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8 New Meters 8§80 d Fashloned Values.

Introducing Fluke's 70 Series Il, next-
generation multimeters that meet the
increasing demands of your job and your
budget.

Consider. At the top of the line, the new Fluke
79 and 29 deliver more high-performance
features — capacitance, frequency, a fast 63-
segment bar graph,Lo-Ohms range, Smooth-
ing™ faster ranges — than DMMs costing
much more.

At the entry level, the new model 70, Fluke's
towest-priced DMM ever, delivers unparalleled
Fluke quality at a price comparable to "dispos-
able" meters.

And in between are all the models that have
made the 70 Series the most popular DMM
family in the world — updated, refined and
delivering even more value than ever.

"BASICS" REDEFINED

No matter which 70 Series Il you choose, you
get simple, one-handed operation. High
resolution. And built-in, go anywhere reliability.

Automatic Touch Hold® — standard on every
model — locks the reading on the display and
signals you with a beep, automatically updating
for each new measurement without a reset.
Leaving you free to concentrate on your work,
not on your meter.

YOUR BEST CHOICE

Best of all, every 70 Series Il is a Fluke, backed
by a worldwide service network and an industry-
leading 3 year warranty.

So the next time you're in the market for a new
meter, ask for the one that guarantees old-
fashioned value. Fluke 70 Series II. For more
information call 1-800-6789-LIT. Or call
1-800-44-FLUKE, ext 33 for the name of your
nearest Fluke distributor.

CIRCLE 121 ON FREE INFORMATION CARD

Fluke 79 Series il & 29 Series |l
$185°

4000 Count Digitaf Display (9999 in Hz & 4¢
63 segment Analog Bar Graph

0.3% Basic DC Voltage Accuracy
Automatic Touch Hold®

Diode Test, Audible Continuity Beeper
Autoranging, Manual Rangmg

Holster with Flex Stand ™

Frequency Counter to over 20 kHz
Capacitance 10 pF to 9999uF

Lo-Ohms Range with Zero Calibration
Smoothing ™

700 Hours Battery Life (alkaling)

3 year Warranty

79/77/75/73/70 for measurements to 4800 V-A
29/23/21 for higher energy measurements
“Fluke 70 Series !l suggested U.S.list prices range from $69 to $185.

ohn Fluke Mig Inc. PO Box 9030 M/S 250F Everett, WA 98206 U S . 206-356-5400
Canada 416-890-7600 Other Countries 206-356-5500 © Copyright 1991 John Fluke Mig
Co..Inc Al nghts reserved. Ad no 00091 Prices and specifications subject fo change

without notice
FLUKE.
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ON THE GOVER

Digital storage oscilloscopes
sold in today’s market come in such
a wide range of features and price
tags that it's hard to determine what
best suits your needs, while still fit-
L. tingyourbudget. We'llhelp youmake
[N GINE - 83 that decision by taking the guess-

T work out of deciphering such impor-
tant terms as digital bandwidth,
sampling rate, A/D conversion
techniques, resolution, and accuracy
ofthese unique instruments. Youcan
use our information to find out what
type of DSO is best for your testing
needs. You'll also find a rundown of
20-500 MHz DSO's currently avail-
able in the market place in a com-
prehensive chart on page 38. Turn to
page 31 and dare to venture into the
world of DSO’s!

THE DECEMBER ISSUE
GOES ON SALE
NOVEMBER 5

BUILD AN ENERGY CONSUMPTION METER
Keep tabs on how much your appliances cost to run.

BUILD A HARMONIC DISTORTION ANALYZER
Use your DMM as a display.

ELECTROMAGNETIC THEORY
We look at changing magnetic and electric fields.

BUILD THE BATTERY TOOL
Use your Ni-Cd batteries to the maximum efficiency.

VIDEO CAPTURE ON THE CHEAP
$99 video capture works through a PC'’s parallel port.

As a service to readers, RADIO-ELECTRONICS publishes available plans or information relating to newsworthy products,
techniques and scientific and technological developments. Because of possible variances in the quality and condition of
materials and workmanship used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information puhlished in this magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIQ-ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or selling of any such
equipment or circuitry, and suggests that anyone interested in such projects consuit a patent attorney.
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A review of the latest happenings in electronics.

A step toward practical
superconducting electronics

A process for making high-temper-
ature superconducting devices, de-
veloped by researchers at Bellcore
(Livingston, NJ), could help pave the
way for ultra-fast telecommunica-
tions switches and powerful comput-
er circuits. The technique demon-
strates the possibility of layering
extremely thin films of superconduct-
ing and non-superconducting materi-
als by aligning atoms in a precise and
predictable way, which vastly im-
proves the critical electrical connec-
tions between the layers. According
to Bellcore scientists, the key to the
breakthrough lies in their success in
making the molecular compounds
within each layer stand up vertically
and line up end-to-end. Making the
planes perpendicular to the surface
of the chip allows for the best flow of
electrical “supercurrents’ through
the various layers.

In most conventional supercon-
ducting devices, the planes lay flat
and are stacked horizontally. The re-
sulting Josephson junctions—the
heart of superconducting elec-
tronics—suffer from two shortcom-
ings: The junctions between the
layers appear to occur randomly, and
there is little control over the location
of those junctions on a chip. That
makes them virtually impossible to

THIS EXPERIMENTAL PROTOTYPE of a
high-temperature superconducting de-
vice, developed by researchers at Bell-
core using an experimental process
called pulsed excimer laser deposition,
could be used to create new generations
of powerful computerized switches.

use in circuits requiring precisely con-
trolled electrical properties.

Bellcore's technique has shown
the possibility of making Josephson
junctions more controllable, with pos-
sible applications in IC's as high-
speed electronic devices. The next
step will be to improve the prototype
device’s properties, while uncovering
the basic physics that govern the be-
havior of junctions made from the
new superconductors.

Measuring thin-film surface
area

A highly accurate method to di-
rectly measure the surface area of
minute samples of porous, thin films
has been patented by Sandia Nation-
al Laboratories (Albuquerque, NM).
The technique, an improvement on a
decades-old method, has important
implications for the microelectronics,
optics, gas-separation, and solar-cell
industries. The use of a solid-state
sensor called a surface acoustic
wave (SAW) device, provides mea-
surements 10,000 times more sen-
sitive than existing commercial
instruments and can measure sam-
ples as small as 0.2 cm?.

The classic surface-area measure-
ment technique in use since the
1930's, known as the BET method
(for its developers, Brunauer, Em-
mett, and Teller), is based on the
premise that a porous material will
absorb nitrogen gas in measurable
quantities proportional to its surface
area. The original method involved
placing the material in a flask, weigh-
ing it, exposing it to nitrogen at its
boiling point, and them measuring the
flask again. The surface area of the
sample could them be calculated
using the weight difference and the
surface area for one molecule of ni-
trogen. The BET technique is still
used today for powders with large
surface areas, but today's BET-mea-
surement equipment cannot discern
the small weight changes that result
from materials with low total surface
ares, such as most thin films.

SAW devices use transducers

lithographically patterned on a
piezoelectric substrate to launch and
detect acoustic waves that interact
with solids, liquids, and gases on the
SAW devices surface, providing infor-
mation about the material's charac-
teristics. When exposed to nitrogen
gas, a thin film on the surface of the
SAW device absorbs nitrogen and in-
creases in mass, slowing down the
acoustic wave as it travels along the
surface. The slowing causes the os-
cillation frequency to decrease, and
that change is recorded by a frequen-
cy counter. The film is exposed to
various concentrations of nitrogen
gas to obtain the data required to
carry out the BET analysis. The SAW
device can measure a mass change
as small as 20 picogram (a picogram
is one trillionth of a gram), as com-
pared to a standard BET system,
which can only measure mass
changes of about 1 million picograms.

NARDA opposes universal
scrambling of cable signals
The National Association of Retail
Dealers of America (NARDA), in re-
sponse to reports that cable compa-
nies in some areas are applying to
local boards to be allowed to scram-
ble all stations on their systems ex-
cept those that can be picked up by
regular antennas, passed a resolution
opposing the universal scrambling of
cable signals. According to NARDA
president Ed Knodle, universal
scrambling, which would require that
all subscribers use cable-supplied
boxes to pick up both basic and pre-
mium channels, "'would render
useless our best products, such as
cable-ready TV's and VCR’s, remote
control, and all the new technologies
which give consumers enhanced vid-
eo, sound, and convenience.” Kno-
dle, referring to universal scrambling
as another way for the cable compa-
nies to generate revenues at the ex-
pense of manufacturers, retailers,
and consumers, urges retailers "to
be alert for this kind of attempt in their
communities and to be ready to com-
bat any such move.” R-E
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® Super-premium CRT's. The
next TV trend from Japan might be
the deluxe or super-premium picture
tube. Matsushita, which makes Pan-
asonic TV's, has a major hit on the
Japanese domestic market with a
tube it calls “Gao,"” which loosely
translates from the Japanese as
"king of pictures” (Radio-Elec-
tronics, September 1991). Gao is
available in Japan in 26-, 27-, 31-inch
sizes in top-of-the-line Panasonic
sets. It is scheduled to appear mo-
mentarily on the American market,
first in the 31-inch, and then the 27-
inch size. The major attribute of this
new tube is its flatter faceplate, with

front panel's light transmission on the
31-inch set has been reduced to
33.5% from Panasonic's standard
i 47.5%, and the tube's new electron

gun and drive system maintain bright-
‘ ness and result in better focus.

[t now turns out that Gao is only the
forerunner of a rash of such super
tubes. Not to be outdone, Sony has
‘introduced the "Super Trinitron™ in
{ Japan, and the company said it will be

offered in the U.S. as well. This new

tube improves on Sony's vertically flat

faceplate by sharply reducing the cur

vature of the horizontal plane. The

tube will be offered in 27- and 32-inch

versions, and Sony says that ambient
| reflections are virtually eliminated in
| the new tubes.

A third super-deluxe picture tube
was introduced in Japan at our dead-
line by Hitachi. The 27-inch version is
claimed to have a 40% flatter screen
than the same company’s conven-
tional tube. Further information on
this and other competitive entries
into the high-priced tube field are ex-
pected in the next few weeks.

H

e Widescreen programs com-
ing? Widescreen TV sets using the
16:9 ratio, as opposed to the stan-
dard 4:3, have now been introduced
in France, Germany, ltaly, and Spain.
As reported here (Radio-Elec-
tronics, October 1991), they're
headed to the U.S. under such

sharp reduction in reflections. The |

|

later, RCA. But what do you show on
them? Well, you can cut the top anc
bottom off a standard TV picture to
squeeze it into the new widescreen
proportion, or you can show some of
the few readily available letterbox
laserdiscs and videotapes. Thomson
Consumer Electronics, the parent of
RCA and GE in the U.S., has started
a campaign to convince movie com-
panies, broadcasters, and cable
companies to develop more wide-
screen programs in anticipation of the
arrival to the new sets. For the time
being, itis concentrating on the letter
box format, but it is also trying to
persuade programmers to produce
more shows in widescreen propor-
tions for conversion to upcoming for-
mats. Upcoming formats include
Advanced Compatible TV (ACTV), a
widescreen transmission system
compatible with standard broadcast-
ing, and widescreen VCR's, which
are compatible with conventional pro-
grams as well as 16:9-aspect pictures
(but not HDTV—see below). The lat-
ter has already been developed by
JVC for the European market, and an
American version will be marketed as
soon as standards can be set.

[t may or may not be the writing on
the wall, but widescreen TV receivers
suffered a setback this summer,
when introduction by Thomson in En-
gland was postponed to next year.
Among the reasons given were poor
economic climate, a disagreement in
the European community over stan-
dards for satellite broadcasting—
specifically whether and when wide-
screen broadcasting will be re-
quired—and the advisability of
waiting for the 1992 Olympics (which
will be broadcast in widescreen
HDTW) to take advantage of the best
promotional opportunities.

e HDTV VCR is set. Japanese
companies have agreed on a stan-
dard VCR for recording and playing
back high-definition pictures. To the
surprise of some, it's not digital, but
analog—a new analog system that is
incompatible with VHS but resem-

\_b_rands as JVC, Hitachi,Toshiba,and,_L bles it in some respects. Hitachi,

What's new in the fast-changing video industry.

DAVID LACHENBRUCH

Matsushita, and Sony are the ori-
| ginators of this system, which is de-
| signed for Japanese HDTV stan-

dards, but could also accommodate
| other HDTV specs. The system,

which employs no data compression,

uses half-inch metal-particle tape in a
' dustproof cassette slightly larger

than the VHS version, and can record

or play back for three hours. The sys-

five to six times the amount of infor-
mation contained in a standard NTSC
signal. However, if the United States
adopts a digital HDTV system, you
can bet there will be plenty of pres-

tem is said to be capable of storing

sure to move home video recording |

into the digital age as well.

o Multimedia confusion. Inter |

| active video, or multimedia, is the hot
new product—at least theoretically.
But it may be in for a battle of stan-
dards that will make the Beta-VHS
debacle look like a friendly debate.
For one thing, the two major consum-
er formats of 1991, Commodore’s

CDTV and Philips' CD-I, are com- |

pletely incompatible. Then there are
the multimedia systems designed as
computer peripheries, such as Intel’s
DVI, along with other incompatibles.
But in the end, consumer multi-
media may derive from video games,
although there's plenty of confusion
there, too. Although Philips will con-
vert some of the hottest Nintendo
games to CD-|, and Nintendo will de-
sign some more for the system,
Sony—as we reported here—will be
introducing its own CD-ROM based
multimedia game format called Super
| Disc—incompatible with everything
else, of course. Meanwhile, Sega
and JVC have signed an agreement
for a console combining a CD-ROM

player with Sega's Genesis video |

game. NEC has been marketing a
CD-ROM player for its TurboGrafX
video game and will soon market a
combination player. One software de-
~veloper said he has already counted
12 mutually incompatible CD-based
entertainment and information multi-
| media systems—and there are cer
| tain to be more on the way. R-E




- INTRODUCING PROTOLAB™ RELEASE 3.0,
______ NOW WITH MORE ADVANCED FEATURES AND COLOR! |

(k<xample of PROTOWARE  “Elexctionic QOrgan™) J

RELEASE2.2 S E  RELEASE 30

. _

A total computer simulated electronics laboratory including Free built-in
Instruments and Components to build ard test circuits

New PROTOLAB" 3.0, < state of the art electronics lab for your C, and get three PROTOWARE" modules included for just $20 extra. That's
upgraded with the most requested enhancements. With Release 3.0 a savings of nearly $40!
you still build, experiment and test actual circuits choosing from an

unlimited number of passive components, just as the original Release. = === PROTOLAB Release 3.0* $1 29.95

Then analyze yourc;rfuu with the built-in multimeter, oscilloscope or i ® & ® 3| *Requires IBMPC, 512K RAM, EGAVGA Video, & mouse.
signal generator, but in a more advanced way.

e scwesm | BONUS OFFER

®

PROTOLAB"™ 3.0 includes color EGA/VGA graphics, quick function [g @-E.“ :_Ej] 3 PROTOWAREm MODULES $1 9.95

key menu selection, and on-line help , plus user preferences which 2 - (Di . .
' Ky . iodes, Transistors & Electronic Or
customize your program! Most importantly, Release 3.0 suppeorts Oscilloscope (Diodes, Trz s& i 0 gan)

advanced components available with PROTOWARE “circuit modules.

PROTOWARE" circuit modules expand your lab into the world of ’ : ?ROTDWAR’_‘: Cirmit Module

diodes, transistors, and special function linear circuits. Each
PROTOWARE" disk, sold separately, covers a particular topic, such as
transistor amplifiers. Circuits are presented in a “cook-book” format
making iteasy to learn and understand. Change component values, and |
analyze the circuit in the same way as always. Or “play” the Elecironic i E
Organwhile you study it's operation. Plus, view the circuit in schematic - s . |

or pictorial presentation. Imagine a PROTOBOARD® layout to follow o | el e | E__.__.
right on your computer screen!

In the future, your fun will continue as new PROTOWARE™ modules
are introduced taking you into more advanced topics. Where else

could you find thousands ofdollars worth of parts and instruments TN
for the one low price of $129.95? Order now for a limited time a8
w
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j i If You're Serious
About a Future in
Electronics, Ensure that
Future with the Best
Educational Training
Available.

FREE!

SEND FOR YOUR CIE HOME E
STUDY COURSE CATALOG AND Yy

RECEIVE A FREE 24 PAGE CIE o
ELECTRONICS SYMBOL HANDBOOK!

Includes hundreds of the most frequently

used electronic symbols. Published by

CIE exclusively for our students and T e s
alumni. Yours free when you

request a CIE Course Catalog.



If you want to learn about electron-
ics, and earn a good income with that
knowledge then CIE is your best
educational value.

CIE’s reputation as the world
leader in home study electronics is
based solely on the success of our
graduates. And we've earned that
reputation with an unconditional
commitment to provide our students
with the very best electronics
training.

Just ask
any of the
150,000-plus
graduates of
the Cleveland
Institute of
Electronics
who are
working in
high-paying
positions with
aerospace,
computer,
medical,
automotive
and communi-
cation firms
throughout the
world.

They'll tell you success didn't
come easy...but, it did come....thanks
to CIE. And today, a career in elec-
tronics offers more opportunities and
greater rewards than ever before.

CIE's COMMITTED TO BEING
THE BEST....IN ONE
AREA....ELECTRONICS.

CIE isn’t another be-everything-to-
everybody school. We teach only one
subject and we believe we're the best
at what we do. Also, CIE is accredited
by the National Home Study Council.
And with more than a 1,000 gradu-
ates each year, we're the largest
hone study school specializing
exclusively in electronics. CIE has
been training career-minded students
like yourself for nearly 60 years and
we're the best at our subject .....
ELECTRONICS ... BECAUSE IT'S THE
ONLY SUBJECT WE TEACH!

CIE PROVIDES YOU WITH A
LEARNING METHOD SO
GOOD, IT'S PATENTED.

CIE’s Auto-programmed lessons are a
proven learning method for building
valuable electronics career skills. Each
lesson is designed to take you step-by-
step and principle-by-principle. And
while all CIE lessons are designed for
independent study, CIE’s instructors
are personally available to assist you
with just a toll-
free call. The
result is practical
training... the
kind of experi-
ence you can put
to work in today'’s
marketplace.

LEARN BY
DOING...\WITH
STATE-OF-
THE-ART
FACILITIES
AND

EQUIPMENT.
In 1969, CIE
pioneered the first Electronics Labora-
tory course and in 1984, the first
Mircoprocessor Laboratory course.
Today, no other home study school
can match CIE’s state-of-the-art equip-
ment and training. And all your
laboratory equipment, books, and
lessons are included in your tuition.
It's all yours to use while you study at
home and for on -the -job after
graduation.

PERSONALIZED
TRAINING....TO MATCH YOUR
BACKGROUND.

While some of our students have a
working knowledge of electronics
others are just starting out. That's
why we've developed twelve career
courses and an A.A.S. Degree program
to choose from. So, even if your not
sure which electronics career is best
for you, CIE can get you started with

WHY CHOOSE CIE FOR YOUR TRAINING?
= 150,000 successful graduates from every country around the world.

= Only CIE rewards you for fast study. CIE offers an Associate Degree
program based on actual study time used. The faster you complete your

degree the less your overall tuition.

= State-of-the-art laboratory equipment is yours to keep and it comes

core lessons applicable to all areas of
electranics. And every CIE course you
take earns you credit towards comple-
tion of your Associate in Applied
Science Degree. So you can work
toward your degree in stages or as
fast as you wish. In fact, CIE is the
only school that actually rewards you
for fast study, which can save you
thousands of dollars.

SEND TODAY FOR YOUR CIE COURSE
CATALDG AND WE'LL SEND YOU A
FREE 24 PAGE CIE ELECTRONICS
SYMBOL HANDBOOK!

FINANCIAL AID AVAILABLE TO
QUALIFIED INDIVIDUALS.
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WIG-WAG CIRCUIT?

| have a 1982 Toyota and would
like the hazard lights to light side
to side rather than simply on and
off. I've been told that the way to
do this is with something called a
“wig-wag’’ circuit—also known
as a sequencer board. I’'m not
sure what this is and was wonder-
ing if you could help me.—R.
Berkey, Seattle, WA

You can take some comfort from
the fact that |, too, don’t have any
idea what a “‘wig-wag" circuit is and,
as far as I'm concerned, sequencer
boards are devices for electronic mu-
sic. | think that the term “wig-wag”
refers more to what the circuit has to
do rather than specifying a particular
collection of components or a par
ticular circuit layout.

There are lots of ways to achieve
the effect you're looking for, and
which one you use depends on how
slick you want it to be and how much
work you're willing to do. All of them,
however, presuppose that you have
some way to isolate the left and right
flasher lamps on your car since you
have to be able to address each side
of the car separately for any wiring
scheme to work. If your car, like most
other ones, uses the directional fila-
ments for the flashers, you won't
have any problem.

The easiest way to do the job is to
use adouble-pole, double-throw relay
as shown in Fig. 1. You can try control-
ling the relay directly from the output
of the flasher unit but I'm not sure
whether your car has a mechanical or
electronic flasher unit. If the unit is
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FIG. 1—THE EASIEST WAY to make your
flashers blink side-to-side is to use a dou-
ble-pole, double-throw relay as shown
here. You can control the relay directly
from the output of the car’s flasher unit it
the unit is mechanical.
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FIG. 2—YOU CAN DISREGARD the existing flashing unit and control the flasher bulbs

using this circuit.

mechanical, you can wire the circuit
as shown in Fig. 1—but don't forget
to add the switch oryou won't be able
to turn the bulbs off.

If the flasher unit is electronic,
you'll have to take the signal from
farther down the line at a point where
the existing circuit is designed to
drive the filaments of the bulb. Once
you find that point, the wiring to the
relay will be the same as what is
shown in Fig. 1.

A more exotic flashing alternative
can be gotten by disregarding the ex-
isting flashing unit and controlling the
bulbs completely by the electronics
shown in Fig. 2. The 4017 is driven by
a 555 clock whose frequency can be
set with the potentiometer. Since the
4017 has ten outputs, you can assign
each of the bulbs to an output and, by
picking the output numbers and clock
frequency carefully, you can flash the
bulbs in pairs, all together, or even
individually.

BLINKING BLOCKS

| have a PC-compatible com-
puter with both a VGA and mono-
chrome monitor connected to it. |
need this setup because some of
the software | use was only works
on the monochrome screen. The
problem I’'m having is that when |
run programs on the mono-
chrome screen, it often leaves
blocks of inverse and blinking
video on the screen and the only

way | can get rid of it is to reboot
the computer. What’s causing
this and is there anything | can do
about it?—F. Geoffrey, New York,
NY

The reason you're having a prob-
lem like this is due to a combination of
things. Any one of them individually
won't cause the problem that you are
seeing but, when you put them to-
gether, the result is messed up video.

You didn’t mention your exact vid-
eo setup in your letter but I'd be will-
ing to bet my new pair of white tennis
shoes that you've got a sixteen-bit
VGA card and a regular eight-bit
mono card. And not only that, but I'll
bet you've got your VGA card in a
sixteen-bit slot and it's configured to
run as a sixteen-bit device. That in
itself wouldn't be too much of a prob-
lem, but the way the IBM video
screen is set up along with how the
display memory is organized is what
causes your problem with getting the
messed up video.

Each position on the screen re-
quires two bytes of memory—one for
the character and the other for its
attribute. The first byte is what you
type at the keyboard and the second
is what determines either the color
(for your VGA), or the highlighting
and underlining (for your mono-
chrome). Also, when you have a VGA
card in your system, the computer
will address the screen two bytes at a
time. The first byte will be put on the
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By Studying at Home

Grantham College of Engineering,
now in our 4lst year, is highly ex-
perienced in “distance education”—
teaching by correspondence—through
printed materials, computer materials,
fax, and phone.

No commuting to class. Study at
your own pace, while continuing on
your present job. Learn from easy-to-
understand but complete and thorough
lesson materials, with additional help
from our instructors.

Our Computer B.S. Degree Pro-
gram includes courses in BASIC,
PASCAL and Clanguages — as well as
Assembly Language, MS DOS, CADD,
Robotics, and much more.

Our Electronics B.S. Degree Pro-
gram includes courses in Solid-State
Circuit Analysis and Design, Control
Systems, Analog/ Digital Communica-
tions, Microwave Engr, and much more.

An important part of being pre-
pared to move up is holding the right
college degree, and the absolutely neces-
sary part is knowing your field.
Grantham can help you both ways—
to learn more and to earn your degree
in the process.

Write or phone for our free
catalog. Toll free, 1-800-955-2527, or
see mailing address below.

®

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
Grantham College Road
Slidell, LA 70460

lower eight bits of the bus and the
second byte, the one controlling the
attribute, will be put on the upper
eight bits.

Since the monochrome card is an
eight-bit device sitting in an eight-bit
bus, it never sees the attribute byte.
As a result, when DOS clears the
monochrome screen or does some
other activities, the data is sent to the
monochrome card, but the attributes
(sent at the same time as the data but
on different data lines) never get
there.

Programs that write directly to the
monochrome screen can poke any
attributes directly, but a more legiti-
mate write to the screen through one
of the DOS services won't work
properly. The culprit in all this is the
VGA card’s BIOS since it loads itself
in memory at boot up and replaces
the standard DOS video handlers.
The VGA BIOS checks to see if the
VGA card is in a sixteen-bit slot
(where it should be for maximum
speed), and if it's found there, the
data is sent out two bytes at atime. If
the VGA card is found in an eight-bit
slot, the BIOS will use only the lower
eight bits of the bus and the monc-
chrome card will then be addressed
properly.

Some VGA cards allow you to use
software to have them run as either
eight- or sixteen-bit devices. Setting
the card as an eight-bit device may
solve some problems with particular
software, but whether it will solve
your problem depends on the nitty
gritty of the VGA BIOS. | doubt if it
will do anything but, since you can do
it without using a screwdriver, it's
easy enough to try—always try easy
solutions first.

The next thing to dois call the VGA
card manufacturer (best of luck on
this one if you've got a generic clone
card), and find out if they've got a fix
for the problem. If they don't, you can
eliminate the problem by moving the
VGA card to an eight-bit slot. That will
make the hassle disappear but you'll
pay a price in the speed of screen
stuff.

As a last resort, you can run the
program ‘'CLR—MONO.COM"
which you'll find on the RE-BBS (516)
293-2283, 1200/2400, 8N1. It's a 34-
byte program that will reset all the
monochrome attribute bytes to 07H,
the value needed for non-blinking,
non-underlined, low-intensity. You
can run it whenever you've got gar

bage left on the monochrome screen
after running your programs and it will
clear it right up.

A FULL 360

I'm building a project that re-
quires two potentiometers that
can turn a full 360 degrees. The
potentiometer has to return to
zero resistance after it's been
turned through a full rotation. I've
checked everywhere but can’t
find anything like this. Do you
know where | can get these or if
they even exist at all?—H. Fennel,
Bainbridge, NY

I'm sorry to say that I've never run
across a potentiometer like the one
you've described. However, if you ab-
solutely must have a device like that,
and can't find anything like it commer
cially, you should be able to make
your own. You'll have to do some sur-
gery on a standard potentiometer,
but certainly nothing that requires
years of medical school.

If you bend back the tabs holding a
standard potentiometer together,
you'll find that there are small pieces
of metal that act as the stops for each
end of the potentiometer's wiper. If
you bend these out of the way, or just
grind them off completely, the poten-
tiometer will rotate through a com-
plete 360 degrees. You may still have
a problem, however, because the new
area being swept by the wiper will be
an open circuit since there's nothing
that is electrically connected to either
end of the potentiometer's resistive
material.

You can try painting the area with
some conductive paint, India ink, or
even gluing down a piece of copper
foil. If you do this, be sure to leave a
slight gap on one side between the
material you add and the end of the
potentiometer's original resistive ele-
ment while making contact on the
other end. If you connect it to both
ends you'll be putting the new materi-
al in parallel with the original material
and the value of the potentiometer
will change and the sweep will be
extremely non-linear. If you use con-
ductive paint or copper foil you'll have
a dead short.

Having a small gap will leave you
with a dead spot which may be un-
suitable for your application. If this is
a problem that you can not deal with,
you'll have to contact one of the man-
ufacturers and price out the cost of
custom parts. R-E
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ELECTRONICS KNOW-HOW

DAT: The Complete Guide to Digital Audio Tape by Deiton T Horn
Get a complete explanation of what DAT is, how it works, and how it differs §
from competing analog and compact disc technology. Horn takes you through
the basics of DAT technology, the legal issues surrounding it, explains in-depth
maintenance and gives you insight into the future of DAT.

256 pp, 98 illus. #3670H $23.95

by Art Margolis
full of information. . well written, easy to read, and liberally illustrated "
~Online Today
Use this all-in-one volume to service 80386 and 80486 PCs and to disassem-
ble, maintain, and test IBM®, Apple® Il, Macintosh®, Amiga™, and Commo-
dore™ PCs. 544 pp. 450 illus. #3677H $34.95

WITH TAB BOOKS

THE ELECTRONICS WORKBENCH: Tools, Testers, and Tips for
the Hobbyist by Delton T Horn

Design a permanent or fiortable workbench that fits your needs. Horn gives
you an in-depth fook at each major category of test instrument and explains
the characteristics and power capabilities of multimeters, oscitloscopes, cap-
acitance and frequency signal generators, signal tracers, semiconductor testers,
and digital test equipment. 256 pp, 125 illus. #3672H $28.95

| THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS—VOL. 1 \
768 pp.. 1,762 illus

i THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS—VOL. 2
l 744 pp., 728 illss

“[These] references would be a valuable asset to any circuit or hobbyist }
—Art Kleiman, Editor, Radio Electronics

MAINTAINING AND REPAIRING VCRs —2nd Ed. by Robert L. Goodman !

Get vital data on the world's most popular—and widely used—integrated cir
cuits. You'll quickly locate the specifications for TTL and CMOS products, %
memories, operational amplifiers, rf amplifiers, audio amplifiers, and other =) . : R
linear devices. Includes pinouts, block diagrams, temperature ranges, and more. » ’ yCR

576 pp., 390 illus. #3550 $34.95 L4 . o S

IMPROVING TV SIGNAL RECEPTION: Mastering Antennas and Satellite
Dishes by Dick Glass

Tap into this fast-growing market with practical solutions to common and not
so-common problems. You get the three basic reception set-ups used for
transmitting to television sets, plus reference charts on carrier and satellite
station numbers, and even procedures for distributing signals to numerous sets
192 pp., 150 illus. #2970P $16.95

BUILD YOUR OWN POSTSCRIPT® LASER PRINTER AND SAVE A

BUNOLE by Horace LaBadie

Build a laser printer from scratch or convert a stock canon CX or SX laser
engine to full PostScript capabilities. Find out everything you need to know
about laser printer technology: how it works, what parts to use, where to buy
them at the best possible price, and how to put them together

144 pp, 70 illus. #3738H $26.95

DESIGN & BUILD ELECTRONIC POWER SUPPLIES by irving M. Gottlieb
Find out how new high-frequency devices are reducing costs and dramatically
improving power supply efficiency, reliability, compactness, and volume. You'l
also discover new advances in electronic and synchronous rectification, switch-
ing, sine-wave power supplies, current-mode IGBT power switches, and more
180 pp., 98 illus. #3540H $26.95

SECRETS OF RF CIRCUIT DESIGN by Joseph J Carr

Design and build your own radio frequency amplifiers, preselectors, signal gen-
erators, inductor coils, antennas, microwave circuits, and other devices. You'll
discover the basics of operation, the proper use and repair of components in
RF and the principles of low-frequency to microwave radio propagation. Includes
experiments to help you explore such problems as electromagnetic interference
416 pp., 175 itlus. #3T10H $32.85

BUILD YOUR OWN 80386 IBM® COMPATIBLE AND SAVE A BUNDLE
by Aubrey Pilgrim

Have the power of a PS/2 Model 80 without the cost. This guide gives you
easy-to-follow instructions for assembling an 80386 computer that will accom-
modate 0S/2 or MS-DOS 4.0. Or upgrade a PC/XT/AT or compatible to an 80386,
232 pp., 84 illus #3131H $27.95

§ 1l Iﬂlg:;
OLD TIME RADIOS! Restoration and Repair by Joseph J. Carr CALM.
Troubleshoot and repair all kinds of antique and classic radios. This how-to

guide gives you detailed instructions and schematics plus vacuum tube pinout
diagrams. Iincludes a complete classic-radio troubleshooting course, a capaci-
tor/resistor color code chart for identifying radio parts, and practical theory.

256 pp., 247 illus. #3342H $25.85

¥ ~ Order Both and Save! #5376C $49.95 (regularly $59.90)
ELECTRONIC POWER CONTROL by /rving M. Gottlieb — :'_';‘““T.' WA{”&, Save Over $20.00!
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| answers to specific problems, or dream up new ideas. Build alarm and security
| systems. . .smoke, moishure, and metal detectors. . .computer, fiberoptic, and
| laser circuits. .capacitance, current, voitage, and frequency meters. . . power
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| Only $75.90 (#5460C)

Sy Save $10
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| THE CET EXAM BOOE—2ND ED. by Ron Crow and

Dick Glass
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| -Hands-On Electronics
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Write to Letters, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

PHONE-COM SOURCE CHANGE

The parts source listed for the
Phone-Com (“Use Your Telephones
as a Home Intercom System,” Ra-
dio-Electronics, May 1991) is no
longer valid. Please address all or

ders, inquiries, or problems to DMP
Electronics, P.O. Box 50224, Phoe-
nix, AZ 85076 (602-460-0127). All
parts are in stock forimmediate deliv-
ery. | apologize for any inconvenience.
FRANK POLIMENE

¢ Dry film photoresist
¢ Resist etched circuits
¢ Art layout

Get that electronic construction
quality PCB's that you can ma
easy to produce your own etched circuit boards with all the
quality materials and step-by-step instructions you'll need.
Hobbyists really go for our complete kits for:

Kepro Gets You Started!
With Complete PCB Kits.

roject started with professional-
e at home. Kepro makes it

¢ Photo reversing
¢ Screen printing
¢ Nameplates

RADIO-ELECTRONICS
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e And more

All Kepro products are easy to use and come with an uncondi-
tional guarantee. Call us for more information and to get your
FREE booklet on how you can get started making your own
PCB’s with Kepro products.

1-800-325-3878
1-314-343-1630 (St. Lovis)

Kepro Circuit Systems, Inc.
630 AXMINISTER DRIVE » FENTON, MISSOURI 63026-2992
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VACUUM TUBES DEFENDED

| have seen may letters in this col-
umn from readers who are dead-set
against vacuum tubes, but the letter
from Paul J. Carlson (Radio-Elec-
tronics, July 1991) really pushed it
too far. Mr. Carlson had the audacity
to call audiophiles with certain beliefs
foolish and gullible, and he went one
step further in calling Creation Sci-
ence illegitimate, which outrages me.

| am sick and tired of people who
knock good ol vacuum tubes. What
other electronic component, when
used in a well-designed, low-level au-
dio circuit, can offer a greater-
than-10-megohm input impedance,
high input-overload immunity, static
immunity, a 100-dB dynamic range, a
25-volt P-P voltage swing into 600
ohms, negligible distortion, low
noise, a flat frequency response from
10 Hz to over 30 kHz—all for under
ten dollars? That is not fantasy. | con-
structed a preamplifier for my electric
bass guitar with the above specifica-
tions, using a single 12AX7A, and it
works! The same goes for high-level
audio electronics.

How about RF circuits? | have in my
collection of CB radios two Hal-
licrafter CB-3A’s. They are ancient 8-
channel crystal-controlled units, and
their receivers out-performed a solid-
state DX-200, TRC-48, TRC-449,
TRC-451, and a Cobra 142-GTL by
30%! Vacuum tubes perform admira-
bly when used as high-power RF am-
plifiers too. A tube high-frequency
linear amplifier is superior to a tran-
sistor-type in the following: low har
monic generation, low IMD charac-
teristics, high immunity to a high
SWR, and reliability—and it's about
2 to % the cost of a solid-state linear
amp in the same power-output range.
Television is another area in which
I've found vacuum tubes superior.

Vacuum-tube technology is not yet
dead. The What's News columnin the
February 1991 issue of Radio-Elec-
tronics told of micro-miniature sil-
icon needles that could by used as
solid-state cathodes in—what
else?—vacuum tubes. That could re-

continued on page 100
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CABLE TV CONVERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-Bi $95.00
MLD-879.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA-
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD-
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.

| GUARANTEE! Attach the VT-75 chip to any

IMIRIZADS

5 MINUTE ASSEMBLY! MONEYBACK

3V-12V battery and you have the most power-
ful miniature transmitter you can buy
anywhere. Tiny Law Enforcement grade de-
vice allows you to hear every scund—even
footsteps—over 1 mile away on any FM radio
or wideband scanner. 80-130MHZ. 100mW
output! VT-75 microtransmitter complete
$49.95+ $1.50 S & H. Visa, MC, MO. COD’s
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills, NY 10507. 1-800-759-5553.
CIRCLE 127 ON FREE INFORMATION CARD

FREE CATALOG OF TEST INSTRUMENTS
& Tools is packed with thousands of products
for testing, repairing, and assembling elec-
tronic equipment. Featured are brand name
instruments such as FLuke, Tektronix, Lead-
er, Weller, 3M plus many more. Also included
are DMM's, hand tools, power supplies, tool
kits, test equipment, static supplies plus
many other new products. Orders placed by
4 PM are shipped before we go home!
CONTACT EAST, 365 Willow St., No. An-
dover, MA 01845. (508) 682-2000, Fax:
(508) 588-7829.
CIRCLE 55 ON FREE {NFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

® 6 x rate $940.00 per each insertion.

® Fast reader service cycle.

® Short lead time for the placement of
ads.

® We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Blvd., Farmingdale, NY
11735.

FAX: 516-293-3315

APPLIANCE REPAIR HANDBOOKS—13

volumes by service experts; easy-to-
understand diagrams, illustrations. For major
| appliances (air conditioners, refrigerators,
washers, dryers, microwaves, etc.), elec.
housewares, personal-care appliances.
Basics of solid state, setting up shop, test
instruments. $2.65 to $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Box
789, Lombard, IL 60148. 1-(312) 932-9550.
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Ty / 3 .“"
] R
& a %&}f
.. \t‘.({
Mﬁﬁ -
i
-
. W

THE MODEL WTT-201S ONLY THE SIZE OF |
A DIME, yet transmits both sides of a tele-
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to ¥4 mile range. Adjusta-
ble from 70-130 MHZ. Complete kit $29.95
+$1.80 S+ H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECQ INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

SWEEP/FUNCTION GENERATORS W/IN-
TELLIGENT 100MHz FREQUENCY COUN-
TER — Sine, Square, Triangle, Ramp, DC &
Sync. TTL outputs. Seven freq. ranges: 2Hz
to 6MHz (FG-506); 2Hz to 13MHz (FG-513).
Intelligent 100MHz frequency counter with
period mode. Continuous, Triggered, Gated,
Clock and extra frequency modes. Lin/Log
sweep. Ad|ustable duty cycle/symmetry.
Period and frequency readout (4-digit resolu-
tions). TCXO with 1ppm/yr. aging rate (op-
tional). FG-506 - $695.00; FG-513 -
$1295.00. AMERICAN RELIANCE INC. -
9952 E. Baldwin Place, El Monte, CA 91731.
(800) 654-9838.
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FREE CATALOG! ELECTRONIC TOOLS &
TEST EQUIPMENT. Jensen's new Master
Catalag, available free, presents major brand
name electronics tools, tool kits, and test in-
struments, plus unique, hard-to-find products
for assembly and repair and custom field ser-
vice kits available only from Jensen. All fully
described and illustrated. Enjoy free technical
suppart and rapid, post-paid delivery any-
where in the Continental USA. JENSEN
TOOLSINC., 7815 S. 46th St., Phoenix, AZ
85044. Phone 602-968- 6231 FAX:
1-800-366-9662.

CIRCLE 115 ON FREE INFORMATION CARD
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No other trainin %
to troubleshoo

Only NRI walks you through
the step-by-step assembly of
a powerful 386sx computer
system you train with and
keep—giving you the hands-
on experience you need to
work with, troubleshoot, and
service today’s most widely
used computer systems. Only
NRI gives you everything you need to start
a money-making career, even a business
of your own, in computer service.

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. Only NRI, the
leader in career-building at-home electronics training
for more than 75 years, gives you that kind of
practical, real-world computer servicing expericnce.

Indecd, no other training—in school, on the job,
anywhere—shows you how to troubleshoot and
service computers like NRI.

Get inside the West Coast 386sx
computer system... and experience
all the power and speed of
today’s computer technology!

With NRI's exclusive hands-on
training, you actually build and

NEW!

386sx/20 MHz

Mini Tower
Computer! MONITOR

computers

DISCOVERY LAB
DIAGNOSTIC HARDWARE Complete breadboarding system
AND SOFTWARE lets you design and modify

R.A.C.ER. plug-in diagnostic circuits, diagnose and repair faults
card and QuickTech menu-
driven softwure, both from LESSONS

Clear, illustrated texts
build your understanding
of computers step by step

Ultra-X. give vou hands-on
expericnce with today's
professional diagnostic tools

High-resolution. nonglare.
14" TTL monochrome
monitor with tilt and swivel
basc
DIGITAL

LOGIC PROBE

Simplitics analyzing digital

circuit operation
DIGITAL
MULTIMETER
Protessional test instrument tor
(uick and easy measurements

SOFTWARE

Train with MS DOS,
GW-BASIC, and popular
Microsoft \X"()rks
applications softwvare

—

o u

keep the powerful new West
Coast 386sx/20 MHz mini tower
computer system.

You start by assembling and
testing your computer’s 101-key
“intelligent” keyboard, move on
to test the circuitry of the main
logic board, install the power
supply and 1.2 meg high-density
floppy disk drive, then interface
your high-resolution monitor.

What's more, you now go on
to install and test a powerful 40
meg IDE hard disk drive—today’s
most-wanted computer periph-
eral—included in your course to

dramatically increase your com-
puter’s data storage capacity
while giving you lightning-
quick data access. But that’s
not all!

()unckTech

yuickTecl

Professional diagnostic

hardware and software

makes troubleshooting
fast and accurate

Your NRI training now includes
a remarkable diagnostic pack-
age that allows you to quickly
locate and correct defects in
IBM XT, AT 80286/803806, and




shows you how

and service
like NRI!

NEW! 40 MEG HARD
DISK DRIVE!

You install this 40 meg IDE
hard disk drive internally, for
greater data storage capacity
and data access speed

NRI gives you the confidence and the know-how to
step into a full-time, money-making career as an
industry technician, even start a computer service
business of your own!

NEW! 386sx/20 MHz

MINI TOWER COMPUTER!
Features 32-bit 80386sx CPU. 1
meg RAM, 64K ROM, 1.2 meg
high-density floppy disk drive

No experience necessary...
NRI builds it in

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, always ready
to answer your questions and give you help when-
ever you need it.

FREE catalog tells more. Send today!

Send today for NRI’s big, free catalog that describes
every aspect of NRI's innovative computer training,
as well as hands-on training in TV/video/audio
servicing, telecommunications, industrial electron-
ics, and other high-growth, 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.

IBM is a registered trademark of International Business Machines Corp.
QuickTech and R.A C.ER, are registered trademarks of Ultra-X, [nc.
West Coast is a member of the Syntax Group.

compatible computers. i ”E grh°°| of For carcer courses f;{)provcd i
s naer
You'll use your Ultra-X [ ) e 0 C‘;,eck o d,’:mh [
ickTech di e McGraw-Hill Continuing Edication Center :m' )
QuickTec 1agnostic software l 4401 Connecticut Avenue, NW 0e — J '
to test the system RAM and | Washington, DC 20008 Hill' ]
such peripheral adapters as l v/ Check one FREE catalog only l
parallel p.rmt'er ports, seqal l MICROCOMPUTER SERVICING Computer Programming l
commurmncations ports, video TV/Video/Audio Servicing Security Electronics
adapters, and ﬂ()ppy and hard l Industrial Ele.ctro.nics & Robotics Electronic Mu.sic. Technology l
disk drives. You'llgoontouse [ U ST oL L LT R HO ) [ |
K . Basic Electronics PC Software Engineering Using C
your RA.C.E.R. diagnostic card, |j ) [ |
also from Ultra-X, to identify B ' [ ]
individual defective RAM chips, i Rame e = B
locate interfacing problems, and j e i
pinpoint defective support chips. 5 i
This ingenious diagnostic City/State/Zip Accredited Member, National Home Study Council 3111

package is just one more way T L L L L e e
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EQUIPMENT REPORTS

Glohal Speclaltles PCI DMMPC Based Multzmeter . ‘

here is no turning back the

I clock: PC-based test equip-

ment is here to stay. The rea-

son for that is flexibility of the sort

available from the PCI-DMM from

Global Specialties (70 Fulton Terrace,
New Haven, CT 06512).

The PCI-DMM is a plug-in card and
software package for your IBM PC or
compatible computer. In essence, it
turns your PC into a full-featured,
configurable DMM with such addi-
tional features as data storage and
graphics.

The PCI-DMM package consists
of the board itself, test leads and
probes, a program disk, and a user
manual. The board fits into a full-
length slot in any PC, XT, AT, or ‘386
machine. The rear “panel” contains
banana jacks for the positive and
common test leads, and a 9-pin "D”
jack for connection to a “scanner,”
which we’'ll discuss later. The test
leads are about five feet long, (which
is necessary because they have the
get around the computer) and include
two kinds of probe attachments. The
software disk includes executable
files and device drivers, but also in-
cludes programming examples in the
C language to assist those who want
to customize the operation of the
PCI-DMM. The manual is decidedly
fow-tech:; illustrations hardly exist and
pages are printed on one side only.
But it's written well enough that its
appearance isn't a hindrance.

Installing the PCI-DMM
The basic system requirements for

CIRCLE 10 ON FREE INFORMATION CARD

the PCI-DMM are an IBM XT or bet-
ter running DOS 3.0 or higher, with
640K of RAM, and EGA or VGA
graphics (color or monochrome). A
mouse is supported, and, although it
makes using the DMM much easier,
it's not essential

The biggest problem with installing
the board in the PC is choosing the
right slot—the input cables have to
wrap around front somehow, without
getting tangled in other wiring. The
only other concern is the base ad-
dress where the board will reside and
the interrupt it will use. Jumper pins
make it easy to select an address and
interrupt that will be free of conflicts
with other boards.

Once the board is in place, the
software must be installed and con-
figured to your machine. It's a reason-
ably simple, automated process.

Using the DMM

Once you run the software, the
screen of your PC is turned into the
front panel of a benchtop DMM with
chart recorder. Three-dimensional
“buttons” are used to select all func-
tions.

At the top center of the “front pan-
el” is is a 4'%-digit (20,000-count)
display. Below that s a row of function
keys (voltage, current, resistance,
capacitance, and decibels relative to
1 mW into 600 ohms). A range selec-
tor is located to the display’s left.
Below that are three toggling mode
switches (AC/DC, absolute/relative,
and fast/slow). A touch-hold button
and “power switch” (which lets you

exit the software) round out the
DMM controls.

The other controls on the virtual
front panel are not commonly found
on DMM's; they're used to control
the chart-recorder functions. Eight
pens are available to plot data to the
“roll paper,” and the time between
samples can be varied from 0.5 sec-
onds to almost ten hours.

The chart paper isn't there just to
add a bit of pizzaz to the DMM. It's
actually where the real benefits of
PC-based instruments show up. Each
chart is stored on disk, and can be
replayed at a user-selectable speed
to the screen or to a dot-matrix
printer. Stored data is also available in
delimited ASCII files that can be im-
ported into databases, spread-
sheets, word processors, and other
software.

For low cost ATE (automatic test
equipment), a multi-channel scanner
unit is available to provide 8 inputs to
the main system board. Although
programming the PCI-DMM for ATE
isn’'t a simple matter, it's certainly
possible thanks to the documenta-
tion that's included. The supplied de-
vice driver lets external software
directly access the functions of the
board. Sample “C" routines show
how to control and switch the DMM's
functions and internal relays.

The PCI-DMM is protected from
overload by self-resetting thermal
fuses; conventional fuses protect
against worst-case overloads. Your
computer is isolated from inputs up
to 500 volts.

We experienced no problems or
difficulties with the PCI-DMM, and
found it to operate as claimed by
Global Specialties. The software is
simple to use—at least with a mouse.

Since the Windows environment is
starting to become the de facto
standard for PC-based instrumenta-
tion, we would have preferred to see
software that ran under Windows.
Despite that shortcoming, we think
that the PCI-DMM is a strong prod-
uct. Its $795 price should make it
attractive to engineers and techni-
cians involved in quality assurance
and automatic test. R-E



48 HOUR
SHIPPING

Hitachi RSO Series

(Portable Real-time Digital Storage Oscilloscopes)
VC-6023 - 20MHz, 20MS/s $99/mo*
VC-6024 - 50MHz, 20MS/s _ $120/mo’
VC-6025 - S0MHz, 20MS/s _$135/mo*
VC-6045 - 100MHz, 40MS/s $125/mo*
VC-6145 - t00MHz, 100MS/s $200/mo*
RSO's from Hitachi feature roll mode, averaging, save
memory, smoothing, interpolation, pretriggering, cursor
measurements. These scopes enable more accurate,
simplier observation of complex waveforms, in addition to
such functions as hardcopy via a plotter interface and
waveform transfer via the RS-232C interface. Enjoy the
comfort of analog and the power fo digital.

20MHz Elenco Osculloscope
$375

MO-1251

e Dual Trace
Component Tester

¢ 6" CRT

o X-Y Operation
o TV Sync

® 2 P-1 Probes

LEASING AVAILABLE
For all Hitachl Scopes - Call for detalls

* Based on 24 months except V-1150, VC-6045, VC-
6145 (36 manths)

Hitachi Portable Scopes
DC to 50MHz, 2-Channel, DC offset func-
tion, Alternate magnifier function
V-525 - CRT Readout, Cursor Meas. __ $1,025
V-523 - Delayed Sweep $995
V-522 - Basic Model $895
V-422 - 40MHz $795
V-223 - 20Mhz delayed sweep $695
V-212 - 20MHz $425

FREE DMM
with purchase of
ANY SCOPE

SCOPE PROBES
P-165MHz, 1x, 10x $19.95
P-2 100MHz, 1x, 10x $26.95

ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

48 HOUR
SHIPPING

HITACHI COMPACT SERIES SCOPES

This series provides many new functions such as CRT

Readout, Cursor measurements (V-

1085/1065/665), Fre-

quency Ctr (V-1085), Sweeptime Autoranging, Delayed
sweep and Tripper Lock using a 6-inch CRT. You don't feel
the comoactness in terms of performance and operation.

V-660 - 60MHz, Dual Trace
V-665 - 60MHz, DT, w/cursor
V-1060 - 100MHz, Dual Trace

V-1065 - 100MHz, DT, w/cursor

V-1085 - 100MHz, QT, w/cursor
V-1100A -

V-1150 - 150MHz, Quad Trace

100MHz, Quad Trace

$1,195

$1,345

$1,425
“$108/mo*
_$125/mo*
$125/mo*
$115/mo*

Elenco 35MHz Dual Trace

High luminance 6* CRT
« 1mV Sensitivity

o 6KV Acceleration Voltage

* 10ns Rise Time
X-Y Oparation  Z Axis

o Delayed Triggering Sweep

o Includes 2 P-1 Probes

All scopes include probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all Hitachi
scopes. Call or write for complete spacifications on these and many other fine oscilloscopes.

B+K
TEST EQUIPMENT
All Models Available

Call for special price

Digital Capacitance Meter

Zero control w/ Case

CM-15508

$58.95

Digital LCR Meter
9 Ranges

LC-1801
1p1-20,000ufd 5

$125
5% basic accy. *

Measures:

Coils 1uH-200H
Caps .1pf-200uf
Res .01-20M

Big 1~ Display

Fooo|

ot

-

L2 ‘;,&.
Big 1" Display

- Multimeter with
Capacitance &
Iransistor Tester

$55 cwm-15008
Reads Volts, Ohms
Current, Capacitors,
Transistors and
Diodes / with case

M

Call

FLUKE
ULTIMETERS

All Models

Available

for special price

Quad Power Supply XP-580
$59.95

220V @ 2A
12V@ 1A
5V @ 3A
5V @ 5A

o 0680 m:.; \
N g o Ii®

Fully regulated and short circuit protected

Triple Power Supply XP-620

All the desirad features for doing experiments.
Features short circuit protection, all supplies

Assembled $69
Klt $45
210 15V @ 1A,
210 -15V @ 1A
{or 4 to 30V @ 1A)
and 5V @ 3A

AM/FM Transistor
Radio Kit
with Training Course

14 Transistors ¢ 5 Diodes
Makes a great school project

‘ned

Mode! AM/FM 108

$26.95

True RMS 4 1/2
Digit Muitimeter
M-7000

$135

05% DC Accuracy
1% Resistance
with Freq. Counter
and Deluxe Case

GF-8016 Function Generator
wlth Freq. Counter

$249

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

—

GF-8015 without Freq. Meter $179

Provides sine, triangle, square

Functlon Generator

XK-500 DIGITAL / ANALOG TRAINER

Blox
#9600

$28.95

POWER SUPPLIES
« Vanable Powsr Supply
= +1.2510 20VDC @ 5 Amp
{+125m 15VDC @ 1 Amp
= -1.2510-20VDC @ .5 Amp
-1.2519 ~15VDC @ 1 Amp)

wave from 1Hz to 1MHz
AM or FM capability

Learn to Build and Program
Computers with this Kit

Includes: All Parts, Assembly and Lesson Manual
Model
MM-8000

$129.00

Starting from scratch you build a complete system. Our

Wide Band Signal

- «12VDE@ 1 Amp
» ~12VDC @ 1 Amp
* +5VDC @ 1Amp

Generators
al 1Amp
ANALOG - SECTION

Square wave forms

from 1 to 100KHZ
+ Fine frequency adiust
* Amplitude adjust
* DC offset
= Modulalmn FiM-AM
DIGITAL - SECTION
+ Exght data switches

SG-9C00 $129

= Clock frequency 110 100KHZ

« Two o bounce logic switches
+ Exght LE readouts TTL, buftered

* J0VAC Center 1apped @ 15VAC

+ Frequency adjustable In tive ranges

- Function Generator Sine, Tnangular,

A complete mini-lab for bullding, testing, prototyping analog and digital clrcults
Elenco's Digital / Analog Trainer Is specially designed for school projects, with 5 bullt-in power supplies.
Includes a tunction generator with continously variable, sine, triangular, square wave forms. All power
supplies &re reguiated and protected against shurts.

Micro-Master trainer teaches you to write into RAMs,
ROMs and run a 8085 microprocessor, which uses
similar machine language as IBM PC.

Robotics Kit for above (MM8010) 71.95
WE WILL NOT BE UNDERSOLD!

UPS Shipping: 48 States 5%

($3 Min $10 Max) Shipping

IL Res., 7% Tax FAX: 708-520-0085

RF Freq 100K-450MHz AM Modula-
tion of 1KHz Variable RF output

S$G-9500 w/ Digital Display &
150MHz built-in Counter $249

C & S SALES INC.

1245 Rosewood. Deerfield. IL 60015 &
(8001 292-7711 ¢ 708) 341-0710

—RALOE vt AL TOATS  ODH B 365 =

= Clock amplitude 5vPP square wave

BREADBOARDS
« 2 Breadtoands, each comain
840 tie points (totai 1,680)

15 Day Money Back Guarantee
2 Year Wc"cnfy Prices Subject to Change
WRITE FOR FREE CATALOG

CIRCLE 109 ON FREE INFORMATION CARD
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NEW PRODUCTS

Use the Free .'nformanon Card for more details on these products.

ALL-FORMAT VCR ANA-

LYZER. A companion to

| Sencore’s VA62A Univer-

sal Video Analyzer, the
VC93 All Format VCR Ana-
lyzer is designed to isolate
all video, audio, and servo
problems in the playback
and record circuits of
VCR's and camcorders.
Together, the two instru-
ments completely analyze
VCR’s from antenna to line
output. The VC93's servo
tests allow the user to au-
tomatically check out a
VCR without removing the
VCR' cover. Those tests

eliminate the confusion of:

whether a bad playback
symptom is luminance or

| servo related, and isolate

servo problems to the cap-
stan or cylinder. Head-sub-
stitution signals positively
isolate video-head defects

e T AR 5 vy
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from other circuit prob-
lems. Phase- and chroma-
locked drive signals trou-
bleshoot all VCR stages
from the heads to the out-
puts; and the VC93 even
troubleshoots defects in
stereo hi-fi audio circuits. It
supports VHS, Super
VHS, VHS-C, Super VHS-

LAN-GRADE SURGE PRO-
TECTOR. Harsh local area
network (LAN) environ-
ments demand surge and
EMI/RFI noise sup-
pressors to protect the
high-performance hard-
ware and high-speed data
communications links. The

CIRCLE 17 ON FREE
INFORMATION CARD

LAN Pro S20LP from
Proxima supplies such pro-
tection by eliminating high-
frequency noise and high-
energy surges and spikes.
A special filter removes
99% of all EMI/RFI noise
from 500 kHz to 100 MHz,

which is particularly impor-
tant for LAN communica-
tions that run between 2.5
and 20-plus MHz. A ““super
high energy dissipation”
(SHED) circuit provides an
energy dissipation ca-
pability of 480 joules and
can withstand three times
the number of high-energy
(IEEE 587 1980 category-
B) surges as ordinary com-
puter-grade surge sup-
pressors. The LAN Pro
S20LP also features a po-
larity/ground fault indica-
tion for additional security,
since LAN's are particularly
vulnerable to ground faults.
A Lifetime Equipment Pro-
tection Policy guarantees
the replacement or repair
of any computer equip-
ment that is damaged due
to power transients while
properly connected to the
S20LP.

The LAN Pro S20LP has

C, Beta, Super Beta, 8mm,
Hi-8, U-Matic, and U-Matic
SP VCR and camcorder
formats.

The VC93 all-format |

VCR analyzer costs
$2995.—Sencore, Inc.,
3200 Sencore Drive, Sioux
Falls, SD 57107; Phone:
1-800-SENCORE.

a list price of $79.95.—
Proxima Corporalion, 6610
Nancy Ridge Drive, San Di-
ego, CA 92121; Phone:
619-457-5500.

POCKET-SIZED FREQUENCY
COUNTER. According to
Startek International, their
model 3500 frequency
counter is the smallest

CIRCLE 18 ON FREE
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available unit to offer the
ability to find and measure
frequencies from 10 Hz to
3.5GHz. The 3.4 x3.8x1-
inch instrument weighs
about 9 ounces andfitsin a

| shirt pocket. It features an

8-digit red LED readout, a
display-hold function, a
one-megohm input imped-
ance from 10 Hz to 12 MHz,
and a 50-ohm input imped-
ance from 10 MHz to 3.5
GHz. The user has a choice
of three gate times, provid-
ing a maximum resolutions
of 0.1 Hz (to 12 MH2) and
10 Hz (to 3.5 GH2). Internal
Ni-Cd batteries provide
three to five hours of porta-
ble operation. With the
supplied 110-VAC adapter/
charger, the 3500 can be

| used while recharging. It

can also be powered by an
optional 12-to-9-volts DC
automobile adapter. Other
options include various
probes and antennas and a
black-vinyl zipper case.
The 3500 frequency
counter costs $250.—
Startek International Inc.,
398 NE 38th Street, Fort
Lauderdale, FL 33334:
Phone: 305-561-2211 (for
orders only: 800-638-
8050); Fax: 305-561-9133.

DUAL-WATTAGE SOLDER-
ING STATION. Delivering
professional results at a
hobbyist price, Ungar’s
UTC SS soldering station
is well suited for electronic-
kit assembly and the repair
of electronic devices. lts
dual-wattage control allows
the user to select the prop-
er heat for the job: The low
setting, 21 watts, heats to
650°F and the high setting,
35-watts, heats to 850°F. A
fully grounded tip ensures
safe use with sensitive
components on printed cir-
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cuit boards, including sur
face-mount devices. The
all-in-one unit includes a
power base with built-in
controller, a dual-wattage
soldering iron with cool,
anti-slip handle; and a coil-
spring iron holder with a ce-
ramic mouthpiece that pro-
vides a safe standby
position for the hot iron.
The UTC SS also features
a conveniently located,
contamination-free sponge
that allows the user to
maintain a clean, well-tin-
ned tip. The unit comes
with a general-purpose sol-
dering tip, and can be used

with 12 different standard-
line, Ya-inch, thread-in tips
from Ungar. An optional
adapter (model 100) allows
the use of a wide selection
of Ungar's 1-8-inch tips.
The UTC SS soldering
station has a suggested list
price below $S60.—Ungar,
Division of Eldon Indus-
tries, Inc., 5620 Knott Ave-
nue, Buena Park, CA
90621; Phone:
714-994-2510; Fax:
714-523-7790.

CONTINUOUS-ROLL COM-
PUTER PAPER. Anyone
who's ever printad out a
computer-generated
"Happy Birthday " banner,
only to have it tear along
the perforations when try-
ing to hang it up, will appre-
ciate Banner Band continu-
ous-roll computer paper
from Micro Format. The pa-
per. manufactured from
high-grade 20-pound bond,
has Y2-inch micro-perf mar-
gins and no cross perfora-

CIRCLE 20 ON FREE
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tions. It is available in white
andin assorted pastels and
fluorescent colors, with
borders or over-all designs
(hot-air balloons and holi-
day motifs), and in "Ban-
nerBrite'" parchment. It
comes in two widths tc ac-
commodate both standard-
and wide-carriage printers,
and in 45- and 150-foot
lengths.

BannerBrite continuous-
roll computer paper costs
between $11.95 and
$19.95.—Micro Format,
Inc., 533 North Wolf Road,
Wheeling, IL 60090;
Phone: 1-800-333-0549 or
708-520-4699; Fax:
708-520-0197.

VIDEO-AMPLIFIER TRAN-
SISTOR ARRAY. Designed
for use as an output device
in very fast video-amplifier
circuits, Motorola's CR820
transistor array consists of
acomplementary pair of sil-
icon bipolar transistors
connected as emitter fol-
lowers. Their primary use
will be in black and white
CRT video monitors, with
other applications where
discrete steps of bright-
ness are required. The ar
ray consists of a high-
voltage. high-cutoff fre-
quency NPN chip mounted
along with a similar PNP
chip in a common SOE-
type package. Collector
base breakdown voltage is
120 volts for the NPN tran-
sistor and — 80 volts for
the PNP. Cutoff for each
chip is typically 1 GHz.
Junction-to-case thermal
resistance is 20°C/W.

The CR820 costs $8.00
for quantities of 25 and up;
samples and small quan-

wamssn Train at HOME to be an
-Electronics Technician! =

B ke

As the demand for computers and microprocessors
in business, manufacturing and communications
continues to grow, so does the need for qualified
technicians. It's not unusual for experienced
technicians to earn from $30,000 to more than
$40,000 a year.* Now through Peoples College
of Independent Studies you can train for this
exciting field without interrupting your job or
home life.

* Electronics & Microprocessor Technology

¢ Industrial Electronics & Microprocessor
Technology

¢ Communications Electronics with Micro-
processor Technology

* Computer Servicing & Electronics Technology

* Specialized Associate Degree In Electronics
Technology

Depending on the program you select, you'll
perfect your skills using this advanced equipment,
included in the price of tuition:

¢ IBM-Compatible Personal Computer
* Digital Multimeter

¢ Digital Logic Probe

¢ Elenco Oscilloscope

* Portable Cellular Telephone
* Source US. Bureau ot Labor Statisiics)

Peoples College introduces some training firsts to

make your learning experience more complete:

¢ Accelerated Learning System — a scientifically
proven study system that helps you learn faster
and easier than ever before.

* Video Tutor Training Tapes give you a
permanent, visual record of informative lectures
and close-up demonstrations.

® Experience Labs — professionally designed
experiments that give you hands-on "'bench”
experience.

¢ Industry Certification Training Guide — provided
with four of our programs. Prepares you for
examinations you may take for your professional
license or certification.

&y l.‘ayfnont Mans No.?ﬁurlce Ch:ges

To help you get started on your education, Peoples
College has reduced tuition rates and otfers low
monthly payment plans with no finance fees. So
don't delay,
today!

call or write for more information

Progmms otfered only in United States. Canada, Puerto Rico
and Virgin islands. No Obligation. No sales person will call.

Our programs are accredited by the Accrediting
Commission of the National Home Study Council

YES! | would like to know more about your
training programs. Send a catalog to:

Name
Address
City .
State Zip
Phone #
PEOPLES COLLEGE

OF INDEPENDENT STUDIES

233 Academy Drive * P.O. Box 421768
Kissimmee, FL 34742-1768
Member, O.L. Peoples Group Rl 191 |
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tities are available from
stock.—Motorola Semicon-
ductor Products, Media Re-
lations MD 56-102, P.O.
Box 52073, Phoenix, AZ
85072.

ACTIVE DIFFERENTIAL
PROBE. The AP/ SI-9000
differential probe comes
out of the box ready to use.
Its built-in, precision dif-
ferential amplifier is inter-
nally powered and requires
no adjustment. The
51-9000 can be used in the
lab, in the field, and for edu-

cation; and for monitoring,
testing, designing, and
troubleshooting in such
areas as balanced data-
transmission lines, power
converters, inverters,
switching-mode power
supplies, robotics, HVAC,
machine/tool control, and
controlled lighting sys-
tems. The unit uses one in-
put channel of any general-
purpose oscilloscope. It
has convenient switch-se-
lectable gains, DC to 15

3§

At :
CIRCLE 22 ON FREE
INFORMATION CARD

MHz bandwidth, and a con-
stant input impedance of 2
megohm and 2.5 pF The
S51-9000 can be used with
inputs as high as =+ 700
volts and provides 2% ac-
curacy for outputs as high
as * 3.5 volts across loads
as low as 1 kilohm.

The SI-9000 active dif-
ferential probe costs
$399.—Avex Probes Inc.,
1683 Winchester Road,
Bensalem, PA 19020:
Phone: 800-877-7623.

PCXI COLOR VGA MONITOR.
Rapid System's PX1490 is
a 7.5-inch, VGA color
monitor for the “PC Ex-
tended for Industry’’
(PCXI} system. PCXI is a
modular, industrial PC
based on a 13-slot passive
backplane. Each part of the
PC is enclosed in a metal,
shielded, cooled, modular
enclosure. The PX1490
monitor, a Sony Trinitron
with 0.26mm dot pitch and
720 X 480 maximum reso-
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lution, is completely inte-
grated into the PCXI
chassis, connecting di-
rectly to the PCXI video
module. Depending on
configuration, a complete
system leaves two or three
slots open. It can be used
for rack-mount applica-
tions requiring built-in, eye-
level monitoring, in such
fields as production test-
ing, factory automation,
process control, and data
acquisition.

The PX1490 monitor
costs $1699.—Rapid Sys-
tems Inc., 433 North 34th
Street, Seattle, WA 98103;
Phone: 206-547-8311; Fax:
206-548-0322. R-E
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e Channel 2-3 Switchable

o Parental Control

« 86 Channel Capacity

o Sleep Timer

SIGNAL 511000 CATV CONVERTER

The new SIGNAL SL-1000 comes complete with infrared remote control and features 86 Channel
Capability. The SL-1000 comes standard with automatic fine-tuning with manual override on
the remote control and it's capable of working on HRC or standard cable systems. The
SL-1000 also features independent channel fine-tuning, channel scan up/down, fully
progiaminable favorite channel memory with recall and also last channel recall. The new
SL-2C00 also comes with Parental Control and Sleep Timer. In addition to all these fine features
the SIGNAL-1000 comes with a one year warranty putting this converter in a class by itself.

Ole Cortrol Cable Converter s ——— s
w i
4 v a

» Manual Super Fine Lock Tuning

o L.E.D. Channel Display

o Favorite Channel Memory and Recall
e Channel Scan

o Last Channel Recall
e Surge Protection
¢ Infrared Remote Control

e 550 MHz

SIGNAL, INC. 10278 N.W. 47th Street « Sunrise, Florida 33351 ¢ 305/748-7513 « Fax 305/749-6119
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Now for the first time in CIE’s 56 year history
you do not have to be enrolied at CIE to receive
our Electronics and Electricity Lesson ModLles.
Available for a limited time to non-students
for the shockingly low introductory price of
only $99.50.

With CIE’s patented AUTO-
PROGRAMMED method of learning
you'll quickly learn and then master
the basics of electronics and electricity
and then move on to ... soldering
technigues, applications of Kirchhoff's
law, voltage and power, printed circuit
boards ... and much, much, more.

Your commitment to CIE ends with
your payment, but CIE’s commitment
to your success just begins when you
receive your lessons, exams, binder
and equipment. This special price
includes the benefits CIE normally
extends to its students and graduates.

-

i

* Free Issue of “The Electron”
e Build your personal burglar alarm

$

¢ Theory and hands-on training
lessons and exams covering
“current and voltage” through
“printed circuit boards”

» CIE Bookstore privileges

e Patent learning method

¢ Electronic Bulletin Board privileges

Yes, send me CIE's Introductory
Electronic and Electricity Lessons

and Equipment.

Name
Street: Apt. #
City:
State Zip
Age Phone (
BOOKSTORE

|CIE]

1776 East 17th Street
Cleveland, Ohio 44114

“AShocking Offer’

All This For Only!

50 1

You'll receive CIE Booxstore privileges, a pat-
ented learning method access to CIE’s student,
faculty and alumni electronic bulletin board and
a free issue of Cl=’s school newspaper “The
Electron”. 24-Hour grading and unlimited
access to CIE’s faculty is available on
an optiona basis.

And best of all, when you
decide td continue your electro-
nics education in any of CIE’s
programs, you'll receive a
$100.00 CIE tuition credit
certificate.

All this knowledge and sup-
port will put you on the road to
understanding digital electranics,
microprocessing principles,
computer systems, telecommuni-
cations, and much, much, more

* A $100.00 CIE TUITION
CREDIT CERTIFICATE

Total Merchandise: 99.50
Ohio Residents add 7% Sales Tax

California Residents add 6 1/2% Sales Tax

Total this order:

Shipping and Handling Charges $5.00
Method of Payment: Amount Enclosed

O Personal Check or Money Order

O Master Card O Visa

Card Expiration Date

Signature

CHARGZ BY PHONE!
9 AM to 4:30 PM Eastern Time;
1-800-321-2155 ext. 7311; in Ohio 1-800-523-9109 ext. 7311
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TELEVISION AND VIDEO
SYSTEMS: OPERATION,
MAINTENANCE, TROU-
BLESHOOTING, AND RE-
PAIR; by Charles G. Bus-
combe. Prentice Hall, En-
glewood Cliffs, NJ 07632,
$45.80.

Telew;}on and
Video Systems

RCLE 40 ON FREE
INFORMATION CARD

The most popular cate-
gory of consumer elec-,
tronics is video—encom-

passing televisions,
monitors, projection TV's,
and VCR's—so there are
ever-expanding oppor-
tunities in servicing such
equipment. This book, in-
tended as a training tool for
tomorrow’s technician’s
and a reference source for
those working in the field
today, explores all facets of
modern electronic con-
sumer product servicing.
The book assumes a
basic knowledge of elec-
tronics on the part of the
reader, and concentrates
instead on theory and trou-
bleshooting. Divided into
sections by equipment cat-
egory, each section con-
tains a straightforward pre-
sentation of theory, con-
taining almost no engineer-

Use The Free Information Card for fast response.

ing concepts or mathe-
matics, followed by de-
tailed explanations of trou-
bleshooting techniques,
accompanied by block di-
agrams, partial sche-
matics, and other illustra-
tions. At the end of each
chapter are questions de-
signed to make the reader
ponder what has been
taught, and to promote un-
derstanding the material.
Also included is a full sche-
matic of a late-model color
TV that serves as an exer-
cise in schematic reading
and circuit tracing.

RADIO PRODUCTION: ART
AND SCIENCE; by Michael C.
Keith. Focal Press, 80
Montvale Avenue, Stone-
ham, MA 02180; $29.95.

Taking a fully integrated
approach to the subject of
radio production, this book
examines the effects of
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station programming for-
mats on the production
process, with the belief
that the two are insepara-
ble. The first section of the
book provides a brief histo-
ry of radio production fol-
lowed by a depiction of a

RADIO-ELECTRONICS
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TUNABLE

NOTCH FILTERS

* FOR ELIMINATION OF SEVERE INTERFERENCE
* FOR "CENSORING” OF ADULT BROADCASTS

¢ 45dB
AT CENTER FREQUENCY

*5dB
AT 2 MHZ FROM CENTER

*2dB
INSERTION LOSS

MODEL

TUNES TO CHANNEL

PRICE| SHIPPING

23H

20r 3 (or 6 meter ham) $30 NO

46FM

4,5, or 6 (or any FM station) $30

SHIPPING

713 7,8,9,10, 11,12 or 13 $30 OR

1417

14(A), 15(B), 16(C), or 17 (D) $30

C.0D.

1822

18(E), 19(F), 20(G), 21(H), or 22(l) { $30

CHARGES

3 for $75 - 10 for $200 - Mix or Match
30 DAY MONEY BACK GUARANTEE (3 FILTER LIMIT)

FAST DELIVERY
CALL TOLL FREE FOR C.0.D. OR SEND CHECK TO ORDER

STAR CIRCUITS

P.O. BOX 94917
LAS VEGAS, NV 89193

1-800-535-7827

Buy American

PN
X

Ask about quantity discounts
Model Shown: 510-SW-1

We are so sure that our probes
will meet or exceed your
performonce requirements that
we will send qudlified buyers a
sample for a 30 day
evaluation. After 30 days,
either keep the probe and we
will bill you, or simp|y return it
to us. It's that easy.

100 MHZ, Switchable X1-X10.........$36

* Complete range of monolithic
& modular probes from
60MHz - 300 MHz. Available
with read-out feature.

* Compatible with all
oscilloscopes.

* Complete accessory pack (as
shown).

* Tek and HP users: try us and
compare our high quality low
cost probes!

* Made in the U.S.A.

Call for Free catalog
1-800-87-PROBE

Attention All Oscilloscope Users
Try API Probes FREE for 30 days.

Avex Probes Inc.

1683 Winchester Road « P. O. Box 1026

Bensalem. PA 19020

Phone 215-638-3300 « Fax 215-638-9108
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day in the life of a produc-
tion director in a modemn
studio. The skills and
qualities required to meet
the responsibilities of the
job are discussed. The sec-
ond part of the book begins
with an analysis of studio
design characteristics, in-
cluding size, layout, and
acoustics, and evaluates
the latest audio equipment,
including MIDI, syn-
thesizers, digital pro-
cessors, and computers, in
the context of their roles in
the production studio. Part
It covers the basics of copy
preparation, good an-
nouncer delivery, and the
techniques used in tape
editing. A dozen of radio’s
most popular formats are
analyzed in Part IV, along
with a look at how the for
mat affects the way that
commercials, features,
promos, and public-service
announcements are pro-
duced. The book’s final
section takes a look at sev-
eral aspects of the produc-
tion experience in noncom-
mercial formats. As a
whole, the book is intend-
ed to provide the reader
with a taste of what work-
ing in radio production is
really like, along with an un-
derstanding of how the
equipment works and how
programming influences
the entire radio production
process.

INFRARED OPTOELEC-
TRONICS 1991 PRODUCT
SELECTION GUIDE; from
Quality Technologies, 610
North Mary Avenue, Sun-
nyvale, CA 94086; Phone:
800-LED-OPTO; free.

IRV B
It EETHONR S

«
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This 16-page booklet de-
scribes a comprehensive
line-up of infrared LED's
and phototransistors.
Packaging options include
metal can, plastic T-34, T-1,
T-1%, and a three-lead T-1-
% phototransistcr. User-
friendly specifications pro-
vide guaranteed min-max
parameters. The book also
includes two technical pa-
pers for design engineers:
“Testing Output Irradiance
of Infrared LED's” and “"Un-
derstanding Light Sources
When Measuring On-State
Collector Current in Pho-
totransistors.”

SOLDERING TOOLS FOR
ELECTRONIC PRODUCTION;
from Ungar, Division of El-
don Industries, 5620 Knott
Avenue, Buena Park, CA
90621; Phone:
714-994-2510; free.

“ sz
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Ungar’s updated lines of
soldering and desoldering
equipment and electronic
production aids are de-
scribed in this 25-page il-
lustrated color catalog.
included are surface-
mount rework systems,
desoldering service cen-
ters, soldering systems,
soldering/desoldering
irons, heat guns, and re-
chargeable cordless tools.
Highlighted is a new line of
electronic manufacturing
aids, including flushcut-
ters, pliers, and other hand
tools; masking devices;
dispensers; thermal wire
strippers; and assembly
devices. The catalog pro-
vides product descriptions,
specifications, MIL-SPEC
compliance, and selection
guidelines. R-E

METER

For Fast, Accurate Measurement
of Extremely Low Frequency
Magnetic Fields

Magnetic Fields in the 50 or 60 Hz
ranges, generated by hundreds of
sources in today's industrialized
environment, are being looked at
more and more as possidle health
hazards. The model 4060 provides
instant measurement of these fields,
in milligauss or gauss, merely by
flicking a switch. Designad for
measuring both household and
industrial sources. Priced under
$180.

Measures fields gererated by:

® power Transmission Lines
Microwave Ovens
Televisions ® Computers
Electric Machinery
Dozens of other Sources

EWE BELL
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Request full data today!
6120 Hanging Moss Road
Orlando, FL 32807

ELF Hotline: 407-678-7308

An ETCHED
circuit board

from a
Printed PAGE
in just 3 Hours

The ER-4 PHOTO ETCH KIT gives you the tools, materials and chemicals
to make your own printed circuit boards. The patented Pos-Neg™ process
copies artwork from magazines like this one without damaging the page.
Use the circuit patterns, tapes and drafting fitm to make your own 1X
artwork. Or try the Direct Etcn™ system (also included). to make single
circuit boards without artwork. The ER-4 is stocked by many electronic
distributors, or order direct. Add $3.50 for handling and shipping.
ER-4 PHOTO ETCH KIT (NV and CA residents add sales tax).... $38.00
DATAK'S COMPLETE CATALOQG lists hundreds of printed circuit products
and art patterns. Also contains dry transfer letter sheets and electronic title
sets for professional looking control panels. WRITE FOR IT NOW!

DATAK Corporation e 55 Freeport Blvd. ¢ Sparks, NV 89431
CIRCLE 178 ON FREE INFORMATION CARD
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Parts Special-Order Hotline. Your local
Radio Shack store stocks over 1000 popu-
lar electronic components. Plus, we can
special-order over 10,000 items from our
warehouse—linear and digital ICs, tran-
sistors and diodes, vacuum tubes, crys-
tals, phono cartridges and styli, even
SAMS® service manuals. Your order is
sent directly to your Radio Shack store
and we notify you when it arrives. Delivery
time for most items is one week and there
are no postage charges or minimum order
requirements.

(1) Shielded RS-232 Jumper Box. Top-
quality inline D-sub 25 adapter. Wire the
included jumper wires and board to suit
your need. #276-1403 ........... 9.95

(2) Computer RS-232 Tester. Dual-
color LEDs monitor seven data/control
lines to help you spot problems quickly. D-
sub 25. Connects inline.

#276-1401

(3) Grounded-Tip Soldering Iron. 15W.
#64-2051 ... 7.49

(4) Vacuum-Type Desoldering Tool.
#64-2120 .. ... 6.95

(5) Locking Forceps. 6” long. Stainless.
#64-1866 .. ... ..., 4.95

(6) Rosin Soldering Paste Flux. 1 oz.
#64-021 ... ... 1.79

(7) Lead-Free Solder. 96% tin, 4% sil-
ver. 0.25 0z. #64-025 .. ...... ... 1.99

(8) 10-Amp Microwave Oven Fuses.

#2701256 .. ......... Pkg. of 2/1.29
(9) 2-Amp Fast-Acting Fuses.
#270-1275 ... .. ... .. Pkg. of 3/79¢
(10) 5-Amp “‘Blade” Vehicle Fuses.
#2701205 .. ... Pkg. of 2/89¢

Computer/Printer/Business Machine
AC Power Cords. 6 feet long.

(11) Extension. Justplugintolengthen
existing cord.
#278-1259

(12) With Space-Saving 90° CEE Con-
nector. #278-1260 ............. 5.99

(13) With Straight CEE Connector.
#278-1257 ... 3.99

Since 1921 Radio Shack has been the place to obtain up-to-date electronic
parts as well as quality tools, test equipment and accessories at low prices.
Our 7000 locations are ready to serve you—NOBODY COMPARES

Prices apply at participating Radio Shack stores and dealers Radio Shack is a division of Tandy Corporation

(1) NEW! “Shirt Pocket” Multimeter. Take it along! Features LCD
display, autoranging with manual override, continuity sounder. Mea-
sures to 400 volts AC/DC and resistance. With fold-up vinyl case,
manual and replaceable batteries. #22169 .. ............ 27.95

(2) NEW! Building Power Supplies. Easy-to-understand, 96-page
book explains linear and switching supplies. Includes complete plans
for building five useful supplies with Radio Shack parts.

#276-5025

(3) Mini Audio Ampilifier. Great for computer voice/music synthesis,
signal tracing and more. Has a built-in speaker, */s” headphone jack,
/8" input jack and volume control. Put one on your bench today!

#2771008 .. 11.95

(4) Digital Logic Probe. LEDs and tone outputs reveal logic states
instantly. It's the fast way to check operation and pinpoint problems in
all types of digital circuits.

#22-303

(12) (13)
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(1) Voltage Regulator ICs. Feature
built-in overload protection and ther-
mal shutdown. Great for custom pro-
jects. Maximum input: 35VDC.

7805. 5V. #276-1770
7812. 12V. #276-1771

(2) Low-Voltage Motor. Just the thing
for science projects, robotics and solar
power demos. Operates from 12 to
3VDC. About 17/2" long.

#273-223

(3) High-Speed 12VDC Motor. Up to
15,200 RPM, no load. About 2" long.
#273-255 .. ... 2.99

(4) “Ding-Dong’ Chime. This IC and
mini-speaker combo is ideal for a
customer-entry alert or doorbell. Pro-
duces 80 dB sound pressure at 12VDC.
Operates from 6 to 18VDC.

#273-071

(5) Surface-Mount Resistors. 200-
piece assortment of 15 popular values.
Rated '/s watt, 5%.

#271-313 .. Set 4.99

(6) Metal Project Cabinet. An attrac-
tive, easy-to-drill housing at a low
price. 3x 5% x 57"

#270-253

(7) Power Supply Project Case.
Vented 212 x 45/s x 3'/a" molded case.
#270-287 ... 3.99

(8) 0 to 15 DC Voltmeter. Quality jew-
eled movement. #270-1754 ....7.95

(9) Box/Board Combo. Molded en-
closure plus predrilled 2 x 3'/s” board,
labels and more.

#270-291

(10) Eight-Position Audio Phono
Jack Board. #274-370 ........ 1.69

(11) 1:1 Audio Transformer. Z: 600-
900Q). #273-1374 3.5

(12) Three-Pin XLR Mike Plug. Metal
body. #274-010 .............. 2.99

(13) Three-Pin XLR inline Socket.
#2T4-ON L 2.99

(14) Three-Pin XLR Panel Socket.
#274-013 .. ... 3.69

Rad:o Jhaek

MERICII’S TECHNOLOGY STORE



A BUYER’S GUIDE TO:

Our in-depth approach
lG ITA L to understanding digital storage
oscilloscopes will shed new

STORAGE o ocae
OSCILLOSCOPES e

IF YOU'VE EVER USED A DIGITAL STORAGE OS-
cilloscope (DSO), you know what an invaluable
tool it can be. DSO's are designed specifically to
receive, store, and process a variety of signals,
including one-shet events, pre-trigger actions
and various fast- or low-frequency signals that
would normally escape detection by ordinary
analog scopes. Unlike analog storage os-
cilloscopes, DSO’s can store transients as well as
repetitive waveforms permanently in digital
memory for later viewing cr record keeping.

DSO’% are unsurpassed in their ability to rec-
ord characteristic waveforms for individual anal-
ysis or for comparison with other waveforms at a
later time. Binary data captured in a DSO’s mem-
ory can be transmitted to a central computer,
sent to an X-Y recorder for hard copies, or perma-
nently stored on tape or disc.

We will begin with some basics on how a DSO
operates, then we'll discuss resolution, accuracy,
bandwidth and risetime considerations as well ,
as some specialized features which have made
DSO's so popular. After laying out the ground-
work on critical DSO characteristics, we'll give
you a round up of some units ranging in price
from about $170C all the way up to $9900!

Digital bandwidth

One of the most important operating speci-
fications of a DSO is its maximum
sampling rate. The sampling rate of a
DSO is usually specified in megasam-
ples per second (Ms/s). The quality of a =
displayed waveform depends on the -
number of dots, or samples, that are :
taken for each cycle. With a high \
number of samples for each cycle, the A
waveform will be displayed in great de- ¥
tail. When fewer samples are taken, § !
important details may be lost.

Digital bandwidth can best be illus-
trated with a simple example. If a rela-
tively low input signal of 500 kHz is displayed on a DSC |
that can sample at a rate of 50 Ms/s, the number o:
samples that are taken during one cycle can be found by
dividing the signal frequency into the scope’s sampling
rate. Therefore, the number of samples equals

i
%
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50 Ms/s + 500 kHz =100.

One cycle of the displayed 500-
kHz signal is made up of 100
dots. That sampling rate may be
fine for lower frequencies, but if
you have a much higher frequen-
cy of 10 MHz, the sampling rate
reduces to only 5 dots per cycle,
which will not give a clear picture
of the actual waveform.

When a signal is sampled less
often than it should be, a phe-
nomenon known as aliasing oc-
curs. An under-sampled signal,
and the resulting aliased signal
is shown in Fig. 1-a and -b, re-
spectively. To avoid aliasing error,
more samples per second must
be taken.

According to the Nyquist crite-
rion, to completely reconstruct a
waveform, sampling must occur
at a frequency greater than twice
the rate of the highest frequency
for ordinary information, and
often greater than 10 times for
rise and fall time measurements.
The requirement for a high sam-
pling rate means that the analog-
to-digital converter (ADC) must
have a fast conversion rate. That
usually requires an expensive
flash converter, or a less expen-
sive analog storage device, both
of which we will discuss further.

A commonly used “figure of
merit” is the useful storage band-
width (USB). The USB describes
the maximum signal frequency a
DSO can store, and is dependent
on the sampling rate and the type
of display used. The USB can be
calculated as the (maximum
sampling rate})/25, and is the up-
per-frequency limit that the DSO
can adequately reproduce. That
frequency limit, however, can be
extended by using different inter-
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FIG. 1—AN ALIASED SIGNAL; an input
signal with a low sampling frequency (a),
and the resulting aliased signal (b).
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FIG. 2—INTERPOLATION METHODS; a
dot display (a) has no interpolation, a lin-
ear interpolator connects the dots with
vectors (b), and sine interpolation (c).

polation methods. Interpolation
is essentially the DSO's ability to
“connect-the-dots,” smoothing
the image into a fairly continu-
ous waveshape.

A dot display (Fig. 2-a) is useful
as long as you have enough dots
to reconstruct the waveform.
Generally, about 25 points per cy-
cle must be sampled for an ade-
quate display. Therefore, for a
full-scale sinusoidal display, the
USB is equal to

maximum sampling rate (Ms/s)/25.

Linear interpolation (Fig. 2-b),
or vector display uses a vector
generator to draw lines between
the data points on the screen.
When that type of interpolation is
used to display a sine wave, only
10 lines per cycle are needed to
reconstruct the waveform. The
USB for a linear interpolator is
therefore

(Ms/s)/10.

Sine interpolation (Fig. 2-c)
can even further extend the USB
by introducing a sinusoidal func-
tion between the dots. Only 2.5
points per cycle are needed to dis-
play a signal. The USB of a sine
interpolator is

(Ms/s)/2.5.

Not all measurements involve
sine waves. When dealing with
pulse waves, it is the rise time
that determines the scope’s abil-
ity to display such waveforms, as
we'll now see.

Rise time

One of the most important pa-
rameters involved in reproducing
pulse waveforms is the rise time
(T,). In analog oscilloscopes, the
rise time can be calculated simply
by the equation

T{(ns) = 0.35/bandwidth (MHz).

A 100-MHz scope, for instance,
would have a rise time of

0.35/100 x 106
3.5x109=35 ns.

With digital scopes, however,
minimum instrument T, varies
between 0.8 to 1.6 of the sample
intervals. If you measure between
10% and 90% of the pulse ampli-
tude, the maximum possible rise
time is

T,=0.8 x2(sample interval)
T, =1.6/(sampling rate).

Because the most limiting
measurement errors occur when
a 1.6 sample interval is used, the
useful rise time (UT,) can be de-
ined as

UT,=1.6/(sampling rate)or
UT, = (minimum sample interval) x 1.6.

So in a worst case situation
where digitizing rates were 100
Ms/s, the minimum sample inter-
val would become 0.01 ps and

TFDSO =0.01x1.6=16 ns.

RECONSTRUCTED
WAVEFORM

SAMPLE INTERVAL

L ] L]
p SAMPLES

V4
100%
90%

10%)
0%

SAMPLE INTERVALS

L ] L]
b SAMPLES

FIG. 3—RISE TIME IS AN IMPORTANT pa-
rameter in recording pulses. Errors in rise
time made by a DSO depend on sample
placement. The displayed signal can vary
from 0.8 (a) to 1,6 (b) sample intervals.



HITACHI PRESENTS EIGHT MODELS of
DSO’s with attractive specifications,
some even have four inputs.

That calculation is based on
pulses, not on dots, which are
said to have further error condi-
tions. and sine waves may appear
faster than the actual input sig-
nals due to induced preshoots
and overshoots resulting from a
small number of input samples.

In Fig. 3-a. the step is exactly
between two sample intervals,
with a rise time of the resulting
display of 0.8 x {sample intervatl).
While viewing the same signal in
Fig. 3-b, a sample acquisition is
taken in the middle of the step.
This is the worst case where the
rise time shown in the display is
equal to 1.6 X (sample interval).

The real-time resolution be-
tween samples can also be calcu-
lated easily by dividing the
sampling rate by 10 and then tak-
ing the reciprocal of that value.

Res =100 (Ms/s)/10=10 MHz
110 MHz =100 ns

As a practical example, a 100-
Ms/s scope would sample every 10
nanoseconds (Yioof X 106). Faster
sampling would require a higher
input-amplifier frequency re-
sponse. A 500-Ms/s instrument
would need a rise time of 1.17 ns
since it samples every 2 ns. Be
aware of such parameters at all
times when undertaking rise
time and glitch measurements
since bandwidth limitations
cause both amplitude and sam-
ple timing errors. Unlike an ana-
log scope, you cannot use the
useful rise time to work back and
calculate the rise time of the orig-
inal pulse. UT_is a measure of the
upper limits of performance of a
DSO.

Now that we've covered some
critical aspects of DSO bandwith
and rise time, let's look a little
deeper into the process of wave-
form digitization.

Digitizing basics
The primary difference be-
tween DSO's and analog storage

scopes is their method of storing
waveforms. DSO's digitize wave-
form data, which is then stored
in digital memory, while analog
storage scopes store waveforms
in the CRT by either bistable or
mesh storage techniques.

There are three stages involved
in digitizing; sampling, quantiz-

Ms/s dual-channel scope with 1K per
channel of memory storage.

ing, storage, and readout. Sam-
pling obtains a value of an input
signal at specific points in time.
Quantizing uses analog-to-dig-
ital conversion to transform the
sampled values into binary num-
bers for storage. The digitizing
rate is determined by the time
base, which is a very precise dig-
ital clock. The time base provides
discrete points in time to refer-
ence the quantized values of the
input signal. The digitizing rate

" | PREAMP I

i g

CHANNEL
SWITCH

VERTICAL
D/A
CONVERTER

is usually specified in megasam-
ples per second (Ms/s), or points
per second, as we mentioned ear-
lier. This digitizing normally oc-
curs in the more modestly priced
D50’ with an 8-bit (28) convert-
er producing 256 voltage levels.
The digitized samples are then
stored in memory, and converted
back to analog form using a dig-
ital-to-analog converter (DAC). A
block diagram of a DSO is shown
in Fig. 4.

Sampling

DSO's use two types of sam-
pling techniques—real time (or
one-shot) and equivalent time
sampling. Random events, or
one-shots, are every-day phe-

| Lerr/riGHT || Y

| CHANNEL SWITCHES

HEWLETT PACKARD'S SPECIAL—a dual
channel, large screen digital (only)
54510A scope that digitizes 2 channels at1
gigasample per second (Gs/s) with 8-bit
vertical resolution.

VERTICAL
DEFLECTION
AMPLIFIER

VERT/HORIZ
REAL-TIME/
MEMORY

DATA

“1{ STORED

: BUS
L] DISPLAY
toaIc INTERFACE

| joonrroLl |

EXTERNAL
CONTROLLER

HORIZONTAL
DEFLECTION
AMPLIFIER

HORIZONTAL J§
D/A
[ CONVERTER

[

VERT/HORI:
REAL-TIMF
MEMORY i
CHANNEL SWITCHESR

s

FIG.4—BLOCK DIAGRAM OF A DSO. The inbut.signal is digitized by an A/D converter and
stored in memory in digital form. To view the waveform on the CRT the data from memory
is reconstructed in analog form using a D/A converter.
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FIG. 5—SAMPLING TECHNIQUES of a
DSO in real time(a) and equivalent times (
b—d); sequential sampling (b) samples
one point of the waveform or every cycle,
random sampling (c) takes signals in a
random sequence. Pre- and post-trigger-
ing capabilities are retained with random
sampling. Multiple point random sam-
pling (d) takes several points of a wave-
form in one cycle, thereby reducing
acquisition considerably.

nomena occurring naturally un-
der almost every conceivable
circumstance. Repetitive or re-

THE NEW TEKTRONIX 2221A 100-Ms/s analog and digital storage
scope offers advanced digital processing capabilities in an eco-

nomical 100 MHz bandwidth DSO.
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v
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e e e

FIG. 6—A RECONSTRUCTED WAVEFORM is shown from an input signal that has been

sequentially sampled.

current events are usually man-
made and may be sampled at
some part of the information dur-
ing each cycle. Therefore, sample
rates for a one-shot event must be
comparatively faster than those
for repeated waveforms in se-
quence. Consequently, any DSO
capable of repetitive sampling
can accumulate and digitize con-
siderably more high speed intel-
ligence than one designed solely
for one-shots, also called real
time.

In real-time sampling, all sam-
ples for a signal are taken during
a single pass. When a transient
event occurs, such as a mechan-
ical failure/shock, power-supply
surge, or a biophysical response,
it is usually short-lived and may
not be repeated. A transient
event must be captured while oc-
curring, and sampled sequen-
tially, from start to finish in one
single sweep by real-time sam-
pling. Figure 5-a shows how real-
time sampling is used to recon-
struct a sloping rectangular wave
in a single cycle.

Equivalent-time sampling con-
structs a picture of a waveform by
capturing a small bit of informa-
tion from each signal repetition.
That type of sampling is useful
only for capturing repetitive sig-
nals. There are two types of

equivalent-time sampling: se-
quential and random sampling.
Figure 5-b shows how sequential
sampling takes one point of the
waveform for every cycle. That
process is repeated sequentially
until the digital memory is filled.
A reconstructed waveform using
sequential sampling is shown in
Fig. 6.

In addition to real time and re-
petitive events for DSO display,
there is random sampling of in-
formation (Fig. 5-c) related di-
rectly to the scope’s trigger point
which also permits pre- and post-
triggering waveform evaluations,
which sequential sampling can-
not do. Multiple-point random
sampling (Fig. 5-d) produces one
coordinated output from a
number of inputs. Some ana-
lyzers also have several storage
banks where one display can be
compared with another, es-
pecially triggering actions and
preceding or following bytes of se-
rial or related information.

Real-time sampling of a DSO
requires as many as 10 samples
per period to accurately recon-
struct a single-shot waveform.
Repetitive sequential signal ac-
quisition, however, is not deter-
mined by digital bandwidth
restrictions, but by the os-
cilloscope’s vertical (analog) am-
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TEKTRONIX' ANALOG 2252 4-channel scope with a 12-bit A/D
converter, an Epson FX-series printer, and an IBM remote PC all

combined to form a complete recording package.



HEWLETT PACKARD’S MODELS 54600 and 54601 combine the
convenience and display responsiveness of analog instruments
with the measurement power of digital architecture. Both models
feature 100-MHz repetitive bandwidth, 2-MHz single-shot band-
width, 20 Ms/s, and a pushbutton hardcopy output.

plifiers since there is no mutual
time relation between the dig-
itizers internal clock and incom-
ing signal, even though such
sampling occurs at fixed inter-
vals. Often, the clock rate is con-
siderably lower than that of the
sampled signal. That means that
a 100-MHz analog/digital os-
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FIG. 7—QUANTIZING BY A/D converters
transforms analog voltages into digital
binary bits at selected levels.

cilloscope can reasonably display
100 MHz analog and repetitive
signals, and only 10 MHz real-
time information. That's a sig-
nificant statistic in evaluating
DSOss, although that 10:1 ratio
canincrease to 6:1 and even 2.5:1
in some of the higher bandwidth
instruments with generous in-
terpolation, as we have already
discussed.

Quantizing

Quantizing develops as the
next step, and is simply defined
as a staircase of discrete levels
identifying logic bit assignments
of analog values to the variously
sampled points. As shown in Fig.
7. when the analog voltage in-
creases, decision levels are
reached causing the ADC to
change states adding additional
“1s" and “0%" to the binary out-
put. As always, there's a small
measure of uncertainty in any

INPUT o- :
oW
R1=3(R2/2) $r
: E =
g I ° | pinaR
> 4 Y
R2-R3-R4 DECODER o
"
0
$ R4 j
s
RS=R2/2
'L ‘YA""

FIG.8—A FLASH CONVERTER is used to quickly convert analog signais to digital output.
Resistors, comparators, and their quantizing decoder are shown.

PANASONIC’S VP-5710A is a menu-driven, 4-channel DSO with a
large 64K memory. A uniq.ue display position lets you view a
large part of the signal on the top of the screen, with a small
portion of the waveform below it.

digital electronic processing, and
that quantity is usually ex-
pressed as * the least significant
bit (LSB). Here, however, quan-
tizing uncertainty registers as
notse and the fewer AD bits the
mere noise. Larger AD's have pro-
portionally less noise, as you
might expect.

A/D converters

There are various methods of
digitizing different voltage levels
of a waveform. Four types we will
discuss are: successive approx-
imation, flash conversion,
charge coupled devices (CCD’s),
and scan converters.

Successive approximation
compares an input voltage with
respect to the output of a digital-
to-analog converter (DAC). It se-
lects a position for the most sig-
nificant bit (MSB) in discrete but
fixed-time conversion steps.
Therefore, theres a tradeoff in-
volving both resolution and con-
verter speed, which means long
conversion times for maximum
resolution conversion.

A more commonly used meth-
od is that of flash conversion
(Fig. 8) involving a number of re-
sistive dividers, an equal number
of comparators, and a decoder
which produces binary outputs.
Flash conversion is used in a
number of applications, includ-
ing video codecs, where signals
are applied to one input of the
comparators and a reference or
bias voltage across equal-value
resistors to the other comparator
input. With input voltages ex-
ceeding the reference, all com-
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PANASONIC MODEL VP-5741A has the same features as the
5720A except it has an analog bandwidth of 100 MHz with a
sampling rate of 100 Ms/s and a 10K x 3 memory storage.

PRASE S m05

PANASONIC MODEL VP-5720A is a 2-channel, 50-MHz repetitive
bandwidth DSO featuring a 15-MHz single-shot bandwidth and a
40 Ms/s sampling rate. It has a 8K x 3 memory storage and an
expandable memory option.
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parators deliver a high output,
and zero inputs result in a low. In
between, combinations of vari-
ous voltage levels proceed into
the encoder and result in a reg-
ular binary bit-stream driven by
a rapid-system clock.

Flash converters have a fast
conversion rate, but they can be
expensive and their resolution
decreases as the sampling rate is
increased. You may want to con-
sider a CCD which accepts in-
puts at over 100 Ms/s. A CCD is

CRT SECTION CONTRDLS THE
BRIGHTNESS. FOCUS, AND ALIGNMENT OFf
THE CRT TRACE Al SO, CONTROLS THE
BRIGHTNESS Of THE GRATICULE LIGHTS
PROVIDES A BEAM FINDER FUNCTION TO

AID IN LOCATING DISPLAYS DEFLECTED OFF

SCREEN

not an actual ADC, but an analog
sampler which accesses rapidly
and, by bucket-brigade action,
converts the samples to a consid-
erably lower rate at some discrete
level. Its “bucket’ cells are
charged accordingly and repre-
sent an equivalent number of
data points during a single in-
coming cycle, reserving several
cells for CCD control.

The advantages of CCD’s are
their 100-Ms/s operation and
lower cost over flash converters.

STORE SECTION CONTROI S MENL
DISPLAYS, CURSORS AND METHODS OF
SAVING AND DISPLAYING THE STORED
WAVETORMS

Also, the resolution does not de-
crease as the sampling rate is
changed. One disadvantage of
CCDs5 is that the scope cannot
accept data during the digitizing
period.

Scan conversions are also pos-
sible with double-ended cathode
ray tubes that store intelligence
on one side of the CRT target,
reading it off with a separate
beam on the target’s back side.
They're very fast but expensive,

and no new information may be

TRIGGER SECTION TRIGGER

CONTROLS ALLOW YOU T0 SELECT JUST THL
RIGHT TIME OR EVENT TO TRIGGER THE SCOPE

IT TELLS THE SCOPE WHEN TO BEGIN DISPLAYING
DATA, OR IN THE STORE MODE, TO ACQUIRE AND
DISPLAY DATA.

STORE/NON-STORE CONTROLS

WHETHER THE SCOPE FUNCTIONS IN THE
ANALOG MODE OR IN THE DIGITAL STORAGE

r{' Tektronix 2232 .
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SELECTION OF MENU ITEMS WHEN A MENU 1S
DISPLAYED IN THE NON-MENU MODE THE BUTTONS
CONTROL THE SAVE, STORE, AND RECALL FUNCTIONS
FOR THE REFERENCE MEMORY.

VERTICAL SECTION CONTROLS THE

VERTICAL SCALE (VOLTS/DIV) OF A DISPLAYED

SIGNAL AND ITS POSITIONING ON THF SCREEN PROVIDES
INPUT CONNECTORS AND COUPLING FOR SIGNALS
CONTROLS WHETHER CH1. CH2, OR BOTH SIGNALS

ARE DISPLAYED

Fig. 9—FRONT PANEL CRT and the various analog and digital controls for Tektronix’ 2232
100 MHz and 100 Ms/s analog/digital oscilloscope.

HORIZONTAL SECTION CONTROLS THE TIME

CONTRON S THE HORIZONTAL POSITIONING OF THE
DISPLAY ON THE SCREEN IN STORE MODE, CONTROLS
THE RATE AT WHICH THE SCOPE SAMPLES THE INPU
SIGNAL



received during reverse target
scan.

Storage

Storage, also called memory,
has differing record lengths de-
noting available random access
memory (RAM) or read only mem-
ory (ROM). RAMS store variables
such as incoming data informa-
tion, while ROM’s are fixed and
permanent memories of instru-
ment display characteristics, al-
gorithms, and other implanted
procedures.

Stored information may be col-
lected on disks, magnetic tape,
and possibly bubble memories.
But the shorter and more com-
mon means of storage are usually
metal-oxide semiconductors
such as CMOS, NMOS, or emit-
ter-coupled bipolar logic (ECL).
The larger the memory, the lon-
Jer its time to fillup and update
refreshment. Sorecord lengths of
4K to 32K could have several in-
terpretations, depending on in-
dividual requirements.

Horizontal jitter

Occurring in many analog
scopes and some of the older, less
expensive DSO’s, horizontal jit-
ter can actually ruin precision
measurements of both sine
waves and pulses. It appears in
repetitive situations and is calcu-
lated as = Y2 the elapsed time be-
tween samples. In most of today’s
storage scopes, jitter compensa-
tion or correction is already built-
in and should not be a problem.
But unstable voltages entering
analog equipment still cause
various problems since they are
directly related to the scope’s in-
ternal trigger and its own inher-
ent stability.

Resolution and accuracy

The vertical resolution of an os-
cilloscope is its ability to dis-
tinguish between signals which
are close together. Vertical resolu-
tion in a DSO is determined by
the number of bits used in the
ADC. For example, an ADC that
uses an 8-bit converter has a ver-
tical resolution of 256 (28), or
0.391% (1/256).

If you know the bit count of an
ADC, it'’s easy to find a DSO’s ver-
tical resolution. For instance, a
full-scale scope graticule setting
of 50 mV/div. would become 400
mV, with 8 vertical divisions.

FIG. 10—A SEMI-STAIRCASE reference
voltage and an “acquired” channel 1 sig-
nal below. All readouts. including trigger
reference, applies to the lower signal
which was supposed to be a sawtooth.

incoming waveforms in one of the storage
maodes.

FIG. 12—CRITICAL MEASUREMENTS are
both easy and accurate with a good DSO.
Here you're looking at a simulated one-
shot with a very fast rise time.

FIG. 13—AT 4K STORAGE, interpalation,
or lack thereof, is plainly evident as the
relatively flat times of these rounded
pulses indicate.

FIG. 11—INITIAL SELECTABLE SETUP for

Then, if your A/D offers 8-bit con-
version, that would amount to 28
discrete levels, or a total binary
number of 256. Therefore, your
DSO’s vertical resolution would
become

400 % 103/256 =1.5625 mV.

Similarly, a 4-bit A/D instru-
ment would only exhibit 25 mV
resolution (-%s). So the combina-
tion of analog-to-digital con-
version bits and vertical scale
settings do, indeed, determine a
DSOs’ ability to separate the vari-
ous details of waveforms. That
differs from accuracy, which is an
accepted standard value that the
scope may or may not fully re-
produce. Measurements, how-
ever, can't be more accurate than
the DSO’ resolution, and that’s
why such resolution becomes ex-
tremely important.

Horizontal resolution is a mea-
sure of the number of time incre-
ments that are stored in digital
memory. If the signal is stored in
1024 data words, then the hori-
zcntal resolution is Yo2e or
0.098%.

According to Tektronix, analog
cathode ray tube resolution is de-
rived from the CRT face area and
the size and shape of its electron
writing beam. The vertical and
horizontal CRT amplifiers gener-
ally become further limiting fac-
tors in the analog domain. But in
a digital scope, vertical resolu-
tion amounts to A/D resolution,
but its accuracy, like analog
scopes, depends on input and
output amplifiers and is no more
than 2—4% vertically and 1-3%
horizontally. However, with im-
ages “frozen” on the CRT's face
and the use of accurate markers
called “cursors,” many of the
foregoing errors can be largely
overcome, especially the horizon-
tal ones.

A DSO uses a crystal oscillator
clock instead of a linear sweep to
generate its time base. The dig-
ital clock is so precise that ac-
curacy of 0.01% is possible with
great stability. Consequently,
while vertical accuracy is largely
limited by analog readout, hori-
zontal accuracy becomes that of
the clock, memory length, and/or
cursor resolution and preci-
sion—a vast difference over ordi-
nary analog which is usually no
better than 2% and subject to in-
evitable drift with aging. Another
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FLUKE'S HANDHELD SCOPEMETER
models 95 and 97 feature 50-MHz dual
channel, 25 Ms/s sampling rate with auto-
set. A combination DSO and DMM, these
instruments are ideal for rugged field use.
Model 97 also has a sine wave or square
wave signal generator output with op-
tically isolated RS-232C remote control
operation.

strong argument for maximum
DSO horizontal accuracy is re-
peatability of measurements,
and reduction of human errors
by the use of cursors.

The front panel

Now that you have a general
idea of what DSO’s are designed
to do, lets quickly introduce you
to the front panel of a Tektronix
model 2232 100 MHz, 100 Ms/s
digital/analog oscilloscope from
graticule to the front panel, CRT
and dot-matrix (they're less ex-
pensive) printer readouts.

Figure 9 shows the bezel and
all front panel analog and digital
controls. The callouts indicate
1x and 10X vertical amplifier
settings from 2 mV to 50 V/div.,
sweep speeds from 50 ns/div. to
0.5 s/div,, delayed sweep, TV field
and line, variable holdoff, trigger-
ing levels, and X-Y mode in the
analog sections and setup, dis-
play, plotter, signal acquisition,
storage, cursors, plotter output,
waveform select, memory ac-
quisitions, and save references,
plus setup menus in the digital
portion. A side panel contains an
auxiliary connector and IEEE
488 or RS-232 port.

Applications

The first example shown in Fig.
10 is an output of a less expensive
function generator with slight
calibration and waveform purity
problems, both of which are often
found in inexpensive digital cir-

cuits. The bottom waveform is
“supposedly” a reasonably linear
sawtooth, while the top wave-
form is semi-staircase. The dis-
play has a time base of 2 ps/div.,
is sampled at 1K, its AC voltage
develops to 0.9 V since the ver-
tical amplifier is set at 0.5 V/div,,
the trigger level for amplifier Y1
reads out at 0.76 V, and the time
between X origin and X A time T
equals 12.2 ps. With absolutely
no trace movement the mode is
“save,” and the SREF 1 A is in-
cluded since it was previously
stored. The line under "A” means
the cursors are now positioned
as shown on the acquired signal.
The SAVE REF 1 remains until
another waveform writes over
this one and takes its place in
memory.

Except for the stored SREF 1 A,

that same signal could have been
shown similarly by an ordinary
analog scope but probably with-
out as much stability and proba-
bly without the on-screen read-
outs. The only fundamental
parameter not immediately read
out in modestly priced DSOS is
the voltage difference between
pulse peaks, and that is simply
the inverse of time which is easily
calculated, but not as accurate as
3-place electronic computation.

Incoming information

Now that programmable and
primary hardware have been
combined, let’s begin to move on
to some more intricate uses. With
the help of a Tektronix/Polaroid
C5-C oscilloscope camera, a
menu for the Acquisition mode is
adjusted so the 2232 will respond

DSO SOURCES

B&K Precision

6470 W. Cortland St.

Chicago, IL 60635

(312) 889-1448

CIRCLE 351 ON FREE iINFORMATION CARD

John Fluke Manufacturing Co.

Box 9090, MS 250E

Everett, WA 98206

(206) 356-5500

CIRCLE 352 ON FREE INFORMATION CARD

Gould Inc. Recording Systems Div.
3631 Perkins Ave.

Cleveland, OH 44114

(216) 361-3315

CIRCLE 353 ON FREE INFORMATION CARD

Hameg inc.

88-90 Harbor Rd.

Port Washington, NY 11050

(516) 883-3837

CIRCLE 354 ON FREE INFORMATION CARD

Hewlett-Packard Co.

19310 Pruneridge Ave.

Cupertino, CA 95014

(800) 752-0900

CIRCLE 355 ON FREE INFORMATION CARD

Hitachi Denshi America Ltd.,

Test & Measurement Div.

150 Crossways Park Dr.

Woodbury, NY 11797

(516) 921-7200

CIRCLE 356 ON FREE INFORMATION CARD

Kenwood USA Corp.

2201 E. Dominguez St.

Long Beach, CA 90810

(213) 639-4200

CIRCLE 357 ON FREE INFORMATION CARD

Kikusui Int. Corp.

19601 Mariner Ave.

Torrance, CA 90503

(213) 371-4662

(800) 545-8784

CIRCLE 358 ON FREE INFORMATION CARD

Krenz Electronic, Inc.

1020 Calie Cordillera

Suite 107

San Clemente, CA 92672

(714) 361-2433

CIRCLE 359 ON FREE INFORMATION CARD

Leader Instruments

380 Oser Ave.

Hauppauge, NY 11788

(516) 231-6900

CIRCLE 360 ON FREE INFORMATION CARD

LeCroy Corp.

700 Chestnut Ridge Rd.

Chestnut Ridge, NY 10977

(914) 425-2000

CIRCLE 361 ON FREE INFORMATION CARD

Nicolet Instrument Corp.

Test Instrument Division

PO Box 4451

Madison, WI 63711

(608) 273-5008

CIRCLE 362 ON FREE INFORMATION CARD

Panasonic Factory Automation Co.
Electronic Measurement Systems

9401 West Grand Ave.

Franklin Park, IL 60131

(708) 452-2501

CIRCLE 363 ON FREE INFORMATION CARD

Tektronix inc.

Test and Measurement Group

PO Box 1520

Pittsfield, MA 01202

(800) 426-2200

CIRCLE 364 ON FREE INFORMATION CARD



to these or other selected settings
in preparation for either conve-
nient or specific measurements
(Fig.11). Our attention will be di-
rected to the various setup pos-
sibilities that are available on the
setup menu. A rectangle denotes
each selected position.

In Fig. 11, the Sample mode is
selected which produces 100
samples for each graticule divi-
sion; the greater than 0.1 s/div.
selects either Roll or Scan storage
for settings above this figure. Roll
mode is somewhat like an elec-
tronic chart recorder, permitting
slow signals to move across the
CRT's face continuously from
right to left; and the Trigger, indi-
cated at 128/1K storage by the “T"
symbol towards the upper left
can be adjusted and positioned
incrementally between 4 and
1020 on the 1K record, or from 16
to 4080 on the 4K record.

In the Acquisition mode’s sis-
ter display menu, A Time and A
Frequency may also be selected
as well as Peak Detect, waveform
smoothing, and a Vectors mode,
filling spaces between adjacent
data points, producing a smooth,
connected image. In Auto, Vec-
tors operate at all times except
from 0.5 to 0.05 ps (Repetitive
Store).

Examples

Now that parameters are estab-
lished according to the acquisi-
tion setup in Fig. 11, its easy to
look at such critical values as
voltage measurements, trigger
levels, and rise times shown in
Fig. 12. At 0.1 ps/div. and 0.2 V/
div., the A voltage readout is
0.428 YV, the trigger position is at
0.11V, and the time between 10%
and 90% markers measures
0.064 ps which automatically be-
comes the rise time.

When you turn the scope and
signal information off for several
hours, the same stored display
reappears when power is applied.
You haven't missed anything,
and all the parameters remain. A
Polaroid photo of the display rec-
ords the image for posterity. If
you want to translate those mi-
croseconds into nanoseconds,
just move the decimal three
places to the right and the rise
time becomes 64 x 109, It just
that simple.

The waveforms of Fig. 13 are
shown at a 4K sample rate which

LEADER’'S MODEL 300 features 30 Ms/s
digital storage with a DMM, printout, and
logic analyzer combination.

builds up the display over a con-
siderable period. The interpola-
tion isn't quite extensive enough
to form a continuous pattern
among the rise and fall portions.
That occurs when sweep speeds
exceed 1 ps/div. The bar graph
above the “‘rectangled” cursor
signals a switch to a 4K-record
length, although only 1K of infor-
mation is displayed at a time. The
T for trigger point remains, but
only at the 0.64 V level, and the
time between cursors amounts
to 1.715 ps. The amplitude (A V1)
differenice between the two cur-
sors is only 0.008 V, which is fair-
ly close to being even. The
“Average” notation on the dis-
play’s bottom means random sig-
nal noise is reduced by multiple
signal inputs over a number of
records.

Where you looking for a glitch
among those voltages, you would
select the peak or AC-peak detect
mode, making the 2232 sample
at its maximum digitizing rate as
you search for a 10 ns or greater
waveform abnormality. Note how
nicely those displays photograph
with a C5-C camera.

Digital featues are gradually
making their way into analog
scopes (see our Analog Os-
cilloscape article in this issue).
Tektronix’ 2252 is a multi-ap-
plication analog scope with 4-
trace readout and an ADC. The
2252 is strictly analog from input
to virtual output, but one large
12-bit A/D converter for hard
copy reproduction bars the way.
Tek's 2252 is a 4-channel, 100-
MHz answer to those who want to
see glitches, spurs, preshoots,
overshoots, and all associated in-
terruptions greater than 10 ns. It
can be used with an Epson FX
series dot-matrix printer, and
doesn’t require one-shot record-
ed storage. Plotter printouts of

this unique one-of-a-kind instru-
ment can show transients, pre-
shoots, overshoots, and random
glitches.

Evaluations

Most DSO’s we’ll mention fall
within a 20-200 MHz group and
are dual analog/digital units very
popular now in the marketplace.
Table 1 shows a rundown of many
popular scopes now available,
with some important specifica-
tions. Although several manufac-
turers, such as Hewlett Packard
and Nicolet, do not produce com-
bination units, they occupy
strong positions in the industry
and are included as well, plus two
special digitizers, one of which
doubles as a spectrum analyzer
and the other a 4-channel analog
scope with an A/D digital printer
readout.
e Hitachi—A real surprise with
eight models already available
and more on the way. Prices are
attractive, superb, inclusive
specifications, and interesting
bandwidths. Models VC-6075,
VC-5175, VC-6275 are not listed,
but are still available.
® [eader—Two new announce-
ments: a 30 Ms/s AC/DC-operated
DSO that also features an 8-bit
logic analyzer, a data logger for
DMM functions, and an auto-
ranging digital multimeter, all in
one 2.6 pounds instrument
(Model 300); and a Mod. 3100
conventional analog/DSO having
100 MHz analog and 40 Ms/s with
averaging “settable” from 2 to
256 bits, plus voltage, time,
phase, and dB difference ratios.
® Hewlett Packard—Doesn’t com-
bine analog and DSO’s, but pro-
duces DSO’s only. Four of their
less expensive DSO’s are listed
with their dual time base dis-
plays. custom integrated cir-
cuits, 8-bit A/D converters (ex-
cept the 54502 which has a 6-bit
converter), and modular probes.
The company’s newest is the HP
54510A at $10,950, having a
sample rate of 1 Gs/s, repetitive
bandwidth of 250 MHz and 8-bit
vertical resolution—all portable.
¢ Tektronix—Not to be outdone
by HP. Tektronix has introduced
three all-digital scopes, one with
a 10-MHz sampling rate and a de-
flection factor of 50 mV to 500 V/
div. called the 222PS Power
Scout. The 222PS is intended for
rugged field work such as indus-
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Tek Direct has a wide
range of scopes, starting at

less than $1000. Plus afford-

able probes, TV/Video gear,
meters, and much more.
So ring us up and order
your free catalog. We're just
waiting for you to connect.
1-800-426-2200.
8AM-5PM. All time zones.

Tektronix

COMMITTED TO EXCELLENCE

Copyright © 1991, Tektronix. Inc.
All rights reserved. 49A-187886.
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trial power systems, marine re-
pair, and plant maintenance.
Tektronix models TDS 520 and
TDS 540 have two and four chan-
nels, respectively, and feature
surface-mount components so
that amplifier and trigger-logic
circuits can be mounted on a sin-
gle PC board.

In both models, digitizers oper-
ate continuously at full speed and
peak-detect glitches as small as 4
ns, regardless of the time-base
setting. The single-channel sam-
pling rate for models TDS 520
and 540 is 500 Ms/s and 1 Gs/s,
respectively. Record storage
lengths are 50K points per chan-
nel, augmented by zoom pre-
views and signal expansions plus
90 on-screen icons, or images,
for user aids—the beginning of a
brand new TDS series by Tek.

Relatively low cost for 100 MHz,
100 Ms/s, plotter and printer out-
puts, extensive training, simple
controls, ample memory, good
application notes, solid perfor-
mance and long life.
® Nicolet—The NIC-310 is a new
model with simplified controls,
vertical and horizontal trace ex-
pansion to 60 X, automatic sig-
nal acquisition, massive storage
and built-on disk drive controls,
also portable.
¢ LeCroy—Another fine manufac-
turer of high quality instruments
whose Mod. 9410, large-screen
scope, optional 512K credit card
memory, vertical sensitivities as
low as 100 wV/div., pen or digital
plotter outputs, offers displays in
color, and a 1,000-point fast
Fourier transform (FFT) to be
completed in less than a second
(another option) to operate as a
spectrum analyzer!
¢ Kenwood and B & K Preci-
sion—Manufacturers of similar,
low frequency, inexpensive
scopes with virtually identical
specifications.
¢ Philips—Supplies several lower-
cost analog and DSO combina-
tions with interesting features,
100 and 250 Ms/s, 16K memo-
ries, and attractive pricing, to-
gether with excellent application
notes—well worth investing in.
® Hameg—Also offers a pair of
low-cost 20 and 40 MHz/Ms/s
scopes (models HM205-3 and
HM408) with 2K memories, X-Y
cursors, and 8 bits of vertical res-
olution.
¢ Kikusui—Their COM 7101A

and 7201A have four inputs and
200 MHz analog response and 50
Ms/s for digital storage. They in-
clude a DVM and a frequency
counter.

® Krenz—Model 3350 is a 2-
channel, 50-MHz, 100-Ms/s DSO
with 8-bit resolution and a 4K
memory. Krenz also offers a PSO
5570 MS-DOS compatible main
frame with 8 channels, 20 MHz
sample rate, up to 12-bit resolu-
tion, a 50-megabyte hard drive
and a 1.44-megabyte floppy
drive. Analog input modules with
various preamp, A/D converter,
and memory specifications are
used with the main frame. Other
base units offered are the PSO
7010 and PSO 7040 featuring 8
and 16 channels, respectively,
with a 14" color video display for
high-resolution color graphics.
® Panasonic—Starting at $3995
and ending at $9900, Panasonic
currently produces four DSO’s
with reasonably large memories;
three of the four have two chan-
nels with 7-inch CRT'’s. Model
VP-5710A has a sampling rate of
20 Ms/s with 4 channels, model
VP-5720 is a 2-channel, 40 Ms/s
DSO with arithmetic and wave-
form functions, 100 Ms/s model
VP-5741A has time shift and a
calculator, and 200 Ms/s model
VP-5750A has an 80K-word, non-
volatile memory in addition to
autoranging, programmable,
and interpolation functions. All
have effective nonstorage band-
widths of DC to 100 MHz, except
model VP-5720A which has a
bandwidth of 50 MHz.

What you see in the scopes
we've discussed is both low cost
and limited effectiveness, and
higher cost with broadly in-
clusive instruments which have
many common and a number of
diverse features. New models are
appearing rapidly and designs al-
most improving daily. Some time
bases even stretch to 50 and 200
seconds on the low end, highly
suitable for measuring power ap-
plications, slow mechanical
movements, ballistics, electrical
phenomena, injection molding,
drive controls, and so on.

We advise you to take your own
sweet time in DSO selection,
study all specifications, check
short term and long term require-
ments, consider the source, re-
view training and applications,
then worry about the price. R-E



- ANALOG
SCOPES

JEFF O'NEAL*

...they’re far from dead!

IF YOUVE BEEN LEANING TOWARD
buying a digitizing oscilloscope,
you might want to take ancther
look at analog scopes before
spending your hard-earned
money.

It's true that digital scopes offer
many features—measurement
cursors, automatic setup, pro-
grammability, and all those built-
in microprocessor smarts. You
can even transfer waveforms
from a digital scope to a PC and
do whatever you want with
them—analyze them, store them
on a disk, or output them to a
printer.

However. modern analog
scopes offer many impressive fea-
tures as well. Many newer analog
designs use built-in micro-
processors for automatic setup.
measurement cursors, and pro-
grammability. In fact, some ana-
log scopes can even be hooked

*Jeff O'Neal is a Product Marketing Engineer for
Tektronix, Inc.

directly to a printer for waveform
hardcopies. Waveform printouts,
as well as many other features,
are no longer the exclusive do-
main of digitizing scopes.

In short, today's analog os-
cilloscopes are much smarter
than yesterday’s. They offer many
of the same features as digital
scopes and even surpass them in
a variety of basic measurement
capabilities.

The real distinctions, however,
are in how each type of scope ac-
quires and displays waveforms
for measurement. This has al-
ways been the fundamental issue
in scope choice and continues to
be so. It's an issue of understand-
ing your waveform observation
and measurement needs, then
understanding how each type of
scope addresses those needs.

Keep in mind. though. that
each oscilloscope technology of-
fers its own unique advantages.
That's why many oscilloscope

manufacturers offer both digital
and analog scopes. Some scopes
may even combine both tech-
nologies to take full advantage of
the unique strengths of each.

Real-time vs. storage

Figure 1 illustrates a basic dis-
tinction between analog and dig-
ital scope waveform acquisition.
Both waveform photos show the
same jittered signal. The dif-
ference is that one waveform is
displayed in real time on an ana-
log scope (1-a), while the other is
a digitally stored waveform dis-
played in vector form on a digitiz-
ing oscilloscope (1-b).

Notice that the analecg scope
clearly shows the jitter in its en-
tirety. That includes nect only the
extremes of the jitter excursions,
but the time distribution of the
jitter as well. The distribution is
seen in the intensity variation of
the multiple traces in the jitter
region. The brighter areas are
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FIG.1—REAL-TIME DISPLAY OF PULS EJITTER on an amalog scope shows far more detail

(a) than on a digital scope display (b}.

where the jittered edge spends
most of its time; the dimmer
areas are where it spends less
time.

In comparison, the digital
scope shows far less definition of
the jittered edge (1-b). That's be-
cause the digital display is a sin-
gle trace reconsiructed from
digitized waveform samples
stored in memory. The digital
scope’s representation of the

waveform is restricted to a single-
amplitude value for each point in
time.

An analog scope display, be-
cause its made up of multiple
real-time traces, can show multi-
ple amplitudes at any point in
time. That’s extremely important
for observing and analyzing com-
plex, real-time signal activity
such as jitter, various TV wave-
forms, and modulation, as

shown in Fig. 2. Modulated color
levels are clearly visible in the in-
tensity variations of an analog
scope display (2-a), while a digital
scope display conveys little infor-
mation (2-b).

The differences between real-
time analog and digital scope dis-
plays become clearer when com-
paring the two acquisition pro-
cesses. The basic architecture of
each type of scope is shown in
Fig. 3. and the acquisition con-
cepts are shown in Fig. 4.

The capture process

Notice in Fig. 3 that the overall
architecture of both types of
scopes is the same in many re-
spects. Both scopes must have a
high-quality analog front-end
with adequate bandwidth and
fidelity for the signals being cap-
tured. Both must have triggering
circuits for triggered capture and
display of waveforms. Both must
have horizontal and vertical drive
circuits in order to trace a sig-
nal's waveshape across the CRT
display (except for raster-based
displays. which work differently).
And both can have built-in mi-
croprocessors for digital automa-
tion of instrument setups and
other control functions.

The main difference is in the
input signal path from the ver-
tical amplifier to the display. An
analog scope has an analog path
that passes the signal to the dis-
play in real time. In more ad-
vanced scopes, this analog path
may also include integration of
various measurement functions,
such as voltmeters and counter/
timers. In the case of the
Tektronix 2252 oscilloscope, the
analog signal is also sampled by
an A/D converter to provide out-
put to a printer for hardcopies of
repetitive waveforms. But the
main signal path is pure analog.

Digitizing scopes, on the other
hand, sample and digitize the
analog signal as soon after the
vertical amplifier as possible.
There are numerous schemes for
doing this. but the general goal is
to sample, digitize, and store
points as fast as possible for the
price range of the particular dig-
itizing scope.

Figure 4 illustrates the general
capture processes involved for
both types of scopes. In both
types, the capture process occurs
over a time period referred to as a



capture window. In the case of an
analog scope (4-a) the window is
determined by the scope’s sweep
speed setting. A 1-ps/division set-
ting, for example, provides a
10-ps window on a scope with 10
horizontal display divisions.

The portion of the waveform
captured is determined by the
capture-window length and the
trigger-system setting. In the
analog scope case of Fig. 4-a, trig-
gering is set for the beginning of
the positive slope on the wave-
form being measured.

When a positive waveform
slope is encountered, the analog
scope’s sweep circuit is triggered.
The waveform is traced on the
display. Then at the end of the
sweep, the CRT beam is blanked
and retraced, and the scope’s
trigger circuit is rearmed for the
next sweep.

The blank-retrace-rearm se-
quence, sometimes referred to as
rearm dead time, is normally
quite short in analog scopes.
Thus, an analog scope can trig-
ger through a quick sequence of
capture windows. That allows
the scope's CRT beam to repeat-
edly trace the shape of a re-
petitive waveform, keeping the
screen phosphor highly excited
for a bright trace. Or, as is the
case with the analog capture pro-
cess in Fig. 4-a, it shows the mul-
tiple traces of pulse-width jitter.

Digitizing oscilloscopes use
the same capture window con-
cept. Strictly speaking, however,
a digital scope’s capture window
corresponds to the waveform
memory's length (record length).
Digital scopes with record
lengths of 512 or 1024 waveform
points typically display the entire
waveform record over the full
horizontal display width. Those
with longer records (2048 or
more points) usually display only
a portion of the record and allow
you to scroll the display through
the record.

The time it takes for a digital
scope to capture a waveform into
memory depends upon the
scope's record length and sam-
pling rate. For example, with a
512-point record and a 10-us cap-
ture window, the scope must
sample, digitize, and store a
waveform point every 19.53125
nanoseconds (10 ws/512). In
other words, the scope’s “real-
time” sampling rate must be at
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FIG. 2—THE FIVE MODULATED COLOR LEVELS OF A VIXEO SIGNAL are clearly / sible
in the intensity variations of an analcg scope display (a), while a dots-only digital scope
display conveys little information about the signal’s actual complexity. A digital scope’s
vector display would connect the dots for a clzarer outline of the waveform, but still
wouldn't provide the intensity variations that distinctly show the modulated color levels.

least 51.2 megasamples/second
(MS/s) to capture all 512 samples
in one 10-us capture window.

There’s a wide selection ol real-
time sample rates available in to-
days digital scope market. But
faster real-time sample rates
mean more expernsive technaology
and higher price tags.

For the sake of economics,
mast digital scopes use equiv-
alent-time sampling on their
faster sweep settings (1 ps/divi-
sion and faster). That allows re-
petitive wavelorms te be cap-
tured at apparently high sample
rates by building up a complete
sample set aver multiple capture
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windows. This is illustrated in
Fig. 4-b for comparison to the
analog scope’s real-time display
method.

Notice in Fig. 4-b that only a
few samples have been taken in
two separate capture windows.
On fast time-base settings, the
scope’s sampling rate may allow
only a few samples per capture
window. Thus, it may take nu-
merous windows to build a full
complement of 512 samples to fill
the waveform record.

Also, notice that a triggered
capture window doesn’t occur at
every potentially valid trigger
point. In other words, some of
the pulse repetitions in Fig. 4-b
are skipped. That's because of the
digital scope’s longer rearm dead
time. Recall in the analog scope
that there was ashort rearm dead
time where the scope’s trace was
blanked and retraced, then the
trigger system rearmed. Digital
scopes must complete some dig-
ital processing on the input
waveform before rearming. The
length of their rearm dead time
will therefore depend on the
amount and speed of that digital
processing.

The point is, a repetitive wave-
form displayed in equivalent-
time on a digital scope is really a
sampled composite of numerous
capture windows. Additionally,
the digital display traces a single
set of points versus the multiple
real-time traces of an analog dis-
play scope.

The repetitive pulses have vari-
ations in the pulse width. As a
result, the trailing edge samples
in 4-b are actually a composite of
numerous, time-shifted edges.
When the samples are connected
by straight lines (display vectors)
for a vector display, the jittered
edge looks like a burst of noise
rather than the traditional ana-
log scope display of jitter in real
time.

If a repetitive waveform is truly
periodic (such as a sine wave),
the analog and digital scope dis-
plays usually are quite similar.
The exception is when numerous
waveform cycles occur over the
capture window. That results in
fewer samples per waveform cycle
on a digital scope. and the dis-
play may contain visual aliasing
(see Fig. 5). Analog scopes don't
sample. so they don't have this
problem.
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FIG. 3—OVERALL ANALOG AND DIGITAL SCOPE ARCHITECTURES are quite similar
today. The major difference is that analog scopes have an analog signal path to the
display and digital scopes have a digital storage path.
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FIG. 4—METHODS OF WAVEFORM CAPTURE remain essentially the same in analog
scopes (a), while digital scopes may use a variety of sampling schemes to emulate real-
time analog signal displays (b).
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FIG. 5—VISUAL ALIASING occurs when the display of a sampled waveform suggests the
presence of different or additional waveforms. Dots-only displays are the most suscepti-
ble to visual aliasing and can suggest that the waveform contains a low-frequency sine

wave when it actually doesn’t.

Rubber screwdrivers

The differences in capture
methods can affect how easy a
scope is to setup and use as well.
Recall that an analog scope re-
arms quickly and traces each
capture window's waveform in
real-time. The display updates in
real-time from trigger to trigger.
So, if you use an analog scope to
observe a waveform and “use a
screwdriver” to adjust the wave-
form's amplitude, you see the
change immediately on screen.

With a digital scope, the equiv-
alent-time display must build up
over several windows, causing a
slower update rate. As a result,
when you make a “screwdriver
adjustment,” you may not see an
instantaneous change in the
waveform. The delay between ad-
justment and observed results is
like using “a screwdriver with a
rubber shaft.”

Because of the “rubber screw-
driver effect,” and for other rea-
sons (especially scope setup
ease), some digital scopes offer a
real-time analog mode along with
the digital storage mode. You can
switch between a traditional ana-
log scope display or a digital stor-
age display as needed. More-
expensive digital scopes with
high bandwidths and fast update
rates provide what is essentially a
real-time display like an analog
scope.

Now, think about what was
said about sampling and digitiz-
ing waveforms. Sampling means
that you get discrete points
equally spaced in time on the
waveform and nothing in be-
tween. If there are 512 points in
the record, the time resolution of
the captured waveform is one
part in 512. These samples are
also digitized, usually to one part

in 256 resolution (8-bit digitiz-
ing). The net result is that, on a
digital scope, unaveraged wave-
form displays have an inherent
tendency to look noisy.

So, when you see a noisy wave-
form on a digital scope, you have
to keep in mind that some of the
noise is due to sampling and dig-
itizing resolution (quantizing
noise), and some of it is actual
noise on the waveform. With an
analog scope, when you see noise
on the waveform, you know that
all of the noise (at least up to the
scope’s bandwidth) is actually
part of the waveform.

Cursor differences

Measurement cursors are lines
or dots that can be positioned on
a scope’s display to measure time
and voltage differences. There
are basically two cursor types:
screen-based and waveform-
based.

Screen-based cursors are the
easiest to implement and can ap-
pear on either analog or digital
scopes. They can be positioned
anywhere on the screen. Their
readouts are simply the screen-
relative amplitude and time loca-
tions of the cursors. If the cur-
sars are placed on the waveform
trace, the readouts also represent
time and amplitude locations on
the waveform display. But, if the
display changes, you have to
place the cursors back on the
waveform in order to reestablish
a measurement.

A smarter approach is to some-
how tie the cursors to the wave-
form. The cursors are then
referred to as being waveform-
based.

In digital scopes, waveform-
based cursors are tied to the
waveform’s stored samples. This
is where digital resolution limits
can become quite apparent. As
you position the cursors, they
may appear tojump from point to
point on the waveform. This will
be most noticeable on pulse
edges or other fast transitions
where there are fewer samples. In
fact, the sample resolution may
be so.poor that you won't be able
to pick off reasonable 10% and
90% levels on the waveform for
rise-time measurements.

To deal with that, many digital
scopes, especially those with dot-
connected vector displays, use
interpolation for cursor place-
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ment. This allows you to place
cursors between samples on the
display for interpolated readout
values.

An even smarter approach to
the resolution problem is to tie
the cursors to the waveform trace
by direct measurement of input-
signal amplitude. An example of
this is the SmartCursors appear-
ing on some Tektronix analog
scopes.

The SmartCursor system uses
a built-in, microprocessor-con-
trolled cursor/voltmeter system.
The cursor readouts not only re-
flect measurements of the actual
signal, but the cursors are smart
enough to follow signal changes.
That allows you to tune circuits
for precise signal amplitudes
simply by making circuit adjust-
ments until the scope's cursor
readout reaches the desired val-
ue. Its just like using a voltmeter,
except that the analog scope’s
cursors show you exactly where
on the waveform the measure-
ment is being made. In fact, the
SmartCursors include automatic
placement on the waveform by
simply pressing buttons for
peak, peak-to-peak, and other
commonly needed waveform
measurements.

Integrated measurements

Cursors are just the beginning
of the measurement