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The oscilloscope is the technician’s window into the internal workings of electronic cir-
cuits. Through use of an oscilloscope, all of the normally invisible electrical activity tak-
ing place in the circuit becomes visible, thus revealing information upon which the tech- |
nician can base a diagnosis of a faulty circuit. It is important that a technician select an
oscilloscope that is adequate for the applications for which it will be used. (Photograph
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Test probes

Have you ever connected your oscilloscope to a circuit and
observed the waveform, only to find that the signal you saw
wasn’t the signal you expected to see. Oh, maybe it was kinda,
sorta, like the waveform in the service literature, but some of
the corners were rounded, or the amplitude of the signal wasn’t
as high as that of the signal in the manual, or there was some
other kind of distortion.

The problem in a case like this might have been that the cir-
cuits in the product weren’t operating properly and were, in fact,
the cause of the problem that you were trying to correct. On the
other hand, the distorted waveform might have been caused by
using an oscilloscope that didn’t have sufficient bandwidth to
properly display the signal. Or the distortion might have been
caused by a set of probes that weren’t designed for this appli-
cation. In fact, the probes themselves might be loading down
the circuit and causing the signal to change shape.

When the use of inadequate probes causes distortion of a sig-
nal of interest, at the least, it can make it difficult to determine
the nature of the problem that the technician is trying to ana-
Iyze. At worst, the wrong probes can make the technician think
that the signal distortion he’s observing is caused by circuits in
the unit being serviced, and send him on a wild goose chase try-
ing to correct a problem that doesn’t exist.

But then false readings can be a problem whenever the oper-
ation of a product or system is being observed. The mere act of
observing any phenomenon causes a change, however slight, in
the phenomenon. Thus any tests and measurements on a circuit
have the potential to cause changes, however slight, in the oper-
ation of that circuit. Therefore, it’s important to exercise care to
make those measurement effects as slight as possible.

Of course, in service work, frequently “close enough,” is
close enough. It frequently is not necessary to see the exact shape
of a waveform. In many cases if you can measure a resistance
to within 20 percent or so, or the voltage at a point to within a
few volts, or if the general waveshape of a signal is similar to
the one in the manual, you have enough information to deter-
mine whether or not that part of the unit is within tolerances.

On the other hand, sometimes the difference of a few ohms,
or a few tenths of a volt, or a slight change in the shape of a
waveform, may mean the difference between proper operation
and failure of the unit.

It helps the cause of accurate diagnosis if the technician has
sufficient experience to know the difference between the two
cases, and test equipment and accessories that introduce a min-
imum of distortion when that type of accuracy is needed.

As the article on test accessories in this issue points out, the
oscilloscope probe can introduce distortion into the observed
signal that may confound a technician’s efforts to diagnose a
problem in a defective product. The high-impedance probe that

WWW.americanradiohistorv.com



— "

is commonly used with oscilloscopes in service work may be
fine for lower frequency work, but at higher frequencies may
introduce inaccuracies because of capacitive loading.

As the article further discusses, a low impedance probe may
be better for use in some applications than a high-impedance
probe, but if used in the wrong application, a low impedance
probe could introduce enough loading on the circuit being
observed to cause erratic operation. That would lead a techni-
cian to think that the product was defective, if he weren’t aware
of this type of problem.

One answer to both problems is to use an active probe. But
as the article points out, active probes are expensive and can be
damaged by overvoltage.

In the final analysis, though, the most important implication
of this entire discussion of test probes is the importance of ade-
quate education and training for technicians in all aspects of the
profession. The firmer the grasp that the technician has on the
theory of how electronic circuits work, the better prepared he’ll
be when things don’t seem to be working the way they’re sup-
posed to, and the better he’ll understand how to apply the test
equipment and accessories to diagnosis of the problem.

It is, of course, useful and helpful, and a very good idea, to
have tips and tricks available when troubleshooting. For exam-
ple. it’s nice, and it saves a lot of time, to have one of those com-
puter databases available that tells the technician: “in the
HyperTV Model TV705, if the symptom is a blank screen,
replace Q70563 in the switching power supply.” But when he
runs across a problem that he doesn’t have a tip for, the techni-
cian has to rely on the knowledge and skills that he has devel-
oped during his formal education, if any, and during his years
of working experience. The more thorough and intense that
training and experience, the better the technician will be at diag-
nosing and correcting problems.

These days, the difficulties facing technicians are intensified
by the fact that the circuitry in consumer electronics is increas-
ingly complex and unfamiliar, even to a seasoned technician.
In sets in use today, digital devices and circuits sit side by side
with the more familiar analog circuits. Technicians have to
know what these devices are and how to test them.

I remember the approach that my lab courses took back when
I was going to school. Very little instruction was given in the
use of the test equipment. It was just there and to be used in car-
rying out lab experiments.

Given the complexity of both the circuitry in use in consumer
electronics products, and the sophistication of the oscilloscope
itself, to say nothing of other test equipment, it would seem that
technicians could benefit from a course in theory of test equip-
ment and its proper operation and application. Or, barring that,
intensive study as part of their on-the-job training in the service
center. The rewards of such training would be reduction of con-
fusion and faster diagnoses.
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CEMA publishes U.S. Consumer
Electronics Industry Today

The Consumer Electronics Manu-
facturers Association has published its
annual review of the consumer electron-
ics industry, U.S. Consumer Electronics
Industry Today. The 122-page book
includes highlights and updated statistics
on the industry, along with a look ahead
to the trends of tomorrow.

US. Consumer Electronics Industry
Today analyzes the following product
categories: video, audio, mobile elec-
tronics, multimedia, communication and
information, integrated home systems
and accessories. The book also includes
a detailed history of the industry, both as
an essay and a thorough timeline; a list of
CEMA members; and contact informa-
tion for related associations.

All statistics in U.S. Consumer Elec-
tronics Industry Today were compiled by
CEMA’s Market Research departmentand
its market activity report program.

Copies of U.S. Consumer Electronics
Industry Today are available from
CEMA’s Communications department at
(703) 907-7674.

Year 2000 not a problem for
consumer electronics products
CEMA member survey finds
few products affected and fixes
readily available

The Consumer Electronics Manu-
facturers Association (CEMA) has filed
comments with the Federal Trade
Commission FTC) stating that the vast
majority of consumer electronics prod-
ucts will notexperience Year 2000 (Y2K)
problems. CEMA’s comments were the
result of a recent member survey con-
ducted in response to the FTC’s May 6
request for comment. Member company
input indicates that only a few products
may be affected, and fixes will likely be
available for affected products.

Consumer electronics products that
use dates are VCRs, TV/VCR combina-
tion products, camcorders, fax machines,
personal computers and home automa-
tion and security products. According to
feedback from CEMA members, most of
these products do not use the date to func-
tion. Only a few products, including a

limited number of older models of video
and personal computer products, are like-
ly to be affected by the date change. The
impact is not expected to be significant
because simple manual resetting or the
addition of software upgrades can pro-
vide aremedy in most cases. On products
for which manual resetting of the date is
not an option, the Y2K phenomenon will
not affect the functioning of the product.

“We believe the number of CE products
likely to be affected by the turn of the cen-
tury is negligible. For older model CE
products, Y2K problems probably won’t
affect the function of the product, and will
often be remedied by simply resetting the
date,” said Gary Shapiro, president of
CEMA. “For personal computers, soft-
ware fixes should be readily available and,
in many cases, free of charge.”

According to survey results, many
member companies have widely dissemi-
nated information about the Y2K status of
their products. Several manufacturers
have established Web sites dedicated to
providing consumers information on their
products and Y2K, some inviting e-mail
from consumers with particular Y2K con-
cerns. Manufacturers also are making
information available to consumers via
mail, technical support centers and
through consumer electronics dealers.

CEMA’s comments also expressed a
willingness to participate in public work-
shops to facilitate public dialogue and the
gathering of information regarding Y2K
issues, should the FTC decide to convene
such meetings in the future.

A copy of CEMA’s comments and links
to related member sites are available at
<http:\www.CEMAcity.org>.

CEMA is a sector of the Electronic
Industries Alliance (EIA), the 74-year-
old Arlington, VA-based trade organiza-
tion representing all facets of electronics
manufacturing. CEMA represents U.S.
manufacturers of audio, video, acces-
sories, mobile electronics, communica-
tion, information and multimedia prod-
ucts which are sold through consumer
channels. CEMA also sponsors and man-
ages the International Consumer Elec-
tronics Show (CES), the world’s largest
annual trade event showcasing consumer
electronics products.
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Manufacturers, broadcasters and
retailers convene at CEMA-NAB
DTV summit

Attendees review rollout announce-
ments, discuss latest consumer research
and challenges forupcoming introduction
to prepare for the upcoming digital televi-
sion (DTV) launch, a capacity crowd of
some 300 executives from the manufac-
turing, retail and broadcast industries met
in Dallas on July 17 at the DTV Summit
co-sponsored by the Consumer Elec-
tronics  Manufacturers  Association
(CEMA) and the National Association of
Broadcasters (NAB). The day-long event
was attended by representatives of all the
major television manufacturers, major
broadcast networks and local affiliates,
national and specialty retail chains and the
computer industry. Conference programs
highlighted industry rollout plans, results
of the latest consumer research, regulato-
ry news and other challenges affecting
DTYV introduction.

“The industries represented here have
come a long way together. We have a
world-leading HDTV standard, a time-
table for the DTV transition, consensus on
definitions and a marketing logo for the
technology,” said CEMA President Gary
Shapiro. “We are right where we should
be; this will be a gradual transition, but
there will be bumps in the road. That is
why this summit — and continued coop-
eration — are so critical to our mutual suc-
cess and the ability to deliver this extraor-
dinary technology to consumers.”

“Broadcasters are excited about this
transition and are making a $16 billion
investment to make it happen,” said NAB
Executive Vice President Chuck Sherman.
“We expectto have between 35 and 40 sta-
tions broadcasting digital television by the
end of 1998.” Network representatives and
local affiliates were on hand to provide
updates on station transition efforts.
Sherman said the challenges currently fac-
ing the broadcast industry include tower
site issues, cable carriage of DTV and
receiver reception issues.

Representatives of the major TV man-
ufacturers reviewed product announce-
ments and schedules to make DTV and
related technologies available nationally

(Continued on page 60)
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by the ES&T Staff

I he oscilloscope is the most versa-
tile instrument that the consumer
electronic technician uses in the

diagnosis of products such as TVs, VCRs
and personal computers. To make the
most accurate and complete measure-
ments, it’s important to choose the right
oscilloscope. It’s important to match the
effects of bandwidth, sample rate, mem-
ory, and the probe you choose to the cir-
cuits you're testing and the measurements
you need to make.

Because of space limitations, this arti-
cle will confine itself to a general com-
parison of analog and digital oscillo-
scopes, and then provide a discussion of
bandwidth and sample rate. These crite-
ria discussed briefly here will help tech-
nicians make informed decisions about
waveform measurements. This is not
intended to be an exhaustive or compre-
hensive guide. Rather it is intended as a
thought starter. When you're ready to go
out and buy an oscilloscope, you should
consult with several vendors to determine
what each of them recommends, and then
make your choice based on the combina-
tion of their recommendations.

There are a few advantages of an ana-
log scope, and they’re important advan-
tages. An analog oscilloscope offers
instantaneous response to its familiar
front panel controls. More important, it
has an essentially real-time display in
which intensity variations indicate how
rapidly the signal is changing at each
point along the trace. An experienced
oscilloscope user can extract a great deal
of information about complex waveforms
from an analog display.

However, there are some drawbacks to
analog scopes. For one thing, the accu-
racy 1s limited by at leasttwo factors: non-
linearities in the deflection system and
human judgment. Similarly, an analog
oscilloscope’s cathode-ray tube limits its
bandwidth. Other disadvantages include
display flicker and/or a dim display, the

Figure 1. This drawing shows a sine wave with frequency f, sampled at a rate of 2f.
If you saw only the sampied record, you might conclude that there was no signal present.

inability to view pre-trigger events except
for repetitive signals, and limited built-in
measurement capability.

Digital scopes, also have a few advan-
tages just where the analog scopes do not.
Digital oscilloscopes can capture and dis-
play pre-trigger information even for sin-
gle-shot events. Since their images are
synthesized from stored data, digital
scope displays are bright and well-
focused under just abeut all conditions.

With all of their advantages, digital
scopes have some drawbacks. For one
thing, all the added functionality of a dig-
ital scope comes at the cost of added oper-

ational complexity. The additional fea-
tures are often accessed with softkey
menu structures which may also require
multiple layers. This can lead to confus-
ing and unfamiliar controls.

Some vendors have addressed this
problem with creative digitizing scope
architectures and front panel layouts that
approximate the “simple” feel of an ana-
log scope. This type of oscilloscope is
well worth shopping for, especially in an
instrument that is targeted for everyday
use. The time saved and the frustration
avoided over the hundreds or thousands
of measurements made with the oscillo-
scope can really be significant.

Another potential disadvantage of a
digitizing oscilloscope is that its display
isalways based on sampled data, so it may
be distorted by artifacts of the sampling.
There are various ways to avoid this prob-

Figure 2. If you increase the sampling rate of Figure 2 slightly, however, only one sine wave
can be drawn to fit all the sample points, as shown here. Therefore, for this sine wave sam-
pled at greater than 2f, you know everything about it, just as Shannon's theorem predicted.
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lem, and it is important that you under-
stand them so that you can have total con-
fidence in your display.

One final place where digitizing oscil-
loscopes struggle is their responsiveness.
Since acquiring and processing the sam-
ples takes time, most digital scope dis-
plays are not real-time representations of
the waveform at the probe tip. Whereas
a good analog scope can acquire some
400,000 waveforms per second, many
digitizing oscilloscopes are hard pressed
to acquire more than 100. Scope vendors
have taken different approaches to
addressing this problem. Some focus on
architectures which speed the entire cycle
while maintaining total functionality, and
others can display lots of data quickly but
they reduce features in that mode.

Food for thought

Decide if you can benefit from the
additional bandwidth or the additional
functionality offered by today’s digitiz-
ing scopes. If the answer is yes, evaluate
scope alternatives for usability. The most
intricate functionality in an instrument is
of no value if it doesn’t get used because
it’s too difficult to locate, to understand,
or to set up. In addition, the extra time
taken to wade through levels of menus or
to set up common measurements can sig-
nificantly detract from the time spent
understanding your measurement or trou-
bleshooting a defective product.

What bandwidth is required?

Bandwidth and sampling rate are both
important attributes of digitizing oscillo-
scopes because both affect the margin of
error in critical time measurements. The
following will examine the key concerns
in choosing the bandwidth you’ll need to
make your measurements.

Scope bandwidth and
amplitude accuracy

Anoscilloscope is designed to give the
highest possible fidelity in its display of
complex waveforms. The Fourier theo-
rem states that complex signals, such as
square waves or triangular waves, can be
represented mathematically as the sum of
a series of sine waves. If you know the
phase, frequency, and magnitude of every
sinusoidal component, you know every-
thing about the complex signal.

Asa general rule, the greater the band-

Figure 3. If the signal to be sampled were a square wave or a triangular, samples might rep-
resent a sine wave or some complex waveform. A square wave or triangular wave is made

up of a series of sine waves and contains frequencies higher than the fundamental frequen-
cy. To accurately reproduce the square wave, you must sample it at a rate at leasttwice the

highest frequency in its Fourier expansion.

width of an oscilloscope, the more accu-
rate the representation of a complex sig-
nal on its scopeface.

The bandwidth is determined by the
bandwidth of the components (probe,
attenuator, preamplifier, and so on) that
convey the input signal from the tip of the
scope’s probe to its analog-to-digital con-
verter. In essence, the scope is a low-pass
filter between the probe tip and youreyes.

Scope bandwidth and
timing accuracy

The oscilloscope’s rise time has the
effect of a low-pass filter on transition-
time measurements. The displayed rise
time is equal to the square root of the sum
of the squares of the signal transition time
and the scope rise time.

If you measure a step with a rise time
of Ins using an oscilloscope with a rise
time of Ins, the oscilloscope will indicate
a rise time of approximately 1.4ns. This
value is an error of 40%.

If you measure the same step using an
oscilloscope with a 330ps rise time, the
indication will be 1.05ns. This figure rep-
resents only about 5% error.

Thus, the higher the ratio of signal tran-
sition time to scope rise time, the small-

8 Electronic Servicing & Technology September 1998

er the measurement error. Because of the
scope’s gaussian frequency response, the
product of its rise time and bandwidth is
a constant. For rise times measured in
seconds and bandwidth measured in
hertz, the constant is 0.35.

Sample rate is an important aspect of
digital scope performance. However, the
oscilloscope’s single number specifica-
tion can be very misleading. You need to
understand what sampling methods the
scope uses and how sample rate is relat-
ed to repetitive and real-time bandwidths
because these are the things that deter-
mine whether you can make the mea-
surements you need to make.

The Shannon sampling theorem says
that if you sample a signal at a rate that is
somewhat greater than twice the highest
frequency component of the signal being
sampled, all the information about the
signal is contained in the samples. To get
anideaof what that means, consider a sine
wave with frequency f, sampled at a rate
of 2f (Figure 1).

If you saw only the sampled record,
you might conclude that there was no sig-
nal present. If you increase the sampling
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Figure 4. If you sampled the higher frequency sine wave in this figure at the sampling rate
shown, the set of resulting samples would be indistinguishable from samples of a lower fre-
quency sine wave. To avoid aliasing, the bandwidth of the incoming signal must be limited to

something less than half the sampling rate.

rate just slightly, however, the picture
looks very different.

Only one sine wave can be drawn to fit
all the sample points in Figure 2.
Theretore, for this sine wave sampled at
somewhat greater than 2f, you know
everything about it, just as Shannon’s
sampling theorem predicted.

But what if the signal were a square

wave or a triangular wave (Figure 3),
instead af a sine wave? Samples might
represent a sine wave or some complex
waveform, or a triangular wave, made up
of a series of sine waves and contains fre-
quencies higher than the fundamental fre-
quency. If you sampled a square wave at
a rate equal to four times the fundamen-
tal frequency, and if you reconstruct the

samples as a sine wave, you will indeed
have all the information about the square
wave up to the sampling frequency. This
is no different from viewing the same
square wave on a scope with insufficient
bandwidth to reproduce the higher fre-
quency components. Toaccurately repro-
duce the square wave, you must sample it
at a rate at least twice the highest fre-
quency in its Fourier expansion.

Aliasing

One of the effects of inadequate sam-
pling rate is the same as the effect of insuf-
ficient bandwidth: loss of high-frequen-
¢y information in the signal. There is an
additional complication associated with
sampling a signal, however. 1f the signal
contains frequencies higher than half the
sampling rate, then there will be errors
due 1o aliasing. Consider sampling a sine
wave at a rate less than twice the fre-
quency of the sine wave (Figure 4).

[f you samipled the higher frequency
sine wave in the figure at the sampling
rate shown, the set of resulting samples
would be indistinguishable from samples
of alower frequency sine wave. To avoid
aliasing, the bandwidth ol the incoming
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Figure 5. If you select a filter whose -3dB frequency is equal to the Nyquist frequency (half
the sampling rate), a significant amount of energy will be ailowed to pass through at frequen-
cies above the Nyquist frequency. This will result in significant errors due to aliasing. A more
conservative choice would be to set the -3dB frequency to 1/4 the sampling rate. Then the
response will be down 12dB at the Nyquist frequency.

signal must be limited to something less
than half the sampling rate.

Remember that the bandwidth of an
oscilloscope is specified as the frequency
at which the response is down 3dB. At
that point the amplitude is only attenuat-
ed by approximately 30%.

Referring to Figure 53, if you select a
filter whose -3dB frequency is equal to
the Nyquist frequency ¢half the sampling
rate), a significant amount of energy will
be allowed to pass through at frequencies
above the Nyquist frequency. This will
result in significant errors due to aliasing.
A more conservative choice would be to
set the -3dB frequency to 1/4 the sampling
rate. Then the response will be down
12dB at the Nyquist frequency.

Aliasing can be a concern even on a
digitizing oscilloscope that limits the
bandwidth to less than 1/4 the maximum
sampling rate. The reason for this is that
when you select a slower sweep speed,
the sampler has to be slowed down to less
than its sample rate to avoid filling up the
available memory before the entire time
window is captured. The sampling rate
cannot be higher than the sweep time/
division times the number of divisions
divided by the memory depth as shown.

To avoid aliasing, start at a fast sweep
speed and then slow the sweep speed
down to see the desired portion of the sig-
nal. Most digitizing scopes have an
“Autoscale” or “Autoset” key. Pressing
that key will set the scope (o the correct
sweep speed for the input signal, and
using this as a starting point is a good way
to avoid problems with aliasing.
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Some digitizing scopes use equivalent-
time sampling techniques to achieve high
bandwidth on repetitive signals without
requiring a sampling rate higher than the
bandwidth. Because the bandwidth on
these oscilloscopes may be specified at
many times the sampling rate, you must
be alert to the possibility of aliasing when
using them for single-shot measurements.
In the absence of bandwidth limiting or
reconstruction, a rule of thumb is that the
usable single-shot bandwidth is 1/10 of
the sampling rate.

The sampling speed that any digital
oscilloscope user needs depends on the
application. If the measurement you need
to make is a single-shot measurement of
the time between two pulses - like a hold-
time measurement or a propagation-delay
measurement - the resolution of the mea-
surement will be the sampling interval
(inverse of the sampling rate) of the scope.
For example, if you need to resolve a time
interval to 10ns, a 100MSa/s scope will
Jjust fit your needs, while a 200MSa/s
scope, with its Sns resolution, will give
you a nice margin.

If you are trying to measure a long
delay of several microseconds or more,
the scope’s acquisition memory depth
(the number of digitized samples it can
store) may be more important than its
maximum sampling rate. Because all dig-
itizing oscilloscopes have a finite amount
of acquisition memory, they must reduce
their sampling rate as the timebase is set
to slower sweep speeds or else they will
run out of memory before completing one



acquisition.  Most digitizing oscillo-
scopes, therefore sample at their maxi-
mum rate only on their fastest sweep
speeds. This leads to the real sampling
speed question: how fast does this scope
sample at the timebase settings | need to
view my waveform?

Some scopes offer independent con-
trol of the sample rate, meaning you can
adjust either the sample rate or the amount
of data shown on the screen(timebase)
without one setting affecting the other.
This feature allows you to maintain the
desired resolution over all timebase set-
tings. Without independent control of the
sample rate, the answer to our question

depends on the scope’s memory depth. If

two scopes have the same maximum sam-
pling rate. the one with the deeper mem-
ory will have a sampling rate advantage
at the slower sweep speeds.

If your application requires the single-
shot capture ol a complex waveform -
when you’re troubleshooting a mixed-
signal embedded controller, for example
- bear in mind the high-frequency com-
ponents of the complex signal and shoot
for a sampling rate that will capture the
highest important frequency component
with at least two samples per period.

Note that a higher sampling rate doesn’t
translate directly into & more responsive
display. A digitizing oscilloscope’s dis-
play performance is more a function of'its
processing power than its sampling speed,
except when the trigger rate is very low.
In that case, the scope that sumples faster
will build up a display more quickly than
one with a lower sampling speed.

In most cases, however, processing
captured data to present it to the display
is what takes most of the time. Since most
digitizing oscilloscopes today are based
onasingle embedded processor, they can-
not accept updated input data from the
A/D converter until they have finished
processing what they have in hand. This
results in the scope being “blind” for long
times during its acquisition-process-dis-
play cycle. Manufacturers who adopt
multiple-processor scope architectures
overcome this limitation by applying par-
allel processing techniques.

Analog or digital?
The question of whether a consumer
electronics service center should choose
an analog scope or a digital scope for most

of the work that needs to be done is a com-
plex one and can only be answered by the
managers and technicians within the ser-
vice center. If most of the work being per-
formed is related to standard consumer
electronics products, the best bet, and
mosteconomical, is probably a good solid
analog scope with a bandwidth of
100MHz. That is especially true consid-
ering thata few manufacturers offer oscil-
loscopes that are especially made for

TV/Video work and that are especially
easy to use for servicing those products.

A service center that is going to be
doing more exotic work, including per-
sonal computers, for example, might
want to consider a digital oscilloscope.
Larger service centers that employ a
number of technicians working on a broad
mix of products, and that require a num-
ber of oscilloscopes, might want to con-
sider having both types. i

COME SEE WHO'S JOINED OUR FAMILY!
The new O0S-5000 Series Oscilloscopes
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DMM update

by the ES&T staff

or quick measurements that give a

technician a snapshot of the gen-

eral health of a consumer electron-
ics product, it’s hard to beat the DMM.
Today’s DMMs provide a host of mea-
surement parameters: ac and dc voltage
(including rms voltage in some in-
stances), ac and dc current, resistance,
capacitance, inductance, continuity,
semiconductor junction, transistor test.
The DMM s pretty much the Swiss Army
Knife for technicians.

The marvelous thing about today’s
meters is the amount of functionality and
accuracy that manufacturers have been
able to pack into such a small, lightweight
device. Of course the thing that makes it
possible to do all this is the integrated cir-
cuit. It allows product manufacturers to
pack hundreds of semiconductor devices
in a very small space.

The DMM is such a popular piece of
test equipment because it’s easily
portable, quite rugged, sips power from
its batteries, and provides a large propor-
tion of the test functions that technicians
need. The technician can toss the DMM
into the tool kit and forget it for weeks or
even months (although it’s unlikely that
it will go unused that long), and when he
takes it out of the case to make measure-
ments, it’s ready to go.

The virtual multimeter

For the foreseeable future, the DMM
will continue to be the first choice of tech-
nicians when they need to make mea-
surements in pursuit of a diagnosis of a
trouble in an electronic product. But
something has come along that makes it
possible for a technician to use a person-
al computer as a DMM that has functions
that a standard DMM does not have. This
computer-based DMM is called a VMM
(virtual multimeter) (Figure 1).

As we have seen, the personal comput-
er is a very versatile device. Using word
processor software, a writer can turn it into
a virtual typewriter. Accountants can turn
itinto a virtual spreadsheet. Data base soft-
ware can turn the personal computer into
a virtual card file. As time goes on, clever
programmers have turned personal com-
puters into virtual banking machines and

“',’ NATIONAL
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Figure 1. Interface hardware combined with the appropriate software can turn a personal

computer into a virtual multimeter (VMM).

drafting equipment. In the area of elec-
tronics, programmers have turned com-
puters into circuit design and analysis
devices and oscilloscopes. Now with the
right software, you can even turn a per-
sonal computer into a virtual multimeter.

Computer-based instruments use the
hardware and software already in the PC,
from the microprocessor and memory to
software and firmware, to simulate
stand-alone instruments. Computer-
based instruments add user-configura-
bility by expanding functionality and
adding flexibility.

The latest PC processors, such as the
Pentium II, for instance, are many orders
of magnitude faster than the dedicated 8-
bit microcontrollers inside most instru-
ments today. Signal processing algo-
rithms execute faster on today’s PCs than
inside traditional instruments. In addi-
tion, data transfer rates to memory, data
logging speeds to mass storage, and many
other elements, such as memory size and
display size in today’s PCs, also surpass
the dedicated elements inside a tradition-
al instrument.
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Computer-based instrument
advantages

Unlike a traditional instrument, com-
puter-based instruments can log vast
amounts of data; timestamp and even
annotate data; instruct the user how to
take a measurement with pictures or even
full-motion video; and tell the user which
measurement to perform next. In addi-
tion, computer-based instruments can
access the Internet and send results via e-
mail; communicate directly with corpo-
rate databases and information systems;
automatically generate reports and pre-
sentations; and perform high-quality
laser and color printing.

Perhaps the most dramatic advantage of
new-generation, computer-based instru-
ments lies in the fact that you can cus-
tomize data analysis and signal processing
algorithms. Because these execute on the
PC, you essentially have unlimited flexi-
bility. This is in sharp contrast to tradi-
tional instruments, whose fixed vendor-
defined algorithms are embedded in
internal, inaccessible ROM. Analysis thus
becomes part of the instrument.



Computer-based multimeters

The computer-based multimeter com-
bines all the functions of traditional digi-
tal multimeters (DMMs) with the advan-
tages of your computer. For traditional
functions, the DMM has measurement
capabilities for voltage (ac and dc), cur-
rent, and resistance. In addition, the VMM
easily implements advanced features, such
as frequency measurements and trending.

Accessories such as high-voltage
probes, current shunts, clamp-on current
probes, thermistor probes, and multi-
plexing/scanning options increase DMM
versatility even further. In addition, many
choices are available, ranging from a
plug-in card with the exact analog cir-
cuitry of traditional DMMs to general-
purpose plug-in boards that capture entire
signals and use signal processing soft-
ware to compute traditional DMM mea-
surement parameters.

A traditional DMM can be upgraded
10 a computer-based DMM using an IEEE
488 interface oran RS-232 serial interface.
Although in this case much DMM mea-
surement functionality is provided by the
traditional DMM instrument, muny
aspects of instrument operation can be

enhanced by connecting it to the PC with
a GPIB interface. A technician can create
a custom user interface, for example, via
a front panel implemented on the comput-
erscreen. This user interface can duplicate
the exact physical interface on the instru-
ment itself, or it can be tailored for more
intuitive operation or to add additional fea-
tures, such as data logging, report genera-
tion, Internet access, and more.

You can also build a computer-based
DMM using a specific multimeter plug-
in board for PCMCIA, PCI, ISA, VXI, or
other bus architecture. The same tradi-
tional front-end signal conditioning and
A/D conversion components used in tra-
ditional DMMs are implemented on a sin-
gle, modular plug-in board, but you
accomplish the analysis and display with
the computer.

VMM specifications

Here is a list of the specifications of
one virtual multimeter:

* 5 1/2 digits with ac/dc coupling

* 20mV to 250Vdc range with 0.003%
to 0.006% accuracy

* 20mV to 250Vac range with 0.3% to
0.4% accuracy

* 200€2 to 2MQ range with 0.007% to
0.05% accuracy

* 20mA to 10Adc range with 0.1% to
0.15% accuracy

« 20mA to 10Adc range with 0.4% to
0.55% accuracy

» |0Hz, 50Hz, 60Hz reading rates

* Designed for CE and UL compliance

Many instruments in one
Software is available that will turn a
personal computer into a number of dif-
ferent instruments: DMM, oscilloscope,
and arbitrary waveform generator, for
example. This means that with this soft-
ware, the personal computer can be used
as an all-in-one instrument. And because
ol the computer’s power, the instruments

will possess these characteristics:

* High-speed data processing - taking
advantage of the most current processing
power available with newer PCs

* High-resolution display - with com-
puter-based instruments, the technician
can select the display option best suited
for your application

« Expandable memory - the user can
equip an oft-the-shelf PC with the mem-
ory you need

e True rms, 3200 count
* Beep Guard™

.3% DCV accuracy
Water resistant

Data hold

Frequency and
capacitance tes’s

DM501 Muitimeter

The DMMs You Asked For...
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Figure S1. To measure the internal resis-
tance of the voltmeter function of a DMM,
construct this circuit. The voltage read by the
voltmeter in this circuit is not only the voltage
across the series combination of the voltage
source and the 1MQ resistor, it is also the
voltage across itself. Using simple math as
described in the text, the resistance of the
meter can be calculated.

Figure S2. To measure the internal resis-
tance of the ammeter function of a DMM,
construct this circuit. Using Ohm's law, you
can calculate the current in this circuit, and
subsequently the resistance of the meter, as
described in the text.

Do you know the internal resistance of your DMM?

The voltmeter and ammeter functions of the DMM are two very useful functions
for technicians. And they’re generally quite accurate. One of the determinants of
accuracy in a meter is its internal resistance. Ideally, a voltmeter would have an
internal resistance of infinite ohms. Otherwise, the resistance of the meter, in par-
allel with the resistance between the points across which the voltage is being mea-
sured, causes the resistance to become lower, thus distorting the reading. A well-
designed DMM has a very high internal resistance on the voltage function.

An ideal ammeter would have an internal resistance of zero ohms. Any depar-
ture from that ideal introduces some inaccuracy into the readings taken by the meter.
Since an ammeter is inserted in series with the circuit being measured, any amme-
ter resistance would add to the total circuit resistance, thus reducing the circuit cur-
rent. A well-designed DMM has very low resistance on the ammeter function.

Did you know that you can measure the internal resistance of your DMM?
Here’s how.

Measuring the resistance of the voltmeter function
To measure the internal resistance of the voltmeter function, construct the circuit
of Figure S1. The voltage read by the voltmeter in this circuit is not only the volt-
age across the series combination of the voltage source and the 1MQQ resistor, it is
also the voltage across itself. And because this is a simple series circuit, the current
that flows through the resistor is also the current that flows through the meter. The
equation for the current is:

I= (VS_VM)/R

If we know the current (I) and the voltage (Vpm), using Ohm’s law we can calcu-
late Ryg

=RVy/(Vg-V)
Measuring the resistance of the ammeter function
To measure the internal resistance of the ammeter function, construct the circuit

of Figure S2. According to Ohm’s law, the current in this circuit will be I=V/R,
where R = R + Ry The current can be found by using the equation:

I= Vg/(R+Ry,)

Since we know I, Vg and R, we can solve for the unknown quantity, Ry,
as follows:

Ry = (V/I)-R.
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* Internet and intranet connectivity - the
data acquired with computer-based
instruments is available to anyone who
needs to see it worldwide

¢ On-line data logging, trending, and
report generation - using the features in
computer-based instruments and the PC,
the user can automatically log data for
storage. trending, and report generation
using virtual instrument software or PC
office software.

Don’t throw away your DMM or

oscilloscope

The VMM and other personal-com-
puter-based instruments are pretty inter-
esting and exciting, and things such as
data logging are very useful. For exam-
ple, you could connect a VMM to a point
in a TV that had been exhibiting inter-
mittent problems, and leave it running,
collecting, say, voltage readings periodi-
cally, as specified by you. By reviewing
the changes in voltage at that point in the
circuit, over several hours, you might be
able to come to a conclusion about the
problem that you wouldn’thave been able
to reach without that data over time.

But you can’t just throw your laptop
computer in the toolbox and have it handy
the next time you’re on a call. And you
can’t just turn it on and go, as you can
with a traditional DMM. You have to load
up the software to make the computer a
DMM. And what if you're using the PC
as an oscilloscope, or a waveform gener-
ator or even a word processor at the time.
You certainly can’t afford to be using a
$2,000-plus PC as a dedicated VMM.

And, while a virtual oscilloscope is a
valuable tool, the bandwidth of most, or
perhaps all, virtual oscilloscopes is con-
siderably less than the 100MHz required
for much television work.

From this vantage point, it looks as
though VMMs, as well as other virtual
instruments, are useful, and provide use-
ful functions that stand-alone instruments
don’t provide, and might make a valuable
supplement to the test equipment owned
by consumer electronics service centers;
a supplement that might help a technician
make a diagnosis that he couldn’t make
otherwise. But they shouldn’t be counted
on to replace the tried and true instru-
ments that a service center has come to
rely on to get the job done.

This article was based on information
provided by National Instruments. |
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New technology

by the ES&T Staff

t’s just amazing to see all of the com-

sumer electronics technologies we

ever dreamed of, and some we never
could have dreamed of, become reality,
first as prototypes, then as very expensive
consumer products, then as products
everyone can afford.

Justlook around. Itseems, forinstance,
that the driver of every car, and everyone
at the mall where I shop is talking on a
cellular telephone; a product that wasn’t
even available at all just a few years ago.

And remember when the compact disk
player was introduced? That was in the
early 80’s and they cost several hundred
dollars. Now you can buy one for less than
$100, and if you want, make it one small
enough to carry around.

And computers. Even after the desktop
computer had been introduced, who
would have ever thought that manufac-
turers would be able to put a powerful
computer, a modem, a keyboard, a flop-
py disk drive, a display, and a battery
capable of running it all into a package
that’s no larger than a notebook.

We do live in an age of wonders. Those
wonders affect all of us, but no one quite
as much as the technicians who are called
upon to fix them when they cease to be
wonderful. This article describes the cur-
rent state of some of the wonders that
either have been introduced recently or
are expected to be introduced soon. But
first, here are some predictions, from a
highly credible source, on what kinds of
marvels we might be seeing ten year in
the future. They don’t all have to do with
consumer electronics, but we thought that
most readers would be interested.

Battelle’s list of the top 10
household technology breakthroughs
for 2008

Your home in 2008 will have fewer
wires, cleaner air, and a handful of fun
products to keep you healthy, informed
and entertained.

In its latest technology forecast,
Battelle, a world-renowned technology

organization based in Columbus, OH, has
identified what it expects will be the 10
most important technological break-
throughs in household products over the
next decade.

“We’re forecasting breakthroughs that
will lead to major new benefits for con-
sumers, will give the developing compa-
nies a three-year lead in the marketplace,
and will create new product lines for
growth,” says Dr. Stephen Millett, leader
of Battelle’s Breakthrough Center.

“The technical know-how is already
out there to develop these products and
have them on the market within 10 years,”
says Dr. Susan Brown, Technology
Access Leader in Battelle’s Consumer
Products Group. “We’re assuming that
the investments will be made to bring
these products from the imagination, to
the laboratory, to the store shelf”

The list of household product break-
throughs follows several technology fore-
casts Battelle has published over the past
four years including forecasts for top 10
technologies, technological challenges,

18 Electronic Servicing & Technology September 1998

innovative products, and sports-related
technologies.

1. Disappearing cords and cables.
Wires will begin to disappear from view
in homes as we move toward wireless
communication, data transmission and
energy distribution. That means more
cordless telephones, wireless hook-ups to
the internet, and even electric lamps and
small appliances that don’t have to be
plugged in to operate.

“We’ll have an increased use of more
powerful batteries, fuel cells, solar and
other power sources,” says Brown. “We
canevenenvisiondevicestotransferener-
gy from your outlets to lights, vacuum
cleaners, and other appliances without the
use of wires.”

Other energy-saving products may
include roofing shingles that serve as
solar collectors, reducing the need for
electricity transferred by wires to homes.

2. Products for a healthy home. “The
environmental movement is expanding
from the great outdoors to the cozy con-
fines of our living rooms, kitchens and



baths,” says Millett. Bacteria scares and
concerns about indoor air quality will
lead to products that improve our indoor
environment. These products couldrange
from smart filters on furnaces and air
vents to localized filtering appliances to
new concepts. such as anti-allergen and
anti-bacterial surfaces and self-vacuum-
ing carpets that serve as filtering systems.

The home and yard environment may
also be improved with the development
of genetically engineered lawns that
require fewer or no chemical treatments.

3. Home health monitors. “There’s a
rapidly growing need for simple, user-
friendly medical equipment for the
home,” says Richard Rosen, Vice
President of Battelle’s Medical Products
Group. “As our population ages, moni-
toring and maintaining our health at home
will be extremely important. Technically,
we can do it. We can help people stay at
home and stay healthy.”

These relatively inexpensive, reliable,
and non-invasive home health monitors
could track a wide range ot physical func-
tions and analyze nutrition and exercise
programs. “They’ll serve as your own
live-in medical team,” Rosen says.

4. Home waste management. Imagine
anin-home system thatsorts, recycles and
disposes of home waste — eliminating
the need for hand sorting. We may even
see the development of systems for at-
home water treatment and recycling.

S. Highly miniaturized communication
aiud electronic products. In 10 years, we
will have developed wristwatch-size tele-
phones and highly specialized, hand-
held, wireless personal computers that
will help us perform a variety of day-to-
day activities, from managing your bank-
ing and investments to planning your
weekend entertainment.

“Millions of grown-up kids will be
thrilled to see that the day of the Dick
Tracy style wrist-phone is at hand,” says
Will Kopp, coauthor ol the forecast.
“We’ll also have available to us a variety
of easy-to-use, miniature information
appliances. One might provide us with a
telephone directory for the entire coun-
try; in the palm of our hand. Another
might give us a constantly updated cal-
endar of weekend events and restaurant
menus in our community. And we might
use yet another such appliance to manage
our banking, investing and bill playing.”

6. Afjorduble, digital, high-definition
television. Digital HDTV is here now, but
the breakthrough will come in making it
affordable to a mass market.

Battelle researchers predict that future
digital HDTYV sets will incorporate home
videoconferencing, computing, and net-
working to hold down costs for the con-
sumer. To hold down costs, many of these
more advanced systems will be leased.

7. Virtual reality products. Virtual pro-

jections and sound environments will be

used to enhance computer games, music
systems. video entertainment systems
and exercise equipment. We will see a
convergence of home entertainment,
information and well care.

“More and more, people want tech-
nology to make everyday products more
fun. We want to be entertained,” says
Millett. “Virtual reality will be one of the
best tools for doing that”

8. Electronic commerce. We will enjoy
electronic shopping and banking, includ-
ing financial transactions that are error-
free, secure, easy to use, and low cost.

“The companics that develop the tech-
nology and the products that make elec-
tronic commerce safe, secure and simple
will have a very hot product on their
hands,” says Brown.

9. Voice-activated products. Products
throughout the home, such as televisions,
computers, lights, and other clectronic
appliances will be capable of being oper-
aled by voice commands.

10. Personal security. New identifica-
tion systems will take personal security
to new levels, including protection of
homes, automobiles, and other property;
security over computer networks; and
security for electronic commerce. Brown
says these systems may include DNA
chips and bio-electronic security.

Consumers want their digital TV if
price is right

Sales of digital television sets would
quadruple if manufacturers lower prices,
according to a new survey sponsored by
A.T. Kearney, Inc., a global management
consulting firm.

Results of the consumer survey, which
polled 1,000 housecholds betore the holi-
days, showed that price is the most criti-
cal variable driving consumer purchases
of digital television sets.

“Consumers are excited about digital

television, but right now the premium
prices that the sets are expected to com-
mand will keep consumers out of the
stores,” said Joseph Kraemer, vice presi-
dent of the communications practice at
A.T. Kearney. “The lower the price, the
faster the penetration of digital television
in the United States,” he said.

The survey found that price is the most
critical variable driving consumer pur-
chases of digital television sets. Ata pre-
mium of $1,000 over analog television
sets, only six percent said they were like-
ly to buy a digital set. But when the pre-
mium fell to the $500 level, the number
of potential buyers jumped to 24%.
“Price is the one factor that many manu-
facturers can control to accelerate pene-
tration,” Kraemer said.

Unless the sets become more afford-
able, most consumers are likely to wait
years after digital television service has
been introduced before buying a digital
television set.

Major broadcasters will introduce a new
digital television broadcasting serviee in
1998. Consumers will need to purchase a
digital television or a converter box to take
advantage of the new services. The new
digital broadcasting ultimately will replace
the 50-year-old NTSC analog service.

Digital broadcasting will offer a wide
variety of services, including high-defin-
ition television (HDTV). Theservice also
could deliver about 30 channels or more
in a given market, offering consumers an
alternative to cable or satellite television.

The survey also found that a sizable
percentage of consumers would drop
theircable orsatellite service if they could
receive numerous channels free through
digital television. Because price is such
aconcernto consumers, the price of adig-
ital set could be offset by the reduction or
elimination of monthly payments for
cable or satellite service.

“This new piece of information about
the willingness of consumers to drop
other television services could be used as
a marketing tool to boost consumer inter-
est in digital television,” Kraemer said.

Other survey results:

- Asked whether they would access the
World Wide Web through their digital
television, 63% said yes they would do
so. This could double Internet penetra-
tion in U.S. households.

- Asked to name what will most influ-
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ence a decision to buy a digital television:
42% said cost; 22% said analog service
terminating; 20% said to replace a broken
set; 11% said for quality and/or service.

- Assuming a reasonably priced set, two
out of three households said they would
buy a set within five years of introduction.

The survey of 1,000 houscholds was
conducted over the telephone in
November by Caravan Opinion Research
Corporation International.

AT. Kearncy’s Communications
Industries consulting practice serves
clients around the world in the telecom-
munications, wireless, entertainment,
broadcasting, publishing and electronics
industries and regularly analyzes con-
sumer and technology trends, and other
major government initiatives that affect
these converging industries.

Broadcasters more optimistic about
DTYV conversion timetable and costs,
survey shows

The vast majority of U.S. broadcasters
expect to have a digital television (DTV)
signal on the air by the year 2002, and
they are increasingly confident they can
atford the conversion to DTV, according
to a new study.

The independent study, conducted for
Harris Corporation of Melbourne, FL,
shows that a majority of the nation’s
broadcasters are likely to convert to dig-
ital broadcasting within the next five
years. Only a small handful of broad-
casters indicated they were not likely to
convert by the end of 2002.

The survey was released at the
International Winter Consumer Elec-
tronics Show (CES) in Las Vegas in
January. Harris, the leading manufactur-
er of digital television transmitters,
unveiled the results of its study at a sym-
posium attended by broadcast cxecutives
and others interested in the transition
from analog to digital television.

DTV will allow consumers to receive a
television signal with twice the visual
detail of current systems, compact disc-
quality sound, and services — all within
today’s single television channel.

The study of 400 broadcasting execu-
tives, representing 481 stations nation-
wide, also shows that a vast majority feel
they can afford the conversion process.
This represents a significant improve-
ment over a study last year, which showed
less than half of the broadcasters felt they
could atford the changeover.

Bruce M. Allan, vice president and
general manager of Harris” Broadcast
Division, was encouraged by the findings.
“Broadcasters are more committed and
are addressing Digital Television issues
more aggressively than our research indi-
cated. Not only do more than 90 percent
of those polled believe they can meet the
FCC-mandated timetable, but two-thirds
now fecl they will be able to afford the
DTV investment.”

The survey also found that most broad-
casters that were polled said they plan to
offer digital high definition television
(HDTV) programming during prime time
and multiple standard definition televi-
sion (SDTV) programs during the day.

Study findings:

* 93% of broadcasters polled felt they
were very likely or somewhat likely to
convert within five years.

* 66% felt they could atford the con-
version, compared with 42% in a survey
conducted or Harris last year.

* 83% hope the conversion will become
a reality, up from 72% who said that in
last year’s survey.

* While 44 percent suid they have yet
to define the mix between HDTV and
other digital services, 23 percent said that
they expect to use the digital channel pri-
marily for HDTV and 33 percent said they
expect to use it primarily to deliver mul-
tiple standard-definition programming.

* 76% felt keeping digital receiver
prices low was the most important fac-
tor in consumer acceptance of DTV.

The phone survey was conducted dur-
ing the first two weeks of December by
Systems Research Corporation of
Rochelle Park, NJ. SRC asked 400 tele-
vision executives, representing 481 of the
1,551 stations in the U.S., their feelings
on the planned conversion to DTV from
the current standard. Sixty-four percent
were members of their station’s DTV
committee and 36 percent were final deci-
sion makers on DTV equipment issues.
Broadcasters surveyed were selected to
reflect the real-world composition of the
U.S. television market, with proportion-
ate representation from all sizes of mar-
kets and station types; from affiliate to
independent to public broadcasting. The
survey, which has a potential error rate of
+/-4%, was commissioned by Harris.

Hauris is the leader in advanced trans-
mitter equipment for DTV systems and
the leading manufacturer of digital radio
broadcastequipmentinthe U.S. The com-
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pany has signed agreements to provide
DTV transmitters to more than 200 tele-
vision stations in the U.S. Last year, a
Harris transmitter became the first in the
U.S. to broadcast commercial digital tele-
vision signals. The company also devel-
oped the test bed that was used to evalu-
ate each of the digital television systems
proposed for the U.S. market.

Harris has provided transmitter equip-
ment for six of the United States’ seven
experimental DTV stations, including
PBS-member stations WETA (Washing-
ton, D.C.), KCTS (Seattle) and Oregon
Public Broadcasting (Portland), as well as
stations WCBS (New York), WRAL
(Raleigh, North Carolina), and WHD
(Washington, D.C.), the nation’s model
station. Additionally, Harris has supplied
digital transmitters for high-definition
TV demonstrations worldwide.

Industry standards in home
automation technology

Thanks to years of work in product
development labs, committee rooms and,
yes, the field, manufacturers and con-
tractors now have a number of choices in
enabling technologies and standards they
can pul to use to make systems integra-
tion and automation happen in the home.
Among the most pervasive and high pro-
file are the following:

CEBus. The CEBus standard gives
manufacturers from multiple industries a
uniform way to link household products.
Home LANSs (Local Area Networks) treat
the home’s electronic devices and equip-
ment as nodes on the LAN. Products
attached to the home LAN put messages
on and take messages off the home LAN.
The CEBus standard tells manufacturers
what their products must do to send and
receive CEBus compliant messages on a
home LAN. The CEBus standard also
defines how the home’s wiring can be
used to transport messages between
CEBus compliant products throughout
the house. Options include: the home’s
powerline wiring: telephone wire (4 pair);
video wire (dual coax): and, wireless
options such as radio frequency (RF) and
infrared (IR) signals.

Manufacturers using CEBus to devel-
op products for home LANs can give their
products CEBus compliant features dur-
ing the manufacturing process. They also
have the option of creating an add-on
module that gives their product the abili-



ty to send and receive CEBus compliant
messages via the home LAN.

CEBus features

CEBus, which allows for five different
media of transmission, can handle a great
many more commands per second than
standards utilizing power lines.

CEBus makes high bandwidth data
channels available, and can assign them
to appliances facilitating use.

The CEBus system provides for 2-way
communication.

The CEBus standard is a consensus
specification developed for industry, by
industry and remains controlled by indus-
try — unlike proprietary standards.

The CEBus standard provides uniform
speed on all media. The signaling speed
for control channel messages is the same
on the powerline, twisted pair, coaxial
wire, radio frequency and infrared. No
buffers are required.

A home with a CEBus automation sys-
tem is “future-proof,” that is, ready for the
technological advancements of tomorrow.

LonWorks
In a LonWorks network, no central
control or master-slave architecture is

needed. Intelligent control devices,
called nodes, communicate with one
another using a common protocol. Each
node in the network contains embedded
intelligence that implements the protocol
and performs control functions. In addi-
tion, each node includes a physical inter-
face that couples the node microcon-
troller with the communications medium.
LonWorks is an “open” technology and is
accessible to all. The Neuron chip, which
is the enabling technology for, and the
core component of, every LonWorks
node, is manufactured and sold world-
wide by both Motorola and Toshiba.

Features:

» The technology can work with exist-
ing power lines.

« Small control components consume
little power and are ready to be designed
into home products.

» Increasing volume is rapidly lower-
ing the cost of the Neuron Chip.

» Any product with a LonMark can
work as part of a system, regardless of
who made the part.

SMART HOUSE
Molex created the SMART HOUSE

home automation system, unifying cables
for power and signal distribution and
making available a wide selection of
“intelligent” outlets and switches. Cables
direct all communication functions into
the system controller, providing a path-
way through which the system infra-
structure is accessed.

Features:

+ Easy to install

» Easily upgraded

» Enables peer-to-peer communications

» Has no contention problems

» Provides benefits of client-server
networks

» Provides secure off-site access and
programmable notification

» Has three primary options for inter-
facing with the network

» Enables closed loop power control

» Has hardware and software develop-
ment tools

» Has local control default in the event
of network failure

» Has built-in diagnostics

The two leading manufacturers of
SMART HOUSE System Integration and
Control Technology are AMP Inc. and
Molex Inc.
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X-10

The X-10 Group designs, develops,
manutactures and markets a wide variety
of home automation and sccurity prod-
ucts that work by sending signals over
existing power line wiring. These home
automation products are called “power
line carrier” (PLC) devices. X-10 also
manufactures compatible PLC products
which are installed in commercial build-
ings and private homes by professional
contractors and electricians. The com-
mercial applications are primarily for
cnergy management.  The residential
products are often installed by builders
who want to offer home automation as an
additional selling feature.

The home automation line consists of
“controllers” that automatically send sig-
nals over existing electric power wiring
toreceiver “modules”, which in turn con-
trol lights, appliances, heating and air
conditioning units, etc.

Features:

* X-10’s PLC technology saves labor
and wire, since the ability to send control
signals from point A to point B does not
require additional wiring.

* The necessary controllers and mod-
ules are considerably less expensive than
hardwired models and do not require the
initial expense of a server or a node.

* X- 10 systems require less than 20 per-
cent of the time needed to install a hard-
wired system; add-ons and modifications
are simple.

* To make a home X-10 compatible, just
replace a home’s wall switches, dimmers
and receplacles with X-10 components.

* X-10 manutactures their own prod-
ucts and they own the patent.

* X-10 is more readily available and
cost effective. A consumer can walk into
a nearby clectronics store, such as Best
Buy, Home Depot, Incredible Universe
and Lowe’s, and purchase all of the nec-
essary equipment to automate his or her
home with the X-10 standard.

Panasonic prepares for new digital
video era

In 1998, the promise and excitement of
digital television will finally be realized,”
says Jetl Cove, vice president and gener-
al manager, Television Division, Pana-
sonic Consumer Electronics Company.
“And, when broadcasts begin in major
U.S. markets this Fall, Panasonic will be

there... with exciting new products to han-
dle whichever digital format is chosen.”

Digital television promises to deliver
crystal clear video that approaches the
quality of 35mm movies, as well as near-
CD quality sound. Through its laborato-
ries and design facilities in the U.S,,
Panasonic has actively pursued research
and development activities on digital TV
and HDTYV since 1982, As evidence of
Panasonic’s ongoing development work
to usher in the new digital television era,
the company previewed a number of cur-
rent and prototype digital television prod-
ucts at the [998 Winter Consumer
Electronics Show in Las Vegas.

Among the products growing out of
development efforts and shown at this
annual trade gathering were: the CT-
36VGS0, a “digital-ready” SVGA TV/
Monitorintroduced earlier this year; a pro-
totype 36” wide-screen (16:9 aspect ratio)
dircet view digital television; and a 56”
(16:9) projection television, replaying dit-
terent format digital signals through a set-
top converter box, also under develop-
addition to demonstrating
playback of taped digital video sources,
the prototype products also played special
over-the-air programming transmitted
from experimental TV facilities at a local
Las Vegas network affiliate.

“Panasonic’s digital television strategy
will address two different audiences,”
says Cove. “For the early adopter, we
will offer new full-featured digital tele-
visions, as well as transitional products,
such as Panasonic’s unique multi-scan
SVGA TV/Monitor which accepts all
digital signals and displays them at up to
a maximum 800 lines of horizontal reso-
lution. And, for the consumer who looks
to retain an existing NTSC set and still
receive digital signals, we plan to offer a
Panasonic-developed set-top converter.
As easily connected to a television as a
cable box, the converter will receive all
digital signals and play them back on
NTSC televisions.”

Panasonic anticipates offering digital
television products in the Fall of 1998. To
help encourage & smooth and rapid tran-
sition to digital television, in whichever
format broadcasters will select for over-
the-air transmissions, each of the compa-
ny’s planned oftferings will be able to
receive and decode all Advanced
Television Systems Committee (ATSC)

ment. In
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digital signal formats, including wide-
screen HDTV.

Panasonic consumer digital television
products will be marketed in the United
States by Panasonic Consumer Elec-
tronics Company, a division of Matsushita
Electric Corporation of America(MECA).
Other MECA division companies are
already providing digital and HDTV video
equipment to the major broadcast net-
works, as well as digital clectronic news
gathering and production equipment tor
local television stations, as they prepare
for the country’s transition to digital
broadcasting. MECA is the principal
North American subsidiary of Matsushita
Electric Industrial Co., Ltd. (MEI), of
Japan, one ot the world’s largest produc-
ers of electronic and electric products for
consumer, business and industrial use.

Software for TV set-top computer

boxes

IGS Technologies, Inc., of Santa Clara,
California, demonstrated Windows CE
applications for TV Set Tops, at the
Microsoft Windows CE Partner Pavilion
at the Consumer Electronics Show in Las
Vegas in January. Set Top Box applica-
tions include digital TV, web surfing/
internet access, video phone, DVD play-
back and 3D games. The multimedia
accelerator used by IGS Technologies is
the CyberPro2010, the only 2DTV mul-
timedia accelerator that integrates a CPU
bridge (FlexiBus), 64bit GUI Accelerator
and an NTSC/PAL digital TV encoder
(TVDirect) in a single chip. This enables
the CyberPro2010 to interface directly to
any embedded RISC CPU.

The CyberPro2010 has a video port for
video phone, MPEG/live video capture
applications. Its proprietary flicker-free
technology provides quality video, graph-
ics and text output on any TV. The chip
has 6 internal DACs that enable 2 TV out-
puts and 1 CRT output simultaneously.

There are two demo systems currently
available with Windows CE. One uses
the AMD Elan 486 chip, and the other
uses a NEC MIPS VR4300. Both have
been ported by BSQUARE.

IGS Technologies, Inc. (formerly
known as InteGraphics Systems, Inc.)
was founded in 1993 to develop feading
edge multimedia component solutions tor
emerging markets, including NC, Set
Top, Information Appliances and PC TV.
The company has since forged partner-



ships with the industry’s leading compa-
nies and OEM customers in these emerg-
ing markets.

High-performance cathode ray tubes
for PC/TV applications

Toshiba America Electronic Compo-
nents, Inc. (TAEC) has developed two
high-performance cathode ray tubes
(CRTs) specifically designed for emerg-
ing PC/TV applications. Designated the
36V and the 32V, these new tubes provide
the high contrast, high brightness excel-
lent picture sharpness that these applica-
tions demand and can be used for both
personal computer and television display.

As digital television becomes main-
stream, TV viewing is beginning to shift
from a passive to an active experience.
Applications such as home shopping,
home banking, video-on-demand, remote
education and web browsing are becom-
ing a reality. “Toshiba belicves that
PC/TV applications such as Internet
browsing on the family room TV will soon
become a standard home entertainment
activity,” said Dan Ryan, sales engineer
for display products, Electron Tubes, and
Devices. “Standard NTSC picture tubes
do not provide the necessary quality that
consumers demand. The edges appear
fuzzy and the icons look distorted. PC
monitor color disptay performance is nec-
essary for PC/TV applications.”

Advanced Features

The new CRTs provide 800 x 600 res-
olution and feature a number of Toshiba’s
latest technology developments, includ-
ing animproved saddle/saddle-deflection
yoke (S/S-DY), the DF-1I dynamic focus
electron gun with impregnated cathode
and an INVAR mask.

The improved saddle-type detlection
yoke enables hi-scan (40kHz), suppress-
es rises in temperature, even at wide
deflection angle and high power opera-
tion, and achieves optimum convergence
and distortion. The dynamic focus (DF)
Il electron gun offers excellent sharpness,
in both text and moving pictures, across
the entire screen. The impregnated cath-
ode allows high current loading and a
longer life time. The INVAR mask has
only one tenth of the thermal expansion
coefficient of an iron mask which is
essential to avoid discoloration resulting
from mask doming in freezing images.

Technical Specifications
Product Name 32V Multimedia CRT
Bulb (Panel & Funnel) FS
Deflection Angle 110 degrees
Neck Diameter (mm) 32.5
SCN PH 0.80
Resolution (HxV) 800x600
Mask INVAR
Gun DF-1I
Deflection Yoke S/S
tH 48kHz
Mechanical useful screen diagonal:

806 mm (minimum)
overall screen area: 3118cm2
mass: 49kg

Product Name 36V Multimedia CRT

Bulb (Panel & Funnel) FS DT

Deflection Angle 110 degrees

Neck Diameter (mm) 32.5

SCN PH 0.90

Resolution (HxV) 800x600

Mask INVAR

Gun DF-II

Deflection Yoke S/S

tH 40kHz

Mechanical useful screen diagonal:
902mm (minimum)

overall screen area: 3905¢m?2

mass: 59kg

The virtual cable

Philips Semiconductors has announced
a Virtual Cable data communications sys-
tem, which will provide a new, low cost
way for computers and other consumer
and industrial devices to communicate
without cable connection.

Designed for PCs and PC-compatible
devices. the Virtual Cable hardware and
software solution uses the Digital
Enhanced Cordless Telecommunications
(DECT) standard to exchange data via
radio waves between devices.

Virtual Cables are already being tested
for communication in applications as
diverse as interactive cable TV return
paths, Point Ot Sale (POS) terminal con-
nections, vending machine polling and
automatic stock control systems.

“The Virtual Cable provides data con-
nections at speeds easily sufficient for
hundreds of business, residential and
industrial applications,” explained Walter
Conrads, managing director of interna-
tional marketing and sales, Philips
Semiconductors, “making this the perfect
solution for adding low cost, cable-free
enhancements toexisting products. Every

CMM _—

Monitor Test Equipment
Checker Pro- NEW!

AutoScan

There is a Computer monitor tester you have
been asking for. Sweep rates to 15-64kHz, MGA,
CGA, VGA, lots of MACs, even video (mono),
GRAY SCALE, quick push button operation,
“Energy Star” testing, and more. AC or Battery. |

PRICE: $499.95

Now you can repair and test Computer monitors
with ease. With sweep rates up to 64Khz., eight
step gray scale, white screen, single color mode,
Mac I, EGA, CGA support, you can run almost
ANY PC monitor. And it is EASY to use. Color
front pane! displays show just what you should
see. Don't let its’ small size fool you. It is
the most powerful handheld available, and it
supports ALL basic VGA modes (some don't).
Itis suitable for bench or field operations. Battery

or AC operation. PRICE:$295

Pro;

The TV Pro is just the too! for your repair bench.

Itprovides Video, S-Video, and RF outputs. it also

has the most important pattern, GRAY SCALE!

You can't set up a color TV without it. All with
{NTSC standards and COMPLEX sync. The RF
output also includes an audio tone and STEREO
signaling. With colorbars, gray scale, crosshatch,
with dots, you can set and test quickly.

Checker TV Pro..PRICE: $499.95

The TV Jr. is a small NTSC video generator, with
colorbars, crosshatch with dots, white, red, blue,
green, and black screens. Small enough to fit in
your pocket, powerful enough to drive the largest
projection TV!

Checker TV Jr....PRICE: $129.95

] Computer & Monitor -]
Maintenance, Inc.
1-800-466-4411 » 770-662-5633
http://www.computermonitor.com

Circle (60) on Reply Card 23




person we speak to about this concept
dreams up another application.”

The system has a range of 50 meters
to 300 meters and can transmit data
through walls, partitions and floors.
Simple to set up and use, the Virtual Cable
units create a direct, invisible connection
using radio waves between two pieces of
qualified equipment, which are selected
from pop-up screen menus.

During the development of the Virtual
Cable solution, Philips leveraged its
knowledge of the DECT telephone sys-
tem, for which itis one of the world’s lead-
ing suppliers of integrated circuits (ICs).

With the company’s advanced integra-
tion techniques, Virtual Cable units can
be made in any size, including a size small
enough to fit into a standard type [ PCM-
CIA format, for use in laptops and palm-
tops. Virtual Cable is also ideal for creat-
ing plug-and-play cordless connections
for computers and other devices over the
Universal Serial Bus (USB).

Technical Information

The hardware portion of the Virtual
Cable solution is a pair of DECT Data
Modules from ALPS Electric, which are
PCMCIA-sized cards that plug directly
into serial [/O ports. They are based
around Philips Semiconductors’ highly
successful DECT controller chips, a
Philips Semiconductors 80C51 micro-
controller and a miniature RF module
developed by ALPS.

These plug-and-play modules operate
independently of the host computer’s
CPU. All the user has to do is plug a mod-
ule into the serial [/O port at each end of
the link. The portable end of the link is
subscribed to the basestation end by
pressing asingle button, in much the same
way a user subscribes a DECT cordless
phone to its basestation. Then, the data
link is operated as normal with no modi-
fications required to the computer’s com-
munications software.

The OM35878 DECT Data Services
Software, which Philips Semiconductors
has developed with Silicon & Software
Systems (S3), implements all the data
communications tasks involved, includ-
ing the DECT data protocol, link access
protocol and V.24 UART interface to the
host computer.

Full hardware flow control (RTS/CTS)
and Circular Redundancy Check (CRC)

error protection are provided across the
entire link, together with automatic link
setup and release and automatic link re-
establishment after interruptions. DECT
standard data encryption, together with
automatic module authentication, ensure
the security of transmitted data.

Cable/CE joint engineering group
defines basics for cable ready DTV
receivers

Activity is taking place on many fronts
to make digital television (DTV) a reali-
ty. Recently, a working group of the Joint
Engineering Committee (JEC) of the
Consumer Electronics Manufacturers
Association (CEMA) and the National
Cable Television Association (NCTA)
identified eight essential elements of all
cable-ready digital TVs. These building
blocks are fundamental to the reception
of DTV programming which use the
transmission standards developed by the
Society of Cable Telecommunications
Engincers (SCTE).

“If cable operators adhere to these stan-
dards and receivers are designed to sup-
port them, all non-scrambled cable pro-
grams  would be uaccessible by
commercially available digital receivers
without the need of a set-top box,” said
George Hanover, vice president of engi-
neering for CEMA.

The JEC concluded that, while these
components are needed, they will con-
sider additional functions before recom-
mending the final definition of a cable-
ready digital television receiver. Other
important aspects include if and how the
recciver will descrambie premium pro-
grams and link to external products and
services which may not be supported in
the receiver itself.

For example, the group is considering
the plug-indescrambler defined by anoth-
er JEC committee and standardized under
EIA-679, the Nationul Renewable
Security Standard. “If a descrambling
function can be added to the elements of
the cable-ready receiver, a majority of the
needs of cable subscribers will be served
with the receiver only,” said Hanover.
Also, for example, to add extra function-
ality, a high-speed digital interface based
on the [EEE 1394 can be included.

According to the working group, cable-
ready reccivers and cable operators
should:
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1. Support ATSC Digital Television
Standard A/53, which describes the over-
all system characteristics of the U.S.
Advanced Television (ATV) system,

2. Follow RF performance recommen-
dations per draft EIA-23 (RF Interface
Specification for Television Receiving
Devices and Cuble Television Systems)
which defines tuner and corresponding
cable signal characteristics,

3. Tune cable channels per EIA-542
(Cable Television Channel Identification
Plan) which lists the frequencies to be
used for each cable channel,

4. Use only 64/256 QAM modulation
as specified in SCTE standard DVS-031
(Digital Transmission Standard for Cable
Television) or §VSB and possibly 16VSB
modulation, as defined in ATSC A/53,

5. Support draft standard SCTE DVS-
093 (Digital Video Service Multiplex and
Transport System Standard for Cable
Television), which defines the MPEG-2
packetization of program material,

6. Use only the transmission video dis-
play formats defined in ATSC standard
A/53 table 3 and in table 2 of SCTE stan-
dard DVS-033 (Submission on “Class A”
[ssues-Profiles, Levels and Formats),

7. Use the in-band Program and System
Information Protocol for Terrestrial
Broadcast and Cable, SCTE standard
DVS- 097. which defines the data format
fortuning parameters, v-chip information
and on screen program guides. and

8. Support emergency messaging.

The JEC, in part, advises the Cable/
Consumer Electronics  Compatibility
Advisory Group (C3AG) on technical
matters. The C3AG is expected to tuke the
JEC’s recommendations to the Federal
Communications Commission (FCC).

Digital television

In a surprise announcement that should
spur interest in high definition television,
DIRECTV and Thomson Consumer
Electronics demonstrated at the January
Consumer Electronics Show satellite—
delivered HDTV programming planned
for the fall of 1998. The demonstration
represented the first satellite transmission
ever of HDTV program material.

The RCA 61-inch projection TV set
used in the demonstration is expected to
have an entry retail price of around
S$7,000, said James E. Meyer, COO and
Executive Vice President, Thomson



Consumer Electronics. Thomson also
announced plans for a more active posi-
tion in digital television that includes the
production of additional HDTV receivers
and HDTYV product support for the broad-
casting industry.

In addition to a commitment to offer
both 38—inch and 34-inch RCA direct
view widescreen HDTV receivers,
Thomson will build DSS functionality
into all RCA and ProScan receivers and
decoders. Thomson will also enter the
business of supplying HDTV encoders to
broadcasters and other distributors of pro-
gramming. The encoders were expected
to be available in late summer.

“The joint announcement by DIRECTV
and Thomson will put HDTV program-
ming in 48 states simultaneously, and open
the way for national demonstrations of the
new technology at participating dealers. It
will be an opportunity to turn every deal-
er sales floor into an HDTV niovie the-
atre,” Meyer said.

The two companies previously worked
together in 1994 to introduce the DSS
Digital Satellite System which generated
over one million sales in the first 10
months of the product’s introduction.

Consumers want HDTV

The demand for digital high-definition
television — and the variety of features it
offers consumers — is real, according to
recent focus group research conducted by
the Verity Group and sponsored by the
Consumer Electronics Manufacturers
Association. Highlights of the study were
released at the 1998 International
Consumer Electronics Show (CES),
where manufacturers introduced com-
mercial HDTV receivers for the first time.

The focus groups targeted a broad base
of opinions concentrating on consumers
in two categories: (i) early adopters -
those with a high awareness level of
Digital and HDTV and enthusiasm about
the digital TV transition, and (ii) main-
stream adopters — those with little
knowledge or initial interest in the tech-
nology who own a wide variety of other
consumer electronics. Together, these
groups represent approximately 50 per-
cent of the purchasers in the potential
DTV market. Participants were shown a
video and audio demonstration of the
improvements oftered by digital and
high-definition television. When partici-

pants were shown an HDTYV picture, the
reaction unanimously  positive
among all consumers, and virtually all
strongly preferred HDTV to any tower-
resolution digital sets. Early adopters
especially preferred the wide screen pre-
sentation format of HDTV over the reso-
lution offered by today’s sets.

“This research is consistent with what
we have seen all along with HDTV:
Seeing is believing,” said Gary Shapiro,
president of CEMA. “Until now, HDTV
has been an intangible promise for con-
sumers. Now, with the introduction of
retail HDTV product, consumers can
actually see what this technology is all
about - a revolutionary improvement in
picture and sound and a variety of other
benefits. This research reinforces what
the entire history of our industry tells us
— that consumers want the highest qual-
ity of video and audio performance.”

Focus group participants said they
were more likely to purchase a set that
could provide them with access to the
Internet, interoperability with adjunct
products like digital cameras and video-
phones, and add-on products like DVD.
When asked about “multi-casting,” the
ability to simulcast several channels of
digital ~ programming,  mainstream
adopters expressed dissatistaction with
current programming, saying quality
improvements in programming were
much more important than access to addi-
tional channels.

“In addition to the higher quality video
and audio offered by HDTYV, they want
connectivity and compatibility. They are
looking at HDTV to be a multi-function
device,” said Todd Thibodeaux, Vice
President and Senior Economist at
CEMA. “While some differences occur
on pricing issues effecting when they will
buy, there is little doubt that the majority
of consumers will purchase this technol-
ogy at the right price.”

The industry estimates that initial sets
will range from $2,000-$5,000 more than
today’s sets of comparable size. But, as
with other consumer technologies, prices
will drop quickly as economies of scale
are reached. Conservative predictions are
30% household penetration of digital
television sets by 2006.

“The research demonstrates that some
consumers will pay a premium for digi-
tal or high-definition recetvers and will

was

purchase the new sets later this year.
Others will wait for the prices to come
down as mass production occurs in future
years,” said Gary Shapiro. “This follows
the pattern of most new consumer elec-
tronics products. This research further
solidifies our hope for HDTV - it will be
a great success with consumers.”

The focus groups were conducted dur-
ing August, 1997. Two groups each were
held in Orange County, CA, Atlanta, GA,
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