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Owing to recent advances in chemical 
vapour deposition, graphene sheets 
can now be made in quantities that 

are large enough for essentially all research 
and development purposes1–3. For practical 
applications, however, new methods are 
required to transfer the graphene from the 
growth substrate to a target substrate without 
damaging either the graphene sheet or the 
target surface. Various transfer methods 
have previously been devised, but these 
either introduce defects into the honeycomb 
structure of the graphene or damage the 
target substrate, especially ‘soft’ substrates 
such as self-assembled monolayers2,4,5.

Writing in Nature Nanotechnology, 
Lay-Lay Chua and co-workers at the National 
University of Singapore and the Defence 
Science Organization National Laboratories, 
Singapore, have now shown that a sacrificial 
polymer layer can be used to transfer pristine 
graphene sheets onto virtually any substrate 
including soft ones6.

In general, graphene is transferred from 
one substrate to another using either the 
carrier method or the stamp method1–5,7 
(Fig. 1). In the carrier method, graphene 
and its growth substrate are first attached to 
a thick poly(methyl methacrylate) film. The 
growth substrate is then etched away and the 
resulting graphene/carrier film is placed on 
top of the target substrate. Finally, the carrier 
film is removed by a chemical or thermal 
treatment. In the stamp method, graphene is 
picked up by an elastomeric material such as 
polydimethylsiloxane and then stamped onto 
a target substrate.

In both methods, the transfer polymer 
film acts as a mechanical support for the 
graphene sheet and as a release agent, and 
should, in principle, provide a smooth and 
defect-free release. In practice, however, this 
has proved difficult. In the carrier method, for 
instance, aggressive chemical treatments are 
typically used to remove the transfer polymer 
layer. These treatments leave residues that 
require additional cleaning steps to remove, 
which inevitably damage the graphene and 
the target substrate. The stamp method, on 
the other hand, works only if the adhesion 
energy between the graphene and the target 

substrate is strong, restricting its usefulness to 
flat and hydrophilic substrates; furthermore, 
the mechanical stress induced during 
stamping usually generates cracks.

The technique developed by Chua and 
colleagues is a modified stamp method in 
which a second polymer layer — termed 
the self-release layer  — makes the stamping 
process easier (Fig. 1). The self-release layer 
is inserted between the graphene sheet 
and the elastomer stamp. The stamp acts 
as a mechanical support for the graphene 

and, after stamping, can be safely detached 
with no deterioration of the graphene layer 
because the graphene never comes into 
direct contact with the stamp. Finally, the 
self-release layer is readily removed by 
solvent dissolution under mild conditions in 
a graphene-friendly process.

For the successful transfer of graphene to 
fragile substrates, the self-release layer should 
adhere more weakly to the elastomer stamp 
than to the graphene (for easy detachment 
of the stamp), and completely dissolve 
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A sacrificial polymer layer can be used to transfer molecularly clean graphene onto arbitrary substrates, including 
thin layers of soft polymers.
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Figure 1 | Methods for transferring a graphene monolayer from the growth substrate to the target 
substrate. a, In the carrier-film method, the graphene layer is attached to a polymeric carrier film or a 
thermal release tape. After the growth substrate is etched away, the resulting carrier film/graphene 
monolayer is placed on the desired target substrate and the carrier film is eliminated by chemical 
dissolution or thermal detachment. b, In the stamp method, the graphene and growth substrate are picked 
up by an elastomeric stamp and stamped onto the desired substrate. The stamp is removed mechanically. 
c, In the self-release transfer method, a specific polymer film (self-release layer) is first spun-cast over 
the graphene. An elastomeric stamp is then placed in conformal contact with the self-release layer. The 
growth substrate is etched away to leave the graphene/self-release layer on the elastomeric stamp. The 
graphene is then brought into contact with the desired substrate by stamping and the stamp is removed 
mechanically. Finally, the self-release polymer is dissolved under mild conditions in a suitable solvent.
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away without deteriorating the underlying 
target substrate. Therefore, both the self-
release layer and the dissolving solvent 
need to be chosen depending on the type of 
final substrate.

Chua and co-workers illustrate the 
capabilities of their method by transferring 
monolayer graphene onto a variety of 
substrates (including a thin polymer dielectric 
film), damaging neither the graphene nor 
the underlying target substrate. They also 
fabricate capacitors with first-rate dielectric 
breakdown characteristics and top-gated 
field-effect transistors with a sub-100-nm-
thick dielectric layer that can operate at 
low voltages.

At present, a crucial issue that is 
hampering the use of graphene in a variety 
of practical applications is the presence of 
defects. The new self-release method has 
the ability to produce virtually defect-free 

graphene and molecularly clean surfaces, 
and could therefore find broad use in fields 
such as organic electronics, where graphene 
monolayers need to be transferred onto 
fragile organic substrates.

Another intriguing application explored 
by the researchers is the synthesis of graphite 
intercalation compounds, that is, compounds 
made of intercalating monolayers of 
different materials. In particular, they use 
their transfer technique to stack alternating 
monolayers of graphene and a planar 
molecule. Unlike other methods, which 
rely on the diffusion of intercalants in the 
graphite structure8, the approach of Chua 
and colleagues allows for a greater level 
of control and can be used to fabricate 
large-area films. Furthermore, because the 
self-release layer leaves behind molecularly 
clean interfaces, it could in the future be 
used to make novel heterogeneous multilayer 

composites from two-dimensional materials 
such as boron nitride, metal dichalcogenides9 
and perovskite-based oxides10. ❐
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Anyone with long hair will be familiar 
with the problem of waking up in the 
morning with a mess of entangled 

hair. If you tried to straighten and align 
the thousands of individual strands by 
hand it would take all day, so instead we 
use the parallel process of combing in 
which the numerous teeth of the comb 
align the hairs in unison. Writing in 
Nature Nanotechnology, Charles Lieber and 
colleagues at Harvard University have now 
shown that this concept can also be applied 
to the assembly of nanowires to create 
arrays with unprecedented density and 
precision1. The technique, which is adapted 
from a molecular combing approach used to 
align DNA strands2, provides an important 
practical step towards the integration of 
nanowires into advanced electronic devices.

Nanotechnology offers a wide variety 
of potential applications, but the urge to 
develop integrated circuits with improved 
performance and lower costs has served 
as a principal driving force in the field. 
Two well-known and contrasting design 
strategies have been employed in pursuit of 
this goal, top-down and bottom-up, which 
have splintered into an array of fabrication 
techniques. Top-down technologies such 
as lithography, thin-film deposition and 
etching are the staple of integrated circuit 

manufacturing and the semiconductor 
industry. Bottom-up strategies offer a 

more natural approach to the assembly 
of nanostructured materials and provide 
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Untangling nanowire assembly
A nanoscale combing technique can be used to straighten and align nanowires with exceptional precision.

Nathan O. Weiss and Xiangfeng Duan

Figure 1 | Nanoscale combing. An artistic representation of a comb sliding through a nanowire array, 
illustrating the straightening of nanowires on the substrate using the technique developed by Lieber and 
colleagues1. In this technique, the nanowires (blue) are anchored to a specific area of the surface (grey) 
and then combed out over a chemically distinct area (green).
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