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(54) MULTI-PANE GLAZING UNIT

(57) Glazing unit (10) comprising at least two glass
panes (1, 2), wherein the at least two glass panes (1, 2)
comprise a first glass pane (1) and a second glass pane
(2), wherein the first glass pane (1) and the second glass
pane (2) is configured such that the gap width between
the first glass pane (1) and the second glass pane (2)
varies between a minimum gap width (4) and a maximum
gap width (5).
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Description

Field of the invention

[0001] The present invention concerns a multi-pane
glazing unit.

Description of related art

[0002] Current double or multi-pane glazing (windows)
show a radio frequency (RF) dependent signal attenua-
tion of the radio signal. While lower frequencies experi-
ence a low attenuation, higher frequencies (already
above approximately 1 GHz) can show significant signal
attenuations. This signal attenuation can cause a distur-
bance for the use of cellular phones or other radio devices
working in the attenuated frequency ranges, for example
inside of buildings, vehicles etc. This signal attenuation
depends for example on the air gap between the at least
two glass panes. For higher frequencies, the wavelength
gets smaller and the air gap between the two or more
glass panes becomes relevant to cause a phase-shift
that can destructively add and cause the high signal at-
tenuations. This can be avoided by the use of single pane
glazing losing then all the advantages of multi-pane glaz-
ing such as improved thermal insulation.

Brief summary of the invention

[0003] The object of the invention is to solve or reduce
the problem of the radio frequency dependent signal at-
tenuation of multi-pane glazing units.
[0004] The object is solved by the glazing unit accord-
ing to the claims.
[0005] The use of a glazing unit with a gap width be-
tween a first glass pane and a second glass pane which
varies between a minimum gap width and a maximum
gap width allows to create a glazing unit with a plurality
of gap widths. The varying gap width allows to reduce
the signal attenuation for certain frequency bands signif-
icantly. This could be further used to design the glazing
unit such as to have a certain desired radio frequency
transmission function. For example, in some applica-
tions, it could be desirable to rather attenuate a first fre-
quency band with respect to a radio signal in a second
frequency band.
[0006] The dependent claims refer to further advanta-
geous embodiments.

Brief Description of the Drawings

[0007] The invention will be better understood with the
aid of the description of an embodiment given by way of
example and illustrated by the figures, in which:

Fig. 1 shows a schematic first example of an embod-
iment of the glazing unit according to the invention.

Fig. 2 shows a schematic second example of an em-
bodiment of the glazing unit according to the inven-
tion.

Fig. 3 shows a schematic third example of an em-
bodiment of the glazing unit according to the inven-
tion.

Fig. 4 shows a schematic fourth example of an em-
bodiment of the glazing unit according to the inven-
tion.

Fig. 5 shows a schematic fifth example of an embod-
iment of the glazing unit according to the invention.

Fig. 6 shows a schematic sixth example of an em-
bodiment of the glazing unit according to the inven-
tion.

Fig. 7 shows a schematic seventh example of an
embodiment of the glazing unit according to the in-
vention.

Fig. 8 shows a schematic eighth example of an em-
bodiment of the glazing unit according to the inven-
tion.

Fig. 9 shows the exemplary signal transmission in
dependence of the radio frequency between 1 and
6 GHz for double-pane glazing units with different
single fixed gap widths between the glass panes and
a double-pane glazing unit combining those gap
widths, for a signal incidence angle normal to the
window surface.

Fig. 10 shows the exemplary signal transmission for
the double-pane glazing units shown in Fig. 2 in de-
pendence of the radio frequency between 1 and 40
GHz, for a signal incidence angle normal to the win-
dow surface.

Fig. 11 shows the exemplary signal transmission in
dependence of the radio frequency between 1 and
40 GHz for triple-pane glazing units with different
single fixed gap widths between the glass panes and
a triple-pane glazing unit combining those gap
widths, for a signal incidence angle normal to the
window surface.

Detailed Description of possible embodiments of the In-
vention

[0008] The invention refers to a multi-pane glazing unit.
Multi-pane glazing units are also called insulating glass
or insulating glass unit.
[0009] The multi-glazing unit can comprise a direction
for mounting the multi-glazing unit in the sense that the
multi-glazing unit has an external side and/or an internal
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side. The multi-glazing unit could comprise an external
side which is configured to be arranged to point to the
external side of a space and an internal side which is
configured to be arranged to point to the inside of a space.
The space is for example, a building space, like a room,
a hall, etc.. The space can however also be a vehicle,
like a car, truck, airplane, train, etc.. The space can be
any other space. The space is preferably closed or clos-
able to the outside. The space can however also be semi-
closed or even open. The external side could be defined
e.g., by a functional coating which acts different com-
pared to the internal side, e.g., a sun protection or a sil-
vering. If there is no difference between a first side and
a second side of the glazing unit, the external side shall
be the first side and the internal side the second side
without any limitation of the invention.
[0010] The glazing unit 10 comprises preferably a glaz-
ing plane (or glazing unit plane). The glazing plane com-
prises preferably a first glazing direction and a second
glazing direction, both perpendicular to each other and/or
both parallel to the glazing pane.
[0011] Fig. 1 to 8 show eight exemplary embodiments
for a multi-pane glazing unit 10. The multi-pane glazing
unit 10 comprises at least two glass panes. The at least
two glass panes comprise (at least) a first glass pane 1
and a second glass pane 2. The glazing unit 10 can com-
prise (just) two glass panes forming a double-pane glaz-
ing unit, often also called double-pane or double-glazing
(see embodiments in Fig. 1, 2, 3, 5, 6, 7 and 8). The
glazing unit 10 can comprise three glass panes forming
a triple-pane glazing unit, also called triple-pane or triple-
glazing (see embodiment in Fig. 4). In this case, the at
least two glass panes comprise a first glass pane 1, a
second glass pane 2 and a third glass pane 3. The multi-
pane glazing unit could comprise also more than three
glass panes. In this case, the at least two glass panes
comprise a first glass pane 1, a second glass pane 2, a
third glass pane 3 and at least a fourth glass pane.
[0012] The first glass pane 1 and the second glass
pane 2 are preferably neighbouring glass panes in the
at least two glass panes. However, the first and the sec-
ond glass pane 1, 2 can also be arranged such that the
multi-pane glazing unit 10 comprises a third glass pane
3 or more glass panes between the first and the second
glass pane 1, 2. The first glass pane 1 is preferably the
most external glass pane 1, i.e. arranged at the external
side of the glazing unit 10. However, the first glass pane
1 can also be arranged at the most internal glass pane,
i.e. arranged at the internal side of the glazing unit 10, or
can be arranged in between the most external glass pane
and the most internal glass pane. The second glass pane
2 is the glass pane neighbouring the first glass pane 1 in
direction towards the internal side. In the case of a double
pane glazing unit, the second glass pane 2 is thus the
most internal glass pane. In the case of a triple pane
glazing unit, the second glass pane 2 is thus a central or
intermediate glass pane, i.e. arranged between the most
external and the most internal glass pane. However, the

second glass pane 2 can also be the most external glass
pane or any other glass pane.
[0013] Preferably, the first glass pane 1 has a constant
thickness (over the pane plane). However, it is also pos-
sible that the thickness of the first glass pane 1 varies
over the pane plane. Preferably, the second glass pane
2 has a constant thickness (over the pane plane). How-
ever, it is also possible that the thickness of the second
glass pane 2 varies over the pane plane. Preferably, each
of the at least two glass panes 1, 2 has preferably a con-
stant thickness (over the pane plane). In all shown em-
bodiments in Fig. 1 to 8 the glass panes 1, 2, 3 have a
constant thickness over the pane plane. Preferably, the
first glass pane 1 and the second glass pane 2 (or all of
the at least two glass panes) have the same (constant)
thickness. However, it is also possible that the first glass
pane 1 has a first (constant) thickness and the second
glass pane 2 has a second (constant) thickness which is
different from/smaller than/larger than the first thickness.
However, it is also possible that the thickness of each of
the at least two glass panes 1, 2 varies over the pane
plane. Preferably, the first glass pane 1 and the second
glass pane 2 (two or more of the at least two glass panes)
have a constant thickness. However, it is also possible
that the first glass pane 1 and the second glass pane 2
(two or more of the at least two glass panes) have a
variable thickness, or that one of the first glass pane 1
and the second glass pane 2 (or of the at least two glass
panes) has a variable thickness and another one of the
first glass pane 1 and the second glass pane 2 (or of the
at least two glass panes) has a constant thickness. The
thickness is preferably the size in the direction from the
external or first side of the glazing unit to the internal or
second side of the glazing unit or of the respective glass
pane or in the direction perpendicular to the glazing plane
or the respective pane plane or surface.
[0014] The first glass pane 1 has preferably a first sur-
face and a second surface opposed to the first surface.
The first glass pane 1 comprises preferably at least one
lateral side. The at least one lateral side is substantially
perpendicular, preferably perpendicular to the first and
second surface of the first glass pane 1. The first glass
pane 1 has preferably a rectangular form with four lateral
sides. The four lateral sides comprise preferably two first
lateral sides parallel to the first glazing direction and two
second lateral sides parallel to the second glazing direc-
tion. However, other forms of the first glass pane 1 are
possible. The first surface is preferably parallel to the
pane plane of the first glass pane 1 and/or to the second
surface. In Fig. 1 to 8, the first surface is parallel to the
second surface. The first surface is preferably flat, i.e.
the first surface defines a plane surface (without any cur-
vature). The second surface is preferably parallel to the
pane plane of the first glass pane 1. The second surface
is preferably flat, i.e. the second surface defines a plane
surface (without any curvature). In the embodiments
shown in Fig. 1, 3, 4 and 8, the first and second surface
of the first glass pane 1 have plane surfaces. However,
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it is also possible that the first surface and/or the second
surface comprises a non-plane surface such as a surface
with a curvature, e.g. a convex or concave surface, or a
step. In Fig. 5, the first surface has a convex shape and
the second surface has a concave shape. In Fig. 6, the
first surface has a concave shape, and the second sur-
face has a convex shape. In Fig. 7, the first surface has
a curved shape, similar to a sinus or waveform. In Fig.
2, the first surface comprises steps. All first surfaces and
second surfaces and at least one lateral side mentioned
in this paragraph refer to the first surface of the first glass
pane 1 and the second surface of the first glass pane 1
and the at least one lateral side of the first glass pane 1,
respectively.
[0015] The second glass pane 2 has preferably a first
surface and a second surface opposed to the first sur-
face. The second glass pane 2 comprises preferably at
least one lateral side. The at least one lateral side is sub-
stantially perpendicular, preferably perpendicular to the
first and second surface of the second glass pane 2. The
second glass pane 2 has preferably a rectangular form
with four lateral sides. The four lateral sides comprise
preferably two first lateral sides parallel to the first glazing
direction and two second lateral sides parallel to the sec-
ond glazing direction. However, other forms of the sec-
ond glass pane 2 are possible. The first surface is pref-
erably parallel to the pane plane of the second glass pane
2 and/or the second surface. In Fig. 1 to 8, the first surface
is parallel to the second surface. The second surface is
preferably parallel to the pane plane of the second glass
pane 2. The first surface is preferably flat, i.e. the first
surface defines a plane surface (without any curvature).
The second surface is preferably flat, i.e. the second sur-
face defines a plane surface (without any curvature). In
the embodiments shown in Fig. 1 to 8, the first and second
surfaces have plane surfaces. However, it is also possi-
ble that the first surface and/or the second surface com-
prises a non-plane surface such as a surface with a cur-
vature, e.g. a convex or concave surface. All first surfaces
and second surfaces mentioned in this paragraph refer
to the first surface of the second glass pane 2 and the
second surface of the second glass pane 2 and the at
least one lateral side of the second glass pane 2, respec-
tively, if not mentioned otherwise. The first glass pane 1
and the second glass pane 2 are preferably arranged
such that the first surface of the first glass pane 1 faces
the first surface of the second glass pane 2. In one em-
bodiment, the second surface of the first glass pane 1 is
an external side of the glazing unit 10. In one embodi-
ment, the second surface of the second glass pane 2 is
an internal side of the glazing unit 10.
[0016] According to the invention, the glazing unit 10
is configured/designed such that the first glass pane 1
and the second glass pane 2 (or at least two of the at
least two glass panes 1, 2) have a gap width between
each other which varies (in the glazing plane) between
a minimum gap width 4 and a maximum gap width 5.
[0017] The difference between the maximum gap

width 5 and the minimum gap width 4 is preferably larger
1 millimetre (mm), preferably larger than 2 mm, prefera-
bly larger than 3 mm, preferably larger than 4 mm, pref-
erably larger than 5 mm, preferably larger than 6 mm,
preferably larger than 7 mm, preferably larger than 8 mm,
preferably larger than 9 mm, preferably larger than 10
mm, preferably larger 11 mm, preferably larger than 12
mm, preferably larger than 13 mm, preferably larger than
14 mm, preferably larger than 15 mm, preferably larger
than 16 mm, preferably larger than 17 mm, preferably
larger than 18 mm, preferably larger than 19 mm, pref-
erably larger than 20 mm. The difference between the
maximum gap width 5 and the minimum gap width 4 is
preferably smaller 50 mm, preferably smaller than 40
mm, preferably smaller than 35 mm, preferably smaller
than 30 mm, preferably smaller 25 mm, preferably small-
er than 20 mm, preferably smaller than 15 mm, preferably
smaller than 10 mm. The minimum gap width 4 is pref-
erably larger than 0mm (in this case the first and second
glass pane 1, 2 touch each other), preferably larger than
1 mm, preferably larger than 2 mm, preferably larger than
3 mm, preferably larger than 4 mm, preferably larger than
5 mm, preferably larger than 6 mm, preferably larger than
7 mm, preferably larger than 8 mm, preferably larger than
9 mm, preferably larger than 10 mm. The minimum gap
width 4 is preferably smaller than 10 mm, preferably than
8 mm, preferably than 6 mm, preferably than 5 mm, pref-
erably than 4 mm, preferably than 3 mm, preferably than
2 mm, preferably than 1.
[0018] The gap width between the first glass pane 1
and the second glass pane 2 (with the transition from the
minimum gap width 4 and the maximum gap width 5)
varies preferably continuously, i.e. mathematically
speaking the gap width (as a function over e.g. the glazing
plane) is monotonic and/or continuous and/or the spec-
trum of all gap widths between the minimum gap width
4 and the maximum gap width 5 are realized between
the first and second glass pane 1, 2. Preferably, the gap
width between the first glass pane 1 and the second glass
pane 2 (with the transition from the minimum gap width
4 and the maximum gap width 5) varies without an edge,
i.e. mathematically speaking the gap width (as a function
over e.g. the glazing plane) is continuously differentiable.
In the embodiments of Fig. 1 and 3 to 8, the gap width
between the first glass pane 1 and the second glass pane
2 varies preferably continuously and/or without an edge.
Preferably, the gap width between the first glass pane 1
and the second glass pane 2 (with the transition from the
minimum gap width 4 and the maximum gap width 5)
over the glazing plane, the pane plane of the first or sec-
ond glass pane 1, 2 (in the following shortly gap width
function) is a linear function (see Fig. 1, 3, 4, 8). However,
it is also possible the gap width function is a non-linear
function (see Fig. 2, 5, 6, 7). The gap width function is
preferably continuous, even more preferably continuous-
ly differentiable (see Fig. 1, 3 to 8). The gap width function
could provide a convex (Fig. 6) or concave (Fig. 5) gap
between the first glass pane 1 and the second glass pane
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2. However, the gap width function can also be a step-
function (Fig. 2). The step function could comprise for
example one step with the minimum gap width 4 in a first
region and the maximum gap width 5 in a second region.
The step-function could have two or more steps with one
or more intermediate regions with one or more interme-
diate gap widths (being smaller than the maximum gap
width 5 and larger than the minimum gap width 4) as
shown in Fig. 2.
[0019] Preferably, the glazing unit 10 comprises further
a frame 6. Preferably, the frame 6 is a spacer normally
used in the production of insulated glazing units. The
frame 6 or spacer holds the at least two glass panes 1,
2 in a fixed position to each other (the position will be
described in more detail below) and/or seals hermetically
a space between the at least two glass panes 1, 2, pref-
erably between the first surface of the first glass pane 1
and the first surface of the second glass pane 2. The
hermetically sealed space between the at least two glass
panes 1, 2 and the frame 6 is preferably a vacuum or
filled with a certain gas, preferably a monoatomic gas,
preferably argon, krypton, xenon, etc.. The glazing unit
10 with the at least two glass panes 1, 2 and the frame
6 can then mounted in a window frame or any other frame
which should hold the glazing unit 10. It is however also
possible that the frame 6 of the glazing unit 10 is directly
realized by the final frame where the glazing unit 10 is
mounted, e.g. the window frame. The frame 6, in partic-
ular the space has preferably a rectangular shape with
four lateral sides. The four lateral sides comprise prefer-
ably two first lateral sides and two second lateral sides.
The two first lateral sides are preferably parallel to the
first glazing direction. The two second lateral sides are
preferably parallel to the second glazing direction. The
first lateral sides are arranged preferably at an 90° angle
with respect to the second lateral sides. Two opposing
lateral sides (two first lateral sides or two second lateral
sides) are preferably arranged parallel to each other.
Each of the four lateral sides holds one of the lateral sides
of the at least two glass panes, i.e. holds at least one of
the four lateral sides of the first glass pane 1 and one of
the four lateral sides of the second glass pane 2. The
first lateral sides of the frame 6 comprise preferably an
outer first lateral surface. The second lateral sides of the
frame 6 comprise preferably an outer second lateral sur-
face. The first outer lateral surface is preferably perpen-
dicular to the second outer lateral surface. The glazing
plane is preferably defined as being perpendicular to the
first outer lateral surface of the frame 6 and to the second
outer lateral surface of the frame 6.
[0020] There are many realisations for obtaining the
described gap width function between the first glass pane
1 and the second glass pane 2.
[0021] In a preferred embodiment, the first and the sec-
ond glass pane 1, 2 are arranged such that the first sur-
face and/or the pane plane of the first glass pane 1 is
arranged at an angle 8 relative to the first surface and/or
the pane plane of the second glass pane 2 as shown in

Fig. 1, 3, 4 and 8. Thus, the first surface and/or the pane
plane of the first glass pane 1 is not parallel to the first
surface and/or the pane plane of the second glass pane
2. Preferably, the first and second glass pane 1, 2 have
each a constant thickness and/or have flat first and sec-
ond surfaces such that classic glass panes can be used
without the necessity to change the production and/or
form of the glass panes 1, 2. However, the invention
works equally for curved multi-glazing panes with curved
or non-flat first and second glass panes 1, 2, e.g. for train
windows. The angle 8 between the (flat) first side of the
first glass plane 1 and the (flat) first side of the second
glass pane 2 creates a gap width between the first side
of the first glass pane 1 and the first side of the second
glass pane 2 which linearly increases from the minimum
gap width 4 (at a first lateral side) to the maximum gap
width 5 (at a second lateral side opposed to the first lateral
side). The angle 8 is preferably larger than 1°, preferably
than 2°, preferably than 3°, preferably 4°, preferably than
5°, preferably 6°, preferably than 7°, preferably than 8°,
preferably than 9°, preferably than 10°. This could be
achieved by arranging one of the first and second glass
pane 1, 2 parallel to the glazing unit plane and the other
one of the first and second glass pane 1, 2 at an angle
8 to the glazing unit plane as shown in Fig. 1, 4 and 8
where the second glass pane 2 (and in Fig. 4 the third
glass pane 3) is arranged parallel to the glazing plane
and/or perpendicular to the first outer lateral surface of
the frame 6 and/or perpendicular to the second outer
lateral surface of the frame 6. This could also be achieved
by arranging the first and the second glass pane 1, 2 at
half the angle 8 with respect to the glazing unit plane
such that the first surface of the first glass pane 1 and
the first surface of the second glass pane 2 yield the angle
8 as shown in Fig. 3. This could be achieved by arranging
the first glass pane 1 at first portion of the angle 8 with
respect to the glazing unit plane and the second glass
pane 2 at second portion of the angle 8 with respect to
the glazing unit plane such that the first surface of the
first glass pane 1 and the first surface of the second glass
pane 2 yield the angle 8. The frame 6 is preferably con-
figured to hold the first and the second glass pane 1, 2
in such a position to obtain the described angle 8. The
angle 8 can be such that the gap width between (the first
surface of) the first glass pane 1 and (the first surface of)
the second glass pane 2 varies in the first glazing direc-
tion and remains constant in the second glazing direction.
Thus, the glazing unit shows at one (second) lateral side
the minimum gap width 4 (constant over the whole sec-
ond lateral side) and at the opposed (second) lateral side
the maximum gap width 5 (constant over the whole sec-
ond lateral side). This has the advantage that the at least
one glass pane of the at least two glass panes arranged
at an angle to the glazing pane can be mounted more
easily in the frame 6. In another embodiment, the angle
8 can be such that the gap width between (the first surface
of) the first glass pane 1 and (the first surface of) the
second glass pane 2 varies in the first glazing direction
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and the second glazing direction as shown in Fig. 8. Thus,
the glazing unit shows at one corner the minimum gap
width 4 and at the opposed corner the maximum gap
width 5. Consequently, the angle is composed of the first
sub-angle 8.1 in the first glazing direction and the second
sub-angle 8.2 in the second glazing direction.
[0022] Fig. 9 shows the transmission function of a radio
signal in dependence of the radio frequency between 1
GHz and 6 GHz for different embodiments of state-of-
the-art-double-pane glazing units each with a different
fixed gap width between 6 mm and 24 mm (thin lines).
For each of the embodiments, each of the first and the
second glass pane 1, 2 has a constant thickness of 4
mm. The transmission coefficient drops to -8 at around
4.5 GHz (for 24mm constant gap width) or to -11 dB at
7 GHz (for 12 mm constant gap width). As can be seen
in Fig. 10 which shows the same transmission functions
for the same embodiments as shown in Fig. 10 in de-
pendence of the radio frequency between 1 GHz and 40
GHz. Further drops appear at higher frequencies. By an
embodiment of a glazing unit with at least two glass panes
1, 2 which include at least two gap widths between a
minimum gap width 4 and a maximum gap width 5 allow
to significantly reduce said transmission drops. The thick
black transmission line drawn in Fig. 10 and 9 would be
the theoretical minimum transmission line for an embod-
iment as shown in Fig. 1 with the gap width varying be-
tween the minimum gap width 4 of 6 mm and the maxi-
mum gap width 5 of 24 mm. It can be clearly seen that
the transmission drop at around 5 GHz can be reduced
to -5 dB and the transmission drops at higher frequencies
can be removed completely.
[0023] In the embodiment described in Fig. 1, the sec-
ond surface of the first and/or second glass pane 1, 2
shows also an angle 8 with respect to the glazing unit
plane, if the first and/or second glass pane 1, 2 has a
constant thickness. To avoid this, the first and/or second
glass pane 1, 2 could have a variable thickness such that
the second surface of the first and/or second glass pane
1, 2 is parallel to the glazing unit plane.
[0024] In another embodiment, the thickness of the first
and/or the second glass pane 1, 2 and/or the form of the
first and/or second glass pane 1, 2 is such that the dif-
ferent gap widths between the minimum gap width 4 and
the maximum gap width 5 is achieved over the glazing
unit plane. For example, the second surfaces of the first
and second glass pane 1, 2 can be parallel to each other,
while the first surfaces of the first and second glass pane
1, 2 are formed such to form the desired gap width func-
tion of the glazing unit plane. The thickness can be
formed prismatic such that a linear gap width function is
achieved or the thickness of the first and/or second glass
pane 1, 2 can be formed convex (or concave) such that
a concave (or convex) space between the first and sec-
ond glass pane 1, 2 is achieved.
[0025] In the previously described embodiment, the
varying gap width was achieved by the arrangement (in-
clination) of at least one of the glass panes 1, 2. In another

embodiment, the thickness of the first and/or the second
glass pane 1, 2 and/or the form of the first and/or second
glass pane 1, 2 is such that the different gap widths be-
tween the minimum gap width 4 and the maximum gap
width 5 is achieved over the glazing unit plane. For ex-
ample, the second surfaces of the first and second glass
pane 1, 2 can be parallel to each other, while the first
surfaces of the first and second glass pane 1, 2 are
formed such to form the desired gap width function of the
glazing unit plane. The thickness can be formed prismatic
such that a linear gap width function is achieved or the
thickness of the first and/or second glass pane 1, 2 can
be formed convex (or concave) such that a concave (or
convex) space between the first and second glass pane
1, 2 is achieved. Fig. 2, 5, 6 and 7 show embodiments in
which at least one of the at least two glass panes has
non-plane form to obtain the varying gap width. The form
of the glass pane (with respect to the gap) can be a step
function (fig. 2), a convex form (Fig. 5), a concave form
(Fig. 6), a wave form (Fig. 7) or any other form. In one
embodiment, the first glass pane 1 has the non-plane
form, while the second glass pane 2 has a plane form
(parallel to the glazing plane). The first glass pane 1 (and
the second glass pane 2) has preferably a constant thick-
ness. However, it would also be possible to combine the
varying thickness and the non-plane shapes of the at
least one glass pane to obtain the varying gap widths.
The embodiments with glass panes with varying thick-
nesses and with non-plane forms have however the dis-
advantage that they require the production of special
glass panes. In addition, the change in the thickness of
the glass pane increases the weight (for larger thickness-
es) or reduces the insulation effects (for smaller thick-
nesses).
[0026] In the case of a glazing unit with three or more
glass panes, the second glass pane 2 could be arranged
between the first glass pane 1 and the third glass pane
and (only) (the first side, the second side and/or the pane
plane of) the second glass pane 2 could be arranged at
said angle 8 (while the third glass pane 3 is parallel to
the second glass pane 2). In one embodiment, the gap
width 7 between the second glass pane 2 and the third
glass pane 3 is constant. Such an embodiment is shown
in Fig. 4. In another embodiment, the first and third glass
pane 1, 3 are parallel to the glazing plane, while the sec-
ond glass pane 2 is arranged at an angle 8 to the glazing
pane, the first glass pane 1 or the third glass pane 3.
Consequently, the second side of the first glass pane 1
and a second side of the third glass pane would be par-
allel to the glazing unit plane. This might be easier as the
further processing of the glazing unit (e.g. in a window)
can be handled as in state-of-the-art-glazing units. Ob-
viously, other arrangements are also possible. In one em-
bodiment, the gap width function between the first glass
pane 1 and the second glass pane 2 is the same as the
gap width function between the second glass pane 2 and
the third glass pane. This can be achieved by a glazing
unit 10 with a second glass pane 2 parallel to the glazing
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unit 10 and first and third glass pane 1 inclined with re-
spect to the glazing unit plane.
[0027] Fig. 11 shows the transmission function of a ra-
dio signal in dependence of the radio frequency between
1 GHz and 40 GHz for different embodiments of state-
of-the-art triple-pane glazing units each with a different
fixed gap width between 6 mm and 24 mm (thin lines).
The fixed gap width in each embodiment shown is the
same for the gap width between the first and second glass
pane 1, 2 and for the gap width between the second and
third glass pane 2, 3. For each of the embodiments, each
of the first glass pane 1 (which is arranged at the most
external side of the glazing unit) has a constant thickness
of 6 mm, while the second glass pane 2 and the third
glass pane has a constant thickness of 4 mm. The trans-
mission coefficient drops to -15 dB at around 4 GHz (for
24 mm constant gap width) or to -18 dB at 6 GHz (for 6
mm constant gap width). Further drops appear at higher
frequencies. An embodiment of a triple-pane glazing unit
with a gap width varying over glazing unit plane between
a minimum gap width 4 and a maximum gap width 5
allows to significantly reduce said transmission drops.
The thick black transmission line drawn in Fig. 11 would
be the theoretical minimum transmission line for an em-
bodiment as shown in Fig. 1 with the gap width varying
between the minimum gap width 4 of 6 mm and the max-
imum gap width 5 of 24 mm. It can be clearly seen that
the transmission drop at around 5 GHz can be reduced
to less than -4dB and the transmission drops at higher
frequencies can be removed.
[0028] One or more or all of the at least two glass panes
may have a special coating e.g., for an increased thermal
insulation. Preferably, such a coating is not covering the
whole pane surface but divided into (small) areas in order
to allow radio signals to go through.
[0029] In the embodiment described before, the gap
width between first glass pane 1 and the second glass
pane 2 varies. In a less preferred embodiment, it is further
possible to achieve a high transmission coefficient over
a large radio frequency spectrum (with a constant gap
width between the first glass pane 1 and the second glass
pane 2), but with a thickness of the first glass pane varying
between a minimum first glass thickness and a maximum
first glass thickness and/or with a thickness of the second
glass pane varying between a minimum second glass
thickness and a maximum second glass thickness. Ex-
amples for such glass panes 1, 2 with varying thickness
where described before and could analogously be com-
bined with a constant gap width between the first glass
pane 1 and the second glass pane 2.

Claims

1. Glazing unit comprising at least two glass panes (1,
2), wherein the at least two glass panes (1, 2) com-
prise a first glass pane (1) and a second glass pane
(2),

characterized in that
the first glass pane (1) and the second glass pane
(2) are configured such that the gap width between
the first glass pane (1) and the second glass pane
(2) varies between a minimum gap width (4) and a
maximum gap width (5); and/or
a thickness of the first glass pane varies between a
minimum first glass thickness and a maximum first
glass thickness; and/or
a thickness of the second glass pane varies between
a minimum second glass thickness and a maximum
second glass thickness.

2. Glazing unit according to the previous claim, wherein
the first glass pane (1) and the second glass pane
(2) is configured such that the gap width between
the first glass pane (1) and the second glass pane
(2) varies between a minimum gap width (4) and a
maximum gap width (5)

3. Glazing unit according to the previous claim, wherein
the transition from the minimum gap width (4) and
the maximum gap width (5) is continuous.

4. Glazing unit according to the previous claim, wherein
the transition from the minimum gap width (4) and
the maximum gap width (5) is without an edge.

5. Glazing unit according to one of the previous claims,
wherein the first glass pane (1) has a constant thick-
ness and/or the second glass pane (2) has a constant
thickness.

6. Glazing unit according to the previous claims, where-
in the first glass pane (1) has a different thickness
than the second glass pane (2).

7. Glazing unit according to one of claims 1 to 5, where-
in the first glass pane (1) has the same thickness as
the second glass pane (2).

8. Glazing unit according to one of the previous claims,
wherein the first glass pane (1) has a first surface
facing towards the second glass pane (2), wherein
the first surface of the first glass pane (1) is flat,
wherein the second glass pane (2) has a first surface
facing towards the first glass pane (1), wherein the
first surface of the second glass pane (2) is flat,
wherein the first surface of first glass pane (1) is ar-
ranged at an angle (8) with respect to the first surface
of the second glass pane (2)

9. Glazing unit according to one of claims 1 to 7, where-
in the first glass pane (1) has a first surface facing
towards the second glass pane (2), wherein the sec-
ond glass pane (2) has a first surface facing towards
the first glass pane (1), wherein the first surface of
the first glass pane (1) and/or the first surface of the
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second glass pane (2) is convex or concave.

10. Glazing unit according to one of the previous claims,
wherein the at least two glass panes (1, 2) comprise
a third glass pane (3).

11. Glazing unit according to the previous claim, wherein
the second glass pane (2) is arranged between the
first glass pane (1) and the third glass pane (3),
wherein the first glass pane (1) and the third glass
pane (3) are arranged parallel to each other.

12. Glazing unit according to one of the previous claims
comprising a frame (6) for holding the at least two
glass panes (1, 2).

13. Glazing unit according to the previous claim, wherein
the frame (6) has a rectangular shape with two first
lateral sides extending in a first glazing direction and
two second lateral sides extending in a second glaz-
ing direction, wherein the two first lateral sides are
opposed to each other, wherein the two second lat-
eral sides are opposed to each other.

14. Glazing unit according to claim 8 and 13, wherein
the first glass pane (1) and the second glass pane
(2) are arranged such at the angle (8) that the gap
width between the first surface of the first glass pane
(1) and the first surface of the second glass pane (2)
vary in the first glazing direction and the second glaz-
ing direction.

15. Window comprising a glazing unit (10) according to
one of the previous claims.
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