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Abstract

Multi-layered MoS, film of sub-10-nm formed by
high-temperature sputtering has been investigatedof
enhancement-modenMOSFETs. Raman peak of Mo$
was observed even by using high-temperature sputter
ing. In addition, Hall mobility of sputtered MoS, film is
obtained and it is considered that the enhance-
ment-mode NMOSFETs could be realized through the
decrease in carrier density and surface charge deibg.

1. Introduction

Molybdenum disulphide (Mo, one of the transi-
tion-metal dichalcogenides and has been used faf lsb-
ricant so far, has attracted grate attention thatioksts
wonderful characteristics such as flexibility, tsparency
and having energy band gaf, = 1.8 eV) [1]. In addition,
MoS, has comparably high mobility (~700 &ivi's) even in
thin region as shown in Fig. 1.

All of devices using Mog so far have been deple-
tion-mode andn-type. The reason of the depletion-mode
operations are considered as unintentional n-typéngd to
the channel during the process of the productigr2]1K.

the RMS roughness of sputtered MoShich indicates
10 nm thick is the border of the thickness betwaerizon-
tal and perpendicular layers to the substrate. Fighows
the Raman shift intensity normalized by Si intensit the
substrate. It indicates the increase in the Mo-8db
amounts by introducing high-temperature sputteriag:
cording to C. Leegt al.,, Raman shift peak difference be-
tween Elzg and A4 modes decreases as with the thickness
of exfoliated Mo$ decreases [5]. However, the peak dif-
ference widened as with the thickness of sputtdied,
decreased. It is considered as due to the incinesealue
of roughness of sputtered Mo#im [6]. Fig. 7 shows the
result of Hall measurements of sputtered MéiBn. Hall
mobility of the film increased along with the thiess
thinner because of the discontinuity of perpendicutgion
(>10 nm). In addition, carrier densitp-fype) decreased
compared to reported devices (ref. 7). Fig. 8 shtives
simulated and reported threshold voltage. The sitian
used the structure and the surface charge densgjtyof
ref. 2, and the carrier density of ref. 7. The hssindicate
that the mitigation of the carrier density and theface
charge density makes the threshold voltage ples, the

Dolui, et al., suggested that when Na atom is placed on thedevice could be the enhancement-mode.

interface between SiOand MoS$, the electronic structure
of the composite is strongly affected by the presesf Na
ion and the system becomesype [3]. Therefore, in order
to avoid Na contamination, the clean processeneeeed
to realize the enhancement-mode MOMOSFETS. In such
phenomena, sputtering could be a candidate tozeceln-
hancement-mode M@SMOSFETs. Regarding sputtered

3. Conclusions

Thin film of MoS, was obtained by high-temperature
sputtering and its carrier density is comparativédy
compared to reported results. That fact shows tssipili-
ties of realizing the enhancement-mode MaBIOSFETs
with sputtering method. In order to achieve highbitity
MoS,; film, the improvement of the sputtered film qugalit

MoS, has been already reported in a thicker regionwill be the essential work in the future.

(~ 150 nm) for solid lubricant applications as deling;
high-temperature sputtering (3@ is the way to form
horizontal Mo$ film to the substrates [4].

In this study, sputtered thin M@dIm has been inves-
tigated in a thinner region for nanoelectronic desi
2. Results and Discussion

Thin film of MoS (five layers) parallel with the SiO
substrate could be available by using high-tempeegat
sputtering (30C) as shown in Fig. 2. The substrate is
heated up to 36C and Mo$ s sputtered by RF magnetron
sputtering. We found that ~10 nm thick Md®m parallel
with the substrate appeared and layers almost péiqdar
to the substrate emerged near the surface, proloaigiyto
interface-morphology-related stress (Fig. 3). HFigshows

Acknowledgements

We would like to thank JSPS and COI-Trial of JSTurO
measurements were also supported by Associate sSBoufeS.
Miyajima and Mr. S. linuma of Tokyo Tech., and Asiste Pro-
fessor T. Palacios, Mr. X. Zhang and Ms. J. AddisbMIT. The
TCAD simulator “Atlas” of Silvaco Inc. was utilizeid this study.
References
[1] H. Wang,et al., IEDM, 4.6 (2012) 88-91.
[2] B. Radisavljevicgt al., Nature Nanotech6 (2011) 147-150.
[3] K. Dolui, et al., Physical review B7 (2013) 165402.
[4] H. Moser and F. Levy, Mater. Reg.(3) (1992) 734-740.
[5] C. Lee,et al., ACS NANO,4 (5) (2010) 2695-2700.
[6] N.T. McDeuvitt, et al., Thin Solid Films240(1994) 76-81.
[7] B. Radisavljevic and A. Kis, Nature Matet2 (2013) 815-820.

- 1074 -



80Q——————————
Reported MoSMOSFETSs [1, 2];

700 S.Dasgtal., (2012).0 |
Q Exfoliation Gate Oxide

600 ] X | __Gate Oxide |
=2 CVD } S D
.;;400} 2, oF | Substrate
9 K. Uchida, et al., (2002).
2 300 Mos, 1 l

200 Q B. Radisavljevicgt al., (2011).

H. Wangetal., (2012). Sputtering can be a method of fabricating
100— ! large-scale high mobility MoSilm

Thickness 0? Channel (nmlo with relatively low temperature.

@) (b)
Fig. 1 Advantages of Mag@ind sputtering method to fabricate Md®m. When silicon, which is Fig. 2 TEM image of sputtered thin Mg$Iim.
widely used for advanced LSls, becomes thin filng mobility deterioration will occur. In suchFive layers of Mogfilm are seen. It is formed on
region, Mo$S has relatively high mobility. Sputtering methodshgood properties such asSiO, substrate, therefore, it can be applied to the
large-scale formation, low temperature (conventigrég60°C~ by CVD [1]) and commonly usedtransistors of LSIs.
process in LSIs production.
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Fig. 3 TEM image of sputtered M@STwo fjg 4 RMS roughness of sputtered MoSsing Fig. 5 Raman
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Fig. 6 Raman spectra of high-temp. sputterdelg. 7 Hall measurement results of high-temg=ig. 8 Simulated threshold voltage dependence
MoS, on itsthickness. As the thickness thin-sputtered Mo$ Carrier densityr{-type) decreases of n-type accumulation MOSFETs on carrier
ner, the difference between the peak &f;E compared to exfoliated film [7]. Thin film hasdensity and surface charge density 6f MoS;.
and A4 narrows in usual. However, sputteredelatively high mobility and low carrier densityThis simulation used the structure, carrier
MoS, film performs opposite behavior withthanks to no perpendicular layers. density and surface charge deisnity in refs. 2
reported devices so far. and 7.
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