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Photoluminescence properties of Mg ,Zn;_,0O alloy thin films fabricated
by the sol-gel deposition method

Dongxu Zhao,? Yichun Liu, Dezhen Shen, Youming Lu, Jiying Zhang, and Xiwu Fan
Laboratory of Excited State Processes, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences, 1-Yan An Road, Changchun 130021, People’s Republic of China

(Received 27 June 2001; accepted for publication 4 Septembej 2001

The photoluminescence properties of Mg, ,O alloy thin films fabricated by the sol-gel
deposition method were studied. The #gcontent in the films was up to 0.36 and they had the
ZnO wurtzite structure. The band gap of the films can be controlled between 3.40 and 3.93 eV by
adjusting the M&" proportions. Transmittance spectroscopy was used to characterize the excitonic
structure of the alloys, which the excitonic character is clearly visible at room temperature. The
intense ultraviolet photoluminescence was observed at room temperature. This emission is
indicative of the excitonic nature of the material. ZD01 American Institute of Physics.
[DOI: 10.1063/1.1413948

I. INTRODUCTION deposition technique has an advantage over other methods in
that it does not require vacuum apparatus and has the poten-

There has been great interest in wide-band-gap semicofia| to produce films with large areas and complicated forms

ductors, because there is a strong commercial desire to pren various substrates. In particular, in order to prepare thin

duce efficient and Iasing blue |Ight emitting diodes and Shortf”ms of Compound semiconductors, the So|_ge| process is

wavelength laser diodes. Now the most attention is focusefinown to have the distinct advantages of process simplicity,

on the GaN and ZnSe based materfafs a member of the lower costs and ease of Composition Conhzdﬁ

II-VI semiconductors, zinc-oxidéZnO) is known to have a

wide range of technological applications such as transparerwt' EXPERIMENTAL PROCEDURE

conducting electrodes in solar cells and flat panel displays,

surface acoustic wave devices, and chemical sensors. Re- 1heé sol was composed of HBH;COO),,

cently, ZnO has become even more interesting because of thdd(CHsCOO),, and polyvinyl butyralPVB) in ethanol so-
discovery of the ultraviolet (UV) lasing at room lution. The total concentration of metal ions was controlled

temperaturé=* at 0.1 mol/L. The concentration of Mg was adjusted to

To explore a material with a shorter UV emission, one of0-01, 0.02, 0.04, 0.05, and 0.08 mol/L. The sols were spin
the key techniques is to dope other ions into the lattice. T¢0ated on S{100 and quartz substrates at 2500 r/min. After
obtain the high performance light emitting diod&£D) de- the spin coating, the substrates were first heated to 1OQ °Cin
vices, the key technique is to construct a heterojunction t@ir for 10 min to evaporate the solvent, then to 350°C jn O
realize double confinement actions for electrons and photorf®" half an hour to eliminate the organic component in the
in optoelectronic devices. Modulation of the band gap whilefilm- This process may be repeated many times to reach the
keeping the lattice constants similar to each other is essentigesired film thickness. After heating the sample was cut into
for this purposé.Because the ionic radius of Mg (0.57 A) _several pieces for dn‘ferel_‘nt experiments, then thermal anneal-
is similar to that of ZR* (0.60 A), a wide range solubility of iNg was performed fiol h in an Q environment at 700 °C to
Mg in the zinc blend could have been obtained in the film. crystallize the zinc oxide film. The infrared spectrum was
Recently, thin films of MgzZn, _,O alloys with larger band Measured by a BIO-RAD FTS-3000 spectrophotometer hav-
gaps than ZnO were obtained by pulsed laser depositiofid @ resolution of 4 cm" in the range 400-4000 ch,
(PLD), laser ablation molecular-beam epitayBE) and rf mdlcatlng that there was not any organic component in the
magnetron sputtering o(0001)-sapphire substratés® x is ~ film above 350°C.
up to 0.36 while keeping the ZnO hexagonal structure. The ~The x-ray diffraction (XRD) was measured by a
band gap can range from 3.36 to 4.00 eV. Quantum welP/max-rA x-ray diffractometer(Rigaku using CKa of
heterostructures based on these films have achieved low5418 A to determine crystal structure. An UV-360 Spectro-

threshold stimulated emission or laser action up to roonPhotometer(Shimadzy was used for the optical character-
temperaturé®! ization. In photoluminescence, the excitation source was a

Although there are many studies of M, _,O alloys He—Cd laser with a wavelength of 325 nm and a power of 50
and the heterostructures based on them, few reports focus &, and the luminescence signals were detected by an UV
their photoluminescencéPL) properties. In this article the Microlaser Raman spectrometer made in France.
sol-gel deposition method was used to fabricate Xfg ,O
alloy films and their PL properties were studied. The sol-gellll. RESULTS AND DISCUSSION

In order to determine the maximumvalue in the thin
dElectronic mail: dxzhao@china.com film alloy with the unique ZnO wurtzite structure, the XRD
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FIG. 1. XRD spectra of different M@n, _,O thin films: (a) ZnO, (b) x

=0.05,(c) x=0.15, (d) x=0.36, and(e) x=0.46. FIG. 3. Photoluminescence spectra for the,Kig _,O films with different

Mg contentga) ZnO, (b) x=0.05,(c) x=0.15,(d) x=0.36 samples at room
temperaturdthe inset is the total photoluminescence energy as a function of

pattern was employed. The XRD spectra of the films arécitation energy densily

shown in Fig. 1. There are three main peaks in the spectra,
which belong to th€100), (002), and(101) directions of the
ZnO wurzite structure when the value is not more than
0.36. Compared with ZnO thin films, the diffractive angle of
the (002 direction is larger in the M@n,_,O films. This

made within this region. Because the Mg, ,O (0=x
=<0.36) alloy has the same structure as ZnO with a wider

S5 , . E4, Mg,Zn,_,O is a suitable material for potential barrier
result indicates that the 2h ions are successfully substi- layers in ZnO based device and a good quality

tuted by M@ " ions in the ZnO lattice. Also, it can be seen ZnO/Mg,Zn, _,O heterojunction could be made.

that all these films are-axis oriented and the-axis orienta- The excitoxnic character of the films is also apparent in
tion becomes weak when the g content in the films in- " he photoluminescence spectra. The films were excited with
creases. When the value exceeds 0.36 an unpurity peakiha 325 nm line of a He—Cd lasé825 nm) and the intensity

located at 43° appears. It belongs to the cubic MgO structure, 45 controlled at 900 W/ctnThe photoluminescence spec-
This result indicates that in order to keep the ZnO wurtziteo taken at room temperature are shown in Fig. 3 with

structure the M§" content in the film should not be more =0, 0.05, 0.15, and 0.36. It can be seen that all the samples
than 9'36' i ~ have only one peak located in the ultraviolet region of the
Figure 2 shows the transmittance spectra of the films,ectra which originates from the excitonic near-band-gap
fabricated on a quartz substratg at room temperature. All thgmission. There are not any emission peaks related to Zn or
samples are high transparent in the visible region from 40y y4cancy. The emission peak transfers from 3.3 to 3.46 eV
to 800 nm and have a sharp absorbtion band in the UV rezg the Mg+ content increases in the film. The luminescence
gion. The excitonic nature of_the fl_Ims_ is clearly z_ipparent iNbeaks show a stokes shift to the lower energy side of the
the specta. Because the exciton binding energy is almost thg,qqhtion edge. This Stokes shift of the luminescence peaks
same as ZnQ@~60 eV) in the Mg.Zn, O alloy thin films, 5 frequently observed in alloy semiconductors, where carri-
the exciton peak remains present for all alloy compositiongyg fee| different potentials depending on the local concen-
with increasing Mg concentration. By considering the exCi~yation and/or arrangement of the substituting elements. This

ton effect, the band gapEg) of these alloy films are esti-
mated. The band gap is shown as a functiox of the inset

of Fig. 2. TheEy increases almost linearly up to 3.93 eV for
0=x=0.36, which indicates that the band gap can be tailor
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FIG. 2. Transmittance spectra of i, _,O thin films at room tempera-

ture: (@) Zn0O, (b) x=0.05,(c) x=0.15,(d) x=0.36,(e) x=0.46[the inset is
the band gapEg) by considering exciton effeft
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effect is larger is ZnO than in Ill-V semiconductors, because
the Bohr radius of excitons in ZnO is as small as 18 A and
the excitons are therefore more sensitive to local
inhomogeneity* The insert of Fig. 3 illustrates the inte-
grated photoluminescence intensity as a function of excita-
tion energy density for the MgsZng o:O sample. The data
are well described by a line of slope 1.18 on this logarithmic
plot.

Taking into account free-exciton, bound-exciton, free-to-
bound transitions, and the donor—acceptor pair recombina-
tion, the power dependence of the luminescence lines can be
described by amn~L"“ law, wherel is the luminescence in-
tensity andL is the excitation laser intensityx is a
coefficient'® For the excitation laser light with» exceeding
the gap energ¥,, the coefficient« is generally ¥ «<2 for
free- and bound-exciton emission. Based on this theory, our
experimental data lie within this area which indicates that the
photoluminescence of the Nign, _,O film is due to the ex-
citon transitions. Since the recombination process is exci-
tonic, the full width at half maximuntFWHM) values of the
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could be tuned from 3.4 to 3.93 eV by adjusting the Mg

content. Within this tuning range the crystal quality was suf-

ficiently preserved to maintain the excitonic nature resulting

T T in very efficient ultraviolet emission. The emission intensity

depends on the excitation density. By comparing the photo-

luminescence of MgZn, ,O with ZnO at different tempera-

; : ; : ; : tures, we can attribute the UV emission from Mg, _,O

300 350 400 450 500 550 600 thin films to exciton transition. Thus, M@n,; ,O films can
Wavelength (nm) be considered not only as barrier layers for the ZnO active

layer, but also as an ultraviolet light emitting material.

Intensity (a.u.)

FIG. 4. PL spectra at different temperaturegAf ZnO, (B) Mgq 0sZNg 0.
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