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Abstract: This application note reports on true colocalized AFM-Raman measurements of exfoliated graphene on SiO2/
Si. Topographic, contact potential difference, and Raman data are generated on the same location with the same tip using 
a fully integrated AFM-Raman microscope, the new SignatureSPM. The true colocalization of chemical, electronic, and 
physical information within reach using the SignatureSPM significantly boosts confidence in the data it provides. In addition 
to its integration level and user-friendliness, this makes SignatureSPM an essential tool for researchers developing graphene-
based nanodevices.
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Introduction

Graphene, the two-dimensional wonder material composed 
of a single layer of carbon atoms, has captivated the 
scientific community with its incredible strength, flexibility, 
and exceptional electrical and thermal conductivity, 
opening up a world of possibilities for transformative 
advancements in electronics, energy storage, and 
composite materials. Graphene is currently used in aircraft 
and battery industries. Nanocomposite coatings made up 
of a resin reinforced with graphene replace metal coatings 
and enable the dissipation of high-energy current present 
in high-altitude lightning strikes. Thanks to their low 
density, they allow for reducing the mass of the aircraft 
and decreasing fuel consumption. Graphene is also used 
in batteries for energy storage. Its strong mechanical and 
chemical resistance, along with the thinness of its sheets 
and good conductivity, make it a valuable asset.

As for electronics applications, while graphene has 
shown great potential due to its unique properties, 
there are still obstacles to its widespread use, including 
difficulties in scaling up production of high-quality and 
defect-free monolayer material, integrating it into existing 
manufacturing processes, and achieving economic 
viability.

Characterization techniques play a crucial role in 
understanding and deploying graphene for practical 
applications. Advanced characterization methods, 
such as atomic force microscopy, scanning tunneling 
microscopy, Raman spectroscopy, and X-ray 
photoelectron spectroscopy provide valuable insights into 

graphene’s structure, quality, and electronic properties. 
By employing these techniques, researchers can assess 
the number of layers, identify defects, measure carrier 
mobility, and study the interactions with substrates or 
other materials in heterostructures. This comprehensive 
characterization helps optimize graphene synthesis, guide 
device fabrication, and ensure the desired properties 
are achieved, facilitating the successful integration of 
graphene into a wide range of technologies.

Combining information from two different characterization 
techniques provides valuable additional insights into the 
properties of graphene. For example, correlating atomic 
force microscopy (AFM) and Raman spectroscopy data 
can offer a more comprehensive understanding. AFM can 
provide topographic information, revealing the surface 
morphology, layer thickness, and potential defects, while 
Raman spectroscopy offers complementary data on 
crystalline quality, strain, and doping levels. By overlaying 
these two datasets, researchers can precisely correlate 
structural features with specific spectral signatures, aiding 
in the identification and interpretation of defects, strain 
distributions, or local variations in electronic properties. 
This colocalized information enhances the understanding 
of graphene’s structure-property relationships, guides 
material optimization, and supports the development of 
high-performance graphene-based devices.

In this application note, results from the analysis of 
exfoliated graphene flakes using an AFM-Raman 
SignatureSPM microscope will be reported.

AFM-Raman



Experimental and Results

The graphene sample was examined with the AFM-Raman 
SignatureSPM system (HORIBA, France), which combines 
an atomic force microscope (SmartSPM) with a Raman 
microscope. The SignatureSPM instrument is shown in 
Fig. 1.

The sample was shined with a 532 nm p-polarized laser 
directed at a perpendicular angle via a 100× magnification 
lens with a 0.7 numerical aperture. After collection through 
the same route, the resulting Raman signals were sent to 
a three-grating (150  gr/mm, 600  gr/mm, 1800  gr/mm) 
spectrometer through optical fiber coupling. ACCESS-
NC silicon tips (AppNano, USA) were utilized as their 
geometrical design are well suited for enabling easy visual 
Raman laser-tip apex alignment and minimized laser 
shadowing. To locate the area of interest on the sample, 

navigation was accomplished using imagery provided by 
an optical top camera. The laser beam is focused onto 
the ACCESS-NC tip. The “ACCESS” design allows a 
direct optical view of the AFM tip apex for applications 
that require seeing the tip as it engages the surface. 
All “ACCESS” type tips are best suited for colocalized 
measurements as they ensure easy Raman laser-tip 
visual alignment. The optical image in Fig.  2 displays a 
region featuring a large flake. The tip apex-Raman laser 
spot alignment is performed visually by looking at the top 
optical camera image.  The laser focus is adjusted using 
the knob moving in the z direction of the 100× objective 
and eventually maximized the sample signal. An 80 µm × 
40 µm AFM scan was acquired at 0.5 Hz with a resolution 
of 300  lines. A 90  µm × 90  µm Raman map (150  px × 
150  px) was collected with a laser power of 70  mW, a 
600 gr/mm grating, an acquisition time/px of 2 ms, and a 
pixel size of 200 nm. The AFM topographic image (a) and 
Raman map (b) are displayed in Fig. 3.

Figure 1: Picture of the SignatureSPM instrument: a compact 
multimodal AFM-Raman characterization platform.

Figure 2 Optical image from the top camera of the SignatureSPM 
with 100× objective.

Figure 3: (a) Topographic image, scale bar is 20 µm. The inset shows 
the height profile across a monolayer graphene stripe. (b) Raman 
map displaying the G band intensity. Five diamonds are positioned 
on five areas of linearly increasing intensity: dark blue (monolayer), 
green (bilayer), pink (three-layer), red (four-layer), orange (five-layer).

(a)

(b)



The Raman map plots the amplitude of the G 
peak upon fitting to a single symmetric Lorentzian 
function. Five distinct shades of increasing intensity 
can be observed on the Raman map. Five spectra 
extracted from the regions (averaged on 25 pixels) 
characteristics of these shades are shown in 
Fig.  4. Fig.  4 also shows the results of the peak 
fitting of the G peak and 2D peak. On the dark 
blue spectrum, the 2D peak can be fit in a single 
symmetric Lorentzian function which indicates a 
monolayer graphene. This is confirmed by the height 
profile going across a monolayer “blue” stripe. The 
0.9  nm height measured is higher than the actual 
graphene thickness (0.3  nm) but expected given 
the presence of adsorbed contaminants and the 
influence of the substrate surface roughness. The 
2D peak of the other four spectra are deconvoluted 
into four symmetric Lorentzian functions. The G 
peak intensity as measured upon peak fitting of the 
five spectra is plotted as a function of graphene 
thickness (number of layers) in Fig.  5. The linear 
G intensity vs number of layers variation is in 
agreement with the one reported in [5] and confirms 
the presence of the different thickness graphenes. 
Additional mapping in the amplitude-modulated and 
frequency-modulated Kelvin modes was acquired 
and maps are shown in Fig. 6.

Figure 4: Raman spectra taken from the five characteristic regions identified in Fig. 3b. The results of the deconvolution of the G peak in one 
symmetric Lorentzian function and of the 2D peak in one symmetric Lorentzian function (for the monolayer) or four symmetric Lorentzian 
functions are shown.

Figure 5: G band intensity upon peak fitting as a function of 
graphene thickness.

Figure 6: Contact potential difference map from frequency 
modulated Kelvin mode measurements.



References

1. T. Zhang, Graphene: from theory to applications, 
Springer, 2022

2. Ferrari, A. C. et al. Raman spectrum of graphene and 
graphene layers. Phys. Rev. Lett. 97, 187401 (2006). 
https://doi.org/10.1103/PhysRevLett.97.187401.

3. C. N. Lau, W. Bao, and J. Velasco, Properties of 
suspended graphene membranes, Materials Today, 
15(6), 238-245 (2012).

4. T. Bo, H. Guoxin, and H. Gao. “Raman Spectroscopic 
Characterization of Graphene.” Applied Spectroscopy 
Reviews 45, no. 5 (2010):369–407. doi:10.1080/0570
4928.2010.483886. 

5. Y. Y. Wang, Z. H. Ni, Z. X. Shen, H. M. Wang, Y. H. 
Wu, Interference enhancement of Raman signal of 
graphene, Appl. Phys. Lett. 92, 043121 (2008)

T
hi

s 
d

o
cu

m
en

t 
is

 n
o

t 
co

nt
ra

ct
ua

lly
 b

in
d

in
g

 u
nd

er
 a

ny
 c

ir
cu

m
st

an
ce

s 
- 

P
ri

nt
ed

 in
 F

ra
nc

e 
- 

©
H

O
R

IB
A

 F
R

A
N

C
E

 S
A

S
 0

8/
20

24

info.sci@horiba.com www.horiba.com/scientific
USA: +1 732 494 8660 France: +33 (0)1 69 74 72 00 Germany: +49 (0) 6251 8475 0
UK: +44 (0)1604 542 500 Italy: +39 06 51 59 22 1  Japan: +81(75)313-8121 
China: +86 (0)21 6289 6060 India: +91 (80) 4127 3637 Singapore: +65 (6) 745-8300
Taiwan: +886 3 5600606  Brazil: +55 (0)11 2923 5400 Other: +33 (0)1 69 74 72 00

Conclusions and perspectives

Exfoliated graphene flakes transferred onto SiO2/Si have 
been characterized using the AFM-Raman SignatureSPM 
system. Ensuring dependable quality control for graphene 
is crucial so that it may be effectively integrated in electronic 
devices. Through colocalized mapping of topography, 
contact potential difference, and Raman signal, we have 
successfully determined various characteristics such as 
layer number, contact potential difference response, and 
presence of topographical abnormalities, like wrinkles or 
blisters. By offering detailed correlative morphological, 
chemical and electrical information, the SignatureSPM 
promises to serve as a vital resource for scientists 
dedicated to advancing technology based on two-
dimensional materials. It enables trustworthy and exact 
findings through its capacity for concurrent measurement 
of multiple characteristics.
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