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Simultaneous Realization of Electromagnetic Shielding and Antibacterial Effect
of Al Doped ZnO Thin Films onto Glass Substrate
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Abstract: In this study, we intended to achieve both antibacterial properties and electromagnetic shielding using the
Al-doped ZnO (AZO) films. FTS (Facial Target Sputtering) magnetron sputtering was used for the AZO thin films
instead of the conventional RF sputtering because the FTS sputtering could avoid the damage for the plasma as
well as fabrication of thin films with a high quality. The 300-nm thick AZO thin films grown on glass substrate

showed a resistivity of about 7 x 10* Q-cm and a transmittance of about 90% at a wavelength of 550 nm. AZO

thin films were investigated for the electromagnetic shielding effectiveness measured by 2-port network method at
1.5 ~ 3 GHz. The AZO (300 nm)/glass films showed an EMI shielding effectiveness of approximately 27 dB. An
antibacterial effect was measured by the film attachment method (JIS Z 2801). The percent reductions of bacteria
by AZO films were 99.99668% and 99.99999% against Staphylococcus aureus and Escherichia coli, respectively.
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W 4 ST
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Zgt=oto] 95t glu|X|E 7}5HA] &7|of 7]®ub ERZl Fig. 2. Schematic image of EMI shielding efficiency analysis.
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Fig. 3. Compare to AZO thin film deposited onto glass by

on-axis and off-axis sputtering. (a) optical, (b) electrical

properties.

+ °F 80%= Uf-%

. J8Y HAEHE on-axis

x 10° Q/sq.7}

ZO \:]]»EI}O (o)

10° Q/sq.2 107 o]A9] 7<18J o] S HojEot.

on-axis WHOo=Z ZAF Al WAlist= Z2t=0} fo]

of ofgt 7| 3 uiaro] aAfap SAF wio] whE 9f
2o} 4 AJHEiofl Z1dst &

S
2

B Y- :|o
Arr o x 1 ojo ro

J
_O,@o?.in‘.E

Dall

3.2 Mxtu xtHE ¢8t AZO 49} |z}

A8 dS Fsto] FTS ®vioz SARE AZO Bt
o] 5ol Eot f4ct S sttt 22y WA
o} ApE7F 7bed Aol S50 fARE W2 HIAY
£4S5 4R ZstRrlell, SA2&=9 RF powers =
olA AZO ®fgto] ZARsete =% AdS ASYst
I8 4oA= 250°Co 2LoA FAFGH AZO 8o
FAo] mhE FREe AVIA §4S BAEH. ¥

ga = 281

Transmittance (%)

Glass

404 =——AZO 100nm
351 ——AZ0 150nm
2] =——AZO 200nm
—=—=AZO 250nm

101 ——AZO 300nm

q‘lﬂﬂ 5('}0 G(EHJ 7I']D 800
Wavelength(nm)
300 10
(b) =0~ Sheet resistance

%

—[— Resistivity

|="‘—'—-:]-__u = 3
2 —p

g

Q.

\ -

0
P~p

T T T T T 10
50 100 150 200 250 300 350

Thickness (nm)

s
Resistivity(Q-cm)

o
=
I

Sheet resistance ( €Y/[1)
2

o

=

Fig. 4. Optical and electrical properties of the AZO thin films
deposited on glass substrate at various thickness. (a) optical,

(b) electrical properties.
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Fig. 5. EMI shielding properties of the AZO thin films

deposited on glass substrate at various thickness. (a)

S-parameter, (b) EMI shielding efficiency.
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Fig. 6. Antibacterial activity of the AZO thin films deposited
on glass substrate. (a) E. Coli, (b) S. aureus.

Table 1. Antibacterial activity of AZO thin films.

E. Coli S. Aureus
Blank Films Blank Films
Start 1.3x10* 1.3x10* 1.3x10* 1.3%x10*
After 24h 1.1x10° <0.63 1.9x10* <0.63
Reduction of
uction 0 ; 99.99% ; 99.99%
Bacteria
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