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ABSTRACT

Two-dimensional (2D) materials have layered structure with unique properties. One of
the properties of interest is the temperature coefficient of resistance (TCR) which should be
large for fast thermal sensors. The TCR is the calculation of the relative change in resistance
per degree of temperature change. Taking a step further, tunable TCR is a concept that involves
the control of TCR by the gate voltage. In this thesis, this concept is tested on transition metal
dichalcogenide (TMD) which are composed of a transition metal (M) and two chalcogen (X)
atoms (MX>). Here M can be Molybdenum, Platinum, or Tungsten etc. and X can be Sulphur,
Selenium or Tellurium etc. In this thesis, we have shown that in a field effect transistor device,
three TMD 2D semiconductor materials WSe2, MoS»2, and MoSe> have a TCR, which can be
controlled by varying the applied gate voltage. Also, all the above mentioned TMDs have TCR

which are several times higher than metallic thin films based thermal sensors.

This first three technical chapters (chapter 3-5) of this dissertation are focused on
showing the higher TCR value and TCR tunability of different TMD materials and
understanding the mechanism using an experimental analysis. For characterization, atomic
force microscope (AFM) is used to measure flake height and Raman spectroscopy and electron
probe microanalyzer is used to characterize different TMD flakes. It is shown that WSe> TCR
could be controlled to 300% of its value within 10V of applied gate voltage and is found to
have the highest value of -8.7 %K ! at just above the threshold voltage. Also, the magnitude of
p-WSe> TCR is 19 times that of metallic thin films. We show that in the case of n-MoS,, the
TCR can be varied to 60% of its value within 40 V. Also the in terms of maximum magnitude
the TCR is found to be -1.52 %K' at 5V V,-Vi. (adjusted threshold voltage). Also, the
magnitude of n-MoS> TCR is 3 times that of metallic thin films. Similarly for MoSe, the TCR
can be tuned to about 200% of its value for 15 nm thick flake within a gate voltage change of 7
V, with the highest recorded value being -2.75 %K™! which is also 5.5 times the typical metallic
thin films based devices. Also, the average relative uncertainty in TCR is observed to be 3.8%
for the 65 nm devices and 4.6% for the 15 nm MoSe: devices, respectively. Thus, specific high
or low values of TCR can be tuned using the gate voltage for the studied three different TMD
materials. This has applications in higher sensitivity bolometers, thermal sensors, and

accelerometers.
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The fourth technical chapter (chapter # 6) of this dissertation is focused on a flexible
nanomechanical bolometer fabricated using MoS» and polydimethyl siloxane (PDMS), which
is used to measure radiation intensity via mechanical transduction and band gap transition. The
fabricated devices are used to estimate the gauge factor (GF) and absorption coefficient of the
material from the valley and peak data of current-time curves. The peaks observed in the current
time graph can be attributed to photocarrier generation mechanism. Valleys obtained in the
current time graphs are related to the GF of the sensing matrix. The GF of 100 and absorption
coefficient of 2x10° cm™ is obtained for the MoS> on PDMS device. Also, specific detectivity
0f4.95x10'" cm Hz'> W' and responsivity of -219 V/W is obtained. The work presented here
is highly encouraging for the utilization of MoS, & PDMS in bolometers, thermal sensors and

photodetectors.
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R

fg-smandt (20) Tl 7 ifgdta Ton & Ty WRagR T B 31 feeray ot
A ¥ TP UfoRIY BT AT UM (TCR) § S a9 did IR & oY 581 g1 a1feul TCR
dIAE Rkad o wfd feult uferty & Trter aikad= &1 T0MT 81 U HeH 3F d6d gx,
A TCR THh SAYRUN g ForH 7T diees gRT TCR BT FRA0 it ¢ 1 39 ARE H
S SAYRUTN BT TIEOT HHHUT T SEAAB oSS (TMD) TR 351 71 § S U HehHuT
&1 (M) 3TR & AThIo (X) TRATIS (MX2) & &1 8 | Tgf M Wiferss -1, @ifew ar dme
TS BT ol g 3R X Jehx, Jad a1 CogRad 3Nfe 81 Tobdl ¢l 39 AR & g7
fam & i 1 wice Sthae ciforer fEarga & @ TMD 2D Jftdsaex TARad Wse;,
MoS: 3R MoSe: & T& TCR &, SR @] 7T diees! & Sgade Hafd fasar o Jevdl g
1Y g, SR aftfd Mt Auret & TRASIR § S erg &1 uael! fihe sy IR o
JT H s 7T 311 © | 9 XY UEY o gl oI dep-iids! Sieard fafie dreqst amiat
& I CRITSR A SR SRR egAfaferd! &1 feam SR o faxavunes disd
BT ST TR o DI THSH W dfad § | A0 a0 & Y, TUHTH BT STINT WD B
FT8 B AT $ frg fobar Siran § eIk fafte Aund) v &) Rt w33 & o w
IR 3R S offd HISehITATCTSOR &1 IUANT o Sl ¢ | a8 e T §
b WSe, TCR &I AR T dicesl & 10V & HidR $Hd T o 300% dob afd fasar
Tl § 3R ATEITS dleesl A B HWR -8.7% K-1 BT I=Iad Hed U Il g | 1 &,
p-WSe, TCR T URHTOT €1g Pt Uae fhert & 19 AT § $HP SfQATGT, n-MoS2 TCR I
GRATT o7 &1 Uaelt el 3 3 A1 81 ST a8 MoSe, & foTT, TCR &I 7 V & TIT dlecd!
gitaa & HiaR 15 TIUH A1 IRd & 1T §9& T & THTHT 200% 0 g fohar off
Tl 5, FoRTH SdH ol Jed -2.75% K-1 8 Sl o ATHI=T U1 &1 gael fthed! TR emd
SUSHRTN 5.5 7T b §1 TCR 32T P 3MYR R TP TMa=fardr Arsa +f wxaifad fan
T § | ST SUGRT SPAH TCR SIaiieR, it 3R yria IR feomgT o= & forg favan
ST 9T 8| 9 UBR, I S-S TMD IR & T e diees! &1 ITART B
TCR & TRy 3= gl 1 oA fovan ST ohdl ¢ | 39 3o Adg-=iadT ard ardamiey,
YA AR 3R TRICRIHCR & SN § | § [N Taiel BT AT T AT MoS, 3R
g SAISd R (PDMS) BT SUANT SR FHiHd T Aial AiHb Hdd areHiex

vii|Page



IR Higd g, w1 STAN AhHaHd ChSaRM 3R §8 iU AHA & ATy 3 fafdmvor o
gt 1 Ao & o T Strar g | FAfifa Suesul &1 STt adH THa 9l & a1et 3R
RRaR ST It & T HRS (GF) 3R SE=INU U BT A T & forg fawar
ST & | I 0 T B 38 T RRGRY Bl Wi RaR SRR febfed & fore iR
SEXIT ST el ¢ | IAH 989 96 § U1 wifedt SR Bfeed & GF 3 Haifeid §1 PDMS
Sagd IR MoS, & fATT 100 BT GF 3R 2x106 cm™! T @RI UTie YT T ST 5 |
g1 T BT drarey, YHd AR SR Wielfgeaey  MoS; 3R PDMS & JUIRT & forg
SAID IS g
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ABBREVIATIONS

AFM Atomic force microscope

CVD Chemical vapor deposition

PVD Physical vapor deposition

CARE Center for applied research in electronics
FET Field effect transistor

IITD Indian Institute of Technology, Delhi
VDW  Van der Waals

PDMS Polydimethyl siloxane

SEM Scanning electron microscope
TMDC/TMD Transition metal dichalcogenide
EPMA Electron probe microanalyzer

RTD Resistance Thermal Detectors

TCR Temperature coefficient of resistance
NTCR Negative temperature coefficient of resistance

CI Charge Impurity
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NOTATION

r Radius, m

a Temperature coefficient of resistance

p mobility

€o permittivity of vacuum

errelative permittivity

n number of carriers

Cox oxide capacitance of the silicon dioxide dielectric layer
e the electronic charge (1.6x107"° C),

V, the gate voltage

V¢ the threshold voltage

€ change in threshold voltage w.r.t. Vg

t Silicon dioxide layer thickness

Rt Channel electrical resistance at temperature T

Ro Channel electrical resistance at reference temperature 300K
T Temperature

y is absorption coefficient,

h is the reduced Plank‘s constant,

o is the frequency of the radiation,

Q. average number of electron-hole pairs produced from one photon
Ge number of generated pairs of electron & holes

Pl total light intensity

Po light intensity at the surface
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R Channel electrical resistance
7 gauge factor

A change in associated quantity
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