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We investigate the electromagnetic shielding properties of an ultra-porous lightweight
nanomaterial named aerogalnite or’ simply. aero-GaN. Aerogalnite is made of randomly
arranged hollow GaN microtetrapods, which:were obtained by direct growth using hydride
vapour phase epitaxy of GaN on the sacrificial network of ZnO microtetrapods. A 2-mm
thick aerogalnite sample exhibits, electromagnetic shielding properties in the X-band
similar to solid structures based on metal foams or carbon nanomaterials and having the

weight lower with 4-5.orders of magnitude the weight of metals.
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1. Introduction

Electromagnetic interference shielding (EMI) is a crucial issue, since many devices emit
electromagnetic (EM) waves and thus have detrimental effects on computersgcell phones,
wireless internet and very sensitive equipment such as navigation systems. The reduction
of EMI and radar-cross section becomes critical when dealing with millions of small
objects which are interconnected by high-frequency EM fields, as<in®the case of
Internet-of-Things (IoT). Much lighter EMI materials are required for many applications,
especially in the domains of automotive and aerospace.

The X-band is one of the most important EM bands (8.2-12.4 GHz), since the majority
of radars are working in this band, and it is @lso allocated for terrestrial and space
communications. Even traffic light maotion sensors and the RF sources of particle
accelerators are working in this frequency range. Therefore, the EMI is of outmost
importance in X-band and different lightweight materials have been investigated for EMI
shielding such as conducting palymers, graphene, carbon nanotubes and nanocomposites
based on them [1]. The search for new EMI shielding materials has been lasting for at least
two decades and microwave ab;)rbers have been studied using carbon nanotubes (CNTSs)
in X-band [2], CNT-hased composites [3], carbon nanotube networks [4] and doped carbon
nanotubes [5]. A recent review about CNT composites for EMI is found in [6]. Lightweight
graphene foamcomposites have emerged as a strong EMI material candidate in X-band
due to their low densities of 0.06 g/cm?, which is twenty times smaller than that inherent to
polymer composites [7]. Even lower densities of 0.008 g/cm? and very good EMI shielding
are obtained with the help of graphene foams and polymer composites [8]. Very good EMI
shielding'is obtained with reduced graphene oxides (rGO), graphene papers and graphene
nanohybrids, these results being reviewed in [9].
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The development of 2D atomically thin systems has provided new materials for.EMI
shielding with performances similar to those of carbon-based nanomaterials, ‘such as
MXenes — for example metal carbide and nitrides [10]. Other 2D materials such as MeS>
nanosheets are used for EMI shielding in combination with rGO4[11] and" other
nanomaterials. The authors of all these references are currently studying EMLshielding in
X-band, validating again the urgent need for lightweight materials in this-frequency band,
driving to important cost reductions of many equipment used ineveryday/life or in military
applications.

Another research branch involves nitride nanocomposites, such as TiN/C [12],
nanosized TiN powders [13], Ni3N/Ni [14] and Fe2Ni2N/SiO2 [15], which have been
exploited as dielectric /magnetic EM microwave ahsorbers. In particular, the focus of all
these works is on the measure of the microwave absorbance capacity, based on the
extraction of the complex permittivity/permeability and on the measurement of the
reflection loss, which depends onrthe dielectric/magnetic loss tangent of the material.

In this paper, we investigate the EMI properties of the the aerogalnite (further termed as
aero-GaN) which is a new ultrap\orous semiconductor nanomaterial formed by hollow GaN
micro-tetrapods (with'the wallithickness in the nanometer scale) which are interconnected
between them; the fabrication method and its physical properties are described in detail in
[16]. and will.not be repeated here

We will'show that aero-GaN has an average conductivity around 10° S/m in X-band,
low absorption‘and a good electromagnetic shielding effectiveness which is comparable or
even higher with many nanocomposites studied in the literature metioned above.

2. Results and discussions

The total EM shielding effectiveness (SE) is given by:
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SE(dB) = SE (dB) + SE , (dB) @)
where SEr is the shielding effectiveness due to EM reflections and SEa is the,shielding
effectiveness due to absorption. The above formula entails that there are two basic physical
mechanisms to obtain high SE: (i) high EM reflection, specific for metals with high
conductivity of about 10" S/m and very low absorption in X-band; (ii) high absorption in
X-band and conductivity as low as tens of S/m inherent to composites such as graphene
foams. SE cannot be tuned in the case of metals, while SE"is, tunable in the case of
composites by varying the concentration of their constituents.

In Fig. 1, we have depicted the scanning electren microscopy (SEM) images of the
aero-GaN and the optical image of the samples. The dimensions of the samples are
24x12x2 mm?® and they were fabricated with two different porosities (thus, with two
different densities), i.e. 97% and 98.5% of porosity,shaving the densities 0.185 g/cm? and
0.089 g/cm?®, further referred to as GaN2:and GaN1, respectively.

The EMI shielding effect of @ero-GaN samples has been measured with a calibrated
VNA (Vector Network Analyzer) connected to a X-band waveguide-based set-up, as
indicated in Fig. 2 and the S-pa;meters at the two ports have been measured providing the
reflection and transmission coefficients at each port (Si1 and Sz are the reflection
parameters at the/two ports, whereas S»1 and Si» are the transmission parameters between
the two ports). The measured S-parameters of the aero-GaN samples with different
porosities.are represented in Fig. 3. We have represented only Si1 and Sz, since Sz is
identical with Si1, and Si2> with Sz1 (due to reciprocity and symmetry of the scattering
matrix, which is typical for measurements of passive components). We see that in the

absence of aero-GaN we have an almost perfect transmission of EM waves inside the
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waveguide, while when aero-GaN is introduced strong reflections appear in the waveguide
and the transmission is decreasing dramatically. For example, at 10 GHz the transmission
decreases from less than -0.2 dB to -15 dB and -20 dB, respectively, for the gawo different
porosities of aero-GaN explored in this work.

Using the measured S-parameters, we can extract SE, SEr and SEa, Which are

represented in Fig. 4 for the two aero-GaN porosities. In detail, we have: <
SE(dB) = SER (dB) + SE 5 (dB) =10log[(1/(1- | S11|,) +10log[(X| S f? 7 [S» P11 (2)
From the experimental results we see that decreasing slightly.the porosity, which entails
an increasing in the number of conductive GaN tetrapods and their interconnections, the
conductivity increases more than one order of magnitude; this way, from Fig. 4 we can
observe an SE of about 14.5+2 dB for the GaN1 sample, and an SE of 25+2 dB for the
GaN2 sample over the X-band. Since SEr = 39.5+10log(o/2nfit) where o is the electric
conductivity and u is the relative magnetic permeability (considered equal to 1), we can
extract the conductivity of aero-GaN in X-band depicted in Fig. 5 for the two porosities.
Accordingly, the maximum o is\about 240 S/m for the GaN1 sample and about 1700 S/m
for the GaN2 sample. If we compare these results to those of table S2 in supplementary
materials in Ref.10, it is.evident that the aero-GaN has a conductivity of the same order of
magnitude of Ni-Co fiber in wax matrix [17], or of Ag nanowires in PS matrix [18].
Considering the results obtained for the GaN1 sample, its maximum specific SE given
by SSE =-SElp (where p is the density in g/cm?®) is 185 dBcm®/g, hence comparable with
many carbon composites and solid structures based on metal foams, metal fibers and metal

filaments <embedded in polymer matrix composites (see table S3 in supplementary

materials in Ref.10). For example, for carbon-based foam structures SSE is between 33
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dBcm®/g (SWCNT foam [19]) and 937 dBcm®/g (rGO, 26 wt.% [20]), whereas GaN1

exhibits superior performance with respect to some metal-based foams (CuNi [21] and SS
[22]). However, carbon-based foams are brittle materials, difficult to be fabricated in the
form of thin and even thick films with rather large dimensions. From thexsame table; one
can see that considering solid structures, GaN1 exhibits almost in all case a specific
shielding performance which is one order of magnitude greater than all=carbon-based,

metal-based and MXenes materials.

3. Conclusions.

In this work, we have demonstrated that aero=GaN is an,EMI shielding material with
good performances in X-band. We point out.that the ‘aero-GaN samples are able to cover an
entire monolithic microwave integrated circuit (MMIC), which has overall dimensions
smaller than or comparable to our samples, depending on its application and output power.
For example, our aero-GaN samples have the area of 288 mm?, while the surface of an
advanced MMIC T/R module dedicated to space borne radar in X-band and made of two
stages power amplifier, three-st;ge fow noise amplifier and MMIC SPDT switches has a

total area of 230 mm?{23].
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Figure Captions

Fig. 1. (d) and (b): SEM images of aero-GaN; (c) an optical image-of a
representative sample used for RF measurements.

Fig. 2. Schematics of the RF measurement set-up. The S-parametersiare normalized on the
standard characteristic impedance of 50 Q.

Fig. 3. S-parameter measurement of samples having two parosities denoted as GaN1 and
GaN2: (a) return loss (S11) and (b) transmission (S21).for GaN1 (blue triangles) and GaN2
(red squares). The reference case of waveguide without sample is represented by the black
rhombi.

Fig. 4. Total shielding effectiveness (SE, black rhombi), reflection shieding effectiveness
(SEr, red squares) and absorption shielding effectiveness (SEa, blue triangles) for the two
aero-GaN porosities: (a) GaN1 z;d (b) GaN2.

Fig. 5. Conductivity in X-band:of the aero-GaN samples with different degree of porosity:

GaN1 (blue triangles) and GaN2 (red squares).
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