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Graphene is of great interest as a material for nextrgéion electronics because of its superior
electronic propertie5Two of important challenges for scale-up applicatioesimcorporating graphene
over large aredsand patterning nanostructures to achieve desirable electimracteristics.
Obviously, an approach to simultaneously achieve grapheme-maied nanostructures over large areas
would be a benefit to the practical applications of graphe

We present a novel nanofabrication route, which asgsmbination of electrostatic exfoliation with
micro and nano lithographically patterned highly orientemlgtic graphite (HOPG) to produce pristine
graphene features and fabricate electronic devitedl/ith this method, we have successfully
demonstrated the exfoliation/printing of few-layer-graph@eG) features ranging from 18 nm to 100
pum. Furthermore, we have fabricated graphene nanoribl@rsigtors using patterned graphene
nanolines.

Fig. 1 schematically illustrates the electrostaticobafion of prepatterned FLG features. Firstly,
standard lithographic techniques are used to make raised raicdonanostructures on the HOPG
template. Subsequently, the FLG features are exfoliated the HOPG template and printed on a
Si/SiO, substrate by using electrostatic exfoliation.

Fig. 2 shows the scanning electron micrographs (SEMs)isd#ddeatures prepatterned on a HOPG
template, which includes (a) 5 x 5 um, 10 x 10 pum periodicrequand 100 x 50 um rectangles, (b) 1.4
K m size periodic pillars, and (c) 15 nm nanolines.

Fig. 3 shows the representative SEM images of eleliyrieafoliated FLG features on a Si/SIO
substrate, which include (a) 5 x 5 um periodic squares, 4 h diameter periodic pillars, and (c) 18
nm nanolines with 300 nm spacing.

Fig. 4 (a) shows the SEM image of a back-gated graphersst@rconsisting of a 32 nm wide FLG
nanoline as the transistor channel. Fig. 4 (b) plagithin-source currenlyg) as a function of the gate
voltage ¥/c), from which the hole mobility was extracted to e=p,050 criyVs.

Our electrostatic exfoliation/print process could bpested to print the pre-patterned pristine
graphene nanostructures over wafer-sized areas. Thedymgnaphene features faithfully remain the
original pattern and arrangement pre-defined on HOPG l&esp Such method could be used for
constructing graphene-based integrated circuits in the future.
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Fig. 1 Schematic of electrostatic exfoliation of prétgrmed graphene. (a) Initial setup
with a structured HOPG template, (b) Application of @tage between the HOPG
template and the Si substrate after conformal coread (c) Electrostatic exfoliation.
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Fig. 2 SEM images of raised features prepatterned on H@®®@lates, which includes
(8 5x5 pum, 10 x 10 um, and 100 x 50 pum rectangles, (b) 1.4zpmikars, and (c) 15
nm nanolines. Micro- and nanoscale features were pattdmy using photolithography
and electron beam induced deposition (EBID), respectifa@lgwed with G-based RIE.
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Fig. 3 Representative SEM images of electrically exfedigirinted few-layer-graphene
(FLG) features, which includes (a) 5 x 5 um squares, (b) 1.4igeperiodic pillars, and
(c) 18 nm wide nanolines.
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Fig. 4 (a) A back-gated graphene field-effect transistor (QR#th a 32 nm wide, 0.53
pm long as-exfoliated FLG line as the channel. fb) V¢ of the GFET, from which the
hole mobility is extracted to be, g 1,050 criyVs.
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