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When you’re making the transition
to stereo TV, make the move to
ADM. In addition to stereo, you
can have the traditional ease of
operation, reliability and quality

; : PEENEY
available only with ADM consoles. Pkt

:‘1 "iﬁ'.'
- L bl il 5 't..' PP

1 i s e a &g
ADM'’s top of the line BCS has i 1 }‘11‘1,1!#1‘111 '
proven to be a best seller at T
major networks, affiliates and
independents. The console features
input pre-selection and bussing, dual
cue, group mute and Slidex® VCA
control of all main program paths
provide superior stereo tracking...
making ADM your logical choice.

BCS SERIES

For any broadcaster who needs ADM
quality at a price that will be gentle on
your equipment budget, the S/TV fills
the bill.

With the ADM five yearwarranty on parts
and labor you can buy it and forget it.
It will handle your stereo needs now
and in the future. Call us, we like to
make life easier for our friends.

Visit us at Booth 3266

S/TV SERIES

®
The ADM Technology, Inc.
Audio 1626 E. Big Beaver Road, Troy, Michigan 48084
Company Phone: (313) 524-2100 « TLX 23-1114
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With the antenna
that works!

In Brownsville,

In Seattle,

In Miami,

-~ Everywhere!

Midwest combines its mobile pro-
duction unit experience with the lat-
est antenna technology to bring you
the $-23, a mobile satellite commu-
nications system that enables you
to uplink a story from virtually

anywhere

The S-23 incorporates a Vertex 2.6M
antenna with 50db gain into a unit
that is spacious enough for full pro-
duction capability, yet has excellent
weight distribution and a wide GVW
safety margin.

An integral deployment and posi-
tioning system ensures antenna
accuracy, even in heavy weather. You

can choose from a variety of equip-
ment configurations and several
domestic and foreign chassis
models. ' '

Call for spemfmationb and antenna
patterns onthe 5-23, 5-18, S-1 Fly-
away or any of our mobile satellite

communications systems.

The Midwest S-23. The mobile saf
ellite communications system thi
works. Everywhere.
2.6M Vertex Antenna

»>50db Gaineat 14.25 GHz

¢ >35db Cross Polar Isolation
o Meets 29-25 log 9FCC 27
Spacing Curves

See

Midwest at Indoor Booth #32 10

~=d at Qutside Booth #10.
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| HOW THE SK-110D PUTS AN END

TO THE REIGN OF ERROR.

With the SK-110D, Hitachi has created a studio broadcast
camera with microprocessor technology so accurate that
registration errors and time-consuming setup are things
of the past.

Using a single button, now you can automatically set
up RGB, color balance, and analog and digital registra-
tion—along with complete fault diagnosis—for up to 42
cameras simultaneously in just two minutes. And while
you're shooting, the SK-110D keeps correcting realtime
zoom and focusing errors, as well as registration
changes caused by fluctuating prism temperatures,

The SK-110D performs
magnificently.

Here's why:

The 30-mm LOC
diode gun Plumbi-
cons and electron-
ics yield 750 lines
harizontal resolu-
tion, and greater than
-56dB S/N. Dynamic
focus provides for superb corner
resolution. And detail signals are
generated from both red and green.

The SK-110D is also today’s most
technologically advanced and versatile
camera syslem. It offers iris and auto-setup
by external chart. I has a high-resolution
viewfinder with electronic markers.

The battery-backed head and CCU store up to four full-
function files, eight lens files and 64 scene files. And

add a smart RCU that controls those files, and you've got
a camera that can precisely remember the “look” of
every production shot you'll ake.

Put an end to the reign of error in your studio today.
And usher in a new era of image quality with the Hitachi
SK-110D. For a demonstration in your studio contact
Hitachi Denshi America Ltd., Broadcast and Professional

Division, 175 Crossways

Park West, Woodbury,

NY 11797; (516) 921-7200

or (800) 645-7510. Canada:
Hitachi Denshi, Ltd.

(Canada), 65 Melford Drive,
Scarborough, Ontario M1B 2G6;
(416) 299-5900.

@ HITACHI
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1987 SBE call
for papers

Abstracts are being accepted for pro-
posed engineering papers for the 1987
Broadcast Engineering conference of
the SBE national convention. The techni-
cal conference will address the hands-on
needs of engineers and technical manag-
ers at radio and TV stations. The confer-
ence is being organized again this year
by John Battison, well known through
his work at the annual WOSU seminars.

[f you would be interested in preparing
a technical paper for presentation at the
conference, submit an abstract outlin-
ing the scope of the paper and its impor-
tance to the industry, to Battison no later
than May 31. If you are interested in par-
ticipating in a panel discussion or serving
in some other capacity, please submit a
letter to Battison stating your desire. Be-
cause of the number of contacts required
to organize a program as large as the '87
SBE convention, only written abstracts

INewsl

and letters of interest can be accepted.
The SBE will again publish a Proceed-
ings of the conference, which will be dis-
tributed at the convention. Authors
should be prepared to submit a camera-
ready manuscript by August 31. Send
your correspondence to: John Battison,
conference chairman, 890 Clubview
Boulevard North, Columbus, OH 43085.

NAB backs elimination
of origination rules

The National Association of Broadcast-
ers supports an FCC proposal to elimi-
nate its main studio and station program
origination rules for radio and TV sta-
tions. However, NAB said steps are need-
ed to ensure that the public has access to
a station licensed to its community.

The association suggested that the
commission require a broadcaster that
chooses to locate its studio outside its
community of license to maintain a local
or toll-free telephone number for local

residents. Also, the public file should be
maintained in a place that is reasonably
accessible to residents of that community.
The rules were implemented in 1950 to
provide a fair, efficient and equitable dis-
tribution of a station’s service to every
state and community. However, NAB
feels that with competition and techno-
logical advances the rules are obsolete.

NTC invites
participation

The Network Transmission Committee
(NTC) is inviting representatives of the
broadcasting and telecommunication
communities to join in the committee,
which previously had its membership lim-
ited to the Bell System and the major TV
networks. The committee was estab-
lished in 1954 to facilitate the transmis-
sion of color television. It has developed
operational guidelines for transmission
personnel, such as the weli-known NTC

Continued on page 351
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Midwest combines its mobile pro-

. ductionunit experience with thelat-
~ est antenna technology to bring you

the $-23,:a mobile:satellite commut-

“nications system that énables you

to uplink a story from virtually
anywhere

The S:23 incorporates a Vertex 2.6M
antenna with 50db gain into a unit
that is spacious enough for full pro-
duction capability, yet has excellent

weight distribution and a wide GVW

safety margin.,
An integral deployment .and posi-

tioning system ensures antenna:

accuracy, even in heavy weather. You

can choose from a variety of equip-
ment configurations and several
domestic and foreign chassm
models..

Call for speciﬁcatmns and antenna

patterns on the S-28, 5-18, S-1 Fly-

away or any of our mobile satellite
communications systems.

The Midwest $-23. The mobile sat-

ellite communications system that

works. Everywhere.

2.6M Vertex Arifenna 7
e >50db:Gain at 14.25 GHz

& >35dh Cross Polar Isolation

® Meets 29-25 jgg O FCC 2°

Spacing Curves

See Midwest at Indoor Booth #3210
and at Outside Booth #10.
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ON THE COVER

The big event is about to begin. The 1987
NAB Convention (March 28-31 in Dallas)
promises to be another record show. The
Dallas setting is the inspiration for our
cover this month. The distinctive Dallas
skyline was developed by BE graphic
designer, Kristi Sherman. Airbrush
work by Intertec designer, Tim Lynch.
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| HOW THE SK-110D PUTS AN END
- TO THE REIGN OF ERROR.

With the SK-110D, Hitachi has created a studio broadcast The battery-backed head and CCU store up to four full-

camera with microprocessor technology so accurate that function files, eight lens files and 64 scene files. And
registration errors and time-consuming setup are things add a smart RCU that controls those files, and you've gol
e of the past. a camera that can precisely remember the “look” of
‘ Using a single button, now you can automatically set every production shot you'll take.
up RGB, color balance, and analog and digital registra- Put an end to the reign of error in your studio today.
tion—along with complete fault diagnosis—for up to 42 And usher in a new era of image quality with the Hitachi
- cameras simultaneously in just two minutes. And while SK-110D. For a demonstration in your studio contact
‘ you're shooting, the SK-110D keeps correcting realtime Hitachi Denshi America Ltd., Broadcast and Professional

zoom and focusing errors, as well as registration

Division, 175 Crossways
;j changes caused by fluctuating prism temperatures.

Park West, Woodbury,

The SK-110D performs NY 11797; (516) 921-7200
t magnificently. _ or (800) 645-7510. Canada:
Here's why: Hitachi Denshi, Ltd.
The 30-mm LOC (Canada), 65 Melford Drive,
diode gun Plumbi- Scarborough, Ontario M1B 2G6:
cons and electron-

(416) 299-5900,

@ HITACHI
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ics yield 750 lines
horizontal resolu-
tion, and greater than
-56dB S/N. Dynamic :
! focus provides for superb corner
! resolution. And detail signals are
generated from both red and green.

The SK-110D is also today’s most EYW < ‘“\_ 2
technologically advanced and versatile e iy 5
camera system. It offers iris and auto- setup o o

by external chart. It has a high-resolution & M
viewfinder with electronic markers, - G am
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1987 SBE call
for papers

Abstracts are being accepted for pro-
posed engineering papers for the 1987
Broadcast Engineering conference of
the SBE national convention. The techni-
cal conference will address the hands-on
needs of engineers and technical manag-
ers at radio and TV stations. The confer-
ence is being organized again this year
by John Battison, well known through
his work at the annual WOSU seminars.

If you would be interested in preparing
a technical paper for presentation at the
conference, submit an abstract outlin-
ing the scope of the paper and its impor-
tance to the industry, to Battison no later
than May 31. If you are interested in par-
ticipating in a panel discussion or serving
in some other capacity, please submit a
letter to Battison stating your desire. Be-
cause of the number of contacts required
to organize a program as large as the '87
SBE convention, only written abstracts

INewsl

and letters of interest can be accepted.
The SBE will again publish a Proceed-
ings of the conference, which will be dis-
tributed at the convention. Authors
should be prepared to submit a camera-
ready manuscript by August 31. Send
your correspondence to: John Battison,
conference chairman, 890 Clubview
Boulevard North, Columbus, OH 43085.

NAB backs elimination
of origination rules

The National Association of Broadcast-
ers supports an FCC proposal to elimi-
nate its main studio and station program
origination rules for radio and TV sta-
tions. However, NAB said steps are need-
ed to ensure that the public has access to
a station licensed to its community.

The association suggested that the
commission require a broadcaster that
chooses to locate its studio outside its
community of license to maintain a local
or toll-free telephone number for local

residents. Also, the public file should be
maintained in a place that is reasonably
accessible to residents of that community.
The rules were implemented in 1950 to
provide a fair, efficient and equitable dis-
tribution of a station’s service to every
state and community. However, NAB
feels that with competition and techno-
logical advances the rules are obsolete.

NTC invites
participation

The Network Transmission Committee
(NTC) is inviting representatives of the
broadcasting and telecommunication
communities to join in the committee,
which previously had its membership lim-
ited to the Bell System and the major TV
networks. The committee was estab-
lished in 1954 to facilitate the transmis-
sion of color television. 1t has developed
operational guidelines for transmission
personnel, such as the well-known NTC
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Leader’s new LBO-5860B Half-Rack Waveform Monitor
delivers all its features for $590* less!

As good as you were, old standard,
your time has passed-The Leader
LBO-58608B is better because it's
easier to use and delivers all your
features for only $1,740 list. In fact,
video pros who swore by you for years
will be delighted to have me around.

The LBO-5860B

sets new standards.
Compare the LBO-5860B to any
other half-rack unit—be it the Tek" 1730
which lists for $2250% or even the old
standard, Tek' ) )
528A. at $2.330" 'LBO-5860H  LBO-5865

You'll agree the | fﬁn
high-performance | ps" '} H
LBO-58608 has lj%a :
no equal in ease | s | !

SERELTIML AR e

of use and value:
» RGB at no extra
cost; optional
YRGB + Rack-
mounts alongside
LVS-5850B or
any other half-

LB0-5860H allows
selection of lines 7 to 21.
LBO 5865, designed for
camera and pickup device
testing ofters full 525-line
selection with memory
preset/recall of any

three lines.

For Product Demonstration Circle (5} on Reply Card

*All prices are manufacturer’s suggested list prices as of 9:3/86.
Actual savings may vary since prices are set by the retailer.

rack vectorscope * Bright, PDA CRT
with internal, etched graticule

- 4 sweep speeds (2-line and 2-field
displays, regular and expanded) « Flat
response, IEEE and chroma filters

+ Switchable dc restorer clamps
blanking at zero IRE » Switchable
internal/ext. sync « Excellent stability
and reliability < PAL, SECAM and line
selector (5860H) models available

« 2-year warranty.

g

l
|
s |

Buy both for $3,735. Less than any
other high-guality, half-rack pair.

Call toll-free

(800) 645-5104

In NY State \

Raise your Ffg (516) 231-6900

- !
YECtOI‘SLdOpE ! Ask for an evaluation unit, our latest
standards. | Catalog, more information, or your
LVS-5850B nearest “Select” Leader Distributor.
reduced $200 ;
to only $1.995. For lg)rofessmnals

wno

* Easy to use know LMR
» Rack-mountable with LBO-5860B or PeTY insiruments Corporation
any other half-rack waveform monitor difference

» Electronically generated CRT targets,
and error limits » Electronic targets
eliminate parallax and readout is
independent of centering controls.

380 Oser Avenue, Hauppauge, New York 11788
Regional Offices:

Chicago, Dallas, Los Angeles, Boston, Atlanta

In Canada call Omnitronix Ltd. (514) 337-9500

For Product Information Circle (6) on Reply Card

. L tTrademark of Teklronix
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Broadcast
quality
...usett
or lose it!

6 Broadcast Engineering March 1987

Remember when the words broadcast quality were synonymous with the highest
level of development for transmission and reproduction of pictures and sound? These
days, state of the art is used to characterize the leading edge of studio and RF equip-
ment. Does broadcast quality lag behind the state of the art?

Asradios evolved from a box with a speaker to thundering component systems, FM
broadcasters were among the first to address a growing segment of the audience that
was listening on better sound systems than those in charge at the station. As a result,
FM broadcasting has evolved from simply transmitting the loudest signal on the dial
to broadcasting the cleanest.

With the introduction of MTS, many TV broadcasters have suddenly been thrust in-
to the position of fulfilling demands for premium-quality stereophonic sound, in a
medium where undistorted monaural audio was always unquestionably sufficient. In
the near future, similar demands will be made on video quality.

Since television was introduced to the public, TV set marketing, like old radio
marketing, emphasized the style and size of the cabinet over the technical capabilities
of the unit. Until recently, broadcast monitors clearly offered a far more critical
display of video information than any consumer TV set.

A walk through this year's Winter Consumer Electronics Show in Las Vegas illus-
trated how rapidly the game is changing for the TV industry. Yes, there were still a
couple of French Provincial TV consoles on the floor, but they were vastly outnum-
bered by a new generation of high-tech component-style TV receiver/monitors.
These new televisions are designed to be the single, ultimate display device for all
video sources within a home. Many of the new televisions approach 600 lines of
resolution and use digital frame storage to routinely accomplish futuristic magic such
as noise reduction, progressive scanning conversion, picture-in-picture, ghost rejec-
tion and perfect freeze frames.

Over the last couple of years, consumer-level CRT and digital video technology has
mushroomed. The TV industry can thank (or blame) the computer industry for many
of these advancements.

Only a decade has elapsed since broadcasters were standing in line to order a
Squeezezoom for $175,000. Today, you can drop by your local appliance store and
see a new television or VCR, with digital picture manipulation features built in, for un-
der $1,000. While you're there, compare the new consumer camcorders to the
original TK-76. And then there are the broadcast spin-offs of Y2-inch consumer video.
Where will we be in 10 years? Or next year? Who is leading whom?

The incorporation of new technology has created consumer televisions that ap-
proach and sometimes exceed the picture quality of many expensive broadcast mon-
itors. Granted, their colorimetry may not be as accurate as a good broadcast monitor,
but their picture detail and resultant sensitivity to noise and picture artifacts is
astonishing.

The technology that continues to improve state-of-the-art video, audio and comput-
er displays also will be the vehicle for increased awareness of technical quality by the
audience. On the new televisions, good video looks better, poor video looks worse,
heterodyne artifacts and chroma noise stick out like a sore thumb.

Broadcasters must address the fact that the rules in the game of home entertain-
ment are changing, rapidly. Today, the technical quality of a presentation is becom-
ing as important as the content to attract and hold an audience. If you question
whether the market for high quality is there, consider the unprecedented prolifera-
tion and success of compact discs.

In this age of increasing options for video screen and sound system sources, the pur-
est broadcast pictures and sound are no longer a luxury. Improvement lies not with
simply passing proof-of-performance tests, but with uncompromising technical pro-
duction values, and comprehensive lens-to-antenna system transparency. The broad-
cast quality technical leadership our industry worked so hard to establish must be
revived to survive, 'B&)
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While trendy audio
products come and go, certain ones are
timeless. Their true value is appreciated more
year after year.

Orban’s “Blue Chips” are proven, consistent performers that fulfill a wide
variety of essential production and system requirements in top facilities worldwide .

622B Parametric Equalizer: The standard by which all others are judged.
Sonically and musically pleasing. Can be used as combination 4-band EQ and
notch filter. A real job saver.

672A/674A Graphic Parametric Equallzers “The Paracrossalizer’: Combines
eight bands of parametric EQ with tunable high and lowpass filters. A uniquely
versatile production tool. Also quickly becoming the smart choice for room and
system tuning because it eliminates ringing and phase shift problems. Can be used
as full electronic crossover plus EQ in one cost-effective package.

536A Dynamic Sibilance Controller: Around the world, Orban de-essers are the
salvation of vocal sessions. Quick set up and easy operation.

422A/424A Gated Compressor/Limiter/De-Esser “The Studio Optimod”: The
most flexible, cost-effective level controi system available. Orban compressors are
known and appreciated for their smoothness. No pumping, no breathing; they work
for you, not against you in tough applications.

412A/414A Compressor/Limiter: Transparent level control delivers the punch
without the bruise. Very cost-effective. |deal for installations and reinforcement work.

245F Stereo Synthesnzer Magical stereo effects from mono synths, drum
machines, or any mono source. Perfect for
extending capability of smaller for-
mat multi-track systems—the 5th,
9th, 17th, or 25th track. Inexpensive.

T Orban also manufactures the
W reliable 111B Dual Spring Reverb as
=  well as attractive acrylic security
. covers which fit all standard 19"

(‘ﬁﬁ ©  rack mount products.

! m . Orban Associates Inc.

@ 645 Bryant St. San Francisco, CA 94107

M= §  (415)957-1067 Telex: 17-1480
Nt
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Commission stays
must-carry rules

By Harry C. Martin

The FCC, on its own motion, stayed the
Jan. 15 date of its recently adopted must-
carry rules for cable TV systems. The
new rules require cable systems to pro-
vide all new subscribers, at no cost, an in-
put selector (A/B) switch for receiving
off-the-air signals. Additionally, the cable
operator must offer to supply and install
the switch, for a fee, to all existing sub-
scribers. The new rules also establish
mandatory carriage requirements for lo-
cal TV signals depending on the channel
capacity of the cable system.

The stay applies to all aspects of the
new rules. It will remain in effect until 30
days after the release of an order by the
commission addressing the petitions for
reconsideration that were filed.

Proposed changes in multiple
ownership

The commission has proposed relaxing
the muttiple ownership rules to allow
certain radio-TV combinations that are
now prohibited by the one-to-a-market
rule and to lessen the requirements of
the duopoly rule as it applies to commer-
cial radio stations.
* One-to-a-market rule: Under the pro-
posed rule, restrictions on cross-owner-
ship of radio and TV stations would be
changed to allow a party to own (a) one
AM/FM/UHF TV combination or (b) one
AM/VHF TV combination or (c) one
AM/UHF TV combination in a market.
The commission asked for comments on
whether such combinations should be al-
lowed in all markets or only in the larger
or well-served markets.
¢ Duopoly rule: Under the current rule,
parties are prohibited from owning two
or more commercial AM stations whose
ImV/m contours overlap or two or more
commercial FM stations whose 1mV/m
contours overlap. The commission has
proposed relaxing the 1mV/m bench-
mark to 5mV/m for AM stations and
3.16 mV/m for FM stations. These con-
tours are proposed because they are the
minimum signal strengths that AM and
FM stations are required to place over
their respective communities of license.

Martin is a partner with the legal firm of Reddy, Begley
& Martin, Washington, DC.
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Irccupdatel

Deletion of reservation of 20 Class A
FM channels

The commission has eliminated its
power and height restrictions on the 20
FM frequencies previously reserved for
Class A use. Stations operating on those
frequencies now may petition to have
them upgraded to higher classes where
spacing permits.

The reservation, which was contained
in Section 73.206 of the rules, was in-
tended to ensure that FM allotments
would be available for smaller communi-
ties. The commission has concluded
there is no longer any need to reserve
channels because a large number of the
allotments made in the Docket 80-90 pro-
ceeding went to small communities.

In the same proceeding, the commis-
sion refused to consider amending its
rules to permit an increase in power to
4kW and an increase in antenna height
to 125m above average terrain for all
Class A stations.

Plan of action for AM

The commission has outlined a series
of present and future possible actions
with regard to AM broadcast regulation.
The commission’s proposal comes in the
wake of a 1986 report, prepared by the
Mass Media Bureau, on the status of AM
broadcasting. The report recognized that
the future of AM broadcasting rests on
broadcasters’ entrepreneurial initiative
and identitied steps to remove govern-
ment intrusion upon such initiative.

Based on the 1986 report and public
comments filed in response, the commis-
sion has outlined a tentative course of ac-
tion with regard to AM broadcast regula-
tion. That course includes present steps,
longer term initiatives now under consid-
eration and potential actions that will be
deferred pending the outcome of other
proceedings. The specific actions initiat-
ed or proposed are as follows:
Near-term actions

The commission has:
¢ Begun an inquiry into the use of syn-
chronous transmitters to improve AM
coverage.
¢ Jssued a notice of proposed rulemak-
ing to relax or eliminate its main studio
and program origination rules.

www.americanradiohistorv com

* Begun a proceeding to examine cer-
tain multiple ownership issues, including
the duopoly rule.
* Taken under consideration interfer-
ence limits for RF lighting devices and al-
so may issue a notice of inquiry concern-
ing interference from incidental radia-
tion devices, such as appliances and elec-
trical motors.
Longer-term actions

The commission is also considering:
* An inquiry proceeding to examine the
technical parameters of interference pro-
tection, including protection ratios, pro-
tected contours, RF bandwidth limita-
tions and calculation methodologies.
Based on the results of this proceeding,
the commission might be able to take fu-
ture action in order to relieve current re-
strictions on station power.
® Action to permit daytime-only stations
to operate at nighti, using a power level
below the current minimum if necessary.
The commission noted that many day-
time-only stations are unable to meet
minimum power requirements without
causing objectionable interference to ex-
isting full-time stations.
Deferred subjects

The commission has deferred consider-
ation of:
* Action on new antenna design needs,
until sufficient test data has been ob-
tained. The commission stated it will con-
tinue to encourage the development of
new antenna designs in the meantime,
through issuance of experimental au-
thorizations for their study and testing.
¢ Changes in channel and station classi-
fications and current limitations on sta-
tion power, pending resolution of the is-
sues in the technical parameters pro-
ceeding.
* The development of a uniform stan-
dard for AM stereo, pending completion
of a study being conducted by the NTIA
on the functioning of the marketplace in
the selection of a uniform standard.

The commission stated that interested
parties are invited to develop informa-
tion concerning the proposals that have
been deferred, in order to assist the com-
mission in formulating future actions.
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In the year 2003, this system will be less obsolete
than any other master control system available today.

Not even Grass Valley master confrol system that  built and backed by Grass
Group knows all the features  has them all foday — plus ~ Valley Group.
you'll need in your master ~ BETACART™ inferface — Check out the 1600-4S/
control system in 2003. Is the Grass Valley Group ~ M200. In 2003, you'll

But we do know you'll 1600-45/M200. still be glad you did.
need sfereo audio, second As your needs grow,

audio program and still so will your system — = \//
~__store interface. And the only  because it's designed, Grass va“ey Gmupﬁv

A TEKTRONIX COMPANY

.-\

e

Circle {8) on Reply C

THE GRASS VALLEY GROUP, INC.® — P.O. Box 1114 — Grass Valley, CA 959
OFFICES: Edison, NJ (201) 549-8600; Aflanta, GA (404) 321-4318; Elkhart, IN (2
Fort Worth, TX (817) 921-9411; Woodland Hills, CA (818) 999-2:
TM — BETACART is a registered frodemark of Sony Gorporatian
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Comparing similar
video products

By Ned Soseman, TV technical editor

When the time comes to purchase new
equipment, how do you decide which
product to buy? Do you “kick tires” at
trade shows, generate detailed spread
sheets from sales brochures and the an-
nual BE Spec Book, or ask others for ad-
vice? These methods are frequently em-
ployed to arrive at a purchasing decision.
But with equipment prices higher than
the station's payroll, a misinformed deci-
sion could put you directly behind the
8-ball. Take advantage of the influence
and tools you have at your disposal by
organizing a side-by-side shoot-out.

There is a good chance, if you're at
work, that there is a manufacturer’s sales
brochure for some piece of equipment on
your desk. On the back of that literature,
there are probably some performance
specifications,

It would seem that comparing price,
features, performance specs and a reas-
suring testimonial or two would be ade-
quate. However, there are few, if any,
well-defined multilateral agreements be-
tween manufacturers to ensure that all
broadcast equipment specs are derived
by exactly the same procedures and
criteria.

The trade show
Whether you visit local dog-and-pony
shows, or international trade show ex-
hibits, comparing products in a sales en-

VIDEG DA
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Figure 1. There is no better venue for com-
parative evaluation than at your station.
Shown here is a system to assess the multigen-
eration performance of three TB(Cs.
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vironment seldom provides the control
necessary to reach undisputable conclu-
sions. Product shows offer an opportuni-
ty for sensory experience and sales dis-
cussions, but they are typically limited to
subjective comparisons of products from
booth to booth.

Organizing a shoot-out
A shoot-out is an on-site, side-by-side
demonstration under actual operating
conditions, of two or more competitive
products. As the buyer, you decide who

gets your order, so organize your shoot- .

out to reveal the most valuable informa-
tion. The initial stages of organizing may
seem to be a formidable task, but the ed-
ucation, satisfaction and virtual elimina-
tion of buyer's remorse will make your
efforts profitable. The participants will
appreciate your decision-making criteria,
and everyone may be surprised at the
results.

To establish and maintain control, in-
form the sales managers of each product
you want to test side by side. Schedule a
day and time that will be the best for
you, your station and the manufacturers’
representatives. Plan and coordinate all
cable, ac and physical requirements with
your maintenance department, and
block out studio switcher time with your
production department. To increase en-
thusiasm, you may want to invite a few
other prospective customers to witness
the shoot-out.

Let's say, for example, that you need to
purchase several time base correctors.
These TBCs wili be used for %-inch play-
back of ENG and production materials.
Your research indicates most %-inch
material that airs on your station is at
least third or fourth generation. You
have invited three TBC manufacturers to
participate in a shoot-out. How will you
comparatively evaluate their products
with fairness and objectivity?

Designing your own test
The best method to directly compare
the electronic output of video devices,
without elaborate laboratory setups and
equipment, is to use split-screen special
effects, displayed on a single, large, high-
quality monitor and a waveform moni-

Wi =aknekicaltadiohistonscom
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tor. By using your station's production
switcher, this can easily be accom-
plished. In the TBC shoot-out example,
each %-inch VTR feeds one of the test
TBCs at its output, as shown in Figure 1.
A separate waveform monitor is con-
nected to the output of each TBC to ob-
serve and eliminate level discrepancies.

Feed a test video source such as a stu-
dio camera or color bars from the output
of the studio production switcher to the
inputs of the three 3%-inch VTRs and a
1-inch VTR simultaneously. Record this
signal on all four machines to establish a
first generation reference.

Next, simultaneously play back the
first generation recordings through the
production switcher, configured to simul-
taneously display all the TBCs in a split-
screen pattern, for easy comparison, and
record the split-screen output on the
1-inch machine. Then select the 1l-inch
machine direct on the switcher and play
back the l-inch recording of the split
screen, while simultaneously recording
this playback (showing the split screen)
again on the %-inch machines. You now
have second generation signals on your
%-inch tapes.

Simultaneously play back the 3%-inch
second generation recordings via the
split screen and again record the split
screen on the l-inch machine. Perform
this cycle again until you have arrived at
the desired number of generations. Use a
character generator to identify which
TBC is which, and how many genera-
tions are shown on each cut.

The finished results are now on your
l-inch tape. If you recorded the genera-
tions end-to-end, you now own a l-inch
tape that documents the differences be-
tween the picture quality of each TBC, at
each generation.

Regardless of what product you're buy-
ing, if it is small enough to easily ship, a
well-planned shoot-out will help you
make the right decision.

BE)
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Augmentation in
practical operation

By John Battison, P.E.

Last month’s “re: Radio” column dis-
cussed MEOVs, standard patterns and
augmentation. This month we’ll continue
to look at the subject and demonstrate
how the augmented pattern is used in a

practical application.

As you may know, a non-directional
proof of performance is required before
testing the directional pattern. Normally,
a directional
station’s non-directional pattern to be cir-
cular—ijust as it would be for a regular
non-DA station. In many cases the pat-
tern is circular, but in some cases, exter-
nal factors distort the pattern’s shape.

Readers may recall that we have
stressed the importance of checking un-
expected building or tower construction
adjacent to an antenna site. Such con-
struction can distort not only a station's
directional pattern, but also its non-direc-

an engineer expects

tional pattern.

Parasitic tower

Figure 1 shows the non-DA pattern for
one station. When the construction per-
mit was issued several years ago, a com-
munications tower, about 1,000 feet
away, did not exist. Indeed, there was no
reason to suspect one would be built. Un-

Battison, BE's consultant on antennas and radiation,
owns John H. Battison & Associates, a consulting en-

gineering company in Columbus, OH.

}

Figure 1. The dotted line represents the pro-
posed pattern. The solid line represents the
distortion produced by a communications

tower,

re: Radio

fortunately, the tower was constructed in
the major lobe of the 500W station. And,
as might be expected, the new tower
caused problems for the AM station.

The dotted line in Figure 1 represents
the anticipated non-DA pattern. The sol-
id line shows the actual measured non-
DA pattern. This is the pattern that de-
veloped as a result of the nearby com-
munications tower. The adjacent tower is
about 260 feet high. The station’s towers
are 120 feet high. Thus, the intruding
tower became a good radiator and affect-
ed the station’s pattern.

The resulting, albeit distorted, pattern
is not a bad non-DA pattern. There are
plenty of similar non-DA patterns in the
FCC's files, some much more distorted.
However, this station’s engineer was
faced with trying to bring the pattern in
to meet the CP requirements.

As might be expected, the communica-
tions tower affected more than the non-
DA pattern, It also distorted the direc-
tional pattern. In this case, the distortion
in the DA pattern followed more or less
that of the non-DA pattern. The radials
to the north and southeast each showed
higher fields than anticipated. In some
cases, the DA pattern may not be distort-
ed in the same areas as the non-DA pat-
tern. The phenomenon often depends
upon the pattern complexity, the
number of broadcast towers and the lo-

Figure 2, Note the distortion caused in the DA
pattern.

cation of the parasitic radiators.

When this station’s directional pattern
was measured, the results shown in Fig-
ure 2 were obtained. The solid line is the
proposed pattern. The dotted line is the
major lobe’s measured pattern. In the mi-
nor lobe, the dotted line represents the
measured pattern and the broken line
represents the proposed pattern.

In this example, the two critical direc-
tions are 355° and 17°. The commission
had specified not-to-be-exceeded values
for these azimuths. Although these val-
ues were not exceeded, the measured
values were quite close to the permitted
limits.

Note the two nulls shown in the pro-
posed pattern. Contrast this with today’s
standard pattern in which the commis-
sion’s equations produce a minimum of
about 6mV/m in the nulls. The MEOV’s
usefulness is shown here because the
measured value is less than the MEOV,
The results therefore conform with the
proposed pattern.

If the MEOV had not been shown in
the CP application, then the consulting
engineer would have two options: either
file for a modified CP to document the
discrepancy or detune the parasitic radi-
ator. With the latter option, modifying
the parasitic radiator would result in ad-
ditional expenses.

In this particular example, the consult-
ant filed a short modifying statement
with the commission. This statement
clarified the actual field situation and the
pattern was accepted.

This is a good example of where the

.consultant was not at fault. [t was actual-

ly the commission’s error for failing to
attach a rider to the communications
tower's CP, requiring the owner to de-
tune the tower. If the AM station had
known of the proposed tower, it could
have requested such a rider on the CP.
This example emphasizes again the im-
portance of keeping tabs on the area sur-
rounding your tower site. You don’t want
to find out too late that someone is plan-
ning to construct something that may af-
fect your pattern, without first having a
chance to protect your station.

BE))
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THREE WAYS TO STEREO TV

the Superior Generator

and More

A Stand-alone System

W Digitally synthesized signal
generation

B Factory dbx encoding

B Improved noise reduction

W Full range, gated gain riding AGC

B Exclusive program-controlled
stereoc enhancement

B Multiband pre-emphasis
limiting

B On-board Bessel tone
calibrator

B Independent balanced and
unbalanced output

B Selectable LIR or L + R/IL =R inputs

the Ultimate MTS
System

Add the TVS 3001 Audio Controller
to the TVS 3002 to complete the
system.
B Control of entire audio
transmission path
B Loudness control that works
well on voice and music
B Gated linearized multiband
gain'reduction
B _Automatic stereo phase
reversal correction
B Audio asymmetry controller
W input sync suppression filtering
B Built-in pink noise generator

-hﬁ_'—q___‘“———-————_____________
TVS-3002
TVS-3001
e ; K. SeERE
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TVS-3002

the Unequaled Processing

Upgrade -

Improve your current system
with the latest in processing.
Incorporates all of the features
‘of the TVS 3001 plus: s
W Extended-range AGC capability’
B Exclusive program-controlled
stereo enhancement
B Multiband pre-emphasis limiting
B Complete metering system for easy.
setup
M Loudness control that works well on
voice and music
B Selectable L/R or L+ RI/L-R outputs
M Full remote control capability
W Compatible with any MTS generator

RATIO

TVS-3010

[TEL R L

CRL Systems

2522 West Geneva Drive
Tempe, Arizona 85282 _
(B0O) 535-7648 (602 438-0888
TELEX: 350464 CRL TMPE. UD.
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Spring check list

By Elmer Smalling III

It’s that time of year again: time to
check your earth-station equipment for
any damage or wear caused by the past
season’s weather extremes, regardless of
where in the world your earth station
might be located. Rain, ice, snow, wind
and high humidity can greatly reduce
the effective life as well as the long-term
operation of a TVRO or earth-station fa-
cility. The first part of the check list is
categorized by weather to aid operators
whose facilities have been subject to par-
ticularly severe conditions throughout
the entire winter season.

v Ice and snow

[J 1. Examine the surface of the dish
for dents, rust or rippled mesh. Treat
where necessary.

[] 2. Check the LNA and feed support

structure for damage, twists or off-axis
position.

[] 3. Clean the de-icer heater filter(s)
and examine ducts for dirt and obstruc-
tions.

(] 4. Check the elevation and azimuth
positions as well as the offset angle.

[l 5. Examine cableways or catenaries
for torn or stressed cables and broken
supports.

v Wind

[] 1. Check LNA and support structure
for twists, bends or off-axis position.

[J 2. Check the antenna for proper azi-
muth position, particularly king-post
base units.

[ 3. Check for debris in the feedhorn
or offset feed aperture.

[ 4. Examine cableways or catenaries
for torn or stressed signal cables and
broken supports.

[ 1 5. Tighten all bolts and nuts. Do not
over torque.

Smalling, BE’s consultant on cable/satellite systems,
is president of Jenel Systems and Design, Dallas.
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[} 6. Check for loose dish segments or
stiffeners.

v Rain

(] 1. Check all connections for corro-
sion or dampness and reseal if necessary.

(] 2. Check the plumb of the standard
antenna base or Kking-post antenna
mounts.

[] 3. Check the integrity of under-
ground cables through resistance checks.

[ ] 4. Remove all rust or corrosion and
treat mount or antenna surfaces where
required.

+» High humidity

[ ! 1. Check all connectors for corro-
sion or dampness.

[ 2. Remove all rust and corrosion
and treat surfaces where required.

+ General

[] 1. Lubricate all joints and bearings
where indicated by the manufacturer.

] 2 Tighten all bolts and nuts. Do not
over torque.

L] 3. Check feed assembly for insects
and foreign objects.

[] 4. Check dry air or nitrogen if pres-
surized cable or waveguide is used.

(] 5. Check the integrity of lightning-
protection systems.

MSN units

Spring is a good time to perform the
annual check of each mobile satellite
news vehicle. They are susceptible to
much more wear and tear than a fixed
earth station. In addition to a thorough
engineering inspection, MSN units
should have a mechanical check, tune-up
and replacement of worn parts such as
fan belts, hoses and filters. The annual
engineering check list should consist of:

www-americantadiohistorv.-com

»* Antenna system

[] 1. Clean and inspect all surfaces and
treat with anti-oxidant where required.

C] 2. Lubricate all bearings, hinge
joints and thrusters where indicated by
the manufacturer.

[] 3. Check hydraulic fluid levels.

[] 4. Check the operation of all limit
and safety switches.

[] s. Inspect the LNA, feed aperture
and waveguide or coaxial lead-in. If pos-
sible, check the SWR of the antenna sys-
tem and compare with the manufactur-
er’s specifications.

[] 6. Check the azimuth and elevation
drive system for proper operation.

L] 7. Check the dehydrator for proper
operation.

v Power/HVAC

[ 1. Check generator for proper opera-
tion and output.

[] 2. Clean filters, housing and lubri-
cate generator where indicated by the
manufacturer.

[J 3. Check for tight and corrosion-free
connections throughout the power-distri-
bution system.

[[] 4. Check all lighting and replace
where necessary.

[ ] 5. Clean the filters and coils of air-
conditioning units.

The annual inspection check list covers
only the satellite-systems hardware. It is
equally important to perform checks of
all associated electronic equipment, par-
ticularly equipment that is mounted in
the MSN vehicle. If the MSN vehicle is ac-
tive throughout the year, the %-inch
VTRs and any other electromechanical
equipment should be replaced or com-
pletely overhauled annually. BEH)
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ONE LESS
ALLIGATOR

The Broadcast Engineer works with time-line
responsibilities few of us will ever experience,
He knows that equipment problems can wreck
production schedules.

That’s why the Otari
BII audio machine is
so widely used for
broadcast, news edit-
ing, and production.

Three speed operation, ia =
front panel record calibra- . ° ;HEI
tions, a microprocessor s
controlled tape counter

with LED display, and variable speed control,
coupled with “bulletproof” reliability and high
level product support all add up to one less
alligator snapping at your heels. From Otari:
The Technology You Can Trust.

Contact your nearest Otari dealer for a
demonstration, or call Otari Corporation,
2 Davis Drive, Belmont, CA 94002

(415) 592-8311 Telex: 910-376-4890

e Otari 1984
Circle (11) on Reply Card
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Inside digital
technology

By Gerry Kaufhold II

Thus far in this series, discussion has
been limited to exploring the basic build-
ing blocks of digital electronics. Truth
tables for the simple gates were present-
ed in the November 1986 “Circuits” col-
umn, and these gates have been com-
bined to create a one-of-sixteen decoder
for addressing memories (February “Cir-
cuits” column). Once a memory address
has been selected, data can be written in-
to or out of the selected memory cell.
How is this accomplished?

Recall that flip-flop circuits are used to
store the state of a digital signal. Memory
cells are made up of numerous latching
flip-flops. Latching flip-flops are driven
by the edge-transitions of digital pulses
(December 1986 “Circuits” colummn).

The clock cycle

To prevent errors caused by unequal
switching speeds of transistors in a mem-
ory array, the signals that control mem-
ory-access operations must be synchro-
nized to a master clock signal. This mas-
ter clock is the primary timing signal for
all data transfers, and its unit of time is
called the clock cycle. The top line of
most timing diagrams shows the clock
cycles for the master clock, and all of the
other timing signals are referenced to
this basic clock. (See Figures 1 and 2.)

Because the clock cycle is the unit of
time, and not absolute frequency, timing
diagrams for many digital circuits may

Kaufhold is staff engineer at KAET-TV, Tempe, AZ.

ipipEalninliy
: e

cloex
HOLD —~

ADDRESS LINES STABLE"
ADDRESS : :

SET s

£ HOLD —=

SET UR

DATA LINES STABLE"

i

DATA LATCHEQ

MEMORY —
READ

MEMORY CELL

CHIP SELECT STABLE
o " ADDRESS AND DATA CAN BE EITHER HI R LD,

SELECT BUT MUST REMAIN STABLE DURING.

Figure 1. Typical MEMORY WRITE cycle.
Fulses are synchronized with the master
clock. Data is latched into memory at the end
of the write pulse.
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appear to be similar, even though there
may be orders of magnitude difference
between their absolute clock frequen-
cies. When studying timing diagrams,
note the actual times of signals in micro-
or nanoseconds, especially if using an
oscilloscope or logic analyzer for in-cir-
cuit analysis.

Also note that the timing diagram for a
digital circuit illustrates the timing rela-
tionships between the useful parts of digi-
tal pulses, and does not show the actual
waveforms of those pulses. A timing dia-
gram is a conceptual tool, whereas the
actual waveform of each digital puise
will contain harmonic distortion (because
it is not a sine wave), noise and compo-
nents due to transmission ringing or
crosstalk from adjacent lines.

The WRITE cycle

In order to store a byte or word of in-
formation into memory, four operations
must occur in proper sequerce.

First, the MEMORY ADDRESS must be
presented to the inputs of the address de-
coder circuits. The address decoder,
made up only of gates, will hold the cor-
rect cell select signal TRUE only while
the address-select bits are active. There-
fore, the device driving the address bus
must set up the address, and hold it on
the bus during the entire length of the
memory address cycle.

Next, the DATABITS to be stored into
the selected memory cell must be pres-

MASTER
CLOCK

CcHIP
SELECT —>

ADORESS by
SET UP

HOLD —~

DATA

SET UF

DATA /

LATCHED
INTO MEMORY CELL

REE

MEMORAY
WRITE

Figure 2. Typical MEMORY READ cycle. The
MEMORY READ signal appears prior to the
data, and the device requesting data latches
itself while the MEMORY READ signal is
holding.
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ent and stabilized on the DATA inputs of
the memory device. (See Figure 1.)

Now that the address and the data
have had time to set up and hold, a MEM-
ORY WRITE pulse occurs, which toggles
the data into the selected memory cell.
During the time that this MEMORY
WRITE pulse is active, whatever data-
bits appear on the data bus are ready to
store into the memory cell. The data ac-
tually gets latched into the memory cell
on the ending transition of the MEMORY
WRITE pulse.

Finally, the ADDRESS SELECT lines
and the DATABITS must still hold for a
short while after the MEMORY WRITE
pulse has completed, to prevent errors in
storing the data.

Digital bus as transmission line

Digital circuits typically operate with a
master clock in the range of several meg-
ahertz. The wires that interconnect digi-
tal circuits must be treated as transmis-
sion lines, and any time a LO-to-HI (or
Hl-to-LO) transition occurs, some ringing
will be observed due to the imperfect ter-
minations of the interconnected circuits.
The timing requirements for setup and
hold times for the ADDRESS, DATA and
MEMORY WRITE signals are dictated by
the characteristics and speed re-
quirements of the circuit. ECL (emitter-
coupled logic) is the fastest, followed by
TTL (transistor-to-transistor logic), and
the slowest is CMOS {(complementary-
metal-oxide-semiconductor logic).

Reading from memory

Similar to the MEMORY WRITE access
cycle, four operations must occur for
MEMORY READ. First, the ADDRESS
SELECT lines must set up and hold (see
Figure 2).

Next, when the MEMORY READ signal
appears, DATA is read out from the se-
lected memory cell and placed onto the
DATABUS. This DATA must set up and
hold until the next clock cycle, when the
device requesting DATA latches the
DATA off of the bus.

Finally, the MEMORY SELECT, MEM-
ORY READ and DATA signals remain
active for a short time after the DATA
has been read, to prevent problems from
transmission line ringing. B!
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DENSITY determines the
input drive level to the Six-
Band Limiter. Lets you
have it your way—open
and transparent, or solid
and dense.

CLIPPING adjusts the
drive level into the multi-
band clippers, deter-
mining the loudness/
distortion tradeoff,

Gain reduction meters for
each band: they provide
the information you need
for accurate setup.

PRESENCE boosts the
3.7kHz band to achieve
midrange balances right
for your format.

BASS EQ provides peak-
ing boost at 65Hz, mak-
ing it easy to get the
solid punch you need for
many contemporary
music formats.

uuuuuuu chiET

- H S 0 —
[

BRILLIANCE boosts the
10kHz band. Use it to in-
crease the sense of “air”
and ‘“‘transparency” in
your music.

. | THE NEW ORBAN

6-BAND FM LIMITER.

Many FM stations perpetually seck

“the perfect sound”. OPTIMOD-FM
alone'does it for many. The OPTIMOD
XT Accessory Chassis improved results
for some. Still, some seeck even more
from OPTIMOD-FM.

We listened.

Our NEW 8100A/XT2 Six-Band Limiter
Accessory Chassis (which works with
any 8100A OPTIMOD-FM) features two new high-
frequency equalizer controls: PRESENCE and
BRILLIANCE. They complement the original
8100A/XT’s bass EQ controls, and give you twice
the flexibility of the single HF EQ control typical
of other add-on multiband processors.

With an XT2, your OPTIMOD-FM system is
totally immune to operator gain-riding errors
because the dual-band compressor in the main unit
is converted into a smooth, slow AGC to ride gain
ahead of the XT2. Any reasonable input level
operates the XT2 in its “sweet spot,” so there’s
never any need to add external, potentially
incompatible compression.

This is good news because the time-constants
and other processing parameters in a pure,
integrated Orban system have been carefully
harmonized to achieve an overall sound that’s
loud and bright, yet remarkably open and free
from audible side-effects.

(WE LISTENED)

The XT2 also excels in the most difficult of
processing tradeoffs—delivering loudness on music
while keeping speech free from clipping distortion.
Credit this uniquely capable performance to
Orban’s patented multiband distortion-cancelled
clipping system—which we were able to imple-
ment in the XT2 system because the XT’s circuitry
is fully integrated into the processing system, not
just tacked onto the front.

The XT2 lets you have it all: natural sound,
source-to-source consistency, loudness, clean
voice, and adjustability that lets you tailor bass and
treble to your taste and format requirements. And
thanks to its efficient single-chassis construction
and its use of the main 8100A power supply, it lets
you have the next step in Optimod processing at
an exceptionally reasonable price: 82075 suggested tiso,

We listen to our customers. Listen to our new
XT2. We think you’ll like what you hear.

Orban Associates Inc.
645 Bryant Street, San Francisco, CA 94107
(800) 227-4498 or (415) 957-1067  Telex 17-1480

orban

Circle (12) on Reply Card
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I tioubleshooting

A failure to
communicate

By Ned Soseman,
TV technical editor

When a data system fails, whether the
printer for a desktop personal computer
won't respond, or the master control
automation system suddenly develops a
mind of its own, the fault lies in one of
three areas. If the system never worked
correctly, the problem may be bugs in
the software. If the system used to work
but simply failed, the fault is either in the
hardware or communications between

devices.

The question is, how do you determine
which device is at fault? Before you
spread the hardware across your bench,
consider the fact that a large percentage
of data system failures involve com-

munications between devices.

A simple and effective tool used to
observe serial communications signals is
the breakout box. Breakout boxes are
equipped with connectors and indicators
configured for the specific communica-
tions protocol to be tested (such as RS-
232C, RS-422 and RS5-449). The breakout
box is connected to both sides of an in-
terface. For this discussion, the model
problem is a printer that fails to respond
to a computer, although it easily could be
a VTR that fails to respond to editor com-

mands. The interface is RS-232C.

A breakout box is inserted in the inter-
face between the devices. One side of the
box is connected to the computer; the
other side is connected to the printer. All
communication lines flow through the
breakout box. Typically, red and green

- LEDs on the box indicate whether posi-
tive or negative signal voltage is present

on each pin, on each side.

The wiring of the model interface is
shown in Figure 1. A simple protocol be-

tween the PC and a printer might be:

e Step I: Complete the input of data and
depress the enter key to print

the information entered.

o Step 2: The computer sends out a
signal on pin 4, called request

to send (RTS).

¢ Step 3: The computer expects a return
signal from the printer on pin
5, called clear to send (CTS). In
this situation the CTS signal
would signify that there is
paper in the printer, and that it

is not busy printing.
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o Step 4: After a CTS signal is received,
data is sent by the computer
on pin 2 to the “other device,”
such as a printer or modem.

e Step 5: The “other device” receives
transmitted data on pin 3, per
RS8-232C standards.

A breakout box will illuminate a
specific LED when the computer
transmits the RTS signal on pin 4. Did the
computer receive a CTS signal on pin 5?
[f so, another LED should have il-
luminated. If the computer sends out an
RTS, but doesn’t receive a CTS, the data
is not transmitted. A breakout box allows
immediate visual recognition of the prob-
lem. The maintenance engineer can then
deduce which device is at fault and pro-
ceed accordingly.

The breakout box is essentially a
passive test device; that is, it detects
signals that are present in the circuit
under test. An exception is jumpering, by
which you can place a positive or nega-
tive voltage at a specific pin location to
trigger a response from one of the
devices under test.

If, for example, your first test showed a
missing CTS signal on pin 5, you might
run a jumper from pin 4 to pin 5. This
would force a positive signal on pin 5,
telling the computer to transmit data.
Then the question would be whether the
printer would respond.

Special features
Most breakout boxes, when connected
into the interface, give the user some
type of access to all data lines. An access
point is typically a pin to which a jumper
wire can be connected. This allows pin-
to-pin jumpering of signals, such as a pin

2-to-pin 3 crossover, CRINTER
OR

COMPUTER TERMINAL

REQUEST TO SEND {RTS})
Plﬂ‘. | PIN 4

: CLEAR TO SEND (CTS)
PFIN 5 PIN &

PN 2

Figure 1. A cable wiring configuration like
this is used in many PC-to-printer interfaces.
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Indicators are usually LEDs and they
may indicate positive voltages only or
separate LEDs may be provided to dis-
play positive and negative voltages.
Tristate LEDs may be used to indicate
the polarity of voltage on a single LED.

For many maintenance engineers, an
important consideration is how the pin
LEDs derive their power. Breakout
boxes may be powered by the voltages
on the data line, or they may be battery-
powered.

The consequences of degradation of
the signal under test are a significant
consideration. With an unpowered box,
the power consumed by the LED causes
a slight voltage drop in the signal. If you
are attempting to simulate a long cable
run, this may be a desirable effect, On
the other hand, a powered box will not
affect the signal voltage, thus increasing
the accuracy of marginal signal readings.

Some breakout boxes include test
voltages and signal traps. On powered
boxes, a test voltage may be provided by
positive and negative jacks on the
faceplate. Through these jacks, nominal
power may be drawn from the internal
battery for use in applying a signal to test
points, or in forcing a signal positive or
negative.

The trap feature is a special circuit
within the breakout box that captures
signals of short duration that might occur
too quickly to be visible. The trap detects
sudden, momentary voltage drops, sud-
den shorts and high-speed pulses. The
trap is good for catching intermitient
problems such as spikes and transients.

Dual gender connectors are also a
handy feature, allowing the user to set
up quickly, regardless of interface cable
gender.

Some experienced maintenance
engineers have never used a breakout
box. Because they've survived without
one, they assume it's not necessary.
Many others, after having been intro-
duced to the breakout box, would not
loan you theirs on a bet!

Editor's note: This information was adapted with per-
mission from “Testing Serial Communication With a
Breakout Box" by Doug Swain of Beckman Industrial
Corporation. The article first appeared in Efectronic
Servicing & Technology magazine (an Intertec publica-
tion), February 1987. | :7:;))))]
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PROCAM

The choice of hundreds in high-end teleproduction.

Component Video? Of course.
JVC's KA-3 Component Adaptor
makes you compatible with the
increasingty popular M-Il format
b as well as all other 12" component
formats, and lets you record color
signals in component form.

_ The PROCAMS. KY-950B.
KY-320B. Penetrating dozens of
new markets. Out-performing the

competition in scores of imag-
inative applications in the hands of
demanding professional users.

For a demo, call us toll-free for
the name of your PROCAM Rep.

1-800-JVC-5825

JVC COMPANY OF AMERICA
Professional Video Communications
Division, 41 Slater Drive,

Elmwood Park, NJ 07407

JVC CANADA, Scarborough, Ontario

©1986 JVC COMPANY OF AMERICA

High-end users are closing ranks
solidly and fast behind PROCAMS
as THE choice .. .for the industry's
BEST performance and sheer
overall value.

The KY-950B. The KY-320B. The
PROCAMS. A crowning achieve-
ment even for JVC, long identified |
with ultra-reliable performance
in compact, affordable,
3-tube cameras.

Plumbicon*
tubes, of course,
for high sensitiv-
ity, low lag, and
minimized image |
retention, yet
always with the
highest possible
resolution for each
image format. They
prevent the build-
up of microphonic vibrations at
high audio levels, too, and help
maintain a high S/N ratio. ;

PROCAMS have Triaxial capa-
bility permitting extension to
almost a full mile! And JVC's is the
ONLY Triaxial System in its price
range to offer chroma key.
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Study theories before
you implement one

By Brad Dick, radio technical editor

To some engineers, the thought of stud-
ying different management theories
sounds about as exciting as watching a
rock lie in the sun. Big deal—right?
Granted, the subject may sound boring,
but behind all the theory there may be
some useful and practical techniques.
There is no single managerial solution
to the many problems faced by manag-
ers and supervisors. There are, however,
a number of different philosophies or
theories of management that might pro-
vide some insight into effective
managerial practices. Reviewing the
basic theories is only the first step. The
second step is to use these practices for
developing new leadership skills.

Management by objectives

Management by objectives (MBQ) is
one of the most highly touted ways to ef-
fectively manage a company. The ap-
proach was developed by Kurt Lewin
and later made famous by Peter Drucker
in his 1954 book, “The Practice of Man-
agement” (Harper & Row). MBO quickly
became known as a planning effort in
which senior and subordinate managers
jointly identify the organization's com-
mon goals, each individual's major area
of responsibility and the expected
results. Although the system sounds rela-
tively easy to implement, it requires a
great deal of effort.

First, MBO requires that managers and
workers develop mutually agreeable
goals. The goals must be specific, with
agreed-upon performance criteria target
dates and resulis. Second, specific eval-
uation standards must be developed.
These measurement standards might be
based on production quantity in pounds,
in sales projections, number of make-
goods, mean-time-between-failure or
turnaround time.

As the process begins, periodic reviews
and appraisals are conducted. MBO is cy-
clical in terms of developing plans, goals
and performance evaluations. A stan-
dardized form is typically used to track
the iterative process.

Although Drucker’s work has received
much praise, the implementation of his
research into practical solutions has not
been as well received. Many early MBO
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proponents failed to recognize Drucker's
observation that effective goal-setting oc-
curs naturally as a result of trust. This
trust, mutual understanding and integrity
must already exist within the organiza-
tion. If it doesn’t, then passing around
MBO forms that outline objectives, goals
and evaluation criteria won't solve the
problem.

Improperly implemented, MBO can
create a host of problems. Supervisor-
subordinate conflicts may increase be-
cause of the rigid expectations and stan-
dards imposed from higher powers. Be-
cause the reward system is highly depen-
dent upon meeting group-specified goals,
managers may not want to risk taking
unusual steps or developing unique ap-
proaches to problem solving. Instead,
they may take the safe approach to solv-
ing problems and meeting quotas.

Although MBO can help focus an or-
ganization’s staff on common goals, it al-
so can force a certain level of mediocrity
upon people. This is especially true if
middle managers lack specific skills. In-
stead of strengthening those skills, MBO
can force the manager to “lock-step”
with others, thereby inhibiting profes-
sional growth.

The appearance of clarity and objec-
tivity in goals and responsibilities may, in
fact, be illusory. Although MBO is touted
as a way to provide workers and manag-
ers with clear and distinct organizational
goals, the actual effect may be less com-
pany planning and coordination. MBO
can even become a strait-jacket at lower
operating levels.

MBO is not an unsound management
philosophy. The principles are solid and
can provide dramatic results. What often
happens though, is that those charged
with implementing MBO fail to thor-
oughly understand the potential pitfalls.

Quality circles

Quality circles (QC) became the great
hope for many American manufacturers
in the 1970s. The idea behind QC is
based on Japanese management tech-
niques. QC reduces a society's entire cul-
ture down to smaller groups or circles. A
circle can be composed of almost any
group with related tasks or goals. A sta-
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tion might have quality circles composed
of ENG team members, an engineering
department, sales department or other
function-related group.

First developed by Wayne Rieker in
1974, QC was seen as a way to encour-
age participative management. By allow-
ing workers to interact with managers to
develop solutions to problems, effective
solutions would hopefully be found.

Une often-mentioned QC problem con-
cerns line-level employees. Quite often,
these employees are in the best position
to offer suggested changes in the work-
place. However, management may be in
a better position to evaluate the potential
overall improvements. For instance, pro-
viding each ENG camera operator with a
vehicle might improve response time to
fast-breaking news events. The bottom
line, however, might be that the extra
cost of the trucks or cars far outweighs
the programmatic advantages.

There are many other popular man-
agement theories than the two that have
been presented here. Although you may
never be asked to help implement an of-
ficial company management policy, the
more you know about different manage-
ment systems, the better equipped you
will be to deal with change.

Readers’ response

If you would like to share your person-
al experience with MBO or quality cir-
cles, write to BE, in care of the technical
editor. Letters may be used in a future
column as examples of broadcast appli-
cations of these management techniques.

Remember Kate, the tardy videotape
operator? (See the December 1986 “Man-
agement” column. A number of readers
took the time to offer their own sugges-
tions on how her supervisor should have
dealt with the problem. Next month we'll
look at some of those suggestions and,
perhaps, learn where Jim failed.

Editor's note: Information for this article was obtained
from the following: “Electronic Media Management,”
by William E. McCavitt and Peter K. Pringle, Focal
Press, Boston, London; “Broadcast Management,” by
Ward Quaal and James Brown, Hastings House, New
York; and “Fad In, Fad Out,” Computer Decisions, May
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5000 SERIES
MODULAR
CONSOLE

$9 999 Complete

16 CHANNEL MAINFRAME
» PROGRAM, AUDITION & MONO
+ TELEPHONE MIX-MINUS
CONTROL ROOM MODULES
« PROCESSING/EQ MODULES
» CLOCK AND TIMER STANDARD

Advanced engineering brings the radio !
industry its first no-compromise under $10,000 |
audio console.

600SC DELUXE
AUDIO CONSOLE
$4 399 Complete

PENNY AND GILES ROTARY FADERS
VCA ELECTRONICS

¢« B CHANNELS - 28 INPUTS

»  PROGRAM AND AUDITION
TELEPHONE MIX-MINUS
REMQOTE START
ESE CLOCK & TIMER STANDARD

A timeless combination of classic reliability and
modern, high-tech, distortion free sound.

MODULUX STUDIO
FURNITURE

MODULAR, KNOCK DOWN FURNITURE
= UPS SHIPPABLE FOR LOW
FREIGHT COSTS
IN STOCK FOR FAST SHIPMENT
MODULARITY MEANS FLEXIBILITY
» EASY TO ASSEMBLE
« EXPANDABLE

A major new step in the evolution of studio
furniture for radio. From $1000.
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MS-DOS permits remote
access to databases

By Bob Van Buhler

Five years ago, the SBE conducted a
computer and telecommunications
equipment survey to see what was being
used by SBE frequency coordinators.
Although Apple was the most common
brand, the survey revealed that a
bewildering assortment of equipment
was being used by the SBE frequency
coordinators. Because of the need to ex-
change data and software between coor-
dinators and end-users, the society con-
cluded at that time to wait for a consen-
sus in hardware to develop. Only then
could data be properly maintained on a
national and regional basis.

Computer standard

Since that time, MS-DOS has emerged
as the favored operating system. At the
Jan. 14 National Frequency Coordinating
Council (NFCC) meeting, Gerry Dalton,
SBE national frequency coordination
chairman, presented a standardized soft-
ware program for frequency coordina-
tion. The program will permit uniferm
remote access to databases across the
country.

The software is an authorized
modification of Fido Net, which permits
remote access and retrieval through an
MS5-DOS computer-operating system.
The data files also are dBASE compati-
ble, which should make them easy to
manipulate by most coordinating com-
mittees. Although the local coordinators
can add more information if desired, the
first 35 fields are reserved for use by the
national database system.

Plans are to disseminate the program
first to several coordinating committees
for trial use. The trial period will help
eliminate any problems before wide-
spread use. The new frequency coordina-
tion database will be demonstrated at the
society’s booth at the NAB convention.
Broadcasters are encouraged to view the
presentation.

UNICOM
An important, although unresolved,
problem for the NFCC is a uniform call-
ing frequency. The current plan calls for
a 450MHz-band FM repeater frequency

Van Buhler is chief engineer for WBAL-AM and WIYY-
FM, Baltimore.
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Conference help instructions
To access the help menus, follow
these instructions:
¢ When you arrive at the BP forum, a
function menu will be displayed.
Select DL (Data Libraries).
¢ Select Forum HELP files from the
data library. Then select BROWSE
THRU FILES. Select the keyword
CONFERENCE.
¢ On the Disposition Menu, select 1 to
read the instructions or 2 if you wish
to download instructions and protocol
for the conference.

pair to be reserved for real-time frequen-
¢y coordination throughout the United
States. A uniform calling frequency
(UNICOM) is necessary so microwave
users can share information with others
as links are established.

Richard Rudman, SBE president,
speaking at the January SBE executive
board meeting, commended Gerry
Dalton for his loyal and tireless efforts to
the society over the past five years.
Dalton has played a major role in the im-
plementation of the computer program
for frequency coordination. Dalton, Rud-
man and board member Van Buhler are
members of the industrywide National
Frequency Coordination Council.

Certification

At its January meeting in Washington,
the SBE executive board discussed the
mounting certification program costs.
The board decided that in spite of the ris-
ing costs, current broadcast industry con-
ditions dictate holding the fees at current
levels for the remainder of the year.
Because of the program'’s intrinsic value
to the industry and SBE members, the
society will continue to underwrite any
financial losses the program incurs.

The certification committee was in-
structed to develop a special safety
module as a part of the certification
study guide and testing program. The
commission’s shift away from regulation
makes the operator safety issue more im-
portant than ever. The new safety
module will help operators and engineers
better understand the essentials of trans-
mitter and plant safety, interlocks,
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grounding and equipment. The study
guide will help educate people who may
not be aware of previous commission
safety regulations, many of which have
been deleted.

CompuServe forum

As many members know, a proposal
has been made to modify the SBE by-
laws. The proposal mandates a regional
representation system and would replace
the current system of electing directors
at large. Under the proposal, the country
would be divided into regions, each
region to elect a single board member.

The proposal was originally submitted
to the board by Charlie Hallinan. How-
ever, it could not be acted upon because
the proposal violated current SBE bylaws
and District of Columbia corporate regu-
lations. The proposed change, which was
presented as a single-vote package,
would actually have required 15 sepa-
rate ballot proposals, each requiring a
separate vote.

Rudman urged Hallinan to rewrite his
proposal and resubmit it in a form that
could be voted upon by the membership.
Hallinan felt that it was the national
organization’s responsibility to modify
the proposal. To accommodate his re-
quest, Chris Imlay, SBE attorney, re-
wrote the bylaws proposal in a form that
meets DC and SBE requirements.

If adopted, these proposals will have a
far-reaching impact on the society.

- Therefore, each member should become

familiar with them. The text for each mo-
tion for change can be inspected on
CompuServe's SBENET in DL7 (Data
Library 7). Members can inspect or
download the information for review.

In order to stimulate discussion, an
SBENET bylaws forum will be held on
March 17, at 9 p.m. Eastern time. All
members are invited to participate and
to share their comments.

Prior to participating in the forum,
members should study the CompuServe
HELP menus. Data library DL1 contains
information on how to access and par-
ticipate in forum discussions. Additional
information is available in CompuServe
handbooks.

BE)!
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A'colorradar system
should include certain
features as standard.
Because while the base
- pricemay look OK, it can
be a shock- when you put
together the options that -
make it perform the way
you want, '

That’s why you should
look atthe Alden C2000R.
We've just redesigned it to -
include more features than

ever—and kept the price the

most competitive around.

Ourradar network has
expanded. You can access
any NWS radar in the
‘country, over 120 of them
nationwide. And each
hagits own customized

4-color background—you
don’t pay e extra for it.

We've also added four
built-in range displays,
from 25 to 200 miles, so
you can focus on your
local weather, or display
the entire region—at the
push of a button.

Qur image memory has
been expanded so you can
store up to 16 images with
the standard sys*em or
add another 48 frames if
you want. Youcanloop

combinations in time-lapse

sequences to emphasize the
drama of storm movement.
And now you can collect
~your time-lapse sequences
more easily than ever. Qur

new auto-dialer can be pro- =

grammed to automatically

Our CZOOOR/S Systemn adds weather graphlcs
siichras these from major private databases.

Circle (15) on Repiy Card
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call the radar at preselected

~intervals—freeing youup
~for other important tasks.

We still include the W1de

-variety of standard features

that make Alden the most
flexible system you canbuy.
Zoom, pan and seroll,
range rings and sweep line.
And NTSC and RGB com-
patibility that make it

- usable for rbroadcast.

In additiontothe
C2000R radar system,
Alden offers the C2000S
weather graphics system,
which lets you access a
variety of private data-

- bases. Our “building-

block” design lets you add
either system to an exist-

~ ing C2000 model at any

time in the future, with

minimal additional cost.
For more information

on Alden’s weather radar

and weather graphics

systems, call or write
Alden Electronics,

135A Washington Street,
Westborough, MA 01581.

(617) 366-8851.

Please send information:on:

. 0 C2G00R Color Radar System

i 0 C2000R/S Radar and Color

‘ Weather Graphics System
o C2000M Single P1cture

‘ (radio version) '

ALDENELECTRONICS it
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Betac

is here. So is a new Type C machine, a new editor, and lots

WWW-americanradiohistorns. com . S
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of other news. All evolutionary, all from Sony:. SONY.
‘:iiio )al J ﬁa!:‘i r

Sony Communications Products Company, Broodcast Products Division, 1600 Queen Anne Rd., Teaneck NJ 07666, © 1987 Sony Corporatian of Americo. Betacam SPis o trademark ond Sany a registered trademark of Sony Corporotion.

WWW._americanradiohistorv.com
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NAB 87
Engineering

By Ed Williams

The 65th annual National Association
of Broadcasters’ Convention and 41st an-
nual Broadcast Engineering Conference
will be held March 27 through March 31,
at the Dallas Convention Center., This
vear’s theme is Broadcasters . . . serving
local America. It represents the commit-
ment and responsibility all radio and TV
stations share: to provide the quality of
sound, pictures, reliability and services
the public has come to expect.

The challenge to provide local radio
and TV audiences with ever-increasing
programming diversity, and increased
guiality, places unique demands upon the
broadcast engineer. Rapidly advancing
electronics technologies require that sta-
tion engineers and managers examine
their priorities, look over the competi-
tion and create oppummltles by improy-
mq local service, Upgrading facilities and
improving pmductmn techmques wﬂl
maintain and build the local audience.
Preparing for future technology while
cutfing costs thmugh more efficient facil-
ities will ensure that the local audience
and stationprofitability is not lost to the pro-
liferation of new programming services.

This year, the NAB Broadcast Engi-
Neering Conferem.e begins Friday,

| Williams is atafi enGinser fof fhe NAB.

March 27, a day earlier than the convern-
tion, which starts on Saturday, March 28.
Plan to arrive Thursday evening or early
enough Friday morning to attend the AM
Improvement and TV Cameras and Re-
corders Technical sessions which begin
after registration at 11 a.m.

Radio
So much has happened to benefit AM
broadcasting since last year, it's hard to
keep track of everything. The FCC issued
a series of proposed rulemaking proceed-
ings, the National Radic Systemns Com-

‘mittee agreed upon a transinission stan-
dard and numerous ideas for other im-
provements for the AM service have
been developed.

In the all-day AM Improvement techmi-
cal session on Friday, March 27, you can

find information on analyzmg your mod-

ulation, understanding how splatter is
caused, methods for improving fidelity, a
tutorial on synchronous transmitters, a

detailed report on the work of the. NRSIJ

on the AM pre-emphiasis and bancl-hmtr-

ing voluntary standard, and fmally a pan-

el on the implementation of the standard
itself. With :mplementancm of the stan-

dard by stations, receiver manufacturers
will be molivated to improve: receiver

fidelity.

Friday evening, take a tour of Dallas,
visit a local radio station or enjoy a
leisurely dinner and rest up for the main
event.

Following a good night's sleep, yvou'll
be ready for Saturday and the Radio
Broadcast Engineering technical session,
which begins at 9 a.m. This session will
feature presentations on AM and FM
transmission subjects such as: planning
new antenna systems, selecting FM-5CA
frequencies, designing low-cost direc-
tional arrays, putting more than one AM

station on the same tower, and a report

from the newly formed NAB FM trans-
mission subcommiftee and its tasks,
Saturday also is the opening day for

‘the world-famous equipment exhibit,

with the largest selection of broadcast

‘equipment in the world. Visit the exhibits
for.a few hours after the engineering ses-
‘sion and then get set for the convention
grand opening at 2:30 p.m,
presentations of awards for nutstandmg:_
contributions in the field of broadcasting
and sensational top-name entertaitiment.

featuring

Saturday evening is open to visit ex-

‘hibitor’s hospitality, suites: and restmg up
for the days ahead.

Sunday morning brings the popular
Radm Statior anwnqr:‘ef technical ses-
sion and panel !e&turmg experts |
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transmitter, tower, studio, digital, tape
and other broadcast facility mainte-
nance. This is an excellent opportunity
to bring out your most difficult mainte-
nance problems for the experts or others
in the audience to solve.

The Engineering Lunchieon will be held
Sunday, March 29 at 12:30 pm. in the
convention center arena. We'll have the
arena all to ourselves for the annual
presentation of the industry's highesi
engineering honor, the Engineering
Achievement Award. This year, Renville
H. McMann of the CBS Technology
Center is being honored for the work he
conducted on audio processing, digital
video effects, the mini-cam; HDTV
systems and many other major contribu-
tions to broadcast technology.

Speaking at the engineering luncheon
will be U.S. Rep. Dan Ritter, R-PA, who is
a member of the House Committees on
Science and Technology and Energy &
Commerce.

Other luncheons scheduled during the
convention include Monday’s TV lunch-
eon and Tuesday's radio luncheon.

Of interest to all broadcast engineers:

are two specml technical sessions to be
held Snndav afternoon.

Satellite Gyﬂems ‘will be discussed at
2:30 p.m. Presentations include site prob-

lem solutions by computer, a systematic
approach to video uplink design, trade-
offs in MSN system design, evaluating
Ku-band antennas, network news sys-
tems and improved c¢ommunications
systems. A panel devoted to satellite
operations will follow the formal tech-
nical presentations with a Q & A session.
A special engineering session on
Studio Construction and Acoustics will be
held Sunday at 3 p.m. This session is
devoted to presentations on the new PBS
technical facilities, building the largest
radio studio in New York, making equip-
ment decisions, improving existing
studio acoustics and a panel of experts
on studio construction and acoustics.
Sunday evening, the annual Engineer-
ing Workshops will be held at 7 p.m. in
the Hyatt Regency Hotel near the con-
vention center. The workshops are
small, shirtsleeve working groups, led hy
experis on various specific ‘topics, to
discuss commen problems and find
answers to your questions. Ter:tatwely
you'll have to choose between HDTV
tutorial, TV measurements, contract
engineers; RF radiation regulatmn com-

pliance, AM antenna tuning and acoustic

wo;kshops

‘Monday morning brings the AM-FM

Allocations technical session in which an

WWW americanradiohistory com

FCC engineer will review the various in-
ternational agreements made during the
past year and how they affect LS. broad-
casting. Other reports will cover FM in-
terference to the Aeronautical Radio
Service, and how the CCIR defines: a
reference radio receiver (which is used
as a guide by radio manufacturers). Final-
ly, we'll hear ideas about raising the
power and antenna height for Class A
FM stations.

Right after AM-FM allocations is the
Radio  Production ltechnical session
featuring presentations on solving stereo
phase problems, multitrack production,
enhancing local production and special-
event planning.

Monday afternoon brings a special
engineering session on the Environmen-
tal Aspects of Brouadcasting at 2:30 p.m.
This session will address such topical
issues as PCBs and RF radiation. Time
will be allowed for ques'timls from the au-
dience. ThJS session 18 of serious concern

to both engmeers and managers.

Spectrum use issues will be examined

at the Broadcast Auxillary session, held
at 4 p.m. Of interest this year are several
presentations on how to use the 23GHz
‘band -as an allernatlve to the 950MHz
band for radio STL. A panel of experts
on frequency E(}[}!'d]llaﬂﬂll for both radio
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TV

M

PRO
AUDIO
BLUE
CHIPS

NEW 8185A TV Stereo Generator

The first second-generation Stereo Generator, with the features and specs you
always wanted. From the company with more first-generation units in service
than all other manufacturers combined. Works with your current processing or
(preferably) with the Orban 8182A OPTIMOD-TV Audio Processor.

NEW 9100B OPTIMOD-AM Audio Processing System

The industry-standard 9100A, updated to add the newly-announced NRSC-
standard modified 75us pre-emphasis and 10kHz low-pass filtering. (Upgrade kits
available for current owners of Model 9100A.)

NEW XT2 Six-Band Limiter

Out just a few months, the XT2 is already the new “hot box” for that “major-
market’’ audience-grabbing FM sound. Listen for yourself.

NEW 787A Programmable Mic Processor

Multi-function microphone processing system, ideal for optimizing on-air D]
mics and studio production chores. 32 programmable presets!

NEW 464A Co-Operator™

An integrated easy-to-use level control system with outstandingly transparent
control action. Includes slow AGC leveling, compression, gating, HF limiting,
and peak clipping. Just the ticket for production work, or for protecting SCAs
and STLs.

Orban Associates Inc,
645 Bryant Street, San Francisco, CA 94107 USA
(800) 227-4498 or (415) 957-1067 Telex: 17-1480

WAM-alnericanta diochistorv.com
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and television will be included.

After the exhibits close, ham radio
operators, and those aspiring to Dbe,
should head for the Hyatt Regency Hotel
near the convention center at 6:30 p.m.
for the 8th annual Ham Radio Operator’s
Reception. This event is sponsored by
the NAB in special recognition of the ex-
pertise, talent and service “hams” bring
to their job and community. Enjoy an
“eyeball QSO” with old friends and new
acquaintances in your industry, and
bring your QSL card for posting or ex-
change. There'll be fun, refreshments,
snacks, special guests and, of course,
door prizes!

Now give those hospitality suites one
last fling before the last day of the con-
vention. Be careful, no driving after
those visits!

The best is yet to come on Tuesday,
March 31. First thing in the morning is
the Radio New Technology technical ses-
sion. Topics feature tape cart phase cor-
rection, routing switchers, news-gather-
ing techniques and remote-control sys-
tems in the latest radio broadcast
technology.

Then, it had to happen . . . The Digital
Radio Studio technical session will be
held, in which presentations will be
made on digital tape, error correction, a
new concept in audio conscles and how
to put digital equipment to work in your
studio.

The radio luncheon will be held at
12:30 p.m. After lunch, and the FCC
Commissioners Forum, the FCC engi-
neers (Q & A Forum technical session of-
fers station engineers and managers an
ideal opportunity to interface directly
with FCC engineers. The latest technica!l
rule changes and where the commission
is headed in deregulation will be dis-
cussed by top FCC engineers from the
Mass Media Bureau, Field Operations
Bureau and the Office of Science and
Engineering. Specific issues scheduled to
be addressed include AM daytime regula-
tions, operator requirements, FM station
class changes, TV stereo, station inspec-
tions and interference. This session is the
one in which station engineers may talk
with FCC engineers to ask questions on
technical rules and regulations, discuss
station problems, and let them know
what it's like outside Washington, DC.

FCC field van open for inspection

Have you ever wanted to know what's
inside one of those field units used by the
FCC field engineers during inspections or
finding interference? Well, they're well
equipped to examine the spectrum from
“DC to daylight,” in detail. Here's your
chance to tour one of the units and talk
with the field engineers to find out how
they measure modulation, frequency and
spurious signals. They also have excel-
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lent direction-finding equipment for solv-
ing interference problems. See the unit
in operation during the day, Monday and
Tuesday, directly in front of the conven-
tion center.

Television

Friday, March 27, is a goodie for TV
engineers with technical sessions on
Television, Cameras and Recorders in the
morning, followed by Trends in TV
Audio. In the first session, there will be
presentations on adapting the M-Il for-
mat to station automation, solving Type
C interchange problems, new CCD cam-
era pickup devices and cameras, more
and better uses for video cart machines,
and a new play and record optical disc
video recorder.

The TV audio session will include such
subjects as digital transmission systems,
development of satellite and terrestrial
stereo links and the new surround-sound
technique with demonstrations. Between
the two sessions, there will be more than
12 technical presentations.

Now assuming you didn't over do it Fri-
day night in the Big D, and you're wide
awake on Saturday morning, the TV
Graphics technical session will begin at 9
a.m. with lots of glitzy graphics, anima-
tion and just plain good information. A
station’s personality is expressed in its
graphics presentations on the air; learn
how to sort out all the systems for your
own station's use. Also, find out how to
manage still store pictures and learn new
developments in weather graphics sys-
tems in this session, too.

Take Saturday afternoon off and tour
the exhibit halls, which will be open all
day. This is a good time to bring your
manager along to look at {(and possibly
purchase) much needed equipment. Get
some rest Saturday night after visiting
some manufacturer's hospitality suites
because Sunday will be a busy day.

We'll hold the TV Maintenance tech-
nical session on Sunday morning, with
interesting presentations on maintaining
ACR-25s, using automatic VITS analyz-
ers, and finish up the session with a panel
of manufacturers and station engineers.
They'll answer audience questions and
discuss transmitters, videotape and other
video maintenance topics.

Last year, the interest in high-defi-
nition television (HDTV) was over-
whelming. Therefore, this year we're or-
ganizing an entire session on the subject.
The High-Definition Production technical
session will run all day Sunday and con-
sists of presentations by HDTV produc-
tion centers from all over the world. In-
terspersed with these presentations will
be papers on various HDTV production
equipment such as cameras, recorders,
special effects, editing, displays and
more. Large screen projectors will show
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just how good HDTV can be, and why
broadcasters are so interested in it.

Sunday evening brings the engineer-
ing workshops (discussed earlier) in the
Hyatt Regency Hotel including TV meas-
urements, acoustics, RF radiation meas-
urements and others.

The Advanced TV Systems technical
session begins Monday morning and fea-
tures reports from the Advanced Tele-
vision Systems Committee, new develop-
ments in compatible HDTV, how the
Japanese will transmit HDTV to the
home via satellite, and a special report
on the first-ever terrestrial UHF-TV
HDTV tests, conducted in Washington,
DC in January.

Monday afternoon, after the TV lunch-
eon, the UHF-TV Transmission Systems
technical session will feature presenta-
tions on new higher power transmitters,
circular waveguide technique, modifying
older UHF transmitters for newer tubes,
and what the 21st century UHF transmit-
ter will be like.

And finally, on Tuesday, March 31,
you won't want to miss the TV Engineer-
ing and New Technology technical ses-
sion at 9 a.m. This session features pres-
entations on fiber optics for video, dig-
ital transmission, multichannel TV anten-
nas, computer-aided design (CAD), trans-
mitter specifications and remote-con-
trolled camera systems.

Then have lunch, visit the exhibits and
return for the FCC Engineers Forum
where your questions on technical rules
will be answered by the top FCC Mass
Media Bureau and other FCC engineers.

Tuesday evening is reserved for the
great convention closing event featuring
a good dinner and super entertainment.

You'll find a complete list of the ses-
stons beginning on page 260 to let you
set your overall personal schedule. For a
list of the papers and times of presenta-
tions, check the convention program.

Conference proceedings

As always, many of the papers to be
presented will be available in the confer-
ence proceedings. More than 60 papers
will be contained in the Proceedings and
can be purchased at the NAB store dur-
ing the convention.

In summation, planning ahead for
transportation, lodging, attending the ex-
hibits and attending the technica] ses-
sions requires some homework and some
hard decisions. Although you will run
across a few conflicts, we hope we've put
together an engineering conference you
will find interesting and useful to you and
your station’s operations. Who knows?
Maybe next year you'll have an idea for
a tonic for the conference. We look for-
ward to seeing you in Dallas, where we'll
be helping you as broadcasters, to help
serve local America.
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CONSIDERING NEW HIGH QUALITY 2/3” STUDIO/FIELD CAMERAS ?

While camera manufacturers were developing new high-
performance 24" studio cameras, Fujinon was busy de-
signing new lenses to go with them. Not conversions,
modifications or quick fixes, but totally new lenses. And
they're available here and now.

Starting with the premise that the CCD is the wave of
the future, Fujinon’s new generation lenses are the first
— and only — lenses built to be compatible with the
higher registration specifications. The new A15x8ESM
and A18x8ESM studio lenses and A44x9.5ESM (F1 4)
field lens exhibit the industry’s lowest longitudinal chro-
matic aberration. Which means unprecedented color and
focus-tracking accuracy with all the new generation
cameras.

For studio use, the new A15x8ESM zooms from
8mm out to 114mm, while the F1.5 maximum aperture
remains absolutely fiat! At 120mm, it's F1.7. That means

no changes in your present studio lighting. And you can
fill the screen with an 11' x 8’ subject from only 10’
away.

Weight and size are reduced, reliability and service-
ability are increased. Major components are modular and
interchangeable. Controls and adjustments are accessi-
ble with the shroud in position. These include back focus
adjustment and lock, servo/manual switch for the built-in
2X extender, and pattern projector color levels and chart
positioning. Focal length and aperture are reported
through LEDs on the side of the lenses. And options in-
clude the full array of Fujinon accessories including re-
mote demands and shot boxes.

To learn more about Fujinon's new generation of 24"
studioffield lenses, you'll get more information or a dem-
onstration by calling the Fujinon location nearest you.

See Us At NAB Booth #3410

Circle (18) on Reply Card

UJINON INC. 10 High Point Drive, Wayne, N.J. 07470
SOUTH 2101 Midway, Suite 350, Carroliton, Texas 75008 (214) 385-8902
MIDWEST 3 N. 125 Springvale, West Chicago, Ill. 80185 {312) 231-7888
WEST 118 Savarona Way, Carson, Galif. 90745

(201) 633-5600 Telex 6818115

(213) 532-2861 Telex 194978
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Think about last vear’s NAB and
how exhausted you felt when it was
over. (Fade in the vielin music.) Your
feet were killing you. You missed a
few exhibits that you really needed to
see. Your hillfold and expense account
didn't exactly balance. And you
lugged a bulging suitcase stuffed with
literature halfway across the airport
parking lot. What are you going to do
to make your trip more comfortable
and profitable this year?

Consider the challenge. This year's
indoor exhibits ‘alone will cover more
than 300,000 square feet. If you were
to walk in a straight line down each
aisle of the convention floor, without
deviating from vour course to visit a
booth on either side of the aisle, you
will ' walk more than 3.6 miles. That's
more than seven miles of booth front-
age. Incidentally, the power require-
ments for the equipment to be dis-
played at this year's show total more
than 6.5 megawatls.

Consider the time. There dre about
630 exhibits at the show. The show is
open for atotal of 36 hours. Therefore,
if you were to spend all of your time
just visiting indoor exhibits (no lunch,
breaks or seminars), you'll have about
three minutes to spend at each booth.

The NAB comfort check list:

» The road kit: Bring your favorite
remedleb from home Antacids, aspt-

F eet_-;-?

don’t fail me now!

By Ned Soseman, TV technical editor

rin, instant coffee and a reliable alarm
clock can make your mornings easier
" to deal with.

.+ Shoes: Most attendees find their
feet can't keep the pace of their itin-
erary. Fool pads might help, but they
make shoes tighter, restricting circu-
lation. Those that are truly exper-
ienced will carry an extra pair of com-
fortable shoes and change shoes when
the pain sets in. It's one of the most in-
stantly refreshing feelings you ‘will
eVer experience.

o« Literature: Use the post office
and package express services to ship
your literature directly to your office.
It is impossible to select the exact liter-

.ature that may be useful in the future,

Pick up what you think you need; ship
it and forget about it until you are
back in your office. Don’t pass up
literature simply because you don't
have room.

» The bag: If you have a canvas
over-the-shoulder bag, suitable for lit-

- ¢rature (and shoes) bring it! Remem-

ber how those little string handles on
the bag you picked up last year cul

through your fingers? If you pick up

four punces of sales material at each
booth, youw'll haul off 1567 pounds of
literature,

» Your itinerary: Plan ahead. With all
the simultaneous activities and the
size of the convention, you must set
priorities, state your colleciive goals
and develop a plan ahead of time; If
you're pot visiting alone, meet with
others in your group to develop an
hour-by-hour daily written itinerary
for each individual, and do your best
to stick to it.

i Scheduling: Plan who to see and
where to meet. Choose a central ren-
dezvous location and exchange itiner-
aries. Use the telephone lo schedule
‘meetings with others before arriving
in Dallas to secure time,

» Expenses: Count your cash be-
fore leaving home. Count it when you
return. Including charged expenses,
your expense reimbursement should
equal the total of cash before leaving,
minus cash left over, plus charges. De-
mand a receipt from everyone you
give cash to. Keep a running itemiza-
lion of cash spent on a separate piece
of paper. Document every dollar you
spent on your expense account form
50 there will be no raised eyebrows
back at the office.

w»= Procrastinators’ note; There are
only two weekends between the_ end
of the show and April 15. '7-)]]‘“

Hear the great wireless sound.

Consider the size
advans

microphone receiver mounls inconspicu-
ously on a camera. Or on a tiny corner
of your sound cart. Or in your pocket. Or
on-your belt, providing you with program-
quality headset audio.

With the R-33 you have a wide choice of
transmitters...any Cetec Vega DYNEX® 11
bodypack or handheld. A full complement
of useful accessories is included.

The R-33 provides 8 hours of operation
on a single 9-volt battery. Audio is studio-
quality (e.g., over 100 dB S/N).

All this, in a rugged package less than
12 ounces, and only 3/4 x 3-1/4 x 5-5/8
inches (HWD). Available in two colors...
PRO Brown/ Cream or Camera Black.

..the professional’s wireless

9900 Baldwin Place
El Monte, CA 91731-2204
(R18) 442-0782
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thir

less than

a Neve 1s

just a lot of...

Bells and whistles may be all you
need for New Year’s Eve...or a birthday
celebration. But is a.desk full of bells and
whistles enough forthe demanding art
and science of broadcast produetion? You
need the Neve difference.

At-Neve, the first name in audio mix-
ing contrel and distributien systems, we
offer you all the bells and whistles your
creativity demands...as well as the sonic
quality, reliability, and ease of operation
that sets Neve apart from the rest.

Neve's versatile 51 Series, for example,
gives you the full range of advanced
facilities you want, plus the virtually
unlimited versatility you require...to let
your Greativity soar. With features that
include:
¥ 16-t0-60 inputs ® Custom configurations

® Stereo or mono modules
= A choice of 4 standard consoles
m Up to 8 auxiliary outputs
® Multitrack recording capability
® 4-band Neve Formant Spectrum
Equalization
Hear the Neve quality difference for
yourself. Find out firsthand how Neve
advanced engineering gives you “atouch
of the future” - '
Circle the bingo |l
card for a literature |
pack. Or call (203)
744-6230 for a
demonstration of
Neve sound at your
location.

@ Nothing sounds as good as a Neve...
because nothing else is.

Rupert Neve incorporated 7533 Sunset Bivd. S .
Berkshire Industrial:Park Hollywood, California 90046 W N
Bethel, Cannécticut 06801 (213)874-8124 ,
Tolex 969638 ' Facsimile (213) 8741406 @
éﬁé}@;%ﬁé@%sg 7927863 P.O. Box 4088 A Siemens Company

- Nashville, Tennessee 37204 & See us at \
Neve Electronics Int’l Ltd. Telex 786569 il the NAB
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Nobody knows better than NEC America how
fast digital video effects technology can
change. That's why we built the DVE® System
10 with “softlkeys” — keys that let you access
disk-based effects just as fast as we could pro-
duce them.

Now you can put those keys to work with our
new Transition Effects Package.

Get three dimensional looks out of a two
dimensional effect. Curl up the image. Peel it
right off the screen. Roll it. Create looks that
were limited to systems costing over twice as
much. Until now.

&c Computers and Cammunications

PtusH a buﬁoh and manipulate with the joystick.

It's that easy. Just add the option to your DVE
System 10 and go to work.

But if you haven't already bought a DVE
System 10, you can buy it complete with the
option now, or pick up the option later. And the
DVE System 10 is now also available in a
component version.

The new Transition Effects Package from
NEC America. The newest way to get hard
work out of your “soft keys.”

Photographs appearing above are actual unretouched photographs of video images.)
DVE™ is a registered trademark of NEC Corporation.

NEC
NEC America, Inc.

NEC America, Inc., Broadcast Equipment Divison, 1255 Michael Drive, Wood Dale, |L 60181  Toll Free 1-800-323-6656 In Illincis 312/860-7600
Circle (51) on Reply Card
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Reliability and
maintainability
ecial report

A chain is only as strong
as its weakest link. This
familiar saying is especially
applicable to electronic
systems used by
broadcasters today.

Back in the good old days (whenever ¢ “The Mechanics of Component

that was) reliability of broadcast equip-
ment was an elusive goal. Racks full of
vacuum tubes did not lend themselves to
long-term stability and dependable oper-
ation. In actual circuit complexity, the
systems were generally simple compared
with today's broadcast hardware. How-
ever, the primary active devices that
made the equipment of 30 years ago op-
erate—tubes—were fragile components
with a more-or-less limited lifetime.

Enter solid-state electronics and the
wonders that it has provided. We have
been blessed with increased reliability
and performance, reduced space require-
ments and heat generation, and practi-
cal, affordable systems that were little
more than dreams 30, or even 20, years
ago. However, in our march ahead with
technology, broadcast engineers have
acquired new problems in the areas of
preventive maintenance and trouble-
shooting. We can no longer fix a video
switcher, TV transmitter, audio control
board or cart machine with a Simpson
260, an oscilloscope and a bag full of
tubes.

Our industry has grown up in a techni-
cal sense. And the point we have
reached in equipment sophistication re-
quires new approaches to reliability and
maintainability. This month, in the fol-
lowing special report, Broadcast Engi-
neering examines the critical questions
of why systems fail and how failures can
be prevented. We look at the following
topics:

www americanradiohistorv com

Failure” ... ............... page 36
1. “Why PartsFail”............. 38
2. “Semiconductor Failure

Modes” ......... ... ... ... .. 48
3. “Vacuum Tube Life” ... ....... 58
4. “Support Component

Reliability” . ................ 62
5. “The Transient Overvoltage

Threat” . ... ............... 76
6. “The Quest for Reliability”

(includes glossary and
bibliography}............. ... 80

* “Troubleshooting Transmission
Equipment”............... page 86

1
2
3

. “Plate Overload Faults™ . ... ...
. “RF System Faults” ... ... ..... 98
. "Power Control Faults”. . .. ..

® “Repairing Surface-Mount PC

Boards”................. page 116

Reliability is the primary concern of
any equipment user. The best graphics
system in the world is useless if it doesn't
work. The most powerful and sophisti-
cated transmitter is of no value if it won't
stay on the air.

Maintainability ranks right behind reli-

abil

ity in broadcasting. When equipment

fails, the user needs to know that it can
be returned to service within a reason-
able length of time.

Reliability and maintainability is not

just

an esoteric concept developed by the

aerospace industry to satisfy government
dictates. It is a science that has fostered

the
nen

continued improvements in compo-
ts and systems that we enjoy today. It

is a science that we, as broadcast en-
gineers, need to understand.

oy hedithe

Jerry Whitaker,
editorial director
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It‘s 5 p.m., the early news program

L J
; is about to begin and the STL
e me‘ aI I 1‘ S microwave system kicks off the air.
: Repairs are made in 15 minutes or

so, and the program resumes. Life
goes o1
The next morning, however, the

' vice president for engineering calls a
meeting to determine what hap-

pened, and how a recurrence can be
prevented. In the discussion, some-
one comes up with the brilliant

& .
: observation that one of the parts just
al UI e failed. How many times have you
' heard that? It implies that compo-

nent failures occur more or less at
By Jerry Whitaker, editorial director the whim of the component itself.

] “-c*‘: i‘-
L &_ ?-_h-“l-'.: & 4&—‘

You can prévent failures in broadcast equipment

if you thoroughly understand why parisgo bad. _

-



www.americanradiohistory.com

There is a much better explana-
tion for equipment problems than
the conventional, simplistic answer.
By understanding what parts are
prone to failure—and why—the en-
gineering department can increase
the reliability of any system.

Critical systems

Radio and TV engineers tend to
view the reliability of their critical
systems— that is, systems that are re-
quired to operate properly in order
to remain on the air—as being more
demanding than just about any other
profession. Think for a moment,
however, about the

reliability

demands inherent in the operation
of a nuclear power plant, avionics
control system or missile guidance
unit. The subjects of reliability and
maintainability have been studied in
greal detail, but the findings have
not been generally communicated to
broadcast engineers.

The science of reliability and
maintainability matured during the
1960s with the development of so-
phisticated computer systems and
complex military and spacecraft
electronics. It is a science that we, as
broadcast engineers, can learn a

great deal from. Much of the infor-
~mation contained in this article is

WWW armericanratcHonstory corm

tion.
tralled to prevent degraded equipnent
: ;Jerfurr:ﬂmw or  catastrophic
 Shown is a dramatic lightning strike over
- Alexandria; VA f[’fmmw?uw “provided

based on research conducted by
members of the IEEE Reliability and
Maintainability Society. (References
listed on page 84.) As you will see,
there is a much better explanation
for equipment failure than, "One of
the parts wore out.’

Components and systems never
fail without a reason. Thal reason
may be difficult to find, but deter-
mination of failure modes and weak
areas in system design or installation
is fundamental to increasing the
reliability of any component or sys-
tem, whether it is an integrated cir-
cuit, aircraft autopilot or broadcast
transmitter.

Transient disturbances caused by natural
and man-made occurrences represent the

greates! .smg!v threat to broadcast system

reliability. The primary causes of compo-

nent or system failure are excessive

vollages, temperature cycling and vibra-
All three elements must he con-

failure,

v Uniphoto Picture Agendy, Washing-
fon. f}_y
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Why parts fail

All equipment failures are logical and some are predictable.

When a system fails, it is usually relat-
ed to poor-quality comporents or to
abuse of the system or a part within, ei-
ther because of underrating or environ-
mental stress, Even the best-designed
components can be badly manufactured.
A process can go awry, or a step involv-
ing operator intervention can result in an
occasional device that is substandard or

likely to fail under normal stress. Hence,
the process of screening and/or burn-in
to weed out problem parts is a universal-
ly accepted quality-control tool for
achieving high reliability.

Statistical reliability
Figure 1 illustrates what is commonly
known as the bathtub curve. lt divides

the expected lifetime of a class of parts
into three segments: infant mortality,
useful life and wearout. A typical burn-in
procedure consists of the following steps:
* The parts are electrically biased and
loaded (i.e., they are connected in a cir-
cuit representing a typical application).
* The parts are cycled on and off (power
Continued on page 42

Avionics hardware, particularly equipment intended for space applications, has been the driving force behind the science of reliability and main-
tainability. There is much that we, as broadcast engineers, can learn from the successes and failures of NASA and the defense department. (Photo
courtesy of NASA))
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choice of ¥
lio Station KGLT.

David Peters, Assistant Engineer KGLT Radio Station, Bozeman, Morntana.

THE EIMAC 5CX1500B FOR
LONG LIFE, QUALITY AND ECONOMY

Varian EIMAC has been in the savings attributable to the Varian EIMAC offers a 5,000-
business of broadcasting for 5CX1500B’s extended life. hour warranty on 5CX1500B
over 50 years, producing dura- In FM broadcasting, EIMAC tubes.

ble, reliable and long-lasting i bes are customer-proven
tubes that a non-profit radio sta- . P |

tion like KGLT in Bozeman, Mon-
tana, can afford.

For more information, contact:

Varian EIMAC

1678 South Pioneer Road
Salt Lake City, Utah 84104
Telephone: 801+-972-5000

Longevity

KGLT engineers use the EIMAC
5CX1500B tube in their transmit-
ter, reporting a life span of 18-19
months—approximately 13,000
hours of servicel

Quality and Savings
This would be impressive under
ideal conditions, but KGLT oper-
ates under rugged and adverse
mountain-top conditions. Just  emacs scx15008 broadeasting tube in KGLT radio
as important is the 40% cost ~ stations iransmitter

Circle (20) on Reply Card
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ARBITRONS IN A ROW."
THE #1 MARKET...
FMSTATIONS.

BAREENPLULL

[ RUDID PRISM"
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3tep up to dlgnal contrel' The claritythat keepshstenersquarter hoL largest market, New York City.. . for
~ digitally-controlled TEXAR AUDIO  after quarter-hour! five Arbitrons in a row.”
PRISM™ breaks the old quality- Digital control tjelwers ratings and Step into the future. Put the power
versus-loudness tradeoff of analog  revenues. The AUDIO PRISM has andclarity of digital control to work for
audio processors, The AUDIO PRISM  been the audio processumf choicefor you today! Call Barry Honel at (412)
delivers unsurpassed modulation thetop 3rated FM stationsin America's  85-MICRO or visit us in booth #2571
power for maximum cumes but with a at the Dallas NAB Convention.

616 Beatty Road = Monroeville, PA 15146-1502 = 412/856-4276 = 41 2/185-MICRO
*Summer & Fall ‘85, Winter & Spring '86 and Summer & Fall '86 ARBITRON Ratings. Total Persons 12+ Share. Mon-Sun, 6A-12M. (Used with permission.)
Circle (365) on quly Card
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For FM broadcast, the digitally-
controlled, TEXAR AUDIO PRISM™
is designed to be used in conjunction
with your high-quality FM limiter/ster-
eo generator. For most PRISM users,
that means the Orban Optimod 8100~
In fact, so many PRISM owners use
them in conjunction with the Optimod
8100, that TEXAR has developed the
Replacement Card Five (RCF-1) for
the Optimod. The TEXAR RCF-1
plugs into the Optimod in place ofthe
original Orban card number five.

The RCF-1 delivers every lastinch
of performance from the AUDIO
PRISM/Optimod combination. It’s
more open, but up to 172 dB louder.

Converting over to CD digital discs
for source material? The RCF-1 isde-
finitely for you! (Present, state-of-the-
art, FM exciter is strongly recom-
mended.) Come hear the RCF-1 in
Booth #2571 at the Dallas NAB Con-
vention. Have a favorite CD you'd like
to hear through the TEXAR system?
Bring it with you! We'll be happy to
play it for you.

*Optimod 8100 is a registered trademark of ORBAN ASSOCIATES INC.,San Francisco, CA.
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Bring FM-like fidelity to your AM
station. The TEXAR EAGLE™ series
of AM processors implements the
new National Radio Standards Com-
mittee (NRSC), voluntary standard
for pre-emphasis and frequency re-
sponse. The NRSC is a join effort of
the National Association of Broad-
casters (representing radio broad-
casters) and the Electronics Indus-
tries Association (representing re-
ceiver manufacturers). The NRSC
standard, approved January 10, 1987

after nearly a year in development,
promises to bring fidelity to listeners,
never before heard on the AM band.

For single-side AM, use the TEXAR
EAGLE™, AMC-2, Am Modulation
Controller. The AMC-2 circuit board
mounts inside the AUDIO PRISM
enclosure. For split-site AM, us the
TEXAR SUPER EAGLE™ stand-
alone AM Modulation Controller
(shown above) at the transmitter, and
the AUDIO PRISM at the studio. Both

Circle (21) on Reply Card

the EAGLE™ and SUPER EAGLE™
have variable-asymmetry and low-
frequency tilt-correctors. The SUPER

EAGLE also has separately adjust-
able outputs to drive two transmitters,
and a unigue subsonic telemetry cir-
cuit to eliminate the need for phone

lines on the remote control.

See both EAGLE's and pick up a
free reprint of the NRSC standard in
Dallas at the NAB Convention - Booth
#2571.
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FAILURE RATE % PER 1,000 HOURS

INFANT WEAROUT
MORTALITY | AREA
AREA | USEFUL LIFE AREA |

T, T,  TESTING TIME T,

Figure 1. The statistical distribution of equipment or component faitures vs. time for electronic

systems and devices.
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> 60% OF THE FAILURES

200 400 600

800 1,000 1,200 1,400

HOURS IN THE FIELD

Figure 2. The failure history of a piece of avionics equipment vs. time. Note that 60% of the

failures occurred within the first 200 hours of service. (Source: Reference 9.) ©IFFE
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Continued from page 38

applied and then removed) for a prede-
termined number of times. The number
of cycles can range from 10 to several
thousand during the burn-in period,
depending on the component under test.
® The components under load are ex-
posed to a high temperature (typically
125°C to 150°C) for a selected time (usu-
ally 72 to 168 hours). This represents an
accelerated life test for the part.

An alternative approach involves tem-

perature shock testing in which the prod-
uct is subjected to temperature extremes,
with rapid changes between the hot-soak
and cold-soak conditicns.
* After the stress period, the compo-
nents are tested for adherence to specifi-
cations. Parts meeting the established
specs are accepted for shipment to
customers. Parts that fail to meet specs
are discarded.

The goal of burn-in testing is to ensure
that the component lot is advanced past
the infant mortality stage to point T,.
This process is used for individual com-
ponents and for entire systems such as
broadcast transmitters, videotape record-
ers and routing switchers.

This approach to reliability is effective,
but not foolproof. The burn-in period is a
function of statistical analysis. And, like
anything else in the world of electronics,
it brings no absolute guarantees. The na-
tural enemies of electronic parts are
heat, vibration and excessive voltage.

Figure 2 documents failures vs. hours
in the field for a piece of avionics equip-
ment. The conclusion is made that a
burn-in period of 200 hours or more will
eliminate 60% of the expected failures.
However, the burn-in period for another
systemn using different components may
not require the same number of hours.

So, what does this mean to you, the
end-user? Simply that infant mortality is
a statistical fact of life in the operation of
any piece of equipment—including
broadcast hardware. Most of you can re-
late to the problems of “working the
bugs out” of a new piece of equipment.

Because the goal of burn-in testing is to
catch system problems and potential
faults before the device or unit leaves the
manufacturer, the longer the burn-in pe-
riod, the greater the chances of catching
additional failures.

The factors involved with extended
burn-in, however, are time and money.
Longer burn-in translates to longer deliv-
ery delays and additional costs for the
equipment manufacturer, which are like-
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ly to be passed on to the user. The point
at which a product is shipped is based
largely on experience with similar com-
ponents or systems and the financial re-
quirement to move products to users.

Environmental stress screening
In an effort to catch greater numbers of

(burn-in) at the factory while reducing
the required burn-in time, the concept of
environmental stress screening (ESS) has
come into widespread use for aeronau-
tics and military products. To date,
however, ESS has not been widely imple-
mented in qualification testing of broad-
cast products.

failures during qualification testing ESS takes the burn-in process a step
INITIAL B
FLAW LEVEL AN
NO FEEDBACK "
\
O Il'l I}\.:‘m
— ] "
< ! \
E L My NO SCREENING
\ ¥
o i R\\
% \ \
: .
= ) SCREENING
w ’;-.\s’WITHOUT FEEDBACK
?\%
iNTIAL | SCREENINGA
FLAW LEVEL 5 .
WITH FEEDBACK R EOBACK . \
S e
- T — —
'5‘:'—-_:% ==

MANUFACTURING
PHASE

3

OPERATIONAL
PHASE

TIME —P»

Figure 3. The effects of environmental stress screening on the reliability bathtub curve.
(Reference 31.)

FAILURE REVEALED
THROUGH
| oy THERMAL | VIBRATION

TYPE OF DEFECT SCREENING | SCREENING
COMPONENT DEFECTS X X
IMPROPERLY INSTALLED PART X

| FAULTY SOLDER CONNECTION. X X
FAULTY ETCHING X X

| LOOSE CONTACT X

| BAD WIRE INSULATION X

| LOOSE WIRE TERMINATION X X

| IMPROPER CRIMP X

" CONTAMINATION X

' DEBRIS WITHIN ASSEMBLY X
LOOSE HARDWARE X

- MECHANICAL FLAW X

Table 1. System failure modes that typically are uncovered by environmental stress screening.

{Reference 31,) QIEEE
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further by combining two of the major
environmental factors that cause parts or
units to fail: heat and vibration. Qualifi-
cation testing for products at a factory
practicing ESS involves a carefully
planned series of checks for each unit off
the assembly line. Units are subjected to
random vibration and temperature cy-
cling during production (for subassem-
blies and discrete components) and upon
completion (for systems). The concept is
designed to catch product defects at the
earliest possible stage of production.

ESS also can lead to product improve-
ments in design and manufacture if feed-
back from the qualification stage to the
design and manufacturing stages is im-
plemented. Figure 3 illustrates the im-
provement in reliability that typically
can be achieved through ESS over simple
burn-in screening, and through ESS with
feedback to earlier production stages. It
is possible to significantly reduce equip-
ment failures in the field.

Designing an ESS procedure for a giv-
en product is no easy task. The environ-
mental stresses imposed on the product
must be great enough to cause fallout of
marginal components during qualifica-
tion testing. The stresses must not be so
great, however, that they cause failures
in good products. Any unit that is stressed
beyond its design limits eventually will
fail. The proper selection of stress param-
eters—generally random vibration on a
specially designed vibration generator
and temperature cycling in an environ-
mental chamber—can, in minutes, un-
cover product flaws that might take
weeks to occur in the field. The result,
therefore, is greater product reliability
for the user.

The ESS concept requires that every
product undergo qualification testing be-
fore implementation intc a larger system
or shipment to an end-user. The flaws
uncovered by ESS vary from one unit to
the next, but types of failures tend to re-
spond to particular environmental stress-
es, as illustrated in Table 1. The levels of
stress imposed on the product during ESS
should be greater than the stress to
which the product will be subjected dur-
ing its operational lifetime, but should re-
main within the maximum design limits.

The types of products that can be eco-
nomically checked through ESS break
down into two categories: high-dollar
items and mass-produced items. Because
broadcasting is not a high-volume busi-
ness (compared to the consumer indus-
try) don’t expect to see ESS practiced on
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What'll

you have?

Beta, Beta SP, M, M2, U-matic or Digital
19mm formats? AL’S serves them all. And
will even mix them up so you can run two
formats at once--full length programming or
commercials, it makes no difference to AL,

How big is your tape library? AL’S can
serve 500, 1000, 1500 at a time--all in the
right order, with no mistakes, automatically.
Digital technology has given AL a flawless
memory and real knack with names. He
even recognizes newcomers and ejects tapes
who've overstayed their welcome. At AL'S,
all tapes are current and inventory is
always kept up to date. Not bad, eh?

What’s more, AL is not one for fancy, exotic,
altered machinery. Plain and simple suits
him just fine. So, stock VTRs are all you'll
find at AL’S place. Out of the box and into
the rack makes for easy maintenance as far

~as Al is concerned.
But

don’t misunderstand. AL is not lazy.
L€ L%rkwégil thex f{éﬁtﬂ soul around
fact, give him a set of chores
Eg!hic,ﬂ‘.lt&'. the d
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products costing less than several thou-
sand dollars anytime in the near future,
High-priced computer-based systems, on
the other hand, are candidates for such
screening.

Units that are physically large in size,
such as transmitters, are not candidates
for ESS in the finished state. The cost for
a vibration table or environmental cham-
ber for a transmitter would total many
times more than the transmitter under

COMPONENTS

Figure 4. The distribution of failure modes in
the field for an airborne avionics system.
{Reference 9.)

test (if you could find somebody to build
one). ESS for larger systems must rely on
qualification testing at the subassembly
stage.

The basic hardware complement for
an ESS test station includes a thermal
chamber shaker and controller/monitor.
A typical test sequence includes 10 min-
utes of exposure to random vibration,
followed by 10 cycles between tempera-
ture minimum and maximum. To save
time, the two tests may be performed
simultaneously.

Field experience

Research conducted by the aerospace
industry has shown that components ac-
count for the vast majority of equipment
failures in the field, as Figure 4 illus-
trates. The exact percentage break-
downs for broadcast equipment will
probably vary from those shown for avi-
onics hardware. However, in the absence
of any better data, we will assume these
statistical breakdowns to be projectable.

As the chart illustrates, the generaliza-
tion can be made that the failure of a
piece of equipment is most likely to be
caused by the failure of an individual
component. Workmanship and other fac-
tors account for a relatively small per-

COMPONENT MODE OF FAILURE DISTRIBUTION
CAPACITOR OPEN : 01
(ALL TYPES) SHORT .99

- coIL OPEN 75
: SHORT 25
DIODE (ZENER) OPEN ) 01
SHORT 89

- GE-MOV OPEN 01
SHORT .99

- TRANSZORB OPEN 01
: SHORT - 99
CONNECTOR PIN OPEN 99

_ SHORT TO GND | .01
SOLDER JOINT OPEN 1.00
LUG CONNECTION OPEN ~1.00
SURGE PROTECTOR OPEN , 99

~ e SHORT _ 01
J ] .

Table 2. Statistical distribution of component failures in an EMP protection circuit, Note that
types of components tend to fail in predictable ways. (Reference 8.) ©IEEE
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centage of failures.

One potential cause of component and
system failure is that the operating envi-
ronment of the unit—resulting either
from external environmental conditions
or unintentional component underrat-
ing—may be significantly more stressful
than expected by either the system man-
ufacturer or the component supplier. Un-
intentional component underrating rep-
resents a design fault, but unexpected
environmental conditions are possible
for many applications, particularly in
locations that are popular broadcast
transmitter sites, such as remote moun-
tain tops.

Conditions of extreme low or high tem-
peratures, high humidity and vibration
during transportation may have a signifi-
cant impact on long-term reliability of
the system. It is, for example, pos-
sible—and probable—that the vibration
stress of the truck ride to your trans-
mitter site will represent the worst-case
vibration exposure of the transmitter and
all components within it during the life-
time of the product. We must realize that
the field is the final test environment and
burn-in chamber for the equipment that
we use.

Failure modes

An understanding of how electronic
parts fail is important to maintenance en-
gineers because it allows them to focus
on potential areas of vulnerability within
a system. Consider the distribution of cat-
astrophic failure modes for various types
of components shown in Table 2. Note
that types of components tend to fail in
predictable ways. This information is
critical to an engineer troubleshooting a
fauit or analyzing the possible conse-
quences of device failure in a system.

There are really no big surprises in the
table. Your experience, for example,
probably confirms that most capacitors
fail in a short circuit and that connector
pins almost always fail in an open circuit.
The exact failure percentages shown in
the table, developed to study the reliabil-
ity of electromagnetic pulse (EMP) sup-
pressor circuits in aircraft, are not direct-
ly transferable to components used in
broadcast equipment.

A device can fail in a catastrophic, in-
termittent or degraded mode. Such fail-
ures are usually opens, shorts or parame-
ters out of specifications. For electrical
components, the three most destructive
stresses are excessive temperature,
voltage and vibration.
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6 separate program inputs plus * 6 independently adjustable

black and color backgrounds black burst outputs

24 programmable wipe * Twa program and preview

patierns output lines :

4 independent automatic * Serial and parallel editor

- : transition rates for effects; interfaces :
The FOR-A PYM-500 Production program, downstream keying An optional EXKEY Compo-
Video Mixer delivers a powerful and fade to black nent Chroma Keyer (CCK-500)
combination of performance and Generation of border, drop- and EXTROL Effects Memory
value for professional production shadow and outline for down (FXM-500) that can store up fo 40
and post-production video systems.  stream keying effects commands further extend
Al just $8,950, this compact 3 independent colorizers for its capabilities. '

switcher performs a series of background, effects border For a fast moving demonstia:
dynamic functions typically found  and downstream keying tion of the PVYM-500 Switcher, call
in products costing censiderably Built-in gen-lock sync your FORA dealer today,
more: denerator

See FOR-A's
exciting new products
: at NAB Booth 35989.

Pl

INNOVATIONS IN VIDEO
and AUDIO TECHNOLOGY

FOR-A CORPORATION OF AMERICA * Nonantum Office Park ® 320 Nevada Street Newton, MA 02160
Boston (617) 244-3223 » Chicago (312) 250-8833 » Los Angeles (213) 402-5391
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emiconductor
failure modes

Integrated circuits are among the most vulnerable
components in broadcast hardware.

Active components are the heart of
any broadcast product, and most—ex-
cept high-power transmitter stages—em-
ploy semiconductors. Other component
types exhibit their own unique failure
modes, but share similar interconnection
and packaging problems.

Although very reliable, integrated cir-
cuits are particularly vulnerable to dam-
age because of environmental and elec-
trical forces. The circuit density of an IC
can have a direct relationship on its sur-
vivability under adverse conditions in
the field. The problem of IC reliability is
of great concern today as device com-
plexity increases with the use of more
LSl and VLSI components in broadcast
hardware.

Failure mechanisms

Semiconductor failure modes can be
broken down into two basic categories:
mechanical (including temperature and
vibration) and electrical (including elec-
trostatic discharge and transient over-
voltage). Semiconductor manufacturers
are able to increase device reliability by
analyzing why good parts go bad.

Figure 5 shows an example of failure
because of mechanical stress. The two di-
odes failed as a result of temperature cy-
cling that led to a cracked die and frac-
tured metallurgical die bond. The under-
lying reason for the failure was off-center
die placement and axial misalignment
during diode assembly. The arrows show
the mechanical stresses that were pres-
ent on the diode structure.

Even though misalignment during as-
sembly was the root cause of failure,
thermal cycling triggered the failures.
There are, in fact, a frightening number
of mechanical construction anomalies
that can result in-degradation or cata-
strophic failure of a semiconductor de-
vice. Some of the more significant
threats include:
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The increased use of LSI and VILSI devices in
today’s broadcast equipment places addi-
tional importance on component reliability
analysis.
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¢ Encapsulation failures caused by hu-
midity and impurity penetration, imper-
fections in termination materials, stress
cracks in the encapsulation material and
differential thermal expansion coeffi-
cients of the encapsulant, device leads or
chip.

* Wire bond failures caused by mis-
placed bonds, crossed wires and oversize
bonds.

* Imperfect chip attachment to the de-
vice substrate, resulting in incomplete
thermal contact, stress cracks in the chip
or substrate and solder or epoxy material
short circuits.

* Aluminum conductor faults caused by
metalization failures at contact windows,
electromigration, corrosion and geomet-
rical misalignment of leads and/or the
chip itself.

The principal failure modes for semi-
conductor devices include the following:
¢ An internal short circuit between met-
alized leads or across a junction, usually
resulting in system failure.
¢ An open circuit in the metalization or
wire bond, usually resulting in system
failure.
® Variation in gain or other electrical pa-
rameters, resulting in marginal perform-
ance of the system or temperature sensi-
tivity.
¢ Leakage currents across P-N junctions,
causing effects ranging from system mal-
functions to out-of-tolerance conditions.
® A shift in turn-on voltage, resulting in
random logic malfunctions in digital
systems.
¢ A loss of seal integrity through the in-
gress of ambient air, moisture and/or
contaminants. The effects range from
system performance degradation to com-
plete malfunction.

Aluminum interconnects in a semicon-
ductor device are the nerves that make
possible the integration of complex cir-
cuits onto blocks of silicon. The integrity
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of these interconnects is of critical impor-
tance to reliable operation of a device.
Figures 6(a) and 6(b) show a failure mode
discovered in a common 16K EEPROM
device.

Of equal importance are the bonding
connections from the integrated circuit
package to the die. Each step of the pack-
aging process creates stress on the IC,
and the bonding operation accounts for
much of the threat to reliability. Bonding
has been known to result in damage to
the underlying pad region of the chip.
Probilems range from cracks on the pad
to cratering, in which the bond breaks
away some of the silicon substrate. Fig-
ure 7(a) shows a cross section of a typical
IC bond pad. The thin layers of grown
oxides or deposited glasses insulate the
bonding pad from the silicon substrate.

Stress-induced failures

Thermal fatigue represents a threat to
any semiconductor component, especial-
ly power devices. This phenomenon re-
sults from the thermal mismatch be-
tween a silicon chip and the device head-
er under temperaturerelated stresses.
Typical failure modes include voids and
cracks in solder material within the de-
vice, which results in increased thermal
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Figure 5. These diodes failed as a result of temperature cycling. The arrows show the
mechanical forces at work that ultimately led to the failures. The root cause of the failures was
off-center die placement and axial misalignment during assembly. (Reference 10.) ©IFEE

Figure 6. Die photos of two 16K EEPROM devices. Photo (a) shows a good part (note the con-
nection dot shown at the arrow) and photo (b) shows a bad part (the aluminum interconnect is

missing). (Reference 15.) ©IEEE

resistance to the outside world and the
formation of kot spots inside the device,
Catastrophic failure will occur if suffi-
cient stess is put on the die. Although
generally considered a problem just for
power devices, thermal fatigue also af-
fects VLSI ICs because of the increased
size of the die. Figure 7(b) illustrates the
deformation process that results from ex-
cessive heat on a semiconductor device.

As a case in point, consider the 2N3055
power transistor. The component is an
NPN power device rated for 115W dissi-
pation at 25°C ambient temperature.
The component can handle up to 100V
on the collector and 15A. Although the
2N3055 is, obviously, designed for de-
manding applications, the effects of ther-
mal cycling take their toll. Figure 8
charts the number of predicted thermal
cycles for the 2N3055 vs. temperature
change. Note that the lifetime of the de-
vice increases from 9,000 cycles at
120°C to 30,000 cycles at 50°C. From
these estimations, it can be seen that de-
vice failure for a semiconductor often re-
sults from the adverse (and irreversible)
effects of thermodynamics.

The microphotographs in Figures 9(a)
through 9(c) show a hybrid voltage regu-
lator that failed because of high-voltage
breakdown. Failure analysis of several
units in a power supply system found
that the regulator pass transistor was
overstressed because of excessive in-
put/output voltage differential. The man-
ufacturer determined that during testing
of the system the regulator’s load would
be removed, causing the unregulated
supply voltage to rise and exceeding the
input/output capability of the pass tran-
sistor.

Discrete transistors

It is estimated that as much as 95% of
all transistor failures are directly or indi-
rectly the result of excessive dissipation
or applied voltages in excess of the maxi-
mum design limits of the device.

There are at least four types of voltage
breakdown that must be considered in a
reliability analysis of discrete power tran-
sistors. Although each type is not strictly
independent, you can treat them sepa-
rately, keeping in mind that each is relat-
ed to the others.
¢ Avalanche breakdown:

Avalanche breakdown is a voltage
breakdown occurring in the collector-
base junction, similar to the Townsend
effect in gas tubes. This effect is caused
by the high dielectric field strength that
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occurs across the collector-base junction
as the collector voltage is increased.

The high-intensity field accelerates the
free-charge carriers so they collide with
other atoms, knocking loose additional
free-charge carriers that, in turn, are ac-
celerated and have further collisions.

This multiplication process occurs at
an increasing rate as the collector volt-
age increases until at some voltage, V,
(avalanche voltage), the current sudden-
ly tries to go to infinity.

If enough heat is generated in this
process, the junction can be damaged or
destroyed. A damaged junction will re-
sult in higher-than-normal leakage cur-
rents, increasing the steady-state heat
generation of the device, which may
ultimately destroy the semiconductor
junction.

¢ Alpha multiplication:

This type of breakdown is closely re-
lated to the avalanche effect. Alpha mul-
tiplication is produced by the same physi-
cal phenomenon that produces ava-
lanche, but differs in circuit configura-
tion. This effect is generally responsible
for collector-emitter breakdown when
base current is equal to zero.

* Punch-through:

Punch-through failure is a wvoltage
breakdown occurring at the collector-
base junction because of high collector
voltage. As collector voltage is increased,
the space charge region (collector junc-
tion width) gradually increases until it
penetrates completely through the base
region, touching the emitter. At this
point the emitter and collector are effec-
tively shorted together.

This type of breakdown occurs in some
PNP junction transistors but generally al-
pha multiplication breakdown occurs at
a lower voltage than punch-through. Be-
cause this breakdown occurs between
collector and emitter, punch-through is
more serious in the common emitter or
common collector configuration.

e Thermal runaway:

This breakdown involves the ava-
lanche effect, and is dependent upon cir-
cuit stability, ambient temperature and
transistor power dissipation. Thermal
runaway is a regenerative process by
which an increase in temperature causes
an increase in the leakage current that
results in an increased collector current.
This, in turn, causes increased power dis-
sipation. This action raises the junction
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Figare 7. The mechanics of thermal stress on
semiconductor devices. Diagram (a) shows a
normal chip/solder/header composite struc-
ture; (b) shows the assembly subjected to a
50 |- change in temperature. (Reference 17.)

100

CHIP

T TTT]

&) %) R SOFT SOLDER

HEADER

Figure 8. The effect of thermal cycling on a
2N3055 power transistor. (Reference 17.)

CHIP cific upper limit. This is accomplished
primarily by conduction from the junc-
tion through the transistor material to a
metal mounting base that is designed to
provide good thermal contact to an ex-
S 2N3055 ternal heat dissipator or heat sink.

Because heat transfer is associated
with a temperature difference, a differen-
tial will exist between the collector junc-
tion and the transistor mounting surface.
A temperature differential also will exist
between the device mounting surface
and the heat sink. Ideally these differen-
tials will be small. They will, however,
exist to one extent or another. It follows,
therefore, that an increase in dissipated
power at the collector junction will result
in a corresponding increase in junction
temperature. In general, assessing the
heat sink requirements of a device or sys-
tem (and the potential for problems) is a
difficult proposition.

Figure 10 shows some of the primary
elements involved in thermal transmis-
sion of energy from the silicon junction

(B}

SOFT SOLDER 10

T 110

HEADER

N,(103)- NUMBER OF CYCLES TO FAILURE

1 TR N T TS I |

20 40 60 80100120

AT(°C)- CHANGE IN TEMPERATURE
temperature, causing a further increase
in leakage current.

If the leakage current is high enough
(caused by high temperature or high
voltage}, and the current is not adequate-
ly stabilized to counteract increased col-
lector current because of increased leak-
age current, the process can regenerate
to a point that the temperature of the
transistor and power dissipation rapidly
increase, destroying the device. This
type of effect is more prominent in pow-
er transistors where the junction is nor-
mally operated at high temperatures and
where high leakage currents are present

Breakdown due to alpha multiplication
and thermal runaway most often results
in destruction of the transistor because of
excessive heat dissipation that shows up
electrically as a short between collector
and emitter. This condition, most com-
mon in transistors that have suffered cat-
astrophic failure, is not always easily de-
tected. In many cases an ohmmeter
check may indicate a good transistor.
Only after operating voltages are applied
will the failure mode be exhibited.

Punch-through breakdown generally

because of the large junction area.

Effects of voitage breakdown

does not permanently damage the tran-
sistor. It can be a self-healing type of
breakdown. After the overvoltage is re-

to the external heat sink. An electrical
analog of the process is helpful for illus-
tration. The model shown in Figure 10(b)

includes two primary elements: thermal
capacitance and thermal resistance. The
energy storage property of a given mass,
expressed as C, is the basis for the tran-
sient thermal properties of transistors.
The thermal transmission loss from one
surface or material to another, expressed
as O, causes a temperature differential

moved, the transistor will usually oper-
ate satisfactorily.

The effects of the breakdown modes
previously outlined manifest themselves
in various ways on the transistor. Ava-
lanche breakdown usually results in de-
struction of the collector-base junction
because of excessive currents, which, in
turn, results in an open between collec-
tor and base.

Heat sinks
Heat generated in a power transistor
(primarily at the collector junction) must
be removed at a sufficient rate to keep
the junction temperature within a spe-

Figure 9. Three views of a hybrid voltage regulator that failed because of a damaged pass transistor. Photo (a) shows the overall circuit geometry.
Photo (b) shows a close-up of the damaged pass transistor area. Photo (¢} shows an enlarged view of the damage point. (Reference 29.)
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Figare 10. A simplified model of thermal transmission from the junction of a power transistor
(TO-3 case) to a heat sink. The structure of a double-diffused epitaxial planar device is shown in
(a). A simplified electrical equivalent of the heat transfer mechanism is shown in (b). (Reference

30,

between the various components of the
semiconductor model shown in Figure
10(a).

Although this model may be used to
predict the rise of junction temperature
that results from a given increase in pow-
er dissipation, it is an extreme oversim-
plification of the mechanics involved.
The elements considered in the example
include the silicon transistor die (Si); the
solder used inside the transistor to bond
the emitter, base and collector to the out-
side-world terminals; and the combined
effects of the heat sink and transistor
case. This model assumes the transistor
is mounted directly onto a heat sink, not
through a mica (or other type of) in-
sulator. :

The primary purpose of a heat sink is
to increase the effective heat-dissipation
area of the transistor. If the full power-
handling capability of a transistor is to be

Figure 11. A scanning electron microscope
photo illustrating ESD damage to the metaliza-
tion of a metal-oxide semiconductor field-
effect transistor, or MOSFET. (Reference 7.)

achieved, there must be zero tempera-
ture differential between the case and
the ambient air. This condition exists on-
ly when the thermal resistance of the
heat sink is zero, requiring an infinite
heat sink. Although such a device can
never be realized, the closer the approxi-
mation of actual conditions to ideal con-
ditions, the greater the maximum possi-
ble operating power,

In typical power transistor applica-
tions, the case must be electrically insu-
lated from the heat sink (except for cir-
cuits using a grounded-collector configu-
ration). The thermal resistance from case
to heat sink, therefore, includes two
components: surface irregularities of the
insulating material, transistor case and
heat sink; and the insulator itself. Ther-
mal resistance resulting from surface ir-
regularities can be minimized through
the use of silicon grease compounds. The

Figure 12. The device shown in Figure 11 at
5000X magnification. The character of the
damage can be observed. (Reference 7.)
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Table 3. Temperature measurements fin °F)
on an electronic system showing the dif-
ferences in cooling performance without fan
filters, and with filters, of various PPI (pores-
per-inch) ratings. (Reference 29.)

thermal resistance of the insulator itself,
however, can represent a significant
problem. Unfortunately, materials that
are good electrical insulators are usually
good thermal insulators. The best materi-
als for such applications are mica, beryl-
lium oxide and anodized aluminum.
The fans and filters used in an elec-
tronic system are important criteria to be
considered. Depending on the pores-per-
inch (PPI) rating of the material used, fan
filters can cause a significant difference
in ambient temperature vs. internal
equipment air temperature, even when
clean. Table 3 documents typical meas-
urements taken on a piece of electronic
equipment. Clearly, the porosity (and
thickness of the filter material selected)
influences the best-case internal temper-
ature of an electronic system. The cubic
foot-per-minute (CFM) rating of the fans
or blowers used in a system must provide
for operation under a wide variety of
operating conditions and temperatures.

ESD failures

Semiconductor failures caused by high-
voltage stresses are becoming a serious
problem for system users as integrated
circuit density increases. Connection
leads have been reduced from 5 microns
a few years ago to 1.5 microns or less.
Spacing between leads has heen reduced
by a factor of three or four. In the past,
the overvoltage peril was primarily to
semiconductor substrates. Now, how-
ever, the metalization itself—the points
to which leads connect—is subject to
damage.

Figure 11 shows an electron micro-
scope photo of a semiconductor device
that failed because of out-of-tolerance
electrical conditions. An ESD (electro-
static discharge) to this metal-oxide field-
effect transistor damaged the metaliza-
tion connection point of the device, re-
sulting in catastrophic failure. Note the
places where damage occurred. The ob-
jects in the photo that iook like bent nails
are actually gold lead wires with a di-
ameter of ! mil. By contrast, a typical hu-
man hair is about 3 mils in diameter. The
photo was originally shot at 200X
magnification.

In Figure 12 we see another view of
the MOSFET damage point, but at
5,000X magnification. The character of
the damage can be observed. Some of
the aluminum metalization has meited
and can be seen along the bottom edge

of the hole.
Continued on page 58
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Continued from page 54

Vacuum tube life

Power transmitting tubes present special reliability problems.

F ailures in semiconductor components
result primarily from deterioration of the
device caused by exposure to environ-
mental fluctuations and voltage ex-
tremes. The vacuum tube, on the other
hand, suffers wearout because of a pre-
dictable chemical reaction,

Failure mechanisms

A power grid tube wears out when the
filament emission is inadequate for full
power output or acceptable distortion
levels. Three primary factors determine
the number of hours a tube will operate
before reaching this condition: the
amount of carbon originally processed
into the filament, the quality of the tube
vacuum and the filament temperature.

The maximum amount of carbon that
can be burned into the filament assembly
is limited by the increased fragility that
results from high carbon-processing
levels. The carbon concentration is also
limited by the reduction in filament tem-
perature below the level required for ad-

The useful operational lifetime of a power
tube is determined by the filament structure,
shown here, The mesh construction of this
filament provides a rugged structure that is
resistant to shock and vibration.
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equate emission at the rated filament
voltage that occurs with high carbon per-
centages.

The residual envelope vacuum affects
tube life because the decarburization
rate (the rate at which carbon is burned
out of the filament assembly) is a func-
tion of the partial pressures of the active
gases, primarily oxygen compounds, re-
acting with the carbon. Good vacuum
processing and proper gettering in the
tube result in the lowest residual gas
levels.

The decarburization rate is closely re-
lated to the filament operating tempera-
ture. This temperature is determined by
the power delivered to the filament and,
therefore, is controllable by proper fila-
ment voltage management.

These factors taken together deter-
mine the wearout rate of the tube. Cata-
strophic failures because of interelec-
trode shorts or failure of the vacuum
envelope are considered abnormal and
often result from some external influence.

The design of the transmitter can have
a substantial impact on the life expectan-
cy of a vacuum tube. Protection circuitry
must remove the applied voltages rapid-
ly to prevent damage to the tube in the
event of a failure external to the device.
Sufficient cooling air must be directed
toward the base of the tube and the
anode cooling fins whenever voltage is
applied. The filament turn-on circuit also
can have an effect on PA tube life expec-
tancy. The surge current of the filament
circuit must be maintained at a low level
to prevent thermal cycling problems.
This consideration is particularly impor-
tant in medium- and high-power PA tubes.

When the heater voltage is applied to a
cage-type cathode, the tungsten wires
expand immediately because of their low
thermal inertia. However, the cathode
support, which is made of massive parts
(relative to the tungsten wires) expands
more slowly. The resulting differential
expansion can cause permanent damage

wywwamerncanradiohistorv com

to the cathode wires. It also can cause a
modification of the tube characteristics,
and occasional arcs between the cathode
and the control grid. Design considera-
tions such as these are the domain of the
transmitter manufacturer, not the end-
user. However, during the selection
process for a new transmitter, consider
the finer points of system design, such as
filament voltage control.

Examining tube performance

Examining a power tube after it has
been removed from a transmitter can tell
a great deal about how well the transmit-
ter-tube combination is working. Con-
trast the appearance of a new power
tube (see Figure 13) with a component at
the end of its useful life. If a power tube
fails prematurely, examine the device to
determine if an abnormal operating con-
dition exists within the transmitter. Con-
sider the following examples:
e Figure 14: Two 4CX15,000A power
tubes with differing anode heat-dissipa-

Figure 13. A new, unused 4CX15,000A tube.
Contrast the appearance of this device with
the tubes that foliow.
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Figuare 14. Anode dissipation patterns on two
4CX 15,0004 tubes. Tube (a), on the left, shows
excessive heating and tube (b}, on the right,
shows normal wear. (Tube photos courtesy of
Econco Broadcast Service.)

Figure 15. Base heating patterns on two
4CX 15,000A tubes. Tube (a), on the left, shows
excessive heating and tube (b), on the right,
shows normal wear.

Figure 16. A 4CX5,000A tube that appears to
have suffered socketing problems.

Figure 17. The interior elements of a
4CX15,000A tube that had gone to air while
the filament was it

Figure 18. A 4CX 15,0004 tube showing signs
of external arcing.

Figure 19. A 4CX10,000D tube that ex-
perienced severe overheating. \(Bill Barkley of

Econco describes this example as a
4CX10,000D briquet. He suggests that some-
one stole either the PA blower or the antennal)

tion patterns. Tube (a) experienced ex-
cessive heating because of a lack of PA
compartment cooling air or excessive
dissipation because of poor tuning. Tube
(b) shows a normal thermal pattern for a
silver-plated 4CX15,000A. Nickel-plated
tubes do not show signs of heating be-
cause of the high heat resistance of
nickel.

* Figure 15. Base heating patterns on
two 4CX15,000A tubes. Tube (a) shows
evidence of excessive heating because of
high filament voltage or lack of cooling
air directed toward the base of the de-
vice. Tube (b) shows a typical heating
pattern with normal filament voltage.

¢ Figure 16: A 4CX5,000A with burning
on the screen-to-anode ceramic. Exterior
arcing of this type generally indicates a
socketing problem, or another condition
external to the tube.

¢ Figure 17: The stem portion of a
4CX15,000A that had gone down to air
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while the filament was on. Note the blue
and yellow deposits of tungsten oxide
formed when the filament burned up.
The grids are burned and melted because
of the ionization arcs that subsequently
occurred. A failure of this type will trip
overload breakers in the transmitter. 1t is
indistinguishable from a shorted tube in
operation.
* Figure 18: A 4CX15,000A that experi-
enced arcing typical of a bent finger-
stock, or exterior arcing caused by com-
ponents other than the tube.
* Figure 19: A 4CX10,000D that was
subjected to cruel and unusual punish-
ment. Because all of the contact surfaces
are burned and overheated, the tube
probably continued to operate after it
lost cooling air. If only the anode were
overheated, a loss of antenna coupling
would have been suspected. It also is
conceivable that this tube was in a fire.
Proper cooling of the tube envelope
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and seals is a critical parameter for long
tube life. Deteriorating effects that result
in shortened life and reduced perform-
ance increase with increasing tempera-
ture. Excessive dissipation is perhaps the
single greatest cause of catastrophic
failure in a power tube.

Tubes that operate in the FM and TV
frequency bands are inherently subject
to greater heating action than devices
operated at AM frequencies. This condi-
tion is the result of larger RF charging
currents into the tube capacitances, di-
electric losses, and the tendency of elec-
trons to bombard parts of the tube struc-

" ture other than the grid and plate at

higher frequencies. Greater attention,
therefore, must be given to tube cooling
at higher frequencies.

. Tube construction

Traditionally, the vacuum envelope of
multigrid tubes was constructed of
glass with metal—usually copper—for
the anode at higher power levels. In re-
cent years, however, the trend has been
toward the use of ceramic in place of
glass for the external insulating portions
of such devices. The advantages of ce-
ramic over glass include:
¢ Reduced radio-frequency loss in the
seals. In glass-to-metal seals, the metal is
normally made of a magnetic material
such as Kovar. Because Kovar has high
resistivity and permeability, the radio-
frequency losses at the seals are high,
and at high frequencies cracking and/or
glass suck-in near the seals can result.
With ceramic-to-metal seals, this prob-
lem is minimized because the radio-fre-
quency circulating currents at the seals
flow through the metalizing and plating
on the ceramic. The resistivity is low,
and the permeability is unity.
* A lower dielectric loss than glass. Fur-
thermore, the loss factor of glass rapidly
rises with temperature. This can lead to a
runaway condition and glass suck-in.
This places a limitation on the maximum
frequency of operation of glass tubes.
¢ The safe operating temperature of a
ceramic-to-metal seal may be between
220°C and 250°C, compared with 180°C
for Kovar-glass seals.
e The high bakeout temperature of ce-
ramic envelope tubes during evacuation
increases reliability and life.
¢ Ceramic tubes withstand higher ther-
mal and mechanical shocks than those
with glass envelopes. They also can be
manufactured to closer dimensional
tolerances.
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Support component
reliability

The failure modes for capacitors, transformers, resistors
and circuit breakers are usually predictable.

The circuit areas of equipment most
vulnerable to failure are those exposed
to the outside world. In most broadcast
hardware, the greatest threat generally
involves the ac-to-dc power supply. The
power supply is subject to high energy
surges from lightning and other sources.
For this reason, failure modes involving
power supply components are important
to consider.

Capacitors

Experience has shown that capacitor
failures are second only to semiconduc-
tors and vacuum tubes in components
prone to malfunction in broadcast equip-
ment. Of all the various types of capaci-
tors used today, it is estimated that elec-
trolytics present the greatest potential
for problems.

Electrolytic caps are popular because
they offer a large amount of capacitance
in a small physical area. They are widely
used as filters in low-voltage power sup-
plies and as coupling devices in audio
and RF stages. An aluminum electrolytic
capacitor consists of two aluminum foil
plates separated by a porous strip of
paper or other material soaked with a
conductive electrolyte solution. (See Fig-
ure 20.) The separating material between
the capacitor plates does not form the
dielectric, but instead, serves as a spacer
to prevent the plates from mechanically
shorting.

The dielectric consists of a thin layer of
aluminum oxide that is electrochemical-
ly formed on the positive foil plate. The
electrolyte conducts the charge applied
to the capacitor from the negative plate,
through the paper spacer and into direct
contact with the dielectric. This sand-
wich arrangement of foil-spacer-foil is
then rolled up and encapsulated.

Capacitor failure modes
Problems with electrolytic capacitors
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Component reliability is a particular concern
for devices that are subject to elevated temper-
atures during normal operation, such as this
power transformer.

fall into two basic categories: mechanical
failure and electrolyte failure. Mechani-
cal failures relate to poor bonding of the
leads to the outside world, contamina-
tion during manufacture and shock-in-
duced shorting of the aluminum foil
plates. Failure of the electrolyte can re-
sult from application of a reverse bias to
the component or a drying of the elec-
trolyte itself.

As a capacitor dries out, three failure
modes may be experienced: leakage, a
downward change in value or dielectric
absorption. Any one may cause a system
to operate out of tolerance or fail
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altogether. The most severe failure mode
for an electrolytic is increased leakage
(see Figure 21). Leakage can cause load-
ing of the power supply or upset the dc
bias of an amplifier circuit. Loading of a
supply line often causes additional cur-
rent to flow through the capacitor, possi-
bly resulting in dangerous overheating
and catastrophic failure.

A change in value for a capacitor has a
less devastating effect on system per-
formance. A typical tolerance range for
an aluminum electrolytic is +20%. A ca-
pacitor suffering from drying of the elec-
trolyte can experience a drastic drop in
value (to 50% of rated value or less). This
phenocmenon occurs because after the
electrolyte has dried to an appreciable
extent, the charge on the negative foil
plate has no way of coming in contact
with the aluminum oxide dielectric. (See
Figure 22.) Remember, it is the alumi-
num oxide layer on the positive plate
that gives the electrolytic capacitor its
large rating. The dried-out paper spacer,
in effect, becomes a second dielectric,
which significantly reduces the
capacitance of the device.

The loss of capacitance in a circuit can
result in increased ripple in power supply
applications or a loss of low-frequency
response in multistage circuits coupled
using electrolytics.

Dielectric absorption is another effect
of drying of the electrolyte. Dielectric ab-
sorption refers to a capacitor’s inability
to completely discharge when its ter-
minals are shorted. When a voltage is ap-
plied to an electrolytic capacitor, the
dipoles in the dielectric become polar-
ized and line up in an organized fashion.
After the applied voltage is removed
from the device and the terminals are
shorted, the dipoles should return to
their random state, resulting in full
discharge.

A device experiencing the phenome-
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Figure 21. As an aluminum electrolytic
capacitor ages, the aluminum oxide dissolves
into the electrolyte, causing the capacitor to
become leaky at high voltages. (Reference 32.)
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Figure 22, After the electrolyte dries, the elec-
trons can no longer come in contact with the

aluminum oxide. The result is a decrease in
" capacitor value. (Reference 32.)
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npon of dielectric absorption, however,
will return to a percentage of its original
charge when measured with a high-
impedance electrostatic voltmeter. This
battery effect results from dipoles re-
maining in their polarized positions after
the applied voltage has been removed
and the capacitor has been discharged.

The effects of dielectric absorption are
similar to those resulting from loss of
capacitance value—specifically, poor
filtering in power supply applications
and distorted waveforms in stage cou-
pling applications.

Aluminum electrolytic capacitors are
also susceptible to corrosion damage
caused by halogenated hydrocarbon
cleaning solvents. (Table 4 lists safe and
unsafe solvents.) The unsafe solvents can
penetrate the elastomer end seals of the
capacitor, resulting in a long-term corro-
sion failure mode. The degree of degra-
dation is dependent upon operating time,
temperature and applied voltage. Ex-
cessive dc leakage, electrical open cir-
cuits or internal gassing are the failure
symptoms. Figure 23 shows the effects of
anodic corrosion on a capacitor.

Like semiconductor components,
capacitors are subject to failures induced
by thermal cycling. Dimensional
changes between plastic and metal
materials may result in microscopic rup-
tures of termination joints, possible elec-
trode oxidation and unstable device ter-
mination (changing series resistance).
The highest-quality capacitor will fail if
its voltage and/or current ratings are ex-
ceeded. Appreciable heat rise (20°C dur-
ing a 2-hour period of applied sinusoidal
voltage) is considered abnormal and may
be a sign of incorrect application of the
component or impending failure of the
device.

Physical shock also can damage ca-
pacitors. Figure 24 shows dipped tan-
talum capacitors with cracks in the en-
capsulating epoxy. The failures were
caused by forcibly spreading the device
leads during PC card insertion. These
cracks can allow moisture to penetrate
the units and lead to intermittent opera-
tion. The cracks also provide a crevice
that could trap particulate matter,
leading to a long-term corrosion failure
mode.

Capacitor life
The life expectancy of a capaci-
tor—operating in an ideal circuit and en-
vironment—will vary greatly, depending
upon the grade of device selected. Typi-
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cal operating life, according to capacitor
manufacturer data sheets, range from a
low of three to five years for inexpensive
electrolytic devices to a high of more
than 10 years for computer-grade prod-
ucts. You get what you pay for.

The shelf life of a stored electrolytic
capacitor (according to several manu-
facturers) is about two years, regardless
of whether the device is an inexpensive
or computer-grade part. The storage
temperature is important, with room
temperature (about 25°C) being typical.
When the storage conditions are
unknown, manufacturers recommend
that capacitors be reconditioned every
six months or before they are put into
service.

Like other devices discussed in this
report, a capacitor’s life expectancy can
be shortened by operation at high ambi-
ent temperatures, as Figure 25 shows.
Note that operation at 33% duty cycle is
rated at 10 years when the ambient tem-
perature is 35°C, but the life expectancy
drops to just four years when the same
device is operated at 55°C.

Transformers

Transformer failures are all too
familiar to many broadcast engineers.
The failure of a power transformer is
almost always a catastrophic event that
will cause the system to fail, and leave
you with a messy cleanup job. The two
primary enemies of power transformers
are heat and transient overvoltages.

Temperature rise inside a transformer
is the result of losses in the windings and
the core. The load current passing
through the resistance of the windings
causes a fixed power loss (I?R). This
power loss is dissipated as heat, which
combines with losses in the iron core
caused by eddy currents and hysteresis.
The insulation within and between the
windings tend to blanket these heat
sources and prevent efficient dissipation
of the waste energy, as illustrated in
Figure 26. Each successive layer of wind-
ings, shown as A, B and C in Figure 26,
acts to prevent heat transfer from the hot
core to the local environment (air).

The hot spot shown in Figure 26 can be
dangerously hot even though the outside
transformer case and winding are rela-
tively cool to the touch. Temperature
rise is the primary limiting factor in
determining the power-handling capabil-
ity of a transformer. To ensure reliable
operation, a large margin of safety must
be designed into a transformer. Design
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ACETONE ‘
TOLUOL-HEXANE:ETHYL-ACETATE
BUTYL ALCOHOL

ETHYL ALCOHOL

LACQUER THINNER

CARBON TETRACHLORIDE
CHLOROFORM
CHLOROTHENE

'FREON

SAFE (ACCEPTABLE) CLEANING SOLVENTS

METHYL ALCOHOL
MINERAL SPIRITS
PROPYL ALCOHOL
XYLENE

UNSAFE (UNACCEPTABLE) CLEANING SOLVENTS

METHYLENE CHLORIDE
PERCHLORTHYLENE
TRICHLOROETHANE
TRICHLOROETHYLENE

Table 4. A listing of safe and unsafe cleaning solvents that may be used with aluminum elec-

trolytic capacitors. (Reference 29.)

Figure 23. Internal view of an aluminum
electrolytic capacitor that failed because of
anodic corrosion. (Reference 29.)

Figure 24. Tantalum capacitors damaged
during insertion in a printed circuit board.
The arrows indicate where cracks occurred in
the epoxy-clad units. (Reference 29.)
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criteria include winding wire size, insula-
tion material and core size.

Transformer failures resulting from
transient overvoltages typically occur
between layers of windings within a
transformer. (See Figure 27.) At the end
of each layer where the wire rises from
one layer to the next, zero potential
voltage exists. As the windings move
toward the opposite end of the coil in a
typical layer-wound device, however, a
potential difference of up to twice the
voltage across one complete layer exists.
The greatest potential difference exists at
the far opposite end of the layers.

This voltage distribution applies to con-
tinuous 60Hz signals. When the trans-
former is first switched on or when a
transient overvoltage is impressed upon
the device, the voltage distribution from
one hot layer to the next can increase
dramatically, raising the possibility of
arc-over. This effect is caused by the in-
ductive nature of the transformer wind-
ings and the inherent distributed capaci-
tance of the coil.

Insulation breakdown in a transformer
may occur because of puncture through
the insulating paper of the device, track-
ing across the surface of the windings or
flashing through the air. Any of these
failure modes may cause catastrophic
failure of the transformer.

Fixed resistors

Long-term reliability for fixed resistors
depends primarily upon three condi-
tions: device dissipation, working volt-
age and hot-spot temperature. The wat-
age rating of a device is based on the
maximum power that the resistor can
dissipate (assuming a standard ambient
temperature), stated long-term drift from
the no-load value, and expected device
lifetime. Increasing the ambient temper-
ature or reducing the allowable devia-
tion from the initial value (yielding a
more stable resistance} requires derating
the typical dissipation of the device. Re-
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sistors are usually derated linearly froi..
full wattage at rated ambient tempera-
ture to zero wattage at maximum am-
bient temperature.

The maximum working voltage that
may be applied across the resistor is a
function of the materials used, the allow-
able resistance deviation from the no-
load value, and the physical configura-
tion of the device. Carbon composition
resistors are more voltage-sensitive than
other types.

The hot-spot temperature is the maxi-
mum permissible temperature on the re-
sistor caused by internal heating and the
ambient operating environment. The al-
lowable hot-spot limit is determined by
the thermal capability of the materials
used in the device and the resistor de-
sign. The ambient temperature for a re-
sistor is greatly affected by surrounding
heat-producing devices. Resistors
stacked together do not experience am-
bient temperature except when forced
cooling is provided. Resistors are usually
rated for maximum wattage at an am-
bient temperature of 70°C, with a max-
imum hot-spot temperature of about
130°C to 150°C.

Good engineering practice dictates op-
eration at one-half the allowable wattage
dissipation for the expected ambient
temperature. An adequate heat sink or
forced-air cooling must be provided for
power devices. No other heat-dissipating
parts should be mounted within one di-
ameter of a resistor.

Failure modes for fixed resistors typi-
cally involve one of two defects: a signifi-
cant change in value or an open circuit
{either permanent or intermittent). Both
failures are usually the result of overdis-
sipation or excessive heating from other
components in the circuit. The symp-
toms are usually charring or deformation
of the device, often accompanied by a
characteristic odor.

Adjustable resistors

Adjustable resistors may be divided in-
to three separate categories: potenti-

ometers, trimmers and rheostats.
Potentiometers are used when the fre-
quency of adjustment is high. They may
be operated manually or mechanically.
Potentiometers are designed for long
mechanical life, generally from 10,000 to
100,000 cycles. Certain types have life
capabilities in the millions of cycles. A
Continued on page 70
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Continued from page 66

cycle, or excursion, consists of wiper
traverse from one [imit of travel to the
other limit and back.

Trimmers differ from potentiometers
in that they are designed to be adjusted
infrequently, sometimes only once, and
normally exhibit greater setting stability.
Their employment eliminates the use of
expensive precision components and
provides an easily retunable vehicle to
compensate for drift or aging in related
parts. Normal life designs are rated at ap-
proximately 200 excursions.

Unlike potentiometers and trimmers,
whose primary functions are to control
voltage, the rheostat is basically a cur-
rent-controlling device. Rheostats are de-
signed with attention to wiper current-
carrying capability and power ratings.

Wattage ratings of adjustable resistors
apply only when all the resistance is in
the circuit. To avoid overloading any
section, never exceed the maximum
rated current based on total resistance.

The most prevalent failure mode for a
variable resistor involves intermittent
loss of contact between the wiper arm
and the resistive element. Typically de-
scribed as a dirty contact, such problems
are disruptive to proper equipment
operation. Repairs can sometimes be
made (on open-frame devices) by clean-
ing the contact surface and the wiper
arm. Sealed units, used in most profes-
sional hardware, must be replaced if in-
termittent problems develop. Other fail-
ure modes include a change in value or
open circuit in the resistive element. The
causes of these failures are similar to
those outlined previously for fixed
resistors.

Fault protectors

The two most common methods used
in broadcast equipment to prevent sys-
tem damage in the event of a component
failure are fuses and circuit breakers.
Although they are hardly new tech-
nology, there are still a lot of misconcep-
tions about fuse and circuit breaker
ratings and operation.

Fuses are rated according to the cur-
rent they can pass safely. This may give
the wrong idea—that excessive current
will cause a fuse to blow. Actually there
is no amount of current that can cause a
fuse to blow. It is, rather, power dissipa-
tion in the form of heat. Put in more
familiar terms, it is the [2R loss across the
fuse element that causes the linkage to
melt.
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When news breaks in a remote
location, the farther away you are
from your station, the longer it
takes to get the story back to your
Newsroom.

The Networker from Centro is
designed for ease and speed of set
up. Your crew can easily have the
Networker linked up with the
proper satellite with all systems
operating and transmitting live
news back to the newsroom within
minutes.

ONE-OF-A-KIND DISH
OPERATING SYSTEM

This capability for fast action is
made possible, in part, by a com-
puter engineered dish mounting
structure. This unique system not
only allows for fast link-up but it
eliminates the possible 2-degree
uplink tolerance problem and
stabilizes the dish even in heavy
weather.

INDIVIDUALLY EQUIPPED
TO YOUR SPECIFICATIONS
Before building an SNV, we

listened to people who needed
them. And we learned that a stan-
dard SNV product could not meet
everyones’ varied needs.

That’s why every Networker
starts out with the basic aerodyn-
amic shell and ends up as the perfect
SNV for your specific needs by in-
tegrating each individual component
you need in your Networker.

If you need production capabili-
ty, you get it. Editing capability? It’s
yours. More monitors or a char-
acter generator! Just say the word.

And it’s all assembled accor-
ding to Centro’s demanding quality
standards utilizing sound human
engineering principles. That means
everything you wanted is right
where you need it so effort goes
down and productivity goes up.

STANDARD FEATURES DELIVER

OPTIMUM PERFORMANCE

Every custom designed Net-
worker is complemented by features
most often mentioned by users we
surveyed:
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Wwww americanradiohistorv com

e A van-style vehicle which is easy
to drive and easy to get into, and
out of, tight spots.

Sturdy Ford chassis for service
and parts availability virtually
anywhere.

¢ A powerful gasoline engine to en-
sure easy fuel access at any ser-
vice station.

® A 2.3 meter dish with 49.5 Dbi
gain and selectable-adjustable ver-
ticle and horizontal polarization
from inside the vehicle.

e Six equipment racks for max-
imum equipment compliment and
future system expansion.

e Abundant storage area over the
driver’s compartment which can
also be utilized for a co-driver
bunk.

The Networker’s easy set-up
and custom design let you get news
from the scene to the station no
matter where you are. If that’s the
performance you look for in an

SNV, look to Networker by Centro.
SEE THE NETWORKER AT
OUR BOOTH AT NAB
Visit booth #3181 inside or #34 outside

NETWORKER

Centro Corporation 369 Billy Mitchell Drive
Salt Lake City, Utah 84116 (801) 537-7779

Centro is a subsidiary of Skaggs
Telecommunications Service, and @
Centro

American Stores Company.
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One of the surprising discoveries you
will make if you examine literature from
fuse manufacturers is that the current
rating of a given device is not the brick
wall protection value that you may think
it is. Consider the graph shown in Figure
28, which iilustrates the relationship of
rated current across a fuse to the blowing
time of the device.

Fuse characteristics can be divided into
three general categories: fast acting,
medium-acting and slow-blow. As you
can see from the three traces of Figure
28, circuit protection for each type of
device is a function of both current and
time. For example, a slow-blow fuse will
allow six times the rated current through
a circuit for a full second before opening.
Such delay characteristics offer protec-
tion against nuisance blowing because of
high inrush currents during system start-
up. This feature, however, comes with
the price of possible exposure to system
damage in the event of a component
failure in the load.

Figure 28. The relationship between the rated current of a fuse and its blowing time. Curves are
given for three types of devices (fast-acting, medium-acting and slow-blow).

Circuit breakers are subject to similar
current let-through constraints. Figure
29 illustrates device load current as a
percentage of breaker rating vs. time.
The “A™ and “B” curves refer to breaker
load capacity product divisions. Note the
variations possible in trip time for the
two classifications. The minimum clear-
ing time for the “A” group (the higher
classification devices) is one second for a
400% overload. Similar to fuses, these
delays are provided to prevent nuisance
tripping caused by normally occurring
current surges from {primarily) inductive
loads.

Most circuit breakers are designed to
carry 100% of their rated load con-
tinuously without tripping. They are nor-
mally specified to trip at between 101%
and 135% of rated load after a period of
time specified by the manufacturer. In
this example, the must-trip point at 135%
is one hour.

The need for a greater level of protec-
tion for semiconductor-based systems led
to the development of semiconductor
fuses. Figure 30 shows the clearing
characteristics of a typical fuse of this
type. The total clearing time of the
device, designed to be less than 8.3ms,
consists of two equal time segments: the
melting time and the arcing time. The

1,000 \ \ \

-]

L
-
[+:]

800

600

400

OF BREAKER RATING

200

LOAD CURRENT AS A PERCENT

117

AN
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1 100 1,000

TIME IN SECCNDS

(A) ALL 5A TO 50A MODELS

(B) ALL 0.5A TO 4A MODELS

OVERLOAD TRIP TIMES
100% NO TRIP
135% TRIP.IN 1 HOUR
200% 622 SEC
600%  0.45.1.5 SEC

1,000%. 0.25-0.6 SEC

OVERLOAD TRIP TIMES
100% NO TRIP
135% TRIPIN 1 HOUR
200% 11-30 SEC
600% 1.0:5.5 SEC

1.000% 0.4-2.5 SEC

Figure 29. The relationship befween the rated current of a circuit breaker and its blowing time.
Curves (a) and (b) represent different product current ranges, as shown.
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rate of current decrease during the latter
period must be low enough that high in-
duced voltages, which could destroy
some semiconductor components {main-
ly thyristors), are not generated.

Application considerations

Although fuses and circuit breakers are
key links in preventing equipment dam-
age during the occurrence of a system
fault, they are not without some built-in
disadvantages. Lead alloy fuses work
well and are the most common protec-
tion devices found, but because the cur-
rent-interrupting mechanism is depend-
ent on the melting of a metal link, their
exact blow point is not constant. The in-
terrupting current can vary depending
on the type and size of fuse clip or hold-
er, conductor size, physical condition of
the fuse element, extent of vibration
present and ambient temperature. Figure
31 illustrates the effects of ambient
temperature on blowing time and
current-carrying capacity.

Circuit breakers are available in both
thermal and magnetic designs. Magnetic
protectors offer the benefit of relative im-
munity to changes in ambient temper-
ature. Typically, a magnetic breaker will
operate over a temperature range of
—-40°C to +85°C without significant var-
iation of the trip point. Time delays us-
ually are provided for magnetic breakers
to prevent nuisance tripping caused by
start-up currents from inductive loads.
Trip-time delay ratings range from in-
stantaneous (under 100ms) to slow (10s
to 100s).

Trip delays for fuses and circuit break-
ers are necessary because of the high
start-up or inrush currents that occur
when inductive loads or tungsten fila-
ment lamps are energized. The resis-
tance of a tungsten lamp is high when
hot, but low when cold. A current surge
of as much as 15 times the rated steady-
state value can occur when the lamp is
first energized (pulse duration approx-
imately 4ms).

Transfoermer inrush currents can meas-
ure as high as 30 times the normal rated
current for newer types of transformers
that have grain-oriented high-silicon
steel cores. These transformer designs
are becoming popular because of their
favorable size and weight characteristics.

Older transformers of more conven-
tional design typically exhibit an inrush
current approximately 18 times greater
than the steady-state value. This tran-
sient current surge reaches its peak in


www.americanradiohistory.com

For years, Yamaha has been making musical
instruments that allow performers to express what
they feel. Our new line of MZ Series professional
dynamic microphones continues this tradition.

The three-layer laminated beryllium film used
in the diaphragms of the MZ102Be, MZ103Be and
MZ105Be offers greater control over piston move-
ment for heightened presence and accuracy through-
out the entire frequency range.

Throughout the entire line, a superior acous-
tic damping system makes use of a mesh screen
and photo-silkscreen technology. The benefits are
extraordinary long-term stability and absolute uni-
formity. This uniformity can be especially impor-
tant when matching pairs of mics for stereo.

A tight cardioid pattern provides excellent off-
axis rejection for superior feedback suppression.

To reduce handling noise, all MZ mics have a
unique three-point floating suspension system. And
a special windscreen with three times the impact
resistance of conventional types. So you know it
can take a pounding.

We even use gold-plated audio connectors.

But when you listen to Yamaha MZ mics, you
hear more than the result of advanced technology.
You hear a one-hundred-year tradition of making
Music.

For complete information, write Yamaha International Corporation, Professional
Audio Division, P O. Box 6600, Buena Park. CA 90622,

© YAMAHA

Engineering Imagination
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Figure 30. The current let-through character-
istics of a semiconductor fuse. Note that the
clearing time of the device is less than 8.3ms.
(Reference 26.)

the first half-cycle of applied ac power
and decreases with each successive half-
cycle. The transient is relatively insensi-
tive to the load placed on the secondary.
The transient may, in fact, be smaller
when the transformer is loaded than
unloaded.

A worst-case turn-on current surge will
not occur every time the transformer is
energized, but rather, in a random fash-
ion (perhaps one in every five or 10 turn-
ons}). Among the determining factors in-
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Figure 31. The effects of ambient temperature on fuse blowing time and current-carrying

capacity. (Reference 34.)

RUN

il START CURRENT DURATION OF START LOAD-SECOND
MOTOR TYPE  PEAK AMPL.rms = SURGE IN SEC. % i X t SEC. -
SHADED POLE 150% e gy 03
SPLIT PHASE #1 ~ 600% 0.116 0.7
SPLIT PHASE #2' 425% 0.500 2.0
CAPACITOR iy ,

(LOADED) #1 400% 0.600 2.4
CAPACITOR ' '

(NO.LOAD) 300% 0.100 0.3
CAPACITOR

(LOADED) #2 420% 0.500 [E
INDUCTION 700% 0.750 5.0
3PHASE 350% 0167 06
CAP. START. - .

SPLIT PHASE : I ot

. 290% . 0.083 0.24

Table 5. The starting surge current characteristics for various types of ac motors selected from a

random test group. (Reference 34.)
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volved is the magnitude of the applied
voltage at the instant the load is connect-
ed. Minimum transient energy occurs
when the transformer is switched on at
the zero-crossing point of the sine wave.

The turn-on current surge of an ac-to-
dc power supply is affected by the trans-
former transient and the capacitive load
placed after the rectifier elements. Large
filter capacitors commonly found in low-
voltage high-current supplies can place
severe stress on the rectifiers and trans-
formers. A fully discharged capacitor ap-
pears as a virtual short circuit when pow-
er is applied. Some form of surge-limiting
circuit is often provided for power sup-
plies containing more than 10,000uFd
total capacitance.

The surge current of an ac motor is
spread over 10ths of a second, rather
than milliseconds, and varies con-
siderably with the load connected to the
unit. Table 5 lists typical motor surge cur-
rents for various types of devices. Note
that the single-phase induction motor has
the highest surge rating (seven times the
running value for a period of 750ms).
Three-phase motors exhibit a relatively
low surge current during start-up (350%
for 167ms).

The occurrence of turn-on surges for
inductive loads, ac-to-dc power supplies
and tungsten filament lamps requires
the installation of protective devices that
exhibit delayed-trip characteristics that
match the given load. The problem is,
however, that high surge currents of
brief duration—not related to turn-on ac-
tivities—can occur without tripping the
circuit breaker or opening the fuse ele-
ment. Damage can subsequently result to
other circuit devices, such as semicon-
ductors. In order to provide full protec-
tion to an electronic system, the over-
load withstand characteristics of all com-
ponents should match. This is not always
an easy goal to accomplish.

For example, consider a simple SCR-
controlled ac-to-dc power supply. The
transformer will set the upper limit on
surge current presented to the protective
device and the SCR (assuming light ca-
pacitive loading). If that surge is 18 times
the normal steady-state current for a
period of 8ms, then a protective device
must be selected that will allow the surge
to pass without tripping. An SCR must be
selected for the circuit, therefore, that
can withstand at least 18 times the nor-
mal rated current for 8ms. If not, the SCR
will become the weak link in the system,
not the protective device.
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1t's not all. Smce we 5(?1 out 1o
out as much functionality as possible into
one small package, we've also included a
character generator overlay and
differential phase and differential gain
m easurement, at no ad.diﬁl;)l_lal COst.

See Magnl at NAB Booth 282
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The transient
overvoltage threat

High-voltage spikes are a serious threat to system reliability.

Disturbances on the ac power line into a broadcast facility can latch up or damage complex, sensitive equipment.

Transient protection is important in a
modern broadcast facility because of the
widespread use of high-speed logic sys-
tems, sensitive analog integrated circuits
and low-voltage discrete semiconduc-
tors. These devices require a clean sup-
ply of power in order to perform correct-
ly. The first line of defense in the protec-
tion of broadcast equipment from
damaging transient overvoltages is the
ac-to-dc power supply.

Failure mechanisms

The power supply components most
vulnerable to damage from an ac line
spike are generally the rectifier diodes
and filter capacitors. Diodes will occa-
sionally fail from one large transient, but
many more fail because of smalter, more
frequent spikes that punch through the
device junction. Such occurrences ex-
plain why otherwise reliable systems fail
“without apparent reason.”

The oscillating and decaying tail of
some transient voltage disturbances also
can subject semiconductor devices to se-
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vere voltage polarity reversals, forcing
the components into or out of a conduct-
ing state. This action can damage the
semiconductor junction or result in cata-
strophic failure of the component. The
position of the transient on the wave-
form (for ac or RF circuits) can have a
significant effect on the damaging poten-
tial of a disturbance. This explains, in
part, why identical spikes do not always
cause identical damage.

Thyristors (SCRs) and diodes are sub-
ject to damage from transient overvolt-
ages if the device peak inverse voltage or
instantaneous forward voltage (or cur-
rent) rating is exceeded. Thyristors face
an added problem from transient occur-
rences because of the possibility of
device misfiring. A thyristor can break
over into a conduction state regardless of
gate drive if either a too-high positive
voltage is applied between the anode
and cathode or a positive anode-to-
cathode voltage is applied too quickly
(dv/dt rating). If the leading edge is suffi-
ciently steep, even a small voltage pulse

WWW-americanradiohistorv:-com

can turn on a thyristor. This represents a
threat not only to the device, but also to
the load that it controls.

Capacitors are vulnerable to damage
from transients because the working
voltage of a given device may be exceed-
ed during the occurrence, punching a
hole in the dielectric and leaving the ca-
pacitor useless at its mormal operating
value. The most damaging conditions re-
sult from an operational change with the
“right” amount of residual magnetism in
the power supply transformer or dc reac-
tor, or an operational change with the
“right” amount of energy in the filter
capacitor(s). Although these situations
may be rare in normal operation, the
possibility of such worst case conditions
cannot be disregarded.

Problems can be caused in a broadcast
facility by transient overvoltages not on-
ly through device failure, but also be-
cause of logic state upsets. Studies have
shown that an upset in the logic of typi-
cal digital circuitry can occur with tran-
sient energy levels as low as 1x10-°J.
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When You Have to Get it Right
the First Time—Reach for HME.

There are very sound reasons why professionals none. Dynamic range and immunity to interference
reach for HME when the show goes on. are unsurpassed.

Dependability. HME knows the vital need in your busi- Service after the sale. No one reacts like HME in the
ness for reliable equipment. We think we build the event you need assistance. Now we have direct tele-
best wireless microphones, as well as the best wire- phone lines to Customer Service—the people with
less intercoms and cabled intercoms available any- the answers. Should your system ever require repair
where. They're rugged, built from top quality compo- we’'ll turn it around faster than anyone in the business.

nents, and assembled with HME’s Pride in Excellence.

Call us today for all the details. See why more profes-
Performance. You'll please the most demanding sional sound engineers rely on HME when perfor-
performers with an audio quality that's second to mance is on the line.

HM ELECTRONICS, INC.
Wireless micro; !
Wireless intercoms

9675 Business Park Avenue, San Diego, CA 92131, U.S.A.
Cabled intercoms

Phone (619) 578-8300 Telex: 350-771
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DEVICE FAILURE

10¢ —r— LOW NOISE TRANSISTORS AND DIODES

(MOST SUSCEPTIBLE TO FAILURE)

10 ==t— HIGH SPEED TRANSISTORS AND ICs

10* —4— LOW POWER TRANSISTORS AND SIGNAL DIODES

10% === MEDIUM POWER TRANSISTORS

102 —1— ZENER DIODES AND RECTIFIERS

107 =t— HIGH POWER TRANSISTORS

1

J_ POWER SCRs AND POWER DIODES
(LEAST SUSCEPTIBLE TO FAILURE)

Figure 32. An estimate of the susceptibility of semiconductor devices to failure because of tran-
sient cvervoltages. The estimate assumes a transient duration of several microseconds.

Such logic state upsets can result in
microcormputer latch-up, lost or incorrect
data, program errors and control system
shutdown.

In addition to the single-occurrence
logic upset, exposure of semiconductors
to a high-transient environment can
cause degrading, which can eventually
result in total failure. Figure 32 shows
the energy-vs.-survival scale for several
types of semiconductors.

Other components

Etfective transient suppression can sig-
nificantly reduce the amount of energy
dissipated during the operation of switch
or relay contacts. This reduction in dis-
sipated energy will result in a corre-
sponding increase in switch life. In appli-
cations in which relay contacts are acting
as power-switching elements, the use of
effective transient suppression tech-
niques will reduce the amount of mainte-
nance (contact cleaning) required for the
device.

The actual wear (or failure) of a me-
chanical switch is subject to many fac-
tors, including the contact construction
and type of metal used, amount of con-
tact bounce that typically occurs with the
particular switching mechanism, the at-
mosphere, temperature, steady-state and
in-rush currents and whether ac or dc
voltages are being switched by the mech-
anism. Another significant factor in
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switch contact wear is the amount of
energy that is dissipated in each opera-
tion of the device.

Transient overvoltages can also result
in insulation breakdown. The break-
down of a solid insulating material usual-
ly results in localized carbonization,
which may be catastrophic, or may sim-
ply result in decreased dielectric strength
of the material at the arc-over point. The
occurrence of additional transients will
often cause a breakthrough at the weak-
ened point in the insulating material, and
eventually result in catastrophic failure
of the insulation.

Printed circuit board arcing can result
in similar system failure modes. A break-
down induced by high voltages along the
surface of a PCB can create a conductive
path of carbonized insulation and vapor-
ized metal from the printed circuit wiring
traces or component leads.

The greatest damage to equipment
from insulation breakdown because of
transient disturbances generally occurs
after the spike has passed. The follow-on
steady-state current that can flow
through fault paths created by a transient
often causes the actual component
damage and system failure.

Transient-generated noise
The computer-based electronic sys-
tems widely used in broadcast equip-
ment today are particularly susceptible

www.americanradiohistorv. com o

to logic state upsets caused by transient
activity. Switch contact arcing and other
repetitive transient-generating opera-
tions can induce significant amounts of
broadband noise into an electrical sys-
tem, possibly disturbing the operation of
nearby CMOS or TTL devices.

Noise generated in this fashion is best
controlled at its source, almost always an
inductive load. Switch contact arcing
generates an effect known as “shower-
ing,” a low-current, high-voltage series of
brief discharges of a damped oscillatory
nature (frequencies of 1IMHz or more are
common). This “shower” of noise can
travel through power lines and create
problems for microcomputer equipment
either through direct injection into the
system’s power supply, or through cou-
pling from adjacent cables or printed cir-
cuit board wiring traces.

SCR power controllers also can con-
tribute to noise-induced microcomputer
system problems. Each time a thyristor is
tricgered into its active state in a
resistive circuit, the load current goes
from zero to the load-limited current
value in less than a few microseconds.
This step action generates a broadband
spectrum of energy, with an amplitude
inversely proportional to frequency.
Electronic equipment using full-wave
thyristor control in a 60Hz ac circuit can
experience this noise burst 120 times per
second.

In a broadcast or industrial environ-
ment, where various control systems
may be closely spaced, such noise bursts
can cause latch-up problems or incorrect
data in microcomputer equipment, or in-
teraction between thyristor control units
in machine control equipment. Power
line cables within a facility can couple
thyristor noise from one area of a plant
to another, further complicating the
problem.

The solution to the thyristor noise
problem is found by looking at both the
source of the interference and the
susceptible equipment. The use of good
transient-suppression techniques in the
application of SCR power control equip-
ment will eliminate noise generation in
all but the most critical applications.

As further insurance, sensitive elec-
tronic equipment should be adequately
shielded against noise pickup, including
metal cabinet shields, ac power line
filters and input/output line feedthrough
RF filters. Fortunately, most broadcast
equipment is designed with RF shielding
as a primary concern.
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The quest for reliability

Make the best of our imperfect world.

The ultimate goal of any maintenance
department is zero downtime. This is an
elusive goal, but one that can be approxi-
mated by examining the vulnerable
areas of plant operation and taking steps
to prevent a sequence of events that can
result in system failure. In cases in which
failure prevention is not practical, a relia-
bility assessment should encompass the
stocking of spare parts, circuit boards or
even entire systems. A large facility can
often cost-justify the purchase of backup
gear that can be used as spares for the
entire complex. The cost of backup hard-
ware is expensive, but so is downtime.
Failures can, and do, occur in broad-
cast systems. The goal of product quality
assurance at every step in the manufac-
turing and operating chain is to ensure
that failures do not produce a systematic

or repeatable pattern. The ideal is to
eliminate failures altogether. Short of
that, the secondary goal is to end up with
a random distribution of failure modes.
This situation indicates that the design of
the system is fundamentally correct and
that failures are caused by random, un-
predictable events. In an imperfect
world, this is the best we can hope for.

The recognition of reliability as an in-
tegral part of product performance is
more than simply a matter of early pre-
diction of in-service behavior. It also
identifies a number of major economic
and safety implications. The realization
that failures are inevitable adds an extra
dimension to conventional design. Con-
sideration must be given to the conse-
quences of failures and to the actions
that must be taken to mitigate them. One

possible action is to provide redundant
or standby systems. Another is to imple-
ment aggressive preventive mainte-
nance programs for critical equipment.

The equipment used in broadcasting
today is more reliable than ever before.
It is also more complex, and more sensi-
tive to external threats. The science of
reliability and maintainability is one that
we as broadcasters can learn a great deal
from. Reliability and maintainability
must be built into products or systems at
every step in the design, construction
and maintenance process. It cannot be
treated as an afterthought.

The need for maximum uptime, a uni-
versal requirement in broadcasting, can
only be met through a systems approach
to problems and their solutions.

Your job depends on it.

Achieving high reliability for broadcast equipment requires attention to all details of system design, operation and maintenance.
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o Apailability: Probability. of a sys-
tem subject to-repair operating satis-
factorily on demand.

*. Average life: The mean:value for a
normal distribution of product or com-
ponert lives. (Generally appliedto me-
chanical failures that are the result of
*wearout.")

® Burn-in: Initially high failure rate
encountered when first placing a com-

ponent on test. Burn-in failures usually

are ‘asspclated with manutacturing
defects and the debugging phase of
early service.

e Defect- Any ‘deviation of a unit or
product from specified requirements.
A ‘unit or product may contain more
than-one defect.

o' Degradation failurée: A failure that
results from a gradual ehange in per-
formance characteristics’ of a system
or part. :

o Downtime: Time during which
equipment’ is - not. capable of doing
useful work because of malfunction.
This: ddes 6t include preventive
maintenanee time. In other words,
downtime is:measured from the occur-
rence of“a malfunction -to the correc-
tion ‘of that malfunction.

o' Failure: A detected cessation of
the capability to perform-a specified
function or functions within previously
established limits. It is beyond. adjust-
ment by the operator by means of con-
trols normally accessible during
routine.operation of the system. (This
requires ‘that measurable limits be
established to define satisfactory per-
formance.):

Definitions
and
terminology

e Failure rate: The rate at which
failure occurs during an interval of
time as a function of the total interval
length.

® Lot size: A specific quantity of sim-
ilar material:or collection of similar
units from a common :source; in
inspection work, the quantity offered
for inspection and acceptance at any
one time. It may be a collection of raw
material, parts, subassemblies in-
spected during prodiiction, or a con-
signment of finished products to be
sent out for service.

* Maintainability. The probability

that a failure will be repaired withina

specified time after the failure occurs.

e Mean time (o failure (MTTF): The
measured operating time of a single
piece of equipment divided by the
total number of failures -during the
measured period of time. This
measurement is normally made during
that period “between early life and
wearout failures. :

s Mean time to-repair (MTTR): The
measured repair time divided by the

total number of equipment failures.

* Mode of failure: The physical de-

- scription of the manner in which a fail-

ure oceurs and the operating condition
of the equipment or part at the time.of
the failure.

s Part failure rate: The rate at
which a part fails to perform its in-
tended function.

s Quality assurance (QA}. All those
activities, including surveillance, in«
spection, control and documentation;

aimed at ensuring that the product will
meet its performance specifications.

¢ Reliability predictions: Compiled:
failure rates for parts, components,
subassemblies, assemblies and
systems. These generic failure rates
are used as basic data to predict a
value for reliability,

¢ Sample: Ohe or more units
selected at random from a quantity of
product to represent:that product for
inspection purposes.

¢ Sequential sampling: Sampling in-
spection in which; after each unit is.in:

~ spected, the decision is made to ac-

cept, reject or inspect another unit.
(Note: Sequential sampling as defined :
here is sometimes called unit seguen-
tial sampling or multiple sampling.)

e Systern: A combination of parts,
assemblies and sets joined together to
perform a specific operational function
or functions.

® Test to failure: Testing conducted
on one or more items until a predeter-
mined number of failures have.been
observed. Failures are induced by in-
creasing electrical, mechanical and/or
environmental stress levels, usually in
contrast:to life tests:in:which:failures
occur after éxténded exposure to
predetermined. stress-levels. Alife test
can be considered a test-to failure us-

ing age as the sfress. .

Source: Reference Dataifor Engineers: Radio
:Electronics, Computer and Communicatioris,
Seventh Edition. Edward C: Jordan editor-in-
chief. Published by Howard W. Sams & Com-
pany, Indianapolis, IN:
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Pound for pound, Sony
videotape is the toughest
you can buy.

One word sums up everything we tried
to achieve with VI-K one-inch videotape:
durability.

It was perfected for the
world where rugged depend-
ability counts every bit as much
as dazzling picture quality.

Its strength comes from
a truly tough, cross-linked
binder system, a very
strong adhesive base film
and our carbon black anti-
static back coating.

This durable founda-
tion protects an ultrafine
Vivax™ magnetic particle

formulation, which delivers astonishing
picture quality, higher stability and opti-
murn S/N ratio.
Amazingly enough, VI1-K also has
the lowest headwear rate of any major one-
inch videotape. Our efforts have benefitted
BCT Betacam® and the BRK U-matic® video-
cassettes, too, with trouble-free still
frame editing, totally reliable
repeated playback and worry-free
long-term storage.
So, after all, Sony professional
videotape is just like any other
Sony: standard-setting video
and audio with a “tough as
nails” reputation. That’s why
it's the only videotape you
can treat like a Sony.

SONY

THE ONE AND ONLY.
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of durability, runability
and especially, fewer
dropouts.
Thanks to Sony's
latest advances in
manufacturing and
quality control, the
new sony XBR
U-matic videotape

~ theinventors
f to.u'gh ta'pe’ perfgggg]rllieesatcﬁielgaeglte. |

= Now U-matic® — e You can count on
- Users have an even 8 "strong as steel’ per-

- | tougher new class of formance with both new

.~ videocassette: Sony Sony XBR & BRS... edit
| BRS and the extraordi- after edit after edit.

~ nary sony XBR. And that's why
: Both are produced they're the only
' 1n the U with a dramati- U-matic videotapes
| cally improved Vivax™ you can treat
| formulation. And both have like a Sony.

SONY, |

THE ONE AND ONLY.
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Troubleshootmg T

broadcast engineer more. Pandemonium
follows. The air staff, program director

and station manager demand answers.
“What's wrong with the transmitter, and
how long until we're back on the air?”

The next stop in the mad race is the

transmitter site. Probably one of the

By Jerry Whitaker, most nerve-racking experiences an

editorial director : engineer faces is the moment just before

L= opening the door to the transmitter

room, fearing what might be found
inside.

Prepare for transmitter failures by care- B Problems will occur from time to time

fully examing what can go wrong.

Broadcast Engineering March 1987
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with any piece of equipment, so be ready
to handle whatever may come up. The
best way to prepare for a transmitter
problem is to know the equipment well.
Study the transmitter design and layout.
Know the schematic diagram and what

each component does. Examine the
history of the transmitter by reviewing
old maintenance logs to see what com-
ponents have failed in the past,

Troubleshooting procedures

When a problem occurs, your first task
is to keep the transmitter on the air. If a
standby transmitter is available, the solu-
tion is obvious. If the station does not
have a standby, quick thinking will be
needed to minimize downtime and keep
the unit running until midnight or sign-
off, when repairs can be made.

Most transmitters have sufficient pro-
tective devices so that it is impossible to
operate them if there are serious prob-
lems. If the transmitter will not stay on
the air on normal power, try lowering
the power output and see if the trip-offs
are eliminated. If this doesn't work, most
TV transmitters have driver outputs that
can be connected to the antenna on a
temporary basis, thereby by-passing the
final amplifiers—provided, of course, the
failure is in one of the PA stages. Do not
allow the transmitter to operate at any
power level if the meter readings are out
of tolerance. Serious system damage can
result.

FM stations can use the output of the
exciter to drive the antenna, by-passing
the entire transmitter if needed.
Operating the station on an FM exciter
or TV visual and aural drivers can give
better coverage than you might think.
Most FM exciters will deliver a minimum
of 20W output and TV visual and aural
driver power outputs usually are rated in
the hundreds of watts. Either of these
signals fed into a high-gain antenna at a
good location will provide a usable signal
over a fairly wide area.

When presented with a problem, pro-
ceed in a calm, orderly manner to trace it
down. Many failures are simple to repair
if you stop and think about what's hap-
pening. Often the best troubleshooting
work can he done by pulling the sche-
matic diagram and pouring a cup of cof-
fee. (Take the phane off the hook too!)

Examine the last set of transmitter
readings and make a complete list of
meter readings in the failure mode. Note
which overload lamps are lit, and what
other indicators are in an alarm state,
With this information assembled, you
often can identify the cause of the
failure. Looking over the available data
and the schematic diagram for 10 to 15
minutes can save hours of trial-and-error
troubleshooting.

When checking inside the unit, look
for changes in the physical appearance
of components in the problem area. An
overheated resistor or leaky capacitor
may be the cause of the problem, or
point to the cause.

Devices never fail without a reason.
Try to piece together the sequence of
events that led to the problem. Then, the
cause of the failure—not just the more
obvious symptoms—will be corrected.
When working with direct-coupled tran-
sistors, a failure in one device will often
cause a failure in another, so check all
semiconductors associated with one
found to be defective.

In higher-power transmitters, look for
signs of arcing in the RF compartments.
Loose connections and clamps can cause
failures that are hard to locate. Never
rush through a troubleshooting pro-
cedure. A thorough knowledge of the
theory of operation and history of the
transmitter is a great aid in locating prob-
lems in the RF sections.

Do not overlook the possibility of tube
failure when troubleshooting a transmit-
ter. Tubes can fail in peculiar ways, and
substitution is-the only real practical test
for most power tubes used in modern
transmitters.

Study the transmitter's control ladder
so you can identify interlock or fail-safe
problems. Most newer transmitters have
excellent troubleshooting aids built-in to
help locate problems in the control lad-
der. Older transmitters, however, often
require a moderate amount of investiga-
tion before repairs can be accomplished.

Help!

Factory service engineers are available
to aid in troubleshooting transmission
equipment, but they have their limits. No
factory engineer can fix a transmitter
over the phone. The factory can suggest

WwWwWw americanradiohistorv com

Editor's note: Transmitter reliability is best improved
by understanding proper troubleshooting techniques
and by implermenting a thorough preventive mainte-
nance program. This article describes in detail trou-
bleshooting procedures. A companion article that ap-
peared in the November 1986 Maintenance Special Is-
sue —“Preventing Transmitter Failures”—discusses
preventive maintenance. Taken together, these ar-
ticles provide a full examination of how to keep RF
systems operating properly.

areas of the system to investigate and
relate the solutions to similar failure
modes, but the station engineer is the
person who does the repair work. If you
know the equipment, and have done a
good job of analyzing the problem, the
factory can help.

When calling the factory service de-
partment, have the following basic items:
first, the type of transmitter and the ex-
act failure mode. The service department
will need to know the meter readings
before and after the problem, and
whether any wunusual circumstances
preceded the failure. For example, it
would be important for the factory to
know that the failure occurred after a
power outage or during an ice storm.

Second, explain what you have al-
ready done in an effort to correct the
problem. All too often the factory is
called before any repair efforts are made.
The service engineer will need to know
what happens when the high voltage is
applied, and what overloads may occur.

Third, have the transmitter diagram
and layout sheets. A thorough knowl-
edge of the transmitter design and con-
struction allows you to converse intelli-
gently with the service representative.

The quick fix

There is no such thing as a guick fix
with transmission equipment. Think out
any problem and allow ample time for
repair. It makes little sense to rush
through a repair job in order to get the
system back on the air if another failure
occurs right after you walk out the door.
Careful analysis of the cause and effects
of the failure will ensure that the original
problem tis solved, not just its obvious
symptoms.

If temporary repairs must be made in
order to return the transmitter to a serv-
iceable condition, make them and then
finish the job as soon as the needed
replacement parts are available. There is
nothing more irritating than to start
working on a transmitter only to find
that someone had done a quick-fix job on
it in the past and had never bothered to
go back and do the maintenance the
right way. A quick fix isn't that fast, and
it seldom fixes the problem for any
length of time.

Continued on page 90
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“VE TESTED EVERY PRO

“No matter how diverse, clients such “The goal is perfection. I'm not about

as National Geographic, Disney Cor- to risk my time, or a client’s project, on
poration, CBS News, the Los Angeles  a lesser tape. That's why | shoot RAKS.”
Dodgers and Osh Kosh Overshoes

have one thing in common. They Jan Paul Anderson

demand perfection. In every project. President,Broadcast International

Costa Mesa, California
“I've field-tested every professional
tape. | shoot RAKS. | get results—
RAKS delivers the highest recording
density and lowest chroma noise in
ther Stry.-Plus super toughness for
ﬂa' ;‘Iess performance in-editing, pass



www.americanradiohistory.com

TAPE. 1 SHOOT RAKS!”’

Four-time EMMY award winner Jan Prove perfection for yourself. Request
Paul Anderson knows how to shoot for  a test tape.

success—with RAKS professional
BetaCam® tape. For superb brilliance.
Near zero dropout rate. Super
durability. And absolute mechanical
reliability.

The first perfect tape :

(")

ON LOCATION 228

CORPORATE OFFICE N WESTERN __ SOUTHWESTERN
201 Route 17, Suite 300 1660 North Lasalle St 8311 Westminster Blvd. 6030 Spanish Oak Way
Rutherford, N.J. 07070 Suite 3310 : Suite 340 N Spring, TX 77379
(201) 438-0119 Chicago, IL 60614 Westminster, CA 92683 (713) 376-4546
{312) 988-4075 (714) B91-6360

Circle (162) on Reply Card “BetaCam is a registered trademark of Sony Corp.



www.americanradiohistory.com

Continued from page 87

1. Plate

overload

faults

What to do after the smoke clears.

The first step in any troubleshooting pro-
cedure is to discharge all high-voltage
capacttors using the grounding stick provided
with the transmitter. Check also to confirm
that primary ac power has been removed by
touching the grounding stick across the ac in-
put lines in the transmitter high-voltage

cabinet.

Don’t overlook the obvious. Check the
tightness of high-voltage and/or high-current
cable connections.

90 Broadcast Engineering March 1987

Of all the problems that can occur in a
transmitter, probably the one that's best
known—and most feared—is the plate
supply overload. Occasional plate trip-
offs (one or two a month) generally are
not cause for concern. Most of these oc-
currences can be attributed to power line
transients.

More frequent trip-offs require a closer
inspection of the transmission system.
For the purposes of this discussion, we
will assume that the plate supply over-
load occurs frequently enough to make
continued operation of the transmitter
difficult.

The first step in any transmitter
troubleshooting procedure is to switch
the system to local control so that you,
not the studio operator, 'have control
over the unit. This is important for safety
reasons.

The second step is to switch the trans-
mitter's automatic recycle circuit off,
While troubleshooting, you do not want
the transmitter to cycle through an
overload any more times than are neces-
sary. Such action only increases the
possibility of additional compoenent
damage.

Use a logical, methodical approach to
finding the problem. The following pro-
cedure is recommended:
¢ Determine the fault condition. When
you get to the transmitter building, the
unit will probably be down. The carrier
will be off, but the filaments will still be
on. Check all of the multimeter readings
on the transmitter and exciter. If they in-
dicate a problem in a low-voltage stage,
troubleshoot that failure before bringing
the high voltage up.

e Assuming that all low-voltage systems
are operating normally, switch the fila-
ments off and make a quick visual check
inside the transmitter cabinet. Determine
whether there is any obvious problem.
Pay particular attention to the condition

WAAAM-aRekicaltadiohistons. com

of power transformers and high-voltage
capacitors. Check for signs of arcing in
the PA compartment. Look on the floor of
the transmitter and in the RF compart-
ments to see if there are any pieces of
components lying around. Sniff inside
the cabinet for hints of smoke. Check the
circuit breakers and fuses to see what
failures might be indicated.

¢ After running through these prelimi-
nary steps, restart the filaments. Then,
take a deep breath and bring up the high
voltage. Watch the front panel meters to
see how they react. Observe what hap-
pens and listen for any sound of arcing. If
the transmitter will come up, quickly run
through all the PA and IPA meter read-
ings. Check the VSWR meter for ex-
cessive reflected power.

e Assuming that problems persist, deter-
mine whether the plate supply overload
is RF- or dc-based. With the plate off,
switch the exciter off. Bring up the high
voltage (plate supply). If the overload
problem remains, the failure is based in
the dc high-voltage power supply. If the
problem disappears, the failure is cen-
tered in the transmitter's RF chain.

It is important that proper bias is pres-
ent on all vacuum tube stages of the RF
system when this test is performed. The
PA tube bias supply is usually switched
on with the filaments, and can generally
be read from the front panel of the trans-
mitter. Proper bias should be confirmed
before applying high voltage with no
excitation.

It is also important that the exciter is
switched off while the high voltage is off.
Removing excitation from a transmitter
while it is on the air can result in the
generation of large transient over-
voltages that can cause arcing or compo-
nent damage.
¢ If the overload is based in the high-
voltage dc power supply, shut down the
transmitter and check the schematic for
the location in the circuit of the plate
overload sensor relay (or comparator cir-
cuit). This will show you within what
Jimits component checking will need to
be done.

The plate overload sensor is found
usually in one of two locations: the PA
cathode dc return or high-voltage power
supply negative connection to ground.
Transmitters using a cathode overload
sensor generally have a separate high-
voltage dc overload sensor in the plate
power supply.

A sensor in the cathode circuit will
substantially reduce the area of compo-
nent checking required. A plate overload
with no excitation in such an arrange-
ment would almost certainly indicate a
PA tube failure, because of either an in-
terelectrode short inside the tube or a
loss of vacuum in the tube.

Continued on page 94
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Thomson LGT 5 kW transmitter :

COMPACT KNOW-HOW

LGT, with the latest of its 5 kW Enhanced Performance - this

UHF transmitters, the TRE 8510, new transmitter, designed to meet
offers you the following features ©  the requirement of all new Improved Maintenance thanks

High Profitability due to its systems (MAC D, dual sound and  to the use of a single air cooled
competitive price, low floor area,  videotext), uses a surface wave tube, all the sub-assemblies being
low maintenance costs,and consi- filter (SAW), a fixed group delay  accessible from the front and a
derable energy saving through time corrector, precision off-set configuration specially designed
the use of a single very high and a wide band configuration to operate in Passive or Active
efficiency TETRODE. with optimised redundancy. Reserve Mode.

HE BEST POSSIBLE SIZE { EFFICIENCY

Please visit us
at Booth 3190
at the NAB. '.‘ THOMSON' LGT
LABORATOIRE GENERAL DES TELECOMMUNICATIONS
1 Rue de L'Hautil-Z.1. Des Boutries, 78700 Confians-Ste-Honorine/France, Tel: {33.1)34.90.31.00 — Fax: (33.1)34.90.30.00, Telex 696833 F

5316

BAZAINE,

Circle (194) on Reply Card

Wwww americanradiohistorv com


www.americanradiohistory.com

THE LEADER IN POST PR

The EMME ®

A nineVTR controller with
cluster events functions, multiple
workstation cenfiguration,
integrated time code modules
and inter-formot editing

including multitrack ATR control.
Priced under $35,C00.

The ECS-1000

A six VIR, serial format
controller with assignable
record, time code reading from
the VTRs or internally, built-in
time code generotor, 1000 lines
of edit memory, full list
management, 409, Cleanlt,
two modes of auto-assembly. 5.
Comes with four VTR interfaces. : - o U  meemmena.

Under $23,000.

The IVES Il ©

A two- or three VTR controller
with an internal routing
switcher, progrommable
general purpose inferface,
video and audio fade central,
dual fime code and color black
generators, and two time

code readers.

The Super 90

A single source edit-controller
with two time code readers and
one generator — all built-in.
RS-232 out. 1/2" and 3/4"
interfaces, multi-edit replay,
high-speed hands-off VIR scan,
optional black generator

and fader.

4

Convergence products are available through a worldwide distributor network.

*Any Convergence edit-controller in the ECS-200 Series moy be upgraded to the
ECS-205, an eight VIR controller with assignable record plus all features of the
ECS-1000 Series.

92 Broadcast Engineering March 1987

MWW americanradiohistorv co


www.americanradiohistory.com

JDUCTION ELECTRONICS

The ECS-204X

A four VTR edit-controller with
assignable record, full list
management, 409, sequential
and checkerboard auto-
assembly, built-in time code
readers. Includes three VTR
interfaces. Priced under

$20,000.*

The CDS-2000

The new Convergence Digital
Effects Switcher —

programmable from the
NEW PRODUCT keyboards of all our A/B roll
AVA“_ABLE controllers — includes wipe
patterns, dissolves, digital
APR"— 15; 1987 moves, two 16-line window
TBCs, a sync and block

generator and a five-stereo
input audio mixer.

The ECS-195

A low-cost A/B roll controller.
Includes three built-in fime code
readers, one generator, three
VTR interfaces, 200-event
memaory list management,
cleaning and auta-assembly.

Priced under S15,000.

EECONOLINE ©
Time Code Systems

From EECO — the company
that pioneered longitudinal and
verticol interval time code
reader/generator systems —
come the most dependable, full
teatured products, available.

Please see us at
NAB Booth #3252

Circle (41) on Reply Card
Convergence Corporation is a subsidiary of EECO Incorporated.
U.S.A. OFFICE: 1601 East Chestnut Avenue, U.K. OFFICE: 7 Airlinks, Spitfire Way, Heston,
Santa Ang, CA 92702-065%, US.A. Middlesex TWS 9INR, UK.
Telephone (714) 835-6000, TWX 210-595-1550,  Telephone 01-759 3891 Telex 929344 ACQUIS G,
Telex 67-8420, Facsimile [714) 9$53-3747 Facsimile 01-561 1122
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HIGH VOLTAGE POWER SUPPLY

_________________________

TRANSIENT SUPPRESSOR

POINT D
RECTIM

ACIN
0.05uF 30uF
30092

AC IN
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o
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ACIN
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PLATE
CURRENT
METER

0.259

PLATE QVERLOAD ADJ.

—’/I;E?E OVERLOAD

TRIP RELAY

POINT C

100KQ

HIGH
VOLTAGE

100K WIRING

TO QUTPUT
SECTION

POINT A

PA TUBE

An overheated power resistor often will point
to the cause of a power supply fault.

When replacing power semiconductors, use
the proper heat sink hardware and heat-
conducting compounds.

Continued from page 90

Do not operate the transmitter when
the PA tube is out of its socket. This is not
an acceptable method of determining
whether a problem exists with the PA
tube. Substitute a spare tube instead.

Operating a transmitter with the PA

tube removed can result in damage in
other tubes in the transmitter when the
filaments are on, and damage to the
driver tubes and driver output/PA input
circuit components when the high
voltage is on.
e Use an ohmmeter to check for short
circuits in the power supply. Remove all
power from the transmitter and dis-
charge all filter capacitors before begin-
ning any troubleshooting work inside the
unit. When checking for short circuits
with an ohmmeter, take into account the
effects that bleeder resistors and high-
voltage meter multiplier assemblies can
have on resistance readings.

Most access panels on broadcast trans-
mitters use an interlock system that will
remove the high voltage and ground the
high-voltage supplies when a panel is
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removed. For the purposes of ohmmeter
tests, these interlocks may have to be
temporarily defeated. Never defeat the
interlocks unless all ac power has been
removed from the transmitter and all
filter capacitors have been discharged us-
ing the grounding stick supplied with the
transmitter.

® Following the preliminary ohmmeter
tests, check the following components in
the dc plate supply: all oil-filled
capacitors for signs of overheating or
leakage; all feed-through capacitors for
signs of arcing or other damage; the dc
plate-blocking capacitor for indications
of insulation breakdown or arcing; all
transformers and chokes for signs of
overheating or winding failure; transient
suppression devices for indications of
overheating or failure; all bleeder resis-
tors for signs of overheating; and any
surge-limiting resistors placed in series
with filter capacitors in the power supply
for indications of overheating or failure.
A series resistor that shows signs of
overheating can be an indication that the
associated filter capacitor has failed.

WWW.americanradiohistorv. com

¢ [f the plate overload trip-off occurs on-
ly at elevated voltage levels, ohmmeter
checks will not reveal the cause of the
problem. It may be necessary, therefore,
to troubleshoot the problem using the
process of elimination.

Process of elimination

This troubleshooting method involves
isolating various portions of the cir-
cuit—one section at a time—until the
defective component is found. However,
special precautions are required:
¢ Never touch anything inside the trans-
mitter without first removing all ac
power and then discharging all filter
capacitors with the grounding stick.

* Whenever you disconnect a wire, tem-
porarily wrap it with electrical tape and
secure it so that it will not arc-over to
ground or another component when
power is applied.

¢ Never perform this type of trouble-
shooting unless another person is in the
room with you.

* Analyze each planned test before it is
conducted. Every test in the trouble-
shooting process requires time, so steps
should be arranged to provide you with
the greatest amount of information about
the problem.

¢ Check with the transmitter manufac-
turer to find out what testing procedures
the company recommends. Ask what
precautions should be taken.

* Troubleshooting the high-voltage
plate supply is usually done under the
following conditions: exciter off, plate
and screen voltages for the [PA off, PA
screen voltage off. Individual transmit-
ters may require different procedures.
Check with the manufacturer first.

Figure 1 shows a typical transmitter
high-voltage power supply. Begin the
troubleshooting process by breaking the
circuit at point A. If the overload condi-
tion persists, the failure is caused by a
problem in the power supply, not in the
PA compartment.

If, on the other hand, the overload con-
dition disappears, a failure in the feed-
through capacitor (C1), decoupling ca-
pacitors (C2, C3) or blocking capacitor
(C4) is indicated.

If a problem is indicated in the PA com-
partment, reconnect the high-voltage
supply line at point A and break the cir-
cuit at point B. A return of the overload
problem would indicate a failure in one
of the decoupling capacitors or feed-
through capacitor.

In order to avoid unnecessary effort
and time in troubleshooting, use the
process of elimination to identify sec-
tions of the circuit to be examined, If, for
example, the test at point A had in-
dicated the problem was not in the load,
but in the power supply, a logical spot to
perform the next test would be at point C


www.americanradiohistory.com

|
The Abekas A53-D Digital
Special Effects System
The innovative tradition of Abekas
continues with the A53-D—the
most cost-effective, high-quality
three-dimensional effects system

available today.

In single or dual channel con-
figuration, the A53-D gives you a full
array of three-dimensional features.
This includes: perspective and 3D
rotation, variable rotation axes and
3D locate, field/frame freeze and
full manipulation of frozen pictures,
variable border and background,
crop and aspect change, A/B switch-

ADD NEW DIMENSION

ing and GPI control, and smooth
linear motion and trajectory with
variable tension.

The A53-D makes good sense for
both live broadcast and post-produc-
tion applications. For broadcasting,
the A53-D offers a simple-to-use
control panel with fast access to 24
on-line effects. For post-production,
the system'’s extensive programming
features and precise control let
you create intricate effects limited
only by your imagination.

You can digitally interface the
A53-D to the highly acclaimed
Abekas A62 digital disk recorder.

This unique duo gives you the ability
to composite unlimited layers of
manipulated video without genera-
tion loss.

Let the A53-D add a whole new
dimension to your bottom line,
with unmatched price and perfor-
mance. For details, contact: Abekas
Video Systems, Inc., 101 Galveston
Drive, Redwood City, CA 94063.
(415} 369-5111.

Abekas

Video Systems. Inc

Now Anything is Possible

TO YOUR BOTTOM LINE
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BODY TRUNK

CURRENT VALUES THROUGH _

EFFECT

SAFE  1mA or less
CURRENT ,
VALUES' = EETL

1mA to 8mA -
UNSAFE 8mA to 15mA
CURRENT gl -
VALUES

_15mA to 20mA
20mA to 50mA

100mA to 200mA

200mA or more

“Causes no sensation —not felt.

Is at threshold of perception.

. Sensation of shock_.. Not painful.

individual can'let go at will, because

- ‘muscular control is not lost. (SmA is -

accepted as maximum harmless
current intensity.)

Painful shock. Individual can let go
at will, because muscular.-control is
not lost. ' 3 :

- - Painful shock. Muscular control of

adjacent muscles lost. Gannot let go.

~ Painful. Severe muscula‘r._
. contractions. Breathing is difficult.

Ventricular fibrillation (a heart

‘condition that results in death). -

Disrupts or changes rhythm of the

~heart. No known remedy.

Severe burns. Severe muscular
contractions, so severe -that chest
muscles clamp heart and stop it
during duration of shock. {This.

' prevents ventricular fibrillation:)’

Table 1. The effects of 60Hz current on humans.

(for long high-voltage cable runs). This
test would identify or eliminate the inter-
connecting cable as a cause of the fault
condition.

If the cable run from the high-voltage
supply to the PA compartment is short,
point D might be the next logical point to
check. Breaking the connection at the in-
put to the power supply filter assembly
allows the rectifiers and interconnecting
cables to be checked.

Components protected by transient
suppression devices (as shown above L1)
should be considered a part of the com-
ponent they are designed to protect. If a
choke is removed from the circuit for
testing, its protective device should also
be removed. Failure to remove both con-
nections will usually damage the protec-
tive device.

To avoid creating a new problem while
trying to correct the original failure,
break the circuit in only one point at a
time. Also, study the possible adverse ef-
fects of each planned step in the process.
Disconnecting certain components from
the circuit may cause overvoltages or
power supply ripple that may damage
other components in the transmitter.
Consult the manufacturer to be sure.

Safety considerations

Perform any troubleshooting work on
a transmitter with extreme care. Trans-
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mitter high voltages can be lethal. Per-
form such work only when a second en-
gineer is with you.

Work inside the transmitter only after
all ac power has been removed and after
all capacitors have been discharged us-
ing the grounding stick provided with
the transmitter. Remove primary power
from the unit by tripping the appropriate
power distribution circuit breakers in the
transmitter building. Do not rely on in-
ternal contactors or SCRs to remove all
dangerous ac.

Be familiar with first aid treatment for
electrical shock and burns. Always keep
a first aid kit on hand at the transmitter
site.

Do not defeat protective interlock cir-
cuits. Although defeating an access panel
interlock switch may save work time, the
consequences can be tragic.

Maintain a healthy respect for the high
voltages that exist in your transmitter.
Potentials that are present in many com-
partments and cabinets of the system are
high enough to kill through electrocu-
tion. This warning applies equally to in-
experienced and veteran transmitter en-
gineers. A careless, casual attitude re-
garding safety can be fatal. Table 1 lists
the effects of 60Hz current on humans.
As you can see, electrocution can occur
at just 100mA. Pay attention to safety.
Do not take chances.

WAAAAL o aricanradighictorn com

4 Thomson-
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WHEN LOOKING FOR THE LATEST TECHNOLOGY
IN UHF AND VHF TRANSMITTERS...

Comark’s recent track
record of technological
innovations is unmatched by
any other US manufacturer.
This impressive history of
recognized advancements
demonstrates our commitment
to the future. A commitment
backed by continuing
substantial investments in
L research and product
development activities.

Incorporating new technology
into today’s products is your
assurance that the Comark
transmitter purchased now
will still be current in the

year 2000.

COMARK COMMUNICATIONS, INC. Route 309 & Advance Lane ® Colmar, PA 18915
A f ) Thomson-CSF Company (215) 822-0777 » Telex: 846075
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2. RF
system

faults

Troubleshooting RF power amplifier circuits requires
patience and an understanding of how the system works.

Although RF troubleshooting may
seem intimidating, there is no secret to it.
Patience in examining the circuit and
careful study of the schematic diagram
will go a long way toward locating a
problem. Consider the following trouble-
shooting steps after first confirming that
the fault is RF-based, not dc-based.

Check the load by examining the
transmitter overload indicators. Most
transmitters monitor reflected power
from the antenna and will trip off if ex-
cessive VSWR is detected. If the VSWR
fault indicator is not lit, the load is not
likely the cause of the problem. A
definitive check of the load can be made
by switching the transmitter output to a
dummy load and bringing up the high
voltage.

The PA tube may be checked by substi-
tuting one of known quality. When the
tube is changed, carefully inspect the
fingerstock for signs of overheating or
arcing. Be extremely careful not to
damage the socket fingerstock when
removing and inserting the PA tube. Do

The only way to spot problemns in the RF sec-
tion of a transmitter is through careful obser-
vation with a trouble light and—in some
cases—a magnifying glass.
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not change the tube unless there is good
reason to believe it may be defective.

It problems with the PA stage persist,
examine the grid circuit of the tube.
Figure 2 shows the input stage of a
grounded screen FM transmitter. A short
in any of the capacitors in the grid circuit
(C1-C5) will effectively ground the PA
grid. This will cause a dramatic increase
in plate current, because the PA bias sup-
ply will be shorted to ground along with
the RF signal from the JPA stage.

Grid circuit troubleshooting

The process of finding a defective
capacitor in the grid circuit begins with a
visual inspection of the suspected com-
ponents. Look for signs of discoloration
because of overheating, loose connec-
tions and evidence of package rupture.
The voltage and current levels found in a
transmitter PA stage are often sufficient
to rupture a capacitor package if an in-
ternal short occurs.

Check for component overheating
right after shutting the transmitter down.

Inspect AM system antenna tuning units for
loose connections or contamninants that could
cause arcing.

—www americanradiohistorvy. com._

(As mentioned previously, remove all ac
power and discharge all capacitors first.)
A defective capacitor will often
overheat. Such heating can also occur,
however, because of improper tuning of
the PA or IPA stage or a defective com-
ponent elsewhere in the circuit.

Before replacing any components,
study the transmitter schematic diagram
to determine which parts in the circuit
could cause the failure condition that ex-
ists. By knowing how the transmitter
works, many hours can be saved in
checking components that an examina-
tion of the fault condition and the
transmitter design would show to be
unlikely causes of the problem.

Check blocking capacitors C6 and C7.
A breakdown in either component would
have serious consequences. The PA tube
would be driven into full conduction, and
could arc internally. The working
voltages of capacitors C1-C5 could also
be exceeded, damaging one or more of
the components.

Because most of the wiring in the grid
circuit of a PA stage consists of wide
metal straps (required because ol the
skin effect), it is not possible to view
stress points in the circuit to narrow the
scope of the troubleshooting work. Areas
of the system that are interconnected us-
ing components that have low power
dissipation capabilities, however, should
be closely examined.

For example, the grid bias decoupling
components shown in Figure 2 (R1, L3
and C5) include a low wattage (2W)
resistor and a smali RF choke. Because of
the limited power dissipation capability
of these two devices, a failure in decou-
pling capacitor C5 would likely cause R1
and possibly L3 to burn out.

The failure of C5 in a short circuit
would pull the PA grid to near ground
potential, causing the plate current to in-
crease and trip off the transmitter high
voltage. Depending on the sensitivity
and speed of the plate overload sensor,
L3 could be damaged or destroyed by
the increased current it would carry to
(5, and therefore, to ground.

[f L3 were able to survive the surge
currents that resulted in PA plate
overload, the choke would continue to
keep the plate supply off until C5 was
replaced.

Bias supply resistor R1, however,
would likely burn out because the bias
power supply is generally switched on
with the transmitter filament supply.
Therefore, unless the PA bias power sup-
ply line fuse opened, R1 would overheat
and probably fail.

Because of the close spacing of com-
ponents in the input circuit of a PA stage,
carefully check for signs of arcing be-
tween components or sections of the
tube socket. Keep all components and
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IN THE PAST
WE HAD A BIG ADVANTAGE
OVER THE COMPETITION.

Now WE'VE GOT A SMALL ONE.

Until UREl's 813 Time Align® Monitor entered the studio. speaker systems
had become a “smear” on the industry A “time smear," in which high and low
frequencies subtly assaulted the ear because they arrived out of sync. The
results were general listener fatigue and unrealistic sound, particularly on lead
instruments and vocals.

The UREIL 813 solved the “time smear” problem with Time Alignment™  unify-
ing sound into a single point source. This dramatic breakthrough, along with other
major technical advances, soon established the 813 as the industry standard.

Now UREI intreduces less of a good thing: the 809 Time Align® Studio Moni-
tor. The 809 delivers all the engineering depth of its big brother, but at a compact
size and price that's ideal for smalt control rooms and near-field applications.

UREl's 809 features a remarkable, all-new 300mm (12") coaxial driver that
achieves a true one-point sound source, superior stereo imaging, and tight bass.
It incorporates a unique titanium diaphragm compression driver that unleashes
unequalled high frequency response.

The 809 has exceptional power handling capabilities, high sound sensitivity
and low distortion. [t accomplishes precise acoustic impedance matching and
smooth out-of-band response with UREI's patented highfrequency horn with.
diffraction buffer. And its ferrite magnet structures assure the system’s high sensi-
tivity drivers will not degrade with time and use.

UREl's Model 809 Time Align® Studio Monitor. Smaller package. Smaller
price. Same impeccable "813" sound quality: See how it’fits into your studio

today. -
IBL Professional P O
- 500 Balboa-Boulevard PA| 5 LI
- Northridge, CA 91320 Mo LN TE
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Time Align™ is-a registered trademark of E.M. Long Associates, Oakland, CA.
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PA PLATE HV

PA TUBE
NEUTRALIZATION
ADJ.

— DRIVER L3 %
TUNE

11 1

L2
C DRIVER
DRIVER __I
TUNE R1 g cs LOADING

Figure 2. The PA grid input circuit of a
grounded screen transmitter.

PA BIAS
SUPPLY

cz|cs’04| —

the socket itself clean at all times.

Inspect all interconnecting wiring for
signs of damage, arcing to ground or
loose connections.

Substitution

Substituting a new component for a
suspected part can save valuable time
when troubleshooting. With some com-
ponents, it is cost-effective to replace a
group of parts that may include one
defective component because of the time
involved in gaining access to the dam-
aged device.

For example, the grid circuit of the PA
stage shown in Figure 2 includes three
doorknob capacitors (C2-C4) formed into
a single assembly. If one device was
found to be defective, it might be advan-
tageous to simply replace all three
capacitors.

These types of components are often
integrated into a single unit that may be
difficult to reach. Because doorknob
capacitors are fairly inexpensive, it
would probably be best to replace the
three as a group. This way, the entire
assembly is eliminated as a potential

cause of the fault condition.

A good supply of spare parts is a
valuable troubleshooting tool. In high-
power transmitting equipment, substitu-
tion is sometimes the only practical
means of finding the cause of a problem.

Many parts—particularly in the high-
voltage power supply and the RF
chain—are difficult to test under static
conditions. The only sure way to check
the component is to substitute one of
known quality. If the system returns to
normal operation, the substitute compo-
nent is defective.

Substitution is also a valuable tool in
troubleshooting intermittent failures
caused by component breakdown under
peak power (or modulation} conditions.

The manufacturer’s factory service
department can advise you on the
recommended spare parts to stock. Ob-
vious candidates for the spare parts in-
ventory include components that are not
available locally. These would include
high-voltage fixed-value capacitors,
vacuum-variable capacitors and special-
ized semiconductors.

The past history of the transmitter is
often useful in determining spare parts
requirements of a particular piece of
equipment. Compile a list of every com-
ponent that failed from the station’s

Make your most valuable communication tool

even more valuable.

Our extensive line of telephone

interface products can be used for:

L Talk shows
O [FB
[ Sports remot

[0 News remotes

O On-air calls

The

€S

Dl :
[ Teleconferencing o
O Transmitter Remote Control

GENTNER"

ENGINEERING COMPANY, INC.

540 West 3560 South
Salt Lake City, Utah 84115

telephone

interface specialists.

(801) 268-1117
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Microdyne presents
the first automatic
satellite program shifter.

See us at the NAB,
Booth #3520.

Now you can ta eiull advan
tage of the wealth of program-
ming available via C- and Ku-
band satellites with the only
TVRO system that's as easy to
use as a home VCR.

Rely on M.A.T.’s
memory instead of
your own.

ey

T.lrns on, tunes up,
automatically.

M.A.T.'s system clock auto-
matically turns the system

on and tunes in the pro-
gramming you want for any
particular day and time.
You can se! it for one pro—

° gram, or a succession of
programs, for as long as you

M.A.T.’s microproc-
essor stores hundreds of program
pre-sets—satellite position,

signal polarization, transpcnder |
format and frequency. Once |
M.A.T. is programmed, subse- |
quent reception is push-button |

easy. You enter a simple program
code and M.A.T. does the rest,
right down to peaking its motor-
| ized, high-resolution fiberglass
| antenna.

: ‘i want. It even controls descram-
' blers, video recorders or other

extemal equipment.” And you
can operate M.A.T. through its

own front panel keypad or b}*’_,

remote terminal.

Economical base price,
broadcast quality options.

No other satellite TVRO sys- |-

tem is available anywhere, at any
price, with the capabilities of

F

|
1

M.AT. And you can have the -

flexibility and unlimited program

access of M.A.T. for ‘under
$20,000, installed. Options in-=

.clude a 5 or 7 meter antenna to

meet the stringent requirements

" of breadcasters and cablecasters.

| Installed and backed
. by chrodyne. :

M.AT. is built, insiaﬂéd e
backed by Microdyne, a campanymi‘

committed . to excephonal _recep- |

tion and service since the begin- -

ning of satellite communications. -
“Call (904) 687-4633 or write for
more miormat:on todav

Mfcroayne Corpora non

491 Oak Road » PO. Box 7213
Ocala, FL 32672 « TWX: 81(}85803{}7
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o J
HV
INPUT | C1
| L1
C2

i

SHORTING
PLANE e,

C3
Al

PA CAVITY

N

SHORTING PLANE
RF SAMPLES

PA TUNING L

cs H

L4

c4
: B NP T D
| prate ‘| C7 ™ PA LOADING T- |/ RF
| BLOCKER | OUTPUT
|

L3

PA TUBE

NEUTRALIZATION |

—— . —— ]

Figure 3. An FM transmitter PA output stage
butlt around a Y-wavelength cavity with
capacitive coupling to the load.

maintenance log when considering spare
parts requirements.

Inside the PA cavity

One of the things that makes
troubleshooting a cavity-type power
amplifier stage difficult is the nature of
the major component elements. The
capacitors don’t necessarily look like
capacitors, and the inductors don’t
necessarily look like inductors. It is often
difficult to relate the electrical schematic
diagram to the mechanical assembly that
exists within the transmitter output
stage. At FM and TV frequencies—the
domain of cavity PA designs—inductors
and capacitors can be formed out of
some strange-looking mechanical
devices and hardware.

Consider the PA cavity schematic
diagram shown in Figure 3. The
grounded-screen stage is of conventional
design. Decoupling of the high-voltage
power supply is accomplished by C1, C2,
C3 and L1. Capacitor C3 is located inside
the PA chimney (cavity inner conductor).
The RF sample lines provide two low-
power RF outputs for a modulation
monitor or other test instruments.
Neutralization inductors L3 and L4 con-
sist of adjustable grounding bars on the
screen grid ring assembly.

Figure 4 shows the electrical
equivalent of the PA cavity schematic
diagram. The “4-wavelength cavity acts
as the resonant tank for the PA. Coarse
tuning of the cavity is accomplished by
adjustment of the shorting plane. Fine
tuning is performed by the PA tuning

www.americanradiohistorv com

control, which acts as a variable
capacitor to bring the cavity into
resonance.

The PA loading control consists of a
variable capacitor that matches the cavi-
ty to the load. There is one value of plate
loading that will yield optimum output
power, efficiency and PA tube dissipa-
tion. This value is dictated by the cavity
design and values of the various dc and
RF voltages and currents supplied to the
stage. The assembly made up of L2 and
C6 of Figure 3 prevents spurious oscilla-
tions within the cavity.

The logic of a PA stage often disap-
pears when you are confronted with the
actual physical design of the system. As
shown in Figure 5, many of the com-
ponents take on an unfamiliar form.
Blocking capacitor C4 is constructed of a
roll of kapton insulating material sand-
wiched between two circular sections of
aluminum. PA plate tuning control C5
consists of an aluminum plate of large
surface area that can be moved in or out
of the cavity to reach resonance. PA
loading control C7 is constructed much
the same as the PA tuning assembly,
with a large-area paddle feeding the har-
monic filter, located external to the cavi-
ty. The loading paddle may be moved
toward the PA tube or away from it to
achieve the required loading.

The L2-C6 damper assembly actually
consists of a 502 non-inductive resistor
mounted on the side of the cavity wall.
Component 1.2 is formed by the induc-
tance of the connecting strap between
the plate tuning paddle and the resistor.
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DYNASTY

Signals The Start
of an Era

Booth Number 3403 Level lll West Hall
NATIONAL ASSOCIATION OF BROADCASTERS—DALLAS
March 28-31
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(HARMONIC FILTER
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PA TUBE Figure 4. The equivalent electrical circuit of
“-WAVELENGTH CAVITY the PA stage shown in Figure 3.
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Y
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/

Figure 5. The mechanical equivalent of the
PA stage shown in Figure 3.

Component C6 is the equivalent stray
capacitance between the resistor and the
surrounding cavity box.

From this example, you can see that
many of the troubleshooting techniques
that work well with low-frequency RF
and dc do not necessarily apply in cavity
stages. Therefore, it is critically impor-
tant that you study how your particular
transmitter operates, and what each
component does. Because many of the
cavity components—inductors and
capacitors—are mechanical elements
more than electrical ones, troubleshoot-
ing a cavity stage centers on checking
the mechanical integrity of the box.

Most failures resulting from problems
within a cavity are the result of poor
mechanical connections. All screws and
connections must be kept tight at all
times. Every nut and bolt in a PA cavity
was included for a reason. There are no
insignificant screws that don’t need to be
tightened. But don't overtighten.
Stripped threads and broken component
connection lugs will only cause you addi-
tional grief.

When a problem occurs in a PA cavity,
it is usually difficult to determine which
individual element (such as a neutraliza-
tion inductor, plate tuning capacitor or
loading capacitor) is defective from the
symptoms the failure will display. A fault
within the cavity is usually a catastrophic
event that will take you off the air and
leave you there until the problem is cor-
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rected. It is often impossible to bring the
transmitter up for even a few seconds to
assess the fault situation. The only way
to get at the problem is to shut the
transmitter down and take a look inside.

Closely inspect every connection, us-
ing a trouble light and magnifying glass.
Look for signs of arcing or discoloration
of components or metal connections.
Check the mechanical integrity of each
element in the circuit. Be certain the tun-
ing and loading adjustments are solid,
without excessive mechanical play. Look
for signs of change in the cavity. Do any
parts look different now than the last
time you cleaned the transmitter?

Check areas of the cavity that may not
seem like vital parts of the output stage,
such as the maintenance access door
fingerstock and screws. Any failure in
the integrity of the cavity, whether at the
base of the PA tube or on part of the ac-
cess door, will cause high circulating cur-
rents to develop and may prevent proper
operation of the stage.

If a problem is found that involves
damaged fingerstock, replace the af-
fected sections. Failure to do so will like-
ly result in future problems because of
the circulating currents that can develop
at any discontinuity in the cavity inner or
outer conductor.

VSWR overload
VSWR overloads in transmission equip-
ment can be caused by a number of dif-

WWW-americanradiohistorv.com e

ferent problems. Some common prob-
lems and solutions:

Step I: VSWR overloads are usually
caused by an improper impedance match
external to the transmitter. The first step
in the troubleshooting procedure is to
substitute a dummy load for the entire
antenna and transmission line system.
Connect the dummy load at the transmit-
ter output port, thereby eliminating all
coax, external filters and other RF hard-
ware that might be present in the
system.

Step 2: If the VSWR trip fault is
eliminated in step 1, the problem is
somewhere in the transmission line or
antenna. The dummy load can next be
moved to the point at which the trans-
mission line leaves the building and
heads for the tower (if different than the
point checked in step 1). This test will
allow you to check any RF plumbing,
switches or filter assemblies. If the VSWR
overload condition is still absent, the
problem is in the transmission line or the
antenna.

Step 3: If a standby antenna is not
available, you may be able to run the
system at reduced power on a temporary
basis. For example, if arcing occurs in
the antenna or line at full power,
emergency operation may be possible at
half power. Inspect the antenna and line
for signs of trouble. Repair work beyond
this point normally requires specialized
equipment and a tower crew. This discus-
sion assumes that the problem is not
caused by ice build-up on the antenna,
which can be alleviated by reducing the
transmitter power output until VSWR
trips do not occur.

Step 4: If you find the VSWR overload
of step 1 to be internal to the transmitter,
determine whether the problem is
caused by an actual VSWR overload or
by a failure in the VSWR control cir-
cuitry. Check this by disabling the
transmitter exciter and bringing up the
high voltage. Under these conditions, RF
energy will not be generated. (We
assume the transmitter has proper bias
on all stages and is properly neutralized.)
If a VSWR overload is indicated, the
problem is centered in the VSWR control
circuitry and not in the RF chain.

Possible explanations for control cir-
cuitry failure include loose connections;
dirty switch contacts; dirty calibration
potentiometers; poor PC hoard edge con-
nector contacts; defective IC amplifiers
or logic gates; and intermittent elec-
trolytic capacitors.

Step 5: If step 4 shows the VSWR
overload is real, and not the result of
faulty control circuitry, check all connec-
tions in the output and coupling sections
of the final stage. Look for signs of arcing
or loose hardware particularly on any
movable tuning components. Inspect
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high-voltage capacitors for signs of over-
heating, which might indicate failure,
and check coils for signs of dust build-up,
which might cause a flash-over. In some
transmitters, VSWR overtoads can be
caused by improper final stage tuning or
loading. Consult your equipment instruc-
tion book for this possibility. Also, cer-
tain transmitters include glass-enclosed
spark-gap lightning-protection devices
that can be disconnected for testing.

Check the following items if your AM
radio station experiences VSWR over-
load conditions that are caused by a fault
external to the transmitter:

1. If a normal (near zero) reflected
power reading is indicated at the
transmitter under carrier-only conditions
but VSWR overloads occur during modu-
lation, there are two possible causes. A
voltage breakdown could be occurring
within one of the capacitors at the anten-
na tuning unit (ATU) or phaser. If the
overloads occur with any modulating fre-
quency, the probable cause of the fault is
capacitor dielectric breakdown. Ilf, on the
other hand, the overload seems par-
ticularly sensitive to high-frequency
modulation, then narrow antenna band-
width is indicated.

Note the action of the transmitter’s
forward-reflected power meter. An up-
ward deflection of reflected power with
modulation is a symptom of limited
antenna bandwidth. The greater the up-
ward deflection, the more limited the
bandwidth. If you note these indications,
conduct an antenna impedance sweep of
the system.

2. Tower static build-up can also cause
VSWR tripping. This problem is
characterized by a gradual increase in
reflected power, as shown on the trans-
mitter front panel. The static build-
up—which usually occurs during poor
weather conditions—continues until the
tower base ball gaps arc-over and
neutralize the charge. The reflected
power reading then falls to zero. A static
drain choke at the tower base to ground
will generally prevent this problem.

3. Static buildup on guy wires is
another phenomenon that can cause
VSWR tripping of an AM transmitter.
The effect is similar to a nearby lightning
strike in that no charge is registered dur-
ing the build-up of potential on the
reflected power meter. Instead, the static
charge builds on the guys until it is of suf-
ficient potential to arc across the In-
sulators to the tower. The charge is then
removed by the static drain choke
and/or ball gaps at the base of the tower.
Static build-up on guy wires can be
prevented by placing RF chokes across
the insulators, or by using non-metallic
guys. Arcing across the insulators may
also be reduced or eliminated by regular
cleaning.

Continued on page 110
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Introducing the fastest,
easiest way to get quality
prints and slides from video.
Now you can capture the
moment, freeze it, and frame it. All

with the touch of a button.

With the new FreezeFrame
Video Image Recorder from
Polaroid.

Freezelrame produces sharp,
instant color prints and color or
black and white 36mm slides from
virtually any video source. And it
delivers a finished picture that is
far superior in quality and resolu-
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Freeze.

tion to direct screen photography
or thermal video image recorders.
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sion. It can be

used in broadeast,

production and ad- —

vertising to proof, %mw
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print off a just-breaking news story,
or for color correcting a proof. It
can even help in film-to-video trans-
ferring. Medical professionals can
use FreezeFrame for diagnostic
recording, patient
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Andit’s the easiest
way to get slides or
 prints for presen-
tations or training.
Freezel'rame
A can improve
| your image.
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connects easily to video cameras,
professional VCR's, laser dise
players and computer graphics
systems.

You can preview and even
improve the video image because
Freezel'rame has a full range of
Image enhancing controlsincluding
tint, contrast, color, sharpness,
brightness and raster fill. And if
you're shooting prints, Freeze-
Frame uses anew color print film
specially developed for use with
videoimagimg.

New FreezeFrame from

Polaroid. It’s fast, easy, and at
$1,899% very affordable.

Tofind out how Freezel'rame
can help you, call toll-free 800-225-

1618, 9a.m. to 6 p.m. Eastern Time.

Or fill out and return the
coupon. We'll give you the full pic-
ture and show you just how easy it
can be to capture the moment on
FreezeFrame.

— Polaroid
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| coupon to Polaroid Corp., Dept. 671, |
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3. Power

When the power control system of a transmitter
malfunctions, strange things can happen.

D L

control

faults
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The rows of relays and shunt resistors common in the control/overload circuits of older
transmitters are being replaced by integrated circuit logic gates and microprocessor chips. These
high-tech designs have allowed additional features to be built into transmission equipment,

greatly simplifying troubleshooting.

il

When troubleshooting a transmitter control ladder, don't forget to inspect the operation of the
PA compartment air pressure switch and the associated blower assembly (shown here).
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A failure in the transmitter ac power
control circuitry can result in problems
ranging from zero RF output to a fire in-
side the unit. Careful and logical
troubleshooting of the control system is
mandatory. Two basic types of primary
ac control are used in transmitters today:
relay logic and SCR (thyristor) systems.

A failure in the thyristor power control
system of a broadcast transmitter isn’t
easy to overlook. In the worst case, no
high voltage at all will be produced by
the transmitter. In the best case, power
control may be erratic or uneven when
using the continuously variable power
adjustment mode. The first step in cor-
recting a problem in a transmitter using a
thyristor power controller is to under-
stand how the servo circuit works and
how it is interconnected.

Figure 6 shows a block diagram of a
typical thyristor control circuit. Three
gating cards are used to drive back-to-
back SCR pairs, which feed the high-
voltage power transformer primary
windings. Although the applied voltage
is 3-phase, the thyristor power conirol
configuration simulates a single-phase
design for each phase-to-phase leg. This
allows implementation of a control cir-
cuit that consists basically of a single-
phase gating card duplicated three times
(one for each load phase).

This approach hLas advantages from
the standpoint of design simplicity, and
also from the sta