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Abstract 
 
To explore thin transparent electroluminescence and electric conductive films by sol-gel technique, Sb2O3 
doped n-type ZnO ceramics powders were prepared by sol-gel technique and photoluminescence properties 
were measured. Then, the influences of composition and heat treatment temperature on photoluminescence 
properties were investigated in detail. With respect to the dopant concentration, about 1 mol% addition of 
Sb2O3 was effective to increase photoluminescence intensity. With respect to heat treatment temperature, 
800○С was appropriate, and rather higher heat treatment temperature resulted in the formation of Zn7Sb2O12 
and decrease the intensity. The excited ultraviolet wavelength of 200 nm was proper to intense photolumi-
nescence. 
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1. Introduction 

ZnO is aⅡ-Ⅵ type semiconductor with direct transition of 
3.37 eV. Further, the exciton binding energy is 60 meV at 
room temperature, while which of GaN currently used for 
blue light emitting diode (LED) is 25 meV. Moreover, 
GaN is a point contact LED, which means that it cannot be 
used as plane display, although ZnO ceramics can be con-
sidered to be used as plane LED. That is significant ad-
vance in display application. Recently, the successful 
preparation of ZnO diode which has 10 times larger emis-
sion efficiency than GaN LED was reported [1]. Thus, 
ZnO is a promising material for the future display device. 

For the practical use of ZnO ceramics, it should have 
electroluminescence property. Al or Ga was successfully 
doped in ZnO and make it electrically conductive [2-4]. 
Similarly, the addition of Sb2O3 is expected n-doped 
ZnO making electric conductive. However, no report has 
been concerned with the influence of Sb2O3 doping into 
ZnO ceramics to the author’s knowledge. 

To develop electroluminescence materials, photolu-
minescence property is important since the relaxation 
process is quite similar. The difference between those 
properties is only the difference in electron excitation 

process. The oxygen defects can be considered to cause 
emission process [4,5]. Thus, emission process and elec-
trically conducting process are pointed out to be relating 
oxygen vacancies [6,7] 

The sol-gel preparation technique is quite useful and 
easy technique to prepare thin oxide films because of the 
technique using solution state, and it is applicable to 
prepare ZnO ceramics on transparent glass substrate 
[8-10]. The advantages of the sol-gel technique for film 
preparation is the possible coating on the complicate 
shapes of the surfaces, the preparation under the ambient 
atmosphere at room temperature and the high homogene-
ity of the resultant products. 

Therefore, this paper reports sol-gel preparation of 
Sb2O3 doped ZnO polycrystalline ceramics and these 
photoluminescence properties. 

2. Experimental Procedure 

Figure 1 indicates the flowchart of the sample prepara-
tion. The raw chemicals were commercially available, 
and analytical grade Zn(CH3COO)2・2H2O, SbCl3, 
NH2CH2CH2OH(MEA) and CH3OC2H4OH(MEH)  
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Figure 1. Flowchart of the sample preparation. 
 
(Nakalai Tesque Co. Ltd.) 

The precursor liquids were prepared by the addition 
of .Zn(CH3COO)2・2H2O and SbCl3 into mixed MEA and 
MEH stirred for 30 min at 60○С. The composition of the 
precursor liquid is tabulated in Table 1. 

The liquid was stirred well at 60○С and gel was de-
rived after 3 days. The liquid was turned to be viscous 
since water and some parts of organics may be evapo-
rated. The liquid was hold in glass wares and exposed to 
air without any cap. 

The gels were derived from the precursors after heat 
treated for 3 days at 60○С. Then, gels were fired to 
400○С for 5○С/min and at 400~1,150○С for 1h in air. 

X-ray diffraction (XRD) patterns of the obtained 
powders were detected using Ni-filtered Cu-Kα radiation 
(Rigaku Ultima IV) as X-ray source. 

Photoluminescence spectra were measured UV-Vis 
spectrophotometer using Xe light at 200, 220 and 250 
nm for the derived powders. 
 
3. Results and Discussion 
 
Figure 2 depicts the dependence of photoluminescence 
spectra on the excited different UV light wavelengths, in 
specific, 200, 220 and 250 nm. Since the power of the 
excited light is the same and second-order emitting light 
intensity should be similar, it can be elucidated that the 
intensity is strongest by 200 nm excitation, and decreases 
as longer excitation wavelength by comparing with the 
intensity of second-order emission of Xe lump. In spe- 
cific, the intensity of 470 nm luminescence by 200 nm  
 

Table1. Composition of the starting liquids. 
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Figure 2. Influence of excited light wavelength on photolu-
minescence. 
 
excitation is so intense to be comparable with that of 400 
nm second-order emission peak of Xe lump. Similar 
tendency can be seen for all samples. Therefore, we fo-
cus on the luminescence by excitation of 200 nm hereaf-
ter. This phenomenon implies the bandgap of oxygen 
defects or exciton is over 6.2 eV. 

The photoluminescence spectra heated at 600○С for var-
ious Sb2O3 concentration are shown in Figure 3. To com-
pare them with each other, the second-order emission in-
tensity is determined as the standard. Hereafter, all spectra 
are normalized by the second-order emission of Xe light 
source which is 400 nm. The strongest photoluminescence 
peaks are located near 470 nm (3.1 eV) for all samples, and 
that increases to near 1.0 mol% Sb2O3 addition and then 
decreases as increasing the dopant concentration. 

Figure 4 depicts the powders heated at 800○С for the 
various Sb2O3 concentration. Similarly, the strongest 
peaks appear at near 470 nm for all samples, and about 1 
mol% addition is most effective to increase photolumi-
nescence spectra.  

The influence of heat treatment temperature on the in-
tensity is shown in Figure 5 for 1 mol% Sb2O3 concen-
tration powder. Except the sample heated at 400○С, all 
other samples show the strongest peak at near 470 nm.  
 

 
Figure 3. Influence of Sb2O3 concentration after heated at 
600○С on photoluminescence. 
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Figure 4. Influence of Sb2O3 concentration after heated at 
800○С on photoluminescence. 
 

 
Figure 5. Influence of heat treatment temperature for ZnO 
powder containing 1 mol% Sb2O3. 
 
The intensity increases to 800○С as heat treatment tem-
perature increases, but higher heat treatment lowers the 
peak intensity. 

Figure 6 summarizes the influences of the dopant 
concentration and heat treatment temperature on the peak 
at near 470 nm. From this figure, it can be said that about 
1 mol% addition of Sb2O3 is the most efficient and 
800○С is also efficient to enhance 470 nm photolumi-
nescence intensity. 
 

 

Figure 6. Influences of Sb2O3 concentration and heat 
treatment temperature on photoluminescence. 
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Figure 7. XRD patterns of the ZnO powder containing 1 
mol% Sb2O3 after heat treated at various temperatures. 
 

The XRD patterns obtained for 1 mol% Sb2O3 doped 
ZnO polycrystalline powders at the various heat treat-
ment temperatures are shown in Figure 7. One can only 
see ZnO crystalline peaks in the patterns below 800○С 
heat treatment. It implies the Sb3+ ions are uniformly 
dispersed in ZnO matrix and crystallinity is improved as 
heat treatment temperature increases since the full width 
at half maximum of ZnO (101) monotonically decreases 
with increasing heat treatment temperature. 

Careful observation of the peaks from the powder heat 
treated above 1000○С reveals the formation of Zn7Sb2O12 
crystal. Thus, it is elucidated that the formation of the 
complex ceramic crystal lowers the photoluminescence 
intensity. 
 
4. Conclusions 
 
Sb2O3 doped ZnO polycrystalline powders were suc-
cessfully prepared by sol-gel technique, which will be 
used for future dip coating films preparation. 

With respect to the influence of dopant concentration, 
about 1 mol% addition of Sb2O3 was effective to enhance 
photoluminescence intensity. 

With respect to heat treatment temperature, 800○С was 
good for increasing photoluminescence intensity. Further 
higher temperature was good in sense of crystallinity, but 
formation of complex crystal lowered the intensity. 
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