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Courtois et al. ALI

Specification Test Unit Model 101102306
Freq. range, MHz 225-400 225-400
Input VSWR, max 1.4:1 1.5:1
Isolation, min 11 dB* 18 dB
Insertion loss, max

225 MHz 0.9 dB 1dB

400 MHz 22 dB 1.5dB
Input power, max 40 W 150 W
Reverse power 10W 50 W
Temperature range —40 to +70°C —-10 to +60°C
Size 9 %x 13 x 6.5¢cm 8.2 x 8.2 x 2.55¢cm
Weight 33kg 285 g

* Over most of the frequency range the isolation was at least 15 dB.

The test results quoted above were confirmed by the USAF
using both a computer-controlled network analyzer and a special
high-power test setup. Detailed test results can be furnished to
interested persons upon request.

Feasibility of the isolator described herein was demonstrated
by D. Jeong and a unit designed to meet environmental and
production requirements by R. Billings. We believe it to be
significantly smaller and perform better than the one described
by Courtois ef al.

Computer Program Descriptions

CIA (Circulator Analysis)

PURPOSE: Frequency analysis and optimization of
three-port waveguide junction circulators.

LANGUAGE: Fortran 1V for the CDC 3800 computer;
with 960 cards.

AUTHORS: R. P. Meixner and J. P. Lawrence are with
the U.S. Naval Research Laboratory,
Washington, DC 20375.

AVAILABILITY: A punched deck is available from the
authors upon written request.

DESCRIPTION: A computer optimization routine using

sequential-random-search  techniques is
developed for use with an existing frequency analysis program
[1] in the computer-aided design (CAD) of a three-port wave-
guide junction circulator shown in Fig. 1. A simple error function
is defined using the scattering coefficients [S] of each port of
the circulator. Since the theoretical properties of any lossless
circulator are completely described if the three scattering param-
eters S;,,512,5,3 are known, the energy flow from port 1 to 3
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Comments on “Transmission-Line Transformation
Between Arbitrary Impedances”

M. H. N. POTOK

The solution given by the author of the above ]ettedr,1 for the
characteristic impedance of the line transformer, has been given
before (see H. Jasik, Antenna Engineering Handbook, McGraw-
Hill, 1961, paragraph 31.3, p. 9). Jasik also gives the correct
length of the transformer whereas Milligan and also apparently
Day (IEEE Trans. Microwave Theory Tech., vol. MTT-23, p. 772,
1975) give the distance between load and source impedance
along the impedance circle, which is not the length of the desired
transformer since the transformer should produce at the source
the conjugate of the source impedance if matching, which
presumably means power matching is desired. Thus in the
expression given by Milligan for length, X} should be given as
— X,, which will now agree with Jasik’s expression.
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Fig. 1. Basic junction configuration.

is maximized if S, 3 is maximum while S;; and S, are minimum.
The following error function, using the absolute values of each
scattering coefficient, is used to optimize each initial design over
the range of frequencies from f; to f;:

f"
total error = Z(ISIII + |SIZ| + 1. — ]S13l)
J1

The following constraints and/or boundary conditions are
imposed on the CAD varijables. _

—The physical dimensions are < 20/\/ 3 cm, the maximum
radius of the radial line. B

—The matching dielectric constant is < 20/\/ 3, for ease of
picking random numbers.
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was slightly lower than the optimized scaled run (see Table I).
The scaled input data were obtained after scanning 120 designs
from a global search technique. The optimization routine used
here indicates that after 20 min of CPU time, and using four
sets of random numbers, a better design was obtained without
the laborious scanning of output data. The total dollar cost
using the lowest computer priority was only $50.00.

At present, only this one geometric shape has been incorporated
in the program. Other shapes [1], [2] can easily be written into
the routine.

DicTiONARY FOR INPUT DATA TO CIA
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Fig. 2. Circulator scattering parameter.
TABLE 1
Fortran
name for Dictionary Scaled CAD out~ Random
input data definition input data put data numbers Uni ts
FMS 4:M saturation 250 - - Gauss
magnetization
An MM 1line width 45 - -
ER Ferrite dielec— 13.8 - -
tric constant
GM g~factor 2.03 - -
RO Conducting pin +150 .105 .116 cm
radius
R Ferrite rod radius 2,400 2,289 2.290 cm
R1 Dielectric match- 6.390 6.178 6,360 cm
ing radivs
ER1 Dielectric 2.000 2,33 2.240
constant
A # waveguide width 10.0 ~ - cm
WF Start frequency . 700 - - GHz
oW Frequency incre=- 025 - - GHz
ment
w Stop frequency 1.550 - - GHz
VAL Value of error 12,32 9.97 9,646

function

—Only ordered statistics are allowed, i.e., Ry > R > R,.

Variable Definition
ISETS Number of circulator designs.
JICAD CAD or frequency analysis.
M Output data control.
MM Controls printout.
X Seed for random number generator.
LIMIT Sets number of CNBN evaluations.
RINT Initial search radius.
R MIN Minimum local search radius.
FMS 4nM,, saturation magnetization.
DH AH, line width.
ER . Er, dielectric constant.
GM ferrite g, G, factor.
R R, outer radius.
HO H,, internal biasing field.
A 1 waveguide width. :
WF Start frequency.
DW Frequency increment.
w End frequency.
AT
GT Controls graphic plot.
DT
ER1 Matching dielectric constant.
R1 Outer radius of ER1.
RO Pin radius.
KG
KB Error function weights.
KA ,

—The CAD variables are RO, R, R1, and ERI.

—Negative numbers are not allowed.

To illustrate program usage, an example involving the design
of a 0.850-1.550-GHz three-port circulator is included. The
goal was to see if a scaled design from previous work [1]-[4]
could be improved. The scaled input data in Table I for the
configuration shown in Fig. 1 were run through CIA. Fig. 2
shows the frequency response of the initial (scaled) and the final
(CAD) designs. Note the slight straightening out in the center and
the increase of bandwidth at the high-frequency end.

Next, four sets of random numbers were run through the
program. The best design had an error function value which
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