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Abstract. Novel mobile communication technology such as 5G will provide a more e�cient
and reliable platform for the development of the Internet of Things. However, microwaves in
the range of 5G frequencies are strongly attenuated by modern energy-e�cient glazing found
in most recent buildings. This paper presents major steps towards microwave transparent
glazing which allows a �awless transmission of 5G frequencies while maintaining the thermal
energy e�ciency of the window. Several double glazing windows with di�erent properties
were fabricated with a laser treatment and their e�ect on the signal attenuation in the
frequency range between 0.7 and 3.5 GHz was measured. The results showed that the laser
treated windows produced a transmission of the microwave as good as a non-coated window.
In comparison, an energy-e�cient window without laser treatment reduces the signal strength
up to 300 times.

1. Introduction

The demand for mobile communication between persons and between objects or IoT (Internet
of Things) is continuously and rapidly increasing. As recently decided by the �Commission
fédérale de la communication� (ComCom), the frequencies allocated for the �fth generation
of mobile radio (5G) in Switzerland will be 0.7 GHz, 3.5 GHz and 3.8 GHz [1]. 5G mobile
technology o�ers lower cost, lower energy consumption, better transmission time (latency) and
support for a very large number of devices which would provide a more e�cient and reliable
platform for the development of IoT. [2]. 5G frequencies, whose wavelengths range from one
hundred to approx. one centimetre, are strongly attenuated by the modern energy-e�cient
glazing found in most recent buildings and trains [3�7]. It is thus meaningful to further
investigate and improve the transmittance of current e�cient windows within this frequency
range.
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    An earlier study done by O. Bouvard et al. [8]  had shown that laser scribing of low-emissivity 
coatings for energy-e�cient glazing using a wide band-pass frequency-selective surface (FSS) 
greatly reduces the attenuation of mobile signal while preserving its thermal properties. It 
was found that a grid pattern (line-to-line distance) of 2 mm exhibits a behaviour close to 
a glazing without any coating. This technology has already been proven successful in the 
transportation industry with an implementation and measurements in a train [9] .
     The aim of this study is to optimise the transmission of mobile communication through modern 
energy-e�cient windows in the frequency range between 0.7 and 3.5 GHz . The focus is laid 
upon further reducing the size of the grid pattern down to 0.5 mm and thus decreasing the 
attenuation in this frequency range.

2. Material & Methods

Eight energy-e�cient windows were built and laser scribed with grid pattern from 2 mm down
to 0.5 mm. Two window pane with a thickness of 4 mm and a size of 500 mm x 500 mm
were used. One pane were coated with a �Low-e Top N + T� low emissivity coating from the
company AGC. The window panes were then bonded together with a spacer between them,
taking care that the coated surface was situated on the inside. Laser ablation of the coating
was performed after the assembling of the double glazing using a 1064-nm nanosecond �bre
laser with a FWHM pulse duration of 30 ns, a pulse-frequency of 10 kHz and a displacement
speed of 6 m/min. The width of the ablated area was varied between 25 ± 5 µm and 50 ±
10 µm by varying the laser power to, respectively, 5 and 10 W. Finally, the attenuation in the
range from 700 MHz to 3.5 GHz with a interval of 5 MHz (total of 561 points) was measured
for each window. This measurement was performed using a 2-port Vector Network Analyser
(MegiQ VNA-0440 4GHz VNA) with time gating capability (see �g. 1).

Figure 1: Block diagram showing an
overview of the measurement setup. Figure 2: Photo of the set-up.

Figure 2 shows a picture of the measurement set-up with the window mounted in the middle
of the sample holder and the two antennas located on each side. The sample holder was made
out of metal to minimize the edge e�ect at the border of the window. A reference signal
without sample was taken and thanks to the time-gated measurements, the multipath e�ect
(re�ections on the walls, roof, �oor) could be eliminated. The �nal results were then smoothed
in post-treatment in order to minimize the ripple of the signal due to standing waves created
by the metallic screen [8].
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    As presented in �gure 3, a Dino-Lite Edge digital microscope was used to measure the width and 
the quality of the line. Furthermore, �gure 4 presents a picture of the grid pattern taken with a macro-
lens. This photo was taken in a dark room with a strong illumination at a grazing angle directed to 
the sample in order to reveal the grid pattern. However, as shown in �gure 5, at standard light 
conditions, the lines stay invisible to the human eye.     

Figure 3: Digital microscope image of
the ablated line on the coated glass.
(line-width: 25 µm and line-to-line
distance: 0.5 mm)

Figure 4: Macro-lens image of the grid
pattern by low-angled light condition.

Figure 5: Image of the laser treated
window at normal light condition.

3. Results

Figure 6 presents the �rst measurements comparing four di�erent samples:

(i) Double glazing without any coating

(ii) Double glazing with laser-treated coating and a spacing of 2 mm between lines

(iii) Double glazing fully coated

(iv) 2 mm aluminium plate
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In the case of fully coated energy-e�cient windows, the attenuation in signal strength
drastically decreases and reaches a minimum of -25dB at a frequency of 3.5 GHz. These
values are extremely close to the one of a metallic plate of aluminium. On the other hand,
laser-treated glazing shows similar behaviour to a glazing without any coating in the range
from 0.7 to 3 GHz with a stronger attenuation for frequencies above 3 GHz. The laser-
treated window decreases the attenuation by 20 dB compared to the low-e coated sample. An
attenuation of 4 dB still remains between the laser treated and no low-e sample.
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Figure 6: Comparison
of the signal attenua-
tion in the range from
0.7 to 3.5 GHz be-
tween a double glazing
with/without/laser-
treated coating and a 2
mm aluminium plate.

The decrease in signal strength above 3 GHz was further investigated by reducing the line-
to-line distance of the grid pattern. The results for distances from 2 mm down to 0.5 mm
with a linewidth of 25 µm are shown in �gure 7. A strong correlation can be seen between
the signal attenuation and the size of the grid pattern: as the line-to-line distance decreases
the signal strength increases. For a spacing of 0.5 mm, the attenuation can be compared to
the one of a double glazing without any coating. The di�erence between the two samples was
smaller than 0.2 dB over the entire measured spectra. Our sample with a 1 mm grid pattern
and linewidth of 25 µm yielded an attenuation of the signal strength with a maximum of -2.2
dB at a frequency of 1.5 GHz. Overall, signal loss was the most noticeable at the frequency of
3.5 GHz. The amount of material removed during the process of laser-treatment is presented
in table 1.

Table 1: Percentage of ablated surface for each sample:
horizontal axis: line-to-line spacing, vertical axis: linewidth.

0.5 mm 0.75 mm 1 mm 1.3 mm 1.6 mm 2 mm

25 µm 9.75% 6.55% 4.94% 3.81% 3.10% 2.48%
50 µm - - 9.75% - - 4.94%
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Figure 7: Measured
signal attenuation in the
range from 0.7 to 3.5 GHz
for a double glazing with
an ablated line-width of
25 ± 5 µm comparing
the line-to-line distance
from 0.5 to 2.0 mm. At
3.5 GHz the attenuation
is improved by 4 dB
between the 0.5 and 2
mm samples.

Figure 8 presents the in�uence of the linewidth (25 and 50 µm) between two grid pattern
widths (1 and 2 mm). It can be seen that the di�erence in width of the ablated line led to an
increase of approximatively 0.1 dB for frequencies from 0.7 to 3 GHz. In the case of line-to-line
distance of 2 mm, the gap increases then from 3 GHz and reaches a maximum of 1.1 dB.
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Figure 8: Measured sig-
nal attenuation in the
range from 0.7 to 3.5 GHz
for a double glazing with
an ablated line-width of
25 and 50 µm, compar-
ing line-to-line distance
of 1.0 (plain lines) and 2.0
mm(dashed lines).

4. Discussion

As expected, the glazing with low-e coating shows a strong signal signal up to -25 dB which
represents more than a 300 times decrease in absolute signal strength (logarithmic scale).
This attenuation can be compared to the shielding e�ect of a 2 mm aluminium plate. Several
samples in �gure 7 show an increase in attenuation compared the reference signal around
2.4 GHz. This behaviour can be explained by the fact that the electromagnetic waves are
di�racted on the edges inside the hole in the metallic shield. Indeed, when the window is
placed on the holder the di�racted waves are deviated which creates constructive (around
2.4 GHz) or destructive (around 1.5 GHz) interferences. When comparing the samples with
line-to-line distance from 2 mm to 0.5 mm an increase of -4 dB could be seen at a frequency
of 3.5 GHz, which represents a 2.5 times improve in signal strength. As presented in �gure
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8 the width of the ablated lines does not in�uence signi�cantly the attenuation of the signal.
This result coincides with the simulation previously found by O. Bouvard et al. [8]. It is
thus preferable to reduce the linewidth in order to achieve minimal impact on the optical
transmittance and to minimize the ablated surface to maintain the high spectral re�ectance
in the infra-red region. As presented in the same paper, the removal of 4% of the coating
resulted in a increase of 3.2% in U value which is thought to have minimal impact on the
global thermal performance. In the future, the line width could be further reduced using a
�ner laser beam. In this way, the line-to-line distance could be decreased while keeping an
ablation surface below 5%.

5. Conclusion

To the best of our knowledge, this is the �rst time laser scribed low-e coatings for energy-
e�cient windows are produced with line-to-line distance down to 0.5 mm and measured in the
frequency range from 700 MHz to 3.5 GHz. The laser treated window with a line width of
25 µm and a line-to-line distance of 0.5 mm showed a transmission at 3.5 GHz as good as a
glazing without any low-e coating. If we accept only a ablated surface below 5%, the optimal
compromise in line-to-line distance was found to be at 1 mm where the signal attenuation does
not exceed 2.2 dB and where only 4.94% of surface is removed, which should not have any
impact on the thermal performance of the window. In conclusion, the resulting energy-e�cient
glazing with a line-to-line distance of 1 mm is well suited for applications in the building sector
where objects inside and outside are communicating between each other through wireless
network such as 5G mobile technology.
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