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Introduction 

I’ve been teaching electronics for over twenty 

years, and have been asked repeatedly since the intro- 

duction of the Apple Ile computer to interface real 

world devices with computers. Groups as varied as 

model train clubs, students developing science fair 

projects, actors involved with amateur stage produc- 

tions, and the Cub Scouts have all requested circuits 

to connect a computer with a real world device. For 

the last four years, I have been using this knowledge 

to design museum and trade show exhibits. 

This book is based on my experience, and is 

meant to be a bridge between programmers and hard- 

ware hackers. Some folks are a whiz at programming, 

but know little about the mechanical and electronic 

aspects of computers. They know how to “talk” to a 

standard external device, like a printer, but would be 

lost if asked to write a program to make a computer 

turn on the kitchen coffee pot at 7:00 a.m. every 

weekday morning. Others have expertise with a sol- 

dering iron. They can interconnect IC chips to per- 

form incredible tasks, but have little understanding of 

how to get a high level computer language to control 

their creations. 

This book is a union of these two camps. It is a 

sourcebook for ideas on how to control and monitor 

real world devices with your IBM/IBM compatible 

computer. Most of the circuits presented connect to 

the parallel printer port. This approach provides— 

pardon the pun—portability. 

The de facto printer port standard is the IBM PC/ 

IBM compatible PC printer port (the Apple Macin- 

tosh has chosen to follow the beat of a different drum- 

mer, unfortunately). These machines currently repre- 

sent 87% of the PC market. The circuits in this book 

can plug into any IBM PC/PC compatible printer 

port. The schematics all use the DB-25 (25 pin) fe- 

male connector present on IBM type parallel printer 

ports. Full technical data on the parallel printer port 

can be found in the hardware reference for your com- 

puter. Appendix F of this book describes how to 

expand the printer port to input or output 24 bits of 

data. Appendix D also shows how to use the IBM 

PC’s game port as a data input, although this is very 

slow and not recommended in most circumstances. 
The parallel printer port does not vary greatly be- 

tween different makes of PCs. Some manufacturers 
may elect to omit some control lines, but each parallel 
port pin has the same meaning on every computer. 

Every computer language provides routines to “talk” 

with the printer. This enables computers to interface 
to myriad electronic devices. 

Most people think the printer port can only output 

8-bit data. Not true! The printer port also contains 

nine input lines. Parallel data entry greatly reduces 

hardware circuit overhead because many IC chips are 

designed to directly interface to an 8-bit data port. 

Though some newer computers are being shipped 

with bidirectional 8-bit printer ports, most are not. 

Most printer ports have eight data output bits, five 

input control bits, and another four bidirectional con- 

trol bits. This book shows you a variety of methods 

for inputting and outputting 8-bit data from any paral- 

lel printer port. 

Many IC devices are advertised as “microproces- 

sor compatible.” That means they need minimal hard- 

ware to connect to a parallel data port. To use the 

serial port, additional circuitry would have to be added. 

This would require more circuit board space, increased 

project cost, and additional assembly time. More parts 

means there are more things that can go wrong, so 

reliability suffers. And, since the computer must con- 

vert this serial data back to its parallel format, the 

circuit’s speed is reduced by over 500%! This book 

includes material explaining some special applica- 

tions that justify serial port interfacing. For the major- 

ity of your needs, however, the parallel port is the 

most cost and time efficient way to go. 

When I am asked to give a lecture, I travel to my 

destination with a small briefcase containing circuit 

boards and a disk of program listings. Upon arrival, I 

plug the host’s printer cable into my circuit boards, 

connect power, and boot the software. Quick, effi- 

cient, portable—it’s that simple. 



How This Book Developed 
I wanted to provide readers with a book of proven 

circuits and working software for their use. How many 
times have you typed in a program listing only to 

have it bomb, and only track down the error after 

hours of debugging? How many times have you read 

a magazine article containing an interesting circuit, 

only to discover in the fine print that software was 

available—for a price? Hopefully you will not feel 

short changed after reading this book. The complete 

source code in C, Pascal, and/or BASIC accompanies 

each circuit, and the source code files are contained in 

the disk bound into the back of this book. The disk 

also includes compiled, executable (.EXE) files for 

the software in case you don’t want to compile your 

own versions. 

A lot of time went into this book. For each 

circuit requiring software, I did extensive research, 

including a lot of reading through data manuals. I 

then developed a schematic of each circuit and con- 

structed a prototype circuit. A program in Borland’s 

Turbo Pascal was written to operate the prototype 

circuit. (In a corner of my workshop now sits a large 

box filled with all the prototype boards developed for 

this book.) After the Pascal program was debugged, 

edited, and documented, most of my Pascal source 

code listings were then converted to C. I prepared 

each schematic you see in this book myself using 

PADS software. I then converted most programs to 

BASIC and—finally!—I documented each chapter 

with text. 

This process took a little longer than simply writ- 

ing theory about an IC chip. But I think the time was 

well spent. You now have a resource book filled with 

working circuits and the code listings of working 

programs. In my contract with HighText, they agreed 

not alter or change anything in my circuits or program 

listings. As a result, there may be a misspelled word 

now and then that got past my spelling checker, but I 

know the programs and circuits work. In the past, I 

have spent hours tracking down a misplaced semico- 
lon in a published program listing. Hopefully, be- 

cause of my self-inflicted development structure, you 
will be spared the same grief! 

Using This Book 
This book is organized into stand-alone “applica- 

tions.” Circuits, related theory, and example software 

accompanies each unit. The software listings are pre- 
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sented in Borland’s Turbo Pascal, Borland’s Turbo C, 

and QBASIC where appropriate. 

The appendices provides additional support ma- 

terial I felt was needed but couldn’t fit neatly into any 

of the book’s sections. 

Software Selection 

Pascal 

This book’s programs were all written in Borland’ s 

Turbo Pascal, then converted to Borland’s Turbo C, 

and finally to Microsoft’s QBASIC. I have found 

Pascal the most time efficient MS-DOS software de- 

velopment language. Pascal code is very readable, 

and you should find the Pascal listings easy to follow 

even if you’re not normally a Pascal programmer. 

Pascal has been described as more “restrictive” 

than C. Pascal does force you to use good program- 

ming techniques and the compiler catches many pro- 

gramming errors. For instance, Pascal will not let you 

assign a real value to a character type variable: 

PROGRAM Example; 

VAR X : INTEGER; 

CH. CHAR: 

BEGIN 

Chea: 

END. 

The compiler will tell you something like “TYPE 

MISMATCH.” In contrast, a C compiler would com- 

pile and run the code. The program might lock up 

your computer, but it would “run!” 

Pascal’s error checking features can be turned off 

after program testing and debugging by using com- 

piler directives. The resulting compiled code is just as 

fast as C code. The difference is development time. 

When you add the debugging time to software gen- 

eration time, Pascal is more efficient and the bigger 

the application the greater the savings. 

Another issue is updating. Suppose you wrote a 

program three years ago and now must change one 

variable. How fast you find that variable, and can 

make a correction, is dependent on how readable your 

code is. Since Pascal is more readable than C or 

BASIC, corrections and updates take less time. Pas- 

cal forces you to write good, structured code; the 
safeguards are built in. 

Suppose your program has one little section that 

gets called over and over. You want that small section 



to run as fast as possible. Pascal, like C, allows you to 
include assembly language in your program. The fol- 
lowing example has two lines of Pascal code fol- 
lowed by two lines of assembly language code: 

BEGIN 

A= X-+ 1: 

1S 45" C: 

ASM 

MOV AH, DH 

SHR AX, 1 

END; { asm } 

END; { example } 

For readability, debugging, and updating on an 

IBM/IBM compatible PCs, I feel Pascal is currently 

the most efficient software development language. 

C 

C skyrocketed in popularity after IBM announced 

that it would support the language on all of its prod- 

ucts. C is marginally portable to other platforms. How- 

ever, this book was written for use with an IBM/IBM 

clone printer port. There is nothing presented in this 

book that requires C’s “special” features. “Special” is 

in quotes because no one has been able to demon- 

strate to me one “special” feature C has when running 

on an IBM/compatible machine! 

BASIC 

BASIC is included with PC-DOS or MS-DOS. 

Everyone knows some BASIC. It is most people’s 

first exposure to programming. Because it is so user- 

friendly, BASIC often introduces novice program- 

mers to bad programming habits. 

For simple tasks, BASIC is fast and efficient. If 

you need to write a “quick-and-dirty” routine, BASIC 

might be the way to go. However, many programs are 

not practical in BASIC (try writing a terminate and 

stay resident—TSR—program in BASIC). In addi- 

tion, large BASIC program listings are hard to follow. 

New versions of BASIC have added Pascal and C 

type functions. Unfortunately, doing away with line 

numbers and adding WHILE loops did not eradicate 

BASIC’s shortcomings. And BASIC programs run 

slower since a compiler is not part of the PC-DOS/ 

MS-DOS package—QBASIC is interpreted line-by- 

line during program execution. If you’re going to 

invest in a compiler, you might as well invest in a 

language designed for large applications. 

Instead of learning BASIC’s patchwork of up- 
grade enhancements, you will find it far more time 
efficient to learn Pascal from the beginning . 

| Recommend Pascal! 

Pascal is part of most high school computer lit- 

eracy programs. It logically follows LOGO, taught in 

many elementary and middle schools. BASIC was 

taught in years past because it came packaged with 

most computers. Schools are always short of money, 

and BASIC was a “quick and dirty” fix. 

By contrast, Pascal was developed to teach good 

programming skills and techniques. It might have 

died a slow death if not for Borland International. 

They have expanded the language and continually 

added procedures that exploit the features of new 

generations of Intel microprocessors. A measure of 

Pascal’s acceptance in education can be seen in the 

questions relating to Pascal found on SAT and ad- 

vanced placement examinations. 

Over the years BASIC has also undergone some 

changes. Many of its newer commands mirror ones 

found in Pascal. Despite these changes, BASIC 1s 

NOT Pascal and is still NOT a good language for 

learning sound programming skills. BASIC does only 

minimal code checking before running (as does C). 

And BASIC, like C, encourages you to write poor 

code. If you really try, you can write good BASIC 

code. But it takes a lot of work. 

If your local high school is still teaching BASIC, 

your children (or maybe you!) are being shortchanged. 

Picket your school board and demand curriculum im- 

provements, starting with a switch to Pascal! 

With that off my chest, I hope you find the cir- 

cuits and software in this book to be fun as well as 

useful. 

Paul Bergsman 
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A Word from the Author 

There will undoubtedly be future revisions and updates of this book. I would 

like to see it grow in size and depth. You can help. I want to hear your comments. If 

you know of an IC device that should be included in the next addition, let me know. 

If there is something in the book you do not like, I want to know that too. I will give 

a personal reply to any reasonable correspondence that includes a stamped, self 

addressed envelope. 

I have developed printed circuit boards for many of the circuits in this book. I 

also maintain an inventory of all the IC chips used in this book, and have put 

together “kits” with parts and circuit boards for the major circuits. Send a stamped, 

self addressed envelope for a complete catalog of boards and kits.. 

Address all correspondence to: 

Paul Bergsman 

521 E. Wynnewood Rd. 

Merion Station, Penna., 19066-1345 

I look forward to hearing from you, and thanks! 



A Note For BASIC Users 

Some versions of BASIC insist on sending a carriage return and line feed out the 

printer port when the printer buffer is filled. The action takes place even if every LPRINT 

statement ends in a semicolon. If your version of BASIC insists on sending unwanted charac- 

ters, you can correct the problem by opening an output file of width 255 to the printer. By using 

a width of 255, you are instructing the PC to treat the printer port as a communications device, 

not maintain a character count. It will never send a carriage return or line feed signals. The 

following program opens LPT1 as a communication device, and then sends every combination 

of eight bits out the LPT1 printer port: 

10 OPEN “LPT1:” FOR OUTPUT AS #1 

BO Wrinwyes sei, BBS 

30 FOR WN = @ WO 255 

40 PRINT #1, CHRS(N) ; : REM you still need the trailing semicolon 

50 HOR, OX = IL “KO) INOOM gg INIEXGE OK <¢ REM delay loop 

60 NEXT N 

WG END 
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Controlling Light Emitting 
Diodes with Source Current 

Circuit Theory 

By design, TTL logic can sink up to 15 mA. 

Since most LEDs operate on 1.4 volts at 15 mA, they 

can be directly driven by the printer port’s TTL logic. 

Figure | shows a circuit to do this. 

Resistors R9 and R10 are “pull-up” resistors for 

the ACK and ERROR lines. By tying the ACK and 

ERROR lines to logic high, while securing the BUSY 

and PAPER-END lines to logic low, the computer is 

fooled into thinking it is connected to an on-line 

printer ready to receive data. 

Each diode has a limiting resistor in series with it. 

The resistor keeps the current flowing through an 

LED to a safe level. An LED is “lit” when the corre- 

sponding data bit is high. 

For many applications, I stay clear of using the 

computer’s power supply to power external equip- 

ment. Power hungry projects, those with inductive 

loads, or circuits susceptible to static discharge are 

best powered by external power supplies. In some 

+5V +5V 

R10 

INIT 
SEL_INPUT 

GND_A 

Figure 1 

cases, you will even want to optocouple your circuits 

from the computer. If there is any chance your circuit 
can unintentionally send out spikes, noise, or static 

discharges, or short circuit the computer power sup- 

ply, then use a stand-alone power source. In addition, 

you may want to use opto-couplers to completely 
isolate your computer from outside signals. It is al- 

ways best to err on the side of conservatism. I always 

prototype a design with an external power supply and 

then sometimes tap into the computer to power the 

final and well-packaged product. 

All that said, this circuit CAN be powered from 

your PC if—that’s a big IF—you follow safe wiring 

practices. There are three possibilities: 

* an unused disk drive cable 

¢ the game port 

* the keyboard connector. 

To use a disk drive cable, you will need to build 

an extension to bring the cable beyond the computer 

case. To use the keyboard connector, you will have to 

470 OHMS 

R1 O1 as 

470 OHMS 

R2 D2 AN 

470 OHMS 
ae ls R3 

470 OHMS 

pied R4 

470 OHMS 

R5 05 4A 

470 OHMS 

R6 

470 OHMS 

470 OHMS 



build a Y-adaptor so your project and keyboard can 

function simultaneously. You can get the necessary 

DIN connectors from electronics parts suppliers. For 

small, non-power hungry projects, the easiest solution 

is to use a game port. You can also get the DB-15 con- 

nectors you'll need from electronics parts suppliers. 

Software 
The programs LED_SRCE.BAS, LED_SRCE.PAS, 

and LED_SRCE.C demonstrate how to sequentially 

turn on each LED. 

The computer has programming instructions bur- 

ied in BIOS that tell the computer how to talk to a 

printer. One of the things the code does is to count the 

number of characters sent out the parallel port. When- 

ever the number reaches 80, the computer automati- 

cally sends out carriage return and line feed instruc- 

tions. Just as every computer language has commands 

for talking to a printer, they also have commands for 

telling the computer to ignore the character count and 

never send a carriage return or line feed instruction. 

In BASIC, placing a semicolon, (“ ; ”’), at the 

end of an LPRINT instruction does the trick. In PAS- 

CAL, using WRITE instead of WRITELN yields the 

same results. The C language does not suffer from 

this problem, as C won’t do anything without explicit 

instructions. You must add code for C to force a 

carriage return or line feed. 

BASIC Source Code Listing 

100 REM Fine = LEDESRCE. BAS 

110 REM 

120 REM SOURCE CURRENT control LEDs connected to parallel printer port. 

IZ0RREMeBLEDSwance “Whitt Swhen dda logue 1S. HilGH: 

140 REM Written in QBASIC 

50 a = il 

500 REM 

510 REM begin program 

520 REM REPEAT 

530 GOSUB 1000 

540 LPRINT CHRS (255); 

SOO sir INKEYS .= CHRS (27). THEN STOP 

560 GOSUB 2000 

S70) Te INKEYS = CHRS(27/) THEN STOP 

580) GOTO. 510 

SIUMStOD 

1000 REM 

1010 REM -=[ subuoutine, OQuiejebie_Ailil_Ceimioninere omis_ Ore iaies sq 

1020 REM just a check to be sure all LEDs are working 

1030 REM 

1040 TOR 2 = © WO 255 

1050 PRINT e: LPRINT CHRS(e); 

LOGO) he INKS <s- 9 anion, Sates 

1070 NEXT e 

1080 RETURN 

2000 REM 

2010 REMe— | culonoutine,. — Rune UomAnGe DownelincmPsktecu 

2030 REM turn each printer port data bit on, 

2040 DIM Two(8) 

2050) A Sol0 eee 1-0) 

2060 REM 

ZOOS) sno (@) = 2°Os Iie) = Qi Two (2) 

2AOO ave (4)) = Bae Gio) = B52 aw) 

2110 FOR Aj] ol. TOMO 

2120 FOR se =e tO 7 

2 APPLICATION 1 

ang, them ‘od. 
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2130 PRINT Two(e): LPRINT CHRS$(Two(e)); 
JAS Sy SHA (ae 

2140 IF INKEYS <> “" THEN STOP 

250) INper e 

2160 REM 

2170 POR @ <= 7 TO 0 STEP -1 

2180 PRINT Two(e): LPRINT CHRS (Two (e)); 

2 ASKG) SEN EIE (Ca) 

22005 EE NKREYS <=" TERN STOP 

2210 NEXT e 

2220) NEXT A 

2230 RETURN 

Pascal Source Code Listing 
PROGRAM LED SRCE; 

{ 

SOURCE CURRENT control LEDs connected to parallel printer port. 

LEDs are "lit" when data logic is HIGH. 

Wratten in Borland’s Turbo Pascal, 6.0 

} 

USNNSy ORME 1ebexalercue 

VAR Temp : Char; 

PROCEDURE Output_All_ Combinations_Of_Bits; 

{ just a check to be sure all LEDs are working } 

BEGIN 

PORTE: =" 0 TO) 255) DO 

BEGIN WRITELN(E); WRITE(LST, CHAR(e)); IF KEYPRESSED THEN EXIT; END; 

END; { output all bit combinations } 

PROCEDURE Run_Up_And_Down_The_Bits; 

{Eun Gach planter pout Gatasbit on, and then ort.) } 

VAR TWO Pe ARRAY DOs. 74) OF TENIEEER 

A, B : INTEGER; 

BEGIN 

{ PASCAL does not have a powers function. It takes far less space to just } 

{ asign some values here, than write out a power function. } 

ANON O]) “Ge Ie wea 2S 2s Une, I| Ba Ake = PNO)|| 3) = (si5 

TNO) eS alee AWN S| s= ss Miele) S= Galo MMO I) Se Ssh y 

HOR Aw = ae @) a0 eDO© 

BEGIN {fon a } 

ORs = (Ol Or DO 

BEGIN 

WRITELN (TwolE]); WRITE (LST, CHAR(Twole])); 

delay (100); 

ih KEMP RES SED THEN Sexe; 

END; 

FOR E := 7 DOWNTO O DO 

BEGIN 

WRITELN(Two[E]); WRITE(LST, CHAR(Twol[e])); 

delay (100) ; 

IF KEYPRESSED THEN EXIT; 

Pascal Source Code Listing 



END; 

END ieOietas =} 

END; { run up and down the bits } 

BEGIN { main, led srce } 

REPEAT 

Ou DUA CombinatilonsmOneb MES). 

WRITE(LST, CHAR (255) )> delay (1500); 

IF KeyPressed THEN Temp := ReadKey; 

10H Mee) = CisvAll (27) AENEAN) Japs 

Run_Up_And_Down_The_Bits; 

If KeyPressed THEN Temp := ReadKey; 

UNTIL Temp = CHAR(27); 

END aman, led sree } 

C Source Code Listing 

(es PROGRAM LED_SRCE 

Code conversion by Eugene Klein 

Source current control LEDs connected to parallel printer port. 

LEDs ares “atl ewhen printer port data loge 2s High. 

Written in Borland’s Turbo Pascal, 6.0 

ay 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#ineclude <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

#include <math.h> 

char Temp; 

its Ep Aen Vices: 

void Output_All_Combinations_Of_Bits (void) 

// just a check to be sure all LEDs are working 

{ 

for (E=0; E<=255;E++) 

{ 

DLInte (san, s) 4 

putc(E,stdprn) ; 

alse (USolaslie ()) ) 

exit (0); 

void Run_Up_And_Down_The_Bits (void) 

f/ tircn eaem printer port data bit on, and thea ore: 

4 APPLICATION 1 Controlling Light Emitting Diodes With Source Current 



icone (N= Il pA IO a vA te )) 

{ 

fone (=O) Fie) less) 

{ 

Vediier = Ow (aE 

joreanahera (Olea 5 Wielllinkey) 

DUE (Velie st cpion) | 

delay (100); 

clean Ukakoaatiaten ())>) 

Seema (0) 

} 
for (E=7; E>0; E—) 

{ 

Value = pow(2,E); 

Primer (" sd\n" | veuhiire)); 

putc (Value, stdprn) ; 

delay (100); 

deseo lanaeion(®) 9) 

exe (0) > 

void main() 

{ 

do 

{ 

Output_All_Combinations_Of_Bits()j; 

mute utehar)) 0, sitcom) 

delay (1500) 

nied deiuleeel())) 

Temp = getch(); 

den em p= 2) 4) 

exe ( 0); 

Run_Up_And_Down_The_Bits() ; 

ahfea(kcotrastee))) 

Temp = getch(); 

Vwi le (temo: !=27)).7 

} 

‘ 

C Source Code Listing 5 
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Controlling Light Emitting 
Diodes with Sink Current 

Circuit Theory 
The printer port of IBM/compatible PCs uses TTL 

logic. By definition, TTL logic can sink more current 

than it can source. The circuit in Figure 1 shows how to 

wire LEDs for sink current operation. Sink current is the 

preferred method of supplying control power. The prob- 

lem is in understanding the control logic; LEDs are “‘lit” 

when the control logic is low. 

Each LED is in series with a 330Q limiting resis- 

tor. This resistor is smaller than the one used in Fig- 

ure 2. This means more current will flow through the 

circuit and the LED will be brighter than an LED 

operated by TTL source current. 

Resistors R9 and R10 are “pull-up” resistors for 

the ACK and ERROR lines. By tying the ACK and 

ERROR lines to logic high, while securing the BUSY 

and PAPER-END lines to logic low, the computer is 

fooled into thinking it is connected to an on-line 

printer ready to receive data. 

+5V +5V 

R10 

INIT 

SEL_INPUT 
GND_A 

Figure 2 GND 

Software 
The programs LED_SINK.BAS, LED_SINK.PAS, 

and LED_SINK.C demonstrate how to sequentially 
turn on each LED. 

The computer has programming instructions buried 

in BIOS that tell the computer how to talk to a printer. 

One of the things the code does is to count the number of 

characters sent out the parallel port. Whenever the num- 

ber reaches 80, the computer automatically sends out 

carriage return and line feed instructions. Just as every 

computer language has commands for talking to a printer, 

they also have commands for telling the computer to 

ignore the character count and never send a carriage 

return or line feed instruction. 

In BASIC, placing a semicolon, (“ ;”’), at the end 

of a LPRINT instruction does the trick. In Pascal, 

using WRITE instead of WRITELN yields the same 

results. The C language does not suffer from this prob- 

lem, as C will not do anything without explicit instruc- 

tions. You must add code for C to force a carriage return 

or line feed. 

330 OHMS 

R1 

330 OHMS 

R2 

330 OHMS 

R3 

330 OHMS 

R4 

330 OHMS 

R5 

330 OHMS 

R6 

330 OHMS 

R7 

330 OHMS 
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BASIC Source Code Listing 

REM PROGRAM LED_SINK.BAS 

REM SINK CURRENT control of LEDS connected to parallel printer port. 

REM LEDs are "lit" when printer port data logic.is LOW. 

REM Written in QBASIC 

REM 

eo Sw 

REM 

GOSUB 1000 

LPRINT CHRSs (0); =< SLEEP (€) 

I JNCENES = CISA CAI ))  AUslaN) SunOS 

GOSUB 1070: REM Run_Up_And_Down_The_Bits; 

th SINKEYS = CHRS (27) THENSSTOP 

GOTO 210 

STOP 

REM -=[ subroutine, Output_All_Combinations_Of_Bits ]J= 

REM just a check to be sure all LEDs are working 

HOR Ee —s1OsOm2 55 

PISUIEINGID 1S  IPSIRTINYIE MGISIEMSS (Ck) (SEI IONE ss OU UM SHSIN SUNOS 

NEXT E 

RETURN 

REM 

REM -=[ subroutine, Run_Up_And_Down_The_Bits ]= 

REM tElinn each, printer sport ~datal bat Jon, and, Eaen ori. 

DIM Two (8) 

N= Og fh = Oo WAU = © 

REM 

Teo (O) = 2rOs Woah) = 2a AKON C2) = BEA TWO (Sy) = 2ie3 

Iwo (4) = BAe Gnyo(S) = B2rSe Aes) = 26s IoC) = 2 

ORY JA = tL, SO 1k0) 

HOR i = @ Ae 7 

VALUE = Two(E) 

VALUE = (255 - VALUE): REM get the compliment 

PRINT VALUE: LPRINT CHRS (VALUE) ; 

SLEEP (t) 

TH JUNG EES, ess OU USN) Suntoye: 

NEXT E 

BORME = 7 SOMO) STEP =i 

VALUE = Two (E) 

VAKUBE= m2 55. VALUE) Es REM get the compliment 

PRINT VALUE: LPRINT CHRS (VALUE) ; 

SIE ee (ites) 

ihe ONKE Se <> ae THEN STOP 

NEXT E 

NEXT A 

RETURN 

END 

APPLICATION 2. Controlling Light Emitting Diodes With Sink Current 



Pascal Source Code Listing 
PROGRAM LED SINK; 

{ 

SINK CURRENT control LEDs connected to parallel printer port. 

LEDS are "“lit™ when printer port data logic is LOW. 

Written in Borland’s Turbo Pascal, 6.0 

} 

USES) GRE, Pranter 

VAR Temp = Char; 

PROCEDURE Output_All_Combinations_Of_Bits; 

{ just a check to be sure all LEDs are working } 

BEGIN 

HOV JD) Gee 10) GRO! BE sy~ 1810) 

BEGIN WRITELN(E); WRITE(LST, CHAR(e)); IF KEYPRESSED THEN EXIT; END; 

END; { output all bit combinations } 

PROCEDURE Run_Up_And_Down_The_Bits; 

if ela Tecveloy jorcweheeie jOomce clsiccl lope Gray, Ciolel ielateie: ue, 4} 

VAR TWO 3 INEVANETEG) 7/5] (OE TEN MEAAISeS 

A, E, Value : INTEGER; 

BEGIN 

{ PASCAL does not have a powers function. It takes far less space to just } 

{ asign some values here, than write out a power function. } 

AHO) (10))| sso ibe YANO) “ss A INNO ga Aes SiO Ss) eS tie 

TRO) [2E)) See RS MENON [Syl] Se See UROIG eee be INYO) i) See ALB she 

FPORMASs =) Ie? 10) DO 

BEGIN { for ay 

PORS =) Ror De 

BEGIN 

Value := Two([E]; 

Value := 255 - Value; { get the compliment } 

WRITELN (value); WRITE(LST, CHAR(Value) ); 

delay (100); 

IF KEYPRESSED THEN EXIT; 

END; 

FOR FE := 7 DOWNTO 0 DO 

BEGIN 

Valine s=—— lwo; 

Wesvllblia:, et sys), Wheliluleyp { get the compliment } 

WRITELN (value); WRITE(LST, CHAR(Value) ); 

DELAY (100) ; 

IF KEYPRESSED THEN BXIT; 

END te tore 3} 

END; { for a } 

END; { run up and down the bits } 

BEGIN { led sink } 

REPEAT 

Output_All_Combinations_Of_Bits; 

WRITE(LST, CHAR(0)); delay(1500); 

IF KeyPressed THEN Temp := ReadKey; 

ih emo =) CHAR (27) THEN a2; 

Run_Up_And_Down_The_Bits; 

If KeyPressed THEN Temp := ReadKey; 

WN nemo CHART) 

END. { led sink } 

Pascal Source Code Listing 



C Source Code Listing 

hes PROGRAM LED_SINK 

Code conversion by Eugene Klein 

SINK CURRENT control LEDs connected to parallel printer port. 

LEDs are "lit" when printer port data logic is LOW. 

Written in Borland’s Turbo Pascal, 6.0 

onF 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 
#include <math.h> 

char Temp; 

aime ER, A, Werilmes 

void Output_All_ Combinations_Of_Bits (void) 

// just a check to be sure all LEDs are working 

{ 
iPONe (WH=0) 9 R= 255 9 ashes) 

{ 

Princ ite scm). ); 

jowheS (1s, SieCloueia)) ¢ 

es (Keto ate) 

exit (0); 

} 

} 

void Run_Up_And_Down_The_Bits (void) 

ff oacn SECla, jOrwewmMyeeie joe Clits! jonic Cia, slorel Cicein <Ourie 

{ 

for (A=1;A<=10;A++) 

{ 

£or (H=0) Be=7 7 E++) 

{ 

Value = pow(2,E); 

VWalie = 255 — Wellies; // get the compliment 

jorestiqiese (USCl\ia” , Welle) 5 

putc (Value, stdprn) ; 

delay (100); 

iLie (idoiaatie (() } 

exit (0); 

} 

for (E=7; E>=0;E-) 

i 

Value = pow(2,E); 

Value = 255 - Value; // get the compliment 

print t (ana 7 Value); 

10 APPLICATION 2 Controlling Light Emitting Diodes With Sink Current 



putc (Value, stdprn) ; 

detey (VOU); 

Min @ deloumoy Oy) 

exit (0); 

void main() 

{ 

do 

{ 

Output Ali Genbinations Of Bite); 

putc (NULL, stdprn) ; 

delay (1500) ; 

utenti tena) 9) 

Temp = getch(); 

1f£ (Temp==27) 

escide (Ole. 

Run_Up_And_Down_The_Bits(); 

aie Gdejelbe(()) 9) 

Temp = getch(); 

}while(Temp !=27); 

C Source Code Listing 11 
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Latched Control of Light 
Emitting Diodes wit 

Correct Reading Logic 

Circuit Theory 

Software is easier to understand and follow if 

printer port data does not have to be inverted before 

transmission. The most straightforward method of 

using active high logic to control active low devices 

is by adding a buffer to the circuit. Figure 3 shows 

how to accomplish this. The 74LS563 octal latch not 

only inverts each data bit, but it also latches the sig- 

nal. If you disconnect the computer, the 74LS563 will 

still maintain its last value. If a 74LS563 were added 

to each of your projects, they could be multiplexed, 

meaning that several devices could share the same 

data lines. 

The 74LS563 inputs data from the printer ports 

data lines. The 74LS563’s output is inverted. Low 

inputs are output high, and high inputs are output low. 

Each diode has a limiting resistor in series with it. 

The resistor keeps the current flowing through an 

R10 

LED to a safe level. The LEDs are wired to sink 
current from the 74LS563. Therefore, an LED is “lit” 

when the printer port data bit is high. 

Resistors R9 and R10 are “pull-up” resistors for 

the ACK and ERROR lines. By tying the ACK and 

ERROR lines to logic high, while securing the BUSY 

and PAPER-END lines to logic low, the computer is 

fooled into thinking it is connected to an on-line 

printer ready to receive data. 

The printer port’s strobe is an inactive high strobe. 

The 74LS563 expects an active high strobe. A 7404 
inverter/buffer solves the problem. The printer port 

puts the data on the data line and then strobes the 

strobe line. The 74LS563 ignores any printer port 

signals until it reads the strobe signal. It then latches 

the input data. The 74LS563 continually outputs the 

data until another strobe tells it to read new data. The 

output is continually active, since the inactive high 

OUTPUT ENABLE line is tied to ground. 

+5V +5V +5V +5V 

ul 
p9 

74LS563 ss Rit 
= o i 

° a ese OCTAL D-TYPE LATCH 220 OHMS 

INVERTED OUTPUTS R12 

ae 1 &8TRoee 220 OHMS 

siete 2s 06. | ee ae a 
3 Ot as 

Bese ee: i as ae eae SEL_INPUT ‘17 Ri4 
fe La ae hee 

Cae Pa 220 OHMS 
at 2a a econ va 
GND_C 20 

= B06 a 
[ GNO_O 21 | 9 07 Sa Sr 220 OHMS 

KR 
a - 10 ACK R16 

r GND_F 23 | 23 ie aUeY 220 OHMS 
| GNDG 24 | 12 PAPER_END mR 015 ae 
=m a 13. SELECT 

220 OHMS 

- ; hi R18 
GND = 04 

ue 220 OHMS 
N 

Figure 3 
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Software 

The programs LED_SRCE.BAS, LED_SRCE.PAS, 
and LED_SRCE.C from the previous Application 1 

circuit description demonstrate how to sequentially 

turn on each LED. 
The computer has programming instructions bur- 

ied in BIOS that tell it how to talk to a printer. One of 

the things the code does is to count the number of 

characters sent out the parallel port. Whenever the 

number reaches 80, the computer automatically sends 
out carriage return and line feed instructions. Just as 

every computer language has commands for talking 

to a printer, they also have commands for telling the 

computer to ignore the character count and never 

send a carriage return or line feed instruction. 

In BASIC, placing a semicolon, (“; “), at the end 

of an LPRINTinstruction does the trick. In PASCAL, 

using WRITE instead of WRITELN yields the same 

results. The C language does not suffer from this 

problem, as C will not do anything without explicit 

instructions. You must add code for C to force a 

carriage return or line feed. 

14 APPLICATION 3 Latched Control of Light Emitting Diodes with Correct Reading Logic 
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Controlling 7-Segment 
LED Displays from a 
Parallel Printer Port 

Circuit Theory 

A 7-segment LED display is a group of seven 

bar-shaped LEDs housed in a single IC package, usu- 

ally in the shape of a slanted figure-8. By powering 

selected LED elements, numbers and letters can be 

formed. One side of all seven LEDs are tied together. 

Some displays also contain a decimal point (DP). 

While many LED displays look similar, pin assign- 

ments can vary widely between different devices. In 

spite of advances in display technology, LED dis- 

plays are still widely used. There are many applica- 

tions where they are cost-effective, and they are 

easier to read in direct daylight or in darkness than 

other display types. Often several displays will be 

housed in a single package. This arrangement simpli- 

fies wiring for such applications as digital meter, 

clock, and calculator displays. 

If the positive (anode) leads of the LEDs are all 

tied together, the package is called an common anode 

7-segment display. If the negative (cathode) leads of 

the LEDs are all tied together, the package is called a 

common cathode 7-segment display. Both types of 

displays are widely available in various packages and 

pin assignments from electronics parts dealers. The 

ul 

74.8573 

OCTAL D-TYPE LATCH 

R10 

° we 

BUSY 

12 PAPER_ENO 

13° SELECT 

components used here are the H.P. E101-3351 (com- 

mon anode) and H.P. E103-3353 (common cathode) 

displays. 

Since it is best to have TTL logic use sink current, 

a buffer/driver is usually inserted between the display 

and control logic. Figure 4-A shows the preferred 

method of controlling common cathode displays while 
Figure 4-B shows how to drive common anode dis- 

plays. The 74LS563 in Figure 4-B inverts the printer 

port’s control logic. When a control signal is high, the 

74LS563’s output is low, sinking LED current. This 

arrangement allows for straightforward programming 

code. A high data bit results in a corresponding LED 

being lit. 

Less common is the arrangement in Figure 4-B. 

Here the LEDs will light when the input is low. We 

still need a buffer, but this time it is non-inverting. 

The LEDs now have a larger series limiting resistor, 

so they will be a little dimmer when lit. 

Both the 74LS573 and 74LS563 have a latch to 

lock data when the strobe line receives an active high 

pulse. This arrangement allows you to muitiplex sev- 

eral displays interfaced to one printer port. (In future 

circuits, you will see some displays with the latch/ 

drivers built into the display chip.) 

O1S2 

HP. E105-3353 

7 SEGMENT COMNON CATHODE DISPLAY 

es 
CND 7404 

GND 

Figure 4-A 

nie ee oll 



Resistors R10 and R11 are pull-up resistors for 

the ACK and ERROR lines. By tying the ACK and 

ERROR lines to logic high, while securing the BUSY 
and PAPER-END lines to logic low, the computer is 

fooled into thinking it is connected to an on-line 
printer ready to receive data. 

While this method is simple and straightforward, 

it is not the best method of driving LEDs. Future 

applications will showcase chips designed specifi- 

cally for driver applications. This method is presented 

mainly because the 74LS573 and 74LS563 are readily 

available at low cost. 

Software 
Inasmuch as 7-segment displays are just ordinary 

LEDs, you can control them using the LED software. 

LED_SRCE.BAS, LED_SRCE.PAS, and LED_SRCE.C 
from Application 2 can be used with both circuits 

vi 

74LS563 

OCTAL O-TYPE LATCH 

INVERTEO OUTPUTS 

AUTO_FEED 

7404 

Figure 4-B 

since the circuit hardware configures both as an ac- 

tive high load. 

Programs 7_SEG.PAS, 7_SEG.BAS, and 

7_SEG.C. will operate the circuits in Figures 4-A and 

4-B. Both circuits will display all hex numbers (0 to 

9) and the letters A to F. 

Each LED element, labeled “A” to “G,” is con- 

trolled by a printer port data bit. The program assigns 

each constant to the value of its corresponding data 

bit. To light an LED, you simply output its number 

out the parallel port. To light more than one LED at 

the same time, you add the value of needed LEDs 

together and output the resulting number. Rather 

than repeatedly computing the numbers needed to 

form the characters shown on the 7-segment display, 

the program forms look-up tables for the appropriate 

values. Selected values are then output to the printer 

port. 

OIs1 

HP, £101-3351 

COMMON ANODE 7~SEC DISPLAY 220 « 8 DIP 
pon------5 
‘ 
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BCD to Decimal Displa 
Using a Common Anode 

LED Display Driver 

Circuit Theory 
This circuit fully decodes a 4-bit (nibble) binary- 

coded decimal (BCD) input into a decimal number 

from 0 through 9 in the standard 7-segment display 

format and directly drives a 7-segment display. Uses 

for this circuit include counters, timers, multimeters, 

and other numeric displays. 

A nibble is half of a byte, or four bits. The nibble 

is input to a special IC, the 7447, which is designed to 

decode the nibble’s first ten combinations, convert 

them to 7-bit logic needed to drive a 7-segment dis- 

play, and also provide the power to directly drive the 

7-segment display. The 7447 is designed to drive an 

active-low common anode 7-segment display. This 

workhorse device has been around for a long time and 

is widely available.The 7447 combines several IC 

operations into one chip, conserving circuit board 

space and reducing the chip count. This results in a 

smaller board size and a less expensive product. Since 

the chip only uses 4 data bits, two chips can operate 

from a single printer port. 

+5V 

R17 4.7K 

AUTO_FEED 

Figure 5 

The 7447 outputs a unique character for each of 

the 16 input combinations. That means the 7447 will 

also display a unique (strange) character for each 

input value above 9 (10 to 15). For most applications, 

you will never want to see these strange characters. 

Therefore, you must make sure that your software 

does not generate numbers between 10 and 15. 

In addition, the 7447 “blanks” leading or trailing 

zeros. That means that if the leading or trailing digit is 

a zero, the 7447 can be hard-wired to blank it out. 

This feature is disabled by leaving pins 4 and 5 

unconnected. 

The 7447 is designed to provide drive power for 

an active low (common anode) 7-segment LED dis- 

play. Direct drive means the IC can supply the needed 

drive current. HOWEVER, YOU MUST STILL ADD 

CURRENT LIMITING RESISTORS IN SERIES 

WITH THE LEDs. 
Figure 5 shows two 7447s decoding a byte of 

information. The two chips are hard-wired for lead- 

ing zero suppression. Resistors R1 and R2 are pull- 

+5V os! +5¥ 

HP, E101-3351 

TENS DIGIT 

HP. €901-3351 

ONES OICIT 

Ww 



up resistors for the ACK and ERROR lines. By 

tying the ACK and ERROR lines to logic high while 

securing the BUSY and PAPER-END lines to logic 

low, the computer is fooled into thinking it is con- 

nected to an on-line printer ready to receive data. 

Thus, BASIC’s LPRINT and PASCAL’s WRITE 

statements can easily output data. 

Software 

The programs DSP_DEC.PAS, DSP_DEC.BAS, 

and DSP_DEC.C turn your computer into a count- 

down/count-up counter. Since the circuit is hard-wired 

for leading zero suppression, the number “09” is dis- 

played as “9”. The leading zero is blanked out. 

BASIC Source Code Listing 

100 REM FILE DSP_DEC.BAS 

110 REM 

120 REM Demonstrate how to send decimal numbers out the parallel printer 

130 REM port to two BCD to 7-segment displays 

140 REM 

150 REM Display is connected to LPT1 

160 REM 

170 REM Written in QBasic by Paul Bergsman 

180 REM 

ORS E Cara O10 REM { deley time in milli-seconds, dependent on your machine } 

200 LENSE — = 0 ONE S—a0) DMA = © 

210 REM 

220 REM 

ASO) JHOR MANS gap @) tee ¥ 

2EAO JOR ONES s= © to 9 DO 

B50) WNBA Ss 16 % GMRINIS SIRE { move Tens value to HI Nibble } 

2603 DATA = — DALLAS ONES: { add Ones digit } 

ZO) ARIANA ANS: ee Utena 2 ONESS="77 Ones 2"; DARA =— “TI Dat al 

280 LPRINT CHRS (DATA) ; 

PSO) 3015 TINKIENS << GAA ALOONO) { end program if a key is pressed } 

HOO WOR Of Ss I AO) SIAC 

310 NEXT ONES 

320 NEXT TENS 

340 IF INKEYS = 

1000 END 

NEXT X 

OU WichaAN, COMO Ae REM { repeat until a key is pressed } 

Pascal Source Code Listing 

PROGRAM DSP_DEC; { 

{ 

Demonstrate how to send decimal numbers out the parallel printer 

port to two BCD to 7-segment displays 

Display is connected to LPT1 

Written in Borland’s Turbo Pascal 6.0 by Paul Bergsman 

} 

SINS) 

WSIS, (CUP JPIRCILINGIMIEHIES 2 

CONST Sec = 100; { deley time in milli-seconds, dependent on your machine } VAR Tens, 

Ones, Data Belek, 

BEGIN 

CLRSCR; 

REPEAT 

Hor tens v= © to 9 DO 

FOR Ones := 0 to 9 DO 

BEGIN 

18 APPLICATION 5 BCD to Decimal Display Using a Common Anode LED Display 



Data := 16 * Tens;{ move Tens value to HI Nibble } 

Data *= Data 4+ Ones; { add Ones digit } 
WIRUIETEEIGIN) (CS MINIS, ss 7, Wenasse Du ONES= Ones: DATA =, Dattas4) - WRinnny(inGiey 
CHAR (DATA) ) ; 

iF KEYPRESSED THEN HALT { end program if keypressed } 

DELAY (Sec) ; 

END; { for ones } 

UNTIL KEYPRESSED; 

END. { dsp_dec } 

C Source Code Listing 

hs PROGRAM DSP_DEC 

Code conversion by Eugene Klein 

Demonstrate how to send decimal numbers out the parallel printer 

port to two BCD to 7-segment displays 

Display is connected to LPT1 

Original written in Borland’s Turbo Pascal 6.0 by Paul Bergsman 

st 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

jam nvonllybteleun <foierellbsbie wales 

FANnciuide <strang.n> 

#include <bios.h> 

#include "My_TPU.h" 

const int Sec = 100; // deley time in milli-seconds, dependent on your machine 

unsigned int Tens, Ones, Data; 

void main() 

{ 

elaesieir i) 

do 

{ 

for (Tens=0; Tens<=9;Tens++) 

{ 
for (Ones=0;Ones<=9;Ones++) 

{ 

Denee, = Ie % “alenolesy // move Tens value to HI Nibble 

Data += Ones; // add Ones digit 

primtrd "TENS = 321 ONES = 8322 DATA = %4i\n",Tens, Ones, Data) ; 

iS! (IDENEE 7 SieClonsial)) % 

aie (isolate (()) )) 

Shea (OO) 5 

delay (Sec) ; 

} 

} 

Pingel lies (i leidaiie (()) )) 5 

C Source Code Listing 19 
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Common Cathode 
Display Driver 

Circuit Theory 
This circuit is similar to that in Application 5. 

The 7448 is used to drive common cathode 7-seg- 

ment displays. It is pin compatible and functionally 

identical to the 7447 except for one detail: the 7448 

is designed to supply source current (the 7447 sup- 

plies sink current ). 

Figure 6 details how to connect two 7448s to a 

IBM/IBM compatible parallel printer port. Note that 

i=] @Q 1 n w 

13 SELECT 
12 PAPER_EWD 

3 | Fest 

Figure 6 

vcc 

the two chips are wired for trailing zero suppression. 
If your software output “90” in hex, the displaywould 
show “9”, blanking out the trailing zero. 

Software 

Program listings DSP_DEC.PAS, DSP_DEC.BAS, 

and DSP_DEC.C are used with this circuit. These are 

given in Application 5. 

ost 

G.I. 5082~7653/-7760 

TENS DIGIT 

GA. 50862-7653/-7760 

ONES OICIT 
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BCD to Decimal Displa 
Using a Common sy 

Common Anode Display Driver 

Circuit Theory 
This circuit fully decodes a 4-bit (nibble) binary- 

coded decimal (BCD) input into a number from 0 

through 9 in the standard 7-segment display format 

and directly drives a 7-segment display. It is based on 

the CD4543B, a very versatile CMOS device. It can 

operate from 5 to 20 volts DC, drives LCD and/or 7- 

segment LED displays, contains an input data latch, 

and can sink or source drive current. Since the 

CD4543B is a CMOS device, pull-up resistors are 

required to interface it with a printer port’s TTL logic. 

Tying pin 6 to ground configures the chip to sink 

current for common anode 7-segment displays. Tying 

pin 6 to Vcc configures the chip to source current for 

common cathode 7-segment displays. The CD4543B 

has automatic character blanking. If the input data is 

not between O and 9, the output is automatically 

blanked. The input data latch allows this chip to be 

multiplexed with other devices that can share the 

parallel printer port. 

Figure 7-A shows the CD4543B wired to sink 

current for an active low, common anode display. 

Figure 7-B shows the CD4543B wired to source cur- 

rent for an active high, common cathode display. 

Resistors R8 and R9 are pull-up resistors for the ACK 

and ERROR lines. By tying the ACK and ERROR 

lines to logic high, while securing the BUSY and 

PAPER-END lines to logic low, the computer is fooled 
into thinking it is connected to an on line printer ready 

to receive data. This means BASIC’s LPRINT and 
PASCAL’s WRITE statements can easily output data. 

Pull-up resistors are required to interface the 

printer port’s TTL signals with the CD4543B’s CMOS 

inputs. The printer port’s STROBE line is inverted by 

one section of a 7404 inverter/buffer. The inverted 

strobe is then sent to the CD4543B’s “latch disable” 

line at pin 1. In spite of the awkward name, the latch 

disable line functions as a standard active high latch 

enable line. When the chip detects positive going 

strobe pulse it reads the code on the data lines. With a 

strobe transition from active high to inactive low, the 

input code is latched. 

Even though the CD4543B contains driver cir- 

cuitry, you must still include current limiting resis- 

tors for proper operation. Since the chip is designed 

to sink or source current, 220 resistors are used in 

both circuits. 

Software 
The listings DSP_DEC.PAS, DSP_DEC.BAS, and 

DSP_DEC.C turn your computer into a count-down/ 

count-up counter. These listings can be used with 

either circuit. These listings are given with the pre- 

ceding Application 5. 
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Displaying a Data Byte in 
Hexadecimal Form 

Circuit Theory 

Programmers and hardware hackers may need a 

constant, visible display of a data byte in hexadecimal 

form. Several chips are on the market that input a 

binary nibble (4 bits), convert it to 7-segment display 

logic, and provide the driver power for a 7-segment 

LED display. Two such devices are the DM9368N 

amd DM937A4N, both from National Semiconductor. 

The DM9368N is a TTL chip designed to supply 

source current for an active high, common cathode 7- 

segment display. Since it has built-in current-limiting 

resistors, it can directly drive LED displays rated at 

20 mA at 1.7 volts. A typical application is shown in 

Figure 8-A. The circuit uses two DM9368N devices 

to drive two H.P. E103-3353 common cathode 7- 

segment displays, and has hexadecimal decode for- 

+5V 

CNO_H 25 

GNO_F 25 

Figure 8-A: Common Cathode Hex Driver 

mat which produces numbers “O” through “9” and 

alphabetical codes “A” through “F” using upper and 

lower case fonts. The DM9368N has on-board logic 

to suppress leading or trailing zeros. 

Its pin compatible “brother,” the DM9374N, is 

designed to supply sink current for an active low 

common anode 7-segment display. Figure 8-B shows 

how two can be used to drive two H.P. E101-3351 

common anode 7-segment displays. Note the resis- 

tors between each DM9374N and the display it 

drives. The DM9374N does not have internal current 

limiting resistors, but is otherwise feature compatible 

with the DM9368N. For additional information on the 

DM9368N and DM9374N, consult National Semi- 

conductor’s LS/S/TTL Logic Databook. 

Figure 8-A shows how to monitor the output of a 

printer port in hex. The inactive high strobe signal is 

01 

HP, £105-3353 

7 SEGMENT COMMON CATHODE DISPLAY 

HP, £103-353555 

7 SEGMENT COMMON CATHODE DISPLAY 



fed to DM9368N’s latch enable pin 3. If you want to 

continually monitor a data byte without a strobe sig- 

nal, tie the latch enable line, pin 3, to ground. Since 

the DM9368N contains driver limiting resistors, the 

driver outputs are directly connected to the active 

high, common cathode 7- segment display. While the 

H.P. E103-3353 is used in Figure 8-A, any LED 

display rated at 20 ma. at 1.7 volts can be used. The 

DM9368Ns are hard-wired to blank leading zeros. If 

you want to see the leading zeros, then leave pins 4 

and 5 of both ICs unconnected. 

13 SELECT 

12 PAPER_ENO 

SEL_INPUT 
INIT 

Figure 8-B performs the same functions for ac- 
tive high, common anode 7-segment displays using 

the DM9374N. 

Software 

The circuits in Figure 8-A and 8-B need no soft- 

ware. Both will automatically decode, latch, and dis- 

play any strobed data byte. 

o1 

H.P, £101-3351 +5V 

COMMON ANODE 7-SEG DISPLAY 220 » 7 DIP 
Ip I 

beeen s--e 

H.P. £101-5551 +5V 

COMMON ANODE 7-SEG OISPLAY 220 = 7 DIP 

Ceecesa se 

Figure 8-B: Common Anode Byte to Hex Converter/Latch/Display Driver 

28 APPLICATION 8 Displaying a Data Byte in Hexadecimal Form 



eed ar? ¥ ©| CAS eI CMiNi 9 

Decode, Latch, and Display 
a Data Byte in Hexadecimal 

Circuit Theory 
Hewlett-Packard has a line of LED displays that 

have on-board latch and decoder logic. Some, like the 

5082-7300 and 7302, display numeric values “0” 

through “9”. The 5082-7340 displays nibble hexa- 

decimal values “O” through “9” and “A” through “F.” 

Both displays are made up of 20 small LEDs arranged 

in a figure-8. The on-board logic reads a binary nibble, 

decodes it, and displays the hex value. This display 

method is a little more expensive than the previous 

display circuits in this book. However, since the latch, 

decoder, driver, and display are in one package, it is a 

real space saver. 

Figure 9 shows how simple it is to use these 

devices. To operate correctly from a parallel printer 

U2A es 
7404 

RS 4.7k 

LED HEX DISPLAY 

H.P. 5082-7340 

+5V 

port, the inverted strobe line must be reinverted to 

active high logic. A single section of a 7404 inverter/ 

buffer does the job. The H.P. devices accept TTL logic 

inputs so pull-up resistors are not required. R3 and 

R4 are optional. If you want to continually monitor a 

data byte without a strobe, tie each latch enable line, 

pin 5, to Vcc through a IK to 4.7K resistor. 

Software 
This circuit requires no software. The 5082-7340 

devices will automatically decode, latch, and display 

any strobed data byte. 

U3 
ul 

LED HEX DISPLAY 

H.P, 5082-7340 R4 

4.7k 

7 6 5 

DO.) =6©vcc GND LE 

10 ACK 

11 BUSY 

12. PAPER_END 
13. SELECT 

GND 
Figure 9 
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Controlling a LCD Display 
from an 8-Bit Data Port 

Circuit Theory 

One very popular controller IC for use with liquid 

crystal displays (LCDs) is the HD44780. This chip 

can be programmed to control all formats of LCDs of 

up to two lines and 40 characters. In the application 

we'll discuss here, all necessary multiplexing, con- 

trol, driver, and display hardware are included on one 

circuit board. Several manufacturers package the 

HD44780 together with drivers and appropriate LCD 

display. For more details on a specific HD44780 de- 

vice, consult the data sheet from the device’s manu- 

facturer. 
01 

LCD DISPLAY, up to 2 LINES, 40 CHARACTER 

Before the LCD display can accept data, it must 

know if the display is one or two lines, how many 

characters are on a line, and what to do with the 

cursor. This information is sent during initialization. 

The HD44780 wants the control word sent three times. 

Additional control words can be used to define your 

own characters or to tell the HD44780 to use its 

internally stored special characters. After the initial 

set-up, any ASCII characters placed on the data lines 

will be read when a strobe pulse is received. 

Figure 10 shows the simplicity of interfacing an 

LCD display to your parallel printer port. All HD44780 

LCD 
DISPLAY 

+5v 
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type displays use a 14-pin interface. Each pin has a 

specific function. However, manufacturers select board 

connector schemes based on their own needs. This 

results in boards with two types of connectors. The lay- 
outs of these two connectors are shown on Figure 10. 

The circuit requires two control lines: one for a 
data strobe and one to tell the display that a control 

byte is being sent. The HD44780 looks at the RS 

signal, at pin 4, for an instruction. If the RS pin is 

high, the data on the control lines is a control word; if 

the RS pin is low, the data on the control lines is a 

display character. 

The printer port’s strobe line, at pin 1, supplies 

the strobe signal. The printer port’s auto feed line, at 

pin 14, supplies the RS signal. You can’t just use the 

Pascal WRITELN or BASIC LPRINT commands. 

Instead, you must write software to turn the strobe 

and auto feed lines high and low at will. 

Many of these displays uses CMOS logic. The 

pull-up resistors interface the printer port’s TTL logic 

to the CMOS display. Even if the display uses TTL 

logic, the pull-up resistors are still a good idea be- 

cause they help provide good, clean, TTL signals to 

the display. 

Software 
The HD44780 has internal fonts to form large 

letters. In other words, if you want a small case “g” to 

extend below the line, you must tell the chip to use 

large letters. You can also redefine up to three charac- 

ters for display. The program listing LCD_DEMO.PAS 

controls three types of displays: straight ASCII, large 

letters, and user-defined characters. There is no BASIC 

listing; it’s just not practical. 

Pascal Source Code Listing 

{$D+,L+} { to be sure complete debug information is generated } 

PROGRAM LCD Demo; 

{ Demonstrates how to control an LCD device from your parallel printer port. 

You can control any LCD display using an Hatachi 44780 controller chip. Demonstrates 

and use display's internal 5 by 10 how to generate 5 by 7 graphics, 

character set. 

Written in Turbo Pascal 6.0. 

} 

By lor ik@> Gfreerolonies:, 

USS IOS, CRA, Iie Abel? 

ING Sirois 30 = Sieieakiarep|S30)i) « 

CONST 

aL = ils 

MIL gana = Ale f OOOOOROO), ail eeinikieoil Majevs CGWigUIeS: BANE, amierceccl ois mee |} 

ANIL iene = libs { OOOOUOiiL, Cilil eComeieol MsuateS: CMicSheEs MON, samVEIeEEC! Ore moe  } 

Siemeles = Simao s {Seat ALA OO}O)aL, Seige = DO), ise < 2 doste a } AutoFeed 

= Si20Pe { OOOOWOOMLO, Avicesiaccl = Dil, IBaSe = 2 louie 2 } 

VAR Temp : INTEGER; 
Tab, Data BYTE; Use_Large_Letters BOOLEAN; 
Message String30; 

RS, Lpt_Num, Lpt_Port_Address WORD; 

Regs REGISTERS; 

PROCEDURE Pulse_Strobe_Line(Strobe WORD) ; 

{ provide the LCD module with an ACTIVE LOW strobe } 

{ in other words, pulse inverted strobe line so output goes HIGH, then LOW } 

BEGIN 

Strobe <= LO(Stxrobe)); 

{ pulse strobe line HIGH } 

PORT | LpteroremAcdcdwess 42.21) y= 

(255a= Strobe) 

{ pulse strobe line LOW } 

POR 

turn strobe LOW } 

END; { pulse strobe } 

Lot Porte Address + 2] += Strobe OR PORTI 

AND) PORT (| Lpt_Port Address! 452); 

Lpt_Port_Address + 2]; delay(t); 
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PROCEDURE Set_Control_Bit (Lpt_Port_Address, Bit : WORD); 
BEGIN 

IF Hi(Bit) = $FF THEN { process inverted bit } 
BEGIN 

BLE 2= IGOUeae) > 

PORT(Lpt_Port_Address + 2] += All Low; DELAY (TT); { clear T/O lines’, 00000100 {hee IBavie 
= 2 THEN( turn RS, { = Dil, inverted Autorecd lite) HICH } 

Mende, 3] ZONE Posie Nelekeesic, 4 Ai) INNO (BG = Isaie) 

ELSE % ieblsin INS, ( = iil, shebysicicecl MulRORee ce! anes )) IOyy } 

Hemoes— POR | iormPoremANddresce ts 7 TORe Balt. 

PORT [Lpt_Port_Address + 2] := Temp; delay (t) ; t secre] webbie Ge ijoied ss 3) } 

ENNIDS 3 Sse (gle doulic 3 

END: 4 Send contrel but } 

PROCEDURE Transmit_Byte(Lpt_Port_Address, Bit : WORD; Data : Byte); 

{ Rs = AGEOHeed = Bit Zon Base a 22 The) a6 an INVERTED) Oat } 

VAR Temp : BYTE; 

BEGIN 

ScEvCOnte rol Bie (pe Pore Address). RS) 

PORT hpesPore Address” |= Data, "delayi(ttc): 1 jolie Cleese! Cm GCleaice iaimes 7 

Pulse_Strobe_Line (Strobe) ; 

END; 

PROCEDURE Write_Character(VAR Lpt_Port_Address : WORD; Data : BYTE); 

{ RS must be high to send LCD display character data } 

BEGIN 

RSS P EU 

Transmit_Byte( Lpt_Port_Address, RS, Data); 

END; 

PROCEDURE Write_Instruction(VAR Lpt_Port_Address : WORD; Data : BYTE); {RS must be 

LOW to to send LCD display control instruction } 

VAR EB : INTEGER; 

BEGIN 

RS =] SEROO> Transm byte (lpr Pore Address, Rs, Data END? 

PROCEDURE Init_LCD_ Module (Lpt_Port_Address : WORD) ; 

{ Transmit Control Word three times to tell module you are initializing set-up. } 

{ Just follow sequence set forth in LCD's data manual: to initialize module: } 

{ —-send control number three times with small delay between transmissions. } 

{ -Delay provids time for LCD chip to digest information. Delay is } 

{ usually not required for PASCAL, C, or BASIC compiled programs, BUT, } 

{ -Delay is a must for Embedded controller / LCD module control. i 

VAR E : INTEGER; 

BEGIN 

PORT] Lpt Port. Address + 2] := All_Low; Delay (T); { set’ all control lines LOW } Data 

f= Wale { 30hex = 48dec, set for 8-bit interface, one display line } 

PORT([ Lot Port Address] := Data; delay (T); 

HO a= Eno ao fi et 6 bit anteriace 3 times =] 

BEGIN 

Pulse Strobe Line (Strobe) ; 

DELAY (T) ; 

BND a Oise. sy 

PND Sane eb mocule 

PROCEDURE Set Desired Configuration (Large_Letters : BOOLEAN); 

if all options are listed in LCD data manual } 

BEGIN 

{ Set 8 bit interface, 1 line display, & 5 by 10 character set = $34 } 

11 heange Wee wens = ENRON MIRISLIEIN| Dei ee a $34 Hin Gis,  IDehe a! = S30 5 

Write_Instruction(Lpt_Port_Address, DATA); 

Pascal Source Code Listing 33 



{ Gvemlay con, <cursomolts ss) 

Data := S$0C; Write_Instruction(Lpt_Port_Address, DATA); 

{ clear display } 
Data := S01; Write Instruction (Lpt_Port Address, DATA) ; 

{ move cursor to beginning of line } { for beginning of 2ed line, use $40 } 

Data := $02; Write Instruction (Lpt_Port_Address, DATA) ; 

{ increment addr counter after each write, to keep cursor moving to right } 

Data := $06; Write _Instruction (Lpt_Port_Address, DATA); 

END; { set configuration } 

PROCEDURE Send_Message(Tab : BYTE; Message : String30); 

{ For each byte of data sent: 

{ 1) Tell module you are going to write to CG memory 

{ 2) Send data to that address 

WON JE) 2 IB NADIE 

BEGIN 

{ clear display } 

Data: — | SOM Write lnst: cuct von (lptaPoneaAddress) . DATA) 

{ move cursor to beginning of line } 

Data := $02; Write _Instruction(Lpt_Port_Address, DATA) ; 

{ tab to center text’> . 
Deca s= IP = Glelop Wiesliee Iinsierevieiesloral(Ibjiois erie YNclebaasisy,,  IDyAGIV\)) 5 

{ send message } 

FOR E := 1 to LENGTH(Message) DO 

BEGIN 

Data := ORD(Message[E]); 

Write _Character(Lpt_Port_Address, Data); END; 

Delay (1500); 

END; { send message } 

PROCEDURE Load_User_Defined_Character (Redefined_Character : String30); 

{ Send redefined character info to CG memory } 

VAR Ihissyete, 18) 8 JsNlas 

BEGIN 

lingsiee 2= SA0¢ 

WOR 1 s= i WO LENGTH (Redefined_Character) DO 

BEGIN 

{ tell LCD module you are going to write to CG memory, at address Instr } 

Write_Instruction(Lpt_Port_Address, Instr); 

{ write character definition BYTE to CG memory } 

Data := ORD(Redefined_Character[E]); Write_Character(Lpt_Port_Address, DATA); 

Ima@iere S= ieee 42 Is 

BND7nu fore: } 

END; { load user defined character } 

PROCEDURE Define_And_Load_Airplane; 

{ Define airplane. This is one case where BASIC had a better idea. DATA 

statement support would be very useful here. 

} 

WIN AbinSiere, le 2 ISNCINE? 

Chai _@O, Clare”, Claeig 3, Clieie iC 3 Gieteaime) || 1,0} 5 

Airplane : String[80]; 

BEGIN 

ChanlG =sConCatm@eHAR (SOO) y 

CHAR(S00), 

CHAR(S00), 

GCHAR (SiC), 1 CWO SOO } 

CHAR(S1F), 1 OOO ers 

CHAR ($00), 

34 APPLICATION 10 Controlling a LCD Display from an 8-Bit Data Port 



CHAR ($00), 

CHAR (S00) ); 

char2B <= Comcat(CHAR (S10), { 000* 0000 + CHARYGOC), £ 0000: **00 PCharvsoe), 4 
0000 *0*0 } CHAR(S1F), { 000* **** } char(S1F), { 000* **** } Char(i$06), £€ 0000 *0*0 
y Char(Soc), << O000 =*00 } chants: 4£ 000*) 000-4 
cher A >= Concat(CHAR(S18), { 000* *000 > CHAR(418), { 000* «0004 CHAR( STS) 4 

000* =O00 } -<CHAR (SIF), 4 O000* **** } CHARISIERy — (e000* -#*** 4 Char ($00), 
CHAR ($00), 

CHAR TCS OO): 

Char 0 y= Concat (CHAR (S00), 

CHAR (S00 

CHAR (S00 

CHAR ($00 

Ds 

( a 

( 1% 

CHAR (S010) 5 

lakers. 

CHAR (S00) 

Ghar (S00) 

Aarplane = concat (Char_0 + Char A + Char 8B + Char _¢c); 

Load_User_Defined_Character (Airplane) ; 

END; { define airplane } 

’ 

PROCEDURE Define_And_Load_Happy_Face; 

VAR Happy_Face : String[80]; 

BEGIN 

{ GhitS a Sseenewcllosese. thing to BASICS) DATANsteauemene, } 

Happy_Face := CONCAT ( 

{ ‘else NH (CPN) =f OOOO WOO 3 

CHAR (S08), { 0000 *000 } CHAR($10), HOO ONO) CURUANIR (CSIL2)) { OOO @O-@ } 

CHAR($10), C WOWzs WOW) GF CevNR (Salo), { OG COW } Cavnr (Sil) , { CGO OFO@ 3 

CHAR (S03), EO VOOR O07} CHAR SOS \y { OO0G “GOO I CaN (S03) , £ O000 OO. 3 

CHAR($00), { 0000 0000 } 

jespaces |) ChHAR(S00) 7 CHARS OO) GHAR CSOO i CHARTCSOO) a CHARTS OO))i 

(chan So) CHAR (Sissy 4 O00 = 000m y 

CHAR(S$02), LPVOO OO OOO "CHARS O19), K OOOO OOCG" fF CisvNR(SOS)) , { OOOO =OO~ } 

CHAR S01); 4 [GNC (OO Gh eke vsuRe(soal)) { OOOG OOO? } CRIN CSOS)) - { ©0800 OO } 

CHAR (S18), OOO ae a00)0 eGR CSO 2s (OOOO MOO Oi CHARS CSRS) e, f “C@Or OOO } 

CHAR($00)); { 0000 0000 } 

Load_User_Defined_Character(Happy_Face); END; { load happy face } 

BEGIN { main } 

Select Pranter Pont ( Lot Num, Lot Port Address) + {im My Upu } impeaPrinter  Poru(moeaNum, 

Lpt_Port_Address) ; 

REPEAT 

writeln('-=[ 5 by 10 characters with user defined happy face ]=-'); 

Init LCD Module (Lpt_Port_Address) ; 

Use_large_Letters -= TRUE Sen Desaned Cont touratk von (Usenbardesmsewmenaci) 

Define And Load Happy _Face; 

Message := CONCAT(CHAR($01), CHAR($02), { hapoy smile pattern} SHE hnOw yy, 

i INSIGAILIE  (cigkstieerencsicts: } 

CHAR($01), CHAR($02)); { happy smile pattern |} Tab i= 3; 

Send _Message(Tab, Message) ; 

IF KEYPRESSED THEN EXIT; 

Vote (Ka Coens ASOLE weing 5° by 10 character sete i), 

Init_LCD_Module(Lpt_Port_Address) ; 

Use_Large_ Letters >= TRUE; Set_Desired_Configuration(Use_Large_Letters) ; 

Message := ConCat('Paul Ber', CHAR(SE7), 'sman'); 

Tab := 2; Send_Message(Tab, Message) ; 
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WRITELN; 

Writeln('-=[ 5 by 7 characters with user defined airplane ]=-'); 

Init_LCD_Module(Lpt_Port_Address) ; 

Use Bilengewliet ters := FALSE; Set_Desired_Configuration(Use_Large_Letters) ; 

Define_And_Load_Airplane; 

Message := CHAR($01) + CHAR(S02) + CHAR(S$03) + { aurplane characters, } " HEDHO! 

+f { normal ASCII letters } 

CHAR (S 0d) Re CHAT (S02 \ierchiang (SOs (Wairolane Characters |} Tablrs— 

2; Send_Message(Tab, Message) ; 

DEP URE YPRESSED THEN EXIT; 

WNISCIPIBIERIEIN| (Yea || everayel PNSICARIE WiSsalsakey 15 Joye JMO) “Claveveteieieesa See Ilis— ° )) j, 

Init_LCD_Module(Lpt_Port_Address) ; 

Use_Large_Letters := TRUE; Set _Desired_Configuration(Use_Large_Letters) ; 

Message := ConCat('Paul Ber', CHAR(SE7), 'sman'); 

Tab := 2; Send _Message(Tab, Message) ; 

WRITELN; 

UNTIL KEYPRESSED; 

END. { main } 
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Controlling Large Loads 
with Optically Isolated 

Solid State Relays 

Circuit Theory 

A solid state relay is the safest way to control a 

large AC or DC load from your computer. Solid state 

relays are optically coupled switches. They allow a 

printer port’s TTL signal to safely control high volt- 

age AC and DC loads. 

A solid state relay (SSR) is a pre-packaged device 

containing an LED sealed inside a plastic case along 

with an optosensor and other circuitry needed to con- 

trol a large AC or DC load. With no input applied, the 

optocoupler’s optosensor is in its off, or high im- 

pedance, state and no power is supplied to the load. 

The only thing between the LED and the 

optosensor is air. That means that the SSR’s load 

could experience spikes, surges, or shorts but still 

protect your computer. Your computer is optically 

isolated from the load. However, the internal load 

circuitry is different for AC and DC SSRs. You must 

select an appropriate SSR for your application. 

+5V 

Ji 

08-25 

Active 85122 

O10. O17 010701 O19) O10) ©1070 

Figure 11 = 

BLENDER IS “ON” WHEN SSR’s INPUT IS HIGH 

Most SSRs will accept an input of 3 to 32 volts at 

5 mA. SSRs get their power from the load’s power 
supply. The output rating is the MAXIMUM power 

handling capability. If the SSR is rated for 117 volts 

AC at 5 amps, it can probably operate a 12 volt AC 

load just as well. 

When compared to mechanical relays, SSRs have 

many advantages. They have very long life, no mov- 

ing parts, no contact bounce, are immune to acousti- 

cal noise, and provide design flexibility. A very good 

book which describes everything you ever wanted to 

know about solid state relays is Solid-State Relay 

Handbook With Applications by Anthony Bishop, pub- 

lished by Howard W. Sams in 1986. 

The mechanical relays which SSRs replace are 

not computer compatible. With additional circuitry 

you can add mechanical relays to your projects. Re- 

lays do offer some advantages. They cost less than 

SSRs, do not require heat sinks, can control AC or 

DC circuits, and can include multiple contacts. 

Solid State Relay 

a7 



Since most SSRs only require 3 volts at 5 mA for 
proper operation, they can operate directly from the 
parallel port’s TTL data pins. Figure 11 shows an SSR 
connected to DO, pin 1, of an IBM/clone printer port 

to switch a blender motor off and on. Since SSRs 
contain their own internal current limiting circuit, no 

additional parts are required. However, you may still 

want to add a 220Q series resistor in the input circuit 

as printer port logic “insurance.” When the signal 

applied to DO goes high, the LED inside the SSR will 

go out and optocoupled circuitry will close an inter- 

nal electronic switch. The switch will remain closed 

until the signal on DO goes low or is removed. 

Now look at the DB-25 connector. All IBM com- 

patible computers use a female DB-25 connector. 

Resistors R1 and R2 hold the printer port’s ERROR 

line (pin 15) and ACK line (pin 10) high. PAPER- 

END, Pin 12, and BUSY, Pin 11, are tied to ground. 

These logic levels make the computer think it is talk- 

ing to a printer that is on-line and ready to receive 

data. 

Software 
Normally, the computer sends data out the printer 

port with a carriage return (ASCII 13) and line feed 

(ASCII 10) added to the end of each line. The added 

codes tell the printer to move it’s print head to the 

beginning of the next line. BASIC’s LPRINT, with a 

trailing semicolon, or PASCAL’S WRITE commands 

can be used to send data out the parallel port without 

the trailing carriage return and line feed signals. List- 

ings SSR_DEMO.PAS, SSR_DEMO.BAS, and 
SSR_DEMO.C illustrate this concept. Once a charac- 

ter is sent, the printer port data remains latched until 

another data byte is received. That means you can set 

DO high, then have the computer do something else. 

DO will remain high until you send the printer port 

more data. 

BASIC Source Code Listing 

10 REM == IBVASIEG 

20 REM 

Zo. REM ePR UN TUCHRS (0); 

SOUP OR ope oto. LOO 

AQ UPRINT (CHRs.(1)); GOSUB 1000 

50 LPRINT (CHRS (0) ; GOSUB 1000 : 

60 NEXT A 

70 END 

80 REM 

1000 REM 

1010 REM -=[ DELAY SUBROUTINE }=- 

1020 REM 

LOS 0 CTS Sa 

1040 LFOR vee eTO? LO 00 

LOS ONC Taare a tae) 

1060 NEXT T 

1070 RETURN 

Program to control Solid State Relay 

: REM set all parallel port bits to LOW 

REM turn relay on 

REM turn relay off 

Pascal Source Code Listing 

PROGRAM SSR_DEMO; { Written in Borland's Turbo Pascal ) Gee= 

peatedly turn solid state relay on and off } 

{ SSR is connected between DO and +5 volts } 
{ Written in Turbo Pascal 6. However, any version of Pascal should work. } 

USES CRT, Printer; 

VAR A : INTEGER; 

BEGIN 

WRITE (LST, char(0)); { set all parallel port bitssto Low 4 

FOR A 2:=—b FORts0 
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DO BEGIN 

{ turn Solid state relay off } 

WEETEQEST, chart!) ); delay (500); { turn bit 3, OFF, im binary = 00000000 } 
WRITE (Lisl, Char (0))> delay(500); { turn bit 3, ON; ain binary = 00000100 } 
NID {ieee gel 

END. 

C Source Code Listing 

ae PROGRAM SSR_DEMO 

Code conversion by Eugene Klein 

Repeatedly turn solid state relay on and off. 

SSR is connected between DO and +5 volts 

Written in Turbo Pascal 6. However, any version of Pascal should work. 

mae 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

ftinclude <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

void main() //SSR_DEMO 

{ 

wig ee We 

forint st (stdprn,"\x00") > -//seet ell parallel port bits to LOW 

for(A = 1-A —<=150 A> ) 

{ 

if ‘euicn Solud ‘stace rollay. (oie 

Forinti(stdprn,"\s0l"); delay (S00)> // turn. bit OF “Ore, 3 inery I 

} 
} 

C Source Code Listing 

00000000 

fprintf (stdprn,"\x00"); delay(500); // turn bit 3, ON, in binary = 00000100 

oY 
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Using Optocouplers 
or Isolation 

Circuit Theory 
An optocoupler is a device consisting of an LED 

positioned near photo-sensitive silicone. There is a 

space between the two parts, and the whole thing is 

sealed in plastic. An optocoupler allows you to send 

digital signals between two circuits with different 

grounds. Since the digital signal is transmitted on a 

light beam, the two circuits are 100% electrically 

isolated. This inexpensive device provides low cost 

insurance that protects your computer from static elec- 

tricity, relay and motor back-EMF, and ground loop 

damage. It is imperative that you include optocouplers 

in AC controlled projects. 

Optosensors are arranged with all input pins on 

one side of the chip and all output pins on the oppo- 

site side. This creates a physical separation between 

input and output circuitry capable of providing up to 

7500 volt isolation between input and output (ratings 

vary widely between products). Circuit board layout 

should be designed to maintain this separation. Input 

and output circuits should use separate ground planes, 

power supplies, and a physical separation at least 

equal to the distance between the optosensor’s input 

and output pins, (usually .300"). 

Not all optocouplers are created equal. Manufac- 

turers select different photo-sensitive devices for dif- 

ferent applications. You must select an optocoupler 

that meets your electrical needs. Manufacturers of 

optocouplers do supply data sheets that give full speci- 

fications of their devices, and you should consult 

these before deciding on a specific optocoupler. 

Figure 12 depicts four different types of opto- 

sensors. All circuits use the printer port’s TTL signals 

to provide sink current control. Circuit design was 
chosen so output logic follows input logic. In other 

words, when an input to the optosensor goes high, the 

output will be high, and when the input goes low, the 

output will go low. 

U1 is a photo-transistor optocoupler used to pro- 

vide an isolated TTL signal. The output is read be- 

tween the opto-sensor and the 4.7K pull-up resistor. 
U2 is a silicon controlled rectifier (SCR) 

optocoupler used to control large DC loads. Bringing 

U2’s pin 2 input to an active high will result in sec- 

ondary current flow. Once the SCR starts conducting, 

it is no longer affected by its internal LED. To re- 

move power from the load, you must break the cur- 

rent path. The normally closed (NC) momentary ac- 

tion switch stops the current flow when pressed. How- 

ever, when the switch is released power will again 

flow in the load circuit if the optoseiisor’s input has 

not been returned to an inactive high. Therefore, to 

stop load current, you must first bring the optocoupler’ s 

input low and then press the momentary switch. 

U3 is a triac optocoupler. Triacs are designed to 

control large AC voltages. Unlike an SCR, the input 

logic can turn the output current on or off. 

U4, a solid state relay, is a special class of 

optosensor. It contains internal circuitry to accept a 

wide range of of input voltages. Different models 

provide AC or DC control of varying amperage. The 

whole package is equipped with a heat sink. 

Software 
The program listings OPTOS.PAS and OPTOS.C 

show how to turn each device on and off. 

Al 
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Pascal Source Code Listing 
PROGRAM Optos; 

USHS CRT, Printer: 

{ 

Repeatedly turn each opto-coupler in FIGURE OPTOS high and low until any key is 
pressed 

} 
CONST DO_High = 1; { photo-transistor opto-coupler } DO_Low = 0; 

DiLHigh = 2; { SCR opto-coupler } 

Diniowl = 0) 

D3 High = 8; ¢{ triac opte=coupler } 

Dsahow = Oe 

DS_High. = 0U;> 4 °GeR, soled state relay } 

iD ey a Sete 

Time =, 500; 

VAR E : INTEGER; 

PROCEDURE Transmit_Data(High_Bit_Value, Low_Bit_Value : BYTE); 

{ 

Send data out LPT1, parallel printer port. 

Sequence: 

set bit to active high 

delay 

set bit ti active low 

delay 

} 

BEGIN 

WRITE 

DELAY 

Lot, CHAR (Hagh Bate. Value) 

Time) ; 

WRITE (LST, CHAR(Low_Bit_Value) ); 

DELAY (Time) ; 

END; { transmit data } 

BEGIN { main, opto } 

ee ee ee 

REPEAT 

Transmit_Data(DO_High, DO_Low); { photo-transistor opto-coupler } Transmit_Data(D1l_High, 

Di _ Low); { SCR opto-coupler h Mbigelavshune IWreviee (IDS) Isiauela, IDS Ibo) 6 f tETeaqeKe 

opto-coupler } Transmit_Data(D5_ High, D5_Low) ; { SSR opto-coupler 

} UNTIL KEYPRESSED 

END. { main, optos } 

C Source Code Listing 

as PROGRAM Optos 

Code conversion by Eugene Klein 

Repeatedly turn each opto-coupler in FIGURE OPTOS high and low 

until any key is pressed 

at A 

#include <dos.h> 

#include <stdio.h> 

fHimncilude. <ComMao. hi 

wpuiae IuKels <xteheiel Waitles, ine: 

#include <string.h> 

#include <bios.h> 

aavaKellibKekes Cini AMIEAU) lal 

C Source Code Listing 43 



const int DO_High = 

COME Ginic DO _inonwy = 

const dnt Dianigh = 

EGS wie Dil Lewy = 

Const 42nt D2 Argh = 

GCOMSE TOKE IDA Ikvony = 

COIMisic sine IDS _jsliela = 

COmisie dane IDE Ite; = 

const int Time = 500; 

sate. Ia}s 

// photo-transistor opto-coupler ~e 

“e 

// SCR opto-coupler 

eos. 

// txriac opto-coupller ~ 

house ; // SSR, solid state relay 

(Sy 169) Sy eo) TSS) oS ~ 

void Transmit _Data(unsigned char High_Bit_Value,unsigned char Low_Bit_Value) 

/* Sendadata ouumlel ln parallel pigimver oor 

Sequence: 

set bit to active high 

delay 

set bit ti active low 

delay 

‘ae 

{ 

UEC (HG aitem elev sit Glorem) i. 

delay (Time) ; 

putc (Low_Bit_Value, stdprn) ; 

delay (Time) ; 

Transmit_Data(DO_High, DO_Low); //{ photo-transistor opto-coupler 

Transmit Data(Dl_High, Dl_Low); //{ SCR opto-coupler 

IAIN Ic _Deies, (IDA _Ichieid, WS uikewm)) ey 7 Ieee CysxeO©-—Cewlaleie 

Transmit _Data(D5_High, D5 Low); //{ SSR opto-coupler 

}while(!kbhit()); 

} 
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Driving High Power Loads 
and DC Relays 

Circuit Theory 

A buffer driver circuit is necessary if you want to 

use a printer port’s TTL logic to control high power 

resistive and inductive loads. By definition, each TTL 

output can only sink only 15 mA and source 7 mA of 

current. If you want to control larger loads, you must 

add a buffer designed for the job. The ULN2803 is 

suitable for driving relays, solenoids, lamps, and step- 

ping motors. 

The ULN2803 octal driver is designed as an in- 

terface between low-level TTL/CMOS circuitry and 

high-power DC loads. The chip contains eight high 

voltage, high current driver amps. The physical ar- 

rangement of the pins places each driver’s input oppo- 

site its output. DO is input on pin | and output on pin 

18, D2 is input on pin 2 and output on pin 17, and so 

forth. This arrangement makes circuit board design 

logical and straightforward. 

The ULN2803 accepts TTL or CMOS inputs. 

Each output is rated at 50 volts, 500 mA continuous 

+5V +5V 

4. IP n BX AMS 
J1 

= 0B-25 
S 

oe IBM PRINTER PORT & 

INIT 

SEL_INPUT 17 

GND A 18 

GND B19 

and 600 mA intermittent. Its big brother, the ULN28 13, 

can drive 600 mA loads continuously. It can safely 

control inductive loads since each driver contains tran- 
sient protection diodes. Silicon logic does not take 

well to heat. Place a heat sink on the IC if you are 

driving larger loads. 

Figure 13-A shows a basic high power load driver 

circuit. The printer port’s TTL data pins, DO to D7, 

drive the ULN2803’s eight inputs on pins | through 

8. The pull-up resistors help ensure clean logic sig- 

nals. Resistors R9 and R10 keep the printer port’s 

ACK and ERROR lines at logic high. The PAPER- 

END and BUSY lines are tied to logic low. The 

computer “thinks” it is talking to an on-line printer, 

ready to receive data. The ULN2803 is designed to 

sink a load. Since outputs are inverted from inputs, a 

load is “on” when the input logic is high. 

Figure 13-B shows the ULN2803 used to drive a 

DC relay. The relay is energized whenever the input 

logic 1s high. 

UI 

ULN2803A 

: OCTAL DRIVER 

‘INVERTED OUTPUT 
POWER MAX: 

+50v, 0.50 

ae ee | 

S653 

LOADS 
{ ' ‘ GND_C 20 

Figure 13-A 

SEVOUTS 

A5 



Softwa re The listings DRV_RLY.BAS, DRV_RLY.C, and 

DRV_RLY.PAS are used with the circuit in Figure 

Program listings DRIVER.BAS, DRIVER.PAS, — 13-B. When executed, these programs will keep ener- 

and DRIVER.C are used with the circuit in Figure _gizing ard de-energizing the relay connected to D7, 
13-A. at pin 9, until any keyboard key is pressed. 

+5V +5V 

ee ne COIL SUPPLY: 
yW ve 5 to 50 volts 

ULN2803A 
DB-25 aver) 500 ma PER DRIVER = 

Eon 5 OCTAL DRIVER 

z ace B ORT : INVERTED OUTPUT NC 
MUTOTTED 1 STROBE == = fe cay leet 

eas 2 00 i ; 

=mnoe ae INIT a NO ; mmr Hoop ef 
ie, (aia Raab HL 
Cag Ene ee hi a} q 

ald PP} aie: 
= 11 BUSY 

» 12 PAPER_END #5¥ SPDT RELAY 
13. SELECT 

Figure 13-B 

BASIC Source Code Listing for Figure 13-A 

100 REM DRIVER.BAS 

110 REM 

120 REM Repeatedly turn each data bit, DO - D7 on and off. 

130 REM Pressing any key will end the program 

140 REM 

I50 = ie iD = ize 

160 REM 

170 REM ==[ main, driver ]=- 

180 REM 

LQO. ID = 

200 REM REPEAT 

210 LPRINT ‘CHRS (D) ; 

220 SLEEP (t) 

230 LPRINT CHRs (0); 

240 SLEEP (t) 

ASO) 1D) = ID) 4 ID 

PHO) tie iby = IPS) Misia) OMe Aoe 

DUO) sti NIKE SS UY ANSHEIN| COANOy ULsHo) 

280 END 
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Pascal Source Code Listing for Figure 13-A 
PROGRAM DRIVER; 

{ 

Repeatedly turn Gach data bit, DO - D7 on and off. 

Pressing any key will end the program 

} 

USES CRT, PRINTER; 

CONST ve = 57 

VAR D : INTEGER; 

BEGIN { maan, Griver } 

REPEAT 

D ell 

REPEAT 

WREERE iS CHAR (D)))))) 

Delay (t) ; 

WRaERE (moi) CHAR ((0)))) 

Delay (t); 

LS SoS) eat oe hs 

UNL DiS 2s 

UNTIL KEYPRESSED; 

BND. « marin, draver } 

C Source Code Listing for Figure 13-A 

ic PROGRAM DRIVER 

Code conversion by Eugene Klein 

Repeatedly turn each data bit, DO - D7 on and off. 

Pressing any key will end program 

“ay 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

Hine lide <stdalab.h> 

finclude <string.h> 

#include <bio0s .h> 

fFainclude: "Mya PU: ih 

unsigned char D; 

void Delay(int T) 

// provide a delay proportional to T. 

{ 

TOME WG, Nee 

Ye = OF 

smog (OGL Poe e— ANG eS )) 

NGo oe 

void main() 

{ 
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[SURES (1D), SreCloxaiay) 2 

delay (1000); 

putc (NULL, stdprn) ; 

delay (1000); 

D+=D; 

}whaile(D > 128); 

}while(!kbhit()); 

} 

BASIC Source Code Listing for Figure 13-B 

LOOP REMS Eat hy DR Vi REY SAS 

110 REM 

120 REM Repeatedly turn a relay interfaced to a printer port's D7, pin 9, 

SHO) Isteil @yal Gliayel Oieie 

140 REM 

L5O0 D7 =] 1282 Ww = LO@O 

160 REM 

170 REM REPEAT 

180 LPRINT CHRS (D7); 

ALSO! WOR VA =. 1 TNO) She INI VA 

AOO ii WGNE ClsuRs. (@)) 

FALO THOR, 7A se IL MO) SPQ INIER CIEE J 

FOO) Te INES SY SS INy YAO) 

230 END 

Pascal Source Code Listing for Figure 13-B 

PROGRAM DRV_RLY; 

{ 
Repeatedly turn a relay interfaced to a printer port's D7, pin 9, 

on and ort: 

} 
WSIS CRUE, IDI ILIN MER. 

CONST Dy eae Oe = OF 

BEGIN 

REPEAT 

PRIN (iSHe , 1D) )) § 

DELAY (t) ; 

Waianae, @) )) 5 

DETR, (Gta) ss 

UNTIL KEYPRESSED; 

END. Y 
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C Source Code Listing for Figure 13-B 

Hee PROGRAM DRV_RLY 

Code conversion by Eugene Klein 

Repeatedly turn a relay antvertaced! to 7a printer pore's D7, pum 9, 

OMmanG. Orr 

Be 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

: silpaKonl ¥Ke lau etshereilelols lal 

finclude <strang .hi> 

#include <bios.h> 

Fineiude “My TPUlh” 

Conse inte Dy = Zee 

COUSE. kite (=) oF 

void main() 

{ 

do 

{ . 
pice (D7 , sidan); 

delay (t); 

pure (0 stdorm)); 

delay (t) ; 

}while(!kbhit()); 

} 
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Speech Output from a 
Parallel Printer Port 

Circuit Theory 
There are several speech cards that require only a 

single slot in your IBM-compatible computer and 

produce very realistic speech. If you have the need, 

and physical space, then one of these commercial 

boards, like the de facto standard SoundBlaster card, 

may be for you. However, if you want your project to 

interact with the user by saying a few pre-defined 

phrases, then this circuit can be a very cost effective 

alternative. 

The project relies on a General Instruments 

SPO256 speech synthesizer IC. The English language 

is made up of 59 distinct sounds, and the SPO256 

knows how to generate all 59 of them. The SPO256 

data sheets identify each sound by codes familiar to 

linguistic scholars. The data sheets also includes En- 

glish usage examples of each sound as well as a small 

dictionary “sounding out” some common words. 

Figure 14 shows a working application of the 

SPO256. The computer sends data with data bits DO 

through DS. The SPO256 knows when data should be 

read when its ALD line, at pin 20, is pulsed with an 

active low strobe. If the chip is not ready to receive 

new data, its LRQ line, pin 9, is pulled to an active 

low. 

On the printer port connector J1, resistors R1 and 

R2 are pull-up resistors for the printer port’s ERROR 

and ACK lines. By tying the ACK and ERROR lines 

to logic high, while securing the PAPER-END and 

BUSY lines to logic low, the computer is fooled into 

thinking it is connected to an on-line printer ready to 

receive data. Therefore, BASIC’s LPRINT (with a 

trailing semicolon) and PASCAL’s WRITEstatements 

can output data with a minimum of software code. 
Rather than grounding the printer port’s BUSY 

line, the circuit routes it to the SPO256’s LRQ line, 

pin 9. When the SPO256 pulls its LRQ line low, the 

computer thinks it has a printer that is out of paper 

and stops sending data. When the BUSY line returns 

to high, the computer will start sending more data. The 

entire process is handled by ROM BIOS and hidden 

from your software. The SPO256’s audio output is then 

filtered and ready for connection to your audio power 

amp. 

Software 

The program listings SPEECH.PAS and 

SPEECH.C demonstrate how to generate words from 

the parallel printer port. 

oF 
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Pascal Source Code Listing 

PROGRAM SPEECH; 

{ 

Produce speech using General Instrument's SP0O256 Speech Processor. The chip has 64 address 
locations each identifying instructions for sounding an allophone. The chip's output should be 
fed t© an audio amplifier. 

} 

USES CRT, PRINTER, My Tpu; 

TYPE String80 = STRING[80]; 

Set_O£f Char = SET OF CHAR; 

{ 

NOTE: The pound sign, "#", in front of a number, tells the Turbo Pascal compiler that the 

number is an ASCII value to be assigned to the character variable in front of the equal sign. 

} 

CONST 

{ 

Allophone information based on General Instruments' Data Sheets, 

and Radio Shack Data sheet packaged with item 276-1784. 

} 

{ DATA SHEET DICTIONARY } 

{ ALLOPHONE PRONUNCIATION } 

{ SYMBOL SYMBOL NOTES } 

tee AA = #24; { N } 

ey An = #26- { a } 

eae AO = #23; { E } 
AR = #59; { Nr } 

ara AW = #32; { ou } 

ea, AX ee F115: { u } 

SOE — ae TOIT C } 

BBL =) #28; { b final positzoen } 

{ b between vowels, or in clusters } 

BB2) = Tost { b initial position before a vowel } 

Gil) FSO) { iioy ji 

1) OM es { a Linc positlonn |} 

DIZ) = ss { d opbicakeliy joxeyshauie alight J} 

Drie = ss tele Words anit veal posite roms} 

DH2 = #54; ees al word's final position } 

ein between vowels } 

a} EH = #77 { e } 

BL = #62; { 1 } 

BRL e eo { Ae th 

ER2 = #52; { he 

BY = #20; { O } 

{*} fe = 440) { SuLileime,, Wistey feinaveplliye Sina aealekeull, jelosae sown 4 

GGi = #36: { g Jofoucronete) Iniciar teiafohalie, Wenllise lie, cl, ak, OQ, G, Gre }} 

GG2 = #61; { g betore Nigheback vowels 110) OO} dn One } 

{ g before clusters } 

GG3 = #34; { g before low vowels: a, ou, ¢, Nr, N, E, ir, ar, ur } 

{ medical clusters } 

{ g final position } 

HHl = #27; { h lejenroua “imicieimie, AYoKEILSS lie, i, ab, 2l, Op Gey ei | 

HH2 = #57; { h before back vowels: ii, oo, i, oi, E, ir, Nr } 

{*} IH = #12; { i } 
TENG edt) { a } 

JH = #10; { j a 
ROSIE { k before front vowels 

ie, ly “ib, Of, @, re, ly ely eue, Waa, Wl y 

k intial eliuistensas} 

OR) = aia { k Fimeale posate Lon i} 

KK3 = #8;{ k before back vowel:ii, oo, i, oi, ir, Nr, E } 
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LL = #45; { L } 

MM = #16; { m } 

NG = #44; { ng } 

NIN arta alia { n before front and central vowels: 

een vel al (Cl, Oy aief el, ene, Whe, i, Ow, ©; a Pt n final clus- 

ters } 

NN2 = #56; { n before back vowels: oo, i, oi, ir, Nr, E } 

ORR = THOS { sie 

OW = y5ss { i ; 

Oye = Hsp om > 

PPA = #9); { 2 } 

RRA ar: (Gee: initial position = beginning of word } 

IR = as S)e { ie niguiieryekil oMllgbyssiecye } 

SH oa { shi 33 

(a) SS = WzSSs - ¢ Sauleis )} 

(*) Tel = Geese f eavilerye }} 

pO Se alee { iE Eimal “cluster before SS! } 

We = FL S}o { ts all other positions } 

esa Uist = qasOe fore) } 

10) a A { svat after y } 

UW2 = is 1 { aad in one syllable words } 

WW = HIS. { V } 

WH = #48; { hw } 

WW = #46; { W } ci 

SR = ey { er } 

YR = #60; { ie } 

VAAL = kealioy. { 4 clusters } 

NOE = aS { M initial position } 

Ze Sor { Zh } 

ZZ = #43; { Z } 

PA1 = #0; { pause 10 ms, before BB, DD, GG, and JH }*PpAZ = 71> { pause 30% ms; 

before BB, DD, GG, and JH } PA3 = #2; { pause 50 ms, before PP, TT, KK, and 

CH, and between words } PA4 = #3; { pause 100 ms, between clauses and sentences } 

PA5 = #4; { pause 200 ms, between clauses and sentences } 

{ allophones proceeded by "*", can be doubled } 

VAR 1 SENG IMckS 

Computer, Talking, Hello, Phrase ; String80; Lpt_Num, Lpt_Port Address : WORD; 

Ok See 3 SSG Or Lelaeues 

PROCEDURE Speak(Phrase : String80); 

{ 

Transmit each allophone byte of phrase to SPO256. 

Procedure will only transmit to LPT1. 

} 
CONST D6 = 64; 

VAR Inf 3) TENAILES 

BEGIN { speek } 

FOR N := 1 TO Length(Phrase) DO 

BE GiuNe eee Og onl); 

WRITE(LST, CHR(ORD(Phrase[N] ) ) 

i 
delay (30); { put data on data lines 

ANID <{ iE@ne in 

END; { speek } 

PROCEDURE Say(Phrase : String80) ; 

{ 

Transmit each allophone byte of phrase to SPO256. 

SLI ieacsuasigahes Chay Weal, Ie, Cie Ties . 

} 

CON SD (ean lanes 

VAR N, Temp : Byte; 
BEGIN { say } 

FOR N := 1 TO Length(Phrase) DO 
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BEGIN { for n } 

{ Check speech chip's standby line, LRO, ( D7, at pin 10 on printer port } 
{ When LRO is logic high, chip can accept new data} 

REPEAT UNTIL ( PORT(Lpt_Port_Address + 1] AND D7 ) = D7; { ok to transmit? } 

DO set HIGH = 0. Why? Because you have to account for inverteed logic} 

AI scour ‘Control lines, sat WPT Port Address + 2, are set to imactive: } 

logic levels by sending 10, binary 00001010. } 

Remember, Storbe line is inverted. High is 0, Low is 1. } 

PORT [Lpt_Port_Address + 2] := 10; { seisic  eulil ei@ieheic@il Imes! ee) thnacieiwe 4 
PORT bpesPort Address] += ORD (Phrase N]); { put Gata on data lanes } 

PORT [Lpt_Port_Address + 2] := 11; { set strobe, DO, to active LOW } 

POR MiptePore sAcdibess a. 2s — On { set strobe, DO, to inactive HIGH } 

BND Lor 2} 

END; { say } 

BEGIN { main, speech } 

{ define words by allophone sounds } 

CompUeer es CONCAT (TG Ax, pals MM Pit Vivi) snUW i) a D2 ERs PAB: 

Radkinds a= CONCAR( TEA, AO}, AO), PAS, Ki, On, NG, PAS); 

Helton: = JCONCAT(HHL EH, uli, Ax, sOW, BAS); 

{ transmit speech allophones via LPT1 } 

Speak (Computer) ; 

Speak (Talking); 

DE GAY (2510 )'+ 

Speak (Hello) ; 

{ alternete method of sending speech allophones to LPT1, LPT2, or LPT3 } 

Select_Printer Port (Lpt_Num, Lpt_Port_Address) ; 

Say (Computer) ; 

Say (Talking) ; 

DTA (O:) 

Say (Hello) ; 

END. { main, speech } 

C Source Code Listing 

ie PROGRAM SPEECH 

Code conversion by Eugene Klein 

Produce speech using General Instrument's SPO256 Speech Processor. The 

chip has 64 address locations each identifying instructions for sounding 

an allophone. The chip's output should be fed to an audio amplifier. 

oy 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

/* 

NOTE: The pound sign, *#", in front of a number, tells the Turbo 

Pascal compiler that the number is an ASCII value to be 

assigned to the character variable in front of the equal sign. 

Allophone information based on General Instruments’ Data Sheets, 

and Radio Shack Data sheet packaged with item 276-1784. 
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DATA SHEET 

ALLOPHONE 

SYMBOL 

“aly 

#define AA 24 

#define AE 26 

#define AO 23, 

#define AR 59 

#define AW eye 

#define AX AUS 

#define AY 6 

#define BB1 28 

// 

#define BB2 63 

#define CH 50 

#define DD1 Zul 

#define DD2 33} 

#define DH1 18 

#define DH2 54 

iif 

#define EH a 

#define EL 62 

#define ER1 51 

#define ER2 52 

#define EY 20 

#define FF 40 

#define GG1 36 

#define GG2 61 

if if 

#define GG3 34 

Kil 

// 

#define HH1 Cali 

#define HH2 7) 

#define IH se 

#define IY 19 

#define JH 10 

#define KK1 42 

leh 

Up 

#define KK2 41 

#define KK3 8 

#define LL 45 

#define MM 16 

#define NG 44 

#define NN1 dal 

Va 

Mf 

#define NN2 56 

#define ORR 58 

#define OW bs 

#define OY 5 

#define PP1 9 

#define RR1 14 

#define RR2 39 

#define SH By, 

#define SS 55) 

#define TH B9 

#define TT1 AL 

DICTIONARY 

aoa e, 

PRONUNCIATION 

SYMBOL NOTES 

Mi = 

hit a 

Mei} = 

iif ming 

Wi ou 

EY u 

iif za 

Lie b final position 

b between vowels, or in clusters 

Hi b initial position before a vowel 

i, Gh 

ah d final position 

Hf d initial positin 

Pip xelat word's initial position 

tif seis word's final position 

th between vowels 

Nd e 

if 1 

Hi ar = 

vif ur 

Hi = 

Hi silent, use singly in final position 

ile g befores Mmighetaront syjOwellis saucy. meen 

Hef g before high back vowels: ¢«*, 00, ¢*, Oi, U 

g before clusters 

lah g betome Wow Vowels “a, OU, =, 2G, 2, 

medical clusters 

g final position 

iif h berone = front ivowels: 1h oo) 1, 6, 

Vif h before back vowels: ¢*, oo, ¢, Ol, 

Vay at 

bi A 

// j 

Ha, k before front vowels 

NIG al he ee Cem mOnaMy Cnr clr me cis am WEI UL 

k initial clusters 

le: k final position 

4 if k before back vowel:e**, 00, ¢, Oi, "Yr, 

Hi L 

Hit m 

// ng 

laf n before front and central vowels: 

ee eC els, (ay ea aula; sll) Slee marae 

n final clusters 

wit n bekore back vowels. kOO7m enneOl!n Bie 

// ule G 

// ° 

I i ol 

i if P 

Le 238 initial position beginning of word 

// 16 ibgakicaiel cUketsiecre 

HY sh 

// silent 

// silent 

// iE final cluster before SS 
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#define TT2 ike) ia c all other positions 
#define UH 30 Hf fore) 

#define Uwl 22 Vis ee after y 
#define UW2 Sh il fey ee in one syllable words 
#define VV B15) ‘ais Vv 

#define WH 48 1a hw 

#define WW 46 ee W 

#define XR 47 tak er 

#define YR 60 Naf alle 

#define YY1 49 // y clusters 

#define YY2 25 Heo Ng initial position 

#define ZH 38 a Zh 

#define ZZ 43 // Z 

#define PAl 0 // pause 10 ms, before BB, DD, GG, and JH 

#define PAZ 1 // pause 30 ms, before BB, DD, GG, and JH 

#define PA3 2 // pause 50 ms, before PP, TT, KK, and CH, and between words 

#define PA4 3 // pause 100 ms, between clauses and sentences 

#define PAS 4 // pause 200 ms, between clauses and sentences 

// allophones proceeded by "", can be doubled 

unsigned char E; 

unsigned int Lpt_Num, Lpt_Port_Address; 

void Speak(char *Phrase,int Size) 

{ 
/* 

Transmit each allophone byte of phrase to SPO256. 

Procedure will only transmit to LPT1. 

Similar to using BASIC'S LPRINT, or Pascal's WRITE commands 

Ty 

unsigned char N; 

for (N=0;N<Size;N++) 

{ 

putc(Phrase[N],stdprn) ; 

delay (30) ; // put data on data lines 

} 

} 

void Say(char *Phrase,int Size) 

{ 
/* 

Transmit each allophone byte of phrase to SPO256. 

Will ‘Eransmit on LPT!) LPT2, or LPTs. 

isl 

Conee inte Dis = 128i; 

unsigned char N, Temp; 

for (N=0;N<Size;N++) 

{ 

/* Check speech chip's standby line, LRO, ( D7, at pin 10 on printer port 

When LRO is logic high, chip can accept new data. 

* / 

while(( inport (Lpt_Port_Address + 1) & D7 ) == 0); // ok to transmit? 

{ 

Ife BO set HIGH = 0. Why? Because you have to account for Tevecused logic 

Ril four Gontrol lanes, at MPT Post Address = 27 are set to amactive 

logic levels by sending 10, binary 00001010. 
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Remember, Storbe line is inverted. High is 0, Low is 1. 

Pe), 

outport (Lpt_Port_Address + 2,10); f/f set. alls control) bites eo) ainactane 

outport (Lpt_Port_Address, Phrase[N] ) ; // put data on data lines 

outport (Lpt_Port_Address + 2,11); He Sie Grersolys, IDO), ie) elles IO) 

outport (Lpt_Port_Address + 2,10); Li) Set Strobe, DO, to anactivie HIGH 

void main() 

{ 

// define words by allophone sounds 

char Computer[]= {KK1,AX,PA1,MM, PP1,YY1,UW1,TT2,ER1, PA3}; 

chase Tablikine (i= (in2, AO, AO, PAS) Kis iE, NG PAS} 

char Hello[]= {HH1,EH,LL,AX,OW, PA5}; 

// transmit speech allophones via LPT1 

Speak (Computer, sizeof (Computer) ) ; 

Speak (Talking, sizeof (Talking) ); 

delay (250); 

Speak (Hello, sizeof (Hello) ); 

// alternete method of sending speech allophones to LPT1, LPT2, or LPT3 

Lpt_Num = Select_Printer_Port(); 

Lpt_Port_Address = Init_Printer_Port (Lpt_Num) ; 

Say (Computer, sizeof (Computer) ); 

Say (Talking, sizeof (Talking) ); 

delay (250); 

Say (Hello,sizeof(Hello)); 
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Pevernily «| Cah. «| Oe aa. > 

Generating Audio Tones 
from a Printer Port 

Circuit Theory 

The PCD3311 tone generator IC can generate 

three octaves of musical, dual tone multi-frequency 

(DTMF), and 300-1200-2400 baud modem tones. The 

PCD3311 contains an internal array of audio tones. 

Each time you send the chip a number, it generates 

the tone(s) identified by that number. On-board logic 

divides the color burst crystal's frequency to the musi- 

cal, DTMF, or modem tone requested. The tone con- 

tinues until it is turned off, or replaced, by new data. 

Notes are turned off by sending a 1, 2, or 3. A more in 

depth discription can be found in Volume 1, “Com- 

munications,” of the Signetics Linear Data Manual. 

As you can see in Figure 15, very few external 

parts are used. Q1, R1, and RS invert the strobe line 

+5V 

R5 4.7K 

+5V 4 
doen ai 

2N2222 

n> 
Ge ~ 

AUTO_FEED 14 

BUSY 
PAPER_END 
SELECT 

Figure 15 GND 

TONE GENERATOR 

GND GND GNO 

because the PCD3311 requires an active high strobe. 

Resistors R1 and R3 are pull-up resistors for the ACK 

and ERROR lines. By tying the ACK and ERROR 

lines to logic high, while tying the BUSY and PAPER- 

END lines to logic low, the computer is fooled into 

thinking it is connected to an on-line printer ready to 

receive data. R2 ties PCD331’s chip select line, CS, 

high. That means the PCD331 is always waiting for 

new data from the printer port. It knows it has valid 

data on its data input lines, DO-DS, when the strobe 

line on pin 5 goes to an active high. You could multi- 

plex this device with other devices connected to the 

parallel printer port by adding an active high chip 

select pulse to pin 7, CS. The CS line must be high 

before pulsing the STROBE line, and remain high 

until after the completion of the last STROBE signal. 
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ul 
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R2 4.7K XTLI1 
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3.5795 MHz 

J3 
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Software 

Using BASIC's LPRINTcommand or PASCAL’s 

WRITELN command will send data to the PCD3311. 

Both these commands were designed to send data to a 

printer. Both commands place the data on the LPT1’s 

data lines and generate a strobe signal. 

The programs PCD3311.PAS and PCD3311.C 

demonstrate how to generate a musical scale, modem, 

and DTME and signals. I just let the notes play, but 

you can turn off a note by transmitting the number 1, 

2.008: 

The programs MUSIC.PAS and MUSIC.C dem- 

onstrate how to play music from your PC’s parallel 

port. I transcribed the melody “Dill Rag Pickel” by 

Charles L. Johnson note for note from sheet music. 

Each note was replaced by a number the PCD331 

associates with that note. Since the sheet music went 
down three notes below the PCD331 1's tonal “range,” 

I used negative numbers to represent them. The pro- 

gram adds 3 to each number before it outputs the 

value. This transposes the music up three tones and 

places all the notes within the PCD331’s tonal range. 

Today’s electronic keyboards use a similar technique 

to transpose notes. 

Irving Berlin did a similar thing with his personal 

piano. Berlin always played in C. He had a piano 

constructed with the keyboard on tracks. A lever un- 

der the keyboard was used to move the keyboard left 

or right, by indexed amounts, in relation to the piano’s 

body. Each click of the levered index moved the 

keyboard by one note. This allowed Berlin to gener- 

ate music in any key while fingering the piano in C. 

Pascal Source Code Listing for PCD3311.PAS 

PROGRAM PCD3311; 

{ 
() SG inkSieskeky WXeimeysalaly } 

BILE: PCD33ii PAS; by Paul Bergsman 1171071992 

Generate modem, musical, and DTMF telephone tones, 

third party printer card used for experimentation } 

USES CRT; 
CONST T : 

($30, $31, 
ARRAY[0..25] OF INTEGER = 

S34, Sis, SSA, SSS, SIG, 

SIC, SID, SO, Sain, SAC, Saw, S04), SOS, 

VAR Printer : TEXT; 

PROCEDURE Play_Scale; 

VAR A, E : INTEGER; 

BEGIN { play scale } 

FORT Aes — sel Omen) 

BEGIN { for a } 

OR 1h S= 0) Sto) Bal ine { 

BEGIN { for e } 

VU IaANY (OUNCO pie, Y)) = tela) )e 
WRITE(PRINTER, CHAR(T[E])); 

DELAY (100) ; 

END; { for e } 

FOR E := 24 DOWNTO 0 DO { 

BEGIN { for e } 

(ERAN, (OUP pT) = 8 SUE is 

WRITE(PRINTER, GHARAGM EA)! 

DELAY (100) ; 

ANID Af ikene  }} 

WRITELN; 

ISNIDIG 4 “irene ey F} 

END; { play scale } 

PROCEDURE Output_DTMF_Tones; 

VAR A, E : INTEGER; 

BEGIN { dtmf } 

HORT AN =) Om) pO 

BEGIN { for a } 

FOR E := 16 TO 31 DO 

$37, 
$25, 

$38, 
$2F, 

{ define musical tone values } 

939, $3A, $29; $38, 
$06, $07, $00); 

-=[ GO UP THE SCALE ]=- } 

-=[ GO DOWN THE SCALE ]=- } 
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BEGIN { for e } 

WRITELN('DTMF TONE ',E - 15, ' = ", EH); WRITE (PRINTER, CHAR (E) ); 

DELAY (200) ; 

ENDe aH pio cn y 

WRITELN; 

END; { for a } 

END iecdtmit } 

BEGIN { main } 

ASSIGN (Printer, 'LPT2'); REWRITE (Printer); 

REPEAT 

Play_Scale; 

Output_DTMF_Tones; 

UNTIL KEYPRESSED; 

WRITE(Printer, CHAR(3)); { cs|l teh ope eiouiiksiceie jl== |} ipyaiivw, (500) 5 

END. { main } 

C Source Code Listing for PCD3311.C 

fie PROGRAM PCD3311; { Signetics PCD3311 } 

Code conversion by Eugene Klein 

by Paul Bergsman 11/10/1992 

Generate modem, musical, and DTMF telephone tones, from printer port 

LPT2 on my machine is a third party printer card used for experimentation. 

=f 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include “My_TPU.h" 

unsigned int LPTx, Lpt_Num; 

const ine ris // define musical tone values 

(Ox30;, Os3l, 0x32, OxSs 0x34 0x35), 0x36) x37) Oxs:SiOx397 Oss Ay) Os) 0x3 By 

Opeye,, Cpeshio), (pein, (rece Wpexel, Op-choy Ord)4l, Obs, WrS), Wbc2i, Obes, Or07 7 Wxd0le)i: 5 

void Play_Scale(void) 

fi 

Tite ens, Ee 

for (A=1;A<=2;A++) 

{ 
for (E=0; E<=24;E++) i if =-=[ GO UP THE SCALE) ]j=- 

{ 

jonenohese (OU can easel Sane Mio) )) 6 

OULDORE Gab isc el Enl es 

delay (100) ; 

} 

for (E=24; E>=0;E-) Ki -=[ GO DOWN THE SCALE ]=- 

{ 
pnt sa = CSL! TUB): 

OUEDOrE ME xe ul [ine a 

delay (100); 

} 

jonenipanene (Gd Noah) 
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void Output_DTMF_Tones (void) 

{ 

ate WAY en 

fon (A=iA<—2ye A) 

{ 

for (B=16->R2=31; B++) 

{ 

iopeaimese (one in GRONIN yah Staak Naa! piap =) AlSy, 10) 

OUunEoorae (Mee, TWiae)) F 

delay (200); 

} 

joreroese (Watt) 5 

} 

} 

void main() 

{ 

iW INN = SSikeche i heataheeraNersic (hip 

INP = iboshic_ iPiealiqecue jones (Amos INIEh)) 9 

do 

{ 

Play_Scale(); 

Output_DTMF_Tones() ; 

Jwhile(!kbhit()); 

OuEpOTe (EPI a NS!) Li pell tba Cnse oeealikeiceie  j)/== 

delay (1500); 

} 

Pascal Source Code Listing for MUSIC.PAS 

PROGRAM Music; { Signetics PCD3311 } 

{ 

FILE: Music.PAS, by Paul Bergsman 11/10/199 

Play Dill Pickle Rag via PCD331 Tone Generator 

} 

WSK SmCR Ils 

CONST 

T > ARRAY [226] OF ENTEGER = { define musical tone values } 

(S80, Sel, $32, S33, S34, S85, S36, SS, SSS, SSC), SayA, S29, Soi, SSC, SS, Sis, Ssia, S@C, SSF. 

SOA, S05, S25, S25, S06, SO7, SOO); 

{ Define music to be played. Byte[0] continues number of bytes in array } 

{ smallest note is a 16th, so all notes are defined as 16th notes. } 

{ Music was transcribed by listing the ordinal value of T[n] over sheet } 

{ music notes, then recording values into constant arrays below. } 

{ First number in array = number of active elements in array } 

iaerne 3 INRVOEO .. Gill Ox saNadseiys = (6,9,9), 10,40, i, wil) » 

Line_1 iG ARRAY [0 Sots 337 | OF INTEGER = (322) ko, Wea ee le eS ee ey eel 

Lah oe SW aL aay alee SLY eh ek ined yy ieln Hh Sp Sin) Th Sin eet nous 

End_Al R ARRAY [0 aed 32 | OF WINE INI = (325, 00,2), 427.05 2a a Oe oe One 

MDW, On By, Be P pen hn De Gg TiS 7 ple, Mp Ny 10, Labs 

End_A2 : ARRAY [0 wr 32 | OF INTEGER = (G3827) Os2 Fae 0s 2, AOR Ae Oe 

ND Oy On Ay I pae pe, Oe led, Sepp Se Sy nooks 

Line. 2 : ARRAY [0 oF So OF INTEGER = (3.2.,.0,0.4 100) oe Da 
Sip ay dll, ay We, Ay, ay ee Cl ae led alee sale) l5y tay oeilyvele AU ILD ILL Te ALN) 

End_Bl : ARRAY [0 £2 | OF INTEGER = (32,0; peas aie oe 
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Diane eG te le ety al Ie 9, Vly Lord gt AO ia 13) irs 
ENOEB2 ARRAY (0. 1321) OF INTEGER = . (32,0) 7,2)7/3 yo 4,77 Sv 504,12, 12, 14,12 12,18 ae 16; 
sg A, Lie, eee TAT ae eee, 87, 17): 
ate 2 eee 2 221 Gr ANIeCaR = (32,10; 755,10, 7, 502755 512) 50177 Oy 21270, 0,5, 5,2 00RD 
222,92) 2,7 ,7;9,90s 

Eanesds) 8°) ARRAY 0. 0s 2217. OF > ONUEGHER= = . 63°95.205.75 5.109. 5 noes 
SAPO toe Dawes FLOR) Aleve, op Ue Ben oe sl eos 
Litie a 4 ARRATIO 2/32), OF INTEGER = (22 ALO, 7,5, 1027) Sy on, ove 1p ea uO --1, 0,555.2 0h Oe 
D2, - 2-2, 20,106,959, 91: 

Line_6 : ARRAY [0 Site S24] OF INTEGER = ery Dap th pencil, Shae Ik Ch, lay 
Peis pelo og), de, tay bey tl eh Lhe, 1e AS, Os LOO, TOL. 107 1077 5 9)s 

Line_7 : ARRAY [0 cok Sy || OF INTEGER = Chen, Ue Tt pO Sh, NOL, 2 

Lee Shi acttty UES) ALS) gb Fi Es IAAL as ale Le aki ps ligp pales al aL Oh, SUC) ALO), ALO) Si shes, slays) ic 

VAR Printer : TEXT; 

Ay Ce Bs) INTECER; 

PROCEDURE Play_Note(Note : INTEGER) ; 

BEGIN 

{ all notes transposed up three tones because chip starts at D# not C } 

WRITE(Printer, CHAR(T[Note + 3])); 

DELAY (150) ; 

If KEYPRESSED THEN HALT; { exit program when keypressed } END; 

PROCEDURE Display_Music; 

BEGIN 

ChEp Cr 

GOTOXY (10,2); WRITELN('-=[ DILL PICKEL RAG j]=- lone (Clniehelkeey ii, Wielaiace Y)) 5 Ceroeerey (INO, 40) ¢ 

writeln(' transcribed by Paul Bergsman, 11/10/1992 '); GoToxy(1,7); 

Writeln 

a OE 
MESTEER RPP S LTT SFT IT TEST SST T Pee EPs eee 
WRITELN 

ibe Os 

WRETEIN TUFF FS STII IF FEL ILS F LTPP ISTEP I SS FIFI TIT PPTL PPP PSP RES TPES Tipe 
WRITELN 
('> Onn 
WRITE OUTFITS PPI S TTT PEST es ee ee ee 

WRITELN 
("> On HOW)T- 

WRITEUN . CFT rrr errr ee Pere eee ti i ee 

WRITELN 
(‘2 On Ons 

WALTON A ZPeT TTT TPIT TTP eee TTT TPIS ITS ea Ss LIS TT TT oie tea alee 
writeln 

he OC” FOO) 

writeln 

ee ee 
WRITELN; 

Writeln 

(ue =3) =—2 =i il Bl 5 (ey 7 8 So) aS} LG ) SaNIDE =f Chisjolesy 

musa.c? 4} 

BEGIN { main } 

{ my third party printer card used for development work is at LPT2 } 

ASSTIGNPranter, "LPT2"); REWRITE (Printer); 

Display_Music; 

REPEAT 

GOTOXY (5,24); WRITE('PLAYING PART A DG THON: 12, Bes uk MMO) Mime ie|[O), 

do Play_Note(Intro[E]); ; 

For EF := 1 to Line_1[0] do Play_Note(LINE_1[E]); 

For E := 1 to End_A1[0] do Play_Note(End_Al[E]); For E := 1 to Line_1[0] do Play_Note(LINE_1[E]); 

For —& := 1 to End A2[0] do Play Note(End_A2|E])); 

GOTOXY (Ss 24 White PLAYING PART B Uys Galore In) Ges Il ie Line_2[0] do 

Play_Note(LINE_2[E]); 

Pascal Source Code Listing for MUSIC.C 63 



Money ash Ses 

ROR -EN.s= 

CGOLOX a(S; 

one (hy oS 

We WN es Ab 

UNTIL KEYPRESSED; 

{ main } END. 

/* 

FILE: Music.PAS, 

1 to Line 4[0] do Play_Note(Line_4[E]); For E := 

1 to End_B1[0] do Play_Note(End_B1[E]); 

1 to Line _2[0] do Play_Note(LINE_2[E]); For E := 

24); WRITE(' PLAYING PART C'); 

BEGIN 

For E := 1 to Line 3[0] do Play_Note(Line_3[E] ) 

THEN For E := 1 to Line_6[0] do Play_Note(Line_6[E] ) 

ELSE For E := 1 to Line_7[0] do Play_Note(Line_7[E]); 

JNIDS af seven yi 

{ just keep playing the song } 

C Source Code Listing for MUSIC.C 

PROGRAM Music; { Signetics PCD3311 } 

Code conversion by Eugene Klein 

by Paul Bergsman 11/10/199 

Play Dill Pickle Rag via PCD331 Tone Generator 

Ks / 

#include 

#include 

#include 

#include 

#include 

#include 

#include 

<dos.h> 

<stdio.h> 

EOIN CL. Ig 

KasheGllationa les 

SNSIS TANS | Gla 

<OMOS hs 

Miyano pana 

1 to End_B2[0] do Play_Note(End_B2[E] ) 

For vA += 

1 to Line_5[0] do Play_Note(Line_5[E]) 

ito <dS 

// define musical tone values 

Geintgic Aine Wi = 

LOsSO, Orsi, Orin, Opes, Abc Wacsisy,, Ubesa (Obsi, (riccitch, (Opec), (OcA,, WEBS), Opes, 

Oke, ORD, Odi, Orcliay OPE), Opesin', Onc, “OndOS, (As, WEPIn, O06, OFLOH,, Osea Oies 

/* Define music to be played. Byte[0] contains number of bytes in array 

smallest note is a 16th, so all notes are defined as 16th notes. 

Music was transcribed by listing the ordinal value of T[n] over sheet 

music notes, then recording values into constant arrays below. 

First number in array = number of active elements in array 

a 

ingie sBeheseerl |] s {679,94 uO tho) pak aah 

sate Rose A) = (BA, Wea, de Aly, he el a Le, ee 

ING ile ale SANG) 5 Arig abel ACS Ae ay See Th Gre Th pei ain Wn ein yl pada Suen 

shoe tHaysl IN |) 2 (98, 0pF 1 BpO A74 Oy Aon On Gis 

As Wy Oy, 5,4, Sp Bp Any Sp Op lng dp Lap MA oy ALO) aka ¢ 

ihae: (eel IN2 {i) = 3250, Bn Op Fp ein On Bp Op ents 

Ap Pi, Oy On Vy Go Vy 25 UA yy Vin 7p SoD 9 2De S09 Pao 2h 

int Wines a io27 Onl ern ae es, 
Sip, 27 py I, eh, a ae A ee lk, Oy Sy Sy, the AL al al ALO, GD 

MES Wiel JM) = LSA nOgl sha Un Se Veen Uy 

Shy Sip lle A 7 IL LE A ay Wg Dales WL Sh pal lal py pe dl AD SS ADD LD 9 Bn Bh DTW 

ighe MMe ISA = M34, 0, IrBg train ein Pe 

Sp sip Mule ILD), DAA, Mill, Mirth Inca Ase AIA IG aA, sips Ibe aS ML ING, MY 4 I GP WH Gg WT 

he NaS SN) 2 (925 UO, Wp Sy WORN) Sp Bn Sy; , 

SP a5 et p Spin pO pep Op, 7, 2 Oy ©, =p =o py Bi Vg by Op BHA 
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fe ene Ai ss $32, 10, Fy, 10. 2 -3., 
Dye Oe eee het Tylon ligyiD, 1, 7S, Oe RT poe Oks 

int Wine Sf) = {22,10,7,5, 10,7, 5,2; 3; 
Bee e el pee en hy oy ny yO 2, Ho, =o ee Oe 

ine Rane eid) = 132, 375, $59,210, 010,19, 

La Sy te Oa, dA te eae de ee Vn pe A ee Oven G On AO, MLO 7 Ok > 
int insert = $39, 0,507, ou l0r So, 20.42. 

ci ea i Wh 9 hs Da Fi A eo ee rl ya lg Ue oe ae ee a WC Sw 

IntaA, Cy Bh hotaNum), bis. 

void Play_Note(int Note) 

{ 

// all notes transposed up three tones because chip starts at D# not C } 

outport (LPTx,T[Note + 3]); 

delay (150); 

she @yto) owine | ()))) 

exit(0); // exit program when key pressed 

} 

void Display_Music(void) 

{ 

elrser()> 

gotoxy (10,2); printf("-=[ DILL PICKLE RAG ]=- by Charles L. Johnson "); 

qovoxy (0,4) sprinti”™ transcribed by Paul Bergsman, 11/10/1992 "); 

POL oman ho 7 es 

primer 

MIO Naas 

printf 
( "UAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 

jopanbal ena 

("3 O ra) er 
jena glen & 
(" KAAAAAAAAAAAAAAAAAAAAAAAA AAA AA AAA AAAAAAAAAAAAAAAAAAAAACAA# 6AAAAAAAAAAAAAAAA \n") ; 

printf 
("3 O Oa) 4 

prince 
( " KAAAAA AAA AAA AR AAA AAA AAA AAAAAAAAKAAAAAAARA 

JON aabiaheny ez 

ae On a O Nie 

jolaph ahora 
(» RAAAAAAAAAAAA AAA AAAAAAAAAA GAA# GAAARAAAAAAAAA AAA AAAAARAAAAAAAAAAAAAAAAAAA} 

jopapbelena 

("3 Oreo Nii) 

jeep ial ca 

A\n"); 

( " AAAAAAAAAAAAAAAA AA GAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA \01" ) ; 

iOpen ghee 

ey O #O\n™ 4 
jonsnlahesa 

("-6é- #-6é-\n\n"); 

printf 

(es = ph all il Doe aS) 7 8 Oe tO “tt. W213 eat 256 ae); 

void main() 

// my third party printer card used for development work is at LPT2 

{ 

Lipt Num = SelectlPrinter Port (); 

LPTx = Init_Printer_Port (Lpt_Num) ; 

Display_Music(); 

C Source Code Listing for MUSIC.C 65 



d (e) 

Gotoxun (5) 24) sspninte (UPLAY ING PART AM), 

for (B=1;E<=Intro[0];E++) 

Play_Note(Intro[E]); 

for(B=1;E<=Line 1[0];E++) 

Play_Note(Line_1[E]); 

form (B= lh<=—PndeAd (Oi E+) 

Play_Note(End_Al1[E]); 

for (Rai; ha=hane 1 (0!) B+) 

Play_Note(Line_1[E]); 

for (B=1;E<=End_A2 [0] ;E++) 

Play_Note(End_A2[E]); 

COUCHES (D, B4))) p joveutiatese (7 PLAYING PART B ON 

for (E=1;E<=Line 2[0] ;E++) 

Play_Note(Line_2[E]); 

for (E=1; E<=End_B1[0] ; E++) 

Play_Note(End_B1[E]); 

how (Ei halen? FOUR E+) 

Play_Note(Line_2[E]); 

for (E=1; E<x=End_B2 [0] ;E++) 

Play_Note(End_B2[E]); 

GOiECra('5, BH) 2 jorentiateae (UV PLAYING PART C"); 

for (A=1;A<=2;A++) 

{ 

for (E=1; E<=Line_3[0];E++) 

Play_Note(Line_3[E]); 

for (E=1;E<=Line _4[0];E++) 

Play_Note(Line_4[E]); 

for (E=1;E<=Line_5[0];E++) 

Play_Note(Line_5[E]); 

138 (N=), 

{ 

for (E=1; E<x=Line_6[0] ;E++) 

Play_Note(Line_6[E]); 

} 

else 

{ 

for (EB=1; E<=Line_7[0];E++) 

Play_Note(Line_7[E]); 

} //just keep playing the song 

} 

}while(!kbhit) ; 

} 
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soles taal a bea Cee Cain 1 re 

Generating a Variable 
Analog Voltage from a 

Parallel Printer Port 

Circuit Theory 

A digital-to-analog converter (DAC) converts a 

computer’s binary output to a continuous voltage or 

current. The analog output is proportional to the digi- 

tal logic input. The DAC0832 is an 8-bit converter, 

meaning it divides a reference voltage into 255 divi- 

sions and outputs a voltage, or current, proportional 

to areference division and the binary data input logic. 

Here’s an example. If the reference is set to 5 

volts, the DACO832 will divide that reference into 

255 equal steps of (Sv / 256) or 0.0195 volts. We say 

the DAC has a step size of 0.0195 volts. The binary 

input byte tells the DAC which step size to output. 

D/A converters are a basic building block whose 

applications include computer directed volume con- 

trols, motor speed controls, frequency generators, 

speech synthesizers, and automated feedback circuits. 

Ji 

RS 1C1 
OB-25 

IBM PRINTER PORT 

KUTO_FEED 
ERROR 

11 BUSY 

12 PAPER_END 

13° SELECT 

Figure 16 

DACOB32 

8-BIT D/A CONVERTER 

Ca 
GNO = GND 

Figure 16 demonstrates how to interface a 

DAC0832 to an IBM type parallel printer port. The 

DAC0832 is a double buffered 8-bit digital to analog 

converter. It is designed to input an 8-bit binary value, 

and output a voltage proportional to that binary value. 

Input data is placed on the data input lines, DO—-D7. 
Data is read when the WRITE LINE, at pin 2, sees an 

active low strobe signal. The LM336 provides a 2.5 

volt reference voltage. The DAC0832’s output volt- 

age is amplified by the optional LM358 op amp. 

Resistors R4 and R5 are pull-up resistors for the 

printer port’s ACK and ERROR lines. By tying the 

ACK and ERROR lines to logic high, while securing 

the BUSY and PAPER-END lines to logic low, the 

computer is fooled into thinking it is connected to an 

on-line printer ready to receive data. This lets BASIC’ s 

LPRINT and PASCAL’s WRITE statements output 

data with a minimum of software code. 

ANALOG OUT 

+12 volts 

vic 
BOTTOM VIEW 

VOLTAGE REFERENCE > a 

re = w er a 
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Software 
Listings DAC0832.BAS, DAC0832.C, and 

DAC0832.PAS generate a sine wave. The programs 

divide a circle, of 360 degrees, or two radians, into 

256 equal parts. The sine value for each part is com- 

puted. adjusted to yield a number between 0 and 255, 

and then stored in the array Time_Slice 

The remainder of the program outputs the stored 

numbers to the printer port. It takes some time for the 

computer to compute the 256 sine values. By storing 

the values in an array, and then repeatedly using the 

array as a look-up table, fairly high audio frequencies 

can be generated from your parallel printer port. The 

actual maximum frequency will be dependent on the 

software time delay variable, t , and the efficiency of 

code generated by your compiler. 

BASIC Source Code Listing 

1 REM 

2 REM 

3 REM 

4 REM 

10 DIM TimeSlice(256) 

AO) Pi = BNA S9se se = il 

BONAR = 256 

90 CLS 

-=[ DIGITAL TO ANALOG ]J=- , 

95 PRINT "-=[ generating angular values ] 

MOO) WOR SG = 0) ate) 255 

HAO) WanVeAS I auce(S)) = INE (USING 

WS) IRM Sie je 

115 NEXT e 

120 REM 

2S IRIN Y=] Caisiollkeky Eiaeehy [Jaa bo eININAE 

LO BOR 2 = © MO 2S 

140 LPRINT CHRS (TimeSlice(e)); 

150 REM PRINT TimeSlice(e) ; 

160 REM SLEEP t 

170 NEXT e 

(2% 2Pa 7 byte) 

FILE: DAC0832.BAS 

generate a sine wave using a DAC0832 interfaced to an IMB PRINTER PORT 

=F 2 AB IRILIN IE 

to lla ry ha) sole +. a0 

Pascal Source Code Listing 
PROGRAM DAC0832; 

USES CRT, PRINTER; 

{ 
Digital to Analog conversion using a DAC00832 D/A interfaced to an 

IBM type parallel printer port 

generate a sine wave using a DAC0832 interfaced to an IMB PRINTER PORT 

} 
CONST 481 = 3.441523; 

cj = SOs 

Bice = 256¢ 

VAR Time_Slice ARRAY [0..256] OF BYTE; 

@ 8 Janata 

BEGIN { main } 

CLRSCR; 

WRITELN('-=[ generating angular values ] 

BEGIN { for e } 

Time Slicefe] := ROUND(((SIN(e * 

1) )) oe AVIRUICTIMENLAN | 

(2 Pi ff Bites 

MO © g= OC WO Za5 wo 

e i) 127.3) Se OLS) 

68 APPLICATION 16 Generating a Variable Analog Voltage from a Parallel Printer Port 



IND stone ee |} 

WRITELN('-=[ display array ]=-'); WRITELN; 

EORMe = — Oe mOy 2559 DO 

BEGIN Ho for ce |} 

WRITELN( Time _Slice[e]); 

WRITE (GSD, CHR (Time Sixcelie)))- 
/ 

DELAY (t) 

END; { Lor e& 4 

END. 

C Source Code Listing 

fe PROGRAM DAC08302 

Code conversion by Eugene Klein 

sas 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

#include <math.h> 

[* 

Digital to Analog conversion using a DAC00832 D/A interfaced to an 

IBM type parallel printer port 

generate a sine wave using a DAC0832 interfaced to an IMB PRINTER PORT 

oy 

Gouste etodter) — 5. 4593" 

COMSie Site ie y= 

Const Ine Bike: = 9256, 

unsigned int Time_Slice[256]; 

int e; 

void main() 

{ 
Gir Ss cia) i 

Dprintt("-=[ generating angular values }=-\n"); 

for (e=0;e<=255;e++) 

{ 
/7yTime Silicele] = ROUND (((SIN(e * (2 * Pi-/ bite)) + 2) * 127.5) + 0.593 

Pine slaceloiawmeie nie & 2 % Prey; Bec), £ 2) * 127.5) 2-0. 5); 

} 

printi(*=-=| display array J=-\n")+ 

for (e=0; e<=255; e++) 

{ 
DLIntl( "si \n", Time Slice fel); 

putc(Time_Slice[e],stdprn) ; 

delay (t); 

} 

} 
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Po saab pela Cent |) 7 

Sending Data Bits Via a 
Printer Port’s Control Bit Pins 

Circuit Theory 
In addition to the basic data bit output pins, the 

IBM/IBM clone machines support four additional 

data bits address Base + 2: pin | STROBE, pin 14 

AUTO-FEED, pin 16 INIT, and pin 17 SELECT- 

INPUT. These extra pins permit you to directly mul- 

tiplex up to 16 devices from a single parallel port. 

These control signals can also be used to provide 

control signals to more sophisticated IC chips. Many 

of the IC circuits that follow require control logic. 

The simplest things to control are LEDs, so we’ ll 

use them in our example. Figure 17 illustrates how to 

control four LEDs. The buffers drawn with dashed 

lines are part of the printer port circuitry; they are 

drawn here to make it easier for you to visualize the 

logic involved. Current will flow through the LEDs 

OLOPN [oO] S|] &N!| — 

o w 

07 

11 BUSY 

13 SELECT 

Figure 17 IBM PRINTER PORT 

12 PAPER_END 

and their series resistors when printer port logic is 
low. In other words, the LEDs are wired to light by 
sink current. 

Software 
The programs CTRL_TST.PAS and CTRL_TST.C 

demonstrate how to control LEDs connected to the 

printer port’s control pins. Constants are assigned to 

each control bit. If you want to turn on two or more 

bits at once, simply OR the two bits together, and 

output the resultant byte. 

The program repeatedly turns on one lamp after 

another until any key is pressed. Without the delay 

loop between each output, the action would be so fast 

that your eyes would deceive you into thinking all 

four lights were on at the same time. 
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Pascal Source Code Listing 

PROGRAM Ctrl1_Tst; 

{ Sequencally send out signals on control pins. Signals sent are: } 

{ pin 1, STROBE; pin 14, AUTO-FEED; pin 31,°INIT; and pin 36, SELECT } 

IGISIES: (CRs 

CONST 

PMU One = Aho OOOWOLOO 4 

Seeolse ON =| He 4 OOWOOOA 3} 

Auto_Feed_ON = 6; { 00000110 } 

Init_ON = 0;{ 00000000 } 

SellecEMON = 125 { 00001 N00" } 

Time = 500; { value determined by computer model and speed } 

VAR Strobe, Base, Lptl_Base_Address : INTEGER; 

PROCEDURE Find_Lpt1(VAR Lpt1l_Base_Address : INTEGER) ; 

CONST Base_Address = 1024; OEESSe = Se 

t Use & ake ipesrl | wise 10) ee) acavash pew eiael. 12 ies sash Jesh 

BEGIN ' 
Lpt1_Base_Address := MemW[0: Base_Address + Offset]; 

END; 

IKE IEN f laelia, Glerall este |} 

CLRSCR; WRITELN('PRESS ANY KEY TO END'); 

Find_Lpt1 (Lpt1_Base_Address) ; 

REPEAT 

PORT [Lptil_Base_ Address + 2] := All_Off{ 00000100 } 

Port [Lpt1_Base_Address + 2] := Strobe_ON; { 00000101 } DELAY(Time) ; 

Port [Lpt1_Base_Address + 2] := All_Offf 00000100 } 

Port [Lptil_Base_ Address + 2] =n AU eOmE Ceca Om- OOWMOOTTOF = es DE Anve (is aennes) i 

Port [Lpti_Base_ Address + 2] := All_Off; Lf OOO CIO TOO} 

Port [Lpt1_Base_Address + 2] := Init_ONf 00000000 } DELAY(Time) ; 

Port [Lptil_Base_ Address + 2] := All_Off{ 00000100 } 

Port [Lptl_Base_Address + 2] := Select_ON; { 00001100 } DELAY (Time) ; 

Port [Lpt1_Base_Address + 2] := All_Offf 00000100 } 

UNTIL KEYPRESSED; 

ND, t iMenin, Cecil iesic } 

C Source Code Listing 

fw PROGRAM Ctrl_Tst 

Code conversion by Eugene Klein 

Sends Oulu COMmeGOlmoim signals. —Signalsesemerare: 

Pin 1, STROBEy’pin 14; SAUTO=FEED;-pin 31, INIT }andepin’ 26) SELECT? 

Boh 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

fanelhude =Stalabeh> 

#include <string.h> 

#include <bios.h> 

fanclLuge HMy PUL Le 
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const unsigned 

const unsigned 

const unsigned 

const unsigned 

const unsigned 

const unsigned 

const unsigned 

const unsigned 

Imt LPIix, Strobe, 

void main() 

{ 

elayene 

chaz 

char 

char 

Ghai 

char 

char 

char 

Base, 

Serope Ons ls 

Siewolos Oi = OSke 

Auto_Feed_On = 2; 

Auto_Feed_Off = 253; 

Iigane Om = “Ae 

Mae, One = WS ibe 

Select sOn = 3; 

Select lOtmr = 247. 

Lpt_Num; 

MptaNuMn = Select errinter Pont); 

Lei = init Primeer se Porte (upt Num); 

Gillie Ser (is 

do 

{ 
ouEpOEE ( DPT 

Swheeyeuse GMB 

OUEDOLE Mia Dx 

eucport (LPTx 

outport (LPTx 

outport (LPTx 

outport (LPTx 

outport (LPTx 

outport (LPTx 

}while(!kbhit ( 

} 

~—~+++ + + + 4+ + + 

270) 30) //) Clear control janes 

Va SErLObe On) 5; 

LON 

2,Auto_Feed_On) ; 

Dane 

oS Wewiie. Oran 

Ae); 

DD skSilvexeie Ovat)) 

Nee OR 

ie 
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Sahat) ie. ae (2A Tal IN clare 

Variable Square Wave 
Generator Using the 

Printer Port 

Circuit Theory 

Intel’s 8253 is a small dedicated computer in a 

24-pin package. An in-depth discussion of this chip is 

far beyond the scope of this book; other authors have 

written entire books dedicated to the 8253. The fol- 

lowing discussion is meant only as a “flowchart” to 

chip operation. For a detailed description of the 8253 

and its operation, consult volume | of Intel’s Micro- 

processor And Peripheral Handbook. 

The 8253 contains three independent counters. 

You tell the chip how to use the counters by sending it 

a control word. Each counter has five different modes 

of operation. One of the modes allows the chip to 

generate a square wave. The chip is loaded with a 16- 

bit number, N. The 8253 divides that number in half. 

It then counts N/2 clock pulses. During this time the 

+5V +5V +5V +5V +5V +5V +5V +5V +5V +5V +5V +5V 

4.7K 4.7K 4.7K 4.7K 4.7K 4.7K 4.7K 4.7K 4.7K 4.7K 4.7K 

R2 
3 4 

R5 
6 

Ri R R7 RB R 

4.7K 

Ri2 

output at pin 10, OUTO, is high. At the end of N/2 

clock pulses, the 8283 inverts the output at pin 10 to 

high. The 8253 then counts N/2 clock pulses, where- 

upon the output is again inverted to low. The process 

is repeated until a new control word provides the 

8253 with new instructions. 

The circut uses a quartz crystal oscillator for the 

external clock. They are very reliable; when power is 

applied, quartz crystal oscillators always generate a 

square wave. Other types of oscillators, such as those 

designed around logic gates, are not as reliable. I used 

a5 MHz pre-packaged crystal oscillator that only cost 

about $4.00 for the circuit in Figure 18. If you have 
the time and test equipment, you may want to save 

some money and “roll your own.” See Appendix B 

for more details. 
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Software 

Program listings OSC.PAS, and OSC.C demon- 

strate how to generate a square-wave from your 

computer’s parallel printer port. First a control word 

is sent, setting up counter 0 for mode 3 square wave 

generator operation. Second, a midpoint number is 

sent. This allows the 8253 to start generating square 

waves. Third, the computer monitors the keyboard 

for input. If you press the up arrow, the frequency will 

increase because of making N smaller. If you press 

the down arrow, the frequency will decrease because 

of making N larger. 

Pascal Source Code Listing 

PROGRAM OSC_8253; { Produce a square wave on Intel's 8253 } 

{ ieailke = 253} OSC. INS } 

USES = CR ee RN mE Ra Mygeluoule. 

CONST AO = 1; { DO, Bit 1, = Strbe at Base-Address + 2 } 

Al = 2; { D1, Bit 2, = Auto-Feed at Base-Address + 2 } 

WR = 4; { D2, Bit 3, = Initialize at Base-Address + 2 } 

CS = 8; { D3, Bit 4, = Select-Input at Base-Address + 2 } 

VAR Control Word) Data, Control Lines 3 BYTE. 

Lptx, Data_Word WORD; 

Num, E INTEGER; 

Ch CHAR; 

PROCEDURE Send_Control_Word; 

BEGIN { set up Counter 0 to Mode 3, Square Wave Generator } 

{ Di) DGD Sas DoD 2) SDL Do } 

{ SGI SeCOMRiM a Ril 0 M2 Ml MO BCD } 

{ select counter 0 0 } 

{ Load LSB then MSB dt il: } 

{ Select Mode 3 0 all 1 } 

{ No Binary Coded Decimal 0 } 

{ } 

Comieico ll woe s= S69 4 0 0) 1 i 0 it 1 0 } 

PORT [ip ta] ee COnercO Word eae olaces COntsoOl aWwoOrndmonn print ciqenpOneucECGacamiuanesus 

{ INTEL, 8253 PINS: GS WR Al AO } 

{ = Zh pope } 
{ PRINTER PORT PINS: D3 D2 D1 DO } 

ROR ioe 4 Bi) s= Ste { SEe Noh CSc! Mapas ies 0 1 0) 0 } 

PORT [Lptxe+s 2a, t= SGs.n set CS lane to active LOW i ut 0 0 } 

PORT[Lptx + 2] := $8; { set WR line to active LOW i 0 0 0 } 

O)RUN Litjoies< 4s P| a= SCe 4 Sele WAR Thauney Vee) alisteielte aya SHUG i 1 0 0 } 

PORT (LpExS EHEC sotn . Sete CS ine cor amactivemHuGcH 0 i 0 0 } 

BND-) Weesencdeconte col ywomdls} 

PROCEDURE Send_Data(Data BNI) = 

BEGIN 

IPONGH (ILjoies<|| .g=. iDeieels 

{ JONAUE, LSS) TINS ES WR Al AO } 

{ poms eee, 
{ PRINTER PORT PINS: D3 D2 D1 DO} 

IO)RUH|Pitjoiese 6 2 )]| S= Sle if tebe Ami Waves iO alinaicibawye GaEkig i 0 o } 
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PORT (Waptex Zt s= SF: [ + { Set AO and Al to LOW 0 1 cs ih ee: 
PORT PUptx + 2) +=] GPs {set CS line to active LOW il il il 1 2 
PORT[Lptx + 2] := $B; { set WR line to active LOW i 0 1 ion Me) 
PORT[Lptx + 2] := SF; { set WR line to inactive HIGH al al il i} 
PORTILDExX + 2] -:="S7; YU set CS Lime to inactive HIGH 0 1 il se 
END; { send data 

BEGIN { main } 

(Clkeisesee Nv PS 2s 

Epte == Find tpt (Num); { in MY Tp } 

{ Initilize the control Lines } 

Pore[apts 4 2) 3S s04s F000 0 OLoG 4 

Data_Word := S7FFF; { set initial frequency a about the middle of range } 
REPEAT 

REPEAT 

REPEAT UNTIL KEYPRESSED; 

Ch := ReadKey; 

UI NULTEIES OVEN (EIEN TEIN! I WAS shall eH ae 

CASE ORD(CH) OF 

73 2: IF Data_Word < SE000 THEN Data_Word «= Data Word + SOFFF; 

81 : IF Data_Word > $100F THEN Data_Word := Data_Word - SOFFF; 

Pah red Nap SNe { pressing ESC key exits program } 

END; { case } 

WRITELN(? DATA WORD = ", Data_Word) ; 

Send_Control_Word; 

Send_Data(Lo(Data_Word) ); 

Send_Data (Hi-(Data_Word) ); 

UNTIL, ORD (Gh) = 27; {pressing HSG Key exes, program, } 

END. { main } 

C Source Code Listing 

/* PROGRAM OSC_825 

Code conversion by Eugene Klein 

Produce a square wave on Intel's 8253 

oy 

#include <dos.h> 

aaaKevllibiel=s) eeveierelilel alates 

#include <conio.h> 

Hime lude —2Stel ws. n= 

HMC Kors) Aisiei@alintep. ims: 

#include <bios.h> 

#include "My _TPU.h" 

const int AO = 1; // DO, Bit 1, = Strobe at Base-Address + 2 

Constine Al = 277) Dil, Bat 2, =] Auto-Meed aw Base-Addresis +42 

const int WR = 4; // D2, Bit 3, = Initialize at Base-Address + 2 

const int CS = 8; // DS, Bit 4, = Select-Input at Base-Address + 2 

unsigned char Control_Word, Data, Control_Lines; 

unsigned int LPTx, Lpt_Num, Data_Word; 

asaie, INqonim, lig 

Gloehe (Clays 
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void Send_Control_Word (void) 

{ 
// set up Counter 0 to Mode 3, Square Wave Generator 

// D/P De, IDJSy ID! DS DP wy. 1BYO) 

Hit Soil Sie ide ive’ My MESO BED 

lei select counter 0 0 

Hah Load LSB then MSB il il 

ff Select Mode 3 0 iL i: 

// No Binary Coded Decimal 0 

iif 

Comenoll Wwrormecl = Ox3kOn // 0 0 aL il 0 il cl 0 

outport (LPTx,Control_Word); //place control word on printer port's data lines 

ah INTER S25o PuNS- Es WR Al AO 

Hi a8 = = 

if PRINTER PORT PINS: D3 D2 a 0 

outport (LPTx + 2,0x4); // Set ALL control lines HIGH; 0 1 0 0 

Outpore(LETx F 2,0x%C)> // set CS line to active LOW ify if 0 0 

outport (LPTx + 2,0x8); // set WR line to active LOW if 0 0 0 

outport (LPTx + 2,0xC); // set WR line to inactive HIGH iL il 0 0 

outport (LPTx + 2,0x4); // set CS line to inactive HIGH 0 iL 0 0 
; Es 

void Send_Data(int Data) 

t 

CMEIOeRAe, (MILI, iDENEEY)) - 

Vif IWNENaly B25S WSs CS WR Al AO 

a Ts oes =f. 

i! if PRINTER PORT PINs: D3 D2 dL DO 

Cwulicisersie (ime. = DOr e Y/ icin NU IAs wo sinclar GEES 0 i 0) 0) 

OQuicixere (IGE. + BD, Ox) p 7 See LO Shovel (NIL ice) LOY 0 il il il 

outport (LPTx + 2,0xF); // set CS line to active LOW il i 1 1 

outport (LPTx + 2,0xB); // set WR line to active LOW 1 0) if il 

outport (LPTx + 2,0xF); // set WR line to inactive HIGH elt Al AL 1 

outport (LPTx + 2,0x7); // set CS line to inactive HIGH 0 ile all al 

} 

void main() 

{ 

IGE Soh 

ciieseie())3 iNumt = 2 

Lpt_Num = Select_Printer_Port(); 

EPEx = InleePrinter Port (bots Num) > 

@ilsaseie ()) # 

// Initialize the control lines 

GQuicjoorie (Me. + 2 OsO4)s 7 OOOO OLOW 

DavasWwonrds == 0sc/ HEE // set initial frequency a about the middle of range 

do 

{ 

do 

{ 

Gin = cSiccia()) ¢ 

abit (Cin==(0)) 

CGh=ceton@ 

wiorika(Cal=73 & Calachil  Gul=o7 & Clle57 & Clale5i) >. 

Switch (Ch) 

{ 
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case 73: 

if (Data_Word < 0xE000) 

Data_Word = Data_Word + Ox0OFFF; 

break; 

Geis SVs 

if (Data_Word < 0xE000) 

Data_Word = Data_Word + Ox0FFF; 

break; 

Gace ull: 

if (Data_Word > 0x100F) 

Data_Word = Data_Word - OxOFFF; 

break; 

case 81: 

1£(Data_Word > 0x100F) 

Data_Word = Data_Word - OxXx0OFFF; 

break; 

case 27: 

Spain UOy //pressing ESC key exits program 

} 
Deine ("= DATA WORD) = su\n Dacanwore)i; 

Send_Control_Word() ; 

Send_Data(Data_Word & Oxff); 

Send_Data(Data_Word>>8) ; 

ate eM Glee RII ee //pressing ESC key exits program 

C Source Code Listing 7? 
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or | Cy a ie ON 

Pulse Width Modulation 
Using the Printer Port 

Circuit Theory 

Intel’s 8253, described in Application 18, can 

also be used in pulse width modulation (PWM) appli- 

cations. As detailed in the previous circuit, the 8253 

contains three independent 16-bit counters. Each 

counter has five modes of operation. You tell each 

counter which mode to use by sending it a control 

word. (The Intel handbook referenced in Application 

18 describes the control words in detail.) Once the 

control word is sent, the counter will operate without 

further attention. The software accompanying Appli- 

cation 18 sent out a control word to have counter | 

output square waves. The software in this application 

uses two of the chip’s three counters to generate a 

variable pulse width signal. 

In the circuit shown in Figure 19, counter | is set 

for mode 2, “rate generator” operation. In mode 2, the 

+5V 

counter generates a continuous stream of pulses, each 
one clock pulse wide. For example, if counter 1 is set 

to 1000, the output at pin 13 will be high for 999 
clock ticks and then go low for 1 clock tick. The pro- 

cess continues until a new control word is received. 

Next, counter 2 is set to mode 5, “hardware trig- 

gered strobe” operation. Every time counter 2’s input 

gate, at pin 16, receives a low going pulse, counter 2 

will count to a previously programed control word 

value and then output a one clock tick pulse. For 

instance, suppose counter 2 is loaded with the number 

10. After the input gate at pin 16 receives a low going 

pulse, the counter’s output gate_2, at pin 17, will 

remain high for 10 clock pulses and then go low for 

one clock pulse. 

The output of counter 1, Out_1, is fed to counter 

2’s input at gate_2. The software changes the number 

stored in counter_2 based on keyboard number key- 

4.7K 
7 
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R7 R8 Rg R10 Rit : R12 : —“\/\\/\— 

4.7K 

R14 

4.7K 

R15 

J 

IBM PRINTER PORT 

| “RUTO_FEED 4 
u2 

INTEL 8253 ERROR 15 

INIT 16 

SEL_INPUT 17 rt 

SEA ee aes GND_B 19 

GNO_H 25 

QUARTZ CRYSTAL OSCILLATOR 

5 MHz 

GNO 

Figure 19 

USA 

7415279 

7 PULSE WIDTH 

MODULATION OUT 

8] 



pad input. As the number stored in counter 2 is 

changed, the time between counter_1’s output pulse 

and counter 2’s output pulse will change. Out_1 and 

Out_2 are fed to opposite sides of the 74LS279, a RS 

latch device. Counter 1’s pulse SETs the latch. Counter 

2’s pulse resets the latch. The latch’s output is a pulse 

width modulation signal. 

For this scheme to work, the number stored in 

counter 2 must be a minimum of two units smaller 

than the number stored in counter 1. For example, if 

counter 1 is programmed with the number 1000, 

counter 2’s value can vary from | to 998. This insures 

that the set and reset signals sent to the 74LS279 do 

not overlap, which is a no-no for proper 74LS279 

operation. Note that a 5 MHz quartz crystal oscilla- 

tor is used with this circuit and that the circuit also 

produces a square wave output as a by-product. 

Software 
Programs PWM_8253.PAS, and PWM_8253.C 

set up counter 0 for mode 3 (square wave generator) 

operation. The square wave has no bearing on the 

variable pulse width generation which is the main 

purpose of the circuit in Figure 19. 

Pascal Source Code Listing 

PROGRAM PWM_8253; 

{ Generate Pulse Width Modulation from Intel's 8253 Imterval Timer IC } 

SERS: (CIRNE,  IPIRCIINIMIGR Mave owe) 

iawa, Ceri \yel Inxs = INVA OS AI 

CONST AO = ie 4 DO, GBslhes iy = 

iL = Be Af IL, BSE 2p = 

WR = @e { W2, Bale By = 

CS. = Se 4 ps, sie 4h = 

VAR Data, Counter_Number, Control_Lines 

Lptx, Data_Word 

imate ae Wome NUIT aE 

Control Word 

PROCEDURE Set_Control_Words( VAR Control_Word 

{ computer Control Word Values to set Counter 0 

Counter 1 for pulse generator, 

one-shot pulse generator. 

} 
BEGIN 

{ -=[ COUNTER 0 Control Word Jj=- } 

{ SSE CoOmeicOll—Noecl ii@ig Cotiniceie 0) ice Wrecks 3, 

(ls NALS 

, Strbe at Base-Address + 2 } 

Auto-Feed at Base-Address + 2 } 

; Initialize at Base-Address + 2 } 

; Select-Input at Base-Address + 2 } 

LENA 

WORD; 

INTEGER; 

Clay 2 (ClsUNRE 

CEri=Wwdeivoe = 

Cem Wolivoco sn 

for square wave output, 

and Counter 2 as a software triggered 

"Square Wave Rate Gen." 

Mode 3 allows the counter to output a continuous square wave. 

For example if the counter is programmed with a 10, the 

output wall be low for five clock counts, and hagh Om  hivereloek 

counts: pirhe gate is used toistant.( logic l.)-and stop 6 dcave we» 

the count. } 

{ . 

f ieee + 2 jos ilelailey = DY IDG IWS iw DE O25 aD. } 

f BO53"S josie Neloails = Sel, Se Rud RAC M2 Ml MO BCD } 
{ select counter 0 0 } 
{ Load LSB then MSB il i } 

{ Select Mode 3 0 aL alt } 

{ No Binary Coded Decimal 0 } 

{ 
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Control Word[0] == $36; { 0 0 1 1 0 il i 0 } 

it ==[ COUNTER 1 Control Word ]=- } 

{ Set Control Word for counter 1, to Mode 2, "Rate Generator" 

Mode 2 allows the counter to generate a series of continuous 
pulses that are one clock pulse in width. The separation between 
pulses is determined by the count. For example, if the count is a 

10, the cutput will be a logic 1 for nine clock pulses and low 

( logic 0 } for one. This eycelé is repeated until the counter is 

reprogrammed with a new count. The gate input is used to start 

L Jegie 1.) and step ( Logie 0 ) the count. 

{ 
} 

} 
{ Base + 2 pin labels = Dy; IDS. IDS. DY D3 IDA ipl De) } 

{ } 
{ 8253's pin lables = Sel scoy Rina Ri M2 M1 MO BCD } 

{ select counter @ i } 

{ Load LSB then MSB al al } 

{ Select Mode 2 0 al 0 } 

{ No Binary Coded Decimal 0 } 

{ ———— : 

ConEenol. Word hii Sj { 0 il iL le 0 di 0 0 } 

( (==() COUNTER 2 Control Word j=— 4 

{ Set Counter 2 to Mode 5, "Hardware Triggered Strobe" 

Mode 5 allows the counter to generate a single pulse after it is 

triggered by a gate input. Mong (s-eieluay, ae, cl Clowime ie 5) Sis 

programmed, the output will remain high until five clock counts 

after the gate trigger pulse ( logic 1 ) and then go low for an 

additienal clock count. The output as a, one shot, pulse. 

{ i 

{ Base + 2 pin labels = iD DX) IDYS. DY DBa D2 Die Do } 

{ 8253's pin labels = Seis sSe OP Rint SRO M2 M1 MO BCD } 

{ select counter 1 0 } 

{ Load LSB then MSB Al il } 

{ Select Mode 5 1 0 il i 

{ No Binary Coded Decimal 0 } 

{ } 

COMeroLewoLcil |) = Soba,  -{ 1 0 iL it il 0 il 0 } 

END; { set control words } 

PROCEDURE Send _Control(Counter_Num : BYTE) ; 

BEGIN 

PORT[Lptx] := Control _ Word[Counter_ Num] ; 

{ NMI, MAES) IEMuIN ISTE GS WR Al AO } 

{ a ee 
{ PRINTER PORT PINS: D3 D2 py DO } 

PORT [Lptx + 2] s= 84; (Set ALL control lines? HIGH; 0 1 0 @ 3 

PORT Rote 4 2) 2=,SC? { Set Ce Line to actrve: LOW cl 1 0 O 4 

PORT[Lptx + 2] =} $8: { Set WRelime to active LOW 1 0 0 © 3 

PORTILpEx pel f= SCP seo Wh lime: to anagrive a ICH 1 il 0 O 3 

PORT[Lptx + 2] := $4; { set CS line to inactive HIGH 0 il 0 0 } 

END; { send control word } 

PROCEDURE Send Data(Counter_Num, Data : BYTE); 

{ The procedure demonstrates how to send data to an 8253 counter. } 

f YES, I know this code can be compressed; BUT then it would loose } 
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BEGIN 

fee eee lle. 

{ send data } 

PORT [Lptx] 

CASE Counter _Num OF 

END; 

PROCEDURE Adjust_Frequency (Counter_Number 

BEGIN { adj freq } 

IF Counter_Number IN 

0 

84 

hes 

BEGIN 

POR [Minot 

PORT | lois 

PORT [Lptx 

PORT | bptx 

IROVSUP | ILyONe sx 

PORT [Lptx 

+ + + + + 
+ 

Data; 

2] 
2] 
2] 
2] 
2] 
2] 

writeln('case 

END; 

BEGIN 

PORT [Lptx 
PORT [lptx 

PORT [Lptx 
PORT [Lpex 

EORM [Mite 

PORT [Lptx 

Wreiceln (easen— 

{coumteer oles} END; 

BEGIN 

PORT [Lptx 
PORT [Lptx 

PORT [Lptx 

PORT [Lptx 

JDOMRUP || yore 

PORT [lptx 

writeln('case = 

{ counter # 2} 

END { case } 

{ send data } 

END; 

+ ++ 4+ 4 

+ 

+ + + + 4 
+ 

ROP TROY TSO) IN) 19} 

Zz 

INO) NS) HOY TO) 

iN) 

2] 

$4; 

Shi 

59 

SBiy 

SE 

Se 

Oo eee 

{ 
‘ 

load the data onto the data lines 

See 

set 

set 

set 

set 

AO 

CS 

WR 

WR 

CS 

line 

line 

line 

line 

Counter_num) ; 

{ Ceminiecie +3 (1 9 

oa; 

Se 

SE 

SB; 

SE; 

oe (ome 

Set 

Ser 

Set 

set 

set 

AO 

CS 

WR 

WR 

cs 

line 

line 

line 

line 

Counter_num); 

$4; 

Sie 

Sb 

SB; 

ey 

ow; 

{ 
{ 

set 

set 

SSE 

Sec 

SEE 

AO 

cs 

WR 

WR 

cs 

line 

line 

line 

line 

Counter_num) ; 

Or 4d 
BEGIN { case # 1 } 

REPEAT 

REPEAT 

INTE 6253 sb ENS 

PRINTER PORT PINS: 

turn ALL lines to inactive HIGHs 

and Al to binary zero 

to 

© 

to 

(Ee) 

active LOW 

active LOW 

inactive HIGH 

inactive HIGH 

INTEL 8253. PINS: 

PRINTER PORT PINS: 

turn ALL lines to inactive HIGHs 

and Al to binary one 

© 

to 

EO} 

to 

active LOW 

active LOW 

inactive HIGH 

inactive HIGH 

NTE 2/53) PENS: 

PRINTER PORT PENS: 

eulam INI SNS EO ameeicwwde Bers 

and Al to binary two 

1E@) 

iO 

EO 

to 

active LOW 

active LOW 

inactive HIGH 

inactive HIGH 

BYE e sinister wore 

THEN CASE Counter_Number OF 

{ set up counter 1 as a square wave generator } 

WRITELN('Setting up COUNTER 1 as a square wave generator 

REPEAT UNTIL KEYPRESSED; 

Cli <= ReadKey; 
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és 
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CO a ne a) 

WR 7Na) 

D2 «Od 
1 0 
1 1 
1 1 
0 1 
4 1 
1 1 

WR Al 

eee cs 
1 0 
1 i 
1 1 
0 1 
1 1 
1 1 

WR Ae 

D2. D1 
1 0 
1 0 
1 0 
0 0 
‘ 0 
1 0 

WORD) ; 

2 > 

co) 

PRPRPRROS 

> S 

3 | 

OOS .@ “Siro 

S| > 

S 

PRPRPRPROO 
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UNTi ORDICH) IN { 73, 81, 27 js 
CASE ORD(CH) OF 

73 : IF Data_Word < $E000 THEN Data_Word Data_Word + SOFFF; 

81 : IF Data_Word > $100F THEN Data _Word := Data _Word - SOFFF; 
Zi 2 javeities { pressing ESC key exits program } 

END; { case, ord(ch) } 

WRITELN(' DATA WORD = ',Data_Word) ; 

Counter Number 3= (0); 

Send_Control (Counter_Number) ; 

Send_Data(Counter_Number, Lo(Data_Word) ); 

Send_Data(Counter_Number, Hi(Data_Word) ); 

UNTIL ORD(Ch) = 27; { pressing ESC key exits program } 

END; { case # 0} 

i BEGIN {) case # a} 

WRITELN('Set up counters 1 and 2 for Pulse Width Modulation 

{ set Counter 1 as a software triggered, pulse generator 

Counter_Number := 1; 

Send_Control (Counter_Number) ; 

Data_Word := SFFFF; { set to longest time period possible 

Send_Data(Counter_Number, Lo(Data_Word) ); 

Send_Data(Counter_Number, Hi(Data_Word) ); 

REPEAT 

REPEAT 

REPEAT UNTIL KEYPRESSED; 

Ch := ReadKey; 

JUMEMEe, OOK CEEh) AON WL si, a ea Als 

IF ORD (CH) TN) |) He, snl, 27" SHIN, (CONSE, ORD) Giz 

73 : IF Data_Word < SE000 THEN Data_Word := Data_Word + 

81 : IF Data_Word > $100F THEN Data_Word := Data_Word - 

2) ea a he { pressing ESC key exits program } 

END; ie Case OrGuiein)) a) 

Dee 

SOFFF; 

SOFFF; 

{ set counter 2 as a hardware triggered, one shot, pulse generator 

Counter_Number := 2; 

Send_Control (Counter_Number) ; 

Send_Data(Counter_Number, Lo(Data_Word) ) ; 

Send_Data(Counter_Number, Hi(Data_Word) ); 

UNTIL ORD(Ch) = 27; { pressing ESC key exits program } 

END; { case # 1} 

END; { case } 

END; { adjust frequency } 

BEGIN { main } 

asics Ibn Ba 277, {wea i jefe sesviavel ingeil,, etayel % ie@ teaLinvel Ines) 

Popes = find vor (Num); 4 in My Tou} 

ScemG@ont role words (Contezole Wore) 

Port iiptx + 2] :=-<604;. {200000 0100 Binary, Initialize the control lines 

{ start counter 0, as a square wave generator } 

Initial_Word := $7FFF; { set initial frequency a about the middle of range 

{ -=[ SET UP COUNTER 0 AS A SQUARE WAVE GENERATOR ]=- 

(Ceibinheshe INinioieue B= 07 

Send_Control (Counter_Number) ; 

Send Data(Counter Number, Lo(Inatial Word)); 

Send_Data(Counter_Number, Hi(Initial_Word) ) ; 

Adjust_Frequency (Counter_Number, Initial_Word) ; 

{ -={ SET UP COUNTERS 1 and 2 AS A PULSE WIDTH GENERATOR 
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CountversNumber <= 1; 

Send_Control (Counter_Number) ; 

Send_Data(Counter_ Number, Lo(Initial_Word) ); 

Send Data (Counters Number, Hi (inittsaleword)))) % 

Adjust_Frequency (Counter_Number, Initial_Word) ; 

END. { main } 

C Source Code Listing 

is PROGRAM PWM_8253 

Code conversion by Eugene Klein 

Generate Pulse Width Modulation from Intel's 8253 Interval Timer IC 

iy 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My _TPU.h" 

COMGic tine Se = Oscilsts 

6 Hf iO, mie il, = Siciseloes aie seickKsaNcleiaoss 1 2 

5 // D1, Bit 2, = Auto-Feed at Base-Address + 2 

Hi We, WIRE 3, Initialize at Base-Address + 2 

; // D3, Bit 4, = Select-Input at Base-Address + 2 

Gomsic sige AQ) = 

COMEE Gime AL = 

Giomisie aidic WR = 

COMSc ime CS = cor N 

unsigned char Data, Counter_Number, Control_Lines,Control_Word[2],Lpt_Num; 

unsigned int LPTx, Data_Word; 

ite Ibawieeld woe, Nui, 123 

Glave (Cake 

void Set_Control_Words (void) 

{ 

/* Computer Control Word Values to set Counter 0 for squarewave output. 

Gounter I for pullse generator, and Counter 2 as a software triggered 

one-shot pulse generator. 

==|| COWNWAR 0) COmiescorll Wierecl IS= } 

Set Control-Word for Counter 0 to Mode 3, "Square Wave Rate Gen." 

Mode 3 allows the counter to output a continuous square wave. 

For example if the counter is programmed with a 10, the 

Sutpubmwilipberslowvfor E1rveteclock-counts?; and hughiter Eivesclock 

counts... » The gate as usedgtoqstart (Mlogie, 1 \eandsstopnt Yoqies0)) 

the count. 

Base + 2 pin labels = D/ <D6heDS 1b4 D3.) D2eibie-Do 
O53 Ss youve lleiloysis = Sci Sele Rin Rin® M2 Mi MO BCD 

select counter 0 0 

Load LSB then MSB il 1 
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Select Mode 3 0 ald ile 

No Binary Coded Decimal 0) 
Sa ee ee x / 

ControTaWord (0) = 0x36- Hi 0 0 il ale 0 fh i 0 

(> —— | COUNTER: a Gontemole Wormcer|=—) o) 

eee Control, Word for counter I, to Mode 2. “Rate Generator” 

Mode 2 allows the counter to generate a series of continuous 

pulses that are one clock pulse in width. The separation between 

pulses is determined by the count. For example, if the count is a 

10, the output will be a logic 1:for nine clock pulses and low 

( logic 0 ) for one. This cycle is -repeated until the counter is 

reprogrammed with a new count. The gate input is used to start 

( logic b) and stop ( Logic) 0 ) the count. 

// Base + 2 pin labels = DY IS IDS ipl Ds; iD Dil ipo 

ey, 

f/f 8253's pan labels = Sci Soo) RET Rio M2 Ml MO BCD 

tha select counter 0 i 

iad Load LSB then MSB il ul 

if Select Mode 2 0 i 0 

// No Binary Coded Decimal 0 

1G! oe oa 

Control Word{1] = 0x74; ded 0 a il il 0 i 0 0 

Le =| COUNTER 2 Contred” Word) |=—=} 

Set Counter 2 to Mode 5, "Hardware Triggered Strobe" 

Mode 5 allows the counter to generate a single pulse after it is 

triggered by a gate input. Rom exanole, Lt sal count vom Seas 

programmed, the output will remain high until five clock counts 

after the gate trigger pulse ( logic 1 ) and then go low for an 

additional clock count. The output is a, one shot, pulse. 

Base + 2 pin labels iD IDK DS) D3 IDA ini, Ie 

S253%s pam labels = Seoul Sex) IGIL RiG@ M2 M1 MO BCD 

select counter alt 0 

Load LSB then MSB ale it 

Select Mode 5 dt 0 il 

No Binary Coded Decimal 0) 

Coniticol swore =" OBA. 1/77 il 0 il il i @) alt 0 

} 

void Send_Control (unsigned char Counter_Num) 

{ 
outport (LPTx, Control_Word[Counter_Num] ) ; 

Hk INTE 8252) PINS: Es: WR Al AO } 

ha — ao. ee J) 
j// PRINTER PORT PINS: “D3 D2 D1 DO} 

outport (LPTx + 2,0x4); // Set ALL control Lines HIGH; 0 i 0 0 

Outport (lPTs + 2,0xC); // eet CS line to active DoW il 1 0 0 

outport (LPTx + 2,0x8); // set WR line to active LOW a 0) 0 0 

Outport (LPTx + 2,0xC); // set WR line to inactive HIGH 1 iL 0) 0) 

OuLpore (LPTx +- 2,0%2); 7/7 set CS line to inactive HIGH 0 il 0 0 
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void Send_Data(unsigned char Counter_Num, unsigned char Data) 

// The procedure demonstrates how to send data to an 8253 counter. 

// YES, I know this code can be compressed, BUT then it would loose 

fe ve" Ss Clarity. 

{ 

outport (LPTx, Data) ; 

switch (Counter_Num) 

{ 

// load the data onto the data vwlines 

DNGE W252) Pins. ees 

PRINTER PORT PINS: D3 

jcibmara JMigil, ALakiglexe\ isoy aliglekcteulyde IEMueIsts' 

and Al to binary zero See 

set 

set 

See 

set 

AO 

ES 

WR 

WR 

Es 

line 

line 

line 

line 

Counter_Num) ; 

EO 

©) 

to 

ie) 

active LOW 

active LOW 

WR Al 

D2 D1 

inactive HIGH 

inactive HIGH 

UNDE ee 253mebENSca. CS WR 

PRINTER PORT PINS: D3 D2 

linn Abi, Wincor ton inact vier llchis 

Ser 

SO 

See 

SSE 

Sele 

AO 

CS 

WR 

WR 

CS 

and Al to binary one 

line 

line 

line 

line 

Counter Num) iy: 

case 0 

hi 

// 

Py 

OMMNEIOVONE TE. (UNDA <b 2 Opal) oy 

OME SoOwie (MiP. + DB, Osx )e 7 

Ouleoorwie (LIL. =. Yas 7 / 

QUE OoOIAe(iie< 2 Bi Oxy es 7 7/ 

GUE Censic UIP. a POs H// 

OQUEONOIAE (IPI 2 De Oo I) p // 

Drinté(“cace = Si\n"> 

break; 

case 1 

i 

ff. 

it df 

QUEDOBRE (EPI +2),0x4)) 5 // 

CQUIETAOIST, (IDS. 2 Ose) Be /7/ 

Queers (IIRwIxe 42, Os8)) 6 7 

Guligooicc (MEIbs 2,03) 5 7 / 

@bheioorec (ILI Ts< BB Orda) — ff / 

CVEjaxoicie (UII AAO) Bh 

joredunicie(Vease = 5a \alt 

break; 

case 2 

Vey 

dif 

It 

CwMigooieic (IME FA, Oxy s 77 

GEO (IE aA Ob) ye Hf / 

OQvLESoNcic (Ps 42, Orde) 17/ 

Oligo (IIPS <p2),, Obs) p 4 7/ 

Omigeecic (IME <2, Od) 1 7/ 

QUE SCIE (IP EA, Oe) RW 

printfe(*case = s1\n", 

to 

to 

1) 

©) 

active LOW 

active LOW 

inactive HIGH 

inactive HIGH 

UNM 353 IPIUNS 3 CS WR 

URIUNPEIGR ION IEMUNIS3 — ID)S! D2 

eben FNC ILsNee! je@ ahaerelamnyS BNE 

Set 

set 

set 

set 

Ser 

AO 

CS 

WR 

WR 

CS 

and Al to binary two 

line 

line 

line 

line 

Counter_Num) ; 

to 

EO 

EO 

to 

active LOW 

active LOW 

inactive HIGH 

inactive HIGH 

void Adjust_Frequency (unsigned char Counter_Number) 

{ 
if (Counter_Number==0 

{ 

| Counter _Number==1) 

switch (Counter_Number) 

{ 
case 0 

Al 

D1 

Se) a cs 

Al 

D1 

// set up counter 1 as a square wave generator } 

printf ("Setting up COUNTER 1 as a square wave generator \n"); 
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PRRPRPRO 
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PRPEPPO 

(see C Cay fe Tee Ry ey 

es Nees Ure) Nee Nera, 



do 

{ 

Chive cin ir 

iwhile(Ch t= 73 @ Ch j= 61.6 Ch 12-97); 
switch(Ch) 

{ 

Gaceys 

if (Data_Word < 0xE000) 

Data_Word = Data_Word + OxOFFF; 

break; 

case 81 

if (Data_Word > 0x100F) 

Data_Word = Data_Word - Ox0FFF; 

break; 

//case 27 

Hees aged (Oper // pressing ESC key exits program } 

} 

printf£(" DATA WORD = $%u\n\n",Data_Word) ; 

Counter_Number = 0; 

Send_Control (Counter_Number) ; 

Send_Data(Counter_Number, (Data_Word & Oxff)); 

Send_Data(Counter_Number, Data_Word >>8); 

// pressing ESC key exits program } 

}while(Ch != ESC); 

break; 

case 1 

printf("Set up counters 1 and 2 for Pulse Width Modulation \n"); 

// set Counter 1 as a software triggered, pulse generator } 

Counter_Number = 1; 

Send_Control (Counter_Number) ; 

Data_Word = OxFFFF; // set to longest time period possible } 

Send_Data(Counter_Number, Data_Word & Oxff); 

Send_Data(Counter_Number, Data_Word >> 8); 

do 

{ 

do 

{ 

Ch =sGeEen())- 

Kawnim ibe ele We Sy tee wEla rer acpi ise Nay es 27) 

Swans ein Gry) 

{ 

case 73 

1f(Data_Word < 0xE000) 

Data_Word = Data_Word + OxOFFF; 

break; 

case 81 

aie (IDysicel_\itenatel 5 10)-<il(0)l0ia9) 

Date Word = Data Word — Ox0FEE; 

break; 

//case 27: 

ff fesse ((O)))s // pressing ESC key exits program } 

} 
printf(" DATA WORD = %u\n\n",Data_Word) ; 
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// set counter 2 as a hardware triggered, one shot, pulse generator 

Counter Number = 2; 

Send_Control (Counter_Number) ; 

Send_Data(Counter_Number, Data_Word & Oxff); 

Send_Data(Counter_Number, Data_Word >> 8); 

iwhitle (Ch t= ESC); 
Riff Pressing ESC key Exits program } 

} 

} 

void main() 

{ 

Lpt_Num = Select_Printer Port (); 

IPMS. = Wave ireatiane eve _IPYonaie (ibjone_INiUhga)) + 

@ubesroro ((}\ 

Selim Consol Wores (i 

OQMibCome (Ll = BD Ox) s 777 S OOOO WOO Sauimeney, involve the Commeod ilies mums, 

// start counter 0, as a square wave generator } 

LimiLeELek Were = Oxcqimvge (7 sere aasieael iiceucsncey a about the middle of range } 

a. -=[ SET UP COUNTER 0 AS A SQUARE WAVE GENERATOR ]=- } 

Counter_Number = 0; 

Send_Control (Counter_Number) ; 

SenduDateal(Counter oe Number, Inatwaliewormd i saat) 

Sénd Data (Counter Number, Initial Word >= 8); 

Adjust_Frequency (Counter_Number) ; 

i —— (of WP COUNLERS  lencdie2 VAS AS PURSE Wil DI mGrN i AMOI } 

Counter Number = 1; 

Send_Control (Counter_Number) ; 

Send _Data(Counter_ Number, Initial Word & Ox#fE£); 

Send_Data(Counter_Number, Initial Word >> 8); 

Adjust_Frequency (Counter_Number) ; 
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Pune ape es Caled OI ee ano) 

Controlling a 5-Wire 
Stepping Motor 

Circuit Theory 
If you’re not familiar with stepping motor theory 

and operation, read Appendix A before experimenting 

with this or the next few applications. 

The simplest wiring configuration for a stepping 

motor is one with five leads. One side of each coil is 

factory hard wired together. Figure 20 demonstrates 

how to control a 5-wire stepping motor from a paral- 

lel printer port. WARNING: The following discus- 

sion is presented only to permote a better understand- 

ing of stepping motor operation. The actual use of this 

circuit is highly discouraged. You can obtain far 

greater motor efficiencies using bipolar stepping 

motor drivers. . 

The ULN2803 is designed to accept TTL inputs 

and amplifies the signals to control inductive loads up 

to 50 volts at 500 mA. The ULN2803 contains built in 

back-EMF protection for inductive loads like relays 

and stepping motors. Resistor R helps reduce back- 

EMF and permits higher operating speeds. It is com- 

mon to use a value down to '/, of the coil’s resis- 

tance. For example, if you find a stepping motor rated 

at 3.5 volts, it was probably designed to operate from 

12 to 24 volts with an appropriate low resistance, high 

wattage resistor in series with the coil. This wiring 

scheme works, but is very inefficient. 

Using the configuration in Figure 20, only one 

field winding at a time may be energized. Each wind- 

ing is controlled by a bit on the parallel printer port. 

DO controls coil A, D1 controls coil B, D2 controls 

coil C, and D3 controls coil D4. Resistors Rl and R2 

are pull-up resistors for the ACK and ERROR lines. 

By tying the ACK and ERROR lines to logic high, 

while securing the BUSY and PAPER-END lines to 

logic low, the computer is fooled into thinking it is 

connected to an on line printer ready to receive data. 

Thus, BASIC’s LPRINT and Pascal’s WRITE state- 

ments can easily output data. 

Software 
A coil winding is energized when the printer port’s 

corresponding data bit is high. By setting printer port 

data bits, DO, D1, D2, and D3, to logic low, and then 

sequentially setting bits DO, D1, D2, and D3, high 

(one bit at a time), the motor shaft will turn clock- 

wise. By setting printer port data bits, DO, D1, D2, 

and D3, to logic low, and then sequentially setting 

bits D3, D2, D1, and DO, high (one bit at a time), the 

motor shaft will turn counterclockwise. 

Figure 20 requires four control lines to control a 

5-wire stepping motor. A maximum of two stepping 

motors can be simultaneously controlled from one 

printer port. Since data remains latched in the printer 

port’s data buffer until new data is received, the step- 

ping motor will maintain its position even if your 

software “goes away” to do something else. 

Sending the numbers 1, 2, 4, and 8, will energize 

windings A, B, C, and D in sequence. Listings 

MOT_3.BAS, MOT_3.PAS, and MOT_3.C, demon- 

strate the process. Using this method, you can operate 

up to two stepping motors form a single parallel printer 

port. 
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BASIC Source Code Listing 

REM PILE: MOT_3.BAS, WRITTEN IN OBASIC 

REM 

REM Printer port control of 5-wire stepping motor via’ LPRINT command. 
REM Efficient code, but stepping motor must be conntcted to LPT1. 
REM 

ie) Ne) i 

WORN EP 

REM SESSSSSESSESESSESEESEB -=[ METHOD ONE J]=- S3S3SSSSSSSSSSSSSSSSSFAFAB 

REM Semicolens at end of LPRINT statement tells BASIC to not add 

REM carrage return and line feed to transmitted data. 

REM 

FOR e@ = 1 TO 10: REM step motor 40 Steps im clockwise direction 

LPRINT CHRS(D0O); : GOSUB 500 

LPRINT CHRS(D1); : GOSUB 500 

GPR ENE EGCHhs (O2)0 ss GOSUB moO 

DPRIND VARS (DS) i: GOcUB 500 

NEXT e 

FOR e = 1 TO 10: REM step motor 40 steps in counter-clockwise direction 

LPRINT CHRS(D3); = GOSUB 500 
LPRINT CHRS$(D2); : GOSUB 500 

BPR CARS (D1) a: «COSUB 5010 

LPRINT CHRS$(D0O); : GOSUB 500 

NEXT e 

REM 

REM %%%%%%3%%%%%%%%%S%S%%E%S%SS%S + -=[ METHOD TWO ]=- 33%%%%3%33%33%%S%S3SSSSSSS% 

REM 

REM Thais method) permits sending Control signalissto UPI ssPr7), sand shems 

REM 

GOSUB 600: REM get port's base address 

FOR e = 1 TO 10: REM step motor clockwise through 40 steps 

OUT LptPortAddress, D0: GOSUB 500 

OUT LptPortAddress, D1: GOSUB 500 

OUT LptPortAddress, D2: GOSUB 500 

OUT LptPortAddress, D3: GOSUB 500 

NEXT e 

FOR e = 1 TO 10: REM step motor counterclockwise through 40 steps 

OUT LptPortAddress, D3: GOSUB 500 

OUT LptPortAddress, D2: GOSUB 500 

OUT LptPortAddress, Di: GOSUB 500 

OUT LptPortAddress, D0: GOSUB 500 

NEXT e 

END 

REM -=[ delay J=- 

KOI Wh = il AMO) ANS INBaRIN Wi 

RETURN 

REM 

PRINT 

PRINT " Which printer port do you want to use? " 

PRINT " tN ES aa 
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630 PRINT " 2) eee! 

640 PRINT " 3) gee 

650 n = VAL(INPUTS (1) ) 
G70 we (a < il) OR Gar S 3) Wels GOUMo. Os 

675 DEF SEG = 0 

680 OfESet = (mn * 2) + 6: Address = 024 + O£fSet 

690 LptPortAddress = PEEK(Address) + (PEEK(Address + 1) * 256) 

700 RETURN 

Pascal Source Code Listing 

PROGRAM MOT_3; 

USES CRT, PRINTER, My_Tpu; 
CONST DO = 1; 

DSL. es Be 

D2 

D3, = Bis 

eG Ss L@Os 

VAR Bs DNDEGER 

Lpt_Num, Lpt_Port_Address : WORD; 

BEGIN 

(* SSSSSSSSSSSSSSSSESESEEEESE  -=[ METHOD ONE J=- %%%3%%3%S%33%33SSSSSSS *) 

Basic 5-wire stepping motor control. Uses Pascal's WRITE command to 

transmit data through computer's LPT1 printer port. The WRITE commands 

sends data WITHOUT generating printer Line Feed, or Carriage Return 

IIMS IEICE AEVNS} 

} 
FOR E := 1T010DO { step motor clockwise through 40 steps } 

BEGIN 

PRIVY CSE, NVASE(DYO))) ) Se IDISPEVANS {he )) 2 

WROD (Se, ChaVNI (DML) }) § IDIaLVANY (ie) 

(ASEH (CEKSae,,  (CIBVAI((IDYZ) )) )) 2 IDEA? (ie }) 9 

WRITES CHA (D3S)))-s DE TAY. (Ce) 

END; 

FOR E := 17T0 10 DO { step motor counter-clockwise through 40 steps } 

BEGIN 

HRs CES, CReyNR(IDS))}) & IDeWbyANe (Ue }) 3 

WRERE CES CHAR (D2) DETAY (ei 

(RS (Sal, ClRVNRXCDL)) )) 2 IDIEILVAN? (te }) ¢ 

WAPI; (Se, CISVAIRE((IDIO))) ) 8 IDNAHIWANY (le) § 

END; 

(* SESSSSSESSSSSSSSSSEESEESESS  -=[ METHOD TWO J=- SSS3S3S3SSSSSSSSSSS *) 

{ 

Alternitive 5-wire stepping motor control. Data is sent to printer port 

PML ISMN, one lies, ao Uisenes! Ikewiooeiac! alinjollic Os VElne: inline 1, 2, oie 3, 

port's address is computed, and used to route data. 

Since the printer port latches data sent-to it, data sent to a printer 

port will remain on the output pins until new data replaces it. That 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 
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} 

Select_Printer_Port (Lpt_Num, Lpt_Port_ Address) ; 
OR J Ss iL “ey I0) iD) { step motor clockwise through 40 steps } 

BEGIN 

PORT [Lpt_Port_Address] := D0; DELAY (t); 

PORT [Lpt_Port_Address] := Dl; DELAY(t); 

PORT {Lpt_Port_Address] := D2; DELAY(t); 

PORT [Ipt_Port_Address] := D3; DELAY (tt); 

END; 

FOR E := 1 T0 10 DO { step motor counter-clockwise through 40 steps } 
BEGIN 

FORE i piEerorteAddress |) bei DEA s(te 

PORT [Lpt_Port_Address] := D2; DELAY (t); 

PORT [pt Post Address |) == Dil: DELAY (it )i- 

PORT [Lptl]Port_ Address] := DO; DELAY (t) >; 

END; 

END. 

C Source Code Listing 

jews PROGRAM MOT_3 

5-wire stepping motor single phase control. Only one motor winding 

1s energized at a time. 

Code conversion by Eugene Klein 

Sh 

#include <dos.h> 
#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

const int (BO) Ss, thy, 

GOnse Unt Oil = Be 

COnSe eine BA = Ale 

Cousite elite Ds = ls 

Goust wim ic = LOO. 

sluraitew (eats 

unsigned int Lpt_Num, Lpt_Port_Address; 

void main() 

* 
oe 

oq00qogog0qgqg0000000000CIV0900909 —. es 0oo00000000000000090 /* %$%%%%%E%E%S%%S%ESSSSS$SSSSSS%S% ~+$j-=[ METHOD ONE ]= SEEESESEEEEESESESS 

Basic 5-wire stepping motor control. Uses Pascal's WRITE command to 

transmit data through computer's LPT1 printer port. The WRITE commands 

sends data WITHOUT generating printer Line Feed, or Carriage Return 

IMs PUGeAOMS.. 
* / ‘ 

for (B=1;R<=10; H++) // step motor clockwise through 40 steps 

{ 

OES (IDO, Shechoe im) 

delay (t); 

joulieS (IDL, Siewhoneral)) F 
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delay (t); 

ULES (IDA, Sieclorein)) 4 

delay (t); 

jOwNEEe (1D), SieCloiein)) s 

delay (t); 

} 
18@le (iil oe 110) pias) // step motor counter-clockwise through 40 steps 

{ 

NES (IDS), SieCloiaa)) ¢ 

delay (t) ; 

joules (IDA , Sicchenciay)) § 

delay (t); 

foun (IDL ,, Sierelhoncin) + 

delay (t); 

PUES (IDO , SieClawein)) ¢ 

delay (t); 

/* * $3%33%%S%%SSSS%SSSSSSSSSS% + -=[ METHOD TWO J]=- %%%%33%%3%3%%SS%SSS * 

Alternitive 5-wire stepping motor control. Data is sent to printer port 

Pi uel? so LPrs. | Hrom wsens) keyboard=inpue OF iene: number Ty 2 or esr 

port's address is computed, and used to route data. 

Since the printer port latches data sent to it, data sent to a printer 

port will remain on the output pins until new data replaces it. That 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 

Sy 

Lpt_Num = Select_Printer_Port (); 

Lpt_Port_Address = Init_Printer_Port (Lpt_Num) ; 

@llaesese ()) 9 

£Om (B= Ba 0) 4) // step motor clockwise through 40 steps 

{ 
outport (Lpt_Port_Address, D0); 

delay (t); 

QUEpOGE (IDES POLnE Address, Dil) 

delay (t) ; 

outport (Lpt_Port_Address,D2) ; 

delay (t); 

outport (Lpt_Port_Address,D3) ; 

delay (t); 

} 

for (B=1; E<=10;E++) // step motor counter-clockwise through 40 steps 

{ 
outport (Lpt_Port_Address,D3) ; 

delay (t); 

outport (Lpt_Port_Address,D2) ; 

delay(t); 

outport (Lpt_Port_Address,D1); 

delay (t); 

QuEpORE (E 
) ° delay (t 

pt_Port_Address,D0) ; 

‘ 
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Controlling a 6-Wire 
Stepping Motor 

Circuit Theory 

Six-wire stepping motors provide more flexibil- 

ity in control logic than S-wire steppers. They can be 

controlled by single phase, dual phase, half step, or 

bipolar drivers. Six-wire steppers allow you to simul- 

taneously drive multiple coil windings, thus generat- 

ing more torque than 5-wire stepping motors. You 

can even hard-wire a 6-wire stepper to behave like a 

5-wire stepper, although it is usually not practical. 

There are four driver-logic methods of control- 

ling a 6-wire stepping motor: single phase, dual phase, 

half step, and bipolar. Bipolar operation is the most 

efficient, and is covered separately in a future circuit. 

This time, we’ll discuss the first three. 

* Single phase. A 6-wire motor can use control 

logic that energizes only one coil at a time. The 

sequence would be A, B, C, D. Use the software 

developed for Circuit 20, MOT_3.PAS, .MOT_3.C, 

and MOT_3.BAS for single phase operation. 

* Dual phase. Control logic that keeps two coil 

windings energized for each step is called dual phase 

logic. The sequence would be AB, BC, CD, DA. Two 

coils share a series resistor. This sequence energizes 

only one coil from each group at a time. Since two 

coils are always energized, this arrangement provides 

twice the torque of single phase operation. 

* Half step. Half step logic will not turn your 200 

steps per revolution stepping motor into a 400 steps 

per revolution device. Half step was designed to 

smooth out the shaft’s movement as it “snaps” from 

one position to the next. The idea is to ease the shaft 

from one position to the next by energizing the clos- 

est coil that makes up a pair. The sequence is AB, B, 

BC, C, CD, D, DA. It takes eight half steps to move 

four full steps. You should never rest on the half 

steps. Your software should force the motor to only 

stop at positions where two coils are energized. 

Figure 21 shows the simplest driver configura- 

tion. The motor is drawn for visual simplicity. In a 

real stepping motor, the coils are physically arranged 

A, B, C, D. The drawing clearly shows which coils 

are connected to which resistor. 

The ULN2803 contains eight inverting drivers. 
The ULN2803 was designed to drive inductive loads, 

like motor coils and relays, containing back-EMF. 

Each section contains back-EMF logic protection. 

Each stepping motor coil is controlled by a sepa- 

rate printer port data bit. The ULN2803 drivers take 

their inputs from the printer port’s TTL logic and 

amplifies the signals. Each section of the ULN2803 is 

able to drive a load requiring 5 to 50 volts at up to 500 

mA. Its big brother, the ULN2813, has the same pin 

configuration, and can drive 60 volt loads. 

The resistor in series with two coils has two func- 
tions. First, it reduces the coils’ back-EMF. Values 

down to '/; of the coil’s resistance are common. Since 

each set of two coils share one resistor, only one coil 

from each pair should be energized at once. If you 

find a stepping motor rated at a very low voltage, it 

was probably designed to run from a much higher 

supply voltage with a voltage dropping resistor in 

series. Resistors values down to '/7 of the stepping 

motor’s coil resistance are common. Second, the 

series resistors dampen stepping motor oscillation. 

Their presence allows the steppers to operate at a 

higher speed. 

I find I can use a longer ribbon cable when I 

include the 4.7K pull-up resistors. However, you 

must exercise caution in making sure the control 

logic is low when you apply power to the driver 

circuit. If control logic does not initialize the driver’ s 

inputs to low, the pull-up resistors will supply inac- 

tive high input logic. The ULN2803 will invert the 

input logic, driver outputs will all be low, and all four 

coil windings will be energized. That could put twice 
the rated load current on each coil, with possibly 

deleterious results. 
Resistors R1 and R2 are pull-up resistors for the 

ACK and ERROR lines. By tying the ACK and ER- 
ROR lines to logic high while securing the BUSY and 
PAPER-END lines to logic low, the computer is fooled 

into thinking it is connected to an on line printer ready 
to receive data. Thus, BASIC’s LPRINT and Pascal’s 

WRITE statements can easily be used to output data. 
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Software 

The program listings DUALFAZE.PAS, 

DUALFAZE.C, and DUALFAZE.BAS demonstrate 

dual phase operation. Two methods are shown. The 

first uses BASIC’s and Pascal’s built-in procedures 

for sending characters to the LPT! printer port. With 

this method, a strobe signal is automatically gener- 

ated. The details are hidden from the programmer. 

This method requires the least amount of code. Pascal’s 

WRITE command sends the data while telling the 

compiler NOT to send a carrage return or linefeed. 

BASIC’s LPRINT command, with a trailing semico- 

lon yealds the same results. Remember, this method 

only works with LPT1. 

The second method requires a little more code, 

but allows you to send data to any of the three printer 

ports, LPT1, LPT2, and LPT3. Also, the program 

should run a little faster. Data is placed on the base 

address data lines using Pascal’s PORT command 

and BASIC’s OUT command. Since the circuit in 

Figure 21, does not require a strobe signal, none is 
generated. 

The printer port will automatically latch the data 
onto the data output lines with either method. Data 

will remain on the printer ports output lines until new 

data arrives. Since the coils are directly driven by 

printer port data logic, they will remain energized 
between transmitted data. 

Listings HALFSTEP.PAS, HALFSTEP.C, 
HALFSTEP.BAS demonstrate how to control a 6- 

wire stepping motor with half step logic. All com- 

ments above related to software construction apply to 

this listing as well. 

BASIC Source Code Listing for Dual Phase Motors 

1 REM FILE: DUALFAZE.BAS, WRITTEN IN QOBASIC 

Z REM 

3 REM Printer port control of 6-wire stepping motor via LPRINT command. 

4 REM Two of the four windings are always energized 

a REM 

OG PO = 

TO ee?) 

ITO a ee 

1230 Dea 26 

135 2 = 33010 

SIF Rea 

138 REM ZEESSELESELELEEEEEE -=[ METHOD ONE J] =- 333333333333 %3%3SSSSSESSSSSSS 

140 REM 

142 REM Semicolens at end of LPRINT statement tells BASIC to not add 

145 REM carrage return and line feed to transmitted data. 

147 REM 

150 FOR e = 1 TO 10: REM step motor 40 steps in clockwise direction 

60 EPRENT CHES (D0, 4 Wily); GOSUB 500 

L/D Mae Rohl CHS (ole DZ) =) GOSUB 500 

180 LPRINT CHRS (D2 + D3); GOSUB 500 

LO LeRINE GHRs (DB DON 2 GOSUB 500 

200 NEXT e 

210) FOR e =) TO 20 REM step motor 40 steps in counter-clockwise direction 

220 EPRINT CHRS (bse D0)); GOSUB 500 

22 0 UPR ENT GHRs (D2) = DS)"; GOSUB 500 

PLO UPR IND (CHRis (Dike 2) 2 iGOSUBe S00 

250 LPRINT CHRS (DO + Dil); : GOSUB 500 

260 NEXT e 

270 REM 

280 REM 3333 3S3SSSSS4SSSSSS4%S%%  -=[ METHOD TWO ]=- %$%%3%3%3%33%3SBSSSSFS55O% 

282 REM 

283 REM This method permits sending control signals to LPT1, LPT2, and LPT3 

290 REM 

300 GOSUB 600: REM 

SU0 FOR € s7i-TO LQ: KEM 

get port’s base address 

step motor clockwise through 40 steps 
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320 OUT LptPortAddress, DO + Dil: GOSUB 500 

340 OUT LptPortAddress, Dil + D2: GOSUB 500 

Fo) Owl LjKelPercNecisase, IDA = eS OSU SO 

360 (OUD ipEPonteAddress,, Dau DOESGOSUBE5 00 

377 0S NE Xie 

380 FOR e = 1 TO 10: REM step motor counterclockwise through 40 steps 

390 OUT LptPortAddress, D3 + D0: GOSUB 500 

400 OUT LptPortAddress, D2 + D3: GOSUB 500 

410 OUT LptPortAddress, D1 + D2: GOSUB 500 

420 OUT LptPortAddress, DO + Dl: GOSUB 500 

430 NEXT e 

499 END 

500 REM -=[ delay J=- 

SLO) TOR Wo = ih Sey SPs INIEGae Ww 

520 RETURN 

600 REM 

605 PRINT 

SIL] IIRAGNAP O \iylaisleig, joresiolecue ioctl’ whe) yew! Wen EO WSeEr y 

620 PRINT " dy dupe anak & . 

650) saan © ey Teal 

640 PRINT " 3}, ILeapey 

SSO im = WANE nNercsi(ab) ) 

G70: wi Ca < i) OR eal S BS) weezy Come 60)S 

S/S WiHy SHE = | 

Sell) Chesec = (al ~ Aly 2 Ge Welehsacis = Woy es Ohmeseic 

690 LptPortAddress = PEEK(Address) + (PEEK(Address + 1) * 256) 

700 RETURN 

Pascal Source Code Listing for Dual Phase Motors 
PROGRAM DualFaze 

{ 

DUAL PHASE opteration of a six wire stepping motor. 

This method will also work with 8-wire stepping motors configured for 

6-wire operation. 

} 

USES CRT, PRINTER, My_Tpu; 
CONS I = BOOs 

IDG) = ibs 

DIL = Be 

De ss Ake 

Des = Bs 

VAR E : INTEGER; 

Lpt_Num, Lpt_Port_Address : WORD; 

BEGIN 

(* $%%%3%3%S%%SSSSSSSSSSSSSSS%S + -=[ METHOD ONE J=- SSS3S3SSSSSSSSSSSE *) 

Dual Phase operation of 6-wire stepping motor. Uses Pascal's 

WRITE command to transmit data through computer's LPT1 printer port. 

The WRITE commands sends data WITHOUT generating printer Line Feed, or 

Carriage Return instructions. 

} 
FOR EB := 1 TO 10 DO { step-motor clockwise through 40 steps } 

BEGIN 

WRITE (LST, CHAR (D0 + D1)? DELAY (e ) 
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WRITE (LST, CHAR(DL + D2) ) DELAY (te) > 

WELT SE (EST, CHAR(D2: +..D3).)> JDMEVANET Ce )) 2 

WREDE(USI, CHAR (DS + DO) )- IDE VANE (ie )) 5 

END; { for e } 

FOR E := 1 7T0 10 DO { step motor counter-clockwise through 40 steps } 
BEGIN 

WRETE ESI CHAR (DSi = 0!) DHA. (He)! 

VRE Pn (isi CHAR (D2 = 9 D3) DEhAV (2). 

WRITE(LST, CHAR(DI + D2))); DELAY (t); 

WRITE(LST, CHAR(DO + Di)); DELAY(t); 

END; { for e } 

(* SSSSSSSSESSSSSBSSESSEEEESES ~ -=[ METHOD TWO J]=- %%%%3%SS3SSSSSSF3F2R_ +) 

Dual Phase 6-wire stepping motor. Data is sent to printer port 

bP? L, seria, 0% LPT3,, From users keyboard input-cf the number-i, 2, 

port's address is computed, and used to route data. 

Since the printer port latches data sent to it, data sent to a printer 

port will remain on the output pins until new data replaces it. That 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 

} 

Select_Printer_Port (Lpt_Num, Lpt_Port_Address) ; 

BOR tee le COLO, DO { step motor clockwise through 40 steps } 

BEGIN 

PORT (Lpt_Port_ Address] := D0) + Dil; DELAY (te); 

PORT [ipt -Port Address), <= Dil 4° D025 DELAM(WE)); 

PORT (pt PorteAddress| <=] D2 4 D3) DENAY (rE); 

PORT spice Pome enocresc | ss DSs. 0; = mE Ava (ts) r 

END; { for e } 

FOR E := 1T010DO { step motor counter-clockwise through 40 steps } 

BEGIN 

PORT [Lpt_Port_Address] := D3 + DO; DELAY(t); 

PORT iipt Port Address) <=] D2 D3; DERAY (tc) > 

PORT [Lpt_Port_Address] := Dl + D2; DELAY(t); 

QUEUE Lineie, Ieren /Neleveersierl| Ba IDI0) =a IDO IDE aye (lie )) 7 

BND {stom 2 

END. { dual phase } 

C Source Code Listing for Dual Phase Motors 
Ve PROGRAM DualFaze 

Code convesion by Eugene Klein 

DUAL PHASE opteration of a six wire stepping motor. 

This method will also work with 8-wire stepping motors configured for 

6-wire operation. 

as 

Ob Sr 

#include 

#include 

#include 

#include 

#include 

#include 

#include 

<dos.h> 

ZISIEClaO). Jal 

<<(e{ojmialyoy, lal 

AGE 9). !ae 

LShevealialey 5 lols 

=<—DOLOse l= 

"My _TPU.h" 
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SOnsitemea mite Cc = 3005 

COnSieuaiate IDO) = is 

CONSE ime DL = Be 

COn's eueiate D2 = Als 

COnsiaee mite D3 = Be 

abe 1S 

unsigned int Lpt_Num, Lpt_Port_Address; 

O68 G00: 6 6'6:6°670 6.16 0.00 O60 6 30 Ae = ecocoooooooooocoogodg:d 
SOOSCOBDOSOSSBEOSOS>OSOS  —=| METHOD ONE ]=— CECCCOCOOCCOCOCOOS /* S% = 

Dual Phase operation of 6-wire stepping motor. Uses Pascal's 

WRITE command to transmit data through.computer's LPT1 printer port. 

The WRITE commands sends data WITHOUT generating printer Line Feed, or 

Carriage Return instructions. 

ry 

{ ‘ 

is@ne (= i11 2 e110) Sige )) // step motor clockwise through 40 steps 

{ Ms 

jOuleE (DO <= ID), siteclousia)) ¢ Cleileay (ie) 9 

jOwliEe ( (Dal =5 IDA) , Siechouaial)) 2 Cleileny (ie) 9 

jolie ( (IDA <2 1D)s})) , SieCloreim)) 9 Cleilehy (ic) s 

PuEcIGC(DS T= DO) sitdpornm)s) deliay (ie) > 

} 

mone (I=L 3 Hei.) p eee se)) // step motor counter-clockwise through 40 steps } 

{ 

jownere ( (Ds <2 IDO) , SieCioian)) y Gleukeiya(Ge )) ¢ 

joumee ( (IDA = id)s))) , SeCiorin) e wlelewe (ic) 5 

joulee ( (DIL = D2) ,creGlowm) - Clelkeny (ie) 

jomEeeS ( (IDO <5 IDL) ,SkeGionaa)) 7 “Ckadkeny (ie) = 

} 

ips S3%ESEESSESSESESSESSSSSSSES = -=[ METHOD TWO J=- S32333%3SSSSSESSSSE% 

Dual Phase 6-wire stepping motor. Data is sent to printer port 

eM, IEW D, @re RMN,  lvieoy UISeres Ienovexehal alishowle ne tele iaenNoste JL, 2, oi 3, 

port's address is computed, and used to route data. 

Since the printer port “batches *data-sent' to “1&; data’ sent toa printer 

DOGE wit eareMnaine on Ene ouEput joins umtaemewcdawamiccolaces tes ilnalte 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 

Pb 

Lpt_Num = Select_Printer_Port () ; 

Lpt_Port_Address = Init Printer Port (Lpt_Num) ; 

for (B= — Oe) // step motor clockwise through 40 steps 

{ 

outport (Lpt_Port_Address, (D0 + D1)); delay(t); 

QuUEDOrE (lipEePonsuaAddiress, (Di D2) delay (te i 

outport (Lpt_Port_Address, (D2 + D3)); delay(t); 

outport (Lpt_Port_Address, (D3 + DO)); delay(t); 

} 

£Or (H=1 7 Be= 20 7a) // step motor counter-clockwise through 40 steps } 
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{ 
outport (Lpt_Port_Address, (D3 + D0)); delay(t); 
outport (Lpt_Port_Address, (D2 + D3)); delay(t); 
outportdLpt _Port_Address, (D1 4+ D2)); delay (t); 

outport (Lpt_Port_Address, (DO + D1)); delay(t); 

} 
} 

BASIC Source Code Listing for Half Step Motors 
REM FILE: HALFSTEP.BAS, WRITTEN IN QBASIC 

REM Printer port control stepping motor using HALF STEP code logic 

= SMO) 

Mote ors) = Se REM OOOO Ota 

Moron (2) 92) REM. OOOO OORN0 

Motor (3) = 6.) REM S00 0000 

Motor (4) = 45) REM 00000 M00 

Mocor (Ss) = 2 PREM, OOOO dT OO 

Motor(6) = 8: REM 00001000 

Moton(/) =) 92) REM O0OOn0Od 

Motor(3) = ls REM 00000002 

REM 

REM $$SESSES%SSSSSSSSS%SSS -=[ METHOD ONE ]=- S3323SSSSSSSSESSEEESESSSEES 

REM 

REM Semicolens at end of LPRINT statement tells BASIC to not add 

REM carrage return and line feed to transmitted data. 

REM 

POR HB = 1 TO 102 REM “stem 20) ful steps an clockwise: Gdinecuion Using 

OES SB tes tha Gest! 

LPRINT CHRS(Motor(D)); : GOSUB 500 

NEXT D: NEXT E 

FOR E = 1 TO 10: REM step motor 40 steps in counter-clockwise direction 

POR De oe lOr Wes EPs il 

LPRINT CHRS (Motor (D)}; = GOSUB 500 

NEXT D: NEXT E 

REM 

REM %%%%%%%%%%%%%%%%%SE%SS$E%BS =~ -=[ METHOD TWO ]=- %33%3%3%%33SSSSSSSSSSSSSS 

REM 

REM This method permits sending control signals to LPT1, LPT2, and LPT3 

REM 

GOSUB 600: REM get port's base address 

FOR E = 1 TO 10: REM step motor clockwise through 40 steps 

HOR Db — le Ors 

OUT LptPortAddress, Motor(D): GOSUB 500 

NEXT DD; NEXT EF 

FOR E = 1 TO 10: REM step motor counterclockwise through 40 steps 

EHOUR, ID == (8) VINO) AL (Sinise SAL 

OUT LptPortAddress, Motor(D): GOSUB 500 

NESE Dis Nx Es 

END 

REM == delay” }== 

OR. We = Al BO) At INC WA 

RETURN 

REM 

PRINT 

PRINT " Which printer port do you want to use? 

BASIC Source Code Listing for Half Step Motors 103 



620 PRINT " i) sient 

S30 Piao 7 2) Wael 

640 PRINT " 3) dieasy 

S50) ia SS WHAM (GENET, (AL) 3) 

S70 Ie (ay << J)) OR Ga s 3) Asha OMe 605 

675) DEE (SEG = 0 

680 OfESSE = (ne * 2) 6 Address) = 024 sOrRESEE 

690 LptPortAddress = PEEK(Address) + (PEEK(Address + 1) * 256) 

700 RETURN 

Pascal Source Code Listing For Half Step Motors 
PROGRAM HalfStep; 

{ 
HALF STEP opteration of a six wire stepping motor. 

This method will also work with 8-wire stepping motors configured for 

6-wire operation. 

} 

USES CRT, PRINTER, My_Tpu; 
CONS ss 0)0F- 

VAR Ay Es) GNLECER;: 

MOEOrRESEepas ARRAY [ly 3)] (Or BY RE, 

Lpt_Num, Lpt_Port_Address : WORD; 

BEGIN 

NOEoe SESE s= Bf- % OOOOOOUL 3 

Motorestep(Zilest= 2; “4 00000010 .} 

Motor Stepl3irs= 6; ¢€ 00000R10, 4 

MoCo Seco (4) S= Ae i WOW OOOO) 7 

MotorsStep iS lesa) dice ats 00001100) —} 

Motor step Lela:= 73, {00001000 J} 

MocoLrestepigi <= 95) tr OOCOLIOL a) 

Motor _Stepls] s= 1; { 00000001 4 

(* $%3%3%3%3%%SS%S%SSSSSSSSSSS6S6S6%S ~+# -=[ METHOD ONE J=- %%3%333%3%3%S%S3S5SSS5S5S% *) 

Dual Phase operation of 6-wire stepping motor. Uses Pascal's 

WRITE command to transmit data through computer's LPT1 printer port. 

The WRITE commands sends data WITHOUT generating printer Line Feed, or 

Carriage Return instructions. 

Note that to move through 40 steps, the counter is set to 80. The 

purpose of Half Stepping is to smooth out the snap action of Dual Step. 

Normally, you only count the full-step positions as actual steps. 

In, other words, using Half Step dogic, will mot turn your 200 step / ew, 

stepping motor into a 400 step / rev. stepping motor. ( unless your 

WOECl 1G WIIRNC, WAHIRAY Iieicir | )) 

} 

MOR VA g= i IO 10) wo { step motor clockwise through 40 steps } 

FOR Hs] 1 L078 DO BEGIN WRITE (LST, CHAR (MotorsStep [ell ip DELAY (e)i aN» 

WOR A os Ab UO) ILO Ino { step motor counter-clockwise through 40 steps } 

FOR E := 8 DOWNTO 1 DO BEGIN WRITE(LST, CHAR(Motor_Step[e])); DELAY(t); END; 

(* $%%3%3%%%%SSS%SSSSSSSSSSSS%S 4 -=[ METHOD TWO ]=- %2333SSSSSSSSSSSSE *) 

Dual Phase 6-wire stepping motor. Uses Pascal's PORT command to "poke" 

port address with data. Allows use of LPT, LPT2, or LPT3. 
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From WSsers: keyboard: input of the number 1; 2, or 3, 
port's address is computed, and used to route data. 

Since the printer pert latches data sent to it, data sent to a printer 

port will remain on the output pins until new data replaces it. That 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 

} 

Select_Printer_Port (Lpt_Num, Lot Port Address); 

HOR Ams =e leeOr lO) apo { step motor clockwise through 40 steps } 

HOR ke c= 1 TO Se © 

BEGIN PORT[Lpt_Port_Address] := Motor_Step[e]; DELAY(t); END; 

FOR A := 17T010DO { step motor counter-clockwise through 40 steps } 

BORA EH) s= Se powNnro: 2 DO 

BEGIN PORT [Lpt_Port_Address] := Motor_Step[e]; DELAY(t); END; 

END. { half step } 

C Source Code Listing For Half Step Motors 
hae PROGRAM HalfStep2 

HALF STEP opteration of a six wire stepping motor. 

This method will also work with 8-wire stepping motors configured for 

6-wire operation. 

a 

#include 

#include 

#include 

#include 

#include 

#include 

<dos.h> 

<Stavo.h> 

COMO shi> 

<stdlib.h> 

<string.h> 

<bios.h> 

#include "My_TPU.h" 

eloiMcia cue SHOU 

aor Ae Ge 

unsigned char Motor_Step[8]; 

unsigned int Lpt_Port_Address, Lpt_Num; 

void main() 

i 
Motor Step [1] = 33 f/f SOOOCOOOL 

Monona Siecje 02 I) = 4 // 00000010 

IMGierene Shesjonl Sil) = (7 HIE (OKOOMONOALALG) 

Motomastep 4 |" = 745 // 00000100 

MoneCne Shasyey|[ si] = 1A, // 00001100 

MOE Or a epi = 8i7 // 00001000 

Moccia Sicily || = Sly Jy SOO OOM OO! 

Motor Step rel = i; Ht if 00000001 

es * 2992999992999 999999999939% _-[ METHOD ONE ]=- %%%%%3%3%S33%SSSSSOS * 

Dual Phase operation of 6-wire stepping motor. Uses Pascal's 

WRITE command to transmit data through computer's LPT1 printer port. 
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The WRITE commands sends data WITHOUT generating printer Line Feed, or 

Carriage Return instructions. 

Note that to move through 40 steps, the counter is set to 80. The 

purpose of Half Stepping is to smooth out the snap action of Dual Step. 

Normally, you only count the full-step positions as actual steps. 

in o&bhenr words, using Halt Step) logaicy swiss note turn sour eZ 00s tepmr/ ace ve 

stepping motor into a 400 step / rev. stepping motor. ( unless your 

OAGE USE VER Ye WER GE) 

ae 

it@le (Asi sA<=i1 Op Ages) // step motor clockwise through 40 steps 

{ 
FOr (H=i- ha C++) 

{ 
putc (Motor_Step[E],stdprn) ; 

delay (t); 

} 
BOE (VASil 9 aes 11,0) 7AeeeE)) // step motor counter-clockwise through 40 steps 
{ : 

for (H=S bh >—1)> hi) 

{ 
OWES (MOBere SKeSio [a}]| , Sictcloneinl)) ¢ 

delay (t); 

/* * $3%3%3%33%%SSS%S%%ESSSS%SSS% + -=[ METHOD TWO ]=- %%3%3%3%3%33%3%3%SS3S3%S%SSS% * 

Dual Phase 6-wire stepping motor. Uses Pascal's PORT command to "poke" 

port address with data. Allows use of LPT1, LPT2, or LPT3. 

From users keyboard input of the number 1, 2, or 3, 

port's address is computed, and used to route data. 

Since the printer port latches data sent to it, data sent to a printer 

port will remain on the output pins until new data replaces it. That 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 

ae 4 

Lot_Num = Select_Printer_ Port (); 

Lpt_Port_Address = Init_Printer_Port (Lpt_Num) ; 

EO (AS Aaa OF RACE) // step motor clockwise through 40 steps } FOR E := 1 TO 8 DO 

{ 
outport (Lpt_Port_Address,Motor_Step[E] ); 

delay(t); 

} 

for (A=1;A<=10;A++) // step motor counter-clockwise through 40 steps 

{ 
for (E=8; E>=1; E-) 

{ 

outport (Lpt_Port_Address,Motor_Step[E]); 

delay (t); 

} 

} 

} 
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ot Beer OF ae ee Cxnwie 2 

An Alternate Method of 
Controlling a 6-Wire 

Stepping Motor 

Circuit Theory 
Application 21 allows you to operate only two 

stepping motors from a printer port. Figure 22 shows 

a more efficient method of controlling a 6-wire step- 

ping motor. This circuit requires only two control bits 

for proper operation, meaning you can operate four 

stepping motors from a single parallel port. Series 

resistors are included to dampen stepping motor oscil- 

lation, which allows the steppers to operate at a higher 

speed. 

The circuit in Figure 22 drives stepping motors 

with dual phase logic. The software sends out binary 
numbers 0 to 3. Hardware converts the binary logic to 

gray code, and then uses additional logic to insure 

that two coils are always energized. Since all these IC 

chips contain additional logic gates, you would need 

almost no additional IC logic to control four stepping 

motors from a single parallel printer port! 

The ULN2803 drivers take their inputs from the 

output of the dual phase logic circuitry. Each section 

of the ULN2803 is able to drive a load requiring 5 

to 50 volts at up to 500 mA. Its big brother, the 

ULN2813, has the same pin configuration and can 

drive 60 volt loads. 
In addition to dampening stepper motor oscilla- 

tions, the resistor in series with two coils also reduces 

the coils’ back-EMF. Values down to '/7 of the coil’s 
resistance are common. Since each set of two coils 

share one resistor, only one coil from each pair should 

be energized at once. If you find a stepping motor 

rated at a very low voltage, it was probably designed 

to run from a much higher supply voltage with a 
voltage dropping resistor in series. Resistors values 

down to '/7 of the stepping motor’s coil resistance are 

common. 

Software 
The software listings MOT_BIN.PAS, 

MOT_BIN.C, and MOT_BIN.BAS demonstrate how 

to control a stepping motor with binary control logic. 

Pascal’s WRITE command sends the binary data 

while telling the compiler NOT to send a carriage 

return or linefeed. BASIC’s LPRINT command with 

a trailing semicolon yields the same results. Remem- 

ber, this method only works with LPT1. 

The second method requires a little more code, 

but allows you to send data to any of the three printer 

ports: LPT1, LPT2, and LPT3. Binary data is placed 

on the base address data lines using Pascal’s PORT 

command, and BASIC’s OUT command. Since the 

circuit in Figure 22 does not require a strobe signal, 

none is generated. 

Using either method, the printer port will auto- 

matically latch the data onto the data output lines. 

Data will remain on the printer port’s output lines 
until new data arrives. Since the coils are directly 

driven by printer port data logic, they will remain 

energized between data transmissions. 
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BASIC Source Code Listing 

REM Lue Ome BNE WRITTEN IN QBASIC 

REM 

REM Printer port control of stepping motor using binary codes 

REM 

“i =. SHENG! 

REM 

REM SSSSSSSSSSSSESEESEE -=[ METHOD ONE J=- S333 SSSSSSSSSSSSFSEFFEFFSB 
REM Send control signals to LPT1 

REM 

REM Semicolens at end of LPRINT statement tells BASIC to not add 

REM carrage return and line feed to transmitted data. 

REM 

HOR Te = 2 TO) LO: REM “Step motor 40) steps in clockwise direction 

HOR i=) a n©) 93 

LPRINT CHRS(D); : GOSUB 500 

NEXT D: NEXT e 

FOR e = 1 TO 10: REM step motor 40 steps in counter-clockwise direction 

POR Dy = 3. 27O.0S TE Py =i. 

BERINE (CHRS (DD); -s GOSUB) S00 

NEXT D: NEXT e 

REM 

REM %%%3%3%%%%3%%%%3%S%%%SS%S%SSSS% + -=[ METHOD TWO ]=- S3333SSS33SSSSSSSSEEEEES 

REM 

REM This method permits sending control signals to LPT1, LPT2, or LPT3 

REM 

GOSUB 600: REM get port's base address 

FOR e = 1 TO 10: REM step motor clockwise through 40 steps 

BOR: Di = 100 0O.3 

OUT LptPortAddress, D: GOSUB 500 

NEXT D: NEXT e 

FOR e = 1 TO 10: REM step motor counterclockwise through 40 steps 

BOR De= 3 LOW SLEEP a1 

OUT LptPortAddress, D: GOSUB 500 

NEXT D: NEXT e 

END 

REM 

REM -=[ subroutine for delay ]=- 

REM 

REM -=[ delay J=- 

LOIRE WP ll HO) ES Pep as AV 

RETURN 

REM 

REM ==|| fsiblopeteibiealinve; iexe) Gbighojblle, YeleveheicKelexeia’ l= 

REM 

IRSRCTEIN| SE 

PRINT " Which printer port do you want to use? " 

IEAREIEINEIR >) Sea 

PRINT " 7) ealnesnsle 

PRINT " 3). LPT3 
hoe, VAL. CLUNEUTS (i) ) 

ima (Gel 

DEF S$ 

OffSe 

EpeEeo 

<1) OR Gr > 3) THEN GOTO 605 

EG = 0 

t= (mn * 2) + 6: Address’ = 1024 4+ OfiSet 

rtAddress = PEEK(Address) + (PEEK(Address + 1) * 256) 

RETURN 
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Pascal Source Code Listing 
PROGRAM MOT_BIN; 

{ 

Stepping motor control via BINARY code. Written in Turbo Pascal 6.0 

Since the printer port latches data sent to it, data sent to a printer 

port will remain on the output pins until new data replaces it. That 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 

} 

UISIEES (CII , IDIRUENAUR, Nive Siow s 

CONS i = S005 

VAR Dye Heese SENT GriRy 

Lpt_Num, Lpt_Port_Address : WORD; 

BEGIN 

(* $33%33%S%%SSSSSSSSS$S¥SSSSSSS + -=[ METHOD ONE J=- %3333%3%3%3%%3%3%%33SS% 

{ . 
Uses Pascal's WRITE command to transmit data through computer's LPT1 

printer port. The WRITE command sends data WITHOUT generating printer 

Line Feed, or Carriage Return, instructions. ie 

, 
FOR E := 1T010DO { step motor clockwise through 40 steps } 

HOR DB ss O) MO Sie) 

BEGIN 

WRITE(LST, CHAR(D)); { transmit binary value } 

IDELVANE (Ge) & 

END; 

FOR E := 1 TO 10 DO { step motor counter-clockwise through 40 steps } 

BOR ID) 2] 3 DOWUNO 0 WO 

BEGIN 

RIE (CSP (CBU (ID) js { transmit binary value } 

IDEN (iE }) 8 

END; 

(* %$3%3%3%%%SS%SS%SSS$SSSSSSSS + -=[ METHOD TWO ]=- %3333%333%SSESSSSSS *) 

Siecjojouuiale; M@ieiee Clomiieiaell swale lominyesaye lees se) SEeiniG IO jorewialiese joorte We, Wer? . 

Or LPT3. From users keyboard anput of the number 1, 2, or 3, ports 

address is computed, and used to route control code. 

} 

Select Printer Port (Lpt_Num, Lpt_Port_Address) ; 

HOR W ss i WTO 10 WO { step motor clockwise through 40 steps } 

FOX Db s= © VO BF we 

BEGIN 

POR Dpee bone sAddress |) =D { transmit binary value } 

DELANY (ie) 6 

END; 

MON 1 g= i WO) 10 WO { Seis) moc CoOLimEceic-—Cloclhwase iclacougia 420 Siecas } 

HOR D := 3° DOWNTO 0) DO 

BEGIN 

PORT LpelPone Address] y=] Def Weransmat. bimanmya wale} 

IDI DIVAN? (“ie )) 

END; 

END. 
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C Source Code Listing 

ess PROGRAM MOT_BIN 

Code conversion by Eugene Klein 

Stepping motor control via BINARY code. Written in Turbo Pascal 6.0 

Since the printer port latches data sent to it, data sent to a printer 
port will remain on the output pins until new data replaces it. That 
means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 

of 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

Pamei wae. My PPt si" 

Const ie = — 3/00) 

uel Saye Bar 

unsigned int Lpt_Num, Lpt_Port_Address; 

void main() 

. * £EEEEEEEEESEEESSE$SESSSS% + -=[ METHOD ONE J=- %%%3333%3%%S33SSSS% * 

Uses Pascal's WRITE command to transmit data through computer's LPT1 

printer port. The WRITE command sends data WITHOUT generating printer 

Line Feed, or Carriage Return, instructions. 

awe 

for (B=1-B<=40-B++) // Step motor clockwise through 40 steps 

for (p=0 pe 3 74+) 

{ 

DUEC(D, Stdprn) > // Transmit binary value 

delay (t); 

} 

Bnet ik lapataatl (0) ee) 

{ // Step motor counter-clockwise through 40 steps 

hon (D=3D==0)-D—) 

t 
jowoheras (Dy tsnecloneial)) y // Transmit binary value 

delay (t); 

} 

} 

Is (* SSSSSYSYSYLSLSYSSSSS%SESES%S ~ --=[ METHOD TWO ]=- %%3%3%3%3%%3%33B3SSB5SO% 4) 

Stepping Motor control via binary logic is sent to printer port LPTl, LPT2, 

or LPT3. From users keyboard input of the number 1, 2, or 3, port's 

address is computed, and used to route control code. 

ay, 

Lpt_Num = Select_Printer_Port (); 

Lpe Port Acdress = init Printer Port {ipt Num); 
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Gilluecyere (()) 9 

1e@re (ail ke =4\0) oes) // Step motor clockwise through 40 steps 

cere (GD=1L sD = 20 Dees) 

{ 

outport (Lpt_Port_Address,D); // Transmit binary value 

delay (t); 

} 

1BOe (hI Ola =4l (0) Sigeees )) 

{ // Step motor counter-clockwise through 40 steps 

kOm(D=3. 1 D>=—0rD—) 

{ 

outport (Lpt_Port_Address,D)j; // Transmit binary value 

delay (t); 

} 

} 
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er ele Co Ae ON Nic Dias 

Bipolar Operation of 
Stepping Motors Using 

Gray Code 

Circuit Theory 

Bipolar operation is the most efficient method of 

driving stepping motors. Since all four windings are 

always energized, bipolar operation provides four 

times the torque of single phase operation. 

Bipolar stepping motors are designed to have all 

their coils continually energized. In order for this 

scheme to work, the coil current is reversed for some 
steps. You could design your own circuit to reverse the 

coil current. However, the IC logic needed to prevent 

short circuits is tricky. Using off-the-shelf ICs can 

save you time and grief. 

There are four different control logic methods for 

operating bipolar stepping motors. Each requires only 

two data bits for proper operation, meaning you can 

operate four bipolar steppers from a single parallel 

port. In this circuit, we’ll examine the “gray code” 
method of stepper control. 

Here’s a quick explanation of the gray code. Sup- 

pose you had a disk with binary numbers between 1 

and 360 represented as punched holes. Phototransis- 

tors placed near one side of the disk are positioned to 

detect a light source from the opposite side. As the disk 

turns, binary numbers are sent to your computer. The 

disk stops turning right on the boundary between 7 

and 8. What would the output be? The output could be 

any number between @ and 15. What you need is a 

feedback system that would oscillate between 7 and 8. 

That’s what gray code was designed for. 

The gray code can, among other things, provide 

reliable position feedback of rotating and straight 

line movement. Like binary, gray code is made of 

ones and zeros. However, with gray code only one bit 

COIL SUPPLY: 
5 - 50 VOLTS 

2 amps PER COIL es 

R7 

“GRAY CODE LOGIC 

IBM PARALLEL PORT 

Figure 23-A 

UDN29544 

BIPOLAR DRIVER 

UON2954 

BIPOLAR DRIVER 

0.5 OHiS 
M1 

BIPOLAR MOTOR 

eS: 



changes while in transition from one logic state to the 

next. Gray code can be generated with any number 

of bits. 

Through observation and experimentation, I dis- 

covered that gray code matches the sequential logic 

used for dual phase and bipolar stepping motor move- 

ment. I have not seen this concept documented any- 

where else. Armed with this knowledge, you can 

simplify you stepping motor control software by add- 

ing a little hardware glue logic. 

Figure 23-A demonstrates how to directly control 

a bipolar stepping motor using Gray Code logic. Each 

winding is controlled by a UDN2954W bipolar driver. 

The UDN2954 come in two packages: the in-line SIP 

package used here and a conventional DIP IC. The in- 

line chip is packaged with a heat sink. The ULN2954 

takes TTL signals for input through PHASE, pin 8. 

The chip has on-board logic to protect itself from 

shorting the power supply and protecting the input 

from coil back-EMF. It can supply up to 2 amps from 

a5 to 50 volt supply. Figure 23-B shows a 6-wire step- 

ping motor adapted for series-wired bipolar operation. 

Resistors R6 and R7 are pull-up resistors for the 

ACK and ERROR lines. By tying the ACK and ER- 

ROR lines to logic high, while securing the BUSY 

and PAPER-END lines to logic low, the computer is 

fooled into thinking it is connected to an on line 

printer ready to receive data. Thus, BASIC’s LPRINT 

and Pascal’s WRITE statements can easily be used to 

output data. 

Software 
Listings GRA YCODE.BAS, GRAYCODE.C, and 

GRAYCODE.PAS demonstrate how gray code logic 

can be used to control the stepping motor shown in 

Figure 23. Two ways are used to transmit the gray 

code control logic. The first uses the the language’s 

built-in procedures for sending characters to the 

LPT1 printer port. With this method, a strobe signal 

is automatically generated. The details are hidden from 

the programmer. This method is requires the least 

amount of code. Pascal’s WRITE command sends the 

data while telling the compiler NOT to send a carrage 

return or linefeed. BASIC’s LPRINT command, with 

a trailing semicolon yields the same results. Remem- 

ber, this method only works with LPT1. 

The second method requires a little more code, 

but allows you to send data to any of the three printer 

ports: LPT1, LPT2, and LPT3. Also, the program 

should also run a little faster. Data is placed on the 

base address data lines using Pascal’s PORT com- 

mand and BASIC’s OUT command. Since the circuit 

in Figure 23 does not require a strobe signal, none is 

generated. 

The printer port will automatically latch the data 

onto the data output lines with either method. Data 

will remain on the printer ports output lines until new 

data arrives. Since the coils are directly driven by 

printer port data logic, they will remain energized 

between transmitted data. 

BASIC Source Code Listing 

il REM FILE: GrayCode.BAS, WRITTEN IN QBASTC 

2 REM 

3 REM Bipolar stepping motor control from printer port using GRAYCODE 

7 REM 

100 i = Bio 

120 REM 

130 REM $3S%SSSS%SSSSSSSSSSS%S -=[ METHOD ONE J=- S333SSSSSSSSSSEESESESSSESSS 

140 REM 

142 REM Semicolens at end of LPRINT statement tells BASIC to not add 

145 REM carrage return and line feed to transmitted data. 

147 REM 

150 FOR Ve = 1 TOsl0; REM step motor 40) steos in scllockwise: direct tom 

NGO IMISsueNae Cisis (@) se Ss GoOsiuisy Sw 

VO) IpSRaGNAr CisIRS (iL) es = COSUR .5O@ 

i330) IMISSGGNAE CRIS (SB) es = CoSsuis SOW 

190) IMpPRINe CERS (2), 3 EGosus SOG 

200 NEXT e 

PAO HO) @ = 1 IO) Os 

DIO IjAsaoNpe Cieirs (2) - 

A230) Gj BRINH CBIRS (3) ¢ 

7 COSUBN S010 

: GOSUB 500 

114. APPLICATION 23 

REM step motor 40 steps in counter-clockwise direction 

Bipolar Operation of Stepping Motors Using Gray Code 



240 

250 

260 

270 

280 

Zen 

283 

250 

300 

310 

320 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

499 

500 

510 

B20 

600 

605 

610 

620 

630 

640 

650 

670 

ow pe: 

680 

690 

700 

LPRINT CHR$(1); : GOSUB 500 
LPRINT CHR$(0); : GOSUB 500 
NEXT e 
REM 
REM BSSSSSSSSBSSSBSSSSBSSSB_-=[ METHOD TWO ]=- %%%%3%%%%3333333399999 
REM 

REM This method permits sending control signals to LPT1, LPT2, and LPT3 
REM 

GOSUB 600: REM get port's base address 

FOR e = 1 TO 10: REM step motor clockwise through 40 steps 

OUT LptPortAddress, 0: GOSUB 500 

OUT LptPortAddress, 1: GOSUB 500 

OUT LptePortAddress, 32: GOSUB 500 

OUT LptPortAddress, 2: GOSUB 500 

NEXT e 

FOR e = 1 TO 10: REM step motor counterclockwise through 40 steps 

OUT LptPortAddress, 2: GOSUB 500 

OUT LptPortAddress, 3: GOSUB 500 

OUT LptPortAddress, 1: GOSUB 500 

OUT LptPortAddress, 0: GOSUB 500 

NEXT e 

END 

REM  —={ delay J=— 

HOR Vee TOMES INE ae V7 

RETURN 

REM 

PRINT 

PRINT “ Witch printer pork do. youl want «co wser se" 

PRINT ™ LD) vga 

PRIME Ny se ee 

PRINT ™ 2)))) SIENU Sy 

fe= VAGCINE UTS (a) 

ie rae el) OR. (mn >) 3) SEHEN GOTO G05 

DEE SEG = 0 

OLESSst =) (mn) * 82) + 62 Address = M024 Orie 

LptPortAddress = PEEK(Address) + (PEEK(Address + 1) * 256) 

RETURN 

Pascal Source Code Listing 

PROGRAM GrayCode; 

{ 
control a bipolar stepping motor via GRAY CODE logic 

} 
USES CRI, PRINTER ily Tou; 

GONST T= 300; 

VAR B s INTHGCER; 

Lpt_Num, Lpt_Port_Address : WORD; 

BEGIN ‘ 

(* SSSSSS°°LTASSSSSSSSESSSSS% = =--=[ METHOD ONE J]=- %%3%333%333SSSSSSBS *) 

{ 

Basic 4-wire, bipolar, stepping motor control. Uses Pascal's WRITE 

command to transmit data through computer's LPT1 printer port. The 

WRITE commands sends data WITHOUT generating printer Line Feed, or 
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} 
FOR 

1 

} 

Carriage Return instructions. 

NOTE the sequence of the transmitted numbers. Bipolar stepping motors 

require Gray Code. 

i) B= i GO) 10) IO) fh SEES) soleene ClloclaiasS iclaoucia 70 Sic | 

BEGIN 

WRiME EN (GSI) SCHAAR ((0)) ) s-seb EAN. (Ee) 

VARIO (OS, (CIVIL) yo IDNLVANE (ae) 5 

WNOSIIMER (IS, CISUNIRE((S})) )) eG IDNENLyVANE (ie) 

RIC (CSP, (CSUR (2) j) eID IIEYANE (Ge )) 7 

END; 

ORE = LOOM DO {Strep motor. counter-clockwises Enrougm A0nsreoss} 

BEGIN 

WAR ICME (LSUe, (IVAN (C2) jo IDIENILVAN (ie) 

WRI (Se GlevNRCS})) )) 9 IDenivene (Gee 

WMIRICIE (CLS (ieee ((Ak)) )) @ TDIEHEVANG (ie) & 

WRITE, (ISP. CISVAIRA((O))) )) o  IDIENLVANS (ie) & 

END; 

(* $3%3%3%S3%S%SSS%SSSSSSSSSSS% ~+ -=[ METHOD TWO J=- %%%%3%3%3%%%S%5%S5S5S5%SS5S *) 

4-wire stepping motor control. Data is sent to printer port 

LPR hei? wor Leis =— Ecom users keyboard input of thesmumber aly 27) o1ls3:, 

port’s address is computed, and used to route data. 

Since the printer port latches data sent to it, data sent to a printer 

port will remain on the output pins until new data replaces it. That 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 

NOTE the sequence of the transmitted numbers. Bipolar stepping motors 

require Gray Code. 

Select_Printer Port (Lpt_Num, Lpt_Port_Address) ; 

OR i s= i WO) 10 DO) { step motor clockwise through 40 steps } 

BEGIN 

PORT [Lpt_Port_Address] = Oy IDSA’ (Ie) 3 

PO Meio _Irerie_yNekehessis]/ Sie IDNENeGe)) 

ORE ise Iorcie_ INccleSsiey|| SF] 2 DLN (ie) F 

PORT [Lpt_Port_Address] = 2e IDVMLAXe (Ce )) 5 

END; 

HORE — Om LOSDO Si sitep motom Tounter—-clockwasemennougne4Umcteosm 

BEGIN 

PORT [Lpt_Port_Address ] = Oy DLA (Re) ¢ 

PORT [Lpt_Port_Address] := 3; DELAY(t); 

PORT [Lpt_Port_Address] 2 bp IDE tiyAsé (ie }) 3 

PORT [Lpt_Port_Address] = (09 IDiaiayAyy (Ge) 

END; 

END. 
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C Source Code Listing 

i* PROGRAM GrayCode 
Code conversion by Eugene Klein 

control a bipolar stepping motor via GRAY CODE logic 
Pf 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

Const intt =1 50/0. 

ahs Ey 

unsigned int Lpt_Port_Address, Lpt_Num; 

void main() 

{ 

je * SSSSSSSSSEEEEEEEESESSSSBE  -=[ METHOD ONE J]=- S%SSSSSSSSSSSSSESB* 

Basic 4-wire, bipolar, stepping motor control. Uses Pascal's WRITE 

command to transmit data through computer's LPT1 printer port. The 

WRITE commands sends data WITHOUT generating printer Line Feed, or 

Carriage Return instructions. 

NOTE the sequence of the transmitted numbers. Bipolar stepping motors 

require Gray Code. 

yf 

ik coyie {frees ia) eae Oe ee // step motor clockwise through 40 steps 

{ 

DuEG(O  Staprn) « delay (tr) 5 

Pilea Seapien)s. vceliay (te)ir 

DUES Seder) 4. cewlayv (tt): 

DUE, Sraprum)s  dellay (it) > 

} 
for (B=1 ;H<=10;E++) // step motor counter-clockwise through 40 steps } 

{ 
DUBE (2, stdprn) +) delay (itt )i; 

jouehere (Gh chevelexeial)ity veledlkehya| (ie) 

joe NOL pchecloun any vekeWMgelye (ie yr 

DUBE (OL Ssedprn)); cella (tt); 

} 

[/* * SEESSSSESSEEEEEEESESESES% -=[ METHOD TWO J=- %33%%33%33SSSSSSS% * 

4-wire stepping motor control. Data is sent to printer port 

ietl> GPTo, of LPTs. “From users keyboard anput of the number 1, 2) oF 3, 

port's address is computed, and used to route data. 

Since the printer port latches data sent to it, data sent to a printer 

port will remain on the output pins until new data replaces it. That 

means stepping motors, directly driven by printer port logic, will hold 

there position between transmitted instructions. 
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NOTE the sequence of the transmitted numbers. Bipolar stepping motors 

require Gray Code. 

ey 

Lpt_Num = Select _Printer Port (); 

Lpt_Port Address = Init_Printer_Port (Lpt_Num) ; 

BONE (Sil e110) pases) // step motor clockwise through 40 steps 

{ 

outport (Lpt_Port_Address,0); delay(t); 

outport (Lpt_Port_Address,1); delay(t); 

outport (Lpt_Port_Address,3); delay(t); 

outport (Lpt_Port_Address,2); delay(t); 

i 

Oe (Hil pai. Os igseds)) // step motor counter-clockwise through 40 steps } 

{ 

outport (Lpt_Port_Address,2); delay(t) ; 

enblieerercs (ioe oleic, _iNekchaasisy, Sie cckellenye (ae) + 

outport (Lpt_Port_Address,1); delay(t); 

outport (Lpt_Port_Address,0); delay(t); 

} 
} 

Figure 23-B: 6-Wire Stepping Motor Adapted for Series-Wired Bipolar Operation 
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Peet clea OF ae ON: 2°74 

Bipolar Operation of 
Stepping Motors Using 

Binary Code 

Circuit Theory 
Figure 24 demonstrates how to directly control a 

bipolar stepping motor using binary logic. It is iden- 

tical to Figure 23 in Application 23, but with the 

addition of a 7486 logic gate. The 7486 converts its 

binary logic input to gray code logic (gray code logic 

is discussed in detail in Application 23). The gray 

code logic is input to the UDN2954 through pin 8, 

PHASE. 

Each coil is controlled by a UDN2954 bipolar 

driver. The UDN2954 comes in two packages: the in- 

line SIP package used here and a conventional DIP 

IC. The in-line chip configuration contains a heat 

sink. The ULN2954W takes TTL signals for input 

through PHASE, pin 8. The chip has on-board logic 

to protect itself from shorting the power supply, and 

protecting the input from the coil’s back-EMF. It can 

supply up to 2 amps from a 5 to 50 volt supply. 

Resistors R6 and R7 are pull-up resistors for the 

ACK and ERROR lines. By tying the ACK and ER- 

ROR lines to logic high, while securing the BUSY 

and PAPER-END lines to logic low, the computer is 

fooled into thinking it is connected to an on-line 

printer ready to receive data. This lets BASIC’s 

LPRINT and Pascal’s WRITE statements easily out- 

put data. 

The wattage ratings of resistors Rl and R2 must 

be high enough for your chosen power supply. If the 

coil current is 2 amps, the power rating of R1 and R2 

should be at least 5 watts. 

Software 
The bipolar stepping motor in Figure 24 is con- 

trolled by binary logic. Program listings 

MOT_BIN.PAS, MOT_BIN.C, and MOT_BIN.BAS, 

given in Application 22, are also used here to demon- 

strate how binary logic can control a bipolar stepping 

motor. 

Two ways are used to transmit the binary control 

logic. The first uses the the language’s built-in proce- 

dures for sending characters to the LPT1 printer port. 

With this method, a strobe signal is automatically 

generated. The details are hidden from the program- 

mer. This method requires the least amount of code. 

Pascal’s WRITE command sends the data while tell- 

ing the compiler NOT to send a carriage return or 

linefeed. BASIC’s LPRINT command, with a trailing 

semicolon, yealds the same results. Remember, this 

method only works with LPT1. 

The second method requires a little more code, 

but allows you to send data to any of the three printer 

ports: LPT1, LPT2, and LPT3. Also, the program 

should run a little faster. Data is placed on the base 

address data lines using Pascal’s PORT command and 

BASIC’s OUT command. Since the circuit in Figure 

24 does not require a strobe signal, none is generated. 

The printer port will automatically latch the data 

onto the data output lines with either method. Data 

will remain on the printer ports output lines until new 

data arrives. Since the coils are directly driven by 

printer port data logic, they will remain energized 

between transmitted data. 
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Bipolar Operation of 
Stepping Motors Using 
Clock/Direction Logic 

Figure 25 demonstrates how to directly control a 

bipolar stepping motor using clock/direction Logic. 

The SSA1042 has on-board logic and driver circuitry 

to power both coils of a bipolar stepping motor. The 

chip can supply up to 500 mA to each coil from a 6 to 

12 volt supply. Its pin-compatible little brother, the 

MC3479, will supply up to 350 mA to each coil form 

a 7.2 to 16.6 volt supply. 

Each CLOCK pulse on sent to the SAA1042’s 

pin 7 will advance the stepper’s shaft to the next 

position. Pin 10, CCW/CW, determines the motors 

DIRECTION. If you want the shaft to turn clock- 

wise, then pin 10 should be held low. If you want the 

shaft to turn counterclockwise, then pin 10 should be 

held high. 
The SAA1042 can generate half step and full step 

drive currents. Pin 8, H/F, determines which logic the 

chip will use. Half step logic will not turn your 200 

steps per revolution stepping motor into a 400 steps 

per revolution device. Half step logic was designed to 

smooth out the shaft’s movement as it “snaps” from 

one position to the next. The idea is to ease the shaft 

from one full position to the next. Bipolar half step 

operation involves energizing only one of the two 

coils used in the next full step. This helps smooth the 

shaft’s “snap” movement from step to step. You should 

never rest on the half steps. Your software should 

force the motor to only stop at positions where two 

coils are energized for maximum holding torque. 

Resistors R3 and R4 are pull-up resistors for the 

ACK and ERROR lines. By tying the ACK and ERROR 

lines to logic high while securing the BUSY and PAPER- 

END lines to logic low, the computer is fooled into 

thinking it is connected to an on-line printer ready to 

receive data. Thus, BASIC’s LPRINT and Pascal’s 

WRITE statements can easily be used to output daia. 

BIPOLAR STEPPING MOTOR R2 
a9 ¢. HALF STEP 

Ji 

COIL SUPPLY: 

6 - 12 volts 
= FULL STEP 

500 mo PER COIL 

+5V ul 

SAA1042 

2 BIPOLAR DRIVER 
OB-25 

2 1 STROBE 
ca AUTO_FEED 14 cians CLOCK 

ERROR 15 
Sn OIRECTION 

INIT 16 4 D2 

SEL_INPUT §=_'17 ae 

GND_A 8 
6 04 +5V 

7 05 ks 3 [ooo 
Cea EIR ey) oe ;p——2 
om ACI es > ae Caner 72 
Town? 2515 OFF tue err 
Peno_¢ 24 [> Ofer | 

12 PAPER_END 

LGNOLW 25 | OFS —stiecr COMPUTING Rx: 

fas GND 

IBM PRINTER PORT GND GND 

Figure 25 

| = 0.88 * Motor_Current/Coil 

Rx = (Vmot - 0.7 Vcc) / | 

Hz 



Software 

Listings MOT_1042.BAS, MOT_1042.C, and 

MOT_1042.PAS demonstrate how clock/direction 

logic can be used to control the stepping motor shown 

in Figure 25. Two ways are used to transmit the CLK/ 

DIR control logic. The first uses each language’s 

built in procedures for sending characters to the LPT1 

printer port. With this method, a strobe signal is auto- 

matically generated. The details are hidden from the 

programmer. This method is requires the least amount 

of code. 

Pascal’s WRITE command sends the data while 

telling the compiler NOT to send a carriage return or 

linefeed. BASIC’s LPRINT command, with a trailing 

semicolon, yields the same results. Remember, this 

method only works with LPT1. 

The second method requires a little more code, 

but allows you to send data to any of the three printer 

ports: LPT1, LPT2, and LPT3. Also, the program 

should also run a little faster. Data is placed on the 

base address data lines using Pascal’s PORT com- 

mand, and BASIC’s OUT command. Since the circuit 

in Figure 25 does not require a strobe signal, none is 

generated. 

The printer port will automatically latch the data 

onto the data output lines with either method. Data 

will remain on the printer ports output lines until new 

data arrives. Since the coils are directly driven by 

printer port data logic, they will remain energized 

between transmitted data. 

BASIC Source Code Listing 

iL TRUM JP IEIea} WOME LOAD BVNS WRITTEN IN QBASTIC 

2 REM 

3 REM Printer port control of stepping motor using CLOCK/DIRECTION code logic 

7 REM 

100 T = 300: REM time delay, dependent on your computer's clock speed 

i@® @ikk = is sam clock jmllse chica lone, 

12Q Wise = Bo IRM <Clhiuseeiesoim Claice louie, wil 

137 REM 

138 REM $3%SSS$%SSSSSSSSSSSS%S% -=[ METHOD ONE J=- 23332333 SSSSSSSESSESESEESEEEES 

140 REM 

142 REM Semicolens at end of LPRINT statement tells BASIC to not add 

145 REM carrage return and line feed to transmitted data. 

147 REM 

50. MOIR EF = fh WO) AOS wus “Bree 40) Tel ieee) aid CloelaimsS Chieeleilel Salting 

LOO IUGPUNMe CIIRS (CEILI) ¢ GOSUB 500 

L7O) Iain Cisixs (0) GOSUB 500 

180 NEXT E 

ZL FORTE = 0s TO, I SSTEP Si REM step motor 20esteos mn CCW direction 

B20) iG QIRUIINE CHAIRS (CAlke 45 Walkie) 4 GOSUB 500 

DAO Is@BieinNae Cities (dsl) - GOSUB 500 

250 NEG 

270 REM 

280 REM %%%3%%3%3%%S%%%S%%S%S%%SS%SS%S%S% + -=[ METHOD TWO ]=- S33S3S3SSSSSSSSSSSSAYAXBM 

282 REM 

283 REM This method permits sending control signals to LPT1, LPT2, and LPT3 

290 REM 

300 GOSUB 600: REM 

SiO) THOR i = JL IO AGS IM 

340 OUT LptPortAddress, 

350 OUT LptPortAddress, 0: 

370 NEXT E 

Clk: GOSUB 500 

GOSUB 500 

get port's base address 

step motor clockwise through 40 steps 

380 FOR E = 40 TO 1 STEP -1: REM step motor -counterclockwise through 40 steps 

A00 VOUT ipePonreAddGess; 

410 OUT LptPortAddress, 

420 NEXT E 

Das GOSUB 5.00 

Clk + Dir: GOSUB 500 
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499 END 

500 REM -=[ delay ]=- 

VIL) ANON We = th ate) Ue iNiabae Wy 

520 RETURN 

600 REM 

605 PRINT 

610 PRINT " Which printer port do you want to use? " 
620) PRINT Ty) siete 

6s0> PRINT! A) Seri 

640° PRINT " Ss) bert 

GSO = VATCINEUMS (15) 

Cr SE (dae -< SS) OR” (in >" 3))) HEN GOTO 605 

Cys) DEE SEG = 0 

S660 Offset = (mm. * 2) + 6: Address = 1024 4 OffSet 

690 LptPortAddress = PEEK(Address) + (PEEK(Address + 1) * 256) 

700 RETURN 

Pascal Source Code Listing 

PROGRAM Mot_1042; 

{ 

Bidirectional stepping motor control from parallel printer port using 

Chocks DERECITON Gontnol Voguch 

} 

Ushs CRT, My Tow, PRINTER; 

CON SH Cael nd SCHOO Cle aC cic omic. yD.) } 

Dickie ae soir (rcarectiloen Gaitcay tontyaeD li} 

t = 100; { time delay dependent on your computer's clock speed } 

VAR KE : INTEGER; 

Lpt_Num, Lpt_Port_Address : WORD; 

ooogoogoo0oogg0g0g0g 000g g000000909 = me 0o00o0g00g0000000000000090 * (* $%3%%%%3%S%S%SSSSSSSS%SSSSSS% -=[ METHOD ONE J=- %33%%33S333S3SSSSSSSSS% *) 

Advance stepper motor shaft 40 steps in clockwise direction. 

Wile Dine buat Dil held Wow, Stsobe ther clock ime, D0, 40 times. 

This method only works wrth LPTI. 

} 
VRE (hel | CHAR IO); f anttia lize to clockwise: dmreckaonm, data — 0) } 

HORE ja b= ih une) 0) Ie 

BEGIN 

WR (iS CMR (Giri) OOO OM MOIS sb HIG AWE (te) s; 

MS ICI CLAS IE SleNReTCO) ji 2 { OOOC 0000} DELAY (te) 

END: { for Ee } 

Advance stepper motor shaft 40 steps in counter-clockwise direction. 

With Dar, bit D1, held high, strobe the clock line, DO, 40 times. 

} 
FOR B <= 1 TO 40 DO 

BEGIN 

WRITE(LST, CHR(CLK + DIR)); {OOO UO CTT SDinisAva (te) 5: 

WRUPE(LST, CHR (DIR) 7 LOO OVO OMOEA te) i: 

END 4 Or ey 
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* ¢09090000000000000090090009 = a egooo0gog00gog000 909009090 * (* $%3%3%%3%S%3%%%SS%SSSSSSSSSSS%S -=[ METHOD TWO J=- %%333%SSS3SSSSSSSSSSSSS *) 

Select_Printer_Port (Lpt_Num, Lpt_Port_Address) ; 

{ 

Advance stepper motor shaft 40 steps in clockwise direction. 

Wattels Wie, louie IDM, lavenlch iets, Giererolore) ielavey llkeyelle Wiley, ID), 20) cannes. 

This method permits selection of LPT1, LPT2 or LPT3. 

HOR gs i MO 2O wo 

BEGIN 

PORT EDt Port Address] j= CLK; {“O000000L FFDELAY (ty > 

PORT [Lpt_Port_Address] 

END; { for e } 

OF { GO000000" “DELAY (cy > 

Advance stepper motor shaft 40 steps in counter-clockwise direction. 

Waliela IDslie,, louie wil, Yavevilel laiefay, Sierctelors: jelevs lKoxel< aay, IDO), 40) jesuives) - 

} 

FORVE c=. (TO 40. DO 

BEGIN 

PORT MipiEmP OirntmACdcTess i= CLK + DER) 000000 TIS MDE AY, (e)5; 

PORT [Lpt_Port_Address] IDALIe? { WOOOOOIG % IDI ie) 

ANIDE 4 aGia @ } 

END. 

C Source Code Listing 

hee: PROGRAM Mot_1042 

Code conversion by Eugene Klein 

Bidirectional stepping motor control from parallel printer port using 

CLOCK & IDMRACIMILOMN Comical ilhocaie. 

tt 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

fine lwucde ws! Mya PU sh" 

Comgie ame CK = ile if Gilloel\< Clever! lone, IDO 

Comic iin DIR = Ae ji} Ckaccienom Caice tome, IDil 

COme, WaAe ic = 100; // time delay dependent on your computer's clock speed 

int E; 

unsigned int Lpt_Num, Lpt_Port_Address; 

void main() 

eooogooooc0ooco7c0o0geo°g00 og o000 0 oe —_ e000g0g0g0g0C0oCoOoO0DOONOCO00”0 /* $3%S%S%S%S%S%S%S%SSSSSS65S6SSSSS -=| METHOD ONE J=- 3333333333 33SSESSSSS * 

Advance stepper motor shaft 40 steps in clockwise direction. 

\Wattcla, IDstte, loalic IDL, Inveicl ileyiy, Cheseoles tel ciloelk ilime, DO, 4@ ieannes. 

This method only works with LPT1. 

sys 
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OWES (0 sheelonam)) (i Mosher lisa Eo Clhoclagse chiicsciciom, claive = 
Oi (= dha =A (Bie) 

{ 

DUEGICHK Ast dorm) //00000001 

delay (t); 

jowulere: (0), Sheena) 4 // 00000000 

delay (t); 

} 
/* 

Advance stepper motor shaft 40 steps in counter-clockwise direction. 

With Dir, bit D1, held high, strobe the clock line, DO, 40 times. 

sa 3 

for (E=1;E<=40; B++) 

{ 

Duce ((ChK a DLR) S stedprm) > // 00000011 

delay (t); 

putc (DIR, stdprn) ; // 00000010 

delay (t); 

-=[ METHOD TWO J=- %%%33%3%%%%3%3S3%3%3%5%%SSS% *) 

Lpt_Num = Select_Printer_Port(); 

Lpt_Port_Address = Init_Printer_Port (Lpt_Num) ; 

CA scons aml ee 

he 

Advance stepper motor shaft 40 steps in clockwise direction. 

With Dir, bit Dil, held low, strobe the clock line, DO, 40 times. 

This method permits selection of LPT1, LPT2 or LPT3. 

Pp 

for (B=1; E<=40; E++) 

{ 

outport (Lpt_Port_Address,CLK); // 00000001 

delay (t); 

outport (Lpt_Port_Address, 0); // 00000000 

delay (t) ; 

} 
/* 

Advance stepper motor shaft 40 steps in counter-clockwise direction. 

With Dir, bit Dl, held high, strobe the clock Line, DO, 40 tames:. 

mf 
for (H=1; E<=40;E++) 

{ 
outport (Lpt_Port_Address,CLK+DIR); // 00000011 

delay (t) ; 

outport (Lpt_Port_Address, DIR) ; // 00000010 

delay (t); 

} 

} 

C Source Code Listing 125 
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Bipolar Operation of 
Stepping Motors Using 

Clock Pulses 

Circuit Theory 
Some circuits require you to use only a series of 

pulses to control a stepping motor’s rotation. One 

clock pulse turns the motor in a clockwise direction, 

while a separate clock pulse turns the stepping motor 

in a counterclockwise direction. 

Figure 26 demonstrates how to use only clock 

pulses to control a bipolar stepping motor. The printer 

port’s clock pulses are fed to the input of the 74193 

up/down counter. The counter sequentially generates 

binary numbers from 0 to 3. The binary logic is con- 

verted to gray code.logic by a single 7486 gate. The 

gray code tells the UDN2954 which coil current po- 

larity to use. Each CLOCK pulse on sent from the 

printer port’s pin 2, DO, will advance the motor’s 

shaft counterclockwise one full step. Each CLOCK 

pulse sent from the printer port’s pin 3, D1, will 

advance the motor’s shaft clockwise one full step. 

Resistors R6 and R7 are pull-up resistors for the 

ACK and ERROR lines. By tying the ACK and ER- 

ROR lines to logic high, while securing the BUSY 

and PAPER-END lines to logic low, the computer is 

fooled into thinking it is connected to an on-line 

printer ready to receive data. This means BASIC’s 

LPRINT and Pascal’s WRITE statements can easily 

be used to output data. 

Each coil winding is controlled by a UDN2954W 

bipolar driver. The UDN2954 comes in two pack- 

ages: the in-line SIP package used here and a conven- 

tional DIP IC. The in-line chip is packaged with a 

heat sink. The ULN2954 takes TTL signals for input 

through PHASE, pin 8. The chip has on-board logic 

to protect itself from shorting the power supply, and 

protecting the input from coil back-EMF. It can sup- 

ply up to 2 amps from a 5 to 50 volt supply. 

Software 
Program listings MOT_CLK.BAS, MOT_CLK.C, 

and MOT_CLK.PAS demonstrate how clock/clock 

logic can be used to control the stepping motor of 

Figure 26. Two ways are used to transmit the CLK/ 

CLK control logic. The first uses each language’s 

built-in procedures for sending characters to the LPT1 

printer port. With this method, a strobe signal is auto- 

matically generated. The details are hidden from the 

programmer. This method requires the least amount 

of code. 

Pascal’s WRITE command sends the data while 

telling the compiler NOT to send a carriage return or 

linefeed. BASIC’s LPRINT command, with a trailing 

semicolon, yields the same results. Remember, this 

method only works with LPT1. 

The second method requires a little more code, 

but allows you to send data to any of the three printer 

ports: LPT1, LPT2, and LPT3. The program should 

also run a little faster than when using LPRINT and 

WRITE commands. Data is placed on the printer 

port’s base address data lines using Pascal’s PORT 

command, or BASIC’s OUT command. Since the 

circuit in Figure 26 does not require a strobe signal, 

none is generated. 

The printer port will automatically latch the data 

onto the data output lines with either method. Data 

will remain on the printer ports output lines until new 

data arrives. Since the coils are directly driven by 

printer port data logic, they will remain energized 

between transmitted data. 
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BASIC Source Code Listing 

REM FILE: MOT _CLK.BAS, WRITTEN IN OBASIC 
REM 

REM Bipolar stepping motor control from printer port using CLOCK pulses 

CW = 1: REM printer port DO, pin 2, provides clockwise rotation pulses 
CCW = 2: REM printer port Dl, pin 3, provides CounterClockWise pulses 

REM 

REM SSSSSSSSSSSSSSSSESE -=[ METHOD ONE J=- S23333SSSSSSSSSSSESSSFFSFB 

REM 

REM Semicolens at end of LPRINT statement tells BASIC to not add 

REM carrage return and line feed to transmitted data. 

REM This method only works with LPT1. 

REM 

HOR e = 1°20 405) REM step motor 40 Steps am clockwise direction 

LPRINT CHRS(CW); : GOSUB 500 

PPR CUR Ss (0) a= (GOSUB: S00 

NEXT e 

FOR e = 1 TO 40: REM step motor 40 steps in counter-clockwise direction 

LPRINT CHRS$ (CCW); : GOSUB 500 

BERENS WO)i 2) CGOSUB 5010 

NEXT e 

REM 

REM %%3%3%3%3%%%%%%%%%%S%S%S%SSSSESS =~ -=[ METHOD TWO ]=- %3333333%%3SSSESS3SSESBBS 

REM 

REM This method permits sending control signals to LPT1, LPT2, and LPT3 

REM 

GOSUB 600: REM get port's base address 

FOR e = 1 TO 40: REM step motor clockwise through 40 steps 

OUT LptPortAddress, CW: GOSUB 500 

OUT LptPortAddress, 0: GOSUB 500 

NEXT e 

FOR e = 1 TO 40: REM step motor counterclockwise through 40 steps 

OUT LptPortAddress, CCW: GOSUB 500 

OUT LptPortAddress, 0: GOSUB 500 

NEXT e 

END 

REM -=[ delay ]=- 

ORS Vans ADO e NES A7: 

RETURN 

REM 

PRINT 

Siren an OF \iiteiaivelst jeneswewwierm jolene, (eley ywerel yivelinie: Nee iiskes 

PRN Ht) elena 

IDISMIEINAR 2) eine es 

PRINT " Sh) Tape 

mn = VAL(INPUTS (1) ) 

iene = ne OR (my = 9 5))" THEN One 605 

DER SHG =) 10 

OffSet = (m * 2) + 6: Address = 1024 + OffSet 

LptPortAddress = PEEK(Address) + (PEEK (Address + 1) * 256) 

RETURN 
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Pascal Source Code Listing 

PROGRAM Mot_Clk; 

{ 
Bidirectional stepping motor control from parallel printer port using 

CLOCK PULSES. ClockWise on DO, CounterClockWise on D1. 

i 
USES CRT, My_Tpu, PRINTER; 
CONGSI Chy = ip { clockwise data bit, DO } 

Can = Bs { GCounterclockwise data bit, Di } 

t = 100; { time delay dependent on your computer's clock speed } 

VAR E : INTEGER; 

Lpt_Num, Lpt_Port_Address : WORD; 

BEGIN 

(* SSSSSSSSSESSSESSSSESSSS -=[ METHOD ONE J=- %333%%33%5%%5SS5SS5S5SS5S5S *) 

{ ; 
Advance stepper motor shaft 40 steps in clockwise direction. 

Strobe the ClockWise clock line, DO, 40 times. 

This method only works with LPT1. 

} 

WRI CoSan, CEN (Oe Comimemeaikawe eulil Ceineneyll loses! 3} 

OR ih c= 1 WO) 40 IDE 

BEGIN 

WRITE (LST, CHR(CW) ); { 00000001 } DELAY (t); 

WRI CUS, (CIEIR (0) }) 2 { 00000000 } DELAY (t) ; 

NDS { snore @ } 

Advance stepper motor shaft 40 steps in counter-clockwise direction. 

Strobe the counterclockwise clock line, Dl, 40 times. 

} 
BOR I g= iL WO. 2C De 

BEGIN 

FRIES, (HEKSae, (CiSUR (CH) )) s { COOOOOINO Iwabvwr (te) 

WS (eS iye GEUIRS (iO) sir. { OODCOCO0 } DELAY Ce)= 

WNIDE Y iEGIs © | 

(* $33%%3%3%SS%S%SSSSSSSSSSSS% -=[| METHOD TWO J=- S323S33S3SSSSSSESESEEE *) 

Select_Printer_Port (Lpt_Num, Lpt_Port_Address) ; 

{ 

Advance stepper motor shaft 40 steps in clockwise direction. 

Strobe the Clockwise clock line, DO, 40 times. 

This method permits selection of LPT1, LPT2 or PTS. 

HOR ih g= iL IO) 41Q ino 

BEGIN 

POM ioe IBerste JACkheasis || g= Ces 1 OO OOO C01 DETAY (es: 

PORT [Lpt_Port_Address ] = 05 { O10 0010000) } DELAY (=); 

END; { for e } 

Advance stepper motor shaft 40 steps in counter-clockwise direction. 

Strobe the counterclockwise clock line, Dil, 40 times. 
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FORE = 1 TO 20 po 

BEGIN 

PORT [Lpt_Port_Address] := ccw: LOCO OCOTO. DEEAY Ce): 
PORT [Lpt_Port_Address] := 0; LOCOCO OOO M SDELAY (Ce) 

ENNID? “4 fixong cy}! 

END. 

C Source Code Listing 

ae PROGRAM Mot_Clk 

Code conversion by Eugene Klein 

Bidirectional stepping motor control from parallel printer port using 

CLOCK PULSES: ClockWise on DO, CounterClockWise on D1. 

Lay f 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

Gooner gat, sew = ol yeh clockwise data bit, DO 

const int CCW = 2; // counterclockwise data bit, Dl 

const int t = 100; // time delay dependent on your computer's clock speed 

ite. E> 

unsigned int Lpt_Num, Lpt_Port_Address; 

odchemecadt ( ) 

ocoooogoocoocooococoooogcg7dgsa7 = = agoQaqoq aoogooogoogoooo0o00o0g0o0 000° * 
Vie * ZSESELEEEEELELESELEEESESES -=| METHOD ONE J=- %33%3%33%3%3%S333%SS3S%SSSSS 

Advance stepper motor shaft 40 steps in clockwise direction. 

Strobe the ClockWise clock line, DO, 40 times. 

This method only works with LPT1. 

me 

muce (0) Stadpirem)) ; fy ainesieailaraes eulik eonmliciceyll louies 

i © cal (1) lr chy arnt“ O cer 

{ 
Ute (CW), Se cloner) y //00000001 

delay (t); 

jose (0) SieCheoneial)) > // 00000000 

delay (t); 

} 

fees 

Advance stepper motor shaft 40 steps in counter-clockwise direction. 

Strobe the counterclockwise clock line, Dl, 40 times. 

ai 
for (H=1;E<=40;E++) 

{ 

jeune: (CCM; SieCloucial)) 6 //00000010 
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delay (t); 

joie (Ol, SieCloueia)) 5 // 00000000 

delay (t); 

} 

Li (* SSSSF>>>AAAYAIAXHYYYYYSY _=[ METHOD TWO ]=- %33%3%3%3%3%%SSSS5SSSSSS 

Lpt_Num = Select_Printer_Port(); 

Lpt_Port_Address = Init_Printer Port (Lpt Num) ; 

elllseexene (()) 2 

/* 

Advance stepper motor shaft 40 steps in clockwise direction. 

Strobe the Clockwise clock line, DO, 40 times. 

This method permits selection of LPT1, LPT2 or LPT3. 

Pe, 

for (B=1; E<=40; E++) 
{ 
outport (Lpt_Port_Address, Cw) ; // 00000001 

delay (t); 

outport (Lpt_Port_Address, 0); // 00000000 

delay (t) ; 

} 

/* 

Advance stepper motor shaft 40 steps in counter-clockwise direction. 

Strobe the counterclockwise clock line, D1, 40 times. 

wid 

for (H=1; E<=40; E++) 

{ 

outport (Lpt_Port_Address,CCw); // 00000010 

delay (t); 

outport (Lpt_Port_Address,0) ; // 00000000 

delay (t) ; 

} 
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1G aot ae ere en Cnn 7 

Controlling DC 
Servo Motors 

Circuit Theory 
Servo motors, such as those sold in hobby shops, 

are a special breed of DC motor. They are designed to 

move the output shaft through an arc of 180 degrees. 

Any position within that arc is selected, and held, 

based on input control signals. Servo motors allow 

your computer to control a straight line movement. 

Cramped within a small DC servo motor package 

lies the DC servo motor itself, a lot of reduction 

gearing, and an IC chip. That’s a lot of hardware, but 

because these servo motors are so widely used in 

remote control airplanes, boats, and cars they are 

relatively inexpensive. 

The control logic generates positive going pulse 

width control. With power applied and no pulses, the 

output shaft is free turning. The length of the pulse 

tells the on-board electronics what angular position to 

move to and then stay at. Pulse widths between 0.5 

milliseconds, and 2.5 milliseconds will result in the 

output shaft moving 0 to 180 degrees. For example, a 

pulse width of 1.5 milliseconds would position the 

output shaft at 90 degrees, while a pulse width of 1 

millisecond would position the shaft at a 45 degree 

position. The output shaft will maintain its position as 

long as pulse width signals are repeated. 

The on-board electronics does all the work. It 

reads the servo’s feedback loop, keeps track of the 

Jt 
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IBM PRINTER PORT 

GND_G 24 
GNO_F 23 
GNO_E 22 

BUSY 

ACK 
07 

06 

05 

04 

03 

02 

01 

00 

Figure 27 

SELECT 
PAPER_END 

shaft’s position, and maintains the motor’s position. 
Other circuitry protects the chip and input logic from 

back-EMEF spikes. Figure 27 shows how to interface a 

miniature servo motor to a parallel printer port. Since 

the motor requires only one control line, eight servos 

can easily be controlled from one printer port. 

Software 
In order to send pulse width modulation informa- 

tion with durations of 0.5 to 2.5 milliseconds, a very 

fast timer routine is needed. No high level language 

can provide such an accurate time base. Many BIOS 

interrupts take precedence over a running program, 

routinely interrupting executing programs to take care 

of computer related overhead tasks. Therefore, your 

high level program can not provide an accurate timer 

function. 

Assembly language can. Both Turbo Pascal and 

Turbo C++, permit you to include assembly language 

source code within your program listings. Assembly 

language can halt interrupt operations long enough 

to complete a dedicated task (in this case, timing an 

interval between 0.5 and 2.5 milliseconds. Listings 

SERVO.PAS and SERVO.C demonstrate this 

technique. 
Inside your IBM/IBM clone computer is a timer 

chip, the 8253. The 8253 is actually three indepen- 

Mi 
SERVO 

MINIATURE 0.C. SERVO MOTOR 

BLACK 
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dent timers in one plastic package. Two sections of 
the 8253 are dedicated to computer related opera- 

tions. The third is used to generate an audible fre- 

quency for your computer’s speaker (hardly a prior- 

ity!). Through software, you can set and read this 

timer’s values. 

The crystal oscillator input frequency to the 8253 

is the same on every IBM/IBM clone computer. That 

means that regardless of your computer model the 

8253 is always running from a uniform time base. 

Using assembly language, your program can initialize 

one of the 8253 timer sections with a particular count, 

monitor the timer’s progress, and return the results. 

The program takes numeric keypad input for de- 

sired servo motor position. The keyboard input is 

converted to a number between 0 and 255. This num- 

ber, in variable “‘r’, represents an output shaft angular 

position of 0 to 180 degrees. 

A square wave is output through the printer port’s 

DO, at pin 2. The PROCEDURE PULSE sets the 

printer port’s output bit | to high, initializes the 8253’s 

third timer section, waits for the requested count to 

be reached, and then sets the printer port’s data bit 1 

low again. Assembly language is used to initialize the 

8253 timer and monitor the elapsed time. 

Many thanks to my good friend Mike Mensch for 

contributing this material, including the software list- 

ings that follow. 

Pascal Source Code Listing 
PROGRAM SERVO; 

{ 

For R/C model servos, 

internal interrupt calls. 

} 

8255 port B address 

8253 timer control register 

8253 timer 2 register 

10 milli-seconds 

USES DOS, CRT, My_Tpu; 
CONS? (PUVA S255 = SOOGiEF { 

WIM _B253C Ss SOOA8%s { 

MM S25 302 5 SO@dr- { 

TimenmOmmnsie = S2e9 al: { 

cute 2 ms = SWSS2s  { Ccemoticec! jem 

timemIams: == mc04a9 se fecomoutced tal 

‘cme Ine iis = SOAEe it Wejiiownecic) teal 

Survo iBank = Op Y loweey = Wis 

VAR Cin 

Poesy, Ie, Noose 

Lpt_Num, Lpt_Port_Address, Delay_Value 

PROCEDURE Do_Pulse ( 

{ 

Delay_Value : WORD); A 

Control R/C Model Servo Motors from a parallel printer port. 

A Servo Motor is a DC motor with feedback. 

All IBM / clone 8253 timer generates frequencies up to 1,193,180 Hertz 

Owls Waele Slvouiliel ins 0) Sims ico 2. Sins. 

Motors may oscillate due to delay increase cause by timer and other 

The effect is more noticeable on slower machines. 

Many thanks to my good friend, Mike Mensch, who developed this program 

me for 2 millisecond delay 

me for 1 millisecond delay 

me for half a millisecond delay 

Signed char a A a, a) 

CHAR; 

BYEE 

WORD; 

SSEMBLER; 

Send three copies of bit at three-phase zero crossings 

Waits for next zero crossing and restarts timer 

Gets bit value from global bitval 

Mashes BL and DX 

} 

LABEL ReGet, 

{ 

NOTE: Jumps to lables Ll, 

nil A isk,  Ibeébe 

IbyA 18s; 

{ must pre declare subroutine names in TP } 

and L4 are not needed on XT machines 

XT machines do not have a pre-fetch. 

} 
ASM 
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PUSH bx 

MOV bx,Delay_Value { load the contents of Delay_Value into Bx } 
PUSH bp 
MOV bp, sp 

Cit 

IN AL, PIA_8255B { get current port B bit } 
OR AL,$0O1 { turn on timer gate } 
JMP Li { Elvich €CPUl Ss neetaniculeslouner ens } 

Ll: OUT PHA 8255B, AL { update timer gate bits } 

Suki { get 16 bit timer count } 

ReGet: 

MOV AL,10000000B { latch Timer 2 } 

JMP 2 { flush CPU's internal buffer } 

eer Chiat 

OUT ives 2 SeiCr Ann { load 8255 control register w/AL } 

JMP L3 { flush CPU'S internal butter } 

L3: IN Ald, Mie OS oie { get LSB from timer } 

MOV AH, AL 

JMP L4 { ibis CUS Winheeiemwehil leywitiEere } 

L4: IN Aly, TIM 825302 { get MSB from timer } 

SIL (se “lehhisic eloalis; (oime! cloyjiet aetey Geheieehe’ ails, ws) =) 

XCHG AH, AL { Swap bits around, } 

NOT AX { and flip bits to count upward } 

CMP AX, Dx et Colpare Unta bh count (an AX) >= Delay. Valucua) 

JB reget 

(* Ery stim here instead of above *) 

POP bp 
POP ox 

END; { do pulse } 

PROCEDURE Init_Time; ASSEMBLER; 

: 

Delay times measured in Timer-2 ticks These are found by computing 

(time/54.9ms) *64*1024 Delay required on AT after each I/O operation 

Sets up Timer2 Halts timer counting, 

sets FFFF reload value 

Sets Mode 2 

Clears "speaker enable" bit 

Does not start timer, leaves "gate speaker" bit low 

} 
Lyi Gye bys ins) { must pre declare subroutine names in Turbo Pascal } 

{ 
NOTE: Jumps to lables L1, L2, and L3 are not needed on XT machines 

XT machines do not have a pre-fetch. 

ASM Clu { <@leeie comibmoll lois } 

IN Ali ea AS SB i foie Kelulieieisime joyonaie, 1s) Ionics } 

AND 7M TSG { turn off timer gate and speaker  } 

JMP Li (ailici(@ PUM Seam eetamcn aeloUuisets } 

Teme OUT EIN (325) 518) 7b, { load Port B bits } 

Sai 

Ci {Set Timer 2) to LSB/MSB mode 2 } 

MOV Al, SB4 1 ROOM OO } 

Our TIM_8253C,AL { send control byte to 8253 } 

MOV AL, SEF { set reload value to FFFF } 
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JMP L2 (Sel nish CeUMSr anit eisina | evouteiets 

2: OUT TONE {8) 27S SN NIE: 

JMP L3 { ftilush CPUs internal bukfex 

isis OUR ADEN {S372 'Sy SVAN 

SENG 

END; { asm } 

PROCEDURE Delay_Between; 

{ 

set up for a ten millisecond delay between pulses sent to servo motor. 

may be eliminated if you are controlling only one motor 

} 

BEGIN 

Migale sym 5 

Do_Pulse(time_10_ms); 

END; 

PROCEDURE Pulse(VAR r, MOTOR : BYTE; VAR Delay_Value : WORD); 

{ 
converts) © value, (0) to 255), to appropriate pulse width,, (025 to 225. ms) 

} 

BEGIN 

Dele. Wellwe c= tess Noe ss (ak) sae) ee Was 

ii date ey, 

Do_Pulse(time_half_ms); 

PORT Tp EmPortaAddress) |) 2=" motor. { set pmanter post ackave bits HiGH 3 

Do_Pulse(Delay_Value) ; 

PORT [Lpt_Port_Address] := $00; { set printer port bits LOW } 

END; { pulse } 

BEGIN { main } 

Select_Printer Port (Lpt_Num, Lpt_ Port Address); { in My2Tpu } 

Cin = CIRUNIR.( Se) 6 

ip ge IVAss 

WHERE SORDI (eh) a2 3 DO 

BEGIN { while } 

IF KeyPressed THEN 

BEGIN gases 

C€hy = ReadKey; 

CASEHRCh Or 

169, OM! 8 sae ( re < BSS )) GAY IN (Ry) 5 

DAL Orel pg alie (( me SSO) TusnaiNy — ipyate: (Cae) « 

vo OFFRIO SE (Te S50) )) UNSHENY se sa OSS) ineSig Ik ga IR = Gs 

Dw, Ue) 6 ae (( re Sh) UNSIN| Ge Re ky a5 Glee im ea Ws 

vy! ie 2S QoS 

Jat tous ale 

END; { case } 

Kisuna( Cin = 9 ,,Clo)) 9 WiSinibaiNy( s ig igallloes = > te) SifeshieS lays 

END ss (ert a} 
FOR y s=)0PEonceco 

BEGIN (sfor gy: 3 

MObOL =. .os, 

Pulse(r,motor, Delay_Value) ; 

Delay_Between; 

END; { tory ¢ 

END; { while } 

END. { main } 
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C Source Code Listing 

pes PROGRAM SERVO 

Code conversion by Eugene Klein 

Control R/C Model Servo Motors from a parallel printer port. 
A Serve Motor is a DC motor with feedback. 
All IBM / clone 8253 timer generates frequencies up to 1,193,180 Hertz 
For R/C model servos, pulse width should be 0.5ms to 2.5ms. 

Motors may oscillate due to delay increase cause by timer and other 
internal interrupt calls. The effect is more noticeable on slower machines. 

Many thanks to my good friend, Mike Mench, who developed this program 

re 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

#define PIA _8255B OsGile // 8255 port B address 

#define TIM_8253C (Orel 3) j/ S25o) eamerw ContaolerequcTes 

#define TIM_8253T2 Ox? ; // 8253) tamer 2 Hegquster 

Conse ante Se. — 0s By 

const unsigned int Time_10_ms = O0x2e9a; // 10 milliseconds 

const unsigned int time_2_ms = 0x0952; // computed time for 2 millisecond delay 

const unsigned int time_l_ms = 0x04a9; // computed time for 1 millisecond delay 

const unsigned int time_half_ms = 0x0255; // computed time for half a millisecond 

delay 

char Servo =0; // byte = unsigned char 

Ghar (Che 

unsigned char PBbits, r,y ,motor, Lpt_Num; 

unsigned int LPTx, Delay_Value; 

void Do_Pulse( unsigned int Delay_Value) 

{ 
/* 

Send three copies of bit at three-phase zero crossings 

Waits for next zero crossing and restarts timer 

Gets bit value from global bitval 

Mashes BL and DX 

NOTE: Jumps to labels L1, L2, L3, and L4 are not needed on XT machines 

XT machines do not have a pre-fetch. 

ma, 

asm { 

PUSH bx 

MOV bx, Delay_Value // load the contents of Delay_Value into Bx 

PUSH bp 
MOV bp, sp 

Gls 

IN Aig, Os<6u Vie Get elisisem= Ore we) loit 
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OR Nit, Opt0 Ak al turn on timer gate 

JMP L1 // flush CPU's internal buffer 

} 

Tired es 

asm { 

OUT 0x61,AL Le update timer gate bits 

Sil a get 16 bit timer count 

} 

Reget: 

asm { 

MOV AL, 0x80 Val latch Timer 2 

JMP 2 Hil flush CPU's internal buffer 
} 5 

12) 8 

asm { 

Cink 

OWE (Oe ANIL i if load 8255 control register w/AL 

JMP L3 fi flush CPU's anternal Iolite 
} : 

She 

asm { 

IN AL, 0x42 ue get LSB from timer 

MOV AH, AL 

JMP L4 a finish wEPUM Ss wmtcernnal put mets 

} 

Iyfl 

asm { 

IN AL, 0x42 if get MSB from timer 

Seas 

XCHG AH, AL pi swap bits around, 

NOT AX tif eunel iellaija ionies ico Cewinie wleneucc 

CMP AX, BX // compare until count ( in AX ) >= Delay Value 

JB Reget 

OS BP 

POP BX 

Woe Ionaie Waive (Gyxoatel) 

{ 
/* 

Delay times measured in Timer-2 ticks These are found by computing 

(time/54.9ms) *64*1024 Delay required on AT after each I/O operation 

Sets up Timer2 Halts timer counting, 

sets FFFF reload value 

Sets Mode 2 

Clears "speaker enable" bit 

Does not start timer, leaves "gate speaker" bit low 

way 

// NOTE: Jumps to labels Ll, L2, and L3 are not needed on XT machines 

ay XT machines do not have a pre-fetch. 

asm { 

CLI Hi Cig@ere Comieceil lonice 

IN AL, 0x61 // get current port B bits 

AND AL, OxFC // turn off timer gate and speaker 

138 = APPLICATION 27 Controlling DC Servo Motors 



JMP Jigdl Hk eEliusior CAs) asneeieme Il louiiiieie 

iujike 

asm { 

OUT OxX61 7, Al WH Meeel Rei ie Jones 
SHEME 

Cin // set Timer 2 to LSB/MSB mode 2 

MOV AL, 0xB4 /? LOPIOLO0B 

OUT Ox437 AG // send control byte to 8253 

MOV Al, OXEF // set reload value to FFFF 

JMP L2 Pj eARUSial (CHEWY ts, Shighceiaineul leuneicesie 

} 

Tyne 

asm { 

OUT 0x42,AL 

JMP L3 // lush CPU'S internal butter 

} 

3's 

asm { 

OUT 0x42,AL 

‘Suble 

void Delay_Between (void) 
/* 

set up for a ten millisecond delay between pulses sent to servo motor. 

may be eliminated if you are controlling only one motor 

Mf 

{ 

ibigialy Sei eeleyeu (nyse 

Do_Pulse(Time_10_ms); 

} 

void Pulse(unsigned char r, unsigned char motor,unsigned int Delay_Value) 

jicouvyerts © value, (0) to 255), to appropriate pulse width (0.5 tow Zmaems)) 

Delay _Value = time_l]_ms + ( 10 * r ) + 75; 

alk SPS O) 

Do_Pulse(time_half_ms) ; 

(Vue ofonale (UiIEAS <. mleieveye)) // set printer port active bits HIGH 

Do_Pulse(Delay_Value) ; 

GUEDOGE (Eis Os OlONr, // set printer port bits LOW 

void main() 

{ 

lnyene Elnvel lio) = 

Lpt Num = Selece -Printer_Port(); 

LPTx = Init_Printer_Port (Lpt_Num) ; 

cellsesese () 3 

Cini = Osesyps 

we = Ieee 

C Source Code Listing ho? 



CKnEOray (ILO), ILO} 5 

PYINtCHCeCh ease. : Y value = 41" ,cmd, 1); 

while(Ch != ESC) 

{ 
Pegg idelnnae (am 

{ 

Chy=soqetch (rr 

Ie (Cln==(0)) 

Ch=getch () 

ase (Class! GY | 

{ 

C++; 

Strepy (cmd, wright arrow); 

| Chee VIM 

2 OCH = saree  cn=a="K."") 

ae 
strepy (cmd, "left arrow"); 

} 
nie (Class Se" || | Claes si" ) 

ia che BE 

Strepy (emd,. Up arrow); 

} 

awe (CaiSs=Hl' 2? | || Cora 20)) 

ia = Os 

i = BS bye 

stxepy (emd, “Plus” ) ; 

we = ike 

strcepy (cmd, "Minus") ; 

} 

elilietexehe (()) p 

eronsonaye (ILO, 10) & 

DELNEE(Mehw= ase: ig Wrelllinis, = Yar" ciel, ie) ¢ 

} 

forly = 0fys=27y74) 

{ 

moles = Osxire 5 

Pulse(r,motor, Delay_Value) ; 

Delay_Between () ; 

} 

} 

} 
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el ee ae ck. en COMIN = 2 56 

8-Bit Data Input from a 
Parallel Printer Port 

Circuit Theory 

In order to input digital logic, we need a standard- 

ized method for dealing with input data. An IBM 

compatible printer port has nine control lines capable 

of inputting real world data. Each printer port has three 

address locations. The base address is used to transmit 

data. The next address can input five data bits, using 

D3 through D7, and the third port address can input or 

output a nibble of information via bits DO through 

D3. A complete chart is shown in Appendix G. 

The simplest method of inputting eight data bits 

is to read the high nibble from the base + 1 address 

and the low nibble from the base + 2 address. These 
two nibbles can be logically ORed together to form a 

data byte. Some of the bits are hard-wired on the 

printer card for inactive high operation. You could 

have your software reinvert the logic, but I find it 

more practical to do the job with hardware. I find this 

approach makes my software simpler, and more logi- 

cal to follow. Like Steve Ciarcia, founder and edito- 

rial director of Circuit Cellar Inc., I believe the best 
software language is solder. 

Figure 28 demonstrates how to input eight data 

bits from an IBM type parallel printer port. Each 

switch and related pull-up resistor can generate logic 

high and low signals. When a switch is open, the 

supply voltage is present at both ends of the pull-up 

resistor. The corresponding printer port data bit will 

see an active high logic bit. When a switch is closed, 

the switch will sink the current flowing through the 

pull-up resistor. The associated printer port data bit 

will see a logic low signal. 

Since the printer port contains hard-wired gates 

to invert the ERROR, ACKNOWLEDGE, AUTO- 
FEED, AND SELECT-INPUT data lines, I use four 

sections of a 7404 to re-invert the inverted data lines. 

The ninth input data bit, at pin 15, is not used. 

Decoding this bit, along with the other eight, would 

12 PAPER_END 

13 SELECT 

Figure 28 

VIE uIF 
10 " 7 13 

7404 7404 
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require only slightly more programming code. How- 

ever, the code is awkward, using XOR statements, 

and less logical to follow. I only use the ERROR line 

if I must input all nine data bits or I want to use the 

ACK line for a hardware driven TSR interrupt. Check 

the TSR chapter for details. 

This circuit comes in handy for testing software 

during prototyping. Most languages have a single 

step command for tracing software execution. Using 

a single step command with this circuit can greatly 

reduce debugging time. 

Software 

Program listings SW_IN.BAS, SW_IN.C, and 

SW_IN.PAS demonstrate how to input digital data 

bits through a parallel printer port. First the program 

reads data from address base + 1, and then base + 2. 

Next, the program isolates the high nibble informa- 

tion from base + 1, and the low nibble information 

form base + 2. Finally, the two nibbles are combined 

and displayed. The process is repeated until a key is 

pressed. 

BASIC Source Code Listing 

Al REM 

2 REM FILE: SW_IN.BAS 

3 REM 

LOO Wav loeiese Balouie Siyaltecla avjetle” ieee joys) 

105 REM 

110 REM input BUSY, ACK, PAPER END, INPUT 

120 REM and SELECT INPUT signals from IBM 

130 REM 

140 REM written in QBASIC 

150 LPT = 0: BaseAddress = 0 

160 DataByte = 0: HighNibble = 0: LowNibb 

170 REM 

200 REM -=[ begin program ]=- 

BHO CHS @ 

220 REM find base address of LPT1, use 10 

230 BaseAddress = &H400 + 8 

BAO wat SEE = © 

245 LPT = PEEK(BaseAddress) + (PEEK (BaseAd 

250 REM 

260 GOSUB 700: REM read switches 

270 GOSUB 860: REM display data 

HBO iF UNS =| "9 Mein Cowo 250 

290 END: REM -=[ program end ]=- 

300 REM 

310 REM 

699 REM 

700 REM -=[ Subroutine, Read Switches J= 

710 REM 

720 HighNibble = 0: LowNibble = 0 

730 REM iimesie sai Gubil Cesta, Croll ikexeleone Cloke 

735 REM 

VEO OOGe Ghee < 2), (ENE (Qoer 2 2) Or a5) 

TO) Ke) ia = il ato) SOs Ila ns 

760 LowNibble = INP(LPT + 2) 

770 HighNibble = INP(LPT + 1) 

780 LowNibble = (LowNibble AND &HF) 

790 HighNibble = (HighNibble AND &HFO) 

800 DataByte = (HighNibble OR LowNibble) : 

810 RETURN: REM end of subroutine, read 

850 REM 

860 REM -={ subroutine, display data ]J= 

142 APPLICATION 28  8-Bit Data Input from a Parall 

rallel printer port 

STROBE, AUTO FEED, ERROR, 

type parallel printer port. 

, 

le 0: O£ESEE 

igre INPIA, GiaGh tke st@re 23) 

dress = i) 7s 2516) 

put pins HIGH to read from base + 2 

REM delay dependent on your machine 

REM 

switches 

combine nibbles into byte 

el Printer Port 



870 REM 

830° LOCATE 1,~3 

890 PRINT "Base Address = "; LPT; UP Datel Byte —— 7 Databyiter ul 
S95 PRUNE 

SHON) ISSce EINE yO) as We 

902 IF (DataByte AND 1) = 1 THEN PRINT "HIGH" ELSE PRINT "LOW " 

DOA PRINT Die =) ts 

906 IF (DataByte AND 2) = 2 THEN PRINT "HIGH" ELSE PRINT "LOW " 

908 PRINT "D2 = "- 

910 IF (DataByte AND 4) = 4 THEN PRINT "HIGH" ELSE PRINT "LOW " 

SNS ABN sy ese 

914 IF (DataByte AND 8) 

6 PRIN DAs =) 

918 IF (DataByte AND 16) 

SOMO TRIS SB sree ee 

922 IF (DataByte AND 32) = 32 THEN PRINT "HIGH" ELSE PRINT "LOW " 

92 A> PRINTS thee le 

926 IF (DataByte AND 64) 

928) PRENR “Dg =F i 

8 THEN PRINT "HIGH" BLUSE PRINT "LOW" 

16 THEN PRINT “HIGH” ELSE PRINT "LOW “ 

64 THEN PRINT “HIGH” ELSE PRINT “LOW ” 

930 IF (DataByte AND 128) = 128 THEN PRINT “HIGH” ELSE PRINT “LOW " 

932 RETURN: REM end of subroutine, display data 

934) SYS TEM 

Pascal Source Code Listing 

PROGRAM Sw_In; { basic switch input } 

{ 

input BUSY, ACK, PAPER END, INPUT, STROBE, AUTO FEED, ERROR, 

and SELECT INPUT signals from IBM type parallel printer port. 

Wreiecen an Tube Pascal 6.0 

} 

USES (CRs 

VAR Base, Base_Address : INTEGER; 

Data Byte, High_Nibble, Low_Nibble, OffSet : BYTH; 

PROCEDURE Read_Switches(VAR Data_Byte : BYTE); 

VAR High_Nibble, Low_Nibble : BYTE; 

BEGIN { read switches } 

{ first set all open collector output pins HIGH to read from base + 2 } 

Port [Base + 2] := Port[Base_Address + 2] OR 15; 

delay (50) ; 

Low_Nibble := Port[Base + 2]; 

High Nibble := Port [Base + 1]; 

Low_Nibble := Low_Nibble AND SOF; SO 2 (OOOO) aL Dalal } 

High_Nibble := High_Nibble AND $F0; CSI) SALA LO Oe } 

Data_Byte := High_Nibble OR Low_Nibble; 

END; { read switches } 

PROCEDURE Display Data (Daral By re 5 IBN IRNEH)) 3 

{ 
display the bytes value and condition of each bit, HIGH or LOW 
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BEGIN 

GoToxXY (1, 

WRITELN; 

WRITE ('DO 

WRITELN ('HIGH') 

WRITE('D1 = 

WRITELN ('HIGH') 

WRITE ('D2 

WRITELN ('HIGH' ) 

WRITE ('D3 

WRITELN ('HIGH') 

WRITE ('D4 

WRITELN ('HIGH' ) 

WRT Ey (a See 

WRITELN ('HIGH' ) 

WRInE (GUD Gm 

WRITELN ('HIGH') 

WRITE ('D7 

WRITELN ('HIGH' ) 

END; 

BEGIN { basic switch input } 

GilkisS eis 

{ find base address of LPT1, 

Base_Address := 1024; OffSet 

Base := Memw([0: 

REPEAT 

Read_Switches (Data_Byte) ; 

Display_Data(Data_Byte) ; 

3); WRITELN('Base Address = 

Il by) LE: 

ae Lr 

SF LE 

oy pea ay 

Il Ye Able 

pee sa 

MijeSkE 

UNTIL KeyPressed; 

NID, { loeveare ShyAlicclay aiajobie j} 

/* 

ajc IWS, INCIX, 

and SELECT INPUT signals. 

ta, 

#include 

#include 

#include 

#include 

#include 

#include 

#include 

tnt PTAs 

unsigned char Data_Byte, 

unsigned char Read_Switches (void) 

{ 
unsigned char High_Nibble, 

<dos.h> 

She Gly. las 

<conio.h> 

siecle. as 

— Siete 

<bios.h> 

Miva Oe! 

Base_Address; 

(Data_Byte AND 

ELSE WRITELN ('LOW 

(Data_Byte AND 

ELSE WRITELN('!LOW 

(Data_Byte AND 

ELSE WRITELN( 'LOW 

(Data_Byte AND 

ELSE WRITELN ('LOW 

(Data_Byte AND 

ELSE WRITELN('LOW 

(Data_Byte AND 

ELSE WRITELN ('LOW 

(Data_Byte AND 

ELSE WRITELN('LOW 

=); Lean (DatanBby ce VAND 

ELSE WRITELN ('LOW 

Hace Nasioloier 

iy Base, 

1.) 

toa 

Base_Address + OffSet]; 

PROGRAM Sw_In 

Code conversion by Eugene Klein 

PAPER END, 

Low_Nibble; 

3 

128 

WE IO) seere Iie, 

Data Byte = ', DatasByrern 4): 

THEN { 00000001 } 

THEN { 00000010 } 

THEN A {TOO000100. 3 

THEN { 00001000 } 

THEN { 00010000 } 

THEN { 00100000 } 

THEN { 01000000 } 

THEN { 10000000 } 

C Source Code Listing 

Low_Nibble; 

Bee! IA aE@re Jews; } 

{ Get base address } 

f doyeysuae! Siyiauieelay shiayoyehe | 

STROBE, AUTO FEED, ERROR, 

// set all open collector output pins HIGH so you can read from base + 2 

outport (Base_Address + 2,inport (Base_Address + 2) 

144 APPLICATION 28  8-Bit Data Input from a Parallel Printer Port 
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void Display_Data (unsigned 

{ 

} 

delay (50); 

Low_Nibble = inport(Base_Address + 2); 

High_Nibble = inport(Base_Address + 1); 

Low_Nibble = Low_Nibble & Ox0F; if Orie = 

High_Nibble = High_Nibble & OxF0; Lie OxdtQ) = 

Data_Byte = High_Nibble | Low_Nibble; 

return (Data_Byte) ; 

GOBesxs, 3) 

void main() 

{ 

} 

Guess (0) 

Base_Address = 

do 

{ 

1024; 

fouseinane te (UE IOM, 

eal 

char Data_Byte) 

ea eel 
= ea royal iBysherel Jewcy = 

= peek(0, Base_Address 

Data_Byte=Read_Switches () ; 

Display_Data(Data_Byte) ; 

jwhile(!kbhit()); 

00001111 

PALE OGD 0 

ial WENA, IDieliey Venice) 6 

+ 3) // find base address 
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mor PA Cee lel (OL ALN ee Zia? 

A Hardware-Activated TSR 

Circuit Theory 

Borland’s popular “SideKick” software package 

and the Print-Screen key on your PC are examples of 

terminate and stay resident (TSR) interrupt driven 

software. When you press a key, the computer stops 

whatever it was doing to run the new program. When 

you exit the TSR program, the original software 

continues from where it left off. 

Here’s how a TSR works. Your computer can only 

do one task at a time. Well, sort of. Inside your com- 

puter is a microprocessor that directs all computer- 

related operations. The microprocessor can not do all 

the work. Other dedicated computers complete indi- 

vidual tasks. The hard disk, floppy disk, video, and 

internal timing are all handled by separate single-chip 

computers. One of these dedicated computers is the 

8259 interrupt handler. It continually polls all the 

computer’s hardware. The 8259 tells the main micro- 

processor when a hardware interrupt line on some 

piece of hardware has been triggered. The computer 

then determines which piece of hardware was trig- 

gered and executes special software—already buried 

in memory—designed to go into action after the 

interrupt request. 

J1 

DB-25 

AUTO_FEED 
ERROR 

INIT 

SEL_INPUT 

OiO7 O10" 0 O'O O'019 OO 
O10 O10 0.0 O:0:0'0'0 OO 

Figure 29 

BUSY 
PAPER_END 
SELECT 

Your computer’s SHIFT/Print-Screen key com- 
bination is an interrupt driven program. No matter 

what your computer is doing, when you press the 

SHIFT/Print-Screen key combination, the computer 
stops whatever it is doing and runs a program that 

prints a screen dump. After the screen dump is com- 

pleted, control is returned to the orginal program. 

Borland’s SideKick was one of the earliest 

commerical programs developed around a keyboard 

interrupt. When you press a “hot key,” your program 

stops running the current program and puts the 

SideKick main menu in the middle of your display 

screen. From that menu, you can select a text editor, 

appointment calender, phone book, or ASCII look-up 

table. When you exit from SideKick, the interrupted 

software continues. 
Hardware devices can also trigger a TSR inter- 

rupt. Borland’s Turbo Pascal and Turbo C++ separate 

the programmer from most of the overhead. The ACK 

line, pin 10, on a parallel printer card, can be used to 

create a processor interrupt. Your software enables 

and disables interrupt operation. 

A hardware controlled TSR can be very useful. I 

have a computer dedicated to operating 24 hours a 

day as a voice mail answering machine. However, 

N.C. MOMENTARRY 

SWITCH 
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when anyone picks up a phone to call out, a simple 

circuit triggers a TSR. The TSR logs the phone num- 

ber dialed along with the time and date. 
A second hardware controlled TSR is connected 

to the same computer. It is triggered by the burglar 

alarm. When triggered, the commercial alarm calls 
the police and contacts the security service. In addi- 

tion, it triggers a TSR on my computer. (Application 

33 gives details on this alarm.) 

Figure 29 illistrates the hardware interface. A 

switch is used to ground the ACK line, pin 10. After 

software has initilized the interrupt function, opening 

the normally closed switch will trigger the interrupt. 

Note that the circuit uses a bounceless switch. If 

you are using a mechanical switch you must take 

steps to eliminate the bounce. For testing this soft- 

ware for publication, I simply shunted my microswitch 

with a 0.2 micofarad capacitor. 

Software 

Listing TSR_DEMO.PAS was written in Turbo Pas- 

cal. It is well documented and should be easy to read. 

Grounding the printer port’s ACK line will acti- 
vate the interrupt. When activated, the interrupt driven 

TSR saves the current screen and replaces it with it’s 

own. When the ground is removed for the ACK line, 

the TSR restores the orginal screen and returns con- 

trol to the orginal software. You can replace my screen 

display with your code. 

The software lists several magizine articles and 

books which describe how to write a TSR. I have not 
found any definitive source. However, if you must 

choose one, look at “Mastering Turbo Pascal.” I par- 

ticularly enjoy Tom Swan’s writings. 

Pascal Source Code Listing 

{SM 8000, O, 

(SN="-S=} 

PROGRAM TSR_INTR; 

10000} 

This program will create a DEMO TSR HARDWARE INTERRUPT. 

jontia, ILO), 

{ 
{ “Move iewectililell irenineer woeels ACK lane) 

{ hardware interrupt operation. 

(she 9 aL 

{ og VENER Woll ILO, Muir IAL 

{ 

{ 

{ 

USES! DOS; 

Const 

MaxWin = 5; 

Bassey =acCc SASH eAD DRESS i 

{ BASE ADDRESS = 

{ BASE ADDRESS = 

GRave 

3BC HEX, 

OW SmeEIERG, 

278 HEX, 

Type 

Nereis = Serine (PSS) 5 

SereenPtr = “ScreenType; 

ScreenType = Record 

Pos iNeiaeny [Likes 

lg, 3(Clavene 

AG) By Ger 

End; 

Cunsxy 

End; 

VAR 

Screen_2, 

(Cloy 8 Glavehes 

eomacraa ae leis 

BO pdis oBSl| ie BSC! 

Cunesy7¢ Integer; 

Screen_1 screenptr; 

Int_Mask :INTEGER; 

148 = APPLICATION 29 

"MICRO CORNUCOPIA, #38,Nov-Dec 1987" 

'Inside the IBM PC's'" 

:3 "Mastering Turbo Pascal 4.0,second edition, 

:4 "Programmer's Guide to the IBM PC, 

The first working copy was finished at 2 pm, 

A Hardware-Activated TSR 

can be set for 

Hw mY oY YH YH Ww 

Tom Swan" 

Peter Norton" 

in, SSoes By ASS - } 
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888 DECIMAL, CGA Card } 
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PROCEDURE TSR_Code; 

INTERRUPT; 

Var X, Y :integer; 

Function Vidseg : Word; 

{ 

Is current video adapter a monochrome or color graphics adapter? Video 
memory starts at a different address on the monochrome graphics adapter 

Begin { vidseg } 

IF Mem[{$0000:$0449] = 7 THEN VidSeg := $B000 ELSE VidSeg := $B800; 

End; { VidSeg } 

Begin { TSR code, this section stays resident in memory } 

X := WhereX; Y := WhereyY; 

Sereene2 Jeursx s= Wherex- Screen 2%. Cursy 2= Whenmey- 

pereen 2 <= Prn(Vadseq, $0000); 

Secrecneal. == lscrecns 25 

LEST 

olelerey.at4 (ily S))-- 

weiteln(* CES a gs a Ug du ag tt i Gh Os We VT 

Werceln |" = TSR ON MISE OJIN} TSR. ON ANSE. ON) e 

writeln(' 2 2 

writeln(' =) SLSR ON TSR ON UUSIEE LOIN TE SRAON 2 

writeln(' 2 2 

writeln(' = TSR ON TSR ON TSR ON TSR ON 3 

writeln(' 2 2 

writeln(' SRL LOIN Aves (ON TSR ON TSR ON = 

writeln(' 2 2 

wWeetein(” = TSR ON TSR ON ISS, LON JES IEE ON © 

writeln(' 2 e 

writeln(' = TSR ON ASH, TON TSR ON MSISe  (O)N| a 

writeln(' 2 2 

writeln(' = TSR ON Sk JON TSR ON TSR TON 2 

WwreLtein(' 2 © 

writeln(' <? ANISHES TON AYSet LON ARSE {ON AMSEC OIN| = 

writeln(' = 2 

writeln(' “ TSR ON Sik, ON TSR ON TSR ON = 

wratein (’ ~ 

writeln(' 2 TSR ON Tsk ON TSR ON TSR ON = 

writeln(' = : 

writeln (" 20 a si ah ti Pi oi i we at es ai tn a a a oe Nae 

REPEAT { =e 

k := PORT[base + 1]; { Repeat until ACK is high again 

WN (ke anc (64). (0's 

Screen 2) = sSereeimll a 

GOLoxy (x, Ly; 

B := PORT[base + 2]; 

B := (B OR 16); 

PORT[base + 2] := B; 

Ponce | SOOLZO) s= SL07 { Nonspecific End Of Interrupt to 

END; { TSR code } 

BEGIN { main, TSr Aner | 

Sebintvec ( SOB, GLSRECODE); {sce wulterrupe vieceorm smite WwSReeode 
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By SS ROR Toase + 2 le { set pramter card to accept ineernupes 

1B f= (le OR iL6)) s 

POR loess + 2 i) = ies { To enable the interrupt on the printer card 

Int_Mask = TORN (| RSs If PNNID) 2) Fe 

FORT (Ss a—s inte Mack {( Tomeneble: therm eresuipt. tanec eS Zee Le 

writeln(' -=[ INTERRUPT INSTALLED ]=- , Paul Bergsman, and Mike Mensch') ; 

New(Screen_1); New(Screen_2) ; 

WHE ( Or )) ¢ { anstall TSR 

IND, 4 aria, ISR siers } 
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Retlective Object Sensor 

Circuit Theory 
The OPB708 is a reflective photo-microsensor 

device known as an optocoupler or optoisolator. It 

consists of an LED and phototransistor in a single 

package, and will produce an output voltage when it 

detects a reflection of some of its light output. This 

makes it ideal for detecting the presence of nearby 

reflective objects. Figure 30-A shows a simple circuit 

using the OPB708. The SOK potentiometer, R3, is 

adjusted for the desired level of sensitivity to reflec- 

tive surfaces. However, there may be situations where 

you need to boost the output level of the OPB708. 

Figure 30-B shows a circuit that will allow you to do 

that. Potentiometer R7, a SOOK device, is used to set 

the level of hysteresis in the stage built around the 

LM311 voltage comparator. 

R3 

50 K 

SENSITIVITY mee 

CONTROL 

OPB708 
+5V REFLECTIVE 

- 
PHOTO MICROSENSOR a 

R2 

220 OHMS 

Figure 30B al 

VOLTAGE COMPARATOR 

Software 
The circuits in Figures 30-A and 30-B can be 

used with the program listings SW_IN.BAS, 

SW_IN.PAS, and SW_IN.C which are given with 

Application 28. 

REFLECTIVE 

PHOTO MICROSENSOR 

220 OHMS 

13 SELECT 
12 PAPER_END 

ERROR 15 
INIT 16 

SEL_INPUT 17 

GND_H 25 

Figure 30A 

AUTO_FEED 

ERROR 

INIT 
SEL_INPUT 

ul 

LMM 

23 GNO_F | 

24 GND G 
25 GND_H 

PAPER_END 

SELECT 
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Pee Te att Cai OF ane aa 

Controlling Large Loads 
with a Reflective Sensor 

Circuit Theory 
The OPB708 reflective microsensor device intro- 

duced in Application 30 can be part of a more elabo- 

rate circuit to control large loads through the printer 

parallel port. Figure 31 shows such an application. 

Data from the OPB708 is input to the computer through 

a parallel printer port, and, based on that information, 

some output device is manipulated. 

The blender in Figure 31 represents any large 

power hungry load. It could be a conveyor belt, ga- 

rage door opener, robotic arm, toaster oven, etc. The 

solid state relay permits a large electrical load to be 

safely controlled by your computer’s relatively frail 

TTL logic. 

REFLECTIVE 

PHOTO MICROSENSOR 

Foi ae eae 
/ \ 

he ‘ 
Ud 

The reflective microsensor could be replaced by 
other real-world sensing devices. In this application, 

it could be used for counting objects passing an ob- 

servation point, responding to a person’s arm move- 

ment, etc. Resistor R4, the 5OK potentiometer, is used 

to set the sensitivity level of the OPB708 reflective 

microsensor. 

Software 
Listings IO_BASIC.BAS, IO_BASIC.PAS, and 

IO_BASIC.C can be used to control the circuit in 

Figure 31, 

220 OHMS 

Solid Stote Reloy 

STROBE 

2H) 
3 - 30 volts D 

vie) 

Figure 31 
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BASIC Source Code Listing 

100 REM FILE: IO BASIC.BAS, WRITTEN IN QBASIC 

110 REM 

120 REM Demonstrate basic concept of computer I/O 

130 REM 

140 REM When sensor data bit, D6, is high, turn blender on, when 

150 REM sensor data bit, D6, is low, turn blender off. 

160 D/ = 12 

170 PortAddress = &H378: REM = CGA printer port base address, 

180 REM bse DEG seers WEIN, Glial GBD seoie Shel jorrsvigeeie jorouele - 

190 REM 

200 OUT PortAddress, 1 

PAO I NPS ess ANS IN | SPOS 

220 IF (INP(PortAddress + 1) AND D7) = D7 THEN OUT PortAddress, 0 ELSE GOTO 210 

BO) IS TINRIES <s. 80 GNEIEIN) Sanoye 

250 IF (INP(PortAddress + 1) AND D7) = 0 THEN OUT PortAddress, 1 ELSE GOTO 240 

260 GOTO 210 

270 END 

Pascal Source Code Listing 

PROGRAM) ITo_Basic; { FILE: IO_BASIC.PAS, WRITTEN IN! Turbo" Pascal 670} 

WSIS in; 

{ 
Demonstrate basic concept of computer I/O 

When sensor data bit, D6, is high, turn blender on, when 

sensor data bit, D6, is low, turn blender off. 

} 

CONST Dy? = IL28s 

LptPortAddress = 888; { = CGA printer port base address, 

1 Use GWG wow IGN, Ein O32 scsoie Brecl joie joo. } 

BEGIN 

PORT [LptPortAddress] := 1; 

REPEAT 

REPEAT 

IF KEYPRESSED THEN EXIT; 

IF PORT[LptPortAddress + 1] AND D7 = D7 THEN PORT[LptPortAddress] := 0 

UNTIL PORT[LptPortAddress + 1] AND D7 = D7; 

REPEAT 

IF KEYPRESSED THEN EXIT; 

IF PORT(LptPortAddress + 1] AND D7 = 0 THEN PORT[LptPortAddress] := 1 

UNTIL PORT(LptPortAddress + 1] AND D7 = 0; 

UNTIL KEYPRESSED; 

END. 
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C Source Code Listing 

/* PROGRAM IO Basic 

Code converted by Eugene Klein 

Demonstrate basic concept of computer I/O 

When sensor data bit, D6, is high, 

std 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

pinevelllukeic™ <sheollesdeyyicks 

#include <string.h> 

#include <bios.h> 

#include "My _TPU.h" 

SOnet saline ID f=) eS) 

int LptPortAddress, Lpt_Num; 

void main() 

{ 

Lpt_Num = Select_Printer_Port (); 

turn blender on, 

Sencor deta bli, 606), ss) low, swum lencder ott . 

LptPortAddress = Init_Printer_Port (Lpt_Num) ; 

elles c9-()h 

outport (LptPortAddress,1); 

do 

{ 

Ie (koe) 

exit (0))) > 

it (Inport (pt Pore Adaress 4) 1) kk Dy == 

outport (LptPortAddress,0) ; 

}while(LptPortAddress + 1 && D7 == D7); 

do 

{ 

ae (Celolnysiies(())s), 

esau (0); 

if (inport (LptPortAddress + 1) && D7 == 

outport (Lot PortAddress, 1); 

}while(inport (LptPortAddress + 1) && D7 

} 

DW) 

when 

C Source Code Listing 155 
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Input from Optoelectronics 
Devices 

Circuit Theory 
Optoelectronics devices, such as photodiodes and 

phototransistors, can be used as sensors to provide 

data to your PC. A photodiode is a solid state device 

in which light is allowed to strike an exposed PN 

junction, resulting in the generation of electron-hole 

pairs. The greater the intensity of light hitting the 

photodiode’s PN junction, the greater the diode cur- 

rent. A phototransistor operates in a similar fashion, 

but can amplify the current generated by the light. 

+5V 

ae 

Q2 

2n4401 PHOTO SENSITIVE DIODE 

R6 

Figure 32-A 

SENSITIVITY 

Figure 32-A shows an application of a MFOD71 

photodiode. The 20K potentiometer, R5, sets the sen- 

sitivity of the photodiode. Figure 32-B shows an appli- 
cation of a MFOD72 phototransistor. Both of these 

circuits have TTL-level outputs. Figure 32-C shows 

how to use the OPB-816 slotted optical switch. 

Software 
The circuits in Figures 32-A and 32-C can be used 

with the program listings SW_IN.BAS, SW_IN.PAS, 

and SW_IN.C which are given with Application 28. 

AUTO_FEED 
15 ERROR 

16 INIT 

17. SEL_INPUT 

18 GND_A 

19 GND_B 
20 GND_C 

PAPER_END 
SELECT LM3302 

ers 



+5V 2 

AUTO _FEED 
ERROR 

= INIT 

a SEL_INPUT 

z GND_A 
= 

pan w 20 GNO_C 

Bes 5 [21 GND_O | 
i PRES /22 GNO.E | 
° 23. GND_F 
: . a [24 ono_6 | 

02 | 25 GND_H | m SELECT 

: UIE 

& SN74LS132 
7 ‘ 

GNO GND 

Figure 32-B 

+5V 

+5V 

2 OPB-816 = 
aS ~ 
ese SLOTTED OPTICAL SWITCH 

rm 
~m 

STROBE one ae 
* 14 AUTO_FEED 

ee * 15 ERROR 
< oe = 16 INIT 

a “ 17. SEL_INPUT 

cs D4 18 GND A 

D5 19 GND B 

a 20 GND_C 
= 21. GND_D 

ACK [22 cNoOle 
a 23. GND F 

ZEA SELECT aioe) 

Figure 32-C 
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Using an Eddy Current 
Proximity Switch for Input 

Circuit Theory 
Every conductor that carries alternating current 

or any varying magnetic field will produce eddy cur- 

rents in adjacent conductors. These eddy currents will 

circulate in the conductor and are a source of power 

loss in transformers and high frequency circuits. How- 

ever, eddy currents also allow us to detect the pres- 

ence of nearby metallic conductors (copper, iron, alu- 

minum, etc.). Figure 33 shows a metal proximity 

detector based on a PE16 eddy current proximity 

+5V +5V 

Ww 
= 
x= 

& oO 

ul = 
N 

GORDON PRODUCTS, PE16 

EDDY CURRENT PROXIMITY SWITCH = 

Ne 
, “Ne 

@ 

3 /\ O 

4 

O 

i : O) 

Figure 33 

switch from Gordon Products. The PE16 will detect 

the presence of eddy currents set up in nearby con- 

ductors; all necessary sensing, filtering, and output 

driver circuits are contained in the PE16 module 

housing. 

Software 
The circuit in Figure 33 can be used with the 

program listings SW_IN.BAS, SW_IN.PAS, and 

SW_IN.C which are given with Application 28. 

+5V 

D1 15 ERROR 

16 INIT 

oSk % 17 SELLINPUT 
i ay 18 GND_A 

ne 
os 
eu [22 NDE 

ave 
PAPER_END 

SELECT = 
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Using Hall Effect Devices 

Circuit Theory 
A Hall effect sensor is one that will respond to the 

presence of a magnetic field. The ULN3113 Hall 
effect switch shown in Figure 34-A will have a low 

logic output in the presence of a magnetic field. When 

the magnetic field is removed, the ULN3113’s output 

will return to high. The UGN3175 latching Hall 

effect switch shown in Figure 34-B will “trip” to a 

low logic output will in the presence of the field of a 

U1 

HALL EFFECT SWITCH, ULN-3113 

Figure 34-A 

+5V 

U1 az 

UGN3175 oe 

Figure 34-B HALL EFFECT LATCH 

north magnetic pole. The output will remain low until 

it detects the presence of a south pole magnetic field, 

at which point the output will reset to high and remain 

so until a north magnetic pole field is detected. 

Software 
The circuits 34-A and 34-B can be used with the 

program listings SW_IN.BAS, SW_IN.PAS, and 

SW_IN.C which are given with Application 28. 

AUTO_FEED 

ERROR 

INIT 

SEL_INPUT 

18 GND_A 

19 GND 6 
20 GND_C 
21. GND_D 

23 GND_F 

PAPER_END 
SELECT 

+5V GND 

AUTO_FEED 
ERROR 

INIT 
SEL_INPUT 

18 GND_A 
9 

21. GND_D 
22 GND_E 
23 GNO_F 
24 GND_G 

PAPER_END 
SELECT 
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Detecting Fluids and 
Moisture 

Circuit Theory 
The ULN-2429A device was originally designed 

to monitor a car radiator’s coolant level. It contains 

all necessary oscillator, current detection, and filter- 

ing circuitry in a single package. When a complete 

AC current path is detected between pins 6 and 9, the 

output of the ULN-2429A is turned on. The chip can 

detect many liquids, including soap, as well as high 

levels of moisture. The IL74 optocoupler is used to 

interface the ULN-2429’s 12 volt supply with the 

printer port’s TTL logic. 

Software 
The circuit in Figure 35 can be used with the 

program listings SW_IN.BAS, SW_IN.PAS, and 

SW_IN.C which are given with Application 28. 

10 - 16V +8 

2 a2F 
zee ~ 

So 
Oo 
~ 

U2 

74 

ANODE + 1 6 BASE 

CATHODE_- 2 ¥| [s +_COLLECTOR 
n/c 3| K[4 -_emITTER 

STROBE OFEES 

bo 2 aE OPTICALLY COUPLED : ERROR 
01 

ISOLATOR INIT 

a a : SEL _INPUT Ul GND D3 5 vas 

ULN-2429A 10 - 16V 04 6 GNO_A 

FLUID DETECTOR D5 7 

Pe So Pla ono | 
O7 40 Of 22 one | 

ACK 1 
ee 23. GND_F 

BUSY 11 eunhe 

ec oaped(o. ARTSEC Le) 
SELECT 13 

0.1 

C3 

0.1 9 x 

cno 
FLUID 

Figure 35 

163 



sreqesdile HMiiwt Jyid we 2 

a 
7 a 

" 



pe PPL Oe ae alessio 

“Bounceless” Mechanical 
Key Input 

Circuit Theory 
Suppose you are constructing a science fair, trade 

show, or museum exhibit that requires user input to a 

computer. You include a keyboard as part of the dis- 

play. However, the keyboard will be under constant 

assault. Users will drop things, spill drinks, or even 

“borrow” the keyboard. You could encase the key- 

board in wood, place a clear plastic lid on the top, and 

drill access holes over the required keys, but this is 

costly, unsightly, and will still leave the keyboard sus- 

ceptible to the same abuses cited above. 

A better solution is to eliminate the computer key- 

board and replace it with switches designed to accept 

constant abuse. They could be interfaced to your com- 

puter through the parallel printer port. However, all 

mechanical switches have “bounce.” This is the ten- 

dency for a switch to send multiple signals to the 

keyboard decoder due to vibration and flexing of the 

switch when contact is made or broken. Even though 

the switch is activated only once, the decoder will 

interpret multiple signals. If you are inputting data 

from only one or two mechanical switches, you can 

hard-wire a separate debounce circuit for each switch. 

However, if you need to input data from a dozen 

switches, the circuitry can become an albatross. 

The MM74C922 can monitor up to 16 normally 

open momentary switches (32 with the addition of a 

transistor and two resistors). If any switch is closed, 

the chip places binary data on its output lines Da, Db, 

Dc and Dd and then toggles the DATA AVAILABLE 

strobe line, pin 12. The DATA AVAILABLE line 

will remain at active high until the mechanical switch 

is released. Internal circuitry of the MM74C922 fil- 

ters out mechanical bounce from all the switches. 

The MM74C922 is a CMOS IC chip. However, 

all outputs are designed to directly drive up to two 

standard TTL loads. That means that no extra IC chips 

must be added to interface the MM74C922 CMOS 

logic with the printer port’s TTL logic input lines. 

In the circuit shown in Figure 36, 16 mechanical 

switches, arranged in a 4x4 matrix, are wired to the 

MM74C922’s input lines. Each time a switch is 
closed, the MM74C922 outputs a binary number 

from 0 to 15 on its data lines Da, Db, Dc, and Dd. C1 

and C2 provide a time delay for the chip’s internal 

debounce circuitry. You can play with Cl and C2 

values to fine tune the response time. However, data 

manual specs insist that C1’s value must always be 

ten times that of C2. 

The DATA AVAILABLE line provides a strobe 

signal to tell the computer that data is ready for read- 

ing. Transistor Q1 inverts the DATA AVAILABLE’s 

active high logic to an active low. The inverted strobe 

signal is fed to the MM74C922’s Output Enable line, 

OE. When the OE line goes LOW, data will appear at 

the Da, Db, Dc, and Dd Data Output pins. 

The inverted OE control signal is also wired to 

the printer port’s ACK line as an inactive high. The 

ACK line is brought to an active low while any switch 

is closed. 

Software 
Listings MM74C922.BAS, MM74C922.PAS, and 

MM74C922.C illustrate how to input debounced 

switch data using the MM74C922 IC chip. The soft- 

ware does the following: 

* waits until the printer port’s ACK line goes 

low. 

* when ACK line is low, reads in and displays 

the data 

* waits until the ACK line returns to an inactive 

high logic level 

* erases the displayed value 

* repeats the process until any keyboard key is 

pressed 

The MM74C922 outputs a binary number be- 

tween 0 and 15. Since the data is received by printer 

port data bit lines D7. D5, D4, and D3, software trans- 

fers the data to bits D3, D2, D1, and DO. Thus, the 

displayed byte is a restored number between 0 and 15. 
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BASIC Source Code Listing 

100 REM FILE: MM74C922.BAS, WRITTEN IN QBASIC 

102 REM 

110 REM Inputs 4 bit data from National's MM74C922 matrix key pad encoder 
120 REM via standard Centronics Parallel Printer Port. Output from the 
130 REM '922 is réad into the parallel port's ({- Base Address +1). D6 
140 REM of the (Base Address + 1), ACK, is used to input the '922 strobe 
150 REM signal. When D6 goes to an active LOW, the new byte value is 

160 REM displayed on the screen. 

162 REM 

164 REM Since data is comming in on printer port data bits D3, D4, D5, and D7, 

166 REM data is reformated to output numbers between 0 and 15 

168 

180 INPUTBITS = 0: LptPortAddress = 0 

190 LptPortAddress = 888: REM base address of Graphic Card's printer port 

200 REM use 632 for 3ed printer port base address 

210 REM and 956 for Monochrome Card's printer port 

220 2GS 

ASO LOCA 0 eats PRN TR “aap iiss tall 

240 REM 

2A DG == 16k 

260 INPUTBITS = INP (LptPortAddress + 1) 

270 ce eh P UD Eire AND: D6) <>) Os PHAN 93)3i0 

290 HOCATE, Gr 0 

292 INPUTBITS = INPUTBITS XOR 128: REM 10000000 invert the inverted bit 

294 1a TASS UVES VAIN ID) ALES) ees sy MnEBNIE(ORRO), 2US/4/ 2 iM ieoismlens iene OWS ewe 

296 MCUPE TRS = Ke INEURB dS 2S) A) eel Ore COlOme 98 

27 iNePURE TS 2s EN PUTS ee 

298 LNPULBITS = INPUTBETS \, 6 

300 PRIME) LNePULBITS ss PRINT ot 

SG IF (INP(LptPortAddress + 1) AND D6) = 0 THEN GOTO 310 

320 POCAT Es HOT dO): Ran ae 

33,0 LF INKEYS =" THEN GOTO 260) REM press any key to exit 

340 END 

Pascal Source Code Listing 
Program MM74C922; 

{ 
Inputs 4 bit data from National's MM74C922 matrix key-pad encoder via 

standard Centronics Parallel Printer Port. Output from the '922 is read 

into the parallel port's ( Base Address + 1). D6 Of the (Base Address + 1), 

the ACK line, is wsed “to imput the "922"s strobe signal. When Dé goes to an 

active LOW, the mew value ws displayed on the sereen:. 

Since data is comming in on printer port data lines D7, D5, D4, and D3, 

the data is reformated to ouput numbers between 0 and 15 

USHSs Chany 

CONST DG =. 64; 

VAR InNpiwEeves =< BE; 

Lot_Port_Address : WORD; 

BEGIN { main } 

Lpt_Port_Address := 888; { 632 = IBM's 3ed parallel port address } 

f wee 888 for Graphies Card” Ss printer port, } 

167 



{ and 956 for Monochrome Card's printer port 

(Calaeisxene’s 

CGOEer a (il, IMO) es waeice (oatnjouiEs: = ! )) 5 

REPEAT 

Input_Bits := PORT[Lpt_Port_Address + 1]; { read Base + 1 data bits 

id Mowe ves INN) IDG = @ SUSIE { is there new data to display? 

RIXeION! f seci@raneie Ceice lsnkes ID, IDS, WAS inch IDs, WO 1D), WS, WS, ainel 194! 

IimMyoe ISWES! oS Iajowle IBMeS IKON U2 { invert anverted bite, Dil 

jie ((Atiajouie Asics JNNID) U2) S 1A { format data in high nibble 

IHSIN| Iiajqule_ shes: = (kajeulic_Ieakess Gist; Ib) 4s alae 

GIS Iinjewle IFES B= Ilo leslie; Sisik, ily 

llgoble ISies SS Ihajoble anes Sisin We 4 claiiee ellice eo Ike inalciollts, IDs}, IBZ, ily iDKe 

GOTOXY (10, 10) ; { display new data 

(RUINS, (Aheyorwhe Isaesias))) e 

REPEAT UNTIL (PORT[Lpt_Port_Address + 1] AND D6) = D6; { switch released? 

COMO (ILO), LO) ga Bg { clear data display 

IDNIDes af aie 

UNTIL KEYPRESSED; { press any key to exit 

END. { main } 

C Source Code Listing 
fre Program MM74C922 

Code conversion by Eugene Klein 

Inputs 4 bit data from National's MM74C922 matrix key pad encoder via standard 

Centronics Parallel Printer Port. Output from the '922 is read into the 

parallel port's ( Base Address +1). D7 of the ( Base Address +1) is 

used to input the '922 strobe signal, DATA_AVIL. When D7 goes to an active 

LOW, the byte value is displayed on the screen. 

Pi 

#include <dos.h> 

Fineilude <Sta1oO. > 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

COmMae able IDiy/ = Alay e 

unsigned char Inputs; 

unsigned int LPTx, Lpt_Num; 

void main() 

{ 

Lpt_Num = Select_Printer_Port(); 

Pe = iislic_ iPiealine Cae _IProneie (iLyore_INiuinn)) & 

cimsem Ol 

Porere (AO, 10) ¢ jeresliniest (P iimowlies = ")) 4 

do 

{ 

Inputs. = inport(hPirx + 1); // vead bit's. status 
DE CLnpues- te. Dry) 

{ 
Gotoxy, (Oren e- 

PYINtt ("ss i" inputs); 

} 
}while(!kbhit()); 

} 

168 APPLICATION 36. “Bounceless” Mechanical Key Input 
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Converting DIMF Tones 
to Binary 

Circuit Theory 
Dual tone multifrequency (DTMF) tones are the 

tone signals used for telephone dialing and switching. 

DTMF is also used for myriads of other communica- 

tion applications. You can access data from a remote 

location over a twisted pair or DTMF tone signals can 

be transmitted through an inexpensive FM transmitter 

and decoded at a remote location using a matching 

FM receiver. I have used this method to control a 

small robotic vehicle from my computer. 

In the past, you had to construct a separate circuit 

to decode each tone, but no more. Several companies 

manufacture dedicated IC chips designed to decode, 

filter, and convert DTMEF tone signals to a binary 

number. Basically, you plug audio containing the 

DTMF tones in one end and get a binary number out 

the other. The IC does all the work. 

Figure 37 illustrates how a decoded DTMEF signal 

interfaces to an IBM type parallel printer port. The 

M8870’s inactive high SI line, at pin 15, will go to 

active low each time a DTMF signal has been de- 

(C1 i 

M8870 N S 

auf OTMF Receiver 
ra) = 

18 

uy RS 300k 
6 
15 
14 

(+) 

DTMF IN PHONO JACK (=) 

coded. The SI line is wired to the printer port’s ACK 
line at pin 10. The computer waits for the ACK line 

to go to an active high. When it does, the DTMF 

conversion is read at the parallel printer port’s ER- 

ROR, SELECT, PAPER-END, and BUSY LINES as 
a binary number between @ and 16. 

The M8870 is a CMOS IC chip. Six sections of a 

4049 inverter/buffer are used to interface the CMOS 
M8870’s output signals to the printer port’s TTL logic 

levels. 

Software 
Listings MM74C922.PAS, MM74C922.C, and 

MM74C922.BAS used in Application 36 to input 

matrix keyboard data will work equally well for this 

circuit. Both circuits transmit a binary number to the 

parallel printer port and use the same data bits for data 

transfer. For both circuits, running these listings will 

display a byte of data whenever the ACK line is at an 

active high logic level. 

Surges AUTO_FEED 
ERROR 
INIT 
SEL_INPUT 
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Controlling a Burglar Alarm 
System Through a 

Parallel Port 

Circuit Theory 

In my youth, I worked several years for two large 

central station burglar alarm companies. I quickly 

learned that there was more to installing a burglar 

alarm protective loop than simply running a series 

loop. Professionals follow strict guidelines. 

Underwriters Laboratories (UL) sets the standards. 

Most people are familiar with the tests UL runs on 

household electrical equipment. If the equipment is 

electrically safe, will not electrocute you, or contrib- 

ute to an electrical fire, then it gets a UL Listed “seal 

of approval.” As their name implies, Underwriters 

Laboratories had its origins in the insurance industry, 

as insurance companies wanted to determine how 

safe various products were and minimize their risks. 

The insurance industry still depends on UL tests. If 

your home suffered fire damage and the cause could 

be traced back to non-UL listed electrical equipment, 

you might have real trouble collecting from your 

homeowner’s policy. 

DOOR & WINDOW DOOR & WINDOW 

However, Underwriters Laboratory also tests items 

related to other types of insurance and establishes 

standards. UL has also developed a list of guidelines 

on how a burglar alarm should be wired. Though the 
guidelines for burglar alarm system installation were 

developed for commercial buildings, the same tech- 

niques can be used when wiring you own home. In 

my youth, I spent over two years wiring UL-approved 

protective circuits. The actual equipment used in pro- 

tective circuits may change, but the basic concepts do 

not. The following material describes how to wire a 

burglar alarm meeting UL’s standards fora CLASS A 

supervised protective alarm circuit. You might want 

to check with the insurance company you have your 

homeowner’s policy with to see whether you qualify 

for a discount or other special consideration in your 

coverage for having such an alarm installed. 

What is the purpose of a burglar alarm? A burglar 

alarm is designed to sound an alarm if an intruder 

enters your home. If your home is being burglarized, 

then—by definition—you are not home. An alarm 

DOOR & WINDOW DOOR & WINDOW 

SWITCH SWITCH 
TC 

SWITCH sad WINDOW FOIL 

fs] wacner_{e} (cL macwer [+ 

RESET 

KEY SWITCH 
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device that is triggered while you are in your home is 
called a hold-up alarm. My home has a burglar alarm. 
It is a robotics security guard watching my home 

while I am away, not while I sleep. The following 
material explains how you can design a quality bur- 

glar alarm system for your home. 

A burglar alarm’s protective circuit should trig- 

ger an alarm if any part of the protective loop has 

been compromised. Figure 38-A shows the basic cir- 

cuit. For now, let’s assume the relay is energized. The 

circuit is not as trivial as it first appears. The battery at 

one end of the loop is in series with every sensor. A 

very sensitive mechanical relay is at the other end of 

the protective loop. If any wire in the protective loop 

is shorted or cut, the relay will default to an un- 

energized state. Reconnecting the wires or removing 

the short will not restore the relay to an energized 

state. A contact on the relay can trigger an alarm, and 

the only way to reset the system is to manually reset 

the relay. 

Rather than draw a wiring diagram for each build- 

ing, I always started wiring a room at the main en- 

trance and then proceeded clockwise around the room. 

This procedure can save you a lot of time when you 

have to track down a fault in the protective loop. 

The magnetic switches are used on doors and 

sliding windows. The magnetic switches have two 

parts. The switch has an internal spring holding it in 

one position. The magnet is installed to pull the switch 

away from the spring. When a door or window is 

opened, the magnet moves away from the switch and 

the spring pulls the switch to its normally closed (NC) 

position. As long as the magnet is close, the switch is 

part of the series loop. If the magnet moves away, the 

switch position flips, shorting the battery, and depriv- 

ing the relay of current. 

Any good motion detector, light beam, or infra- 

red detector will come with a SPDT (single pole 

double throw) switch. You can easily integrate that 

switch into the protective circuit by using the same 

wiring methods used for a magnetic switch. 

Sometimes you must use foil to protect a window 

or glass door panel. If the window pane breaks, the 

foil should tear, breaking the protective loop. I don’t 

like foil. The cheap kind is relatively thick and has a 

sticky backing. I have seen broken windows held 
together by cheap foil WITHOUT BREAKING 

THE PROTECTIVE CIRCUIT! Good foil is very 
thin and has no sticky backing. With tailor’s chalk, 

you lay a line on the glass. Using a very fine artist’s 

brush, you paint the line with a very thin coat of 

varnish. Then, when the varnish gets tacky, lay the 

foil on top. Finally, with a wide artist brush coat the 
foil with clear high gloss varnish. The varnish forms 

an almost invisible protective coating for the foil. 

Regardless of how big the picture window is, the foil 

should be laid in one continuous piece. The hardest 

protective circuit fault to detect is patched foil. 

I suggest that outside windows not be part of the 

protective loop. If you are away, and your neighbor’s 

son hits a baseball through your picture window, the 

alarm will be triggered without anyone having ever 

gained access! In my township, you pay a fine for 

every false alarm. Window foil can end up costing 

you plenty. I want a protective circuit that will only 

be activated after an intruder has gained access to my 

home. One motion detector, properly placed, can cover 

an entire room. One light beam, deflected with mir- 

rors, can blanket a whole floor with protection. Both 

work AFTER an intruder has gained access to your 

home. 

The first thing a burglar does when he enters your 

home is look for an escape route. He will quickly 

walk through every room looking for avenues of quick 

exit. THEN he goes back and starts filling his back- 

pack with your belongings. Knowing how a thief oper- 

ates, my favorite defense is floor mats. Floor mats are 

often sold in rolls three feet wide and 50 feet long. A 

wire runs down each outside edge. You cut the mat to 

the desired length and place it under a carpet or area 

rug. Stepping on the mat shorts the wires. Alarm mats 

are like doorbells; they only work when they’re sup- 

posed to. Your doorbell won’t operate unless a human 

finger pushes on the face plate. A floor mat will not 

short its two edge wires unless the mat is walked on. 

Like other good alarm sensors, shorting or cutting a 

wire triggers the alarm. Mats placed in the second 

floor hallway and the first floor foyer might be all that 

is needed to protect your entire home! 

The lamp in the protective loop serves two pur- 

poses. First, it acts as a current limiting device. If a 

short occurs in the protective loop, the lamp will 

brightly light while limiting the battery’s current drain. 

Therefore, if the relay will not energize and the lamp 

is lit, you know you have a short circuit and can start 

looking for an open magnetic switch. 

In practice, the relay and battery are both housed 
in the same enclosure. Usually the enclosure is metal 

and requires a key to open. Figure 38-B shows the 

wiring scheme. Two wires are run to every sensor, 

then the two wires are brought back to the control 

box. In effect, you must run four wires throughout the 

protective loop: two feed and two return. DON’T 

TAKE SHORTCUTS. Four conductor wire is widely 
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available and inexpensive. A would-be thief will find 

it hard to identify and defeat a four wire protective 
loop. 

Several more items have been added to the con- 
trol box. A switch is included to “set” the alarm. This 

might be a key switch on the frontof the enclosure, or 

a manual reset tab on the relay contacts. 

A meter is in series with the battery. The meter 

gives you better information about a faulty protective 

loop. If the ammeter reads 0, then you have an open 

circuit (window foil may be cut). If the meter reads 

full scale, then you have a short circuit (a switch is not 

thrown, or the maid bumped the four conductor cable 

while cleaning, thereby crimping and shorting the 

wires). The meter should display the same current 

every day. If one day you observe an unusual reading, 

it might indicate a dirty contact or loose connection. 

Figure 38-C illustrates how two or more rooms 

should be wired. Each room should be wired sepa- 

rately and then connected together. Note the motion 

detector included in one room’s protective loop. 

In my home, 12 sets of cables are routed to my 

alarm’s control box. At the box, each cable is care- 

fully labeled. The two returns from one cable are 

soldered to the two feeds of the next. I solder every- 

thing. When the system does not set up, I have a lot 

less places to consider for the cause. 

BA CONTROL BOX 

i 

Oz 
—_ m 

Sj 

rc > 

= Ls 

Si 

e 

Figure 38-D shows how to interface the burglar 

alarm’s protective circuit to a computer. Relays gen- 
erate back-EMF. You must protect your computer 

from possible damage. The safest method is to use an 

optocoupler. A second battery supplies current for the 

optocoupler’s emitter LED. Q1 is wired as an in- 
verter. The optocoupler’s active high data bit is in- 

verted by Q1. QI’s active low output is routed to the 

parallel printer port’s ACK line at pin 10. 

Software 
Program listings UL_BA.BAS, UL_BA.C, and 

UL_BA.PAS demonstrate how your computer can 

monitor a burglar alarm system. The printer port’s 

ACK line, pin 10, is held at an inactive low logic level 

by the burglar alarm interface. The software keeps 

reading the printer port’s base + 2 data byte. When 

the ACK line moves from inactive low to active high, 

the (ALEK Ee cao. ” message is displayed. Replace 

the alert message with your software code. 

The circut can activate a TSR hardware interrupt 

such as that described in Application 29. The inter- 

rupt is activated when the ACK line’s logic goes from 

inactive low to active high. 

Installing a hardware interrupt TSR will free your 

computer to do other things but jump into action 
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when an alarm condition develops. Since the ACK 

line is also the pin used by the printer port for hard- 
ware interrupts, no hardware modifications are needed 
when adding TSR software code. Refer to Application 

29 for software details. 
All the hallway lights in my three story house use 

“X10” controllers, similar to the ones sold by Radio 

Shack and Heathkit. The computer controls an X-10 
computer/module controller from the serial port. The 

computer is also interfaced to my home’s six station 

wireless intercom. A TSR is activated by a burglar 

alarm interfaced to the printer port. When activated, 

the computer flashes all the hallway lights and repeat- 

edly “speaks” through my home’s six station wireless 

intercom saying; “ ALERT, ALERT, AN INTRUDER 

IS IN THE HOUSE. POLICE AND ALARM SER- 
VICE HAVE BEEN NOTIFIED.” Oh yes, my out- 
door floodlights are also X10-controlled. If your were 

an intruder and heard sirens wailing, voices yelling, 

and lights flashing, what would you do? 

BASIC Source Code Listing 

L00: REM PILE? 0 UL. BA. BAS 

at BASE, a Eomgo 

110 REM 

120, REM Wait tor parallel printer port's ACK Jine.< pin 10, 

U0) TRVAM EO Slay eieic ahve keh, ielaveiey icthal loybnatolliene’ Gillean Cocke, 

140 REM 

150; IDG = 64 

ISO) Aidjowicisves: = RNR 

170 LptPortAddress = WORD 

180 REM 

190 LptPortAddress = 888: 

200 REM 

210 REM 

220 REM 

23 OMEOCAM Himalnen 40) 

240 PRINT "waiting for alarm condition 

250 InputBits = PORT[LptPortAddress + 1]: 

REM 888 = Graphics Card's printer port, 

use 632 for IBM's 3ed parallel port address 

and 956 for Monochrome Card's printer port 

REM read Base + 1 data bits 

260 IF Input_Bits AND Dé <> 0 THEN GOTO 360 

270 REM BEGIN 

280 CLS 

290 OCA EI wees () 

300 PRIN ALB RI, ALARM CONDETTON EXGEST Si": 

310 PRUNW(ECHNS G7) hes PRIENT (CHR Si (7)))) as PRaEN TE (CHR Sin) 

320 IF (INP(LptPortAddress + 1) AND D6) <> D6 THEN GOTO 320 

330 HOCMNE il, ie 

340 PRINT “alarm condition cleared . 

3500” [TE INKS =" 2" THEN GOTO 220: REM pmess any key to exit 

360 END 

Pascal Source Code Listing 

Program UL_BA; 

{ 
Wait for parallel printer port's ACK lime, pinwW0) ae BASE 3. 1) 

then run burglar alarm code. to an active low, 

} 
WS Sm Cane 

CONST DG = oe 

VAR Input_Bits BYTE; 

Lpt_Port_Address WORD; 

(EXO) KS 
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BEGIN { main } 

iptv Port_Addréss ¢= 888; { 888 = Graphics Card's orinter port, } 
{ use 632 for IBM's 3ed parallel port address } 

{ and 956 for Monochrome Card's primter port } 

REPEAT 

GOTOX a (Es WON 

WRITELN('waiting for alarm condition ‘'); 

imput_Bits. $= PORT (Lpt_ Port Address + 1]- { readuBase + 1 data bites } 

IF Input_Bits AND D6 = 0 THEN UDG sce} gc. exciesivas Ikewye } 

BEGIN 

Giigcierer 

GoToXY (1,10); 

WRITELN(' ALERT, ALARM CONDITION EXISTS' ); 

WRITE (CHAR(7)); WRITE(CHAR(7)); WRITE(CHAR(7)); 

REPEAT UNTIL (PORT[Lpt_Port_Address + 1] AND D6) = D6; 

COLOR (1, 3) 

WRITELN('alarm condition cleared My 

JINID eee ele 

UNTIL KEYPRESSED; { press any key to exit } 

END. { main } 

C Source Code Listing 

a Program UL_BA 

Wawtn cor sparcdi lel painter spore SACK dine, gout l0) ade sBASH ater EO go 

to an active low, then run burglar alarm code. 

i | 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

finclude <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

Gonst int D6 = 64, 

Mnastoneds char Inpurebits, 

unsigned int Lpt_Port_Address, Lpt_Num; 

void main() 

i 
Lot_Num = Select_Printer_Port(); 

Lot port Ad@ress = "Init_Printer Port (Lpt Num), 

Gilliesiea (0) 

do 

{ 

Gioneenay (Cl, 1h0)) 5 

princi’ ("waLting for alarm condition \n")7 

Input Bits = inport(ipt_Port Address + 1)> // read Base + 1 data bits 

4¢ ((input Bite & D6) == 0) //D6 is at active low? 

{ 

C Source Code Listing 177 



clrscr , )i 
Sa! NCUA 

( 

gotoxy ( 
PRInNeE( “ALERT, SEAN ‘cee TD CIGSWGSS Wig? )) 5, 

joie alinters (MUR@ Be Ge LE Re 

while((inport (Lpt_Port_Address + 1) & D6) == D6); 

ChOLECway (CAL, 17) 3 

printf£("alarm condition cleared Nin )) 

} 
}while(!kbhit()); // press any key to exit 

} 
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Pim berks | apni OS Nee eee, 

Converting a Voltage to a 
Binary Value 

Circuit Theory 

The real world is analog—not digital. Things such 

as temperature, the speed of an object, weights, etc., 

are all measured in units that are essentially continu- 

ous and assume an infinite number of values. For a 

computer to monitor conditions in the real world, you 

need a device that can read an infinitely changing 

variable and convert the value to a binary number. 

Fortunately, most real world analog sensors are de- 

signed to output a voltage or resistance proportional 

to the sensor’s status. This greatly simplifies our con- 

version task. 

A true workhorse analog to digital converter 

(ADC) IC is the ADC-0804 from Analog Devices. It 

converts an analog voltage between 0 and 5 volts to a 

binary value between 0 and 255. With the addition of 

a few resistors, it can be transformed into a multi- 

range multimeter able to read voltage, current, and 

resistance. 

J 

(8M PARALLEL PORT 

Figure 39 shows an ADC-0804 interfaced to an 

IBM parallel printer port. The 10K resistor and 150 

pF capacitor form an RC network used by an on-chip 

oscillator. The network receives pulsed energy form 
pin 19. The RC’s output is read at pin 4. The ADC- 

0804 requires a reference voltage. The 5 volt supply 

is input to Vref at pin 9. For more precision measure- 

ments, you can add a reference voltage to REF_IN/2. 

The reference voltage must be half of the maximum 

input voltage. Since the maximum input voltage of 

the ADC-0804 is 5 volts, the maximum reference 

voltage is 2.5 volts. The ADC-0804 contains an inter- 

nal resistor network to supply Ref/2 with a 2.5 volt 

reference. However, you can provide an external 

referance voltage if your application requires it. Fig- 

ure 39 includes a variable resistor for analog zero 

offset, and another variable resistor to adjust Ref/2. 

The ADC-0804 reads the difference between the 

analog ground and the reference voltage, doubles the 

value, and divides the value into 256 parts. That means 

+5V 

ul 

ADC-0804 2 
B BIT A/D Converter 

20 

6) ANALOG IN 

0 - 5 VOLTS 
J2 

PHONO JACK 

6 = = 

SELECT 
+5V GND_H 25 

7 

8 

9 
+5V 

19 

Figure 39 

R2 10K cw R} 10K 

ZERO OFFSET 

ADJUST 

7404B 

Ez? 



you can adjust the ADC-0804 to divide a small ana- 

log input voltage into 256 parts. 

The 10 uF capacitor connected to pin 20 provides 
added supply voltage filtering. The manufacturer’s 

data manual strongly recommends inclusion of this 
Capacitor. 

An IBM parallel printer port uses hardware logic 

to invert the STROBE, AUTO-FEED, SELECT, and 

BUSY input signals. In Figure 39, four sections of a 

7404 octal buffer invert these signals on their way to 

the parallel port. The result: all received bits are inter- 

preted as active high. The addition of a 15¢ IC reduces 

software complexity. Again, reinforcing my credo: 

solder is the best software! 

Each time the 7404’s write line, WR, is pulsed 

low, conversion data can be read from the tri-state 

output buffer. When the WR line is returned to its 

inactive high state, a new conversion is started. No 

conversion takes place while the WR line is low. That 

means the data on DO - D7 will not change (is stable) 

while the WR line is low. 

Software 
On the IBM printer port, the BUSY, ACK, PAPER- 

END, and SELECT signals are read from the port’s 

(base + 1) address. The SELECT-INPUT, INITIAL- 

IZE, AUTO-FEED, AND STROBE signals are read 

from the (base + 2) address. Listings ADC_0804.PAS 

and ADC_0804.C will do the following: 

* set the WR line LOW 

¢ read data from (base +1) and (Base + 2) 

¢ set the WR line HIGH, to start a new ADC- 

0804 conversion 

¢ extract the high nibble from (Base + 1) data 

¢ extract the low nibble from (Base + 2) data 

* merge the high and low nibbles 

* display the resulting data byte 

* repeat the whole process 

It takes the computer longer to digest and display 

the data than it takes the ADC-0804 to do a voltage 

comparison. Therefore, with the provided software, the 

computer is never waiting for a conversion. The ADC- 

0804 computes the difference between the reference 

voltage and the analog ground. It then doubles the 

value, and divides that value into 256 parts. It then com- 

pares the input voltage to the reference and outputs a 

number representing the division closest to the refer- 

ence voltage. Assume the reference voltage is 5 volts. 

If the input voltage is 5 volts, the ADC-0804 will out- 

put 255, if the input voltage is 2.5 volts, the ADC- 

0804 would output 127, and if the input voltage were 

1.25 volts, the ADC-0804 would output 64. Listing 

ADC_DEMO.PAS is a demonstration program show- 

ing how the ADC-0804 typically operates. 

Pascal Source Code Listing 
PROGRAM Adc_0804; 

{ Uses the parallel printer port to input analog data converted to } 

{ 8 lJomie Josuineuay loy ei AiesOcO4) iNoveniexer // IDakepiiceul, ( s\/1D) )), CGomakeicceie IC } 

USIES DOS, Cis 

CONST Wee = SOIL; { DO, at Base Address = Write line } 

VAR Lpt_Num, Lpt_Port_Address : WORD; 

RD, New_Value, Old_Value : INTEGER; 

WOLEES! s- 1U aN ibe 

hoe Ntpble; Ht Nabbile 2 Bywin- 

PROCEDURE Read_Data( VAR Lo_Nibble, 

BEGIN 

{ pull-up all Base + 2, 

PORT[Lpt_Port_Address + 2] := $04; 

Lo Nibble := PORT[Lpt_Port_Address + 2]; 

Hi Nibble := PORT[Lpt_Port_Address + 1]; 

END; { read data } 

PROCEDURE Start_Conversion; 

Hi Nibble ; 

open) Collector outputs puns), 

{ OQODDOLOO\simce* Dil 25 

IENCALIE)) 

BEFORE read instruction } 

& 3 are inverted } 
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{ ADC-0804 will start new conversion each time WR line is strobed } 
BEGIN 

Port [Lpt_Port_Address] := WR; { while software digest the current data } 
Port [Lpt_Port_Address] -:= 0; { Strobe 0804 WR line to start new conversion } 
Port [Lpt_Port_Address] := WR; { while software digests the current data } 
END; { start next conversion } 

PROCEDURE Digest_Data(VAR Lo_Nibble, Hi_Nibble : BYTE); 
BEGIN 

Lo_Nibble := Lo_Nibble AND SOF; 

Hi_Nibble := Hi_Nibble AND SFO; 

RD HaeoNtbble: OR Lo. Nalbbille. 

New_Value := RD; 

END; { digest data } 

PROCEDURE Print_Results; 

{ display the hi nibble, lo nibble, raw data, and scaled voltage value } 

BEGIN 

CGoroxk) 10) go! fo saree pOSLiEvon obsthe: tenthedane } 

Wewpeln( “High Naobites= "hia Nabbite: ay. tu. Low Nibble = '!,Lo_Nibble:3); 

Wiese Sasaki) as Ise 6/ s2sSie 

Writeln; write('Raw Value = ',RD:3,'; Wolhes: = 9 ,Wwellese'y3s 2) s 

Old_Value := New_Value; 

BND: prink results, } 

BEGIN { main } 

hpEe Pore Address == 632; iL IMEYA. = SNSiG,, IClEVN == isiishel ialiake! Shere! joes = 6a2 | 

New Value -:= 0; Old Value ;:= 1; 

Start_Conversion; 

Gulnesyen ek 

REPEAT 

Read_Data(Lo_Nibble, Hi_Nibble) ; 

Start_Conversion; 

Digest_Data(Lo_Nibble, Hi_Nibble); 

{ only waist time going to the screen if reading has changed } 

IF New_Value <> Old_Value THEN Print_Results; 

UNTIL KEYPRESSED; 

END. { main, ADC_0804 } 

C Source Code Listing 

Wes PROGRAM Adc_0804 

Code conversion by Eugene Klein 

Uses the parallel printer port to input analog data converted to 

@ bit binary bywan ADC-0804 Analog / Digital, ({ A/D), converter IC, 

a7 

#include <dos.h> 

#include <stdio.h> 

vastiave lle(Sles <eveleymlial@). ais: 

#include <stdlib.h> 

#include <string.h> 

fFinclude <b10s. b= 

Hi nclucde: UMyauLe UL. nin 

comisic, tae \ihe = (O>:0)ike // DO, at Base Address = Write line. 

unsigned char Lpt_Num, Lo_Nibble, Hi_Nibble; 
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unsigned int LPTx; 

int RD, New Value, Old_Value: 

melee wWolkes« 

void Read_Data (void) 

{ 

// Pull=us all Base + 2), open collector output pins, BEFORE read instruction. 

oOUepowre (TPT 4 2,004) s f/ 000001 00veince IDine Ri) Svereranverteas 

LO Nibble. = inport (LPTx + 2); 

His Nabbile = anport(LPTx.+ 1); 

} 

void Start_Conversion (void) 

// ADC-0804 will start new conversion each time WR line is strobed. 

{ 

outport (LPTx,Wr); // While software digest the current data. 

outport (LPTx,0); // Strobe 0804 WR line to start new conversion. 

GutpOrE(LPTx,Wr); // While software digests the Current data. 

} 

void Digest_Data (void) 

{ 

Lo_Nibble = Lo_Nibble & Ox0F; 

sal INislolkes = Rei INeleioikS ge Opa0)7 

RD = Hi_Nibble | Lo_Nibble; 

New_Value = RD; 

} 

void Print_Results (void) 

// Display the hi nibble, lo nibble, raw data and scaled voltage value. 

{ 
Govoxy (1, 10); 7 Go to first position of the tenth line. ( 

jresime (Veaein Nolsole = 33a. 5 Low Nabble =s3 saan ree Naibloke, LomNa bble)r 

Welles = (Gelleeic) XD a) f/f 2555 

printf("\nRaw Value = %31; WOES = 35,212" IRD), WOES) 

Old_Value = New_Value; 

ViOwG = nam) 

{ 

Loe. Num ="Select Printer Port (); 

LPTx = Init Printer Port (Lpt_Num) ; 

New_Value = 0; 

Old_Value = 1; 

Strap Convweirs soln ®)l 

Gilkesere()) 5 

do 

{ 

Read_Data(); 

Start_Conversion() ; 

Digest_Data(); 

// Only waist time going to the screen if reading has changed. 

if (New_Value != Old_Value) 

Print_Results(); 

}while(!kbhit()); 

} 
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Pascal Demonstration Program Source Code Listing 
PROGRAM Adc_Demo; 

4 Utilize the parallel printer port to input analog data converted to i 
{ 8 bit binary by an ADC-0804 analog / Gigital converter IC } 
{ Display readings in large letters } 

USES DOS, CRI, Myo T Pu 

EYES Char Design = Array(1..8] of BYTE; 

Shee nineieHo) = Siereusaley (lous 

CONST Whe = sls { JO, IWeSa SS Wewieer iste } 

VAR Lo_Nibble, Hi_Nibble, Temp, X : BYTE; 

Lpt_Num, Lpt_Port_Address : WORD; 

Code, N, E, Whole, Remainder : INTEGER; 

Old_Value, New_Value : REAL; 

A By, Sie 2 Seas SOg 

PROCEDURE Print_Large_Letters(St : String80); 

{ Create large letters by reading each pixel in character table and make it } 

{ a Character, 5 by 8 paxels } 

{ Turbo Pascal ToolBoox, Zed Edition, Sybex Pub: by Frank Dutton, Pagbe 253 } 

VAR Table > ARRAY [022255] OF Charl Desvgn ABSOLUDE SFO00SSEAGEH- 

Ordsich, my, Hel) Col, Row, code = antegerx: 

Gla g (Clave 

ieeimer 3 (Stes@unove; (IO)|| 5 

PROCEDURE, EG enar(Col, Row, Woelrinep. tl eChare =. INDMGER Er 

{ display large characters } 

VARY x, 3 Bp Loy INTECERS 

Pattern : Char Design; 

BEGIN 

Pattern v= Tabile(To_ Prim ||; 

Rote. c= 1'5tG 8 00 

Hor Yo z= i toG PO 

BEGIN 

Goltonwy ((CGl=m)) + 8 = YY, ( Row — 2) = xoy 

jis (( iets 1eeicieeica | YSilaie 4) )) Ansia NN, WeeieS (Clare (asl ielaewe)) )) 3 

END? ( tory } 

END; { large character } 

BEGIN { print large letters } 

Goll s= Ite aves gas abe 

WOR It GS ik ine G INC 

BEGIN 

te Seyi way T!O". 609%, 25) Wisin Oieclicin s= ORO(SE Ta} inns Owe Cy R=. 37 

ig Charieol, Row, Ordochy ; “Ord Cin); 

Cel s= Col + oF 

END; { for i } 

END; { print large Letters } 

BEGIN { main, adc demo } 

Select Printer Port (Lpt_Num, Lpt_Port_Address) ; 

Init. Printer Port (bpt_Num, Lpt_Port_Address) ; 

Pascal Demonstration Program Source Code Listing 183 



Cl eScrcursoriOrmn Old Value ra 0; 

(dnitialuzge A/D Chip. } 
POortlipe Pert Address] := WR; 

Port [Lpt_Port_Address] := 0; 

Port [Lpt_Port_Address] := WR; 

DELAY (10) ; { stay within A/D chip timing parameters } 

REPEAT 

{ read data } 

{ipudl-upeall Base + 2, open collector, pins. BEFORE @ read instruction 

PORT (UptsPort Address + 2] := S04; { 00000100, allow tor anverted pine 

Lo_Nibble := PORT[Lpt_Port_Address + 2]; { get DO - D3 bits 

Hi Nibble 7= PORT[Lpt.Port_Address + 1];  { get D4 - D7 bits 

{ strobe ADC-0804 to start new conversion } 

Port [Lpt_Port_Address] := WR; { while software digest the current data 

Port [Lpt_Port_Address] := 0; { Strobe 0804 WR line to start new conversion 

Port [Lpt_Port_Address] := WR; { while software digests the current data 

{ digest data } 

Lo_Nibble := Lo_Nibble AND SOF; { extract the meaningful bits, 0 - 3 

Hi_Nibble := Hi_Nibble AND S$F0; { extract the meaningful bits, 4 - 7 

X 2= HIeNibble OR Lo_Nibble; { put all high bits mm one byte 

{ jorcine mespules 7 

New Welle g= (oo * | 7 255% { convert byte to a voltage between O and 5 

IF New_Value <> Old_Value THEN { only update if value has changed 

BEGIN 

Gioie@roy (IL, 15) ¢ 

Wiesliceulin (Eingin Niloloule = 9 5 isa _iNalisisyileys sim 0% how Nibbite = "es lhomNmbbiles2)r- 

writeln; 

writeln(' D7 D6 D5 D4 IDS) DZ D1 IDOL Yj) s 

Np Se ILS e 

WIR i c= il © 3 IWS 

BEGIN 

WRITE((X AND N) :6); 

iN <= IN IDI 2s 

EHNIDIe “{ aE@NEe  }} 

WRITELN; WRITELN; 

WRITE('The A/D binary value is ',X:4); 

Melle. s= x @ & iuny Asse 

RGiielaiaclere B= OK = By IMOBY QeyS 7 

Str (Whole:3,A); 

Str (Remainder:2,B) ; 

Site eee etme 

WRITELN('; Wolicege = 9, Sie, ' woilltesi?)); 

SOR it a= 1 co 8 WO 

BEGIN 

efoumepar (il, 2) ez 1a) 8 

WRITE (' 

HNIDe <{  ieore 1 | 

Print_Large_Letters (St) ; 

Old_Value := New_Value; 

ANDe ff abt 

UNTIL KEYPRESSED; 

END. { main, adc demo } 
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Analog Sensors 

Circuit Theory 

This section presents a varied collection of ana- 

log sensors to be used with the ADC described in 

Application 39. 

Figure 40-A shows a pressure/vacuum sensor built 

around the Motorola MPX2100 pressure/vacuum sen- 

sor. This device will respond either to pressure placed 

upon (such as by contact with another object) or to a 

drop in air pressure. 

Figure 40-B shows temperature sensors built 

around the LM34 and LM35 ICs from National Semi- 

conductor. The LM34 senses the temperature in Fahr- 

enheit while the LM35 senses temperature in Centi- 

grade (Celsius). The output of both devices is 10 mV 

for each degree in Fahreneheit or Centigrade. The 

range of the LM34 is —S0° to +300° F while that of 

the LM35 is —5S° to +150° C. These devices are self- 

contained; no external thermocouple or other measur- 

ing device is needed, 

A frequency to voltage converter is a circuit whose 

output voltage varies in accordance with the frequency 

variations of an input signal. Figure 40-C shows such 

a circuit built around National Semiconductor’s 

U2A 

WC 33079 

ul 

MPX2100 

PRESSURE / VACUUM SENSOR U28 

WC53079 

6 SS 
LOW POWER QUAD OP AMP 

+ MC33079 

Figure 40-A: Pressure/Vacuum to Voltage Converter 

i 

LOW POWER QUAD OP AMP 

i) 

LOW POWER QUAD OP AMP 

LM131 voltage to frequency converter IC. That’s not 

a misprint—the LM131 is designed primarily for 

voltage to frequency conversion applications, but can 

be configured to handle frequency to voltage conver- 

sion. The input can be a pulse train or square wave of 

3 volts or greater amplitude, and the output voltage is 

equal to: 

input frequency * 2.09 volts * (RL/RS) * (RT * CT) 

Figure 40-D shows another frequency to voltage 

converter. This circuit uses the LM2907 from Na- 

tional Semiconductor, a frequency to voltage conver- 

sion IC designed for use in tachometers and motor 

control circuits. The output of the circuit in Figure 40- 

D will increase at roughly the rate of one volt for each 

67 Hz of input frequency. 

The signals from these and similar sensors may 

need amplification and conditioning before being fed 

to an analog to digital converter. A useful and versa- 

tile circuit for such a purpose can be found on pages 

32 to 40 of the February, 1993 issue of The Computer 

Applications Journal. This circuit, developed by Steve 

Ciarcia, offers a gain of up to 10. 

100 & 

u2c 

MC33079 

U20 

MC33079 

13 & ZERO OFFSET 
14 

LOW POWER QUAD OP AMP 
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+5V 

C3 
0.1 uf TO A/D 

OUTPUT EQUALS 
10 mv / F deg 

LM34 

F AHRENHEIT 

75 

Figure 40-B: Temperature to Voltage Converter 

Vs = +15 Volts 

Figure 40-C: Frequency to Voltage Converter — 
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+5V 

ee LM35 
a CENTIGRADE TO A/D 

OUTPUT EQUALS 

10 mv / C deg 

75 

RT * 
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+15 Volts 

© | FREQUENCY 
5 iS TO VOLTAGE 

C3 3 CONVERTER 

10 uf 

FREQ IN — +V OUT 
67 Hz / Volt 

R3 
C1 

id i 0.01 uf 

GND 

Figure 40-D: Frequency to Voltage Converter 
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Serial Analog to Digital 
Conversion 

Circuit Theory 

The ADC-0804-based analog to digital converter 

circuit described in Application 39 has parallel out- 

put. This means all eight bits are output simulta- 

neously on different lines. This is the fastest method 

of data transfer. Serial output means each bit is sent 

on the same line, one bit after the other. Though serial 

data transfer is much slower than parallel data trans- 

fer, there are times when it may offer a practical 

design solution. Serial links need only four wires for 

interconnection while parallel links require eleven. If 

sensors must be opto-isolated from your micropro- 

cessor, then a serial link simplifies the process. It 

takes a lot less parts and space to isolate four wires 

than eleven. The final project will use less printed 

circuit board space and probably cost less. 

The TLC548 is a CMOS 8-bit analog to digital 

converter IC with serial control. The TLC548 has an 

internal clock running at about 4 MHz. Using this 

internal clock, it can make very fast conversions be- 

cause it uses 8-bit switched capacitor successive ap- 

proximation ADC technology. It takes only 17 psec 

per conversion, which translates into 45,500 8-bit 

conversions per second. 

U3 

TLC54B 

8-BIT SERIAL A/D 

ANALOG IN 

0 - +REF VOLTS 

Figure 41-A 

The TLC548 requires a reference voltage between 
2.5 and Vcc volts for linear operation. The TLC548 

divides the reference voltage into 256 parts. The ana- 

log input voltage is matched to the nearest reference 

voltage division. The result is placed in an output 

buffer for serial transmission. Think of the reference 

voltage as a “gain” control. You can adjust the full 

scale reading by adjusting the reference voltage. A 

Zener diode in series with a resistor can be used for a 

calibrated voltage divider. 

The output is controlled by an external clock 

pulse, VO_CLK. The /O_CLK pulses have no effect 

on internal data conversion operations. Their only job 

is to tell the TLC548 when to put the next data bit, 

D_OUT, on the data line. Since it is CMOS, the 

TLC548 is well suited for battery powered data log- 

ging. The data sheets say this chip can drive two TTL 

loads. Therefore, the TLC548 can be directly inter- 

faced to a TTL logic parallel printer port 

Figure 41-A shows the simplicity of interfacing 

the TLC548 to a parallel printer port. R2 and R4 form 

a voltage divider. The output, tapped at the wiper 

blade of R2, is the reference voltage input for +REF, 

pin 1. The input analog voltage can vary between 0 

J 

0B-25 

IBM PRINTER PORT 

SEL_INPUT 

18 GNO_A 

raz one id 
23 GNO_F 

24 GNO G 
PAPER_END 

SELECT 1 
(1S) (©) (9) O) S} (2) (E) {9 @) (O18) 



volts and +REF, The TLC548 sends 8-bit conver- 

sions, serially, one bit at a time, from D_out, pin 6. 

Figure 41-B shows how to opto-isolate a TLC548. 

The HCPL-2211 is designed to accept a CMOS logic 

signal for input. The HCPL-2211’s input LED needs 

only 1.6 ma. for proper operation. It is designed for 

SMB signal rates, well above the TLC548’s highest 

output rate. Input and output logic have beed de- 
signed to parallel Figure 41-A operation. Thus, the 

same software will correctly control both Figure 41- 

A and Figure 41-B. 

Software 
Program listings AD_SER.PAS and AD_SER.C, 

show how to input data from a TLC548. The soft- 

ware follows the following steps: 

1) Chip Select, CS, is brought to an inactive high. 

2) YO_CLOCK is brought to an inactive low. 

+6 VOLTS MAX 

REF ADJ 

ANALOG IN 

8-BIT SERIAL A/D CONVERTER 

Figure 41-B 
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3) CS is brought to an active low. As the CS line 

goes from high to low, the most significant bit 

(MSB), D8, from the previous conversion is 

placed on the serial output line, DLOUT. 

4) A “mark time” clock pulse is sent (I/O_CLK is 

set high, then low). 

5) Seven more clock pulses are sent. On each 

trailing clock pulse transition, from high to 

low, the next data bit is placed on the serial 

output line, DLOUT (D6, D5, D4, D3, D2, D1, 

and finally DO). 

6) On the same trailing transition that places data 

bit 4, (D4), on the serial output line, (D_OUT), 

the TLC548 starts the next data conversion. 

The delay loops are not needed on my slow run- 

ning AT. However, time delay may become an issue 

when operating from a high power 486 or Pentium 

machine. If your machine is “slow,” then the delay 

loop code can be removed. 

J 

IBM PRINTER PORT 

PAPER_END 
SELECT 

O00000000000 
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Pascal Source Code Listing 

PROGRAM AD_ SER; (i ~e=( 2put analog data from a serial A/D, the 7c54¢8 } 
USES) CRT DOS 

VAR Lpt_Num : INTEGER; 

Lpt_Port_Address : WORD; 

PROCEDURE Select_Printer_Port (VAR Num : INTEGER; VAR Lpt_Port_Address : WORD) ; 
{ Ask user which printer port to use. Check to make sure } 
{ that printer port is available. Function returns port } 
{ address of selected printer port. } 

{ The Programmer's PC Sourcebook, MicroSoft Press, 1991, Page 7-75, } 

{ Compute's Mapping the IBM PC, Compute Books, 1985, page 234 } 

CONST Base_Address = 1024; { base address for IBM printer ports } 

VAR Remp,, OLEset 2) INTHCER: 

ley “2 (CisvNets 

BEGIN 

REPEAT 

CirSer; WRITELN; WRITELN; WRITELN; 

VRGEE Th WRENS “vou swenite ro use sri ih 2) sor Bi) 

REPEAT 

Read (Num) ; 

be Nam: aN ies Sil THEN BEGIN) END 

ELSE BEGIN 

WRITE (CHAR(7)); WRITELN; 

WRITBE. You must emtern a numbers 1 2, or se ))- 

END; 

ORNs ENG a eS ull 

Opeset 92 — io) Sa Nila) ete Orne Sic = (yA eS Ole= SIPs es vamicle ewe Tiles at 

iy (Oheeseie = 10) AMSA 

BEGIN 

WRITELN; 

WRITHING Port selected’ is) not mmstalled on thvs machine. | i 

WRITELN; WRITELN('PRESS ANY KEY TO CONTINUE: '); 

REPEAT UNTIL KEYPRESSED; Ch := Readkey; 

END 

ELSE Lpt_Port_Address := MemW[0: Base_Address + Offset]; 

UNDG O£fsekr <>. 10); 

AND { £and ipeidl } 

PROCEDURE Run_TLC548 (Lpt_Port_Address : WORD) ; 

CONG we Sy { value for time delay, will vary with computer model } 

{ 
Use printer port, base address, bit D0, for Clock, CLK. 

Use printer port, base address, bit Dil, for Chip Select, CS: 

Use printer port, base address + 1, bit D7, for serial data input. 

(* gub *) PROCEDURE Init Pore; 

{ =@66 CLE, at printer port. D0) Low, end Set “Co, 

ab printer port Dl, to INACTIVE HIGH. 

=pelay, so chip cantdigéese the instruction 

} 
BEGIN 
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PORT [Lpt_Port_Address] := 2; { 00000010 } 

IDEN yAWe (ie)) 5 

PORT [Lpt_Port_Address] := 0; i eee CS ainxel Cu ike 3 

Ta) H ey Aya (Ell) 

TANIDIS 4 Ghulley, slime jexesaie jj 

(* sub *) PROCEDURE Start_up; 

{ 

chip counts two clock ticks before outputing data 

} 

BEGIN 

PORT [Lpt_Port_Address] := 0; { (seb CSmandCiike slows at 

ID bye (he) 

PORT [Lpt_Port_Address] 

ID MEV WE (ie) 2 

PORT [Lpt_Port_Address] 

DELAY (t); 
END; 

er SONS CERCLC Saat gh y 

On { set CLK low } 

(* sub *) PROCEDURE Strobe _CLK; 

{ 

each cllockystrobe puts nexe data bit son Daou. Dim) 6 

} 
BEGIN 

PORT [Lpt_Port_Address] := 0; { set CLK low } 

DELAY (t) ; 

POU injee terete Neches] s= ile { sec Clix Iancin |} 

IDJENLVANE (ie) F 

PORT [Lpt_Port_Address] := 0; { set CLK low } 

DELAY (t) ; 

END; 

(c2 Siuile) <*)) IPIROCIMDIUIEGS, Iisjeible_iDyeiec) 

{ 

input serial data bits and display value as they are read in 

} 
VAR Data, Mask, Bite : BYTE; 

Cia, ge (ClsuNRs 

BEGIN 

Masi 128 af bit value for pranter port, base +)iy =p ae 

REPEAT 

SieSiig WO 

(CLOMIODAE (CAL 7 5) 8 

WRITELN('BIT VALUE'); WRITELN; 

( above iD } PORT [Lpt_Port_Address] := 0; { Sele CS LO, Ci ITOK } 

DELAY (€) ; 

Bate =—(" PORT(Lptc Port Address > 11)"; 

( pmocess |] IF (Bite AND Mask ) <> Mask THEN Data := 128 ELSE Data := 0; 

{ display } WREITHEN('D7: "| ((data AND, 128). \ cue 

{ input D6 } Strobe_CLk; 

Bite s=  (. PORT [Lpt! Port Address. ile: 

| jomeocess | IF (Bite AND Mask ) <> Mask THEN Data := Data OR 64; 

{ display } WRITELN('DG: “7. ((data AND 64) )3n- 

Strobe_CLK; 
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I A ON 

ibajowlie IDE, } Strobe_CLkK; 

Bite = ( PORT([Lpt_Port_Address 
process } IF (Bite AND Mask ) <> Mask THEN 
display } WRITELN('D5: ', ((data AND 32) ) 

anpute Da. <j Strobe_CLK; 

Bite += ( PORT[Lpt_ Port_Address 

process } IF (Bite AND Mask ) <> Mask THEN 

display } (NESLILBIELANY (IDV Skene cl ZN) ALG)))  }) 

Ape Bs: 7 Strobe_CLK; 

Bite := ({( PORT([Lpt_ Port Address 

process } IF (Bite AND Mask ) <> Mask THEN 

display } WRITELN( ‘D3: °*, ((data AND 8) ) 

impute D2 Strobe_CLK; 

sbmyoisics 1Dp> a} Bice —— (elOkT (mom eoOraeAdcness 

process) } IF (Bite AND Mask ) <> Mask THEN 

display } WE eREaN (D2 ts, (Gata AN Dn 4s)e re 

Tpwt Di} Strobe_CLK; 

Bitters =— ( PONT [iptEs Ponta Adcresics 

process } IF (Bite AND Mask ) <> Mask THEN 

display } WRITELN('D1: J (ereieer PANDY Ai) 4) 3 

ip D0 Ss} Strobe_CLK; 

Bite := ( PORT[Lpt_Port_Address 

process DO } IF (Bite AND Mask ) <> Mask THEN 

display DO } WRITELN('DO: Y, (Cerca “iNipy i) je 

WRITELN; WRITELN; WRITELN('Data = 

IF KeyPressed THEN Ch := ReadKey; 

PNET ORDICh)y =| 27; 

EHNIDS af “aliakethe: yelsticn }) 

BEGIN { main } 

di a fall Cent Xo hg 

posi ea Drshetely 

END? 4 main, iqbhoy WOLISIS anes 

BEGIN { main } 

Selecrerrei mbes Port (ipet Num, 

GAlniaS Ger 

Run_TLC548 (Lpt_Port_Address) ; 

Lpt_Port_Address) ; 

fea ey 

Daicel = Daca OR Hs 

Pe 

Se) ee 

Denice, 2= IDeice. OR Iles 

sayy 

BD I ay 
DANEEe, Sa Whee OR (eye 

node 

sce eh aes 
Data DatamOk 4, 

09 

2 ee led be 
IDNEE! G= IDEIES OR 22 

BON; 

fa pall Sa 

DAES, F=— iDehes) IR Ie 

SNe 

U ,Weieass))) F 

{ press ESC to end program } 

END. 

/* 

a 

#include 

#include 

#include 

#include 

C Source Code Listing 

PROGRAM AD_SER 

Code conversion by Eugene Klein 

<dos.h> 

ASheClie). als: 

=COmdO. Me 

EGU ao) Ie 
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#include <string.h> 

#include <bios.h> 

#include "My_TPU.h" 

/* 

Input 8=bit analog conversion from T.1.'s TLC548 serial A/D Conyerter 

via your IBM / IBM clone parallel printer port. 

bi 

ielle@eie Wolhess 

CGOnlisic Midie We = BOs // Time delay in milliseconds. 

unsigned char Chip’Select; //Di.“="Base Address, Printer Port Pin 3;) inactive, high 

Signal. 

unsigned char Clock; // DO = Base Address, Printer Port Pin 2, active high signal. 

unsigned char Data_In; // D7 of ‘Base Address + 1 = BUSY line; Pin Tl on .~printes 

Gas, 

// used to input serial data. 

unsigned char Output_Data, Lpt_Num; 

int Input_Data_Byte; 

unsigned int Temp, LPTx; 

unsigned int Input_Data_Bit( unsigned int Temp,int Bit_Value) 

{ 

unsigned char T; 

ff aasjowe Cece, lowe 

QUEDOKE (LPI, Oi //Chipe Select wand Gllock ysen cond: 

delay (T) ; 

ji See Cg Seilece, Wil, WOW, ial Clhexel<, iO), laiekeia. 

delay (T) ; 

CUNEO (HEADS, iL)) // Chip_Select and Clock set to 0. 

// Read data bit. 

delay (T) ; 

Teiie) = awinjexoieic (Leib 4. iL); 

Temp &= Bit_Value; 

fi} SE Clock, DO, lowe 

outport (LPTx, 0) ; Vi Choe See ico O- 

delay (T) ; 

return (Temp) ; 

void main() 

{ 
ji SelleGesehepGinces pose that the) A/D converters. Vs Connected) tor 

Lpt_Num = Select_Printer Port (); 

lei = ini eelbGpumbene > ome (pt. Num); 

// Initialize A/D converter T/O pins: sChipecelléce GP HIGH, Clock = Low, 

Se iligexeie (()\ ¢ 

do 

{ 
Chip. Select 2925977) CO0000L0) Set CS to anactiver nig, 

Clock esi 

Outplit_Data = Clock. ‘Chip Selects // Debaulewsettings. for clock anaycc. 

outport (LPTx, Output_Data) ; // Sev default settings cndprinter ment. 

delay (T); // Let A/C chip digest that information. 

// Set Chip_Select to Active Low, still keeping Clock low. 
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} 

// Data conversion is placed in tri-state buffer. 
// MSB Of previous “eonversion is placed on output data 

Clock = 0; Chip Select = 0. 

Output Dete = Clock 4.Chip Gellect: 

OME OVSeRcE, (MNEME.< KOVNE ONE _ Deis.) = 

delay (T); 

// Read MSB from data line. 

Temp = PamCre(LerTe + 1) S18 

inpuEeDabelsyte — Temp; 

/ 

Gocoxy (5,6) 5 prince ("*%4i", Temp) ; 

// Read Dé. 

Tenpe = Lnipuie Delain (oem, 

IMinMitebaceL byte = Inout Data. 

printf ("%4i", Temp) ; 

// Read D5. 

Renp. = input sDatas Bit ( Temp, 

input Data Byee = Input Data: 

princt ("$41 "| THenp) ; 

// Read D4, 

/ 7 Wael thas elock pulse, the TERC548' stants another 

// Current value remains in tri-state buffer. 

Temp = Input_Data_Bit( Temp, 

input_Data Byte = Input _Data_ 

Fo ead (see ee TINO) Se 

jj Read D3. 

Temp = Input_Data_Bit( Temp, 

tnpwt. Dabal Byte, = Inpwe Data. 

Diem et io Penne )ice 

// Read D2. 

Temp = Input_Data_Bit( Temp, 

Input Data byte — Lnpur se Dabas 

isdadiot (lea emia) es 

// Read D1. 

Temp = Input_Data_Bit( Temp, 

input. Wate pyee =) Tipue Datars 

Joneneaueney@ we s7bsLl jTkexivey Wer 

// Read DO. 

Temp = IMput_Datal Bit ( Temp, 

ibnjSiile Bele! live = lhayoliie UIBreWereies 

Oismtet (tro Ae emp) 

jf Display Resulle- 

ereletopaglCsy,, NG) 5 

printrt (“Input Data Byte = 251", Input_Data_Byte); 

= ((float)Input_Data_Byte * 

foe Dantes (ee Voltage =— oo 2 © sO Ss); 
Volos 

}while(!kbhit()); 

64) ; 

Byte 

32) 5 
Byte 

16) 5 
Byte 

ony 

Byte 

Ai 
Byte 

Za 

Byte 

iN) 

Byte 

Dy) 

Temp; 

Temp; 

Temp; 

Temp; 

Temp; 

Temp; 

Temp; 

fe ANSE 

line. 

ie Nislliules Valoxy alsa “Sims aie; 0) one 1 Qiey- 

conversion. 
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Multiplexed 8-Channel, 8-Bit 
Analog to Digital Converter 

Circuit Theory 
The ADC-0809 ADC chip from Analog Devices 

contains eight analog inputs lines, INO through IN7. 

Each input line can convert a 0 to 5 volt analog input 

signal to a binary number between 0 and 255. There 

is actually only one analog to digital converter on the 

chip. The eight inputs operate like an receptionist’s 

telephone switchboard. You select which input you 

want from address lines ADO through AD2. Next, 

you tell the chip to read the address lines by sending a 

strobe signal to pin 6, the START conversion line. 

The ADC-0809 permits a single 8-bit port (like your 

PC’s printer port) to monitor eight analog signals, 

making it ideal for instrumentation monitoring 

applications. 

After the strobe signal is received, the ADC-0809 

does an analog to digital conversion of the selected 

input. The digital output is transferred to a tri-state 

buffer. The use of a tri-state-buffer means the chip 

can share data lines with other ICs. Only when the 

OUTPUT ENABLE line (OE, pin 9) is high will the 

data lines be “electrically” connected to the data bus. 

The circuit in Figure 42 uses the 5 volt supply 

voltage for a reference. If your application requires it, 

you could increase the chip’s accuracy by providing a 

precision 5 volt reference for +REF. Printer port cir- 

cuitry provides inverting buffers for control lines 

STROBE, AUTO-FEED, SELECT-INPUT, and 

BUSY. On a printer, these lines are kept at inactive 

high logic levels. The computer provides buffers that 

invert these signals so its software is kept to a mini- 

mum. To keep OUR software to a minimum, four 

sections of a 7404 octal inverting buffer are used to 

invert the inverted logic. The result: when any ADC- 

0809 data line is high, the software “sees” a logic 
high. 

It should be noted that the SELECT-INPUT, INI- 

TIALIZE, AUTO-FEED, and STROBE lines of base 
+ 2 have open collector outputs. Before you can read 

from these pins, you must first set the four pins to a 

logic high. The ADC-0809 requires an external oscil- 

lator for proper operation. The Analog Devices data 

manual recommends a frequency of about 500 kHz. 

The crystal scillator, OSC1, is input to the ADC-0809 

at pin 10 (the CLK input pin). 

Software 
The programs ADC_0809.PAS — and 

ADC_0809.PAS.C ask the user to instruct the pro- 

gram with which printer port to use. Next, the pro- 

gram repeatedly reads the data at each input. If the 

value has changed from the last reading, then the 

new value is displayed on the screen. It takes time 

to write to the screen. There is no reason to waste 

time updating a display that has not changed. If the 

value has not changed, the program immediately 

reads the next analog input value without updating 

the screen. The user presses any keyboard key to exit 

the program. 

ee 4 
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Figure 42-A 

Pascal Source Code Listing 

PROGRAM Adc_0809; 

{ 

Operate a multiplexed eight chanel A/D converter from a standard 

Centronic Parallel Printer Port. 

} 

USES CRI DOS a MyaeL oul. 

CONST 

{ input linex, BASE + 2 } 

DO = 1; { STROBE line line, base + 2, pin 1 on: Cen. Par. Con. = DO } 

D1 = 2; { AUTO-FEED line; base +2, pin 14 en Cen. Par. Con. = Dt } 

D2 = 4; { INITIALIZE line, base + 2, pin 31 on Cen. Par. Con. = D2 } 

D3 = 8; { SELECT-INPUT line, base + 2j~pin 36. om Cén. Par. “Con. = Da} 

{ input lines, BASE + 1 } 

D4 = 16; { SELECT line, base + 1, pin 13, on Cen. Par. Con. = D4 

DS = S25 { PAPER-END line, base + 1, pin 12 on Cen. Par. Con. = D5 
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IDI = fel 1 ACK lane, base + 1, pin 10 on Cén. Par. Con. = D6 } 
Dy = Gal. v BUSY fine, Base +1; pin’ li on Cen. Par. Con. = D7 } 

OM) = Sys { D5, base address, pin 7 on Cen. Par. Connector } 
{ NOTE: pin numbers are for 36 pin Centronics Parallel Connector } 

Max_Channels = 7; { max number of channels used on ADC-0809 } 

VAR BE INTEGER; 

Cla CHAR; 

Lpt_Num, Lpt_Port_Address WORD; 

Data lSspAUlah A 

Regs REGISTERS; 

PROCEDURE Start_Conversion(E INTEGER; Lpt_Port_Address WORD) ; 

{ pulse Start Conversion line, of selected channel E, } 

CONST Strobe = 78> 

VAR Pulse ENED 

BEGIN { start } 

{data bit D3 is used to send ‘start conversion' pulse } 

If E > Max_Channels THEN E := 0; 

Pike. =e TOR. Strobe: 

Pore letra rone Address” t=) he { select channel } 

Pore | Lpe Ponte Address] s= Pulses { strobe Sittarnt Mine HiGH } 

POE [pt ePort AGdress» = Es { strobe start line LOW } 

END; 1 esicamrt. } 

PROCEDURE Read_ADC0809( E INTEGER; Lpt_Port_Address WORD; VAR Data ENGINE) 6 

VAR Templ, Temp2, Carry BANC AG EH, 

High_Nibble, Low_Nibble Bane 

BEGIN { read 0809 } 

{ read A/D data } 

Pome lupterOreEAdaressiis-=—) sh OR OR { EUbneon rial cease souleput 

{ set all pins HIGH so you can read from base + 2 } 

Port [Lpt_Port_Address + 2] := Port[Lpt_Port_Address 

delay (50); 

how Nabble = Port [pt Port Address + 21; 

Port [Lpt_Port_Address + 1]; 

2 ORS SO 

{ allow ADC-0809 time to digest instruction 

High_Nibble := 

Port [Lpt_Port_Address] := 

Start Convers2on(s + 1, 

{ digest raw data } 

sue Ak 

Lpt_Port_Address) ; 

lEueidl TONE Ici =Sicenee Cielicowve 

{ give 

High_Nibble := High_Nibble AND SFO; { iste. tO) = Ia LOOOC 

Low Nibble := Low_Nibble AND SOF; tL Jsltipse (is = OO OaL aL a a 

Data := High Nibble OR Low_Nibble; 

END; { read 0809 _ } 

PROCEDURE Display_Value(E INTEGER; Data Tegal )) & 

VARGA tor, ly) INTEGER; 

BEGIN { display } 

Oh Be glo Sh eS ho le, BS ae 

CORO (Gis * 3. ee ol) 

WRITE( ‘CHANNEL #',E, '‘': D7 D6 D5 D4 D3 D2 DAL DOL? )) 

REPEAT 

Tie Dera ANID S = <P Unsemiy at p= ‘slau i f= oO, 

GOTOXY (64 7 ela Fea ly + bp WREPECT SS ); 

Geode So Siu. (Uy eae UL Te alee 

(GINBMIEIy WE S- {)F 

Pascal Source Code Listing 

A/D time for next conversion 
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GOTOXV (GA See.) Wich (DAMA Oy aLClaC 

END; e{ (divspillay .} 

i =, =~ 

BEGIN { main } 

Select_Printer_Port (Lpt_Num, Lpt_Port_Address); { in My_Tpu } 

Cubes OIE s CllisSeirs 

WRITELN (' -=[ ADC-0809 MULTIPLEXED A/D CONVERTER ]=- Je 

REPEAT 

Start_Conversion(0, Lpt_Port_Address) ; 

HORS Hi — m0 wOmMaxeChannelc  —)© 

BEGIN { for e } 

Read_ADC0809(E, Lpt_Port_Address, Data ); 

Display_Value(E, Data); 

IF KeyPressed THEN Ch := ReadKey; { check for request to exit 

HINIDA { ieeie @ } 

WINALL QORO(Cla) = Bs { pressing ESC exits program 

CILIeSere 

END. { main } 

C Source Code Listing 

a PROGRAM Adc_0809 

Code conversion by Eugene Klein 

Operate a multiplexed eight channel A/D converter from a standard 

Centronic Parallel Printer Port. 

yd 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

#include <stdlib.h> 

#include <string.h> 

#include <bios.h> 

finclude "“My-TPUlh" 

COME WaSweiaecl Clacue SIC = (else //Escape 

ff sensible Ilaines, iByYNGI db 2 

GCs aliale IDG) = ie Li} SHUOVI -, lovesies | joka Ik Gl Gein. Pee, Coin, = DO 

CCiagic alidie Dil = Ay Hi FROMOSIMHAD) IalwWe, lees = 2, joulia 4o Cia Gein, Peis. Com, = 

const int D2 = ae // INITIALIZE line, base + 2, pin 31 on Cen. Par. Con. = 

COnsie alte Ds = Bs // SELECT-INPUL Jame, base! 2, soim 36 on) Cen sean.) Con: 

//f input: lines; "BASE + 1 

Gieirsic aliaie D4, = 6s // SElLECR dine, base: sis, joan hse onuCenmasear asCon ab 4 

COinNSic alice DS s 325 // BAPER-END lamer base 2 ia mama) 2 sone Cen weber Con a= 

Const, ait IDG = GAs //{ ACK line, base + dh,.9pim, 10) enyCeny sear-eaCon. f=9D6 

COME alae Dy? = Gals // BUSY line; base 4-4) a 0 el on Gen= ePar 2.Gonm.. D7 

COimsie sighs OF = 325 // D5, base address, pin 7 on Cen. Par. Connector 

// NOTE: pin numbers are for 36 pin Centronics Parallel Connector 
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const int Max_Channels = 7; // max number of channels used on ADC-0809 

Agaue Me 

char ‘Glave 

unsigned int LPTx; 

unsigned char Data, Lpt_Num; 

union REGS Regs; 

void Start_Conversion(int E, unsigned int LPTx) 

// Pulse Start Conversion line, of selected channel EF. 

Gone ame Strobe = 9S) 0// Datta bute DS Ws ticsed ton cencletartaconvercsion: 

unsigned char Pulse; 

if (BE > Max_Channels) 

B= Ol 

Pulse = Ei |) Strobe: 

Quit wore Puts, ne // Select channel. 

Outport (hPTx, Pulse); // Strobe start line HIGH. 

OvUlEpori (LPT, Eye // Strobe start line LOW. 

void Read_ADC0809 (int E, unsigned int LPTx) 

{ 

unsigned char Templ, Temp2, Carry; 

unsigned char High_Nibble, Low_Nibble; 

//Read A/D data. 

Ouizpore (api WH | SOR) // Lurnione bica—stace, OMepuies 

// Set all pins HIGH so you can read from base + 2. 

OULpOrEe (EEE +) 2, 1npork (Ulex 92)" | 10x04) es: 

delay(50);  // Allow ADC-0809 time to digest instruction. 

Low_Nibble = inport(LPTx + 2); 

HighoN ppblte =i1nport (Pix a a). 

SWE Orit Wess MN irm/s/ Ee ist cis Shalke OulpUltes 

Start_Conversion(E+1,LPTx); // Give A/D time for next conversion. 

// digest raw data 

High_Nibble = High_Nibble & OxF0; hf IDS TO) = ALL LOOWO 

Low_Nibble = Low_Nibble & Ox0F; Hf Ve OPS CONO ONO sal a 

Data = High_Nibble | Low_Nibble; 

void Display_Value(int E, unsigned char Data) 

{ 
ivaycs Sige ey Obes WUly 

(Uf ens Sia I IE), Si 

CGOmOmy ly es) eee wen) ay 

printf ("CHANNEL # %1: D7 D6 D5 D4 D3 D2 D1 

do 

{ 

ane ((Dyeterew We 733)! Se iSe) 

MN res 

else 

nth Ge Oe 

Gorony(o4e— (Ul 426), 8 * 3 ah 1)> primcii ssa" Ty 

Sore or Ue Uo i, 

Jwhi le (U<=8) ; 

govoxy (1,82 = Ls 1); printi("s31. dec = , DEWEEL)) 4 

DOW EDs 

pulse. 
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void main() 

{ 

Lpt_Num = "Select Printer _Port (); 

ines = Ihelalie jPrealiatefene _Jexonete ((Iujehe_INibhi) F 

Ciesiow One ())e Giese () 5 

jOlerLiaene ((“ -=[ ADC-0809 MULTIPLEXED A/D CONVERTER ]=- Nag) e 

do 

{ 

Sireeuee_ Corn iesinneay(((0), i2e) = 

for(E = 0;E <= Max_Channels;E++) 

{ 

Read_ADC0809(E, LPTx); 

Display_Value(E,Data); 

ae (Solace ()) } 

Cla = Geiecia() g // Check for request to exit. 

} 

}while(Ch != ESC); // Pressing ESC exits program. 

Gulsesxeie (()) 2 

} 
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Notes on Stepping Motors 

Most of the following discussion is limited to the 

most popular motor type: the 4-coil stepping motor. I 

have seen 3-coil and 5 coil steppers, but the 4-coil 

version is the one most often used in book and maga- 

zine projects. Stepping motors are the easiest type of 

motor control possible from your computer. Your 

computer sends TTL out the parallel printer port. The 

signals are amplified by driver circuits, which in turn 

power the motor’s coils. 

During power-up, you monitor limit switches to 

initialize the motor shaft’s position. Stepping motors 

are popular because, after initialization, they do not 

require any feedback circuit to monitor the shaft’s 

position. The computer signals tell the motor where 

to go. Unless your load is too big for your motor, the 

shaft will be where it was told to be. 

Stepping motor drivers are designed to satisfy the 

stepping motor’s large current and voltage appetite. 

In addition, drivers insulate the computer from induc- 

tive load back-EMF. Energy stored by the motor’s 

coils, in magnetic fields, can “backfire,” shooting 

thousands of volts back to the computer’s frail inte- 

grated circuits. These undesirable high voltage spikes 

are called back-EMF. Driver circuits must contain 

circuitry designed to stop back-EMF energy from 

entering the computer. 

WARNING: When current is flowing in a step- 

ping motor coil, a large electromagnetic field is cre- 

ated around the coil. When power is removed, the 

energy in the coil must go somewhere. If the path of 

least resistance is the computer’s printer cable, say 

good-bye to your PC. The point is this: generating 

and controlling high coil current is not enough. Your 

circuits must provide back-EMF protection for your 

computer. If you are in doubt, use optocoupler de- 

vices to provide isolation. 

Engineers have developed a variety of methods 

for controlling 4-coil stepping motors. Some meth- 

ods are more efficient than others. Higher efficiency 

has a price tag. Efficient motor configurations usually 

require more hardware. Stepping motors abound with 

four, five, six, and eight leads. Each was designed to 

operate from different control logic. 

Though we talk about a stepping motor having 

only four windings, the truth is a little more compli- 

cated. Each coil is actually made up of many series 
connected windings positioned in a circle. The small 

windings are arranged in sequence, one from A fol- 

lowed by one from B, followed by one from C, finally 
followed by one from D. 

Inertia 

Stepping motors must never drive a load approach- 

ing the motor’s torque rating. The motor may skip a 

step and all successive movements will be in error. 

Once turning, load inertia plays a critical role. Quickly 

stopping the motor may force the load to behave like 

a flywheel, forcing the stepping motor past its rest 

position. The solution to this problem is to continu- 

ally turn the load at a slow speed, or ramp the motor’s 

speed. Ramping means the motor’s speed starts off 

slowly and gradually increases to its maximum RPM. 

This speed continues until the end of the movement is 

appraoched. Then the speed is ramped down to the 

original value RPM value before stopping. Trial and 

error testing with your stepping motor and load will 

reveal a good ramping algorithm. Industrial stepping 

motors use ramping to achieve 3000 RPMs (10,000 

full steps per second!). Without ramping, the start/ 

stop range is between 200 to 500 RPMs. 

Torque/Speed 
Six and eight wire stepping motors can be oper- 

ated in the bipolar configuration. Bipolar operation 

makes the most efficient use of stepping motors be- 

cause all four windings are always energized. For 

bipolar operation, the four coils are connected into 

groups of two. Eight wire stepping motors allow the 

coils to be arranged in series or parallel groups. Six 

wire stepping motors can only be configured for se- 

ries bipolar operation. 
When power is applied to a coil, the coil gener- 

ates a magnetic field. It takes time to build up the 
magnetic field. As the frequency of the driver pulses 
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increases, a speed is reached where the coil is never 

fully energized. At that speed or higher, the stepping 
motor never develops its maximum torque. Maxi- 

mum torque at varying speeds is dependent on how a 

stepping motor is wired into a circuit. Series and 
parallel coil groups yield different performance curves. 

Series Operation 
All stepping motors are rated for current through 

a single coil. If two coils are connected in series, the 

drive current must travel through twice as many wind- 

ing turns. For the same current, this doubles the “amp- 

turns” and produces a similar increase in torque. 

Doubling the number of winding turns also means 

you have increased the inductance by a factor of 4. 

This means the torque will drop off much more quickly 

as speed is increased. Therefore, series configured motors 

are most useful in low speed applications. Both six 

and eight wire stepping motors can be configured for 

series bipolar operation. Connecting two windings in 

series will double the total resistance and the current 

rating is reduced by a factor of 1.4. Thus, a series 

connected bipolar stepping motor with coils rated at 5 

amps can now be operated from a 3.5 amp driver. 

Parallel Operation 
Connecting two coils of an 8-wire stepping motor 

in parallel allows the current to divide itself between 

the two coils. This does not change the effective 

number of turns and the inductance remains the same. 
Two windings in parallel cut the total resistanc ein 

half. The total current may now be increased by a 

factor of 1.4, or 40%. Thus, a parallel connected 

bipolar stepping motor with coils rated at 5 amps can 
now be operated from a 7 amp driver. 

When compared to series bipolar operation, par- 

allel bipolar operation provides less torque at low 

speeds and higher torque at high speeds. The torque is 

more uniform at high and low speeds. In general, 

parallel operation is preferred for high shaft power 

and a flatter torque curve. Series operation is pre- 
ferred for low speed, high torque applications. 

204 APPENDIX A Notes on Stepping Motors 

Binary Control of Stepping Motors 
It is possible to control stepping motors with two- 

bit data. Figure A shows how this is done with a 5- 

wire stepping motor. Each winding of the motor is 

energized in sequence. Binary numbers 0, 1, 2, and 3 

are input to one section of the 74F539 via AO and Al. 

The output of U2 (the 74F539) is four data lines, 00, 

01, 02, and 03. The 74F539 keeps all output lines low 

but one. That line is pulled to an active logic high based 

on the binary input at AO and Al. U1, the ULN2803, 

inverts and amplifies each input. Since one of the four 

inputs is high, only one of the four outputs will be 

low. That output will sink the coil current to ground. 

When the PC sequentially generates numbers 0, 1, 2, 

and 3, stepping motor coils A, B, C, and D are ener- 

gized in sequence. The data is latched into the 74F539 

by the printer port’s strobe line. The process is auto- 

matic when you use Pascal’s WRITELN statement or 

BASIC’s LPRINT statement. 

Resistor R helps reduce back-EMF and permits 

higher operating speeds. It is common to use a value 

down to '/; of the coil’s resistance. For example, if you 

find a stepping motor rated at 3.5 volts, it was prob- 

ably designed to operate from 12 to 24 volts with an 

appropriate low resistance, high wattage resistance in 

series with the coil. This wiring scheme works, but it 

is very inefficient. 

Resistors R9 and R10 are pull-up resistors for 

the ACK and ERROR lines. By tying the ACK and 

ERROR lines to logic high while securing the BUSY 

and PAPER-END lines to logic low, the PC is fooled 

into thinking it is connected to an on-line printer 

ready to receive data. This means BASIC’s LPRINT 

and Pascal’s WRITE statements can easily output data. 

A maximum of four stepping motors can be simul- 

taneously controlled from one printer port. Since data 

remains latched in the printer port’s data buffer until 

new data is received, the stepping motor will maintain 

its position even if the software “goes away” to do 

something else. Listings BINARY.PAS, BINARY.C, 

and BINARY.BAS can be used to control the circuit 

in Figure A; these listings are not given here but are 

included on the disk accompanying this book. 
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poe Sie Sak = 8 

Crystal Oscillator Circuits 

Some of the applications in this book require 

oscillator signal sources. The author has found quartz 

crystal oscillators to be very reliable and time effective- 

—Just select a device with the desired frequency and 

plug it in. When power is applied, they work. I call 

that quick and efficient design. The only drawback of 

quartz crystal oscillators is cost. A quartz crystal os- 

cillator costs about four times the price of a crystal 

and related gate logic. 

You might want to try to “roll your own” oscilla- 

tors. Figure B gives a sampling of crystal oscillators 

using various logic gates. There is no “best” way to 

construct a crystal oscillator. The purpose of this sec- 

tion is to show you various methods that use different 

logic gates. I have found that any gate logic oscillator 

requires tweaking with an oscilloscope for proper 

operation. If you are not willing to spend time fine 

tuning your circuit, stick with a well engineered quartz 

crystal oscillator. 
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Interfacing to the Serial Port 

There may be times when you need to convert 

serial data to parallel form or parallel data to serial 

form. The circuit in Figure C lets you do this. The 

heart of the circuit is an AY-1015A. This chip is 

actually two completely independent devices housed 

in a common plastic case. One device converts serial 

to parallel, the other parallel to serial. It has two 

independent clock inputs. The AY-5-8116 dual 

baud rate generator can supply independent clock 

pulses to each. The output of the AY-1015A is TTL 

logic. If you intend to use the chip with a standard 

RS232 serial interface, you must add the MAX232 

inverter. The MAX232 inverts the TTL logic voltage 

levels to RS232 levels and vice-versa. Program list- 

ing SERIAL.BAS demonstrates how to input serial 

data via an IBM type serial port. 

Here’s a practical application of this circuit. I had 

the opportunity of working on Trenton State’s 1993 

entry in the Tour De Sol. Each year students design, 

construct, and drive an electrically powered vehicle 

in this seven day endurance race. Most of the students 

involved in the project use the experience as part of 

their senior project. An advisor-approved senior project 

is required of all engineering students for graduation. 

While on my teaching sabbatical, I asked if I 

could join the team. I was accepted as part of the 
instrumentation design group. Using many of the con- 

cepts in this book, we designed panel mounted instru- 

ments to monitor the electric motor’s current and 

voltage, engine RPM, battery compartment tempera- 

ture, and distance traveled via a digital odometer. 

We also wanted to log all sensor values. A laptop 

was installed inside the dash. All the sensors were 

routed to a DACO808, which was interfaced to the 

laptop’s printer port. 
Two weeks before the race, the Department of 

Energy sent every entrant a panel mounting LCD 

power meter. The unit displays real time voltage and 

current usage and total power consumed. In addition, 

a cable allowed the data to be interfaced to a serial 

port. The program in listing SERIAL.BAS is the soft- 

ware I wrote to read and display the serial data. 

209 
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BASIC Source Code Listing 

' SAVE'A: \BAS\SERIAL.BAS 

Serial I/O written in QBasic 

MS-DOS QBasic Programmer's Reference, Bob Arnson, MicroSoft Pub,Pg 403,412 

Digital Communications, David Schwaderer, Wiley Press 1984, Pg 166-218 

Mastering Serial Communications, Pete Gofton, Sybex Pub. 1986, Pg 202-216 

Open a communication port 

The next line dose the following: Open COM1, Baud = 9600, No parity, 

' 8 data bits, 1 stop bit, send and receive binary data, disable Data Carrier 

" Detect (DCD) time out, wait 0 seconds for a Clear To Send (CTS) time out, 

wait 0 seconds for Data Set Ready (DSR) time out, suppress Request to Send 

' (RTS) detection, set receive data buffer to 1024 bytes, set transmit data 

' buffer to 1024 bytes, access COM1 Port as file #1. 

OPEN *GoMis- 2 6000N; cp) BIN, GD 0, ES 0, DS ORS, RE L024 2B O24" FOR RANDOM AS | 

BO | —-=[ anput characters j/=— 

IF NOT EOF(1) THEN 

PRINT INPUTS(LOC(1), #1) 

END IF 

: ==|[ trensmit charecters |== 

' MS-DOS QBasic Programmer's Ref, Pg 217 

Char$ = INKEYS* 'scan keyboaard for character, return with or without character 

LpaCnarcs <>) 9! . THEN 

DO 

OneinallS =—ASC( Chars) 

if Ordimals s 31 THEN 

PRINT Chars; 

BuozIe. (Ordinaels = 13) (OR (Ordianalt 2.12) “THEN PRINT 

END IF 

PRINT #1, Chars 

hOOL UNTTE. Chars <> 2" 

END IF 

HOOP UNIT Ordanale =" 27 

END 'serial. bas 

BASIC Source Code Listing 211 
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Pee aerate Now Ds exe ip 

The Game Port 

This book has focused on how to interface de- 

vices to the parallel printer port. Most IBM type com- 

puters are also equipped with a game port. The game 

port can input up to four analog values along with bit 

logic from four switches. 

The game port is very slow. Each analog input is 

the wiper arm of a variable pot. The game port uses 

the pot as part of a simple RC timer circuit. The 

programmer must set the RC timer and then repeat- 

edly check a memory address to see when the internal 

capacitor is charged. Different computers run at dif- 

ferent operating speeds. The software to read joystick 

positions must be adjusted for each machine. Soft- 

ware can get messy, and applications are limited. 

(This is a glowing example of where Apple had a 

better hardware design.) 

Figure D shows a diagram for connections to the 

game port. One of the pins on the game port’s DB-15 

connector plug can source a five volt supply. Nor- 

mally, I never power an external device from the 

computer’s power supply. The chance of smoking the 

computer is not worth the risk! However, used cor- 

rectly, the game port can have some advantages. If 

Jt 

O0B-15 

DB-15, O-SHELL 

you have a noninductive, low power, completely en- 

closed application that can operate from the game 

port’s limited I/O functions, then give it a try. 

The listings GAMEPORT.PAS and GAMEPORT.C 

demonstrate how to input analog and digital I/O data 

to the game port of any IBM type machine. The value 

of Max_Count will vary according to your machine’s 

clock speed. Input is slow on every machine regard- 

less of clock speed. The programs repeatedly read 

joystick and button positions. The user exits the pro- 

gram by pressing the ESC key. 

The listings AT_GAME.PAS and AT_GAME.C 

demonstrate a more efficient method of using the 

game port of AT or higher type machines. Beginning 

with the IBM PC AT, code was added to the ROM 

BIOS that reads and records a game port’s status. The 

AT_GAME program uses this BIOS call to get infor- 

mation about the game port. First the program checks 

to make sure a game port is installed. If a game port is 

installed, the program repeatedly reads the joysticks’ 

and buttons’ positions. The user exits the program by 

pressing the keyboard’s ESC key. 

Joystick B 
Figure D 

Joystick A 



Listing GAMEPORT.PAS 

PROGRAM GamePort; 

{ 

Relatively fast input of joystick port “info fotsvyour application. 

Originally written for IBM XT / XT clone machines. With the AT and 

higher machines, you can use BIOS interrupts to read the joysticks. 

However, I find this version more than adequate for my needs. 

Written in Borland's Turbo Pascal 6.0. 

REF: IBM PC Joystick Control Using Turbo Pascal by James P. McAdems, 

BYTE MAGE H OGroOber VISi5, | Page 43 4A 

} 
USES DCs; (CRT 

CONST Joy_Port_Address = $201; { game port base address } 

VAR Hs JUNWEENEGMRES 

‘nee, § JSNCiviya 

Clm = (ClsvAirs 

Max_Count : INTEGER; { Delay time needed for my AT clone machine } 

{ Adjust this value for your machine. } 

FUNCTION Button_Pressed(Which_One : CHAR) : BOOLEAN; 

{ return true if selected button is pressed } 

VAR Mask : BYTE; 

BEGIN 

TE INOS CQiiaaGiey Ores ION [WAY . 5 PIB I) )) MEEHAN, lemon Oras ga WAY § 

CASE Which_One OF 

J7RT 3 IMIG ge INGis 

Neyo 8 IMEI 2a" Sie 

JG’ os Meg c= 6s 

DY 2 MES Se LAs 

END; { case } 

Button_Pressed := (PORT[Joy_Port_Address] AND Mask) = 0; 

END; { button pressed } 

FUNCTION Joystick_Position(Which_One : CHAR) : INTEGER; 

{ 
Returns a number based on a joystick's position. Values will 

vary depending on your joystick. You can 'tweak' the program's 

performance by: 

Function returns 0 for out of range om uninstalled joystick polling. 

1) Changing value of Max_Count, 

2) Using larger capacitors on game card 

VAR Counter : INTEGER; 

Maske 2 BYE; 

LABEL READ; 

BEGIN 
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IF NOT (Which_One IN ['A'..'D']) THEN Which One := 'A'; 
CASE Which_One OF 

TINS 3 IMeisie se ils 

‘3 3 Wikeysie Sa 5 

WEN 3: MievSiie pe. Zils 

JIB 3 IMME Be 8h 

END; { case } 

The Inline Code below causes the CX register to count down from Max_Count 
toward zero. When CX reaches zero, or when the one-shot on the game 

adapter times out, the looping stops and counter is loaded with the 

active count. Max_Count should be chosen so that CX never reaches OF 

then the usable range ofthe joystick is not compromised. 

ASM 

MOV CX,Max_Count { Init down counter 

MOV DX,Joy_Port_Address { load joystick port address 

MOV AH,Mask { [BP] } { Mask of selected one_shot 

OUT DX,AL { Start the one shots 

READ: IN AL, DX { Read the one shots 

TEST AL, AH { Check selected one-shot 

LOOPNZ READ { Repeat until timed out 

MOV Counter,CX { Make CX available to Turbo Pascal } 

BND eee sasi +} 

IF Counter = 0 

DEN doyctrekwPosiveaon s= 0 

ELSE Joystick_Position := Max_Count - Counter; 

ENDFee{ LuUnCELon Joystick pPositiaon J, 

PROCEDURE Process _ Key _Press(VAR Ch : CHAR); 

BEGIN 

Ch := ReadKey; 

EE Creer hed, ap NN 

BEGIN 

gokoxy (1,20) 3 WRITE('Count now reads: Max Count, ">; BEober new value: -); 

ReadbLn (Max_Count) ; 

CGoObexy ly 2 ON 

WRaDE(@iCoune new treads= "Max Count,’ ns 

‘NID AE Raney) 

END; { process key press } 

BEGIN { main, GamePort } 

(Ghilsedsvokiey ea Glo ene 

MasceCountess= 200); { Delay time needed by my AT clone machine } 

{ Adjust this value for your machine. } 

REPEAT 

gotoxy(1,24)3 wriltte(’Max Count = ",;Maxucount,~: Pees; Vay) wee) Claleiatois" )) 

CGOTOXY (1,5) + {get goystick #1 ano. } 

WRITE (lovettek Posttion('A’)+5, Joystick Position ("B” )::5)4 

IF Button _Pressed('A') THEN WRITE('PRES':5) ELSE WRITE('UP':5); 
IF Button_Pressed('B') THEN WRITE('PRES':5) ELSE WRITE('UP':5); 
COTORY (| { Get soyvetick #2. info: } 

WRITE (Jovetick Posztion( C*):5;. Joystick Position ("D"):5); 

IF Button _Pressed('C') THEN Whitin GaP RES: 225) se HliS ha Wricie (Ue 25) 

IF Button_Pressed('D') THEN WRITE ('PRES':5) ELSE WRITE('UP':5); 

Listing GAMEPORT.PAS ALD 



If KeyPressed THEN Process_Key_Press (ch) ; 

UNTIL ORD(Ch) = 27; 

END. 

/* 

{ main GamePort } 

Listing GAMEPORT.C 

PROGRAM GamePort 

Code conversion by Eugene Klein 

Relatively fast input of joystick port info. for your application. 

Originally written for IBM XT / XT clone machines. With the AT and 

higher machines, you can use BIOS interrupts to read the joysticks. 

However, I find this version more than adequate for my needs. 

Written in Borland's Turbo Pascal 6.0. 

REF: 

BYMGESMage.,; 

os? 

#include 

#include 

#include 

#include 

#include 

#include 

#include 

<dos.h> 

Site Guo is 

KEOMLO) 4] 

<<sheielll ao), las 

A SIGIC MING AS 

ZISIOVS) 5 IOS 

"My _TPU.h" 

IBM PC Joystick Control Using Turbo Pascal by James P. McAdems, 

October 1985, Page 143-144. 

COmsc inte WSC = Os<illos 

int Joy_Port_Address = 0x201; 

abo kp 

unsigned char Temp; 

Gidelie (Cine 

int Max_Count = 2000; // Delay time needed for my AT clone machine 

// Adjust this value for your machine. 

// game port base address 

int Button_Pressed(char Which_One) 

{ 
// return true if selected button is pressed 

unsigned char Mask; 

if(Which_One < 'A' && Which_One > 'D') 

Winsiicla One = UAT 

Switch (Which_One) 

{ 
case 'A': 

Mais kat —aliGr 

break; 

Case Bisue: 

Mask = 32; 

break; 

ease Cr: 

Maski= 164) 

break; 

case ‘'D’: 

Meek, = i Bish 

break; 
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default: 

Mask = 0; 

} 
return (inport (Joy_Port_Address) & Mask) ; 

} 

int Joystick_Position(char Which_One) 

{ 
/* 

Returns a number based on a joystick's position. Values will 

vary depending on your joystick. You can 'tweak' the program's 

performance by: 

Function returns 0 for out of range or uninstalled joystick polling. 

1) Changing value of Max_Count, 

2) Using larger capacitors on game card 

yf 

int Counter; 

unsigned char Mask; 

Pe C(Woich One = AS Whach Ones "D!) 

Which One = ‘A’; 

switch (Which_One) 

{ 
case ‘A: 

Maske =.= 

break; 

case 'B"': 

Masi = 2 

break; 

ease iC es 

Mercia. 45> 

break; 

case 'D': 

Masic =| (3 

default: 

Maisie — Or 

fia 

The Inline Code below causes the CX register to count down from Max_Count 

toward zero. When CX reaches zero, or when the one-shot on the game 

adapter times out, the looping stops and counter is loaded with the 

active count. Max Count should be chosen so that CX never reaches 0, 

then the usable range ofthe joystick is not compromised. 

of 

asm { | 

MOV CX,Max_Count jj init sown  GOUmE et 

MOV DX,Joy_Port_Address 

// load joystick port address 

MOV AH,Mask // (BPI 

// Mask of selected one_shot 

OUT DX,AL // Start the one shots 
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} 
READ: 

asm { 

IN AL, DX // Read the one shots 

TEST AL, AH // Check selected one-shot 

LOOPNZ READ // Repeat until timed out 

MOV Counter,CX // Make CX available to Turbo Pascal 

} 

if (Counter == 0) 

return(0); 

else 

INSEWaIN (Meo Coume = Cowlieleeie)) 7 

char Process_Key_Press (void) 

{ 
Gli = ceiceia() 5 

Ee (Cha al) ely ty, 1) 

{ 

qotoz(20) primer ("Count now ceads= 31 Enter mew value.) MaseiCounie)s 

SGarn i (Gucamles Marc Goumte)) 

groicoxay (AL, 2@)) 3 

joueslAle te ("Crowne ievewy weeeieles 5a) Oi Mises (Celine )) - 

} 

Bet wis (Ch). 

} 

void main() // main, GamePort 

{ 

culesete (} 3 (Cla = 9 

do 

{ 

eoieorsy (iL, 24) ¢ jerciiacie (Mer (Coulae = Sus Press VVIN tO, ehancgen Ue Mascne ouimnitey as 

ci@ieenay (iL, 5) ¢ // get joystick #1 info 

joresimec (9 S5a, Sal? Were oc sein (7A), wWewGiesGls ieyesiarie skein ("18") ) p 

if (Button_Pressed('A')) 

joueahiaie sn (Wiig? )) e 

else 

foveal se (¢ (Wes) ¢ 

if (Button_Pressed('B')) 

jouewiniert (? Wiss”) ¢ 

else 

jones ie (4 Wie) 5 

Gocsey (iL. 7) § fi GEC BWOVSewek GP siMmMz© 

DERIntatM Soa tea JoystickyPosition(¢Chy)% Joysti ckerost bron Dey 

if (Button_Pressed('C')) 

joreatimieie (O IES” )) 7 

else 

joue shige 18 (" UPRMa)E 

if (Button_Pressed('D') ) 

erintt (™ PRES" )y 

else 

joe aLiane ie (( U2) 5 

aie (selaiaie (()) }) 

Ch = Process _Key_Press(); 

Jwha le(Chr t= HS@)F; 

} 
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Listing AT_GAME.PAS 

PROGRAM AT_Game; 

{ 
Read joystick status. Uses Bios calls added to AT bios. This routine 
will not work on XT machines. 

REF: PC System Programming for Developers, Abacus Pub. 1989, Page 753 

INTERRUPT 15H, FUNCTION 84H, SUB-FUNCTION 0 

Reads status of joystick switches interfaced to a PC ( AT and higher ) IF 

a game port and switches are present. 

Read joystick info. Uses BIOS Interrupt 15H 

INPUT: An = 64H 

De = 0 

OWE Pure IF Carry Flag = 1 then no game port is installed 

Lh Carry Flag = 0) then game pore as ansittaliled 

AL = switch settings 

lf bit 7 = 0 then first joystick'"s button "A" 1s enabled 

Ine joe Ter =: O) Veilesat aesiesie sloySiesleie es) doulsicoem V3" sis craalolkacl 

Ie joie 5 = 0) jelienl Se@eicl srewsiemele ss louticteomy VN" ae) eragloul eel 

If bit 4 = 0 then second joystick's button 'B' is enabled 

NOTES : Sub Function 1 reads joystick positions 

INTERRUPT 15H, FUNCTION 84H, SUB-FUNCTION 1 

Reads position of joysticks interfaced to a PC ( AT and higher ) if game 

port and JoOystueks are present. 

INPUT : Ae Oi 

Te el! 

OUTPUT: IF Carry Flag = 1 then no game port is installed 

IF Carry Flag = 0 then game port is installed 

AX contains X—Position of first joystick 

BX contains Y-Position of first Joystick 

CX contains X-Position of second Joystick 

DX contains Y-Position of second Joystick 

FLAGS Register = 

ena alley Mlle ile pal etka = SLO) “SR hee? # Gy Me Ne ah Ss oe 0) 

FUNCTION: = = = Se OL IDE ae Se ae a Ee a SE 

} 

USNS: IDOpSiy (Gils 

VAR Regs : REGISTERS; 

Chi 4 JeNcibishy, 

Baits : WORD; 

(* sub *) PROCEDURE Process_Joysticks; 

BEGIN 

Gin, PS 2238 

REPEAT 

RIES NE, p= Sials { get joystick positions } 

Rega. DX == Soi; 

INTR($15,Regs) ; 
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eoneopay (11, Si) § { display stick position } 

WRITE (Regs.AxX:7, Regs.BX:9, Regs.Cx:167> Regs. DX:10) ; 

REGS.AH := $84; { get joystick button values } 

INSC/S IDK s= SOOs 

INTR ($15, Regs) ; 

GOTOXY (1,8); 
{ display button position } 

IF (REGS. AL AND 16) <> 16 THEN WRITE(’ ON':6) BLSE WRITE ( OFF” 26); ( ) 
IF (REGS.AL AND 32) <> 32 THEN WRITE(' ON':13) ELSE WRITE('‘OFF':13); 

( ) 
( 

IF (REGS.AL AND 64) <> 64 THEN WRITE(' ON':16) BLSE WRITE('OFF':16); 

12 (CRIES IN, FNS) WLS) <a> SY GMS Ween ONS AO) TLRS) ysaanay(( PONE SIL10)) 5 

IF KeyPressed THEN BEGIN Ch := ORD(ReadKey); END; 

UWINEMIEIL, Cla = By s 

END EO ROCeSSu OV stacks) 

BEGIN 

GiseSeies Cli. 2= Ber 

WITH Regs DO 

BEGIN 

Nel g= (Sievéle 

DK g= SOOs 

TENA (SI'S; RES) & 

Bake g= INES 7ANID) SOWIE s 

We aie 2s 0) Wiel { 1s game board installed } 

BEGIN 

WRITELN; 

WRITELN('NO GAME CARD IS INSTALLED ON THIS MACHINE'); WRITELN; 

WRITELN('PRESS ANY KEY TO CONTINUE '); READLN; 

HALT; 

ANID 4 ase } 

ELSE 

BEGIN 

CORO vaGs))i 

WRITELN (' WOES Ie Kae GONG SIPICIX 1") 

WRITE (' X-pos y-pos x-pos Vi= DOS a): 

CGOECSSY (IL, 7) 9 WIRE ( 2 1SioneIeeyer AN Button-B Button-A Button=-B"'); 

Comoe (S,24) 9 WRIMOE(! levers ISIC tee exae! )) 5 

END; { else } 

Process_Joysticks; 

END; { with regs. } 

END. 

Listing AT_GAME.C 

/* PROGRAM AT_Game 
Code conversion by Eugene Klein 

Read joystick status. Uses Bios calls added to AT bios. This routine 

will not work on XT machines. 

REF: PC System Programming for Developers, Abacus Pub. 1989, Page 753 

INTERRUPT 15H, FUNCTION 84H, SUB-FUNCTION 0 

Reads status of joystick switches interfaced to a PC ( AT and higher ) IF 
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a game port and switches are present. 

Read joystick info. Uses BIOS Interrupt 15H 
TNE UA Ala o4H 

Dy = (0 

OURPUM: IF Carry Plag = 1 then no game port is installed 

iis! (Grctierewe In ihete; = (0! ieletSia\ een jereieic ais) alimSherenll Ikevel 

AL = switch settings 

DE bit 7 = VU then first Joysticks bucton * 

ae ol Yee 

Tr bit 4 = 

then first jJoystick'’s button * 

then second joystick's button 

0 

LE bit S = 0 then second joystick's button 

0 

i NOTES: Sub Function 

INTERRUPT 15H, FUNCTION 84H, SUB=FUNCTION 1 

Reads position of joysticks interfaced to a PC 

port and joysticks are present. 

reads joystick positions 

pry 

B! 

UN 

LB 

ED PUT AH = 84H 

DP = i 

OUTPUT: if Contry Pilag = 1 then no game pork 1s) installed 

IF Carry Flag = 0 then game port is installed 

AX COneails << PostElonl Obes gOysitbaels 

BX contains Y-Position of first Joystick 

CX contains X-Position of second Joystick 

DX contains Y-Position of second Joystick 

FLAGS Register = 

Byles aS, lea als aN ak ak ako 

FUNCTION: = = => => 10! ID) 

ey § 

#include <dos.h> 

#include <stdio.h> 

#include <conio.h> 

fiIinelude <stdlib.h> 

#include <string.h> 

#include <bios.h> 

#include "My_TPU.h"” 

union REGS Regs; 

unsigned char Ch; 

unsigned int Bit; 

lbavssalepaKerel relaishe) dajsyel = (Obeibiey 

void Process_Joysticks (void) 

Regs.h.ah = 0x84; f// Get joystick positions. 

RCo. Che = Wxd0lils 

int86 (0x15, &Regs, &Regs) ; 

eotoxy (17.5) 7 // Display stick position. 

printf ("%7x%9x%16x%10x",Regs.x.ax, Regs.x.bx, Regs.x.cx, Regs .x.dx); 

is enabled 

is enabled 

is enabled 

is enabled 

( AT and higher ) if game 
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Regs.h.ah = 0x84; // Get joystick button 
INOS. KCK = (Ops 

int 86 (0x15, &Regs, &Regs) ; 

CiOIE@dgy (iL, SB) 5 

// Display button position. 

Le(OtRegs. heal & 16). 1=.16) 

jie aLMie ie ON) 

else 

jouealiaiese (C Outi? )) p 

Le ((Regsehrais ¢ 32). l= 32) 

jopeniane te ( ON) 

else 

Joneses (( OHS) 

if( (Regs-hval. & 64) != 64) 

jorequimiere (1% ON )) ¢ 

else 

jolesaee ( Orie) 5 

Wie ( (REGS iacal, & 128) bs 123) 

© Hapilutal totaal ON?) s 

else 

joneatiayede (7 Oi) s 

aie (elmauie ()) j} 

Chr = getch(); 

oI (Clay P= jasc) ¢ 

} 

void main() 

{ 

Gikeacie (je Ca = 325 

Regs.h.ah = 0x84; 

REGSrecn Cae Osc 0i0)- 

int86(0x15,&Regs,&Regs) ; 

uke = REGS ox. Ellees 62 WrxlOOiks 

Lic (ise l= @) 

{ // 
fone aioe IE 

jOneabine IE 

getch ( 

exit (0 

} 
else 

f 
gotoxy ( 

joleatate se (( 

jonealiaese (% 

ae 

(5 

v 

( 
( 
i 
i ‘ 

LAS) 5 

gotoxy (1,7); 

gotoxy 

} 

,24 

Is game board installed? 

VWOMS PUCK A 

X-pos y-pos 

f joieslimer (% Iie eran 

Process_Joysticks(); 

} 
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values. 

\n\nNO GAME CARD IS INSTALLED ON THIS MACHINE\n\n") ; 

"PRESS ANY KEY TO CONTINUE "); 

ONE SIMICI 1B}. \iat")) F 

X-pos 

Button-B 

Ve jOredimMect(” Pees MSC vO Exakic™) F 

W508") § 

Button-A Button-B"); 



(ii Cl a NTE D eS |x EF 

Bidirectional Printer Port 
Adapter 

I have found the parallel printer port a great way 

to prototype circuit designs. After construction, and 

debugging, many designs are then moved to an em- 

bedded controller like the Intel 8031. However, on 

occasion I have found one drawback. Many ICs are 

designed to use the same 8-bit bus for input and 

output. The parallel port uses some pins for input, 

some for output, and still others for both. I wanted a 

small “black box” that provided one end to plug into 

the parallel port and provided an 8-bit I/O port, with 

control lines out the other end. The circuit in Figure E 

was the result. 

Output from Figure E is taken at the terminal 

block, J2. The terminal block supports 8-bit data I/O, 

via DO - D7, and four control lines, AO - A2 and RD/ 

WR. Determining which parallel port pins should be 

jt 

IBM PRINTER PORT 

GND_H 25 
GND_¢ 24 

GNO_E 22 

Co0o0000N0CCOO0ON0 

22221 or 

E 

Figure E 

used for input, and which for output is controlled by 

software. 

Four data bits at address base + 1 input terminal 

block data bits D4 - D7. Four data bits at address base 

output terminal block data bits DO to D3. Four data 

bits at address base + | input terminal block data bits 

D4 - D7. The 74LS242 selects which set of four 

printer port data lines will be used based on the logic 

level of base address D3. D3 is uses as a Read /Write 

control line. Base address DO - D3 provide three 

address line for J2. 

The software listings BI_PRN.PAS and 

BI_PRN.C demonstrate how to software control the 

circuit in Figure E. The code is well documented and 

should be easy to follow. 

42 
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Pascal Source Code Listing 
PROGRAM Bi_PRN; 
{ 

Test program for Universal Adapter which converts a standard IBM parallel 

printer port into a true I/O device with 8 bi-directional data bits and 4 

COMEROlL, IMSS) 

: 

USES CRT, My_tpu; 
CONS aa —anlbs) Ore 

VAR Num : INTEGER; 

iN 1 8 EI 

LE WORD: 

Ch : CHAR; 

PROCEDURE Send_Data( E : Byte); 

CONS DS Wis ith cub ite s.010)- { D3, the Read / Write bit, is set LOW 

VAR Lo_Nibble, Hi_Nibble : BYTE; 

BEGIN { send data } 

erate WISI] Se WrealeS_ Iies { Write Bit on 74LS241 is set HIGH 

Lo_Nibble := E AND SOF; { low nibble of byte goes to BASE + 2 address 

MoOuNibbillew = homNibble XORUSORy Mi Tanverte imversted@pims 10000) LOliN= SOB hex 

(* Hi Nibble := (EB AND SFO); *) { hi nibble of byte goes to BASE address 

BEL INlololle s= (1 ANID) SOP) < alGe 4 gwKe ic© wreneela Chisiolleny ain leves% 

Porte plpesd| mc aL Nabble. OR WisiteuBat;)  ( put hagh mubbile ont data lames 

{ keep write bit active 

PORT (GPx = Lon Nabble. { put lo-nibble data on D4 to D7 data lines 

delay (T); { slow process down so I can observe LEDs 

END; { send data } 

PROCEDURE Input_Data; 

VAR Lo_Nibble, Hi_Nibble, Temp, Data_Byte : BYTE; 

BEGIN] {einpulee data} 

Clot ga 9 Ms 

REPEAT 

Rome ijoies<]| s= SOS, { set R/W line for READ } 

POM iP Use 2b Dl) ss SOs em OCOOMOLOOF init all pull-up resistors } 

(== |Sanpulescdatal byte |=— 5} 

ie ING 2 IXOSUP|SIb< = 2)) 2 { read low nibble } 

asi) =e renee Weiexe se ikils { read high nibble } 

ft sail jeraecesys Ill imiloelle IjS> }} 

Hi Nibble := Temp AND $80; { extract D7 } 

Temp := Tempo AND $38; { extract remaining three bits } 

Ineo) = Were Ar ( ‘Shitt hese bits to ett one jlacem) 

Hi Nibble := Temp OR Hi_Nibble; { recombine bits of nibble } 

Hi Nibble <= Hi Nibble XOR $70; { invert inverted logie bits } 

{ process LO nibble } 

Loma bbl enon ToblesANDE SOK Sf Wextwract data lols } 

Lo_Nibble := Lo_Nibble xor $04; { invert inverted printer port logic } 

{ display data } 

GoToxXY (10,8); 
(Ramm Ms INleole = , Ish INpliselkess, tc iIifey Nelidlolle = 9, Ie IN icisllec2)) + 

Data_Byte := Hi_Nibble OR Lo_Nibble; { combined hi and lo nibbles } 

gotoxy (10,15); write (‘Input byte = *,Data_Byte:3)> 

IF KEYPRESSED THEN CH := READKEY; { press any key to exit } 

UINAPIEL, QRD(Cla) = Bz 

END; { input data } 

BEGIN { Bi Printer Port Adapter } 
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LPTx := Find_Lpt (Num) ; 

Cla 9a 9 Us 

REPEAT 

i S6@ 619gnt data bits high in binary order 
FOR E := 0 to 32 DO Send_Data(E) ; 

{ set control bits high in binary sequence, ten times 
POR A=) i) LO) 10 De© 

BEGIN {Eom a4 

He =) Jus 

REPEAT 

PORT (DE. == BAND SOn- 

delay(T) ; 

BH s= h + Hi 

Nasi (Hoe 

BND {ecome cue} 

IF Keypressed THEN Ch := 

UNTin ORD Veh) = 27%; 

Input_Data; 

ReadKey; 

END. { Bi Printer Port Adaptor } 

C Source Code Listing 
Ps PROGRAM Universal_Adaptor 

Code conversion by Eugene Klein 

Test program for Universal Adaptor which converts a standard IBM parallel 

printer port into a true I/O dévice with 8 bidirectional data bits and 4 

Control lines. 

eh 

Stélorsta gle: 

SScheishiienalci= 

<Conio). n> 

ature Wlaeig ales 

<string.h> 

<bios.h> 

"My _TPU.h" 

#include 

#include 

#include 

#include 

#include 

#include 

#include 

GOs sane GY = SN0) a SiOn Os alley 

rane INU, ep 

unsigned char A, Lpt_Num; 

unsigned int LPTx; 

char sich 

void Send_Data(unsigned char E) 

{ 
Const int Write_Bit = 

unsigned char Lo_Nibble, 

0x00; 

Hi_Nibble; 

fie Oy 

eutport (LPTx, Write Bit); 

LoOJNibble = Hh & Ox0Pr; 

MouNabpile s= 02087 

//Low nibble of byte 

//Invert inverted pins, 

the Read / Write bit, 

// BSC is escape character 

is set LOW 

Hires leaie Oi) PASSA sss ereie isles 

goes to BASE + 2 address 

0000 L011 = 0x06 hex 

/* Hi_Nibble := (E & OxF0); */ //High nibble of byte goes to BASE address 

Hi Nibble = (es Os0R) ~ ie; / PMIUStes Teo welech utc lkay. ala Nex 

outport (LPTx, Hi_Nibble | Write_Bit); //Put high nibble on data lines } 

//Keep write bit active } 

outport (LPTx + 2,Lo_Nibble) ; jjPac lo-nibble data on D4 to D7 data lines } 

delay (T); //Slow process down so I can observe LEDs } 
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void Input_Data (void) 

{ 
unsigned char Lo_Nibble, Hi_Nibble, Temp, Data_Byte; 

outport (LPTx, 0x08) ; 

GQOleiooucic (iLiPise ts DE Oprl0)\44)) 5 

(i==| Bnput vdata byte. j== 

Lo.Nibblew=import (LPTx + 2); 

Meio) = araygrorete (Listes AL) F 

//#==|l WIeSCSSe BIC tao lea 

Hi_Nibble = Temp & 0x80; 

Temp &= 0x38; 

Aes Ss Bi 

Hi_Nibble |= Temp; 

HieNaibple “= 0270; 

//process LO nibble 

Lo_Nibble &= Ox0F; 

Lo_Nibble “= 0x04; 

//Aisplay data 

gotoxy (10,8); 

// Set R/W line for READ 

ef OOO OMONEOIOR init all pull-up resistors 

// Read low nibble 

// Read high nibble 

Hi \dpeseecvone ID) 

// Extract remaining three bits 

// Shift these bits to left one place 

// Recombine bits of nibble 

// Tiyere simVvernzec Mlogue oles 

fie Weaereerele Gelee! loslies 

// Invert inverted printer port logic 

joIsisiaiele (VEG ING olke = Ss2hal liye, Wallelolke = are” issn INaolollSy Io@_INsdoloile) 5 

Data_Byte = Hi_Nibble | Lo_Nibble; // combined hi and lo nibbles 

GOcers7 (10, 15) 9 joreninew (Vitmowic loycS = sal, Welice_IEWAeS)) 5 

Le (kbni tt ()') 

Chi= Geren) // pirsess any key CoO exit 

yankee (Cin Ya liSe)) ¢ 

} 

void main() 

it 

unsigned char Lpt_Num; 

Lpt_Num = Select_Printer_Port(); 

LPTx = Init Printer Port (Lpt_Num) ; 

Ci = % Vs 

do 

{ 

// see Gichte data bits) high an binary order 

cor ( = O¢ke= S212) 

Send_Data(E); 

jf Set cOnecolbues High aim binary, sequence, tem cames 

for (A=1;A<=10;A++) 

OULBDORCA LE Tac, Bees O2c0F)\ 5. 

delay(T) ; 

E++; 

}while(E<=8) ; 

} 
TLE (ilsiaite () )) 

Csi = @SEeela() ¢ 

Pwiltelee (Chime ©), 

iajowhie _ iDysic~en(())- 

} 
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pees Te NOM 

Expanding the Parallel Port 
to 24-Bit Input/Output 

The standard IBM type parallel printer port can 

be expanded to input or output 24 bits of data. The 

trick is to multiplex the data lines with tri-state buff- 

ers, some latches, and some glue logic. You could 

design a custom I/O port interface or use a reliable 

workhorse like Intel’s 8255. Figure F shows a 24-bit 

“expander” circuit using the 8255. 

The 8255 parallel interface adapter (PIA) is de- 

signed to take an 8-bit I/O and expand it into three 8- 

bit I/O ports. The operation theory of the 8255 is well 

beyond the scope of this book; there are entire books 

devoted to using this single IC. The 8255 supports 

three input/output ports, A, B, and C. You send the 

chip a control word that tells the 8255 whether a port 

should input or output 8-bit data (port C can also be 

configured as two independent 4-bit I/O nibbles). Once 

a port is set up, you can not change the port’s function 

without resetting it, which would erases all data bits. 

Each port has a tri-state output buffer. Data sent to a 

port is latched. The ports have no input buffers. Data 

to be input must be stable during a computer read 

operation. 

The listings PIA_8255.PAS and PIA_8255.C con- 

figure the 8255 to output 8-bit data on ports A and B 

while inputting 8-bit data through port C. The pro- 

gram continues until the keyboard ESC key is pressed. 

To get you started, here are three examples of 

how you might use an expanded parallel printer port: 

¢ If you were to wire two Figure F circuits to 

two printer ports, the ports could be configured 

into a 24x24 matrix, yielding 576 unique con- 

nection points. That arrangement could moni- 

tor a lot of model train layout points! 

¢ Another application would use an 8255 to mul- 

tiplex many input and output devices. Use port 

A as an 8-bit output data bus and port B as an 

8-bit input data bus. Port C would then be free 

to provide three address lines and a strobe line 

for each data bus. Each group of three port C 

address lines could control eight input or eight 

output devices. That’s sixteen 8-bit devices 

controlled from a single IBM type parallel 

printer port! 

¢ A third application would be to aliow an 8-bit 

data port to interface with 16-bit processors. 

Port A and port B could be used for 16-bit data 

I/O while port C would be used for processor 

control line I/O. 
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Pascal Source Code Listing 

PROGRAM PIA_8255; { Intel 8255 Parallel Interface Adapter } 
{ Demonstrate 8255's operation form a parallel “printer port. prognain outputs 

dalalce 8255) Ports. 1 and 2) white iene; Cie, wera Woiae S54 ~~ Wenish Ae 
expands a parallel printer port into a three byte I/O port. 

} 

USES CRT, PRINTER, My_TPU; 

TYPE Data_Type = ARRAY[0..16] OF BYTE; 

CONST AQ = 1; { Bit 1 = DO, STROBE at Base-Address*+ 2 } 

Ae Bate 2 = Die AURO-PHNDeateBase-Acgdrece 4.2 } 

RDo= 45 {1 Bit 3 <= 02, *INITIALIZE at Base-Acdress 4 2 } 

WRe= Cheb = DSi ShhECR— INU tat Bate -Addrecom a2 } 

{ NOTE: an asterisk, (*), denotes inactive high logic } 

db BY Rae =i 

VAR A, E, X, Port_Number, Control_Byte, Data_Byte, Control_Lines : BYTE; 

Base_Addr_LO_Nibble, Base_Addr_HI_Nibble : BYTE; 

Lptx, Data_Word : WORD; 

Num : INTEGER; 

Inverted_Logic : Data_Type; 

(lel § (CiRUNR eS 

PROCEDURE Generate_Data(VAR Inverted_Logic : Data_Type); 

{ makes "look-up" table for Base + 2's inverted signals on DO, Dl, and D3 } 

{ faster than doing repetitive logic conversions for all new data } 

WAR Omit. hemor OUGe Dal D2) Does BYAnh. 

BEGIN 

Count <=" Ul 

BOR DS == 1 DOWNTO 0 DO { D3 of Base + 2 is inverted } 

BOR 2) s= 10) TOC De { D2 of Base + 2 is NOT inverted } 

FOR Dil ==) 1 DOWNTO 0. DO { Dl of Base + 2 is inverted } 

FOR DO s=) 1) DOWNTO, 0) DO { DO of Base + 2 1s inverted } 

BEGIN 

LeMpas= so 2 DS) 4 se De ee 2 Dil ee D.Oy: 

Inverted_Logic[Count] := Temp; 

Count s— Count eo is 

END; 

END; { generate data } 

PROCEDURE Send_Control_Word(Control_BYTE : BYTE); 

{ issues control byte to the 8255. Tells the 8255 the Mode, which ports } 

{ are inputs, and which parts are outputs. } 

VAR Temp : BYTE; 

BEGIN 

Base Addr lOUNTDbie = Sir; { Miniatisaleiikaiwe Cerliercell Inainesi, WOO@) aki | 

PORT[LPTx] := Base_Addr_LO_Nibble; 

Base Addr HI Nibble := Control_Byte AND SFO; { HI nibble of control byte } 

PORT[LPTx] := Base_Addr_HI_Nibble OR Base_Addr_LO_Nibble; 

Temp := Control_Byte AND SOF; ‘ { Oe nabbile Of Control bywe™} 

Temp := Inverted_Logic[Temp] ; 

PORTE Ee ci|pas=) Lemp 

PORT(LPTx) := PORT([LPTx]) AND SF7; { 1111 O111, set Write Line to active LOW } 

delay (T); { the LM311 RC network forces the use of a prolonged WR signal } 

PORT[LPTx] := PORT[LPTx] OR $08; { 0000 1000, set Write Line to inactive HIGH } 

END; 
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PROCEDURE Sénd_Data(Data_Byte, Port_Number : Byte); 

{ Send Data_Byte to Port [ Port_Number ] } 

VAR Temp : BYTE; 

BEGIN 

Base_Addr_LO Nibble := $0C OR Port_Number;b { Initialize Control Lines,00001100 } 

PORT [LPTx]. := Base_Addr_LO_Nibble; 
PORT[LPTx] := ( Data_Byte AND $F0O ) OR Base_Addr_LO_Nibble; 

Tenpi ie Dat ambyitomAND mG OE. 

Temp := Inverted_Logic[Temp] ; 

PORT (LPTs +2) 2= Temp; 

PORT [LPTx] := PORT[LPTx] AND $F7; { 1111 0111, set Write Line to active LOW } 

delay (7); { the LM311 RC network forces the use of a prolonged WR signal } 

PORT[LPTx] := PORT[LPTx] OR $08; { 0000 1000, set Write Line to inactive HIGH } 

END; 

PROCEDURE Output_Data; 

{ Generate data to set each pin of Port 1, and Port 2, HIGH in sequence } 

VAR Ct 

BEGIN 

For A 

BEGI 

aC ae 

{ CUWicoule caina } 

a= 0 coe 1 co 

N 

BEGIN 

Senaabatea (Ce, A); CE := CE 4 Ct; IF KeyPressed Then Exit; 

NDS f ioe EG } 

Cie 

END; 

For A 

BEGI 

(Che 

FOR 

-= 0} Send sData (Ct, A)- 

‘f= aEGRE fl }} 

== il DOWNEO! 0) D® 

N 

2= Pees 

ik c= il Wo 3 DO 

BEGIN 

Se mol Deica(Ce, Me Ge 35 Ce DIN Be IF KeEyPeessecl Wain eae s 

END; { for e } 

Cie 

END; 

IENNIDS 

7= OF Senduabatca (Ce, A); 

{ tor a }; 

output data } 

PROCMDUIRID Iimjemle DEE (WAIN IDkeliee wis © ieNMibie iene _INiGileeie 8 IS \QNle)) = 

{ Read data from selected port, invert inverted data on lines DO, Dl, and D3 } 

{ Return, via Data_Byte, a correct reading byte of data } 

VAR Temp, TempB : BYTE; 

BEGIN { input demo } 

Bese WNebre LO Nilsole s= SOCh { iInmilicveli we Comerell nines, CCC OPE OOM 

Base_Addr_LO_Nibble := $0C OR Port_Number; { select port for input } 

PORT([LPTx] := Base _Addr_LO_Nibble; { 0000 1101 } 

PORT[LPTX] := PORT[LPTx] AND SOB; eR Glioma OW: OOOO AO Om aes 

ORME [Piss 4 Di a= SOAs { set all lines high for read; 0000 0100 } 

Data Byte <= ¢ PORTIEPT= 3 72) AND CUF_): 

Data_Byte. 2=_Data_By ee ,OR-( PORT (LPTx + 1) AND SFO); 

PORT[LPTx] := Base_Addr_LO_Nibble; { ieL shine) = Nteiic™ OOO Milks } 

{ dinvertimvereeds BASH 2edata laine sta DOR Dil wecinclDS as} 

Temp := Data_Byte AND SOF; 

Temp := Inverted_Logic[Temp] ; 

Data_Byte := (Data_Byte AND SFO ) OR Temp; 

END; { input demo } 
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PROCEDURE Process_Speed_Request (VAR Ch 

{ 
CHAR 

Check for PAGE-UP, PAGE-DOWN, or ESC key pr 

Process PAGE-UP, and PAGE-DOWN 

} 
as request 

WEN (Clank, Weilav2 CHAR; 

BEGIN 

Chil: READKEN: 

rE KEY PRESSED THEN Ch2° := READKEY - 

teechd Thin oe, (3. CHAR( 27) ) THEN Ch r= Chi 

PSE Cha iN iieaete tOn ]) ELHEN Chee sehy- 

CASE, Ch OF 

ak aealilst { Go Faster } LS 4 NG 

Tow TOV. (eeen Ss lower Te <9 7 00) ihn a 

CHARS) Bidens 

END; { case } 

END; { process speed request } 

BEGIN { main } 

Ciligsyerer 

(EuPHS < RS ialieve! ibjene (ONIN {0 ahink Miya merehe UPIERU) 

Generate_Data(Inverted_Logic) ; 

Send Conerel sWwerd(sso) { POR 1s 2) Output; 

) 5 

essing. 

for faster or slower display 

yt! sha 

ne ee Shc 

POR 3 ao we, UOOO AO@t 5 

ie alle Gliwiesies ice) OG) wise, 

END; 

} x 

{ exit if ESC key was pressed } 

Parallel Interface Adaptor } 

Ho Bes Che 

REPEAT 

Output_Data; 

Port Number 2= 72> 

Input_Data(Data_Byte, Port_Number) ; 

If X <> Data_Byte THEN 1 halls jopenliaie lee! 

BEGIN WREPEEN ( Daca = “) Data Byte) o¢ =) DakbalByee. 

IF KEYPRESSED THEN Process_Speed_Request (Ch) ; 

UNTIL ORD Ch) = 27; 

END. { main } 

C Source Code Listing 

ies PROGRAM PIA 8255; { Intel 8255 

Code conversion by Eugene Klein 

Demonstrate 8255’s operation form a paralle 

data to 8255 Ports 1 and 2, while reading 

expands a parallel printer port into a thre 

ey 

AOlOyeha ales 

2S alOn i> 

er onmane) Jae 

Zseelll Gj Ini: 

ealslieieabiavof a Inte 

<bios.h> 

“My _TPU.h” 

#include 

#include 

#include 

#include 

#include 

#include 

#include 

const unsigned char 

const unsigned char DO , 

Program outputs 

Wealis\ IEC 

ll joreMineeie jexeiele 

Clalce) amenenil Pere sys 

e byte I/O port. 

STROBE at Base-Address + 2 
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const unsigned char Al = 23 // Biit2) = Dil, SAUTO-TRE Deak. Base -Addmesce ta 

const unsigned char RD = 4; // Bit 3 = D2, *INITIALIZE at Base-Address + 2 

const unsigned char WR = 8; // Bit 4 = D3, *SELECT-INPUT at Base-Address + 2 

//. NOTE: an asterisk, (*), -denotes_inactaveshigh: legic 

unsigned char TE eS 5, Pence Nui oyoue’s 

unsigned char A, E, x, Control_Byte, Data_Byte, Control_Lines; 

unsigned char Base_Addr_LO_ Nibble, Base_Addr_HI_Nibble, Lpt_Num; 

unsigned int LPTx, Data_Word; 

int Num; 

unsigned char Inverted_Logic[16]; 

Claws (Clas 

void Generate_Data (void) 

{ 

// makes "look-up" table for Base + 2's inverted signals on DO, Dl, and D3 

// faster than doing repetitive logic conversions for all new data 

Mit Pcount wlenp, D0, Dl; D2, D3; 

Comme = O's : 

FOr (Dole Ds>—O0).DsS—) /7 DS Of Base +°2 aS anverted 

{ 

THOS (ID2Z=0 ps D2=Al e iDP 4) // D2 of Base + 2 is NOT inverted 

{ 

ic@ne (DSi PDL s=—(0) 610i) // D1 of Base + 2 is inverted 

{ 

for (D0=1;D0>=0; DO-) // DO of Base + 2 is inverted 

{ 

teiis.=s (8 ~ ape) (A & we) 2 Bp jy =e iwO)s 

Inverted_Logic[Count] = Temp; 

Courme = Coulinc = AF 

void Send_Control_Word(unsigned char Control_Byte) 

{ 

// issues control byte to the 8255. Tells the 8255 the Mode, which ports 

// ave inputs, and which parts are outputs. 

unsigned char Temp; 

Base_Addr_LO_ Nibble = Ox0F; Lif Mic ralluers Coimeicoll inane, OOOO Walaa 

outport (LPTx, Base_Addr_LO_Nibble) ; 

Base_Addr_HI_Nibble = Control_Byte & OxF0; // BY nibble of control byte 

outport (LPTx, Base_Addr_HI_Nibble | Base_Addr_LO_Nibble) ; 

Temp = Control_Byte & Ox0F; // LO nibble of -centroli byte 

Temp = Inverted_Logic[Temp] ; 

outport (LPTx + 2,Temp) ; 

Outport (LPIx,anport(UPTx) & Oxk?7) ; 

// 1111 0111 set Write Line to active LOW 

delay (T); 

// the LM311 RC network forces the use of a prolonged WR signal 

Obliejoerere (IIS US<, siajoxouric (IZ) | Ob:e{0)'3})) 5 

// 0000 1000 set Write Line to inactive HIGH 
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void Send_Data(unsigned char Data_Byte, unsigned char Port_Number) 

{ 

// Send Data_Byte to Port [ LPTx ] 

unsigned char Temp; 

Base_Addr_LO_Nibble = 0x0C | Port_Number; // Initialize Control Lines, 00001100 
outport (LPTx, Base_Addr_LO_Nibble) ; 

outport (LPTx, ( Data_Byte & OxFO ) | Base_Addr_LO Nibble) ; 

Temp = Data_Byte & Ox0F; 

Temp = Inverted_Logic[Temp] ; 

outport (LPTx + 2,Temp); 

outport (LPTx,inport (LPTx & OxF7)); // 1111 0111, set Write Line to active LOW 

delay (T); // the LM311 RC network forces the use of a prolonged WR signal 

outport (LPTx,inport(LPTx | 0x08)); // 0000 1000, set Write Line to inactive HIGH 

void Output_Data (void) 

{ 

// Generate data to set each pin of Port 1, and Port 2, HIGH in sequence 

unsigned char Ct; 

for (A=0; A<=1;A++) 

{ 
C=: Ls 

for (E=1; E<=8; E++) 

{ 
Send_Data(Ct, A); Ct = Ct + Ct; 
424K D261) )) 

exit (0); 

Ct = 0; Send _Data(Ct, A); 

} 

for (A=1;A>0;A-—) 

{ 

Cce= 1237 

for (E=1; E<=8; E++) 

{ 
Bena IDAcACe, A) 7 CE =sCe / 27 

ae (eine ).) 

exit (0) -; 

} 
Ct = 0; Send Data(Ct, A); 

} 

} 

unsigned char Input_Data ( unsigned char Port_Number) 

{ 
// Read data from selected port invert inverted data on lines DO and Dl and D3 

// Return via Data_Byte a correct reading byte of data 

unsigned char Temp, TempB; 

Base Addr_LO Nibble = 0x0C; // Initialize Control Lines, 0000 1100 

Base _Addr_LO Nibble = 0x0C | Port_Number; // select port for input 

outport (LPTx, Base_Addr_LO_Nibble) ; je (Ne, aaueal 

outport (LPTx,inport(LPTx) & 0x0B); // RG line = LOW; 0000 1001 
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CWE NoVA (IP ase 46 2D Orx04))) 5 //asetvall) lines high for read a0 0008 01010 

DEE IBS = (( ahgoereic GUID 4 2) & Obie )) 5 

Data_Byte = Data_Byte | ( inport (LPTx + 1) & OxF0); 

outport (LPTx, Base_Addr_LO_Nibble) ; J) RA Meimes = * EEG Hae 0)0) 0 Oe lit 

/} AEvercte inverteG BASE + 2 data lines: D0, Di; and D3; 

Temp = Data_Byte & Ox0F; 

Temp = Inverted_Logic[Temp] ; 

return((Data_Byte & O0xFO ) } Temp); 

void Process_Speed_Request (void) 

{ 
/* 

Check for PAGE-UP, PAGE-DOWN, or ESC key pressing. 

Process PAGE-UP, and PAGE-DOWN as request for faster or slower display 

i 

Clague Cla, Claes 

Cll = @eeela()) z 

Wie (lolasie ()) ) 

Gay = erSieein(() z 

Me (ClakS C4] I Clk aaa ay) eleul ats) 

Cin = Cais 

else 

{ 

Le(Cn 2s ee) Chiz=="O.") 

Cia = Claas 

} 
switch (Ch) 

{ 
Case Os 

ae (an Ss 5) 

AM ce YP cs he 

break; 

Casey ies: // Go Faster 

aie (42 ss al) 

ey BB 

break; 

Casemea: 

aie (on << 20/0) 

a Spe ea aye 

break; 

case 'Q': // Go Slower 

se (a << DOW) 

2 = OP 28 BF 

break; 

CASS UV\BZ7's 

exauie (O)) 5 

} 

} 

void main() 

{ 
Lpt_Num = Select_Printer_Port(); 

LPrx = Inve Prermvercurorte (pt Num) 

elllsetsyere (()) 1 

Generate_Data(); 
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send Control Word(0x39); //7 PORT 1 & 2 Output, PORT 3 Input, 1000 1001 
6 = Or 

do 

{ 

//Output_Data (); 

PorteNumpeia=— 2) 

Deatasbyece— Inpuliss Data (PorntaNumben)r, 

ete (Xo Dates yee) if Ciaibe josie Caice aie ajc Chirieenes ibs) wollel Clenea,, sx 

{ 

jOnauinlene (Udine! = Sha iol SiDiehierereWaeie)) & 

x = Datalbyte-: 

} 

LE (kbhsk(y) 
Process _Speed_Request (); 

} Whale (Chel see) i // exit if ESC key was pressed 

} 
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Parallel Printer Port 
Technical Reference Chart 

The printer port used on IBM and compatible 

PCs is made up of four address locations, although 

the fourth address is not used. The top of the chart in 

this appendix identifies the port address for the three 

IBM/compatible printer ports. IBM also assigned 64 

port addresses, starting at hex 300, for prototype board 

development. To the best of my knowledge, no com- 

mercial product uses those 64 addresses. 

The BASE ADDRESS is used to transmit 8-bit 

data. All IBM type printer ports use this address to 

transmit data. Some laptop manufacturers have started 

making this address bidirectional. This allows for a 

very efficient data link between machines. The mate- 

rial in this book assumes your port is not bidirec- 

tional; you can use the material in this book with any 

IBM type printer port. 

The BASE + 1 ADDRESS is used to control 

input signals. Bits D3 to D7 are used for input (DO to 

D3 are not used). D6, the acknowledge line, can also be 

used for hardware interrupts. Applic. 29 demonstrates 

how to use this pin for a hardware-activated TSR. 

The BASE + 2 ADDRESS is used to input or out- 

put control signals. Bits DO to D3 are used for input/ 

output. Though initialized at system start-up for out- 

put, they can be easily programmed for input. Note that 

when used for input, the lines are open collector. D4 

is used by software to set up the ACK line for hard- 

ware interrupt operation. If your printer port 1s bidi- 

rectional, D5 is a control line to tell the BASE address 

to input or output data. 
A line over a pin’s name indicates that the pin is 

internally wired for inactive high operation. Some print- 

ers using a Centronics type connector supply +5 volts 

at pin 18. This pin has no connection on an IBM/ 

compatible port. 
The reference chart in this appendix illustrates 

conversion between IBM and Centronics connectors. 

The pin assignments for the 36-pin Centronics paral- 

lel printer port are identified in the chart by “Cent.” 

IBM and compatibles use a female DB-25 connector 

for the printer port. They are identified in the chart by 

“DB.” The DB-25 connector is grounded on pins 19 

through 25. The Centronics connector should be 

grounded on pins 16, 19 through 30, and 33. 

If your hardware pulls the ACK and ERROR 

lines high with 4.7 Q resistors while pulling the BUSY 

and PAPER-END low, the PC can be fooled into 

thinking it is connected to an on-line printer ready to 

receive data. Every computer language contains spe- 

cific commands to “talk” to the LPT1 printer (for ex- 

ample, Pascal uses LST while BASIC uses LPRINT). 

If your application just outputs data, then this tech- 

nique can simplify your code. 

To under stand how your PC’s printer port oper- 

ates, I suggest that you construct the circuit in Figure 

G-1. Program listings TEST_PRN.BAS, TEST_PRN.PAS, 

and TEST_PRN.C show you how to input and output 

data from a parallel printer port. These listings are pro- 

vided on the disk accompanying this book, but wiil 

not be given here. 

Data (DO to D7) is output through the BASE 

address. An additional four control bits, DO to D3, are 

output from BASE + 2. Five data bits, D3 to D7, are 

input from BASE + 1. 

I have found this circuit very useful in debugging 

my software. I can “see” what is going on by observ- 

ing the LEDs or flipping the switches. Most program- 

ming language environments have a command for 

stepping through a program (for example, in QBASIC 

it is the F7 key). Using the “step” commands with the 

circuit in Figure G-1 helps keep debugging time to a 

minimum. 
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IBM Parallel Printer Port Technical Reference Chart 

HEX BASE DEC BASE RANGE 
PORT ADDRESS ADDRESS in HEX 

MGA Port A 956 3BCh — 3BFh 

CGA 888 378h — 37Fh 
PS/2 632 278h — 27Fh 

experimental 768 300h - 340h 

Port C is also the IBM XT, AT, & 386 machine's 3rd PRN port IBM allocated Hex 300h - 340h 
for prototype board development. 

BASE ADDRESS 

DATA DATA DATA DATA DATA DATA DATA DATA 

eee | oe ee ee ee ee ee 
es ee a ee ee ee ee 

Many laptops are now being shipped with DO - D7 as bidirectional data bits. 
This book assumes your printer port’s data bits are NOT bidirectional. 

in | in| in| 

BUSY PAPER END |} SELECT ERROR 

E 

The ACK pin is also used for a hardware interrupt. 
NOTE: BUSY is internally hard wired for inactive high, ACK is internally hard wired for active high. 

BASE + 1 

BASE + 2 

internal 
control 

STROBE 

SELECT, INIT, AUTO-FEED, and STROBE outputs are OPEN COLLECTOR. 
NOTES: DB: = DB-25 connector, CENT = Centronics 36 pin parallel port connector. 
IRQ ENABLE: = software controls this bit to enable or disable interrupt operation of, Dé, at base + 1. 
Grounds on DB-25 connector: pins 18 to 25 on 36 pin Centronics connector: pins 16, 33, and 

19 to 30. 
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Gray Code/Binary 
Conversion Logic 

Suppose you had a disk with binary numbers 

from 0 to 15 represented as punched holes. Phototran- 

sistors placed near one side of the disk are positioned 

to detect a light source from the opposite side. As the 

disk turns, binary numbers are detected and transmit- 

ted back to your computer. The disk stops turning and 

comes to rest right on the boundary between 7 and 8. 

What would the output be? Since the area between the 

number codes is a “never-never land,” any bit might 

be high or low. Therefore, any combination of highs 

and lows are possible, and that means any number 

from 0 to 15 is possible. 

That’s not acceptable. What we need is a feed- 

back system that would oscillate between 7 and 8 and 

only output a 7 or 8 when the disk was in “never-never 

land.” That’s what the Gray code was designed for. 

GRAY CODE TO BINARY 

G3 B3 

G2 5 ae B2 

XOR GATE 

XOR GATE 

GO a (BY) 

XOR GATE 

Figure H 

The Gray code can, among other things, provide 

reliable position feedback of rotating and straight line 

movement. Like binary, Gray code consists of ones 

and zeros. However, with Gray code only one bit 

changes between adjacent numbers. The chart in Fig- 

ure H compares binary and Gray code numbers be- 

tween 0 and 15. The Gray code can be generated with 

any number of bits. Figure H also shows gate logic 

diagrams to convert a nibble of binary to Gray code or 

Gray code to binary. 

Through observation and experimentation, I dis- 

covered that Gray code logic matches the control 

logic used for dual phase and bipolar stepping motors. 

I have not seen this concept documented anywhere 

else. Armed with this knowledge, you can simplify 

your stepping motor control software by adding a 

little inexpensive hardware “glue logic.” 

BINARY TO GRAY CODE 

B3 

B2 | ————— 62 

XOR GATE 

) >———-«1 
XOR GATE 

) > 60 

XOR GATE 

Bi 

BO 
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TPU Units 

A TPU unit is a collection of procedures that are book. Rather than include them with each applica- 
used repeatedly. The procedures in MY_TPU.PAS __ tion, they have been collected and grouped together 
and MY_TPU.C are used repeatedly throughout this __ in the following units. 

MY_TPU.PAS Listing 

UNE My on Pus 

{ A TPU unit of procedures I repeatedly use } 

INTERFACE 

USES CRE, DOS, ‘GRAPH; 

iY PE See. OF Char = Seb Of (CHAR: 

Digit_Type = ARRAY[(0..10,0..10] OF STRING[15]; 
Line_Info_Type = 

RECORD 

Gli, SILA SOA SC 2 TRINH SEH ELS 

END; { line info type } 

VAR OK_Set 2 Sic nOne (Clashes 

iDEtfepatie : Digit_Type; 

van te, (Gielleue,, 2¢ehihe,, Naclsive 2 SMNmEeiaiee 

Lines 2 Lines intonilvee; 

PROCEDURE Cursor_Off; 

{ Hide the cursor. Use BrOS interrupt S10, Function 1 to hide the curser } 

PROCEDURE Cursor_ON; 

{ Determine the active vidio card. This as not a trival task } 

PROCEDURE Clear_Kbd_Buffer; 

{ Clear contents of keyboard buffer. } 

PROCEDURE Get_Character( OK_Set : Set_Of_Char; VAR Ch : CHAR); 

{ Read a character from the keyboard. Print the character's ASCII code at } 

{ the cursor. Return the ASCII code to program via variable Ch } 

PROCEDURE Select _Printer_Port (VAR Lpt_Num, Lpt_Port_Address : WORD); 

f ielaveyoile icone ayreilhawel qoyeneie. texeuexciaifchal | {Al oa oie 3) ) } 

{ check that selected printer port is actually installed on machine } 

{ return port address from BIOS variable segment, ( Lpt_Port_Address ) } 

PROCEDURE Find_Lpt1(VAR Lpt1_Base_Address : INTEGER) ; 

{ find £1irst printer port, LPT } 

FUNCTION Find_LPTx(Num : INTEGER) : WORD; 

{ return port address of printer port 1, 2, or 3, selected by variable Num. } 

PROCEDURE Init _Printer_ Port (Lpt_Num, Lpt_Port_Address : WORD); 

(invellize selected printer port; } 

{ Tell ROM=BIOS service routine $17, function $01, to initilize the } 

{"seleeued prinker pore, UptlNume } 

243 



PROCEDURE Generate _Characters( Digit : Digit_Type ); 

{ generate large numbers from extended ASCII characters } 

IMPLEMENTATION 

VAR REGS RECESSES 

PROCEDURE Clear _Kbd_ Buffer; 

{ Clear contents of keyboard buffer. } 

{ From PC Intern, by Michael Tischer, Abacus Press, 1992, page 462 } 

BEGIN 

INTE SONS, (Siw )) { CLI: disable hardware interrupts } 

MemW[$40:S1A] := MemW[$40:$1C]; { No more characters in Buffer } 

INLINE ( S1B ); { STI: enable hardware interrupts } 

END; 

PROCEDURE, Get Character( OK Set 3 SetlOf Char; VAR Ch = CHAR); 

{ Read a character from the keyboard. Print the character's ASCII code at } 

{ the cursor. Return the ASCII code to program via variable Ch } 

BEGIN 

REPEAT 

REPEAT UNTIL KEYPRESSED; 

Ch := ReadKey; 

IF ORD(Ch) = O THEN { it's an extended character code, between 128 and 255 } 

BEGIN 

Ch := ReadKey; 

Cla s= CRNR(ORD(Eia)) 2 AAs 

END; 

fh (CheiNimOKmS ce) seANDen(Ch INS (CHAR (225) ee. CHAR (2/515) spe nEEIN WikseEN (Ela) i, 

IF (Ch IN OK_Set) THEN BEGIN END ELSE WRITE(CHAR(7)); 

UINAMIN; Cla, JON OK Ser 4 

END; { get character } 

PROCEDURE Select_Printer_Port (VAR Lpt_Num, Lpt_Port_Address : WORD); 

WON, (Elm 2 (CisvAlRus 

Clavacik ier wWellicl jee seileceucn ( i, 2, oie 3 )) 

check that selected printer port is actually installed on machine 

return port address from BIOS variable segment, ( Lpt_Port_Address ) 

$0408 contains port address of LPT1 

SO40A contains port address of LPT2 

$040C contains port address of LPT3 

The Programmer's PC Sourcebook, MicroSoft Press, 1991, Page 7-75, 

Compute's Mapping the IBM PC, Compute Books, 1985, page 234 [pen il exten Ul ceten til eaten il ten lane tl ten ce [ORE Guo) Emmy ee By Key | REECE Be 

BEGIN 

REPEAT 

(GuikeSieses Clo} g= ° VA Inj, tone JNeloinesisi Sa Op 

GOTOXY (11.076 "WRITE Which printer port’ do you want ‘to use, 17-2) ores 27ejs 

OKSS et = seleeeluea mualle 

Get_Character( OK Set, Ch); 

ioe Niki 8= ORD(Cla) = Aey 

Lpt_Port_Address <= Memw[ 0: $0400 + 6°) (@Lpt Nam 22 ) 45> 

IF Lpt_Port_Address = 0 THEN 

BEGIN 

WRITELN; 

WRITELN('Port selected is not installed on this machine.'); 

WRITELN; WRITELN('PRESS ANY KEY TO CONTINUE:'); 
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REPEAT UNTIL KEYPRESSED; Ch := Readkey; 

END; { else } 

UNTIL: Lpt_Port Address <> 0; 

END; { select printer port } 

PROCEDURE Find_Lpt1(VAR Lptl_Base_Address : INTEGER); 
CONST Base_Address = 1024; Omrsoe = [ie 

i) Use 8 for LPT; use 10) to’ Lind’ LPT2, ana 12 to find LPT? 3 

BEGIN 

Lpt1l_Base_Address := MemW[0: Base_Address + Offset]; 

END; 

FUNCTION Find_LPTx(Num : INTEGER) : WORD; 

{ 

FeLturh port address of printer port, 1, 2, or 3, selected by variable Num. 

From: 

Compute's Mapping The IBM PC & PCjr, Russ Cavies, Compute Books, 1985, P 234 

The Programmer's PC Source Book, 1991, Thom Hogan, Microsoft Press, Page 7-75 

} 
CONST Base_Address = 1024; { base address for IBM printer ports } 

VAR Offset : INTEGER; 

BEGIN 

Orrset == M2 Ss INum) + 6: 54 8 = her V0 =] LET2 send 123= pPre) 

Find LPTX := Memw[0: Base Address + Offset]; 

BND: “fe aici liotay 4 

PROCEDURE Init Printer Port (Lpt_Num, Lpt_Port_Address : WORD) ; 

{ Initilize selected printer port; } 

1 Telit ROM-BIOs Service Loutine Silly, tunctr0n S0l> to mnleiirze ther sellecream 

{ printer port, Int iNum. } 

{ Referances: 

{ PC Interrupts, Addison-Wesley, 1991, page 3-31, & Programmer's Reference } 

{ Manual for IBM Personal Computers, Dow Jones Pub, 1986 Pub. Page 678 } 

BEGIN 

WITH Regs DO { from Mastering Turbo Pascal 6, (c) 1991, Tom Swan, Page 889 } 

BEGIN 

AVS Oe {1 functaen number } 

DX := Lpt_Num; { printer port number } 

END; { with } 

INTR($17, Regs); 

END { Stns princwerm port 4 

PROCEDURE Cursor_Off; 

Hide the cursor. Actually, sets cursor off the screen } 

Uses BIOS interrupt $10, Function 1 to hide the curser } 

Restores the normal default cursor setings. } 

Uses BIOS interrupt $10, Function 1 to hide the curser } 

Turbo Pascal 6, Comp. Ref; Borland/Osborne Pub; Stephen. O'Brien, Page 416 } 

PC Interrupts, Addison Wesley Pub. 1991, by Ralf Brown; Page 5-12 } 

Programmer's Ref Man for IBM Per. Comp. Dow Jones Irwin Pub, 1986; P.522 } 

Programming the IBM User Interface; Addison-Wesley 1989; Ben Ezzell; P.223 } 
Foe ce ce ee 

BEGIN 

WITH Regs DO 

BEGIN 

gual f= SOILS { set cursor shape } 
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ch S20- . { hide cursor, staruingirow 3} 

cl $02; { hide cursor, ending row } 

END; { with } 
INTR($10, Regs); 

END; { Gugsex oft } 

PROCEDURE Cursor_ON; 
{ Find out if a graphics card is being used. Use apropreate procedure to } 

{ turn on the cursor. Hercules and MDA video cards are different from CGA } 

{ Turbo Pascal 6 System Programming, Abacus 1991, by Michal Tischer, Pg 414 } 

TYPE Video Cards = (MDA, CGA, HERC, EGA, VGA, Unknown ); 

VioSaveBuf = ARRAY [$0000..$3FFF] OF BYTE; 

WISE = Waleysencisioue 5 

VAR Video_Card : Video _Cards; 

Vio Ptr ; VSPtr; { poimter to video RAM } 

IN_Graphc : BOOLEAN; 

Active_Mode : String[10]; 

VaicleouModey ms Gis bane ma Sana. 

VidilomMode == BYE. 

Graph_Driver, Graph_Mode : INTEGER; 

PROCEDURE Graphics _Cursor_ON; 

{ Uses BIOS interrupt $10, Function 1 to restore the normal cursor } 

{ Restores the normal default cursor setings to any color graphics card } 

{ Programming the IBM User Interface; Addison-Wesley, 1989; P.223 i 

BEGIN 

WITH Regs DO 

BEGIN 

ala g2 S@ils 

Gin g= SOG? 

Gil s= S07; 

MIDS “4 yyakiela 4} 

INTER (SLO; Regs) 

ND? 1 CreajalilLes uliesoie wal); 

PROCEDURE Mono_Cursor_ON; 

(SUSes! BIOS invernupe S10) Hunckron I wor resizome  Enemmonnal /eulnSommReShoOLesmn 

{ the normal default cursor to monochrome and Hercules graphics cards. } 

{ Programming the IBM User Interface; Addison-Wesley, 1989; P.223 } 

BEGIN 

WITH Regs DO 

BEGIN 

alm a= S@il; 

Gin eS SO©)s 

Gil s= S@As 

FOND oe ee waletetanen 

INTR($10, Regs); 

END; { mono cursor on } 

PROCEDURE Get_Video_Card; 

{ Determine the active vidio card. This is not a trival task } 

{ Turbo Pascal 6 System Programming, Abacus 1991, Michael Tischer,Pg 410-15 } 

Const VGA_Vidio_Tab : ARRAY[0..12] OF Video Cards = 

(Unknown, MDA, CGA, Unknown, EGA, EGA, 

Unknown, VGA, VGA, Unknown, CGARMCGA,sCGA ). 
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Mono_Adr_Reg = $3b4; { monochrome card port address } 
Mieyeley SEES! = Shoes { monochrome card's status port address } 

VAR Regs : Registers; 

1 : INTEGER; 

SWECIEUIS: 8 JeyhE { MDA-/ Hercules status port } 

BEGIN 

Video_Card := Unknown; 

Regs.AH := SOF; { Function to determine vidio mode } 
INTR($10, Regs) ; 

Video_Mode := Regs.AL and $7f; { store vidio mode } 

Regs.AX :=$1a00; { Function to determine if only VGA } 

INTR($10,Regs) ; 

ie (Regs. Al = $lla) THEN { is function available? } 

BEGIN 

iP (Reds. su <> sla) THEN i vies) VGA) Code, OF Current eat tne sbi 

Video_Card := VGA_Vidio_Tab[Regs.BL] { yes, get code from table } 

END 

ELSE 1 Tae WICYN,, SLS) SLie aia INEVN P } 

BEGIN 

Regs.AH := S12; { Cellil ietine@icscin Sil2 } 

Regs. Bor s— S10); { Sul iinet SQ } 

INTR($10, Regs); { call video BIOS } 

hf (Regs Bu <= S10) THEN Video Card == EGA; { EGA is installed } 

END; { else } 

IF (Video_Card = Unknown) THEN ( VWidiorcana Stil unknown 2 

IF (MemwW[S0040:$0063] = Mono_Adr_Reg ) THEN { monochrome card ? 

BEGIN { yes, must be MDA or Hercules 

(ete card ac Hercules), (chem bite) LneGRTSraris seo Ustem swarllchiancey, 

{ otherwise, the card is a monochrome display 

Walkers S= jSMie (SOOO), FOO), 

Status := PORT[Mono_Status] AND $80; Li eBead CRM TStacus poirian: 

fy == [0)s 

WHilbE | PORT IMonolStaLusl= AND S80) — Statwe) AND (y= 327167) 5bO. ING) 

ie ( f= 32767 ) THEN Video Card += MDA ELSE VadeolGard z= Here; 

END { if mem } 

ELSE Video _Card, -= CGA; 

END; 

PROCEDURE Error Message; 

BEGIN 

GalbicSicic, 

WRITELN; 

WRUNG UmaoletOubestore mous Cums or..  !)); 

WRITELN('Your type of vidio display is "UNKNOWN" to this software'); 

WRITELN; WRITE('PRESS ANY KEY TO CONTINUE: ') ;READLN; 

END; { case } 

BEGIN { cursor on } 

Ger ticecom@ansG, 

GASH Video Card OF 

MDA, HERC : Mono_Cursor_ON; 

CGA, HGA, VCR ; Graphics_Cursor_ON; 

UNKNOWN : Error_Message; 

END; { case } 
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END; {_ cumser on. } 

PROCEDURE Generate_Characters( Digit : Digit_Type ); 

{ generate large numbers from extended ASCII characters } 

BEGIN 

DiGrr Oa ( 
DIGIT[O, 2] ('d 
DIGIT Onsite (00 

DIGIT [0,4] ('b 

DIGIT[0,5] z= ('6 
DIGTT Gs a ae (40 
DIGIT [0 n() U 
DIGIT [O, it aa 

DIGIT[0,9] ( 
ANRAAA 

AARAAA- 

DIGIT [2d ( ) 

DIGIT (2.2 ( ) 

DIGI 2 6 ( ) 
DIGI 7 aa ( ) 

DIGIT(2 Sie (* LUGOCUUR : 4); 

( ) 

( ) 

( ) 

( Ne 

I BS W 

[ 
DEGIAE A, ©)]] $= 

DIGIT (2, W\ s= 

DACA 2,3) 2= 

DIEGAME LZ, S| s= 
AAARAAAAA 

eS WG 

& © (aR) (oe) sae 

et DG (Sees cae eae 
RAAAAAA 

ANRAAA 

AARAARAALRLAASLA 

DIGIT([4, 

Wwicalies (OS 
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DIGIT(S, 1] 
DIGIT[5,2] 
DIGIT (5, 3] 
DIGIT(5, 4] 
DIGIT[5,5] 
DIGIT[5, 6] 
DIGIT(5,7] 
DIGIT[5, 8] 
DIGIT[5,9] 

DIGIT(6,1 
DIGIT[6,2 
DIGIT[6,3 
DIGIT[6,4] 
DIGIT[6,5] 
DIGIT [6,6] 
DIGIT [6,7] 

] 

] 

DIGIT TSG, 8 

DIGIT[6,9 

DEGLE LT; 

DIGEE| i 7] 

DIGIT | 7,85] 

DIGCUD i759) 

DIGIT(8,1] 
DIGIT[8, 2] 
DIGIT[S, a4 
DIGIT[8, 4] 
DIGIT[8,5] 
DIGIT[8, 6] 
DIGIT[8,7] 
DIGIT[8,8] 
DIGIT[8, 9] 

JOM EAE is Sean 

Dees a2) 

DIGIT[9, 3] 

DG Sy Aa 

DIGIT([9, 5] 

IDOE TEAR IS Sy, 

IDI SEM SY Ie 

IDE EAR IES) Sh 

1D) aeAw |1S) 573) 

END; 

a er a) o o> i 

ct > ep 

God 

pe: Oo eae 

aa es 

( ' 

BNDE ae my neue 

w 

nw 

AAA 

A 

AA 

aes (Ss, 

cy a [= S ey (= (a) 

AAA A 

ALS a 

816160161616) 

Ww Cc @ cS Cc jen 

Ww 

> G 

co 

Se ae a ea oe 

> 

p GprGpceb G5 
G 

Me 
); 
Wh 
3 
i 
Mi 
VS 
i 
Va 

Nie OMe Snel Se, un Sis) Sea me 

~ 

Se) mb) Nel Ne Ne isis) Soe) re 

~ 

/ 

/ 

‘ 

, 

/ 

/ 

/ 

‘ 

y 

{ generate characters } 
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MY_TPU.C Listing 

fe UNIT My_TPU 
Code conversion by Eugene Klein 

A TPU unit of procedures I repeatedly use 

af 

union REGS regs; 

struct Line Info Type 

{ 

Mane Ribs 

mie, Weil-s 

WME 2625 

Wide YWe2s 

ar 

char OK_Set [15]; 

eheam Dageel lo) {10} (15); 

Me OS, VW, Collheie, Meliss, Saeliied 

struct Line_Info_Type Lines; 

unsigned int Lpt_Port_Address; 

void Clear_Kbd_Buffer (void) 

// Clear contents of keyboard buffer. 

// From PC Intern, by Michael Tischer, Abacus Press, 1992, page 462 

{ 

disable(); // disable hardware interrupts 

poke (0x40, 0x1A,peek(0x40,0x1C));  // No more characters in Buffer 

enable(); // enable hardware interrupts 

} 

Int Get Character ( char OK_Set [15] ) 

// Read a character from the keyboard. Print the character's ASCII code at 

// the cursor. Return the ASCII code to program via variable Ch 

{ 

unsigned int Ch=0; 

unsigned int extended; 

Changs Dera= OF. 

while(!ptr) 

{ 

Waile(ikbhat @)) (4) 

€h=geteh()’; 

alae (1a) 

{ 

extended = getch(); 

Ch=extended + 0x80; 

} 

DeEr=strcehnr (Okeset, Ch); 

nie (Ganese) 

{ 

ne ( (Cla s= O32) Se (Cim <=Opciei)) ) 

joueaianese (Wee) ,, Cla). 7 

} 

else 

jovealione ie (7 \eal)) ¢ 
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} 

rene oweial (lst) 

} 

unsigned char Select_Printer_Port (void) 

{ 

‘/ Cheek tor valid port selection ¢ 1,)2, or 3-) 
// check that selected printer port is actually installed on machine 
// return port address from BIOS variable segment, ( Lpt_Port_Address ) 

// 0x0408 contains port address of LPT1 

// Ox040A contains port address of LPT2 

// Qx040C contains port address of LPT3 

// The Programmer's PC Sourcebook, MicroSoft Press, 1991, Page 7-75, 

// Compute's Mapping the IBM PC, Compute Books, 1985, page 234 

Chak, Clas 

unsigned char Lpt_Num; 

do 

{ 

Chai *OKR Set M1230". 

Clrsen (i; pre aeonre Address: = 0); 

opel Rera (il, WC) ichealsoliere (( UMiatelat joedimlciens jorencie, Clo) youl Wweime ico USS, I, B, ore 3 5 

Ch=Get_Character( OK_Set) ; 

bp Num =) Che 43)- 

Lpt_Port_Address = peek( 0, 0x0400 + 6 + ( Lpt_Num * 2 

shit, (Bole DeicieNeltchasers) = 10) 

{ 

) jae 

printf£("\nPort selected is not installed on this machine. \n"); 

printf("PRESS ANY KEY TO CONTINUE:"); 
geten() 3 

yee address =" 0 

IWwhklelhpteuror: Address, == 0!) 

return (Lpt_Num) ; 

} 

unsigned int Init_Printer_Port (unsigned char Lpt_Num) 

// Initialize selected printer port; 

// Tell ROM-BIOS service routine $17, function $01, to initialize the selected 

Hye printer port, Lpt_Num. 

// References: 

// PC Iimtercrupts, Addsson-Wesiley, L991, page 3-31, & Programmer ’s Reterence 

// Manual for IBM Personal Computers, Dow Jones Pub, 1986 Pub. Page 678 

{ 
regs.h.ah=0x01; //faunction number 

regs.x.dx=Lpt_Num; //port number 

int86(0x17,&regs,&regs) ; 

return ( peck(t,. 050400 + 6 = ( Lpt_Num* 2” ))  ); 

} 

void ‘Gursor Off (void) ; 

j// Hide the cursor. Actually, sets cursor off the screen 

(j Gaes BIOS anterrupt.S10;/ Function! to; hide the curser 

// Restores the normal default cursor settings. 

ji Uses BUOSeimterrup: 310; Bunctirony 1 stovhide the curser 

jf Tarbo Pascal 6, Comp. Ref; Borland/Osborne Pub; Stephen. O'Brien, Page 416 
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// PC Interrupts, Addison Wesley Pub. 1991, by, Ralf Brown; Page 5-12 

// Programmer's Ref Man for IBM Per. Comp. Dow Jones Irwin Pub, 1986; P.522 

// Programming the IBM User Interface; Addison-Wesley 1989; Ben Ezzell; P.223 

{ 
regs.hvain =0x01, // set cursor shape 

regs.h.ch = 0420; // hide cursor qistarting: cow 

regs. hel =/0x02-. // hide cursor, ending: row 

int86(0x10, &regs,&regs); 

} 

void Graphics_Cursor_ON(void) 

// Uses BIOS interrupt $10, Function 1 to restore the normal cursor 

// Restores the normal default cursor settings to any color graphics card 

// Programming the IBM User Interface; Addison-Wesley, 1989; P.223 

{ 

Wego, ela = (s<0)ils 

LEGS .li,.cin = Ox. 

HeCeslioeGll = Oxy 5 

int86(0x10,&regs,&regs) ; 

} 

void Mono_Cursor_ON (void) 

// Uses BIOS interrupt 0x10, Function 1 to restore the normal cursor. Restores 

// the normal default cursor to monochrome and Hercules graphics cards. 

// Programming the IBM User Interface; Addison-Wesley, 1989; P.223 

{ 

RECS ivalae= OscOuir. 

regs.h.ch OscO9e 

ECS INCI = Os<0/As 

int86(0x10,&regs,&regs) ; 

} 

char *Get_Video_Card(void) 

// Determine the active video card. This 1s not a trivial task 

// Turbo Pascal 6 System Programming, Abacus 1991, Michael Tischer,Pg 410-15 

{ 
Gineue WEN Wirele Walp ls Te = 

{"Unknown", "MDA", "CGA", "Unknown", "EGA", "EGA", "Unknown", 

‘GAN, “VCA* "Unknown", “CCA","CGA", "CGA" };; 
unsigned int Mono_Adr_Reg = 0x3b4; // monochrome card port address 

unsigned int Mono_Status = 0x3ba; // monochrome card's status port address 

unsigned int i; 

ImGastacus, // MDA-/ Hercules status port 

Claire Waco _Cerccl [iL@]| =YMwinlaneiaY 9 

//int Video _Mode; 

ISOS ginigaia = OsOirs // Function to determine vidio mode 

int86(0x10,&regs,&regs) ; 

//Miadeo Mode = regs-h.al && Ox7£; // store vidio mode 

regs.x.ax = 0x1a00; // Function to determine if only VGA 

int86(0x10,&regs,&regs) ; 

Li (edge nial == soa) // is function available? 

{ 

nae (esos. lolol L= Oxeilei) Le Sy MIN, COC Oi lheiceinnc Ceuael akin ii, } 

strcepy (Video_Card, VGA_Vidio_Tab[regs.h.bl]); // Ves, 49eb Codes izom talile 
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} 

else Hi Moe WEIN, aus) atic ia ENEVA 2 

{ 

Begs mean = Oac2: oy seedlil iuieelesuem, Sil2 
GHeGSe diols == O10). Hi ‘sivlley sebiieieakeial S10) 

int86 (0x10,&regs,&regs) ; // call video BIOS 

ifiregs f.bl t= 20210) 

Strepy (VildeosGard, "HGA™); Hj, VHCYN Gifs} ahinystie Il aleve! 

L£(!stremp(Video_Card,"Unknown")) // vidio card’ still unknown? 

if (peek(0x0040,0x0063) == Mono_Adr_Reg ) // monochrome card ? 

{ 

// yes, must be MDA or Hercules 

tf a2 Card.is Hercules, then bit 7 im CRT status register will change; 

// otherwise, the card is a monochrome display 

status = inport(Mono_Status) && 0x80; // read CRT status port 

Te ee 

while((inport (Mono_Status) && 0x80 == status) && (14+ <=32767) ) 

{ 

safe DA) eal SRS ROWE wm) 

SErEDYAVLGdeomcara, . MDA"): 

else 

strcpy (Video_Card, "Herc") ; 

} 

} 

} 

else 

strcpy (Video_Card, "CGA") ; 

return (Video_Card) ; 

} 

void Error_Message (void) 

{ 

GUrSeerN)) > 

printf("\nUnable to restore your cursor.\nYour type of vidio display is UNKNOWN to 

this software") ; 

Drier" \iPRESS ANY KEY TO COND ENUH: Ne 

getch(); 

} 

VOU Generate Characters ( char DIGID [SiS [10 

// generate large numbers from extended ASCII characters 

{ 
strepy (DIGIT[0][1]," uooddcuU "); 
strepy (DIGIT [0] (21, *0& CU") 

strepy (DIGIT[0] [3], "0 ig 
strcpy (DIGIT[0] [4],"0 Ors 
SErepy (DIGIT 05), "U Oe 
strcpy (DIGIT[0] [6], "0 OMe 
strepy (DIGIT[0][7],"0 1a ge 
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strcpy (DIGIT[0] [8], "OU UG"); 

strepy (DIGIT [0] [9] ,““8UUDUUB "); 

strepy (DiGIT h1) 111 ) 
Sissons (OIG wa I |) Ay ) 

strcepy (DIGIT[1] [3] ) 

strepy(DiGITl11[4) ) 
strcpy (DIGIT[1] [5]," ")3 

( Lite4 ) 

( aap ) 

( PLES ) 

( (27.62) ) 

So ha Gp Gs ie. 

strcpy (DIGIT 

SHeneei ons ((IDINE ICE 

strcpy (DIGIT 

strcpy (DIGIT 

Sa ie 

> 

strepy(DIGETi21 (11) ) 

SiEraejony (DIGI Dl Di ) 

SieieC ova (DG aaa | ) 

strepy (DIGIT (2 j.[41e:" a) 

strepy (DIGIT(2)(5]," UUU000S “); 

strcpy (DIGIT[2] [6] ) 

Strcpoy. Duero) (71 ) 

strepy (DUGTT (2) [e] ) 

serepy (DiGi T (2 [91 ) 

Stecpy (DiGi Tint) 

Stree pya(DmG mimes yea) 

Siero (OIG LW |S} |) (LSI 

Slerejowy (Dice eae | 3} | he 

SiereCjowy (DALES ee |S) (LS), wcioene) 

Sstrepy (DIGIT(3) 16) 

Ficnecjowy (DIE 3 1) 

strcpy (DIGIT [3] [8] 

Siero (DIGI (Sy) SY 
ARARA 

Stropyiprerrp4) (i, *O U™)> 
strepy(DIGiIT(4) (2),,"U Os 

Strepy (DELETE 14] (315° 0 6"); 

strepy (DIGIT (4] 141, °U Oe \s; 

strcpy (DIGIT[4] [5], "O00000005") ; 
strepy (DIGITI4 Wie)", * 0"); 
strcpy: (DIGIT S)i71 ." ital a: 

strepy (DIGIT (4) (81% Wo 
strepy (DIGIT! 4) (91, " Use 

AAAAAA ARAL 

Sere pya( DUG >) lel OUT UUUU 

SEncpy (DuG@mSiirZ4 

strcpy (DIGIT [5] [3] 
Sstrepy (DIGIT (S|) [4] 

SErepy (DIGIT [SiS] 7" {S 

Sstrepy (DIGITS) 16] 

Strepy, (DIGI isin iva 

strcpy (DIGIT[5] [8], "OU U 

( Pos 
AARAL 

strcepy (DIGIT Ae SUUUUUE. "); 

strepy (DIGIT[6][1]," U0 ee 

strepy (DIGIT [6] [2],"Us Sale 

strepy (DIGIT 6tol, “U al 
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strepy (DIGIT [6] [4], "00000000 °)-; 
strcpy (DIGIT[6] [5], "Ug EUe): 
Serepy (DIGITIG) (61, "U "); 
strepy (DIGIT[6] [7], "0 6"); 
strcepy (DIGIT[6] [8], "00 UO"); 

strcepy (DIGIT[6](9]," gs00000R "); 

strcpy (DIGIT(7] (11, “OUCTUOIOO") ; 
SEEcoy(DieIT( 7) (2)4* (Chaar 

strepy (DIGITI7](3]," why 6 

Stremr(DiciT( 7] (2), Uy 
gerepy(DiGiIT(7) (51, " hae 
siwepy (DIGIT (71 [4] ;° Ohne 

strcpy(DIGITIT I (7),." Wik ae 

strepy (DIGIT([7] [81," le 
strepy (DIGIT(7] [9]," Urs 

SErepy (DlGrr a; )t),” vuuuuUU ™); 

strepy (DIGITTIS] [21], "0k £0"); 

etrcoy (DIGiIT{e1 (3), °u A aes 

sercpy (DIGIT [Ss] 14), "uu OU"); 
strony (DIGITIS]15]," GOUU0000 “); 

strcpy (DIGIT[8] [6], "08 gO") ; 

etrepy (DECITIOI(7),*0 oie 
strcpy (DIGIT[8] [8], "00 UU") 5 

strepy (DIGIT[8](9],"" BUUUDUR "); 

strepy (DIGIT(91 (1]," DOUDDUU “); 
etrcov (DIGIT(9] [2] ,*"0& gO"); 
strepy (DIGIT(9] [3], *0 iG fa 

strepy (DIGIT(S] [41], "0U Vos 

strcepy (DIGIT[9][5]," s0000000") ; 
strcepy(DIGIT(9] [6] ;" Ohne 

strcpy (DIGIT[91[7]," ur ys 
SErepy (DILGER IOV(S i." iba ae 

SErepy (DEGrM 9a (oly, % irs 
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Allophones, 51 
Analog inputs, 179 
Analog sensors, 185-7 
Analog to digital converter, 179 
Audio tones, 59 
Bounceless switches, 165 
Crystal oscillators, 205 
DC servo motors, 133 
Digital to analog converter, 67 
Displays: 

common anode 7-segment, 15, 22 
common cathode 7-segment, 17, 23, 25 
hex, 27-29 
light emitting diode, 1, 7 
liquid crystal, 31 

Eddy current proximity switch, 159 
Eight-bit inputs, 141 
Fluid detection, 163 
Frequency to voltage conversion, 186, 187 
Game port interfacing, 207, 211 

Hall effect switch/latch, 161 

Hardware interrupt, 147 
Inverter, 13, 59 
Light emitting diodes, | 

Limiting resistor, | 
liquid crystal display, 31 
Octal driver, 45 

Octal latch, 13, 45 

Optical isolation, 37 
Optical switch, 158 
Optocoupler, 151 
Optoisolator, 151 
Photo sensitive transistor, 40, 157-8 
Pressure/vacuum sensor, 185 
Printer port specifications, 239 
Pull-up resistor, | 
Pulse width modulation, 81 
Reflective optocoupler, 151 
Serial analog to digital converter, 189 
Serial port interfacing, 207 
Servo motors, 133 
Seven-segment displays, 15 
Sink current, | 

Slotted optical switch, 158 
Solid state relays, 37, 40 

Source current, 7 
Square wave generator, 75 
Stepping motors: 

5-wire motors, 91 

6-wire motors, 97, 107 
8-wire motors, 113, 119, 121, 128 

binary control logic, 107 
bipolar gray code control logic, 113 
bipolar binary control logic, 119 
bipolar clock/clock control logic, 121 
bipolar clock/direction control logic, 121 

dual phase control logic, 91 
full step control logic, 91 
half step control logic, 97 
single phase control logic, 91 

Strobe signal, 13 

Switch inputs, 141 

Temperature to voltage converter, 186 
Terminate and stay resident, 147 

Triac-optocoupler, 40 
Vacuum/pressure sensor, 185 

KCrIPS 

74LS47 (binary to common anode 7-segment display 
driver), 17 

74LS48 (binary to common cathode 7-segment display 
driver), 25 

74LS88 (quad XOR gate), 108 
74LS 193 (binary up/down counter), 128 
74LS563 (inverting octal latch), 13, 15 

8253 (programmable interval timer), 75, 81 
9368 (7-segment common cathode hex display driver), 27 
9374 (7-segment common anode hex display driver), 28 
ADC0804 (8-bit analog to digital converter), 179 
ADCO0809 (8-channel 8-bit analog to digital converter), 197 
CD4543B (CMOS common anode/common cathode 

display driver), 22-3 
DAC0832 (digital to analog converter), 67 
HP5082-7340 (decode, latch, and hex display driver), 29 

IL74 (optocoupler), 40 
LM336 (voltage reference), 67 

LM358 (operational amplifier), 67 
MCC3010 (triac optocoupler), 40 
MFOD71 (photosensitive diode), 157 
MFOD72 (photosensitive transistor), 158 
MM74C922 (16-key to binary encoder), 165 
MPX2100 (pressure/vacuum sensor), 185 
PCD3311 (tone generator), 54 
PE16 (eddy current proximity switch), 159 
SC511C3 (SCR optocoupler), 40 
SPO256 (speech synthesizer), 51 

TLC548 (serial output 8-bit analog to digital converter), 92 
ULN2429A (fluid detector), 163 
ULN2803 (octal inductive load driver), 45 

ULN2954 (bipolar stepping motor driver), 113 

207 
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CONTROLLING THE WORLD WITH YOUR PC 

by Paul Bergsman 

PROGRAM FILES 

High Text Publications,|nc. 

SolanaBeach, CA 92095 



$35.00 Electronics/Computers 
(Price may vary outside U.S.) 

Connect Your Personal Computer 

To The Real World... 

...and make it do useful work like controlling stepping motors, monitoring fluid levels, or switching 

appliances on and off! Interfacing your PC to other devices and circuits isn’t always easy; 

it requires a mix of hardware and software skills few people have. But Paul Bergsman has done 

the hard work for you in this terrific book for users of IBM compatible PCs. 

You won't need to modify your PC to use this book. Each of the circuits in this book connects 
directly to the parallel printer port of your PC! Each also comes complete with a circuit diagram and 

listings for control software written in Pascal, C, and BASIC. And the accompanying disk contains 

full source code in all languages plus compiled (.EXE) files. 

Here are some of the applications you'll find in this book: 

* controlling stepper and servo motors 

generating audio tones and speech 

* converting input voltages to binary values 

driving high power loads and DC relays 

* converting DTMF tones to binary values 

You'll find plenty of information about adapting applications for your particular needs. Nine 

appendices cover such topics as using your PC’s game port for input, expanding the parallel port 
for 24-bit I/O, serial port interfacing, and bidirectional printer port use. 

All circuits and software have been tested in actual applications. These are practical, useful 

applications, not technological “stunts.” No matter what your interest in electronics and 

computing—as student, technician, teacher, or engineer—this collection of circuits and software is 
destined to become an indispensable part of your technical library! 

ISBN 1-8786707-15=49 

ll 9781878707154 
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