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ABSTRACT., This report discloses the full FORTRAN IV pro-
gram (for an IBM 7094 digital computer) for the automatic
design of arbitrary TEM quadrature couplers and differential
phase shifters. The design is completely general in the
sense that any number of coupled quarter wavelength sections,
any nominal coupling value (or phase shift), and any design
bandwidth of operation can be realized, although the user
may specify any maximum coupling value in the design. This
last degree of freedom in the specification to the machine,
which is all-important in the physical realization of a
theoretical design, is met by finding the proper number and
types of tandem coupled junctions in the solution. This
computer solution will be optimum. It will find the least
ripple for the required bandwidth of operation for any

(input) design complexity.

806906

This report shows a complete flow chart of the total
program. It also gives the special subroutines developed
for automatic plotting of the coupler {(or phase shifter)
frequency-response functions, Various sample input data
and machine outputs are also included,

U.S. NAVAL ORDNANCE TEST STATION
E3N China Lake, California September 1966

DISTRIBUTION STATEMENT

THIS DOCUMENT 1S SUBJECT TO SPECIAL EXPORT CUNTROLS AND EACH TRANSMITTAL TO FOKZIGN
GOVERNMENTY OR FOREIGN NATIONALS MAY BE MADE ONLY WITH PRIOR APPROVAL OF THE U.S.

NAVAL ORD:. ANCE TEST STATION,

3



U. S. NAVAL ORDNANCE TEST STATION
AN ACTIVITY OF THE NAVAL MATERIAL COMMAND

J. 1. Haroy, Capr., USN Wu. B. McLEAN, PH.D.

Commander Technical Director

FOREWORD

This report discloses the full FORTRAN 1V program, as
used on an IBM 7094 digital computer at NOTS, for the auto-
matic design of some 1000 arbitrary TEM quadrature couplers
and differential phase shifters. The following listing of
the program, complete with comment cards for explanations,
was made on the machine in order that no typographical
errors should be made., For the benefit of the readers who
do not have a similar computing facility and thereby must
modify this program, a complete flow chart is included; to
the rest of the readers, the author apologizes for the ex-
cessive length of this report.
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Section 1. INTRODUCTION

During the last decade, before the directional couplers L
attained their present peak of popularity, there has truel:
been a host of papers on this subject. (Ref. 1-10.) However,
aside from the question of which published designs could, in
fact, be built in practice, there still existed the need for
high-quality (i.e., low ripplz) extremely broad band couplers.
Furthermore, because of the recently developed antenna feed
matrices and receiver techniques, the quadrature relationship
in some couplers and differential phase shifters are now
applied in a multitude of microwave system designs.

A e T

This paper is primarily directed to the system design
engineers who require arbitrary bandwidth, arbitrary ripple
(or quality) performance, arbitrary but specifically control-
lable construction constraints on devices and still have an
optimum solution. The paper is prepared for the engineer
who does not care about the details of coupler synthesis,
but only in what the solution and performance is for some
given requirement and some physical coastraint. It is beyond
the scope of this report to delve into_the synthesis of such
arbitrary couplers and phase shifters.

Ty
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The explanation given on the comment cards in the begin-
ning of the program were judged to be sufficiently complete
so that any reader may be able to apply the program. This
explanation became necessary when, in order to make the pro-
gram more flexible, it was modified to accept several types
of input data. With the enclosed examples, there should be
no difficulty in using the program.

lsuch is the purpose of a future paper: Shelton, J.P.
and J,A, Mosko. '"Synthesis and Design of Wide-Band Equal-
Ripple TEM Direction Couplers and Fixed Phase Shifters,"
IEEE TRANS, Vol. MTT-14, No. 10 (October 1966).
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Section 2. PROGRAM LISTING

The following text is a listing of the FORTRAN 1V pro-
gram (main program and subroutines) to design TEM couplers
and phase shifters.

A casual glance at the text will reveal that not all
subroutines are disclosed in detail. Those missing are
non-essential in the sense that they are used to plot and
label responses and write comments using the SC4020 plotting
2quipment. If this plotting system is not available,

SCOUT V, TABL IV, AICRT 3, etc., and SUB ROUTINE PLOT would
not be reproduced.

Note that tapes 5, 6, and 7 are for input data, written
output, and punched card output. Also, tapes 15 and 18 are
for written output (comments, labels, etc.) using the
SC4020 plotted output.

Finally, the first five data cards, which are shown to
be read in, are for comments and labeling of plots: these
are non-essential and therefore can be blank cards or the
read and write instructions can be removed altogether.

S
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SUBROUTINEG TABLCICT NUT  NMART KT, NT,UOT,8WT RIPT,TOLT,RLT,DATE

[

€ KAUK, NEND)

THES PROCRAN PREPARES TABLES OF DESICN DATA GROUPED BY KT,NT,B8WT,
THIS PROGRAN REQUIAES THE IWX SUBROUTINF

DIMENSION TOL(10) ,RIP(30),C(30,30,30) ,HL (30),RL(10),CT(30,30),

2 NU(10,30) ,NUM(30) ,NUUL30) ,DATE(2) ,BAND (200

FORMAT( IXZHZL,T1,3M,12,%4) ,2X10F 9.8)
FORMAT( IXEMZ(,118,1H,12,1H) ,2X10F10.5%)
FORUAT CIXZHNZ ,12,78X30HCOUPLING: , FE.2, 34 DO
FORMAT (1X2MN3 ,12,75X32HPHASE SHIFTz ,F§.1,4H DEC)
FORMAT (2X31OHBANOWIOTH , $1GF30.3 )
FORMAT (1X11HOANDWIOTH ,30F 9.3 )
FORMAT(1XSINREPPLE, DEG,I10F 9.5)
FORMAT(IX1IHTOLERANCE #,10F ¢.5)
FORMAT(1X1948 READS IN DEGREES)
FORMAT (I X1 IHREF. LENGTH,10F 9.5)
FORMAT(1X$4H® READS IN DB)
FORMAT (1X10HRIPPLE, DB,1X10F 9.5)
FORMAT (3H )

FORMAT (1n2)

FORMAT (3XTHDATE ° ,2X2A6)
RAD=S87.2957798

CALL FRBUTV(S)

IF (NENG .CT.0) 6O TO 24

If (KRUN) 330,330,24

COMTINUE

BAND (KRUN » 1) = BWT

TOL {KRUN) = TOL T

RIP (KRUN) =RIAT

RL (KRUN) =RLT

DO 43 I=1,MMAXT

17=NUT (D)

MUCT , KRUN)ET

0C 435 1A=1,17
CUL,1A,RRUNIZCT(],1A)

CONTINIT

1 (NEND.CT.0) GO TO 200

IF (WHIAR-NNAXT) 47,47,48
MNAXZNNAXT

1F (RRUN-10) 30,200,200
1F(RT.NE.KCASE) (O TO 240

17 (NT.NE.NTEST) ¢O 1O 200
T3=FLOAT(NT) SLDT

IF(T1-TESTS.98) 200,60,53
1F(T1-TESTS1.02) €0,6G,200

RETURN

CONTINUE

WRITE(26,108)

IF(KCASE) 210,210,250

CONTINUE

WRITE(16,300)

T
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Section 3. FLOW CHART OF THE PROGRAM

Using an automatic program with the SC4020, a lineal
flow chart was prepared of the previous program. Because
of the lineal display and the number of pages that are
required, wherever possible, two "frames' were placed on a
single page in the report. Thus, on page 19, for instance,
the heavy broken line represents the proper sequence of
events. In the absence of this broken line, it will be
understood that flow lines at the top on one page directly
connect to lines at the bottom of the immediately preceding

page.
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Section 4. SAMPLE APPLICATIONS

Example A
Type 1 bata

If it is desired to design a 17:1 bandwidth, -3 db-~
coupler, which has a normalized Zoe * 1.8343 limitation on

i it, one needs the Chebyshev antenna distributions for 15
! elements at 19.6 db side lobes:

1.0, 0.962, 0.890, 0.789, 0.663, 0.536, G.837

Assuming that three iterations are allowed (1% toler-
aance (.0l) is desired) and that neither development (TDEV=0)
nor printed performance (XPRINT=0) data ars raquired, then
the punched input data cards are as shown in Fig. L. The
total output data is shown in Fig. 2, 3, and 4.

The computer 2xecution time was 5.93 seconds.

ity

£ ~
Il R+ ot ¢ ¢

94

ety A S



“4»

Can o R s R

NAVWEPS REPORT 9048

I
(nl
T

]
[}
~1
i
t
]
1
]
a
]

Al

)
¢

IOBNDOMOONODMDOMGOMGONﬂﬂm ooleoolooolooolooolcotioo0j000iG00I000I000i000ID0DIO00INGOIN000000G00D
3|

l— ‘ L]

-

IHONBGNEﬁNUDMD ﬂ°emnnmo*munMuumoomnogg EDNUONOUNUBNOQQ moomuomaomocmoumonoonnun
Cinnn 17

17 1,00000 3%, 00000 1, 3%434 17, 0o
1 1 1 1

,.

-'@

000990’00000000’Jas’ﬂﬂﬂqﬂ“’saﬁﬂﬂ’ﬂﬂﬂ’*’ﬂﬂﬁ&ﬁﬂﬂﬂbﬂﬂcﬂﬂﬂ°ﬁ’°‘009 no0|3Geojcon0ad00000
12 304 35 517 8 811211 vl s 15[ 17 10]e 20 2ifa2 23 2efas 76 21om 29 3000 32 35]2a 38 2007 3w 29keo w afr e exfas @0 0Mﬂuvsﬁ$ﬂuawvaduﬁmnuumnnuunnnwnu
IR N IR T ORI D SR CE R K G DRI SR NG O R EE R O R R N R KR (R LR AR R R B!

222222202222 221222022 20222
333333333‘3333“33333%333

”>
(3]

2222222222222 22222)222j22222 2122212 22122212221222|122222222
3333333)3°3333}333)335°3%3(33)333(°s ala33l533)233)233[333[33333333
4444444444444444444446’444444414&44;:;:44444444' Papdaaleqclaasjeaaiiauaitsgieadininy
555/555/5053]555,555(5551365[55 ;555/555/555/555{3551555555555i555
65666GGESGSSGBGSB666SBSGPGSBSEBGSGGSSG%BSGSSGSSS 66

L

o
“

666 EEGGBSkS555886585665666555

117 7777777777777717477f77777777777777#777777777

8858825888 8/35 888868

TTPIMneEIiImImMInIIiIIg
(R R sqaaaaaauae;saaasnaaaaaaa

59995993999999!9999953599’“@99993 99995355%99999991ﬂ99§?§59

2NN 77'2‘?9 301N 37 3203¢ 1906037 33 alen &1 v g ashap o asian 50 Sal92 S Asfs 96 30155 49 6nl6r 7 4nisa ) selsr za gelre LR R

Y

—

1
LR

888 88j3npi5888 8j3ssBasBs | 83

]
% 5[5 55|55 5155555555 5/555/55559555
1.

98999/99313991999/999
3 6l7 > aho sl e sshe o7 b 2021
- LATIY

FIG. 1. ‘fInput Data Cards.2

Y4 . , . s -

Assuming this to be the first decign problem for the
machine, then these input data would be preceded by five
cards:

1) 1Instable B's

2) Failed

3)

43 Theta (degrees)
5) Coupling (db)

with the reference

12345 =-~---0 5 0 5 ¢

Note - Card 3 was left blank since the plots (see Fig. 6, 7,
and 8) were not desired to be titled on the top.
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To improve further on a coupler

Example B
Type 2 Data

design, one on which

data are availabie but in terms of reflection coefficients

(such data are part of the outpr
e.g., Fig. 4),

Iy

Ls

]

from previous calculations;
assume that the cata are as in Fig. 5 below:

= (0.0575,

0.4989, T, = 0.1536, T3 = 0.0881, T,

0.0303,

ll
L]

0.0403, Iy = 0.0277, Ty

with six allowable iterationms, required development data,
and 1% colerance, the input data will then be as shown in

Fig. 6.

The output data for this compttation are shown in

Fig. 7-11.

The computer execution time was 6.30 seconds.
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FIG. 6. Response Curve and Design of Coupler.
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Example C
Type 3 Data (Phase Shifter)

Let it be required to check and improve, if necessary,
a phase shifter design that is in terms 5f evea mode im-
pedances: specifically, the 17:1 bandwidth, 90 degree phase
shifter of Ref. 12. Thus, the input data are as in Fig. 12
with the output data as shown in Fig. 13-15.

The computer execution time was 2.85 seconds.

Example D
Type 3 Data (Coupler)

o
AR

Entertain the request for a 7.50:1 bandwidth, -3 db,
re-entrant nine-section coupnler with a normalized Zoe = 4.5
F for the maximum coupled section. Note Ref. 1Q, which con-
- tains such a coupler design, except that Zoe = 4.93133 and
- that the bandwidth is 7.365;1. Therefore, let this published
A data be the starting point of the desired data. Thus, the
: input data cards are prepared according ton Fig. 16 with the
output data shown in Fig. 17~19.

4 The computer execution time was 7.65 seconds.
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Example E
Type 4 Data

Should it be desired to calculate a coupler similar to
the presently completed one of example D except for Zoe = 3.0,
then one could take the output data of example D (Fig. 19)
to be the input now. However, one can save the punching of
™s, Zoe's, etc., by punching CONT = 5. on the first data
card. This simply saves the design data from the previous
design to be the new starting data. Thus, Fig. 20 was pre-
pared as input and Fig. 21-23 are its output.

One should use the Type 4 data input with some discretion.
One would not, for instance, start the design of a 5~-section
phase shifter based on a_previously completed design of a
6-section phase shifter. However, one can start a solution
by using a presently completed solution of basically the
same device except changes in Z max. and PW, or both.
Obviously, the greater the differences between the known
and the desired designs, the longer the iteration process
and the less efficient the method of design.

The computer execution time was 3.72 seconds.

It is interesting to note that in preparin i
data fgr example C above, an error in cogyigg da%atgzslgggg
resulting in a deletion of a coupled section of Zoe = 1.8343
Thus, the machine started the design of a 5-section phase '
shifter with the data from basically a 6-section coupler
(see’Flg. 24 for actual input data cards). To see how the
machine performed under this input, see Fig. 25 where the
performance response's maxima/minima (peaks/valleys) are
listed (betWegn @ = 0 degree to 6 = 90 degrees), also see
Fig. 26 for final response plot. Thus, the initial response
does not have the '"proper" number of maxima/minima, but
after one iteration, this has been rectified. No complete
analysis has heen made to specify, in general, how poor a

starting solution can be and still have the machi
S chine conve
on a meaningful result. veree
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FIG. 20. 1Input Data Cards.
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FIG. 26. Final Response Curve and Design Data of Phase Shifter.
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