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microsphere imaging.
Graphene CVD Inspection

Graphene Imaging
What?
Since the Nobel prize was awarded for its discovery in 2010, the use of graphene within
the scientific community has been extensive and wide-ranging. At just a single atom thick,
graphene is the strongest, and thinnest, material known to man. The two-dimensional
carbon array is made up of a network of strong covalent bonds, whilst free electrons
delocalised from each carbon atom make the sheet highly conductive. The composition of
these properties makes graphene useful to many industries, including electronics
manufacturing and energy. Such heated interest has led to the synthesis and
manipulation of graphene sheets to be an active area of research, with close attention
paid to detail on a nanometre scale.

Why?
Dealing with thicknesses down to the atomic scale means that nanometre features can
have a serious impact on the functionality of a material incorporating graphene. Using our
Super-resolution Microsphere Amplifying Lenses (SMAL) along with other optical
techniques, specifically prepared samples provided by the Graphene Engineering
Innovation Centre (GEIC), Manchester, UK, were imaged to find detail in the formation of
the graphene that otherwise couldn’t be seen optically. This project was carried out on a
range of graphene samples, including those formed by chemical vapor deposition (CVD) of
carbon on a copper polycrystalline substrate.

“This work has shown the promise of using the Nanoro
system to analyse graphene materials. We will continue to
work together moving forward”
Dr. Andrew J. Strudwick
Graphene Engineering Innovation Centre
The University of Manchester, UK.
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The samples imaged here are created by
growing a single monolayer of graphene on
copper sheet in vacuum by CVD process.
During the process, an initial annealing step
allows for surface restructuring. This affects
both the copper crystal structure and the
surface energy, both of which influence the
quality and coverage of the resulting
graphene.
Both images (left) show the same area of
graphene deposited onto copper, imaged
with a 100x oil immersion lens (top) and
SMAL (bottom). SMAL offers greater detail
of the surface material, making the step
structure of the underlying copper visible, a
feature normally only observed using
fig.2scanning electron microscopy (SEM).
Importantly, SMAL also captures the colour,
something that SEM cannot. This colour
variance allows darker patches of the
sample to be identified and differentiated.
These may be regions of oxidation of the
copper or general contamination; both of
which are important to identify in the
quality assurance processes during the
production of graphene for electronics
manufacturing.
SMAL provides a unique combination of
resolution and colour that can reveal
critical information about a sample.
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The above images show a comparison between traditional 100x and SMAL imaging of the same area
of the sample. Greater contrast, colour and resolution can be seen at these higher magnifications.

Side Illumination – A New Technique Using SMAL
SMAL

A detailed view describing some of the
topographic features of the same
region of the sample displayed above
can be obtained using side illumination
of the microsphere. The imagery that
is captured using the SMAL lens when
the light source is offset from the
microsphere enhance the contrast of
three-dimensional features on a
material surface.
This illumination technique is currently
not possible with normal objectives as
there is no way of offsetting the light
source to the necessary extent.
Nanoro and SMAL allow this imaging
capability as a natural feature of the
setup.
SMAL lenses provide super-resolution
AND information relating to the
sample topography.

SMAL + Side Illumination

Side Illumination is achieved by using
Nanoro’s directional light source
through both the low and highresolution parts of the SMAL lens.

The above images show a comparison between SMAL and side-illumination SMAL over the same
areas of the sample. Topographic information is added to the high resolution and colour data.
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