a list of the
prcgrams to be developed.
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The oulput is what we are iooking for in any insllument lt is the final result of all the work

we do. We will interactwith all of the output deviccs on the LAB-XI in these progrums.

BASIC PROGRAMS

t write a program to conlrol one LED on the bargraph
, Control all eight LEDS in the bdrgraph consecutively
t Dim and brighten one LED (creating pulses of various length9

! Wite 'Hello world" to the LCD on its lwo lines
t Wrirc binafy and decimal valucs to the LCD.
! Output a sinple tonc on the speaker
! Outpur a telephone |one signal on the speaker

ADVANCED PROGBAM

! Move an WC sc o baok and lbfth

Programs That Read the InPuts
and Then Provide Output
l. Write a simple program to read the lirst colunrn, Iirst row bulton' and tum ON one

LED while the button is down.
2. Rcad the enlirc keyborrd and display thc binaiy value ofthe row and column read

on the LCD.
3. Read the kelboatd and display decimal key number on the LCD

4. Read one potentiometer and display its S_bil value on thc LCD in binaty, hex, and

decimal notation. Also display the binary value on the bargraph
5. Read all three potentiometers and display their values on the LCD-

6. Advancedr Use the tfuee potentiomcters to control an R/C scrvo Conrol the loca

tion of the center position, the limit position of the end positions, and the rale of move-

mcnl. Use thrcc switches on the keyboard to move thc servo clockwise' center the

servo, and movc i! conDterclockwise.

Creating Outputs
k willbc easier if wc learn to conlrol the outputs first because we can do this wilh pto_

grams that we write without lhe need for any additional hardware or input signal we

will stdrt with the simple control ofLEDS. proceed to the control of the two line LCD,
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which is provided on rhe LAB-XI, and then move on ro using the speaker anal an R/C
hobby servo.

Lefs start with tlrc standard "luming an LED ON and OFF, program. We will use
one of the LEDS in the ren LED bargraph tharis provided on the LAB,XI. We have
control of only the eight righlrnosr LEDS on this bargraph. The lefmost LED is thc power
ON indicator and the one rcxr to it cones ON if we were using a common calhocle
affangement for the bargraph (as opposed to the common anode an aigemen! as it is cur
rently configured).

Thc cirouitry we are inrerestcd in is shown in Figure 5.1. AI other circuitry of the
LAB X I is still in place, but we have suppressed ir so we are not distracted by it and can
concentrate on the LED that is of interest to us. (PORTD.o). PORTD.0 refers to bit 0 oI
PORTD.

In our lirst exercise, we want ro control rhe rightmosr LED of the LED array. This is
connected to bit 0 of PORTD in the circuirry showD in Figure 5. L Our progran needs
to tum this LED ON ard OFF !o demonstrale thar we have complere conrrol of rhese

26

5

3

io

1 5

Flgurc 5.t The LED bargraph chcuilry for POBTD pin O.
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ln general, the ports on the microcontrollers (MCUS) are designed so they can be used

as inputs or as outputs, In fact, the ports can be programmed so celtain pins on a po

are inputs and others are outputs. All we have to do is lell the program what we want

done and the compiler will handle the details. The compiler not only allows you to define

how you will use the pins of each port, it can also set them up as inputs or as outputs

automatically, depending on the instructions you use to address the pin in your program.

You have a choice of setting PORTD to an output port and then setting pin I on this
ponhigh, or you can simplytell the compilerto make pin 1 of PORTD high and it will

take care of the setting up details.
The ports can be treatcd just like any other memory location in the microcontroller'

By name, you can read them, setthem, aLnd use them in calculations and manipulatlons
just like you canwith any other named orunnamedmemory location.lfthings are con_

nected to the po s and pins, ihe program will interact with, and respond 1o, whatever

is connected to them. (Any named port, register, or pin can be addressed directly by name

for all purposes when using the PBP Compiler They are called out as they are named

in the datasheet for each individual PIC by lhe manufacturer)

Blink One LED
Type the following program (Prognm5.1) into yourPC and save it lt does notneecl

to be saved in the same directory as t}Ie PBPexe program. To keep with the con-

ventions being used in the compiler manual, call this program myBLINK.BAS so it

does not overwrite the BLINK.BAS program provided on the disk thal came with

the LAB Xl.
The program to control pin 0 of PORTD is as fbllows:

lliP$iim$lll controlling (blinking) an LED (Blinking an LED [We are usins lhe
rightmost LED on the bargraphl)

CLEJAR
DEFINE OgC {

nooP:
HIGE PORTD. O
PAUSE 500
IJO!' PORTD. O
PAUSE 500

GOIO LOOP
END

clear  nenory LocaLions

lurns LED connecled Lo D0 oN
deLay 0.5 seconds
turns LED connecled to D0 oFF
delay 0.5 seconds
qro back to Loop and repeat operation
aL1 prograns nust end with END

The program demonstrates the most elementary control we have over an output: that

of turning it ON and OFF In this program, we did not have to set the port directions
(with the TRIS conmand), because the HIGH and Low command tale care of that aulo

matically. (If we used PORTD.0=I instead ol HIGH PORTD.0, we would have had to
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SetTRISD to %l1111110 fi$r to set all lines 1() inputs excepr D0. which is shown as rhe
only pin set to bc an outpur.)

We will usc binary notation ('/.11110000) for setting all pins, pors, port directions,
and rcgister values thro ghout this book, though you can use hexadecimal ($F0) and
decimal (DEC 240) notation interchangeably. Using bindr.y norarion lets you see what
each pin i \  doi lg wIhoul hr! ing ln m"le .rn) co ref. ior\ .

ID Program 5-2, we blintr the eight rightmost LEDS on the bargraph, one LED aratime.
The circujtry we are using for this progran is shown in Figule 5.2. We do this by set
ting PORTD to I and then multiplying il by two a toral of eight times to move the lighrcd
LED left one position in each iteration. Nore rhat the last multiplicarion ovcrflows the
ll bit counter and turns all thc LEDS OFF

tMac-'' @l

:r :il

::r ::3

- : =

LED bargraph chcuihy to all of PORTD.

Blink Ei t LEDs in S uence
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,t:1 .ji6!iil:5;2:l Blinking eighl LEDS one aller lhe other on a bargraph

CLEAR
DEFIAIE OSC 4
LED-ID VA.R BYTE
A VTR BYTE
TRISD =%00000000

IIAINLOOP:

F o R t E D t D = 1 T O I
PORTD=A
PAUSE 1OO

NEXT IJED ID
GO!!O MAIIIITOOP
END

calL ouL the two var iables

ser  PoRTD to a1L ourpurs

th is  loop is  executed forever
in i t ia l ize Lhe counter  to 1
do it for the I LEDS
puts nunDer a.  PURrU
pause so you can see the d isplay
nuLt ipLy by 2 noves l iL  I -ED lef t  1

go up and increnent counter
do i t  aL l  forever
always end with END

' .  r i  5  d  
- L E a D  

> " o f 6 0 5 .

set only PoRTD pin 0 and 1 to outpuLs
d e c L a r e x a s a v a r i a b l e
turned PORTD.I ON & conpare io PoRTD.o

set up foop foi x
vary Lhe duty cycLe
pauses longer for the dimer values
en. f  of  Loop for  x
reLurn and do i! again
all progxans Fith an END statenent

Dim and Brishten One LED
In Program 5.3, we demonstrate |hc ability to dim an LED (at PORTD.O) by larying
the duty cycle ofthe ON signal to the LED.

tlB!!0iai!.riltqiSil Turns on an LED and dims the one next to it (Doing il this wav leis
you compare the brightness ofthe two LEDS)

CLEAR
DEFINE OSC 4
ERISD = %11111100
X VAR BYTE

I.OOP:
FOR x = 1 TO 255 SIEP 2

PIIM PORTD. O, X, 3
PAUSE 200 /X

NEXT X
GOIO LOOP
END

With the preceding programs, we learned that we can control theON OFF staie anci
the brightness on an LED. Controlling the brighhess will become relevan! when we
are conrolljng seven segmenl displays because the LEDS in them dre tuned ON one
at a time and thc duty cycle has to be managed pfoperly 10 get an acceptable display



LCD DISPLAY 53

I.CD Display
These notes descdbe the use of, and interactions with, exisring hardware coonections 10
the liquid crystal display as it comes wired on the LAB-XI module. Thesc connections
are defined in the program with DEFINE staiemenrs. Define thcm as necessary in your
designs, keepi ng in mind thal designs that follow the connections lbr LAB-X I will allow
you to use the LAB Xl as the test platform. (Even il your design is subsrantially dif
ferent from the LAB Xl circuitry, this willrenain auseful feature for resring the LCD
and certain I/O lhat may be the same.)

On the LAB X1, the LCD data is fed from PORTD, and all 8 birs ofthis port are con
necled to the LCD. It is controlled trom the 3 bits of PORTD. You theretbrc have the
choice ofusing onlythe4 highbits or PORTD as a 4-bir dara paih for rhe LCD orusing
all S bits. The entire port is also connected to eighr ofthe LEDS on the ten-light LED
bargraph. (The two leitmost LEDS in the bargraph arc uscd 10 indicate that the power
to the LAB-X I js ON and the poldrity of the bargraph.) The 4 high bits, birs D4 ro D7,
cannot be used fbr any ofier puryose ifthe LCD is being used. The sofrwarc does nor
release these 4 bits aufomatically after using them to fansfer information to rhe LCD
but you do have the option ofsaving the value of PORTD before using rhe LCD. and
then restoring lhis value after the LCD has been written to. The complication, ofcourse,
being that there will be a short glitch when rhe LCD is written to and the use you make
of PORTD has to tolerate this discontinuity.

PORTE, which has only lfuee extemal lines, is dedicated to conlrolling the information
transfer to the LCD. These lines can be used for other puryoses ifthe LCD is nor being
used. PORTE is made digilal when controlling the LCD and can be used for analog inputs
when its pins arc specified as analog inputs. This is done with theADCONl register
as described carlier and in Chapter 9.

The LCD provided on the LAB-XI allows us to display two lines of 20 characrcrs
each. Its connections to the microcontroller are shown in Figure 5.3.

Since this is important,let's take anotlerlook.In Figure 5.3. we see that the LCD
uses all the lines available on PORTD and PORTE. All of PORTD is used as the port
tiie data will be put on, while PORTE, which has only three lines, is used ro con-
trol data transfer to the LCD. We also know from looking at the full schematics pro-
vided with the LAB Xl that all of PORTD is also connecred to ihe LED bargraph.
This does not alfect our programming of the LCD and we will ignore this for now.
You will. however, see the LEDS in the bargraph flicker ON and OFF as programs
run, because we willbe manipulating the data on ihe lines (D0 to D7).Itis also pos-
sible to feed the LCD wirh jnsr the 4 high bits ofPORTD. Sce t]ie PBP marual on
how to do this. It takes siightly longer to refresh the LCD when you are using orly
4 bits, and writing to the LCD is one of the most time consuming lasks in most
programs.

Let's write the ubiquitous "HelloWorld" program ior the LCD as our firsr exercise
in programming lhe LCD (see Program 5.4). Once we know how to do that, we can
basically w te whatever we want, when wc wan1, to the LCD display.
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wiring. (An easy lo-comprehend schemalic d agram
micfocontrolle r and lhe 2 x 20 dispay nrodule-)

blinking "HELLOWORLD" in the LCD display

LAB XL the DEFINE statemenls rc as follows:

r'iP-ioCiittu!4]l Displavins and

For the LCD displal rcgistcN oD the

CLE]AR
DEFIIIE OSC 4 I
DEFINE LCD DREG PORTD ;
DEFINE IJCD RSREG PORTE ;
DEFITIE I,CD RSBIT O ,
DEFINE IJCD EREG PORTE ;
DEFTNE ItrCD EBIT 1 ;
DEFINE LCD RWREG PORTE ;

i 1

lrlFiiiiiia:d:3lrl TheLcDdisplay
showing just the llnes belween ihe

clear Lhe nenory

select  regis ter

enable regis te!
These DEFINES
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ipiiiiiiiiiry{i{:l Disprayins and
(Continue,tl

bllnking "HELLOWORLD" in the LCD display

DEFINE I,CD RVIBIT 2
DEFINE NCD-BITS A
DEFINE I,CD I,INES 2
DEFINE I.CD COMMANDI'S
DEFINE I,CD_DATAUS 50

Set Lhe por t  d i rect ions.  we are set t ing (nust  set)  a l l  o f  PORTD
a o d  q t l  o I  P O R T I  " s  o ' - p ! i .  F v 6 r  ' h o ! o t  D o o -  L d s  o . l r  . \  e p
l i n e s .  T h -  l o !  l  b b l -  i i  D o o  D  / d l  o e  s e t  d s  - p - - s  : .  ^ e  L  c

a  4  h igh  b i t  pa th  Lo  feed the  LCD.)

2 0 0 0 ; delay in rnicio seconds
delay in  n icro seconds

PAUSE 500
ERISD = %00000000
TRISE = %00000000

A.DCONI=%00000111

I,CDOUT SFE, 1
PAUSE 250
LCDOUIF \HELI,oZ

LCDOUT tFE, SCo
I,CDOUT \![ORLDZ

PAUSE 250
Gctro LooP
EIID

araow ror  LLU srarEup
r lnes !o ouEpur

ser  a l l  PORTE l ines !o output
o o - - o - D r q i  r a  c o - L - o  - e g  s L o r

needed for  the 16F877A -  see above and
below this nakes all of poris A and E
dis i taL.
the main loop of the program
clear  screen,  go !o posi t ion 1
pause 0.2s seconds

;  go to second 1 lne,  f r rs t  posi t ion

;  Pause 0.25 seconds

; all progxans must end in END

Before we can write to the LCD. we have to define how the LCD is connected to the
MCU. Also, since the 16F877A has sone analog capahilities, it w,ill stah p atul rcset
in analog rnode, and has to be changed to digital mode (for PORTE onb in ow imme
diate case) before we can use its digital properttes.

The compiler manual tells us we have to specify the location of thl3 LCD and spec
ify the confit lines connected to it so the compiler can address the device properly. Doing
so lets us place the LCD wherever it's converfent for us when we design our own
devices (and the compiler will still be able find it). These variables are to be specified
in DEFINE statements before any of the rest of the program is written. (In thjs book,
we will always place the LCD at the same address locations used by the LAB Xl so
we can test all our programs for our insffuments on the LAB Xl when we need to,)

Program 5.4 demonstrates the most elementary control over oulpul to the LCD dis
play. Variations of these lines of code, and the addition of a few command codes, will
be used to write to the LCD in all our programs.

Not all the preceding DEFINE statements are needed on the LAB-XI, but when you
build your own devices, you will need to include them all to make sure nothing has been
omitted. You never know what state anMCU might start up in, so coverall yourbases.
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Control I ing the Digital
and Analog Settings
ADCON1 = Analog to Digital CONtrol register#1.

The ADCONI=7.00000111 statement, or one lil(e it, is needed ior the 16F877A
because any PIC MCU processor that has any analog capabilities at all comes up in the
analog mode on reset and startup. This particular instruction puts all the analog pins on
po(s A and E into the digital mode. Since we need or y PORTE and PORTD for con
trolling the LCD, none of PORIA needs to be in digital mode. I am showing E 000001 I I
because all the examples used by nicroEngineering Labs in all their literature and on
their Web site use and suggest singthisvalue. See datasheet for more detajled infor-
mation. (The use of this register is also discussed in greater detail in Chapter 9.) If you
want 1o tum just the three available lines on PORTE to digital, you can use any binary
value from 010 to 111 inclusive.

The conlrol of the A-to D conversion capability is managed by the 4 low bits of
ADCONI. For our purposes, bit 0 and bit 3 are not relevant. See page 112 oI t}te
datasheet for detailed information on this.

Bit 0 is not relevant to the LCD operation (it is a "don't care" bit).

Bit I and 2 must be set to 1 to make the two pots (A and E) digital.

Bit 3 is not relevant to the LCD operation (it, too, is a "don't care" bit).

So ADCON I = '/.000001 I 0 or %0000011 I would be adeouate for our work. (We could
also have done this in decimal format with ADCON 1=6 or with ADCON1 =7.)

Writing Binary, Hex, and Decimal
Values to the LCD
The value of numbers written to the LCD can be specified with prefixes that determine
if the value wiil be display as a binary, a hexadecimal, or a decimal value. See the PBP
manual for details.

BIN specifies that the display will be binar).

HEX specifies ihat the display will be in hexadecimal format.

DEC specines that lhe display will be in decimal format.

In hogram 5.5, the value of "NMBR" is set to 170 arbitrd dly (actually because it alter-
nates ls and 0s in binary fonmt). Any number below or equal to 255 could have been used.
Using BIN8 instead of BIN displays all 8 bits. Using Hex2 instead ofHEX displays both
hex digits. DEC5 can display all fivl. decimal digits because we are limited to 16 bits
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(65,535) and integer math in PICBASIC. BIN16canbe used for 2-byte words to display
all 16 bits. Any number of digits up to 16 canbe displayed.

ill!.ijliilii.i:.qoall writins io the LcD dispray in FULL b;nary hexadecimar, and decimal

CLEAR
DEFINE OgC 4
DEFINE IJCD DRIC POR'D
DEFINE LCD_DBIT 1I
DEFINE I]CD RSREG PORTE
DEFINE IJCD_RSBIT O
DEFINE I,CD EREC PORTE
DEFINE LCD EBIT 1
ADCON1-%00000110
IOIT PoiRTE.2
PAUSE 500

NMAR VAR BYTE

TRISD = %00000000
NMBR = %10101010

r.cDou! $FE, $80, BrNS

END

deine LCD connections
def,ne LcD connections
define LCD connections
def,ne LcD connections
define LCD connections
deflne LCD conneciions
rnake PoRTA and PORTE dlgiraL
rcD R/\'i 1ow ('rite) We will do no xeadins
wai t  for  LCD to starL up

assign var iable

D7 D0 = a l l  outpuls
th is  is  decimal  170

i{MBR, z \,HEX2 NUBR, . ., DEC5 N!|BR, " .

; display
; end proqran

Reading a Potentiometer and Displaying
the Results on the LED B

OTES OI{ READII{G THE POIENIIOiIETERS OI{ TIIE LAB-Xt

Each potentiometer i s placed across ground and 5 volts alrd the wiper is read on the A/D
line. (Other reference voltages and resistances can be specified and used-see the
datasheet.) The potentiometer value has to be high enough so as not to act as a short
between the power and ground. 5K ohms as a minimal value is okay. (Extremely high
values make for a jittery reading.)

When we read a potentiometer the MCU divides the voltage across the potentiome-
ter into 256 steps beiween 0 and 255 and gives us the number that represents the posi-
tion ofthe wiper across the connected voltage. Neither the voltage nor the resistance of
the potentiometer i s relevanl (thoughitcan be if we know theminimum and maximum
voltage across the pot). What we are getting is the relative position of the wiper expressed
as an 8-bit number. (The PIC also has a 10-bit resolution capability see the datasheet
and PICBASIC manual.)

The overall resistance of each of the three potentiometers is placed across 5 volts, and
lhe three PORTAlines read the position oithe three pers. The potentiometers ar€ read
as s-bit values using an s'bitA to D converter This gives a full-scale reading of from
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0 to 255 for ail duee potentiometen, no matter what the actual total rcsistarce value of edlh
potentiometer. If you want to read the resistance in ohms, you must divide the reading by
255 and mulriply by the lotal resistance olthe potentiometer (Again, the potentiometer
value must be high enough so the potentiometer does not act as a shon bctween glound
and the MCU power comeclion. 5K lo 10K ohms is a good seleclion for most purposcs.)

Next, we will rcad just one of the potentioneten (the one nearest the edge of the board)
to an accuracy of 8 bits and display the results on the rightmost eight LEDS of the LED
bargraph. This potentiometer is connected to pin 2 ofthe PIC (also identified as RAo
and as pin PORTA.0). We will display the result of the value read (0 to 255) on the bar-
graph by loading the reading inlo PORTD. Since PORTD is connected to the eight
LEDS, this will automatically give us a binary rcpresentation oi the data. ln the next step,
we will display the inlormation on the LCD dispiay as alphanumeric data (which js, of
course. rnuch easier to read).

Exp.ndi4 the prcgram to not only disptay b the baryraph but also put the information on
the LCD display, we have a prcblem in that the PORTD lines are sharcd by rlre bargmph and
fie LCD display- When we run the program, we will notice ilat dEre is a backgmund noisy
blinking of the LEDS in the bargraph as the l,CD is uritten to, b t atur that is done the bar-
graph displays the data lrom the potentiometer as expected. If we had hardware and software
that could suppress thc LEDS whcn wc were writing to lhe LCD, this problem could be elim-
inaled. The opention observed demonslrates du1 the chip select line allows us to use the lines
of PORTD to control both the I-ED ba€raph and the LCD display. Once we are done with
writing to the l-CD we can load the data into POR'ID and pause the pogmm to allow us lo
read the display. Notice that the pause/delay must come immediately after setting PORTD to
A2D Value for this to work properly. when we do wha!, is important when using micrccon-
trollers. Program 5.6 shows us how this is done and Figure 5.4 shows the rclevant cinruiiry.

l:lpiiltriiiiilEii Disprayins the
LED bargraph

CI,EAR
DEFINE OgC 4
DEFINE I.cD DREG PORTD
DEFINE I,CD_DBIT 4
DEFINE I,CD_RSREG PORTE
DEFINE I.CD RSBTE O
DEAINE I.CD EREG PORTE
DEFINE I.CD EBIT 1
A.DCONI=?0 0000110
IJOW PORTE.2
PAUSE 5OO

NUIIB VAR BYTE

IRtsD = %00000000
A2D VAI.UE VAR BYTE
IR ISA =  %11111111
A.DcONl = %00000010

potentiometer wiper position on the LCD and the

; def,ne LCD connections

; deflne LcD connections
, denne LcD connections
; deine LCD connections
; deine LcD connections
; def,ne LcD connections
; def,ne LcD connections
; Make PORTA and PORTE digila1
;  LCD R/W low (set  i t  to  wr i te  only)
;  wai t  for  LcD to star t  up

to store resuLt

; se! poRTA analog
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al!lf-6,i!i!ni!i6ll Displaying the potenliometer wiper posltion on lhe LCD and lhe
LED bargraph (Conttnued)

DEFTAIE A.DC BIAS 8
DEFTNE A.DC CIOCR 3
DEFXNE .[.DC-S!!|PLEUS 50

paramerers
set  nunber of  b i ts  in  resul t
set  cLock source (3=rc)
set  sampl ing t ine in  uS

I JOOP:  ;  sLar t  loop
lllcl![ 0, A2D VATUE ; read channel 0 to A2D_va1ue
LCDOUT $FE, S80, SVAIJUE- \, HEX2 A2D VAITUE, " ", DEC5

A2D VATII'E
LCDOUT SFE, $COI BT!I8 A2D VAIUE
PORTD=A2D VAIJI'E ; the pause nust cone right afLer serting

; PORTD and befo.e PORTD is used again
PAUSE 250 ; try setting PORTD before the LCDOUT

Go:rO LOOP ; do iL forever
END ; end progran

E-F-'FBi 4

l:lF.ii9!!-,.!!el: The baslc circuitry for the three potentiometers" {The informarion read
fron polenLiometerO rs d,spldyed o'1 rl-e barg.aph n Prcgrarr 5.6.)
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A Simple Beep
We have one other piece ofhardwarc we can oulput to on thc LAB-XI and that is the

small piezoelectric speaker on the board. This speaker is connected to line PORTC 2.

The PWM (Pulse Widlh Modulation) commdnd can be used to create a shol1 beep

ofl thc piezoelectric speaker on the LAB_XI. The command specines the PORIC pin

to be used, the duly cycle and thc duration olthe beep (100 milliseconds in our case)

See Program 5.7.

:l!!!'Eii!l$]|:: Generates a short ione on the piezo speaker (Nole thai line c2 is
HPW[jl Channel 1)

CI,EAR
DEFIT|IE OSC 4

PW!{  PORTC.2 ,  127.  100

EI{ID end the progran

Bogram 5.7 provides a 0.1 second (100 psec) beep. Circuirry is shown in Figure 5 5'

Press the reset bulton to rcpeat the beep.
Check to see what happens il you leave the END statement off-
Prcgram 5.? generales a 50 percent duty cycle for 100 cycles

i:l!i!f'!Ci$5:: rhe basic circuilry for generating tones
on the piezo speaker on the hardware providecl. (ll you
use the infrared receiver, its slgnaLwill appear on line 44
Only relevant circuitry is shown.)
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It dennes that we are using a4 MHz oscillaror

PORTC.2 specifies the pin to be used.

127 specifies a 50 percent duty cycle; the range of the variable is from 0 to 255.

I 00 specifies that the tone is ro last for 100 of rhe 256 ON-OFF steps rhat define one cycle.

In the PWM command, the fiequency and lcngth of the signai generated are dependenr
on the oscillator frcquency. In our case, this is 4 MHz, and one cycle is about 2.5 milliseconds
long (0.0025 secondt.

Note that the line C2 is also connectcd to the output for a possible phonejack and to
an IR LED that can be used to interact with IR receiven. These rwo connections ate
not populated on the PC board as received but they can be added without diificulty.

Two fypes of signals can be annunciared on rhe speaker as prcgrammed from the com-
piler The PWM commaod can send a signal of a fixed duty cycle ior a fixed number
of cycles, and the HPWM command can set up a PWM signal thal nns continuouslt
in the backgmund.In eilher case, the signal needs to be Fovided on the PORTC.2 pin
because that is where the speaker is connected. However the normal pWM (nor rhe back-
ground IIPWM) conrmand signal can be made to appear at any available pin. The back
ground HPWM signal can be modified "on the fly" in a progl:rm.

The HPWM signals can only be made available ar pin PORTC.2 (Channel t) and
PORTC.I (Channel2). Yes, the pin nurnbers are reversed! In the PIC 16F877A, rlrcre
are only two IIPWM channels and rhese two pins are connected pemanently to these
twochannels. (SomePIC devicesprovide more than two channels. See the datasheets.)
Since we have the speaker hardwired to PORTC.2, we can only use HPWM Channel I
tbr the tones we generate,

As seen in Figure5.5, these signals can also be used to generate telephone dial tones
(DTMF) and inftared (IR) signals when provided wirh rhe appropriare hardware. We
will concentrate on creating tones on the piezo speaker The w ing and programrning
is the same for the other devices; they are all wircd in parallel. Just change ihe param-

Progran 5.8 is a slightly more compljcated program and demonstrates the use of PWM
to control the brightness of one of the LEDS in the bargraph.

iqtiimff5igt LED dimming usins the pwM command
CI.EAR
DEFINE OEC 4
ERISD :  %U111110
X VIR BYTE

I.OOP:
FOR x = 0 IO 255 STEP 5

Pt{!r PoRTD.o, X, 3
NEXT X

Gdro tooP
END

PORTD. O
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Using the HPWM (hadware PWM) connnand is abit more compucated in that we must
defiDe certain parameters belbre we can usc thc comnrand. The necessary defines arc

DEFINE CCP1 REG PORTC
DEFINE CCP1 BIT 2
DEFINE CCP2 REG PORIIC
DEFINE CCP2 BIT 1

; Port to be used by IIPI!'I4 1

, Pin to be used by HPVil4 1

; Port to be used by HPIiTM 2

; Pin !o be used by HPidM 2

'  qe  a ,  o  6  oJ  <q  o  I  d  D r l \  a  00  p

You also have to define which timefrhe signal will use so other timers canbc used for
other purposes while the signal is being generated. If a timer is no1 spccjiicd, the
syslem dclaults to Timerl. the 16 bit rimer

The command is

HPt'lM Channel, Dutl,cycle, Flequency

DEFINE.OSC 4
gPm, t  1 ,  127,  1500

creales a 50 pcrccnl duly cycle PWM signal at 1500 Hz (as affected by the definltion
of OSC) on PORTC.2 conlinuously in the background. Also see program 5.9.

The sonmand can be updalcd during runlimc from within a program. As might bc
expected, the pir cannot be used lbr any othcr puryose as long as it is generating the
PWM signal. Turn OFF the PWM mode at lhe CCPconllol rcgister to use the pin as a
normal pin. See the datasheet for mofe infomatior.

The frequencies generated afe limited by the frequency ol thc oscillalor being used
to clock the PIC processo. The minimum freqrency for the PIC 16F877A is 1221 Hz
(with a 20 MHz oscillator). Not all frequencies can be generated. See thc PICBASIC
PRO Compiler manual lbr morc infonnalion on other frequencies.

'l:P.&attim 5;9: Generates a tone on the piezo speaker (There is no looping in ihis
prograrn)

CIJEAR
DEFINE OSC 4
DEFINE CCP1 REG PORTC
DEFTNE CCP1 BIT 2

HPtill�{ !,L27,2500
FAUSE 100
END

pori to be used by HP\tl4 1
pln ! 'o  De uceo oy Hlwu r
s ince no r iner  is  denned,
Tiner l  v i11 l re used;
lhe tone comand
pause -1 sec to hear  tone
end proqran to sLop tone-

Next. we will generate sone telephone louchlone loncs on the speaker to demoNtrale
the capability provided by the DTMFOUT command. (Scc Program 5.10.)

DI IMFOVT P in ,  {Oms,  Of fns}  ITon€#tTone#, , . } ]

Since \\,e will be using Pin C2. ourcommand will look similar !o thc preceding because
rvc are using default vatues for ONms and OFFms
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qF,ii{ili!{inilaillli: cenerates telephone key tones on the piezo speaker (555-1212)

CLEBR
DEFINE OSC 4
DIMFOUT PORtC.2 ,  t5 ,  5 ,  5 ,  ! ,  2 ,
ElID

The key tones generated are rough (before filtering), but you can tell that rhey mimic
the telephone dialing tones. The signal needs to go through a filter and then an ampli
fier to be clean and viable. This command has a number of constraints, depending on
the processor used and the speed of the oscillator in the circuit. See rhe PICBASIC PRO
Compiler manual for details.

The FREQOUT command can also be used to gercrate telephone dialing frequen-
cies. See the PICBASIC PRO Compiler manual for details.

Advanced Exercise: Controllins an RC
Servo from the Keyboard
Now that ws know how to generate pulses and confol the LCD, we can use the LAB
Xl to control ihe position of an RC se o connecred to po JT from switches SWl,2,
and 3 on the keyboard. Program 5.11 is designed such that . . .

Swilch I will turn tbe servo clockwise incrementally.

Switch 2 will center the servo from wherever it is.

Switch 3 will turn the se o counrerclockwise incrementally.

The circuitly for this exercise is shown in Figure 5.6.
Note that by changing a few variables that are defined up front, we can adjust the

centerposition, the incremental step value, and the extreme CW and CCWpositions of
the servo. (This program has been adapted ftom, and made simpler than, a Fogram in
the microEngineering Labs sample ptograms. It is instructive to compare this program
with the programs SERVOX and SERVOI in the sample programs.)

l]]il!.!.!!&l.ia€!!:!!:t servo Position control for an Fyc seruo from PoRTB buflons
(This program uses a servo on JumperJT)

CI.EAR
DEFTNE OSC 4
DEFINE IJCD_DREG PORTD
DEFTNE IJCD_DBIT 4
DEFINE IJCD RSREG PORTE
DEFTNE IJCD RSBIT O
DEFINE I|cD EREG PORTE
DEFINE I|cD EBIT 1
POS VAR WORD

; define LCD connections
, defne LCD connections
, de6ne LCD coanecEions
, de6ne LCD connecEions
, de6ne LCD connections

, de6ne l,CD connections
,  serwo pos i l ion  var iab le
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Servo Position Control tor an Fi/C servo trom PORTB butlons
(This program uses a servo on Jumpet J7) lcontinued)

CEN�TERPOS VAR IIORD : s- o por io /d- abl-
MAXPOS.VAR WORD :  s6  o  pos  io  d -  ab l -
MMPOS 1IAR WORD : s- o pos io d abl-
POSSTEP l/AR BYTE r servo position step variable
SERVOI vAR PORTC.I ; alias servo pln Use.l? for sedo
POS=o r  se t  var iab les
CENaERPOS -1540 r set variables
MAXPOS =23{0 ; set varialrles
MTNPOS =740 ; set varialrles
POSSEEP =5 ; set varialrles
AICOIiI1 = %00000111 ; PoRTA and PoRTE Lo diqital
LOW PORIE.2 r LcD R/W Los = write
PAUSE 100 ; wait for LcD to startup
OPTIOII_REG = $01111111 ; enable PORTB pullups

I,oW SERVO1 ; servo output Lon
GOSUB CENTER ; center seno
LCDOI'I $FE, L j clears screen only

UAINIOOP ! ; nain progf,d toop
PORIB = 0 PoRTB lines low to read butrons
ERISB = 511111110 ; enable first low of buttons on kybd
IF POREB.4 = 0 IHEN GOSttB I,EFE; check if any button is pressed

IF POR'B.5 - 0 ltlEN GOSttB CENTER ; and make a nove
IF PORIB.6 = 0 IIIEN GOSttB RIGHT ; accordinqly
LDOUT $Fa. $80, 'POSIIION = \, DEC4 POg r \ \ ;
SERVO1 =  1  ;  s ia r t  se f lopu lse
PAUSaUS POS
SERVO1 = 0  ;  end se lvopu lse
PAUSE 15 ; selvo update rare about 60 Hz

GOIO llAtllt OOP ; do it all folever

LEFI: ; move selvo left
IF POS < llAXPOg rgEN POS = POS + POSSBEP ;

RET('RN

RIGSI: ; nove servo right
IF POS > IIINPOS EIIEN POS = POS - POSSIEP ;

BETT'RN

CENTERT ; cenler servo
POS = CEMfERPOS
RE![URN
END ; end ploqram

Now, let's nuke Progran 5. 1 I more sophisticated by using the tbr€e potentiometers on
the LAB-XI board to manipulate the three va.iables that control the center position, the
end positions, and the incremental move of the servo in the Program 5.11. We will use
just one variable to adjust both end positions because we have only three potentiometers.
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c0
c3
cl

::f,!!iiii9,,gi$lili clrcuitry for controluns an Rc seruo lrom the three
potentiometers. (As always, only relevantcomponenls are shown. Connect
the servos to JumDer J7.)

If we had four potentiometers, we could make ths adjushnent to the limirs on one side
independent of the adj ustnent of the other

We will allow the centerposition to be adjusted by 127 counrs in cach direction.
The end positions will be made variable by I 2? counts at each end.
The incremental move will be adjustable from I to 20 counts per key press.
First, we will make it possible to read the potentiometers- We already know how to

do this. Then, we will add the nath relationships to the variable in the program so thc
readings from the poterliomerers interact with the three variables appropriately. (See
Prosram 5.12.)

Pot 0, the one nearest the board edge, controls the center position.

Pot l, the middle pot, controls the limit positions.

Pot 2 sets the speed oi thc se o by sening the step amounr
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!B|!$a$i5;del use servo on iumper pins at the J7 servo position control, with
added tunctions

CI;EAR ; clear menory
DEFINE OSC 4 ; osc speed
DEFINE LCD DREG FORED ; define LCD connections
DEFINE LD-DBIT 4 i
DEFINE ICD_RSREC PORTE
DEFTNE ICD_RSBIT O j
DEFINE I|cD AREG FORIE
DEFINE I,CD_EBIT T i
DEFINE ADC_BITS a ; set nunrber of bits in result
DEFINE ADC CLOCR 3 ; set clock source {3=rc)
DEFINE ADC SAt{Pt tUS 50 ; set sanpling line in uS
TRISA - %11111111 ; set PORTA to all inpu!
ERISD = %00000000 ;  set  a l l  PORTD l ines ro ourpuLs
A,DCONI = %00000111 ; PORTA and PORTE to digriLaf
LOW PORIE,2 ;  LCD R/W l ine Low (W)
A2D_VAlttE VAR BY![E ; creaLe A2D_Value to store resr]li
A2D VALttEl VAR BYTE ; creaLe A2D VaLue to store result
A2D vAlIrE2 VAR BIEE : r 6o-6 A. D,.e -e .o
POS VAR WORD ; servo posilions
CEIiIIERPOS vAR WORD ; centex posiLion
!4AXPOS VAR WOF ; nax position
MINPOS Vl.R 9|ORD ; nin position
POSSTEP vIR BYTE ; step length
PAUSE 500 ; wait -5 second
SERVOI VAR PORTC.I ; alias sexvo pin
AICIN 0, A2D VllJttE ; read channeL 0 to A2D Value
OPTIOTiI_REG = $?F ; enable pORTB pu1l ups
t,ol{ SERVO1 ; servo output low
GOSUB CENIER , center servo
r,cDouE $FE. L ; clears screen onLy
PORTB E 0 ; PORTB lines 1ow !o iead butlons
TRISB = %11111110 j  Fndbl-  f i .  s  bJ .  or  ou

MAINIOOP: ; nain progran loop
; check dy buln pres,d !o nove servo

IF PORTB.4 = 0 THEN GOSUB LEA! ; handle lefL nove
IF PORIB.s = 0 THBII GOSUB CBNFER ; hand]e cenLering

MOREB.5 = 0 THEN GOSUB RIGIIII ; handle right nove
ADCIN 0. AzD_VALUE ; read channel 0 to A2D Value
IDCIN 1, AzD VAITUEL ; read channel 1 to A2D Value 1
A.DCIN 3, A2D VAlUE2 t read channel 2 !o A2D,Value 2
MA,|IOS =2350 -127 + A2D VAIJUE1 ; max position reLationship defned
MINPOS =750 +127-a2D_varuEl ; min posiLion relationship defined
CnITERPOS=PO5-127 + A2D vAI;ttE ; coter posilion reLationship denned

;  s  arr  sprvo p!  s6
PAUSEUS POS ; puLse length

SER1IOI = 0 ;  end servopulse
LCDOUT gFE, 980, 'POS=". DEC POS-127 + A2D_VALUE . \ \,DEC-

A2D VAIJLE, z \.DEC A2D VAIrtEl,/ '. .DEC POSSIEP.' .;
P A U S E  1 5  :  s - ! . o  L p o a  -  a  -  a o o L l  5 0  L

(CantinueA



a,ign$ilii$.tat use servo on iumper pins at lhe J7 Servo posirion controt. with
added f unctions (Cortirued)

;  do i t  aL l  forevex

; nowe servo left
= POS + POSSTEP

GOTO I4AINNOOP

IJEFT !
IF POS < MAXPOS THEN POS

RETI'RN

RIGHT:
IF POg > MTNPOS IHEN POS =

RTTURN

move servo right

+ A2D VAIJI'E

POS

CEMTER:
POS = 1540-127

RETURN

END

At this stage, we me starting to getan idea about how one might take a simpleprob_
lem and make it amenable to a more sophisficated solution by adding simple ha(lware
and software fea$res to it. We have gone from a simple but rigid control of the posi_
tionofa servo to a much more flexibleand user-ftiendly approach. Adding feature; like
these to our insfuments and controllers wjll make them more inruitive, useful, and

Readin the In uts
Now that we are beginning to leam how to conFol tbe output. we need to learn how to
read the inputs and manipulate the outputs based on what ihe input is. In orher worals.
$ e r r c g o i n g r o l e a m h o $ t o c r e .  e i n t e f d c l l \ e . a n d r h U . m l r ) b e ; o r e u . e f u l p r o g f a r n . .
instruments, and controllers.

!=lD_M FnsI COLU |N, FtRsr ROw pusH BUrroN (swll
A D TUR oI{ ait LED ol{Ly wHtLE rHE BUTToN (swti ts
DOWN
The simplest inputis to readjustone push button anal the simplest output is to tunljust
one LED ON. We will do just rhat bur we will add a tiule complication. The LED is to
be programmed to be ON only while the blrtton is held down. We will use button I atoD
left) on the keyboard and rhe LED connected ro PORTD.0. This emutares the operarion
ofan ordinary momentary conract switch jn any real world application.

READII{G THE KEYBOARD

On the LAB-XI, all of PORTB is dedicared to the inrerface with rhe kevboard. Lines
B0lo BJ rre connecled lo the ro$i. and Lhe line\ 84 ro B7 are connecred ro rhe columns
of fhe keyboard. When the keyboard is not being used, the lines may be used for other
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purposes, but keep in mind the intemal pull-up capability and the inline load limiting
resistors on the lower 4 bits/lines (80 to B3). These can, of cou$e, easily be made to
remain outside our circuitry, so none of this is a problem for us.

In other words, the keyboard is connected to PORTB such that the columns ol the
keyboard matrix are connected to the high nibble of a po and the rows ate connected
to the low nibble. The whing schemalic is shown in Figure 5.7.

To rcad a keyboard like this, the low nibble of PORTB is set to be outputs and the
high nibble is set to be inputs.

on the PIC 16F8??A, PORTB has a special property that allows its lines to be pulled
high (very weakly) with internal resislors by setting OPTION-REG.7 = 0. This prop-
erty of the PORT can alTect all the high bits (B5 to B7) but only those bits that are actu-
ally programmed to be inputs with TRISB will be affected.

Next, the four (the low bits, 83 to B0) are made low one line at a time, while the high
bits are polled to see if any of them has been pulled low If any of the switches is down,
one of the lines will be pulled low. Because we know which low bit was selected when
tlrc high bit became low, we can determine which key has be€n pressed. For our pur-
poses, al this stage we are interested only in swl, the upper left switch, so we can sim-
plify the circuify to whal is shown in Figure 5.8 for one roq and then v/hat js shown
in Figure 5.9 forjust one key.

In these diagrams, we can see that if we make PORTB.olow and PORTB.4 has been
pulled high, PORIB.4 will become low only if SWl is held down. No polling is nec
essary at this stage. Once the conditions are set up, all we have to do is cfeate a loop
that tums the PORTD.o LED ON if the switch SWI is down and OFF for all other con-
ditions. The code for this is listed in Program 5.13.

ffiwf{6kt!{ Beading a swltch (Program reads swl and turns LED on PoRTD.0
ON while it is down)

CI.E]AR
DEFINE OgC 4
tRIsB =  %11110000
PoRfB - %11111110

OPEION-REC. 7 = 0

IRI€D =  %11111110
PORID.0=0

IIIAINI,oOP t
IF POR!!B.a=1 TEEN

ELSE
PORTD.0=!,

ENDIF
GOIO I'AINLOOP
AND

Set only  B0 nade ]ow.

lhe pu11 ups on PORTB
bi! 7 of lhe oPTIoN REG sets the puLl ups

set  only  PORTD.o to an output .
in i t ia l ize lh is  LED to oFF

check for 6ast colrlm being 1ow
i f  i !  is  1ow turn D0 oFF

i f  no!  turn i t  oN
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TNIS LINE IS MADE LOW

BO

THESE LINES HAVE BEEN PULLED HIGH
VERYWEAKLY INTEBNALLYANDW LL BE
CI] ECKED TO SEE WHiCH ONEGOES
LOWWHEN A BUfiON IS PRESSED

B4

W RING FOROTHER KEYS HAS BEEN
OM]TTEDTO MAKE T EASIEBTO
FEAD SCH EI\,IATIC FOR JUST ROW 1

B6

ilFiCillo:ltiEl:: Panial keyboard. (The wiring for jusl one ne ol switches. The olher wiing
is sl llthere bul is beirg ignored in lhe diagram and in lhe program.)

WIRING FOF OTHEB KEYS HAS
BEEN OMITTEDTO MAKE T
EAS EB TO FIEAD SCHEMATIC FOFI
JUST SW1

94

::llldilt(lli9lli Just one key. (The w ng forjust one switch.The olherwiring is stilllhere
but is be ng gnored in the diagram and n the program.)

Keep in mind that in Program 5.13 we are looking at SWl only. The other switches
in this column will not turn the LED on because they are all high and cannot changc
the statc ofPORTB.4 because it is already pulled high (and needs to goLOWif we are
to read il as having changed lts siate).

READ EI{TIRE KEYBOABD AI{D DISPI-AY THE BINARY VALUE
OFTHE ROWA D COLUIUN BEAD OI{ THE LCD

Next, we learn how to read the entire keyboard and tell wlrich key was pressedby iden
tib,ing the active row and column numbers. This is a modification of the single key
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program with the scanning of the nibbles in PORIB added to dete.mine what happened
and when it happened.

A loop scans the high nibbte ofPORTB, the outpur from the keyboard. When all
4 bits are pulled high, rhis nibble will be reaal as HEX F. If it is HEX F, no keys are down
and we rescan the keys. If, howevet a key has been pressed, the answer will be orher
than HEX F and can be interpreted as follows:

If 84 is low the answer wi]I be HEX E (15 t=14)  10 Column I

If85 is low the answer will be HEX D (15-2=t3)  01 Cotumn 2

It86 is low the answer will be HEX B (15 4=11) 10 

 

Colunn 3

IfBT is low the answer wi l l  be HEX T (15-8=7) 0tLtCotumn4

To determine which ro\'r' the key ihat was pressed is in, we have to know which of
the bits in rhe low nibble had been faken LOW by the scanning rouline.

The values ior the low nibble are as follow..

IfB0 is low the low nibble will be HEX E (15-l=14) I I l0 Row I

IfBl is low the low nibble witl be HEX D (15-2=t 3) 1tol Row 2

ff 82 is low the low nibble will be HEX B ( 15 4=ll) I0 

 

Row 3

IfB3 is low the low nibble willbe HEX 7 (15-8=7) 011I Row 4

Haying Ihe tuo pieces of preceding infomation lets us identify rhe key thar was
pressed. No matter how many keys we have and no maner how they are laid out, the
scanning routine to read the keyboard will be something like what wasjust explained.

Next, in Program 5.14 we will display the contents ofthe entire byte on the first line of
the l,CD so we can actually see what is happening in the regisrer reFesenteal by PORTB
as we scan the lines. Then, on the second line we will show the low byte and the high byte
sepantely so we can see what each key press does. We have added a l/20 second delay in
the loop (so we can se€ the scanned value), so we have to holal each key down for at least
l/20 second for rhe scan to make sure the key press will register and show in the display.

*!8in*.!!i61tr, Read keyboard (Reading lhe keyboard rows and cotumns)
Ct.EAR
DEFINE OSC {
DEF1NE ICD_DREG PORTD
DEFIIIE IiCD DBIT 4
DEFTNE LCD RSREG PORTE
DEAINE LCD RSBIT O
DEFINE LCD EREG PORTE
DEFINE IJCD EB1T 1
ADCONI  -  800000111

LCD defines follou

nake PORTA and PORTE digital

(conti uea
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lilBi!iii?!i:gil4::l Read keyboard (Reading the keyboard rows and columns)
(Continuect)

l,OW PORTE.2 ; LCD R/ll low (!vrite)

PAUSE 500 ; waiL for LCD !o starL uP

RIIADING VAR BYTE
A',PEA \ITR BYTE
BI'FFER 1IAR BYTE

OPEION-REC, ? = O
IRISB =  %11110000
BUFFER=%11111111

tcDoun $FE, 1

; define the variabLes

;  seL up por t  B pu1l  ups
; enabLe PORTB prrlL ups to nake B4-B7 high
; nake B7 B4 inputs, B3 B0 outputs
;  no key has been pressed fot  d isPLaY
; ser  up the in i l ia l  LcD readinqs
;  c lear  the LCD

ICDOUT $FE, 9C0,  'ROW='.BIN4 {EUTFER & SoF),"  CO!=",
BIN4 BUFFER >>4

looP:
PORTB -%OOOO1I1O ;  set  l ine BQ Lot  so we can read xow 1
FoR ar,PEA = 1 to 4 ; only need !o look at 4 rows

LCDOtM $FE, g8O, BIIIS POBEB,' SCAIIVIEW Ez ; see bits scanned
rF (POREB & sFO)$FO fEEN one of lhe bias in 84

; to 87 changes we imediaLely
; have !o store Lhe value of PoRTB

BUFFER =PoRTB ; in a safe Place.
GOSUB SIIOI'IKEYPRESS

EIJSE
ENDTF

PAUSE 50 ; pause lets us see the scan but
; iL also neans hold a keY down
; for  over  50 usecs Lo hawe at

;  regis ter .  Pause be renowed
;  af ter  You hawe seen Lhe b i ts
; scaming on the LcD

FORIB= PORTB <<1 ; nove bits left one place for nert
; line 1ow

PORTB= PORTB + 1 ; put 1 back in LSBit, the righ! biL
NE'<T AI.PHA

GOTO t OOP

SHOWKEYPRESS !
r,cDott! saE, gco, \Ro!'r=Z, BrN4 {BUFFER & soF),-

\ cor,=z, BtN4 BUFFER >>4
RETURN
END
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Read Keyboard and Display Key
Number on the LCD
Now that we understand how this works, we have to tum the binary infornation we have
gathered into a number from 1 to 16 and identify the key press on the LCD. (The sample
program to do this, which is prcvided on the Internet by microEngineering Labs, shows
another rvay of doing this and is worth srudying.)

The switch number is ihe row number plus (tbe column number _l ) * 4.

If we rcverse all the bits in the PORTB byte, the nibbles will give us the posi
tions of the rows and columns as the locations of t}le ls in the two nibbles. Make
sure you understand this before proceeding. Work it out on a piece of paper step
by step.

The "Show Key Press" program must be modifed to appear as shown h program S.15.

Reading the keyboard (Readtng the keyboard rows and cotumns
and show key numbeD

define LCD conneccions

CLEJAR
DEFINE OSC 4
DEFINE I]CD_DREG PORTD
DEAINE LCD DBI!! 4
DEFINE IJCD RSREG PORTE
DEFINE I/CD_RSBIT O
DEFINE !CD_ER!G PORTE
DEFINE LCD EBIT 1
AtCONl = 7
IJO9I PORTE.2
PAUSE 200

BUFFER VAR BYTE
AIJPITA V.It BYTE
COI]UIIN VAR BYTE
ROW VAR BYTE
SWTTCq BY?E

OPIION_REG.7 = 0
ERISB =  %U110000

l"cDout SFE, 1
LOOP:

PORlts =%00001110

nake PORTA and PORTE digital
LcD R/W low (wr i le)
rvait for LCD to star!
define the variables

countei for rows

set up PORTB pullups
enable PORTB pullups to nake B4-B? high
nake B? B4 inputs, 83 B0 oulputs
se! up lhe inilial LCD readinqs

set line B0 low so we ce read row 1 only
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*I$iilaii&ru: Beading the keyboard (Reading the keyboard rows and columns
and show key n!mber) (Contlnued)

FOR AI-PHA = 1 tO 4
IF  {POREB & SFO)<>gFO IHEN

need to look at 4 rows

one of  rhe b i ts  in
84 Lo B7 chanses we; imnedialely
have to slore the vafue of PORTB

nove b i ts  le f !  one pLace for

put 1 back in LSBit, the right bit

flips all lhe bits in the buffer
print rhe f,rst Line

(BLFFER & 90F),"

BUIFER =PORIIB

GOSUB SEOWKEYPRESS
ELSE
E![D1F
PORIB= PORTB << 1

PORfB= PORIB + 1

IIfl(T AI.PIIA
GOEO I.OOP

SSOWKEYPIESS I
BI'FFER - BUFFER ^ %11111111

LCDOIII SFE, f80, \ROW=', BIN4

COn=/, BIN4 BITFFER >>4

COtUldN= (NCD BUASER) -4

ROw=riICD (BI'FFER &$0F)
SWIICE=( (ROw-l) * 4) +COIIJ!4N

LCDOUf SFE, SCo? \ROw=,, DEC
\ g$t=/, DEc swrTcn, \ \

RETURN
END

;  caLcula le coLm
; calcula le row
; calculate swiLch nunlcer
; print the second line
ROW, \ COL-Z, DEC COLUMN,

Read One Potentiometer and Display lts
8-Bit Value on LCD in Binary, Hex, and
Decimal Notation, also Impress the

A detailed discussion ofA to-D conversions is covered in tlte chapter, which is
devoted to the construction ol a digital thermometer insirument based on this
capability.

As mentioned before, the potentiometers are read by dividing the voltage adoss a poten-

tiometer into 256 pats and seeing which of the 256 divisions match the position of the
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wiper. This gives a reading between 0 and 255 (in s-bir resolution). It rloes not tell us any_
thing abont the rcsistance of the potentiometet only the relatjve position of the wiper

,We will rcad/use the pof closest to the edge ofrhe board. This pot js connected Io line
PORTA.o, which is pin2 of the MCU.

_ -A-to Dconve$ions are controlled by the ADCON0 and ADCONI rcgjsters, and the
16F877A has !o be in analog mode for the relative pins fbr A_to D co;versions to be
possible.

Setting the birs in ADCON0. (See page l  

 

of the datasheet.)

Bits ? and 6 control the clock/oscillator to be used. Ser these both to 1.
Bits 5 to 3 select which chamejs are to be used in the conversions; set to 000 for
PORTA.O.

Bit 2 cleared when the conversion is completed. Set it to I to starr the conversion.
Bit I tgnorcd tn A,/D conver\'onr. Sel ir ro 0

Bit 0 controlsA-to D conversions. Setit to I to enable A-ro-D conversions.

When the conversion is completed, the result will be placed in ADRESH andADRESL.
The^format of how this is done depends on how the result is set up with rcgister
ADCONl.

ADCONI needs bit 7 to be set to 0 to make the 8_bjt rcsult appefi in ADRXSH and
bit 2 needs to be set to I to select potentiometer 0 and set the proper reference voltages.
See page I 1 2 of the datasheet.

So we set ADCONo ro 7.1100000 t ro set p for reading PORTA.0.

And we setADCON1 ro q,00000010.

The prcgram segment b read a value is shown in program 5.16.

iit|iinliii{$m;
in all formats)

DEFINE OSC 4
IJOOP !

ADCONo.2 = 1
NOT DONE:

PAI'SE 5

PAUSE 100
GOTO IOOP

; marker if not done

IF ADCO!IIo.2 = 1 IIIEN ArcE_DoNE ; wai! for 1ow on bir 2 of AICoNO, conv
A2D r|Al,UE = ADRESE ; rcve hish bybe of resul! ro A2D_Va1ue
LCDOIIT SFE, 1 ; cleai screen
LCDOIIT \VAlJttE: ., DEC t2D-VALtrE,. \. ; display the decinal vatue

Polentiometer readings (Disptaying the vaiue of lhe potentiometer

;  va i l  0 -1  second
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$nilm$ffiF.Ki# Potenliometer readings (Displaying lhe value oi the potenliometer
in all formats) {Contnued)
'the.onrl ? G poctun I ould look like,he lorlou in8:

DEFINE LCD_DRIG PORID
DEFINE LCD-DB!t 4
DEFTNE LCD_RSRTG POREE
DEFINE LCD_RSBIT O
DEFINE IJCD_EREG PORTE
DEFINE I,CD_EBIT 1
A2D 1/Aj-UE 1IAR BY'JE

IRISA .  %11111111
TRISD = %00000000
A.DcoNo . %11000001
ADcoNl = %00000010
PAUSE 500

; deine LcD regislers and bils

r cieate A2D Value !o store resutt
' SEt PORTA SE! PORTD

r wet PoRTA lo aLl input

; wet PORTD to all output

; conngare and tuln on a/D Modute

, set PoRTA malos and LEFT justify

; wait 0.5 second for LcD startup

[ooP:
AI)CONo.2 = t t start conversion
NqF-DOIIE:
IA ADCONo.2 = 1 THEN NCri! DONE ; wait for 1ow on bit 2 of aDcoNo,

-or  \  - rs i  on  f in is l  es

A2D \rALI'E = A.DRESI| ; move hiqh byte of lesult lo A2D Value

t.cDOUt gFE, 1 ; cLear screen
t|cDOUt[ .DEC VA'!UE- \, DEC A2D_vIlttE, z \ ; Display 3 values

LDOUT $FE, 9C0, 'gEX=", HEx2 A2D-VALIIE,' \rzBIN=zr BIN8

AzD VrrUE, z
PORTDlIrD_vArrttE ; dispLays vatue in baigraph

PAUSE 100 ;  wa i r  0 .1  second

GOIIO I,oOP ; do it forever

END ; end Progra

In Program 5.16, we used the named rcgiste themselves to set up the conversions-
In the prognm in the next section, we will use the power of the compiler and its
related commands to read the three pots much more conveniently by using lhe
ADCIN command.

Read All Three Potentiometers and
Display Their Values on the LCD
Five of the six pins on PORIA can be used as analog inputs. In our case, phs 0, 1, and
3 are connected to the tkee potentiometers. (Pin A4 cannot be used.)



Ifwe want to rcad all three pots, we have to activate their three lines and crcate vari_
ables to stote the three resuhs obrained. The modifications to progran 5.16 are shown
rn r logram i . I  /

l:lfrii.!ai|ii.i!!!!ar Display potentiometer settinss (Reading and disptaying aI rhreepolenliomeiers vatues in decimat tormat)

; define LCD connectionsCI]E]AR
DEFINE OSC 4
DEFINE LCD DREC PORTD
DEFINE IJCD DBIT 4
DEFINE ITCD_RSREG PORTE
DEFINE LCD RSBIT O
DEFTDIE IJCD.EREG PORTE
DEFINE LCD_EBIT 1
rro$r PoRtE.2
PAUSE 500

LCD R/\|7 Line low {td)
wai t  .5  second for  LCD srar tup
rne next .J  def ines axe needed for
the ADCIN comand
se!  nunber of  b i ts  in  resul t
set  inLernal  c lock source ( i=rc)
set  sanpl inq r i ine in  us

ser PORTA to alt inpur
set  a l l  PoRTD l iaes to outpurs
PORTA and PORTE Lo digital
create A2D-vaLue to s lore r .esul t  1
create A2D Value to srore resul r  2
create A2D value to s tore resut t  3

c lear  the d isplay

DEFINE A.DC-BTTS 8
DEFINE T.DC CIJOCT( 3
DEFXNE ADC_SA!'FLSUS 50

TRXSA = %11111111
TRISD = %00000000
AncoNl  = %00000110
A2D Valueo vAR BytE
A2D_Va1u61 VAR BYTE
A2D VA1UE2 VAR BYTE

LCDOUT SFE, 1

IdAINI,oOP r

ADCTN 0, i2D VALttEo
ADCIN 1. A2D_VAIJUEI
aDctl{ 3, A2D VArruE2
rrcDour $FE, 980. DEC

A2D_VArtrttE2, z \
PAUSE 10

GOFO UATNLOOF
EIID

; maan progran toop
;  cnec] .  porent ioneter  vaLues
; read chaanel 0 ro A2D-VatueO
; read channet  1 to AzD vatuel
; read channel 2 to A2D va1ue2

A2D-VAIrUEo, " \,DEC A2D,VAIJnE1,' \ ,DEC

do i t  a l l  forever
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Adding the Kind of Flexibility That
Defines Computer Interfaces and
Demonstrates the Ability to Make
Sophisticated Real-Time Adjustments
Program 5. 1 8 is riruilar to P n gram 5.16 that r)as derdloPed €drlie. but shows another
apFoach.

Use the three polentiometers to conlrol one R-/C selvo.

Control the relative location of the center position with POTo

Control limit position of the end positions with POT1.

Confol the rate of movement with POT2.

ffiffimalx*fK seruo/Potentiometers (Three potenliomelers conirolling one
servoiconnecl the servo to JumperJT lofthls program)

CI,EAR
DEFINE OSC 4
DEFIIIE I,CD DREG PORTD
DEFINE I,CD DBIT 4

DEFINE IJCD RSRAG PORTE
DEFINE I,CD_RSATT O
DEFINE LCD_EREG PORTE
DEFINE t,CD EBIT 1
LOW POREE.2
DEFINE ADC_BIES 8
DEFINE ADC_CI,OCK 3
DEFINE ADC,SA!IPI,Et'S 50
TRIg t  =  %11111111
TRISD = %00000000
.ADcONl = %00000111
A2D VII-I'E VTJI BYTE
AzD VII.UEI \rAR BYAE
A2D_VA',UE2 VlR BYTE
POS VAR I'IORD
CENTERPOS VAR VICRD
IIAXPOS VAR }IORD
IIINPOS VAR IIORD
POSSTEP VAR BYEE
PAUSE 500

deine LCD connections

LCD R/w l ine low (r , i )
set  number of  b i ts  in  resulL
set  c lock source (3=rc)
set sanplinq line in us
seL PORTA to a1t input
se! all PORTD Lines to outputs
PoRTA and PoRTE to digital
create A2D-Va1ue to store resulL
creare A2D vatuel to store result
cieate A2D Value2 to store result
se.vo posl .1ons
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t 
1 servofpotenriomerers rrrree pore,ltiomere.s corro,t,ns oreservo: coine.l lhe servo ro Jurrpe. J7 lo.ft s p.ogra.r|t tContinued)

SERVO1 VAt PORTC.I
ADCIN O, A2D VII-UE
OPTION_REG E S01111111
IJOW SERVO1
GOSUB CENTER
ITCDOUE $FE, 1
poRTB = 0
TRISB =  %11111110

!'AINIOOP:
IF PORIB.4 = 0 TBEN GOS('B
IF PORIB.5 = 0 TEEN GOSITB
IF PORTB.6 = 0 THEN COSUB
a.Dcrar 0, a2D_vAIrnE
ADCIN 1. A2D_VAIUEI
ADCIN 3, A2D_VAI,I'E2

al ias servo p in
read channel  0 ro A2D Value
enable PORTB pullups
servo outpur low

cLears screen only
PORTB lines 1ow ro read buttons
enable f,rst button rod
nain prosrar loop
check aay but. pressed ro

CEN!ER
RIGIIT

read channel 0 to a2D_Value
read channeL 1to A2D_vatue 1
read channet  2 to AZD Vatue 2MAXPOS =1500 + A2D-VALUE1*3

MINPOS =1500 - A2D-v!!UEt*3

SERVO1 = 1
PAUSEUS POS
SERVOI = 0
I]CDOUT $FEI
IJCDOUE $FE,

POSSTEP, a \

PAUSE 10
GOTO !'AINI]OOP

LEFT: IF POS <
RETURN

RIGHT: IF POS
RETURN

CENTER3 POS =
REEUXN
END

CENTERPOS=1500+3* (A2D_vaJ)vE_ I27
POSSIEP =A2D VATUE2/1O +1

star t  servo putse

end serwo pulse

\,DEC A2D VAIrtEl,/ s , DEC_

$80,  \POS=-,  DEC pOS
$CO, DEC A2D VATUE, /

;  servo update rate about  60 Hz
;  do i r  a l l  forever
;  move servo Lefr

llA)(POS THEN pOS = pOS + POSSTEp

.  v o . ^  - - _ . o  ! : q .
> UTAIPOS TIIEN POS = POS - POSSTE'

150 0+3* (A2D VA',IIE_127)

, end proqran

Exercises
Carlion: Thinking requiredl

An.q e^ ro lh.4e probjem\ dn Mt prc, ida1. there are no unrque .otur ion\.
r l r (e mcunp Innrumenl.  rnd ronlrol ler,  i ,  rcdl l )  al labour input.  and ouFul,  andwhat you do wirh them, a comprehensive ser of exelc;*.,fr" t-, .p*in""fiy J, i"p"i"ancl outputs are prorided.
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LED EXERCISES: COIITROLLING THE LIGHT ElulTTll{G
DIODES (LEDsl

We will leam about contolling the output from a PIC by writing a series of increas-

ingly complicaled programs that will conlrcl the ten-segment LED bargraph provided

on the LAB-Xl.In these exercises, we are conrolling the LEDS' but fie control strate

gies developed will apply to any kind of"ON OFF'devices we have connected to the

LAB-X1 or to any other device we design.

I . Light the eight LEDS on the righl one al a time till they are a lit' and then turn then

OFF one at a time. Time delay betwe€n actions is to be one-tenth of a second (exactly)

2, Modify the preceding program so the delay time is conlrolled by lhe top most poten-

tiometer on lhe LAB-XI. The time is to vary from 10 milliseconds to 200 millisec-

onds inclusive, no less, no more.
3. Write a pr ogram that wi ll vary the glow or the rjghtmost LED from fully OFF to lully

ON once a second. Program the sccond LED to go dark dnd bdghi exacdy I 80 degrees

out of phase with the first LED so that as one LED is gelting brighter, the other LED

is getting diDmer and vice versa.
4, Write a program that flashes ihe lbur leftmost LEDS ON and OFF every 0.25 seconds

and cycies the four LEDS on the right lhrough a bright/dim cycle every two seconds

5, Write a program that flashes the first LED ten times a second, flashes the second one

nlne r ime. a.econd. rnd n,1.1'e.  rhe lhird I  fD $hene\er borh LLDs r-re on ar lhe

same time. Display how many times the third LED has blinked on the LCD display.

(Timing can be approximate but has lo have a common divider so the third LED will

give the beat liequency.)

LIOUID CHII|STAL DISPLAY EXERCISES! COI{TROLLING
IHE LIOUID CRYSTAL DISPLAY (LGDI

The addresses of tbe memory locations used by the LCD have aheady beer fixed' as

has the instruotion set we use to write to the LCD The description of the Hitachj

tID4,l780U (LCD-II) controller instmction sel as weil as ils electronic characteristics

are provided in the dala file for the display. Here, wc will list only the codes that apply

to our immediate use of the devioe.
Two types of commands can be sent to the display: the contlol codes and the sel of

actual chamc€rs to be displayed. Both uppelcase and lowerca-se characters are suppofied'

as are a number of special altd graphic chaJacters The contro] codes allow you to con-

trol the display and set the position ofthe cursor. and soon. Each control code must be

preceded by decimal254 orHer $FE. (The oonfol]er also supports the display ofa set

of Japanese characters that are not oI intetest to us )
Command codes lor the following aclions arc provided along with others. Go to thc

datasheel for the conlroller to find out what all ihese command codes ale

Clear the LCD

Retum home



Go to beginring of line 1

Go to beginning ofline 2

Go to a specific position on line I

Go to a specific position on line 2

Show the cursor

Hide the cursor

Use an underline cu$or

Tum on cursor blink

Move cursor.ight one posjtion

Move cursor left one position

Therc are still other commands to discover in the datasheet, There are memory loca
tions within the LCD, as well as invisible locations beyond the end of the visjble 2b char_
actels. You should know how to find all this information.

It is also possible to design your own font for use with this parficular display. All the
information needed to do so can be found in the Hitachi t{D447g0U manuayd;sheet.

l. Wdte a program to put the 26letters of the alphabet and the ten numerals in the 40
spaces that are available on the display. put four spaces between the numbers and
the alphabet to filt in the four remaining spaces. Once all the characters have been
entered, scroll the 40 characters back and forth endlessly though the two lines of the
display.

2. Write a progmm to bubble the 26 capital letters of the alphabet tbrcugh the numbers
0 to 9 on line two of the LCD. (This means: First put the numbers oi line two. .,A,i
then talces the piace of the ',0,' and all the numbers move over. Then the ,A,, takes
lheplaceofthr" l"andthe 0 moves to po\ i l ion L Aierward. the -A..rcphcei lhe
r ano so on Utt  r t  gets pa\ l  lhe q Fol lou ing rhr(.  lhe . .8. .  sran\ i rs wa) acrosc trhe

numbers and so on.) Loop forcver.
3. Write a prognm to write the numbers 0 to 9 upside down on line l. Wait 1 second

and then llip ihe numbers righr side up. Loop.
4. Create a program to write ..HELLO WORLD,, to the alisplay and then change it to low

ercase one tener at a time with 100 milliseconds between letters. Wait I second and
go back to uppercase one chamcter at a time with negative letters (all dors on the dis_
play are revened to show a da* background with white letters in lowercase). Loop.

MISCELLAI{EOUS EXERCISES
These exercises ate designed to challenge your programming ability. Again, you will
need access to ihe datasheet lbr the LC Display.
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I . Editor: Write a program thal dispiays a random 12 numbers on line I of &e LCD and

displays a cursor that can be moved back and fo h across the 20 spaces with poten-

tiometer 0. The entire range of thc potentiometer must be used to move across the

20 spaces. Allow the keypad to insert numbers 0 to 9 into the posilion the cursor is

on. Assign a delele switch and an insert space switch on the keyboard. A compre-
hensive number (plus decimal and space) editor is required

2. Mirror Write a program that puts a random set of letters and numbers on line 1 and

iheo puts their mirror images on line 2. The mirror is betweer linc I and lirc 2. You

have to learn how to create the upside-down rumbers from the Hitachi datasheet ior

the display, and also learn how lo read whal is in the display from the display ROM.

3. Forty Characters: The display ROM is capable of stodng 40 characlers on each line.

Design a program to allow you to scroll back and forlh to see all 40 characters on

both lines one line at a time. Use two poientiometers for scrolling, one fol each line

4. Four lines: Wnte a program to display four lines of random data on the LCD and to

scroll up and down and side to side 1o see all fourlines in their entirety You have Io

store what is lost from the screen before it is lost so you can re_create lt when you

5. Bargraphs: Crcate a three-bdrgraph display, with each bar 3 pixels high' that extends

across both lines of the LCD. The lengths of the bargraphs are detemined by the se!

tings of the three potentiometers, which change as the potentiomete$ are manipulated.

By no\ you should be getting pretty good at using lhe 16F877A and are nearly

irady to finish the introduction. Only a little more and we will be ready forjust that!



TIMERS AND COUNTERS

General
If you have no knowledge about timers, you should read this chapter carefully before
taking on the chapters that follow. Those chapters provide a much morc advanced dis-
cussion of the devices based on their usage, as opposed to the introductory approach
prcvided here. However, there is some repetition, so as to allow each part of this book
to stand independendy.

Most users will frnd that using time$ and counters j s the hardest part of leaming how
to use PIC microcontrolle$. With this in mind, we will Foceed in a step-by-step manner
and build up the programs in pieces that are easier to digest. Once you get comfoftable
with their setup procedures, you will find that timels and counters arc not so intimidating.

We will cover timers and counters separately- Counters are essentially timers that get
their clock input ftom an outside so rce. Therc are two counters in the 16F877A, and
they are associated with Timero and Timerl . Timet cannot be used as a counter because
it has no way to rcad an extemal signal into this timer.

No|€ The clockfre.quercy utilizd by the timers is o e'foul'th ofthe os,:illator frequencj.
This is the frequencr of the instuction clock. This means that the counte^ are allected
by every founh count of the mdin oscillator. The Irequenct is rcfeffed to as Fosc/4 in
the literaturc . When rcsponding to an extemal clock sigwl, the response is to the actual

frequencr ofthe input.

Caulion The PICBASIC PRO Compiler generutes code that does not respond to inter
rupts \thile a conpiled instruction is being executed. Therefore, lone PAUSEs (meanins
long enough to los. ar interrupt sig/al, dependiB on how the tirur is set up) cdn l.ad to
lost interrupts if more than one interrupt occws during the paute. Since interrupts are used

for the express purpose oJ handling critical response/timing neeAr, this is most undesirable .
PAUSE comnands should be usedwith care unAer these co ditions.The prcgrum samples
ptorided nen give emmples oI how theJ can be wrixen to generate shorter pauses.
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Timers
Timedl will be covered in more detail as a protollpical timer, and discussion and exam
ples for the use ofTimerl and Tirner2 will be providcd.

The use oftimers internal to microprocessors is a bit more complicated than what we

have been doing so far because therc is a considerable amount ofsetup required before
the limercan be used, rnd also because the options for setting up the timers are exten-
sivc. We will cover lhe timers one at a time in an intoductory manner, but be warned

that there is an entirc man\al (Plcnicro Micl Range MCU Faniry Rekrence Manual

lDS33023l) available liom Microchip Technology Inc- that covers nothing but timers'
so our coverage here will, olnccessity, be rudimentary.

Understanding timers has to do with understanding how to tum them ON and OFF

and how to read and set the various bits and bytes rhat relatc to them. Essentially, in ihe

typical timer applicatiot, you turn a tiner ON by turning on its enable bit. The timer
then counts a certain number ofclock cycles and sets all interrupt bit, thus causing an

intemrpt. Youlll progmm responds to the intenupt by execnting a specifc inkrrupt han'
dling routine ard iJ|'et\ clearing the intenupt bit. ]lhe progra"n then relurns to wherever
it was when the inteffupt occurred. The pre/postscalars have to do with modifying the

time it takes for an inteffupt to take place. The hard pail is finding ou! which bit does

what and where it is located , so reading and understarding the datasheet chaptcr on the

tiner you are using is imperative. There is no escaping ihis horrorl
Timers allow the micrcontmller to cr€aF and rcact to chronological cvents These include:

: Timing events
I The creation of clocks lbr various purposes
I Generating timed interrupts
I Controling PWM generation
! Waking the PIC from its sleep mode at jntervals to do work (and back to sleep)
! Special use oflhe watchdog timer

The PIC 16F877Ahas thrce intern.rl timers. There is also the watchdog timer,which
is discussed after the standard timers.

t Timero An 8-bit free-running timer/counter with an optioDal prescalar. It's the

simplest of the timers to use.
! Timerl A 16 bi! tiner that can be used as a timer or as a counter- It is the only I6-bit

timer that can be used as a counter.It is also the most complicaled of the timers.
r Timer2 An 8-bit timer with a prescalar and postscalar and cannot be used as a

counrer.  There i .  n,J Inpul l rne for rhi .  l im(r.

Each timer has a timer control register that sels the options and properties that the timer
will exhibit.All the time$ are similar and each of them has special features that givc it
special propertics. It is imperative you refer to your datasheet for the PIC l6F877A as
you experiment with the timer functions. Once you start to understand what ihe PIC

designers are up to wilh lhe timerfunctions. it will start to come together in yourmind
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Timers can have prescalars and/or postscalaN associared with rhem that can be used
to multiply the timer setting by a limited number of integer counts. The scalitg ability
is not adequate to allow all exact time intervals to be created but is adequate for all prac-
tical purposes. To the inability to create perfectly timed intenupts, we have to add the
uncertainty in the fiequency of the oscillator crystal, which is usually rct exacrly what
it is stated to be (and which is affected by the ambient temperature as the circuirry warms
up). Though fairly accurate timings can be achieved with the hardware as rec€ived, addi
tional software adjustments may have to be added if exrremely accumte results are
desired. The software can be designed to make a correction to the timing every so often
to make it more accurate. We will also need an extemal sourc€ that is at least as accu-
rate as we want our timer to be, so we can veriry the acclrmcy of the device we create.

TimerO
l-€t's write a simple program to see how Time works. We will use the LED bargraph
to show us what is going on inside the miqocontroller.

As always, the bargraph is connected to the eight lines of PORTD o{ the LAB Xl.
First,Iet's write a program that will light the two LEDS connected to D0 and Dl alter

nately. (See Program 6.1 .) Having them light altemarely lers you know thar the program
is running, or morc accurately, it lets you know that the segment of the program that
conlains this pan of the code is working. These two LEDS will be used to repr€sent the
foreground task in our program. There is no timer process in this program at this srage.
There are no interrupts. The program just blinks the LEDS.

lF!i0E!]!ffiS: Foreground program blinks two LEDS alternately (No timer is being
used in this program atthis lime)

CIEJAR
DEFINE OSC {
TRISD .  t11110000

PORTD. I  -  1
IIIIPHA 1IAR WORD

MAIAILOOP !
I F P O R I F D . 1 = 0 X H E N

PORTD. I  =  1
PORTD.O =  O

EIJSE
PORTD.I = O
PORTD.o - 1

EI1IDII'
F O R . N T P S A = 1 T O 3 0 0

PAUSTOS 100
NEJI(T II,PIIA

GOTO MAIIILOOP
END

make D0 lo D3 outputs
turn of f  b i !  D0
turn on bit D1

the next tines of code turn the LEDS ON
if  lhey are oFF

and OFF if they

this loop replaces a lonq pause comand
ui th shor t  pauses thal  are essent ia l ly

r ' 1 1 6 . | ^ . | , ' c ' . | ' ' '

do i t  a l l  forever
all prosrds need to end with END
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The use of the PAUSEUS loop in the Prognm 6.1 Fovides a latercy of 100 microsec
onds (worst case) jn the rcsponse to an jnlemrpt and eliminates most of the effect of
changing the OSC irequency if that should become necessary. It is better than nsing an
empty counter, which would be completely dependent of the frequency of the system
oscillator. (There is an assumption here that the 100 psec latency is completely tolera-
ble to the task at hand, and it is for this program. It may not be for your real world pro
gram though, so itmay need to be adjusted.)

We are tuming one LED OFF and another LED ON to Fovide a more positive fe€d-
back. As long as we are executing the main loop, the LCDS will light alternately and
prcvide a dynamic feedback of the operation of the program in the foreground loop.

we select a relatively fast ON OFF cycle so we will better be able to see minor
delays and glitches that may appear in the operation of the program as we proceed.

Run this Fogram to get familiar with the operation of the two LEDS. Adjusl the
counter (the 300 value) to suityour taste.

Next, we want 1o add the code that will interrupt this progmm periodically ard make
a third LED go ON and then OFF using an approximately one-second cycle. This will
seNe as the inlerrupt'ddven task we are interested in learning how to create. This is the
IMPORTANT task in this pa icular exercise.

Herc is what must be added to the plogmm to get the intenupt-dnven LED operational.

Enable Time0 and its inte[upts with appropriate register/bit settings.

Add the ON INTERRUPT command to tell the prc$am where to go when an inter-

Set up the inlerrupt routine to do what needs to be done.

The inteffupt routirc counts to 6 1 and turns the LED ON if it is OFF and OFF if it
is ON.

Clear the illterrupt flag that was set by Time .

Send the program back to where it was intenupted with the RESUME command.

WHY ARE WE USII{G 6I ?

The prescalar is set to 64 Oits 0 to 2 are set at 101 h the OPTION REG).

The counter interupts every 256 counts ,

256 x 64 = 16 384

Clock is at4,000000 Hz

Fosc/4 is 1,000,000

1000000 / 16,384 = 61.0532.Its not exactly 61, but it is close enough tbr our pur-

The lines ofcode now look like those in kogram 6.2.
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,:a*{!ii!niFiigi usinsIMERo (Proglam btinks rwo LEDS [D1 and Do]ailernalety and
blinks a third LED [D2] lor one second ON and one second OFF as conlrotted by the
interrupl signal)

j  ' e d -  ' 6 n o j \

D E F I I | E  O S C  4  j  u s i d g a 4 M H z o s c i l l a r o r

OPTION F-EG=%10000101 ; page 48 of daLasheeL
pu ups o orJ! B

;  b i t  5=0 selects t iner  node
i  b iL 2=L j

;  b iL 1=0 ]  seLs Tinero prescala.  ro 64
;  b i t  0 = 1  ]

I iCTCON=%10100000 ;  b i t  7=1 Enables a lL umasked intefuupts
:  b  r  ' -  E r a o . a q T i m -  0  o v - r f o w  -  - e - - . p

;  br t  2  f lag wiL l  be ser  on in ier iupt  and
; has lo be cLeared in Lhe inlerrupt
;  rouLine.  r t  is  set  c lear  ar  srar !

A L P S A  V A R  v I O R D  j  n i s  v " .  i " b l e  c o -  .  : n  r l -  D a u s d  r S  o o p
BETA VAR BYTE ; th is  var iable counLs the 61 in tefupt

IRISD -  %11110100 ;  sets lhe 3 output  p ins in  the D porr
PORTD = %00000000 ;  sets a l l  p ins row in the D porr
aEtA=0
ON IIITERR[IPT Go:rO INTROUIIAIE ; this Line needs to be early in

; lhe progran,
in dy case, before the routine is ca11ed-

n e : r  
_ o o o  

b  i l k p  D 0  d n o  D .  o  a r  o r 6 l yMATN']OOP:
I F P O R I D . I = 0 T H E N

PORID. I  =  1
POR!D.o = 0

EI,SE
PORTD.I  -  0
PORID.o -  1

ENDIF

lOR tl,PEA = 1 TO 300

PAUSEUS 100
NEXI AI,PIIA

GCIIIO IIAII\ILOOP

DIS.ASITE

the foreqround as descr ibed before

:  l 6  
_ o r  

s  p e L . F  _ s  - t  n ' r a  - d  / i  . q  -  s

w lcn  snor t  La teocv

DISABLE//ENABLE nus! bIKt the
in te r rup t  rou t ine
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a:!!4ff!!il{l.g* UsinsTlMERo (Program blinks iwo LEDS [D1 and D0]allernalelv and
blinks a thrrd LED [D2]for one second ON and one s€cond OFF as conlrolled bythe
inlerrupl signal) (Contlnued)

IMIROUTINE: ; bhis infornation ls used bv Lhe conpiler
;  odLv'

B E T A = B E T A + 1
IF BETA < 51 TIlriN ENDMITERRUPT ; one second has noL vet passed
BEEA = 0 ;
tF PoRTD.3 = I IHEN ; inlerrupi loop lurns D3 on and off everv

PORTD.3 = 0 ; 61 tines through the inter:rupt routine.
EISE ;  ThaL is about one second per fulL cvcle

PORED.3 = 1
ENDIF

ETIDTNIIERRUPT t
tN!coN.2 = 0 ;  c lears the inlerrupt f laq,

REAU!@ ; -esua h6 ma:- o oo dn
ENAS!,E ; DISABLE ANd ENABLE NUST bTACKCT

; the interrup! routine
END ; end prograrn

Make your predictions and then...
Try changing the 3 low bits in OPTION-REG to see how they affect tbe operntion

of the interruPt.
In Program 6.2, Timer0 is running free and providing an interrupt every time its

8 bil counter ovedows from FF to 00. The prescalar is set to 64 so we get the interrupt
after 64 of these cycles. When this happens, we jump to the "lntRoutlne" routine, where
we make sure that 61 intetrupts have taken place, and if they have, we change thc sfate
of an LED and retum to the place where the interupl took place. (It happens that it takes
approximately 61 inteffupts to equal one second in this routine with a processor run
ning at 4 MHz. This could be relined by trial ard error after the initial calculation )

Note that the interrupt is disabled while we are in the "IntRoutine" routine, but the

iree running counter is still running towad its next overflow meaning that whatever we

alo has to get done in less than 1/61 seconds if we are not going to miss the next inter-
rupt, unless we make some other arrangements to count all the interupts (with an inler-
nal subroutine or some other scheme). It can become quite complicated if a lot needs
to be done, so we will not worry about it here

Before going any further, let's take a closer look at the OPTION-REG and the

INTCON (intenupt control) register. These are 8_bit registers witb the 8 bits ofeach reg-

ister assigned as follows:
OPTION-REG the option register:

Bit 7 RBPU. Nol ofinterest to us at this time. (This bit enables the po( B pull ups-)

Bit 6 INTEDG. Not of interest to us at this time. (The intefiupt edge select bil
detemines which edge the interupt will be selected on, rising [1] or falling

[0]). Either one works for us.
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Bit 5 T0CS, Timer0 clock select bit. Selects which clock wjll be used.
I = Transition on TOCKI pin.
0 = Internal instruction cycle clock (CLKOUT). We will use this, thc oscil-

lator- See bit 4 description

Bit 4 TOSE, source edge select bit. Detemines when the counter will increment.
I = Increment on high-tolow transitior of TOCKI pin.
0 = lncrement on low-to-high transition of TOCKI pin.

Bir 3 PSA, prescalar assignment piII. Decides what the presca]ar applies to-
I = Select watchdoC timer (WDT)
0 = SelectTimero. We 'rill be using this.

Bits 2, 1, and 0 define the prescalar value for the timer. As mentioned edrlier, fie
prescalar can be associated with Timero or with the watchdog timer (WDT) but not
both. Note that the scaliflg for the wDT is half the va]ue for Timero for the same three

Bit vaiue TMR0 rate WDT late

000 l tz l r l

0 0 1  l : 4  1 : 2

0 1 0  1 : 8  l : 4

0 1 1  1 : 1 6  1 : 8

1 0 0  t : 3 2  l :  1 6

l0l l:64 l:32 We will use this.

l l 0  1 : 1 2 8  1 : 6 4

1 1 1  1 1 2 5 6  1 : 1 2 8

Caulion A rery specifc sequence nust he followe.l (which does not apply here ) whetl
changins the prescalar assignment fron Tiner, to the WDT to make sure an unin-
tended reset does not take place.This is described in detdil in the PICmictu Mid-Ranqe
MCU Foni\, Refercnce Manual (DS33023)

As per the preceding, in our specific example, OPTION REG is set to 7.10000101.
Refer to the datasheet for more specific information.
ll{TCOl{ the intemrpt control register values are as follows:

BitT=l Enables global intenupts.

Bit  6=l Lnable'  al l  pcnphcrdl  in leruplr .

Bit5=I Enables an interrupt to be setonBit2 below when Time overflows.

Bit 4 = I Enables an inte[upt if RBO changes.
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Bit 3 =1 Enables an interupt if any of the PORTB pins are programmed as inputs
and change state.

Bit 2 Is the Intempt flag for Time .

Bit I Is the Intenupt flag for all intemal intertupts.

Bit 0 Is the Intefiupt flag for pins 87 to B4 if they change state.

Note that Bit 2 is set clear when we start and will be sel to I when the iirst interupt
takes place.It has to be re-cleared within the interrupt service routine thercafter. (This
is usually at the end ofthe routine, but not necessarily so.)

A TIMERo CLOCKT FROM A PROGRAIII BY IUICHOENGINEERIiIG
LABS lot{ THETR WEB SrrE)

The following program, written by microEngineering Labs and prcvided by them as a
part of the information on their Web site, demonstrates the use of intemrpts to create a
reasonably accurate clock lbat uses the LCD display to show the time in hou$, minutes,

LCD CLOCK PROGNA USING OII INIERRUPT

This program uses TMRo and prescalar. Watchdog timer should be set to OFF at pro-
gram time, and Nap and Sleep should not be used.

Buttons may be used to set hous and minutes.
In Program 6.3, the CLEAR and OSC commands are not used, but we will ahvays

use them in our programs.

iili!!ii.!i!t!i!l:l Timero usage per mlcroEngineering Labs program (Hou|s, seconds,
and minules digital clock)

DEFINE I,CD_DRIG PORTD
DEFINE I,CD_DBIT 4
DEFINE I,CD_RSREG PORTE
DEFINE IJCD_RSBI' O
DEFINE IJCD_EREG POREE
DEFINE LCD_EBIT 1

IIOUR VAR BYTE
DEOUR VAR BYTE
IIINUTE VlR BYTE
SECOND VAR BYTE
ETCRS VAR BYTE
UPDAIE 1IAR BYTE
I VAR BYTE
A.DcoNl  =  %00000111
LOII PORTE.2
PAOSE 100

denne LCD connections

define hour wariable
define display hour variable
denne ninute variable
denne second variable
deine pieces of seconds variable
define variable to indicare update of LcD
de bounce loop wariabte
parls of PORTA and E nade digrital
LCD R/w Lov = wr i te
wai t  for  LCD to star tup
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l8fagiiifl${:: Timerc usage per microEngineerlng Labs program (Hours, seconds,
and minules digiialc ock) (Corlinued)

MINUTE = 0
SECOND = 0
TICKS = 0

;  n i l l iseconds
oPTroaI_RtG - %01010101 , set fl'IR0 connguration and enable

; PORTB pullups
rN:rcoN = %10100000 ; enable TMRo inlefupLs
ON INTERRI'PT GOTO TTCKINT ;

;  s e r  i n i r i a l  r i n e  r o  0 0 : 0 0 : 0 0

;  force f l rs t  d isp lay
I  i  c . . , -  - . - - . . .  r 6 . 1 8 4

last  2 bulcons set  n inute

f,lsl 2 butbons set hour

disptay t ine as hh:  m:  ss
change hour 0 to 12

!4AIIILOOP:
; nain progrran toop -

;  in  th is  case,  i !  on ly  updaLes ihe LcD
; wi th the i t

TRISB = %11110000 ;  enable aLl  but tons
PoRTB =%00000000 ;  PoRTB l ines Lor  !o read but tons

:  ' h e ' n  d l l  o r r i o _  P  A s s 6 d  o  "  r i n e
IF PORTB.T - 0 ttlEN DECIIIN
IF PORTB.6 = 0 EBEN INCIIIN
IF PORTB.s - 0 EEEN DECHR
IF PORTB.4 = 0 EIIEN INCHR

CHKttP: IF OPDATE = 1 4HEN

DHOLR = SOUR
IF {EouR // 12) = 0 lsBN

D H O t t R - D E O U R + 1 2
ENDIF

IF HOI'R < 12 EIIEN check for !-14 0r PM
LCDOIII DEC2 DHOUR. ":", DEC2 IIINUIE, \.2, DEC2 seconil, \ lU{?'
EIJSE

r,cDotrt DEcz (DHouR - 12), \:'?, DEC2 MrNUrE, s:,, DEC2 SECOND,
\ PM/

ENDIF

ENDIF
GC�TO MAINI,OOP

INCMIIiI: MIIiIUTE = MINUTE + 1 ;
IF MINU:rE >- 60 tllEN

MINUTE - 0
ENDIF
GOTO DEBOT'NCE

; lncremen! hours
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Tlme0 usage per microEngineering Labs program (Hours, seconds,
and minutes digilai clock) (Coniinued)

INCER. IIOttR = SOUR + 1
IF EOttR >= 24 IPHEN

HOttR = 0
ENDIF
GOTO DEBOUNCE

DECMIN: MIIIu�IE = MIIID:TE - 1
tF IIINuEIE >= 60 tgElil

MIIiID:rE = 59
ENDIF
GC|IIO DEBOUIiICE

DECER: XOUR - EOUR - 1
IA IIOUR >= 24 !�EEN

ItOt R = 23
ENDIF

D E B O U N C E T F O R I = 1 ! ! O 2 5
PAUSE 10

NEXT I
UPDATE = I
GOTO CEKI'P

DIEABNE

TICXINAT EICRS = TICKS + 1
IF TICKS < 51 THEN IIE:IIIT

IICKS = 0
S E C O I i I D = S E C O N D + 1

tF sECOND >= 60 IHEN
SECOND = 0
U I N U I E = r [ I N u r E + 1

tF UINITTE >= 50 ESEN
UINUIE = 0
l t o t t R = E O I T R + 1

IF HOttR >= 24 THEN
llot R = 0

ENDIF
EIIDIF

ENDIF
UPDAIE = 1

EIEXII: INICON.z - 0
RESI'ME
END

decremen! ninutes

decrement hours

;  de bounce and delay for  250 ns

, 10 ns aL a tine so no intettupls

, interrupt routine to hddle each

; disable interruPEs durinq

; ol1e second eLapsed - update tine

, se! Lo update LcD
; reset timer inierrupt flael
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In the preceding clock, the keyboard buttons are used as follows

Swl and Sw5 increment the hours.

SW2 and SW6 decrement the houls.

SW3 and SW? increment the minutes.

SW4 and SW8 decrement the minutes.

The seconds cannot be affected other than with the rcset switch.

Timerl: The Second Timer
Tbe second timer, Timerl is the 16-bit timer/counter. This is the most powerful timer in
the MCU. As such, it is the hardest of the timers to understand and use but is also the
most flexjble of the three timers. It consists of two 8-bit registers and each register can
be rcad and wdtten to. The lmer can be sed either as a timer or as a counter depend
ing on how rhe Timerl clock selecr bir (TMR ICS), which is bit 1 in the Timerl coftol
register (IlCOl0, is set.

In Timerl, we can control the value that the timer starts its count with, and thus
change the frequency of the inte[upts. Here we are looking to se€ lhe effect of
changing the value preload into Timerl on the frequency of the interrrpts as
reflected in a very rudimentary pseudo-stopwatch. The higher the value ofthe pre-
load, the sooner the counter will get to $FF and the faster the inteffupts willcome.
We will display the value of the prescalar loaded into the timer on t}le LCD so we
can seethe corelation between the values and the aclual operation of the interrupts,
As tlle intefupts get closer and closer together, the time left to do the main task
gets smaller and smaller and you can see this in the speed at which the stopwatch

In the following program:

SWl tums the stopwatch on.

SW2 stops the stopwatch.

SW3 resets the stopwatch.

POm, the filst potentiometer, is read and then written into TMR1 H. (TMRIL is ignor€d
in our case, but you may want to use it in a morc crjtical application.)

The (esults of the expedment are shown in the LCD display.
Let\ creep up oII the solution. We will develop the program segments and discuss

them as we go, putting the segments together later lbr a program we can run, as shown
in Program 6.4.
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ittLi-qatilafris!:ll Timerl usage (Budimentary timer operation ihat depends on vaLue of
POT-1)

;  6rst  fe t  us seL up lhe LCD dispLav parmeLers.

CLtlaR ; cleai nenory
DEFITIE OgC 4 ; set osc speed
DEFINE IJCD DREG FORTD ; lcd is on PORT'D
DEFIIIE LCD DBIT 4 ; we will use 4-bit plolocoL

DEFME l,CD RSRBG PORTE ; relrister selecL reerister
DEFTNE IcD,RsBIt 0 ; regisLer seLect bit
DEFINE LCD-EREG PORTE ; enable Re€risLer
DEFINE LCD,EBI! I ; enable bil
poRTE.2 = O ;  set  for  v t i le  node
PAuSE 5OO ; wait 5 seconds

;  NeaL Let  us deFne the var iables we u iL l  be us ins
AD1/Ai V,IR BYTE
TICKS VAR WORD
TENTES VAR B'TE
sEcs vax woRD
MINS VAR BYEE

; set the variable to specifrc vaLues, not necessarv in thls progrm

; but  a formaLi ty  for  cLar iLY
TICKS = 0
TEMUIS = 0
SECS = 0
MINS = 0

cleate adval  to  s tore resul t

;  set  the re€r is lers Lhat  wi l l  conl roL the fork ;

;  This  is  the n i lLy gr i t tv  of  i t  so we wi l l  ca l l  out  each b i t

;  INTCON is  Lhe lnter lup!  contro l  regis ter .

INICON =%11000000

;  b i t  ? :  GIE:  GlobaL Interrupt  Enable b i ! ,  rh is  has io  be seL

; for any interrupt to worK-

; 1 = Enables all un nasked interrupts

;  0 = Disables a l l  in teI rupLs

;  b i t  5 :  PEIE:  Per ipheral  hter tupt  Enable b i t

r  1  = Enables a lL un-masked per ipheraL intefupLs

;  0 = Disables a lL per ipheraL inLer t \ rpts

;  b i t  5 :  TOIE:  TMRo over f low Interupt  Enabte br t

r I = Enables the T!IR1 interrupt

;  o  = Disables the TlG1 in lerrupt

,  b ib 4:  INTE: RBO/INT ExternaL Interrupt  Enable l l t

; I = Enables lhe RBO/INT exLernal intelrupr

;  0 = Disables the RBO/INT exLernal  in te i rupt

(Coklikue.t)
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ini{fii{!{1qj.411 Timerl usase (Rudimenlary limer operailon thal depends on value ol
POT-1) (Continued)

;  b1!  3:  RBIE:  RB Port  Chanqe lnLerrupt  EnabLe b i !
; t = Enables the RB port change intetrupl
; o = Disables the RB port change intefupt
;  b i !  2 :  T01F:  TMRo Owei f lov hterrupt  F laq b l t
; 1- = TMRo resisler has overflowed (must be cleaxed in

;  sof tvare)
; 0 = TMRo resrster did not overflow
;  b i r  1 :  INTF:  RB0/rNT External  In ter lupt  FLag l r i t

i 1 = The RBO/IN1' externaf interrupb occurred (nusl be

;  c leated in  sofLware)
;  0  T n -  P B o  \ l  6 a L 4  ' o l  , n r  e r r - p t  d _ d  ' o  o c  u

,  b i t  O:  RBIF:  RB Port  Change Interrupt  FLag b i t
; L = At leas! one of the !B7:RB4 pins chansed state (nus!

;  be c leared in sof tware)
;  0  N o n -  o  . " e  D B  : o B l  p : n  n a  e  c h d '  q o d  s  q  P

;  T lcoN is  Lhe t iner  1 contro}  reqis ter .
T lcoN =%00000001

;  b iL 7 6:  Uninplenenred:  Read as '0 '

; bit 5 4: TlcKpsl : TlcKPso : Tinerl hput Clock Prescale selec! bits
;  11 = 1:8 Prescale value
;  10 = 1.4 Prescale vafue
;  01 = 1.2 Prescale vafue
;  00 = 1.1 PrescaLe vaLue
;  b i t  3 :  T loscEN: Tiner l  osc i l la tor  Enable contro l  b i !
;  I  =  osc i l la tor  is  enabled
;  0 = osci l la tor  is  shut  of f  ( rhe osci l taLor  inwerter

;  is  Lurned of f  Lo e l in inare pooex dra in)
;  b i t  2 :  T1S1NC: Tiner l  External  CLock hput  Sl4chronizat ion
;  conl ro1 b i t
; TIIR1CS = 1
j L = Do noL synchronize external clock inpu!
; 0 = Synchronize extelna1 clock input
; TMR1CS = 0
-  This b i t  is  ignored.  T iner l  uses the in lernal  c lock

;  when TMR1CS = 0.
;  b i t  1 :  TMR.Lcs:  T iner l  c lock source selecr  b i t
r  !  = External  c lock f rom pin RCQ/T1OSO/TICKI (on the

;  r is iner  edge)
;  0 = Internal  cLock (Fosc/4)

;  b iL 0:  TMRION. Tiner l  On b i t

;  0  = Stops Tiner l

;  The opl ion regisLer

lContirueA
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iit&iitiilii$all Timerl usage (Budimentary timer operation that depends on vaLue of
POTI) (Continued)

OPTION REG = %00000000 ; Set Bit 7 to 0 and enable PORTB pullups

;  A11 other  b i ts  are for  T iner  0 and
;  noL appl icable

PrEl=%00000001 ;  See datasheet ,  enables in terrupt .
ADCOTiIO= %11000001 , co!6gure and turn on A/D ]lodule
t  brL l  6 :  ADCSI:  LDCSo: ;  A/D Convers ion Crock SelecL b i ts
;  00 = Fosc/2
;  0 1  =  F O S C / 8
;  1 0  =  F O S C / 3 2
t  L!  = FRc (c lock der ived f ton an Rc osci l la t ion)
;  b i t  5  3:  CHS2:CHS0: Analog Channel  Select  b i ts
;  000 = chamel  0,  (FAO/ANO)

;  001 = chamel  1,  (FA1/AN1)

;  010 = channeL 2,  (RA2/}N2)

;  011 = channel  l ,  (RA3/}N3)
,  100 = channel  4,  (RA5/aN4)

;  101 = channel  5,  {REI] /AN5) (1)
.  110 = channel  6,  {RE1/AN6) (1)

;  111 = channel  7,  (RE2/AN7) (1)

;  b i t  2r  GOIDONE: a/D Conwers ion Sta lus br t
;  I f  ADoN = 1 See b i t  0
i | = a/D conversion in progress (serting this bit slarts
;  the A/D conwers ion)
;  0 = A/D convers ion not  in  prosress (This b i t  is

, autonatically cleared by hardvare then the A/D
ers ion is  conplete)

;  b i t  1 :  uninplenented:  Read as ;  0 ;
;  b i t  0 :  ! -DON: A/D On bi t
; 1 = A/D converLer nrodule is operating
;  0 = A/D conwerter  nodule is  shutof f  and consumes no

;  operaLrng current

;  The A to D conrrof  Reqister  for  Por t  A is  ADcoNl
ADCONI = %00000010 ;  set  par t  of  PORTA analog
,  The refewan!  table is  on paqe !L2 af  the datasheet
;  

- h - - . ! .  r o i  - s , , i h o  e u - d ' d l o s  q p d o  i - i . s

;  and a l low the wol tage ;  reference belween vdd and Vss.  We have

; on the third Line .lown in the tabte

;  Nex!  1et  us set  up the por t  p in d i rect ions
IRISA = %11111111 ;  set  PORTA to a lL input
TRISB = %11110000 ,  set  up PORTB for  keyboard reads
PoRtB.o = 0 ; seL so we can read ror 1 only for now

(Coktihuet)
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i:BFli.!;ll$qipi Timerl usage (Rudimentarv limer operalion thal depends on value 01
POr-1) \Cantinued)
oN INITERRu?E Goto lErcKIM! ; tells Lhe progran where co go on

rni t iaL ize d isplay and wr i te  ro top

r,cDolr! sFE. 1. $FE, 980. \MM SS {z ,

MAtt{looP:
aDcoNO.2 = 1 ; conwersion !o reads PoT l converslon sEarL

; now and takes place dutinq Loop If I'oop was

;  shor !  we would a l lor  for  !haL'

; then check lhe bultons to decide whaL !o do

IF POR!TB.4 = O TSEN STARICLOCK ;
IF PORTB.s = O TEEN STOPCI,oCK ;
IF PORTB.5 = O BEEN CI,EA'RCI'OCK ;

i :li,:"'1"1* 
{hat lhe clock

LCDOu�I SFE, $80, DEC2 lltNs, {3zrDEC2 SECS, \:/, DEC TENIIIS/-
{FOtlEz, DEC ADVAI" . *

; We are now teady !o read {haL polentioneter seltinll is

Al|tl! E ADRESII ; we dssmed lhat enough lime has

;  passed
; to hawe an updated value in the

;  r e g f s l e r s .  I f  n o t  a d d  v a i L

Gctto MAINI OOP ; do it agarn

DISABLE ; disabte interrupts durinq

, inLerupt handLer

TICKINT:
TICKS = IICKS + I ; ticks are irduenced bv Lhe settlng

;  of  PoT- l
tF ttrcRs < 5 TEEN fErE)<It ; arbilrary vatue Lo geL one

;  second
TICKS - 0

A E N I E S = E E l t r T H S + 1
IF TETiEES <9 THEN TIEXIf ;
TENIITS = 0

s E c s = 6 E C S + 1  i  u p d a t e  s e c o n d s

IF SECS < 59 TIIEN TIEXII ;
SECS = 0 i
M I N S = M I N S + 1  ;  u p d a t e  n i n u C e s

EIEXIT: i

(ContinueA
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iiB!!6iii!U$!i: Timerl usage (Rudimentary limer operalion that depends on value ol
POr-l) (Continued)

IF PORIB.s = 0 THEI STOPCI,OCK ;
TMRIB=AIRESE
PIRl=0

RESttltE ; go back to the nain routine

ENABIJE

DISABIJE
sraRtct ocx:

rNacoN = %10100011 ; enable T'MR1 interrupts
TICRS = 0

Gcfro uarNt ooP

sroPct ocK:
rNEcoN - %10000011 ; disable TMR1 interrupts
PAUSE 2
TICKS = 0

GOITO !4AINI.OOP

CUEIICLOCK.
rMtcoN = %10000011 ;  d isable TMR1 interrupts
UINS = 0
SECS = 0
fEMEBS = 0
TICI(g = 0

GdTO !4AINI,OOP
ENAEI.E
END

Run this Fogram to see how the setting of the potentiometer affects the operation of

the stopwatch. It becomes clear that choosing how the intempt will serve our purposes

is very impoitant, and a bad choice can pretty much compromise the operation of the

program.
We can read the limer and the intenxpts at our discretion either befol€ or after an irter-

rupt has occufed, and the interupt flag can be cleafed whenever we lvish, if it has been

set. lf it has not been set, fhere is no need to clear it.

Figure 6.1 provides a diagrammatic rcpresentation of how an interrupt routine is

implemented in a typical program.

Even the 16 bit Timerl on the l6F877A cannot time a long interval. Repeated inter-

vals have to be put together to create long time pedods. The longest possible time

between interupts for Timerl (with a 4-MHz clock) is 0.524288 seconds. The maxr-

mum prescale value is 1:8. The postscalar is only available on Timer2 (which in any

case is a shorter s-bit timer). This results in a maximum time and is determined by multi-

plying the instruction clock cycle (1 tlsec @ 4 MHz) by the prescale (8) by the number

of counts from one overfiow to the next (65536). 1 psec * 8 * 655 36 = 0.524288 seconds

On a 20-MHz machine, the interval would be one-fifth of this.
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ffiElll The simpllfied, basic structure ol a lypical interupt routine. (Biis shown as
being sel are notthe realbits.)

Timerl uses two registers TMR1H andTMRIL.
The fimer has the following general prope$ies:

l. Inqements from $0000 to $FFFF in two registers.
2. If the interupt is enabled, an interrupt will occur when the two byte counter over-

flows tuom $FFFF to $0000.
3. The device can be used as a timer.
4. The device can be used as a counter.
5. The timer registers can be read and written to at any time-
6. There is no postscalar for this timer.

Simply stated again, this timer is used by setting its rcgisters to a specific value and
using the intenupts this value creates in a useful way. A l6-bit timer will count up liom
where set to FFFF and then flip to the selected value and staf over again. An interupt
occu$ and the iftemrpt flag is set every time the regjster overflows ftom FFFF to 0.
We respond to the interupt by doing whatever fleeds to be done in rcsponse 1o the intel-
rupt, resetting the interupt fi ag and then going back to the main routirc. On timers that
permit the use of a prcscalar and postscalaB, the pre/postscalar allows us to increase
the time between interupts by multiplying the time between inteffupts with a defined
value in a 3- to 8-bit location. On writable timers, we have ihe ability to stat the tlmers
with values of our choice ir the timer register(s). This gives us very useable but not
absolute confol over the inte.rupt intervals.

fT fT T-trTI
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Consider the fact that a 0.01 second timer setting with a prescalar set to 16 would
provide us with an interrupt every 0.16 seconds and we would have 0-16 seconds to do
whatever we wanted to do between interrupts. Actually, less than 0.1 6 seconds, because
there are still the other lines of code in that program that need to be executed.

So ihere are serious limits as to what can be put in the timer counter and what can be
put in the prescalar.In additior, the intenupt fiequency is (also) affected by the accu-
racy of the processor clock oscillator.

PRESCALARS

The value of the scaling that will be applied to the timer is determined by the contents
of two bits in the intenupt confol register. These bits multiply the time betwe€n inter
rupt. b) po\ ers oi 2 a\ eiplained in the iollowing.

Prescalar For Timerl

00 Multiply by I

01 Multiply by 2

l0 Multiply by 4

I I Multiply by 8

For the Watchdog Timer

00 Multiply by 2

0l Multiply by 4

l0 Multiply by 8

I I Multiply by 16

The two bits are bit 4 a-nd bit 5 of the Timerl contol reaister TICON.
The 8 bits in TICON are assigned as follows

TMR1ON Bit 0 I =Enables Timerl

TMRICS Bit 1 l=Use extemal clock

o=Disables timer

O=Use intemal ciock

TISYNC Bit 2 l=s).nc withintemal clockinpul O=$,ncwithextemalcl()ckinput

TIOSCEN Bit 3 l=Enable oscillator o=Shut offoscillator

TICKPSI Bit4 Counter scalat is described abow

TICKPSo Bit 5 Counter scahr is described above

Bit 6 Net Esed

---------Bi++---------+{€+rl€€d

USING TIMERT TO RUI{ A CRITICAL II{TERRUPT.DRIVEII TASK
WHILE THE MAII{ PROGNAM RUNS A FOREGROUI{D TASK

kt's use this timer in the same way we used Timero earlier and se€ what the dilTerences
between the two timers arc. To begin with, because Timerl is 16 bits wide, it can take much
longer for it to set its interupt flag. The intenupt flag was set approximately 61 times
a second by Trmero. Timerl flag can take approximately 0.524 seconds, as calculated
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earlier, so it is set about two times a second. Lct's write a shot Timerl program that is
similal to the original Timero blinl(er program lo sec how the differcnces shape up.

Program 6.5 blinks the LEDS at D0 and Dl ON and OFF aftemately as the foreground
pal1 of the progam. Thc intenupts generated by Timerl are used to blink D3 ON and OFF
at half-second intervals. Sinc€ thc control of D3 is driven by the inlenupt, the timing stays
accurate. Any time used by the intenupt routine is lost by the foregound task and affects
the overall frequency of the D0/D 1 blink rate.lt is important lo understand this loss.

ttPrOltiaii:lqtt UsingTimero (Programs blinks lwo LEDS aternately and blnks a lhird
LED approximalely a half second ON and a hal second OFF)

CIrE]AR
DEFINE OSC 4
TRISD = %00000000
TRISE -  %00000000

ADcoNl=%00000111

TlcoN = %00000001
rNacoN = %11000000

I VAR WORD
iI VAR I'ORD
PAVSE 500

P I E 1 . 0  =  1

11nes Lo  oucpu!
l1nes  co  o l rpuE

se! lhe A to D control reqister for

d ig i ta l  porLs  D,  E
needed,  15F877A because i t
has  ana log  properLres

turn  on  T inero ,  p resca la r  =  1
. . : . 1 . '  d ]

counLer war iable
counter  var iable

set  counlers to 0

enable TMR1 overflow interrupL
ON IMIERRUPT GOTO INIHANDIJER ;
PORTD=0 ; turn of f  the ent i re por t
PoRID.3  =  0  i  l i q '  d  o r  b" rq t -ph  o  eoao .  o l ro .a  .nn  r
poRTD.2  =  0  ,  , rg '  -  d  o r  b" rq r -ph  o  -ep6d- .  obo\a  _4 .  I

MAINIOOP !
Il'POR!�D.I = 0 TIIEN ; routine lights Do and Dl alLernately to

PoRTD.l = 1 ; thar the proqrd is iuminq the min routine

POR!D.0  =  0
EIJSE

PORTD. I  =  0
PORTD,o  =  I

ENDIF
F O R l =  1 T O 3 0 0  i  r l  s i  r  

' ' -  
o f  o  l o n s p a r p 6  i .  ,  o n

PAusEus 100 ; so that interrupt is nob conpronised
NEX!! I
GOTO MAITiEOOP , do it all folever

DISAII.E

(Co inu.d)
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usingTimero (Programs blinks hvo LEDS allernalely and blinks a thitd
LED apprcximately a half second ON and a hall second OFF) (Continueq

- \ j s  _ s  - o e  i - - 6 . .  ' p  s c ! . . c e  - o u r  ' n o

th is  rout ine a11ows 6
interrupts for  each change of  sLate

the D3 b l ink rout ine

nust now ctear the interrup! fla€r

INTHANDI,ER :
I F i I < 5 E I T E N

GOTO COI'NIINOTFUI,L
EIJSE

ENDIF
IF FORtD.3 = 1 THETiI

PORED. S = 0
EIJSE

PORED.3 = 1
ENDIF
cou!filNorFuLl, :
P I R 1 . 0  =  0
RESU@
ENAB'.8
END

Play with the value of the counter J to see how tlis affects the operation o{ the
program. Study the differences between the ptograms to set and clear the timel llags.
Though bot}I ofthe preceding programs do the same thiflg, the s€tting of the poten-

tiometer in the first program must be modilied to match the needs ofthe timer being

Timer2: The Third Timer
Timer2 is an 8-bit "timer oDly," meaning it cannot be used as a counter. It has a prescalar

and a postscala(. The timer register fbr &is counter is both writable and readable Ifyou
can write to a counting register, you can set the value the count starts at and thus control
the interval between inlerrupts (to some de$ee). That, and the ability to set the pre and
postscalars, gives you the control you need for effective control of the intefiupt illter'
val even though you still cannot time all events exacdy because of the coarseness of
the settings available- Timer2 has a period register PR2, which can be set by the user.
The timer counts up from $00 to the value set in PR2, and when the two are the same,
it resets to 0. Small values in PR2 can be used to crcate very rapid interrupis, so much
so that there may be no time left to do anything else.

The Timer2 control register is T2CON and its 8 bits arc assigned as follows:

T2CKPSO Bit O

T2CKPS1 Bit I

TMR2ON Bit 2

0 = Disables timer

0 = Use intemal clock

0 = Timer2 is off, shuts off oscillator

Counter prescalar

counter prcscalar

I = Timer2 is on
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Prescalar for Timer2

00 Multiplyby 1,no scaling

0l Multiply by 4

lx Multiply by 16

TOUTPSo Bit 3 ) Counter postscalar value

TOUTPSI Bit4 ) Counter postscalar value

TOUTPS2 Bit 5 ) Counter postscalar value

TOUTPS3 Bit 6 ) Counler postscalarvalue

--------------+;

As always, the input clock for this timer is divided by 4 befor€ it is fed to the timer.
On a prccessorrunning at 4 MHz, the feed to the timer is at I MHz.

Postscalar for Timer2

0000 Multiply by l, no scaling

0001 Multiply by 2

0010 Muldply by 3

0011 Multiply by 4

0100 Multiply by 5

0101 Multiply by 6

0l l0 Mult iply by 7

0lll Multiply by 8

1000 Multiply by 9

l00l Multiply by l0

l0l0 Multiply by ll

1011 Muitiply by 12

I100 Mult iply by 13

ll01 Multiply by 14

1110 Mulriply by 15

1111 Mull iply by l6

The timer is tumed ON by setting bit 2 in rcgister T2CON (fie Tiner2 control register).
The iftenupt for Timer2 is enabled by setting Bit I of PIE I and the intempt lets the

program klow that it has occuri€d by setting Bit I in PIR lr (Bit 0 in both these registers
ttre for Timerl.)

Bit 7 (the global intenupt enable bit) of INTCoN, the interupt control regisrer,
enables all inteffupts, including those created by Timer2. Bit 6 of INTCON enables a]l
unmasked peripheral intenupts, and sing this feature is one ofthe ways of awakening
a sleeDine MCU.
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Timer2 can also control the operation of the two PWM signals that can be pro-

grammed to appear on lines C I and C2 with the HPWM command in PICBASIC PRO

Since this one timer controls both lines sjmultaneously, they both have to have the

same PWMJ?eqxe c). Howevcr, the relative idl? ol t s ltuIsc within each of the

PWM signals during each cycle daes not haw to be the same
Tiner2 is also used as a baud l:atc clock timer for communications- See page 54 of

the datasheet.

MAKING SURE A TIMER IS WORKII{G

If you are uncomfortable about getling a timer working, or knowing for surc that it is

working, write a very short program in which the main loop displays a variable thai is

incrementeal in the intefupt routine- Ifyou see the value ofthe ladable going up. you

know the program is going lo, and retuming trom- ihe inlcrrupl routme

WATCHDOG TIMEB

A watchdog timer is a timer that sets an intenxpt that teiis us that lbr some reason the

program has hung up or otherwj se gone awry As such, i1 is expected that in a propcrly

w tten program, the watchdog timer will nevcr set an interupt This is accomplished

by resettrng the watchdog timer every so often in the program. The compiler inserts these

instructions automatically ifthe watchdog timeroption is selecled However, settiry the

option does not guanntee that a plogram cannot or will not hang up Software effors

and infinite loops ihat reset the timer within themselves can stiil cause hangups

The watcbdog timer is scalable. It shares its scalar t{itb Time on an exclusive basis

Either it uses the scalar or Timero uses it. They cannot both use it at the same timc. See

discussion u ler Time in ihe datasheet fbr more information
Since PICBASIC PRO assumes tlut the watth(log timer rNill be run with a l:128

prescdlat, unwante.l tratchdo! resets &uli occur when lou assiSn the prcscalar to

nn r0.lfJou chanle the tnescalar setting in OPTION-REG'lou shoukl disable the

ttatchdog timet \rhen programning. The watchdog enable/disable can be found on the

config ration screen oJ ro$ (hardware) prcsranner's sdiware

Counters
Of the three timers in the 16F877A, only Timer0 (the 8 bit timer) and Timerl (the

16 bit timer) canbe used as counters. Timer2 does nothave acounter input linepro-

videdforit. Generally speaking,this makes Timcl0 suitable for use with small counts

and rapid inten upts, and Timerl suitable for larger counts

HOW DOES A COUNTER WOBK?

The operation of a counter is sirdlar to the operation of a timer except that instead of

getting ils count from an internal clock or oscillator, the counter gets its signals from

an outside source. This means we have to do the following things to use a counter:
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I Decide which counter (timer) to use.
I Tell the counter where the signal is coming from.
t Tell it whether to count on a rising or falling edge.
t Decide what target count we are looking for.
I Tell the counler wheie to start countirg because rhe interrupt will occur when the

counter gets full.
I Decide whether we will need to scale the count by sedng the scalar(s).

Once we start a counter, the counting contin es until we deactivate it. There is no other
way to stop it, nor any reason for doing so. It will reset if the MCU is r€set and it can
be reset by writirg to it. The rest has to do with knowing what bits to ser in the control
registers to get the counlers fo operate in the way we want them to.

USIIIG TIIIIERO AS A COUNTER

Note Though often called TIMER0, a d referred to as TIMER' herc andi the
datasheet, the real designation of this timer address i TMRj.

The thr€e registers r€lated to the control ofthe TIMER0 module are TMRo,INTCON,
and OPIION_REG. INTCON is the intenxpt control register. See the datasheet for mol€
information.

This counter has the following properties:

I 8-bit timer/counter
r Readable and writable
r 8-bit software programmable prescalar
: Internal or extemal clock select
: Interupt on overllow ftom FFh to 00h
I Edge select for extemal clock

Counter mode is selected by setting OPIION_REG.5= l.

I The extemal input for the timer will come in or PORTA.4, which is pin 6 on the PIC.
I The edge dir€ction is selected in OPION_RXG.4 (l=Rising edge).
I The prescalar is assigned with bits 0 to 3 of the OPTION REc register. (See page

49 oftbe datasheet.)

Note again that the watchdog timer.d,rror use the prescalar when the prescalar is
being used by Time .

Since this is an 8-bit counter, it is suited to the counting of small number of counts,
but longer counts can be accomrnodated by using a murine ro k€ep t{ack of the ifterrupts.

Let's use the counter to count the pulses received from a 20,s1ot encoder mounted
on a small DC motor. This same sowce will be used later lor the Timerl experiment
for comparison between countets,

We will set up to use the LCD display so we calt display ce(ain rcgisters during the oper-
ation of Progmm 65. We will also set up to rcad the potentiometers so we can use th€ir
values to modily the pmgram as it runs. ODly POT0 and POT1 are used in the program.



iO5 IWENS AIID COUNTERS

DEFINE OSC 4
DEFINE I,CD DREG PORTD

DEFIIIE LCD RSREG PORTE

DEFINE LCD_RSBIII O
DEFINE LCD_EREG PORTE

DEFINE ITD_EBII 1

DEFITiE I,CD R!{REG POREE

DEFINE I,CD RWBIT 2

DEFINE LCD BITS 8
DEI'INE I,CD I,INES 2

DEFIIiIE I,CD COII!'ANDUS 2OOO

DEFINE LCD DAIAUS 50

DEFINE CCP1 REG PORTC

DEAINE CCP1 BtlE 2

DEFINE ADC BITS 8
DEFINE ADC CI.oCK 3

DEFINE ADC SAIIPLEUS 50

aDcoNl=%00000110
TEST VAR WORD
A,DVALO 1IAR BYTE
ADVAI1 1IAR EYTE
X l/TR WORD
Y VAR VIORI)
PAUSE 500
t cDour sFE, 1
OPTIOIiI-R!G=%00110 000

mlAo=0

TRISC = %11110001

PORIC.3-0
POREC.2=0

tDcrN 0r A,DvAlo
!.Dcrrir 1, ADVrrl
A.DCIAI 3, AD\IA!2

rrlf;.tqliial!'gr€:a uslng Timero: Program counts the putses lrom a motor'driven
eriioier (vou can cnange the speed ol lhe motorand the time forcounts with the 2 PoTs)

CI.EAR

regis ter  se lect

enable regis ter

read/wr! le  regisrer

r ines in  d isp lay
delay in  n icro seconds
delay in nicro seconds

deine the hpm settings

define the a2D walues
seL number of  b i ts  in  resut l
set  in le ina1 c lock source (3=rc)

set  sanpl ing t ine in  us
set  the analog to d ig i ta l  controL

needed for  the 16F8??A LcD

create advaL to s lore resulc
create adval  to  s tore resutL

set  up the reqis ter  1/o
D O p f ,  , 0  i  .  q o  n g  t o  b o
s  a - L  . 1 e  o o  o !  l "  / e  " ' '  l r o

encoder for input
enable the notor
set  the rotat ion d i recLion

read chamel 0 to aDvALlJ
read channeL 1 to l,DVAl,l
read channel 3 to ADVAL2
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lRgx!ffij][&* ljsing Tlmero: Program counts the pulses trom a motorddven
encoder (You can change the speed olthe moior and thetime for counts wilh the 2 pOTs)

roo

GOTO LOOP
ENI)

(Continued)

PAUSE .A.DVAIJI
X=EI{Ro
IF ADVAIJO>2o EIIEN

EPWM 2. ADVAIJO,
LCDOUT $FE, $80,
r,cDouT $FE. $c0.

EI,SE
t cDorx! sFE, $c0,

EIIDIF

OPTION-REG4 = 1

OPTION_REG,3 = O

OPTION-REG.2 = I

OPTION REG.I = 1

OPTION_REG.O = 1

3 2 0 0 0
DEC4 X,

.P!t!l

"DEC jIwAl-l, " .

,DEC ADVAIJO, Z

r,ow \rDEc aDvlrlo, z \

Play with the values of the two potentiometers to see what happens. Be carcful about
overllowing the counter past 255 . Unexpected results can appear.

The Timer0 counter is affected by rhe OPTION REGISTER bits as follows:

OPIION_REG.6 = 1 ; Inrerrupr on rising edge

OPTION_REG.s = 0 ; Extemal clock

; Increment on falling edge not used

; Assign prcscalar to Time

; I These 3 bits set rhe prescalar

; I You can experiment wirh changing these 3

; I bits to see what happens.

Put these and other values in the program and run the program. Se€ what happens.

USING IIMERI AS A COUIITER
The operation ofTimeil as a counter is similar to the operation ofTimer0, but because
Timerl is a | 6-bit timer, much longer counts can be handled, and counrs coming in at
faster rates can be counted. h also means that a lot more can be done in the Timerloop
and Blinkerloop routines if the program is designed to do so. However, the setup for
Timerl is more complicated because of the more numercus oDrions available.

The di f fercnce. belween the use of rhe r$o t imers have to do s r th lhe serup ot lhe
controlling rcgisters. Timerl is controlled by/uses six registen as compa(ed to three for
Timero. They are:

INTCON Intenupt control rcgister

PIR1 Peripheral intefiupt register I
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PIEI Peripherai inte upt enable register 1

TVRIL Lo$ bl | f ,  of lhe l imer rcgisrel

TMR1H High byte ofthe timer register

TICON Timerl inteffupt control

Again, the frequency of tbe oscillator is djvided by 4 before being f-ed to the counter

when you use the intemal clock (Fosc/4).
Page 52 of the datasheet reads:
Counter mode is selecteal by setting bit TMR 1CS. In this mode, the timer increments

on every rising edge of clook input on pin RCI/IIOSI/CCP2, when bit T1OSCEN is

ser, or on pin RCO/T]oso/TlcKl, when bit TloscBN is clearcd
So three of the piDs on the l6F877A can be used as inputs to the Timerl counter

moduie. They are:

Pin PORTA.4 which is the extemal clock input. Pin 6 on the PIC

Pin PORTC.0 selected by setting TIOSCEN =1

Pin PORTC.I selected by setting TIOSCEN=o

Timcrl is enabled by setting T1CON.0=I. lt stops when this bit is tumed off or

disabled.
The clock that Timerl will use ls selected by T lCON.I The extemal clock is selected

by setting this to 1. The input ior this extemal clock must be on PORTB 4
In summary, 8 bits in the Timerl control register, TICON, provides lhe following

functions:

Bi{4-N#3-re€d.es-a-e

$46---+eg$ed*iid

Bit 5 Inputprescalar

Bil4 Input Fescalar

Bii 3 Timerl oscillator enable

Bit 2 Timerl extemal clock synchronizalion

Bit 1 Timerl clock select

Bit0 Timerl enable

If the interrupls are not going to be used, the othel rcgisters can be ignored

S e t T l C O N = E 0 0 1 1 0 0 0 1 .
The setting ofthese bits is descdbed in detail on page 51 ofthe datasheet. Let's

took at Program 6.?, which reflects the preceding information.



cout{tEns t09

;  Frrs t  1et  us def lne a l l  the deines that  {e s i11 need,
; Here all lhe def,nes are included as an exanple bu!
;  nor  a l l  are needed when using the LAB X1.

l:?t!itii!i!;li:l Timerl as counter (T merl counts signats from a motorencoder)

DEFI I IE  LCD DREG PORTD da.d  r -g :s  -

DEFIAIE LCD RSREG PORTE /E9 '  A  '6 '6 '

CIJE]AR

DEFINE OSC 4

DEFINE LCD_RWBT!! 2
DEFINE I,CD.BITS 8
DEFINE LCD-LINES 2

DEFIAIE I]CD-RSBI![ O

DEFIAIE LCD.EBIII 1

;  4  MEz c lock

;  read/vr i te  b i t
;  t id th of  data
;  l ines in  d isp lay

DEFINE LCD-EREG PORIE ; enabLe reqisrer

DEFIIIE LCD-RttlRlc POREE ; read/vrite reqrsrer

DEFME IJCD_COMMANDUS 2000 , deray in micro seconds
DEFTNE IJCD_DATAUS 50 ; delay in micro seconds

:  l - a - , r  . / o  l i n 6 e  d 6 t u 6  \ 1  r  p _ n  s 9 o , . 9  o o e

;  that  wi l l  contro l  Lhe speed of  the noLor.  The encoder thaL we

;  at  rs  a l lached to the noto.

DEFINE CCP1 REG PoRTC ; define the HPI,il,t setLings
DEFIIiIE CCPI BIT 2 ; pin C1

;  I h -  r - l  r ' 6  r 6 o d  1 0
potent iometers on the board.  Only lhe f i rs t
potent ioneier  is  being used in the progran but  Lhe orhers are
defined so rha! you can

, o -  o o ,  Y  I n 6  p o r  6 r  o  - - a r -  S i  e
you vafues you can
change in real  t ine,
define the A2D waLues

DEFINE ADC BITS I ; set nun'ber of bits in xesulL
DEFTNE ADC CITOCR 3 ;  set  in ternaL c lock source {3=rc)
mFINE ADC SAMPITEUS 50 ; set sanpling tine in uS

; Next we set ADCON1 to bring the MCU back inro diqitaL mode.
;  Srnce lh is  PIC has analoq capabi l i ty ,  i r  cones up in
;  analog node af ter  a rese!  or  on starrup.

; set the Analog lo Digiral cont.ol .eqister
A!COI{1=%00000111 ;  needed for  the LCD operat ion

; re create the variables rhat we wiLL need.
l[MRl VAR ]IORD ; ser rhe variabte for rhe riner
.A.DVAIJo VAR BYTE ; creare adwaL !o store resulL
A.DvALl VAR BYTE ; creaLe adwaL to store resulr
a.DvA!2 VAR BYTE , creare adwaL to store resulr
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:iiFiliiliieii a,? - Timerl as counter (Timerl counls slgnals lrcm a molor encode4

;  set  uP ihe regis ter  I /O

ERIsc = %11110001 ;  PoRTc- 0 is  q lo ing to be the InpuL

ccPlcoN = %ooooo101 ;  caplure ewerv r is ing edge

r lcot i r  = %OOooOO1l ;  no prescale/osc of f lsvnc on

(Continued)

X VAR }IORD
Y VAR WORD
PAUSE 500
T,CDOIIT gFE, 1

a.DclN 0, a.DvAl,o
A.DCIN 1, ADI/AI,I
ADCIN 3, A.DVA'"2

IF ADVAI,O>zo IEIIEN

HP9!M 2. AD\rBlo, 32000

r,cDour sFE, 9C0, *Pl'l![

El,SE
t cDour $FE, Sco, 'Pl{li

ENDIF

tMRlE = 0
TMR1L = 0
T1CON.o =  1

PAUSE 1OO

; spare tariable for experinenlation
;  spare var iable for  exper inentar lon
, pause for LcD to slrart up

;  cLear Display and cursor  hone

; external source/TMRl on
;  sLar t  the notor ,  us inq a notor  encoder

; enabLe Lhe n'olor
;  set  the rotat ion d i rect ion

read chamel 0 to aDvAL!

= \, DEC ADVAIJ0, '?

TOO LOW .,DEC ltDVArJo, / \

;  c lear  T iner l  h igh 8_bi ts
;  c lear  T iner l  low 8-b i ts
,  s larL 16 b i t  t iner
; caplure 100 ns of Input clock Frequencv

PORTC.3-0
PORTC - 2-1

; Next fe go inLo the bodv of Lhe prograi. fhe toop stails watn

; Lhree potenlioneters though tne are using onlv rhe frrst one Lo

; set the Pover
;  and thus the speed of  the notor .

;  I f  Lhe duty cycLe of  the notor  is  tess Lhan 20 out  of  255 lhe

;  notor  wiL l  noL cone on

; so we make an allowance for ihat and displav ihe condition on

Then we read the cwo t iner  regis lers to see hov nanv coun's

In our case the counts were too Lo{ to shou up in the high

it can be isnored but j.f vou hawe a faster coun! input, vou

ro add th is  in fornat iod to the readout
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il:P,lliiiAfi:gtaal Tlmerl as counter (Timerl counts sisnats from a motor€ncoder)
(Continued)

TlCON.o = 0 ;  s top 16-bi t  T iner
TDIRI. BytEo = T!'R1L ; read Lor 8 biLs
TURI.EyTEI - TMRUr ; read High 8 bits
$lRl = tDlRl - 11 ; caplrre Correction
IF IMRX = 65525 ![EEN ![OSIG![AL ; see PICBASTC pRO manuat for

LCDOu�T SFE, S80, DECs
PAUSE XO

GO/rO LOOP

NOSIGNAI,3
rcDour $FE, $80, \No

GC|IO LOOP
EIiID

A! tR1,  z  COI INTS'  a .ad- rc r  o :sp la l

TGTiIAI " ;

PRESCALARS AND POSTSCALARS

Prescalars and postscalars can be confusing for the beginner. Here is a simple

A prescalar is applied to the system clock and affects the timer by slowing down the
system clock as it applies to the timer. Normally, the timer is fed by a fourth of the basic
clock frequency, which is called Fosc/4.In a systcmrunning a 4 MHz clock, rhe timer
sees a clock running at I MHz. If the prescalar is set for I :8, the clock will be slowed
down by another eight times, and the timer will see a clock at t25 KHz. Refer to the
diagram on the bottom half of page 52 (for Timerl) in the darasheet to see how this
applies to Timerl.

Apostscalar is applied after the timer count exceeds its ma\imum value, generating
an overllow condition. The postscalar sening detemines how many over|ows will go
by betbrc an interupt is triggered. If the postscalar is set for 1:16, rhe tjmer will over-
llow 16 times before an jntenupt flag is set. The upper diagram on page 55 (fbr Timer2)
of the datasheet shows this in its diagrammatic form and is worth studying.

All othet things beinq equdl,bothpre and pastscala$ arc usedtohcrease the ti e
bet,reen intertupts.

When starting out,just leave the scalars at l:l values and nothing will be afiected.
We will nol need to use them lbr any ofrhe experiments we will be doing. Once you
get more sophisticated in the use oftimers, you can play with rhe values and leam more
about how to use them. The primaiy use is in creating accurate timing intervals for com-
munications and so on, because no extemal routiDes are necessary when this is done
with scalars. w}len doing it this way, everyrhing becomes internal ro the pIC and is there-
iore not affected by extemal disturbances.

Additional infomation on timer modules is available in he Plcmicro Mi.l-Ra pe
MCU Fanib Re|brence Ma"dl (DS33023).
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Exercises for Timers
l. Write a Fogram to genemte a l-minute time/clock with a 0 1 second display

Check its accuracy with the time site on the Intemet
Make adjustments so it is accurate to within 1 second per how' and then I second

per day. Can this be done? wlty? Which timer works best? which timer is the easiest

to use for such a task?
2. Wnte the preceding prcgmm for each of the other two timers.

Exercises for Counters
I. Desigl anal make a tachometer for smallmodel airqaft engines Have a ftnge of liom

5 rcv per second to 50 POO rer per minute displayed on the LCD in real-time

2, Design and build a thermometer based on the changes in frequency exhibjted by a

555 timer circuit behg controlled by a themistor. Calibmte the thermometer with a

lookup table. If you arc not familiar with the use of lookup tables, you should under-

take the research necessary to understand how to use them. They are very useful

devices at the level we arc working.
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Sockets U3. U4. and U5: For Serial
One-Wire Memory Devices
Most PIC microconfol]ers come with a certain aDount of ofl-chip memory This memory
is enough for most applications oeated for these tiny processo$, but there are times when
more memory is needed to get thejob done. The LAB-XI has nve empty 8-pin sockets.
Three of these (the three on the left) are designed ro allow us to experiment with three
types of single-wire memory ICs. The ICs doll'r need just one wire for fuli control, but
the data does go back and fofth on one wire.

Nole Each metnry socket accepts only one Ope of mennry (levice, and onlf one of
the lcs is allowed to be in place at any one time because the lines are sharett between
the sockets, so haying more than one device plugged in can create conficts.

Depending on the type of memory you want to experiment with, one of the ihree
schematics in Figue 7.1 is applicable.

The interfaces that have be€n developed for the three types of one-wire memory
give you the choices you rced for flexibility in board design and layout, but it also means
that a single intedace and protocol wonl work for everything. The intefaces vary jn
speed, number of signal lines, and in other impoftant details.

Since the memories arc all orc-wjre sedal devices, their memory content can vary
irom 128 bytes to 4 kilobytes or more and still maintain the s-pin interface.

The salient chamcteristics of the three types of memory are as follows:

r I2C SEEPROM I2C SEEPROMS are serial, etectrically erasable and program-
mable, read-only memories. They are best suited for applications needing a modest
amount of inexpensive nonvolatile memory where a lot of VO lines are not avail-
able for memory transfers. Requires four lines for control,
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im;ni;ilh on the LAB-X1 and their wiring layoulsi only one lC may be in place

c3

c5

I2C SEEPROM

f -

OBG

/cs
SO

CS
CLK
D1
DO

Microwire SEEPROM

I,iflgni!$.El!l& one-wire memory sockets. (The lhree tvpes ol memoryyou can

SPI SEEPBOM
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Microwire Miuowire is a National Semiconductor standard and is specially suited
to use with their microcontrollers. Though often called a three-wire interface, it is
actually a five-wire interface with four signal lines and a ground.
SPI SPI (serial peripheral interface) oiginated at Molorola. 11 is much like
Miffowire, though the signal names, polarities, and other details vary. Like Microwire,
SPI is oilen rel-e ed to as a three-wire interface, though a read/write intedace actu-
ally requires two data lines, a clock, a chip select, and a common ground, making

Other manufactur€rs Drovide Droducts to meet the standards lhat have be€n established.

Which EEPROM Type Should You Use?
I2C is the best EEPROM type to use ifyou havejust two signal lines 1o spare, or ifyo
have a cabled interface (I2C also has the strongest drivers)-

Ifyou want a clock rate faster than 400 kHz, use Microwire or SPI.
For more on using serial EEPROMS, rcfcr 10 the manulaclure$' pages on the Wcb,

especially the following sites:

I National Semiconduclor
wwwnational.conr,/design/
(Contains many application notes on Microwire)

r Motorola Semiconductor
www.mcu.motsps.com/mc.html
(Onsite microcontroller reterences contain SPI documentation,)

Jan Axelson's article in Circ&t Cclldr is a good source of detailed iDfomation on these
devices. The article can be fbund at wwwlvrcon/files/seeprom.pdf.

The PICBASIC PRO Compiler provides the insnuctions necessary to access these

In dll the programs I have listed in this chapter I have used the programs and docu-
mentation verbatim from the microEngineering Labs Web sitc. I did this fbr two rcasons.
One, to not reinvent the wheel since the work has already been done by microEngineedng
Labs, and two, to expose the readers to how the programs are structured by a pro-
grammer other than myself. Each programmer has his or herown style ofdoing things
and itis well wofth being exposed to the work of other programmers.

Socket U3-I2C SEEPROM
Socket U3 accommodates l2C memory only. Figue 7.2 and Program 7.1 illustratc thc
use of this memory type.
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scL
SDA

ffi*t$ l2C SEEPROM. (Wiring and circuitrv requirements.)

eliijffi!!&t$S Program to read trom and write to l2c SEEPROMS

c8
0.1

A2

;This mictoEngrineerinqt Lalrs progrd

;Web s i te.  Use lhe la tes!  vers ion.
CLE]AR
€o coN 0
N2{00 coN 4

DPITI VAR PORTA. O
CPIN VAR PORTA.I
BO 1IAR EYTE
81 1IAR EYITE
82 VAR BYTTE

F o R B 0 = 0 T o 1 5
r2cwRltE DPIN, CPX[, sAo, B0' IBo]

PAUSE 10

NEXT BO

be found on rheir

define serial oulput Pin
seE ser ia l  node
def,ne variables
I2c daia p in

var iabLe declarar ion
war iable declarat ion
var iable declarat ion
write to El}e nenory

wr i te each locat ion 's
address to i tse l f
deLay 10 ns after each
ur i te  is  needed

FOR BO - 0 TO 15 STEP 2

I2CREJtrD DPIN, CPIN, $AO, BO, IEl,

SEROUI'! SO, N2400, I*BL, " ^'1/�82'"

NEXT AO

SEROUT SO, N2400,  [13,10]
GOEO LOOP
EMD

read 2 tocat ions rn

pr lnt  2 Local ions !o
CRT

pr int  a l ine feed

827

I2C SEEPBOM



SOCKET U4-SPI SEEPROM 117

c8
0.1

ire&Ei$ sPl SEEPRoM. (Wi ng and circuilry requi€"
ments,)

Socket U4-SPI SEEPROM
Socket U4 is wired to use SPI memory only. Figure 7.3 and Program 7.2 illusfate the
use of this memory type.

il€Wiiiiii$ilg.i Prosram to read from and wrire to sPl SEEPRoMS

, rhis nicroEngineerinq Labs prosran can be found on their
;  web s i le .  Use lhe la lest  vers ion,
; PICBASIC PRO progr:an to lead and write to SPI SEEPROMS
; Wri te lo  lhe f , rs t  16 locat ions of  an external  ser ia l  EEPRoM
: oe.d F-sc 6 locat  iors bdck and send Lo -cD lepeaLedly
;  No!e.  For  SEEPROMS wi th word s ized addresses
DEFTNE IOA.DER USED 1 ; allows use of the boot

;  th is  wi l l  not  af fect
;  normal  progrm operat ion.

DEFINE I'D DREG PORTD

DEFINE I,CD_DBIT 4
DEFINE IJCD_RSRES PORTE
DEFINE IND_RSBIT O
DEFINE IND_EREG PORTE
DEFTNE I,CD_EBIT 1
INCIJUDE \MODEDEFS - BASZ
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{lflwffielg$ Prosram to read from and write to SPI SEEPRoMS loontinued)

CS vaR POREA.5 ; chip select Pin
SCR VtR PORTC.3 ; clock Pin
st vAR PoRfc.4 ; data in Pin
so vAR PoRTc.5 ; dala out Pin
ADDR VAR IIORD ; AddIESS
BO 1IAR BYTE ; dAlA
fRIAA.5 = 0 ;  set  cs !o ouLput
.a.DCoN1 -%00000111 ; sel all of PoRTA and PoRTE

I,ow PORIE.z ; LCD R/1,{ line 1ow (W)

PAUSE 1OO ;  wai t  for  LCD to s lar t  uP
FOR ADDR = O TO 15 ; loop 15 tines

BO = IDDR + 100 ; B0 is data for sEEpRoM
GOEog EE9IRME ; vrile to SEEPRoM
PAUSE 10 ; delay 10 ns after each

lilEltt .ADDR
LOOP t

FOR ADDR = O IO 15 ; loop 16 lines
cosuB EEREAD ; read from SEEPRoM
t cDoutE $FE, I, ila.DDR, " t ',jfBo ; displav
PAUSE 1000
NEKT A.DDR

GOIO rnoP
; subroutine Lo read daia fron addr in serial EEPRoM
EERETA.D: CS = O , enable sexial EEPROM

SEIFTOIXT SI, SCK, TIISBFIRS', T$03, ADDR.BYTEI, ADDR.BYTEO]
; send read cmd and addr

SHIFIIN SOr gcR. !!SBPRE, [Eol ; Read daLa
c s = 1  ;  d i s a b t e

RE{I'RN
; subr to write dala at addr
; in serial EEPROM

EEWRITE:
C g = O  :  e r a b _ ' s e t  a  E E P R O M
sgItTOrrT st. scK, lrSBFrBsI, IS061 ; send w:rite sable comnd
Cs = 1 , disable to execute comnd
c s = o  ;  e n a b l e
SHIFfOu�! gt, sCK. !|SBFIRSI!, T$02, ADDR.BYTEI, !.DDR.BYEEO. BOl

; Sends address and dala
c s - 1  ;  d i s a b t e

RETURN :
EiND ; end Program

Socket U5-Microwire Devices
Socket U5 is wired to use Microwjre memory. Figure 7.4 and Program 7.3 illustrate the

use of this memory type.
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A
T

u5 l
A 5  C S  1  S l v d d !
c 3 c l t 2 7 P E
c 4  D 1  1 3  6 O R G I ] ] l
c 5  D 0  1 4  5  v s s  -

Vl".ri,-SeePnOU

llFiiiii€:?i*lli l4icrowire sEEPRoM. (Wilng and

This microEngineeing Labs program (Program 7.3)-to read and write Microwire
SEEPROM devices {an bc lbund on their Web site. Use the latest version.

i:!(itliatOlli!:t: Program to read rrom and write to Microwife SEEPRoMS

SEEPROI ' I  93LC55A
1 1 s r  o  o  6 r  d ' . d l  . 6 , - a -  L  D D O v

Read i rs t  16  locac ions  back  and send to  LCD repeatedLy
\ o  e :  , o  s  D o o v .  w i -  b y . 6  . z - d  " d d  - . ,

def,ne LcD registers and bits

c8
0.1

DEFINE LCD_DREG PORTD
DEFIIIE IJCD_DBIT 4
DEFIIIE IJCD_RSREG PORTE
DEFIAIE IJCD_RSBIT O
DEFIAIE LCD_ERTG PORTE
DEFIAIE IJCD_EBIT 1
IIICLUDE \!'ODEDEFS . BAS"
CS VTR PORTA.s
CLR VAR PORTC.3
DI VAR PORTC.4
DO VAR PORTC.s
ADDR VAR BYTE
BO VAR BYTE
LOW CS

LOVT PORTE.2
PAUSE 100
GOSI'B EEWRITEEII
FOR A.DDR - 0 tO 15

B O = A D D R + 1 O O
GOSI'B ESI,{RIEE
PAUSE 10

chip select  p in

chip select  inact ive
set PoRTA and PoRTE to digrrtaL
LCD R/lr,i line low (ld)
uai r  for  LCD to star t  up
enable SEEPROM wr i tes

B0 is  data for  SEEPRoM
write to SEEPROM

(Coktiku..t)
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&llmnfriffilg Program lo read from and write to Microwke SEEPRoMS
(Continued,

NEXT A.DDR
rrooP: i
FOR ADDR = O IO 15 ; loop 16 tines

GOSOB EEREA,D i TEAd fTOTN SEEPROM

LcDorxr SFE. 1, *aDDR,": ',iiBo ; displav
PlusE 1000
NEXT A.DDR

GOEO LOOP
; sl}broutine !o tead daLa fron addr in serial EEPRoM
EERE]AD t
CS=1 ;  enable ser ia l  EEPROI, I
aEIFtrouT Dt, ct/R, ItEBFIllsI, I%1100\4' ADDRI ; send read cnd

; and address
SEIFETN m, cIiK, ![sBPOsf, lB0] , read data
c s = O  ;  d i s a b l e
RETURTI

; subroutine to write data a!
; addr in serial EEPROM

ErgrRrtE: CS = 1 ; Enable serial EEPROM
SHIRIOT'T DI. CI,K. MSBFIRST, IZ1O1O\{. A.DDR, BOT

; sends wrile corEnand, address
; and data

c s . o  ;  d i s a b l e
RET('RI{
;  s u b r o u l i n e  r o  a a o b l c  w r j . e p  r o  s e r i a .  _ ' o P o M

EEWRIAEEIiI: ; subrouline
C S = 1  ;  e n a b l e  s e r i a l  E E P R O M
sErFTOtt! Dr. cr,K, MgBFtRsr, I%10011\5. 0\71

; send wrile enabLe cnd and
; drurrny ctocks

c s = o  ;  d i s a b l e
AEIFORN
END ; end Proqra

Socket U6-Real-Time Clocks
Four options are available for using socket U6. This socket is designed to let us exper-

iment with three real-time clocks and with a l2-bit analog_to-digital converter' It con

nects to the microcontroller as shown:
As shown in Figure 7.5, this is a four wire interface betweon the MCU and the lC

The wiring for this chip is similar to the wiring for the Microwire SEEPROMS and the

Microwire memory ICs. Essentially, this looks like a memory chip to the pmc€ssor When

we write to ihis memory, we are writing to the clock, and when we read from this chip'

we are reading an ever cha.nging memory content lhat gives us infomation that we can

interpret as 'lime." So the progam to read and write to this clock looks like a program

that interacts with the Microwire fanily of SEEPROMS (See Program 7.3 )
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o-o-o-

35

22

1 2

1 9

REAL.T ME CLOCK. OPTION 1

-----o THE 7 LTNES MARKED L|KE Tl{S ARE
THE 7 LINES THAT GO TO THE 20 x 2
DISPLAY IT,ODULE. TH S NoTAT oN
IS USED TI ]AOUGHOUTTHE BOOK.

rifElll9li5.:i: Ctock implemented using lC NJU6355. (To lhe [.lCU, lhis clock lC looks ike a set
of memory locations.)

The same is true for the other chips. See Fig res 7.6 and 7.7.
The NJU6355, the DS1202, and the DS I3U ftal ti le docks are the three integrated

citcuits for use in socket U6.

Nole 1 Jumpet JS v,hichis usedfor soldering in the ctystalfor the clock ICs is dlso
the connection that the anulog signal for the l2-bit A-to'D co efter goes into. So, iJ
Jo solder in a crystul, fouwill h e to remove the crystaL a d make arra gements to
rcad in the analog siqnal \rhen you wa t to erperiment with the LTCI298 L2-bn A-b-
D conyerter The A-to-D convefter uses the same socket (U6) as k used bt the three
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1
2
3

5
6

I
9
1 0

1 2
1 3

1 5
1 6
1 7
1 8
l 9
20

ooo-

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

BEAL.TIME CLOCK, OPTION 2

lC looks::lliiilftaafgli: clock implemenled usins lc Ds1202. (To the [.lcu, this clock
like a set ol memorv locallons.)

Nole 2 Therc are a total of si:( enpty sockets-U3, U4, U5, U6, U7, and Ult).--an
the IAR-XI boa a! rcceirea. Though more than one socket can be occupied b! an IC
at anl one tine, it is best if onlj one IC is e:cperimented ithata ! one time. This v,ill
ensufe that there are no conficts betureen the wrious derices. IJ the e{treme right
R5485 socket U10 is to be used, the RS 232 IC in the socket iust to the Ieft of it, in U9,
nust be renoved. One ol these two communication chips can rcmain in place at a tines
in that the communications circ it\^ does not confict trith the memory locations.

Tr{E CLOCK rCS (T SOCKET U6l
The two 8-pin Dallas Semiconductor clock ICs are interchangeable, and each of them
goes into the existing empty socket U6. The DS 1302 is the successor to the DS1202.

The NJU6355 also goes jnto socket U6, but it is not pin-for-pjn compatible with the
Dallas Semiconduclor chips. Fortunately, il too needs |o have its crystal between pins
2 and 3. and its other lines can share the connections to t]rc PIC 16F877A.
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c3 9qLK
FIST

l

3

5
6

1 1
1 2
1 3

t 5
1 6
1 7
1 a
t 9
2A

1N4148

1 N 4 1 4 8

U6 c5

DS1302 frl

39
3a
3T
36
35
34
33
32
31
30
29
2A
27
26
25

23
22
2 1

32.764 KHz

FIEAL TIME CLOCK OPTION 3

f!t1ta"l,!ii1,r clock implemenled usins lc Dsl302. (To ihe McU, this c ock lc
like a sel oJ memorv locations.)

Before you can use the NJU6355. the DSI202. or the DS 1302, you have to install a
crystal bctwecn pins 2 and 3 ofthc chip sockct. This has to be a 32.768 kHz crystal.rnd
il is to bc inslallcd ar junpcr J5 nexr 1() the real time clock lC sockct. If you do not h ave
a crystal in place, the program will show the date and other itens on the LCD, bul thc
clock rvill not move forward.

lf you want to have battery backup for the clock, you need to install a battery at
junrper J4 (at the edge of thc board ncxt 10 U I0). Thc pins tbr this jumper are already
on thc board whcn you receivei!. The IC will accept lion 2.0 to 5.5 volts. so threeAA
cclls in scrics can proridc an incxpcnsivc backup powcr sourcc. (Thc powerdrawo by
this lC is 300 nano amps a! 2.0 volls. TwoAA cclls may nol proridc cnough voltage
bccause of the voltagsdrcpacrcss thein line diode. so I ha! c rccommcndcd thrcc cells. )

The DSl3o2 (in Socket u6l The DS1302 is the successor to the DSl202. Thc
DSl302IC is very simihrexceprfor backup po\\,er capability aDd seven addition.rl bytes
ofscratch pad memory. Sec thc datashcct for morc spccific details.
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The emphasis in the pro$am we will develop is to see how we get the drla to and

from the real-time clock. Setting the clock is going to be done in the program sta{up

routine, and the time cannot be modified once the program is running lfyou want that'
you can add that to the program you write.

The DSl302 has 31 RAM registers. When you want to send or receive data to ihe

IC. the data can be transfeded to and frcm the clock/RAM one byte at a dme. or m a

bu$t oiup to 31 bytes.

The LTC1298 12-Bit A-to-D Converter
(Also Used in Socket U61
For our puposes, in making hstruments al1d confol lers, 8 , 10', and l2_bitA_to-D con

verters ar€ use.d as interfaces between sensors and microprocessors. Sensors usudly pro-

vide a change in rcsislance, inaluctance, or capacilance a.s some other factor is manipulated.

These changes are usually very small and need to be amplified and digitized so they cdn

be manipulated in a digital environment. The interiace that conve s these snall analog

signals to useful {tigital information is the A{o-D conve(er Getting comfofiable with

A-to-D conve(ers is an imponant pafi ol ma|ing instruments and controllers.
MicroEngineering Labs provide a program on their Web site that shows how to read

the l2-bit LTC1298. It's shown in Program 7.4.

:9!{E$!!;g$ Prosram to read lrom l2'bit LrCl298 A-to-D chip bv
microEnglneering Labs

; PICBASIC PRO progran

; Detuae LOADER USED to

;  Th is  w i t l  no t  a f fec t
DEFINE I.OADER_USED 1
DEFTNE I.CD-DREG PORTD
DEFINE LCD_DBIT 4
DEFINE I-CD_RSREG PORTE
DEFTNE LCD_RSBIE O
DEFINE I.CD-EREG PORTE
DEFINE t|cD EBIT 1
IIICI,UDE'!{ODEDEFS. BA5"

CS VAR PORTI.s
cK vaR PoR![c.3
DI VAR PORTA.2
DO Vlt PORTC. !,

ADDR VAR BYTE

to  read LTC1298 ADC by n icroEngineer ing

a11ow use of  Lhe boo!  loader.
nomal  pr :oqrm operal lon.

i denne LU plns
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.|!i9,9{iS!t:!!{l Program lo read from 12-bit LTc1298 A-to-D chip by
microEngineering Labs (Cort,ued)

RESUIJT l/AR }IORD
X VAR WORD

IiICH CS

LOW PORTE.2
PAVSE 100
GOTO MAINIJOOP

GETA.D:

chip select  inact ive
set PORTA, PORTE Lo digritaf
LcD R/W Line lor  ( ld)
wai t  for  LcD to s!ar !
sk ip subrout ines
subrour ine to read a/d converLer

chip select  act ive
send address / mode

SHIFTOUT DII CK' MSBFIRSTI T1\1' A'DDR\3' O\1]
SHIFEIN DO, CK, MSBPRET [RESItLlr\l2l ; get 12-bi! result
Cg -  l ,  ;  ch ip seLecl  inacl ive

RETURN
. o  9 e .  /  . d l r e  c - d r e l  0

GEII':
iDDR = %00000101 ;  s iner te ended,  channel  0,  MSBF high
GOSUB GETAD
X = RESUIJT ;

RETT'RII ;
Le  '  c  f La te  '  I  I

ADDR = %00000111 ;  s inqle ended,  channel  1,  MSBF high
GOSUB GEEAD
Y = REgUt l

REIURN
; subroutine !o ge! z watue
;  (d i f ferent ia t )

GEtZ:
ADDR = %00000001 ;  d i f f  (chO = +,  ch1 = - ) ,  MSBF hish
GOSI'B GEEAD
Z - RISULI

RETI'RII i

MAINI,OOP: i
GOSttB GETX , get z value
GOSIIB GETY ; lret y value
GOSttB GEIZ , get z value
IiCDOIJT $FE. 1, 'X-", *x, ; send values lo LCD
\y=t ,  *y ,  \z=n,  *z
PAUSE 100 ; do it about 10 tines a second

GOIO MAtllt OOP ; do it forever
END ; end progran
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Program 7.4 reads three values from the A to D converter and displays them as X
I. and Z values on the LCD. The 1298 is a two-channel device, and the two signals are
read from pins 2 and 3 on the device. The third value being displayed on the LCD is
the differential between the two values, meaning that the device is now being used fbr
lookng at the two inputs, not as individual inputs but as one signal aqoss the two lines
(as compa-red to two signals between each of the pins aIId $ound).

The two channels are cofirccted to the two pins at J5- These are ihe two pins that the
crystal for the clocks goes across and, as mentionedbeforc, because of this therc is a
hardwarc con|Ilct betuteen using the clock chip and the A-to-D con'erter.

The LtC 1298 can provide a m:L\imum of 11.1 thousand samples per second. The
device accepts an analog reference voltage between 0.3 and Vcc +0.3 volts, so the sig
nals to be read must be conditioned to rcflect these re4uirements.

Sockets U7 (and U8)
Sockets U7 and U8 arc designed for temperature-sensing experiments. (U8 is a three-
hole group for soldering in a tbree wire temperature-sensing device and is located next
to U7.) How this is done is demonstrated in Programs 7.5 and 7.6.

The DSI820 tenperature rcading device goes i socket U7.

The DSI620 temperature sensor has to be sodered into socket U8.

1?j&&!!!m5{{ Using the Dsl 820 (Program io read iemperature by
microEngineefing Labs)

; PICBASfC PRO proqrran to read DS1820 1 wire temperature sensot
^ .  Lhe  LLD

DEFINE LCD DREG PORTD ; defne 1cd pins

DEFINE I.CD DEIIT 4
DEFINE I.CD RSREG PORTE
DEFINE I.CD RSEIT O
DEFINE ',CD EREG PORITE
DEFINE ',CD EAIT 1

COMMAND VIR BYTA
I VAR BYTE
fEMP VAR WORD
DQ Vt.R POR!C.o
DLDIR VAR TRISC. O

al locaLe war iables
sLorage for comand

al ias Ds1820 data p in
al ias Ds1820 dala d i rect ion p in



SOCKETS U7 IAND UAI i27

lilt9.idf]lti9il Using the DS1820 (Program to read lemperalure bv
micrcEngineering Labs) (Cont ued)

ADCON1 =%OOOOO111 ; set PORTA and PORTE to digitaf
LOW PORTE.2 ;  lcd x/w l ine 1ow (v)

PAUSE 100 ;  wai t  for  1c. l  to  s tar t
LCDOUT $FE, 1, \[EMP IN DEGREES C" ; display siern-on nessalre

; nainloop to read the tenperaiure and dispLav on tcd
UAINLOOP:
GOSUB INIT182O ;  in i t  the Ds 180 2
COIAIAnD = %11001100 ; issue skip ron conaand
GOSUs WRrTE1820
CO!{DiAND = %01000100 ; start lemperature
GOSIIB !rRrTE1820
PAUSE 2000

GOSUB INIT182O

; wai t  2  seconds for  convers lon to

;  do another  ln i t
COMMAIiID - %L1OO11OO ; issue skip ron comand
GOST'B I'IRITE182O
COMMAND = %10111110 ; read lhe tempetalure
GOSUB WRTEE182O
GOSUB RE]AD182O

; display the decinal temperatu.e
LCDOUT $FE, 1,  DEC (TE! 'P >> 1) ,  \ .4 /  DEC ( IEMP.o *  5) ,
\ DEGREES CZ

I,CDOUE SFE, 1, 'DS182O NOT PRESE!f�T" ;
PAUSE 500

GOTO MAINIOOP

ITiIITIS2O:
LOW DQ
PAUSEUS 5OO

PAUSEUS 100
I F D Q = l T E E A !

GOTO MAINI.OOP
ENDIF
PAUSEnS 400
RETURN

WRITE1820 !
F O R I = 1 T O 8

I F C O U M A N D - o = 0 t l t E N
GOSUB VTRITEO

EI"SE
GOST'B IIRITEI

in i r ia l ize Ds1802 and check for

Set  lhe data p in 1ow ho in i t

re lease data p in {set  to  input
for  h ish)

ldai t  for  end of  presence pulse

vr i le  "comand" byte ho the ds1820

I  b i ts  Lo a byte
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i,FlQma{btls ljsing the DSl82o (Prosam to read temp€rature bv
microEngineering Labs) (ContDued)

ENDIF
CoMMAND = CO!4!AND >> 1 ; shift to nex! biL

NEXIT I
RETI'RN

; wr i te  a 0 b i t  to  the Ds1802
WRIEE0 !

TJOW DQ
PAUSEIIS 50 ; low for > 60us for 0
DQ-DrR = 1 ;  re lease data p in {set  to  rnpul

;  for  h ish)
REl\tRN ; wrile a 1 bit Lo lhe DS1820
WRIBEl :

Irolr DQ ; low for < 15us for 1
eNoP ; delay 1us at 4mnz
DQ,DTR = 1 ;  re lease daia p in (set  to  inpu!

; for hish)
PAusEus 50 ; use uP rest of line sLot

RlruRN ; tead ldperature fron the DS1820

READ1A2O:
F O R r - 1 t O 1 6  ; 1 6 b i t s t o a  o r d

TEDTP - IEUP >> 1 ; shift dom bits
GOSUB RE:ADBI9 ; €reb lhe bit to lhe Lop of lenp

NEJKT I
RlrqRN ; tead a bit fron lhe Ds1820
READBIT t

TE!rP.15 = I ; presei read bi! !o 1
r,ow DQ ; slart the tirne sloL
qNoP ; delay 1us at 4mhz
DLDrR = 1 ;  re lease data p in (seL to input

;  for  h ish)
I F D Q = O T H E N

TEMP.15 = 0 ;  se!  b ic  to 0
ENIDIF

PAusEus 50 ;  va i t  ouL res!  of  t ine s lo!
RTTURN
END

li!&ijiiil*i.ilFf Using the Ds1620 (microEnsinee ng Labs prcsram lo read

This n icroEngineer incr  Labs progran,  too,  can be found on
lhei r  t leb s i te .  Use the la test  versron
PICBASIC PRO proerran to read DS1520 Lhree-wire tenperaLure

and display tenperature on the LCD
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W Using the DSl620 (microEngineefing Labs program to read
tempeBturc) (Cor nued)

INCI.I'DE'UODEDE!S.Bf,S'' ;
DEFTNE LCD DRIG PORID ; define 1cd pins
DEFTNE I.CD-DEIT 4 ;
DEFINE I.CD-RSRIG PORTE;
DEFINE I'CD_RSBIT O ;
DEFINE ',CD_EREG POR'E
DEFINE t,CD EBIT ! }

:  d l iqs p ins
R S I � R  P O R E C . o  :  ' e s e  p i  '
D Q  V A R  P O R E C . I  :  d a . .  p i n
CI IR VAR PORIC.3 :  lo- l< p i i

;  a l locate var iables
lElllP VAR WORD ; storage for tenperature
Loil Rgt ; rese! the device
ADCON1 -%000001U ; set PORTA and POR?E to digital
Loi t  PoREE.2 ;  lcd r /w l ine low (w)
PAUSE 100 ; wait for lcd to start
LCDO(,!I SFE, 1, "IE!'P IN DEGREES C" j d:spl-y sign on nessage

; foop to xead the temp and display
;  on lcd

uau[t oP:
RgE= 1 ;  enable device
SEIFEOI'I DQ, CLt, I,SBFIRSI. ISEEI ; start conversion
R g f - 0
PAvsE 1000 ; wait 1 second for conversion to

;  conplete
R S I = 1
sslFEottT DQ. ctK. t sBFlRsI. ISAAI ; send read comnd
gHIellN OQ. CliK, I/SBPRER, IEEMP\9] ; read 9 bit temperature
R S t - 0

; display the decimal temperaLure
r ,cDouE $FE, 1,  DEC ( IEMP >> 1) ,  { . " ,  DEC ( tEMP.o *  5) ,
\DEGREES C/
GO4IO IIAINLOOP ; do it forewer
El[D ; end progran



SERIAL COMTilUNICATIONS:
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If all you need is a quick serial communications implementation for your project,

Program 8. 1 (from the microEngineering Labs Web site) gives all the code you need to

reaal and write to the USART. Combine the single character code in a loop to read and

wdte more than one character (in other words, create strings).

W RS232 Communications (Program to communicate wilh a computer)

; rhis microBnsineeriner Labs proqran can be found on theif, web
; si te.  use the fales! version.
CLE,AR , read and wrile hardware usart
DEFINE OSC 4 i osc speed
81 vaR BYIE ; initialize usart

BRIsc = b10111111 ;  sec Tx (PoRTc.6)  to ou! ,  re6!  in

sPaRG = 25 , set baud rale to 2400
RcsIA = g1OO1OOO0 i  eaable serr€ l  po -  and cor  L inLous _" i  e

Txstr = %OO1OOOO0 ; enable transnit and asvnchxonous mode

; echo received characlers in innnite loop

SOSI'B CEARIN ;
IF 81 : O TEEI I'OP;
GOSDB CEAROIIT

LOOP !

GO:rO LOOP

CIIARIN:

ge! a characler fxon serial input, if anv
no character yet
send characrer lo serial ouLput

s l r o  r o  g o L  l r o l  u s a r .  r e  ^ , / e !
preseL to no character received
l f  receive f las then. . .
set received char:acler co b1

l F P I R 1 . 5 = 1 E E E N ,
81 = RCREG i

ENDIF i

(ContinwA

t 3 l



132 sERllL coMMuNlcATlOrlS: SOCKETS U9 AllD Ul0

l::Ptdiiallig-ili: Rs232 Communications (Program lo communicale with a computed
lcontinued)
RETI'RN

CHAROu�!:
IF PIR1.1T = O THEAI CITAROu�!

TXREG = Bl

REAURN
EIID

qo back Lo calLer
subroutine to send a character
to usar l  Lransni l ter
wai t  for  t ransni t  regis te!  enpty
send characLer io  t ransni t

go back to caLLer

On the other hand, jfyou need a greatcr understanding of what is going on, read on
TheLAB-XIlelsus experiment with twotypes ofserial co munications The board

comes with hardware for the RS232 standard on board and an emply socket that can be
coniigured with the RS485 protocol (a line driver lC musl be ndded). Only one type of
communications can be actve at any one time, andlhcchip ihatis not being used must
be removed from the board. The RS232 communicalions are routed to the DB 9 female
conneclor on the boa]d,.md there are PC boa]d holes fot s. three'pin connector at Jl0

&rRS,l85 communications. The IC rcquired by the RS485 is the SN175176A or equiv-
alent line driver.

The two staDdards are simil and, simply stated, using RS485 allows you io go

longer distances and the communicaiion is more noise tolerart. (This is related io the
capacitance of the lines used and slronger drivers being employed. The discussion of
the why and how ofthis is beyond the scope of this book.)

The compiler suppots communications to both standards and the specified compiier
conmrmds should be used whenever possjble. Writing your own sequences lbr control-
ling serial communications is couDterproductive, even though it might be inslructive
The compiier uses the same commands to access both standards, and the hardware you
put in place determines how the signaLs are senl o!r! and received. (Take a minute to look
at Figures 8- l and 8-2 to see what the complications ar.J.)

Coimunications arc timed according to the speciiication of the oscillator For the
proper timing to be achieved, the OSC command has to be sct to the actual oscillator
frequency in use. Ifthe ffequercies are not matched, conmunications will be sped up
or slowed down (in spced) based on the extent ofthe mismatch.Ilyou are actudly using
a 4 M Hz osci llator and specify OSC 20 in your program, ihe communications will slot!
down to onlr fifth thespecified spccd because the system is actuallyrunning at one-fifth
the 20 MHz speed.

In order to experiment with colnmunications, we need to bc able to communicate with

an externaldevice. The easiestdevice to use is apersonal computcr set up with a dumb
terminal program. The various versions of Microsoft Office Works software all contaln
a tefminal program that you can access and use.

Adumb terminal may be set up by following these instructions:

Co to the St?u]t menu in your PC command lrough, then select
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Communications

HyperTermi nal

Iffbr some reason HypelTerminal does not show up here, go to IIELP under the Stat
nenu, search fbr "HyperTeminal," and then click "Finding in 2000." This will give you
a window with a link to HyperTerminal. Downloads are free.

Set up the HyperTerminal for

8 bits

No parity

I stop bit

2400 ba d

This is whatthe system defaults to w]lh the PICBASIC PRO Compiler We will use
these settings for all our experiments. Sct it up and save your terminal to the desktop
tor easy access.

Connect the serial cable between the computer and the MCU. Since this salne cable
is also used fbr programming the MCU, if you have only one serial pot, you must dis-
connect it from the serial programmer after every programming session when using a
serial programmer It'sjust one more reason lor opting tbr the USB programmer The
wiring for the connector to the serial port is shown in Figurc 8.1

c6
c7

BI IN
B2 IN
T1 IN
T2 IN

c1-

Fl  OUT
F2OUT
T] OUT
T2 OUT
C2+
Q2

ilB liiii.:ali:l Rs232 communications wirins. (Wiring diagram lor the RS 232 standard -
There are actualy two RS232 drivers on ihe MAX232CPE.The unconnected l/O lines belong
to the second drivefon ihis chlD.)
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When and How Will I Know
If It Is Workine?
Once set up properly, whatever is sent out by the LAB-XI wjll show up on the
Hypellermjnal screen, and whatever is typed in at the computer keyboard will show
up on the LAB-XI LCD and the H)?erTerminal screen-

We will be using the hardware serial oulput command HSEROUT, which applies to
the firsl COM poft on the LAB Xl. (The LAB-XI has only one porl, so HERSOUT2
is not applicable for use with this MCU. The mosr obvious use is for data coliection and

conversion with useful filtering where the data comes in on one porl for from an instru-

meotl, is translated and filtered, and then goes o t on the other pol1.)

Let's write a simple program (see Program 8.2), with no salety or error correc-
tion interlocks, to send a senes of?5 uppercase "A"s to the computer one "A" at a
time with no delay between transmissions. Seventy-llve characters will fit on one
line with the cafiage return. This will keep the LAB-XI busy for aboua 0 25 sec
onds every time you press the reset pushbutton while adjusting the terminal settings,
ifnecessary,

!lqf&di!!liFia:: Rs232 communications (Program to send informalion to lhe

CI.EAR
DEFINE OSC 4
DEFINE IISER RKSTA 9Ob
DEFINE HSER 'XSTA 2 OTI
DEFINE HSER BAUD 24OO

DEFINE HSER SPBRG 25

IISEROUT TSD. $A, $A1
A'JPIIA VAR B{TE
FOR AI,PEA =1 IO ?5

IISEROUT [$A/]
NEKT AjJPHA
END

Define the oscillator speed
lsettinq up che conrnunicaLions
lvar iables and baud ta le
lsee PBP nanual  for  deta i ls
l
a  . q r ! .  d q e  t  ̂ o  i . -  t e e o s
set  counter  var iable

o o p  r o  s e r d  o l r  h -  
_ 5  A  r \ a  q  e s

For the communications protocol, we will match the settings of the HyperTerminal.
As indicated in the compiler manual, this is done with lhe arguments in the HSEROUT
command and by the protocol related DEFINES in the pro$am. This is what is imple-
mented iII Program 8.2. Before you go any futher, the preceding program must be

made operational.
Next, we need to receive information from the computer and display it on the two

lines of the LCD. We will set it up so the LCD will be clearcd after every 20 characters
recei\ed. so $e don l  nrn our ol  ,pr, je on l ine l  of  lhe displa).  The oPetut command
to rcceive data is:

HSERIN {Pari ty lEbel.  }  { f  i redt.  tabel,} I r t4(, . . . } I
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The DEFINES in the first program segment define the variables being used. '"Timeouf'

and "Label" are optional and are used to allow the prcgram to cofltinue if characters

are notreceivedin a timely manner Timeout is specifiedin milliseconds See the more

aletailed discussion in the compiler manual. In our case, the timeout means iiat the pro-

gram will jump to the sendirg routine whenever there is nothilg in the receiver buffer

The receiver buffer has preference as set up. However, you need to keep in mind that

the receive buffer is only 2 bytes long, so we cannot linger on the send side too long

before checking on the receive buffer again.
Thing'  lo keep in mind when fecei\  ing informariun:

I Even though certain control characters do not show up onscreen, ihey will still be

counted as characters unless lhey are fillered out.
I Some characle$ may not be implemented at all dependirg on the chdracter set rec-

ognized by the software in the two processors. This means that the filters you design

have to be carefully designed to take care of all possjbilities
I The receiving buffer is only two characters long. This is a very impo(ant

consideration.
I  weha\enot trkenan] precrul iLrt ls lot  l ransmi.siodlccepl ion el lor '  and'oon.and

that can get more complicaled than we need to cover at this level of our expertise

Meaning that we will assume there aJe no hardware errors to distulb what we alle

doing.

We can write a short program (see Program 8 3.) to receive and display information

on the LAB-XL Since the infonrution will be displayed on the LCD, we have to include

al l  rhe u'ual  code lor lhe I  CD in uur program.

i::ni4tigifi!9il: 8s232 communications (Prosram lo receive and displav inrormalion
lrom the cornpuier)
CIJE]AR
DEFINE OgC 4
DEFINE I,CD DREE PORTD
DEFINE ICD-DBIT 4
DEFINE I,CD-RSREG PORTE
DEFIIIE I.CD RSBIA O
DEFINE I,CD ERTG PORIE

DEFIIIE 'JCD EBIT 1

CHAR VAR BYTE

COL VAR BI4IE
ROW VIIR BYTE
KEY VIIR BYTE
I,ASTKEY VAR BYAE

a.DcoNl = %00000111

define LCD registers and bits

var iables used in lhe rouLine
storage for  ser iat  character

las!  key storage

set  PORTA and POPTE to  d ig i taL
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iiqfgtl..iiil&.Ol RS232 Communications (Prograrn to receive and displav lnformalion

lrcm the coripuier) (Cortlnued)

!o!l PoRfE.2
PAUSE 500
OPEION-REG.7 = 0

* E Y = 0
LASTKEY = 0

I,CDOUT gFE. 1

HSERIN 1. T!,A:BEI,'
I.CDOII! CIIAR

'I.ABEIJ.
GOSUB CE'KEY
IF (KEY != 0) AND

IISEROUT IKEY]
ETIDIF
LASfKEY - KSY

Gorlo LooP

GETKIY:
K E Y = 0
F O R C o L = 0 T O 3

TC1IART

l,CD R/it rine Lot (l'i)

wai t  for  LcD to srar lup
enable POR1B p!11lups

in iL ia l ize vars

in iL ia l ize and c lear  d isp lay

ge!  a char  f ron ser iaL Port
send char  !o d isPLaY

; get a ke\@ress if anv
(X:EY I= IJASTKEY) TSI:N

;  send kev ou!  se i ia t  por l

;  save last  key value

;  do i t  a l l  over  asain

; subroutine Lo geL a kev fron ke)apad

,  preset  io  no Kev

tRrsB = (DcD cor) ^

Row = PoRtB >> 4
IF ROW l= %0000111,1

;  a1L oulput  p ins low

SFF ; se! one colmn Pin to oucput

THEN GOTKEY ;
NEXT COIJ
BETITRN ; no key Pressed

GofKEY! ; change lod and col to asclr nunb

KEY = (coL *  4)  + (NcD {Row ^ $F))  + \0"  ;

RETURN ; subroutine over

EAID ; end of Progran

Next, we combine the send and receive programs to give Lrs full communlcatlons

between the LAB-XI and the HyperTerminai program in the computer (This is left to

you. At this stage, you shoulal have no problen with implementing thisl howeve! a

couple of hints are Provided )
TL HyperTcrminal software lakes carc ofreceiving, displaying' and sending char-

acters. without need for any futher modification by us.

The LAB-XI software must receive characters from the terminal program and dls-

play them on the LCD. lt also has to read the keyboard and send what it sees to lhe

tcrminal. The receiving and sending m st be in the same main loop'
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u 1 0 R]2

RS485

c6
c7

fiffigS RS485 communications wiring. (Wiring diagtam for lhe RS 485
slandard.)

Usins the RS485 Communications
In order to use the RS485 serial communications standard (see Figure 8.2), pins must

be installed in JP4 to enable the ground connections and allow J10 to carry the com-

munications. As mentioned earlier. the RS232IC in U9 must be removed. After these

changes, the operations will be similar to the RS-323C standard.
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USING LIQUID CRYSTAL DISPLAYS: AN

EXTENDED INFORMATION RESOURCE

General
The use of LCD (liquid crystal display) modules is covered in great detail in this chap
ter because they folm an important part of any project based on the use of the PIC line
of miooprccessors and the PROBASIC PRO compilers. We will consider the popular
2line-by- l6-character display in detail, but the infomation is applicable to most LCDS
on the market today.

The PICBASIC PRO Compiler offers full suppo for the 2line-by-20-character
display povided on the LAB-XI board, as well as for other similar displays controlled
by the Hitachi HD44780U and compatjble controllers. Befor€ a display can be used, it
is necessary to tell the compiler where the display is located in momory. This is done
by setling the value of a number of DEFINES that have been named and prede{ined in
the compiler These DEFINES let you wrire to any LCD at any memory location in your
prcject widr the compiler (assuming there are no wiring conflicts). The specific DEFINES
related to the control of the LAB-XI display are as follows:

The DEFINES described next are fo: an LCD confolled from PORTD and PORTE.
as is the case for the LAB-XI.

Identify the polt connected to the LCD data pins:

DEFINE I.CD DREG PORTD

Decide how rnany bits of data to use, along with tlle stafling bit. This can be a 0 or a 4
for the data starting bit, and 4 or 8 for the number of bits used:

DEFINE

DEFINE
IrcD_DBIT
ICD_BIIFS

0  ( o !  4 )
4  ( o !  8 )

Specifi the register that will contain the register selection bit, and the number oI the
bit that will be used to select the reqister:

r39



t4O USI|{C UqUD CnYSlAl DISPLAYS! Al{ EXIE DED l FORilAllON RESOUBCE

DEFTNE I,CD RSREG PORTE

DEFINB LCD-RSBI! 0

When we transfer the data, we must enable the transfer by toggling a bit, ard thc port

and bit fbr dojng this are delincd with the following two lines:

DEFINE I,CD EREG PORTE

DEFIIIE LCD-EAII 1

Decide whether we arc going toreaddatalrom, or write data to, the LCD. This is the

read./write bit, and this bit is defined wiih the following two lincs:

DEFINE I,CD RWREG PORTE

DEFINE IJCD RWBIT 2

Most of the time wc do not need to read data from |he LCD, so this bi1 can be made

and leit lowl

LOSI PORTE.2

Set LCD R/W pin to low (if writc only is to be implcmented). If we are,?ol rrdl goirS

r., /ead from the LCD module, the preccding bit can be set and left low, or it can be tied

low with hdrdware. (Doing it this way will save one conlrol ljne on the PIC.)
Since the PIC l6F877Ahas analog capability, tike any o$er similar PIC it will come up

ilr analog mode on stairup and reset. The MCU must be changed 10 digital mode by setting

the appropriate A to-D conaol rcgister bits before we can use the digital capabilities oI the

PIC. We need thc digital tunctions ofPORTE to control thc LCD. This is done with .

a.DCONl = %00000110

This ins[uction makes all of PORTA and PORTE digital (E00000] I1 can also be

used). Other specifications will provide different results. For a detailed discussion {)1'

!hj . ,  \ee rhe Jrra.hecl \ecrn 

 

on A lo D co1\er i iot . .
The LCD takes a considerable time to initialize itselfaflel startup, so we have to wait

about 500 milliseco s before writing to it.Iflhere are a lot of other tasks that will take
place belore the first write to the LCD, this lime can be reduced (A trial-and error
approach can be used to deteminc the minimum timc needed.)

PAUSE 500 i  Wait  ,5 secs. for LcD to start  up

Usually, the first conmand to the LCD is used to clear the display and write |o it on
line 1, bur I am showing it as two lines, \\,herc the 1i$t line clears the display and the second
line positions the cursor at the iirsl positjon on ihe lirst line and prints thc word "Blank."

LcDouT $FE, L r clear the LcD
LCDOUT $FE, 980,  'B lank-  ;  wr i t len to the 1 ' t  l ine 1 ' t  posi i ion

;  of  the LcD

A11 commands (as opposed to characters) sent to the LCD are preceded by the code

$FE ordecimal254. Somc ofthe codes;re as described in Table 9 1.
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$rE,  $0X C lear  D isp lay-  1An unc leared d isp lay  shows dark
rectangles in all .he spaces, which nay app€ar
b lo t .hy  and i r req !1ar )  .

$FE,  $02 Go to  home.  Fos i t ion  one on  L ine  one.

SFE,  Soc  A11 cursors  o rF .  lh is  i s  the  de lauLt  cond i r r ion  on
s la rLup.

SFE? $08 Underline Curso! 0N

SrE,  $0F UndexL ine  cursor  oFr .  Th is  i s  rhe  de fau l r  cond i i i . .
on  s .a r .up  -

S tE,  $10 1 ,4ove-  cursor  r i sh t  one posr t ion .

gFE,  $11 l lover  cursor  le f t  one pos i t ion .

sFEr  S8O 14ove .u rsor  ro  pos i r io4  one o f  L ine  one.

$FE? $c0 l4ove .u rso i  to  Fos i l ion  one o f  L ine  tno .

$FE,  S91 l  Move cursor  to  pos i i ion  one o l  l ine  th ree ,

SFE,  SD4 Move cursor  to  pos ia ion  one c f  l ine  four .

All these and orhef codes are dcscdbed in detail in the Hitachi darashecr (scc Tablc 9.1).
You must leam where lhcsc arc located so you can.efefto them whcn necessary,

These commands apply lo all LCDS using the Hiiachi HD4:17lj0U conlrcller or its
equivalent. Sec thc dalasheet fbr this contloller for morc detailed infbrlnation. This
controller has nany commands not shown herc, including linited graphic capatrility
(within thc characteB) and the ability to display Japanese kana characters-

Ilis uselul to ha!e thefull40+pagc datasheetonhand whenevefdoing anything morc
than sending text to the LCD. Thc Hiuchi,l,l780 darasheei can be downloadcd at no
charge fiom the following Wcb si!ci

x ww\\'-alldatasheet.corn/datasheet-pdf/pdf/63673/H ITACHyHD44780.html

LCD displays rcquirc that each line be addressed wirh its owr stadng posirion as indi-
cated earlicr Thc exceplion is that most l6 characld singleline displays afe designed
such thal the lint eight charxcters stirt at $80. and the nexr eight siarr ar $C0. so thar
the 16 charactcrs appear to be od rwo lincs !o thc conroller though rhey are displayed
as onc ljnc on the LCD lnodule. Also notc thal lines 3 and 4 offourline displays also
havc an i egular addressing scheme.

II more characters than can be displayed on a line afe sent to the LCD. thcy \rill bc
stored in lhe memory in thc LCD and can be scrolled across thc scrccn when needed.
The number of charactcrs that an LCD can store in its display mcnory is a properry of
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&!AISH!KS A 2-line-by-i6 character LCD module. (One- or twoline
LCDS can add a lremendous amounl of utililyto a proiect )

the LCD as determined by the maoufacturer. You can also sdoll the display up and down

if you design the commands, and write the software' to do so This is not built into the

LCD or the controller soflwdre. A typical 16 x 2 display is shown in Figure 9 I

Usin LCDs in Your Pro
It is generally agreed that most projects benefit from having a one- or twoline display

incofoorated in them. Howevet these displays tend to be mther pricey (about $50)

whe;provided with the necessary controlling IC, and quite reasonable (about $5 to $6)

when bought without the supporting package. Since a PIC micmcontroller can be pur-

chaseal for about $5, we should be able to have a complete display unit for a marginal

cost of around $10 if we can figure out how to prograrn our PIC microcontrcller to con

trol the display.
The readily available and inexpensive 2-line-by- 16-character LCD ($6 at All

Electronics) offers us the ability to display information in a limited butuseful way jn

ourprojects. Mastedng theuse of this LCD display means we have gained the expert_

ise to write any charactet at any locatioll, at any time' or in response to any event'

whenever we want. This chapter aaldresses this problem in detail and tells you what

you need to know anal do to make these displays inexpensive additions to all ofyour

proJects._ 
In this chapter, you will leam how to control an LCD The code you create will

be able to be incorporated into almost any PICBASIC PRO program and will coII-

trol the LCD from any available half port (nibble) and three other ftee I/O lines The

code $ i l l  be mofe l lnraf lhan i l  needs lo be \o )  ou can see eracl ly $ har i '  going nn'



UNDEFSTAI{DII{G THE HANDWANE AND SOFTWANE NTEiACTIOI{ I43

but once you understand what needs to be done, you can write more compact and
sophisticated code tlat will get thejob done the way you want.

Understandins the Hardware
and Software Interaction
The hardwarc we are considering consists ofan LCD with an integral controller thar is
incorporated in the display by the display manufacrurer In our particular case, rhis is
the Hitachi HD44780U controller Displays are available wirhout this or any other con
tolleri but codrolling displays without a controller is way beyond the scope of this book.
For ourprojects, be surc you buy only those units that have this controllerbuilt in as a
paft of the display. Most do.

Controlling the display consists oftelling this controller what we want ir to do. The
instructions are easy to learn and allow you to control each and every pixel and all
thefunctions thatthe display can periorm, wiih relative ease. You do nothave to read
or understand the rather extensive 40+ page datasheet that Hitachi provides for this
controller, but it is well wonh thc troublero download thc data sheer and srudy it. you
do not rued to download this file eithet but you should know where to iind it if you
need it. We will go over almost everything you need to know to control the display
as a part ofthis exercise. The exercises at lhe end ofthe chaprer will take it to the next
level-

In the LCD display, the imbedded conFoller provides the interface betweer rhe user
andthe display. The controller is the Hilachi HD44780U. This very powedul controller
gives you complete control over the LCD. h allows you to address each and every
pixel on the display. It also has a builtin set of ASCII characters for use by the user
Our task is to learn how to use this controller to Dul what we want. when \r'e want. where
we want, in the display.

The other conmon controller is the Epson SED series confiollcr, whose operation and
instruction set is very similarto that oI lhe Hirachi controller We will rol consider the
EPSON conlroller in this book Ifyou do decide to buy a display wiih ihis controller ro
save a few bucks, you should be able to use ir after only a small amounr of srudy.

You will find that almost all the smaller liquid crystal displays on the market are con-
trolled by the Hitachi controller mentioncd earlier This means that once you learn to
control one display, you can control most of them wjrh rhe code you create. As a mafter
of fact, we will write the code in a way thai will be universal in its application in that
we will define variables like the number of character spaces in the display and the
number of lines in the display as part ofthe program setup. (It is also useful and usu
ally much easier to use the DEFINES created by the PBP compiler to control rhe djs
play. We will le.rn how 1o do this in a later exercise.)

The addresses of the local memory locations (meaning the ones in the LCD) used by
the LCD have already been fixed, as has theinslruclion set we use to write to the LCD.
so we do not have to create any ofthis rather sophisticated code.



You alo noi need the full datasheet. which is abolrt 40 pages long' bui you do need to

know the basic command set that controls the data tra$fer 1o your particular display

Thi s is usually provided by the organization you buy the LCD from and consists ol two

or three pages. You will need 1o refer to the dalasheet only if you want 1o creale specral

.t,*u"t"'..,_o. if yoo *nnt to display bargraphs and the like on tbe display The control

the Hitachi controller provides is very comprehensive, butyou don'tneed tobe famil

iar with it to use a display effectively. Everything you need to know willbe covered in

this exerci se, but that should not keep you from learning as much as you can abou! con-

trolling the displays

Talkin to the LCD
The precerlilg confol codes allow you to configure the display' set display parameters'

set tie shape ind position of the cursol and so on To differentiate them from the char-

acter conmands, iach control code must be preceded by a hexadecimal FE or a deci'

mdl 254 to tell the confoller lhal the next character sent to lhe display will be a control

code. After receiving one control code and its argument' the Hitachi controller resets

to ihe data mode automaticaLly.
The controller suppots theASCII standard All uppercase and lowercase chamclers

ancl numerals are supported, as ale punctuation narks and the standad lext support char-

acters. (The controller also suppofts the display of a set of Japanese kana characte$')

It is ;1so possible to design your own font for use with the displays (though five

by seven [oi even ten] dots ;nd rwo lines does limit what can be done) All the infor-

mation needed to tlo so is contained in the Hitachi HD4'{780U datasheets Greek

. t u r u " , " r r  u n a  c e n a i n  t c i e n t i f i c  n o l a r i o n i  \  o u l d  b e  u s e l u l  l o r  m o s l  5 c i e n L r [ i c

aDDlications.

The Hardware
Let's take a closer look at the LCD hardware.

Studv lhe datasheet that came with t}}e LCD. Find the pin-out descriptions and study

them. ihe 16 pins ar" osually identified as shown in Table 9 2'

Looking at ihe datasheet provided wirh the 2-line-by-16-characier displays' we find

that the c;nfiol implementation can take Place if we have bodl a poft and a few lines

available to control the LCD. It does not have to be controlled from any predefined lines'

We can select all the lines needed to support the display in our project and they can be

on any port we have available The only requirement seems to be that the four/eight data

line be either the contiguous top, or the bottom half, of a po This is not a paticularly

demanrling requirement other lban that it means the smaller PICS cannot be used if we

will retlLrire many I/o lines in our project The other thtee lines needed can be on any

of the other ports. and do not all need to be on lhe same pol1 Since we are considering
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1

2

3

5

6

7

8

I

1 0

1 1
'12

1 3

Logic ground

Logic power 5 volts

Contmst of the display, can usually be grounded.

Fegisterselect )These are

Read,ll/fiie )lhe 3 control

Enabe )  l ines

)8 nes )hal l  of the pon

) ot daia ) can also

) ) be used

) )see PBP manual

Backlight power )These hvo lines can

Backlight ground )usually be ignored

only one PIC in this book. in our case this means we will use the 16F877A. I h.tve
included the circritry and code tbr this in the Progfam 9.1 and F-igure 9.1 so you caD
scc cxacdv what nccds to bc donc.

To keep ir simple. lel's use PORTA and PORTB. because lhesc ports arc available
on cven thc slnailcr MCLIS. and if we use a dedicared MCU ro control our l-CD. i! will
in all prcbabiiity be a smallernore inexpensive l8'or20-pinMCU. Let's use thclincs

Lincs | 1o 3 of PORTA as lhc conlrol lincs and

Lhes 0 to 7 ofPORTB ris the data lines

\ re can redefine these to be more rational addresses whenever $,e want. and none of
the pfogramming will have to change. Just DEFINE what pofts and lines you want to
use atthe top ofthe progmm. and the aliases assigned to their will identify then as needed.

with this in mind. let's create the sotiwarc to conlol a 2 line by-16 charactef dis-
plalr. Oncc wc arc happy wilh lvhat wc havc crealed. wc can migralc lhc codc 1() other
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]lole lye couu also use a ane Line (about $5) disPlq" brt thatflould inhibit leaming

abo t going to line 2, scn hg the disptq- up and (Iown, and sofb'lh To exryrin(:nt v itll

these Jeatures, we needto haNe a aisplaf Yritllat least trt'o Lines'

Settin Out Our Desi n Intent
a conrrol ihc 16 x 2 display with a Ptc 16F877A microconlroller (&l3 code fbr the

smaller MCUS wil be the same).
a Design the software so it can be an integrat part of thc software for any project 

^
x Use;Endard control codes so lhe project is a virtual plug in replacement for

other displays ancl in other PlCs (Only minor modifications if any will be

required.)
r Usi a ninimum numbel of exlemal components, allowing this sotlwdre projecl to

nove between PIC controllers of all descriptions All we want to do is include the

code in our project and connect the display 10 the selccted ports-

x Usc the projecfs regulated 5_volt power supply foreverything-

trore The PIC l6F877A has 33 UO hes' the displal v'ill use 7 oI them' so t\te will

hdt e 26 tines left o|erJbr ov Projact. Sinc( we don1 need dll these lines Yre could hare

Ltsel the 16F84A. No t)rogram changes shoukl be nee(led, otlrcr than changing the litE

dn(l t)ott addrcsses in the DEFINES' \Nhen we tlot' to the PIC l6F81A

HARDWARE NEEDED

We will need lhe following pdts for this projecl:

, Experimental solde ess breadboard
! PIC microcontroller: 16F877Aor l6F84A

x One barc 2-line by-16 characler display module (with a Hilachi controllcr)

! One 4 MHz cryslal
a Two 22 Pf capacilors
! Rcgulated 5-voll power supply fron the brcadboad

s Onc 470-ohm 0.25 watt resistof
a Sone 22-gaugc insulatcd singlc stmnd hookup wire

t l-kohrn 0.12 watt pull up resislor

PROGRAMMEB T{EEDED

Thc programmer nceded should be cither thc microEnginee ng seial programmer' a

parallel prcgrammer, or the new USB programmer

SOFTWARE NEEDED

The sollware nccded includes lhc PICBASIC PRO Compiler and its nanual
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INFORMATION NEEDED

lnlbnnaiion needed includes:

I LCD datasheets that came wirh the LCD
I The PIC 16F877A datashcct (or rhe datasheer lbr the I 6F84)

We will go through the softwafe a stcp at a time, and whcn done. il will be your job
to clerD up the softi\'aro and speed p irs operadon-fof exa ptc. to optinize ir for rhc
Inidurunrfol ler )  nu $ i l l  u.e i r  )  or I  nroj .(r ,  '  '

We must pick a specific display to work with so we can delelop rerl working soft
wafeforit. Thedisplay Ipicked sclls 1br$6 or soandis available wirh a darasbcet li.om
All Elecironics. AZ Displays also sells one that scems ro be identicat called Model
ACM 1602K. The short tbnn darasheers are sinilar. but the AZ onc is in a crisp pDF
fomat ilnd can be downloaded from thcir Web site for frec. Doing so will mean you
can have this informalion open in a wi dow on your compulcr.

First, rve need !o investigate how nrany pins we willneedon our PIC nicrocontrollcr
to iDleract with our display. This is sunnmrized in Tablc 9.3.

PIN NO. SYMBOL LEVEL DESCBIPTION ANO NOTES

1

2

3

5

6

VSS

VDD

VO

RS

E

DBO

DB1

D82

D83

D84

D85

D86

DB7

BL

BL

OV

5.0v

H/L

H/L

H, H>L

H/L

HIL

HIL

HIL

H/L

H/L

H/L

u/L
5.0

Gnd

Ground for loglc supp y

Logic power supply, regulaied
LCD contrast. Can be grounded

H: Daia code L: Inskuclion code
H: Bead mode L:Wlite mode- Can be

tied low in hardware

Enable signal, pulsed ifom H 10 L. Hod
at ll.

Dala bil 0

Data blt 1

Data bil2

Daia bit 3
Data bit 4
Data bii 5

Dala bit 6

D a l a  b l 7
Plus 5V Power lor back lighting lhe

Grcund lor back llghllng power.

7

1 0

t l

1 2

1 3
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PIC PIN DESIGNATION

1 VSS llel esnne6l€d te the l'l€

? vDD I'lei€er1e€led lelhe Pl6

3 \'e lJ€l eenne€t€d te !h5 nle

4 RS ] RAz POITA

5  B W  2  F A 3

6  E  1 8

7 D B O 6

]O DB3

11 DB4

15 BE N6l6e1n€€tsd te th€ Plg

16 BL lt€t oenneotsd 16 ihe Pl€

DB5 11 RBs " ) Half lhe pon can also be use

BBo '  )See PBP manual

RB7 " 
)

Table 9.4 i ndicales that our mio ocontroller does not necd to be connected to lines I '
2. 3, 15, and 16 in thal thcse have lo do with powcr connecliorrs and nol rvith dala l/O

ln the preccding case. wc will use an 8 bit data buss. and thc conneclion to the PIC

16F877Awill be as shown ir lJigure 9 1.
we can get by with l l  l ines, and possibly even l0 i f  we decjde to do withoul

the ability to read from the display nremory. This is not usually the case, however,

because thcre are t i  cs when we need to sel  lh is l ine high for reading the LCD'S

busy flag in ordef to minimize lhe time used by LCD rolrtines Nevcrtheless. \\'e

car add abolLi a 20-milliscconds delay io take carc ofthe busy time Wc also necd

to be able to rcad the displa, memory il we want to scroll the display up and have

acccss to what is on ciisPlay lines one and two Since this wouldbe true ibr all apPli

cat ions, rve have to stay wi!h the l1 l incs for 8-bi l  control  (We nould not have 10

read !he display if we kepl lrack of what we had put in the display somewhere elsc

in thc emory.)
The cight daia lincs fonn a coD\'crient bylc. and we can assign onc of the Porls not

being used lbr anything else. This lcaves three lrnes:
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I The E line, which needs to be toggled to transfer data to the LCD
I The RS line, which selects the rcgister
r The (R/W), which sets the read/write status ofthe operations

Using eight lines for data allows us to generate allthe codes and all the characters
that the chip has in its memory, but more impoftandy, it allows the data [ansfer to be
performed in one step. We can also use a 4-bit protocol and transfer half a byte at a
time. Using four lines for our control scheme means the LCD can be controlled from
just one port (seven lines will be used, leaving us one line to spare). The datasheets
tell us that whether we use four lines or eight, they all must be part of one port, and if
we are using fourlines, they must be the cortiguous fourhigh, or the contiguous four
low, bits of a po -meaning we cannot use just any random lines for the data buss.
The data transfer for the 4-bit prctocol must use fhe I high bits on the LCD, and \\te
must send the datatom tlre PIC to the tlisplal with the high tu a nibble frst and the
low data ibble last. This little gem is not speUed out in the instructions, btlt it's wha't
must be done,

The datasheet also tells us that t}Ie display initializes itself on power-up. We can
reinitialize it under ourcontrol, butil is done automatically on starlup and we cannot
inhibit that. All we have to do is "not do anything" for about halfa second for the self-
initialization to complete. The busy llag is set high during startup and initialization,
but is indeterminate immediately after initialization starts and for 16.4 milliseconds
after the supply voltage reaches 4.5 volfs, so we cannot determine how long we have
to wait afler powering up to start doing what we want. We will set a o.s-second
wairpause in our progmm at startup. If that is not lorg enough, we will come back
and increase the waiting time. Wait tine is a must. Ifyou do not wait, t}Ie system will
not start up properly.

Automatic initialization sets the foliowing conditions for the display:

I Display cleared
r Set for 8 bit interface
r Set for 1 line ofdisplay
I Set for 5 x 7 dot matrix display
I Display is tumed off
I Cursor is tumed olT
I Blink is tumed off
I Increment between chamcters is set to I (culsor moves over one space automatically)
a Shift is off

The preceding may not be exactly what we want for o r purposes, so we will go
tbrough an initialization sequence as specified by the instrnctions. We do not have to
go through all the steps, rar we rrill, sowe have a completerecord ofwhatneeds to be
done for future projects.

The instructions tell us that the follo\'r'ing six instructions must be sent to the display
during an initialization sequence. The lirst three insfuctions are identical but require
diifercnt waits after each is sent to the display.
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Thcse lnstructiors are commands father than data, so the RS 0cgister select) ljnc
nust be hcld high while we initialize- See Table 9.5.

The six lincs olcode in Table 9.5 uc explained nr delajl !s follows:

0 0 1 1 0 0 0 0

0 0 1 1 0 0 0 0

0 0 1 1 0 0 0 0

0  0 1  1 1 0  0  0

" 2 "  i n  a  b i L  =  d o n ' t  c a r e
r  code to in i t iaL ize lhe LcD ( th is  is  enLered

;  3  t i n e s ,  1 s t  t r m e )
;  load for  a comand funcrron
;  w a i t  a t  l e a s t  4 . 1 n s

code !o in iL ia l ize the LCD
load for  a comand funct ion
vai t  a !  leasL 100us

code to in i t ia l ize the LcD
Load for  a comand funct ion
l ia i t  a t  least  l  n i l l isecond

p ,  8  o '  o ! -  - .  d o

0

1 = 8  b i t  d a t a  i r a n s t e r
1 = 2  l i n e s  o f  d i s p L a y
0 =5x7 d isplay

road for a connand function

1A walt fof  4.1 msec

2 t  high

2A wail lor 100 $sec

3 t  high

3A wait ior 1 msec

4 t  high

5 t  hlgh

0 low 0011xxxx Toggle H to L

olow 0011xxxx Toggle H to L

olow Oo1l1oxx Toggle H to L

olow 00000001 Toggle H to L

0 low 00000110 Toggle H io L
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0  0  0 1 0 1 0  0

0  0  0  0 1 1 1 1

0 0 0 0 0 1 1 0

se!  cursor  shi f t  eLc
0
0
0

0 =cursor  shi f t  o f f
I  =shi f t  to  r ishL,  or  Lef t  {0)

load for  a comand funct ion

' D  d  s p _ a y  o . b l  \ - -
0
0
0
0

1=culsor  on so we can see l t
1 = b l i n k  o n  s o  w e  c a n  s e e  i t
load for a command function

' . . ' 6 6 -  r i t  e c

0
0
0
0

1 =increment cursor in posit iwe dir
0 =display not shi f led
Load for a comand funct ion

At the end ofthese instructions, the display will have been initialized the way we

There is also this business about the busy flag that we need to be thinking about.
The display lakes time to do whatever we askit to do, and the time varies with what
we asked itto do. Wc can wait afew milliseconds between ins[uctions to make sure
it has had erough time for the lask to complete, or we can monilor the busy llag and
as soon as it is not busy we can send the next instruction. Since lime is always at a
premium, and we want to run as fast as we can. it means we must consider moni
toring the busy flag. (This is impoftant because addressing the LCD is one ofthe most
time'consuming pafts of most programs, and these small processors are running at
only some 20 MHz.)

THE BUSY FLAG

The i nsnxction sheet tells us that the busy llag is bit 5 at localion I I I 0001 I in the LCD.
Meta Code for waiting for ihe busy bit iD |he LCD to clear is as follows:
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Busycheck:

Read busybyte

Isolate busybit

If it is busy then goto Busycheck

Retum

We isolate the bit and if it is not loq we read the flag byte again We do this again

and again till the bit goes low. As soon as it does, we can write to the LCD and go on

with the program.
We also have an interest in having our display be compatible with code generated by

the PICB ASIC PRO Compiler I-ooking at the instructions for the LCDOUT conrmand'
we lind that the compiler would prefer thal the hardware be set up for the following
conditionsl

r Four data bits DB4 to DB7 connected to PORTA.0 to PORTA.3
I Chip emble at PORTA.3
I Register select at PORTA.4
t Two lines ofdisptay are assumed, but we should specify that

lf we cannot meet the preceding requirement! we musl set the addresses out as

DEFINES in each and every program we write (or we can use an "INCLUDE ' state-
ment that includes a program that does this for us). It's only a few lines of code, but
we will have to add the code every time, and it compromises compatibility with other
systems that willno doubt be set up to meet the compiler standad.It may tum out tnat
the micrccontroller you choose will need to have this done in any case, but ifit can be
avoided, it should be done at this stage ofour leaming process.

The next thing we need to decide is whether we are gojng to use lhe soliware as

an integral part ofa prcgram that is ronning on a larger microcontroller 'where we can

use all ten address lines for the display, or do we want the software to run on a smaller
aledicated microconfollo thatwill need only one serial line to controlthe disp]ay but
will have to be added to the total project as a part of hardware we design. For now'
let's agrce that we will go with a dedicated conlroller just to run the displ ay The soft
ware for tunning on a larger controller will be a subset of what we develop so no work

is lost here.
The task on the input side is to design lhc software ihat will take the serial informa-

tion rcceived on one pin and output it as 4 bit characters to the LCD with the select,
rcaavwnte, and enable lines. The work needed to do read the data in js done by the com-
piler with the SERIN instruclion.

Program 9.1 does just this, and is provided by microEngineering Labs on their
Web site.



sEtt[{G oul ouR DEslGt{ ll{lEt{t 153

:::P.fi0iittllgitl:tl For a PIC 15F84A (Prosram to simulate back pack
lby rnicroEngineering Labsl)

;  P icBas ic  Pro  program to  s inu la te  an  LCD Backpack

;  Def ine  LcD reg is te rs  and b i ts
DEFIIiIE LCD-DREG PORfD
DEFIIIE IJCD DBIT 4 j

DEFINE IJCD RSREG PORTE ;
DEFINE LCD_RSBIT O ;
DEFINE I,CD EREG PORTE
DEFINE I.CD_EBIT 1 ;

CI|AR VlrR BYTE ; Storaqe for serial cha.acter
MODE vaR BYTE ; Storage for seriaL node

Rcv vAR PoRl[B.? ; sexia] receive Pin
BAUD VAR PORTA.o  r  Bar rd  raLe p in  0  =  2400,  1  =  9600

STATE vAR POR!A,1 ; InverLed or lrue serial data 1 = true

a.DcoNl = %00000111 , set PoRTA and PoRTE to digital

l,Olf PORTE.2 , l,CD R/w line 1ow (i'l)

PAUSE 500 ; i/ait for LCD to slarLup

MODE = 0 ; Set node
IF (BAUD == t) TEEN

MoDE = 2 ; set baud rate
ENDIF

IF (STATE == 0) IHEN
MODE = MODE + 4 ; Set invelled or true

ENDIF

r ,cDout  $FE,  L  i  In i t ia l i ze  and c lear  d isp lav

LOOP,
SERIN RC{/, MODE, CEAR ; Get a char fron serial input

LCDOUT CEAR ; Send char to display
GOIO IOOP ,  Do r t  a l l  over  aga in
END ; end Progran

This program is for the 16F8,1A, but it can be used on the 16F877Awith appropriate
DEFINES. You have settheseDEFINES many times before now, so lhis should not be
a problem.

The preceding proFam is for a 16F84A PIC. tf you load this pro$am into the PIC,
you can connect the 16F84A to the LCD, dnd any serial information that comes in on
PORTB.T willbe displayed on the LCD. Now you can conlrol the LCD from one line
on the main processor (The selected pin does nol have to be PORTB.7. Any tree pin

can be specified as the input data pin in the pfogram.)
The wiring diagram for the 16F84A is shown in Figure 9.2.
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:liFlSillqi**i:l wiring diagram: LCD backpack using a PIC 16F84. {The dala can be programmed
to come in at any free line. 11does not have 10 be on pin B7,You set lhe line you want io use In
Program 9.1.)

Liquid Crystal Display Exercises
These liquid crystal exercises are to be performed on the LAB-XI board.

l.Write a program to put the 26letters ofthe alphabet and the ten numerals in the
40 spaces that are avai)able on Iine l. lnsert four spaces between the numbers
and the alphabet to fill in t]}e four remaining spaces. Once all the characten have

. been efltered, scroll t}Ie 40 chamclers back and fortl endlessly though lhe 20
spaces visible on line l.

2. Write a program to bubble the 26 capital letters of the alphabettbrough the numbers
0 to 9 on line 2 ofthe LCD. (This meansr First, put the numbers on line 2. Then, "A"

takes the place ofthe "0" and all the numbers move over. Then, the "A" takes the
place of the "l" and the "0" moves back to position 1 and so on till it gets past
the L Then, the "B" starts it way across the numbers, and so forth.)

3. wdte a program to write the numbers 0 to 9 upside down on line L Wait I second
and then flip the numbers right side up one by one. Provide a time delay between
chanses. LooD.
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4. Write a progmm to identify the button prcsscd on lhc bullon pad by displaying i|s
ro\l'nnmber on line I and lts colunn on line 2. Idenlily each line so you know whal
is bcing displaycd whcre. Scroll the two liDes up e\'erl tine a button is pressed.Add
delays in |he scrcll so you can actually see the scrolling take place.

The full insrucrion table fof the LCD is shown in Tabie 9.6

Clear Display 0 O O 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 1

Clea|s display & relurns

address 0, Also returns
lhe display being shilled
to lhe or ginal posilion,
DDRAI\,4 conlenls rema n

l/D:Sel curcof moving

l/D=1: lncremenl
l/D=0: Decrement
S: Specify shiJl of display
S=1: The display s shiJied
S=0:The display is not

shiifed

Dlsplay D=1: Display on
D=0iDisplay otf

Cursor C=lrCursoron
C=orCursorol l

B nk B=1:Bl ink on
B=0iBl ink otf

lvoves cursof or shiils ihe
display W/o chang ng
DD BA[,,] conlenls

S/C-0: Cu|s0r shlft
(RA[,4 unchanged)

S/C=1:Display shi l l
(RAlvlunchansed)

R/L=1:Shl l t  io the r  Shl
F/L=O:Sh lt to the lelt

1.64 msec

Cursor al

Entry Mode 0 0
Set

0 0 0 0 0 1 t /D s

Display
ON/OFF
Conirol

0 0 0 0 0 0 l  D C B

Cursor/
Display
shifl

40 psec

40 Usec

0 0 0 0 0 1 S/C R/L x x 40 lsec

COII,IMAND R R - - - - - OATA BUSS - - - - - - DESCRIPTION EXECUTIN
TIMEs w 7 6 5 4 3 2 1 0
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COIdMAND F R - - - - - OATA BUSS - - - - - -

F  w  z  o  s  I  r  z  l  o l
DESCFIPTION
Fosc=250 KHz

EXECUTIN
T!ME

Funcl ion Set O 0 0 01 DLN F x x Sets data buss length (DL),  40 !6ec
# of dsplay lnes (N), and
character lonts (F)

DL=1:8 bi ls F=0:5x7 dols
DL=o:4 bi ts F-1:5x10 dots
N=0: 1 line display
N=1:2lnes display

Set CG BAIM o 0 0 1 Character generator Sets CG BA['4 address 40

Address (CG) RAM address CGFA['4 dala is sent
and received afler ihis
nstruction

sei DD RAM 0 0 1 Display data (DD) RAM Seis DD RA[,l address. 40 psec

Address address/cursor address DD Ram data is sent
and received aiter lhis
inslruction

Busy Flag/ 0 1 B Address counier used lor Reads busy flag (aD and 40 |
Address Read F both DD & CG RA[rl address counler conlenls

Wite Data 1 0 Write dala Wdtes dala lnlo DDRAIV or 46 lsec
CGRAM

Read Daia 1 1 Read dala Reads dalalrom DDRAI\'4 46
or CGRAM

Table 9.6 is fof the 16 character by 2-lire LCD display solcl bv "lmages lnc sI" of

New York for about $10 plus postage, alld is the nrodule used in all rhe preceding exper-

imeDls arrd ihosc sho\\'n in ftc related diagrams All Eilectronics has onc for 56'

Alnost all LCDS with back packs use the pfecedirg schenc
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General
Before you can make a decision about modifying an existing condition, you have to sense
what the curent condition is. An awful lot can be done with the five senses we all have,
but for many other things that arc important in our everyday lives we need help. We get
this help from electronic sensors. These senso$ convert the informatiol in the syslem into
infomation we can absorb using our five senses. The preferred sensory input in humans
is visual and auditory, but we often also use touch. smell and taste are used less often afld
are usually reserved for organic inputs, sometimes those indicating a hazard or danger.

The following are some unusual examples ofhow we use our five senses.

I Sight Aulomobile traffic is conlrolled basically by drree colored lights.
I  Heari t rg The ele\ ator beckon. us wrth a ping.
I Touch The cell phone vibrates (if set to do so).
: Sm€ll Gasoline contains an additive to help us detect its dangerous presence.
I Tast€ The DEA agent can recognize cocaine by its taste (at least on TV).

When we think about sensing something our human senses cannot detect, we are usu-
ally thinKng about signals that, to us, are weak or hard to difierentiate in the ambient
noise. These a.re signals that need to be filtered and amplified and then convefted to sig-
nals we cdr recognize. As you read this, a few hundred television and radio broadcasts
arc zipping past your brain that you are completely oblivious to. If you know what fre
quencies to look for, how to filter out the signal you want from them, and then how to
present it to the human eye and ear, you could watch and hear the data being broadcast.
Cable network subscriptions seem to indicate this is wo h a lot of money every month|

Thus, there are four main aspects of sensing.

I We musl have a knowledge and understanding of the existence oithe signal.
I We must find a filter that will isolate and identifv the sienal.

t59
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I We must amplify the sigral if it is weak.
I We must convcrt the signal to accommodate a human sense, or transform it into

somelhing delectttble by a machine or instrumcni. which we can then interact with.

Oniy then are we in a position to make an intelligent decision about thc signal.
One more important thing: We need to have a very good idea ofwhat we are lrying

to do in order to make sure we end up with the signal we are intcrcsted in. lt won r do
to have an insll-umcnl thal tells us the humidity, lvhen what we were re.tlly interesred
in was the tempcralure.

The world is full ol nuny exotic and interesting things to experinenr with and deted.
butin ihese discussions we will concentratc on those things we mighifind in an everyday
cngineedng school laboratory or amatcur engineer's workshop. We will not discuss any
thing for which a sensor itself cannol be puchased for less than lj30 (U. S. dollals). We will
stick to using only a few sensors and employ then in many dillbren! ways. The sensory
detectors/transduccrs we selecl must be readily availablc and be ir?rerl.i."-dble wirh a small
microcontroll$ Even so. other effots nust be undcrtaken belbre we have a viable instru-
ment or controllcr something which we will discuss lalcr in Chapters 15 to 22-

We canno! do anything aboutthe signal. howcver, if we don't know where to find it
or know that it even exists- The signal also nust have a sensor we can se, that will
respond to it, and it ispreferable that thc sensorrespord only tothe sjgnalwe are inter
ested ill- All other responses dcrract lron the rask ar hand and can bc considersd part
of the general "noisc."

Some of lhe most exquisitely sensitive sensors arc biological. The dnrennae ofthe
moth can recognize the pheromones it has evoived 1() detect in the pats per billion or
less. These scnsors arc so sensitive they can evcn dclecl the gmdient in the scent,
allowing the noth to move towards its lalger. Here it is importanrto note that in a three
dimcnsional space, onepaftin 1,000,000,000 mearN thai the nolecules beingderecred
are 1000molecrles apart- Sincc the antennae aremanymillions ofmolcculcs long, quite
afew particles are possjbly bcing intercepted ar any one lime at thesc sccningly minuie
concentrations. (We arcjust beginning to see the use olbiologicaychenical elenents
in our most sophisdcated aDd cutting edge elcclric/eleclrcnic instruments.)

In most cases. we are interested in linear spacc ralher than tlxee-dinensional space,
asmentioned eadier Inrnostcases, ifwecan delect about 1paft in 10,000, we are quite
happy. One part in 10,000 refers to bcing able ro detect a change of 1 part wirhin rhe
entire range from I to 10.000. To use areal-wo d example, consider lhe cor1lmon volt-
metet which can detect liom 0 to 1000 volts with a sensitivity of 0.1 volrs. This is rhe
approximate range ofour most common inslrumcnts. but olcourse we use both much
coarser and much iinel instruments also. Thc lollowins lists some common examDles
wc are aU lamiliar with.

Oven thermometer

Oral thermometer

House thermosfat

Car speedomet€r

0 to 000 dcgr(cs 15 degrees

95 to 105 degrees 0.1 dcgrccs

32 1() 132 deg€es I degree

0 to 120 mph 2 mph
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Car odometer 0 to 999,000 miles 0.1 miles for short dislances

6-inch ruler 0 to 6 inches 1/32 inch at besl

Steel tape 0 to 96 inches 1/16 inch

M€chanical stop watch 0 to 30 minules 0.05 seconds

Since we are interested in the use ofsensors that connect to microcontrollers, we will
restrict ouNelves to those sensors that provide an electrical signal or a signal that is easily
convefied into an electrical signal. Signals that dre easy to interface to a microcontrcller
are signals that have (changing) electrical properties like...

I Resistance
I Voltage
I Capacitance
I Reluctance
I Frequency

What competencies must be mastered in order to create miooconfoller-based instru
ments and controllers? Basically, you have a signal that must be transfomed into a read-
ing oi some sort in a one- or two-line display, or something similar What you must
master is the process between the two. Thus, the tasks involved break down tbis way:

l. Understanding the problem (this is much more important than it seems)
2. Capturing the signal
3, Filtering out the part you want
4. Conditioning the signal to make it acceptable to the PIC
5, Converting jt to a digital format
6. Manipulating the digital data to create a readable value
7. Doing one or more of the following:

I Displaying the value on the LCD
I Transmitting the value to a computer for collection and storage
I Turning extemal device(s) on and off as necessary

Essentiaily, the chapten in this tutorial are devoted to these tasks.

The Most Basic Question
We MustAnswer Is...

u hy \ \ould T wanr ro bui ld an in 'rrumenl when

instruments to measue almost everything I am

interested in are already available off the shelfl
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The answer to this question is neither simple nor short.
Firstf Almosl all the instirmenls you need dre ,rot aNailable otf the sheA. Morc acar-

rately stated, only bits and pa s of the insmrments you requir€ a1e avaiiable. The instru-
ments we will build will be more useful than their generic off-the-shelt' siblings, and in
some ways are more specifically targeted 10 &e task at hand. Since we lnow exacdy what
we need, we will design an instrxment that provides cxact\ what we want. We do nol have
to compromise on any prope(y of the inslxment. Also, our instruments will be able to
provide other inlelligence functions, like turning other laboratory equipmenl on and off
as needed by our experimenls, and as determined by the condilions the insirument is
monitoring in real time. This is a vsry useful feature almost never lbund on an ind slfial
instrument, but that is absolutely essenlial if we want to autonute our prccesscs.

Second: We will be able to automalically scnd the information bei g galhercd to a
compulcr for analysis, either in real time or on a defbr.ed basis depending oD whal our
overall needs are, We can al so gathef a lot more infbrmation over a longer period of time
with our custom instruments beca se we will now have the ability to automate the
process. Transient phenomcna that require constant monitoring ovet long periods of time
and produce only in a few important instances can now be monitorcd continuously and
intelligently without concem or added expense.

Third: Our instruments willbe able to make intelligent decisions in real time. Ifdata
points that are unexpected or extraordinary are encountered, the instrument can call
this to our attention so remedial or special (even human) attention can be given to the

Fourth: Or the outpul side, the ability to turn pumps, fans, healers, and the like on
and off automaticnlly, based on lhe information sensed by the instrument cannot be dis-
missed our of hand. Very lew oft:the shelf volt-/ohmmeters can tum an ancjllary piece
of equipment on or off at a given voltage. Most do not even have an oulput that we could
connect to if we so desired. However, wilh our custom designed instrumenls, it will be
easy, Few ohmmelers can send the value read to a computu every second or every hour.
But with the insfuments we will build, jt will be easy. No olf ihe-shelf i nshxmertu can
be reprogrammed inBASIC with one click ofthe mouse. With lhe instruments that we
will create, however, this will be the case. The instruments we shall design and build
will be intimately familiar to us, so moditying them will be relatively easy. Once the
input-output appurtemnces have been decided on and connected to the microcontroller,
the rest will be controlled by the software we will write. llwe feel the instrumenl is not
responding the way wc want it to. we can modify it with minimal effort.

Fiffh: Specialized instruments can often be made for a lot less than you may thinkl
Si\tht vouwilldevelop critical skillsyou ca use the rest o^'orr lifu. This in itselfmight

b,r more important than anything else. (After all, wc live in the information age, no?)
We can say with some confidence that with a liltle learning and efforl on our part,

wc arl] can create insiuments lailored to our necds that will help us be morc produc-
live. (And in the process make our lives more inferesting.)

So what kinds of things can be sensed easily? We need to know what we can sensc
because what we sense will bc the data source we feed into our microcontroller-based
instrumentcontroller.
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Types of Sensors
lnexpensive sensors are readily available for most ofthe following:

I Humidity
I Gravity

r Level
I Acceleration

I Resistance
I Capacitance
I Voltage
I Frequency
I Magnetic field

I Hall effect sensor
! Pressure

I Altimeter
r Vacuum

I Distance
I Sonic
I Themal

I Infrared
I Temperature

I Light
I Chemical sensors

t P H
I Sound

I Noise
I Sound pressure

I Contour or roughness
r Speed

r RPM
I Position

I GPS
I Orienlation

: Gravity sensors for two and three axes

We will, of course, use only a couple of these sensors because our interest is not pri-
marily in the senso$ but in manipulating the information we getr?m the sensors, no
matter what lype ofsensors they are.In order to do that, we must leam how to effec-
tively connect to whatever is provided to us and provide outputs that can control the
devices we are intercsted in manipulating. One chapter in this book is devoted ro making
the connections on the input side, while one concems mai:ing the connections on the
output side. In the eight projects we will undertake, rhe following sensor interfacing prob
lens will be addressed:
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I . Tachometer
2. Metronome
3. Marbles counter

4. Dual thermometer
5. Artificial llorizon

6. Touch screen
7. Single-point contoler
g. Solar collector

counting the frequency of a pulse train
Creating accurate timed inte als (frequencies)
Exploring various counting techniques and how lo
implement them
Reading analog signals and displaying them
Providing a stable horizontal surlace with an unusual
instrument
Making control panels through a useful technique
Controlling one variable (derived from item 4 of this list)
Exploring data collection over a long time period; data
logging

These eight projects are designed to familiarize you with the basic techniques needed

to bnild instrumenh and controllers in today's engineering laboratories and on hobby-

Two Interestins Resources You
Will Want to Investi ate
Radioshack has asensors learning laboratory (-$50) that provides an inexpcnsive way

to access a family of sensors that can be used with our instriiments.
The Mccraw-Hill book tlectftnic Sensors for the hil C€rius discusses a number of

interesting sensors and explains how to use them. These techniques, and othe$ lhat are

modifications of tbem, can be used in the instuments and controllers we shall cleate.



CONDITIONING THE INPUT SIGNAL

General
Filst, we need to get a handle on the signals coming into our insEuments. This chapter
cove$ the techniques used to collect and condition ihe ilput signals so they can be con-
nected !o the microcontroller.

Beforc we can do useful work, we need to detect and manage the signal wo are inter-
ested in. In our particular case, there is the added requirement that the signal either be
an electrical signal or be such that it can easily be conve ed into an electrical signal.
Though a Bourdon tube prcssue gauge might rcad the pressue just fine for most engi-
neerirg applications, we need a pressure sensor that provides us with an elecldcal signal
we can feed into an electrical instrumgnt. We are not so much concemed with the mag-
ninrde of the signal as we are wifh knowing it is iII a range we can read, manipulate,
ard bring into our microcontrollers. A linear signal response is most desirablo, but we
can take care of the nonlinearity of a signal in oul controller with software if that
becomes necessary.

In the engircering laboratory and amateur engineer's workshop, the electrical signals
we encounter will most likely be somewhgre between 0 aDd 120 volts ac and between
0 and 24 volts dc. No matter what the conditions. extleme caution and care should be
exercised when dealing with any kind of electrical signal. Electricity can be lethal if not
handled with care. When you aie dealing with the higher cur€nts and voltages, seek
the help of an experienced electriciar if you feel the least bit uncomfo(able wiih under-
taking that part of the task. Be informed that certain work must meet the rcquiements
of the National Electrical Code in most judsdictions, so help from an experienced
person (electrician) can save you a lot of time and headaches.

Let's take a look at the ac signah nrst, and ihen we will look at dc signals.
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Alternatins Current Outline
a High voltage I20 \,olts (we will not consider anything over 120 volts)
! Low voltage 24 volts
a Electronic (computer circuitry signals) Less than 24 volts, andusually lessthdn

or equal to 5 volts

ALTERNAIING CURREiIT

The signals wc are interested in as they rclate io the electrjc grid and laboratory devices
will most likely eithd bc al24 volts ac or at 120 volts ac. Chanccs are good that if we got
it ffom arything connected to thc national electrical grid,it will be in lhis voltage range.
Evcrything under a half horsepower that can be plugged into an electrical sockct is likely
to be at 120 volts ac at 60 Hz. The conlrol wiring most comnonly used in thc United
Slalcs is at 24 volts ac (but sonetiDes higher voltagcs are used). Certair stallers, rclays.
and coils will use 24 volts and will need a transfomcr to cleate this voltage. Look lbr this
lnnsibrner and actually rneasure the voltages at thc devices. Control wiring does Dot usu-
allyhavelobc in cond itifit isat24 volts or b€]ow (ch,rck the National Eleltrical Code).
Ifwe want to interact with a control signal, we must extend ihesc signals from the device
to our controller, conditiorl it, and fced it to the microcortroller. (Output to things need-
ing 24 volts dc or 120 volls ac is discussed later in the Chapter 12.)

The other ac elecrrical property we arc intercsted in is the frequency of thc signal. A
numbcr of instruments we arc interested in are bascd on how often a signal changes over
ape od oftime, either at a fixed rate or a varjable ratc. Variable ntes are usually rcad
with counters over an extended period oftime, while fixcd rates can be read over a very
shoft period. Oltcntimes,the accurate measurement ofone cycle will suffice. The meas
uremert ofpulse rvidths is a mixed bag ir that we measue the limc between changes
ofa fixed signal.

cornputet tnput If we are gctting information from a computer. we will need an
intcrface that matches the output oI the compulcrboth at lhe voitage lelel and as a com-
municaiion protocol. These signals are almost always at or under 12 volts.

Lrrrect Luffent uutllne
a 24 volts ($c will not cover anything over 24 volts dc)
I 12 volts
| 5 volts
t  3.3 vol ts

DIRECI CURRE T

The signals we arc interested in are under 24 volts, but beforc you do anything else
you shouldcheck this lor yourself. lflead acid batteries.rre involvcd, it will probably
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be at 12 volts- Most automotive volrages are currently at 12 volts (the measured volt-
age oD a charged battery on a running car will be slightly higher). Heavy dury trucks
o{1en use twice this voltage.Ifyou are considering elcctronic devices, the voltages will
probably be belween 3 and 9 volts. Conditioning dc signals for inrroduction into a
microprocessor is usually a matter of making sure not too much cunent or too high a
voltage goes into the electronics with appropriare resisrarces and buffcrs.

Note SdJ&ry isdlnd)l "JOB 1." Be cautioned Lhat ||he wo*ing around lead acid
batteries, extremely larye currents (well oyet 50A amps instuntuneousb) are easilJ
areilable dt the baxery temtinals.These high cuffents ca be tlengerous dnllirill easily
melt wires and eren wrcnches . Be wr)" careful when w)rkin] dround lead ddd battefies .
Ifyou are not faniliar with hazanls associated with bdtteries (acids and hJdrogen), ),ou
shouA t1:1ke the time to become acquaintedwith this aspect of your h,otkforyow o',\,n s.letJ,
and the saJetr oJ those around )ou, beJorc Jou start.

A1l the signals we collect must be condirioned and converted to a fbrm thar the
micrcprocessor can safely accept. The conversion into digilal format can rake place in
the microprocessor itself, so we do not have to worry about any extemal electronics
to do that.

We have two interests in the incoming signal. Wilh dc signals, we want ro know if
the signal is on or ol-f, and we want to know its magnitude- (dc signals can also cone
in as a square wave or a frequency, which is covered under ac.)

On off inlbrmation is used as a means ofderecting whar rhc conditiots downstream
liom us are so we can send control infbrmation to what i s upsfeam fiom us. If a device
that is interacting with us has come on, we need to respond to it in a specific manner,
meaning that the information should be used as pan ofour control functions.

Magnitude information is used to determjne the condition of the signal we are moni
toring, to know if we are getting the reslrlts we want. If we dre rying to maintain the tem
perature of an oven, we need to know the nagnitude of the signal coming 10 us across the
thermocouple so we can conveil it into a temperature and then compare thai temperature
to what was needed, in order to decide wherher to turn the heating elements either on or
off. The insoument we design manipulates the thermocouple voltage data, to comprehend
the information in thc sisnal. and then makes the dccision that conrrols rhe heaters.

Smple Switches and Other Contacts
KEYBOARDS

The reading of keyboards and other matrices of switches is covered in grear derail in
the earlier part oflhc tutorial underkeyboards.

BELAYS

A relay can casily be used to provide a dry contacr that can be read wjtb thc PlC.
These contacts are quiae noisy (electrically) and should be debounced either with
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hardware or software as they arc read. If two pins are available for the signal' a latch

can be set at one pin and clearcd with the other' Lalches have the advantage that a

turclea "ignal ia;bes immediatcly altd then does not need any more attention- We

can comeiack to it when convenient. A signal latching and clearing circujt is shown

in Figure I  l . l .

RES|StAilcEs
Potentiomcters can be rcad by placing themacross a reference voltage and ground and

using one of the analog inputs 1o read the position of the wiper' This technique is

dem;nsrated in the chapter on rcading inputs and in the final project where a poten

tiometer is used as the set point determining device

Fixed resistances can be read either by measuring the time it takes to discharge a

known value capacitol or by comparing them to a known resistor' The technique used

will a"pend on ttre nat,re oithe resistor being read The iirst iechnique js explained in

the PBi manual under the POT command on page 1 16 The second techniquc places

the two resistances in series and then reads the middle voltage as it represents the wtper

in a potentiometer. The caution is that low resistaoces are likely to shot across the powcr

supply and grounA. The total resistance of the two resislors needs to be well over

2k ohms and is bettcr if ovet 5k ohms.

A PUSHBUTTON
SWITCH ORTHE
DRY CONTACTS

10 hoHN,ls

SIGNALLATCHES
ONTO PIN 1 AND !S
CLEAFIEO WITH P]N 2

ittriiitt€rllr.lli sisnal
bullon wiih a laich )

5 V D D

latching and clearing. (Reading a relay or a prrEh-
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Circui for Conditionin
24-VOLT SIGNALS

Signals between 12 and 24 volts dc can be introduced into a PIC by creating a voltage
divider to reduce the signal to approximately 4.5 to 4.9 volts dc as shown in Figure I L2.
A currentlimiting rcsistor of between 220 and 1000 ohms is placed in series with the
sigml as a safety precaution to limit the cuffent into the PIC. The PIC inputs are high
impedance inputs but it does not hul1 to add the rcsistance in an experimental situation
where things might tum out to be not quite what you expected.

r 2-voLT stcl{als
Signals at 12 volts can be handled the same as the 24-volt signals above with appro
priate resistances Fovided, or ihey can be passed through standard logic components
to condition for use witlr a PIC. All signals should go though conditioning buffers or
gates wben there is any concern about the quality of the signal.

The PIC pins are in a high-impedance condition when programmed as inputs and will
accept any TTL or CMOS level signal, so the task at hand is to convert the incoming
signai ifto either a TTl-'level signal or a CMOS-level signal. Floating signals coming

100 KoHMS

15 KOHTVS TO 20 KOHNTS

l:tlli{di!:]t1a:: wiring diagram for readlng a 24-volt
stgnal,
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into floating inputs siould have a pull-up resistor ( 10 to l00k ohtns) at the pin to tie the
pin high. Opto isolato$ can be used to isolate the noisy signal electrically ftom the PIC
when necessary. If you have an isolator available, use it

The dia$ams in Figures 11.3 through 11.6 show various techniques that may be

gre Opto isotatton ot inco.ing 12-vott signal.

ANYSUITABLE
BUFFERWITH
CI\,IOS OR TTL
OUTPUT5.VOLT

LOGIC INPUT

HEX HIGH TO LOW
LEVELSHIFTER
LIKETHE 74HS4O5O

ANYSUITABLE
BUFFERWITH
CI\,IOS OR TTL
OUTPUT

5 VOLTS

X3ffi $voltTTl-level signals.

1s-VOLT
LOGIC INPUT
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5 VOLTS
2 TO 5 VOLTS AS

NEEDED BY
THE GAIE

1o KoHr\4s

3.VOLT LOGIC OPEN DBAIN OUTPUT
FLOATS AND CAN BE

SIGNALTO
PIC INPUT

- PULLED UP TO
VOLTAGE NEEDED

3-volt signals.



CONDITIONING THE OUTPUT SIGNAL

General
The microcontroller we use will eithcr be a TTL- or CMOS level inpui/output device
Its signals can be jntroduced to other similar devices, almost alvr'ays, without altering
them. However. the real world is not full oiTTLand CMOS devices, and we will have
to connect to motors and relays, Silicon Controlled Rectifier (SCRS) and TRIode for
Alternating Cunent (TRIACS), lights and pumps, and a host of other equipment on our
bench tops and in our laboratories. This chapter shows us how to take the TTL signal
as il comes out of the microcontroller and prepare it to inform and control the real
world.

The types of devices we will be sending information to can b,3 broken down into the
following:

Computers
I Serial interfaces

r COM1
I COM2

r Parallel ports are more complicated to use and will not be discussed in detail
(Today, they are not often used for interaction wilh MCUS.)

Inductive loads
I Motors
I Relays
I Solenoids
Resistive loads
I Lighr butbs
I Heaters
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COMPUTEB SERIAL II{TERFACE

The PIC family of mi croconlrollers can send inlbrmation to. and receive inlormation

from, a compuier. This can be alone serially and in thc p allel mode lt is much easier

io usc serial communicatio s, which is covercd in detail in Chapter 9

COMPUTER PARALLEL INTERFACE

Some PlCs provicle thc abiliiy to create a slave parallel porl On ihe PtC 16F877A,

PORTD is uscd for rhis. while PORTE is uscd to control and monitof data transLr

Thc dalasheets contain details on using slave pofts lbr these inte|faces. but they are

not Decessafy a1lhe level ollhis texl and if all you want 1o do is communicate with a

PC, by far the easiest way lo do so is with a sedal RS232 jntedace We will not cover

parallel port commurications in this book

INDUCIIVE LOADS

Any time we are sending an clectricttl signal to an irductivc dc load' we have to make

arrangements to absorb the Ilow ofenergy reteased when the inductive load is dis-

conn;cted. The easiest way 10 do this is to prolide an aPpropriate diode that will

ofl-er a safe path for thc reverse current to dissipalc The diode is installed so it is

conducting in th,3 direction oppositc to the normal flow of currcnt Altach the cath-

ode ofthe diode to the positive terminal, ard the anode to the ncgative lerminal of

ihe induclive load as close to the load as possible- In this posiiion. no currcnt will

ilow ihrough the diode when conneclcd across the dc voltage, bul when thc device

(rclay, solcnoid, anal so on) is disconnccted, the reverse current ftom it will flow

acro;s this diode and be dissipated in thc device ilself. Diodes nust be selected to

match the expected load amperage and voltage There is no harm iD ltsing a djode

that is larger than needcd.

RESISTIVE LOADS

Resistive loacls can be connecteal directly through solid state rclays (SSRS) thal will

acceptTTllevel signals and that calt contrcl anywhere from l0 to 40 amps at 120 volts

ac d;ecdy. These SSRs arc thc intedaces ofchoicc for connecdng thcse loads because

thcy are easy to use and all lhe internal clectronic work is already done for us (see

Figure 12.1). Some of these units even have a tiny LED built into $em lo indjcate

wien they are active. (Dcvices ollcn turn o1T and on whcn the ac voltage goes through

the0 voltage transition, soyou must make sure the load vohage will actually gothrough

0 volt, or the device will/may nol switch.)
Selcct a unit specifically suited to the task you have in mind lrexpensive unrts

are available fiom mosl supply houses selling surPlus electronic equipment on fie

Internel. I myself have purchased uscd units and have ncver reccived onc that did



fryWl A sotid state retay. (These sotid
state relays provide the easjest way 10 connecl lo
higher voltages. Note LED.)

If you are going to rxn a motor or oiher inductive load, make sure the unit has suit-
able supprcssors built into it or pmvide for the suppression of the transients yourself.
You can also isolate the PIC from the Ioad by using a solid state rclay to control an
apprcpriately sized mechanical relay, which in tum contols the motor. This schemo
would not be suitable for loads that were to be cycled more than one or two times a
minute. You will bum the relay contacts out if they are not overly oversized.



AN INTRODUCTION TO THE EIGHT
PROJECTS

The Web Site
Use the suppon Web site. It is an important paft of all the information you have access
Lo with this tutorial. Specific to the following chapters, it has exrensive pictures on it
that show how all the projects were built by me, and these canbe a tremendous help to
you in building your own projects, even if you decide ro moalify and extend the proj
ects beyond the minimal and basic construction I have undertaken. Thc pictures are in
color and color adds a lot of uscful information.

t Techni
You must becorne comfortable with eight basic techniques to be able to design and build
instruments and conrollers tbat can monitor or conrrol the variables and prcperties you
have an inGrest in. They are

t. CouDting synchronous and asynchronous pulses.
2. Creating accurate short and long-timed intervals with rimers.
3. Using counters effectively.
4. Sensing and reading analog voltages.
5, Using pulses to control exremal devices.
6. Creating sinple scanning routines to monitor phenomena.
7. Conholling the propety or function you are interesred in.
8. Logging data over an extended time period automatically.

The eight basic consrructions in rhis tutorial cover these techniques one at a rjme. The
projects are designed ro give you an expansive view of the many possibilities that usirg
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PIC micrcprocessors offers you. thc experimenter. They sclectively demonstrate what
can be donc by the anateur expedmenter and engineeing student with fai y mjnjmal
resources. This is an introductory lulorial, as opposed to a highly lechnical trealment
you mighi find in a morc rigorors iext. The projccts are fairly straightforward and are
designcd to expand your hodzons and give you the confidence you need to create and
buildthc instruments neoessary for the work you wanlto undertake. They demonstrate
avaried approach to a seemingly random setofproblems, which when seen as a whole,
give us ihe expericnces we need to movc to the next level, which is ofcourse the design
and construction ofthe instruments requircd.

The eight instru cnts are:

lnstrument Name
l. Tachometer
2. Mctronome
3. Ma$le counter
4. Dual lempcrature sensor
5. Aftilicial horizon rable
6. Touch screen
7. Single-poinlcontrollef
8. Solar collector

Function Reing Sfudied
Courting pulscs (synchronous)
Timer tecllniqucs
Couniing techniques (asynchfonous)
Analog{o-digital conversion considenlions
Converting pulses to Inotion
A uscful real-world scanning application
Controlling a "set point" process with details
Dala logging over time

Thesc cight projects reFescnt the eight fundamental lechniques you mlrst mastef to
be able to build the instruments and controllers you need. Each instrumenl in the series
is designed !o jsolate and address onc part of lhe datacollection or conversion problem-

Once we undcrstand the basic componcnts in these systems, wc can proce€d with thc tech-
niques necessary to design the Plc-based inslruments Decessary ior the tasks it hand.

As alwals. the lirstthingwe musl do is to convert lhe signal wc areinterested ininto
a uscable digital format. Oflen. you may need !o amplify the signal bcibre converling
it to lhe digital format requircd.

l. The lachometer project is a basic exercise in understanding lhe oounling ofpulses
thar can come in at widely varying rates. (It also teaches you how to use scven seg-
ment displays.)

2. The mefonomes have to do withlearning how to usethe timers to create accumtely
timed intervals. Thc metronomes we create will opefate idenlically, but will use the
various timers to creale thc intervals needed. This is adetailed exercisc in the use of
limcrs in the PIC 16F877A. Both the LAB-XI and the tachometer crcaled earlier
wilycan be used to create thc metronomes.

3.In the marble counters sertion. we will leam aboul good. bad, and ambigltous sig-
nals, and experiment wilh some ofthe techriques uscd for sofiirg things out with a
micrcprocessor as we collecl the data. These counling techniques can and will be
applied 10 all sorts of instrumenls that yo create in the future.

4. The two thcnnometer instrument allows you lo measure lwo q antities simultane_
ously. Both are tcmperaturcs, but they do not have to be. Onc can also be designcd
to be a set point. This is the basic instrument/controllet and the instruments you crealc
will csscntially be varialions ofthis project, wilh lhc appropriate signal conversion
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modules added. Later on in Proiect 13.7. we will convert this instrument into a con
trollet and then in Project 13.8 we will use it to log fhe data ftom a solar collec|or
over an extended period. It is important to understand that the two quantities con-
sidered do not have to be the same thing. We could use the linear brightness of a light
to control the pambolic speed of a motor by putting the information though a custom_
designed controller

5.In the artificial hodzon project, we leam how to use pulsed signals read from a
sensor to contol the position of a table positioned with 1wo model aircraft servos.
The seNos arc fed signals that are a flrnction of the eror signal read from the sensor
and hold the table iII a hodzontal position.

6. Building the touch screen is the basis for leaming about scanning routines. Though
this is a relatively small surface, we can demonsuate and leam about the lechniques
used to make a touch screen with this project. A touch screen is a control panel you
can make on the laboratory bench with minimal cost and cffo(

7. The two-input controller is a finished instrument that incor?orates the competencies
learned in the previously mentioned projects. We then use this insFument in the next
project to create a data logger

g, Data logging is covered in the context of a solar collector aDd uses the two-input con-
foller to provide the data that we then ]og over an extended period of time auto-
matically. The dala will be sent to a personal computer for storage and go through
eventual analysis at a later date.

Adding a little nore detail tothepreceding descriptions, we willdiscuss, then build,
and hopefully understand the engineering and science behind the following eight
projects.

l. THE BASICS OF COUI'ltl G PULSES:
THE IACHOMETER PROJECT

Research has indicated that carefully managing the engine speed as you drive around
town can substantially increase the efficiency of your automobile. Design and build an
inexpensive tachometer that can be added to an automolive engine wilh minimal effon.
Design rhe device to display the engine rpm (revolutions per minute) on a four-digit
display. The display and the CPU board are to be placed at some convenient location
in ftont of the driver The system most use the I2 dc power available on the automo-
bile and sta when the ignition switch is tumed on.

This is an exercise in counting pulses that come in at vanous rales, and dispiaying
theresults on seven segmentdisplays oron an LCD. Almosf all the sigoalswe use wilh
microprocesso$ end up havjng to do with counting and nanipulating pulses, so this is
a core comperency you musr master

2. THE METRONOIIIE! CREATING CO TROLLED PULSES

Ms. Music, our local high school music teacher, did not get the funding lbr the metronomes
she wanted for her class. The principal has asked your electonics instructor so see ifhe/she
can qet the class to create 25 low-cost netmnomes lbr the music students.
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The elecronic netronome is an exercisc jn creating accurate timeintervals that are

controlleal trom a potentiometer on both thc LAB-Xl boa1d and the tachometer boad.

The exercise includes programming for botl the LCD on the LAB-XI and for a dis-

play consisting of the 4 seven scgment LEDS used on the tachometer in the first

3. COU TING MARBLES! DlSCFlMlilAtlNG BETWEEN vAR'lflllc
PULSED SIGI{ALS AND FEEDING THE TIMER/COUIITERS

Part 1... Mr. Marblss the manager ol the local marble factory has been plagucd with

marble countirg problems and has approached the head ofthe electronics departnent

to see ifhe can come up with an inexpensivc solution. The class is chargcd with design

ing a marble counter that counts the marbles as they go by single file at the .ate of about

r c n m a r b l e \ p e r s e c o n d . J n d l h c l r c l o r y m J n a g c r \ \ d n l ' l L r i n c l c a \ e l h r l r a l e a \ m u c h a '
possible. The counter that can count the highest number of marblcs jn 10 seconds accu-

ralely will be selected as the instrument of choice by the plant manager
This is aboutleaming how to count the pulses wc encounter when processing jnfor-

mation, Some come in slow. some come in fast, some come in vely fast, and some are

hard to discrimioate fron the background noj se. This exercj se exposes you lo lhese real

world problems.
Part 2.-. Mr Marbles. our friend from the marble factory. is so happy wiih the per_

fomance of the counter we made for hi m edrlier that he has come back to us for an even

faster counter "Wha! can you make in the way of a rcally fast counter?" he asks We

have convinced him that we can make him what he would consider a really fast counte!

but the marbles need to go by single filejust as they did for the previous counters. To

this he has agreed.
This insfument will count how many common everyday glass marbles go by its so

called gate. We are doing this just to do ill Someone mightjust have a use tbr this, or

a modified version of this, but our purpose here is to understand the detection, ampli-

ficadon. and the counling ofsmall seemingly rdndom signals coming in helter skelter'

In this experiment, things start to get complicated and wc have to use our wirs to figurc

out how we can sohJe the problems. So, in a way, this is an exposure to ihe reai world.

4. rHE DUAL THERMOIITETER! TWO AI{ALOG S|GI{ALS
COI{VERIED TO DIGITAL AiID DISPLAYED

Dr. Thermo is in the piocess of undertaking a large research project to check the energy

transfer acrcss a large number ofcoils to be used in the air conditioning industy He

has indicated that he needs to know how the lemperature oI the air and the temperature

of the cooling brine changes as the heat exchange takes place. Design an instrument to

display the inlet tcmperalure and the outlet temperature for both fiuids

The instnment is an elecaodc themometer that re3ds two temperatures sinultareously

This is an i nstxmenl yoLr can use every day in your day to-day monitoring of the systems

amund vou. Each sensor costs about $3. This exercise is aboul reading analog signals,
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converting them to digital format, ard then interpreting them for display on a twoline
liquid crystal display. With this instrument you can determine the energy llow in most
systems if you lnow the mte of flow a the nass propertles of what is going by.

This projectcontains thebasic techniques you will need to master toprccess analog
signals as opposed to digital signals.

5. AN ELECTRONIC ARTIFICIAL HORIZOI{; SOPHISTICATED
INSTRUMEI'ltS MADE EASY WITH MICROCOiITROLLERS

Parallax sells a very interestiDg gravily sensor that indicates the change in gravity in
both the X and Y directjons as well as the ambiert temperature at lhe instmment as
three frequencies. (We will nol se the temperalure sensor parl in oul experiments )
The sensor can serse up to 2 Cs of acceleration with a surynsingly good resolution of
0.001 G (a milli-G). We will use this device to create a lwo axis table that stays hori'
zontal while the surface it is mounted on is turned every which way (within aboul
20 degrees) relatjve 1o the horizon.

The accelerometer we will be using is the Memsic 21 25. The Parallax company deliv
ers it already mounted on a tiny board with pins at 0. 1 inches on center lt plugs direcdy
into an experimental breadboard with stdndard 0. I inch on-center holes. Thete are o y

six pins, and two of them are at ground! Three other Lines provide the tbree fiequencies
we are inlerested in, while the sixth pin is the power pin. How simple car this get?1

The signals from this sensor are in the fonn of frequencies that vary wiih the tilt of
the sensor in the X and Y direction (and the ambient temperalule). The sensor is most
sensitive near horizontal. and least sensitivc when the sensor axis is held vertical. We
can tal(e the liequencies received andprocess them so they give us the signals we need
to control a couple of hobby R/C servos. The linkages betweer the servo and table are
to be arranged to keep the lable approximalely level. The final correctlon can be pro-

vidcd in softwdre with a tookup table but that nay not be necessary depending on how
we design the softwar€l

6. THE IOUCH SCBEEI{

The touch screen teaches us how to scan a nurnbel ofsignals to decide what needs to
be done under circumstances confolled by the signals. Uselul touch panels can be cre
ated to simulate the operatioD of conuol panels for electrcnic devices with minimal
expense.In this exercise, we create a touchpanel that contfols the blinking rate oftwo
LEDS and displays &e conditions at the panel on the LCD.

Simple touch panels can bc placed i n front of simple graphics to create the inpuls we
need to control the instrumenl and controller we are building.

7. THE FII{ISI{ED CONIROLLER

In lhls project, we convert the two temperatur€ themometer into an adjustable thermo-
stat with an exlemal inhibit capability to demonstrate our ability to create a confoller/
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A. LOGGING DATA FROM A SOLAR COLLECTOB

Now that we have a wo*ing lwo-lhetmometer sensor, we add com unications to it and

create a system that logs the conditions inside a solar collectot to a PC. automalically

every minute (or another tine interval) for a ycar-

A large poftion of the trtorial is devoted to cach one of lhc preceding devices, and

building insnuctiorN as well as a discussi(nl of lhc theory and the programming tech

nioues used are included in each chaptcr

Notes
In the iollowirg cxercises, wc will rely as much as we can. on the capabilities of the

PIC and try to do the projects with as few exlcnal componenls as possible to keeP our

costs down and to increase our l(nowledge of using the PIC 10 do whatevcr it is capa

bleofdolng. Forexample, inthe lirst project, the tachometer, wccould easilyhaveused

ICs thal convert BCD (binafy codcd decimal) dala to whal is needed by the seven

segment displays to display a number. but we did it without the ICs to leam how ihis

can be done with the PIC alone.

On the sollware end, we rvill use as few of the iDstructions from PROBASIC as pos-

sible to keep the cmphasis on thc design of thc instrnnenls as opposed 1() masterirg the

tricks and techniques possible with the extensivc software language

The emphasis is on thc PIC and what is inside it

STOPI STOPI STOP1 STOPI STOPI
(}NCE IN A LIFEI'IME CHANCE

TO EXERCISE YOUR WITSI

Younotr bave ! rare opponunily toerercise)ouf
crcalive thirKngl

Now drat you knowwhdt Ne wi1lbe buildiDg,lou can
substanlially i)ldease shar you willSet iioD these
e{ercises by notreadin8 tlD folldvitrg p.gos lar a couPlc
of days and speidiry time fiinkin8 scriou$lv about how
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THE UNIVERSAL INSTRUMENT:

A BACKGROUND DISCUSSION

The Properties and Capabilities
of a Universal Instrument
Almost all the instruments we will make have some shared characteristics. What are
they and what advantages and disadvantages do we get from lhem?Whatdoes having
our instruments based on PIC microcontrollers do for us? Asking thesequestions and
unde$tanding basic concepts like these makes it easier for us to proceed with our work.

Let's look at the propertres needed in ar instrument by comparing it with an instru-
ment we are all familiar wjth; a volvohm meter or VOM. We will compare its proper-
ties and functions lo the insfuments we are designing to get a better understanding of
what we a-re trying to accomplish and how we might accomplish it.

Each instrumentcontroller must have fhe iollowing basic propefies:

I . lt must have a way to enter infomqtion lnto rhe device in a convenient manner. In
a VOM, we are Fovided with two probes that we place at various points in the cir
cuitry. In the instruments we make, we will provide comection points for the sig-
nals and pulses we are interested in reading, but more importantly we arc interested
in providing inputs that canbe programned ro influence the operation of the instru-
ment in rcaI time. Wirh a little imagination, the inslruments we create can be both
interactive and intelligert-

2. It must have some form of decision making cqability that allows it to manipulale
the jnformation sent to it, and some of lhis capability needs to be conffollab]e
(influence-able) bythe operator.In the VOM, thereis a selector switch that we use
to choose ranges and functions we will use. In our instruments, we will use the com-
puter to set the parameters within which our instrument will operate. we will be
able to progam the instrument for the task at hand as needed. For our instruments,

ta3
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the computer is the selector switch! (Note that in the newer VOMS, some auto

ranging capabilities are implemented fbr selecting the range used by thlr meter' The

output, loo.ls ranged so it can fit in the limited number of characters in the display
To us. this means some oflhe decision naking we might havc undetaken has been

rclegated to the intelligence buill into the machine ) The flexibilily oforr. hrtr&m?rrs

is rcoted in the abilily Io reprogram lhe instrumenlwilh a few keysrokes whenever

neealed. In ofder to be able to use lhis flexibility, we must design the hardware for

our instmments iD a lvay thar will lend itselfto softwarc nodification wjth relaiively

minimal cffort in arelalively short tine. we hare to think about what thc insnxmenv

controller will/can do as wc design it so it will pedorm its intended iunclions with

some elegancc.Always keep in mind that the instrument will do only what wc design

ir lo do. you must @ mit this unrcp! toYur broiir' It is v€ry important
3. The device must have a wi\y ro ot\tPl|l itlforndlion in a useful format The lbrmat

can be anythirg liom a simple switch closurc lo a comprehensivc CRT display On

the VOM, a few digits suffice to givc us ihe informatjon we need. On instrumenls

based on PIC miorccontrollers, the addilion ofa two line display canprovide a con

sialemble amount of infonnation. The many output port lines can be used to tum LEDS

on and oli and to provide other on/off signals. A serial port can be used to send and

feceive information from a computer Audio signals can also be added. Versatility
will be our slrong suit.

4, The infornalion/output desired should be able to be.rldrilirzl for a while sowe can

collcct it. Some ol the newer VOMS have a storage function thal lcts you freezc the

display at selected pcak values or al sclected tines. Our instrunents will be able to

do that and se the information to a computer at selected intervals for storage in that

computer 1o facilitale fulure analysis. Thcy will be able to make decisio s in real tine

when we are not therc. and take correcdvc actions, or summon human intervention.
The capabilities we can incorporate into our instruments are limited only by our

imagination. wc are the designcrs.

A B asic Temperature-Controlling
Device
Next, we will discuss lhis in the conlext ofa simple temperaturc-co rolling device. Late!

we will actually build this device.
What are the basic propcrties and componenis ofan instrument that can be described

as auniversal all-purpose single'point conlroller? Basically. the following functions are

called lbr:

I  Sense condit ion
! Set a point ofconirol
! Compare &e pteceding two ilnctions
! Output a sigsl
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Let s go over them one at a time.

l. A simple universai conlroller would allow us to controi one set point or propcrty. For
the purposc of this discussion, we are assuming thisis a tcmperature. The instrument
musl allow us to control a temperature. In order to do this, it must have a connec-
tion fbr the temperature sensor, and wha! we provide will depend on the sensor we
have selected. We will use an LM34 temperature-sensing IC as our detector. This
device uses a three wirc connection. so we wili provide a three screw tcrminal 1br

2. The device musthavean adjlrstable senirg variable ofsome sort to which the above
temperature is to be compared. This is the output set point control device. Fot our
insfiumcnt, we will use apotentiometer Once rvc have the two signals in ourinstru-
ment working, we can make adecision as lo whether we wantto turn on the heat or
the rcfrigeration. This will be determincd wilh the software we will write to control
the instmment. (The potentiometer is a thr€e-wire voltage divider that we wiil use
to parallel ihe input that the lempeiature detector is providing. This isjust like what
we discussed earlier in this book, and will make the comparisons casiex)

3. We need a wry to tum the actual instrunent function on and off. Tbis swilch is not
the on/o1T switch lor the instrument b t another switch that allows us to activate rhe
operational portion oflhe instrumentwhen we are rcady to start rhe instrument. This
switch lets us play with our setup and get every thing j ust right before we activate the
instrument. Asinple SPST switch will be adequate forthis and we will use a small
toggle switch forit. Sincewemay wanttomountrhis switch at arcmote location lor
some of our applications, we will connect ihe switch to the board via two sctew ter-
minals. The major iuncdon ofa switch like this is to allow our insfument to be con-
trolledby anolher electronic device I This is a very powerlul capability and is rhe first
step in the extended automation process,

4, The controlier needs a couple of connectors that the outpur signal appears on. We
will connect the controlled machine compoDent (heater relay, and so on) to thjs
point.Ifwe have to ampljfy the conloi signal, this is where the relay (ransislor) or
whateverwill be connected.Ifwe latef want toreverse the signal liom nomrlly off
to normally on. this is wherc we program the logic to do so. This is the output of the
instmmcnt. We will annunciaterhe signal with an LED and use two screw renninals
as the connection points.

5. The instrument needs some sort of indicator on ir to tell us when the output irom thc
instrumentis active. Thisis aconvenience itemthat makes the instnrmcndconfoller
more user-friendly. Wc will add an LED toindicate this on ourconffoller When this
LED is on, the instrumenl is putting out a signal at the outpul conneclors. This LED
also lets us see &e instrument operating wilhouthaving 10 connect up to areal con-
trol point. and so on,

The prcceding describes almost all instrument/confollers. No matter whar you are
askrd to control, the instrument you design will have the preceding basic modules or
conponents in some lbrm or anoaher, Il may control one function, or it may control a
hundred functions, but each function will suppot the previously mentioncd abilities.
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The controllermentioned ea ier is an extension ofthe themomeier we will coDstruct

in one of the pro.jects. lts construction is covercd in detail

Notes
All instruments arc assembled fiom slanda-rd hardware and soltware components' so lhey

tend to have a modular structure. Each nodule in the instrument provides one function

Thefbllowing arc some commonmodules you would find on systens bascd on the PIC

l6F877A:

I Analog input section
t Mathemalical maDipulalions
r Set the DEFINES for rhe LCD
I Display to the LCD
I Read a potentrometer or two
I Display to displays (CRT)
I Read a keyboard
I Put out a tone
I Read a s{'itch
! A communications module

We create our instr-Lrments by sclecting ordesigning the modules we need aDdassem-

bling them into a project- Once you have created a nodulc or subroutrne, you can use

it again and again in your designs if you oreale it to be easily transportable to olher

designs. Taking the time to clo so now will savc you a lol oI time' agrin and again. in

Notice in the projecls that follow that I too use lhe modules over and over agaiD'

I also macle a concerted ellbrt to use as fcw instruclions in PIC Basic Pro (PBP) as

possible, so the emphasis was on the design of ihe insfuments, not on fancy soft-

ware lricks and routines.



COUNTING PULSES:

A PROGRAMMABLE TACHOMETER

Proiect I
In thj s first project, we build a programmable tachometer that can delect belween I and
9999 pulses a second (or another time period) and display the results on 4 seven
segment LED numeric displays. Thesepulses can be counted in two ways.Ifwe know
we are getting a fixed duty cycle square wave, we can measure lhe total length of a pulse
and detemine the frequency of the signal from that. If the pulses are not coming at a
regular rate, we can actually count the pulses over time and determine the rate ihat way-
We can write the software for both techniques so we can see the difference. At the end
of the project, we will take the source of the pulses into consideration and discuss how
to modify the software to display an actual rpm (revolutions per rlinute).

when working with miooprccessors, much of the infonnation we deal with is read
and processed as pulses, counts, frequencies, and the like because miooprccessors are
digitaldevices, and are usually not designed for handljng analog vdlues. So il becomes
impotant that you be comfortable with gathering, processing, and displaying infbrma-
tion of a digital nature, and this project focuses on that aspect of our knowledge and
understanding regading microprocessors. Once you are comforlable with the design and
consfuction of this tachometer, you will be able to handle all other frcquency input proj-
ects with confidence.

We will use the LAB-XI board as a helper instrument as we go along. Fhst, we will
make the software work on the LAB-XI (when we can) and once we know we can rcad,
count, and display the inputs the way we want, we will move on to the fabrication of
the seven-segmert LED based tacbometer showr in Figure 15.1.

In this project, the LAB X1 will be particularly helpful because seven-segmenl dis
plays require a lot or wiring (that can go \\'ong) and it can be dillicult to get things sorted
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out at times. When using a LAB-XI, we know we have a working platiorm to develop

the software without having to worry about hardware problems that we might have cre

ateal lor o rselves. After we have the tachometer software workng. we can use the LAB-

Xl to create pulses generated at known frequencies to check the accuracy of the

instrument we created,
The displaying of the counts on 4 seven-segment dispiays has to do with leamjng

how to use these commoniy used and inexpensive displays.It is, ofcourse' much easier

to display the information on the 2 x 20 LCD on the LAB Xl, but in this exercise we

will be using th.- LAB-XI only as our initial software platlbml. If you prefer the proj

ect can easily be modified to rul1 on the LAB -X 1, but then you will miss out on the expe-

rience oflearning how to use the seven segment displays. In any case' the PIC we use

will be lhe l6F8??A. (This PIC will be employed for all the projects in this book' and

the LAB X1 will be used to suppoft all the projects as needed )
The facl that we ar€ using only four displays is because the integer math provided in

the compi ler can handle only 16 bit math (65535 max), which limits us tofourdisplays

if we want to go to a 9 in the Left-most display. It also simplifies our problem at this stage

anal will demonstrate that refreshing lbur di splays takes us to the ma,\imum that the PIC

can confol (at 4 MIIZ) without having to use assembly language programmj ng lt is also

a compronr.ise that has to do with the fact that four digits can be handled easily with

one dnd a half pofts (12lines.|.
We will be using a small dc motor with a 2o-slots-per revolution encoder (available

from my Website encodergeek.com) on it as our signal gencrator (see Figure I 5 -2), but

before we do that we need to undertake some general discussion about counting pulses

and what the problems related with low and high "counts/time penod" are. If you have

some other device tha! can generate pulses, you can use it if you like.

i:t!!!i-iltfgif:: A programmable tachometer.



PROJECT 'I

A small dc molor with open
encoders attached for generating signal pulses.
(Fewer encoder slots give you more time to couni them.
Open conslruclion gives full access to electrcnics.)

Figure 15.3 shows a circuit used to make a simple and inexpensive pulse generator
with a PIC 16F819. This device can be used to generate the many pulses and intervals
needed for the numercus devices that will be created. The fact that it is programmable
is the key. No program is provided because you now have the skills to program this
device for the outputs you need. The following are acouple ofhi s. The tlree pin oupur
can be programmed to emulate an R/C hobby output, while the 5 volts that a se o needs
are provided at the middle pin. The five pins connected to PORTB should be pulled up,
and then as they arc shorted to ground with jumpers, they select the type of ouQut the
signal generator will create. Use the three LEDS as indicators to show you what is
goilg on in the progran

Figure 15.4 shows a picture of the nnished device. Bare boards and kits for ihis are
available at encodergeek.com.

PULSE RATE| LOW RATE COI{S|DEBAI|OI{S

Let's thini( about this iII terms of a small encoded motor like the one show! in Figure 15.2.
First, lefs look at what the problems at the low rpm end of the spectrum are. Let's

assume we are looking at signals coming from a rotating shaft and want to know the
speed of the shaft in rpm. The lowest speed of the shaft is 1 1p,t (revolutions per second)
and we want to update the rpm display every 0.25 seconds. We need to be able to detect
at least five counts every 0.25 seconds to indicate that the shaft is tuming.If the shaft
had 20 markers on it. we would have to look at the shaft for at least 0.25 secoDds
to get these five counts. We need a certain amount of time to prccess and display the
information. so the count needs to be read four to six times a second if we are to meet
our minimum specification. We have agreed that there are 20 markers on the shait of

ta9
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A2
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BO
B1
92
B3

VDD
B7
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B4

i:i!!!.!!!.ii:tf{gl Pulse generator circuil diasram.

this molor. We c:m read these wilh a photosensitive deteclor, and the output from the

detector is suitable for direct input into our PICMCU. This is a reasonable ass mption

in that most photofansistors will feed dhectly into a PIC pol1 (The encoder on our motor

meets this specifi cation.)
For low-speed accuracy, the 20 markers must be placed accurately around the shaft

At high rpm, this would not natter because we would be reading many rcvolutions every

0.25 seconds and the relative placement of the 20 markers around the shaft would be
jntegrated out over trmc,

We can use the COUNT command in the PBP language to do the counting- For a

0.25-second period, the command would be:

coul{�r PoRfa.2, 2 50, lfl

shere PORIA.2 i '  lhe l ine Ihe 5rgni l  i .  . joming in on
250 is ior a 2sO-millisecond or 0.25'second counting interval

IV1 is lhe variable the count will be placed in
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j$!!i!i-lild€{:: Photo of pulse senerator

The PIC will aclually take 0.25+ seconds to execute this command (because ofthe
counting time specified) and there is nothing else that can be done while this command
is being executed (because of the way the compiler is designed). Since we could get a
feel for the rpm in a much shorter time at hjgher rpm, this can definitely be considered
a low-rpm problem. The sollrlion to this low count sjtuation is to have a higher count
encoder on the shaft so a large number of counts can be intercepted in a shorl pedod of
time. However, as we will see, there is a trade-off at the high speed end when we
increase the encoder count.

HIGH SPEED COI{SIDERAIIONS

There is also a limit to how high the frequency can be and stilt be in ihe range that drc
PIC can respond to. For the PIC 16F87?A that we are using in combjnation with the
PBP software, this frequency is 100 kHz for a 20 MHz OSC and 25 kHz fot a 4 MHz
OSC (ow case).If we were using an encoder that had 1000 counts per revolution, we
could keep up with a shaft that was rotating at 25 revolutions per second.

2 5 , 0 0 0  / 1 0 0 0  =  2 s

A motor running at 3600 rpm, which is quile common, spins at 60 revolutions per
second. We can see that we starl to exceed the limit of what we can do rather rapidly.
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So on the one hand, high-count encodels are desirable at low speeds; on the other hand
they become a prcblem at high speed. A corcllary to fhis is that it is very difiicult to run
a shaft accuately at low speed wiihout some sol1 of gearing or belt reductiorl Think
about the problems you would encounter tying to run a shaft at I revolution per year
accurately directly with a moror

If our specification calls for a maximum speed of 3600 rpm our encoder cat?r?ot have
more than 300 counts pei rcvolution if we want to maintain the counting time. Using a
shorter time will help on the high rym end but will make things harder in the low rpm
region, Of coulse, we can also use an encoder with many fewer counts and have a per-
f-ectly good tachometer

The soflware we are using employs integer math, and the largest variable we can use
is a 2-byte word. The largest number 2 bytes can accommodaie is 65535- This means
that in the COIJNT instruction:

couNt PoRTA- 2, 250, r , t1

The number that ends up in Wl cannot exceed 65535. We can accommodate this
requirement by shotening the 250 millisecond (or less) time frame, but then we will
have problems with the 60-rpm end of the specification- The solution is to use the lowest
count that will ser,/e our purposes on the shaft encoder at the lowest speed we are inter-
ested in. If we use the 20 counts per revolution we discussed earlie! we will be getting
(20 * 3600 / 60) = 1200 counts every second and a qua er of that every 0.25 seconds
or 300 counts every second, This indicates that we could use an elcoder with a few hun-
dred lines per revolution if accurate slow speed irdication was an important consider-
ation. However, adding a higher count encoder to an existing shaft may not be trivial,
and adding a f-ew (even 1) equally spaced markers onto the shaft manually with a little
epoxy or paint may be adequate for what we need.

There is also the possibility that we could write software that would use different rcu-
tines for different speeds of the signal, but for this projecr let's keep it simple. Such
sophi stications can be added after we get proficient at doing the work at hand. The most
important thing to keep in mind is that you must understand the problem in a compre-
hensive way before you can create a solution.

DETECTIOI{

Next, we must consider the components and circuitry needed to actually react rdth the
signal we are trying to measue (or collect). The simplest way to do this is to react to
the changes in the light intensity either as reflected from marke$ on the shaft or as a
disturbance of some other kind in the vicinity. Hall effect sensors are a popular way of
detecting rotation in a dity environment because they are rot afected by anything
other than magnetic fields. The signal must be converted to a TTUCMOSlevel signal
that goes high and low reliably with every change in the stimulus. Fjgure 15.5 shows
one way to create such an instrument jnterface for the hall effect device.

Since the input to the PIC are Schmidt triggers, we would not nomally have to con
dition the signal for bounce and jitter
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f,FU.qgi!W* From datasheet:
Circuits lor Input lrom a Hall eflecl
sensor inlo a PlC, ([,{elexis N|LX9021 7.)

we will be using the input from a two-channel optical encoder attached to a small dc
motor as our signal source. This encoder has 20 slots around its periphery so we will
get 20 pulses per revolution. We will look atjust one channel because we are interested
oniy in the signal frequency.

The circuitry for the LED pholotransistor pair for the one channel in this delector is
as shown in Figure 15.6.

slgnalis HIGH whsn
the lR LED is oN and

Circuils for the inpui of a tachometer
signal into a PIC from the motor optics.

5 VOLTS
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THE SOFIWARE

LeCs write the code for the LAB-XI first and make surc we can read the signals, count
them, and display them on the LCD. This lets us build the confidence we need to pro-
ceed to the next level. Then. we will build the tachometer as a stand-alone device with
the 4 seven segment displays for output.

First, as usual, Iet's create the code to enable the LCD. See Prc$am I5.1.

tl!,W*S*f{ counting optlcal encoder pulses to the LAB-X1

CI,EJAR
DEFINE OSC 4 j
DEFINE LCD_DREG PORTD ; De6ne LCD conneclions
DEFINE LCD.DBIT ' ;
DEFINE LCD_RSRTG PORTE ;
DEFINE LCD_RSBIT O ;
DEFINE LCD-EREC PORTE ;
DEFINE LCD_EBIT 1 ,
I,OW PORTE.2
aDCONI=%00000111 ; this nust be set if you are using the IrD
PAUSE 500 ; it mkes the A & E analog ports digital

.  - r :  _ \ 6  - _ - .  i  a b -  e s  w a  w j  I  I  l s e .
TRISC -  %00000011
TRISD .%11110000 ;
PORTD =%00000000 ;  Turns lhe b i ts  of f

AjJPEA VAR WORD
RPM VAR WORD

; Then display lhe LcD nessage !o tell us we are ready

LCDOIIT SFE, S01, \Tachctrteter Reaalyz ; on lhe frrst 1ine.
PAUSE 250

;  - f e  o o p  . r , t  o i s p  d y s  ' o -  - h -  r "  h o r  e  e r  i
, now ready !o be crealed.

LOOP! ;  the d isplay loop
couNt PoREc.o. 250, ArPIra ; read lhe counls into lhe Prc
R I , ! d = 5 0 * a ! P I I A * 4 / 5  ;  c o n v e r t  c o u n l s  ! o  i p n
ICDOIIT SFE, 9C0, DECII RPM, " \ ; print on line 2
GoIo I.ooP ; do it forever
END

It's that simple with the LAB-Xl and the PBPcompiler
Next,let's design the software for the 4 seven-segment displays. Four of them will

allow for a mfiimum display of 9q99 (but since we arc taking samples for 0.25 sec-
onds, and we have 20 counts per revolution, the ma,\imum lpm we can recognize with-
out reducing the sampling time is 119,400).
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Max counl: 9999 in 0.25 secords

39.996 in I second

There are 20 counts per revolution, which givcs:

1.999.0 rcvolutions per secordr, or

(39,996/204"60 rcvolutior\s per m in ut e

Wc can detect (but no! display) a maxinum of 119,940 rpm if we count 20 counts
per rcvolution for 0.25 seconds. If we want to detect and display a higher rpm, we musl
reducc the time interval in thc COUNT instruction or dccrease the eDcoder count

We have already set up PORTD with the lower 4 biN as oumu$ (but if we had not we
would have 1() add the line of code to do thao. After insering an appropriate decision-naking
instruction, we can usc any of these piDs for an output signal to nn apFopriate device.

lf we amplify the signal appropriately, as covercd in Chapter 5, the signal on any of
the output pins mentioDed carlier can be used to control a heater or punp or whatever
elsc we have in mind.

SEVEN.SEGMENT DISPLAYS

Scvcn-segment displays come in two types: conlmon anode and common cathode ln
bolh rypes, one side of a1l thc LEDS is wired together lo make a common conneclron
In our expenments, we will use common anode (CA) displays only (see Figure 15 7).

Most so-called seven-segment l-ED displays rctually have eight or nine LEDS in them.
The eighth and ninth LEDS are the decimal points on one ol two sides of the number
displayed. We willnotusethe decimal poinls forthis project, so wewill need only seven
lines, but we will wire in the eighth line ofthe po to activate one decinal poinl ofeach
display for possible futurc use.

First. we need to unders[and a litl]e bit about how seven segmentdisplays arc used.
In a seven segment LED display, all the segments have one common leg, lhe onc that
will goto the anode. The data is impressed on the other ends ()1lhe LEDs,and when the
common legis connected to the power, whalevcr dala is impressed on the segments gets

turned on. The segments are turned on one al atime in mostcases, bulthey can also all
bc turned on sinullaneously. Often, there willbe more than one anode pin on adisplay,
bul allofthem will be connccted together inside the display. These extn pins are pro-

vided 1() makc it easier to lay ou1 the wirjng on a printed circuit board.
All the display scgnrents for each of ihe displays are connected in parallel to the data

lines to ore PIC port, and each ofthe con lon lines is assigned to a scparate line from
the PIC on anothef porl. Each ofthe seven-segment modules is eneryizrd one at a time
in rapid succession so that it sccms to the human eye that they are all on at the same
ljmc. Deciding how ]ong cach segment must be lit and how often the disphy must
bc rcfieshed can be done on a trial'and-effor basis 1i11 you come up with lhc best dis-
play possible under the circumstances. The segnents arc all the same sizet so they
requirc the same cunent, butthe decimalpoint is smallerandnccds less cuffent. It 1nay
be necessary to power it for a shorter limc or provide a larger rcsistor for it to malch
the brightress olall thc other segnents.
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One way oflaliDg oul the circuitry for a common anode four-chaBcter display would
beas shown in Figurc 15.8. Wcwould use a conliguouspoft to connect to the eight seg
mentliics and a halfpol1 (lbr lhc four units in ourcase) !o select the display to be lighted
u. ing on( r inF r.  t r  r i r . l<.  -ga n In r l t id .u\(e.sior, .

As nrcnlioned earlier the comrnon line is the common anode (+). Thc connections
and the progfan code that conlol the segments mun bs adjnsted to suil the devices
selected. Even though we did wire il. wc will ignorc the dccimal point for this pariiclr-

lar application. Howcvcr, \\Je will test it to make sxfe it works
llow the data lines arc wlred (the wirirg sequcnce) is not important because whal

everis nceded for the display desired can be describcd in the software and does not nrke

Flgure 15;7. A common anode seven-segment display.



::Adtf9:le!]: Schematic lavout: wking lor a set of lour seven-segment displays'

any djfference to lhe widng oI the electronics Once the segments have been wired' the

scheme needed lo display the vanous numbers on the segments can be figured out.

In Figure 15.8, the lighring scheme for the displays is as defined in the iollowing mela

code:
Execute the COUNT instruclion. The COUNTinstruction tells us how many pulses

were detected. We cannot access the displays while this count is being read. This calrses

a blinking ol the displays on a machine running at 4 MHz. Even wher we use ar

interrupldriven routine to light the displays, this does not solve this problem because

interrupts arc not se iced wilhin an instruction in code generated by the PBPcompiler'

Convert this to an rpm

Get the first number separated out

Impress the first numbet on the data lines

Activate the lirst common line as you cycle throuSh the segments

Activate the seven segments one at a lime

Get the second number separated oul

Impress the second number on the data lines

Activate the second common line as you cycle through the segments

Activate the seven segments one at a tlme

Get the third number separated out

Impress the lhird number on the data lines

Activate the thid common line as you cycle through the segments

Activate the seven segments one at a time

Get the fourth number separated out

lmpre.,  lhe lounh number nn lhe ddla l ines

:
n I
L I
I U
| |

t l
I  t l

r - E

| l l t
L l  t l

ffi
U U- o



t98 COUllTlllG PULSES: A PFOGRAMT IBLE TACHOMETEF

Activate the fou(h conrmon line as you cycle tbrough the segments

Activate the seven segments one at a time

Go back to the beginning to do it again

There is one big difference between displaying on the LCD and displaying or the
seven-segment displays. Once you have written to the LCD, the information on the LCD
stays on the LCD. You do not have to do an,.thing else. However, on the seven segments
displays, the infomation must be updated conslantly. This means the driving routine
must be based on an anangement that is called often enough to make the display look
like it is on all the time.

The information you ne€d to lay out the wiring to implement the use of the 4 seven
segment displays is provided in Figures 15 9 to l5-11. Being able to look at the layout
from above and below makes it easier to visual the need of ihe top and bottom of the
PC board layout.

The actual code segment for the wiring shown in Figure 15.8 is laid out in hogfam 15.2

*!ilg.t*im$A! Programming segmenl for 4 seven-segmenl displays

DtSPI.AY:
READ DIGITI. IIAIIT'E
PoRIA=%o0000001
GOSUB SIIOW
PoRTA=%00000010
READ DIGITz, VIIIUE
GOSttB SBOW
PORTA-%00001000
RIAD Dr6rr3, VlttitE
GOSUB SHOIT
PORTA-%o0100000
REA.D DIGIT4I V}ITUE
GOSttB SEOW

RETI'RII

SHOW!
Z=811111110
FOR X=1 TO I

POREB=VAI,uE I Z
z = ( z < < L ,  + t
PAUSEUS P

NEJKT X

PAUSSUS P
RETI'RN

reads each disit and lhen
selecC f , rsL d ig i t
lurn on the first cornnon tine
curn on ine segrenrs
turn on the next comon Line

lurn on ane segmen!
lurn on the next comon line

turn on the segnents
lurn on the next comon line

turn on tne segrenrs
end of subroutine

shous each segment one ar a tine
selecls one segnent a! a Llne
do the I  sesrenLs,  inc ludes dec.  poin l
get walue co show
inhib i ls  the decinaf  point
makes value and z setec! one segfienE
go ro nexr se€E(enL
pause to snow seg enr

F ^  n r A l r e n r  ^ r - s F i n o

pause to show clear segnents
end of subroutine
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c6
c7

B3

84
B5
B6
97

l]fjEr{ttlal9;9..i One way of wiring for the seven-segment displays as

The display rouline is wrilten as a self-contained subroutine so it can be callcdby a
relat ivelyf iequent inrer.rpl tokccpth.3djsplayal ivewhi lealongandcomplicatedpro
gram goes about doing ils work.

Program 15.2, with a bit more code. rcplaces *rc code lbr the LCD in the original
program. The complete program is listed after the wiring diagrams and some seven-
segment rclated notes that follow

Notes on Usins Seven-Sesment
Displays
The lighting of the displays is somewhat like the reverse of scanning a keyboard. The
segnents thal are lit represent thc rcverse oflhe keys that were pressed. In eilher casc,
the scan idenliljes eithcr a displayed set of segments or a key- Most scanning roulincs
serve similar lunclions and arc implcmcnted in this same way.

Lefs wite a short routinc to light all the segments in a seven-segnent display onc
segment at a time. Assume thal the scvcnscgments and the deci mal point are connecled
to PORTB. The common line is attached to PORTA.I. Lct's assLrme a common arode
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mf*i*{e$p& one way of $/iring lor the seven-segment displavs as

display. A crment limiting resistor of 220 to 470 ohms is needed between each segment

and the conmon anode,

c4
c5
Q6
c7

84
B5
B6
87

PoRTA=?o0000001
PORTB=%11111110
FOR X-l IO I

PAUSE 100

POREB=DOREB< < 1

PORIE.PORTB + 1

NEXT X

turn on lhe itst segnent
select lhe f,rs! segment
theae are a seqmenrs
Look at each segnenr
go lo nex! segflnent
pu! the 1 back in PorlB bi! 0

do lhe nexL one

In the preceding prcgram clip, we start with the segment connected to B 0 ON and

shit tfre iits one posltlon to the left wlth each iteration Adding I to PORTB replaces

the 0 in the bit after the shift to the left with a I The last iteration leaves % 1 1 1 1 1 1 1 1 in

PORTB and tums all the segments off. If we want to suppress tbe declmal poinl' we

have to aalal a line of code to place a 1 iII the affected bit afte' each iteration- Assume

that the decimal point is connected to bit 3 Adding:

PORIB.3=1;

after the shift instruction puts a 1 back at bit 3 and keeps the decimal point turned off'

The finished working piogram (see Program 15.3) uses the pulse length determining

instruction to calculate the pulse rate
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urPli'ii!!n.1!.{li:
CI,EAR
DEFITiIE OSC 4

Finished pulse counling Program

The followinq are lhe lnages

befo ie we do anyth ins e lse.

nunber for  each d ig i t .

of the nwbers and are srored in

These { i lL  be  P laced in  PORTB to

LED iS  L i ir'tRME 1999,
l rRxTE 2000,
wRxtE 200L.
VTRITE 2 OO2,
WRITE 2003,
wRrtE 2004.
wRtrE 2005,
! rRME 2005,
wRrrEE 2007,
r,tRrrE 2008,
$RITE 2009,

%11111111
% 0 0 0 0 0 1 1 0
%10111110
%01001100
% 0 0 0 1 1 1 0 0
%10110100
%00010101
% 0 0 0 0 0 1 0 1
r"10011110
%00000100
% 0 0 0 1 0 1 0 0

0
t
2
3
4
5
6

8
9

dig i ts  Lo a b lank
digr i ts  to  a btank
dis i ts  to  a b lank
dis i ts  Lo a b lank

for our parlicuLar wirinql
setup this deflnes lhe
ren d ig i ts  lha l ]  te  need,

TRIsA=e"o0010000
ERIsB=%00000000

P VAR BYTE
X VIR BYIA
A VAR BYTE
Z VAR BYTE

Q l/TR BYTE
?ULSE_I,EN VAR WORD

VAI-IE VAR WORD

TOIIAI- VAR WORD

DIGIT1 VAR BYTE

D!GIT2 VAT BYTE

DIGIT3 VAR BYTE

DIGIT4 VIR BYTE

P  = { 0 0

Q = 0

MAITiI:
D IGIE l=-1
DIGI12=-1
DIGtT3=-1
DIGIT4=-1

counter  var iable
coluter  var iabLe
counLer variable
counter  var iable

value of neironone counts
value of netronone counts
each d is i t  in  d isPLaY
each d ig i t  in  d isPlay
each d i l r i r  in  d isp laY
each d iq l i t  in  d isPLaY

sets the in i t iaL walue for  x
set  pause wi l l  be in  n icroseconds
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iili6jiladt1fa0l: Finished pulse counting prcglam (continuectl

Q=Q+1 ;  counler  ro take j iEter  ouL of  d isp lay
IF Q<15 THEAI , don'�! do anything
ELSE

PULSIN PoRTA.4. 1. PUI,SE LEN ; read the pulse length on rise
Q=0 ;  reser  councer

E\IDIF
VAUTE=48500/PULSE_IJEIiI ; converts pulse tength to count
IF VALUE>1000 THENI DrGrTl=2000 + VrrUE/1000 ; separate
IF VAIUE>100 THEiI DIGIE2=2000 + (valuE//1000)/100 ; out the
IF vaI-uE>lo TIIEiI DIGtt3=2000 + {{valuE//1000)//100)/10 ; four
IF varuE>o TIrlriI DrGrT4=2000 + ({vAlUE//1000)//100)//10 ; dlSits
GOSUB DISPLAY , show value on the 4 seven seg displalrs

GOTO !4aIN ; do iL over

DISPLAI: , reads each digi! and lhen
READ DIGITI, VALI'E ; displays iT
PORTA=%o0000001
GOSI'B SHOVT
PORTA=%o0000010
RE]A.D DIGIT2I \IAIJI'E
GOSUB SHOW
POR|!A=%o0001000
REA.D DIGIT3, VAIJVE
GOSUB SIIOW
PORTA=%o0100000
REA.D DIGIT4, VAIJUE
GOSIIB SIIOW

RE!fURN

sHow: ; shows each seqnenL one at a tine
2=%11111110 ;  se lects one sel rnent  at  a t ime
FoR x=1 To a j  do the 8 segnents,  inc ludes dec poidt

Y=VAL['E ; get Yalue !o shot
Y.2=L ;  inh ib i ts  the decinal  poinL
PoRTB=vaIruE I Z , nakes value and z select one segnent
z=(z<<L)+l  ;  qo to next  segnent
PAUSEUS P ; pause tO Shor segnenL

NEXT x ; next se€F(ent
POREA=o ; cLear PORTA
PORITB=o ; clear PORTB to prevent ghostinq
PAUSEUS P ; Pause Lo show clear
RIIURN ; end of subroutine

EIID ; end at1 proqrans uith end

If we want 10 lum somelhing on or off at a certain rym lvith our controllet all we have
to do is add the condilion in thc loop. For example, if we wanled 10 have an LED come
on at I 750 rpm and go off at 1800 lpm. the code for adding that condition would be as
iollows. we will use the LED at PORTD.0.
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De6ne the RPM variable and oth€rs with Ore ftst of the vsriables. (S€e Pmgam l5'4')

Then after tbe LCDOUT line in the loop add the code segment in Program 15'4'

:S{Citle$S*illi:j code segment for slmple declsion maklng

IF (RPM>1?{9) AND (RPM<1801) TITEN

EIJSE

END IF

We now know how to rcad a frequency and display it either oI! the LCD or on a sel

of seven-segment displays-
Here (Program 15.5) is dn other wtsion ofthatprcgmmlha.tactually couttts how nany

prhes are rtceived in 0.25 seconds, and then multiplies the value by 4 and displays it

iour times a second. Since it ukes the processor 0.25 seconds to count the pulses' you

cannot avoid the flicker iII a program as written in PBP

$lmiiinitm{$ code lor using the 4 seven-segment displavs

; The foltowinq are the inases of the nrmltrers

;  s lored in  nenorv before we do anvth inq-  These wi l t

; be used in PoRTB to READ the nunber in each digit

CI.EAR
DEFINE OgC 4

l lRr rE  1999,  %11111111

wRrrE 2000,  %00000110
9tRrrE 2001,  %10111110
l fRrrE 2002,  %01001100
9lRrrE 2003,  %00011100
$Rrr fE 2004,  %10110100
wRrrE 2005,  %00010101
wRrEE 2005,  %00000101
! !Rr! [E 2007.  %10011110
9tRrrrE 2008,  %00000100
wRrrE 2009,  %00010100

ERIsA-%o0010000
tRtsB=%00000000

P VIR BYIE
)I VAR BYTE
' VAR BATE
Z VAR BTTE
O VAR BYTE
PULSES VAR IIORD
VII-U! VAR WORD
tlOlTA! V'IR $IORD

blank,  no LED is  l i t
rhe nunber 0 in our case
lhe nulrber 1 in our case
lhe number 2 in our case
lhe nunber 3 ln our case
lhe nuilrer 4 in our case
lhe nuniber 5 in our case
lhe number 6 in our case
bhe nunber 7 in our case
lhe nuliber 8 in our case
the nunber 9 in our case

counter variable
counrer variable
counter variable
counter :  var iabLe

value of neLronone
walue of netronone
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iAi0i.ai!n:!9d:ll code for usins the 4 seven-sesment disptays (corrinued)

DIGIT1 VAR BYTE ; each diqit in display
DIGIT2 VAR BYIE ; each digit in dispLay
DIGIT3 VAR BYIE , each diqit in dispLay
DIGIT4 vAR BYIE ; each digit in dispLay

;  sets lhe in i t ia l  va lue for  x
'  . e L  p d . s -  , _  b -  |  n -  . o r a ( o - d s

IiIAIN: , nain Loop of proqrran
D I G I T I = - I  a d 9 -  o " b _ " !
D I G I T z = - 1  r  d ' . g i  s  ' o  a  b _ d  !

D I G I T 3 = - I  r  d . g i  L o  "  b _ . - l
D IGIT4=-1  ;  seL  a l l  4  d ig i ts  to  a  b lank
QEQ+I  ;  counter  ro  rake  j iL re r  our  o f  d isp lay
IF 0<15 TIIEN ; don,t do anything
E',SE

COttNT PORTA.a, 250r PUiSES ; read the pulses

Q=0 ;  rese t  counter
ENDIF
VAIJIIE=4*P(ILSES ; converts pulses Lo count
IF V!!nE>1000 THEN DIGtEl- 2000 + VALUE/1000 , Separate
lF  VAITUE>1oo THEN Dlc t tz -  2000 +  (VALUE/ /1000) /100 ;  our  rhe
IF VAI:IJE>1o TAE{ DIclT3= 2000 + ( (lIAtUE//1000) / /!OO, lLO; tanr
IF VArjrE>o THEN Drclt4= 2000 + ( (VA!UE//1000) / lLOOI / lt0t digiLs
GOSUB DISPLAY i  ,ho^  vo l  re  seg.  o isp  or /s

GOIIO llAlN ; do i ov-r

DISPLAY3 ; reads each diqi! and then
REIAD DIGItl, VAI-UE ; dispfays it
POREA-%o0000001
GOSUB SHOW
PORFA=%00000010
RSAD DTGIT2, VALI'E
GOSttB SttOW
PoRIA=%o0001000
READ DIGIT3, VAIUE
GOSUB SIIOW
PORIA=%o0100000
REA.D DIGlT4, VAI-UE
GOSUB SHOIV

RE![URN

SIIOW, ; shows each segnent one a! a tine
2=%11111110 ;  se lec ls  one seqrenL ar  a  r ine
FOR x=1 EO A t  do  the  8  segments ,  inc ludes  dec .  po in t

(C.,ntinueo
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gXW Code for using the 4 seven'segment displays (Confitued)

PORfB=VALuE I z
z-(z<<Lr+t
PAT'SEVS P

NEXIT II

PAUSEUS P
BEIIT'RN

END

get value !o show
inhibits lhe decinal Poinl
nakes walue and z select one segrnent
go !o nex! seemenc
pause to show segmenl

cfear PoRTB to Prevent ghosting
pause to show c lear
end of subroutine

end all ptoerrans viLh end

Here is another way in wbich I maale the tachometer after I needed a boad that could

be useal as a base for all kinds of devices. I designed this board as a unive$al all-

purpose board for my experiments. I have since improved the board and have been very

happy with the results. It saved me much time and sped up the many expenments I had

to make to write this book.
Figures 15. 12 and 15.1 3 show the use of a flexible board that suppofts the use of both

4 seven-segment displays ard that of a 2-line-by-20-character display All the wiring

to both types of devices is in place Thjs elimhates mosl of the tedious wiring that has

to be alone on almost all prcjects. On these cards, all the VO bas been left unconnected

SffiW Anolher wey to make the tachometer/pulse counter' lronl
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re3& The back of the tachometer/pulso counter. (Nole how ihe custom
wiring connects up lhe l/O only.The resl is pre-wired.)

and has to be wired the way you see fit. On the other hand, the power supply and the
basic connections to the CPU are already connected and ready to use. If you plan to build
many difforont instuments and controlle$, you should consider designing a board
based on this design. If you need just one or a few boards, these boards are available at
encoderseek,com,



CREATING ACCURATE INTERVALS

WITH TIMERS: THE METRONOMES

This chapter is about learnjng to use the timers in a PIC.
First a note about the timer functions and availability. Though there are four timers in

the PIC 16F877A, not all the timers are available lor our projects, rcr are they available
at all times. The other uses for which a timer may be employed are:

a Used with the HPWM instruction
I Used for conmunications
I Control ofthe slave port
I Baud rate generatioo
I Resources are shared with a watchdog timer (Watchdog timer [timer #4] is not

available for any programming purposes but does share scaling resources with
Timer2.)

GETTII{G COMFORTABLE

Ow goal is to be comfortable using the three timers after we have oeated the metronomes
for this poject. All the metronomes created in softwarc and hardware behave identi,
cally but use djfferent timers.

The metronome prcject is essentially a software project in rhat it is about leaming
how to use the timers. We should already have the two pieces of hardware needed to
run the metronome software. They are, of course, the LAB-XI and the board we made
for the last prcject. the tachomerer (to which we will have to add connection points lbr
a potentiometer and a speaker [or LED]). The existing piezo beeper on the LAB X I may
also be used.

Figure 16.2 show that back ol fhe metronome board shown h Figure 16-1.
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W The electronlc metronomo: ihe card flts nicely on a
box from AllElectronics. (lJses the same card as that for lhe second
tachometer)

&mw Electronlc melronomo back-custom_made catd.
(Some of th€ wiring is on the back ol ths card lo provide aflexible wiring
avslem. Most l/O points are not attached lo anything and can therelore be
connected to anv oflhe MCU pinswith suilablejumpeF )
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we will use each of the tbree timers (we do not have the ability to use the watchdog
timer) in the PIC 16F877A to create instruments that provide us with accurate pre-
dictable timed intervals we can select with a potentiometer. Two ofthe thee timers can
also be used as counters, and that will be unde(aken in ihe next chaptel where we
count marbles in some of the many different ways available to us. CounteN are essen-
tially timers that get their count pulse liom an external source.

On the mehonomes created, (he counts per minute will be controlled by a poten-
tiometer, they will be displayed on the display, and they will bo annunciated on a speaker
(or LED). Since both the tachometer hardware and the LAB-XI hardware rvill have these
accessodes on them, either one can be programmed for the purpose we have in mind.
Though the output needed ftom a metronome is rather limited (40 to 208 ticks per
minute is the standard), our project will be able to provide any count dosired, from a
count every few seconds to a few thousand counts per second, Al1 we will need to do
is change a few lines of code ifl the software. That, in a nutshell, is the power of instru-
ments that you yourself make.

The three timers in the PIC 16F8?7A have the folowing salient features, and the char-
acteristics of the timers in most other PlCs are similar. Onco you get confortable with
the thr€e timers in this PIC, you should have no difliculty with any timer in any PIC.
The hard part will be getting familiar with the new datasheet for the PIC you select.

IIIUERO

t This is an 8-bit timer
: Official nameTMR0.
I Register used TMRo.
t This register can be written to and rcad ftom at will.
a Rur.J all the time, cantot be stopped or started.
I Uses a prescalar,
I Does not use a postscalar.
I Can run from an irtemal clock (at Fosc/ ).
I Can be used with an extemal sigral for counting.
I Generates a progranmable intenupt on overflow from 255 to 0.

TtiitERt

t This is a 16'bit timer
I Official name: TMRI.
I Registers used: TMR1H and TMR1L for the high and low bytes of the l6-bit word.
I The two r€gisteN mentioned in the previous bullet point can be \tritten to and Iead ftom.
I The timer can be tumed on and off.
I Uses a prescalar.
I Do€s not use a postscalar,
I Can run from an intemal clock (at Fosc/4).
I Can also run from an extemal clock for timing drd counting.
I Generates a programmable interrupt.
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TIMER2

I This is an 8 bit timer
I Official name: TMR2.
I Register used: TMR2.
I This timer can be wdllen to and read fuom.
t Has a register it can be compared to in order to generate an mtemrpt
I The special 8-bit register that is compared to the timer can be written to- An htenupt

is generated when the compadson yields the specified match.
t The timer can be tumed on and off.
I Uses a prescalar,
I Uses a postscalar.
a Cannot use an extemal clock and so carrol be I'lsed as a counter-
I Generates a progranmable intelrxpt.
! Shares cenain functions with the watchdog timer This is important.
I This timer has a special function that is used to drive a synchronous pol1 for trans-

fe ing dala between the PIC and a computer

DEFINIIIG SOME TERMS

Before we start using the timers, let's define a lew timer-related words and concepts that

will help us understand the fr.rnctions of the timers more easily.

HPWM Commands When using the HPWM commands, a timer must be assigned

to help generale the frequencies used by these cofimands. The timer assjgned to this

function is then not available for any other use. In genelal, each timer can be used to

support one function at one time and is busy to all other lunctions. (The deiaull timer

for IIPWM use is Timerl, the 16-bit timer).

Pr€scarar A prescalar is a divider function that slows down the rate at which the inter-

rupts are generated by the timer Il a prescaler is set to 8, the timer clock feed will be

divided by eight times before if is fed to the timer count. This slows down the rate at

which the intefiupts occur by eight. Presca]ars are specilicd by setting a fcw bits in one

of the registers that control the timer. The registers and prescalar values are different
for each timer

Posbcalar A postscalar has lhe same effect as a prescalar! it 1oo slows down the

rate at which the interrupts occur, but instead ofslowing down the clock feed, it counts

the overflows. If a postscalar is set lbr 4, the timer will ovetflow four limes before an

intenupt is generated.
The prescalar anal postscalar values are multiplied by one aoother to get the total delay

seen on the lnlerrupls,

,rterrupt An intenupt is a signal that informs the system that something needs imme-

diate attention. The inteffupt manifests itselfby setting a bit sonewhere in the processor-



PnoJECt 2 2ta

The compiler software for the system is designed to be able tojump to a designated sub-
routine when this happens. We specjfy the target destination for this with the ON
INTERRUPI GOTO command.

tnterrupt Fleg An intenupt flag is a bit that is set in one oI the registers associated
with a timer when the limer overflows and afler all the pre- and postscalar effects havc
been taken into account. It indicates that the prcgam is ready to be given attention by
the main part of the processor. Aftcr the interrupt has been taken care oI, the intenxpt
bit must be set to 0 (cleared) by the intenupt service rouline to allow it to be set to 1
again when the next interrupt takes place. The bit is osually cleared at the end of the
i nteffupt-handling routine. The interupt hand] ing routine must be shot enough to com-
plete before the next intenlpt adves. Ii this is not the case, an interrupt will bc losl.
(This is considered fatal and is unacceptable.)

Inff,'ftupt Enable Bit An inteffupt enable bit is the bit that has to be set to l, within
one of the registers that controls the timer, before an inteffupt can be generated. This
bitcan us ally be tumed on and off by lhe program. Before a specilic interrupt car take
place, its specific enable bit must be sel to L

t rter'| pt Latency Beware thal the interrupts are not handled as soon as they oocur,
The PBP compiler inhibits all interupts while it executes an instruction. I1 an intenxpt
occurs while an instruction is being executed, the inlerlupt will be addressed atler the
jnstruction is complete. This cdn lead to a particula-rly long delay in the case of a long

PAUSE instruction. PAUSE instuctions should be broken up into smaller pauses in
loops to reduce this latency so the largest latency encountered can be tolerated by the
task at hand. Though intenupts may occur exactly and as frequendy as programmed. they
may not be handled immediately by the proglam. The programmer needs to be aware of
this condition when programming for time-critical applications. (Assembly language pro
granming does not have the problem to this extent. It depends on how the assembler is
designeal, but even so it tal:es some time to gel the irteruprhandling task accomplished )

Ciohal tnterrupt Enebre lGtE) Bit The GIE bit in the PIC allows you to shut off
all intenupts when it is setto 0.Itis located at INTCON.7. On two ofthe timers Timerl
and Timer2 this global intenupt enable bit must be enabled before ary interupt can

occur Time runs all the ti me and is nol affected by the global intemrpt enable bit See
datasheet page 22.

whenever any inteffupt flag is set, the GIEbitis tumed offby the opcrating system
W]rcn the flag is cleared by you (with the software), the GIE bit will be reset a tomat
ically by the operating system. This means no other inlerrupt can occul until you take
care of the intemrpt that has occurred. If you are using more than one interrupt, this can
cause problems, and addressing these probleDts is beyond the scope of this book.
Beginners arc advised to use only one intenupt in their programs till they get proficient

enough wifh the PlCs to create nore complicated programs.
(For those who have an insatiable need to try thesethings out, the solution to thc pre-

viously mentioned problem has to do wilh replacing the irterupts very quickly with
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intemal flags, which are addressed latcr as a part of the main loop, and then proceed-
ing with the program. So the interupt rcutine for each inteffupt just sets its own desig-
nated ffag, resets its intefiupt flag and ends. When the main loop sees this designated
flag, it lakes care of it as paft of the main routine, not the interr pt routine. In the mean
time, you can addrcss the next interupt flag. This gets compljcated in a hurry and the
program designer must guarantee that doing it this way will actually work. In other
words, this is not trivial, so ir is bcst avoided for now.)

Tirners are not the o y things thal create interruprs. External events can be used to
initiate an interxpt. PORIB has special signiEcance in the generation of these intenxpts.
See the datasheet.

Now lett look at each timer in greater detail.

TimerO
Timero is discussed on page 5 I ir the datasheel.

Basic description: Timero has 8 bits, runs all the lime, and sets its intenupt bit every
256 courts of Fosc/4 if the bit has been cleared. It can use an inlernal or extemal
signal (for counter use). It can count on a falling or rising edge. The frequency of
the intenupt can be modified with a prescalat and the register ilself can be read and
writtcn to.

The two registers that conirol Time are OP ON REG ard INTCON. The birs in
these registers affect Timer0 as follows:

OPTION RECISTER values

OPTION REG.O BitO )

OPTION_REG.I Bitl ) These 4 bits control the value

OPTION_REC.2 Bit2 ) of the Prescalar as Listed below

oPrIoN REG.3 Bir3 )
OPIION_REG.4 Bit4 Selects high to low transition ofclock when setto I

Selects low to hjgh transition ofclock when set to 0

OT/TION,REG.5 Bit5 Sclccts internal clock for timer when set to 0
Selecls exte.nal clock on TOCKI* lbr counter when
sel to I

|+st.u€€6t6e€itr€*ffe+(}

Nblt}se++€-e€€{f€ffirtlplt{+ps'

€EFIEERE# Bi{6

er+IeN:Rr€.?- Bi{+

*TOCK I is pin 6 on lhe PIC I6F37?A, ako kno{n I PORTA.,I
PORTA Pin .1 is tbe filth pin on PORT .
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4 Bit value Prescalar value

0000 1.2

0001 1r4

0010 1:8

0011  l : 16

0100 1:32

0101  l : 64

0 l l 0  1 : 1 2 8

0111  l : 256

lxxx 1:1 No prescalar applicd ilbjt 3 is set to 1.
Prescalar is therefore OFF

INTCON is the intenupt control regisler

+FIIeeN4 Bir€ l.t6!+se4+e-eendifter€

IlIf€€|++ B+f +l#$-€€a+r€+4itlr€rg

INTCON 2 BiA Intenupt flag

FIT€€|I'a S€ l.l€#{€-eoitreHine+e

$+F€€N.+ Bit4 l+€|ttse+1i€-eelr{}e].:]]il+es

INTCON 5 Bits Inteflupt enable bit

INTCON 6 Bit6 Used with Intemrpt enable bit

INT€oN4 B'ig +tu+tlse++€-eentr€ g

As mentioned in the preceding, there is no way to start and stop Timem. It runs all
the time. Howeve! since it can be written to, it can be set to 0 or any value up to 255
whenever desired. Also in the oounter mode, if there i s no signal on TOCK1 , the counler
will not inclemenq and so no intenupt will occur !hus, in a sense the counter func-
tion (but not the internally clocked timer function) car be stopped. lf running free.
Timer0 genemtes an interrupt every 256 Fosc/4 cycles whether ary attention is paid to
the inteffupt or not, so if its interrupt l]ag js never cleared, it stays set.

Watchdog timer interaction: If the prcscalar is being used by the watchdog timer,
it cannot be used by Timer2 and visa versa.

Now that we know where all the relevart bits are, we can write a program tbr the
LAB-X1 to testthings out.ln this program, we will sel the prcscalar to its maximum
value to slow things down as far as possible so we can see what is going on more
eas y.
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Here is the plan for testing the operation of Timero:

t . We will increment the value of the variable X in the jnterrupt routine. Therefore, we
will be sure we have entered and rctumed from rhe interupt routine if this value is
being inuemented,

2, We will display the value of X in the main loop. Thereforc, if we see X incremented,
the intenupts are being called and returned from wbile we are in the main loop.

3,If we see the preceding two things tating place, we will have successfully used
Timer0. It's that simple. We will be ready to use Timero in oul programs.

These first prograns for Timer0 ar€ heavily commented, so you can see exactly what
is being done. The programs that follow are less heavily commented because they are
very similarto these first programs.

Firsl, let's set up the LCD the usual way, as shown in Program 16.1.

iUiqii!!i!!:!.-!.!!::ll Basic Interrupt routlneforTlmerl
CLETAR ; atways slart wilh clear
DEFINE OSC 4 ; defne oscillaLor speed
DEFTNE l,CD DREG PORAD ; defne LCD comeciions
DEFINE trcD DBlt 4 ; 4 bi! palh
DEFINE ICD_RSREG PORTE ; selec! regr
DEFINE I.cD RSAIT 0 ; select bit
DEFINE I"CD_EREG PORfE ; enable regisLer
DEFINE LCD EBIt ! ; enable bil
I,oW POR4E.2 ; nake 1ow for write only

set  the poxt  t l i rect ions.  w!  nust  set  a l l  o f  PoRrD and a l l  o f
PORTE as outputs
even though PoRTE has only 3 1ines. The other s lines will be
ignored by the systen-
PoRTc is  needed because the p iezo speaker is  on p in 2 of  th is

TRTSC = %11111001 ,  . "a "O*t" . t  and PORTC.2 as output
; for the speaker md LED comecLions

IRISD = %00000000 ;  seL a l l  PORTD l ines to output
TRISE = %00000000 ;  seC al l  PORTE l ines lo  output
X VAR WORD ; seL up Lhe wariable
ADcoNl-%00000111 ;  se!  lhe Analoer- to-Dig i ta l  contro l

;  regis ter
;  needed for  the 16F8774 see notes

PAUSE 500 ; pause for LCD !o slart up
LCDOm SFE, 1 ; clear screen

ON IItrIERRI'PI GOIIO INI ROUIINE ; Lells pxogram whexe to go on an
, interrupt

INrcON.5=l ; sets up the interrupt, enable

(ContinueA
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ilL!!te!]i!,i!!!iaif Basic interrupt routinetotTime'1. (continuect,

INECON.2=0

OPTION REG=?000001L1 ;
x=0
LCDOu*I SFE, Se 0, "Mel!ond6"

clears the interrupt flag so iL

sels the prescalar  to  256
secs the in iL ia l  walue for  x
;  d isp lay f r rs t  l ine

I4AIN:
r,cDouE $FE. sco, DEcs x
IF X>=15 THEN

TO@IiE PoRTC . 2
TOGGIJE PORTC.l

EIIDTF
GCITO UAIN

DISASI;E
IIiI:[-ROlxTINE !

INTCODI.2=0
RESU!dE
EAIABIJE

END

wri te x  to l ine 2
check vaLue of  x
rese!  bhe walue
toggle the speaker so re ca hear it

end of  test inq x

reqd inst rucr ion,  Lo the conpi ler
in terrup!  serv ice rout ine
Increnent the counter
Clear the interrupt flag
Go back to where you were
reqd inst ruct ion,  to  the conpiLer

aLl programs nust end wiLh End

This program toggles line C.2 each time ttfough its cyc]e and gives us a click about
once a second, or once every 15 internrpts, using a prcscalar of256. This means that the
Llstest interrupts we could get with Timero would come 256 x 15 fastet or at about 3840
intenupts per second if we did not change the clock rate or try to load the timer any other
way. The number 3480 is good to remernber when using Timero because it defnes the
empirical m&dmum interupt rate for us.

r 4,000,000/4/256 = 3,906.25 (the theoretical value for a4 MHz processor)
t 3906.251256 = 15 .26 (used 15 in the preceding program since i t is the closest integer)
| 15+256 = 3480 (as mentioned earliet not an exact value)

The prescalar value we use has an impoftant effect on the length ofthe intenupt
service routine. lf we are using a small value for the prescalar, rhe tine available
between interrupts becomes very small and the monent may come when all the time
available is used up se icing the interrupt routine, leaving no time to do the fore
ground task. We will investigate this by setting the prescalar with the first poten
tiometer on the LAB-X1 board and loading its value into the prescalar in real time
to see what happens. To do this, we need the following code added to the program.
It consists ofreading lhe potentiometer and then placing the rcad value into t]le ibur
prescalar bits.

The code for reading POT I is shown in Program 16.2.
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:liiltiiaii*lgAi Basic program to see the eflect of the prescalar value onTimero

AzD V VIR BYTE ; creaLe A2D Value to store resul!
DEFTNE AlC EtfS I ; set number of bits in resutt
DEFINE .A.DC CLOCK 3 j sel clock sou.ce (3=rc)
DEFIAIE .A.DC SAITPIJEUS 50 ; set smpling tine in uS

; The value is read with
ADCIN O, A2D V

_ E  o i s p  a r e o  o n  n -  L  D  o  r l  - -  p l o  - -  w i r t
t"cDout sFE, $c0. DEc3 a2D v

; The value is then placed in lhe prescalar wiLh
OPTION-REG= (A2D ! / 32)

When lhese lincs of code arc added to the lrogram the progran becones:

Cl'EllR ; aluays start with clear
DEFINE OSC 4 t  defne osci l la tor  speed
DEFINE I,CD DREG PORTD ; define LCD connecLions
DEFINE IJCD_..DBI! 4 ;4 bit path
DEFIIIE IJCD_RSREG PORTE ; select reg
DEFTNE tCD RSBTT 0 ; selecr brr
DEFINE LCD EREG FORTE ; enable reqasler
DEFINE LCD EBI! L t enable bi!
DEFIIIE .A.DC_BITS 8 ; set nurber of bits in resul!
DEETNE ADC CLOCK 3 ) sel clock source {3=rc)
DEFINE ADC SAUPI,EUS 50 i EeL sarpr 19 :me !n L.
LOw PORTE.2 ; nake 1ow for write only

;  Seh rhe por !  d i rect ions,  We nust  set  a l l  o f  PORTD and a l l  o f
; PORTE as ourputs
;  even thoush PoRTE has only 3 1 ines.  rhe other  5 l ines wiL l
;  be iqnored by the systen.
j  D O P I ' i s - e e d e d b e c a - s e . h e p - a z o s p - " k e .  i .  o r p i r .  o f  _ - i s p o - l  .

IRIsc = %11111011 i  " .a  nora c.2 to speaker
;  connecl ion !o output

TRrsD = 800000000 ;  seL a l l  PORTD l ines to outpuL
TRrSE -  %00000000 ;  seL a l l  PORTE l ines to oulpu!
X VtR I{ORD ; seL up the wariable
A2D V VAR BYTE ; create A2D Value to sLore result
.A.DCON1=%00000111 i  set  Lre Ara,og o D-gi  - -  .on ro]

;  regis ter
;  needed for  the 15F877A see notes

PAUSE 500 ; pause for LcD to start up
LCDOTI! SFE, 1 ; clear screen
O!{ IITTERR('PT GOTO I!trI ROIIITNE ; tel1s prograr where !o go on

; interrupt

(Cohtinued)
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iiRiffiHi,{l*l* Basic program to see the effecl of the prescalar value on Timero
operation (Cort nued)

{:['CON-5-1
IlitTCON. 2 -0

LCDOIXf SFE,

; sels uP the inierrup! enable bit
; ctears lhe interup! flag so it can

;  se ls  lhe in i l ia t  waLue for  x
S80, \!4€trononez; display 6rst rine

; the nain loop of the progra
; read channel 0 to A2D_value

| 32) ; set lhe oplion resisrer 1ow nibble
DEC3 A2D_v/32,n ; display value

,  do i !  asain

MAIN:
r.Dcr[I 0, a2D_v
OPTION_REG= (A2D_v

r,cDour sFE. 9c0,
GOTO MAIN

DISASIJE
IMT_ROUTINE :

TOGGI,E PORTC.2

fllllcolr.2=0
RSSI'UE
ENAB'JE

END

reqd hsl ruc l ion Lo the compi ler
in !errup!  serv ice roui ine
logg1e the por !
Increnen! lhe counter
cLear the interrupt flag
go back to where you qere
reqd Inst rucLion to the conpi ler

alL prosrans nust end with End

In Program I 6.2, the LCD shows us the value of X and the bits that have been set in
the OPIION REG register We have had to remove the comparison and resetting of the
X variable because it takes too much time and the toggling has been moved into the inter-
rupt se ic€ routine, so you can hear how often the intenupt is being called. Notice that
as the interupts become more Aequent, the incrementing of the value of X in the main
routine cannot keep up with the speed with which the interrupts are affiving. Even though
a minimal amount of work is being done in the intenxpt seNice routine, it is too much.

We can add to the time taken by the interrupt service routine by adding a PAUSE
in the routine. Play with addiog a PAUSE of between 1 and 25 ltsec in the routine to
see what happens. (Interrupts are missed and the toggling does not respond to the
changes made to the option register bits.)

Now that we have a feel for the problems involved, lefs lvrite the metronome pro
gm.rn. A standard metronome provides between 40 and 208 counts per minute. We are
going to use POT 0 to control the rate so the 256 values that can be read for the POT
must be mapped to the 168 rates (208 40) needed by the metronome, and each rate
must be accurate enough to serve everyday musical needs,

The formula for converting from 0 to 255 to from 40 to 208 is

Ticks=40+[(208 40) 'N POr0]/255

l-ooking back at 3480 as the maximum number of jnterrupts we can handle with ease,
and seeing that we need to genemte 168 different hequencies, we se€ that we can have
about 3480/168 = 20 interrupt counts sepamting each frcquency, so we know that they
can all be differentiated. If we set the option register to %0000001 I, we will get a prcscalar
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of l6 aod increase the number oi intenupts received by a faclor of 16 (256116). This will
be enough to do the job- Increasing thc number of intelTupts by a lactor of 1 6 means we
need !o look at 16 times more counts on the X counter before we loggle the speaker.

The program fora metronome using Tinero and the LAB-Xl is shown in Program
1 6 . 3 .

,:rPiii0i:iii:ili:3-:l: Working metronome based on Timero and the LAB-X1

CIJEAR ; always sLart with cLear
DEFINE oSC 4  :  de6ne osc i l laLor  speed
DEFIIIE LCD_DREG PORTD , deine LCD condeclions

DEFINE LCD_DBI f  4  :4  b iL  pa lh

DEFINE LCD_RSREG PORTE ; SEIECI TEg

DEFINE LD_RSBlt 0 ; selecL bit

DEFINE LCD_EREG PORTE ; enable TegjisteI

DEFIIiIE LCD,EBIT 1 ; enable bit

DEFINE aDC_BITS a ; set nunrber of bits in result

DEFTNE a.Dc_crJocK 3 ; ser clock source (l=rc)

DEFTNE a.Dc sAltPl,Eus 50 i .6r sa pl:ng e us

LOt{ PoRTE.2 r nake Lov fo! wrile only

Se! the por t  d i rect ions.  l " ie  nust  set  a l l  o f  pORTD and a l l  o f
PORT'E as ouLputs
ewen though PORTE has onLy I  1 ines.  The othei  5 l ines r iLL
be iqnored by lhe systen.
p o o t c  c  1 6 a d 6 d  p  6  o  - D - o t 4  s o ' p - n 2 o - i  s  o o '

tRISc = %11111011

ERISD -  %00000000
ERISE = %00000000
X VAR VIORD
PO:TPOS VAR I{ORD
A2D 1/ VAR BYTE
BDCONl=%00000111

PAUSE 500
rcDoua gFE. 1
ON INIIERRUPT GOTO IWE ROUTIIiIE

INICON.5=1
INICON.2=0

MAIIiI:

A.DCIN O, A2D V

OPTION-REG=%0 0 000011

set PORTC,2 to speaker comectron

ranes ro ourpuc
ser  aLl  PORTE Lines to output
set  up the var iabte

create A2D Value to store resuLt
set  ihe AnaLo€r !o Dig i ta l
contro l  fegis ter
needed for  the 16F8?7A see noLes
pause for  LCD to star t  uP

Le11s progran where !o go on

sets us Lhe inLerrupt  enable
c lears the in teuupt  f lag so r t

sets Lhe in i t ia l  va lue for  x

ihe nain loop of the progran

prescalar  is  16
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!&ffffiiwfi*g Worklng metronome based on Timen and the LAB-X1 (Continuedl
po4r'os= 208- ( ( (208-40) *a2D_v) /25s) ; the potentiomeLer

; position value
;  Display the posi t ion
; display the X count

raDolxt $FE, s80, m€ PorPos, "
r.cDout $FE, sco, DEc x ," .
IF X>=15.15*5o/PO|IPOS THEN

EOGCI,E PORI!C.2
x=0

ELSE
ENDIF

GOIO MAIN

DTSAAI.E
IITT-ROUTINE:

X=X+t
INICON.2E0

RESUI'E
ENABIJE
END

Lhis is ahere we add the NltipLy
by 15
Coggle the speaker

so back and do iL agrain

required by the conpiler

increnent walue of x
reset /c lear  the f las

In the wiring diagram shown in Figure 16.3, a ten-pin connector is shown (for pro-
gramming the PIC in place) on the ciftuit board. This is an important conv€nience that
should not be omitted on any programmable device you cr€ate. You will use it many,
many times as you experim€nt with the poject, and not having to take the PIC out of
its socket to reprogram it will save you a lot of headaches. Take the time to wire in the
programmer cofirection (in all your Fojects).

Next, we need to conveft the program we have developed to run on the tachometer
hardware with its seven-segme displays. To allow us to tum the tachometer into a
metronome, we also have to make two hardware additions. We need to add a poten-
tiometer and a speaker to the card. The circuitry for adding these two items is shown
circl€d in Figure 16.3.

In order to display on the 4 seven segment LED djsplays on the tachometer, we must
add the code for the displays in place of the instructions for the LCD. This code is taken
from the code in the tachometer program (with minor modifications as needed) shown
in Progran 16.4.

Program to use the tachometer board as a metronome

CI,E'R
DEFINE OSC 4

wRrrE 1999,  %11111111

; The fotlowing are lhe inages of the nurnbers
j  s t o r e d  i _  a e _  o r y  b e f o l e  w a  d o  o l y r l . n 9 .  T l e s d  6 - - -
i  b -  u s - d  i l  D O F I B  r o  s e t  . l ^ e  I  r o ' l c -  r n  e - c h  d - g i . .

; Your wirins di1l require nunbers to suit it.
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lltlililiili.iliill6l{lll Prosram to use the tachometer board as a melronome
(Continuedl

9IRITE 2000,  %00000110 ,  the n l i ] rer  0
WRITE 2001, %10111110 ; the numltrer 1
I IRITE 2002,  %01001100 ;  Lhe nun$er 2
wRItE 2003.  %00011100 ;  Lhe nu!$er  3
WRITE 2004,  %10110100 ;  the mmber 4
wRrTE 2005,  %00010101 ;  the nunber 5
vrRI fE 2005,  %00000101 ;  ihe nurnber 6
9IRITE 2007, %10011110 ; the nurnber 7
l rRlTE 2008,  %00000100 ;  the n l rn l rer  I
l , lRITE 2009,  %00010100 ;  the nunber 9

wi l l  depend on
how your par!icular

DEFTNE aDC BITS 8 ; set nunbei of bits in resuLt
DEFINE a.DC_CIJOCR 3 ; set clock source (3=rc)
DEFTTIE ADc SAMPLEUS 50 ; set sanpling line in us

tR IsA=%o0000000
TRISB-%00000000
TRISC=%11111001
TRISE=%00000100
P VAR WORD
X 1IlR BYTE
NUII VAR WORD
LEDPOS VAR WORD
VAI,UE VAI IdORD
DIGIT VAR BYTE

ADCONl=?00000000
tlitTCON.5=1
INTCON.2=0

; pause vaiiabte
;  counler  war iable
; number read fron Pot
;  posi t ion in  d isp lay
;  va lue of  metronone counts
;  each d iq i t  in  d ispLay
;  pause in n icroseconds
,  th is  selects f , rs t  l ine in  the table
; sets us the inlerrupt enab}e

' te npf '1dg so - aJ oe _-

oPTroriI_REG-%00000011 ; sels Lhe prescalar to 16

ON INIERRUPT GoTo rNT ROUTINE 6lc  p oqrd r l - r -  o  oo o.
;  in terrupt

MAIN. ; nain Loop of progrran
ADCIN 7. liuu ; read channeL 0 pot vaLue
!EDPos=208- (  (  (20a-40 )  *NuM) /255 )  ;  the potent iometer

;  posi t ion value
VAIIIE-IJEDPOS ; remenber value we are

;  work ing d lLh
IF X>=16*15*30/LEDPOS THEN ;  th is  is  where we add lhe

;  nul r ip ly  by 16
tOGGtE PORI[C.2 ; toggLe the speaker
x=0 j  reser  x

HIGH DORTC.2

ELSE
ENDIF
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!gn4!0ll*{e{]: Program to u€e the tachometer board as a metronome
(Continued\

GOSUB DISPI,AY
GOTO ![AIN

DTSPLAY!
tF vtr-ltE<1000 !!HEN

DIGIT=1999
EITSE

DIGIT=LEDPOS/1000
ENDIF
RE]AD DIGIT, PORTB
PORTA=%o0000001
PAUSE P

LEDPOS-LEDPOS//1000
IF VA!T'E<1OO THEAI

DIGIT=1999
EIJSE

DIGIE-LEDPOS/100
ENDIF
RTJAD DIGIT, POREB
PORTA=%00000010
PAUSE P

TJEDPOS-ITEDPOS//100
IF VA'U!<TO EHEN

DTGI I=1999
E',SE

shor walue on the 4 sewen seer displays
do it aqain forewer

-o d 'sp_"y h-  4 n 'nrbe s
check value for  f i rs t  d is i t

0  ;  set  pat tern posi t ion in  table

read the patrern fox the di€rit
d ispLay d is i t  1  f rom i f  1000 to 9999
pause to 1et  d ispLays come oN

check value for second d:igrit

+ 2 0

2 0 0

fron 100 to 999

check value for  th i rd d iq i t

DIGII=iEDPOS/10 +2000
ENDIF
RE.A! DIGIT, FOREB
PoRIA-%00001000
PAUSE P

LSDPOS=ITEDPOS / / 10
DIGIT=I.EDPOS +2OOO
READ DIGIT, PORTA
PoRTA-?o0100000
PAUSE P

REf,t'RN

DISABI.E
IlqT ROIIIINE !

IrilTCON.2=0
RESU![E
ENASITE

END

in!edupt service rouLinq
increnent value of x
reset /c1ear the f lag
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Note mis ptugram will be nodified for each of the timers, but since it does not reallv

change when the other tiners are usetl, I rNill not list this progrcm again The changes
to the tiners wiU be the sdrne as will be ade for the LCD on the LAB Xl. These
changes are listed under each timer section.

Timerl
Timerl is discussed on page 55 in the datasheet.

Basic description: Timerl is a 16-bit timer with a prcscalar. It can be turned on and
off, can use an internal or extemal crystal, can be syncbrcnized wjth an intemal or

external clock, and be used as a counter.
Let's see what it takes to create the preceding metronome with Timl3rl, what must

be changed, and what the problems and advantages of using thjs particular timer are

Tjmerl is the only I 6-bit timer in the 16F877A. The longest interval that can be timed

with a4 MHz clock is a little over half a second. This is calculated as follows.

The maximumprescale value is 1:8

Instruction clock cycle (1 uS @ 4 MHz)

Counts from one overflow to the next (65536)

I  uS * 8 + 65536=0.52288 seconds

This timeruses two bytes, identified as TMRIH and TMRI L (the high and Iow byte).
These 2 bytes cannot be read or wdtten in one instruction, and the attendant Foblems
having to do with the low byte overflow or underflow affecting tho high byte in the
middle of a read or write. It is a problem that must be taken care of when rcading and
writing to these 2 bytes. (The usual advice is to stop the tlmer beforc reading or writ_

ing to it, and then start it again immediately after that is done.)
The registers that control Timerl are ZCON, .I.\TCO,V, Pltl, and PIRJ The bits in

these registers are used to controlTimerl as shown next:
Bits Tl CON.5 aIId T1CON.4 set the value ofthe Fescalar as follows This timerdoes

not have a postscalar capability.

Bit value

TlCON.5,4 =00

TlCON.5,4 =01

T1CON.5,4 =10

T1CON.5 ,4  = l l

Prescalar value selected

1 meaning thal no prescalar is used

2

8

PIE1.0 and INTCON.6 controi the interrupt enable biti both must be set to I
The interrupt flag is located at PIRI .0 and must be cleared in the intenupt rortine.
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Like all the timers, Timerl is clocked by the crystal ftequency divided by 4 (or
Fosc/4). It can also be clocked by an extemal oscillator connected between PORTC.0
and PORTC.I. The selection between the intemal and extemal oscillators is made by
$har is in TICON. I  rnd TlCON.I,  f l .  fo l low.:

TlCON.l=0 Selects tbe Fosc/4 signal

Tl CON.l= I Selects the external input between
PORTC.O and PORTC.I

T1CON.3=1 Also must be set ifTICON.l is set

The use of ?1CON to control Timerl is sunrmarized as follows:

Tl€€l+3 ltu1iise*-

T-l€€N5 N€ftsed:

T|CON.5 ) These 2 bits

TlCON.4 ) specify the prescalar

TlCON.3 Set to 1 to enable oscillator

T1CON.2 Set to 1 to selects external clock

Tl CON.1 Selects extemal clock when set to
I, internal clock when 0

TlCON.o Tums Timerl on when set to 1,
off when 0, becomes counter

USING TI ENI

The listing in Program 16.5 shows how Timerl can be used to create a metronome.
Conpare this to the listing for Time mentioned previously.

i:illiltliiiaii:lfl[:i Metronome usins rimerl

cIiEAR i clear
DEFINE OSC 4 ;  oeme os - l l -Lor  speeo
DEFINE LCD_DREG PORTD ; define LCD connecLions
DEFINE LcD DBIT 4 j 4 bit path
DEFINE I.D_RSREG PORTE ; selecI Ieg
DEFINE I,CD_RSBIT O ; select bit
DEFTNE t,cD EREG PORTE ; enable re€risLer
DEFINE IJCD_EBIT t i enable bit
Lovf PoRtE.2 ; nake ton for write only

(Continued)
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liafiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiia!1i11!i9l: Metronome usinsTimerl (Continuect)

;  set  the por t  d i rect ions.  i re  nust  set  a l l  o f  PoRTD and a l l  o f
; PORTE as outputs
; even lhorlgh PORTE has only 3 1ines. The other 5 lines will
;  be ignored by the systen.

TRISC = %11111001 ;  set  PORTC.2,  the speaker
;  connect ion
; to an output line

tRtSD -  %00000000 ;  set  a l l  PORTD l ines to output
TRrsE = %00000000 ;  set  at t  poRTE l ines Lo oubput
PORIE.2=o ;  set  LCD to wr i te  node
x vAR woRD ; set up the variable
A ! c o N 1 = % 0 0 0 0 0 1 1 1  \ ^  M " _ o q - r o - D  q : r a t  - o n r  ' o

:  . - g r  , . e _
,  needed for  the 15F877A see noles

PAUSE 500 ; pause for LCD !o sta.t up
LDOUT $FE/ L ; clear sc.een

ON IMIERRUPT GOTO INt ROUEIIqE j -- ) p-ogrqn /hor- .o So ol
, interxupt

l lcoN=%01110001 ' -  .e  L rp en-D_e
PIE1.0=1 ;  c lears the in terrupr  f lag so i t  can

INTCOIi.6=1
OPTION-REG=%000001LL ;  se ls  the prescalar  ro 256
x=0 ;  seLs the in i l ia t  va lue for  X

M A I N !  :  r h o  a d i l  
_ o o D  

o /  .  e  p  o g _ d n
LCDOI'I $FE, $80. .'Metrono@" ; dispray frrst line
LCDOu�! SlE, $C0, DEC5 x ; vrite X to 1lne 2
IF X=15 TBEN ; check value of X

x-0
TOGGI ,E PORTC.2  ;  o9q16 h6  -pe-  <e  so

;  i !
EIIDIF

GOIO MAIN ; repeaL Loop

r o n  o  r a  . o T p  4 .
INr-ROIXIINE ! ; interxupt service rouiine

X=*+X ; increment the counter
P lR1.0=0 _nr  e ! !  .pL  nag

RESUME ; qro back to where you were
E N A a L E  i  r 6 o d  s -  l c t  ' ) 1  L o  . n -  o m p : i e .

END , afl prograns nust end with End
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Timer2
Timer2 is discussed on page 59 in the datasheet.

Basic description: Timer2 has 8 bits, and both a pre- and postscalar. It uses the
internal clock only and shares the prescalar with the watchdog timer. It can be tumed
on and off but cannotbe used as a counter lt cannot be used as a counter because it does
not have a pin on which it can receive the counter signals.

Timer2 i s an 8-bit timer with both a prescalar and a postscaiar. The prescalar can be as
greatas16,aodthepostscalarcanb€asgreatas16,foratotalscal ingof l6x16=256,
which is the same as for Timero. However not d]l 256 scalings are available as they are
for Timeo Oecause the prescalar can only be set to l, 4, or 16).

The Timer2 is identilied as register TMR2.
The control registers for Timer2 are INTCON, T2CON, PIEI, and PIR1. The biis in

these registers control Timer2 as foilows:
T2CON.1 and T2CON.0 set the value of the prescalar as tbllowsl

Bil value

00

l 0 l 0

1011

Prescalar value selected

I, No prescalar is used

401

1x

l l

t2

The postscalar is specified by the 4 bits from T2CON.6 toT2C0N.3 as follows:

Bit value Postscalar value selected

0000 l, No prescalar is used

0001 2

0010 3

0011 4

0100 s

0101  6

0 l l 0  1

o l l t  8

1000 9

1001 r0
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1100

I 1 0 1

1110

1 1 1 1

@
PIEI.I and INTCON.6 control the intenupt enable bit
The interrupt flag is located at PIRI.1.
Like all the timers, Timer2 is clocked by the crystal frequoncy divjded by 4 (or

Fosc/4). It can rotbe used with an external oscillator
The timer is controlled by T2CON.2 and is on when this bit is set to 1.

13

t4

l 5

16

; Like we did for:
CI,EAR

The listing in Program 16.6 shows how Timer2 can be used to create a meuonome.
Compare this to the listings for Timelo and Timerl mentioned prcviously.

iPtlCiSIF.;Iry Me onome usins rimer2

TIMERO, f,I st  1et  us se!  up lhe LCD
always starC wiLh c lear
def,ne oscillalor speed
def,ne LcD conneclions

enable regis ter

nake low for wrile only
;  Set  Lhe por t  d i rec l ions.  We
; PORTE as oulpuls

DEFTNE OSC {
DEFINE !,CD_DREG PORIID
DEFINE I,CD_DBIT 4
DEFINE I,CD_RSREG PORITE
DEFINE I,CD_RSBIT O
DEFINE ',CD_ER3G PORTE
DEFTNE T,CD_EBIT 1
NOW PORTE.2

TRJSC - %11111011

rRIsD - 200000000
rRrsE = %00000000
PORIE.2=0

; even lhough PORTE has only 3 lines, The

' '  - -  r  s p 6 a < a r

other  5 l ines wi l l

fne speaKer
to an outpuC line
set  a l l  PoRTD l ines to
set  a l l  PoRTE l ines ro
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ilk!$$ffiiiiiillf$P! Metronome usinsrimer2 lcontinuectl
x vaR woRD ; se! up the variabLe
aDcot0-%00000111 , se! lhe aralos to Digital conrtol

,  regis ter
; needed for the 15F877A see noles

PAgsE 500 ; pause for LcD to start uP
r,cDottl SFE, L ; clear screen

oll II{IIERRUPT Goto INIt-RourrNE; te11s progxan wher:e !o qo on
; inLerrupt

T2coN.5=401111011 -n,er f tpE erab e

;  b i t  1 = 1
;  b i t  2 = 0
;  b i t  3 = 1
;  b i t  4=1 Prescaler
;  b iL 5=1 Prescaler
;  b i t  6 = 1

P I E 1 . 1 = 0  i  : n .  e r r u p ,  e . € o  e d
I N [ C O N . 6 . 1  i  p e l n - L s  r ' ] L e - ' l p t s  r o  o c . L r
x=0 ;  sets the in iEia l  walue for  x

ITAIN: ; the nain loop of lhe Progrd
LDOUT $FE, $80, "M€troDo@" i displd,/ Frst I ie
LDOUT $FE, $C0, DEC5 1( ; srite X to line 2 of the LCD
IF xE15 THEN ; check vatue of x

x=0
ToGGr,E PoREc.z ; toggle the speaker so we can

; hear it
ENDIF

GOTO MArN ; repeat loop

DISIELE , reqd insttuclion lo lhe conpiler
INf_ROD:r INE|  i  -nLerrLp.  se-v ice 'oul inF

x=x+1 ; increnenl lhe counter
PIR1.1-0 ;  c lear  the in lerrupt  f lag

RESUI'E ; go back to where you were
ENAILE ; reqd inslruction !o the conpiler

END ; all proerrans musr end with end

The Watchdos Timer
A fourth timer in the 16F877A is used as a watchdog timer. The furction of a watch-
dog timer is to provide an intenupt if a program hangs up and thereby fails to periodi-
cally reset the watchdog timer. The watchdog timer interupt flag is reset from time to



time (always beforc it runs out) in the prcgam to keep this ftom happenitg. The code
for rcsetting the timer is provided by the compiler automatically. Check the appropri-
ate option in the Fogramming options.

The watchdog timer shares its prescalar with Timero on an exclusive basis, meaning
that either the watchdog timer or Timero can use the prescalar (but IIot both). When you
sel€ct the watchdog timer, the prcscalar for Timero goes to 1:1. In fact, you select 1:1
for Thnero by setting bit 3 ir the option rcgister, which at the same time assigns the
prescalar to the watchdog timer



UNDERSTANDING THE GOUNTERS:
COUNTING MARBLES

Proiect 3
As you may have guessed, this is not really about counting marbles. It is about count
iog pulses that may represent any number of thjngs you are intercsted in counting.
These pulses may come slow or fast, regnlarly or landonrly, or in some other way, and
we need to know how to handle them h all situations. We use the counters for count
ing the events. The marbles just happen to be an interesring medium for us to play wiih:
They are easily obtained, are easy to handle, and are inexpensjve (and they do ro11l).
See Figure l7. l .

You need to know a few things about this problem beiore we stafl, however They are

r Thic i (  nol  t r iv ial  by a long.horl
I There is a limit to how fast the marbles can go by in the redl world, and the programs

we create have to be faster than that,
I There is a considerable difference between counting marbles that go by one at a

time in an orderly fashion and those that go by one next to the other, helter skelier,
fast. In this project, we will count rhem one by one, and then h the later parl of the
project we will count them going by much taster

I Signal bouce or signaljitter is a problem in any "real-world" situation. Especially
so with these shiny glass marbles.

I As can be expected, therc are many ways to get ajob like this one done meaning
that not everything wiil have been explored when we are done with this chapter

We have asked for and been given the following assurances from Mr Marbles the
owner ard manager of ihe local Marbles Inc. plant. These assurances arc designed to
make the specincadons of the project more complete and fo make our task easier. (In
other words, we have been given the parameters ior what we are to do.)
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wawe
gales.)

I All the marbles are perfectly round.
I All marblos are the same size,
a A11 marbles have the same densify.
I All marbles are opaque to infrarcd (IR) and light frequencies (Here we are making

the assumption that the IR light does not bounce around and cause us problems This

is not rcally a valid assumptionl)
I All marbles are unifomly colored
I We do not have to count morc thafl 1000 marbles at a time
I The maximum rate of marble flow is 900 marbles a minute (15 per second).

I The marbles will be given to us loose in a cardboard box and are to be l€tumed the

First, let's design a system that counts marbles by allowing them to go one by one

only. In order for Ihe marble! lo be presenled {o the counter one by one. we need an

escapement that will release them one at a time. The following is a schernatic for a simple

two-gate/lever escapement that we can make lt uses two model aircraft Ri/C seflos to

control the two gates that will let the marblos go by one at a time This schematic is fol_

lowed by photographs of a simple escapement that I made in my wood shop in less than

an hour A similar escapement could also be made out of cardboard or hobby materials

Counting marbles, an escapement. (Note the sensor belween ih€ lwo
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glued together with hot glue if more comprehensive shop facilities are not readily
available.

It is very important that you actually make the physical components needed for this
Foject. They provide an impo(ant part of the "leaming by doing" experieDce because
they expose you to all sorts of things no one ever expects. It is what the real world is
all about and it can all be done quite easily with some pieces of cardboard, a mat knife,
and a hot glue gun. The idea is to build it. It does not have to be perfect. What you need
to make is shown in Figure 17.2.

220 oHt\,ts

Schematic and photograph of a simple
escapement. (Single sensor escapement 16r marbles using lwo
senos, Sensornotshown. See Figure 17.1 lorsensor)
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#ffiffiS tcontnuea)

This simple escapement/nurble chute will be used for all the counting projects with

simple modifications and cha.nges in sensor posltions. Prcvisions should be made for a

bin above and belo\{'the escapemedto acconmdate about a pint ofrnarbles (amund 100).

The alesign should allow the marbles to be rcfiImed to the top bin between runs with
ease so that expodmental counting can prcceed run after run.without delay

For the first gscapemenGbased counting progam, the oscapement will be prc$arnmed

lo \ ork a. follow(:

l .  Ar l tanup. lhe louergale i .  c losed and lhe uppergate isopen Tbe syslem ensures

this by starthg in this positio[ On reset, go to this position.
2. The counter is set to 0.
3. Load |he marbles.
4. l-f $ere are any marbles in $e sy(tem. fie fiAt marble come\ to rest again\l $e lower

garc'
5.The op!ical detec@ conlrns this.
6. If there is a ma$le above the lower gate, the uppel gate closes.
7. Both gates are closed now.
8. There is a marble b€tween the gates.
9. The lower gate opens and deases the marble.

lO. The counter incremenlsby orc atlhis point.
I I . The lower gate waits 0.01 seconds and closes agail. This makes sure the marble

has dropped away.
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12. As soon as the lower gate has closed, the upper gate opens and stays open till a
marble comes to rcst agahst the Iower gal€. The optical detector will confm this.

13. Tho cycle rcpeats as long as more marbles come down ihe chute.

This is the basic escapement model for alnost all escapements. See Figure 17.3 for
a simple implementation.

Notice that the system is designed in a way that does not leave any marbles behhd
in the counter at the end of the opentions. This is an impo ant consideration.

The systom could be designed with only one servo, but we will use two seNos, one
for each gate so we can have complete and flexible control of the action. (Mhd exper-
iment: Think about how you would do this with only one ieflo.)

As mentioned ea ier' we ne€d a sensor.to tell us if there is a marble resting on the
lower gate. We will use an inexpensive IR uansmitter/detector pair across the marble
to provide this function.

We also Ileed sensoN to tell us when the two gates are fully open and firlly closed, but
since we are using soryos, we can use the conmands to the servos combined with suit
able delays to know what the status of the gates is at any time. (W€ are assumitg that
the seNos are always able to follow the commands glven to them. If we were designing
a much faster and more indusldal pneumatic system, we migft use micro switches, light
beams, or proximity switches to confirm the in and out positions ofthe gates.)

Close-up view showing how the simple gates are made.
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The connections to the system will be as follows:

S e  o I

Servo 2

Phototransistor

Infrared LED

CI,EAR
DEFINE OSC 4
DEFINE LCD_DREG PORTD
DEFINE LCD DBIII 4

DET'INE I|cD RSF.EC PORTE

DEFIIIE ITCD RSBIT O

DEFIIIE ',CD ERTG POREE

DEFINE IJCD EBIT 1

J7 on the LAB-XI

J8 on the LAB-XI

PORTB.O on ihc LAB-XI

PORTD.I on the LAB-XI

SOME SPECIAL NEOUIREMENTS FOR SERVOS

We need a way to pulse the servos on a continuing and reguldr basis. We know liom

the servo literature that the servos have to be reminded of their position about 60 times

a second in order ro mrinuin proper opernl ion We $i l l  nccd ro 'el  up an intelrupl  lo

come ON about 60 times a second to do this. The intefupt loutine refreshes the coun

ters in the se o every time it is caUed. The POTo. POT1 numbers in the routine for each

servo represent the IN and OUT posilion of each of the servos.

FtNDtitG THE SERVO pOSlTlOl{S

Nole Cefiain dspects of v)orking with nodel aircrafr senos concern the LenSth and

lrcquenct of the sig%ls they need. IfJou an not familiar withthese, 80 to the lntenet

and read up on the relavant part on aircruft senomotor control.
Before we can go any furthet we need to determine the exact IN and OUT position

of each gate so we can sel these parametels to the appropriate values for each servo in

the program.
Program 17. I lets you mol'e ,otri servos under computer control from POm and walch

the setting on the LCD. With this program, we can find the values ofTOP GAIE and

BoT GATE for each of the se os with ease whenever we need to The program uses

the two lower potentiometers on the LAB-XI to control the positron of the setvos in

real time. Adjust the pot€nliometers to get the useable IN and OUT position of the

seNos and wnte the valu€s down for each servo,

8*e.qfr&lfff}] Thls is a stand-alone program for linding the exact seruo
settings to determine the open and close posilions ol the gates

;  c lear  hhe var iabLes
;  denne the osci l la tor
; define LcD comeccions
;  4 b i t  protocol

;  regis ter :  se lecL byte
;  regis ter  se lect  r t
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i*i!{ml&$gffi This is a stand-alone program tor finding ihe exact servo
settingsto determinelhe open and close positlons ol the gates (Cont nued)
lJon PoRTE.2
AtcoNl=t6000 00111
PAUSE 5OO

TRISC = %00000000
PoRTC .  %00000000
PORTD -  %00000000
POR'E = %00000000
t cDouf $FE, 1, \cDEARz

DEFINE ADC BITS 8
DEFINE ADC CI|oCK 3

leave low for  wr i te
set  A to D contro l  reqis ter
pause for  .5  sec for  LcD

ouLpuEs ror senos

PoRTD is all ourputs for LcD
PORTE is all outpuLs for. IJCD
clear display and show CLEAR
se!  nunber of  b i rs  in  resul t
se!  in ternal  c lock source
(  3=rc)
set  sanpl ins t lne in  us
creale advaL to s tore resul t
creare adval  to  s tore resul t

DEFINE A.DC SA,UPITEI'S 50
FOTO VAR BYTE
POI1 VAR BYTE

IOOP r
rrcDouT sFE. s80,
ADCIN O. POBO
aDclN 1, Pc|lll
POto=PCfro + 23

PUtTSOLT PORTC.1,
PAUSE FOT1

PUnSOttr PORTC.0,
PIUSE PdFl

GOIO t OOP
END

DEC3 PO:ro, z

POTO

DEc3 Po4[1'z \

so actual  pulse is  d isp layed
(arb i t rary value)

pause 1/60 seconds (appror

pause 1/60 seconds,  (appro:

we always end with end

Noted for lhe record: in FLI'IABA systems, the se o center is defined as a 1.52 milli-
seconds wide pulse delivered about 60 times a second. The positional range is about
0.75 milliseconds on either side ofrhar. Other manufacturers speciiy other values around
1.5 milliseconds, so it is woth it to check exactly what your servos need. Develop the
habit of working to accurate parameters irnd looking things up for yourself.

In the prcceding program, the pulses to both connectols J7 an(l J8 use the same
wlue, POT'. Doing I rhis way allows us to hook a se o up to either connector, and
tbe operation will be the same, Or both servos can be connected at the same time and
you can find the end positions for both with thi s program. Both servos will not have the
same value for the open and close positions for the respecrive gates unless you can
make the linkages absolutely identtcal. POTI contmh rfr? d€ld) between the pulses. We
want to find the sho est and longest delays that give us smooth se o operation, and
then use the average.
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Counting with an Escapement
LeCs develop the "escapemenfbased" counling program step by s!ep, segmenl by seg

mcnt, as we werejust aliscussing.At the staft oftbe program' we need to wait for a signal

to slart the colrnling process. At this point, the top gale must bl} open and the lower gate

muslbe closeal. When the lirst maible amves on top of the boltom gate. wcwill be ready

to stai counting. We assume lhc other na$les are in position, but this-as we will see

may not necessarily be lhe case, meaning that our software must accommodate all

possibili!ies.
The hardware we will respond to and conlrol consisls of the follov"rng ilems connected

as indicatedl

Infrared LED power on PORTD.I

Infrared LED ground to gr,ound

Phototransistor power on PORTB l

Photolransi stor ground to ground

Phototransistor signal to POmB.0

Top seNo on PORTC.I to the servo pins

Bottom servo on PORTC.2 to the servo pins

We will u se switch I connected between line PORTB.4 and ground to start the count_

irg process. PORTB.4 will be pulled up internally with OPIION-REC 7=0

The rviring schematic for thc preceding description is shown in Figure 17 4'

5 VOLTS 5 VOLTS

-4
rl:FiiU.-iiSilt],4li The two ways of doing schematic wiring diagrams lor lR'LED phototransislor
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Pro$am 17.2 Program to count marbles with an escapement

CI,EAI
DSAr!iIE OSC 4

i  d l w o y .  d  w  r  ' - - o '  . q r - o b  a

; always deine osc speed

:  A_  q-wer -  \e  w l  oe  fo l  r l  -  L  D oo-  o  on  E!
DEFTNE I.CD DREG PORTD
DEFINE I.CD DBIE 4
DEFTNE I.CD RSREG PORITE
DEFINE I,CD RSBIT O
DEFINE !.CD ERIG PORTE
DEFINE LCD EBI!! 1
I,OW PORTE.2
DEFINE I,CD COMMANDUS 2OOO
DEI'INE ']CD DATAUS 50
DEFINE ADC BITS 8
DEFINE ADC CLOCK 3
DEFIIIE ADC SAIIPISUS 50

TRISB=%11110000
PoRtB=%o0001110
TRIsc=%00000000
PoRIc =%00000000
ERIsD=%00000000
PoRrD =%00000000
PoRaE =%00000000

define LCD connecrrons

select  reqisLer

enabLe regisLer

10{  mean we v iL l  wr i te  only
delay in  n icro seconds
detay in  micro seconds
se!  number of  b i ts  in  resul t
set  in ternal  c lock source (3=rc)
se!  sanpl lng r ine in  us

set  PORTB d i recL ion

set  PORTC d i recr ion

se!  PORTD d i rec l ion

se!  PORTE d i rec t ion

;  N e ^  r e  e t  c  t f e  p o -  r o  -  - q u i l - d  d  ' -  . o n

;  and se !  the i r  b i ts  h ie rh  and 1o0

o .  L o .  o  s 6 . o . d

; To allow the LCD Lo cone up to speed and cLear Lhe screen

AlcoNl  =%00000111
INTcoN=%l0100000
oPuoN REc=%o0000101

PAUSE 5OO
r,cDonr sFE, 901

POTO VAR BY'E
POT1 VAR BYTE
POf2 VAR BYTE
AI,FHA VAR BY4E

Assien variablcs for rhe servos. and counters and set their vaLues

bo nake lhe systen digiLaL
s for  the l iner
for  bhe pul lups and the prescalar

set  a,  E regis ters to d ig i ta l
set  in tefupt  conLroL reg b i ts
set  opl ion reg b i ts

create adval  !o  s tore resulL
create adval  to  s tore resulL
c ieale adval  to  s tore resul t
coun!er  var iable
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ll?iiiiian*l{li** Program to counl marbles wlth an escapement (confirued)

COUIfEER VAA AYrE ; counter variable
coufrER=o , sets counler

;  l e  r l  e  p - o g r a - r  ^ _ 6 '  e  L o  9 0  o n  d l  r r - ' '  r p -

oN TNTERRUP' Gctro INT-Roua;NE ; set inlerrupt targe!

;  s e t  - L -  i n i  : d - i  c o . o i - ' o r  q a c 6 s  q -  ^ d s  d e - a m j n e d

PC/ !0=160 ;  cLose top  ga te
pOTl=100 ;  c lose  bo tLon ga te

w d i  -  ' n  . - L l  ^ e  p .  o s s

WAITI,oOP: ; this is lhe loop for wailing Lo sLart

IF PORTB.4-l IltgN ; switch is connected to

GoTo 9fAIELooP ; line 84

EI/SE
ENDIF
RETURII
Since we wi lL  be readins the pholo-Lransis tor  on por t  B0 we
have to set PORTB
so that  B0 is  an input .
We are goinq to use lhe interrupb fearure of B0 in laLer
progrms so we want !o keep the sensor on 80.
i,ie could have use any line

TRrsB -?11111111 , r. r.ut. t" reassign lhis here tor

; B0 input

LOoP: ; main loop
PORfD.3=PORIB. O ; so you can see the siSrnal on D3
PCfr0=120 ; open top gate
r,cDouE $FE. $80, DEC3 POE2." \,zPntSS REgEtz
r,cDom $FE, sco, DEc3 couMlER, "

rF PoRIB.O=0 TIrE!{ l,ooP ; if no marble then go back to loop
.ADCIN O, POI2 ; r:ead POT0 for servo wait pause

POT0-158 ; open top erafe
pOTl=150 ;  c lose bot ton gate
c,osuB FAUSER ; Pause beLween moves
PO4r0=125 ;  c lose top gate
Pdrl-120 ; open botton gate
GosttB PAI'SER ; pause be.ween moves
cot NTER=cottNTER + 1 ; count Lhematbte

GoIo I.ooP ; go back to top

(ContinueO
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,tif-6lCi!f :li:Lilt Program lo count marbles with an escapement (Cort nued)

DISABIJE ; disable interrupts
INT_ROIITINE: ; the interrupL rouLine is called

,  everv 1/60
PULSour PoRTC.1, POTo ; of a second and pulses both servos

i . a
PUT-SOtxr PORTC.o, POT1 ; theii se! values. Then ir
Iri|l!coN.2=o ; resets the interrupt flag for Tinero

R.ESUME ; resune progran
ENAaLE ; enable inLerrupts

PAUSER: ; this routine is read fron POTo and
FOR AIPI{A =1 TO Pqr2 ; delernines how long it is betveen

PAUSE 2 ;  ins l ruc i ions !o lhe servos-
NEXT AI-PEA ; adjust it uith POl'o

RETURN ; do no! nake it !o shor!
E N D  ^ ' l  p . o o , a  s  - - d  -  \ D .

The program starts out with both gates closed.

The code in Program l7-2 wiil stay in the "wallloop" ntil switch I is pressed.

That opens the top gate and the system is ready to count.

As soon as a marble stops againsl the lower gate, the marble is detectsd. the top gate

closes and the bofton gate opens.

One is added to the counl3r (.at this point a dnot dny soo er or later).

The botton gate closes.

The top gate opens and the cycle is repeated.

When there are no more marbles. the system stops.

Press reset to staft over.

Some Real-World Notes
If we were designing for a real world situation. we would add some type of detectors
!o makc swe thc gates actually went in and out as intendcd. Proximity detectors of some
sol arc rhe detectors of choice in thal they have no moving pa s. we would probably
use pneumatic actuato$ and run fte operation lrom a prcgrammable logic controller
(PLC), though as we saw in this exercise, aPIC wouldbe much cheaper and would do
thejobjust line. The system could also, ()1-course. be designed !o use two solenoids wilh
appropriate IN/OUT detectors.

The preceding is the simplest way to count the marbies, but it is pdi,l4rlb rlorr. Slow
enoush to be counted with an exDensive PLC!
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Counting to a Register Using
an Intenupt
Whcn the marbles are comi ng fast and furious, we crnnot stop them one at a time and count
them as we did in the previous program. We need a faster way of doing thejob. Onc way
is to have each marble causc an intcmrpt and then in the intenxpt irutine incremeni the
variable that has the marble counl in il. (Kccping in nind that the largestvddable in PBP
is 16 bits or 65,536, unless we make anangemcnts !o count to a larger number by keep-
ing track ofthe overflows at 65,536.)

The program keeps counting till the ma$]es run oul. Reset takes you back up to the
top. This process willbefast enough for most counting, but there arc instances when it
will nol a topic we will discuss later in this chapter.

The Iront end of Program l7.3 is very simil ar to the top of lhe preceding escapenen!
program. The changes are in how we do the countjng.

lt.?It.ifAi!:!t!,:.9,t: rhis prosram is not executable (Prosram nol for use n real
counling as it is now;Jor discussion and examinalion only)

The top of lhc program now looks like lbrs:

CLEAR ; always start  with cLear var iables
DEFINE OSC 4 i alFays deflne osc speed
DEFINE l,cD DREG PoRID ; def,ne LcD conneclions
DEFINE tCD DBII 4 ; and bits
DEFINE I,CD RSREG PORTE
DEFINE ITCD_RSBIT O ;
DEFINE I,CD EREG PORTE
DE!'NE I,CD EBI4 T i
LOW pORlEE.2  ;  1or  mean we r iLL  v r l te  onLy
DEFINE LCD_CoMMANDUS 2000 , delay in nicro seconds
DEFITiIE IJCD DATAUS 50 ; delay in nicro seconds
DEFTNE ADc BIES 8 ; set number of biis in resuLt
DEFTNE ADC CLOCK 3  ;  se t  in te tnaL c lock  source  (3=rc )

DEFTNE ADc saMPLEus 50 ; set sampling time in us

,  \ 6 x  w 6  s 6  o l _  , l o  p o  r o  h -  r c q L i  e d  d r . -  i o . .

;  And se t  Lhe ix  b i ts  h i€ rh  and ]ou

TRIsB=%11110000
PORTB=%o0001110
TRIsc-%00000000
PORTC =?00000000
rRIsD=%o0000000
PORTD-%o0000001

'  _he r rne

;  set  por t  d i rect ions and values
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plPi!i'alni:!l1i!:i: This program is not executable (Program nol for use in real
counting as ii is now;for discusson and examinalion ady) lcontinued)

i  A n d  . - e  o p ( i o  p  a o  p t -  o .  ' 1 -  o r ' ' u D  d r d  -  o r -  " 1 "

ADCON1-%OOOOO111 ,  " "a  . .n r .a " . .  to  d i€ r i ta l
I I i ITCON=%10100000 -  :n  . ! - .p  o  'o  eo  b i  -
oPTIoN R!c=%00000101 ;  se t  op l ion  req  b i ts

;  i te  need fo r  Lhe progrm Lo pause fo r  ha l f  a  second
:  r o . l l o  l -  _  D  o  o  -  p  o  n p - F d  a  d  c  4 o  a  . 4 4 1

PAUSE 500 ; pause for LCD startup
LCDOn:r SFE, 901 ; clear the LCD

.  o l d  . 6 _  
_ h 6  

v o - L A .

POTO VAR BYTE
POT1 VAR BATE
POT2 VAR BYTE
ALPIIA VAR BYTE

;  bot ton c losed
PoT0=125

;  create adval  to  s tore res!1t
;  create adval  to  s lore resut t
;  create adval  to  sLore resul t

; Tell the prosran where ro go on an intedupt
oN INTERRUP! Goto rN! RoulrrNE ; set inte.rupt target

;  set  Lhe in i t ia l  condi t ions for  the Lwo gates as top oped,

;  open rop qa€e

; create a loop that the pro€rrd can wait in ti11 we press sditch I
wAITLooP ! ; this is the loop for
PORTD.3=PORTB.4 ,  the starL swiLch to be pressed
IF PORTB.4=1 THEN ;  swi tch is  connected to

GOIO WAIfLOOP ; line 84

ENDIF

^  b -  r - " d i  r q  l -  p h o  o  - d n : ' l o  o -  o o  r  B 0  w -

j  T R I C B  I o !  P O R T B  o  h -  B 0  . .  d .  : l p l t  .  W e  -
;  lhe in terrupt  feature of
;  BO in la ter  prograns so we want  to keep che sensor on 80.  Ide

;  B0 an inpur  so
;  Lhat  iL  can receive the s ignaf  f ron the IR Phototransis tor
;  pai r  and enabLe
;  lhe in terrupt  capabi l i ly  for  B { la ter) .
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ie!!&{-A!{itli1tr!1 This program is not executable (Prosram nol for use in real
counting as it is now;for discussion and examination only) lcontinued)

TRIEB =?00001111

OPTIOAI_REG =%01111111

+TcoN=%10010000

GOTO IJOOP

we have !o reassigm lhis here

clear hierh byte

we do lhe countingr work here in

Lbis is an enpty Loop for now

IIIT_ROIIIINE !
rcDour $FE, s80.
RESUIIE
TND

show conLents of loop here
DEC3 TMRIH.

This is an acceptable way of counting marbles, but we can do the job even fastet if

we use one of the timers in the counter mode. Wo vrill consider both Timer0 and Timerl
(Remember: Timer2 cannot be used as a counter because it has no input pin.)

Counting Directly into an Internal
Counter
Using 7i e,'0 (8 bit) to leam about counting to counters.

Timero is not suitable for counting the marbles, so we will write a short prcgram to
demonstrate its use as a counter We will set up a sitoation that will let us count how
many times we press butlon I on the LAB-XI keypad, stadIlg with 250 in the counter
Doing this lets us see the counter overllow alter a few buiton presses. We will also mon-
itor the contents of INTCON on the LCD to see what happens as the button is pressed

again and again. You need to master techniques like these to look at what is happening
in the PIC or olher processors your using, whenever necessary.

Set up the counter for Timero as follows:

oPIIoN-nrc=%01101000

INTCON=%00100000

, No prescalar and extexnal clocking
;  on TocKl  (b i t  5) ,  r is ins edge (b i t  4)
;  EnabLe ln lefupts wi lh  b i t5

TOCK I, which is ph 6 of the PIC, will be used as an input for the counter @ORIA 4)
Provide a jumper from D. I to A.4 so the result of the key press, which appears on D I ,
will be rcuted to the counter

The following is what you should see on the LCD:
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Every time you press button I on the keypad, the counter in TMRo will increment
by L After it g€ts to 255, the next key press vr'ill show bit 2 on INTCON go to I for
0.25 seconds. Next the counter will reser to 250, and the bit at INTCON.2 will be
cleared.INTCON.O is the "PORTB change" intefi\tpt flag. lt stays at 1 because we keep
pressing a key that affects PORTB.

The program that reflects that above is shown in Program 17.4.

Demonstration otthe use ofT|MR0 as a Counter

CI,EAa'
DEFINE OSC 4 j osc frequency
DEFINE LCD_DREG PORTD ; define the LCD comections
DEFINE IJCD_DBIT 4 ;
DEFINE LCD.RSREG PORTE ;
DEFINE LCD_RSBIT O ;
DEFINE IJCD_EREG PORTE i
DEFINE LCD_EBIT 1 ;
LOW PORTE.2

ERISA = ?00010000 ; set PORTA
TRISB =  %11110000 ;  se i  PORTB
TRISD = %00000000 ;  se t  PORTD
TRISE =  %00000000 ;  se t  PORTE
aDCONI= %00000U1 ;  don ' t  fo rge t  to  se t  ADCON1
OPTION_REG=%01101000 :  se ls  in  -  - .pL  onqb lc  Io !  1 l '4R0

@
r b+e+ € .e€ f ,e le ian€ beeaEse b iE 3 is  +

;  b i t3=1 sets prescalar  to  1:1 or  no scal ingr
;  b i t4=0 sets h ish to low Lranei t ion on count
;  b i t5=1 sets counter  node usins A.4 as input
;  b i t5=0 sets in terrupt  edqe select
;  b i tT=o sets pulL ups on PortB
PAUSE 500 ,  pause ,500 second for  LcD !o star !  up
t CDOUI SFE. 1 , cfear LCD, 9ro to f,rst line
lMR0-2s0 ;  put  250 into countet

[TcoN=ts00100000 :  - l -a !  - ] l  o I  i l .e- - rpr  -eq 's t - '

;  except  b iL 5

BAIN: ; nain loop
I,CDOUT SFE. S80. BlNg MR0, \=T r DEC3 Mlo'z=Mroz ;
rcDouE sFE. sco. atN8 tNTcoN
IF IMECON.2=I  EHEN ;  I I  Lh-  -nLorrLp-  l1a9 is  se!

l"cDoul SFE. 580, BtN8 T!1R0, \=2, DEc3 tl[Ro ; show changes to
rcDOm lFE, $C0, BrN8 TNTCON bits" ; lhe two

; registers
rMR0=250 ; rese! coun! in TMRo
PAUSE 750 ; pause so you can see what happens

(ContinueA
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ialligliffr7!si
IIfECON-0

ELSE
ENDIF

GOTO MAII{

END

reset  INTCON register

Demonstration ofthe use ofTMRo as a Counter (Contitued)

In Program 17.4, we press SWI again and again a see what happens in the LCD.
For each key press, you need to both release and hold the button down for a good part
of a second to actually observe the key-down and key-up effect so that the 750 pause
that allows us to look at the LCD can be discounted.

Usins Timerl in Counter Mode
We will use ?lr?ert as the counter for the marbles because it is the only timer that can
count to more than 255 without having to count fhe interrupts at every overliow of the
counter and nake the related calculations. It will count to the 1000 marbles designated
jn Mr Marbles' specification.

Actually, the microprocessor is much faster than the marbles coming out the chute,
but we will pretend that we need to really hurry in our counting prccess for some other
prccess we mjght encounter in the future.

If the marbles are coming so fast we do not have time to update the registers, we
have to set up an inlernal counter and feed the signals that the intenupt provides
directly into that counter. The signals will have to be debounced before they can be
connected to t}Ie intemal counter because these counten arc extremely fast and will
pick up every litdejitter as a countable event.

THE BASICS OF COUI{TII{G DIRECTLY II{TO A TITUER BEING
USED AS A COUIITER

In order to use a timer as a cou er, $Ie must set up the timer as usual and then change
the input to the timer from the intemal clock to the external signal and set the appro-
priate pammeters for ihe incoming signal (rising edge, and so on).

For Timerl. the 16-bit counter. this is done as follows:

Setiins Timerl uD as a countef.

T1COriI.4 antt tlCON 5 = 0
P I E 1 . 0 = 1
I&aCON.6=1
T1CON.0=1

E1CON.l=1
t1CON.3=3

for  no pre scale
to enable intelrupl

ro start the counter. We have to

lncomlng s1gnal
selects PORTC.0 for  input
" l s o  . - - d - d  o . e  e c c  D O o l ^ . 0  l o -  - n p , L
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tlole 1 The intetnqt fag at PIRI .0 trill be set \')hen the counter owtnows (and
would hare to be cleared in the interrtrpt tetfice ft)utine-our count will ne')er get that

fa\ but v,e still need to be aware ofthi!). We are not intercsted in the counter oreilov)
in this pa iculat application becduse rre will nerer count pdst 65635, but if we were
to count ?ast thaL the code to rcset the interrupt lag dnd keep t lck of the overfo\)s
wouLd haw to be a&Led to the progran at the appropriate location. It miSht ercn be
necessary to close o e of the gatzs (meaninS: stap avery fitst prccess)bejbre we gat to
the o.)eilow to stop ewrythine while v,e got this done.

Study lhe wiring diagram for the marble couoter (Figure 17.5) so you lully undcr
stand how the hardware is wired on the controller

In this program, each marble interupts the lR bcam, which feeds into 8.0, the inter
rupt receiving pin. Any change in B.0 causes an interrupt and de bounces the incoming

39
3a
37
36
35

33
32
31
30
29
2A
27
26
25

23
22
2 1

1
2
3

5
6
7
8
9
1 0

1 2
l 3

1 5
l 6
1 7
1 8
1 9
20

o
o-
O-

IVARBLES

22 Plcolarad Capacitors

lFiirniitllt;!::i Wiringdjagram lorcounling marbles inlo counterTMR1. (The four PORTD and
the three POBTE ines, marked with circles in lhe ligure, go to the LCD.)
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signal because an intenupt can only be se! once. The intenupt routine toggles pin B.4
up and down, and since pinB.4 is connected topin C.0, the signal is fed to C.0. We are
using pin C.0 because it is the only pin thal can be used as an input for the Timer I reg-
ister pair as indicatcd in the data sheet.

IHE WORKING PROGRAIU

Program 17.5 demonstmtes fundamental TMR I operation as a counlcr lor the marbles. As writ
ten it counls the nunbcr of lines PORTB.0 is grounded- Displays show Lrs the following things

' t \ t . O \  i 6 g  s r o  s e a .  o d d  p o L s - .  - I  j o r  " r r  ' o

B regis ter  ( too fast  to  see,  add pauses i f  you ranr

TMR1L and TMR1H registers

ltorking connections are
Connect  81 to C0 to feed Tiner l  counter
Gromd B0 Lo increment the counter.

The above ideas are implemented in Program 17.5.

riatiii!!iiii:!l?!!l:i Basic marble countins routineio count directlyto theTimerl
counter register pair (The wiring diagram lor lhis program is n Fig!re 17-5)

cL&dR ;  a lways star t  r iLh c1ear.  Good habi t .
DEFINE osc 4 ;  - la  o p. .d.  (ood hol r '
DEFINE ICD DREG PORTD ; de6ne LCD connectioNs dAtA PORTB
DEFINE LCD DBIT 4 i 4 brt path
DEFrtitE LCD_RSREG PORTE ; register Select port
DEFrrlE rJcD_RsBtt 0 ; regisler select biL
DEFIAIE I,CD EREG PORTE , enable poTI
DEFINE tCD EBIIr L ; enable bit
LOW POR1[E.2 ; sel low to write only
DEFINE LCD-COM!4aI'IDUS 2000 ; deLay in nicro seconds
DEFINE I,CD_DATAUS 50 ; delay in nicro seconds
.a.DcoN1-%00000111 ;  set  ADcoNl  for  d iq i la l  operat ion

IRIsA=%00000000
TRISB=%11110001
TRISC=%00001111
TRISE=%00000000
X VAR WORD

!E1CON=%o000 0011
;  b i tT=o Not  used
;  b iL6=0 Not  , rsed

;  b i t5=0 Prescalar=1
;  b i !4=0 PrescaLar=

;  set  b i ls  to  conLrol  t ime.1.  Pae'e 56

;  b i r3=0 osc enable b i ! .  osc of f
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l!l!bi{m&;!i5 Basic marble counting routine to count directly to lhe Timerl
counler reglster pair Clhewiring diagram lorthis progmm is in Figurc 17.5)(Cortnued)

;  b i !1=1 Use external  cLock
;  b iL0=1 Star t  T iner l ,  This  b i t  turns in  ON

oPtIoN REG =%01111111 ;  se l  b i is .  Page 21 of  the datasheet
;  b i tT=O Pu1ls up a l l  o f  PoRTB
; b i !6=1 hterrupl  edse select .  Ris ing
,  b i t5=1 Clock source.  F,A4
'  h i . r  "  T
;  b i t3=1 prescarar  ass igned to hrDT therefore prescate=1

;  b i !2=1 Prescalar  seLect ion
;  b i l l=1 Prescalar  se lect ion
;  b i t0=1 Prescalar  se lect ion

I N T C O N  = U 1 0 0 1 0 0 0 0  :  s o l  b i  s  t o r  - n , e r ! - p .  c o _ _ ] o
;  Page 22

;  b i t?=1 G1oba1 interrupt  enable
;  b i . 6 - 0  e n a b l e s  d 1 1  o e  ; p r e r o  - o  s F L  i ,  L e r r u p L
; bit5=0 enables flag for TMRo overflod- Goes with bit2
;  b i !4=1 Enables inLerrupL for  b i t  0  on PORTB. Goes o iLh b iL l
;  b i t3=0 enables in terupt  any b i t  on PoRTB. Goes v i lh  b i t0
;  b1!2=0 TMRo over f low f lag or  b i t ,  TMRO is  a lways on.
;  b i t l=o f laq for  b i lo  on PoRrB.  see b i t4
;  b i t0=0 f lag for  any b i t  on PORI 'B.  See b i t3

PAUSE 5OO
LCDOUT $FE, 1, "CI,EJARS THE T,CD. ':

PAUSE 500

t'URIL=0
IIIRlH=0
ON INTERRUPT GOTO INT_ROUTTNE ; inLeTTupt IATgE!

LOOP: , nain loop
LCDOUT $FB. $80,  \X=/ ,  DEC5 x,u
ICDOUT $FE, $8Ar \I:" ,BlNe INICON ;
LDOu�E $FE, 9C0, 'B=",BINa PORTB' " *,DEC3 TURIA. " ',DEC3 TMR1L

GoIo l,ooP ; end of toop

DrsaBtE ;  d isable in terrupts
INr-ROUTIIIE: ; interrupt routine

TOGGIJE PORTB.l
x=256*rrdR1H + T!'RIL
rMlcoN.l=o ; rese! lhe interrupt flag for: B0
PAUSE 25

REgUlrlE ; resune progran
E![aBrJE ; enable interrupts

END ; end of progran
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The count will be displayed as 2 tbre€ digit single byte registers and will flow from
the low byte on the right to the high byte on the left every time the count in the low byte
spills over 255.

The counter indements every time line C.0 goes from 0 to 1. With dre first marble rcst
irg on top of the lower gate, the count is 0. As soor as the marble drops away, the count
goes to 1� It will stay at 1 till the second marble drops by. It will then go to 2 and so on.

The program needs to hold the lower gate closed and the upper gate open till you press
SW I to start the counting process. Once counting starts,the gates stay open till you reset
the system at the end of the count.

The entirc Fogram with the'\rait for SWl" added and the bit identification and some
other comments removed is shown in Program 17.6.

Program for counting to theTMR1 counter (See wi ng diagram)

C L E j A R  j  d l s " Y '  . a ! .  w  t f  
_ ' d  

.
;  Good habi ! .

DEFINE OSC 4 ; always define the osc speed.
, Good habi!

DEFINE LCD_DREG PORID ; defne LCD conneclions daLa
; PORTB

DEFINE LCD-...DBIT 4 ;4 biL Path
DEFIIIE I,CD_RSRIC PORTE SE. ECT DO'T
DEFTNE LcD-RsBrT 0 ; reqisber select bit
DEFINE LCD_EREG PORTE ; enable port
DEFINE I,CD EBIT L } enable bit
Itolf PORllE.2 ; se! tott to write only
DEFME IJCD COIIIIAIIDUS 2000 i d-l"v -n n:c-o se.olds
DEEINE LCD-DATAUS 50 ; delay in micro seconds
a!cON1=%00000111 ; set ADcoNl fot digiral

;  operat ion

TRISB=%11110001 ;  Set  por t  I /O
tRtsc=?00001111 ;  set  Por t
X VAR IIORD

rlCON-%00000011 ;  se!  b i ts  to  contro l  T iner l
OPTION_REG =%01111111 ; seL bits
I N l T c o N = t s l o o l o o o o  ;  s . L  o  r s  f o i  

' r L - ! t L p .  ( o _ t _ o _ .

PAUSE 500 ; pause for. starlup
LCDOIX! $FE, 1. .CI,E,ARS IHE ICD. ' ; clear the display.
PAnsE 250 i  lh  s  - .  Ior  seei rg d Fs 'L

; I)ulcon response
LCDOUIIT sFE, L t clear again.
l'uRlL=o ; clear: 1ow byte
TMRlrr=o ; clear hiqh byle
ON IMIERRUPII GC':rO IMr_ROUI!NE; inLeriup! larget

LooP. ; nain loop

(ContirueA
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lit!!-g.t{Fi!1€'l Program for counting to theTMRl counter (see wiring diagram)

LCDOIXT gFE. $80." tltRl= \,DEC3 !rMR1H,, \,DEC3 E![RlI- ;
LCDOtt:l SFE, SCor \COIINI.=Z, DEC5 x ;

G(,IIO LOOP ; end of loop

DrsABr,E ; disable interrupls
t!fll ROUTINE: ; intedup! rouLrne

TOGGT,E PORTB.I
TOGGLE PORTB.I
x-256*EMR1g + tldRlL
t!fllcoN.l=o ; reset the interrupt flaq for BQ
PAUSE 20

REsttl@ ; resue Progrd
ENABLE ; enable inlerrupts

END ; end of Progran

The wiring needed to implement the above program is shown in Figure 17.5.

RBO will be high when the IR floods the phototransistor (which is the same as the

dormanr B.0. la tus,  and lh i \  i \  \  ha l  $e s.n l l .

The wiring to test the operation ofthis program can be attached to the LAB-XI and

is shown in Figures 17.6 and 17.?.
The circuit can be mounted to the LAB-XI and tested for proper operation before

mounting to the marble counter Play with a marble between the two devices to see how

they react. The response to the edge of a marble i s i nteresting, as is the point where you

can induce the mostjitter in the signal. See what happens when you change the value

of the resistor in line with the phototransistor. High values are needed.

Adding the necessary startup seq ence and switch 5 (SW5) to siaft the system, we
get Program 17.7.

ilfi!0,iii.f.!jn$[li]1 Flnal program for countins madles Into theTMRl counter
(Connecl the seruo to J7)

cLslaR ; always start with clear'
;  Good habi ! .

DEFINE osc 4 ; always defne the osc speed
, 'lood habil

DEFINE tCD DRES PORTD , deine LCD comections data PORTB
DEFINE LCD DBIT 4 ; 4 bit path
DEFINE I .cD RSREG PORTE .  -og-s 'AT SEI. ' i  DOI
DEFINE IcD-RsBrT 0 ; reqrister select bit
DEFINE I,CD_EREG PORTE ; ENAbIE POTT
DEFINE I,CD_EBIT t i enable bi]:
LOw PORTE.2 ;  se!  1ow Lo vr i te  only
DEFINE LCD_COMMANDUS 2000 ; delay in nticro seconds
DEFMIE LCD_DATAUS 50 ; delay in nicro seconcls

(Cottituue.l)
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:l:!,iqii!iii-.iail1?.:liil Finatprosram for counting marbles intoiheTMB1 counter
(Connecl the servo io J7) (Conlirued)

DEFINE CCP1_REG PORTC i
DEFINE CCPI1_BIT 2 I
!DCON1=%00000111 ;  seL  ADCON1 fo r  d iq i ta l  opera t ion

TRrsB =211110001 ;  ser port  I /o
FORIIB=0
lFRrsc -%00001111 ,  ser  Por t
X VAR }IORD
Y VAR BYTE
N 1IAR BYTE
M VAR BYTE
alcoN =%00000011 ;  set  b i ts  to  conl ro1 Tiner l
OPTIOT{_REG =%01111111 ;  set  b i ts ,
r r i rTcor i r=%10010000 ;  set  b i ts  fo .  in terrupt  contro l .

PAUSE 500 ; Pause for slarhup
r,cDolII SFE, 1, 'cLElaRs TIrE LcD. ' ; ctear the display.
PAUSE 250 ;  This  is  for  seeing a rese!

;  buLton response
r,cDout ; clear asfain.
IIlrRlr, =0 ; clear tow byte
TMR1H =0 ; clear hisrh byte
oN rr\IlERRuPr Gcno rN:r-RoclINE ; inlefiupt Larget
N=50 ;  ILera l ion counl :
M=16 ;  Pause between servo Pulses

I,CDOUT sFE, $a0, "HOLDING"

FOR l=l TO N ;
GOSUB GAITE-IN

NEXI V

r,cDoltlt sFE, 580. .PRESS SW5 EO SIART \ ;

WAIITROTITIIIE t
IF PORTB.4=l TIIEN WAITROUTIIIE
ril=35
I,CDOu�I $FE, S8O, \OPENING GATE I\

FAUSE 500

cosuB GAIE ot'lt
AIEXT Y

LcDoUT SFEI $80, 't!4R1= \,DEC3 TMRlll, z \,DECa TMRlIr, z \-

LCDOIIE $FE, $C0. \rCOUllT=", DECs X ;
GOIO t OOP
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lilRXiii!.liaitltll:: Final program for counting marbles Inlo theTMBl counter
(Connecl the seruo to J7) (Cort tued)

disable in terrupts
interrupc rou!ine

reseL tbe intedupt flaq for

enable in!errupts

DISASI,E
IMT ROI'TINE.

EOGGIJE PORTB' 1
ITOGGT,E PORAB.I
x-255*!rMRllt + lltRll

IMICON.l-0
RESUIE

ENIIBLE

GATE_IN !
HIGA PORTC.I
PAUSEUS 2300
r,ow PoRrfc - 1
PAUSE Id

RETORN

GATE_Ou�I:
HIGII PORTC.I
PAVSELS 750
LOW PORTC.l
PAUSE !!

RETURN
END

CW

i s6 .duc tng .  : -

Fbile !?^3 Dlagram ol the wiring needed to
test the counter. (The hiqh "nornally oper" cond-
iion here malches the weak high pullup on B O as it
should.)

f ./Jl
TRANSISTOB

1 MEG
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Wretffiffi wiring setup to test the sen-
sitivily ol the phototransistor response.

Special Notes for Timerl Usage
Some of the succeeding paragraphs are fiom the datasheet.

TIMERI OPERATION IiI ASYI{CHROI{OUS COUI{TER IIIODE

The following is what we use for our marble counting exercise.
ff control bit T1S\AnC (TICON<2>) is set, the extemal clbck input is not synchro-

nized. The timer continues to inuement asyncbrcnous to the intemal phase clocks. The
timer will continue to nm durirg sleep and can generate an interrupt on overflow, which
\ ill wale up lhe processoi Houe\er. \pecial precduuons in soflware are needed to
reaaywrite the timer (Chapter 6.4. 1 of the datasheet). In asynchronous countet modq
Timerl cannot be used as a time-base for capture or compare opemtions.

READII{G AI{D WRITING TIITIERI II{ ASYI{CHROI{OUS COUI{TER
ll|oDE

Readiry TMR lH or TMR lL while the timer is running liom an extemal asynclfonous
clock will guarartee a valid read (taken care ofin hardware), Howevet the user should



SPECIAL IIOTES FOB TIIf,ERI USAGE 257

keep in mind that reading the 16 bit timer in two 8-bit values itself poses certain
problems, since the timer or one oJ the registers that fom the tiner mal owrfot\)

For wdtes, it is recommended that the user simply stop the timer and write the desired
values. A write contention can occur by writing to ihe timer registe$, while lhe register
is incrementing. This can produce an unpredictable value in the timer register Reading
the 16-bit value requires some care. Examples 12-2 and l2-3 in Ihe Plcnicro Mi.l-
Range MCU Family Reference Manwl (DS3A23) show how to read and write Timerl
when it is running in asynchronous mode.

THE IIMERI OSCILLATOR

Acrystal oscillator circuit is built in beiween pins TlOSI (inpui) and TlOSO (ampli-
fier output). It is enabled by setting conrrol bit TIOSCEN (TlCON<3>). The oscil-
lator is a low-power oscillator rated up to 200 kHz. Il will continue to run during sleeps.
It is primarily intended for use wilh a 32 kHz cryslal. The data sheetshows the capac
itor selection for the Timerl oscillator.

The Timerl oscillator is identical to the LP osciliator The user must provide a soltware
time delay to ensure proper oscillator startup.

RESETII G TIIIIERI USII{G A CCP TNIGGEB OUTPUI

If the CCPI or CCP2 module is configured in compare mode to generate a "special

event trigger" (CCPlM3:CCPlM0 = 1011), this signal will resetTimerl. Timerl must
be configured for either timer or synchronized counter mode to take advantage of lhis
feature. If Trmerl is running in asynchronous counler mode, this reset opemtion may
not work. In the event that a write to Timerl coincides wilh a special event trigger from
CCP1 or CCP2, the write will take precedence. In this mode of operalion, the
CCPRIH:CCPRXL rcgister parr eflectively becomes the period register fbrTimerl.

RESETTII{G OF TIMERI REGISTEB PAIN (tMRI H, IMRILI

TMR1H and TMR1Lregisters are notreset to 00h on a POR or any other reset except
by the CCP I and CCP2 .Fcial  e!enr r f iggerr.

T l CON register is resel to 00h on a power-on reset or a brown-out rcset, which shuts
off the timer and leaves a 1 i I prescale. In all other resets. the register is unaffected.

It is recommended practice that you stop TMR1 before reading or wr;ting the two
registers. This avoids the probiem of the low-byte register overflowing and changing
the high byte register while you are in the middle of setting the two registers. There is
no way to set them both sim ltaneously. (This is possible in some other PICS.)

THE TIMERI PRESCALAR

The prescalar counter is cleared on $rites 1o the TMRIH or TMR1L registers so it bas
to be reselected after a wdte to ths timer registers.
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Il{TCOI{ |l{TEnACTTOI{

If you watch INTCON on the LCD while interrupts are set and cleared, you will notice
that the GIE (global interrupt enable) bir, birT of INTcoN, gers cleared auromarically
when an interrupt is set, and is reset automatically when you clear the interrupt flag
(if you had set it to 1 in the lirst place). This means that a second interupt cannot occur
before the first one that was set is cleared. Since PBP dllows the use of more than one
ON INTERRIJPT GOTO command in a program, strategies to make sure all intenupts
are handled prcperly can be formulated. It is best to do one interrupt at a time to keep
it simple while you ar€ a beginrcr

TmER2
The third timer is Timer2. This 8-bit timer canrot , e usel as a counter beca[se it does
not have the ability to respond to an extemal clock of any description- There is no line
on this timer intemal or exlemal) that we can connect an external signal to.



A DUAL THERMOMETER INSTRUMENT

Fabrication of the dual thermometer will be descfibed in detail. Once the basic tech
niques used in making this instrument have been demonstrated, the projects that follow
will be described in somewhat lesser detail. Later, we will convert this instrument into
a controller, and then in the last project we will tum it into a data logger

The dual thennometer device (see Figure 18.1) is based on the National
Semiconductor LM34 tempelature sensors. These inexpensive three-wire integated
circuits provide a voltage signal t}Iat can be converted to degrees Fahrenheit by multi-
plyiry t}lat signal by 100. whal could be simpler? what we must do is decide on the
circuitry for hooking them up to the 16F877A PIC and then settirg the appropriate reg-
isters. Like all other programs in this tutorial, the program will be w tten in PICBA-
SIC PRO. The temperature readings are to be displayed on a 2line-by 16_character
display about every 0.2 seconds.

The datasheets for the LM34 and the I 6F877A can be downloaded from the lntemet.
The components shown in Table 18.1 are needed to make the dual thermometer.
See the circuit diagram for this instrument in Figure 18.2.

'.ole PC boaftls, designed b! me, thdt dlloit) each of the rcla)ant ptujects to be built
onthemare availablefrom e coderyeek.com. See the suppon Web site Jbr picturcs and
othet aletails. This bodrds fits in a box provkled by AII Electronics for a durabtu mount
inT for our prcjects. There is ample room in the box for pote tiomete rs, sl'titches, and
so on to wtke other instruments on these boaftls

The design of this instrument is an exercise in reading analog voltages, converting
them to aligital format, prccessing the information digitatly, and displaying it on an LCD
As such, these arc the basic steps required to read and display any analog signal wilh a
PIC microprocessor, and are thus the basic processes for all oul hstruments.

There are eight pins on thl3 16F877A that can be used for analog input They are dis-
tributed across pofts A and E. Pin A.4 is excluded.
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lffitr!|tdf* Dual thermometer instrument.

Analog signal0 PORTApin 0

Analog signal I PORTA pin I

Analog signal 2 PORIA pin 2

Analog signal3 PORTApin 3
PORTA pin 4 Pin is not for analog use! (see Table 18.2)

Analog signal4 PORTApin 5

Analog signal 5 PORTE pin 0

Analog signal 6 PORTE pin I

Andlog signal 7 PORTE pin 2

ff you use the following ADCIN instruction:

tDcrN 5. var_(rE

you will need to have the signal connected to pin E0 and the value read will be placed

in variable VAL UE. The number (5) in the instruction is a relerence to the iifth analog
signal number in these eight analog input pins, totP1NA.5.

Since most projects require a liquid crystal display, and we oiten use the lines on
PORTE to control the displat the five lines on PORTA will be the ones most commonly
used as analog inputs. (Howeve! all three ljnes on PORTE can also be used as analog
inputs if the LCD conuol tines are assigned to another poft with the DEFINES, or if you

are not using the LCD at all.)
As with any PIc microprocessor with analog capabiljties, the 16F877A micro-

prccessor comes up in the analog mode on reset and sfartup. A number of the analog
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qTY DESCRIPTION

1 I Experimenlels circuit board

(available as a kit irorn encodergeek com)

Alietnalives: Radioshack gener c boardi Velleman striped board

2 1 l6-char-by-2-line display LCD

3 1 llicrochlp 16F877A microconlrolier

4 I 20-MHz crystal

5 2 22 Picofarad capacitofs

6 1 2leet of hookup wire

7 1 l0 K resislor l/8 walt lor [,'lcLR

8 1 7805 voltage fegulator

9 1 1.0 uF cap l0 vols

10 1 0.1 uF cap 10 volts

l  ? |  [ ,434lempe alu e dFleclor!

12 1 Battery holder wiih nuls and screws

13 1 Batery pigtall
'14 1 Red LED

15 1 Switch

16 1 470 ohm l/8 watl resislor lor red LED

17 1 Brackel to mount switch

18 1 g_voll battery

19 X [,4 scellaneous iler.s lrom the ]unk drawer

20 2 Three pole screw conneciorslor sensors

21 1 4o-pin sockel for the PIC

22 1 2 x 5 pin programrnlng conneclor

23 1 Box to hoid ever)4hrng

pins can bc changed over to digital nodc by setting (hc 4lower bil! in ihe ADCONI

rcgister as indicated in Tablc 18.2.
The full lablc ls on the ncxt page.
Note thrt pin PORil.l.4 is r.)t idded in Table 18.2. This pin is an opcn collector

Pay special attenlior to how the rcference lollages afe specilled at the various pirs.

See the dalasheet.
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0000

0001

0010

0 0 1 1

0100

0101

0 1 1 0

0 1 1 1

1000

1001

1 0 1 0

1 0 1 1

1 l 0 0

1 1 0 1

1 1 1 0
' 1 1 1 1

D D

D D

D D

D D

D D

D D

D D

D D

D D

D D

D D

D D

D D

A A I X J A A A A

A A d Vrcf A A A

D A I X J A A A A

D A lxJ Vrct A A A

D A lxl A D A A

D D lxl Vrcl D A A

D D I I , I A D D D

D D I X I A D D D

A A /x./ Vref Vref A A

A A I t J A A A A

A A lxl Vtel A A A

A A d V r e f v r e l A A

D A d Vref Vrel A A

D D r d V r c t v r e i A A

D D I X J D D D A

D D /, Vrei Vrel D A

Vdd Vss 8/0

FlA3 Vss 7ll

Vdd Vss 5/0

FA3 Vss 411

Vdd Vss 3/0

FA3 Vss 2ll

Vdd Vss 0/0

Vdd Vss 0/0

RA3 RA2 612

Vdd vss 6/0

BA3 Vss 5/1

RA3 RA2 4/2

RA3 RAz 3/2

RA3 RA2 212

Vdd Vss 1lO

aA3 RA2 112

NOTES

t. Sellings 0l l0 and 0l ll have idcntical res lts but afe both showD, so all 16 conbi
nalions will bc sccn in thc Tablc 18.2. The datasheet shows 0l lX for both lines.

2. Beware tharANT loANo arc thc scvcn.rral{rg irlirt i dentifications and Port E.2 to
E.0 and A.5 toA.0 are ptn identifications onthe PIC.

3. A-l lr nis.!ln8 in this se{, as stated eaflier
4. Do not totlfule the lins wilh the analog inp ts.

Thc prcccding setting i s described in detail on page I I 2 of the datasheet. Table I 8.2
is a short fbrm of that table. we do not have I/O access to lines A.7 andA.6 on lhc PIC
16F877A because they are internal to the processo.. (They can. however. be rcad, and
arc rclatcd to lhe use ofihe parallel pofi capability ofthe PIC.)

In our particularcasc. |!c arc intcrcsted in aking pinsA0 and Al aralog ard using
Vss aDd RA3 as therelerence vollages lo which wc will cornpare the signal\\,e receive
from the LM34s. Since we have the LCD connected 10 PORTE. wc need its pins to be
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digital. At this time,lhe status of the other lincs is ofno interest to !rs. The lines can be

sei to analog by selecting li ne 4 or 6 in the Table 1 8 2 For our purposes' which include

using the LCD. all other lines can be digital. Ausefnl selection is lit?e l, which makes

all of PORTA analog and all of PORTE dlgital ln our case. POmA 3 will be used as

the relcrence voltage to which the incoming signals will be compared We would spec

ify thalADCON1 bc set as follows:

aDcoNl='ao0000011 or aDcoNl=3
(ADCONI=8600000111. which is used droughoul this book to match the nsual

nicroEngineering Labs seltings:it sets aU thcAand E lhcs 10 digilal )

As shown in the wi ng diagnm, the output from the two LM34s will be led into lhe

16F877Aat PORTA on linesA0 and AI
Notice thal the way we are wiring in the LM34s is identical to the way we wire rn

a potentiomelcr ln either case, the device is placed between the high and low-power

supply rails, and we read what is the equivalent oflhc wiper. Thjs is the standard way

of reading a voltagc into a PIC microconlroller' If other than 0lo 5 volts are to be read

in, appropriate voltage dividers and the nccessarl safety precautions have to be pro_

vided.ln ourcase, we will use pin A.3 as thc reference voltage, and the voliage on lhis

pin can be adjusred wjth the polentiometer provided lbr this purpose See the earlier

diagram in Figure 18.2. The pins that the refcrence voltages are impressed on musl

be selected as indicated in Table 18.2 meaning that only A 2 and A 3 can be used

Lct's write the program to display the two signals on the 2line by-16-character

display we are using for oulput. The display is to read as follows:

Temperaturcs

123'F 123'T'

Provide two spaces on the left olthe display so the display is centered in the LCD

Lefs strr! out by setdng the DEFINES to specify where ihe LCD is located ln the

wiring shown in Figure 18.2. the data will be on thc four high lines oI PORTB, while

the th;ee control lines will be on PORTD This arrangement is shown in Program 1 8 1

,:F.Or€4':!9ir:r Code for a two{emperaiure instrument

CI.EAR
DEFIT|IE OSC 4

DEFIIIE IJCD DREG PORIB

DEFII.IE 'JCD DBIT 8

DEFINE IJCD RSREG PORTD

DEFIIIE IJCD RSBIT 7
DEFINE IJCD-EREG PORTD
DEFINE ',CD-EBIf 5
LOW PORTD.5

alvays c lear  var iables
aLways def ine the osci lLato i
define LCD connecLlons
8 b i t  data PaLh is  faster
select  reqasler

enable regis ter

we can leave th is  10{  for  wr i te  onLY
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rletirttillrllLilatl code for a two-temperature instrument (confitnued)

DEFIIIE IJCD COMMAIIDUS 2000 ; delay in micro seconds
DEFIIIE IJCD_DATAUS 50 ; delay in nicro seconds

^  o e  e € o  - g  o 1 o  o g
; 1 i n e s ,

D  t \ 8 5  . o  s p e (  j  t f e
;  a- !o-D convers ions.
; define the AzD setlings

DEFME ADC_BITS A , se! nuriber of bits in resutt
DEFITIE ADC_CLOCK 3 ; set internal clock source (3=rc)
DEFINE ADC SAI{PLEUS 50 ; set smpLing tine in uS

ADCON1=e"o 0 0 0 0 011
TEMP1 VAR BYTE
TEMP2 VAR BYTE
ADCON1=e"o 0 0 0 0 011
PAUSE 500
I,CDOUT $FE, 1

A.DCIN O, TEMP1
A.DCIN 1, TEMP2
TEMPI=TEMP1 * 100
TEMP2=TEMP2 * 100

;  needed for  the 16F8??A LCD

LcDon:r  $FE, $40,  \TenD1=z,DEC3 TEDtPl ,  "  .  i  d i .p lay tuqL -enp
I,CDOUT $re, Scor sTere2=/,DECa TEMP2T z \ ; display second tenp
GOTO I,OOP

END ; all programs nust end wrth end

If the DEFINES for the LCD are changed 1{) the standard LAB Xl display, Progam 18.1
can be tcsted on the LAB-XI, and the posiiions of the wiper of POm and POTI will be
displayed on lhe scrcen. The necessdrf substitutions for the fiIst few lines are shown in
hogram 18.2.

''liliitiiiinJg.;ell: Beplacement code segment

CIEAR ' ctear variables
DEFINE OSC 4 t osc speed
DEFINE LCD DRIG PORTD ; dara register
DEFINE I"CD RSREG PORTE ; register select
DEFINE LCD RgBt r  0  ;  reg is te r  se lec t  b iE
DEFINE LCD EREG PORIE ; enabLe register
DEFINE LCD EBM L i enabLe bit
DEFINE LCD RWREG PORTE ; read/wriLe register
DEFINE LCD RWBIT 2 i read/write bit
DEFINE LCD BIIS 4 i width of data



Using the same addresses used by the LAB'XI lets us test our sottware on a

syslem we krow to be operating properly. Just knowing that the software will send

somelhing to t}te display can be heartening for a beginner' Once our confidence
level rcgarding lhe use oithese microcontrollers gets higher. we car abandon this

strategy.
It is a gooil ialea to take the time to add lhe ten pin connectol that allows us to pro-

gram the PIC wiihoutremoving it liom the bodrd we are working on. This makes itjust

about painless to make changes to the soltware, and in areally useful instrument (that

you yourselfhave designed and built and thus know intimately about) this is a power-

ful leature that dllows you to modify the chatacteristics of the instrument whenever you

need to with a few keystrokes.
Another very useful adj unct to the hardware is to provide an addi tional input line and

output line. These two lines can then be programmed to intefactwith the instrumentwe

have created and would allow us to rcspond to a signal coming in on the input line and

express the response on the output line aftcr we had processed the idomation from the

If we replace one of the sensors wilh a potentiometer, we can control the signal

coming in on that sensor pin. Meaning, of course, that we can set one sensor inp t to

whatever value we want with the potentiomeler This value can then be used as a set
point that the other sensor reading is comparcd to before deciding whether we want 1o

make our outpul line go high or low.
We have now tumed our instrument into a very easy to-set thermostat.Ifwe like,

this thermostat can be controlled ffom our auxiliary input line and the input line can
get its signal from a remote source (maybe even over the Intemel !) Keep in mind that

we arenotlimitedto using single lire inputs and outputs. Our imagination is the only

limit.
The instrument we created is more powerlul and more flexible than that The signal

we send out can be a pulse width modulated (PWM) signal, where the level of modu-

lation is a function of how far the set point is from the desired condilion lt could be a

frequency we might want to broadcast to the world-and so lhe beginnings of intelli
gent control start to come together.

The photographs in Figures 18.3 ard 18.4 show the front and back of the prototype

dual thermometer contrcller I built. Color versjons of these photographs are much

easier to rcad, and are on the support Web site fhat suppofts this book On this board'

the PIC is completely connected to the power side but none of the inputs/outpuls are

connected to anything except the LCD. This allows you to connect the VO to whatever
you want with jumpers to the screw tenninals. Soider poinls are provided at the PIC end.

as well as all the screw lelr)linals, to mate this easy.
In Figure I8.3, the u versal ptoject bodrd has been mounied on a box, and a poten-

tiometer and switch hal'e been added to the system for future use.
Figure 1 8.4 shows the wiring needed to conncct the VO We can also see the wiring

to the potentiometer and the switch. These additions have been made in preparatjon for

the next use olthe instrumenl data logging.
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re Dualthermometerinstrument-front, (Elther a
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AN ARTIFIGIAL HORIZON: A TABLE

SURFACE THAT STAYS LEVEL

Proiect 5
In this project, we will r€ad dle inputs fi]m a unique, inexpensive, nvo-axis gnvity sensor
and use them to control the horizontal posilion of a table.

we will use this very interesting and tiny electronic gravity serNor to build a table
that stays horizontal while the base of the table is disturbed (within about 20 degrees)
relative to the horizon. The sensor we will use is the Memsic 2125 dual-axis accelerom
eter This sensor is available ftom Parallax Inc. already mounted on a tiny boad with
6 pin. rhal are 0. I inche' on cenrers,

The following is Parallax Inc.'s infomation on this Memsic accelerometer:
"The Memsic 2125 is a low cost, dultL-&ris themnl accelerometer cdpable of meas-

uriftB dJndmic acceleration (vibration) an l static accebrution (graitJJ) with a range
of !2 g. For i tegrution into existing appLicatians, the Memsic 2125 is electicall, com-
patible with other popular accelelomeers."

Key tearures of lhe Memsrc 2125 are.
Measues 0 to12 g on either axis;with a surpnsing rcsolution of less thai 7 mg. (This

means that if you weigh 200 lb, this sensor could detect a cbange of 0.5 lb in your weight
as affected by graviry.)

Fully temperature compensated over a 0"C to 70'C range

Simple pul(e ourpur ofg-force for \ and y axis

Analog output of temperaturc (T-Out pin)

Low cuffent operation: less than 4 mA al 5 volts dc

2G9
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A sampling ofpossible BASIC Sfamp module applications wi& the Memsic 2125 include:
Dual-axis tilt sensing for autonomous rcbotics applications
Single-axis rotational position sensing
Movement/lack-of-movement sensing for alarm systems
R-/C hobby Fojects such as autopilots

Memsic (wwwnemsic.com) providos the 2125 in a surface-mount format Parallax
mounts the circuit on a PC board pioviding all VO connections so it can easily be
inserted on a b{eadboard or though hole prototype area.

The actuaton we will use for the hodzontal position conection of the table will be
two radio control (R/C) hobby servos.

Discussion
There arc two ways we can mount the sensor to conect the tilt of the table. We can mount
the sensor on the base that is being tilted or we can mount the sensor on the actual table
we want to keep levol. (A tbird way would be to corect for ihe hlt in one direction by
sensing base tilt, and in the other direction by detecting table tilt. This is an intercsting
academic exercise that we will not undertake horc lbut you may want to play with it on
your ownl.)

WmXW An anlftcial hoiizon-a basic unadorned cardboard
horizontal table wilh a couple of levels and a gravlty sensor. (simple
inexpensive construction is adequate lor our purposes,)
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If we mount the sensor on rhe base that will be tilring, we will gel euor signals thar
we will interpret, and then output the corecrions ro rhe target table. We lnay have ro
create a lookup table if there is any nonlircarity e:ther jn lhc respoDse of the sensor or
the mechanical linkages that connect the base to the top. In this case, rhe signal we detcct
is absolutely related to the position ofrhe base. We are rcading rhe actual eror at the
base. What we do with the sigml is up to us, and how we design rhe ljnkages 1() level
thetableis also up to us. This is not the best way to do it in mostcases, but this method
may be the only one available to us in some situarions.

Ifwe mount the sensor to the top table, the signal we get will be a neasure ofhow
far the table has tilted. We can make the table come back !o horizonral if we keeo
mahng an inlegicring cnrreclion !ill rh< rlrble becnmec hori,/onnl: ue 5rup \r hen the enor
signal goes to zero. It is an integntive process over time. (If we wanred ro know how
large the coffection \'r'as, we would have Io keep track of how far we had moved the
table to get it back to horizontal, bur we do not need rhis information in an inlegraring
systern.)

Simply stated: it is better to mount lhe deiector. to the actual table because rhat is the
sudace we are interested in keeping level. It is besr ro ger the error signal as directly as
possibler at the soulce.

Setting Up the Hardware Connections
The instnrment/controller we will create needs to read two inputs ftom the sensor and
put out two oulputs to the servos. Thc inputs are in the form ot two fiequencies we
will read ftom the X-Out and Y-Out conneciors ofthe sensor, and our ouiputs are rhe
two L to 2 millisecond pulses wc will output to rhe radio conrol hobby servos_ See
Figure 19.2.

The PBP language has a conrmand (PULSOUT) that lets us outpur appropriate pulses
on PORTC.O and PORTC.l on the LAB,X l. but in this exercise we will create our own
pulses with the PAUSEUS command. However, we are srill ried !o PORTC.0 and
PORTC. I because that is how the circuify lbr rhe LAB-X I is laid out. The servo ourpur
pins on the LAB Xl are hard wired ro PORTC.o and PORTC.I. The seNos are fed from
these lwo pins.Ifwe were laying out a new board, we could choose ro use any free por,
pins.

We will use a ten-pin connector P2 on thc LAB Xl for all our connections because
that is the connector that has PORTC.0 and PORTC.I on ir. This will atlow us ro use
PORTC.2and PORTC.3 as the inputs aom fte gravity sensorand so all the connecrions
can be on one fbur-pin cable. The se os can plug into the standard selvo connectors at
J? and J8- The circuitry for this is shown in Figure 19.2.

First, leas write a program to get a feel fbr wbar kind of pulses we are going ro be
getting from the Memsic sensor (we are interested in the pulse width, the frequency, and
the range). To do this, we need to read the pulses from just one of the outputs and dis-
play them on the LCD as we move one axis rhough I 80 degrees. Ler's arbirrarily decide
on the x axis output and write a program ro rcad it. See Program I 9. I _
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lttffiitii5gial wiring diagram forthe stable lable; con necling the Memsic accelerometerto
two servos. (There are four wires belween the sensor and the processor;bolh sides ol l\4emsic musl
be grounded.)

What the lilerature lells us is that the output is a simple pulse output of the g-force

This is not very specific, so we will measure the length of the high porLion of the pulse

and the length of the low portion of the pulse. This will give us the totrl pulsc cycle length
(and the frequency, too). See Program 19.1

|i!i!l!.8iin$*fl Looking at the nalure of lhe pulses received from the gravlty

CLE]AR
DEFINE OSC 4
DEFINE I,cD DREG PORTD
DEFINE I.CD DBIT 4
DEFIIIE I.CD RSREG PORTE
DEFTNE I.CD RSBIT O

def lne osciL lator  speed
deine LCD connections
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r,lPngtiinii{9.ilitt Looking al the nature ol the pulses received from the gravily
sensor rcof,trued)

DEFXNE I.CD ERIG PORTE
DEFINE I,CD EBIT 1
I,OW PORTE.z
ADcoNl=%00000111
PAUSE 5OO
r,cDour *FE, 1
TRISg=%11111111
X VAR WORD
Y VAR IIORD

enable reqis ter

nake Lor  for  r r r te  onLy
nake por ts  d ig i ta l
pause fo!  LcD star tup

set  war iabLe x
set  war iable y
body of frain loop

neasure pulse f ron Mensic
neasure pulse f ron Mensic

$,DEC5 Y, - P wiilth,, ; print

LOOP:
PULSIN PORTB.O,  1 ,  X
PUITSIN PORTB.O. O, Y
LCDOTXf  SFE,  SAOI  DECS X?z

LCDOLT $FE, $C0, DECs
PAUSE 50

eo4ro LooP
E]ND

x + Y ,  \  T o t a l z

;  pause 1/20 seconds

; always end riith end

,  condi t ions
;  pr in t  condi t ions

Surpise, suryrise!The Memsic puts out a fixed frequency pulse with a variable
duty clcle. Nol exaclly whal you mighl cxpccl from the information on the box the
sensor cornes in- On my sensor, I received a wa\,elength ol almost exactly 1000 units
(999 to 1001). Since I have the LAB-XI set to 4 MHz. the resolulion of the system is
l0 psec, and it gives a total cycle time of each cycle of 10,000 psec, which is a frequency
of 100 Hz. There is an impofant lesson in this: always check it out for yoursell, because
the instructions can be confusing.

The high sidc ofthe cycle varied from 3801o 620 units. or 500 + or 120 units, as
I noved (he sensor alolmd thlough 180 degrecs,

The servos we are using require a center posilion pulse ol 1520 psec bracketed
with a range of + or - 750 Usec. (You have to check this for your speciiic selvos.)

The equation for convefting what we read into what the servos need will bc as
lbllows:

Output pulse length = 1520 + (reading - 500)*5

Wc can implement the preceding corditions with the following for single-ais
operadon.

SINGLE.AXIS SOFTWARE

Let's first. as always, set up the DEFINES for the LCD. We are using the LAB Xl
as our controller here so the standard port designations will need to be used. See
Program 19.2.
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Program for single-axis a ificial horlzon

c l , s A R  :  a h a y s  s r a ' r  k : r h  c l e a r
DEIINE osc 4 i defne oscillacor speed
DEFTNE I.D DREG PORTD ; dEf,NE I,CD COMECTiONS
DEFTNE LD DBI! 4 ; 4 bit Path
DEFltrE LCD RSREG PORTE ; se.Lect reg
DEFINE tcD RgalT 0 ; selecl bil
DEFTNE LCD ERIG PORTE ; enqbre regisEe-
DEFINE LCD EBII L i enable bit
r,o!{ PoRIE.2 ; make low fot write only
A!CONl=7 ; rnake A, E porCs digitat
PAUSE 500 ; pause for LCD startup
x VAR IIORD , set variabre x
Y vAR lloRD ; set variable Y
TRISB=ts11111111 ;  se l  . .eg:ster  'o_ DORTC

TRISC-%11111100 ;  se.  leg-sLer  'o .  PORTC
LCDOUT SFE. 1 ; clear LCD

IOOP: ;  s tar !  loop
Pul,gtN PoRIE.O, 1, 1t ; neasure pulse from Mensic
PULSIN PoRtB.l, 1, Y ; neasure pulse fron Mensic

&cDotrr  sFE, s80,  DEc4 :<,  \  \ ,  DEc{ (1520+5r(s00-x))  }
ncDorrr  sFE, sgo,  DEc{ Y,  .  " ,  DEc{ (1520+5t(500- l ) )  i

PORIC.o = 1 ; start servo Pulse
PAusEUs (1320+6*(500-x))  ;  lenqth of  pulse for  serwo
PORIC.o = 0 ; end pulse

PORI{ , I  =  1 '  s tar !  servo pulse
PrusEus (1320+5*(s00-Y)) ;  length of pulse for servo
POREC,I  = 0
GOIO I,oOP
EIID ; ahrays end with end

In Program 19.2, the multiplier 6 in the PAUSEUS command, determines the sen'
sitivity ofthe response. It is multiplying what is essentially the error signal. Try chang-
ing its value to 20 aod see what happens. Try 10 and try l. Selecting the dght gain for
rhe error signal is imponanl.

The 500 is the at rest (horizontal) reading from the Memsic on my pafticular sensor.
There may be slight variations in the value from sensor to sensot so we may want to
add a potentiometer to the circuit wiring. That would allow us to make an adjustment
(say, to always bring this value to 500). On the servo I was using, the center position
was I 320 psec. The theoretical value for this is usually stated as 1520 psec (by Futaba).
Each servo can be expected to be slightly different, and lhe mounting position of the
servo arm/horn to the servo also affects the mechanical response we will get. Here
again, we could provide a tdm potentiometer to adjust this value.
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The preceding exercise denonstrates the rclative ease with which we can make a fairly
sophisticated instrumenl, lile an artificial horizon, when we use a PIC microcontroller
as our logic engine,

This instrument could easily be modilied to show how may g-forces you went through
as you turned a corner in a car. ln this case, the sensing axis of the sensor would have
to be placed left to right acrcss the automobile, and a m ltiplier would have to be
adjusted to give a rcasonable display on the LCD.

TWO-AXIS SOFTWABE

To make a fwo servo table that keeps the table top horizontal in both directions, we have
to add the code for the second servo (see Program 19.3) The LCD paft of the progran
does not change. Afterthat...

lri-P.diiiiiiiitlt€r Program lor the dual-axis artilicial horizon

; Set up the var iables lo be used
At PtlA VAR WORD ; set yariable alpha
BEIA VAA WORD i second variable for second axis

i  body of nain loop
LOOP: )  start  loop
PttrsIN PoRIc.2r 1, arpnA ed.- e pL_ e _!on M-ms: -oL x
PII I ,SIN PORTC.z,  1,  BETA i  edr-  -  pL ^  I lom M-ms:  Io_ x

r.cDouT sFE, s80. DEc4 Aj-pHA,. ., DEC4 BE!A, . Men6ic"
;  pr in t  condi t ions
LCDOUT SFE, SCo,  DEC4 ((5*(AT,PI IA-493))+1310),"  I tu lse !o Eervo\
;  pr in t  condi t ions

PORTC.o = t  ;  s tar t  servo l  pulse
P A U S E U S  ( 1 3 1 0 + ( 5 * ( A L P I I A - 4 9 3 ) ) )  e ' g L h  o t  p r - , -  - o !  c r v o  2
PORIFC.0 = 0 ;  end pulse 1

POREC.I  = 1 ;  s lar !  servo 2 pulse
P A U S E U S  ( 1 3 1 0 + ( 5 * ( B E T A - 4 9 3 ) ) )  p -  s ^  - o r  ' e r v o  -
PORTC.I  = 0 ;  end pulse 2

PAUSE 15
GOIO LOOP
END ; always end with end

Buildins the Artificial Horizon Table
The easiest way for us to build the table is to build two rables one above the otherwith
the two controlled axes at nghtangles to one another. The problem is that thetwo axes
will not be completcly independert because ofthe mechanical interactions in a simple,
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and not very precise. cadboard construction. This can be taken care mathematically
in the software with a lookup table or an equation depending on how well the mecha-
nism responds to the tilt of the base. Since the correcting mechanism designed for each
table setup will be different, the implementation of this will be left up to each individ-
ual consfuctor, but we will cover the general principals. If we put the senson at the table
surface, none of this matte because we ar€ sensing the actual tilt of the table and this
is beyond lhe effe(t of lhe Inkagec. and .o on.

I think it is really important for you to actually build a table. It does not have to be
anything fancy, aIId you will discover all kinds ofthings about controlling the table that
just will not occur to you if you don't have a table to play with. Though the concept is
losing currency among our educato$, nothing beats working with your hands and your
mind. They reinforce one another. I built everything in tbis book many times over!

Figure 19.3 shows a picture of a table I built out of cardboard. The table components
were cut out from an old cardboard box with a box knife and a pajr of scissors, and then
gtued together with hot glue. Since our interest is in the control of the tablo as opposed
to the table itself, a simple cardboard model lets us do what we want at minimal cost
and with minimal effort. Fort|lnately, the slight sloppiness and iDaccumcies in the cor-
struction of the table lend ihemselves to software coffections. My table is shown in
Fisues 19.3 and 19.4.

ffiiumffilffi Picture of simple horizontal
table and lhe gravity sensor; the basic table
mechanism can be made outofcardboard.
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*&reX Picture of the cardboard table mechanism wilh servos installed.
(l\,lechanical inaccuracies will be compsnsaled tor by the software.)

The Memsic detector we arc using needs four wires between ihe sensor aDd the PIC.
A simple extension cable with a four-point female end can be made to fit to drc high
nibble of PORTC. Since we are using a rclatively expensive senso! we will not want
to solder to it. Therefore, suitable slip-on connections should be provided on the sensor
end also.

It is left up to you to modify the softwarc to increase the speed with which the table
retums to horizontal after the base has been moved.

Gravitv Sensor Exercises
l. Make a sensor to investigate the gravify chaDges your body exp€riences as you

travel up and down in a commercial elevator How do the values vary between a
hyalraulic elevator in a small building and a traction elevator in a tall building. Were
you surprised by what you found? (Investigate both drc magnitude and dudtion of
the accelerations.)

2. Investigate the gravity changes experienced by a passenger in a car Both sidoways
motion and forwad motion/acceleration should be studied.



BUILDING A SIMPLE EIGHT.BUTTON
TOUCH PANEL

Project 6
TOUCH PA ELS

Today, we see touch panels used everywhere. Every restaurant and store you visit has
a handful oftbem. But how exacdy do they work? WeIl, this chapter describes one way
to skin this cat.

If you design an instrument or confoller that needs a control panel in a hu.ry, by iar
the easiest way to make one is to do it with a touch panel. They are flexible and inex-
pensive and they go together fast. They are easily reprcgrammed and most can be used
with many applications just by changing the software. Depending on your require-
ments, the panel may be able to employ the PIC used by the instrumenrcontroller you
are designing, or it can be designed to have its own dedicated pIC.

In this project, we will build a touch panel to be placed over a plain piece of paper,
with the functions written or the paper (see Figure 20.I ). This panel will contpl the oper
ation of two LEDS connected to the LAB-X I . We will control the opemtion of the LEDS
liom this panel. The following functions will be implemented. (Make a mental note that
the control of a couple of small dc motors would be almost identical to this application.)

I Select the LED to addrcss
r Tum LED on and off
I Select steady on or blinking for each LED
I Bl inl  s lo$er and bl tnk f l ] . ter lor edch LED

The principles involved in creating a touch interface for any number of apptications are
the same. Once you know how to create the interface on the LAB Xl, you will be able
to add the interface to any surface. Though usually placed in front of a CRT, a touch inter-
face is particularly well suited to being placed in front of printed and painted surfaces ro
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ffiS A smalltouch panelframe with lR emilters and pholo_
transistors in Dlace.

replace any number of pushbuttons. It can be made relatively weatherpoof easily and has

no mo\'rng pafis. Of couse, the same pdnciples also apply for touch panels placed in liont

of CRTS, and CRTS have the advantage that we can change what is displayed with each

touch.

effig*i* The components soldered intothetouch panelframe.



PBO,TECT C

Our goal is to qeate a two-position-by-four-position intedace for the LEDS. This will
give us the equivalent of the eight buttons wo need for the operations we have ill mind.
we will use the ilterJace to control two LEDS that we will add to the LAB-X L As men-
tioned earlier. we want to be able to tum each one on and off and be able to contol the
rare at which each of the l-EDs blinlc independently.

HARDWARE I{EEDS

In order to create this eight-button interface, we need six infrared (IR) light beams, one
for each of the two rows and one each for the four columns. Each IR light bean needs
an emitler and a sensor We willalso need a simple trame lo hold lhr l2 opro-eiecronic
devices in place above the piece of paper describing the functions of the eight buttons.
Figure 20.2 shows the scheme used by me in its initial phase with the components in
place and ready to be wired together Figure 20.3 shows the next phase in the wiring.

SOFTWARE I{EEDS

The function of the eight buttoff that the intedace will simulate will have to provide
$e following operalions for the two T tDs:

LED 1 ON/OFF Steady or blink Blink faster Blinl( slower

LED 2 ON/OFF Steady or blink Blink iaster Blint slower

Simultaneously, we will display the conditions inside the LAB-XI on the LAB-Xl's
LCD so we can actua]ly see what is going on.

wmXW Detall whing ior the touch panekloseup ol one
side. (For our immediale purposes, exposed wiring is acleplable.)
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The operation of a touch inteface is very similar to the scanning of a keyboard
except that the wires and switches are replaced by infrar€d light beams and, of course,
instead of making a contact with a switch, we break a light beam and detect the eflect
on a phototransistor. The problem is that light beams scailer aid can illuminate mole
than one detectot while the wires go 1o one button only. making them easier to use This
means the scanning hasto be more device-specifio to be successful. We need to turn on

one IR emitter at a time and look al the one phototransistor opposite it (ignodng all
others). You will more clearly see what I mcan by this as we go along

Port usage: PORIA (two linet, PORTB (six lines), ard PORTC (six linet will be
useal lor the project. Let's use PORTB (six lines) for connection to the six phototran_

sistors, and use PORTC'S (six linet to power the six infrafed LEDS one at a time. Wc
will use the two lines (A.2 andA.3) on PORTA lbr th.3 two LEDS. The wiring diagram
for the touch screen as we will wire it is shown in Figure 20.4.

|tiatti€:?e{i1 Touch panel schemaiic wking ctiagram. (on ihe 16F877A, PoRTD
and PORTE are being used forlhe LCD.)

rOUCH PANEL lAS FOF CONTBOLLINC A
SMALL DC MOTOF W fr TNE TOUCH PANEL)
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BUILDII{G THE TOUCH PAIIEL FNA E

No\r that we know what we need h the way of hardware, let's build a simple touch
frame. The easiest way to do this is to use a Fefabricated rc board with lines on the
back. and lhencul out lhe parls you need lo fit.Aseemb,e the frame with lhe solderside
out (as shown in Figue 20.5) and solder in lhe components. The IR beams that go aqoss
the LCD do not have to be at the same height as the ones that go aooss the short side
bul it will look better if they do.

The frame I made is approxhEtely 4 iDches long by 2 inches wide widr sides 1 inch high.
Tbe in foared t-ansmiflers and photoo?nsistors ale !o be placed on the half inch mark at every
inch. I first assembled lhe frame and inserted the IR LEDS. lhe ohototransistors and the resis-
tors in place and make sure thal $ey would aU ftl and sti ll allow ample room for the $ iri ng
ne€ded to connect everything up. Figure 20.4 shows how ever''thing is wired together.

As shown in Figue 20.5, the LEDS and phototra$istors are mounted in the pnnted cir-
cuit board segments that were cut ftom larger PC boards. The comen of the PC boards are
held together with number l2 wie and then solder€d 6Im. The widng is extended ftom
the LEDS aDd trarrsistors back to the LAB-XI porls as showD in the photos. Each wire has
a push-on terminal attached to it that it is then placed in a header, which in tum fits on the
pins that have beer added to tle LAB-XI (se€ Figure 20.6). The two controlled LEDS can
be mount€d to the LAB-X I board ftamq or at a convenient location of your choice.

The basic scheme for using the IR transmitters with the photosensors is to turn them
on and look at them a pair at a time in a suitable sequence and then ro respond to tho
combination that indicates that a light bearn that has been interupted. The software

W Touch panel ready lor connectlon lo LAB-xl .
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;mi!ffil$i H€aders added to the LAB-XI board for extension ot pin signals
to the Danel.

pulls all of PORIB up with the internal pullups (OPTION REG.7=0) ard then
grounds each line when the phototransistor conducts. Conductjon takes place when
the transistor is illuminated with IR. The circuitrv for a one line Dair is shown in
Figure 20.7.

lhe lB LED is ON and

THIS IS THE
CONDITIONWEWANI

FkUfSI$l$ Single lB transmitter-ptrototransistor pair
wiring. (Signallolhe PORTB pin is on or high when beam is noi

5 VOLTS
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5 VOLTS

. rhe IFI LED ls ON and

4
THIS IS THE CONOITION WE WANT,

Single lR transmitter-phototransistor
pairwiring.

Note In the preceding case, vte haw pulkd all the pins on PORTB high. So the dor-
twi conditionfot oM setup should keep the signal highv)hen the liglx bea is not inter
rupted" When the phototrdnsistor sees the IR, it con lucts and its resistance goes to nectr
zem and the signal goes to wh4tewr sde the phototransistor is connected to. In our case,
this is 5 .rohs, so ttu siqnal is high when the IR is on and makes the transistor conduct.
Figure 20.8 pmrides the opposite condition.

The signal to the PORIB pin is off or low when the beam is not brcken. tt', d, rot
v,'ant this condition. The finished panel is shown in Figue 20.9.

0 oHtvts

Siqnal

The finished touch panel.
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I

THE SOFTWARE

We will divide ihc software into three independent modules:

Read $,hich oflhe eight points has been selected wilh getkey.
Display the informalion on the LAB-XI so we can see what is going on wilh
display.
React to the selected key with do it.

Wc need to set up the scan roulinc to determine which ofthe inliared beams have
been intcnupted so we can idenlily the arca ofthe LCD that has been selected. The
scheme lbr doing so is similar to the scheme uscd in scanning a keyboard. It con_
sists ofturning on the LED for colulnn I and then cbeckjng to see ifiightbeams lbr
the column have bccn intenupted. We do this for each column one at a time. If abeam
has been interrupled, thc line associated with it will remain high.lfit has not, we go

on to the next line ard check it. We make a record of the selection if a columl1 was

We do the same thing lbr thc othcr row and then pass the intbrmation to the display
routinc. and then the executiolrouline. The execution routine uses the select case state-
nent to choose the rows and column and rcact tothem. Aftef we illle done, we resel the
row and column variables to 0 and start over,

We starlby creatlng all the code needed to aclivate the LAB-Xl's liquidcrystal dis-
play (see Program 20.1). This is the standard code we use in all our programs that use
the LCD.

program 2O.1 Segment 1. LCD DEFINES

CI,EAI
DEFXNE OSC 4
DEFTNE LCD DREG PORTD
DEFTNE I,CD DBIT 4
DEFINE I.CD DATA 4
DEFINE LCD RSREG PORTE
DEFINE LCD_RSBIT O
DEFINE I,CD_EREG PORIE
DEFINE LCD,EBIT 1
LO9,l POR[E.2
AtcoNl=%00001110

PAUSE 5OO
I,CDOUE $FE, 1

aLways s lar t  { i rh  c lear
def ,ne osci lLaior  speed
define LCD connecLrons
data s lar ts  at  b iL 4

enable regis ter

nake low for  wr iLe only

E to d iqr i ta l
pause for  LcD starr  up

Ne)rt. let's set the data direction registers lbr all the ports we will be using. we wili
use PORTC tbr turning on the LEDS, and PORTB for detecting the condition of each
of the photolransistors- PORTA will be used |o 1um the two LEDS or and off.

PORTD and PORIE are being used by the LCD, as indjcated in Program 20.1.
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lttblii6dg.!;it!: sesment 2-set up the ports

AII the lines or PORTB are pulled high intemally by the settirg the oplion register

as shown in Program 20.1

*fmi.!.i.r,:eq;f:: sesment 3-pull up PoRrB

OPIION-REG.7=0

we are going to be looking at six of tbe eight lircs on PORIB to determine if the touch
panel has been accessed. (In our particular case, B.6,7 will not be used.) The six lines

are connected as two rows of four colums to create the equivalent of an eight-button

keypad. Check the wiring diagram again to see what is connecied to what.
In this touchpad, we sense a selection when one of the column beams and one of the

row beams is interupted at the same time. The intersection identifies the selected area

of the panel, ln order to make sure one, and only one, area is selected, we tum on one

column and then one row beam at a time, and if both of then are interrupted, we know

we are at their intersectlon- We then tum on the next row on that column and check to

see if both beams are intenupted and so on till all the rows and all the colunns have

been checked. We have to do it this way because the IR beams are diffuse and will illu-

minate more than one targel when tumed on. We eliminate all incorrect targets by look-

ing at fhe intended target only.
In our widng scheme, we tum the IR Lms on in a sequence and look at the corresponding

pin on PORTB to see if they have not been excited (= intemrpted) on PORTC, the LEDS

represented by 0 are turned on (the other side of the LEDS is tied to 5 volts). On PORTB'

the pins will go 0 when on. (They were pulled up and showed as ls when they were

dormant.) We have to look at the six possible conditions and respond to each of them.

When the infrared illuminates the phototrarsistor, the transistor conducts and pulls

the associated line on PORTB low.Ifyour nnger intefupts the beam, the PORTB line

will become high. fl?dr ir what we arc looking for.
The rest of Program 20. I follows. with exlensive annotatrons:

i8ft&lf,dlq:Ei Final segment to make a linished program-the touch panel

ERISA = %00011001
fRISB = %00111111
tRlsc = %00000110
tRl€D = %00000000
ERISE = %00000000

X VAR WORD
Y VAR BYTE
AIJPITA VAR WORD
BETA VAR WORD
STAT_1 VIIR EYTE
STAT_2 VIIR BYTE

counler wariable
counter variabte
counter var:iab1e
counter  var iabLe
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:::F !Ol!!!:!!!i1ai: Final segmenl to make a finished program-rhe touch panel
lContinuedl

IJCD_I VAR BYIE
IJCD_2 VAR BYEE
IJCD_ONE vA.R PORTA-2 , l-CD condection
LCD_ONE=0 ;  LCD turned of f
IJCD_TI{O VAR PORTA.3 ; LCD connection

COIJ VAR BYTE
ROW VAR BYTE
TTMO l/AR }IORD
I IMo =10

ETM1 VAR WORD
EIM1r10
BIJINK VAR BIT
BnINK=1
GIJOIT VAR BIT

ACTIIIE VAR BIT
ACEM=1
INACTI1IE VAR BIT
INACfIvE=0

PAUSE 250
LCDOII! SFE, 901

![AIN !
GOSUB GETKEY
GOSUS DISPLAY
GOSUA DO_IT
COL=0
ROW=0

GOIIO MAIAI

GETI(SY:
PORTC=211101111
PAUSE 1

PAUSE 500 D . " r  Lp
LCDOUT $FE, $01r \CITEjARING !CD'? ; clear IJCD

; LcD lurned of f
;  coLm counter

;  b l ink srarus indicar ion

;  sLov status indicar ion

;  act iwe shatus indicat ion

;  inact ive s latus indicar ion

frain loop of the program
get the colum and ro0
display inforfration on rhe LCD
Lake the necessa.y acLion
rest the cohJnn nemory
rese. rne ror nemory

routine to get the rov and coluni
turn on colum 1
pause needed for  LED Lo react
check photo fo. col 1 dd sawe if is 1

pause needed for  LED to react
' h a . \  p t o . o  r o  o  -  d r d

pause needed for  LED to reacr
check photo for co1 3 and save if is 1

pause needed for  LED to reacr

IF PORTB.0=1 t l |EN COL=1;
FORTC-%11011111
PAUSE 1

IF PORTB-1=1 tgEN COL=2;
PORTC=210111111
PAUSE 1
IF PORIB.2=1 TEEN COIJ=3;

PORIC=%01111111
PAUSE X
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rlL?titq!*nxelil Finat sesment to make a finished program-the louch panel
(Continued)

rF PoRTB.3=1 IHEN col=4 ; check pholo for coL 4 and save if is I
PORTC=%11111110
PAUSE 2

IF PORTB.4-1 'HEN ROW=I ; check photo for row 1 and sawe
;  i f i s l

pause needed for LED to react
check photo for row 2 and save if

turn everylhing off

shov setection and PoRTB and c

r o L . i - e  e r a . ! . e s  6 r _ r e .  o _  c e  e c ! i o , s
f,rs! look a! Lhe rows
ROW 1
look a!  lhe coLms

i f  LcD in oN

set  i !  as inact ive

l o m o n o e (  t  ' s  q l o w ' r s  r o  b l - n r ' _ q
reset  t ine !o 10 count
end of conpailson
pause !o de-bounce

; turn on colm

; end of  conpar ison

PORTC=%11110111
PAUSE 2
IF PORTB.s-1 IIIEN ROW=2

PORTC=?11111111
F.ETURN

DISPITAY:
LCDOI IT  SFE,  $80, r 'R- l rDECl  ROW 'z  C=/ 'DECl  COIJ , /  D- l ,DEC3 T l ldo , / -
D=z,DEC3 TIM1
LCDOs:r sFE, $C0, .B". BINS PORIIA, \ Cz, BrNS POREC
RITI'RN

DO_IT:
SELECT CASE ROW

CASE 1
SEI,ECT CASE COI,

CASE 1
IF t CD_ONE=I THEN

LCD_ONE=0
ICD_1- INACEtItE

EIJSE
L C D _ 1 = A C t 1 �
LCD_ONE-l
STAT_1=GI,oW
TIu0=10

EDIDIF
GOSI'B PAI'SER

CASE 2
rF LCD-l=acTrvE I'IIEN , react only if lhe LED is on

IF STAT_1=GIrOW THEN ; if it is gLovinq

STAT,1-BIJIIiIK ; turn lt to blinkiner
ELSE ;  e lse

STAT-I-G'JOW ; turn it to glot

I,cD_OliIE=1 ; turn il on
ENDIF

Gostt3 PAUaEB ; pause to de-bounce
; end of conparrsonETIDIF
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l|Fl$ltli€tf,A(li]t Flnal segment lo make a linished prosram-the touch panel
(Continued'l

CASE 3 ; colunm 3
TIMoETIr [o-1 ;  decrease t ime to make faster  b l ink
IF TIlr0 <1 THEN TIt{0=1 ; if it is too low keep it at

, iinimm of 1
GOSTB PAUSER1 ; delay for de bounce

CASE 4 ; coLum 4
TIMo=TIMo + 1 ; increnenL the delay tiner
IF TIMo >20 TI@I l l ! t0=20 ;  i f  i t  is  too h igh,  set  i t  as

;  d iqh
GOSITB PAUSER1 ; delay for de bounce

CASE ELSE ; here if Lhere was sonething else
EIID SELECT ; end of selection of all the xows

CASE 2 ;  taN2
sErJEcT casE col, ; look at the colllms

CASE 1 i
IF LCD_T9iO=1 TEEN r-e (ooa orp-- \a, -s  ^na

LCD_TfiO=o i was done for row 1 abowe line
;  for  t ine

IJCD_2=IIiIACTM ;
EIJSE i

IJCD_2=ACTM i
LCD_TflO=1

STAT_z=GIJOW i
EIM1=1o i

ENDIF i

;
CASE 2

IF SIAT_2-GLOW THEN
STAT_2EBLINX

EIJSE
STAT_2 =GLOW

ENDIF
GOSUB PAUSER

CASE 3
TIMlETIMl -1
IF TIM1 <1 THEN !!lldt=l ;
GOSI'B PAUSER1

C]ASE 4
tlMl=t l1+1
IF T1!,11 >20 THEN TIM1E20 ;

CASE EIJSE i
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Sre Flnal segment to make a finished program-ihe touch panel
(Continuecl)

EIID SEI.ECT
CASE EI.SE

END SE'.ECT

;The following segmenr of code uses lhe lwo r'time counters" to

;turn the two LEDS on

;and o f f  as  spec ined by  lhe  fasrer /s lower  bu t tons .  I t  counts  each

; Elrnrng sequence

; independentty and lurns lhe related LED on and off.
lF LCD I=ACTIVE IIHEN

IF STAI-I=BLINR THEN
AI,PEA=AJ.PI'A +1 i
IF lJrPEA>=! 0 THEN ;

AIPEA=o i
TOGCI.A I,CD.ONE

ENDIF
ENDIF

ENDIF
IF LCD,2 EACTIVE THEIiI

IF STAI-2 EBLINK THEDI
BEIA=BEIIA +1 ;
IF BEIA>=|!IMl TXEN

BEIA=0
TOGSI.E LCD_TWO

ENDIF
ENDIF

ENDIF
RETURN

PAITSER! ; pause to de bounce, long
aOR x=1 TO 300
PAUSE 1
NEK![ X

REIIURI|

PAusERl. ; pause to de-bounce, short
FOR X=1 TO 50 ,
PAUSE 1 i
NEXT X ;

REIURN i
END i

EXERCISE

Modify the hardware and the Prcgram 20.1 so tho four columns are detected on lines
B4 to B7, and then use the intenupt capability of these four lines to imprcve the per-
formance of this program by mating its operation crisper



SINGLE SET POINT CONTROLLER

WITH REMOTE INHIBIT CAPABILITY

Project 7
In this project, we take tbe dual temperature themometer we have made and tum it into
an adjustable programmable single-point controller that can control one property (not
necessarily a tempemtule) in a process. The instrument can be controlled remotely. See
Figure 21.1.

Any controller needs the followjng basic properties to be both useiul and easy to use:

I . Have a set point that cafl be adjust€d with ease
2, Have a detector for the prope(y being measured
3. Have an output signal that is made available after I and 2 are compared
4. Have an input that can inhibit the operation of the controller from a rcmote location

Our dual temperature controller already has two inputs. One of these can easily be con
veited into a co rol point with the addition of a simple 50{0 Ohms potentiometer. We
also need to add a couple of connections for an output signal and we need to have a way
to inhibit the operation of the system should we require it. This can be done with a simple
Single Pole Single Throw (SPST.) switch that can be located remotely whercver we want.

It can also be useful to have a switch that rcverses tbe operation of the controller (in

other words, that tums the outgoing signdl o, on an increasjng rather than decrcasing
value, and vice versa). This is bought to your attention so you are aware of this feature,
but it will not be undertaken on thjs project. It is simple enough to add a switch to do so.

THE COI{TROL SIAIEMEIIT
"If the siSnal at thc detector is less thd (or more thu) thc
conlrol point, and if the inbibil signal is noi CLOSED, then
provide ar output signal on the ortput line-"
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lf!lt$*q!!!i A single set point controller with inhibit. (When this
board is mounled on a box, the lemoe|aiure selter and the inhibil swilch
can be mounted on lhe box side of lhey can be mounted at remote
locations.)

This is typical for most singlc-point controllers like a residential themostat, a small
hot water heater controller, or any number of similar on/off conhollers. More impor_
t^niy haviftB the "renote inhibit" capability allows this controller to be co trolled bJ
another i strument (remoteh).

Let's create the outp t on PORIAs and the inhibit signal on PORTA.3 because these
arc the two lines we have available on the board as it is. We have kept PORIA4 free
because this is the line ihat j s used for some of the counter inputs in the PIC 16F877A.
(In ourcase, PORIA5 alsojust happens to be fiee.)

The additions to the hadware circuitry on the dual temperature sensor arc shown in
Figre 27.2.

In the software, we have to rcad the two analog sigllals, the set point and the con-

trolled point, and rnake the necessary comparison. Then, based on the calculation, we

need to turn the output sigral on if the inhibit signal is not present (Open in our case )
The set point adjustment device is a potentiometer placed between 5 volts and ground.

We rcad the wr!€r position of this potertiometer to get a reading between 0 and 255 as
we have done many times before. This reading can be converted to the set point we need
mathematically. (Remember that in the metronome project the 0-255 wiper posinon was
converted to a number betwe€n 40 and 208.)

On fhe controller input, the variable we are reading can be any signal that can be
convefieal into a resistance or a voltage. The conversion is to the equivalent of a 0-

to 5-volt signal and is read into the microcontrollerjust as we did with the temper-
ature readings. However, it does not have to be a temperature What we are really
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reading is a voltage. Knowing the range of lhe signal we will be reading allows us

to design a suitable electronic nctwork to givc us the rangc we need to feed into the

micrccontroller.
The input does not have to be a voltage or a resistance either' lt can be a f-requency

that we can read with the COLD,IT and PU LSIN conmands Similarly' the output does

not have to be an on-off signal.It canjust as easily be a pulse width modulated (PWM)

signal or a frequcncy if thal is desired.
Wjth the precedingin mind, wcwill develoP the thermostatic contoller based on (1)

the LM34 sensor because we already have the scnsor and (2) discuss a &emistor-based

conlroller because thermistors arc inexpensive and give us an oppotunity to read rn a

sigDal another way.

THE L|u34-BASED COI'ITROLLER

The code development for using the LM34 is shown in Programs 2l.1 and 21 2. The

coale uses the same nomenclatLrre as was used lor the dual thermostat instrument' but

it modifies the code that was dcveloped. The specific code for reading the two inputs

does not have to be modified because in either case we arc reading the equivalent of

two potcntiometers. We need to add code ir the main loop to

l. Read rhe inhibit signal
2. Read the two inputs
3. Make the necessary comparisons
4. Output the result ofthe decision-making process as discussed earlier

lilPjfiiF!!,(gtilil Inhibit code (single'point programmable controller)

IF INSIBIT=1 THEN

E',SE
IF VAI,1 > VA'.2 THEN

PORTB. l=0
EI]SE

PORTB. l= t
EIIDIF

ENDTF

i f  rhe inhib i r  swi tch is  oN
turn OFF Lhe signal

nake conpar ison of  the Lqo walues
lurn OFF signaL

turn ON the signal
end of conparison
end of inhibit conparison

THERMISTOR.BASED CONTROLLER COI{SIDERATIO S

In oriler to use a thermistor, wc need to add some hardware to make it easier to rcad the

thenni stor. The goal is to get a usable range of read ings from the thermistor in the tem_

perature range we are interesied in. Thermistors with a high resistance and a high rate

are easier to use because we need a minimum resistance of thc total network to be

2k ohms or higher across the 5 volts we are using across the b dge.
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Resistance at 707

Detta

The thermistor I used had the following properties:

1000 ohms

25 ohms per degree Fahrenheit in positive direction

Inw tempemture ofinterest 327

High tempeRture ofinterest 300"F

Under ideal conditions, the bridge we design would provide a signal close to 0 volts
at 32' and close to 5 volts at 300T. The network would have an overali (lower) resist-
ance of about 5k ohms so we don't overload the power supply. A simple network is not
going to be able to do this, but a usable netwo* is possible.

From the prece.dhg data we can calculate that the ihe.misior has about 50 ohms
resistance at 32"F and about 6750 ohms at 300T. If we put a 5000 ohms resistance in
seies with it, the thermistor can be connected to the PIC, as shown in Figure 21.3 The
analog signal value we will read on the A-to-D conversion will be ftom 146 to 252.

(50/5050)*2ss = 2.s2 255-3=252 at32'F

and 6'75l/ll'15cD*255 = 146.49 255-146=109 at 30O'F

SIGNAL lo PIC

3K to 5K SO TOTAL
RESISTANCEWITH
THER[4ISTEB IS
5K TO 1OK

ffUre Clrcultry for a thermislor connoc-
iion lo Plc. (Thermislor resistance can increass or
decrease with temoerature,)
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As always, we need a rcsistance of about 5000 ohms in se es with the thermistor so

the circuit will not shof actoss the power supply by drawirg too much cuffent wher

the thermistor is at its cold extreme
In the usual case, the resistance in the circuit should be selected to match ihe ambi-

ent temperatue resistance of the thermistor' This will give a reading of 127 or the wiper

rniddle position at the ambient temperature The rcsistance can be varied to rajse ancl

lower the ambient temperature reading. The total resistance of the rcsistance and the ther_

mistor should be at lcast 5000 ohms fot most applications

The sensitivity of tbe readings wil be best if the effect of the change in resrstance ol

the thermistor is such that the range expected is apprcximately the same as the pot

valuel however, as mentioned eatlier, the total resjstance should not get below about

4k ohms to keep from overwhelming the power supply

Some other reliable method should be available to confirm that your rnstrument rs

Drovialins accurate values for the temperatures being measured'' 
OtherLvices are used in a similar way. If a device provides a voltage' the voltage

can be divided or amplified to be at a suitable level and then connected between ground

and the input poft p;. A reference voltage does not necessarily need to be connected

to the PIC. Select and connect the Vdd source to suit

BEADII{G THERMOCOUPLES

Themocouples provide ext€mely low voltages and almost no current so we have Io appfox-

imate the conditions pcvided by awheatstone bridge to rcad them Altematively' op amps

that amplify the signal can be use{] The industry pirvides a number of ICs that allow each

of the types of thermocouples to be read into a PIC{ype micrcconiroller with relative ease

prpgfaql 2l.t Single-point controller: lull program fihis program rJns or lhF

boa; that lrts on the box ircn All Electro,lics See Figure 21 1 lofar illusiralon )

CI/EAR
DEFINE OSC 4

DEFINE LCD DRIG PORTD

DEFINE ICD_DBIT 4

DEFINE LCD aITS 4

DEFINE I,CD RSREG PORTE

DEFTNE I,CD RSBIT O

DEFINE LCD-EREG PORTE

DEFINE LCD-EEIIT 1

DEFINE I,CD_I.INES 2

DEFINE LCD_CO!4MAIIDUS 2OOO

DEFINE LCD_DAIIAUS 50

LOW PORIFE.z
DEFINE ADC BITS A

DEFINE A'C CLOCR 3

DEFINE AlC SATIPLAUS 50

1IA'.o VAR BYTE
VAI,1 VAR WORD

clear  a l l  nenory locat ions
sysLen osc speed
define LCD connecLions
daLa s lar t ing b i t
nunrlcer of data bits
sefec!  regis !er  Por t
select  res is ler  b i !
enable res is ter

l ines in  d isp lay
delay in  n icro seconds
delay in  n icro seconds
puLs lrCD in write only node
seL nuiber  of  b i rs  in  resul t
set  c lock source (3=rc)

seL sanpLinq Line in us
create to s lore resulL
creale to s lore resul t

(Cantinued)
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iflliiiaL&gli*K single-polnt controller: full program (rhis pfosram runs on rhe
board that Jits on the box lrom All Elecircnics. See Figure 21.1 lot an illustration )
\Continuecl)

IRTSA='600111111 ; se! PORTA
!RISB=%00001000 ;  set  PORTB
fRtSD=%00000000 ; set PORTD
ERIS =%00000000 ;  set  PORTE
A.DCON1=%00000010 ;  seL analogl  p in select ions

PAUSE 5OO ; Pause to start uP LcD
T CDOIXD $FE. $01. 'CLEAR" ; display Clear nessage
PAUSE 500 ;  Pause to see nessage
LcDouI $FE, $01 ; clear Lhe screen
POR4a.2=O ; grround rhis
OPEION,REG.T=O , pu]l all PORTB inputs high
nooP: ; main roop
alctN 0, val,o ; read channel 0 potenLioneLer

ADctN 3, vrl,1 ; read channeL 3 lenp
vAt l=10*vA!1/5 ; caLculate VALL
t CDOTX! gFE, S80. "In!tP=,, DEC3 Vl|'....� ; dlsplay infornation
T.CDOIXT 9m,$CO,'SE!=/,DEC3 VAtro ; display infornalion
tF VArl>=vAl,O AND PORTB-3=1 '�SEN , conpare to selting

PORI[D-3=o ;  set  PoRTD.3=O
EI.SE

POBID.3-1 ;  set  poRTD.3=I

ENDIF ; end decrsion
IF PORTB.3=o FSEN ;  see i f  inh ib i t  is  on.

PORTD.2-o ;  se l  PoRTD.2=0
EIJSE

PORTD.z=l  ;  se!  PORTD,2 = 0
ENDIF ; end decision
PAusE 10 ;  delay 0.01 seconds
colo IOOP ; go back to loop and repeat

, opera!ion
EIID ; end of Proqlran



LOGGING DATA FROM A SOLAR

COLLECTOR

This project covers the automation of long term data collection using a small and simple

solar collector as the souce of the data (see Figure 22.1)
Therc is a con5tant need for aulomaled dala logging becausr lhere ffe man) lime'

when we neeal instruments and confollers that can gather information unattended over

long periods of time and simultaneously con[o] a related function or two. We leam how

to do this pmject with a solar data collector, which is the subject of this chapter

Dr Sun of Peking Polyte.hnic Univo$ily in BeijinS. China is nming a projecr for the United
Nations to determino how much energy is available from the sun on a vedlv basis a1 every loca-
tion around the world. He has asked tbe chaimd of ou elechlnics delartnent lo look i!!o how
you and your fellow students miSht help in rhis edeavor A very simple and inexlensive wav 1o
collect the data automatically is desired. Many lhousdds of unils witl be ne€ded dd ihe budget
is liniled, so he is not looking for 1he nost accurate iDstrumenls in lhe world but has stressed
that he does wl}nl reliability. This investgalion is being nade as a dire.t resuli of Dr Sun's

In this exercise. we will build a small solar collector that will let us collect valuable

data over an extended period of time automatically. The solar collector will have a ven

tilation fan built into it to reduce the temperature within the collector when it gets past

a certain temperature, so as to more accurately rcflect the collection conditions in a col

lector. The fan will be controlled by our conuoller We will also keep tlack of the
(inside) temperature of the air moved by the fan so we can determine how much energy

the collector is ejecting. We will not actually measure how much air the fan moves.

Instead. Dr. Sun's team will make an estimate of that during lhe analysis phase of the
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Figure 22.2 shows a single-line schematic of the collecfor with the sensors and other

ancillary equipment for initial review as we proceed with the discussion.
The efficiency of a "hot aii' solar collector decreases as the temperatwe inside it

increases. In temperate climates, the maximum temperature can rise above 400"F iII a

commercial solar collector. IJ the energy is not rcmoved from the collectot no more energy

AIR INLET

llilg*ffKl$ overall schematic of our €olar collector. (See the wiring diagram in
Fioure 22-3 for lurther details.)

R6mn$lef* A solar collector lor a data logging proiect.

EXHAUST FAN

TEIVP
SENSOF

SOLARCOLLECTOR
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will be collected. The collector ceases to collect fsther energy for a number of reasons
that do rct concern us here. Our interest is focused on how io rcmove energy liom the
collector so we can maximize the amount of energy that can be collected, We can do this
by adding a smali cooling fan, like one recycled from an old computer cabinet, to move
the air through the collector We could also add a couple of fabric check valves at the
inlet and outlet to keep the air ftom blowing backwards through the collector when the
fan is off, if necessary. We wil use 135'F always (adj) as the ma\ permitted tempera-
ture in our experiment to reflect residential heating conditions. We will tum the tan on
if the internal temperature reaches 135T but this temperatue can be made adjustable by
comparing it to the r€ading or one of the orboard potentiometers (he set poino.

We will collect the data once every minute to get an accurate prolile of how much
energy the collector caplures during the day. Let's assign I byte to each digit we have
to collect, even though we are aware that the data could be packed much more tightly.
The temperature willbe read in degrees Fahrenheit so we will need 3 bytes for the tem-
perature. The infomation we collect consists of the lbllowing data points:

l. Date and time of day, 12 bytes (YYMMDDHHMMSS)
2. Temperatwe inside the cabinet, 3 bytes (TTT)
3. Whether rhe fan is on or off, I byte ( F : 0 or 1)

These 16 bytes have to be collected 60 times an hour all day and all night. (We are
collecting nighttime data to allow Dr. Sun to estimate the heatirg ne€ds in the area during
evenings.) We have to collect an average of 23,040 (16 X 60 X 24) bytes every day.
To make things move along and to allow for overhead and so on,lecs say thatweneed
space for 25K ofdata every day in round numbers, which would be 9125K of data in
a year. Nor a large amount ofdata considering the capability ofeven the smallest com-
puters on the market, and within reach of storage in an MC U-based engine without any
external storage if we could add a modest amount of memory to the MCU. We could
ship the data to Dr. Sun at the Peking all these also need to be changed to keep with
Beijjng elsewbere Polytechnic University in Beijing on a CD-ROM or over the Intemel,
if the collection point has Web access. (Vr'e should contact Dr Sun to inform him that
the project could very easily be modified to collect the data every 30 seconds, or even
more often, at no additional cost.)

Our preceding calculations have indicated that the problem is completely within
our reach and so we can proceed wilh t}re fabrication of our collector and the design
of the hardware and software we will need to get the job done. The drawings lbr
the collector are on the Web site that s ppofts this text, so we will not go inlo lab
ication details here. Our interest is in the electronics and the software, but you are
encouraged lo make up a rudimentary collector to see how the project comes
together. A few sheets of cardboard, a bit of sheet Styrofoam, a few scraps ofwood,
and some plastic sheeting will make a surprisingly effective collector that you can
experiment with.

For the complete project, we need the items shown in Table 22.1:
Study the wiring diagram in Figure 22.3 to get familiar with how the various com-

ponents are wir€d to the LAB-XI befor€ starlirg on the fabrication.
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Microcontroller Hardware
Sinccit would be amajorexpensc aDd effo|t fof cach studenllo design rnd build a con-

trcllcr for this pfojcct. and since $c rh rdy halc a LAB-XI available to us. we \\'ill

use thc LAts-Xl as thc contfollet lb lhe pfoject. This will limit $hat we can do a bit

but sincc ihe mair function of the ercrcise is daia collcction, this will not distracl iionr

the ej(pericnce $,e are sccking.
In order to use the LAB X l. .|l'e need 1() make the lbllowing changcs/modificadons

to the bo:rd:

1. Add a clock chD in U6.
2. Add a crysul for lhe clock chip rt J5.
3, Add heaclers to the LAB-XI alPl. P2. P3, and P4 so we can connect to lhc MCU as

The diagran in Figure 22.2 refiects thc modifications lhat have to bc made Of partic-

ulaf irterell is the fact thil thcre arc tluee potcntiometers on the board that can interlcrc

with our using ihe thfee lincs thatthey areconnected to lbr rcading any jinuts Howevfl.

the potendonreteN can bc used to modiii variables we arc using (for exa ple, the lcln
peralurc al which we nnr1 o the fan), ard wc can siill Lrsc the lines for VO if we sel the
potenriomelcrs to approprialc intermediate posjtions.Ifwe do !hat, the irputs \l'ill be ablc

lo olerride the intcmrediaie seltings and we can rcad the inPut. (The program as $'ritten

docs rot use ihese pots. but you should be arvtre that this car be done )

1. LAB-X1 board

2. A clock chipr NJU 6355

3. A smalllan ihat runs al 120 volls

4. Glass or plasiic io fit

5. One LM34 temperature sensof

6. One old lBll-PC, working

7. One hafd d ve with 10 l\,lB ol memory lree

8. one serialcable ior CO[,41

9. One 2-teel-by-8-leei sheet ol 1- nch Slyroloam

10. Half a sheel of lr-inch exterior grade plywood

11. Sorne 1- inch brads

12. Some wood g ue

13. The usual odds and ends
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Software
Nole The solwarc listinls are v,ritten as il the controLler \')as a LAB Xi boa
so that a new boanl does not haw to be created to execute the requirements ofthe
eryeriment- A much more wn!1tile slstem could be created if a new board was
desi!ne(]. Since the major ptoblem wth the LAB xl is the fact that therc a,e three
pots atreadJ dttached to the anaLog input lines, the circuit layout for this e.rperi'
ment must refect this.

The devices we will be using are to be attached as fbllows:

The temperatwe will be read from PORTA.5.

The clock uses the Nru6355 chip and is located as shown on the LAB_Xl schematic
at U6.

A32.786-KHz c.ystal mustbe added to the board at J5 to support the clock.

The fan switch will be at PORTD.3.

The inteface fo the computer will be the DBg connector on the board

The LCD display addresses will be the standard LCD adalresses for the bodrd.

The software for the solar collector has to peform the following functions:

Provide a clock function (with the hardware addition)

Read the temperature sensor

Make minor decisions / Control the lan

Send the data to the computer periodically

Reco\er frcm po$ er oulage. rutomal ical l l

The hardware needed to support these functions is shown on the wirjng diagran in
Figue 22.2, with all the pins that will be used identified.

If there is no battery backup, the clock must have an arbitrary starting time so tlte
recovery from apoweroutage canbe effected based on the datacollected during the
previous and following day. When the data is analyzed, any reset/discontinuity of
the clock will indicate a power outage and the rcadings will have to be adjusted fbr
time ofday based on extrapolation from the daily cycles. Dr' Sun has indicated that
these functions are to be performed when the data is finally analyzed by his group

in Beijing.
Let's write the software as subroutines, one for each function Each of the sub

routines needs to have some prcliminary work done up front during the setup oflhe
program, and this is listed separateiy before each subroutine.

First,let's setup the LCD as we always do. Then, we can call the code oul as a sub-
routine in the program where we need it. See Progmm 22 1.



SOFTWANE 30?

]:!iil€ni!*iilU Data rossins
CLE]AR
DEFINE OSC 4
DIFTNE LCD_DREE PORTD
DEFINE LCD_DBIT 4
DEFINE LCD_RSREG PORTE
DEFINE I,CD.RSBIT O
DEFINE I.CD,ERTG PORTE
DEFINE I,CD_EBIT 1
t olf PoRnE-2

TRISA =  %00010000
TRISB =  %11110000
fRtSC =  %11110000
tRtSD =  %00000000
tRIsE =  %00000000
ADCONI= %00000111

PAUSE 500
LCDOIt[ SFE, 1. ..Clear"

UAIN:
GOSI'3 REA.D_CLOCK
GOSttB RE]A.D_SEIISORS
GOSI'I CONIPROL_FAN
GOSI'B T'PDAIFE_LCD
IF RTCSEC .$00 TaE{ @SltB SE{D DaEA
GO!t9 MAIII
END

define Osc Speed
defne the LCD connectrons
as we always do

sedd data whed seconds iead 00

pause .500 second for LCD stdtup
clear  LCD, go to f l .s !  l ine

The subroutines called in the preceding code are developed in the following section.
A sho description precedes each oode listing.

SETTII{G IHE INTERNAL CLOCK

There are seven registers of interest in the NJU6355 clock module. They contain the
following pieces oi jnformation:

Month

Date

Day

Hours

Minutes

Seconds



soa ToGGNG DATA Fnoii A SOIAR COLIECIIB

As pmErammell for rhis expeiment, the clock is set to 0 t Jan, 2007 on sta up, and

after every power failure, lt can, of course, be set to any date and time you choose, and

it will not aflect the results of our experiments in that we are not using the exact lime/date

information as such, but rather the daily cycle of the collected daia. Even missing a day

or two of data would not adversely affect our effort.
We have no way of intervening to set lhe clock iflwhen there is a power iailure, so

we set the clock to the beginning of the year 200? on startup and whenever there is a
power failure. Later on, when the dala is analyzed, we car use the temperature data and

number of data points since the last night cycle to determine the approximate time of

day for each recovery. Fortunately, the exact time at which the readings are laken js not

impo(ant ir this pa icular investigation.

Nole Therc is a ptur,ision.for a battery backlp far the clock on the I'AB'XI , atul a bst

tery could be pmviAed tu keep the clock Eoing d ring po\rer failurcs if this v/as desircd

However, chances are, the bafteies will rnt be easily aNailable in nnny parts ofthe less'

det,eloped worl(l wherc data mhf be 7athercd, so t')e shoud take that into consi.leration
The "date data' does not show up on the display but is sent to the computer along

with the other data as a matter of course during each transmission to the PC

The clock is seen as a set of memory locations by the MCU The ac$al locations will

depend on the clock cbip we select. For this application, we have selected the Nru6355

IC chip. The use of this chip is explained in some detail in Cbapter 7. We read the clock

bur rhe exacl acruai time is not ol;nFre\l beLau\e \ e do not ha\e a wa) lo reiel lo lhe cof-

rect time after a power failure. Our interest is in the time that has elapsed since the last sun-

rise and since the last power failwe. We can estimate the actual iime from the inldmation
gathered for the day if we know the lirst date that the data was collected. (The program

segment to read the IC is taten from a program on the microEngineering Labs Web site.)

The routrne to send the data to the computer look at the seconds value, and then every

minute, based on the changes in the registe(s, it sends the relevant information to the

computer lor storage.
The initialization code for the clock module is shown in Program 22 2

ii8iiiiil$lt*i.8: writins to the crock

;  The a l ias  P ins  are  as  fo l lows

CE VI* POREA.2
CI,K VAR PORTC.I
SDA'A VAR PORTC.3
IO VAl' PORTC.s

;  a l loca te  war iabLes

RTCYEIIR 1IAR BYTE
RTCIIOIf,IH 1IAR B'TE
RICDAIPE VAR EYTB
RTCDAY VAR BT4!E
RTCITR VAR BIEE
RTCMIN 1IAR BITE
RICSEC vaR AYIE ; set variables

(Contin edt
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ilf.tsiliii6i*Ag,l writing to lhe clock (co't''ued)

Low cE
t.ow cr,K
HIGH IO
RICYEIART $ 0 7
Rrc!4o!tr=g01
RTCDAI.E= S 01
R{CDI\Y=$01
RILCITR=s00
RTCMIN=90 0
RrcsEc=s00

SIIIFTIIII SDATA, CLR, LSBFIRST. IRICYE]AR. RTCIION:rH, RECDATE,

RTCDAY\4, RTCHR. RTCMIN? RTCSEC]

iilaai$grlU?1i{: Beadins the clock

disable RTc

set RTC to input
enabLe t lansfer
Wri te to a l t  7  RTC reqr is te.s ,
lh is  is  a reset  condi l ion

crock xeadinq subroul ine
se! RTc to outpuL
enable Lransfer
read a l l  ?  RTC regis lers

, IRTCYE]AR, RITq{OAIrIII, RIICDATE' R1IDIY\4,

RE]A.D-CI,OCR :

SSIFTIN SDAEA, CIl(, I,SEFRE

RTCIIR, RTCMTNI RTCSEC] ;
RTTI'RN

On the LAB Xl, there are seven lines, distributed across ports A and E, that car be

used for analog inputs. Lines A.0, A.1, and A.3 are conneoted lo the three pots on the

card and so canrot be used. LineA.2 isbeing used by the real-iime clock' andlineA 4

is not available for analog input (open collector) This leaves onlJ line A 5 as a Iree
a aloe itlput line (.Ihis is analog channel 4). Lines on port E are being used to control

the display and are thus notavailable to us.Accordingly. we will use ihe channel4line

for teading the inlernal temperature of the collector
The initialization code for reading the sensor js as foilows:

; define rhe A2D ser uP
DEFTNE aDC-BI!S 8 ; se! nuniLer of birs in result
DEFINE aDc-ctncB 3 ;  sel  internal cLock source (3=rc)
DEFINE aDc-sAt{PLsus 50 , set sanpling lime in us

; denne variabtes used
INTEMP VAR EYTE

READ IHE SEI{SORS

The routine in Program 22.4 reads each sensor and stores its value in its appropriate van-

able. The Display Routine will read these values ftolrr the varjables and put them in the

display when necessary.
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Pf!q,r?m ?14 Reading the sensors

REA.D SETiISORS:
ADCIN 4. INEEMP

REFT'RN

PORTD.3=1
EIJSE

EAIDIF
RETURAI

j  . . . o  , N _ r Y o  i t  o n a  o t  . h e  p o . s
is  to nodi fy  th is  tenp,  add Lhe code to read

COI{TROLLII{G TIIE FAI{

This routine looks al thc intemal temperatures, and ifthe temperature is above 135'F,
it turns the fan on. 135'F approximates tho tcmpqature of the air coming out ofa res-
ideniial furnace in winter. See Program 22.5.

We will use pin D.3 to conlfol the solid state relay so we can see the condilion ofthe
relay on the bargraph when the relay is turned on. Sone relays have an LED on them,
some don't. We will be covered in either case.

ril?iqii@:?!!€: controrrinstheran
CONAROI, FA!I:
IF IlcrElqP >=135 fHEN;

UPDATING THE LCD

During each l-second cycle, the system reads all the vadables 10 appear on the LCD
anddisplays them.Itturns the fan on and off as necessary. The display is aconvenience
for the operation of the system- It can accommodate two lines of20 characters each and
we will nll these in as follows:

D=YY:MM:DD:HH:MM:SS

TEMP=TTT FAN-X

This aflangement allows the investigator to look at cunent conditions at any time.
If the investigator needs to know the actual time, they can look al a wrist watch.
Program 22.6 implements the updating ofthe LCD.

lllPaiidSf.e..4lll upcratins rhe LcD
UPDAEE NCD: ;
rcDOm $FE S80. 'D=", HEK2 RIICYEAR, ",". tc)(2 RItxl,lC|l{TE, \t", !tE:L2
RTCDAFE, " ',IIEX2 RIICIIR, \:/, IIEX2 RTCMIN, \:'?, HEX2 RECSEC
',CDOUT $FE $CO? \UIE!IP=I,, DECA IN:[EMP, Z FAN=,I, DEC1 PORTD.3
RETURN
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SEI{DII{G THE DATA TO A COMPUTER

The mutine in Pro$mn 22.7 checks the time on the intemal clock to determine when to send
the data to the computer It monitors the seconds display. When 1 minute has passed, the
seconds go to 00. At that time, the prcgram jumps to ihe Send mutine ard aI lhe data to be
recorded is sent to the computer for storage. Then, it pauses for I second to make sure it will
not see 00 in the seconds counter again within this minute and condnues.

Lgi*Ub!!gK?l: sendins data to the computer
SEND_DATA:
I,CDOUT $FE. $80, 'SENDING DATA
r,cDour $FE. sco. "
sEROm PORfC.5, T2400, IRTCYEAR, RTO,TOA]]E.
RT.CSEC. TNTEMP, PORTD.3. 10, 13I
EIJSE

ENDIF

PAUSE 1OO O
RETI'RN

RICDAEE, RE(IIR, RTCMIII, _

detuae osc speed
inc lude shi fb in/out  nodes
def,ne the LCD connecLions

set  nuhber of  b i rs  in  resul t
se!  in lernal  cLock source i3=rc)
se! saipling Line in us

If there has been a power failure, the appropriate compensation will be made when
the data is analyzed. lf for some re.rson the power is off for morc than a day, there will
be a problem with data lost for lhat day, but for an investigation of dris kind that is not
really critical.

When we combine all of the precedirg routines in one lisling, we get whatt shown jn

Progran 22.8. This program is set up to record the data every 5 seconds so you can see
what is going on both in the LAB-X I and in the computer in real time. The computer must
be set up as a dumb terminal to match the requiremenls of the outpul from the LAB-XI
for all this to work as desired. Afler you are sure the program is working as expected, you
can charye the time between tmnsmissions to once a minute or whatever is desired.

iis.iii€nilg*lt The linished program for lhe solar collector (Solar collector-based
dala logglng)

CI.EAR
DEFINE OSC {
INCI.I'DE'MODEDEFS. BAS"
DEFINE '.CD DREG PORTD
DEFINE t.CD DBIT 4
DEFINE I.CD RSREG PORTE
DEFINE t.CD RSEIIT O
DEFINE I.CD EREG PORTE
DEFINE I.CD EBIT 1
DEEINE ADC,BITS S
DEFINE TDC_CLOCK 3
DEFINE ADC_SAITPIJEUS 50
!o$I PORlrE.2

(Continue.,
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liFii{iiii.i:gf$ The finished program for the solar collector (solar collector-based
data logglng) (Corlirued)

TRtsA= %00111111
TRISB= %00000000
TRtsc= %00000000
TRIsD= %00000000
TRISE= %00000000
a.DCONl= 9b00000111

CE VAR PORTA.2
CI,K VAR PORTC.l
SDf,TA VAR POREC.3
IO VAR PORTC.s
;  a l locate war iables
R'CYEAR VTR BYEE
RfCIIONTII VAR BYTE
RECDATE VAX BYTE
RECDAY VAR BIEE
RTCER VAR EYTE
RTCIIIN \IAR AYTE
RTCSEC VTR BYTA
TNTEMP VAR BYttE

tow cE
t ow cLK
TIIGH IO
ADCON1 = 7
I.OW PORTE.z
;  s e !  i n i L i a l  t i n e  t o  0 0 : 0 0 : 0 0
;  for  a l l  resets.
RICYEA.R = $07
RTCIION:fB - $01
RTCDATE - 901

RECMIN= 0

C E = 1
;  wr i le  to the 7 RTc regis ters
SqIFITOUT SDAEA, CLK, I,SBFIRSIT,

RTCDAY\4I RECER' RTCMIN]

C E = 0
PAUSE 500
LCDOI':T SFE, 1, \CIJEAR'

IiIAIN:
GOST'B READ CLOCK
GOST'B READ SENSORS

SET PORTE
don ' !  fo rge t  to  se t  ADCON1

al ias  p ins  a re  as  fo l lo rs
Rea l  i ime c lock  node

set RTC !o inpuL
enable tr:ansfer

ro in i t ia l ize them
IRTCYEAI, RTC!,IOM!g. RTCDATE,

disable Ric
pause .500 second for  LCD

; PoRTA and e digiLal
;  1cd r /w lou = vr i te
m on 01/01/07 same wi l l  be t rue
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itii!!g!il*$g: The finished program lor the solar collector (solar collector-based
daia logging) (Corrnued)

SS!!�T I SDATA, CIII. I,SBPRE. TRfCYEAR, RTCITOIITE' RTCDf,TEI RTCDAY\4'-

RTCER, RTC!{IN, RTCSECI
disable RTc

read channel  4 to in tenp

GOSUB CONTROI. FAN

GOSUI UPDATE I.CD
GOST'B SEND DATA
GOEO MAIII

REIID CIOCK:
10= 0
cE= 1

C E = 0
RETURN

READ SENSORS:
ADCIN 4. INTEMP
RETURN

CONTROIJ_FTN:
lF ITiITEMF=>135 THEN

EI.SE

ENDIF
REIET'RN

PAUSE 1100
E!,SE
EIIDIF
RETURN

END

;  se!  RTC to ouLput

?  F T .  r o d i  < i a r e

UPDATE_LCD:
I/CDOIIT $FE, $8Ot \TII!E=",HEX2 RECSR, ':" IIEX2 RTC!|IN' \.t' ltu,jd2-

RICSEC, / *

t CDOI]IT SFE' SCO, !fEMP=",DEC3 lllTEMP, " FAN=I 'DECI PoRTD'3

FAUSE 10
RETURN

SEIID DATA3
rF R;csEc-$oo rIrEN
ICDOTXT sFE ,580 , "sEilDtNG DATA' ;
r,cDouE $FE, $c0, "

; in the next line we decide what we ate soing !o

; send !o the conpurer for storage Dav of week is onitted-

SEROUT PORTC.5, T24OO, IRTCYEAR, RTCMONITT' RTCDIEE, RTCER'

RTCMIN, RTCSEC, IIiTTEMP' PORTD.3. 10, 131
inlo Lhe n€xt second.
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In Program 22.8, the data is stored on disk in hexadecimal format. If you want it in
decimal fomat, you have 1o read it into a program variable and then convert it to the
desired fomat. As provided (in the compiler), the SEROUT insluction offers a limited
choice for the data transfer as it was read in from the clock.

nole Therc is a certain amount of nonyolatile nemory on the PIC 16F877A that
couu halje been utilized to storc po rer failurc infomqtionforfuture anallsis- Howew4
because there is no prcvision that alloyrs us to rcset the clock accurately, the use of this
memory cannot pro|ide a norc pet;lct solution.

PROBI-EM!

When this program was sent ro Dr Sun, one of his students complained thal the pro-
$am was not completely coflect. Can you lind what he or she thinks the problem is?
The answer is provided at the end of the support Web site.
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General
It takes a long time to become a good debugger It has taken me forcvet, and I am still
leaming and still not very good at it. The ploblem is that you must have a good under-
standilg of the PIC you are using and come up with a solid design. Though this may
seem pretty straightforward, it isn't, especially if you are using a new PIC and rhe PIC
16F877Awe are discussing is new to most ofus.

In plain English, this means that I really do not know how to tell you to become a
good debugger. Even so,I need to give you some guidance to help you, so I have put
down everything that came to mind as I was debuggilg the various projects in this book.
In these paragraphs,I have allowed myself some repetition uDder the vadous headings
so they can each stand alone.

At the end of the chapter, I have included some questions and answofi that werc the
result of some discussions on the Web site for another Droiect but that are also relevant
to any discussion about the 16F877A PIC.

Debugging and Troubleshooting
Debugging is not a random process during which one mighl hope to get lucky. It is a
very carcfully thought out stratregy to find out why a program is not behaving the way
it was intended to and what needs to be done to conecttheqoblem. Yourri havefued
the problen only if yolt can make the problem come back b! undoing the ft. A \ag.te
suspicion that you might have fixed the problem by pressing on a warm component is
not enough to conclude that lhe prcblem has actually be€n solved. You must be able to
make the problem come back. This is exacdy the reason why intermittent prcblems are
so hard to nx. lt's had io make them come and go on command. In other words, it is
harder to clearly understand the problem because it is htermittent.

3t5
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First Problem that Must Be Fixed: The
Microcontroller Crystal Must Oscillate
lfthe PIC oscillator will not oscillate, nothing can be done to fix anything, so the lirst
thing we must do is make sure the OSC lines are actually oscillating. The easiest way
to check this is with an oscilloscope. If there are probiems. thc following points are

l. Remember that thc LAB'X I runs at 4 MHz out of the box. Your system should also
bedesignedto run at4 MHz so you can use the LAB-XI as a tesl bed whcnever you
need to.This allows you to take the PIC back and forth betweer your project and the
LAB-XI to see where the problems are.This js nor atrivial tool that we have at our
casual disposal.

2. To start with, do all your projects with a 4 MHz crystal. Lrter, you can move to
20 MHz.It is easy enough to replace a crystal on a board.

3, If the crystal frequency does not match the DEFINE OSC statcment in your pfogram,
there ca will be problems.lfyou are using a crystal or rcsonator. you must know
what the frequency of the devicc is and your software must state this number in lhe
OSC statement at the top of the program accurately- They must match.

4. The Configuration dnd Option pulldown menus in the programmer must match tbe
actual conditions in the hardware dnd they must match each other.

START WITH THE FOLLOWING CHECKS
OI{ THE HARDWARE SIDE

I . Make sure the microcontroller has power.
Make sure it is 5 volts on the money.
Make sure there is power to both sjdes of the microcontroller, as is rcquired on a
large rumber of then.
MaIe sure ground is a solid ground at all points in the circuitry. ff the $ound is squir-
relly,this is not good. Fix it.

2, Make sure the MCLR pin has beer pulled up to 5 volts with a lK to loK resistor.
This value depends on the design you are using. Make sure the MCLR pin is actu-
ally high. Put a meter on it. Use an oscilloscope if you suspect fansient operation.

3. Make sure lhe oscillalor is runring. Use an oscilloscope. Make sule the operation

4. Use your eyes to check the PC board for shorts and dry solder joints. Use a mag-
nifying glass in diificult areas. Co over questionable areas with a soldeing iron again
and recheck your work.

5. Male sure the wirins is what you thinl it is. Check the route of every wire. MaIk it oiT
on the schematic as you check it. Check the PC board lracc roulings where nec€ssary.

6, Check and confrm the values of each of the components on the board.
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7. Make sure each IC is oriented with pin 1 in the proper location in its socket
8. Make sule power and ground to each IC are properly routed and are aclually at the

values they are supposed to be with appmpnate rnstruments.
9. Measure voltages throughou! thc layout and confirm they are what lhey are supposecl

lo.Make sure all capacjtors are installed coffectly. Check polarity where necessary.

I l.Make sure all diodes are installed colrectly. All of lhem don't always need to be

installed so lhe cathode is connected to gro nd. Coniinn connections on alj induc

tive loads.
t 2. Make sule all inductive (back electro motive force [EMF]) loads are properly pro

tected against with diodes. Make sure thesc djodes are properly rated for amper-

age, voltage. and switching speed.
l3.Use the oscilloscope lo check lbr noise in the circuitry' Eliminale jl by adding small

capacitors to grcund at the noisy arcas.
I 4. Read the relevant chapter of the datashcet (on siarlup) again Make sure you under

stand what the datasheet is saying.
I 5. Make sure the processor has not been destroyed, Sometimes olre or more lines on

various ports can be desfioyed. Try a replacement untt

MAKE THE FOLLOWING CHECKS OI{ THE SOFTWARE SIDE

l. Go over the soft\,i'are line by line and m,!ke sure there are no typos. Not all typirg

mistates are identified by the compiler software.
2. Write a sho LED blinl routine and run that on the board to make sure the system

is actually alive and working.lf the program loops as pafi ofits design, add a blink-

ing jnstruction for one of the LEDS to tell you thal the loop is aclually executjng as

designed and not hanging p on some other segrnent or code
3. Use Microcode Studio to see what is gojng on in the system as it is run The soil_

ware is liee to download off the Intemet lor individual use$ and will run the I 6F877A.

Details on using this soflwate are beyond the scope of this book and are not covered

here. but it's worth the efib to learn this software
4. For lhe preceding step, yolr can set up your PC as a dumb tcrminal and connect it

to the board so the entire system can be viewed on the screen with the appropriate

5. Go over the software to make sure therc are no logical errors
6. Follow thc use of each variable throughout the program to make sure it does not get

modified where it should not.
7. The software we are using employs integer math and 8- and 1 6-bit variablcs Make

sure that none of the vtriables exceed the bounds that havc been designated by the

variable sizes. Be sure you understand what happens when registers ovcrllow or

underflow in integer math. You cannol use decimal points at most locations in inte-
ger math unless you take special precautioN

8. Read the "microprocessor stat up" chapter (Chapler 14) of the datasheet again

Make sure you understand what the datasheei is siyrng
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There are a number of ways to get input into and feedbdck out ftom a n^lfu'ncti'on'
irg program. Using as many as possible will reduce the number oi times you have to
reload the program. You have the following feedback devices avajlable to you

IncoDorate what you need hto critical areas of the program.

l. The LCD use both line I and line 2, and use each character on each line
2. The speaker it's simple to sel up two tones that are easy to differentiate
3. The dumb terminal program for a PC can display a large amount of infomalion
4. Use the various buttons to modify what is happening in the program in real time
5. Use the tlrce onboard potentiometers to input various values into the pfogram and

see how they modify its operation.
6. Il more is needed, add LEDS to the hadware so you can tum tbem on and off at

c tical junctures.
?. Use the DEBUG conmand in PBP to send information to a dumb te.minal The use

of this command is explained in detail in the PBPmanual. See the lbllowing also.

You can insert a shoft loop that displ ays the registers you are interested in at a crit-
ical location in the program. When the proglam enters this loop, it indicates that
the program actually got this far and then it displays the rcgjslers of intercst again
and again without going any further. This loop can be moved up and down through
lhe progrrm lo ree \ ha( i\ going on $hefe

8. Determine if the program is actually getting to a certain critical line of code-
9. Determine what the contents of various registers are at critical times h the code

I o. Look at how counters are behaving to confirm that this is exactly what is supposed
to be happening.

I I . Display data based oo i nteffupts progranmed and/or entered by you from the keys
1 2, Look for areas where the program night be getting stuck in a loop
13, Pay special attention to the handling of interrupts.
I 4. Go over the circuit layout to make sure therc are no mistakes in the design of the

cllcuny.
I 5. Go over the physical circuit to make sure it is actually wired the way it was designed

l6,Make sure all lines that are to be pulled up or down arc actually being pulled up
and down and that the resistors being used are of the right values.

If the Chip Refuses to Run
If the chip reiuses to run at all, check the configuration settings in the progtammer

softwarc.The oscillator configuralion is the mostcitical, but othersettings can also
prevent the Plcmicro from sta ing up. See the "Special Features ofthe CPU" chap-
ter in t}le datasheet (Chapter 14) for corect configuration details The default se!

tings for conligudng the various conditions are discussed later near the end of this

chapter.
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Using the PBP Compiler Commands
to Help Debug a Program
The PICBASIC PRO Compiler provides a number of commands that can be a

tremendous help in debugging programs that refuse to cooperate. These commands
can be broken down into a number ofcategories to better understand how they can
be used.

Commands that Can Provide Debug
Output to a Serial Port
A number of commands provided by the compiler do not have a function other than to
aid in the debugging of programs by outpudng data to a designated pin on the micro-
controller- This data can then also be displayed on a dumb teminal

The following conmands are seful in the conlext. See the PBPmanual for detaiis.

DEBUG js like a print command to the serial port (as weli as to the dumb terminal)

DEBUGIN

ENABLE

ENABLE DEBUG

DISABLE

DISABLE DEBUG

PEEK

POKE

SOUND

Dumb Terminal Prosrams
A number of teminal programs are available at no char€e on th€ Intemet l use the dumb
terminal program provided by Microsoft as a parl of their operating system utilities It
provides all the functionality you need to use it with the PICBASIC PRO Compiler and
Microcode development soft ware.

The Bray terminal Fogram is a morc sophjsticated dumb terminal program and is

available for free on the lntemet.
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Solderless Breadboards
Using solderless boards for your prototyping activities is, iII general, not rccommended.
They arc fine for small experimental excuNions when you lirst start out with the micrc-
controllers, but as your circuitry gcts more and more complicated, therc is too great
chance for poor connections and wiJes to come loose to use these devices .

It is rccommended that you use the perforated boards that have a separate solder
pad for each hole and solder each component into the board. Then, wire each of the
components with hookup or wire wrap wire with straightforward point-to-point
wiing. The key is to be very careful and ihorough so there arc no mistakes. It rakes
patience and care. Take your time and check your work before and after each con-

(I also use circuit boards with continuous bars of conductors on them.)

Debu at the Practical Level
Helpl What do I do now? The project is "deader than a door nail" and I don't have a

A fairly iong program that you wrote will not work the way it is supposed to. You
don't know if it is the software or ihe hardware and you do not have a clue as to what
you should do. Donl tbrow it all in the garbagejust yet. Chances are that with a little
bit of work everything will be just as you iftended. After all, you did create all this code
and the hardware.

The prcblem is that ther€ is nothing to look at or see; the thing is dead, and you don't
know whefe to start. The solution is to make things visible and to stat the process in a
step-by-step manner so you can make sure each step in the program you have created
is doing what it is supposed to do. The good news is that you do not have to spend a
fortune on new software and hardware and you don't have to spend a year of your life
leaming a new discipline. You already know and have everything you need to debug
the progmm in your LAB-X I board. Even if the circuitry you are usjng is divorced from
what is on the LAB-XI, the software can still be tested and we can still make sule the
PIC is not dead.

Three output devices on the LAB-XI bonrd can be used as aids in the debugging
process. They are

I The LCD
I The eight LEDS in the LED bar
I The piezoelectdc speaker device

A number of input devices can also aid in the debugging process by making the
debugging morc intefaclive. These device' are
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! The keypad
I The three potentiomete$
: The reset button

Some standad software tools can also be used:

I The PAUSE corDmand
I The STOP command
I The IF... THEN couplet
r The ability to COMMENT out sections of code

The PICBASIC PRO Compiler prcvides a number of statements that are designed
specifically for the debugging process. These are mentioned earlier and should be stud_
ied in the PBP manual.

The personal computer you arc using is also a powerful debugging tool in that it can
both send and receive infomation and gives you a full screen and a keyboard to use as
interactive elemerts. PICBASIC PRO provides a number of powedul tools to let you
intemct with your PC. However. the most powerful device at your command is tft€
computer between yow edr.r. By and large, the debugging process is an exercise in the
use of your bmin. Everything else necessary can be done with the LAB Xl and your
personal computer.

Following a few nrles will make the debugging process both easier and more likely
to succeed in a rcasonable time,

Rule l. Bo thinking about the debugging process as you write ihe code. Design the
code so it can be debugged, and put in the necessary hooks and connects as you go
along.

Rule 2. Write the code as small subroutines that can be tested as stand-alone
mini prcgrams. Once you have the soflwafe working, you can stleamline the
code.Test your prcgmm as you develop itto make sure each developmenlal level
is operational.

Rule 3. Do not wait till the last moment to start the debugging process. Debug as you
go along, meaning that you should debug the code as it is developed miher than
waiting till it is all done and ready to be delivered to the customer. Learn to wdte the
code so you can debug it as sections of code or as stand-alone subrcutines.

Rule 4. Write a set of rcutines that can be called from witbin the code that shows
you the content of various memory locatioN on the LCD or bargraph as the pro

Sram runs.

The first thing most progams must do is make the LCD come alive. Two things must
be checked to confirm its proper operation. Is the software dght? Have you somehow
desfoyed the electronics?
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SOFTWARE

PBP (PICBASIC PRO) makes ii completely painless 1o use the LCD.All you have to
do is tell the software where the LCD is coDrected to the hardware and which pins are
connccted to what function on the LCD. In the case of the LAB X I board we are using,
the LCD is connected as follows:

The LCD is connected io PORTD and PORTE

Il can use the,l-bit or 8 bir mode to send data to the LCD (ifall pins are coDnectcd).

The register select bil is at PORTE bir 0

The enable bit is at

Thc read/write bir is

PORTE bil 1

PORTE bit 2 and is made low for writing to the LCD

These variables are defrned by the following code segment. This code should be
placed at or near the begin ng of your p(ogram .

DEFINE I,CD DRIG PORTD
DEFINE I,cD DBIT 1I
DEFIIIE I,CD RSREG PORTE
DEFIAIE I,CD RSBIT O
DEFII'IE I,CD EREG PORTE
DEFIIIE I,CD EEIT 1
PORTE.2 = IJOW

LCD connected !o PORTD
uses 4 b i t  dala path
RESET register  is  PoRTE

ENABLE TEgiSTET iS PORTE

we r i lL  be wr i l incr  to  only  LcD

sel  the d ig i ta l  nodes needed.  This has lo

naking PQRTE digitaL for conirolling the I-CD.
PORTE is analog on startup and reset. PORTD
is digital only and cannot be nade analo€r.
Set  TRISD,

You m,{rr have a palrsc of about 0.5 seconds at the start of your program, betbre you

first access the LCD, to allow the LCD to complete its setup routines.Ifthis pause is
omitted. the LCD can malfunclion or may not start up at all. Just to make sure, start with
a PAUSE of 0.5 seconds and then sho en it when you know that everything is work
mg properiy.

PAUSE 500
A.DCONI = e"0000 0111

This is nceded because the 16F877A starts up and resets to analog mode. In amlog
mode alt of PORTE and PORTA are in analog modc. We need the thrce PORTE pins to
be in digital modc so we can control the LCD. The preceding instruction does this. lt
also mdkes PORTA djgital. but that is not always necessary.

Go over your code to make sure all the preceding conditions are met rctrdlim, ancl

Write a short program to check the operation ofthe LCD hardware as comprehen_
sively as you think is necessttry. Program 23 . I can be used as a quickie starter.
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i$fiim.,!&6ft A short rudimentary program lor testing the LCD

CLE]AR
DEFINE OSC 4
DEFINE I,CD DREG PORTD
DEFINE I|cD DBIT 4
DEFINE I,CD RSREG PORTE
DEFINE I,CD-RSBIT O
DEIINE LCD EREG PORTE
DEFINE I|cD EBIT 1
LOW PORtlE.2

IERISD = %00000000
TRrSE = %00000000
a.DcoNl = %00000111

PAttsE 500

IJCDOUT $FE, 1

ITCDOu�T \!{ow lE the tin€ fo!"
I,CDOIIT $FE, SCO
LCDOIII \r cu9 of 9ea eouD!" ;
END

clear  var iables

deflne LcD connections

put l  wr i le  b i t  Low

set  a l l  PoRTD l ines to outpura

don' t  forget  to  set  ADcoN

pause ,500 seconds for  LCD star tup

ero !o second line

A similar but more comprehensive pmgram that you ri{ote and that you arc completely
comfo able with should be in your utility files to let you check the proper hardware and
softwarc opention of your LCD whenever you think it is necessary. Your program
should check every character and every command iII the LCD'S vocabulary if you want
lo p€dom a really comFehensive check.

Integer math is the source of a lot of problems for those who are unaware of the havoc
that integer matb calculations can visit on the software you are trying to debug. A cer
tain amount of expetise with integer math is a must if you want to create mathemati-
cal routines within yow software.Ifthe routines are amenable to it, you should write a
program around the rcutin€ to test every possibility ihat the rcutirc might ercounter and
thus debug it the hard way even if it means your computer has to Iun the routine all night
to get through all the commutatjons. Oftentimes, all that is necessary is to run the rou-
tines that would be called at the boundary conditions, or under the critical conditions,
to make sure the rcutine is rcbust,

The following routine has a bug in it. See if you can find it. The routine is designed
to make you aware of an 8-bit math problem.

We are trying to maintain a value ofx = 127, but we reed to do it in small steps.
An extemal condition is changing X to anything from I to 255, and we cannot
exceed these Darameters because of the fact that X is a variable that has been defined
as a byte.

!4ODIFYX I
READ X
rE x<L27 THEN X=X+5
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tF X>127 IEEN x=X-4
IA X<l THEN x=1
If *>255 THETiI x=255
RETURN

Twos compliment convention is not suppo ed in the integer math used by the PIC
compiler, nor is implementation of the minus ( ) sign. If you are having problems
rewriting the math formulas with brackets, changing the order ir which things are
done mieht helD.

Configuring the 16F877A
and Related Notes
The LAB Xl is sel to 4 MHz by default. This js set by the ABCjumpers on the board.
IfA is set at 2 3, then it is 4 MHz. Since the compiler writes the default oscillalor
configuration to XT every time, 4 MHz causes the fewest problems for new usels. This
means the compiler always uses XTunless you inhjbil h. You should inlibit this only
ifyou are not run ng at 4 MHz.Ifyou are running your own circuit, you will, in all
probability, not be using a frequency dividing network (like the one the LAB Xl
uses), so your frequercy 'vill be the lrequency of the crystal you use. The PIC adjusts
the power used by the oscillator to minimize poweruse (critical for battery-powered
devices).At the XT setting, the PIC puts out less power because a|4 MHz less power
is needed. If you arc using a 20-MHz crystal, you should use tlle HS setting for the
oscillator. At the HS setting, the PIC provides more power for the oscillator. Some
times the system will run a 20-MHz crystal at the XT settjng, but the operation can
be marginal.

when working on projects faster then 4 MHz, and where power consumption isn't
critical, use a 20-MHz crystal. Unchelk the Update Configuration From File optio[ in
the programmer after changing to HS. This prevents the setting from reverting to XT
every time a new hex fil€ loads (as mentioned earlier) .

The compiler always disables low-voltage programming by default.Ifyou check the
optjon Update Configuration From File in the programming software, this will make it
to the chip. If you are setting conliguation manually in the programmer software,
. imply .elect , iabl . ,  lor Lo$-\olrage hognmming.

The configuration setting controls how the oscillator driver works on the PIC. It's
mainly a question of power consumption, but therc also seems to be some filtering
involved. If you'r€ using a 4 MHz crystal/resonator, the HS setting will work, but it will
consume a bit more power than.the XT setting. The XT setting won't drive the faster
crystals rcliably, presumably b€cause it doesn't have the power.

Tbe following is a situation for which there is cuffently no explanation. The LAB-
X1 uses an extemal clockchip, which is essentially the same as a TTL oscillator souce
When you use a 16F877 (not 16F877A) set to XT, it will work fine at 20 MHz.Ifyou
replace the PIC with a /6F8ZA, however, it won't run atall. h requires the HS setting
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for 20 MHz, even though the oscillator source is external and the chip doesn't have to
drive a crystal.

If pitr R.3 is acting |reird and the program randomly stops^tarts/resets, it suggests
that you have enabled Low Voltage Prognmming in the configuration screen of the pro-
granmer, You have to check this whenever you change the PIC you are using because
it can change unexpectedly. (Meaning that I cannot predict when it will happen.)

OUESTION

IfADCONI = 7, then does that mean that the TRIS registers have to be set for ports A
and E to make them outputs. What is the effect of foilowing ADCONI = 7 with
TRISA = 0 and PORTA = 0 on tbe PORTA A-lo-D designations? This is important
because the compiler does not clear the LCD on startup and can make it hard to see the
effect of these commands in complicated circumstances.

AI{SWER

The answer depends on what you are trying to accomplish. The TRIS registe$ are set
to $FF on areset,making a the pins inputs. ff you need a pin on PORTAto be an output,
you must clear the conesponding TRIS bit. Commands like LCDOUT set the TRIS auto-
matically:

PORTA - 0

; conflerures pins for digital operalaon
; conflgures pins as ouLputs (PoRTA value placed on

; changres PoRTA walue (drives all pins low)

If you want to insure that PORTA has a specific value when it becomes active as an
ouQut, set the TRISAvalue last:

ADcoNl = 7 ; conf,gures pins for digltal operation
PoRtA - 0 ; chanses PoRTA value (pins still inputs floating)
TRISA - 0 ; conigures pins as outpuLs (PORTA value placed on pins)

The reset values of the registers dre listed in the datasheets. They differ based on the
type of reset, the PORT, and the PIC you are using. Some bits are set to I or 0, while
others are specified as being "unknown" or "unchanged."

qUESTION

what if ADCONI does not ser all the A and E polls to digital? If a PORTA pin is still
analog and we try to set it high with TRISA, what happens?

ANSWER

This also depends on the PIC and the pin in question. This answer will suffice in the
majority of cases. The output circuitry is not affected by the pin being configured as
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analog mode. Therefore, you can write !o the port as a whole and it will work as
expected:

PoRTA - 903
4RISA = $00 ; R40 and RA1 go hiqh, even if anaLog

The problems occru when reading the pins. A digital read ofthepo always retums
zeros for pins configured as analog. Because olrre r.€ad-nodib-tN te phenomenon, suc-
cessire writes to diferent pins on a singlc port can prodrce unexpected rcsults.

TRISA = S00 ; se! pins as outpuLs
POR!A.o = 1 ; RAo qoes high
P O R r A , l  =  1  i  q : A l  o o e <  h _ o \ ,  b  a . A o  r e t r r - s  _ o ,  . n d x p a  6 d t y

The behavior depends on the method used ro send output. Avoid making changes one
right after another to the same poll to fix this I Add a short pause between commands-

The following applies to t}le Configuration and Option menus in the programmer

Settings

Oscillator

Watchdog

Power up

Brownout

XT (for 4 MHz crystal)

Enabled

Enabled (not critical)

Enabled (not citical)

Lo$ vol rdge progrdmmlnp l4u, t  b? d$ahlpd

Flash progrm wrire Enabled (critical only ifusing boot loader)

No code or data protection (Disablc)

Set the oscillator to HS lbr speeds fasrer than 4 MHz.
Using a 20 MHz crystal is fine for most PICS. Check the datasheer for each unit.
Be sure to select the correct device number in the device ID box.

LOnnsuratlon

Oscillator 4 MHz use XT
20 MHz use HS

Code protection Disable'Watch 
dog timer postscalar Disabled

Brownout reset Disabled
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Enable Watch dog timer enable
Power up timerenable Disabled

Enable Brownout reset enable
Low voltage progranmer enable Disabled

Enable Flash program write enable
Extemal databus width Ignore
Mode Ignore
Memory size Ignore

Options

Enable Progran/verifycode

Enable Program/verifyconfiguration

Enable Program/verifydata
Program/veril, ID Ignore
Program/verifyoscillatorcalibration lgnore
Program serial number Ignore

DISABLE Update configuration ifnot then 4 MHz
Reread file before pogranming Ignore

Enable Erase before programming

Enable Ve fy after progranrming
l8Fxxx llle data address x2 Ignore

Enable Disablecompletionmessages
Skip blank check Ignore

Simple Checks
The following are some simple checks you should apply if the PIC still does not oscillate.

Check that the power is on to the projecr.

Check that the power is on to the programmer.

Check that the programmer is plugged into your board.

Check that there is a device in the main PIC socket.

Check that the device in there is orientated for pin I .

Check that the ZIPsocket is locked in position.
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Check that the cofiect device has been selected.

Check lhur Ihe program has an E\D \rr lemenl

Check that thc addresses for all the DEFINES for the project are corlect.

Check the spellirgs. (The compilef docs not catch everything!)

Chcck that everythjng is in capital letters where required (see PBP manual)

Check that all sockets that should be empty are actually emply-

Run a test program "sqjted to dnd designed for" your specific projecl.

Usc an oscilloscope to check tha! the system is actually oscillating at the OSC pins

In most programs, some other pins should also be going high and low regularly.

Recheck the wiring.

Che, k for open s i res dnd Jold .older ioinls.

Check ior shoft circuits .

Recheck the progam.

Run a program that you know works on yourPlC.

Some Prosrammer-Related
b,rror Ntessases

If the programming connector is not connected, you will get a code check error'

If the programmer has no power, you will get a communlcatlon ellor'

Ifthe wrong device is selected. you will get a blanking error'

Occasionally, ifeverything is okay, you will get a code check enor. Just reprcgram

rhe chip.

Thinss I Have Noticed but Have Not
Figured Out (and Other Mysteries)

If yo know the answer, send me an e-mail so we can all share the information-

Sometimes, lor some r€ason INTCON.0 will be set at I on startup lt' you clear it, it

does not reset itscli.
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On startup, OPTION REG is 7, 1 1 1 1 1 1 1 1, but if you ser ir to q,01  

 

1  

 

t, the system
hangs up if PORTB is not set appropriately to reflecr the need for the Option Register
setfing. Meaning that if the PORIB pins are to be pulled up, some of them have to
be programmed as inputs or the thing can hang up!

Assign the prescalar to the watchdog timer to get 1:l pre-scaling on Timer2. See
page 2l of the datasheer.

87 and 86 (and sometimes 87 alone) are pulled tow by the programmiq cable of
the parallel plogmrnmer under cetain conditions. This can inhibit the use of these
two pins by the software while the programmer is connected to the board.

The global intenupt enable bit is cleared whenever an intefupr is set and reset
automatically when the inrenuptbitis clearcd bytheprcgram. This means no new
interrupt can be set till you clear the last interrupt.

Set only one interrupt at a time and follow tbrcugh till it is cleared.

There can be more than one "ON INTERRUPT GOTO,, call within a plogIam, so
each interrupt can be handled individually. h is best to stick with one intenupt till
you become proficient at working with rhe PICS.

w}Ien using the LCD, the clearing routine at the beginning of the program must be
something lil<e:

PAUSE 500 ; pause for LCD star! up
iCDOUT SFE, 1, .CleailtrE th6 LCD. ; cteax the disptay and

pAUsE 2so ; rhis is rlserul i.i."""X"1i'":'."?;"".
; button response

$ x r u r  t F E ,  e d -  a q d , 1 . o  r " k e  s l e  y o !  a l e  s t a r - . r g
; w:irh norhing in rhe r,cD screen.

- - . because neither the compiler nor the CLEAR commanal clear the display on reset,
and whatever happens to be in the display from the last program will stay in the dis_
play and mislead you. Since this can be confusing at the beginning of a program, it is
your responsibility to clean this up.

Settins the Ports
All ports that will be used should be set for port configuration, and all pins that will not
be used should be set as inputs. Setting them as inputs minimizes ihe possibility that an
improperly set port pin will tum something on or off by misrake. It would not be out of
line to actually set all other unused ports to inputs, though all po s aie set to be inputs
on startup. To latow the exact official status of each port and rcgister on startup and rcset,
see the datasheet. Some pins/bits may come up as unalefined.

A cold start is not the same as a reset. If you are using the EEPROM in the chip, there
can be added complications.



SOME REAL.WORLD PROJECTS
YOU CAN BUILD

It is often hard to tbink up rcw pojects that are within the scope of what we have just
learned. The following are some useful jnstmments and controllers that you now have the
skills to build. Each can be embellished to showcase yow newly leamed skills, and each
one teaches you another skill. Some projects arc harder than othen. Points are awarded
for how well the instrument wo*s (engineeriry) and how good it looks (worknanship
and design).

t , Build a nnished useable insfument that will tell yolJ how fait you are acceleru,
i g or decelerating ̂ s you move for-ward or backward in your car, and how many
g forces you expedence as you go around a comer. Display the information in real
time oII the two lines of a 2line-by- 16-chamcter LCD display. As an added bonus,
you arc asked to add an alarm that goes ofr if you exceed certain acceleration values
and create the ability to record the maximum accelemtions expedenced dudng any
one trip. (Would it be possible to integrate the g-force over time to tell how fast you
were movilg, and do you have the skills to do this? What are the probloms involved
and what kind of accuracy can you expect. Could some simple experiments allow
you to detemine if you are on the right Eack? What are these experiments?)

2. Build a rudimentary caryenter's level with a digital display that tells you how far
fiom horizontal the level is in units of 0. 1 degees. Display your results on a l-line-
by-16-character LCD display. Added bonusr add an LED that blinks as long as the
inst ument is kept level within 0.3 degrees to the horizon.

3. Build a rudimentary dgitaL prctractor that ' 1ll aJlow you to place an object at any
angle 1o the horizon withir 0.5 degrees. (Hift You must use both axes of the Memsic
and switch between them at 45 degrees.) Display you. results on a l-line-by-16-
character LCD display. Added bonus: pmvide a written discussion of the accuracy
that can be obtained with the detector being used, and discuss what the limiting
f-actors arc. Discuss what fabrication problems you encountercd during construction

30t
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and what the software problems rvere. Where is the pmfactor most and least acclr
1a!c? Provide a table of + and crror probability values lor every 5 degrees.

4. Blild ^n | 8 hch diameter v)all thermometer Lhal ,s.s ,re R/C t?.to to directly con
nect to and drive the indicator/needle of the themnometer. Thesc servos have a
range of aboul 180 degrees. Use 100 degrces oi thls range to indicalr a tempera-
ture from-30 to +120 degrees. Use the LM34 as your temperatur€ sensor'

5" Bvild r. l2-inch diauleter thermomelet similar to tlrc one in proiect I that uses a
stnall und ineryensiw 2AA-stup per ftroL lion steppcl rroro' as the driver lor thc
thennometer needle. Use aD appropriate thermistor as your dctector and calibratc
ir lbr this application. SiDce the position wjll be lost duing a power failure, your
sollware must provide the features needed !o zero against a stop and thus st:rt ihe servo
from a known posirion every time. This is thc technique used for mos! computer-
contfolled inslrunenls in automobiles and in industry. (All this oan be done with
cardboard consiruction lechniques.)

6. Build a small voltage onitor ro, onitot dnd displar the (xrlditions ol Jour (ar

battery tenlinals at all ]-jlnes. Dcsign this so it can be mounted oo your dash
7. Build an accessofy for your soldcing iron that lets yon contnl the tempent re dt

the tip of the inn by runtnil1g the iron on and off. Display the tip temperaturc and
provide an LED !o indicate the "power on" at the iron. Use a tiny thermistor attached
a r/z inch iiom lho tip as yoxr sensor. The temperature should be ncarly constanl
across me copper IlP.

a. Build a combination rp eedameter and odoneter fbr usc on a bicycle. The unit must
delcclwheel rotation at least lbur times per revolution. Allow the input of the whecl
dianeler in inches.

9. Build adctcctor and motor driver that will allow ̂  solar collectorto rcmaitl dimed
dt the sun alL dq- Io oprimize the colleclion of solar energy- Power it using a slep-
per motor or a scrvo motor. only one axis nccds to be moved.

10, B\tild at/aaecatd pendulum that is dccurate ta one ()rcLe af the MCU clock An lron
bob on the end of a slring will do. Pfovide the sollware !o slow down or speed up
thc pcndul m as necessary to stay in time with the signals provided by the micro
processor clock. the r4-second time signal that you will have created for this prcjecl
(Hirt:You will need a couple of coils to push and pull on the iron bob to keep the
systemir sync with the microprocessor signals.)This exefcise should demonstrate
that even fairly simple techniques caD be used to create an accurate pcndulum for
a clock. Discuss how this tcchnique could be used to improve the accumcy ofan
aging grandfather clock.

I l. Design, build, and patent a device tha! wiii indicale rhe oil ldel in an autonobile
wilh a ten scgment bargraph The top lwo LEDS wjllindicate orernli. The two below
then llJe to indicale perfect oil level- The next four wii I i ndicate acccptable oil level
with each onejndicating, relatively. how much oil is in thepan. Th.3lasttwo should
indicate thal oil is too low and thus not allow you to start the vehiclc.

12. DesigD and build a marketable lersion on the lud! thenlometer de\icc rhat car, be
placed across yourhot airfurnace or boiler to constantly indicate the lemperature
difference being generatcd by the heat/cooling devicc. Both cooling ard hcating
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seasons are to be accommodated with automatic selection of the season by the
device, Provide a complete set ofinstructions for use by a nontechnical customer.

13. Design and build the logic works.fot a larye clocbi,ork about 4 feet in diameter.
The system is to put out a square wave TTL level signal every 0.1 seconds. This
signal will be employed by the user fo feed into a clockwork aldven by a stepper
motor and suitable drive reduction belts and gears- The power to the steppe. motors
is to be provided by others. Provide a readout at the device that displays the fime
on an LCD display, and also provide inp ts for six buftons to allow the time to be
adjusted, up and down, with two buttons each for hours, minutes, and seconds.
Prcvide an interlock switch. In the locked position, the switch will interlock the dis-
play to the o.l-inch signal. In the unlocked posilion, the signal will go out (clock
hands will move) but will be isolated from the LCD display. This will alow the ctock
to be synchronized to the display after s1a rp, or if the power goes down, or if some
other malfuncfion occurs, offerjng a way to move the clock hands on the control
panel. This means that if you ask the hands ro move forward 5 minutes, the con
lroller has to put out enough pulses at a rapid rate to make this move. See the next
proJecl.

14.Design and buid the anplifer needed to run the stepper motors inPrcJecI t3.
Amplilier shall provide sigtals to the stepper motor coils and provide all the con
nections needed to cormect to the stepper motor Prcvide a way to divide the input
signal frequency in case the gearing on the clockworks does not match the 0. l-second
pulses from the logic works. This is to be done in the electronics within the ampli-
fier module. Add convenience hardware and software feafures as you see fit to create
rn eacyto use marlerable ampl iner moJule.

Finally, describe iII detail five projects you think you could build using whar you have
learned. File your notes in your shop manual for future reference.
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After it's all said and done, making an instrument or a controller is a matter of put
ting together a series of components and segments of programs, each of which pro,
vides a specific function not snlike what we have done in almost all the Droiects in
rhis lulonal.

In this tutorial, \ve have covered the most basic techniques for doing this. Other more
sophisticated techniques should not be any harder to investigate and assemble. Writillg
a shoft program to investigate what ne€ds to be done for any part of your project should
not be difficult with the expertise you now have. Incorporating the code itto a larger
program can get compiicated if timer constraints get in the way. Usually, the most dif-
ficult task will be getting the programs to run fast enough to get rhe job done in rhe time
available. We saw this in the programs that had to update the seven segment displays.
However, we were runnitg all the programs at 4 MHz and you will find thar consider-
ably morc can be done at 20 MHz. Most of the PICS can be run at 20 MHz, while some
of the newer ones can be run at 40 MIIZ.

Repeated calculations and comparisons are time consuming, as is writing to the LCD.
Iterations can take up a lot of time and should be avoid€d. Avoid or at least reduce the
number of times a calculation is performed and the LCD is written to. If a calculation
can be done up-front, do it and store the result. Avoid doing the same calculation over
and over again in a loop.

It is well worth your while to leam how to really use the time6 and counters. They
are the key to gelting a lot of lhings done dght, fast, and with the proper timing. Build
your programs up a line of code at a time and be sure you understand exactly what each
line of code does.

The l6F877A has 8K of memory. Most of the programs we wrote wete in the 400- to
800-word range, so considerably more sophisticated progmms can be written without
adding any memory On the other hand, adding one-wire memory is neither hard to do
nor exp€nsive.

Only a few instnictions arc used in the projects we undefook. This was done to keep
rhe empba.is on lhe de!elopmrnl ofthe projrcls as opposed lo leaming whar \r onderf;l
tricks could be done with the language and discovering how powerful the language was.



Expanding the number of instructions you are comfoftable with will maLe your projects

more powedul. The first half of the book wil h€lp you h this direction'

Circuit diagrams are provjded for all the projects in order to help you get comtort-

able with designing your own projects. As yo can see, this is not overly difficult All

the alrawings I made are on the suppot Web site in AutoCAD iormat and you can cut

and paste from them to speed up your work Each is also available in the Adobe eps

format there, but they are saved as individual files and are much harder to use than the

AutoCAD file.
Oftentimes, it might be necessary to use more than one interrupt and have more than

one timer or coLrnter in operation. This can getcomplicated' and I gave no hint on how

to proceed when !hi. ii lhe ca\r. Al 'ome 100 paget. lhis tuloriai i' alJead, gellinP loo

long. Those techniques will have to wail fot the next' more advanced, text'



SETTING UP A COMPILER FOR

ONE.KEYSTROKE OPERATION

It is possiblo to set up the microBngineerirg Labs prcgmmmers for one-keysuoke pro-
gramming so that one keystroke (F10) or a mouse click on the Compile and hogram
icon will.

l. Open the proganmer sollware
2. Compile the progmm
3. Check it for erIo$
4. Send the program to the PIC in the programmer
5. Shut down and close the programmer window
6. Run the program in the PIC

The following instructions outlire the process:

L Open the Mioocode Studio editor
2. Pull down the View menu and select PICBASIC options

Under the pmgammer bar, select the programmer you are using as the default pro-
grammer.
Click Edit and enter the name of ihe programmer file (meprog.exe).
Click Next.
kt the ploglam lind the 6le. If it camot find the file for it manually...
Click Next.
ID the file nane panrnete$, at the end ofthe line add a space, -p, another space, and -x.
The enry no\ ends in. . .  f i lename -p -x
Do nol omjt $e l\4o space< prccedjng each - !ign.

Having done this, whenever you want to transfer the prcg&m you are editing to the
PIC, just pross Flo or click the compile and program icon.



ABBREVIATIONS USED IN THIS BOOK
AND IN THE DATASHEETS

A-to-D

ADC_BITS

ADC CLOCK

ADC,SAMPLEUS

ADCIN

A dictionary of Plc-related terms for the uninitiated.

Analog{o-digital

Analog-to-digital conveter. Sets the number of bits fhat the
analog{o-digital conversion uses, usually 8 or 10.

Analog{o'digital conve(er Defines where the clock or the
process will be read from.

Analog-to-digital converter. Defines the sample rate in micro
(US is for micro) seconds.

Analog{o-digital converter. Insfiuction to rcad the analog-to-
digital channel input line selection; the identification number
that follows tells which line to read.

An easy{o-leam language for prcgramming computers.

A 1-bit variable. Can hold a 0 or a 1.

Brown out reset

An S-bit variable. Can hold a number ftom 0 to 255.

LlocK lnpul Ine

Complemedary metal oxide semiconductor

Central processing unit

Chip select

Dircct curent

BASIC

BIT

BOR

BYTE

CLKIN

CMOS

CPU

CS

DC
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IR

EEPROM Electricallyemsableprogranmableread-onlymemory

EPIC Prcgemmers made by microEngircering Labs

EPROM Erasable programmable read-only memory

FLASH Memory ihat can be programmed electrically in a flash

I2C I two C, a type of serial memory

IC Integrated circuit

ICSP In ( i r .  u I  rnalprcgHmming

Infiared

LAB-XI Experimental board's name

LCD Liquid-crystal display

LCD DBIT Liquid-crystal display. Data bit

LCD-DREC Liquid-crystaldjsplay.Dataregister

LCD_EBIT Liquid crystal display. Enable bit

LCD EREG Liquid-crystdl display. Enable register

LCD RSBIT Liquid-crystal display. Register select bit

LCD-RSREG Liquidcrystaldisplay.Registerselect.egister

LCDOUT Liquid-crystat display output- Sends the information lo tbe
liquid crystal.

LED Light emitting diode

mA Milli amps 0.001 anps - l0 !o 3rd

uA Micro amps -0.000001amps - l0 to 6th

MCLR Master clear-resets the chip on starlup

MCU Micro confioller unil;thePIC 16F877Ais a microcontroller

MHz Mega hertz; 1,000,000 cycles per second

NIBBLE Half a byte. A 4-bit variable. Can hold a number from 0 to I 6.

Ns Nanosecond:0.000,000,001seconds;10to-9t l t .

PCB Printed circuit boaid

PIC Peripheral interface controller; original name for microcon-
trollers

POR Power on reset

PRO Proibssional
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PROM Programmable read-only memory

PSP Parallel slave port

PWM Pulse width modulation

PWRT Power up on timer

RAM Random access memory

RC Resistor-capacitor usually used with oscillators

RISC Reduced instruction set computer

RS232 A communications standard for short haul communications

RS485 A communications standard for longer haul communications

SPI A one-wirc standard

SSP Synchmnous serial pofl

SST Oscillator starlup timer

TOCKI Timer zerc clock I

TRISA Tri state register "A"

VAR A declared variable. All variables used must be declared
up-front in PICBASIC PRO beforo their use.

Vcc Power for the devices-for example, for the motor you are
runflng.

vdd Logic power voltage level for chips as regards supply power

Vss [rgic ground for chips as regards logic supply power

WDT Watchdog timer

woRD A 16-bit variable. Can hold a number from 0 to 65,536.

ZIF Zero insortion force (socket)



LISTINGS OF PICBASIG PRO

PROGRAMS ON THE INTERNET AT
MELABS.COM

A11 tho programs that apply to this discussion, wdtten by microEngircering Labs, are
also available on the support Web site in one searchable file.

Having all the programs h one file allows you to search for any one word, cor nand,
or structure in all the proglams to se€ how it was used in this book. You can also cut
and paste sections of code from these programs to your programs.

This is a fiIe that lets you copy the programs from the support Web site and run them
or your computer. It saves you the time of having to retlpe the prcgrams.
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NOTES ON DESIGNING A SIMPLE

BATTERY MONITOR INSTRUMENT:

THINKING ABOUT A SIMPLE

PROBLEM OUT LOUD

This appendix is about how to thinl< about a problem.
wllen you decide you need to design an instrument or device to perfom a specific

task, the fint thing you need to krow is exacdy what you want the device to do. This
is flot as simple as it seems at first glance. I€t's take a close look at a fairly stlaight_
forward example,

We have a small lead cell battery that provides about 6 amps hows at about 12 volts.
We need to monitor the condition of this battery at all times for a rclatively cntlcal appli-
cation. The simple answer to this is that we need to "monitor the voltage of the battery"
to see if everything is OK. That is, of course, rue, but there is a lot more to it than that.
l-et's let our imagination run wild for a moment and thint about what might be possible
with the skills we are acquiring.

we could say: all we need to see is a green LED for "Al1is OK" and that is itl
But we can do a lot more than ihat when we become expert MCU pmgrammers. Let's

take look at what else might be possible.

lf the siluation i" inlermedjaLe, uecan tum on a yello\L LED.

If things are getting near needing attention, we can turn on an orange LED.

If things are bad, we can turn on a blinking rcd LED.

We can use a test button to put a small load on the battery for one second and then
repoft the voltage on one line of aII LCD.
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We could reset a timer that tells us when the battery was last tesled and display the
time elapsed on the LCD.

We could use a real{ine clocklunction lhat tc11s how long it has been in days, hours,
minutes, and seconds since *re last full charge. Wc wanl this to reset automatically
when the barterl, is charged. We can display this on the second line ofan LCD.

We might want to display how many volts the charge got the battery up to, to gauge
rhe condirion of the banery as it ages. We might want to wait 15 minutes before
taking the reading to let the cell settle down lirsl so as to make sure our reading was

We could monitor the voltage oI lhe ballery once a day and then turn on the charger
for a specific time to recharge the battery so we do not overcharge the battery and
dry it out.

We could monitor each cell in the batlery separately and report on its condition con-
stantly if we were in a space capsule.

We could lransmit the condition of the battery to a central maiDtenance localion once
a day for mainlenance foliow up,

we could add a sleep cycle to ouf progmm to mininize oulinsfumenl's curent draw
frcn the battery.

In order to affect most of the preceding poinls, wc will need a ceftain amount of hard
ware. Let's take a closer look at what we need:

An LCD display with two lines of 16 characters each

Four LEDS: green. yellow, orangc, andred fbr our irdicators

one MCU with the following minimum properties:
Seven lines lbr the LCD
Four lines for the LEDS
One output line for the charge conneclion swilch
One input line to neasure the voltage
One input line to reset and/or stdrt measurements
Tfto lincs for a commLrnications port, RS232 protocol

All this is well within the capabilitics ol thc PIC I 6F877A we have been experimenling
with, but there dre a nunber of less expensivc MCUS that can do thejob.

How could we inprove on this design?
Since you may well be using a small lead acid battery in your shop (it is often the

best of all possible choices for a rechargeable shop baltery). you may want to imple-
ment a controller for your own personal use based or the previous djscussion-



USING THE SUPPORT WEB SITE TO

HELP MAKE INSTRUMENTS AND

CONTROLLERS

Most of the information you will need has been provided on ihe Web sites* that sup-
ports this book.

Brief Description of All Files on the
Internet and Their Intended Uses

Texronly listing of all microEngineeirg Labs program files.
Having all t}le programs in one file lets you search for any command you are
interested in to see how it was used in a prcgram by microEngineering Labs.

Text-only listhg of individual programs by secfion in this book.
This lstirg allows you to copy prcgams and run them. These prcg&ms may not
be exacdy what is in this book for the LAB-XI . These are the latest versions.

Textonly listiq of all the programs in this book in one file.
Having all the progtans in ofle fiIe al]ows yor.r to search for any command you
are interested in to see how it was used in a program by the author of this book.

Color photogmphs of various items.
Reference material.

Drawings for the solar collector
Drawing with dimensions. AutoCAD file

'hlemetsupporlsirs: w.e.coderg*k.con and wwwnhproressional.comha.dhu.
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2 line-by-16 chamcter LCD

3 volt signals, /zf
4 MHz sening, 324
5-volt TTLJevel signals,

1701

l2'volt signals, 169 171
ls-volllogic. I70l
24-voll signals, 169
40 pin MCUS. 8
40 pin PICS. I I

abbreviations, 341-343
ac (altemating cunent), 166
acceleralion instrunents, 33 I
ADCON0 .egistea 75
ADCONI regisler

A-to-D conveBions in. 75
contrclling diSiral a.d

analog settings, 56

inslrumenrs, 264
setting values belbrc LCD

using PORIA as digital
device, 29-30

aircmli seNomold onlrol. 238
altemating curent (e). 166
mplifies, 333

dalog inpul pi.s. 259-261.
2631

daloS-to-diSital colveBion
calabilities, 75, 140

PIC 16F877A
micrconholler unit

overvieu 26-27
POT conndd, 27 28
reading switches, 28
voltage,28

anincial horizon table proje.t
building, 275 277
discu$io!,270 271
gravrty sensor ex€rcrses,

277
htrdwde conn@nons

ole iew, U l-273
single-axis softwarc,

2'�13-275
two-aris softwde, 275

overview, 181.269-270

Bargaphs exmise, 82
BASIC Compiler instrucnon

set, 35 37
batteries, 16G167. 308
battery backup, clock, 123
battery monilor instrument.

347-348
ba@ry teminal modtos.

332
beeps, 60-63

bicycle instruments. 332
binary notation. 29, 44. 5 I
binary values, 56-57. 74-76
biological sensos, 160
Bi t  c0.31
Bi t  c l .  31 32
Birc2,31
Bir c3. 3l
B n c 4 . 3 l
Bi r  c5,  31
Bi lc6,3 l
Bi lc7,31
blinking LEDS.43 44
boards, microEngin@nng

Labs,Inc.. 16
Bray tenilal prcgrm. 3 19
breadboarding. PIC l6F877A

microcontroller unit.
8-9

busy flag, 151-154
Busy FlayAddress Read

bytes. Tinerl,224

disllays, 195 197

cd battery terminal monitors.

cd sPeedometen, 160
cadboard table nechanisn,

276-27 7



CCP lrigger ourpui, 257
cD-ROMs, l8

ddditions to lachometer ibr
mefonome, 22y

for controlling e RC servo
from potentionelers,
65f

dual thermometer 262l
generating tones on piezo

input fiom Hall etrect
sensor into PICS. 19.1J

inplt of trchometer signdl
into PIcs, .l9f

LED bdgmph, 49.i 5.f

pulse senentor, /94f
thennistor conneclion 10

PIC,29T
Ctear Display comrndd,

155t

clock ICs. 122 124
clo.ks, 306, 333
codes, LCD,141r
conmo! dode (CA) disPiaYs.

195 197

BASIC Compiler
insrruciioD set, 35 37

PICBASIC PRO Compiler
(?BP)

example progarn. 4344

tips and cautions, 44 45
PICBASIC PRO Comliier

math functiorvopeEto$,
4442

olerview,37 40
setling up for one keystroke

opefrtio[ 339

rllernanng curcn1 (ac).
166

direct curenl (dc).
t66 161.169 171

relays, 167 168

conditioniDg signal (Cont.):

inducnve lods. 174
pdallel inlerface, 174
rcsislive loads, l7+175
scdal inlertace, 173

connections. progrmmer,
22r ,266,271

cool ing fans.3Ol ,303
cost of componenrs, I 6
COUNI command, 190 192

funcnon of, 104-105
oveniew, 83, 104 lll
prcscalan and postscala$,

l l l

105 107

107 l l l

checks on haidwde side,
316-317

checks on softwde side,
3 l?-318

crystah.  l2 l  123,316
Cursor al Hone conmand,

155r
Cursor/Display Shift

dlta logging. 179

abbreviations, 34i 343
PIC l6m?TAmicrcontrcller

downloading,10-11
fast Irtenet connections,

10

dc (direcl curent), l 6Gl 7l

de bouncing capabilities, 28
debugging

comands rhat provide
debug ourput to serial
por t ,319

conngDration, 32G327
connguring 16FE77A,

324 326

ch@b on hardwarc side.
316-317

dcbugging (Cart.):
checks on sottsire side.

317 31E
dunb termiml prcgranrt,

3 1 9
if chip refuses to run, 3 I 8
optons. 327

al pmcticai lelel, 320 324
proSrameFreral4 erof

s€ttings,326
simple chects, 327 128
solderles breadboads, 320
using PBP Compiler
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74 76
decision-nakn8 capability oI
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decision-naking cod€
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53.55,  139,140
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speaker. 60l
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sensor in10 PICS.
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signal into PIcs.
I93J

LED bdgrph. .191.
st.f

potentiometer. JrY
pulse geneEtor, /9qf
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Prc,297f
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pmgrannable pulse
counter. 20f
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t99-240f
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281 235f
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digital devices, 29
digltar mode, 55
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circuitf for conditioning
siSMls, 169 171
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Display ON/OFF Conrol

downloading data sheets,
1 0  1 1
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123 t24
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128 129
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r80-r81.259-267
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132-133,319

EEPROMS.l15
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240,213
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expansion, PIC 16F877A

ml.rocontrolle. !nit. 7-9
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213 214
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nodulation (HPWM)
command,6l-62, 104,
212

hadware setu!, 13 15
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modulation) co'mdd,
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136

I2C memory 115-l17
I2C SEEPROM memory 113
IC DS 1202 clock 122 123
IC DS 1302 cloclq 122 123
IC NJU6355 clock, 121,

122-t23
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243-284,281

lnhibit @dq 296
lnilialiation. LCD, 149-15 I
jnput capabilines, LAB Xl , 5
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conhlling LCD.80-81
contrclling LEDS, 80
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56
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reading keybomd and

displaying lel number
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LEDs
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bargraphs. 57-59

reading and displaying
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7+76
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1617

progmms uar create
inpuls/oulpuls, 48
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inputvourpuh (Cdzt.):
RC servos, contrclling from

keybodd, 63 {7
rerdinS inputs, 67 72

rcading keyboard. 67 70
reading keybodd dd

displayirg value on
LCD.70,72

tuming on LED only vhile
button is down, 67
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bit values of, 89 90
bits 6 and 7, 103
bits that atrect Time . 215
mtuble countef proj@!, 258
PORTB int€rupt capability,

3 0  3 l
Timerl control, 107

integer nath, 3 17, 323-324
interactivity of irstnmerts,
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intempt capability. PORTB.
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interrupl contol rcgister Se.

INTCON
interrupt enable bits, 213
interupt ltags. 213, 249

jnterupts. 2l 2-2 I 3. ,l€z a^,
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u4-246

hrndling rounnes. 84, 213
interrals between, 98 99
lost by PAUSE comnands.

83
routile lbr Time{ plogum,

2t6 217
snuctu.e of routine of, 99l
timers, 33-34

intervah, timer, 98-99
''IntRoutine" rouline, 88
l/O interfaces, LAB'X1. 5
I/O pins, l0
IR (infided) iight be:m. 281,

243 284.247
IR LED phototrdsistor pairs

wiring diagrdn, 24Qf

J7 Seno position control. usinS

jumper J4, 123
jumper J5, 121
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signal. 167

debugging wiLh. 320-321
detemining Dse of pi.s aM

pons,23 26
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imase of, 2Z
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on Timo ard,
22U221
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30'1

programnable lachonetei
prcject or, 187 188

LCD (liquid cryslal display)
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code lable, l.ti 156r

blsy flag. l5l-154
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147 1,51
progrmmer neded. 146
softwde rceded. 146

digital 0d ualog scttings.
56

hardware and soiiware
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hardware of, 1.14-146

overvieq 53-55, 139 142
reding keybodd md

displaying key number

solaf data collector prcjcct
overv iew.3l0 311

sending data to compute..
3 1 1 - 3 1 4
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in touch panel progmming,

286 287
using in p|oj@ts, 142 1,13
wrinng bjndy. h€x, md

decimal values to.
56-57

lead acid batteries, l6Gl67

LEDS (light emitlinS diodet
blinking eight in sequeDoe,

blinl.jng, EX, 43 -4-,1
blinking onc, 50-5 I
dimnlng dd bdghtening one,

52
dinming using PWM

conmand.6l-62

intempfdrilen lasks.
85 88

progran usiDg Tine .
101 102

seven segment displays, 195
in tempenturc controlling

in touch pmels, 279. 28 I
luming ON,67
Luming ON and OFF

lighr emitth8 diodes. See LEDS
liquid cilstal display.

Se. LCD
LM34 temperaturc scnso6.

259
LM34 based contrcllcr 296

1oops.318
low nibble, PORTB, 7l

low-!olLage p.ogmming,
324-325

LTCI298 l2'BitA to D
converter.124 126

nagnitude, dc signal. 167
ndble counter prcject, 178

dnecdy into jntemal
colnrer, 246-248

sith escapenenl,
240-243

to register urin8 intempts,
214-246

overview. 180.233 238
servos.238 239
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n asyncnronous counEr
mode,256-257

in countermode.248 255
INTCON inreraclion, 258
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marble counter p.oject (Crnr.):
resetting regisrer !d

(TMRIH, TMRiL),
257

Eseuing Dsing CCP trigger

Timcr2. 258
materials, sold colecloa Jr4l

BASIC Compiler insbnction

PICBASIC PRO Conpilef
instruction set. 40 42

MCLRpins,3 l6
mechuical stop watches, 16l
nemof y. non-volatile. 314
Memsic 2125 dual axis

acceleomeler, 269-270

oleniew, 179-180, 209 211
tminology,2l2 214
'|nefi.21 | , 2l+221
Timetl.211.22112:7
Tiret2.212,228 23O
watchdog time! 230 23 |

Microchip MPLAB editor, 42
Micrcchip Tehnologt

I6F877A Micr@onbouer
datasheets downloads. 23

MicrcCode SrDdio edilol
che}jng lor problems !ith,

3 1 7
''one mouse clicK , 339

Program shortcul, 17
rtanrnS programner software

nicroEngineering Labs
notes o! software, 18 19

PIC 16F84A prcgm. 153, /J4l
!reassembled bodds, 16
progmm for DS1620 leadings,

128 t29
progrm fof DSl820 readings,

126 128
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LIC I 298 A2D chip.
l2+126
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program, 131 132
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118-120

Micrcwire SEEPROMS,
Ir8-r20

Model ACM 1602K disllay,
r47
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National Seniconducior 1 15
National Semicoductor LM34

1emp€n1ure senso6, 259
NMBR, POT comnand, 28
nonvolalile memory,314

oil level rcading devices, 332
ON INTERRUPT, 90 93,258
"one mouse clicP set uP,43

OPTION-REG (option reg,ster),
88-89
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biis that aflect Timeo,

214 215
etr@! on Tineo counler 107
using Tinei0 rs courter, 10,1

oral rhennomete^, 160

narble counter prcjecl, 257
speed, 44, 83, 132

oulpur capabilities, LAB-XI, 5
oulpul infornation, insrrumenf s,
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outlut set point control devices.

185
oven thdmofteteG, 160

Puallax Inc.,269
lddllel interface, conditioning

input signal,17,1
parallel po!| gogrammer. 14
PAUSE conmands,83.213
PAUSEUS commdd, 274
PBP. S?e PICBASIC PRO

PCboards,259

period rcgister, Timer2, 102
phototransistos. 254i 283-284,

281
PIc 16F84A pro8ram, 9, 153,

PIC 16F877A microconlroller

40'pin MCUS. 8
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additioml hardwde. 7 8

dolnloading, 10 11
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I O

oveniew, 3 6.2l-22
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capabilities, 2G28

overview,23 26
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proleties of, 29

PORTA,29-30
PORTB, 30-31
PORTC,31-32
PORTD,32-33
PORIE,33

software compiler. 7

prescalds and poslscalds,
34

PIC Tools folder t(F17
PICBASIC PRO Compiler

(PBP).4.  ?.  15

exeple progran, 43 {rl

instruction set, 37 -:12

tips and .autiors. 4.4-45
PICBASIC PRO P|oErams. Web

site, 3:15
PIEI cortrol reeisrer, 108
pi! 87, 9
ph out d€signatio.s. 40 pin

16F877APIC
microconholler. 8/
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analog input. 259-261,
2631

LAB-XI board. 23-26
LCD, 145t, 147-148t

PIR1 conrrol register, 107
PLCS (proemmmable loSic

PORTA,29 30
POmB,30 3 i
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reading keyboard, 7G-7 I
reading switches, 67 58
Sereo Posilion Contrcl for an

RJC seflo from, 63 {4
PORrC,31-32
PORTD,32-33

LCD dah. 53
loadlne potentioneler

PORTD LED baigraph circuiiry.
5I

PORTE, 32, 33. 53

conlrolling propelties of, 29
LAB-X1.23 26
PORTA, 29 30
PORIB, 30 ]1
PORTC. 3 t-32
PORTD. 32-33
PORTE, 3]
selting. 329

postscalds, 34, 85,99, 103, 1l l.
2 1 2

POT colmand. 27 28

contrcllinS m Rc servo tion,
6445.18J9

reading and disdaying rcsults
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57-59

reading and displaying value
on LCD, 7+76

rading thr@ dd displaying
values on LCD. 76-77

in single set poi!1 controllers,
294

for single-dxis artjnclal

in solal collatoa 304
in lenPenlure controlling

device.185
poveFup, LCD, 149 150,322

hcreasing time betw@n
inlempts, 99 100

ntarble courter proj@! 258

progrm to see eflect on
Tinelo olerdtion.
214 219

Timer l ,100
ibf Tider2. 103
on vatchdog times, 104.

231
progranmable logic controllers

(?Lcs),243
proSnmerrelared enor

poejammeN. 5. l+15, 146

alliicial horizon table, 181
dual thermometer, 18G18 I
marble counter. 180
nebonome.l79 180
single point controller, l8l

tachometof project. 179
tecbniques. 177-182

Protoi+ Lne BASIC editor 42
prolracio6, diSital, 331-332
proxlnity detector, 243
pulse eenerators. 189, 19rl

t9r
Pulse Widlh Modulation

(PwM) comnand, 6H1
104

R/C seros,78 79
RC seros, cortrolling lion

Read Dala comlmd. /J6r
readiry clock proEarn, 309

real world prcjecB. 331 333

relays, 16? 16E
ftsistdce, 2G28. 57-58. 168.

298
rcsislile loads. 174-1 75

RS232 Comudcanons
pro8m,131-132, 134 136

RS485 colmunicalions, 137

Scale, POT conmand. 28
scaling abililt limer Sed

Posrscars: prescads

Schmi tri8ger input bujles,
3 t  3 3

rcsons for buildinS. 161-162

types of, 163 164
seriai EEPROMS. LAB-XI. 6
terial interface, conditioning

input signal. 173
serial one sire memory devices.

113,115
sedal peripheral interface (SPl)

menory, l l5 , l17 118
scrvos, 238-239
set CG RAM Address

SeI DD RAM Addrcss

set point adjustnent devices,
294

seven-segment displays,
)95-207

shorlcul, Microcode Studio

s ight ,159
signal latching and clearing.

t68f
single axis software. 273-275
sinSle loint conlroller prcject

contrcl slatement, 293 296
LM34-based controller 296

rcading themocouples,
298-299

thernistor-based contoller
consideEdons, 296-298

slave port functions, PORIE.
32-33

smell. i59

EEPROMS. I l5
u10

maHng sure worki.8.
13+131
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conrmunications,137
u3,  t l5-117
u4,  113-115.  117-118
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U6

clock ICs, I22-124
DS 1302 real-tine clock,

123 124
LIC1298 12 BitA to D

conv€rrer 124 126
olerview,120-122

v'I, t2t\29
u8, l26-L29
U9

making sure {orking,
134-13?

overiew, l3l 133
usiDg RS485

comunicatio.s.l3T
soriware compiter, PIC

l6F877A microcontroller

loading, 15
notes fron microEngineeling

Labs, 18 l9

envloment.l5 18
solar data collector prcjeci

cont olling fan. 3 l0
microcont.olle. haldwarc.

301-305
overiew, 182.301-304

overview. 306-307
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setting intemal clock.

307 309
updating LCD
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3 l  l -3  r4

soldering ircn accesorn
332

soldedess breadboads. 320
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17sJ

stanup, LCD, 322
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taste.159
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themocouples. 298 299
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u6 218
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