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Disrupted Disruptors 

Expect the Unexpected





History of Fibre Optics

K.C.Kao and G.A.Hockham, "Dielectric-Fibre Surfce 

Waveguides for Optical Frequencies," Proc.IEE, V.133, 

pp.1151-1158, July 1966.

Kao & Hockam, who were working at 

Standard Telephone Ltd in Harlow, 

UK, published a research paper that 

proposed and heralded the advent of 

the optical communications.



Frontiers of Photonics Research, 2004 

Charles Kao.AVI


Singapore is connected to 15 active submarine cable systems in 3 designated landing sites

Changi North 

Landing Site 

Tanah Merah

Landing Site 

Tuas Landing Site 

Landing sites of submarine cable in Singapore



Ultraviolet 200 nm to 400 nm

Visible spectrum 400 nm (violet/blue) to 700 

nm (red)

Infrared 700 nm (red) to 2000 nm

Optical fibre 

communications windows

850 nm, 1300 nm, 1550 

nm

Optical Spectrum



• 1280 nm (235 THz) to 1650 nm (182 THz)

 53 THz

> 12 billion telephone channels ( Kb/s per channel)

• Today, 400 Gb/s system is commercially available 

(you are receiving 12000 Encyclopedia volumes per sec)

World Population

1970    3.9billions,  

Now     https://www.worldometers.info/world-population/

http://www.ibiblio.org/lunarbin/worldpop
https://www.worldometers.info/world-population/




Have you heard of 

Photonic Crystal 

Fibre or Holey Fibre ?

Harvard Video

butterfly_anim_indeo.avi
/Users/e3acadgrp/Documents/Academic/NTU/Course/UG/E4110/2014a Aug/Lecture/Butterfly-PC.AVI




NATURAL 2D Photonic Crystal

MICROSTRUCTURED

OPTICAL fibre

3D

PHOTONIC

CRYSTAL

2D Photonic Crystal

PLANAR WAVEGUIDE

1D Photonic Crystal 

(Bragg grating and thin film stack)

Photonic Band-gap Structures



Microstructured Fibers
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Silica Fibers

Anti-Resonant Fibers

45years

Low Loss Anti-Resonant Fibers



Ultra-tight confinement



Optical fiber sensor systems

• Optical fiber as a sensing element

– Measurement of the modification of the propagation path (delay, 

attenuation, polarization,…)

– Measurement of the interaction of light with the propagation medium

20



Fabrication of Fiber Gratings

Phase maskOptical fiber

cw UV laser 244 nm

Fiber Bragg Grating

Fiber Bragg Grating-based Sensors



Fiber Bragg Grating-based Sensors

Optical fibreFiber Bragg Grating

Illuminates FBG with

a broadband light source

A narrowband of light

reflected by the FBG

The rest of the spectrum is transmitted
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Light

Source

Wavelength

Detection

25

Wavelength-Division Multiplexing of FBG Sensors



Tuan Guo*, Light: Science & Applications, (2018) 7: 34

In situ monitoring state-of-charge of battery



Sound frequencies

27

Voice frequency

0~20Hz

Infrasound Ultrasound

20Hz~20kHz >20kHz

Sound frequencies



Structural health monitoring Pipeline leakage detection

Applications

28

Biochemical detection

Antisubmarine monitoring Seismic wave monitoringNondestructive testing



Health management

Health monitoring

Clinical biochemical 

detection[
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Human vital signs monitoring



• Flexible and human friendly 

• Highly sensitive

• Multifunctional 

• Integrated and wearable

• Robust and reusable

• Noninvasive and continuous 

measurement

[1] “Ultrasensitive hybrid optical skin”, 2018
[2] Adv. Mater. 2018, 30, 1704229
[3] Sci. Robot. 4, eaaw6304, 2019





For further information please contact Prof. Perry Shum  
Email:  shum@ieee.org

Fiber Bragg Grating

Microfluidic channels

Bragg Fiber

Microfluidic slit

Long Period Grating

3D transistor
circuits

Nanocoating, Surface 
plasma resonance (SPR), 
Localized SPR

Selective fill/ block/ collapse 
air hole

Biofluidic
channels

Femtosecond laser cutting

Hollow core photonic 
crystal fiber (PCF)

Metallic/ Solid/ 
Liquid infiltration

Fabry-Perot cavity

Metallic/ Polymer
Cladding layers

D-shaped, Side 
polishing

Nanotags, 
Microsphere

Solid core photonic 
crystal fiber (PCF)

Fiber offset, 
Microstructured fiber 
splicing

Silica, specially doped 
fiber cladding

Circular-shaped, hexagonal-shaped, 
triangular-shaped air holes

Ultra temperature, 
pressure tolerance 

Lens tip, Point sensor tip

Free space alignment, 
conventional optical fiber 
splicing

Biological coating for bio-
sensing

Fibre Sensors



Perry Shum
SUSTech
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