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You Have Counted on Us for 15 Years

You have counted on OPTOELECTRONICS
Hand Held Frequency Counters to be the
best quality, to be affordable and reliable.
We have been there for you with Frequency
Counters that are compact and ultra sensitive.

us, technicians, engineers, law enforcement
officers, private investigators, two-way radio
operators, scanner hobbyists, and amateur

radio operators, just to name a few.

And more and more of you are counting on ’

Hand Held Series Frequency Counters and Instruments '
‘ MODEL 2210 1300H/A 2400H CCA ccB
. RANGE: FROM 10 Hz 1 MHz 10 MHz 10 MHz 10 MHz
TO 2.2 GHz 1.3 GHz 2.4 GHz 550 MHz 1.8 GHz
APPLICATIONS General Purpose RF Microwave | Security Security
Audio-Microwave
PRICE $219 $169 $189 $299 $99
SENSITIVITY
1 KHz < 5myv NA NA NA NA
100 MHz < 3myv < 1mv < 3 myv < .5mv < 5myv
450 MHz < 3mv < 5mv < 3 mv < 1mv < 5mv |
850 MHz < 3 mv < 20 mv < 5mv NA < 5mv
1.3 GHz < 7mv <100mv| < 7mv NA < 10 mv
2.2 GHz < 30 mv NA < 30 mv NA < 30 mv !
ACCURACY ALL HAVE +/-1 PPM TCXO TIME BASE. =

All counters have 8 digit red .28” LED displays. Aluminum cabinet is 3.9” H x 3.5” x 1”. Internal Ni-Cad batteries
provide 2-5 hour portable operation with continuous operation from AC line charger/power supply supplied. Model
CCB uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories
is available. Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florida residents, add 6% sales tax.
COD fee $3. Foreign orders add 15%. MasterCard and VISA accepted.

Orders to U.S. and Canada add 5% to total ($2 min, $10 max). Florida residents, add 6% sales tax. COD fee $3.
Foreign orders add 15%. MasterCard and VISA accepted.

1-800-327-5912

OPTOELECTRONICS INC.
5821 N.E. 14th Avenue ¢ Fort Lauderdale, Florida 33334

FL (305) 771-2050

FAX (305) 771-2052

CIRCLE 12 (;\l READER SERVICE CARD —
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Radio fhaek Parts Plaee
BIC SELECTION AND LOW PRICES—COME IN TODAY!

N\

Parts Special-Order “"Hotline”

ICs
<
\\ .

/ Crystals
[ q\ And More!
li . 2 Lpg g No
" ‘ i a‘,‘ " Minimum
y & & Order!

Your Radio Shack store manager can special-order a wide variety of parts
and accessories from our warehouse—tutes, ICs, phono cartridges and
styli, crystals, even SAMS Photofacts®. There's no minimum order or han-
dling charges. Fast delivery to the Radio Shack near you!

Battery Special-Order Service

In addition to our large in-store stock, Radio Shack can now supply almost
any battery! Our expanding selection even includes special communica-
tions batteries for walkie-talkies and pagers. Batteries are sent from our
warehouse to the Radio Shack near you. Never a postage charge!

RS-232 Connectors and Accessories
(2) 3 n_,____J w (4) T

£
1
i

|"._

(1) Solder D-Sub. (2) Hoods

Jobs Go Easier With the Right Tools

(1) 2 el "
_ ) . @ - 3 - :
= s
poe And Radio Shack Has Them!

cords for computers and printers.

i (3) NEW! Shielded Stunt Box. Cross- | (1) Vacuum Desoldering lron. Why (2) Stainless Steel Forceps. Ideal
Fosttons & Tvpe galiiin | E3ch wire included PC board to suit your put up with burned fingers and the for a soldering heat sink. 6" long. 3-
g I“:"ear'ﬁale g;g]ggg 1'33 application. #276-1403 ... . .. .95 | hassle of spilled soider? This pro- position Igck #3\4' 1866 . . = .I459t5
g : quality tool is fast, effective and eas 3) Anti-Static Alignment Tool Se
gg g:rlﬁale g;gjgig ;-33 (4) Inline RS-232 Tester. Spot line | {5 ;5e Rated 45 watts. UL listed Acy (Hg,|p5 prevents damage to sensitive
9 |Hood | 276.1508 | 219 | Problems. #2761401 ... .. 14.95 | 4642060 ... .............. circuits during alignment. Great for
25 Hood 276-1510 | 2.79 | (5) DIP Shunts. #276-1512, 10/1.29 Replacement Tip. #64-2061 . 99¢ TVIVCR servicing. #64-2230, 4.19
Mini Audio Amp PC Line Cords Harness the Sun Panel Mounts
o . 1) Low & @
Only h ‘ @ £ 1As
Top-quality, grounded 6-foot AC (1) Solar Project Kit. Includes

With a built-in speaker, it’s the per-
fect test amp and also well-suited
for computer voice and music syn-
thesis. /8" input and earphone

(1) With Straight HP (CEE- Type)
Connector. #278-1257 .. . ..

(2) With 90° HP Connector. Ideal
for tight spaces. #278-1260..5.99

mini solar panel, motor, propeller,
project booklet.

#277-1201 ....10.95
(2) Silicon Solar Cell. This 2x 4
cm cell produces about 0.3 amp at

(1) Square Holder for 1‘/4x1/4"
Fuses. #270-365 49
(2) Jumbo Lighted Pushbutton
Switch. SPST. Rated 5A at
250VAC. With 12-volt lamp.

jacks. Battery extra. #277-1008 (3) Extension. #278-1259 .. 4.99 0.55VDC. #276-124 .. ... .. 3.95 #275-678 ... ............
Assortments Metal Cabinet | Power Plugs Infrared Items
p -
VN commmmmm— LockingType ~ Sta #4F ) i
— adnl o —
2 . Rated 250V » J N
o B 99 Per Circuit 4] 4 . T

(1) 20 Assorted LEDs. May in-

clude MV-5054, MV-50, RL-209 in - - Positions | Type | Cat. No. | Each (1) SEP8703-1IRLED. High power
red, green, amber, infrared. 2 | Male 274-151 99 output. #276-143 ... ... . ... 1.69
#276-1622 . ... ........... 1.98 Herz’s a great housing for your 6 Male 274-152 | 1.69 (2) IR Detector Module. Com-
(2) 5 Photocells. CdS photoresis- next project. Features steeltop and 12 Male 274-153 | 1.99 bines detector, amp, limiter, filter,
tors. Ideal for experiments. Various easy-to-drill aluminum front, back, 2 Female | 274-154 .99 and comparator—in a board-
styles and ratings. bottom. 3 x 51/a x 57/8" 6 | Female | 274-155 | 1.69 mountable package. SVDC. With
#276-1657 ... ... .. ....... 1.98 | #270-253 ... ........... 5.99 12 | Female | 274-156 | 1.99 data. #276137 ........... 3.49
AC Power Strips Bench Test Instrument
Add Outlets

Safely!
(1) Deluxe Breadboard. Molded 2'/ax 62"
(1) 6-Outlet. Ideal for workbench. Has six board is mounted on a 7 x4” steel base with

grounded outlets, heavy-duty 6-foot cord with
grounded plug, on/off switch with indicator light
and circuit breaker. Handles 15 amps. UL listed
AC. #61-2619 .. ............... .21.95
(2) 4-Outlet. As above, but without on/off
switch. UL listed AC. #61-2620 ....... 15.95

rubber feet. Has 640 plug-in points and three
binding posts. #276-169 ...... ... .. . 19.95
(2) NEW! Breadboard Jumper Wire Kit. In-
cludes 140 insulated, pre-stripped wires—10
each of 14 different lengths —in a handy, snap-
shut plastic box. #276-173 Set 4.95

Our finest! Precise LCD digital display plus 31-
segment analog bargraph. Displays transistor
gain directly. Diode-check, memory and con-
tinuity functions. Measures to 1000VDC,
750VAC, 10 amps AC/DC, resistance. with
leads and manual. #22-195 ... ... ... 99.95

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectmers Resistors, Swntches Tools Transformers, Transnstors Wire, Zeners, More!

—

Radie Shaek

The Technology Store "

A DIVISION OF TANDY CORPORATION

Prices apply at participating Radio Shack stores and dealers ‘

CIRCLE NO. 129 ON FREE INFORMATION CARD
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VOLUME 6, NUMBER 10
FEATURES

Choosing the Right Computer Power (Part I)

Guidelines for buying a personal computer.
By Joseph Despaosito

A Talking Telephone

Vocalizes each number digit as you “‘dial’’ it on a
Touch Tone-type keypad. By Steve Sokolowski

Car Back-Up Alarm

Sounds an audible alert to warn pedestrians and other
drivers when you move your car in reverse gear.
By CharlesR. Ball, Jr. & W. K. Ball

Smart Weather Monitor (Conclusion)

How to use and variations on the basic project.
By Thomas R. Fox

One-Button Digital Timer

Accurately controls the time-on interval for
rechargeable cells and batteries to prevent damage
due to overcharging. By Dennis Eichenberg

An Infrared Detector

Gives visible indication of presence of infrared energy
that is invisible to the human eye. By Jeff Orthober

COLUMNS

Electronics Notebook

How to Detect Ultraviolet, Visible Light and
Infrared Radiation. By Forrest M. Mims 111
Solid-State Devices

An ISDN Communications Controller, a Dedicated
Motion Controller, a Micro-Power Comparator, and
a Ground Fault Interrupter. By Joseph Desposito

PC Capers
And the Winner Is . .

Software Focus

The New Chessmaster 2100: Successor to Chessmaster
2000 Displays Increased Power. By Art Salsberg

. By Ted Needleman

DEPARTMENTS

Editorial
By Art Salsberg

Letters

Modern Electronics News
New Products

Books & Literature
Adpvertisers Index

On the Cover. A selection of detector elements. (Photo cour-
tesy of Infrared Industries, Inc.)
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ThingsTo Do, People
ToSee, Places ToGo

Make friends. Buy a cockatoo. Make a
million. Fly to Tahiti. Phone home. Shop
til you drop. Get rich quick. Make a good
impression. Get married. Fall in love., Go
for broke. Meet “Sagebrush Sally” Improve
yourself. Learn to cook. Bargain hunt. In-
vest wisely. Get smart. Talk back. Name that
tune. Li%hten up. Pontificate. Talk turkey
Get involved. Dress for success. Name drop.

When you join CompuServe, your  in over 100 stores from the comfort So become a member of Compu-

computer becomes a time-saving, of your favorite easy chair. We have Serve. And turn the time you spend
money-making, life-enhancing tool.  personal investment information to  with your computer into quality time.
Because CompuServe gives you help you feather your nest, and travel 1o join CompuServe, see your com-

$s to a long list of servi d services to make it easier to fly south  puter dealer. To order direct or for
resources that can help make your for the winter. We even have over more information, call 800 848-8199.
life easier, more profitable, and a 500,000 other CompuServe mem-

whole lot of fun. bers for you to talk to (in your newly s
With CompuServe you canshop  acquired spare time). Compusel've

NO. 131 ON FREE INFORMATION CARD
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International Inc

VCR ALIGNMENT TAPE

This professionally mastered 15
minute alignment tape will prove
to be an important addition to
your repair equipment inventory.
It will assist in the adjustment of
the tape path and audio/control
head alignment, head switching
point, luminance and chroma cir-
cuit, and tracking fix. 30 Hz audio
tone, gray raster, NTSC color bars, convergence grid
and convergence dots. Great for TV alignment aiso.

$2495

BATTERY ELIMINATOR

This handy adap-
tor eliminates the
need for batteries
when using your

camcorder in your \"'-l-.__
automobile. Sim-

ply insert the "dummy” battery pack into the camcor-
der and the lighter plug into the cigarette lighter jack
of the vehicle. Your camcorder then draws it's power
trom the car's electrical system. The lighter plug has
a built-in 7 amp fuse to protect your camcorder from
hamful current surges. Will replace our battery # 140-
541. Call for more details.

#505-030

#090-920 $14°°

VCR IDLER KIT

Make VCR tire repairs g < e+ e
quickly by having the o e
tire you need in stock i =g } el FE
when you need it. AT B

This comprehensive
kit contains 170 of
the most commoniy
used tires in an easy-to-use case and a cross reference
with over 80 manufacturer assembly numbers cross-
ing to over 200 VCR model numbers. A $400.00

retail value.
#400-900 $5500

VCR REPAIR PARTS KIT

Now you can do most
of your VCR repair
jobs the same day.
Parts Express' VCR
Parts Kit makes this
possible. It contains
over 45 of the most commonly used parts to repair
RCA. Hitachi, Fisher, Sanyo, Lioyds, Panasonic,
Sony. Sharp, JVC, Samsung, TMK, GE, Magnavox
and more. ldler assemblies, pinch roller, sensing tran-
sistors, switches, and lamps are included in this com-
prehensive kit. You also save over $20.00 (wholesale
pricing). Call for more details.

#400-950 $89°
~Xe
ok
FREE @
CATALOG C
[Expiéss

CALL TOLL FREE
1-800-338-0531

340 E. First St,, Dayton, OH 45402
Local: 1-5613-222-0173

CIRCLE NO. 167 ON FREE INFORMATION CARD

W/ EDITORIAL I/

Computer Power

Personal computers have become
working tools for electronics-ori-
ented people much as test instru-
ments are. It’s no surprise, then, that
most Modern Electronics readers
own computers. Many, however, are
planning to replace them with more
powerful ones. Zeroing in on which
computer(s) to buy, which 69.8% of
our readers say they’ll be doing this
year, is not an easy chore. The first
decision to make is what type ma-
chine you want among incompatible
ones: IBM, Apple or Apple Macin-
tosh, Commodore Amiga or Atari
ST, among others. Once this choice is
made, the next one to determine is
how much computer power you want
for now and the foreseeable future.
The foregoing choices are what
our article on ‘“Choosing the Right
Computer Power” is all about.
Many such decisions will be made on
the basis of retaining the use of soft-
ware and hardware already owned.
So if you’ve got an old IBM or MS-
DOS compatible, you’ll likely want
to continue with this breed of ma-

W//LETTERS |/

Credit Where Credit Due

e We were pleased to see your review of
our DynaBook in the July 1989 issue of
Modern Electronics. | just wanted to give
proper credit to one of our suppliers, Elo-
graphics Inc., for the software tools that
were presented in the Evaluation. The
clarification concerns the screen shots of
the bottling plant and fire control. While
these software demonstrations are com-
ponents of the Scenario software product
line, they were developed and trade-
marked by Elographics, which manufac-
tures the DynaBook touchscreen. The El-
ographics software tools effectively dem-
onstrate the powerful capabilities of
touchscreen technology
Judith Bolger
VP Marketing
Scenario Inc.

Y s R e e e e e e S S T T ] B PSS e,
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chine. For those who own non-com-
patible, limited-power computers,
such as a Commodore 64, and want
to upgrade, the decision is pretty
much wide open.

This month, we’re examining the
IBM/compatible personal computer
field, dividing choices among the mi-
croprocessors each model category
uses. Essentially, this breaks down to
8088, 8086, 80286 and 80386 proces-
sors. In essence, this means selecting
between an IBM-equivalent of the
old PC, XT or AT models, or a sys-
tem using the newer 80386SX and
80386 microprocessors that are in-
corporated into the better models of
IBM’s Personal System/2 series or
other makers’ compatibles.

We’ll follow this in another issue
with a close look at other computer
types. We led off with IBM-type ma-
chines because 74.6% of prospective
buyers in our 1989 Study indicated
they plan to buy this type.

The IBM computer world has cer-
tainly been a volatile one the past
year, with pickings among the stan-

Author Update

eIn my ‘‘Practical Printed-Circuit
Boards’’ (August 1989), the following in-
formation did not appear but is germane
to the subject:

The method detailed in Step 1 can also
be used with negative (photographic) art-
work. Flip over the photocopied ari-
work, backlight it and trace the conduc-
tor and pad outlines to make a positive.
Allholes and edgesin the copper cladding
must be smoothed with sandpaper, even
on single-sided boards; otherwise, there
may be ‘‘donut’’ shaped defects around
several holes due to the undercutting ef-
fect of the etchant. Your fingertips will
reveal the difference.

In Step 4, spacing between conductor
traces can be as little as %,-inch. Unwant-
ed adhesive should be removed with the

Say You Saw It In Modern Electronics
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dard bus, IBM’s Micro Channel Ar-
chitecture (MCA), and upcoming
Compag-led EISA bus complicating
matters. The former requires expan-
sion boards specifically made for the
MCA , while the latter will accept ex-
isting standard-bus 8-bit and 16-bit
boards. I'd guess that MCA and
EISA will live as side by side competi-
tors down the road. Without any
EISA computers available at this
time, and the promise of higher ini-
tial cost anyway when they do ap-
pear, the choice between them for
present buyers is moot.

See what author Joe Desposito has
to say about each type of computer.
His counsel will serve as a fine guide-
line to making key computer-buying
decisions. The final decision you
make will be heavily dependent on
how you’ll be using a computer now
and in the near future, of course.
Price, too, will be an early consid-
eration.

(continued on page 63)

starting fluid. Finally, the rubber-cement
block mentioned could easily remove
short resist traces like the one touched by
the larger circle in Fig. 4.
Wayne Richardson
Humidity Sensor Source
e Some readers have had difficulty locat-
ing the Mepco/Centralab No. 2322 691
90001 humidity sensor specified in my
‘‘Relative-Humidity Meter’’ article (Au-
gust 1989). This item is available from
Hamilton-Avnet electronics distributors
(201-575-3390 in New Jersey, or consult
your white pages for a distributor closer
to you). Readers who do not wish to place
the $50 minimum order Hamilton-Avnet
requires can obtain the sensor from me
for $15 plus $2 shipping and handling.
Anthony J. Caristi
69 White Pond Rd.
Waldwick, NJ 07463

Say You Saw It In Modern Electronics

CABLE-TV

ITEM

HAMLIN MCC 3000 36 CORDED REMOTE CONVERTER (Ch 3only}

- PANASONIC WIRELESS CONVERTER {our best buy)

MOVIETIME VR7200A (manual fine tune)

*JERROLD 400 COMBO

JERROLD 400 HAND REMOTE CONTROL

"JERROLD 450 COMBO

“JERROLD 450 HAND REMOTE CONTROL

JERROLD SB-ADD-ON

"JERROLD SB-ADD-ON WITH TRIMODE

Les
‘M-35 B COMBO UNIT (Ch 3 output only)

"M-35 B COMBO UNIT WITH VARISYNC

“MINICODE (N-12)

"MINICODE (N-12} WITH VARISYNC

"MINICODE VARISYNC WiTH AUTO ON-OFF

ECONOCODE (minicode substitute

ECONOCODE WITH VARISYNC

"MLD-1200-3 (Ch 3 output)

‘MLD-1200-2 (Ch 2 output)

ZENITH SSAVI CABLE READY
INTERFERENCE FILTERS (Ch 3 onty)

"EAGLE PD-3 DESCRAMBLER (Ch 3 output only)

"SCIENTIFIC ATLANTA ADD-ON REPLACEME

NT DESCRAMBLER _

‘CALL FOR AVAILABILITY

| Quantity

Output
Channel

—
|

[

California Penal Code #593-D forbids us
from shipping any cable descrambling unit

to anyone residing in the state of
Prices subject to change without

PLEASE PRINT

Name

SUBTOTAL
Shipping Add
$3.00 per unit
COD & Credit

Cards — Add 5% |
TOTAL 1

California.

notice.

Address

City —

State Zip

Phone Number ( )

O Cashier's Check
Acct #

O Money Order

0 coDb O Visa 0 Mastercard

Signature ___

Exp. Date

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE — |, the undersigned, do hereby declare under penaity of penury
that all products purchased, now and in the future, will only be used on cable TV systems with proper
authorization from local officials or cable company officials in accordance with all applicabie federal and
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CiviL

PENALTIES FOR UNAUTHORIZED USE.

Dated: Signed:

© Copyright 1887 PACIFIC CABLE CO., INC.

Pacific Cable Company, Inc.

7325%: RESEDA BLVD., DEPT. #ME « RESEDA, CA 91335
(818) 716-5914 « No Collect Calls « (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please have the make and model # of the equipment used-in your area. Thank You

wwweamericanradiohistorv..com
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NI//MODERN ELECTRONICS NEWSIIi

VIDEO WORLD ADVANCES. Sony demonstrated a coat-pocket-size
HandyCam camcorder, the CCD-TR5, at a summer electronics dealer
trade show. The full-featured model weighs just 1-3/4 1lbs.

On another video front, electronic still cameras, which
store photographic images as electronic signals instead of on
chemically sensitive film, and are viewed on standard TV sets,
continue to advance. They typically use a standard of 2-inch
floppy discs as the storage medium. Now along comes Toshiba with
a prototype of a new electronic still camera design that uses IC
memory instead of floppies.

According to Toshiba, the new system can provide picture
resolution with over 400 horizontal lines, excelling S-VHS
images. This compares to a 300-line average for floppy-based
electronic still cameras. Using digital storage, it’s easier to
modify image data. Moreover, since the IC-card camera doesn’t use
a disk drive, it can be made smaller and more reliable. The IC
card has a 20 MB memory capacity. Using compression technology,
it quadruples the number of storable photo images to 13.

A portable player has also been developed for use with the
IC-Card Camera. It’s an electronic album that’s based on a DAT
recorder, and can hold up to 1,600 pictures on a single 120-
minute Digital Audio Tape cassette. The machine has a random-
access function to retrieve any photo image by keying in its
number. Furthermore, audio messages can play concurrently with
photo images. Sales projections per year are expected to reach
10-million units worldwide by the year 2000.

MUSIC, MUSIC. Atari introduced a MIDI-compatible laptop computer
with real-time capabilities. It can be used on the road or in the
home to create dynamic music. $1,500....At the same time, the
company debuted its Hotz MIDI keyboard controller that it claims
will revolutionize the way music is composed and performed. The
computerized keyboard can be programmed to play chords or
individual notes in any Kkey.

MusicWriter, Inc. (Los Angeles-Los Gatos, CA) plans to make
available a high-tech sheet music distribution system in the
spring of 1990. It consists of CD-ROM terminals in sheet music
stores that will store up to 20,000 titles. Customers can
immediately access the sheet music database from the system’s
menu-driven personal computer, having it printed on a laser
printer. MusicWriter says it will download new releases of sheet
music to each station. The MusicWriter plays the first eight bars
of any song for the customer, too, who can choose what key it
should be in. Furthermore, the music chosen can be produced on a
MIDI disk that’s compatible with one’s computer or synthesizer.
Price for a customized sheet? About three dollars!!

VEHICLE LOCATION MONITOR. A satellite identification system for
monitoring truck location has been developed by Secura Corp. of
Philadelphia, PA. Called "Trailstar," is establishes a
communications link through a radio determination satellite
service, Geostar, so that a dispatcher will always know the
location of tractors and trailers. It’s expected to reduce theft
as well as answer the question, "Where is the truck?"

e ————— e = ™
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W/ NEW PRODUCTS |/

For more information on products
described, please circle the appropri-
ate number on the Free Information
Card bound into this issue or write to
the manufacturer.

Wrist Watch Pager

Said to be the industry’s first, Moto-
rola’s new land mobile pager is small
enough to be worn on a wrist like a
watch. Developed jointly with Timex,
the less-than-one-ounce user-friend-
ly Wrist Watch Pager has separate
controls for timekeeping and pager
functions and is rated to provide
more than 40 days of continuous op-
eration on one battery.

Functions include a non-volatile
memory that stores messages, even

when the unit is turned off. A mes-
sage erasure feature allows the user
to delete all read messages without
affecting unread and protected ones.
A message time-stamping feature
displays the time a message is re-
ceived on a built-in LCD screen fol-
lowing the actual message. The
screen displays 12/24-hour time of
day, day of week and date on two
lines. These are replaced with the
message received while reading the
message.

CIRCLE NO. 151 ON FREE INFORMATION CARD

Plain-Paper FAX Printing

The OMNIFAX PPI from Telauto-
graph (Los Angeles, CA) is an inter-
face module that receives facsimile
transmissions and prints them on
plain paper through Hewlett-Pack-

ard LaserJet II and compatible laser
printers. It connects directly to a tele-
phone line and the printer’s parallel
port to allow the user to print FAXes
without the need for a FAX machine.
The unit has 1 megabyte of RAM and
requires that the printer have the
same for optimum performance. In-
ternal memory allows the PPI to buf-

fer and hold up to 60 pages of in-
coming FAX transmissions. Average
print speed with the LaserJet II is
rated at two pages per minute.

The compact OMNIFAX PPI is
designed to operate in tandem with
an existing FAX machine. It will re-
ceive transmissions and print them
on non-thermal paper, with the FAX
system operating as the sending de-
vice. If the laser printer is in use when
a FAX is coming in, the PPI stores
the transmission until the printer is
free again or until its buffer reaches
capacity. If the latter occurs, trans-
missions reverts to the existing FAX
system and messages are printed on
thermal paper. The unit receives
CCITT Group 3 facsimile transmis-
sions at 9,600 bps in either standard
or fine-print modes. $1,395.

CIRCLE NO. 152 ON FREE INFORMATION CARD

Static-Control
Waorkstation Kits

Kits for controlling static electricity
at workstations in virtually any envi-

ronment are available from Charles-
water Products, Inc. (W. Newton,
MA). Statfree® Static Control Work
Station Kits are said to eliminate the
dangers of static electricity by dissi-
pating charges built up on people and
objects, draining away a 5,000-volt
static charge to zero in less than 50
milliseconds. The kits feature electri-
cally conductive floor mats, table
mats, elastic wrist straps and ground-
ing cords. Available as Basic, Stan-
dard and Vinyl Kits with various
combinations of floor and table mats
to suit user requirements, these kits
are designed in accordance with
DOD HDBK 263. From $130.

CIRCLE NO. 153 ON FREE INFORMATION CARD

Scanning Receiver

A new 100-channel base/mobile re-
ceiver that offers complete public-
service-band coverage has been an-
nounced by Ace Communications

(indianapolis, IN). The Model AR
950 receiver tunes the 27-to-54-,
108-to-174-, 406-to-512 and 830-to-
950-MHz bands, covering all of the
police, fire and emergency bands,
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No other tramning—
anywhere—shows you
service computers

Only NRI walks you through the

step-by- step assembly of a powerful

XT-compatible computer system
you keep—giving you the hands-on
experience you need to work with,

troubleshoot, and service all of today’s
most widely used computer systems.
With NRI at-home training, you get everything you need
to start a money-making career, even a computer service

business of your own.

No doubt about it. The best way to
learn to service computers is to
actually build a state-of-the-art
computer from the keyboard on
up. As you put the machine
together, performing key tests and
demonstrations at each stage of
assembly, you see for yourself how
each part of it works, what can go
wrong, and how you can fix it.

Only NRI, the leader in career-
building electronics training for
more than 75 years, gives you such
practical, real-world computer
servicing experience. Indeed, no
other training—in school, on the
job, anywhere—shows you how
to troubleshoot and service
computers like NRI.

You get in-demand
computer skills as you
train with your own
XT-compatible system—
now with 20 meg hard drive
and 640K RAM

With NRI’s exclusive hands-on
training, you actually build and
keep the powerful new Packard
Bell VX88 PC/XT compatible
computer, complete with 640K
RAM and 20 meg hard disk drive.

You start by assembling and
testing the “intelligent” keyboard,
move on to test the circuitry on the
main logic board, install the power
supply and 5-% " floppy disk drive,

NAYEE

Hard drive and voice
synthesis training .
included!

DIGITAL

circuit

then interface your high-
resolution monitor. But
that’s not all,

Only NRI gives you
a top-rated micro
with complete
training built into
the assembly

process
LESSONS
Your NRI hands-on tcx(;s builddyour ¢
i § understanding o'
training continues as et
you install the powerful step
20 megabyte hard disk

drive—today’s most-
wanted computer
peripheral—included

in your course to
dramatically increase your
computer’s data storage capacity
while giving you lightning-quick
data access.

Having fully assembled your
Packard Bell VX88, you take it
through a complete series of diag-
nostic tests, mastering professional
computer servicing techniques as
you take command of the full
power of the VX88’s high-speed
V40 microprocessor.

In no time at all, you have the
confidence and the know-how to
work with, troubleshoot, and
service every computer on the
market today. Indeed, you have
what it takes to step into a full-time,

waany americanradiohistory com

MULTIMETER
Professional test
instrument for
quick and easy

measurements

Clearcut, illustrated

PACKARD BELL
COMPUTER

NEC V40 dual-speed
(4.77 MHz/8 MHz)
CPU, 640K RAM
360K double-sided
floppy disk drive

HARD DISK DRIVE
20 megabyte hard
disk drive you
install internally for
greater disk storage
capacity and data
access speed

SOFTWARE
Including MS-DOS,
GW-BASIC. word
processing,
database, and
spreadsheet
programs

money-making career as an industry
technician, even start a computer
service business of your own.

New voice synthesis
training adds an exciting
new dimension to your
computer skills

Now NRI even includes innovative
hands-on training in voice syn-
thesis, one of today’s most exciting
and widely applied new develop-
ments in computer technology.

You now train with and keep
a full-featured 8-bit D/A converter
that attaches in-line with your
computer’s parallel printer port.
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in school, on the job,
how to troubleshoot and
like NRI

MONITOR
High-resolution,
nonglare, 12" TTL
monochrome
monitor with tilt and
swivel base

TECHNICAL
MANUALS

You get “inside’”
your Packard Bell
computer system
with exclusive NR1
Training Kit Manuals
plus technical specs
direct from the
manufacturer.

DISCOVERY LAB
Complete
breadboarding
system to let you
design and modify
circuits, diagnose and
repair faults

DIGITAL
LOGIC PROBE

digital circuit
operation

Gives you first-hand
experience analyzing

Using your D/A converter along
with the exclusive text-to-speech
software also included, you explore
the fascinating technology behind
both digitized and synthesized
computer speech.

You discover how you can
use your computer to access and
play back a variety of prerecorded
sounds. . . you see how to add
speech and sound effects to
programs written in BASIC, C,
Pascal, and others. . . you even
learn how to produce high-quality
speech directly from your own
original printed text.

NRTI’s exclusive new hands-on
training in voice synthesis is just

r---

one more way NRI gives
| you the confidence-
building experience you
need to feel at home with
the latest advances in
computer technology.

No experience
needed, NRI
builds it in

You need no previous
experience in computers
or electronics to succeed
| with NRIL You start with
| the basics, following
easy-to-read instructions
| and diagrams, moving

| step by step from the
fundamentals of elec-
tronics to sophisticated
computer servicing
techniques.

With NRI's unique
Discovery Learning
Method, you’re sure to
get the kind of practical
hands-on experience
that will make you fully
prepared to take

advantage of every opportunity
in today’s top-growth field of
computer service.

With NRI, you learn at your
own pace in your own home.
No classroom pressures, no night
school, no need to quit your
present job until you’re ready
to make your move. And all
throughout your training, you
have the full support of your
personal NRI instructor and the
NRI technical staff.

Your FREE
NRI catalog tells more

Send today for your free full-color
catalog describing every aspect of
NRI’s innovative computer training,
as well as hands-on training in
robotics, video/audio servicing,
telecommunications, electronic
music technology, and other
growing high-tech career fields.

If the coupon is missing,
write to NRI School of Electronics,
McGraw-Hill Continuing Education
Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

PC/XT and XT are registered trademarks of International Business
Machines Corporation

-------------1

School of
Electronics

N o,

McGraw-Hill Continuing Education Center gy -
4401 Connecticut Avenue, NW
Washington, DC 20008

ﬁ CHECK ONE FREE CATALOG ONLY
[ Computers and Microprocessors
[ Robotics

O] TV/Video/Audio Servicing

[J Computer Programming

For career courses approved
under GI Bill

OJ check for details

e
il

[J Security Electronics

OI Electronic Music Technology
[ Basic Electronics

[ Telecommunications

Name

(Please Print) Age

Address

City/State/Zip
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NEW PRODUCTS ...

plus the new services above 800 MHz
in 12.5-, 25- and 30-kHz increments.

In a mobile environment, the new
radio can be mounted under the
dashboard, using a supplied mount-
ing bracket. As a base station, the ra-
dio can sit atop a desk and be pow-
ered from the ac line via a supplied
adapter. Supplied with the Model
AR 950 are a standard telescopic
whip antenna and a flexible rubber
antenna optimized for reception at
800 MHz, both with appropriate
hardware.

On the front panel are 25 keys that
permit programming of five banks of
20 channels each. Pairs of upper and
lower limits for bands to be searched
can be stored in five separate search
memory locations. Allinformation is
stored in three non-volatile memories
that do not lose data even if power is
removed from the unit. Other fea-
tures include: first-channel priority;
keyboard lockout; BNC antenna
connector; and blue back-lit LCD
display window that offers 22 separ-
ate prompting annunciators to aid in
operating the unit. $299.

CIRCLE NO. 154 ON FREE INFORMATION CARD

Retro-Fit CD Input

Johnson Electronic Labs (Warner
Robins, GA) has introduced the
Model AX101 CD-to-phono input
adapter that allows amplifiers that

an RIAA response accuracy that is
rated to be within 1 dB; and a chrome-
plated housing with removable tabs
for convenient mounting. $89.95.
CIRCLE NO. 155 ON FREE INFORMATION CARD

Microwave Leakage Tester

Microcheck is a new non-contact mi-
crowave leakage detector from A.W.
Sperry Instruments, Inc. The Model
SMW-1 device ‘‘reads’’ microwave

AL,
MICRDCHECK

do not have a CD or auxiliary input
to accept a CD player (or other auxi-
liary device) through the magnetic
phono input. Features include a
passive circuit design that minimizes
noise and distortion; a selector
switch for CD or phono operation;

radiation as low as 0.1 mW/cm2.
The lightweight, ruggedly built de-
tector has no leads that have to be
hooked up, no switches to set, not
buttons to press, no control settings
to monitor and no battery to re-
place. $17.95.

CIRCLE NO. 156 ON FREE INFORMATION CARD

Security Monitor/Dialer

With the House Sitter security moni-
tor/dialer from Heath Zenith, keep-
ing tabs on your home is as simple as
making a telephone call. Designed to
interface with the company’s security
and most other systems or as a stand-
alone unit, the Model DS-6230
House Sitter lets a user monitor vari-
ous conditions in his home with a sin-
gle telephone call. When the unit is
called, it provides a report on house
temperature, sounds in the house,
whether power has failed and a

choice of one other condition. In ad-
dition, the unit can also dial up to
four telephone numbers to report on
any alarm that might occur when no
one is home.

House Sitter features a keyboard
that “‘talks to you’’ in English as you
program the device. Programmable
functions include setting up to four
telephone numbers for emergencies,
high and low temperature limits, en-
tering a secret code that locks out
programming, and others. Installa-
tion takes only a few minutes and
consists of simply plugging in the
power cube and connecting the moni-
tor/dialer to a standard telephone
jack. $129.95.

CIRCLE NO. 157 ON FREE INFORMATION CARD

Wireless Control Panel

York Controls (Richardson, TX) has
announced availability of a new com-
pact 72-channel wireless (radio-fre-
quency) controller with 16-character
LCD display. The Model TD-72 is
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capable of controlling up to 72 func-
tions of a York Controline System,
commanding any combination of
home-entertainment or/and envi-
ronment equipment. Up to eight dif-
ferent pieces of equipment can be se-
lected using a slide switch mounted
onthe faceplate. Up to nine pushbut-
tons can also be mounted on the face-
plate to give the TD-72 a maximum
72-function capability.

The LCD window displays a legend
for the particular device chosen for
control by the slide switch; this func-
tion is transmitted when a button is
pressed on the panel. Each button on
the control panel of the device can
serve more than one function; so
each key cap can be engraved with
multiple legends or symbols (color
coding is also available).

CIRCLE NO. 158 ON FREE INFORMATION CARD

Easy-To-Use VCRs

Philips Consumer Electronics Co.
has released a new series of VCRs de-
signed to allay the fears of consumers
who are intimidated by the technical
operating aspects of the videocas-

date, counter, programming, one-
touch record and one-touch record
standby. Other features include au-
tomatic tracking; automatic scan
tuning; four-event/one-month on-
screen programming; repeat play;

L Tl et -
e e

sette recorder. The Smart N Easy se-
ries consists of three models under
the Magnavox brand name. The line
is characterized by an easy-to-read
function indicator, on-screen pro-
gramming, a user-friendly reference
card and larger operating buttons, all
designed to make the user more com-
fortable with the VCR.

The Model VR1820AT ($449.95)
offers a 45-function unified remote
controller that operates both the
VCR and six Magnavox TV func-
tions. Its easy-to-read multi-function
on-screen display continuously alerts
the user to all important recording nd
playback conditions, including time,
counter position, tape speed and
channel number. When the VCR is
turned off, the time display dims.
On-screen indicators are also pro-
vided for recording/playback func-
tions, channel number, clock setting,

Say You Saw It In Modern Electronics

x21  forward/reverse latching
search; frame advance, still frame,
slow motion and variable slow mo-
tion in SLP; transition editing; and
automatic VCR/TV switching.

The Model VR1830AT ($469.95)
has the same features as the
VR1820AT, except that it has three
heads and adds forward/reverse
x21 in SLP/x7 in SP latching
search, still frame in SP/SLP, frame
advance in SP/SLP, slow motion in
SP/SLP and variable slow motion in
SLP. The top of the line is the four-
head Model VRI840AT ($499.95)
that has an audio/video ‘‘Learn’’ re-
mote with five A/V functions. It has
all the features and functions of the
above two models plus a jitter-free
field still, noiseless double fine slow
and variable fine slow motion.

CIRCLE NO. 159 ON FREE INFORMATION CARD

(Continued on page 72)

TALK IS
CHEAP.

Have you heard? For less than $90
your AT or XT-compatible com-
puter can talk! All it needs is the
HV-2000 Computer Voice Kit from
Heathkit.

Reading letters, transcriptions
and computerized instruction can be
easier and quicker than you ever
thought possible. Computer games
gain a new dimension. Your com-
puter can even entertain children
with stories
and songs

If you have
a modem.
the HV-2000
Computer Voice will allow your
computer to recite reference and
research information from time-
sharing services. Or. speak radio
transmitted ASCII information

The HV-2000 Computer Voice
Card. containing speech synthesizer
and audio amplifier. plugs into any
AT or XT-compatible computer’s
expansion slot. An external speaker
is also included. Versatile. Heath
developed software gives you a
wide variety of voices and easy in
terface to high and low level
languages

The HV-2000 Computer Voice
At less than $90, talk IS cheap. To
order, call toll-free 1-800-253-0570.
Use your Visa, MasterCard, Ameri
can Express or Heath Revolving
Charge card. Use order code

218-079

For your FREE Heathkit Catalog
call 1-800-44-HEATH

jHeath Company

# subs:diary of Zendh Eectronics Corporation

Prices, product availability and specifications are
subject to change without notice

CIRCLE NO. 128 ON FREE INFORMATION CARD
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Choosing The Right

Computer Power
®| (Part I)

Guidelines to buying personal computers

By Joseph Desposito

s we head into the final
months of the 1980’s, mark-
ing about 15 years since the

first personal computer was mar-
keted, a substantial number of Mod-
ern Electronics readers are expected
to buy one or more of these won-
drous machines—69.8 percent of

you, according to a 1989 study. In
light of this, there are many ques-
tions that need to be asked and an-
swered concerning these purchases.
Foremost on the list of questions
should be: Which personal computer
is right for me? Should I purchase
one that ascribesto the IBM standard
or should I consider one of the many
varieties of Apple computers? Or is
one of the Commodore or Atari

16 / MODERN ELECTRONICS / October 1989
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models best for my particular needs?
The answers to these questions might
well fill a book. We, however, have
chosen to shed light on the subject in
a two-part article. The first part will
view personal computing through a
blue-filtered lens—in other words
IBM and compatible computers. The
second part will examine the world
of Apple, Atari and Commodore
computers.

Say You Saw It In Modern Electronics
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IBM & Compatible Computers

When you begin to discuss IBM and
compatible computers, a company
name that likely pops into mind is In-
tel. This is because Intel manufac-
tures the bulk of the microprocessors
that are in these machines. And there
is no better starting point when talk-
ing about personal computers than to
focus on the microprocessor that the
computer uses.

Most IBM and compatible com-
puters use an 8088, 8086, 80286,
80386SX or 80386 microprocessor.
Now if money were no object, my
suggestion to all readers would be to
buy a computer with an Intel 80386
microprocessor. This chip is current-
ly the most powerful of the Intel line
that is used in personal computers.
(Intel does have a more powerful
80486 microprocessor, but personal
computers that use the chip are not
yet on the market.)

However, since the cost of a com-
puter is always a factor, the next
question to ask is: What are the
tradeoffs you have to make based on
price? A major tradeoff is speed. If
you were to succumb to an advertise-
ment for a true blue IBM PC compa-
tible for a bargain basement price of
just $799, for example, you would be
buying a personal computer with an
8088 microprocessor that has a clock
speed of just 4.77 MHz. Since clock
speed is one of the factors in how fast
programming instructions are exe-
cuted inside the computer, you
would be saddled with the slowest
speed available in an IBM computer.
However, this doesn’t mean that this
computer is a terrible purchase. Af-
ter all, the IBM PC was the American
business standard for two or three
years. This computer still does cer-
tain tasks like word processing rela-
tively well.

Most 8088-based compatibles to-
day, however, use an 8088-2 or a
NEC V-20 microprocessor. These are

dual-speed processors that run at
4.77 MHz and 8 or 10 MHz. The
higher speed is usually selectable with
a keystroke command such as
CTRL/ALT/+. This effectively
doubles the speed of the computer.

Why Buy an 8088 Computer?

If you were to consider buying an
8088-based computer, you would
probably do so mainly for word pro-
cessing and light spreadsheet or data-
base work. It’s best to buy a mono-
chrome system for three reasons—it
keeps the cost down, the mono-
chrome display is much faster than a
CGA (color graphics adapter) dis-
play, and text is sharper. A mono-
chrome system consists of a mono-
chrome adapter and monochrome
monitor, of course.

Most monochrome adapters ad-
vertise  Hercules compatibility,
which means they are compatible
with the standard established by the
Hercules Graphics Card that allows
you to display graphics as well as text
on your monitor, a matter that the
originally introduced IBM PC ig-
nored. Keep in mind, however, that
the IBM PC is also a pretty nice game
machine. If you’re into games, there-
fore, this means buying at least a
CGA adapter and CGA monitor,
both relatively low-cost items, in-
stead of monochrome ones. Much
costlier, but much better from the
standpoint of picture sharpness and
number of colors that can be dis-
played, would be the EGA adapter

and color monitor.
Most plain IBM PC compatibles

come with one or two 5.25” low-den-
sity disk drives. A low-density disk
holds 360 KB of data. If you can af-
ford a 20-MB hard disk, you should
purchase one for your computer
right away. A Seagate 20-MB hard
disk with 65-ms access time sells for
about $250 now.

Though the 5.25” low-density
floppy disk was the IBM standard for
quite a number of years, this type of
disk and drive are now more the low-
est-common denominator thanatrue
standard. The 5.25"” low-density
standard is being challenged on sev-
eral fronts: 5.25" high-density and
3.5” low- and high-density formats.
When IBM began using the 3.5 ” for-
mat in its newest personal comput-
ers, it legitimized the format. Both of
IBM’s low-end PS/2 computers, the
Models 25 and 30, have 3.5” low-
density disk drives. Other computers
in the PS/2 line feature a 3.5” high-
density disk. A 3.5 ” high-density disk
has a storage capacity of 1.44 MB.

One feature that some 8088-based
computers lack is a real-time clock.
This can be a nuisance if you would
like a time and date stamp on your
files (which DOS does automatically)
without having to manually set time
and date each time you boot up your
computer. If your computer does not
come with a clock, you can easily get
one by purchasing a clock chip or a
multifunction card that typically in-
cludes this feature.

A more advanced microprocessor,
the 16-bit 8086, which maintains full
compatibility with the eight-bit 8088,
is employed in computers to derive
greater speed and some more power.
Nevertheless, it is bunched here with
the 8088 as an older micro (more than
10 years) that doesn’t come near the
speed and power of microprocessors
currently in use.

Interestingly, IBM’s PS/2 Models
25 and 30, and compatibles from
other companies, use the 8086 micro-
processor running at 10 MHz. With
these computers, you don’t have to
worry about which video display to
buy. They have the display circuitry
built into the main computer board
(motherboard). The display is
MCGA, which stands for multicolor

T N e [ e e Ty T e
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““ ... never be able to run some newer operating systems.”’

graphics array. It is essentially the
same as CGA, but with twice as many
scan lines. This produces a sharper
image, but also necessitates a more
costly video display monitor. You
must purchase either an MCGA
monitor or one of the many multi-
scan monitors on the market.

The reason you can’t use a CGA
monitor with MCGA video is that a
CGA monitor is designed for a hori-
zontal scan rate of 15.75 kHz. The
MCGA scan rate is double that or
31.50kHz. Multiscan monitors, such
as the popular NEC MultiSync (NEC
Home Electronics, Wood Dale, IL)
color monitor, can automatically ad-
just to horizontal scan rates that vary
from about 15 kHz to about 35 kHz.

While we’re on the subject of 8088-
and 8086-based personal computers,
let’s not forget about laptop port-
ables. Most low- cost portables com-
patible with the IBM PC use some va-
riation of these chips (usually a low-
power CMOS version). And most use
3.5 "low-density disk drives and have
a CGA output besides the built-in
LCD (liquid-crystal display).

8088 Pros & Cons

If you’re contemplating an 8088- or
8086-based personal computer, you

should know what you will not be
getting. You will not be getting
enough speed or power to run graph-
ics-based programs such as the Excel
(Microsoft, Bellevue, WA) spread-
sheet program or the Pagemaker
(Aldus, Seattle, WA) desktop pub-
lishing program or serious computer-
aided design programs. You will not
be getting enough speed or power to
run large databases or large spread-
sheets in a reasonable amount of
time. Also, you will never be able to
run some of the newer operating sys-
tems such as Microsoft’s OS/2.
(However, you should always be able
torun the latest version of MS-DOS.)

Onthe positive side, an 8088-based
computer can be expanded relatively
inexpensively, since speed is not an
issue. Memory chips need only be
rated at 150 ns, thus making both
conventional and expanded memory
cheaper to buy. And hard disk drives
need only be rated at 65 ms or so, the
least expensive drives on the market.
Expansion is accomplished for the
most part through expansion slots on
the computer’s motherboard. The
original IBM PC had five slots, while
the IBM XT had seven regular-sized
slots and one short slot. The original
XT also came standard with a 10-MB

286 Computers—Speed

hard disk drive, considered paltry
storage nowadays.

A suggested 8088-based system
would be one with dual speeds of
4.77 and 8 or 10 MHz, 640 KB of
RAM, at least five expansion slots, a
real-time system clock, a mono-
chrome-graphics (Hercules compati-
ble) adapter and monochrome moni-
tor, a disk drive controller for both a
floppy and hard disk drive, a 360-KB
floppy drive, a 20-MB hard disk
drive, and parallel and serial ports.

If the system is for home use and
you intend to play games on it in ad-
dition to your other computing tasks,
then you could substitute a CGA
adapter and CGA monitor for the
monochrome adapter and monitor,
and purchase a joystick and an add-
inboard with a game port. Do bear in
mind, though, that the quality of text
or numbers will not be even nearly as
good as with a monochrome system.
So if word processing weighs heavily
in your plans, you may want to re-
think color-game capability—or buy
a multifunction adapter that handles
mono, CGA and EGA, and get both
a mono and a color monitor.

You can purchase 8088- or
8086-based computers in computer
stores or through mail order.

At Last!

When IBM announced its AT model
in 1984, many so-called power users,
who had been frustrated by the limi-
tations of the IBM PC and XT, were
ecstatic. Not only was there a clock
speed increase from 4.77 MHz to 6
MHz, but there was also a power in-
crease. The 8088 has an eight-bit data
bus, which means it can send and re-
ceive program instructions and data
only 8-bits at a time. Also, the 8088
can address only 1 MB or 1,024,000
memory locations (although DOS

et e = ——— . —— ——— = = = = —— =i

limits use for programs to 640K). The
80286, onthe other hand, has a 16-bit
data bus (as does the 8086), so it can
send and receive program instruc-
tions and data 16-bits at a time, and it
has a 16 MB physical address space.

What Price Speed?

The most significant asset of
80286-based computers compared to
8088- and 8086-based machines is
the speed difference. Since you’ll pay
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more money for this speed you
should have a real need for it.

The increased speed of 80286 com-
puters is accomplished by faster pro-
cessor speeds (some chips can run as
fast as 20 MHz) and faster disk
drives. Hard-disk drives of IBM AT-
type computers should have an aver-
age access time of 40 ms or less
(28-ms ones are popularly used).

Let’s spend a little time examining
80286 processor speeds. As men-
tioned earlier, the original IBM AT
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““...you’ll pay more money for this speed.’’

had a clock speed of 6 MHz. After a
while, faster 8-MHz ATs came
along. In some AT compatibles, the
processor speed increased to 10
MHz. At this point many companies
tried to squeeze more speed out of the
system by running it at zero wait
states. When a computer is operated
at zero wait states, the system RAM
has to be fast enough so that the mi-
croprocessor never has to add a wait
state or extra clock cycle to the sig-
nals that it sends to memory.

Remember that RAM is made up
of millions of physical transistors or
electronic switches that take a frac-
tion of a second to switch states from
on to off or vice-versa. As the speed
of the processor increases, the RAM
chips must have a faster response
time or else the processor will have to
wait until the RAM is ready, thus
slowing down the overall operation
of the system.

Whereas in a 4.77-MHz IBM PC
you could use RAM chips rated as
high as 200 ms, in a 10-MHz 80286
computer you would need costlier
RAM chips rated at 85 ms in order
to operate at zero wait states reliably
(in effect equivalent to 12-MHz, one
wait state operation).

You can figure out how fast your
RAM must be to operate at zero wait
states by calculating the inverse of the
clock speed. For example, a clock
speed of 4.77 MHz translates into
about 209 ns per cycle (1 divided by
4,770,000). A clock speed of 10 MHz
translates into 100 ns per cycle (1 di-
vided by 10,000,000). The response
time of RAM should be comparable
to the clock cycle time to ensure reli-
able operation. And since RAM chips
are rated in discrete categories (for
example, 85 ns, 100 ns, 120 ns, 150
ns), you should choose a value that
is equal to or less than the calculated
value. (You can get away with re-
sponse time ratings higher than the
calculated values simply because the
rating on the chip represents a worst
case value.)

Although IBM does not manufac-

ture an 80286-based computer with
clock speeds faster than 10 MHz,
others make AT-compatible comput-
ers that can be found with clock
speeds of 12 MHz, 14 MHz, 16 MHz
and 20 MHz. You should be aware
that chip maker Intel doesn’t produce
80286 chips rated faster than 12.5
MHz. However, there are two com-
panies that manufacture faster ver-
sions of the 80286: Harris Semicon-
ductor (Melbourne, FL) and Ad-
vanced Micro Devices (Sunnyvale,
CA). One limitation here is the co-
processor. If you intend to use the
80287 coprocessor in your computer,
keep in mind that the fastest one
that Intel makes runs at 10 MHz.
And no other company makes a
faster version.

One of the problems that crops up
in these faster-speed computers is the
speed of the bus. Some manufactur-
ers increase the speed on the bus to
match the speed of the processor.
This causes problems with some in-
put/output devices such as mouses
(mice?) and network cards. If you’re
using a mouse on a computer with a
14-MHz bus speed, for example, the
mouse will sometimes die (fails to
move the cursor), and the computer
must be rebooted. The IBM AT bus
speed is 8 MHz, which is a speed you
should look for when purchasing a
compatible. For example, you can
purchase a 12-MHz AT-compatible
with a bus speed of 8 MHz.

Earlier, it was mentioned that an
AT or compatible should use a hard
disk drive with an average access time
of less than 40 ms. You should also
consider purchasing a drive with a
minimum storage capacity of 40 MB.
Whereas some years ago, 5- or
10-MB hard-disk drives were suffi-
cient and rather costly peripherals,
nowadays even 20- or 30-MB drives
become filled up with application
and utility programs, and normal
everyday use. Since most 40-MB
drives have an average access time of
about 28 ms, you will also have the
advantage of adding more speed to

your system. Generally, the larger
the storage capacity of the drive, the
faster its average access time.

The 640K Barrier

The amount of memory that general-
ly comes standard on the mother-
board of AT-compatible computers
is 1 MB. This does not mean that
your programs and data can use 1
MB—you are still limited to 640K
due to the restrictions of MS-DOS.
The extra 384K that you get is called
extended memory. This memory can
be used for such things as RAM
disks, disk caching, and print spool-
ing. DOS provides a utility called
VDISK to create a RAM disk, but
you would have to purchase separate
software to implement such features
as disk caching and print spooling.

The only way to run programs or
store data outside of conventional
640K RAM on an AT computer is by
purchasing an expanded memory
card that supports the LIM (Lotus-
Intel-Microsoft) 4.0 standard. Pro-
grams such as Lotus 1-2-3 Version
2.0 and higher can use expanded
memory for very large spreadsheets.
To run programs in expanded mem-
ory, however, the program itself
must support this feature of the LIM
4.0 standard. Right now, some TSR
(terminate and stay resident) pro-
grams support it.

Once you begin to think about pur-
chasing an 80286-based computer,
another variable might enter the pic-
ture. Are you interested in the classic
bus or the Micro Channel Architec-
ture (MCA) bus? The classic bus is
the bus that was introduced in the
IBM PC and extended in the IBM
AT. In the IBM PC, the expansion
slots, where you plug in your choice
of printed-circuit boards, have 64
pins. The electronic signals on these
pins essentially define the eight-bit
classic bus.

The IBM AT, in turn, has two of
these 64-pin expansion slots, and six
longer slots made up of two pieces—
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““. .. you should probably choose VGA.”’

the 64-pin slot and a 36-pin slot but-
ted up against it to form a longer
100-pin expansion slot. The electron-
ic signals on this longer expansion
slot define the 16-bit classic bus. All
of the IBM AT-compatible comput-
ers (IBM no longer produces a Model
AT) use the classic bus, as does the
IBM Model 30-286. The 80286-based
computers that use the Micro Chan-
nel bus arelimited to IBM’s Model 50
series and Model 60 series.

According to Chet Heath of IBM,
‘““The Micro Channel interface is de-
signed to support the configuration,
extendibility, reliability, and service-
ability needs of multitasking and
multiuser and networked systems.”’
The MCA bus introduced the pro-
gram option select function (POS),
which automatically resolves con-
flicts between devices attached to the
personal computer system. This
function also eliminates all configu-
ration switches in the system, which
means the user no longer has to set
DIP switches on the motherboard of
the computer.

The MCA bus is also designed to
support multi-master capability,
which means that an add-in card,
such as a coprocessor adapter card,
can act as the bus master. The bus
supports up to 15 bus masters in ad-
dition to the microprocessor. Bus
master cards can communicate di-
rectly with input/output devices and
memory without depending on the
system’s microprocessor. Thus, bus
masters distribute processing respon-
sibility efficiently throughout the
system, freeing the main processor
resources for other tasks.

Answering the question of whether
to go classic or Micro Channel de-
pends on several factors. First is cost.
An 80286-based Micro Channel com-
puter costs more than one with a clas-
sic bus. Second is functionality. Al-
thoughthe MCA bus promises to add
more functionality to your personal
computer as described above, in real-
ity, the bus-master cards have been
slow coming to market. Moreover,

the benefits of the new IBM bus have
been challenged by many manufac-
turers of classic bus computers.
However, the Micro Channel does
seem to be the bus of the future.
Therefore, it’s your decision to make
as to when to buy into what’s ahead,
as compared to what’s more useful at
a lower cost right now.

Final 286 Considerations

The standard floppy-disk drive on an
IBM AT or compatible is the 1.2-MB
drive. Of course, you can add any
other type of floppy drive to the sys-
tem if your disk drive controller, sys-
tem BIOS, and version of DOS (3.3
or higher) support it.

One of the features of an
80286-based computer versus an
8088-based one is a setup disk. On
8088 computers, you must set DIP
switches to tell the computer what the
configuration is in terms of disk
drives, display, memory, etc. On an
80286 computer you set the configu-
ration through software. Some man-
ufacturers include a setup disk, while
other manufacturers include the set-
up in ROM memory. The latter is
much more convenient.

When you choose an 80286 com-
puter you are more likely to want a
color system, too. The choice you
make for your color adapter will also
determine your choice of monitor.
On an AT-compatible system, you
should not settle for anything less
than EGA (enhanced graphics adapt-
er) and probably should choose VGA
(video graphics array).

If you were to choose an IBM
80286 Micro Channel computer,
such as the Model 50Z, VGA would
be a standard feature built into the
system board. On most AT compati-
bles, though, you must purchase a
separate video adapter card. The
main difference between EGA and
VGA is that the former is a digital de-
sign and the latter is an analog de-
sign. What this translates into in the
real world is the number of colors
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that can be simultaneously displayed
on-screen. While most EGA cards
offer 16 colors from a palette of 64,
VGA cards offer 256 colors from a
palette of 256K (262,144).

Standard EGA resolution is 640 by
480 with 16 colors or 640 by 350 pix-
els, while standard VGA is 320 by 200
with 256 colors. You can also pur-
chase enhanced EGA cards and super
VGA cards to extend the resolution.
A typical resolution for a super VGA
card is 600 by 800 pixels and, depend-
ing on the card, either 16 or 256 col-
ors can be displayed.

Once you have settled on the type
of graphics display adapter, the next
step is to purchase a monitor that
matches the adapter. For EGA you
could purchase a digital EGA moni-
tor, and for VGA you could purchase
an analog VGA monitor. Or you
could simply purchase a multiscan
monitor that displays both digital
EGA and analog VGA.

All multiscan monitors can display
standard EGA and VGA, but some
don’t have a high enough horizontal
frequency to display super VGA. To
display super VGA, you can prob-
ably get by with a monitor that has a
horizontal frequency range of about
15 to 35 MHz. You would be better
off, however, with a monitor such as
the NEC MultiSync Plus; it has a
horizontal frequency range of 21.8 to
45 kHz (note that this monitor does
not have a low enough frequency to
display CGA).

A choice you need to make with an
AT-type computer is the kind of key-
board you want. There are basically
two varieties, the 84-key standard
AT keyboard and the 101-key en-
hanced AT keyboard. The basic dif-
ferences between the two are these:
the function keys (10) on the stan-
dard keyboard are on the left side in
two vertical rows, while the function
keys (12) on the enhanced model are
along the top; the enhanced key-
board has a separate cursor keypad
and separate named keys (Home, Pg
Up, etc.).
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“...you can run Windows 286.”’

Besides the type, you should be
concerned with the feel of the key-
board. Some keyboards that come
with compatible computers are very
light in weight. Others have a mushy
feel when you press the keys. Al-
though this might be to your liking,
you should realize that some manu-
facturers, such as IBM, include key-
boards that are heavy and have an ex-
cellent tactile response. IBM’s key-
board has firm spring tension and a
sharp breakover point early in its
travel that can be distinctly felt and
heard. If you buy a computer and
don’t like the keyboard, you can pur-
chase areplacement model from such
companies as Northgate (Plymouth,
MN) and KeyTronic (Spokane, WA).

One last point to make about AT-
style computers is the enclosure. The
IBM AT has a significantly larger
case than the IBM PC or XT. And
most compatibles are the same size as
the IBM AT. If thisis too big for your
taste, you might consider one of the
small-footprint ATs. In general,
these computers are smaller because
they don’t offer the same number of
expansion slots as a standard AT. In
some systems, like the Dell Sysiem
220 (Dell Computer Corp., Austin,
TX), a 20-MHz 286, the three expan-
sion slots are such that cards must be
mounted horizontally, rather than

vertically. Although this doesn’t af-
fect the function of the add-in card,
you should be aware of this kind of
change from the norm.

Pros & Cons of
an 80286 Computer

What are the drawbacks of purchas-
ing an 80286-based computer rather
than a higher priced 80386 model?
Since the 80386 chip is the micropro-
cessor for today and for the foresee-
able future for IBM and compatible
computers, you won’t be able to run
some new programs that take specific
advantage of the chip’s features, es-
pecially its ability to do multitasking.
On the other hand, purchasing an
80286 computer will save you money
compared to an 80386, but not that
much anymore compared to an
80386SX, a sort of hybrid type.

For the most part right now, this
means you cannot use any of a num-
ber of 386 operating systems such as
Microsoft Windows 386, PC MOS/
386 (The Software Link, Atlanta,
GA), VM/386 (IGC, Santa Clara,
CA), DESQview/386 (Quarterdeck,
Santa Monica, CA), Concurrent
DOS 386 (Digital Research, Monte-
rey, CA). Also, applications are
coming out that are meant to run on-
ly on 80386-based computers. One

that is already here is Paradox 386
(Borland, Scotts Valley, CA).

On the bright side, you can run
graphics-based programs such as
Windows 286 on your 80286, and any
programs that run under Windows,
such as Microsoft Excel and Aldus
PageMaker. Keep in mind for graph-
ics programs that the faster your
computer, the better these programs
work. Microsoft’s OS/2 operating
system and Presentation Manager
will also run on an 80286 computer
(though only for single-user use).

If you choose to use Windows on
your computer, you should certainly
invest in a mouse. A serial mouse
connects to the serial port of your
computer, while a bus mouse con-
nects to a port on an add-in mouse
card. IBM PS/2 computers have a
mouse port as a standard feature.

A suggested 80286-based system
would be one with a clock rate any-
where from 10 to 20 MHz running at
zero or one wait state, | MB of RAM,
eight expansion slots (two 8-bit and
six 16-bit), a VGA graphics adapter
and multiscan monitor, a 1.2-MB
floppy drive, a 40-MB hard disk
drive with 28-ms average access time,
and parallel and serial ports.

You can purchase AT-compatible
computers in computer Stores or
through mail order.

[!7 386 Computers—Speed And Power!

& AFIRRTS :-.\

Earlier, I stated that if money were
no object, my suggestion to all read-
ers would be to buy a computer with
an Intel 80386 microprocessor. These
personal computers are the fastest
and most powerful IBM/compatible
computers on the market. Software
companies are just beginning to tap
the power of this processor, which
means that many new software prod-
ucts will be coming out that take spe-
cific advantage of its architecture.

Therefore, it seems that the best com-
puter to buy for now and the foresee-
able future is one built around an
80386 microprocessor.

You still have a host of choices to
make if you decide to go for the
money. First you have 80386 and the
new less-powerful (but also less cost-
ly) 80386SX computers with the clas-
sic bus, and then you have IBM and
others with Micro Channel 80386
computers. One other bus architec-

ture that looms on the horizon is
EISA, which is backed by a number
of computer manufacturers headed
by Compaq. However, this bus has
not appeared in a personal computer
at this writing. We’ll discuss the mer-
its of these types later.

Full 80386 Speed Ahead

Since one of the main features of the
80386 chip is its speed, computer
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manufacturers have had to come up
with ways to improve the speed of the
whole system. For what good is a 20-,
25- or now 33-MHz processor if the
rest of the system can’t keep up?
Some of the ways that manufacturers
have tried to improve the speed of the
whole system is with very fast mem-
ory chips, memory caches, fast disk
drives and controllers, and proprie-
tary bus schemes.

When contemplating the purchase
of an 80386 computer, the first ques-
tionto ask isabout RAM. How much
RAM is on the motherboard, what
kind of chips are used, how fast are
the chips, and how can RAM be
expanded?

To receive the full benefit of the
80386’s 32-bit data path, a computer
needs 32-bit RAM. Since the classic
bus provides for only 16-bit opera-
tion, the manufacturer needs to have
a proprietary 32-bit memory slot in
the computer. Of course, some 32-bit
RAM will be on the system board—
the more capacity the better. But if
you want to expand beyond that, you
will in most cases have to depend on
the manufacturer to provide a 32-bit
memory expansion board. This is
much different than with 80286 com-
puters that can use any of a number
of 16-bit memory expansion boards.

The RAM in most 80386 comput-
ers is either all dynamic RAM, or dy-
namic RAM and a small amount (up
to 64 KB) of static RAM. The fastest
and most expensive RAM is static
RAM, which has a typical response
time of 35 ns or less. Dynamic RAM
is slower, but is also less expensive.
Still, the dynamic RAM used in an
80386 computer needs to be the fast-
est dynamic RAM available, with re-
sponse times of 70 or 80 ns.

Some companies have chosen to
tackle the speed problems of dyna-
mic RAM by designing into the sys-
tem a cache controller chip such as
the Intel 82385. The chip usually
works together with a small amount
of static RAM (32 or 64 KB). This
greatly increases the speed of the sys-

Microprocessor Comparisons

IBM Equiv.:

rC xT
8038 8086
Speed Ranges 4.77/ 4.77/
(MHz) 8/10 8/10
Data Bus (bits) 8 16
Data Bus (bits) 8 16
RAM Type DRAM DRAM
Extra Memory Expanded Expanded
Use
Expansion 8 8
Boards (bits)
Operating System DOS DOS
Runs New 386 No No

Software

AT
80286
6/8/10/ 16/20 16/20/
12/20 25/33
16 16 32
16 16 32
DRAM DRAM DRAM,
SRAM Cache
Expanded, Expanded, Expanded,
Extended Extended Extended
8/16 8/16 8/16/32
DOS,0S/2 DOS,08/2 DOS/0S2
No Yes Yes

tem, while still gaining the cost ad-
vantage of dynamic RAM.

A caching system increases the
speed of main (dynamic) memory by
interposing fast static RAM between
the processor and slower dynamic
RAM. A copy of the most frequently
used data is kept in the static RAM.
In fact, if the static RAM cache ac-
cepts more data than has actually
been requested by the processor, in
effect guessing what comes next,
speed can be improved even further.

Both addresses and data can be
kept in the static cache RAM. The
addresses are those accessed by the
processor on previous cycles, while
the data is the data associated with
the addresses. A cache ‘‘hit’’ occurs
whenever the processor requests a
previously requested address. The
processor can then bypass the dyna-
mic RAM and retrieve the data from
the static RAM.

Since most program code consists
of looping routines that repeatedly
access the same memory locations, it
becomes highly probable that valid
data will reside in the cache RAM.
And since programs typically operate
in a sequential manner, the hit rate
can be increased by pre-fetching data
in sequential addresses and putting it
into the cache.

The Intel 82385 cache controller
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uses a caching scheme called two-way
set associative mapping. Another
type of caching scheme is called di-
rect mapping. 80386 computers that
use the latter scheme need more static
RAM to implement it. Computers
such as the Compaq 386/25, Dell
System 310, and IBM PS/2 Model 70
use the Intel cache controller. One
computer that uses direct mapping is
the Everex Step 386/25.

Having some type of cache mem-
oryinthe computer allows the system
to run at zero wait states for a good
part of its operation even though the
bulk of the RAM in the machine
would normally require one wait
state. Since an 80386 normally ac-
cesses and loads from main memory
in two clock cycles, and each wait
state adds one clock cycle, machines
without static RAM caches pay a per-
formance penalty that somewhat ne-
gates the effect of the faster speed of
the microprocessor.

There are other solutions to the
fast RAM problem. Some 80386
computer manufacturers use inter-
leaved RAM. With this scheme, two
banks of dynamic RAM are accessed
alternately by the processor. This
method is useful for 20-MHz ma-
chines, but not fast enough for 25
MHz and above. However, inter-
leaved RAM, which effectively re-
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““Hard-disk drives need to be as fast as possible.”’

duces the number of wait states to
about 0.7 for a computer running at
20MHz, is not as good a solution asa
static RAM cache, which can reduce
the effective number of wait states to
less than 0.2.

Another memory scheme is called

static-column or page-mode RAM.
Each memory location in the com-
puter has a unique row and column
address. In a page memory scheme,
sequential information is assumed to
have the same row addréss, so the
processor only looks for the column
address to find the data. This in-
creases speed enough to reduce the
effective number of wait states to
0.7. Static column RAM is actually
dynamic RAM combined with spe-
cial circuitry.

Main memory is not the only part
of an 80386 computer’s memory that
is relatively slow compared to the
speed of the processor. There is also
read only memory (ROM) for com-
puter designers to worry about. The
solution that some computer manu-
facturers have come up with is a con-
cept called shadow RAM. Shadow
RAM refers to the practice of copy-
ing the video BIOS and system BIOS
programs from their respective ROM
chips into faster 32-bit dynamic
RAM, thus creating a shadow of
these programs in RAM.

New Architectures
For New Problems

In their quest to keep up with the
speed of the 80386 processor, some
manufacturers have elected to design
proprietary architectures that take
into account the fact that some parts
of the computer can operate faster
than other parts. For example, the
Compaq 386/20 and 386/25 comput-
ers use a system called the Flex Archi-
tecture. This architecture combines a
memory caching scheme with a con-
current memory and input/output
bus to optimize overall system
throughput while maintaining com-
patibility of the classic bus.

The Flex Architecture uses the In-
tel 82385 cache memory controller to
provide fast retrieval of frequently
accessed data. The controller man-
ages the microprocessor’s read and
write requests and directs the request
to either 32 KB of high-speed static
memory or to main memory. This
improves performance by reducing
the need for bus accesses to main
memory and therefore provides zero-
wait-state operation approximately
95% of the time.

The Flex Architecture also pro-
vides a practical solution to the bot-
tleneck of data traffic created in per-
sonal computers that use high-per-
formance components such as 80386
processors and high-speed disk
drives and memory. Some personal
computer architectures eliminate this
bottleneck by increasing the speed of
the bus, but sacrifice compatibility
with peripheral devices. Other archi-
tectures maintain compatibility but
do not relieve the bottleneck.

The Compaq Flex architecture al-
leviates bottlenecks by providing sep-
arate data paths for memory and pe-
ripheral input/output. Thus, the bus
architecture does not limit total sys-
tem throughput. An additional per-
formance benefit is the system’s abil-
ity to accommodate concurrent oper-
ation of the input/output and mem-
ory buses. Concurrent operation is
achieved when the 80386 micropro-
cessor is executing out of its cache
memory and, at the same time, a pe-
ripheral is accessing main memory
through the unit’s direct memory ac-
cess (DMA) controller.

Another proprietary, though also
classic-bus-compatible, architecture
is AST’s SMARTslot architecture. It
purports to give users the multitask-
ing benefit’s of IBM’s Micro Chan-
nel while maintaining compatibility
with existing IBM AT-class hardware
and software. The SMARTSslot Ar-
chitecture includes an AT bus ex-
tension that allows multiple bus mas-
ters to reside on the bus. AST’s Pre-
mium/386 includes three expansion

slots that have the multimaster exten-
sion. To add the multimaster capa-
bility, AST increased by eight the
number of signal pins on a 16-bit AT
expansion slot. However, standard
PC/AT expansion cards still operate
in the multimaster slots.

The SMARTslot Architecture en-
ables four bus masters to co-exist (the
host CPU and three bus-resident
masters). Control logic arbitrates the
multimaster operation. The arbitra-
tion logic accepts bus requests and
then grants bus accesses to refresh
and DMA control circuits, just as all
AT-compatible systems do. The bus
extension pins add three Master Re-
quest, one Master Busy, and three
Master Grant signals to the arbitra-
tion scheme. The arbitration logic
implements a ‘‘fair’’ arbitration
scheme to grant bus access to any
master on the bus.

Arbitration logic gives priority to
refresh and DMA requests. If a re-
fresh request interrupts a bus mas-
ter’s access to the bus, however, the
same bus master regains access when
the refresh operation ends. A Lock
input to the arbitration logic allows
system software to lock out other bus
masters. This Lock feature can be
useful for time-critical applications.

SMARTSslot Architecture also
provides the zero-wait-state 32-bit
memory access capability required in
high-performance applications. A
single slot in the Premium/386 is
dedicated to memory. AST includes
a board that provides up to 13 MB of
RAM. The board uses static-column
RAM to improve access speed when
reading consecutive addresses.

Speed All Around

Memory is not the only part of the
computer that needs to be fast enough
to keep up with the processor. Hard
disk drives and controllers need to be
as fast as possible, too. As cited
above, the larger the capacity of a
hard disk drive, the faster its average
access time. This means that you
should seriously consider purchasing
(Continued on page 68)
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Project

A Talking Telephone

Vocalizes each number digit as you ‘‘dial’’ it on
a Touch Tone-type keypad

By Steve Sokolowski

he circuit presented here will
I actually “‘speak’’ the number
you dial as you key it inon a
telephone Touch Tone-type keypad.
It accomplishes this with the aid of
the Digitalk Speech Synthesizer
made by National Semiconductor.
Aside from its novelty, this project
has its practical side. It is an excellent
means for eliminating mis-dialed tel-
ephone numbers because it serves as
a form of “‘error correction’’ as you
““dial”’ the digits of a telephone num-
ber. As you listen, you can tell if you
touched a wrong key and, if so, ter-
minate the operation before the mis-
dialed number gets through your tel-
ephone office and you are charged
for a wrong number. This feature is
particularly handy for the visually
handicapped, who can also vocally
verify that they have dialed correctly.

About the Circuit

Before getting into how the Talking
Telephone works, it isimportant that
you know something of how a stan-
dard telephone instrument works.
Though there are two main types of
telephone instruments—rotary-dial
(or pulse) and Touch Tone-types—
the latter are far more commonly
found in the modern home and of-
fice. Because of its widespread use,
the Talking Telephone was designed
around the Touch Tone system.
Touch Tone dialing was developed
by Bell Telephone some 20 years ago.
It uses pairs of eight specially selected
audio tones that are further divided
into groups of four low and four high
tones. Because tone pairs are used for

each digit in the telephone number,
the system of dialing used is techni-
cally known as ‘“Dual Tone Multi
Frequency’’ (DTMF) dialing. A gen-
uine DTMF tone is the algebraic sum
of one tone from each of the low- and
high-frequency groups.

How these tones are used can be
visualized by referring to Fig. 1. In
(A) is shown the waveform of an 825-
Hz sinusoid that is generated by si-
multaneously pressing Row 3 but-
tons 7, 8 and 9 on the Touch Tone-
compatible keypad. The 1,336-Hz si-
nusoid waveform generated by the
tone dialer if Column 2 buttons 2, 5,
8 and 0 are pressed simultaneously is
illustrated in (B). Now, if only button
8 on the keypad is pressed, internal
circuitry sums these two tones to pro-
duce the waveform illustrated in (D).

The conventional tone-type key-
pad has only 12 buttons for the nu-
merals 0 through, * and #. Howevera
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complete DTMF keypad can have 16
buttons in all—the usual 12 plus four
more labeled A through D (see Fig.
2). These last four buttons are used
for communication with special
equipment and, as a result, are rarely
included on standard home and of-
fice telephone instruments.

By using a special DTMF receiver
integrated circuit, the dialing tones
of the telephone instrument can be
converted into binary codes that can
subsequently be fed into the Data in-
put of the Digitalker IC. These bi-
nary codes are converted by the Digi-
talker chip into words that are vocal-
ized through a speaker.

The specialty integrated circuit
that accomplishes the above is the
G8870 DTMF Receiver chip manu-
factured by California Micro De-
vices. It is quite sophisticated, as
demonstrated by the block diagram
of its internal circuitry shown in Fig.

Say You Saw It In Modern Electronics
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Fig. 1. Examples of DTMF tones

generated when(A)a Row 3 button is

pressed on the dialing keypad (582

Hz); (B)a Column 2 button is pressed

(1,336 Hz); and (C) the “8°’ button is

pressed (algebraic sum of Row 3 and
Column 2 signals).

3 (its case configuration and pin as-
signments are shown in Fig. 4). Con-
sidering the internal complexity of
this chip, its retail price of about $10
provides a very cost-effective way to
go for designing and building inex-
pensive telephone-related projects.
A tone-dial telephone instrument
produces a dual-tone (two-tone) out-
put whose unique frequencies are rig-
idly determined by the Row and Col-
umn of the switching matrix for each
particular button in the keypad.
When it was first introduced in the
1960s, the Touch Tone dialer was
made from a comparatively large
number of inductors and capacitors
that produced pure sine-wave output
signals. In contrast, modern DTMF
keypads use crystal-controlled inte-

Say You Saw It In Modern Electronics

grated circuits that generate the syn-
thesized stair-step waveform illus-
trated in Fig. S.

Though the step waveform pro-
duced by modern tone-type keypads
may only crudely approximate the
sine waveform, DTMF receiving
equipment like the G8870 can receive
and decode every tone into its corres-
ponding binary output (see Table 1).
It is this output code that is converted
by another integrated circuit—a pre-
programmed 74188 PROM that has
been programmed with the appropri-
ate data)—into the required digital
code that is then delivered to the in-
put of the Digitalker.

Refer now to the schematic dia-
gram of the of the basic Talking Tele-
phone circuitry shown in parts (A)
and (B) of Fig. 6. The G8870 DTMF
Receiver chip and programmed
74188 PROM are shown as /C/ and
IC2, respectively, in part (A). Itisthe
eight-bit output of JC2 at pins 1
through 7 that is fed to the inputs at
pins 15 through 9, respectively, of
MM 54104 Digitalker chip /C3 in part
(B). Each eight-bit input that is deliv-
ered to IC3 (burnt into IC2) selects
the word—or in the case of our Talk-
ing Telephone the number—/IC3 is to
vocalize when a key on the telephone
instrument’s keypad is pressed.

Actual vocalization of any given
digit is the responsibility of the Digi-

1366 T E—

COLUMN
1209  —

JAaanmninin
Sanainin
| ] [0 B[]
Sanninn

— (33

147

Fig. 2. A tone-type DTMF dialing
keypad can have a total of 16 keys,
though all but the ones labeled “A”’
through ““‘D’’ are normally found on
current home and business telephone
instruments.

talker chip. This chip, /C3 in Fig.
6(B), stores complete words in its two
support SSR1 and SSR2 chips. (The
three-chip set is available for about
$25 from Jameco Electronics.) The
MMS54104 specified for IC3 is the
heart of the Digitalker set. This 40-
pin DIP device has eight data lines on
which the binary code of the word (or

Table 1. Tone Keypad Frequencies and Binary Codes

Loovwr Eigh HEX
Button Fraequency Frequency Output

Camponent Component | Format

(Hz.) (Hz.) 3210
1 £ar 1209 a @ 0 1
2 LIT 1336 o o 1 0
3 £IT 1477 oo 11
& 770 1209 a 00
5 770 1336 a1 0 1
& 770 1477 o1 10
7 RS2 1209 g1 11
E] BhE 1336 T 2 0 0
G 52 1477 50 1
[H e 1336 a1 0
T i 1209 E R | 1
¥ 5Ll 1477 t 1 0 0
A £97 1633 101
a 770 1633 110
t B5Z 1633 11 1 1
D e 1633 o0 0 0
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NOTE: PINS 5 AND 16 TIED TO GROUND

Fig. 3. Block diagram of circuitry inside the G8870 DTMF Receiver chip.

number) you w1sl.1 to be vocalized Table 2. Digitalker ¥ocabulary List
through a speaker is placed.
. . Word Address Word Address Word Address
Table 2 lists the 11 binary codes w8 swl w8 swl w8 sl
you need for this project. These are Thiz is Digitalker 0Ocn - D000 a 0011 0000 15 0110 %
g : : om 0001 T ot10
all contained inside the SSR1 RAM S Lodi o o e i S ooTo
H H THHEE o020 Do T 0011 0011 LEET oig 00M
that comes as a basic element in the sl e fo 7 o Si 7 A 318(1)
ie1 i i FIVE oo Do ] 0011 0101 LESSER 0 o
,Dlgltalker klt'. Sm(fe the _SSR2 RAM §IX 000 01D i 0011 0110 LIMIT g1 0110
is not needed in this project, store it SEVEN o000 O i 0011 0111 Lou a1t 0111
a EIGHT ool 1000 ¥ 0011 1000 LOWER J11i0 1000
away in a safe place. You may want NINE conT 1001 z 0011 1001 RERE 0110 1001
. . T 00T 1010 aGA N 0011 1010 METER 2110 1010
to use it at some future time for an- g Ll g o011 o171 |aie T 1019
g g g ELY mno 1100 AnMD 0011 1100 HILLI 110 1100
other talking circuit T . :
M 4IRTEEN ooz 110 aT 0011 110 HINLS o1 10
So far, we have discussed the de- FRURTEEN TR 1110 ] ERHGEL O] L1110, ) CIRSHHTE g e
: FIFTEEN ooz 111 CASE 0011 1111 HEAR 0110
1 i SIXTEEN oooT 0000 CENT o1 0000 HUMBER 2111 0000
vice that c.onve.rts the_DTMF signal SEVENTEEN ooot 0001 400HZ  TONE oioo 0001 oF 111 0001
of atonedialer into a binary code and EIGHTEEN ot 0010 BIHZ  TONE 0ion 0010 | off 2141 0010
. . HIMETEEN 0o0tr 001 £0MS  SILENCE 0o 001 Ok 2191 00N
the Digitalker that accepts this code THENTY 0T 0100 4OMS SILENCE  0°00 0100 aut a1 g}g:)
. oy s THIRTY poos 010 BOMS SILENCE 100 0101 aveR o1m
as input and transforms it into the FORTY GOt 010 |daps SILence  Aio 0110 7ARENTHESIS  T111 0110
i H H FEFTY oo 011 ¥30MS  SILENCE 1100 0111 DRECENT o111 01
word that is to be vocalized. How this LIty 0307 1000 SENT1 o4o0 1000 FUERSE Eivt 4000
i i i SEVEKTY oo 1001 CRECK 0ica 1001 PLUS 0111 1001
1S ac.compllshed G fo“_owsj EGHTY K61 1010 CoMHA o0 1010 POINT 2111 1010
Pins 1 and 2 of IC! in Fig. 6(A) HINETY oo 1011 CONTRIL oicn 1011 POUND o1t 10m
a HUKGRED 0011 1100 DAMGER o1ea 1100 PULSES o111 1100
connect directly across the telephone THOUSAND 0T 1101 JEGREE ool 10 RATE a111 :m
a HILLION oo 1110 JOLLAR 0120 1130 RE ma
line through the C1/RI and C2/R2 25RO goot 1111 20uH oo 111 READY ot 1M1
. .. 1t 0000 : N A ; L o000
networks, respectively. This input al- : Gt 0001 | e Do 0001 | 5ot 1> 200 0001
H H _ [ 0 0010 FEET 21 0010 SECOND 1000 0010
lowsthe DTMFSlgnalthatlsgenerat B e 0011 eat e S 0017
ed by pressing one of the keys on the E e | P ARl [t T 0101
tone dialer to be passed to the com- B o040 0110 50 Mol 0110 5TAR 1000 0110
3 a a a H 010 0111 GRAM o1 0N START 1000 011
plex filtering and switching electron- 1 G01G 1000 GREAT mot 1000 5TOP 1000 1000
2 o g 3 4 oG o mol 1001 THAN inoo 1001
ics inside ICI. The binary code that ¥ E.r }8% .-:E‘ETER Jng 110 THE 10001010
H L oo 1om HIEA oo 1M TIRE 1000 101
corresponds to the key pressed, listed L 16 1100 oty H. 1100 _“ e 1100
i i i i H e 1101 HOUR oot 1101 uF 1000 1101
in Table 1, is made available at pins i g o i Stk be . L A
11 through 14 of IC1. B o 11 INCHES ot 1M WEIGHT 1000 1111
Compare Tables 1 and 2 for a mo- NOTE 1: "SS" makes any single word plural G
. . . NOTE 2: Address 143 (WEIGHT) is the last legal address in this particular word Llist.
ment. The whole idea of this project Exceeding address 143 will produce pieces of unintelligible invalid speech data.

=i oo — = =SEaee- = = == —  — — — —= e — == —2 ol TF
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is to have the Digitalker vocalize a
predefined word when a specific bi-
nary code is placed on its Data Input
bus, shown as Swsg through swi at
pins 8 through 15 in Fig. 6(B). For il-
lustrative purposes, let us assume
that the “‘1’’ button on the dialer key-
pad is pressed. Table 1 indicates that
this would generate a binary code of
0001. Table 2 indicates that a binary
code of 00000001 is placed on the
Data Bus of IC3, causing the Digi-
talker to vocalize the word ‘‘one.”’

Now let us assume that the *‘5”’
button on the dialer keypad is
pressed, which causes ICI in Fig.
6(A) to output the binary code 0101,
asindicated in Table 1. Table 2 shows
that this code will cause the Digitalk-
er to vocalize the word ““five.”” Let us
take this a bit further by assuming
that the ‘‘0’” key is pressed, causing
the binary code 1010 to be generated,
according to Table 1. Referring to
Table 2, the binary code 1010 will
cause the word ‘‘ten’’ to be vocal-
ized. Obviously, this is not what is
wanted. One of the tasks assigned to
IC2is to correct for this situation for
our particular application.

ROM IC?2 can be programmed to
deliver the 0001 1111 binary output
of the word “‘zero’’ every time its in-
put code is the 1010 binary code for
decimal 10. This programming can
also be taken a step further. Suppose
you press the ““**’ or “‘#’’ key on the
dialer keypad. Table 2 indicates that
if you press either key, the Talking
Telephone would ordinarily vocalize
the words ‘‘eleven’’ and ‘‘twelve,”’
respectively. By programming IC2 to
deliver the binary code for a 400-Hz
tone burst (0100 0001) every time ei-
ther of these keys is pressed, you
eliminate mis-spoken words.

The second task of IC2is to correct
a problem associated with the G8870
chip used for IC1. If you compare the
pinouts of the G8870 given in Fig.
4(A) with those of the 74188 or 8223

+INPUT—1

~INPUT—2

GAIN SELECT—3
REFERENCEVOLTAGE OUTPUT—4
INTERNAL CONNECTION—5
INTERNAL CONNECTION—6
CLOCK INPUT—7

CLOCK OUTPUT—8

GROUND—9

DTMF

DATA OUTPUT BO—1
DATAQUTPUT B1—2
DATA OUTPUT B2—3
DATA OUTPUT B3—4
DATA OUTPUT B4—5
DATA OUTPUT B5—6
DATA OUTPUT B6—7

GROUND—8

8223/741
PROM

B

G8870

RECEIVER

[ 18—V +

[ 17—STEERING INPUT/GUARD

[ 16—EARLY STEERING OUTPUT

] 15—DELAYED STEERING OUTPUT
[J14—DATA OUTPUT D3

L1 13—DATA OUTPUT D2

] 12—DATA OUTPUT D1

-l 11—DATA QUTPUT DO

—1 10— OUTPUT ENABLE

16—V +
—15—OUTPUT ENABLE
[ 14—INPUT D4
[113—INPUT D3

[ 12—INPUT D2

] 11— INPUT D1
10—INPUT DO
[J19—DATA OUTPUT

88

Fig. 4. Package configurations and pinouts for (A) G8870 DTMF Receiver and
(B) 8223 or 74188 PROM.

ter. Normally, pin 10 of the 74188 or
8223 isreserved fora Data Oinput. At
this physical location, IC1I delivers a
Data 3 output. This dilemma can be
corrected by programming /C2 to
output a binary code that is the re-
verse of the original.

To resume our explanation where
we left off, pins 1 and 7 of IC2 deliver

the appropriate binary code to the
Data Input bus of IC3 at pins 8
through 15. To allow the Digitalker
to output a signal that will vocalize
the selected word, a logic-1 pulse
must be applied to the pin 4 Write
Strobe input of IC3 in Fig. 6(B). Re-
turning to Fig. 6(A), the pin 10
Strobe Output of ICI produces the

(Vop) 1.0

T

0.9

0.8

T

0.7
0.6
0.5f
0.4

Normalized Vp

0.3f

T

0.2

1

0.1

L

(Vrer) g l——

1515

] 1 L 1 | L i L Il Jl A

12345678910

Time

12 14
Segments

16 18 20 22 24

Fig. 5. Modern DTMF keypads use crystal-controlled ICs that generate a synthe-
sized stair step wave that is a crude approximation of the pure sinusoid wave pro-
duced by original DTMF dialers.

used for IC2 in Fig. 4(B), you will see
that the Data Output lines of the for-
mer are in reverse of those of the lat-

T e e ——— e s e e e e S s g S T S L e e e )
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+50
}_‘
gi 1gx cf required positive-going pulse every
) 18 time a valid tone is detected at the in-
——=w ! 17 > To Point "H” put of this IC.
To Telephone Ict zggx The positive-going pulse is coupled
Lire e B 16— directly to pin 4 of IC3 in Fig. 6(B).
— W * 2 15 +3V When any key on the dialer keypad is
] STROBE . .
3 T pressed, two actions occur. The first
106K I 1K is placement of the appropriate bi-
" e v I o nary code on the Data Input lines of
4% 29.9K YL T ML IC3. The second is that the needed
H . 1 L0 M i — }0 ;oin: :g: positive-going pulse is generated by
1 L0 2 2 % }E ;E;:: :E: the DTMF Receiver and is available
" : 3 1o Point “C* at pin 10 of /C1 in Fig. 6(B).
6 u By —N The MMS52164 shown in Fig. 6(B)
9 10 14 162 as IC4 is the SSR1 ROM that is pro-
. > —l 58| e wed PROM grammed with the vocabulary data

v listed in Table 2.
' \_m_] +50 —j Resistors R15 and R 16 and capaci-
¥TLL

tor C6inthe IC6 circuit make up a fil-
3.50Mz. ter, while IC7 is a low-voltage power
amplifier whose output level is ad-
justable by VOLUME control RI7.
Vocalization is accomplished by ca-
pacitively coupling the output at pin
5 of IC7 through CI0 to a small
speaker as shown.

Power for the Talking Telephone
is provided by a common 9-volt, 500-

1)

R1?

v, Sggwns 4 milliampere dc¢ plug-in wall power
supply, as shown in Fig. 7. The raw
s dc output from this power supply is
10 filtered by C4 and regulated to 5 volts
Point A 5| SHL (LSB) AB 25 Speaker by regulator chip IC5. It is then deliv-
Pt b :{: e o ] ered to the circuitry shown in Fig. 6.
My I .
i ] 1186 5[0 g Construction
Point € 57 sup cusmy 2; There is nothing critical about com-
A9 ponent layout or conductor routing
P 72 when assembling this project. There-
ffm :ig 3; fore, you can use either printed-cir-
wg 5| RONEN 28 21‘15 19(22/23)1[2(3]4[5(6]7]8 cuit wiring or point-to-point wiring
16 e 1¢4 | on perforated board that has holes
e J MRLLER See Text L on 0.l-inch centers using suitable
20| ap mata 1 9‘10 a5 [16]17 1 i o ‘derine bacd
o l ire Wrap or soldering hardware.
RDATA 3 Whichever approach you choose, it is
\L g o d a good idea to use sockets for all DIP
RDATE 6 integrated circuits.
RDATE 7 . .
RDATA 8 If you wish, you can fabricate your
2 1
Point H
Fig. 6. Schematic diagram of basic
Talking Telephone circuitry shown
in two parts.
B e = — ==&
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PARTS LIST

Semiconductors

IC1—G8870 DTMF receiver (see text)

1C2—74188 or 8223 programmed
PROM (see text)

1C3—MM54104 Digitalker (see text)

IC4—MM52164 SSR1 RAM (part of
Digitalker IC kit; SSR2 chip is not
used—see text. Available from
Jameco—see text)

1C5—7805K fixed + 5-volt regulator in
TO-3 case

1C6—1.M346 operational amplifier

IC6—1.M386 audio power amplifier

Capacitors

C1,C2,C6,C11—0.01-4F ceramic disc

C3,C5,C7,C8,C9—0.1-uF ceramic disc

C4—220-pF, 35-volt radial-lead elec-
trolytic

C10—330-pF, 35-volt axial-lead elec-
trolytic

C12—20-pF ceramic disc

C13—50-pF ceramic disc

Resistors (Y4-watt, 5% tolerance)

R1,R2,R5—100,000 ohms

R3—49,000 ohms

R4—49,900 ohms (1% tolerance)

R6—220,000 ohms

R7 thru R13,R15—1,000 ohms

R14—620,000 ohms

R16—10,000 ohms

R18—10 ohms

R19—1,500 ohms

R20—1 megohm

R17—50,000-0ohm, audio-taper panel-
mount potentiometer

Miscellaneous

T1—9-volt, 500-mA dc plug-in power
supply

XTL1—3.58-MHz colorburst crystal

XTL2—4-MHz crystal
Printed-circuit board or perforated
board with holes on 0.1-inch centers
and suitable Wire Wrap or soldering
hardware (see text); sockets for all
DIP ICs; suitable enclosure; tele-
phone line cord; small rubber grom-
mets (see text); heat sink and insula-
tor kit for voltage regulator (see text);
spacers; machine hardware; hookup
wire; solder; etc.

Note: The following items are available from
Steve Sokolowski, P.O. Box 8535, Spring
Hill, FL 34606: Ready-to-wire double-sid-
ed pc board with plated-through holes,
$21.50; G8870 DTMF Receiver chip,
$10.50; programmed 74188 PROM, $5.75;
3.58-MHz crystal, $1.75; telephone T
adapter, $2.25. Include $2.75 P&H per
order. Florida residents, please add state
sales tax.

165
* wek [ P
+ | C4
11 OUTPUT
500w | 2200f
] S w

1%

own printed-circuit board for the
project using the actual-size etching-
and-drilling guides shown in Fig. 8.
Note here that this is a double-sided
board. You can purchase a ready-to-
wire board from the source given in
the Note at the end of the Parts List.
This board has plated-through holes,
which allows you to complete all sol-
dering on the solder side of the board.

If you home fabricate your pc
board, bear in mind that it will zot
have plated-through holes. Thus,
you must solder all component leads
and pins to the copper pads on beth
sides of the board. Also, withcut
plated-through holes, you cannot use
conventional IC sockets that do not
provide soldering access on the top
side of the board. Therefore, use
Molex Soldercon® socket strips in
place of conventional sockets.

Say You Saw It In Modern Electronics

Orient the pc board on your work
surface as shown in Fig. 9 (make cer-
tain that its component side is facing
up) and begin wiring it by installing
and soldering into place the IC sock-
ets. Do notinstall the ICs in the sock-
ets until after you have conducted
voltage checks and are certain that
your wiring is correct. (Note: Use
Fig. 9 as a rough guide to component
layout if you wire the project on per-
forated board, but refer back to Fig.
6 and Fig. 7 for wiring details.)

With the sockets in place, install
and solder into place the resistors,
noting that all but one of them above
IC3 mount on-end. Note also that
one lead of R7 through RI13 just
above I/C3 pass through holes in the
board and solder into place. The re-
maining resistor leads tie together to
form a single-conductor “‘bus’’ that

Fig. 7. Schematic diagram of power-
supply circuitry for Talking Tele-
phone.

plugs into the hole to left of the resis-
tor network and solders into place.
The method of accomplishing this is
shown in the detail drawing ar the
lower-right in Fig. 9.

Next, install voltage regulator IC5
in the location shown. This IC isin a
TO-3 case and must mount on a heat
sink using an insulator and heat-
transfer compound. If you are using
a pc board that has plated-through
holes, mount the regulator on its heat
sink to the board using 4-40 x Y-
inch machine screws, nuts and lock-
washers.

If you are using a board that does
not have plated-through holes, loose-
ly mount the regulator to the heat
sink using 4-40 x Y-inch machine
screws, lockwashers and nuts. Crimp
and solder a 1-inch length of bare sol-
id hookup wire or cut-off resistor
lead to each pin of the regulator.
Mount the regulator in place, using
Ya-inch metal spacers and the ma-
chine hardware already loosely se-
curing theit to the heat sink. Feed the
screws through the holes in the *“cor-
ners’’ of the regulator and then into
holes in the board.

Make sure that the wires on the
regulator pins go into the two holes in
the board provided for the regulator
pins and that a lockwasher is placed
between the trace on the bottom of
the board and nuts that fasten down
the screws. Then solder the pins of
the regulator to the pads on the bot-
tom of the board that has plated-
through holes or the wires to the pads
on both sides of the board if you are
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Fig. 8. Actual-size etching-and-drilling guides for top (left) and bottom (right) of double-sided printed-circuit board

using a board that does not have plat-
ed-through holes.

Continue wiring the circuit-board
assembly by installing and soldering
into place the capacitors. Make sure
the electrolytics are properly oriented
before soldering their leads to the
pads on the bottom of the board.
Then install the crystals.

B —— — —— —_  __ ___ __ ______ _ __ _ ]

required for wiring together the project.

Strip ¥ inch of insulation from
both ends of five 5-inch-long hookup
wires. If you are using stranded
hookup wire, tightly twist together
the fine conductors at both ends of
all wires and sparingly tin with sol-
der. Plug one end of the wires into the
holes for the speaker and VOLUME
control and solder into place. Tem-
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porarily set aside the circuit board.
Now prepare the enclosure that
will house the project. You can use
any type of enclosure that will ac-
commodate the circuit-board assem-
bly and provides mounting space for
the speaker and VOLUME control.
Machine the enclosure as needed.
That is, drill four mounting holes for
(Continued on page 70)
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Project

Car Back-Up Alarm

Sounds an audible alert to warn pedestrians and other
drivers when you move your car in reverse gear

By Charles R. Ball, Jr. & W.K. Ball

ver the years, a number of
safety features have been
introduced by the auto-

motive industry. One of the most
practical among these is the device
that audibly alerts pedestrians and
other drivers that a vehicle is backing
up. Every motor vehicle should have
such a device in it—not just certain
commercial vehicles. If you wish to
have your family car sound an alert
when you place the transmission in
reverse gear, you can do so by install-
ing our Car Back-Up Alarm.

This Back-Up Alarm automatical-
ly sounds an intermittent, piercing
tone when you put your vehicle in re-
verse. The Alarm immediately si-
lences when the shift lever is taken
out of reverse position. The circuit
that accomplishes this is very simple
and can be built for less than $20 in
readily available components.

About the Circuit

The Back-Up Alarm’s circuit, shown
schematically in Fig. 1, is built
around the 555 timer integrated cir-
cuit. In this circuit, ICI is connected
in the astable configuration.

When you move the shift lever of
your vehicle to the reverse-gear posi-
tion, the circuit to the back-up lights
becomes active and, hence, is at + 12
volts. This potential is fed through
rectifier diode DI and zener diode D2
to timer ICI and actuates the timer.

Diode DI provides protection in
the event of reversal of polarity when
power is connected to the circuit.
Zener diode D2 reduces the +12
volts delivered by the electrical sys-
tem in the vehicle in which the project

0 TB1 o—f
H | D1 D2
1N4004 6.2V
-t
ce é R1
0.1uF - - 100K
7
IC1 . R2
PB1 NE555 10K
,_:O’_ : 5
2
J +] C1
T 10pF
PARTS LIST

Semiconductors

D1—1N4004 or equivalent rectifier
diode

D2—1N4735A or equivalent 6.2-volt,
1-watt zener diode

IC1—NESSS timer

Capacitors

C1—10-xF, 16-volt electrolytic

C2—0.1-uF, 25-volt ceramic

Resistors (};-watt, 5% tolerance)

R1—100,000 ohms

R2—10,000 ohms

Miscellaneous

PB1—Piezoelectric buzzer
Erie PKB8-4A0)
Printed-circuit board or perforated
board with holes on 0.1" centers and
suitable Wire Wrap or soldering
hardware (see text); terminal board
(Mouser Cat. No. ME153-2102);
suitable enclosure (see text); splice
connectors; hookup wire; solder; etc.

Note: The following items are available
from BALLco, Inc., P.O. Box 1078,
Snellville, GA 30278-1078 (Tel. 404-
979-5900): Printed-circuit board No.
881101-B,%$9.95; complete kit of
parts not including enclosure, $19.95.
When ordered with the kit, price of
the enclosure is $3.95. Printed-circuit
board is postpaid in U.S.; for other
items, add $2.50 P&H postage and
handling. Georgia and Florida resi-
dents, please add sales tax.

(Murata

Fig. 1. Complete schematic diagram of the Back-Up Alarm circuit.

is installed to a safe operating level
for audible piezoelectric buzzer PBI.

The output of the timer chip is fed
to PBI, which has internal electron-
ics to provide a warning tone when-
ever sufficient voltage appears across
the terminals of the piezo buzzer.
The duty cycle, or alarm on/alarm
off time, can be tailored by changing
the values of resistors R/ and R2 and
capacitor CI. Capacitor C2 filters
out any electrical noise that might ap-
pear on the back-up light circuit line.

Assembly & Checkout

Because of its simplicity, the Back-
Up Alarm circuit can be built using

just about any traditional assembly
technique. If you wish, you can as-
semble the circuit on perforated
board that has holes on 0.1-inch cen-
ters using suitable Wire Wrap or sol-
dering hardware. Alternatively, you
can assemble it on a printed-circuit
board that can be purchased from the
source given in the Note at the end of
the Parts List or by fabricating your
own using the actual-size etching-
and-drilling guide given in Fig. 2.
Assuming printed-circuit assem-
bly of the project, wiring diagram
Fig. 3 shows component placement
and orientation. If you are assem-
bling your Back-Up Alarm project
on perforated board, use Fig. 3 as a
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Fig. 2. Actual-size etching-and-
drilling guide to use for fabricating
the project’s printed-circuit board.

rough guide to component placement
and orientation.

Due to the typically rough me-
chanical environment of a motor ve-
hicle, a socket is not recommended
for IC1. If a socket is used, mechani-
cal vibration is likely to cause the IC
to work loose from it. Therefore, be-
gin project assembly by installing
and soldering into place the resistors.
This done, install the capacitors and
diodes. Make certain that electrolytic
capacitor CI and both diodes are
properly oriented before soldering
their leads to the copper pads on the
bottom of the board.

Next, install the piezo buzzer on
the board. Actually, you can mount
this buzzer either on the board, as il-
lustrated in the Fig. 3 wiring dia-
gram, or off the board and wire it to
the appropriate pads on the board via
stranded hookup wires. (Note: In
this project use only stranded hook-
up wire.) Once the buzzer has been
installed, plug the pins of the timer
chip into the holes in the /C1 location
and solder each into place. Make cer-
tain that the IC is properly oriented
and that each pin goes into the appro-
priate hole in the board before sol-
dering any pins into place. Then in-
stall and solder into place terminal
board TB1.

At this point, it is a good idea to
check operation of the circuit. To do
so, connect the terminals H and 1 of
TBI to the positive ( +) and negative

(—) terminals, respectively, of a
12-volt dc power source. If all is
okay, the alarm should alternately
sound and silence for about 2 and 3
seconds, respectively, and repeat this
cycle for as long as power is applied
to the circuit. (If you used different
values than those specified for RI,
R2 and/or ClI, the on/off periods
will, of course, be different.)

If your circuit fails to operate as
described, power it down and rectify
the problem before proceeding.
Check particularly for components
installed in the wrong locations and
in improper orientation. Flip over
the board and check all soldered con-
nections. If you see a connection you
missed, solder it now. Also, if any
connection appears suspicious, re-
flow the solder on it, and use desol-
dering braid or a vacuum-type desol-
dering tool to remove any solder
bridges you find.

Once you are certain that the cir-
cuit is operating properly (and after
attaching to it appropriate-length
power leads, spray several coats of
clear acrylic over the entire circuit-
board assembly (but not the piezo
buzzer and TBI) to protect against
moisture.

Once weather sealed, the Back-Up
Alarm assembly can be installed in
your vehicle in a protected location
as-is or in an enclosure. If you plan
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Fig. 3. Wiring guide for pc board.

Use the layout shown here as a rough

guide to component placement if you

assemble the circuit on perforated
board.
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Cut notch for
/ terminal board

Drilt holes for piezo buzzer
sound to escape from box

Fig. 4. Machining details for the pro-
Ject’s enclosure.

on using an enclosure, prepare it as
shown in Fig. 4. The cutout required
for the terminal board can be made
with a nibbling tool. Make sure you
check the orientation of the circuit-
board assembly before making the
cutout (the enclosure has only two
posts for mounting the board). Posi-
tion the assembly with the compo-
nent side down and the two mounting
holes lining up with the mounting
posts to determine which part of the
enclosure to cut!

If you mounted the piezo buzzer
directly on the circuit-board assem-
bly, drill five %-inch-diameter holes
to permit the sound to escape. On the
other hand, if you have decided to
mount the buzzer -cutside the
enclosure, drill only one %-inch-dia-
meter hole for the wires that are to go
to the buzzer to exit the enclosure.

Caution: Plastic is a tricky materi-
al to drill, and some plastics are easi-
er to drill than others. The plastic
used to make the box specified in
the Parts List will chip, crack, grab
or self destruct if large-size bits are
used. Drill speed is important, slower
speeds being generally better.

Once you have prepared the enclo-
sure for the project, route the back-
up lights and vehicle ground wires
and the cable for the piezo buzzer (if
you mounted this externally) through
the appropriate holes. Position the
circuit-board assembly inside the en-
closure, with the components facing
down and 7B/ lined up with the cut-
out. Secure the assembly in place
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Use the Free Product Information

free
info card.

How do | get

more data? Readers can obtain free information on

products advertised by certain companies,
(T % as well as for some editorially mentioned

\ products. Simply circle the appropriate

12V > 7 number printed below an advertisement

H onto the Modern Electronics ‘‘Free Infor-

from o
back-up TB1 B:faljrlnjp mation Service’’ card bound into this is-
switch sue. After filling in your name and ad-

dress, just mail the postpaid card. Your re-
quest will be forwarded directly to the ad-
vertiser with a mailing label prepared by
our reader-service department to ensure
speedy response.

Fig. 5. Details for installing Back-Up
Alarm in a vehicle.

with two screws and then mount the
cover on the enclosure, using the re-
maining four screws.

* DC to 100MHz
* Dual Channel
* Delayed Sweep
« CRT Readout

V-212 * DC to 40MHz

= BT « Dua! Channel

e % $ 41 9 * CRT Readout

= Cursor Meas
= DC Oftset * Sweep Time
List $560
Save $141

* Alt Magnifier 2 * Autoranglng
* Compact Size v 1060 = Trigger Lock

20MHz Dual Trace Oscilloscope

All Hitachi scopes include probes, schamatics

List $1595 $1 359 * 2mV Sensitivity
and Hltachi’s 3 year guaranty on parts and

PRICE SAVE
$695 375

labor. Many accessories available for all

Scopes.

Installation

Refer to Fig. 5 for details on install-
ing the Back-Up Alarm in a motor
vehicle. Note here that terminal H on
TB connects to the back-up light con-
ductor located at the back-up switch
in your vehicle. If your vehicle hasa |
column shift lever, this switch is nor-
mally located onthe steering column.
For other shifting arrangements, re-
fer to the owners or shop manual or
check with your dealer to determine
where the back-up switch is located.
The wire coming from terminal H
on TBI is easy to connect to the back-
up switch conductor without having
to make any cuts in the existing vehi-
cle wiring with the aid of parallel
splice connectors. These connectors
are available at your local Radio
Shack store and most hardware stores.
Connect terminal 1to any conveni-
ent chassis ground point in your vehi-
cle, using a suitable length wire. |

List $995

v-223

20MHz
40MHZ
40MHz
BOMHZ

- 100MHz
V- UDOA!OOMNZ
V-1150 150MH2

.. 1mV sens, Delayed Sweep, DC Offset. Vert Made Trigger
1mV sens, DC Otfset Vert Mode Trigger, Alt Mag
.T., 1mV sens, Delayed Sweep, DC Oftfset, Alt Mag
.T.. 2mV sens, Delayed Sweep. CRT Readout
.T.. 2mV sens, Delayed Sweep, CRT Readout, Cursor Meas
.. 1mV sens, Delayed Sweep. CRT Readout, DVM. Counter
.. 1mV sens, Delayed Sweep, Cursor Meas, DVM, Counter

3725 3150
3825  $130
$1.095 $100
$1.895 $1,670 3225
$2.295 $2.045 $250
$3,100 $2.565 8 535

20MHz Dual Trace Oscilloscope

$369
M0-1251

* 6" CRT
* Builtin
component tester

* TV Sync

50MHz Logic Probe LP-700 $ 4

Logic Puiser LP-600
Your Choice $23

SCOPE PROBES
P-165MHz, 1x, 10x $19.95
P-2 100MHZ, 1x, 10x $23.95
Fits ali scopes with
BNC conneclor

M0-1252

* High luminance 6*CRT

* tmV Sensitlvity

* 6KV Acceleration Voltage
* 10ns Rise TIme

* X-Y Operation * Z Axis

* Delayed Triggering Sweep

Top quality scopes at a very reasonable price. Contains all desired features. Two 1x, 10x probes, diagrams and manual. Two year guarantee.
Autoranging DMM Multimeter with Dlgltal Capacitance Meter| Digital LCR Meter

M-5000 Capactianceland cm-1550 |Ijggg?  LC-1800
$45 $125

$55 CM-1500 $58.95
9 Functions Measures

9 Ranges
Memory and || Reads Volts, Ohms, .1pt-20,000ufd
Data hold

5% basic accy
V2% basic acc Zero control
3Ve digit LCD with case
AC Clamp-On
Currsnt Adapter| Temperatura Controlled porraren M-1600

sL-30 9430 -
$T-265 & $25

1,100 pins $15]
! L 3v2 digit LCD)
$25 ]
0-1000A AC{ M-3500
Works with | 3w aigit 5125 2% algn 51 75 .
most DMM | 1% accy 05% acey 3

9434
2,170 pins $25
Digital display
Temp range 1 g‘ssub pins $38 :;/Z gfaf:ccy
Wide Band Signal Generators 3': Digit Probe Type DMM
SG-9000 $129 M-1900

True RMS 4% I
Digit Multimeter | i

$135 M-7000

.05% DC Accuracy |
1% Resistance
with Freq. Counter | [k
and deluxe case

Bench DMMS

= Translslors and
Diodes with case

Res .01-20M

SOLDERING STATION Solderless Breadboards | Low Cost Muitimeter

300F-300F
Grounded tp
Overneat protect

All have color
Coded posts

&% Auto Zero
" /polarity

Decade Blox

it i
9436 SHOWN
Functlon Generator
Blox |/
#9600 ||

You can mount the project in any
convenient location inside your vehi-
cle near the rear bumper. The loca-
tion selected should place the project
out of the way of direct water spray.
Use double-sided foam tape or Vel-
cro strips to fasten the enclosure in
place in the selected location.

Since the sound from the piezo-
electric buzzer is fairly directional,
you may want to mount the electron-
ics package of the Back-Up Alarm in
the trunk and fabricate a bracket to
mount the buzzer on the bumper. ME
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RF Freq 100K-450MHz
AM Modulation of 1KHz
Variable RF output

$G-9500 with Digital Dispiay
and 150MHz bullt-In Freq Ctr $249

Convenient one hand goeration

with batteries

S 80

Providas sine.n.squ wave

$
#9610 Resistor Blox
47 ohm to 1M & 100K pot

Measures DCV, ACV, Ohm:
Audible Conllnully check, Dull hold

and case

trom 1H2 to 1MHZ
AM or £M capabiiity

#9620 Capacitor Biox
47pf to 1OMFD

Digital Tripie Power Supply XP-765
$249

0-20V at 1A
0-20V at 1A
5V at 5A
Fully Regulated, Shori circust protected with
2 Limit Cont., 3 Separate supplies

XP-660 with Analog Meters $175

XP-580
$59.95

2-20V at 2A
12V at 1A
Fully regulated ant 5V at 3A
short circuit protected -5V at 5A
XP-575 without meters $39.95

Quad Power Supply

Four Function Frequency Counters
S F-100 120MH
$179
F-1000 1.2GH

Frequency. Period, Totai.ce, $259
Self Check wlth High Stabllized Crystal Oven
Oscillator, 8 digit LED display

WE WILL NOT BE UNDERSOLD!
UPS Shipping: 48 States 5%
($10 Max) IL Res., 7% Tax m

10Mhz XT 100% IBM® Compatible
MODEL PC-1000

$595

5 Year
Warranty

T =Y

GF-8016 Function Generator
with-Freq. Counter

Pt

5/10MHz Motherboard
8 Expansion Siots

150W Power Supply
256K RAM
Expandable to 640K

$249
Sine, Square, Triangle
Pulse, Ramp, .2 to 2MHz
Freq Counter .1 - 10MHz

GF-8015 without Freq. Meter $179

C & S SALES INC,

1245 Rosewood, Deerfield. IL 600
(800) 292-7711 (312) 541- 0710

Math Compressor Slots Monochrome Monitor

360K Floppy Drive Monographic Video Card
AT Style Keyboard Parsltel Printer Port

FREE spreadsheet and word processor
3.XXMS DOS and GW Basic add 75.00
15 Day Money Back Guarantee
2 Year Warranty Puces suoect to change
WRITE FOR FREE CATALOG

CIRCLE NO. 107 ON FREE INFORMATION CARD
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Project

A Smart Weather Monitor

(Conclusion)

How to use and variations on the basic project

By Thomas R. Fox
I n the first four installments of

this article, we described con-

struction and initial testing of
the WISARD, a stand-alone expand-
able multi-function ‘‘smart’’ ther-
mometer and temperature predictor.
In this final installment, we discuss
instrument operation and give hints
on modifications you can make to ex-
pand it. We will conclude with a brief
look at a down-to-earth variation on
the basic WISARD project.

Sensor Placement

As has previously been stated, the ba-
sic WISARD has five sensors, one
each to detect rain/dew, daylight and
sunshine and two to track tempera-
ture variations.

For the project to accurately sense
the presence of moisture, the rain/
dew sensor must be mounted in a lo-
cation where rain will strike it direct-
ly. An area of the roof of your house
that has no tree branches or other
structures that obstruct a clear line of
sight overhead is one suitable loca-
tion for the rain/dew sensor.

Sunshine and daylight sensors Q1
and Q2 in the schematic diagram in
Part 1 are simple phototransistors.
One method of protecting these sen-
sors from the weather was described
in Part 4. Daylight sensor Q2 must be
mounted outside, such as on a roof.
A nearly perfect location for sun-
shine sensor QI is on a 1,000-foot
tower, well above surrounding trees
and buildings. This is obviously im-
practical in real-world situations.

#

Hence, the site that gives perhaps the
largest accuracy/cost ratio is the
highest point of the roof of the struc-
ture in which the WISARD project is
located.

The firmware for the project treats
temperature sensor TS/ as the ‘‘in-
side’’ monitoring device and temper-
ature sensor 7.S2 ‘‘outside’’ monitor-
ing device. Most of the records and
temperature analysis pertain to out-
side sensor 752.

Assuming you are using standard
ME]! firmware, TSI should be locat-
ed inside the structure, close to where
the WISARD is located. It may be of
interest to you to monitor the inter-
nal temperature of the project. If so,
you can mount TS/ directly to the
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A/D Memory-Expansion module in
the holes assigned for this sensor.

The purpose of TS2 is to measure
outside air temperature. Therefore,
locate this sensor in a suitable ther-
mometer shelter, such as illustrated
in Fig. 18. Mount this shelter a mini-
mum of 6 feet from any building or
other structure that is heated during
the winter and cooled during the
summer.

Operating WISARD

Once the project has passed its initial
tests and you have mounted the vari-
ous sensors in suitable locations, it is
time to put WISARD on-line. Unlike
most electronic devices, WISARD
should be allowed to undergo a full
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NOTES:
1. All dimensions are approximate.
2. Shelter has NO BOTTOM.

3. Attach boards together with glue and nails.
4. Front of shelter should face North. Locate in

an area with good air circulation. For
optimum accuracy, install small weather-
proof fan and place TS2 in fan's

air stream.

For sides use 2" x 8" or —

8' length of 2" x 4" board

/2" exterior plywood H

(2 pieces required)

Roof is a 14" x 18" piece of

/2" exterior pIywo g

Back consists of a
10" x 12" piece of

2" x 10" board

(A) SIDE VIEW

Locate TS2 here —

t 14" {

(B) FRONT VIEW

Fig. 18. Details for building a shelter for the outside-temperature sensor.

24-hour period of initialization. Self-
taught tutoring is required inasmuch
as the firmware that predicts mini-
mum temperature requires the full
24-hour period that comprises a day,
as well as sunrise and sunset times.
Other reasons for the required
‘‘schooling time’’ are that WISARD
requires mean and hourly tempera-
ture data before it can ‘‘intelligent-
ly’’ predict temperatures.

After setting the project in its per-
manent location, it is best to start it
up in the morning, after dawn. A
nighttime start-up may cause the
project to act erratically at first.
However, if you do start the project
operating at night, do not be con-
cerned by the various error messages
and/or sluggish operation that result.

If you have a printer connected to
it when WISARD is first turned or, a
warning message will be printed that
informs you that power has been off,
the clock/calendar requires setting
and data may be in error. This warn-
ing message is printed every time

Say You Saw It In Modern Electronics

power is interrupted and then re-
stored and whenever the battery has
discharged.

In Part 4, we described how to set
the clock. The DISPLAY key on the
keypad is used to flash up the various
data in the LED display. Pressing
this switch once causes a ¢‘d’’ to flash
intermittently in position 5 of the dis-
play. This ‘‘d” indicates that the
minimum and maximum tempera-
tures, day, month and year can be ac-
cessed by pressing the appropriate
keypad keys.

Pressing the DISPLAY key on the
keypad once again causes the “‘d’’ to
disappear from the display. Now if
one of the keys previously mentioned
is pressed, the display will show
“ErrOr.’

WISARD has built-in pagination
that assumes a 66-line page. At the
top of each new page, the project
prints out the date and time it started
printing that page. This information
permits simple organization of data.
At the beginning of the first page,

press the TOP PAGE, key. Thereafter,
WISARD will automatically keep
track of the other pages for you.
Pressing the FORECAST key causes
WISARD to print out the high tem-
perature forecast for the day and the
low temperature for the night. Notice
that if this key is pressed while day-
light conditions exist, the forecast
minimum temperature will be <???.”’
This simply means that WISARD
does not have enough data to fore-
cast a temperature yet. It waits until
the daylight sensor is clothed in dark-
ness. Also, WISARD waits until 6:00
AM before it estimates how warm the
temperature will be for any given day.
Pressing the PRINT key forces a
printout of various information, in-
cluding the hourly temperature read-
ings for the day. The purpose of the
VERSION Kkey is to provide a printout
of the version of the firmware in use.
As has previously been mentioned,
if a printer is connected to WISARD
and is on at 9:00 AM, the project au-
tomatically prints out temperature
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$5016 NOTES:
1. K401 is 12Vdc, 5009 coil SPDT contacts, DIP reed relay, Digi-key part no. Z620-ND
GND — [ 2.S5016 is 10 pin socket, 0.1" Digi-key part no. WM2008.
5 3. All resistors are 5%, /aW.
D7 —}o 4. S5016 connects with P5016 on display/output board. P5018 is located at address
3 5016H. To energize relay, store XXXX XXXO at 5016H, where X is a don't care state.
ey U401
o R401 4N25
(B, 150 ; « +9V to +12V preferably, do not use
. -—,—W 6 7 the same supply used by Wisard.
Do —¥-o— y D401 E “ K401
10 2 5 [}
+5V —Fo ANV )
K R402 14
: 100 < o
? Q401 Ao
2N2222

Fig. 19. Schematic diagram of a tested control circuit for loads that require more than 25 milliamperes of current.

and other information from the pre-
vious day. If for some reason the
power or printer is off at 9:00 AM,
printout will occur at 10:00 AM. If
you do not desire a printout, you ¢an
either turn off the printer or discon-
nect it from the project.

ME]1 firmware instructs WISARD
to printout a rain/dew message when
rain first hits the moisture sensor and
a ‘““dried-off’> message when mois-
ture has evaporated from the sensor.
Normally, this does not cause a prob-
lem. However, on a day in which
scattered sprinkles occur, printouts
may become an annoyance because
of the deluge of messages that will be
printed out. If the annoyance is too
great, you can simply turn off the
printer. Alternatively, you caninstall
a switch in series with the moisture
sensor to allow you to disable it un-
der such conditions.

Adding Versatility

A simple circuit connected to The
Display/Output module of the proj-
ect will allow WISARD to control
just about anything imaginable, such
as an alarm at a certain temperature
or a pump upon detection of rain.
Another possibility is to have WIS-
ARD turn on its own printer before it
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prints out a message and shut off the
printer after printout is complete.
This “‘printer controller’’ saves on
the cost of electricity and reduces the
possibility of the printer overheating.

A somewhat more sophisticated
chore would be for WISARD to use
two temperature sensors in a differ-
ential temperature controller for a
solar heating system. Another use for
a sophisticated differential tempera-
ture controller is in a cooling system
that uses a large exhaust fan to keepa
whole house cool at a fraction of the
cost of air conditioning.

On the Display/Output module
are 16 outputs that can be used to
control 16 separate devices. These
outputs are tied to connectors P5016
and P5017 in the project. Pin 1 of
these connectors is tied to circuit
ground, pin 10 to the + S-volt rail
(see Fig. 19). Pins 2 through 9 are as-
sociated with data lines D7 through
Do, respectively.

The “‘cleanest’” way to access the
pins of these connectors is with a
socket like Digi-Key’s Part No.
WM?2008 (crimp terminals Part No.
WM?2200 are also needed). This type
of socket can also be used for the
PM?210 connector on the A/D Mem-
ory-Expansion module and P30] on
the Keyboard module.
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The ““output’’ pins of P5016 and
P5017 are connected to 74LS373 oc-
tal D-type transparent latches whose
outputs can sink about 25 milliam-
peres of current and can be used to
control a solid-state buzzer or LED
directly. You can hook this output to
a low-power sensitive relay that has
high-current contacts to control
loads that require more current. Bear
in mind, though, that direct connec-
tion to a relay has the potential of be-
ing problematical. When MCUs and
MPUs are used, it is good design pol-
icy to isolate the logic supply from
the power supply with an optical iso-
lator or similar device.

Shown in Fig. 19 is the schematic
diagram of one control circuit that
works. Relay K1 can be a Digi-Key
Part No. Z620-ND, which has a 12-
volt dc¢ coil resistance of 500 ohms
and has contactsrated at 0.25 ampere
at 28 volts dc. Just about any similar
12-volt dc relay with a coil resistance
greater than 400 ohms will probably
work in this circuit. The optical isola-
tor shown is the popular 4N25.
Clamping diode D! eliminates nega-
tive spikes on the power line.

The Fig. 19 circuit works okay
with power supplies that can deliver
between 9 and 12 volts dc. Ideally,
the power supply used should be
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Distance between disk and light-coupled
reflector modules is exagerated for clarity

Stationary base with
bearing at its center

PC board with uniformly placed reflector
modules and supplemantal circuitry
mounted on stationary base

Cable to P301

Bottom of disk attached to
weather vane's shaft

NOTE:

The purpose of these drawings is for illustration
only. This scheme has not been tested.

Fig. 20. Typical example of a weather vane arrangement using eight reflector modules to indicate wind direction.

completely isolated from the supply
that powers the WISARD project.
Most real-world applications re-
quire far more than 0.25 ampere of
current. This should present no prob-
lems because all you have to do is
simply connect a power relay and
suitable power source to the contacts
of K1 in the Fig. 19 circuit. In this
case, K1 should be able to control a
relay that can handle more than 20
amperes at 240 or more volts ac.

Other Modifications

If you are familiar with the previous
four parts of this article, you are
probably aware that about 25 percent
of WISARD’s circuitry is not used by
the ‘‘standard’’ configuration of the
project. The purpose of the surplus
circuitry is to provide a simplified
means of expanding the project. In
previous installments, we have only
touched upon wiring WISARD to
control power devices. Now let us
look briefly at what you can do with
the optional inputs for the project.
Five sensors have been described
so far for the basic project, but 14
more can easily be added. Six sensor
inputs connect to the A/D converter,
which transforms analog voltages in-
to eight-bit digital ‘‘words.”” The re-

mainder of the inputs must be con-
nected to sensors that have one-bit
(i.e. high/low) resolution—typically
a switch.

As an example of an addition you
can make to WISARD, assume you
want the project to monitor barome-
tric pressure. Obviously, the project
cannot actually read barometric
pressure. However, barometric pres-
sure, converted into an electrical
signal, can be processed into a form
that WISARD does understand—in
this case, a varying voltage.

To implement a barometer func-
tion, you begin with a solid-state
pressure transducer. Then you add a
circuit that has an output of 0 volt at
abarometric pressure of 28.44 inches
of mercury and 5.0 volts at 31.00
inches of mercury and connect it to
pin 1 of the PM210 connector on the
A/D Memory-Expansion module.
Then you enable this input with the
following short routine:

EXPRESS PSHB

CLRB

STAB 5002H
DECB

NOP

NOP

NOP

BNE WAIT3
PULB

RTS

WAIT3

To actually load the barometric
pressure information into WISARD,
simply call up the “LOADA’’ sub-
routine in the firmware. After it is
called, Accumulator A of the 6803
processor will contain the barometric
pressure information. Assuming lin-
earity, one LSB (least-significant bit)
will correspond to 0.01 inch of mer-
cury. Inputsto pins 2through 6 of the
PM210connector are treated similar-
ly. However, change the address in
the enable subroutine from 5002H to
5003H, 5004H, 5005H, 5006H or
S007H, respectively.

Now let us look at a rather unique
example of the use of the logic inputs
connected to P30/ of the Keyboard
module—a wind-direction indicator.

You implement the wind-direction
indicator starting with a weather
vane, to the bottom of which has
been fastened a disk that has a single
white radial strip on the bottom. Un-
der the disk, on a stationary circuit-
board assembly, you have eight light-
coupled reflector modules arranged
in a circular pattern with equal angu-
lar spacing with reference to the cen-
ter of the disk. (See Fig. 20)

Coupling each reflector module to
a special circuit allows the system to
develop a voltage that can be fed to a
pin of P301. By providing (via firm-
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ware) some basic data concerning the
disk, WISARD can infer which way
the wind is blowing. This simple ar-
rangement may not be the best for a
wind-direction sensor, but it does
demonstrate that P30] can be used as
more than just a means for connec-
tion of option switches to the project.
(Note: P301 is located at address
S011H, as is LED2, but no conflict
exists. Thanks to the R/w line and de-
coding circuitry, LED2 can only be
written to and P301 can only be read.)

Predicting Temperatures

Firmware for the temperature-fore-
casting capability of WISARD is
contained in the 2732A EPROM in
the A/D Memory-Expansion mod-
ule. Two separate routines are sup-
plied for minimum and maximum
temperature forecasts.

The algorithm for minimum tem-
perature forecast is primarily alge-
braic. The project uses the length of
the day, times at sunrise and sunset
and four preceding temperature mea-
surements to formulate a quadratic
equation that is solved for one hour
after sunrise, which is assumed to be
the low point of the temperature-ver-
sus-time curve. This algorithm re-
sults in extreme accuracy if sky or
wind conditions are unchanged dur-
ing the night. If these conditions do
change, the predicted low tempera-
ture will be revised at the next hour.
The algorithm is not ‘‘location-sensi-
tive’’ and, thus, is accurate in all geo-
graphic locations on Earth.

The algorithm for the maximum
temperature forecast routine modi-
fies average measured data for spe-
cific conditions. The particular rou-
tine used in the project has been op-
timized for Grand Rapids, MI but is
accurate in similar climates. How-
ever, it may be somewhat inaccurate
—especially in winter—south of 30
degrees north latitude.

The basic data in the maximum
temperature forecast routine consists
of the average temperature spread

(which is maximum to minimum) for
each month. This program can easily
be customized for a particular geo-
graphical location, as long as the
average temperature spread is known
for each month.

The program modifies the ‘‘aver-
age’’ temperature spread to take into
account such variables as sunshine,
cloudiness, rain, mean temperatures,
time of day, time of year, and so on.
This modified spread is added to the
minimum temperature to obtain a
forecast maximum, which itself may
be modified, under certain condi-
tions, before being printed out.

If you plan to modify—but not to-

tally rewrite—WISARD’s firmware,
you need the source code. This and
the Intel hex and object files are
available on a 5.25-inch PC-compat-
ible disk from the source in the Ma-
terials Availability box. The source
code is written in 6801/6803 assem-
bly language that, except for a few
additional instructions, is identical to
6800/02/08 assembly language. Sev-
eral built-in subroutines can help you
in writing modified code. A few are
enumerated below:
e PRINT. Used to simplify printing of
messages. Before this subroutine can
be called, the Index Register must be
loaded with the starting address of
the message. Generally, labels are
used to indicate this starting address.
For example, the following program
segment will print out, ‘“Long live
WISARD!”’:

LDX #MES
JSR PRINT

MES DB ‘Long live WISARD!’,0

Notice that the message is terminated in a 0.

* ENASEN1, ENASEN2. These subrou-
tines ‘‘enable’’ temperature sensors
TS1 and TS2, respectively. To load
the data into accumulator A, call the
“LOADA”’ subroutine.

« DELAY1S. Creates a delay of about
1 second.
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Materials Availability i

‘A number of-itenis that can save you
time and effort in locating components
and other materials for the WISARD
and assemblmg the projectare avallable
from Magicland, 4380 S. Gordon, Fre-
mont, MI 49412. They include: Kit of
components for the A/D Memory-_
Expansion module (does not ‘include
programrﬁed 2732A _programmed
EPROM), No. ADME], $65; double-
sided A/D Memory-Expansion module
" pcboard, No. 6EUX—hL}M 2, $22; com-
plete set of precision resx§tors for A/D
module, No. PRADS9; $5; LM335, $2
each; ADCO0809, $4; 6116LP, $7;
7415541, $1.45; 6803, $3.75; LM1830,
$2.25. Available separately from same
source: 27128 EPROM programmed
with firmware ME1, V1.9 or later, $18; .
2732A programmed EPROM, $12;
both EPROMs, $25. Firmware assem-
bly- language source code and Inte] hex
file on PC-compatible 5.25-inch floppy
disk, $2.75. Michigan residents, please "
add 4% sales tax.

e

« DIGITAL. Converts the data in Ac-
cumulator A into digital format. An
error results if the data exceeds 99.

* DISPLF. This subroutine assumes
Accumulator A holds temperature
data. When it is called, the display
shows the temperature in degrees
Fahrenheit. (DISPLC is virtually iden-
tical except that the display shows de-
grees Celsius.)

¢ PRNTIME, PRNDATE. When called,
these subroutines print the time and
date, respectively.

« PRNTTMP. This subroutine assumes
temperature data is in Accumulator
A and prints temperature in degrees
Fahrenheit. (If OPTION switch 3 in
the project is set to ‘‘off,”’ this rou-
tine also prints out temperature in de-
grees Celsius.)

« DIVIDE. This subroutine stores the
most-significant bit (MSB) of the
dividend at DIVIDNM and least-sig-
nificant bit (LSB) at DIVIDNL. The
MSB of the divisor must be stored at
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DiVISRM and LSB at DIVISRL. The
quotient resides at QUOTINT.

If you are new to 680X assembly
language, the A/D Memory-Expan-
sion module has a ‘‘polite”’ optional
2716 EPROM on it that can contain
software ‘‘bugs’’ that will not com-
pletely throw off WISARD. When
OPTION, switch 1 is ““on,”’ the MCU
does not know this EPROM exists
because the program bypasses the
“JSR EPR2716” instruction. Set-
ting the switch to ‘‘off”’ causes the
program to jump to starting address
400H of the 2716. To make use of this
feature, start the ‘2716 program’’
with ““ORG 0.”” Be sure to end the
program with an RTS instruction
that returns from the subroutine.

If you want to modify the firm-
ware, you need a translator program
called an ‘“assembler.”’” One reason
for this is that the source code for
WISARD’s firmware is written in as-
sembly language. Since few personal
computers use the 6801/03 series
MPU/MCUs, you must use a cross-
assembler to assemble source code
written for an MPU that is distinctly
different from the MPU used by your
computer. Use a text editor or word
processor to write the source code
and cross-assembler to translate this
into a form the MCU/MPU under-
stands. A “‘linker’’ is usually used to
link the object file produced by the
cross assembler into a format that
is understood by most PC-based
EPROM programmers. Linker pro-
grams are usually supplied with
cross-assemblers.

After assembling the source code,
“burn”’ it into an EPROM with an
EPROM programmer like the stand-
alone model featured in the February
and March 1987 issues of Modern
Electronics. Alternatively, you can
obtain programmed EPROMs from
the source given in the Materials
Availability box.

A Note About Printers

WISARD has a strictly serial printer
interface and will not work with a
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printer that has a parallel interface.
This is no hardship if you own a
printer that has both serial and paral-
lel interfaces. If you plan on dedicat-
ing a printer exclusively for use with
WISARD, low-cost RS-232-compat-
ible surplus printers are available.
You do not need an actual printer
for the WISARD. If you wish, a ter-
minal or computer, the latter with
terminal-emulation software, can be
used in place of a printer. The only
requirement for whatever print-out
device you decide upon is that it can
communicate at 600 or 4,800 baud.
This concludes our series on the

sophisticated WISARD weather
monitor and temperature predictor.

With this project, you will never be
without current weather-condition
reports. Additionally, you will also
be able to follow weather trends sim-
ply by reading earlier printed reports,
and you get predictions on what the
high and low temperatures will be for
the day based upon those trends. In
effect, you have your own abbreviat-
ed version of the weather monitoring
and forecasting equipment used by
professional weather-watch services.
And as we have pointed out, you can
also use WISARD’s optional expan-
sion capabilities to monitor for
flooding in your basement, loss of re-
frigeration in your freezer, etc. and
to initiate remedial action. AE
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Project

By Dennis Eichenberg

==\ or many electrical and elec-
-4 tronic devices, rechargeable
. . cells and batteries have eli-
minated the inconvenient umbilical
line that draws power from the ac
line. Unfortunately, many recharging
systems provide no automatic moni-
toring facilities. If you do not con-
stantly monitor the charger, you run
the risk of overcharging and destroy-
ing a battery power source. This is es-
pecially true of lead-acid cells and
batteries but is also an important fac-
tor with popular nickel-cadmium and
other rechargeable devices. One way
to eliminate this risk is to use the
“One-Button Digital Timer’’ de-
scribed here.

Our Timer is fully automatic in op-
eration. It applies ac line power to
your battery charger for a preselected
period of time, after which it discon-
nects power from the charger. Thus,
it prevents overcharging any battery
or cell in the charger it controls. The
Timer is also useful for controlling
power to a lamp, coffee maker and
any other electrically-operated device
that must be powered for a single in-
terval of time.

#

Designed for simplicity and fail-
safe operation, our Timer connects
between the ac power line and the
charging system. To operate it, you
simply set a for an 8-, 10- or 12-hour
charge cycle and press & single but-
ton to begin the countdown. At the
end of the timed cycle, the Timer
automatically disconnects line power
from the charger. The Timer is built
around readily available and inexpen-
sive components and is the ideal ac-
companiment to any charger.

About the Circuit

The complete schematic diagram of
the circuitry used in the One-Button
Digital Timer is shown in Fig. 1. As
you can see, this circuit was designed
to use a minimum number of compo-
nents and as little power as possible
from the acline. The latter is achieved
through use of low-power CMOS in-
tegrated circuits that have miniinal
current requirements and operate
over a wide range of power-supply
voltages.

Onesside of the acline s tied direct-
ly to one side of ac receptacle SO/ (in-
to which the battery charger or other
device to be controlled plugs) and
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One-Button
Digital Timer

Accurately controls the time-on
interval for rechargeable cells
and batteries to prevent damage

due to overcharging

one end of the primary winding of
power transformer 7. The other
side of the ac line connects to one side
of normally open START pushbutton
switch SI and the armature lug of
contacts K1A and K1B of relay K/.

The remaining contact of S/ and
the other normally-closed K1A con-
tact connect to the remaining end of
the primary winding of 7. With this
arrangement, false starts are elimin-
ated and no ac power is applied to the
primary side of the transformer until
S1is momentarily closed to complete
the circuit from the ac line.

Timer current requirements are
quite small. Hence, the contact rat-
ing of SI can be 1 ampere. The con-
tact rating of K1, on the other hand,
must be hefty enough to handle any
load that may be plugged into SOI.

The secondary winding of 7' pro-
vides 12.6 volts ac to bridge rectifier
RECT!. The bridge rectifier should
have arating of not less than 50 volts.

The negative (—) terminal of
RECTI serves as ground reference
for the circuit, while the pulsating dc
at the positive (+) terminal is cou-
pled through isolating diode DI to
filter capacitor CI, which converts
the pulsating dc to pure dc. Use of DI
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Fig. 1. Complete schematic diagram of the circuitry used in the Timer.

provides isolated unfiltered dc (at the
anode) and filtered dc (at the cath-
ode). The unfiltered dc is used to
drive the circuitry that does not re-
quired filtering and minimizes the
physical size of C1.

Note that the unfiltered dc voltage
is applied to pin 1 of NAND gate
ICIA and is shown in Fig. 2(A). The
output waveform at pin 3 of ICIA is
a train of square-wave pulses with a
period of %, of a second, as shown in
Fig. 2(B). This output serves as the
system ‘‘clock.”” The period devel-
oped by this circuit arrangement is
extremely stable because it is syn-
chronized with the frequency of the
ac power line.

Cascaded 12-stage binary ripple
counters IC2 and IC3 permit the
clock signal to be divided over a
range from 21 to 224. The 220, 221
and 222 outputs are delivered to in-

put pins 5 and 6 of NAND gate /CIB
by switch sections S24 and S2B, re-
spectively. This switch is wired to
provide periods of 7.28, 9.71 and
12.13 hours, which are rounded out
to 8, 10 and 12 hours, respectively, at
output pin 2 of ICIB.

A buffered power-up one-shot
multivibrator circuit consisting of
ICIC and IC1D provide an initial re-
set signal for IC2 and IC3. The one-
shot circuit is triggered by V+. Its
period of approximately 0.1 micro-
second is determined by the values of
C2and R3.

Transistor Q! is driven by the out-
put signal at pin 4 of AND gate ICIB
through current-limiting resistor R2.
Starting the timer by pressing START
switch S/ sends Q! into saturation to
energize K/ and turn on light-emit-
ting diode LEDI. Resistor R1I serves
as a current limiter for the LED,

which turns on wheén the Timer is
started and continues to glow during
the entire countdown period. It ex-
tinguishes when the countdown peri-
od times out and K/ deenergizes.

.Diode D2 across the coilof K1 is a
protective device. It prevents Q!
from being damaged by the inductive
current spike that is generated when
power is removed from the coil and
its energy field collapses.

Construction

There is nothing critical about com-
ponent layout or/and conductor
routing. Consequently, you can use
any method of construction that suits
you to build the One-Button Digital
Timer. For example, you can design
and fabricate a printed-circuit board
on which to mount and wire together
the components. Alternatively, you
can use perforated board that has
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holes on 0.1-inch centers and suitable
Wire Wrap or soldering hardware.
Whichever way you go, though, it is
important that you use sockets for
the ICs. These are static-electricity-
sensitive devices that can easily be
damages by some soldering irons.

Begin construction by installing
the IC sockets on your pc or other
board. Then install the resistors,
bridge rectifier assembly, transistor,
diodes and capacitors. Before solder-
ing their leads into place, make cer-
tain that the rectifier, diodes and CI
are properly polarized.

Strip % inch of insulation from
both ends of 19 6-inch lengths of
stranded hookup wire. Use fairly
large gauge wires for the lines that are
to go both lugs of relay contacts K1B
and the chassis-mounted ac recepta-
cle. These should be of a gauge that
will safely handle the current drawn
by the load to be controlled. Tightly
twist together the fine conductors at
both ends of all wires and sparingly
tin with solder.

Connect and solder one end of
each of 12 these wires to the follow-
ing points on the circuit-board as-
sembly: one wire at each end of RI,
one at the toggle of S2A4, one at the
toggle of S2B, one to the point to
which pin 16 of the IC3 socket con-
nects, one to the point where pin 12
of the IC3 socket connects, two to the
point to which pin 13 of the IC3 sock-
et connects, two to the point where
pin 14 of the IC3 socket connects and
two to the junction formed by the
collector of Q7 and the anode of D2.

Crimp and solder one end of the
heavy-gauge wires to the lugs for the
normally-open K1B contacts of KI.
Then crimp and solder two of the
lighter-gauge wires to the Ki1A nor-
mally-open contacts of KI. Crimp
and solder the free end of the wire
coming from the R1/D2 junction to
one coil lug of K/ and the wire com-
ing from the D2/QI junction to the
other coil lug. Mount the relay on the
circuit-board assembly.

PARTS LIST

Semiconductors

D1,D2—1N4001 or similar 50-PIV,
1-ampere silicon power diode

IC1—CD4093 CMOS quad Schmitt-
trigger NAND gate

1C2,IC3—CD4040 12-stage ripple
counter

LED1—Red light-emitting diode

Q1—2N2222 or similar general-purpose
silicon npn transistor

RECT1—MDAI100A or similar 50-
PIV, l-ampere full-wave bridge
rectifier

Capacitors
C1—100-uF, 15-volt electrolytic
C2—0.1-uF, 35-volt ceramic disc

Resistors (}4-watt, 10% tolerance)
R1,R2—2,000 ochms
R3—1 megohm

Miscellaneous
K1—12-volt dcrelay with dpdt contacts

rated to safely handle current that
will be drawn by the device being
controlled

S1—Spst momentary-contact normally-
open pushbutton switch

S2—2-pole, 3-position rotary switch-

SO1—Chassis-mount ac receptacle
(see text)

T1-—12.6-volt, 300-mA power trans-
former
Printed-circuit board or perforated
board with holes on 0.1-inch centers
and suitable Wire Wrap or soldering
hardware (see text); sockets for ICs;
pointer-type control knob for S2;
suitable enclosure (see text); ac line
cord with plug; panel clip or rubber
grommet for LED1; rubber grommet
for ac line cord; %-inch spacers; ma-
chine hardware; stranded hookup
wire (including heavy-gauge wire for
load circuit); solder; etc.

Crimp and solder a wire to each
primary lead of T/ and insulate both
connections with heat-shrinkable
tubing. Connect and solder the sec-
ondary leads of T/ into the circuit at
the appropriate points. Then mount
the transformer on the circuit-board
assembly.

Do not wire the ac line cord,
switches or chassis-mounted ac re-
ceptacle into the circuit until after
you have machined the enclosure.

Locate one of the wires coming
from the junction formed by the col-
lector of Q7 and the anode of D2.
Slip over the free end of this wire a
1-inch length of small-diameter heat-
shrinkable tubing. Clip the cathode
lead of LEDI to % inch in length. In-
line solder the free end of the identi-
fied wire to the cathode lead of the
LED. Make this connection electri-
cally and mechanically secure.

Repeat the entire operation for the
anode lead of the LED and the wire
coming from RI. When both connec-
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tions have cooled, slide the lengths of
heat-shrinkable tubing over the con-
nections and flush against the bot-
tom of the case of the LED. Shrink
the tubing solidly into place.

Do not wire the ac line cord, chas-
sis-mounted ac receptacle or switches
into the circuit until after you have
machined the enclosure.

You can use any type of enclosure
that will accommodate the circuit-
board assembly, chassis-mounted ac
receptacle, switches and LED with-
out crowding. The lead photo shows
the author’s prototype built into a
defunct commercial appliance timer
module, which eliminated the need
for cutting an opening for the ac re-
ceptacle. If you have one of these, by
all means use it, especially since it ob-
viates the need for making the recep-
tacle opening and eliminates the need
for an ac line cord.

Machine the enclosure as needed.
That is, cut the opening for the chas-
sis-mounted ac receptacle and drill
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Fig. 2. Half-wave rectified voltage waveform (A) that appears at the + terminal
of RECTI when the project is timing out and the square-wave clock pulses (B) it
generates at output pin 3 of ICIA.

mounting holes for the circuit-board
assembly, LED and two switches. Al-
so drill a hole for entry of the ac line
cord. Make the hole for the LED
large enough to accommodate a pan-
el clip or small rubber grommet. If
you are using a metal enclosure or
have drilled any holes through or cut
the slot for the receptacle in a metal

Fig. 3. Interior view of author’s prototype showing perforated-board construc-
tion inside a commercial appliance timer.

Say You Saw It In Modern Electronics

panel, deburr all cut edges and line
the hole for the ac line cord with a
rubber grommet.

Route the line cord into the enclo-
sure and tie a strain-relieving knot in
it about 5 inches from the free end in-
side the enclosure. Tightly twist to-
gether the fine wires at the ends of
both conductors and sparingly tin

with solder. Crimp but do not solder
one conductor to one lug of the push-
button switch and the other conduc-
tor to one lug of the receptacle. Lo-
cate one of the leads of the primary of
T and crimp and solder the free end
of it to the same receptacle lug as the
line cord is crimped.

Crimp the free ends of one wire
coming from the K1A and K1B lugs of
K1tothe same lug of S7 to which the
ac line cord is crimped. Solder the
connection. Next, crimp and solder
the free end of the other K1B wire to
the unoccupied lug of SOI. Then
crimp and solder the free ends of the
remaining 7/ primary and K1A wires
to the unoccupied lug of S1.

Carefully examine the switch you
will be using for S2 to identify its tog-
gle lugs and its position-lug se-
quence. Crimp and solder the free
ends of the wires coming from pins 5
and 6 of the ICI socket to the S2A4
and S2B toggle lugs, respectively.
Then crimp and solder the free ends
of the wires coming from pins 12, 13,
14 and 16 of the IC3 socket to the po-
sition lugs of the switch as illustrated
in Fig. 1.

Before proceeding to final assem-
bly, use a dry-transfer lettering kit or
tape labeler to label the switches and
LED (see lead photo). If you use the
former, protect the lettering with two
or more light coats of clear acrylic
spray. Allow each coat to dry before
spraying on the next.

Before proceeding to final assem-
bly, check all component installa-
tions for proper value or type and
orientation. Carefully check all wir-
ing, especially wherever ac line power
will appear in the circuit. Then care-
fully examine all soldered connec-
tions. If you missed any connection,
solder it. If you find a connection
that appears to be suspicious, reflow
the solder on it and add solder if
needed. If you locate any solder
bridges, use desoldering braid or a
vacuum-type desoldering tool to re-
move them. Do not proceed to final

(Continued on page 82)
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Project

An Infrared Detector

Simple tester gives visible indication of whether or not
invisible infrared energy from, say, a hand-held
remote controller is being generated

By Jeff Orthober

ave you ever had to check
out the hand-held infrared
remote-control transmitter

for your TV/VCR/audio system to
determine if it was working? Or have
you been experimenting with infra-
red and need a device that will let you
know if your IR emitter is actually
emitting? As you know, you can’t
exactly look into a powered infrared
emitter to see the radiation it’s emit-
ting because it’s invisible to the hu-
man eye.

Here’s a “‘tool’’ you can put to-
gether in about 10 minutes that will
let you check out the invisible signal.
It’s a simple five-component Infra-
red Detector that ‘‘sees’’ infrared en-
ergy. When it does detect infrared
energy, it turns on a light-emitting
diode to let you know that the device
being tested is operating.

Circuit Operation &
Construction

Refer to the schematic diagram of
this simple project’s circuit during
the following explanation. The proj-
ect is built around Motorola’s MRD-
750 infrared detector chip, shown
here as IC1. This device has a built-in
detector element and Schmitt-trigger
logic output that lights LEDI when-
ever it detects the presence of infra-
red energy.

As you can see, the MRD750 has

l Vs R1
S1 220 &Y LED1
POWER : (see text)
IC1
MRD750 ' fourrut
2
B1 _; GROUND
oV [
PARTS LIST

B1—9-volt battery

IC1—MRD750 infrared detector with
logic output

LEDI1—Jumbo light-emitting diode

R1—220-ohm, Y-watt resistor (value
not critical—see text)

S1—Spst slide or toggle switch

Misc.—perforated board and suitable
hardware or solderless breadboard-

ing socket (see text); suitable enclo-
sure (see text); battery snap connec-
tor for B1; hookup wire; solder; etc.

Note: The following items are available from
JL Electronics, 43 White Plains Dr.,
Nashua, NH 03062: MDR750 detector,
$3 or two for $5; complete kit of parts
(does not include power switch or enclo-
sure), $10.

Complete schematic diagram of the simplecircuitry that makes up the In-
Sfrared Detector.

only three pins, one each for power,
ground reference and output. When
ICI does not detect IR energy, its
OUTPUT pin is in the tri-state condi-
tion and R/ serves as a pull-up resis-
tor. Now when ICI does detect the
presence of IR radiation, its output
goesto alogiclow. Thisallows LED!
to turn on, providing you with an in-
visible indication of the presence of
the IR energy.

The value of R1 is really not im-

portant. Though 220 ohms is speci-
fied on the schematic and in the Parts
List as a commonly available value
that can be used for RI, the value of
this resistor can be anywhere within
the range from 50 to 1,000 ohms.

Power for the circuit is supplied by
B1, a 9-volt battery. It is switched in
and out of the circuit via SI.

This circuit is so simple that it can
easily be assembled and wired togeth-
er in just a few minutes on perforated
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board with suitable hardware or even
on a small solderless breadboarding
socket. You may wish to house it in
an enclosure. If you do, make sure to
use an enclosure that will accommo-
date the circuitry and battery without
crowding. Also, make sure that the
IC has a clear, unobstructed view to
the outside and that you mount the
LED in a location where it will easily
be seen by you.

Tousethe Infrared Detector, place
the sensor window on IC/ so that is
directly in line with and 2 inches or | ]
less from the source of the IR radia-
tion. Flip on power to the project and

402
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How to Detect Ultraviolet, Visible Light and
Infrared Radiation

By Forrest M. Mims III trum that are visible to the human eye. By regions. Wavelengths out to 1.5 micro-
this definition, light is restricted to the meters make up the near-infrared spec-
wavelengths that form the colors of the trum. Wavelengths between 1.51 and 6
rainbow. These wavelengths are usually micrometers make up the middle-infra-

Even though many different kinds of
light detectors are available, most of us
routinely use only phototransistors and

. o said to range from about 380, nanome- red region. Finally, wavelengths between
p'hotoresmtc‘)rs for t‘he ‘majorlty' of our ters on the blue end to about 780 nanome- 6 and 1,000 micrometers are perceived as
llght-detectlc?n apphc.atlons. This leaves ters on the red end of the spectrum. heat by the human body. (A// electromag-
out many kinds of light detectors that Actually, the boundaries that separate netic radiation causes at least some in-
may »‘vo'rk muc‘h better. ) visible and invisible light are rather fuzzy. crease in the temperature of objects it

Thls Sl f1rst‘of several columns In Depending on the intensity of the light strikes. More about this later.)
WhICh, I plan to mtroducq each of the and its contrast with the background, Shown in Fig. 1 are the relationships of
most-lmpf)rtant classes of light defectors many people can see beyond 380 nanome- ultraviolet, visible and infrared radiation
and describe ho'w tl?ey are used. I'll al'so ters on the blue end of the spectrum and to the remainder of the electromagnetic
pre§ent el c1rcu1t§ you can try Wlt,h beyond 780 nanometers on the red end. spectrum. Often, the definition of light is
VLR detec.tors. F”St_’ ‘how‘ever, let’s For example, most people can easily see extended to include some or all of the ul-
devo.te e tlme‘to defmmg light and to the 780-nanometer radiation emitted by traviolet and infrared wavelengths.
looking at the first h,ght .detector 'and the diode laser in a compact-disc player. Many kinds of light detectors can detect
some of the mar‘ly apphcatlons.that light People who have had the lens of an eye wavelengths across the ultraviolet/visible
detectors have since made possible. removed during cataract surgery can see or visible/infrared regions of the spec-
down to 320 nanometers. trum. Therefore, for the purpose of this
. s Invisible electromagnetic radiation be- column, the broader definition of light
ng ht Def ined tween 200 nanometers and the lower limit will be used.

Thereisn’tenough space here toincludea of visible blue light is called the ultravio-
full discussion about the physics of the let spectrum. Sometimes, ultraviolet ra- Blackbody Radiation

nature of light. But it is important to de- diation is called ‘“black light.”’
fine which wavelengths of the electro- Invisible electromagnetic radiation be- Electromagnetic radiation is emitted by
magnetic spectrum are generally consid- yond visible red light and out to 1,000 mi- any object whose temperature is greater
ered to be light. crometers is known as the infrared spec- than that of absolute zero (0 degree Kel-
Light is usually considered to be those trum. Since the infrared spectrum is so vin or —273.18 degrees Celsius). This is
wavelengths of the electromagnetic spec- wide, it’s usually subdivided into three known as ‘‘blackbody radiation.”’ Since
Nm = NANOMETER (lawm T.000000001 METER)
VIOLET YELW ow NEAR INERARED M = MICROMETER (1 m =.000001 METER)
wim = MILLEMETER (1wmwm 3,001 METER)
BLUE GREEN | ORANGE  RED w T METER (1w = 3437 INCRES)
Km = KILOMETER (1Kkwm = 1,000 METERS)
! AR Py
T T T
Ho0nm S00nm  b60Onm 700 hm 800 nm fe———— RADIO WAVES —>
~~ — r
e—————— VISIBLE LIGHT ; T z Y
v =) > 2 L
= . =y .7 3 .
w a >
w b W < . R e *T
> Q o 3 =4 A Z 2 & 3
< Y < N o v Ty v £
o L — > o o —>e L@ > & e 2
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Fig. 1. The electromagnetic spectrum.
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Fig. 2. Peak spectral existence of a blackbody at various temperatures.

nothing is known to be at a temperature
of absolute zero, everything is a black-
body radiator.

The peak wavelength of the blackbody
radiation emitted by an object is directly
related to the temperature of that object.
The blackbody radiation of an object
whose temperature is less than about
1,725 degrees Celsius falls predominantly
in the infrared portion of the spectrum.
While the page you are reading is an ex-
cellent reflector of visible light, it is much
too cool to emit visible blackbody radia-
tion. If this page is at room temperature
(300 degrees Kelvin), it’s emitting black-
body radiation that has a peak wave-
length of around 9.66 micrometers.

The peak spectral wavelength emitted
by a blackbody at a given temperature is
given by Wien’s displacement law, which
states that Wavelength = 2,898/temper-
ature in degrees Kelvin. For example, if
your body temperature is 310 degrees
Kelvin, the peak blackbody radiation
emitted by it has a wavelength of 2,898/

310 degrees, or 9.35 micrometers. Since
the temperature at the surface of your
skin is is actually less than 310 degrees
Kelvin, your blackbody radiation is
somewhat greater than 9.35 micrometers.

Graphed in Fig. 2 is the radiation emit-
ted by a blackbody at a range of tempera-
tures. The curve for a blackbody at 6,000
degrees Kelvin approximates the radia-
tion from the sun outside the Earth’s at-
mosphere. The straight line that connects
the peak emission wavelengths follows
Wien’s displacement law.

Wien’s displacement law works both
ways. For example, if the peak spectral
wavelength of a glowing ladle of molten
metal can be measured, the temperature
of the metal can be calculated using
Wien’s displacement law. The same pro-
cedure can be used to determine the tem-
perature of the filament in an incandes-
cent lamp when current is flowing
through it. The color temperature of the
light source is the temperature at which a
hot blackbody must be maintained to

preduce a spectrum of light that matches
that of the light source.

First Light Detector

According to Genesis, God invented both
light and the first light detectors. Biologi-
cal light detectors remained the only ones
available until 1873. In that year, Wil-
loughby Smith was working with multi-
ple-megohm resistors made from crystal-
line selenium that he had designed to test
a submerged transoceanic cable. His as-
sistant, a Mr. May, discovered that the
resistance of the selenium resistors was
greatly reduced when the devices were ex-
posed to sunlight.

Smith performed some experiments
with selenium light detectors and his re-
sults created great interest in scientific
circles. Soon, other scientists confirmed
what May and Smith had discovered.
Within a few years, it was learned that se-
lenium was most sensitive to greenish-
yellow light and that a selenium detector
could function as a sun-powered battery.

Early experiments with selenium light
detectors were performed by connecting
the detector in series with a battery and a
galvanometer. In 1878, Alexander Gra-
ham Bell proposed substituting a tele-
phone receiver for the galvanometer so
that changes in light intensity could be
converted into audible sound. The even-
tual result was his invention of the photo-
phone, the first lightwave communica-
tion system.

Applications

Circuits that detect light have become in-
creasingly important in electronics. Most
cameras include built-in light sensors. At
the receiving end of every infrared re-
mote-control unit is a detector. Night
lights and security lights are switched on
and off by alight sensor. Many telephone
conversations are transformed into
flashes of light that are sent though opti-
cal fibers and received by sensitive light
detectors. Sensitive detectors connected
to fiber-optic sensors detect liquid level,
particles displacement and vibration.
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Light detectors are used to detect fire,
match colors and measure ultraviolet ra-
diation. They are used to receive the
beams of lasers and LEDs in break-beam
intrusion-detection systems. Light detec-
torsread the bar codes onlabels, and they
detect the laser beam deflected from the
surfaces of compact discs.

Many new applications are made pos-
sible by placing two light detectors side by
side in the same case or package. This
forms what is known as a dual detector.
In a typical application, each half of the
detector is connected to one input of a
difference amplifier and the dual detec-
tor package is placed at the focal point of
a lens or parabolic reflector.

Normally, as shown in Fig. 3, both de-
tectorsreceive the same amount of illumi-
nation; hence, the output of the two de-
tectors is balanced. If something that al-
ters the amount of light being received by
one half of the dual detector moves
across the field of view of the detector,
one detector will generate a greater out-
put than the other. When this occurs, a
voltage appears at the output of the dif-
ference amplifier.

Dual detectors are especially useful for
detecting the flickering flames of a fire.
They’re also widely used to detect moving
objects and even people and animals. All
these applications are possible by using
detectors that respond primarily to either
visible light or to infrared radiation.

The above are only some of the many
—almost limitless number of—applica-
tions for light detectors. I haven’t even
listed applications for position-sensitive
detectors, detector arrays and image de-
tectors used in television cameras.

Detector Specifications

Light detectors can be characterized by
many different specifications. The most
important of these are response time, sen-
sitivity and noise.

Many applications can tolerate very-
slow response times. Who cares, for ex-
ample, if a night light switches onin a few
milliseconds or a few nanoseconds? Pho-
toresistors are very slow to respond, but
their excellent sensitivity makes them an

DuaL
DETECTOR
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Fig. 3. These drawings show how a dual detector detects a moving radiation source.

ideal choice for this application.

Other applications require very-fast re-
sponse times. Optical-fiber communica-
tion systems are a good example, since
most such systems transform voice sig-
nals into pulses of light. Semiconductor
junction photodiodes have a very-fast re-
sponse time, making them ideally suited
to this application.

Generally speaking, junction detectors
with a small active surface are faster than
those with a large active surface. This is
because smaller detectors have less junc-
tion capacitance than do larger detectors.

The sensitivity of a detector is a mea-
sure of how well it responds to light at a
particular wavelength. For example, a
typical silicon photodiode has a sensitivi-
ty of about 0.5 ampere per watt to light
that has a wavelength of about 900 nan-
ometers. In other words, a photodiode
that has this sensitivity will generate a
current of about 0.5 milliampere when it
is illuminated by 1.0 milliwatt of radia-
tion at a wavelength of 900 nanometers.

Sensitivity of some detectors varies
with previous exposures to light. For ex-
ample, the resistance of a photoresistor
varies with the light striking the active
surface. After the light source is re-
moved, the photoresistor’s resistance
may not return completely to its normal
or dark value for some time. Thisis called
the ““light-history’’ or “‘memory’’ effect.

Like diodes and resistors, light detec-
tors generate internal noise. The noise of
a light detector is often specified in terms
of noise equivalent power or NEP. The
NEP of a detector is the level of light that
matches the detector’s inherent noise lev-
el. In terms of signal-to-noise ratio, a de-
tector’s NEP is that level of light that
gives an SNR (S/N ratio) of 1.

Keep in mind that detector specifica-
tions apply to the detector as it is pur-
chased. For example, so-called blue-en-
hanced silicon photodiodes can be used
to detect ultraviolet radiation. But ultra-
violet radiation is highly attenuated by
most kinds of glass and plastic. There-
fore, the detector will not meet its specifi-
cations if it is placed behind a window or
lens that does not transmit the ultraviolet.

The dozens of different types of light
detectors can be divided into two broad
categories: thermal detectors and photo-
detectors. Thermal detectors indirectly
detect the presence of light by measuring
either the temperature increase or some
effect of the temperature increase that oc-
curs when light strikes a temperature-sen-
sitive element. Photodetectors detect
light directly by the photoelectric effect.

There are many differences between
thermal and photoelectric detectors, but
the most important is spectral response.
Thermal detectors have a spectral re-
sponse that is virtually flat from the deep
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ultraviolet to the far infrared. Photoelec-
tric detectors, on the other hand, have a
much narrower spectral response.

Thermal Detectors

Since thermal detectors respond to a tem-
perature increase, a common misconcep-
tion it that they detect only infrared radi-
ation. Actually, as noted above, thermal
detectors can detect ultraviolet and vis-
ible wavelengths as well, because all
wavelengths of light can cause a tempera-
ture increase. That’s why the blue-green
beam from an argon laser I was once us-
ing virtually instantly ignited a black
cloth that shielded some equipment from
ambient light.

The temperature-sensitive resistor or
bolometer was among the first thermal
detectors. The thermistor is a semicon-
ductor bolometer.

A thermopneumatic or Golay cell is a
small gas-filled chamber. A thin film on
one wall of the chamber bulges outward
when the internal gas expands on being
warmed by optical or IR radiation. Dis-
placement of the filmis detected by a sim-
ple interferometric technique in which
Newton’s rings are formed.

In 1938, an array of 61 thermopneu-
matic cells was used to detect aircraft
more than 20 kilometers away. The cells
were mounted at the focal point of a 1.5-
meter military searchlight mirror. A sin-
gle cell could detect an aircraft. Move-
ment of the aircraft could be detected
while observing changes in the Newton’s
rings on the individual detectors.

Another early kind of thermal detector
isthethermocouple, whichis the junction
of two dissimilar metals that produce a
voltage when heated. The thermopile is
an array of thermocouples that provides
more output voltage than is possible with
a single thermocouple.

Finally, there is the pyroelectric ther-
mal detector. One such detector is made
from lithium tantalate, an asymmetrical,
non-conducting crystal. Electrodes are
applied to both sides of the crystal to
form a capacitor. The internal electrical
field of the crystal appears across the
electrodes of the capacitor. When the
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crystal is illuminated, the charge on the
capacitor is almost instantly altered.

Besides lithium tantalate, pyroelectric
detectors are made from ceramics like
lead zirconate titanate. They are also
made from piezoelectric film.

Comparisons

Thermopiles and pyroelectric detectors
are by far the most important kinds of
thermal detectors. Miniature thermo-
piles, which can be purchased for as little
as $50, are several times more expensive
than some inexpensive pyroelectric detec-
tors. On the other hand, thermopiles are
much easier to use. Since they generate a
voltage, they can be used with simple
high-gain op-amp circuitry.

Since pyroelectric detectors are elec-
trically equivalent to tiny capacitors, they
must be connected to FET-input amplifi-
ers that have a very-high input impe-
dance. Otherwise, the minuscule charge
on the detector will be drained away be-
fore it can be measured.

Pyroelectric detectors are very sensi-
tive and have a much faster response time
than thermopiles. But it’s important that
you realize that pyroelectric detectors re-
spond only to changes in incident radia-
tion. Thermopiles, on the other hand,
generate a continuous output current
when illuminated by a light source.

What does the foregoing mean in prac-
tice? Shine a flashlight on a pyroelectric
detector, and it will generate an output
pulse. Remove the light, and it will gener-
ate a second pulse. Repeat this experi-
ment with a thermopile, and it will gener-
ate a continuous current for the entire
time it is illuminated.

Pyroelectric detectors can easily detect
moving sources of ultraviolet, visible-
light or infrared radiation if the detector
is placed at the focal point of a lens or re-
flector. For steady sources that do not
move, a chopper wheel can interrupt the
radiation that strikes the detector.

As noted above, the spectral response
of thermal detectors is virtually flat.
That’s because their spectral response is
dependent solely on the absorption prop-
erties of the black soot or paint used to
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Fig. 4. A sensitive thermal detector made with thermistors.

coat the detector’s active surface. The
spectral response can be changed by using
filters or different kinds of window ma-
terials that double as filters.

Potassium bromide (KBr), a common
window material for thermal detectors,
has excellent transmission properties
from the ultraviolet out to beyond 35 mi-
crometers. Quartz or silica is used when
ultraviolet and visible wavelengths are
being detected. Germanium is used to
block these wavelengths in favor of a
band between 2 and around 20 microme-
ters. The infrared energy emitted by you
and me peaks at around 10 micrometers,
thereby making germanium a suitable
window material when human beings are
being detected.

Both pyroelectric and thermopile de-
tectors are available with either single or
dual elements for detection of flickering
flames or moving objects, as above.

Briefly reviewing, the two outputs
from the dual detector are connected to
the inputs of a difference amplifier, and
the detector is placed at the focal point of
a lens or mirror. When both elements are
equally illuminated, the output of the

P SN e

amplifier is zero. When one element re-
ceives more radiation than the other
does, the output of the amplifier swings
positive or negative. The direction of out-
put swing is determined by which element
is warmer than the other.

Experimenting With
Thermistor Detectors

I described thermistors in some detail in
my May 1989 ‘‘Electronics Notebook”’
column. The main emphasis of that col-
umn was the use of thermistors as indica-
tors of temperature change. Several ap-
plication circuits were provided.

You can make a simple thermistor de-
tector from a blackened thermistor by at-
taching a thermistor to a small piece of
metal that is coated with soot or black
paint. While this arrangement will detect
light, it will also respond to changes in the
temperature of the surrounding air.
Therefore, it must be used when the tem-
perature of the surrounding air is very
stable. Alternatively, or it must be shield-
ed from air currents.

You can greatly increase the sensitivity
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Fig. 5. A precision amplifier for a miniature thermopile.

of athermistor by mounting it at the focal
point of a flashlight reflector. You can
prevent air currents from producing false
signals by covering the reflector with a
polyethylene film, which is a good trans-
mitter of infrared radiation.

Temperature effects can be canceled
out by using two thermistors, one of
which is shielded from the light being
measured. The outputs from the sensors
then go to a difference amplifier.

Figure 4, for example, shows one way
to connect two thermistors to adifference
amplifier. The thermistors are Radio
Shack Cat. No. 271-110 devices. This
readily available thermistor has a resis-
tance that ranges from 329.2 kilohms at
—50degrees Celsiusto 758 ohms at + 110
degrees Celsius. Many other thermistors
will also work in this circuit.

I used an OP-07 precision operational
amplifier for the Fig. 4 circuit, but other
high-quality op amps will work equally
well. Connect the amplifier’s output to
an analog multimeter set for a full-scale
indication of a few volts or so. Feedback
resistor R3 should have a resistance of
about 20,000 to 30,000 ohms for initial
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tests. Adjust the OFFSET CONTROL so that
the meter’s pointer is near the middle of
the scale. The pointer will move toward
the positive end of the scale when you
touch thermistor 77 and to the negative
end when you touch thermistor 72.

You can increase the sensitivity of the
Fig. 4 circuit by increasing the value of
R3. First, place a short piece of clear plas-
tic tubing over the two thermistors to
keep away stray air currents. Then adjust
the value of R3. The meter’s pointer will
tend to swing wildly when you adjust the
OFFSET CONTROL. Therefore, use a high
meter range setting at first to avoid dam-
aging the analog movement.

When you finally balance the circuit, it
will be extremely sensitive. Pointing the
1-milliwatt beam from a helium-neon las-
er at one thermistor will cause a pointer
deflection of tens of millivolts. A flash-
light will cause a much greater deflection.

Experimenting With
Thermopile Detectors

You can perform many interesting exper-
iments in ultraviolet, visible-light and in-
frared detection with a thermopile detec-
tor. If your budget is limited, you can at-
tempt to make your own thermocouple
from two dissimilar metal wires. Ther-
mocouple wire is available from many
sources. The Electronic Goldmine (P.O.

Box 5408, Scottsdale, AZ 85261) sells a
2-inch length of thermocouple wire for 49
cents (specify Cat. No. 52009). Omega
Engineering, Inc. (P.O. Box 2669, Stam-
ford, CT 06906) stocks every imaginable
kind of thermocouple and raw thermo-
couple wire.

If you can spare around $50, your best
bet is to purchase a miniature thermopile
detector. Dexter Research Center, Inc.
(7300 Huron River Dr., Dexter, MI
48130) is a major manufacturer of ther-
mopile detectors. The company makes a
dozen or so single- and dual-element mul-
ti-junction detectors, most of which are
priced at $50 or $60 each. Optional win-
dow materials and filters are available for
an additional $4 to $10.

While I have not yet experimented with
a miniature thermopile detector made by
Dexter Research, I have worked with a
Model C1 miniature thermopile made by
Sensors, Inc. Unfortunately, this com-
pany no longer makes miniature thermo-
pile detectors, but the Model C1’s design
and specifications are similar to those of
some of the thermopiles made by Dexter
Research.

The Model C1 thermopile features 12
miniature thermocouples deposited on a
substrate and connected together to form
a thermopile. The active region of the
thermopile is coated with black paint or
soot and is installed in a TO-5 transistor

case. The case is fitted with a.potassium
bremide window that transmits optical
wavelengths ranging from 250 nanome-
ters in the ultraviolet to more than 35 mi-
crometers in the infrared.

Thermopiles made by Dexter Research
that have specifications similar to those
of the Model C1 include the Model M5
with 10 junctions and the Model 1M with
15 junctions.

Figure 5 is adapted from a circuit rec-
ommended by Dexter Research for am-
plifying the signal from its thermopile de-
tectors. You can use a common 741 op
amp in this circuit, but you’ll obtain sub-
stantially better results with the recom-
mended 725 instrumentation-grade oper-
ational amplifier.

Figure 6 is a simpler circuit I’ve used
with the Model C1 thermopile. This cir-
cuit gives an output of a few tenths of a
volt when a hand is moved within 6inches
or so of the thermopile. Much greater
output signals are given when the detec-
tor is illuminated by a small penlight or
powered light-emitting diode.

Since the spectral response of this de-
tector is almost flat, it’s interesting to
compare the output voltage given by vari-
ous sources of ultraviolet, visible-light
and infrared radiation. Try a candle
flame, sunlight, a hot soldering iron, a
xenon strobe light and various LEDs.

When using the Fig. 6 circuit, keep in
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Fig. 6. A low-power amplifier for a miniature thermopile. Fig. 7. A high-impedance amplifier for Kynar™ pyroelectric film.
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mind that it is powered by a single-polar-
ity supply. This means that the OFFSET
CONTROL should be adjusted to give a
small output from the amplifier when the
thermopile isn’t being irradiated. Other-
wise, temperature changes that cause the
output of the detector and the op amp to
drift may force the output to zero even
when the detector is receiving a signal.

You’ll have much better results observing.

the detector’s response if you connect the
output of the op amp to a multimeter
with an analog meter movement than to
one that has a digital numeric display.
The TLC271 op amp in the Fig. 6 cir-
cuit will also work with a dual-polarity
power supply. For full details, see the
Texas Instruments TLC271 data sheet.
Incidentally, the TLC721 is a CMOS
op amp with a very high input impe-
dance. Therefore, be sure to use safe
MOS handling procedures when using it.

You can use other kinds of CMOS op
amps in this circuit as long as you revise
the pin connections as necessary.

Experimenting With
Pyroelectric Detectors

I described pyroelectric detectors in de-
tail in the July 1987 ‘“Electronics Note-
book.”” That column included several
tested circuits for lithium tantalate detec-
tors made by Eltec Instruments, Inc.
(P.O. Box 9610, Daytona Beach, FL
32020-9610). The circuits described in
that column can also be used with ceram-
ic pyroelectric detectors like those made
by Amperex Electronic Corp. (George
Washington Hwy., Smithfield, R102917).

I didn’t cover plastic-film pyroelectric
detectors in the July 1987 column. Ky-
nar™ plastic piezoelectric film is the
best-known pyroelectric plastic film. It’s
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manufactured by Pennwalt Corp. (Kynar
Piezo Film Dept., P.O. Box 799, Valley
Forge, PA 19482). You can purchase a
Kynar film kit from Edmund Scientific
Co. (101 E. Gloucester Pike, Barrington,
NJ 08007-1380).

You can easily make a large-area pyro-
electric detector by connecting piece of
metalized Kynar film to a high-input-im-
pedance amplifier, such as shown in Fig.
7. Though I used a TLC721 CMOS op
amp in this circuit, any high-input-impe-
dance CMOS-type op amp should work.

For test purposes, connect the output
of the amplifier to an analog-type multi-
meter that is set for a full-scale reading of
1 volt or less. As with the Fig. 6 circuit, be
sure to adjust the OFFSET CONTROL to
give a small output voltage at all times.

The Kynar film element I used mea-
sures approximately % X 1% inches.
Therefore, its capacitance is considerably
greater than that of miniature lithium
tantalate and ceramic pyroelectric detec-
tors. This greater capacitance slows
down the detector’s response time to as
much as 1 second or so. If you place your
hand near the detector, the output volt-
age will slowly increase by 20 or 30 milli-
volts, pause and then slowly begin to de-
cline. The detector will also respond to
the light from a flashlight or LED.

Going Further

Application circuits given here are only a
hint of what can be done to process the
signals from the various kinds of thermal
detectors. For example, you can make a
threshold alarm by connecting a compar-
ator to the output of a detector amplifier.
For monitoring the output of a detector
1in the dark, you can connect a LED bar-
graph display to the output of a detector
amplifier. You can greatly increase the
output of the thermal detectors by using
them in conjunction with various kinds
of lenses and reflectors.

Be sure to tune in next month to ““Elec-
tronics Notebook,” when I’'ll continue
this discussion of detectors with a de-
tailed look at phototubes, photodiodes,
phototransistors and other photoelectric
detectors. AE
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An ISDN Communications Controller, a Dedicated
Motion Controller, a Micro-Power Comparator,
and a Ground Fault Interrupter

By Joseph Desposito

National Semiconductor (2900 Semicon-
ductor Dr., Santa Clara, CA 95052), a
company committed to establishing a
leadership position in the Integrated Ser-
vices Digital Network (ISDN) market-
place, has announced a chip optimized
for communications control. The com-
pany’s new 16-bit HPC16400 Communi-
cations Controller implements all Lay-
er-2 and Layer-3 functions of the ISDN
specification in a highly integrated, flexi-
ble system.

Though optimized for ISDN applica-

tions, the HPC16400 is capable of ad-
dressing a wide range of additional infor-
mation control applications, including
data storage, document imaging, and
data communications.

A member of National’s 16-bit HPC
(High-Performance  microController)
family, the HPC16400 shares a common
core CPU, with unique memory and 170
configurations suitable for specific appli-
cations (see Fig. 1). The HPC16400 con-
tains two High-level Data Link Control
(HDLC) channels that serve as transceiv-
ers for the communications channels de-
fined in the ISDN Basic Rate Interface

(BRI). The HDLC circuitry implements
proper frame sequencing and control, er-
ror detection and retransmission, and ad-
dress recognition. The channels can sus-
tain continuous HDLC data rates as high
as 4.6 Mb/s, making them suitable for
proprietary high-speed networks, as well
as ISDN applications.

A 4-channel DMA controller acts as an
interface to external data RAM, enabling
the HPC16400 to exploit the speed of the
HDLC channels. Bus requests are initiat-
ed automatically and completed by the
controller without further intervention
after initial CPU acknowledgment.
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Fig. 1. National Semiconductor’s 16-bit HPC16400 High-Performance microCor:troller hasacommon core CPU and unique memory
and I/0 configurations suitable for specific applications.
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Fig. 2. The LM628 motion-control processor governs the position, velocity and accelera-
tion, rates of servo mechanisms. The LM628 evaluation board is shown in Jfront of the
video monitor in this photo.

A programmable serial interface de-
coder allows the two HDLC channels to
be used with devices employing inter-chip
serial links for point-to-point and multi-
point data exchanges. The decoder gener-
ates Enable signals for the HDLC chan-
nels, allowing multiplexed D- and B-
channel data to be accessed.

A full-duplex programmable UART
facilitates communications between the
HPC16400 and other on-board control-
lers. The UART includes a program-
mable baud-rate generator, allowing de-
signers to select industry-standard baud
rates regardless of crystal frequency.
This ensures that the system can be oper-
ated from a single crystal.

The HPC16400 uses several register
sets to simplify packet management, thus
increasing the efficiency of data trans-
mission and storage. The device’s 256
bytes of RAM store user-variable data
packets. A multiplexed bus to external
memory provides direct addressing for
up to 64 kilobytes of memory, while addi-
tional control outputs are available for
up to 544 kilobytes of memory.

A number of extra pins and National’s
MICROWIRE/PLUS serial data expan-
sion interface help to implement