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Abstract: It has been proved by the World Health Organization (WHO) that electromagnetic waves would bring threats to public
health in the tourism environment. However, most of the recent research about the relationship between building materials and
electromagnetic waves was mainly focused on the electromagnetic products. It has also been claimed that the related research can
rarely been found. Generally, ecotourism more tends to emphasize on a development of a new product and uni-environment study.
However, these studies did not concern much on the application for conformity of healthcare—living materials, particularly to those
block high-transparency materials. Hence, this research approaches to conform the application of architectural technique for
producing tin-based powder with the add-on of Ni and Mg, in order to discuss the fully anti-electromagnetic wave property of
healthcare material. With a low-cost advantage, the application field of architecture defines the ternary powder system, namely
Sn—AI-Ni (SAN) and Sn—Al-Mn (SAM). Additionally, the surface coating method can be implemented to review the influence of

particle size, content ratio of Ni and Mn, stack effect, porosity and thickness to electromagnetic interference (EMI) mechanism.
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1 Introduction

The previous study shows that most of the
architectonical researches were more focused on the
development of single technology product [1].

However, the practical use of building materials and
applied design were ignored while this has led to a
predicament of high technology and healthy building
technique. Healthy building and nano technology are the
most popular issue in this century, and green-healthy
materials are keeping in demand due to the rare resources
on the earth and the public appeal for green earth. At the
same time, the nanotechnology industry has provided a
lot of developing opportunity. For instance, the issue of
new-developed structure, property and function of
nano-materials can be built on other materials [2—4].

The ideal materials for EMI would be those that can
absorb electromagnetic waves with good properties such
as light, thin, functional and can be applied in a complex
structure. Furthermore, EMI materials are expected to be
functionally flexible, in terms of heat, pressure, corrosion,
antifouling etc, and can be applied in a wide frequency
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range. Unfortunately, there is no such absorption
material to fulfill the properties that have been
mentioned previously. This resulted in a variety of
anti-electromagnetic wave materials which have their
own application field, and sometimes needed to combine
to get a higher efficiency [5—7]. Hence, our investigation
would be based on the tin alloy system that possesses
good properties in cost, thermostability, corrosion,
malleability, electric and heat conductivity [8,9].

EMI is always an issue for perpetual building
[10—12]. There are still many researchers concentrating
their EMI shield experiments on anti-UV or conductive
powder [13], such as carbon or iron powder [14].
However, the applicability has been limited since the
ingredients are dark in color and non-metal [15—-17].
Therefore, we only consider Sn, Al, Mn and Ni that are
good at EMI shielding effect and price competitiveness.
On the other hand, a simple procedure has been
implemented to produce the low-cost silver-white
powder, namely Sn—Al-Ni (SAN), Sn—Al-Mn (SAM),
and were coated to investigate the effect of EMI caused
by particle size, content of Ni and Mn, and coating
thickness [18,19].



2634 Fei-shuo HUNG/Trans. Nonferrous Met. Soc. China 23(2013) 2633-2637

2 Experimental

The powder and coating
implemented at first to improve the nano-structure of
powder. The first step was to investigate the correlation
effect between EMI and the building-used ternary
powder system, namely Sn—Al-Ni (SAN) and
Sn—Al-Mn (SAM). Another issue that was investigated
is the correlation between Ni and Mn content in building
materials. The purpose is to observe the best solution for
the coating problem of building-used tin alloy powder.

Construction-used ternary powder was the main
object in the research and development of EMI shielding
materials (thin film). The before—after heat treatment
EMI shielding effect and magnetism of SAN and SAM
thin film were reviewed to observe the relationship
between the characteristics like  composition,
transparency, conductivity and full-frequent EMI
shielding effect. Finally, an overall review and analysis
regard to the EMI mechanism and EMI thin film system
has been made to bring forward the application of
health-care building materials.

Sn—xAl-yNi (x=40%; y=5%, 10%, 15%), Sn—XAl—
YMn (x=40%; y=5%, 10%, 15%) and a series of system
powders were used in EMI experiment. Polypropylene
and Sn—AI-Ni (SAM), Sn—Al-Mn(SAM)
powders were blended (20% of polypropylene) and
mixed well in moderation until the system powders were
well scattered in polypropylene. The procedure was held
by a metal-forming machine. The mixture was then
coated on four glass substrates (dimensions of each glass
substrate: 2 cmx2 cmx2 cm) and left for 72 h to solidify.
The expectation number of coating in the experiment
was two or three and the thickness of each coat should be
controlled within (20£10) um. In order to investigate the
correlation of EMI shielding effect caused by Sn—AI-Ni
and Sn—Al-Mn system, some advanced analysis
equipments such as SEM were used to test the particle
size and external features of coatings of SAN and SAM,
which also helped on the understanding the micro
structure of each coating system.

The Elgal set 19A coaxial holder was used for
electromagnetic interference shield testing. In this
survey, we implemented the coaxial EMI shielding effect
apparatus, which is able to scan a large range of
frequency area, 300 kHz to 3 GHz, while the accuracy is
controlled within 10x107°(25°+5°). The experiment was
conducted by measuring the flat wavelength of
perpendicular projection, while the frequency range was
controlled between 50 MHz and 3000 MHz. Meanwhile,
the results of each measurement were average of 3 to 7
points, and the shielding effective rate was observed by
further calculation.

experiments were

system

3 Results and discussion

3.1 Effects of Sn—XAl-Ni, Sn—xAl-Mn coating
structure and thin film structure on EMI
shielding mechanism

Sn—XAl-Ni and Sn—XAl-Mn were the main
experimental substances and were coated on a glass
substrate. An initial coating on surface and analysis on
structural properties were done after producing a thin
film. At the meantime, another experiment about EMI
shielding effect was also done on the thin film and
another analysis on structural properties was done to
compare the difference before and after heat-treatment.
The powder coating experiment shows that under low
frequency, even if electric-conductivity declines, the
low-frequent EMI shielding effect would still increase as
the Al content in Sn—XAl coating and stack effect
increase. The fractional volume of intermetallic
compound in powder would reduce as the Al content
reduced as well. This would improve the electrical
conductivity of the powder system and hence enhance
the EMI shielding effect under high frequency. On the
other hand, it has been discovered that a single coating
layer would not influence the EMI shielding effect. This
is because of the significant result in polypropylene’s
channel effect. Another result was the three-layered
coatings of Sn—XAl which would make EMI shielding
effect worse. The main reason is that the three-layered
coatings would increase the solidified porosity
(maximum 15%, volume fraction), and hence, we
conclude that the more the layers of coating are, the
worse the EMI shielding there will be. On the contrary, a
more important discovery in the Sn—Al thin film
experiment is that the EMI shielding effective rate would
be affected by the thickness of thin film and the
electric-conductivity rate. The thicker the thin film and
the higher the conductivity rate, the higher the EMI
interference effect.

From previous study, we can extend our result to
the use of Sn—40AI-15Ni and Sn—40Al—15Mn powders.
When the frequency is low, EMI shielding effect could
be improved by increasing the Al level in both powders.
At the same time, another result in an annealing test
shows that with the crystallization under high
temperature and high electricity conductivity (Table 1)
which could enhance the high-frequent EMI shielding
effect of Sn—Al nano thin film as shown in Table 2.
Figure 1(a) shows that the spectrum result of the thin
film EMI effect experiment on Sn—40Al-15Ni (310 nm),
displays the variations of EMI shielding effect (310, 512
and 760 nm) at different as-sputtered levels in Fig. 1(b).
Similarly, Table 2 presents the EMI shielding effect.
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Table 1 Four-point probe result of Sn alloy

Alloy Sheet resistance/(10* Q-cm)
Sn—40AI1-15Ni 1.39
Sn—40Al-15Mn 2.51

Table 2 EMI shielding effect of Sn—40AI—15Ni thin film under
different dB values

EMI shield/dB

Film
300 MHz 900 MHz 1.80 GHz 3 GHz
310 nm -11.6711 —14.8100 —13.1616 —17.1193
512nm  —16.1242 -21.3712 —-20.7853 —22.1044
760 nm  —22.3191 —24.0780 —21.3700 —25.7146
310nm-H -12.1038 -15.3763 —16.6480 —22.1871
310 nm-H represents the coating heat treated.
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Fig. 1 EMI effect spectra of Sn—40AI-Ni thin film with
different thickness (a) and before and after heat treatment (b)

In fact, high as-sputtered level would bring positive
result to IOC and hence EMI shielding effect as well. To
avoid the influence of particle size, crystallization rate
and coating levels, we implemented another annealing
test by a 310 nm thin film under vacuum (200 °C, 1 h),
and then cooled it down at room temperature (0.5
°C/min). We also tested the EMI shielding effect of 310
nm and (310 nm-H) coatings. After applying annealing
tests we then compared these two EMI shielding effects
and found that the EMI shielding effect of 310 nm-H thin
film is better than 310 nm thin film. Based on these

results, we can claim that annealing test (200 °C, 1 h)
can not only enhance the conductivity of thin film, but
also bring out a better crystallization rate and low
resistivity.

Therefore, we believe that annealing test is effective
on raising the high frequency EMI shielding effect.
However, in terms of the application of building
material, the cost of Sn—40Al-15Ni thin film coating is
lower than that of Sn—40Al-15Mn, yet the Sn—40Al
coating’s EMI shielding effect under low frequency is
better than wunder high frequency. Because the
electromagnetic environment is usually in low frequency,
we decided to apply Sn—40AI-15Ni thin film that is
beneficial to EMI shielding effect at the interface layer of
building material.

3.2 Sn—40Al-xNi thin film features and EMI

shielding mechanism

Tin-based elements have better EMI shielding
feature and more advantages in terms of price
competitiveness. According to prior study and previous
experiments, the amount of Al would affect EMI
shielding effect under different frequencies compared
with Sn—40AIl-xNi thin film, as shown in Fig. 1(a)
(x=15%, 40%). Nano-thin film was sputtered on a glass
substrate which was constructed by 4 glass substrates.
The dimensions of glass substrate were 2 cmx2 cm, as
shown in Fig. 2(a), and Sn—40Al coating thickness was
between 310 nm and 760 nm (Fig. 2(b)). It is remarkable
that applying an annealing test (310 nm-H, 200 °C, 1 h)
on Sn—40Al (310 nm) thin film in vacuum would bring a
better result in EMI shielding effect, which also shows a
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Fig. 2 Characteristics of Sn—40AI1-Ni thin film (380 nm): (a)
Appearance; (b) Surface characteristic
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more detailed appearance on particle surface. This is also
one of the reasons for applying hot treatment in order to
raise the uniformity.

Because Sn—Al-Mn has a better high-level
conductivity (1.08x10™* S/m) and price competitiveness
(Table 3), SAN and SAM were used in the experiment of
EMI shielding effect. Our prior study shows that high
grade of purity in Sn-based materials has the best EMI
shielding effect when frequency is 300 kHz—3 GHz.
Figure 3 shows the electromagnetic spectra of Sn—40Al—
15Mn (710 nm) and Sn—40AI-15Ni (730 nm) thin film.
The results show that the EMI shielding effect of
Sn—40AI-15Ni (730 nm) thin film is better than
Sn—40Al-15Mn (710 nm) thin film as shown in Fig. 3
and Table 4. Sn—40Al-15Mn (710 nm) thin film can
partly improve the EMI shielding effect.

Table 3 Four-point probe result of Sn—Al-Ni and Sn—Al-Mn

Sheet resistance/(Q-cm)

Specimen

As-sputtered Annealed

Sn—40Al-5Ni 6.34x107° 1.04x107°
Sn—40Al-5Mn 1.7x107 2.8x10°°
Sn—40Al-10Ni 4.41x107° 2.86x107
Sn—40Al-10Mn 4.28x107° 1.60x107°
Sn—40Al-15Ni 3.28x10°* 2.01x107*
Sn—40Al-15Mn 2.44x107° 7.12x10°¢

Table 4 EMI shielding effect of Sn—40AIl-Ni and
Sn—40A1-Mn thin film under different dB values
EMI shielding/dB

Speci
PECIMen 7300 MHz 900 MHz 1.80 GHz 3 GHz
Sn—40A1-5Mn —12.2984 —17.8346 -21.9801 -15.7783
(710 nm)
Sn—40A1-5Mn
(710 nm-H) 6.2322 7.9891 14.0344 —15.7527
Sn—40AI=SNi -10.6734 —14.8702 —13.2681 -16.3439
(380 nm)
Sn—40AI=SNi —22.2142 -23.2438 —17.7860 —23.3411
(730 nm)
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Fig. 3 Electromagnetic spectra for Sn—40Al-5Mn and
Sn—40A1-5Ni thin film EMI

The experiment shows that annealed thin film is
able to boost conductivity and EMI shielding effect.
However, annealed Sn—40Al—15Mn thin film shows a
poor EMI shielding effect (compare Fig. 3 and Fig. 4),
and the coating thickness of Sn—40Al-15Mn was two
times that of Sn—40Al—15Ni, which is very different
from the effect of Sn—xAl thin film (Fig. 5)). Besides,
from the SAM thin film experiment, we can found that
there is degeneration in high frequency EMI shielding
effect because of the application of annealing test and the
increase of volume ratio. The correlation analysis of
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Fig. 4 EMI curves for Sn—40Al-5Mn (annealed) and
Sn—40A1-5Ni (un annealed)
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Fig. 5 Quantum magnetic analysis of Sn—40Al-5Ni: (a)
Temperature curve; (b) Magnetization
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EMI shielding effect of Sn—40A1-Ni (0—5%Ni) powder
and thin film shows that the EMI shielding effect of
Sn—40Al is significantly improved after the application
of annealing test. Note that a high content of Ni would
enhance the EMI shielding effect from low to high
frequency. Overall, Sn—Al—Ni has a higher conductivity
and magnetism, and therefore, it helps a lot on improving
the EMI shielding effect.

4 Conclusions

1) By increasing the Al content in Sn—XAI-Ni
coating, the appearance of stack effect can increase the
EMI shielding effect even though conductivity falls. On
the contrary, volume fraction of intermetallic compound
in powder decreases as the Al content reduces. This will
enhance the conductivity and EMI shielding effect under
high frequencies.

2) Since the conductivity and magnetism become
significant with increasing the Ni content, low frequency
EMI shielding effect belongs to high frequent.
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