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MICROWAVE HYBRID COUPLERS

BACKGROUND OF THE INVENTION:

1. Field of the Invention:

Present invention relates to microwave hybrid tee
junctions connected in combination and particularly to
such combinations in which the symmetrical érms are
used for output connections in power combining and non-
symmetrical arms are used for output connecting in power
dividing.

2. Description of the Prior Art:

Magic tees, because of their plane of symmetry, are
usually used as power dividers with the e or h ports as
the input and the symmetrical ports as the two outputs.
This is the most natural way to use the tees since the
output phase relationships are a clear 0 or 180 degrees,
and the output equalit& is essentially perfect. The tees
are also often used as power combiners in which case the
preferred choice for the two inputs is the symmetrical
ports since the input phase and split requirements are
clearly defined and easily realized. Previous patent
3,931,599 of the present invento; describes hybrid tee
junction combinations with the e and h plane arms providing
input, output functions. 4t has been considered undesirable
to use a magic tee as a power divider with théié~and h ports
as outputs since it is difficult to obtain equal split in
the output and the output phase may track at some odd angle.
It is also uncommon to use the symmetrical ports as outputs
for a power combiner because of an apparent difficulty
in meeting the required input phases and amplitude require-
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Technical Bulletin No. 020774-1 of Electromagnetes
Sciences Inc., Chamblee, Georgia, describes a power
modulator in which a magic tee is used as a power divider
and the power out is connected through the'symmetrical
arms to two phase shifters which drive a quadrature
coupler. If one of the phase shifters is switched 180°,
the output will change terminais and shift 90° in phase.
The outputs of the quadrature coupler will always be
180° out of phase with each other.

SUMMARY OF THE INVENTION:

In accordance with the present invention it has
been found that magic tees can be connected as power
combiners with their symmetrical arms as the outputs

and can be connected as power dividers with their non-

- symmetrical arms as the outputs without losing the

quality of the magic tees as usually'used. Thus it is
an object of the invention to provide combinations of
magic tee hybrid couplers connected as power divider/
combiners in the reverse configuration. Further objects
and features of the invention will become apparent upon
reading the following description together with the

drawing.
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BRIEF DESCRIPTION OF THE DRAWING:

Fig. 1 is a drawing in perspective of two magic

"tees joined in accordance with the invention.

Fig. 2 is a schematic diagram showing a second
embodiment of the invention in which 2 magic tees are
coupled together by two phase shifters.

Fig. 3 is a front elevation of four magic tees
interconnected in an embodiment according to Fig. 2
usinQ magic tees.coupled to phase shifting devices as
phése shifters.

Fig. 4 is a schematic diagram of the embodiment
of Fig. 3.

Fig. 5 is a bottom view along 5-5 of Fig. 3 with
two shorted waveguide stubs operating as a tracking
line, replacing one diode assembly in a third embodiment.

Fig. 6 is a modification of Fig. 5 in which one of
the shorted stubs is a different width.

Fig. 7 is a schematic diagram of an embodiment in
which one of the phase shifters has been replaced with

a tracking line.
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DESCRIPTION OF THE PREFERRED EMBODIMENT:

Fig. 1 is an embodiment of the invention using
two h-plane folded magic tees 10 and 1l. Tee junction
10 has h arm 12 and e arm 14 as nonsymmetrical arms.
Symmetrical arms 15 and 16 are folded in the h plane
with a common dividing wall (not shown) separating them.
Similarly, tee junction 11 has an h arm 17 and e arm 18
as nonsymmetrical arms and arms 20 and 21 separated by
common wall 22 as symmetriéal arms. In the magic tee
junction, the symmetrical arms are colinear, however, in
many applications today the symmetrical arms are folded
in the e plane or in the h plane. 1In Fig. 1 the
symmetrical arms are shown folded in the h plane. The
configuration of the symmetrical arms is not significant
to the invention and they may be folded at either plane
or not folded at all. It is critical to simplicity of
design in the present invention that the junctions used
in combination be as pearly alike as possible.
Connéﬁtion 24 connects port 25 of h arm 12 to port 26

of e arm 18. Connection 27, idéntical to connection 24,
connects port 28 of e arm 14 to port 30 of h arm 17.
Thus all of the nonsymmetrical arms are'interqoﬁnected
leaving only the symmetrical arms avaéiable for input,
output connections. Connections 24 and 27 are preferable
substantially identical wave guide connections. It will
be noted that while each-of junctions 10 and 11 lacks
symmetry at two of its ports, ;he combinations of the two
junctions as connected in Fig. 1 considered as a single
BpUREAT

OMPI

2 WIPO
& ERNATID?““\’

1]



WO 81/02494 PCT/US81/00238

10

15

20

25

junction is completely symmetrical with respect to
all four available ports.

In Fig. 1 with an input at one of arms 15 and le,
magic tee 10 is acting as a power divider having its
output at the nonsymmetrical arms e arm 14 and h arm
12. By connecting these outputs to the nonsymmefrical
arms of magic tee 11, magic tee 11 acts as a power
combiner providing its output at one of the symmetric
arms 20 and 21. This entire configuration is symmetric
as a combination so that placing identical things into
connecting lines 24 and 27 will not affect the symmetry.
For a given input at arms 15 and 16, the output at arms
20 and 21 can be changed, such as switching from one
port to the other, by phase shifters in lines 24 and 27.
Thus Fig. 2 shows a magic tee 42 in the place of magic
tee 11 of Fig. 1. Phase shifter 19 is located in con-
necting line 24 and phase shifter 23 is located in
connecting line 27.

While many alternatives are available for phase
shifters 19 and 23, one arrangemént that works out weli
is depicted schematically in Fig. 4 in which phase
shifters 19 and 23 are depicted as magic tees 35 and 38
respectively each with diode phase shi}tfhg devices. Thus
the entire combination can be put together with 4 identical
magic tees which are depicted in Fig. 3 as wave guide magic
tees all using the folded h plane configuration of magic

tees 10 and 11 (Fig. 1).
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Using four magic tees, the e arms are connected to
e arms and the h arms are connected to h arms while still
retaining complete symmetry. Tee junction 31 has its h

arm 32 connected to h arm 34 of tee junction 35. E arm

.36 of junction 31 is connected to e arm 37 of junction 38.

H arm 40 of junction 38 isrconnected to h arm 41 of
junction 42. E arm 44 of junction 42 is connected to e

arm 45 of junction 35. Thus again all nonsymmetrical

arms are interconnected with each other. The configuration
of Fig. 3 as can be seen in the illustration, lends itself
readily to direct coupling of the nonsymmetrical arms.
Minimal interconnecting adaptation is needed and a very
compact configuration can be produced.

The symmetrical arms of junction 31 terminate in
ports 46 and 47. The symmetrical arms of junction 35
terminate in ports 48 and 50. The symmetrical arms of
junction 38 terminate in ports 51 and 52 and the symmetrical
arms of junction 44 terminate in ports 54 and 55. Thus
eight ports are available for connection purposes. Using
tees 35 and 38 as phase shifters, impedance switching
devices are connected at ports 48; 50, 51, and 52.

Fig. 4 schematically depicts diode switching devices
connected to these ports, this leaves ports 46,.47, 54
and 55 available for input, output congéc%ions. A truth
table for the embodiment of Figs. 3 and 4 is provided in
table 1 to illustrate the functions available from this

type of device.

SUREA
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In table I, "Feed" indicates the input port of tee
junction 31, port 46 of 47 to which an input signal is
fed. "Bias" indicates whether the diodes indicated are
forward or reversed biased, + indicating forward and -
indicating reverse. “Power output" indicates which of
symmetrical arms 54 and 55 provides the output power,
and "Relative Phase" is the comparison of phase at the

feed as compared with the power output terminal.
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TABLE I
BIAS POWER RELATIVE
FEED 59 57 58 60 ouT PHASE
46 - + + - 55 0
46 + - - + 55 180
46 + - + - 54 0
46 - + - + 54 180
47 - + + - 54 0
47 + - - + 54 180
47 + - + - 55 0
47 - + - + 55 180

F1 S
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Figs. 5, 6 and 7 depict alternative arrangements in
which only one controllable phase shiftér is used. Fig. 5
depicts one such arrangement as it would be in a bottom
plan view of Fig. 4. 1In this case ports 51 and 52 are
coupled to shorted wave guide sections instead of .to
diode switches. Connected to port 51 is a shorted
piece of wave guide 61 having length L. Connected to
port 52 is a shorted length of wave guide 62 having
electrical length L - 90°. The length L-90° is a
length that is electrically 90° shorter at the design
frequency than the length L. Fig. 6 depicts a similar
arrangement, but with a shorted wave guide 63 connected
to port 52 somewhat narrower in the dimension W across
its wide wall than shorted wave guide 61. This variation
provides less frequency sensitivity over a broader
frequency band than that of Fig. 5.

Truth table I still applies, but only that part of
it that assumes no changes in biasing for diodes 58 and
60. Table I as used will depend on the length of the
respective shorted wave‘guides. .So that by way of example,
terminal 51 can be considered as having the fixed condition
of a forward biased diode 58. Terminal 52 can be con-
sidered as having the fixed condition.of a reéérsed

N\
bias diode 60.
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-Fig. 7 operates in exactly the same way as
Figs. 5 and 6 except that magic tee 38 is replaced with
a tracking line 563 The magic tees coupled to shorted
waveguide stubs in Figs. 5 and 6 are tracking lines.
Tracking line 56 can also be a length of wave guide
selected to have as near as possible electrical symmetry
with tee junction 35. Since tracking line 56 can be
mechanically dissimilar, electrical symmetry is harder
to obtain as a matter of'design but close.approximations
can be reached. There are sometimes'advantéges in this
type of arrangement, at least for packaging purposes.

Referring back to Fig. 2, phase shifters 19 and 23
may be continuously variable ferrite phase shifters or
other known phase shifters useful in the microwave band.
Ferrite or other phase shifting devices may also be

coupled to magic tees 35 and 38 instead of semiconductor

" diode devices. The magic tees can be planar tees as well

as waveguide tees and coaxial configurations are also con-
templated. Input tee 31 in Fig. 2 can be replaced with
other input devices and.the configuration of two phase
control devices driving the nonsymmetrical‘arms of a magic
tee provides a power output in the symmetrical_a;ms that
shifts 0° to 180° in phase and SWitcheg‘f{om o;; port to the
other when one of the input phase control devices is shifted

180°.




WO 81/02494 PCT/US81/00238

10

15

-11-

It is significant that when using four magic tees
as in Figs. 3 and 4, an input at any one of ports 46,
47, 54 and 55 will combine in one of the ports of the
opposite tee with the other port of the opposite tee
remaining perfectly isolated. This is true over the
entire transmission band of the magic tee no matter
how poorly designed the tees are providing their con-
struction is identical. For this purpose it is critical
that tees 31 and 42 be identical, but not necessarily
identical to tees 35 and 38. It is desirable that
tees 35 and 38 also be identical to each other.

While the invention has been described with
respect to specific embodiments, variations within
the skill of the art are contemplated and it is intended
to cover the invention as set forth within the scope

of the following claims.
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CLAIMS:
1. A microwave hybrid tee power divider/combiner
combination comprising:
(a) a hybrid tee having two symmetrical arms
5 terminating in first and second output ports,
an E-plane arm and an H-plane arm;
(b) a first phase shifter having a first input
terminal and a first output terminal, said first
output terminal connected to said E-plane as
10 an input; and,
(c) a second phase shifter having a second input
terminal and a second output terminal with the
second output terminal connected to said H-plane
arm as an input, whereby signéls at said first
15 input terminal and said second input terminal can
be selectively directed fo said first and second
output ports.
2. A microwave hybrid tee power divider/combiner according
to claim 1 wherein at least one of said first phase
20 shifter and said second'phase shifter selectively shifts
phase at the design frequency in the fixed amount of
180° whereby output power can be switched .bepwegn said

first and second output ports.
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3. A microwave hybrid tee power divider/combiner
according to claim 1 wherein at least one of said
first phase shifter and said second phase shifter is
continuously variable whereby signals at said first
input terminal and said second input terminal can be
selectively divided between said first and second out-
put ports.

4. A microﬁave hybrid tee power divider/combiner
according to claim 1 further comprising a second
hybrid tee having two symmetrical arms terminating in
a first input port and a second input port, a second
E-plane arm and a second H-plane arm wherein said
second H-plane arm connects to said first input
terminal and said second E-plane arm connects to said
second input terminal.

5. A microwave hybrid tee power divider/éombiner
according to claim 4 wherein said first hybrid tee and
said second hybrid tee are substantially identical,
said first phase shifter and said second phase shifter
are substantially identical and connecting lines are
balanced so as to provide symmetry.

6. A microwave hybrid tee power divider/combiner

“

according to claim 1 wherein said first phase‘éhifter
Ny
and said second phase shifter comprise hybrid tees.
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7. A microwave hybrid tee power divider/combiner

combination comprising:
(a) arfirst hybrid tee haviﬁg two symmetrical
arms terminating in first and second input ports

5 an E-plane arm and an H-plane arm terminating in

first and second output ports respectively;
(b) a second hybrid tee having two symmetrical
arms terminating in second and third output ports,
an E-plane arm and an H—piane arm terminating in

10 ‘ third and fourth input ports respectively;

(c) a controllable phase shifter connected
between one of said first and second output
ports and the respecitve one of said third and
fourth input ports; and,

15 (d) a fixed phase shift connection between the
remaining one of said first and second output
ports and the remaining one of said second and
third ports that has similar response characteristics
to said phase shifter over the design frequency

20 band.

8. A microwave hybrid tee power divider/combiner
combination according to claim 7 wherein said first
hybrid tee, said second hybrid tee and\sifd pﬂgse
shifter all comprise substantially identical hybrid

25 tee devices.
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9. A microwave hybrid tee power divider/combiner
combination according to claim 8 wherein said fixed
phase shift connection is a fourth hybrid tee having
first and second symmetrical arms terminated with
first and second lengths of shorted wave guide.

10. A microwave hybrid tee power divider/combiner
combination according to claim 9 wherein saia first
length of shorted wave guide is electrically 90°
longer at the center design frequency than said

second length of shorted waveguide.

11. A microwave hybrid tee power divider/combiner
combination according to claim 10 wherein the width of
one of said first and second lengths of shorted wave
guide is substantially less than the width of the other.
12. A microwave hybrid tee power divider/combiner
according to claim 7 wherein said fixed phase shift

connection is a tracking line.
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13. The combination of microwave hybrid junctions
comprising: |
(a) a plurality of subétantially identical
hybrid junctions each having two symmetrical arms,
and two nonsymmetrical arms, each arm terminating
in a port;
(b) a plurality of connections connecting each
port of each nonsymmetrical arm directly to a
port of another nonsymmetrical arm at a different
-one of said hybrid junctibns.
14. A combination of microwave hybrid junctions
according to claim 13 comprising two hybrid junctions
in each of which the two symmetrical arms consist of
an E-plane arm and an H-plane arm with the E-plane arm
of one of said junctions connected to the H-plane arm
of the other junction and the E-plane arm of the other
junction connected to the H-plane arm of the one of
said junctions.
15. A combination of microwave hybrid junctions according
to claim 13 wherein said hybrid junction consist of
4 hybrid junctions in which each of the nonsymmetrical
arms are connected to a like nonsymmetrical arm .of

~

another of said junctions. ‘ .
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16. A combination of microwave hybrid junctions
according to claim 15 wherein said hybrid junction comprises
a first junction, a second junction, a third junction
and a fourth junction, the nonsymmetrical arms of each
5 junction consisting of one E-plane and one H-plane arm
and wherein the E-plane arm of said first junction is
directly coupled to the E-plane arm of said second
junction, the H-plane arm of said first junction coupled
to the H-plane arm of said third junction, the E-plane
10 arm of said third junction is directly coupled to the
E-plane arm of said fourth junction and the H-plane
arm of said fourth juncﬁion is directly coupled to the
H-plane arm of said second junction.
17. A combination of microwave hybrid junctions according
15 to claim 16 wherein the symmetrical arms of said gecond
junction and said third junction are each terminated
with a switchable phase shift device.
18. A combination of microwave hybrid junctions
according to claim 17 wherein each said switchable device
20 is semiconductor diode and further comprising biasing
supplies for selectively biasing said diodes into low
or high impedances conditions to effectively change

-

the reflection point of energy at the design’frequency

in the respective arm.
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AMENDED CLAIMS
(received by the International Bureau on 3 July 1981 (03.07.81))

1. A microwave hybrid tee transfer switch using magic tee
hybrid couplers comprising:

(a) a first hybrid tee having two symmetrical arms
terminating in first and second output ports, an
E-plane arm and an H-plane arm;

(b) a second hybrid tee having two symmetrical arms
terminating in first and second input ports, an E-
plane arm and an H-plane arm;

(¢) a variable phase shifter connected between the E-plane
arm of one of said first hybrid tee and said second
hybrid tee and the ﬁ—plane arm of the other; and,

(d) a phase shifting device connected between the H-plane
arm of said one and the E-plane arm of said other,
whereby microwave power fed to one of said input ports
can be fed to one of said output ports and switched
between said output ports by varying said variable
phase shifter.

2. A microwave hybrid tee transfer switch according to claim 1
wherein at least one of said first phase shifter and said second
phase shifter selectively shifts phase at the design frequency
in the fixed amount of 180° whereby output power can be

switched between said first and second output ports.

LN ERY SN
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3. A microwave hybrid tee transfer switch according to
claim 1 wherein at least one of said first phase shifter
and said second phase shifter is continously variable
whereby signals at said first input port and said second
5 input port can be selectively divided between said first
and second output ports.
4. A microwave hybrid tee transfer switch according to
claim 1 wherein said first hybrid tee and said second
hybrid tee are substantially identical, said first phase
shifter and said second phase shifter are substantially
identical and connecting lines are balanced so as to
provide symmetry.
5. A microwave hybrid tee transfer switch according to
claim 1 wherein said first phase shifter and said second

phase shifter comprise hybrid tees.
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6. A microwave hybrid tee power divider/combiner combination
compfising:
(a) a first.hybrid tee having two symmetrical arms
terminating in first and second input ports, an
5 ' E-plane arm and an H-plane arm terminating in
first and second output ports respectively;
(b) a second hybrid tee having two symmetrical arms
terminating in second and third output ports, én
E-plane arm and an H-plane arm terminating in third
10 and fourth input ports respectively;
{c) a controllable phase shifter connected between the
E-plane arm of one of said fifst hybrid tee and
said second hybrid tee and the H-plane arm of the
other; and,
15 (d) a fixed phase shift connection between the remaining
E-plane arm and the remaining H-plane arm, said
connection havinQ similar response characteristics

to said phase shifter over the design frequency band.




21-

WO 81/02494 PCT/US81/00238

7. A microwave hybrid tee power divider/combiner combination
according to claim 6 wherein said first hybrid tee, said
second hybrid tee and said phase shifter all comprise sub-
stantially identical hybrid tee devices.

8. A microwave hybrid tee power divider/combiner cbmbination
according to claim 7 wherein said fixed phase shift connection
is a fourth hybrid tee having first and second symmetfical
arms terminated with firét and second lengths of shorted

wave guide.

9. A microwave hybrid tee power divider/combiner combination
according to claim 8 wherein said first length of shorted

wave guide is electrically 90° longer at the center design
frequency than said second length of shorted wave guide.

10. A microwave hybrid tee power divider/combiner combination
according to claim 9 wherein the width of one of said first
and second lengths of shorted wave guide is substantially

less than the width of the other.

1l. A microwave hybrid tee power divider/combiner according
to claim 6 wherein said fixed phasé shift connection is a

tracking line.
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12. A combination of microwave hybrid junctions comprising:

(a)

(b)

(c)

first, second, third and fourth substantially
identical hybrid junctions each having two ;
symmetrical arms.and two nonsymmetrical.arms |
the nonsymmetrical arms of each junction con-
sisting of one E-plane and one H-plane arm;

a plurality of cannections coupling the E-plane

arm of said first junction ‘directly to the E-plane
arm of said second .junction, the H-plane arm of
said first junction to the H-plane arm of said |
third junction, the E—planerarm of said third
junction directly to the E-plane arm of said

fourth junction and the H-plane arm of said fourth
junction directly to the H-plane arm of said second
junction; and, 7

a switchable phase shift device terminating each
of the symmetrical arms bf said second junction

and said third junction.
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13. A combination of microwave hybrid junctions according

to claim 12 wherein e;':lch said switchable device is a semi-

conductor diode and further comprising biasing supplies for

selectively biasing said diodes into low or high impedance:
5 conditions to effectively change the reflection point of

energy at the design frequency in the respective arm.
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EDITORIAL NOTE

The claims amended by the applicant under Article 19 (1) of the PCT have not
been renumbered in accordance with Section 205 of the Administrative Instructions under the
PCT.

The following information is given hereafter in order to facilitate the understanding
of the amended claims:

Correspoadence between ofigipal and amended claims:

Original claims Amended claims
13 ) 1-3 (amended)
4 (cancelled)
4 (new)
5 5 (amended)
6-11 611 (amended)
12
13-16 (cancelled)
17 12 (amended)

18 ’ 13 (amended)

R £



WO 81/024-94 PCT/US81/00238

72

15 J 12 24

30
L @2'
27 7 22

. 20
g 1.
31 ' 35
32 34 50
N/
g
37 38,7 |44
55
Va7 4w |
5 38 42 5
—ig 3

AA

°.
VWA l WA
t

i

AAA
\r—=yg

el
+—0
-
H
(

-|||-—-|||
3

SUSCTITUTE SMEET

A=




WO 81/02494 PCT/US81/00238

2/2

61

L-90°— é
5
—ig. 5.
61
—
" .

63
52




" INTERNATIONAL SEARCH REPORT
International Application No PCT/US81/00238 ——i

1. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all) s
According to ln(ersatlonal Patent Classification (IPC) or to both National Classification and IPC

Int. Cl.” HO1P5/20 '
U.S. Cl. 333/122

Il. FIELDS SEARCHED

Mini D tation Searched ¢
Classification System Classification Symbols
U.S. 333/117,118,121,122
Documentation Searched other than Mini D tation

to the Extent that such Documents are Included In the Flelds Searched &

ill. DOCUMENTS CONSIDERED TO BE RELEVANT 14

Category * Citation of Document, 16 with indication, where appropriate, of the relevant passages 17 Relevant to Claim No, 18
X Uus, A, 2,884,600, published 28 April 1959, 1-5,7,12
Fox
X us, A, 2,801,391, published 30 July 1957, 1,4-6,13,15,
Whitehead 16
A Us, 4, 2,619,635, published 25 November 1952 1,3
Chait

* Special categories of cited documents: 16
“A" document defining the general state of the art

“P" document published prior to the international filing date but

“E" earlier document but published on or after the International on or after the priority date clalmed « .
) filing date ) “T" later document published on or affér the international filing
“L" document cited for special reason other than those referred date or priority .date and not in conflict with the application,
to in the other categories :ahut ic:ited to undigrstapd the principle or theory underlying
i ~
“Q" document referring to an oral disclosure, use, exhibition or e invention
other means “X" document of particular relevance
IV. CERTIFICATION
Date of the Actua! Completion of the International Search 2 Date of Mailing of this International Search Report 2

13 April 1981 09 M,A)ﬂ%}; //
International Searching Authority 1 Signature of Authorizegd' 120 B
nternational Searching Authori gnature of orzz%gz-//d /Q
ISA/US Paul Gerisler /

Form PCT/ISA[210 (second sheet) (October 1977) - - R




	Abstract
	Bibliographic
	Description
	Claims
	Amendment
	Drawings
	Search_Report

