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RADIO TRANSMISSION REGION IN METALLIC PANEL

BACKGROUND AND SUMMARY OF THE INVENTION

[0001] The present invention relates generally to radio frequéncy (RF)
communication. More particularly, the present invention relates to a metallic panel that
is adapted to enable radio frequency communication.

[0002] Metallic panels are used in a wide variety of applications. In fact,
transparent, metallic panels are even used in windows of buildings and vehicles.
Transparent, metallic panels may be used in building and vehicle windows in order to
reflect infrared radiation, thereby limiting heat build up in the interior. Additionally,
transparent, metallic panels may be used in vehicle windows in order to enable a flow of
electric current across the window. In such embodiments, the flow of electricity is
adapted to defrost (i.e., melt ice and snow) or defog the window.

[0003] Despite the many benefits, there is a significant drawback of using
metallic panels in windows and other applications. Metallic panels can block the
transmission of RF signals. As a result, the use of metallic panels in windows can limit
or prevent the transmission of RF signals into and out of buildings, vehicles, and other
similar structures.

[0004] Modern communication is heavily dependent on the transmission of RF
signals. For instance, AM/FM radios, CB radios, cellular phones, global positioning
systems, automatic toll collection transponders, radar sysiems, and various other
satellite systems operate using RF communication. Accordingly, there is a need for a
metallic panel that is adapted to permit the transmission of RF signals. There is also a

need for a window that includes a metallic panel that facilitates RF transmission.
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Furthermore, there is a need for facilitating RF transmission through a panel while also
enabling electric current flow across the panel without creating localized high current or
low current regions.

SUMMARY OF THE INVENTION

[0005] The present invention includes panels and windows having regions that
facilitate radio freduency transmission. The panels and windows of the present
invention may be useful in a variety applications. For example, the panels and
windows of the present invention may be implemented in vehicles, buildings, and in
other structures that utilize panels or windows.

[0006] in one emt?odiment of the present invention, a window comprises a sheet
of dielectric material and a metal layer. At least a portion of the metal layer traverses at
least a portion of the dielectric material. An aperture is formed in the metal layer to
facilitate RF transmission. The aperture is comprised of at least one opening. In an
example of the aperture having multiple openings, the openings may be approximately
parallel to each other.

[0007] The window may be for any suitable structure including, but not limited to,
a vehicle or a building. An example of the dielectric material is glass or plastic. The
dielectric material may be comprised of at least one layer. In an embodiment in which
the dielectric material is comprised of a plurality of layers, the metal layer may be
secured between the layers of the dielectric material. For one example, the metal layer
may be vacuum deposited (e.g., sputtered) on the dielectric material (e.g., in between

layers of the dielectric material).



WO 2004/051869 PCT/US2003/037934

[0008] The aperture may have any suitable shape and may be arranged in any
suitable pattern for facilitating RF fransmission. For instance, the openings of the
aperture may be slots. In one embodiment, the respective lengths of the openings
generally increase from one side of the aperture to an opposite side of the aperture.
Such an embodiment may be useful to take into account any curvature of the metallic
panel. In one embodiment designed to facilitate the transmission of horizontally
polarized RF signals, the openings may be approximately vertically oriented. In another
embodiment that enables the transmission of vertically polarized RF signals, the
openings may be approximately horizontally oriented. Furthermore, the present
invention includes multiple embodiments that are adapted to facilitate the transmission
of both vertically polarized and horizontally polarized RF signals. For example, the
openings of the aperture may be zigzags. In one variation, at least one of the zigzags
‘may be broken (i.e., at least one of the zigzags may be comprised of a plurality of
openings that are separated by the metallic panel). In yet another variation, a plurality
of fill-in openings may be included along opposing edges of the zigzags.

[0009] Another embodiment of the present invention is a panel. The panel is
comprised of a metal layer that ié adapted to conduct electricity. An aperture is defined
in the metal layer. The aperture may be comprised of at least one opening. In an
embodiment in which the aperture is comprised of a plurality of openings, the openings
may be approximately parallel to each other. In such an embodiment, the aperture may
bé oriented such that electricity is adapted to pass between the openings from one
portion of the metal layer to another portion of the metal layer (e.g., from top edge to

bottom edge or from side edge to side edge). Moreover, the aperture is adapted to
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enable the transmission of a radio frequency signal through the metal layer. It should
also be recognized that this embodiment of the panel may include any of the optional or
preferred features of the panel of the previously described embodiment of the present
invention.

[0010] In another embodiment of the present invention, a window is comprised of
a metal layer that traverses all or a portion of a sheet of glass. A bus is in electrical
communication with a power source and the metal layer. Another bus is also in
electrical communication with the metal layer. An aperture is defined in the metal layer.
The aperture may be comprised of at least one opening. For instance, an aperture may
be comprised of an array of openings. In one example, the aperture is oriented such
that electricity is adapted to pass between the openings from the first bus to the second
bus. The aperture is also adapted to enable the transmission of a radio frequency
signal through the metal layer. Furthermore, this embodiment of the window may
include any of the optional or preferred features of the previously described
embodiments of the present invention.

[0011] In addition to the novel features and advantages mentioned above, other
features and advantages of the present invention will be readily apparent from the

following descriptions of the drawings and exemplary embodiments.



WO 2004/051869 PCT/US2003/037934

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 is a diagram of one embodiment of a window of the present
invention in which an electrically heated metal film panel has a vertical slot transmission
zone.

[0013] Figure 2 is a diagram of one embodiment of a window of the present
invention in which an electrically heated metal film panel has a horizontal slot
transmission zone.

[0014] Figure 3 is a diagram of one embodiment of a window of the present
invention in which an electrically heated metal film panel has a polarization-controlled
transmission region.

[0015] Figure 4 is a diagram of one embodiment of an aperture of the present
invention having zigzag openings.

[0016] Figure 5 is a diagram of one embodiment of an aperture of the present
invention having a broken pattern of openings.

[0017] Figure 6 is a diagram of one embodiment of an aperture of the present
invention that includes a plurality of fillin openings along opposing edges of the
zigzags.

[0018] Figure 7 is a diagram of one embodiment of a window of the present
invention that includes a plurality of transmission regions.

[0019] Figure 8 is a diagram of one embodiment of a window of the present
invention in which the lengths of the openings of the aperture generally change from

one edge to another edge of the aperture.
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[0020] Figure 9 is a diagram of one embodiment of a tapered aperture of the
present invention.

[0021] Figure 10 is a plot of the transmission properties of an exemplary
transmission region of the present invention over the 0.5 to 2 GHz frequency band.
[0022] Figure 11 is a plot of the transmission properties of an exemplary
transmission region of the present invention over the 2 to 18 GHz frequency band.
[0023] Figure 12 is a plot of the transmission properties of an exemplary
transmission region of the present invention over the 0.5 to 2 GHz frequency band.
[0024] Figure 13 is a plot of the transmission properties of an exemplary
transmission region of the present invention over the 2 to 18 GHz frequency band.
[0025] Figure 14 is a plot of the transmission properties of an exemplary
transmission region of the present invention over the 0.5 to 2 GHz frequency band.
[0026] Figure 15 is a plot of the transmission properties of an exemplary
transmission region of the present invention over the 2 to 18 GHz frequency band.
[0027] Figure 16 is a plot of the transmission properties of an exemplary
transmission region of the present invention over the 0.5 to 2 GHz frequency band.
[0028] Figure 17 is a plot of the transmission properties of an exemplary
transmission region of the present invention over the 2 to 18 GHz frequency band.
[0029] Figure 18 is a diagram used to demonstrate the effect of one exemplary
tapered aperture of the present invention.

[0030] Figure 19 is a plot of the transmission coefficient versus distance across
the aperture shown in Figure 18 of one embodiment of an abruptly tapered aperture of

the present invention.
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[0031] Figure 20 is a plot of the signal level as a function of position along the
scan line shown in Figure 18 one meter away from the embodiment of the tapered
aperture shown in Figure 19.

[0032] Figure 21 is a plot of the transmission coefficient of one embodiment of a
smoothly tapered aperture of the present invention.

[0033] Figure 22 is a plot of the signal level as a function of position along the
scan line shown in Figure 18 one meter away from the embodiment of the tapered
aperture shown in Figure 21.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT(S)

[0034] The present invention generally relates to a region in a metallic or non-
metallic panel that facilitates the transmission of RF signals. The present invention may
be utilized in any environment where metallic panels (or other non-metallic types of
panels that block RF signals) are implemented. For example, the present invention
may be implemented in windows having a transparent, metallic layer including, but not
limited to, vehicle windows, building windows, and other types of windows. However,
the present invention is not limited to uses with trénsparent or translucent panels. In
other words, the present invention may also be implemented in opaque panels.

[0035] The present invention is primarily described herein with regard to
facilitating the transmission of RF signals because many modern devices use RF
communication. For example, some embodiments of the present invention may be
useful for some or all of the following frequency bands: (1) the cellular AMPS band (800
- 900 MHz); (2) the cellular digital (PCS) band (1750 - 1850 MHz); and (3) the GPS

navigation band (1574 MHz). Nevertheless, it should be recognized that the present
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invention may also be useful for enabling the transmission of frequencies outside (i.e.,
above or below) these example RF bands. Accordingly, the present invention is not
limited to certain apertures that facilitate the transmission of specific RF signals.

[0036] Figure 1 shows an example of one embodiment of the present invention.
In Figure 1, the window 10 is comprised of a sheet of dielectric material 12 and a metal
layer 14. The metal layer 14 may traverse all or a portion of the dielectric material 12.
The metal layer 14 may serve as a shield against RF signals. However, an aperture 16
is defined in the metal layer 14 to facilitate the transmission of RF signals through the
metal layer 14.

[0037] | The window 10 may be any desired type of window including, but not
limited to, a vehicle window, a building window, or any other type of window. The
dielectric material 12 of the window 10 may be any material having desired dielectric
characteristics. For example, the dielectric material 12 may be glass, plastic, or any
other similar, suitable, or conventional dielectric material. An example of glass
includes, but is not limited to, safety glass. Examples of plastic include, but are not
limited to, plexiglass and polycarbonate.

[0038] The dielectric material 12 may be comprised of a single layer or multiple
layers. The metal layer 14 may be secured to an outer surface or in between layers of
the dielectric material 12. The metal layer 14 may be formed using any suitable
manufacturing technique including, but not limited to, vacuum deposition (including, but
not limited to, sputtering), extrusion, or any other similar,' technique. For example, the
metal layer 14 may be vacuum deposited (e.g., sputtered) on an outer surface or in

between layers of the dielectric material 12.
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[0039] As used herein, an aperture shall be understood to be comprised of at
least one opening. In the example of Figure 1, the aperture 16 is comprised of an array
of openings. More particularly, the openings of the aperture 16 are slots in this
example. In a variation of this embodiment, the openings may be interconnected such
that there is actually one continuous opening.

[0040] The aperture 16 may be formed in the metal layer 14 using any suitable
manufacturing technique. For instance, the metal layer 14 may be formed and then
portions of the metal layer 14 may be removed to create the aperture 16. For another
example, the metal layer 14 and the aperture 16 may be simultaneously formed (i.e., no
portions of the metal layer 14 are removed to form the aperture 16).

[0041] In the example of Figure 1, the aperture 16 is comprised of slots that are
approximately vertically oriented. In addition, the slots of the aperture 16 are
approximately parallel to each other in this embodiment. Consequently, this particular
embodiment is useful for facilitating the transmission of horizontally polarized signals.
[0042] The embodiment of Figure 1 offers anbther significant benefit. The metal
layer 14 of this example is adapted to conduct electricity. A bus 18 is in electrical
communication with a power source via a lead 20. Another bus 22 is in electrical
communication with a common or Qround line 24. Electric current is adapted to flow
across the metal layer 14 between the buses 18 and 22. The aperture 16 is oriented in
the direction of current flow. As a result, the current may flow between adjacent
openings of the aperture 16 from bus 18 to bus 22 as opposed to flowing around the
aperture 16. Thi; enables the heating to remain approximately uniform over the
window 10. In other words, there is not a "cool spot" at the location of the aperture 16

9
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when the rest of the window 10 is being heated. Moreover, since current is enabled to
pass between adjacent openings of the aperture 16, this embodiment may substantially
limit or prevent hot spots that may otherwise be caused by excessive current flow
around the corners and edges of the aperture. Nevertheless, it should be recognized
that the aperture may be oriented in some embodiments of the present invention such
that current may not flow between adjacent openings of the aperture. )
[0043] The aperture of Figure 1 is merely one example of a suitable aperture of
the present invention. Although the openings of the aperture 16 of Figure 1 are
approximately parallel, it should be recognized that the spacing between adjacent
openings may be varied such that adjacent openings are not parallel. In fact, it should
be recognized that the openings of the aperture 16 may have any suitable size and
shape (not limited to slots), may be of any suitable number, and may be arranged in
any suitable pattern and orientation to facilitate the transmission of signals fn the
desired frequency range. In an exemplary embodiment, the design of the aperture may
be based on the theory of frequency selective surfaces (FSS). Utilizing the theory of
frequency selective surfaces, the length, width, shape, orientation, and spacing of the
opening(s) of the aperture may be selected to enable transmission of signals in the
desired frequency bands.

[0044] Figure 2 illustrates another embodiment of the present invention. In this
example, the window 26 is comprised of a dielectric material 28 and a metal layer 30.
The aperture 32 is approximately horizontally oriented between bus 34 and bus 36.
Consequently, current is adapted to flow between adjacent openings of the aperture 32

from bus 34 to bus 36.

10
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[0045] Figure 3 shows another example of a FSS region. In this example, the
FSS region 38 is an aperture having zigzag openings that enables full polarization
performance of the system. In other words, the aperture facilitates the transmission of
both vertically polarized and horizontally polarized signals and thus all other
polarizations as linear combinations. In addition, the openings of the FSS region 38 are
oriented in the direction of current flow between bus 40 and bus 42, thereby enabling
substantially uniform heating over the area of the metal layer 44.

[0046] Among other factors as previously noted, the angle of the tilt of the
zigzags and the length of the legs have an impact on thel polarization and frequency
band performance of the FSS region 38. In the example of Figure 3, the +45 degree tilt
polarization electric field component propagates through the -45 degree tilt portion of
the pattern, and the -45 degree tilt polarization electric field component propagates
through the +45 degree tilt portion of the pattern. Nevertheless, it should be recognized
that factors such as the tilt angle, the length of the legs, and the number of direction
changes may be varied in order to obtain the desired transmission characteristics of the
FSS region 38.

[0047] Figure 4 illustrates another example of an aperture having zigzag
openings. Each leg of the pattern 46 has a length a. The spacing between adjacent
openings is b.

[0048] One embodiment of a broken pattern of openings is shown in Figure 5. A
leg of the pattern 48 has a length ¢, and adjacent zigzags are separated by a distance
d. The pattern is considered broken because there is a gap e between some of the

legs. Breaking an opening may be useful to adjust the transmission characteristics over
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a de;ired frequency band. Furthermore, breaking an opening may be useful to improve
the current flow characteristics. Figure 5 is merely one example of an aperture having a
broken pattern of openings. A broken pattern of openings includes a pattern in which
there is at least one gap between adjacent legs of at least one of the zigzags of the
aperture, i.e., a discontinuous zigzag. It should also be recognized that any other type
of aperture (including, but not limited to, the apertures of Figures 1, 2, and 3) may be
given a broken pattern by inserting a gap at any point in an opening.

[0049] Figure 6 illustrates an example of an aperture that utilizes fill-in or make-
up openings along the edges of the aperture. In this embodiment, fill-in openings 50
are used along opposing edges of the zigzags, thereby giving the aperture generally
smooth edges. Some or all of the openings 50 may be useful to lessen any non-
uniformity in the current flow caused by the corners of the pattern. In particular, the fill-
in openings 50 may be adapted to direct the heating current into the inside corner
spaces. Such an embodiment helps to fill in the heater current to provide enhanced
uniform heating across the overall aperture pattern.

[0050] It should be recognized that there may be multiple apertures in a single
metallic layer. Figure 7 shows an example of a window 52 that has an aperture 54 and
an aperture 56. Multiple apertures may be useful to improve the transmission
characteristics of the window 52.

[0051] Figure 8 illustrates another window 58 that has multiple FSS regions.
With reference to aperture 60 in this embodiment, the respective lengths of the
individual openings generally increase from one side of the aperture to an opposite side

of the aperture. This embodiment may be useful to account for any curvature of the
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window 58. More particularly, the total electrical resistance of the metal layer 62 may
be made approximately uniform by varying the respective lengths of the openings to
control resistance. In effect, the longer openings force the electrical current to flow in a
longer path, thereby correcting for any curvature of the window 58.

[0052] When a radio signal passes through an aperture in a metal layer,
sidelobes may occur in the transmitted signal. [n the case of a vehicle windshield, the
lobes would be inside the passenger compartment of the vehicle. Consequently, the
user of a handheld wireless device, e.g., a cellular phone, may find that changes in the
position of the handheld device may cause changes in the signal strength.

[0053]J The potential effect of sidelobes may be taken into consideration when
designing an aperture. The far field pattern of an aperture is the Fourier transform of
the signal distribution over the aperture. Consequently, standard Fourier windowing
techniqgues may be used to suppress sidelobe patterns in the transmitted signal.
Examples of Fourier windowing techniques are those that may use a taper in the
transmission amplitude and/or the phase to suppress lobing effects on the other side of
an aperture.

[0054] Figure 9 illustrates one example of a tapered aperture. In this
embodiment, an aperture 64 is shown in a panel 66. The spacing, shape, and size of
the openings vary across the aperture to control the RF transmission coefficient across
the aperture 64. In this particular example, the openings get gradually wider toward the
center of the aperture, and the spacing between the openings is generally more narrow
toward the center of the aperture. However, it should be recognized that there are

numerous ways to taper the transmission coefficient based on combinations of the
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shape, size, and location of the openings of the aperture. For example, the spacing
between the openings may be about the same, and the width of the openings may be
varied to control the amount of tapering. For another e%ample, the width of the
openings may be about the same, and the spacing between the openings may be
varied to control the amount of tapering. ~ It should also be recognized that the taper in
the transmission coefficient may be over any desired range. In an exemplary
embodiment, the relative transmission coefficient is preferably at least 90%, more
preferably at least 95%, still more preferably about 100%, near the center of the
aperture and less than about 40%, more preferably less than about 30%, still more
preferably less than about 20%, at an edge of an aperture. As used herein, the term
relative transmission coefficient refers to the ratio of the transmission coefficient
through the aperture relative to what the transmission coefficient would be if there was
no metallic panel to limit transmission (i.e., a nominal or baseline value). In one
exemplary embodiment of the present invention, there is a taper in the transmission
coefficient such that the relative transmission coefficient is nearly 100% near the center
of an aperture and approaches 0% at the edge. Furthermore, it should be recognized
that the tapering may occur over any desired portion(s) of an aperture. In one
exemplary embodiment, the tapering occurs over at least 10%, more preferably over at
least 20%, still more preferably over at least 30%, even more preferably over at least
40%, of an edge portion of an aperture relative to the distance to the center of the
aperture. Nevertheless, it should be recognized that less tapering over an edge portion
of an aperture may be desired for certain applications.

EXAMPLES

14



WO 2004/051869 PCT/US2003/037934

[0055] Multiple embodiments of the present invention have been tested. In
summary, the testing shows that the theory of frequency selective surfaces as well as
Fourier windowing techniques may be used to improve the transmission characteristics
of an aperture of the present invention. With regard to Figures 10 through 17, test
results are provided for both orthogonal (vertical) and parallel (horizontal) polarizations
in the 500 MHz to 18 GHz frequency band. The results are based on simulations using
a periodic moment method (PMM) computer calculation code. All data in these figures
is normalized with respect to free space. [n an actual window, there may be extra loss
due to the glass which is not shown in these test results. Typically, a clear section of
glass (e.g., about 5.4 mm thick) may cause about 2 to 3 dB of loss as compared to free
space.

[0056] Figures 10 and 11 Illustrate the transmission properties of one
embodiment of an aperture of the present invention having broken, zigzag openings. In
particular, the tested embodiment was similar to the aperture of Figure 5, wherein: the
length ¢ was about 41.4 mm; the spacing d was about 2 mm; the gap e was about 1
mm; and the angle between the opening segments, i.e., legs, was about 90 degrees.
From Figure 10, it can be seen that this design offers superior performance for
horizontally polarized signals in the 0.5 to 2 GHz band. Figure 11 shows a null around
10 GHz, but there are also frequency regions where the transmission coefficient is
about 5 dB. Using the design principles of the present invention, the frequency at which
the null occurs may be shifted by varying the size ¢ of the legs.

[0057] Figures 12 and 13 show the test results for an embodiment similar to the

aperture of Figure 4. In this particular example, the length a was about 41.4 mm, the
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spacing b was about 2 mm, and the angle between the opening segments, i.e., legs,
was about 90 degrees. Over the 0.5 GHz to 2 GHz frequency band, this embodiment
provides a better transmission coefficient for horizontally polarized signals. In addition,
this aperture shows good transmission properties around 10 GHz for both horizontally
and vertically polarized signals.

[0058] The test results of another aperture having zigzag openings are shown in
Figures 14 and 15. This aperture is also similar to Figure 4, wherein: the length a was |
about 53.88 mm; the spacing b was about 2 mm; and the angle between the opening
segments, i.e., legs, was about 70 degrees. As can be seen in the figures, this
embodiment provides an improvement in the transmission performance for orthogonal
polarization. There are nulls around Q\and 14 GHz, but overall the transmission
characteristics are good.

[0059] Figures 16 and 17 show the transmission characteristics of still another
aperture in the 0.5 to 2 GHz and the 2 to 18 GHz frequency bands, respectively. In this
example, the aperture was similar to the embodiment shown in Figure 4. The aperture
had a length a of about 35.92 mm and a spacing b of about 2 mm. The angle between
the opening segments, i.e., legs, was about 70 degrees. In light of Figure 16 and the
previous test results, it is evident that breaking the legs has a significant effect on the
transmission coefficient in the 0.5 to 2 GHz frequency range. Figure 17 shows nulls
around 7 and 14 GHz, but the response around the 10 GHz frequency region is good

for both vertical and horizontal polarizations.
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[0060] Figure 18 is a diagram used to demonstrate the effect of a tapered
aperture. The tapered aperture had a width of about 10 cm. The transmission
properties were simulated one meter from the tapered aperture.

[0061] In Figures 19 and 20, the lobing pattern one meter from a sharp edge
(20% coverage cosine-on-a-pedestal) aperture is shown. In other words, the cosine
tapering only effects 10% of the aperture at the left edge and the right edge (for a total
of 20%). As a result, the lobing pattern in this example is about -13 dB with respect to
the main lobe.

[0062] On the other hand, Figures 21 and 22 show the cross aperture
transmission coefficient and the resulting signal level as a function of position one
meter away from anoth‘er embodiment of a tapered aperture. In this example, an 80%
coverage cosine-on-a-pedestal aperture (i.e., the cosine tapering effects the left and
right 40% for a total of 80%) was tested. This embodiment reduced the side lobe to -22
dB with respect to the main lobe. Consequently, these examples show that the use of
tapering significantly reduces the lobing effect.

[0063] The exemplary embodiments herein disclosed are not intended to be
exhaustive or to unnecessarily limit the scope of the invention. The exemplary
embodiments were chosen and described in order to explain the principles of the
present invention so that others skilled in the art may practice the invention. Having
shown and described exemplary embodiments of the present invention, those skilled in
the art will realize that many variations and modifications may be made to affect the

described invention. Many of those variations and modifications will provide the same
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result and fall Within the spirit of the claimed invention. It is the intention, therefore, to

limit the invention only as indicated by the scope of the claims.
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WHAT IS CLAIMED IS:
1. A panel comprising:

a metal layer in electrical communication with a source of electricity; and

an aperture in said metal layer comprising a plurality of openings that are
approximately parallel to each other, said aperture oriented such that electricity is
adapted to pass between said openings from a first portion of said metal layer to a
second portion of said metal layer;

wherein said aperture is adapted to enable the transmission of a radio frequency
signal through said metal layer.
2. The panel of claim 1 wherein said openings are slots.
3. The panel of claim 1 wherein:

said openings are arranged in a pattern; and

the respective lengths of said openings generally increase from one side of said

pattern to an opposite side of said pattern.

4, The panel of claim 1 wherein said openings are zigzags.
5. The panel of claim 4 wherein at least one of said zigzags is broken.
6! The panel of cIairh 4 further comprising a plurality of fill-in openings along

opposing edges of said zigzags.
7. The panel of claim 1 further comprising:

a first bus in electrical communication with said source of electricity and said first
portion of said metal layer; and

a second bus in electrical communication with said second portion of said metal

layer;
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wherein said aperture is oriented such that electricity is adapted to pass between
said openings from said first bus to said second bus.
8. A window comprising:

a sheet of dielectric material;

a metal layer traversing said dielectric material; and

an aperture in said metal layer, said aperture comprising a plurality of openings
that are approximately parallel to each other.
9. The window of claim 8 wherein said window is a vehicle window.
10.  The window of claim 8 wherein said dielectric material is glass.
11.  The window of claim 8 wherein:

said dielectric material is comprised of a plurality of layers; and

said metal layer is secured between said layers of said dielectric material.
12. The window of claim 8 wherein said metal layer is vacuum deposited on said
dielectric material.
13. The window of claim 8 wherein said openings are slots.
14. The window of claim 8 wherein said openings are approximately vertically
oriented.
15. The window of claim 8 wherein said openings are approximately horizontally
oriented.
16.  The window of claim 8 wherein:

said openings are arranged in a pattern; and

the respective lengths of said openings generally increase from one side of said

pattern to an opposite side of said pattern.
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17.  The window of claim 8 wherein said openings are zigzags.
18.  The window of claim 17 wherein at least one of said zigzags is broken.
19. The window of claim 17 further comprising a plurality of fill-in openings along
opposing edges of said zigzags.
20. A window comprising: |
a sheet of glass;
a metal layer traversing said sheet of glass;
a first bus in electrical communication with a power source and said metal layer;
a second bus in electrical communication with said metal layer; and
an aperture in said metal layer comprising a plurality of openings, said aperture
oriented such that electricity is adapted to pass between said openings from said first
bus to said second bus;
wherein said aperture is adapted to enable the transmission of a radio frequency

signal through said metal layer.
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