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Single layer lattice graphene deposited on the metal substrate can hardly be imaged by the optical microscope. In
this Letter, a large field-of-view imaging ellipsometer is introduced to image single layer graphene which is de-
posited on a metal substrate. By adjusting the polarizer and the analyzer of imaging ellipsometer, the light
reflected from surfaces of either single layer graphene or a Au film substrate can be extinguished, respectively.
Thus, single layer graphene can be imaged correspondingly under brightfield or darkfield imaging modes. The
method can be applied to imaging large-area graphene on a metal substrate.
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Graphene is used to describe a one-atom thick flat allo-
trope of carbon, namely a single layer of carbon atoms,
which are densely packed into a two-dimensional (2D)
hexagonal honeycomb lattice[1–3]. Graphene, a basic build-
ing block, can be wrapped up into other different dimen-
sional carbon-based materials, such as zero-dimensional
(0D) fullerenes, one-dimensional (1D) nanotubes, and
three-dimensional (3D) graphite[2]. There are a variety
of methods to prepare graphene, including mechanical
cleavage, chemical vapor deposition (CVD), synthesis
on SiC, liquid-phase exfoliation, etc[4–8]. Owing to graphe-
ne’s diverse properties of high transparency, high strength
and elasticity, high electrical and thermal conductivity,
low resistance, and so on, it has attracted much attention
and had many potential applications in organic light-
emitting diodes (OLEDs), transistors, optical modulators,
composite materials, energy storage, sensors, biodetectors,
fiber lasers, etc[9–12].
Graphene is an important 2D material, and thus it

is essential to probe, observe, and image the graphene.
To probe the microscopic structure and characterize
the graphene layers, a lot of mature methods were often
used, such as atomic force microscopy (AFM), transmis-
sion electron microscopy (TEM), and Raman spectros-
copy[6,13,14]. These probing methods can only investigate
the microstructure, e.g. the layer number, and have many
shortcomings. AFM has a slow throughput and may cause
damage to the graphene’s lattice. For TEM, the graphene
consists of only a few identical carbon atoms that interact
weakly with the electron beam, and thus TEM needs high
acceleration voltages to obtain clear diffraction patterns.
For Raman spectroscopy, the differences between two
layers and a few layers of graphene are similar and

ambiguous in the Raman spectra. In a word, the probing
methods mentioned above can only probe the microscopic
structure other than the macroscopic properties.
For probing graphene’s macroscopic properties, optical
microscopy is a useful and convenient way to directly iden-
tify and characterize graphene on the substrate in the
experiment. The contrast between graphene and the sub-
strate determines whether graphene identification is effec-
tive. However, the contrast is usually not high due to the
ultrathin graphene (∼0.34 nm thickness). Graphene can
only be evidently visible, imaged, and characterized by
the optical microscope when deposited on a SiO2 substrate
on top of a Si wafer[4,15]. Furthermore, the graphene cannot
be visible and imaged by an optical microscope due to the
metallic substrate either. In order to extend the optical
methods to make single layer graphene deposited on a
metal substrate visible and imaged, the imaging ellipsom-
etry is proposed and introduced to observe and image the
single layer graphene experimentally.

In our work, an imaging ellipsometer was constructed to
observe and image the single layer graphene deposited on
Au film[16]. Because the optical constants of graphene and
the Au film substrate are different, diverse optical con-
stants result in the fact that the light reflected from either
of them can not be extinguished at the same condition in
the ellipsometer. Therefore, the different optical constants
give contrast between the single layer graphene and the
metal substrate. The contrast is the crucial factor for
single layer graphene identification and imaging. When
the azimuth angles of the polarizer (P), compensator
(C), and analyzer (A) are adjusted separately to make
the image become increasingly dark, the reflected light
beam from both surfaces of graphene and Au substrate
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cannot be extinguished at the same condition, and then the
contrast between them can be recorded by the charge-
coupled device (CCD) camera. So, the imaging ellipsometer
with a large field of view can characterize and image the
single layer graphene deposited on a metallic substrate.
In other words, the graphene can be visible and imaged.
The experimental imaging ellipsometer setup is shown

in Fig. 1. The light of the wavelength of 635 nm emitted by
a fiber-coupled laser diode (LD) propagates through the
expanding system (ES) to expand the cross section of
the laser light and collimate the light beam. A P polarizes
the incoming light linearly, and later the light becomes an
elliptically polarized one after passing through a C. The
elliptically polarized light is incident on the graphene sam-
ple (GS) and reflected by the sample. The light beam is
shaped to a centimeter-sized spot at the sample surface
with the incident angle of 45°. So, the imaging ellipsometer
is of a large field of view, which is decided mainly by the
ES. After passing through an A, the reflected light is col-
lected by a CCD camera. The lens system (LS) is to ensure
that the spot size of the light beam can be detected by the
CCD camera. The graphene used in our experiment is
grown on the copper substrate by CVD and transferred
to the 50 nm thick Au film, which is coated on a circular
BK7 glass wafer with the diameter of 30 mm. The area of
the graphene is 10 mm × 10 mm.
The single layer graphene is completely transparent to

visible light and cannot be observed and imaged by the
optical microscope for most of the substrates which single
layer graphene is placed on, such as the metals shown in
Figs. 2 and 3. So it is very hard to observe single layer gra-
phene’s macroscopic structure (compared to the

atomically microscopic lattice) directly by an optical mi-
croscope. As is mentioned above, the single layer graphene
deposited on the Au film substrate cannot be viewed and
imaged by an optical microscope, and the corresponding
experimental images of the GS on the Au film
substrate are illustrated in Figs. 2 and 3. The GS was ob-
served in an Olympus BX51 optical microscope under nor-
mal white-light illumination on top of the sample. The GS
is viewed under a 10× objective lens. In order to ensure the
results’ accuracy, all of the images collected in Fig. 2 are
obtained under a conventional light microscope and a
polarized light microscope, respectively. For both conven-
tional and polarized light microscopes, the graphene
deposited on the Au film substrate cannot be distin-
guished from the substrate. It proves experimentally that
the graphene on the Au substrate cannot be visible and
imaged by optical microscopy.

Compared to the disabled observation of the GS on the
Au film substrate, the GS can be distinguished and imaged
by the large field-of-view imaging ellipsometer, as is dem-
onstrated in Fig. 4. Owing to the different optical constants
of graphene and Au film substrate, the reflected light beams
from their surfaces cannot be extinguished at the same time
when the P, C, and A are adjusted separately. If one of the
light beams is extinguished, another is still there, and the
difference between them becomes obvious and can be im-
aged. Figures 4(a) and 4(b) show that the reflected light
from the graphene surface is extinguished, and the gra-
phene area can be easily recognized and imaged. In other
words, the graphene deposited on the Au substrate gets im-
aged under the imaging ellipsometer.

In order to be compared with the optical microscope,
both the brightfield and darkfield imaging modes were

Fig. 1. Schematic diagram of the imaging ellipsometer setup.

Fig. 2. Experimental images of two different places on the gra-
phene sample surface captured by a conventional light microscope.

Fig. 3. Experimental images of two different places on the gra-
phene sample surface captured by a polarized light microscope.

Fig. 4. Experimental images of two different places on the gra-
phene sample under the brightfield imaging mode with the re-
flected light from the graphene surface extinguished and
captured by the large field-of-view imaging ellipsometer.
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discussed. For convenience, the azimuth of the C is set to
45°, and thus adjusting the P and A is enough to make the
reflected light from either graphene or the Au film sub-
strate be extinguished in the experiment, respectively,
which corresponds to brightfield and darkfield imaging
modes, respectively. In fact, for the same place on the sam-
ple surface, the graphene can always be visible and imaged
when the reflected light is extinguished from the surface of
either graphene or the Au film substrate, as is illustrated
in Figs. 5(a) and 5(b), corresponding to brightfield and
darkfield imaging modes, respectively. What is more,
the imaging ellipsometer can be used to observe and
image the GS on the metal substrate with a large area be-
cause the light spot becomes centimeter-sized at the sam-
ple surface and can be scalable.
In summary, the imaging ellipsometry is introduced to

observe and image graphene on a metal substrate, and the
method proves to be effective and convenient. Through
adjusting the P and A of the imaging ellipsometer, the gra-
phene deposited on the Au film substrate can be visible
and imaged when the light from surfaces of either gra-
phene or the Au film substrate is extinguished. Further,
the imaging ellipsometer can be applied for imaging gra-
phene on a metal substrate with a large area due to its
large field of view. Some few-layer graphene resembles
the single layer lattice, and further experiments will be
conducted on imaging and measuring multilayer
differences from the single layer lattice.
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Fig. 5. Experimental images of the same place on the graphene
sample under the large field-of-view imaging ellipsometer cap-
tured under (a) brightfield and (b) darkfield imaging modes with
the reflected light from surfaces of (a) graphene and (b) Au film
substrate extinguished, respectively.
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