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MOTIVATION
Optical fibers for communications

www.elprocus.com, Ricciardi et al. Analyst, 2015

Biomedical sensing

Semiconductor integrated optics

On-chip Ge laser

Control light on a 
microchip

Semiconductor + optical fiber !
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Flexible?

Remote sensing?

http://www.elprocus.com/


MOTIVATION

What kind of materials can we use?

Optical fibers for communications Biomedical sensing

Semiconductor integrated optics

On-chip Ge laser

Control light on a 
microchip
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MATERIALS OPTICAL PROPERTIES

Mahesh, Ph.D. Dissertation (2010) 2/11



FINITE ELEMENT ANALYSIS

Palik. Handbook of optical constants of solids

• RF module  Mode analysis

• Governing equations

• Materials parameters: n & k

• Meshing

ncore > ncladding

𝑬 𝑥, 𝑦, 𝑧, 𝑡 = 𝑬 𝑥, 𝑦 𝑒𝑗(𝜔𝑡−𝛽𝑧)

𝛻 × 𝛻 × 𝑬 − 𝑘0
2𝑛2𝑬 = 0

Cladding

Core
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Study:



MODE ANALYSIS IN THE X-Y PLANE

6 μm core diameter at wavelength of 2 μm

What about the optical loss? How to optimize?
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CORE SIZE AND WAVELENGTH 
DEPENDENCE

How to further reduce loss without sacrificing core size?
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SECOND LOOK AT MATERIALS 
PROPERTIES

Palik. Handbook of optical constants of solids 6/11



RESULTS

SiO2 SiO2

nGe>nSi, nGe>nZnSe
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WAVELENGTH DEPENDENCE

SiO2 SiO2 SiO2

Ge
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EXPERIMENT

Ji et al. Adv. Optical Mater. (2016)

SiO2

Ge
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EXPERIMENT

Krishnamurthi et al. Appl. Phys. Lett. (2012) 10/11



CONCLUSIONS

• Mode analysis was performed with the RF module for 
electromagnetic waves

• Parameters such as wavelength, core diameters, and 
interfacial layer materials were varied

• Potential application of these semiconductor core 
optical fibers as mid-infrared waveguides
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BACKUP SLIDES



HIGH PRESSURE CHEMICAL VAPOR 
DEPOSITION (HPCVD)

Ji et al. Adv. Optical Mater. (2016)



SINGLE MODAL REQUIREMENT

𝑉 =
2𝜋𝑎

𝜆
𝑛1
2 − 𝑛2

2

≤ 2.405

> 2.405

Single mode

Multimode mode


