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Abstract: The physical effects of H-plasma treatment on ZnO thin film have been studied using
photoluminescence(PL) spectroscopy. Four characteristic peaks have been identified: (i) DX peak (neutral

donor-bound exciton), showing relatively small integrated intensity after H-plasma treatment, indicates
that H-plasma passivates the neutral donors in ZnO at low temperatures. The rapid decrease in the
integrated intensity of the peak as the temperature goes up is considered to be due to the ionization of

neutral donors. (ii) H-related complex-bound exciton peak appears at the low temperatures (10 K~80 K)
after H-plasma treatment, showing the same thermal evolution as D°X peak. (iii) FX (free exciton) peak

starts to show up at 60 K and grows more and more as the temperature goes up, which is considered to
be related to the increase in free electron concentration in the film. (iv) violet band is intensified after

H-plasma, which means more defects and impurities are generated by H-plasma process.

Keywords: Zn0, Hyvdrogen, Plasma treatment, PL

1. M B

Al w3 2R de] ARSEo AL e GaNE
o7 & 4 = 238 F9 &R Zn0s Be w4
& dolow 9lt}, ZnOF oM 3.37 eVel direct
bandgap SlUAE& 7}z FHd wwa BARAN F
HE Az £22E 9§ EFEY oluel kAo A

a. Corresponding author: jcho@kw.ac.kr

Copyright ©2015 KIEEME. All rights reserved.

This 1s an Open-Access article distibuted under the terms of the Creative Commons
Atiribution  Non-Commercial  License  (hitp:/ereativecommons.org/licensesby-ne/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

A2l Yo o2 WP AR HEAE S
g}atar ok ZnOve E3 ¥ dAE A4S dyA
(~60 meVZEZA GaNel A9 ~26 meV)E 7FA 3L 9
7lo] Ao AE #d wago] hssithE A
HE 7HA 3 Rk o]l ¥F Zn09] #$3tA 54L& o] &
ato] Wt rle]l 2= (light emitting diode, LED)}
do] A rhole = (laser diode, LD) AAFE 9] 7|
A 3 At e IT Aol #4akgdzte] o
AGos Qs d& 1 Fa4E "t Ao ZnOE
FaAt AA AR e f18A = Zn0g B
2% AAdE Hr} Zdo]| o3t =YW ofy} o
S B8 sty FA7E =3 dasielE Az
t}, PL (photoluminescence) @1+ d#2°] #Holr}



18 Jo KIEEME, Vol. 28 No. 1, pp. 17-20, January 2015! J. Cho et al.

224 o sk BeE 59 86 2 wol
th §3 %e eEolMe] PL 2MEY ¥ o &

i Ao A= Abgbolo] 7l 9l M ZnO
b AHgEdn AlEe &5 (10 K~290 K)& #3s}
A71EA PL 48 dl9en ol& 53 zZnO vt
] 383 A& =48

2. &8 4y

o] Agol AFEF A BE c-HA Alglolo] 9o A
A ~350 nm F72 ZnO Hrete R 650°C el A
rf-magnetron sputtering ‘WS o] &3 Ar + O
274 HolA AZ=Ho Y FekEvt Aeles F4 7
A e 7 RF Fepz2vl SAFAE ALgeen A
2o Y 25F 300CE FAF AN 608 3+
40 W9 power® o|Fo] A} Azl Alsel B8ty
54& #4#Hn7] 98] PL spectroscopys ©] &3]
i, oju] A}E-3F #lo) A= CW He-Cd #lo] A (A= 325
nm)e] c}.

3. @3 % 13

% 12 4 plasma 2 E AR ZnO vtoto) of
g PL spectrumsr Th¥gE ZmolA ®RejFar g}
2Rl EAFE Hle} o] 479 54 A peak
(peak I, II, III, IV)S &elsk 4= ¢li=d|, 2z} peak?]
2|34 7)9L 4 plasma E el A ZofA] 4
HEnz Foh AA 7FF L dyA] (3358 eV at
10 K)ol YElL = peak 12 71 9)x|¢ &), 22
& wE WstE 2 W neutral donor-bound
exciton(D'X)ell 7191@cha o 7= =] o]R& o]n|
e dddME Z gsolzl Aladelr [1-3]. o7
A peak I3} FAste] WA FH3Z L AL 25
of utE integrated intensity (PL peak intensity x
FWHM) ®igield] 1qolA Qs RKo] Ao &%
7F 10 KellA 50 K& Ab53tel m}e} 2 integrated
intensity 7} $238 #ad@r) o9 & DX peak®]
Lxo] wE W= 25yl ASde] wel 4ubg
exciton®] @2 #ele Az Azhs o) [2].

2 1ol AYE 2yelA 29 DX peake AbA

T=10K

O-plasma

PL Intensity (arb. unit)

FL Intensity(arb. unit)

H-plasma

28 30 32 34
Energy(eV)

110 N
Py peaklil
28 29 3.0 34 3.2 33 34
Energy(eV)

Fig. 1. PL spectra of H-plasma treated ZnQO at T=10 K~
110 K. Peak I, I, II, and IV are indicated in the figure,
with guided lines for peak I and I (Inset: PL spectra of
H-plasma and O-plasma treated ZnO at T=10 K).
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Fig. 2. PL spectra of H-plasma treated ZnO at T=100 K
~290 K. Integrated intensity of peak II (dotted circles)

increases while that of peak [V diminishes with
increasing temperature in this temperature range.
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Fig. 3. Temperature dependence of the integrated
intensities of D'X (neutral donor-bound exciton) and FX
(free exciton) peaks.
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