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RF SHIELDING FOR AIRCRAFT WINDOWS

1. Field of Invention

ThlS relates to . improvements in window unlts 1nstalled
in aircraft of all types.: Spec1f1cally, thls relates to alrcraft
w1ndow3'capable of “shielding aga1nst~the transmission of radio

frequency - (RF) energy.

2. Background

The ‘increasing usage of cellular telephones and other
wireless electronlc dev1ces generally has glven rise to a demand
for the use such dev1ces by . passengers while traveling. in
aircraft. In most commercial alrcraftﬁ however, the passengers
are prohibited from~usihg thesetwireleSs,devices, since their use
interferes with serVioes outside_the aircraft. When sctiveted on
board aircraft, ceilular teiephones will actively try, hand
sometimes 'suCCeed, in communicating . via ‘grouﬁd' based cellular
1nfrastructure This is .undesirable” and not allowed by
government regulatlons

As shown in FIG. 1, an aircraft 10 has an aluminum
"exterior _12,' a passenger compartment ’14 and Aa. plurality of
.w1ndows 16. - It is . believed that ‘the, primary means of
transm1551on of REF’ energy between thé passenger compartment 14
and the exterior of the aircraft 10.; 1s via the w1ndows 16. - This
includes . the transmL531on“ of electromagnetlc transm1s51on
freqUencies currently in use for celluler phones which commonly
operate in the 800 Mhz to 5 Ghz frequency, range.

There is a ,needyj thereforey, for improved aircraft
‘windows that,areAtransparent'to,electromagnetic energy in the

visible spectrum, yet opaque to RF energy,_
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SUMMARY OF THE ILLUSTRATED EMBODIMENTS

Disclosed 1s an improved aircraft window, where RF
sﬁielding is desirable. In one embodiment, a window shield
'comprises-an electrically conductive, transpareat{'flexible £ilm,
which is' applied by known "processes to‘ a window pane. - This
shield is grounded to- the aircraft frame or exterlor by a “tall”
of conductive material, which is secured_to -a ground_p01nt in the
vicinity of the window pane.

In an alternative embodiment, a window pane may support
elements of conductive material embedded in the pane which are
formed- into patterns such as grids, that are adapted tO'abscrb
energy,at the . wavelengths emitted byacell‘phones/}o; to absorb
other radiation.

Embodiments of the present inveﬁtion'therefore allow
‘visible light tO‘pass through anAaircraft Qiﬁdcw while shielding
certain other - electromagnetlc energy The'impfoved window will
facilitate use of certain electronic deviges within the alrcraft
without interference being caused. by or to.other 31gnals,,out81de
the plane. -

| There are’additional aspects to the present inventions.
It should therefore be understood that the preceding'is merely a
brief summary- of eome embodiments' and aspecte of the present
invenfions Additional embodlments and .aspects of the present
inventions are referenced below It should further be understood
that numerous changes to the disclosed embodlments can be made
without departlng from the splrlt -or scope ‘of the. 1nventlons.
The precedlng summary therefore is not meant to limit the scope
of the inventions. - Rathef, the scope of the 1nventlons is to be

determlned by appended claims and thelr equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

These 'and/or other aspects and advantages of the

present invention will become apparent and ~more readily
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‘appreciated from the ‘following description of the preferred
embodiments, taken'in.conjuncrion with the accompanying drawings
‘of which:

FIG. 1 is an exterior View of a portion of an. aircraft
having a plurallty of .windows; -

FIG. 2 is an 1nterlor view of a portlon of an alrcraft
~with. two.window assemblles in accordance with an émbodiment of
the lnventlon,

FIG -3 is an alrcraft w1ndow pane. of ‘one of the window
assemblles of FIG." 2;

FIG.. 4 1is an.aircraft window pane in accordance'With
. another embodiment of ‘the invention;

FIG. .5 is.an ‘aircraft Window'pane in accordance with
" yet another embodlment of the 1nventlon,

: FIG._6 is an enlarged sectlonal view of the:window pane
of FIG. 5.taken along the line 6 - 6 of FIG.'5;

FIG. - 7+ ig- an aircraft w1ndow assembly in accordance
with another embodlment of the invention;.and

FIG. 8 is the window shade of FIG. 7.

DETAILED DESCRIPTION'

Reference will now be made in detail to embodiments of
the'present invention, examples of which are ilinstrated in the
'accompanylng drawings, . whereln llke reference numerals refer to-
like elements‘throughouthf It is understood that other
embodimenfs;may be utilized and structural and operatlonal
changeszmayibe.made without departing from the scope of: the
present invention. |

FIG. 2'is a simplified diagram of a portion, of the
Antericr of an alrcraft that:includes windows in accordance w1th‘
an eémbodiment of the invention. Referring to FIGs. 2 and 3, the
aircraft 1nterlor includes an 1nterior;bulkhead720,'a5window

frame 22, and. a window' 24. The window’24 has a transparent pane
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26 having an inner surface 28 and an outer surface 30. A,
transparent conductive film 32 overlays the inher surface 28 of
the pane 26 The film 32 is constructed .of a material that is
transparent to VlSlble llght but adapted to attenuate RF energy.
‘An exemplary material that would satlsfy this purpose. is.
'Scotchtlntm which can’ be obtalned from 3M Company located in 8t.
Paul, Mlnnesota

In order to better attenuate the. RF energy, the £film 32
is. electrlcally grounded ‘ Thls ,electrlcal groundlng s
‘accompllshed by . a plgtall of .the same materlal *(not ‘shown)
extendlng outwardly from ‘a point on the perlmeter ‘of the film 32,
:and attached. by conductlve; adhesive to any convenient nearby
_point that .is electrically cohhected to the skinaof the aircraft,
but usually the inside of the'skin of.the aifCraft itself. In
alternative embodiments, hoWever,' electrical grounding can' be
accomplished by other means'known lh the art. For purposes of
“thisfapplication,uand in view of theAuse of embodiments of  the
invention in the :context 'of,ﬁah aircraft‘,that is airborne,
referenceiherein to ground and‘to‘electrical grounding includes
making an electrical connection to the conduct.i've skin of an
alrcraft While lt is”airborne. .

‘ The film 32 can be‘agplied to the inner surface 28 by
any.of at least two methods. Ohe involves.moistening the filﬁ on
uthe side to be applied to the w1ndow, ‘then positioning the film
and applylng pressure w1th a roller to ensure close contact -
between- the Film and the glass Another method is to use a £ilm
that 1s already coated on one side with a layer of clear adhesive
-and press, that 31de agalnst the wrndow

Because the film 32 1s applied: to the 1nner surface 28
of the _pane 26, 1t would be desirable to cover the film 32 with a
protective coatlng or another transparent pane in order to guard
against scratches and . other damage to the fllm. 32. .7 In

alternative embodiments}.however, the film 32 may be applied to
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the outer surface 30 of the pane 26, in which case.a protective
.layer may not be requ1red for those alrcraft w1ndow de51gns that
employ one or more, addltlonal panes between the outer surface 30
and the exterior of: the alrcraft

FIG. 4 1s an, alrcraft w1ndow in accordance with another
'embodiment'of the 1nventlon The w1ndow 1ncludes -a transparent
pane 36 havrng an inner and outer surface 38, . ADlsposed or
embedded w1th1n the~pane 36 between 1ts inner and outer surfaces
38, ‘.40 is' fllm that - 1ncludes S an -electrlcally conductlve
.materlal 42 that is - arranged in a pattern adapted to attenuate RF
ehergy. . . Electrically conductlve material, such, as copper, is
used‘in_the-filmr although other embodlments may. employ other
.metals,fA alloys,‘ composrtlons,' etc.. that are electrically
conductive. 7

- As shownv,in FIG. 4, the pattern . used is a grid

.comprlsed of generally square’ openings of dlmens1ons, such as for
example three square centimeters, ‘that ‘have .beent.found to be
effective for. attenuating ' RF ‘energy. 'ln other embodiments,
however, other patterns‘may be used, such as a'pattern‘comprised
of generally triangular.openings or other fractal-derived shapes.
In order to better attenuate the- RF energy, the: conductive
materlal 42 is electrlcally grounded by use of a plgtall of the
same materlal (not shown), extendlng outwardly from a point on
the perlmeter .of - the conductlve materlal 42, and - attached by
conductive adhe51ve to any convenlent _nearby p01nt that is
electricallyﬁ connected to the skin’ of the alrcraft In’
alternative embodiments, however, electrlcal groundlng can be
'accomplished by other means known in, the art.

"FIGs 5 and 6 show an alrcraft w1ndow Anc accordance
with yet another embodlment of the 1nventlon. As before, the
window 1ncludes a transparent pane 44 having ‘an inner' and outer
surface 46, 48. .In ‘this instance, however, a layer 50 of

transparent conductive material is applied to the inner sSurface
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46. Originally in liquid form, the conductive material is
sprayed or brushed ‘on the inner surface 46, - and then allowed to
dry-to a SOlld form.which constltutes the layer 50. The materlal
that forms the layer 50 1is transparent to visible - llght but
adapted to attenuate RF energy An exemplary materlal that would
'accompllsh thlS 1s Lectrobase whlch can be obtalned from LVH
Coatings Ltd, located in Coleshlll UK." Ba31cally this type of
layer:is.constructed.of polyurethane resins contalnlng‘dlspersed
. electroconductive agents.

In order to-better attenuate the RF energy, the layer
50 iS'electrically‘grounded which'is accomplished by use of'au
strip of electrlcally conductlve fllm'(nqt shoWn)*secured to the
window.. perlmeter‘ and the 1n31de~ of the. aircraft skin. by
conductlve adhesive. Alternatlvely, electrical groundlng can be
accompllshed by overspraylng of the window surround. with the
layer '50. material so as. to establlsh electricdl contlnulty In
yet . further alternative embodiments, electrical groundlng can be
accomplished by other means known in the art.

'ABecause the layer 50 is applied to the inner surface 46
of the pane 44, it would be desirable to cover the layer 50 with
-a protectlve coatlng or another transparent pane 1n order to
guard agalnst scratches and other damage to the layer ‘50. In
alternative embodlments, However, .the layer 50 may be applied to
the outer surface 48 of the'pane 44 in whlch case a protectlve
'layer may not be requlred for those alrcraft window de51gns that
Aemploy one or more addltlonal panes between the outer surface 48‘
and the exterlor of the alrcraft

 In FIGs 7 andl8[ there is shown an aircraftiwindow
frame'SG” a transparent‘pane'SB' andﬂa movable shade 60. The

pane 58 is dlSposed in the frame 60 and has an 1nner and: outer

surface . The shade 60 is movable. with- respect to the frame 56
and 1s adapted to cover the pane 58 {In FIG -7, however, the
shade 60 is shown in an 1ntermedlate position. ) Embedded within
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the shade 60" is a .conductive.metal mesh 62 adapted to attenuate
RF energy. The mesh 62 is constructed of fine copper wire. In
.other embodiments,'however,<other conductive madterial could be
used in lieu of the copper wire mesh 62 The nesh 62 in the
shade 60 1s electrically connected to ground by a plgtail of any
suitably conductive braid or wire {(not shown), connected to,any
point that is electrically conmected - to' the aircraft skin. In
alternative embodiments, however, electrical‘ grounding can be
accomplished by other means known in the art.

While the description - above refers to. particular
embodiments~of the present invention,. it Will ‘be understood that
manyimodificationsﬂmay_be made without -departing from.the Splrlt
thereof. . The claims are'intended to cover such modifications as
‘would fall within- ‘the ' true scope‘ and spirit of the present
invention. . The presently disclosed embodiments. are therefore to
be_ considered in ali :respects as illustrative and not
restrictive, the scope of the invention being indicated By the
claims rather than the foregOing description, and. all changes
'which come within. the meaning and range of equivalency of the

claims‘are‘thereforerintended to- be embraced therein.
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'WHAT IS CLAIMED IS:

1. 'An aircraft.window comprising:
a transparent pane having- an inner -surface and an outer
surface; and.’ - .
& transparent conductive film overlaying one of the inner
and.the*outer'surfaces;'wherein'the transpérenf.conductive £ilm

is.adapted'to'attenuété RF-enérgy;

2. The'.-aircraft  window of claim. 1, wherein the

trdnsparent conductive film'is«él@ctrically'conneCted-to.ground.

3@.,Aﬁuqi£cfaft window comprising:
a transparent pane having an inner surface and an outer
surface; and |
an eleqtrically " conductive 'mategial_ disposéd between the
inner and the outer‘surfaqes, wherein the electrically conductive

material disposed in a pattern adapted to attenuate RF energy.
4, The airé;aft‘,window of .claim 3, wherein the
electrically -conductive material is . electrically connected to

ground.

5. The aircraft fwindowA of claim '3, -wherein the

pattern is a grid qdmpriséd of generally square openings..

. 6. The ‘aircraft’ window of _dlaim '3;: wherein the

pattern is a grid .comprised of~gene£ally triangular openings.

7? The . aircraft window of claim 3,. wherein the

pattern is a fractal-derived shape.

8. An aircraft window comprising:
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a transparent pane having an inner surface -and .an outer
surface; .and

a layer of transparent conductive material disposed. on .one
of the inner and the outer surfaces;

. wherein the. transparent . conductive material is'adapted to-

attenuate RE energy,.

wherein .the transparent conductivet material is in "liquid
form. prior to-placement on’ the “one- of the inner. and the outer
4 surfaces, and
,Wherein the transparent conductive material is in solid form

after placement on' the one of the inner and the,outer surfaces.

Q. -The aircraft window of 'claiﬁ 8 .- wherein the:
transparent conductive material .is électrically connected to

grqdnd;

10. . An aircraft window comprising:
a frame;
.a transparent pane dlsposed in the frame, and
a shade movable . w1th réespect to the’ frame ‘and adapted to
cover at least a portlon of the transparent pane,
‘wherein the shade comprlses an electrically conductive

'materlal adapted to attenuate RF energy
11. " The alrcraft w1ndow of claim 10 whereln the

electrlcally conductlve materlal 1s eleetrlcally 'connected to

ground.

10
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FIG. 3

FIG. 4
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