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The prospects of spintronic devices based on two-dimensional (2D) materials originate from their outstanding spin-related 

properties. Fabrication of such devices typically involves transfer processes that yield inferior interfaces due to trapped contaminants 

or cavities at 2D material/electrode interfaces. Here we report a transfer-free fabrication process of MoS2 films by RF magnetron 

sputtering, and demonstrate its application in the LSMO/MoS2/NiFe spin valve structure. Raman spectroscopy shows E2g and A1g 

vibration modes of MoS2, suggesting the growth of crystalline MoS2 layers. A giant magnetoresistance ratio of 0.8% at 20 K was 

observed. The results suggest a scalable route for fabricating MoS2-based electronic and spintronic devices with a transfer-free process 

for obtaining reliable contacts.  

Index Terms—device fabrication; MoS2; spin valve; transfer-free. 

I. INTRODUCTION

pintronics is widely applied in hard disk read heads and

non-volatile magnetoresistive random-access memories 

(MRAM), as well as magnetic sensors with ultra-high 

sensitivities. Simple spintronic devices are based on giant 

magnetoresistance (GMR) or tunneling magnetoresistance 

(TMR) with spin valve structure.[1] The performance of such 

devices depends highly on the spin retention capability of the 

spacer material. Recent researches have identified candidate 

materials such as highly-doped Si [2, 3], GaAs [4] and 

graphene [5-7], with the potential as channel materials for spin 

logic devices.[8]  

Two-dimensional materials such as graphene or MoS2 

possess behaviour that are well-suited for electronic device. 

For example, the high on-off ratios of two-dimensional 

material-based transistors have drawn much attention for 

replacement of silicon transistors. Graphene also shows 

outstanding spin-related behavior. Due to the low atomic mass 

of carbon atoms, graphene shows long spin diffusion length 

(3-12 μm at 300 K) as compared with other materials (1 μm 

for Cu [9] or 0.6 μm for Al [10] at 4.2 K).  

Compared with graphene, MoS2 is more often used in 

optoelectronic applications [11-13]. However, MoS2 also have 

some special spin-related properties. Spin lifetime in the order 

of nanoseconds was recorded in MoS2, where the crystal 

symmetry can be easily broken by substrate effect or rippling; 

if the symmetry is retained a strong spin-retaining ability is 

anticipated.[14] 

A number of attempts were made to study MoS2-based 

spintronic devices. Fe/MoS2/Fe junctions were predicted to 

yield a large magnetoresistance (MR) of 300% by fully 

atomistic first-principle transport calculation, due to the strong 

hybridization between Fe and S atoms which induces efficient 

spin injection.[15] On the other hand, in-plane (edge 

contacted) Fe/MoS2/Fe junctions are estimated to give 150% 

magnetoresistance using non-equilibrium Green’s function.   

Experimentally, NiFe/MoS2/NiFe junction showed 0.73% 

MR ratio, which is far worse than the calculation results.[16] 

Attempts of preparing the spacer with direct chemical vapour 

deposition rather than wet transfer process has led to 

significant improvement of MR in boron nitride-based 

magnetic tunnel junctions.[17-19] Apart from the elimination 

of surface contaminants or cavities at the electrode surfaces 

during the wet transfer process, suppression of electrode 

surface oxidation was suggested as a main contribution to the 

improved MR performance.[20] For scalable production of 

MoS2, however, physical vapour deposition is the method of 

choice due to the capability of preparing ultrathin films with 

high uniformity over extended regions.[21] Preparation of 

high-quality MoS2 films by pulsed laser deposition (PLD)[22, 

23] and sputtering [24] have been reported.

In this report, we fabricate La0.7Sr0.3MnO3 

(LSMO)/MoS2/Ni0.8Fe0.2 (NiFe) spin valve devices, with the 

MoS2 spacer layer prepared by RF magnetron sputtering. 

LSMO bottom electrode is used for its chemical stability. We 

demonstrate the capability of preparing simple spintronic 

structure incorporated with two-dimensional materials, and 

highlights the prospect of scalable device applications. 

II. EXPERIMENTAL PROCEDURE

LSMO (20 nm)/MoS2 (2 nm)/NiFe (5 nm) spin valve 

structure, in the current-perpendicular-to-plane (CPP) 

geometry, was investigated in this work (Fig. 1(a)). LSMO 

was deposited on SrTiO3 (STO) substrates. For high-quality 

LSMO growth, buffered-HF treatment was performed on the 

substrates before film growth to obtain atomically flat, Ti-

surface-terminated surfaces.[25] LSMO was deposited by 

PLD under an oxygen ambient of 120 mTorr at 700°C, in a 

chamber with a base pressure better than 6 µTorr. A KrF laser 

(248 nm) was used, with the laser energy of 220 mJ and a 

repetition rate of 5 Hz. The deposited films were post-

annealed in situ at 650°C under 10 Torr of oxygen ambient.  

Subsequently, RF magnetron sputtering was used to prepare 

the spacer layer from a MoS2 target at room temperature, with 

an Ar pressure of 6 mTorr using 50 W RF power. To improve 
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the crystallinity of the deposited MoS2, the samples were 

annealed ex situ at 450°C in nitrogen at atmosphere pressure. 

Finally, e-beam evaporation was used to deposit the top NiFe 

electrode and a gold capping layer (50 nm). For preparing 

devices suitable for CPP-type measurements, crossbar four-

point measurement patterns with junction area (100×100) µm
2
 

were prepared, by using shadow mask for defining the 

electrodes of various layers (Fig. 1(b)).  

The deposited films were characterized by Raman 

spectroscopy (HORIBA HR800) to inspect the quality of the 

MoS2 spacer. Microstructural analysis of the samples were 

performed by atomic force microscopy (AFM, Burker 

Nanoscope 8) and x-ray diffractometry (Rigaku Smartlab). 

Magnetic hysteresis loops were obtained by vibrating sample 

magnetometer (Quantum Design model 6000.)  

Fig.1 Schematic illustration of the device structure. (a) Cross-

sectional view of multilayers; (b) three-dimensional 

illustration of CPP device structure. 

III. RESULTS AND DISCUSSION

Fig. 2 shows the characterization of the STO substrate and 

the LSMO layer. After buffered HF treatment, the AFM image 

of the STO substrate (inset of Fig. 2(a)) shows a terraced 

pattern. This result suggests that flat STO substrates were 

produced. Subsequently LSMO was deposited on the flat STO 

substrate. XRD θ-2θ scan (Fig. 2(a)) indicates only STO (002) 

and LSMO (002) peaks were obtained, and together with the 

narrow LSMO (002) peak of full-width-at-half-maximum 

(FWHM) ~ 0.35°, we conclude that epitaxial LSMO films 

were grown on STO substrates.  

Temperature-dependent resistance measurement (Fig. 2(b)) 

was performed on the LSMO film between 20 and 320 K. The 

result shows a positive slope over the whole temperature range 

measured. Typically, the Curie temperature (TC) of LSMO 

films can be determined from the peak of the resistance-

temperature plot.[26] Such a peak is not observed in Fig. 2(b), 

which indicates the TC is larger than 320 K (noting that bulk 

LSMO has TC  ~ 370 K). All results in Fig. 2 confirm the 

good-quality of LSMO films deposited in this work.  

For meaningful comparison of our results with those in 

literature, it is important to produce MoS2 spacers with 

reasonable quality. Raman spectroscopy is an established 

method for characterizing 2D materials, and for MoS2 Raman 

spectra the E2g and A1g peaks are strongly dependent on the 

number of atomic layers.[27] Three samples of MoS2 

deposited on Si were investigated, the conditions of which are 

summarized in Table I, and the Raman spectra of the samples 

are shown in Fig. 3. Both high and low temperature deposition 

of MoS2 have been reported to produce MoS2 films. [22, 

28]To investigate the effect of deposition temperature on the

quality of MoS2 films, samples deposited at room temperature

and 500
o
C were compared (Table I).

Fig. 2 Characterization of 20-nm LSMO film on STO (001) 

substrate.  (a) θ-2θ scan. Inset: AFM micrograph of the STO 

substrate after buffered-HF treatment. (b) Temperature-

dependent resistance measurement. 

TABLE I 

DEPOSITION CONDITIONS FOR MoS2 ON Si FOR 

OPTIMIZATION PURPOSE. 

Sample Deposition 

Temperature 

Thickness 

A Room temperature 20 nm 

B Room temperature 10 nm 

C 500°C 20 nm 

As shown in Fig. 3(a), the Raman spectra of all samples 

show peaks at 385, 408 and 520 cm
-1

; these peaks are assigned 

as the E2g and A1g peaks of MoS2, and the Si substrate peak, 

respectively. The results indicate that MoS2 was successfully 

deposited on Si. The FWHM of A1g peak for Sample C is 16 

cm
-1

, and 9 cm
-1

 for room temperature-deposited samples, 

despite all samples have undergone post-annealing. The 
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intensities of Samples A and B are also high than Sample C, 

even Sample B is thinner than Sample C. The large FWHM of 

Sample C indicates an inferior crystallinity. This arises from 

the low vapour pressure of the sulphur that leads to its 

excessive loss during high temperature deposition, which 

yields a high concentration of sulphur vacancies.[22, 29] 

Room temperature deposition of MoS2, followed by post-

annealing, demonstrates better film crystallinity. 

The significance of post-annealing is highlighted in Fig. 

3(b), which shows the Raman spectra of Sample B before 

(black) and after (red) post-annealing at 450°C in nitrogen at 

atmospheric pressure. The FWHM of A1g peak before and after 

post-annealing are 11 and 9 cm
-1

. Moreover, the peak intensity 

is increased after post-annealing, which can be attributed to 

the improved crystallinity of the MoS2 by post-annealing as 

room temperature deposition is known to produces amorphous 

MoS2.[28] On the other hand, post-annealing has no impact on 

high temperature-grown MoS2, as evidenced from the lack of 

difference in the Raman spectra profile for Sample C before 

and after post-annealing (Fig. 3(c)). As much thinner MoS2 

layer is needed for spacer layer in spin valves, the effect of 

post-annealing on 2 nm MoS2 deposited on Si was also studied 

(Fig. 4(a)). As in the case of Sample B (Fig. 3(b)), signature 

Raman peaks of MoS2 were retrieved after the post-annealing 

process for the 2 nm MoS2 sample. 

Using the optimized conditions for MoS2 growth on Si 

substrates (room-temperature deposition followed by post-

annealing in nitrogen), MoS2 spacer was prepared on LSMO 

and the Raman spectrum of LSMO/MoS2 (Fig. 4(b)) shows 

the signature E2g and A1g peaks. This result shows that 

crystalline MoS2 was deposited on STO/LSMO. The deposited 

MoS2 on LSMO shows a high level of smoothness (Fig. 4(c), 

root-mean-squared roughness = 0.31 nm). Given the lack of 

lattice matching conditions between MoS2 and the receiving 

surfaces tested (Si and LSMO), we speculate the method can 

be adapted on different substrates for fabricating various 

MoS2-based devices. [22, 24] 

 
Fig.3 Raman spectra of sputtered MoS2 films with different 

deposition and annealing conditions. (a) All the three samples 

in Table I after post-annealing. (b) Sample B before (black) 

and after (red) post-annealing. (c) Sample C before (black) 

and after (red) post-annealing. 

 

The NiFe/Au top electrode was finally deposited on top of 

MoS2 by e-beam evaporation; evaporation method was 

adopted as it prevents the damage of MoS2 by energetic 

species bombardment in deposition techniques like sputtering 

or PLD. This is partly justified by magnetic measurement of 

the spin valve multilayer stacks: the presence of a double 

coercivity behavior in spin valves with ultrathin MoS2 (Fig. 5) 

asserts the smoothness of the layer that is reasonably free from 

pinholes.[30] The magnetic hysteresis loop show double 

coercivity at 18 Oe and 33 Oe at 20 K, which correspond to 

the coercivities of LSMO and NiFe, respectively. The double 

coercivity suggests the MoS2 spacer magnetically decouples 

the LSMO and NiFe layers. 

 

 
Fig. 4 (a) Raman spectra of 2 nm MoS2 on Si before (black) 

and after post-annealing (b) Raman spectra of 2 nm MoS2 on 

STO/LSMO (red) and Si (blue). Black trace shows the 

spectrum of STO/LSMO. The board peak from 200 to ~ 450 

cm
-1

 is the peak of STO substrate. Inset highlights the data 

between 350 and 450 cm
-1

. (c) AFM micrograph of the 

LSMO/MoS2 after post-annealing process. 
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Fig. 5 Hysteresis loop of LSMO/MoS2/NiFe junction at 20 K 

 

Magnetoresistance (MR) measurement of the STO/LSMO 

(20 nm)/MoS2 (2 nm)/NiFe (5 nm)/Au (50 nm) spin valve 

device was performed at 20 K. At this temperature, the zero-

field resistance of the device was around 330 Ω by four-point 

measurement. The MR result is shown in Fig. 6. A negative 

MR signal is obtained, which is similar to the result of 

LSMO/BaTiO3(BTO)/NiFe with no polarization of BTO.[31] 

The MR ratio is obtained by following equation : 

 
The MR ratio of the device at 20 K is 0.8%. The switching 

field in MR curve matches with the double coercivity from 

hysteresis loop in Fig. 5, which indicates the MR signal is due 

to the spin valve junction. To rule out the possibility of 

anisotropic magnetoresistance (AMR) from the magnetic 

electrodes, measurement was repeated by rotating the in-plane 

magnetic field through 90
o
 (inset of Fig. 6) and identical 

negative MR behavior was measured. The result confirms that 

the MR obtained was due to the spin valve effect of the 

device. 

The MR ratio of our MoS2-based spin valve junction is 

comparable with previous experiment on transferred MoS2 

spin valves [16]. One should note, however, that our MoS2 

layer was polycrystalline while that in Ref. 16 was (almost) 

single-crystalline, which is expected to yield better MR 

behavior. The wet transfer method, however, may trap 

contaminants which adversely affect the contact interfaces. In 

addition, the preparation of CPP device structure involves 

transfer of MoS2 onto the junction sites, which is difficult to 

be achieved by wet transfer method but is virtually effortless 

by physical vapour deposition of the spacer layer.  

Physical vapour deposition (and magnetron sputtering in 

particular) can produce ultrathin films of uniform thickness 

over large areas (typically above 1 cm), and can be readily 

adaptable for scaled-up preparation of MoS2 devices. With the  

careful control of deposition parameters ultrathin films (down 

to monolayer thickness) can be achieved.[21] The deposition 

of MoS2 spacer, as demonstrated in this work, provides the 

prospect of repeatable preparation of large-size MoS2 that is 

contaminants-free process for device fabrication.  

 
Fig.6 MR behaviour of LSMO/MoS2/NiFe spin valve device. 

Inset: MR plot of the same device with applied magnetic field 

rotated 90
o
 in the substrate plane. All measurements were 

done at 20 K. 

IV. CONCLUSIONS 

In conclusion, LSMO/MoS2/NiFe spin valve junction was 

fabricated, with the MoS2 spacer deposited by RF sputtering 

deposition at room temperature and annealed subsequently. 

The MoS2 layer was effective in decoupling the two magnetic 

electrodes and the spin valve multilayer showed double 

coercivity behavior. A magnetoresistance ratio of 0.8% at 20 

K was demonstrated. This work demonstrated an alternative 

method to produces MoS2 electronic and spintronic devices 

without undergoing transfer process that may lead to extensive 

interfacial contaminations and irreproducible device 

performances. 
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