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ABSTRACT

terest i n BMDYS MeSeWwpe MosS been steadily gro
caddeeo their outstanding physical, el ectron
uld pave the way. f®9peaniefwi alplly,catthenmsossi bi
ystals of TMDs with direct bamatg@ami cssu-ggred t
ectronics - ohlge tmagdn uygwal s are to empl oy TMD
aled CMOS transistors, photodetector s, and
at of OLED Ilighting that makehepsmobdetaraktr
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wearabl eo electronic devices and might al so

anoxi col-aomal, y Dii 0, anti bactliemgiarmddgiondg ,wodirnudg hd

d cancegr diuheertaop t he | arge exposure surface,
ocompatibility.
wever, sever al chall enges need to be addres

ch as to obtain their synthesis with good ¢
ocesses to tune jtdepirngpr opred triced ftvokev gl op

chnol ogi cal processes to integrate tThheisse m
cludes finding a suitable device fabricati
sistance between tlhne peerttail c ualnadr ,tshnedu €MD ¢ s\eatr
fabtedéavi ogs with sdunsglneg cElyescttarlo nMoBseam Li t
i's approach is wusefulitor sr asdeuaes dl g oawne st,h rho
it is not possibl e stcoaledmpd toggad,t ioth iash neade
vices with a téammgiegse atl ratpraldlueaws on of dev
llms .t hi s regard, a higher thrdoudhhmputipahgyni be
andard industry technigue used to fabricate

e princiopal aitns toufd yp htohseo t hesm gc agshgs neces s
bricate Field Efbegctepoansti Agbdhmntt{aecBiMa S

mplgeoown via Atomic Layer DepodiEtTiFoma |(lAyh D)
pl oratory study was conducted regarding the
ntact, to improve theegbiacetgndfthbeeTiof ®o8



| ndeedi,nd®PlL®Aes -raanpiuwdl tarnad | ocal i zed ther mala tr eeé

Kr F exlca sreera wiatvhel ength of 248 nm and a pul se

To asskbe qualityafotfertpheeatcMdd S t hogr aphy step Ra
was employed along with images taken with Op
rel evant parameters of each fabrication step.
transistor transferocabtvaeisn wiemfeo mmatsiuore dr d gar
materi al , however no relevanthceraéenempas &ha
on a continuows Atdom ofFdndceoi cr otsac ogxya MiAFev) t
mor phol oagnyd odfe tTer mi ne t he PLA condiMoisgomasl t draed

an®aman spectroscolptyaiad | iomwfear maot i on on t he c¢h

bet ween Tiznamel Mo$ he prSseamepouonfd . d ¢cliimall §y

feasibility of PLA patternevikrmetl alseegl @atorcedses
to the ablation of the Ti contacts whieh wa
i ntroduced during the met al sputtering phase.
I n summary, this thesis work focus was the st
fabrication of FET devices. The aim has been
| iteratur e, such as avoiding film deerlawmimatt

device performances by optimizing the contac

optimization allowed to reach good reproducib
Mo&Sfilm highlighting an ED windew Thisshiefuhbp
the possibilitysctoont@mrcdcestso TdecMoeSase the con
damaging the semiconductor fil m.

The research activity of this t heEsuirsopheaasn bUene no
Horiz®amh0 project ASCENT+ OGCAiIi Neaf7TREgBOvangr ame
| SR 2017 O6SEINISIWIItSEGMN i nternati onralT Ic ol Hraabnocrea)t
Tyndal l Nat i-ddmalvelrsstiyt LCtod | ege Cork (Il reland
provided -LlEEyTI CEApersonal ly executed, alflromhae h
photolithographic processes to the el emtirtihcal

the exception of sttheep.met al sputtering
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CHAPTER 1: STATE OF THE

1. A SHORT OVERVI EW OF 2D MATERI ALS

I nterest in 2D materials has grown exponenti a
di scovery of graphene to the development- of m

BN) and transition metal dichalcogenides (TMD

The milestones in the study of the properties
are highlighted in Fig.1l.1 The event t hat sp
2004, when Novoselov and Geim prepasr D wiray sme
i ncluding graphite, BN, and sever al TMDs- [ Nov
| ayer sampl es, observing their 2D structure
(TEM). Thanks to this work thesy ionbt2a0iln0e.d Itnh e2 0O
and Kim independently discovered t h-bardgiadp s

semi conductor. This discovery reignited inter
carbon niC8B8NAYJeshéeégagonalBNhbrmadk mpihtosipther uls ( BP
and silicene. The remar kabl e physical, el ectr
materials, along with their potential for new
various fields, inctughygi condenmasedi mhst scie
nanotechnology. The confinement of electrons
properties to 2D materials, due to their high

| arge speci biof spPDf maeenral s makes them suitat
and chemical detection. Their atomic thicknes:
and optical transparency, presenting signifi

opebectronic devices.

Il n 2010, TMDs experienced a resurgence of int
Mo Sf |l ake exhibits a direct bandgap at room te
a monol ayer [Splendiani et al ., 20102f.1 aklee t
createefffieeltd transi stors (FETs) was demonstr
[ Radisavl jevic et al ., 2011]. The foll owing Vye
based on MbSwas al so noted thpati ohesmater uml C

N



from red to green by adljapgeisng aheningmbdbepr ope

in any other material at the time. In 2015, g
first ti me. Six years | ateegm tini cx021lenta rfell gx
graphene/ WSe 2 rhee twearso sdtervuecltoup e d , achieving an
al ., 2021].

Anot her breakthrough ocethrorteoch iemi 361 % nwhvars i

WSe fl akes. Thi s phenomenon was attributed
homogeneities, which serve as trapping sites
di scovery opened up numerous possibilities fol

aek area of strategic research for the coming
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Figure 1.1: Key milestones in 2D materials resear
optoelectronic devices.
I n the medium to | ong ter m, a key goal I's t
comparable to those of modern OLED Ilighting
Additionally, 2D materials hold promisenfos, a

paving the way for future wearable devices [P

drive significant progress i n-t okiec dl-aogmaeldy dtiiash,

antibacteri al appl i catmaognisng,waodegnudg, hdeealldi rcqa,n cleir
thanks to their | arge surface area, versatile
[ Rohai zad et al ., 2021; Wang et al ., 2020]. Ov
are expected to grremeallectirmmaccts timedumitcy. Th

integrated-based sybtemsa for various applicat



Li DAR, data communications, |l aser s, piezoel e

magnetic devices, potentially extending Moor e

However, i ntegrating 20Dr othatéeroal sdevihntes mas:
chall enges. Ascchaileevipmrgo duagragidoint yf $htirglhct ur al |y

on appropriate substrates remains diffiouwmlt,

Precise control over their composition, | aye
doping, defect s, def ormati ons, vacanci es, and
optical and electronic charactekestiped.a-xPnhgoao
characterization, prototype device fabricat:i
addressing these fundamental issues to enabl e
materials in everyday electronic devices.

1. ZRANSI TI ON METAL DI CHALCOGENI DES

As previously meda i bdviende n sgiroanpahl é-hsghbedtdi @fd ds m ar

was the first 2D material to be extensively s
sparked a surge of interest over the past dec
i nto a wi ddevriacnegse, oifnxd aiadd nagnfdrieggudeinocy | ogi ¢
thermally and electrically conductive reinfo
el ectrodes for displays and solar cell s. Spe
effectnt vam gHiaal | effect at room temperature, a
(1068405 cmJ/Vs) [All en et al ., 2010]. However,
it unsuitable for the devel opment of dwogmicc c
devices suehh fascst fieddsi stor s (FETs) , phot ode
requires a different c¢class of 2D materials. A

VD) graphene with stitched grain
(a) boundarics exhibit 905 of the
_ First report of *Scotch Tape' strength of theoretical pristine
20000 graphene exfoliation graphene
Novel Prize awarded in 2000 to Geim
md Novoseloy for their work on 2D
r atomie erystals in 2005
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Figure 1. 2: (a) A brief timeline of graphene rese
surge in-reerraapheedneacademi ¢ publ i cat i ofSsT E[MSart a reotg r al|
showing -laaywemgdraphene s heetokecrarpecutreedd TuUEBSM negt a6 Op Kk

Enrico Di Russo.

1. 1Qvlerview of TMD properties and appli

Twai mensi onal transition met al dichal cogeni d
class of ultrathin | ayered materials with p
composition, and | ayer count. A bausnict smo nwh earys
i's a transition met al and X is a chalcogen &
hexagonal |l attice plane, which is sandwiched

| ayers. While covalent bonds honhodn otl oaggeetfhaeyre ntsh

themselves interact via weak van der Waals fo
Three main polytypes are typically observed,
coordination of Xcebhomalrbllatome: tdTt hz2H, and
1.3 The number 1, 2 or 3 reflects to the numbe
the crystallographpocalst (lUrtuhexagonal (H), or
most coymnmoocnclurring polytypes in nature are 2H

structure: the 3Rcemotlrydsyypremehtarsi o @mooirmlt | gr awyer
whereas the 2H pol ymwtpPpepeixmti bgt esup heomdD odd (
[ Samadi et al ., 2018] . The 2H polytype, char
mol ecul es per unit cell with an AbA| BaB stacki
significant for electronic devi coepefrahreisc g tSiaonme

al ., 2018]. Il n a monol ayer structure, the 2H
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Figure 1.3: The three primary polytypes of TMD mat

structur al parameters [Hoang et al ., 2021].

Anot her common <crystalline phase i1s the 1T j
coordination symmetry. I n this phase, the su
stacking sequence [Voiry et al . ;VI20rivals.n iekoaw el vye
unstabl e, |l eading to the formation of a supei
[ Voiry et al., 2015]. Compared to the -TtMERs mod
exhibit met-méet akl ior Beltmavi or, h was$ hoMonhdd yWTae f e
possessing stable distorted 1T phases [Lai et

The phase transition between different pol yt
rearrangement of electronic orbitals [Wang et
mol ecul ar orbitaldusti mgcttihree tafanBo$i on from a
octahedr al struct-aner gyWhenbitthael sl oanr e fully

demonstrates semiconductinMofSrobopercbineés astas 5E€E

associat eMlo Bairteh phATtially f il lheed nnaittehr isailn-gelxeh iek
|l i ke behavior [Wang et al., 2018]. For most T
phase can occur through annealing or natural

of TMD polytypes and rphtaos e[ Wannggi neete railn.g,, 2r0Oelf8e



Trigonal prismatic (1H) Octahedral (1T)

Energy

Figure 1. 4: Compatabospbifttding causMagabyd -MbhTe cr vy«
[ Yang et al ., 2017] .

A distinctive feature of this class of materi e
and optical properties that are highly depen
instankleTd 2H1 eV)(,1.MNMoe/()1. Mo&V)( 2arlnd eWS al | P
direct bandgaps and can be combumedptopénotrimes
bandgap, l ight emission, and | ight absorption
exhibit indirect bandgapsvofwtghe 1b&n dpgaows defs
material s. Notably, these material s -BsNpant ot hleR
( Mo 3e making them suitable for a wide range

communicati on, |l i ght detecti on, l'ighting, mi c

" m— Direct ga|
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Figure 1.5: Bandgap of 2D materi-&8Ns, Theomogoaphant
represents the wavelengt ht masmsictiiadre demwernt dqy.t hMatbemic

direct bandgaps are indicated by different colors
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The band structures of selected TMD bil ayers
a direct bandgap when isolated as monol ayers
decreases from bulk to around five Iayeasids ghth
with a sudden shift to a muchageml maeredialkst]|
2010]. This behaviaod iNSttwypioc¢alt hef mde$ common
some TMDs follow different bandgapdireoatsband
reduced to a monol ayezfandr owbiel msyteansc, e ,t hien dVMa e

transitions occur at nearly the sameorentehgyolt

hand, already exhibits a direct bandgap when
whil en¥dSent ai ns an indirect bandgap even in n
Generally, the emission energies observed frol

materi al s bandgapsi toe bbobntdhaeghegbrgy, which

at room temperature [Klots et al , 2014] .

MoTe,

Energy(eV)

Energy(eV)

Figure . : -lsara«tk:ertdrlh)Md:ﬂKatye; GMDpr ws tt ihr

gap transitions [Kumar et al ., 2013
Even though pristine crystalline TMDs exhibit
easily arise during materi al growth or subsedq
these properties. Therefore, undenrds tcaomdirnog |tihn
formation is crucial. A detailed review of de
2018] . Among the most common defects are sul

T



growt h, significantly impacting surface o0XYyg:¢
vacancies with oxygen is thermodynamically f
Additionally, oxygen can be absorbed mpmeddedrt s
Substitutional atoms also play a critical ro
introduction of such impurities forms the bas
specific atoms can fill saNjfjAsr WwacancSé&ypktoms
doping, and F, Cl-typBe, dopi hgaf &msmmsbaoet pal ., Z
are another common defect I n TMDs, generally
phenomenon that occurs @eepgardéens sgeShiilnldea| Aeditd ¢
2013] .

Due to their unique combination of properties
el ectroni cs, photonics, sensing, and energy o
applications is provided in Fig. €st7.i mmbhaegx
nanotechnol ogyf i Ismcthr arssitshtioor s ( TFTs) , di spl a
TMDs offer mechanical flexibility and streng

absence of stacking fallame asovidf de éMosStod ay e hei
approximately (180 N 60) N/m, corresponding t
to that of steel (~270 GPa) [Bertolazzi et al
among commonly used materials exhBbBrtobkazhi ac
2011] . Thanks to their flexibility, TMDs can
crystalline structure, such as bandgap deforn
devel oping FETs on fduwelxstbrlaet esr whwd ar amhdien't ai

el ectrical properties.



The cornerstone of flexible electronics is t
fundament al to semiconduydarrs ,t exrhantod toygp/es | of r
arious TMDs have emerged [ Choi et al ., 2017]

requencies beyond 5 GHz on plastic substrate

nduring up to 3% strain [Yogeesh et al ., 20

Y
f
based TFTs demonstrate robust el ectronic p e
e
vel ocity, and mechanical strength,-pdWM®s rkaei
f

requency TFTs desigmadlfeordefvli€xisbl e and wea

Energy Storages

e S
-V - eme?
R = Energy :.2- mW h e
. -
3 2D TMDs
= High y for NO: ]' i
¢ High ity o NO: 1 o :3 applications
AR

Photonic Devices b L
\ (Nt Nanotechnol, 6, 147-150 (20113) 2]

Piezoelectric Devices

* Energy conversion: 5.08%

Figure 1.7: Electmromiic, aonpt @anergy devices base
di chalcogenides (TMDs) [Choi et al .,

1. IMo2sstructure and Raman spectra

MoSi s the most extensively studied of the tra

has been widely explored and wutilized i2n dev
focused on its bulk properties, particularly
l ow friction coefficient, whHhiamh idg rseicgniofni an:

to the perpendicul ar direkchiionbdgawvi6égr [&roinge «
van der Waal s i nter acitciho nasr eb entuwehe nvelaakyeerr st,h awh

bonds connecting the molybdenum (Mo) and sul f

bul k 2M® San indirect bandgap semiconductor wit
eV, resulting in a |l ow quantum yiel ayfeor cplyst
This characteristic |Iimit its potenoOial.appli
Mo Sexi st s in three polytypes: 1T, 2 H, and 3
parameters | isted in TMbblead.dciTdhleediedlass vmmhet
not occur naturally; it can be synthesized f

)]



el ectrochemical exfoliation [Zhang et al ., 2 (
polytype through annealingMo[sPpohngytgpeakbxhi ROt
behavior, while the 2H and 3R polytypes have
3R polytypes share similar |l attice constants
properties, with some dinfdf &iVe&Sn aedss oirmp th amd sPterc
et al ., 2015].

MoS; polytype 2H 3R T
Lattice constant (A) a 3.15 3.17 5.60

o 12.30 18.38 5.99
Stacking order AbABaB  AbA BcB CaC AbC

Table 1.1: Structur al ppaorlaynteytpeerss [oSo ntgh ee tmaailn. ,M0230 1

The structMorge sofi | RHstrated in Fig. 1.8 It C
mol ybdenum (Mo) atoms sandwiched between two

with strong covalent bonds | inking the Mo and
each otheget hleel byt weak van der Waals forces. 1
is 3.15 i, while the spacing between adjacent

Figure 1.8: Detail of the g£r ynotl glbdsethruunc tau roenso f( brhair
sandwi ched between othsuldwemp!l @ynelsl dw)y meht tbyys : / /
eu/ pages/ mediysbudrebnsugng .

I n terms of banMo Smornuoc tawreer, eax ha Wi ts signific

properties compared to its bulk form (Fig. 1.F¢
NM



and electrons are confined to a single plane,
semiconductor with an increased bandgap of a
2010] . | n, btuhH& WMaor5d transition occurs between
dpoint and the conduction bandiamdikKnupngi mths .c hl
Functional Theory (DFT) <calculations reveal t
ori i fatom the d orbitals of Mo yationms,r | wlyieec h ¢

[ Wang et al ., 2012] . Cidpoenselresuthe fstoant @s ca
and S orbitals and are sensitive to changes i
decreases, the band stanuscittuircen ss hatf ttsh,e akn dp odiinrt
transitions, resulting in the formation of a
Il n aMo2g8honol ayer, the formation of a direct ba
excitonic peaks: one at approximately 1.92 eV
around 2.08 eV (the B exciton) [Mak et al ., 2

the valence band at -otrtha tK cpalipnti ndgu e wtho chpign v e
active transitions [ Samadi et al ., 2018]. Not
even at high temperatures gw,e whi dhedxcesdd ngyl

Bulk Monolayer
= — = =

il L = ™
S 2 yf 5 ﬂé
2 P o
o O o 0
| |
L _2_..\/# L 2&

I = M K r I M I{ I

Figure 1. 9: Band structure diagramshdwi(hngftthe bad &
from indirect t o direct bandgap accompanied
[https:// www-ead pialga s ¢ onedl igshbudrebnsudng .

NN



The analysis of Raman spectra offerslagleonabl ¢
the speciMo& offoulrHdfeirr sRaman active modgsEcan
E24§ ang(FE g. 1.10). Ofigatnhdeliegodesn| yr & heasAi |y o
typically appeami.ngl nrcoounfd mddtoko dtelse aB e not de
i n standard Raman spectroscopy and require mo
The commonly observed Ramaph ameih K &€n @ dool vaense) o nAd
vi brations of atoms when viewed along the [10

of these two modes exhibit a specific depende

O O O, 0. O O
° ] » . . »
o o) o o o o o S
‘o) O 0O O e ® Mo
L ® [ ] o e L 3
O O O Re] O O
EZQZ E‘Ig E291 E1 u‘I A‘1g A2u1

Figure 1.10. Atomic displ acredeemtRamce (£ o 1Ahe f
modes anedcttwolaelnRelmodes, as viewed along the [100]

As the thickxnfeislsm oifnca eMs®s from a monol ayer
Eimode decr ealsiefst X\ rewhile thgmoldeequenewpbest (b
(Fig.-bé¢d) 128ahis distinct relationship between
used to determine:ltdyermumbealrt odugvo St hi s met ho

five |l ayers and only in the absence of | attic
the number of | ayers exceerdpads essl, 2 3 Qemperaske |Is!
the number of | ayers decreases from five to c
about ol8(EMg. 1.11e). Additiobagklryg, i@asrtelaeersyn
signal from the underlying Si substrate di min
The dependence of these two Raman modes on | a
simple van der Waals model. As the number of

bet ween i h"S ehdmd/erstSrengt higmesde cfaruesq mgndyh et & r
N =
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Mo
Co
t h

Th
tr
to
de

SC

weverzjmohe Experiseshcés asretde | ayer thickne
ntrasts with the predictions of a classical
ak interlayer interactionsjmpdecbnsigdenedg. w

creasing |l ayer thickness|l apgeMp88tl gtdoneet ont

5 1indicating that stacking affect-sahfge intr
ul omb interl ayercons$iedacedtphhen i amucsmasboufst roefd
ejBode as the thickness increases.

ese oOoObservations suggest that two forces 1in

ansitioning from a nidreerlsdnygeert ftoor cbeu Iskl iMohS | y

enhanced restoring interactions -bangeehoad
creases because the | ayers extend beyond th
reening. Thi srleyf fseicgtniifsi cpaanrtt ifcoudnaMd e at omel v &

Il ane vibrations of Mo atomsu(Cs$eéee®nkFHiagn.glebnihl)

Co
i n

as

ul omb interactions between Mo atomanget wei g
teractions. i(ynndeomtermasmn,s tumeafAected by Coul

It 1T nvoopkanenkyboamti ons of S at oms.
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|l ayers; (e) Peak d.jandigndoed ebse t[weie nett heel .E;, 2012] .
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Much research has $gehhedevoteddtotuthy of TMD

the significant i1issue that hinders the integrz:
of high quality TMDs on a | arge scal e. It f ol
be devisedntbi giblty crystasdahne amMOss ono mvmdteirk
i ndustri al processes. These processes need t
der Waals heterostructures. The current syntt
Il mpvreo t he materi al crystallinity, and they sh
For example, good quality graphene can be gro

not on Si subst-€Cateactdueityp. tAediSibiuodngaelt! yr,e gt uhie
for synthesizing 2D materials thwarts their i
NI



endd ine fabrication step where temperatures m
al ., 2020)]. Despite these chall ewagqa@ad,i nientiesgrse
as a potential strategy to enhanod tSh ebCaveeSd or 1

devices.

1. 3Melchani cal exfoliation

Mechani cal exfoliation, originally wused for

vari ous 2D mat @riwaal smet hloids itnovm!| ves exfoliat
adhesive tape, overcoming the weak i ntper Ifaydr,
and versatile technBNM,ueTl MDw ,dgd ywdheMoell i t oenfabl e
fabricati-om dfawmonsampl es. The obtained fl ake

l' i mited i n sim)e [(dhawnmaletdis etf ral .t,h e2 & 20c]h.n i Mouree c

thickness control pobasedhapterbest fiocall MDevi
can be used to address | ocal thickness variat
exfoliation npsectahloed ifnodru slsarrigaec k ueg. Contaminat.

that can severely degrade device performance

mechani cal exfoliation remainsqualei dbeytte mMENMDD
and is widely wanad mamder oeoesasrn dHh e most of t he
|l iterature [Wang et al ., 2015].
{
Tmmllﬂi':m-‘m
Thermal Release Tape o nolayer NXz
7—&‘”& MX2 A " Thermal Release Tape
—— Au —— Au _ Au
Adhesive Tape Adhesive Tape Adhesive Tape | Substrate |
0. Bulk MX; on a tape 1. Evaporate Au and contact 2. Mechanical exfoliation 3. Contact on substrate
thermal tape
f f { o
Released Tape 50-500 pm .
Au atchant (Kiil) 3 |
Suh‘atz Au Monolayer MX, / |
T
4. Thermally release tape 5. Etching Au with Kl/lz selution 6. Monolayer on substrate
Figure 1.12: Schematic illustrati onzcorfy sZthaela Blet e x &
al ., ] 2020
1.3.1 Chemical vapor deposition
Chemical vapor deposition (-€C¥D} ecbkniaquwei dfedry
Ssingfestal i slands of atomically thin TMDs ov
t hrough gaseous reactions on substrates,. Pr
mor phol ogy, and dopant s, can be controlled b

NP



pressur e, gas type, and flow rate [Zhang et

growth can be found in reference [Cai et al .,
CVD techniqgues are wusually categorized into t
1T Chalcogeni zéde¢eposni oédpmet al precursors and
M Direct reaction of both met al and chal coge

The first approach (Fig. 1.13) is one of the ¢
(e. g., Mo, W, Nb) sipattechmiggyeéeMu leitkal-BCe& 017
homogeneous films, | imited by -cshuablsdapearei zadtzieo
or Se powders forms TMDs but resul-usifarsmbalil
The useS ogfasHas a sul fur precursor i mproves |
equi pment due to toxicity, ardl4] ammBabillli,t yhi
temperatures of more than 72AGthinmgdern rTMD ug ©
et. al2016]

Maorolayer MoS,

Mcnolayer MoS;

e

Sapphire —

(b)

Transition
metal film

Transition metal film
deposited on the substrat

Figure 1.13: (a) Optical,smmpitesgopeni mag€¥ Dof whi M

defined equil atecmaystal adgmaians si hgt emerge into a
the centre of a sapphire substrate (6 mm I 1 c¢cm).
10 nm farght he mage respectivel y. [ Li et al ., 20
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chal cogeni zdaep oosni toefd pprreecur sor (metal, metal-oxi de
area TMDs [ Hernandez et al ., 2022].

The second CVD approach involves instead an I
(e.g.3 M®Oare evaporated and reduced to subox
Mo® ombined with S powder is usually employed
of MoSknown as powder sougice VDbl Ababodgbs Mo
high melting temperature (~800AC) requires h

pressure, necessitating placement close to th

Heating zone

Chalcogen Tr:‘r‘w:t:ilon Substrate

Figure 1.14: Sc-hBemptpowdef wmapoe transport (PVT

[ Hernandez et al ., 2022].
Al t hough CVD is commonly wused, it hauwsnid olr onw
samples, which are not ideal for industrial P
be addressed with gasrganirceCCVD( MOCYBpthaalswehi c
precur sor s s lakna HHCE ,CORrNnd can control growt h
[ Choudhury et al ., 20200y ameOCVDr awt bwant oe x €«
uni formity at | ower substr attee mpempae ruarteu rperso c(es
|l ead to poor | ayer control and small grain si
Atomic | ayer deposition (ALD) is a common CVD
alternately t-bi mathnhginegi mel &nd avoi d i ntern
can achieve full Ssubstrate 2ononel ager wi bt at be

initially amorphotempanatueguianaelal gmg [ Mattin

NT



A step B step C step After multiple cycles Multilayer film

a) AByy
) H.S/H, Ar plasma !.‘ g
Ma(N'Bu),(NMe), efly (H, flow ratia 0.20) "eTs o

MNone &t g b e -
ae? Hefewrey 8 oo B @y | eve '\* o' %‘ Rl ] et '
C sbswe ) W (CSibsrme ) (" smime ) u» it

Figure 1.15: Schematics of an a[Mamicnkayet déeposi

Mol ecul ar beam epitaxy (MBE) is ideal for epi

or elbebmorevapor atsiour cef psecudsors to produ

crystalline substrates [Choudhury wdr adaur @2d 21
and-sihu characterizati on, but for TMDs, it r e
reduced surface mobility of transition metals
MBE results in poor fciolahemacepmphaloongy and non
O— Ports for in situ
& measurement Quartz crystal
microbalance

I,

Knudsen cell

(metal) i Stage with To turbomolecular
. heater pump
Knudsen cell
(chalcogen)
Ports for in situ Mass
measurement spectrometer
Figure 1. 16: Schematics of powder vapor transport

2020] .

I ntegrating TMDBen-difinitnoe t(hBE Odlgc ko f Si CMOS tec

met hod that psodlueebawarfe®rwhil e keeping the :
500 AC. Process conditions and expected cryst
summari zed in Fig. 1.17. Even i f growghowempe
annealing needs higheitempmpat ater s ocasdebowf
mor phol ogy control and small or isolated crys
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Figure 1.17: (a) CVD, MOCYBseWMBEynAbBsasdcenduti
function of the growth temperature. (b)) Map of th
temperature [Kozhakhmetov et al., 2020].

1.3.3 Radio frequency-bmasgrettrecrn ng mpwtetse r

Radi o frequency magnetron sputtering (RFMS),

effective coating method with high deposition

deposit various materials, incl udikmreg Mumm&t aB Ns.,

RFMS is noted for i4selaomodenseavii s h Igoarogler epr c

over surface morphology and composition [ Musi
ad0 *c oo [l VAR R
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Figure 1.18: ( a)i nsaEgve sa noffa {NDAPS AMM deposited at RT
situ Raman s pfeicltmsaa dodp doiSt ed at RT (41000 nm) and

an exfol partyedt aMoSas ref erence. [ Kai ndl et al ., 20

During RFMS, pl asma ions bombard a target ma
correct stoichiometry due to preferenitiaarlgestpu

i n RFMS can |l ead to preferenti al Ssputtering o
affecting film stoichiometry [Baker et al ., 1¢
sputtering 29alséand i &t &l ., 2020] . Anot her che
during growth, which <« &@mplreea asdpdutetsesreidn gb y( rl ooowm

to 400 AC) falnhewdd-AP9Y (BGPt [ Samassekou et al
resul t ssqgual ihtiygihMnS wi th conductivity compar at
exfoliation. There are many different approac
review reported in the reference [Acar et al

1.4 FI ELD EFFECT TRANSI STSOR (FET)

1.4.1 FET working principles and model
Modern =electronetbtecatel yr aams ifsiteolrds (-EBMSs Yy ol W
devices used in vari ouspaawerl iachad e lopiingsm ¢ yn cd widti anf

ampl i fi ercsoontwoolltlaegde resi stor s, aQdil9) ogFETE i 0«
with an active channel where carriers, eit her
curripgntThi s channel i s situated between two el

The voltageVpsthieft fweereenn cteh e se caoarctiadt sf oir contr ol

operation as it alters the channel ' s-teoonuducet i
vol tVagel n the most c¢ommoanx iFkEEImMitcyopned u dthoer nfelE Ta | (
the gate is isolated from the channel by a di
Fig.-alfb9 ahMorsel VesWhemot applied, no conduct

the threshWwhidcd wmeletdeegde t o t Mgsm ®.n t he device

I
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(c) output curve of the device represented in (a)

For -appe MOSFHEds) somcgh enough to create a con
interface, the device's Vodhawirceratdea pveyrd Wheesns w
Ves>Vpst he MOSFET operates in the | inear region

expressed as:

Q

wheeies t he carQokiesr tnhoeb iclaiptayc,i t anceWbs t he dhah

wi dt hl.i santdhe channel l engt h.

Wh eViecs<Vpbs t he channel -odrft earegitome pdimdlpedme s hwa
near the drain. Despite this, Vgsonadmud ttitben dcrtailn
i's primaril Yesc oampprodXiemdatbeyd as:
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1.19b and c¢ il ligswtindt e etdlpaxcdsst dr i ati ons

di gital |l ogic FETs, a significant differe
ubniesntdef i ned as VdseVogHYoige nwh\gywehesn t he s upy
age. Thierd osf fmecawsrurreerdt wh aans=dVpc Digital appl
ireofdnrani o of “appgph@®kemanhekbynadi onal Tech
Semi conductor s, hot gsph:o/u/l wiw wb & t M3 .o fmibrzle,d
mi zed.

act resistance is another critical factor.
he ogatce voltage but also by the potenti a
nel at the Y¥YoeurAdea, tasonwmdl Iseas es resi stanc
ons, and-sami a¢oredumdatoal i nterfaces, can de
efore, it is important to reduce contact

semi coaedualt of Somawi erz et al ., 2015].

2 Limitations of modern devices and
scalinba»®éd sFkETxohas highlighted signifi

rol, particularly due to short channel ef
etion | ayer widths of t he sour crei saendd rdarial
ced barrier | oweri ng, velocity saturati
adation [Jeong et al ., 2020]. Various sol
tations, suegmlmtes aadcdpttiercdg umlelsjt i[oFe raapipn yeitn
he silicon | attice [Thompson et al., 2002
ent !l vy, 2D TMDs offer a promising alternat
nt ageous properties I i ke naturally pass.|
ntially high mobility [ Wang et yval .c 0nb0iln7i;r
erent TMDs <can exploit their didweer s\a alh an
ctures [ Li et al ., -s2c0all4el . a dHoopam-biaosne do ftF iEENMD |
trained by the size and quiat éd yt o f miCTdDeme 1
es.

Mod ms used in FET pr ot otby,petsy piacsals hcoawnr iien
tine exfoliated mB8nobl ay¢v ¥si ataroomdt @mp e

tively |l ow due to surface i mpuridatetser idneg
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et al ., 2018]. Charge traps at the subst
mobi | ddteyviicnesMgShat ak et al ., 2011] .2 El ec
es widely (from 1 to 1000 cm]/ Vs) due to

ods, and measurteynmeentb echoanvdiiari oinss .c onmmonl y o
I g. 1. 20c, and mobility enhancemaretl ecami .l
rial sfFfiRhdasaikf Devic et FHT ,pe2rOflolrlma nTme ,0 p|
ntion is needed for electrical contacts,
ease, cont alcec ames sd asicgniRf i cant factor.

tot al deviogies rtehsei sstuaitm cecef Rc hannel resistan
Sstance WwWietrim 2Re | atter obtained fronport he

us channel l ength (L). Smal l er contact di
ease cantacfi Engsish et al ., 2016] . Fig.

rials yield varying resistance F¢dlL 3egeV @ain
eV respectively), i s better suited for oh
ver, have a small 0.1 €iVntSerhfoada&ky[ Wang i et
eving a-Molseanemkaaé is cruci al for redu
nstrated by recenbeamr evaphowamigon heao nteac
iltive to process pressur e, with higher p
eased resistance [English et al., 2016].
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Figure 1.20: (a) »dSecvhiecreast.i c( bo)f AaF MMoiSmagez. ol nTeM: sAAF
crosesction of height profile. (c) Me)asfuare dA uwc ue lresmt
(d) Tot al device resistance vs |l ength for wvariou
contacts. (e) Measured RC vs n for multiple conta

deposition pressmrierst ¢ refaalc ¢ OE g Ikiatntkewetr. RIC. | 2016

1.4.3 Mobility
El ectrical conductivity is significantly affe

Mobi Elitsydefined as:

(o]
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whetiies the conductivity, and n is teHd excdr rmodri

(EE) i's approximated from transfer curves, a
chall enging. Carrier density caheke radcjhesti edcdl
in a FET. A simple setup involves two met al e
el ectrode inducing positive or negative char
materi al . I n this confpf ¢ r aatsi oan, f ugeat ilvoaw s aaft o
calcul ating ccarnr ibtotSi moliill imsy agMobe |l deye(mi ned

equation:

0 O]
where L is the channel |l ength (vari espshet aweer
fixed value (exig. ,t he \)apaand a@ce of )t lperurdea
area, calculated as:
© Q
where d is the diebxestrtihe fdiilethetchirdlkneoan,st ani
Si 0O2)Biandhe vacuum dielectric constant.-The
gated geometry, usually with a heavily doped

gated configuration with an additionalnida el e
doping can be enhanced by adding a top gate
through the wuse of a high dielectric consta

compared to the typliacyRladbhectatvd pegyatce e$i @l ., 20

Monol ayeRET™M0 S ypi c atlylpye ebxehhiabviitorn, turning on wl
i's applied and showing sheet q ¢Sscihsniadntc ee}li nalt.h

Theoretically, phonon scattering is expected
[Kaasbjerg et al., 2012], but experimental stou
bel ow 1000 c¢cm]J/ Vs even at |l ow temperatures.

I mpurities and defects, pl Apwar st g mSecrherd adtt e sed
al . ,].20b% mobility valdees ckesrreapaorodtes MaSt he
Fig. 1.21, vary widely due to differences 1in
and measur ement conditions. I nterestingly, r
observed betweenxfwoméclaaeideradmvdy . GdBp|l es, i ndi cat

point defects have a greater i mpact than gr ai
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with -godWwbvn | ayers [ SchmAdidi teitonaall.l,y,201t5 r oom
tends to increase with the number of |l ayer s,
i mpurities in[Lihietck@l . sadpll8s
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Figure 1. 21: Carrier mobilities-lragmpos[tiedh niiodrt (eat)
20157 .
1.4.4 Doping
To further adjust the electrical properties o
effective method. However, doping methods mu:
structure and intrinsic propertiepiaoff tkeesbaim
and their outcomes can be found in [Yoo et al

her e.

TMD doping can be divided | stubstwod umaiomabappmn.d

doping.-sumbsdtiamti onal doping, a dopant atom r
without disrupting the crystal str wdttthree. clhmr
transfer from a dopant mol g¥ouol eetorhlut,i 1210z2i1n g

Research shows that both [due met admeddd&em?2®ifs uaclh

2020], can be substituted. For-tepaingipep mait ed o
by adjusting the d®gpmyn getl eaTehli, sahsb® dsdit.tie ut i on
chemical bond, offering a more stable doping

mol ecul ar doping has adwan taatgaeasg @sruodohe s Ser lg oanl
2021 Mol ecul ar doping typically results in a ¥
ont o t hlea yMorS. I n charge transfer doping, phys
must be cfFranigdertefh | Di-f@floedc3t dopi ng, such as w

oxi dgeus et al]l] feefr30better stability aassemblodd e
2



monol ayers (SAMs), where these materials form

i nterf adkandg peotl éa.l ., 2015
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Figure 1.22: Examples of diff er ednop eddo pWSeg2 tneocnhonli agy
DFT cal cul at i-soencst.i o(nba)l Crigpestse df mbooF&fer dwWged by ai
nitrogen treatment. (c) Structure and charge dens
hydr ogenagzTed (MooS N i and Cu). (gda)t eScWSenat i ica nosfi s
chemicdbpgdnsource/ drain contacts -bgpKngxmechami g
PPHhat t hse WBPhterface202dd¢ .et al .,

1.4.5 FET fabrication technique

When fabricatri m@anmiscrad e devi ces, specialized
creating precise patterns and contacts. Lith
accurate patterns. Over -amel pasolféewpldapadgal
key role in the integrated <circuit manuf act u

patterning at scales ranging from nanometers

t wo categobaseesd amd kmaskl ess | ithography.

Il
—



Ma stka s e d |l ithography enabl es high production

simultaneousl! y. One of the most prominent pro
[Pi mpin et .al ., 2012
Patterning
Y
‘l CF R0, plasess
e e LELEELE
. —p — —
S N sl
Lift-oft
Exposure RIE FPattem Mo5,
channel
Electrode
v E-hess svapormion
ﬂ.‘!-m_,'_l DE'."?;F wa - nea — s - s ‘«.II-FI -
Exposure Development Electrode deposition i Back gate
Mos; FET
Figure 1.23: Example of process flow for device f
Photolithography iwenlsves vexpodiymgrlisi, glktnown a
l' ight through a mask that selectively il 1l umi
modi fied and can be easily removed, | I eadavgngph

has been successful |l yv alptpd g-eeidr H eog tf alET cchhd wi d e
CVBgrown,-s¢ alr g.ddMocSN et al . , 2019]. These devic
of 10 cm)J/ Vs, an ON/OFF ratiotef o1080 %amwdtea fo:
at 5 V.
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Figure 1.24: Process
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CHAPTER 2: EXPERI MENTA

WORKPLAN

The Mo&mples used in this waEKIwei ¢ hsapplhieedr
the ASCENT+ project. The structure of these se
thickf Mb® depositS®id sonb sat rSatOel awberestbheo0oSn@ t
the under |-dyoipnegd .Sihtwess Me $nt hesi zed via Atomic L
using a Molybdenum Tetr akzj4ls (arigreent chrgd taari ldiec) ({ rMe
2et hanedi t hpSoH] [[HCSa(doH et . Al 2017]shdHRTEMati mta

resulting film is polycr®9dt @alm.ine with domain

Figuritlp2 ahe HRTEM i mage of the Mo0S2 deposit obt ai
at 800AC under argon for 30 min [Cadot et al., 20

oM



Thebjeotfi Mehi s t hesiFd eil dd tEd f fea b r iTdreavinisci esst obrass e(d
MoSusimplygot ol i thodo apgmagnd ystthuaelycr i tiicwadl vwsade pisn
technobogiceak. -tElhen Igmmad i s to establish a pro
functdewniacepabl e of melaescutrriincga | t hper ogs@retcii ds caf
mobility and contact r e s icsotnat naccetd s bteniafaedong h & e

wor kplan to achieve this goal is the foll owin

1.Design of a suitable FET geometry.

KBt udy on t he effects of the 2cl eanhgg Rpme
Spectroscopy and Optical Mi croscopy.
Okstudy and optimization of the parameters
Il nvol ves-caatei mpianf a rneampi esn the PpPabtern
| aser writing of the resist and finally th
experiment al condateomnsventipet &M Susi ng Re
and Optical Mi croscopy.

4 FET fabrication via DC sputtering of Ti
characterization of the devices at the pro
PKtudy on the effects of Pulsed LasseponAmamcea

using Raman Spectroscopy and Atomic Force

A brief description of the fabrication and ma
this work is reported in this chapter al ong

experiments.
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RESI ST SPI N COATI NG

A spin coater machine was used t oxsdenpd eist.  tStpe

coating is a widely adopted techniqgue for dep

effectiveness in achieving high wuniformity ai

technique involves dispensibmsgratei quidd spolnumt

speeds, allowing centrifugal force to spread
(a) (b)

Q:rb dea /ot 20

(c)

¢ GEEENEEEED © .au_z;ﬁ

Figure 2.2: Schematic representation of the spin
the substrate (a). The substrate spinning velocit

constant (c) so that thenlyol amidon hies sail ytemit b etvag o

One of the primary advantages of spin coati ng

thickness. The thickness of the deposited fil

the rotatirgsnpailn sdpuereadt i on t , ~ahktgudh atrh ea cwieed cka saitt
densjiogfy the solution. When the effect of Vvisc
uni formly over the substrate, resulting 1in a

deposited | ayer can beiamgpreagwiamatoedd by the fo

Q0 P
1 oo
Conversely, i f the evaporation rate of the st
produced. I n addition to deeposiprionesdhepanad mea
further enhance the properti esdeopfbsetdh es aanpd tee dc
| mprove the adhesion of the film to the subst
overal/l performance and stability of t he thi
applications wher d& eurm fdarreaibtcindiitainydaalr.o n g

O



I n this work to di-spepsprobtessewastusedwol n ¢
di stributed uniformly by rotating the substra
the rotational speed was i ncrema sed b a koi nagc hsi teevpe

necessary to remove the built in strains in t

SF11 LOBRf{LresS1813 (Il maging resi
Step 1(500 rpm for 10500 rpm for 10 seco
Step 2/4000 rpm for 54000 rpm for 50 sec
Baking|160 AC for 5 m130fAC 1 minute

Table 2cbatBEpgnand baking parameters used in this

OPTI CAL LI THOGRAPHY

Opti cal l i thography i s still t he most wi del
materials. This technique is based on the irr
can either be positive or negative,s neeiatnhienrg ti
I rradi at edi rorradtihaet emom egi on, respectivel y. | f
source and the sampl e, the positive or the ne
the resist after the developtaoagUpPhbhsght §nwabhi
a maskleswsidingctithehltAphguppbited by Heidel |
shown in Fig. 2. 2

o) O



Figure 2. 2:¢MLmdagde reefctt Heaser writing | ithography n

The advantage of this system is that it el i mirt

of the machine is the following:

1.An AutoCAD file is | oaded i rMbALt hBhisofAwtao
file contains the di mensions and shapes of
resist.

2. TheMLA irradiated the r eLgdDosnswiutshi nag waa vgerliedn

nm.

After the exposure step the samples are dipp
regions of the resist that have been irradiat

foll owing steps are reported in Chapter 3 par

METAL SPUTTERI NG

Direct current-f r(eDCYye manyd (RRAK)I omagnetron sputte
vapor deposition (PVD) teahepaguédsnfdil fmnabr iAc
Ssputtering setup is shown in Fig. 2ihg @aheas|

materi al by bombarding it with gaseous plasm

on



target. These atoms then deposit onto a subs
thesis, Titanium (Ti) and Gold (Au) fil ms wer

The DC diode sputtering system consists of tw

anode. The catfhaocdiengs spurafsactae i s coated with t
reverse side is cooled by water. Subput aeesng
chamber is filled with argon gas at 0.1 Torr
resistanb6bgqgkhot applied between the electrodes,
Argon ions within the dischatrlgedea,r es ppuwtcted reir mg
mat erial, which | eads to the deposition of a

‘Magnetron Cathoda
Magnet Array —

Target —
High Density | <—+— Magnetic Field

ewrcee—y P -

I I T _}E'iasma Generaled
Sputtered T I T s| by Neutralization
Film P >JC-<
Substrate | = R l MFC I
Holder T — Substrate
Throttie [ o
Valve
Pump —

Figure 2. 3: Schematic representation of

[https:// www. s emipd @aarea.gcnoerdp/ vAoleovast /i 6nég

During sput tveorlitnagg,e aRFhisgohur c e, typically oper

bet ween the anode and cathode to generate and

near a met al el ectrode positioned Dbnevhe rnsdi otnh eo
polarity in the plasma prevents charge accum
sputtering of dielectric and insulating mater

magnets are used to generate iantneangsneftiiecs ftiheel d
the target, increasing ion bombardment and er
heavy inert gas, is typically useaeéragy ftclhhe¢ |l s put
boost the depositignchamecahiteaprieoestwnth t

OoP



MAGNETRON
N
5
@ . MoS;TARGET _// '~ TORCH

ANODE (+) T pasma

-
_____
_____

CATHODCL {-)

/
A
~—

N
~—0
®—
3N
._.l

- -
________

| SUBSTRATE |
| HOLDER |

=

Figure 2.4: Schematic representation of a DC sput
The experi ment al procedure consisted in pumpi
1®mBar. Then a chamber wodnkBiamrg wparse srseuarceh eodf t5hr
pur isldgyasAri njection and maintain in a dynamic \
12.7 sccm. Il n the case of deposition of only
This torch was operated with an appl i ecd opscewer
for at |l east 1 minute to cleaputherismgfatcep)!
shutter was opened the sputtering process | ast
calibratiom degpesitooachi eve a Ti film of abol
deposition the shutter was c¢closed while the t
filled wigtahs wintthi |Arr eachi ng ambi ent pressure
The deposition of both Ti and Au metals requi
i nstrument conf Hgourcaht i aomdt owmd . ET r st |, t he Ti
perfdrmell owing the same steps reportedadn tt
then moved in front of the Au target mounted

was set to 3t0orW.h Twiiet hDCITi target was switched
i n order to trigger the RF torch hegdniafifo.n Tahne

deposition was calibrated tolreach a thicknes

oz



Figure 2.

LASER
The the
| aser.
(Ne) as
a high
di ssoci
durati o

A diagr
pul ses
i mmedi a
whi ch i
profil e
9 1T 9 |
vari at.
measur e
a mask
adjust a
approxi
periodi
operate
conduct

onto th

5: I mage of the sputtering system used i

PROCESSI NG

rmal annealing of MoS2 was carried out
This pulsed gas | aser operates with a
the acti ve -pnaerdailulne Iwiotphtiinc aa r prlieasnoen>ac iotr €
voltag27dk¥rhawhbieckhlgenerates KrF exci
ate into their el emental components, t

n of 22 nanoseconds.

am of the | aser beaFm gd eTlRieveeernye rsgyys toefm ti
can be adjusted by a motorized attenu
tely after the | aser. The pul ses are t

ncludes a series ohfe |leansseers b(elLa)mobasn dG anuisrs

is transformed into a highly wuniform
enses, producing a squarje dreramswatihaldi
ons of |l ess than 2%. A diode inline d:

s part of the output and adjusts the ai
and focused onto itcheel Isyangd ei,t site&stks ng
bl e holder. The energy density (ED) del
mately 40 and 1200 mJ/ cm]. However, a s
c refillingiignnifegantepowerprederct i on.
at a repetitipounl sreatteheafmal O tHz,atanlelnt mi
ed at a repetition rate of 1 Hz. A con

e nsianmpnhiezet oo he presence of oxygen on it

oT



optional

aperture
HAT. HA2 CL BS FL Mask
M2 ' ) ' I tms
_ Diodo. —
— energy detector
TL2
—
TLA1 Doublet
— with
IEnergy window e iomalEm
N\ Alﬂ Laser _= |
M1  Attenuator Substrate
Figure 2.6: Schematic representation of the | aser

RAMAN SPECTROSCOPY

I n this work Raman spectroscopy was e mpafotyeerd t
each step of the photolithographic and pul sed

The underlying phenomenon that makes$nRaemant s{

bet ween monochromatic | ight and the |l attice v
when the radiation i mpinges on the sample, di
predominant effect is the R&ywlseibyh wha atht ¢ hien @
outgoing photon remains wunaltered. |l nstead,
excitation of a vibrational mode of the | atti

the emerging photonreBecaue®ssoketheons fbé& th

fraction of photons subj ect%.t oT hRearneafno rsec,atatne rd

Raman spectrometer i s needed to detect these
I n this XpwodonlRAT pémuisba mi cpeRd mamast ailrsed t o col
spectra. A schematic | ayFoiugturoef 2t.h7e. sTehteu ps oiusr Cse
radi ati orstiast ea |sacsleird The | aser beam is focuscée
| enses. The backscattered radiation is then ¢
towards a di ffr asopteirsre sgrtahtei ng gthhatwidih di ff er e
posi-demni tive detector. Fimral ihyentshity ddvieae hr

oY



the radiation. I n addition, thseamphseshabdl | sc
by a camer a.

CCD
[ Laser
Focusing
lens
Beam
splitter
Notch
filter
]Microscope
objective
1 Sample
Figure 2.7: Schematic representation of the Raman
For this research, the excitation wavelength
100 mW was reduced wi t h filters during t he f
heating and therefore possible damagasotathee:
out with the | aser i ntensity reduced to 0, 1%,
to increase the signal intensity. The focusin
bet ween the 100x objective Illentsheanldastehre sspaonj

mini m zeamn.t &dihaOl vy, each Raman splkttramllv@s ¢

range resulting from an average of 10 exposur

AFM
Atomic Force Microscopy (AFM) enables the i ma
a micrometer scale, achiapypiromgi anav erl tyi &I pme s &l

overvi ewbaoadedAFtMechni ques and their operating
[ Mi ronov, 2004] . I n this thesis, armee TBiurMa et

(ON )



films following | aser annealing were investig

"semontact”" mode, also known as "tapping" mod
components is shown in Fig. 2.11. AFMen nmagV ng
shaped tip attached to a flexible cantilever

research wefGeg PMubvi dB8#E by Nanosenso#,eswlhiuch o

AFM probes ofndractomode. Each probetheat cueyaa
radius of |l ess than 25 nm, mouemt ech o mnasmha mtnid
i n width. The cantilever has a nominal force

frequency of about 75 kHz. Tihse madd idpvefr 68 5
| ayer of Chromium and 25 nm thick | ayer of p
reflectivity of the | aser beam. Further det a

supplierds website [httpsPrfo-wmvewvchandMahtdmdbg. c

F
FOUR SECTIONS LASER  Zy
PHOTODIODE ! d
@ i\é
<ri>
i s——
ELASTIC CANTILEVER ' —
-]
I E——
SAMPLE c,-'::
! t
1

FEEDBACK
LOOP

PIEZOELECTRIC
ACTUATOR

Figurel e2tt8h:eme of the NanoSurf FlexAFM atDbatial f o

force acting on the tip F as function of the di si

(blue); oscillations of the tip z as function of
Il n the AFM setup, a | aser beam reflects off t
a f-eegment detector. This detector measures tl

are caused by attractive or r e paunhpsliev es ufrofraccees.
forces result in a displacement of the | aser &
sample scanning, variations in the photodetec
(which corresponds to nq@ iamtdertécet isampld et)we esrer

feedback parameter, generating what is known

nMm



piezoelectric actuator, which <controls the s

defl ections from their initial settings.

Scanning can be comnauwctcedeign me,qwheire the tip
with the surface, known as "santfdaottesmoda.nt il ®
to minimize the iIimpact of the ti p coan tchoentsawrt

damage both the sample surface and the tip,

Mo St hin fil ms, contact mode is wunsuitabl e due
Waal s interactions.

l nstead, this tbesast umede”" sémlso called "ta
mor phology of MoS2 thin fil ms. I n this mode,
i ts resonanigs faredquiemtceggr gdts repul sively with
smal | portion of the | ower hal $i oft lreeacdci tsan d
travels from its equilibrcamtpotsimodea o¢oct he
I's |l ess than the anmpls tfurdeee ods dihlel actainotnisl.e vien
Waal s force gradient causes shifts in the cza

relative to the free osciddsatTlhe faenpdbh daaldes yan
a constant oscillation amplitude by adjusting
di stance between the tip and the sample. This

topographic map of the sampl e.

ELECTRI CAL CHARACTERI ZATI ON
The FET prototypes fabricated during this the

i n the cleanroom of the Physics Department, o
( SMU) . The probe station (Fi g. 2.9) efdeattasr e
mi crometric manipul ator s, enabling a gentl e .
contact s, as wel |l as allowing | ater al preci si
metal |l i c pl at e t hat can be adj ust eAdh \wvoeprttiiccaa
mi croscope Iis used to observe the sample and ¢
probe station is housed in a Faraday cage, whi

SMU is directly connected to ptpHe porro bneesasaimnc
di fferences and currents. The high precision
0.1 nA) is crucial for testing the FET respon:

or tens of wvolts are appdldedi het ween the sour

MN



Figure 2.9: The probe station used to test the FE

A schematic of the electrical contacts made u
Two probes were used to establish the source
third probe was c egnanteec tceodn ttaoc ttph el Wmascckme nent ¢ d
function of t hepswiptph i & df-svoadrdcaeg atoel M algies o g/a t e

voltage must be I imited to avoid damadiimg ftihaer
reach i1 rreversibl e br eakgdtohwno fata papnr oexlientattreilcy f
i mpact ionization and accel er at edO ebloencdtsr o[ nss uli
al . 2013] . Since the oxide | ayer i1s 500 nm
applied before oxide breakdown occur s.

|
Il



Channel length L:
5-35 pum
Ti/Au D

1 or 2/3 ML MoS,

500 nm SiO,

Si:B

Figure 2.10: (left) Scheme of a FET structure. (r

no



CHAPTER 3: RESULTS
3.1 I NTRODUCTI ON

The experiment al resul ts(iobd.ai optdi mMiuz atnigon ha f
processes, material characterization, el ectri
i n this chapter. This includes all the steps
optimization ofphtyhep aprhaontectleirtsho(@ad @as e, devel op
optimization. Il n particular, the 1 mpact 0f ea
i's studied by means of optical mi croscopy and
section the electrical characterization -resul
Mo Scontact resistance, an exploratory study I
on the-Mmgdardt act . The results obtained in thi

transferred-Mo&c ciEfTaenet @i ocessing and verify at

resi stance

3.2 FET DESI GN

First, a suitable configuration for the FET d
sample consisted of azocnona i 500 urssolAAlyies k DSt @DtLS
backgated geometry was deemed more sluayerbl act
as a gate oxide (Fig. 3.1 a). Second, the sou
the Aut oCAD software. This desiign adopted i s

¢ o UL LY LY LU L0 L L0 L L L0 L L L L L L L L L0 L LD L L0 L L0 L 0 L L L L i

- Vo
T 7
Au/Ti Au/Ti
MoS,
SiO,
Ve
Figure 3. 1: (a) Schematic representation of a FET

FET used in this work. The di mamn «xi @b toH o & én eo fs qtu
horizont al rect aasng uxd e 0 pfairntasl |ayrnes hZeF 0di mengs e ot i c al
parts snmr &« 20

mnn



The reason behind this geometry is to ensure
of the probe station and the two electrodes

mai nt ai nedmbebowedp a higher density of field

3.4 STUDY OF THE PHOTOLI THOGRAPHY
3.4.1 Substrate preparation
A

preliminary study has been performed to inv
1 and 2/ 3sHinpMeS§. Their effect was evaluated
Raman Spectroscopy. The solvents used were ace
the combinations used were acetone, isopropan
wat er .anphleess were c¢cl eaned by dipping the samp

amounts of ti me:

T Acetone for 30 seconds, i sopropanol for 30
T Acetone for 45 seconds, isopropanol for 45

T Water for 90 seconds.

Then, Raman spectraomfeirrem atclgaiti y efudalt do®Se qual i
i ntact throughout the process. Each sampl e wa
the Raman spectrometer, before acquirihgl mhe

del aminated on the sample treated with only
were acquired on thevasegitond whesenMoS Repres:
ML and ML films are reported i n FiThe 3e2acae
spectral window shows three main peackrsy,s ttawol io
fil mELgpheeak, which i3x8Ppodsmiti omedl B2 féimrm tame
23 ML f il m, cor rpelsapnoen dvsi btroa tti hoenoafd h avbed ®o d & hies o
observed 404 d¢émuntdhe 1406 imrm-B8amd 2f i | m. These

are consistent with the number of | ayers pres
observedsa¥ dawumids associated with the silicon s
because it serves as a refseigmaée ,fald | owi magl if z

analysis from Ramanedspadtro2dd@®y .[ The aver age

ne



Mo 8A1gRaman peaks f or3 tMle fli IMhs aamarde 2shown i n Fi
respectively.
a) b)
30000 | | 30000 L L L
A+ +H20
25000 2::+H20 | 25000 o A+l |
W20 —H20
—— As_depo . As_depo
— = ;20000 4 o
;: 20000 + 1 ML samples i ;; 2/3 ML samples
: A: Acetone én A: Acetone
@ 15000 I: Isopropanol r 2 15000 1 I: Isopropanol i
ﬁ H20: water E H20: water
= 10000 3 100007 I
5000 4 L 5000 + J L-
0 =.—:-_J_/\¥/LJ\A§~ J 0 T T T !
150 4&0 450 560 550 350 400 450 500 550
Wavenumber (o) Wavenumber (cm™)
Figure 3. 2: Raman spect rosaanpd weisr each do n 2x)anPp/113e IWIL
subjected to different cleaning sol
a) b )
0.40 T T T T T
AN oS, 0.80 ; ; . . .
A - acetone
0.35- | -isopropanol | 0.75 1 T
g H,O - water 8
@ 0.304 * * ] & 0704 -
£ 025 £
5 0254 } 1 S 06851 1
7] %)
=, 020 1 0.60 1
> = 23 ML Mos,
< < A - acetone
0.151 7 0.55 1 | - isopropanol
H,O - water
0.10 . . , . . 050 ; ; . . .
AH+H20 At H20 As_depo A+l+H20 A+ H20 As depo
Samples Samples
Figure 3. 3: Nor mal igMe $p eianktse nosfi t(yagafhp itMikes MoEd ( b)
ML MosSmples subjected to different cleaning sol
acquired. The reported values are the averag

nz



Figure 3.4: 1 ML sample treated with w

Figures 3.3 and 3.2 show that no solvent | e a
HowevFeirg,. 3. 4 weahtoemrs Itechaads t o tihe Maldamsi niant iboont h
and 2/ 3 MUt siasnptl reesr.ef ore cl ear that the best s

are organic ones | i ke acetone and isopropanol

3.4.2 Overviewhotfolihtehomai aphy steps

A comprehensive flow of all the steps invol ve
build the FETs is reported in Fig. 3.5, whi |
reported in Fig. 3.6

Step 1 consists in the spin coating and soft
LOR i s necessary because this pol ymer i s et
photoresi-RubifcCoatdeal ., 2022] . Il n t hiesquweay,l yt
deposited on the substrate does not come i nt ¢
del amination of the metal during the I iftoff
Step 2 consists in the spin coating and baki:
resists the baking step Iis necessary because

20 % to 40 % solvent by weight.sofvéhe geadsa
evaporation, thus changing the properties of

t he excess sol vent , and the film becomes st a

nT



reduced thickness, an improved adhesion. Al so

|l ess susceptible to particle contamination.

Step 3 consists in the exposureMofA mhehsaepl ¢
causes -aedVot ahgement process | eading to the f
The regions i rlriaglhtaterde wtihehr eJfiVor e tsiod ru bdreo vind &
the developer. |t is of <critical i mportance

Il mpi ngi ng rtadiaatoiiadn proxi mity effects .that enl

I n step 4 the sample is dipped-menfapmmenidemel
hydroxi de. This solution dissolves over ti me
| mportant parameter in this step i s sbkeuti oe,
i ndeed i f it is too short the patterns are no
Finally, after the met al deposition (step 5)

Remover, a solutimen Rpdysed |land otnhree i whi ch t he
This | ast step is particularly cng tM&&I mbmic g

happen together with the removal of the resis

ny



Figure

Figure 4: LOR/PMGI Process Flow

1

1. Coat and soft-bake LOR or PMGL.

—

2. Coat and soft-bake imaging resist.

3. Expose imaging resist.

4. Develop resist and LOR or PMGI. LOR or PMGI develops
isotropically, creating a bi-layer re-entrant sidewall profile.

— T

5. Deposit film. The re-entrant profile ensures discontinuous.
film deposition.

6. Lift off bi-layer resist stack, leaving only desirad film.

3.5: Schematic representation

LOR (SF11)
Based on
polyal yphat

copol ymer

no

of
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3.4.3 LOR
The iniai ke
were done,

a 1 MLsHWMmBI

Chemical s i

baki
dt
af
e. The

ng and | i
svestigating
baking the LOR

pattern used

at al

ter

0o
oo

[
1
M
[T
J
M
M
il

[
[
oa
||
([
[
[
T OO
1 0o
o M
1
M
b
[
[l

HEBHHHHHdEE5dHHEH
HHBHHHSsaaHBH00HH

HHEBEEE55H08H8HEAH
HHHEBEHEEHHEBHBHBHHR
HHHEBEsHO0dOdBHEAHS

A
O

ftoff
t he

nvol ved in t

at

S

he phot

temperatur
ef fdcty eafs t
180 AC

reported in

for



Figure 3.7: Pattern used in the study of the eff
samples. The sqgquar « Pobdse mareat2eedd. Each col umn i s 1
pads di st ah@&x064 B3ye2 82001 51 65-4-3-2-1 em.

¢b b)

L

Figure 3. 8: |l mages acuqgqired using epbistakbtmscradse
Sobaking at 180f A€t and@obaditnd bgt Sbaf A€t and80l ACt
baking at 160Df A€t ah@0! ACt

The |l iftoff with the i nibtaikalngc @amdi thi0®dn sA Ealfo t 108
del aminati on offi ltrhe( Ai ML Mo®a) . |t was propose
mechanism |l ed to the delamination of this eff
solvent molecules penetrate its structur-e, i n
Choualkt 2003]. I f the polymer is below its g
190AC for LOR, t he polsytmeers sc annreocatd i anlgs arob tthhei s
and causing small pol ymer fragments to erupt
damage the undaryleyingioMa8dress this, the samg
180AC, and |iftoff was performed at the same
resulted in significantly reduced del aminati ¢
temper at wwerwas tlo 160AC, |l eaving some sol ven
making it | eslsy,riagildi.f tudftfi matt e16 0AC was suffi
MoS2 | ayer, as illustrated in Fig. 3.8c.

Raman spectroscopy was conducted to confirm t

intact throughout the process, with the resul
PN



0.4

0.3

Alg/Si
o
N
1

—B—
—a—

0.1

T T T T
IML no liftoff 1 ML liftoff ~ 2/3 ML no liftoff ~ 2/3 ML liftoff
Samples

Figure 3.9: Nor malijigzeak ionft etnlse tynprfo-t hes Al f 3 ampHle

unprocessed samples (liftoff).

The graph shows that theigpenmadoerednibhtensyt w

the untreated sampl e.

3.4.4 Dose and developing time optimiza
After determining the best baking and | iftoff
was determined by patterning the design repo
couples ofenpaxdgsinDddd i 5anciedd 3bH Q71 laam5 c halhs, to ve
whet her the proximity effect under different
On each sample the pattern wadslrOOp Pl BlGd&l 7#5d u s i
200 m3Jalscnseen in Figure 3.11

.00 oo

Figure 3. 10: Design used to determine the op

P=




Figure 3.11: Example of a sample after the devel
di fferent dose. Beginning with ith%100p2&G1c5v, t he
200 ma/ cm

Four different samples were prepad®d201a&bmd st he
respectively. Figure 3.12 shows images of the

ti mes.

60 s 90 s

120 s 150 s
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Figure 3. 12: |l mages of the patterned sd@plle® obt a
150 s.

No complete developing happe€as oy desebopihdg

doses over 2d4259mMmMJscmr more devel opiemg htainme | i t
coll apses due to the proximity efdwercuti,veaen.d Atn
and 2002tnhJekmdmc hannel is thinner thamoltlhewiomge
considerations, it is evident tha%att h6eD bse sotr c
mJ/ tat 90 s. Therefore, the profilometer was
resist | ayem cdavaenrnetlhe Ttlhe results arlB reported
a) b)
|— 175 mJ/em”2 60 s |— 125 mJcm"2 90 s

'l 1NN

g g

-2 2

J LJ LU LU U ﬂ JLJ
-3 . . T -3 T T T
0 500 1000 0 500 1000
Position ( m) Position (- m)

Figure 3.12: (a) P*roofw |dee voefl otpheed 1f705r n6JO/ csm (b

mJ/ €&rmow developed for 90 s.
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The resistemocdrmanhled Wwas better conserlfaed wit!
devel oping time of 90 s. From then on, t he ¢

par ameters.

3.5 FET FABRI CATI ON AND ELECTRI CAL
3.5.1 FET fabricati on

Once the study on the various photolithograph
with patterns reported in section 32 2anadn 3s wx
2/ 3 ML. MbS was decided to design a grid of F
channelid Odfs5 250 25 303%m in different order. 1In
with the same channel l engt bf olnmdi THhereeasi greg
in Fig. 3.13

Figure 3. 13: Design of the gprpsammwplifesdevi ces g
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Foll owing the developing step, a 6 nm thick T
by a 100 nm thick Au | ayer. Both metals were

Finally, the I|iftoff process was pelrdf ormed. T

Figure 3.14: |1 mage obtained via optical mic

To create the gatayeonwast retmobeedi On one of t

and then silver paste was deposited on them.
3.5.2 Electrical measur ements

The final step consistsViaunwhes metastume mgmobef
relevant parameters such as the mobility and

the edge was polarized with a fiYed®, pwhehei ah:q
pad was varied between N10 V. Unfortunately,
for the 1 ML sample or emochaheel/ 3 ML one wit

2E-12 5 1E-10 4

-2E-12

Vds (V)
Ids (A)

-4E-12 4

-6E-12 T T T 1 T T T 1
-10 -5 0 5 10 -10 -5 0 5 10

Ids (A) Vds (V)

Pz



Figur eps3Vpkiur vies atgdolff ageswtoV FET devices f a
sample and (b)) 2/3 ML sampl e.
A possible explanati on for t his belavi onrg was
photolithography process. I n order to veri f
photolithography by tusi dgp @asisth atdlobpev mets&l | i ¢
Ossil a). These masks are put i nto contact wi t |
similar to those fabricated wusing photolithog
i n Fig. 3.16.
(a) = (b)
Channal | - T 0,03 mm 1 mm
Daevice 1
=, =1, -—1—
Source/Drain l* l
Contact Pads P (] lnm'ﬂ. I mm
|
| ] i
Figure 3.16: (a) %Scmeme defpotshe i Doumask. Each mask
channel l engt hsem3Qb)4D®D] mMméebsoon8det ai |l of a single

PT



I n particular, these devices were then fabric

Au on a 2/ 3 ML sampl e. The devices were then
significant current was found, adg hidghOicsharnenpedr
l engt h.

1E-9

-1E-9 4

< ——Vgs=0V
z —Vgs=5V
- —Vgs=10V
2899 ——Vgs=-5V
-3E-9 4
'4E—g T T T 1
-10 -5 0 5 10

Vds (V)

Figur epsd3Vpscr vies atgdoffeageswntofV FET devices f
shadow mask on a 2/3 ML sampl e.

The | ow current measured in FET devices fabri
contacts i s an ,unaek pweetseuacdc ersessfuulltl y used the s
the pReSRawnwkbabricated by sputter depos.i tlifont e
photolithographic FET fabrication process cau:
not occur when the contacts are deposited wusi
t his, Raman spectra were acqui rnedstanytrilemyMo:
within the FET channel. Representative spectr

a significant reduction Ygandh#odeakftatespiut

deposition of the Ti/ Au contacts. The signal
monol ayer, osSudMp&sting potenti al del ami nati on
reference signal, the peak spacing is |l arger
explained by the increased disorder foll owin:t
2015] sughgiest s that the critical process i S nc
met al contacts by magpertantspotnetienghatt tihe

PY



typae'’ magnetron sources exposes the plasma

probl ematic for TMDs due to the weak van der

bet ween the materi al stack and the substrate,
cl ass. To address this 1 ssue, a potenti al s o
aggressive met al deposition techni qudeamsuc
evaporation. These -thet dotdisomeall ymetnalhimglhumes ¢
sulbi mati on, which reach the substrate without

T T T T T 1
—— Pristine 2-3 ML
Pristine 1 ML
Device Channel
Outside Device

1

Intensity (a.u.)

i

350 400 450 500 550
Raman Shift (cm™)

Figure 3.18: Raman spectra measured i ns3 dwL afnid not

after metal contact sputter -Beldlosand ohMlc ofmiplam e gl

Whil e the proposed interpretation may | ead to
an alternative approach to enhancing device
damage caused by sp-iiMDernhgr &aaceheWmehaibtucihs d
expected to result in very high contact resis
current flowing through the deMdZ2ecantTeoc tmi tweg
subjected to | aser processi ng ttroe aetxnpelnotr eo nt hteh ¢
device properties. The next section wild.l de s

context.
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3.6 LASER AND THERMAL PROLESNSIIANGE O

3.6.1 MoS2 film stability to PLA
The first step for semiconductor/ metal interf

was the study of the effectfidim. POAepraocdwe svaess

suitable process window in which the TMD film
the process. The | aser energy density (ED) wa
with a variabl e numboer 1loft oa@Bpl i ed pul ses f
Raman spectroscopy was applied to evaluate tF
fil m. I n order to evalwuate the evolution of t
calcul ated for each annealing condition:

NKHei ght rati ccAlyee avle eandMoSi peak (substrate)
ZKArea ratio JdAepwaknaMdSSi peak (substrate).
OtWi dt h eoMgpMak .

NMKDiIi st ance befAvyenedigBda s .

These quantities are plotted in the foll ow
and32ML f il ms. I n order to verify i f the unif
process, Raman spectra were acqui rleads e@rn sdp dtf.e
reported error bar s represent t he standard

Firstly, representative s geat rbaotar et yrpepsohrotiendf
spectral wipddonkgndkhe iisn found a'f oar du Md*fB8& 8 2c «
2-3 ML) andiptlhrengunarde i s | ocatedad06Y oomd dMUD5
as expecMedf iflom with this numbMosSmdaksayernres . stE
for the | ower, iavesneémgal egsli ggal reduction can
ED up to 200 mJ/cm
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T T T T T T T T T T
{ ——1 ML Peristine
] ——50 mJ/em?
—— 75 mJicm?

] 100 mJ/cm?

7 125 mJ/em? \ 7
7 150 mJ/cm?

H ——200 mJ/em?

Intensity (a.u.)

| =
. !
J ]
4
4

250 300 350 400 450 500 550 600
Raman Shift (cm™)

T T T T T T T T T T T
— 2-3 ML Pristine
——50 mJiem?
—— 75 mJicm?

100 mJ/ecm?

] 125 mJ/ecm?
] 150 mJ/ecm?
- ——200 mJ/cm?

Intensity (a.u.)

250 300 350 400 450 500 550 600
Raman Shift cm™)

Figure 3. 109: Evolution of the-3RMhat bopasatmpd MafS a

pul sed | aser annealed under several ED condi
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Figure 3.20: Changes of the Raman signal as a fun

1 ML Mo $npERIOG IJRNG q Ol ¢ a REYAOEanay \GHHQE UT HO¢ | 1J ¢

Aighei ght ratio and area ratio areandpértged. 2a
each case, both area and height ratio present

hei ght i's slightly improve with a ratio to S
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perform at an ED Atbove0Q hmk/ arhreshold the fil}

with the ratio reaching 9% and an increasing
i ncreasing error bars. For multiple pulses th
decreagnalg srend is stild]l present for both 2,
decreasing film crystallinity for increasing
05 T T T T T
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Figure 3.21: Changes of the Raman signal as a fun
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mpir tolv e
hi ghe:
film |
| m, re

The effect is quBteMLdifiler dsteei Fighe 3221) :
hei ght analysis reveal a smal l signal 2i
a single pulse treatment achieving the
around 1C¢a midddmn deterioration of the
hal ving with respect to the initial f
threshold no RamanTBigniat mesdbeltbkeeewmplet e
the film after | aser annealing.
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Figure 3.22: Changes of the Raman signal as a fun
1 ML Mo $mBIJ¢ct KOs RI q 6rkGN SHHIOOURKOn e UHWDEeHYqaqYahn

Il n Fig 3.22 thegpewikdtam dgEfitytheeh BAS Adi st ance are r
function of ED: comparing the trend with the
signal intensity reduction after PLA is folloc
explained with aneigmereasteg ansemademgdt hat p
guallMignuzzi Thi salef f2écltS5]i s particularly evid:¢
and single pulse treatmendt?{ cm@8r BEDmhi ghly, tthlac

increase flioom t2h2e cpmi stine fil m, which is co
monol ayer, tlowtamids 2¢lammbe expl ained again as |
di sorder in the matétial [Mignuzzi et al, 201
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Figure 3.23: Changes of the Raman signal as a fun
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The same plot BsMiLepolfmedi hoFig. 3. 23: i n thi
part of the film results in a str ofntghrdisfhfodrder
the applied ED is too high, both peak width ai
i ntroduction of a high | evel of disorder, whe
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Quantitative information about the sampl e mo
AFM, by tawARN maps of sample surface under s

Il n Fig. 3.24 the surface features measured in
in all i nvestigated cases. The surface roughn
significant variation occur-t2% m3whtelre ftihlem Riam
signal is preserved as well, Thus, this windoy

i mprovement through PLA.
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On the cond3 rMLI yf itlhm ARAFM maps reported in Fig.
increases already at the 9t hwheesrheo | tdh & Da l{li a tei. o n
portion of the filmis followed by the for mat
15 nm. Coalescences are detected with no dist
processing the s atmprles hadblodv.e Rdire tEFDi's reason,
annealing must be %teot abveoliodw dHaOn@fdgshJn/mc n h
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3.6.2 Laser processing of the contacts
First, haenmwds deposited via DC sputraeding
2/ 3 ML M®S1 ML and a 2/3 ML sample were proce
the 1 ML sample a grid was prepared where the
mJ/ t¢&mwith stepsSwhifl 5t mel/ cumber of i mpul ses
(1,2,4,8,16) 1impul ses.

Raman spectra of the processed spots were acq

et al. 2020], Ti coul dandatonIgeompdined St lodt tih
the disappearance of:AtighaedglEandst eThisd iics MoO&n f
Raman spectra reported in Figure 3.26
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Figure 3.26 Raman sypaotpd @ sofdep oMl edoS¥i th 6 nm t
under@75@A 00126150 m3/ cm

The regions subjected to PLA at different en

i mages obtained are reported in Figure 3.27
Pulse energy (mJ/cm?)
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| t i s seen that i pc d dtee & awiet W fTil tMLerM® Si s an
of 1002?arfJt/ecrm whi ch the contact is degraded as

The 2/ 3 >MbaMe8 with Ti was instead processed
50 to 1%a@nthlsumsequently these spots were anal

The results are reported in Figure 3.28

E 'pristin:a ' ' ' ' -
{ — Ti depostion 1
- 1x50 mJ/cm? -
] 1x75 mJ/cm? ]
1x100 mJ/em?
1x125 mJ/icm?

1x125 mJ/em? e
1x150 mJ/cm

Intensity (a.u.)

300 350 400 450 500 550
Raman Shift (cm™)

Figure 3.28 Raman speaeamphaescsf dapd®dsBMeEdMwwEth 6 nm t
undern75@Q00126150 m3/ cm

A clear Raman signal associcbagdr tostoei preped
deposition of Ti. This>3smaetcat epr dihall ¢ hreote ia
Ti that did not react 2twhea hpeelr& smeli slapphtar50 i m
a reaction between the Ti and the wunderlying

i ncreases, the i:peaksialysofi hbeebdlo&s. One hyp
I's removing the | ayersinonbnTacanwithetheayeaet atf
it, by breaking the Van der Waals bonds bet wec¢
a grid was constructeddwDdi8l 1e0e rmgli/ eds O Pwwdns c5nd

™M



chosen as the upper threshold because in that
signal of the as deposited sample, indicating

Pulse energy (mJ/icm?)
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7 7
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| 80 I~ 80
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oa 00
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ao 100 nm
Pulse "
number o, B
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40
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00
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[ RDoOdaYaxo [ ~ G ¢ G YOY o €08 G KDEON & KDY HE KD- ® YO- & B U N 100
RO ¢ NIJt IOF RA4IMDRG 1509tk 2Y| e AIHRI KBDI I2ANG! Ugldd T HKEBAIJ G Y 5 101 ¢

I n the case of the 2/3 ML sampl e, it is evi de
This can be explained as before by the fact t
breaks the wWeaak sVanmtdeeracti ons t hysthekdep ttolge t
This means that mul tiple i mpulses at the sam

di fferent | ayers.

3.6.2 Laser processing of the pads
To study the effect of the | aser proceBETNng o

devices were fabricated via photolithography
The process described differs from that in pa
Ti | ayer, liftoff was carriedwomnue ,pranded hred sws
i mpul se of2 5Dhiml/stmep would have been foll owd
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process to deposit the 100 nm thick Au | ayer

the effect of the | aser on the Ti contacts.

Figure 3.30: Mbh) Wb fmaeks | @ase processing. (b) Sanm
pulse. (c) IThefpades loams @)3p B meoiSe gigon (o f
after a?@asmd/ pml se.

mJ/ €lmaser

The | aser pulse removednéhe Thepadgeandfthbe M

contrary, no r emowaasl oobfs eTriv eadn do nMoaS c o nataifrt leau s
PLA at 520 mhiemresult could be attributed to
MoSnear the device's edge, making it more sus:«

_|
1l



possible that the Ti overl ay near the edges i

Consequently, the Ti near the edges may pull
hypot hesi s might explain why a small Tii sdepo
removed while | arger deposits remain unaffect

TO



CHAPTER 4: CONCLUSI ONS AND

This thesis outlines a comprehensbaekgaudyg Bbf
Effect Transi stbo8y GFREB)Uubesn raatMagS r-deepotrit i annga lay sci
the potenti al Il ssues that may arise during t
technical solution.

First, an appropriate geometry was <chosen fo
Aut oCAD as the designing tool . Thenjzwatsh ec asrtruide)
out . Acetone and | sopropanol wer e founfdi Itno L
unal tered. Next, t he opti mal sod fft rhkeaskisng atne

t emper aetrutred ew mionebde bot hThé®&e ARGar ameters are
the dissolution mechanism of the resist polyr

cracking of the polymer and the subsequent el
solvents that miagnhthalt ead,foidl ne.h d@®nMoeS t hese par
Il denti tihed opti mal energy density of the UV s
det er miondde &tHRa&l omMigt h t he appropriodt @ 0d salonmis
energy density ?eealsawe30@ mEk/dauamed proxi mity ef
reproduction of the Aut oCAD design pattern.
sputtering a Ti/ Au | ayer on a physical mask p
and electricals mea®urceamened out at the probe
currents were found. An attempt to measure cu

ks yielded the same result. Thinst haifdmg wi
after the device fabrication suggest that met .
ucture that severely degrade its electrical
osition tedamqaur st herkma leo tehvearp oa papt ri coanc. h Arne |

r mal treat ment of the damage i ntr eldMlx e d

>
—
()

rface, therefore Pulsed Laser Annealing (
The | aser conditions;ctomdatact eaveed et et €r MMo 8 d
mor phol ogy via Atomic Force Microscopy (AFM).
mJ/ timeaves a 6 nm thick Ti |l ayer d>eupnoasl i tteerde dc

regardless of the number ?2ahdpal senpul skBaaxred e 0,
TN



i mpul ses are the stability ranges fTohri sTimiodn
explained by the breaking of the weakearn dera
affects the 2/3 ML thick samples. Finally, PL
removal of the metal. This suggesntesart htahte sdpeuvti
edge makes it more vulnerable to | aser pul se
the edges to be removed along waltlhy tlheea ds enmgi «

removal of distant Ti as well

I n summhiry,t hesis focused on investigating th
aiming to address critical challengpresverefpiondg ef
del amination during the | ithography process
optimized contact -tduenmpogi tplomt olBy hbgnaphy p a
reproducibility in device f abrwacsata popnl iweads taoc hti
film, revealing an ED window where no modific
processing Ti / Mo S2 contacts t o reduce cont ¢
semiconduTherréstuimts and considerations repor
a starting point to IimpPros@edéviveessopa&sf oni man
use ooher met al deposition that -beamoawmde thes
evaporation, and then PLA can be studied as a
Finally, deposition of physical masks vva pho
etching of t he,, unmtdes!l ywiond dM@a$ | ow t he -TfMDbr i c :
i nterfaces that present an i mproved contact r
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