May/June 1981 A Cardiff Publication

et e iy 1

|

| FCC Rules & Computing Devices

', EMI/RFI Filtering ® EMC
Multilayer Capacitors ® Active Antennas

‘ Helical Filters ® LC Oscillators

|



TIT R -

Select from the economical, micromini

series (hermetically-sealed metal case) covering 10
models operate from 12.5 to 800 ohms with insertion loss typically less than 05dB.

For large dynamic range applications, specify the T-H series which can handle
up to 100 mA primary current without saturation or distortion.

Need a connector version? Select from the FT or FTB series, available with
unbalanced or balanced outputs. Connector choices are female (BNC, Isolated
BNC, and Type N) and male (BNC and Type N). These units operate from 10
KHz to 500 MHz with impedances of 50 and 75 ohms.

Of course, Mini-Circuits’ one-year guarantee is included.

DC ISOLATED Tl TIIH T1S1 T256 T4-6 T9-1 T9.1H Ti61 TI61H
PRIMARY & Moadet No. T™OI1-1 TMO15-1 TMO25-6 TMO4-6 TMOS-1 TMO16-1
SECONDARY Irped Ratio 1 1 15 25 4 9 9 16 16
Fraq (MHz) 15400 8300 .1-300 01100 02200 15200 290 3120 785
J T Mode! (1049) $295 %495 $395 $395 $395 $345 $545 $395 $595
TMO model (1049)  $4.95 3675 $645 $645 $645 $645
CENTER-TAPPED TIIT T217 T256T 31T T4-1 T4-1H T51T 13T
DC ISOLATED  Model No. TMO1-IT TMO2-1IT TMO25-6T TMO3-IT TMO4-1 TMO5-1T  TMO13-1T
PRIMARY & imoed. Ratio 1 2 25 3 4 4 5 13
SECONDARY Freq (MHz) 05200 07200 01-100 05-250 2350 8350 3300 3120
T Mode! (1049) $395 $4.25 $425 $395 $2.95 $495 $425 %425
} £ TMO model (1049)  $645 $675 $675 $645 $495 $675 $675
UNBALANCED T2.1 T31 T4-2 T8-1 Ti4-1
PRIMARY & Made! No. T™O2-1 TMO31 TMO42 TMO81 TMOI4-1
SECONDARY imped Ratio 2 3 4 8 14
Freq (MHz) 025600 5800 2.600 15250 2150
Erd T nodel (10-49) $345 $4.25 $345 $345 $425

TMD Model (1049)  $595 $695 3595 $695 $675

FT FTB Model No. FT15-1 FIB11 FIB1-6 FTB1-1-75
Imped Ratio 15 1 il 1
“h Je . . Freq (MHz) 1400 2-500 01-200 5500
14} $2995 $2995 $2995 $2995

-~ Mini-Circuits

A Division of Scientific Components Corp
World's largest manufacturer of Double Balanced Mixers
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200
Domestic and International Telex 125460 International Teiex 620156
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Fluke 6070A and 6071A synthesized
signal generators. The new generation.

For two decades Fluke has Most-wanted features internal or external, simultaneous or
produced RF equipment including a through innovative design. separate — give these new synthesizers
full line of signal sources, counter/ Both instruments feature a large the flexibility for wide- ranging
timers, and RF voltmeters — output dynamic range — the 6070A applications.
quality products that users have covers frequencies from 200 kHz to 520 All the brains of
specified with confidence. MHz; the 6071 A range extends to 1040 16-bit microprocessor control.

We're now introducing the new MHz — and also deliver a high degree An integral 16 - bit microprocessor
generation of sophisticated of spectral purity. Fluke engineers have makes these new generators incredibly
instruments in the Fluke RF family: developed a number of unique synthesis  easy to operate. Convenience features
the 6070A and 6071A, two general techniques resulting in noise include simplified keyboard data entry,
purpose synthesized signal generators  performance that equals or exceeds that  digital frequency sweep, digital spin knob
that offer unmatched price/ of the best cavity-tuned generators you tuning for pinpoint frequency control, a
performance value in the market. can buy. Versatile AM, FM and 60M — learn mode memory, self -diagnostics and

error code flagging plus other special
functions only advanced digital

technology can provide.
s 4 Full programmability
With 20 years experience in RF B N B e ! for automated test systems.
instrumentation, we've used 8 g { The 6070A and 6071A are
advanced technology and l‘"ﬂl’"“”i"g Bl S e . equipped with an m bus
excellence to produce the 60704 & TR e e — N interface as a standard feature for
and 6071A. & R il | systems applications and all

b e A necessary front panel functions are
remotely programmable. Complete
status information can be supplied
back to an instrument controller
such as the Fluke 1720A.Both “teach”
and “learn” modes are provided.
A full line of RF accessories is
available to extend the capabilities
of the 6070A and 6071A, making
them excellent tools for
the designer, bench
user or laboratory
technician.

For more informa-
tion on the 6070A/6071A
and other RF instru-
ments from Fluke, call
toll free 800-426-0361,
use the coupon below or
contact your nearest
Fluke sales office.

®

=e=weeeFast-Response Couponaccccccnaas
IN THE US. AND NON-
EUROPEAN COUNTRIES:  IN EUROPE: RF 5/6-81

John Fluke Mfg. Co., Inc. Fluke (Holland) B.V.
P.0. Box C9090, M/S 250C P.O. Box 5053, 5004 EB
Everett, WA 98206 Tilburg, The Netherlands
(206) 356-5400 (013) 673 973

Telex: 152662 Telex: 52237

[0 Please send me complete 6070A specifications
and applications literature.

[J Send information on other IEEE products.
O Have a Sales Engineer contact me for a
demonstration.

Name

Title Mail Stop

Company

Addrees

City State Zip
Telephone ( ) Ext.

. f‘or technical data circle no.
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Now Available...

IW AMPLIFIERS

0.05-12 00 mz from $I 9 9

ZHL-2-8

of your appliéation requires up to 1 watt for intermodulation

testing of components ... broadband isolation ... flat gain
over a wide bandwidth ... or much higher output from your
frequency synthesizer or signal/sweep generator ...
MiniCircuits’ ZHL power amplifiers will meet your needs, at
surprisingly low prices. Five models are available, offering a
selection of bandwidth and gain.

Using an ultra-linear Class A design, the ZHL is
unconditionally stable and can be connected to any load
impedance without amplifier damage or oscillation. The ZHL
is housed in a rugged ' inch thick aluminum case, with a
self-contained hefty heat sink. BNC connectors are supplied;
however, SMA, TNC and Type N connectors are also available.
Of course, our one-year guarantee applies to each amplifier.

So from the table below, select the ZHL model for your
particular application now ... we'll ship within one week!

GAIN MAX. POWER NOISE | INTERCEPT

MODEL | FREQ. | GAIN |FLATNESS OUTPUT dBm FIGURE POINT DC POWER PRICE
NO. | MHz dB ds |[1-dB COMPRESSION| dB  [3rd ORDER dBm VOLTAGEiCURRENT $ EA. QTY. |

ZHL-32A [0.05-130 |25 Min. | £1.0 Max. +29 Min. 10 Typ. +38 Typ. +24v | 06A 199.00 (1-9)
ZHL-3A |0.4-150 |24 Min. | £1.0 Max. +29.5 Min. 11 Typ. +38 Typ. +24V 0.6A 199.00 (1-9)
ZHL-1A | 2-500 [16 Min. | £1.0 Max. +28 Min. 11 Typ. +38 Typ. +24V | 0.6A 199.00 (1-9)
ZHL-2 10-1000 |15 Min. | = 1.0Max. +29 Min. 18 Typ. +38 Typ. +24v | 0.6A |349.00 (1-9)
ZHL-2-8 [10-1000 |27 Min. | £1.0 Max. +29 Min. 10 Typ. +38 Typ. +24V 0.65A  |449.00 (1-9)
ZHL-2-12| 10-1200 |24 Min. | 1.0 Max. +29 Min.* 110 Typ. +38 Typ. | +24V l 0.75A  [524.00 (1-9)

Total safe input power ~20 dBm, operating temperature 0° C to =60° C, storage temperature —55° C to +100° C. 50 ohm impedance, input and output VSWR 2.1 max
*+28.5 dBm from 1000-1200 MHz
For detailed specs and curves, refer to 1980/81 MicroWaves Product Data Directory, Gold Book, or EEM

World's largest manulacturer of Double Balanced Mixers

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M in i.c ircu its

i ti | Telex 125460 international Telex 620156
Domestic and International Telex n MINI-CIRCUITS LABORATORY

A Dwision of Scientific Components Corp R46 REV F BL
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Now you can plug in an all digital-storage
family of spectrum analyzers.

Three models provide
laboratory performance with
flexibility and versatility.

With the introduction of the new
7114, there are now three members
of the Tektronix family of digital stor-
age plug-in spectrum analyzers.
They provide frequency coverage
from 20 Hz to 60 GHz. This plug-in
concept brings you high perform-
ance, versatility and flexibility un-
matched by monolithic instruments.
At reasonable prices. They're com-
patible with any Tektronix 7000
Series oscilloscope mainframe,
including the new digitizing GPIB

7854 for programmable

solutions to com-
plex measure -
ments.

Family characteristics that make other communications systems.
spectrum analysis easier. At the top of the spectrum you
All three instruments feature digital get totp pe;{orrlnanc?tfrom Fx ':
storage for flicker-free displays that ; paec rulm nalyzel iLEn hs ]
are easy to interpret. This provides éJHamp |tu8%cahbrauon ('m e15
averaging and peak detection; 30 éto 60 ! + r?n%a grlli 53 48
accurate waveform comparisons; ﬁreso ) 'g? 5 b kz‘ tsﬂ :
stores for long periods to measure are sharp, stable and flicker-iree.

amplitude changes and frequency Digital storage and digital signal
arift processing make complex mea-

The 7000 Series plug-in family surements easy with microprocessor
displays alphanumeric readout for aided controls. An automatic 1 -
referencing and easy documenta- preselector insures spurious-free
tion. And each spectrum analyzer is operation, giving easily interpreted
protected from up to one watt input d'SFp'axt;S-
levels to save expensive front end h or ":l’e‘»ebﬁ_ﬂdf measurer_nents
repairs caused by inadvertent choose the 7L5 for its preci '
overloading. convenience in the 20 Hz to 5 MH:

With a 7000 Series mainframe on ﬁ?”ge erfth 10 Hz resolution.
your bench, you select the spectrum igh performance analyz
analyzers that fit your requirements. unusually easy to ope

> -

i

And they interchange quickly with 30 This family works toge & )

other Tektronix test and measure- make an outstanding value.

ment plt;g-lns.stle the pov»lferful You get this laboratory perform-
Y Ny ance and measurement flexibilityat

oscilloscope and other prices that point up the value of the
measurements. Tektronix plug-in concept.
New 10 KHz t0 1.8 GHz 7L14 Call your nearest Tektronix Field

completes the 20 Hz fOﬂ‘ic:e (listed in major city directories)
o or complete details on the 7000
M»M Series lab performance spectrum
storage plug-in team. analyzers. Or call 800-547-1512 for
Here itis. The new 7L14 for descriptive literature.
digitally-stored close-in, high Tektronix, Inc., PO. Box 1700,
resolution measurements Beaverton, OR 97075. In
from 10 KHz to 1.8 GHz. With Europe: European Marketing
10 Hz residual FM, the 7L14 Centre, Postbox 827, 1180 AV
provides stability and jitter- Amstelveen, The Netherlands.

free 30 Hz resolution dis-
plays. Its digital
storage can be used
to eliminate system
errors and provide
flat swept RF mea-
surement capability. Digital
averaging provides noise
reduction which gives 70

dB spurious-free dynamic
range. You can check broad-
band RF networks, filter
networks, amplifiers, cables.

Measure EMI/RFland FM,
navigation, two-way and Performance

worth the
name

For Literature, circle INFO/CARD 4
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H ey what gives? A quick scan of the issue and what do you see? “Com-

puting devices...." | thought this magazine was going to remain RF
and not get into the bits and bytes like most of the other “analog" books
have? The answer is we're still RF — they've joined us.

*The FCC recently (via Docket 20780) has taken a closer look at the radiated
and conducted emissions of some
computing devices and decided
that a ruling is called for. It ap-
pears that timing signals or pulses
greater than 10 kHz running along
unshielded paths have a tendency
to radiate energy in the RF spec-
trum. I'm sure any RF designer
worth his salt could have fore-
seen this as a problem well be-
fore the recent FCC rulings were
considered.

As a matter of fact several
RF engineers have helped define
the problem areas and effect some
cures in th s issue. Leonard Levin
of R&B Enterprises, Ilver Sonderby
of Stanford Applied Engineering,
and Jim Coniglio of Acheson Col-
loids provice several EMI/RFI/EMC
points-of-view in the following pages.

Once again I'm pleased to present subject matter in an area that
has received relatively little attention in the open literature to date. Dr. Rohde
presents in this issue an article on "“Active Antennas” from a component
through system point-of-view.

Also included in this issue and certainly no less important are in-depth
articles on ceramic/porcelain multilayer capacitors, helical filters and
oscillators.

Rounding out this issue is a book review section on some of the in-
dispensible books in our field. If you don’t have them, they are worth
obtaining fcr your working library.

Speaking of shows (we were?), Electro ‘81 in New York City was an
experience. We had a booth on the third floor at the Coliseum. To those
who stopped by to say hello — thank you for your kind words. Hope-
fully we'll see many more of you at the MTT and Wescon '81 later this
year. Space and interest permitting. look in this and subsequent issues of
r.t. design for future electronic trade show announcements.

P.S. If you know of any shows that quite a few of us might be interested
in, drop me aline or call.

P.P.S. Hey — get out there and vote — oops! wrong topic. Fill out

the qualification/subscription card and send it in pronto! Please. Everyone —
qualified muLst be counted.

/ {

1)

Ku«_/
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Here in one compact instrument,
Wiltron gives you acomplete RF Analyzer
for swept measurements on 50Q or 75
devices over the 1 to 1500 MHz range.

Use the Wiltron 640 to make
transmission gain/loss, reflection (return
loss/SWR), absolute power and absolute
frequency measurements. You'll find the
640 is one of the easiest instruments you've
ever used. Simply connect the test device.
You won't need an armful of couplers,
amplifiers, cables or other equipment. All
the circuitry — sweeper, directional signal
separator, calibrated amplifiers, detectors
and display system —is inside the case.
No more muddied measurements.

Wiltron's 640 offers features
you won't find in far bigger, more expensive
instruments.

It gives you the most versatile
marker system available, stable, crystal
accurate, on a dual-trace display with a
+90 dB calibrated offset.

You can precisely sweep over
the entire 1500 MHz range or over just
1 MHz. Dynamic measuring range is 70 dB
(+15 to —55 dBm). Measure return
loss to below 30 dB (1.06 SWR).

Low cost plug-in fiexibility.

Five plug-ins are offered:

a swept signal source, log reflection unit,
log transmission unit, linear amplifier
unit and log transmission/reflection unit
for use with external detector and SWR
Autotester.

Ask for Technical Review #7.

For complete details ask for
a copy of Technical Review #7. For an early
demonstration, call Walt Baxter, Wiltron,
825 East Middlefield Road, Mountain View,
CA 94043. Phone (415) 969-6500.

WILTROIN
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Texscan is the
world leader
in portable

T

Model AL-51A

T T AN _
R here’s proof. ..

. -

SPECIFICATION
PRICE

FREQUENCY RANGE
DISPERSION

FREQUENCY ACCURACY
AMPLITUDE DYNAMIC RANGE

AVERAGE NOISE LEVEL

ACCURACY (total worst case)

RESOLUTION (min)

STABILITY
SHORT TERM P/P
LONG TERM

NOISE SIDEBANDS
OPERATING POWER
SIZE CUBIC INCHES
WE_IGHLL-BS e g
FEATURES
INTERNAL BATTERY
EXTERNAL 12v ac oper
PHASELOCK
_AUDIO
FREQUENCY MARKERS
DIGITAL STORAGE

PRESET FREQUENCY BANDS

TWO LOG RANGES

RUGGED CARRYING CASE
WITH FRONT PANEL COVER

ALy -

-

BRAND H
$7975 00

011500 MHz
50KHz--1000MHz
2% of dispersion « 5MH

70dB

65dB 50KHz away
115 230vac
2059
01

BRAND H
NOT OF¥

)T ¢

YFFE
OPTINNA!
NOT OFFERED
STANDARD

OPTIONAL

spectrum analyzers

TEXSCAN'S ALS1A
$5295 00

0 4— 1000MH2
20KHz--1000MH2z
+0.01%

0d8
118dBm (10KH2Z resolution)
4dB

500H7

500Hz
25KHz/10 min

70dB 50KHz away
115/230vac 12 vdc
092

271bs (incl battery)

TEXSCAN'S AL51A
STANDARD
STANDARD

S TANDARD
OPTIONAL
STANDARD
OPTIONAL
STANDARD
STANDARD

STADARD

Brand C

BRAND C

$6255.00

1-—-1000MHz
100KHz—100MHz
- SMHz

70d8
NOT SPECIFIED
+3dB

2KHz

NOT SPECIFIED
S50KHz/5 min

_7093 50 KHz away
115/230 vac
1503

30lbs

BRAND C*
NOT OFFERED
OPTIONAL

NOT OFFERED
STANDARD

NOT OFFERED
NOT OFFERED
NOT OFFERED
'NOT OFFERED

OPTIONAL




How to Cope With the New FCC
Rules Regarding Computing Devices

Leonard Levin
R&B Enterprises
Plymouth Meeting, PA

he hand-held microprocessor-con-

trolled calculator made its debut
in the mid-sixties and, by the early
seventies, began to come into com-
mon usage. By the mid to late
seventies. the personal computer was
in general use and other micro-
processor-controlled devices, such as
home appliances and TV games.
as well as automotive control sys-
tems, also were becoming common-
place. The vast proliferation of these
products has been an electronics
revolution; but. the side effect has
been a growth in environmental elec-
tronic noise. The microprocessor is a
tiny component capable of performing
many complex operations using “digi-
tal” techniques; but. resultant high
frequency signals can be transmitted
from the device, and the resulting
uncontrolied electronic noise has
the potential to disturb communica-
tions and other unprotected micro-
processor-controllied devices.

Docket 20780

Government and military organiza-
tions long have recognized the prob-

lem of uncontrolled electronic noise,
and recently the FCC issued a strong
set of regulations, Docket 20780,
and a timetable for compliance. This
action, which is comparable to the
automotive emission restrictions of a
decade ago. has had a tremendous
timpact on manufacturers of micro-
processor-controlled devices, as they
now must reduce or eliminate the
electromagnetic interference generated
by their products, whereas, in the
past. electromagnetic radiation may
not even have been considered.

The basic intent of these new
regulations. which are actually re-
strictions, is to provide a reasonable
(electronic) pollution-free environment.
This is accomplished by controlling
the level of radiated and line-con-
ducted emissions emanating from
the devices.

Whatis A
Computing Device?

A computing device is defined as
any electronic device or system that
generates and uses timing signals or
pulses at a rate in excess of 10.000
pulses (cycles) per second and uses
digital techniques. Additionally, the
FCC regulations require that some

other terms be understood. These are:

Class A Computing Device: Marketed
for use in a commercial, industrial,
or business environment.

Class B Computing Device: Marketed
for use in a residential environ-
ment, notwithstanding use in a com-
mercial, industrial, or business en-
vironment.

Verification: A procedure where
the manufacturer tests the equip-
ment and takes the necessary steps
to insure that the equipment com-
plies with the appropriate standards.
Submittal of a sample unit or test
data to the FCC is not required
unless specifically requested; but,
test data should be retained on file
as proot of compliance.

Certification: An equipment author-
ization issued by the FCC based on
test data submitted by the appticant.
Certification authorizes the manu-
facture and sale of the product.

As a rule. most Class A devices
are located within commercial premises
and are subject to a good level of
maintenance. Class B devices are
commonly located in residential pre-
mises, close to radio, TV and similar
equipment. Therefore, in general, the
more strict certification procedure is
required for Class B devices, while
the verification procedure is applic-



able for Class A devices. How-
ever, the FCC' can advise you
whether certification or verification
applies to a specific product.

Labeling Requirements

Labeling requirements are aiso
specified. Briefly, they require that
all equipment piaced in production
prior to Jan. 1, 1981 must be
labeled as of Jan. 1, 1981 to state
whether the equipment has been tested
and whether it may cause inter-
ference. Any new equipment placed
into manufacture to be released
in 1981, and thereafter, must meet
and prove compliance by Oct. 1, 1981.

There are several other dates that
are specified, and these may be de-
termined best through the FCC.

Results Of
Non-compliance

These new restrictions on electro-
magnetic interference are backed by
the fult power of the FCC and
non-compliance can result in fines
and imprisonment. The FCC also can
order the cessation of manufacture
and sales of non-compliant equip-
ment. Consideration of these re-
strictions has brought the science of
electromagnetic compatibility (EMC)

If high reverse isolation and
low VSWR will solve your
systems’ problems ...

take a look at
these numbers.

QBH-110 15 Vdc

FORWARD
FREQ. INPUT GAIN / PHASE
MHz VSWR (dB) (deg.)

10.000 1.05
100.000 1.04
200.000 1.04
300.000 1.04
400.000 1.10
500.000 1.23

15.01/-177.03
15.23/ 153.97
16.20/ 124.20
15.18/ 96.29
15.26/ 67.56
15.41/ 36.31

NOISE FIGURE:
1 dB8 COMPRESSION:
3rd ORDER INTERCEPT:

Q-bit Corporation’s quality system
meets or exceeds the require-
ments of MIL-Q-9858A, and can
provide reliability screening in
accordance with MIL-STD-883B,
MIL-STD-810C and others.

2.5 dB
+9 dBm
+23 dBm

Call or write:

Q-bit Corporation

311 Pacific Avenue
Palm Bay, Florida 32905
(305) 727-1838

TWX (510) 959-6257

Power Feedback-Technology in Hybrid Amplifiers
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new publicity, and has elevated the
EMC engineer into new prominence.
EMC is the ability cf an elec-

-tronic device to operate within its in-

tended environment, and it usually
deals with the reduction of RFI/
EMI emissions from an electronic
device and also reducing the suscep-
tibility to RFI/EML. This is best ac-
complished during the original design
of equipment; but, where necessary,
EMC techniques can be used ef-
fectively on existing equipment.

EMC Techniques

These techniques are varied, and
are well known to the experienced
EMC engineer, as are the methods
for testing for their effectiveness.
The desired overall end result is that
radiated and conducted interference
be at or below the specified required
levels. The techniques consist of two
generalized categories: filtering, to re-
duce or to eliminate line conducted
interference; and, shielding, to pro-
tect against electromagnetic radia-
tion. There are various methods to
accomplish filtering and shielding, and
their results can be two-fold. One
is to reduce the output of un-
desirable electromagnetic by-products
from equipment; the other is to
protect electronic equipment from
autside electromagnetic interference,
thus enabling the equipment to op-
erate in an otherwise electromagneti-
cally unfavorable environment.

A non-electrical solution to EMI,
where conventional shielding and
filtering techniques are not practical
or effective, is the use of fiber
optics; but, this is a complete subject
initself.

Where To Go For Help?

Seminars are given that specifically
address the new FCC Dockets and
their consequences on design and
testing. Others cover military stan-
dards, European VDE specifications
and product safety; or, just general
categories of EMC. Additionally, there
are consulting and testing organiza-
tions which specialize in EMC and
provide services ranging from consul-
tations with an EMC design engineer
to complete FCC testing, including
all reports and paperwork required
by the FCC.

Reference

'Federal Communications Commis-
sion, RF Devices Branch (Authoriza-
tion and Standards Division), Wash-
ington, DC 20554; (202) 653-8121 and
1828.
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Technological leadership.

Break the bubble, not the budget,
with low-cost, reliable TO-220 RF.

If you're like most designers of mobile, marine,
CB, light aircraft and amateur radio, you've found
the component cost balloon getting bigger and
bigger.

Concentration on SOE package performance
for more gain, bandwidth and Pgyt at higher and
higher fT has brought device costs right up with
it. And, while the widely-accepted. SOE package has
excellent RF performance, it contains substantial
gold, beryllium oxide and kovar — rare metals and
materials that have further inflated the cost bubble
to the breaking point.

TO-220 - the obvious alternative.

Although basic material is copper, the TO-220
requires far less bulk than SOE. The same is true
of the gold-plated leadframe. TO-220 nickel-plated
tab heatsinks further reduce gold use. And. for
common-emitter connection, a smaller beryllium
oxide pill is needed.

The result is a material-efficient, cost-minimized
RF package that offers all the performance of SOE
packages with none of the built-in cost.

Reliability - a key question answered.
Motorola's TO-220 is the industry’s top-reliability
package. Its history is impressive — power cycling
58.6 million hours with only 1% failure. It offers
2-1/2 times stronger lead-free copper, ultrasonic
wire bonds, nitride passivation,
moisture barrier moats
around the die, low ..
tempco case, Al/Mg
wire, et al.
And all die used
have long, success-
ful histories in SOE.

r.f. design

Compare andsave...from 3to 60 W.
Motorola TO-220 can cut your low, medium and
high band RF costs dramatically.
We offer 14 devices, most common-emitter
configuration, with flanges and center lead emitter-

connected for optimum mounting and heatsinking.

More are in the wings.
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“Cotiecwr Tab — All Others Arg Emitter Tab

If you're as price-conscious as your competitors,
you'll contact Motorola Semiconductor Products,
Inc., P.O. Box 20912, Phoenix, AZ 85036 or phone
(602) 244-6394 for complete TO-220 RF data and a
way to beat the budget for your

NnNnvative euetema
innova C SV, 93 00 i)

through silicon.
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Typical EMI line filters.

IR O

(One Section Filter)

Performance
70
8 | |
H .
8e0 T
Toof— 1A 2A, 3A. 4A. 5A
§ | ] 10A, 20A, 30A |
£ T
A o
i
7 T
20— f :
IEEN
5 | it b
L ! I LU
L[ mERENI
) 15 2 J 456 810 15 2 3 456 810 1520 30 40 60 80 100

insertion Loss in 50 Ohm System typ.
per MIL-STD-220A

Figure 1.

Frequency, MHz

o QR T

1 Cod

(Two Section Filter)

3o

Performance

© 70
soL 11
: 1A Thru 104
o 60
c
2 20A & 30A
T
2]
£

40

30

20

10

3 % 2 3 9 36 878 26 2 3 1 86 04 s M 30 4w 6r 8Y we

Insertion Loss in 50 OHM System typ.
per MIL-STD-220A

Figure 2.

Frequency, MH2

14

May/June 1981



o—rf———m—qk W W —O
AP T
Line =3 < Load
0~$~—\nnr*ﬁmfz—1 ~é— —apes 0 O
(Multi-Section)
Performance
‘S_mr MON MODE T |
T B 1
:‘; 1 “ bl
S 9 STYLE A, B.C
'§50 OQ"“' A_L%‘“.-H—; 06_ T}J!I -
£ ’—Q‘Jl—"f—*—r ]H‘H""“‘;‘x‘io T T
- ¥ 1 ‘h( R ENEY
J:iL‘L(P* i } ; ;LLL 4 %
» ] f LJ + a1 ; %
- + B S s B o %H. - 4
2"—-_..\?7“‘ &4 L »_‘r Ht—t—t+
S St B gL
£ +4 % wa 1t SR
111 N 1 A
LT [T CTTTIL JEEENH
) 4 ) 4

Frequency, MHz

insertion Loss in 50 Ohm System Typ.
per MIL-STD-220A

Figure 3.

1018 20 40 s 6u 80 10

r.f. design

EMI/RFI
Filtering
Of Computing
Devices

Iver Sonderby
Stanford Applied Engineering
Santa Clara, CA

n Oct. 11, last year, the Federal Communications
Commission adopted regulations to restrict and
reduce the interference potential of electronic computing
equipment. The rules and regulations are outlined in Docket
No. 20780, which define a computing device as ‘‘any
electronic device or system that uses digital techniques,
or more precisely, an electronic product that intentionally
generates and uses radio frequency in excess of 10,000
cycles or pulse per second”.

The definition of ‘“‘computing device” is intentionally
broad and will encompass any computation equipment
used for control, transformations, recording, filing, sorting,
storage and retrieval, data terminals, word processors
and similar products. Other devices subject to the new
regulations are RF power supplies, electronic games, carrier
current systems, campus radio stations, calculators,
and tape recorders.

The New Regulations

What effect will these new regulations have on present
EMI/RFI filtering techniques? Before the October 11 adop-
tive of the FCC regulations, manufacturers were utilizing
EMI/RFI filters to protect their equipment from *‘conducted
interference’” emanating from the power line that could
cause malfunctions in microprocessors or other noise-
sensitive circuitry. Filters of the ‘“single network” type
(Figuse 1) were popular and widely used because of their
low cost, small size, and their ability to suppress
adequate noise and interference from the power line. Little
or no concern was given to the equipment itself and to the
nternal interference generated, which is of sufficient in-
tensity to pass back through the filter at a level
that is now unacceptable to the FCC. Herein lies the
problem. Many of these manufacturers must now upgrade
their filtering to the more expensive, and larger, “two
network’ filters (Figure 2). And if a switching power
supply is utilized, they are required to use a multi-
section filter (Figure 3) to adequately suppress the high-
intensity noise generated by such a device. Aitering
equipment to facilitate a larger filter is relatively easy
to accomplish, but the re-design of enclosures and
shielding necessary to meet conducted radiation limits
is a far more serious problem and is far more costly.

interestingly, the FCC followed the German VDE

i)



DIGITAL
ATTENUATORS

63.5dB
30-500 MHz

7 Bits: 0.5 dB least significant

internal driver
TTL or CMOS compatible

Specification

Part Number
Control

D.C. Power
Frequency
Range
Sections
Switching Speed
R.F. Power
Insertion Loss
VSWR
Impedance

+§ VDC at 50 mA

CMOS

DA028S
7 line CMOS
+5 to +15 VDC 25 mA
30 to 500 MHz
63.5 dB Above Insertion Loss
05,1, 2 4,8 16 3208
S Microseconds Nominal
+13 dBM CW Maximum
6 dB Maximum
1.35 Maximum
50 Ohms

DA0295
7 tine TTL

Write for new 1980 catalog including product specifications,

engineering design aids and notes.

Industry Leader in
Microwave Integrated
Circuit & Connectorized
Switches, Step
Attenuators, Voltage
Control Attenuators

DAICO INDUSTRIES, INC.

2351 East Del Amo Bivd., Compton, Calif. 90220

Telephone: (213) 631-1143

© 1980 Daico industres

TWX 910-346-6741
nc mp8408
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Figure 4. Comparison-Conducted Noise:
FCC 20780 VS VDE 0871.

specification (0871) very closely. Figure 4 shows the relation-
ship between the two and the differences between
allowable noise levels at various frequencies. The FCC
“Level A” curve applies to computing devices used in an
“industrial environment’’; the ‘““Level B” curve applies to
computing devices, electronic games, or any device intended
to be connected to a TV receiver or TV interface
device. Excluding the use of a switching power supply in
the system, the “Level A" requirement can most readily
be met through use of a “two-section filter” (Figure 2).
If a switching power supply is used, a multi-section
filter is recommended (Figure 3) for maximum noise
attenuation.

“Level B” is by far the most stringent, and in many
instances a two-section filter will not suffice. There are a
number of commercial “‘high-performance” filters avail-
able that may supply the suppression required. How-
ever, if a switching power supply is incorporated with-
in the equipment, it may require a custom design to
bring the interference level below the 250 microvolts limit
from .45 MHz to 30 MHz.

Recent Conducted Emission Tests

Numerous conducted emission tests on various types of
computing devices have been performed* since the new
FCC ruling came into effect on Oct. 1. Findings show
that equipments which use filters of the “single network”
type (Figure 1) are marginal in suppressing emission
to meet the “Level A” requirement in some cases. Data
terminals that had an internal “clock rate” of 1 MHz to
3 MHz have a tendency to exceed the maximum levels
allowed at those frequencies.

Installation of a “‘two-section’ filter (Figure 2) brings
the level down significantly, to where conformance is
acceptable. To meet the “Level B” requirement in one
instance, it was necessary to design a custom, multi-
section filter to adequately suppress conducted emis-
sion from a home computer that incorporated a switch-
ing power supply.

Needless to say, these new FCC regulations are
causing a great deal of concern in the computer in-
dustry. On the brighter side, there are a number of
EMI/RFI filter manufacturers, who have the expertise and
readily available products to solve many of the problems
that have arisen since the new FCC ruling was adopted. O

*By Stanford Applied Engineering.
May/June 1981

30 MHz



Interference Measuring Equipment
10 kHz to 1250 MHz

Identify Source of Spurious Signals with Push Button Simplicity
100 dB dispiayed dy- Digitally stored, scanned raster display provides P
reme geen 8415 e napasimion Automatic features,

(Eliminates costly
storage tube « Dual image display for comparison analysis ©

replacement) « Electronicaity generated graucule.
no parallax problems

o b vou time and money

- e |
“" ‘ N s : Automatical
ol s | ispl
1—; - —_— { Auto or manual tnoc:'" oy
= r v e - Sweep modes for maximum flexibility il) lacronic cursor position, or
r - ﬂ-ﬁ gt S EPNY NIAE Py |:i) difference between above
= ¥ - |
J .. hy D Graticule may be shifted or expanded
i) U for pin point slignment with display —
Sets electronic cursor for precise ease of and
frequency measurement to 2 Hz
5 L v - .+ )
L . - T ol Phase-locked tuning for precision,
g5 i stability and ease of operation
N el =) Il sl 1l Tele Scan widths lrom 20 Hz/dwv.to a
— tull 110 MHz display
. <X
s ‘J] J] JU e fo g s ot - Choice of IF Filter bandwidth trom
S p LS R y 50 kHZz 10 5 Hz for maximum
? N Q- resolving power \ w.sm
Automatically
Self-chech and Choice of linear or logarithmic for chosen scan width and IF hiter
calibrator output vertical scale 10dBor 1 dB
50 0r 75 1 input, per div for 0 1 dB resolution
buttered for overioad
Fg’;{c:tmand! 1.2 ’A‘.’:/'Fcains,;' Tracking generator for MOdeI 2370 30 Hz - 110 MHZ
VSWR at all sett tomaticall
wetieirss  Automatic o Model 2371 30 Hz — 200 MHz and
periormance down
o 159.08m mput tumg point Model 2373 1.25 GHz Frequency Extender

Measure Level of RFl With Noise Measuring Sets

by Eddystone Radio Eddy%lone

e Sets Cover 10 kHz— 1 GHz
e Meet CISPR 1, 2 and 16

e For Acceptance Testing of
Consumers Appliances

¢ Field Portable

Noise Measuring Set
Model 40A

130 kHz-32 MHz
MAIN PLANT:
100 STONEHURST CT., NORTHVALE, N.J. 07647 TEL:(201) 767-7250

! WEST COAST:
INSTrUMENTS  F6 sox 16577, IRVINE, CALIFORNIA 82713 TEL:(714) 857-2326

Overseas Contact Local Marconi Instruments or Eddystone Authorized Agency
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INCIDENT
EMI

7N

EMI NOISE SOURCE REFLECTED

EMI

Figure 1. Electrical device with metal housing.

DEVICE ~
EMI

EMI NOISE SOURCE

Figure 2. Electrical device with unshielded plastic housing.

20

EM = A Problem

J.J. Coniglio
Acheson Colloids Co.
Port Huron, Michigan

he ability of electrical devices to

function normally without being
interfered with, or without interfering
with other electrical devices, is what
is thought of as Electromagnetic
Compatibility. EMC regulations usually
emphasize containment of electro-
magnetic interference (EMI) to specific
levels across designated frequency
ranges. Every electronic system has
some level of electromagnetic radia-
tion associated with it. If this is
sufficiently strong enough to cause
other equipment to malfunction, the
radiating device is considered a noise
source and is usually subjected to
shielding regulations. This is especially
true when the EMI occurs within
the normal frequencies of communi-
cation as with video games and per-
sonal computers.

Shielding Effectiveness

Provided that the electronic sys-
tem itself has been properly designed,
the metal housing containing it
shields by retlecting interfering signals
away from the enclosure, as well as
containing any EMI which may be
radiating from the system itself. See
Figure 1.

An unshielded plastic housing en-
closing the same device would aliow
the radiating EMI to exit the housing
as well as allow the entry of any
stray EMI which may be present. This
is shown in Figure 2.

The electrical energy present in the

May/June 1981



Whose Time Has Come

environment, or radiating from an
electrical device can be measured with
various detectors, e.g. receivers and
expressed in terms of standards of
electrical measurement. There are
volts/meter and watts/meter' for the
electric field. Differences in levels
of electrical signals or EMI| are
expressed in decibels as shown below
as shielding effectiveness (SE):

Vincident
SE=20Llog ———
V transmitted
or
Pincident
SE =10Log

P transmitted

The above relationships take into
consideration both the reflected and
absorbed components of the incident
wave of EMI and are then the total
shielding effectiveness (SE) for any
material under examination at a
particular frequency. Electrical energy
impinging upon a conductive sur-
face is reflected and absorbed by
the surface as a function of the
frequency and surface impedance.
Table 1 shows the amount of elec-
tric field energy transmitted through
a test panel expressed in dB Reduc-

tion, % Signal Reduction, and % Signal
Transmitted.

Figure 3 shows the idea of reflec-
tion and absorption of EMI on plastic
which has been shielded by some
means.

The actual amount of additional
shielding a system will require, de-
pends on how much attenuation is
needed to meet a specific emission
standard, how susceptible the equip-
ment is to ambient (existing) EMI,
and how sensitive the manufacturer
is to his costs in field service re-
pair or his lost business due to
EMC related performance problems
in the field.

INCIDENT
EMI (\-/'\
N .
=0
(=) o<
' | 6%
w S
& Lz
RE- v
FLECTED
EMI
V—""\_,—_

TRANS-
MITTED

EMI

\

Figure 3. Shielded plastic.

Table 1.

dB Reduction

% Signal Reduction

% Signal Transmitted

This is an edited version of part
of the proceedings of the S.P.l
7th structural foam conference of
May 1979, courtesy of Technomic
Publishing Co., Westport, Conn.

0 0

3 50

6 75

9 87.5
12 93.75
15 96.75
18 98.44
21 99.22
24 99.61
27 99.81
30 99.91

100
50
215

A28
.25
125
.56
.78
.39
.19
.09

O O O O = w o

r.f. design
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Background — ESD

Electrostatic discharge (ESD) affects
the plastic industry in much the same

way that EMI does. Plastics are
generally excellent insulators and
therefore do not allow charges to
bleed off to ground in a controlled
manner. Instead, discharges to the

plastic case in many instances can
cause equipment malfunction or fail-
ure. The ESD problem is becoming
much more acute due to the develop-
ment of very high-speed microproces-
sors. More and more functions are
being packed onto a single chip to
reduce the size of the equipment and
increase machine speed.

A basic computer functions by
communicat.ng on data busses with
very precise timing. When an im-
proper signal is superimposed on
the timing or other data busses with-
in the computer, errors result. If
the induced voltage generated by
direct discharge is of sufficient
magnitude, device malfunction (error)
may occur as is shown in Figure 4.
The H’'s are shown in normal and
abnormal condition as a function of
direct discharge testing at various
voltage levels made directly to the
cabinet of a dot matrix printer. As
little as 100 volts can degrade several
types of semiconductor devices com-
monly used in microprocessors. These
devices work at very low signal
levels. Therefore, very low voltage
differences represent the 0 to 1 state,
and they are very easily damaged
even in their own manufacturing pro-
cesses unless precautions are taken
to protect them from ESD.

Testing Methods — EMI

EMI testing can be done on the
materials under consideration for use
as shielding and must be performed
on the individual electronic equip-
ment undergoing design. The shield-
ing effectiveness figures, usually given
to the industry by materials manu-
facturers, are provided as a guide to
show the relative level of shielding
performance on an ideal enclosure.
That enclosure is one which is solid,
without holes, for display, keyboard,
access, ventilation, power, or seams,
etc. This is not practical. However,
properly designed vents can appear
to be electrically solid and input/
output cables can be appropriately
grounded and shielded to minimize
their degradation of the equipment’s
EMI signature when it undergoes
EMC acceptance testing.

Flat rectangular panels were eval-
vated at frequencies from 1 MHz
through 10 GHz in a back-to-back
screen room test set up similar to
that shown in Figure 5. The EMI
receiver was enclosed within the con-
fines of a second shielded room to
eliminate the possibility of stray radio
frequency signals yielding false in-
formation. Unshielded plastic, an
aluminum reference panel, as well as

Adjoining Shielded Rooms

Flat Panel in
Compression Holding Fixture

/

Transmitting
antenna

Transmitter

DQ

({M-O

o 0
L
—

/

F;”

Receiving antenna

Receiver

=

g
J

Figure 5. Typical common wall attenuation test set-up.




THE PERFECT COMPANIONS FOR FCC TESTING

Model CPR-25 Interference Analyzer
(10 KHz — 1000 MHz) Single-unit coverage for
all CISPR/VDE and FCC test requirements.

Outstanding Features:

e | CD Digital Readout of Tuned Frequency to +0.1%
Accuracy

® Quasi-Peak Detection per CISPR/VDE/ANSI plus
peak, RMS, Average and Vg all at CISPR band-
widths

® | CD Digital Readout of attenuation with overload
indication

® (Octave-range Spectrum Analyzer displays with
tracking preselection using conventional or storage
type oscilloscope

® |ncludes special Auto-Scan circuit for faster scan-
ning without sacrificing accuracy on NB responses

® Optional battery for field operation

Model ESA-1000 Spectrum Analyzer
(100 KHz — 1000 MHz) for the total picture when
testing to CISPR/VDE and FCC specifications

Model ESA-1000 Features:

® Direct Reading of Electric Field Strength

® Panoramic Reception over a Wide Band

® Measurement of Noise Intensity & Electric Field
Strength

® Ease of Operation and Versatility Ensured by Auto-
matic Features

® |nput Sensitivity of 5 dBv or better

® Three choices of Scan Modes: Single, Manual and
Auto

® Scan Width by Dispersion/Div. switch 100 MHz/Div.
to 100 KHz/Div. in 1-2-5 steps and zero scan

® Detection method: Average and CISPR Quasi-Peak
Value

Complete range of accessories and options available.

100 CHURCH ST.  AMSTERDAM, N.Y. 12010 o (518) 843-2600 ELECTRO-METRICS
T Y | S S I G SN PSR T

INFOIGARD 10




Table 2.

Sheet Resistance
Thickness Ohms/Square Attenuation

Material Mils @ 1 mil db
Plastic 1/8 inch ® 0
Aluminum Sheet 1/8 inch 0 64 - 80
Silver Paint 1.5 mil 0.01 54 - 70
Silver/Graphite | 0.2/1.0 mil 0.01/100 54 - 77

(two coat)
Copper 2.0 mil 8.0 20 - 54
Copper/Graphite | 2.0/2.0 mil 8.0/100 27 - 62

(two coat)
Graphite 1.0 mil 100 11 - 60

various conductive approaches® on
plastic were tested. Shielding effective-
ness variations were noted with
changes in frequency and electrical
resistance as predicted by microwave
theory. As expected, conductivity
played a significant role in EMI
shielding effectiveness. Table 2 shows
the average shielding effectiveness

*Electrodag®

across a range of frequency of 1 MHz
to 10 GHz.

Testing Methods — ESD

Various plastic-encased micropro-
cessor-based equipments are suscep-
tible to Electrostatic Discharge (ESD)
interference. Empirical approaches
are tried in order to make a sys-

tem more immune to ESD problems.
An RC circuit consisting of a 500
picofarad capacitor charged to a
high voltage in series with a 5000 ohm
resistor is used to study ESD in
military static sensitive devices.

The flevel of ESD immunity is
found by discharging a high-voltage
probe at various points on a typical
electronic system housing until the
most sensitive area is located. Initially
this is done at lower than normal
body ESD levels and is continued
while gradually increasing the magni-
tude of the voltage until malfunctions
occur. Various methods of grounding
and cabling arrangements are tried to
minimize the ESD susceptibility. If
all else fails, various systems of
shielding are employed and tested
in the same way until the device
has the desired ESD immunity.

An experiment was run to observe
the phenomena of charge distribu-
tion on high conductivity vs low con-
ductivity shielding materials. Two
similar plastic substrates were tested.
A coating of highly conductive material
was applied to one panel and a low
conductivity material to the other (less
than 0.1 and greater than 20 ohms,
respectively). After scribing through
the coatings at about 1/8 inch spacings
across the path where current would

of

Low Cost
RFI Shielded Cases

COMPAC's complete line
Low Cost
Standard & Custom
S Cases provide “off-the-

shelf solutions to your RFi

Blank,

. O T
problems.” Gaskets,
# 2 P feedthroughs, circuit
' ’ boards and other access-
: w ories in stock.
Coaxial attentuators and
B . i terminations with SMA,
sy BNC, TNC and N con-

nectors and

-5

within-and-between
series adapters are aiso available. Test
cables come in varying lengths with
choice of connectors.

NEW RF Transfer Switches
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Request COMPAC catalog with
complete descriptions and prices.

covpPAC
279 Skidmore Road

Deer Park, New York 11729

(516) 667-3933

J

RETLIF, INC.

FLOWERFIELD BLDG. NO. 25
ST.JAMES, NEW YORK11780
(516) 751-4600

CCS 125 COMPUTERIZED MEASUREMENT SYSTEM
COMPUTERIZED FILTER MODELING

TEST PROCEDURES

FACILITY PLANNING

SUPPRESSION PROGRAMS

CONTROL PLANS
DESIGN REVIEWS
SITE SURVEYS

COMPLETE FACILITIES FOR TESTING TO ALL
MILITARY INTERFERENCE SPECIFICATIONS, WITH
INSTRUMENTATION COVERING 20HZ TO 40GHZ
AND SUPPRESSION DEVICES IN STOCK FOR
IMMEDIATE REMEDIES TO OUT OF SPECIFICATION

CONDITIONS.

FCC CERTIFIED, WITH APPROVED REPORT-

i ING FORMATS AND TWO OPEN FIELD TEST
SITES FORCOMPLIANCE TESTING TOPARTS

2,15, (SUBPARTS C, D & J), 18, AND S0

INFO/CARD 12
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=
Quality EMI/Magnetics

Instrumentation from EMCO

Model 6640
Magnetic Field intensity Meter

Model 3013
Bridged-T Rejection Networks

Model 3106
Double Ridged Guide Antenna

The Electro-Mechanics Company
has the capabilities to help solve
electromagnetic compatibility prob-
lems in such critical industries as
defense, electronics and transpor-
tation. By continuing to provide
customers with practicable “spe-
cials”, EMCO has grown to display
a broad choice of RFI/EMI equip-
ment.

The systems, accessories, and
services offered by EMCO can be
categorized under these fields of
interest . . . Antennas, Magnetics,
and Rejection Networks.

ANTENNAS

EMCO manufactures antennas with
a wide variety of applications and
measurement capabilities. Anten-
nas include . . .

e Conical Log-Spiral Antennas

¢ Biconical Antenna

* High Power Biconical Antennas

* Double Ridged Guide Antennas

* Log Periodic Antennas

 Parallel Element Antennas

* Adjustable Element Dipole
Antennas

¢ Broadband Dipole Antennas

¢ Electric Field Antennas

MAGNETICS

EMCO has been at the forefront
of development for magnetics EMI
test instrumentation. EMCO's line
of test equipment provides re-
searchers, engineers and designers
with vital portions of information
needed for accurate RFI/EMI test-
ing and electronics security studies.
Instruments include . . .
e Magnetic Field Intensity Meter

¢ Electrical Field Probe

» Current Probe
e DC Magnetometer

INFO/CARD 13

* Helmholtz Coil Systems

» Magnetic Susceptibility Testing
System

* Magnetic Field Generating Coils

* Magnetic Pickup Coil

REJECTION NETWORKS

EMCO’s Rejection Networks are
designed for many types of specifi-
cation compliance testing. Instru-
ments include . . .

e Bridged-T Rejection Network

» Cavity Rejection Networks

The Electro-Mechanics Company
P.O. Box 1546/ Austin, Texas 78767
Telephone (512) 451-8273



High Conductivity

20 Kv

I i

Little energy l0ss.
Poor “shock’ absorber” effect.

Figure 6. Arc concentration and spread
as a function of coating conductivity.

Low Conductivity

T

20 Kv

WY

L

High energy loss.
Excellent “shock
absorber’ effect.

flow, a high voltage source was
applied across the panels. The narrow
open areas on the surface of the
respective conductive materials re-

vealed arc concentration on the highly
conductive panel and arc spread on
the low conductivity panel. See Figure
6.

Conclusions

1. Consideration of the EMC re-
quirements must address EMI and
ESD design goals in shielding prod-
uct selection. If ESD is the major
concern, too conductive a shield may
give rise to continued EMI problems.

2. Coatings or metalization methods
are only part of the EMC solu-
tion. The rest of the solution lies
in circuit design, layout, and con-
ventional grounding and filtering
considerations which have been in
many design arenas left until the
system’s final days of design — or
worse, until after design finalization
has taken place and problems occur.
taken place and probiems occur.

3. There is no approach which may
be assumed to be best, as the best
for one system may be enormous
over- or underdesign for another sys-
tem with entirely different suscepti-
bility levels.

| Reference

1. “Limits and Methods of Mea-
surement of Electromagnetic Emana-
tions from Electronic, Data Process-
ing and Office Equipment,” CBEMA/
ESCS5, 20 May 1977, Washington,
D.C.

EMI FILTERS from
Stanford Applied

Now that SAE’s EMI filters are recognized
around the world, isn’t it time you recog-

nized them?

All SAE filters are suitable for use in equipment
that has been designated by the FCC as a com-
puting device and are designated to help meet
the new conducted emission requirements.

e Seven filter types to meet every design

requirement

— General application — Three-phase
— High performance — Connector

— Switching — Medical range
— Transient — Extended range

Consult factory for custom requirements

— [ —
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For FREE catalog on complete
EMI filter line, write:

Stanford Applied Engineering
3520 De La Cruz Blvd.
Santa Clara, California 95050
(408) 988-0700
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The FCC
has you
under

the gun.

Do you package your digital
product in a plastic enclosure?

Is your product designed for
personal use in aresidential area?

Can your industrial/commercial
products meet the new FCC
standard on EMI?

Are you prepared to redesign your
product to achieve the necessary
shielding performance?

Chomerics has the answer. The Enforcer™ is
an economical EMI shield that simply sprays
on. You get cost-effective coverage—that
meets the new standard. It air dries at room
temperature.

When it comes to conductive composites,
call us first. Get the facts you need. Call in
the Enforcer!

CHOMERICS
Specialty materials and components
for electronic packaging.

77 Dragon Court
Woburn, Mass. 01888
Tel. (617) 935-4850 TWX: 710-393-0173

The
Enforcer”

CHOMERICSK

Talk to us first.
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Ceramic and Porcelain

Thermal Resistance, Power Dissipation and Current

Rating.

Fx
TERMINATION 1

TERMINATION 2

at TEMPERATURE Tj b at
X TEMPERATURE T,
R Lehti - - 02x —pi
“a|
DIELECTRIC in

| | ! ,
[ » ]
|L j ELECTRODES
txd tdx.
|_’B

F.M. Schabauer & R. Blumkin
American Technical Ceramics
Huntington Station, N.Y.

Introduction

he information in this article makes

it possible for a circuit designer
to calculate the temperature rise of
any multilayer capacitor®. The method
used for caiculation of the tempera-
ture rise of a capacitor is quite sim-
ilar to the techniques that are univer-
sally used for transistors.

The theoretical determination of
the temperature rise of a capacitor
due to AC current flowing through it
is a difficult task. Equipment design-
ers, when faced with the probiem,
require parameters that are generally

not available from the capacitor man-
ufacturer, such as ESR (Equivalent
Series Resistance), and © (Thermal
Resistance), etc. of the capacitor.

If the ESR and current are known,
the power dissipation and thus, the
heat generated in the capacitor can
be calculated. From this, plus the
thermal resistance of the capacitor
and its external connections to a heat
sink, it becomes possible to deter-
mine the temperature rise above am-
bient of the capacitor.

Current distribution is not uniform
throughout a monolithic capacitor, since
the outermost plates (electrodes) carry

*Manufactured by American Technical
Ceramics.
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Multilayer Capacitors

less current than the inner electrodes.
This is shown in Figure 1A for an OUTERMOST

8 electrode capacitor. From the figure, ELECTRODE

it can be seen that there are 7 capaci- ‘31 1

tor sections (Since for N electrodes 7 —— L =73 e
there are (N-1) capacitor sections.) \ T

If the total current into the capacitor & 1

is |, the current for each section is /7. 3 ‘ »
For an outermost electrode, l/7 is S
actually the current carried by the
electrode. For all other electrodes,
the current is 2 (I/7) since the elec-
trodes carry the current for two sec-
tions. Furthermore, the current is not
the same at each point on the elec-
trode. For electrode 8, the current is p—

117 at the left or termination end and ? s
zero at the right or open end. The cur- ELECTRODE 8
rent distribution is approximately as gggg%gggg

shown in Figure 1B. As a result of

this current distribution, the heat gen- :

erated is not uniform within the ca- Figus AN

a4
7

pacitor.

For an actual multilayer capacitor,
there are connection resistances be-
tween the electrodes and the termina-
tions, which cause heat generation.
This effect depends upon the quality
of manufacture of the capacitor. Some
manufacturers have fairly high con- e
nection resistances, whereas others ¥ (4
have connection resistances that are
undetectable.

This article assumes a capacitor
manufactured with no defects, i.e. CURRENT AT ANY POINT
zero connection resistances, and it ON ELECTRODE 8
also assumes that the temperature
difference across the thickness of the
dielectric between electrodes is neg- O-

—

ligible, i.e. less than 1°C.
The validity of the assumptions has DISTANCE ALONG ELECTRODE 8
been checked experimentally by meas-
urements of ESR and temperature
rise vs. RF current for various capaci-
tor values at a frequency of 30 MHz.

Figure 1B.
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Sprague-Goodman's frimmer capacitor

line is growing. With sub-miniature cer-

amic and sapphire dielectric Pistoncap®
tnmmer capacitors. The ceramics are
as small as 3mm diameter ond the
sapphires have very high Q ot UHF
and GHz frequencies.

Our trimmer
capacitor line keeps
growing blggerv :

-

by getting
smaller.

with our glass Pistoncaps® Filmtrims#®
ceramic single turn, and Mica compres-
sion lines.

So the next time you need standard
or custom trimmer capacitors, call us or
your distributor and ask for Sprague-
Goodman. The first and last name for

Capacitor RF
Current Ratings

There are two criteria for maximum
current rating.

The first criterion is due to the rated
working voltage of the capacitor and
is discussed below.

The RF current corresponding to
this voltage is:

Voot — Wp
Ip & peak G (7)
Xc

where,
|, = Peak RF current

Vpeak = Rated Working Voltage of
capacitor

Vpc = DC voltage across capacitor

Xc = Reactance of capacitor at
frequency of operation

The RF current must not exceed

The second criterion is due to the
temperature rise caused by power

1 the value from Equation (1).
\
|

dissipation, (discussed in succeeding
paragraphs). In most applications, mul-
tilayer capacitors are soidered into
the circuit or fastened into place by
use of a conductive epoxy. Since the

They re available off-the-shelf along  trimmer capacitors.

Sprague-Goodman Electronics, Inc.

(An Affiliate of the Sprague Electric Compony)
134 FULTON AVE GARDEN CITY PARK NY 11040 - 516 746-1385 * TLX 144533

INFO/CARD 16 maximum temperature of the solder

normally used on the terminations of
the capacitor is 190°C, 125°C was
chosen as a maximum for one series
of capacitors.* This assures the user
that the temperature will not exceed
the softening temperature of the epoxy
or solder. This temperature then deter-
mines the maximum power dissipation
and in turn, the maximum current,
if the capacitor ESR is known.

Superchips.™
They’re indestructible. }

' Working Voltage Rating

The criterion for the maximum volt-
age rating depends upon the voltage
’ breakdown characteristics of the ca-

pacitor. The voltage breakdown rating
‘ is normally some fraction of the actual

internal breakdown voltage. For one
| series of porcelain dielectric capaci-
tors," * the breakdown voltage exceeds
1000 volts/mil of dielectric thickness
and is virtually independent of tem-
perature. Other dielectrics, such as
barium titanate and many NPO’s have
much lower breakdown voltages/mil.

In some situations, the surface
breakdown or flash-over voltage rather
than the actual internal breakdown
voltage is the determining factor. In
' these cases, the flash-over determines

e
gy Ve <t L
e 4

N [

ATC's 108 Series UHF/Microwave porcelain capacitors otfer outstanding per- |

tformanceunder extremes of voltage, frequency, time and temperature; in short, '

the best in the industry. They’'re ideal for the most demanding design applica-

tions because they're virtually indestructible. Their rugged, self-encapsulated

porcelain construction insures ultra-high Q, high power handling and ultra- l
stability. No wonder the U.S. Navy dubbed them “Superchips”.™

100 Series capacitors are available as chips, pellets (pre-tinned chips), and a i
variety of leaded styles, laser marked for permanent identification of capacity ’
value and tolerance.

For rapid delivery, call ATC at (51 6) 271-9600 or write:
& american technical ceramics '

*ATC 100 series.
**ATC Procelain dielectric capacitors.

div. of phase ind., inc.
One Norden Lane, Huntington Station, N.Y. 11746.
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x\

where, A

Pg
T2

Temperature
to heat flow)

from area A

Cross section plane perpendicular to heat flow (cm?)
Power dissipated (watts) at area A

(°C) of cross section area A (perpendicular
T; = Temperature (°C) at a cross section area at a distance L

L = Length of path (cm) between areas

© = Thermal resistance of path across length L (°C/W)

Figure 2.

the rated working voltage. The factors
affecting flash-over voltage include
surface length of path, surface con-
tamination and environmental condi-
tions.

Current Rating Due
To Power Dissipation

Before launching into a thermal
analysis of the multilayer capacitor,
it is advisable to review some basic
thermal principies:

Heat Transfer

The equivalent of Ohm’s Law for
heat transfer is: (See Figure 2)

(To—=Ty)
Pye —— (2)
©]
where, Py is analogous to electrical
current,

(T, — T4) is analogous to electrical
voltage difference and © is analogous
to electrical resistance.

Thermal Resistance

The thermal resistance for a given
material and dimensions can be cal-
culated:

r.f. design

L

= — 3
4.186KA i
where,
K = Thermal conductivity coef-
ficient of the material
[gm cal/(°C) (sec) (cm)]

L= Length of path (cm)
A = Area perpendicular to path
(cm?)
Note: When the thermal conductivity
is given in watts/(°C) (cm), multiply
by .2389 to obtain gm cal/(°C) (sec) (cm).

To provide a useful thermal model
for calculating the power dissipation
of multilayer capacitors, the following
constraints are applied:

a) The thermal resistances of the
terminations are negligible. This is
accomplished by selection of the
proper termination material, control
of its thickness, uniformity of termin-
ation deposition and tight process
control.

b) Heat is removed by the conduc-
tion mode only, via the terminations
of the capacitor to external leads or
transmission lines, etc. Radiation and
convection are disregarded. This con-
straint provides an additional safety
factor in the current ratings.

c) The thermal conductivity is con-

ZERO TC
GIGAHERTZ
TRIMMERS

a convi 1

J ne tul 2

microw ney
IMpro

emperaiu o .
zero. increased Q of 00
! » 50 ! 250 MMz

dynamic tuning noise
Avatlable in

Electronic Accuracy
Through
Mechanical Precision

(okaniond

Manufacturing
Corporation
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Section B-B

THE LATEST LINE FROM ITT JENNINGS:

HIGH POWER
“TITANATE”

CERAMIC
CAPACITORS

At last heres an answer for those applica-
tions that require a high power capacitor
providing high KVA ratings, long life, and
extremely high reliability over a wide fre-
quency and temperature range.

Its our “titanate formulation” ceramic
capacitors.

They exhibit a high dielectric constant,
low loss characteristics, and can be pro-
duced in smaller sizes than most other types !
of capacitors with similar ratings.

These capacitors offer capacitance ranges l
from 5 to 5,000 pF or more, and voltage
ranges from 5 to 40 KV.

They are ideal for transmitters, power t

supplies, induction heaters, voltage grading
for circuit breakers, CRT computer inter-
faces, lightning arrestors or practically any
application that requires a high power
ceramic capacitor.

Do you have an unusual requirement? If
so, our modern production facility and our
30 years of high power test experience can
assist you with specialized ceramic capaci-
tors in a variety of shapes, sizes and
formulations—even water cooled types.

Check with our applications department
at 970 McLaughlin Avenue, Dept. TF1, San
Jose, CA 95122, or call us at (408) 292-4025
and let us tell you more about our high
power titanate ceramic capacitors.

‘&1 X
JENNINGSL'TT

DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION

INFO/CARD 19

| stant over the temperature range of
| 25°Cto125°C.
! The thermal circuit for a multi-
layer capacitor is complicated because
there are many parallel thermal paths.
| Since the current varies over the length
of the capacitor, the power dissipa-
| tion is not concentrated at any one
point in the capacitor, but is distrib-
| uted throughout the length of the
capacitor. To simplify this situation,
an equivalent thermal circuit is derived
which substitutes a single lumped
power dissipation source (heat gener-
ator) at the central plane of the capaci-
tor and a lumped thermal resistance
from this central plane to each of the
capacitor terminations.
Figure 3 illustrates the deviation of
this thermal equivalent circuit for a
two electrode capacitor. A strip dx
is selected at a distance x from ter-
mination 1. The power dissipation in
the electrodes in this strip is calcu-
lated from i’R,dx, where i is the cur-
rent in one electrode at plane x and
R, is the resistance per unit length
of the electrode. Similarly the power
dissipation in the dielectric in this
strip is calculated from the dissipa-
tion factor and the current. The dissi-
pation factor of the dielectric is con-
stant as a function of x. The total
power dissipation in the strip dx is
P, and is the sum of the two above
power dissipations. The thermal re-
sistances 04, and 0,, from the strip
to the terminations consist of par-
allel electrode and dielectric paths
and are calculated from the formulas:

X L-x
o~ O2x= R
4.186KA 4.186KA

O1)(
If now the terminations 1 and 2 are
connected together thermally but not
electrically, i.e. the temperature of
termination 1 is the same as the tem-
perature of termination 2, then the
temperature rise at plane x of the
capacitor can be calculated from the
expression:

May/June 1981



A chip off the old block-
fast, clean and smooth

Direct VHF Synthesizer-0.1 to 160 MHz

ON'
®

WaAvETEK
ROCKIL.AND

® High Speed Switching -
Spurious Free

® True Phase Continuity*
® High Resolution

With parental pride we're
announcing the arrival of our
Model S130A VHF Frequency
Synthesizer, which joins 10
years of experience in direct
digtal frequency synthesis
with the latest advances in
direct analog frequency
synthesis.

*U.S. Patent #3,735,269

@CUﬁJ“=True Phase Continuity
- U -

— -

0 MODEL &t
(ton

15138
™
FREQUENCY SATHESIZEN {
o R od )
'™ W

The object of our pride — a
descendent of our famous
3MHz Model 5100 - is a direct
digital/analog frequency syn-
thesizer covering the frequency
range of 0.1 to 160 MHz!!

e benefits? Switching
speeds as fast as 5 micro-
seconds, true phase continuity *
unprecedented freedom from
spurious signals even when
sweeping at fast rates, constant
resolution of 0.001 Hz-just to
name a few.

Call us or your local Wavetek

Rockland representative for de-
tailed information or a demon-
stration of the newest addition

to the Wavetek Rockland family
othigh performance synthesizers.

Wavetek Rockland, Inc.
Rockleigh Industrial Park
Rockleigh, NJ 07647

(201) 767-7900

WAVETE K

i |-

Demonstration INFO/CARD 20 Literature INFO/CARD 21



h'in
HEAT GEN, (CENTRAL) PLANE ___.‘
64 6
=W V‘X(
T T
e —d P——
O | 6, 6
TERMINATION 1/’ ‘\TERMINATION 2
ea! QW B

where, 69 = Thermal resistance of dielectric from Heat Generation
Plane to a termination (°C/W)

6 = Thermal resistance of parallel combination of all elec-
trodes from Heat Generation Plane to the connected termi-
nation for length = L_E_ (°C/wW)

8ps = Thermal resistance of parallel combination of all short
electrodes from Heat Generation Plane to unconnected end
of electrodes for a length = L—i_L (°c/w)

634 = Thermal resistance of parallel combination of dielectric
in series with short electrodes for a length =f (°C/W)

Tijn = Temperature of Heat Generation Plane °C)

Ty = Temperature of termination 1 °C)

T, = Temperature of termination 2 (°C)

Figure 4.

] 1x02x

N =P Wl e
O7x + O
where,
AT, = Temperature rise above T,
orT,(°C)
B1x = f1(x)

= Thermal resistance from plane
x to termination 1 (°C/W)

O2x = faoL-x)
= Thermal resistance from plane
x to termination 2 (°C/W)
Py = f3(Ry x,dx)
= Power dissipated in metal
electrodes and dielectric in
width dx located at plane x

If AT, is integrated, an expression is
obtained in a form as follows:

NN (de‘
12
where,
0 = Thermal resistance from

central plane to termination
1 and termination 2 (°C})

Py = Total Power dissipated in
capacitor (watts)
and thus,
AT = Temperature rise of central
plane above termination (°C)
This permits the establishment of
the equivalent circuit with all the
power dissipation in the central plane
and thermal resistances from that
plane to each of the terminations.

34

Varactor Tuning Diodes

TYPE 13C

MONOLYTHIC®

CHIP CAPACITORS

® Designed for high-frequency COG (NPO) ap-
plications requiring high-Q, long-life

® Choice of metallized terminations to fit vari-
ous assembly processes |

® Capacitance values: 3.9 to 390 pF at 50 WVDC

Write for Engineering Bulletin 6200.51 to
Technical Literature Service, Sprague Electric Co.
709 Marshall Street asz1119 |

North Adams, Mass. 01247.
spnncuq

THE BROAD-LINE PRODUCER | Ilfisisithufiviel
OF ELECTRONIC PARTS : —

Crystalonics offers the broadest line of varactor
tuning diodes in the industry with capacitance from
6.8pf to 1,320pf & Q as high as 600. High Q JAN/
JANTX 1N5139 series, very high Q JAN/JANTX
| 1N5461 series, & high capacitance (330pf to 1,320pf)
VAS21 series highlight the line.
with Crystalonics’ passivated ultra-high reliability
processing. Send for our free catalog.

“W TELEDYNE
CRYSTALONICS

147 Sherman St. Cambridge, MA 02140
Tel. (617) 491-1670 ¢ TWX: 710-320-1196

All manufactured

INFO/CARD 22
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HP Introduces
Spectral

Excellence!

€.

- 00
- 88

i‘bi“.o . - .
Slalalals

L-. ‘Uﬂﬂkﬂm‘,
v ©
ttCe

c @@ CEEs

HP’s 8662A Synthesized Signal Generator delivers
outstanding spectral purity.

Here's the very best spectral purity you can get for
testing systems that depend on a low noise synthesized
reference signal in the 10 kHz to 1280 MHz range.
Ideal for the most demanding signal applications like
these:

Satellite Applications. Use the 8662A’s close-in SSB
phase noise (see chart) for communication multiplier
chains and up/down converters. 0.1/0.2 Hz steps

and excellent long-term phase stability give better
ranging and tracking accuracy.

Doppler Radar. Low phase jitter cuts velocity
ambiguity. Automate testing with HP-IB.

Out-of-channel Receiver Tests. Uses low SSB noise
and spurious. *1dB level accuracy. Programmable.

Automated SSB Noise Measurements. A quiet
reference local oscillator.

04103

_("

HEWLETT
PACKARD

Frequency Agile Communications. 420.s switching
speed and very low
spurious during
switching meets >, et biae
demanding applica- . o INJHZBW
tions like cellular w )
telephone. ¥

120 — —
To find out how CSYNTMESIZER
HP achieved this
spectral excellence - r
and more informa- | - N
tion on the 8662A, 00500tk f0« 100k 1M
write for ‘_Design OFFSET FROM CARRIER (Mz)
Principles & Test Methods for Low-Noise RF and
MW Sources!” Hewlett-Packard Company,

1507 Page Mill Road, Palo Alto, CA 94304.
8662A. $29,000*

*U.S. domestic price only.

dB BELOW CARAIER

OESIGNED FOR

SYSTEMS
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HEAT GEN. PLANE /“I ed HEAT GEN. PLANE

AN
W y\% ! e,
o i . WHICH
Js\ﬁ Lo Tpey YIELDS
6
w% s } el

Ccap

to both terminations (°C/W)

Figure 5.

(4)

5

= Thermal resistance of capacitor from Heat Generation Plane

\J 6,2 Bcqp
[ Vm‘ i
; 62-2 6y T,=Ty
[ A/

l WHICH YIELDS

(-3
P 1,-7
¥ WV —

€cap Calculated From Llectrode and Dielectric Dimensions and Thermal Conductivity

SERILS 1007 1008
Cap Value (pF) | 1 100 1 100 1000
s - X < 24 2 18 62
5  Coe) 0.1 0.22
; E)~ : 0.04 0.06
E [ _(-C{ni ) | 000006 0.000141 193]
O 15w (end) o.oomﬂ 0.00168 | 0.000282 | 0.002533 | 0.00874
g e 0.167 gm cal/(sec)(°C) (cm)
a, (°C/w) 1670 126 1420 158 46
s (FC/W) -15 51 812 90 26
po| 2 (em 0.14 0.28
{ Acap (cm?) 0.02 007
', Ad 0.019885 0.0183 §0.06972 1 0.06746 I 0.06126
o 0.03 gm cal/(sec) (°C) (cm)
K Teag ccom 28 30 16 16.5 18
€ laap ocrm 5510 | 380 3390 376 109

[g Iecap (°C/W) T 15.7 |

subscript d = dielectric

R AR P BE

subscript m = metal electrode

bauations used in calculation are from equations 3, 4 and 5:
L+ ) (L -4)

—_—

!
Qe 0 s T 4.186&,,1(‘51‘-" )
:\n =

Bogn # o i s
@) (&) ()

NOTE: 94,,;] PLAYS THE SAME ROLE FOR CAPACITORS AS ©;. PLAYS FOR TRANSISTORS.

o L+ a)
4.186%(&_1)
h

Acap = WH
Ay = bH - wh\

p—

e e A R
d " 7. 180Kg E‘},u)

Table 1.

The validity of this result is also
apparent from the symmetry of the
structure of the capacitor on either
side of the central plane. This sym-
metry is also true for the capacitor's
power dissipation and thermal resist-
ances.

Figure 4 is the thermal equivalent
circuit for the two electrode capacitor
in Figure 3. From Figure 4 one can
see that there are two equal thermal
paths from the central plane to each
of the terminations. For each path
there are three thermal resistances in
parallel. One is metal, the second is
dielectric and the third is metal in
series with a small length () of
dielectric. The first and third are
through the cross-sectionai area of
the electrodes (wh) and the other is
through the area of the dielectric
(WH-2wh). If there are N electrodes,
these become Nwh/2 and (WH-Nwh).

If termination 1 is thermally con-
nected, but not necessarily electric-
ally connected to termination 2, T,
becomes equal to T, This is equiv-
alent to folding Figure 4 at the Heat
Generation Plane and connecting ter-
mination 1 to termination 2.

The thermal resistance of the ca-
pacitor is thus developed as shown
in Figure 5.

Using the equivalent circuit of Fig-
ure 5 and equations 3, 4 and 5
the thermal resistance of ATC 100A
1pF and 100pF capacitors and ATC
1008 1pF, 100pF and 1000pF capaci-
tors can be calculated. The results
are shown in Table 1. [

Part 2 will appear in the next
issue of r.f. design.

36
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IF YOU NEED $5,000...20,000 EVEN UP TO 500,000 TO
START A NEW BUSINESS OR TO EXPAND AN EXISTING

FIRM—THEN READ WHY YOU TOO WILL CALL THIS
INCREDIBLE MONEY RAISING MANUAL

“THE SMALL BUSINESS BORROWER’S BIBLE”

Practically prepares the loan application for you line-by-line...the “proper” way.
All properly prepared applications are processed faster...no red tape!
Guaranteed Loans...Direct Loans...and Immediate Loans are available now!

Most men and women seriously interested in starting thelr own business are eligible io apply — including those who aiready own 8 business and
need capital fast for expansion...or to stay afloat...even it they've been flatly refused by banks and turned down eisewhere! Yet, too, many never
qualify, simply because they do not know how to “properly” prepare the loan application...

In order to help those people
applying for these guaranteed and
direct loans fill out their loan
applications the “right way,” ICC
Business Research, through its
diligent comptlation and research
efforts, has successfully assem-
bled and published a compre-
hensive, easy-to-follow seminar
manual: The Money Raiser's
Guaranteed and Direct Loans
Manual, that will quickly show you
practically everything you'll need
to know to prepare a loan apphica-
tion to get federally Guaranteed
and Direct Loans

Here are just some of the many
important benefits the Money
Raiser's Guaranteed and Direct
Loans Manual provides you with’
*a pletely filled in ple set
of actual SBA loan application
torms, all properly filled in for
you to easily follow—aids you in
quickly preparing your own
loan application the right way.
Each line on the sample appli-
cation forms is explained and
ilustrated in easy-to-under-
stand language.
fast application preparation
procedures for getting loans for
both new start up business
ventures and established firms.
advises you on how to properly
answer key questions neces-
sary tor loan approval and in
order to help avoid having your
application turned down—gives
you advice on what you should
not do under any circumstances.
what simpie steps you take to
guarantee eligibility—no matter
if you do not presently quality.
where you can file your appli-
cation for fastest processing.
At this point the most important
question you want answered is
Just where 1s all this loan money
coming from? Incredible as it may
sound—these Guaranteed Loans

Direct Loans..and Immediate
Loans are indeed avaidable right
now — from the best, and yet. the
most overlooked and frequently
the most ignored and sometimes
outright ridiculed..."made-fun-of’
source of ready money.. fast
capital. in America — THE
UNITED STATES GOVERNMENT

Of course. there are those who
upon hearing the words 'UNITED
STATES GOVERNMENT" will
instantly freeze up and frown and
say

only minorities can get small
business loan money from the
government’

Yet. on the other hand (and
most puzzling) others will rant on
and on and on that

don't even try. it's just
impossible — all those Business
Loans Programs are strictly for
the Chryslers. the Lockheeds. the
big corporations...not for the little
guy or small companies = etc

Still there are those who

declare

1 need money right now .and
small business government loans
take too darn iong. iIt's imgossible
to qualily. No one ever gets one of
those loans.

Or you may hear these
comments

‘. .My accountant's junior
assistant says he thinks it rmight be
a waste of my time!” "Heck. there’s
too much worriesome paperwork
and red tape to wade through'”

Frankly — such rantings and
ravings are just a lot of "bull”
without any real basis — and only
serve to clearly show that lack of
knowledge misinformation and
and not qutte fully understanding
the UNITED STATES GOVERN-
MENT'S Smail Business Adminis-
tration’s (SBA)} Programs have
unfortunately caused a lot of
people to ignare whatis without a
doubt — not only the most
important and generous source of
financing for new business start
ups and existing business
expansions in this country — but
of the entire world'

Now that you've heard the “bull”
about the United States Govern-
ment's SBA Loan Program — take
a few more moments and read the
tollowing facts
e Only 9.6% of approved loans
were actually made to minorites
last year
What SBA recognizes as a
“smail business” actually
applies to 97% of all the
companies in the nation
Red tape comes aboutl only
when the loan application is
sent back due to applicant not
providing the requested infor-
mation...or providing the wrong
information
The SBA s required by
Congress to provide a minimum
dollar amount in business loans
each fiscal year in order to law-
fully comply with strict quotas.
(Almost 5 biflion this year)

Yet., despite the milons who
miss out — there are stilt literally
thousands of ambitious men and
women nationwide who are pro-
perly applying — being approved
— and obtaining sutficient funds
to etther start a new business, a
franchise. or buy out or expand an
existing one Mostly they are all
just typical Amerncans with no
fancy titles. who used essentially
the same effective know-how to
ill out their applications thatyou'll
find in the Money Raiser s Guar-
anteed and Direct Loans Manual

So don't you dare be shy about
applying for and accepting these
guaranteed and direct gavernment
oans Curiously enough the
Q ernme s a a 2ry m
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GUARANTEE #1 4
Simply — look over this most g
effective money raising loan @
preparation assistance manual ®
for 15 days — and. then. if you §
are not convinced that it can ¢
actually help you obtain the ®
Business Loan you need rnght
away — just return it for a full
and prompt refund
00000000000000000000

interested in helping you start a
business that will make a lot of
money It's to their advantage —
the more money you make the
more they stand to collect in taxes.
In fiscal 1981, our nation’s good old
generous “uncle” will esther tend
directly or guarantee billions of
dollars in foan requests. along with
technical assistance and even
sales procurement assistance
Remember, if you don't apply for
these available SBA funds
somebody eise certainty will.

Don’t lose out — now 1s the best
time to place your order for this
comprehensive manual. it is not
sold in stores. Available only by
mail through this ad. directly tfrom
ICC Business Research, the ex-
clusive publisher, at just a smali
fraction of what it would cost for
the services of a private loan
advisor or to attend a seminar
For example:

initially, this amazing Guaran-
teed and Direct Loans Manual was
specially designed to be the basis
of a Smali Business Loan Seminar
— where each registrant would
pay an admission fee of $450. But
our company lelt that since the
manual's quality instructions were
so exceptionally crystai-clear that
anyone who could read. could
successfully use its techniques
without having to attend a seminar
cr pay for costly private loan
advisory assistance services

Theretfore. for those purchasing
the manual by mail. no 3 day class
no course and accommodations
are required. And rather than $450
we could slash the price all the
way down to just a mere $35 — a
small portion of a typical seminar
attendance fee — providing you
promptly fill in and mail coupon
below wjth fee while this special
‘seminar-in-print” manual offer is
still available by mait at this rela-
tively low price'

Remember. this most unique
manual quickly provides you with
actual sample copies of SBA Loan
apphication and all other required
torms—already properly filled n
for you to easily use as rehably
accurate step-by-step guides—
thus offering you complete
assurance that your appiication
will be properly prepared. .and
thereby immediately putting you
on the right road to obtaining fast

‘ed tape loan approval

9 0000000000000000000

GUARANTEE #2 [ )
Even after 15 days — here's Q
how you are stll strongly ¢
protected — if you decide 10 @
keep the manual — and you ®
apply tor an SBA Loan anytime o
within 1 year.. your loan must @
be approved and you must ®
actually receive the funds or @
your money will be refundedin o
full e
000000000000000880000

YOU GETNOT 1BUT2
STRONG BINDING

YOUR LOAN MUST
ACTUALLY BE

APPROVED OR YOUR
MONEY BACK

Of course, no one can guaran-
tee that every reguest will be
approved — but clearly we are
firmly convinced that any sound
business request properly pre-
pared — showing a reasonabie
chance of repayment and submit-
ted to SBA — will be approved
Only because we are so confident
that this is a fact do we dare make
such a strong binding seldom-
heard-of Double Guarantee. No
stronger guarantee possiblel 1t
actually pays for you to order a
copy of this remarkabie manual —
100% tax deductible as @ business
expense ..Don’t delay—send for
yours right now!

rNU RISK LOAN OPPORTUNITY FORM &

Detach and rush for
COMPLETE PREPARATION

' MSSISTANCE FOR LOAN APPROVAL
RFD/1
Please rush me copies of

the ‘Money Raiser’s Guaranteed

l and Direct Loans Manual,” each
at a 535 fee plus $2.50 handling
and shipping under your 2 strong
binding Guarantees

. Enclosed is tull payment
O Check O Money Order

I O COD $5 Depost required
Send payment with order Save CO D
Fee

Name

l Pigase Print Cleariy

l Agoress - D—— - S —
l C — e eee—_—
I State 2o —

My terepnone i3 —_——
A Case we mave a Queshon aboul your ordery

I MAIL TO ICC Business Research
307 Forest Hill Avenue

| Winston-Salem. N C 27105

]
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A description and system analysis
of an antennathat is
an integrated combination

of a short passive element
and gain amplifier.

Ulrich L. Rohde, Ph.D.
Communications Product Corp.
Upper Saddle River, NJ

he active antenna in its minimum configuration consists
of a passive antenna, typically, a rod or a dipole and an
integrated amplifying device.

Let us look at the simple case in which a rod antenna is
directly connected to the input of a field etfect transistor.
As shown in Figure 1, the antenna acts as a source that
feeds the transistor. The electric field strength E generates
avoltage (EMF) that can be determined from V, = E « he. The
antenna has a capacitance C, and for small electrical
lengths, this is 25 pFd/meter, while the transistor has an
input capacitance Ct. These two capacitances form a
capacitive voltage divider. The signal voltage that drives the
transistor is then

E-h,
1+ C7/Cp

Vr

For electrically short antennas the voltage Vy is nearly
independent of frequency. Therefore, the active antenna
has an extremely wide bandwidth.

The gain-bandwidth product of such a device can be
computed from the performance of the field effect transistor
in Figure 1. It will reproduce at the output the input
voltage as long as its cut-off frequency is high enough.
Additional reactances (for frequency selectivity) may be
added to intentionally limit the bandwidth of the active
antenna.
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Ankennas

1 meter
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antenna
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Figure 1.

Output power is not considered of primary importance
since post amplifiers can always be added. Therefore,
only the signal-to-noise ratio is worth considering.

Assume that the active antenna has sufficient gain.
Then the signal-to-noise ratio is determined by the active
antenna and not by the receiver. The only internally-
generated noise is from the transistor since the passive
antenna must be considered noise free.

In analyzing the output of the active antenna, there are
three components to consider:

a) The signal voltage at the operating frequency,

b) The amplified noise generated by external sources
(man-made or galactic), and

¢) The transistor noise contribution.

As long as the noise voltage generated by the transistor
at the amplifier output is less than the wideband noise
picked up by the antenna, the system is capable of supply-
ing the same signal-to-noise ratio as an optimized passive
antenna for the same specific frequency.

Let us assume for a moment that we have an active
antenna with a 1 meter long rod element. Its capacitance
is 25 pFd. A typical value for the FET is 5 pFd or one
fifth. Consequently 80 percent of the antenna output is
applied to the FET input.

r.f.design

4 2010g.o(FIKT)
60
50+
40
30
Measured on a ship
204 during summer conditions
~12dB

104

1 MHz 10MHz 04 100MHZ 5600 greq.
Figure 2. Atmospheric noise as a function of
frequency.

If a passive full wavelength long dipole were used in-
stead at, say, 10 MHz (30 meters long), the open-circuit
voltage (EMF) would be 30 times higher than that generated
by the 1 meter long rod. In addition, the atmospheric
noise term would be greater. However, the 1 meter rod,
for all practical purposes, generates the same, or practically
the same, signai-to-noise ratio as a dipole with the dif-
ference that individual (signal and noise) levels are smaller.
The difference in ampiitude can be compensated for by an
amplifier under the restriction that atmospheric noise
divided by the ratio of (full size antenna/1 meter) is equal
to or better than the noise figure of the transistor
amplifier.

The average noise power of the ionosphere at these low
frequencies is seen in Figure 2. These are the figures
measured in typical rural areas. It becomes apparent that
if these voltages are divided by 50, the noise floor ap-
proaches the noise floor of the best FETS, i.e. approximately
1to2dB.
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In-depth presentations by well
qualified instructors are designed to
provide you with the latest
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presented by
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® ALL SEMINARS ARE AVAILABLE
ON A DEDICATED BASIS
BOX 328, PLYMOUTH MEETING.

PA. 19462, (215) 828-6236

rod
antenna

100 k2
1 uFd

To
Receiver

100 kQ

Figure 3.

INFO/CARD 26

EMNMC
( TESTING 3

AND CONSULTING SERVICES

s FCC DOCKET 20780
m MIL-STD-461 AND OTHERS
m FDA EMC STANDARD
= VDE/CISPR/ESD
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The EMC SCIENCE CENTER offers complete
services in the RFI/EMC field ranging from solving
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personnel in coping with EMC standards. Our
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EMC standards.
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Intermodulation Distortion

Intermodulation distortion is another type of noise that
is generated in the transistor or active device as a function
of the input signals. The active antenna, therefore, is best
described by assigning to it:

a) A frequency range

b) A minimum sensitivity which is determined by the
noise figure

c) A dynamic range which is determined by the second,
third, and higher-order intercept points, and

d) Polarization (horizontai or vertical).

The simplest active antenna configuration using an FET
is illustrated in Figure 3. This circuit exhibits high second-
order intermodulation distortion due to the antenna square-
law characteristic. A push-pull configuration that can be
used for tests and evaluations of such a system is
illustrated in Figure 4.

Table 1. Active Antenna Dynamic Analysis Terminology.

a Cable losses

B Receiver bandwidth

C Noise correlation factor

Fa Antenna noise figure

i Ampilifier noise figure (for best noise
match)

Fr Receiver noise figure

Fg System noise figure (antenna, cable,
and receiver)

€y, Antenna gain = antenna output power

1P, Second-order intercept point

I1P3 Third-order intercept point

R Output power into 50 ohms

Pam, 3 Second or third order intermodulation

3 products output power

Pan Noise output power

Va Output voltage (terminated in 50 Q)

Ved Antenna output EMF

Za Antenna rod impedance

Zopt Antenna rod impedance (for best noise
matching)
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Figure 4.

Active Antenna Dynamic Analysis
(See Table 1 for terminology.)
System noise figure is defined by

(Fr—1)-a
Fs = Fo+ ————

v

The electrical gain of the antenna is defined by
2

v R
IR (e RS
Vo L

For reasons of best dynamics, assume V,/V,=0.5.

With these assumptions in mind, the noise figure of the

antenna now becomes

(Za = Zopt)?

Fr = Fri 1+C
A mm( RA’Ropt

The impedance Z, and Z,p are

Zy = Rp+ jXa

025<C<05

Ropt + iXopt

Zopt

if the antenna is set for the greatest possible bandwidth,

Xopt becomes 0. The antenna noise figure then is

Rs R X2
Fp=20C oL i ot MR
Ropr Ra RA‘Ropr

This particular type of matching requires a high input

impedance. Therefore:

Fa  Boot

Ropr RA

2
R R X
A > opt N A 552
Ropr Ra Ra 'Rop!

r.t. design

): Fmin(1+ A)

the
new look
In Iow cost

ceramic

trimmers
B 5o

Just 6mm D.
for high density
packaging

500 min Q
@ 1MHz

100VDCW

Six capacitance
ranges — 2.5-7.0pF

Flux resistant to 10-60 pF

enclosure

ACTUAL SIZE g

JFD’s new line of DV2 Series ceramic trim-
ming capacitors are the best low cost trim-
mers available to the electronics industry.
Their completely enclosed package pro-
vides exceptionally high resistance to dust
and flux penetration for reliability and long
term performance that can’t be beat by any
other unit in its class. What'’s more, high Q,
a tiny package and a wide selection of

capacities offer maximum design flexibility
over a wide frequency spectrum.

Write for complete technical data on our
new DV2 Series of low cost trimmers. We
think you'll be impressed.

o0
J F D electronic components

A DIVISION OF MURATA CORPORATION OF AMERICA
9030 Highway 5, Douglasville, GA 30135
Phone: 404-949-6900

INFO/CARD 30



Table 2.

dB dB

f(MH2) Gy@dB) |Fal— |=Fs|—

VAR kT, kTo
2 -31 47 .4
5 -217 35.2
10 -155 28.6
15 -12 24.9
20 -10.2 234
25 - 73 20.2
30 - 55 18.4

Finally, the antenna noise figure is

c X4
1 4+ — Rop[ + )
Ra Ropt

Fa = Fpmin

Using arod antenna, its impedance is

kx
Zp = Kp,wiy j X1

w

The impedance diminishes much faster than the noise
figure does (as a function of frequency). Consequently,
optimum matching resistance should be specified at the
lowest operating frequency. Consider a 2-30 MHz active
antenna. Its match resistance is 2466Q (at 2 MHz). The
antenna performance can now be determined if Z, is known.

Loss and Noise Figure
Versus Frequency

Table 2 lists electronic losses and noise figure as a
function of frequency. (This assumes that the noise figure
of the active device is 2 dB). This data is also plotted in
Figure 5. In this graph, the system’'s noise figure, the

_— Fg max Arbitrary noise (specification)

301
Fa=Fg
201 3
Man-made noise
-G, CCIR Report 258-2 —
(Quiet, rural)
104
5

(ST

4 6 B 10 12 14 16 18 20 22 24 26 28 30
—_———

Figure 5. Frequency (MHz)
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man-made noise, and some arbitrary noise specifications
are plotted.

Despite a loss of 30 dB (the active antenna relative to
the power available at the antenna input) the signal-to-
noise ratio up to 4 MHz can meet the specifications. Below
4 MHz, the specifications are equal to the man-made
noise. Above 4 MHz the antenna’s performance exceeds
the specifications.

Shipboard Environment Specifications

The active antenna, per the specifications,* sees two 10V
EMF’s. The intermodulation distortion products that are
generated due to these two voltages are 40 dB above the
specified maximum system’s noise figure, as a worst case
condition. Therefore:

Pap(dBm) = Fs(dB) + G,(dB) = 10 - logkToB - 103
= Fg(dB) = G,(dB) — 139 dBm and
Pamz'amax(dB) f Pan ,,,,-,,(dBm) + 40dB

[Fs(dB) + G, (dB)]min — 99 dBm

At 2 MHz, Fg equals 40 dB and G, equals —31 dB.
Therefore, Pam, ; = —90dBm.

Intercept Point Calculations

IP,(dBm) = 2P,(dBm) — Pamo(dBm)

v2
[ SR |

50%

With V,/V, = 0.5 and V, = 10V, P, is +27 dBm, and,
therefore, IP, = 144 dBm and IP3 = 85 dBm. These are the
two values that are required to generate an intermodula-
tion distortion noise floor at the rated level. For practical
considerations the 1 dB compression point should be 10 dB
above the operating output level. Therefore, in this case, it
should be + 37 dBm. This results in a voltage level of 44.3V
at 0.9A in a 50 ohm system. The operating voltage of this
amplifier should be set at 50V. If the input voltage ratio
is changed and a higher than 0.5 voltage division ratio is
utilized, then the second and third order intercept points
can be reduced. Let us assume that an intercept point of
IP, = 100 dBm and iP3 of 65 dBm can be reached in a
practical amplifier. The following results will then be
obtained:

1. Second order intermodulation distortion products are
going to be — 46 dBm and the useful dynamic range will
be 84 dB.

2. Third order intermodulation products will be —49 dBm
and the useful dynamic range will be 87 dB.

These calculations assume a noise figure of 40 dB at 2
MHz and two 10V random carriers generating the inter-
modulation distortion products as specified.

A number of tests in extremely hostile environments
have already been performed with this active antenna. How-
ever, it is not yet in mass production and, therefore, not
enough information about reproducibility is available. This
will be the next step for evaluation.

*Antenna system developed for use on shipboard by Communications
Consulting Corp., Upper Saddle River, NJ, based on some discussions with
the Naval Research Laboratory 1n Washington, D.C.
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Pretty easy.

Taken at face value, our
Model 3010 Signal Generator is
simplicity itself Just flip the
lever/indicator switches to any
frequency between 1 MHz and
1 GHz. No ranges to set, no
counters to add, no need to
reset output level.

Yet, behind that face is the
most sophisticated instrument in
its price range. Not only do you
get synthesized signal
generation with 0.001% accuracy
and 1.0 dB flatness, you

get programming and
modulation features for nearly
any situation.

For ATE applications,
Model 3010 has frequency
programming as standard
equipment; GPIB
programmability is optional.

Four modulation frequencies
can be used for complex or
simultaneous modulation (AM
on FM, FM on FM, AM on AM).
Model 3010 makes modulation
even simpler by letting you
change center frequencies in

Demonstration INFO/CARD 28 Literature INFO/CARD 29

AM and FM without
readjusting modulation
frequency or output level.
The price is easy too. Just
$4,950* Call us toll free today
for a demonstration.
Wavetek Indiana, Inc.,
P.O. Box 190, 5808 Churchman
Beech Grove, IN 46107. Toll
free 800-428-4424; in
Indiana (317) 787-3332.
TWX (810) 341-3226.
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Figure 1. Helical Filter Nomograph.




Need a Helical Filter?

Lee R. Watkins
Martin Marietta
Waterton, CO

oday the design engineer is called upon to generate

designs that are at or near the state-of-the-art. But
with the amount of knowledge and the rate that it is ad-
vancing, it is impossible for any designer to be an expert
in very many fields. Most engineers do not consider them-
selves as experts in the area of filter design. Therefore,
when their filter requirements exceed their basic knowledge
of filters, they turn to others in the field. This resuits in
increased delays and costs.

Filters in the frequency range from 30 MHz to 1000 MHz
often present special problems. Crystal filters are possible
only in the lower frequencies and for bandwidths in the
order of 1 percent or less. Narrowband low-loss discrete
filters are often difficult or impossible to build because
of the high component Q required. Also with low element

Q the reject skirts of the filter can be seriously altered.
Coaxial resonator filters have high Q but at these frequen-
cies become excessively large. (A 1/8 wave resonator at 30
MHz 1s approximately 50 inches long.) Stripline filters are
also large and usually suffer from low Q. Surface Acoustic
Wave filters are being developed and are available for
much of this frequency range, but they have high insertion
loss, poor dynamic range, limited out-of-band rejection,
and limited power handling capability.

The helical filter presents a workable solution to the
problem of filters in this frequency range. This paper
condenses the necessary equations and design aids so
that the design engineer can design helical filters with
ease and confidence.

The Design

The design procedure is illustrated by an example.

Filter Requirements (Step 1)

The first step is to specify the filter parameters.

Center frequency 520 MHz
3 dB bandwidth 10 MHz
50 dB bandwidth less than 90 MHz
Source and load impedance 50 ohm
Maximum allowable insertion loss 1.0dB

From data curves'?? it is determined that a 3rd order
Butterworth filter will meet the selectivity requirements.
quirements.

Determining Resonator Q Requirements
(Step 2)

The insertion loss of a filter is directly related to the
ratio of the element Q, (Qg and the filter Q, (Qp).
Exact formulas exist but are cumbersome and difficult
to work with.?* An approximate formula exists which

provides very good accuracy for Q ratios (Qg/Qg) greater
than 5. This approximate equation is:

r.f. design

4.343 Q¢ N
Insertion loss (l.L)=———— « 3 Xy
Qg Ke=%1

where:
N is the order of the filter
Qg is the element Q or unloaded resonator Q
QF is the filter Q and is given by fo /BW 4 4g
Xk is the normalized lowpass element values for the given
filter type used. See Tabies | through VIili.
Since we wish to determine the required resonator Q,
(Qp) that provides an insertion loss of less than 1.0 dB,
solve the above equation for Qg.

(4.343)Q 3
e DR g

E K

e K 7
X;=1.00, X;=2.00, X3=1.00

 (4.343)(520 x 109)
T (1.0)(10x 108

E (4) =903
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Figure 2. Resonator and Cavity Dimensions.

This value represents the theoretical minimum Q that
will give an insertion loss of 1.0 dB. Since we wish to
assure a maximum insertion loss of 1.0 dB, it is necessary
to require a resonator Q, (Qg) which is higher than 903.
Therefore, we shall arbitrarily choose as a requirement for
the resonator Q a value of 1100.

The Physical Dimensions (Step 3)

At this point in the design the ‘physical dimensions of
the resonator and cavity are obtained. The dimensions
are for optimum Q for the sizes given. All dimensions
are given in inches. By using the nomograph of Figure 1
we can find the dimensions for Figure 2.

The center frequency and the reguired value of Qg are
known. A straight line is drawn between the point repre-
senting the center frequency and the point representing
the desired Qg. A horizontal line is then drawn from the
intersection of the Line S to the Line B and a horizontal
line is drawn from the Line Q to the line labeled wire size.

The values of S, d, B, Pitch, and wire size are then read

)
e
W

L

SHIELD

WIRE WRAP (Before Solder) CONNELZCH

Figure 3. Typical Helical Filter Construction.
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from the nomograph. For this case they are:

S =0.8inches
d = 0.52 inches
B = 1.30 inches

Pitch = 5 turns/inch
Wire Size = #10
The dimensions S and B are the inside dimensions of the
cavity.

The Coupling Dimensions (Step 4)

The dimension h in Figure 2 is the height of the opening
from the top of the shield to the top of the coil. Actually
the opening extends to the top of the cavity, but the value
computed is to the coil height.

The value of h is in general different between each
resonator and is a function of the value of d and the value
of the normalized lowpass element values (See Tabie |
through VIII).

The equation for h is:

1 BW3 48

— logig{——m——
1.91 (0.071)(fo ) X, X,)

hj=d(1.075) 10

For this case d=0.52
Xi=1 Xp;=2 X3=1
h12 = h,3=0.235inches

In finding hy2 which is the coupling height between
resonator #1 and resonator #2, the lowpass element values
X4 and X, are used. This equation is valid (within about
6 percent) for a shield thickness of 1/16 inch. For a shield
thickness of 1/32 inch divide by 1.075.

Locating the Tap Point (Step 5)

In order to match the filter to a 50 ohm system it is
necessary to tap into the first and last resonator. The tap
position is found by:

Tap point (in turns above ground).

NO
TP.=—=0.15
90
where:
N = total number of turns on the resonator.
y/
p Rb Rtap /2
© = Arcsin .
22,

Riap = 50 ohms (system impedance)

2 nZy ( 1 1)
il 4 Q4 Qp
8.51x 1010
20=T———(Sis found in Step 3)
0
foXy
I At =
2BW348

Qg = 1100(found in Step 2)
In practice the tap point will need to be adjusted slightly
for the best match.
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We did it first.

Solid state Class A linear laboratory
power instruments. Outputs up to 200 watts,
frequency ranges from 1-1000MHz to
4-8 GHz instantaneous bandwidth.

Priced from under $1000!

It all started when we developed the industry’s first standard line of RF/microwave high power solid state
Class A linear wideband amplifiers (our Series LWA, well-known throughout the world). Since then,
we've kept on improving and expanding the line. Now, our Series LAB brings all the most wanted
design features plus exceptional application versatility to the laboratory user. It is, by far,

the industry’s most complete line of laboratory power—as you like it, with the performance you

need at a price you can afford.

Choose from almost 200 models, in self-contained instrument or rack-mount cases. Frequencies
from 1-1000 MHz up to 7900-8400 MHz, with saturated power ratings up to 200 watts. They all include
built-in power supply and integral cooling. Other design features include gain control, internal/external
leveling, external modulation, low distortion, full protection against abnormal conditions, graceful
degradation, and hi-reliability thermal design.

For high power applications, these instruments offer important advantages as replacements
for TWT amplitiers: no tube aging, no misalignment, lower DC voltage, higher efficiency,
lower noise figure vs. power output.

It all adds up to the highest level of quality you can find anywhere—at prices that prove you can't
afford to buy anything less than the best!

' MICROWAVE POWER DEVICES, INC.

330 Oser Avenue, Hauppauge, N.Y. 11788
A ABCOM CONPANY Tel. 516-231-1400 - TWX 510-227-6239




IMPROVE DYNAMIC RANGE OF YOUR
SPECTRUM ANALYZER

An Eagle TNF-1 Tuneable notch filter allows a 25db improvement
in effective dynamic range during harmonic measurements. A
tuneable notch, set at the fundamental . orevents analyzer front
end or mixer overioad which aliows removal of attenuation with
resultant increase in effective dynamic range.
These rugged units use a multi turn element for easy setability.
The nickle plated brass enclosure assures proper shielding while
careful design of circuitry provides low SWR to 1.0 GHZ.
These units are available from stock in the following ranges
TNF-1E 100MHZ to 250MHZ
TNF-1F 130MHZ to 350MHZ
Available in other frequency ranges from 3MHZ to 100MHZ
Price standard modeils: $39.00 Speciats: $59.00

CAGAF

(714) 728-6000
300 N. Main St. Fallbrook, Ca. 92028
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2-2000 MHz
SPDT
DIODE

SWITCH

MODEL: SW-2000-2

FREQUENCY RANGE: 2-2000 MHz
USABLE TO 4000 MHz

SWITCHING TIME: 5u SEC, TYPICAL
INSERTION LOSS: 1.2 dB MAX
ISOLATION: 40 dB, MIN

THIRD ORDER INTERCEPT: +45 dBm
SMALL SIZE: .75 x.75 x 1.00 inches
SMA CONNECTORS

RFI CONTROL TERMINALS

RF POWER: 1 WATTCW

AMERICAN MICROWAVE CORP.

P.O. Box 41 » Damasus, Maryland 20750
Phone 301-948-6800
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Tap Adjustment (Optional) (Step 6)

In step five we found the required tap location to be
0.15 turns above ground. For critical designs the tap
position must be changed slightly (because the 0.15
location cannot be precisely located) in order to provide
the proper impedance. This process can be very tedious
and often difficult to do. An alternative method exists
which adjusts the tap location by using an impedance
transformation. If this method is used there will be some
additional loss introduced into the filter of about 0.1 to
0.2 dB. Therefore, this needs to be considered in the overall
design requirements.

Figure 4 shows the normalized impedance characteristics
of a 3rd order Butterworth filter as a function of frequency.
If such a filter were placed on the input and output of the
Helical filter and designed so that the cutoff occurred
at f3/.6, then the impedance could be tuned by adjusting
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m »
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3
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can
solve

all your

the trimming capacitor. This method was employed in this
example.

At this point the overall measurements of the filter can
be specified. The width is the dimension S plus the wall
thicknesses. The height is the dimension B plus the cover
and base thicknesses. The /length is the number of resona-
tors times S plus all shield and end-wall thicknesses.

Input/output connectors will add to the overail length.

A sketch of the filter is shown in Figure 3. The resonators
are best supported with a coil form as shown. Care must
be used in order not to degrade the resonator Q. Experience
has shown that either Polystyrene or Rexolite may be used.

When making the housing a number of assembly tech-
niques can be used; dip braze, casting, machining, or piece
part assembly. Any method may be used so long as all
joints provide a very good junction. This is extremely
important for junctions near the base of the resonators.
The resonators themselves must be soldered or brazed
to the base to insure good contact.

After assembly, filter tuning is accomplished by fre-
quency sweeping the filter and looking at the detected
output and adjusting the tuning screws. The screws over
the resonators adjust the center frequency and the screws
between adjacent resonators adjust the coupling. (Coupling ‘
is related to the bandwidth of the filter). For a more
thorough treatment of the helical filter tuning see Reference I
2. The completed fiiter along with the response curve is
shown in Figures 5 and 6.

To many the helical filter is a mystery. But they are easy
to build and except for the most demanding of applica-
tions will not cause problems in construction or tuning. | \ .
It will be found that if these design aids are followed Texscan gives you 15 years of experience in
a successful helical filter can be designed, assembled, 16 standard filter types for any application.
and tuned. | Call us today for our new 68 page
component catalogue.
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TABLE . Butterworth Normalized Element Values.

2 .4142 .4142

3 .0000 .0000 .0000

4 .7654 .8478 .8478 .7654

5 .6180 .6130 .00G0 .6180 | 0.6180

6 .5176 .4142 593119 .9319 | 1.4142 | 0.5176

7 .4450 .2470 .8019 .0000 | 1.8019 | 1.2470 0.4450

8 .3902 DRI .6629 .9616 | 1.9616 | 1.6629 1.01% |- 0..3802

9 .3473 .0000 .5321 .8794 | 2.0000 | 1.8794 1.5321] 1.0000 [ 0.3473

10 ¥$ileg .9080 .4142 .7820 | 1.9754 | 1.9754 1.7820] 1.4142 | 0.9080 0.3129

3 .1811 .8214 .1811

4 9500 9382 .7608 .0457

S .9766 6849 .0367 .6849 | 0.9766

6 .8514 .7960 .3411 .0266, | 1.6312 | 0.9372

7 s 27 .5947 .0021 .8704 | 2.0021 | 1.5947 0.9127

8 .8145 U .7984 .0579 | 1.8695 | 1.9796 1.5694 | 0.8966

J .8854 19913 SO .8616 [ 2.0717 | 1.8616 1.9615| 1.5513 | 0.8854

10 .7970 .6930 .7690 .0395 | 1.8827 | 2.0724 1.8529 1.9472 | 1.5380 0.8773
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TABLE lil.

Chebyshev O.1 dBRipple Normalized Element Values.

2 1.2087 | 1.6383

3 108120 1S 159817 .4329

4 0.9924 | 2.1476 .5845 | 1.3451

3 153008 HIBIE. 5559 LZAI51aNE 15 59 TISIES3 G

6 0.9419 | 2.0798 .6581 | 2.2473 | 1.5344 | 1.2767

7 15 26115° ] 51 551196 .2393 [ 1.6804 [ 2.2393 [ 1.5196 152615

8 0.9234 | 2.0455 .6453 | 2.2826 | 1.6843 | 2.2300 1.5091 | 1.2516

9 1.2447 | 1.5017 122200 1168295 ) 2 25577 MIIE6826 2.22201 1.5017 | 1.2447

10 0.9147 | 2.0279 AO8A6S N2 2L (H N6 O 6128ENES29 Il 1.6805] 2.2155 | 1.4962 I 7257

TABLE IV. Normalized Element Values.
2 1.0710 [ 1.8171 —
3 1.6854 1.3985 .6854
4 0.9601 2.3969 L4127 1.6290
D) 1.6010 1.4039 .4956 1.4039 1.6010
6 0.9343 2.3676 .4802 | 2.5116 1.3954 176868
7 1.5756 1.3891 261N 1.4991 2. D116 1.3891 IRESV/56
8 0.9248 2.3493 .4784 20023 1.5042 2.5084 1.3846 | 1.5692
9 1.5648 1.3813 .5049 5058 2.5662 1435058 2.50491 1.3813 1.5648
10 0.9204 2.3395 L4745 2 5535 1.5154 2.5713 1.50504 2.5018 1.3788 1856117

r.f. design
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TABLE V.

Chebyshev 0.5 dB Ripple Normalized Element Values.

2 .9827 | 1.9497

3 .8637 | 1.2804 | 1.8637

4 .9202 | 2.5865 | 1.3036 .8259

5 .8069 | 1.3025 | 2.6915 .3025 | 1.8069

6 .9053 | 2.5775 | 1.3675 .7134 | 1.2990 | 1.7962

d .7896 | 1.2961 |} 2.7177 =384 85l 25777 1129 6 1.7896

8 .8998 | 2.5671 | 1.3697 .7585 | 1.3903 [ 2.7176 1.2938] 1.7853

9 S8R IR2921 N |E 271613 23922k |\ 2.7734 1 13921 27163 ] J2921 - | 17883

10 .8972 | 2.5611 | 1.3683 .7632 | 1.4009 | 2.7796 1.3927| 2.7148 | 1.2908 1.7801
TABLE VI.

ORDER X1 X2 X3 X4 X5 X6 X7 X8 Xg )(10
2 8341 |2.2185
3 2157 11.0884 |2.2157
4 .8310 [2.9813 [1.1208 .2104
5 a7 S| M ZE OSSN0 25 21280 wlN2%Y2 ()7 2
6 .8291 | 3.0056 | 1.1788 858 TR LR 00 §E202 052
7 .203% | 1.1306 | 3.147C L1937 1 3.147C | 1.1306 2.2039
8 .8283 | 3.0077 | 1.1849 .1903 [ 1.1994 | 3.1518 1.1308 | 2.2031
< .2025 | 1.1308 | 3.1540 .2020 | 3.2077 | 1.2020 3.1540 | 1.1308 | 2.2025
10 .8279 | 3.0076 | 1.1862 20061 W1 S208] % WHSHZSY 1220331 1550 ||115.:1807 2.2020
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TABLE VILI.

Gaussian Magnitude Normalized Element Values.

ORDER X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
2 2.1850 | 0.4738
3 2.2262 | 0.8167 .2624
4 2.2450 | 0.9321 .5302 | 0.1772
5 2.2533 | 0.9782 .6485 | 0.3896 | 0.1312
6 2.2568 | 0.9982 .7050 | 0.5004 | 0.3045 | 0.1026
7 2.2583 | 1.0073 .7333 | 0.5606 | 0.4055 | 0.2473 0.0833
8 2.2590 | 1.0116 .7479 | 0.5942 | 0.4658 | 0.3388 0.2065[ 0.0695
9 2.2593 | 1.0137 .7556 | 0.6134 } 0.5025 | 0.3973 0.2892] 0.1761 | 0.0591
10 2.2594 | 1.0147 .7597 | 0.6244 | 0.5250 | 0.4353 0.3451( 0.2509 | 0.1525 0.0512

2 2.1478 | 0.5755

3 2.2034 | 0.9705 .3374

4 2.2404 § 1.0815 6725 | 0.2334

5 2825820 18 NIRI0 .8040 | 0.5072 | 0.1743

6 2.2645 ] 1.1126 .8538 | 0.6392 | 0.4002 | 0.1365

7 2.2659 1.1052 .8690{ 0.7020 | 0.5249 | 0.3259 0.1106

8 2.2656 1.0956 .8695 | 0.7303 | 0.5936 | 0.4409 0.2719] 0.0919

9 2.2649 | 1.0863 .86391 0.7407 | 0.6306 | 0.5108 0.37701 0.2313 | 0.0780

10 2.2641 ) 1.0781 .8561 | 0.7420| 0.6493 | 0.5528 0.4454 0.3270 | 0.1998 0.0672
r.f design 53



Simple LC
Harmonic
Oscillators

A simple, non-mathematical, discussion of
ten single-stage LC feedback oscillators.

Dan Peters
Newport Beach, CA

hen deciding upon a particular

LC oscillator type, the designer
may feel he has too many choices
and ask, “Why do we need so
many?" Most designers select a few
favorites and stick with them, often
willing to defend vigorously their
particular, sometimes arbitrary, choices.
However, even though you may only
use a few, as a knowledgeable de-

54

signer you should at least recognize
the names of a number more.

In this discussion we limit our-
selves to ten _C (as opposed to RC,
crystal, etc.) oscillators of the feed-
back (as opposed to negative re-
sistance, mode change, etc.) type and
those that are further known as
harmonic (as ooposed to linear, square
wave, etc.) oscillators and continuous
(as opposed to relaxation, pulsed,
etc.). In addition we limit ourselves
to oscillators that can be imple-

mented with simple one-stage amp-
lifiers.

The LC feedback oscillator can
be summarized in the simplified form
of Figure 1.

The oscillators contain the follow-
ing: an LC network which primarily
determines the frequency of osciila-
tion: a device capable of supply-
ing power gain, to make up for the
losses of the LC network and supply
power to the load: and a feedback
network to feed energy back to the

May/June 1981



Feedback
System

LC Power
Network Amplifier

Figure 1. Generalized Feedback
Oscillator.

LC network in the proper phase.

The Barkhausen criteria for oscilla-
tion states that the loop gain must
equal one with'a phase shift of 0°.
If the gain is less than one, the
oscillation will not sustain. With gain
greater than one, the amplitude of
oscillation increases until the amplifier
limit$ or some other mechanism comes
into play to reduce the gain to one.
Knowing the gain versus amplitude
characteristics of the various parts
of an oscillator makes calculation of
the amplitude of oscillation a fairly
simple matter. The oscillator, when
stable, must operate where the loop
gainis one.

An early feedback oscillator, the
tuned-plate oscillator, is shown in
Figure 2. L and C constitute the LC
network, the vacuum tube supplies the
needed power gain, and the trans-
former action couples a portion of the
plate energy back to the grid. The
particular implementation of Figure 2
is grounded cathode, although it could
also be grounded-grid or grounded-plate.
It is series fed, but couid be shunt
fed. It also uses grid leak bias, but
could use other types of bias.

The considerations of where and
how to ground the circuit and how you
want to feed the DC voltages are
often very instrumental in the choice
of oscillator type. We will ignore the
particulars of DC supply and bias
voltages. We will also leave out any
reference to where the circuit is
grounded. Our schematics will be
simplified AC equivalent circuits and
the circuit of Figure 2 reduces to that
of Figure 3a. Figure 3b, the transistor
equivalent, is known as the tuned-

r.f. design

&

Co

Q

Figure 2. Tuned-Plate Oscillator.

o]
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Figure 3a. Simplified Tuned-
Plate Oscillators.

o

Figure 3b. Sim'pliﬂed Tuned-
Collector Oscillator.

\

Figure 4a. Simplified tuned-
base Oscillator.

i (=

Figure 4b. Simplified tuned-
gate Oscillator.
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Figure 5. Generalized Amplifying Element.

3

Figure 6a. Tuned-Collector
Oscillator.

3

Figure 6b. Hartley Oscillator.

From.. QVENaire

...OVENS FOR TOS
CRYSTAL, TRANSISTOR, ICOROTHER |

Temperature Sensitive Component in TOS5 Case

7

N\
\

® Solid state proportional control circuitry
* Miniature size—only 0.50" high X 0.75" diameter

* 5VDC to 28VDC heater voltage

e Select any oven cavity operating temperature

from 35°C to 95°C in 5° increments.

o Low power—0.5 to 0.9W nom. at stabilized +25°C ambient
* Temp. stability £3°C typical for —30°C to +60°C

e Warm up from —30°C—3.0 minutes max.

* TO5P—component cavity opening in bottom of oven

* TO5C—component cavity access by removing top cover

Division of Walter Kidde & Company, Inc. 706 Forrest Street
Charlottesville, Va. 22901
804-977-8050  TWX 510-587-5461

INFO/CARD 35

Model TOSC
N\

- ®.

\

collector oscillator. Not shown is the
FET version, known as the tuned-
drain oscillator.

A very similar oscillator is the
tuned-grid, or tuned-base, or tuned-
gate osclllator. The tuned-base and
tuned-gate versions are shown in
Figures 4a and 4b. (Rather than show
a vacuum tube, transistor, FET, or
other amplifying element in our
simplified schematics, we will use
the symbol of Figure 5 to represent
a generalized amplitying element.)

Tuning an LC oscillator over very
wide frequency ranges is often ac-
complished with a variable capacitor
and a number of different inductors.
No matter how you elect to change
the inductors, the fewer connections
the better.

The Hartley oscillator, our next
candidate, has three coinnections
on the coil. If we re-draw the tuned-
collector oscillator slightly, as in
Figure 6a. it is not a big step to the
Hartley oscillator, shown in Figure 6b.
Although you can anaiyze the Hartley
oscillator as a modification of the
tuned-collector oscillator, it is inter-
esting to note that the circuit will
oscillate with no coupling between the
two sections of the coil. However.
you almost always see the circuit
implemented with good coupling be-

Frequency control
products by el'c

Crystal Oscillators/Quartz Crystals

CRYSTAL OSCILLATORS

ERC has available a wide variety of
crystal oscillators from 1Hz to
MHz. Ovenized crystal oscillators
utilize DC proportional controlled
ovens with a unigue construction
which results in low power require-
ments and improved reliability.
Temperature Compensated Crystal
Oscillators (TCXO0), are manufac-
tured under exacting controlled
conditions resulting in improved
frequency stability specﬁﬁcations
versus temperature.

QUARTZ CRYSTALS

Complete frequency range from
10KHz to 200MHz with Q.P.L. ap-
proval on Military crystals to Mil-C-
3098. Precision coldweld crystals
are available for applications re-
quiring improved long term and
short term stability. Crystal units
are available in various case sizes
and configurations depending on
frequency and mounting require-
ments. ERC offers complete flexi-
bility in specifying crystals and
assistance for their applications.

Call or Write

electronic research company
7618 Wedd, Overland Park, Kansas 66204
TWX: (910) 749-6477 » Telephone: (913) 631-6700
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||

M Note: C; may be stray
capacitance or a small
physical capacitor

|1

Loy = (&

||

oll
r

Figure 8. Tuned-base — Tuned-Collector Oscillator.

tween the two sections of the coil,
because the overall efficiency and per-
formance are considerably improved
thereby. With coupling less than unity,
the leakage reactance appears as an
inductance in series with the emitter
lead

Al

]
RN

Figure 7. Colpitts Oscillator.

If you have no problem accept-
ing the fact that the Hartley will
oscillate with the two uncoupled
coils, you will have no problem
with our next oscillator. The Col-
pitts oscillator, shown in Figure 7,
splits the capacitor rather than the
inductor. An advantage of the Col-
pitts, over the preceeding oscillators,
is that it has the simplest pos-
sible inductor. The price paid for
this in a capacitor tunable oscil-
lator is the requirement for a dual-
gang tuning capacitor. If you attempt
to vary frequency over more than a
very narrow range by varying only
one capacitor, the ratio between
capacitors and, thus, the performance
will change with tuning.

The tunable Colpitts often takes on
a grounded-emitter configuration. This
allows a common grounded rotor in
the tuning capacitor, a convenient
construction. A familiar application
for the Colpitts is in Dip Oscil-
lators, a common tool in RF labs.

The tuned-base — tuned-collector
oscillator, shown in Figure 8, is
probably built accidentally more often

r.f. design

Low-Cost Housing

AVAILABLE IMMEDIATELY - Sturdy, one-room
dwelling, excellent shielded accommodations for your
RF circuit, from 1.15 x 10-7 acres. Full front and
back door access. All fixtures included: hardware,
mounting clips, connectors, DC feedthrus, self-
adhesive blank labels, captive nuts. Optional RFI
gasket, groove pins. Many extras. Twenty-six standard
MODPAK models to choose from or will build to suit.
Investigate these package deals starting at $11.35. No
appointment needed. Call or write for MODPAK
catalog.

Adams [ § Russell

MODPAK DIVISION
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Need low phase noise?
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performance.
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PTI can deliver 60 dB or better in
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Need top IM performance?
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Need small size?
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an F (HC-18 size) package. Two-
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package. Resistance-welded,
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Need low cost?
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models from 30 to 180 MHz
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Plus, the widest selection of HF
monolithics around — from 5
MHz and up

Need something special?
PTI can deliver custom
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production requirements
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We'll respond in a jif!
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Piezo Technology Inc.

PO. Box 7859 « Orlando, FL 32804
(305) 298-2000 » TWX 810-850-4136

The standard in monolithic
crystal filters.
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than intentionally. Some texts inter-
pret this oscillator as a Hartley
in which the mutual inductance has
become zero.

The collector and base signals of
a transistor are normally considered
180° out of phase, so at first look
at signal fed from collector through
C; to the base may not seem to
meet the Barkhausen requirement that
the loop gain have a phase angle
of 0°.

If you haven't already done so in
the past, it is worth a few mo-
ments of doodling with some vec-
tors and showing yourself that it is
very easy to have the voltage fed
back from 1the collector arrive at
the base in phase with the signal
present at the base. Allow for the
phase shift across C; and the phase
shifts achievad by having the tuned
circuits operating a little off their
resonant frequencies. Do this one
time and yoL won't be so surprised
the next time a tuned amplifier
oscillates on you.

Although the tuned-base — tuned-
collector oscillator is seldom used
in the form shown, it does find
use where one of the LC circuits
is replaced ty some form of resona-
tor, such as the Miller crystal oscil-
lator.

The preceeding oscillators represent
the prototype basic single-stage oscil-
lators. Now ‘et's look at some vari-
ations.

Before frequency synthesizers, the
LC oscillator was the stable variable
frequency source. As such, experi-
menters began to search for maxi-
mum frequency stability from LC
oscillators. As they learned to im-

prove the stability of the coils and
capacitors used in their circuits,
they realized that the amplifier it-
self was a major cause of instability.
The vacuum tubes of the day drifted
in gain, and the interelectrode capaci-
tances varied.

One attempt at improving stability
was to make the tuned circuit with
very small coils and very large
capacitors. In this manner, they hoped
to make frequency variations due to
the tube and stray capacitance vari-
ation minimal.

They soon realized that there
were practical limits to this ap-
proach. Large C tanks are low im-
pedance circuits, and there is a practical
limit as to how low an impedance
the amplifying element can work with.
Also, large capacitance variable ca-
pacitors become impractically large
physically. Because of these, and
other problems, new approaches were
sought.

One approach was to have the
amplifying element not appear ac-
ross the entire tuned circuit. The
reasoning was, the less the LC
circuit saw of the amplifier the less
influence the variations in amplifier
parameters would have on the LC
circuit and the more stable the os-
cillator.

Three variations to this approach
are the Lampkin oscillator, the Meis-
sner oscillator, and the Clapp-Gouriet
oscillator.

The Lampkin oscillator, designed
in a 1939 Proceedings of the IRE,
by G.F. Lampkin, is shown in Figure
9. You can recognize the Lampkin
oscillator as a Hartley oscillator with

(Continued on page 61.)

11a

Figure 9. Lampkin Oscillator.
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{Continued from page 58.)

the amplifier tapped down the coil.
You can shift things around and
slide things up and down without
changing the basic principle.

A disadvantage of the Lampkin
oscillator, associated with the large
number of coil connections, is a
propensity for the circuit to oscillate
on some relatively high spurious fre-
quency. Preventing spurious oscilla-
tions requires tight coupling between
coil sections, not always easy at RF.

Figure 10. Meissner Oscillator.

Another attempt at isolating the LC
circuit from the amplifier was by
Meissner and is shown in Figure 10.
Unfortunately, the Meissner oscillator
displays even greater tendency toward
spurious oscillation than the Lampkin,
and the only application | found pub-
lished for the Meissner was an inter-
esting one where there was a need
for a number of fixed frequencies
to be achieved with plug-in modules.
To avoid the well-known problems
with plug-in contacts the design used
a number of sealed pilug-in modules.
Each one contained a separate LC
tank circuit and simply fit into a recess
in the case where it magnetically
coupled to L, and Ly of Figure 10.
L, and L, were fixed parts of the
oscillator. Thus, no switched metallic
connections were required.

The most popular of these original
tap-em-down oscillators is known as
the Clapp-Gourlet, or more commonly
the Clapp, oscillator and was de-
scribed by J.K. Clapp in a 1948
Proceedings of the IRE. The Clapp
oscillator, a modified Colpitts, appears

Figure 11. Clapp Oscillator.

r.f. design

in Figure 11. You can tune the Clapp
oscillator over reascnable frequency
ranges by means of a single tuning
capacitor (Cy). It is a popuiar choice
for HF transmitter VFO's and HF re-
ceiver local oscillators.

An analysis of the frequency stability
of the Colpitts oscillator and the
Clapp oscillator will show that, when
properly proportioned, the Colpitts os-
scillator stability can equal that of the
Clapp oscillator.

However, the Clapp oscillator offers
more flexibility. The inductance value
may be chosen on the basis of con-
venience, compatibility with available

tuning capacitors, etc. The impedance
level presented to the amplifier may
then be adjusted by C. and Cy. In
this way, the important engineering
parameters are under good engineer-
ing control.

On the other hand, in the Colpitts
oscillator the reactances required for
stability are often impractically small,
and an attempt to realize the calculated
values of stability is frustrated by
poor values of Q, impractically large
variable capacitors, etc.

Tuning the Clapp oscillator by vary-
ing a single capacitor causes changes
in output amplitude. A modification

AMERICAN TECHNOLOGY ...
IT’S STILL THE BEST IN THE WORLD

.

x K

lﬁ, ”l

x "ﬁ

 MCCOY IS ADVANCING AME
TECHNOLOGY IN QUARTZ CRYSTALS,
FILTERS AND OSCILLATORS

For over three decades MCCoy Electronics
Company has pioneered the custom frequency
control industry, and has established leadership in

its field.

To assure the market place the finest performance
available, MCCoy manufactures all of its crystals,
filters, and oscillators within the United States. The
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\ News

i __T_ Boulder, Colo., Aug. 18-20, 1981,

=_C 1981 IEEE International Sympo-

sium on Electromagnetic Com-

_L_ patibility.” Contact: H.E. Taggart,

B Chairman, National Bureau of Stand-

77 15 ards, Bouider, CO 80303. (303)
497-3462.

Cs 2 ;I-—CT Jerusalem, Nov. 9-12, 1981, “Isra-

T tech 81,” Israel’s high technology
industry trade fair, held once every
Figure 12. Vackar Oscillator. three years, will be held this year
at the Binyanei Ha’ooma Conven-
tion Center in Jerusalem, Israel

g : 2. from Nov.9-12, 1981.
of the Clapp oscillator which sup- stability than the Clapp or Vackar More than 200 exhibitors of high

plies relatively constant amplitude in practical circuits. Notice that if the technology products are expected
over wide frequency ranges is the Seiler is built in a grounded-emitter 1o attract thousands of visitors
Vackar oscillator, shown in Figure 12 configuration, there is the advantage from Israel and abroad. Show-

Another variation of the Clapp oscil- of having both one side of the tank cased products will incl-ude B
lator is the Seiler oscillator, Figure 13. coil and the tuning capacitor at not be limited to the following
the Seiler can have slightly better ground potential. categories: Electronics: Commu-

nications Equipment & Systems,
Computer Hardware & Software,
Industrial Controls & Equipment,

Medical Electronics, Test, Meas-
= urement & Instrumentation Equip-
¢ ment.

/ - _L “Isratech 81" visitors will have
W the opportunity to review the

new products, to meet individually
Z with manufacturers and distribu-
= tors, to visit manufacturing facili-
ties and to learn of the many
advantages of trading with Israel,
among which is duty-free trade
—[‘ for more than 2500 products with
the EEC and the U.S. Contact:
A - . Joan Leavitt, Ruder & Finn, Suite
Figure 13. Seiler Oscillator. 270, 1225 19th St. N.W., Washing-
ton, D.C. 20036. (202) 466-7800.

o
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UCLA Extension and University of Maryland University College
announce

Microwave Circuit Design

August 31-September 4 in College Park, Maryland/ Fee $800 * October 26-30 in Los Angeles, California/ Fee $775

This short course is aimed at to date with recently developed Coordinator and Lecturer
engineers and circuit designers microwave circuit design tech- Les Besser, President, Compact
whose work involves high- niques. Practical computer- Engineering Inc., Palo Alto,
frequency and microwave compo-  oriented analysis, synthesis and California; with guest lecturers

nent and sub-system design. It is optimization methods represent

J : For a detailed brochure, contact
also recommended for engineering  the backbone of the course. In a

Marc Rosenberg, UCLA Extension

managers who wish to keep up special laboratory session, the Short Course Program

with state-of-the-art circuit participants are given hands-on P.0. Box 24901, Department RF
design. The course is intended to experience of interactive computer Los Angeles C/\ 90024

bring the practicing engineer up aided circuit synthesis programs. (213) 825-10'47
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Meet EMI/RFI Requirements

® Do You Have Outdated, Difficult To Use Equipment?
® AreYou First Considering Setting Up Your Own Test Facility?

ROHDE & SCHWARZ SALES CO., (U.S.A.) INC.

14 Gloria Lane, Fairfield, N.J. 07006 » (201) 575-0750 = Telex 133310
Sole USA Distributor — ROHDE & SCHWARZ and SCHWARZBECK

...FORFCC, VDE (CISPR), MIL TESTING

ESH3: The World's First and Only uP-
Based Test Receiver (10 KHz-30 MHz)
ESH2: Top Laboratory Accuracy In A
Synthesizer Based 40 Lb. Portable
Receiver (10 KHz-30 MHz)

Schwarzbeck FSME 1515 Receiver and
NNBM 8112 LISN. The Standard
Configuration Used By The VDE, and All
Over The World.

Complete Instrumentation covering 10 KHz-1000 MHz
Manually Operated, Internally Programmable & IEEE Bus
Compatible

LISN’s (50uH/50€ and 150€2) to 400 Amps

® Precision Antennas and Probes For All Applications

The Following Firms Have Purchased Our Instrumentation

® Hewlett-Packard ¢ IBM e Rockwell ¢ Xerox e Burroughs
* NCR e GE ¢ ITT e Litton

Why Do So Many High-Technology Firms Come To Us?
For More Information, Call o1 Write For Details.
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Microwave Filters, Impedance
Matching Networks, and
Coupling Structures

G. Matthaei, L. Young & E.M.T. Jones
Ask any RF designer in the 1960's
which book he regarded as the bible
of RF/microwave circuit design and
invariably he would mention ‘‘you
know, that big thick one by Mattaei,
Young and Jones.”” Any engineer who
had this massive 1096 page volume
was indeed fortunate and had the
makings of an excellent library. The
reason was obvious — 17 chapters of
succinct and comprehensive design
data for many disciplines. Consider
the following examples: Ch 3 *Prin-
ciples of the image method for filter
design’; Ch 4 “Low-pass prototype
filters obtained by network synthesis
methods’; Ch 6 “Stepped-impedance
transformers and filter prototypes”;
Ch 12 “Band-stop filters’; Ch 14 “Di-
rectional, channel-separation filters
and traveling-wave ring-resonators.”
Available from Artech House, Inc.,
610 Washington St., Dedham, MA
02026. 1096 pages, $50.00 cloth.

Ferromagnetic-Core Design &
Application Handbook

M.F. “Doug’” DeMaw

Ulirich Rohde, Ph.D., who needs no
introduction, has submitted the fol-
lowing book review:

This handbook of ferromagnetic
core design is an absolute must for
any engineering library and is the
best, if not the only, complete appli-
cation book on this subject. The au-
thor also went through great pain and
detail to inform the reader about the
capabilities and applications of ferrite
material and his impressive literature
references indicate that the field was
well searched.

The book has five chapters and
five appendices dealing with the Ba-
sics of Magnetic Materials, Applica-
tion of Rods, Bars and Slugs, Apply-
ing Toroidal Cores, Beads, Sleeves
and Pot Cores, and Permanent Mag-
netic Data. The appendices provide
various manufacturer supplied data
on mechanical construction and elec-
trical information.

The mathematical level in the book
is sufficient for all practical applica-
tions and the necessary background
and formulas are provided.

Traditionally, in American literature
there is a large emphasis on toroids
and toroidal cores, and it is good to

see that pot cores are also covered.

It is customary to add a few remarks
about possible improvements, and |
would like to recommend the follow-
ing to the excellent presentation:

1. Test results on intermodulation
distortion on the various ferrite ma-
terials.

2. Information on the complex per-
meability.

3. Reference to some non-American
papers that contain some other useful
high-frequency applications.

Available from Prentice-Hall, Inc.,
Englewood Cliffs, NJ 07632. 256 pages,
$19.95 cloth.

Handbook of Electronic Design
And Analysis Procedures Using
Programmable Calculators

Bruce K. Murdock

This book provides programs for
programmable calculators enabling
solutions to problems in network
analysis, active and passive filter de-
sign, electromagnetic component de-
sign, high frequency amplifier design
and engineering mathematics.

These programs are meant to serve
at least two purposes. The first is
to provide the working engineer or
scientist a library of programs for his
or her fully programmable calculator
(e.g. HP-67/97 and TI-59) and secondly
to provide by way of example pro-
gramming tips and algorithms to en-
hance the usefulness of same. One
way to gain programming proficiency
is to study how others attack and
program a particular problem.

Upon examining a “‘typical” program
e.g. program 2-1 “Butterworth and
Chebyshev Filter Order Calculation”
this is what you’'ll find: 11 pages of
“program description and equations
used”, Butterworth/Chebyshev nomo-
graphs, full page of detailed user
instructions, four separate examples
and two full pages of program listing
replete with register, label, flag delin-
eations.

Available from Van Nostrand Rein-
hold Co., 135 West 50th St., New York,
N.Y. 10020. 5625 pages, $29.50 cloth.

Radio Handbook

William I. Orr

This is the 21st edition of a hand-
book that has become a catchword
among many thousands of electronic
designers who also have in common

the hobby of amateur radio. Do not
think for a minute that there is any-
thing amateurish about this 35 chapter,
1135 page volume. It is a comprehen-
sive and clearly written text on many
different areas of electronic theory
and practice. It does not sacrifice
accuracy for clearness. Listing just a
few of the 35 chapters will give you
a good appreciation of the author’'s
intent: *“DC Circuits,” ""AC, Impedance
and Resonant Circuits,” *‘Semicon-
ductor Devices,” ““Vacuum Tube Prin-
ciples,” “SSB Transmission and Re-
ception,” “‘Communication Receiver
Fundamentals,” “Frequency Synthe-
sis,” “Amplitude Modulation and Audio
Processing,” “Radiation and Propa-
gation, etc.

Available from Editors and Engi-
neers, division of Howard W. Sams
& Co. Inc., 4300 West 62 St., Indian-
apolis, IN 46268. 1135 pages, $21.50
cloth.

Microwave Circuit Design Using
Programmable Calculators

J. Lamar Allen, Ph.D. and Max Medley

Network analysis programs covering
the RF spectrum from VLF through
millimetric waves are provided for
the designer who has an HP67/97,
HP-41C or TI-59 programmable hand-
held calculator. This book contains
more than just program listings, it
is tutorial by nature. it remands the
designer to be efficient since he is
using a limited program and data
memory device (as only contrasted
against large time-sharing computers).
It accomplishes this by the following
organizational divisions: “TI-59”; “HP-
67/97"; “HP-41C Compatibility”; “T1-59
Program Listings"; and “HP-67/97 Pro-
gram Listings.” Closer examination
of the “TI-59" division indicates the
following sections: “Two-Port Analy-
sis”; “Interconnections and Parameter
Conversions™; “Lumped and Distrib-
uted Elements”; “Special Two-Ports"’;
“Mapping and Configuration Conver-
sion”; ‘‘Ladder Network Analysis”;
and a “‘Miscellaneous” Section.

Zeroing in on the *“Mapping and
Configuration Conversion’ section in-
dicates the following considered sub-
ject areas: ““Two to Three Port Conver-
sion,” “Parameter Conversion,” “Three
to Two Port Conversion,” “Three-Port
Mapping and ‘“Map-Source and Map-
Load.”

Available from Artech House, Inc.,
610 Washington St., Dedham, MA
02026. 297 pages, $40.00 cloth.
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Isolated BNC
Dual-Line Protectors

Model C10 is designed to protect
up to 10 data line pairs employing
BNC connectors that connect to com-
puters, modems, terminals, and other
sensitive electronic equipment from
the effects of transients caused by
lightning, switching surges, heavy
machinery, etc The protector inter-
faces between the signal lines and
the sensitive circuits to provide a

frantie S

sophisticated blend of high speed
(nanoseconds) voltage limiting and
brute force protection. The signal line
protector recovers automatically to
standby in preparation for further pro-
tection. Clamping can be provided
from 6 volts to 200 volts, depending
on customer requirements.

The dual line protector has a clamp
voltage to + 50 volts (in 5-volt steps),
an energy handling capacity of 50
joules (min)/circuit, and a maximum
frequency to 3 MHz.

Contact MCG. 160 Brook Avenue,
Deer Park. NY 11729. INFO/CARD
#140.

New 5 by 20 Switching Matrix

Matrix Systems Corporation has
added model 6190 to its line of
standard coaxial switching compo-
nents. Model 6190 offers a 5 by 20
video switching matrix which is ideal
for switching base band video and the
HF bands.

The new model provides high isola-
tion switching of video signals, and

66

may be controlled with 28 VDC or
through a computer by using Matrix
logic interface modules. The 6190 in-
terfaces with SMA-type connectors; a
mating connector is supplied as stand-
ard equipment. The 6190 is field repair-
able, requiring only a screwdriver and
soldering iron. Reliable hermetically
sealed reed relays are employed for
switching speeds of one miilisecond.
Both dry and mercury wetted contacts
are available.

Matrix Systems Corporation manu-
factures a wide line of modular coaxial
audio switching equipment which may
be computer or manually controlied.
The company specializes in custom
configurations.

Contact Matrix Systems Corp., 5177
N. Douglas Fir Road, Calabasas, CA
91302. INFO/CARD #139.

New Ultra-Broadband Voltage
Controlled Oscillator

The Model V202 is a unique broad-
band oscillator that covers the entire
10 to 1,000 MH:z frequency range in a
single smooth tuning voltage controlled
oscillator (VCO). This oscillator is a

VOLTAGE-CONTROLLED
OSCILLATOR mooer v2o02

+24av

output

DC TUNING
INPUT -24V 1o *24av

Luff research

miniature (2" x 2" x 1") precision self-
contained assembly that operates from
a single + 24 volts, requires —24 to
+24 volts to tune the entire band,
and delivers + 13 dBm across the
band. This oscillator's 6 octaves fre-
quency coverage compliments modern
broadband components and fast ECL
logic circuitry.

Contact Luff Research, P.O. Box
449, Jackson Heights, NY 11372. Circle
INFO/CARD #138.

Extremely Narrow
Electronic Shielding Strips

Two new electronic shielding strips
in extremely narrow widths have been
announced by Instrument Specialties
Co., Inc. Precision-manufactured from

Series 97-540
o |

Lo =Tl v e Oy e

beryllium copper, backed with self-
adhesive, the new strips are only .28"
wide in their free position, and .37
when compressed. Designed to shield
cabinet doors. panels, and other en-
closures for electronic equipment,
the new strips are additions to the
company's line of Sticky-Fingers®

electronic gaskets. Each strip has its
own self-adhesive backing, which pro-

Series 97-541

B TNy S S boole o]

vides a tight, instant bond without
the need for holes, screws, soldering.
or other fastening devices.

The new strips exhibit shielding
effectiveness comparable to the rest
of the line — which has measured
greater than 46 dB at 14 kHz mag-
netic, and 108 dB at 10 GHz plane
wave. They are unaffected in temper-
ature ranges from — 40°F to 250°F.

Contact instrument Specialties Co..
Inc., Delaware Water Gap. PA 18327.
INFO/CARD #137.
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Repco. ..
the company with your built-in
Future.

A TECHNOLOGICAL INNOVATOR. Repco pioneered the design of plug-in modular circuitry
for 2-way handheld portable radios. Last year, Repco developed the RP1010 portable, the first
digitally synthesized UHF-FM handheld. The company emphasizes technical excellence and
advanced production techniques. If you want to be part of a challenging, high technology envi-
ronment, Repco is the place for you!

LOCATION IN WARM, SUNNY FLORIDA. To further entice you to consider Repco, Orlando's
location in the center of the Sunshine State provides a mild climate for year round outdoor activ-
ities as well as easy access to major attractions such as Walt Disney World and the Gulf Coast.

EDUCATIONAL FACILITIES. And finally, the Orlando area is well equipped with continuing
educational facilities to meet your needs and those of your family. There are four major institu-
tions of higher learning in this area including the University of Central Florida and Rollins Col-
lege. Rollins College is the oldest four-year university in the state.

These three reasons should have you thinking about a career move to Repco. The following
positions are available

DIGITAL GROUP LEADER —
DEVELOPMENT

A good working knowledge of micro-proces-
sor control systems, Manchester decoding,
error correction and LS| development is
needed.

MECHANICAL GROUP LEADER —
DEVELOPMENT

To qualify, you must have experience in ma-
terial selection, plastic molding techniques
and hybrid microelectronics packaging.

SR RF TRANSMITTER/FILTER
ENGINEER

Candidates must have a strong background
in 400-1000 MHz miniature filter design and
low power transmitter design.

RF GROUP LEADER — DEVELOPMENT
Position requires experience with hand-held
transceivers including hybrid microelectron-
ics, frequency synthesis, signal processing
and data transmission techniques.

SYSTEMS PRINCIPAL ENGINEER
Candidates must have a solid analytical
background in RF data communications sys-
tems, coding/encoding techniques, signal
detection and receiver analysis.

SENIOR RELIABILITY ENGINEER
Thorough knowledge of MIL-HDBK-271C
MTBF and MTTF calculations, including
stress analysis, required.

In addition, Repco is looking for SR. RF ENGINEERS, SR. DIGITAL ENGINEERS, SR. TECH-
NICIANS, MECHANICAL DESIGNERS, SR. SYNTHESIZER ENGINEERS, ATE TEST
ENGINEFRS & DRAFTERS

Company paid benefits include major medical insurance and a substantial profit sharing pro-
gram You are invited to submit your resume in confidence to: PERSONNEL DEPARTMENT,
REPCO INCORPORATFED, P O. Box 7065, Orlando, FL 32854, or call Palma Bourgoin or
Walter(Bud)Simciak at 1-800-327-5633.

Repco

=

A subsidiary of

SCOPE Incarporatze |NFOJCARD 43



Heat Sink Plus’ 6031 Series

Heat Sinks Plus’ 6031 Series forced
air cooling package is a two piece
modular constructed unit designed
for mounting and cooling electronic
components. The 6031 Series is con-
structed from Heat Sinks Plus’ 6031
extrusion with a fin design that offers
less air flow resistance resulting in
maximum heat transfer and optimum
thermal performance. The 6031 Series
is specnflcally designed to be used
with a mini boxer type fan (3.200”
square) and the three inch quadrant
shown will accept two TO-3 style de-

vices for a total of four resulting in

K&L |
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K & L Micro Miniature Bandpass

Filters are designed
or performance and

reliability, using
lumina ceramic and

hybrid techniques. Built

to your specifications with center
frequencies 160MHz to 3 GHz, and
bandwidths from 3 to 70 percent.

o [ _ \
Filters are .38x.38x‘L’ inches, where
l L’ is .5 inches to 2.5 inches dependent
on electrical parameters. Special package

sizes can be configured to meet other
frequency/bandwidth requirements.

1 Contact us with your specifications and
for Ou get a copy of our new catalog.
y .

408 Coles Circle,
Salisbury, Md. 21801
Phone 301-749-2424
TWX 710-864-9683
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a maximum input with minimum tem-
perature rise.

Contact Heat Sinks Plus, 28042 Del
Rio Road, Temecula, CA 92390. Circle
INFO/CARD #136.

Coaxial Cable Tap and Passive
Fiber Optics Splitter/Combiner

Brochure 4484-0 from AMP incor-
porated describes a new coaxial tap
and passive fiber optic splitter that
can be used together in a hybrid coaxial
cable/fiber optic local data network
that overcomes the limitations of pure
coaxial cable and pure fiber optic
data highway systems.

The coaxial tap can be installed at
any location along a 5,000 meter cable
without disrupting service and exhibits
only 3pF loading. High impedance
electro-optic transceiver circuitry can
be housed in the tap body and driven
by low voltage power carried on the
coaxial cable.

The passive fiber optic splitter/
combiner routes optical signals to,
or from, seven remote units. Using
this splitter/combiner, 19 coaxial taps
can service up to 133 sateilite loca-
tions, with each remote unit located
up to one kilometer from the cable.

Contact AMP. Inc., 449 Eisenhower
Blvd., Harrisburg, PA 17105. Circle
INFO/CARD #134.

Dual Output
Mixer Preamplifiers

Sage Laboratories introduces a new
series of mixer preamplifiers that
offer an overlapping coverage for
signal frequencies from 600 MHz
through 2.8 GHz.

The signal frequency range for the
FMA2638-1 is 0.6-1.25, the FMA2638-2
is 1.05-175, and the FMA2638-3 is
1.6-2.8 GHz. The units standard IF
is 70 MHz and 1 dB IF bandwidth
is 20 MHz. There are two isolated
50 ohm outputs at 70 MHz

Contact Sage Laboratories, Inc., 3
Huron Drive, Natick, MA 01760. Circle
INFO/CARD #133.
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FM Radio Test Set

Cushman Electronics, Inc., has re-
leased one of the lightest weight,
portable FM Radio Test Sets ever —
the CE-31A FM Radio Test Set. At a
featherweight 26 pounds, the CE-31A
FM Radio Test Set contains in a sin-
gle unit the test instruments needed
to check the operation of an FM
radio transmitter and/or receiver in
THE VHF/UHF range of 25 MHz-999.9999
MHz. The RF Signal Generator section

can check receiver sensitivity from
0.1 microvolts to 10 millivolts. The
CE-31A FM Measurement section can
check a transmitter output frequency
for accuracy and determine the out-
put modulation deviation or phase
angle. A demodulated signal output
can be used to drive an oscilloscope
to visually check modulation wave-
forms for distortion and accuracy.

Available options for the CE-31A
are a Continuous Tone Coded Squeich
System (CTCSS) sub-audible tone gen-
erator to open receiver squelch cir-
cuits, and the capability of using an
internal battery and external +12
volts DC power source.

Contact Cushman Electronics, Inc.,
2450 N. First Street, San Jose, CA
95131. INFO/CARD #132.

Technical Report On
Termination Insensitive Mixers

Anzac Division of Adams-Russell
has prepared a 16-page report titled
“Meet Tim" to describe how and
why Termination Insensitive Mixers
outperform other mixer types in real
system use. The report features cir-
cuit design analysis, performance com-
parisons as well as actual test results,
unit specifications and mechanical
outlines. The report compares the TIM
devices to other double balanced mix-
ers and explains why, under system
mismatch conditions, the Termination
Insensitive Mixers outperform the
others for Intermodulation, Conversion
Loss Flatness and Spurious Signal
Generation. Detailed specifications
covering DC-8.0 GHz are provided.

r.t. design

Contact Anzac Division, Adams-
Russell, 80 Cambridge Street, Burling-
ton, MA 01803, for free copy. Circle
INFO/CARD #131.

BNC, TNC isolated
Feed-Through Adapters

Two families of isolated feed-through
adapters that eliminate ground loops
and common mode current in coaxial
transmission systems have been de-
veloped by Bunker Ramo Corporation's
Amphenol North American Division.
Designated the Amphenol* 31 Series,
the isolated feed-through adapters

“True Modularity with
Plug-in Reed Relay Modules!”

Another Reason Why
the Leader in Coax Switching Systems.

MATRIX modular switching systems will
never become obsolete. No marter how
fast your requirements grow. Or how big.

There's a standard module to meet
most every switching configuration. About
all you need to do is plug it in. No expen-
sive downtime or costty new designs!

And there’'s more. MATRIX modules use
highly reliable, hermetically sealed reed

TRIX

SYSTEMS CORPORATION

MATRIX is

relays — with a life expecrancy of 100
million operations. Repairs, if ever
needed, can be made in minutes. Again,
minimal downtime through modularity.

So check us out. See why modular
MATRIX plug-in modules are the best
solution to your coaxial and audio
switching requirements.

Phone or write for details.

5177 NORTH DOUGLAS FIR ROAD « CALABASAS, CALIFORNIA 91302
(213) 992-6776 « TWX 910-494-4975

INFO/CARD 45
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(U.S. Patent Pending) are available in
BNC and TNC configurations to meet
a broad range of applications require-
ments in analog and digital instru-
mentation equipment, television broad-
cast equipment, computers, telephone
and security systems, aircraft and
missile instrumentation, telemetry
and general communications equip-
ment. Reason for development of the

BNC/TNC isolated feed-through adapt- grounding points in the transmission
ers is the necessity of eliminating system. The feed-through adapters
undesirable external noise from the eliminate ground loops by providing
outer coaxial cable conductor, in- an uninterrupted path and continuous
troduced as a result of ground loops shielding between the signal source
or common mode current created at and the load.

C \

MEET SOME NEW MEMBERS
OF THE FAMILY

These new cooxial switches are part of a proud
family. One known for perfformance, reliability,
dependability and quoality. Specify them knowing
that dollar for dollar our cooxial switches are the
best products in the industry. TRANSCO quality.
Nothing less, sice 1942.

0-26.5GHz »
0-18.0 GH

Our family album will give you the application
and Instollaﬂdﬁg%ﬂs for these and hundreds
more. Our 92 page switch catalog is yours for the
the asking.

TRANSCO PRODUCTS, INC.

4241 Glencoe Ave.
Marina Del Rey, California 90291 U.S.A.

FOR EMPLOYMENT OPPORTUNITIES IN RF ENGINEERING, CALL CHARLIE TRLBOT.
AN EQUAL OPPORTUNITY EMPLOYER M/F

Tel: (213) 822-0800  Telex 65-2448  TWX 910-343-6469

f
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Amphenol 31 Series BNC and TNC
isolated feed-through adapters ex-
hibit identical electrical and environ-
mental characteristics. Both adapters
are of the non-impedance type with
voltage rating of 500 V peak. Center
contact resistance is 1.5 milliohms,
dielectric withstanding voltage is 1000
V RMS, and insulation resistance is
5000 megohms minimum.

Contact Amphenol North America
Division Headquarters, Bunker Ramo
Corporation, 2122 York Road, Oak
Brook, IL 60521. INFO/CARD #128.

New Digital
Inductance Substituter

IET Labs is proud to introduce a
new user oriented Digital Inductance
Substituter, which now rounds off
its line of impedance substituters.
It provides a fast and simple means
of precisely setting any inductance
over the very wide range of 1 mH
to 9.999H.

—_———d

Designated as the Model LS-400
L-box, the new Digital Inductance Sub-
stituter utilizes four side-by-side thumb-
wheel switches. The desired induct-
ance is simply dialed in, and it is ready
for use.

The LS-400 is error proof since the
inductance is set and read directly
as an unambiguous number on color
coded switches. Unlike conventional
decade boxes with rotary or slide
switches, there is no need to examine
or sum a whole group of separate
numbers.

Contact IET Labs, Inc., 761 Old
Country Road, Westbury, NY 11590.
INFO/CARD #129.

Tubular and LC Filters

A complete new line of tubular and
LC filters has been introduced by
Wavetek Indiana. These precision fil-
ters can be optimized for each filter
application by Wavetek's sophisti-
cated new CAD (computer-aided-design)
system. Wavetek's standard tubular
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and LC fiiters cover the frequency
range from 2 MHz to 10 GHz with
typical 0.01 dB Tchebychev or Butter-
worth responses. Filters that operate
outside the 2 MHz to 10 GHz range
and filters with Gaussian, Bessel or
Linear Phase responses are available.

Also availabie are folding, right
angle, multiple, and other special fil-
ter configurations. Tubular filters may
be specified in bandpass and lowpass
designs; LC filters may be specitied
in bandpass, lowpass, bandstop and
highpass designs. Tubular bandpass
filters have 3 dB bandwidth ranges
from 1 to 100 percent of center fre-
quency. LC bandpass filters have
3 dB bandwidth ranges from 2 to 125
percent of center frequency. Standard
filters are available with from 2 to 12
sections, 50 or 75 ohm impedances,
17 connector types, and average pow-
er ratings up to 200W.

Wavetek's design and quality con-
trol standards permit these filters to
be specified to meet severe require-
ments for temperature, humidity, shock
and vibration — including MIL-E-5400,
MIL-STD-202, MIL-E-8189 and MIL-F-
18327. Delivery time is 4 to 6 weeks.

Contact Wavetek Indiana, Inc., 5808
Churchman, P.O. Box 190, Beech Grove,
IN 46107. INFO/CARD #135.

Synthesized SSB
Radiotelephone

A new fully synthesized single side-
band radiotelephone that features key-
board selection of any desired fre-
quency between 1.6 MHz and 30 MHz
as well as fast access to 192 pre-
programmed ITU channels and 10 fac-
tory pre-programmed frequencies is
now being marketed by Intech. For
even greater convenience, an optional
PROM circuit module allows storing
of an additional 15 random frequencies

r.f.design

for quick channel access. Designated
the Intech Mariner 3600, this ruggedly
built synthesized single sideband has
a maximum power output of 150 watts
making it an ideal radiotelephone
for world-ranging marine vessels, ve-
hicles traveling in remote areas and
fixed base stations with worldwide
communications responsibilities.
Keyboard entry of all selected fre-
quencies or channels is microproces-
sor controlled. Each frequency is
phased locked to a highly stable tem-
perature compensated crystal oscilla-
tor that permits a precise 10 Hz res-
olution between individual channels.

Selected frequencies and channels
are displayed on a bright, easy-to-read
digital readout display. An illumination
control regulates brightness. A unique
synchronous AM detector provides
superior AM/DSB and AM/SSB recep-
tion while an audio derived squelch
circuit substantially reduces operator
fatigue.

Contact Intech, Inc., 282 Brokaw
Road, Santa Clara, CA 95050. Circle
INFOICARD #126.

Double Zepp Antenna

Telex Communications, Inc. has an-

GET 10 TIMES MORE RFI PROTECTION
WITH A LINDGREN “DEI” SCREEN ROOM

Lindgren’s double-electrically-isolated (DEI) screen rooms offer 120 dB RF
attenuation of electric and plane waves from 14 KHz to 1 GHz. . .up to 10
times more shielding than any other type of screen room.

This patented design keeps your design/test area interference-free
despite rising ambient RFI levels. You get shielding equal to conventional
solid-sheet-metal enclosures without sacrificing the see-through,
hear-through and lighter-weight advantages of screen.

DEI design is superior because inner and outer screens of 0.011" dia. 22 x
22 bronze mesh are electrically separated, except for a single grounding
point. Doors feature separate inside and outside RF seals on all four
edges, with a single handle that assures an RF-tight closure by applying

cam pressure at three points.

Built of panel modules, Lindgren RF enclosures can be moved, expanded

or reshaped easily. Our patented overlapping pressure joints maintain full

shielding integrity no matter how many
times they're reassembled.

TR

For more details, ask for our
technical catalog on
RF enclosures.

g u. Al
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nounced that its Hy-Gain division will
guarantee the new 2-meter V-2 ama-
teur antenna to ‘‘equal or surpass
the electrical performance of any
competitive two stacked 5/8 wave an-
tenna, regardless of gain claims, or
your money back.” |f not satisfied the
purchaser is required to return the
antenna to the place of purchase
within 30 days.

The antenna is a 2-meter extended
double zepp vertical consisting of
two stacked 5/8 waves decoupled in-

side the antenna for complete weather-
proofing. The decoupling system allows
no RF on the coax feedline. The V-2
is a complete antenna that is easy
to assemble and will mount on any
mast up to 2" (50.8 mm) in diameter.

Two sets of 1/4 wave radials and
a centered feedpoint produce an ex-
cellent radiation pattern that is very
close to the horizon with a minimum
of power loss into the sky. Radiation
pattern testing was achieved on a
ground-reflection-range designed ac-
cording to IEEE standard 149-1979
and the test results of the V-2 and
various competitive products are avail-
able from Telex/Hy-Gain.

The V-2 is designed to operate from
138 MHz through 174 MHz and obtains
a VSWR of less than 1.5:1 at resonance
and has a 2:1 VSWR bandwidth of
at least 7 MHz. The antenna’s isola-
tion from the supporting mast is 20
dB minimum.

Contact Telex Communications, Inc.,
9600 Aldrich Ave. So., Minneapolis, MN
55420. INFO/CARD #127.

Catalog Featuring Over
20,000 Short-Term Rental Items
Genstar Rental Electronics, Inc.,

one of the oldest and largest national
firms sgecializing in the short-term

DC to 500MHz!

Incredible performance ina
Iow cost amplifier.

* 600ps rise/fall times (up to 2Vpp into
50 ohms)

Less than 10% overshoot and no
nnging

Linear phase shift from DC to 300MHz
20dB gain, fiat within .15dB from DC to
300MHz

Recovers from input overloads In less
than 2ns

And that's not all—the CLC100 Is easy fo usel No compensation or adjustment
of any kind is needed. Fifty ohm input and output impedances together with
unconditional stabllity, low distortion and fast seftling insure high fidelity wave-
form amplification. Just as importantly, DC performance has not been made
fo suffer. Low voltage offsets at input and output as well as low drift over
temperature allow you to cascade several CLC100s or other Comlinear wide-
band DC-coupled amplifiers for increased gain or output power (up fo 15Vpp
Into 50 ohms). The low noise, linear phase shift and fast pulse response of the
CLC100 can add exira performance fo your digital communications system.
For use in applications ranging from radar to nuclear instrumentation you
won't find anything to equal the CLC100 even at many times its price of
$240—from stockl Sound Iincredible? Try one and convince yourseff

Comlinear
dL | Corporation

514 Railroad Ave., Loveland, CO 80537 (303) 669-9433
INFOI/ICARD 48

rental of electronic equipment, has
announced the publication of a new
Rental Catalog. The catalog lists more
than $45-million worth of electronic
instruments for rent throughout North
America. The company, popularly known
as Rental Electronics or REIl, main-
tains inventory centers in major loca-
tions of the United States and Canada
and has a separate used equipment
sales facility.

Rental
Electronics
is renting

Catalog

Genstar Rental Electronics, Inc.

The catalog itself is quite easy to
use and understand, as all items in-
clude a description plus the 30-day
rental price. Items are catalogued al-
phabetically by product type and are
divided into 47 separate categories,
which range from amplifiers to test
chambers. There are analyzers, gener-
ators and meters of virtually every
type, as well as sophisticated instru-
ments such as desktop computers,
microprocessor instrumentation, PROM
programmers, oscilloscopes, magnetic
tape recorders, and data terminals.

Table of Contents for the Rental
Electronics catalog is on the front
cover. The publication also includes
an index, with items sorted accord-
ing to manufacturer, and complete
details on the terms and conditions
of renting are also provided. Tele-
phone numbers are given for all the
REI North American facilities.

Contact Genstar Rental Electronics,
Inc., 19527 Business Center Drive,
Northridge, CA 91324, for free copies.
INFO/CARD #130. O
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Classifieds

ZEEZ
INDUSTRIES

HYBRID DIVISION

® RF and Microwave Circuits and
Systems Design

¢ Digital/Analog Interface Circuitry
Design

® Breadboarding and Prototype De-
velopment

® Hybrid Prototype Design and Man-
ufacturing

(714) 898-1247

5132 Bolsa Ave., Suite 107
Huntington Beach, CA 92649

Partners:

That's what we are. We got a part-
nership. | keep the articles coming,
you keep reading them. . . Please do fill
out the card and send it in right
away. Even if you filled one out re-
cently fill this special one out too!

Rich Rosen

Creative individual with strong RF back-
ground and in-depth experience as an
Engineering Manager and a General
Manager seeks association with com-
pany in RF field. Desire N. Cal..
Pac. NW, or Rocky Mtn. location.
The association can be employment,
consulting, investment, and/or buy-
out. I'm flexible, lets discuss.

Daniel Peters
1500 Highland Drive
Newport Beach, CA 92660
(714) 998-1961

RF DESIGN ENGINEERS

Join a company on the leading edge
of technology, creating new solu-
tions to old problems. Engineers
seeking challenges in low noise
amplifiers, ultra-linear power am-
plitiers, low noise frequency-agile
synthesizers or adaptive noise can-
cellation techniques in the HF/
VHF spectrum should contact T.
Joseph Daley, Harris Corporation,
RF Communications Division, 1680
University Avenue, Rochester, NY
14610, (716) 244-5830,; EXT 3328.

An Equal Opportunity Employer M/F

—

doctor |

nounced |

mecured |
of cancer.

|
My boss didn’t. |

My boss didn't understand
that I was healthy again.

So I was let go. ‘

A lot of people are like my

boss. They think that everyone
| dies of cancer. I thought so, too.

Until the American Cancer Society,

through one of its service and '

rehabilitation programs, helped i
| me return to a normal life.

The ACS also has local Units |
that help Americans who've never '
had cancer understand it better.

Today, more and more, cancer
is a curable disease. [gnorance
about cancer is curable, too.

; American Cancer Society

FOR

BROADBAND EQUIPMENT
INSTRUMENTATION
AND COMMUNICATIONS

Directional Couplers
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WIDE BAND ENGINEERING COMPANY, INC. |

P. O BOX 21652, PHOENIX, ARIZONA 85036, U. S. A .
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r.f.design

TELEPHONE (802) 254-1570

" RF DESIGN
ENGINEER

Travenol Laboratories is a multi-national, multi-facility
leader in the medical care industry. Qur consistent growth
and commitment to product/manufacturing innovation,
have created this exceptional opportunity at our brand
new Engineering Center in Round Lake, Ill,

The engineer we seek will be involved with radio frequency
(100K -10MHZ) aspects of the electromagnetic spectrum
including test/monitor/maintenance of diaelectric heat
sealing equipment and related high power generators.
At least 5-10 years of progressive experience in RF
design or related work with high power oscillators, radio
transmitters and similar devices will be essential. MSEE
preferred, but not required.

Travenol provides an excellent salary and benefits package
that includes profit sharing, employee stock purchase plan
and relocation assistance, Round Lake is a pleasant
community located within 40 minutes of both Chicago
and-Milwaukee, offering an ideal blending of rural and

| urban lifestyles. For consideration, send a resume with
salary history in confidence to: Vincent Luber.

Travenol Laboratories, Inc.
P.O. Box 490

Round L.ake, lIl, 60073
(312) 546-6311

Equal Opportunity Employer

73
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DON WHITE CONSULTANTS, INC.

presents

EMI/EMC SHORT COURSES,
HANDBOOKS & EMC MAGAZINE

SHORT COURSES

* Grounding and Shielding

¢ EMC—Design and Measurement for Control of EMI
Introduction to EMI/RFI/EMC

EMI Control in Electronic Data Processing Equipment

FCC and VDE/CISPR Requirements, Testing and EMI
Control

TEMPEST—Design, Control and Testing

MIL-STD-462/462B and System-Level EMI Testing and
Procedures

EMI Control in Telecommunication Systems
EMI Control in Power Transmission and Distribution
EMC Design of PCB’s and Electronic Modules

The above training courses (3-5 days) are scheduled on a
regular basis throughout the United States. These presentations
stress practical application of theory to real-life on-the-job situa-
tions. You can save hours of experimenting with EMC theory by
knowing in advance what effective EMI-control techniques will
work for your particular EMI problems.

HANDBOOKS

¢ Electrical Noise and EMI Specifications

¢ EMI Control Methods and Techniques

EMI Prediction and Analysis Techniques

EMI Control Methodology & Procedures
Mobile Communications

The 42-Volume EMC Encyclopedia Series
EMI Test Methods and Procedures

EMI Test Instrumentation and Systems

EMI Specifications, Standards and Regulations
Electromagnetic Shielding Materials and Performance
Electrical Filters.

These handbooks on EMI /EMC contain current informa-
tion on EMI prediction and EMC design, fix, retrofit and mea-
surement techniques. The 42-volume EMC encyclopedia series is
under development with eight volumes already published. For
more information, contact Mr. F. Tracy Johnson, Educational
Material Sales Manager.

DWCI IN-HOUSE TRAINING COURSES

o Taught at Customer’s Facility

An In-House course is a training presentation held at the customer’s facility cus-

tomized to an organization’s direct and specific needs. When a company or organiza-

» Quantity Student Discounts
¢ Tailored to Customer’s Needs

tion has ten or more emrployees, who need EMC or related training, an In-House course
becomes extremely cost-effective. Save employee travel, per-diem, and work-outage

time and cost by presenting a course within your own facility. Contact Training Director

» Taught at Customer’s Convenience

for more information.

EMC TeECHNOLOGY

The Impact of FCC Part 1§ J
on Your Product
Controling EMI

tn Power Supplies
EMI Diagnostic
he F

Testing
I

NEW
EMC TECHNOLOGY

MAGAZINE

From the publishers of 21 handbooks and the leading educators
and consultants in EMC, comes a new quarterly trade journal to
locate, discuss and solve your EMI problems.

Beginning January, 1982, the first quarterly issue of EMC
TECHNOLOGY will be published with guaranteed circulation of
8,000 foreign and 17,000 North American copies. EMC TECHNOL-
OGY contains 100 pages of .... Design problems and solutions in EMC
... Solutions to FCC and CISPR .... “HANDS-ON” reports of the
latest EMC products and tools .... Advertising of new and recognized
equipment and services .... and special articles dealing with up-to-the-
minute EMC trends, problems and solutions. For information on arti-
cle authorship, advertising space or subscription information, please
call or write us at the numbers below.

FOR MORE INFORMATION

Complete and detailed descriptions of all products/
services listed on this page are obtainable by calling or
writing to DWCI (address right) or filling out the conve-
nient information-request card in the back of ITEM —
1981.
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DON WHITE CONSULTANTS, INC.

International Training Centre
State Route 625
P.0.Box D
Galnesville, Virginia 22065
Telephone: (703) 347-0030 Telex: 89-9165 DWCI-GAIV




Wherevecr,rou need

100 Watts
from10kHzto 4

Ih

Imagine the tremendous versatility
you could enjoy with the extremely
wide coverage of just these two
broadband power amplifiers.

The ENI 5100L spans the frequency
range of 1.5 to 400 MHz with a Class
A linear output rating of 100 Watts
and a flat 50 dB gain. And it will de-
liver 200 Watts from1.5 to 200 MHz.

The ENI 2100L covers the range from
10 kHz to 12 MHz with a Class A finear
output of more than 100 Watts. Andit,
too, can deliver 200 Watts over much
of its useful frequency range.

Both units are solid state. Both units
are unbelievably rugged. Uncondition-
ally stable. Will not oscillate for any
conditions of load or source imped-

RF power
&)MHZ...

ance. And will withstand all mis-
matched loads including short and
open circuits.

Now there’s no need to buy a whole
expensive spread of individual units.
With just these two portable ampli-
fiers, you can work on an aimost
infinite range of applications. If it's
100 Watts... ENI has it covered!

For more information, a demonstra-
tion, or a full line catalog, please
contact us at ENI, 3000 Winton Road
South, Rochester, NY 14623. Call 716/
473-6900, or telex 97-8283 ENI ROC.

The advanced design line of RF power amplifiers
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