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When your message means business

A NORTH AMERICAN PHILIPS COMPANYQ

Now —reliable RF Transistors from 900 MHz
down to 1 MHz for Mobile Communications.

?OOMH:‘

BLU98
BLVIO
BLV91

BLU99
BLV92
B8LvIe3
BLVG4

512 MHz

BLU6O 12
BLU45 12
BLU30 12
BLU20 12
BLW82
BLW81
BLU99
ELW8BO
BLW79
BLXEE

175 MMz

BLV75 12
BLV45 12
BLV30 12
BLW60C
BLW31
BLY8SC
BFQ43
BFQa2 |

MOBILE APPLICATIONS
T T T

Type Power(W)'Freq.(MHz); Gain (db) min.| VCC (V) Package
T + 4 b

900
900
900
900
900
900
900

90
75
65
73
80
60
6.0

125
125
125
125
125
125
125

MOBILE APPLICATIONS

175
175
175
175
175
175
175
175
175
175

48

60
6.5
5.0
6.0
10.5
8.0
9.0
6.0

1256
125
125
12:5
125
125
125
125
125
125

MOBILE APPLICATIONS

175
175
175
175
175
175
175
175

7.0
6.5
8.2
50
9.5
6.0
12.0
10.5

T

12.5
125
12.5
125
12.5
125
125
12.5

[SOT-103 E1
SOT-172
SOT-172
{SOT-122
SOT-171
SOT-171
SOT-171

SOT-119
SOT-119
SOT-119
SOT-119
SOT-119
SOT-122
SOT-122
SOT-122
SOT-122
TO-39

SOT-119
SOT-119
SOT-119
SOT-120
SOT-120
SOT-120
TO-39E
TO-39

|

900 MHz

BASE STATIONS

i — _ — _ .
Type Power (W)‘l Freq. (MHz)| Gain (db) min.| VCC (V) | Package

BLWI6
BLV2S
BLV8BO 28
BLV33F
BLV36
BLUS3
BLV97
BLV57

66 to
870 MHz |
— — +
3PS
BGY32
BGY33
BGY35
BGY36
BGY43
BGY40A
BGY41A
BGY40B
BGY41B
BGY40A
BGY41C
BGY45A
BGY45B
BGY46A
BGY47A
BGY478
BGY47C
BGY22
BGY23

200
175
80
85
120
100
30
38

30 |
108
175
225
225
400
860
860

135
10.5
6.5

50
28
28
28
28
28
24
25

SOT-121
SOT-119
SOT-119
SOT-119
SOT-161
SOT-161
SOT-171
SOT-161

AMPLIFIER MODULES FOR LAND MOBILE

68-88

80-108
132-156
148-174
148-174
400-440
400-440
440-470
440-470
470-512
470-512

68-88
144-175
400-440
400-440
430-470
460-512
380-512
380-480

100
100
150
150
150
100
150
100
150
100
150
150
150
30
45
45
45
50
2.5 WATTS

20
20
20
20
13
75
13
7.5
13
7.5
13
30
30
15
2.2
22
22
29
7

| 125
| 125
125
125
125
12.5
1256
125
125
128
12.5
125
12:5
9.6
9.6
9.6
9.6
12.5

Freq (MHz)j Pin (MW) ll P Qut (W; vCC 1‘ Package

SOT-132
SOT-132
SOT-132
SOT-132
SOT-132B
SOT-132C
SOT-132C
SOT-132C
SOT-132C
SOT-132C
SOT-132C
SOT-301-A-03
SOT-301-A-03
SOT-26NC
SOT-26NC
SOT-26NC
SOT-26NC
SOT-75A

| 125 | SOT-75A

Amperex. 230 Dutfy Avenue, Hicksville, New York, 11802, or phone 516/931-6200. TWX 510/221-1839
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We're #11In
Fernite Products...

For Many Reasons.

We recognize that today’s markets demand products capable of meeting the expanding needs of
the industry concerning high-quality, high-volume microwave ferrite devices.

M/A-COM produces products in waveguide, coaxial, stripline and MIC configurations, within nigh-
volume, modern facilities.

Our extensive capacity and resources enable us to produce these products in quantity with the
highest standards of quality. These standards are reflected at all levels of production and
engineering.

MA A
M/A-COM MICROWAVE COMPONENTS, INC.
FERRITE PRODUCTS GROUP
53 SOUTH AVENUE
BURLINGTON. MA 01803
(617) 272-3000
TWX 710-332-6789 TELEX 94-9444

=
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September/October 1983

Cover

1 September/October Cover — The front cover is a dot-
matrix printer plot of the passband impedance of a 30
MHz lowpass filter using a new circuit design/analysis
program written for the IBM personal computer. See
feature product coverage on page 48 for details.

Feature Product P.48 - Features

XEG “ANpP- 1 0 Low Noise Amplifier Design — A low-noise program in-

tended as an addition to a general RF Amplifier design
ENTR CHHD 6-CHNG YPAR program which was published in March/April 1983 issue.
1-LSF 7-K-STERN
2-0PT TERM 8-YS/L FOR K 32 General Purpose Ladder Analysis with the Hand-Held
3-GAINS 9-S/Y CONV Calculator — A general purpose calculator program
4-YIN/OUT 18-NOISE offered that analyzes the performance of filters that
S-CHNG YS/L CHND? can be treated as ladder networks.

4 4 Computer Analysis of C Band Thin Film Attenuators — A
CAD program developed specifically to accurately
Low Noise Amplifier Design, P. 10 analyze microwave integrated circuits, can now also
accurately predict the phase, VSWR and attenuation of

Rs lossy thin film MIC networks such as used in attenu-

ators.

Departments

6 Letters 55 Subscription Card
48 New Products 55 Info Card
64 Ad index 58 New Literature

GP Ladder Analysis, P. 32

September/October 1983, Volume 6, No. 5, r.f. design (ISSN 0163-321X) is published bi-monthly by Cardiff Publishing, a subsidiary of Carditf Communications, Inc., 6430 S.
Yosemite 8t., Englewood, CO 80111, (303) 894-1822. Copyright 1983 Cardiff Publishing Company. S8econd Class postage paid at Englewood, Colo., and additional malling o"leu
Contents may not be reproduced in any form without written permission.

wueawnou& (AN doolqn is sent free to qualified individuale responsible for the design and devel of Ications equipment. Other subscriptions: USA, $18 one
your, $23 two yoars; | | and Canada, (surface) $25 one year, $45 two years; intemational and c»m (airmail) $40 one year, $75 two years. if available, single coples and back
Issves are $6 each. All editions of r.f. design dating from 1978 to present are available on microflim. For detalls contact University Microfiima Intemnational, 300 N. Zeeb Road, Ann
Arbor, MI 48108, USA, or phone (800) 521-0800.




SRA-1

SBL-1X

SBL-1

LMX-113

500 KHz to 1 GHZ from $395
hi-rel and industrial
miniature, flatpack, and low profile

MODEL FEATURES Freq. (MHz) tConversion Loss (dB) L-R Isolation (dB) Price
one octave total lower mid upper /Qty.
LO-RF IF bandedge range bandedge g bandedg:

SRA-1* the world's standard . . HTRB tested 5-500 DC-500 5.5 typ. 6.5 typ 50 typ. 45 typ. 35 typ 11.95
hi-rel 3 year guarantee (1-49)

2% world's tiniest hi-rel mixer 1-1000  DC-1000 6.0 typ. 7.0 typ. 50 typ. 40 typ. 30 typ. 11.95
TEM-2 only 4 pins for plug-in/flatpack mouting, (6-49)
- world’s lowest cost industrial 1-500 DC-500 5.5 typ. 6.5 typ. 50 typ. 45 typ. 35 typ. 4.50
SBL-1 mixer, only $4.50, metal case (10-49)
SBL-1X industrial grade, rugged 10-1000 5-1000 6.0 typ. 7.0 typ 50 typ. 40 typ. 30 typ. 5.95
all-metal construction (1-4)

ASK-1 world's smallest DBM 1-600 DC-600 5.5 typ. 6.0 typ 50 typ. 35 typ. 30 typ. 5.95
flatpack mounting, plastic case (10-49)

LMX-113* rugged flatpack, hermeticity tested 5-1000  DC-1000 6.5 typ. 7.0 typ. 50typ. 40 typ. 35 typ. 14.95
thermal shocked to MIL-STD-202 (6-24)

*MIL-M-28837/1A perfo
units are not QPll.. listed rmance

L0 = +7dBm

finding new ways
setting higher standa

[JMini-Circuits

World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (212) 934-4500
Domestic and International Telex 125460 International Telex 620156
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Dear Sir:

We very much appreciate having had
a nice review of our book 70 Years of
Radio Tubes and Valves in your recent
issue, but a typographical error has
caused us to have to write some rather
embarrassing letters — | thought
you'd want to know about this.

Harvey Roehl
The Vestal Press Ltd
Vestal, New York 13850

Unfortunately, the magazine made a
typographical error in the price of the
book, and it is not $12.95, it is $21.95. Ed.

Feedback on PLL Article

Several readers have commented
on Andrzej Przedpelski’s article on
PLL. Specifically on the subject of
‘“divide by N delay.” The following is
the author’s response to these ques-
tions. ED.

The divider delay concept has been
bothering several people for some time
now. The delay, as presented in the
r.f. design PLL article, has been arrived
at by at least two investigators: Scott
Wetenkamp of Watkins-Johnson
(as referenced in the article) and Stan
Goldman of Texas Instruments.

Let me comment on some of your
comments:

1). There seems to be a general
agreement that there is a delay in the
divider circuit. The most valid ap-
proch, in my opinion, is that any trans-
ition (at the output frequency) does
not “arrive”’ at the phase comparator
until N transition later. Let's take a
conceptual example: a 10 MHz syn-
thesizer with N = 10,000. The delay
in the divider is 1 millisecond. This
delay, at a loop frequency of let’s say
1 KHz, would be equivalent to 360
degrees of phase shift; at 100 Hz,
36 degrees, etc. The phase margin
would be decreased by the same
amount.

2. The expression e 3" expresses a
delay T in the frequency domain.
It satisfies the assumed conditions:
the gain is unity at all frequencies and
the phase changes continuoUsly with
frequency (as shown in Figs. 19 and
20). This is confirmed by your
correct statement that the above
expression can be expressed as an
infinite series with an infinite

6

number of poles (as done by Weten-
kamp in a truncated form). The fact
that there are an infinite number of
poles is taken into account in the
article. Any PLL has a very large
number of spurious poles, such as
the op-amp and VTO response, stray
reactances, etc., not usually accounted
for in the more common PLL analyses.
As | stressed before, there is no such
thing as ‘‘second order” PLL, although
that seems to be the usual example
used. Your comment that these poles
would make the loop hard to stabilize
is correct in cases of loops with large
bandwidths and large N, if this effect
is not taken into account. The con-
sideration of all these effects, not
usually taken into account, and their
use in optimizing the loop, were the
main reason for these articles.

Your comments are appreciated
and comments from other readers
would be also welcome, whether
positive or negative. | hope that the
above analysis could be someday
confirmed exactly by rigorous
experimental tests. So far, some
of the latest actual designs indicate
that the overall analysis is correct.

Andrzej B. Przedpelski

QSL Cards

Dear Editor:

Help ! I've been buried in a pile of
coupons requesting free QSL cards
(Ad:MarlApr 83). Please tell your
readers RCA is making every effort
possible to promptly fill all requests.
My initial QSL card print order will not
be sufficient and I've had to increase
the order eightfold. This will cause
some delay in our ability to respond
to the requests. Please pass my
apologies on to your readers for the
extended waiting time they may
experience.

Sincerely,
Tom Bluesteen
RCA Government Communications

“Basic, The Universal
Language’”?

Dear Sir:

Occasionally you publish program-
mable calculator programs to solve
particular design problems. At the
risk of impertinence, may | suggest
the programmable calculator is
obsolete, having been replaced by the
personal computer. You should

Wed like to
teach your
employees
to tie you
up, douse
you with
water, and
pound you
on the back.

It could save your life. And
severe bleeding, chemical
burns and choking are just
three of the emergencies we
can prepare you for.

Our courses can familiarize
your employees with almost
every phase of workplace
safety, from simple accident
prevention to first aid and CPR.

We’'re the American Red
Cross. We're working hard to
keep everyone working hard.

American
Red Cross

A Pubtic Service of This
Magazine & The Advertising Council
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Microwave circuit designers rely on Alpha
when they need monolithic beam lead diodes...for
one ve imglortant reason. If they can’t find ex-
actly what they want in our catalog, we’ll go back
to tKe drawing board...and chances are we’ll come
up with it.

As one of the world’s largest microwave
semiconductor manufacturers, Alpha Industries
makes monolithic diode arrays in antiparallel
pairs, common cathode pairs, star quads, bridges
and rings of matched junctions.
Not only do we provide these
components in a wide range of
configurations and packages,
we even incorporate
custom design
parameters to meet
sgecified operating
characteristics.

It’s our way of letting you get as close as
possible to your original design requirements...so
that you don’t have to compromise. So why not
draw on our vast reservoir of experience by taking
advantage of our unique fabrication capability in
your next design? Get in touch with us today, and
we’'ll send you more information.

Alpha Semiconductors...Our added
dimension of flexibility means
you don’t have to compromise!

[HlAlpha

The Microwave People

Alpha Industries, Inc.

20 Sylvan Road

Woburn, Massachusetts 01801
617-935-5150

TWX: 710-393-1236

TELEX: 949436
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publish program listing in BASIC, the This error does occur in the program
universal language of personal “MAT”, and as pointed out by Mr. Lev
. computers. From a purely practical causes a very small error to occur for
point of view, an article with HP-41 or the calculation of the stub lengths. The

— — TI-59 listing is of interest to only a program should be modified as follows:
I ona small subset of your readers, while a Lines 142 thru 155 should be deleted
BASIC program is available on all and the following lines 142 thru 154

personal computers and nearly all inserted in their place.

cou 'ers time-sharing systems, and usually
requires trivial translation for any :
machine from Apple to ZX-81. At the Prog‘;‘ram ('.,:’orrectlons
same time, few journals have pro- FoOr “MAT
vided a forum for publishing RF
. design programs, and your magazine
“’1‘ could continue its leadership by R
| filling this lack — but not by pub- 148 X2

lishing calculator programs; these 141 +
belong with the “short cuts on your ~142 1
slide rule” articles! 143 +
\ | Sincerely, 144 RCL 04
4 ‘L V.P. O’Neil Il 145 RCL 89
l 1 | Member of Technical Staff 146 *
| | Motorola, Inc. 147 CHS
0510 500 MHz ‘ Errors in Stub i:g ReL 9
Matching Article sa %
only S11% 549 151 RCL 04
' Dear Sir:
IN STOCK. . .IMMEDIATE DELIVERY 152 -
| 1 would like to express my thanks 133 RCL 84
to Mr. Lev for the feedback (Letters 154 7
e MIL-C-15370/18-002 l July/August 1983) pointing out that 155 SORT
performance* several errors are present in the article,
. . | “Calculator Aided Stub Matching.” . . .
* low insertion loss, 0.85dB | p|eas: inform your rea‘:jers ; th(lenfgol- | apologize for any inconvenience.
i i v lowing typographical mistakes and .
. :Igh dlreICtIVIty.SSS(;iji the corrections. Sincerely,
« flat coupling, =0. .
. Alan Victor
« miniature, 0.4 x 0.8 x 0.4 in, Yoo _Yol¥o v itanfx

« hermetically-sealed Yo 1 +i(YY)tanpx
* 1 year guarantee

*Units are not QPL listed

PDC 10-1 SPECIFICATIONS

FREQUENCY (MHZz) 0.5-500

COUPLING,d8 115 | G B, = [ g [G(X) 2 (G(X) )2 G 4 2N
n — —_ ——

INSERTION LOSS, dB TYP. MAX. A tan-') Yo Yo | T Yo ™y, J46)

one octave band edge 065 1.0 | X =

total range 085 1.3 2n G(x)

DIRECTIVITY, d8 TYP. MIN. YolYrld - Gy,

low range 32 25

mid range 32 25

upper range 22 15

IMPEDANCE 50 ohms.

Cor conpieln sechcaon, axd gefanace Neither of these errors appear in the

Data Director, the Goldbook, EEM, program. Equation (7) is in error and

or Mini-Circuits catalog should read as follows:

finding new ways. ..
setting higher standards

[] - ] ]
[JMini-Circuits G
. A Dwision of Saientiic Components Corporation | B(X) G(x) 1+ | Y.r“l2 C> YO GTn - GTn 7
Worid's largest manufacturer of Double Balanced Mixers - 4 ( )
2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200 Y, -
INFOICARD § Gr,
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Variable
Capacitors

Johanson air and sapphire dielectric variable capacitors
are designed for RF applications from HF through micro-
wave frequencies. They incorporate a patented self-lock-
ing constant torque drive mechanism which insures uni-
form torque and low dynamic noise, Johanson 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. Thin-Trim" and Seal-Trim® incorporate the
Johanson square drive tuning mechanism to assure non-
slip tamper proof adjustments.

Electronic Accuracy through Mechanical Precision

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

U.S. Patent No Re. 30,406, U S Patent No 3.701.932, U 'S Patent No 4179722
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Low Noise
Amplifier
Design

This low-noise program for the HP-41 calculator is intended to be an addition to the general
amplifier design package previously published in the March/April 1983 issue. Also a version
of the program is now offered for the TI-59 calculator.

By D. R. Hertling and R. K. Feeney
School of Electrical Engineering
Georgia Institute of Technology
Atlanta, Georgia 30332

oth TI-59 and HP-41 programs are given to calculate

termination admittances, as shown in Figure 1, for
low noise devices whose Y or S parameters are known.
The programs work with both inherently stable and pot-
entially unstable devices.

Background

For optimum low noise performance, both the source
conductance and susceptance must be specified. Most
manufacturers, however, specify only the source conduc-
tance. Sometimes, although rarely, both G_ and B, are given.
If neither low noise termination is given, the procedure
developed by Nielsen, can be used to find the optimum
source conductance. The optimum source susceptance
can then be determined experimentally. Several other
references describe procedures for calculating both the

source conductance and susceptance for low noise 2.3 4,

These procedures, however, are tedious and depend upon
experimentally determined quantities.

Even if both G, and B, are known, the designer may
choose to also calculate the B, which yields maximum gain.
The overall noise figure of a multistage system is a function
of both the noise figure and gain of the first stage. It is
therefore possible that even if the noise figure of the first
stage is increased by altering B, its gain could be increased
by a large enough factor to decrease the overall noise figure
of the system. The designer may therefore choose to use
the value of B, which maximize the gain of the stage.
If the device is inherently stable, the designer is only con-
cerned with optimizing either the noise performance or
gain of the amplifier. if, however, the device is potentially
unstable, the designer must first provide an adequate de-
gree of stability.

A device is inherently stable if the Linvill stability factor,

10

C, is less than one or greater or equal to zero. In terms of Y
parameters, the Linvill stability factor is given by

C = ,YfYrI

= (1)
29,9, — Re(yyy,)

If the device is inherently stable, there are two cases to
consider: (1) only G, specified, and (2) both G, and B, speci-
fied for low noise performance. For both cases the
designer will want to find the unspecified terminations
which optimize the amplifiers’s performance.

Design for the second case is straightforward since,
with G, and B, specified, the designer need only conjugately
match the output port to maximize the gain. The calculator
programs handle this case as follows; after the Y para-
meters of the device are entered, the Linvill stabitity factor
is calculated. Even if the device is potentially unstable,
itis possible that the mismatch at the input port caused by
the low noise terminations will make the circuit stable. The
programs, therefore, then calculate the output admittance
of the amplifier and check to see if its real part is greater
than zero. If the output conductance is positive, then the
optimum load termination is simply found by taking the
complex conjugate of the output admittance. If the real
part of the output admittance, G v 18 negative, a different
procedure which is described later must be used. Next, the
input admittance is calculated to check if its real part,
G, is negative. Finally, the transducer gain, G, is calcul-
ated in decibels.

Design for the first case requires slightly more work.
It can be shown that the source susceptance, B,, for maxi-
mum gain is the same as it would be if the source conduc-
tance, G,, had not been specified. The expression for this
optimum value for B, is:

September/October



Im(yy,)
By = — b, + —— @)
240

The programs handle this case as follows; after calculating
the Linvill stability factor, the source susceptance is cal-
culated from equation (2). Then with both G5 and Bg now
known, execution is identical to the second case. Again
both the input and output admittances are calculated to
check if their real parts are negative.

If the output conductance with the low noise source
termination is negative. an approach must be taken which
first ensures stability. Stern developed a procedure
using Y parameters for designing amplifiers with poten-
tially unstable devices. The Stern stability factor, K is
given by:

K = 2(g; + Gy) (g, + G)) 3)
lyy, + Relyy)

If K is greater than unity the circuit is stable. The larger
the K, the more stable the amplifier, however, the lower the
amplifier gain. In other words, gain is exchanged for stabil-
ity. A Stern factor from approximately 4 to 10 is adequate
for most situations.

The source conductance for optimum noise performance
is given by the manufacturer. With G_ known, the designer
can choose a Stern factor, K, and then solve equation (3) for
the load conductance G,. Similar to the design procedure
for inherently stable devices, there are two cases to con-
sider: only G, specified, and both G, and B, specified for
low noise performance.

Design for the second case is straightforward since
with both G_ and B, known, the output admittance of the
amplifier can be calculated. The real part of Y _is no con-
sequence since the load conductance has already been
determined from equation (3) to yield the chosen degree of
stability. The desire load susceptance, B, is the one which
yields maximum gain. B, should therefore be chosen to be
the negative of the imaginary part of the calculated output
admittance.

It should be noted that both ports of this amplifier have
been purposely mismatched. The input port is mismatched
to yield optimum low noise performance and the output
port has been mismatched to ensure an adequate margin
of stability.

Design for the first case requires more work since the
source susceptance must also be determined. The pro-
grams use a modified Stern’s procedure involving an itera-
tive method of successive approximations. The real part
of the source and load terminations are determined as in
case two. The imaginary parts are determined as follows;
B, is first chosen to be the negative of b . (b, is the imagin-
ary part of y ) Next, using the previously determined value

r.f. design

of G, and the first guess for B, the input admittance of
the amplifier is calculated. B, is then taken to be the
negative of the imaginary part of the input admittance.
Using the given value for G, and the first guess for B, the
output admittance for the amplifier is calculated. " The
second guess for B is then taken to be the negative of the
output susceptance. This procedure continues until the
new value for B, is within .1 percent of its value from the
previous iteration. A very appealing feature of this iterative
procedure is its similarity to experimental optimization of
an amplifier. Experimentally the circuit would be optimized
by alternatively adjusting B, and B, until maximum gain is
realized.

The TI-59 Software

The TI-59 software is split into three programs. The
first one is for inherently stable devices and requires only
the Y parameters, the source conductance, and if known,
the source susceptance for low noise. If the output con-
ductance or the net input conductance (G,, + G,) is neg-
ative then the second program should be run. The second
program requires the device Y parameters, G, B, (if known),
and a Stern factor. Both programs use the same registers
for the Y parameters and the source and load terminations.
Thus it is unnecessary to re-enter this data when going from
one program to the other. Also direct addressing is not
used in any of the programs to facilititate any program
additions or modifications. If the designer wishes to use S
parameters, the third program which converts S — Y para-
meters should be executed first. This program is compat-
ible with the other two in that the device parameters are
entered in the same order and the resulting Y parameters
are automatically stored in the proper registers for execu-
tion of either of the other two programs.

The following examples illustrate the use of the programs.

Example 1(Tl)

Find the unknown terminations for the device whose Y
parameters are given. The optimum source termination
isY, = 20 — j25.0 mmhos.

85+ j350-j.2
40 - j20 .35 - j.75

all mmhos

yl =

This example will be solved two ways. The first solution
will assume that only G, is known. For the second solution
it will be assumed that both G_ and B, are known. Procedure:

(1) Read side 1 and side 2 of magnetic card #1. (Inherently
stable device program.)
(2) Press E toinitialize the program.

1



“Worlds” of R.F. and
Microwave Products
at Your Finger Tips

~ _»

Flexible & Semi-Rigid Coaxial Cable & Assemblies

/N d
& AN

Connectors and Adapters

<)

: ‘ -
L : | |
Yy YT
: ALARNA L{—‘_ FREh
v & 3

“In-A-Cable” Filters & Transformers

Coaxial and Waveguide Delay Lines

And...Attenuators, Detectors, Directional Coup-
lers, D.C. blocks, Fiber Optics, Matching Pads,
Power Dividers, Short Circuit Terminations, Sliding
Loads, Terminations.

Whether hard to find or hard to beat, the “best of
both worlds" is at your fingertips. Send for complete
literature or phone us at 215-539-0700 with your
requirements.

QY

Uniform Tubes, Inc./Huber + Suhner
Collegeville, PA 19426 @ (215) 539-0700
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(3) Entery,,y,,y,andy,_ in order using the following pro-
cedure:
Enter g,
Press A
Enterb,
Press A

Enterb,

Press A
(4) Enter G,

Press B
(5) Press A’ if a printout is desired.
(6) Press C

The following printout is obtained.

e R 1 I

oL 5-03

ia. g

2. =04

4, -0z

-2. -z

2 5-04

-7 9-04
1, @95921e I
0,0z 55
L1432257 14 BS
0014474 L
LaNn2114586 EL
;U 93553013 GT

If the printer is not used, the calculator will stop with C

displayed. Successive pressings of R/S will display G, B,
G, and G;indBin that order.
To do thls example for both G, and B, known, all that
is necessary is to enter B, press B' and then press C. The
way the program is written, flag 2 is set when B, is entered.
Therefore flag 2 should be reset if it is desired to again
run the program with only G_ given. For B, = - 25.0 mmhos,
the following printout is obtained:

3™

—u.“:‘ B
nnni““ﬁz Gl
L Onndss 5'_ el

1T.¢4b41583 T

[It should be noted that flag 1 is set if a printout is desired,
therefore, if RST is pressed, which resets all flags, the pro-
gram will also not print the resuits.)

Example 2 (T1)

This example illustrates design using a potentially
unstable device which is not stabilized by the low noise
mismatch at the input port.

September/October



the world’s widest selection of matching ratios

10KHz-800 MHZ...balanced, DC isolated, center-tapped
46 off-the-shelf models from Mini-Circuits from®2%

Bent Lead version,
please specify

Select from the economical, microminiature T-series (plastic case) or TMO
series (hermetically-sealed metal case) covering 10 KHz to 800 MHz. These
models operate from 12.5 to 800 ohms with insertion loss typically less than 0.5 dB.

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

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

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

DC ISOLATED Ti-1  TI-IH TLS1 T256 T4-6 T91 T9-1H Ti6-1  TI16-1H
PRIMARY & Model No. T™OI1-1 TMOL15-1 TMO25-6 TMO4-6 TMO9-1 T™MO16-1
SECONDARY Imped. Ratio 1 1 15 25 4 9 9 16 16
Freq. (MHz) 15400 8300 .1:300 .01-100 02-200 15200 290 3120 785
T Model (1049) $295 %495 $395 $395 $3.95 $345 $545 $395 $595
TMO model (1049)  $4.95 $6.75 $6.45 $645 $6.45 $6.45
CENTER-TAPPED TiIT T2.1T T25-6T 31T T41 T41H 51T TI3IT
DC ISOLATED Model No. TMOLIT TMO2-1T TMO25-6T TMO3-IT TMO4-1 TMO5-1T TMO13-1T
PRIMARY & Imped. Ratio 1 2 25 3 4 4 5 13
SECONDARY Freq. (MHz) 05200 07-200 .01-100 05-250 2.350 8350 .3:300 3120
T Model {1049) $3.95 $425 $425 $395 $295 $4.95 $4.25 $4.25
TMO model (1049) $6.45 $6.75 $675 $6.45 $495 $6.75 $675
UNBALANCED T21 1 T4-2 T8-1 Ti4-1
PRIMARY & Model No. TMO2-1 TMO31 TMO4-2 TMO81 TMOIl41
SECONDARY Imped. Ratio 2 3 4 8 14
Freq. (MHz) 025600 5800 .2-600 .15-250 2-150
T mode! (1049) $345 $4.25 $345 $345 $4.25
TMO Model (1049)  $595 $6.95 $5.95 $595 $6.75
FT FTB Model No. FT151 FTBI-1 FTB1-6 FTBI1-1-75
imped. Ratio 15 1 1 1
Freq. (MHz 1.400 2-500 .01-200 5500
(14) $2995  $2995 $29.95 $29.95

~ Mini-Circuits

A Division of Scientific Components Corp
t manufacte Do Balanced Mixers

2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200
Domestic and International Telex 125460 International Telex 620156

INFO/CARD 9 w—
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[ ]_1.5+j3.5 0-ij3 all
Y s6 — j11 .1+ j.75| mmhos
G, = 2.0 mmhos, Bg unknown

To do this example, simply repeat steps (1) through (6) of
Example 1.

1.5-03
3, S-03

n, o

-3, -4
I S X S
-1.1-02

1. -4
V. 5-04

- OnoDnesnian SOouT

The calculator prints a negative value for G_ . Thus, with
the given source conductance, the real part of the output
admittance is negative indicating that the circuit is
potentially unstable. If the printer is not used, this negative

value for G_,, would be displayed. The second program
should now be run.
Procedure:

(1) Read side 1 and side 2 of the second magnetic card.
(Potentially unstable device program.)

(2) Since the Y parameters and G_ are already stored in

the proper registers, simply enter a §tern factor (4 is used
for this example.)

200 V/m Testing;
Fast Turnaround!

Seven Large Shielded Enclosures!
MIL-STD-461A/B & Commercial Specs!

® Radiated Susceptibility Testing 10 kHz - 18 GHz
e Enclosure Treated with R.F. Anechoic Material
e Emissions Testing: 20 Hz to 18 GHz

e Modern Semi-Automatic Swept EMI Receivers
e Mobile EMI Vans for Remote Site Testing

e 25 Years of EMI/EMC Experience

e EMC Consulting; Custom EMI Filter Designs

Call or Write For Capabilities Brochure!

TECHNOLOGY CORPORATION

Y CORPOIAT
g Services Division
18435 Susana Rd.,Rancho Dominguez, CA 80221,(213) 537-4750, TWX: 910-346-6773

INFO/CARD 10

(3) PressC

The following printout is obtained.

4. k

55

BS

O, Q07 yedyzy G
-, D0da9340z2 EL
Jd BeSI042E LT

If By is also known, simply enter its vaiue and press B’ prior
to entering K and running the program. Assuming

B, = -10.0 mmhos, the following printout is obtained.
4. 00 b
2. -0 55
-1, -2 Vo
Ve TRVTET -0 L
. d2247VL-0z Ei
1,9999571 01 5T

Example 3 (T)
This example uses S parameters to demonstrate the
S — Y parameter conversion program.

- 792, —107.4° 07, 26°
" 11.995, 81.1° 659, —60.8°

EMI PROBLEMS?

Let Eagle Magnetic CURE your
magnetic shielding problems!

For more information write or call: ¥
P.O. Box 24283 ¢ Indianapolis, Ind. 46224
| Phone (317) 297-1030

INFO/CARD 11



h erkmw . -
Tr';?u?r%m"emsotyoﬁ? Your Choice

Rg%ir\gae . For High Quality

 can be realized with Communications
- React:onolrn:trumsnts EQUlpment
‘Receiving Ecmimmnt

DISTRIBUTION
AMPLIFIERS

The Model 7298 Video Line Driver
Amplifier is a general purpose, dc to
8 MHz amplifier, with up to 15 plug-in 6
output distribution amplifiers, each with
output rated at +20 dBm.

The Model 7292A FDM Distribution Amplifier System,
with up to 15 plug-in 6 output amplifier channels, features
low noise (BINR>>70 dB) and intermodulation (npr>65 dB)
for distributing CCITT FDM demodulator outputs.

The Model 7291 Distribution Amplifier is a general purpose, wideband
(dc to 32 MHz), low distortion video distribution amplifier with dual 6
output channels.

Please Write or Call

E REACTION
INSTRUMENTS
1916 Isaac Newton Square West

Reston, Virginia 22090
Phone: (703) 471-6060

Multicouplers ® Receivers ® Signal Distribution @ Frequency Converters ® Processors
INFO/CARD 12




(Example 3 continued)

The chosen device is an HP 2N6680 GaAs FET and the
parameters are for 4 GHz. The optimum reflection coef-
ficient I = .618 £98° which corresponds to an optimum
source termination Y, . = 10.22 —j20.23 mmhos. This ter-
mination should yield a noise figure F_, = 1.6 dB (1.45).

- =
Al

[y
-

Procedure:

(1) Read side (1) and side (2) of the third magnetic card. (The
S - Y conversion program.) -
(2) Press E toinitialize the program. e b LA
(3) EnterS,,,S,,, S,,,and S,, in order as follows.

Pres‘s A

)
D}

’]
-] L
e I S

Sl SN
DR a8 S

v "

1

-

1T e,
n-
L w

J—

[

[

)
i
L
'

i)

i
Wy
i3

L S22
Press A
(4) Press B
(5) After execution halts, read side (1) and side (2) of the
first magnetic card. (Inherently stable program.)
(6) Enter G,
Press B
(7) EnterB,
Press B’
(8) Press A’ if a printout is desired.
(9) PressC

The following printout is obtained.

CONTROLLED
TUNABLE BANDPASS
FILTERS

32MH: fo m-umn Q with minimum insertion loss.
Interfaces:

*RS-232 Serial « IEEE 488 Parallel. « 8-4-2-1 Parallel BCD.
.05dB Chebyschev cavities available in three and
five section configurations — 50W power handling
capabllity —0.5% tuning resotution—Multl-octave
capability.

Call or write today for prices and ordering information.

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)

18 INFO/CARD 64

In order to see if the B, which yields maximum gain would
possibly provide better overall performance, rerun the pro-
gram as follows.

(1) Press INV SF 2 (this resets flag 2 so that the value of
B, which yields maximum gain is calculated.)

(2) PressC

The following printout is obtained.

. 287826117 X

0, 01022 53
- 03439527 4 B
0024188614 Gl
- 014E0EETT EL
14, ETESTA33 GT

CRYSTAL
CLOCK OSCILLATORS
QPL, d to MIL-0-55310/16/09

DIP—up to
100MHz

TM 1100 A = + .01%
TM1114 A = + 05%
TMI115A = * 1%

BETTER STABILITY AVAILABLE |

TO5,TO 8

1. Up to 85MHz

2. Pin compatibie to other
manufacturers

3. Fixter tuning available

CRYSTAL

OSCILLATOR
(MINIATURE)
FEATURE
1. Frequency range:
up to 80MHz
2. Stabilities available:
1. 1x10~7 (0° to 50°C)
2. 2x10-7 (=20° to 70°C)
3. 5x10~7 (—40° to 85°C)
4. 1x108 (-65° to 105°C)
3. SIZES AVAILABLE
{(LXWxH in mm)
1. 25.4x25.4x12.7
2. 38.1x38.1x12.7

CUSTOM DESIGN AVAI LABLE

INFO/CARD 13 September/October



_ Now, HP packs more value
into its economical REF spectrum

analyzers with digital

display and rugged portability.

| Measuring RF signals? HP's economy RF spectrum
analyzers now give you even more value for your
money. We've added digital display, versatile data
1/0 and rugged portability to the excellent
performance and operating simplicity of these
popular spectrum analyzers. The new HP 853A
digital display spectrum analyzer mainframe with
the HP 8557A (10 kHz-350 MHz) or 8558B (100
kHz-1500 MHz) spectrum analyzer plug-in
combines accurate performance and simple
three-knob operation to meet a wide range of RF
measurement applications.

Digital display adds clarity and
convenience.

The HP 853A provides two independent 480-by
800-point resolution traces for flexibility in
storing trace data and monitoring signal changes.
You get a crisp, flicker-free, easy-to-read display.
And the microprocessor-managed display system
includes maximum hold for storing peak signal
values, digital averaging over successive sweeps to
reduce noise effects, and trace normalization to
help detect signal changes in a crowded spectrum.

Rugged portability lets you take it
almost anywhere.

The 853A is designed for transportable use in
rigorous environments. Weighing less than 48 lbs.,
the analyzers can be taken outdoors for field test
use,oreasily moved around laband productionsites.
The 853A comes with a tilt-bail handle, rubber
bumpers, and a drip-proof front panel cover. What's
more, the HP 853A with plug-in installed is type-
tested to meet shock, vibration and driptest

5301201

INFO/CARD 14

specified under MIL-T-28800 C

Type 111, Class 3, Style C performance tests.
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 to3 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
and read frequency from the LED display, narrow
the FREQUENCY SPAN for closer analysis and
adjust REFERENCE LEVEL to read amplitude
directly. Resolution and sweep speed are auto-
matically adjusted.
U.S.A. list prices for the plug-ins are: HP 8557A

(350 MHz) $6,520; HP 8558B (1500 MHz) $7.925.
The new 853A display mainframe is listed at $5,550*

l

For a permanent
record or com-
parison of many
displays, the
853A push-
button controls
can directly |
— operate an HP-IB
plotter for hard copy data |
recording. Or connect the
853A to a computer (like
the HP-85) via HP-1B and get
trace /0O as well as operator prompts
on the CRT.

To add portability and digital display con-
venience to your RF spectrum analysis applications.
call your nearest HP sales office and ask for
“Instruments.’ For the same simplicity and per-
formance in microwave applications, ask about
HP's economical microwave plug-in for the 853A.
For more information about these instruments,
write Hewlett-Packard, 1820 Embarcadero Road
Palo Alto, CA 94303.

*U.S. A list prices only

L

DESIGNED FOR

 HP-IB 2

SYSTEMS




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

SIZE_.~__MODEL ER8001and

MODEL ER8003

2" 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

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
ELECTRONIC 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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In order to see which solution provides the best overall
noise figure, calculate the new noise figure of the device
from:

R
F=Fqn+ E’:‘[(Gs - Go)2 + (Bg - Bo)2] @

S

F = 1.44, G, = 10.22 mmhos, B, = -20.23 mmhos.

min

R, is given in the data sheet. R, = 23.14 ohms. From equa-
tion (4):

F =193

The designer therefore has the choice between:

F=F_ =144and G, = 11.85dB(15.31)

and

F = 1.93and G, = 14.68 dB (29.37)

The overall noise figure of a two stage system is given by:

©)

where F. and G, are the noise figure and gain of the first
stage and F, is the noise figure of the second stage
expressed as ratios. Using equation (5) it can be shown
that the lower noise figure and gain are superior as long
as the noise figure of the second stage is less than or equal
to 16.97 (12.3dB).

HIGH VOLTAGE BROADBAND
RF FET
High dynamic range RF FET now available up to 50V
BVDGO, for use with 24 & 32V supplies, and where
higher drain voltage improves dynamic range. The
CP664 (30V), CP665 (40V), and CP666 (50V) have
third order intermodulation intercept >+40 dBM, and
50 Ohm VSWR < 1.5 to 1 over 0.5 to 50 MHz range.

HIGH VOLTAGE RF FET

“™ TELEDYNE
CRYSTALONICS

147 Sherman Street, Cambridge, MA 02140
Tel: (617) 491-1670 « TWX 710-320-1196

INFO/CARD 16



The HP-41 Software

The low-noise program for the HP-41 is intended to be an
addition to the general amplifier design package previously
described in r.f. design® One additional subroutine is
added to the software and minor modifications are made to
two existing subroutines. One of the minor changes adds a
new item (NOISE) to the “menu” while the other change
is in the Stern stability factor routine.

Since the user will probably wish to make gain and other
calculations in addition to finding the best termination
for noise performance, he will probably wish to modify the
previous programs and add the extra routines to the calcul-

ator. If this is done, the S-parameter routine cannot be simul-

taneously loaded into the HP-41CV main memory. If S-para-
meters are used, one of the longer routines, say, the gain
calculation subprogram, should temporarily be deleted or
copied to extended memory. With the S-parameter module
deleted and the noise program in place, a minimum size
of 030 is needed leaving 43 registers unused.

The details of using the program were discussed
previously. All routines are executed by entering the
appropriate command from the command menu. If a printer
is not present, it is recommended that flag no. 21 be set
manually before using the programs. If this flag is set,
the calculator will stop whenever a print or prompt com-
mand is executed. Pressing R/S will continue the program.
The HP-41 program is almost completely automatic. If
both G, and B, are known, they should be entered. When
B, is not known, enter zero.

The program tests for the various cases and automatical-
ly does the appropriate calculations.

Example 1 (HP)

Start the calculator by executing program AMP. The
command menu is printed.

#-HO15
i# Fik
Enter command number 10. The program requests the

device y-parameters. The Linvill stability factor is auto-
matically calculated.

ENTER Y-PARARS

5.5-83 RUN
3.5'03 th

I

DESIGN ¢ SERVICE *« SUPPORT
Attenuators and Coaxial Switches

Programmables, Rotary and Fixed
J JFW Industries, Inc.* 2719 E. Troy Avenue*Indianapolis, Indiana 46203¢(317) 783-9875
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BR=?
-.2-83 RN
GF=?
46-43  RUN
BF=?
-28-83  RUW
Go=7
.33-83  RUM
BO=?
-.73-83  RUH
L. 8. F. = 896.9-3

Next, enter the optimum source termination. Since B, is
not known, enter zero.

(5=7
2-83  RUN
BS=7
g RUN

Once the source termination is entered, the HP-41 pro-
gram proceeds automatically and prints the results
including all of the amplifier gains.

(5= 2,8886E-3

BS= -14,93E-3

GL= 144,8E-6
BL= 211.3E-6
tradition of
quality and R
|0w cost e 310 230.3731
Cabie: CONWINWCGD

OPERRTING GRIN
GP= 29,14k dB

AYARILABLE GRIN
GA= 28.c6Ed dB

TRANSDUCER GRIN
GT= 28.668E8 db

CHHD?
After completing the calculations, the calculator prompts

for another command. Again, enter 10 to do the second
part of example one.

CHRD?

Connor-Winfield
Oscillators

ECL logic in a small DIP package

Specifications

<o
—
"(cMn-

”

The Connor-Winfield ECLA and ECLB offer ECL
logic in a small DIP package plus an extremely
wide crystal controlied frequency range. Each

case is an all metal package with ground to
minimize E.M.I.
Complimentary outputs available.

FREQUENCY: 25MHzto200MHz

QUTPUT: 100K or 10K ECL

SUPPLY: -4.5Vor -5.2V

STABILITY: +.01%or =.005%
over —25°Cto +75°C

DUTYCYCLE: 50 =10%

SIZE: 0.5" x 0.8" x 0.25"

(12.7 x 20.3 x 6.4mm)

Lightning Fast Delivery

Low cost TTL clock

The S15R8 series features fast delivery on stock frequencies and low cost

for volume purchases. The Model $15R8 oscillators are stocked in the
following frequencies: 1MHz, 2MHz; 2.048MHz; 4MHz; 5SMHz; EMHz,
BMHz; 10MHz; 12MHz; 16MHz; 20MHz; 24MHz and 40MHz.

Other frequencies are available — from 250KHz to 70MHz — at a low cost

but with a longer lead time.

Specifications

STABILITY: +.01%over 0°to +70°
SUPPLY: +5Vdc +5%
SIZE: 0.5" x0.8"x 0.2

(12.7 x 20.3 x 5.1mm)

Other Models

C14R5L, C15RSL
Low current CMOS DIP oscillator

SwW1, swe
High frequency sine wave DIP oscillator

DPS1,DPS2
Low frequency sine wave DIP oscillator

TC10A,TC10B
High frequency TCXO oscillator

22

WHATEVER YOUR NEEDS, CALL OR WRITE US TODAY FOR MORE INFORMATION.

INFO/CARD 18
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I y' yf
Ys Yo
Y1 y°
=G, + B Y. =G, +jB.
Yo Y g + jb; g + ib,
Yi Yo gs + jby go + ib,
Figure 1. Definitions of quantities used.

OPERATING GAIN
GP= 22.79E8 db

AYATLABLE GAIN
GA= 17.55E6 db

TRANSDUCER GRIN
GT= 17.55¢ke dE

CHND?
This completes example one. Examples two and three,
done using the same procedure, are summarized in Figure 2.

HIGH DYNAMIC RANGE

RF AMPLIFIERS
) — /

9 - -
ALY

Janel offers o wide variety of high dynamic
range RF Amplifiers. 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.

Mode! Frequency Gain N.F. 3rd L.P.
PF811 0.1-32 MHz 17.5d8 4.5d8 +42dBm
PF749-1 146-174 16.5 4.0 +35
PF804 215-320 7 4.0 +35
PF7410C  406-512 16.5 45 +35
PF797A 800-960 19.5 5.0 +35

In addition to RF Amplifiers, Janel monufo:turos a wide range of stan-
dard Power Dividers and other rf comp C designs can be
provided for unusuol 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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INEXPENSIVE SOURCE

FEATURES:

CRYSTAL STABILITY
MIXER COMPATIBLE
COMPACT SIZE

MODEL
112

3-6 GHz OUTPUT

$.005% 0 to +50°C

5mw MINIMUM POWER OUTPUT

-40dBc HARMONICS

+15 VDC INPUT

4.0x2.0x2.1" HIGH

FREQUENCY ADJUSTMENT SUFFICENT
FOR 5 YEARS AGING

TECHTROL CYCLONETICS, INC.
NEW CUMBERLAND, PA. 17070

(717) 774-2746
INFO/CARD 20
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IF & RF Microwave

SWITCHES

DAICO MEETS YOUR REQUIREMENTS
for solid-state IF & RF Microwave switches from
SPST to SP28T with internal drivers and termina-
tions. Check out the specifications of hundreds of
switches; as well as Daico IF & RF step attenua-
tors, analog attenuators, coaxial relays and
phase shifters.

FOR EXAMPLE:

HIGH SPEED SWITCHES
BROADBAND SWITCHES
HIGH POWER SWITCHES

HIGH SPEED SWITCHES

FREQUENCY  SPEED ISOLATION PACKAGE PART NO
CONFIGURATION
SPST
3-150MHz 25 nsec 4008 14 PN DIP DS0111
10-200MHz 25 nsec 60d8 SMA Connectors  100C 1041
sper
100-500MHz 25 nsec 4548 16 PIN DIP DS0142
2-500MHz 40 nsec 4008 SMA Connectors 100C 1052
BROADBAND SWITCHES
FREQUENCY  SPEED ISOLATION PACKAGE PART NO
CONFIGURATION
SPST T0 SPBT
15-1000MHz 20 usec 6008 SMA Connectors 100C 1291
thru
100C 1296
SP2T
20-1000MHz 1 usec 3008 14 PIN DIP DS0052
500-2000MHz 0.4 usec 3508 14 PIN DIP DS0257

SP4T
35db

500-2000MH2z 24 PIN DDIP DS0259

HIGH POWER SWITCHES

04 usec

FREQUENCY  POWER SPEED ISOLATION PART NO
szt

20-80MHz 1000 Watts CW 20 usec 60d8 100C1142
3000 Watts Peak

100-400MHz 1000 Watts CW 15 usec 80d8 10001569
2000 Watts Peak

TRANSMIT/BYPASS

225-400MHz 600 Watts CW 50 usec 30d8 100C 1545

2000 Watts Peak

SEND FOR -!.
new g
DAICO

CATALOG

DAICO INDUSTRIES, INC.

2351 East Del Amo Bivd., Compton, Calif. 30220
Telephone: (213) 631-1143 - TWX 910-346-6741
© 1981 Daico Industries, Inc mp81401
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ENTE CHKD
1-LSF

2-0PT TerH
3-GAINS
4-YINADUT
3-CHNG YS/L
6-CHNG YPAE

Figure 2A
HP-41 Example 2

XEQ “ARP-

OPERATING GAiH
GP= 25.25t@ ok

AYAILABLE GAIN
DGES WOT ERIST

TRANSDUCER GHIN

7-K-STERN GT= 24.67E8 dB
8-YS/L FOR K -
9-5/1 CONY CHND? P
16-NDiSE il
CHND L. 5. F. = 4.750E#
' )
1 RN
ENTER Y-FARANS - LA
BS=7
§1=? -19-63 RUN
. k=T
. 9-83 ] :
o 1,593 RUK .
3.5-81 iN -
- 308 RN e 2 a3
) B RUN BS= '19.3%'3
iR="7
Bk _.3.93 g L= 7.798E-3
GF=7 ’ ' BL= '2-222E‘3
56-63  RUM
BF=7
- o83 RUR - ooreatinG GRIN
' 43 jyx GP= 24.13E@ dB
BD:? .
.Fs_as RUN ﬂVﬂlLHBLt bﬂlﬂ
% DOES NOT EXIST
L. S F. = 4,796 ,
S TRANSDUCER GRIN
£527 Gi= 28.06E0 dE
2-83 RN
BS=7 .
k=7
4 kuw
GS= Z.BH0E-3
BS= -5.339E-3
GL= 7.793E-3
BL= -4,399E-3
September/October




ENTR CHMND
1-LSF

2-0PT TERM
3-GRINS
4-YIN/OUT
5-CHNG TS/L
h-CHNG ‘PHk
7-K-STERK
8-vYS/L FOR K
9-5/Y CONY

18-NOI5E
CHND?
9
nsil=%
792
ASi=?
-167.4
MSic=?
.87
AS12=7
20
n5z1=?
1,995
AsZ1=?
61.1
n522=?
659
pszz=?
-68.§
CHND?
1@
L. § F. = 1.288E0
£5=7
18,22-83
B5=?

69=
BS= -26.23k-3

GL= 6, 749E-3
BL= -14.29E-3

Figure 2B.

HP-41 Example 3.

XEQ "AME*

OPERATING Gulk
GP= 14.48E% db

AYRILABLE GRIN
GR= 11.85E@ b

TRANSBUCER GRIN
GT= 11,85E8 dB

CHHD?

RN
Rt
RUN
RUN

E
RUK  BS= -35.88E

RUN - gL= 2.419E-3

BL= -14.61E-3
RUK

RUN

_ OPERATING GRIN
RUN  gP= 17.36E6 dE
RYAILABLE GRIN
Gfi= 14,08t db
Rk

TRANSDUCER GAIN
G7= 14.08EB db

FUN CHND?

Rk

r.f. design

DALE
MEASURES UP

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 TCXO-32
now in production.

Model No. | TCX0-22 | TCX0-24 | TCX0-26 | TCX0-30 | TEX0-32
Freq. Range 3 MHz to 15 MHz
| Stock Freq. | 4.5, 10MHz ]
stbiity | +1,45 | 1 | 3 | &1
{3;&"‘& (010 +55°C) [ i%?’m ; (:;sc:cio [ (:;g:ct;,
Case Sty|e‘ | Tpoxy—] Metal withJHerm;ic Seai ]

Contact Dale today for complete price and delivery
information, plus assistance with custom modeis.

Phone 602-967-7874

Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282

INFO/CARD 22



Program #1 (Tl) Inherently
oo 91 RS o7? 42 STO 154 22 INY
o0t Ve LBL ovg 20 20 155 77 GE
ooz 11 R 079 87 IFF 156 23 LHNX
o3 VT2 ST# 080 02 02 157 43 RCL
o004 09 09 021 30 TAH 158 18 18
on0s 93 PRT 082 53 « 199 42 S7T0
a0e 69 0OF 083 43 RCL 160 0! 01
ooy 29 29 o84 11 11 161 43 RCL
ong 91 RAS 083 94 +/- 162 29 29
no9 76 LBL 0ge 85 + 163 42 STO
012 185 A" 087 43 RCL 164 02 02
011 836 §TF 088 29 29 165 53 (
o1z 01 01 089 95 <+ 166 43 RCL
013 21 Rs8 Q30 02 2 167 186 16
ni4 76 LBL 091 55 + 168 85 +
nis 12 B 092 43 RCL 169 43 RCL
Nie 42 S7T0O 033 16 16 170 25 25
017 23 23 094 =4 171 54
018 9t Rs/S 095 42 STO 172 42 ST0
013 Fé LBL N9 24 24 1?73 Q03 03
o220 1v B* Q97 76 LBL 174 953 ¢«
n21 8n STF 098 30 TAH 175 43 RCL
nz2 02 02 9% 43 RCL 176 17 17
n23 2 870 100 18 18 177 85 +
0z4 24 24 101 42 STO 178 43 RCL
025 91 R-S 102 01 01 179 26 28
02eé  7& LEBEL 1023 43 RCL 180 54
N2y 13 € 104 29 29 181 42 STO
028 43 RCL 105 42 S70 182 04 04
nz9 12 12 o6 02 02 183 36 PGH
030 42 STO 107 53 « 184 04 04
021 01 01 108 43 RCL 185 118 C*
0322 43 RCL 109 10 10 186 43 RCL
033 13 13 110 85 + 187 10 10
034 42 STO 111 43 RCL 188 42 STO
033 02 02 112 23 23 189 03 03
035 43 RCL 113 54 > 190 43 RCL
037 14 14 114 42 370 191 11 11
033 42 570 115 03 03 192 42 ST0
029 N3 03 116 53 «( 193 04 04
040 43 RCL 117 43 RCL 194 36 FPGH
o411 15 i35 118 11 11 195 04 Q4
042 42 STO 119 85 + 196 10 E°*
043 04 04 120 43 RCL 197 36 FGH
D44 25 PGH 121 24 24 198 04 04
nD4s 04 04 122 54 > {99 17 B*
046 13 C 122 42 STO 200 42 ST0
047 42 870 i24 04 04 201 33 33
043 13 18 125 36 PGM 202 32 XiT
049 53 < 126 04 04 203 42 STO
050 24 CE 127 18 C* 204 34 34
051 33 K& 128 43 RCL 205 53 (¢
052 285 + 129 16 14 206 43 RCL
053 32 XIT 130 42 STO0 207 10 10
054 42 570 121 03 03 208 85 +
Q55 25 29 132 43 RCL 209 43 RCL
N56 33 Ke 133 17 17 210 23 23
NSy 54 3 134 42 STO 211 54 )
058 34 I'x 135 04 04 212 42 ST0
059 42 sT0 136 36 PGH 213 01 01
0RO 19 19 137 04 04 214 53 ¢
461 33 ¢ 138 10 E* 215 43 RCL
D62 24 CE 1392 36 FGM 216 11 11
03 55 <+ 140 04 04 217 85 +
b4 53 141 17 B* 218 43 RCL
0es Dz 2 142 2 STO 219 24 24
Qe 65 X 143 25 25 220 54
67 43 RCL 144 42 570 221 2 570
08 10 10 145 35 35 222 02 o2
059 £5 X 146 32 X! 223 33 (¢
0T0 43 RCL 147 42 S§70 224 43 RCL
ov1 16 1é 148 36 3% 225 16 16
oz 75 - 149 94 +/- 226 85 +
073 43 RCL 150 42 STO 227 43 RCL
o074 18 18 151 26 26 228 295 295
ovs 54 ) 152 00 0 229 5S4
o076 5S4 ) 153 32 XKIT 230 42 S70




Stable Device

231
232
233
234
235
236
237
238
239
240
241
242
243
244
2435
245
247
243
2419
250
251

232
253
254
235
256
257
258
239
260
26l

03
53
43
17
85
43
26
54
42
N4
36
04
13
42
27
32
42
43
12
42
01
43
12
42
02
43
14
42
03
43
15
42
04
36
04
13
34
44
27
32
94
44
23
53
53
43
27
33
85
43
28
33
S4
35
£5
n4
65
43
23
65
43
25
F‘E

33
43
14
33
85
43
13
33
54
54
53
24
28

03

(
RCL
17

+
RCL
26

)
STO0
04
FGM
04

c
STO
27
xT
STO
28
RCL

57D
01
RCL
13
sTO0
a2
RCL
14
sTO0
03
RCL
15
sTO0
04
PGM
04
c
/-
sum
27
®IT
+/
SUM
23

RCL

-,

ny

= X [ X
> (2]

a
AR K M N )T 4

wr

A
XMoo
A

(
RCL
14

He

RCL
15
%e

CE
LOG

303
309
310
311
312
313
314
315
316
317
318
319
320
321
3az
323
324
325
326
327
328
329
230
331
332
333
334
335
336
337
338
339
340
341
34z
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
36l
3el
363
264
3€5
366
367
368
369
370
371
3vz
2.

375
376
377
378

-
-

320
331
382
383
334

TTI M

a
o
E N

RCL

385
386
387
388
389
390
391
392
393
394
335
396
297
298
399
400
401
40z
403
404
405
406
407
408
409
410
411
412
413
414
415
316
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
422
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
453
452
460
461

o7

43

04

o0

nz
az
Qz
04
01
Q3
o7
59
04
43
25
s9
né
21
o0

2

22
nz2
oz
n2
n4

B D =D T
[ e IRl | I s e Y w I

09
a1

00

o A O
VOOV W BN M
N fa

Qe
RS

149
LEL
THY

)

) #3008 MEASURING SYSTEM

X
)

For many UHF oscillator applications, nothing can
beat the simplicity of the quartz surface acoustic
wave resonator.

This fundamental-mode UHF resonator is now being
mass produced with resonant frequencies from below
300 MHz to over 1000 MHz.

Surface acoustic wave resonators are used in rf
applications from precision instrumentation to high-
volume consumer electronics.

For more information on the characteristics and ap-
plications of the quartz SAW resonator please contact:

RFMonolithics, Inc.

4441 Sigma Road
Dallas, Texas 75234
(214) 233-2903
Telex: 910-860-5474
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Program #2(Tl) Potentially Unstable Device

o7y 87 IFF 154 42 STO 221 54 ) 0e 01 m 385 42 RCL
arg 02 02 155 032 02 232 S0 IX] 309 43 RCL 38 2 26
0y9 39 COs 19¢ 43 RCL 233 32 »iT 30 1313 387 21 RsS
20 sl G670 157 11 11 224 93 ., 311 42 5T0 388 43 RCL
N21 22 LH= 158 42 570 235 00 Q0 212 02 02 387 32 32
nzz 76 LEBL 159 04 04 236 00 0 313 43 RCL 330 91 RS
a2 23 8E 10 26 FPGH 237 01 1 314 14 14 331 7é LBL
a4 530 ¢ 1ei 04 04 228 22 INWY 215 42 570 392 24 CE

023 53 g2 10 E® 229 V7 GE 3le 03 3 3% o2 2

XK 43 RCL 162 26 PGH 240 34 X 217 43 RCL 394 06 6

a7 20 20 164 04 04 241 43 RCL 213 15 15 395 69 0OF

022 &% X 1S 17 B* 242 30 30 319 42 570 3% 04 D4
029 52 1ed 22 &t 242 F& LBL 320 04 04 397 43 RCL
oan 43 RCL Iny 94 +7- 244 3238 SIN 321 26 PGH 398 20 20
o3t 13 19 168 42 570 245 94 +.- 322 04 D4 399 &9 0P

o9z 85 4+ 189 24 2 244 42 87O 323 12 C 400 086 0A
093 43 RCL 170 F& LBL 247 26 28 324 24 +-- 401 2 2

o4 1 12 171 29 COs 248 61 GTO 225 44 SUM 402 02 2

035 54 172 432 RCL 249 35 1-% 326 27V 27 402 03 32

o9s 54 o 173 18 18 250 7o LBL 327 32 AT 404 06 5

ney 53 <+ 174 42 370 251 34 I'¥ 328 94 +-- 405 &9 0P

032 2 0 179 01 01 252 43 RCL 229 %4 SunM 406 04 04
99 Q2 2 176 432 RCL 253 30 30 330 28 22 407 43 RCL
1N 8o =® 177 29 29 294 34+~ 331 53 (¢ 408 2 23
10D 53 @ 178 42 STO 255 42 870 322 52 « 409 &9 0OF

10z 3 RCL 173 02 oz 5 26 28 333 43 RCL 410 06 08
o3 10 10 120 J I 4 &1 3TO 338 27 27 411 01 1

104 25 + 181 43 RCL 42 5T0 325 33 Ke 412 04 4

105 3 RCL 182 10 10 76 LBL 235 25 o+ 413 03 23

e 23 23 132 S+ 35 1s% 237 43 RECL 414 06 6

107 24 2 124 432 RCL 93 < 238 28 28 415 69 0OF

oz 54 185 23 23 13 RCL 339 33 Kz 416 04 04
ine 75 - 1256 54 3 10 10 340 5S4 ) 417 43 RCL
1170 43 RCL 137 42 570 85 + 341 35 1-% 418 24 24
111 16 16 igg 02 02 43 RCL 342 A9 X 419 69 0OF

112 54 > i3% 53 « 2 23 22 342 04 4 420 06 06
112 92 RTH 190 43 RCL 267 94 344 55 X 421 02 2

114 V6 LBL 121 11 114 268 42 STO 2345 43 RCL 22 02 2

115 22 LH= 132 835 + 269 01 01 346 23 23 423 02 2

11 43 RCL 1923 432 RCL 2F0 93 ¢ 347 63 X 424 07 7

117 1v 17 194 24 24 271 43 RCL 248 43 RCL 425 &9 0OF

118 24 +.-- 195 54 272 11 11 343 25 29 426 04 04
119 42 570 196 2 370 272 8% 4+ 350 6% X 27 2 RCL
120 26 28 127 04 04 274 43 RCL 251 53 ( 428 29 295
121 76 LBL 192 26 PGH 275 24 24 392 3 FCL 422 69 0OF

122 42 ST0 193 04 04 276 94 ) 353 14 14 430 D D6
122 42 RCL 200 18 277 42 STO 354 33 RKE 431 01 1

124 18 2 201 42 RCL 278 02 02 355 85 + 422 N4 4

125 42 370 202 1e 16 279 93 2356 43 RCL 433 02 2

126 01 01 202 42 270 280 43 RCL 257 13 13 424 07 7

127 43 RCL 204 03 03 281 16 1h 398 23 Ke 432% 69 0OP

122 29 29 205 3 RCL 282 8% + 3599 54 4356 04 04
129 42 570 206 17 17 283 43 RCL 360 54 437 43 RCL
120 02 02 207 32 STO0 284 25 25 361 53 (¢ 438 26 2B
131 53 208 04 04 285 sS4 362 24 CE 439 K9 0OF

1232 43 RCL 209 35 PGH 286 42 3570 A3 28 LOG 440 D& 08
132 18 16 210 04 04 287 03 032 354 B X 441 02 2

134 25 + 211 1o E® 288 53« IS 01 1 442 D2 2

135 43 RCL 212 36 PGH 289 43 RCL 3Be 000 443 03 3

136 25 2% 2123 04 04 290 17 17 367 54 3 444 07 7

137 54 ) 214 17 B* 291 83 + 368 2 570 445 B89 0OP

128 42 570 232 43 RCL 3 232 3z 445 04 04
129 03 032 292 26 28 3v0 87 IFF 447 43 RCL
140 533 (¢ 294 54 AF1 01 01 448 22 2
141 43 RCL 295 42 370 Y2 24 CE 449 &9 0OF

142 17 17 296 04 04 273 43 RCL 450 06 05
143 23 + 297 26 PGHM 374 20 20 451 91 R~S
144 42 RCL 298 04 04 3¥S 91 R/S 452 ¥6 LBL
145 26 26 299 13 € 376 43 RCL 4533 15 E

146 954 & 300 42 STO IFT 23 23 454 01 1

147 42 570 0 27 27 373 91 RSS 455 00 O

148 D4 N4 302 32 KiT 372 43 RCL 456 42 570
142 36 PGH 203 42 870 380 24 24 457 09 09
150 04 04 204 28 28 281 91 RsS 458 21 RST
121 12 C* 305 43 RCL 382 92 RCL

152 43 RCL 382 5 25

)
o
=~
Ja
mn
w
-
a
L2 ]
0
$a
o
—
=
o
[ N
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Program #3 (TI) S — Y Parameter
Conversion

SINGLE LAYER PARALLEL PLATE
CERAMIC CAPACITOR CHIPS

Featuring a single layer dielectric construction with
associated low series inductance, this family of capacitor
chips are ideal for applications ranging from DC to
microwave frequencies.

Available in capacitance ranges from 0.25 pf to 15,000pf
voltage ratings to 15KV, their high dielectric strength
makes them resistant to damage from static discharge.
Precious metal terminations are compatible with epoxy,
solder or wire bonding assembly techniques.

JOHANSON
DIELECTRICS teeseses )

2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505
{213) 848-4465 TWX 910-489-2735

INFO/CARD 24

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

LMI designed
manufactures and manu-
a broad line of 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.

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

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

6056 West Jefferson Blvd.

Los Angeles, CA 90016

(213) 870-9383

@ LectroMagnetics, Inc.

INFO/CARD 25



HP-41 Main Program AMP HP-41 Subroutine NOISE
l . This routine determines the source and load termin-
Ngré%%g%ﬁ:t&a:&eteﬁe merl:t'.ued by the addition of the ations for the best noise figure according to the
) equations in the text. Various situations, such as
::OCL?L‘_’:MP‘ :?o:g; gg :o% .:w potential instability, are handled automatically.
el > 0 e
03 ¢F 82 :g )Xé: -ma' :; c;o:g AieLBL "HUISE" 25 X=87 49 RCL 32
v =0PT oLBL - - - .
- 44 670 88 8 F02 63 bz SF @4 2 GT0 84 26 -
8 AVIEN 45«35 a 84 XEQ "PARA" 83 ALY 27 XeEe “YI1s0" 51 RCL 7
‘i : ? A » -,
% Wibn i?:xgg E%m- T 84 XEG "LINY® 28 07 82 52 %
89 "2-0PT TERP* sullix 87 XEQ “STN* 83 ~L5=7 29 GT0 83 33 RCL 83
9 XEG “YS/L" ; oo
1 g é@iz 'ZQ’E' 2 “X-5TERw: - @6 FROWPT 36 XEG 96 56 RCL 19
12 RYIE 1 XEE “GP* 7 . e . -
13 “e-YINuT 52 XEQ "GA" 31 Wi 87 310 13 3 Rl'.t. ¢4 3 ¢
14 AViEe o gigg ;gr- 3?;.&;{)3 85 “Ba=?" 32 EH§ 36 4
i SSoLBL 64 % FO% 63 89 PROMPT 33 $70 26 57 ¢
lz “312:“0 YPaR® g‘;;g; °§m zﬁg "”‘T‘:“' 16 570 18 34 RTN 38 4
1 “PARA" “{TR" N s
;z ;;‘;:-sr[m- :g;g; .:s X 97 ADV . i1 FS? @8 35¢LBL 64 59 RCL 85
L Rl el 12 GTG @1 3o XEQ ©5 b -
21 *8-¥S/L FOR K 68 XEG *Y1/0" 10 60 .
2w i i heniBe 99 13 RCL 18 37 %€ Y101 65 5TO 28
9-S/¥ CONVS 3 *SPAR" = Y.
20 WIE & WiEN 161 xeg ook 14 X=6? 3 FC? 02 62 RIN
gammss' 2; ;:é'fz; 163 cwgg 15 REQ 65 39 G106 83 63¢LBL 85
L i M b 8 16 XEG "YI/0® 4@ xzoaee b4 gCL ;g
y 166 XEQ "PARA" 17eLBL €3 41 SF @8 65 RCL
0 68 "GOUT= - ROISE® :
0 o £ e, 25 o 18 RCL 24 42 NEG CITRS 66 /
31 PROMPT 79 AYIEK “s/LPR" = gt fo s
bt 2 Bt - 169 aee s 19 CHS 43 KiN 67 Z
33670 IND X 72 ARG 24 111 XEQ “Y1/0° 28 STo v 44+BL 86 6§ /7
PR BER I e
36 XEQ “PARA" 114 XEQ “GT* 22 ST6 21 -
! 76oLBL 85 - o per ge = .
33'}23 LIV 7;.:55 ¥siLe :}2 2??. 3 23 RiN 47 510 17 fi ST 18
¥ oo s oo 17 0 244LBL @i 48 RCL il 7¢ .END.

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
wait, 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-line analysis of 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!

l [ ] 315-437-3953
™ C. - TWX 710-541-0493
MiCIOWAVE rilcex COMPANY, iNC. INFOICARD 26 6743 Kinne St., East Syracuse, NY 13057




HP-41 Subroutine STN

This subroutine calculates the Stern Stability Factor
or specifies terminations for a given K. The routine
has been modified for the NOISE program. One ad-
ditional flag, no. 8, has been added. This allows the
noise routine to skip the part of the calculation that
generates Ggand G,.
BieLbL "3Tn: 22 RN 43 ¢ h4elBL B3 85 RCL 84 166 +
B: OF @7 23 HBS 44 570 &7 b3 RCL 27 Bt 570 24 167 KiL 24
87 BCL &3 24 THS 45 RCL 83 bb SOKT 87+lBL € 185 7
#4 KCL 19 23 570 i 45 RCL 635 67 1 88 RCL 22 189 ABS
83 + 26 FiN 47 b + 85 CHS 118 1 -4
#5 Ri@” 27eLBL 1T 45 X.8? b9+LBL E5 99 570 i3 111 Xv?
#7 SF 87 28 F57 85 49 570 vz 78 570 26 4 RIL 24 112 SF ¥e
85 RCL &5 29 5Ty @b 58 RCL B3 71 RCL 43 92 CHS 113 FS? 83
89 RCL 21 3 cp= 51 x{8? 72 ABS 93 570 2@ 114 LT w4
16 + 31 PROMPT 52 GTO e3 73 ¥ 94 XeG “YisU 115 670 41
11 xg? 32 370 {7 93 ROL &7 74 70 {9 95 RCL 22 116¢LEL 94
12 5r 67 33 ROL 11 94 S@rT 73 RLL 26 g¢e KCL 18 117 FC7 @6
12 # 34 ECL 1z a3 1 76 RCL 83 97 + 118 GT0 d:
14 ¢ S ot % - 77 ABS 95 kCL &2 119 SF 84
1% = 3o * 57 670 45 72 * 9% 7 126 BEELF
16 RO i 37z 38eLBL 62 79 510 21 {88 7B 121 CF @8
17 ’OL 12 38 7 3% ECL 27 8A+LBL d6 181 | E-4 122 thD
18+ 3% RCL 83 be | 51 CF @5 18z K37%
14 7/ 48 ECL 85 bi + 82 CF g6 183 5F @5
28 570 7 4; % BZ S0FT 83 RIL 8¢ 14 ECL 24
Zt FUY @7 LY 63 §TO &5 8d STO 22 185 RCL 20

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 vhf 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- e
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 to 1000 watts. 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

INFO/CARD 27
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General Purpose
Ladder Analysis With
The Hand-Held Calculator

A programmable calculator allows analysis of a circuit before it is built. Analysis takes
alittle time up-front but it can save considerable amounts in the long run.

By Wes Hayward
Tektronix, inc.
Beaverton, Oregon

any filters encountered by the rf

designer may be treated as lad-
der networks of alternating series
impedances and shunt admittances.
There is frequently a need to analyze
the performance of these filters,
usually as a means of confirming the
synthesis methods used during de-
sign. A general purpose program is
offered in this paper to calculate
filter transducer gain as a function
of frequency.

Owing to the frequent occurrence
of ladder networks, programs for
their analysis have special require-
ments. The programs should be easy
to use without external documenta-
tion. Of greater significance, the
programs should be efficient, offering
rapid execution. It is tempting to
generate programs that will evaluate

as many circuit element types as
possible. However, this will often
compromise the speed and ease-of-
use goals. The program presented
here is kept purposefully simple.

Complicated ladder circuits may
be evaluated with ROM based soft-
ware available for the HP-41C calcul-
ators. One suitable program is the
ladder analysis in the “Circuit Anal-
ysis” pack, offered by Hewlett Pack-
ard. Another is Handy-Compact’.
Both programs are powerful and very
useful. Both are also slow.
A Basis for Analysis

The concept used in this program,
“General Purpose Ladder Analysis"”,
(GPLA), is illustrated by the 5th order
low pass filter shown in Fig. 1. The
circuit is segmented into planes,
marked “a’ through “f”" in the figure.
The immittance (impedance or ad-

mittance) at any plane looking toward
the load is easily calculated. An
infrequently used, but essentially
trivial form of the so called ladder
method shows that the output volt-
age is given as a product of the calcul-
ated immittances.?2 For the example
of Fig. 1, V,, = V,ZYZYZY, .
A simple rule makes this form especi-
ally convenient: An impedance is used
in the product when looking into a
shunt element. Conversely, an admit-
tance appears in the product to cor-
respond to planes looking into a series
element. All planes from the gener-
ator to the load are included. This
simple rule allows the transfer func-
tion of an arbitrary LC ladder to be
written by inspection.

Aithough GPLA is written for the
HP-41C calculator family, similar
forms are easily written for other

R

S

t e d

1

c b

® Vout

1

™ R

.

Figure 1 — Fifth order low pass filter illustrating the method used for ladder analysis. The network response is
givenby V., = V,, Z, Y, Z. Y4 Z, Y; where immitance is evaluated from the defining plane looking toward the
load.
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Parallel Capacitor

Series Capacitor

Series Inductor

Parallel Inductor

Y-to-Z or Z-to-Y
Conversion:
Without: With:
01 06 II
02 07 —)}——
03 08 e & o
04 09

RLOAD
77 ’ % ’

Load End 00
" % Rioap
Source End 10

E ; é RSOURCE

Table 1. Subroutines used for construction of the “User Defined” portion of the

“machines” including the desk top
computer. The writer will supply
versions for the HP-15C and the
TI-58/59 calculators to interested read-
ers3. The rules presented are used to
generate the programs. Further, the
method may be adapted to existing
software. For example, the ladder
analysis available with Handy-Compact
is designed to find only the input
impedance of a ladder. Gain is limited
to lossless filters using |S,,[2 = 1 -
IS,,/2 However, the immittance is
available during program execution
for each plane of a network. Lossy
networks may be analyzed for gain by
multiplying the immittance magnitude
into a register at each plane. Addi-

r.f. design

General Purpose Ladder Analysis program.

tional modifications will supply angle
information with GPLA (at the cost
of speed).

Program Structure

The program presented is a collec-
tion of subroutines. This is followed
by a short program segment written
by the user to correspond to the filter
being studied. The main subroutine
resides at LABEL 05 and serves to
convert an impedance to an admit-
tance, or an admittance to an imped-
ance. The magnitude of the immit.
tance, after conversion, is multiplied
into a register (R,,), forming the re-
quired products. The common way to
write this subroutine uses the polar
to rectangular (and back) conversions.

Data is maintained in rectangular
form in this program. The subroutine
is longer and less obvious but execu-
tion speed is significantly shorter.*

Four subroutines serve to add to
the immittance of capacitors or
inductors, series or shunt, to the
existing immittance in the x and y
registers. Four additional routines
are identical except that they also
initiate the immittance conversion
routine. An appropriate resistive
term is also added to account for
losses when an inductor is included
in the ladder. A uniform, frequency
independent Q, is assumed for all
inductors.

One of two available routines are
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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/RFI require-
ments. One company's con-
nectors already do. The ones
from ITT Cannon

Our Shield of Integrity.
The Cannon® D Senes
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 help meet Docket 20780 . For moxi\e;[ infolrln}ﬁlaglclan on
: . requirements ransverse Monolith Filter
Manalith Filter Connectors The addition of the trans- Connectors, contact Phoenix
~ . verse monolith filter expands Division, ITT Cannon, 2801
0. R4 18, q the technical versatility of the Air Lane, Phoenix, AZ 85034
- i 5 D Subminiature without adding  Telephone: (602) 275-4792.
T to the overall dimensions of the Contact Commercial/Indus-
*y connector. And these Cannon trial Products for more infor-
TA connectors are available in mation on the D Subminiature
;-fj contact arrangements of 9, 15, Shielded D Series. I[TT Cannon,
o 25 and 37, with a wide range a Division of International
-‘3‘ of capacitances and cutoff Telephone and Telegraph Cor-
M | frequencies offered. poration, 10550 Talbert Avenue,
’ Fountain Vallm CA 92708
Join the Silent Majority. Telephone: (714) 964-7400

Write for [TT Cannon's free
brochure, “Silent Solutions I T T
To Your EMI/RFI Problems”’ CANF.}N gNk Connecti
Because with a regulation like The Global Connection
Docket 20780 on the books,
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RCL 12
AEQ 88
RCL 13
Rio SEQ 96
RCL 12
AEQ 88
RCL 11
$EQ 96
%EQ 1@

used to initialize filter evaluations
at each frequency. One corresponds
to a filter with a series first reactive
element while the other is used for a
parallel reactance adjacent to the
load. After all reactive elements have
been assembled during a calculation,
a final routine adds the effect of the
source resistance and calculates the
network transducer gain. The dlsplay
is prepared and the frequency is in-
cremented before looping back for the
next evaluation.

Besides the operational routines
needed for calculation, the program
contains a modicum of ‘“‘window
dressing.” This allows the program
to be used without extra notes. This
feature is available only for the HP-41C
version of GPLA.

Application

The program, listed at the end of
the paper, is loaded into the calculator
and the circuit to be analyzed is
sketched. The components are lab-
eled with arbitrary indicies of 11 or

higher, corresponding to data regi-
sters. See the examples that follow.
The component values are manually
placed in memory at the proper loca-
tions using units of Farads and
Henrys. The value of Q  is placed in
Ros- A very large Q value (1 x 109 is
used for lossless filters. Source resis-
tance is placed in R, while the toad
is in R, both in ohms The program
is then run using XEQ “GPLA".

The first section is a series of
prompts that remind the user of the

\'\\‘ DUAL IN-LINE VCXO’S

mweld-Packaged TTL Hybrid Crystal VCXO’s

Our coldweld packages let us vacuum pack your oscillator.

No microsplashes, or solder contamination.

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

Synthesizers

Demodulators

Many custom features available

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.

~— PIN 1 IDENTIFICATION SPECIFICATIONS o
T Frequency range 4.00 MHZ thru 30.00 MHZ ]
Output (0 to 10 TTL loads) Square wave TTL compatible output is from a TTL gate =
-335 MAX. Symmetry 40/60 to 60740 =
) Input voltage +50V.D.C. 5% -

#n't input current 5lo75MA T g

In .01 = .005" Stability +25 P.P.M. includes a combined effect of temperature, 1 year aging, initial set

-

accuracy, load varlations, and VCC variations.
0°Cto +70°C
AFC CHARACTERISTICS

. .0185D X .200 LG MIN.
TYP 4 PL

Temperature range

Less than 5% from a straight line_
(+) As input voltage goes positive, frequency increases
50K 9 min,

= 2
LI_ _I_’f — | Input voltage +25VDC. £15V.D.C.OnAFCpin#)
g 7 ¥ Frequency deviation 275 P.P.M. min, with £ 1.5 V.D.C. e
| I [ | .300 .420 535 Modulation response DC to 20KHZ —
14 8 i 38 Linearity
S N
{7 —i ¢ Modulation slope

Input impedance

o 600 —= PIN CONNECTIONS
1. AF.C. INPUT -
e 720 =1 2. CASE AND CIRCUIT GND.
3. OUTPUT

DIVISION, DYNAMICS CORPORATION OF AMERICA
400 W. North St., Carlisle, PA 17013 U.S.A. Phone: 717-243-5929. TWX: 510-650-3510

4. VCC = +50V.D.C.
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application rules. This section is
viewed with repeated pressing of the
Run/Stop key. Finally, the user is
prompted to write the “user defined"”
portion of the program. The program
mode is entered and the following
steps are used:

1) The first program step is XEQ 00
if the first reactance at the load is a
parallel element. XEQ 11 is used if the
first reactance at the load is a series
connection,

2) The first L or C at the load end is
recalled from memory. This is follow-
ed by XEQ nn where nn is a code from
Table 1. Note that nn will be from 01 to
04 if the immittance is to be added
without a following Y-to-Z or Z-to-Y
conversion. Code nn will range from
06 to 09 if the conversion is desired.
The conversion is required whenever
a transition from a series branch to
a parallel one is encountered.

3) Step 2 is repeated for each net-

work element.

4) The user defined part of the
program is finished with XEQ 10 when
all elements have been taken into ac-
count.

5) Flag 00 should be set at the
beginning if each data point is to be
read for an extended time. The pro-
gram is then continued with a Run/
Stop. Normally, with Flag 00 cleared,
the program displays results while
doing the calculation for the next
frequency. The display shows the
frequency in MHz and the transducer
gainin dB.

6) The immittance looking toward
the load may be evaluated with a R/S
in the user defined program immed-

iately following the calculation that
adds the corresponding reactance at
that plane. Note that the program
uses the “x” register for the imaginary
part of the immittance with “y” con-
taining the real part.

7) Exit the program mode after
writing the user defined part of the
program. Enter the user mode and
press user “F” to enter the frequency
in MHz, a RIS, the frequency step in
MHz, and another R/S to begin cal-
culations. User F may be used at any
time after a R/S in the program to
change a frequency. This routine is
slightly different than the traditional
HP-41C “Prompt”. The user is prompt-
ed for frequency. However, during
the viewing of the alpha command, the
user may press CLX, causing the
present frequency or step to be
viewed.

Program application is illustrated
with the following examples.

Example 1.

The first filter evaluated is the 5th
order low pass presented earlier, now
shown in Fig. 2A. A symetrical circuit
is assumed with equal end capacitors
and equal inductors. The first re-
actance adjacent to the load is a
parallel element, so the user defined
program begins with XEQ 00. Figure 2
is labeled with the planes used for
immittance inversion and with the
appropriate subroutines. Execution
time is about six seconds per
frequency for this example.

Example 2.
Another 5th order low pass filter
is examined. This circuit, Fig. 2B, is

§o10 Q03 ‘x/eoo&‘(xmo8 :;006 XEQ 08 XEQ 11
JV\ 7YY
I Ry Lis l _l_ I I J_ I La I
+ Rio
| B R .
| |C“ | | C. I I
t e d c b a
=)

Figure 2B — Fifth order low pass filters analyzed in Examples 1 and 2. The planes
of immittance inversion are shown, “a’” through “f”’. Program subroutines used
in analysis are presented above the circuit at the points in the circuit where
they are utilized. All immitances are looking toward the load end, R,

YEG 11 KEW Y6 RCL 15 STOP R-in

RCL 11 RCL 12 XEQ 83 X<>Y

SEG 82 XEQ 98 %Y )S(Eg'j o X-in

RCL 12 RCL 14 CLD G,dB
XEQ 96

r.f. design
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CASCADABLE

GOING THE DISTANCE

Inabroad spectrum of
instrumentation, receiver
and transmitter applications

The MPA series are versatile
broadband system building
blocks suitable for amplifier,
oscillator, and modulator
functions:

MPA-201  MPA-202

1-500MHzZ  1-200MH2z
300 mw 1w

MPA-101

1-512MHz
100 mw

Wide dynamic range - Usable
for broadband or narrow
band applications - Uniform
gain with frequency «
Internally matched to 50 ()
Cascadable - Gold
metalization

Typical Amplifier Performance.
Cor on Point \ﬂ Frcauency

o
=]

-]
T

Power Output at 108 (a8m)

10
Frequency (MH2)

POWER WITH A PURPOSE

10060 Bubb Road, Cupertino, CA 95014
(408) 996-8522 TWX (910) 338-2172
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MISSING
LINK

If high rel crystals and filters
are the weak links in your
space, military, and com-
mercial systems, you've been
missing out on SCP.

Our ruggedized (Swept
Quartz; high G's; shock; and
h.f.vibration to 3000 Hz)
problem solvers tough it out
for you.

Monolithics, time delays, and
matched filter sets (smallest
in the industry) from 1-200
MHz. Quality and Inspection
to MIL-1-45208.

When you need high rel and
tight specs in small pack-
ages, call us.

We're the missing link you're
looking for.

Never the weak one.

Crystal Products, Inc.
Where the Impossible Becomes the Ordinary

121 Water St., Box 249, Mineral Point, Wi 53565
Phone 608-987-3363, Telex 467581
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Figure 3—Third order bandpass filter analyzed in Example 3.

Series resonators are used in this circuit.

XEQ 84 RCL 13 RCL 16 PCL 19
RCL 11 XEG 98 XEQ B3 AEQ 88
XEQ 86 L 14 RCL 17 RCL 28
RCL 12 G @€ XEQ #6 XEQ B4
AEG B2 RCL 15 RCL 18 XEQ 18
XEQ 02 AEQ B2
A AN Y Y
Roo Lla l L"
® T
i
It ¢
1T —I
| c\A cls
Rio
Y=G,, + jByg Lis

Figure 4. Diplexer network analyzed in Example 4
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REL 1%
AEG @7
FEL 15
AEG 89
RCL 14
AEQ @7

RF BRIDGES
Fixed or Variable

Directivity (balance) 40 or

50 dB options

Y
70 17
sEG 11
RCL 11
AEG B3
RCL 12
iEG 8s

RCL 13 XEG 65
XEQ 82 CLD
FCL 12 2O
+ STOF
20V 12831
0L 17 STOP
+ %EQ 1@
1-900 MHz RF
Instruments

RF Amplifiers

RF Analyzers

RF Comparators

RF Switches

Hybrid Divider/Combiners
RF Detectors

Impedance Transformers
Precision Terminations
Precision DC Block
Filters

Available 50 or 75 Ohms

WIDE BAND ENGINEERING COMPANY, INC.

P.O. Box 21652, Phoenix, Arizona 85036, U.S.A.
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Z=Ry+iX,,

S

Z=R,+jX,g

Figure 5—Elliptic low pass filter analyzed in Example 5.

the dual of the first and requires a
slightly different user defined program
segment. The first step is XEQ 11,
for the first reactive element next to
the load is a series one. The last
reactance, at the source end of the
filter, is also a series component. But,
the impedence of the source is yet to be
taken into account when the filter
input is encountered. XEQ 03 follows
RCL 15 (to recall L, ) rather than XEQ
08 which would perform an undesired
Z-to-Y conversion.

Two R/S steps are included within
the program to allow the filter input
resistance and reactance to be viewed.
The display must be cleared with a
“CLD" statement in the order defined

AEQ 0@
CLST

RCL 12
AEQ A4
RCL 13
XEQ 86
570 19
2O

5T0 12
CLST

REL 15
AEQ @4
RCL 16
XEQ 86

570 21
3021
570 20
XEQ 98
RCL it
AEQ 86
RCL 19
+

XY
RCL 18
+

RO
AEQ 83
RCL 14

XEG @6
RCL 21
+

XN
RCL 28
+

2OY
XEG @5
RCL 17
XEQ 96
ZEQ 18

AMPLIFIERS 5MHZ-1 GHz

* Shipped From Stock

Series Range Gain Range
(MHz) (dB) (dBm)
GA
Single- kHz-400 13 4.5-6.0
Stage
MHT
Single-or 5-1000 14 25-7.0
Multi-Stage
GHT
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Multi-Stage |
MHD
Multi- 1-500 21 2565
Stage

AYDIN
4 ‘vu.mn

Assemblies
* Competitively Priced
VSWR Input
Output Power Package
Range In | Out | Style
(dBm) | Vdc | Ima |
5-15 20 20 +15 | 17-70 TO-12
| typ. (range)
-2to 20 20 +15 110-105 TO-8
+23 | typ. .(range).
5-15 20 20 +15 [ 17-70 TO-8
| typ. |(range)
5-20 1.6 16 +15 |50-118  4-pin
(typ) | (typ) | typ. |(range) DIP

Aydin )X Vector

P.0. Box 328, Newtown, PA 18940 * TEL 215-968-4271 TWX 510-667-2320

r.f. design
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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

e Freguency: 2-2000 MHz
(usable to 4000 MH2)

e Switching Time: 5 Lsec
Typical

* Insertion Loss: 1.5 dB, maxi-
mum (SPDT)

¢ [solation: 40 dB, minimum
e SMA Connectors

¢ RFIControl Terminals

e 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.

e T T
6835 Olney-Laytonsville Road
Gaithersburg, Maryland 20879
(301) 948-6800
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segment prior to viewing the impe-
dance.

Example 3.

The next circuit examined is the
third order bandpass filter using
coupled series resonators shown in
Fig. 3. The tuned circuits consist of
series elements with no intervening
shunt capacitors. The program re-
quired nine seconds per frequency for
evaluation. An earlier version of GPLA
using the polar to rectangular conver-
sions took 16 seconds per frequency
for the same filter.

Example 4.

The program is generally used for
simple LC ladder networks. More
complicated circuits may be examined
though. Figure 4 shows a diplexer
consisting of combined low pass and
high pass filters. The high pass filter
is considered to be a parallel branch
with the low pass being the through
path. The program begins as if the
response of the high pass filter were
being evaluated. Once the branch
point is reached, the resulting admit-
tance is stored in memory. The pro-
gram is again initiated at the load for
the low pass branch. When the high
pass branch is reached, the data in
memory is recalled and added. Pro-
gram stops provide the composite in-

put impedance as well as the trans-
fer response of the low pass branch.

Example 5.

The final example further illustrates
the utility of GPLA with more compli-
cated filters. An elliptic low pass
circuit, Fig. 5, is examined. The first
step in the user defined program
segment is XEQ 00. This is required
only to calculate the angular frequen-
cy. The stack is then cleared with a
CLST command to ensure that a term-
ination will not alter the calculated
impedance of a series element. The
admittance of L, and C,, is calculated.
The result is converted to an imped-
ance and stored in memory. The pro-
cedure is repeated with L, and C,,.
The program then begins again wit?'n
XEQ 00. The “trap” impedances are
added when encountered. Note that
XEQ 05 is used explicitly for Z-to-Y
conversion in this and the previous
example. It is usually called only
from other subroutines with simple
filters.

Conclusion

The program presented is rather
simple with only 143 lines of HP-41C
code. It is still extremely useful for
the evaluation of many networks
encountered in rf design. The utility
of the program comes from the use of

HI-REL CRYSTAL
OSCILLATORS

at commercial prices

Er Pin for Pin Compatible
with Motorola

IZ{ 100 Percent Burn-in.

¥ TTL Compatible
¥ Fast Delivery

Check with us first—Call for price and delivery

Eolitron

DEVICES, INC.
8808 Balboa Ave., San Diego, CA 92123 Tel. (619) 278-8780
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a modified form of the traditional
ladder method. Program speed is
enhanced with a careful choice of
programming methods. Results cor-
respond well with those obtained
with more exhaustive computer meth-
ods.

While GPLA is limited in applica-
tion, the method may be expanded to
describe networks of a more com-
plicated nature. For example, a
similar program has been written for
the analysis of crystal ladder filters.
The concepts are identical to those
presented here. Execution speed is
much faster than obtained with more
versatile programs using scattering
parameters or the ABCD matrix. Speed
is the reward of the worker willing to
write programs that are no more
complicated than really required.
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Table 2. HP-41C Program

Listing for GPLA

A1 LBL“GPLA" 15 PROMPT
82 gF27 16 “SER: 11"
83 sF27(alphaspace)i? PRORFT
a4 ASTO 05 18 “TERM:88.18"
B5+LBL E 19 PROMFT
86 "PCY=ni.06 26 "0=43"
@7 PROMPT 21 PROMPT
88 =5C2=82,07" 22 GT0 12
@9 PROMPT 2IeLBL F

18 =5L2=03, 88" 24 RCL 81
i1 PROMPT 25 “F. MHZ"
12 "PLY=04,89" 26 PROMPT
13 PROMPT 27 570 8l
{4 "PAR:@E" 25 RCL 94

LOWEST PRICED, HIGHEST QUALITY ATTENUATORS - BNC $11.00,SMA$14.001-91a

pussms| AND TERMINATIONS -BNC$5.60 1014, SMAS$5.601064, MILHI"REL.NETWORKS |semmm—m
Mode! (Eance S UNIT PRICE (4) EFFECTIVE 8-15-82
Number (2) Ohms(Power W) Range BNC TNC N SMA UMF PC
AT-50(3) 50 ( SW 2] 14 00 20 00 20 00 18.00
AT-51 DC 1 5GH; 11 00 15 13 00 14 OC 12 0o}
AT-52 W) [+ 450 20 2080 1930
AT.53 25w) DC 3 0G 1400 17O - 15 00
AT.54 ) OC 4 2GMz = E - 18.0¢
AT-7501 87 90 Ho 93(5W) DC-1 SGH2{TS0MMHING 00 20 00 20 00 1800 ﬁ
co-s 01-4 2GHz = = = 54
Resistive Impe rmers Mimimum Loss Pads
RT-50 75 C1 10 50 19 30 1980 17 50 'l“‘
AT-50 93 0C-10GH2 13.00 19 50 %30 750
Termunations
0C-4 2GH2 50 15 00 X 17 S0
CT-51 DC-4 2GHr 950 12 00 950
cr-52 W) DC-2 $GMr 10350 1500 130 15 50
cTsIm DC-4 2GH2 s 80 - S5
CT.54 DC 206 1400 1500 1500 50
cr7s 75 ( 25W) DC-2 5GHz 1050 1500 1500 13.00 1550
cr.9 3 (25w 0C-2 5GHr 1300 1800 - 15 50
u Short
MYT.51 50 nc»loom 1830 2350 255 25%0
MT.75 - - 25 50 =
Feed thru Terminations shunt resistor
T-50 0 0C-10GH?z 1050 1930 198 1750
FT.75 DC 500MHz 1080 1950 1980 1750
FT.90 OC 150MH;z 1300 19 50 9% 1750
Directionsl Coupler. 30 68
oC- uoo !0 280-500MH2 80 00 -
Mesistive Decouph of Capactive Coupler series capacitor
RO or CC-1000 woonooov OC-1 $GH2 1200 1800 1800 1700
Adagters
0C 4 2GHz 1300 1300
Induciive Decouplers series inducto:
LD-R15 " 0C-500MHz 12 00 1800 1800 1700
LD-6R8 - DC-55MHz 1200 18 00 w00 1700
Fined Allenuator Sets ) 6 10 and 20 dB n plasiic case
AT-50-8ET (3} S [+ sc;m 6000 8400 8400  76.00
AT-51.SET C.15G 4800 6400 8400 6000
n.xu n Mutticouplers 2 ano 4 output ports
125MHz 54 00 8700  87.00
vc ns c 50 15.125MHz 87 00 8150 8150
Resistive Power Dividers 3 4 and 9 ports
RC-2-30 50 DC-2 0GHz 54.00 54.00
RC-3-30 50 DC 5 540X 54
R Ba
Double Balanced Mizers
OBM-1000 50 5-1000MH2 7100 6100
08M 500PC 50 2-500MHz 34 00
RF Fuse, 1/8 Amp and 116 Amp
FL-50 DC-18 GHz 1200 1800 17 00
FL-75 DC-15 GHz 1200 1800 17 =
- ore ) s po <
ol O . H—
A ) t Deiivery 18 stock to 30 days ARO
d! Send for Free Catalog on your Letterhead
H" 8[C()"1 SYSTEMS INC. 305-994-1774
4032 CLINT MOORE ROAD, BOCA RATON, FL 33431
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900
\Y | 74

CELLULAR

GOING THE DISTANCE

In Cellular Radio Base Stations
55Watt 860-900 MHz 25 VoIt

P, (watts)

NPN Power Transistor
9BSES5

Gold thin-film metalization-
proven highest MTTF «
Surface passivation-extends
life « Eutectic die attach-
reduces junction
temperature and extends
MTTF«Low thermal
resistance packages-
Diffused ballasting for
improved ruggedness « 100%
tested and guaranteed to
meet performance
specifications.

P, vs Frequency (MH2)

25 voits
9 watts

| A | SSSOES K- B | R
850 860 870 880 890 900 910
Frequency (MH2

AlpeRian

POWER WITH A PURPOSE

10060 Bubb Road, Cupertino, CA 95014
(408) 996-8522 TWX (310) 338-2172
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29 “STEP* 57 1% 83 51/ 29 145 7 129 FS? o8
38 PROMFT 58 - 86 ST/ 116 RCL 88 138 STOP
WIDEBAND RF 31 5T0 94 55 RTN 87 :Tf' Y 117 * 131 RCL 84
32 670 A 6@eLBL 83 88 RN 118 LOG 132 5T+ 81
PRODUCTS TILEL 60 61 %EQ 81 89 CHS {9 18 133 670
34 RCL A1 62 XY 98 RTN 128 * 134LBL 11
35 2 £6 £3 LASTX J1eLBL 6 131 5TO g6 135 SF @1
36 * 64 RCL 83 2 XEQ B 437 (LA 136 XEQ 06
7Pl 65 / 93 XEa 6% 123 CLD 137 RTH
33+ 66 + 94 RTH 124 FIX 2 1384LBL 12
| 39sT0 M2 67 XOY 994LBL @7 125 aRCL 81 139 CF 27
| 40 4 68 RTH 96 XEQ 92 126 ARCL BS  {4R =USER PGM:-
41 STO @9 694LBL B4 37 XEQ 83 127 ARCL %6 141 LBLA
| 42 CLST 78 XEQ @2 BRIN 128 MYIEK ey
| 43 RCL 18 71 KOV I9eLBL B3 Defined
| 44 1% 72 LASTX 196 XEQ 83 Part
| 45 ¥O¥ 73 RCL 83 18; ?ﬁg 05 of
46 F5? o1 74 ¢ i Program
47%ERB5 75+ U END
T 104 XEQ 04
e — 48 RTH 76 XOY 105 XEQ05 | Storage:
Select wideband power dividers, 49¢L6L 91 77 RTH 