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ABSTRACT

We report on the synthesis of 2D GaN materials by the so-called liquid metal chemistry and tuning of their composition
between oxide and nitride materials. This technique promises easier integration of 2D materials onto photonic devices
compared to traditional “top-down” and “bottom-up” methods. Our fabrication method is carried out via a two-step liquid
metal-based printing method followed by a microwave plasma-enhanced nitridation reaction. The synthesis of GaN relies
on plasma-treated liquid metal-derived two-dimensional (2D) sheets that were squeeze-transferred onto desired substrates.
We characterized the composition and optical properties of the resulting nm-thick GaN films using AFM, XPS, and
ellipsometry measurements. Finally, the optical indices measured by ellipsometry are compared with theoretical results
obtained by density functional theory (DFT). Our results represent a first step toward integrating 2D materials and
semiconductors into electronics and optical devices.
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1. INTRODUCTION

The development of silicon photonics in the last two decades has led to the realization of a wide range of compact optical
devices that can manipulate or transfer light across a chip. However, when it comes to light emission or nonlinear optical
properties, silicon is intrinsically limited, calling for the use of other materials with complementary properties. Since the
isolation of graphene in 2004, several kinds of monolayer materials have emerged, offering new properties that can
advantageously complement silicon photonics. In this context, various 2D materials have been integrated into a scalable
and silicon-compatible platform, as they could provide a pathway toward realizing optoelectronic devices with enhanced
functionalities [1].

In particular, gallium oxide (Ga,05) and gallium nitride (GaN) stand out due to their interesting optoelectronic material
properties. Indeed, wide-band-gap 2D Ga,04 films of liquid gallium alloys have found unique applications in electronics
[2], photonics [3], sensing [4], resistive switching [5], and bio-inspired artificial technologies [6]. Many different liquid
phase methods have been shown for synthesizing Ga,05; based on hydrothermal, microwave, and other solvothermal
approaches [7-15]. However, such synthesis techniques generally require an extended processing time of up to several
days. On the other hand, GaN has attracted attention because of the advent of ultraviolet, blue, and green light-emitting
diodes [16], lasers [17-18], photodetectors [19], and solar cells [20]. These properties are due to its wide bulk bandgap (3.4
eV), which facilitates the efficient emission of blue and near UV light [21]. In addition, the high carrier mobility and
chemical robustness, together with the piezoelectric and pyroelectric properties of GaN, have enabled a number other
critical applications, such as the design of optoelectronic quantum wells, a variety of field effect transistors, energy



harvesting systems, sensors, and photocatalysts. [22-26]. However, traditional fabrication techniques, such as mechanical
exfoliation, cannot be applied to GaN due to its wurtzite structure which features covalent bonds in all three dimensions
[27]. On the other hand, epitaxial methods are efficient but costly; whereas lower costs CVD methods do not allow thin
films of several unit-cell thicknesses to be achieved due to inherent nucleation.

It has recently been shown that 2D materials can be fabricated via the method of ‘liquid metal chemistry’ (LMC) [28],
which promises the integration of 2D materials onto photonic devices with more ease than traditional methods. This method
is a two-step process consisting of a liquid metal-based printing method followed by a microwave plasma-enhanced
nitridation reaction [29]. The term liquid metals covers metals and metal alloys present in liquid form below approximately
350°C, which includes several post-transition elements, group 12 elements, and their alloys [30]. Resorting to gallium
enables the synthesis of ultrathin Ga,05; nanosheets through the self-limiting oxide layer which forms on the surface of
liquid gallium at room temperature [31] in a few seconds. Subsequently, ultrathin GaN can be synthesized using a plasma-
assisted nitridation reaction on the deposited Ga,05 nanosheets.

Here we report fast and low-cost synthesis of 2D GaN nanosheets that can be deposited directly onto flat substrates and
silicon photonic devices such as optical waveguides. This technology paves the way towards the realization of hybrid
photonic circuits that locally exploit 2D materials so as to adjust or enhance the optical properties of mature silicon photonic
chips.

2. FABRICATION

The synthesis based on LMC relies on a two-step process utilizing the squeeze-printing of 2D Ga,03, which is then
converted into GaN using a plasma-assisted nitridation. In this work, as shown in Figure 1, a tiny droplet (~1 mm in radius)
of liquid gallium (m.p. 29.8 °C) was placed on a SiO-terminated, atomically flat silicon wafer. A second Si wafer was
firmly pressed onto the droplet, effectively squeezing the droplet. After the squeezing process, the top substrate was lifted
and separated vertically. Upon removal of the top substrate, a large and continuous film of ultrathin gallium oxide was
revealed. The Ga,05 sheet remained attached to the SiO. surface due to strong Van der Waals forces.

Subsequently, oxide sheets are converted into nitrides using a microwave-activated nitrogen/hydrogen plasma reaction.
The synthesis was carried out in a microwave plasma-enhanced chemical vapor deposition reactor at a substrate
temperature of ~320 °C using a plasma consisting of N» (99.5%) and H; (0.5%). The pressure in the plasma chamber was
1 Torr. The plasma was generated with a RF power of 150 W, the concentration of the Ha/N2 gas mixture was controlled
by setting flow rate of the gases to 200 sccm/1 scem, respectively, measured by a mass flow controller (MFC). During the
transformation to GaN, the samples were exposed to the plasma for 10 minutes.
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Figure 1. Synthesis process of large-area ultrathin GaN nanosheet. Schematic illustration of the squeeze-printing technique
for depositing oxide skins onto substrates. The liquid metal droplet is squeezed between two Si substrates allowing the transfer
of the layer. Then the synthesized 2D Ga, 05 is converted to 2D GaN utilizing a microwave-activated nitrogen/hydrogen
plasma in a plasma reactor.



3. CHARACTERIZATION

3.1 X-ray photoelectron spectroscopy (XPS)

To ascertain that a quantitative conversion of Ga,05; to GaN occurred, X-ray photoelectron spectroscopy (XPS) was
utilized and relevant spectra were compared before (Fig. 2d) and after the nitridation process (Fig 2a-c). XPS analysis was
conducted on samples grown on SiO,/Si substrates using a Thermo Scientific K-alpha XPS spectrometer equipped with a
monochromatic Al K-a source (hv = ~1486.7 eV). The analyzer was operated with a pass energy of 50 eV to record the
core-level spectra with 300 um spot size and 50 scans number for each sample. All the samples are adjusted with the C-C
bond of carbon at 284.68 eV. Figure 2a shows the XPS spectra of a doublet in the Ga2p region centered at ~1118.19 eV
and ~1144.8 eV corresponding to 2p3/2 and 2p1/2, respectively, in good agreement with expected values for GaN [32,
33]. The observed N1s peak at binding energy ~398.1 eV also corresponds to the N1s peak of GaN [33] (Figure 2b). To
explore whether the degree of oxygen substitution in the developed 2D GaN samples was reduced compared to Ga,05, we
compared the O1s for GaN and Ga,05. For GaN, in Figure 2c, the O1s peak centered at ~532.2 eV is in good agreement
with the expected oxygen peak of the SiO, substrate [34]. In Figure 2d, we can see a double peak for O1ls, the peak at
~530.9 eV can be assigned to the O-Ga-O bonds in gallium oxide, and the O1s peak at binding energy ~532.2eV can be
ascribed to the Si-O bonding from SiO- substrate. The absence of peak at ~530.93eV for (c) confirms the effectiveness of
the nitridation process for converting Ga,05 into GaN.
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Figure 2. Material characterization of 2D GaN and Ga, 04, after and before the nitridation process. (a, b and c) XPS results
of the 2D GaN for the spectral regions of interest, (a) Ga 2p (b) N 1s (c) O1s (d) XPS result for O1s of the 2D Ga,05.

3.2 Atomic Force Microscopy (AFM)

In order to explore the consistency of the synthesized ultrathin GaN sheets, atomic force microscopy (AFM) was conducted
on the deposited layer. Figure 3 shows the results from the measurement. The GaN was found to have formed a continuous
and atomically flat nanosheet, approximately 3 £ 0.2 nm in thickness. In general, the ultrathin sheets featured minimal
cracks and holes, and consistent thickness across large distances, on the order of ~100 pum (i.e., compatible with the typical
size of integrated optical devices).
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Figure 3. Morphology and structural characterization of 2D GaN. AFM topography image of a GaN sample taken at the edge
of a nanosheet; the height profile was measured along the red line.

3.3 Spectroscopic Ellipsometry (SE)

Understanding Ga,05; and GaN refractive index is essential to designing and analyzing gallium-based optoelectronic
devices. Although the optical properties of Ga,05 thin films have been investigated [35-38], there remains a lack of
experimental measurement of the properties of ultrathin Ga, 05 sheets. Similarly, for GaN, available data focuses on either
bulk or thin layers and is not suited for the study of ultrathin GaN sheets [39—43]. Therefore, further studies and more
accurate measurements are needed to assess the properties of both materials in their 2D form.

Spectroscopic ellipsometry (SE) is a non-destructive characterization technique which can be performed on arbitrary
materials in order to determine thin film layer thicknesses and/or optical constants. It has been used to study Ga,05 [44-
48] and GaN [49-53] bulk optical properties. In this report, the Ga, 05 and GaN ultrathin films were measured using a SE
covering wavelengths from 260 to 2100 nm at 70° of angle incidence to determine the refractive index (n) and extinction
coefficient (k) as a function of wavelength.

Figure 4a shows the refractive index and extinction coefficient of Ga,05 deposited on Si substrates extracted by fitting the
SE measurements with a Tauc Lorentz model for a 2.78+0.13 nm thick film. We obtain a refractive index of around 1.89
at 632nm and 1.865 at 980 nm wavelength, which is close to that given in Ref. [67] for Ga,05 films (n=1.91 at 980 nm).
We repeated our measurement after transformation of Ga,05; into GaN. Figure 4b displays the refractive index and
extinction coefficient of GaN after the nitridation process. The extracted refractive index is 2.318 at 632 nm and 2.14 at
980 nm, showing that the nitridation process was effective in turning the oxide films into GaN with distinct optical
properties. This value is only slightly lower than the values found in the literature for bulk GaN crystals (n = ~2.34 at
632nm), metalorganic chemical vapor deposited (MOCVD) GaN layers (n = ~2.33 at 632 nm) on sapphire from Ref. [69]
and GaN epilayers (n~2.42 at 632 nm) from Ref. [71]. To confirm the accuracy of our measurement, we calculated the
theoretical optical indices of Ga, 05 an GaN using density-functional theory (DFT). The relatively good agreement between
the experimental optical indices and DFT results is also an indication of the structural quality of the ultrathin layer and the
effectiveness of the nitridation process. We note that the relatively high index difference (~0.42) between the Ga,05 and
GaN thin films is relevant for adjusting the optical properties of silicon photonic devices on top of which this 2D material
could be deposited.
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Figure 4: Optical properties of Ga, 05 and GaN ultrathin films, extracted from spectroscopic ellipsometry and DFT in the

range 600—1600 nm. (a) Shows the refractive index n and extinction coefficient k of Ga, 05 as a function of wavelength, (b)

shows the refractive index n and extinction coefficient k of GaN as a function of wavelength.




4. CONCLUSION

In conclusion, we reported the realization of ultrathin Ga,05 and GaN films by liquid metal-based van der Waals squeeze
printing technique followed by a plasma assisted nitridation process. A liquid metal-based reaction route that relies on the
exfoliation of naturally occurring interfacial oxide of molten gallium, followed by the subsequent microwave plasma
enhanced nitridation reaction, is reported to obtain ultrathin 2D GaN sheets. The use of a reactive N, /H, plasma was found
to induce the replacement of oxygen atoms with nitrogen. The proposed synthesis method is scalable and fast, providing
access to large-area 2D GaN nanosheets. We characterized the composition and optical properties of the resulting nm-
thick Ga, 05 and GaN films using XPS, AFM, and Ellipsometry measurements. DFT calculations of Ga, 05 and GaN were
conducted to compare the optical indices obtained by Ellipsometry, and give further evidence of the nature of the resulting
thin films. This work provides a pathway towards integrating 2D materials onto hybrid photonic chips so as to locally

adjust or functionalize an otherwise passive optical circuit.

Acknowledgments

We thank the facilities and technical assistance of the Institut des Nanotechnologies de Lyon (INL) and RMIT Micro Nano
Research Facility (MNRF) and the assistance of RMIT Microscopy and Microanalysis Facility (RMMF). The authors also
thank the I3E ECLAUSIon project that supported this project under funding from the European Union's Horizon 2020
research and innovation program under the Marie Sktodowska-Curie grant agreement No 801512 and ALphFA.

REFERENCES

[1] Youngblood, Nathan, and Mo Li. "Integration of 2D materials on a silicon photonics platform for optoelectronics
applications." Nanophotonics 6, no. 6 (2017): 1205-1218.

[2] D.K. Sarfo, R. Taylor , A.P. O’Mullane , Investigating liquid metal galinstan as a high current carrier and its interaction
with collector electrodes, ACS Appl. Electron. Mater. 2 (2020) 2921-2928.

[3] B.R. Tak, S. Kumar , A.K. Kapoor, D. Wang, X. Li, H. Sun, R. Singh , Recent ad- vances in the growth of gallium
oxide thin films employing various growth techniques—a review, J. Phys. D Appl. Phys. 54 (2021) 453002.

[4] M. Kim, S. Seo ,Flexible pressure and touch sensor with liquid metal droplet based on gallium alloys, Mol. Cryst. Lig.
685 (2019) 40-46.

[5] D. Gutiérrez , J. Alejandro de Sousa , M. Mas-Torrent , N. Crivillers , Resistive switching observation in a gallium-
based liquid metal/graphene junction, ACS Appl. Electron. Mater. 2 (10) (2020) 3093—-3099.

[6] Y.G. Park , G.Y. Lee, J. Jang , S.M. Yun , E. Kim , J.U. Park , Liquid metal-based soft electronics for wearable
healthcare, Adv. Healthc. Mater. 10 (2011) 2002280.

[7] K. Girija, S. Thirumalairajan, A. K. Patra, D. Mangalaraj, N. Ponpandian, C. Viswanathan, Semicond. Sci. Technol.
2013, 28, 035015.

[8] Qian, Hai-Sheng, et al. "Template-free synthesis of highly uniform a-GaOOH spindles and conversion to a-Ga203 and
-Ga203." Crystal Growth and Design 8.4 (2008): 1282-1287.

[9] Li, Di, et al. "lonic liquid-assisted synthesis of mesoporous a-Ga 2 O 3 hierarchical structures with enhanced
photocatalytic activity." Journal of Materials Chemistry A 1.40 (2013): 12417-12421.

[10] Hou, Yidong, et al. "Synthesis, characterization and photocatalytic activity of f-Ga203 nanostructures.” Powder
Technology 203.3 (2010): 440-446.

[11] Zhang, Jie, et al. "A simple method to synthesize 3-Ga203 nanorods and their photoluminescence properties.” Journal
of crystal growth 280.1-2 (2005): 99-106.

[12] Fujihara, Shinobu, Yoshiki Shibata, and Eiji Hosono. "Chemical deposition of rodlike GaOOH and B-Ga203 films
using simple aqueous solutions." Journal of the Electrochemical Society 152.11 (2005): C764.

[13] Quan, Yu, et al. "Synthesis and characterization of gallium oxide nanowires via a hydrothermal method." Materials
Chemistry and Physics 121.1-2 (2010): 142-146.

[14] Patra, Chitta Ranjan, Yitzhak Mastai, and Aharon Gedanken. "Microwave—assisted synthesis of submicrometer GaO
(OH) and Ga203 rods." Journal of Nanoparticle Research 6.5 (2004): 509-518.

[15] Liu, Xiaohe, et al. "Gallium oxide nanorods by the conversion of gallium oxide hydroxide nanorods.” Journal of
alloys and compounds 439.1-2 (2007): 275-278.



[16] X.H. Wang, L.W. Guo, et al., Control performance of a single-chip white light emitting diode by adjusting strain in
InGaN underlying layer, Appl. Phys. Lett. 94 (2009) 11913.

[17] Strite, A. S., and Hy Morkog. "GaN, AIN, and InN: a review." Journal of Vacuum Science & Technology B:
Microelectronics and Nanometer Structures Processing, Measurement, and Phenomena 10, no. 4 (1992): 1237-1266.

[18] A. Avramescu, T. Lermer, et al., InGaN laser diodes with 50 mW output power emitting at 515 nm, Appl. Phys. Lett.
95 (2009) 071103.

[19] M.A. Khan, J.N. Kuznia, et al., High-responsivity photoconductive ultraviolet sensors based on insulating single-
crystal GaN epilayers, Appl. Phys. Lett. 60 (1992) 2917-2919.

[20] C.J. Neufeld, N.G. Toledo, et al., High quantum efficiency InGaN/GaN solar cells with 2.95 eV band gap, Appl. Phys.
Lett. 93 (2008) 143502.

[21] Ponce, F. A.; Bour, D. P. Nitride-based semiconductors for blue and green light-emitting devices. Nature 1997, 386,
351.

[22] Agrawal, R.; Espinosa, H. D. Giant piezoelectric size effects in zinc oxide and gallium nitride nanowires. A first
principles investigation. Nano Lett. 2011, 11 (2), 786—790.

[23] Bykhovski, A. D.; Kaminski, V. V.; Shur, M. S.; Chen, Q. C.; Khan, M. A. Pyroelectricity in gallium nitride thin
films. Appl. Phys. Lett. 1996, 69 (21), 3254—3256.

[24] Li, L.; Mu, X.; Liu, W.; Kong, X.; Fan, S.; Mi, Z.; Li, C.-J. Thermal non-oxidative aromatization of light alkanes
catalyzed by gallium nitride. Angew. Chem., Int. Ed. 2014, 53 (51), 14106—141009.

[25] Jeong, H.; Jeong, H. J.; Oh, H. M.; Hong, C.-H.; Suh, E.-K.; Lerondel, G.; Jeong, M. S. Carrier localization in In-rich
InGaN/GaN multiple quantum wells for green light-emitting diodes. Sci. Rep. 2015, 5, 9373.

[26] Huang, Y.; Duan, X.; Cui, Y.; Lieber, C. M. Gallium nitride nanowire nanodevices. Nano Lett. 2002, 2 (2), 101-104.

[27] Moram, M. A.; Vickers, M. E. X-ray diffraction of IlI-nitrides. Rep. Prog. Phys. 2009, 72 (3), 036502.

[28] Zavabeti, Ali, et al. "A liquid metal reaction environment for the room-temperature synthesis of atomically thin metal
oxides." Science 358.6361 (2017): 332-335.

[29] Syed, Nitu, et al. "Large Area Ultrathin InN and Tin Doped InN Nanosheets Featuring 2D Electron Gases." ACS nano
16.4 (2022): 5476-5486.

[30] Aukarasereenont, Patjaree, Abigail Goff, Chung Kim Nguyen, Chris F. McConville, Aaron Elbourne, Ali Zavabeti,
and Torben Daeneke. "Liquid metals: an ideal platform for the synthesis of two-dimensional materials.” Chemical
Society Reviews (2022).

[31] Syed, Nitu, Ali Zavabeti, Md Mohiuddin, Baoyue Zhang, Yichao Wang, Robi S. Datta, Paul Atkin et al.
"Sonication-assisted synthesis of gallium oxide suspensions featuring trap state absorption: test of photochemistry."
Advanced Functional Materials 27, no. 43 (2017): 1702295.

[32] Syed, N. et al. Wafer-sized ultrathin gallium and indium nitride nanosheets through the ammonolysis of liquid metal
derived oxides. J. Am. Chem. Soc. 141, 104-108 (2019).

[33] Elkashef, Nahlah, R. S. Srinivasa, S. Major, S. C. Sabharwal, and K. P. Muthe. "Sputter deposition of gallium nitride
films using a GaAs target." Thin Solid Films 333, no. 1-2 (1998): 9-12.

[34] Wurdack, Matthias, et al. "Ultrathin Ga203 glass: a large-scale passivation and protection material for monolayer
WS2." Advanced Materials 33.3 (2021): 2005732.

[35] Liu, Zhifu, Toshinari Yamazaki, Yanbai Shen, Toshio Kikuta, Noriyuki Nakatani, and Yongxiang Li. "O2 and CO
sensing of Ga203 multiple nanowire gas sensors." Sensors and Actuators B: Chemical 129, no. 2 (2008): 666-670.

[36] Yan, Jheng-Tai, and Ching-Ting Lee. "Improved detection sensitivity of Pt/B-Ga203/GaN hydrogen sensor diode."
Sensors and Actuators B: Chemical 143, no. 1 (2009): 192-197.

[37] Al-Kuhaili, M. F., S. M. A. Durrani, and E. E. Khawaja. "Optical properties of gallium oxide films deposited by
electron-beam evaporation." Applied physics letters 83, no. 22 (2003): 4533-4535.

[38] Marie, Philippe, Xavier Portier, and Julien Cardin. "Growth and characterization of gallium oxide thin films by
radiofrequency magnetron sputtering.” physica status solidi (a) 205, no. 8 (2008): 1943-1946.

[39] Lin, M. E., B. N. Sverdlov, S. Strite, H. Morkoc, and A. E. Drakin. "Refractive indices of wurtzite and zincblende
GaN." Electronics Letters 29, no. 20 (1993): 1759-1760.

[40] Amano, Hiroshi, et al. "Room-temperature low-threshold surface-stimulated emission by optical pumping from AlO.
1Ga0. 9N/GaN double heterostructure.” Japanese journal of applied physics 32.7B (1993): L1000.

[41] G. Yu, H. Ishikawa, T. Egawa, T. Soga, J. Watanabe, T. Jimbo and M. Umeno: Jpn. J. Appl. Phys. 36 (1993) L1029.

[42] Kawashima, Takahiro, et al. "Optical properties of hexagonal GaN." Journal of applied physics 82.7 (1997): 3528-
3535.



[43] Yu, G., et al. "Optical properties of Al x Ga 1— x N/GaN heterostructures on sapphire by spectroscopic ellipsometry."
Applied physics letters 72.18 (1998): 2202-2204.

[44] Onuma, Takeyoshi, Shingo Saito, Kohei Sasaki, Tatekazu Masui, Tomohiro Yamaguchi, Tohru Honda, Akito
Kuramata, and Masataka Higashiwaki. "Spectroscopic ellipsometry studies on 3-Ga203 films and single crystal."
Japanese Journal of Applied Physics 55, no. 12 (2016): 1202B2.

[45] Rebien, M., W. Henrion, M. Hong, J. P. Mannaerts, and M. Fleischer. "Optical properties of gallium oxide thin films."
Applied physics letters 81, no. 2 (2002): 250-252.

[46] Segura, A., Lluis Artas, Ramoén Cuscd, R. Goldhahn, and M. Feneberg. "Band gap of corundumlike o— Ga 2 O 3
determined by absorption and ellipsometry." Physical Review Materials 1, no. 2 (2017): 024604.

[47] Passlack, M., E. F. Schubert, W. S. Hobson, M. Hong, N. Moriya, S. N. G. Chu, K. Konstadinidis, J. P. Mannaerts,
M. L. Schnoes, and G. J. Zydzik. "Ga203 films for electronic and optoelectronic applications.” Journal of applied
physics 77, no. 2 (1995): 686-693.

[48] Roberts, J. W., P. R. Chalker, B. Ding, R. A. Oliver, J. T. Gibbon, L. A. H. Jones, V. R. Dhanak, L. J. Phillips, J. D.
Major, and FC-P. Massabuau. "Low temperature growth and optical properties of a-Ga203 deposited on sapphire by
plasma enhanced atomic layer deposition." Journal of Crystal Growth 528 (2019): 125254.

[49] Zauner, A. R. A., M. A. C. Devillers, P. R. Hageman, P. K. Larsen, and S. Porowski. "Spectroscopic ellipsometry on
GaN: Comparison between hetero-epitaxial layers and bulk crystals.” Materials Research Society Internet Journal of
Nitride Semiconductor Research 3 (1998).

[60] Kim, Tae Jung, Jun Seok Byun, Young Dong Kim, Yia Chung Chang, and Hye Jung Kim. "Optical properties of GaN
by using ellipsometry and a band calculation.” Journal of the Korean Physical Society 53, no. 3 (2008): 1575-1579.

[61] Boher, P., S. Bourtault, and J. P. Piel. "Spectroscopic ellipsometry applied to the characterization of Gan and
AlGaN/GaN hetero-structures." In Proceedings-Electrochemical Society, pp. 258-264. Electrochemical Society,
2003

[62] Yang, Tao, Shigeo Goto, Masahiko Kawata, Kenji Uchida, Atsuko Niwa, and Jun Gotoh. "Optical properties of GaN
thin films on sapphire substrates characterized by variable-angle spectroscopic ellipsometry.” Japanese journal of
applied physics 37, no. 10A (1998): L1105.

[63] Biswas, A., D. Bhattacharyya, N. K. Sahoo, Brajesh S. Yadav, S. S. Major, and R. S. Srinivasa. "Spectroscopic
ellipsometry studies of GaN films deposited by reactive rf sputtering of GaAs target.” Journal of Applied Physics
103, no. 8 (2008): 083541.



