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ABSTRACT

Moore's Law necessitated miniaturization of devices down to the nano scale,
it brought about challenges such as the short channel effect, constrained gate
control over channel area, increased power consumption, and heat
dissipation. Consequently, selection of a suitable channel material that could
provide high level of gate controllability, lower power consumption, while
maintaining ultrashort dimensions to sustain the continuation of Moore's Law
became important. This led to the emergence of two-dimensional materials
(2DMs) inside the semiconductor industry as an alternative to the existing
bulk planar technology. Among these materials, the class of 2D transition
metal dichalcogenides (TMDCs) came to the forefront. Moreover, while
considering the importance of high-density device integration, industrial scale
application and cost-effective scalable production, large area synthesis of

2DMs hold immense significance.

One typical example of semiconducting TMDCs is WS». In this work monolayer
WS, film was synthesized on sapphire substrate at centimeter scale (1.5 x 1
cm?) using NaCl assisted atmospheric pressure chemical vapor deposition
(APCVD) technique. The growth mechanism was explained with Volmer-
Weber, Stranski-Krastanov and Frank-van der Merwe modes by incorporating
the importance of NaCl as a growth promoter, and other parameters like
quantity of sulfur, temperature, gas flow rate, and hold time. The optical

microscope (OM) images along with the corresponding Raman and
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photoluminescence (PL) spectra were employed to examine growth of WS» film

at different set of synthesis parameters.

Atomic thickness and high surface to volume ratio of 2DMs makes them
susceptible to surrounding environment. This makes the understanding of
the effect of environmental conditions on physical and electronic properties of
2DMs important. For example, space environment contains different levels of
radiation like gamma, proton, etc. This will have effect over the physical and
electronic properties of the devices such as satellites or space aircrafts which
constitutes 2DMs. Therefore, to ascertain the suitability of 2DMs for space-
based applications, where device miniaturization, low power consumption,
and reduced weight is highly required, study of the effect of different levels of
radiation becomes crucial. Therefore, followed by the synthesis of WSy, effect
of gamma radiation over its surface morphology and surface charge re-
distribution was studied by comparing the film before and after irradiation (1,
50, 100, 200, and 400 kGy dosage). Surface morphology was monitored
through OM and atomic force microscopy (AFM) images. Raman and PL
spectra were used to study the irradiation effect on phonon modes and
excitonic properties. Results indicated p-type doping and increased trion to
exciton transitions. Increase in work function of the film from 4.50 eV for
pristine to 4.82 eV for irradiated film (at 200 kGy) was calculated from Kelvin
probe force microscopy (KPFM) which indicates shifting of the Fermi level
towards the valence band maxima (VBM). Further, VB spectra (VBS) deduced
from X-ray photoelectron spectroscopy (XPS) showed a red shift of 0.17 eV

after irradiation and deduced p-type doping effect.
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WS, is a group VI transition metal dichalcogenide which exhibits superior and
novel optical and electronic properties only when thinned down to monolayer.
However, synthesis of monolayer film is difficult to achieve as it requires very
precise control over synthesis parameters, and monolayers also suffer many
challenges like environmental degradation, surface damage after
characterizations, etc. To circumvent these challenges, we chose ReS;, which
is a group VII TMDC known for its layer independent electronic and optical
properties. 1xX1 cm? large and few layered ReS: film was synthesized on
SiO2/Si substrate through APCVD. Vibrational modes and excitonic peaks
observed from the Raman and PL spectra corroborated the formation of ReS>
film with 1.26 eV bandgap. High resolution transmission electron microscope
(HRTEM) images and selected area electron diffraction (SAED) pattern inferred
polycrystalline nature of the film, while cross-sectional field emission
scanning electron microscopy (FESEM) indicated planar growth with ~10 nm
thickness. Chemical composition of the film analysed through XPS indicated
formation of ReS: film with Re:S atomic ratio of 1:1.75, indicating small

amount of non-stochiometric RexSy.

Recent advent in technology requires devices which can mimic human brain
and memristors are one of the most studied and suitable device structures in
this regard. So, after the basic characterizations, memristors were fabricated
over the as-grown ReS: film and tested for resistive switching (RS) device
application in which the effect of different metal electrodes (Pt/Au and Ag/Au)
and different channel width (200, 100, and 50 pm) was studied. Highest
memory window equal to 108 was obtained for Ag/Au electrode while Pt/Au
showed memory of 102. Furthermore, comparison of devices with Ag/Au
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electrode but with different channel widths (50, 100 and 200 pm) gave
insightful results on the existence of multiple resistance states, device

endurance and retention.

To appreciate the suitability of ReS» film for space-based applications, effect
of gamma radiation (5, 15, 25, 50 kGy) over its structure, morphology,
chemical composition, and memristive behaviour was studied. HRTEM
images and SAED pattern inferred phase transition from polycrystalline to
amorphous. Besides, XPS deduced an increase in the number of sulfur
vacancies (Sy) and formation of Re-O bond with irradiation. Also, valence band
offset by 0.34 eV towards lower binding energy indicated shifting of the Fermi
level towards the VBM, indicating p-type doping effect. In addition, an
increase of work function was determined using KPFM from 3.84 to 5.24 eV,
supporting p-type doping effect in irradiated samples. All these
characterizations concluded induction of defects in the form of Sy and
degradation of film crystallinity along with p-type doping effect. Additionally,
the effect of irradiation over memristive property of film was carried out.
Decrease in the amplification ratio, lon/Iorr, was observed with irradiation

which indicate memristor degradation.



qI

HI & HIJA A TR Pl oAell Tohel b GEHIIOT Fel HT ATl YeT o,
fSed oI detel gomra, Hpfad e @Ea0r @ dodel W), T Sl @ad 3R FoAT

faador S8 ARt &1 GHeT 6har| s6 IRUTAETEY, U 3Uged UeTol HTHEAT i

TTeT AT ST o1 IT ST AT FARISA & 3d &R, et fagawor &7 FaT @ad

I YeTel Y Hehcll oY, A1 & FI FT Ff & AR HTEI0T & FA0 @ & v

3IcTed TATAT &l SaR WA I 3Gl §o1 Tohal AT SHFRT IRUMATIET,
HFARSFERX 3N H AR¥dca # 3 dTel S-3MATAT (2D) ATARIAT HT 3cUTT g3,
St AlS[eT e dd TeleR HigAIfhr & faded & ®9 & 3Tl 3 FAPAT H, -

IATAT HehoT YTV (TMDCs) $T T3 YHE &7 I-AT| $Hh HelaTl, 324 Ueled Jekel
3YRIOT FASOT, s AT &1 3uer AR emeTa-FHrel RAEART FAgeaqor gt
wtmwﬁg,ﬁ-mﬁqﬁﬁ%ﬁ%mmmawwmmal

Teh 3eg0T AHSsiFear TMDCs HI Ueh dEdds 3¢80T WS, &1 58 &1 H,
T Thel (1.5x1 cm?2) & T WRd WS, fedm NaCl #@g1Rd APCVD daheiieh
1 3YANT Hlch AT HT a5 ATl NaCl & Teh defe WA & &7 H AAST el
% Fgcd P AMAST Fd U, AeAR-ASR, FEEHT-FHRTTAI 3R he-deT 3T Ad AT

& @y foem (Y fr carear & 78| fteha ASHITRT (OM) SfATT & Ty
T TAS 3R Bl AAGE (PL) TFT & 39N fAffest Hovor dA6 &
WS, e & Qe I g & & fow fmar m)

2 AT AR $T WAY] Al AR 3T Y56 d Eeled Ui 3eg ITE-OET
aTATaRoT & Ufa TdeeTeiiel 91T &1 387 2 AT IrAfIAr 1 siifas 3R seleciicin
Ut IR G0l At & 98 ol FHSTAT Hecdqul &1 STl &1 3aTeXvT & o,
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37aReT araraRer # AT, dierd 3nfe 38 Affies TRt fir [afeor gidr &1 a8 2
T FTATIAT O 9o 39RO o1 39918 AT 3idReT e i #ifds 3R saaei@s
IOl O GG STelelt| gafeT, 3aRel M eyt & fov 2 3nare aAEat

I SUGFAT T Y et & [T, STET 30T FEHIIOT, HH Foll U IR HH
aofel T 3NMTeTHAT &, Affies TRT &1 BT & womra 1 3eqqT AT FAgeaqor
gl

SHF a6, WS, T AT & d1g, 3HA Aclg Arblaiel AR was fega Imar W
3T fafehor & wara o1 e fohar arn o, T ad AT T Whed T sysere
¥ ggel 3N &g H Jefell & (1, 50, 100, 200, 3R 400 kGy HEN) | Hlg HBlelon
A OM 3R AFM Bfadr & ATEIH & Alfelex fohar 37| AT 3R PL TFCT &r
3YANT Bielel A1 3R 3doieh 0T W GG T EATT el o T fohar |
RO o p-JFR & ST AR TE FAT F 399 ded & aRadat & Fad Fam
e & HHA-FIFAHOT HT Jef& (T@a: 4.50 eV & 33¢s fhedA & foIw 200 kGy
9T 4.82 V) & KPFM & 3URT T 31 ®dt TR FT gor [AEIR X @] T
37TdT, TEFE-Y dieisoiaeld TUFeahidl (XPS) & fawrer 7T 3o §5 Teer of 333
& 91¢ 0.17 eV & 38 ¥ve 3R Frel 0 p-U&R & ST JHT &l @]

WS, U HHg VI GO U1 Sfasifodr § S shael AR H gl gl W &l
4 3R AT R & AR 3R Solereiiaren 0T GefTd Al &1 grelifeh, AR
oA I TVUT AT IUY AIFOT HA ETRar B, 3R AT i 3w
AT T THAT Fh § S TARONT TerdaAeierdr, faRelsor & e g &ifd
3| 3o AT @ g Fe & AT, §AS ReS T T faha, ST sHS WA-FdA
golFciioleh 3N MR Uil & AT ST Sar &1 1x1 cm? 3R $& &RA ReSs

A 1 Si02/Si 39T WX APCVD GaRT Hed fhar arar a1l AT 3R PL
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TIegl ¥ AT assieided A5 AR 3o Afedl o ReS, fhed & 3cuel &
gfse &1l HRTEM ofadl 3R SAED Yol & fthedt &1 Sgfheece upfd T gaam
&, STafh Ig-Qerelelel Bles AT Ehioler gelaclel HghiEndl (FESEM) & g
MSA & HY JYHFAAT TV G@rs| XPS @l hedA & THAAS T i

faReIwoT & 1:1.75 % Re: S WA I & AU ReS: hed & 6T SN =TT <,

Sga TR 3Fdr reaelT I SIEr AT Johd fohar =)

cTeheileh H gl &l WITfd Aleld ATEASH H IIAOT Al & AT 3RO T
TITHAT Al 3cdeed Il ¢ R ATHER 30 T # 3reggar fre a1v 3R a=sa
g R IUGFA 3TV AL A F T g1 gHfav, Aifas f@dwoi & @,
AAECT &1 39 & 916 IF-39AT ITRAT ReS, fherdm W 3R 30 wferrel afaer
(RS) 3UOT HTHANT o T qieror foham I, et faffier arq solselsa (Pt/Au
3R Ag/Au) 3R R[Affea d5a d@is$ (200, 100 3R 50 pm) & YHIT HT eI
R a3l Tt eI f@EHr 108 F kIR e, Sife Ag/Au sSodeis & faU
T, gTelifeh Pt/Au ol 102 & IR @R 38k 3eltar, [Affied dater diss & @y

Ag/Au SAFEIS & HTY 3RV T Jefoll FeT W (50, 100 3R 200 pm) faFie=
fcRrely [Eufaat, sgentor ag=efierdr 3R doRoT & Aifgew aRomAr ) 3egd Ads
Frer|

ReS, thed #T HaReT-3RT 3quden & v sugedar $ e & fog, 3

fafeor (5, 15, 25, 50 kGy) F THIT &7 37T fhar a1 a11 HRTEM Sfaar 3R

SAED ¥ & Sgadiy fadad & Sesiy off & fhed 1 qaafas @ @
39fISe F IARMAF WOT H G IR 3| $AS AT, XPS o 3ar faferyor
& §¢ Ao Rad TUET (Sy) I T&IT AR 33 & 9 p-ThR & YT THT
1 Gvor | @1y g, 3T RUfd & gefer T qar oeIar 9T AT, KPFM & 3.84 @
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5.24 eV T, St 3I8¢S FAHAl H p-YhR & ST g1 1 AT T @I AT| ST
Gl faAVOlt & fSthefeq & YET T FATGST 3R qaach FIoRIET &1 6T 3regae
$r fasey el ot
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electrode show direct correspondence of current with temperature, in both
HRS and LRS, indicating semiconducting nature. (f) Robustness of the device

with Ag/Au was checked from its retention for more than 104 s at 100 °C.
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resulted in change of noise behaviour to 1/f. (fjPlot showing comparative
analysis of noise in HRS and LRS. Noise in HRS is significantly higher than
LRS and this can be attributed to Brownian motion of charge carries in HRS.
(g) Plot depicting comparison of noise at different current bias in LRS. (h)
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oriented nano-crystallites and GBs. (h) SAED pattern after 15 kGy irradiation
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