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ABSTRACT

The II-VI based compound semiconductor materials like ZnTe, CdTe, and
HgCdTe have various civilian, medical, astronomical, and strategic defence
applications such as radiation detector, Infrared detectors, Solar cells, THz
detectors, transistors, lasers, superlattices, LED, etc. The availability of lattice
matched substrate is important for good quality crystal growth. However, the
size, cost and material properties restrict the substrate choice. In the present
work, semi-insulating 3-inch diameter GaAs was used as substrate for
epitaxial growth of ZnTe, CdTe and HgCdTe growth. It is challenging to achieve
a high crystalline quality of ZnTe and CdTe thin film due to its (7.8% and
14.6% respectively) lattice mismatch with respect to the substrate, GaAs.
There are various reports suggesting different methods to grow ZnTe and CdTe
thin epitaxial film on GaAs. Low-temperature (LT) nucleation is a novel
method for epitaxy on large lattice mismatched GaAs substrates. The critical
thickness of CdTe epitaxial layer on GaAs is ~5 nm, leading to stress
relaxation either in the form of high density of misfit dislocations at the
interface or change in the orientation of the epitaxial layer. The HRXRD and
TEM were used to analyse the orientation change in CdTe and ZnTe epitaxial
layer.

Annealing of the epitaxial layers annihilates and coalesce the threading
dislocations, reduces etch pit defect density (EPD) ~ 4 x 106 cm-2 and improves
the crystal quality from 100 arcsec to 60 arcsec. To achieve the optimum

temperature and source material flux, the thermodynamic aspects have been

vii



considered during growth and annealing of the epitaxial layer. This work aims
to achieve a highly crystalline CdTe and ZnTe buffer layer on large area GaAs
substrates and further these layers are used for the growth of HgCdTe

epitaxial layers in molecular beam epitaxy system.

As grown HgCdTe epitaxial layer is p-type due to Hg vacancies. Ex-situ
annealing was carried out under Hg pressure to achieve the desired doping
(Hg vacancy) concentration of ~ 0.8-1x1016 cm-3 and carrier mobility of 350 —
450 cm?/V.sec. The epitaxial layers were n-type doped using Boron ion
implantation. The minority carrier lifetime of p-n junction thus formed was
determined using Laser Beam Induced Current (LBIC). HgCdTe epitaxial
layers were passivated using thin CdTe layer. The improvement in minority

carrier lifetime was observed with the passivation HgCdTe surface.

Epitaxial ZnTe and CdTe layers were used to fabricate the MSM photodetector.
Both, ZnTe and CdTe based detectors have demonstrated the broad spectral
range in 250-500 nm and 400-850 nm range respectively. Photodetectors
fabricated on both the materials have demonstrated the self-powered
behaviour with PDCR values ~ 3.7x102 and 3.2x10% respectively when
illuminated with band edge wavelength at zero bias and 25 °C. The
photoelectrical measurements were carried out showing the high spectral
responsivity and detectivity. The temporal response of photodetector was
studied to analyse the repeatability and stability up to 125 °C. The device has
shown high on/off ratio and excellent switching characteristics of the

detectors.

The grown layers were also characterized optically, structurally, topologically,

and chemically using FTIR, HRXRD, Raman spectroscopy, AFM, FESEM,

viii



SIMS measurements. Electrical characteristics of HgCdTe are evaluated using
Hall, LBIC measurements and the detailed photoelectric characteristics were

studied at different temperatures ranging from room temperature to 125 °C.
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qI

I1-VI 3memRda Iifdes 3tfaree @@t S ZnTe, CdTe, 3R HgCdTe & fafdieet
AR, Rafehcar, @amel 3R IOENfds @ eqoaT & S f& f[for fBeay,
gohRs f3edex, @R Ao, THz 3¢y, gioieey, oloR, uRoed, TagsT, 37| 3reed

OIS dTel fsheeel [ & AT SiTelleR Hsdge &1 Iucistrar Hgeaqul & glellih,
IR, AT AR e 0T Fedge & 98 H FldEd X ¢ g d A,
H-gogalidar 3-89 U dld GaAs & 39T ZnTe, CdTe 3R HgCdTe &
tiefFoae A & fov gedce & ¥ & fFar a=m U1 Heuee, GaAs & I &
% (FAA: 7.8% 3R 14.3%) SATell sHA & HRUT ZnTe 3R CdTe udelr fhed Hr
3T fohEeelld JUTEdT WIed el Folaiqel g1 GaAs W ZnTe 3R CdTe Feell
wfaefeaTe e &1 AHAd e & fav fAaffies st @1 gora 3o are fafde
RAE &1 A dTIAT (Td)) FgfFATT 93 AT AT GaAs FEECH W UIeFA
& foIv v 3ua fafer §1 GaAs W CdTe T {FHIer W T Agcaqol Hers ~
5 TaUH g, TS9¥ sty 9 fATfhe 3cuaedr & 3= Udca a1 vhEfdaad wd
& AT # GRacdT & § & dold # e HAeldl &1 TIIRTFHIRST 3R
d8UA #T 3YART CdTe 3R ZnTe UiOTFadel Wd # fAfd-ad aRade
faRelyor e & T fehar arar ol

TR WAt f Teifler IfSer sregawdr @ e AR vaee ad €, 9 e
Y "elcd (SWEN) H FA F § 3N ke & urEar # GUR HC g1 F5AA
dAT 3R AT AT 9d1g @ 9Ied el & folv, Tefadd WRd & a3k
TeAifelar & SR YASEATAS Tgof3il W AR fhar =7 g1 38§ & &7 ofe g &3
817 dTal GaAs HeH¢CH W U 3= foheceld CdTe AR ZnTe SHI W UTed Fial
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£ 3T 3T 37 URdl T 3UAET 0TS ST Tl yomely & HgCdTe thdFaae
qXdl & Ak & forw fRar Srar g

S-S HgCdTe tiefdaas Ra dedr ¢, Hg RfFaal & &Ror P-yer & g S
gl ~ 0.8-1x10"% {#Ar® &ir gifsa T (Tash RfEFT) agar 3R 350 - 450
QA/A.Aehs I arger AT Iod e & flv TSl gald & dgd Tard-HIg
Toiifeter foham arm o] UifEFade Wdl & IRl 3™Ie 3RI90T &1 39AET Hich

UA-9hR & 319 har @7 ATl 30 JhR §o UI-UoT SaRleT &l JHouaa&dsd digsh
STasTehTel ook 1 YR e (VTRAN) HI 39IRT i TuTRa har arar o
HgCdTe TfRfFaasr qxdl & gdell CdTe WRd FT 39T X+ AT forar aram

7| fAfSHIAT HgCdTe HAE & WY HeUHEIS dlgeh Siideishiel H JUR T I1T|
THUHUA BicIfSeFey #l ddlat & fov viaefdadd ZnTe 3R CdTe 9Rdl & 3931eT
fehar s/ ATl ZnTe 3R CdTe gt 3MeMRa fSearedt o %AM: 250-500 nm 3R
400-850 nm IS #H <A FUIHHIT of & Yeddl fohar g1 et aafaal w afda
wrafSeal o ea gae AR 25 Bt Afcaaw w s v o & & W@y
SR gl 9¥ AL MEENR AT ~ 3.7x10% 3R 3.2x10* & @1y Fa-garfad
SIGER 1 T fhar g1 Bicsaideeae AT 3T quishdry gfafshar 3R srga
fe@rd gu e amv) 125 °Cc 9 GRER AR RREr & favesor & & fav
HleIfsedey dT 3EArit gfaferar &1 reaas forar =r ar| Basy & 39 3i4/31%
e 3R TRt Hr Sege Reafdier Rdwanst &1 Raw )

Orfld ddAl & THANBIR, TIARTFHINRE, AT TUFCITHIU, TUHUH,
ThsUOSUH, fQFE AT FT 3UAIT Fd 3ilicehd, GITdAcHS, crdialitaihel 3R
A €9 @ off R fRar arar a1 HgCdTe @1 faegd faRIvansit &1 Hedihe
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gief, LBIC TGl &l 3UNeT ieh fohaT SITell § 3R faeqd wleisafees faRIvansit ar

IETTT AL & dIHT T o 125 °C d& & Bffed agadas= W) Har =
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