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Graphene is of great interest not only as a superior electronic material but also as a promising 
platform for the investigation of new mesoscopic phenomena.[1] Recent experimental work has shown 
that graphene nanoribbons (GNRs),[2] quantum dots (QDs),[3] and heterojunctions,[4] incorporated into 
nanoelectronic structures, exhibit different transport behavior than conventional semiconductor quantum 
devices (for example chaotic Dirac Billiard in Coulomb blockade,[3] Klein tunneling,[4] and anomalous 
Hall effects[5]). Recent theoretical work predicts more novel and counter-intuitive properties for 
nanoscopic graphene structures, such as strong conduction anisotropy and subband formation in 
graphene superlattices.[6] In order to fabricate the appropriate nanoscopic graphene structures, novel 
nanopatterning routes are needed.  These nanopatterning techniques require nanoscale periodic or quasi-
periodic modulations (e.g. selectively etched meshes, doped areas, or topographically-induced strain). In 
addition, patterning over large areas is necessary for producing functional arrays of graphene 
nanostructures (e.g. GNRs) over wafer-sized areas. 

In this work, we fabricated hexagonal graphene nanomeshes (GNMs) with sub-10 nm ribbon width. 
The fabrication combines nanoimprint lithography,[7] block-copolymer self-assembly for high resolution 
nanoimprint template patterning,[8] and multiple techniques for graphene deposition (electrostatic or 
mechanical exfoliation).[1, 9, 10] Graphene field-effect transistors (GFETs) made from GNMs exhibit very 
different electronic characteristics in comparison with unpatterned GFETs even at room temperature. 
We observe multi-plateaus in the drain-source current (Ids) – gate voltage (Vg) dependance as well as an 
enhancement of ION/IOFF with shrinking ribbon width of GNMs. These effects are attributed to the 
formation of electronic subbands in GNMs. 

Figure 1 shows the nanoimprint process used to fabricate the graphene hexagonal mesh with 10 nm 
and below graphene ribbon widths. The hexagonal imprint template was fabricated using a self-
assembled diblock copolymer mask to etch the pattern into an SiO2 template blank.[8] Figure 2 shows 
the Ids-Vg characteristics of a GNM-based GFET at room temperature. Persistent multi-plateaus in the 
Ids-Vg curves are observed for various Vds, which is an important sign for the formation of subbands in 
the electronic structure of graphene nanomeshes.[2] Additional analysis of the effect of GNM geometries 
on ION/IOFF ratio will be presented. This work shows that nanoimprint lithography is a pathway for low-
cost, high-throughput production of mesoscopic graphene structures with critical dimensions down to 
single-digit nanometer regime, and is compatible with wafer-scale applications.  
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Fig. 1 Graphene nanomeshes (GNMs) fabricated via nanoimprint lithography. SEM images of 
(a) a silicon nanoimprint template bearing hexagonally-arranged 20 nm dia. posts. Structure was 
fabricated using a block-copolymer self-assembled mask and RIE (well-ordered periodic domain 
size ~ 100s nm); (b) thermally imprinted resist on top of a graphene film, and (c) GNMs with 10 
nm wide ribbon after etching through the imprinted resist residual layer (RLT) and the 
underlying graphene (1- or 2-LGs) followed by resist removal.  
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Fig. 2 Ids – Vg curves of (a) unpatterned GFET and (b) a GNM GFET (2-LG) for various values 
of Vds measured at room temperature. The device has an average GNM ribbon-linewidth of 10 
nm; total channel length and width of 2 and 1.4 µm, respectively. Cr/Au was deposited as 
metallic drain and source. The GNM FET exhibits distinctive Ids – Vg characteristics compared 
to unpatterned graphene FET. Multi-plateaus are found and remain persistent at various Vds, 
indicating the formation of subbands in the electronic structure even at room temperature.      

 


