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Abstract: The sputtered Sn-Al and Sn-Cu thin films were used to investigate the effects of the crystallization mechanism and film 
thickness on the electromagnetic interference (EMI) characteristics. In addition, the annealed microstructure, electrical conductivities 
and EMI characteristics of the Sn-xAl films and the Sn-xCu films were compared. The results show that the electromagnetic 
interference (EMI) shielding of Sn-Al film was increased after annealing. For the Sn-Cu films with higher Cu mole concentration, the 
low frequency EMI shielding could not be improved. After annealing, the Sn-Cu thin film with lower Cu mole concentration 
possesses excellent EMI shielding at lower frequencies, but has an inverse tendency at higher frequencies. 
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1 Introduction 
 

The effects of electromagnetic interference (EMI) 
are still being researched, and have even resulted in new 
legislation. Much research in epidemiology journals has 
shown that people who have been exposed to a high 
electromagnetic environment for a long duration become 
more susceptible to leukemia and brain tumors [1−2]. In 
addition, BLACKMAN et al [3] indicated that 
electromagnetic waves of over 60 Hz would cause 
damage and variations to the human body’s DNA 
structure. Relevant literature showed that people who 
have been exposed to a high electromagnetic 
environment for a long duration become more 
susceptible to diseases than normal people [4−6]. 
Therefore, how to use materials to improve the 
electromagnetic environment not only is a very important 
issue, but also conforms with the objective of 
environmental protection [4]. 

Electromagnetic interference is a new form of 
pollution discovered in recent years [7−10]. As of now, 
many laboratories are investigating the technology of 
EMI shielding. Some surface technologies possess better 
EMI shielding, including conductive films [11−17] and 

mixed conductive powders [18−21]. Problems such as 
wear, peeling, oxidation, hard-working and expensive 
cost have resulted in the applied capacity of applied 
materials to decrease. The elements Sn, Al and Cu not 
only possess EMI shielding efficiency, but also have 
acceptable costs [20] and can be used to make Sn-based 
thin films for EMI application. Because alloy thin films 
have better mechanical properties and a larger frequency 
range for EMI shielding, both Sn-xAl and Sn-xCu 
sputtering films were used not only to analyze the 
crystallized characteristics of the thin films, but also to 
investigate the effects of different additions of elements, 
thicknesses and annealed treatment of the EMI shielding 
to further understand the potential for use as an EMI 
shielding material. 
 
2 Experimental 
 

Sn-40Al and Sn-xCu (x=20% and 40%, mass 
fraction) sputtering thin films were used to perform the 
EMI shielding experiment. In the sputtering process (120 
W), all films were sputtered onto a glass plate with 
dimensions of 2 cm×2 cm without any treatment. Four 
sputtered glasses made up an EMI specimen with 
dimensions of 4 cm×4 cm. The thickness of the Sn-40Al 
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film was in the range of 380−760 nm. Some Sn-40Al 
films (380 nm) were annealed at 200 °C for 1 h in a 
vacuum, which are designated as 380 nm-H. As for the 
Sn-xCu specimens, the thickness of the Sn-20Cu film 
was 460 nm and that of the Sn-40Cu film was 710 nm. 
Some Sn-Cu films were annealed at 220 °C for 1 h in a 
vacuum, which are designated Sn-xCu-H. In order to 
understand the difference in characteristics of the films, 
the surface structures were examined using a scanning 
electron microscope (SEM: JEOL JSM−7001) to clarify 
the electromagnetic shield effect of the present Sn-based 
thin film systems. 

The Elgal set 19A coaxial holder was used for 
electromagnetic interference shield testing. The range of 
scan frequency was from 300 kHz to 3 GHz, and its 
accuracy is ±10×10−6 (25±5 °C). A plane wave was used 
for vertical firing. The frequency range was controlled 
from 50 MHz to 3 GHz. Each datum was the average of 
at least 3−7 test results. 
 
3 Results and discussion 
 

According to our previous study on the EMI of 
Sn-xAl powders, high Al content coatings offered 
excellent low frequency EMI shielding. After the 
annealed treatment, the powders had higher electric 
conductivity able to enhance the EMI shielding. So, the 
present study selected the Sn-40Al sputtering film to 
investigate its EMI shielding. Figure 1 shows the 
appearance and the surface characteristics of the Sn-40Al 
sputtering films with 380 nm in thickness. Nano-grains 
are observed in the films using SEM and the surface 
characteristics of the other thin films are similar. Notably, 
the grain size in the present thin film was 22−46 nm and 
the other systems also possessed the identical 
microstructures. 

When the film thickness was increased from 380 
nm to 760 nm (Fig. 2(a)), there was an obvious 
promoting effect on the EMI shielding (Table 1). In fact, 
increasing the thickness of the film, not only raised its 
index of crystalline (IOC), but also enhanced the growth 
of nano-grains because of the longer sputtering duration. 
In order to avoid the effects of film thickness, grain size 
and IOC, the 380 nm-film was subjected to 
recrystallization (referred to as 380 nm-H) at 200 °C for 
1 h in a vacuum, then cooled to room temperature with a 
cooling rate of 0.5 °C/min. EMI shieldings of the    
380 nm-H-film and the 380 nm-film were compared. The 
EMI shielding of the 380 nm-H-film was higher than that 
of the 380 nm-film (Fig. 2(b) and Table 1). 

In addition, the surface image of the 380 nm-H film 
showed no obvious difference compared with the 380 
nm-film and the 380 nm-H film had a higher 
crystallization and lower resistivity. It is clear that the  

 

 
Fig. 1 Sn-40Al sputtering thin films (380 nm): (a) Appearance 
for four EMI specimens; (b) Surface characteristic 
 

 
Fig. 2 EMI shielding of Sn-40Al sputtering thin films with 
different thicknesses (a) and before and after heat treatments (b) 
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Table 1 EMI shielding of Sn-40Al thin film at different 
frequencies 

EMI shielding/dB 
Specimen 

300 MHz 900 MHz 1.80 GHz 2.45 GHz

380 nm-film −11.673 4 −14.870 2 −13.268 1 −17.343 9

512 nm-film −16.421 1 −21.113 7 −20.873 5 −22.964 4

760 nm-film −22.339 2 −24.877 0 −21.470 6 −25.114 6

380 nm-H-film −12.114 8 −15.733 6 −16.659 0 −22.171 8

 
heat treatment (200 °C, 1 h) not only raised the electrical 
conductivity but also improved the high frequency EMI 
shielding. Figure 3 shows the XRD pattern of the 
Sn-40Al specimen. The results and a relevant report 
reveal that the solid solution limit of Al is low in Sn 
matrix, and the Sn-Al matrix not only affects the electric 
conductivity of the film, but also induces a variation in 
the EMI shielding [21]. We may say that the uniform 
distribution of Al-rich phases in Sn-Al thin film is able to 
enhance the EMI shielding. 
 

 
Fig. 3 XRD pattern of Sn-40Al film 
 

Since Sn-Cu specimens have higher electrical 
conductivity (1.08×10−4 Ω·cm for Sn-20Cu) and 
acceptable costs, the present study also used Sn-xCu to 
analyze the EMI mechanism and compared them with 
the Sn-40Al specimens. According to previous studies 
[25], Sn-based specimens with a high concentration of a 
second element had excellent EMI shielding in the range 
of scan frequency from 300 kHz to 3 GHz. So, the high 
Cu sputtered thin film (Sn-40Cu) was selected to 
investigate the EMI behavior. Figure 4 shows the EMI 
shielding of the Sn-40Cu (710 nm) and Sn-40Al (730 nm) 
thin films at a similar thickness, and the EMI shielding of 
the Sn-40Cu thin film was lower than that of the Sn-40Al 
thin film (Table 2). Notably, our previous data reveal that 
both the annealing treatment and higher film thickness 
not only increased the electric conductivity, but also 
enhanced the EMI shielding. But, after the annealing 
treatment, the EMI shielding of the Sn-40Cu film has a 

tendency to decrease. By comparing Fig. 4 with Fig. 5 
and Table 2, it is different from the Sn-xAl films 
(annealed Sn-Al thin film was able to enhance the EMI 
shielding). Furthermore, the EMI of the annealed 
Sn-40Cu film with a greater thickness (710 nm) was still 
lower than that of the Sn-40Al film (un-annealed and 
with a smaller thickness of 380 nm). We can be fairly 
certain that the structure of the Sn-40Cu film had an  
 

 

Fig. 4 EMI comparison of Sn-40Cu and Sn-40Al sputtering 
thin films with similar thickness 
 

 

Fig. 5 EMI comparision of Sn-40Cu (annealed) and Sn-40Al 
(un-annealed) sputtering thin films 
 
Table 2 EMI shielding of Sn-40Al and Sn-40Cu thin films 

EMI shielding/dB 
Specimen

300 MHz 900 MHz 1.80 GHz 2.45 GHz

Sn-40Cu 
(710 nm)

−12.298 4 −17.834 6 −21.980 1 −15.778 3

Sn-40Cu 
(710 nm-H)

−6.232 2 −7.989 1 −14.034 4 −15.752 7

Sn-40Al 
(380 nm)

−11.673 4 −14.870 2 −13.268 1 −17.343 9

Sn-40Al 
(730 nm)

−22.214 2 −23.243 8 −22.786 0 −23.341 1
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obvious influence on the EMI shielding. It is very 
important to change the EMI shielding for annealed 
Sn-40Cu thin film. 

In Fig. 6, there are three phases (Cu6Sn5, Cu3Sn and 
β-Sn) in the Sn-40Cu film matrix, but no Sn/Al 
intermetallic compounds (IMCs) are observed in the 
Sn-Al thin film (Fig. 3). In other words, the volume ratio 
of Cu6Sn5, Cu3Sn and β-Sn phases is close to the EMI 
shielding. After annealing, the IMCs of the Sn-Cu thin 
film would increase, leading to a decrease in the electric 
conductivity (using four-point probe, Model 280 CI, 
Sn-40Cu: from 7.02×10−6 to 2.46×10−5 Ω·cm) and EMI 
shielding. So, this study avoided the effects of both IMCs 
and film thickness by decreasing the Cu content and 
measuring the EMI shielding before and after the 
annealing treatment. Under both constant Cu content 
(Sn-20Cu: lower IMCs) and thickness (Fig. 7), the 
annealed Sn-20Cu film showed the greater EMI 
shielding at higher frequencies, but an inverse tendency 
was found at lower frequencies. 

The experiment result was that the annealing 
 

 
Fig. 6 XRD patter of Sn-40Cu thin film 
 

 

Fig. 7 Effect of frequency on EMI annealed Sn-20Cu thin films 

treatment made a greater contribution for low Cu content 
specimens (Table 3). According to our previous studies 
on Sn-based [21], the reason for this is not hard to see: 1) 
β-Sn phase is the main EMI shielding mechanism; 2) the 
complex compounds after annealing possess higher 
thermal stabilization to promote the EMI shielding. The 
present results indicate that increasing thickness or 
having an annealing improved the EMI shielding of 
Sn-40Al thin film (Fig. 8(a)). Take Sn-xCu thin films 
with 20%Cu to 40%Cu for example, the annealing  
 

 
Fig. 8 EMI shielding characteristics: (a) Sn-40Al thin films; (b, 
c) Sn-xCu thin films 
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Table 3 EMI shielding of Sn-xCu thin film 

EMI shielding/dB 
Specimen 

300 MHz 900 MHz 1.80 GHz 2.45 GHz

40Cu(710 nm) −12.298 4 −17.834 6 −21.980 1 −15.778 3

40Cu(710 nm-H) −6.232 2 −7.989 1 −14.034 4 −15.752 7

20Cu(460 nm) −10.232 8 −15.076 2 −24.843 1 −26.006 7

20Cu(460 nm-H) −21.596 2 −22.401 8 −16.812 5 −11.390 4

 
induced the phase transformation, resulting in an inverse 
change at different frequencies (Fig. 8(b)). So, the 
annealing treatment not only promotes the contribution 
of IMCs, but also decreases the concentration of impurity 
atoms in β-Sn phases, which improves the EMI shielding. 
As for the variation in higher frequency EMI shielding 
after annealing, one explanation may be that the Cu3Sn 
content of Sn-Cu specimen (there are three phases: 
Cu6Sn5, Cu3Sn and β-Sn) decreases and influences the 
results. 
 
4 Conclusions 
 

1) For the Sn-Al films, increasing the film thickness 
the electric conductivity and improved the EMI shielding. 
As for the Sn-Cu films, due to the large number of IMCs 
and lower content of β-Sn, the higher frequency EMI 
shielding of the annealed Sn-Cu thin films deteriorated. 

2) The Sn-Al films had Sn-rich phases and Al-rich 
phases in matrix, which were able to promote the EMI 
shielding. Their annealing treatment not only provided 
higher electric conductivity but also increased the high 
frequency EMI shielding. 
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摘  要：利用溅镀 Sn-Al 纳米薄膜和 Sn-Cu 纳米薄膜讨论结晶机制与膜厚对电磁波屏蔽特性的影响，比较了 Sn-Al

和 Sn-Cu 薄膜的高温显微组织、导电性与电磁波屏蔽性能。结果表明，高温处理提高了 Sn-Al 纳米薄膜的电磁波

屏蔽性。在低频条件下，高 Cu 摩尔浓度的 Sn-Cu 纳米薄膜不能有效改善电磁波屏蔽性；高温处理后，低 Cu 摩

浓度的 Sn-Cu 纳米薄膜能提高低频的电磁波屏蔽性，而高频下的电磁波屏蔽性则呈相反趋势。 

关键词：电磁波屏蔽；Sn-Al；Sn-Cu；薄膜 

(Edited by LI Xiang-qun) 


