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Chemical Vapor Deposition of Graphene 

Abstract Optical microscopy imaged light blue colors, suggesting monolayer results. Raman indicated 

ID/IG ratio of 0.16, a I2D/IG ratio of 1.14, and FWHM of about 43 cm-1, meaning there were samples of 

monolayer graphene, but the specific points chosen were likely turbostratic graphene, where monolayers 

overlap. SEM and AFM supported this. 

 

Introduction  

Optical microscopy a method of visually assessing whether a sample is one of monolayer graphene by 

color. A dark, almost black color is an indication of a bulk sample, a yellow-orange color suggests less 

layers, but still a bulk sample; a blue with high transparency is likely to be a monolayer graphene sample.1 

To verify this visual analysis, Raman spectroscopy can be used.4,5 A Raman spectrum for graphene often 

has three peaks: the D, 2D, and G. The ratios of peak sizes and the full width at half maximum (FWHM) 

of the 2D peak give insights into the number of layers: a 25-35 cm-1 FWMH matched with a 2D/G ratio of 

>2 is likely to be monolayer. This is because with additional layers, there are increased splits on the 2D 

peak, making it wider, caused by the interference.4 Anything fitted with a single Lorentian is a good 

indication of monolayer. Ideally, the D/G ratio should be < 0.1, because bond stretching of sp2 atoms will 

be clean. Atomic Force Microscopy (AFM) scans the topography of a sample by probing the surface, 

creating highly precise scanning images. Graphene has a thickness around 0.35 nm. Scanning Electron 

Microscopes (SEM) also provide information about the topography of the image, specifically about the 

quality of the sample and location of grain boundaries.1  

 

Results and Discussion  

 
As seen in Figure 1, the Raman spectroscopy yielded three peaks: the D peak had an intensity of 8 cm-1, the 

G peak had an intensity of 50 cm-1, and the 2D peak had one of 57 cm-1. Thus, the ID/IG ratio was 0.16, 



and the I2D/IG ratio was 1.14, a sign that this was not just one layer of graphene. For the 2D peak, the 

FWHM was about 43cm-1, as it ranged from 2668 cm-1 – 2711 cm-1. These values are an indication that the 

sample viewed was likely overlapping monolayers of graphene. In monolayer graphene, the 2D peak should 

have a FWHM within the range of 25-35 cm-1, but the value from the graph is slightly higher than this, 

meaning it is unlikely there are many layers. The I2D/IG ratio should be > 2, but the actual value is 1.14, 

meaning that it is not meeting the standards set for monolayer graphene. The ratio of the ID/IG is only 0.16, 

where the ideal for monolayer graphene would be 0.10, so this further suggests that the sample is one of 

turbostratic graphene. The 2D peak has a higher intensity than the G peak, meaning that this is a medium-

quality graphene and the sample is probably intrinsic. Optical microscopy at 100X supports these findings, 

as the light blue color of samples in Figure 2 denotes. Additionally, the size of the sample from AFM scans 

shows a thickness comparable to monolayer graphene, as seen in Figure 3.  
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Chemical Vapor Deposition Synthesis and Characterization of Graphene  

Optical microscopy and Raman Spectroscopy provide valuable insight into the nature of our 

sample of graphene through details such as flake size and thickness. Scanning Electron Microscopy 

(SEM) is often used to determine the surface morphology of materials as it involves a detector for 

secondary electrons being emitted from the sample. Similar to optical microscopy, it shows contrast 

differences between the graphene sample and the substrate (in this case, the Cu foil or Si/SiO2 wafer). 

This lab also used AFM which provided information about the sample surface morphology and thickness. 

These characterization techniques are all unique in that they are each able to provide a different piece of 

information regarding the sample in a way that will hopefully allow us to have a better overall 

understanding when combined.  

 

Results  

a. b. c.  

Figure 1: (a) SEM of CVD Graphene on Copper Foil; (b) 20x Optical Microscopy of CVD Graphene; (c) 100x Optical Microscopy of 

CVD graphene 

 

11
.2
1 
μm 

10
2.5
2 
μm 



Figure 1(a) shows the SEM of graphene on copper and its subsequent folding lines and wrinkles. 

Furthermore, as shown in Figure 1(b), indicated by the dull blue color and grid, our CVD produced a 

rather large flake of graphene. Figure 1(c) at 100x zoom reflects flake characteristics as it causes a hazy 

blue over the entirety of the visual portion.  

After having transferred the graphene from the copper foil to the silicon wafer, we were able to 

better image the sample with the Optical Microscope and subsequently use Raman Spectroscopy to better 

quantify the number of layers of graphene present in the sample.  

 

Figure 2: Raman Spectroscopy of Graphene on Si wafer 

 

The Raman Spectra suggests this sample may be monolayer graphene. This is supported by the 

fact that the G peak (at about 1600 cm-1) is much smaller than the 2D peak (at about 2700 cm-1). The 2D 

peak can likely be fit with a single Lorentian curve with a FWHM of greater than 40 cm-1 which suggests 

the possibility of turbostratic graphene (overlapping monolayers). On the right, the low intensity of the D 

peak (at about 1300 cm-1), suggests there are fewer out of plane sp2 bonded carbons which indicates the 

sample collected is of high quality.  

a. b.  

Figure 3: AFM (a) image and (b) spectra 

 

The AFM analysis shows detail about the graphene thickness. The sample seems to be about 2.14 

nm in height as seen in the graph of Figure 3(b). Figure 3(a) is greatly indicative of the surface 

morphology of our graphene sample as it shows areas of greater and lower heights to an incredibly small 

resolution. It also shows relatively uniform contrast, indicative of height, throughout which would support 

the Raman data suggesting high quality (and consistent) graphene.  

 

 



 



 

 



 

 


