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Research on the properties of p-type and n-type thin films

— materials for transparent optoelectronic devices

Pei-Ci Yang, Chih-Chuan Fu, Yong-Shun Huang, Bo-Wel Huang, Bing-Chen Hou, Zhi-Hong Jian, Sheng-Hong Wang, You-Xuan Hu,
Yung-Hui Shih*, Guo-ju Chen*

Department of Materials Science and Engineering,l-SHOU University
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Flgure 10. SEM surface structure of Cu,O flims Flgurell SEM  cross- sectlon Of Cu,0O fllms
grown on Cu,O buffer layers on glass substrate grown on Cu,O buffer layers glass substrate at
at 90°C with hydrothermal time of 6 hours, that 90C with hydrothermal time of 6 hours, that
have different precursor concentrations: have different precursor concentrations: (€)0.5M
(2)0.5M (b)0.4M (c)0.3M and (d)0.2M in (f)0.4M (g)0.3M and (h)0.2M.

hydrothermal method.

LI

Flgure 6ASEM|magesatmagn|f|cat|on of 1OK of fllm Wlth dlffer thlknesses
(a)500A, (b)750A and (c)1000A annealed at 500°C. SEM images at magnification of 30K with - .
different films thicknesses: (d)500A, (e)750A and (f)1000A. Conclusions

B ITO films have the best electrical properties at a thickness of 750 A and an @ Cu,O films at precursor concentration of 0.2M have the best electrical
annealing temperature of 500°C (resistivity is 2.99x103Q-cm, Carrier mobility properties (Resistivity is 2.00x10%Q-cm, Carrier concentration is 7.45x10%3cm3),
IS 4.8cm?/V/s, carrier concentration is 4.35x10'%cm-3, photoelectric quality factor and have flat surface suitable for optoelectronic devices. Change the concentration
IS 3.45x101°Q1, of precursors to obtain thin films with different preferred orientation.

References: [1] G.J. Exarhos and X.D. Zhou, “Discovery-based design of transparent conducting oxide films”, Thin Solid Films, vol.515, 2007, pp.7025.
[2] Andreas Stadler, “Transparent Conducting Oxides—An Up-To-Date Overview ”, licensee MDPI, 2012.
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The study on preparation and properties of lanthanide-copper

oxysulfide bismuth-doped thin films

Y| Chi Wang, Hung-Yu Chen, Yi-Ying Tung, Yi-Yang Qiu, Si-Yu Lin, Ji-Yan Luo, You-Wei Zhang, Kal-Ze Gao, Young-Hui Shi, Guo-Ju Chen *
Department of Materials Science and Engineering, I-Shou University, Kaohsiung, Taiwan
In this experiment, the RF magnetron sputtering was used to deposit lanthanum-copper oxides films on the
guartz glass substrates. The effects of different bismuth doping concentrations (Oat~20at.%) and different
sulfidation temperatures on the properties of lanthanumstrontium-copper oxide were discussed. The sulfurization
temperature is 600" C ~800° C, and the mass of sulfur powder is 2 grams. Sulfur powder is placed near the opening
of the tube furnace, the annealing atmosphere Is atmospheric argon, and the sulfurization time is 2 hours. The
experimental results show that the transmittance and resistivity of the LaCuQOS films doped with 10% BI at a
sulfurization temperature of 800°C are 62% and 1.81 x 103 Q-cm, respectively. Meanwhile, FOM of the film
(1.07 x 10-4Q1) is the optimal in our study.

Target preparation = = = LaCuO doped Bi(0%~20%)
Substrate selection — = = Quartz substrate
Substrate temperature - 25°C l
Sputtering atmosphere Ar/(Ar +0,) : 50% (12sccm)
Sputtering power : 100W F—- - Sputtering conditions
Sputtering time : 30min l
-3
Work pressure : 4x10~torr e » | RF Sputtering LaCuO
in f1 ml eposition (doped Bi) film
Temperature : 600°C ~800°C - — Vulcanization — = = LaCuOS (doped Bi) film
Atmosphere ' Ar 1
Time : 2hrs
Sulfur : 2g Analysis of film properties
XRD FE-SEM UV-Vis HAII

LaCuOS film doped with 10% Bi at different sulfurization temperatures (600~800 " C) 0% ~ 20% Bi doped LaCuOS film at temperature of 800° C sulfurization temperatures

15.0kV 12.0mm x50.0k SE(U) 00u unh u __ o s iV Al 00u
Fig.1 The plane and cross- sectlonal views of SEM for the LaCuOS fllms doped with 10% Bi, Fi9.6 The plane and cross- sectlonal views of SEM for the LaCuOS films, under
under different sulfurization temperatures of (a)600 C, (b)700"C, (c)800"C. sulfurization treatment, with different Bi doping content of (a)0at.%, (b)10at.%, (c)20at.%
Results and Discussion Results and Discussion
XRD Optical property XRD Optical property
§Z gs= &8 252 s8% & g5 g8z §=gz=5¢ 100
=S See s oo SoC o OF 600 52.79% —————————— e —— 0% 73.02%
I | % ! ! |§ f ——— 700 30.35% : ! . ; L L i 10% 62.06%
2 P T ——800 62.06% 0 20% 44.75%
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20 (degree) Wavelength (nm) 26 (degree) Wavelength (nm)
Fig.2 XRD pattern of LaCuOS films with different Fig.3 The transmittance curves of LaCuQS thin films with Fig.7 XRD pattern of LaCuOS films with different Bi Fig.8 The transmittance curves of LaCuOS thin films, under
sulfurization temperatures under 10% Bi doping. different sulfurization temperatures under 10% Bi doping. doping contents (0~20at.%) under sulfurization treatment. sulfurization treatment, with different Bi doping (0~20at.%).
Hall Measurement FOM Hall Measurement FOM
—m— Resistivity (Q2-cm) N 7200 10” 10° 6 ~ 2.0x10™ 0 —u— Figure of Meri
10° —e— Hlobiltit\' (cm’/V-s) ' - - I —n— Figure of Merit —a— Resistivity (©-cm) : 10° |- Figure of Merit
—a— Carrier concentration (cm™) 118 1! R 10 —*— mobility (cm’/V-s) 1.
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‘-E{h 1 ¢ E L 020 ; E 10° | = 1° 2 “-E:/ % 4
c | = sox10” = 2 S 10}k { = ox10? 2 = 10'fF -
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0 6:30 . 7l;0 . 8:]0 40 Jasxe” 107 6:‘!0 . 7:10 . 8:10 'k : * : ' : 0 . 10 0 . 10 . 20
Sulfurization Temperature (°C) Sulfurization Temperature (°C) Bi content (at%) Bi content (at%)
Fig.4 Hall effect measurement of LaCuQOS films with different Fig.5 The quality factor of LaCuOS films with different Fig.9 Hall effect measurement of LaCuOS films with different Bi ~ Fig.10 The quality factor of LaCuQS films with different Bi
sulfurization temperatures under 10% Bi doping. sulfurization temperatures under 10% Bi doping. doping content (0~50 at.%), under sulfurization treatment. doping contents (0~20at.%), under sulfurization treatment.

conclusions

The experimental results of LaCuOS films with different sulfurization temperatures and different doping
levels show that LaCuOS films doped with 10% Bi at a sulfurization temperature of 800 C have good
photoelectric properties with a transmittance of 62.06% and an energy gap of 3.09 eV, the resistivity of
1.81 x 103 Q-cm, the carrier mobility of 3.11cm?/Vs, and the carrier concentration of 1.11 x 1041 (cm3).
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Persistent Red Emission of ZnGa,0,:Cr°" Thin Film Fabricated by Sol-gel Process

Yu-Chien Tseng, Yi1-Sin Cheng and Ying-Chi Lin
Advisor: Huy-Zu Cheng

Department of Materials Science and Engineering, I-Shou University, Kaohsiung, Talwan
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reveals that the Cr’*ions are located mainly at octahedral sites. Our result shows that high intensity persistent red emission can be achieved while

the pH value of the precursor solution is controlled at 6 and the doping concentration is kept at 2.5 atomic percent .

Experimental Precedure

4. Photoluminescence Spectroscopy

—— pH4

Z(';‘(?CHIS_IC(S(;)Z (20) Preparational
5717 22)3 (a0) Precursor solution
Cr(NO3)3*9H,0
oH value control | atpH4~5-~6-~7-38
PEG400
Heating at 80 °C for 6 hrs
Spin coating
Calcination at 700 °C for 2 hrs
UV lamp XRD PL SEM

Fig. 1. Experimental procedure

Experimental Results
1. Structure ldentification
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Fig. 5. The photoluminescence(PL)spectra are measured by He-Cd

laser excitation with A=325nm. PL spectra of

ZnGa,0, thin film changed pH value at 4,5,6,
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7,8.
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Experimental Discussion

Fig. 2. XRD patterns of 2.5 at % Cr°" doped ZnGa,0, thin film

changed pH value at 4,5,6,7,8.
2. Emission under UV Lamp

substrate

Fluorescent lamp

Ao, =254 NM

CO

20 (degree)

C24

C438 Cr2

As shown in Fig. 1. Cr’": ZnGa,0, precursor solution was synthesized by
sol-gel method using tris(acetylacetonato)gallium(l1l) and zinc acetate as the
reactants. The solution was spin-coated on the C- plane sapphire substrate,
and finally calcined at 700 'C. Fig. 2. is the XRD patterns of ZnGa,O, and
Cr’*: ZnGa,0, thin films synthesized at different pH value. The XRD patterns
Indicate that no other phases are formed besides ZnGa,O,. The nanocrystal
grain size iIs about 23-26 nm calculated by Scherrers’ equation. It Is also
found that as the condensation time of the gelation process increases, the
uniformity and thickness of the thin film improves as shown in Fig. 3.. The
morphologies are observed by scanning electron microscope (SEM) as shown
In Fig. 4. and the diameter of nanocrystals are in nanometer scale. The room
temperature PL spectra of cr*: ZnGa, 0, thin-film synthesized at different
pH are shown in Fig. 5. which show the highest emission at a wavelength of
694 nm. Based on the above results, we found a linear relationship between

Fig. 3. The as grown ZnGa,O, thin film illuminated under

fluorescent lamp , UV lamp with wavelength 254 nm and 365 nm at

different condensation time for 0, 24,48, 72 hrs.

3. Morphology Observation

the grain size and emission Intensity while t

ne pH value of precursor

solutions is kept lower than 6. However, as the

oH value higher than 6, the

emission intensity drops as the pH increases as shown in Fig. 6..

Conclusions

Fig. 4. SEM diagram of 2.5 at %
changed pH value at 4,5,6,7,8.

Cr’* doped ZnGa,0O, thin film

1) When the condensation time of sol-gel processes increases, the
uniformity and thickness of thin film also increases.

2) The diameter of nanocrystals Is strongly related to the pH controlling
of precursor solution.

3) pHG6 has the highest photoluminescence intensity and largest crystal

grain size.

The authors are grateful to MOST for the financial support of this
study under the Contract No. MOST110-2221-E-214-016 and No.
MOST108-2635-E-214-002.




Phosphorescence Fine Tuning of Cations Doped
Zinc Gallate Nanocrystals Synthesized by Citrate Sol-Gel Method

Hsin-Tzu, Yu and Jia-Hul, Lin
Advisor : Huy-Zu, Cheng

Abstract

Department of Materials Science and Engineering, I-Shou University, Kaohsiung, Taiwan

Cations doped ZnGa,0, (ZGO) nanocrystals were prepared by citrate sol-gel method. The crystalline structures of prepared nanoparticles
are identified by X-ray diffraction (XRD). Our results show that the diameters of nanocrystals (NCs) are 20~48 nm after calcination at 700
‘C or above for 2 hours and the NCs’ size increases as the calcination temperature increases. The photoluminescence (PL) spectra shows

that Mn4* doped ZGO with A

Max

at 508 nm is attributed to “T,—=>°A, transition. Besides, the near-infrared emissions A

at 694 nm 1Is

Max

attributed to “E >*A,, transition. This results reveals that the Mn=*ions are located mainly at the tetrahedral sites and the Cr**ions are

located mainly at the octahedral sites.

Experimental
80 C, 2hr 110 C 700 'C~900 C
Precursor |—J] Heating || drying [—.J} calcination analysis
XRD || SEM || PL || UV
Fig. 1. Citrate sol-gel procedure
Results and Discussions
& Structure Identification by XRD
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>
‘N pH=5, 0 at %
5
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A ] _
Y | | (No. 20-0426)
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‘ | | | . (No. 36-1451)
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Fig. 3. XRD patterns of 1 at % I\/Ing)+ %op%d Z%Gazo4 nanocrystals calcined

at temperature of 700 C.
& Under UV Lamp Observation & PL Analysis
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Fig. 5. Above picture shows grown 0~3 at % Mn?* doped ZnGa,O, NCs illuminated under
UV lamp with wavelength 254 nm and below picture shows the photoluminescence (PL)
spectra are of 1 at % Mn?* doped ZnGa,0O, nanocrystals calcined at temperature of 700 °C.

& SEM for Morphology Analysis

L o e 4 ! :
| d

15.0kV. 12.0mm x100k SE(U) . 500n

Fig. 2. SEM diagram of ZnGa,0O, nnocrystals (a) undoped, (b) Mn?*:ZGO, 1 at %, 700 C
(c) Cr3*:ZGO, 1 at %, 700 °C, (d) Cr*:ZGO, 1 at %, 900 °C
The SEM micrographs in Fig. 2. reveals that NCs’ morphologies are almost
micro-spherical. Besides, as the calcination temperature increases the size of

nanocrystals of ZGO and ZnO increases and aggregates together which may
allow defects within the NCs.

15.0kV 12.0mm %100k SE(U) . 500nm 15.0kV 12.0mm X100k SE( 500nm 15.0kV 11.7mm x100k SE(U) 500nm

pH=5, Cr’*: ZnGa,0O,, 1 at %
T=700°
T=750 °C
g A A
S =800 °©
2 A 4
‘N
- =85
D
I= A
a S |2 ~ 5 =~ . T=900°C
0 T 7|5 : = 2 g8
X ‘ | | | L 0L
s 9 _ S ZnQ, JCPDS No. 36-1451
8 2|g S J L g N
~ N oL I N @/S
\T | L I \ll | . IT/
ZnGaZO4, JCPDS No. 38-1240
' | ' | ! | - | ; i ;
20 30 40 50 60 70 80

20 (degree)
Fig. 4. XRD patterns of 1 at % Cr3* doped ZnGa,O, nanocrystals calcined at temperature of
700, 750, 800, 850,and 900 °C.
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Fig. 6. Above picture shows 1 at % Cr3* doped ZnGa,O, NPs illuminated under UV lamp with
wavelength 254 nm and below picture shows the photoluminescence (PL) spectra are excitation
with A=325 nm at 700, 750, 800, 850, 900 °C.

As the results In Fig. 3. the synthesized Mn doped gallate were then identified with XRD. We found the JCPDS card of ZGO, ZnO, and Ga,0,. By XRD pattern,
we check these nanoparticles are ZGO structure. In Fig. 4. shows by carefully examination of the XRD patterns, a tiny amount of zinc oxide was generated
accompany with the production of zinc gallate. The zinc oxide (101) phases as indicated by A in the figure. As the result shown in Fig. 5. we saw green emission
under UV lamp with wavelength 254 nm, and according PL spectra, when ZGO doped 1 at % Mn#* under pH=5, green emission is found at A,,= 508 nm. . The
unusual intense green emission could possibly result from the oxygen vacancy of zinc oxide. Due to the green emission the Cr3* doped Zinc gallate NCs emit

orange light as shown in Fig. 6.
Conclusions

1. According to PL spectra, when ZGO doped 1 at % Mn?* under pH=5, green emission is found at . .= 508 nm.
2. The ZGO doped 1 at % Cr3* under pH=5 at 750 C, there is purely red emission.
3. Zinc oxide phase with very little amount while the NCs calcined at temperature higher than 800 C with Cr3* doping.

4. This enhancement in oxygen vacancy provides one to tune the color of emission light.
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