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A B S T R A C T   

Two-dimensional (2D) MoS2 is an emerging alternative to traditional semiconductors, overcoming scaling limits 
in device fabrication. Ongoing efforts to realize the full potential of 2D MoS2 in CMOS back-end-of-line inte
gration encounters notable challenges due to synthesis of such 2D materials requiring high temperature growth 
substrates and a transfer step. Consequently, lattice preservation of MoS2 atomic layers during transfer from 
growth substrate to a target substrate is crucial for fabrication and system integration. This work, investigates the 
impact of commonly used chemical etchant potassium hydroxide (KOH) on MoS2 during the poly(methyl
methacrylate) (PMMA) assisted wet-transfer process from sapphire substrates. A systematic experimental 
framework involving Raman spectroscopy, Atomic Force Microscopy (AFM), Optical Microscopy, and X-ray 
Photoelectron Spectroscopy (XPS) was employed for comparative evaluation of MoS2 upon transfer. While the 
investigations highlight the relation of etchant concentration and exposure time to be the deterministic factors, 
topographic and spectroscopic evidence corroborate the role of K+ ions in etching and oxidation of MoS2 at 
higher concentrations affecting the MoS2 quality. Thorough characterizations of transfer process, while following 
the MoS2 quality in this work, provides crucial information on etchant concentration selection to achieve shorter 
substrate transfer time with minimal impact on material quality.   

1. Introduction 

Two-dimensional materials, such as graphene and transition metal 
dichalcogenides (TMDCs), hold immense potential for future technolo
gies due to their exceptional material properties at atomic scale [1]. 
Graphene, as the first 2D material, exhibits outstanding thermal and 
electrical conductivity [2] but lacks a band gap, making it unsuitable for 
digital electronics [3,4]. TMDCs, such as MoS2, offer tunable band gap 
[4] but typically require high-temperature growth (600–900 ◦C) [5–8] 
and specific substrates like sapphire [9 10] for good crystallinity with 
uniform coverage. Although, there are various reported research works 
showing growth of good quality MoS2 at low synthesis temperature 
(200–400 ◦C) [11–13], there is a lack of detailed studies on high device 
performance with large-scale integration capability. Very recently, Xia 

and group produced a uniform monolayer MoS2 coverage on 12-inch 
sapphire wafer [8]. Top gated transistors shows high electron mobility 
of 40.65 cm2V-1s-1 and on–off ratio of 108. Still, synthesis temperature is 
700 ◦C and growth substrate is sapphire. Other work from Zhu et al. in 
2023 presents synthesis of monolayer MoS2 at growth temperature less 
than 300 ◦C on 200 mm SiO2/Si wafers. Back-gated transistors exhibit an 
electron mobility of ~ 35.9 cm2V-1s− 1[14,15]. Although growth high 
quality 2D MoS2 at low temperature is advancing very fast, there are still 
significant challenges for low-temperature growth of other 2D materials. 
This limits the back-end-of-line (BEOL) integration of 2D materials into 
existing complementary metal oxide semiconductor (CMOS) technology 
to exploit their full potential [16]. One alternative is to transfer as 
synthesized high quality 2D material from the growth substrate to a 
target substrate with minimal damage to material quality, involving dry 
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and wet transfer methods [17,18]. polymethyl methacrylate (PMMA) 
assisted wet transfer, a well-established method, is used for scalable and 
reproducible transfer of 2D materials like graphene [19], MoS2 [20] and 
hBN [21]. In the case of MoS2, grown on sapphire due to a small lattice 
mismatch, etchants like sodium hydroxide (NaOH), potassium hydrox
ide (KOH), or buffer oxide etchant (BOE) are used to delaminate the 
PMMA/MoS2 layer from the substrate. Several research works used KOH 
concentration of 1 M [22–24] or 2 M for the transfer process without a 
proper explanation of suitable KOH concentration for the transfer. 
Despite concerns about etchants potentially damaging MoS2 quality, 
there is a lack of comprehensive studies on the effects of etchants on 
MoS2 material, including physical and chemical changes. 

This study carried out a systematic analysis of PMMA-assisted wet 
transfer of MoS2 grown on sapphire to SiO2/Si substrate using KOH as an 
etchant. The influence of KOH by varying concentration (0.2–10 M) on 
transfer duration and film quality was investigated and we found out 
that KOH concentration plays a crucial role in determining the transfer 
duration as well as film quality. Transfer duration decreased signifi
cantly as KOH concentration increased from 0.2 M to 5 M, while pre
serving film quality. At higher KOH concentrations (7 M and 10 M), 

transfer duration remained similar, but etching of MoS2 as well as sig
nificant presence of MoOx was observed. Thus, an optimal KOH con
centration between the ranges 2 to 5 M was found to be suitable for a 
faster transfer process with minimal damage to film quality. This study 
provides valuable guidance for researchers working with 2D materials, 
highlighting the importance of optimizing transfer processes and un
derstanding the effects of etchants on material quality. 

2. Materials and methods 

2.1. Substrate transfer of MoS2 atomic layers 

MoS2 was grown by metal organic chemical vapor deposition 
(MOCVD) process on c-plane sapphire [25]. A 950 A6 PMMA 
(900–1500 k g/mol molecular weight) support layer, purchased from 
Micro Resist Technology GmbH in Germany, was used for the transfer 
processes. PMMA was spin-coated onto a 2-inch MoS2/sapphire wafer at 
a speed of 3000 revolutions per minute (rpm). This step ensures uniform 
coverage of the PMMA layer on top of MoS2 grown on sapphire. The 
PMMA-coated wafers were subsequently baked at 120 ◦C for 10 min to 

Fig. 1. Illustration showing PMMA assisted wet-transfer process of MoS2. (a) Optical images of process steps involved in the transfer process of MoS2 grown on 2″ 
sapphire substrate transferred to SiO2/Si substrate (b) Schematic illustration of the PMMA/MoS2 layer stack delamination from sapphire where surface tension and 
etching of substrate in KOH contribute to the weakening of van der Waals interactions between sapphire and MoS2 layers. 

A.P. Singh et al.                                                                                                                                                                                                                                 



Applied Surface Science 669 (2024) 160331

3

solidify the PMMA layer and prepare it for the wet-transfer process. 
After baking, the wafers were allowed to cool down at room temperature 
for approximately 3 min. This cooling phase ensures that the PMMA 
layer is stable and ready for the subsequent process steps. The wafer was 
diced into 7 × 7 mm2 samples (Fig. 1a). Aqueous Potassium hydroxide 
(KOH) (Carl Roth GmbH) solutions with varying concentrations (0.2 M, 
2.0 M, 5.0 M, 7.0 M, and 10.0 M) were used for chemical etching and 
delamination of the PMMA/MoS2 layer stack from the sapphire sub
strate. The experimental design involved studying the wet-transfer 
process on a minimum of 3 samples for each concentration (Fig. 1a), 
as well as for the samples overexposed to KOH for additional 30 and 60 
min for the wet-transfer. 

It is observed that the delamination process of the PMMA/MoS2 layer 
stack always initiates from the edges of the sapphire substrate and 
gradually proceeded towards the central regions of the sample resulting 
in the detachment of the entire layer stack (Fig. 2a). Literature report 
suggests that the delamination occurs due to the weakening of Van der 
Waals interactions between the MoS2 and sapphire substrate, facilitated 
by surface tension and substrate etching effects (Fig. 1b) [18,26]. The 
key steps that are involved in the transfer process are illustrated in the 
Fig. 1a. After the delamination in KOH solution, the floating PMMA/ 
MoS2 layer stack is fished out gently and transferred to float on the 
surface of deionized (DI) water. This layer stack is kept in DI water for 

24 h to remove any potential contamination that may have formed 
during the etching and delamination steps in the KOH solution. After
wards, the PMMA/MoS2 layer stack are fished off from DI water surface 
and transferred onto the target SiO2/Si substrates. To allow easy evap
oration of water trapped between substrate and layer stack, the samples 
are always positioned vertically inclined for 24 h. Thereafter, the sam
ples were baked at 135 ◦C to further improve the adhesion between 
MoS2 and SiO2/Si substrate. Subsequently, the samples are cleaned in 
acetone for 40 min at 80 ◦C followed by dipping in isopropanol (IPA) to 
remove the PMMA layer, which acted as a support during the transfer 
process. Acetone and IPA used in cleaning process were purchased from 
MicroChemicals GmbH, Germany. 

2.2. Post transfer thermal annealing post of MoS2 

After the transfer of MoS2 on Si/SiO2 substrates, samples were sub
jected to a thermal annealing process in order to remove residual PMMA 
[27,28 29,30] and other organic contaminants from transferred MoS2 
and passivate intrinsic defects [31,45]. This annealing step ensures that 
the transferred MoS2 under characterization are as uncontaminated as 
possible. Thermal annealing process was carried out using a UniTemp 
RTP-150 rapid thermal processing platform providing precise control 
over temperature and environment. Annealing was performed in Argon 

Fig. 2. Schematic illustration of delamination process characterized for the PMMA/MoS2 layer stack from the sapphire growth substrate in this work. (a) Illustrations 
and optical images show the different stages of the delamination when it initiates from an edge (ii) after placing the sample in KOH solution defined as t = 0. 
Delamination proceeds slowly (iii) and finally whole film is delaminated and detached defined as t = td. (iv) (b) Graph shows that the delamination time (td) decreases 
exponentially within the KOH concentration from 0.2 M to 10 M for samples s1-s5 respectively used for wet-transfer process in this work. Error-bar represents data 
for N = 9. 
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as an inert environment at 400 ◦C for 1 h. The temperature was ramped 
up gradually at a rate of 1 ◦C per second. The selected temperature is 
high enough to effectively remove organic residues like PMMA but not 
as to affect the MoS2 or the substrate. After an hour of annealing, sam
ples are cooled down to room temperature with a rate of 1 ◦C per second 
ensuring minimal thermal shock and strain in the material [32]. 

3. Results and discussion 

In order to systematically study the KOH etching and its influence on 
the quality of the substrate-transferred MoS2 layers, KOH concentrations 
0.2 M, 2 M, 5 M, 7 M, and 10 M were employed and the time required for 
the transfer process was calculated. The duration for the transfer process 
is termed as ‘delamination time’ td and defined as the time taken for the 
complete delamination of the PMMA/MoS2 layer stack from the sap
phire substrate once the delamination initiated from an edge. A typical 
delamination process as it progresses is represented in Fig. 2a. 

As mentioned previously, two key factors influence the delamination 
of the PMMA/MoS2 layer from the sapphire substrate. When the samples 
are immersed in the KOH solution, the liquid’s surface tension acts 
perpendicular to the plane of the PMMA/MoS2 layer stack as illustrated 
in Fig. 1b. In addition, KOH solution etches away the sapphire substrate 
and loosen the attractive substarte-2D atomic layer VdW interaction [33 
34]. Same unit square area of MoS2/PMMA stack layers were prepared 
for the measurement of td and its dependence on the KOH concentra
tions. The concentration dependence of td is shown in the Fig. 2b where 
we can see a rapid decrease in td as the KOH concentration is increases. 
At 0.2 M KOH, the delamination process is notably slow suggesting for a 
very slow etch rate of sapphire, requiring approximately 20–25 min for 
complete delamination. The delamination process at this concentration 
was noticed not to yield consistently clean and reproducible results, as 
the layer stacks sometimes broke due to exertion of extra mechanical 
force to delaminate the MoS2/PMMA (see supplementary information 
S7). 

Upon increasing the KOH concentration to 2 M and 5 M, the 
delamination time decreases exponentially. For higher KOH concen
trations (7 M and 10 M), the delamination time did not change signifi
cantly and approaches a saturation point around of 1–2 min. 
Interestingly, the delamination at these high KOH concentrations 
consistently yielded clean and intact atomic layers, requiring no addi
tional mechanical force for delamination. This can be attributed to the 
rapid etching of sapphire at higher KOH concentrations, with the surface 
tension being sufficiently strong to lift the layer, allowing it to float 

within the solution. In summary, KOH concentrations in the range of 
5–10 M offer a rapid and effective method for delamination of the 
PMMA/MoS2 layer stacks and wet substrate transfer. 

To characterize the samples, optical microscopy was used. There was 
no obvious contrast difference among samples s1-s5 between MoS2 and 
SiO2 (Fig. 3). Thus, visibly there is no difference among all the samples. 
As an established technique to provide valuable insights into the ma
terial properties of 2D materials, Raman spectroscopy was used to 
characterize the MoS2 after the wet-transfer is carried out [35]. The 
Raman characterization results are summarized in the Fig. 4. The graph 
shown in Fig. 4a shows typical Raman spectra recorded for the 5 sam
ples, s1 to s5 representing PMMA assisted wet-transfer using KOH con
centrations 0.2, 2.0, 5.0, 7.0 and 10.0 M of KOH solutions respectively. 
Two distinct Raman peaks at 384 and 407 cm-1 can be observed for all 
the MoS2 samples (s1 to s5), which correspond to the E1

2g and A1g 
vibrational modes of MoS2 crystal lattice. The wave number difference 
of the peaks A1g and E1

2g for sample s1 (0.2 M KOH as etchant) is 
approximately 23.8 cm-1 suggesting the transferred MoS2 to be 4 to 5 
atomic layers thick, in line with previous findings [4]. What is noticeable 
from the graph shown in Fig. 4b is a consistent trend of slight decrease in 
this peak difference across the all the samples (s1 to s5 and five points on 
each sample) that are measured. The sample s5 exhibits a blue-shift in 
the E1

2g mode and redshift for the A1g vibrational mode, resulting in a 
maximum peak difference measured around 23.3 cm-1. A comparison of 
spectral peaks representing E1

2g and A1g modes for samples s1 to s4 in 
detail shows no consistent trend in full width at half maximum (FWHM) 
and the peak-intensities. For sample s5, there is a rapid increase in the 
FWHM (Fig. 4c) and decrease in the peak intensities (Fig. 4d) for E1

2g and 
A1g modes. These observations collectively indicate that the crystal 
quality of MoS2 is adversely affected following the transfer process with 
10 M KOH. The most likely reason for polycrystalline characteristics of 
the transferred layers are the induction of lattice defects caused by the 
oxidation and dissolution of MoS2 in a base solution [36]. The reaction 
mechanism can be shown as follows: 

xK+MoS2→KxMoS2 (1)  

KxMoS2 + yK+→K2S+Mo (2)  

MoS2 +
9
2
O2 +3H2O→MoO2−

4 +2SO2−
4 +6H+ (3)  

The above-mentioned study on oxidation and dissolution of MoS2 was 
conducted using 1 M PBS (approximately 0.2 M Na+ and K+ ions) over 

Fig. 3. Optical images of MoS2 samples (s1-s5) after transfer using different KOH concentration (0.2, 2, 5, 7, 10 M). There is no noticeable difference in color contrast 
of MoS2 across samples s1-s5. Scale-bar length in the images is 10 µm. 
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several days to observe the degradation, it is reasonable to anticipate 
similar effects with significantly higher concentrations in shorter dura
tions of exposure. Additionally, KOH is known to etch and dissolve 
MoO3 via formation of a complex metal salt K2MoO4, resulting in the 
formation of lattice defects [37]. Such lattice defects alter the intensity 
of Raman vibrational modes due to changes in optical interference. It is 
important to note of several studies that have demonstrated the oxida
tion of MoS2 occurring primarily at defect sites such as point defects, 
edge sites, and grain boundaries [38,39]. These two mechanisms are 
likely to have affected the crystallinity of the MoS2 atomic layers that 
were substrate transferred using high 10 M KOH concentration. 

In order to see the influences of etchant concentrations on the 
topography of atomic layers, atomic force microscopy (AFM) charac
terizations were carried out on as grown and transferred MoS2. The 
topography characterization outcomes are summarized in supporting 
information S2 (as grown MoS2 on sapphire) and Fig. 5 (after transfer). 
MoS2 grown on sapphire substrate and post annealing at 400 ◦C exhibit 
surface roughness in the range of 1 to 2 nm (Figure S2). Such roughness 
values are a result of the MOCVD growth process that is optimized in- 
house for wafer-scale growth of mono to few-layer MoS2 and inadver
tently includes nano-islands, which is termed as ‘parasitic nucleation’ on 
the top MoS2 layer (Fig. 5a) [25,40]. As shown in the AFM scan and 
height profile of Fig. 5a, the average thickness of MoS2 grown over 2″ 
wafer transferred to SiO2/Si substrate is around 3–4 nm. The triangular 
nanoscale islands can be identified in the AFM scan images as well as 
scanning electron microscopy (SEM) images throughout (also see 
supplementary information S2). An increase in roughness is typically 

attributed to several factors, including residual polymer (e.g. PMMA) 
residues and the presence of other heterogeneities, such as tearing and 
folds of atomic layers on the surface. While it is challenging to 
completely remove such influences on the topography, [41] cleaning 
steps post-transfer were carefully implemented as discussed in the sec
tion 2 above in order to analyze the etchant influence on the topography. 
Fig. 5b from images (i-v) show typical AFM scans associated with the 
samples s1 to s5. The mean roughness (Sa) and RMS roughness (Sq) 
values from such representative AFM scans for samples s1 to s5 at five 
different points are marked in graph (Fig. 5c), where it shows an 
increasing trend from samples s1 to sample s4 while decreased signifi
cantly for sample s5 associated with the use of 10 M KOH as an etchant. 
This unique condition for s5 can be explained by the etching of mono
layer nano-islands on top of MoS2 layers, which are known to contribute 
significantly to the overall roughness. 

Considering that the etching time may also directly influence the 
topography of the transferred MoS2, an additional study was carried out 
wherein the atomic layers were allowed to remain in the KOH solutions 
for additional periods of 30 min (s1′to s5′) and 60 min (s1′’to s5′’) after 
the complete delamination. The influence of this additional etching time 
on MoS2 layers was clearly visible for samples s5′ and s5′’ and therefore 
also characterized using optical microscopy (see supplementary in
formation S3). The contrast between transferred MoS2 layer and Si/ 
SiO2 substrate is significantly reduced for samples s5′ and s5′’ along with 
non-uniform coverage. Raman characterizations of samples s1′- s5′ and 
s1′’-s5′’ exhibit characteristic Raman peaks for both vibrational modes, 
however with peak intensities significantly reduced in comparison to 

Fig. 4. Raman characterization of MoS2 after wet-transfer using different concentrations of KOH. (a) An overview of Raman spectra showing representative Raman 
modes (E1

2g around 383 cm− 1 and A1g around 407 cm− 1) for samples s1to s5. Two vertical lines shows the shift of E1
2g (blue shift) and A1g (red shift). (b) Variation of 

peak difference in Raman modes against different etchant concentrations, (c) changes in FWHM of the representative Raman modes, and (d) change in the Raman 
peak intensities for E1

2g and A1g modes against the KOH concentrations. Error-bar represents data for N = 15. (For interpretation of the references to color in this 
figure legend, the reader is referred to the web version of this article.) 
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sample s5 (figure S4). Comparison of AFM and Raman characteristics 
clearly indicates that the quality of MoS2 is affected after exposure to 
KOH for longer times or for high concentration. Surface roughness 
characterizations for the samples s5′ and s5′’ weren’t considered for their 
very high non-uniformity (figure S3). The topographic comparison of 
MoS2 atomic layers subjected to prolonged substrate etching is given in 
supplementary information (S5) where the surface roughness increases 
from sample s1′ to s3′ and then decreases for s4′ with values comparable 
to s1′. On the other hand, the surface roughness for samples s1′’to s4′’ 
(60 min over exposure) show a decreasing trend. An overarching com
parison of these etching conditions and resulting surface roughness 
indicate the use of KOH concentration above 7 M and prolonged expo
sure to such high concentrations associated with decrease of Ra and Rrms 

values. Monolayer MoS2 nano-islands being a major contributor to the 
surface roughness apart from the polymeric residues, anisotropic 
etching of MoS2 towards the removal of nanoscale islands seems to be 
the main occurring phenomenon here, which requires further proof. 

Therefore, to collect evidence for the proposed chemical processes 
upon exposure to KOH and resulting roughness, high-resolution X-ray 
photoelectron spectroscopy (XPS) was carried out for samples s1 to s5. 
The XPS spectra recorded for all the samples show characteristic Mo 3d 
energy peaks around 230 eV and 233 eV (Fig. 6a) and S 2p peak around 
162 eV (Fig. 6c). The peaks at binding energies 230 eV and 233 eV are 
attributed to the 3d5/2 and 3d3/2 orbitals of Mo in MoS2 confirming the 
presence of MoS2 in all the samples [42,43]. There are, however, notable 
variations in Mo 3d spectra of the MoS2 layers with the appearance of an 

Fig. 5. Surface characterization of substrate transferred MoS2 atomic layers using atomic force microscopy. (a) AFM scan image of a typical substrate transferred 
MoS2 atomic layer on SiO2 substrate carried out at its edge along the black-line shows topography and height profile, measuring the thickness of transferred layer at 
2.7 ± 0.3 nm. (b) AFM scan images (i-v) represent MoS2 layers substrate transferred using 0.2, 2.0, 5.0, 7.0 and 10.0 M KOH solutions denoted as samples s1to s5. (c) 
The graph shows the surface roughness of MoS2 atomic layers samples at their respective td. Error-bar represents data for N = 15. 
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additional peak at 236 eV corresponding to the binding energy of Mo in 
MoO3. This peak at 236 eV becomes more pronounced for MoS2 samples 
s4 and s5, which were transferred using 7 M and 10 M KOH, respec
tively. Such significant changes in Mo 3d spectra strongly imply the 
reaction of KOH with MoS2, resulting in the formation of MoO3. As 
shown in Fig. 6b, these chemical transformations are reflected from the 
energy peak around 533 eV in the O 1 s spectra corresponds to trans
ferred layers. In sample s3, s4 and s5, the energy peak around 531 eV can 
be seen which corresponds to oxide entities of Mo (MoO2, MoO3) [44]. 

This peak becomes more prominent for layers s4 and s5 indicating the 
increase of oxide concentration with the increase in KOH concentration 
while transfer. It is also important to note that there is no presence of K 
or K+ related energy peaks in the XPS analyses (Fig. 6d), suggesting no 
trace of K element as contamination in the transferred atomic layers. 

Combining the results from spectroscopic (Raman and XPS) and 
microscopy (AFM) the influence of KOH as substrate etchant and its 
influence on the MoS2 layers during the wet-transfer can be summarized 
by a descriptive of the resultant chemical processes, which are 

Fig. 6. X-ray photoelectron spectroscopy characterization of substrate transferred MoS2 atomic layers with different KOH concentrations at td. (a) Mo 3d spectra of 
MoS2 atomic layers on growth substrate (sapphire) and after wet transfer on to Si/SiO2 substrate (s1-s5), (b) O 1 s spectra of MoS2 atomic layers on growth substrate 
(sapphire) and after wet transfer on to Si/SiO2 substrate (s1-s5). The energy peak around 531 eV corresponds to Al2O3 in MoS2 on sapphire. Spectral fit of peaks 
around 533 eV corresponds to SiO2 (green) whereas 531 eV corresponds to presence of MoO2/MoO3 in s1 to s5 on Si/SiO2 substrate. The MoS2 layers s3, s4, s5 start to 
show the presence of oxide. (c) S 2p spectra shows the presence of MoS2 in all the samples without any other sulfur containing entities. (d) K 1 s spectra for layers s1 
to s5 confirming absence of any K contamination. (e) Schematic illustration of MoS2 etching mechanism at low/high KOH concentration/exposure time. MoS2 nano- 
islands on surface of topmost monolayer can be etched away easily due to high exposure and reaction with KOH from all directions. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.) 
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illustrated in Fig. 6e. First, the surface topography of MoS2 layers 
exhibiting open lattice-edges significantly influences the etching pro
cesses, which in this study is evident from the presence of monolayer 
nanoscale islands that are readily etched away when exposed to high 
etchant concentrations. Second, the etchant (KOH) reaction to the 
continuous MoS2 layers, particularly at the defects sites and edges 
replace the S-atoms and generation of Mo-oxides resulting in the 
degradation of lattice properties. 

4. Conclusions and outlook 

A systematic investigation into the study of chemical etchant’s in
fluence on 2D MoS2 during the PMMA assisted wet ransfer has been 
presented in this work. Sapphire being the most used growth substrate 
for MoS2 growth, KOH’s influence on MOCVD grown MoS2 cystal quality 
during the wet-transfer onto SiO2/Si substrates is studied. Experimental 
characterizations of MoS2 transferred using different KOH concentra
tions (from 0.2 M to 10 M) and durations were carried out using Raman 
spectroscopy, high-resolution XPS spectroscopy, AFM and optical mi
croscopy. By taking same unit sqare area (7 × 7 mm2) on the same 
sappphire growth substrate, the duration required for a full delamina
tion of PMMA coated MoS2 stack from the substrate in KOH was char
acterized as td. The td displays a notable trend of decreasing 
exponentially with an increase in KOH concentration without affecting 
the quality of transfer process upto a certain extent. At low KOH con
centration (0.2 M), delamination of MoS2 is cumbersome as the transfer 
process lacks reproducibility due to slowed down chemical processes. 
Conversely, high KOH concentrations (5 M-10 M) have a significant 
impact on the transfer process where resulting quality is highly depen
dent on the topography of as grown MoS2 layers. MoS2 layers with more 
of such nano-islands or vertically oriented layers, an elevated concen
tration of K+ ions can not only etch and dissolve MoS2 but also results in 
formation of substantial amont of oxide (MoO3). This study pinpoints an 
optimal range for KOH concentration, from 2 to 5 M, as a suitable choice 
for achieving a rapid substrate transfer process with minimal affect on 
MoS2 atomic layers. These results are expected to serve as a foundation 
and framework to extending similar investigations on other layered 
materials and etchants such as NaOH, buffer oxide etchant, commonly 
used in the 2D materials family. It is worth mentioning that a systematic 
exploration of the influence of various solvents and chemicals employed 
in clean-room oriented nanofabrication processes towards system inte
gration of MoS2 and other 2D materials will pave the way towards 
process standardization and harnessing the potential of 2D materials 
with better know-how. 
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