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Abstract: Herein presented, we demonstrate that a sensitive
sensing/detection element was obtained from the laser treatment
of a non-conducting flexible material exploiting laser machine,
which can then potentially deploy as sensing element of a
biosensor for possible usage in to sense and obtain the presence
and quantity of the interested sample. The goal is to study and
advance innovative means of fabricating a low-cost graphene
sensor, employed as a Radio Frequency (RF) filter for disposable
biomedical purposes. A material like Graphene can be fashioned
by laser irradiation (Laser scribe) of Kapton tape implemented as
a filter. The manufacture of the filter geometry was accomplished
by means of a laser machine irradiating a Kapton tape on a
chosen substrate (for this work a Flame Retardant 4 (FR-4)), by
the application of the previous gotten parameters for the
production. Various laser power values were employed for their
manufacture and their corresponding conductivity was observed
to range from 171 x10° S/mm to 279 x10° S/mm. The Raman
spectrum results of the produced material has a D band peak at
1349.76 cm™, a G band of 1587.73 cm™ and a 2D band peak of
2693.34 cm™. The ANSYS high-frequency structure simulator
(HFSS) (for the Analysis of the System) simulation results
signifies good outcomes, and opportunitiesto improve the material
property are also being studied. Tests were also conducted by the
utilization of a Vector Network Analyzer (VNA) to validating their
feasibility of being deployed as the detection element of a
biosensor, thuslending them the possibility to find implementation
in disposable biological sensing.
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[. INTRODUCTION

I n medical diagnogticsit is essential to have an accurate,

fast, and low-cost devices, which can be regularly employed.
In this framework, biosensors are chosen to deliver afeasible
answer to the difficulties presented by the modern healthcare
sector. This is because they possess considerable benefits
such as. specificity, minute size, cheapness, and quicker
result than the laboratory test. These cheap, real, portable,
and robust diagnostic devices have achieved substantial
attention since there is a significant necessity for bio-devices
which can speedily and accurately examine biological
targets.
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Recently, various ranges of chemicals, biochemical and
biological targets have been sensed exploiting sensors
derived from carbon materials.

The rate of electron transfer and the results from these
devices are greatly impacted by how the carbon material
itself is assembled. Thisis largely because of the electronic
state’s density, as well as the edge-plane site available on the
surface of the carbon material [1, 2].

There has been past research on Laser-scribe Graphene
(LSG) likein [1], where in their work Graphene Oxide (GO)
film was employed in the fabrication of LSG electrode, by
means of light scribe Digital Versatile Disc (DVD) label
writing expertise, this permits for direct laser writing of the
DVD on the GO. In their work Tian et a. manufactured an
elastic strain sensor utilizing a light scribed DVD burner
device to reduce GO film, they accomplished a flexible and
bendable graphene strain sensor possessing a low Gauge
Factor (GF) when used for high a deformation application,
and also a high gauge factor for alow strain sensing [3].

The scarcity of Graphene-growing and shaping methods
has been a grave problem affecting its usage in numerous
focused applications [3]. Graphene, can have 3-dimensional
(3D) structures and sponginess, by way of synthesis and
engineering strategy, making them find a wide variety of
applications like: composite filter, one-use electronics,
energy storing devices and elastic electronics [4]-[5]. Despite
these advantages, the present synthesis scheme of porous
graphene needs high temperature processing of multiple steps
chemical synthesizing approaches, thus restricting their
extensive profitable usage [4]. Consequently, direct
synthesizing and scalability of graphene materials is still a
significant technological aim in accomplishing the
commercialized applications for graphene material
particularly in biochemical and biological sphere [4]. Pulse
ultraviolet laser treatment has been used to fashioned glassy
carbon from insulating Polyimide (Pl) [4, 6], and
microsupercapacitor was aso fashioned from commercial
polymer film utilizing CO, infrared laser [4].

Nevertheless, the method of laser irradiation for the
manufacture of an RF low pass filter as a microstrip
transmission line has up till how not been shown. In this
research, we present a generic technique for the manufacture
of a microstrip lowpass filter made of a graphene-like
material that is derived by the laser reduction method, from
the laser irradiation a non-conducting film which has shown
promise in the biological sensing/detection application of
LSG. Intheir work Maher et a. utilized anormal light scribe
DVD optical drive to perform direct laser reduction of
graphite Oxide film into Graphene [7].
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Good results for this material were indicated by their
mechanical strength, electrical conductivity and specific
surface area, which was then directly utilized as the
electrodes of an electrochemical capacitor, where high
energy density values in different electrolytes wasiillustrated
by the devices produced from these electrodes, while
preserving good electrochemical characteristics under
mechanical stressthat is high, making them a good candidate
for high power elastic electronics [7]. All the aforementioned
research has indicated the potential of an LSG material in
their usage for biological and electrochemical applications,
therefore, the need to design and manufacture a generic,
cheaper and easily fabricated method of deriving an
appropriate detection/sensing platform from LSG material.
For this work, since the materia for redlizing a
sensing/detection element is defined, the next stage of the
work isto discuss the shape of the sensing element.

Research have shown that there is an increasing
requirement for microwave systems to meet the evolving
problems facing telecommunication with respect to cost,
performance, and size [8]. This research seeks to define the
design of a microstrip lowpass RF filter for biological
application. The microstrip is an electrical transmission line
that can be manufactured utilizing a Printed Circuit Board
(PCB) technology deployed to transmit microwave signal
[8]. This microstrip contains a conductor detached form a
ground plane by a dielectric substrate material and it is much
inexpensive than the waveguide technology [8]. The
microstrip for this work will be designed as a lowpass filter,
since filters are critical parts in a microwave communication
systems and RF circuitries, they are employed to combine or
separate the chosen frequencies in the band, to fulfil the
essential requirement [9].

The microstrip line is a good method for designing filter
due to its advantages of cheapness, light weight, compacted
size, planar structure and how it can easily combine with
other component on asingle board [10].

In addition microwave filters can be separated in to 2
different categories; the first being the lumped element,
comprising capacitors and inductors and the second being the
distributed element, which employs transmission lines
lengths and widths to produce their inductance or capacitance
value [10, 11], leading to an Inductor-Capacitor (LC) ladder
type stepped impedance Low Pass (LP) filter, if a LPF was
the design proposed [12]. This work is structured as follows:
Section Il is concern with the microstrip analytical design,
while section |11 indicates the experimental approaches. the
resultswereillustrated in section 1V, and section V dealswith
the discussion and conclusion.

[I. DESIGN PROCEDURES

A. TheDesign of aMicrostrip Transmission Line

Numerous diverse equations have been established for
use in the determination of the characteristic impedance of
microstrip design. Possibly the most expedient are the
highlighted ones below that are stated to be precise to about
1% [12]. A simple but precise equation for the characteristic
impedance of the microstrip is presented below with Fig 1
representing the microstrip structure [13]:

70 = -2 {log(8§+r—h)}

\/eeff
where the effective dielectric constant is given by (2) as:

)

Retrieval Number: 100.1/ijrte.B61200710221
DOI: 10.35940/ijrte.B6120.0710221
Journal Website: www.ijrte.org

69

-1
er+1 er—1

eeff =T+ {(1+12%) 2 +0.04(1—%)2}
@

while (3) and (4) are for when w/Ah>1
70 = 1207 (3)
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For this research, the microstrip design was based on the

second sets of circumstances where W/2L |
equations (3) and (4) was utilized.

therefore

B. A Single Strip Case Microstrip Transmission Line

Design

From equations (3) and (4), the proposed microstrip line
width was then determined, since for awide microstrip where
width=W, virtually all the electric field lines will be directed
between the metal planes, like the situation of aparallel plate
capacitor. Conversely, for narrow width the electric field
lineswill be about evenly shared between the board dielectric
and air [12].

To acquire the effective dielectric constant of a microstrip
transmission line, equation (4) should have been used,
nevertheless, the equation have 2 unknown parameters,
consequently, the formula that presents an estimated val ue of
the characteristics impedance was then employed, which is
presented in equation (5) [11, 14].

87 7.48h

20 = Ver+1.41 {log (w—l.ZST)} ®)
From which:
7.48h
e<20787 )

For this research work, an FR-4 dielectric material was
utilized as the substrate, with a dielectric constant of 4.4 [11,
15]. Results from the pre-test samples shows that the
thickness T was found to be 4.8532 mil in dimension. The
FR-4 board of dielectric material used for this work has a
thickness of 10mil. While the material characteristic
impedance of choice is 50Q. The following was deduced
from the information above: T=4.8532mil, H=10mil
7Z0=50 Q er=4.4.
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The width of the material was be calculated as shown
below by inserting all these parameters in equation (6) to be
w=0.635mm. This calculated value is closer in value to the
measured value when a Mitutoyo stylus surface roughness
measuring tester (Surftest SJ-410) was utilized, where the
observed thickness was measured to be 0.4835mm.

C. A Multiple Strip Case Microstrip Transmission Line

Design

This multiple strip material is made up of one strip
comprising severa single strips fabricated near each other,
consequently, the estimation of its width is simply the
summation of the width of the distinct single strip and their
resultant sum becomes the width of this strip. However, the
observed out produced a different result because during this
material production it was detected that the laser machine
normally produce overlapping strips on the Kapton tape
which suggest that the width of the produced material would
not be brought about as expected and explained above.
Consequently, this material width was not calculated but
rather measured using the Surftest SJ-410, the width obtained
from this measurement was recorded as 1.75875 mm which
corresponds to70 mil. To acquire the precise results for each
of the dope of the measured results of the resistance of the
fabricated material along its length, an analytical technique
for the determination of the slope of the straight line was
employed. This was achieved by employing the method of
least squares.

1. EXPERIMENTAL TECHNIQUE

The analytical strategy of this microstrip completein the
preceding segment that has the evaluation (Analytical
preparation) of the breadth plus predictable depth was
completed. The execution of this strategy was accomplished
exploiting the laser scribe method for producing GO. This
method of GO manufacture is a cheap technique of
manufacturing Graphene. This method is a new means of
Graphene Oxide manufacture and by extension a materia
like graphene Oxide. To accomplish this numerous
experimentations were thus implemented, for this research
the initial materials were Kapton tape (on which the material
of choice would be derived from), silver paint (to help ensure
electrical connections between the sensor device and test
equipment), plywood (for the substrate of pre-test samples),
digital multimeter (to measure the conductivity of the
material) and laser machine (Laserscript HPC laser, for the
irradiation of the Kapton tape to form the rGO) this laser
machine has a laser spot of 0.2 mm. For comparison and to
get enough information about the material two material
categories were implemented, where 8 samples of the
fabricated materials possessing distinct parameters were then
fashioned. These categories are Multiple-Strips and Single
Strip. The speed of laser engraving and the strips width were
the two parameters that were varied.

The Multiple-Strips (MS) materia has four set, wherein
respective sample has five fabricated materials derived from
the variation of the percentage laser power settings from 26%
to 34% in steps of 2%. This technique of fabrication was also
used to implement the single strip (SS), this SS has the
similar production methods having same parameters as the
MS material, however distinct with the quantity of strip oniit.
For the MS, the two parameters of the laser “engraving
speed” and the strip “width” were selected and established.
The parameters change from one device sample to the other
leading to the production of al the 4 sample sets for each
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group of the sample. The same methods used for producing
the MS was also used in implementing the SS samples. For
the MS and the SS, the main parameters are presented in
Table I. These sets of settings deployed for both strip lines,
resulted in samples equaling 8 in total. Accomplishing the
samples design several procedures were followed:

LInitially, haven done the analytical design, suitable amount
of the Kapton tape material wastransferred by taping unto the
top of FR-4 substrate.

2.The next stage was doing the setting of the category of
interest was done on the computer system.

3. The next step was doing the setting for the fabrication of
the material of interest on the system, which was then copied
to an external flash drive and then transferred to the laser
machine awaiting the next step.

4. The next step was the introduction of the sample obtained
from the first step above into the laser machine working area
for the commencement of the laser engraving procedure.

5. To produce the entire 40 samples the manufacture
procedure from step 1 to step 4 above was repeated for all the
2 classes of material.

With the aid of a digital multimeter the needed resistance
values from the fabricated sample devices were obtained. The
motive behind determining the resistance value is to aid the
ascertaining the resistivity of the resultant material, so as to
check their feasibility of being deployed as a material that
possess the necessary property leading to their usage as the
sensing/detection element of a biosensor.

TABLE-I. Settingsto Produce the Microstrip

par ameter Samplel | Sample2 | Sample3 Sample 4
Speed (mm/s) | 300 300 400 400
Width (um) 300 350 300 350

26, 28, | 26,28,30, | 26, 28,30, | 26, 28, 30,
% power gg 32, | 32,34 32, 34. 32, 34.

of the projected biosensor device. Test were carried out on
the 2 classes of materials (MS and SS), this is to explore
which of the sample from any of the 2 sets of samples (20
different materials for the multiple strip and 20 the single
strip) is workable platform and results were taken. The tests
results were recorded.

Emanating from these results were several plots being
done with results processing, with further operations it then
resulted in determining the material associated parameters
and that is optimal and appropriate for the material of interest
design. The area of each materia is required to be
determined, thisis so that the apt resistivity of the materias
produced, can be arrived at, and to accomplish this task, the
individual materia thickness and the width were measured
employing the Mitutoyo stylus surface roughness measuring
tester (Surftest SJ-410), armed with this device the device
measurement was done to the nearest micrometer. This
method was then utilized to produce a 5" order LPF
microstrip LSG on a PCB substrate for deployment in the
proposed application.
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Below is Fig 2 which gives the fabrication procedure for
the phase-by-phase process of implementing the LSG
microstrip LPF, whereas Fig 3 illustrates the production
machine with the filter during fabrication process.

Plain PCB
Kapton tape ‘
iLaser Head
Laser beam Laser scribed Graphene LPF

IV. THESAMPLERESULTS

The test results undertaken for the distinct parameters of
the various materials developed, were noted during their
measurement. Scrutinizing the obtained results, it was
detected that, certain measured values of resistance do not
proportionally rise linearly with a corresponding increase in
length, thus the behavior are considered be irregular.
Consequently, this point to the material amongst the sets of
samples that could possess the desirable characteristic that
makes a viable sample for the proposed application. Further
processing of these results led to the utilization of plots to
obtain the slope, which is then the resistance per unit length
of the fabricated material. Fig 4 illustrates a typical slope for
these measured results. Following the same procedure, the
results of the single strip line was also obtained while
employing the same equipment as those utilized for the
multiple strips above, the results were gotten and recorded as
shown below. These results enable plots to be made leading
to the determination of the slope of the result which is also
called the resistance per unit length of the manufactured
material. A typical slope results are presented in Fig 5 below.
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From the presented results, a plot of the resistance per unit
length was done against the percentage power in both
material categories. These results are presented in Fig 6a and
6b. Evidence from these plots illustrate that the SS materials
isobviously characterized with more associated discontinuity
interms of material conductivity. Thus, the specific materials
and the corresponding percentage powers where these
discontinuities happened has become evident from these
plots. As can be observe from these plots certain points were
specifically enlarged, the essence of which is to accentuate
the materials with detected anomalies as well as the exact
percentage powers which they were manufactured. Also
important about these plotsis that they have made it easier in
identifying the material with the desirable characteristics
from either class of materials for ease of materia selection.
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As is evidence from the results presented in Fig 6, in the
plot of fig 6aand 6b, it showed that the value of the resistance
per unit length for the SS materia (which is on the vertical
axis of thisplots) is about 10 times the value of the resistance
per unit length for the M S material. Furthermore, the number
of discontinuous/defected materials as illustrated by
highlighted black dots are predominant found in the single
strip than the multiple strip materials. On the whole these
results have shown that multiple strip material has revealed
interesting characteristics that make their design approach
viable for it to be employed for the design of the proposed
microstrip lowpass filter, that would then become the
sensing/detection element of the proposed biological sensor
whose effectivenessisreliant on the material resistivity. Inan
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effort to arrive at the most effective fabrication approach that
is suitable for producing this laser irradiated graphene Oxide
material, additional results processing was carried out,
conseguently resulting in plots of Fig 6¢ and 6d. The results
demonstrate typical plot for either category, out of which
valuable outcomes about each material and the fabrication
technique of producing each material can be derived.
Simulation using ANSY S HFSS software was carried out by
applying the conductivity value obtained from the test results
conductance, and these simulation results showed that the
manufactured filter’s response was comparable to that of the
theoretical lowpass filter presented in Fig 8.
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A Raman spectrum of a solid contains evidence about its
vibrationa and electronic properties [16]. Raman
spectroscopy is the tool of choice in the physicochemical
investigation of carbon nanomaterias. It is among the
primary techniques for the characterization of graphene
materials, asit providesinsightsinto the quality of measured
grapheneincluding their structure and conductivity as well as
the presence of dopants. The Raman intensity and Raman
band shape vary as functions of the number of graphene
layers, and the Raman 2D band is especially sensitive to the
number of graphene layers[17].
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From the above Raman result which represents the Raman
spectrum of the material whose parameters is presented in
fig. 7 above, the rGO derived from the laser irradiated rGO
(by laser reduction of Kapton Tape) was observed to haveaD
band peak at 1349.76 cm', a G band of 1587.73 cm™ and a
2D band of 2693.34 cm™. Comparing these results with the
result of the Rama spectrum of the graphene obtained with
the same laser excitation of 532nm used for the material
produced in this work, it was noted that in the work of Bing
Maeta in[18], and Isaac Childreset al in [19] for graphene
the value of the D band was reported to be 1350 cm?, the G
band is 1580 cmand 2D band to be 2690 cm. From these
results it can be observed that the Raman spectrum of both
graphene and the rGO here produced tend to be show closely
related value, thereby indicating that the rGO material also
have low number of graphene layers, thus making the rGO
meterial a potential candidate for the implementation of
devices for various electrical and electronics application,
consequently making them open for biomedical and
biochemical applications.
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Haven obtained the Raman spectrum the produced
material was then used to implement a5™ order lowpass filter
to verify its viability for biological applications. Haven
produced the 5™ order LPF using the MS line technique.
VNA was used to measure its S-parameters, to determine
suitability for the intended application. From the observed
results shown in Fig. 8, there is a difference between the
expected and the experimental/simulation response of a
microstrip LPF, thereby indicating that more fine-tuning of
the fabrication parametersis necessary. However, the Raman
response indicate few numbers of layers, thus, making them a
potential candidate for the intended RF biomedical
application.

V. CONCLUSION

The aim of this work was to develop new ways of
producing a graphene base RF sensor, starting with cheap
rapid prototyping of implementing an inexpensive and
flexible electronic material that is easily reproduceable, with
high conductivity, and can be deployed for use as a sensor for
biological application. The Raman spectrum results of the
produced material has a D band pesk at 1349.76 cm™, a G
band of 1587.73 cm™ and a 2D band of 2693.34 cm™. While
the conductivity results indicated that the multiple strip line
material has a promising conductivity value ranging from
171 x10°® S/mm to 279 x10°® S/mm, signaling its viability for
the proposed application. From these results, it can be
concluded that this L1G can aso find application in various
sensing platforms where light weight and flexible conductor
is desired. The results of the microstrip LPF implementation
indicated the need to fine tune fabrication parameters so asto
improve the filter response. The future work includes fine
tuning the fabrication parameters and the use as a biological
sensor. Then, testing the device with amouse |gG needsto be
done, to show its applicability as a biological sensor before
moving on to more sensitive analytes like Prostate-specific
antigen (PSA). To achieve that, in this work, both a
Chebyshev type 5" and 7" order low pass and bandpass
filters are to be implemented as the sensing surface using the
insertion loss method.
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