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INTHE UNITED STATES PATENT AND TRADEMARK QFFICE AS RECEIVING OFFICE

FOR THE PATENT COQOPERATION TREATY (PCTH

TITLE: Methods and Apparatus for Multilayer Millameter-Wave Window

inventor(sy:  David Crouch (Corona, CAY and William B, Dolash (Moniclar,
CA)

CROSS-REFERENCE TO RELATED APPLICATION
G001} This application claims the benefit of U5, Provisional Patent Application No.
GLOIO719, filed January 8, 2008 and incorporates the disclosure of that

application by reference.

BACKGROUND OF INVENTION

{00021 Systemy that generate andfor transmit high-frequency electromagnetic
radiation often reguire a window that is transparent over a particalar frequency
range. To accommeodate high power levels, the window may be highly transparent
to the passing radiation, absorb andior reflect little of the transmitted power, and
present a low thermal resistance path 10 heat gonerated within the window by any
absorbed radiation. At mullimeter-wave froguencies, the loss tangents of many
materials commonly used for windows at lower frequencies become much higher,
reducing the effectiveness of such materials at millimeter-wave frequencies.

(0003} Synthetic digmond has emerged as a preferred window dielectric material
in millimeter-wave applications. This 1s especially true in instances where there is

1
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[0004]

[0005)

an extromely high power density nulhimeter wave, such as at the output windows
of wyrotron oscillators that produce ouiputs in excess of 1 MW,  Although
syithatic diaond has a low loss tmgent & millimeter-wave frequencies and a
thermal conductivity tugher than copper, it is expensive and often avalable only

i limited sizes. In appheations where the size of the window needs to be greater

than a few inches across, synthetic diamond becomes cost prohibitive,

SUMMARY OF THE INVENTION

Methods and  apparstus for g woulidayer millimeter-wave  window
according to vanous aspects of the present invention operate in comgunction with a
multilayer window that 1s substantially transparent 0 a passing millimeter-wave,
The window may include multiple perforations in a thermally conductive element
to he disposed in the path of the passing wave. A diclectric is positioned hetween
at least two thermally conductive elements and acts as a seal between the wave
sowrce and an ambient enviremmnent.  The window may also be configured to

conform o a contourad surface or structure.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the present invention may be desived
by referring to the detailed deseription and claims when considered i connection
with the followmg tllustrative fimues. In the followmg figures, hike reference

numbers refer (o similar elements and steps throughout the figares.
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FO017]

Figure | representatively illustrates a mualtilayer window in accordance
with an exemplary embodiment of the present fovention;

Figure 7 representatively  dlustrates variows layers of the maltilayer
window:

Figure 3 illustrates a two-layer window;

Figure 4 is a cross-section of a multilayer window;

Figure 5 llustrates a three-layer window;

Figure 6 ilustrates a five-layer window;

Figure 7 illustrates & multilayer window installed in an atrerall foselage;

Figure R iltustrates a periodic lattice network;

Figure 9 ilfustrates spacing variables associated with g lattice network; and

Figure 10 iHlustrates a multifayver window coupled together by a mounting
device.

Elements and steps in the figures ave tlustrated tor stmplicity and clarity
and have not necessarily been rendered according to any particular sequence. For
example, stepy that may be performed concurrently or in different order are
Hustrated in the fpwres to improve anderstanding of embodiments of the present

invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
The present mvention may be deserbed partly in terms of functional

components and various methods,  Such functional components may be realized

by any number of components configured {o perform the specified Amctions and
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achieve the various results.  For example, the present invention may employ
arious technigques for passing electromagnetic radiation, e.g., windows, radomes,
and the Hke, which may carry out & variely of functions, In addition, the prosent
invention may be practiced in comjunction with any number of clectromagnetic
radiation sowrces, mithimeter wavelength beams, gyrotrons, and high energy wave
sources, and the system desoribed 18 merely one exemplary application for the
invention. Further, the present invention may employ any number of conventional
technigues  for generating radiation, foroung radomes, couphng to aircraft,
connecting the elements together, transmitting andfor receiving radio frequency
transmissions, and the like.

Referring now to Figure 1, methods and apparatus for passing high
frequency electromagnetic radiation according o varous aspects of the present
wvention may operate In conjunction with a multiayer window 100, The
multilaver wingdow 100 may be substantially transparent to a passing cnergy wave
at one or mere particular freguencies or ranges of freguencies,  Referning to
Figures 1 and 2, in one embodiment, the multilayer window 108 may comprise at
least two thermally conductive elements 102 and a dielectric 104 disposed
between the at least two thermally conductive elements 1020 Each thermally
conductive element 102 may further comprise multiple perforations 202, The
mudtilaver window 100 may comprise additional components, such as a mounting
device andior sealing clements,

The dielectric 104 provides a seal between a radiation source and an

environment where the radiation is directed while also contributing to the
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substantial transparency of the muftiayer window 100 to the passing energy wave,
The disleetric 104 may also provide a seal between cach thermally conductive
glement 102, The diglectnic 14 may comprise any suitable system for seading
two regions from cach other while remaining substantially transparent to a passing
energy wave when assernbled in the multilayver window 100, The diclectic 14
may comprise a plate, a sheet, a flexible matenal, or a matenal which may
conform to a contourad surface,

For example, in one embodiment, the diclectric 104 may comprise a tflat
plate and be suitably configured o mamtain a vacuum on a side of the multilayer
window 100 where an electromagnetic radiation gencrator, such as a gyrotron, is
located. In a second embodiment, the dislectric 104 may comprise a contourad
sheet and provide an environmental seal between an interior surface and an
extertor surface of the multifaver window 100, The diclectric 104 may be further
suitably adapted to maintain a pressurization difference between an interior space
and an external environment. The dielectric 104 may also inhibit foreign object
debris from ingressing into the perforations 202, which may resalt in reduced
performance of the multilaver window 1.

Referring to Figure 3, in one embediment, multiple dislecirics 104 may be
coupled to the thermally conductive elements 102, providing multiple seals 10 a
built wp multilayer window 100, For example, a first dielectric 302 may be
disposed botween two thermally conductive eloments 102, sedding the two
elements from each other. A second dielectric 304 may be coupled to a surface of

one of the ocutermost thermally conductive slements 102, providing a cap to the
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multilaver window 100, The second dielectric 304 may form a second seal that is
adapted to perform multiple functions, such as isolatively sealing the perforations
202 that are disposed betwesn the two diclectrics 302, 304 from another set of
perforations 202 and providing a seal to the entive multilayer window 100, The
use of multiple dielectrics 104 may also improve reliability by preventing a
window fattare should any one dielectric 104 laver develop a crack, a hole, or a
tedr.

The diclectric 104 may also provide a suitable loss tangent at operational
frequencies o the millimeter-wave spectrum, such as according to the power
density of the incident beam, the thickness of cach dielectnie ayer, and the
melting point of a polymer. For example, in an application in wiuch the window
matntains a vacuum seal, the dielectric 104 that separates adjacent thermally
conductive elements 102 may be constructed from a low-loss ceramic, such as
aluming or sapphire. In various embodiments, the diclectric 104 nway comprise &
low-loss ceramic that conforms to a non-planar surface,

Unlike a traditional all-diclectric window, the thermal conductivity of the
diefectric 104 in the multitayer window 100 is less problematic. In a conventional
all-dielectric window, heat travels from its point of origin to the periphery of the
window before it can be removed.  In the present embodiment, the thermally
conductive clements 102 conduct heat away from the dislectric 104 more locally
to where the heat 1s generated.  Referming w the embodiments of Figures 3 and 4,
heat travels through the dielectric 104 1o the nearest thermal element-dielectric

boundary 306, thus reducing the effective thermal resistance of the window.



WO 2009/089331 PCT/US2009/030418

[0024]

[0025]

Therefore, the dielectric 104 may comprise thicknesses that are unobtainable 1 an
all-diclectric window. For exangple, dielectric plates made of traditional ceramics,
such as sapphire or quartz, are highly susceptible to breaking if made wo thin, I
the dielectric 104 1s contigured to use the thermal condactance of the thermally
conductive elements 12 to dissipate heat, then the diclectnic 104 may comprise
other materials which are less fragile and may be on the order of only a fow
thousandths of an inch thick.

Additionally, for applications in which outgassing by the dielectric 104 18
acceptable, less expensive low-loss diclectrics 104 materials may be used, Foe
example, the dielectric 104 may comprise a polymer, such as a polyimide Him,
polyvtetrafivorosthene, or high-density polvethviene film.  In one embodiment, the
diclectric 104 comprises a Teflon® plate of hetween two thousandths of an inch
and five thousandths of an inch thick while providing a loss tangent of
approxmately 50 X 10 at 94 GHz. o another embodiment, the ditectric 104
may comprise a polyester film that is between 0.5 thousandths of an inch and one
thousandth of an inch thick.

Thermally conductive clements 102 contribude to the transparency of the
maltilaver window 100 to a beamed energy wave at a selected radio frequency or
set of frequencies and conduct heat penerated within the dielectric 104 to the
ambient environment andfor a cooling system. The thermally conductive
cloments 102 mav comprise any suitable low thermal resistunce path system for
allowing a beamed energy wave to pass through with fitde rellection or loss of

transmitted energy. The low thermal resistance path may comprise, for example,
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a flat plate, a lattice, or a body that may be molded, cast, formed, machined,
extruded, or otherwise manufactured into a non-linear or mudti-planar shape.
Referring again w0 Figure 2. the thermally conductive elements 102 comprise a
thermally conductive body with nudtiple perforations 202, or holes, disposed in a
surface of the thermally conductive elements 102, In the present embodiment,
several thermally conductive elements 102 ave coupled together to form the
multilaver window 100,

Referring now to Figure 4, each thermally conductive eloment 102 may be
separated from another thernally conductive element 102 by the dielectric 104,
The thickness of the thermally conductive elements 102 may be defined hy a
vatue L, for example Ly, Lz Ly, and Ly and the thickness of each laver of the
diclectric 14 may be defined by a valoe D, for example Dy, Dy, Dy, and Da
Muoreover, the multilayer window 100 may comprise any suitable number of
layers from 1 to N. The thickness of cach elemient may be the same for vach layer
of the window or they may vary from layer to layer. For example, an outermost
layer of the thermally conductive element 102 may be configured to be only a fow
thousandths of an inch thick to reduce the volume within the perforations 202 that
may be filled with foreign particles.  Alternatively, the thickness of the thermally
conductive clements 102 may vary based on factors such as  structural
reguirements or weight lnitations,

The thermally condactive cloments 102 may also comprise any suitable
shape or size.  For example, in one embodiment, an individual thermally

conductive elernent 102 way comprise @ circalar plate of less than three inches in
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diameter.  In another embodiment, each thermally conductive element 102 may
comprise a circular plate of between fowr and ten inches in dameter. 1o yet
another embodinment, each thermally condctive clement 102 may comprise a
substantially rectangular or square shape of up o four feet along one side,

Referning to Figures 3-6, the nomber of thermally conductive clements 12
and dielectrics 104 used to form a multlayer window 100 may be dependent on a
particular apphcation, operating freguency, radiation sowrce, or instaflation
location. In one embodiment, the thermally conductive elements 102 may further
provide stroctural stability to the malitlayer window 106, In another embodiment,
multiple thin formable thermally conductive elements 102 may be coupled
together, allowing the multilayer window 100 o be installed in locations that
require a more complex shape than a simple flat window, For example, structural
requirements may require a single element to be so thick as o make it difficult to
conform fo a complex or contoured surface. The type of material used to form the
thermally conductive clements 102 may be varted to adjust the overall strength or
thermal conductance of the multayer window 100.

For example, referring now to Figure 7, a section of an afreraft fuselage
702 may be replaced by the multilayer window 1. The number of thermally
conductive elements 102 and the amount of structural strength required may be
dependent upon the type of aireraft andfor the amoant of structure removed. For
example, ¥ soction removed from a pressucizable cabin may require substantially
more structural integrity than a section removed from a section of the averaft that

1s not pressurized, such as a nose cone or baggage compartment.  Additonally, if

pacte
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the section of fuselage 702 removed inchides structoral support such as ribs in
addition to the afreraft skin, then the mumber of thermally conductive elements
102 may be increased to ensire the integrity of the atroraft during flighs.

The thermally condactive elements 102 may condact heat generated by the
diclectric 104 1 any suitable manner and may comprise any suitable material such
as metal and mwetallic altoys, such as ahuminum, copper, berylinom, or any suitable
combination thereof. The thermally conductive elements 102 may also comprise a
composite material, such as @ high strength thermally conductive plastic or be
integrated with a Hguid cooling system. Depending on a particular application ov
operating frequency, the thermally conductive elements 102 may be required to
dissipate as much as several kilowatts of power abserbed by either the diclectric
104 andior the thermally conductive clements 102 themselves as a result of the
passage of the high frequency energy beam through the multiayer window 100.

The thermally conductive clements 102 may further be adapted 1o be
electrically conductive, Electrical conductivity may tend to avoid or reduce chinic
losses of the thermally conductive elements 102 as the epergy wave passes
through the multilaver window 106, resulting in a reduced ability to dissipats heatl
Thermally conductive elements may be selected according 1o any suitable criteria,
such as thermal andfor electrical properties al relevant operational frequencies for
the passing wave,

The thermatly conductive glements 102 may imclude perforations 202,
such as lo facilitate transmission of an energy wave al one or more selected

frequencies.  The perforations 202 may comprise any switable shape or size. For

10
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example, refernng to Figares 2 and 8, the perforations 202 may comprise a pattern
of one or mwore holes for a unit area 882, The pattern may be repeated over the
entire surface, forming a pertodic lattice network of hedes, The perforations 202
may be configured in any suitable number per anit area 802, such as according to
a particular operating frequency. Referring to Figure 9, the lattice network may
comprise one circular bole per unit area 302, The center-to-center separation
between holes of radius 3 may be defined by the distance ds along an x axis, and
the distance between neighboring rows may be dy. The angular offset between
hole centers in neighboring rows may be denoted by 0,

The spacing of the perforations 202 may alse be defined according to any
suitable coordinate system, optimization algorithm, or the bke. For example, the
arrangerment of the lattice network may be determined by a cost function which
takes mto account factors such as operating frequency, incident power of the
directed encrgy wave, thickness of the thermally conductive clements 102,
diameter of the perforations 202, separation between holes, and the type of
materials used for the dielectric 104 and the thermally conductive elements 102,

For example, referring to Figure 3 and Table 1, a spacing of perforations
202 for a two layer window with an operating frequency of 94 GHz may result in
a reflection coefficient is -47.5 dB; that is, for every kilowatt of incident power,
only {LO178 Watts s reflected.  The multilayer window 100 may also have
substantial handwidth, by providing a reflection coefficient of lesy than - 20 dB

from a frequeney of less than 90 GHz up to 96.5 GHz

11
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(360351 A similar optimization process may be performed for the number of

perforations 202 andéor thicknesses of the thermally conductive clements 102 and
dielectrics 104 for other configurations of nudtilaver windenes 10, For example,
Tables 2 and 3 show calealated vahues for a three-layer and a five-layer window

optintized for an operating frequency range ot 92 GHz to 96 GHz

Parameter Value Units
8 60 Degrees

3 31 nuis
iy 114,68 ks

d, disind
Ly==la a5 mils
j3 ) 2 mils
i 3 mils

Table 1. Two-layver window

Parameter Value Units
8 60 degrees
a 50.2 mils
..................... B 126 mils

dy d.sinh

Ly 20 s

i 57 mils

1. 20 s

Dy £ nuls

DI 2 mils

Table 2. Three-layer window

Parameter Value Units
g 60 degrees
3 5.2 mils
dy f1e.6 mils
dy d,sing
la=la=Las=las 20 nuis
Ls

12
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Tabte 3. Five-layer window

The perforations 202 may also be positioned such that when several
thermally  conductive elements 202 are coupled, or stacked together, the
perforations 202 on sach thermally conductive element H2 are aligned with the
perforations 202 of an adjacent thermally conductive element 102, Alternatively,
the size and shape of the perforations 202 on cach thermally conductive clement
HI2 may vary relative to those of an adjacent thermally conductive element 102
andfor portion of the same thermally conductive element 102 when the mudtilayer
window 100 & configured to conform to a non-flar serface, such as an abreraft
fuselage, 1o compensate for anticipated deformations of the boles when shaped.
For example, perforations 202 of the same size that would be perfectly aligned if
the maltiple lavers were stacked n a sertes of Hat layers may not be adequately
aligned when the layers are formed into a cwrve to form a non-Hat surface.
Consequently, the size and shape of vartous perforations may be adjusted to
properly align the perforations in the final implementation.

In accordance with an exemplary embodiment of the present invention, a
mounting device may couple the thermally conductive elements 102 o the
dielectrics 104 andior facilitate installation of the maltifaver window 100 into a
structure, The mounting device may comprise any suitable system for securing or
attaching the individual layers of the nwiltlayer window 100 together, such as

mechanical fasteners, adhesives, and the Tike. The mounting device may also
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provide a thermal path from the thermally condactive elements 102 to the ambient
environment, other suitable structure, or a cooling system,

For example, refermng to Figure 10, the mounting device may comprise a
retaining ring 1002 suitably configured to maintmn close contact between the
diclectrics 104 and thewr neighboring thermally conductive elements 102, forming
g low-resistance thermal path from the dieleciric 104 o the adjoining thermally
conductive clements 102, The mounting device may be installed into an opening
to separate a nulhmeter wave source from a targeted environment,

For example, refernng again to Figure 7, the multlaver window 10 may
fit a large opening in the side of an aircraft fuselage housing a high-power
miflimeter~wave system (not shown), which may generate and radiate a high-
power millimeter-wave beam that passes through the multiayer window 100, The
mounting device may couple the individual elements while alse secuting them to
the fuselage. The multdayered window 100 may also provide an aiv-tight seal and
support atrframe integrity,

In operation, a high-power millimeter wave source passes an energy beam
through the multifayer window 100, The maulttdaver window 100 1s configured 10
seal the wave source from an outside environment while heing substantially
transparent to the passing beam. The multilayer window 100 may comprise a thin
dielectric 104 {Hm disposed betwesn thermally conductive elements 102, In an
alternative embodiment, several lavers of dielectrics 104 disposed between
thermally conductive elements 102 may also be coupled together to form the

multilayer window 100,

14
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The multilayer window 100 may allow the lugh~-power wave to pass in any
appropriate manner, such as by placing several perforations 202 on a surface of
cach thermally conductive element 102, In the present embodiment, the
perforations are arranged in a perfodic fattice network, wherein the spacing of the
pertorations is suitably optinuzed for a particular operational frequency and angle
of mncidence. As the millimeter wave passes through the nulilayer window 100,
some of the energy is absorbed by the dielectric 104 and converted into heat. Thas
heat i3 then conducted away from the diclectric 104 by the thermally conductive
elements 102, An additional cooling systemt may be used to conduct heat from the
thermally conductive elements 102 andfor the beat may be passively radiated
the surrounding environment,

In the foregoing specification, the invention has been described with
reference to specific exemplary embodiments. Various modifications and changes
may be made, however, without departing from the scope of the present invention
as set forth in the claims. The specification and figures are illustrative, rather than
restrictive, and modifications are intended to be included within the scope of the
present invention.  Accordingly, the scope of the invention should be determined
by the claims and their lepal equivalents rather than by merely the examples
described.

For example, the steps recited in any method or process claims may be
exevuied i any order and are not limted 1o the spectlic order presented in the
claims,  Addibonally, the components andfor clements recited in any apparatus

claims may be assembled or otherwise operationally confiwed i a varely of

15
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permoetations and are accordingly not linuted to the specific configuration recited
in the claims,

Benefits, other advantages, and solutions to problems have been desconbed
above with regard to particular embodiments; however, any benefit, advantage,
solution to problem or any clement that may cause any particular benefit,
advantage or solution to occar or to become morve pronounced are not o be
constraed as critical, required or essential features or components of any or all the
clairos,

As wused herein, the terms “comprise”, “comprises”, “cowmprising”,
“having”, “icluding”, “includes” or any variation thereof, are intended o
reference o non-exclusive inclusion, such that a process, method, article,
cornposition or apparatus that comprises a list of clements does not include only
those elements rectted, but may also mctude other elements not expressly lsted or
inherent 1o such process, method, article, composition or apparatus,  Other
combinationy  andéor modifications  of the above-described  structures,
arrangements, applications, proportions, clements, materials or components used
i the practice of the present invention, in addition to those not specifically
recited, may be varied or otherwise particularty adapted to specific environmaents,
mamgdacturing specifications, design parameters or other operating requirsments

seneral principles of the same.

&

without departing rom the

18
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CLAIMS
1. A mudulayer window for passing millimeter-wave frequencies, comprising:

-3

tad

LFy

6.

at Jeast two thermally conductive plates coupled together forming maltiple
Lavers, wherein:
each of the at least two thermally conductive plates comprises a set of
perforations passing through a sarface; and
the at least two thermally conductive plates are configwred o
substantially transmit the passing millimeter-wave frequencies; and
a dielectric plate disposed between the at least two thermally conductive
plates, wherein:
the dielectric plate forms a seal between the at least two thermally
condhsetive plates; and
the at least two thermally conductive plates divectly contact the

dielectric plate.

A multilayer window according to cluim |, wherein the at least two
thermally conductive plates and the diclectric conform to a non-planar

surface.

A multilayer window according o clatm 1, wherein the at lsast tweo

thermally condactive plates are electrically conductive.

A multlaver window according to claim 1, wherein the set of perforations
comprises a group of holes armanged m a pertodic lattice network over a

surface of each of the at least two thermally conductive plates,

A multilayer window according to claim 4, wherein the holes of a first
thermadly conductive plate align with the holes of a second thermally

conductive plate relative to the passing mitlimeter-wave.

A multilaver window according o claim 3, wherain:

17
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the holes of the first thermally conductive plate comprise the same shape
as the holes of the second thermally conductive plate; and
the holes of the first thermally conductive plate comprise a different size

than the holes of a second thermally conductive plate,

~ed

A multilayer window according t© claitm 1, Rurther comprising a second
dielectric plate coupled to one of the at feast two thermally conductive

plates.

8 A mululayer window according to claim |, fanther comprising a mounting
device coupling the at feast two thermally conductive plates to the dislectric

plate and adapled to mount the coupled plates to a separate structure.

9. A nudulayer radome for passing millimeter-wave electromagnetic radiation,
comprising:
at least two thermally conductive perforated metallic elements coupled
together formung roultiple layers, wherein:
the least two thermally conductive perforated metatlic clements cach
comprise a set of perforations;
the at least two thermally conductive perforated metallic elements are
adapted 1o be sobstantially tramsparent to a frequency of the
radiation; and
a dielectric spacer disposed between the at least two thermally conductive
perforated metallic elements, wherein the dielectric spacer provides a
seal between the least two thermally conductive perforated metallic
elements; and
whereins the at least two thermally conductive perforated metallic elements
and the dielectric spacer define a non-planar surface when coupled

together,

18
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10, A multlaver radome according o claim 9, wherein:
the non-plangr surface comprises a section of an aiveraft; and
the coupled thermally conductive perforated metallic elements are
configured lo provide substantially cquivalent structural strength as an

adjacent section of the atreraft.

11, A multilayer radome according to claim 9, wherein the set of perforations on
each of the least two thermally conductive perforated metallic elements
comyprises a group of holes arranged m a periodic lattice network over a
surface of each of the at least two thermally conductive perforated metallic

elaments.

12 A multifayer radomie according to claim 11, wherein the holes of a first layer

align with the holes of a second layer.

13 A multilayer radome according to claim 12, whereim
the holes of the first thermally conductive plate comprise the same shape
as the holes of the second thermally conductive plate; and
the holes of the first thermally conducnhive plate comprise a different sive

than the holes of a second thermally conductive plate.

14, A multlayer radome according to clamm 9, further comprising a dielectric
cover coupled to one of the at least two thermally conductive perforated

metallic slements.

1S, A multilayver radome according to claim 14, wherein the dielectric spacer

and the dielectric cover comprise an idemtical dtelectric material.

6. A multidayer radome according to clm H), further comprising 8 mowunting
device securing the at least two thermally conductive metallic clements to
the dielectric spacer to form a coupled system and adapted to mount the

{:{}upleti 3vstem [0 a separate strueture.
19
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17, A method for ransmitting nulhimeter-wave radiation, comprising:
conpling a dielectric plate between two metallic elerments o form a
multilaver window; and
perforating cach of the metallic elements, wherein the perforations ars
configred to make cach of the metallic clements substantally

transparent to the passing millimeter-wave radiation.

18 A method for passing nullimeter-wave radiation according to claim 17,
wherein, the perforations comprise a sertes of holes arranged in a periadic

lattice network,

19, A method for passing millimeter-wave radiation according to claim 17,

wherein the perforations of cach of the metallic plates are alignod when the

metallic clements are coupled together.

20, A method for passing millimeter-wave mdiation according to claim 19,
wheremn the further comprising sealing cach layer of the multilayer window
from another laver, wherein the dielectric plate is configured to create the

seal between each layer

20
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