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Abstract of PhD Thesis: 
The emerging need for high-speed data processing has made applications of all-optical signal 

processing circuits and logic devices inevitable in future generation computing platforms. Silicon-based 
Photonic Integrated Circuit (PIC) is a viable platform to realize such devices, as it provides high speed, 
consumes low power, and is compatible with the existing CMOS foundry. Photonic Crystal (PhC) is a 
promising platform for realizing silicon-based PICs, as it offers several unique properties to mould the 
light, like – photonic band gap (PBG), self-collimation, and slow-light propagation, and comparatively 
easy manipulation of light propagation than other platforms. However, a review of PhC-based devices for 
PICs shows that there is a need for developing efficient designs of some interconnecting devices, like – 
isolator and waveguide bends, and logic devices, like – decoder and adder, based on linear optical 
phenomena. So has been taken up as the research objective of the thesis. Five contributions, as follows, 
have been made in this thesis to fulfil these objectives.  

       At first, an all-optical isolator based on a 2D silicon rods-in-air square lattice PhC 
has been proposed that works on the light beam interference phenomenon. The design utilizes a bias 
signal to interfere constructively with the forward propagating beam but destructively with the reverse. The 
device can offer a contrast ratio of 10 dB and a bandwidth of ~ 6.2 THz, at around the wavelength 
of 1.55 µm. A 3D equivalent structure of the device has also been designed, whose performances almost 
corroborate with its 2D counterpart. However, fabrication of the structure is quite challenging due to the 
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aspect ratio of the rods. Hence, a more practically feasible holes-in-slab PhC platform is chosen to 
design the remaining devices.  

Nevertheless, waveguide bend is an inevitable part of almost all such designs. However, a 
waveguide bend in holes-in-slab usually encounters a high loss. Therefore, optimization strategies of 
different bending geometries in a triangular-lattice line-defect holes-in-slab photonic crystal (PhC) 
structure have been developed next. The development shows that high transmittance through 300, 600, 
or 1200 bends can be attained by merely optimizing the radius of a single hole at the corner region of 
the bend. On the other hand, two corner holes in a 900 bend of the triangular-lattice PhC need to be 
optimized to attain a high transmittance. At corresponding optimization, transmittance losses for the 300, 
600, 900, and 1200 bends are obtained as 0.07 dB, 0.11 dB, 0.45 dB, and 0.22 dB, respectively. 
Further investigations have also been performed to – evaluate the criticality in choosing the optimized 
holes’ radii, to provide design guidelines for an arbitrary wavelength of operation, and to evaluate the 
fabrication tolerance of the device. These investigations exhibit a large span of suitable radii for these 
optimized holes and tolerance of up to 20 nm random structural imperfection of the designs.  

Further, a new design of an all-optical isolator based on a 2D square lattice holes-in-slab 
silicon-PhC structure is proposed using a hybrid PhC interface formed by two PhC sections of the same 
lattice constant but of different lattice configuration. A junction asymmetry, formed by modulating some 
holes’ radii, directs the light from the input to the output port but from output to a drop port. The 
forward and the reverse transmittance of this 416 µm2 footprint device are found to be -1.43 dB and -
10 dB, respectively, at the wavelength of 1.55 µm, resulting in a contrast ratio of 8.57 dB.  

A design of a holes-in-slab silicon-PhC-based all-optical 1-to-2 line decoder is proposed next. 
In order to alleviate the wavelength dependency of beam interference, on which the device is modelled, 
a PhC MMI-based π-phase-shifter is designed. This phase-shifter is used further in the design of the 
1-to-2 line optical decoder. FDTD simulations for the possible logic states of the decoder confirm the 
targeted outcomes. The transmittance analyses have also confirmed that the device is able to operate up 
to a bit rate of 1.44 THz, considering ≥ 80% transmission at logic 1 and ≤ 10% at logic 0. Finally, a 
successful decoding operation is obtained under pulsating inputs, having a pulse width of 1 ps, corresponding 
to a bit rate of 1 THz.  

Thereafter, an all-optical half-adder based on holes-in-slab silicon PhC is proposed. A rhombus-
shaped structure made of four W1 waveguides along with the PhC MMI-based π-phase-shifter is used 
in this design. FDTD simulations depict that for the {0,1},{1,0}, and {1,1} logic combinations the SUM 
port exhibit 60%, 67%, and 1% transmittance, respectively; whereas, so for the CARRY port are 4%, 
1%, and 90%. The simulation outcomes show a contrast ratio of 18 dB at the SUM port and 12.5 dB 
at the CARRY port.  

Therefore, the thesis proposes three interconnecting devices and two logic devices based on the 
photonic crystal platform for application in PICs. These devices provide remarkable performance and, in 
some cases, new design strategies. 
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