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The structural, morphological, optical, and electrical properties of Ga-doped ZnO NPs layer prepared by
spray-coating method have been studied in this research, concerning two main topics with obtained two

significant outcomes.

The 1% main topic is the effect of Ga-doping into ZnO NPs depending on the annealing temperature was
investigated. This research focuses on the consequences of annealing temperature on electrical properties.
One of the important aspects of this study is the Ga-diffusion mechanism. However, the crystallite size and
the orientation of sprayed NPs, both are affected by the annealing with Ga-doping. To confirm the Ga-doping
into ZnO, Ga 3d, Zn 3d, and O 1s spectra were analyzed through XPS measurement. The variation of the
peak intensity and the energy difference suggested the Ga atoms diffused from Ga>O3 into ZnO NPs. The
lowest sheet resistance attained 225 Q/sq in “Ga>03/ZnO mixed and thermally treated in air’’. It was
therefore proposed that the NPs annealing at 800°C in our thermal diffusion type Ga-doping process plays
an important role to reduce the resistivity of sprayed NPs layer which will improve the electrical conductivity
to aim the TFT operation.

The 2™ main topic is the electrical conductivity of Ga-doped ZnO NP layers in terms of structural, optical,

and electrical properties in relation to their thermal atmosphere.

Firstly, the structural properties of Ga-doped ZnO NPs layer have been investigated. The Ga-doped ZnO



NPs layer deposited on quartz substrates mainly shows high a-axis preferred orientation perpendicular to the
substrate when deposited at 800°C, while the undoped ZnO shows both poor c-axis and a-axis orientation
identical with lots of defects. Such poor structural properties and defects seriously degrade the performance
of electrical conductivity of the NPs layer. The thermally Ga-diffused ZnO NPs samples registered a higher
intensity, indicating improved crystallite growth and crystallinity. So, the high-temperature annealing leads
to improvement of structural properties, depending on its ambient atmosphere. To understand the effects of
these ambient phenomena separately, we employed the open-air, wet-air, dry-air, N2, and O» atmosphere
during annealing. It was observed that improving the structure causes the crystallite size to increase and the
crystallite boundary scattering to decrease, resulting in decreased resistivity which leads to the improvement
of electrical conductivity of the NPs layer. The electrical conductivity was strongly deteriorated by the
crystallite size and the crystallite boundary scattering induced by the inadequate structural properties.

Secondly, optical measurements were used to investigate the progression of the defect mechanism based
on the previous findings. The native defects are cause for the degradation of electrical properties and
discussed each defect separately by deconvoluting the PL spectra. The donor-acceptor pair (DAP) emission
and the redshift of the exciton emission indicate the successful Ga doping into ZnO NPs.

Thirdly, the electrical properties of Ga-doped ZnO NP layers were investigated depending on the
annealing atmosphere. It was found that the electrical conductivity of Ga-doped ZnO NP layers was
significantly improved (increased 1000 times or greater) compared to the undoped layer. Using open-air and
wet-air atmosphere during annealing, a very low resistivity of 8.0 x 102 Q/sq and 8.8 x 10? Q/sq was achieved
which improved the current transportation ability between the TFT channel layer. This dramatic variation of
sheet resistance is mainly due to the high humidity effect. It had been suggested that humidity is considered
to play a key role in enhancing the characteristics of Ga-doped ZnO NPs layers during annealing.
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DAL S —ERD Zn A Ga JRFLEEXHb-> TS Z L 2R L TWD. ki ohk
DA XHREL 2D, T LM, fHENEIEMEERPUBIZE S L TW5D &m0 T
W5, BEETIHAEONEFE S LICRESYE, Ga BWLEIF O T A FIHKOE N % FEHNC FEAMR
LTW5. BiEL D KKT CREFZRFEREHBZN, KRAROWRELETHDHEHESCHBBEOMY A &
D ERMEIIHEVEDSPIRIEPTUL LAV ERRHENTWD. iR s minEzeEg L %
ARZZETHAFOKGONREZRERLL, HIRFIZ XL D n LD ZRLAK S FIZ X D Zn i
Ol E GaBIRET VEERLZLTVD. I HIZH LI ZnO:Ga KifJg BIZ TFT Z#/Ef L,
> F—7"7Zn0 ki % AW 5A & T 1000 (OB EFEZFHSOZ L RSN TN 5.
56 BIIAR LOBIENILRR SN TN D,

KL THONDRERIL, SHBORENHIR SN D FHEERL 7 v AT 2 EERH LA
LT HDOTHY, FHHBIRLEMNCOARRRRLBZOND. K XONEIIL 7 =
U= AT LD DM 2O ZEim L e L TH#E SN TS, DLEARARICEHE L TY
B SR SCITAE T 5 L58, Bk L fE LTz



