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Abstract Experimental setup XPS data analysis Hall Measurements
Substrate: 2-inch diameter conventional C-plane sapphire_ Table 1: Hall measurement result for conductive sample grown at 5x10-2 torr.

Indium doped B-Ga,O, have been a major research interest for 16 torr
P 273 J Target Composition: 25% Indium doped B- Ga,0; Ing 5 Gag 750. A PEEIEEE

the last few decades due to their importance in bandgap Growth Conditions. M Resistivity 0.05118 Q-cm
| Carrier

engineering to fabricate high-power electronics, deep UV _ 1.737x109 cm-3
photonic devices, and nuclear detectors. In this work, we Concen_tr_at'on et
deposited two types of (In Ga,,),0, alloy with x=25%, 5000 pulses at a 5SHz repetition rate N MOb”_Ity 102 emVs
: : Sheet resistance 4.27x10% Q/o
samples at 620 °C substrate temperature while varying the Laser energy : 250mJ M’k\w
partial oxygen chamber pressure from 1x10-3 to 5x10-2 torr. The |
electron mobility analysis of the samples demonstrated
significant conductivity for the high oxygen pressure grown
Indium doped B-Ga,O; (IGO) compared to the poor carrier
mobility of low O, pressure grown [GO. Further crystal

analysis exhibited polycrystalline behavior for the conductive _ _
samples and monoclinic, near single-crystalline behavior for J— <The metal hydroxide (M-OH) or C-O bond for surface Thickness measurements by Ellipsometry

the non-conductive samples. The conductive sample has a & \ contamination is represented by the peak at 531.9 eV. Table 2: The thickness of the samples.

mobility of 7.02 cm?Vs1, resistivity of 0.05118 Q-cm, and a Y R % %The intensity of metal oxide (M-O) signal is much higher in Sample with specific Thickness (nm)
carrier concentration of 1.737x10¥® cm. According to the [ . f ] 5102 torr than in 1x10- torr pressure

bonding analysis, such superior mobility can be attributed to
the generation of free electrons due to the reduction of trap sites

caused by a higher number of metal-oxygen lattices in the IGO Fig 1. Working princinal of pulsed laser deposition (PLD). | |
thin film. “*This may occur at the high growth pressure because more

Results and Discussions oxygen is introduced into the chamber, and the mean free path of
the ablated plumes In the chamber becomes shorter which causes Conclusion

more Intense interaction. o o o
Wavelength A = 1.540562 A v 25% IGO with high pressure exhibits good conductivity

Introduction Incident X-rays st whereas IGO grown at low oxygen pressure exhibits poor

(@) b : "
Importance of Ga,O,: 2 - [\ (b) carrier mobility.

Ultra-large bandgap =5etorr

d<ing i —AD(0 Raw . .
f 2dsin Pt tor Sum v' Comparative surface analysis of these two samples were
.ngh breakdown fleld dI 0 O § i% o 0o Constructive interference when
*High thermal stability ad s
90 0

M-O
—— ClO or OH performed to investigate these phenomenon.
5 &s @ Bragg's Law v" Further studies on structural-property correlation of IGO
. . . d sin thin films will enable us to fabricate efficient next-
B-Ga_le% subsFrates with WeII_-controI_Ied doping gnable ItS F1g 2. Working principal of X-Ray diffraction. / K generation HEMT devices.
applications in optoelectronic devices and high-power T ’ — T

6|eCtrOnICS [1] _ _ o o Binding Energy (eV) Binding Energy (eV)
d IGO thin film exhibits monoclinic peaks at 18.88°, 38.16°, | _
Fig. 5: XPS spectra of O 1s core level for IGO films grown at (a) oxygen pressure of 5x10-2

58.95°, and 81.74°, which correspond to the reflection planes torr, (b) 1x10- torr. References
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o —||gh density Of unintended eleCtrQn Can‘iers d The peakS of the Sapphire substrate at 20'510! 41.44° and ultraviolet t’ransmitting’ B-Ga,0, Si,ngle crystals. Appl Phys Lett 70:3561
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Target to substrate height: 1.5 inch We observed that, increasing the chamber pressure from 1x10-3

Absorption of laser pulse in material: Fig 4: The survey spectrum of X-ray photoelectron spectroscopy (XPS) of IGO thin film. to 5x10-2torr results in a sufficient carrier concentration of 1.7
= (1—R)le~ L= Source to target distance x 1019 cm3. For this high concentration, we got a significant

_ . .. . - -y 2 1 = L
R = Reflectlc_)n co-efflc_:n?nt Iy = Ir_1tens_|t}/ of laser power %The peak of the O 1s, located at 529.78eV, denotes the metal Hall mobility of 7.02 cm#Vs* and a reasonable resistivity of
a = Attenuation co-efficient D = Diffusivity of the material oxide (M-O) lattices. 0.05118 Q-cm.
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“*Metal oxygen lattices can help to reduce trap sites, which can _

_ le=3torr 210
lead to a large concentration of free electrons [3].

XRD data analysis
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Current challenges:

respectively. Ga 2p,, —5e* torr I 19:2 torr [2] Zhang, J., Shi, J., Qi, D.C., Chen, L. and Zhang, K.H., 2020. Recent progress on the electronic
3 We observed an additional peak at 30.64° for hlgh oxygen —5e™ torr structure, defect, and doping properties of Ga203. APL Materials, 8(2), p.020906
pressure, which corresponds to the cubic (222) plane.
d But this diffraction peak iIs not prominent at low oxygen
Pressure.

Pulsed laser deposition (PLD):
*Substrate temperature

*Deposition rate

*Wide range of materials deposition
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[3] He, F., Qin, Y., Wang, Y., Lin, Z., Su, J., Zhang, J., Chang, J. and Hao, Y., 2021. Aqueous
444 65 e\/ Solution Derived Amorphous Indium Doped Gallium Oxide Thin-Film Transistors. IEEE Journal
of the Electron Devices Society, 9, pp.373-377.
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Optimized properties for the experiment:
*Substrate temperature

eL_aser repetition rate

*Growth pressure

*Height between the substrate and target _ _ _
> Itis found that at 5x10-2 torr oxygen pressure, the intensity of

Characterization: binding energy Iis slightly shifted for both Ga2P,;, and In3d;/, TEXAS S TATE
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X-ray diffraction (XRD) - spectrum. |
» Moreover, we observed a peak at 531.9 eV in O1s spectrum.

*X-ray photoelectron spectroscopy (XPS 01 - ————— 1
-Ellip)s/opmetry i Py (PS) 20 i %0 e 7080 So, at higher pressure there Is a possibility to have oxygen that UNIVERSITY

20(°)
operate as shallow donors and generate free electrons.
*Hall measurements Fig 3: XRD patterns for IGO films at different oxygen pressure of 5x10-2 and 1x10-3 torr. P J
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3 Fig. 6: XPS spectra of (a) Ga2P,,, and (b) In3d;;, for IGO films grown at oxygen pressure
' of 5x102 torr, and 1x10- torr.
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