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ABSTRACT

The technological advancement and new device concepts in using
semiconducting materials such as IlI-nitrides with exceptional electronic
and optical properties have attracted substantial interest worldwide. One of
the semiconducting materials is gallium nitride, belonging to the family of
[II-nitrides and a wide bandgap (3.42eV) semiconductor. It has a diverse
range of applications, including military, high power, automobile and
optoelectronic applications. The possibility to grow heterostructures
(AlGaN/GaN) is another advantage of GaN. A 2DEG is formed in AlGaN/GaN
heterostructures resulting from strong spontaneous and piezoelectric
polarisation, make them suitable for the next generation high electron
mobility transistors. Their efficient device performance is significantly
influenced by the surface of these heterostructures. Another significant
problem with GaN is the absence of a native substrate, which leads to
threading dislocations (108 cm2-10-10 cm-2) with high density. However, GaN
nanowires are one of the most probable solutions to the lattice mismatch
problem. The present thesis is focussed on the growth and characterisation
of gallium nitride nanowires on high index silicon substrates, to investigate
how surface treatments affect GaN epitaxial films and AlGaN/GaN
heterostructures in order to solve device-related issues caused by surface-
related problems, and fabricate AlGaN/GaN circular HEMTs on 200 mm
silicon and 3" sapphire wafers for sensing applications as the circular

geometry provides a large sensing area.
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In the present work, firstly MBE technique was used for the growth of
gallium nitride nanowires on high index Si (211) substrates without using
any catalyst. The synthesis process started with the nitridation of the Si
(211) substrates which was carried out at 1170°C. The nitridation time of
the Si (211) substrates was then optimised for the growth of the nanowires.
The stepped nature of Si (211) substrates resulted in preferential orientation
of the nanowires. The nanowires were characterised using various
structural, morphological and optical techniques. The length of the
nanowires is approximately 450 nm. The diameter of gallium nitride
nanowires had a range from 20 nm to 80 nm. FESEM results confirmed that
GaN nanowires are highly dense and oriented at 700 with respect to Si (211)
substrate. The UV and NOx gas sensing application of the nanowires were
also investigated. The nanowires showed a response of 2.2 % to UV and 24%

to NOx gas with a fast recovery and excellent reproducibility.

Further growth and characterisation of heterostructures based upon
MoS2>-GaN nanowires on Si (111) substrates were carried out. Their
structural and vibrational properties were studied. PAMBE technique was
used to grow GaN nanowires on Si (111) substrates followed by the
deposition of 2D MoS: layers on the nanowires by CVD technique. SEM
results confirmed that GaN nanowires are decorated by triangular shaped
MoS2 domains. The numbers of MoS: layers were investigated using Raman
spectroscopy. The difference between Aiz and Ez; Raman peaks is 24.8 cm'!

which indicates the presence of few monolayers of MoS2 on GaN nanowires.
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Thus, the results obtained indicate that GaN nanowires can be integrated

with two dimensional MoS» layers.

The effect of chemical surface treatments in GaN epitaxial films and
AlGaN/GaN heterostructures is investigated. Hot phosphoric acid treatment
was used for polarity determination in gallium nitride films which leads to
the formation of hexagonal pits in Ga-polar films and dodecagonal pyramids
in N-polar films as studied using FESEM. In addition, it was observed that
the hydrogen peroxide treatment in AlGalN/GaN heterostructures results in
passivation of AlGaN surface and hence can result in improving the device
performance. Hydrogen peroxide treatment leads to the increase in PL
intensity and decrease in surface barrier height by 0.19 eV as assessed by
XPS. Surface photovoltage spectroscopy, which uses surface photovoltage as
a parameter, was also used to investigate the impact of hydrogen peroxide

on the AlGaN surface.

Gateless circular HEMTs on 200 mm silicon substrates and circular
HEMTs on 3” sapphire substrates were fabricated respectively for sensing
applications. The saturated drain current (Ipsat) of gateless HEMTs was found
to be around 383 mA with a knee voltage at around 6.2 V. The gateless
circular HEMTs showed a response (6lps/Ips) of about 0.694% at source
drain voltage of 100 mV along with a slow recovery time of 2394s due to
persistent photoconductivity effect to ultraviolet light at room temperature
with excellent repeatability. In addition for the AlGaN/GaN circular HEMTs
on sapphire wafers with Pd as a gate metal Ipss was found to be 0.95 A/mm

with a knee voltage of 5.6 V. The hydrogen and UV sensing applications of
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circular HEMTs were then studied. The HEMTs exhibited a sensitivity of

12.67 % to hydrogen gas and 4.58% to ultraviolet light at room temperature

respectively.

The results of the present thesis show that GaN nanowires on high
index silicon substrates have immense potential for sensing applications
and circular HEMTs are desirable candidates for sensing applications as

they provide a large surface area in comparison to conventional HEMTs.



Ay ae-et I 7 gfFaT R o SRR Sage-e 3R SfPHd Tl & I1Y 111-T5RS o
SrfidsfadT IR TR SMUIRT IUBHRON B Agaql I DI BN [T 51 JHibSiae
TR & § T AT A1gergs §, S 11-T13es ey & URaR § Wefid § 3iR e fawqd S
(3.42¢V) YHibsaeR B1 30 T4, I Wida, AR d 3R 3ifvisddei-e Iuar Iied

fafay UpR & VAN &1 faxgd RIa 31 FeRICHRR (AlGaN/GaN) & FH @1 YU GaN

.

&1 Ud 3R WIAST & | AlGaN/GaN geReaer H 2DEG §7dT ©, Sl Aoigd Jaol 3R Yielgafaed
YAIPRUN ¥ I Bl &, Sl I STell Uil &b I gerae - aiierdl CifoRex & fow Iuge
ST & | SIhT PRI JUDPUN UERI 37 FeRRCaRR BT Uag I BI%! THIFAd 8T 51 GaN & T1Y
TH 39 TEayUl TR U o=N IIce & AU 8, S S I & 1Y a1 (108
cm?-10"%cm?) BT e BI 3R o STl g1 gTaifop, GaN AR 39 JHRAT & Gay Huifdd
Y T ¥ TP § | TRgd WY S I JADHID R+ Jarecd TR ey AS8s AHarR]
& fapTd 3R W&M0T qUi TR B B, T8 W€ B b o b Hefg W st Fwanadi & BRI
fSargy @ Taftrd gef 1 a0 B & I Tag & SUDR GaN Tfiefaqad fhed! 3R AlGaN/GaN
BCRERR B! HY THIIT A 8, 3R Ted &1 3R Yae 3wt & forg 200 fydt fiferera sik
3 "I 9w TR AlGaN / GAN URUF HEMT &1 FaT0r forar mar axifer uRos sanfifa o a1
Hag & U PR © |

I H H, o SOR® BT SUTNT fh foFT 3= Yaahieh Si (211) Tae ey WR Aferaw
ECIES Ay & fae™ & o Yoy Ugd THels dd-id &1 SUANT fhar 7T 7| IRawo
UfohdT Si (211) TG CH & AIRICSTA & W L= g8 off 1170° C WR fawam Tam o1l Si (211)
JeRe ey &1 AR WHg AHIaraR! & faem & o srgwferd fovar mam uTl si (211) gaee™
D UGG UPd $ TRUMERGRTY AHIaRRT &1 AR fNfaar gl A=anrRi & fafta
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IREATHD, TUATHD IR VBT qP-Ih] BT SUART B AT fohar T o1l AHIaRR! $
TS TIHT 450 nm &1 AN 1SS AaRRT & S &I YT 20 nm ¥ 80 nm a2
FESEM & URUITH} A IfY 1 fh GaN S-1aRR i Tuq g 3R Si (211) sdee & Jaey H 70°
W IHA g1 ARl & gdt 3R THeiuey T IR uferps o) ot S Y 71 AT 3
ot & o 2.2% 3R THSNNET T & T 24% F1 aolt § Rpadt iR IFT o & & A1y
yfafsar <

Si (111) TRTH W MoS,-GaN -G TR MYTRT geIRga=R &1 3T fawlia iR
f=fd feear mar $iR 3% WREIAS 3R &0 Ui &1 3{era fHar a1l PAMBE ddb1d &l
JUTNT Si (111) FeRETH W GaN -1arR} & faewia o= & e fasan mar o1, i &g cvb
T GRT A" TR 2D MoS2 TRl &1 fA&mur fasar mar| Sem aRomdt 3 gfY &t f& GaN
IGRR! BT AHION SHR & MoS2 SIHA F TN 7 g1 I WaeRDIUT BT ST HReb
MoS2 TRdl &1 T-T B 5 d &I T | Alg 3R E2g T Afedl & & &7 3R 24.8 cm™' § S
GaN AR R MoS, ¥ $& Ay @ IuRAfY & M BT ¥ 39 YR, e R
I & fob GaN AarER! &1 & 3T MoS, TRd! & Iy Thidhd {3 ST Jebal B

3T F AT TRUT H GaN THfRITd foher 3R AlGaN/GaN BeReaRR H I
A8 & SUIR & UHTT BT A0 Ha1 71 g1 TH BRBING RIS IUAR BT SUANT Il
fufvor & fore fovan mar un, < Aoy AgeRs fhe o1 MuRor Har o1, St Ga-yata feert o
RIS Tl & {0 Y 3R ST § IR N-ydg el # Sredria fiRifis & &9 A

FESEM T IUANT HRPp 3T fbar SIdl 21 S9Pb 3fAldl, I8 <\l T P AlGaN/GaN

RIRCFR | gRSIoF WIAES IUIR & URUMERY AlGaN Idg sy g it § 8k
i fEaey & UeRi & GUR 8 Iohdl 81 gEsoH RIduss IUaR § g dgar # gfa

Bl § 3R USRIy GRT Hidh & SIAR Idg 14T $Hdls § 0.19 eV & ST gl g1 Ydd
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Wichlees WagRabUl, Sl T IRMTeX & ©U H dg Wiclees BT SUANT HRl g, BT ST
AlGaN g TR B33 RIS o YHTd &1 S o forg off fosam mam

g% Sfamar, 200 fnft Rifve YeRecy W edy IHar Tasurc! 3R 3" ey
IR R JHeR TIUHS HHLT: JRAT SIuarT & e daR fe e | eay Tegunct &
I S HRC (IMESNC) TIHT 6.2 V TR =t dieesl & IIY THIHIT 383 mA TR TT 41| Tead
ISR TIRUACt A I@Y TRIGRT & Y HHAY & dAYHAM W WISTH! BRI & Y TR
Bicihelacide! THId & HRUT 2394s & T Rpasl 0T & A1 100 mV & AId g dlecs TR
THIHAT 0.694% B UfAfehdT (51DS/IDS) @IS | $9 & Sfelrdl 1 Hed & wU | Uit & 91y Hiaw
JHY R AlGaN/GaN THR TISTACT H 5.6 V & 1T dlecsl & AT SSITITH 0.95 A/mm T
T 3% §1¢ YHeR UdsUACT & gIgeloH 3R gdl AR SIImm &1 sreqge fasar |
TS 3 U HHR & dOHH W IEeeH 1 & AU 12.67% 3R WIS THT & g
4.58% 1 HagTRIerd UGfRid |

T UBR, WY LT & URUTH JdTd § [ I Yadbid [feid - Jaweed R f[asmRid
fohd Y GaN FIaTRT B Tde AT & Ny SUR WUIGATE § 3R Tae gy & forg
TSR TS F URURS TIETAA 3 go F 9 Wae 8 & R ARIT TR & R
HYIGATU & |
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