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Abstract

Semiconductor grating SOI structure having nanometer thickness gives high efficiency of power at
wavelength 1.55 um. The simulation is done using plane wave expansion method. It is concluded that
suitable combination of semiconductor grating materials gives high optical power.
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Introduction

The Silicon-on-Insulator (SOI) is a perfect medium for short-distance transmission and
modulation of light beam M. The SOI is a critical platform for integrated optoelectronic
circuits since it offers the potential for monolithic integration on a single substrate . The
Silicon-on-Insulator leads to very compact photonic integrated circuits (PICs) with densely
spaced nano-scale photonic devices [l However, silicon’s large refractive index also poses a
number of challenges such as the ability to realize narrow spectral width Bragg’s grating of
interest for WDM filters as well as for nonlinear pulse propagation “ °I,

Basically, an ordinary wave guide suffers to use in SOI due to different reasons, for example,
loss due to reflection at interface. This loss cannot be ignored, particularly in optoelectronic
devices [, Recently, a grating structure is proposed to overcome this problem [, This
proposed structure is an embedded in SOl wave guide. As far as literature survey for the
grating SOI structure is concerned, different types of grating structures are used for different
purposes, for example, silicon grating structure is used for SOI application, polymer grating
is used for module chip & °. But here, the authors have considered semiconductor grating
which is placed on SOI structure to obtain high transmitting power. This optical power is
computed using plane wave expansion method. The merit of using such structure is that at
wavelength 1550 nm, the absorption loss is zero corresponding to suitable grating thickness,
which is shown in Table 1. Apart from this, it is also found that the reflectance is almost zero
at this wavelength. So, the transmitting power of SG-SOI structure will be nearly equal to
100%.

Structure analysis

Figure 1 represents high efficiency of semiconductor grating SOI structure. From Figure 1, it
is seen that one dimensional semiconductor grating layer having a period of 4 is grown on
SOI structure. A semiconductor grating structure is a sequential arrangement of different
semiconductor materials.

1D semiconductor grating

=t iy *+

Hio: —

Silicon substrate

Fig 1: Schematic Diagram of 1D Semiconductor Grating SOI Structure
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It is also seen that light having wavelength 1550 nm is
incident on grating structure. To receive high optical power
from this SOI structure, the authors have chosen proper
input grating parameters, such as refractive indices and
thickness of odd and even layers. Table 1 shows input
parameters of SG-SOI structure. Here, there are five
different semiconductor materials such as aluminum
phosphide (AIP), gallium phosphide (GaP), aluminum
arsenide (AlAs), indium phosphide (InP), and gallium
arsenide (GaAs) are chosen. Using these materials, grating
structure is realized by arranging any two materials in a
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sequential manner. So, there are 5C2 (20) numbers of
combinations that are feasible for the same. Using these
combinations of different materials, simulations are made
by using plane wave expansion (PWE) method to obtain
optical power corresponding to each combination of grating
SOl structure at wavelength 1550 nm.

Simulation results and discussion

Using data from Table 1 and with the help of plane wave
expansion method 1%, simulations are carried out for optical
power of SG-SOI structure.

Table 1: Simulation parameters for optical power

. Refractive indices Thickness in nm
Materials
ny n2 t1 t2
AlIP-GaP 3.13 3.16 99 99
AIP-AlAs 3.13 3.46 97 99
AlP-InP 3.13 3.48 97 99
AlIP-GaAs 3.13 3.62 97 98
GaP-AlP 3.16 3.13 98 98
GaP-AlAs 3.16 3.46 97 97
GaP-InP 3.16 3.48 96 99
GaP-GaAs 3.16 3.62 98 95
AlAs-AlP 3.46 3.13 90 91
AlAs-GaP 3.46 3.16 90 91
AlAs-InP 3.46 3.48 89 90
AlAs-GaAs 3.46 3.62 89 89
InP-AIP 3.48 3.13 90 90
InP-GaP 3.48 3.16 90 90
InP-AlAs 3.48 3.46 89 89
Inp-GaAs 3.48 3.62 90 87
GaAs-AlP 3.62 3.13 89 84
GaAs-GaP 3.62 3.16 89 84
GaAs-AlAs 3.62 3.48 90 80
GaAs-InP 3.62 3.46 89 82

The simulation results for AIP-GaP and AIP-AlAs grating structures are shown in Figures 2(a) and 2(b). Other simulations are

done but are not shown here.
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Fig 2(a): Simulated Graph for Power (%) of AIP-GaP Grating SOI Structure.
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Fig 2(b): Simulated Graph for Power (%) of AIP-AlAs Grating SOI Structure

The top of Figures 2(a) and 2(b) represents the name of
materials (AIP-GaP) and AIP-AlAs, refractive indices (ni,
nz), and thickness of grating layer (11, t2). In these figures,
graphical representation is shown between wavelength in
pm along horizontal axis and power (efficiency) in
percentage along vertical axis. It is seen that power from
grating SOI structure varies randomly with respect to

wavelength. It is found from the above diagrams that data
cursor shows the power is 100% at wavelength 1550 um
(1.55 um) in case of AIP-GaP and 99.93 in case of AlP-
AlAs grating structure. Similarly, using the same technique,
the optical power for other semiconductor grating is also
obtained. The whole investigations of optical power with
respect to different materials are analyzed in Figure 3.
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Fig 3: Investigation for Optical Power

From Figure 3, it is seen that the efficiency of power is
100% in case of AIP-GaP, AlAs-AIP, InP-AIP, GaAs-InP
grating SOI structure. It is also seen that this efficiency is
more than 99.2% in all grating structures.

Conclusions

Semiconductor grating SOl structure having nanometer
thickness gives high efficiency of power at wavelength
155 um. The simulation is done using plane wave

expansion method. It is concluded that suitable combination
of semiconductor grating materials gives high optical
power.
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