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Abstract 
Growth of high quality, monolayer graphene on copper thin films on silicon wafers is 

a promising approach to large-scale, direct graphene device fabrication. However, the 
presence of potential dewetting issues in the copper film during graphene growth has 
historically limited this method of device fabrication. This paper shows that the use of a 
nickel adhesion coupled with the copper film helps to mitigate the dewetting problem and 
produce uniform monolayer graphene growth over 97 % coverage on films. The feasibility of 
monolayer graphene growth on Cu-Ni alloy films as thin as 150 nm in total is demonstrated. 
During the graphene growth on Cu-Ni films, the nickel adhesion layer uniformly diffuses into 
the copper thin film resulting in a Cu-Ni alloy, helping to promote graphene nucleation and 
large area surface coverage. Furthermore, it was found that the use of extremely thin metal 
catalyst films also constraint the total amount of carbon that can be absorbed into the film 
during growth, which helps to eliminate adlayer formation and promote monolayer growth 
regardless of alloying content, thus improving the monolayer fraction of graphene coverage 
on the thinner films. These results suggest a path forward for the large scale integration of 
high quality, monolayer graphene into nanoelectronic and nanomechanical devices. 

1 Introduction 
Graphene has attracted a lot of attention over the last ten years due to its outstanding 

material properties [1–3]. However, reliable and large-scale fabrication of high-quality, 
monolayer graphene on metal catalysts remains a problem that limits its use in electronic and 
mechanical devices. A variety of methods have been used to produce graphene including 
mechanical exfoliation of graphene from graphite [4], high-temperature decomposition of 
SiC [5], and chemical vapor deposition (CVD) of polycrystalline graphene on thin nickel 
films [6], or copper foils [7]. State-of-art, high-quality, single crystals of graphene have also 
been produced by controlling the oxidation of copper foils using CVD [8,9]. However, many 
problems arise during the integration of graphene into devices due to the manual transfer of 
graphene onto the device substrate. Various studies on the transfer of graphene transfer using 
solution based transfer as well as mechanical transfer [10,11] have been conducted and it has 
been shown that the transfer process significantly deteriorates electrical properties of 
graphene [12]. CVD of graphene on copper thin films has shown great promise for large-
scale production of graphene for application in nano and micro-electromechanical systems 
since it can produce  high-quality graphene over large areas [13,14] and can be integrated 
into conventional micro- and nanofabrication processes [15] without transferring the 
graphene onto substrates. Therefore, graphene growth on thin films has the potential to 
enable large area production of graphene with low manufacturing costs. 

Unfortunately, CVD growth of graphene on copper films requires relatively thick 
films (≈ 1 µm thick) due to stability and dewetting issues of copper thin films at the required 
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process temperature (≈ 1000 oC) [16]. As-deposited metal thin films are metastable and 30% 
of thin film is known to evaporate during the growth. Therefore, these films tend to dewet 
from silicon or SiO2 surfaces and form voids in the metal film. If this process continues for a 
period of time, the metal films will agglomerate into discrete metal islands. This phenomenon 
creates a major limitation for the growth of graphene on copper thin films since the 
morphology of the copper surfaces is directly related to formation of graphene nucleation 
seeds [17]. 

Overall, this dewetting process typically limits the growth of graphene on thin copper 
film to films that are at least 1 µm thick. This is unfortunate since the ability to grow 
graphene on extremely thin films could offer several advantages. First, the deposition of thin 
copper films compared to thick films can reduce costs and overall time for processing. 
Second, graphene films are generally separated from the copper surface by etching away the 
copper. Therefore, thin copper films lead to decreased copper waste and fabrication costs. 
Finally, thin metal films are more compatible with standard MEMS and microelectronics 
fabrication methods compared to thick films. For example, the nanoelectromechanical 
(NEMS) application of graphene has been limited due to difficulties in integrating the 
fabrication process of the NEMS structures with graphene growth [15,18]. Having a metal 
layer thicker than 500 nm is an obstacle to NEMS device fabrication processes due to the fact 
that any patterned electrodes below the copper layer will be too far away from the graphene 
to actuate or sense the motion of the graphene NEMS structure accurately [19]. Therefore, it 
is critical for the advancement of graphene device manufacturing to enable the growth of 
graphene on nanoscale thin (< 500 nm) copper films. 

Graphene growth on copper thin films with thicknesses greater than 500 nm can 
exhibit extremely high quality and can be used to grow graphene at the wafer scale. For 
example, monolayer graphene growth on annealed Cu (111) films with extremely high 
quality (comparable to that of exfoliated monolayer graphene) has been demonstrated by Tao 
et al [13]. Barrier layers are sometimes used to enhance the adhesion of the copper to the 
Si/SiO2 surface and promote growth on copper films down to ≈ 500 nm thicknesses [16]. 
However, below 500 nm, the copper film starts to become unstable and dewet. For example, 
graphene growth on a 450 nm thick copper thin film done by Ismach et al [20] exhibited a 
surface structure with graphene residing on top of the dewet copper structures. These films 
are examples of the extreme evaporation and vacancies formation that can take place in the 
copper thin film during the graphene growth process. Sun et al. [21] reported graphene 
growth on 300 nm thick copper thin films using a process with a low partial pressure of 
methane gas. The results of this growth showed continuous graphene with electrical 
properties comparable to that of graphene grown on copper foils but with a small D peak in 
the Raman spectra which indicates the presence of defects in the carbon lattice of the 
graphene. Lee et al. [22] also reported graphene growth on 206 nm copper thin films using a 
low-pressure, fast-heating chemical vapor deposition growth method. However, these 
growths resulted in highly defective graphene structures as indicated by the large D peak 
shown by Raman spectroscopy. These defects are likely due to the coarsening of the thin film 
during the growth process and the difficulty of nucleating graphene grains on extremely thin 
films. Therefore, growth on sub-500 nm copper films is a major challenge for graphene 
devices. In this paper, we report on the use of a Cu-Ni alloy to help reduce film coarsening 
and promote graphene nucleation on thin film thickness below 500 nm. 
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2 Background 
2.1 Dewetting in Copper thin film 

Scanning electron microscopy (SEM) in Fig. 1 shows the formation of voids in the 
copper film when thin films with sub-500 nm thickness were used. These voids are due to 
capillary forces which act to reduce the free energy of the film interface. This agglomeration 
process is driven by the high interfacial energy between the metal and the Si/SiO2 substrate 
surface. When thermal energy is introduced into the system, the metal atoms in the thin film 
rearrange in order to minimize the total energy of metal and substrate as well as the 
interfacial energy between the metal and the Si/SiO2 [23]. The metal thin films rearrange 
themselves to minimize the area in contact with the substrate due to the fact that the 
interfacial energy between the metal layer and the substrate is typically much larger than the 
metal the substrate surface energies. This results in the formation of voids in the thin film, 
followed by the complete dewetting of the metal film into discrete islands. It should be noted 
that dewetting can occur at temperatures below the melting point of the metal due to the 
surface diffusion phenomenon during growth process. Thus, the dewetting can be accelerated 
by decreasing film thickness due to the fact that a higher percentage of the total system 
energy is in the interface as the film thickness decreases [16]. 

A void will form if the nucleation conditions in Equation 1 are met where R is the 
average radius of grain sizes, t is the film thickness and θ is the wetting angle of the metal to 
the substrate as given by Young’s equation [24]. 

2

3

3sin

2 3cos cos

R
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θ
θ θ

  >  − + 
, Equation (1) 

This equation indicates that the formation of holes in the copper thin film can be 
suppressed by increasing the copper film thickness and decreasing the wetting angle. 
Therefore, reducing the wetting angle between the copper and the SiO2 substrate could allow 
for atmospheric-pressure CVD growth of graphene on much thinner films (t < 300 nm). One 
possible method of reducing the wetting angle is the introduction of an adhesion layer 
between the SiO2 substrate and the copper thin film. 

2.2 Use of Adhesion Layers in Graphene Growth 

Several types of adhesion layers have been used to minimize the dewetting of copper 
films at high temperatures. For example, Levendorf et al. [16] used a 5 nm thick nickel layer 
as an adhesion promoter. This adhesion layer did not significantly affect the quality of the 
graphene grown but did help to promote adhesion of the copper to the substrate. Using only 
nickel as a thin film structure, however, promotes multilayer graphene growth hence it is very 
difficult to obtain monolayer graphene coverage of greater than 80% on pure nickel films 
[25]. Other barrier layers such as tungsten, chromium, silicon nitride, aluminum oxide, and 
sapphire have been investigated to determine their effect on graphene growth, copper film 
dewetting, and graphene quality with mixed results [26]. In this study, we chose a 50 nm 
thick layer of nickel as the adhesion layer of interest because of its (1) low interfacial energy 
with Si/SiO2 surfaces (nickel as thin as 100 nm can survive at temperatures up to 1000 oC 
without dewetting [25]), (2) ability to form uniform solutions with copper [27], and (3) ability 
to nucleate high quality graphene films in the CVD process [28,29].  
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3 Experimental Methods 
3.1 Metal Deposition 

The Cu-Ni thin films presented in this paper were prepared by electron beam 
evaporation of the metals onto silicon wafers with 285 nm thermal oxide. First, a 50-nm 
nickel adhesion layer was deposited onto the silicon wafer. Then the copper was deposited 
onto each substrate without breaking vacuum. The thicknesses of the deposited copper layers 
were: 50 nm, 100 nm, 150 nm, 200 nm, 250 nm, 500 nm, 750 nm, and 1000 nm confirmed by 
profilometer. 

3.2 Graphene Growth 

The CVD graphene was grown in a standard furnace under atmospheric pressure. The 
growth furnace uses a conventional Atmospheric Pressure Chemical Vapor Deposition 
(APCVD)1 system which consists of gas cylinders, flow controllers, a one-inch diameter 
quartz tube, a heating element, and a vacuum pump in Error! Reference source not 
found.(a). Argon, hydrogen, and methane gas sources are controlled via flow controllers. 

Prior to the graphene growth, the tube is pumped down to the range of 0.25 Pa to 
0.50 Pa (2 mTorr to 4 mTorr) to remove oxygen from the growth chamber. 8.33 cm3/s (500 
sccm) of argon is then introduced into the chamber as the carrier gas with 3.33 cm3/s (200 
sccm) of hydrogen as the reducing gas. After the gas flow is stabilized, the pressure inside the 
tube is held constant in the range of 133.3 Pa to 6.7 kPa (1 Torr to 50 Torr). The hydrogen 
helps to reduce the oxygen concentration level, to etch excessive and weakly bound carbon 
layers on the copper substrate during graphene growth, and to lower the surface roughness 
[30]. Next, the tube is slowly heated at a rate of approximately 25 °C per minute with the 
growth substrate in the furnace. When the temperature of the furnace reaches 1000 °C, 0.083 
cm3/s (5 sccm) of methane gas is introduced into the tube in order to initiate the graphene 
growth. It should be noted that growth step in the current work, specifically, does not include 
an annealing step to minimize the dewetting issues. Growth is allowed to continue for 5 min 
before the sample is removed from the heat zone of the furnace. Substrate is then allowed to 
rapidly cool inside the furnace before the gas is turned off [30]. After approximately 30 
minutes of cooling the gas is turned off and the sample is removed from the furnace. The 
graphene growth recipe, and the overall temperature profile versus time are shown in Error! 
Reference source not found.(a) and (b). 

During the graphene growth process, the copper thin film was recrystallized as shown 
in Figure 4(b)-(h) compared to as-deposited state Figure 4(a). The ultimate copper grain size 
is dependent on the initial film thickness, growth time, and growth temperature. From Fig. 4, 
it can clearly be seen that grain size of copper thin film increases as the thickness of copper 
thin film increases [31]. 

3.3 Graphene Transfer 

After the graphene is grown on the Cu-Ni thin films, it is transferred to Si/SiO2 
substrates for further examination. Once graphene was synthesized on Cu-Ni alloy thin film, 
it was spin-coated with polymethyl methacrylate (PMMA). The copper is then etched away in 
ammonium persulfate (APS) solution of 0.5 mol/L with an etch rate around 0.7 nm/min. 

                                                 
1 Certain commercial equipment, instruments, or materials are identified in this article in order to specify the 
experimental procedure adequately. Such identification is not intended to imply recommendation or 
endorsement by the National Institute of Standards and Technology, nor is it intended to imply that the materials 
or equipment identified are necessarily the best available for the purpose. 
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According to various etching tests, it was found that slow etching rate of copper thin film 
reduces defects and wrinkles of the transferred graphene on silicon oxide. In addition, the 
slower etch rates generally resulted in better yield of the transferred PMMA/graphene 
samples. The PMMA/graphene film was carefully transferred to a de-ionized water bath to 
get rid of any copper etchant on PMMA/graphene film. The film was scooped up by a strip of 
Si/SiO2 while the graphene side faced the surface of Si/SiO2. In order to get rid of trapped 
water between graphene and Si/SiO2, a whole sample was stored in the vacuum chamber, 
which pumped out trapped water for a day. Formations of wrinkles as well as crack on the 
graphene are common issues during removal of PMMA backing layer. Thus, samples were 
baked to 300 oC resulting in the PMMA layer to be relaxed and conform to Si/SiO2 surface. 
After baking, the PMMA layer was completely removed in acetone bath. 

4 Results and Discussion 
4.1 Graphene Growth on Cu-Ni Alloys 

In order to examine the effect of copper thickness deposited on nickel adhesion layer, 
graphene was grown on selected copper film by various thickness — 100 nm, 150 nm, 200 
nm, 250 nm, 500 nm, 750 nm, and 1000 nm — each on 50-nm thick nickel adhesion layer. 
Raman spectroscopy (Witec Micro-Raman Spectrometer Alpha 300, λ = 488 nm) was used to 
estimate the coverage of graphene as well as the number of graphene layers for each sample 
(Figure 5Figure 6). Inset Raman spectrum and color represents a data harvested from a pixel 
with a same color. I2D/G Raman maps of 30 x 30 µm2 scale reveals the ratio of the intensities 
of the 2D to G peaks of the graphene grown on each Cu-Ni alloy thicknesses. 
Overall, these results show that high quality, monolayer graphene with large coverage areas 

can be formed on copper film thicknesses down to 250 nm using a 50 nm nickel adhesion 
layer. In fact, most of films show good graphene coverage (> 90%) and very low defect 
intensities (D peak). In order to further analyze graphene coverage associated with the 
thickness of the metal catalyst, as-grown graphene on the metal catalyst was characterized by 
SEM (Quanta FEG 600) as well as Raman spectroscopy. 

Raman spectroscopy and SEM images were analyzed using image processing 
software (imageJ [32]) to determine the local graphene coverage (Raman measurements), and 
global coverage (SEM images). Image processing software used color contrast to calculate 
the coverage percentage of monolayer and bilayer graphene from I2D/G Raman map. The 
results of this analysis is presented in Table 1. 

The results of monolayer and multilayer coverage grown on Cu-Ni alloy according to 
copper thicknesses are shown in Figure 6Error! Reference source not found. where error 
bars represent one standard deviation according to Raman spectroscopy data at three different 
locations of each sample. These results show the functional relation such that the coverage of 
graphene as well as the portion of bilayer graphene increase as the thickness of thin copper 
catalyst increase. Interestingly, these results show opposite tendencies from previously 
reported research on Cu-Ni alloy foils where multilayer graphene is favored to grow on Cu-
Ni alloys with higher nickel concentrations [33]. The thinner copper thin film samples used in 
the current work have higher nickel concentrations compared to the thicker copper thin film 
since the nickel thin film thickness is kept at 50 nm throughout the samples. However, 
coverage of monolayer graphene is higher on the thinner copper thin film samples. It is likely 
that the thin films samples have crossed a thickness threshold where the nickel concentration 
has less of an impact on the number of graphene layer grown than the total volume of the thin 
film. This is because the volume of the thin film, which is controlled by the film thickness, 
determines the amount of carbon that can be absorbed into the sample and precipitated out as 
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a graphene layer. Therefore, the limited absorption carbon in the thin films, which is caused 
by the small volume of the extremely thin Cu-Ni alloy films, plays a dominant role on 
graphene growth for very thin samples. Hence, by increasing the overall volume of Cu-Ni 
alloy by increasing the film thickness it is possible to provide sufficient carbon atoms to 
segregate to surface during cooling to result in the formation of additional graphene layers. 
Graphene growth using increased methane ratios, increased hydrogen ratios, different cooling 
rates, and different growth times demonstrates this trends in detail. Additional information on 
these trends can be found in Supplementary Information. 

 

4.2 Coarsening of Cu-Ni Grain Structure during Growth 

In order to understand how the relation between the morphology and the structure of 
the metal films is affected during growth, the roughness of Cu-Ni films was measured using 
atomic force microscopy (AFM) (Park Scientific XE-100) in Figure 7. The AFM was used to 
measure local surface roughness over a few Cu-Ni grains (shown as RMS roughness in 
Figure 7). Although grain sizes varied with copper thin film thicknesses, the average local 
and global roughness (as measure by an Optical Profilometer) of about 27.8 nm and 62.1 nm, 
respectively, exhibited little variation for different thicknesses. Within the observed Cu-Ni 
grains, the film is very smooth but between the grains there are deep trenches which do 
depend on film thickness. The average surface roughness is consistent among all the samples 
because the thicker films have larger grains that are very smooth but contain deep trenches 
between the grains while the thinner films have smaller grains with more shallow trenches 
between the grains as shown in Figure 7. These two features balance out resulting in an 
average roughness of the samples that is approximately equal regardless of film thickness. In 
our experimental results, grain size and surface roughness of copper showed no significant 
impact on graphene coverage nor number of graphene layers. It has, however, been reported 
in the literature that roughness of copper morphology can be critical to graphene quality [34]. 
Our analysis of the effect of surface roughness variation were limited to observe significant 
coverage differences. Therefore, more detailed analysis of the Cu-Ni thin films may be 
required to determine the effects of surface roughness on graphene quality. 

4.3 Limits of Growth on Extremely Thin Films 

In order to further examine what limits of Cu-Ni thin film growth, a 50 nm copper 
sample with a 50 nm nickel adhesion layer was tested. Figure 8 shows a comparison of as 
grown Cu-Ni thin film alloy surfaces with as-grown copper thin film surfaces for total film 
thicknesses of 100 nm, 500 nm, and 1000 nm. The pure copper thin films start to form voids 
when the thickness for the copper film decreases below 1 micron whereas the Cu-Ni alloy 
exhibited no dewetting of the surface until very thin films are used (t < 150 nm). 

The Cu-Ni alloy of 50 nm/50 nm thickness also shows surface dewetting but even 
with the dewetting for the 50 nm/50 nm Cu-Ni film (Figure 8(a)), it was still possible to 
detect the presence of monolayer graphene growth on the dewet surface as indicated by the 
graphene peaks found by Raman spectroscopy plotted in Figure 9. This sparsely located 
graphene measurements are presumably graphene flakes that could not join together into a 
continuous graphene sheet due to the unstable, dewet nature of the base structure. The as-
grown copper thin film of 100 nm (Figure 8(d)) showed no such graphene peaks likely due to 
extremely dewet surface morphology. This is because as the copper surface dewets, the metal 
surface balls up causing the graphene on top of layers to flake [20]. This results in highly 
defective graphene that cannot easily be measured using Raman spectroscopy. Cu thin film 
thickness of 500 nm starts to dewet after graphene growth revealing several voids (Figure 
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8(b)) but the Cu-Ni thin film remains stable at this thickness (Figure 8(e)). There was no 
stability difference between Cu and Cu-Ni thin films thickness of 1000 nm in Figure 8(c) and 
(f). 

 

4.4 Alloying of Cu-Ni Surface during Growth 

To gain the insight into the effect of the Ni adhesion layer on graphene growth, the 
surface of Cu/Ni catalyst thin film was characterized by Time-of-Flight Secondary Ion Mass 
Spectrometry (TOF-SIMS) (ION-TOF GmbH), which sputters the sample surface with a 
focused beam of primary ions produces secondary ions, followed by further detail analysis of 
molecular and elemental species present in the sample as a function of the sputter depth. In 
the as-grown Graphene/Cu-Ni alloy samples, the TOF-SIMS analysis was preformed until the 
underlying SiO2 layer was reached. Figure 10(a) exhibits the response of as-deposited 500 nm 
Cu/50 nm Ni thin film representing discrete layers of copper and nickel films where x-axis on 
the graph represents depth profile into the substrate. Higher concentration of Cu is found until 
500 nm thickness profile has been reached and higher concentration of Ni is found for 50 nm 
afterwards. Figure 10Error! Reference source not found.(b)-(h) are depth profiles of Cu-Ni 
thin films of thicknesses from 250 to 1000 nm each with Ni thickness of 50 nm. The profile 
indicates that the nickel is evenly distributed within the copper film no matter the thickness of 
the film after the graphene growth. The copper and nickel concentrations as a function of 
depth show that those two metal layers have completely formed an alloy throughout overall 
metal thickness for all of the films tested. The concentration of copper is almost identical 
regardless of its thickness, but the concentration of nickel increases as copper thickness 
decreases. The limited number of nickel atoms diffusing into different volumes of copper thin 
films is the cause of this trend. Minor nickel dispersion variation may be due to slight 
variations of nickel diffusivities in copper in different samples. According to our analysis in 
Figure 10, carbon atoms can diffuse into Cu-Ni alloy film up to a depth of 200 to 300 nm 
during graphene growth at 1000oC. 

The carbon concentration near the surface of the sample was generally observed to 
increase as the copper thickness increased. This is due to the fact that the thicker films have 
more available volume for the carbon to diffuse into during growth and that when the films 
cool the carbon solubility decreases causing the carbon to diffuse towards the surface of the 
metal layer. This is consistent with the fact that the thicker layers were observed to have more 
multi-layer graphene growth than the thinner samples as represented in Figure 5. Interestingly, 
it appears that for our range of Cu-Ni films thicknesses, film thickness has a greater effect on 
multi-layer graphene formation than nickel concentration. This result is somewhat 
unexpected given that the solubility of carbon atoms in nickel is much higher than the 
solubility of carbon in copper [35]. Therefore, it would be expected that multi-layer graphene 
would be more likely to occur in films with higher nickel alloy contents. In fact, this result is 
observed for Cu-Ni alloy foils [33,36]. However, it is likely that the short growth time (5 min.) 
made it difficult for carbon to be absorbed into the thin film during growth which limits the 
ability of carbon atoms to nucleate out of the thin film as additional adlayers of graphene 
during the cooling step. Therefore, extremely thin metal catalyst films may help to promote 
very high levels of monolayer graphene growth regardless of the exact catalyst composition. 

5 Conclusions 
This paper demonstrates that monolayer graphene growth on sub-300 nm thick 

copper thin films is possible using a nickel adhesion layer and establishes a limit for the 
thickness of copper films to grow graphene. During the graphene growth, the nickel adhesion 
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layer uniformly diffuses into the copper layer, resulting in a Cu-Ni alloy promoting large area 
graphene growth on extremely thin films. The nickel alloy also helps to reduce the interfacial 
energy between the copper and the Si/SiO2 substrate, resulting in less dewetting of the thin 
film catalyst surface compared to the use of single copper thin film layer. In addition, the use 
of thinner films helps to reduce carbon absorption into the catalyst which results in 
suppression of adlayer graphene formation in these Cu-Ni alloy films. Therefore, using Cu-Ni 
thin film alloys as the catalyst in graphene growth suggests a promising future method for 
allowing the large-scale, transfer-free, direct integration of graphene into nanoscale electronic 
and mechanical devices. 
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Figure 1: SEM images of as-grown graphene on copper thin film. (a) 1000 nm thick Cu 
showing absence of dewettting (b) dewettings on 500 nm thick Cu. 

 

 

Figure 2: (a) Overview of APCVD system (b) Schematic of the region where graphene is 
synthesized on Si substrate 

 

 

Figure 3: (a) Graphene growth recipe (b) Graphene growth temperature profile versus 
time 
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Figure 4: SEM images of copper grains (a) before the growth of 250 nm, after growth of 
(b)-(h) Cu film thicknesses with same 50 nm Ni film thickness. 

 

 

Figure 5: 30x30 µm2 scale I2D/G intensity Raman map of graphene grown on Cu-Ni alloy 
with each corresponding copper film thicknesses. Brighter yellow color map represents 
higher 2D/G ratio which is closer to monolayer graphene. Each spectra line color 
presents data harvested from the same colored region, (a) 100 nm, (b) 150 nm, (c) 200 
nm, (d) 250 nm, (e) 500 nm, (f) 750 nm, (g) 1000 nm 
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Figure 6: A graph of coverage of transferred graphene measured by Raman 
spectroscopy with proportion of monolayer and multilayer graphene. Coverage 
proportion of multilayer graphene increases as Cu thickness increases. Error bars 
represent coverage variations according to Raman spectroscopy data obtained from 
three different locations from each sample. 

 

 

Figure 7: AFM measurements of as-grown Cu-Ni surfaces with copper thicknesses. As 
copper thin film thickness increases, top surfaces of grains become flatter but trenches 
in between grains become deeper. The presence of silicon impurities on each grain 
results in increase of roughness.  
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Figure 8: Surface dewetting comparison between Cu-Ni thin film alloys versus pure Cu 
thin films. (a)-(c) Cu-Ni thin film thicknesses with 50 nm Ni adhesion layers each. (d)-(f) 
Cu thin film thicknesses 100 nm, 500 nm, 1000 nm without Ni adhesion layer. 

 

 

Figure 9: Raman spectroscopy measurement indicates that monolayer graphene flakes 
are randomly observed on dewet surface of 50 nm Cu/50 nm Ni thick alloy but not on 
pure 100 nm thick Cu film surface. 
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Figure 10: TOF-SIMS measurements of Cu-Ni samples (a) as-deposited Cu-Ni film of 
copper thickness of 500 nm. (b)-(h) as-grown samples with Cu-Ni alloy of copper 
thicknesses of 100 nm, 150 nm, 200 nm, 250 nm, 500 nm, 750 nm, and 1000 nm 
respectively each with 50 nm Ni, representing Cu-, Ni-, and C- counts with respect to 
sputtering depth. Abundant Cu- concentration remains the same with changing Cu 
thicknesses but Ni- concentration decreases as Cu thickness increases. 

 

 
Table 1: Average global surface roughness of Cu film across 120x160 µm2 surfaces, 
coverage of transferred graphene measured by SEM image and image processing 
software, and monolayer-bilayer coverage processed by analyzing three sets of Raman 
map data from each Cu-Ni thicknesses. 

 




