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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates generally to a method of
providing a frequency selective surface on a coated sub-
strate and, in one embodiment, to a method of laser mark-
ing, melting, ablating, or deleting a frequency selective
surface into a solar control coating deposited on an au-
tomotive windshield blank.

2. Technical Considerations

[0002] In automotive transparencies, such as wind-
shields and back lights, antennas for the reception and/or
transmission of radio frequency (RF) waves (such as FM,
AM, UHF, VHF, cell phones, etc.) are carried on or in-
corporated into the transparency. These antennas can
be formed by electrically conductive, transparent films
deposited onto the transparency or by metal wires or
strips attached to the transparency.
[0003] In order to reduce heat build-up in the interior
of the vehicle, the transparency can also be coated with
a solar control film that absorbs or reflects solar energy.
Such solar control films are usually transparent, electri-
cally conductive films. Typically, the solar control film and
the antenna are incorporated into a transparency such
that the solar control film is either on the same surface
as the antenna or is positioned outboard of the antenna.
[0004] A drawback of the solar control films is that they
also reflect radio waves, which can impair or degrade the
reception of the underlying antenna. Additionally, it is not
uncommon for portions of the antenna and the conduc-
tive solar control film to form a galvanic connection
through the transparency (commonly referred to as "cou-
pling"), which detunes the antenna and degrades its func-
tion.
[0005] In order to address the problems of RF energy
reflection and coupling, the portion of the solar control
film covering (i.e., outboard of) the antenna could be re-
moved to facilitate the transmission of RF energy through
that portion of the transparency to the antenna. However,
removal of the solar control film would increase solar en-
ergy transmission into the interior of the vehicle, which
can increase the vehicle temperature.
[0006] Another solution has been to cut slits in the solar
control film to form what is commonly referred to as a
frequency selective surface. By "frequency selective sur-
face" is meant a coated surface which is relatively high
in solar energy reflection and/or absorption but which al-
so permits the passage of RF energy through the spaced
narrow openings in the coated surface. For example,
U.S. Patent No. 5,364,685 discloses a panel in which a
layer that is relatively high in radio wave reflectance is
divided into a grid pattern having discontinuous square
segments separated by a series of vertical and horizontal

slits cut into the layer such that the width of each segment
is not greater than 1/20 of the wavelength of the radio
wave to pass through the frequency selective surface.
WO 96/31918 and U.S. Patent No. 5,867,129 disclose
other types of frequency selective surfaces.
[0007] According to EP 0 531 734 A1 a laminated panel
with low reflectance for radio waves is provided having
a substrate low in reflectance for radio waves and a layer
relatively high in reflectance for radio waves. The reflec-
tion is reduced by dividing the reflective layer into a plu-
rality of discontinuous segments by a series of relatively
narrow slits such that the width of each segment in the
direction parallel to the direction of the electrical field of
the radio wave is not greater than 1/3 of the wavelength
of the radio wave. For application to a heat reflecting
glass having a surface resistivity below 500 Ω/K the width
of each segment of the heat reflecting film is not greater
than 1/20 of the wavelength. The outer layer can be di-
vided into a plurality of square segments by a plurality of
vertical slits and a plurality of horizontal slits, such that
each segment is spaced from any of the adjacent seg-
ments. The purpose of segmenting the outer layer is to
reduce reflectance of the outer layer for radio waves hav-
ing a given wavelength and radio waves having lower
wavelengths. The length of one side of each square seg-
ment is not longer than 1/3 of the given wavelength and
the width of each slit is usually shorter than about 5 mm,
the practically minimum of the slit width being, however,
0.05 mm.
[0008] From DE 195 13 263 A1 it is known to provide
an assembly of windows with a high heat transmission
dampening effect. On the glass sheet of the window an
antenna conductor or several antenna conductors or an-
tenna structures are provided for a plurality of antennas.
In the light transmission area of the window opening, an
electrically conductive coating having a heat-radiating
transmission dampening effect extends over the glass
sheet. This dampening coating is divided into a great
number of electrically conductive segments separated
from each other by small electrically non-conductive
stripes having width of at least three times the thickness
of the coating. The electrically conductive segments are
measured electrically short at least proximate to the an-
tenna in its operation frequency range such that by the
multiple serial connection of the small capacities between
the segment, the high frequency coupling between the
antenna conductor parts and the other conducting parts
in their surrounding are acceptable small and the width
of the stripes is selected so small that a great degree of
a surface covering is possible regarding the heat radia-
tion or transmission effect.
[0009] According to DE 195 08 042 A1, an electrical
radiation transmission and heat reflecting coating is pro-
vided comprising an isolating transmitting substrate
where a conductive layer is provided on which a layer is
divided into a plurality of strip portions. Each strip portion
has a width being smaller than 1/10 of the wavelength of
the electrical radiation occurring on the electrical radia-
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tion transmitting heat resisting coating. A high resistivity
is provided between two strip portions of the electrically
conductive layer.
[0010] EP 0660135 A2 discloses a frequency selective
surface having a perforated plate of metal or metal coated
plastic including transmit apertures and receive aper-
tures each including a plurality of uniformly spaced holes.
The holes may be cross shaped or cross shaped by use
of double T elements. The frequency selective surface
is positioned above a dielectric substrate. The frequency
selective surface forms an integral antenna for the radar
system as disclosed in that prior art document. Between
the dielectric substrate and the frequency selective sur-
face a frame is provided such that between the holes
including transmit aperture and the holes including re-
ceive aperture and the dielectric substrate a volume filled
with air is provided.
[0011] In these known systems, the slits permit the
transmission of RF energy through the solar control film
while the remaining portions of the film provide solar con-
trol protection for the interior of the vehicle. While such
slit patterns are acceptable, problems arise in the fabri-
cation of slit patterns. For example, to provide a large
area slit pattern using a single deletion device, such as
a laser, the laser would have to be very accurately tra-
versed across the length and width of the coating, ne-
cessitating the use of complex precision movement de-
vices. Alternatively, multiple lasers could be used to form
adjacent portions of the pattern. However, a problem aris-
es in this multi-laser process in that the adjacent lasers
must be carefully and accurately aligned such that a slit,
such as a horizontal slit, formed by one laser can be
continued uninterrupted by the adjacent laser to form a
single continuous slit in the coating. Due to the intrinsic
inaccuracy of the lasers or in the event the adjacent lasers
become misaligned, the pattern formed by one laser can
be offset from the pattern formed by another laser such
that adjacent slits are not continuous, i.e., not aligned.
This pattern offset degrades the effectiveness of the grid
pattern by allowing relatively large areas of the conduc-
tive solar control coating to remain substantially intact,
which can result in high RF energy reflectance and/or
coupling with the adjacent area of the antenna, adversely
affecting antenna performance.
[0012] Therefore, it would be advantageous to provide
a method of making a frequency selective surface on a
conductive coating that reduces or eliminates some of
the problems described above.

SUMMARY OF THE INVENTION

[0013] The present invention provides a method of
making a frequency selective surface on a coated sur-
face, comprising the features as claimed in independent
claim 1. Especially the coating is an electromagnetic en-
ergy attenuating coating having an electrical resistance,
comprising: defining a first marking field and a first mark-
ing tolerance; defining a second marking field and a sec-

ond marking tolerance; marking selected portions of the
coating within the first marking field to define a first pat-
tern; marking selected portions of the coating within the
second marking field to define a second pattern such that
the first and second patterns are spaced from one an-
other by a distance at least equal to a combined tolerance
of the marking devices; and marking a strip of the coating
between the first pattern and the second pattern with at
least one connector segment in a manner that substan-
tially increases the resistance of the coating strip. More-
over, the coating strip marking comprises marking at
least one connector segment within at least a portion of
the coating strip interconnecting the first pattern and the
second pattern. In another nonlimiting embodiment, the
method further comprises depositing the coating on a
substrate, combining the coated substrate with additional
substrates to form a laminate, incorporating at least one
antenna element into the laminate such that the at least
one antenna element is spaced from the coating and ad-
jacent to the first and second patterns.
[0014] The present invention further provides a coated
substrate having a frequency selective surface, as
claimed in independent claim 11 comprising: a substrate;
an electromagnetic energy attenuating coating having a
resistance deposited over at least a portion of the sub-
strate; and a first pattern wherein the first pattern has
non-conductive or substantially non-conductive line seg-
ments marked in the coating; and a second pattern has
non-conductive or substantially non-conductive line seg-
ments marked in the coating adjacent the first pattern,
wherein the first pattern is separated from the second
pattern by a strip of the coating configured to substantially
increase the resistance of the coating strip as measured
from the upper end to the lower end of the strip referring
to the height of the strip between both patterns. Moreover,
the substrate further comprises at least one connector
segment extending from at least in close proximity to the
first pattern, through at least a portion of the coating strip
to at least in close proximity to the second pattern. The
present invention further provides a laminated transpar-
ency as claimed in independent claim 23 comprising at
least one glass ply and further comprising at least one
antenna spaced from the coating and adjacent to the first
pattern and second pattern.

DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a schematic plan view (not to scale)
depicting a method of marking a frequency selective sur-
face into a coating on a substrate incorporating features
of the invention.
[0016] Fig. 2 is a plan view (not to scale) of a frequency
selective surface of the invention formed on an automo-
tive transparency.
[0017] Fig. 3 is a front view (not to scale) of a laminated
automotive transparency incorporating features of the in-
vention.
[0018] Fig. 4 is a sectional view (not to scale) taken
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along the line IV-IV of the laminated automotive trans-
parency shown in Fig. 3 illustrating frequency selective
surfaces and associated antenna elements.
[0019] Fig. 5 is a plan view (not to scale) of an alter-
native frequency selective surface incorporating features
of the invention.
[0020] Fig. 6 is a sectional view (not to scale) similar
to Fig. 4 of another coated substrate incorporating fea-
tures of the invention.

DESCRIPTION OF THE INVENTION

[0021] As used herein, spatial or directional terms,
such as "inner", "outer", "above", "below", "top", "bottom",
and the like, relate to the invention as it is shown in the
drawing figures. However, it is to be understood that the
invention can assume various alternative orientations
and, accordingly, such terms are not to be considered
as limiting. Further, all numbers expressing dimensions,
physical characteristics; processing parameters, quanti-
ties of ingredients, reaction conditions, and the like, used
in the specification and claims are to be understood as
being modified in all instances by the term "about". Ac-
cordingly, unless indicated to the contrary, the numerical
values set forth in the following specification and claims
are approximations that can vary depending upon the
desired properties sought to be obtained by the present
invention. At the very least, and not as an attempt to limit
the application of the doctrine of equivalents to the scope
of the claims, each numerical value should at least be
construed in light of the number of reported significant
digits and by applying ordinary rounding techniques.
Moreover, all ranges disclosed herein are to be under-
stood to be inclusive of the beginning and ending range
values and to encompass any and all subranges sub-
sumed therein. For example, a stated range of "1 to 10"
should be considered to include any and all subranges
between (and inclusive of) the minimum value of 1 and
the maximum value of 10; that is, all subranges beginning
with a minimum value of 1 or more, e.g. 1 to 6.1, and
ending with a maximum value of 10 or less, e.g., 5.5 to
10. Further, as used herein, the terms "deposited over"
or "provided over" mean deposited or provided on but
not necessarily in surface contact with. For example, a
coating "deposited over" a substrate does not preclude
the presence of one or more other coating films of the
same or different composition located between the de-
posited coating and the substrate.
[0022] An exemplary method of making a frequency
selective surface on a coated substrate in accordance
with the present invention will now be described with par-
ticular reference to use with forming a frequency selective
surface in a solar control coating on an automotive trans-
parency. However, it is to be understood that the inven-
tion is not limited to use with solar control coatings but
can be practiced with any coating that reflects, absorbs,
or attenuates the transmission of electromagnetic energy
in a frequency range, such as but not limited to RF energy,

that is desired to pass through the coated substrate. Ad-
ditionally, the invention is not limited to use with trans-
parencies for land vehicles but can be practiced with any
desired substrate, such as but not limited to architectural
windows and transparencies for air, space, on the water,
and underwater vehicles, just to name a few.
[0023] Fig. 1 shows a substrate 20 having a coating
22 deposited over at least a portion of the substrate 20.
The coating 22 can be a coating that reflects, absorbs,
or attenuates the transmission of electromagnetic energy
in a desired frequency range, such as but not limited to
RF energy in the AM, FM, UHF, VHF bands, or micro-
wave energy. A frequency selective surface (FSS) 24 is
formed in the coating 22 in accordance with the invention
and as described below. The exemplary FSS 24 in Fig.
1 has a first pattern 25 spaced from a second pattern 26
by a distance indicated by arrowed line 27.
[0024] The substrate 20 is not limiting in the invention
and can be of any dielectric material having any desired
characteristics, such as opaque, translucent, transparent
or substantially transparent substrates. By "substantially
transparent" is meant having a visible light transmittance
of 60% or greater. By "translucent" is meant having a
visible light transmittance of greater than 0% to less than
60%. By "opaque" is meant having a visible light trans-
mittance of 0%. Examples of suitable substrates include,
but are not limited to, plastic substrates (such as poly-
acrylates, polycarbonates, and polyethyleneterephtha-
late (PET)); ceramic substrates; glass substrates; or mix-
tures or combinations thereof. For example, the substrate
can be conventional untinted soda-lime-silica glass, i.e.
"clear glass", or can be tinted or otherwise colored glass,
borosilicate glass, leaded glass, tempered, untempered,
annealed, or heat strengthened glass. The glass can be
of any type, such as conventional float glass, flat glass,
or a float glass ribbon, and can be of any composition
having any optical properties, e.g., any value of visible
transmission, ultraviolet transmission, infrared transmis-
sion, and/or total solar energy transmission. Types of
glass suitable for the practice of the invention are de-
scribed, for example but not to be considered as limiting,
in United States Patent Nos. 4,746,347; 4,792,536;
5,240,886; 5,385,872 and 5,393,593. For example, the
substrate 20 can be a section cut from a float glass ribbon,
a glass pane of an architectural window, a skylight, one
pane of an insulating glass unit, a ply for an automotive
transparency, such as a windshield, sidelight, back light,
or sun roof, or an aircraft transparency, just to name a few.
[0025] The coating 22 can be any coating that reflects,
absorbs, or otherwise attenuates the transmission of
electromagnetic radiation of a desired frequency range.
The desired frequency range can be, for example, mi-
crowave energy or, more typically, RF energy, such as
in the conventional AM, FM, and/or television bands (e.g.,
UHF and/or VHF bands). For example, the coating 22
can be a solar control coating deposited over at least a
portion of a surface 28 of the substrate 20. As used here-
in, the term "solar control coating" refers to a coating
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which modifies or affects one or more solar control prop-
erties, such as but not limited to emissivity, shading co-
efficient, transmission, absorption, reflection, etc., of the
coated substrate on which it is deposited as compared
to an uncoated substrate. The solar control coating can
block, absorb, reflect, or filter one or more selected re-
gions of the electromagnetic spectrum, such as but not
limited to the UV region (less than 400 nm), the visible
region (400 nm to 780 nm), or the IR region (greater than
780 nm). Nonlimiting examples of suitable solar control
coatings are found in U.S. Patent Nos. 4,898,789;
5,821,001; 4,716,086; 4,610,771; 4,902,580; 4,716,086;
4,806,220; 4,898,790; 4,834,857; 4,948,677; 5,059,295;
and 5,028,759, and also in U.S. Patent Application No.
09/058,440. The solar control coating 22 can have one
or more coating films of the same or different composition
or functionality. As used herein, the terms "layer" or "film"
refer to a coating region of a desired or selected coating
composition. A "coating" is composed of one or more
"layers" or "films".
[0026] The solar control coating 22 can be a single
layer or multiple layer coating and can comprise one or
more metals, metal oxides, non-metals, semi-metals,
semiconductors, and/or alloys, compounds, composites,
combinations, or blends thereof. For example, the solar
control coating 22 can be a single layer metal oxide coat-
ing, a multiple layer metal oxide coating, a non-metal
oxide coating, or a multiple layer coating. Nonlimiting ex-
amples of suitable solar control coatings for the practice
of the invention are commercially available from PPG
Industries, Inc. of Pittsburgh, Pennsylvania under the
SUNGATE® and SOLARBAN® families of coatings.
Such solar control coatings typically include one or more
anti-reflective coating films comprising dielectric or anti-
reflective materials, such as metal oxides or oxides of
metal alloys, which are preferably transparent or sub-
stantially transparent to visible light. The solar control
coating 22 can also include infrared reflective films com-
prising a reflective metal, e.g., a noble metal such as
gold, copper or silver, or combinations or alloys thereof,
and can further comprise a primer film or barrier film,
such as titanium, as is known in the art, located over
and/or under the metal reflective layer.
[0027] The solar control coating 22 can be deposited
in any conventional manner, such as but not limited to
magnetron sputter vacuum deposition (MSVD), chemical
vapor deposition (CVD), spray pyrolysis (i.e., pyrolytic
deposition), atmospheric pressure CVD (APCVD), low-
pressure CVD (LPCVD), plasma-enhanced CVD
(PECVD), plasma assisted CVD (PACVD), thermal or
electron-beam evaporation, cathodic arc deposition,
plasma spray deposition, and wet chemical deposition
(e.g., sol-gel, mirror silvering, etc.).
[0028] In one exemplary embodiment of the invention,
the FSS 24 is formed by two or more adjacent marking
devices. As used herein, the terms "mark" or "marking"
mean any operation to cut, delete, melt, ablate, remove
or otherwise break the conductivity of the coating. As

used herein, the term "marking device" refers to any de-
vice capable of marking portions of the coating 22, pref-
erably without adversely affecting the underlying sub-
strate 20. The marking devices can be of any desired
type, such as by not limited to, mechanical cutters,
masks, or lasers. A first marking field 30 of a first marking
device (not shown) and an adjacent second marking field
32 of a second marking device (not shown) are schemat-
ically shown by dashed lines in Fig. 1 and represent areas
within which the respective marking devices can mark,
e.g., delete, the coating. Although not required, in one
nonlimiting embodiment of the invention, the first and
second marking devices are adjacent to each other. As
will be appreciated by one skilled in the art, every marking
device has an associated marking field defined by the
distance of the marking device from the surface being
marked and the performance parameters, e.g., degree
of movement, accuracy of movement, etc., of the marking
device. The marking fields 30, 32 do not have to represent
the largest possible area within which the marking devic-
es could operate, e.g., delete the coating. Rather, the
marking fields 30, 32 could be a portion of the total pos-
sible area within which the associated marking device
can operate. The marking fields 30, 32 thus represent
areas within which an associated marking device can
operate and within which a discrete pattern can be de-
leted by that marking device. The marking fields 30, 32
are schematically depicted as being circular in shape in
Fig. 1. However, it is to be understood that the marking
devices can define marking fields of any shape, such as
but not limited to circular, square, oval, rectangular, tri-
angular, etc., and adjacent marking fields can even be
of different shapes. Also, it is to be understood that the
dashed lines shown in Fig. 1 representing the marking
fields 30, 32 are simply for purposes of explanation and
represent the imaginary boundary within which the mark-
ing device(s) can operate. Such fields would not actually
be visible on the coating 22.
[0029] Additionally, every marking device has an as-
sociated marking tolerance. By "marking tolerance" is
meant the accuracy of the device, e.g., the ability of the
marking device to repeatedly mark a shape, such as a
line or line segment, at the same desired position on a
substrate when the device is located at a given distance
from the substrate. Such marking tolerances are typically
expressed by a plus or minus ("�") value indicating how
the device can vary or deviate from a desired position
during operation. The marking tolerance of a device is
typically provided by the manufacturer of the device. Al-
ternatively, the marking tolerance of a device can be de-
termined by repeatedly directing the device to mark a
particular position ("set position") on a substrate and then
measuring the variation of the actual marks from the set
position. The sum of the absolute values of the marking
tolerances of the first and second marking devices is de-
fined herein as the "tolerance stack" or "combined toler-
ance" of the two marking devices. For example, if the
marking tolerance of one marking device is � 0.3 mm
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and the marking tolerance of a second marking device
is � 0.1 mm, the combined tolerance would be 0.4 mm
(0.3 mm + 0.1 mm = 0.4 mm).
[0030] The first pattern 25 is marked by the first mark-
ing device (such as but not limited to a first laser) within
the first marking field 30. The second pattern 26 is marked
by the second marking device (such as but not limited to
a second laser) within the second marking field 32. In the
example shown in Fig. 1, the first and second patterns
25, 26 are both shown as grids formed by nonconductive
vertical and horizontal line segments 40, 42, respectively,
dividing the coating 22 into a plurality of quadrilateral
coating areas 44. The cut line segments 40, 42 preferably
extend through the coating 22 to the substrate surface
28 and form non-conductive or substantially non-conduc-
tive breaks or gaps between the conductive coating areas
44. It is to be understood that the invention is not limited
to the formation of grid patterns but rather the line seg-
ments 40 and 42 can be any configuration, i.e. linear,
curvilinear or a combination of both, to form patterns of
any shape. Additionally, the coating areas 44 can be of
different sizes and shapes between the two patterns 25,
26 and can even be of different sizes and shapes within
the same pattern.
[0031] Contrary to previous methods, the FSS 24 of
the invention is not formed by extending the vertical and
horizontal line segments 40, 42 to form a single grid pat-
tern across the entire surface to be patterned. Rather,
individual, i.e. separate patterns are formed within the
marking fields of the individual marking devices and the
adjacent patterns 25, 26 are separated by an intermedi-
ate conductive coating area or strip 46 of the coating 22.
In one nonlimiting embodiment, the distance 27 between
the adjacent patterns 25, 26 is configured to be greater
than the combined tolerance of the marking devices to
ensure that the two patterns 25 and 26 will not overlap.
For example, if the first marking device has a marking
tolerance of � 0.25 mm and the second marking device
has a marking tolerance of � 0.25 mm, the patterns 25
and 26 are marked such that the distance 27 between
the two patterns 25, 26 is greater than 0.5 mm to ensure
the two patterns 25, 26 will not overlap.
[0032] In one exemplary practice of the invention and
as shown schematically in Fig. 1, the marking devices
are positioned such that the marking field 30 of the first
marking device overlaps the adjacent marking field 32 of
the second marking device. In one nonlimiting embodi-
ment, the marking devices are positioned such that the
marking fields 30, 32 overlap by a distance shown by the
arrowed line 34 of equal to or greater than the distance
27 between the two patterns 25, 26 plus the combined
tolerance of the adjacent marking devices. For example,
if the first marking device has a marking tolerance of �
0.25 mm, the second marking device has a marking tol-
erance of � 0.25 mm, and the patterns 25, 26 are to be
separated by a distance 27 of 0.75 mm, the distance 34
should be at least 1.25 mm (i.e., 0.25 mm + 0.25 mm +
0.75 mm).

[0033] It was found that the intermediate conductive
coating strip 46 between adjacent patterns 25 and 26
can be resonant at certain frequencies and retransmit
signals that will interfere with the reception of an associ-
ated antenna element (the antenna elements to be dis-
cussed later in more detail). In addition, the coating strip
46 can also couple adjacent antenna elements, leading
to degradable of the antenna’s performance.
[0034] In order to avoid these conditions, the coating
strip 46 between adjacent patterns is configured to sub-
stantially increase the resistance of the coating strip 46.
By "substantially increases the resistance of coating strip
46" is meant that as a result of the shape and or other
modifications to the coating strip 46, the resistance of
coating strip 46 as measured from the upper end 90 of
strip 46 to the lower end 92 of strip 46 at least doubles,
e.g. at least triples, or increases by a factor of at least 5
or increases by a factor of at least 10.
[0035] According to the present invention, the patterns
25 and 26 are be positioned relative to each other so as
to configure the strip 46 in a manner such that it has an
aspect ratio (ratio of the height of the strip to the width of
the strip) of at least 50:1, for example 100:1 or 200:1 or
300:1. Such a narrow strip configuration will increase the
resistance of the strip as measured from the top to the
bottom of the strip, which in turn will reduce the coupling
of the associated antenna elements by the strip 46, and
also reduce the RF current flow generated in the conduc-
tive strip 46, thus improving reception.
[0036] An additional way to avoid these conditions
generated by strip 46 is to break the continuity of the strip
in order to increase the strip resistance as measured from
the top to the bottom of the strip. As discussed above,
the increased resistance will reduce coupling and RF cur-
rent flow in the strip, resulting in improved reception by
the antenna elements. To this end, one or more connec-
tor segments 50 are marked in the strip 46 between ad-
jacent first and second patterns 25, 26, e.g. by one of the
first or second marking devices. The segments 50 are
discontinuous connector segments. By "discontinuous"
is meant that the connector segments 50 are not aligned
with or extensions of the line segments 42, which in the
particular nonlimiting embodiment of the invention shown
in Fig. 1, are horizontal segments. The connector seg-
ments 50 are positioned and configured such that the
assemblage of segments 50 within intermediate conduc-
tive strip 46 interrupts the continuity of coating strip 46
and substantially increases the resistance of strip 46. The
line segments 50 can be any configuration, such as but
not limited to continuous straight or curved line segments,
or a plurality of line segments, provided that the assem-
blage of line segments substantially increases the resist-
ance of strip 46. In the preferred embodiment of the
present invention, a first end of a connector segment 50
extends at least in at least in close proximity to the first
pattern 25, the segment extends through at least a portion
of strip 46, and an opposing second end of a connector
segment 50 extends at least in close proximity to the
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second pattern 26. In another embodiment, segment 50
extends to at least one coating area 44 of a pattern, and
in another embodiment segment 50 extends to at least
one coating area 44 of each adjacent pattern. In still an-
other embodiment, segment 50 extends into at least one
coating area 44 of a pattern, and in another embodiment
segment 50 extends into at least one coating area 44 of
each adjacent pattern. It should be appreciated that in
such connector segment arrangements as discussed
above, the segment 50 does not have to extend between
adjacent coating areas of adjacent patterns, just merely
from one coating area 44 of one pattern to one coating
area 44 of an adjacent pattern.
[0037] In one nonlimiting embodiment of the invention,
the connector segments 50 have a length of greater than
the desired distance 27 between the two patterns 25, 26
plus the combined tolerance of the marking devices such
that the connector segments 50 will extend at least to,
and most likely into, each pattern 25, 26. For example,
if both the first and second marking devices have marking
tolerances of � 0.25 mm and the patterns 25, 26 are
designed to be separated by a distance of 0.75 mm, the
connector segments 50 should have a length greater
than 1.25 mm (i.e. 0.25 + 0.25 + 0.75).
[0038] It should be appreciated that in embodiments
of the present invention that include multiple segments
50 extending through a conductive coating strip 46, the
segments 50 can be parallel, but are not required to be
parallel. In one nonlimiting embodiment, segments 50
cross each other within coating strip 46 between adjacent
patterns. In another nonlimiting embodiment, multiple
segments 50 extend between the same coating areas 44
of the marked patterns.
[0039] In one nonlimiting embodiment of the present
invention, a frequency selective surface 48 as shown in
Fig. 2 was formed in a multilayered electrically conductive
coating using four laser deletion devices with the follow-
ing dimensions and tolerances: marking field = 305 mm
by 305 mm (with the corners of the field being unusable);
marking tolerance = � 0.25 mm; distance between ad-
jacent grid patterns = 0.75 mm; each grid was 200 mm
wide by 300 mm long; line spacing = 3.5 mm; marking
field overlap = 2.5 mm; length of connector segments
=1.75 mm.
[0040] Fig. 2 shows an FSS 48 having four adjacent
grid patterns 52, 54, 56, 58 formed in accordance with
the invention in the marking fields of four adjacent mark-
ing devices and separated by conductive areas 59. The
grids are formed by quadrilateral shaped, conductive
coating areas separated by non-conductive slits or line
segments, as discussed earlier. One or more connector
segments 60 extend between each adjacent pair of grid
patterns 52, 54, 56 and 58 through the conductive areas
59 to form the FSS 48. In the nonlimiting embodiment of
the invention shown in Fig. 2, at least one of the patterns,
e.g., pattern 52, has a width W in the range of 50 mm to
500 mm, e.g., 100 mm to 500 mm, e.g., 200 mm to 400
mm, e.g., about 300 mm; and a length L in the range of

50 mm to 500 mm, e.g., 100 mm to 500 mm, e.g., 100
mm to 300 mm, e.g., 200 mm. In one nonlimiting embod-
iment, the individual coating areas (i.e., the squares mak-
ing up the pattern) are in the range of 1 mm to 5 mm wide
and about 1 mm to 5 mm long, e.g., 3 mm to 4 mm wide
and 3 mm to 4 mm long, e.g., 3.5 mm wide by 3.5 mm
long. In one nonlimiting embodiment, the conductive ar-
eas 59 can have a width of 0.1 mm to 2 mm, e.g., 0.2
mm to 1.5 mm, e.g., 0.25 mm to about 1.25 mm. In one
nonlimiting embodiment, the connector segments 60 can
have a length in the range of 1 mm to 5 mm, e.g., 1.5
mm to 4.5 mm, e.g., 2 mm to 4 mm, e.g., 2 mm to 3 mm.
[0041] Figs. 3 and 4 show a laminated automotive
transparency 64 having two FSS 66 and 68 formed in
accordance with the invention incorporated into a struc-
ture having multiple substrates. More particularly and
without limiting the present invention, as shown in Fig.
4, the laminated transparency 64 is formed by a first outer
glass ply 70 spaced from a second inner glass ply 72 by
a plastic interlayer 74, such as polyvinyl butyral. Prior to
lamination, a surface 75 of the first ply 70 is coated with
a solar control coating 76. The coating 76 is cut or marked
as described above to form the two spaced frequency
selected surfaces 66, 68 on the first ply 70, as shown in
Fig. 3. Although not limiting in the present invention, in
one embodiment, each of the upper FSS 66 and lower
FSS 68 can be formed by two or more longitudinally ad-
jacent patterns as described above and shown in Fig. 2.
The FSS 66 and 68 can be made on a flat glass sheet
that is subsequently bent and/or heat treated to form the
first ply 70. Alternatively, the FSS 66 and 68 can be
formed after the coated substrate is bent and/or heat
treated to form the first ply 70.
[0042] One or more antennas can be provided on or
within the transparency 64. The antennas can be of any
conventional type, such as but not limited to electrically
conductive transparent films and/or metal wires or strips.
For example and without limiting the present invention,
the antennas can be positioned on an inner surface 79
of the second ply 72 (i.e., between the first and second
plies 70, 72) or within the interlayer 74 or on an outer
surface 77 of the second ply 72 (e.g., facing the interior
of the vehicle). But in any event, the antennas are spaced
from coating 76 in which the frequency selective surfaces
are formed, i.e. at least a portion of interlayer 74 and/or
ply 72 extend between the antennas and coating 76. For
example, in one embodiment, the second ply 72 includes
one or more upper FM antennas 78, one or more middle
AM antennas 80, and one or more lower FM or UHF
antennas 82 located on the outer surface 77. Since AM
frequencies are less susceptible to coupling by conduc-
tive solar control coatings, the coating 76 can remain
intact over the area adjacent the AM antenna 80, i.e., no
FSS is required to be cut in this area of the coating 76.
However, an FSS of the invention can be deleted out-
board of the AM antenna 80 if so desired. FSS 66 and
68 formed in accordance with the invention can be formed
in the conductive solar control coating 76 adjacent the
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FM and UHF antennas 78 and 82, i.e. the electromag-
netic signals passing through transparency 64 to anten-
nas 78 and 82 must first pass through at least a portion
of the frequency selective surfaces, to reduce coupling
and increase reception by the antennas 78,82.
[0043] While a substantially linear series of grid pat-
terns is shown in Fig. 2, it is to be understood that the
invention is not limited to such linear patterns. For exam-
ple, Fig. 5 shows four patterns 84, 86, 88, 90 of the in-
vention in a substantially rectangular formation with con-
nector segments 94 extending between adjacent pat-
terns.
[0044] Thus, in one exemplary practice of the inven-
tion, an FSS is formed by two or more individual patterns
separately formed within the marking fields of one or
more marking devices, with a conductive strip or area
located between the adjacent patterns. Connector seg-
ments extend between the adjacent patterns to reduce
the conductivity and RF energy reflectance of the con-
ductive strips.
[0045] It should be appreciated that when multiple
marking devices are used to mark one or more patterns
as discussed above, the operation of the devices can be
in sequence, i.e. a first device completes a first pattern
before a second device starts the second pattern, or the
operation of the devices can be simultaneous, i.e. two or
more devices are marking two or more patterns at the
same time, or a combination of the two, i.e. a first device
begins to mark a first pattern while a second device is
not marking and prior to completion of the first pattern,
the second device begins to mark a second pattern.
[0046] While the exemplary embodiment discussed
above was directed to the practice of the invention in
forming a laminated transparency, the invention is not
limited to use with laminated transparencies. For exam-
ple, Fig. 6 shows a monolithic article 100 incorporating
features of the invention. By "monolithic" is meant having
a single structural support or ply 102, such as a glass
sheet or any material discussed above with respect to
the substrate 20. The ply 102 has a first major surface
104 and a second, opposite major surface 106. A coating
108, such as a solar control coating, can be deposited
on all or a part of one of the major surfaces, e.g., surface
104. One or more conventional antennas, e.g., FM an-
tennas 110 and 112, can be located on the other major
surface 106. The antennas 110 and 112 can be, for ex-
ample, conventional silver ceramic type antennas, silk-
screen printed onto the surface 106.
[0047] One or more FSS, e.g., 114 and 116, can be
made in the coating 104 by the process described above
adjacent, i.e., outboard of, the antennas 110, 112 to im-
prove the passage of electromagnetic energy, such as
RF energy, through the coating 104 to the antennas 110
and 112.
[0048] In another aspect of the invention, one or more
FSS can be made in a coating using a single marking
device, such as a single laser. For example, the laser
could be positioned such that a marking field is defined

on a portion of the coating to be deleted. The defined
marking field can represent all or a portion of the actual
area within which the laser can operate. The laser can
delete a pattern (first pattern) within the marking field,
and then the substrate and/or laser can be moved relative
to the other to position the marking field to a new position
on the substrate and another pattern (second pattern)
can be marked. The connector segments can be deleted
during movement of the substrate. Alternatively, after the
first pattern is marked, the substrate and/or laser can be
moved relative to the other such that the marking field at
the new position overlaps the area of the previous mark-
ing field (as described above with respect to Fig.1) and
the second pattern and connector segments can be de-
leted in the coating.
[0049] In one aspect of the invention, the separate pat-
terns and connector segments present an aesthetically
pleasing overall FSS, especially if utilized within a vision
area of the transparency.
[0050] It will be readily appreciated by those skilled in
the art that modifications can be made to the invention
without departing from the concepts disclosed in the fore-
going description. Accordingly, the particular embodi-
ments described in detail herein are illustrative only and
are not limiting to the scope of the invention, which is to
be given the full breadth of the appended claims and any
and all equivalents thereof.

Claims

1. A method of making a frequency selective surface
(24,48,66,68,114,116) on a coated substrate
(20,70,102), comprising:

depositing a coating (22,76,108) having a resist-
ance on the substrate (20,70,102);
forming a first pattern (25,52,84) having line seg-
ments in the coating (22,76,208),
wherein the line segments of the first pattern
(25,52,84) are non-conductive or substantially
non-conductive line segments (40,42); and fur-
ther comprising:

forming a second pattern (26,54,86,90)
having non-conductive or substantially non-
conductive line segments (40,42) in the
coating (22,76,108), wherein the first pat-
tern (25,52,84) and the second pattern
(26,54,86,90) are separated by a strip (46)
of coating; and
configuring the coating strip (46) such that
the resistance of the coating strip (46) sub-
stantially increases as measured from the
upper end (90) to the lower end (92) of the
strip (46) referring to the height of the strip
(46) between both patterns (25,26,52,54,
84,86,90) by shaping the strip (46) with an
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aspect ratio of the height to the width of the
strip of at least 50:1 and by breaking the
continuity of the strip
by at least one connector segment (50, 60,
94) extending from at least in close proxim-
ity to the first pattern, through at least a por-
tion of the coating strip (46) to at least in
close proximity to the second pattern,

wherein the at least one connector segments (50,
60, 94) is a discontinuous connector segment, which
is not aligned with the line segments (42) and which
is not an extension of the line segments (42).

2. The method according to claim 1, wherein the coat-
ing is an electromagnetic energy attenuating coating
(22,108), further comprising:

defining a first marking field (30) and a first mark-
ing tolerance;
defining a second marking field (32) and a sec-
ond marking tolerance; marking selected por-
tions of the coating (22,76,108) within the first
marking field (30) to define the first pattern
(25,52,84);
marking selected portions of the coating
(22,76,108) within the second marking field (32)
to define the second pattern (26,54,86,90) such
that the first and second patterns (25,26,52,54,
84,86,90) are spaced from one another by a dis-
tance (27,34) at least equal to a combined tol-
erance of marking devices; and
marking the strip (46) of the coating (22,76,108)
between the first pattern and the second pattern
with at least one connector segment (50,60,94)
in a manner that substantially increases the re-
sistance of the coating strip.

3. The method of claim 2, wherein the first pattern mark-
ing comprises marking the coating (22) with a first
marking device and the second pattern marking
comprises marking the coating (22) with a second
marking device.

4. The method of claim 2, wherein the first pattern mark-
ing and the second pattern marking comprises mark-
ing the coating (22) with a single marking device.

5. The method of claim 4, wherein prior to the first pat-
tern marking, positioning the coating (22) relative to
the marking device such that the marking device is
capable of marking the coating (22) within the first
marking field (30), and prior to the second pattern
marking, positioning the coating (22) relative to the
marking device such that the marking device is ca-
pable of marking the coating (22) within the second
marking field (32).

6. The method of claim 1, wherein the coating strip
marking comprises marking the at least one connec-
tor segment (50,60,94) having a length at least equal
to the sum of the combined tolerance plus the dis-
tance (27) between the first and second patterns
(25,26,52,54,84,86,90).

7. The method of claim 2, wherein the first pattern mark-
ing and the second pattern marking comprise mark-
ing a first grid pattern and a second grid pattern, re-
spectively, each comprising a plurality of conductive
coating areas (44).

8. The method of claim 7, further comprising extending
the at least one connector segment (50,60,94) from
at least a conductive coating area (44) of the first
pattern to at least a conductive coating area (44) of
the second pattern.

9. The method of claim 2, further comprising defining
at least one additional marking field and at least one
additional marking tolerance, marking selected por-
tions of the coating (22) within the at least one addi-
tional marking field to define an at least one addi-
tional pattern, marking an additional strip of the coat-
ing between the first pattern (25,52,84) or second
pattern (26,54,86) and the at least one additional pat-
tern (56,58,88,90) with at least one additional con-
nector segment (59,94) in a manner that substan-
tially increases the resistance of the additional coat-
ing strip.

10. The method of claim 2, further comprising depositing
the coating (22) on a substrate, combining the coated
substrate with additional substrates to form a lami-
nate, incorporating at least one antenna element into
the laminate such that the at least one antenna ele-
ment is spaced from the coating (22) and adjacent
to the first and second patterns (25,26,52,54,84,
86,90).

11. A coated substrate having a frequency selective sur-
face (24,48,66,68,114,116), comprising:

a substrate (20,70,102);
an electromagnetic energy attenuating coating
(22,76,108) having a resistance deposited over
at least a portion of the substrate (20,70,102);
and
a first pattern (25,52,84) having non-conductive
or substantially non-conductive line segments
(40,42) marked in the coating; and
a second pattern (26,54,86,90) having non-con-
ductive or substantially non-conductive line seg-
ments (40,42) marked in the coating adjacent
the first pattern, wherein the first pattern
(25,52,84) is separated from the second pattern
(26,54,86,90) by a strip (46) of the coating
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(22,76,108) characterized by the coating strip
(46) having an aspect ratio, of the height to the
width of the strip of at least 50:1 and a broken
continuity formed by at least one connector seg-
ment (50, 60, 94) extending from at least in close
proximity to the first pattern, through at least a
portion of the coating strip (46) to at least in close
proximity to the second pattern,

wherein the at least one connector segment (50, 60,
94) is a discontinuous connector segment, which is
not aligned with the line segments (42) and which is
not an extension of the line segments (42) whereby
said strip is configured to substantially increase the
resistance of the coating strip as measured from the
upper end (90) to the lower end (92) of the strip (46)
referring to the height of the strip (46) between both
patterns (25,26,52,54,84,86,90).

12. The substrate (20,70,102) of claim 11 or the method
according to claim 2, wherein said substantial in-
crease is a factor of at least five.

13. The substrate (20,70,102) of claim 11, wherein the
coating (22,76,108) is a solar control coating, espe-
cially comprising two or more silver layers and two
or more dielectric layers.

14. The substrate (20,70,102) of claim 11, wherein the
substrate (20,70,102) is a glass substrate, especially
being a laminated substrate comprising at least one
glass ply.

15. The substrate (20,70,102) of claim 14, wherein the
laminate is a laminated transparency and further
comprising at least one antenna spaced from the
coating (22) and adjacent to the first pattern (25) and
second pattern.

16. The substrate (20,70,102) of claim 11, wherein the
first and second patterns are grid patterns each com-
prising a plurality of conductive coating areas (44)
defined by substantially non-conductive line seg-
ments (40,42).

17. The substrate (20,70,102) of claim 11, wherein the
coating strip (46) has a width of about 0.2 mm to
about 1.5 mm, especially a width of about 0.25 mm
to about 1.25 mm.

18. The substrate (20,70,102) of claim 11, wherein the
at least one connector segment extends from at least
a conductive coating area (44) of the first pattern to
at least a conductive coating area (44) of the second
pattern.

19. The substrate (20,70,102) of claim 11, wherein the
connector segment (50, 60, 94) has a length in the

range of 1mm to 5mm.

20. The substrate (20,70,102) of claim 11, wherein the
conductive coating areas (44) are substantially
quadrilateral, preferably in the range of 2 mm to 5
mm long and in the range of 2 mm to 5 mm wide,
more preferably in the range of 3 mm to 4 mm long
and in the range of 3 mm to 4 mm wide.

21. The substrate (20,70,102) of claim 16, wherein each
grid pattern has a length in the range of 100 mm to
500 mm and a width in the range of 100 mm to 500
mm, especially a length in the range of 200 mm to
300 mm and a width in the range of 200 mm to 300
mm.

22. The substrate (20,70,102) of claim 11, further com-
prising at least one additional pattern (56,58,88,90)
in the coating (76,108) adjacent to and separated
from the first coating or second coating by an addi-
tional strip of coating configured to substantially in-
crease the resistance of the additional coating strip.

23. A laminated transparency (64) having a frequency
selective surface (66,68), comprising:

at least one glass ply (70,72);
an electromagnetic energy attenuating coating
(22,76,108) having a resistance deposited over
at least a portion of the substrate (20,70,102);
a first pattern (25,52,84) having non-conductive
or substantially non-conductive line segments
(40,42) marked in the coating;
a second pattern (26,54,86,90) having non-con-
ductive or substantially non-conductive line seg-
ments (40,42) marked in the coating adjacent
the first pattern, wherein the first pattern
(25,52,84) is separated from the second pattern
(26,54,86,90) by a strip (46) of the coating
(22,76,108) characterized
by the coating strip (46) having an aspect ratio
of the height to the width of the strip of at least
50:1 and a broken continuity formed by at least
one connector segment (50,60,94) extending
from at least in close proximity to the first pattern,
through at least a portion of the coating strip (46)
to at least in close proximity to the second pat-
tern,

wherein the at least one connector segment (50, 60,
94) is a discontinuous connector segment, which is
not aligned with the line segments (42) and which is
not an extension of the line segments (42) whereby
said strip is configured to substantially increase the
resistance of the coating strip as measured from the
upper end (90) to the lower end (92) of the strip (46)
referring to the height of the strip (46) between both
patterns (25,26,52,54,84,86,90)
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Patentansprüche

1. Verfahren zur Herstellung einer frequenzselektiven
Oberfläche (24, 48, 66, 68, 114, 116) auf einem be-
schichteten Substrat (20, 70, 102), enthaltend:

Aufbringen einer Beschichtung (22, 76, 108) mit
einem Widerstand auf dem Substrat (20, 70,
102);
Ausbilden eines ersten Musters (25, 52, 84) mit
Leitungsabschnitten in der Beschichtung (22,
76, 108),
bei dem die Leitungsabschnitte des ersten Mu-
sters (25, 52, 84) nichtleitende oder im Wesent-
lichen nichtleitende Leitungsabschnitte (40, 42)
sind; und weiter enthaltend:

Ausbilden eines zweiten Musters (26, 54,
86, 90) mit nichtleitenden oder im Wesent-
lichen nichtleitenden Leitungsabschnitten
(40, 42) in der Beschichtung (22, 76, 108),
wobei das erste Muster (25, 52, 84) und das
zweite Muster (26, 54, 86, 90) durch einen
Beschichtungsstreifen (46) getrennt sind;
und
Gestalten des Beschichtungsstreifens (46)
so, dass der Widerstand des Beschich-
tungsstreifens (46) im Wesentlichen an-
steigt, gemessen von dem oberen Ende
(90) zu dem unteren Ende (92) des Strei-
fens (46) unter Bezug auf die Höhe des
Streifens (46) zwischen beiden Mustern
(25, 26, 52, 54, 84, 86, 90) durch Formen
des Streifens (46) mit einem Längenverhält-
nis der Höhe zur Breite des Streifens von
zumindest 50:1 und durch Unterbrechen
der Kontinuität des Streifens durch zumin-
dest einen Verbindungsabschnitt (50, 60,
94), der sich von zumindest sehr nahe dem
ersten Muster durch zumindest einen Teil
des Beschichtungsstreifens (46) zumindest
sehr nahe an das zweite Muster heran er-
streckt, wobei der zumindest eine Verbin-
dungsabschnitt (50, 60, 94) ein unterbro-
chener Verbindungsabschnitt ist, der nicht
mit den Leitungsabschnitten (42) fluchtet
und der keine Verlängerung der Leitungs-
abschnitte (42) ist.

2. Verfahren nach Anspruch 1, bei dem die Beschich-
tung eine elektromagnetische energiedämpfende
Beschichtung (22, 108) ist, weiter enthaltend:

das Bestimmen eines ersten Markierungsfeldes
(30) und einer ersten Markierungstoleranz;
das Bestimmen eines zweiten Markierungsfel-
des (32) und einer zweiten Markierungstole-
ranz;

das Markieren ausgewählter Abschnitte der Be-
schichtung (22, 76,108) innerhalb des ersten
Markierungsfeldes (30), um das erste Muster
(25, 52, 84) zu bestimmen;
das Markieren ausgewählter Abschnitte der Be-
schichtung (22, 76, 108) innerhalb des zweiten
Markierungsfeldes (32), um das zweite Muster
(26, 54, 86, 90) so zu bestimmen, dass die er-
sten und zweiten Muster (25, 26, 52, 54, 84, 86,
90) voneinander um einen Abstand (27, 34) be-
abstandet sind, der zumindest einer kombinier-
ten Toleranz von Markierungseinrichtungen
gleich ist; und
das Markieren des Streifens (46) der Beschich-
tung (22, 76, 108) zwischen dem ersten Muster
und dem zweiten Muster, wobei zumindest ein
Verbindungsabschnitt (50, 60, 94) in einer Art
und Weise vorgesehen Ist, die im Wesentlichen
den Widerstand des Beschichtungsstreifens er-
höht.

3. Verfahren nach Anspruch 2, bei dem das Markieren
des ersten Musters das Markieren der Beschichtung
(22) mit einer ersten Markierungseinrichtung um-
fasst und das Markieren des zweiten Musters das
Markieren der Beschichtung (22) mit einer zweiten
Markierungseinrichtung umfasst.

4. Verfahren nach Anspruch 2, bei dem das Markieren
des ersten Musters und das Markieren des zweiten
Musters das Markieren der Beschichtung (22) mit
einer einzigen Markierungseinrichtung umfasst.

5. Verfahren nach Anspruch 4, bei dem vor dem Mar-
kieren des ersten Musters die Beschichtung (22) in
Bezug auf die Markierungseinrichtung so positioniert
wird, dass die Markierungseinrichtung in der Lage
ist, die Beschichtung (22) Innerhalb des ersten Mar-
kierungsfeldes (30) zu markieren, und vor dem Mar-
kieren des zweiten Musters die Beschichtung (22)
in Bezug auf die Markierungseinrichtung so positio-
niert wird, dass die Markierungseinrichtung in der
Lage ist, die Beschichtung (22) innerhalb des zwei-
ten Markierungsfeldes (22) zu markieren.

6. Verfahren nach Anspruch 1, bei dem das Markieren
des Beschichtungsstreifens das Markieren des zu-
mindest einen Verbindungsabschnitts (50, 60, 94)
umfasst, mit einer Länge, die zumindest gleich der
Summe der zusammengenommenen Toleranzen
zuzüglich dem Abstand (27) zwischen dem ersten
und zweiten Muster (25, 26, 52, 54, 84, 86, 90) ist.

7. Verfahren nach Anspruch 2, bei dem das Markieren
des ersten Musters und das Markieren des zweiten
Musters das Markieren eines ersten Gittermusters
und eines zweiten Gittermusters umfasst, wobei je-
des eine Vielzahl von leitenden Beschichtungsbe-
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reichen (44) umfasst.

8. Verfahren nach Anspruch 7, weiter enthaltend das
Erstrecken zumindest eines Verbindungsabschnitts
(50, 60, 94) von zumindest einem leitenden Be-
schichtungsbereich (44) des ersten Musters zu zu-
mindest einem leitenden Beschichtungsbereich (44)
des zweiten Musters.

9. Verfahren nach Anspruch 2, weiter enthaltend das
Bestimmen zumindest eines zusätzlichen Markie-
rungsfeldes und zumindest einer zusätzlichen Mar-
kierungstoleranz, das Markieren ausgewählter Ab-
schnitte der Beschichtung (22) in dem zumindest ei-
nen zusätzlichen Markierungsfeld, um zumindest ein
zusätzliches Muster zu bestimmen, das Markieren
eines zusätzlichen Streifens der Beschichtung zwi-
schen dem ersten Muster (25, 52, 84) oder zweiten
Muster (26, 54, 86) und dem zumindest einen zu-
sätzlichen Muster (56, 58, 88, 90) mit zumindest ei-
nem zusätzlichen Verbindungsabschnitt (59, 94) in
einer Art und Weise, die den Widerstand des zusätz-
lichen Beschichtungsstreifens wesentlich erhöht.

10. Verfahren nach Anspruch 2, weiter enthaltend das
Aufbringen der Beschichtung (22) auf ein Substrat,
das Verbinden des beschichteten Substrats mit zu-
sätzlichen Substraten, um ein Laminat zu bilden, das
Einbringen von zumindest einem Antennenelement
in das Laminat so, dass das zumindest eine Anten-
nenelement von der Beschichtung (22) beabstandet
und neben dem ersten und zweiten Muster (25, 26,
52, 54, 84, 86, 90) angeordnet ist.

11. Beschichtetes Substrat mit einer frequenzselektiven
Oberfläche (24, 48, 66, 68, 114, 116) enthaltend:

ein Substrat (20, 70, 102);
eine elektromagnetische, energiedämpfende
Beschichtung (22, 76, 108) mit einem Wider-
stand, aufgebracht über zumindest einem Ab-
schnitt des Substrats (20, 70, 102); und
ein erstes Muster (25, 52, 84) mit nichtleitenden
oder im Wesentlichen nichtleitenden Leitungs-
abschnitten (40, 42), die in der Beschichtung
markiert sind; und
ein zweites Muster (26, 54, 86, 90) mit nichtlei-
tenden oder im Wesentlichen nichtleitenden Lei-
tungsabschnitten (40, 42), markiert in der Be-
schichtung neben dem ersten Muster, wobei
das erste Muster (25, 52, 84) von dem zweiten
Muster (26, 54, 86, 90) durch einen Streifen (46)
der Beschichtung (22, 76, 108) getrennt ist, ge-
kennzeichnet durch den Beschichtungsstrei-
fen (46) mit einem Längenverhältnis der Höhe
zur Breite des Streifens von zumindest 50:1 und
einer unterbrochenen Kontinuität, die durch zu-
mindest einen Verbindungsabschnitt (50, 60,

94) gebildet ist, der sich von zumindest sehr na-
he dem ersten Muster durch zumindest einen
Teil des Beschichtungsstreifens (46) zumindest
sehr nahe an das zweite Muster heran erstreckt,
wobei der zumindest eine Verbindungsab-
schnitt (50, 60, 94) ein unterbrochener Verbin-
dungsabschnitt ist, der nicht mit den Leitungs-
abschnitten (42) fluchtet und der keine Verlän-
gerung der Leitungsabschnitte (42) ist, worin der
Streifen ausgebildet ist, um den Widerstand des
Beschichtungsstreifens wesentlich zu erhöhen,
gemessen von dem oberen Ende (90) zu dem
unteren Ende (92) des Streifens (46) unter Be-
zug auf die Höhe des Streifens (46) zwischen
beiden Mustern (25, 26, 52, 54, 84, 86, 90).

12. Substrat (20, 70, 102) nach Anspruch 11 oder Ver-
fahren nach Anspruch 2, bei dem der wesentliche
Anstieg ein Faktor von zumindest 5 ist.

13. Substrat (20, 70, 102) nach Anspruch 11, bei dem
die Beschichtung (22, 76, 108) eine die Sonnenein-
strahlung kontrollierende Beschichtung ist, insbe-
sondere enthaltend zwei oder mehr Silberschichten
und zwei oder mehr dielektrische Schichten.

14. Substrat (20, 70, 102) nach Anspruch 11, bei dem
das Substrat (20, 70, 102) ein Glassubstrat ist, das
insbesondere ein laminiertes Substrat, enthaltend
zumindest eine Glasscheibe, ist.

15. Substrat (20, 70, 102) nach Anspruch 14, bei dem
das Laminat eine laminierte Scheibe ist und weiter
enthaltend zumindest eine Antenne beabstandet
von der Beschichtung (22) und neben dem ersten
Muster (25) und dem zweiten Muster.

16. Substrat (20, 70, 102) nach Anspruch 11, bei dem
das erste und das zweite Muster Gittermuster sind,
wobei jedes eine Vielzahl von leitenden Beschich-
tungsbereichen (44) enthält, definiert durch im We-
sentlichen nichtleitende Leitungsabschnitte (40, 42).

17. Substrat (20, 70, 102) nach Anspruch 11, bei dem
der Beschichtungsstreifen (46) eine Breite von etwa
0,2 mm bis etwa 1,5 mm, insbesondere eine Breite
von etwa 0,25 mm bis etwa 1,25 mm aufweist.

18. Substrat (20, 70, 102) nach Anspruch 11, bei dem
der zumindest eine Verbindungsabschnitt sich von
zumindest einem leitenden Beschichtungsbereich
(44) des ersten Musters zu zumindest einem leiten-
den Beschichtungsbereich (44) des zweiten Musters
erstreckt.

19. Substrat (20, 70, 102) nach Anspruch 11, bei dem
das Verbindungselement (50, 60, 94) eine Länge im
Bereich von 1 mm bis 5 mm aufweist.
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20. Substrat (20, 70, 102) nach Anspruch 11, bei dem
die leitenden Beschichtungsbereiche (44) im We-
sentlichen vierseitig sind, vorzugsweise im Bereich
von 2 mm bis 5 mm lang und im Bereich von 2 mm
bis 5 mm breit, noch bevorzugter im Bereich von 3
mm bis 4 mm lang und im Bereich von 3 mm bis 4
mm breit.

21. Substrat (20, 70, 102) nach Anspruch 16, bei dem
jedes Gittermuster eine Länge im Bereich von 100
mm bis 500 mm und eine Breite im Bereich von 100
mm bis 500 mm aufweist, insbesondere eine Länge
im Bereich von 200 mm bis 300 mm und eine Breite
im Bereich von 200 mm bis 300 mm aufweist.

22. Substrat (20, 70, 102) nach Anspruch 11, weiter ent-
haltend zumindest ein zusätzliches Muster (56, 58,
88, 90) in der Beschichtung (76, 108) neben der und
getrennt von der ersten Beschichtung oder zweiten
Beschichtung durch einen zusätzlichen Beschich-
tungsstreifen, ausgebildet, um den Widerstand des
zusätzlichen Beschichtungsstreifens wesentlich zu
erhöhen.

23. Laminierte Scheibe (64) mit einer frequenzselekti-
ven Oberfläche (66, 68), enthaltend:

zumindest eine Glasscheibe (70, 72);
eine elektromagnetische energiedämpfende
Beschichtung (22, 76, 108) mit einem Wider-
stand, die über zumindest einem Teil des Sub-
strats (20, 70, 102) vorgesehen ist;
ein erstes Muster (25, 52, 84) mit nichtleitenden
oder im Wesentlichen nichtleitenden Leitungs-
abschnitten (40, 42), markiert in der Beschich-
tung;
ein zweites Muster (26, 54, 86, 90) mit nichtlei-
tenden oder im Wesentlichen nichtleitenden Lei-
tungsabschnitten (40, 42), markiert in der Be-
schichtung neben dem ersten Muster, wobei
das erste Muster (25, 52, 84) von dem zweiten
Muster (26, 54, 86, 90) durch einen Streifen (46)
der Beschichtung (42, 76, 108) getrennt ist, ge-
kennzeichnet durch den Beschichtungsstrei-
fen (46) mit einem Längenverhältnis der Höhe
zur Breite des Streifens von zumindest 50:1 und
einer unterbrochenen Kontinuität, die durch zu-
mindest einen Verbindungsabschnitt (50, 60,
94) ausgebildet ist, der sich von zumindest sehr
nahe dem ersten Muster durch zumindest einen
Abschnitt des Beschichtungsstreifens (46) zu-
mindest sehr nahe an das zweite Muster heran
erstreckt, wobei der zumindest eine Verbin-
dungsabschnitt (50, 60, 94) ein unterbrochener
Verbindungsabschnitt ist, der nicht mit den Lei-
tungsabschnitten (42) fluchtet und der keine
Verlängerung der Leitungsabschnitte (42) ist,
worin der Streifen ausgebildet ist, um den Wi-

derstand des Beschichtungsstreifens wesent-
lich zu erhöhen, gemessen von dem oberen En-
de (90) zu dem unteren Ende (92) des Streifens
(46) unter Bezug auf die Höhe des Streifens (46)
zwischen beiden Mustern (25, 26, 52, 54, 84,
86, 90).

Revendications

1. Procédé de fabrication d’une surface sélective de
fréquence (24, 48, 66, 68, 114, 116) sur un substrat
revêtu (20, 70, 102), comprenant :

le dépôt d’un revêtement (22, 76, 108) ayant une
résistance sur le substrat (20, 70, 102);
la formation d’une première structure (25, 52,
84) comportant des segments linéaires dans le
revêtement (22, 76, 108),

dans lequel les segments linéaires de la première
structure (25, 52, 84) sont des segments linéaires
non conducteurs ou sensiblement non conducteurs
(40, 42); et
comprenant de plus :

la formation d’une seconde structure (26, 54,
86, 90) comportant des segments linéaires non
conducteurs ou sensiblement non conducteurs
(40, 42) dans le revêtement (22, 76, 108), dans
lequel la première structure (25, 52, 84) et la
seconde structure (26, 54, 86, 90) sont séparées
par une bande (46) de revêtement; et
la configuration de la bande de revêtement (46)
de telle sorte que la résistance de la bande de
revêtement (46) augmente sensiblement telle
que mesurée de l’extrémité supérieure (90) à
l’extrémité inférieure (92) de la bande (46) cor-
respondant à la hauteur de la bande (46) entre
les deux structures (25, 26, 52, 54, 84, 86, 90)
en façonnant la bande (46) avec un rapport d’as-
pect de la hauteur à la largeur de la bande d’au
moins 50/1 et en rompant la continuité de la ban-
de par au moins un segment connecteur (50,
60, 94) s’étendant depuis au moins le voisinage
immédiat de la première structure, sur au moins
une partie de la bande de revêtement (46) jus-
qu’à au moins le voisinage immédiat de la se-
conde structure, dans lequel au moins l’un des
segments connecteurs (50, 60, 94) est un seg-
ment connecteur discontinu, qui n’est pas dans
l’alignement des segments linéaires (42) et qui
n’est pas un prolongement des segments linéai-
res (42).

2. Procédé suivant la revendication 1, dans lequel le
revêtement est un revêtement d’atténuation de
l’énergie électromagnétique (22, 108), comprenant
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de plus:

la définition d’un premier domaine de marquage
(30) et d’une première tolérance de marquage;
la définition d’un second domaine de marquage
(32) et d’une seconde tolérance de marquage;
le marquage de parties choisies du revêtement
(22, 76, 108) dans le premier domaine de mar-
quage (30) pour définir la première structure (25,
52, 84);
le marquage de parties choisies du revêtement
(22, 76, 108) dans le second domaine de mar-
quage (32) pour définir la seconde structure (26,
54, 86, 90) de telle sorte que la première et la
seconde structure (25, 26, 52, 54, 84, 86, 90)
soient séparées l’une de l’autre d’une distance
(27,34) au moins égale à une tolérance combi-
née de dispositifs de marquage; et
le marquage de la bande (46) du revêtement
(22, 76, 108) entre la première structure et la
seconde structure avec au moins un segment
connecteur (50, 60, 94) de manière à ce qu’il
augmente sensiblement la résistance de la ban-
de de revêtement.

3. Procédé suivant la revendication 2, dans lequel le
marquage de la première structure comprend le mar-
quage du revêtement (22) avec un premier dispositif
de marquage et le marquage de la seconde structure
comprend le marquage du revêtement (22) avec un
second dispositif de marquage.

4. Procédé suivant la revendication 2, dans lequel le
marquage de la première structure et le marquage
de la seconde structure comprennent le marquage
du revêtement (22) avec un seul dispositif de mar-
quage.

5. Procédé suivant la revendication 4, dans lequel
avant le marquage de la première structure, le posi-
tionnement du revêtement (22) par rapport au dis-
positif de marquage de telle sorte que le dispositif
de marquage puisse marquer le revêtement (22)
dans les limites du premier domaine de marquage
(30), et avant le marquage de la seconde structure,
le positionnement du revêtement (22) par rapport au
dispositif de marquage de telle sorte que le dispositif
de marquage puisse marquer le revêtement (22)
dans les limites du second domaine de marquage
(32).

6. Procédé suivant la revendication 1, dans lequel le
marquage de la bande de revêtement comprend le
marquage d’au moins le segment connecteur (50,
60, 94) ayant une longueur au moins égale à la som-
me de la tolérance combinée plus la distance (27)
entre la première et la seconde structure (25, 26, 52,
54, 84, 86, 90).

7. Procédé suivant la revendication 2, dans lequel le
marquage dans lequel le marquage de la première
structure et le marquage de la seconde structure
comprennent le marquage respectivement d’une
première structure de grille et d’une seconde struc-
ture de grille, chacune comprenant une pluralité
d’aires de revêtement conductrices (44).

8. Procédé suivant la revendication 7, comprenant de
plus le prolongement d’au moins le segment con-
necteur (50, 60, 94) d’au moins une aire de revête-
ment conductrice (44) de la première structure à au
moins une aire de revêtement conductrice (44) de
la seconde structure.

9. Procédé suivant la revendication 2, comprenant de
plus la définition d’au moins un champ de marquage
additionnel et d’au moins une tolérance de marqua-
ge additionnelle, le marquage de parties choisies du
revêtement (22) dans les limites d’au moins le champ
de marquage additionnel pour définir au moins une
structure additionnelle, le marquage d’une bande
additionnelle du revêtement entre la première struc-
ture (25, 52, 84) ou la seconde structure (26, 54, 86)
et au moins la structure additionnelle (56, 58, 88, 90)
avec au moins un segment connecteur additionnel
(59, 94) de manière telle qu’il augmente sensible-
ment la résistance de la bande de revêtement addi-
tionnelle.

10. Procédé suivant la revendication 2, comprenant de
plus le dépôt du revêtement (22) sur un substrat, la
combinaison du substrat revêtu avec des substrats
additionnels pour former un stratifié, l’incorporation
d’au moins un élément d’antenne dans le stratifié,
de telle sorte qu’au moins l’élément d’antenne soit
espacé du revêtement (22) et adjacent aux première
et seconde structures (25, 26, 52, 54, 84, 86, 90).

11. Substrat revêtu ayant une surface sélective de fré-
quence (24, 48, 66, 88, 114, 116), comprenant :

un substrat (20, 70, 102);
un revêtement d’atténuation de l’énergie élec-
tromagnétique (22, 76, 108) ayant une résistan-
ce déposé sur au moins une partie du substrat
(20, 70, 102); et
une première structure (25, 52, 84) comportant
des segments linéaires non conducteurs ou
sensiblement non conducteurs (40, 42) mar-
qués dans le revêtement; et
une seconde structure (26, 54, 86, 90) compor-
tant des segments linéaires non conducteurs ou
sensiblement non conducteurs (40, 42) mar-
qués dans le revêtement adjacent à la première
structure, dans lequel la première structure (25,
52, 84) est séparée de la seconde structure (26,
54, 86, 90) par une bande (46) du revêtement
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(22, 76, 108), caractérisé par la bande de re-
vêtement (46) ayant un rapport d’aspect, de la
hauteur à la largeur de la bande, d’au moins 50:
1 et une continuité rompue formée par au moins
un segment connecteur (50, 60, 94) s’étendant
depuis au moins le voisinage immédiat de la pre-
mière structure, sur au moins une partie de la
bande de revêtement (46) jusqu’à au moins le
voisinage immédiat de la seconde structure,
dans lequel au moins l’un des segments con-
necteurs (50, 60, 94) est un segment connecteur
discontinu, qui n’est pas dans l’alignement des
segments linéaires (42) et qui n’est pas un pro-
longement des segments linéaires (42), de sorte
que ladite bande est configurée pour augmenter
sensiblement la résistance de la bande de re-
vêtement telle que mesurée de l’extrémité su-
périeure (90) à l’extrémité inférieure (92) de la
bande (46) correspondant à la hauteur de la
bande (46) entre les deux structures (25, 26, 52,
54, 84, 86, 90).

12. Substrat (20, 70, 102) suivant la revendication 11 ou
procédé suivant la revendication 2, dans lequel ladite
augmentation substantielle est un facteur d’au moins
cinq.

13. Substrat (20, 70, 102) suivant la revendication 11,
dans lequel le revêtement (22, 76, 108) est un revê-
tement solaire, en particulier comprenant deux cou-
ches d’argent ou plus et deux couches diélectriques
ou plus.

14. Substrat (20, 70, 102) suivant la revendication 11,
dans lequel le substrat (20, 70, 102) est un substrat
de verre, en particulier un substrat stratifié compre-
nant au moins une épaisseur de verre.

15. Substrat (20, 70, 102) suivant la revendication 14,
dans lequel le stratifié est un élément transparent
stratifié et comprenant de plus au moins une antenne
espacée du revêtement (22) et adjacente à la pre-
mière structure (25) et la seconde structure.

16. Substrat (20, 70, 102) suivant la revendication 11,
dans lequel la première et la seconde structure sont
des structures de grille comprenant chacune une
pluralité d’aires de revêtement conductrices (44) dé-
finies par des segments linéaires sensiblement non
conducteurs (40, 42).

17. Substrat (20, 70, 102) suivant la revendication 11,
dans lequel la bande de revêtement (46) a une lar-
geur d’environ 0,2 mm à environ 1,5 mm, en parti-
culier une largeur d’environ 0,25 mm à environ 1,25
mm.

18. Substrat (20, 70, 102) suivant la revendication 11,

dans lequel au moins le segment connecteur s’étend
d’au moins une aire de revêtement conductrice (44)
de la première structure à au moins une aire de re-
vêtement conductrice (44) de la seconde structure.

19. Substrat (20, 70, 102) suivant la revendication 11,
dans lequel le segment connecteur (50, 60, 94) a
une largeur allant de 1 mm à 5 mm.

20. Substrat (20, 70, 102) suivant la revendication 11,
dans lequel les aires de revêtement conductrices
(44) sont sensiblement quadrilatérales, avantageu-
sement d’une longueur allant de 2 mm à 5 mm et
d’une largeur allant de 2 mm à 5 mm, plus avanta-
geusement d’une longueur allant de 3 mm à 4 mm
et d’une largeur allant de 3 mm à 4 mm.

21. Substrat (20, 70, 102) suivant la revendication 16,
dans lequel chaque structure de grille a une longueur
allant de 100 mm à 500 mm et une largeur allant de
100 mm à 500 mm, en particulier une longueur allant
de 200 mm à 300 mm et une largeur allant de 200
mm à 300 mm.

22. Substrat (20, 70, 102) suivant la revendication 11,
comprenant de plus au moins une structure addition-
nelle (56, 58, 88, 90) dans le revêtement (76, 108)
adjacente et séparée du premier revêtement ou se-
cond revêtement par une bande de revêtement ad-
ditionnelle configurée pour augmenter sensiblement
la résistance de la bande de revêtement addition-
nelle.

23. Elément transparent stratifié (64) comportant une
surface sélective de fréquence (66, 68),
comprenant :

au moins une épaisseur de verre (70,72);
un revêtement d’affaiblissement de l’énergie
électromagnétique (22, 76, 108) ayant une ré-
sistance déposé sur au moins une partie du
substrat (20, 70, 102);
une première structure (25, 52, 84) comportant
des segments linéaires non conducteurs ou
sensiblement non conducteurs (40, 42) mar-
qués dans le revêtement;
une seconde structure (26, 54, 86, 90) compor-
tant des segments linéaires non conducteurs ou
sensiblement non conducteurs (40, 42) mar-
qués dans le revêtement adjacent à la première
structure, dans lequel la première structure (25,
52, 84) est séparée de la seconde structure (26,
54, 86, 90) par une bande (46) du revêtement
(22, 76, 108), caractérisé par la bande de re-
vêtement (46) ayant un rapport d’aspect, de la
hauteur à la largeur de la bande, d’au moins 50:
1 et une continuité rompue formée par au moins
un segment connecteur (50, 60, 94) s’étendant
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depuis au moins le voisinage immédiat de la pre-
mière structure, sur au moins une partie de la
bande de revêtement (46) jusqu’à au moins le
voisinage immédiat de la seconde structure,
dans lequel au moins l’un des segments con-
necteurs (50, 60, 94) est un segment connecteur
discontinu, qui n’est pas dans l’alignement des
segments linéaires (42) et qui n’est pas un pro-
longement des segments linéaires (42), de sorte
que ladite bande est configurée pour augmenter
sensiblement la résistance de la bande de re-
vêtement telle que mesurée de l’extrémité su-
périeure (90) à l’extrémité inférieure (92) de la
bande (46) correspondant à la hauteur de la
bande (46) entre les deux structures (25, 26, 52,
54, 84, 86, 90).
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