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Now —reliable RF Transistors from 900 MHz
down to 1 MHz for Mobile Communications.
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SOT 103/E1 900 MHz SOT 172 900 MH2 SOT 171 900 MHz

APPLICATION: 900 MHz APPLICATION: 900 MHz APPLICATION: 900 MHz
Radio Telephone Radio Telephone Radio Telephone

POWER: 0.5 Watts POWER: 2 Watts POWER: 8 Watts

GAIN: = 9.0dB GAIN: = 6.5dB GAIN: > 6dB

FREQUENCY: 900 MHz FREQUENCY: 900 MHz FREQUENCY: 900 MHz

Vee: 12.5 Volts Vce: 12.5 Volts Vce: 12.5 Volts

EFFICIENCY: = 50% EFFICIENCY: = 50% EFFICIENCY: = 50%
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Amperex, 230 Duffy Avenue, Hicksville, New York, 11802, or phone 516/931-6200, TWX 510/221-1839.
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America’s newest addition to its army’s arsenal required features to deliver the best solutions
is the XM -1 tank, that promises to be our latest for particular applications.
victor on the battlefield. The XM -1's guidance Tell us the criteria we must meet for your

radar system rq:;es RGO IOy microwave applications—stability, high-speed
microwave oscivlator. tuning, wide bandwidth, low noise,

AtM/A-COM OSVW, we are exclusively devoted combinations not available in off-the-shelf

to providing the latest, state-of-the-art items without compromising performance. we
microwave amplifiers and are uniquely qualified to provide
oscillators. For units in the 2 to fast, reliable answers to these kind

30 GHz range, we deliver the
industry’s best performance,
price and delivery.

In modern microwave

of challenges.

You can get over the rough terrain
of incorporating microwave
components in your system by
technology, dozens of factors getting together with our

are so interactive, that it application engineering staff and
requires experienced let our team of experts help you

specialists to combine the Omni become a Victor. too.
j q Spectra M/A'COM OSW, INC.

See us at MTT-S, Booth No. 349.

Microwave Subsystems Division 2626 S. Hardy Drive, Tempe, AZ 85282, Telephone (602) 966-1471, TWX: 910-950-1296

We have arranged for a limited number of full-color lithographs of these original paintings of military equipment in action.
Write today for your free copy.
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article brings a discussion of the principles of hy-
brid power splitters and combiners.

Calculator Aided Stub Matching, p. 30

62 Crystal Oscillators Circuits for VHF. This article de-
scribes how to design and use three good but

L R relatively unknown VHF oscillator circuits.
[ Output
il
Output
- #3
e e 1Bt Departments
Output
——
e o:tf,m 6 Editorial 78 New Products
#6 8 Letters 79 INFO/CARD
21 Subscription Card 94 New Literature
“Magic Tee”, p. 44 76 Cover Story 98 AdIndex

May/June 1983, Volume 6, No. 3, r.f. design (ISSN 0163-321X) is pubhsned bi-monthly by Cardift Publishing, a subsidiary of Carditf Communications, Inc., 6430 S.
Yosemite St., Englewood, CO 80111, (303) 694-1522. Copyright 1983 Cardiff Publishing Company. Second Class postage paid at Englewood, Colo., and additional mailing offices.
Contents may not be reproduced in any form without written permission.

SUBSCRIPTIONS: r.f. design is sent free to qualitied individuals responsible for the design and development of communications equipment. Other subscriptions: USA, $15 one
year, $25 two years; Intsrnational and Canada, (surface) $25 one year, $45 two years; International and Canada (airmail) $40 one year, $75 two years. |f available, single copies and back
issues are $5 each. Alt editions of r.f. design dating from 1978 to present are available on microfiim. For details contact University Microfilms iInternational, 300 N. Zeeb Road, Ann
Arbor, M| 48108, USA, or phone (800) 521-0800.

4 May/June 1983



plug-in

small...] even smaller

AT SERIES
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Bigger and Better

By Bill W. Childs
Publisher

t's been just a year now since | last
wrote an editorial to you. In that
last editorial | discussed our hiring of
Larry Brewster as editor and prior to
that an introduction of our new staff.
We as a team pledged to make some
positive changes in our magazine
format and circulation. We also pro-
mised to maintain and if possible
exceed our previous efforts in editorial
content.

Looking to the future | would like
to report that our July/August issue
will address the issues of radiated
and conducted radio frequency and
electromagnetic interference under
the general heading of EMC/EMI.
Moving to our September/October is-
sue we will focus on computer model-
ing and the use of calculator pro-
grams for increasing the efficiency of
the RF design engineer. We will then
wrap the year up with November/Decem-
ber covering RF Components. We be-
lieve these to be important topics and
look forward to bringing this editorial
focus to our readers.

This issue of r.f. design magazine
represents the biggest and one of the
finest magazines we have ever pub-
lished for our readers. | am very
pleased with the significant efforts of
our editor Mr. Brewster and our sales
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staff Ruth Breashears, Blair Sutfin
and Susan Myers along with our edi-
torial assistant Tami Baird. Thanks,
however would not be complete with-
out giving considerable praise to our
authors and our editorial review board.

As most of you know, any under-
taking like this is a continuing pro-
cess over time. Any time we can, it's
perhaps wise to take snap shots of
where we are and then think about
where we are going.

In our September/October issue of
last year we contracted with READEX
a national readership research group
to contact our readers and bring back
a sample of your comments, needs
and thoughts on the subject of r.f.
design. The following is a small sample
from their findings.

® 94 percent of our readers re-
sponded that r.f. design contains in-
formation useful to the job that is not
found in any other publication.

® 57 percent of our readers save
the entire magazine for future reference
and 42 percent clip articles and save
them.

® r.f. design magazine is passed
on to an average of 2.3 other interested
readers.

® 94 percent of our readers feel
that the technical level of articles is
just about right.

Other responses covered future ar-
ticle needs and frequency ranges that
our readers work with on a daily basis.
We were very pleased with the READEX
responses and we look forward to in-
corporating new ideas in the magazine
as we progress. We shall also be very
conscious of maintaining the things
about r.f. design which you the reader
have come to expect.

My special thanks to you the reader
who have loyally followed r.f. design
and told us about it, and also our ad-
vertisers which make it all possible.
We look forward to a bigger and better
rest of 1983 and an even greater 1984.

R0




X

O S e S0 ohmTransrrission Lines ~ Maintains Constant Impedance
Ceramic Chip Capaotors

Thin-Fiim Metalization

. -g‘;‘:.,_

ngh

High Speed internal LC Drivers - TTL or CMOS

: “') o Gold Plated Case, Pins. and Lid - Per MIL-G-45204

Redundant Critical Wire Bonds

~— PIN Switching Diodes

I Alumina Substrate -
Expansion Coefficient
< Matched to Header
‘ #—— —_(lass {o Metal Seals-
Using Matched
Borosilicate Glass
N

¥ ' Inli ) m{

18
8 aa 1;.: Ju.{
i ol T Actualsize

Rellablllty RF MICS

DAICO High Reliability RF Microwave Integrated Circuit Components

are products of state-of-the-art thin-film
technology. Quality screened components,
manufactured and tested to rigid Daico
standards and numerous in-process quality
tests, assures each device meets applicable
MIL STD Specifications. Quantitative 100%

final electrical tests are made with HP8505
Analyzers and HP9825 Computer controlled
automatic systems. These data assure Daicc
High Reliability RF MIC components meet all
critical design parameters, thus saving costly
INCOMINg testing.

————Temiperature Stable Nichrome Resistors

DAICO INDUSTRIES, INC.

allf, 80220
Telephona: (213 6311143 « TWX 910 346-6741

2351 £ast Del Amo Blvd., Compton, ¢
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Dear Larry:
| have had several phone calls from
engineers who have been construct-
ing The Linear Phase Filter | described
in your May/June and July/August 1982
issues. The complaint was that the
filter was almost but not quite work-
ing properly. | was able to trace the
problem to an error in the equation
for filter impedance level in Step 4
(Page 31 of the July/August 1982 is-
sue). The equation reads:
R(filter) = (4/lm)(Xc) |t = 2Af
1t should read:
R(filter) = (n4)(Xc)|f = 2Af.
| have carefully reviewed the rest
of the equations and they are correct.
Thank you.

Robert W. Sellers

Errata

The following are corrections to the
“RF Amplifier Design Program” article
in the March/April 1983 issue.

Example |, page 34, corrected se-
quence.

XEQ “AMP”
ENTRCMND
1-LSF
2-OPT TERM
3-GAINS
4-YIN/OUT
5-CHNG YS/L
6-CHNG YPAR
7-K-STERN
8-YSILFORK
9-S/Y CONV
CMND?
1. RUN
ENTER Y-PARAMS
Gi="?
22-03 RUN
Bl="?
9-03 RUN
GR="?
0 RUN
BR="?
—-2.2-03 RUN
GF =7
40-03 RUN
BF=?
-185-03 RUN
GO="7
1-03 RUN
BO =7
8-03 RUN

L.S.F. = 923.3E-3
8

CMND?
2. RUN

OPTIMUM VALUES
L.S.F. = 923.3E-3

GS = 86.61E-3
BS = —53.00E-3

GL = 3.937E-3
BL = - 10.00E-3

GMAX = 17.59E0dB

CMND?

4. RUN
GIN = 86.61E-3
BIN = 53.00E-3

GOUT = 3.937E-3
BOUT = 10.00E-3

CMND?
5. RUN

ENTERYS AND YL
GS="?
20-03 RUN

—50-03 RUN
1.5-03 RUN
5-03 RUN

CMND?
3. RUN

OPERATING GAIN
GP = 9.509E0dB

AVAILABLE GAIN
GA = 16.27E0dB

TRANSDUCER GAIN
GT = 4.952E0dB

CMND?

Appendix |, Main Programming “AMP”,
page 38, program reproduction.

01*LBL “AMP”
02CF 04

03CF 03

04 ADV

05 “ENTR CMND"”
06 AVIEW

07 “1-LSF”

08 AVIEW

09 “2-OPT TERM”

10 AVIEW

11 “3-GAINS”

12 AVIEW

13 “4-YIN/OUT”

14 AVIEW

15 “5-CHNG YS/L"
16 AVIEW

17 “6-CHNG YPAR"”
18 AVIEW

19 “7-K-STERN”

20 AVIEW
21“8-YS/IL FORK"
22 AVIEW

23 “9-SIY CONV”
24 AVIEW

25°LBL 00

26 ADV

27 FIXO0

28 “CMND?”

29 PROMPT
30ENG 3
31GTOIND X
32*LBLO1
33FC?03

34 XEQ “PARA”

35 ADV

36 XEQ “LINV”
37GTO 00

38°LBL 02
39FC?03

40 XEQ “PARA”

41 XEQ “OPT”
42GTO 00

43°LBL 03

44 FC?703

45 XEQ “PARA”

46 FC? 04

47 XEQ “YSIL”

48 XEQ “Y1/O”

49 XEQ “GP”

50 XEQ “GA"

51 XEQ “GT”

52 GTO 00

53*LBL 04

54 FC? 03

55 XEQ “PARA”

56 FC? 04

57 XEQ “YSIL”

58 XEQ “YI/IO”

59 “GIN = "
60 ARCL 23
61 AVIEW
62“BIN="
63 ARCL 22
64 AVIEW
65 ADV

66 “GOUT =
67 ARCL 25
68 AVIEW
69 “BOUT ="
70 ARCL 24
71 AVIEW

72 ADV
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AMPLIFIERS

Give your systems the MITEQ design edge with MITEQ's low noise ampli-

fiers. They offer —
Lowest noise figure

Wide bandwidth

High dynamic range

Flat frequency response

Well-matched input/output ports

Study the performance of sample amplifiers below.

FREQUENCY (GHZ)

Frequency: 1-2 GHz e
Gain: 30 dB Z 350
Gain flatness: +.6 dB S 345

Noise figure: 1.6 dB max.
Input/output VSWR: 1.50:1

Frequency: 1.0-1.5 GHz g% a
Gain: 33 dB =0 —_— 2
Gain flatness: +.5dB S 340 -
Noise figure: 1.3 dB max. // N
Input/output VSWR: 1.33:1 =5
Dynamic range: +10 dBm ! N ; 6 2
9 1.0 1] L2 13 1.4 15 16 z
FREQUENCY (GH2)
g = Frequency: 1.5-2.0 GHz
2% [ T e S Gain:324B
- w  Gain flatness: +.5dB
i i e St '“°3  Noise figure: 1.5 dB max.
20 % Input/output VSWR: 1.33:1
L . n ‘002 Dynamic range: +10 dBm
1.40 .50 160 .70 1.80 1.90 200 2.10 z

Dynamic range: +10 dBm
2 1]

0

GAIN (dB)
W
D
o

6 8 10 12 14 16 I8 20 22 24
FREQUENCY (GHZ)

—}

13 15 17 19 21
FREQUENCY (GHZ)

Frequency: .8-2.2 GHz

fas]

= Gain:30dB
200 5 Gainflatness: =.75dB
50 &  Noise figure: 2.0 dB max.
oo w  |nput/output VSWR: 2.0:1

50 9 Dynamic range: +10 dBm

MITEQ

100 Ricefield Lane
Hauppauge, N.Y. 11788-2086
Tel. (516) 543-8873

TWX 510-226-3781
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Put a Johanson
in your circuit.

The name Johanson has become synonymous with vari-
able capacitors. For over 35 years our trimmer capacitors
have been the industry standard of excellence.

The Thin-Trim® and Seal-Trim® capacitors are an advanced
development in micro-miniaturized variable capacitors.
They feature low drift rates and high Q and are ideal for
high frequency applications. The Seal-Trim®is encapsulat-
ed in a moisture-proof housing which eliminates intrusion
of dirt, dust, solder flux and atmospheric contamination. The
two styles incorporate the Johanson square drive tuning
mechanism to assure non-slip tamper proof adjustments.

Electronic Accuracy through Mechanical Precision

(Hofansond

Manufacturing Corporation
400 Rockaway Valley Road Boonton, New Jersey 07005
201-334-2676 TWX 710-987-8367

U.S. Patent No. 3,701,932 & U.S. Patent No. 4,179,722
INFO/CARD 8

(Errata ... Continued from page 8)

73GTO00
74*LBL 05
75 XEQ “YSIL”
76 GTO 00
77*LBL 06
78 XEQ “PARA"”
79GTO00
80°LBL 07
81FC?03
82 XEQ “PARA”
83 FC?04
84 XEQ “YS/L”
85 XEQ “STN"”
86 ADV
87 “K-STERN ="
88 ARCL 17
89 AVIEW
90 GTO 00
91°LBL 08
92 FC? 03
93 XEQ “PARA”
94 XEQ “ITR”
95 ADV
96 XEQ “S/LPR"
97 GTO 00
98*LBL 09
99 XEQ “SPAR"
100 XEQ “PAR1”
101 GTO 00
102 END

Appendix |, page 38, program listing
“LINV", program reproduction,

01*LBL “LINV”
02 CF 00

03 RCL O3

04 X<07?

05 GTO 01

06 RCL 05

07 X<0?

08 GTO 01

09 RCL 12
10RCL 14
11/

12STO 16

13 X<0?

14 SF 00

151

16 X<>Y

17 X>Y?

18 SF 00
19“LS.F. ="
20 ARCL X

21 AVIEW

22 ADV
23RTN
24*LBLO1

25 SF 00

26 “UNSTABLE"
27 AVIEW

28 “GI/0<0”
29 AVIEW
30END

Program listing “SPAR", page 45,
omitted numbers

Line 127 RCL IND 26

Line 129 STO IND 26
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Superior spectral purity at half the price.
Is there really any other choice?

3kHz 10kHz 100kHz 300kHz
offset from camier {Hz)

Spectral Purity

Their price
/ $32,540

Our pnce

When Fluke introduced the
6071A synthesized signal genera-
tor, we set out to prove a very
important point:

Excellent spectral purity
doesn’t have to mean high price.

Consider this. At a U.S. base
price of only $18,100 the 6071A
delivers superior spectral purity
over a broadband frequency range
of 200 kHz to 1040 MHz. Spurious
output levels are on the order of
-90 dBc to -100 dBc. Typical broad-
band noise floor is -150 dB¢/Hz. And
compared with instruments costing
more than $30,000, our SSB phase
noise performance specs make the
6071A the best value in many ap-
plications—especially the design
and manufacture of modern com-
munications equipment.

Low noise and high stability
also make it a logical choice for
third- and fifth-order intermodula-
tion tests, adjacent channel rejec-
tion and other off-channel type
tests. Full programmability and
interactive controls combine to
make the 6071A uniquely produc-
tive in automated test systems.

There’s much more we can tell
you about the 6071A, the 520 MHz
6070A, and the technology that
makes such sophisticated instru-
ments easy to use. Just contact your
local Fluke Sales Representative or
call us toll free at 1-800-426-0361.

INTHE U.S. AND NON-
EUROPEAN COUNTRIES: IN EUROPE

John Fluke Mfg. Co., Inc.  Fluke (Holland) B.V.
P.O. Box C9090, M/S 250C PO Box 5053, 5004 EB

Everett, WA 98206 lbur% The Netherlands
(206) 356-5400, Tlx: 152662  (013) 673973, TIx: 52237
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Part Il

PLL Primer

Part | began the discussion of phase lock loops. Part Il
now considers some design parameters and

possible problems.

By Andrzej B. Przedpelski
A.R.F. Products, Inc.
R&D Laboratory

Boulder, Colorado

rom equations 4, 5 and 6 (Part I) it can be seen that T2

T3 are functions of desired phase margin (stability)
and bandwidth; both constant. Time constant, T1, however,
is also a function of K, K and N. The phase comparator
gain, K , is essentially constant; thus, only the ratio K/N
should 'i)e kept constant for stable operation. The problem
is obviously most complicated in high frequency synthe-
sizers, since usually both K _and N vary. If you are one of
the lucky ones, the two will compensate for each other,
but the rest of us have to use some form of compensation.
Two possible methods involve either varying R1 (Figure 6),
since it affects T1 only, or compensating K, by using vary-
ing gain circuit in the VTO input. This second method is
usually used and several non-linear gain circuits are de-
scribed in the literature''. The circuits have to have adequate
bandwidth not to introduce additional poles below the low-
est VTO modulation response pole.

Sidebands

If N is not unity, sidebands at the reference frequency,
F will be present in the output. The mechanism is quite
simple. As can be seen in Figure 1, only the phase com-
parator and the integrator stand between the input and the
VTO. Thus, any leakage of F will frequency modulate the
VTO directly. The phase comparator does not have any fre-
quency discrimination within the PLL range of frequencies.
However, it has inherent isolation between the F input and
its output. If a linear phase comparator (double balanced
mixer) is used, the usual 25-35 dB isolation can be expected.
It should be remembered that the same isolation also has
to exist between the NF /N port and the comparator output.

12

If a digital phase comparator is used, approximately the
same order of magnitude of isolation can be expected.
Theoretically, the isolation in either case is infinite, if the
circuits are properly balanced, the switching of the phase
comparator is ideal and an ideal active integrator is used.
Since this is not the case in real life, there is not much that
can be done to reduce F leakage through the phase com-
parator, other than the usual “idealizing” of the circuit. The
integrator performance, on the other hand, is under the de-
signer's control. From the integrator response (Figure
7), it is apparent that as the phase margin of the loop is de-
creased, the attenuation of the reference frequency in-
creases. Unfortunately, the phase margin cannot be de-
creased indiscriminately, since it affects other loop para-
meters, such as stability and step response. However, a
considerable amount of additional attenuation can be ob-
tained, even with comfortable phase margins, over the
usual second order loop (T3 = 0); in the above example over
20 dB. It can also be shown that decreasing loop bandwidth
also increases F_ attenuation. Again, this parameter has to
be a compromise, since it affects loop step response and
acquisition time. Adding broadband gain before or after the
integrator does not have any overall effect. While the ef-
fective K or K, will change, T1 will have to change accord-
ingly (for the same bandwidth and phase margin) and the
overall attenuation to the reference frequency will remain
the same.

The only avenue left open is the addition of frequency dis-
criminating circuits between the integrator and the VTO.
This has to be done very carefully not to reduce loop stabi-
lity excessively. This technique is described in more detail
in Reference 12.

May/June 1983
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Figure 1. General Phaselock Loop Configuration.

Phase Noise

The noise in the output of a PLL signal source is a very
important parameter. Fortunately, methods exist's to eval-
uate the noise performance of a PLL if the noise character-
istics of the VTO and the reference are available. Basically,
the phase noise in the output signal, within the loop band-
width, is equal to the reference noise multiplied by N (the
division factor within the loop and overall frequency multi-
plication). The noise level, above the loop bandwidth, is es-
sentially that of the VTO. While the above may be an over-
simplification, the overall concept is very useful in obtain-
ing very low phase noise signal sources. This is done by
combining, in a PLL, a reference frequency source having
a high long term stability (low noise at low Fourier fre-
quencies) with a VTO with good short term stability (low
noise at high Fourier frequencies), as shown in Ref. 10.

Instability

For narrowband PLLs, the program of Table | calculates
values for T1, T2 and T3 which practically guarantees stable
loop operation, providing reasonable values are used for

r.f. design

phase margin (above 45 degrees). For wider band applica-
tions, the operational amplifier open loop time constant
(open loop bandwidth) and DC gain, as well as the VvTO
control time constant (modulation bandwidth), have all to
be considered. The program of Table Ii takes all these cir-
cuit characteristics into account and provides a convenient
method of circuit design verification.

Open loop gain = G(jw) H(jw) =

_ K KA, jwC + 1
Nw jlw¥w?D - F) + 1] + w(w? - L)

7

whereC =T, + T,

D=TJTTT,

E=T, [T T, +T,+ T+ TT, (A, + 1]+ 11,7,

F=TV(A°T1+T°+T,+T2+T3)+T°(T,+T2+T3)+
TT A, + 1)

L=A0T,+T°+T,+T2+T3+Tv

T,=C, xR;T,=C, xR;T,=C, x R,

13



DALE

MEASURES UP
to your

TCXON

Check our expanded line of temperature
compensated crystal oscillators. It includes both
military and commercial models in frequently
specified styles — with stock frequencies available
fast! Here's a quick look at our lineup, including the
new hermetically sealed TCXO-30 and TCX0O-32
now in production.

| Model No. | Tcxo-22 | Texo-26 | Toxo-2s | Texo-an | Toxo-s
i Freq. Range 3 Mljz to 15 MHz
{ Stock Freq. 4,5, 10 MHz

Stabilty £1, 45 | 21 ] +3 ] |
‘:;PT&E::‘;' (010 +55°C) “ WS | s I s
Case Style | Epoxy; Metal with H‘ermetic Seal

Contact Dale today for complete price and delivery
information, plus assistance with custom models.
Phone 602-967-7874

DALE

Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282
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10-4 10-3

Figure 11. Typical VTO Slew Rate.

G(jw)

Closedloopgain= — —~— "
1 - Gljw) H(jw)

®

VTO noise reduction = _1__ 9)

1 + G(jw) H(jw)

The open loop gain and phase margin vs. frequency can be
calculated and, if the stability margin is inadequate, the
calculation of T1, T2 and T3 can be repeated (Table | program)
using a larger nominal phase margin value and/or a lower
value for F , to compensate for these parasitic effects. It
may prove to be impossible to obtain stable operation using
a given operational amplifier and VTO (for a given bandwidth).
It will be then necessary to either obtain more desirable
devices (larger bandwidths and higher amplifier gain) or
reduce loop bandwidth (lower the value of F .. The above
analysis assumes that the standard precautions against
stray pick-up and spurious reactances are taken. Any such
parasitic effects will reduce loop stability and possibly
cause oscillations. If a frequency synthesizer design (vari-
able N) is being analyzed, additional factors have to be
taken into account: variable N and K. If K/N is not a con-
stant, the calculations have to be performed at several fre-
quencies to ascertain that stability at all possible fre-
quencies is assured. This means not only the steady state
values within the operating range, but also all other values
within the total VTO range (stop to stop), in all possible
combinations.

Modulation

Conventional methods of AM modulation can be used.
It is prefered that the VTO is not directly modulated, for
obvious reasons. Either absorption modulation or modula-
tion of a succeeding stage can be employed.

FM modulation is somewhat more complicated. If the
range of modulating frequencies lies above F , the modulat-
ing voitage can be summed with the control voltage at the
VTO input. Modulating frequencies below F_ will be at-
tenuated in accordance with noise reduction response as
calculated using Table tl program. Obviously, modulation
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into its economical RF spectrum
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display and rugged portability.
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A choice of RF plug-ins covers
your applications. |
Notable performance specifications of

the 8557A and 8558B plug-ins include

70 dB dynamic measurement range,

1 kHz to 3 MHz variable resolution,
full range frequency response of
*+1 dB and 70 dB IF substitution amplitude
accuracy of * 1 dB. Basic measurements require
only a three-knob sequence: TUNE to a signal
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money. We've added digital display, versatile data the FREQUENCY SPAN for closer analysis and
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combines accurate performance and simple
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measurement applications.
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: help detect signal changes in a crowded spectrum. l trace [/O as well as operator prompts |

1' Rugged portability lets you take it | __ontheCRT J
almost anywhere. To add portability and digital display con-

; The 853A is designed for transportable use in venience to your RF spectrum analysis applications, ‘
rigorous environments. Weighing less than 48 Ibs.,  call your nearest HP sales office and asx for
the analyzers can be taken outdoors for field test “Instruments.’ For the same simplicity and per-
use,oreasilymoved aroundlaband productionsites.  formance in microwave applications, ask about <
The 853A comes with a tilt-bail handle, rubber HP’s economical microwave plug-in for the 853A.

bumpers, and a drip-proof front panel cover. What's  For more information about these instruments.
. more, the HP 853A with plug-in installed is type- write Hewlett-Packard, 1820 Embarcadero Road,
' tested to meet shock, vibration and driptest Palo Alto, CA 94303.
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PHASE INTEGRATOR vTO ; -
REFERENCE COMPARATOR 000 MAZ
e » > A, = 100,000 | | K, =126.7 x 10¢ »
25MHZ K, =08 B, =10 SRIODN
> T, =159 x 10-7 [T, =159 x 10-9]
]
DIVIDER
- g
N = 400
ORDER T, T, T, CURVE
3 o, = 40° 1.37 x 10-2 267 x 10-* 7.42 x 10-% ®
3 @, = 80° 7.28 x 10-2 1.81 x 10-3 1.39 x 10-5 ®
2 a = 0707 154 x 10-2 3.49 x 10-* 0 ©

Figure 12. Typical PLL Example.

If We Don’t Already Have
The RF Filter You Need...

We’ll Build It, Fast.

Catalog RF 82 shows diplexers and bandpass. band reject and
low pass high pass filters currently being used by many manufac-
turers of transceivers and other VHF UHF equipments

But if you need a one-of-a-kind special and you can't afford to
wail, we've still got you covered—we’ll design and build exactly
what you need for your system, and we’'ll work around the clock to
deliver it when you need it

Call us and talk to the RF engineer who will design your
special filter. He'll give you a prompt. on-hne analysis ot your
specifications, and he’ll quote price and delivery time. Before you
hang up. you'll know what you need. when you'll have it and how
much it will cost—all with just one phone call!

Once you've placed an order, our unique QRC (quick reaction
capability) begins to work for you: QRC combines the efficiency of
computer-aided design with our dedicated model shop and test
labs to ensure that your filter will be what you need when you need
it

When you need a special filter designed exactly to your
specifications, and you need it now, call MFC!

315-437-3953
TWX 710-541-0493
6743 Kinne St., East Syracuse, NY 13057

M=

MiCIOWAVE rilteI COMPANY, iNC.
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Figure 13. Open Loop Response.

For a power resistor that
stays non-X up to vhf,

there’s only one choice.

The Carborundum® Type SP. Only
Carborundum has a ceramic power re-
sistor that behaves like a pure resis-
tance rather than an inductor and/or
capacitor. It operates from low audio
frequencies up into the vhi range.
Each unit is a solid body of resistive
material. No windings, no film. Ideal
for frequency-sensitive rf applications
like feedback loops.

And it gives you extremely high
power density, with great surge-
handling capability because it's solid.

Our Type 234SP, for example, is immersed in oil, it will handle even Carborundum
about the size of a 2-watt carbon comp, greater power overloads. Resistant Materials Company
but dissipates a full 10 watts in 40°C Other Carborundum Type SP resis- Electric Products Division
ambient air. Moreover, it can consis- tors—including high-power. water- P.O. Box 339
tently absorb surges of over 10X rated cooled configurations—are rated from Niagara Falls, New York 14302
power for several seconds and come 2.5 10 1000 watls. For further details,
back for more with very little AR. call or write E. B. (Woody) Hausler at CARBORUNDUM
Forced-air-cooled, water-cooled or (716) 278-2143. A Sohio Company
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ATTENUATORS

A broad selection of standard and special
attenuators to meet your specific requirements.
Rotary Step — Programmable — Fixed Pad

e 50 and 75 ohm e High Power

¢ Tandem and Bench Mounted

Call or write todoy for your free attenuator catalog.

TELONIC BERKELEY INC.

2825 Laguna Canyon Rd., P.O. Box 277
Laguna Beach, CA 92652.714/494-9401
Toll free: 800/854-2436 {Outside CA)
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down to DC is not possible using this method. If low
modulation frequencies have to be accommodated, the
reference has to be directly modulated. In this case the
higher modulation frequencies will be attenuated following
the closed loop response as calculated using Table Il pro-
gram. While the deviation of the reference (if it is the usual
crystal oscillator) is limited, the output deviation will be
muitiplied by the loop division factor, N. A combination of
both methods can be used, as described in Ref. 14. A third
method, applicable to any unmodulated signal source, is
the serrodyne technique. This method allows modulation
down to DC and has no effect on (and is not affected by)
the PLL design.

Frequency Acquisition

The speed of frequency acquisition (the agility of the
PLL) is of interest where fast frequency switching is re-
quired. Here, the phase/frequency comparator is clearly
superior, since it provides maximum correcting voltage
when the loop is unlocked and off frequency. Thus, it will
be the only one considered in detail in this discussion. A
similar analysis can be made using the linear type of com-
parator. To simplify the analysis, the acquisition process
can be divided into two parts: frequency acquisition and
phase acquisition. It is apparent that, during frequency ac-
quisition, when the phase detector output is “‘against the
wall” (either in the positive or negative direction), the maxi-
mum rate of the VTO frequency sweep is directly propor-
tional to the control voltage sweep rate and is mainly deter-
mined by the slew rate of the integrator. The integrator out-
put voltage (for a constant input) is a nonlinear function of
time. It can be obtained by applying a step function to the
integrator transfer function and using a Laplace transfor-

Varactor Tuning Diodes

P

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)
VAS521 series highlight the line. All manufactured
with Crystalonics’ passivated ultra-high reliability
processing. Send for our free catalog.

“»" TELEDYNE
CRYSTALONICS

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

Announcing

&'SCUC'83

the 5th annual
Satellite Communications Users Conference

August 22-24, 1983

Stouffer’s Riverfront Towers
St. Louis, Missouri

For more information contact:
Satellite Communications magazine
6430 S. Yosemite St.
Englewood, CO 80111 USA
(303) 694-1522

Telex 450726, CRDF ENGL
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mation. Figure 11 shows a typical integrator output vs.
time for a constant input voltage, and for different values
of loop bandwidth and phase margin. As anticipated, the
larger bandwidth provides a faster response. The effect of
the phase margin is not so obvious. For narrow loop band-
width and small changes in frequency, the higher phase
margin provides a faster response. However, for large fre-
quency excursions, a loop with a lower phase margin is
faster. The phase acquisition is a function of the loop step
response. The third order step response is very similar to
that of the second order, which is shown in Reference 2.
While the above discussion of frequency/phase acquisition
may be somewhat naive, it does provide some insight into
the acquisition mechanism. A more detailed analysis will
be presented at a future date.

An example of a typical frequency synthesizer PLL will
illustrate some of the points previously discussed. Figure
12 shows such a circuit in a block diagram form. While
the exact circuit is not shown, the circuit constants are
taken from actual suitable components used previously in
similar applications. Three PLL configurations are consi-
dered:

A — athird order PLL with a 40 degree phase margin

B — athird order PLL with an 80 degree phase margin

C — asecond order PLL with a damping factor of 0.707
The second order loop is included to show the superiority
of the third order design. A unity gain frequency, F , of
1000 Hz is used in all three examples.

First, the correctness of the three time constants (two
for the second order loop), as calculated using program of
Table I, can be confirmed. Figure 13 shows the open loop
frequency response of the three loop configurations, as
calculated using the program of Table Il. Indeed, the 0 dB
gain occurs at 1000 Hz for all three. Next, the phase margin

e
RFand &
Microwave

FILTERS .

@!

A broad selection

of standard and
specialfilters to meet your
specific requirements:

-/

GHz
Tubular Lowpass — Tubular Bandpass —
Cavity = Combline — Interdigital — Helical Resonator —

Highpass — Tunable Bandpass — Miniature LC.
Call or write today for your free filter catalog.

TELONIC BERKELEY INC.

2825 Laguna Canyon Rd., P.O. Box 277
Laguna Beach, CA 92652-714/494-9401
Toll free: 800/854-2436 (Outside CA)
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Figure 14. Ideal 2nd and 3rd Order PLL Phase Margin.
@1+LBL "HO PLL™ 27 RCL 14 53 # 79 + 185 RDN 131 / 157 LOG 178 +
82 FS? 81 28 54 + 89 RCL 28 106 + 132 RCL 26 158 29 171 RCL 17
83 GTO 80 29RCL 12 55 - 81 Xt2 107 FS? 84 133 s 159 * 172 LOG
B4 FS7 82 IWRCL 13 S6RCL 28 82 « 188 RTN 134 STO 25 168 FS2 82 173 26
85 GTO 08 3+ 57 Xt2 83 RCL 23 189 FS? 81 135 LOG 161 RTH 174
9 FS? 83 JZRCL 14 58+ 84 RCL 12 110 GTO 65 136 20 162 FS? 83 175 +
87 GTO 98 3+ 59 1 g5 * 111 F$7 82 137 * 163 GT0 87 176 FS? 63
85 F$? 04 34570 26 68 + 8 RCL 21 112GT0 85 138 F$? 81 164 "NOISE= 177 RTN
83 GTO 08 ISRCL 21 61 RCL 23 87 + 113 FS? 83 139 RTN 165 ARCL X 178 *CL RESP= *
18 SF 21 3 * 62 1 83 RCL 26 114 CTO @5 148 F$? 82 166 °F DB- 179 ARCL X
i1 "FREQ,HZ=? *37 RCL 23 63 + 83 + 115 *PH 4= = 141 GTO 86 167 AYIEN 188 "+ DB"
12 PROMPT 81 64 RCL 14 9B RCL 22 116 ARCL X 142 F$? @3 168eLBL 87 181 RAYIEW
13 ARCL X 39+ 65 * 91 + 117 AVIEN 143 GTO 86 169 RCL 26 182 ADV
14 AYIEN 48 RCL 12 g6 RCL 12 92 - {18+LBL 85 144 0L MAG= - 183 END
154LBL 98 41+ 67 * 93 RCL 28 119 18@ 145 ARCL X Registers
16 P1 42RCL 14 63 RCL 26 94 % 120 - 146 “F DB R12 T,
17 814 X 43 69 RCL 21 95 CHS 121 ST0O 24 147 AVIEM R13 T,
18 * 44 + 70 9% R-P 122 RON 143¢LBL 86 R14 T,
19 $T0 28 45RCL 23 71+ 97 %OV 123 7/ 149 STO 26 A
20 %82 46 RCL 12 72 RCL 22 98 RCL 13 124 RCL 15 158 RCL 24 R7 N
21 RCL 21 47 % 73 % 99 RIL 14 125 # 151 RCL 25 R20  [w]
22 % 43RCL 21 74RCL 21 188 + 126 RCL 16 152 P-R R21 T,
23 RCL 22 49 + 7SRCL 12 181 RCL 28 127 # 153 § R2 T,
24 % 58 RCL 26 76 # 102 + 128 RCL 23 154 + 233 Aé"eH
pSROLIZ 51+ TPRIL14 1831 129 * 155 k-P iR
26 * 52 RCL 22 78 % 104 R-P 138 RCL 17 156 1% R26 [T, +T,+Ty
Table II.
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Figure 15. Actual 2nd and 3rd Order PLL Phase Margin.

Quality on a budget

75DR-003 Dual Rotary Attenuator DC-1000 MHz $160.00
75S-002 Solid State Coax Switch 1-500 MHz $70.00
75B-002 Pushbutton Attenuator DC-500 MHz $80.00

JFW Industries, Inc.
2719 E. Troy Avenue

Indianapolis, Indiana 46203 w
(317) 783-9875

A
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Band-Pass Filters
In-A-Cable*
A Packaging Plus

Cutaways srloiAlng Fliter Area

—— — — - x -

Get all the packaging benefits available to you
with “In-A-Cable” Band-Pass filters from Uniform
Tubes:

Reduced Size: “In-A-Cable” Band-Pass Filters
give you more room to work with or help you
reduce the size of your package.

Less Weight: .141 inch diameter gives lightest
weight available in a coaxial Band-Pass Filter.
Greater Reliability: Integrated semi-rigid
coaxial cable assemblies eliminate inter-
connections, protect the filter elements. They
can withstand severe military environments.
Lower Costs: Integrated filter assemblies save
you up to 30%.

“In-A-Cable” Band-Pass Filters are available in
bandwidths from 5% to 40% over a 200 MHz to 22
GHz frequency range.

Also available from Uniform Tubes are “In-A-
Cable” Low-Pass Filters as well as the complete
Huber & Suhner line of Band-Pass, High-Pass, Low-
Pass and Band-Reject Filters.

Call today for compiete information concerning
your filter package requirements. You'll enjoy the
added benefits.

*U.S. Patent Numbers 4,616,704 / 4,266,207 /4,329,667
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MicroDelay /| UNIFORM TUBES, INC.
Ofvfshorn | --a UTI company
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Figure 16. VTO Noise Attenuation.

can be similarly checked, as shown in Figure 15. The phase
margin is about 5 degrees less than expected. This de-
crease in phase margin is caused by the imperfect inte-
grator and the finite modulation response of the VTO, which
this program can evaluate. To confirm, the phase margin
can be calculated using an ideal circuit (A, B, and B, are
all infinity). Figure 14 shows the expected phase margins.
Figure 15, as compared to Figure 14, also shows that there
is no such thing as a ‘‘second order {oop”, when actual
components are used. While Figure 14 shows the classical
second order curve with a 90 degree assymptote (indicating
that the loop is unconditionally stable), actually, the phase
margin decreases to 0 at some higher frequency. Thus, it
is possible to design an ‘“unconditionally stable second
order loop” which oscillates. We could now use a higher
(by about 5 degrees) phase margin in the original calculation
to obtain a higher phase margin in the actual circuit. How-
ever, since both third order loops still have adequate phase
margins and their gain margins are 20 and 26 dB (usually
considered adequate), let's proceed with further circuit
analysis of the three examples.

An important consideration in PLL design (especially
when used in synthesizers) is the ability of the loop to at-
tenuate VTO phase noise. This attenuation occurs at fre-
quencies within the loop bandwidth and is inversely pro-
portaional to frequency. Figure 16 shows this response.
Both third order loops provide over 10 dB improvement in
noise reduction within the loop bandwidth. It should be
noted that a low phase margin produces an overshoot
(an actual gain in noise). The same overshoot occurs for
second order loops with low damping factors. However,
the more damped third order loop has less overshoot than
the second and still provides better noise attenuation.

Finally, the closed loop response can be calculated.
The closed loop response indicates how much the reference
contributes to the output noise. Here again, the response

May/June 1983



Spectrum Analyzer

& Tracking Generator

AL-51C SPECTRUM ANALYZER

Frequency range from 1-1,000 MHz

60 dB on-screen dynamic range

Selectable resolution settings (500 Hz, 10 KHz, 200 KHz) ' S 3 -
Continuously variable rotary attenuators . j ;::. ::
Switchable LIN/LOG Display 2 ~
Internal battery power - l n.‘.‘ e %
Phase lock for added stability = | &g’ = a .,'1
Built-in markers (1 MHz, 10 MHz, 50 MHz) — —
Optional digital storage with freeze and store modes éo i 3 .
Optional AM/FM audio recovery with squelch and built-in speaker @ ¥ 3
COMPATIBLE TG-51 TRACKING GENERATOR B :
Swept response measurements from 1-1,000 MHz
60 dB swept dynamic range
SWEEP GENERATORS
SWEEP SYSTEMS
RF MILLIVOLTMETERS

SYNTHESIZED SIGNAL GENERATORS
BROADBAND RF AMPLIFIERS
ROTARY ATTENUATORS

VSWR BRIDGES AND ACCESSORIES
TUNABLE FILTERS

DETECTORS

FIXED PADS

SPECTRUM ANALYZERS

YOUR KIND OF WORK DEMANDS OUR KIND OF QUALITY

Texscan

Texscan Instruments e 2446 North Shadeland Avenue « Indianapolis, indiana 46219 e (317) 357-8781
Texscan Instruments. Ltd. « One Northbridge Road « Berkhamsted. lertfordshire, UK « PH: 0442771138
Texscan GMBH » Peschelanger 11 « D8000 Munchen 83, W. Germany « PH: 089/6701048
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How To Avoid

Give FCC Docket 20780
the silent treatment
with connectors
from ITT Cannon.

There's a new code of
silence in Washington. It's called
FCC Docket 20780. And,
beginning October 1, 1983,
your system will have to meet
its stringent EMI/RFT require-
ments. One company's con-

nectors already do. The ones
from ITT Cannon

Our Shield of Integrity.
The Cannon® D Series
of subminiature shielded/

shrouded connectors help main-

tain the integrity of your entire
shielded system.

Our shield is crimped to the
cable to maximize shielding
capability and provide a low-
impedance path to the ground.

The shroud/plastic back-
shell isolates the user from
ground potentials that may
exist on the shield. And plastic
strain-relief members are
provided to prevent cable pull-
out. The center-latched version
is available in configurations of
9, 15, 25 and 37 contacts.

Systems should be seen.
And not heard.
Cannon's D Subminiature

Transverse Monolith con-
nectors reduce EMI/RFT noise

D Subminiature
Shielded D Series




Capitol Punishment.
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D Subminature Transverse to hel t Docket 20780 . For more meﬁagﬁn on
: . requirements ransverse Mono er
Monolith Filter Connectors The addition of the trans- Connectors, contact Phoenix
verse monolith filter expands ]
q ( the t e v 4

2 D Subminiature without adding ~ Telephone: (602) 275-4792.
T to the overall dimensions of the Contact Commercial/Indus-
- ¢ And t! C trial Products for more infor-
%j‘ contact arrangements of 9, 15,  Shielded D Series. ITT Cannon
{i 25 and 37, with a wide range a Division of International
-, ‘ ‘ 1]
YA

Fountain Valley, CA 92708
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LTo Your EMI/RFT Problems” CANNQN ITT
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Join the Silent Majority.
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ENGINEERING

ey

Toward a new era in
the development of
advanced EW
technologies!

Advanced Radar Warning Receiver
Systems...ECM Suites for Naval Aviation...ground
jamming threat simulators...all of these projects
have recently been initiated by AEL. Long
recognized for leadership in electronics, we're
poised on the threshold of dynamic expansion,
developing new and advanced EW systems and
products. We seek:

RF ENGINEERS

e TWTA—Microwave RF design experience using
TWTs In the design of high power transmitters.

¢ SOLID STATE—High power RF amplifier
design using Bipolar and FET devices.

MICROWAVE ENGINEERS

Integrated circuit design and/or subsystems and
components. Requires microstrip and stripline
experience.

ANALOG CIRCUIT
DESIGN ENGINEERS

Requires 10 years experience in log video amps,
active filters and low noise amps. Hybrid design
a plus. Total project responsibility.

All positions require relevant experience, a BSEE
or advanced degree and U.S. citizenship. Prefer
military electronics background.

Live and work in a beautiful suburb of
Philadelphia, offering affordable housing, ex-
cellent schools and easy access to a vibrant
metropolitan ¢ity plus seashore and mountain
resorts. Paid relocation available.

We offer an excellent salary. Benefits include
dental, profit sharing, patent royalties and a
company shared savings plan. Contact: Dan
Kane, Dept. RFD, AEL, P.O. Box 552, Lansdale,
PA 19446 (800) 523-5354 or (215) 822-2929. Equal
Opportunity Employer M/F.

IMAGINATION IN HIGH TECHNOLOGY

AMERICAN
ELECTRONIC
LABORATORIES, INC.
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Figure 17. Closed Loop Response.

has an overshoot for lightly damped loops (both second and
third order), as shown in Figure 17. However, the highly
damped third order PLL has lower overshoot and still
higher reference noise attenuation. Here, two factors should
be noted: the reference noise is attenuated above the loop
bandwidth and is proportional to frequency; and the en-
tire reference source noise is increased by a factor equal
to the multiplication factor, N (20 log 400 = 52 dB). These
are important considerations in high frequency synthesizers
using a low reference frequency.

In conclusion, two factors should be stressed:

— The third order loop analysis provides a superior and
more true-to-life circuit performance.

— From equation (7) it is apparent that the loop evalu-
ated by program of Table Il is in reality of fifth order (not
intentionally, perhaps, but still undeniably fifth) instead of
the desired third. The two additional poles within the loop
are the integrator pole and the VTO modulation response
pole. These are parasitic poles and are generally ignored
in conventional PLL analyses, but can be quite significant.

The last part of the PLL Primer (Part 1ll) will be in the
July/August issue. It will cover further refinements in PLL
design, such as delay in the frequency divider, alternative
integrator configuration, VTO modulation bandwidth and
others.
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AtNORTHROP DSD, ourenergies arefocused on the
continued development of the most sophisticated electronic
countermeasures systems in the world. Perhaps thatis the
reason“ECM” and “NORTHROP DSD” are synonymous.

We offer exciting challenges to talented engineers with
expertise in the following specialties:

ELECTRICALENGINEERS /DESIGN & DEVELOPMENT

Positions require BSEE or equivalent, and experience with proposal preparation and de-
sign/developmentin one of the following areas:

MICROWAVES: Develop active/passive microwave integrated circuitdesign
(2-26 GHz), YIG oscillators, filter detectors, wave guides, high frequency solid state
amplifiers; tamiliarity with S-parameters and computer-aided circuit analysis
necessary.

RECEIVERS: Develop state-of-the-artreceivercomponents and subsystems, RF design to
26 GHz (I-J bands); involves systems architecture, receiver signal processing, local
oscillatordesign and specification.

ANALOG: Specialistin videoamplifiers, filters, A/D and D/A conversion; background
shouldinclude feedback theory analysis and computer-aided circuitanalysis.

EW SYSTEMS ENGINEERS

BSEE or equivalent; experience with active/passive EW systems hardware/software.
Define system capability requirements and threat analysis.

Sendresume with salary requirements to: Manager, Professional Employment,
NORTHROP CORPORATION, DEFENSE SYSTEMS DIVISION, 500 Hicks Road,
Rolling Meadows, IL 60008.

We are an equal opportunity employerand encourage minorities, females, veterans
andthe handicappedto apply. U.S. Citizenship Required.
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Calculator Aided Stub Matching

A calculator-aided program presented which solves the single
stub matching problem for a real-to-complex match.

By Alan Victor
Motorola Communications Div.
Plantation, FL 33322

valuation and design of high frequency components,

both active and passive, usually requires some form of
impedance matching. This is necessary in order to permit
the device to operate properly in a system impedance which
is perhaps different than its own characteristic impedance.
In the high frequency range, (say) below several hundred
megahertz, various lumped impedance matching techniques
exist. Unfortunately, at much higher frequenices lumped
element techniques become difficult to implement, control,
and adjust with any degree of accuracy.

On the other hand the use of a transmission line affords
the designer an additional degree of flexibility. Controlling
the physical dimensions of the line by altering the electrical
length, the characteristic impedance or the terminating im-
pedance yields a flexible impedance matching element.

The transmission line properties are determined by the
dielectric constant of the substrate material in the design. If
the technique is to print the transmission line, a “‘stripline”
or “micro-strip” design of some form is used.

Previous articles (1-4) have discussed the single line and
non-synchronous transmission line matching networks.
Unfortunately, for some cases these techniques lead to
line dimensions which are prohibitive in size for a given
substrate material and dielectric constant.

The transmission line matching technique makes use of
the fact that a particular complex impedance is provided by
adding a series line of length x between a given source and
load. Furthermore by adjusting the line length and line im-
pedance, an impedance match between source and load is
possible. A stub matching technique adds another degree
of flexibility to the single line. By adding a shunt line (the
stub) off the main series line and adjusting the terminating
impedance of the stub, various series line lengths are
available to implement an impedance match between
source and load. In particular, if a short or open stub termi-
nation is selected, two possible series line lengths are
found. In addition, by adjusting the reference impedance
value of the network or transmission line characteristic
impedance Z , additional flexibility is provided. Finally, the
single-stub matching section allows some degree of “tweak-
ing”. These networks are readily solved on the Smith Chart,
but can be tedious and lead to inaccuracies especially
after renormalizing the chart for a different impedance.

The program outlined in this article handles the case of a
real-to-complex match. All possible series line lengths and
open/short circuited stubs are displayed. The system im-
pedance z, and the reflection coefficient p, associated
with the terminal impedance measured in that system are
the inputs. The series lines and stub lengths are the out-
puts. Furthermore, if microstrip is the design medium the
program outputs line dimensions. The user now has the
option of specifying a new system reference impedance
z,, new source or load resistance and calculating a new
set of series line lengths and stubs or load resistance and
calculating a new set of series line lengths and stubs which
might be physically more realizable. Programs for the HP-
41C are included and pertinent equations developed.

30

Equations Developed (5)

A transmission line with characteristic impedance Z,or
1Y is terminated in a load admittance Y; = G; + jB,. Using
the definition of reflection coefficient p |, we have:

YT - (17 - p]’) (1)
Y, 1+p;
and
1-YJY
Ponew = T Yonew (1)
1+ YTlYoNEW

where p, is a complex number with magnitude |p,| and
phase angle ¢ as defined in equation 2.

Pr=Ilp lelT = |p.l(cos@; + jsing,) @

The value p,,, in equation (1a) represents the NEW value
of the reflection coefficient referred to a new characteristic
impedance or admittance, Y , ...

After rationalizing (1) and separating the real and imagi-
nary parts we have:

A R Rl 3
Yo P2+ 1+ 2pfcose,
B —rdsine (3a)
Y, P2+ 1+ 2Jp|cose,

Equations (1), (1a), (3), and (3a), are used in the normal-
ization portion of the program to convert the given value of
p ; tfrom the system reference impedance “z," to another
impedance “NEW z "

The series line lengths and stub lengths are obtained
from the definition of the admittance along a lossless line:

Y(x) - ﬁYo + jtanp, @
Y 1 - j(YJY ) tanpg,

(4]

where x is the coordinate point on the line measured from
the terminal end of the line, § = 2m/A, and Y,/Y  is the nor-
malized load admittance. Letting Y.JY_ = GJY_ + BJY =
G,, + iB;,, substituting into (4) and expanding we find the
real part as:

G(x) _ G, (1 + tan?fx)
Y (1 - By, tanfx)? + (G;, tan B x)?

o

(5)

Using equation (5) and some algebra we solve for the
series transmission line length x, in terms of the normalized
load conductance G(x)/Y .
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AT
® e, xV G, |V, Y,] Gy =G, - Y
—Y Tr T T T (6)

G0
vval?)

x =——tan '
n

Tn

At the point x (in equation 6) the real part of the load ad-
mittance is equal to the generator or source admittance and
a net susceptance remains. In equation (6) if the character-
istic admittance of the line (Y,) is assigned the same value
as the system reference impedance (z)) then B(x)/Y, is
unity.

For aline impedance different than the system reference
impedance, a NEW value of p; and B(x)/Y, must be calcu-
lated using equation (1a), equation (3), and equation (5),
with BJ/Y replaced with BJY ...

Equation (6) yields the series Ime lengths (1_,,. or x) %
nA/2. If the result for x is negative, then we add a ¥2 wave-
Iength of line to the result. The equation is general in that

need not be the same as the system load or source ad-
mﬁttance This allows the designer to try a ditferent im-
pedance line, 1/Y . The required susceptance of the line is
then found in a similar manner using (4) and separating out
the real and imaginary terms. After some algebra we have:
( G(x) y? )

B(x) \/ G(x) [ J @
G - :

from which either an open or shorted stub length is found
using:

2
'Y'rnl -

z, =jz,tanpx :SSTB

(8)
z, = —jz,cotpx :08STB
and the sign of the imaginary part of equation (4) as shown
in(9):

ﬂx—)- —tan[ix[GT“2 - BTn2] + B;, + tanfx — B, tan?px (9)

If (9) is positive, the program is directed to output “USE
SSTB” (Shorted STuB) otherwise if negative the output dis-
played is “USE OSTB" (Open STuB).

After series lines and stub lengths are calculated, the
program can be directed to the microstrip calculator
(USTRIP) section. The only inputs required are Z, and €,
Outputs are €_,, and W/H from which physical dimensions
are calculated a*ter entering the substrate height, frequency
in MHz, and the desired electrical wavelength (i
(10) we have:

Using

calc)'

300

M

calc

1(physical) = f\/—_

(meters) (10)

Program Use

Load the programs, *STUB MATCH* and *USTRIP*. To
run press XEQ “MAT" or XEQ “USTRIP”. The program is self-
promoting and RUN/STOP commands can be inserted to
allow program control. Total steps for both programs are 598
and storage registers required are 11. The memory size need
only be set to 12 and the separate programs can be readily

r.f. design

modified to run on the HP67/97 or T158/59 machines.

The input prompts for the system reference impedance
(zo) which is also the initial series line and stub characteristic
impedance Z_. The program then prompts for the load or
termination reflectlon coefficients measured in that ref-
erence impedance system and the load resistance. The
program outputs the series line length, then tells you if an
open series line length and stub is required. The next is the
other series line length and stub requirement. Finally, the
stub lengths are dlsplayed and their type (open or shorted).
The next input prompt is for a new Z, i.e., anew trans-
mission line characteristic impedance and again the load
resistance. New line dimensions are then displayed. If
the calculated series line length is negative, then the pro-
gram automatically adds a half-wave section and outputs
HALF-WAVE ADDED.

The program “USTRIP" prompts for Z and €_,. Then
physical dimensions of the previous calculated Imes from
“MAT” can readily be found.

Example

Given a 2N3570 at 750 MHz. The 2 port scattering para-
meters characterized in a 50 Q system impedance yield a
simultaneous conjugate match condition for:

Pioput = 730 /135.4°

' = .951 /33.8°

output

Using “MAT” with 50 Q lines we obtain the following input
and output networks for p; ,;rn,; of 951 /~33.8° and

PT 'NPUTOf 730 !- 135 4°

1221

J78

500

0262 LINE 4

Other networks are also listed for a Z_ of 75Q and 100. It
is desireable to use those networks which yield the short-
est required electrical lengths to realize a match. This selec-
tion not only reduces the physical layout area, but reduces
the frequency sensitivity of the matching networks (5).

Therefore, we might try the following network:

1414

0824 1000 b 50Q
o> | 7 | “Unes
P LINE2 l‘\ —
1984 | 75Q | LINE1 —l?— .0254 | 100Q{ LINE 4
— —J \_'_]
=
INPUT
Z (Q) series line A 0OSTB 1 SSTB A
50 122 .180 -
.002 — .070
75 .082 .198 -
.001 — .052
100 .062 .207 —
.001 — .043
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Looking for something out of the ordinary?

An uncirculated 1928 twenty-dollar gold piece? Or perhaps
the world’s broadest band mixer — 0.5 to 18 GHz! We're
sure you'll find what you need in the Anzac Collection —
more than fourdozen RF and microwave mixers designed to
meet a variety of stringent specifications.

From stock, of course. Send for illustrated brochure.

Adams [} §Russell

ANZAC DIVISION
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80 Cambridge Street e Burlington ¢ MA 01803 e (617) 273-3333 ® TWX 710-332-0258
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This narrow
strip...

OUTPUT

z,(Q) series line A 0STB1 SSTB A
50 178 — .026
.228 224 —
75 .205 225 —
.158 —_ .025
100 .185 .225 —
141 — .025

Finally, we use “USTRIP". This program is adapted from
(6) and handles a fairly wide range of Z_and €, values with
good accuracy. Let's assume glass-teffon is the substrate
material with € = 2.50 and 62.5 mil thickness. Then we
have the following €, W/H and physical line lengths.

z, = 75Q €, =250 €, = 2.007 W/H = 1.443
z, =100Q € =250 € = 1.941 W/H = .798
LINE 1 = 2200 mils Width = 90 mils

LINE2 = 911 mils Width = 90 mils

LINE 3 = 1593 mils Width = 49.8 mils

LINE 4 = 283 mils

Width = 49.8 mils

Conclusions

A calculator aided program has been presented which
solves the single stub matching problem for a real-to-
complex match. The program is enhanced by handling any
characteristic line impedance thus reducing the tedious
chore of renormalizing the Smith Chart for each solution.
A micro-strip calculator routine is included which handles
the conversion of electrical length to physical length for a
wide range of Z_and €, materials.
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NEC brings hlgﬁT-\\ . > P
quality and state-of-the-art “» T N

technology to a new concept!
Designed specifically for low-
cost, large volume mobile/cellular radio ~
applications in_the 800 and 900 MHz bands, ~T
&, NEC presents the NEMOB80O series,of NPN epi-
- taxial UHF power transistors.
{/ ’ The series is complimentary to NEC'sicomplete
> line of 800 to 960 MHz power amplifier modules and
™ provides total discrete/modular design«flexibility for 12V
and 28V applications. The devices have exceptionally high
gain and efficiency, and a resistance to burnout resulting
from load mismatch. They are internally matched to
simplify circuit design. The NEMO80O series is available in
‘ a low-cost metal-ceramic stripline package and offers
power levels of 6, 13, 24 and 40 watts.

From initial design to final testing, you can depend
upon NEC for reliable state-of-the-art devices and on CEL
for high quality technical assistance.

Specify quality and reliability. Specify NEC.

CALIFORNIA EASTERN LABORATORIES, INC. — U.S. and Canada
Exclusive sales agents for NEC Corporation, Microwave Semiconductor Products
Headquarters, Santa Clara, CA 95050 « 3005 Democracy Way « (408) 988-3500 « Tix. 34-6393 or 171197

In Europe Contact: NEC Electronics (Europe) GmbH « Oberrather Strasse 4 » 4000 Dusseldorf 30 « West Germany

Tel. 0211/650301 « Tix. 841/8581353 or 8587419
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...or this
narrower
Strip...

2N3570
STUB — = o
50Q ————3m sSTUB MATCH 50Q
f [
MATCH |, L13540 951 /- 33.8
—*
OUTPUT NETWORK Prsource = P1LoAD INPUT NETWORK
iy NEW 207
AT
#STUB MATCHs e NEW 20? #5STUB MATCHs e
207 lee.000 RN 20
50,000  RUN RSOURCE? ' 56.080  RUN
RHOMAG LOAD? 56.000  RUN RHONAG LORD?
951 RUN SERIES LINES 738 RUN
RHORNG LORD? SERIES LINE RHOANG LOAD?
-33.800 RUN L=0, {85LANBDA -135.400 RUN
RSOURCE? USE 0STB RSOURCE?
50,000 RUN SERIES LINE ’ 50.008 RUN
SERIES LINES *=0, 141LAMBIA :
SERIES LINES
SERIES LINE USE $STB
SERIES LINE
L=0. 228LANBDA STUBS L=0. 122LANBDA
USE 0STB SHORTED STUB USE 0ST8B

SERIES LINE
L=08. 178LANBIA
USE SSTB
STUBS

SHORTED STUB
L=8.926LANBDA
OPEN STUB
L=0. 224LANBDA

L=0.825LANBDA

OPEN STUB

L=0.225LRAMBDA

SERIES LINE
L=8.0882LAMBDA
USE SSTB
STUBS

SHORTED STUB
L=0.878LANBDA
OPEN STUB
1=8. 180LANBDA
HEW 207

Calculated Transmission Line for Transistor Amplifier Example.

r.f. design
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Laser simulation of acoustic signal path
thru Andersen BAW Delay Cell.

"

Storing analog signals iS easy as BAW.

Andersen Bulk Accoustic
Wave delay lines are the sim-
plest, most reliable devices ever
conceived for storing analog
signals. So easy and reliable
you may find it hard to justify
using anything else. And with
inherent simplicity comes an
impressive list of other impor-
tant benefits.

The easy way to save.

When you start with an ana-
log signal and store it in analog
form, you save in a number of
important ways.

Andersen BAW delay lines
are generally much more cost

Andersen 1-H BAW
Delay Line for broadcast
signal storage. Stores
one-half to two horizontal lines
with 55 dB spurious suppression and a
video bandwidth of 7 MHz. Model BA
27-14-64 shown.
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effective in terms of cents-per-
bit. You also save power, and
usually size, without sacrificing
performance.

Typical amplitude response of Andersen
Model BA-45-50-25 BAW Delay Line:
Less than 1.5 dB ripple over 50 MHz
bandwidth centered at 45 MHz with 25
microseconds delay.

Our BAW Delay Lines can
store a signal from 1 micro-
second to 5 milliseconds at
bandwidths from 5 to 70 MHz
with the pulse fidelity required
for a wide variety of commercial
and military applications. And
do it all analog. It's a lot easier,
a lot less complex.

Simple reliability.

A single BAW Delay Line
can do the work of many digital

components. Since BAW's are
strictly passive devices, they're
amazingly easy to use. And
much more reliable.

Our BAW Delay Lines are
also extremely durable. They
operate in temperatures from
—50°C to 90°C. They are in-
herently radiation hardened.

Proven technology.

Andersen BAW Delay Lines
have been proven effective in
years of use in everything from
radar to ECM, missiles to TV
cameras. Storing an analog
signal really is as easy as BAW.
And nothing is easier to get.
Just call Andersen. We've got
BAW Delay Lines with your
name on them.

Andersen Model BA 20-5-707QU analog
signal processing and storage unit for
radar and sonar applications. Provides
707 microsecond storage at 30 MHz IF.

ANDERSEN LABORAIORIES

Andersen Laboratories, Inc., 1280 Blue Hills Avenue, Bloomfield, CT 06002 Telephone (203) 242-0761/TWX 710-425-2390
Andersen products are available in the United Kingdom and Europe through our sister company. Signal Technology Ltd Swindon, Wiltshire, UK



...or this
even
narrower
strip...

.0821
50Q > 75Q
LINE 2
.198A
75Q
LINE 1
=
INPUT NETWORK
XEQ “USTRIP- XEQ *USTRIP-
20=? 20=?
75.000  RUN 75.008 RUM
e REL=? e REL=?
2.508  RUN 2.500  RU
N/H=1.443 N/H=1,443
e EFF=2.007 e EFF=2.007
SUBST HT? SUBST HT?
62.508  RUN 62.508  RU!
FREQ-MHZ? FREQ-MHZ?
750,000  RUM 750.808 P
LINE LENGTH? LINE LENGTH?
198 RUM 082 m
N=90, 165 H=98. 165

L=2,200.82941L¢

L=911.453MILS

Calculate Output for Physical Line Dimensions

2N3570

|

1412
100Q
50Q
LINE3
ooq 02564
LINE 4
OUTPUT NETWORK
XEQ “USTRIP-
20=? 20=?
180.600  RUM 199,600
e REL=? e REL=?
2.508  RUNM 2.508
K/7H=8,798 W/H=8,798
e EFF=1,941 e EFF=1.941
SUBST HT? SUBST HT?
62,508  RUM 62,500
FREQ-MH2? FREQ-NHZ?
759.000  RUN 750,008
LINE LENGTH? LINE LENCTH?
L1410 RUN .825
H=49.891 H=49,891

L=1,593.664MILS

L=282.565MILSE

XEQ "USTRIP-

RUM

RUN

Py
RUN

R

r.f. design
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Yig-Tek Products
The Industry Standard

Yig-Tek Products have been widely used
for 12 years in a variety of applications
ranging from precision laboratory in-
strumentation to military systems. Our
yig-tuned filters and oscillators are
operating aboard ship, in high per-
formance aircraft, in tracked vehicles,
and in several operational missiles.

Standard Yig-Tek Products provide
octave, multi-octave and special fre-
quency coverage between 250 MHz and
22 GHz. Filters include both bandpass
and band reject configurations. The

patented STALOC™ is available as a
reference or tracking filter. Oscillator
products include bipolar and gunn ver-
sions with full frequency coverage from
400 MHz to 20 GHz. All products are
available with integral drivers featuring
either amalog or digital control.

Forfurther information, please contact
Eaton Corporation, Communications
Products Division, Yig-Tek, 610 North
Mary Avenue, Sunnyvale, California
94086 Telephone (408) 737-7300 TWX
910-339-9395
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For other microwave components
contact

0O Addington Solid State Products
e VCO's e Microwave Subsystems
¢ High Reliability Semi-Rigged

LG INFOICARD 90

0O Addington Microwave Components
and Semiconductors
e |solators and Circulators e Filters
e Switches ¢ Mixers e Diodes
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...Can solve your
iInterference
control problems!

Are you involved with FCC Class A and/or Class B Computing Devices—
or any other equipment requiring shielding? Instrument Specialties new,
patented" beryllium copper Sticky-Fingers® shielding strips can help you
solve your problems!

¥ Series 521
512" wide

They offer the attenuation you need, of course. And to attach, you need only
peel off the self-adhesive backing strip and press into place. It's there to stay!

What's more, unlike other shielding strips, Sticky-Fingers will not take a set
which would reduce performance after you felt it was satisfactory. Sticky-
Fingers can’t absorb moisture, are not affected by air, ozone solvents,

UV light, or radiation. They can't burn, support combustion, outgas; they
can't stretch or tear, flake or break into small conductive particles to short
out electronics.

For more information, write today to Dept. RF-7.

INSTRUMENT SPECIALTIES COMPANY, INC. i
Delaware Water Gap, PA. 18327 -
Phone: 717-424-8510 e TWX: 510-671-4526

Specialists in beryllium copper since 1938
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INPUT SYSTEM l
CHARACTERISTIC IMPEDANCE

zZ, |

r R T — — X ’ *
ENTER COMPLEX

REFLECTION COEF. OF TERMINATION

—T1—— N
RHOMAG LOAD L ADD A2
RHOANG LOAD —
] ‘ r }‘
ouTPUT
L A aliER LINES
INPUT REAL —
SOURCE IMPEDANCE L
L _ 1 R S
CAL
v BJY, =

- m|

CALCULATE

L GJY, = G, r" — T
t LI ~ B, >\
CALCULATE x yosl-BJ ssT8
- —_— L
L -
FLOW CHART
*MAT*

E— -

ENTER
NEW Z . RSOURCE

- =/

CAL NEW
S = — 7,

-
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COMPEX
CORPORATION @

MICROWAVE CHIP CAPACITORS
SINGLE LAYER

e CHOICE OF TEN STRESS FREE DIELEC-
TRICS

¢ GOLD PLATED FOR WIRE BONDING
AND EUTECTIC DIE ATTACH

e PRETINNED FOR SOLDERING AND
SOLDER REFLOW

* SQUARE OR RECTANGULAR CHIPS
FROM 7 MILS X 7 MILS

o SPLIT ELECTRODE, BINARY ARRAYS,
AND CUSTOM ARRAYS

35A East Main Street, Marlton, N.J. 08053
See us at MTT-S, Bo§th #905.

609-596-9388
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FLOW CHART
*USTRIP*

INPUT Z,, €,

\

COMPUTE €
RANGE

REL

CAL. €., WH

INPUT
FREQ., LINE LENGTH (4)

OUTPUT
WIDTH, LENGTH
(PHYSICAL)

W

DUAL IN-

LINE VCXO’S

N
mweld-Packaged TTL Hybrid Crystal VCXO’s

Our coldweld packages let us vacuum pack your oscillator.
No microsplashes, or solder contamination.

Forty years of superior performance,
design, manufacture and delivery

of outstanding quartz crystal products
stand behind Reeves-Hoffman’s

new line of Hybrid VCXO's.

¢ Remote frequency adjust with D.C. voltage
e Phase locked loops

¢ Synthesizers

¢ Demodulators

s Many custom features available

SPECIFICATIONS _

~— PIN 1 IDENTIFICATION

T Frequency range

4.00 MHZ thru 30.00 MHZ

| Output (0 to 10 TTL loads)

Square wave T1L compatible output is from a TTL gate

335 MAX.

Symmetry 40/60 to 60/40
Input voltage +50V.D.C. £5%
Input current 15 to 75 MA

Stability

N t .01 = 005"

.0185D X .200 LG MIN.

+ 25 P.P.M. includes a combined effect of temperature, 1 year aging, initial set
accuracy, load variations, and VCC variations.

PL Temperature range | 0°Cto +70°C = =
— L& " = = AFC CHARACTERISTICS
© o — T Input voitage +2.5 v.0.C. £ 1.5V.D.C. (On AFC pin #1)
1 7 Frequency deviation 275 P.P.M. min, with +1.5V.D.C ~
‘ | ||| 300 420 [ Modulation response [ DCto 20KHZ S
e 8,_' [N Unearlty Less than 5% from a straight line
9 = i 79 'i7 1 Modulation siope | (+) As input voltage goes positive, frequency Iincreases
input impedance 50K ¢ min. -
~— 600 —= PIN CONNECTIONS
1. AFF.C. INPUT -
s 2. CASE AND CIRCUIT GND.

3. OUTPUT
4. VCC = +50V.D.C.
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Ustrip Program

PRP “MAT 7 156 SORT 235 R-P PRP *USTRIP* 78 RCL 81 157 ¢ £-3 2360LBL 89
78 RCL 04 157 1/% 236 RCL 07 79 SQRT 158 ¢ 237 RCL 65
81LBL "MAT" 79 158 ST0 68 237 RCL 04 @1eLBL “USTRIP- 89 RCL 60 159 CHS 238 1%
02 FIX 3 80 SORT 159 ATAN 238 + 82 20=7" 8l s 168 .169 239 10
83 “¢STUB MRTCHe* 81 ST0 66 160 360 239 RCL 03 83 PROMPT 82 1/% 161 + 240 ¢
84 AVIEN 82 RCL 84 161 7 248 XOY 84 ST0 00 83 59.95 162 RCL 01 2411
85 PSE 83 X12 162 “SHORTED STUB® 241 R-P 05 "e REL=?° 84 s 163 ¢ 242 +
86 207" 84 RCL 85 163 AYIEN 242 XOY 86 PRONPT 85 Pl 164 RCL 82 243 -,555
87 PRONPT 85 X12 164 PSE 243 RIN 67 ST0 0! 86 Xt2 165 ¢ 244 VX
88 1% 86 + 165 *L=" 244 7 88 2 87 ¢ 166 .9 245 RCL 81
89 ST0 68 87 RCL 89 166 ARCL X 245 RDN 89 » 88 STO 04 167 + 246 1
18 *RHOMRG LOAD?* 88 ¢ 167 “HLANBDA® 246 XOY 10 CHS 89 RCL 81 168 1/% 247 -
11 PRONPT 89 RCL 94 168 RYIER 247 - 11 44 99 17X 169 RCL 81 48 2
12 ST0 01 9 - 169 PSE 248 Rt 12 + 91 .517 170 ¢ 249 /
13 “RHORNG LORD?* 91 1 178 RCL 08 249 $T0 81 13 ABS 92 s 171 X(9? 250 s
14 PRONPT 92 ST0 67 1y 1% 258 XOY 14 RCL 09 93 CHS 172 GT0 99 251 RCL &
15 S10 02 93 RCL 89 172 ATAN 251 ST0 682 15 0OY? 94 .293 173 *e EfFF=* 252 1
16 *RSOURCE?" 94 RCL 85 173 360 252 RCL 04 16 GT0 01 95 ¢ 174 ARCL X 253 +
17 PRONPT 95 ¢ 174 7 253 1% 17 10 02 96 RCL 84 175 AVIEN 254 2
18 RCL 09 96 RCL 86 175 “OPEN STUB® 254 $T0 08 18eL8L 0! 971 176 PSE 255 7
19 9+ 176 AVIEN 255 CT0 682 19 4 98 - 177 S10 €6 256 +
20 1/X 98 RCL 87 177 PSE 256eLBL 01 28 ENTER? 99 LN 178 GTO *DINEN" 257 510 86
21 §T0 89 99 + 178 °L=" 257 .5 21 Pl 169 + 179¢LBL 84 258 “efFF=*
188 ATAN 179 ARCL X 258 + 22/ 1981 Pl 180 63 259 ARCL K
220L0L €2 161 368 180 “FLAMBDA® 259 “HALFMAVE ADDED- 23 LN 182 7 181 ENTERt 260 AVIEW
23 RCL 01 162 7 181 AVIEN 260 AVIEX 24 RCL 61 163 RCL 01 182 RCL 01 261 PSE
242 183 X(@? 182 PSE 261 RTN 25 14 104 7 183 2 2626L8L “DIMEN"
5 1684 XEQ 01 183 RCL 09 262¢LBL 83 2% ¢ 165 RCL 61 184 ¢ 263 "SUBST HT?*
26 RCL 62 185 *SERIES LINE® 184 1/% 263 368 27 Pl 106 1 185 CHS 264 PROMPT
27 €08 166 AVIEN 185 STO0 06 264 8 28 ENTERt 107 - 186 + 265 ST10 87
28 s 167 PSE 186 “NEW 207° 265 ST0 11 292 168 & 187 ABS 266 *FREQ-WHZ?*
29 RCL 61 108 *L=* 187 PROMPT 266 TAN 0/ 189 ST0 62 188 RCL 00 267 PROMPT
30 Xt2 189 ARCL X 188 STO 04 267 Xt2 3 LN 118 RCL 84 189 X(Y? 268 STO 88
3+ 110 “HLAMBDA" 189 1/% 268 RCL 85 2+ 1t 2 198 GT0 86 269 “LINE LENGTH?"
21 111 AVIEN 199 STO 99 29 s 33 570 62 12 191 GT0 07 279 PRONPT
33+ 112 XEQ 63 191 "RSOURCE?* 278 CHS 34 RCL 81 "3t 192¢LBL 87 271 ST0 89
1 113eLBL 02 192 PROWPT 271 RCL 11 51 114 - 193 63 272 RCL 85
35 510 63 114 RCL 99 193 ¢ 272 RN 3 - 15 L8 194 ENTER® 273 RCL 87
36 RCL 81 115 RCL €5 194 17% 273 + 37 RCL 61 116 CHS 195 RCL 01 (K
37 %12 116 ¢ 195 ST0 69 274 RCL 85 31 117 RCL 04 196 2 275 *M=*
38 CHS 117 RCL 86 196 RCL 81 275 ¢+ 39+ 18 1 197 ¢ 276 ARCL X
391 118 - 197 2 276 RCL 84 40 s 19 - 198 CHS 277 AVIEN
40+ 119 RCL 67 198 » 2r Xt2 41 RCL 82 120 + 199 RCL 00 278 PSE
" 120 + 199 RCL 82 278 RCL 85 Q2 121 2 260 X)¥? 279 RCL #6
42 ST0 84 121 ATAN 200 C0S 279 Xt2 43 870 83 122 ¢ 201 CT0 08 289 SQRT
43 RCL 98 122 360 201 ¢ 289 + 4“2 123 P1 202 "ERROR" 281 14
“ 123 7 202 CHS 281 RCL 11 45 7 124 7 203 AVIEN 282 RCL 89
45 RCL 83 124 %¢9? 263 RCL 01 282 TAN 46 870 92 125 RCL 82 204 STOP 83+
4% 2 125 XEQ 01 264 X12 283 ¢ 47 RCL 81 126 + 2854L6L 06 284 30
e 126 °SERIES LINE" 205 + 284 CHS 481 127 *W7H=" 286 €10 65 285 ¢
48 CHS 127 AVIEN 206 1 285 ¢+ 49+ 128 ARCL X 2074LBL 88 286 RCL 68
49 RCL 01 128 PSE 207 + 286 %(9? 58 2 129 AVIEM 288 RCL 81 287 /
59 ¢ 129 “L=" 208 ST0 65 287 GTO 64 51 s 139 PSE 289 § 298 100
51 RCL 82 130 ARCL X 289 RCL 8¢ 288 CT0 85 52 SORT 131 ST0 @5 210 + 289 ¢
52 SIN 131 *HLANBDA" 218 Xt2 2890LBL 84 53 119.9 132 610 C 211 1/% 299 2.54
53¢ 132 AYIEN 211 CHS 298 °USE 0STB" 54 / 13300BL ¢ 2122 291 7
54 STO 85 133 XEQ 83 212 1 291 AVIEN 55 RCL 60 134 45 213 ¢ 292 1 E3
55 RCL 09 134 -STUBS* 23+ 292 PSE 5 & 135 ENTER? 214 SQRT 293 s
56 + 135 AVIEN 214 RCL 65 293 RTN 57 RCL 62 136 RCL 68 215 29.98 294 °L=*
57 *SERIES LINES® 136 PSE 215 7 2940181 85 58 + 137 X(=1? 216 s 295 ARCL X
58 AVIEN 137 RCL 85 216 RCL 86 295 "USE SSTB* 59 ST0 92 138 GT0 83 217 RCL 08 296 “HMILS®
59 PSE 138 X2 A7 ¢ 296 AVIEW 60 EtX 139 G0 84 218 / 297 RVIEN
60 RCL 84 139 ROL 84 218 $T0 67 297 PSE 6l 4 1460LBL 03 219 RCL 83 298 STOP
61 Xt2 149 Xt2 219 RCL 02 298 RTN 62 ¢ 418 220 s 299 END
62 RCL 85 141 + 220 SIN 299 END 63 1% 142 ENTER? 221 1
63 Xt2 142 RCL 84 221 RCL 8t 64 CHS 143 RCL 08 222 +
64 + 143 - 2+ 65 RCL 82 144 XOY 223 X2
65 RCL 089 144 RCL 89 2232 66 E1X 145 X¢=Y? 24 2
66 ¢ 145 Xt2 224 ¢ 678 146 GT0 65 225 7/
67 RCL 69 146 RCL 84 229 RCL 65 68 7 147 GT0 84 226 RCL 91
68 Xt2 47+ 22 7 69 + 148eLBL 85 227 1
69 RCL 84 148 CHS 227 RCL 06 7 1 149 RCL 98 228 +
70 ¢ 149 + 228 * 71 *N/H=" 150 10 229 ¢
71 CHS 150 1 229 $10 83 TV ARCL X 151 + 239 e EFF="
72+ 15¢ + 239 RCL 07 73 AVIER 152 L0G 231 ARCL X
73 RCL 04 152 RCL 84 231 RCL 8¢ 74 PSE 153 1 232 AVIEN
74 CHS 153 7 232 - 75 ST0 @5 154 - 233 PSE
75+ 154 RCL 89 233 RCL 83 76 010 ¢ 155 ST0 82 234 STO 86
76 RCL 89 155 * 234 XOY 770LBL 62 156 RCL 81 235 GTO “DIMEN®
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Check the Clues to Find Out.

Most control components look alike. Can you tell who
made this one and if it will do the job for you?
Check the clues. Only one manufacturer has a
24-month warranty. What about the thermal
shock and bond pull? And laser-welded
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Send for complete catalog.
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Taking The Magic Out Of The

“Magic Tee”

Understanding the principles of Hybrid Power

Splitters and Combiners.

By Alex J. Burwasser
Consulting Engineer
Fair-Rite Products Corp.

f all the passive circuits employed
by the RF engineer, there are
probably very few so misunderstood
as the ‘“magic tee” hybrid power
splitter/lcombiner (the terminology it-
self is a good clue that the principles
involved are subtle). In this paper, we
will attempt to unveil some of the
“magic tee's” mystery, discuss some
practical design considerations, and
present two practical, repeatable, and
inexpensive designs, along with per-
formance data.

Resistive Versus Hybrid
Power Splitters

Suppose that we have a source of
RF power that we wish to drive two
loads simultaneously. Let us further
assume that the RF source is a 75 ohm
TV cable, and the loads are two 75
ohm input TV receivers, and that the
splitter to be used for this purpose
should:

(1) Present alow VSWR load at any
port when the other two ports are
terminated in 75 ohms.

(2) Impose low insertion loss.

(3) Provide isolation between the
two output ports (so that local oscil-
lator leakage from one TV receiver
will not cause interference to the other).

(4) Exhibit characteristics (1) - (3)
above over a multi-octave bandwidth.
A circuit sometimes employed to meet
these requirements is the two-way 75

ohm matched resistive power splitter
of Figure 1.

Note that when any two ports are
resistively terminated in 75 ohms, the
third port will also appear as a 75 ohm
load. Thus, this circuit meets require-
ment (1) above. Insertion loss of this
circuit from the input to either output
is 6 dB, which is to say that the use of
this circuit imposes a 3 dB penalty
over and beyond the inherent 3 dB
“split” that necessarily occurs when
power is equally divided two ways.
Requirement (2) above then is only
marginally met. Isolation between the
two output ports is likewise only 6 dB
which does not meet requirement
(3) above very well. With sufficient
care in construction, the bandwidth
of this circuit can extend from dc to
well beyond the UHF range, so require-
ment (4) above is well met. The most
attractive feature of the resistive
power splitter is its low cost, and it is
this feature alone that prompts many
designers to forgive its shortcomings
in terms of isolation and insertion loss.

Resistive power splitters may be de-
signed for any number of outputs
simply by adding additional ports,
each one connected to the summing
junction by a suitable resistor. For
the two-way 75 ohm matched power
splitter of Figure 1, the three resistors
must all be 25 ohms as shown. For a
three-way 75 ohm matched power
splitter, the four resistors must each

25

750hm 3 A A A ‘
Cable In

— A/ \N\—> ToTv#t

25

25

— AN\ ToTv#2

Figure 1. Two-way 75 Ohm Matched Resistive Power Splitter.

44

be 37.5 ohms, and for an N-way matched
resistive power splitter in general, the
required value would be:

N-1
R=RiN+ 1) M
where R = the required value of all
resistors
R; = the desired termination

resistance at all ports (75

ohms in the examples used

so far)

N = the number of ways the in-

put power is to be split (N

is always one less than the

total number of ports)
Insertion loss for the N-way matched
resistive power splitter is given by the
equation:

dB insertion loss = — 20 log ('rji) Pl

A power splitter that better meets
our four above requirements is the
hybrid “magic tee” power splitter.
Operation of this device is such that,
for a two-way splitter, power applied
to the input port is equally divided
and routed to the two output ports.
Thus, in its ideal form, the only in-
sertion loss is that caused by the in-
herent 3 dB ‘“‘split” mentioned pre-
viously. This device also exhibits the-
oretically perfect isolation between
the two output ports, provided that the
input port is correctly terminated. A
signal source connected to one of the
output ports, for example, will not
result in any power output at the other
output port. Similarly, changes in
load impedance at either output port
will not change the impedance of the
other output port. All ports are matched
to the system impedance, and the
bandwidth of the device, while not
able to extend all the way down to dc,
has no high frequency limitation.

Of course, a practical hybrid power
splitter does not perform as well as
the ideal one discussed above. Inser-
tion loss is invariably greater than the
3 dB split, although in a well de-
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signed unit, this additional loss can
be held to less than 1 dB. Output
port-to-port isolation is not perfect,
but isolation in excess of 20 dB is
quite attainable. VSWR is generally
good over the useable bandwidth of
the device (typically in excess of two
decades). Even in its practical form
then, the hybrid “magic tee’” power
splitter has significant advantages
over the resistive power splitter.

Two-way hybrid power splitters can
be designed for inphase, out-of-phase,
or quadrature outputs (i.e., “zero de-
gree,” ‘180 degree,” or 90 degree”
power splitters). Hybrid power splitters
can also be designed for any number
of outputs. Figure 2a illustrates the
use of three two-way splitters to ob-
tain a four-way splitter, white Figure
2b illustrates the use of one three-
way splitter and three two-way split-
ters to obtain a six-way splitter.

Insertion loss of N-way hybrid
power splitters due to the “split” may
be obtained from the equation:

1
dBinsertions loss = — 10 log (W) 3)

Table | compares the losses of resistive
and hybrid power splitters for selected
N values from 2 to 32 (computed from
equations (2) and (3) respectively).
Notice that the insertion loss penalty
of the resistive splitter increases with
N. This additional insertion loss penalty
is caused by the fact that as more
resistors are added to accommodate
higher N values, their values must in-
crease to maintain the correct im-
pedance at each port. This value in-
crease then results in more dissipative
loss. In the hybrid splitters, of course,
the only theoretical loss is that caused
by the “split.”

Theory Of The Magic Tee

The hybrid power splitter in its most
basic form comprises the “magic tee”
circuit shown inside the dotted rec-
tangular box in Figure 3, and consists
of nothing more than a center-tapped
transformer and a bridging resistor. If
the loads connected to output ports
A and B are to be 50 ohms as shown
(R, and R,), then the bridging resistor
must be 100 ohms and the source im-
pedance (R,) of generator E,_ driving
input port X must be 25 ohms for
matched operation.

Generator Ex causes equal currents
I, and |, to flow as shown. I, then
creates voltage drop E, across the
transformer left-hand winding, while
1, creates voltage drop E, across the
right-hand winding. By transformer ac-
tion, however, E, induces E’, into the
right-hand winding which cancels E,,
since E’, and E, are of equal magni-

r.f. design

tude but opposite polarity. In the
same fashion, E, induces E’, into the
left-hand winding cancelling 2E,.

Thus, there is no net voltage drop
across either transformer winding. If
currents |, and |, are flowing through
the windings with no net voltage drop,
then the winding impedances each
must effectively be zero. Thus, as far
as generator Ex and its 25 ohm source
resistance Rx are concerned, the ef-
fective load is simply 50 ohm resistors
Ra and Rb in parallel, or a net load of
25 ohms. The system is therefore
matched, and the source power equally
divides between the two 50 ohm load
resistors with no loss over and beyond
the 3 dB “split.” The 100 ohm bridging
resistor can be ignored in this in-
stance, since the equal voltages at
points A and B allow no current to
flow through this resistor.

The most confusing aspect of the
“magic tee” for many people is the
means by which isolation exists be-
tween ports A and B. The nature
of this isolation is easily explained.
Referring to Figure 4, we have the
same ‘“‘magic tee” as in Figure 3, but
with the generator (E)) placed in series
with R, (one of the two 50 ohm load
resistors) rather than R,.

E, causes current |, to flow, result-
ing In voltage drop E, across the left-
hand winding and voltage drop E,
across the 25 ohm resistor. Since the
effective impedance of the left-hand
winding is also 25 ohms (the 100
bridging resistor is stepped down to
25 ohms by 4:1 autotransformer ac-
tion) E, must equal E,. By transformer
action, E, results in E’, appearing
across the right-hand winding. Since
E’, is equal to E,, E', must also equal
E,. However, since E', and E, are of

dB Loss, dB Loss, dB Penalty,
Resistive Hybrid Resistive
N Splitter Splitter  Splitter
2 6.02 3.01 3.01
3 9.54 4.77 4.77
4 12.04 6.02 6.02
6 1556 7.78 7.78
8 18.06 9.03 9.03
9 19.08 9.54 9.54
12 1 27.58 10.79 10.79
16  24.08 12.04 12.04
18 2510 12.55 12.55
24 27.60 13.80 13.80
32 30.10 15.05 15.05
Table 1.

any value of R,, and the amount of
power transferred to 25 ohm resistor
R, remains unchanged. Perfect isola-
tion can only exist if the 100 ohm
bridging resistor is four times the
value of R,. For any other ratio, E,
will no longer equal E, and E’,, and
right-hand loop currents I, and I, will
no longer cancel, thus resulting in
some current flow through R,

The power delivered to R, in Figure
4is simply:

E.2
P =—% WATT 4
25 S @

The power delivered to the 100 ohm
bridging resistor is:

_(E,+ E' )
P=ZLr=t  WATTS 5)

Since E, = E’, = E,, we can rewrite
equation (5) as:

opposite polarity, resulting currents P= (E, + E)?
I', and I, in the right-hand loop cancel, 100
and there is thus no net current flow
through R,. Since no power from 4E2
generator E_ has reached R,, we there- = oo
fore have isolation between ports A
and B. £ 2
Furthermore, since no current flows - s
through R, the isolation exists for 25 WATTS ©
otk Output
|, Outpu - #1
#1 <\ Ou“tgut
0“;5’“‘ Output
= #3
Input = Input = > Ou‘:put
4
| = Ou#tgut '_‘ Output
#5
Output —> Output
#4 #6
(a) (b)
Figure 2. Four-and Six-way Hybrid Power Splitters.
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MINIATURE
BANDPASS
FILTERS

We hold the state-of-the-art
filter technology inside the
palm of our hand.

State-of-the-art filter technology at

its best. Only .325" H x .25" W and

as short as 1.25""*, FBC Cavity

filters are setting the standard in

communications, aerospace, EW,

surveillance and ECM applications.

* 6 GHz—17 GHz

* 3 to 10 Poles

» Typical Butterworth amplitude,
phase and group delay responses

* 1dB BW of 1to 70% of Fy

* 1.5:1 or less VSWR

* As low as < 0.5 dB insertion
loss

* Up to 10 watts CW

* 50 (2 impedance

* SMA female/male connectors

*Length depends on number of

poles and frequency

FBC cavity filters designed to your

specifications within 6 to 8 weeks.

Small quantities as soon as 2

weeks.

Call (301) 946-1800. Let CIRQTEL, a
leader in filter technology for 21 years,
solve your filter problems.

Superior Products by Design

CIRQTIEL

INCORPORATED
10504 Wheatley Street
Kensington, Maryland 20895
Telephone: (301) 946-1800
TWX: 710-828-0521
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A | | B
ol l - _1
-E, +

Figure 3. Basic “Magic Tee” Hybrid Power Splitter.

Figure 4. Isolation from port A to Port B occurs due to cancellation of
currents I’1 and 12 in right-hand loop.

— AAA———

100

— =N

R, =50 R, = 50
50 Ohm 50 Ohm
Generator Generator
25 Ohm Load @

Figure 5. Basic “Magic Tee” Hybrid Power Combiner.




Since equation (6) is identical to
equation (4), the power delivered to
the 100 ohm bridging resistor must
equal the power delivered into R..
Thus, half the input power at port A
is delivered to R, and the remaining
half dissipated in the bridging resistor.
By adding a second voltage source
(placing it in series with R, as illus-
trated in Figure 5) and considering
R, as the load resistor, the “‘magic
tee” becomes a two-way hybrid power
combiner. In this case, consider E
and R,, along with E, and R, to be 5
ohm signal generators, and R, as the
desired 25 ohm load. Isolation still
exists between ports A and B, but the
amount of power that either 50 ohm
signal generator delivers to the 25 ohm
load is influenced by the frequency,
phase, and amplitude of the signal
delivered by the other 50 ohm signal
generator. The rules for determining
the amount of power delivered to the
25 ohm load are as follows:
Case 1 — The two inputs are at dif-
ferent frequencies: Loss from
either input port to the 25
ohm load is 3 dB. Circuit
analysis is identical to that
presented for Figure 4.
Case 2 — The two inputs are at the
same frequency, of the same
amplitude, and in phase:
Since the instantaneous
voltages at ports A and B of
Figure 5 are always the
same, no power is dissipated
in the 100 ohm bridging
resistor. Thus all power
delivered to the input ports
is transferred to the 25 ohm
load.

Case 3 — The two inputs are at the
same frequency and of the
same amplitude, but not in
phase: The insertion loss
from either input port to the
25 ohm load is found by the
equation:

IL.= —10log cos?(6/2) 7

where |.L. is the dB insertion
loss and 6 is the phase dif-
ference between the two in-
put signals. The two ex-
tremes occur when the two
inputs are exactly in phase
(which results in no insertion
loss as in Case 2 above) and
when the two inputs are
exactly out-of-phase (which
results in infinite insertion
loss due to all the power
being dissipated in the
bridging resistor).

Case 4 — The two inputs are the same
frequency and in phase, but

r.f. design

< X
L.A.AAA\/;")O .

- YYYYY

A
(50 Ohms) > -

Z B
~ (50 Ohms)

“True Modularity

Figure 6. Basic 180 degree “Magic Tee”.
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Plug-in Reed Relay Modules.’

Another Reason Why

MATRIX is

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. Abour
all you need 1o do is plug it in. No expen-
sive downtime or costly new designs!

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

TRIX

SYSTEMS CORPORATION

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

So check us out. See why modular
MATRIX plug-in modules are the best
solution o your coaxiol ond audio
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Phone or write for details.

5177 NORTH DOUGLAS FIR ROAD « CALABASAS, CALIFORNIA 91302
(213) 992-6776 - TWX 910-494-4975
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Figure 7. Photograph of 2-300 MHz (“HF/
VHF”’) Hybrid Power Splitter. The compen-
sation capacitor is mounted on the far side

of the vector board.

of the vector board.

Figure 8. Photograph of 5-600 MHz (“VHF/
UHF”’) Hybrid Power Splitter. The compen-
sation capacitor is mounted on the far side
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of different amplitudes: The
insertion loss from either in-
put port to the 25 ohm load
is found by the equation:

L. =
~10log(05 + m—) ®)

P1 + P2

where |.L. is the dB insertion
loss, P, is the power de-
livered into either input port,
and P, is the power de-
livered into the other input
port. The insertion loss
extremes range from zero
dB (when P, and P, are
equal) to 3 dB (when either
P, orP,is zero).

Case 5 — +he two inputs are at the
same frequency, but are not
in phase, nor of equal am-
plitudes: The insertion loss
from either input port to the
25 ohm load is found by
the equation:

L. = \f
- 10Iog(0.5 + coséy P1_P2 ) 9

P1 + P2

where I.L., 8, P, and P, are
previously defined.

So far, our discussion has dealt with
zero degree (in-phase) hybrid power
splitters and combiners. As it happens,
the same ‘“‘magic tee" circuit can be
employed as a 180 degree two-way hy-
brid power splitter/combiner by simply
terminating the 25 ohm output port in
a 25 ohm resistor and replacing the
100 ohm bridging resistor with a 100
ohm output port as illustrated in
Figure 6. Notice that the 100 ohm port
employs a 1:1 isolation transformer to
permit this port to be ground referenced.
In some designs, this isolation trans-
former is combined with the ‘“magic
tee” transformer by simply adding a
secondary winding.

As a 180 degree hybrid power split-
ter, a signal applied to the 100 ohm
port divides into two equal amplitude
(but out-of-phase) outputs at ports
A and B (assuming both ports are
terminated in 50 ohms). Under these
circumstances, no power is lost in the
25 ohm termination resistor, and half
the input power is delivered to each
50 ohm load. Thus, the only loss from
the input to each output is that caused
by the 3 dB “split,” just as is the case
for the zero degree hybrid splitter.

As a 180 degree hybrid power com-
biner, the signal sources are applied
in ports A and B, and the combined
output appears at port X. As is the
case for the zero degree combiner, the
amount of power that either 50 ohm
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signal source delivers to the load (the
100 ohm port in this case) is influenced
by the frequency, phase, and ampli-
tude of the signal delivered by the
other 50 ohm signal source. The rules
for determining the amount of power
delivered to the 100 ohm output port
are as follows:

Case 1 — The two inputs are at dif-
ferent frequencies: Loss from
either input port to the out-
putis 3 dB.

Case 2 — The two inputs are at the
same frequency and of the
same amplitude, but 180
degrees out-of-phase: All in-
put power is delivered to the
output.

Case 3 — The two inputs are at the
same frequency and of the
same amplitude, but are not
180 degrees out-of-phase:
The insertion loss from
either input port to the out-
put port is found by the
equation:

ILL. = - 10log sin?(6/2) (10)

where |.L. and 6 have been
previously defined. The two
extremes occur when the
two inputs are 180 degrees
out of phase (which results
in no insertion loss as in
Case 2 above), and when the
two inputs are exactly in
phase (which results in
infinite insertion loss due
to all the power being dissi-
pated in the 25 ohm resistor).

Case 4 — The two inputs are at the
same frequency and are 180
degrees out-of-phase, but
are of different amplitudes:
The insertion loss from
either input port to the out-
put port is given by equa-
tion (8) above. The insertion
loss extremes range from
zero dB (when P, and
are of equal amplltude) to 5
dB (when either P1 or P2 is
zero).

Case 5 — The two inputs are at the
same frequency, but are not
180 degrees out-of-phase
nor of equal amplitudes:
The insertion loss from
either input port to the out-
put port is found by the
equation:

cosdy P1 P2
P1 + P2

ILL. =

~10log(05 - ) (1)

where |.L., 0, P1, and P2 are
previously defined.

r.f. design

o ¢/ 500hm
N Qutput
50 Ohm
Input T2
R
< 500hm
N Output

Figure 9. Practical two-way 50 Ohm Hybrid Power Splitter (See text
for component valves).

ssor-Based
Intelli ounter Offers High
Resolution at Low Cost.

Sigmotek Model ITC-3 intelligent counter

offers these outstanding features:
Wide range—0.1 Hz to 200 MHz for nonscaled input, 50
MHz to 1 GHz for prescaled input.

o High resolution over full range—for example, 10 nHz at 1
Hz, 1 Hz at 100 MHz.

o 8 digits, with at least 7 digits displayed in 1 second.
e High sensitivity—10 mV rms typical.
e Self-diagnostics.

e Precision crystal timebase or optional TCXO ( <1 ppm,
0° C to 500 C).

e |EEE-488 (GP1B) optional.
e Compact, lightweight design.

* Low price—only $363.00 for 1 GHz version; $298.00 for 200
MHz version. TCXO option adds $60.00. IEEE-488 option
adds $200.00.

Sigmotek International Corporation

4480 Enterprise St. o Fremont, CA e (415) 490-6500
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DIRECTIONAL
COUPLERS

FEATURES:

Frequency Coverage 250 MHz - 18 GHz
Bi-Directional Models 6, 10, 20, 30dB
Thermally Bonded Circuit Boards
Captivated Connectors

10 Standard Packages

VARIABLE
ATTENUATORS

FEATURES:

¢ Frequency Coverage 300 MHz-18 GHz
e Attenuation Ranges to 80 dB
e (Calibration at Prescribed Increments

e Various Connector Combinations

Five Drive Mechanisms

INFO/CARD 97
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M Merrimac

INDUSTRIES, INCORPORATED

P.O. BOX 986, 41 FAIRFIELD PLACE, WEST CALDWELL, N.J. 07006

320 PG TF—BASEBAND
15——_—-___—

INFO/CARD #101

201-575-1300 ® TWX 710-734-4314 « TELEX 6853128




G SPECIALIST.

QUADRATURE
HYBRIDS

FEATURES:

Frequency Coverage 30 MHz-4.5 GHz
FILMBRID* Stripline Networks
Thermally Bonded Construction
Rugged KOVAR Tab Terminals

16 Standard Packages

POWER DIVIDERS
COMBINERS

.-

e
P o <
.

FEATURES:

¢ Frequency Coverage 500 MHz - 18 GHz

¢ Binary and Non-Binary Models
Thermally Bonded Circuit Boards
Captivated Connectors

Low Loss Stripline Construction

INFO/CARD 99

CATALQOG M78-3
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Merrimac M

INFO/CARD #102

INDUSTRIES, INUURFURATEU
P.O. BOX 986. 41 FAIRFIELD PLACE. WEST CALDWELL, N J 07006

201-575-1300 « TWX 710-734-4314 « TELEX 6853128




Get the high power output and wide frequency coverage you need from MATEC
pulsed oscillator and gated amplifier systems. These versatile instruments adjust to your
most innovative ultrasonic attenuation and velocity, NDT, and pulsed nuclear resonance

appkhications.
Frequency Coverage Peak Power Output
@ 100 kHz to 150 MHz ® 500 — 3000 watts rms
with Gated Amplifier Systems with Gated Amplifier Systems
® 1 MHz to 700 MHz @ 250 - 1000 watts rms
with Pulsed Oscillator Systems with Pulsed Oscillator Systems

Also available for increased user flexibility — moderate power systems, fast recovery
broadband receivers, instruments for pulse echo overlap and a wide range of accesso-
ries. Contact: MATEC, Inc., 60 Montebello Road, Warwick, RI 02886 (401) 739-9030.

(%] MATEC, INC.

Versatile Instruments for
User Innovation

TNFO/CARD 37

Johnson delivers coaxial connectors
when you want them.

For RF applications of 8 GHz and prototyping needs, and delivers

below, Johnson delivers coaxial standard product promptly.

connectors to your specifications. Write for your free catalog, or call
Our miniature connectors replace 1-507-835-6307. Telex: 290-470.

SMAs in non-military applications for TWX: 910-565-2161.

one-third less cost. We also can
customize connectors to meet your Jo H N So N
design criteria. Our network of more ® Components Division

than 250 distributors helps fulfill your E. F JOHNSON COMPANY. WASECA. MINN. 56093
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As is true for the zero degree hybrid
power splitter/combiner, isolation
exists between ports A and B in the
180 degree hybrid power splitter/com-
biner. Once again, maximum isolation
between ports A and B requires that
the ratio of the bridging resistor (i.e.
the load seen by the 100 ohm port and
the 25 ohm summing resistor) be
exactly 4:1.

By providing matched output ports
in place of both the 25 ohm summing
resistor and the 100 ohm bridging re-
sistor, a 6/180 degree hybrid can be
obtained. As a power combiner, if two
equal amplitude in-phase signals are
applied to input port A and B, all the
power will appear at the sum (25 ohm)
port. If the two signals are of equal
amplitude but 180 degrees out of
phase, all the power will appear at
the difference (100 ohm) port.

For convenience of explanation, we
have so far left the 35 ohm sum port
and the 100 ohm difference port at
their respective “natural” impedances.
In practice, where it is usually more
convenient for all ports to be of the
same impedance, RF transformers
are employed to provide the required
impedance transformation. This tech-
nique is employed in the practical
hybrid power splitters/combiners to
be described.

Prototype Hybrid
Power Splitters

Two prototype 50 ohm two-way
hybrid power splitters were construc-
ted in order to demonstrate perform-
ance characteristics obtainable using
readily available and inexpensive com-
ponents. The first of these prototypes
was designed around Fair-Rite Pro-
ducts 2843002402 two-hole miniature
ferrite balun cores, and yields good
performance from 2 to over 300 MHz
(this prototype is dubbed the “HF/
VHF” splitter). The second splitter
(dubbed the “VHFIUHF” splitter) was
designed around Fair-Rite Products
2843002302 two-hole subminiature
ferrite balun cores, and provides good
performance from 5 to 600 MHz.
Figures 7 and 8 are photographs of
these splitters.

The schematic for these two split-
ters is shown in Figure 9 (the com-
ponent values for the two respective
prototypes are discussed below). The
only difference between this schematic
and that of the basic ‘““magic tee’
presented earlier is the addition of
2:1 autotransformer T1 at the input
(to transform the desired 50 ohm in-
put down to the 25 ohm level neces-
sary for proper operation) and com-
pensation capacitor C. Subminiature
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coaxial connectors are employed at
all ports to facilitate performance
measurements.

The secret to good performance in
a wideband hybrid power splitter is in
the proper selection of the trans-
formers and very “tight’” construction
so as to minimize lead lengths. See
references (1) and (2) for detailed in-
formation concerning the design and
construction of wideband ferrite trans-
formers. Another important factor is
the use of a compensation capacitor
(C is Figure 9) to extend the high fre-
quency bandwidth. For any given im-
pedance level, bandwidth requirement,
and physical layout, the precise con-
figuration of T1 and T2, and the value
of C are most easily established
empirically.

In the “HF/VHF" prototype splitter,
T1 is wound with 3 turns #32 single
polyurethane wire through both holes
of a Fair-Rite Products 2843002402
miniature two-hole ferrite balun core,
with the tap brought out 2 turns from
ground (see Figure 10). T2 is wound
on the same type of core with 3
turns #32 bifilar wire (single poly-
urethane, 10 twists/inch) with the wind-
ings connected series aiding (this ef-
fectively results in a 6 turn center-
tapped 1:4 autotransformer). The use
of bifilar wire in T2 results in better

transformer balance, and therefore
better port-to-port isolation. Ris a 100
ohm 1/8 watt 5 percent carbon film
resistor,and C is a 15 pF disc ceramic
capacitor.

Performance of the ‘“HF/VHF”
splitter is graphically illustrated by
the solid lines of Figures 11, 12, and

Figure 10. Cutaway drawing of
transformer.

EXCELLENCE IN
HYBRIDIZED RF SIGNAL SOURCES

QO-Tech Corporation, the leader
forover 10 yearsin hybrid clock
oscillators for commercial, mili-
tary and space applications, can
provide custom miniature and
hybrid signal source compo-
nents. Our hybrid capabilities
have become a powerful pack-
aging tool in producing cus-
tom r.f. units. Products include
video modulators, UHF crystal
controlled sources, microwave
synthesized sources, XO's,
VCXO's and UHF ECL multifre-
quency clocks. We accept spe-
cifications on phase noise and
G-sensitivity. Our products can
be produced to MIL-883B or
higher level. Call or write for
details.

VHF and UHF clocks and
signal sources, phase
noise characteristics available

TRULY
THE
WORLD’S
SMALLEST
CLOCK

OSCILLATOR “o-
~

Q-TECH SIGNAL SOURCE HYBRIDS CAN SOLVE
YOUR SIZE AND WEIGHT PROBLEMS

Call us for XOs, VCXOs or special requirements

0-Tech Corporation

2201 Carmelina Ave., Los Angeles, California 90064
(213) 820-4921 « Telex: 696140
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MINIATURE
WIDEBAND PIN
DIODE SWITCHES

Now you can select the state-
of-the-art miniature wideband
pin diode switch you need from
our stock. AMC Series SW-2000
pin switches (SPST and SPDT)
measure only 1" H x 1.2" W x
0.75"” L. And, hundreds of these
units have already been used to
solve solid state switching
design problems in communica-
tion, aerospace, microprocessor
and surveillance applications.

Check these specifications:

e SPST through SP5T Con-
figurations Available

* Frequency: 2-2000 MHz
(usable to 4000 MH2)

* Switching Time: 5 usec
Typical

 [nsertion Loss: 1.5 dB, maxi-
mum (SPDT)

* Isolation: 40 dB, minimum
* SMA Connectors

* RFIControl Terminals

* RF Power 1 watt CW

* Available with one load

TTL Drivers
Standard models and quan-
tities available from stock.

Special switches designed to
your specifications.

For solutions in solid state
switching contact:

AMERICAN
MICROWAVE CORP.

A AR T . I
6835 OIney-Laytonsville Road
Gaithersburg, Maryland 20879

(301) 948-6800
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ALL ENCLOSURES ARE FULLY ASSEMBLED

AND TESTED PRIOR TO SHIPMENT

Only Lindgren combines the proven superior performance
of double-electrically-isolated (DEI) shielding with the
benefits of modular room construction. Independent tests
demonstrate that Lindgren’s DEI design gives highest
shielding efficiency in both low-frequency magnetic and
high-frequency microwave fields.

Lindgren ofters a complete line of modular enclosures,
equipment cabinets, and custom RF rooms. Lindgren
enclosures are offered in virtually all shielding materials, in
all typical shielding thicknesses, in solid-sheet or screen,
to cover all shielding requirements. Each enclosure is fully
assembled at our plant before shipment, tested to verify
RF integrity, and quaranteed to meet its attenuation
specifications.

Patented overlapping pressure joints aliow Lindgren
enclosures to be easily assembled, rearranged, moved,
expanded, partitioned, and reassembled again and again
with no need for specially trained personnel.

To coordinate with your specific environment, Lindgren
can also provide special interior/exterior finishing . ..
soundproofing...suspended ceilings .. . recessed
lighting . .. raised computer floors.

A wide range of options lets you custom-design your

enclosure with windows, access panels, manual or
automatic sliding doors, wave guide feedthru, lights.
RF connectors, fiber-optics, filters for power, signal and
communication lines, emergency (panic bars) doors,
permanent in place threshold ramps, and more.

The diversity of Lindgren enclosures has satisfied the
needs of more than 5000 customers we've served over the
last 30 years.

Next time you need a specialized shielded enclosure,
make sure you get the superior performance of double-
electrically-isolated design plus all the other Lindgren
advantages.

Write or call today for full information or
applications assistance.

LINDGREN

RE ENCLOSURES
1228 Capitol Drive—Addison, IL, 60101
(312) 628-9100
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13. Figure 11 shows insertion loss (in
excess of the 3 dB “split”). Notice
that this insertion loss is under 1 dB
from 2 to over 300 MHz. Figure 12
shows the input VSWR being well

Figure 13 shows output port-to-port
isolation in excess of 20 dB over the
same frequency range.

Some comments concerning the
measurement techniques are in order.
For insertion loss measurements, the

under 1.5:1 in the 2 to 300 MHz range.
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Figure 11. Insertion loss of prototype Hybrid Power Splitters.

The trimme
capacifors you
can count on
come in more
varieties than
you can count

When your applicarion calls for high-
qualiry rrimmer CopQCitors, you can
counr on Sprague-Goodman for exacrly
what you need

Thar's because we offer the world’s
largest selection of dielecrrics models
and styles: sub-miniarure glass and
sapphire Pistoncaps®, plastic Filmmims™ or
ceramic single rurn, Mica compression,

Aimnm*® air-dielecric, and multi-tum plasfic.

S0 the nexr nme standard or custom
mmmer capacitors are called for, call
for the name you can count on
Spraogue- Goodman

-‘ Sprague-Goodman

Electronics, Inc.

(An offiliate of the Sprague Elecnc Compony)
134 Fulton Ave. Garden Ciry. NY 11040
516-746-1385 @ TLX: 14-4533
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WIDEBAND RF

PRODUCTS

Select wideband power dividers,

directional couplers, impedance
transformers from our stock.

Check these items:

e DIRECTIONAL COUPLERS

10-1000MHz

11dB, 19dB +0.5dB
coupling

20dB minimum directivity

1.5dB maximum loss

Type N, SMA, BNC, TNC
connectors

e POWER DIVIDERS

10- 1000MH 2z

2-way, 4-way splits

30dB mimimum isolation

0.6dB maximum loss (over
split loss)

Type BNC, N, SMA
connectors

e 50 75 OHM IMPEDANCE
TRANSFORMERS
2-200MHz
0.3dB maximum loss
1.3:1 Max VSWR
Type BNC. N, SMA
connectors

Standard models available from
Distributor Stock

For Your RF Product Needs Contact:

AMERICAN

MICROWAVE CORP.
R N R e TRV R
6835 Olney-Laytonsville Road
Gaithersburg, Maryland 20879
(301) 948-6800
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metelics

MICROWAVE DIODES

SCHOTTKY, VARACTOR,
SRD, PIN

e HI-REL

o MIL-I-45208A
e Shipping to DBS bird
manufacturers

C-BAND
X-BAND

SCHOTTKY:
SINGLE, SERIES “T",
VARACTOR

Low cost
Tight batch
matching
No tweaking
Good VSWR
Good image
rejection
¢ Shipping to TVRO
manufacturers

Write or call for catalog

- )
METELICS CORPORATION
1031 East Duane. Suite F
Sunnyvale, CA 94086

Telephone: (408) 737-8181
TWX: 910-339-9537
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put port with the output ports both
terminated in 50 ohm loads. For iso-
lation measurements, the RF generator
is applied to either output port while
the detector is connected to the other
output port with the input port termi-

RF generator is applied to the splitter
input while the detector is connected
to either output port with the other
output port terminated in a 50 ohm
load. For input VSWR measurements,
the rho bridge is connected to the in-

|
|
T

1.0 + > -
1 2 5 10 20 50

Frequency MHz
Figure 12. Input VSWR of prototype Hybrid Power Splitters.

CRYSTAL FILTERS....
DELAY CORRECTED

Alpha Components...filters made by state-of-the-art technology.
But our reputation doesn't stop there. We're leaders where constant
time delay, combined with low shape factors are required.

Our current production includes high performance specifications such
as...C.F.—455KHz*, 3db BW 3200Hz min, 60 db BW 4300Hz max,
amplitude variation over 1db BW—1db max, Delta time delay over 85% of
3 db BW—200 us max. Spurious level 60 db to C.F. =100KHz. Operating
temp range 0 to 60 C. Size 82.3 x 25.4 x 55.9 mm, LxWxH.
(*available in 1.4 to 2MHz range with size adjustment.)

So send us your specs...LC or crystal. Chances are we'll give you
production estimates in one working day from a design in our filter library.
For further technical information please call...
717/697/8595 or TWX: 510/650/4930.

ALPHA

COMPONENTS, INC.
chanicsburg, PA 17055

560 1000

1106 E. Simpson R
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When your automated test system requires
precision frequencies, fast switching, quick
settling, and low noise with GPIB or BCD-
parallel control, PTS Synthesizers deliver,
with proven reliability.

In their automated crystal processing facility
General Electric’s Mobile Communications
Division use PTS 200 Synthesizers.

If you need VHF-UHF Synthesizers for
precision frequency control, specify PTS.

FREQUENCY SYNTHESIZER MODELS
IS o MHz, 160 MHz, 200 MHz, 500 MHz

P ————
e e

500 X S -

| d
—l

)I(
et

PROGRAMMED TEST SOURCES, INC. Littleton, MA, 617-486-3008
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Low Noise
Crystal

Oscnllators

Phase Noise (dB/Hz)
S
o

nated in a 50 ohm load. See reference
(2) for additional information concern-
ing transmission and reflection mea-
surements.

For best measurement accuracy,
the 50 ohm terminations employed

must have very low VSWR over the
desired frequency range. This is par-
ticularly true for the isolation measure-
ment. As we have seen, the degree of
isolation is impaired when the T2 cen-
ter tap does not see precisely R/4 to

10 100 g
KHz

Hz Hz

10 50
KHz KHz

Oftset from Carrier

] 1
, ’
i S— — - I !
© T T [
°
c
o
g.—_ . _.T_ — -4 _.L_ - ¢
@ |
|
40 -4-11;::4‘.‘.., +——t [
.'h°""4.. VHF/UHF'
30 1 - “ l ]
“HFIVHE” T .
20 - o T
10 | + 1 1 TR
. ! | |
s $ o 3 4 ¢ ~
1 2 5 10 20 50 100 200 500

Frequency MHz
Figure 13. Isolation of prototype Hybrid Power Splitters.

1000

HF MODELS
Series: | CO-200L2 | CO-246L2
Frequency: | 4-25MHz 5MHz (.98,
Aging: | 1x10%/day | 1x10"°/day
3x107/year | 3x10-8/year
Phase noise: at 5-10 MHz
@100 Hz:| —145dB/Hz | —150 dB/Hz
@ 1KHz:| —155dB/Hz | —155 dB/Hz
@ 50 KHz: | —163 dB/Hz | -163 dB/Hz
VHF MODELS
Series:| CO-224L2 | CO-220L2
Frequency:| 25-300 MHz | 25-125 MHz
Aging:| 1x108/day | 1x10'%/day
2x10'8/year | 3x10"7/year
Phase noise: at 100 MHz
@100 Hz:| —130dB/Hz | -120dB/Hz
@ 1KHz:| —145dB/Hz | —130 dB/Hz
@ 50 KHz:| —155dB/Hz | -140dB/Hz

Write, phone or TWX today
for complete details...

From the world's largest
and most respected full line
manufacturer of crystal oscillators...

AMPLIFIERS

AYDIN
}{‘V(CIOR oiv

5MHZ-I GHz

s/~ IEEE)

* Cascaded

%

Y y A
VECTRON

N4

VECTRON LABORATORIES, INC
The Crystal Osclllator Compuny

166 Glover Avenue, Norwalk, Connecticut 06850
Telephone: 203/853-4433 TWX: 710/468-3796

Assemblies
* Shipped From Stock * Competitively Priced
Noise VSWR Input
Series R’::qe gg?r" Figure Output Power Package
(Mng) (dB) Range Range in | out Style
(dBm) (dBm) Vdc | Ima
GA
Single- kHz-400 13 45-6.0 515 | 20 20 +15 | 17-70 TO-12
Stage l typ. |(range)
MHT |
Single-or ‘ 5-1000 14 } 2570 -2to | 20 | 20 | +15 |10-109 TO-8
Muiti-Stage | +23 typ. |(range)
GHT
Single-or ' 5-400 13 40-70 5-15 ’ 20 20 +15 | 17-70 TO-8
Multi-Stage | | | typ. |(range)
MHD | [ 1
Multi- 1-500 21 2.5-6.5 5-20 6 1.6 +15 |50-118 4-pin
Stage 1 (typ) | typ. |(range) DIP
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Aydin XX Vector

P.0. Box 328, Newtown, PA 18940 » TEL 215-968-4271 TWX 510-667-2320
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The Challenge:
Create a Fully Integrated Switch Matrix.

Teledyne Microwave Responds.

A major systems manufacturer came to us
with a challenge: Create an alternative to a
large, complex, inefficient switch array for an
automated test equipment system.

The Teledyne Microwave response: An
integrated switch matrix urlike anything
made before.

Now. complex switching functions can be
realized in a single chassis—no more
worrying about assembling and maintaining
masses of switches, cables and connectors.

e -
7 X9 | 16 Single-Pole—Six-Throw
Switch |geel 55 Single-Pole—Double-Throw
Matrix { | | 110 Semi-Rigid Cables

3 |-

With cables and connectors eliminated, our
matrix design can actually reduce the space
required by conventional matrices up to 500%.
And we can provide our matrix in just about
any size, such as 4 x 4 or 8 x 8. Input and
output configurations are calculated by

‘N TELEDYNE MICROWAVE

"Pride in Performance”

computer—so we can change the array
without doing a complete re-design.

The Teledyne Microwave switch matrix
covers DC to 18 GHz. Any input can be
connected to any output. Electrical
performance is excellent. Typical isolation,
for example, is 80 dB. Options include
digital interface, power combining and
dividing, internal terminations, and

self cut-off.

By responding to a customer’s special need
we developed a switch matrix that was
revolutionary. And we are continually
incorporating innovations into our standard
coaxial switches for better performance and
increased reliability.

Let Teledyne Microwave respond to your
needs for coaxial switches, broadband
isolators, filter assemblies. voltage controlled
oscillators and thin film subsystems.

Send for our catalog and send us your
requirements, or better yet, give us a call.

Teledyne Microwave
1290 Terra Bella Avenue
Mountain View, CA 94043

Phone: (415) 968-2211
TWX: 910-379-6939

©Teledyne Microwave 1983
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High Quality
that meet your

By using teflon, gold and silver components in our switches we
are able to produce extremely low insertion loss bench attenuators.
We also produce a standard line of programmables (using both
relays and pin-diodes), rotaries, and continuously variable models.
Kay can design an attenuator to fit your specifications (we have
designed over 200 different special attenuators in the past). If high
accuracy, low insertion loss, good VSWR characteristics, long life
and competitive prices are important to you, please contact us for a
catalog of our complete attenuator line.

SOME TYPICAL MODELS

INSERTION

ATTENUATOR MODEL IMPED-  FREQ. ATTEN. LOSS
TYPE NO. ANCE RANGE RANGE  STEPS AT 1 GHz PRICE®
STANDARD 432D 50Q DC1 GHz 0101 d8 1 dB 748 $255
IN-LINE 442D 7%Q DC1 GH: 0101 dB 1 dB 4dB $255
MINIATURE ~ 460A 502 DC1 GHz 0132 dB 1 dB 5dB $219
IN-LINE 447A 75Q DC-1 GHz 0-1025dB 5dB 4dB $219
T 520 50Q DC2 GHz 0-70 dB 10 dB 2dB $160
(BENCH TYPE) 510A 75Q DC15GHz 0-10 dB 1 dB .2dB $160
5050 509 DC1 GHz 0 81 dB 1dB  8dB $568
PROGRAMMABLE 4440 50Q DC15GH: 0130 dB 10 dB 2 dB° $299

*IN SINGLE QUANTITIES

TYPICAL PER STEP ACCURACY IN-LINE MODELS
FREQUENCY RANGE

Substantial discount for quantity.

STEP VALUES DC-250 MHz 250-500 MHz 500-1000 MHz
1 9dB + 01dB + 05dB + 2dB
1 -10 dB + .1 dB £ 3 dB + 5dB
20 and 30 dB +1% $11.5% +2%

K A I Kay Elemetrics Corp.

15 Maple Avenue

Pine Brook, N.J. 07058
(201) 227-2000

TWX: 710-734-4347
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ground. In an isolation measurement,
we are attempting to measure the in-
herent isolation of the splitter rather
than the degraded isolation resulting
from a mismatched termination on
the input port.

Performance of the “VHF/UHF”
splitter is graphically illustrated with
the dotted lines of Figures 11, 12, and
13, showing good performance be-
tween 5 and 600 MHz. Since smaller
ferrites are employed, high frequency
performance is improved at the ex-
pense of low frequency performance.
T1 is wound with 3 turns #36 single
polyurethane wire through both holes
of a Fair-Rite Products 2843002302
subminiature two-hole ferrite balun

' core with the tap brought out 2 turns

from ground. T2 is wound on the same
type of core with 2 turns #36 bifilar
wire (single polyurethane, 10 twists/
inch) with the windings connected
series-aiding. R is again a 100 ohm
1/8 watt carbon film resistor, and C is
a7 pF disc ceramic capacitor.

Although the focus on these two
prototype hybrids has been on their
use as splitters, they also function
equally well as combiners. Output
port VSWR (not illustrated) is as good
as or better than the input VSWR.

Conclusion

“Magic tee” hybrids provide an ef-
ficient and economical means of
splitting or combining power with the
added bonus of providing substantial
port-to-port isolation. Although the
principle of the '"magic tee” may at
first appear subtle, the circuitry is very
simple and can be designed around
easily constructed RF transformers
using inexpensive and readily available
ferrite cores. This simplicity and good
performance was demonstrated in the
construction and test results of two
prototype hybrid power splitters. Al-
though one’s specific requirements
may not necessarily be met by either
of the two prototypes presented, the
designer should, aided by the infor-
mation provided by this paper, be able
to construct a satisfactory and eco-
nomical hybrid power splitter/com-
biner to satisfy his own particular
bandwidth and impedance level re-
quirements.

References
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SPECIFICATIONS FOR 35000 ICs?
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Crystal Oscillator Circuits for VHF

Which crystal Oscillator circuit should you select for your application?
This article offers some suggestions.

By Robert J. Matthys

Do you need a VHF crystal oscillator? This article de-
scribes how to design and use three good but relatively
unknown VHF oscillator circuits. Each one works better
than Butler’'s Common Base circuit, which is the only VHF
circuit mentioned in most articles, and whose performance
is only fair at best.

VHF crystal oscillators are available at frequencies up
to at least 200 MHz. They oscillate at one of a crystal’s odd
harmonic frequencies, and use an LC circuit to select
which crystal harmonic to oscillate at.

The basic schematics of the three VHF oscillator cir-
cuits and the Common Base circuit are shown in Figure 1,
along with a short description of their primary characteris-
tics. Only two things will be said about Butler's Common
Base circuit: 1) it suffers badly from parasitics, and 2) the
transistor’s collector current must be held within a relatively
narrow range or the circuit won't oscillate properly. Now
on to the other circuits.

Butler’s Emitter Follower

A schematic of Butler's Emitter Follower at 100 MHz is
shown in Figure 2. This circuit has good performance with-
out any parasitics because its emitter follower amplifier
has a gain of only one, with built-in negative feedback to
stabilize its gain. The circuit operates as follows; C, acts
as a capacitive load for the crystal, and its impedance is
set equal to or slightly less than the crystal’s internal series
impedance R, which is 40 Q in this case. C, is set near
series resonance with L, providing both a loop gain of about
2X for the oscillator and a phase lead to compensate the
phase lag of the crystal with its capacitive load C,.

R, gives the emitter follower a low output impedance for
driving the crystal. Diodes D,-D, provide a simple regulated
bias source. Diodes DD limit the oscillation amplitude,
1) to keep the crystal's power dissipation within its limit,
2) to prevent the transistor from shutting off or saturating
at any point over the oscillation cycle, thus giving a relatively
constant source impedance to the crystal, and 3) to pro-
vide a sinusoidal drive waveform without any spikes to the
crystal.
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Above about 50-70 MHz, the impedance of the crystal’s
shunt terminal capacitance C, becomes low enough to
start “‘shorting out” the crystal. An inductance L 1s fre-
quently placed across the crystal, as shown in Figure 2, to
parallel resonate with the crystal’s terminal capacitance
C, and tune it out of the circuit. The crystal has a relatively
high in-circuit Q, since its load (C,) is capacitive and not
resistive, and its 25 Q emitter source impedance is relatively
low with respect to the crystal’s 40 Q internal resistance
R..

sFigure 3 shows a schematic for 20 MHz operation, along
with circuit waveforms. Note the characteristic phase lag
from point E to point A in Figure 3, and the phase lead from
point A to point B. This circuit shares one property in com-
mon with Butler’'s Common Base circuit, in that the oscil-
lator’s loop gain varies with the value of C, and with the
value of the inductance L,. Figure 4 shows the calculated
loop gain versus C, for a typical Butler Emitter Follower
circuit'. The loop gain is shown as a function of the circuit’s
oscillation frequency, which changes as C, is changed. For
a given capacitance load C, on the crystal, there is an opti-
mum value of inductance L, for maximum loop gain. Pick-
ing the optimum inductance value of 1 uH for L,, as shown
in Figure 4, the value of C, must be kept within 60-100 pF or
the loop gain will become less than one and the circuit will
stop oscillating.

At frequencies of 50 MHz or less, transistor Q, should
be a 2N5179. At 100 MHz and above, transistor Q, should be
an MRF904. And for frequencies between 50-100 MHz, both
transistors should be tried to see which one works best.

In practice, Butler's Emitter Follower circuit has good
frequency stability and works very well. It also has a low
output impedance, which may be useful in some applica-
tions. Its upper frequency limit is higher than those of the
other circuits, primarily because its amplifier only has to
provide a gain of one.

Colpitts Harmonic

The Colpitts fundamental circuit is well known, but the
harmonic version is not. Figure 5 shows a Colpitts Har-
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a) Butler Common Base. Operates at or near series
resonance. Fair to poor circuit design. Has para-
sitics, touch to tune. Fair frequency stability.
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c) Colpitts Harmonic. Operates 30-200 PPM above
series resonance. Physically simple, but analyti-
cally complex. Low cost. Fair frequency stability.

b) Butler Emitter Follower. Operates at or near
series resonance. Good circuit design. No para-
sitics, easy to tune. Good frequency stability.
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d) Pierce Harmonic. Operates 10-40 PPM above
series resonance. Good circuit design. Good to
very good frequency stability.

r.f. design

Figures 1a-d. Basic Circuits for VHF Crystal Oscillators.
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Documented Calibration
Free

You specify attenuators for important instaha-
tions. Often it is vital that you know their calibra-
tion. We do this for you as a standard service at no
charge.

Documented calibration is part of our quality
control. Further, our attenuators are qualified
under MIL-A-3933D and MIL-A-24215A. They
include the following types:

Rotary

Toggle Switch
Rocker Switch
Programmable
Push Button
Fixed

Cam Actuated

Our accessories include loads, dividers, termina-
tions, RF fuses and bridges.

Contact us for quality attenuators and accesso-
ries. Discover that free documented calibration is
only one of many services that we offer you.

Alan Industries, Inc.
() P.O. Box 1203
. Columbus, Indiana 47201
Phone: (812) 372-8869
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Figure 2. Butler's Emitter Follower At 100 MHz.

monic circuit at 100 MHz. L,C, are selected to be resonant
at a frequency below the desired crystal harmonic but
above the crystal’s next lower odd harmonic. C, should have
a value of 30-70 pF, independent of the oscnllatlon fre-
quency. There is no requirement for any specific ratio of
C1/C2, but practical harmonic circuits seem to work best
when C is approximately 1-3 times the value of C,. Diodes
D,D, provude a simple regulated bias supply. The resustance
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Figure 3. Butler's Emitter Follower at 20 MHz.
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NEW! High Reliability in
Solid State RF Switches

VARI-L is pleased to announce their new
product line of solid state RF switches
utilizing high reliability, thin film hybrid
technology.

These products will offer high speed, small
size, low transient performance from 3
to 2,000 MHz and will be offered with
or without TTL and CMOS compatible
integral drivers. Low power
consumption devices are
also available. Standard de-
vices are housed in welded
metal packages available in

7

14 pin DIP, flatpack, TO-5 and TO-8.
High level microcircuit technology makes
these devices ideally suited for military
applications in compliance with MIL-STD-
883B, Methods 5004 and 5008, Class B.
The addition of this product area will not
only supplement the existing VARI-L
product line, but will also bring about
some rather innovative com-
bination products such as
complete front end up-
down converters, proces-
sors, and others.

Celebrating 30 Years of Quality

VARI-L Company, Inc. 11101 East 51st Ave, Denver, Colorado 80239 (303) 371-1560 TWX: 940-932-0311
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PRECISION CRYSTAL
OSCILLATORS

SERIES 8000
STANDARD FREQUENCY 5.0 MHz
AGING RATE _____ MODEL ER8001 1 x 10 - %day

MODEL ER8003 1 x 10— '9/day
MODEL ER8005 5 x 10— ''/day
PHASE NOISE ___SSB 1 Hz BW at 10 Hz offset
MODEL ER8001 . . . 124 db
MODEL ER8003 . .. 135 db
INPUT VOLTAGE _12 VDC = 10% STANDARD
OUTPUT SINE-WAVE 1VRMS INTO 50
ohm LOAD
MODEL ER8001 and
MODEL ER8003
27 x 2" x 4"H
MODEL ER8005
2.25" x 2.25" x 4.25" H
_____MANY OPTIONS ARE AVAIL-
ABLE TO INTERFACE WITH
YOUR REQUIREMENTS

SIZE

OPTIONS

ELECTRONIC RESEARCH COMPANY SERIES 8000
PRECISION OVENIZED CRYSTAL OSCILLATORS
ARE THE ULTIMATE CHOICE WHERE PROVEN
RELIABILITY AND FREQUENCY STABILITY IS RE-
QUIRED. THESE OSCILLATORS ARE IDEAL FOR
APPLICATIONS WHERE A PRECISION TIME BASE
IS TO BE MULTIPLIED OR SYNTHESIZED RE-
QUIRING A LOW PHASE NOISE SOURCE. ALL
ELECTI.ONIC RESEARCH COMPANY’'S OSCIL-
LATORS UTILIZE QUARTZ CRYSTALS MANUFAC-
TURED BY ERC FOR MAXIMUM CONTROL ON
ALL PARAMETERS TO INSURE PERFORMANCE
SPECIFICATIONS. IF YOUR APPLICATION RE-
QUIRES SUPERIOR OSCILLATOR PERFORMANCE
CALL US ORWRITE FOR OUR COMPLIMENTARY
CATALOGUE.

For information and prices, send your specifications to:

FREQUENCY CONTROL PRODUCTS
electronic research company

7618 Wedd, Overland Park, Kansas 66204
TWX: (910) 749-6477
Telephone: (913) 631-6700
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Figure 4. Calculated Loop Gain Vs. Frequency for
Butler's Emitter Follower Circuit.

of R, should be as high as possible, as it affects the crystal's
in-circuit Q.

Figure 6 shows a Colpitts Harmonic circuit for 20 MHz
operation, along with circuit waveforms.

The Colpitts Harmonic has fair frequency stability. It
is the easiest VHF circuit to design, because of its physical
simplicity. It is a complex circuit to analyze, however,
because the transistor conducts current only during a small
portion of the oscillation_cycle, creating two oscillation
states whose boundary conditions must be matched to
each other.

Pierce Harmonic

The Pierce fundamental circuit is also well known, but
its harmonic version is not. The Pierce Harmonic circuit
was developed by Belcher?, with earlier work by Frerking?,
Figure 7 shows a circuit for 100 MHz operation. The output
resistance R, of the transistor's collector, together with
the effective value of C,, provides an RC phase lag of 30-
50°. The crystal normally oscillates slightly above series
resonance, where it is both resistive and inductive. Above
series resonance the crystal’'s internal impedance (resis-
tive and inductive) together with C, provides an RLC phase
lag of 130-150°. The transistor inverts the signal, providing
a total of 360° (or 0°, depending on your point of view) of
phase shift around the loop. Inductor L, is selected to
resonate with C, at a frequency between the crystal’s de-
sired harmonic and its next lower odd harmonic. Inductor
L, is in parallel with C,, and offsets part of the negative
reactance of C, at the oscillation frequency. This reduces

290
ravoc 30K —r[' 2N4265 e
| | R, o .
IN4148 .¥ 1 _l_ npf T e orvep 100 130
XTAL [
20 MHz T c - E =
@H) aTpF T 32uh % 08.V pp
B o
L1 7li540pF 4

Figure 5. Colpitts Harmonic At 100 MHz.
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Teledyne Electronics is a 1€
miniaturized microprocessor controlled
avionics and identification systems. We are
located 35 minutes north of Los Angeles,
and our World is full of opportunity and
satisfaction for you, the dedicated
engineering professional. Compare:

Clean air, great weather, a wide variety
of things to do. And more. A world of
challenge and stable career growth with an
innovative company.

We are working on a number of new
projects, and we need people with a love
of creative engineering. We offer an
excellent salary/benefits package, a
comprehensive relocation plan and
opportunities here and abroad.

Analog/Logic, RF, Microprocessor, Systems
or Test Engineering, and are looking for
bigger worlds to conquer, send us your
resume...

it could make a world of difference in
your life.

“W TELEDYNE
ELECTRONICS

649 Lawrence Dr., Dept. 4C
Newbury Park, California 91320
(805) 498-3621

Equal Opportunity Employer M/F/H @ US. Ciizenship Required
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Figure 7. Pierce Harmonic at 100 MHz.
_HADDIGC CDE TN INEXPENSIVE SOURCE
HIGH-VELOCITY - EATRES:
J— CRYSTAL STABILITY
VIDEO BUFFER , MIXER COMPATIBLE
COMPACT SIZE
HA-5033 Cracks 1000 V/us
Slew Rate, 1 ns Delay Barriers
B Small Signal Bandwidth: 250 MHz
B Large Signal Bandwidth: 60 MHz
W Low Diff. Phase Error: 0.3% 3 MODEL
B Low Diff. Gain Error: 0.2%
B Under half the price of : 112

lesser performing
hybrids

3-6 GHz OUTPUT

$.005% 0 to +50°C

5mw MINIMUM POWER OUTPUT
-40dBc HARMONICS

+15 VDC INPUT

Contact 4.0x2.0x 21" HIGH
Siactis Semiaontucior FREQUENCY ADJUSTMENT SUFFICENT
nalog Products Division

P.O. Box 883 FOR 5 YEARS AGING

Melbourne, Florida 32901

HAR TECHTROL CYCLONETICS, INC.
P NEW CUMBERLAND, PA. 17070

(717) 774-2746
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The Ultimate Test Receiver
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9 kHz to 30 MHz...
SYNTHESIZED.

Polarad’s new microprocessor-
based Model ESH-3 test receiver
meets the requirements of CISPR,
MIL, VDE and VG.

The ESH-3 can store nine complete
device settings, drive five
frequency-band recorders, printers,
XYT recorders and scan any five fre-
quency bands.

Front-panel alphanumeric display for
readout of measured data, input and
output of setting data and output of
efror messages.

Comparison-Conducted Noise
FCC 20780 VS VDE 0871.

Fully IEEE-488 Compatible

Send for our new catalog.

polarad polarad polarad [p)c

Polarad Electronics, Inc. 5 Delaware Dr .,

See Us At MTT-S Booth 450
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the effective value of C, to something less than its actual
value, in making its RC phase lag with R,. The oscillation

amplitude is sensitive to the transistor’s base bias current,

Ml C ROWAVE and is controlled by adjusting the bias resistor R,.
Both C, and the effective value of C, should be made as
E RAMl C large as possible. Their impedances should preferably be
C equal to or somewhat less than the crystal’s internal series
resistance R, to lower the circuit’s frequency sensitivity to
CAPAC]TD RS... changes in the capacitors or in the collector’s output resist-
ance R, and increase the crystal’s in-circuit Q, which is

helped considerably by the non-resistive shunting of C, and
C, on the crystal. The maximum values of C, and C, are
limited by their loop gain losses, which means the tran-
sistor should be selected for high gain.

Figure 8 shows a Pierce Harmonic at 20 MHz, along with
circuit waveforms. The RC phase lag of 29° (plus 180° for
inversion) from point B to point C, caused by the collector's
output resistance R, and the effective value of C,, can be
seen in the waveform photographs. The waveforms also
show the RLC phase lag of 151° caused by the crystal’s in-
ternal impedance (resistive and inductive, above series
resonance) combining with the capacitor C..

The Pierce Harmonic has the best short term frequency
stability of the four VHF oscillator circuits, because the
external load tied across the crystal is mostly capacitive
rather than resistive, giving the crystal a high in-circuit Q.

+5V +85V
390
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LA == L Le € 0.7vpp 100 4 1308
1 T xtAL O3 IS -»4*\/»—»(‘
20 MMz — c, L L IS S ]
3H aTpF 32,0 08.V pp
Cy . gzzo
L - ysup 4 L

)

Butter

F ¥

rM W g R A R o ST
FIXED & VARIABLE Wﬁ;“’n‘;" e |
CAPACTIORS [ i

for HF, VHF, UHF 8 Microwave Applications catlonmanual
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tailed perform-
ance data for all
major capacitor
parameters
through 10 GHz.
It's freel

_ Murata Erie
North America,
Ihc., 1148
Franklin Rd., SE,

| muRats 573 Marietta, GA
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Figure 6. Colpitts Harmonic at 20 MHz.
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Belcher’s circuit arrangement, as shown in Figures 1d, 7
and 8, is an excellent blend of circuit simplicity and good
frequency stability.

A drawback to the Pierce Harmonic circuits shown in
Figures 7 and 8 is that the capacitance values of C,, and
particularly the effective value of C,, are not as large as
they might be for best operation. The maximum values of
C, and C, are limited by the gain losses they introduce
and by the transistor’s gain.

The performance of the Pierce Harmonic, which is al-
ready very good, can be improved at the cost of increased
circuit complexity'. The performance is improved by adding
an emitter follower, as shown in the simplified circuit of
Figure 9. Transistor Q,’s gain is increased by using a resonant
L,C, tank for the collector load, tuned to the oscillation
frequency. The increased gain permits using larger shunt
capacitance for C, and C,, reducing their frequency sensi-
tivity and increasing the in-circuit Q and the short term
frequency stability. The emitter follower Q, raises the in-
put impedance of the network surrounding the crystal, so
as not to load the resonant L C, tank and reduce the gain of
Q,. The crystal is also driven at a lower excitation level,
improving its long term stability. And by using the higher
gain transistor MTM3960 (or MMCM3960) for both Q, and
Q,, one emitter follower should be sufficient rather than
the two described in Ref.".
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Figure 8. Pierce Harmonic at 20 MHz.

r.f. design
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HIGH PERFORMANCE

POWER DIVIDERS

Janel offers a wide variety of standard power
dividers. The chart below shows a sampling of
what's available. All feature high guaranteed
performance and yet are competitively priced.
Many models are available from stock.

Model Outputs  Frequency Isolation  VSWR
PD7724 2 20-512MHz 25d8 1.35
PD7725 4 20-512 25 1.35
PD7726 8 20-512 25 1.35
PD7852 12 2-512 25 1.5

PD7905 4 2-50 30 1.2

PD7848 8 800-960 25 1.35

In addition to Power Dividers, Janel manufactures o wide ronge of
standard Amplifiers and other rt components. Custom designs can be
provided for unusual applications. For detailed information, call or
write Janel! Laboratories, Inc., 33890 Eastgate Circle, Corvallis, OR
97333. Telephone (503) 757-1134.

@JANEL LABORATORIES
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Figure 9. Higher Performance Version of Pierce Harmonic Circuit.

PIEZO’s Little Wonder.

Superb performance in a plug-in compatible replacement for
HP 10544A/B/C or HP 10811A/B oscillators.

[0 High short term stability [0 Low power consumption [J Rugged construction for
O Low phase noise 00 DRAT* SC cut crystal extra shock and vibration
O Fast warm up O Fast delivery control

PIEZO’s new Model Number final frequency in 10 minutes
2810007 Series oscillators are de- e Time domain stability: Better than

signed for equipment requiring a 5 parts in 10" for a 1 second aver-

compact, rugged, precision fre- aging time

quency source. The DRAT (*doubly e Power consumption: Approxi-

rotated AT) stress compensated (SC mately 2 watts after warm up JEZD)|  CRYSTAL
cut) crystal offers the advantages of e Output frequency: 10 MHz or ; systams | OSCILLATOR
a longer life and a lower operating 10.23 MHz standard ‘ 000
cost. This makes the 2810007 an We offer fast delivery, with lim- MODE%
ideal, cost effective oscillator for ited orders shipped directly from e,

precision time keeping, instruments,  stock. PIEZO Systems is an affiliate - seriat no. [T
communication and navigation of PIEZO Crystal Company, a ‘

equipment. leader in the production of piezo- P.0.BOX 619, CARLISLE,PA

The PIEZO standard of quality electric crystals since 1936. For
guarantees you this kind of perfor- more information call your nearby
mance: PIEZO representative, or write to
e Aging rates: <5 parts in 10'/day PIEZO SYSTEMS, P.O. Box 619,
¢ Phase noise: Better than 160 dbc  Carlisle, PA 17013. Telephone

at 10 kHz offset (717) 249-2151.

* Warm up: Within 5 parts in 10° of * Best aging available to date: parts in 10”/day!
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Now! MMICs out of the
lab and onto the shelf.

Avantek® MODAMP™
silicon monolithic microwave
amplifiers are the new alterna-
tive to hybrid modules—small,
highly-reliable cascadable
building blocks for frequencies
through 3 GHz. And, they are
now in production and avail-
able from stock.

Available in micro-X and 70-
mil transistor packages,
MODAMP monolithic am-
plifiers permit greatly in-
creased circuit and packaging
density, while meeting the per-
formance and reliability re-
quirements of both military
and commercial applications.

In any application, the
MODAMP monolithic am-
plifier assures highly predict-
able, reliable performance
without fine-grain gain ripple,
and with excellent temperature
stability.

MODAMP silicon monolithic
amplifiers are now available,
and priced from $10.25 to

Gain vs. Frequency
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this latest family of Avantek modular
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Applied Specialists, Inc. uT’o"

(Applied Engineering Consultants)
Washington, D.C., Virginia
Maryland (301) 595-5373
Baltimore (301) 792-2211

(800) 638-8555

Component Distributors, Inc. (Beacon)
Ft. Lauderdale, FL (305) 971-4950
Huntsville, AL (205) 883-7501

Raleigh, NC (919) 781-0262

Peak Distributors, Inc. (Dytec Central)
Arlington Heights, IL (312) 255-0707
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Quartz Crystals

Figure 10. Equivalent Circuit for a Quartz Crystal.

Quartz crystals are operated harmonically at VHF,
because above a fundamental frequency of 20-25 MHz*
the crystal becomes too thin and delicate to be
handled. Crystals oscillate on their odd harmonics,
with the upper limit (usually the ninth harmonic)
determined by the ability of the circuit's resonant
LC tank to distinguish between adjacent odd har-
monics. The crystal's equivalent electrical circuit is
shown in Figure 10, where C_  and L, represent the
crystal’s motional capacitance and inductance, R,
represents crystal’s internal series resistance,and C
is the shunt capacitance between the crystal's elec-
trode terminals.

The crystal’s internal series resistance R, varies
from 15-200 Q over a harmonic frequency range of
20-200 MHz, respectively. The crystal’s internal series

resistance R, is one of its most important parameters.
The oscillator circuit is normally designed to drive a
crystal load equal to R, and when R, varies over a 13
to 1 range, the circuit design has to change to ac-
commodate this.

The crystal’s shunt terminal capacitance C_(about
5 pF) is treated as part of the external load on the
crystal. The crystal's external load affects both the
in-circuit Q and the oscillation frequency. For maxi-
mum short term frequency stability, the crystal’s in-
circuit Q should be as high as possible, which means
that the crystal’s external load should have the lowest
possible series resistance (or the highest possible
parallel shunt resistance). Using a reactive load on
the crystal (as in the Pierce circuit) is a very effective
way to obtain a high in-circuit Q.

Cost-effective,
reliable filter solutions
to RFI/ZEMI problems

LMI
manufactures
a broad line of
high performance,
long life power and
communications line
filters, filter panels,
and power factor
correction networks.
These are now widely
used in shielded
rooms, data proces-
sing centers, com-
munications centers,
hospitals, ground
support facilities,
shielded cabinets and other
secure or RF controlled areas.

Our power line filters are

designed
and manu-
factured to
MIL-F-15733E, UL
and other specs; our
communications line
filters exceed
MIL-STD-HBK-232.
All models have
standard power sys-
tems, voltages, current
and frequency ratings
for easy interface with
circuit breakers and UL
and NEC requirements.

Write or call for catalog F-300.
lectroMagnetics, Inc.

6056 West Jefferson Blvd.

Los Angeles. CA 90016

(213) 870-9383

@ LectroMagnetics, Inc.
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magnetic shielding
requires precision
manufacturing

Over 20 years of experience in the design,
production, quality control and inspection of
magnetic shielding assures precision products
that stand up to the closest check.
FREE—send for our new brochure on magnetic
shielding alloys and photomultiplier tube shields.
Whatever your application, let M.R.L. meet your needs.

. ¢ RADIATION
.///a((/iw/ﬂ LABORATORIES, INC.

92 N. Lively Blvd. e Elk Grove Village, Hlinois 60007 e Area Code {312) 437-6200
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In general, a crystal oscillator’s frequency can be trimmed
by changing the circuit’s phase shift at any point around
the oscillator loop. One of the easiest ways is to insert
avariable 15 to 40 pF capacitance in series with the crystal.
This gives a 20-25 PPM (parts per million) frequency tuning
range at frequencies below 40 MHz. The tuning range can
be expanded by reducing the minimum series capacitance
below 15 pF.

Above approximately 70 MHz, the capacitance values of
C, and C, in the circuits drop to 30 pF or even less. The
tuning range of a 15 to 40 pF capacitor in series with the
crystal then drops to 2-5 PPM, which isn’t enough. The fre-
quency is now trimmed by directly varying either C, or Cz in
the circuit, rather than by varying a capacitor in series
with the crystal. Varying C, or C, over a 10 or 20 pF range
will give a 10-12 PPM tuning range (3 PPM for the Colpitts
Harmonic) at these higher frequencies. The oscillator cir-
cuits shown here reflect this change in frequency trimming
at the lower and higher oscillation frequencies. The tuning
range of the improved Pierce Harmonic circuit in Figure 9,
however, is 40 PPM at frequencies up to at least 100 MHz.

Performance

How good are these VHF oscillator circuits? Measure-
ments of frequency stability and of frequency shifts due to
temperature usually include the effects of both crystal and
circuit, making it difficult to sort out those due to the
circuit alone. The short term frequency stability of the cir-
cuits described here are at or better than the author's 0.1
PPM measurement capability. Indirect measurements in-
dicate the Pierce Harmonic should have the best frequency
stability, with Butler's Emitter Follower being second best.
The Colpitts Harmonic and Butler's Common Base are tied
for third place with about equal stability. Butler's Common

DON'T LET
INFLATION
BLOW IT!

Useyour il
“Dollars and Sense’ E

Base also has the two undesirable characteristics men-
tioned earlier, so overall it is a less desirable circuit than
the Colpitts Harmonic.

Applications

Which crystal oscillator circuit should you select for
your application? If you need the best frequency stability,
the Pierce Harmonic is the circuit to use. If you need a
simple circuit that can be designed easily and quickly,
then choose the Colpitts Harmonic. Or if you need a circuit
with good frequency stability, a low output impedance, or
one that will operate above 200 MHz, then Butler's Emitter
Follower circuit is the one to use. All three circuits are free
of parasitic oscillations.

For oscillator frequencies between 20-100 MHz, the cir-
cuit inductance and capacitance values can be interpolated
between those given in the schematics. For frequencies
above 100 MHz, the circuit inductance values should be
reduced in approximately inverse proportion to frequency.

* Fundamental crystals up to 500 MHz have been
reported recently4, along with harmonic operation up
to 1.5 GHz.
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For additional information, please
write or call our sales department.
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Cover Story

“Alpha Industries’ New
Aid

By Christine Peterson
Alpha Industries
Woburn, MA

Schottky diodes are monolithic de-
vices used as mixers, detectors,
low-level switches, and low-level
limiters in a variety of applications
ranging from a few megahertz (MHz)
to hundreds of gigahertz (GHz).

Most applications up to 4 GHz re-
quire that the devices are supplied in
standard microwave packages (see
Figure 1) for convenient insertion into
the circuit.

Fabrication

The use of monolithic fabrication
techniques developed by Alpha In-
dustries ensures the close matching
of electrical characteristics among
Schottky diodes in any arrangement,
improving circuit performance. Less
space is needed for each device and

Figure 1.
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parasitics are reduced because the
connections between the individual
diodes are much shorter. Enabling the
operator to transfer and position the
entire diode arrangement as a unit
rather than handling each device
separately saves labor and gives higher
yields because of less breakage.

The number of bonding operations
required can be reduced from 25% to
over 60% depending on the number
of diode elements in the array, result-
ing in lower costs because of the
labor hours saved. When the devices
are packaged, cost savings are reflected
in a lower price per unit.

Prior to the development of early
monolithic technology, arrangements
of multiple diodes necessitated the
bonding of individual devices into the
desired pattern. In the 1970s, the

simple two-diode series pair and four-
diode ring were developed. More
recently, the variety of designs avail-
able has expanded to include four-
diode bridges, eight-diode and twelve-
diode rings, and the new types of
diode designs pictured on the cover.
Each of the monolithic multiple
Schottky diodes is designed for a
specific application. The STAR Quad
is used in a star mixer circuit, where
four separate diodes were previously
required. Excellent matching among
the diodes is important in this type of
design to ensure good isolation at the
IF output port (see Figure 2). The
Split Pair is ideal for DC-biased de-
tector circuits in which one diode is
in an RF circuit and the other is in a
temperature compensation circuit. In
this situation, close matching mini-

AF
BALUN
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i)
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| LO BALUN

[ e ]
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LO PORT

Figure 2. Star Mixer Circuit.

*v
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Figure 3. Temperature Compen-
sated Detector Circuit.
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Monolithic Devices
RF Design”

mizes the change in bias voltage with
temperature (see Figure 3). The Anti-
parallel Pair offers significant noise
figure improvement over a single diode
in a subharmonically-pumped mixer,
without the complexity and cost of a
balanced mixer. Additional advantages
of this device include the suppression
of local oscillator odd harmonics and
the elimination of any DC component
at the IF terminal. Specifically de-
signed to operate at a + 20 dBm LO
drive level, the Four-dunction Diode
Pairs are used for many high local
oscillator power level applications.
The Common Cathode Pairs are parti-
cularly useful in video detector circuits
involving signal comparison where
close matching gives improved dif-
ferential video output.

Early Schottky diodes were made in

chip form only, with contacts on the
top and bottom surfaces. Later
Schottky diodes, called ‘‘beam lead”
devices, were developed fabricating
thick gold leads as part of the diode
during the manufacturing process. In
monolithic technology, the leads
are formed so that they connect
multiple silicon chips together to make
up a simple diode “‘circuit.” Virtually
any arrangement that a designer can
draw using diode symbols can be im-
plemented with Alpha’s flexible beam
lead technology.

Characteristics

Schottky diodes are designed with
various turn-on voltages, or ‘bar-
riers,” as shown in Figures 4a and 4b.
These different characteristics are

the result of varying the Schottky
barrier metallization layer, which pro-
duces high, medium, low and very
low or “zero bias” barriers as re-
quired for a given application. Very
high barrier effects are produced
by fabricating a number of high
barrier diodes in series. An addi-
tional parameter to be optimized
is the junction capacitance that
is set according to the use fre-
quency. By varying the barrier level,
capacitance, and arrangement of
diodes, Alpha produces a wide variety
of custom-standard Schottky beam
lead devices. New devices can be
made in virtually any arrangement re-
quired by a circuit. The arrangements
pictured were produced according to
customer needs. Future designs will
also be based on customer requests. [J
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Figure 4a. Typical Forward DC Characteristic Curves

— Voltage vs. Current.

r.f. design

Figure 4b. Typical Forward DC Characteristic Curves

— Voltage vs. Current.
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WIREPAC™ “High Directivity, High Power 3dB
Quadrature Hybrid and Coupler Package”

Flatpack 3dB hybrids and couplers
have been limited in use in some ap-
plications because of low directivity
and low power capability. To overcome
these limitations Sage Laboratories
is introducing an extention of their
Wireline® technique in the form of
WIREPAC™,

WIREPAC™ js the name of a new
family of quadrature hybrids and
couplers based on the Wireline con-
cept. WIREPAC™ hybrids are recom-
mended for operation over octave
bandwidths in the frequency range of
150 MHz to 2 GHz. WIREPAC™ coup-
lers are recommended for narrower
band operation over a much wider
frequency range, depending on the
coupling value.

WIREPAC™ comes in two cross
sections, either .25 inches square or
.25 inches diameter round.

When used as either a coupler or
hybrid, WIREPAC™ achieves a VSWR
of 1.1:1 or less, an isolation greater
than 30dB with a power rating of 500
watts at 1 GHz. Typically, a square
cross section hybrid, 2.38 inches long,
operates over a frequency range of
750 to 950 MHz and weighs less than
0.5 ounces.

When used as a directional coupler
WIREPAC™ displays equally good
performance over a narrower band.
Typically, a square cross section, 20dB
directional coupler, 1.30 inches long,
operates over a frequency range of
88 to 108 MHz and weighs less than
0.5 ounces.

The principle application is in printed
circuit work, where it is inconvenient
to achieve either quadrature hybrid or
directional coupler performance using
planar techniques. The exterior of the
unit is tin plated for ease in soft solder-
ing and epoxy bonding. The wires
are cut and trimmed to simplify as-
sembly.

WIREPAC™ js offered in an octave
bandwidth version with quarter-wave
coupling (excluding losses) at mid-
band of 2.70dB + .15dB. In addition,
a narrow band version is available for
frequency bandwidths less than 30%
with midband coupling (excluding
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losses) of 3.0dB + .15dB. The modules
are supplied cut to length. The length
of a hybrid in inches is determined
by dividing 1.97 by the center fre-
quency in GHz.

Calculations of WIREPAC™ for
directional coupler applications is

more complicated and is described
in an application note available from
Sage Laboratories. To illustrate the
versatility of WIREPAC™, a 4 inch
length becomes a 10 dB directional
coupler at 100 MHz. Sage Laboratories,
Natick, MA 01760, or INFO/CARD #117.
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HI-Q, NPO Ceramic Capacitors
A new line of high Q, NPO ceramic

| chip capacitors for applications re-

quiring extreme capacitance stability
with changes in temperature at fre-
quencies from HF through the GHz
range is now available from Murata
Erie North America, Inc. These new
MA50 and MAG60 capacitors are manu-
factured to MIL-C-55681B and offered
in 50 VDC (MA50) and 50 through
500 VDC (MAG60) rating and 0.3 pF
through 2,200 pF capacities. These

N
| .. v:u‘}\- |
\\\\\f S
| v y

new units are available in chip pellet
and leaded configurations including
nickel barrier terminations. Additional
specifications include a T.C. (NPO) of

0, + 30 ppm/°C, a typical Q of 1,000 at
100 MHz (100 pF) and environmental
testing per MIL STD’s. In chip form,
the MA50 measures .055” x .055"
x .055" while the MA60 measures
10" x 110" x .100". Murata
Erie North America, Inc., Marietta,
GA or INFO/CARD #113.

High Power Low Pass Filters

CIR-Q-TEL has developed a full
line of High Power Co-Axial Low Pass
Filters handling up to 10 KW average,
in steps of: 0.25, 0.50, 1, 1.25, 1.5, 1.8,
2,25, 4,5, 7.5, and 10 KW, soon to
over 20 KW power. The general speci-
fications include:

VSWR < 1.35:1 when terminated with

matched load, many < 1.25:1

Loss in signal passband: < 0.3 db (fsp)

Signal passbands: Model A: 0.6- 1.0 fsp
Model B:0.2-1.0 fsp

Design: Zolotarev or 0.035 db Chebi-

shev. (<1.20:1)

Spurious levels: >60-80 db typ to 2.4

GHz

High End signal passband frequency

range: 30 MHz - 450 MHz, (from 2
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MHz to 3 GHz range at present) for all dB continuously variable attenuator. response is then displayed on the ana-
models. The AL-51C analyzer sits on top of the lyzer with up to a 70 dB dynamic
Connectors: SC, HN & N Rt. Angle, TG-51 and is connected to it by means range depending on the analyzer I.F.
other models with std. EIA Rigid of a dual rigid coaxial cable. The bandwidth selected. For use in the
Flanges. Derate to 2.5 KW for (short swept frequency is controlled by the 500 Hz I.F. bandwidth mode, a track-
term) open or shorted load. Derate to setting of the AL-51C analyzer as is the ing control is provided, enabling pre-
5 KW with 3:1 VSWR load continuous. sweep rate. The device to be tested is cise alignment of the TG-51 and AL-
Cir-Q-Tel, Incorporated, Kensington, connected between the TG-51 output 51C frequencies. Texscan Instruments,
MD 20895 or INFO/CARD #115. and the AL-51C input. Its frequency Indianapolis, IN or INFO/CARD #51.

Coaxial Switches DC-18 GHz Min. -

Teledyne Microwave SPDT, Transfer, 1-900 MHz RF
and Multi-throw coaxial switches with |
indicator circuits are now available Instruments
from stock. Latching and failsafe
versions with 24-30 VDC actuator RF Amplifiers

comes with standard SMA connectors. RF Analyzers

RF Comparators

RF Switches

Hybrid Divider/Combiners
RF Detectors

Impedance Transformers
Precision Terminations
Precision DC Block
Filters

Available 50 or 75 Ohms

3

‘ -

\ )
o o
S
L)

[ RF BRIDGES
Fixed or Variable
Directivity (balance) 40 or
50 dB options.

\TTLWcompAatible drivers are av‘ail-‘
o BG 0 18 arz minmum s oo WIDE BAND ENGINEERING COMPANY, INC.

vided. Teledyne Microwave, Mountain | P.O. Box 21652, Phoenix. Ari _
View, CA 94043 or INFO/CARD #118. .O. Box 2, Phoenix, Arizona 85036, U.S.A, Telephone (602) 254-1570
INFO/CARD 71

Spectrum Analyzer/Tracking

Generator Combination — o o , _— _ -
aoscans ALSIC, Spectumae: | MAGIC-TEE POWER SPLITTERS-COMBINERS
basic frequency range, with 102 dB of i Require top performance Ferrite Cores in their transformer stages.

amplitude measurement. The AL-51C

features: Optional audio recovery; 1AR E—

Digital storage; Preset bands; phase [ S e— .’.o -~ .

lock; Frequency markers and a uni- | © i 7 == O e

versal power supply. The TG-561, track- | D 8 5 i '

ing generator, is an accessory for use | 0o y | P !

with the A1-51C Spectrum Analyzer. y -7

It enables swept response measure-

ments over the frequency 1-1000 MHz + e E ADim. B Dim. CDim. D Dim. E Dim.

with up to 70 dB on screen dynamic | - — - —

range. The output level is controlled 2843002302 in. .072/.086 .126/.146 .083/.103 .052/.062 .029/.039
2843002402 in. .155/.165 .267/.287 .234/.254 .109/.119 .066/.076

They provide a number of advantages over resistive-type units: Low VSWR; Low
insertion loss; Isolation between output ports; and Multi-Octave bandwidths.

Fair-Rite Products Corp. offers a wide selection of standard and custom balun cores
for these applications.

Typical are our miniature and sub-miniature No. 43 material* balun cores Nos.
2843002402 and 2843002302 shown above, left.

EMI/RFI| suppression is of increasing concern to designers everywhere. Simple,
easily installed Fair-Rite shield beads are an ideal solution to interference problems;
they are available in several closely-controlled materials and in a wide variety of
types.

Our Bead, Balun, and Broadband engineering evaluation kit, “Joule Box”, features 34 |
assorted cores in 7 materials together with an informative Engineering Bulletin.

To order the kit, or for catalog or technical information, contact us by mail or phone.
*Also available in Nos. 65 and 73 materials for other applications

%" FAIR-RITE PRODUCTS CORP.
®

PO BOXJ WALLKILL, N.Y. 12589 914-895-2055 |
>

RF 5-3
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Hybrid Crystal Oscillators

Spectrum Technology is now pro-
ducing Hybrid Crystal Oscillators in
Leadless Chip Carrier (LCC) packages.
These are Spectrum Technology
Series 7110-; a specific three digit
dash number is assigned for each
application. Two standard packages
are available: .560" square, 48 termi-
nal and .480" square, 40 terminal.
Standard heights are .120 max. for
the 48 terminal and .085 max. for the

40 terminal unit. Special package
heights as low as .065" are available.
Any specific frequency in the range of
600 Hz to 65 MHz is available in the
48 terminal package; 80 KHz to 65
MHz in the 40 terminal package. Units
can be screened to the requirements
of MIL-STD-883 or produced and
screened to the requirements of MIL-0-
55310/19. Availability is typically 16
weeks after order. Prices are dependent
on specifications and quantity, ranging
from approximately $50.00 to $80.00

Picture Excellence. ™

No matter how you look at it, Sawtek offers you the highest performance in
surface acoustic wave (SAW) fitters and resonators. Sawtek's wideband 70 MHz IF
fitters for TVRO applications are available in bandwidths from 10 MHz to more
than 36 MHz. The superior rejection and group-delay performance of these fitters
compliment even the finest receivers. Moreover, you can avoid costly assembly
and tuning time and maintain signal quality in your IF for years under the most
demanding field conditions without adjustment.

Sawtek's resonators provide that same reliability with quartz stability for your
local oscillators at fundamental frequencies up to 1000 MHz. Many standard fre-
quencies including 668, 674, and 680 MHz are in production at competitive prices.

Quality and performance have made Sawtek the leading manufacturer of VSB
fitters for the CATV industry and, if what you need is not among our hundreds of
standard products, we can provide technical assistance and rapid response to
new design and production requirements. You can rely on us for the engineering

support you need.

When your system demands the advantages of
SAW Technology. . . Demand SAWTEK.

L’j SAWTEK

INCORPORATED

PO. BOX 18000, ORLANDO, FL 32860, (305) 886-8860
INFOICARD 15
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for a quantity of 100, depending on
frequency, with stability of +100
ppm, —55 to + 125°C. Spectrum Tech-
nology, Goleta, CA 93116, or please
circle INFO/CARD #120.

Lock-In Amplifier

The Model 5301 is a new high-
precision lock-in amplifier from EG & G
Princeton Applied Research. A revolu-
tionaly front panel featuring push-
button controls and digital readouts
is matched by engineering advances
that make this instrument the most
versatile lock-in system available. The
Model 5301, with IEEE-488 and RS
232 interfaces, is fully programmable
from a host computer. Automatic
measurements can be obtained

directly or via computer interface,
and automatic modes are available
for tuning, phase adjustment, and
range setting. In addition to the stan-
dard exponential averaging technique,
the Model 5301 offers a linear aver-
aging mode for truer reproduction of
signals which change rapidly with
time. Other special features include
plug-in preamplifiers, a multi-
function signal channel for optimal
noise rejection, in-phase and quadra-
ture signal demodulation and an 80
dB dynamic reserve. The price for the
main frame is $13,000. The Model
5316 High/Low Impedance Preamp
and the Model 5317 High Impedance
Preamp are priced at $750 and $500
respectively. The system is avail-
able for 45-day delivery. EG & G Prince-
ton Applied Research, Princeton,
NJ 08540 or INFO/CARD #121.

NPR Optimized IF Receiver
Filters Sub LC and Crystal

Comstron Corporation has an-
nounced the FA-3900 Series of ultra-
high performance FDM IF Filters op-
timized for high noise power ratio
(NPR) receiver performance. The opti-
mal design of this series is based on
minimizing selected coefficients of
power series expansions of the at-
tenuation and group delay response
as described in Garrison’s classic
paper on communication technology,
(April 1968 PP 289-303). Data supplied
with each filter includes: Passband
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AN OPEN LETTER FROM
J. R. HARRIS, PRESIDENT,
ACRIAN INC.

On October 31, 1982, ACRIAN
Inc. and CTC (Communications
Transistor Corporation) became
one company.

Some things have stayed the
same. Some things are changing.
What's stayed the same is
our total commitment to the CTC

product line—and to CTC cus-
tomers. ACRIAN has the
capability to satisfy the complete
range of RF and microwave
power needs—from HF to 6 GHz.
And you can rely on something
else: ACRIAN commits to on-time
delivery.

What's changing? The
answer can be summed up in
one word: performance. We're
proud of our track record. But
we're still not satisfied. Aspiring
to higher performance and then
making it happen is a watchword
at ACRIAN. In consultation with

our customers, ACRIAN is work-
ing toward a common purpose—
upgrading existing products with
higher technology—giving you
more power, at less cost, in a

smaller package.

At today’s ACRIAN, we're
supporting systems in tele-
communications, radar, and
avionics—with a level of inte-
gration that provides you with
power, whatever your purpose.

AIDeRIAN

POWER WITH A PURPOSE

10060 Bubb Road
Cupertino, CA 95014
(408) 996-8522

Twx 910-338-2172

SEE US AT MTT, BOOTH 348
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attenuation response; Passband group
delay response; Stopband response;
Coefficients of power series expansion
of group delay and attenuation in
passband; intermodulation distortion
at specified power level and fre-
quencies. The FA-3900 Series provides
uncompromised system performance
when NPR is a primary consideration.
Standard IF frequencies of 1.5, 10, 7,
and 21.4 MHz are available with band-
widths of 1.5 Hz to 4 MHz. Comstron
Corporation, Freeport, N.Y. 11520, or
INFO/CARD #84.

Ferropac™ Isolators

M/A-COM Microwave Components,
Inc. announces a new series of mini-
ature Ferropac™ isolators for TACAN
and IFF applications. Specially de-
signed connectors and circuitry allow
for miniaturization (1” x 1" x 3/8")
without degradation of RF, tempera-
ture or power performance. Spanning
the frequency range 960 MHz to 1215
MHz, the 5020 series offers an isolation
of 18 dB, an insertion loss of 0.45
dB and a VSWR of 1.3:1. These Fer-
ropac™ isolators able to withstand a
mechanical shock of 20,000 G. They
are also able to perform in tempera-
tures ranging from —54°C to + 95°C,
and incorporate SMA female connec-
tors. For the IFF frequency range,
the 5020 series exhibits an isolation
of 20 dB minimum, an insertion loss
of 0.4 dB maximum and a VSWR of
1.25:1 maximum. Write for bulletin
number 1152. M/A-COM Microwave
Components Inc., Burlington, MA
01803, or INFO/CARD #123.

Programmable Attenuator

DC-1000 MHz, model 50 P-076, 0-127
dB in 1 dB steps, switching speed:
6 milliseconds, connectors: BNC TNC

N or SMA. Delivery: 2-4 Weeks. JFW
Attenuators are available 75 or 50
Ohm Impedance, price $360.00 (1-9
pcs.) JFW Industries, Inc., Indianapolis,
IN 46203 or INFO/CARD #124.

Pre-test Limiter Mods

SDI’s 9000 series of pre-test limiter
mods offer superior low loss perfor-
mance from 0.5 to 18.0 GHz. These
revolutionary, positive-mounting de-
vices have been developed by SDI to
allow easy and efficient electrical
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testing of RF limiter modules. Ex-
pensive fixturing can be eliminated by
electrically testing all limiters prior
to connector removal and insertion
into a stripline or a micro strip medium.
Eight standard circuit variations are
available. Power handing is from 150
watts to 3000 watts. Specified teakage
power is as low 10 mW. Low loss is
guaranteed by an extensive PIN diode
and internal Epitaxial Material Capa-
bility. SDI, Incorporated, North Bil-
lerica, MA 01862 or INFO/CARD #125.

Shielded Cable

Molex announces the development
of conductive polymer shielded planar
cable providing its signal conductors
with individual and overall shielding
from audio frequency EMI. The cable,
X40163 on .100" (2,54 mm) center
spacings and X8833 on .156” (3,96
mm) centers consists of polyethylene-
insulated signal conductors separated

and shielded by a conductive polymer
layer. The polymer adheres to an un-
insulated drain conductor which pro-
vides a means for grounding the
shield. A layer of PVC coats the out-
side of the product. This cable can be
mass terminated in insulation dis-
placement connectors. The .100” cen-
ter product accommodates 28, 26 and
24 AWG and is available in 2 to 36 con-
ductor positions. The .156" center pro-
duct accepts 26, 24 and 22 AWG and
can be supplied with 2 to 24 con-
ductors. Signal and drain wire locations
are customer specified. Optional Tef-
lon® insulation over the signal con-
ductors is available. These products
are targeted for audio applications,
audio-level telecommunications, com-
puters, business machines and low
speed digital applications. Molex In-
corporated, Lisle, IL 60532 or please
circle INFO/CARD #126.

New Synthesizer

Designed especially for phase-
coherent radars, FSK and frequency
agile communications systems, the
new Wavetek Rockland Model 5130A
Frequency Synthesizer achieves
spurious-free switching and true phase-
continuity through patented direct
digital frequency synthesis. It covers

R T

100KHz to 160MHz with steps as fine
as .001 Hz through program control or
.1Hz manually. Phase continuous
switching in 3 microseconds over
.001 Hz to 99 KHz increments makes
possible programming of smooth
step sweeps, ramps, chirps or arbitrary
frequency patterns without spurious
between steps. Switching from any
frequency to any other over the full
160 MHz range can be achieved in no
more than 20 microseconds with
amplitude changes in 50 microseconds.
For use in automatic systems the
Model 5130A, and its simpler com-
panion, Model 5120A (without phase-
continuous switching), are provided
with remote control through a fast
BCD interface or an optional IEEE-
488. Special care in design realizes
exceptional reliability for these com-
puter-controlled systems with MTBF
typically 13,000 hours. The signals
from the 5120A and 5130A are ex-
ceptionally pure. SSB phase noise at
only 100Hz from the carrier is a low
—100dBc/Hz and amplitude noise
less than —80 dBc. A high stability
+4 x 10-9%day reference of TCXO
reference is optional. An external ref-
erence input or the synthesizer's
reference output can be used to lock
the unit and the test sytem together.
Price: 5120A-$6475, 5130A-$8350,
delivery: 30 days. Wavetek Rockland,
Inc., Rockleigh. NJ 07647 or please
circle INFO/CARD #127

Digitally Controlled
Varactor Filter

K & L Microwave is pleased to an-
nounce a breakthrough in voltage
tuned filters. The new product series,
designated VTB and VTR, are available
in both bandpass and bandreject con-
figurations respectively. In addition to
being voltage tuned, the filters utilize
microprocessor/EPROM technology
to provide a variety of options to the
user. These voltage tuned filters can
be controlled by such devices as com-
munications or test equipment, com-
puters or various other control panels
that put out various forms of digital
logic. Logic which can be utilized in-
cludes serial in the form of RS232 or
current loops or parallel in the form of
BCD and GPIB (IEEE-488). The devices
can be specified in tuning ranges up
to an octave anywhere in the frequency
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VCXOs — 1 KHz to 500 MHz

Damon VCXOs provide high stability
over a broad range of center frequen-
cies. An optional square wave or pulse
output signal compatible with 1. C.
logic circuits is available.

Low Noise VCXOs

Damon low noise miniaturized VCXOs
are all solid state quartz crystal stabile
oscillators whose frequencies can be

& DAMON  THE FORM FACTOR SPECIALISTS

VCXO CHARACTERISTICS:
Center Frequency .. 1 KHz to 500 MHz
Deviation .................. .01% to 0.5% of
Center Frequency
Linearity 1% to 5% of Peak Deviation
Frequency Stability .... Determined by
Peak Deviation and Operating Temp.
Modulation Rates ............ DC to 2 MHz

TYPICAL CHARACTERISTICS:
Center Frequency 10.000 MHz =1 KHz

varied linearly by an external DC or Mot pome g Deviation ...............ccccooennnee. +10 KHz
AC modulating signal. Only a source T I dovition 1 Mtz Linearity ............ccccccoomviiiennn *1%
of power and control signal are re- Modulation Rate . . Flat to 4 KHz
quired . . . no auxiliary compensating Output Power .......................... >1 MW
circuitry.
Center Frequency
ti | I 10 KHz - 35 MH

Gaussian Crystal Filters ;‘;::Tl't‘hl‘::“ 0 ; . gg MH:
Gaussian Crystal Filters of either con- 3 dB Bandwidth ........ 100 Hz - 30 KHz

ventional or monolithic design. Useful
in FM communications or radar sys-
tems where flat time delay is required.
In a coherent pulsed radar, it can
minimize return-pulse overshoot. Elim-
inates ringing problems in swept spec-
trum analysis. Available in 2 to 8 pole
designs.

Shape Factor, 30 dB to 3dB 3:1 to 7:1

Ringing, Pulse or impulse
25 - 50 dB down

Phase Linearity .......................... *2%
No. of Poles
Conventional ...............cccc..c..... 2-8
Monolithic ...............ccocco 2-4
Volume
Conventional ................. 1-6cu.in.
Monolithic ............ 0.016 - 0.4 cu. in.

Band-Pass/Reject Crystal Filters

A wide variety of conventional crystal
filters are produced at Damon. Stand-
ards designs such as Butterworth,
Chebyshev, Gaussian, Bessel, and Le-
gendre, as well as custom tailored
designs are available.

“W-n-1-4 EERS EA R ) “R=1=4 P+ 40402

RANGE OF PARAMETERS:
Center Frequency .... 10 KHz - 75 MHz

Bandwidth .............. .01% - 3% of C.F.
Shape Factor Down to 1.2:1
Differential Phase Shift ............... x2°

Group Delay Uniformity .............. *+5%

Surface-Wave Delay Lines

With signal transfer across the sur-
face instead of through the body (a
state-of-the-art development), the new
Surface-Wave concept results in sub-
stantially smaller packages, lower cost
in production quantities and superior
performance over a 20 MHz to 300
MHz range.

.
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RANGE OF PARAMETERS:
Frequency Range .. 20 MHz - 300 MHz
Time Delay Range 0.5 - 20 Microsecs.

Bandwidth at —3dB .......... 3% - 30%
of Center Frequency
Insertion Loss ................... 10-20dB

Spurious Responses 25 - 30 dB below
Desired Response

Environment ........ Full Military Temp.,
Shock, Vibration Available
Typical Size ........................ < 1cu.in.

Monolithic Crystal Filters

Damon Monolithic Filters utilize a
single quartz plate for multiple reso-
nators and the coupling medium be-
tween them. Advantages over con-
ventional crystal filters include smaller
size, superior stability, and lower cost.
Available in a wide variety of compu-
ter-assisted designs from Chebyshev
to Gaussian characteristics and from
2 to 8 poles.

A

-

MONOLITHIC CHARACTERISTICS:

Center Frequency ............ 2.5-30 MHz
3 dB Bandwidth ................ 0.3-30 KHz
No. of Coupled Resonators .......... 2-6
Insertion Loss .......................... 1-6dB
Ripple .......cccccoovveciinnnine 0.5 dB Max.
Terminations .. 50 Ohms to 20 Kohms
Size ............. TC-5, TO-8, or Flat-Pack

Write for technical bulletins.

DAMON/ELECTRONICS DIVISION

80 WILSON WAY, DEPT. G, WESTWOOD, MASS. 02090, TEL: (617) 449-0800
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spectrum from 100 MHz to 6 GHz. Band-
widths can be as narrow as two per-
cent to as great as 10 percent of the
tuned center frequency. The devices
are ideally suited for receive appli-
cations. The filters can be constructed
with two through five resonant sec-
tions and can be manufactured to
full military environmental require-
ments. Availability is from 6 weeks.
K & L Microwave, Inc., Salisbury, MD
21801, or INFO/CARD #21.

New Switch Line

VARI-L Company, Inc. introduces
a new RF, Solid State Switch line
covering a frequency range of 3-2000
MHz. Devices are available with TTL
and CMOS Compatible integral drivers.

— S—

.
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Package styles include TO-5, TO-8,
flatpack and DIP platform configur-
ations. Qualified to meet MIL-STD-883B,
Methods 5004 and 5008, Class 8.
VARI-L Company, Inc., Denver, CO,
80239, or INFO/CARD #112.

High Power Porcelain Capacitor

Monolithic, High Q, High Power,
High Current Porcelain Capacitor
known as Dielectric Laboratories, Inc.
style 21HAH for use in RF power
amplifiers, |.E., 200pf at a frequency
of 100 MHz will handle six amperes of
changing current without overheating.
Many capacitance values are available
from stock. Dielectric Laboratories
Inc., Cazenovia, NY 13035 or please
circle INFO/CARD #114.

Hybrid Capacitor-Fuse

Matsuo Electronics of America, Inc.
has announced the availability of its
Type 245 solid tantalum capacitor-fuse,
previously available only in the Far
East, for sale in the United States. The
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hybrid device features built-in circuit
protection. An incorporated fuse pre-
vents catastrophic failure of other
expensive board components and
adds a significant fire prevention
safety factor. The component pro-
vides protection against total equip-
ment destruction and satisfies *“pro-
duct liability’” concerns. The fuse in
the capacitor is designed to open at
currents greater than 5 Amps. When
current is less than 5 Amps, the de-
vice acts as a thermo-fuse to prevent
element burning or resin decomposi-
tion. The Type 245 can be used as a
fast and inexpensive method of adding
circuit protection to an existing de-
sign by replacing an existing capacitor
without board modification. Pricing
for the Matsuo Electronics Type 245
capacitors is 39¢ in OEM quantities.
Matsuo Electronics of America, Inc.,
Garden Grove, CA 92641, or please
circle INFO/CARD #111.

70 MHz I.F. Bandpass Filter

The Texscan XBM 70 series of band-
pass filters is intended for use as a
low cost, single piece I.F. filter in
satellite receivers. It features small
size, rugged construction and low
insertion loss. The package is suitable
for wave soldering direct into the
master printed circuit board and is

supplied pre-aligned to the correct
frequency and bandpass character-
istics. Texscan Instruments, Indian-
apolis, IN or INFO/CARD #110.

Scalar Analyzer

Marconi announces a new Auto-
matic Amplitude Analyzer, Model 6500,
designed to provide a flexible solution
to the problems of testing Microwave
systems and components. Unique on-
screen graphics bring alive the dis-
played signal. Amplitude and fre-
quency scaling can be automatically
arranged for optimum display and a
powerful bright line cursor shows fre-
quency and amplitude across the band
for ease of use and accurate mea-
surements. Model 6500 has been de-

signed to control any sweeper or RF.

source which may be driven externally
by a voltage ramp eliminating the need
to buy special RF sources. With its
10 MHz to 18 GHz detectors, it mea-

sures and displays absolute power,
transmission and return loss and for
the first time in a Scalar Analyzer,
VSWR. Model 6500 priced at $9,325
is available in 90 days. Marconi In-
struments, Northvale, N.J. or please
circle INFO/CARD #109.

1 GHz Gallium Arsenide FETS

Motorola, which has been sampling
the industry with state-of-the-art UHF
GaAs FETs, is going into full scale
production and is prepared to deliver

these in quantity. The new Motorola
FETs offer 1 GHz performance, with
a typical gain of 18 dB and noise figure
of 1.2 dB (typ). This will significantly
improve UHF and 800 MHz radio
reception and high-frequency perform-
ance of electronic instruments. Avail-
able from warehouse stock, the tran-
sistors are being introduced under the
part numbers MRF966 for plastic
packaged devices, and MRF967 for
ceramic packaged components. Prices
for these parts are $3.10 and $9.85,
respectively, in quantities of 100 to
999, but production quantities will be
available at substantially lower costs.
Motorola Semiconductor Products,
Inc., Phoenix, AZ 85036 or please
circle INFO/CARD #108.

Drop-In Switch Modules

New England Microwave Corp. is
now offering a complete line of micro-
strip SPST drop-in modules covering
the 10 MHz to 18 GHz frequency
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Consider the source.

HP’s 8656A

programmable signal
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onsider the value.

Economy.

At $7150~, the 8656 A is HP's lowest-
priced programmable signal generator.
It's a price-performance value that makes
good economic sense for both laboratory
and production environments in a broad

Versatility.

The HP 8656 A synthesized RF signal
generator is fully HP-IB programmable.
Even your most time-consuming tests can
be readily automated, increasing pro-
ductivity in the laboratory and through-
put on the production test floor.

Performance.

With a frequency range of 100kHz
to 990MHz, the 8656 A's signals are
accurate and stable with good spectral
purity. You get 100 or 250Hz resolution,
an output range of +13 to —127dBm
with microprocessor-cantrolled unit
conversion, *1.5dB absolute
accuracy and 0.1dB resolu-
tion. Low RF! leakage provides
confidence in micro-volt

level signals. AM and FM are avail-
able from both internal and external
sources and simultaneous modulation
modes are easily generated. All this and
reverse power protection and HP-1B
are standard.

Quality.

The 8656 A incorporates HP's 30 years
of experience in designing and manu-
facturing high performance signal gen-
erators. Qur reputation for designed-in
quality and reliability is backed
world-wide by a responsive sales and
service network.

Consider HR

HEWLETT
PACKARD

INFO/CARD 76
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range of applications.  goesicnecro
Consider the m
exceptional value of the ~SYSTEMS
8656A. You may find that it s just the right
source for you. To put the 8656 A to work
in your particular application, or for help
in choosing from our broad line of signal
generators, contact your nearby HP sales
office. Or write, Hewlett-Packard,
1820 Embarcadero Road,
Palo Alto, CA 94303.

U.S. domestic prices only.
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range. Included in the new product
line are the Models 6044 and 6072.
Laser-welded for hermeticity and
screened to the requirements of MIL-
STD-883, both models operate from .5
to 4 GHz with the 6044 providing 45
dB minimum isolation and the 6072
providing 60 dB minimum isolation.
Availability for these new modules is
off-the-shelf to four weeks, depending
upon quantity requirements. New
England Microwave Corporation,
Hudson, New Hampshire 03051, or
INFO/CARD #107.

75 Ohm Video Switches

Switches designed for use in 75
ohm video circuitry are now available
from Amphenol. Applications of the
Amphenol® 318 Series include effi-
cient signal routing in television broad-
cast and earth station/satellite equip-
ment. The series comprises 1P2T
shorting and non-shorting, remote-
actuation failsafe video switches.
RF performance figures for the non-

shorting units include insertion loss
0.2 dB maximum from 1 to 5 GHz.
Isolation is rated at 35 dB at 5 GHz,
40 dB at 3GHz, 55 dB at 1 GHz and
60 dB at 0.4 GHz. Maximum VSWR
values range from 1.15 at 0.4 GHz to
1.25 at 5 GHz. Switching time to
operate is 15 milliseconds maximum,
and release time is 10 milliseconds.
The 318 Series uses Ampehnol con-
nectors which mate with Ampehnol
cable plug 86475 for RG-59, 62, 71,
140, 210 and 302/U cables. RF power
ratings (non-switching) range from
100 watts CW at 400 MHz to 50 watts
CW at 5 GHz. Amphenol World Head-
quarters, Oak Brook, lllinois 60521 or
INFO/CARD #106.

GaAs FET Transistor

A new gallium arsenide, field-effect
transistor for low-noise, high-gain op-
eration through Ku-band has been
introduced by Raytheon’s Special
Microwave Devices Operation. The Ray-
theon Type RLKO048 is a drop-in re-
placement for the NE137 GaAs FET.
Its 0.5 micron-long, recessed-aluminum
gate results in an exceptionally-low
noise figure. Operating at 8 GHz, the
typical noise figure is 1.2 dB, while at
18 GHz it is 2.5 dB. Gain is 11.0 dB
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typical at 8 GHz and 7.5 dB typical at
18 GHz. Applications for the RLK048
include low-noise amplifiers and
oscillators; limiting amplifiers; mixer/
down converters; and all FET front
ends for TV satellites and CATV. The
new device is available as a chip, in
the 1.8 mm-square standard package,
or on a carrier. Chips are available for
immediate delivery from stock and are
priced at $50 each in small quantities.
Raytheon Company, Northborough,
MA 01532, or INFO/CARD #105.

Step Attenuators

The Narda Microwave Corporation
is offering a new series of precision
step attenuators that cost less, last
longer, and are smaller in size than
any step attenuator previously avail-
able. A new concept in turret design
combined with a proprietary contact
design enabled Narda to produce this
unique series. All models in the series
operate from DC to 18 GHz and exhibit
extremely flat frequency response.
Three standard configurations are
available today with two additional
configurations* scheduled for avail-
ability in May 1983: Single Configur-

ations: 0-9dB in 1 dB steps, 0-60dB in
10 dB steps, 0-90 dB in 10 dB steps”.
Dual Configurations: 0-69 dB in 1 dB
steps, 0-99 dB in 1 dB steps*. All
units are bidirectionsl with either type
N or SMA female connectors provided
on the standard units. Any combina-
tion of male and female connectors,
including TNC and 7mm, are available
on special order. All connectors
comply with MIL-C-39012. The Narda
Microwave Corporation, Hauppauge,
NY 11788 or INFO/CARD #104.

DC-18 GHz Type N Attenuators

Englemann Microwave has an-
nounced availability of a new pre-
cision Type N Attenuator operating
over the full frequency range from DC

- 18 GHz. The AS00N Attenuators have
a maximum VSWR of 1.35 up to 18 GHz.
Attenuation, variation and accuracy is
better than = .3 dB for value up to
10 dB, +0.5 dB for values up to 20
dB, +1 dB for values up to 35 dB
over the full frequency range. Average
power is rated at 2 watts CW and the
units are specified to meet the require-
ments of MIL C39012 and other ap-
plicable environmental and MIL speci-
fications. The A900 Series are priced

=

ENGELMANN
DC-18GH2z

at $65.00 each for all standard values
to 30 dB. Delivery stock to thirty days.
Englemann Microwave Co., Whippany,
New Jersey, 07981, or INFO/CARD #103.

Power Transistors

NEC's NEMO080O0 series of NPN epi-
taxial UHF power transistors is now
available from California Eastern
Laboratories, Inc. These transistors
provide superior RF performance and
are designed specifically for large
volume mobile/cellular radio applica-
tions in the 800 and 900 MHz bands.
The NEMOBOO series provides high
gain, high efficiency, and a high resist-
ance to burnout with load mismatch.
The NEMO800 series incorporates gold
metallization for high reliability and is
available in a low-cost metal-ceramic
stripline package offering power
levels of 6, 13, 24 and 40 watts. They
are internally matched to simplify cir-
cuit design. These power transistors
are complimentary to NEC’s complete
line of 800 to 960 MHz power ampli-
fier modules offering total discrete-
modular design flexibility. California
Eastern Laboratories, Inc., Santa Clara,
CA 95050, or INFO/CARD #128.

EAPROM Arbitrary
Waveform Storage

An EAPROM (Electrically Alterabie
PROM) is now an available option on
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50 watts minimum is a iot of rf
power throughout a bandwidth of
1 to 1000 MHz. But that’s what our
new Model 50W1000 delivers for
all your broadband test needs.

As your hunger for power plus
bandwidth grows, this year and
next, our all-solid-state “W” series

(WATTS)

RF POWER

FREQUENCY (MHz)

5 10 20 50100 200 500 1000

0

of 100-kHz-t0-1000-MHz linear

amplifiers should become more and
more important in your plans. Today
you may need only 1 watt (the little
portable on the top of the pile), or 5,
or 10—all with that fantastic band-
width instantly available without

tuning or bandswitching—the kind

HZz.

b G

of bandwidth that lets you sweep
clean through with no pausing for
adjustment.

And next year?

But chances are good that next
year you'll be moving up into higher-
power work in the same bandwidth.
Then you'll be glad you have a 50W,
the only rf power amplifier in its
power-to-bandwidth class. At that
point, your smaller “W” series
ampilifiers can be freed for lower-
power work around your lab.

What you can't see in the
performance curves shown below
is the unconditional stability of
all Amplifier Research amplifiers
—immunity to even the worst-
case load mismatch or shorted
or open cable with no fear of
damage or system shutdown.

The “W" series is part of a
complete line of amplifiers
offering rf power up to 10,000
watts cw, for such diverse
applications as plasma/fusion
research, NMR, RF1 susceptibility
testing, and a host of other test
situations that demand the very
finest in broadband rf power.

Send for our free booklet,

“Your guide to broadband
power amplifiers.”

160 School House Road, Souderton, PA 18964 USA
Phone 215-723-8181 ¢« TWX 510-661-6094
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Wavetek reveals the best-kept
price/performance secret in
signal generator history:

Model 3010

Price: $5,295
Performance: 1 MHz to 1 GHz

frequency range, 100 Hz resolution, complex or
simultaneous modulation (AM on FM, FM on FM, or AM on

~ AM), 0.001% accuracy (typical is +0.0002%), programmable and agile (1 MHz

step settling time less than 20 msec). Easy to use. Eight standard options available.

For the whole secret, phone toll-free 800-428-4424. Wavetek Indiana, Inc., 5808 Churchman,

Beech Grove, IN 46107. Phone (317) 787-3332, TWX 810-341-3226.
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Krohn-Hite's Model 5910 0.0001Hz to
5MHz Arbitrary Waveform/Function
Generator. This option now allows the
storage and retrieval of the instru-
ment’s arbitrary waveforms, auto-
programmer programs and operating
parameters in user transparent non-
volatile memory. Up to 89 user pro-
grammed waveforms and programs
may now be loaded into EAPROM
manually via the front keyboard or the
standard |IEEE-488 bus. Delivery is 4
weeks ARO. The price of this option
(option 003) is $400.00. The price of
the 5910 is $4500.00. Krohn-Hite Cor-
poration, Avon, MA. INFO/CARD #129.

Coaxial Crystal Detectors

The new Micronetics Coaxial Crystal
Detectors cover a frequency range of
0.01 to 12.4 GHz and a frequency re-
sponse within +0.5 dB absolute. Rela- |
tive matching excluding bias sensiti-
vity, is within +0.2 dB. Other speci-
fications include: Output impedance;
< 15 ohms shunted by 10 pf. Output
polarity; Negative (positive optional).
Connectors; RF Input, type N, male,
VSWR; Values to 12.4 GHz maximum, |
Maximum power; 100 mW peak or
coverage, Micronetics, Inc., Norwood, ‘
NJ 07648, or INFO/CARD #116.

Scaler Network Analyzer »

A new scalar network analyzer for
microwave measurements from Hew- |
lett-Packard brings operating features
and measurement precision that the
manufacturer believes will result in
increased productivity in both manual
and automated measurement appli-
cations. The microprocessor-managed
HP 8756A scalar network analyzer is |
a two-channel measurement and dis-
play instrument that, combined with
companion microwave bridges and
detectors, measures transmission

and return loss from 10 MHz to 26.5
GHz in coax, and to 40 GHz and higher
in waveguide.

The HP 8756A uses microprocessor
control to make operation simple,
yet it gives the operator more flexibility
in the measurement process than per- |
haps had ever been available before.
Measurements and displays are
digitally processed with CRT anno-

r.f. design

tations to further assist in data ana-
lysis. Virtually every function of the
analyzer can be run under program
control via the Hewlett-Packard Inter-
tace Bus (HP-IB). Hewlett-Packard
Company, Palo Alto, CA 94303 or
INFO/CARD #22.

Dual Splitter

Multi Products International has
introduced an innovative new Dual
Cable Splitter design that features
AJB Circuit Isolation greater than 110dB
The Multi View MPI2202 provides an
extremely fast and “foolproof” indoor/
outdoor installation which eliminates

the crossing of cables. With fully
machined non-tapered connectors,
which are spaced to accommodate
traps, the MPI2202 is ideal for all
dual cable installations. All circuits

The Electro-Mechanics Company can help

u solve electromagnetic compatibility and

CC/VDE compliance problems in critical in-

dustries such as defense, electronics and

transportation. Instrumentation, accessories

and services offered by EMCO include anten-

nas, magnetics test instruments, LISNs and Rejection
networks.

ANTENNAS.

EMCO manufactures antennas with a wide variety of appli-
cations and measurement capabilities. Antenna types include
conical, biconical, double ridged, log periodic, parallel ele-
ment, dipole and electric field.

MAGNETICS.

EMCO has been at the forefront of production and develop-
ment for magnetics EMI test instruments. Our line of equip-
ment include magnetic field intensity meters, DC magnetome-
tors and Helmholtz coil systems.

LISNS.

EMCO's line impedance stabilization networks are designed
for use in conducted emissions testmg (FCC/VDE com-
pliance) on electronic devices. LISN's are available in various
power sizes which include 450 KHz to 30 MHz and 10 KHz to
30 MHz frequency coverages.

REJECTION NETWORKS.
EMCO's bridged-T and cavity rejection networks are de-
signed for many types of specification compliance testing.

Model 100 Antenna

Positioning Tower

Used in FCC compliance
testing, this portable mast
and platform is designed
for use at elevations from 1
to 6 meters above ground
level. Even with the % H.P.
drive motor (brake and
gear reduction system), the
entire system weighs only
175 Ibs. and can be trans-
ported in a pick-up truck,
van or standard size station
wagon.

The Electro-Mechanics Company

,, )
/ '“emco P. O. Box 1546/Austin, Texas 78767

- } S Telephone (512) 835-4684
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are rated at 450 MHz and the housing
provides a convenient grounding termi-
nal. Multi Products International,
Cedar Grove, NJ 07009 or please circle
INFO/CARD #26.

Miniature Coaxial
Transfer Switches

Model RST-M remote miniature
coaxial transfer switches cover the
DC - 18 GHz frequency range with an
insertion loss of 0.5 dB max. SWR is
1.5 max, impedance, 50 ohms and iso-
lation, 60 dB min. Swtiching time for
the break before make switch is 15
ms. max. with 1M cycles min. life.

RF connectors are type SMA female.
Weight: 6 oz. Price: $285.00. Delivery
stock to 2 wks. Micronetics, Inc.,
Norwood, NJ, or INFO/ICARD #36.

MCCoy Reliability ....
is out of this World

MCCoy Electronics offers the broadest line of quality custom fre-
quency control products in the industry

A variety of crystal enclosures including; solder seal, cold weld,
glass and resistance weld are available. Low frequency crystals range
from 1 KHz to 1 MHz. High frequency crystals range from 1 MHz to
250 MHz. Filters including bandpass, nolch, single side band, mono-
lithic and conventional range from 1 KHz to 200 MHz. Oscillators
range from 1 Hz to 400 MHz and are available in clock, TCXO, VCXO,

oven and combinations thereof.

When reliability, quality, and performance are essential in frequency
control products MCCoy can be counted upon to perform. Write or call

for additional information or catalog

8 subsuhary of @AK Technology Inc.
100 WATTS  STREET, P.O. BOX B, MT. HOLLY SPRINGS. PA 17065 717-486-3411 - TWX: 510-650-3548
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New TCXO Line

Dale Electronics, Inc. has just intro-
duced the TCXO-32, the first in a
new line of temperature compensated
crystal oscillators with hermetically
sealed metal cases. The TCXO0-32 is
adjustable with a multi-turn trimmer
to an accuracy of +0.1 PPM (at 25°
C). Its stability vs. temperature rating
is =1 PPM, over the temperature
range of — 40°C to + 85°C. The TCXO-
32 is available over the frequency
range of 3.0 MHz to 15.0 MHz, with
4.0, 50 and 10.0 MHz frequencies
available from factory stock. The new

==
= ;.‘

Dale oscillator is designed to drive
10 TTL loads. Its hermetically sealed
metal case is 2" square and .53"
high. Typical price of a TCXO-32
(10 MHz) in 25 quantity is $81.70 each
Dale Electronics, Inc., Tempe, AZ or
INFO/CARD #96.

High Power Attenuator

Weinschel Engineering is extending
its high power attenuator line to 250
watts. Conservatively rated, the new
model 45 can handie 250 watts CW or
10 KW peak bidirectionally from DC to
1.5 GHz. The model 45 is designed
to meet high quality control standards
and is able to withstand high levels of
shock and vibration. A proprietary

film process produces resistive ele-
ments with features such as low
temperature coefficients, low aging
rates and immunity to momentary
overload. Use of troublesome, oil
heat dissipative baths is also eliminated.
Operating temperature range is from
—55°C to + 125°C. The model 45 is
offered in a wide variety of attenuation
values to satisfy both system and mea-
surement applications. Prices: Model
45-3, 6, 10, 20 and 30: $435, delivery:
90 days ARO Model 45-40: $460. Wein-
schel Engineering, Gaithersburg, MD
20877, 0or INFO/CARD #70.



Flyweight Graphite Reflectors

Guaranteed precision microwave
reflectors for higher frequency appli-
cations. The standard series of “Fly-
weight” reflectors have diameters from
10 inches to 6 feet, and each is a
parabola of revolution with a F/D
ratio of .33. Milliflect reflectors are
presently in use at frequencies up
to 140 GHz. Milliflect, Newark, CA
94560 or INFO/CARD #55.

Ferrite Beads

Stackpole's ferrite beads can in-
expensively and conveniently prevent
circuit components from receiving or
transmitting electromagnetic inter-
ference (EMI). For shielding, RF de-
coupling and parasitic suppression
applications, the soft-ferrite beads are
placed near the noise source or device
to be protected. When the magnetic
field created by a noise transient
passes into a bead, the ferrite’s high
losses at high frequency cause the

|
local impedance to rise rapidly. This
chokes off unwanted current flow of
the transient through the bead-shielded
conductor. The beads, usually hollow
cylinders which can be as small as
.025" 1D, .060" OD and .050” long,
decouple spurious oscillations with-
out adding another mechanical or
electrical component to the system.
Two grades of Ceramag® ferrites
are widely used as beads. Ceramag
7D contains oxides of nickel-zinc
and exhibits low initial permeability.
Ceramag 24 contains oxides of manga-
nese-zinc and exhibits high initial
permeability. Three popular sizes are

available on lead tape reel; others are |

in bulk pack. Prices range from $8 to
$50 per thousand, depending on size,
material requirements and quantity.
The Stackpole Corporation, St. Marys,
PA 15857 or INFO/CARD #93.

Thick Film Hybrid TCXO

Excellent frequency stability and
small size are featured in this new
temperature compensated crystal os-
cillator. Utilizing thick film hybrid tech-
niques for both the oscillator and
compensation circuits, ModelMC103X2
is smaller than other comparable dis-
crete component devices. +1 PPM

r.f. design

over 0 to +50°C and +3 PPM over
- 30°C to + 70°C are standard stabi-
lities offered. Other specifications in-
clude Input Voltage +5 VDC +2%,
15 ma maximum, TTL Output and an

Output Frequency Range of 3.2 MHz
to 25 MHz. The oscillators use a pre-
cision glass crystal for optimum
aging performance. McCoy Electronics
Company, Mt. Holly Springs, PA 17065,
or INFO/CARD #66.

High Pass Filters

High pass filters that eliminate or
greatly reduce interference on TV
and FM receivers caused by amateur
or CB transmitters are now available
from the J.W. Miller Division of Bell In-
dustries in Rancho Dominguez, Cali-
fornia. Series C-513 high pass filters
attenuate front end overload inter-

The Electro-Mechanics Company can help
; ou solve electromagnetic compatibility and

CC/VDE compliance problems in critical in-
dustries such as defense, electronics and
transportation. Instrumentation, accessories
and services offered by EMCO include anten-

nas, magnetics test instruments, LISNs and Rejection
networks.

ANTENNAS.

EMCO manufactures antennas with a wide variety of appli-
cations and measurement capabilities. Antenna types include
conical, biconical, double ridged, log periodic, parallel ele-
ment, dipole and electric field.

MAGNETICS.

EMCO has been at the forefront of production and develop-
ment for magnetics EMI test instruments. Our line of equip-
ment include magnetic field intensity meters, DC magnetome-
tors and Helmholtz coil systems.

LISNS.

EMCO’s line impedance stabilization networks are designed
for use in conducted emissions testmg (FCC/VDE com-
pliance) on electronic devices. LISN’s are available in various
power sizes which include 450 KHz to 30 MHz and 10 KHz to
30 MHz frequency coverages.

REJECTION NETWORKS.
EMCO's bridged-T and cavity rejection networks are de-
signed for many types of specification compliance testing.
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Model 1060
Equipment Testing
Turntable

This new testing accessory
is set up for remote opera-
tion to add efficiency to
testing procedures. The re-
mote control operates the
% H.P. drive motor, brake
and gear reduction system,
which rotates the turntable
platform at one revolution
|n a minute. The 1060 is

ugged and built with mate-
na s that compl gl with FCC
testing standards.

The Electro-Mechanics Company

', @MCO P.0. Box 1546/Austin, Texas 78767
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Telephone (512) 835-4684
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ference by a power factor greater
than 1,000,000 to 1 when installed in
the TV or FM receiver antenna in-
put. The C-513-T2 model provides 75-
ohm coax connectors and the C-513-
T3 model provides 300-ohm twin lead
connectors. J.W. Miller Division,
Rancho Dominguez, CA 90221 or
INFO/CARD #122.

Automatic RF/Microwave
Test System

Watkins-Johnson Company has
expanded its ADATE line of automatic
test equipment with the introduction
of the WJ-1550 RF/Microwave Test
System. This automated, computer-
intensive system for evaluation of RF
parameters provides improved testing
efficiency and significant cost savings

.001 Hz TO 100MHz
CRYSTAL OSCILLAT(%!J,

Sizes and Styles Available:
1. 4 and 14 pins DIP, CMOS, TTL
A .87" x .50" x .20" C.76" x 46" x 18"
B .80" x .50" x .20"
2. TO-5, TO-8, 20 pins fiat pack, CMOS, TTL
3. 16 pins DIP. Very low current CMOS.
4. Commercial and screened to MIL-STD-883B,
MIL-D-55310
5. Temperature-compensated crystal oscilla-
tors (TCXO's)
A. In our standard size 1.50" x 1.50" x .50
B. Custom designed 1o your specifications.
C. Stabilities Available:
1. £ 1x10-" (0" to 50°C)
2. £2x10-7(-20°1070°C)
3. £5x10-7 (- 40°to 85°C)
4. +1x10-¢(~ 5510 105°C)
— D ——

OSCILLATEK
e

CORPORATION
5755 Foxridge Dr., Mission, Kansas 66202
Tel: (913) 384-2710 Telex: 437045
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for the user. Frequency coverage to
18 GHz is standard, with higher fre-
quencies optional Menu-drive software
facilitates efficient operator and pro-
grammer tasks. A touch-panel display
or a graphics terminal provides the
operator with a “friendly” interface to
execute, edit or generate test pro-
grams. The graphics terminal and
optional graphics printer present test
results in an easy-to-understand for-
mat. Applications include production
test, maintenance and support for all
types of broadband and narrowband
equipment, including receiver systems,
transceivers, microwave relays, RF
components and local-area network
equipment. Watkins-Johnson Com-
pany, San Jose, CA 95131 or please
circle INFO/CARD #68.

Ultra-Miniature Coaxial
Conductor Cable and
Connector Combinations

A new concept whereby cables
have been designed in combination
with connectors to achieve optimum
miniaturization is announced by Micro-
tech, Inc. In addition to ultra miniaturi-
zation, this design concept makes
possible special built-in-features,
heretofore unattainable, that assures
the user of unbelievably simple, rapid
and economical assembly of the cable
to the connector without special tools
and with inexperienced operators.
The units are factory pre-assembled,
with a minimum of loose parts so
that the operator need only trim the
cable to the proper length and screw
it directly into the connector to com-
plete a cable assembly in seconds.
They close the gap for high density
packaging and the extreme miniaturi-
zation required today in the computer,
transducer, instrumentation, medical
and IC fields. The line is precision
built of the highest quality materials.
The coaxial cables are made in either
standard shielded or special low-noise
treated types to prevent spurious
output from vibration, shock or cable
whip. The cable construction consists
of teflon insulated solid AWG #30
wire, a silver plated copper shield and
an extruded teflon outer jacket. The
connectors utilize 10-32 and 4-48
threads for the A & C Series con-
nectors respectively. Bodies, pins
and sockets are gold plated brass,
the dielectric inserts TFE teflon and
the washers silicone rubber. Prices
are exceptionally economical for the
small quantity users considering no
special tools are required and as low
as $0.75 each for industrial and O.E.M.
applications. Delivery is from stock.
Microtech Inc., Boothwyn, PA 19061
or INFO/CARD #119.

New Literature

Microwave Component Catalog

Over 200 pages of in-depth infor-
mation on the Sage passive com-
ponent product line including rotary
joints, switches, hybrids, couplers,
phase shifters, power dividers, filters,
attenuators, terminations, video de-
tectors, diode holders, and WIRE-
LINE® . Each section provides speci-
fications, performance curves, sche-
matic drawings, photographs, pro-
duct features and special information
on Sage’s custom engineering capa-
bilities in these product categories.
Sage Laboratories, Inc. Natick MA.
INFO/CARD #140.

Instrument Catalog

Krohn-Hite Corporation introduces
their latest Short Form instrument
catalog. Comparative specifications
on all Krohn-Hite’s — Function Gene-
rators from .0001HZ to 30 MHz with
Lin/Log sweep, AM/FM, Marker, pro-
grammable GPIB compatable units
and more. Active Filters from .001Hz
to 3MHz, High, Low, and Band Pass,
Band Reject and Tracking Filters.
RC Oscillators with Sine/Square wave
outputs from .001Hz to 10 MHz with
Ultra-Low distortion to 0.001%. Pro-
grammable GPIB compatible oscil-
lator units are also listed. Digital
Phasemeters with up to 0.05 degree
accuracy, at operating frequencies of
3Hz to 5MHz. Distortion Analyzers to
measure total harmonic distortion
down to 0.003%, and operating from
1Hz to 1MHz with auto-ranging and
auto nulling, plus programmable GPIB
compatibility built in. Wideband Power
Amplifiers capable of handling DC to
1MHz and delivering a maximum of
75 watts output. Krohn-Hite Cor-
poration, Avon, MA or INFO/CARD #139.

Microwave Component Catalog

Includes a broad line of waveguide
switches, coaxial switches, dummy
loads, bolometers and coaxial crys-
tal detectors. Micronetics, Inc., Nor-
wood, N.J. 07648 or INFO/CARD #137.

L-C Filters Catalog

Allen Avionics Catalog 19F pre-
sents the firm’s extensive line of cus-
tom-built L-C Filters in frequencies
from 20 Hz to 500 MHz. Included are
bandpass, band reject, linear phase,
highpass and lowpass filters, and
video filters consisting of NTSC low-
pass, reject and bandpass types. Also
covered are sub-miniature lowpass,
highpass and bandpass filters with
frequencies up to 500 MHz. The com-
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pany specializes in fast prototypes.
The 24 page catalog contains a special
Filters Facts Section and Glossary of
Filter Terms. Allen Avionics, Inc.,
Mineola, NY 11501 or INFO/CARD #135.

Attenuator And
Termination Catalog

Elcom Systems, Inc. catalog No.
831 has 32 pages listing a complete
line of coaxial attenuators and termi-
nations as well as minimum loss pads,
multicouplers, double balanced mixers,
detectors, and RF Fuses. They are
available in BNC, N, TNC, and SMA
connectors. These units operate over
the frequency range of DC to 4.2
GHz. This free catalog is available
from Elcom Systems, Inc. Boca Raton,
FL 33431, or INFO/CARD #138.

Application Note

Anzac Division of Adams-Russell
has available an article on the appli-
cation of RF Amplifier Loss-Less
Feedback Technology. Advantages to
this technology include improved
noise figures, increased output power
performance and higher third order
intercepts. In addition to design ap-
proaches, this application note con-
tains a listing of Anzac’s entire High
Dynamic Range Amplifier product
line. Adams Russell, Anzac Division,
Burlington, MA 01803, or please circle
INFOICARD #136.

Designers Guide

Analogic announces the availability
of the new fifth edition of its “De-
signers Guide and Handbook” for data
conversion products. If offers a con-
venient source of information — for-
mulae, definitions and application con-
siderations — essential to signal pro-
cessing systems which meet the
user's real-world requirements. The
32-page book also includes condensed
specifications and selection criteria
for a broad range of A/D and D/A con-
verters, sample-and-hold circuits, and
ancillary devices (analog multiplexers,
filters, isolation amplifiers, power sup-
plies, and modular subsystems) useful
in creating precision signal-handling
circuits and systems. Analogic Cor-
poration, Wakefield, MA 01880, or
please circle INFO/CARD #134.

Microwave Coaxial
Components Catalog

Gilbert Engineering's NEW G874
and G900 Catalogs offer a complete
line of 14mm 50 ohm connectors,
adapters, terminations, attenuators,
airlines, power dividers, low pass fil-
ters, miscellaneous coupling elements
and cable assemblies all utilizing the

New

P-Series
Complex Phasor
Modulators(cpMm)

| CONTROL
(EXTERNAL)

MATCHED VARIABLE
ATTENUATOR

wer *— %° —% é—‘ 0° r—*w'?smn

+15VDC & — 1 e _15VDC

A% MATCHED VARIABLE
i ATTENUATOR

&

Q CONTROL i;
(EXTERNAL)

Olektron’s P-CPM Series of modulators perform linear amplitude
and phase control in a single package.

These modulators provide dynamic phase and amplitude
controlin signal processing systems and interface directly with
control signal operational amplifiers.

Inputs required for 360 degree phase control and 40 dB
amplitude control are:

landQControl ... ... + 10V, 1000 ohms
load impedance
RFinput ... .. . +5 dBm @ 50 ohms
PowerSupply. ... ... +15VDC @ 10 mA
Typical Specitications:
Carrier Frequency 10 to 500 MHz (avail-
able in octaves)
ModulationRate . .. ... .. .. 0 to 1 MHz
PhaseRange.............. 0 to 360 degrees
AmplitudeRange . . .. .. ... —b6to -46dB
Impedance............... 50 ohms
VSWR.................... 15101

Standard Temperature Range 0 to 70C
The unit measures 1”x1"x.25”. For complete data write or

OLEKTRON

CORPORATION
61 Sutton Road/Webster, Mass. 01570

YOUR CHALLENGE IS OUR PROGRESS
INFO/CARD 83

*Product catalog
(52-page) avail-
able on your
company
lefterhead.



In the fast growing gas plasma
field, no one is growing faster
than Branson/IPC. We have a
broader product line and more
experience than anyone in the
field. While we grow, we enjoy
the full support of our parent
company: SmithKline Beckman.
And we're located in Hayward,
California, close to Silicon Val-
ley and affordable housing.
Please contact us about one of
the following opportunities.

Senior Mechanical
Engineer

Take this opportunity to join
Branson/IPC and be respons-
ible for designing hardware for
industrial products such as
reactors and supportive struc-
tures. Requirements include a

Branson/IPC IS Gas
Plasma. And More.

BSME with a background in
engineering and design of
vacuum and/or RF systems, or
a BSEE with at least 5 years'
experience in mechanical
engineering.

R.F. Engineer

You'll perform engineering de-
signs and develop gas plasma
system electrodes, electrode
connections, automatic im-
pedance matching networks,
RF shielding and safety and RF
generators. Requirements in-
clude a BSEE and at least 5
years' experience with RF
systems and networks.

We offer the benefits.

Both of these opportunities offer
excellent compensation and a
benefits program that includes
profit sharing, a savings and
stock purchase plan (with
matching company contri-
butions), health/dental/life insur-
ances, and 100% educational
assistance.

Find out more. Call (415) 489-
3030 for your application. Or
send your resume with salary
history at once to BRANSON
IPC, Human Resources, Dept.
RF, P.O. Box 4136, Hayward,
CA 94540. We are an equal
opportunity employer, m/f/h/v.

BRANSON/IPC

a SmithKline Beckman Company
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G874, G890 and G900 connectors. In
addition, many of the above items are
also available in 75 ohm versions.
Gilbert Engineering, Phoenix, AZ or
please circle INFO/CARD #133.

Molded Bobbins Catalog

New 20-page catalog offers the
most comprehensive listing of molded
bobbins available with complete
dimensional data in easy to use form.
Included are round core, rectangular
stack, reed switch, pot core, trans-
former, and square stack types. Listed
are various materials such as nylon,
glass reinforced nylon, polypropylene,
Delrin, as well as numerous other
substances. This catalog also provides
a complete listing of solder lug styles
and 70 different flange designs avail-
able. A separate section is devoted
to a detailed explanation of fabricated
bobbins suitable for low-volume appli-
cations. lllustrated are a wide variety
of sizes, configurations, termination
styles and materials. Bobbins, Inc.,
Chicago, IL 60639 or INFO/CARD #132.

Product Note

A new product note from Hewlett-
Packard, ‘“‘Bandwidth, Probing and
Precise Time-interval Measurements,”
provides a concise, comprehensive
review of the factors that affect the
accuracy of time-interval measure-
ments. As a reference guide for test-
system designers, the product note
demonstrates how an understanding
of system bandwidth and probing
limitations can improve measurement
repeatability. This 6-page note (part
no. 5953-3926) has seven figures and
three tables. It discusses waveform
distortion that can be caused by mea-
surement-system bandwidth and by
probing techniques used in measuring
small {picosecond) time intervals. It
covers how this distortion can affect
the time-interval measurement. The
product note also gives guidelines to
help determine if choosing a high-
bandwidth instrument to eliminate
errors is worth the increased wave-
form distortion caused by the high
bandwidth. Hewlett Packard Company,
Palo Alto, CA 94303 or INFO/CARD #131.

Components Catalog

Thor Electronics Corporation of
Linden, New Jersey U.S.A. announces
the released of their new twelve page
catalog of “Microwave Semicon-
ductors and Electron Tubes”. This
catalog lists over 3800 items and is
the most detailed listing of micro-
wave semiconductors and electron
tubes available. Thor Electronics Cor-
poration, Linden, N.J. 07036 or please
circle INFO/CARD #130.
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ASK-1

standard level (+7dBm LO)

from 500 KHz to 1GHz... hi-rel and industrial
miniature, flatpack, and low profile fom®3%

Choose from the most popular mixers
in the world. Rugged construction and
tough inspection standards insure
MIL-M-28837/1A performance. *

Check these features...

SRA-1 the world standard, covers 500 KHz to 500 MHz,
Hi-REL, 3 year guarantee, HTRB tested,

MIL-M-28837/1A-03 S performance* $11.95 (1-49).

TFM-2 world’s tiniest Hi-REL units, 1 to 1000 MHz,
only 4 pins for plug-in or flatpack mounting,
MIL-M-28837/1A performance* $11.95 (6-49).

SBL-1 world’s lowest cost industrial mixers,only $3.95
1 to 500 MHz, all metal enclosure.

SBL-1X industrial grade, low cost, $4.95 (10-49)

10 to 1000 MHz, rugged all metal enclosure.

ASK-1 world’'s smallest double-balanced mixers, 1-600 MHz,

flat-pack mounting, plastic case, $5.95 (10-49).
*Units are not QPL listed

INFO/CARD 85

MODEL SRA-1 TFM-2 SBL-1 SBL-1X ASK-1
FREQUENCY, MHz
LO, RF .5-500  1-1000  1-500 10-1000 1-600
IF DC-500 DC-1000 DC-500 .5-500 DC-600
CONVERSION LOSS, dB
one octave bandedge 6.5 6.0 7.5 7.5 7.0
total range 8.5 7.0 8.5 9.0 8.5
ISOLATION, dB, L TOR
lower bandedge 50 50 45 45 50
mid range 40 40 35 30 35
upper bandedge 30 30 25 20 20

For complete specifications and performance curves refer to the 1980-1981
Microwaves Product Data Directory, the Goldbook or EEM.

Mini-Circuits
A Dwision of S Comp 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 Telex 620156
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Sub-Miniature
L-C FILTERS

ALLEN AVIONICS Sub-Min-
iature Passive L-C Lowpass,
Highpass and Bandpass Filters
range from 5 MHz to 500
MHz. The filters are offered
in a 50 ohm impedance with
SMA connectors or terminals
for PC mounting. Several
different shape factors are
available. Units range in size
from .8 x.5x.5t0 1.25 x .5 x
.5 inches.

PHONE/WRITE FOR FILTERS
AND DELAY LINES CATALOGS

ALLEN AVIONICS, INC.

224 East 2nd St., Mineola, NY 11501
Phone: 516-248-8080
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GIVE YOUR
EMPLOYEES
AN EXTRA
CHECK
THIS
MONTH.

Help your employees fight the
Silent Killer—High Blood Pressure.
Start a blood pressure checkup
program at your workplace.

:.Pleasc send me a copy of “HIGH
BLOOD PRESSURE: DETECTION AND
| CONTROL AT THE WORKPLACE"”

i HIGH BLOOD PRESSURE

WHAT YOU DONT KNOW ABOUT IT CAN KILL YOU
L---—--—----J
A Public Service of Citizens For The
A ° Treatment Of High Blood Pressure, Inc.,

5 - § National Hypertension Association
and this magazine.

1
|
|
| Name |
1 Tite |
§ Company |
I Addl’f‘“ I
) City State—Zip |
I Mail to: Gerald ]. Wilson, Director, |
{ Field Office, Citizens For The Treat-
ment Of High Blood Pressure, Inc.,

| 140 Connecticut Avenue, NW,, |
§ Suite 604, Washington, D.C. 20036 I

I
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Meet some of our
new noise family.

Micronetics new "o | MRaerrmess | vows
SOIid state broadband PNG 5103 |10 Hz—500 KHz + 0.5d8B 1.5:1

PNG5107 [100Hz-100MHz |+ 150dB | 1.5:1
programmable PNG5109 |30MHz-500MHz |+ 2508 | 15:1

. PNG5111  |[1GHz-2GHz + 2508 2.0:1
noise gznerator, PNG 5200 |100Hz-1000MHz |+ 2.5dB 2.0:1

PNG 5000 Series

= Digitally programmable from remote source via
GPIB (IEEE-488 bus line)

= Full noise source capability from 10 Hz—2 GHz

u High crest factor (peak to rms ratio higher than 5)

= Completely Solid State

= Output greater than 10 dBm (10 mw) across given
frequency band

®» 0-99 dB attenuation range in 1 dB steps

= Rack mounting available

Noise Generators

NZG Series/100 Hz to 5 MHz
Up to 150 mv output/White
Gaussian Noise/14 Pin DIP
Small size and weight.
QUALIFIED PEAK FACTOR:
511 (min) NOise = Audio, VHF, UHF, RF & Millimeter
FREQUENCY FLATNESS: ® White Gaussian Noise

-~ 8 Hermetically Sealed
LE20l Sources ® Meet Mil Requirements
a Up to 5 Volt Output

8 Qualified Peak Factor 5:1 (min)
® 10 Hz to 50 GHz

P [
< « Whie Gaussian Nose N nicroneaticy inc.
» aemt\::'!::;lly Sealed s (1] p‘\ Mr
u Meet Mil Requiremen [ |
36 Oak Street - Norwood » NJ » 07648
e Ll a ' ' ’ ' ' $ [ V (201)7671320  twx. 710-991-9603

m Glass and Pil Packages

o ...the noise makers.

Write for our latest Noise Catalog SSNS/982
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the connector store

We're introducing our latest development — the
OSP™ Modular Plug-In Connector. Designed for
cost effective electronic system packaging. More
than just a connector, it's a unique packaging solu-
tion in answer to the demand for high density
packaging. OSP™ connectors eliminate external
cables — modules literailly snap together. Multiple

connectors mate simultaneously. And, they operate
reliably to 26 GHz even when only partially mated.
Components utilizing OSP™ connectors are also
available.

Need details? Send for our 20 page OSP™

booklet.
THE CONNECTOR STORE

See us at MTT-S, Booth #349.

Omni
W spectra M/A-COM OMNI SPECTRA, INC.

MA/COM Omni Spectra Inc. 21 Continental Bivd,
Merrimack, NH 03054 (603) 424-4111

OSP is a trademark of Omni Spectra Inc.
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