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Abstract. In this paper, various optically controlled switch performances
are studied and analysed. Different types of optically controlled materials
are considered in this paper to control the electrical frequency with a
modified and simpler structure. Roger and Fr-4 materials are used as
substrate material for the basic system design with the dielectric constant
of 3.0 and 4.4 respectively. Materials like silicon, germanium, graphene,
and polymers are considered for analysis in the proposed system and the
semiconductor metals are etched in the middle of the copper strip. The
thickness of the copper is 0.008 mm with the standard conductivity of
5.814e7 S/m and the length and width of the copper strip are
2.54x2.54mm.A Copper strip is printed on the substrate to test the
performance of the switches. The operating frequency of the given optical
signal of silicon is around 1GHz to 25GHz, graphene is around 1GHz to
30GHz, germanium is aroundlGHz to 30GHz and polymer is around
1GHz t025GHz. The S11 parameter of all the proposed systems is
analysed by sonnet simulation software.
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1. Introduction

Many kinds of research are being made in recent days to produce highly effective
switches with several materials and methods [1]. [lluminated optical controlled GCPW
switch has been designed with low insertion loss up to S0GHz with induced plasmas
[2] and a QPSK model has been demonstrated for transverse electric polarization with
4*4 DLN non-blocking silicon switch for optical circuit and packet switching [3].
Another micro fluid switch with compressed micro fluid channels has been developed
in [4] for better conductivity. Doherty power amplifier and frequency tuning turntable
mechanism have been developed at 1.8 to 3.4 GHz for power amplification and
matching networks [5].Graphene oxide with dispersed hydrogen bond liquid crystal
was used for optical switching and optical and electrical properties are achieved by
etching dry crystalline silicon with solar cell by short circuiting with extraordinary
output and storage [6]. Hydrolation wave spectrometer using telecom with heterodyne
detection using THz measures the phase delay result from a single sheet of paper
alternatively a resonance cavity has been used in [7] with increased sensitivity.
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The proposed system compares the optical performance of semiconductors and
polymers in the electrical domain. This study is useful for developing a switch or
sensor that should be operated in both the electrical and optical domains. The aim of
our project is to make a small optically controlled electrical switch model with different
semiconductor metals and polymers and analyse their performance.

2. Basic design and materials

The basic design consists of a substrate, a strip with a switch design on the top, and
infinite ground in the bottom [8-10]. The bottom ground and top layer are made up of
copper material with a standard thickness of 1.6mm and a conductivity of 5.814e7 S/m.
Two strip of copper films are placed on the substrate. In Between these copper films,
semiconductors such as silicon, germanium, UV-polymer, and graphene are placed and
simulated as shown in figure 1.
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Figure 1. Semiconductors (a)Silicon (b)Germanium(c) Polymer(d)graphene (e)Basic
Design(L=200miles ,W=200miles ,S=200miles )

3. Results and Discussion

3.1 Simulation with silicon switch

Silicon switch is placed in between two copper plates as shown in Figure 2.The overall
structure is printed on the Fr-4 and Roger substrate is shown in Figure 2. A copper
thickness of 0.03mm and conductivity of 5.8 €® S/m and the thickness of silicon is
0.5mm and conductivity 4.35¢> S/m is selected. It is clearly shown that in Figure 3, the
performance of switch with silver coating is nearly -10dB from 1GHz to 30GHz and
the performance of aluminum coating is nearly -6dB from 1GHz to 35GHz for roger
substrate at 850nm optical signal(room temperature). But in Fr-4 substrate the
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conductivity of switch is reduced in high frequency ranges. It can be given a stable
output from 1GHz to 20GHz as shown in Figure 4.
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Figure 2. S11 Parameter of silicon switch on roger substrate (conductivity: 4.35¢”. Left - aluminum, Right -

silver)
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Figure 3. S11 Parameter of silicon switch on Fr-4 substrate (Conductivity: 4.35¢” Left - aluminum, Right -

silver)

3.2

Simulation with polymer switch

Figure 4 and 5 shown a simulation output of UV- polymer etched between a copper
plate on Roger and Fr-4 substrate. The thickness of copper and their conductivity is
same as above in all the simulations. The thickness of polymer is 0.508mm and
conductivity is 50 S/m. In this simulation a stable output of -25dB is getting from Fr-4
substrate at 1GHz to 10GHz range and -50dB is getting from Roger substrate at IGHz

to 45GHz range.
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Figure 4. S11 Parameter of polymer switch on Fr-4 substrate (Conductivity:50 S/m -Left- aluminium,

Right- silver)
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Figure S. S11 Parameter of polymer switch on Roger substrate (Conductivity:50 S/m. Left- aluminium,
Right- silver)

3.3 Simulation with germanium

Figure 6 shows a simulation of germanium is placed between the copper plate on the
Roger and Fr-4 substrate are simulated. The selected thickness and conductivity of
germanium is 0.5mm and 1.54e3S/m at 850nm (room temperature) optical signal for
simulation. It gives a maximum of -15dB return loss at 1GHz to 20GHz at Fr-4
substrate and -20dB return loss at 1GHz to 20 GHz on Roger substrate with silver
coating.
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Figure 6. S11 Parameter of germanium switch on Fr-4 substrate (Conductivity:1.54 €’S/m. Left- aluminium,
Right -silver)

3.4 Simulation with Graphene

Figure 7 and 8 shows the simulation output of Graphene on Fr-4 and Roger substrate
along with copper strip. Thickness and conductivity of the copper is 0.008mm, 58.14¢°
S/m and the thickness and conductivity of the graphene is 0.3mm,10*-10° S/m at
130nm. It shows an excellent performance in two substrate materials with a minimum
return loss value of -50dB.
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Figure 7. S11 Parameter of graphene switch on Fr-4 substrate (Conductivity: 10e* S/m. Left- aluminum,
Right- silver)
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Figure 8. S11 Parameter of graphene switch on Roger substrate (Conductivity:10e* S/m.Left- aluminium,
Right- silver)

4. Conclusion

The advantages of Graphene over other materials have boosted our interest. This highly
strong yet thin and flexible material does not have an electronic band gap making it
suitable to be a switch (it can switch between on and off).This encouraged us to explore
its properties as a substitute for materials used for optical switches. On further study
with the help of simulation shown us excellent results, however the manufacturing of
Graphene is arduous and its usage is to be prevalent. Graphene is going to be a boon
for the electronic domain in near the future. The above switching concept can be used
for optically controlled frequency tuning reconfigurable antenna and filter circuits.
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