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ABSTRACT

Semiconductor materials are the backbone of today’s technology era. The revolutionary
electronic devices, such as microprocessors, field programmable gate arrays (FPGA),
dynamic random access memories (DRAM), micro-electro mechanical system
(MEMS) based sensors, optoelectronic devices, infrared detectors, night vision devices,
monolithic microwave integrated circuits (MMIC) etc. are made of the semiconductor
materials. These materials undergo a variety of mechanical processes for the fabrication
of crystalline wafers and epitaxial heterostructures, such as slicing, lapping, and
mechanical and chemo-mechanical polishing. While performing these processes, the
materials are subjected to various mechanical loading conditions, which may lead to
deformation or defect-generation. The electrical properties of these materials are
critically influenced by the extended surface or subsurface defects generated during
these processes. Also the performance of most of the semiconductor devices degrades
with the presence of bulk or surface defects in the material. Apart from the mechanical
damage, a local phase transformation may also take place during the application of
applied stress, which may lead to change in the electrical and mechanical properties as
well. Therefore, understanding the changes in mechanical properties and deformation
behaviour due to mechanical processes is important for the development of high-
performance semiconductor devices. Nanoindentation is a widely used technique,
particularly for crystalline materials, for extracting their mechanical properties, such as
hardness and elastic modulus, and studying the surface or subsurface deformation
behaviour. In the present work, nanoindentation studies are performed on HgCdTe
epitaxial films and CdZnTe single crystal substrates, which are one of the most

demanding semiconductor materials for the development of infrared detectors.

The first chapter of the thesis contains the basics of infrared, various types of infrared
detectors, materials, and growth techniques of HgCdTe epitaxial films. Materials issues
in HgCdTe epitaxial films are discussed for the application of infrared detectors,
followed by motivation for nanoindentation studies. A literature survey regarding
nanoindentation studies of HgCdTe epitaxial films and CdZnTe single crystal substrate

is also included.



The second chapter discusses the liquid phase epitaxy (LPE) process in detail for the
growth of HgCdTe epitaxial films used in this study. This chapter also contains the
working principle and instrumentation of various characterization tools, which were
used in this study. Issues related to the measurement and analysis of load-displacement
characteristics have been discussed in detail, including those for cyclic nanoindentation

and continuous stiffness measurements.

Nanoindentation studies using spherical indenter geometries are included in the third
chapter of the thesis. Both single and multi-cycle studies are reported with varying
loading and unloading rates for HgCdTe epitaxial films and CdZnTe single crystal
substrates. Open-jaw and hysteresis loop type shapes of unloading-loading curves are
explained in light of elastic and anelastic deformation regimes and smooth plastic flow.
Sudden discontinuity in load-displacement curves, called pop-in, is observed during
first loading and analysed due to the elastoplastic transition of materials. A significant
ratcheting effect is also observed during cyclic nanoindentation. Variation of hardness
and stiffness with the number of cycles as well as loading and unloading rate is reported
here. Cathodoluminescence (CL) studies were performed on CdZnTe and investigated
the deformation behavior. Observed tangential and tetrahedral glides are explained in
detail. Based on these studies, maximum loads and minimum loading rate during the

polishing process of these materials has been suggested.

Nanoindentation studies are also executed for sharp indenters like Berkovich and cube-
corner with varying peak loads and loading rates and reported in chapter four. The effect
of peak loads and loading rates on mechanical properties is included in this thesis.
Detailed deformation studies are performed on indented CdZnTe using
photoluminescence (PL) and CL imaging. Residual stress analysis was executed with
the help of CL spectra and concluded the presence of tensile residual stresses around
the indent. An increase of hardness with loading rate is explained using CL spectra.

The fifth chapter of this thesis includes nanoindentation creep studies with varying
loading parameters. Based on indentation data, stress exponent and loading rate
sensitivities were extracted for both HgCdTe epitaxial films and CdZnTe single crystal
substrates. It was found that strain rate sensitivities of both materials are by and large

constant with varying loading parameters.
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R

Atficrsae’ Al 3o & Mt g ot $g ¢ | HifdeRl sage—e ITHT, o
f HISHIURRR, Bice UM I W (FPGA), SIS Y80 TR AHRI
(DRAM), HTSHhI-3aae! HhHdbd e (MEMS) MUTRT IR, Sfivgdaci—db
fSarsy, ShRe fgeacy, ge fao fSargy, MRS AgHIdd §chics diame
(MMIC) 3fe Jiidsder Il ¥ &9 81 g1 o el fhedy awd 8k
TR ediReaRR & fFmior 3 fore fafdrsr v 1 wifyes ufharst @ ot €,
oY o TSR, qft iR Hopfed / HHI-Adb b d TR | 3 ufharsil &I
e sd a9, Il o fafte gife aifén fRufadt & siefiH foar S g,
R faeUUl/defects ITH 8 Tdhd | 37 AMRRAN & faggd o1 37 ufsharstt &
SR I IR Yag/3uddg A ¥ TR =0 I yuifad g1d §1 39 S
SHTYHTRT SIS SUBRUN BT UG ATRR & Ui a1 g eIyl &1 SURUfd & A1y
TR 8 ST | | A eifd & Siaar, I aH1d & 3Mde & SR U R TROT
aRad it 81 T 7, S fagga SR Tife on & +ft uftad gl 9ear g | 3afer,
3-YeRH farad SuHRU o s o fod Fite ufhanstt & HRuT gife on
3R fo=yur agR & URadH &I THS Hed YUl & | AHIge ey Uh JAU® U
JUTNT P ST aTelt db-1b &, oy =0 § fohedtia wnht & forg, 39 gifie 1or
! P & T, S H3RAT iR daeR Ai® 3R Idg/3Udde f[aeuul TagR
& YT & faw| adaE srf & HgcdTe Tfiefaaud el 8iR cdznTe R
fhted Tave el IR A2 ¢ 31eqg farar T 8, ot 33pRs fEeaei & fawra &
fo e 31fies AT arat srefaTas il ¥ 9 U@ 5

JRT & Ugel UM H SRS DI gd 14, A TbR & RS fecdR, THRE
fSeaer IR 3R HgCdTe TR fher ot fawr dob-tes TNAE & | HgCdTe
ufefamad fhedt & Ireht & TE W 3R 39 918 SRS feeae] & TN &
forw ==l &Y 1S 1 39P 918 SR LR P g IRon &) 1 21 29 Wi A
HgCdTe T fqad fhedl 3R CdznTe RiTTa forted Tsdee & A1 S R 3ieqaH
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& Tay o i gderor =i foar T 8 | 39 sremaH § TRIad HgCdTe T faad
e & fawm & fore fafrs el Titce (Tadts) ufssan R fawaR 9 == &t 715
g1 9 3 § IUAIT T 7Y fafis qeor qui Suaul & H Rigid & 2mad
foraT a1 8 | UR-faRuTu= faRivarsii o A SR fawavor § Heftd g &R fowr 9
T4 P15 5,

R & AT HFT H MATHR S8 e SAMHI DT SUART B §U IS8 e 37T
M g Udhcl/dg-dsh ST 31Tl &l HgCdTe ufiucfqaad fhedt 3R cdznTe
R foheed Ty & o SIerT-S@T QIS / TS &) & A1y gfad farar
T B SFAIST-ANET H & 3NTA-ST 3R R qU UHR & MHR &l
TAMEIER / TATRES fa=qur iR et @ifkcs vare & Yol & Jaeidl ™1 5|
AS-fawITo ot H Sramidh SR, fordl UTd-39 g1 oI &, Ugal aifel & g
ST T 3R RN & SARC]-WRe® AHHU & HRUT [GRANUT fhaT 77| Ihig
ISR & GRM U Hedqu! XaT UHTE <l 7T | 39 YT & 9] &1 G&l &
TY-TTY ATST/ SN &R & I HSRAT SR HSRaAT B (=dT Bt g1 & T8
81 CdzZnTe R FAAIHTIG (CL) 31eqg fhT 7Y 3R fayur sqagR &1 Siid B
T3 | S T WRRET IR Iqhadig TdRsl & aR § fOdR § gar T g4
T & MYR WR 37 AR &) GifaiRiT ufehar & SR SfidHad UR &R
AT 31 B &R BT gd fear w3

NPT 3R FE-BIR oY AT S5 & ol -3 Ui Ars/aAfST & &
Y g SewH sremae o Ruid fvg u g1 39 iR & gifde 1oif R i drs
3R AfET R BT gvE@ Q]T&IFT%I 3@%‘5’ CdznTe UX photoluminescence (PL) 3R
CL SRS &1 IUTNT rah fawqd fa=qur sreqg= fosar man| rafRry a-rg fazawo
&) IUd WaeT it Agg ¥ Fufed fovar mr $ik $8¢ & oMU 9 Sfafy a-rd
&1 I FT s e Tar| Fud WaeT &1 IUTNT dRdb AlfST & & a1y
HERAl A gfg &1 ot g T B |

SSAT-3THT ANST ATUSSI & Y ANSS R creep Uedl DI ofid B T | TS
ST & 3YR W, HgCdTe TIefRmad flhedl 3R cdznTe Rid fheed TeecH
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Gl & fie T TauHe / dife ve dAffefadt et 151 a8 uran man fob gl
THRET Bt I1d &R HdgARITedT STHT-3fTHT AT ACs! & WY fRR gIdids:
FZSCIA, HgCdTe, CdZnTe, THIAT Sacy, MATHR 38X, HUTS G HARIN,
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