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In this study, we introduce an optimized four-step transfer protocol consisting
of modified RCA cleaning, short-time Piranha activation, controlled APTES
surface functionalization, and selective PMMA protection, aiming to achieve
clean, crack-free, and selective transfer of graphene and RGO sheets onto
Si/Si0O, substrates.. The novelty of this work lies not in the individual use of
these steps, but in the engineered sequencing and precise control of the
operational parameters, which collectively yield simultaneous improvements in
surface | cleanliness, layer continuity, and structural uniformity.Raman
spectroscopy of the RGO sheets revealed a G band centered at 1572.1 cm™ and
a 2D bandat 2627 cm™', with low standard deviations, indicating high structural
uniformity and a significant reduction of defects in the final film. SEM imaging
and EDX elemental mapping further confirmed the removal of surface
contaminants, elimination of processing residues, improved film continuity,
and homogeneous elemental distribution across the surface.For the selective
transfer stage, the use of a lithographic mask together with selective PMMA
protection enabled accurate placement of patterned graphene exclusively onto
the target regions, while the non-target areas remained intact on the original
substrate. This capability provides an effective route for fabricating van der
Waals devices, hybrid structures, graphene-based sensors, and flexible
electronic components. Overall, the proposed approach enables clean, low-
defect, and highly reproducible transfer of graphene/RGO sheets, offering a
practical pathway toward large-scale fabrication and seamless integration of
graphene into device architectures such as field-effect transistors, bilayer
pseudospin structures, and other micro/nano-electronic systems.
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Growth Method CVD synthesis
Transfer Method Clean transfer method
> Quality Control Optical Microscopy & Raman checked
> > Appearance (Color) Transparent
R Transparency >97%
Appearance (Form) Film
Coverage >95%
Number of graphene layers 1
Thickness (theoretical) 0345 0m
Field Effect Mobility on Si0,/Si 2,000 cm?/V's
Hall Effect Mobility on SI0,/Si 4,000 cm?/V's
Sheet i0,/5i (Van der Pauw) . (1cm x 1cm)

Sheet Resistance PET (Van der Pauw)
Sheet Resistance Quartz (Van der Pauw)
Grain size Upto10um

580250 Ohms/sq. (1em x 1em)
370£50 Ohms/sq. (1cm x 1cm)
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Preparation 4% solition PRIMA spin-coating st §000 rpm for 1 min Backside graphene etch
(46 mz/mL) Of PMIIA in | g on2l3x L3 cm” pisce of zraphene/Cu with —e] By OI plasma for 3 min

smizole thickmess 300 nm & bake at 180°C for 1 min at a power of 100 W
5C-2 etch Cu etch in solution iron

20:1:1 HIO/H202/HC] f— DI rinse for 10 min fp— nmitrate in water (0.7 molL}
15 min 2t BT over a period ef~§ h
5C-1 etch
— 20:1:1 H2OWVHIO2/WH40H — D rinse for 3 min
IimmatRET

Transfer PRMA 'sraphene from
water to S1/8102substrata

!

Bakes at 150°C for 15 min to evaporate water
trapped between the PRAA ‘sraphens
and the 31/8102substrate

Afier PMNA remaoval, bake at

the graphens /substrate contact

|

Claan with acetons, [PA, DI water, and
than dry with low pressure ulira high purity

A brief HF dip (50:1 DL'HF) on 315102 substrate
to increasze itz hyvdrophilicity & improve the
Smoothness of the graphans PALIA

200°C for 10 min to further improve | — —

Femove PRMA with acetona |

!

Clazn with IPA, and then dryv
With low prezsurs ultra high purrty

Test point: Optical image of zraphena
film tranzfarred on S18102=ubstrata,
SEM image & Faman spectrum
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