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Preparation and Properties of Zn; , Mg, O Thin Films Prepared by
Pulsed Laser Deposition Method
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Abastract: To widen the band gap of ZnO, we have investigated Zn; ;Mg,O (ZMO) thin films prepared
by pulsed laser deposition on c-plane sapphire substrates at 500°C. From X-ray diffraction patterns, ZMO
films show only the (0002) and (0004) diffraction peaks. It means that the films have the wurtzite structure.
Segregation of ZnO and MgO phases is found in the films with x=0.59. All the samples are highly
transparent in the visible region and have a sharp absorption edge in the UV region. The shift of absorption
edge to higher energy is observed in the films with higher Mg composition. The excitonic nature of the
films is clearly appeared in the spectra for all alloy compositions. The optical band-gap (E,) of ZMO

films is obtained from the o vs photon energy plot assuming o o< (hv -

E,), where o is the absorption

coefficient and hv is the photon energy. The value of E, increases up to 3.72 eV for the films with x=0.35.
It is important to adjust Mg composition control for controlling the band-gap of ZMO films.
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Fig. 1. PLD system for the growth of ZMO thin films.
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Table 1. Deposition conditions of Zn; ,Mg,O (ZMO) thin
films grown by PLD.

I ArF #gol4 @ = 193 [nm])

ofiA =] ok 2 [J/em?]

HHE 7] 10 [Hz]

125 ZnO+MgO 474 T3 MgO (1~10 [wi%])
718 ¢ Atulelo] (ALOS)

e 7137k Ag] 70 [mm]

NEE 500 [°C]

&4 AR E-9)7] 1X10* [Torr]

37 N7 120 [min]
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Fig. 2. X-ray diffraction patterns of ZMO thin films as a
function of Mg concentrations.
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Table 2. Full Width at half maximum (FWHM) of (0002)
peaks and grain sizes.

S ) Peak (0002) (0002)
ampres position FWHM Grain size
ZHO‘gQMgO.lgo 34.55° 0.516° 16.11 [nm]
ZngssMgo 350 34.73° 0.510° 16.34 [nm]
Zl’lo_41Mg0_590 34.99° 0.564° 15.93 [nm]
ZnO 34.38° 0.591° 14.06 [nm]
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Fig. 3. AFM surface image (left) and RMS values (right) for ZMO thin films.
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Fig. 4. Optical transmittances of ZMO thin films at x=0,
0.18 and 0.35.

Kt FFFEY A Mg 240] 01894
0352 AZAFE FANAA = oF 34 eVollA 3.8
eVO R £ x| £O 2 o|F3lith o|jd 24
&= ZMO u}uu 3¢ Mg =73 0] S5l wet
Al oA M=) o] AZtkE AM S 2 A e
011;} E/\] oﬂ Mg7} Zo];,] T E 7ZMO g}ul—oﬂ}\-}
o7]Abel] olgt Ao g Bole 7t Ao
Rom ol ALAME A7)z} AFA IR 7t &
B3] Ave A2 g S 420 &
At 7390 FGE DeA oM FEFT Lo
i o] 7-4- o 7125 A shed Wl =] o)) 3 st
< EF L A doh wEA ZMO oA =
ZnO gt N vetue & o712 29 WA &
7H 4 = 7heA ol ERIEAT o] B
FazA 82 o UH% £ A5l 8 A olth
Mg /o] EolAH FaF F59 AAT &stE
A7t de AS % ? Atk ol 2 g F /gl ofsf
AAZA &g A o5, Mg 24 F7t
o ulz} ZMO =.* ] ost)a EAW 2H AT
5 MEHY A EFEH o EAR At FFT
o] ALt gwral] A o ok werE o
ZEEA 23S Bl dojx ZMO whte] §
HE 7} HALES o] &3l A FEH W=gls 4
AT =S Fr&o] Al 2 ZdlA 2o
I ZARRA of = (v- By #AH 22 Hslgl o
Mg 243 0] 0.18914 0.352 Z7}5Hel wal Zn02)

slolAz A @ 71785 R] A 1249 A 135 (2005)

Bl =72 337eV oA 3.72eV 7}A] Z7}eFsith,

I
[N
T

B2 o)A S & 0183t 500°Ce] &0
A 93 ZMO BHehe 4R E = AT Mg9]
Z4& HstAz e Ei A7z W3l glof
ZMOA Hﬂ‘:zﬂ S ¢k 372 eV 4R AT 5 Q%
ok T2 B A7olA dojxl A5 89k
1=

1) Mg &43°] 0.357k41¢] ZMO vtah-e A
Z7F SHAHAE 7HA L S XDR 4 & F
8] sHlsldth Mg 243 ¢] 0.5924 & wl= MgO
(111)el] #HE A5 A7} vepdrt.

2) WA F(FWHM)2 Mg 274 2| F71ll AR
o] A WA Y=th.

3) Mg®] ZA o BAGle] ZMO vrehe 7hA 3
FANM 80% B=] FEAEE HERIT

4) BEAG 248 T3 DR ZngesMgossO
uhubol s3ehA W=l oF 372 eV o[t}

©

=8

=

kJ

1. D. G Thomas, J. Phys. Chem. Solids, 15, 86 (1960).

2.Y. S. Park, C. W. Litton, T. C. Collins, and D. C. Rey-
nolds, Phys. Rev., 143. 512 (1966).

3.Z. K. Tang, P. Yu, G K. L. Wong, M. Kawasaki, A.
Ohtomo. H. Koinuma, and Y. Segawa, Solid State
Commun. 103, 459 (1997).

4.Y. Chen, D. M. Bangnail, H. Koh, K. Park, K. Hiraga,
Z. Zhu, and T. Yao, J. Appl. Phys. 84, 3912 (1998).
5.D. C. Reynolds, D. C. Look, B. Jogai, C. W. Litton,
G. Cantwell, and W. C. Harsch, Phys. Rev. B 60, 753

(1999).

6.D. M. Bagnail, Y. F Chen, Z. Zhu, T. Yao, S.
Koyama, M. Y. Shen, and T. Goto, Appl. Phys. Lett.
70, 2230 (1997).

7.W. L Park, S. An, G Yi, and H. M. Jang, J. Mater.

Res. 16, 1358 (2001).

8. V. Craciun, J. Elders, J. G. E. Gardeniers, and 1. W.
Boyd, Appl. Phys. Lett. 65. 2963 (1994).

9. B. D. Cullity, Elements of X-Ray Diffraction, Addi-
son-Wesley Publishing Co., Inc, 99 (1967).



