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Summary: A broadband optical transparent InGaAs
semiconductor layer production of micron thicknesses
was produced in only 75s by thermionic vacuum arc
(TVA) method at the first time. The optical and surface
properties of the produced layers have been inves-
tigated. InGaAs structure is using in electronics and
optoelectronics devices. The main advantage of TVA
method is its fast deposition rate, without any loss in the
quality of the films. Doping is a very simple and fast
according to common production methods. InGaAs is an
alloy of indium arsenide (InAs) and gallium arsenide
(GaAs). InAs with (220) crystallographic direction and
GaAs with (024)/(022) crystallographic directions were
detected using by XRD analysis. GaAs and InAs are in
the cubic and zinc blende crystal system, respectively.
According to the transmittance spectra, sample has a
broadband transparency in the range of 1000-3300 nm.
According to results, defined TV A method for In doping
to GaAs is proper fast and friendly method. SCANNING
38:297-302, 2016. © 2015 Wiley Periodicals, Inc.
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Introduction

Gallium arsenide (GaAs) and doped GaAs are widely
used semiconductor compounds used in some diodes,
photovoltaic, opto-electronic device, field-effect tran-
sistors (FETs), fiber optic communication, solar cell,
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infra red detectors, and lasers (Levine, '93; Devaux
et al.,’95; Raisky et al., ’98; Metzger et al., 2001; Choi
et al., 2005). Many applications, GaAs structures are
doped with trace impurity elements. Doping of semi-
conductors is the process of locally manipulating their
charge carrier density and conductivity. This is a key
technology for semiconductor-based electronic devices
(Norman et al., 2005; Chen et al., 2009; Oswald et al.,
2010).

Conventional doping is usually achieved via the
bombardment of semiconductors with energetic ions
(the dopants) followed by thermal annealing; this is
referred to as ion implantation. General chemical
formula of III/V doped semiconductor is given as
In,Ga;_4As. x ratio was calculated as 0.12 in this paper.
Obtained general formula of produced layers is
Ing 1,Gag ggAs (Guha et al., ’90; Chin and Lin, 96,
Schapers et al., ’98; Mukai and Sugawara, ’99; Parker
et al.,’99; Metzger et al., 2001; Dal Savio et al., 2006).
We report a new growth method for InGaAs. The
generated plasma was produced together with doping
element (In) and GaAs material. X-Ray Diffraction
(XRD) characterization, field emission scanning elec-
tron microscopy (FESEM), energy dispersive X-ray
spectroscopy (EDX), atomic force microscopy (AFM),
UV-Vis-NIR spectrophotometry, optical tensiometry
and an interferometry measurement systems and tools
were used for the identification of the produced InGaAs
sample.

Experimental

A thermionic vacuum arc (TVA) technique was used
for the first time production of In,Ga;_As thin films.
TVA is an anodic plasma generator and thin films can
also produce. (Okur et al., 2007; Ekem et al., 2008;
Balbag and Pat, 2011; Pat et al., 2013, 2014a,b). InGaAs
thin film layers were coated on glass substrates. A
schematic drawing of the TVA method is shown in
Figure 1 (Pat et al., 2013). We present a new deposition
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Fig 1. Schematically view of the TVA electrode arrangement
[20].

method in a very short production time of 75s for
InGaAs thin film. High-purity GaAs (0.25g) and In
(0.05 g) were used as the anode material. The parameters
of TVA are the filament current (18 A), applied voltage
(500V), working pressure (4. 1073 Torr), deposition
time (75 s) and discharge current (approximately 0.5 A).
All production and measurements were realized at room
temperature.

Results and Discussion

InGaAs is an alloy of gallium arsenide and indium
arsenide. Chemically formula is given as In,Ga;_As.
The properties of InGaAs can be varied by changing the
ratio of In amount (Guha et al., ’90; Chin and Lin, *96;
Schapers et al., *98; Parker et al., ’99; Metzger et al.,
2001; Dal Savio et al., 2006). The thickness of
the produced In doped GaAs layers, InGaAs, were
measured as approximately 2 pum. Thickness of the
deposited layer was measured using Filmetric F20 tool.
Thickness of the film calculates by reflection measure-
ment of the deposited layer. Cauchy model is used for
the determination of the thickness.

PANalytical Empyrean XRD was used to determine
of the microstructure and crystallographic data. XRD
spectra were recorded in the 2-Theta range between 20°
and 90° using CuKa radiation at 40mA and 40kV
(A=1.5406 A). Film dimensions were 1 x 1 cm. XRD
spectra of In doped GaAs layer is given in Figure 2. All
samples were grown on glass substrates. All peaks were
assigned in Figure 2. Crystal direction was found to
be (022) plane and (024) plane for the InGaAs/glass

As (012)
GaAs (022)
GaAs (024)

InAs (220)

T T T

20 40 60 80
2 Theta

Fig 2. XRD spectra of deposited InGaAs.

sample at 45.322° and 75.060°. Other peaks at
approximately located at 42° and 33° corresponds to
(220) plane for InAs (Wells et al., ’95) and (012) plane
for As. Some crystallographic data are summarized in
Table 1. According to XRD data, produced InGaAs
alloys have two crystal phases. These are GaAs (card
number: 98-060-0516), As (card number:98-001-6517),
and InAs.

After a critical thickness of the thin film phase
increases with the film thickness. The critical film
thickness is affecting the substrates temperatures
(Bouchoms et al., ’99).

A scanning electron microscope with a field emission
cathode (Zeiss Supra 40VP) was used for surface
imaging analyses. Field emission scanning electron
microscope images are shown in Figure 3. As can be
seen in Figure 3, two type spherical structures have been
observed. These types are similar to each other. These
structures are called small sphere and big sphere. Big
sphere structures are formed from small spheres. Small
sphere diameter is approximately 3040 nm.

Supra V40 was used for the EDX analyses. The
elemental analysis results are shown in Table II.
Obtained EDX spectrum is shown in Figure 4. Chemi-
cally formula of deposited material is given as In,Ga,;_
<As. x value calculated as 0.10. This ratio calculated
from EDX analysis results. This ratio is the most
common value for the presented papers about In doped

TaBLe | Crystallographic information obtained from XRD
spectra

InAs (taken

from ref. 21) GaAs As
(hkl) (220) (022)/(024) (012)
Crystal system Zinc blende Cubic Hexagonal
d space (A) 2.14 1.99/1.26 2.76
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Fig 3. FESEM images of deposited InGaAs.

TaBLe II  EDX analysis results

Element Weight ratio (%) Atomic ratio (%)
Gallium 65 70
Arsenic 20 20
Indium 15 10

paien

GaAs structures (Wells ef al., ’95; Chin and Lin, *96;
Guzelian et al., ’96; Parker et al., ’99; Zhuang et al.,
2000; Metzger et al., 2001; Dal Savio et al., 2006;
Oswald et al., 2010).

Ambios Q-Scope AFM was used to determine
surface morphology and surface roughness. AFM
measurements were realized at room temperatures.
Cantilever is NSC16. Resonance frequency was found at
185.8 kHz. Force constant of the cantilever is 42 N/m.
Non-contact mode was used for all AFM measurements.
Operating software is AFM Q-Scope. Auto engaging
mode of software was used. 2D and 3D AFM images are
shown in Figures 5. The AFM images were obtained
using a 4000 x 4000 nm” scale. The average surface
roughness (RMS) was calculated as 26 nm for from
the seven parallel lines of the surface by AFM Q-scope
operating software. This value for the InGaAs can
be obtained using traditional deposition methods such as
MBE and MOCVD. Obtained images are similar to
FESEM images.

Optical absorption and transmission measurements
have been carried out using Shimadzu Solid Spec-
3700 DUV Spectrophotometer covering the spectral
range from 190 to 3300nm. Absorption values are
relatively high. Especially, produced materials are
completely absorbed the UV-Vis region. An absorb-
ance spectrum of the sample is shown in Figure 6(a).
InGaAs detector has highly transmittance the light for
the wavelength range 800-1800 nm. But, the structural
properties of the InGaAs can affect the transmission

14
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Fig 4. EDX spectra of deposited InGaAs.
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Fig 5. 2D and 3d AFM images of InGaAs.

range. These values can shift to upper wavelengths
based on structural properties. As can be seen in
Figure 6(b), deposited InGaAs layer absorbs wave-
lengths below approximately 1000 nm. Up to 3300 nm,

obtained layers are relatively  transparent.
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Transparency decreases with the increasing film
thickness. Film thickness is increase with the
deposition process time in TVA. Also, thickness of
the film depends on the growth rate and morphology
(Taguchi et al., 2002). Broadband optical transparent
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Fig 6. Transmittance and absorbance spectra.
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InGaAs layers of micron thicknesses have been
achieved. Production duration is only 75s.

A (ahv)*eV plot was used for the band gap
calculations. The plot is shown in Figure 6(c).
According to this plot, band gaps of 0.47, 0.60, and
1.00eV were determined. Band gap of the un-doped
GaAs is approximately 1.45eV (Pat et al., 2015).
Doping impurities and rates strongly affects this value.
This is concluded that GaAs compound are linked to
another element, because band gap values are decreased
to lower value. The band gap of the InAs structure is
giving between 1.05 and 1.15 eV (Guzelian et al., ’96). x
value for In,Ga;_cAs are strongly effect ban gap values
of the structure. Also, doping concentration or defect
distribution can affect the all properties (Marchewka
et al., 2014). The band gap energy of the In,Ga;  As
varies between 0.50eV and 1.00eV. x value is varied
between 0.07 and 0.77 (Schapers et al., ’98; Parker et al.,
’99; Zhuang et al., 2000; Metzger et al., 2001; Pat et al.,
2015). Obtained band gap values are very close to
literatures values.

The surface free energies were calculated from the
contact angle measured by an Attension Theta Lite
tensiometer. Water, ethylene glycol, di-iodomethane,
and formamide liquids were used as a heavy phase for
surface free energy (SFE) measurements. The SFE of
the solid is proportional to the surface tension. SFE is the
proportion of surface tension for the solids. The method
used and the results obtained are shown in Table III. The
minimum value of the measured contact angle (CA) was
measured as over 105° for water. It shows that layers are
hydrophobic. The SFEs of the films are calculated by
various methods. These measurements results were
summarized in Table III. Photo image of the used liquid
droplets for the SFE determination are illustrated in
Figure 7.

TaBLE Il CA and SFE values

CA () Method SFE (mJ/m?)

Water 105 Acid-Base 29
Formamide 97 Equation of state 23
Ethylene glycol 81 OWRK/Fowkes 31
Di-iodomethane 45 Wu 33

Zisman 25

(a) (b) © .
Water Formamide  Ethylene glycol Di-iodomethane
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Fig 7. Photo image of the used liquid droplets.

Conclusion

In this paper, a new broadband optical transparent
InGaAs layer production of micron thicknesses was
produced in only 75s. The properties of the produced
layers have been investigated. InGaAs is an alloy of
indium arsenide and gallium arsenide. In content, x is the
most important properties for the properties of the
In,Ga;_As. InAs with (220) crystallographic direction
and GaAs with (024)/(022) crystallographic directions
were detected using xrd tool. GaAs and InAs are in the
cubic and zinc blende crystal system, respectively. Good
surface morphologies and optical properties using by
TVA method were obtained. According to the trans-
mittance spectra, sample has a broadband transparency
in the range of 1000-3300nm. Band gap energy is
strongly influenced with doping impurities. 1.45eV
transition cannot detect in obtained layer. x value for
In,Ga, 4As is strongly effect the band gap values and
surface properties of the sample. The band gap energy of
the In,Ga,_  As varies between 0.50eV and 1.00eV.
Obtained band gap value is 0.9 eV and this is very close
to literatures values. According to results, introduced In
doped method is a proper and friendly method for mass
and experimental producing method.
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