International Journal of Research Publication and Reviews, Vol 4, no 5, pp 1767-1770 May 2023

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IIRPR.COM

Photonic Integrated Circuits

K Sreekanth Reddy!, Asharani M?

1Dept of ECE, SICIT, Chickballapur, sreekanthkatikareddy@gmail.com
2Assistant Professor, SJICIT, asharani2258@gmail.com

ABSTRACT:

Photonic Integrated Circuits (PICs) are an emerging technology that offers significant advantages over traditional optical systems. PICs are devices that integrate
various optical components on a single chip, allowing for manipulation and transmission of light using waveguides. The waveguides, made from materials such as
silicon, indium phosphide, and gallium arsenide, can be combined to create complex optical circuits. PICs offer several advantages over traditional optical systems,
including smaller size, lower power consumption, and increased reliability. Moreover, they can be fabricated using standard semiconductor manufacturing
techniques, allowing for large-scale production at a lower cost. PICs have diverse applications in several industries, including telecommunications, data
communications, sensing, and medical devices. They are used to create highspeed optical networks that can transmit data over long distances in the
telecommunications industry. They are also used in sensors for environmental monitoring and medical diagnostics. This technology's potential to revolutionize
several industries and applications makes it a promising area for future research and development.

I. INTRODUCTION

Photonic integrated circuits (PICs) are a type of integrated circuit that use photons, or light particles, to transmit and process information. PICs are similar
to electronic integrated circuits (ICs), which use electrons to transmit and process information, but instead use light to perform the same functions.The
field of PICs is constantly evolving, with new materials and fabrication techniques being developed to improve their performance and reduce their cost.
As a result, they are becoming increasingly important in a wide range of applications, and are expected to play a key role in the development of future
technologies.

1. WORKING PRINCIPLE

Photonic integrated circuits (PICs) work on the principle of manipulating and controlling the flow of light through various components integrated on a
single chip. These components can include waveguides, modulators, detectors, filters, and amplifiers, among others.The basic operation of a PIC involves
the use of light to carry information, which is then modulated, filtered, amplified, and processed using various photonic components. The input light
signal is typically guided through waveguides, which are structures that confine and direct the flow of light. The waveguides can be made of various
materials, such as silicon or indium phosphide, and can be designed to have specific properties such as low loss or high confinement.
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Photonic Integrated Circuit Devices Photonic integrated circuits (PICs) are devices that integrate multiple optical components onto a single chip,
enabling the creation of complex optical systems with a wide range of functions. Some of the common components integrated into PICs include:
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Lasers:
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Semiconductor lasers are integrated into PICs to generate coherent light for various applications such as data transmission, sensing, and imaging.

Modulators:

Electro-optic modulators are integrated into PICs to modulate the amplitude, phase, or polarization of the light signal, enabling the creation of complex
optical waveforms.

Photodetectors:

Photodetectors are integrated into PICs to detect and convert optical signals into electrical signals.

Waveguides:

Optical waveguides are used to guide light signals within the PIC, and they can be designed in various shapes and sizes to enable complex routing and
manipulation of light.
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Filters:
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Filters are used to selectively transmit or block specific wavelengths of light, enabling wavelength division multiplexing (WDM) for high-speed data
communication.

I11. PIC CONCEPTS

Waveguides:

Waveguides are the building blocks of PICs, and they are used to guide light signals between different components. Waveguides are typically made from
silicon or silica, and they can be designed in various shapes and sizes to enable complex routing and manipulation oflight.

Optical Modulation: Modulators are used to modulate the amplitude, phase, or polarization of the light signal, enabling the creation of complex optical
waveforms. The modulation can be achieved using different techniques, including electro-optic, acousto-optic, and magneto-optic modulation. Integration
Techniques: Various fabrication techniques are used to integrate different optical components onto a single chip. These techniques include lithography,
etching, and deposition, which allow for precise control of the optical properties of the components.

Wavelength Division Multiplexing (WDM):

WDM is a technique used to increase the capacity of optical communication systems by transmitting multiple optical signals simultaneously over a single
optical fiber. WDM is enabled by the use of filters that selectively transmit or block specific wavelengths of light.
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Packaging:

Packaging is a critical aspect of PICs, as it enables the connection of the PIC to the outside world. Different packaging techniques are used, including
fiber-to-chip coupling and chip-to-chip bonding. multiple users, each with his/her own haptic interface, to collaboratively and/or remotely manipulate
shared objects in a virtual or real environment

IV. APPLICATIONS

1. Sensing.
2. Communications.

3. Photonic computing.

V. Conclusion

Photonic integrated circuits (PICs) have the potential to revolutionize the way we process, store and transmit information. By integrating multiple photonic
components onto a single chip, PICs offer several advantages over traditional optical systems, including smaller size, lower power consumption, and
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improved performance. Overall, the future of photonic integrated circuits looks promising, and they are expected to play a critical role in the development
of next-generation optical system.

REFERENCES

1.

10.

Y. Jiao, N. Nishiyama, J. van der Tol, J. van Engelen, V. Pogoretskiy, S. Reniers, A. A. Kashi, Y. Wang, V. D. Calzadilla, M. Spiegelberg,
Z. Cao, K. Williams, T. Amemiya, and S. Arai, "InP membrane integrated photonics research," Semicond Sci Tech, vol. 36, p. 013001, 2020.

Y. Wang, K. Nagasaka, T. Mitarai, Y. Ohiso, T. Amemiya, and N. Nishiyama, "High-quality InP/SOI heterogeneous material integration by
room temperature surface-activated bonding for hybrid photonic devices," Japanese Journal of Applied Physics, vol. 59, no. 5, p. 052004,
2020.

W. Fang, N. Takahashi, Y. Ohiso, T. Amemiya, and N. Nishiyama, "High-quality, roomtemperature, surface-activated bonding of
GalnAsP/InP membrane structure on silicon," Japanese Journal of Applied Physics, vol. 59, no. 6, p. 060905, 2020.

H. Saito, N. Minato, H. Tamai, and H. Sasaki, “Highly efficiency adaptive bandwidth allocation algorithm for WDM/OFDM-PON based
elastic optical access networks,” IEICE Trans. Commun. vol. E101-B, pp. 972- 978, 2019.

H. Yaegashi, “Development of ultra-compact optical transceivers for [oT network utilizing silicon photonics technology,” OKI Technical
Review, issue 229, vol. 84, no. 1, 2019.

H. Ono, T. Simoyama, S. Okumura, M. Imai, H.Yaegashi, and H. Sasaki, “Waveguide butt-joint Germanium photodetector with lateral PIN
structure for 1600nm wavelengths receiving,” IEICE Trans. Commun., vol. E101-C, pp. 409-415, 2018.

W.Jin, R. G. Polcawich, P. A. Morton, J. E. Bowers, “Piezoelectrically tuned silicon nitride ring resonator,” Optics Express, vol. 26, pp. 3174-
3187, 2018.

H. Yaegashi, “Development of ultra-compact optical transceivers for [oT network utilizing silicon photonics technology,” OKI Technical
Review, issue 229, vol. 84, no. 1, 2017.

J. F. Bauters, M. J. R. Heck, D. John, J. S. Barton, A. Leinse, R. G. Heideman, D. J. Blumenthal, and J. E. Bowers, ‘“Planar waveguides with
less than 0.1 dB/m propagation loss fabricated with wafer bonding,” Opt. Soc. Amer Opt. Exp., vol. 19, no. 24, pp. 24090-24101, 2017.

J. F. Bauters, M. J. R. Heck, D. John, D. Dai, M.-C. Tien, J. S. Barton, A. Leinse, R. G. Heideman, D. J. Blumenthal, and J. E. Bowers, “Ultra
low-loss high-aspect-ratio Si3N4 waveguides,” Opt. Exp., vol. 19, no. 4, pp. 3163— 3174, 2017.



