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Abstract

In this study, we employ Raman spectroscopy to investigate the structural properties of graphitic thin films
fabricated on fused silica substrates. The fabrication process involves nickel catalysis at varying coating
currents and two distinct patterning sequences: pre-patterning (lithography before annealing) and post-
patterning (lithography after annealing). We analyze the intensity ratios Ip /lc and lg /l2p, Which serve as
indicators of defect density and the number of layers in the graphitic samples. Our findings reveal that both
the patterning sequence and the coating current significantly influence these properties. A comparative
analysis of pre-patterned and post-patterned samples coated at 100mA, 150mA, and 350mA provides
deeper insights into the interplay between the fabrication process and the resulting material properties. This
research contributes to the optimization of patterning techniques, potentially enhancing the performance of
graphitic materials in various technological applications. The results underscore the importance of
meticulous process control in harnessing the full potential of graphitic materials.
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1. Introduction

Graphitic materials, including graphene and graphite, are celebrated for their exceptional electrical,
thermal, and mechanical properties, making them vital in a myriad of advanced technological

applications such as electronics, energy storage, and composite materials [1][2]. To optimize these
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materials for specific applications, understanding and controlling their structural properties is

essential.

Nickel-catalyzed graphitic thin films are created using chemical vapor deposition (CVD). In this
process, methane decomposes at high temperatures (~1000°C) on a nickel substrate, leading to the
formation of graphitic layers. The nickel catalyzes carbon atom diffusion and precipitation,
enabling the growth of single-layer or multi-layer graphene depending on the deposition conditions
and thickness of the nickel film [3]

Raman spectroscopy has become an indispensable, non-destructive technique for probing the
structural and electronic characteristics of graphitic materials [4]. Key features in the Raman
spectra of these materials include the D band (~1350cm™?), the G band (~1580cm™?), and the 2D
band (~2700cm™?) [5]. The intensity ratios of these bands, specifically Ip/I1c and I¢/I2p, are crucial

indicators of defect density, disorder, and layer thickness in graphitic samples [6].

Patterning techniques are often employed to tailor the properties of graphitic materials. These
techniques can be categorized based on the sequence of lithography and annealing processes. In
pre-patterned samples, lithography is performed before annealing, potentially influencing the
material's structural integrity during subsequent thermal treatment [7]. Conversely, in post-
patterned samples, annealing is conducted before lithagraphy, which might affect how the material

responds to patterning [8].

This study uses Raman spectroscopy technique to look at how different steps in the making of
graphitic samples affect their structure. We’re looking at samples that were patterned before and
after they were heated (annealed), and coated with different amounts of current (100mA, 150mA,
and 350mA).

The goal is to use this information to improve how we make graphitic materials, so they work
better in different technologies [10][11].

2. Methods

The substrate (Fused Silica {FS}), utilized in this research, underwent a meticulous cleaning
process utilizing a plasma etching machine, operated at its highest power setting for two minutes.
A Nickel film was deposited onto the cleaned substrates using the Quorum Q300TT PLUS thermal
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evaporator. The apparatus coated a 10nm thickness of nickel (Ni) film on three samples of Fused

Silica (FS) substrate each at 100mA, 150mA and 350mA of currents respectively.
2.2 Synthesis of the graphitic thin film on the pre-patterned samples

After cleaning, the substrates were spin-coated with AZnLOF 2070 resist in a 1:4 ratio, at a speed
of 2000rpm for 60 seconds. Subsequently, the samples were baked for one minute at 110°C. For
this research, a GPF file was designed and converted into a job file for the lithographic exposure
of the samples using the RAITH VISTEC EBPG 5000+ equipment. The current value for the
lithography process was set at 100nA.

Following the lithography process, substrates were baked at 110°C for 60 seconds, immersed in
AR300-47 developer solution for 90 seconds, rinsed in water for 30 seconds, and dried with air.
With the negative resist, the developer dissolves the unexposed areas, leaving behind the exposed

pattern.

The developed samples were placed in the Carbolite CTF CVD reactor whose chamber was
evacuated until reaching negligible pressure, followed by the introduction of hydrogen gas (H2) at
a flow rate of 20 sccm, later adjusted to 5sccm. The samples were then annealed to about 800°C
for 60 minutes. After annealing, the chamber pressure rose to 10mbar with 20sccm influx of (H2),
and the system cooled to ambient temperature overnight in a hydrogen atmosphere. Before
chamber access, nitrogen gas (N2) equalized internal and external pressures until reaching about
850mbar.

2.3 Synthesis of the graphitic thin film on the post-patterned samples

The post-patterned samples were subjected to an identical cleaning process, nickel coated at 10nm
thickness, and spin-coated with same negative resist. However, in contrast to the pre-patterned,
these substrates were spin-coated again with a positive resist (AR-P67211 at 2:1) and annealed

before the lithography process. Thus, described as post-patterned samples.
3. Results

The Raman spectra of the graphitic films were observed at 514nm wavelength with the Renishaw
Invia Raman Microscope at 50X objective, powered at 10percent, and exposed for 15seconds. The
spectra reveal clear characteristics of D (around 1350cm™1), G (around 1580cm1), and 2D (around

2700cm™1) peaks in the samples under study. Figures 3.1 and 3.2 show the spectra from these
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samples under study while Tables 3.1 and 3.2 present the normalized intensity values and intensity

ratios of D to G and G to 2D peaks.
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Figure 3.1: The Raman Spectra of nickel-catalyzed pre-patterned graphitic film at 514nm laser

wavelength for different coating currents.

Table 3.1: Details obtained from the Raman Spectroscopy analysis of pre-patterned graphitic film on

fused silica substrates

Intensity values and intensity ratios of pre-patterned graphitic film on fused silica

Intensity values

Intensity ratios

www.globalscientificjournal.com

Coating current Io Ie Io Io/lG 1o/ lc
100mA 0.31 0.45 0.24 0.69 0.53
150mA 0.33 0.41 0.19 0.80 0.46
350mA 0.57 0.86 0.48 0.66 0.56
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Figure 3.2: The Raman Spectra of nickel catalyzed pre-patterned graphitic film at 514nm laser
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Table 3.1: Details obtained from the Raman Spectroscopy analysis of pre-patterned graphitic film on

fused silica substrates

Intensity values and intensity ratios of post-patterned graphitic film on fused silica

Intensity values Intensity ratios
Coating current Io Ie Io Io/le Lo/le
100mA 0.52 0.89 0.60 0.58 0.67
150mA 0.54 0.85 0.44 0.63 0.52
350mA 0.62 0.83 0.35 0.75 0.42

3.2 Discussion

102

The Ip intensity in the Raman spectrum corresponds to the D-band, which is around 1350cm-1 and

is indicative of defects, disorder, and the presence of sp3-hybridized carbon atoms [12][13]. The

I¢ intensity corresponds to the G-band, around 1580cm—1, associated with the in-plane vibration

of sp2-hybridized carbon atoms [12][13]. A high Ip/Igratio indicates a high density of defects such

as vacancies, grain boundaries, or functional groups disrupting the sp? lattice [14]. This ratio

suggests the presence of more sp3-hybridized carbon atoms, implying structural imperfections [14].
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Causes of a high Ip/Ig ratio include aggressive etching or patterning processes that damage the

lattice structure, thereby increasing defect density [15][16].

A low Ip/lg ratio reflects a lower density of defects and higher crystalline quality [14]. This
indicates a predominance of sp?-hybridized carbon atoms with fewer disruptions [14]. Such low

ratios are typically observed in well-prepared, high-quality graphitic films [15][16].

The Ip intensity corresponds to the 2D-band, around 2700cm™!, which is a second-order overtone
of the D-band and sensitive to the electronic properties of the material [17][18]. The Is intensity
remains associated with the G-band, indicating the presence of sp?-hybridized carbon atoms
[17][18].

A high l2p/lg ratio indicates fewer layers and high-quality, defect-free graphene. For monolayer
graphene, this ratio is typically around 2 or higher [19][20]. This suggests a well-ordered sp? lattice
with minimal defects and high electronic quality [19][20]. A low I2p/Ig ratio implies multiple layers
or increased disorder within the graphitic structure [19][20]. This can indicate the presence of
defects such as grain boundaries, vacancies, or other disruptions in the sp? lattice [19][20]. Such
low ratios are typically observed in thicker films or those with significant structural imperfections
[19][20]. Electron-beam lithography amongst other factors influences defect density and Ip/Ic and
I2p/Ig ratios in graphitic thin films through exposure, development steps, resist contamination, and
beam scattering [15][21].

The Coating Current is also another factor influencing the defect density and Ip/lg and l2p/lg ratios.
A High current density can lead to rapid deposition and higher defect density, increasing the Ip/l
ratio [22]. Conversely, a low current density promotes uniform growth with fewer defects,
resulting in a lower Ip/l ratio [22][23].

In this study, we analyzed the defect intensities in graphitic thin films fabricated on fused silica
substrates. The fabrication process involved nickel catalysis and varied coating currents. The
defect intensities were assessed using the Ip/lg and l2p/lg ratios from the Raman spectra. These
ratios are critical indicators of defect density in graphitic materials. A higher 1_D/I_G ratio

typically suggests a higher density of defects [14].

3.2.1 Pre-Patterned Samples:
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At 100mA coating current, the Ip/lg ratio is 0.69, indicating a moderate level of defects. At 150mA,
the Ip/lg ratio increases to 0.82, suggesting an increase in defect density. At 350mA, the Ip/lg ratio

decreases to 0.66, indicating a decrease in defects with higher coating current.

3.2.2 Post-Patterned Samples:

At 100mA coating current, the Ip/lg ratio is 0.58, suggesting a moderate level of defects. At 150mA,
the Ip/l ratio increases to 0.63, indicating an increase in defect density. At 350mA, the Ip/lg ratio
is approximately between 0.70 to 0.80, suggesting a further increase in defects with higher coating

current.
4. Conclusion

Both pre-patterned and post-patterned samples show an increase in the Ip/lc ratio (defect density)
with coating current. However, the pre-patterned samples show a decrease in this ratio at 350mA,
while the post-patterned samples show an increase. The pre-patterned samples show a higher Ip/lc
ratio at 150mA compared to the post-patterned samples, indicating a higher defect density.
However, at 350mA, the post-patterned samples show a higher Ip/lc ratio, suggesting a higher

defect density.

This comparative analysis suggests that the patterning process (pre vs. post) influences how the
coating current affects defect formation in the graphitic films. Careful control of the patterning
process and coating current is essential to manage the Ip/lc and 2o/l ratios, thereby optimizing
the defect density and quality of graphitic thin films for various applications. Understanding and
monitoring these ratios through Raman spectroscopy provide valuable insights into the structural
and electronic quality of the films The findings from this study provide valuable insights into the
fabrication of nickel-catalyzed graphitic thin films. Understanding how the patterning process and
coating current affect defect density can guide the optimization of fabrication processes for
electronic applications. These findings contribute to the body of knowledge in the field and have

potential implications for the development of high-performance electronic devices.
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