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RESEARCH INTEREST:

Synthesis of hybrid metal chalcogenide nanostructured thin films for different
photovoltaic and photothermal activation
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PROFESSIONAL PREFACE:

Thirteen years of research experience in chemical synthesis and analysis of high
quality metal and semiconductor nanoparticles at relatively high temperature with
the decomposition of organometallic precursors. | have also worked about one year
on time resolved ultrafast spectroscopy (mainly, TCSPC) during my M.Sc project.
The wet lab chemical synthesis in IACS and BGU enabled me to synthesize both
high quality metal and semiconductor nanoparticles maintaining proper standards of
a chemical laboratory and laboratory safety regulations.

| am also possessing exposure in different instrumental techniques, such as:

* XRD (Powder X-ray diffractometer by Bruker D8 Advance),

* PL (Photoluminescence Spectroscopy by Fluoromax 3, Fluoromax 4)

* TCSPC (Time Correlated Single Photon Counting)

* UV (Ultraviolet spectroscopy by Shimadzu)

* ICP-OES (Optical Emission Spectroscopy by Perkin Elmer)

* FTIR (Fourier Transfer Infra Red Spectroscopy by Nicolet)

* FE-SEM (Field Emission Scanning Electron Microscopy by JEOL),

* HRTEM (High Resolution Transmission Electron Microscopy by JEOL)

* High speed centrifuge

* Rotary evaporator by EYELA

* Ultra-sound sonicator

* Computational techniques

| have also the experience in performing in-situ SAXS and GISAXS measurements
in synchrotron beamline once in Elettra, Trieste, Italy in November, 2009 and in
ESRF, Grenoble, France in April, 2015. The experiments were intended to study the
growth mechanism of the colloidal nanocrystals and nanocrystalline epitaxial thin
film grown from the solution.

| also maintain close relationship with the maintenance agency such as Perkin Elmer,
Alfa aser, Sigma Aldrich, Merck, Rankem (RFCL), Julabo in respect to any fresh
order or non-functioning of the instruments. Literature review and survey through
SciFinder, I1SI Web of Knowledge, and various journal browsing etc.

Working level knowledge in MS-OFFICE, Chem office, Microcal origin
professional, ImageJ, Digital Micrograph, Crystal Maker, Adobe Photoshop, Corel
draws, grapher 3, 3D Max etc.

PRESENT JOB DESCRIPTION:

» Taught courses (Surface and thin films) at the post graduation level



» Taught Physics Lab courses (General Physics and Electronics) at the post
graduation level

» Setting up state-of-art laboratories with international standard equipment for
synthesizing and characterizing semiconductor thin films.
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Proc. 2011, 1349, 277
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1.Poster presentation at XXth International Workshop on the Physics of
Semiconductor Devices (IWPSD-2019) held at Kolkata, India (December 17-20,
2019), Poster Title: Optimizing I1-V1 semiconductor heterojunction thin films by
chemical bath deposition for photovoltaic and sensor applications (Dr S. K.
Agarwal Memorial Award 2019 for Best Poster Award)

2.Poster presentation at 5th International Nanotechnology Conference &
Exhibition (Nanolsrael 2016) held at Tel-Aviv, Israel (February 22-23, 2016), Poster
Title: Chemical epitaxy and reactivity in solution deposited PbS on ZnTe for
potential use in solar cells

3. Poster presentation at 4th International Nanotechnology Conference &
Exhibition (Nanolsrael 2014) held at Tel-Aviv, Israel (March 24-25, 2014), Poster
Title: Shape Dependent Confinement In Ultrasmall Zero, One, and Two
Dimensional PbS Nanostructures.



4. Oral presentation at Young Scientist Colloguium, MRSI Kolkata Chapter held at
IACS, Kolkata, India (August 04, 2011) Title: Asymmetric Coupled
Heterostructures, Superlattices and Shape Evolution of Self Assembled
Nanomaterials (MRSI Young Scientist Award for best presentation).

5. Poster presentation at International Conference on fundamental & applications
of nano science & technology held at Jadavpur University, Kolkata, India
(December 9-11, 2010), Poster Title: Synergistic tunability of Long Range Visible
Fluorescence Using Component Modulated Coupled Quantum Dots
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range Visible Emissions Using Coupled Quantum Dots
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In situ monitoring the role of citrate in chemical
bath deposition of PbS thin films

Suchets Sengupta Maayan Perez Alexander Rabiin and Yoval Golan®

THIOGT 90 KB TG N3 Deen COMMONY S8 X 3 £O COMPIANG 3T QNG CRenmial LT Sep
Y00 10 VIEEove 1IN ity NS CONGEE QPN B3 Yot I3 ece ke Nl N0 DN SLCKI 060 10 aMe N
TS UGy e e TOCUART O The K6 Of CRIEE I CRermically Sepouted FIE thin me CItate efectvely
COmgiesss T M) CION N WRA0N Teety SICRIENG GOWT e 3D IN3CNG GOWN I T cute

Te was e Tme GEng sy QP ACENANg I AN VS BROrpAon a0
WOy WD SNV DANTE: T (EIOE PIS DENION I T (LT e MECAIYET 0 T (r @
o CREE NNOTYEle PUS Tvs Denas N Tw pedne of 3% FOW QLI AN efec
W\ Dle P COTGE (RORrIRG COMIMGD 10 T DUk ASNG 3N IMEorTnt R &y comaling Sim
VP ® L€ B I A SRR I DKL O

Recnied et Ocwtmr 2015
Ak eptnd LI0 Sanmerdr 2015

OO 0 ON Sadtites

Ll e S (n

Publsind o 16 Nevender N 1% Dewsoald o XA/NI 6 142225

Introduction
Chemical bath deposition (CD) is by far the most e efire

chalcogenide (P8, Phiel hin fllms by CD due to their tech
nological imporsance s Infraed radlstion detecors and
emitters prodicted s early as 1900 Particulark, ead slfide
("0¥) has been the subject of condderable research due © &
diret narrow bandgsp enerngy 1041 «V) and ge sdon
Bohr radion (18 nm) and ueefd optoelectonic properties for
infrared detection and emison ™ Depodton of hin Fis
films on GaAs provides the means for integragon of FiS =
apodectronics with Gats hased technology.

We lave previously showsd that control ower the micro
structure of FOS thin filme on GaAs (100) can be achiewed by
optimizing the deposition time, deposiSon tanperatire and
the concentrations of the reactants present in the bath ™™
PhS was deponited from & highly alkaline aqueoss slwion
where the NaOM, besides affecting the me of thiours
decompasition, alo effetively mmplaes he PH” metal
lons Trisodium duaste (date) has been commonly used as
a mompleing agent during CD espedally for metal casons
such & zinc (2n*) and tin (S0°°) to produce high qualey
films with beter unibormity and decrease in the grain
she ™" I the partcular case of PBS, it was cbsened that an
increase in the concentragion of dfate resuled in Doreased

pa o & mgaamng md de la K= e s for Nawscde
Scuna ad Techmlogy, > 5 of She Nepes. m Mo

Thisjoural £ © The foyd Sockeyof Cresniay 2058

flm entbrmiy and decresse in the crmtdiine dae, with the
clrste bons baing present s Sie finctionsl group In the 1D8
e " 1n the presence of duste, the lydraw] duate wm
phex of b (P OM)cr ™ with varable coordination number
deprnding on the pit of the wokeion'’) would be expedted to
denmpore dferendy from the comanon M- hydronide com
plec. Thas, it would be important © study the effeat of the
co mmphrrare on flm gromth which can provide control over
the grosth mechanim and okt in dfferere i marphal -
opes and phmical properses.

The mechanhm inalwd In the CD process s quite
ingipaing and holds e key for controlling Shm morpho logy.
Generally, the role of the compledng agent & to hind with
the metal lons to prevent raged reacton and precipitation of
the metal ydrnide hence, in the alwence of a complesant
there & exwesaive snd rapid precipitation with litthe or no film
formaon. The metd ommplex allows the dow rdexe of the
free metal ion © rect with the dowly generated andon (usu-
ally formed by the contolled hydrolysis of the precursor)
dieth oo the sulstate, 2 proees cammenly known as
the om byion mechanim. Aematiely, the film growth can
slw ocrur by mgration and adsorption of colloidal partdes
of cither the metal chalcogenide, the metal hydroxide or the
insluble maal ompleaes gmeratad in the soluton onto the
subsmate, & procss commonly known as the duser mecha
nisn. The changs in the mechanism & manifesed in a shift
from the formation of 3 highly anented manccrystalline film
to & nanocrysaline dmer. Hodes & al hawe previously
demonsrated that this changeowt in the mechanism can be
affected by a change in the metl ratio. """ They
dewcribed that these & 3 pamticdlar criscal ratio (R,) between

CamSngCommm, X065 18 125155 | 149
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Chemical epitaxy and interfacial reactivity in
solution deposited PbS on ZnTe
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Introduction

Lead chdcogenides have haen the adjec of anaderdle eabe
reseach due o their unijue optial snd dacsoni propersm and
thetr technologicd imparinae for iIn® ged raiuaton decacson
and emimion and solar eells ' Lead chakogenside quanmm don
are pergcularly suitable for man ParsSon INCo energy anwerson
architacaiten and sre fundamentally intereting in Rghe of thew
umimil photophysin. Ansheis of $he newrsl shandance of
materishs for solar cells shows tha bulk MOS ranks faoeshly (n
termws of the ot and abundandy of rew materishs.* Of Se savenl
tachniques fr fahricating high quaby S thin Sime, chemial
hath deposision is one of the smplest and ant e tie meahods
Chamially deposited P $hin films can be easly integread oo
almost any substrge and their band gap enegy o be tumed
from 041 & of the bulk material © 08 eV in 3 shorer
waelmngth depending on the grain tioe due to the quartum
confinement effee” ™ PhS is 2 good atemative to ather narmw
band gap semiconductors for integration i electric and opto
electronic devices due © @ red 2wvely large Bobr radms of 18 om
20 $ha quantum corfinement oo o Gke place 2 2 rddwely
large guin she.

Among alemaswe appmaches to improve the efcency of
phoswalmic darices, the most notzble is the mukijacion

* nep % ! Rymwrey awt Cmputer Scama,

T Dumermzy of Michpar, A Ao, Mickpas 411 05, D5
* Departmest of Physs, Nadear Resach Crew Nape, Mad
t e sthory comerboted agealy ™ S weox

1996 | J Mooor Cheom C 2006 € 19656-2002

ST e GRS of the InTe Liyen I the raence of racursors Ky Ml Thn A depciton

(MP solar celL"™ " M) dovices comsie of macked seminnductor
Jencsons bullt i tandem, Sug, mawnial band gage are tuned
acrons 3 wide range of wavel ergtha i n the saler spectum, Since
the mrmSWent juncSans can officenty eeract powe fram e
dfteent portiome of the salar pecrum, Sielr power canversian
effdency are much higher compared & single juncsion solar
celle. Quansam dot solar eells also show promise, but thar
powsr mmwerson efficiency it currestly low [ < 10W), where an
imgrowd underanding of interfaces and contact Igyers adjs
cent B the quantum dota w presertly 2 majwr limitason.
Layered stuctires of sanacrystalline Siin film s hased on DS
quantum dot alearhers, slong with electon and hale hlocking
Layers hacad on computidle 11-W semiconductw s, have heen
recently designad for tnproved solarcell efficdency' ***ZnTe is
well mited 2t 3 wlectwe mmae Bir holes an ane side with
properses qute similsr to CATe (3 wellestabhched material in
thin €im sl ol techmo logy) and highly compatible cryaliine
snd cletrnic Srocure LEersture reports suggest that the
epessal powsh of Fhle on GaAs (2118 ar Si211) may he
schiovad usng 2nTe 2s 5 bufter loper ' Improvement (n opeical
properses, minorty curier ifetimes, and inerfxe quably may
be pocsble uang PiSeZnTe stucdures to provide enhancemene
in iz mergy comverson

Chemical bath deposiSon [CBD) offers 2 simple and o=
efwrsw method fr $he Shncgion of high qualry semiconduceor
fims Laerasee repors sgpes the growth of episdal PIS single
cry=a Skng ™ where the = chemizl epinuy refers o the
preence of 3 welldefined cryline rdasonship hetween the
CED sngie oynl fim and the mbente Alhough epitoy usnlly
fequires 3 ceriain degree of littice marh baween the semi.
conduns film and miceate, chamicl interamions heween

The purd &€ Tha foye Soocy of Charmery 2005
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The effect of short chain thiol ligand additives on
chemical bath deposition of lead sulphide thin
films: the unique behaviour of 1,2-ethanedithiol
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Introduction

Chemical bath deposigion (CI) s a populsr comt effecwe peo
cms for production of high quality sad pownsally et
sanlnnductor thin flne.' Literasture mrports cuggest cignifh
cant improvement in optimizaton of e prowth of dfferent
metal chakogenides of which lead sulfide (FO5) is of pentecw
lar importance sinee it has & narrow band gap ener gy (040
V) and large exciion Bohe radius (18 e ) snd has saefd 0p
toeletronie properties for infrared detrction ™ Deposition of
PhS thin filnw on Gads provides the means be integration of
PhS IR optockectronios with CisAs based tachoo bogy
Farller studies from our group segpes hat by vantng the
deponition Sme, deposition emperature and the mncenss
tions of the reactants, 3 wriay of micostnatures of FIS over
the GaAs (100) substrate can be achieved ™" PBS s wully
deposited ffom an sbaline squecus solstion where the
NaOH, besides affecting the rate of hiowes decom position,
ako dfectivdy mmplexes the PY™ metal lons The menl
allows the slow release of the free metal on © react
with the slowly generated anion (mully femed by the con-
trolled hydrobsis of the precursor) direcely in the subswate, 3
process commonly known 2« the onbyion mechanim.® A}
ternatively, film growth can ako occwr by migration and ad
sorption of colloidal particles of the metal chalcogemide. the

- ey, BeKaz P
@4 Wchwbg Saiamm Dapensy of e Nger, Bow-Srve (il k=l
Fomul e
LT .

- o > e K= p= Soewr awt
Tahnolops SeGusn Drwwrssy of Se Nogs, ReesShevs M1, Joud
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matal hydronade or the macdubie metal compleses generared
in the solatin omo the sulntrar, & process cammanly
known s $he chatter mechanhm' The machanian invohed
in the CD process holds e key far cantrolling the film mor
phalogy. The change in Sie mechaniom is manifested in &
A om the formaton of & lghly anmted manacrystal line
fim o & naoaysaline clugter. Our recent udy has shown
that the gresence of & cocomplesant Nie citrate o in addi
tion to e hydrodde in the prowth soludon has & pramd nent
effect om the CD of 198 $in Sima ™ Por conditions faworing
fim growth v the chuster mechanism, the presence of cit-
r#e sesults in & strong wxturing along the (100) direction
slong wih & mbxtntial inademse in the xSwtion ererngy
which results in retardation of the rate of cluster brmaton
in whkaton and hence 2 smalier im thickness. Upon inaeas
ing the wmperatize and She pi, the jondydon mechanism
beomes dominant and the ctrate has less influence on the
depodton and on the resaking flm marphalogy.

While it & well woepeed that the presence of surface
active molecules in slwtion can prestly affect the deposigan,
there are very few reports on their effect an chemiaal bath de-
position * ™ Lieature repons suggest tha the presence of
surbictants in the standard CdS bath resulted in a reduction
in the rate of deposition and an increase in the wrminal
thicknes ™ The pssible eplanation Shat was suggested was
that srfacants adworb anto surfaces bath the subswae and
collddal parsds in the smlwion] rsuling in a retarded
growth rae. Senukanenwxly, the adsorption of the surfactant
oon ciidal particls can also prevent rapid flocultion
and preapttion, thereby incremcing the precursars available
for deposion and dence resmuking I increasing the =rminal
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1 Supperting Infermation

11 ABSTRACT: We hawe swodied colomnae PhSe thin fllms
13 obGined wsing dhemica hah The colommar
14 mbzrcsscure resuhied fmm an oriente] amdament growth
15 meduniem, in owhich rocld predpmsng fmm solotion
16 amachad along peefesed orprallographic faces vo fore highly

17 ofentad, see-goantized aodomnar This & shown 1o be
13 an intesmadiate gmwih mechanism bewes the bon-by-fon

15 and closer mechanioms A groadord ane moded
w  depicting the aciive guowih mechanisms b presentad for the
1 first @me for sembondocior thin films Jdeposited fom
oo The i filaves sh

]

d wel-defined rwirnning rélafions bewesn neighboring
quantam aonfinement, @ entablished by photolaminssoen e spactroscopy. In addition, an otropic nanole eleorica propertes
were imeesigaied nsing corrent sensing AFM, which indicated venibol condocSivity, while mainGining qoaniom condinement

 Phse
[Gaks

which exhibired 2D

w B INTRODUCTION

16 Thin fillres with milored misrosmoctore for desira] andsotropic
17 physial popetes ply an imponant role in many fields of
m dmology Appliatons, sach & magnefic siorage mada,
1w opticll aomponents (birefringent fllters, tonable Leser minnors,
w bnear polarieers, etc)] and gas seroors, ol rdy on mbro-
a1 stoctoral aondrol for ther onigoe anbotropic physical prope-
2 sex' ™" The poten sal for direcdly gerwn anisotreg ic film. growsh
u 8 qquite e ksing s Bt oot back on bo h time: and costs of jpost
» gerwih processing, which would otheswise be raquied Wit
x the emergence of nanotedn alogy hased applicasons, hese has
% been incemasing interest in comple nanoscale smncmmes and
¥ shetir i e n it stae-o fahe e desices '™ Ap plicarions
w rdying on ranossk omponents mgoire contml ower the
w gewih medusnisms, adhbevable by undestanding the funda
w mental processes leading 0 nancstrosored films Mass

+|yﬂmﬂn[mmﬂt&iﬂﬂmpﬂ'wﬁir
ax and bower amts rel o ihe con r

a gewth methads

w  To dare, the mast aomemonly oeed edmigoe for the growdh

« of st coed films & physical vapor deposition [FYD ), which

w orignates o fr badk as 1885% Growth of colbormnar thin filere

o [L‘ﬂjhsbuah\tﬂhjmr&gﬂm#dm
and

adawoms, namdy sorface diffosion kngth, angoler destribution, w
and inonming flox angle, which are ol oocid for adhbesing @1
cobumwar miseracnre ™ " Padiing film mioeeomes o
hased on deposition parametess has baen demonsraed by the o
sroctoral wome model (SZM), esablished by Thormon for w
flo desposited waing PV Thoron peseied a genea 5
modd descsbing the effact of growth conditiors in FYD, in- 5
which CTF wa achieve] by manmining low soharae 57
unmpamuru and low dumbe pressore Both of these =
[ dted in bow ad b lity, pewenting laead =
gmin gowsh. Howeve, high wloes of angle distriboson of the g
incomning vapor flax and adstom angle of incidence might sl &
pestrh CTF gmowth by séfshadowing effecs, whem the o
grwing colamns prevent adatoms fmm readhing neghbodng &
gain and apanding Mantsning both low adanm sorface &
mabilly and a ol wolar diswribation will resalt in well- &
ordeed CTF. An al imple and less s
nﬁrthrttgmﬁdmlmwntmﬁhuuhrdm-ﬂﬂ
solotion depodson ]

Chemical soluSon depostion [CD) & ane of the simplest s
and beast enpen s methods for the growth o f high qoality gin ™
M"“'*Jnmrmmﬁ'ﬂ,ﬂﬁhunulq&m?l

w wmpor flox while low

ﬂﬁhﬂMdL‘TFr&;ﬂum;.dmulhmg
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