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ABSTRACT

The nanostructures of III-V compound semiconductors have been widely
studied for the development of next generation of photonic and electronic devices.
Immense research efforts are ongoing to develop economical methods to obtain
device quality uniform semiconductor nanostructures in high yield and having good
structural, optical, & electrical characteristics. The present thesis is mainly focused on
working out convenient and easily scalable methods for preparation of good optical
quality uniform epitaxial nanostructures of GaAs, and GaN, in high yield to fabricate
nanoheterostructures (NHSs) for energy/charge transfer applications. Both, bottom-
up and top-down approaches have been adopted to prepare high quality, uniform
nanostructures. The bottom-up approach involved the epitaxial growth of GaAs
nanostructures using self-assembled Ga droplets as catalyst by Metalorganic Vapor
Phase Epitaxy (MOVPE). In top-down approach, epitaxial GaN nanostructures have
been prepared by plasma etching of GaN epilayers and AIGaN/GaN heterostructures
grown by MOVPE.

First two chapters (Chapter 1 and 2) present an account of extensive literature
survey of recent research work in the field of growth and fabrication of III-V
compound semiconductor nanostructures for device application along with brief
description of various methods and techniques employed for the growth, fabrication,
and characterization in this work. In Chapter 3, an understanding of evolution of self-
assembled structure of Ga under different growth conditions of MOVPE has been
developed, as the droplets have to be used as catalyst for the growth of GaAs
nanostructures. In addition, fabrication and characterization of the novel Ga-Ga,Os;
core-shell NHSs obtained by ex situ oxidation of the droplets have been presented as

major spin-off of the study. In Chapter 4, growth of good optical quality and highly



uniform, vertical, epitaxial, hexagonal GaAs nanostructures with six symmetric
sidewall facets by MOVPE has been presented. In addition, efficient resonance
energy transfer from CdSe quantum dots (QDs) to GaAs nanostructures has been
demonstrated that has led to enhanced quenching of the fluorescence of QDs due to
non-radiative relaxation on the surface of six {110} side facets of the nanostructures
through shallow traps.

Convenient top-down fabrication schemes of GaN nanostructures and
nanowires based on mask and maskless etchings have been presented in Chapters 5
and 6, respectively. The first scheme involved three easy process steps, namely, thin
film coating, rapid thermal annealing (RTA), and plasma etching. The first two steps
resulted in fabrication of mask comprising the self-assembled nanoparticles by RTA
of thin film of Ni deposited on GaN epilayer. A good mask composed of sub-50 nm
agglomerated nanoparticles in high density has been fabricated that led to the
formation of reasonably uniform conical GaN nanostructures in the third step by
inductively coupled plasma reactive ion etching (ICP-RIE). The second scheme has
been based on a highly convenient single step novel fabrication of GaN nanowires by
maskless plasma etching without using the ICP and a mask to cut down the overall
process cost and the complexity. Vertically aligned GaN nanowires and nanowires
comprising AlGaN/GaN axial NHSs with sub-50 nm diameter have been fabricated
in high density for charge transfer application using the maskless scheme by etching
GaN epilayers with high density of threading dislocations (TDs). Effective
passivation of the NHSs by suitable polymer has led to significant enhancement in

the emission characteristics with negligible effect on the charge transfer.
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BIe) 31R SlaeiHe 3UBIVN Bl 3Tl WS b fdpra & fAv 111-v Aifie snfae
B FRgR AP HU F 34 far Tam ¥ | src@afdes 3ua 7 3R 3t
AT, 3w 3R fagga fadwansit arer 3uewvor &Y quraar w9 snifras
FRgR WTa B F A fwrd 7! # fAsfEd w3 F @7 3uR g™
W O ¥ | adaE W ger wu A Sei/al e sgyan $ A
ANEERgaR (NHS) P BewaHT & fAT GaAs 3R GaN & 312 siifewa Toramn
<l vftfige FRegar & 3 3ua A dart & fav gfauere iR smar
¥ Vg ddd] W B A W bigd § | I UIGT, FHE A6 B R
A F feaw ), FR-FR 3R FR-AR fLHor B varr 1= g AR-HR
31 A AeAdrde duR ol gfuefad (MOVPE) gRT 38R® & H4 § W-36g Ga
g BT 3UANT FIF GaAs AARgIER Bl 3uST A 2 | eMa-313 Efeamion 7,
MOVPE gRT 37T ¢ GaN Ufteiai 3iR AlGaN/GaN ¥gRgda=R & wTeHT fAgmor
BRI UfGfaRiaeT GaN ARIEvaAT daR fadsam T g |

Ugdl & A (3t 1 3R 2), faer fEarsw sigwam & faw 1n-v
AMfiies srferae AARgaR & 3uet 3iR fAAfor &6 &9 A 51 & 2y Brf & Tus
Tifgca FI&oT F W12 IUS, BT, d201 fA5uur & fav eriva fafi= adel 3ik
dAPAIel ol Hfa fdaror Uvgd &¥d § | 301 3 A, MOVPE &t fafi=r fdera
fRifdaY ¥ dgd Ga & W-gbg e F 3usT I AA fawlda i 71$ &, FfH g
B GaAs TIRgFR F [GH & fAv 38RE F U ¥ U a1 91 § | 596
37T, &) &% ATE iTeRAHI0T gRT 9T fT 7Y 99 Ga-Ga203 PR-AA NHS F
fAator 3k 00 @ WwE f@T-3% & U 7 uvga fHar /™ ¥ | 3pAm 4 9,
318l Mifswe ura, srafds waey, ey, vficfriad, o8 wafid agsdia
YE3il P WA §FATNTA GaAs AARgaIR B 3UST UG Bl TE § | $HP 37T,
CdSe @ieH S1cH (QDs) ¥ GaAs AAIRgIR dF PHAT FTATE Holl FFATAVT BT



g far M g, S QDs & wfadifad &Y 2ma afg B AHigar & g {110}
HTES Ug@3it TR 3 uI2l & AreAd N R-fafdsvor fasifa & wror o= fEar g |

AP 3R A°F AWEd f[A&MR0T & 3IMIR W GaN ANRFR 3R ARy
&I YfquTers e1u-3139 Hfawer AT aer: 3w 5 3R 6 ¥ yegad &l 1€ ¥
gell AT A 9 A ufthar @Rt anfie &, srefd, uael fisew wifem, s
el T (3MRENT), 31 wToHT fAgMRoT | gget QY TR A GaN Ufieir o= w1
Nickel &Y udell fise PI a1 2nfel annealing (RTA) gRT J&ter &1 fAwfor fasar
T fS9d W-3bg 6T A A1 3= g-ed ¥ 39 -50 nm agglomerated
AANBoN § 91 TF 3BT Hatel, dY RoT ¥ 3fdd ®u q gmd e
ufdfseareite 3maa fAemRor (ICP-RIE) gRT Fdiftd U § WHM 2GR GaN
AFRgaR P f[AH0T BT HROT g1 | gHR AT ICP BT 3UANT by faar aves
Ed oAt fA4MRUT gRT GaN nanowires &% U& 3Tcfties GfduTerdd Tahe aR0T
79 fAator W smnfRa & S w9y ufdsan @ 3R Sifdar § wkdt s 6 g |
el S A% UfihM & Y 3w g A vigad WfEd 39-50 nm A F GaN
ARt 3R AlGaN/GaN 31&ftar NHS g GaN dqlarRl &l BeivddT 9 Wgd
ST BT 3YANT Hq §Y 3= AfET fExaei (TDs) a1 GaN TfteiR & fgmor
¥ gRI &l T § | IUYh 9ge1h gRT NHS % JTdl Uil g1 J airof gaiavor W=
VY TG 6 |1 Iedoiv fadmansit ¥ ageyol gfE g€ ® |
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