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Abstract: Graphene is a single layer of two-dimensional carbon atoms bound in a 
hexagonal lattice structure with zero band gap semiconductor. Chemical vapor deposition 
(CVD) is one of the most promising, inexpensive and readily ways for synthesizing 
monolayer pristine graphene. We have synthesized monolayer graphene shaped in semi-
curve woven frabic-graphene (SWF-G) on SiO2/Si substrate. Using Raman spectroscopy, 
we studied the central suspended portion (i.e., 1-6) of it exerting compression (stress) to the 
graphene supported on the substrate. The concentration of hole impurities on either side of 
the central position of semi-curve woven fabric-graphene (SWF-G) is more than on its 
central position. The variation of such hole doping concentration results in an upshift of 2D 
peak position (pos(2D)) which is opposite for high electron doping even if there is no 
intentional control of doping. The synthesized graphene is a single-layer high-quality new 
structure graphene. 
Keywords: Semi-curve woven fabric-graphene, Raman spectroscopy, Charge impurities, 

Compression, Doping. 
 

 
Introduction 

Graphene is a two-dimensional single layer of 
carbon atoms bound in a hexagonal lattice 
structure with zero band gap semiconductor [1]. 
Graphene is now further expected to play an 
important role in future nanoscience and 
nanotechnology due to its exceptional electrical 
conductivity, high carrier mobility, high thermal 
conductivity, high optical transparency and 
super-hydrophobicity [2]. Chemical vapor 
deposition (CVD) is one of the most promising, 
inexpensive and readily ways for fabricating 
high-quality and large-area graphene. The 
synthesis of monolayer pristine graphene using 
CVD method across thin copper (Cu) foil of any 
size presents interesting possibilities for 
structural techniques. Graphene is formed based 
on the principle of decomposition of methane 
gas over a Cu substrate typically held at 1020 ℃ 
and of low solubility of carbon in Cu, such that 
the growth is self-limited to a single layer of 

graphene [3]. There are different structures of 
graphene, like long twisted graphene tube in 
millimeter length with self-supportive, partially 
collapsed and vertically suspended graphene [4], 
graphene microtubings [5], 3-D pillared 
graphene [6] and plane graphene, that have 
different chemical, electrical and mechanical 
properties.  

The ionized impurities such as Na+ on the 
silica (SiO2) film and charged impurities 
introduced during the transfer process of CVD 
graphene induce charge puddles [7]. The 
impurities existing in the graphene-covered 
SiO2/Si wafer strongly influence the electronic 
properties of graphene [8, 9, 10]. The silanol 
(SiOH), a hydrophilic film formed on a SiO2/Si 
wafer, easily attracts polar adsorbates such as 
water molecules and causes carrier doping in the 
graphene after being transferred onto SiO2/Si 
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wafer [11, 12, 9]. The chemical functionalization 
is used to shift the Fermi energy of graphene 
through charge transfer [7] as well as to 
introduce the energy band gap in a designed 
manner. This chemical functionalization rate and 
yield can be altered by using different supporting 
substrates [13]. An experiment suggests that 
when graphene is transferred onto the 
hydrophobic film such as polydimethylsiloxane 
(PDMS), the number of impurities and defects 
created by chemical molecules can be reduced 
[14]. Charge transfer complexes can be used for 
room-temperature deintercalation of metal atoms 
located between graphene and a substrate, so that 
the electronic properties of graphene are 
controlled [15]. However, research findings on 
the existence of doping with charge impurities 
and charge puddles in the semi-curve woven 
fabric-graphene (SWF-G or sometimes written 
as SGWF-G) on SiO2/Si substrate have not been 
found. Along with this, it was a big challenge to 
tailor and assemble graphene into well-defined 
configuration such as SWF-G due to the lack of 
scalable assembly method for graphene 
nanostructure. In this research, we have studied 
the doping due to charge impurities on the 
different positions of SWF-G along with its way 
of new structure. 

Experimental Details 
CVD is the most useful technique for the 

synthesis of high-quality and large-area 
monolayer graphene. In this work, we used a 
thin foil of Cu with a thickness of 25 
micrometers (μm) and a copper wire woven 
mesh (CWWM) having a diameter of 56 μm 
(Alfa-Aesar). Then, the CWWM made up using 

56-μm diameter was kept over the 25-μm 
thickness Cu foil, as shown in schematic Fig. 
1(a). Fig. 1(b) represents the schematic figure of 
semi-circular copper wire for the synthesis of 
CVD graphene. The template shown in Fig. 1(a) 
was employed into the thermal CVD silica 
chamber for the subsequent growth of SWF-G. 
In the initial phase, the chamber pressure was 
maintained at about 10-2 Torr and then Argon 
(Ar) gas was let into it at the rate of 99 sccm 
(sccm – standard cubic centimeters per minute) 
together with heating till the temperature reached 
950 ℃. The chamber was again adjusted to 
reach the temperature of 1020 ℃ and then 
Hydrogen (H2) gas was started to pass through it 
at the temperature of 1003 ℃ for 1 hour at the 
rate of 99 sccm. After 1 hour cleaning with the 
H2 gas at 1020 ℃ temperature, methane (CH4) 
gas was passed into the hot-silica chamber with a 
gas flow rate of 21 sccm for 15 minutes at 
around 9.7 Torr pressure such that the system 
carried out the growth of SWF-G on the copper 
wire woven mesh-copper template. Finally, the 
sample was cooled rapidly at room temperature 
under Ar ambient atmosphere. The SWF-
G/copper wire woven mesh-copper was spin-
coated with polymethylmethacrylate (PMMA) 
followed by copper etching with ferric chloride 
(FeCl3). Then, this PMMA/SWF-G was rinsed 
with deionized (DI) water more than five times 
(for approximately 30 minutes each). PMMA on 
the top of SWF-G was removed with the help of 
acetone for about 30 minutes used after the 
PMMA/SWF-G was transferred onto a bare 
SiO2/Si wafer. At last, the sample of SWF-
G/SiO2/Si was cleaned by rinsing it into the DI 
water for more than five times again. 

 
FIG. 1. (a) Schematic figure of copper foil with a thickness of 25 μm and copper wire woven mesh with a 

diameter of 56 μm placed over a copper foil. (b) Schematic figure of semi-circular copper wire for the synthesis 
of CVD graphene. 

 

Results and Discussion  
Raman spectroscopy is a sensitive tool for 

distinguishing single layer, bilayer and multi-
layer graphene and for detecting the electronic 

properties of graphene [16]. It is also sensitive to 
defects [17], carrier doping level [18] and strains 
[19]. Here, we used Raman system (Inviva) with 
1800 lines/mm grating, 532 nm excitation laser 
with 50X objective lens to confirm graphene 
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layer and charge impurities. The laser power was 
kept sufficiently lower than the damage 
threshold of graphene to avoid any heat-induced 
effects. 

Fig. 2(a) shows the optical images of SWF-
G/SiO2/Si and it contains semi-curve hollow 
tube-graphene. Here Fig. 2(b) clearly confirms 

that the synthesized graphene shape is semi-
curve hollow tube-graphene on SiO2/Si substrate. 
In Fig. 2(c), the semi-curve hollow tube-
graphene is assigned with the schematic semi-
curve red line having different red spot positions 
and numbers of about 4.5 μm distance to each 
other for taking Raman spectrum. 

 
FIG. 2. (a) Woven fabric-graphene (WF-G) on SiO2/Si. (b) Figure confirming that the synthesized graphene 
shape is semi-curve hollow tube graphene on SiO2/Si substrate. (c) 11 different positions of the focused laser 
scanned across the semi-curve woven fabric-graphene surface on SiO2/Si with the line mapping (red line with 

dot – schematic) interval of points at about 4.5 μm distance for taking Raman spectrum. 
 

Fig. 3(a) shows the Raman spectra at 11 
different positions of SWF-G with G peak 
position (pos(G)) and 2D peak position 
(pos(2D)) at 1594±4 cm-1 and 2684±4 cm-1, 
respectively, from the central position 1-6. Here, 
the G peak (E2g mode) is related to the C-C in-
plane stretching for all sp2 carbon atoms and the 
2D peak (G’ mode) is related to the second-order 
double-resonance process [20]. Raman I2D/IG 
intensity ratio of the central semi-curve hollow 
tube graphene with the value of 1.93 to about 
1.41 on either side indicates that the graphene is 
a monolayer graphene. In the same figure, the D 
peak position is 1346±3 cm-1 on either side of 
position 1-6 and such D peak is the dominant sp2 
Raman signature of disorder or defects. In Fig. 

3(b), pos(G) and pos(2D) peaks of 1-5, 1-4, 1-3, 
1-2, 1-1 positions and 1-7, 1-8, 1-9, 1-10, 1-11 
positions reveal the blue shift as compared to the 
pos(G) and pos(2D) peak of central position 1-6. 
This blue shift on either side of the central laser 
focused position is attributed to the compression 
strain [21] of semi-curve hollow tube woven 
fabric graphene film. The Raman spectra of 
pos(G) and pos(2D) peaks increase on either side 
of the central position in a sense that the central 
portion (i.e., position 1-6) of graphene is making 
compression stress to the graphene supported on 
the substrate. Slight upshifts of pos(G) = 7 cm-1 
and pos(2D) = 7 cm-1 indicate a small 
compression. 
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FIG. 3. (a) Raman spectra of SWF-G at 11 different positions. (b) The spectra with the G peak on the left and 2D 
peak on the right in which pos(G) and pos(2D) upshift from central position (i.e., 1-6) of SWF-G. (c) Linear fit 

for the pos(G) and pos(2D) with their blue color error bars and green color error bars for G peak position and 2D 
peak position, respectively. (d) FWHM of pos(2D) with their error bars and laser focused at 11 different 

positions with a distance of about 4.5 μm to each other on the SWF-G. 
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The graphene sample checked here is a 
monolayer graphene, as it is CVD-synthesized. 
The integrated intensity ratio of the 2D and G 
peaks (I2D/IG) is related to the doping with 
charged impurities in which a larger I2D/IG refers 
to a smaller amount of charged impurities and 
vice versa [14]. The upshift of the G band also 
reflects the doping with charged impurities [22]. 
However, this peak shift is less sensitive to 
doping than the I2D/IG ratio [18]. In Fig. 3(b), the 
intensities of 2D peaks at different focused 
positions are different in which 2D peak 
intensities gradually decrease on either side of 
the central position (i.e., at 1-6), but all G peak 
spectra have nearly the same intensity due to the 
very weak substrate charged impurities effect on 
the G-band intensity. Fig. 3(c) has a linear fit 
that correlates pos(2D) and pos(G) with their 
respective error bars (blue color) for G peak 
position and green color error bars for 2D peak 
position. Like the pos(G) peak, the pos(2D) peak 
upshifts in the same excitation energy. This 
allows to distinguish electron - from hole - 
doping in graphene [23, 24]. Fig. 3(c) also shows 
that pos(2D) peaks at different focused positions; 
i.e., at 1-1, 1-11, 1-2, 1-10 and 1-3, 1-9 is 
sensitive to doping as compared to pos(2D) 
peaks at 1-4, 1-8, 1-5, 1-7, 1-6 positions. The 
variation of the pos(2D) peak shift is mainly due 
to the hole doping resulting in an upshift and 
which is opposite for high-electron doing [18] 
even if there is no intentional control of doping. 
Adsorbents induced chemical doping, substrate 
and water could explain the p-doping [25] on 
positions 1-1, 1-11, 1-2, 1-10 and 1-3, 1-9. Fig. 
3(d) shows the plot of 11 different laser focused 
positions and Full Width at Half Maximum 
(FWHM) of 2D peak with their error bars having 
values ±0.294 for position 1-1, ±0.301 for 
position 1-2, ±0.337 for position 1-3, ±0.33 for 
position 1-4, ±0.361 for position 1-5, ±0.319 for 
position 1-6, ±0.32 for position 1-7, ±0.422 for 
position 1-8, ±0.223 for position1-9, ±0.294 for 
position 1-10 and ±0.25 for position 1-11. From 
Ref. [25] and Fig. 3(c), Fig. 3(d) indicates that 
FWHM of 2D peak decrease corresponds to the 

pos(2D) peak increase on either side of position 
1-6. This is quite similar to what we observed in 
intentionally doped graphene, where the Fermi 
energy was modulated using a gate [26].  

In Fig. 4(a), the Raman 2D band was fitted 
with Lorentzian-shaped curve at various 
positions of the SWF-G sample. The symmetric 
shape and narrow width of the 2D band [27] 
suggest that the synthesized graphene is in fact 
of a single layer and the situation background of 
graphene quality is understood. Since the Raman 
spectrum of graphene is on the SiO2 substrate 
and there is no fluorescence effect, this 2D band 
Lorentzian has the phonon flat background. 
Raman.spectrum in Fig. 4(b) shows Lorentzian 
line shape fit of the G peak of single-layer 
graphene. Fig. 4(c) has FWHM of G peak and 
Ref. [28] studied that the peak pos(G) band in 
Fig. 3(c) and FWHM of G band have an inverse 
relation in monolayer-graphene sample. Fig. 4(d) 
shows the G peak position and the I2D/IG ratio as 
a function of position of laser focused points in 
SWF-G (or SGWF-G). The different I2D/IG ratios 
at different positions are: at position 1-1, I2D/IG = 
1.41, at position 1-2, I2D/IG = 1.42, at position 1-
3, I2D/IG = 1.64, at position 1-4, I2D/IG = 1.78; at 
position 1-5, I2D/IG = 1.9, at position 1-6, I2D/IG = 
1.93, at position 1-7, I2D/IG = 1.89, at position 1-
8, I2D/IG = 1.79, at position 1-9, I2D/IG = 1.6, at 
position 1-10, I2D/IG = 1.41 and at position 1-11, 
I2D/IG = 1.4. This clearly shows a large variation 
with hole doping: at low doping, the 2D peak 
intensity is stronger than the G peak intensity 
such that I2D/IG ratio is 1.93 (maximum) at that 
central position 1-6 and this is due to the no-
substrate effect on the top of semi-curve hollow 
graphene. The decreases in maximum I2D/IG ratio 
on either side corresponds to the blue shift in the 
2D peaks [29] for other laser focused positions. 
At high doping, the I2D/IG ratio is low and 
corresponds to 1.41 at position 1-1, while at 
position 1-11, I2D/IG = 1.4. This may indicate that 
the doping on the graphene is due to the charge 
transfer from the underlying substrate SiO2/Si.  
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FIG. 4. (a) Raman spectrum (black dot line) of SWF-G fitted by Lorentzian fitting (red line). (b) Lorentzian fit of 

the G peak. (c) FWHM and its error bars for G peak at 11 different positions. (d) Pos(G) and I2D/IG ratio as 
function of 11 different laser focused positions of SWF-G or SGWF-G. An inset in the bottom left of the figure 

contains nearly the same intensity of the G peak. 
 

Conclusions 
We presented a systematic analysis of the 

Raman spectra of deposited semi-curve woven 
fabric-graphene on SiO2/Si substrate. The 
increasing pos(G) and pos(2D) peak on either 
side of the central portion (i.e., position 1-6) of 
graphene is making compression (stress) to the 
graphene supported on the substrate. The large 
variation in Raman parameters is assigned to 

inhomogeneous unintentional hole doping from 
substrate’s charge impurities. In particular, we 
show how graphene doping levels vary within 
the same flake depending on the distance 
between the graphene and substrate. Such 
structure of graphene (SWF-G) might have 
future applications on supercapacitor and 
hydrogen energy storage devices. 
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