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ABSTRACT

The domain of nanoscale science and engineering presents how energy and matter be-
have at the atomic and molecular level, a scale where traditional physics often does not
apply. At this scale, materials exhibit unique physical properties that deviate signifi-
cantly from their bulk counterparts, opening pathways for revolutionary advancements
in areas ranging from ultra-sensitive sensing and energy harvesting to quantum comput-
ing and advanced optoelectronic. To Unlock these potentials, One need to have a pro-
found understanding of how various physical phenomena manifest and interect when

dimensions shrink to the nanometer regime.

This thesis delves into this fascinating world by focusing on the important role of res-
onance. Resonance, in its fundamental forms: optical and mechanical provides a way
for probing, enhancing, and controlling interactions within nanoscale systems. By inte-
grating semiconductor materials with meticulously designed plasmonics and nanome-
chanical structures, this research aims to reveal complex physical behaviors and de-
velop novel methodologies for characterization and device applications. One critical as-
pect of understanding materials at the nanoscale is the accurate determination of their
mechanical properties. Traditional methods often prove inadequate for structures just
a few nanometers thick or wide. Therefore, in the first work, thesis explores the mea-
surement of Youngs modulus by utilizing resonance frequency via optical methods. This
noncontact and highly sensitive approach leverages the precise relationship between a
nanostructure's resonant frequency and its intrinsic mechanical stiffness. By optically
exciting and detecting these minute oscillations, we can calculate fundamental mechan-
ical parameters, providing crucial insights for designing robust and functional nanode-

vices.

Further, As the optical properties of the semiconductor materials are mainly influ-
enced by quasi-particles such as excitons or trions, the bound states of electron-hole

pairs (excitons) or charged electron-hole complexes (trions) which dictate light absorp-



tion and emission characteristics. This work investigates exciton-trion dynamics in semi-
conductor materials (MoSe,), particularly in the presence of plasmonic nanostructures.
Plasmonic resonance in these metallic components creates a highly concentrated local
electromagnetic fields that can strongly interact with charge carriers such as excitons
and trions, modifying their generation, recombination, and energy transfer pathways.
Understanding these light-matter interactions with plasmonics can assist in the devel-

opment of high-performance nanoscale devices.

Finally, a significant challenge in the efficiency of optoelectronic devices based on
perovskite nanocrystals exists known as the phonon bottleneck, which describes the
hindered relaxation of energetic charge carriers or excitons due to a mismatch between
their discrete electronic energy levels and the continuous phonon spectrum available
for energy dissipation. The thesis will explore the implications of this bottleneck and
further investigate the potential way to overcome or to minimise its effects by plasmonic

interactions, thereby improving the overall efficiency of nanoscale systems.

Through interdisciplinary investigation, this thesis work provides a profound under-
standing of nanoscale phenomena governed by resonance. By developing and applying
advanced optical characterization techniques for mechanical properties, demonstrating
complex exciton-trion-plasmon interactions, and addressing the challenges of phonon
-mediated energy relaxation, this research delivers a pathway for the implementation of

next-generation semiconductor-based plasmonic and nanomechanical applications.

Keywords: Resonance frequency, mechanical resonance, optical resonance, quality

factor, plasmons, exciton, trion, phonon-bottolneck.
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IRIQA;

AIchet AT SR SRt T &3 STUR TS chl Yeh THT URd T 8, St uaref 3iR Seif
ol IR FeTd HHTHT TR @R o o AYAYD ITGER UM hdl gl 39 Bl FAM WR, il
fg “ifaes T Uefid dedt & STt S 92 THahell & Il STl gl 8, Sit Sifd-Tdeafia
e 3R STl T § e i HfdT 3R Iad SEIgciae /(e deh o &1 H shifdehRI T
& foru At @tedt €1 39 G913 oht Scilch it oh folU 39 97d hY T8 GHST <hl 3MTaTehdT gidt
¢ foh 919 S AR e J Rigpsd g df fafea +ifaes ged d uehe gidl 8 ok ureR fehar
At 1 T8 MR SgTE i gyl it IR &I dhigd Hech 59 TR gf-aT & HaRT sl 8l
TS, U IR 4T H - Afehed, AhfAcha 3R Satfageha A-chel [ieen & ftar sia:fomamait
i s, gfeg Sk fAT0T & folq Ger iferiemmedt IUAROT UG ohdT 81 drae-igdes faere fohg g
AT R TR A-TAchi~chel XTSI o ATY TefTereh AT bl 0TI ¥0 & Yehlhd hidh,
29 LMY T I Sifee Hifdeh TagRT ehl ISR AT 3R T&T0T ol 3R IURR0T vt & g
T3 UGfaal faenfid oAt 81 Achal R AT Sl TR T Yeh Agayul Uge] 3-eh Jifeh Tomt
T Tdteh fAYRUT 81 TRURE dich STRR $© A-HIe A a1 It T8 & forg sroaf arfea
gid &1 39fcig, uget i 7 N9 siifieener TS o A1ea @ SgATG Mg [AsAWoT &1 ITaRT
hch AT ATk S HIU <hl WIS St | I8 TR-Tueh 3R rfdies Gaeasiter gfentor Adigerar i
AT U Mg 3R 3hT SidRep AifAch waRAT & i Tl Hay I 19 ISTAT | HiTehel
&Y & IASId Pech 3R 39 G&H Sl ol UdT TRy, §H Her™Id Jifch ATISST ahl SIHT ol hd
&, ST Aoigd 3R shrdfcres AifEaregd fine &ea & folg Agayqu Siadf® ueH ed €1 39eh e,
A-TIEchel IR STdaTeren UeTl o SHifteehel 3R Setargif<eh 10T TeraTsed SR fesiie Sia Fanfiunféares
9 TTERIE & GA1Ad Bl 81 gelagi--giet I (YerTse) AT SHTafRId selagiq-glet shiretery (feaif) &t
3 §jeft g8 SITATY UhI2T M7 3R Ic&oi fALwdrait et RaffRa st 8| 98 s srefareres ert
# garged-fesiia nfasfterar &t st axdr 8, Ay U @ wireife Aiger dt sufRafa d1 g4
¥ Tchl B WG Tdg WA TG ST dhigd fAg[d qrachig &9 sH1d & i Yarge
3R &3 o ATY gedT & JTddld X Uehd &, 3ch! Ulg!, TAHae 3R ol g&aid=or AN aht

TAMAT AR Gehd g1 37 STfeeT URIT-USTY SearM il GHSHT 3R ITh! IUANT AT I-Ue
AR S gelagi-ih JUhUN oht [IhRId e Y Foft g

3fd #, ATha Holl Ueie IR fargd qarar § g Agayul g, gy &0 @ A-ifeheed sk
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3= WA srefarere uonferal #, BiF 18T &1 I8 e I 3¥dd SAaei-ich Solf Wi 3K
STt ST oh foly Iueted] fARaR BiF- WaeH o dig dHel o ShRUT SHolidi dTo! digehl AT YaTge-
& ST fA%MT o1 quie et ¢ 1 N 39 srsa & Ffgarat &1 gar et sik sTch uamat ot
HH A o oY TR 3R A (Adhel 3eaRI ohl MTAT e dTelt GHTIAd IOHITAAT Sl SIig
aal), foad Aiher e &t Tw gerar § R ghn 39 sia:fawa Sia & a1egw ¥, 39 AR
I IeT TG GRT AT A-1chel GeT3d <hl Hifeler THST H TG BT g1 ifach ol & g
IAd ARt ALTUT JUTH dchritch] onl [dehfd SR AR chxch, STTect TaaTSeH- [ -TTRHI SR
hl TE ch, 3R BIF-HEGR FHoll (AT I AT BT THTYH hch, g MY ATt Wl &
IT-Uesi STeaTereh TR WA 3R A-HchHdhel SUHRUT oh fSaie- 3R dhraf~<aa- &t ARf
YR AT I18dl 8l

& Meq: 37ATE I, Fifeh gHATE, Sifteehel STFHTE, UTERIT ShReh, WA, YfRIH,
feai, wiH-dicaman ||
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