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The features 
of high -end 
Printed dreuit 
board layout 
software at a 
fraction of 
the cost- 

$299 
CircuitMaker 6: 
Schematic design 

and simulation 
software 

TraxMaker 3: 

Printed circuit 
board layout 
software 

CircuitMaker Version 6 and TraxMaker Version 3 give you the features of professional, high -end 

software at a fraction of the cost. Plus, with exceptional ease-of-use you'll spend less time learning 
to use the software and more time designing. Both applications are compatible with your existing 
software, and feature outstanding technical support. Call now for your free functional demo. 

CircuitMaker 6 is a powerful schematic 
design and simulation program featuring: 

Professional schematic features including printout 
borders, title block and barred pin names 

Symbol editor and Macro feature for custom devices 

Fast, accurate SPICE3f5/XSPICE -based simulation 

Complete array of analysis types, including Fourier, AC, DC, 

Parameter sweep, Transient and more 

Virtual instruments including a digital oscilloscope, 
multimeter, Bode plotter, curve tracer and more 

Extensive library of over 4,000 models 

Tight integration with TraxMaker® for quick PCB layout 

Output PCB netlists in Proter, Tango® and TraxMaker'' 

formats for use in a variety of PCB layout programs 

Windows 3.1, 95 and NT 

TraxMaker 3 is a powerful printed circuit 
board layout program featuring: 

Over 2,000 component footprints in a fully- documented, in- 

dexed library. Documentation shows footprints actual size 

Built -in autorouter and Design Rules Check 

Supports up to 6 signal layers plus power and ground 
planes, silk screen overlays and solder and paste masks 
Board sizes up to 32" x 32 ", with no pin limitations 

Intelligent manual routing with unroute capabilities 
Import any PCB netlist in CircuitMaker', Protel® or Tango° 
format 
Output RS274X Gerber files, Excellon N/C drill files and Bill 

of Materials 

Print to any Windows -compatible printer or plotter 
Windows 3.1, 95 and NT 

MICRO (ODE For free demo software, or to order, call 14004194242 
E N G I N E E R I N G I N C 927 West Center Street Orem, UT 84057 Phone (801) 226 -4470 Fax (801) 226 -6532 www.microcode.com 

©1998 MiaoCode Engineering IncAll rights reserved. CRNitMalkr, TraxMaker, SimCode and MiaoCode are registered trademarks of Microcode Engineering Inc All other brand and product names are trademarks or registered trademarks of their respective carpanic. 
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35 BURN YOUR OWN MICROCONTROLLERS 

As if you did not already know it, a quick look at the 
pages of this or any other electronics magazine will 
reveal that microcontrollers are at the heart of many 
projects and products 
these days. The rea- 

son is simple: One 
microcontroller can 
replace handfuls of 
active and passive 
components and do 
their job better and 
more economically. 
However, they do 
present one problem 
-they need to be 
programmed to do 
their job. Actually, that 
is no problem at all as this month's featured project will 
prove. Called the "No Parts" PIC Programmer, it is 

possibly the simplest and easiest solution to pro- 
gramming some of the most popular microprocessors 
on the market. - Michael A. Covington 
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Are a new breed of tiny 
microsatellites the key to the 
next step in our exploration of 
Space? - Douglas Page 
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similar systems -can be a 
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BUILD THE DISPLAYER 
This valuable musician's aid 
lets you see musical pitches 
as you play them. It also 
makes learning to play 
keyless instruments like the 
violin or trombone much 
easier. - Fred Nachbaur 

DEPARTMENTS 

14 EQUIPMENT REPORT 
IBM Home Director home - 
automation starter kit. 

22 COMPUTER CONNECTIONS 
Generating random numbers. - Jeff Holtzman 

25 

83 

SERVICE CLINIC 
Troubleshooting CD- player 
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We're the shop for home shops. 

39.99 
3 -amp regulated power 

supply powers DC devices 
from home AC. #22 -504 

1.99 
Durable project box 
with aluminum and 
plastic lid. #270 -1801 

19.99 
Auto -ranging digital 

multimeter. Sínple push- 
button and slide- switci 

cont.ols. #22 163 

19.99 
Soldering work 

station has dual - 
powered iron - 

just flip a switch 
to go from 20W to 

40W. #64 -2184 

5.99 
6- piece, precision 
anti - static screwdriver 
set. Durable alloy 
steel shafts. #64 -1963 

29.99 
Pocket -size torch kit. 
Produces 5000 °F in an 
adjustable pinpoint flame. 
#64 -2165 

9.9) 
Ball -bear ng type 

12VD_ blonrer tan. 
2,600RPM, 180mA. 

#273 -2'0 

2.29 
Multicolor heat- shrint 
tubing. Red, white, 
blue and clear. 
Pkg. of 7. #278 -1610 

Solutions for all your projects and repairs. 

here's a RadioShack in your neighborhood with the tools, parts and accessories to complete virtually any small 
Y 9 P P Y Y 

electronics project or repair. You'll find the hottest gear for everything from making simple repairs and testing 

circuits to building speaker systems and designing your own electronic devices. Even hard -to -find parts and acces- 

sories that might not be on our shelves are available for fast delivery direct to your door -just ask a store associ- 

ate about RadioShack Unlimited. For our store nearest you, call 1- 800 -THE SHACK (1 -800 -843- 7422). 

RadioShack. 
You've got questions. We've got answers!' 

Prices apply at participating RadioShack stores and dealers. Independent RadioShack dealers and franchisees may not be participating in this ad or stock or special -order every item advertised. 3 
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Accredited B.S. Degree in 
C om_ puters or Electronics 

by studying at Home 

Grantham College of Engineering 
offers 3 distance education programs: 

B.S.E.T. emphasis in Electronics 
B.S.E.T. emphasis in Computers 
B.S. in Computer Science 

Ñ4 Electronics Workbench Professional 5.0 
`included in our B.S.E.T curriculums 

- Approved by more than 200 Companies, 
VA and Dantes, (tuition assistance avail.) 

For your free catalog of our programs dial 

1- 800 -955 -2527 
http: / /www.grantham.edu 

GCE 
Your first step 
to help yourself 
better your future! 

Grantham College ofEngineering 
34641 Grantham College Road 

Slidell, LA 70460 -6815 
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ANTIQUE RADIO CLASSIFIE 
Free Sample! 

Antique Radio's 
Largest Circulation Monthly. 
Articles, Ads & Classifieds. ' ' 

6-Month Trial: $20.95. 1 -Yr: $40.95 ($57.95 -1st Class). 
A.R.C., P.O. Box 802 -L21, Carlisle, MA 01741 

Phone:(978) 371 -0512 VISA/MC Fax:(978) 371 -7129 

CABLE CONVERTER 
DIAGNOSTIC TEST CHIP 

WE STOCK A COMPLETE LINE OF CHIPS,TOOLU, 
WIRELESS QUICK INSTALL TEST BOARDS AND 
DIAGNOSTIC CUBES FOR ALL CONVERTERS! 

** *ANYONE IMPLYING ILLEGAL USE WILL BE*** 
DENIED SALE.WE SELL PRODUCTS ONLY!! TO 
TECHNICIANS OR CABLE REPAIR FACILITIES!! 
#1 IN CUSTOMER SERVICE & TECH. SUPPORT! 

*ALL ORDERS SHIP WITHIN 24HRS, UPS/ FED -X. 
*PRIORITY NEXT DAY SHIPPING AVAILABLE! 
*SALE. BUY 6 TEST BOARDS AND GET 2 FREE. 
*MONDAY THRU FRIDAY BAM - 7PM EST. 
*DEALERS WELCOME * ALL PRODUCTS GUARII 

VISUAL 
COMMUNICATIONS INC. 

ORDERS /CATALOG I -800 -GO -CABLE 
TECHNICAL SUPPORT DEPT. 717-620 -4363 EST. 1976 
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EDITORI\L 
Glad I Asked! 

Putting together a magazine like Electronics Now is a tough job. It is made hard- 
er by the fact that the technology that we are writing about is always changing, as 
are the needs and interests of our audience. To do the best job possible, I felt I had 
to get a better handle on what our readers wanted and expected from this maga- 
zine. That was the reason behind my July 1998 Editorial ( "Who Are You? What 
Do You Want ? "). 

I expected (hoped for ?) at least a few responses. What I received has exceeded my 
wildest expectations. My e-mail and regular mail boxes have been overflowing for 
days, and the letters keep pouring in. So you can see for yourself what your fellow 
readers are thinking, we've reprinted a few of the letters in this month's "Letters" 
column. Some more will follow in future issues. 

So, what have I learned? For one thing, our readership is a very varied bunch. That 
said, there were a few traits most of you share. 

For example, even if you never have built one, just about all of you enjoy our pro- 
jects. One common request was for a few more simple projects for those without the 
time or experience to tackle the big ones. Without revealing too much, I'll just say 
that we are working on a way to do just that, without eliminating our more sophis- 
ticated circuits. 

"Service Clinic," and its new author, Sam Goldwasser, received an almost universal 
thumbs up. The same is true of "Tech Musings," even if you don't always agree with 
some of Don Lancaster's views. 

Most of you like the articles on new and coming technology. Most, though not all, 
liked the new "Prototype" section. Just about everyone liked the "Q &A" column. 
One common request was a little more coverage of basic electronics; it is on the way. 

On computers, the majority want, or at least would not mind, coverage of comput- 
er hardware and circuits. One common request here was for interface circuits or cir- 
cuits that let you use your computer as a test instrument. On the other hand, most 
who expressed a preference asked that we do not delve into computer software or 
usage, unless it dealt expressly with electronics. On that last point, let me put any 
remaining fears to rest: This is ELECTRONICS Now, and the core of our cover- 
age will always remain centered on electronics, not computers. 

One thing did bother me, however. Many of the letters began by thanking me for 
the invitation to write. The thing is, your input has always been welcome and need- 
ed. Sure, we love to hear what we are doing right, but we also need to know what we 
are doing wrong. And an occasional letter to let us know you are still out there and 
paying attention is always nice. Don't be bashful, and don't be a stranger! 

Cai 4JU.' 
Carl Laron 
Editor 
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Bechar, eable Screwdriver 
Handle can he folded for pistol grip type 
use. Reversible, six torque settings. 
Accepts standard Y." hex bits. Includes 
slotted and Philips bits, AC charger and 
two battery packs. 

Order # Reg. 
22 -1710 $35.95 $22.50 

Piezo Horn Tweeter 
fry -vides excel enttran3ieat response wig 
low harmonic distcrion. Efficient piezo 
design ignores low f-ecoencies eiiminatng 
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40KHz. Frequencynesronse 3.- OI Hz. 
Dimensions: 2 %"(H) x 2y" ,W) x 3" (D). 

53070 $ 9I X3.50 

12V 4Ah 
Sealed Lead Acid Batter 

Ideal for moss 12VDC and battery backup 
applicat ons including alarm panels. 
Dimensions: 2.75" x 3.65" x 4.02 ". Weight 
3.96 lbs. Connections via .187" tabs. 
Order # Reg. 
29 -1910 $19.95 

Rubber surround provides tight punchy 
low frequencies and high durability. Poly 
cone provides immunity to humidity, 
making this ideal for automotive 
applications. Power capacity 70 /100W 
RMS/peak, frequency response 
30Hz- 3.5KHz, 1" voice coil, 18 oz. magnet. 
Bohm. 
Order# Reg. 
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ordering information 

1 SA Re ulated Power Su 1 

Provides regulated -5.) VI)C oLLput at 1.ñ 

amps duty cycle tóae minute on three 
minutes oft). Heavy rutty heat sinks assure 
cool reliable operation. Dimensions: 
175i" (W) x 10" (D)x5 ";Hr. 
Order # Reg 
72 -810 $9,1 2-5 $59.25 

$14.95 

Discone 
Scanner /Ham 
Antenna 
Versatile antenna 
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power rating of 200W. Antenna impedance 
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locks automatically onto 
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50KHz. Detachable 
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( #291 -030), nut included. Dimensions 
2SC (W) x 1h' (D) x 4h" (H). 
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Q i A 
READERS' QUESTIONS, EDITORS' ANSWERS 

Control Via PC 

Parallel Port 
QCould you explain how to turn a ¡2 -t:olt 

DC relay on for 10 seconds, then off for 
20 seconds, and repeat this cycle 1000 times, 
using a PC programmed in BASIC? The 
relay coil pulls about 250 mA. Ideally, I 
would like to be able to control three or four 
relays from a BASIC program. - L. H. B., 

Burton, MI 

QI want to write an automatic control pro- 
gram for a PC and send the input and 

output signals through the serial port or par- 
allel port. Could you give me complete infor- 
mation about the serial and parallel ports? 
-Y S. X., Trenton, Nf 

A PC parallel ports (printer ports) are 
extremely handy. Each port provides 

eight data lines plus several control 
lines; the whole thing is very similar to 
the bus of an 8 -bit microprocessor, so 
it's easy to interface to digital ICs and 
other circuitry. 

Taking the first question first, you 
can control up to eight relays with the 
data lines of a parallel port using the cir- 
cuit shown in Fig. 1. The relay coils are 
controlled by IRF510 power switching 
transistors driven by the data from the 
PC. You'll need a separate source of 12 

volts unless you're sure your PC can 
spare 250 mA for each relay coil; in that 
case, you can take 12 volts from a disk - 
drive power connector. 

The program is shown in Listing 1. It 
retrieves the port address of printer port 
LPT1 and then transmits data directly 
to the port, bypassing the operating sys- 
tem in order to ignore printer status sig- 
nals ( "ready," "out of paper," and the 
like). If you want to use port LPT2, 
change the PEEK functions so that they 
look at locations 10 and 11 instead of 8 

and 9 respectively. 
To count seconds, the program uses a 

simple trick. The BASIC function 
TIMES gives the time of day in hours, 

PC PRINTER PORT 
(25 -PIN SOCKET) 

D7 

8 
CDs 

D5 
D1 

6 D4 1N4001 

54D3 -- 
D2 

3 D1 - -- 
DO 

+12V 

25 <GND 
_L 

o 

O 

RELAY 

01 
IRF510 

FIG. 1 -EACH DATA BIT of a PC's parallel port can be used to control a relay using this 
simple interface circuit. 

minutes, and seconds. The value of 
TIMES therefore changes exactly once 
per second, and when it has changed ten 
times, ten seconds have elapsed. 

The sample program controls only 
one relay connected to data line DO. To 
control multiple relays independently of 
each other, use the statement 

OUT p, INP(p) OR 2AN 

to turn relay number N on, or 

OUT p, INP(p) AND NOT 2AN 

to turn relay N off, leaving the other 
relays unchanged. Here N ranges from 0 

to 7. 

You can also use the parallel port for 
input, as described in this column in 
October 1996. The definitive handbook 
on unconventional uses of parallel ports 
is Parallel Port Complete, by Jan Axelson, 
available through bookstores and by 
direct mail from Lakeview Research, 
Madison, WI 53704; Web: www.lvr.com. 
This is an easy -to- understand book full 

LISTING 1 

100 ` Get port address of LPT1 

110 DEF SEG = &H40 
120 P = PEEK(8) + 256 * PEEK(9) 
130 ' Repeat 1000 times... 
140 FOR I = 1 TO 1000 
150 ' Turn DO on 

160 OUT P, 1 

170 ` Wait 10 seconds 
180 FOR J = 1 TO 10 

190 T$ = TIMES 
200 WHILE T$ = TIME$: WEND 
210 NEXT J 

220 ' Turn DO off 
230 OUT P, O 

240 ` Wait 20 seconds 
250 FORJ =1T020 
260 T$ = TIME$ 
270 WHILE T$ = TIME$: WEND 
280 NEXT J 

290 ' End of loop 
300 NEXT I 

of practical circuits as well as valuable 
reference information. The companion 
volume, Serial Port Complete, will also be 
available by the time you read this. 



One Button At A Time 
Q1 am looking for a solid -state circuit that 
will perform the same function as a multi - 

position interlocking pushbutton switch, i.e., 

pressing any button momentarily will turn on 

one output while turning off all the others. It 
needs to be flexible as to the number of posi- 

tions and each position must be capable of dri- 
ving a small 12 -volt relay. - C. B., 

Sebastian, FL 

A That function would normally be 
implemented as part of the keypad - 

scanning routine of a microcontroller. 
That is, when you make a selection by 
pressing a button on your stereo or dig- 
ital car radio, its microprocessor is run- 
ning a program that responds to the 
switch closure by selecting one choice 
and clearing all the others. 

If you want to do it with off -the -shelf 
ICs, Fig. 2 shows one possibility. That 
circuit uses a 74HC273 octal flip -flop as 

an 8 -bit memory. Whenever you press a 

button and then release it, the contents 
of the data lines are stored in the mem- 
ory. Only one button will be pressed, of 
course, so only one output goes high. (If 
you press two buttons, the one that is 

+5V 
A 

Cl 
1 µF 

R1 

1 

MEG 

C2 
0.1 

R1-R3 
S 10K 

IC1 
1/4 
74HC14 

18 

17 

14 

13 

8 

7 

4 

3 

S1 -S3 
SPDT, MOMENTARY 

CONTACT 

IC2 
74HC273 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

CLK 

RESET 

v+ 

07 
06 
05 
04 
03 
Q2 

01 
00 

GND 

20 

12 \ 
16 

15 

9 

6 
5 

2 

OUTPUTS 
(ONE HIGH) 

FIG. 2 -THIS CIRCUIT SIMULATES the action of a multi position interlocking pushbutton 

switch. The heart of the circuit is IC2, which "remembers" which switch was most recently 

closed. 

released last will win out.) The outputs 
can drive relays just as in Fig. 1. If you 
need more than 8 outputs, use addition- 
al 273s with the RESET and CLK lines tied 
together. 

The SPDT switches solve a pesky tim- 
ing problem. Data is stored in the memo- 

ry at the instant that you release the but- 
ton, disconnecting cax from ground. At 
that moment, the data input must still be 
valid. The switch takes care of this 
because it doesn't make contact in one 
position until about a millisecond after it 
releases contact in the other position. 

YOUR Narr GREAT PESION 

Easy -to -use circuit 
simulation package from 
the leader in electrons: 

prototyping. 

Designed for use 
with Windows " 9S 

Design circuits 
instantly while 
choosing from a 
complete list of 
active and passive 
components 

Analyze circuits 
using built -in test 
instruments. 

Volt 
r Clos 

+ 0.00 V Insert 

Trarsistor pnp 

2 

Transistor 
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Panel MOSFET 

02V 
1KHi 1 K(2 

_ __... __ 

to ahÌh uAemaoc. 

['Start''(3 Oro tolab 4.0 - C:\PLBB\BMP_BIP.WPF 

Create and 
Analyze Circuits 

INSTANTLY 
for only $49.951 

GLOBAL SPECIAL77EW 
SOFTWARE 

INNOVATIVE PRODUCTS. UNSURPASSED QUALITY. 

1- 800 -572 -1028 For a demonstration, visit: 
www.globalspecialties.com 

Windows®95 is a U.S. registered trademark of Microsoft Corporation. 
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HOW TO GET INFORMATION ABOUT ELECTRONICS 
On the Internet: See our Web site at 

http: / /www.gernsback.com for information 
and files relating to our magazines (Elec- 
tronics Now and Popular Electronics) and 

links to other useful sites. 

To discuss electronics with your fellow 

enthusiasts, visit the newsgroups sci.elec- 

tronics. repair, sci.electronics.components, 
sci.electronics.design, and rec.radio.ama- 

teur.homebrew. "For sale" messages are per- 

mitted only in rec.radio.swap and misc.indus- 

try.electron ics. marketplace. 

Many electronic component manufac- 

turers have Web pages; see the directory at 

http: / /www.hitex.com /chipdir /, or try address- 

es such as http: / /www.ti.com and http: / /www. 

motorola.com (substituting any company's 

name or abbreviation as appropriate). Many 

IC data sheets can be viewed online. 

Extensive information about how to repair 

consumer electronic devices and comput- 
ers can be found at www.repairfaq.org. 

Books: Several good introductory electron- 
ics books are available at RadioShack, 
including one on building power supplies. 

An excellent general electronics textbook 

is The Art of Electronics, by Paul Horowitz 

and Winfield Hill, available from the publish- 

er (Cambridge University Press, 1- 800 -872- 

7423) or on special order through any book- 

store. Its 1125 pages are full of information 

on how to build working circuits, with a mini- 

mum of mathematics. 
Also indispensable is The ARRL Hand- 

book for Radio Amateurs, comprising 1000 

pages of theory, radio circuits, and ready -to- 

build projects, available from the American 

Radio Relay League, Newington, CT 06111, 
and from ham -radio equipment dealers. 

Copies of past articles: Copies of past 

articles in Electronics Now and Popular 
Electronics (post 1993 only) are available 
from our Claggk, Inc., Reprint Department, 
PO Box 4099, Farmingdale, NY 11735; Tel: 

516- 293 -3751. 

Like all memories, the 74HC273 starts 
up in a random state when powered on, so 
we've included a 74HC14 to clear the 
memory at power -up. 

Instead of 74HC chips, you can use 
the 74HCT14 and 7411CT273, which 
might be easier to find. Because the 
logic ICs require a 5 -volt power supply, 
you may want to use 5 -volt relays so that 
only one power supply is needed, or you 
can step 12 volts down to 5 with a chip 

8 such as the 78L05 regulator. See also the 

Electronics Now and many other maga- 

zines are indexed in the Reader's Guide to 

Periodical Literature, available at your public 

library. Copies of articles in other magazines 

can be obtained through your public library's 

interlibrary loan service; expect to pay about 

30 cents a page. 

Service manuals: Manuals for radios, TVs, 

VCRs, audio equipment, and some comput- 

ers are available from Howard W. Sams & 

Co., Indianapolis, IN 46214 (1- 800 -428- 

7267). The free Sams catalog also lists 

addresses of manufacturers and parts deal- 

ers. Even if an item isn't listed in the catalog, 

it pays to call Sams; they may have a sche- 

matic on file which they can copy for you. 

Manuals for older test equipment and 

ham radio gear are available from Hi 

Manuals. PO Box 802, Council Bluffs, IA 

51502, and Manuals Plus. PO Box 549, 

Tooele, UT 84074. 

Replacement semiconductors: Replace- 

ment transistors, ICs, and other semicon- 
ductors. marketed by Philips ECG, NTE, 

and Thomson (SK), are available through 
most parts dealers (including RadioShack 

on special order). The ECG, NTE, and SK 

lines contain a few hundred parts that sub- 

stitute for many thousands of others; a 

directory (supplied as a large book and on 

diskette) tells you which one to use. NTE 

numbers usually match ECG; SK numbers 
are different. 

Remember that the "2S" in a Japanese 
type number is usually omitted; a transistor 
marked D945 is actually a 2SD945. 

Hamfests (swap meets) and local orga- 
nizations: These can be located by writing 
to the American Radio Relay League , 

Newington, CT 06111; (http: / /www.arrl.org). 
A hamfest is an excellent place to pick up 

used test equipment, older parts, and other 
items at bargain prices, as well as to meet 
your fellow electronics enthusiasts -both 
amateur and professional. 

game -show timer that was discussed in 

the December 1997 installment of this 
column. 

Faking A Keyboard 

QI 
,could like to use external switches to 

emulate the action of several of the keys 

on my PC keyboard. Do you have any sug- 
gestions? - S. O., Mississauga, Ontario, 
Canada 

A A PC keyboard is not a simple device; 
in fact, it contains its own 8048 micro- 

processor. Accordingly, you're looking at 
a microcontroller project here. Some 
information about reverse engineering 
the PC keyboard is given in Application 
Note AN434, "Connecting a PC Key- 
board to the I2C Bus," available from 
Philips Semiconductors, 811 E. Arques 
Avenue, Sunnyvale, CA 94088; Web: 
www.philips.com. You might seriously 
consider attaching your switches to a 

bidirectional parallel port, or some other 
i/o device, and writing a program to 
accept data from that device. Or simply 
connect your switches across those in the 
keyboard you're already using. 

Name That Disk 
I recently got a Seagate ST1381 30- 
megabyte hard drive from an IBM PS /2. 

Can I attach it to the IDE controller in my 
80386 PC? - M. A. V, Brooklyn, NY 

A No, because it's an ESDI drive, not 
IDE. Seagate manufactured many 

versions of their popular ST138 drive, 
all with different interfaces. The ST138I 
was custom -built for IBM and has an 
ESDI interface. What you need is an 
ST138A, with an AT bus IDE interface. 
Other variations include the ST138N 
(SCSI), ST138R (RLL), and plain 
ST138 (MFM). We got this information 
from Pocket PC Ref a handbook pub- 
lished by Sequoia Publishing, Littleton, 
CO 80162 -0820. 

ESDI (Enhanced Small Device 
Interface) was introduced by Maxtor in 
1983 but was seldom used anywhere 
other than on IBM PS /2s. Most PCs 
today use IDE or SCSI interfaces. While 
you could look for an ESDI controller, 
it's probably cheaper to get an IDE hard 
disk. Besides, even the cheapest hard 
disks today are a lot bigger than 30 MB. 

Stepper Motor Query 
Could you provide any good reference 
sources on the theory and use of stepper 

/rotor.? Also, what about some sources to buy 

stepper motors? I have in mind to build a 
CAT; milling machine. Thanks. - E. L. 

H., 'Davis APB, CA 
A You can find some help in the August, 

1996 installment of this column; for 
inure detailed information, get a copy of 
the book Stepping Motors and Their 
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Microprocessor Controls, by T Kenjo and 
A. Sugawara, published by Oxford 
University Press (you can order it 
through any good bookstore). To get 
stepper motors for free, ask a computer 
shop for some discarded disk drives - 
the older and bigger the better. Old 51/4 - 

inch diskette drives from the PC -XT era 
have especially good stepper motors. 
You can also buy stepper motors from 
Jameco, 1355 Shoreway Road, Belmont, 
CA 94002; Tel: 800 -831 -4242; Web: 
www.jameco. com, and many other com- 
ponent suppliers. Your computer -con- 
trolled milling machine sounds interest- 
ing; when you get it working, let us know! 

Tank Circuit Components 
QI'm very new to electronics, and I'm 
interested in tank circuits (LC resonant 

circuits) used in radio receivers and the 
like. I realize it takes a myriad of equations 
to pinpoint components for specific frequen- 
cies, but couldn't someone devise a general 
chart to give a "ballpark" estimate of tank 
circuit component values versus frequency? 
-T. W C., Fredonia, KS' 

AYour question is a good one. Actually, 
there's only one equation needed to 

calculate the resonant frequency of a 

tank circuit: 

f = 1 / Pm (LC) ) 

or, solving for L and C respectively, 

L = 1 / (39.5 f2C) 

C = 1 / (39.5 f2L) 

where L is in henrys, C is in farads, and 
f is in hertz. 

As you've noticed, though, the practi- 
cal question is what values to use. You 
can't use a 1- microhenry coil with a 

1000- microfarad capacitor because the 
stray inductance of the capacitor would 
swamp that of the coil. Similarly, you 
can't use a 1 -pF capacitor with a 1- milli- 
henry inductor because the inductor itself 
has more capacitance than that. 

Fortunately, there's a trick. Most 
radio circuits work well when C in pico- 
farads is roughly equal to L in micro - 
henrys -or at least when they're not ter- 
ribly far apart. For example, you can 
generally use a 30 -pF capacitance with a 

10 -pH or 200 -pH inductance, because 
both 10 and 200 are reasonably close to 
30. But don't try 30 pF with 30,000 pH. 

Inductance Capacitance 
Resonant 
frequency 

1 pH 

3 pH 

10 pH 

30 pH 

100 pH 

300 pH 

1 mH 

1 pF 

3 pF 

10 pF 

30 pF 

100 pF 

300 pF 

1000 pF 

160 MHz 

53 MHz 

16 MHz 

5.3 MHz 

1.6 MHz 

530 kHz 

160 kHz 

FIG. 3 -USE THESE VALUES for L and C 
as starting poets when designing a reso- 
nant tank circuit, then tweak them as need- 
ed for your particular circuit. 

Figure 3 shows the resonant frequen- 
cies for some values where L in pH hap- 
pens to equal C in pE Use it to get "in the 
ballpark" and then choose more precise 
values for the circuit you're building. In 
fact, common practice is to wind your 
coil by measuring the resonant frequency 
in the circuit, rather than the inductance; 
that way, stray capacitances and induc- 
tances are automatically taken care of. 
The ARRL Handbook for Radio Amateurs 
gives lots of useful information about 
designing tank circuits and winding coils. 

Separating Voices 

From Noise 
QWe have audio recordings of speech that is 

drowned out by static and noise. Do you 
know of a computer program or an electron- 
ic project we could build or buy to pull the 
voices out of the static? - B. S., Twentynine 
Palms, CA 

AFor years, the FBI, the CIA, and, to a 

lesser extent, the recording industry 
have used digital signal processing to 
improve sound quality. Now that corn 
puter hobbyists have sound cards, large 
hard disks, and Pentiums, there's no rea- 
son they can't do the same. No reason, 
that is, except that the software is very 
specialized, and we know of no one who 
is marketing it to consumers. Wait a few 
years, and the situation should improve. 

Meanwhile, we suggest you look at 
the digital -signal -processing (D SP) 
boxes that ham radio operators use to 
pull voices out of noise. One of the least 
expensive devices of this kind is the 
RadioShack 21 -543, which has been dis- 
continued. It worked well except that 
the speaker volume was rather low, 

which is irrelevant if you're feeding the 
output to a tape recorder. Maybe you 
can find one secondhand. 

Ghost Story? 
QI connected my camcorder to my VCR to 

copy a tape. Meanwhile, I listened to 

music from a tape player in the same room, 
not connected to the VCR or camcorder in 
any way. When I played the tape back, the 
video was OK but I was shocked to hear the 
music that I had been listening to on the tape 
player. Can you explain how this happened? 
-P. G., La Salle, Quebec, Canada 

A Does your camcorder have a mode 
that lets you record new sound over 

an existing video track? If so, maybe it 
was operating in that mode and record- 
ed the sound through its microphone 
while copying the video from the exist- 
ing tape. Or maybe the speaker of your 
tape player was close enough to induce 
some current in the audio cable between 
your camcorder and your VCR. Or 
maybe it's ghosts! 

Writing to Q&A 
As always, we welcome your ques- 

tions. The most interesting ones are 
answered in print. Please be sure to 
include plenty of background informa- 
tion (we'll shorten your letter for publica- 
tion) and give your full name and address 
(we'll only print your initials unless you 
want readers to contact you directly). If 
you are asking about a circuit, please include 
a complete diagram. Write to: "Q &A ", 

Electronics Now 500 Bi -County Blvd., 
Farmingdale, NY 11735. Due to the vol- 
ume of mail, we regret that we cannot 
give personal replies. 

ELECTRONIC GAMES 
BP69 -A number of interest- 
ing electronic game projects 
using IC's are presented. In- 
cludes 19 different projects 
ranging from a simple coin 
flipper, to a competitive reac- 
tion game, to electronic 
roulette, a combination lock 
game, a game timer and 
more. To order BP69 send 
$8.00 (Includes s &h) in the 
US and Canada to Electron- 
ic Technology Today Inc., P.O. Box 240, Mas- 
sapequa Park, NY 11762 -0240. US funds only. 
Use US bank check or International Money 
Order. Allow 6 -8 weeks for delivery. MA07 
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SEND YOUR COMMENTS TO THE EDITORS OF ELECTRONICS Now MAGAZINE 

Missing Connections 
A few errors have been brought to our 

attention concerning the "Portable Pulse 
Generator" construction project in the 
July 1998 issue of Electronics Now. In 
Fig. 1 on page 41, the emitter arrows were 
left off of transistors Q1-Q4. Transistors 
Q1 and Q4, being PNP types, should 
have their emitters connected to the 5- 
volt supply along with R9 and R13. 
Transistors Q2 and Q3, which are NPN 
types, should have their emitters connect- 
ed to ground. Also, the emitter of Q1, 
along with R9, should be connected to the 
5 -volt supply in the same way that Q4 and 
R13 are connected. 

In Fig. 2 on page 42, the cathode of 
LEDI, along with C30 and the several 
pins of IC3 shown connected together, 
should be connected to ground. The 
ground symbol was left out on that 
schematic diagram. 

We are sorry for any inconvenience 
that might have been caused - Editor 

What Time is It? 
Due to a production error, a piece of 

information was left out of the "S -Video 
Distribution Amplifier" construction 
article in the July 1998 issue. The last 
sentence at the bottom of page 36 that 
finishes on page 48 should read, "As an 
alternative, simply set the gain pot to a 

position of about one o'clock and set the 
trimmer capacitor... " -Editor 

Who We Are and What We Want 
Thanks for the invitation to write. I 

am a 31- year -old male technical profes- 
sional. I spent four years working for a 

major computer manufacturer provid- 
ing Technical Support, then Second 
Tier Technical Support, and finally 
training to Technical Support. I now 
develop database applications in the 
bakery industry. I have been an elec- 
tronics hobbyist since 1980 and a com- 
puter enthusiast since 1982. 

I watched Popular Electronics, 
under Ziff -Davis' care, dwindle from a 

great technical magazine to consumer- 
drivel and then die not long after becom- 
ing Computers and Electronics. Gernsback 
picked up the title and returned it to its 
roots. I don't want to see Electronics 
Now go that road. 

What do I want? I want a hardware - 
oriented techie mag for people who love 
the smell of rosin in the morning. In the 
arena of projects, I want test equipment 
I can build for my workbench (digital 
AND analog), "dongles" to dangle from 
my computers, and gizmos to help me 
better enjoy my stereo. All things I can 
build. 

In the arena of more general articles, 
I would like to see articles on theory: 
How do diodes rectify, how does 
Boolean Logic work, etc. I'd like to see 
interfacing techniques: How to decode 
addresses on ISA, how to use IRQ lines, 
and how to write drivers for home -built 
ISA cards. I would like to see articles on 
techniques: Various approaches to home 
fabrication of printed circuit boards, 
how to make attractive case cutouts and 
front panels, and how to effectively use 
an oscilloscope. 

What I DON'T want to see is stuff 
like "Prototype." I was disappointed to 
discover it when my subscription renew- 
al began. Your title is Electronics Now 
not Electronics sometime in the indeter- 
minate future. If I want to know what's 
around the corner, Popular Science and 
Scientific American can give me that 
information. That is not what I want 

Write To: 

Letters, 
Electronics Now Magazine, 
500 Bi- County Blvd., 
Farmingdale, NY 11735 

Due to the volume of mail we 
receive, not all letters can be 
answered personally. All letters 
are subject to editing for clarity 
and length. 

from EN. I don't want to learn how to 
write HTML from EN. Sources for that 
information are as ubiquitous as death 
and taxes. I don't want to see what's new 
in consumer electronics unless it's a new 
technology that you are going to explain 
in detail. EN does not need to be con- 
tributing to the Gee Whiz marketing 
machine that sells TVs and Stereos. Do 
tell me how it will break and how to fix 

it. Do give me the theory of operation of 
any new technologies employed. 

EN's value to me is in its focus on 
what makes technology tick and how to 
create it myself. I come to it to learn the- 
ories and techniques that allow me to 
increase my proficiency at my hobby. To 
learn what new tools and materials are 
out there to tinker with. Target the per- 
son who, either professionally or person- 
ally, works in a room that reeks of molten 
rosin. Focus on your core market: hobby- 
ists and technicians seeking knowledge, 
theory, tools, and techniques for the cre- 
ation and maintenance of digital and ana- 
log technologies. 
RICH FURMAN 
via e-mail 

I am a degreed electrical engineer. I 

studied mathematics as an undergradu- 
ate, and went to graduate school in elec- 
trical engineering. I am involved with the 
design of advanced radar systems for the 
military. 

I subscribe to your publication because 
I am interested in the hobbyist aspect of 
electronics. I also subscribe to Circuit 
Cellar INK and Nuts & Volts, which in my 
view are your closest "competitors" in the 
marketplace. 

I am not very knowledgeable of 
hands -on electronics, so I use your publi- 
cation to gain a passing familiarity with 
what's out there. I have not purchased or 
put together any of the projects in your 
publication, although I enjoy reading 
about them. My time is limited, and my 
construction skill is fairly poor. In addi- 
tion, although I am involved in the design 
of large -scale systems, I am not involved 



with the board -level design and assembly 
of subsystems. 

In my spare time, I have done some 
work with electronics. I run a sound 
board at my local church and have fixed 
broken potentiometers on the board. I 
have also purchased scrap electronics 
through the advertisers I found in your 
magazine. I'll take the amps, fix switches 
or make simple connections on them, and 
then use them to provide sound to the 
church nursery, choir room, etc. I don't 
get involved with the assembly of the amp 
itself. I'in currently building a pair of 
speakers. I purchased the electronics 
from the advertisers in your magazine, 
and am building a plywood enclosure. 

I like your magazine because it pro- 
vides description of basic electronics. 
I'm not particularly interested in ham 
radio. I have some interest in computers, 
but my knowledge of software is good 
enough that I feel I could make a com- 
puter do whatever I wanted it to without 
the benefit of a publication of any sort to 
help me. 

For me, in your magazine, "the sim- 
pler the better." I'm interested in basic 
circuits, so I read your "Q &A" column 
and short articles. I believe your maga- 
zine is unique and simply fills a void that 
is filled by no other publication. 
JAY VIRTIS 
via e-mail] 

I am middle -aged, male, with two 
Associates Degrees, one in Electronics 
Technology, and the other in Computer 
Systems (hardware). My job listing is 
Technician, and I install, repair, and 
maintain computers and networks. I am 
the only Tech in a Division of 80 -90 
researchers. 

My current position only requires me 
to "fire up the soldering iron" about once 
a month. Most of my computer repairs 
involve board swapping; I also build and 
string cable as needed. Some of the work 
involves 2 -way radio, T -1 and 56 Kb 
phone lines, custom -built meteorology 
sensors, and video recording. We use 
Unix, Linux, and Microsoft software. 

My hobby is also electronics. I've 
acquired a lot of test equipment from 
auction sales, and I repair consumer elec- 
tronics in my home for friends and fam- 
ily. I've been on the Net for eight years 
and regularly read sci.electronics.xxx 
newsgroups. (Hi, Sam!) 

What do I want? I also read last 
month's editorial about source code. 

(Continued on page 28) 

NEW! ELECTRONICS CD ROM 
The most 

effective way 
of learning 
electronics 

Two Courses on 

one CD ROM! 
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Electronic Circuits and Components 
Discover the standards and application of common types of electronic components 
and how they are used to form complete circuits in Electronic Circuits and 
Components. Sections on the disk include: Fundamental Electronic Theory, Active 
Components, Passive Components, Analog Circuits and Digital Circuits. The CD 
ROM includes: 

Interactive laboratories Supervisor notes 
Full audio commentary Editable worksheets 

About 20 links to pre- designed Electronics Workbench circuits 

The Parts Gallery 
Many students have a good understanding of electronic theory but still have difficulty 
in recognizing the vast number of different types and makes of electronic compo- 
nents. The Parts Gallery has been designed to help overcome this problem; it will 
help students recognize common electronic components and their corresponding 
symbols in circuit diagrams. This CD ROM incorporates a quiz so that students can 
check their knowledge of electronic components and symbols. The CD ROM includes: 

Over 150 component and circuit photographs Supervisors notes 
Self -test Component and Symbol quizzes Hundreds of electronic symbols 

To Be Released Soon! 
A series of interactive CD ROMs provides a comprehensive and up -to -date introduc- 
tion to the world of electronics. The series provides a sound understanding of the prin- 
ciples and behavior of electronic components and the circuits to which they are con- 
nected. Two new CD ROM disks are to be released in the very near future. They are 
Analog Electronics and Digital Electronics. As soon as they are released, infor- 
mation on their contents and availability will be published. 

Claggk Inc., PO Box 4099 
Farmingdale NY 11735 -0792 
e -mail: claggk @poptronix.com 

Name Phone 

Address 

City State Zip 

Enclosed is $56 for each Student version of The Parts Gallery and 
Electronic Circuits & Components on a single CD ROM, shipping 
included inside the U.S. Shipping costs to Canada an additional $3.00. 
Overseas orders please contact CLAGGK, Inc. for shipping costs. 
I am ordering ( ) copies at $56 each. NY State residents must include 
sales tax. 

[ ] I have enclosed my check for $ 

[ ] Please charge my credit card for $ 

[ ] Visa [ ] MasterCard [ ] Discover Expiration Date: / 

Card Number Signature 

1 

(Name on order and signature must be same as on Credit Card.) J13 
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IBM HOME DIRECTOR LIGHTING AND APPLIANCE CONTROLLER 

Give your home that lived -in 
look and add computer - 
controlled automation of lights 
and appliances with the IBM 
Home Director Starter Kit. 

CIRCLE 15 ON FREE INFORMATION CARD 

There comes a time when every 
homeowner considers investing in 

home security equipment; often it's after 
being terrified by an item on the evening 
news. But then most people quickly pass 
on the idea when a more pleasant news 
item flashes across the screen or when 
the person considers how much money 
it might cost to install home -security 
equipment -not to mention the work 
that's involved in most installations that 
are not "professionally" done. 

However, not all home -security prod- 
ucts cost a lot of money, and some can be 
installed in no time. Consider, for exam- 
ple, IBM's Home Director Starter Kit. 
That $99 package provides a homeowner 
with automated security, control, and 
convenience, and the installation could 
be completed in a matter of minutes. The 
Starter Kit consists of three line- carrier 
controlled modules and an RF /infrared 
hand -held remote control. Additional 
modules can be purchased from IBM, 
and compatible modules are commonly 
available from multiple sources and mul- 
tiple manufacturers. A PC- compatible 
computer running Windows 3.1 or 
Windows 95 is required. 

Home Director can be used to turn on 
lights automatically. That's useful for giv- 
ing your home a "lived -in" look when 
you are away. But the Home Director's 
usefulness does not stop at security. It also 
can be used to give your home a touch of 
automation. For example, it can be set to 
turn on you house lights shortly before 
you are scheduled to return home. You 

could also set it up to turn on certain 
groups of lights in the early morning 
hours so you don't have to stumble 
around in the dark while you are barely 
awake. Other possibilities include having 
your coffee ready when you wake up, 
even if you wake up at different times 
during the week and on weekends. Or 
perhaps you'd like to turn on an electric 
blanket every night before you go to bed 
so that the bed's not cold when you get 
there -all that, and more, is possible with 
the Home Director. 

Home Director 
The theory behind the operation of 

the Home Director is relatively simple. 
All of the modules plug into AC outlets 
connected to a home's electrical wiring. 
Information- bearing signals then ride 
on top of the AC voltage, allowing the 
modules to communicate with one 
another. Lights and appliances plug into 
the modules and turn on or off accord- 
ing to the commands received by the 
particular module. 

One of the modules, the PC Connect- 
ion Module, connects to a PC's serial 
port. Simple commands, or even complex 
routines, are set up on the PC and then 
downloaded to the PC Connection Mod- 
ule. The PC Connection Module is basi- 
cally the controller of the Home Director 
system. Once routines are downloaded to 
the PC Connection Module and stored in 
memory, the computer can be turned off. 

The computer is needed only if it 
becomes necessary to change the routine. 

Each of the three modules included 
with the Starter Kit is unique. The PC 
Connection Module not only receives 
and stores routines downloaded from 
the PC, it also has its own AC outlet that 
can power a plugged in light or appli- 
ance. The Remote Module also plugs 
into an AC outlet and has its own outlet 
to power a light or appliance, but it also 
has an antenna that receives RF com- 
mands from the Home Director remote 
control. The remote control can be used 
to manually turn on or off any light or 
appliance in the system from any room 
in the house. 

The third module, a simple Lamp 
Module, receives commands only from 
the AC wiring. Any light or appliance 
plugged into the Lamp Module can be 
controlled from the PC Connection 
Module or the Remote Module. The 
Lamp Module can not only turn a con- 
nected light on and off, it can also be used 
to dim or brighten that light either man- 
ually or automatically. Each module has a 

code, or address, that is used to identify it 
in the system. Codes can be changed so 
that additional modules can be added to 
the setup. 

The remote control is a lot more than 
just a remote control for the Home 
Director system. Not wanting to stick 
people with yet another remote control 
to keep on the coffee table, IBM 
equipped the remote with options to 
control nearly any TV, VCR, cable box, 
satellite tuner, and two auxiliary devices. 
All of the Home Director functions, plus 
the functions of any of the above devices, 
can be controlled via the remote. 

Just like any other "smart" remote, 
the Home Director remote has buttons 
that put it in one of seven modes (Home 
Director, TV, VCR, Cable, Aux 1, Aux 
2, and Satellite) to control a particular 
device. An included manual lists the 
command codes for almost every brand 
of electronics available in this country. 
The remote can even be set to try hun- 
dreds of code combinations until it finds 

(Continued on page 24) 
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Cruising Down the Asphalt and Information Highway 
Caught in a traffic jam, you spend 
the downtime reading your e- 
mail, checking the balance in 

your bank account, and finding out last 
night's sports scores. Your wife in the 
passenger seat surfs the Internet. In the 
back seat, your daughter watches a movie 
while your son plays video games. 

Sound pretty futuristic? Well, vehicles 
with those capabilities could be in dealer's 
showrooms in as short a period as four 
years, and some of the individual features 
could appear sooner. When high -power 
computers are combined with the Inter- 
net, wireless communications and other 
electronic technologies, drivers and pas- 
sengers could be as productive as when 
they are in front of their desktop comput- 
ers or as entertained as when sitting on 
their couches. Recognizing the huge 
potential of installing Internet- capable 
computer systems in vehicles, automakers 
working with their computer and elec- 
tronic suppliers are developing vehicles in 
which modem speed and megabytes are of 
equal, and maybe greater, interest than 
top speed and miles- per -gallon. 

The Network Vehicle developed jointly 
by General Motors' Delphi Automotive 
Systems, IBM, Sun Microsystems, and 
Netscape is one showcase of the services 
that could be provided to drivers and pas- 
sengers when "intelligent" vehicles are 
connected to the Internet. The Network 
Vehicle integrates "off- the -shelf" com- 
puter hardware and software technolo- 
gies, wireless communication, Java oper- 
ating system, Global Positioning System, 
and Internet/intranet capabilities. Voice 
recognition and speech synthesis, direct - 
broadcast satellite reception, reconfig- 
urable heads -up display (HUD), center - 
console and passenger displays, and 
mobile media link (MML) are also fea- 
tured in this electronic concept car. 

A flat satellite antenna embedded 
under the Network Vehicle's roof panel 

THE NETWORK VEHICLE concept car is a joint effort of IBM. GM. Sun. and Netscape. 

provides a direct link to the Internet 
through Hughes' DirecPC satellite. The 
system allows high -speed download of 
audio, full -motion video, and text data. 
Operating at 400 kbps, it is more than 
15 times faster than a standard 28.8 k 
modem. The antenna also receives pro- 
gramming from Hughes' DirecTV, so 
passengers can watch their favorite tele- 
vision programs while traveling. 

Keep Your Eyes on The Road 
Operating a computer using a key- 

board, mouse, or other normal input 
device is not appropriate in a mobile 
environment, especially for the driver. 
Therefore, the Network Vehicle uses 
voice -recognition with speaker identifi- 
cation and speech synthesis, a heads -up 
display (HUD), touch screens, and 
steering -wheel controls so these high - 
tech systems can be safely used without 
taking hands of the steering wheel and 
eyes off the road. 

IBM modified its advanced ViaVoice 
speech recognition and text -to- speech 
response system for the Network 
Vehicle. The speech recognition system 
can understand most drivers instantly, 
requires no training, and has been tuned 
for optimal performance even inside a 

noisy vehicle. With ViaVoice, the driver 
can check e-mail and voicemail; get 
directions and information on traffic con- 
ditions from the on -board navigation sys- 
tem; locate a restaurant or hotel on the 
Internet, or obtain news, sports scores, 
and stock prices. Voice commands can 
also lock/unlock doors, play CDs, select 
radio stations, and so forth. 

The reconfigurable HUD projects 
information onto the windshield so that 
drivers can view road speed, engine sta- 
tus, e-mail waiting messages, navigation 
information, microphone on/off status, 
and so forth without taking their eyes off 
the road. A text message area is available 
to provide feedback to voice commands 
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DRIVERS CAN ACCESS all the Network Vehicle's features using spoken commands or the 
reconfigurable touch -screen command console on the dashboard, located between the dri- 
ver and passenger seats. 

showing they have been received. 
The center console's touch screen 

serves as a heads -down display (HDD) 
for nearly all of the functions on the 
Network Vehicle including the audio 
system, climate control, cellular phone, 
and mobile -office gadgetry for every- 
thing from e-mail to Web browsing. 
Using standard graphics, it displays the 
usual instrument -panel items like speed- 
ometer, tachometer, fuel level, oil pres- 
sure, coolant temperature, and door -ajar 
warning. The cluster display can be 
reconfigured uniquely to suit the mode 
currently being used. For instance, in 
the entertainment mode, the faceplate 
display looks like a radio or CD- player 
face with touch -activated controls. 
Other reconfigured displays include 
those for e-mail, Web browsing, naviga- 
tion maps, or cellular phone. Likewise, 
steering wheel controls are reconfigured 
according to current function being 
used, with the configuration shown on 

FOR MORE INFORMATION 
Network Vehicle 
www.alphaworks.ibm.com/networkvehicle 

Personal Productivity Vehicle 
www.delco.com /delco /delcoprod.html 

ICES 
www.visteon.com 

the center -console screen. Voice- activat- 
ed commands can be used with all of the 
center -console functions and, in some 
cases, text -to- speech to minimize driver 
distraction. 

There are three individual passenger - 
color LCD displays with touch panels 
for the front -seat and back -seat passen- 
ger seats. They provide enhanced fea- 
tures beyond those found in the center 
console display. This includes programs 
from DirecTV, videos from DVD video 
players, Net surfing via DirecPC, and a 
variety of office functions. Like the 
other displays, these are reconfigurable 
according to the current function. 

Wherever possible, the Internet, 
probably via a dedicated automotive ISP 
(Internet service provider), would be used 
to provide information and communica- 
tions. For instance, trip planning includ- 
ing maps, route guidance, hotel and 
restaurant information, and concierge 
services while traveling would come off 
the Internet and be combined with GPS 
position data. Owners of the Network 
Vehicle use their Web browser to set up a 

personal profile, including preferences in 
radio stations, preferred personalized 
audio content, vehicle -service records, 
and emergency -service numbers. 

A slot in the center console accepts 
an IBM WorkPad Personal Data 
Assistant (PDA), which interfaces with 
the Network Vehicle's computer to add 

speech recognition and text -to- speech 
capability. This PDA connection enables 
the driver to listen to schedules and to 
update files and other office data stored 
in the WorkPad. For example, the driver 
can give a voice command to read calen- 
dar entries from the WorkPad or dictate 
a to -do list while driving. As PDA and 
smart card technology advances, PDAs 
in the Network Vehicle could be used to 
access personal, financial, and business 
information while traveling. 

The driver would have instant access 
to electronic maintenance and service 
records for the vehicle. The Network 
Vehicle also has capability to diagnose 
engine problems. Should the diagnosis 
indicate a problem, the computer could 
notify the automaker's customer service 
Web site where the severity of the prob- 
lem would be determined. Depending on 
the problem, a service representative 
could alert the driver via the Internet and 
the Network Vehicle's HUD or text -to- 
speech capability, as well as set -up an 
appointment for repairs by, for example, 
e -mail. 

Connecting all this in- vehicle elec- 
tronics together is a low -cost, fiber -optic 
serial data link called Mobile Media 
Link (MML). With MML's high band- 
width, multiple audio, video, and con- 
trol data can be transmitted across the 
fiber -optic bus at ultra high- speeds. 

Other Vehicles 
The Network Vehicle is not the only 

prototype /concept car with combined 
computing /entertainment/productivity/t 
ransportation features. For example, 
Delphi Delco Electronic System's Mecel 
AB division working with Saab developed 
the Personal Productivity Vehicle around a 

1999 Saab 9 -5. Choosing a Saab for the 
Personal Productivity Vehicle is not sur- 
prising since nearly 30% of Saab owners 
are already Web users. It features 
advanced technology for communica- 
tions and mobile computing as well as 
more traditional entertainment. The 
Personal Productivity Vehicle uses the 
Microsoft Windows CE -based AutoPC 
platform with integrated AM/FM receiv- 
er, CD -ROM, serial -port interface, uni- 
versal serial bus, COMPACTFLASH 
expansion slot, and a high -resolution 256 
by 64 display. For safe usage while driving 
there are steering -wheel controls, plus 
interactive speech recognition and speech 



DISPLAYS AND CONTROLS for the 
Visteon ICES system. 

synthesis reading /sending e-mail as well 
as for receiving navigation, traffic, and 
weather information, or just to change 
the radio station. 

Besides normal cellular communica- 
tions, an infrared data link is available for 
transferring data between the vehicle and 
Wmdows CE -based devices such as hand- 
held and palm PCs. Like the Network 
Vehicle, the Personal Productivity Vehicle 
uses the ultra- high -speed fiber -optic 
MML serial data link for high- bandwidth 
connectivity within the vehicle. MML, 
which is capable of signal transmissions 
rates of up to 110 Mb /s, and can support 
up to 50 channels of audio and 20 chan- 
nels of TV -quality compressed video. 

Ford's Visteon Automotive Systems 
has developed its ICES concept vehicle. 
The acronym stands for Information, 
Communications, Entertainment, Safety, 
and Security. 

Visteon's multimedia "vehicle com- 
puting platform" uses Intel architecture 
microprocessors and the Microsoft Wm- 
dows CE operating system. Drivers will 
be able to customize their personal com- 
puter on the road with their favorite fea- 
tures by simply installing new software 
just as with a home or office PC. 

ICES extends the electronic environ- 
ment of the home and office to the vehi- 
cle, delivering Internet access as well as 
emergency service and everything in 
between, including cell phone, climate 
control, high- quality audio, and even 
movies for rear -seat passengers. By 

using state -of -the -art voice and naviga- 

tion technology, ICES will tell a driver 
about traffic snarls as they occur and 
suggest time -saving alternate routes. 
The system can also listen to and under- 
stand the driver's requests to map new 
routes. ICES uses Visteon's voice sys- 
tem, which is speaker -independent. This 
means it recognizes natural speech pat- 
terns as well a range of voices, lan- 
guages, and dialects. 

ICES also uses RESCU (Remote 
Emergency Satellite Cellular Unit) 
already offered in Lincoln Continentals. 
Combining GPS and a cellular phone 
network, RESCU provides emergency 
and breakdown assistance, automatic air 
bag deployment notification, and conve- 
nience features like route assistance and 
concierge services. -Bill Siuru 

Micron 
Breakthrough in 
Semiconductor 
Technology 

AUniversity of Texas graduate stu- 
dent research team led by Dr. Grant 

Wilson, professor of chemistry and 
chemical engineering, has successfully 
completed a project to print 0.08 -micron 
features on a semiconductor wafer. The 
project was funded by SEMATECH, a 

non -profit research consortium of ten 
semiconductor manufacturers. 

The breakthrough is especially im- 
pressive since it was achieved with a 193 - 

nm Deep Ultraviolet (DUV) ISI 103 

stepper. Many industry experts had 
believed it would be necessary to develop 
new post -optical technology to produce 
feature sizes at or below 0.10 micron. 
One micron is the equivalent of approxi- 
mately 1/25,000 of an inch. 

The 0.08 -micron features, which are 
approximately 320 atoms wide, were 
generated using an etched -quartz phase - 
shift photomask produced by DuPont 
Photomasks, Inc. Photomasks are high 
purity quartz plates that contain preci- 
sion images of the features that are pat- 
terned onto semiconductor wafers with 
lithography steppers to build integrated 
circuits. Since building photomasks for 
semiconductor production becomes pro- 
gressively more difficult as feature sizes 

shrink, special techniques such as phase 
shifting must be incorporated. Phase - 
shift photomasks function by allowing a 

small percentage of the light through 
while simultaneously altering the phase 
of the light transmitted, improving focus 
and increasing resolution. 

Another essential component in semi- 
conductor manufacturing is the photore- 
sist. Amorphous polyolefm, the photore- 
sist used by the University team, took 
three years to develop. The polymers had 
to be specifically designed to work with 
the 193 -nm wavelength DUV light 
source used by the stepper to pattern the 
image at the required feature sizes onto 
the semiconductor wafer. 

Currently, the most advanced com- 
mercial semiconductor designs are manu- 
factured using 0.25- micron process tech- 
nology. The Semiconductor Industry 
Association's most recent revised road - 
map did not call for 0.08 -micron feature 
sizes until the year 2009. According to 
Dr. Wilson, "I didn't believe it could be 
done at first. It really works better than 
my wildest imaginings, and it appears 
that the process latitude is there to gener- 
ate smaller features yet." 

Kyle Patterson, a University of Texas 
graduate student on the research team, 
presented the results of the project at a 

meeting of the Society of Photo -Optical 
Instrumentation Engineers (SPIE) in 

Santa Clara, CA. 

The Hole Truth 
Workers who have to handle 
radioactive, biological, or toxic 

materials could find better protection 
with a recently patented idea developed 
by Los Alamos researchers. The new 
method uses alternating layers of con- 
ducting and insulating materials in pro- 
tective gear. Tests have demonstrated 
that even a small puncture can change 
the resistance or capacitance between 
the two layers, signaling a breach. 
Checking for changes in the electrical 
properties of the conductive layers pro- 
duces signals of punctures or other 
breaches, in real time. 

Various materials and techniques are 
available for manufacturing multi-layer 
protective barriers with the required 
electrical properties. Such materials 
could be used in containment bags; lin- 
ers and covers for storage containers; or 
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in protective apparel such as gloves, 
aprons, and boots. 

Providing continuous monitoring and 
real -time detection, the method would 
improve worker safety, better protect the 
environment, and reduce costs -all by 
initiating a decontamination response 
before contaminants or toxins have 
spread significantly. 

Tracing the Origin 
of Water 

Ateam of U.S. astronomers has 
located a large concentration of 

water vapor within the Orion molecular 
cloud -a giant interstellar gas cloud 

1500 light years from the Sun, com- 
posed primarily of hydrogen molecules. 
The concentration of water vapor in 
Orion -20 times larger than any previ- 
ously detected -was measured using the 
long -wavelength spectrometer, one of 
four science instruments aboard the 
Infrared Space Observatory satellite. 
The data signature characteristic of 
water -vapor emission was observed in 
the far -infrared region of the electro- 
magnetic spectrum. 

According to the research team, the 
high concentration of water in Orion 
may be key to the origin of solar system 
water. The shock waves given off by 
young stars in the interstellar gas cloud 
function as a huge chemical factory, the 

I I -- 
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WATER LN ORION 

1SG -LWS water spectra (M. Fiarwit, D.Neufe=d, 
G.. )lleinick and M. Kauai: au with HST-WFPC2 
Orion Nebula Mccaie (C.FL O'Dell & S.K. Wong) 

THE PRESENCE OF WATER VAPOR NEAR THE ORION nebula s indicated by an 
increased flux of infrared radiation at specific wavelengths. 

team reported, generating enough water 
molecules in a single day to fill 60 Earth 
oceans. Eventually, the water vapor turns 
into ice particles, similar to those thought 
present within the gas cloud from which 
our solar system formed. 

The water vapor concentrations 
measured were roughly one part in 2000 
by volume. The cloud's fast -moving 
shock waves made the gas cloud abnor- 
mally warm. For more than 25 years, 
astrophysicists have predicted that, 
when the temperature exceeds 200 
degrees F, chemical reactions will cause 
most oxygen atoms in the interstellar gas 
to combine with hydrogen atoms to 
form water. 

"We've known for some time that a 

young star in Orion is ejecting material 
into the surrounding gas and dust cloud 
causing violent shock waves," said team 
member Dr. Michael Kaufman, an astro- 
physicist at NASA's Ames Research 
Center, Moffett Field, CA. "These new 
observations confirm our prediction that 
these shock waves produce large amounts 
of water." 

NASA researchers will continue to 
study water vapor in the Orion cloud to 
better understand the role water plays in 
the formation of stars and planetary sys- 
tems. NASA's forthcoming Stratospheric 
Observatory for Infrared Astronomy 
(SOFIA) will begin science research 
flights in November 2001 looking for 
this type of water emission, among other 
things. SOFIA is a next -generation fly- 
ing research laboratory housed in a con- 
verted 747 -SP aircraft that will conduct 
observations of the solar system, stars. 
and galaxies in the infrared region. m 

Chaos and Secrecy 
R esearch reported in the journal 

Science could lead to development 
of a new technique for encoding infor- 
mation sent across optical fiber systems 
that are now widely used for telecom- 
munications. The technique mixes a 

confidential message with a chaotic car- 
rier signal, transmits it, then subtracts 
the chaos to reveal the message. The key 
to success is synchronizing two nearly 
identical lasers to produce the same 
chaotic pattern on both the sending and 
receiving ends. The work is the first use 
of chaos to carry messages in an all -opti- 
cal system. m 
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COMPUTER CONNECTIONS 

Generating Random Numbers 

DID YOU EVER THINK ABOUT DEVELOPING A FOOLPROOF 

METHOD OF WINNING THE STATE LOTTERY? AT THE 

HEART OF YOUR SYSTEM YOU PROBABLY HAD A RANDOM- NUMBER 

GENERATOR -PREFERABLY A PORTABLE ONE. DOESN'T SOUND THAT 

hard: Just slap together a little 16 -char- 
acter LCD, a microcontroller, and a way 
to generate random numbers. It couldn't 
be that difficult, could it? Guess again. 

I'll tell you right now that hardware 
is your best bet. Nonetheless, for the 
sheer pleasure of it, we're going to beat 
our heads against the wall and see what 
we come up with software -wise. If that 
doesn't convince you, I've got 200 pages 
of dense mathematics for you to read. 

What Is A Random Number? 
Glad you asked. Actually, a number is 

just a number; there's no such thing as a 

random number. What's important is to 
be able to generate sequences of unrelat- 
ed or apparently unrelated numbers. 
That "apparently unrelated" is the catch. 
It implies some sort of relationship 
between the generator and the user. The 
point is that even if a sequence is not 
random, if the user thinks it is, that's 
good enough. 

People who are used to program- 
ming in high -level languages typically 
use a function like one of those shown in 
Table 1 to generate random numbers. 
Typically, you call the seed function first 
with some "random" value that kicks 
things somewhere in the middle of the 
sequence -hopefully differently from 
the last run. 

Note that there is no assembly -lan- 
guage function. Life would be easier for 
lots of people if CPU designers incorpo- 
rated a read -only "random" register that 

ripped along at some multiple of the 
basic clock frequency. 

Of course, those high -level functions 
just call underlying library code, which is 

what does the work. People who analyze 
the output of library generators typically 
find them lacking, so he warned. If you 

BY JEFF HOLTZMAN 
COMPUTER EDITOR 

need high -quality random number se- 
quences, look elsewhere. 

There are many methods for gener- 
ating sequences of random numbers. 
The most popular is called the linear 
congruential method, which was invent- 
ed by D. H. Lehmer in 1949. The chief 
characteristics of the Lehmer method 
are that it is simple, deceptive, insidious, 
and maddening. 

The Lehmer Generator 
The basic formula is simply: 

x(i +1) = (a * x(i) + c) mod m 

LISTING 1- OBASIC RANDOM -NUMBER GENERATOR 

REM A multiplicative congruential random -number or Lehmer generator 
REM basic formula: x(i +1) = (a'x(i) + c) mod m 

REM from C User's Journal. June 1995, Jerry Dwyer 
REM jkh, 2/28/98 

DIM c AS INTEGER 
DIM m AS INTEGER 
DIM i AS INTEGER 

DIM Count AS INTEGER 
DIM Seed AS INTEGER 

DIM x AS INTEGER 
DIM y AS INTEGER 

a=5 
c=0 
m=7 

Count = 100 
Seed = 1 

PRINT " 

x = Seed 
FOR I = 1 TO Count 

y =(a *x+ c) MOD m 

PRINT x; 

x =y 
NEXT i 



LISTING 2- LEHMER GENERATOR IN C 

/' 
** longrand() - generate 2"31 -2 random numbers 

" public domain by Ray Gardner 

based on "Random Number Generators: Good Ones Are Hard to Find ", " S.K. Park and K.W. Miller, Communications of the ACM 31:10 (Oct 1988), 
" and "Two Fast Implementations of the 'Minimal Standard' Random 

Number Generator ", David G. Carta, Comm. ACM 33, 1 (Jan 1990), p. 87 -88 

" linear congruential generator f(z) = 16807 z mod (2 " 31 - 1) 

uses L. Schrage's method to avoid overflow problems 
`/ 

#define a 16807 /' multiplier '/ 
#define m 2147483647L /' 2"31 - 1 '/ 
#define q 127773L /' m div a `/ 
#define r 2836 I' m mod a '/ 
long nextlongrand(long seed) 
{ 

unsigned long lo, hi; 

lo = a' (long)(seed & OxFFFF); 
hi = a * (long)((unsigned long)seed » 16); 
lo += (hi & Ox7FFF) « 16; 
if (lo > m) 
{ 

lo &= m; 
++lo; 

} 

lo += hi » 15; 
if (Io > m) 
{ 

lo &= m; 
++lo; 

} 
return (long)lo; 

} 

static long randomnum = 1; 

long longrand(void) /" return next random long '/ 

randomnum = nextlongrand(randomrum); 
return randomnum; 

} 

void slongrand(unsigned long seed) 
{ 

/' to seed it "I 

randomnum = seed ? (seed & m) : 1; I" nonzero seed '/ 
} 

#ifdef TEST 

#include <stdio.h> 
#include <stdlib.h> 

int main(int arge, char "argvf) 
{ 

long reps, k, num; 
unsigned long seed; 

reps = 10000; 
seed = 1; 

/' 
correctness test: after 10000 reps starting with seed 1, 

" result should be 1043618065 
"I 

if (argc > 1) 
reps = atol(argv {1J); 

if (argc > 2) 
seed = atol(argv{21); 

printf( "seed %Id for %Id reps... \n ", seed, reps); 
slongrand(seed); 
for (k = 0; k < reps; + +k) 

num = longrand(); 
printf( " %Id \n ", num); 

return 0; 
} 

#endif 

In words, to get the next value, take 
the current value, multiply it by a, add c 

to it, divide by m and take the remain- 
der. Choosing good values for a, c, and 
m is not simple. Bad values quickly 
degenerate into non -random sequences. 
Listing 1 shows a little QBasic program 
to play with. 

For short runs, the algorithm is 

worthless, because it repeats quickly. For 
example, suppose you wanted to create 
an electronic dice game, producing ran- 
dom numbers between 1 and 6. The 
QBasic program in Listing 1 produces 
the following results: 

1546231546231546 
2 3 1 5 4 6 2 3 1 5 4 6 2 3 1 5 

4 6 2 3 1 5 4 6 2 3 1 5 4 6 2 3 

1 5 4 6 2 3 1 5 4 6 2 3 1 5 4 6 

2 3 1 5 4 6 2 3 1 5 4 6 2 3 1 5 

4 6 2 3 1 5 4 6 2 3 1 5 4 6 2 3 

1 5 4 6 

You probably wouldn't want to create 
a dice game based on that. 

For best results, the value of m should 
be the data -bus width of your CPU ±-1. 

On a 32 -bit CPU, a good value is 2 "32- 
1 (= 2,147,483,647), which happens to be 
a prime number. (By the way, m and a 

should be relatively prime.) A good value 
for a is 16807. Unfortunately, you can't 
use the value 2147483647 in QBasic (it's 
16 -bit). You can use 32767, which seems 
to work pretty well. 

The C code in Listing 2 is a 32 -bit 
variant that codes around potential over- 
flow problems due to the use of signed 
integer arithmetic. Obviously that's not 
a problem on any modern computer, but 
it's a different story on, say, an 8 -bit 
microcontroller. 

Also Keep In Mind 
As you think about the problem, here 

are a few other things to keep in mind: 
There are other algorithms, but 

they take lots of code. 
Verifying randomness and distribu- 

tion are not trivial tasks. A degree in sta- 
tistics would help. 

You can't simply feed the output of 
one random- number -generator routine 
to the input of another to increase ran- 
domness. 

For some background and algo- 
rithms, see the 6/95, 6/96, and 8/96 
issues of C /C ++ User journal. For a com- 
prehensive treatment, the new version 
(Vol. 2, 1998) of Donald Knuth's The Art 
of Computer Programming has more than 23 



TABLE 1- RANDOM NUMBER FUNCTIONS IN VARIOUS LANGUAGES 

Language 

MS QBasic 

ANSI C 

Java 

Pascal (Borland 
Delphi) 

Seed Function 

Randomize 

srand 

srandom 

Randomize 

Generator Function Returns 

Rnd Single precision 
value 0.0 < n < 1.0 

rand integer 0 <= n <= 
RAND MAX 

random single 0.0 < n < 1.0 

Random (range) single. 0.0 <= n < 

1.0. or integer 0 <= 

n < range 

you'll ever want to know (nearly 200 
pages) about random -number genera- 
tion. He suggests using Chapter 3 as the 
basis of a semester course for college 
senior or grad students. He doesn't even 
acknowledge the existence of CPUs of 
less than 16 hits. 

I don't believe there is an efficient 
random number generator for an 8 -bit 
CPU. Depending on your needs, you'll 
probably have to do double - or quad - 
precision adds and multiplies. 

Hardware Solutions 
Perhaps the easiest way is to set a timer 

to fire at a rapid rate relative to the tasks 
done by your application. Then, each 
time it fires, increment the count in a reg- 
ister. It like the "tick" count in a PC. For 
that to work, your usage will occur at ran- 
dom intervals relative to the clock (e.g., 

user events such as pressing a switch). Of 
course, it assumes that you have a timer, 
and that you're not using it for anything 
else. If you are, multiplex the timer inter- 
rupt and maintain separate counts. 

Registers and RAM are typically 
uninitialized (i.e., they have "random" val- 
ues). Use one such value to seed the timer. 
In this case, the timer would run at a dif- 
ferent rate every time you boot. 

Conclusions 
Do y( u have an algorithm for gener- 

ating pseudo- random number sequences 
on an 8 -bit microcontroller? Are you 
confident that it works? If you can answer 
yes to both questions, send in your 
method. I'll run it through some tests, 
and if it survives, I'll publish the results 
here. See you next time; stay in touch via 
e -mail at jeffRingeninc.com. 
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the right command set -it then tells you 
what the proper code is. To top it off, the 
remote even has a built -in light that illu- 
minates the buttons -you might want to 
use it to replace your present remote 
control. 

Setup 
I -he Home Director Starter Kit is very 

easy to set up. First you have to install four 
AAA batteries in the remote and two AAA 
batteries in the PC Connection Module - 
those two batteries preserve the routines 
stored in the module's memory even in a 

power outage. The PC Connection 
Module must be plugged into an outlet 
near your computer. An included cable 
connects the module to the serial port on 
the PC. A light or appliance that you wish 
to control is then plugged into the PC 
Connection Module. The Lamp Module 
and Remote Module can be plugged into 

outlets anywhere in your home; their spe- 
cific locations are determined by what 
items you want to control and where 
those devices are located. 

Next you have to install the software 
that is provided on a CD -ROM. The soft- 
ware presents a simple graphical interface 
that lets you install and configure modules 
in the system. Each module and its func- 
tions are graphically depicted in the soft- 
ware interface, and a right mouse click 
brings up various options for each mod- 
ule. All of the lights and appliances in the 
system can be controlled directly from the 
PC, and at this point you can test any of 
the attached devices. 

Included with the software are a cou- 
ple of sample routines that you can test 
out. One routine turns on a lamp at 50% 
brightness, immediately turns on an 
appliance, turns the lamp up to 100% 
brightness after five minutes, turns off the 
appliance after 10 minutes, and then 
turns off the lamp after 15 minutes. You 

can write your own routines or edit the 
supplied routines according to your own 
needs. You can give each routine a unique 
name and even label the modules accord- 
ing to the appliances you have plugged 
into them. You might want to define 
wake -up and goodnight routines, or per- 
haps weekday and weekend routines. 

The routines allow you to tailor your 
lighting and appliance scheduling for 
each day of the week. To save time, the 
software lets you duplicate and drag -and- 
drop parts of one routine into another 
routine. Because a PC keeps track of the 
date and time, advanced functions let you 
make custom routines for specific dates 
or even configure dawn and dusk rou- 
tines once you have entered your time 
zone -the software then knows when the 
Sun comes up and when it goes down 
where you live, and it even accounts for 
Daylight Savings Time. 

IBM's Home Director Starter Kit is 

just the ticket for people who would like 
to automate the lights and appliances in 
their home without spending a lot of 
money on equipment or a lot of time on 
installation. And with readily available 
expansion modules, the system is fully 
customizable. If you already have a PC, 
you already own the most expensive part 
of the system. Now all you need is the 
Home Director. For more information, 
contact IBM (Route 100, Somers, NY 
10589; Tel: 800 -426 -7235, Ext.4340; 
Web: www.pc.ibm.com/ homedirector) 
directly, or circle 15 on the Free Infor- 
mation Card. 133 



Troubleshooting CD- Player 

Starlug Problems 

ASTARTUP PROBLEM IS A CATCH -ALL TERM FOR ANY SITU - 

ATION WHERE A CD PLAYER OR CD -ROM DRIVE REFUSES 

TO RECOGNIZE OR PLAY /ACCESS A DISC. IN THIS MONTH'S 

INSTALLMENT WE'LL DESCRIBE IN DETAIL WHAT HAPPENS WHEN 

you insert a CD and push PLAY, and we'll 
look at what to do if the unit doesn't 
want to cooperate. 

What's a Startup Problem? 
With an old -style record player (you 

know, vinyl LPs, technology that was 
state -of -the -art sometime before dino- 
saurs roamed the earth), the tone arm 
could be plunked down anywhere to start 
play. Not so with a CD player. Aside 
from the fact that you cannot even get to 
the pickup on a CD player to move it by 
hand and plunk it down, a lot must take 
place successfully before the first note is 

sent to your loudspeakers. 
Startup problems cover all situations 

where the player does not successfully 
read the disc directory. Nearly every- 
thing in the optical deck and much of the 
main -board electronics needs to be func- 
tional to read the directory. Therefore, 
any failure in any of a rather large num- 
ber of places can prevent successful start- 
up (and subsequent play). 

On a changer, a startup -sequence 
failure will probably result in similar 
symptoms, but then the unit will move 
on to the next position in the carousel or 
cartridge. It is likely that the player will 
remember that it was unsuccessful at 
loading a disc for each position and 
eventually give up after all possible discs 
have been tried. 

Possible causes of a startup -sequence 
failure include a defective disc, dirty lens, 
defective laser or photodiode array, bad 

focus or tracking actuator or driver, dirty 
track, insufficient or dried -up lubrica- 
tion, dirty or bad limit switches or sen- 
sors, defective spindle motor, faulty elec- 
tronics or control logic, damaged parts, 
faulty optical alignment, and/or need for 
servo adjustments. The bad news is that 
this is a large number of possibilities. 
The good news is that with such a large 
number of possibilities, there is a good 
chance that the problem will be minor 
and inexpensive to fix; actual failure of 
the (expensive) optical pickup itself is rel- 
atively far down the list of likely causes. 

First, be sure that you do not overlook 
the trivial: Are you loading the disc cor- 
rectly? Most CD players want the disc 
label -side up. However, there are some, 
like Pioneer magazine -type changers, 
that want the label -side down. If you have 
just acquired the CD player, don't over- 
look that possibility. 

Startup Sequence 
The exact sequence of startup events 

and the symptoms they cause when they 
fail will vary depending on the type of 
player and its design. For example, the 
display might flash, be blank, display 
"- .-".or the word "disc" or "error," etc. 
In any event, the unit won't play the disc. 
By understanding the following summary 
as it applies to your player, you should be 
able to determine what is going wrong. 

When a CD is inserted, the player 
should go through the following routine: 

1. Drawer closes (or with portables, 

BY SAM GOLDWASSER 
SERVICE EDITOR 

lid is closed manually) and CD is clamped 
to the spindle. 

2. Interlock engages, if present 
(always in portables). If there is no inter- 
lock, there may be an optical sensor or 
the optical pickup may act as its own disc 
sensor. 

3. Pickup resets to starting (index) 
location towards center of disc, which is 

usually located using a limit switch or 
optical sensor. 

Before describing the remaining steps, 
it would be helpful to explain a bit more 
about the organization of the photodetec- 
tor. The illustration in Fig. 1 is typical of 
units that have a three -beam pickup. 
Blocks E and F are not present (or at least 
not used -they will be disabled and 
grounded) in units that have a single - 
beam pickup. The four -quadrant (ABCD) 
photodetector is found in all systems. The 
main return beam is detected by the 
ABCD array. The tracking beams return 
to E and E Detector E is offset slightly off 
track to one side and F is offset to the 
other. Average signals from E and F will 
be equal when the array is centered on the 
track. Now, let's return to our discussion. 

4. Laser is turned on and focus 
search routine is started to position the 
lens at the correct vertical position. 
Once correct focus is achieved, the focus 
servo is activated to maintain it. Focus, 
which must be accurate to 1µm, oper- 
ates as described in the next paragraph. 

5. The optical path in the pickup 
includes a cylindrical lens or astigmatism 
that causes the laser -beam spot to be cir- 
cular when it is correctly focused, but 
elliptical when it is not. When it is not 
correctly focused, the major axis of the 
ellipse is offset 90 degrees, depending 
upon whether the lens is too close or too 
far (e.g., major axis of -45 degrees for too 
close and +45 degrees for too far). Focus 
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Error is equal to (A + D) - (B + C), which 
will be 0 when focus is correct since, with 
the circular spot, the outputs of all four 
quadrants will be equal. 

6. The disc starts spinning up to 500 
rpm and the constant linear velocity 
(CLV) servo is activated to maintain cor- 
rect speed. The CLV servo uses a PLL 
(phase -locked loop) to lock to clock tran- 
sitions derived from data read off the 
disc. Data is derived from A + B + C + D 
(look at Fig. 1). 

7. Tracking servo is activated to keep 
the laser beam centered on the track. 
With a three -beam pickup, two addition- 
al laser spots are projected onto the disc, 
one in front of and one behind the main 
beam. Those are offset on each side of 
the track just enough so that the Tracking 
Error = E - F = 0 when the beam is cen- 
tered. With a single -beam pickup, similar 
information is derived using only the 
main beam; Tracking Error = (A + B) - (C 
+ D) = 0 when tracking is correct. 

8. Disc directory is read and dis- 
played. 

9. Unit shuts down awaiting com- 
mand or goes into play mode, depending 
upon how it was activated. 

Some of the steps listed above may be 
performed concurrently. If any of the first 
nine steps fail, the laser is turned off and 
the machine will display some kind of 
error or no -disc message and then return 
to idle mode, or in the case of a changer, 
load the next disc and try again. 

Validating the Startup Sequence 
WARNING: The procedures below 

may require access to the optical pickup 
while the laser is powered. The laser 
diode is infrared (IR), 780 nm, and for all 
intents and purposes invisible. The only 
indication of laser output will be a tiny 
red -appearing dot of light when the lens 
is viewed from a safe position of at least 
6 inches and an oblique angle of at least 
45 degrees. Don't be fooled into thinking 
the laser is weak -the actual beam inten- 
sity may be 10,000 times greater than it 
appears! However, the red dot is a good 
indication that the laser is at least pow- 
ered (though not necessarily that it is 

operating correctly -an IR detector 
and/or a laser -power meter are really 
needed for that; see below). 

To narrow down possibilities, try fol- 
lowing this procedure when the disc is 

not recognized, but the drawer closes 
completely: 

Start by double checking the drawer 
26 closing /opening mechanism. Without 
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FIG. 1- HERE'S HOW THE PHOTODIODE ARRAY in a unit with a three -beam pickup is 

arranged. Also shown here is the geometry between the array and the information pits on 
a disc. 

exception, Sony CD players that have 
belts need them cleaned and eventually 
replaced. If the drawer does not really 
close completely, then the disc may not 
be clamped properly, or other erratic 
problems could occur. 

Once you have verified that the draw- 
er operation is fine, you need to deter- 
mine that the lens is clean. In general, the 
lens should look shiny with a blue tinge. 
Any gunk or crud can and will degrade 
performance. You may have to remove 
part of the clamping mechanism to get at 
the lens. If the lens is not perfectly shiny, 
clean it carefully as explained previously 
in this series (see "Service Clinic," July, 
1998). A dirty lens -perhaps one not 
even visibly dirty to your naked eye -can 
result in any number of startup (or other) 
problems. Therefore, cleaning the lens 
should be done before looking for more 
obscure mechanical or electronic faults. 

If lens cleaning does not improve the 
situation, the next step is to verify that the 
pickup has reset itself to the inner (cen- 
ter) track of the disc. If necessary, manu- 
ally move the pickup away from the cen- 
ter by turning the appropriate pulley or 
gear. If there is a linear actuator or rotary 
positioner (no gears or belts), just push 
the pickup gently and see what happens 
when a disc is loaded. If you are not able 
to move the pickup from one stop to the 
other, make sure any shipping lock is 

disengaged! The pickup should move 
smoothly toward the center, usually trip- 
ping a limit switch and stopping. If there 
is no movement, if the movement is jerky, 
or if the pickup gets stuck at some point, 

then either lubrication is needed or the 
motor or drive circuitry may be faulty. 
Also check for broken or damaged gear 
teeth, a slipping belt, and misaligned or 
damaged tracks. Measure the voltage 
across the motor that moves the pickup. 
If there is none, or if it is very low (under 
a volt or so), then there is a problem with 
the motor, its driver, or the system con- 
troller. (We'll discuss more about motors 
shortly). 

Determine if the machine attempts to 
focus. On portables, you can simply by- 
pass the door interlock to get the opera- 
tions associated with reading the disc 
directory to begin (you may also need to 
press PLAY -that need is model- depen- 
dent). In some component CD players, a 

disc actually has to be present to block an 
optical sensor. You should see the lens 
moving about 2 mm up and down (at 
least one of these directions will have a 

smooth movement) one or two times. If 
a disc is in place, the lens should quickly 
stop at the appropriate focus position. 
Admittedly, however, observing the lens 
may be difficult or impossible with the 
disc in place. Dentists are probably good 
at this! 

If the focus action is identical whether 
a disc is in place or not (it keeps up the 
search pattern and then gives up), verify 
that the laser is being powered. In most 
cases and as outlined above, you will be 
able to see a tiny spot of red light when 
the lens is viewed from an oblique angle 
during the focus search. From a safe dis- 
tance of at least 6 inches and 45 degrees 
or more off to one side, you should be 



able to see this dim red light in a dark- 
ened room while the unit is attempting 
to focus. 

If you do see this, you can assume that 
the laser is at least being powered, 
although this is not a sure test for an 
actual IR laser beam or proper optical - 
power output. In most cases, however, 
the red light indicates that the laser is 

working. An IR detector would confirm 
at least that there is an IR emission. If 
there is no dot of red light, then either 
the laser diode is bad, it is not being pow- 
ered, or you are not looking from the 
correct angle. 

For a more exact test, you can pur- 
chase an inexpensive IR- detector card 
from most electronics distributors or 
build your own using a photodiode, a few 
resistors, a general -purpose transistor, 
and a standard LED -all powered by a 

9 -volt battery. Figure 2 shows the circuit 
for this device. If you do build one, you 
will also find it useful for testing IR 
remote controls. (This is the same circuit 
we showed you when we discussed 
remote -control repair in the June 1997 
installment of this column.) 

If the lens is hitting the disc at the top 
of its excursion, there is a possibility that 
the spindle table has been pushed too far 
down, perhaps by something falling on it, 
for example. A bent shaft and wobbly 
spindle is also a possibility caused by this 
kind of damage. This kind of fault is 

much more likely to occur with a top - 
loading "boom -box" or portable than to a 

drawer -loading machine. While the lens 
hitting the disc with the spindle table set 
at the correct height is not impossible on 
some players, it is unlikely. On most lens- 
es, a ring around the outside of the lens 
itself prevents the critical central area 
from actually contacting the disc, so acci- 
dental contact does not usually damage 
the lens. However, it can scratch the disc. 
Similarly, if the spindle is too high, the 
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lens might not be able to reach high 
enough to focus properly. 

On a player with the height adjusted 
properly, there is usually about 2 mm 
between the laser shroud and the bottom 
of the disc. The spindle height is not 
super -critical, but if it is way off, you can- 
not establish proper focus. Incorrectly 
adjusted focus offset or gain can also 
result in the search pattern being too 
high or too low. Either of those can result 
in inability to recognize discs, noise, or 
even erratic tracking during play. 

Once focus is established (and some- 
times concurrent with this operation), the 
spindle should start to rotate and quickly 
reach 500 rpm. The speed may be 
ramped up or controlled in some other 
search pattern since there is no speed 
feedback until the data coming off the 
disc becomes available. A partially short- 
ed drive motor will keep the disc from 
reaching full speed even though the spin- 
dle and disc are turning. 

Check the voltage on the spindle 
motor when it starts. It should reach 2 

volts or more. If you read less than this, 
but not zero, a partially shorted motor or 
a weak driver is likely. A permanent -mag- 
net -type motor can sometimes be revived 
by a quick squirt of degreaser through the 
ventilation holes and/or by disconnect- 
ing it (very important, or else you could 
fry your driver circuit and create a new 
problem!) from the circuit board and 
applying 9 VDC or so to it with each 
polarity for a few seconds to spin off the 
"gunk." If one of those fixes helps, you 
can continue to use the player until you 
get a replacement motor (which might 
never be needed depending on the sever- 
ity of the original problem). In some 
models, the design of the driver circuits is 

the underlying cause of motor failure, 
and there are circuit -board changes that 
would need to be performed to avoid the 
problem in the future. 
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FIG. 2 -THIS SIMPLE IR TESTER is a sure way to confirm that the laser is emitting an IR 

beam. You can also use it to test IR remote controls. 

If the voltage reads zero at all times, 
there may be a bad driver, or the machine 
may not realize that focus was established 
and is not issuing the spindle -motor start 
command. The required speed of 500 
rpm, just over 8 revolutions per second, 
can be estimated by using a disc that has 
a dramatic label, or you can simply put a 

small piece of tape on the side of the disc 
that is visible and watch it spin. 

Keep in mind that a dirty lens can 
sometimes create symptoms that are 
similar to those of a bad spindle motor, 
so always clean the lens first when servic- 
ing a CD player. I almost learned this the 
hard way. 

Once the disc is up to speed, the 
speed control (constant linear velocity- 
CLV) and tracking servos will be activat- 
ed (in some equipment, the tracking 
servo may have been active all the time), 
and directory data will be read off the 
disc. Either of those could be faulty 
and/or misadjusted, making it impossible 
to access the disc directory. 

During the time that the disc is spin- 
ning and the player is attempting to read 
the disc directory, listen for the "gritty" 
sound that CD players make during nor- 
mal operation. It is a byproduct of the 
focus and tracking servos constantly 
adjusting the lens position. The rapid 
movements of the lens produces an audi- 
ble sound, and its presence is a good 
indication that the laser is working and 
that focus is being maintained. 

Related Problems 
Before we wrap up for this month, 

Let's look at some related problems. 
Pickup attempts to reset past 

inner track: In this case, the sled motor 
doesn't stop at the inner track but keeps 
clicking, clunking, or whirring until the 
controller gives up and displays an error. 
This might be due to a dirty, worn, or 
gummed -up limit switch, bad connec- 
tions, bad mechanical alignment, broken 
parts, or logic problems. 

Most limit switches are mechanical 
and easily checked with a multimeter. 
Those that use exposed contacts can be 
cleaned and burnished; sealed switches 
found to be erratic should be replaced, 
though spraying inside through any 
openings might help. I have disassem- 
bled and cleaned similar type switches 
(they snapped apart) but it is not fun. 
Make sure the limit switch actually gets 
tripped when the sled reaches the area of 
the innermost track. Check for bad con- 
nections between the switch and the 27 



controller. 
Logic problems may be difficult or 

impossible to locate even with schemat- 
ics. However, you might get lucky as I did 
once with a CD -ROM drive with a bad 
74LSO4 in the drawer -switch interface. 

Player won't let you go near it 
and/or use your favorite lamp: Sym- 
ptoms here could include a player 
where, if you touch or go near it, the 
audio becomes noisy, begins to stutter, 
skips or even stops completely. Note 
that this might be similar to other track- 
ing (seek and play) problems. However, 
since a possible cause of this sort of 
behavior is more general in nature and 
can affect many different aspects of CD- 
player operation, these faults are de- 
scribed separately. 

One area that may be overlooked as a 

cause is the shielding of the pickup's low - 
level signal cable and any metal parts of 
the optical deck. Those should all he con- 
nected to analog ground of the electronics 
board. If that ground is missing or broken, 
there can be all kinds of strange symp- 
toms. If you have recently disassembled 
the unit and it is now behaving in the 

manner described, that is a very likely - 
and, fortunately, easy to fix- possibility. 
Check for a missing ground strap, jumper, 
or clip. (Hint: It has probably fallen under 
your workbench!) 

Turning to other possibilities, exter- 
nal interference could make its way into 
the electronics and produce all sorts of 
strange behavior. On some poorly 
designed players -or where you are 
located close by a radio station -outside 
interference can get into the player via 
the audio cables or line cord. A light 
dimmer on the same circuit might also 
produce interference via the power sup- 
ply. Once inside, almost any type of 
behavior is possible. If your problems 
seem to depend on the time of day, 
check out this possibility by relocating 
the CD player and seeing if the behav- 
ior changes substantially. Disconnect 
the audio cables and see if the unit now 
displays the disc directory and appears 
to play properly (try headphones for 
this, if possible). 

It may be difficult to eliminate the 
effects of the interference without mov- 
ing away from the radio station or not 

using your favorite lamp. However, relo- 
cating the CD player or even just its 
cables and/or plugging it into a different 
outlet might help. Fortunately, those 
sorts of problems are not that common. 

Wrap Up 
Once again we have reached the end 

of our allotted space. I do hope that you 
are finding this series both interesting 
and helpful. Next time we will continue 
with a look a tracking problems (play and 
seek). Join me again at that time. In the 
meantime if you have any problems or 
questions that just can't wait, go to my 
Web site at www.repairfaq.org. Ques- 
tions to me should be addressed via e- 
mail to sam@stdavids.picker.com. 

Important note: I regret that time 
(after all, there's only a finite number of 
hours in a day) keeps me from answering 
mail sent via the postal service, but I will 
respond to e-mail in a timely manner 
(often within 24 hours) as long as you 
provide a valid reply address (e.g., I can 
hit the reply key for my mail program and 
not have the e-mail bounce!). See you 
next time. 

LETTERS 
continued from page 13 

Last year I e- mailed you about my oppo- 
sition to writers not releasing their 
source code to allow us to modify their 
projects to fit our needs. I am not inter- 
ested in any elaborate kit or series of 
articles that require me to buy pre -pro- 
grammed chips from the author to make 
it work. My exception to this was the 
Dick Smith ESR meter I bought earlier 
this year, but the value of the finished 
project outweighs the locked -in Z80 
chip. I have e- mailed the designer of that 
kit several times, and he is quite a help- 
ful fellow. 

I like the new "Prototype" section. 
I'm glad Covington and Goldwasser are 
working for you. I like both simple and 
elaborate project articles, whether they 
relate to computers or other sniff. I read 
"Hardware Hacker" or whatever Don 
calls it now. I gave the series of 
"Computer Connection" articles on the 
Palm Pilot to my boss who uses one. 

As mentioned in my previous e-. 

mail(s), it really helps to have the 
schematic on the same page (face) as the 
circuit description text, rather than flip - 

28 ping back and forth between schematics 

and text to find out how it works. 
In general, I really like "our" magazine. 

RON TESCHER 
via e -mail 

I am an engineer at a TV station in 
Atlanta. I read Electronics Now for fun. 
I enjoy seeing how others devise circuits 
and like to use ideas as starting points for 
ideas of my own. I enjoy Don Lancaster 
hut miss the heck out of Jack Darr's 
"Service Clinic." Sam Goldwasser is 

doing fine, and T like his articles. 
I really am not interested in the latest 

bleeding edge technology, as I see 
enough "It's digital because we can do it!" 
Digital is fine; however, I like to see it 
used when it makes sense. I like analog 
power supplies because they can be fixed, 
and they don't explode, chirp, or smoke 
like switchers do. 

Let other magazines (such as sister 
magazine Popular Electronics) cover 
the newbie stuff. It would be nice if 
Electronics Now could be devoted to 
the more complex. I enjoy reading con - 
struction articles a great deal, although I 
rarely build them. I enjoy seeing the pro- 
ject schematics and circuit descriptions. 

Modifications are fun. Secrets are 
better. Things like a secret key sequence 
that activates a hidden stopwatch in a 

calculator (HP45 had that) or hidden 
remote keystrokes that activate mainte- 
nance menus in VCRs and TVs. 

Tell us things we did not know were 
possible, like extending a computer key- 
board and joystick cord 100 feet with no 
modifications for extra circuitry other 
than an extension cord. (I used that trick 
for my TV station's prompter!) 

Tell us that by cutting out a cap or 
two on a particular AM radio we can 
increase the fidelity. Or how about a hi- 
fi AM radio project? 

How about modifying a cassette - 
clock -radio to record at slow speeds to 
capture entire talk shows to enjoy later? 
How about a TV Pro -Channel or radio 
SCA receiver so that we can hear produc- 
ers talking to TV or radio news reporters 
in the field? Top 10 markets often use 
them for cueing. 

Please don't become another com- 
puter magazine. Discussing PC hard- 
ware is fine, but we don't need discus- 
sions about software. Little suggestions 
like connecting an honest -to- goodness 
chassis -mounted 3 -inch speaker (in 
series with 100 or so ohms) to the inter- 
nal modem so that you can actually hear 
the call's progress would be great. 
GARY PEARSEY 
via e-mail 
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Computer Monitor 
THE PS790 OFFERS A REVOLU- 
tionary 19 -INCH (18 -inch viewable) 
"short- depth" display that is ideal for 
CAD /CAM, graphics, and advanced 
business users who require a large - 
screen performance in a small footprint. 
Comparable to a large- screen perfor- 
mance in a 15 -inch (various -viewable) 
footprint, it's both PC- and MAC -com- 
patible. 

With its super -fine 0.25mm dot pitch 
and Invar shadow mask, the ViewSonic 
PS790 produces sharp images and easy - 
to -read text. The advanced SuperClear 
screen technology enhances brightness 
up to 30% over conventional CRTs; 
and it improves color fidelity, creating 
crisp, color -rich images. A special screen 
treatment reduces annoying glare and 
reflection. 

Featuring a maximum resolution of 
1600 X 1280 and a high refresh rate of 
88Hz at a resolution of 1280 x 1024, the 
innovative short-depth technology of 
this monitor uses a new type of electron 
gun with a 100- degree CRT instead of 
the typical 90 degrees. The wider deflec- 
tion design creates a smaller beam size 
that shortens the electron beam distance 
to produce the 18 -inch viewable image. 
A double dynamic focus system produces 
better beam -landing accuracy and sharp- 
er focus, even in the corners. 

Easy -to -use controls, a user -friendly 
on- screen menu for all screen adjust- 
ments, and Plug &Play+ -which supports 
Windows 95 requirements for easy con- 
figuration and set up, are found on the 
PS790. The View Match Control allows 
users to adjust color temperature and 
individual color intensity for WYSIWYG 
screen -to -print matching. The monitor 
has an estimated street price of $849. 
VIEWSONIC CORP. 
381 Brea Canyon Road 
Walnut, CA 91789 
Tel: 800 - 888 -8583 or 909 -869 -7976 
Fax: 909- 468 -3756 
Web: www.viewsonic.com 
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Image- Editing Software 
A COMPLETE IMAGE- CREATION 
and manipulation program, Paint Shop 
Pro 5 is designed for use in the office, at 
home, or on the Web. Developed for 
consumers looking for advanced func- 
tionality and for professionals seeking 
fast and intuitive tools, Paint Shop Pro 5 

includes powerful new editing tools, 
added file management support, and a 

streamlined interface that makes import- 
ing images into Paint Shop Pro 5 a snap. 

Other advanced features are designed 
to create and prepare images for use in 
business presentations, digital photogra- 
phy, the Web, and other platforms. 
Multiple layer support, layer- sensitive 
painting, image- compression options, 
and re- sizing and image -enhancement 
tools provide control of variations with- 
out affecting the whole image. The free- 
form deformation tool quickly moves, 
scales, rotates, skews, and adds perspec- 
tive to individual layers or entire images 
in real time, while adjustable tools pro- 
vide precise control over area selection 
and image cropping. Included with the 
software is an innovative Web animation 

program, Animation Shop. 
With its expanded support for over 40 

different graphic -file formats, designers 
can open and save virtually any image file. 
All the popular Web graphic file formats 
are supported, including Transparent 
GIF, PNG, Progressive JPG, and the 
Kodak FlashPix format. In addition, 
Paint Shop ProS also supports TWAIN 
scanners, pressure- sensitive tablets, and 
Photoshop- compatible custom device 
import and export plug -ins. 

The program is designed to meet the 
needs of the digital photography market 
as well with a wide range of professional 
tools that make digital photos look their 
best. Retouching brushes correct image 
exposure and adjust saturation and lumi- 
nance levels and hue. Gaussian blur 
helps photographers add natural focus- 
ing to images, while the clone brush 
allows users to easily copy and repaint 
any area of a picture. 

Paint Shop ProS has a list price of 
$99. Upgrades for registered users of 
previous versions are $39. An evaluation 
copy may be downloaded from the Web 
site listed below. 

31 



32 

òSy 'mag l 

andhóto 
fo 

presentat,o. 

nd Web 

gÁáphiés. 

1 

CIRCLE 21 ON FREE INFORMATION CARD 

JASC SOFTWARE INC. 
1101 Smetana Blvd. 

Minnetonka, MN 55343 
Tel: 800 - 622 -2793 or 612- 930 -9800 
Fax: 612- 930 -9172 
e -mail: sales@jasc.com 
Web: www jasc.com 

Circuit Simulator 
ELECTRONICS WORKBENCH 
layout-personal edition, a printed circuit 
board (PCB) design tool that is tightly 
integrated with Electronics Workbench, 
Version 5 combines schematic design/ 
capture and board layout in a single pack- 
age. Both programs (Electronics Work- 
bench plus EWB Layout) sold together 
are called Personal Design Solution. The 
complete package now offers designers a 

fast, convenient way to go from front -end 
design to back -end layout in a single inte- 
grated, comprehensive environment. 

The developers have spent time to 
ensure that all schematic/simulation 
models are recognized in EWB Layout 
so users won't experience frustrating 
"footprint not recognized" errors. A 
back -annotation feature updates schem- 
atics to reflect all reference designator 
changes made during PCB layout. A 
netlist -compare function identifies how a 

schematic has changed since the last time 
it was saved to PCB, so schematics are 

Get your copy of the 
CRYSTAL SET HANDBOOK 

II71 t I,V HI 
I IA1J M,1( I( W. 

Go back to antiquity and build the 
radios that your grandfather built. 
Build the 'Quaker Oats" type rig, 
wind coils that work and make it 
look like the 1920's! Only $10.95 
plus $4.00 for shipping and han- 
dling. Claggk Inc., P.O. Box 
4099, Farmingdale, NY 11735. 
USA Funds ONLY! USA, Canada 
and Overseas.NY State residents 
add local sales tax. MA01 

easily identified at the layout stage. 
EWB Layout comes with powerful 

features common to most high -end PCB 
design tools, including on -line design - 
rule -check to prevent design errors 
when they occur -eliminating the need 
to run batch -check programs to discover 
costly mistakes or design violations. A 
"force vectors" feature makes sugges- 
tions on where to place components to 
achieve optimal board placement. 

It also contains one of the industry's 
largest libraries of more than 3500 foot- 
prints and a shapes editor to create new 
footprints in seconds. The program pro- 
vides all the editing functions needed to 
create complex boards, including the sup- 
port of power and ground planes, thermal 
relief, blind and buried vias, 32 board lay- 
ers, board sizes of up to 50- by 50- inches, 
and more. A high- speed, high- comple- 
tion autorouter offers advanced routing 
options for optimal and customized per- 
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fotmance. Built -in support for all exter- 
nal film production and manufacturing 
methods includes the ability to transfer 
design data to Gerber files, Mechanical 
CAD in DXF formatted files, and 
Excellon Drill files for numeric con- 
trolled (N.C.) drilling machines. 

Electronics Workbench -Personal 
Edition and EWB Layout- Personal 
Edition sell for $299 each and run on any 
Windows 95 or Windows NT computer. 
If purchased together, the Personal 
Design Solution sells for $549. 
INTERACTIVE IMAGE 
TECHNOLOGIES LTD. 
111 Peter Street, Suite 801 
Toronto, Ontario 
Canada M5V 2H1 
Tel: 800 -263 -5552 or 416- 977 -5550 
Fax: 416- 977 -1818 
Web: www.interactive.com 

Four -lone Preamplifier 
A VERSATILE FOUR -ZONE A/V 
preamplifier, the PR -4Z is capable of 

handling three audio -only sources and 
three A/V sources. The unit consists of 
four fully independent high -quality stereo 
pre -amps mounted and interconnected 
on a single (17- by 12- by 3 -inch) chassis. 
It incorporates Russound's , proprietary 
"source lock" and "source link" modes, 
which provide convenience benefits in 
party situations or in installations where 
playback of a single source is wanted. 

In source lock, the PR-4Z automati- 
cally feeds the source selected from zone 
1 to all other zones. The ability for each 
zone to change sources is locked out in 
this mode, while each zone still maintains 
control of its own volume. This allows a 

single source to be heard in the den, din- 
ing room, and patio -all at individually 
adjusted volumes. The source link mode 
allows source selection from any keypad 
in the system. The host, for instance, 
would not have to return to zone 1 to 
change the source from tuner to CD. 

In addition to switching between the 
audio and A/V sources, each of the four 
independent pre -amps provides volume, 
bass, treble, and loudness controls for 
each zone. Zone memory allows pre- 
ferred playback characteristics to be pro- 
grammed for each zone. For complex 
systems, up to four PR -4Zs can be daisy 
chained, creating a fully integrated 16- 
zone system with each of the zones main- 
taining independent stereo operation. 
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A system -wide page can be activated 
via an optional push -to -talk keypad or 
through the paging output of a telephone 
system, and the volume can be user - 
adjusted. The PR -4Z can also accept 
"paging" from door bells, security sys- 
tems, and other systems. The page over- 
rides all other sources for every zone; and 
when it is completed, each zone reverts to 
its previous status. Russound's PR -4Z 
four -zone A/V preamplifier has a MSRP 
of $1850. 
RUSSOUND 
5 Forbes Road 
Newmarket, NH 03857 
Tel: 800 -638 -8055 
Fax: 800 -915 -5519 
Web: www.russound.com as 
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The 1998/2000 World 

Satellite Yearly 
by Dr. Frank Baylin 
Baylin Publications 
1905 Mariposa 
Boulder, CO 80302 
Tel: 303 -449 -4551 
Fax: 303 -939 -8720 
Web: www.baylin.com 
$90, plus $5 S &H in U.S. and Canada; 
air shipping elsewhere is $40 per 
book 
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This 864 -page, 81/2 - 
x 11 -inch, refer- 
ence book, provides 
the up -to -date in- 
formation necessary 
to determine the 
satellite program- 
ming available at 
any receive site on 
the globe as well as 

the equipment, in- 
cluding satellite dish and associated elec- 
tronics, required to receive those signals. 
Written for the educated layman, the 
book is divided by easy -to -use tabs into 
four sections: technical, satellite, pro- 
gramming, and reference materials. 

The technical section explores the 
function and use of broadcast satellites. 
It describes how to read footprint maps, 
outlines the components of a satellite 
earth station, and discusses techniques re- 
quired to size and to aim satellite receive 
dishes and LNBs. In addition, this section 
covers broadcast formats, as well as an 
overview of audio transmission methods. 

The latest details about compressed 
digital video and audio methods and the 
role of the MPEG2 standard are outlined, 
including an overview of recent develop- 
ments in HDTV Scrambling and encryp- 
tion techniques; worldwide allocations of 
communication frequencies; spacecraft, 
systems, and channel frequency layouts; 
and mobile satellite -reception systems are 
presented. 

The programming section lists the 
video programming available on all the 

world's geostationary broadcast satellites 
with details that include program name, 
polarity, frequency, bandwidth, encryp- 
tion method and language. The 500 -page 
satellites section presents a full data page 
on each of the world's operational geosta- 
tionary broadcast satellites in a standard- 
ized and comprehensive format. 

Also included is a complete directory 
of satellite programmers, operators, and 
manufacturers, as well as earth station 
component manufacturers. Complete and 
detailed tables, graphs, and equations are 
found in each chapter. 

The ARRL Repeater Directory 

1998 -1999 Edition 
Edited by jay Mabey, NUOX 
American Radio Relay League 
225 Main Street 
Newington, CT 06111 
Tel: 800- 243 -7767 
Fax: 860 -594 -0303 
e -mail: itardette@arrl.org 
Web: www.arl.com 
$8 

EPEA 
DIRECTOR 

TN£ AUTNORtTATtY 
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Every new edition 
of this pocket -size 
directory provides 
current frequency 
and mode informa- 
tion for repeaters 
throughout North 
America and, where 
available, the Car- 
ibbean, Central and 
South America, 
Pacific Islands under 
U.S. jurisdiction, 

43O-dzsiNow To order books 
in this maga- 

zine or, any book in print. Please call 
anytime day or night: (800) BOOKS - 
NOW (266 -5766) or (801) 261 -1187 ask 
for ext. 1454 or visit on the web at 
http:/ /www.BooksNow.com /electron- 
ics now.htm. 

Free catalogs are not available. 

Europe, and other areas. There is also 
information for contacting Frequency 
Coordinators and ARRL officers. In 
addition, the introductory chapters pro- 
vide guidelines for repeater operating 
practices, autopatch guidelines, an expla- 
nation of notes and special features used 
in the directory, a discussion and listing 
of band plans, as well as repeater 
lingo /novice hints. 

There have been some changes to the 
contents of the Repeater Directory. Up- 
dated information on all clubs is now 
found on the League's Web page: www. 

arl.org. The digital listings that were 
previously included are now on the Web 
site of the Tucson Amateur Packet Radio 
Corp. (TAPR): www.tapr.org /directory. 

Principles of Linear Systems 
by Philip E. Sarachik 
Cambridge University Press 
40 West 20th Street 
New York, NY 10011 -4211 
$34.95 

CIRCLE 340 ON FREE 
INFORMATION CARD 

This textbook is 
invaluable for grad- 
uate students of 
aeronautical, elec- 
trical, and mechan- 
ical engineering, or 
anyone who wants 
a background in 
the fundamentals 
of linear systems 
and modern con- 
trol systems. It con- 

centrates on explaining state -space meth- 
ods that form the basis of modern control 
theory, and how those methods are useful 
in the analysis of linear multiple- input, 
multiple- output dynamic systems. 

Continuous -time and discrete -time 
systems are treated in parallel, through- 
out the book, as are time -varying and 
classical time -invariant systems, high- 
lighting their similarities and differ- 
ences. The first chapter presents the 
basic concepts and definitions, followed 
by a detailed discussion of state equa- 
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tions of finite dimensional systems and 
their solutions. Then, the principles of 
time -domain and frequency- domain 
analysis are covered, as are the proper- 
ties and applications of the Z- transfor- 
mation. Both the controllability and 
observability of linear systems, as well as 
their stability, are examined in detail. 

A useful tutorial review of the key 
results from matrix theory and linear 
algebra is given in the Appendix.. In 
addition to illustrative examples, which 
are completely worked out, numerous 
problems are available at the end of each 
chapter. 

Radio Components Handbook 

for the Radio and Electronics 

Technician: Theory of Components, 

Book I 

by Guido Slim, 12E0 
MF] Enterprises, Inc. 
P.O. Box 494 
Mississippi State, MS 39762 
Tel: 800 -647 -1800 or 601- 323 -5869 
Fax: 601- 323 -6551 
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$29.95 
Designed for engi- 
neers, technicians, 
amateur radio oper- 
ators, and students, 
this book presents 
direct and clear 
needed information 
about inductors, 
loops, transmission 
lines, capacitors, and 

more. The author, who is himself an 
amateur -radio operator, emphasizes the 
building of circuits. 

Everything from the basic theory of 
radio components to plans for accurate 

Were on the web FREE 
http.11www.poptronix,com 

WE'RE WITH YOU EVERY DAY 

24 HOURS A DAY! DROP IN! 

WE'D LOVE TO HAVE YOU VISIT! 

test instruments you can build, plus 
numerous circuit examples, is provided 
in this comprehensive guide for ham - 
radio operators and experimenters. The 
descriptions for designing and building 
parts and circuits are written in an easy - 
to- understand style. Over 100 full -page 
graphs are included, and formulas and 
examples are included to illustrate con- 
cepts or design questions. 

Among the topics discussed are com- 
ponents, circuits, transmitters, power 
supplies, and transmitting loops and fil- 
ters. The handbook also covers impor- 
tant data on many different component 
types. Instructions are given on how to 
build and use inductors of all types. 

Easy PIC'n: A Beginner's Guide to 

Using PIC1B /11 Microcontrollers 
by David Benson 
Square 1 Electronics 
P.O. Box 501 
Kelseyville, CA 95451 
Tel: 707- 279 -8881 
Web: www.sq -l.com 
$29.95 
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The PIC16 /17 
from Microchip 
Technology, Inc. 
was originally 
designed to be a 

very fast I/O con- 
troller. The 
PIC 16F84 micro - 
controller is unique 

INFORMATION CARD because its pro- 
gram memory is 

made using FLASH technology. It can be 
programmed, tested in- circuit, and 
reprogrammed if necessary in a few min- 
utes. 

Intended to help the beginner with 
understanding and application of the 
PIC16 /17 line of microcontrollers, this 
book uses a hands -on approach. There 
are many examples given throughout, all 
of which may be demonstrated using a 

very simple demo board -a project ex- 
plained at the beginning of the book. 

The author uses the MPASM assem- 

:ìw To order books in 

this magazine or, 

any book in print. Please call anytime day or 
night: (800) BOOKS -NOW (266 -5766) or 
(801) 261 -1187 ask for ext. 1454 or visit on the 
web at http://www.BooksNow.comlelec- 
tronicsnow.htm. 

Free catalogs are not available. 

bier from Microchip Technology in the 
book, because, as he explains, it is in 
common use; is free from the manufac- 
turer; is included in MPLAB, a popular 
Microchip development software pack- 
age; and examples on the Internet are 
written in MPASM. The examples of 
assembly -language programs that are 
presented range from a simple one to 
turn on LEDs to more complex ones for 
timing and for event -counting. Writing 
programs is covered in- depth. The use 
of flow charts as an aid to visualizing 
what a program does is emphasized. 

Data Acquisition and 

Communications Catalog 
B&B Electronics Manufacturing Company 
707 Dayton Road 
P.O. Box 1040 
Ottawa, IL 61350 
Tel: 815- 433 -5100 
Fax: 815- 434 -7094 
e -mail: catrqst@bb -elec.com or sales@bb- 

elec.com 

Web: www.bb -elec.com 
Free 
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This 52 -page cata- 
log shows solutions 
to computer seri- 
al -port connection 
problems. Their 
port- mounted con- 
verters allow in- 
compatible inter- 
faces to be connect- 
ed, and they com- 
municate at dis- 

tances up to 4000 feet. 
New product highlights include 9 -pin 

port- powered converters with SD control 
that change TD and RD RS -232 lines to 
balanced half -duplex, two -wire RS -485 
signals; RS -232 asynchronous to synchro- 
nous converters that can interface with 
marine navigation equipment; PCI bus 
Ethernet cards; port intelligent controller 
cards; and software programming tools, 
such as CotnmLib 5.2 and ArchiveLib 
2.12. Also featured are communications 
and PCMIA cards; fiber -optic products; 
data- acquisition modules; optoisolators, 
surge protectors, and security devices; and 
digital multimeters designed to read 
1ow- voltage communications -line sig- 
nals, some with built -in memory and the 
ability to download to a PC. 

In addition to product descriptions, 
the catalog presents technical data 
and application information. 



BURN PIC M1CROCONTROLLERS 
WITH A "No PARTS" 

PIC PROGRAMMER 
When creat- 

ing and de- 
signing a 

new electronics project, 
the current trend is to 
try to keep the descrip- 
tive terms "low- cost," 
"full- featured," and 
"ultra- compact" in the 
top slots in a list of fea- 
tures. That used to be 
hard to do. Fortunately, 
over the last several 
years, designing a pro- 
ject with those attribut- 
es has become much 
easier thanks to the de- 
velopment of program- 
mable devices such as 
the PIC microcontroller 
family from Microchip 
Technologies. Looking 
over the last year's worth 
of construction articles 
that have been pub- 
lished in Electronics Now 
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shows just how com- 
monplace those mic- 
rocontrollers have become. 

Unfortunately, some sort of pro- 
gramming device is needed to 
"burn" the software into those pro- 
grammable chips. The cost of such 
a device could easily wipe out any 
savings from using a microcontroller 
in a project -until now. 

Obviously, the PIC programmer 
presented here needs some parts 
in order to build it. The nicest fea- 
ture of the unit is that it needs no 
specialized parts, and it's a very 
simple circuit. The unit can be built 
in about an hour with parts from 
either your junk box or the nearest 
RadioShack store. Connect it to the 
printer port of any handy PC (the 
port need not be bi- directional), 
run the free software, and you can 
get started programming PIC 16F84, 
16F83, and 16C84 microcontrollers 

Now you can "magically" 
Create your own custom 
PICs with this simple 

programmer 

MICHAEL A. COVINGTON 

immediately. With an adjustable 
power supply, you can even do 
production -grade work. 

What's a PIC? A PIC , like most micro - 
controllers, is a tiny computer with 
CPU, ROM, RAM, and I/O circuits all 
on one chip. Microcontrollers are the 
fastest -growing segment of the elec- 
tronics industry; the average home 
now contains about 100 of them in 

everything from micro- 
wave ovens to wrist- 
watches. 

Many microcontroller 
applications don't in- 
volve computing, at 
least not as you'd nor- 
mally think of it. A micro - 
controller is best thought 
of as an IC that you can 
customize by writing a 
program in assembly 
language. You then 
download the program 
into the ROM area of 
the microcontroller, and 
the microcontroller be- 
comes a custom IC. 
Sometimes the program 
is designed to be little 
more than a logic gate 
or an oscillator, but 
what's important is that 
it does exactly what you 
tell it to do. 

Among the low -end 
microcontrollers, the PIC 
family from Microchip, 

Inc. is especially popular because of 
their simplicity and low cost. Add- 
itionally, much of the software used 
to create the program code 
needed for programming PICs is 

available free for downloading 
from Microchip's Web site (www, 
microchip.com). 

Of the various types of PICs that 
are available, the 16F83, 16F84, and 
16C84 are probably the easiest to 
work with. Those particular models 
are the ones that our programmer 
supports. They cost less than $6 
each and their ROM is electrically 
erasable so that you don't need an 
ultraviolet light to erase and repro- 
gram the devices. 

The 16F84 is the most popular of 
the three -it has 68 bytes of RAM 
and 1024 words of program memo- 
ry. The program memory is a "flash" 35 



EEPROM that can be rewritten over 
a million times. Any stored informa- 
tion will be preserved for over 40 
years without any power. The 16C84 
is very similar but uses an older type 
of EEPROM. The 16F83 can be con- 
sidered a "little brother" in that it has 
only half as much memory; on the 
plus side, it is somewhat lower in cost. 

Unlike most microcontrollers,Those 
PICs don't require quartz crystals or 
resonators for their clock; you can 
use a resistor and capacitor as the 
oscillating elements. They also do 
not need a tightly -regulated power 
supply. The supply voltage for the 
16F84 can be anywhere from 4 to 6 

volts. An extended -voltage -range 
version can work with the supply 
being as low as 2 volts. There are 13 

input /output pins, each of which 
can be set individually to be either 
an output or an input -with or with- 
out a built -in pull -up resistor. 

The "No Parts" Programmer. Pro- 
gramming the above -mentioned 
PIC chips is unusually simple. Apply 5 
volts to pin 14 (with pin 5 connected 
to ground) and raise the voltage on 
pin 4 to between 12 and 14 volts. 
The data is then clocked in one bit 
at a time through pins 13 and 12. The 
data itself is sent to pin 13. Once the 
bit is ready, the voltage on pin 12 is 

raised to 5 volts for at least 0.1 

microseconds before being low- 
ered back to ground. The data 
stream going into the chip contains 
both commands that specify the 
various steps in the programming 
process and the data that will be 
stored in the chip's ROM. To verify 
that the PIC was programmed cor- 
rectly, the PIC can also send its con- 
tents back out through pin 13. For 

those who are interested in the full 
technical details on programming 
PIC chips, specifications for pro- 
gramming and verification can be 
found on Microchip's Web site 
(wwwmicrochip.com). 

The schematic diagram for the 
"No Parts" PIC Programmer, as 
shown in Fig. 1, is as simple as the 
programming process that it sup- 
ports, The circuit is designed to plug 
into the printer port of any PC. The 
programming data and clock sig- 
nals are applied to IC1 -the PIC 

being programmed- through R2 

36 and R3. Diodes D1, D2, and resistor 
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Fig. 1. The "No Parts" PIC Pro,tramnu'r is a simple rie ait that mittaclies to the printer port of a Pt' 
It can program, verify. and erase 16F84. /6C84. and IrC83 PIC chips. 

R1 let pin 13 of IC1 be used as both 
an input for programming and as 
an output for verification. When pin 
17 on the printer port is high, the PC 
can read data from pin 13 of ICI 
through pin 11 of the printer port. In 

that mode, Rl and D2 provide pull - 
up for the data signal. When pin 11 

of the printer port is low, D1 con- 
ducts. The anode of D2 is grounded, 
blocking current flow. The PIC chip is 

then free to receive data from pin 
14 of the printer port. The connec- 
tion that Dl creates between pins 
11 and 17 on the printer port lets the 
programming software detect if the 
programmer is connected to the 
printer port. 

Capacitors C 1 and C2 eliminate 
noise in the DC power lines. The 
programming voltage is switched 
by 91. 

Two power supplies are needed 
to run the "No Parts" PIC Pro- 
grammer: 5 volts and 12 -14 volts. If 

you're doing any experimentation 
with digital circuits, you probably 
already have a power supply avail- 
able that provides those voltage lev- 
els. Obviously, that supply can also 
be used for the programmer. 
Another alternative is to "borrow" the 
voltages from a diskette -drive power 

VOLTS 
DC 

OUTPUT 
VOLTAGE 

Fig. 2. With some testing, this power- supply 
schematic can be used with the "No Parts" PIC 
Programmer. By using two circuits, you can 
have an adjustable 5 -volt power supply for pro- 
duction- grade verification of programmed PICs. 

connector inside the PC. Make sure 
that the 12 -volt line is not less than 
12.0 volts. If you use that power 
source, you should be comfortable 
opening up your PC and working 
with the internal components. If you 
aren't and don't know someone 
qualified that can help you, you can 
use The power -supply schematic 
shown in Fig. 2. That schematic is 

taker, from the data sheet for the 
LM317 adjustable -voltage regulator, 
and is provided here only for experi- 
mentation purposes. The complete 
data sheet for the LM31 7 is available 



Fig. 3. The assembled "Nu Pmts' PIC Programmer can he as simple or as fancy as you want. 

from National Semiconductor's Web 
site (www.national.com). 

The programmer's circuit is so 
simple, it can be easily built on a 
piece of perfboard using standard 
construction techniques. A zero - 
insertion -force (ZIF) socket can be 
used at ICI as a professional touch 
but is not required. With a suitable 
adapter, surface -mount PICs can 
also be programmed. The packag- 
ing of the unit can be as simple or 
as fancy as you want. The author's 
prototype, shown in Fig. 3, was 
mounted on a hardwood base that 
was stained and varnished for a 
"home- built- with -old- world -prode" 
look. Mounting the cable connec- 
tor separately as shown makes the 
"No Parts" PIC Programmer easy to 
use -simply connect it to the ?C's 
printer port with a suitably -long 25- 
conductor cable. 

PIC Programming. The easiest way 
to learn to use the "No Parts" PIC 
Programmer is to actually write a 
simple program and burn a chip. 
Learning about the programmer 
that way is also a good way to test 
out the hardware and software. 

For example, let's look at the sim- 
ple problem of building an LED "light 
chaser," a circuit that will light up 
one LED after another, in sequence, 
over and over. You could do it with 
three ICs: an oscillator, a binary 
counter, and a decoder /demulti- 
plexer. A PIC version of the circuit is 

shown in Fig. 4. 

Although that circuit might cost a 
bit more than a traditional digital cir- 
cuit, it is certainly smaller in terms of 
the physical size of the board need- 
ed to hold all of the components. 
However, there is another feature to 
using a PIC for such a mundane 
task -intelligence. Different patterns 
can be generated or multiple pat- 
terns can be selected with the addi- 
tion of a simple switch arrangement. 
With discrete components, the cir- 
cuit would have to be scrapped 
and re- designed to accommodate 
changes like those. With a PIC, it is a 
simple matter of modifying the pro- 
gram, erasing the PIC, and re -pro- 
gramming it. 

Let's get back to our example. 
The program itself, written in PIC 
assembly language, is shown in 
Listing 1. The most important part of 
any program is the documentation. 
If you leave notes in the program, 
you'll remember what you were try- 
ing to do if you have to review the 
program at some time in the future. 
In the program listing, those notes 
are any lines that start with a semi- 
colon. Those lines will be ignored by 
the software, called an assembler, 
that will turn the text in the program 
into the binary numbers that the 
PIC recognizes as instructions. 

The first three instructions, proces- 
sor, include, and config, are in- 
structions to the assembler. The first 
instruction tells the assembler to use 
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Fig. 4. Ilerc is a .simple PIC circuit that, with 

the accompanying software, flashes the LEDs in 

a "chaser'' sequence. 

PARTS LIST FOR THE "NO 
PARTS" PIC PROGRAMMER 
SEMICONDUCTORS 
IC I -PIC 16C84, PIC 16F84, or PIC 16F83 

microcontroller, unprogrammed 
DI, D2 -1N914 silicon diode 
QI- 2N3904 NPN silicon transistor 

RESISTORS 
(All resistors are 1/4-watt, 5% units.) 
R1-4700-ohm 
R2 -R4 -1000 -ohm 
R5 -2200 -ohm 

ADDITIONAL PARTS 
AND MATERIALS 
CI, C2- 0.1 -p,F ceramic -disc capacitor 
J1-DB25 male connector 
Socket for ICI, 25- conductor cable, 

hardware, etc. 

16F84 instructions. The second in- 
struction says to include a set of 
predefined constants in a file called 
P16F84.INC. Finally, the third instruc- 
tion sets various configuration bits in 
the PIC to turn some hardware fea- 
tures on or off. In this example, the 
chip will be using its RC oscillator, its 

"watchdog" timer will be turned off, 
and the automatic power -up reset 
timer will be turned on. That way,the 37 



8 x 12 

PIC will reboot whenever power is 

applied, but it won't automatically 
reboot several times a second That 
feature may be used if there is ,`he 

possibility of the PIC program "lock- 

ing up" or for a special timing 
arrangement in a control applica- 
tion. 

It is important to use the -con fig 
instruction in any programs used 

- MPLeB - E:\MICHAEL\ELEC\PIC\PHOGHA-2\hOPPr-"1\DEMO 

miírwrip!iprpurgrm[iE' 

a Pope* h' ñ.,. 
1 
2 
3 04 
4 H4 
5 ee 
6 84 
7 94 
8 OF 

0 e:\nichael\elec\pic\progsa-?laopgp-'1\d 
1 Pile DEMO.ASN 
2 : Assembly code for 1iC16P84 microcontroller 
3 
4 Blinks LEDs on o.rt-uts in a rotating pattern. 
S With 75 -kHz os:, each LED stays on 1/2 second. 
6 
7 CPU conf igtrat Lon 
8 : (It's a 16?94, RC oscillat3r, 
9 : watchdog tLeer off, power -hp timer on) 

18 
11 processor 16f 84 
12 include 4_6184. ins) 
13 _con/ig _05C á _kDT_0?F á RTE_OM 
14 
15 : Declare variables at 2 memory locations 
16 
17 .i eon 8'_P J = address hex 1F 

Fig. 5. h1PLAB software, free from 'Microchip, lets you assemble and test PIC programs. 

NOPPP - "No- Parts" PIC 
Michael A. Covington 
Version of Feb 9 199? 

Using LPT1 on 3 ?8H 

Programmer- 

20:40:0? 

PIC16F84 

L Load HEX file 
S Select type of PIC 
E Erase PIC 
P Program P=C 
U Verify PIC 
X Exit program 

Your choice <L,S,E,P,V,X>: 

Fig. 6. The NOPPP software does the actual work of "burning" PICs. Shown h,:°re running under 
38 Windows 95, it also runs under DOS. Windows 3.1. and OS12. 

with the "No Parts" PIC Programmer. 
The assembler program will not be 
doing the actual programming -it 
will only be creating a file with the 
numbers that will be transferred to 
the PIC chip as a second step. 

The two equ instructions reserve 
memory space in the PIC's RAM for 
two variables, which we'll be calling 
"J" and "K." It is just like declaring 
variables in BASIC, only we need to 
say which physical RAM locations 
will be used. In this case, those loca- 
tions are (in hexadecimal number- 
ing) l E and 1 F Those locations will 
be used to store counters to keep 
track of how many times a loop has 
been repeated. 

The org instruction tells the assem- 
bler that the program starts at loca- 
tion 0 in program memory and that 
the actual program is next. 

The first real PIC instruction is a 
movlw instruction that clears the 
working register (called W). That 
number is then copied into the TRIS 

control register for port B, setting pins 
6-13 to output pins instead of input 
pins. Next, the program puts binary 
00000001 into the W register and 
copies it to Port B. That lights the LED 

connected to pin 6. But before you 
have time to actually see the LED 

come on, the program executes an 
rlf instruction that rotates the con- 
tents of Port B to the left, changing 
the data to 00000010. That will light 
the second LED attached to pin 7 

instead. Repeating that instruction 
will give 00000100, then 00001000, 
and so on, making the LEDs flash in a 
marching pattern. 

In between rotations, the pro- 
gram needs to wait about 'h sec- 
ond so that the action isn't too fast 
to see. That's why we have a delay 
loop in the program. It stores the 
decimal number 50 in memory 
locations "J" and "K," using the 
decfsz instruction to count down 
from 50 to 0. 

Conditional instructions on the 
PIC are somewhat unusual, and 
decfsz is no exception. It stands for 
"Decrement and skip next instruc- 
tion if zero." Translating the program 
into English, the instructions 

kloop: decfsz K,f 
goto kloop 

mean "Subtract 1 from variable K, 
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LISTING i 
; File DEMO.ASM 
; Assembly code for PIC16F84 microcontroller 

; Blinks LEDs on outputs in a rotating pattern. 
; With 75 -kHz osc, each LED stays on 1/2 second. 

; CPU configuration 
(It's a 16F84, RC oscillator, 
watchdog timer off, power -up timer on) 

processor 16f84 
include <pl6f84.inc> 
_config _RC_OSC & _WDT_OFF & _PWRTE_ON 

; Declare variables at 2 memory locations 

J equ H'1F' 
K equ H'1E' 

; Program 

; J - address hex 1F 

; K = address hex lE 

org 0 ; start at address 0 

; Set port B as output and initialize it 

movlw 
tris 
movlw 
movwf 

B'00000000' 
PORTB 
6'00000001' 
PORTB 

; w := 00000000 binary 
; port B ctrl register w 
; w := 00000001 binary 
; port B itself := w 

; Rotate the bits of port B leftward 

mloop: rif PORTB,1 

; Waste some time by executing nested loops 

movlw D'50' 
movwf J 

jloop: movwf K 

kloop: decfsz K,f 
goto kloop 
decfsz J,f 
goto jloop 

; Do it all again 

goto mloop 

end 

; w := 50 decimal 
;J : =w 
;K: =w 
; K = K -1, skip next if zero 

; J = J -1, skip next if zero 

and if the result is zero, skip the goto 
instruction." Normally, the result is not 
zero and the goto part of the in- 

struction is not skipped. Instead, the 
loop executes repeatedly until K 

reaches zero. As you can see, if you 
like double negatives -or rather, 
don't not like double negatives, 
you'll love programming PICs. The 

actual program uses two loops, one 
nested within the other. 

Finally, goto mloop sends execu- 
tion back to the beginning of the 
program. The end instruction is not 

42 a CPU instruction; instead, It tells the 

assembler that the program is over. 
The 16F84 has 35 different CPU 

instructions. As you can see from the 
simple program we just created, you 
don't have to master all of them in 

order to write useful programs. 

Compiling Programs. At the Micro- 
chip Web site, you can get data 
sheets, application notes, and best 
of all, MPLAB, which is a full- featured 
development program for compil- 
ing and testing PIC programs. It is 

designed to run under Microsoft 
Windows. A sample screen shot 

seen in Fig. 5 shows our demo pro- 
gram being edited. The MPLAB soft- 
ware lets you edit assembly -lan- 
guage programs (also called source 
code), assemble them into object 
code, and then step through the 
resulting binary code to see what it 

will actually make the microcon- 
troller do. That way, you can spot 
any logical errors in your program- 
ming before you actually commit 
any code to hardware. 

The Microchip software is well 
documented on its use. We are go- 
ing to be using MPLAB to create an 
object -code file from the source - 
code text we typed in from Listing 1. 

Be ready for an error message when 
compiling the program. MPASM will 

complain mildly that you're not sup- 
posed to use the tris instruction. 
Microchip has dropped support for 
that instruction and some future PIC 

processors might not support it. A 
nice feature of the PIC from a soft- 
ware point of view is what is called 
source -code compatibility. If your 
design outgrows the resources of 
the chip that you started with, you 
can use another chip with more 
resources without having to rewrite 
the program from scratch. For our 
purposes, using the tris instruction on 
the 16C84, 16F84, and 16F83 works 
fine. Besides, the alternative way of 
setting up Port B for output is much 
more complicated. 

"Burning" a PIC. A second piece of 
software is needed for actually using 
the "No Parts" PIC Programmer. That 
software is available at the Gems- 
back Web site (ffp: / /ftp.gernsback. 
com /pub /EN /noppp.zip). That MS- 

DOS program runs well under Win- 
dows 3.x or Windows 95. If, however, 
you are running it under Windows 
3.1, it will work best if you run the 
application "full screen" instead of in 

a window. Timing is critical for the 
programming pulses, and full- screen 
DOS applications get full control of 
the computer. If for some reason you 
have difficulty running the NOPPP 

program under Windows 3.1, try exit- 
ing to a DOS prompt and run it from 
there. You can even run the program 
under OS /2; if you do, be sure to set 
the HW_TIMER to "on" in the DOS set- 

tings for the program. 
The first step is to connect the "No 

Parts" PIC Programmer to the PC's 



printer port and start the NOPPP 
program without any power con - 
nected to the programmer. If the 5- 
volt line is grounded, the software 
will not be able to detect D1, and 
will assume that the programmer is 

not attached to the printer port. 
If all is well, you should see a 

screen similar to the one shown in 
Fig. 6. The menu of choices is self - 
explanatory. In general, you would 
want to load an object -code file 
(with a .HEX extension in the file- 
name) into memory, select the type 
of PIC that you will be programming, 
program the part, and then verify 
that the code was programmed 
into the chip correctly. You can also 
erase a PIC that has already been 
programmed for re -use or updating 
of the programming. One note of 
caution: you should never insert or 
remove a PIC from the programmer 
while the power to the programmer 
is on. When programming a PIC, the 
software will tell you what to do and 
when to do it. 

Since the programmer software 
requires some tricky timing, it was 
written to run as a DOS program. 
Recall that the clock pulses for pro- 
gramming the PIC have to last at 
least 0.1 microseconds. In practice, 
they are somewhat longer in order 
to overcome any signal "bounce" in 
the cables. However, they shouldn't 
be too long or the programming 
process will go too slowly. It is also 
important that the pulse timing 
not depend on the speed of the 
computer's CPU. Because the 
software was written with that in 
mind, it will run on any IBM -com- 
patible from a 4.77 -MHz XT up to 
the latest Pentiums. 

To achieve that, the programmer 
software uses one of the timers built 
into the PC motherboard. One of the 
PC's built -in timers produces an inter- 
rupt 18.2 times per second (65,536 
times in a 24 -hour day). That timer is 

used to update DOS's time -of -day 
clock, and some software uses it to 
manage any concurrent processes. 
However, 18.2 times per second is far 
too slow to be useful for PIC pro- 
gramming. The software instead uses 
the other timer that is normally used 
to control the tones in the internal 
speaker. The time delay available 
from that timer can be set to 25 
microseconds, so that even on the 

fastest Pentiums, the programming 
pulses are not too short. There will be 
some unpredictable software over- 
head, so the pulses will come out a 
bit too long on the slowest PCs, but 
not long enough to do any harm. 

Production -Grade Programming. 
As cheap and as simple as it is, the 
"No Parts" PIC Programmer can 
qualify as a production -grade pro- 
grammer for confirming the reliabili- 
ty of your programmed PICs. How? 
By varying the 5 -volt supply over the 
entire specified range while verify- 
ing the PIC. To do that, you'll of 
course need an adjustable 5 -volt 
supply. First program and verify the 
PIC with the 5 -volt supply set to 5.0 
volts. Next, set the 5 -volt supply to 6.0 
volts and verify again. Finally, verify 
the PIC a third time with the 5 -volt 
supply set to 4.0 volts. 

Why does that guarantee reliabil- 
ity? Because the main source of 
unreliability in EPROMs of any type is 

that some of the cells might not be 
completely programmed or com- 
pletely erased. If a particular loca- 
tion is only "half on" or "half -off ", it 
might read correctly for a while but 
then shift to the wrong value with 
age or changes in the supply volt- 
age. The result is that the ROM con- 
tents change unpredictably and 
the microcontroller fails during use. 
By shifting the 5 -volt supply voltage 
up and down, you change the 
threshold voltages that define 0 and 

1 so that you can detect marginally 
programmed bits. The cheapest 
commercial programmers don't 
have that feature at all. Higher -qual- 
ity units do it partly in that they raise 
the supply voltage but not lower it. 
The "No Parts" PIC Programmer gives 
you full control over the supply volt- 
age, making it easy to test any pro- 
grammed part over the chip's full 
voltage range. 

The author would like to acknowl- 
edge David Tait in England for his 
work on TOPIC, a PIC programming 
package of which the "No Parts" PIC 
Programmer is a direct descendant. 
Mr. Tait's work has been distributed 
on the Internet, and he has given his 
permission for this adaptation. The 
TOPIC software works with "No Parts" 
PIC Programmer hardware and vice 
versa. Because of that compatibility, 
the TOPIC package has been in- 
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RON TIPTON 

An attenuator is defined 
as "a device used to 
reduce the power (or 

voltage) level of a signal while intro- 
ducing little or no distortion" They 
come in all shapes and sizes and 
can be arbitrarily placed in two 
general groups: active and passive, 
and the passive grouping can be 
further divided down into fixed and 
variable subgroups. As the name 
implies, the passive attenuators use 
only resistors to reduce the signal 
level, while the active devices use 
transistors or ICs to perform a resis- 

tance function. In this article, we 
are going to look into the various 
types of attenuators and attenua- 
tor circuits, show you how to use 
them, and show you how you can 
build your own. 

Passive Fixed Attenuators. This 

type of attenuator is readily avail- 
able as an off -the shelf commercial 
product and is most often pack- 
aged as coaxial or plug -in modules. 
The coaxial models are usually built 
with SMA, N, or BNC connectors, as 
well as with special connectors such 
as the General Radio type "GR874," 
and have a usefully flat response 
from DC to 6 GHz (6000 MHz). 
Typically, plug -in units have 0.030 - 
inch diameter pins arranged on a 
tenth -inch grid to allow them to 
plug into sockets or socket pins on a 
printed circuit board. Plug -in units 
are usually rated for a flat response 
from DC to 1500 MHz. 

Inside,a passive fixed attenuator 
is made up of resistors connected 
in a "tee" or "pi" configuration as 
shown in Fig. 1. Also shown in that 
figure are the values of resistors 
needed for various levels of attenu- 
ation. Those values assume a 50- 
ohm line impedance, but values 
can be calculated for 75- or 93- 
ohm lines if needed. 

Coaxial models could be built 
using ordinary 1/4- or 1/2-watt metal - 
film resistors, but then their high -fre- 
quency response would be limited 
to a few hundred megahertz at 
best. The 6 -GHz (and higher) range 
is achieved using special coaxial 
resistors in which the thin resistive 

44 film is deposited on ceramic forms 

ALL ABOUT 

ATTENUATORS 

Here's some information on how attenuators work, 

how they're used, and a small sampling of circuits 
you can use the next time you need one. 

that physically match the size of 
the outer conductive shell. 

Both coaxial and modular (plug - 
in) attenuators are used to reduce 
power levels, set mixer input levels, 
balance phase- detector inputs, 
and so forth. Fixed models are gen- 
erally less expensive and perhaps 
more stable than a variable unit 
would be in those applications. 

One final note before we move 
on. Both the tee and pi networks 
work equally well. If building your 
own attenuator, the choice of 
which to use is largely determined 
by available resistor values. 

Passive Variable Attenuators. This 

category is much larger than the 
"fixed" group, because it contains 
switched -tee and -pi units, continu- 
ously- variable attenuators, and volt- 
age dividers. 

It is easy to build a switched -tee 
attenuator. All you need are some 
1% metal -film resistors, DPDT toggle 
switches, input and output connec- 
tors, and a suitable case. The circuit 
diagram in Fig. 2 shows a 50 -ohm 
attenuator that can be set from zero 
to 61 dB in 1 -dB steps. A tee design 
was used because it proved to be a 

better fit to standard resistor values. 
The author's completed unit, which 
is shown at the beginning of this arti- 
cle, uses male BNC connectors and 
a cast aluminum case, such as those 
stocked by Mouser Electronics, Digi- 
Key Corporation and others (size 
isn't especially critical for this appli- 
cation). Some commercial attenua- 
tors use Teflon -body toggle switches 
to help extend the frequency range, 
but ordinary, off -the -shelf switches 
are usable to 50 MHz or higher if 

care is taken during construction. 
This unit is used by the author for 

setting the output level of oscillators 
and function generators with inade- 
quate internal attenuators, or none. 
It's also useful for checking the auto- 
matic gain control (AGC) range in a 
new receiver using a real off- the -air 
signal: just connect the attenuator 
between the receiver and antenna, 
tune in a signal, and increase the 
attenuation until the signal is lost. 

Of course, any potentiometer, or 
"pot." is a continuously -variable 
attenuator. We use them in dimmer 
circuits for setting room illumination 
and controlling the sound level from 
all kinds of entertainment equip- 
ment, as well as in a myriad of other 



applications. But sometimes a sim- 
ple pot won't do. Figure 3 shows a 
constant -impedance continuously - 
variable attenuator used to set a 
function generator's output level. 
This particular circuit was used in 
the Hewlett- Packard model 3300A 
function generator, but it is typical 
of the breed. It provides a fairly 
constant 600 -ohm output imped- 
ance that is independent of the 
voltage setting. The spec sheet says 
it has a 40-dB range; actually it's 

TEE NETWORK 

R1 R1 

R2 

PI NETWORK 

R2 

R1 R1 

about 45 dB. This is a useful circuit to 
keep in your bag of tricks, although 
finding the ganged pots might be 
a challenge. 

Voltage Dividers. Since all attenu- 
ators are also voltage dividers, you 
might wonder why they are treated 
as a separate group. Though the 
author has not seen it stated this 
way, the difference in general is 

that attenuators are matched to 
the impedance of their source and 

ATTENUATION 
(dB) 

TEE R1 (0) TEE R2(0) PI R1 (f2) PI R2 (0) 

1 2.9 433.3 870.0 5.8 
2 5.7 215.2 436.0 11.6 
3 8.5 141.9 292.0 17.6 
4 11.3 104.8 221.0 23.8 
s 14.0 82.2 178.6 30.4 
6 16.6 66.9 150.5 37.3 
7 19.0 55.8 130.7 44.8 
8 21.5 47.3 116.0 52.8 
9 23.8 40.6 105.0 61.6 
10 26.0 35.0 96.2 71.2 
11 28.0 30.6 89.2 81.6 
12 30.0 26.8 83.5 93.2 
13 31.7 23.5 78.8 106.0 
14 33.3 20.8 74.9 120.3 
15 35.0 18.4 71.6 136.1 
16 36.3 16.2 68.8 153.8 
17 37.6 14.4 66.4 173.4 
18 38.8 12.8 64.4 195.4 
19 40.0 11.4 62.6 220.0 
20 41.0 10.0 61.0 247.5 
21 41.8 9.0 59.7 278.2 
22 42.6 8.0 58.6 312.7 
23 43.4 7.1 57.6 351.9 
24 44.0 6.3 56.7 394.6 
25 44.7 5.6 56.0 443.1 
30 47.0 3.2 53.2 789.7 
35 482 1.8 51.8 1405.4 
40 49.0 1.0 51.0 2500.0 
45 49.4 0.56 50.5 4446.0 
50 49.7 0.32 50.3 7905.6 
55 49.8 0.18 50.2 14058.0 
60 49 9 0.10 50.1 25000.0 

441111=11111111M 
Fig. 1. To build your own passive attenuators, a simple tee or pi network can be used. The table of 
values in this figure assumes a line impedance of 50 ohms. 

load, while voltage dividers aren't. 
Voltage dividers usually have a fair- 
ly high input impedance so they 
don't load the driving source. And 
they need a low enough output 
impedance so that their load does 
not appreciably change the out- 
put voltage. 

Figure 4 shows a simple switch- 
ed divider that the author built to 
increase the output voltage range 
of a function generator. It has a 
10,000 -ohm input resistance, which 
can be easily driven by the gener- 
ator's 50- or 600 -ohm output. A 
one -megohm or higher load, such 
as a voltmeter, changes the output 
voltage by no more than 1% at any 
switch setting. If built into a small 
cast aluminum case, this useful 
workbench accessory can be used 
wherever it is needed. The resistor 
values are easily scaled if you 
need either a higher or lower input 
resistance. 

Precision voltage dividers are 
known as Kelvin -Varley dividers and 
often have large coin -silver switch 
contacts (for low resistance) as 
shown in Fig. 5. The circuit diagram 
for this unit (see Fig. 6.) shows a four - 
decade divider, though it could be 
extended to five, six, or even seven 
decades as needed. So, how does 
this divider work? 

There are 11 equal -value resis- 
tors in the first or input decade. But 
two of those series resistors are 
always in parallel with the second 
decade. The second decade has a 
total series resistance equal to the 
paralleled pair in the first decade. 
Thus, the first decade looks like a 
simple 10- resistor divider. 

S1 S2 S3 S4 S5 
1dB 2dB 3dB 5dB 10dB 
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Fig. 2. Here's a 50 -ohm attenuator that can he set from zero to 61 dB in 1 -dB steps. A tee design 
was used because it proved to be a better fit to standard resistor values. 45 



Continuing on, we see that this 
scheme is repeated: The third de- 
cade is always in parallel with two 
series resistors in the second de- 
cade, and so on. In short, we get a 
constant 5 -to -1 resistance ratio be- 
tween successive decades, which 
means that the resistance values 
can get rather small as we add 
decades. That becomes the practi- 
cal limit on how many decades we 
can add. A seven -decade divider 
with a 100,000 -ohm input resistance 
needs 0.64 -ohm resistors in the last 
decade. The last decade is always 
a ten -step divider, or continuously 
variable pot, to enable a "unity" 
output. If that were not done, the 
maximum output would be 0.9999 
(for four decades), which wouldn't 
quite do the job. 

Kelvin -Varley dividers are usually 
built with highly accurate and sta- 
ble resistors so as to have excellent 
linearity. Older models from compa- 
nies such as General Radio, Electro 
Scientific Industries (ESI), John Fluke, 

IN 
100K 

OUT 

Fig. 3. Originally used in the HP -3000A func- 
tion generator, this continuously variable atten- 

uator provides a fairly constant 600 -ohm output 
impedance that is independent of the voltage 

setting. Note that the potentiometers are ganged 
on a .single shat. 

100 90.90 9090 
1% 1% 1% 

90900 
1% 

xo.o1 xo.1 

xo.00i xl 
S1 

ATTENUATION 

IN 

OUT 

ALL RESISTORS ARE 1% METAL FILM 

Fig. 4. This simple switched voltage divider was 

built by the author to increase the output volt- 

age range of a function generator It has a 

46 10,000 -ohm input resistance. 

Fig. 5. This General Radio Kelvin - Varley voltage divider features low 1(sistance coin- silver switch 

contacts and precision wire wound resistors. 

and IET Labs often work as well as 
they did when new, even if that was 
30 or 40 years ago! 

Active Attenuators. Active attenua- 
tors are frequently designed so that 
the level of attenuation can be digi- 
tally controlled, say by a computer 
or microprocessor, but that is not 
always the case. For example, the 
Motorola Semiconductor MC3340P 
is controlled by a DC voltage or an 
external variable resistor (which con- 
trols a DC current). With a frequency 
response that's flat to about a 
megahertz and an attenuation 
range of more than 80 dB, that is 

quite a versatile component. The 
total harmonic distortion in the out- 
put signal rises to over 3% at attenu- 
ations of more than 40 dB. Whether 
that is acceptable or not will de- 
pend on your application. 

Analog Devices calls its AD8402 
a "digital potentiometer," because 
it uses an 8 -bit input to control the 
wiper setting of a three -terminal 
"pot." That is, the wiper can be set 
to 256 different positions, with a dig- 
ital input of 128 setting the pot to 
mid -scale. That 14 -pin DIP IC is pro- 
grammed through a 3 -wire serial 
interface. A microcontroller such as 
one of the PIC models from Micro- 
chip Technology Inc. can read the 
on /off settings of a group of eight 
toggle switches or a thumbwheel 
switch and do the programming. 

The author has used the AD8402 

to build tunable active filters and in 
the process has learned that it's not 
quite an ideal resistor. The device 
still has some resistance, about 50 
ohms in the 10,000 ohm unit, even 
when the digital input is all zeros. 

Another limitation is that the 
AD8402 prefers that its associated 
circuit operate using the same sup- 
ply voltage as it does; that is, ground 
and +5 volts. If there are op -amps in 

your circuit, they also need to oper- 
ate between ground and +5 volts, 
which means you'll need a +2.5 -volt 
virtual ground to bias the op -amps 
to the power supply midpoint. Also 
the microcontroller clock will intro- 
duce some noise into your analog 
signal -!f you let it: The AD8402 con- 
tains latches that store the last pro- 
grammed data; that means you 
can minimize the clock -noise prob- 
lem by putting the microcontroller 
to sleep except when actually pro- 
gramming. 

Don't be discouraged by that 
litany of problems; the AD8402 is a 
very useful component. You just 
need to be aware of its limitations 
and design around them. 

Another alternative here is the 
LM1972 from National Semicon- 
ductor. It is billed as an audio atten- 
uator, and the author has success- 
fully used it in several industrial -con- 
trol applications. Like the AD8402, its 

attenuation is programmed over a 
3 -wire serial interface. But unlike the 
AD8402, its attenuation changes 



Here's the author's version of the circuit shown in Fig. 4. 
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Fig. 6. The circuit diagram for the divider shown in Fig. 5 reveals that it is a four -decade device 
with a 5 -to -I resistance ratio between decades. 

from zero to 78 dB in 0.5 -dB steps up 
to 48 dB and then in 1 -dB steps on 
up to the maximum. The frequency 
response is down 3dB at 100 kHz, 
and the total harmonic distortion 
(THD) plus noise is specified at 
0.003% maximum. (National has tar- 
geted music- system applications 
with this device so they wanted it to 
be really quiet!) 

Figure 7 is a circuit diagram of a 
variable attenuator you can build 
around an LM 1972. Let's take a look 
at how it works. 

The circuit makes use of a 1 -of -12 
keypad, which the author had on 
hand, to enter the desired attenua- 
tion. The line from each key con- 
nects to one of twelve input pins on 
a IPIC 16073 microcontroller (as indi- 

A pair of coaxial units with SMA connectors made 
by Narda Corporation (now Loral Microwave 
Narda), and a pair of plug -ins manufactured by 

Mini -Circuits. 

RESOURCES 

Analog Devices 
PO Box 9106 
Norwood, MA 02062 -9106 
Tel: 800- 262 -5643 

Digi -Key Corporation 
PO Box 677 
Thief River Falls, MN 56701 -0677 
Tel: 800 -344 -4539 

Loral Microwave Narda 
435 Moreland Road 
Hauppauge, NY 11788 
Tel: 516-231-1700 

Microchip Technology Inc. 
2355 W. Chandler Blvd. 
Chandler. AZ 85224 -6199 
Tel: 602 -786 -7200 

Mini -Circuits 
PO Box 350166 
Brooklyn, NY 11235 -0003 
Tel: 800- 654 -7949 

Motorola Semiconductor Products 
2100 E. Eliot 
Tempe, AZ 85284 
Tel: 602 -244 -6900 

Mouser Electronics 
958 N. Main Street 
Mansfield. TX 76063-.4827 
Tel: 800 -346 -6873 

National Semiconductor 
2900 Semiconductor Dr. 

Santa Clara, CA 95052 -8090 
Tel: 800-272-9959 

Scott Edwards Electronics 
PO Box 160 
Sierra Vista. AZ 85636 -0160 
Tel: 520- 459 -4802 

cated by the dots on the lines from 
the specific pins on the IC). Each of 
these inputs is normally pulled up to 
+5 volts through a 4700 -ohm resistor 47 
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(R1 -R12). When a key is pressed, the 
connected PIC input is pulled low 
and the firmware stores the key's 
value. In this design,the # key is used 
for "enter." When that key is pressed, 
the entered attenuation is pro- 
grammed into the LM1972 over the 
clock, load, and data lines. 

The LM1972 has an input imped- 
ance of about 40,000 ohms, but its 

output impedance is also high so 
an output buffer is needed. Most 
any JFET -input op -amp will work. The 
author selected an LF412 because 
it has a full power output band- 
width greater than 100 kHz and a 
low DC offset. You'll notice that this 
design is DC coupled, so it's ideal to 
use with a function generator that 
tunes to very low frequencies. But if 
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Fig. 7. Here's a digitally- controlled variable attenuator built around National's LM1972. It is ideal 

for audiolmusic applications. The program Pr the microcontroller can be downloaded from the 

48 Electronics Now ftp site (ftp.gernshack.com /pub /EN). 
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Fig. 8. This simple change lets you use the 

LM1972 -based circuit in Fig. 7 as a variable- 
gain amplifier 

your input signal has much DC on it, 
you will need to use a coupling 
capacitor. 

Lots of different display options 
are possible.The author used an LCD 
Serial Backpack from Scott Edwards 
Electronics to display the attenua- 
tion,though an RS -232 line driver had 
to be added to get it to work prop- 
erly. If you decide to go that route, 
an "old -fashioned" LM 1488 operat- 
ing from the ±15 -volt supplies is a 
better choice than a " +5 -volt only" 
driver such as the MAX232A (Maxim 
Integrated Products). With the latter, 
the voltage -doubler switching tran- 
sients are very difficult to decouple 
from the output signal, and that 
greatly limits the maximum usable 
attenuation. 

The output signal voltage is limit- 
ed to 10 volts peak -to -peak (about 
3.5 volts rms) by the ±5 volts supply- 
ing the LM1972. That supply can be 
increased to ±7.5 volts (maximum) 
but ±5 volts is more convenient since 
the +5 volts can also power the 
microcontroller. The minimum output 
signal level is limited by microcon- 
troller clock pickup, so it would be 
very useful to stop the clock. The 
firmware does that: After program- 
ming the LM1972 (which has latches 
to store the most recent data), the 
microcontroller goes to sleep which 
stops the clock. Pressing the star key 
(') generates an interrupt that 
wakes up the PIC, which then waits 
for the next keypad entry. 

The well commented source 
code (written in C) and the hex file 
needed to program the PIC are 
available on the Electronics Now ftp 
site (ftp.gernsback.com /pub /EN) 
in file ATTEN.ZIP. Application Note 

(Continued on page 50) 



A FLEET OF THESE TINY MICROSATELLiTES would cost less, but could also accomplish 
missions that would not even be attempted with a single, more complex craft. 

In recent years, the trend in un- 
manned spacecraft design has 
been toward smaller, faster, and 

cheaper. We no longer lift so many 
high- performance "Bentleys " and 
"Lamborghinis" into orbit; there are 
now a number of "Ford Escort" -class 
spacecraft circling the planet and 
doing good work, 

The reason behind that is not just 
tight budgets. Too many of the cost- 
ly, complex satellites launched re- 
cen`ly have failed. The more com- 
plex the designs, the more prone 
they seem to be to failure. Balky 
antennas refuse to deploy. Flashes 
of space radiation burn -out deli- 
cate microprocessors. Links with 
earth- control stations are lost. That 
vulnerability has lead some scientists 
to rethink traditional design philoso- 
phies that attempts to predict every 
anomaly and then pre -program the 
appropriate work -around. 

'We can't anticipate everything 
that can go wrong, especially in 

space and especially under current 
cost /risk constraints that bind space 
programs." says robot designer Mark 
Tilden, a research scientist in the 
Physics Division at Los Alamos 
National Laboratory (LANL), New 
Mexico. "We need engineering solu- 
tions that respond to unanticipated 
events in non -catastrophic ways." 

In other words, everything has to 
be done differently. Tilden thinks 
even the Escort-class satellites are 
too complicated. Instead, he'd like 
to fill parking orbits with "Hot Wheels." 

What Tilden is suggesting is a 
paradigm shift away from the high- 
ly- evolved space systems currently 
in operation. Rather than design 
spacecraft systems primarily to per- 
form work and hope that they sur- 
vive all anticipated problems, Tilden 
has turned design conception 
around. "We must instead design sys- 

tems that automatically attempt to 
survive all circumstances and then 
try to extract useful work," he says. 

Tilden colleague Kurt Moore says, 
"They represent the logical end of 
one evolutionary trend in space ex- 
ploration toward clusters of small, 
cheap satellites that can achieve 
results even when some of them fail. 
They're so robust they could even 
be used to investigate the Van Allen 
radiation belts, which most earth - 
orbiting satellites avoid. 

"Instead of designing systems 
that withstand their environment, 
we're engineering systems that rely 
on their environment. We're working 
on satellites that have no micro- 
processors or fixed algorithmic be- 
haviors. Instead, these satellites are 
survivors- designed from the bot- 
tom up and domesticated by their 
sensors and control payloads into 
performing high -reliability tasks." 

How Small Can You Go? If smaller 
is better for survival, how small can 
you make a satellite? At this past 
December's American Geophysical 49 



Union meeting, the LANL team of 
Tilden, Moore, and Janette Frigo pre- 
sented an idea for a constellation of 
microsatellites, each weighing no 
more than half an ounce with con- 
trol systems based on the simplest 
animal neuron "twitches." You could 
carry these satellites in your pocket 
and launch them out of the shuttle 
cargo bay with a slingshot. 

According to Tilden, a well - 
known innovator in the close -knit 
robotics community, the control sys- 
tems of these insect -sized satellites 
are based on simple "nervous nets" 
(Nv), an instinct -like neural net in 
which a single electronic neuron is 

sufficient to produce a control 
pulse, or twitch, in a robotic crea- 
ture lacking an advanced proces- 
sor or computer command. Nv 
technology is based on the notion 
that a brain is of no use without a 
spinal cord. Indeed, most life on 
earth survives just fine without any 
brain at all. 

Their " satbot," resembling a 
carefully folded sheet of construc- 
tion paper, has three solar cells, a 
long -range antenna dish the size of 
a button, a short -range antenna 
probe no longer than a toothpick, 
a local sensor array, and three 
alignment coils. It weighs 10 grams 
and would fit in your hand. 

That weight, say the researchers, 
not only reduces cost, but improves 
accuracy and response of the 
satellites for ranging and orienta- 
tion purposes. The basic idea is to 
launch these satbots by the hun- 
dreds, huge stacks of them shear- 
ing themselves in orbit as a sweep- 
ing array of sensory "pixels," giving 
a whole new spectrum on the 
potentials of data measurement. 

The whole idea is founded on the 
fact that space exploration is ex- 
pensive and risky. However, Tilden 
says, satellites can be built cheap, 
rugged, self -programming, and radi- 
ation hardened. Those microsats 
may be the first step toward a whole 
range of long -term, low -cost space 
missions that would otherwise be 
prohibitively expensive. 

Big Missions for Small Craft. 
Beyond mapping the Van Allen 
Belt, other potential applications 
include measuring the solar wind 

50 and more precise earth imaging. 

And that's just the beginning. 
"We've done work on everything 

from lunar dust clearers, lunar min- 
ers and sorters, self- organizing heat - 
resistant tiles, broad -field pixelsats 
that can image asteroids or vast 
areas of space, to low earth orbit 
debris removers and single- mecha- 
nism interstellar explorers," says 
Tilden. "And there's not a computer 
in any of them. Most of them aren't 
even as complex as a transistor 
radio. Maybe it's a paradigm shift- 
ing without a clutch, but at least our 
devices work. 

"The real goal eventually is to set 
up a whole organized branch of 
alternate robotic sciences powerful 
enough to think about colonization, 
and not just interstellar exploration," 
Tilden says. "The benefits will come 
from cheap access to space for 
people other than the big boys, and 
in innovative techniques that don't 
require NASA dependence. Find a 
way to sell a Sharper Image satellite 
for a thousand dollars with your 
choice of small payload, accessible 
and /or controllable through the 
Internet, and you'll see a revolution 
in amateur astronomy equal to the 
first ground -glass lens." 

Tilden's nervous nets work like the 
neurons in animal nervous systems, 
which put out spiked pulses that 
hold useful information in the timing 
between the pulses. In computer 
terms, he says, the information 
needed to do work lives in the firing 
rate, not in a coded voltage level. 

The Los Alamos satellite model 
shown in the beginning of this arti- 
cle is a microsatellite controller 
whose primary mission is to orient 
itself in earth's magnetic field. Using 
only a few transistors, those space 
'bots seek the brightest available 
source -the sun -and orient them- 
selves precisely toward it. 

Acting like a delay line, the 
researchers say, electronic pulses 
from photodetectors travel first to 
one neuron and then the next. By 

adjusting the timing relationship 
between the pulses, the control sys- 

tem seeks the light and uses the 
reaction of the controller's mag- 
netic field against earth's magnetic 
field for the torque needed to ori- 
ent the satellite. With six neurons on 
three axes, the controller can move 
or examine different points in three- 

dimensional space. 
Moore says hundreds of micro - 

satellites in orbit could relay simple 
streams of data to a communica- 
tions mothership, which could inte- 
grate the data and pass it to 
ground stations. Measuring earth's 
magnetosphere is one potential 
mission. By locating a swarm of 
microsatellites on the sunward side 
of the magnetopause, scientists 
can take real -time measurements 
of the energy transferred to earth's 
magnetic field by the turbulent 
solar wind. "We've never been able 
to do real -time monitoring of the 
position of the magnetopause as 
the solar wind pushes it around," 
says Moore. "With hundreds of 
these microsatellites we should be 
able to do that." S2 

ATTENUATORS 
(continued from page 48) 

AN529, available from Microchip 
Technology Inc., describes a 4 3 4 

sampled keypad and LED driver 
that could also be used to set and 
display the attenuation. 

A simple change, shown in Fig- 
ure 8, lets you use the LM 1972 as a 
variable -gain amplifier. Since the 
op -amp shown in the figure has a 
low output impedance, a separate 
output buffer is usually not needed. 

The author is available to answer 
(or try to answer) questions on any of 
the devices in this article. I'm usually 
difficult to reach by phone so please 
write, fax, or e -mail Ron Tipton, 5260 
Cochise Trail, Las Cruces, NM 88012; 
Fax: 505 -382 -8810; e -mail: RTipton© 
zianet.com. S2 



SEE MUSIC 
WITH THE 
Dis PLAYEg 

If you have a 
musical instru- 
ment that does- 

n't have keys, valves, 
or some other way to 
create a pitch that is in 
tune with the standard 
diatonic (chromatic) scale 
of Western music, you prob- 
ably know the frustration con- 
nected with trying to play even 
the simplest tune. Learning how 
to play an instrument such as a vio- 
lin, trombone, something as esoteric 
as a Theremin, or even something as 
simple as a slide whistle can frustrate 
even the most dedicated aspiring 
musician. 

The Displayer project presented 
here is just the item needed in 
those situations. A visual indication 
of which note is being played helps 
you learn how to hit the correct 
pitch without hunting for it. The dis- 
play is designed to look like a piano 
or organ keyboard. With a three - 
position switch, the three -octave 
display can be extended to five 
octaves. You'll be amazed at how 
quickly and easily you'll pick out 
recognizable tunes with the Dis- 
Player's help. As a bonus, the Dis- 

Player includes a VU meter that 
acts as a volume display. That cir- 
cuit is completely separate from 
the rest of the DisPlayer. It comes in 
very handy if you're working with 
an electronic instrument or amplify- 
ing an acoustic one. In general, the 
DisPlayer's usefulness is limited only 
by your imagination. 

o. PITCHES 

How It Works. The schematic dia- 
gram for the DisPlayer is shown in Fig. 

1. Although it looks complex at first 
glance, it is really quite simple and 
straightforward. The circuit can be 

Frustrated by 

trying to play "in key" 
with your trombone or fretless 

base? Want to know what pitch some- 
one is singing? This handy device is the next 

best thing to having a friend with "perfect pitch "! 

FRED NACHBAUR 

divided into several sections. 
The heart of the circuit is the 

tone- or pitch -display section, and 
it is based on the popular LM3914 
display driver. That device drives 
ten LEDs in a linear display, with pro- 
grammable endpoints and the 
choice of either a "dot" (one LED at 
a time) or a "bar" (from one to sev- 
eral LEDs in order) display. Further- 
more, it is possible to "chain" multi- 
ple devices together to create dis- 
plays of theoretically unlimited size, 
though the application notes from 
National Semiconductor usually 
recommend a limit of ten devices. 

Display drivers I07-IC 10 are wired 
in a chained "minimum- parts" con- 
figuration with a dot display. Showing 
only one LED at a time makes it easy 
to interpret the display. It also places 
less demands on the power supply. 
The LED current is set to about 20 mil - 
liamps, making for a bright, easy -to- 
read display. 

The display itself is made from 
LED10- LED50. Arranging them in a 
keyboard pattern makes notes eas- 

ier to recognize by anyone with 
piano or keyboard experience. To 

further simplify reading the display, 
red LEDs were used to represent the 
white keys and green LEDs for the 
black keys of a piano. The lowest 
note is an "A," and the highest note 
is a "C" that is a bit over three 
octaves higher. That last LED (LED50) 
will remain lit when the input signal 
goes higher. If you prefer the display 
to go blank when out of range, 
LED50 can be left out. If you do use 
it, it would be a good idea to use 
yet another color such as orange or 
yellow for that device. That will 
remind you that the DisPlayer is at or 
beyond its upper limit, and that the 
display is not necessarily correct. 

Note that there are resistors 
placed across the first and ninth 
LEDs of each LM3914. Those resistors 
are there to reduce or eliminate the 
dim glow that those LEDs would emit 
because of the small currents that 
pass through them. Those currents 
are by- products of the way that the 
LM391 x family of devices connect to 
one another when in "dot" mode. If 
you aren't bothered with that dim 51 
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glow, R22, R24, R25, R27, R28, R30, R31, 
and R33 can be omitted. 

The resistors between pins 6 and 
7 of each display driver and ground 
set the LED current. Note that they 

are not the same value; that is 

because the reference voltage of 
each successive driver is 1.25 volts 
higher than the previous one in the 
chain. The inputs of the LM3914s are 

tied together, resulting in a continu- 
ous linear display with a full -scale 
voltage of about 5 volts. 

One quirk of the LM391x family 
of display drivers is that they need 

52 Fig. 1. The DisPlayer is built around a string of LM3914 LED display drivers. 
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to be well bypassed on both the 
LED supply and the main supply 
lines. That's why there are all of 
those 2.2 -11F tantalum capacitors 
along the LED supply rail and on pin 

3 of each LM3914. If you try omitting 
some or all of them, you might be 
lucky. However, there is a good 
chance that you will end up with 
bizarre displays due to oscillations. 

"Scale" Conversion. At this point, 
we should note that the pitches 
that we are displaying represent a 
logarithmic scale: each time we 
double the frequency (go up an 
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PARTS LIST FOR THE DISPLAYER 
SEMICONDUCTORS 
ICI- LM7805 5 -volt positive regulator, 

integrated circuit 
IC2 -NE555 timer, integrated circuit 
1C3- LM311N dual comparator, integrated 

circuit 
IC4- CD4027 dual J -K flip -flop, 

integrated circuit 
IC5- LM2917N frequency -to- voltage 

converter, integrated circuit 
IC6 -LF353 dual op -amp, FET input, 

integrated circuit 
IC7 IC10- LM3914 LED linear -display 

driver, integrated circuit 
IC11- LM3915 LED logarithmic- display 

driver, integrated circuit 
IC12 -79L05 5 -volt negative regulator 
Q1, Q2- 2N3904 NPN transistors (from 

same production run -see text) 
LEDI -LED3-Light-emitting diode, 

green (T- I package) 
LED4 -LED6- Light- emitting diode, yel 

low (T -1 package) 
LED7 -LED I 0-Light-emitting diode, red 

(T -1 package) 
LEDI I LED50- Light -emitting diode, 

T -13/4 package (see text) 
Dl, D2- IN4I48, silicon diode 

RESISTORS 
(All resistors are' /4 -watt, 5% metal -film 

units unless otherwise noted.) 
R 1- 24,000 -ohm 
R2- 56,000 -ohm 
R3, R39- 22,000 -ohm 
R4, R5, R8, R9, R12, R13, 819- 

100,000 -ohm 
R14, R 17 -4700 -ohm 
R6, RIO, R24. R27, R30, R33 R37- 

10,000 -ohm 
R7- 68,000 -ohm 
R 11 --470 -ohm 
R15, R18- 47,000 -ohm 
R 16 -1000 -ohm 
R20- 390,000 -ohm 
R21- 750 -ohm 
R22, R25, R28, R31- 20,000 -ohm 
R23 -1500 -ohm 

R26 -2200 -ohm 
R29, R32 -3000 -ohm 
R38- 82,000 -ohm 
R40- 4.7- megohm 
R41R41 50,000 -ohm potentiometer 

(see text) 

CAPACITORS 
C 1, C2, C6, C 12 -C 19- 2.2 -µF, 16- 

WVDC, electrolytic 
C3- 3300 -pF, ceramic -disc 
C4 4.7µF, l6 -WVDC, electrolytic 
C5 -10µF, 16 -WVDC, electrolytic 
C7, C20, C21- 0.01 -p,F, ceramic -disc 
C8- 0.02 -p.F, Mylar, 5% 
C9- 0A7 -p,F, 16 -WVDC, electrolytic 
C10, C22- 0.1 -p,F, ceramic -disc 
CI I -0.2-p,F, ceramic -disc 
C23- 1000 -pF, ceramic -disc 
C24 470 pF ceramic -disc 

ADDITIONAL PARTS 
AND MATERIALS 
J1- Hollow pin jack, 2.1 mm. 
J2, J3 -1/4 mono phone jack 
S I -2 -pole, 3- position or 3 -pole, 4- position 

rotary switch (see text) 
PC board, 12 -volt DC, 200 mA power 

supply, wire, hardware, case, etc. 

Note: The following items are available 
from: SK Electronics, Kit Division, 902 
Front St., Nelson, BC V 1 L 4R2, Canada; 
Tel: 250- 352 -7292; Fax: 250- 354 -4070; 
e -mail: skecomm @netidea.com: Com- 
plete kit of all parts, PC board, power 
supply, and front panel, $89.00 ($129.00 
Canadian); Partial kit of PC board and 
parts, $79.00 ($119.00 Canadian); PC 
board only, $15.00 ($22.00 Canadian). 
Please add $3.00 ($5.00 Canadian) for 
shipping and handling on kits; $2.00 
($3.00 Canadian) for PC board shipping. 
Canadian residents must add 7% GST. 
BC residents must add 7% PST. Visa 
and MasterCard accepted. No COD 
orders will be accepted. 

octave), the voltage to the display 
section should increase by a fixed 
amount -about 1.5 volts in prac- 
tice. So how does a logarithmic fre- 
quency input get converted into a 
linear voltage for display on our 
"visual keyboard ?" For that answer, 
we have to go to the opposite end 
of the circuit. 

The incoming frequency signal is 

applied to IC3, an LM311 compara- 
tor that converts it into a square - 
wave with the proper levels to drive 
the next part of the circuit. Resistor 

54 R41 sets the amount of signal that is 

applied to the comparator. That 
helps make sure that there is enough 
signal for reliable operation across 
the usable range of the DisPlayer 
while minimizing the display of noise. 
Resistors R4 and R5 set the toggle 
point of the comparator at '/2 of the 
supply voltage, and R3 forms the 
load for 103's open -collector output. 

The signal then passes through 
two frequency- divider stages, built 
around 104. One of the outputs is 

selected by S1 -b, letting us choose 
one of three octave ranges. The 
other part of S1 (S1 -a) sinks a low 

current through one of the LEDs that 
represent "C" on the keyboard. The 
selected LED glows dimly, marking 
the location of "middle C ". 

The selected frequency is con- 
verted to a voltage by IC5. If you 
are using an electronic instrument 
that already generates a voltage 
that represents the frequency of 
the sound, the input circuit up to 
this point would not be needed. 
However, some instruments might 
not be as linear as they should be. 
Keeping the DisPlayer a universal 
design that can be used with any 
sound source makes the unit much 
more versatile as well as precise. An 
added advantage of IC5 is that it 
has a built -in op amp that can be 
used for filtering any ripple -a 
necessity to properly display the 
lower frequencies. Without ripple fil- 
tering, more than one LED would 
be lit in the lower ranges. The 14 -pin 
version of the chip lets us access 
the op -amp's inputs -a necessity 
for filtering out the ripple. 

Resistors R12 and R13 set IC5's 
reference at 1/2 of the supply volt- 
age. R11 is a load for the built -in 
Zener diode. Capacitor C8 and 
resistor R7 program the chip's fre- 
quency-to- voltage range. They 
have been chosen to give a full - 
scale voltage of about 6.5 volts 
when the input frequency is at 550 
Hz. The above -mentioned ripple fil- 
ter is formed by R8, R9, 010, and 
C11. Finally, R10 forms the load for 
IC5's open -emitter output. 

The values shown in the schemat- 
ic are for a minimum frequency of 55 
Hz, which is the A that is two octaves 
below middle C. With S1 in the third 
position, the highest frequency is 

2093 Hz. The bottom end is a pretty 
low bass note, 

So now that we finally have a 
voltage that is a linear analog of the 
incoming frequency, how do we 
take the logarithm of that voltage 
for proper display on our visual key- 
board? The key to the answer is the 
fact that the voltage across a tran- 
sistor with its base and collector tied 
together is proportional to the loga- 
rithm of the current passing through 
it. In practice, that means that the 
collector /base -to- emitter voltage 
increases by about 17 millivolts for 
every doubling of current. 

The first section of IC6 makes use 



of that fact. To briefly review op -amp 
theory, an ideal op -amp will have 
zero volts across its differential inputs 
(infinite voltage gain) and an infinite 
input resistance (zero input -bias cur- 
rent). Fortunately, the JFET op -amp 
that we're using approaches that 
ideal very closely. In the inverting - 
amplifier configuration, the current 
through Q1, the "feedback ele- 
ment" with its base and collector 
tied together, equals the current in 

"input element" R15. Furthermore, 
the current in R15 will be directly 
proportional to the applied voltage. 
The result is an output voltage that is 

proportional to the logarithm of the 
input voltage. 

Using a JFET -input op -amp is 

important when doing linear -to -log 
conversions. Even the smallest input 
bias currents (like the 50- nanoamp 
rating of an LM358) are enough to 
mess up our linearity. The LF353 

device typically has an input cur- 
rent that is three orders of magni- 
tude less -50 picoamps -and is far 
better suited to our needs. 

The logarithmic output voltage 
is inverted, so the second section of 
IC6 inverts it again. That section also 
sets the gain with R44 and the zero 
offset with R43. Making both stages 
inverters eliminates complications 
that result from trying to make a 
non -inverting log amp. 

There is another very important 
job assigned to IC6 -b: temperature 
compensation. Another interesting 
property of the transistor with its 

base and collector tied together is 

that, at a given current, the voltage 
across it is a linear representation of 
temperature. That feature is useful 
for any number of temperature - 
measuring applications, but a real 
drawback for log amps. 

Transistor Q2 is included in the 
biasing network for IC6 -b. A temper- 
ature- induced voltage change in 

Q1 will (presumably) cause the 
same degree of change in Q2. The 
circuit is wired in such a way that the 
effects of those voltage changes 
cancel each other out. That is why 
both Ql and Q2 should be chosen 
from the same production run. While 
a dual transistor (two transistors on 
the same die) could also be used, 
cost and availability make any 
improvements not worth the effort. If 
you're really concerned about sta- 
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bility, you can use a dual - 
transistor package. An alter- 
nate method would be to 
use discrete transistors, leave 
their leads long enough so 
that they can be bent into 
physical contact with each 
other, and physically bond 
them together with a dab 
of thermal compound and 
a tiny elastic band. That 
will give virtually the same 
degree of stability as a dual 
transistor. 

Capacitor C21 elimi- 
nates any residual ripple or 
other high- frequency noise 
picked up along the way. 
The output from IC6 -b pass- 
es through summing resistor 
R36 to the inputs of the dis- 
play driver ICs. 

Power Supply. As mentioned 
earlier, IC5 has its own built -in 
Zener regulator, so any supply volt- 
age in the range of 10-14 volts will 
be fine. Similarly, the other IC's power 
requirements are quite forgiving. The 
exception is IC6. While it doesn't real- 
ly care about its supply voltage, the 
biasing network, including tempera- 
ture compensator Q2, needs to 
have a well -regulated voltage. That 
is one reason for the use of IC 1. As 
with the display drivers,using a 2.2 -11F 

tantalum capacitor at its output pre- 
vents any possible oscillations that 
could ruin your day. 

The regulator also supplies the 
LED current for the display drivers. 
Running the LED supply on a lower 
voltage greatly reduces the heat- 
ing on the display driver ICs. 

A negative -supply inverter is built 
around IC2, an NE555. The timer is 

being used in a variant of an 
astable- multivibrator circuit. It has 
been optimized to create as close 
to a 50% -duty -cycle output as possi- 
ble. Resistors R1, R2, and capacitor 
C3 set the frequency of oscillation to 
about 3.8 kHz. The resulting square - 
wave is clamped by C4 and D1, rec- 
tified by D2, and filtered by C5. Note 
that the circuit consisting of C4, C5, 
and the two diodes is nothing more 
than a classic "voltage- doubler" cir- 
cuit. In effect, we're "doubling" the 
peak value of the squarewave rela- 
tive to its average level. The result is a 

56 negative voltage that is about equal 
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to the original positive supply volt- 
age, although it has poor regulation. 
That is taken care of by IC 12, a 5 -volt 
negative regulator. 

Odds and Ends. Since we have a 
clean constant -frequency square - 
wave available, let's add another 
refinement: fine tuning. As the dis- 
play section stands so far, we could 
be off by almost a quarter -tone with 
any given LED being lit. We can 
greatly improve that by superimpos- 
ing a low -level (about 80 millivolts) 
triangle wave on top of the DC sig- 
nal to the display drivers. That will 
cause a single lamp to light only if 
we're close to being "on pitch," 
since each LED represents a 125 -mil- 
livolt increase. If we're even a little 
off pitch, the next light up or down 
will start lighting, giving an "overlap" 
effect. 

It might seem odd that we'd 
want to add ripple to our display 
after all the trouble we went to get- 
ting rid of any ripple being generat- 
ed by the frequency -to- voltage 
converter. The difference is that with 
a fixed -frequency source like a 555 
oscillator, the ripple amplitude will 
be constant and predictable. The 
3.8 -kHz squarewave from IC2 is inte- 
grated into a reasonable approxi- 
mation of a triangle wave by R37 
and C22. It is injected into the inputs 
of the display drivers through the 

voltage divider formed by R38 and 
R36. Capacitor C23 provides DC iso- 
lation so that the fine -tuning circuit 
does not affect the DC level com- 
ing out of IC6 -b. 

Volume Display. After all of the de- 
sign work that has gone into the 
DisPlayer, the volume -display section 
is almost trivial by comparison. An 
LM3915 and ten LEDs make up the 
circuit, automatically giving us a log- 
arithmic scaling. If you want a "bar" 
display, tie pin 9 of IC l 1 to pin 3 
instead of to pin 11 as shown. You 
don't even need to rectify and filter 
the incoming audio source; the 
LM3915 works fine straight from a 
line -level input with a maximum 
peak voltage of 1.25 volts or greater. 
If you use the dot mode as shown in 
Fig 1,the display will be a "quasi -bar" 
that shows the peak values and also 
suggests the average value. 

Incidentally, if you're wondering 
why we didn't just use LM3915s in the 
tone -display section, it's because 
the logarithmic steps are fixed at 3 
dB (about 41% increase per step) 
rather than the approximately 4% 
increase per step needed to display 
half- tones. 

Building the DisPlayer. There is, of 
course, no reason why you can't 
build the DisPlayer on a piece of 
perfboard. However, using a printed- 
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circuit board results in a neater over- 
all appearance of the unit. You can 
etch your own board using the foil 
patterns included here, (not.: due 
to their size, the boards are repro- 
duced here at 50%) or one may be 
purchased from the source given in 
the Parts List. 

For a purchased PC board or 
one made from the foil patterns, the 
parts -placement diagram in Fig. 2 
should be followed for component 
location. If you make your own 
board, you have a choice of mak- 
ing a single- or double- sided. For a 
single -sided board, you'll have to 
run jumper wires corresponding to 
the traces shown on the "compo- 
nent- side" artwork. All pads are 
shown on the component -side art- 
work to make It easier for you to 
locate the proper pads for the 
jumper wires. Note that the 12 -volt 
and ground rails for the LM3914 
tone -display drivers pass under the 
ICs; install the jumpers before insert- 
ing the chips. The jumpers should be 
insulated in order to prevent them 
from shorting against each other or 
any component leads. The foil pat- 
terns provide extra pads on either 
side of the bypass capacitors for 
the jumpers. 

If you decide to use a double - 
sided board, you don't have to 
worry about installing any jumpers - 
but you'll have to run feed -through 
wires that will connect the traces on 
both sides of the board. You don't 
have to drill out the pads on either 
side of the bypass capacitors; sim- 
ply solder the capacitor leads on 
both sides of the board. 

There is no particular order for 
installing the components. However, 
since IC4 is sensitive to electrostatic 
discharge, it's a good idea to install 
that component last. As usual, be 
careful about proper orientation of 
polarized components, such as ICs, 
transistors, diodes, and electrolytic 
capacitors. The shorter lead on LEDs 
is generally the cathode, but for 
good measure check for the little 
flat spot on the base of the LED; that 
flat spot marks the cathode and 
goes towards the driver ICs. If you 
decide to install LED50, solder it into 
the holes indicated and run short 
jumper wires to the 5-volt rail and to 
pin 10 of IC 10 as shown in Fig. 2. 

60 Once the board is completed, 

TO PC BOARDv 
AS PER FIG. 2 

St-a 

R14 

TO JI CONNECTION 
ON PC BOARD 

S1 -b S1-c 

Fig. 3. You can replace SI with a 4- position unit and use the additional pole as an on -off switch. 

prepare a suitable case by drilling 
appropriate holes for mounting 
the PC board and the various 
jacks. As an alternative, a custom 
enclosure Ilke the one shown at 
the beginning of this article can 
be made by mounting the board 
to a piece of 1/4- inch -thick clear 
acrylic plastic that measures 3 

inches by 10 Inches. The plastic, 
which will become the DisPlayer's 
front panel, can be mounted on a 
box or frame made from strips of 
wood or similar material. 

Power for the DisPlayer can be 
any suitable source of 12 -volt DC 
power with a current capacity of at 
least 200 mA; a 500-mA unit with an 
internal 12 -volt regulator to reduce 
ripple is preferred. If you want to 
switch the power supply,you can use 
a toggle switch between J 1 and the 
PC board. An alternative method is 

shown In Fig. 3. In that arrangement, 
S1 is changed to a 3-pole, 4-position 
switch. The third pole, S1-c, is used as 
a power switch, applying power to 
the DisPlayer when any of the 
octaves are selected. 

For now, don't connect S1 -a or 
S1 -b. Preliminary testing can be 
done by making a temporary con- 
nection between pin 1 of IC5 and 
pin 7 of IC3. 

After checking your work for cor- 
rect values, component orientation, 
and good solder joints, do some 
continuity checks with an ohmme- 
ter. Make sure that you don't have 
direct shorts between supply and 
ground. When you're satisfied that 
everything looks okay, It's time to 
test the DisPlayer. 

Testing and Adjustment. Set all of 
the pots to the center of their rota- 
tion. Apply a waveform of a known 
frequency to J2. One good source 

of a constant -frequency, constant - 
amplitude signal is a synthesizer 
or other electronic keyboard in- 
strument; select the "cleanest" 
sound that is available. Turn off any 
effects, harmonics or after -touch 
dynamics. A clean "flute" sound 
would be perfect. 

You might not see any lights at 
this point. However, if you vary the 
frequency generator through its 
lower range or play your instrument 
across Its range, you should at some 
point see the pitch display come to 
life. If nothing lights up, try increasing 
the amplitude of the input signal. If 

the DisPlayer still doesn't respond, 
review the circuit -description sec- 
tion and trace the signal through 
the circuit (preferably with an oscil- 
loscope) to see where it is disap- 
pearing. Check the output of I05 
(pin 5 or pin 10) with a DC voltmeter; 
you should get a varying voltage 
between zero and about 6.5 volts as 
you sweep through the frequency 
range. 

Assuming that all is well so far, 
adjust R41 just beyond the point 
where the display stabilizes when 
you play a note or apply the signal 
generator. If you turn it too high, you 
might get funny displays due to har- 
monics or background noise. 

Feed a 55 -Hz signal into the 
DisPlayer. On a keyboard, that note 
would be the third A below middle 
C. Adjust R43 until LED11 comes 
on. Set the generator to 440 Hz (A 
above middle C). Adjust R44 until 
the high A (LED 47) lights. Repeat 
those two adjustments until they are 
stable. 

Finish wiring S1 for the final test. 
Shielded wire for S1 -b is suggested; 
that switch pole will be carrying 
high -level squarewaves that could 

(Continued on page 68) 
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V ehicle navigation systems 
have been available on 
many upscale cars and 

SUVs, and as aftermarket acces- 
sories for the rest of us, for quite some 
time now. While they offer the prom- 
ise of never getting lost on unfamiliar 
streets again, because most require 
some computer literacy to be used 
effectively, they often fail to meet 
that promise. Fortunately, that is now 
changing thanks to a new type of 
vehicle navigation system than is 

replacing the impersonal digital dis- 
plays and digitized voices of existing 
systems with friendly, helpful, and live 
human assistance. 

One such system is OnStar, now 
available on many 1998 General 
Motors vehicles. OnStar uses a 
voice -activated digital cellular tele- 
phone and the Global Positioning 
System. There is no display or key- 
board. Drivers communicate direct- 
ly with OnStar Centers in Troy and 
Farmington Hills, MI. 

BILL SIURU 

What it Does. OnStar at its heart is a 
vehicle- navigation system with a 
human touch. Using GPS, OnStar 
Center advisors can pinpoint an 
OnStar- equipped vehicle's location 
at all times. If you need directions, 
press the "OC" (OnStar Center) but- 
ton on the phone to talk to an advi- 
sor, who after pinpointing your loca- 
tion, can provide routing to the des- 
tination. You can even record 
instructions to use while driving. The 
OnStar database contains about 
3.2 million listings on everything from 
airlines to zoos. OnStar can even be 
used to make reservations at a hotel 
or restaurant, purchase airline tick- 
ets, or send flowers. 

If that's all there were to it, OnStar 
would be a nice, but far from vital 
automotive accessory. It's when 
things go wrong on the road that 
the true benefits of OnStar become 
apparent. For example, if an OnStar- 

equipped vehicle breaks down, has 
a flat tire, or runs out of gas, the dri- 
ver contacts the OnStar Center. 
After pinpointing the car's location, 
a Center advisor dispatches a tow 
truck. If the vehicle is involved in an 
accident where the airbags 
deploy- indicating the possibility of 
a severe crash- without action on 
the part of the driver OnStar auto- 
matically ;ends that information to 
the Center, which then dispatches 
emergency services to the scene. 

Should a warning light on the 
instrument panels start flashing, the 
driver can contact the OnStar Cen- 
ter where an advisor uses OnStar's 
Remote Diagnostics to get an imme- 
diate analysis of the problem. OnStar 
advisors can now interrogate 266 
system codes covering engine and 
powertrain, braking, and air bag sys- 

tems. This includes codes for trans- 
mission -fluid temperature, engine 
misfiring, 'uel- injector malfunction, 
and engine over -temperature pro- 
tection- indeed more than half of 61 



NEED A HAND while on the road? The OnStar Center is in operation 24- hours -a -day, 365 - 
days -a -year. 

O A warning fight flashes 
( for example, "Service Engine Soon" ). 

Driver pushes green "OC" button 
to call the OnStar Center 

©VAn On/ 

advisor sends a 

signal to the 
vehicle asking for 
status of engine 
computer. 

O Vehicle 
sends back any 
problem codes 
and the advisor 
analyzes codes. 

O The OnStar advisor offers 
one of these action 

Turn off car immediately 
and wait for dispatched 
roadside assistance. 

Va 

Get service GM dealer as 
soon as posossi ble -- the advisor can 
make an appointment, 

Service can wait until next 
regular maintenance check. 

IF A WARNING LIGHT FLASHES, the driver alerts the OnStar Center, which then elec- 
tronically interrogates the vehicle to pinpoint the source of the problem. Using that infor- 
mation, the Center than advises the driver of the best course of action. 

all problems that a GM owner might 
encounter. The advisor can let the 
driver know what action is needed, 
which could range from immediate- 
ly pulling over to the side of the road 
and turning the engine off to sched- 
uling an appointment at a GM deal- 
er to get the problem checked. 

In case of a medical problem or 
other emergency, the "Emergency" 
button on the phone is pressed and 
an advisor goes into action to alert 
the nearest emergency- services 
provider -police, fire department, or 
ambulance -giving information on 
the type of emergency, condition of 
the caller, and exact location. 

62 From time to time, almost every- 

one has locked their keys inside the 
car, With OnStar, if it happens to you 
there is an easy solution. You can 
make a toll -free telephone call to 
the OnStar Center. After verifying the 
caller's identity to preclude a theft, 
an advisor sends a cellular message 
to the car's electronic -lock system to 
unlock the door at a specified time. 
Using an agreed upon time for 
unlocking ensures the car is not 
unlocked before you reach it. 

A message can also be sent to 
the OnStar Center if the theft alarm 
is tripped. If the car is stolen -indi- 
cated by the alarm or a call from 
the owner -the Center can track 
the stolen vehicle continuously via 

FOR MORE INFORMATION 

OnStar 
888 W. Big Beaver Road. Suite 200 
Troy, MI 48084 
Tel: 888- OnStar7 
Web: www.onstar.com 

GPS and provide that information 
to the police. 

The OnStar Center serves cus- 
tomers 24- hours -a -day and 365 - 
days -a -year. OnStar is available in 
all 50 states, and soon in Canada, 
and on all Cadillacs and Buicks; 
Oldsmobile Aurora and Silhouette; 
Pontiac Bonneville and Montana ; 

Chevrolet Lumina, Monte Carlo, 
Tahoe, Venture, Suburban and C/K 
pickups; and GMC Yukon, Envoy, 
Denali and Suburban. The addition- 
al cost for the unit is less than $1000, 
plus there is a service fee added to 
your monthly cellular -telephone bill. 

Different Cars, Similar Systems. 
But what if you don't plan to buy a 
new GM? No problem. Like any 
good idea, other automakers are 
offering similar systems. For a cou- 
ple of years, Ford has been offering 
the very similar RESCU (Remote 
Emergency Satellite Cellular Unit) 
as an option in Lincoln Contin- 
entals. Nissan is offering its Infiniti 
Communicator on its Infiniti Q45 
and 130 luxury sedans. Developed 
for Nissan by Motorola, it includes 
features such as air -bag deploy- 
ment notification, roadside assis- 
tance, remote assistance, remote 
door unlock, and stolen -vehicle 
tracking. 

And similar systems are coming 
for other vehicles. For example, by 
the time you read this the Clarion 
Corporation of America will have 
begun offering Westar's ASSIST ser- 
vices for its all new Clarion AutoPC. 
Available for theoretically any vehi- 
cle, it offers basically the same ser- 
vices including emergency and 
roadside assistance, operator- assist- 
ed navigation, directory and con- 
cierge services, remote door un- 
lock, stolen -vehicle recovery, and 
airbag notification. The AutoPC is 

the first system that integrates tradi- 
tional car -audio capabilities with 
wireless communications, turn -by- 
turn GPS -based navigation, and 
many computing functions running 
on Microsoft Windows CE. S2 



TECH MUSINGS 

"Free" Energy, Bounceback In 

Capacitors, and More 

IS SOLAR ENERGY "FREE ?" THERE SURE SEEMS TO BE QUITE A 

LOT OF MISUNDERSTANDING ON THAT KEY QUESTION. IT 

TURNS OUT THAT SOLAR ELECTRICAL ENERGY IS JUST AS "FREE" 

AS OIL IS. IN EITHER CASE, YOU JUST GO GET SOME AS THERE ARE 

pools of oil all over the place; they are 
only covered up with some rocks and 
dirt. Then, you'll gather up and concen- 
trate the energy, purify it, convert it to 
some useful form, and finally transport it 
to an accessible place. 

Your only tiny little trick lies in 
spending less already- existing energy do- 
ing the finding, conversion, purification, 
and concentration than you will get back. 
If you get more back than you put in, you 
have a net primary energy source. If you 
input more old energy than you get back, 
you have a secondary energy sink, and an 
overall net loss. All of which leads us up 
to an oft -ignored field known as engi- 
neering economics. 

The term "money" can mean many 
different things to different people. Let 
us try this definition: Dollar -The person- 
al use and control of all the deliverable ener- 
gy in one gallon of gasoline. You vote for 
that definition every time you make any 
withdrawal from your nearby "Texaco" 
bank. 

Using that definition, you could sub- 
stitute "gallons of gasoline" for "dollars." 
Thus, if a solar array costs you $10,000, 
you can think of it as costing 10,000 gal- 
lons of gasoline. If interest is $1000 per 
year, that equals a thousand gallons of 
gasoline. And maintenance is something 
like nine gallons of gasoline per hour - 
gallons that are forever gone and hence 
unavailable for any other use. 

Your key question is whether the net 

total lifetime new solar energy generated 
will ever exceed all of the gasoline needed 
to build, finance, and maintain the array. 

If an oil company spends less than a 

gallon of gas to deliver any new gallon of 
gas, we say they make a "profit." When 
they spend more, they have a "loss" and 
are simply doing the equivalent of de- 
stroying gasoline. Overall, I'd guess 
around a quarter of a gallon of older gas 
gets spent delivering one new gallon. 

From that point of view, virtually all 
solar electrical power so far is really an 
energy sink driven by the inefficient mis- 
use of gasoline in disguise. Arguably, a 

rather strong case can also be made that 
most nuclear power to date is (and almost 
certainly will remain) a gross energy sink 
that is heavily subsidized by gasoline and 
other conventional fuels. 

Now, it is just fine to spend energy 
on research and development. It's also 
fine to be temporarily inefficient in the 
interests of perfecting a future net ener- 
gy source, provided, of course, that the 

NEED HELP? 
Phone or write all your US Tech 
Musings questions to: 

Don Lancaster 
Synergetics 
Box 809 -EN 
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Tel: 520 -428 -4073 
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Web page; httpí /www.tinaja.com 

BY DON LANCASTER 

target source remains viable. It is also 
sometimes fine to spend more energy 
than you'll get back for "Uh, compared 
to what ?" needs. 

But failing to recognize the hidden 
subsidies in any "free" energy "source" is 

sheer stupidity. So is failing to learn the 
fundamentals of engineering economics. 

A New DAA Phone Interface 
The folks at Silicon Laboratories 

have just come up with a new chip 
set that makes telephone data access 
arrangements (DAA) a lot simpler, small- 
er, and cheaper. But first, let's review 
exactly what phone interface is all about. 

The typical telephone subscriber loop 
is shown in Fig. 1. It consists of the wires 
that reach from your nearby central office 
to your property line. Power is delivered 
from a -48 -volt battery, through a pair of 
200 -ohm resistors. Green or tip is closer 
to ground. Red or ring is closer to -48. 

Capacitors are chosen to couple two - 
way or full- duplex audio onto the bal- 
anced lines. The balance reduces crosstalk 
in cables. Your audio can be analog voice, 
digital data, caller ID tones, dialing touch 
tones, or other supervisory signals. 

Ringing is done by superimposing 
very large low -frequency intermittent 
sinewaves on top of the DC loop. A typi- 
cal ring signal might be 50 volts at 28 Hz, 
but can range from 40 to 150 volts rms 
and from 20 to 40 Hz. Capacitor coupling 
is usually used to isolate the ring signals. 

When on hook, there's around 48 
volts on the line. Should any single phone 
be taken off hook, the voltage drops to 
around 8 volts. Measuring that voltage 
gives you a simple "the line is in use" 
detector. 

What is the maximum power you can 
take off the phone lines? If you match the 
source impedance on a short distance 
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FIG. 1- HERE'S A SIMPLIFIED SCHEMATIC 

line, it is something just over one watt. If 
you use the load the phone company 
wants you to on a longer line, then some- 
thing closer to half of a watt or so is avail- 
able. All your local phone equipment has 
to share that meager power, unless they 
somehow access internal batteries or AC 
power connections. 

The FCC places very strict rules on 
what you can and cannot do to the 
phone line. These rules appear in Part 
68 of Title 47 of their CFR Code of 
Federal Regulations. That CFR web site is 

www.access.gpo.gov /nara /cfr. A CD 
with the full CFR is available from 
Solutions Software for $62.50. 

Just being compliant with the rules is 

not enough. You also have to go through 
a very costly and gruesome certification 
process on all commercial gear. Yes, 

"pass through" certifications are some- 
times available if you use a pre- approved 
module in a permitted manner inside 
your own product. 

An older DAA interface appears in Fig. 
2. We looked into Part 68 interface cir- 
cuits way back in HACK6I .PDF (March 
1993 and available on my www.tinaja.com 
Web site) and HACK07. PDF, and in 
the Hardware Hacker reprints. 

The key component is the isolation 
transformer. It is a 1:1 ratio unit with an 
impedance of 600 ohms and a 1500 -volt 
breakdown voltage rating. The Part 68 
transformers have gotten smaller and 
cheaper, but they still have to permit a 

DC primary current and do present size 

of a telephone local subscriber loop. 

problems, especially when dealing with 
PCMCIA and similar cards. Part 68 
transformers are found in the usual elec- 
tronics trade journals and distributors. 

Extra bells and whistles have to be 
added to Fig. 1 to make a full interface. 
Ring detection is normally done with an 
AC- linked optocoupler, while a relay's 
contacts are often used as the hook switch. 
Some sort of a hybrid, or a two -line to 
four -line converter, is also needed to sep- 
arate the incoming and outgoing audio. 

There's been several attempts in the 
past to get rid of the transformer by using 
high -voltage capacitors. The big "gotcha" 
here is that the FCC also insists upon a 

very stringent lateral balance specifica- 
tion. Common -mode signals must be re- 
jected to between 40 and 60 decibels over 
the audio range. 

The Silicon Laboratories approach 
appears in Fig. 3. They use two integrat- 
ed circuits, the Si3032A (on your side) and 
the Si3032B (on the telephone- company 
side). Those two chips talk to each other 
by coupling pulses over isolation capaci- 
tors. One capacitor is in your signal path; 
the other two provide balanced ground 
coupling. All that goes on the phone side 
is a chip and a few transistors that act as a 

hook switch. The size is much smaller 
than any transformer DAA, and easily can 
fit in a corner of a memory card. 

No special ring detection circuitry is 

needed either. A surprising amount of 
power can be coupled over their IsoLink 
technology- enough to power a con- 



ventional ringer, even. 
It's all done by the chip set. While 

intended for modems and other data 
communications uses, there is an analog 
output. It is intended for call -progress 
monitoring during your dialing, but 
there's no obvious reason why you could 
not build up a phone recorder or other 
analog application around that output. 

Figure 4 shows their usual audio -out- 
put circuit. Software poked into regis- 
ters lets you mute incoming, outgoing, 
or all audio. 

There's quite a bit of innovation 
involved here. As near as I can tell, a series 
of locked -pulse frames is set up between 
their two chips. Those apparently provide 
two -way data and voice communications, 
as well as providing the on -hook power 
for the `B" chip. Extremely elaborate 
transmit and receive filtering is provided 
for. That approach also eliminates any 
need for relays, hybrids, or optocouplers. 

The chip set is controlled by an 
external microprocessor of some sort, 
which could be a digital signal processor 
or gate array inside the modem. But you 
can easily work up a PIC interface. 

As with any micro -controlled chip, 
there will be a dozen or so internal regis- 
ters that can be read or written to select 
various options or to input and output 
data. Full programming details appear 
on the data sheet. 

Cost for the chip set is under $5 in 
quantity. Modem speeds up to 57.5 kilo - 
baud are fully supported. A demo board 
and ready -to -use reference design is also 
available. 

I have gathered a few additional DAA 
suppliers together for you as this 
month's resource sidebar. Your essential 
trade journal here will be Compliance 
Engineering. Secrets of caller ID are 
found in HACK43.PDF (August 1991 
and available on line). Bargains on tele- 
phone -line lockouts can be found at 
www.tinaja.com/barg01.html Those can 
prevent "modem blasting" should any 
extension phone get picked up. 

Bounceback and Friends 
A lot of webizens sure do end up sur- 

prised whenever some capacitor seems to 
magically acquire a charge and terminal 
voltage after just sitting around for a 

while. Those "magic" voltages are often 
attributed to free energy, extragalactic 
communication, petrovoltaics, or what- 
ever else happens to be the Scam Du Your 

Uh, of course it turns out there's usu- 
ally no magic here at all. Chances are the 

The transormer is 1:1 
600 Ohms, with a 1500 
volt breakdown rating. 

The zeier diodes are 
3.9 volt devices, such 

as a type 1N5228. 

2200 pf 

user 

FIG. 2 -THIS DATA ACCESS ARRANGEMENT (DAA) 
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apparent charge is created by inherent 
defects inside the capacitor and involve 
dielectric absorption, which is some- 
times called "soak." Basically, because of 
lateral charge migration, there can be a 

lot of little capacitors scattered around 
inside the dielectric of your big one, and 
it sometimes takes those absorption caps 
an amazingly long time (even months) to 
charge and discharge. 

The electric utilities call that effect 
bounceback. Any older large paper and 
oil capacitor might be charged to 30 kilo- 
volts while in service. It might be thor- 
oughly discharged and shorted out a 

dozen times. But let the cap sit for a 

while open circuited, and it may eventu- 
ally end up with a deadly 3 kilovolts or so 
of highly unexpected terminal voltage. 

Bounceback is sort of a second 
cousin to electrets and the buried 
charges in EEPROMS. It's just not 
quite as permanent. 

The bounceback effect can be demon- 
strated using a Leyden Jar in a Physics 
101 lecture. But let us ask an electrical 
safety Web site to summarize: 

"All high -grade capacitors, if left on 
an open circuit after discharge, will 
recover a considerable portion of the 
original charging energy. Highly danger- 
ous voltages can build up in open -cir- 
cuited capacitors over a period of many 
months after they have last been dis- 
charged. This is particularly true where 
inexpensive paper dielectrics have been 
used." 

There is a very simple test to find out 
which utility linemen remained awake 

during Bounceback Lecture #01 -A on 
Day One, Session One of lineman school: 
They are the ones who are still alive. 

The bounceback effect is most notice- 
able among the larger and older capaci- 
tors. The better new capacitors will care- 
fully specify their dielectric absorption as 
a percentage. Thus 50 millivolts of 
bounceback might be expected from some 
previous 5 -volt charge with a 1% dielec- 
tric absorption. Even small amounts of 
bounceback becomes critical in dual -slope 
integrators and other places where you 
are trying to measure a current over time. 

While old paper capacitors might 
have 10% dielectric absorption, the finest 
of premium Teflon caps might offer 0.0% 
bounceback. Half a percent is typical for 
better mylar caps. Electrolytics in partic- 
ular are a bizarre witches' brew of chaot- 
ic electrochemistry. They should never 
be used anywhere near any critical low 
level measurement of any sort. 

All of which is not to say that new or 
unusual measurements cannot be made 
with capacitors. It is just that you will al- 
ways have to rigorously eliminate bounce- 
back, because that common and expected 
effect might end up much stronger than 
what you think you are measuring. 

Another PIC Power Meter 
Home energy management starts off 

Oappliance running costs. To help toward 
that end, I just received a review unit of 
the Brand Electronics model 4 -1850 
power meter. This one is in a five -inch 
square by two -inch high case. Power 
consumption, total energy used, runtime 

hours, plus monthly and average operat- 
ing costs all is displayed. The costs 
assume a fixed ten cents per kilowatt - 
hour. Since many hundreds of samples 
are taken per half cycle, the ability to 
handle unusual waveforms and high crest. 
factors seems inherent. 

There is a single. grounded outlet at 
the rear. You plug in the appliance whose 
energy consumption is to be measured, 
and plug the unit into the wall outlet.. 
List price is $149. 

Power measurement and related home 
energy monitoring topics often show up 
in Home Power magazine. The Web site 
is www.homepower.com Circuit details 
of a reference design for a PIC -based 
wattmeter are available from Microchip 
Technology via their www.microchip.com 
Web site. Lots more on PICs in general is 

found at www.tinaja.com/picup01. html. 

New Tech Lit 
From Seiko Instruments, there is a 

new CD -ROM on all of their compo- 
nents and integrated circuits. From 
Maxim comes a thick new Product 
Selector Guide and CD. Omega En- 
gineering offers a useful free wall chart 
about infrared measurement fundamen- 
tals. QuikVoice has a handy booklet full 
of solid -state answering- machine and 
ad- messaging circuits. 

Interesting information on photopoly- 
mer films is available by way of Ulano. 
Tiny keychain -sized electronic cases are 
available from Polycase. Unusual micro - 
cut woods are stocked in depth by 
Midwest Products. From HII,TI, there's a 

microcontoller or 
DSP interface 
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FIG. 3-A NEW DAA FROM SILICON LABORATORIES uses a pair of integrated circuits 
66 and balanced coupling capacitors to eliminate the transformer, hybrid, and ring detéctor. 


