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ORTHOGONAL MODE TRANSDUCER
Robert L. Fogel, Torrance, Calif,, assignor to Hug!les
Aireraft Company, Culver City, Calif., a corporation
of Delaware
Filed July 1, 1958, Ser. No. 745,933
3 Claims. (Cl 333—21)

This invention relates to microwave energy coupling
devices, and particularly to devices for coupling modes of
energy which are orthogonal with respect to each other
between individual energy transmission lines and a com-
mon transmission line. .

In microwave systems it is often desirable to have an
electromagnetic wave energy transmission line, such as a
waveguide, which will support two energy modes which
are orthogonal with respect to each other. Square wave-
guides, for example, may be used to conduct energy in
either of two modes whose electric vectors are normal to
each other. The electric vectors may be, but need not be,
normal to the waveguide walls. When such orthogonal
mode transmission lines are employed, it is necessary to
have some means of transferring energy into and out of
the common transmission line in the individual modes or
in both modes simultaneously. Devices for this purpose
are usually termed orthogonal mode transducers. The
manner in which these devices operate is to transfer en-
ergy in a first mode between one individual arm and the
common arm, and to transfer energy in a second mode,
orthogonal to- the first, between a second arm and the
common arm. The transfer is effected in each case in
both directions of propagation.

A number of devices for fulfilling this function are
known and in use. One of the most effective of such de-
vices is an orthogonal mode transducer which employs a
square waveguide body for the common arm and which
has a first rectangular waveguide colinear therewith as
one individual arm and a second rectangular waveguide
normal thereto as the other individual arm. This arrange-
ment provides the desired transfer of energy between the
arms. The devices of this configuration heretofore con-
structed, however, have been subject to a number of oper-
ating difficulties which in some instances are incompatible
with systems applications. For one thing, reflection effects
have often increased the voltage standing wave ratio
(VSWR) to an excessive level. Further, there has not
been pure energy coupling of each of the modes, some
of the energy instead being transferred out the wrong
arm. A number of transducers of this type, particularly
those which employ probes for coupling energy, are fre-
quency sensitive and accordingly suffer from high VSWR
at other than a central frequency. Other such devices are
known, but these principally- have a circular waveguide
for the common transmission line, and accordingly are
not applicable in the many situations in which it is desired
to employ . a.square waveguide for the common waveguide.
" The broadest application for orthogonal mode trans-
ducers. involves the transmission of dominant TE;, modes
in a square waveguide in which electric vectors are nor-
‘mal to the waveguide walls. - Other dominant modes may,
however, be transmitted along a square waveguide. The
same requirements may exist for coupling energy in such
modes into and out of separate arms extending from the
‘cOmmon square waveguide. . '

Accordingly, it is'an object of this invention to provide
an improved orthogonal mode transducer for microwave
applications, which transducer effects substantially com-
plete and individual transfer of energy of two orthogonal
modes. = N ‘ ‘ _

_ Another object of this invention is to provide an im-
proved microwave device for transferring energy between
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a common transmission line and one of two. individual
arms, dependent upon the mode of the energy provided.

A further object of this invention is to provide an im-
proved orthogonal mode transducer for coupling energy
to and from a square waveguide, which device has higher
efficiency, greater broad bandednmess and lower VSWR
than the devices of the prior art.

A further object of this invention is to provide an im-
proved ‘orthogonal mode transducer for coupling energy
between one square and two rectangular waveguides,
which device operates with high efficiency and at the same
time is simple to fabricate.

A further object of this invention is to provide an im-
proved orthogonal mode transducer for operating at high
powers and with more complete separation of the modes
than has heretofore been possible. o :

These and other objects of this invention are achieved
by an arrangement illustrative of the invention for cou-
pling energy between a square waveguide and one rec-
tangular arm colinear therewith or a side rectangular arm
normal thereto. Energy in one dominant mode is trans-
ferred substantially without reflection or losses between
the square waveguide and the colinear arm. Energy in
the other dominant mode is transferred with like efficiency
between the side arm and the square waveguide through
a coupling aperture in a side wall of the square waveguide.
Desirable operative characteristics are achieved through
the combined use of a number of features. A transition
section may be used between the square waveguide and
the colinear arm, and a metal septum may be used within
the transition section. Energy may be coupled into the
side arm through a coupling aperture, and the side arm
may also-contain metallic irises at spaced points. By
observing particular relationships between the position
and configuration of .the aperture, irises, septum and
transition sections, the energy coupled in the various
modes and directions through the transducer is maintained
substantially at full strength and free from reflections, and
is not directed into the wrong arm. The arrangement may
be employed with orthogonal modes which are normal
to the square waveguide or diagonally disposed with re-
spect to the square wavegunide.

The novel features of this invention, as well as the in-
vention itself, both as to its organization and method of
operation, may best be understood when considered in the
light of the following description, when taken in connec-
tion with the accompanying drawings, in which like ref-
erence numerals refer to like parts, and in which:

FIG. 1 is a perspective view, partly broken away, of
an orthogonal mode transducer for transferring the dom-
inant TE,, modes in accordance with this invention;

FIG. 2 is a plan view, partly broken away, of the
arrangement of FIG. 1;

FIG. 3'is a side elevation view of the arrangement of
FIG. 1; :

FIG. 4 is an end elevation view of the square wave-
guide end of the arrangement shown;

FIG. 5 is a perspective view, partly broken away, of
an alternative transducer for operation. with orthogonal
modes in which the electric vectors lie along the diagonals
of a square waveguide, and o

FIG. 6 is an end view of the arrangement of FIG. 5.

An orthogonal mode transducer in accordance .with
the invention, referring now to FIGS. 1 through 4, utilizes
a main waveguide body 10 having a square waveguide
section 20 at one end and a first rectangular waveguide
section 30 at the other end with a transition section 40
intermediate the square waveguide section' 20 and the
first rectangular waveguide 30. . The first rectangular

o Waveguide 20 may also. be called the colinear arm 30.

‘For purposes of convenience herein,- the- square wave-
guide 20 will be said to have opposite first and third Wal_l§
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21 and 23 respectively. The first and third walls, 21 and
23 respectively, are the side walls of the square waveguide
section 20, with the position shown in the figures being
used-to- define the-frame. of reference. It will of course
be-understood. that: such:-desighations: are used only to
simplify-the description :of the-arrangement and that the
body: 10-inay be used inany: relative position. The square
waveguide -section: 20 - therefore - also -includes a second
wall 22 ‘and-a fourth-wall-24, ‘which are opposite to-each
other and are the top and-bottom walls respectively of the
square -waveguide -section-20. -As -thus- viewed, the first
wall12¥ ‘contains a rectangular coupling aperture or slot
26-centrally dispesed-therein and having its' direction of
elongation: parallel to-the longitudinal axis of the square
waveguide section 20.

A-useful- feature of-this ‘arrangement is that the top
and bottom walls 22,24 -of the square waveguide -section
may-each be coplanar -and integral with-the correspond-
ing wall of the transition -section 46 -and ‘the first rec-
tangular ‘waveguide ‘section- or colinear army -39, In the
‘arrangement- thus construeted, - the ‘narrow -walls' 31, 32
of the colinear arm-30 are coplanar with the top and bot-
tom walls 22,24 of the square waveguide section 28. The
broad walls' 33, 34 of the colingar arm 3@ lie in planes
parallel to the planes of the side'walls 21, 23 of the square
waveguide 20, . The walls' 33, 34 are, however, coupled
through' successively stepped down edges 41, 42 in the
transition section 4@ to the mare widely spaced side walis
21,23 of the.square waveguide 20.  The step down edges
'4%,:42°in the transition section 48 form a successive pair
of quarter wave transformers between the square wave-
guide section 20 and the colinear arm 3§.

It" may be seen, therefore, that the square waveguide
section. 28, the first rectangular waveguide section 39 and
the intermediate transition section 40 lie along the same
axis and that they may be formed as an integral body
having planar top and bottom walls. The structure may
also include terminal flanges coupled individually to the
free end portions of each of the waveguide sections. Thus
the square waveguide section 20 may include a square
waveguide flange 28 and the colinear .arm 30 may in-
clude an associated colinear arm flange 38.

Positigned ‘within the transition section 40 is a.con-
‘ductive metal septum 44 or plate bisecting the transition
section 40. along a plane -parallel to the planes of the
broad .walls 33, 34 of the colinear arm 408. The metal
septum 44 extends between the top-and - bottom walls of
‘the transition section 40 and.along the axis of the square
~waveguide 20 and the: colinear-arm 30. In axial length,
the metal septum 44 may extend approximately coex-
tensively with the length of the transition section 49. The
edge of the septum 44 which is closest to the square wave-
guide 20..lies approximately along.the plane defined by
the interior surfaces of the first step down edges 41. The
septum 44 may be affixed entirely within. the body sec-
tion 10 .or may fit through a. slot.in the body 10 walls
and be attached thereto by solder.

A second rectangular wavegnide section or side -arm
50 is coupled to the. first side. wall 21 of the square wave-
guide. section .20 and encompasses the. coupling aperture
26.. The narrow walls 51, 52 of the side arm 50 are sub-
stantially normal to the. axis of the square waveguide 20,
and the broad walls 53, 54 are.substantially parallel to
the: axis-of the maijn body section-10 and to the narrow
walls, 31, 32 of .the colinear arm 30.. Thus.the side arm
50 js.normal to the .square waveguide 20.and has. its
height dimension in a plane normal to :the height dimen-
sion of the colinear arm 30. The.second rectangular
wavegnide 50.may .include. a .side arm flange 58 at the
upcoupled end thereof for attachment to external devices
(notshown).

A pair of elongated metallic irises. 60, 61 are affixed
within the side arm 30 at the side arm flange 58.  Each
of the metallic irises.60, 61 is adjacent a different nar-
row wall 51, 52 of the side arm 50, and each of the irises

10

15

30

35

40

45

50

85

60

65

70

75

4
69, 61 has its direction of elongation substantially parallel
to the adjacent narrow wall 51 or 52. Together the
irises 60, 61 form an inductive reactive element in the
path of energy transmitted along the side arm 50. As
may be best seen in FIG. 1, the inductive irises 60, 61
may be set into recessed portions:in the -associated walls
of the side arm 50, so as to be flush with the surface of
the side arm' flange 58. The arrangement .shown is
merely one useful configuration. If the side arm 50
were of greater length, the irises 69,61 could be affixed
in it through slots (not shown) in each of the narrow
walls 51, 52. .

The arrangement.of FIGS. 1 through 4 .is.intended to
operate with the dominant TE;q modes of microwave:en-
ergy in a square waveguide.. A first: of these dominant
moedes will, for purposes of reference, be.taken:.to be
that in which the-electric- vector .is. vertical, as.viewed in
the figures.. Such energy therefore is to be transferred
in-either direction, depending. upon the.source, between
the side arm 5% and the square waveguide 20.. The sec-
ond dominant mode, therefore, is that in which the elec-
tric ‘vector -is -horizontal, as viewed. in the. figures; and
which is therefore transferred in either direction between
the square waveguide 20 and the colinear arm 30. In
each of the rectangular- waveguides 30, 50 the dominant
mode is aiso the TEy mede.

As -above ‘described, electromagnetic wave -energy in-
puts may - be provided- to the square waveguide 20 in
either -or both modes, or individually, in the particular
mode supported, to-the side-arm 50 or-the colinear arm
38. Assuming, for- purposes of ‘deseription, - that. the
square waveguide 20 is- to-be used-as-the input, outputs
from the device will therefore be provided from the side
arm 59 or the colinear arm-30. These outputs are de-
sirably at full amplitude in the correct arm, with sub-
stantially no energy being coupled out the other arm. It
may be seen that the electric vector of energy in the first
dominant mode is normal to the broad walls 53, 54 of
the side arm 59.  Thus such energy should be supported
by the side arm 50, but not the perpendicularly disposed
colinear arm-39. Conversely, energy in the second domi-
nant mode should be supported as the TE;, mode in the
colinear arm 39 but not in the side arm 50. It will also
be appreciated by those skilled in the art, however, that
the abrupt -discontinuities involved. effectively prevent
proper coupling of energy between the. various arms and
that, without more, power loss, reflections and unwanted
energy propagation would occur.

The manner in which this arrangement operates to sub-
stantially minimize VSWR and to increase coupling effi-
ciencies over a broad frequency band will now be de-
scribed. The presence of the metal septum 44 in the
transition section 40. provides.a conductive member which
acts as a short circuit for the first dominant mode but
which is substantially electromagnetically transparent to
the second dominant mode. The leading edge of the
metal septum 44 presented to energy transmitted along
the square waveguide 20 ‘toward the colinear arm 30,
however, should be placed carefully with respect to the
first step down edge 41 of the transition section 40 and
with respect to the coupling aperture 26 and the metallic
irises 60, 61. It has been found that best results are
achieved-in this arrangement when the leading edge of
the conductive septum 44 lies approximately in the plane
of the interior- surfaces of the first step down edges 41
of the transition section 40.- 'When the metal septum 44
is thus placed the short circuit presented to energy in the
first dominant mode  provides maximum coupling into
the side. arm 50.. Further, when-the septum 44 is so
placed a compensating inductive reactance may be intro-
duced in the side arm 50:by the metallic irises 60, 61 in
the path of the electromagnetic wave energy in the: first
dominant mode. Energy is.coupled into.the side arm 50
because currents in the first. wall 21 of the square wave-
guide 20 "are interrupted by the coupling aperture 26,
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which is thereby excited. Note, however, that the cou-
pling aperture 26 has dimensions which are less than the
transverse dimensions of the side arm 50. As a con-
sequence, the coupling aperture 26 may be considered to
present both capacitive and inductive reactance to the
energy coupled inte the side arm 50. The reactive com-
ponents thus introduced may be chosen with respect to
the other clements so that substantially complete elimi-
nation of reflections is obtained. It will be understood,
therefore, that the selective use of the inductive irises 60,
61 spaced apart from the reduced coupling aperture 26,
together with the metal septum 44 provides substantially
complete coupling, without reflections, of energy in the
first dominant mode between the square waveguide 20
and the side arm 50.

Energy in the second dominant mode, whose electric
vector is normal to the metal septum 44 and normal fo
the plane of the coupling aperture 26, is transmitted di-
rectly through the main waveguide body 16 to the colin-
ear arm 30 without being coupled out the side arm. 50.
Currents in the first wall 21 of the square waveguide sec-
tion 20 are along the length of the coupling aperture 26.
The coupling aperture 26, however, is relatively narrow
in the direction transverse to the longitudinal axis of the
square wavegnide 20 and is centered about that longitu-
dinal axis. Accordingly, energy in the second dominant
mode does mot excite the coupling aperture 26 and ac-
cordingly does not couple through the coupling aperture
26 into the side arm 50. The presence of the metal
septum 44 in the transition section 40 does not affect the
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second dominant mode except to provide & small capaci- -

tive susceptance to this mode. In this. connection, the
transition section 40 serves, in conjunction with the cou-
pling aperture 26, and the metal septum 44 to maintain
at a minimum the reflections in the second dominant
mode due to the transistion between the square waveguide
section 20 and the colinear arm 36.

Energy provided from the side arm 56 or the colinear
arm 30 as input is similarly coupled through the square
wavegnide 20 without substantially any coupling . of
energy into the opposite rectangular arm 390 or 50. The
design of an orthogonal mode transducer in this fashion
makes possible the achievement of VSWR’s of less than
1.10 over a -=5% bandwidth. : -

It should also be noted that the structure thus provided
is extremely simple to construct and of a rugged nature.
The main waveguide body 16 may be constructed as an
integral piece, for example, and may thus be formed
simply, without further need for precise adjustments.
To this structure may be added a side arm 56 of standard
characteristics. The metallic irises 66, 61 and the metal
septum 44 are exiremely simple to construct and to place
in the desired configuration.

Another and different arrangement in accordance with
the invention is shown in FIGS. 5 and 6. In some ap-
plications a square waveguide may be used to transmit
energy in modes in which the electric vectors lie along
the diagonals of the square waveguide. Such modes may
be induced, for example, by application of a 45° rotation
to energy maintained in the TB;o modes. Such diagon-
ally supported modes are independent and orthogonal
with respect to each other. They may be considered to
be another form of dominant mode, or at least quasi-
dominant. It is often desired to couple energy from
such modes into perpendicularly related rectangular
waveguides, and such purposes are fulfilled by the ar-
rangement shown in FIGS. 5 and 6, to which reference
is now made. It should be noted that the arrangement
of FIGS. 5 and 6 is depicted for greatest clarity, and is
not drawn to scale.

In this arrangement, a metal septum 44’ is placed
within a square waveguide 20’ along one of the diagonals
thereof. The square waveguide 20" includes a coupling
aperture 26’ along one of its edges other than the edges
contacted by the metal septum 44’, the coupling aperture
26’ having its direction of elongation along the longitu-
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dinal axis of the square waveguide 20’. A side arm 50/,
having its axis normal to that of the square waveguide
20’, and to the plane of the septum 44’ is coupled to the
square waveguide 20’ about the coupling aperture 26’
therein. In this instance, the coupling aperture 26’ may
have the same width, or narrow dimension as the asso-
ciated side arm 59’. The length of the coupling aper-
ture 26’, however, may be less than the broad wall dimen-
sion of the side arm 50’ so that inductive irises are thus
defined at the aperture 26’. The septum 44’ may have
its leading edge (as to emergy transmitted from the free
end of the square waveguide 20’) positioned in a plane
passing adjacent the trailing edge of the coupling aperture
26’. The broad walls of the side arm 50’ are parallel
to the longitudinal axis of the square waveguide 26’.
Spaced apart from the coupling aperture or slot 26’
the narrow walls of the side arm 50’ each include a side
slot in which is positioned a conductive metallic iris 60’
or 61°. " These irises 6¢', 61’ provide inductive reactances
to energy in the side arm 5¢. '
A transition section 40 is defined by successive stepped
sections 46, 47, 48 coupling from the square waveguide

207 to a colinear arm 30’ which is diagonal with respect

thereto. The colinear arm 30/ therefore has its broad
walls parallel to the plane of the metal septum 44’.

In accordance with the considerations provided with
respect to. FIG. 1, the relationship of the irises 60°, 61’,
the transition section 40, the coupling slot 26’ and the
septum. 44’ may be selected with relation to each other
for best.energy coupling and least energy reflection.

In_operation, energy in a first orthogonal mode diag-

‘onally supported within the square waveguide 20’ will be

taken, for purposes of description, to be parallel to the
metal septum 44’. Bnergy in the second of these or-
thogonal modes will be taken to be normal to the metal
septum 44’. As previously described, the energy in the
first diagonally supported mode in the square waveguide
20" sees the metal septum 44’ as a short circuit. - Such
energy also excites the coupling slot 26’, so that energy
is coupled into the side arm 50, with the inductive ele-
ments at the coupling slot 2¢’, and the inductive irises
60’, 61’ positioned within the side arm 50’ minimizing
the reflected energy to maintain an extremely low VSWR.

As a consequence, in the first diagonally supported mode

no energy is transmitted out the colinear arm 30’, and
substantially full energy is transmitted out the side arm
5¢'. .

Energy in the second . diagomally polarized mode
coupled through the square waveguide 20’ does not excite
the coupling slot 26’ and is substantially unaffected by
the metal septum 44’, so that such energy is transmitted
through the transition section’ 49’ to the colinear wave-
guide arm 30’. Again, the metal septum 44’ provides
only a small capacitive susceptance, and the transition
section 40’ provides transfer of enmergy into the colinear
arm 38 without appreciable reflection effects. Like
considerations prevail, and like efficiency is again ob-
tained, for couplings of energy in the directions from the
side arm 50’ or the colinear arm 30’ to the square wave-
guide 20°.

An example of the orthogonal mode transducer of
FIGS. 1 through 4 may employ the following dimensions:

Square waveguide 0.800” x 0.800” (cross section).
Side arm 0.400” x 0.900” (cross section).

Colinear arm 0.450”” x 0.800" (cross section).
Coupling aperture 0.155” x 0.765". .

Metal septum 0.600” long x 0.032” thick.

Irises 0.013"" (transverse to waveguide).

Transition section 0.700”" (transverse dimension).
Transition section 0.575" (between successive steps).

Thus there has been described an improved orthogonal
mode transducer for microwave applications. 'The device
is simply constructed, but provides substantially complete
transfer of energy between a square wavegunide and in-
dividual ones of two perpendicularly related rectangular
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waveguides, without the transfer of undesired energy to
the othér of the. rectangular waveguides. The reflections
in: this device are keépt to a minimum.-and the charac-
teristics thus achieved are maintained ‘over a broad fre-
quency band.

I claim:

1.. An orthogonal mode transducer comprising a square
waveguide capable of supporting first and 'second modes
of energy -wherein the electric fields thereof are orthog-
onally. disposed with respect to each ‘other, a first rectan-
gular waveguide .disposed in .substarntial axial alignment
with said square waveguide, a second rectangular wave-
guide coupled to said square waveguide substantially nor-
mally to the axis théreof by means of a rectangular aper-
ture opéning into said ‘square waveguide, said aperture
having the longest dimension thereof parallel to the axis
of said square waveguide whereby only energy in the
first of said modes will be coupled into said second.rec-
tangular waveguide, the broad walls. and the narrow
walls of said second rectangular. waveguide being disposed
substantially normal to the broad walls and the narrow
walls” of said first rectangular waveguide, respectively, a
transition section disposed between said first rectangular
waveguide and said square waveguide for .coupling said
square waveguide to said first rectangular waveguide, said
transition section including successively stepped portions
effective to vary one of the transverse. dimensions of said
section bétween those of said square waveguide and of
said first rectangular waveguide whereby energy in the
second of said modes will be coupled between said square
waveguide and said first rectangular waveguide; means
disposed within said transition section to prevent energy
in said first mode from entering said first waveguide.

2. An orthogonal mode transducer.comprising. a square

waveguide capable: of supporting first and second modes °

of energy wherein the electric fields thereof are orthog-
onally disposed with respect to each other, a first rectan-
gular waveguide: disposed in substantial. axial alignment
with said square . waveguide section, said . rectangular
waveguide baving a. pair of narrow.walls disposed sub-
stantially coplanar with a first pair of side -walls of said
square waveguide, said rectangular waveguide -having
broad' walls ‘disposed substantially parallel to the other
pair of side walls of said rectangular waveguide, a tran-
sition section coupling said square waveguide to said rec-
tangular waveguide, said transition section including
successively stepped portions coupling the broad walls of
said first rectangular waveguide to said other pair of side
walls of said square waveguide whereby energy.in the:first
of said modes will be coupled between said square wave-
guide and said first rectangular waveguide, a septum dis-
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posed “within said- transition section to prevent energy. in
the second of said modes from.entering said first rectan-
gular waveguide, a second rectangular waveguide coupled
to said ‘square waveguide substantially normally to-the
axis ‘thereof by means of a rectangular aperture in one
of said second pair of said side walls, said aperture having
the narrow dimension thereof transverse of said side- wall
and “the long . dimvension thereof parallel to theaxis of
said square waveguide whéreby only energy in said sec-
ond “mode will" be "coupled into said second rectangular
waveguide, the broad walls and the narrow walls of -said
second rectanigular “waveguide being disposed substan-
tially normal to the broad walls and the narrow walls of
said first rectangular waveguide, respectively.

3. An orthogonal mode transducer comprising a square
waveguide' capable of supporting first and second modes
of energy wherein: the -electric fields thereof are orthog-
onally disposed with respect to -each other, a first rectan-
gular waveguide: disposed-in substantial axial alignment
with said square waveguide, said rectangular waveguide
having a pair of narrow walls and a pair of broad walls
that are. disposed substantially parallel to the diagonals
of said square waveguide section; a transition section cou-
pling said.square waveguide to said rectangular wave-
guide’ whereby energy in the first of said modes will be
propagated in said first rectangular waveguide, said tran-
sitioni section comprising a number of successively stepped
portions. ‘positioned along the longitudinal axis of said
square- waveguide so as to progressively change a trans-
verse dimension between that of a diagonal and that of
said marrow walls, a septum ' disposed in said transition

‘section norimal to said last mentioned diagonal for reflect-

ing energy in said second mode, a coupling slot disposed
in one edge of said square waveguide, a second rectan-
gular waveguide having broad and narrow walls coupled
to said square waveguide in registry with said coupling
slot-whereby energy in said second mode will be prop-
agated therethrough, the axis of said second rectangular
waveguide being normal to the axis of 'said square wave-
guide section .with ‘the broad walls of said rectangular
waveguide . being parallel to said axis of said square
waveguide.
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