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TECHNOLOGICAL PROCESSES FOR THE PRODUCTION
OF NWS FROM GALLIUM NITRIDE (GaN) BY CVD METHOD

Abstract. Gallium nitride (GaN) is a III-V semiconductor with a direct zone gap of ~3,4 eV. GaN has
important potentials in white light-emitting diodes, blue lasers and field-effect transistors due to its superthermal
stability and excellent optical properties, playing major roles in future lighting, in order to reduce the cost of energy
and sensors to withstand radiation. The article provides an overview of the authors' research on GaN obtained by the
CVD method, which is a much more promising material than other traditional materials. The physical properties are
compared to improve the material parameters, the methods of obtaining and the results of the research work of
different authors for the creation of light diodes, transistors, microwave electronics.

Keywords: GaN, Gallium Nitride, CVD method, semiconductors, review.

Today, compounds of metals with nitrogen, the so-called nitrides, are of particular interest, among
which many have high refractoriness, dielectric and semiconducting properties, the ability to transfer to
superconductors at relatively high temperatures, and high chemical stability in various corrosive media.
Many of the nitrides have already been successfully used in electronics, nuclear industry, semiconductor
and dielectric technology, in space technology, modern machine building, metallurgy, electrical
engineering and other industries [1-3]. And it is also possible to use nanocarriers to solve such problems
as cancer diseases and one of the directions - creation of antitumor drugs - obtaining structures based on
boron nitride [4], which has chemical inertness and high resistance to oxidation. Nanoparticles of
hexagonal boron nitride 100-150 nm in size with a smooth and developed surface can be obtained by
chemical vapor deposition [5].

Due to their unique properties, the nitrides of metals of the third group (III-N) are very promising for
the creation of various semiconductor devices. And one of the elements of the IIl-group is - gallium
nitride (GaN). GaN has long been interested in researchers and developers of semiconductor devices. The
heterostructure of GaN and its solid solutions possess physical properties that provide electronic devices
based on them, optical, power and frequency characteristics that allow them to be used in various fields of
semiconductor electronics.

The main advantage of gallium nitride [6-11] over other common electronics materials is a wide
forbidden band of 3.5 eV (1.1 eV for silicon). This means that GaN-transistors operate at higher
temperatures and are less sensitive to ionizing radiation (which in the literal sense of the word is vital for
space and special electronics). In theory, the operating temperature of GaN devices reaches 500 ° C, in
practice it is still equal to 150-200 ° C. The maximum electric field strength for GaN is 3,3 x 10° V/cm -
this is 11 times greater than that of silicon. And due to the high density of charge carriers GaN-transistors
withstand much higher currents. Table 1 shows the comparison of gallium nitride with other
semiconductors.
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Table 1 - Comparison of the properties of semiconductor materials. The numbers in the table are approximate
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InSb 0,17 77000 580 1x 10° 18 5,37
InAs 0,354 44000 500 4x 10* 27 452
GaSb 0,726 3000 1000 5% 10* 32 7,5
InP 1,344 5400 200 5% 10° 68 4,6
GaAs 1,424 5800 400 4% 10° 55 5,73
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Figure 1 - Periodic table, where the shaded cells indicate the elements that can be deposited using CVD

Another no less important area is the production of a nanotube of gallium nitride. Thanks to the
tubular structure, the material must be significantly more sensitive to environmental influences than the
already known nanowires, which opens up prospects for its use in filtration, sensorics, biology, etc.
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CVD processes occur at much higher temperatures than PVD processes, typically 300 to 900 ° C.
This heat is supplied from an oven, radio frequency coil or laser, but it always heats the substrate.
Substrates that do not tolerate this temperature should have thin films deposited as a result of the physical
form of vapor deposition.

The advantage of substrate temperature in some CVD processes is that they have less waste
deposition, especially in cold wall reactors, since only heated surfaces are coated. When using a laser
heating system, the process of chemical vapor deposition becomes selective with respect to the laser path;
this is a clear advantage over the physical methods of vapor deposition, such as spraying.

In the paper [13] synthesized nanowires and GaN nanotubes by direct reaction of metallic gallium
vapor (Ga, 99.99%) with flowing NHj in an electric furnace. At different NH;3 flow rates between 50 and
200 centimeters, large-scale nanowires and GaN tubes were formed at a growth temperature of 900 ° C on
a Si (111) substrate. GaN grown on a Si (111) substrate at 900 ° C and at a NH; flow rate of 50 cccm, the
preferred orientation is growth in the (002) direction. When the flow rate of NH; increases to 100
centimeters, the products have a much wider diameter, but, the length is shorter. If continue increasing the
NH; flow to 200 centimeters, available get nanotubes and nanolayers. Hence, the faster the NH; flow rate,
the greater the GaN surface tension.

The GaN [14] layers were deposited on the CVD-grown h-BN layers using an organometallic CVD.
Trimethylgallium and NH; were used as precursors, and the V / III ratio was maintained at 2000-4000
during growth. Before the growth of the GaN layer, the substrate was heated to 1100 ° C for 3-20 min
only with H, gas. The temperature was then lowered to 540-600 ° C for the growth of the GaN nucleation
layer. After 3 min growth of the GaN nucleation layer, GaN epitaxial layers were grown at a higher
temperature in the range 1000-1100 ° C. No additional intermediate layers or substrate treatments were
used to grow the GaN layer on the growth of CVD h-BN.

a
Electrochemical GaN layer growth en CVD h-BN

delamination \\ ~
ool I i TMGa - - NH,§
.’_r = 2 -, B

Ni(111)

Transfer

Figure 2 - Growth of GaN films on transferable chemical vapor deposition (CVD) - hexagonal boron nitride (h-BN)

(a) A schematic illustration of the transfer of h-BN grown by CVD from Ni (111) to amorphous
fused quartz substrates and the growth of a gallium nitride (GaN) layer using organometallic chemical
vapor deposition (MOCVD). Scanning electron microscopy of field radiation (FE-SEM) images

(b) high-density discrete GaN islands that are almost fused into GaN microstructures several microns
in size and (c) fully coalesced GaN films grown on CVD-grown h-BN.

60




ISSN 1991-346X Cepusa pusuxo-wamemamuyeckas. Ne 4. 2018

Hopefully, h-BN, grown in CVD, has already discovered many atomic rocks, which allowed to
increase the high-density GaN islands, which merged to form a flat homogeneous film. In addition, almost
single-crystal GaN layers were grown directly on the growth of CVD h-BN without the use of other single
crystal substrates. A clear observation of the high-density GaN epitaxial growth on a large-scale scalable
single-crystal CVD-grown h-BN opens the way for new applications of h-BN in the development of a
number of inorganic semiconductor devices.

Gallium nitride and indium nitride nanotubes [15] were grown using a hot wall chemical vapor
deposition (CVD) system. NWs GaN were synthesized by the metal-catalyzed (Ni or Fe) growth of VLS
on alumina or oxidized silicon substrates. This process included a solid gallium source (either metallic Ga,
or metallic Ga in combination with Ga,03), heated to temperatures between 800 and 1100 ° C, in
ammonia flowing at a rate of 2 centimeters to 100 centimeters. This process consistently produced
nanowires with similar structural and electrical properties for similar growth parameters, having a high
crystalline quality (Table 2).

Table 2 - Growth parameters for NWs GaN

Parameters Growth 1 Growth 2
Temperature C 800 950
Ammonia Flow sccm 100 2
Substrate Si/Si0, Si/Si0,
Gallium Source Ga+Ga,0, Ga+Ga,04
Pressure 1 atm 1 atm
Metal Catalyst Ni Fe

Both types of nanowires exhibit large carrier concentrations with decreasing mobility with increasing
free carrier concentrations, which is consistent with a transport in which dispersion of impurities
predominates. In the case of nanowires of gallium nitride, using the feedback between the parameters of
growth and electrical characteristics, it was possible to reduce (increase) the concentration of carriers
(mobility) by one order. In addition, simple theoretical estimates and annealing experiments show that
nanowires of gallium nitride are highly compensated.

Epitaxial layers [16] were grown on an AIX2400G3-HT instrument of MOC-hydride epitaxy.
Sources of gallium, nitrogen and dopants (trimethylgallium (TMGa), NH; and bis-cyclopentadienyl
magnesium (Cp,Mg), respectively) were delivered to the reactor with a hydrogen stream. 0.5 pm p-GaN
epitaxial layers were grown on 2'-Al,O3 (1000) substrates with a pre-deposited i-GaN 2 pum buffer layer.
Doping-impurity consumption was 5.4 - 107 mol / min. The temperature and growth rate of GaN were the
same for all samples. Two methods were used for post-growth thermal annealing. Some of the samples
were annealed at 800-1000 ° C in an epitaxy reactor for 7 min under a nitrogen atmosphere. Other
samples were annealed at 1000 ° C in an IR-heated unit with rapid thermal annealing at different times
from 0.5 to 3 min. Heating to specified temperatures was 5-7 s. The annealing atmosphere was nitrogen at
a pressure of 0.1 atm. The same pressure was used for all samples. A significant change in the
electrophysical properties of the p-GaN: Mg samples as a result of a change in the annealing temperature.
The main observation is a significant (approximately 20-fold) increase in the hole concentration in the
samples annealed at 1000 © C, compared to those that were annealed at 800 ° C, which is probably due to
the higher activation of the acceptor.

In the paper [17] talks about the approach to the synthesis of straight and smooth GaN nanowires
with catalyzed NiO by the CVD method. The nanorbeters were deposited on a substrate from a LaAlO;
monolayer without the use of a template. Before deposition, the substrate was immersed rapidly in a
solution of ethanol Ni (NOs) 2 and then heated at 900 ° C in a long quartz tube in an Ar flow for 2 hours
(h) to decompose Ni (NO3) 2 into NiO nanoparticles. Then, the growth of the nanoparticles GaN was
carried out in a long quartz tube at 920-940 ° C in a NH; stream for 5-20 min. The synthesized GaN
nanowires had a diameter of 10-40 nm and a maximum length of about 500 pum. And also in work [18] it
was demonstrated that using a sapphire substrate it is possible to fabricate long nanowires of GaN using
the CVD method. Using gallium and ammonia metals as sources of Ga and N, GaN nanowires were
deposited on a sapphire substrate at 900 ° C using a nickel catalyst. The wires they had prepared had a
length of several hundred micrometers and diameters from 30 to 150 nm.




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

The paper [19] describes the photocatalytic activity of GaN nanowires and they have a good ability to
photodegrade the organic dye at various pH values even with strong acidity and alkalinity. In addition, the
photocatalytic activity of GaN nanowires was compared with the photocatalytic activity of TiO, and ZnO
nanowires. It was found that the surface area of GaN nanowires was an order of magnitude lower than that
of TiO, nanowires, the photocatalytic activity of GaN nanowires was slightly higher. Compared to ZnO
nanowires, ZnO nanowires were performed better than GaN nanowires at pH 7.0, but in a strong pH
range, for example, pH 2.3, the photocatalytic activity of ZnO nanowires rapidly decreased from 70% to
33%, whereas nanowires of GaN increased by 60%.

1D GaN NWs were prepared in a reaction chamber with an air hot reaction with a hot temperature
[20]. The growth of 1D GaN was carried out at a growth temperature of 1000 © C for 1 hour using a
Ga,03-NHj; system. NH; at a flow rate of 130 cm® min-1 was used as the reaction gas and the carrier gas.
The substrate was located in the center of the furnace with a series of crucibles mounted on Ga,0O;. In
each experiment, Ga,O; powder was loaded with 0.2 g. For the growth of NW, 100-oriented Si substrates
coated with sputtered Au were used. The phase formation of CVD-GaN was analyzed by X-ray
diffraction.

Figure 3 - (a) FESEM images of GaN nanowires synthesized by the CVD method at 1000 ° C on Au/ Si substrates
for 1 hour with the Ga,0;-NHj; system and (b) magnified image

Figure 4 - The TEM, SAED and HRTEM images of GaN nanowires grown at 1150C: (a) TEM and SAED images, and (b)
HRTEM images

For the fabrication of GaN nanowires [21] CVD was used. The main materials are powdered Ga,0Os
(99.99%), a crystal of NiCl, - 6H20 (99.9%) and NHj3; (99.999%). Thin film of NiCl, was formed by the
immersion method. Unpolished substrate Si (1 1 1) n-type after ultrasonic cleaning was immersed in the
NiCl, - 6H20 ethanol solution with a concentration of about 2%, and dried at 100 ° C. The second step

— 62 ——
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was to manufacture GaN nanowires in a conventional tube furnace with Ga,0O; as a gallium source and
NH; as a source of nitrogen. When the furnace is increased to a certain temperature (1050 °© C, 1100 ° C
and 1150 ° C), 3 g of Ga,05 Si substrate and placed inside a quartz tube in a horizontal tube furnace, and
the distance between them was 1 cm, with Ammonia 800 ml min-flow rate 1 was passed into the oven for
40 minutes at a certain temperature. After the ammonia, the gas flow Ar (99.999%) was introduced into
the tube for 5 minutes to wash the residual NH;. After the reaction, the samples were lamellar-light yellow
on the surface of the substrate. As the reaction temperature increases, the number of nanowires grows, and
the quality improves. Nano drives start to emerge at 1100 °© C and at 1150 ° C have the highest
crystallinity with a smooth and clean surface.

HRTEM shows that the distance between crystals nanowires grown at 1150 © C, corresponds to the (1
0 0) Distance between the crystals of hexagonal GaN monocrystal and that the direction perpendicular to
the growth of GaN nanowires (1 0 0).

For the growth of Mn-doped GaN-wires [22] used the metal Ga (purity 99.99%) and powder of Mn
(299%), with high purity N, (99,999%) as the carrier gas and NH; (99,9995% ) as the reaction gas. For
the growth of GaN wires, a substrate of a silicon substrate (100) was used. While the temperature of the
tube furnace was increased to reach reaction temperature N; (99.999%), NH; (99.9995%) and HCI gases
(N», 10 mole%) were injected. The heating rate was 5 © C./min, and the holding time was 1 hour. During
this time, the temperature and the total flow were regulated in the ranges 950-1400 ° C and 490-625
centimeters, respectively. As the amount of Mn doping increases, the light-emitting wavelength increases
to 700 nm (red), the maximum. Moreover, even when the experiment was carried out with the same ratio
of the Ga metal to the Mn powder, the light emitting wavelength was 644.4 nm while maintaining the
temperature at 1300 ° C.

Carina B. Maliakkal, Azizur Rahman and others [23] were grown GaN NWs using as precursors
(Figure 3) organometallic chemical vapor deposition (MOCVD), nickel catalyst and trimethylgallium
(TMGa) and ammonia (NH3).

Figure 4 - Growth of GaN-NWs: (a) GaN NWs obtained by growing in medium N, (840 -C and 150 torr with a flow of 1
cm’ of NH; and a TMGa stream of 2.5 ccem). (b) droplets containing gallium and nickel obtained by growing in an H,
atmosphere under similar growth conditions. (ce) nickel-catalyzed unsteady GaN NW obtained by rowing under the same
conditions (840 C and 150 torr with a flow of 1 cm® of NH; and a flow of 2 meem TMGa) in (c) the plane of the ¢ (d) plane and
(e) sapphire substrates r-plane [26]. The pressure of 150 torr in medium N, and ~840 ° C, with low precursor flow rates and V-III
ratio, was optimal for growing thin, not oblique GaN NW.
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So, several technologies of the process of growth of GaN obtained by the CVD method were
compared. These methods show the progress in the production of GaN. The best way to synthesize
nanowires and GaN nanotubes is the direct reaction of metallic gallium Ga vapor with a flowing NH; gas.
By choosing a gas flow of hydrogen nitride and temperature, it is possible to obtain thinner or thick
nanowires and nanotubes.

For semiconductor nanowires, cylindrical geometry and strong two-dimensional retention of
electrons, holes and photons make them particularly attractive as potential building blocks for nanoscale
electronics and optoelectronic devices [20]. The use of GaN nanowires has been demonstrated by
researchers in the following areas: photoelectric devices, light emitting diodes (LED), field effect
transistors (FET), lasers, photocatalysts and nano-generators.

The future, GaN will play an increasingly important role in the use of nitride-based semiconductor
devices, through the introduction of homoepitaxy and the structure of the device, replacing heteroepitaxy
and the currently used device structure. The bulk GaN substrate will grow rapidly over several years, with
larger sizes, higher quality and lower cost. To implement mass production and wide application of
volumetric GaN substrates, a combination of different growth methods is a possible solution.
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K. Ackapyisi', H.K. Mana6aes
K.1.Cor0aeB aTpinnarsl Kasak yJITTBIK TEXHHKAIBIK 3€pTTEY YHHUBEpCUTETI, AnMarbl, Kazakcran

CVD 9IICI APKBLJIBI I'AJIVIM HUTPUJATEH NWs —
AJIYIbIH TEXHOJIOTUAJIBIK BAPBICHI

AnHotauus. [ammm HUTpHO, 30HANBIK caHpUIayel Tike ~3,4 3B xome (GaN) II-V (A By) xmaccrarst
JKapTeUIai oTKi3rim Oombim Tabemianel. GaN e3iHIH aca >KOFaphl TeMIlepaTypaja TYpPaKThI JKOHE ONTHKAJIBIK
KacHeTTepiHe OalJIaHBICTBI ©31H aK JKapbIK IIbIFapaThlH IMOATApAA, KOK Jlazepliep MEH JalallblK TPaH3HCTOpIapaa
KOJIJIaHy JKOHE KeJCIIeKTe COYJICNICHyTre Kapchl, SHEPIUsAHbIH, KYPBUIFbIIApAbIH OaracklH TYCIpyre MaHBI3AbUIBIFBIH
KepceTeni. Makanama I9CTYpiIi MaTepraigapaad Kaparanaa oosarrarsl Mo 6osbin kesetin CVD omiciMen anbiHFaH
GaN - Ti 3epTTpeyeri aBTOpIaHIBIH KYMBICBIHA IOy KenTipireai. MaTepuangapAblH HapaMeTpiepiH KakcapTy
KOHE TpaH3ucTopiap, *apbikanon xoHe AXOK sjekTpoHMKana KojJaHy YIUIH Marepaijbl aly HpOLEcCTepiH,
(hM3UKAITBIK KACUETTEPIH JKOHE 9p TYPJIi aBTOPJIAPABIH 3€PTTEY HOTHIKEIEPIH CAJBICTBIPY JKYPri3iiei.

Tyiiin ce3nep: GaN, rayjun Hutpuni, CVD apaici, xapTbuiaid eTKisrimrep, mody.

K. Ackapyisi', H.K. Mana6aes ’

Kazaxckuil HaMOHaJIBHBIN HCCIEN0BATENbCKUI TEXHUUECKUN YHUBEPCUTET
uM. K.1.CarnaeBa, Anmatsl, Kazakcran

TEXHOJOI'NYECKHE INPOLECCHI HOJTYYEHUSA NWs
U3 HUTPUJA T'AJUINA CVD METOAO0OM

Annotanusi. Hutpun rayums (GaN) npezacrasisier coboii nmonynpoBoanuk [11-V ¢ npsiMbIM 30HHBIM 3a30pOoM
~3,4 5B. GaN umeeT BakHbIE IOTEHIMANBI B OENBIX CBETOMIIIYYAIONIMX IUOAAX, CHHHMX Jia3epax M MOJIEBBIX
TPaH3UCTOpaX HM3-32 €r0 CBEPXTEPMHUUCCKON CTAOMIFHOCTH U MPEBOCXOIHBIX ONTHYCCKUX CBOMCTB, WTrpas TJIaBHEIC
poiu B OyAyIeM OCBEIICHUU, YTOOBI CHU3UTh CTOMMOCTh SHEPTHU M JATYUKH, YTOOBI IIPOTUBOCTOATH H3ITyUCHHIO.
B crarbe npuBomuTCst 0030p UCCIeAOBaTENbCKHX paboT aBTopoB mo GaN momydeHHHBIX CVD MeTomoM, KOTOpHIi
ropaszno 0oJiee TEPCIEKTHBHBIA MaTepual, 4eM IpyTrHe TPaaulHOHHBIE MaTepuanbl. CpaBHHBAIOTCS (U3NICCKUC
CBOWCTBa JUIs YIIYYIICHUS MapaMETPOB MaTepHaia, METOIBI MOyUeHHS M Pe3yJIbTaThl UCCIEIOBATEIBCKIX padoT
pa3HBIX aBTOPOB ISl CO3JaHUS CBETaTUOIOB, Tpar3ucTopos, CBY anekrpoHuke.

Kirouessie ciaoBa: GaN, Hutpua ramums, CVD meTon, noaynpoBOJHUKH, 0030p.
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