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MODE TRANSLATING WAVEGUIDE ADAPTER FOR A
QUASI-OPTIC GRID ARRAY

BACKGROUND OF THE TNVENTION

FIELD OF THE INVENTION

This invention relates to quasi-optic grid acrays, such as periodic grid arrays,

and in particular to techniques for adapting a wavegnide to a quasi-optic grid array.

1. Description of Related Art

Broadband communications, radar and other imaging systems require the
transmission of radio frequency (“RF”) signals in the microwave and miilimeter wave
bands. In order to efficiently achieve the levels of output transmission power noeded
for many applications at these high frequencies, & technique called “power
cembining” has besn emploved, whersby the cutput power of individual components
are coupled, or combined, thereby creating a single power output that 1s preater than
an individual ¢emponent can supply. Conventionally, power combining has used
resomant wavegnide cavities or transmission-line feed nebworks. Thess approaches,
however, have a number of shorteomings that become especially apparent at higher
frequencies. First, conductor losses in the wevegnide walls or transmission hines tond
to increase with frequency, eventually limiting the combiving efficiency. Second,
these resonant waveguide cavities or transmmissien-line combiners become
increasingly difficult to machine as the wavelength gets smaller. Third, in waveguide
systems, each device often must be inserted and tuned mamually. This is labor-

intensive snd only practical for a relatively small number of devices.
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Several years age, spatiel power combining using “quasi-optics™ was proposed
as a potential sclution to these problems. The theory was that an amray of microwave
or millimeter-wave solid state saurces placed in a resonator conkd synchronize to the
same frequency and phase, and their cutputs would combine in free space, minimizing
conductor losses. Furthermore, a planar array could be fabricated monolithically and
at shorter wavclengths, thereby enabling potentially thousands of devices to be
incotparated on a single wafer.

Since then, numerous quasi-optical devices have been developed, including
dotectors, multipliers, mixers, znd phase shifters. These passive devices confinue to
be the subject of onoing research. Over the past few years, however, gotive quasi-
optical devices, namely oscillators and ampliliers, have evolved. One benefit of
spatial power combining (over other retheds) using quasi-optics is that the output
power scales linearly with chip ares. Thue, the feld of active quazi-optics has
attracted considerable attention in a short time, and the growth of the field has been
explosive.

It ¢ belleved that the first quasi-optical grid array amplifier was a grid
developed by M. Kim ez af. at the California Institote of Technology. This grid used
25 MESFET differential pairs, demonstrating a gain of 11 dB ai3 GHz. As shown in
TIG. 1, atypicat grid amplifier 10 is an areay of closely-spaced differential pairs of
transistors 14 on 2o active grid 12 sandwiched between an input and output polaizer,
18, 24. An input signal 16 passes through the honizoatally polanzed input polarizer
18 and creates anp input bears mordent from the leff that excites rf currents on the
horzontally polarized input antehnas 20 of the grid 12. These currents drive the
inputs of the transistor pair 14 jn the differontial mode. The outpui currents are
redirected along the grid’s vertically polarized antennas 22, producipg a vertically
polarized output beam 3G via an output polatizer 24 to the right.

The cross-polarized input and output afferds two important advantages. First,
it provides good inpui-output iselaticn, reducing the potential for sperious feedback
oscillations. Second, the amplifier’s input and output circuits can be independently
tuned using metal-strip polarizers, which also confine the beam to the forward
direction, Momerous grid amplifiers have since besn developed and have proven thus
far to have great promise for both military and commercial RF apphcations and

particularly for liph frequency, broadband systems that require significant cutput

2

JP 2004-503970 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(14)

WO 01597322 PCTAISDIAR473

power levels (e.g. > 5 waits) in a small, preferably monclithic, package. Moreover, a
resonator can be used to provide feedback to couple the active devices to form 2 high
power oscillator.

Grids amplifiers can be characterized as quasi-plane wave input, quasi-plane
wave output (free space) devices. Grid oscitlators are essentiatly quasi-planc wave
output devices. However, most microwave and millimeter wave systems transport
signals through electrical waveguides, which are devices that have internal wave-
puiding cavities bounded by wave-confining, and typically metal, walls,
Consequently, an interface between the two environments 1s needed n most cases.
This interface is needed whether the electric lield signal is being putput from a
waveguide for effective application fo the grid array; or the free space ouiput signal of
2 grid array is to be collected into a wavepuide.

Providing such an interface is not a trivial matter for several reasons. First,
microwave and nillimeter wave wavepuides conventionally transmit signals in the
single transverse electyic {TE) mode, also known as the fundamental, or TE s, mode,
and block the higber-order mode components of the signal. These conventional
waveguides have a standard, constant size and rectangular shape, However, the input
plane area of any typical grid array upon which the input signal {5 incident may be
much larger than the area of the standard rectangular waveguide aperiure.
Furthermore, as noted, grid array assemblies comprising ¥ by N unit cells and
bounded by & dielectric (see FIG, 2) will vary in size depending number of cells in the
grid and the diclectric size. Thus, a standard waveguide cannot directly mate with a
grid array structure.

Mareover, the standard single mode rectangular waveguide operating in TEq
mode provides 2o electric field distribution that varies sinuscidally in amplitude
aeross it apertore. However, efficient operation of grid amplifters requires 2n
excitation beam that has a relatively unifiorm phase and magnitude distribation across
the amplifier’s area.

Several groups have atteupted {o design waveguides that interface with quasi-
optic active devices, but have had only limited success. For example, Yang, ot 2/,
recently published an arficle titled “A Nowvel TEM Wavegnide using Unipolar
Compact Photome-Bandgap *, JIEEE Trans. On Microwave Theory and Tech, Vol. 48,
No. 2, pp. 2092-2098, Nov., 1999, Further, Alj, ef @l published an aricle titled,

3
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“Anmalysis #nd Measvrement of Hard-Flom Feeds for the Excitation of Quasi-Optic
Amplifiers,” JEEE Trams. O Microwave Theory and Jech., Vol 47, No. 4, pp. 479-
487, April, 1999, Unfortunately, these proposed techniques do not adequately resclve
the aforementioned problems. For example, the photonic bandgap structures
deseribed by Yang et af. arc very difficult and costly to manufacture, making this
tachnique less than desirable. Morrover, the “hard-horn” approach of Ali ez a/.
creates a rather largs and bulky structure that is impractical for most commercial
applications.

Thus, there is z definite need for a simple and cost effective interface, or
adapter, that efficiently couples a wavegnide that propagates sigbals tn the
fundamental made to a grid array struclure with 2 desired feld distribution.

SUMMARY OF THE INVENTION

The present invention, which addresses these needs, resides in an adapter for
coupling a quasi-opiic grid array assembly to 2 waveguide that has an internal cavity
bounded by a wave-confining device and that guides a wave propagating in a
longitudinal direction. The adapter transtaies the wave between the fundamental
mode of the wavegnide and a desired clectromagnetic field distribution at the plane of
the array agsembly. The adapter comprises a first end, a second end and a wave-
confining structure. The first end that is adapted to mate with an end of the waveguide
and that defines a first aperture that substantiaily matches the size of the waveguide
cavity at the end of the wavepuide. The second end defines a second aperlure that is
larger than the first aperture. The wave-confining structure is disposed between the
first aperture and second apertare and defines a wave-guiding cavity that guides 2
wave propagating along the longitudinal direction. of signal propagation. The wave-
confining stucture includes means fior creating 2 spatial discentinuity within the
cavity of a predetermined size to create 2 desired field disivibution. In one
embodiment, this incldes a first step configured within the cavity that is 2
predetermined distauce ffom the first aperture. The spatial discontinuity is defined as
a substantizlly abrupt change in cross-section of the wave-confining structure, which
may simply be mternal walls. Although application dependent, typically, the change
in cross-section occurs preferably over less than % of & wavelengih It will be

understaed by those skilled in the art fhat other changes (megnitude and shape) in

4
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cross-section are possible, Accordingly, the adapter of the present invention tends to
be substantially more manifzcturable and compact than the conventioazl techniques
and devices.

More particulacly, the first step in the internal walls of the adapter adjusts the
size of the guiding cavity in the direction parallel 1o the electric field propagating in
the waveguide, referred to herein the “E-plane.” Alternatively, the first step may
adjust the size of the guiding cavity in the direction perpendicular to both the direction.
of the electric field and the longitudinal direction of the wave propagation, referred to
heremafter as “I3-plane.” Preferably, howover, the adapter of the present irvention in
includes at least hwo steps within the guiding cavity; one that adjusts the cavity size in
the E-plane and ancther that adjusts the cavity size in the H-plane. The adapter of the
present invention may further include at least one additional step in the E-plane within
the adapter walls and one additicnal step in the H-plane witkin the edapter walls. All
of these stepa are configured to excite higher order modes within the adapter and to
shape the ficld distributicn of the signal at the second aperture,

In anc preferred cmbodiment, the adapter of the present invention fnclades a
grid array Jocated at the second aperture of the adapter, This grid array assembly
meludes an active prid array bounded by 2 dielectric, which serves s a heat sproader
The grid array may be a grid amplifier, & grid escillator or other type of active grid
areay. Moreover, the second aperture is sized such that the edges of the active array
are spaced apart from the confining walls a predetermined distance in order to shape
the field distribution incident at the second aperture.

In another mare detailed aspa;:t of the inveniion, an input feed device for an
active quasi-optic grid array assembiy, that cxpands the fundamental mode of a signal
propagating longitudinally in a rectanpular waveguide having an imternal wavs-
confining cavity, to a multi-mode signal having a desired field distribution is
disclosed. This device comprises: (1} an input defining 2 first aporfure that
substantially matches the size of ihe waveguide cavily and that is adapted to mare
with the waveguide; (2) an output defining a second aperture that is adapted to contain
the grid array; and (3) o wave-confining structure disposed between the input and
output, defining an EM puiding cavity, The wave-confining structure includes a fizst
step within the cavity that is 2 predetermined distance trom the fnput and that expands

the cavity by a predetermined size, thereby controlling the phase and anplitude

s

JP 2004-503970 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

an

WO 01597322 PCTAISDIAR473

distribution. of the sigual between the fondamental mode of the waveguide and higher-
order modes (o obtain 4 desirad field distribution. The step enlarges the guiding
cavity in the E-plane or H-plane, Preferably, however, the feed cavity includes one
step that enlarges the eavity in the E-plane and a second step that enlarges the cavity
in the H-plane. There may be additional steps within the cavity in order to obtain &
desired figld distributton at the output,

1In yet another embodiment, en electromagnetic wave collector device that
translates & multi-mode signal propagating from an active quasi-optic grid array
assembly into the fundzmental mode of a rectangmlar wavepgnide having an internat
conducting cavity, is disclosed. The collector includes an input defining a first
aperture adapted to contain the grid array, an cutput defining 2 second aperture that
substantially matches ihe size of the wavegunide cavity and that is adapted to mate
with the waveguide, and a wave-condusting siructure disposed between the input and
qutput, defining an BM wave-guidieg cavity.

The cavity includes first step in the E-plane or H-plang that iz a predeiermined
distance from the input and that contracts the cavity by a predetermined size, therchy
cantrolling the phase and amplitude distribution ofthe signal in order to convert the
power in the higher-crder modes of the signal inio the fundamental mode from the
grid array . More preferably at least twe sieps are included in the cavity, ong in the I3~
plane and ancther in the H-planc. Additional steps within the cavity may be tncluded
in order i more closely approach the fundamental maode.

A method of transforming an electromagnetic signal beiween the
fundamental mode of a standard rectangular waveguide at one end of a waveguide
adapter having an intornal cavity bounded by a wave-confining structure to a field
distribution at the opposite end of the adapter that is desirable for a quasi-optic grid
array assembly, is disclosed. The method comprises adjusting the size of internal
walls of the adapter with at Jeast onc discontinuous step in the E-plane at a
predetermined distance from the waveguide, an.d adjusting the size of internal wall of
the adapter with at least one spatial discontinuity o the H-plane at a predetermined
distance from the waveguide. The method may further jnchide the steps of providing
o prid arrey assembly, having e grid array and diclectric bounding the array, at the

opposite end of the adapter and adjusting the normal distance between the cdae of the
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grid array and the adapter wall at the opposite end to further determine the field
distribution on the grid array,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded view of a conventional quasi-optic grid array with one
aof the differential pair unit cells in the array magnified,

FIG. 2 is a perspective view of a wavegnide adapter of ihe preseni inventron
shown with a rectangular wavegnide in posttion te be assembled to it at one end and
an active quasi-optic grid array assembly in position to be assembled inte the adapter
at one end, and

FIG. 3 is a perspective cutaway illustration of the adapter of the present

invention shown with one step provided in the E-plane and one step in the JI-plane

DETAILED DESCRIPTION OF THE PREFERRED EMBODEMENTS

The invention disclosed berc is an adepter or transition between the wavepuide
environment and the quasi-plans wave {quasi-TEM mode) environment in which the
and arrey components operaie. Bificient operaiion of grid amplifiers requires an
excitation beam that has 4 uniformn phase and magnitude over the amplifier’s area.
Efficient operation also requires that a the oufput field distribution of the grid array
(typically essentially uniform in amplitude and phase, although alternative
distributions are possible) be strongly coupled to the tundzmental mode of &
waveguide structure, if the eutput of the grid array is to be recaptured inio a guided
wave environmeat (rather than radiaicd into free space).

As poted, single-mode rectangular waveguide operating in TE;n mods gives an
eleciric field distribution that varies sinusoidally in amplitude across its aperture. The
waveguide adapter disclosed herein couples this fundamental TEyg mode in 2 standard
wavegnide to higher-order modes in an oversized guide with desired amplitude and
phase relationsbips, so ag te provide efficient excitation of the grid atray when used as
an tnput feed. In raverse operation, the adapter serves as an efficient collector of
output power when used as an output waveguide transition,

FIG. 7 is a perspective view of one embodiment of the wavegnide adapter 100
of the present, invention shown with a conventional rectangular waveguide 308 ai one

end end a grid array assembly 200, comprising an active quasi-optic grid array 202
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associated with a dielectric layer 208, at the ather end, both in position te be
assembled to the adapter.  FIG. 3 is perspective cutmway illustration of a typical
adapter 100 of the present invention, such as the one shown in FIG, 2. The firsi ensd
110 of the adapter of the present invention defines a first aperture 120 that is destgned
to match, or mate with, an aperture 320 at an end 310 of a typical rectangular
waveguide 300 that propegates signals in the TE single mode. Stops 102, 104, 106
and 108 in both the horizontzl and veriical planes cxpand the internal size of the
guiding structure 100 from the standard fundamental single-mode waveguide zize at
the first aperfure 120 o the oversized puide aperture defined by the second end 130 of
the adapter ihat is equal to or larger than the size of the active array 202, These steps
define the conducting walls 122, 124, 126 within which the EM sigmal propagates. As
seen, steps 102 and 104 enlarge the puide (as viewed from the waveguide) in ihe
direction parallel to the electric fleld in the standard guide and are thus referred to as
“H-plape” stops. Steps 106 and 108 are perpendicular to both the electric field and the
longitudinal direetion of propagation, and arc thus referred to as "I13-plane” steps.
Bach stop creates a spatial discontinuity within the cavity, which i3 a relatively abrupt
chenge ic the cross-section of the cavity and as defined above. However, the step
need not be machined to create a “sharp” corner. As 2 rule of thumb, the step should
croate change in cross-section oceur aver less than a quarter of a wavelength of
radiation and may differ depending on the specific applicatior. Moteover, the
number, placesment and size of the sleps control the amplitude and phase distribution
at the planc of the grid array, or second ¢nd 130, and can be adjusted as desired.

In addition to the confining siructure, or the walls, of the adapier, one or more
sheets of dielectric 208 may be used to provide impedance matching between the
moies excited in the oversized guide and the active array. In the embodiment shown
in FIG. 2, one surface of a sheet of dielectric supports the grid array 202 and the entire
£7id array-dielectric assembly can be assembled into and centained by the second ead
130 of the adapter 100, Typically, the number of propagating modes within the
dielectrically lorded portion of the guids is larger than in the au-filled portion.

The sieps excite higher-order modes within the guiding structure of the
adapter 100 These modes may be either propagating or evanescent. The magnitude
and phase of these cxcitations with reapect to the fundamental mode are determined

by the lateral size and lengitudinal position of the steps. By controlling the magnitude

|3
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and phase of these excitations, 2 conversion between the fundamental standard
wavegnide mode at aperture 120 and an approximetion to a desired field distribution
{e.g., uniform amplitude and phase) at the plane of the active array 130 is achieved.
The number of higher order raodes fhat may be independently controlied is
determined by the nurnber of steps used to expand from the standerd guide o the
oversized guide. A larger number of smaller steps can ailow greater flexability in
tailoring the shape of the field distribution at the plane of the active array.

Moreover, when assembled, the distances, w, %, y and z from the edges 222,
224, 226, 228 of the active array, to the edges of the second end 130 of the adapter
100, in this case, the walls 126, 127, 123 and 129, is also important in determining the
field distribution, and provides an additional design parameter for improving the
distribution.

A first approximation 1o the step destgn can be made using a spatial ourier
series expansion in the modes available to propagate within the oversized guide The
magmitude and phase of the expansion coefficients depend on the size and
longitudinal placement of the steps.

As noted, FIG. 2 is 2 particular illustration of an adapter configured es an input
Feed to a grid amplifier. That is, this adapier feeds a signal fiorm a waveguide 1o 2 prid
array such as & grid amplifier and with the amplifier providing a fres space ouiput.
However, it should be understood that the present invention operated equally in the
reverse mode. That is, the zdapter of the present invention may operate as an efficient
output waveguide collector or “mode contractor.” In this embodiment, the grid array
radiates in free space a multiple mode output power signal into the oversized adapter
100, which collects this free space signal and reduces the signal down to & signal
mode TEM signal, via the adapter’s steps that contract its internal cavity, for input to
a standard TEM waveguide.

It show!d be understood that the internal wave-confining structure is typically
electrically conducting walls but mey alternatively be non-conducting.

Having thus deseribed exemplary embodiments of the invention, it will be
appacent that further alterations, modifications, and improvements will also occur to
those skilled in the art. Fusther, it will be apparent that the present technique and
system is not limited to use as a technique for adapting a signal on a waveguide to a

desired distribution. 1t may be applied to any type of waveguide-to-grid array

9
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transition, whether the waveguide propagates exclusively in single mode or not, and
whether the array is a grid amplifier, grid oscillater or other type of quasi-optic grid

array structure. Acoordingly, the invention s defined only by the following claims.
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CLAIMS

1. An adapter for adapting a quasi-opiic grid aray to & waveguide having
an juternil cavity defined by a wave-confining device and ihat puides a wave
propagating in a longitudinal direction, the adapter translating between the
fundamentzl mode of the waveguide and a degired slectromaynetic field distribution
at the plane of the array, comprising:

(a)  afirst end that is adapted to substantially imate with ihe
waveguide and that defines a firet aperture that substantially matches the size of the
waveguide cavity and;

() asecond end defining a second aperture that is larger than the
first aperture; and

{c)  awave-confining structure disposed between the first end and
second end, defining a wave-guiding cavity thai guides a wave propagating along the
langitudinal direction of signal propagation, including a first step configured within
the cavity that is a predetermined distance from the first aperture and that creates a
spatial discontinuity within the wave-guiding cavity of a predetermined size to create

a desired field distribution,

2. The adapter of claim 1, wherein the first step edjusts the size of the
guiding cavily in the divection parallel {o the electric field propagating in the

waveguide (“E-plane”).

3. The adapter of claim 1, wherein the firs( step adjusts the size of the
guiding cavity in the direction perpendicular io both the direction of the electiic field

and the longitudinal direction of the wave propagation (“H-plane™).

4, The adapter of claim 2, further including & second stop within the
guiding cavity that adjusts the cavity size in the H-plane.

5. The adapter of claits 4, further including at least one additionat step in

the E-plane within the adapter guiding cavity and one additional step in the H-plane

JP 2004-503970 A 2004.2.5
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within the cavity, all steps being configured to excite higher order modes within the
adapter and to shape the field distribution of the signa) at the second aperture,

6. The adapter of claim 1, whereio the second end of the adapter containg

the grid acray.

7. The adapter of claim 1, whereic the second end of the adapter contains

the grid array that is bounded by a dielectric sheei.

3 The adapter of claim 1, wherein the second end of the adapter contains

a grid amplifier that ig bounded by a dielectric sheet.
e The adapter of claim 7, wherein the dielectric is a heat spreader.

10.  The adapter of claim 7, wherein {he second aperture is sized such that
the edges of the active array are spaced apart from the wave-confining structure at the
second end a predefermined distance in order to shape the feld distribution incident at

the second aperture.

11.  An input feed device for an active quasi-optic grid array, that expands
the fundamental mode of a signal propagaiing longitudinally in a rectangular
waveguide having an internal wave-confining cavity, to a multi-mode signal having a
desired ficld distribution, comprising: ‘

(a) an input defining a first aperture that substantiatly matches the
size of the waveguide cavity and that is adapted to mate with the waveguide;

) anoutput defining & second aperturs that is adapted to contain
the grid array; and

(@] a wave-confining siructure disposed between the input and
output, defining a wave-priding cavity, and including

a first step within the cavity that is a predetermined distance

from the input and that expands the cavity by a predetermined size, thereby
conteolling the phase and amplitude distribution of the signal between the

JP 2004-503970 A 2004.2.5
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fundamental mods of the waveguide and higher-order modes to obtain a desired field
distribution.

12 The device of claim 11, whercin the step enlarges the EM pniding
cavity wm the E-plage.

13, Thedevice of claim 11, wherein the step enlarges the EM guiding
cavity in the H-plane.

14, Thedevice of claim 13, further including a second step that enlarges
the EM guiding cavity in the H-plane.

15. The device of claim 14, firiber including additional steps within the

EM guiding cavity in order to obtain a degired field distribution at the output,

16.  AnEM wave collector device that translates 2 multi-mode signal
propagating from an agtive quasi-optic grid array into the fundamental mode of a
rectangular waveguide having an internal conducting cavity, comprising:

(a)  aninput defining a first aperture adapted 1o contain the grid
array;

(b) an output defining a second aperture that substantialiy matches
the size of the waveguide cavity and that is adapted to mate with the wavegnide, and

(c) an internal conducting structure disposed beiween the input and
output, defining a wave-guiding cavity, and including

a first step within the cavity that isa predetermined distance

from the input and that contracts the civity by a predetermined size, thereby
controlling the phase and smplitude distribution of the signal in crder to convert the
power in ihe higher-order modes of the signal injo the fundamental mode from the

grid array.

17. The device of claim 16, wherein the step contracts the EM guiding
cavity in the E-plane.

13
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18.  The device of claim 17, wherein the stcp contracis the EM guiding

cavity in the H-plane.

19.  The device of claim 17, further including a second step that contracts

the cavity in the H-plane.

20, The device of elaim 19, further ineluding additional steps within the
cavity in order to obtain a first order field distribution at the cutput.

2l A method of transforming an electromagnetic signal between the
fundamental mode of e standard rectangular waveguide at one end of 2 waveguide
adapter having ao internal cavity bounded by a wave-confining structure to a ficld
distribution that is desirable fur a quasi-optic grid array at the opposite end of the
waveguide adapter, comprising:

adjusting the size of the cavity of the adapter wath at least one spaiial

discontinuity in the E-plane at a predetermined distance from the waveguide.

22. The method of claim 21, forther including adjustiag the size of the cavity
of the adapter with at least one spatial discontinuity in the Li-plane at a predetermined

distance from the waveguide

23. The method of claum 21, further including providiag the gnd array, with a

dielectric bounding the array, at the opposite end of the adapter and
adjusting the normal distance between the edge of the grid array and

the adapter at the epposite end to further determine the field distribution on the grid
array.

24.  Anadapter for adapting a quasi-optic grid array 1o a wavegnide having
im mtesnal cavity defined by a wave-confining device and that guides a wave
propagating i a longitudinal direction, the adapter translating between the
fundamental mode of the wavepuide and a4 desired electromagnetic field distribution

at the plane of the array, comprising:

14
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{a)  afirst end fhat is adapted to substantially mate with the
waveguide and that defines a first aperiure that substantiully matches the size of the
wavesuide cavity and;

(b} asecond end defining a second aperture that is larger than the
first aperture; and

() means disposed between the first end and second end, defining
a wave-puiding cavity for guiding a wave propagating along the longitudinal direction
of signal propagation, the means including means configured within the cavity that is
a predetermined distance from the first aperture for creating a spatial discontinuity
within the wave-guiding cavity of a predetermined size o create a desived field

distribution at the quasi-optic grid array.
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