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Abstract: This paper presents an optical control of RF transmission through a microstrip with gaped stub by
illuminating the gap between two stub sections. The transmission behavior of such structures shows that they
can be used as a frequency selective switching. The illuminated gaped area has been modeled as an equivalent
lumped resistive components. Further the modeled equivalent resistance have been used for simulation of
transmission behavior using Mentor graphics IE3D software. The structures have been designed on high
resistivity silicon substrate above than 5k ohm. Simulation results for transmission characteristics show that
optical illumination can be used to control the transmission characteristics proposed microstrip structure which
can be used in ultrafast signal processing as a frequency selective switching and as a attenuator.
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1. INTRODUCTION

Direct optical control of microwave devices has been an area of interest over the last few years [1-7]. The
optical control offers high isolation between the controlling optical source and controlled microwave device,
ultrafast response and high power handling capacity. The optical control of microwave devices on
semiconducting substrate is based on the fact that when photons of energy greater than the band gap are incident
on the surface, electron-hole pairs are created which gives rise to a finite conductivity [4] in the semiconducting
substrate.

In this paper we present the equivalent model of optically created resistance between the gaps then simulation of
transmission behavior of optically controlled gap based stub on a microstrip structure. To join the gap by an
optically induced resistance we have chosen wavelength such that it creates only longitudinal conductivity. In
earlier attempt we have created resistance creating transverse carrier profile choosing 650 nm and 850 nm by
terminating optically induced load. Induced resistance in our structure depends on longitudinal conductance as
opposed to earlier studies based on transverse conductance [1-3]. The typical optically controlled microstrip
structure is shown in Figure 1.

Figure 1. Optically controlled microstrip gaped stub structure

When the microstrip gap is illuminated by radiation greater than the bandgap of semiconductor photo-induced
charge carriers are generated. When the radiation wavelength chosen corresponds to a very high absorption
coefficient in semiconductor, the photo induced carriers then generated are only on its surface and carriers are
confined within the penetration depth of radiation. This leads to a longitudinal conduction while the transverse
conduction in the substrate can be considered almost negligible. Thus, optical illumination of the gap forms a
longitudinal resistance between the gaps; its values can be controlled by changing the intensity of the optical
illumination. Therefore, optical illumination between the gaps can be used to control the transmitted power
(/S21]) and such structures can be used as an optically controlled attenuator, an optically controlled load with a
narrowband matching. This technique can also be useful for microwave passive structure tuning. The photo-
induced resistance formation between the microstrip gaps is shown in Figure 2.
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Figure 2. Formation of resistance between gaps

2. CHARGE CARRIER AND CONDUCTIVITY PROFILES IN OPTICALLY
ILLUMINATED GAP

When illuminating wavelength corresponds to a very high absorption coefficient in semiconductor substrate, the
optical generation of carriers is almost confined within its surface due to small penetration depth. We have
assumed that the carrier confinement is within five times of its penetration depth (~1.27 um in silicon for
radiation wavelength of 530nm). The longitudinal conductivity profile along the gap length can be given as
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Here, W is the gap length, P is the incident power, A is illuminated area, La is the ambipolar diffusion length, t
is the carrier lifetime, un and pp are the mobilities of electron and hole, e is the electronic charge, o is the
wavelength dependent radiation absorption coefficient, R is surface reflectivity, h is Planck’s constant, c is the
velocity of light in free space, S (L) is relative spectral response of the semi-conductor exhibiting the peak
response at optical wavelength Ap (~850nm for Silicon). For our calculations radiation wavelength of 550 nm
was chosen and the typical values of the various parameters for silicon are: La = 47um, o(550 nm) = 6400 cm-
1, Ap = 850 nm, S (850 nm) =1.0, S (550nm) = 0.54 and R = 0.3, W=100pum and t = 18ps. The longitudinal
conductivity profile within the gap at different power levels has been shown in Figure 3.
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Figure 3: (a) Reflectivity and (b) Absorption coefficient of silicon with different wavelength
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3. OPTICALLY INDUCED RESISTANCE BETWEEN THE MICROSTRIP GAP

An optically illuminated gap on the semiconductor substrate can be considered as a planar resistor with
thickness of penetration depth of light and its resistance can be given as

1 e dx
o =8 ) o0
-w/2 9P

The variation of optically induced resistance has been shown in Figure 4. Expression for R, shows a strong
dependence on W/La ratio, material properties and radiation wavelength.
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Figure 4. Variation of resistance with power

4. SIMULATION OF OPTICALLY CONTROLLED MICROSTRIP STRUCTURE

Our structure consists of two main parts: one is main microstrip line and the other is associated stub. Stub
further consists of two sections separated by a gap.

o, )
—
| A
—_— Py
Pl
G 0
«— 7

Figure 5. Circuit representation of optically controlled microstrip structure

The circuit representation of optically controlled microstrip structure is shown in Figure 5. Here, Ropt is the
optically induced resistance between the microstrip gap on semiconducting substrate. To study the transmission
behavior of structure by simple transmission line circuit analysis stub can be considered as composed of three
components, i.e., first section, gap load and second section. Simulation has been carried out using Mentor
graphics IE3D. For the analysis we have chosen following microstrip parameters: 11 length of first section and
12 length of second section width w = 235 um, high resistivity silicon substrate thickness = 0.3mm,total length
of main microstrip line is 12 mm, the effective dielectric constant eeff = 7.87 and the characteristic impedance
70 =50Q

5. RESULTS AND DISCUSSION

The variation of the transmission parameter |S21| with frequency at different optical powers is plotted in Figure
6. The simulation results shows that in dark condition when gap makes the two microstrips isolates and
effectively it’s an open ended single line stub. The |S2l| is as small as ~-500dB at 5.34 GHz corresponding to
length 11 and showing band rejection behavior, as expected for the stub with an open termination (Ropt—).
Due to high resistance the first section is completely isolated from the second section and hence resonance dip
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corresponds only to the first microstrip section. Variation of resistance with variation of optical intensity as the
optically induced resistance decreases due to increase in optical intensity the role of second section comes into
picture. And hence the resonance dip corresponds to effective length. With increase in optical power |S2l|
increases till a value, with further increase in intensity which leads to a very low resistance value, the resonance
dip shifts. At ~40 mW, the two other resonances dip at 5.94 GHz and 11.9GHz appear with main resonance dip
at 8.9 GHz which corresponds to a total length of two sections considered together.
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Figure 6. Variation of |S21| with frequency at different power levels

6. CONCLUSION

In conclusion, we have modeled the optically induced resistance/load created within the mirostrip gap. We have
also carried out the simulation to study the rf transmission behavior of structures. This could be utilized as a
frequency selective switching FSK and also frequency selective attenuator. and simulated the optically
controlled gap based microstrip stub structure which shows that It was also seen that by varying optical intensity
resonance notch also shifts. Hence, by choosing different stub line sections the optical control can be achieved
on resonance dip at desired frequencies. Such structures can further be used in the design of tunable matching
stub lines, filters and oscillators.
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