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In situ and ex situ assessment of carbon contamination in MOCVD-grown MoS, thin films
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Motivation

MoS, is an atomically-thin semiconductor suitable for (opto)electronic applications [1] Large-scale synthesis?
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» Device commercialization requires controllable and scalable synthesis
» Method: Metal-organic vapor deposition (MOCVD) [2]

« Use of low-cost, low-toxicity organic sulfur precursor preferred
» Concern: carbon (C) incorporation affecting film growth and properties [3][4][5]

Field-effect transistor (FET)

Goal: Understand mechanism behind C contamination and effect on film growth and properties with 1L.-MoS, channel

In situ gas-phase monitoring
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Morphology Film composition and stoichiometry
Needle SIMo ~ 15 - - (Mos,) | /S 2S o Low S:Mo -~ ™ High S:Mo
metering . o B e Mo¥'3d /| .| Mov¥23d
I Gas mixture: 1857 Sws P A (MoOy) |/ N (MoS,.) f |
b Ve e . e K MoSy| | S o
. €% el . ; o _ _ - e = ~_ |1 e S\ n L
(2) Pyrolysis | . % A
(3) Adsorption & Diffusion Mo(CO), iR A § x =3.9 SRS :
DES | (4) Desorption 0.02 sccm ; =
(C,H:),S MHC (5) Nucleation & Growth + D
| Mo(CO), Vacuum pump (6) Reaction products [
X' Avoid ﬁ‘ﬁj c|
toxic HZS! DES Advent. C =
X sccm (ambient S 3
S:Mo ~ 660 exposure) [ S S T%
C-C/C-H/ C contamination 23
0-C-O § from growth % 2
100 nm ’ 55

236 232 228 224 166 164 162
Binding energy (eV)

..................................
T(°C) = 700°C

8000 P 15mm I ' g DESGeeom=03 |
6000 |- SRRy SN PesaGoRL L -
- sl coalescence pin H,(sccm) = 0
4000 | VA
EZOOO_ 5' iyl Carbon contamination Band diagram model
=) 100 '__260- 300 400 ggg:géﬁ%zékqﬁl 800 9&)5@( 1100 1200 1300 1400 1500 1600 1700 Gas mixture: A? exciton A trion g e,
E 8000 —-8000-— | h | — 100 | s _I < ! % : (;C’;rth
] i ; 80-— : 1 \CES/ States
6000 6000+ A - - _
- ' 1 60r WA | i Mo(CO), M
0 S 1 40¢ 0.02sccm 8
2000 2000 MR | 0r - + ks
e o 5écl) B Ol .=
~ Raman shift (cm™) %& g
Ivosa/Is; ratio I/Ig; ratio 1 2DsEcScm é
(MoS, content indicator) (Carbon content indicator) ' + >
k%)
o3
Growth parameter study H, I=
550 600 650 700 0 60 120180240 0246 810 y scem 0 10-/0, | | | |
WW """" 1 ?7D 15 '&6 """ - 9 20 2 19 20 21 19 20 21 19 20 2 9 20 2 0.0 0.5 1.0
| 4 N - Energy (eV Raman integral ratio |-/l
_Drof 3] 2@"/%] 10 -O,@b§ Z gy (eV) 9 cllsi
\(/)N i i i Q)\o /. \(Cjé
o) 1L O [ ] °
. L. ol 1 0 NP/ Conclusions
% ' o / Ny $\go%q' - _n ﬁ\l
;':’ 00f B— @ of =’ & o.o- . . . . . .
S e[ 5] asf T 25T  Graphitic (sp?) carbon contamination due to DES pyrolysis products (e.g. ethyl radicals, ethylene)
§ 1 2 o 201 » C contamination at increased T above DES pyrolysis onset (~600°C) and increased DES:Mo(CO), ratios
5 1.5 1 15¢ » 151 . . . . . . .. .
<. /)Es 1o &/ﬂ 1o\ Cr _- » C contamination hinders lateral MoS, grain growth resulting in interrupted MoS, film morphology
— pyrolysis| | o0 | \ % . : . : : : Co :
&P o5 - o.s-o:ﬂ,@/g st \ N, » Use of organic S precursor compromises high Mo:S ratios required for stoichiometric MoS, growth
I ] | ] I ] [ E—p_ g » : : . . o
i e e » Reductive H, suppresses DES pyrolysis and reduces C contamination even above 700°C
Growth temperature (°C)  Growth time (min) DES flow (sccm) H, flow (sccm)

« Control over C impurity level enables tuneable charge transfer n-doping of MoS,
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