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Abstract: Single-layered transition metal dichalcogenides (TMDs) exhibit more interesting physical properties than
those of bulk TMDs owing to the indirect to direct bandgap transition occurring due to quantum confinement. In

this research, we demonstrate that layer-by-layer laser etching of molybdenum diselenide (MoSe,) flakes could be

controlled by varying the parameters employed in laser irradiation (time, intensity, interval, etc.). We observed a

dramatic increase in the photoluminescence (PL) intensity (1.54 eV peak) after etching the samples, indicating that

the removal of several layers of MoSe, led to a change from indirect to direct bandgap. The laser-etched MoSe;

exhibited the single MoSe, Raman vibration modes at ~239.4 cm™’ and ~295 cm, associated to out-of-plane Al

and in-plane E'5, Raman modes, respectively. These results indicate that controlling the number of MoSe; layers by

laser etching method could be employed for optimizing the performance of nano-electronic devices.
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H(bulk) #+x9] HL 7Fd Ao|d(indirect transition)
gteA], ©@5(single layered) ++29] ¢ Al Ao|¥y
(direct transition) ¥T=A] E42 UERATH [9]. E3]
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HALso] Ay Fof ot [12]. 2xFY =49 H4+
Ao A5 S5iA 2lolX AlZi(laser etching)S
Al #o]A Z}%(laser power)e} 2|o]x] EAF AJZF
exposure time)2.& C}&E L%E9] MoS;9] A Ao
A 7S ARG vt QT [13,14].
wwolldE dolA AlZto oA g Aoldd
2x0] JeA MoSe,S A& Hold uLz|
A#T 2 Y 7HsHe HuHRaman) BT
dhi(photoluminescence, PL) &3 EA8 &5}
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AL OjH| 2 PDMS (polydimethylsiloxane, Dow
Corning, Toray Co., Ltd.)& o]83}o] oAl sst 228
Hi(MoSe;, HQ graphene, Netherlands)e Al2]& GAlst
9(Si0;, 300 nm)/pd Al2IE(S) Z1E Yo JAHo=
x-]}\],(—‘)-],o:]q ]O]?G] )\17]- E}U} al ;L]- H]—EL]— /\rﬂ]EF_-] Hk]

S Olympus 100 X T=221=(N.A.=0.8)2} 150(spectral
resolutlon 494 cm™), 2400(spectral resolution 0.31

cm™!) lines mm™ ZAXKgratings)2 217} £74519ict. 2t
and—l 2mE vlER] 7|1& M3t AelE(520 cm )]
A Z1egst o, gojxe] FU 1 ym=z sttt &
1A o]ulxl= LV-150NA #0733} DS-Ril CCD 7}oja}
(Nikon, Japan)Z Z7JsIQict. 2o]A] AlZf $o] AUst m
A Fd= WEsP] HsiA FAMKIAE fl0]%(scanning
electron microscopy, SEM, JEOL)Ce 2 =74 35}9C}.
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zx}a 240 A7 o] Aot
AZY &A} 2

j0]#](532 nm, 2.33 eV)E o|&3t

2lolq 9] 7,

A(laser etching interval) 5& &
54759 MoSe, Ut 52 Alofsigict. £
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o
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mW, RAF AIZF 0.04 sec, dlo]A] ¥ F7]|(laser spot
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~591 2fele] ol ZAF ZHAS 27 1% 0.8 pm, 2
H 0.5 pm, 3 0.2 pm, 49 0.1 pym, 581 0.04 pm9]
200 A sidoy. 2™ 1(c) SEM AutoflA =
1(b)9] 4, 5 6‘?1 2ielof A MoSe, =7419] oA A7}

() Laser thinning
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Interval

Fig. 1. (a) Schematic image of laser etching for, microscope
images of (b) before and (c) after laser linear etching of
MoSe,, (d) before and (e) after laser plane etching of MoSe,.
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Fig. 2. Comparison of Raman spectra of bulk MoSe,,

few-layered, and after laser etching.
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Fig. 3. (a) Raman spectra of Silicon substrate and bulk MoSe,,
few-layered MoSe,, and after laser etching MoSe,, (b) Raman
spectra of single layered MoSe, by mechanical exfoliation
method (inset Fig. 3(b)) and single layered MoSe, by laser
etching method.
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Fig. 4. Microscope images of (a) before laser etching (b) after
laser etching, (c) PL mapping image of after laser etching
from image (b).
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