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Quiz -Photonic Device-

1. What photonic devices do you know? (1~2 devices)

2. Explain the device (structure, function, feature,, anything OKI)

3. What materials are used in the device?

Student ID: Name:
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Basic of Photonic devices (Tanabe)

(1) INTRODUCTION (3) Understanding of LIGHT
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Application of light 1o our life wavelength/frequency
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pulse duration

(2) Handling of LIGHT beam mode
Generation polarization
Propagation :absorption power density
Condensing(space)

Condensing(time) /modulating .
Amplification (4) Photonic Technology

Selecting (5) Applications
Detecting 4



(1) INTRODUCTION

What is LIGHT?
electric wave~light (electromagnetic wave)
invisible /visible
straight propagation
solar-blind
due to ozone absorbance of sunlight

Laser

single-frequency

coherent(coordinate phase)

high energy density
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(1) INTRODUCTION

What is LIGHT?

electric wave~light (electromagnetic wave)
invisible /visible

straight propagation

solar-blind

Laser
single-frequency
coherent(coordinate phase)
high energy density
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Application of light(photonic device) 1o our life

lighting

photographing

energy production
communication
non-destructive inspection
medical diagnosis /treatment

canadianground.com

mitsubishielectric.co.jp

: Installing optical fibers to condominiums
Broadoasting by FTTH and apartment buildings

Cabling system for housing complexes
H
H
H

dwelling ®

Cabling systam for
detached dwellings

on of optical

Installation through management ' n detached dwellings
and operation, in addition to

Optical fiber cabling system

line components LAN cabling system

10G Optical solution

furukawa.co.jp

itmedia.co.jp

oneslidephotography.com

nonin.com



| THz Applications: non-destructive inspection

Terahertz=Safety+ non-destructive
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Application of light(photonic device) 1o our life

lighting: Lamp, LED

photographing: CCD, CM0S

energy production: Solar Cell
communication: LD, PIN-Diode
non-destructive inspection: Infrared-THZ
medical diagnosis/treatment: LED /Laser
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Relation between light and materials

lighting: Lamp, LED: GaAsP, GaN

photographing: CCD, CMOS: Si

energy production: Solar Cell: Si, GaAs
communication: LD, PIN-Diode: InP

non-destructive inspection: THZ: GaP, GaSe
medical diagnosis/treatment: LED/Laser: GaAs, CO,

semiconductors
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(2) Handling of LIGHT

Generation
heating
energy gap in semiconductor
nonlinear optical process

(frequency-mixing: DFG, SFG, SHG)

Radiated Power Density
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(eV)

Bandgap energy
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(2) Handli

Generation
heating

ng of LIGHT

energy gap in semiconductor

nonlinear optical process
(frequency-mixing: DFG, SFG, SHG)

difference-frequency generation (DFG)
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THz-wave generation based on non-collinear
phase-matched DFG in phonon-polariton of GaP

DFG nonlinear
incident beams electronic
(near-IR) nonlinear polarization
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(2) Handling of LIGHT

Generation
heating
energy gap in semiconductor
nonlinear optical process
(frequency-mixing: DFG, SFG, SHG)

A T
P d " IR Pump Diode: 1064 nm
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&
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(2) Handling of LIGHT

Generation
heating
energy gap in semiconductor
nonlinear optical process
(frequency-mixing: DFG, SFG, SHG)
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Fig.1 Hierarchical structure of collagen fiber.
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Transactions of Japanese Society for Medical and Biological Engineering

Vol. 55 (2017) No. 2 p. 91-96

Quantitative Evaluation of Collagen Fiber Structure in Human
Dermis Based on Two-Dimensional Auto-Correlation Analysis of
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Fig. 6 Large-area SHG images (image size = 1.6 mm X 1.6
mm, pixel size = 512 pixel X 512 pixel), probing
depth (= 70-100 um from epidermis) of subjects in
their 20s, 40s, and 60s. Black holes indicate appendages
(including hair follicles)

17



(2) Handling of LIGHT

Propagation :absorption
in air, liquid and solid
:reflection, refraction, diffraction, absorption and scattering
waveguide
optical fiber

Properties of Light

+» Reflection = when light strikes smooth shining
surface it returns back into same medium.

Normal

Incident ray

Diffraction

«»Refraction = When light enters from

Absorption
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Diffraction
Grating

one transparent medium into another , White
it changes its path. Light
angle of
; incidence
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) 1 normal
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refraction
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(2) Handling of LIGHT

Propagation :absorption
in air, liquid and solid
:reflection, refraction, diffraction, absorption and scattering
waveguide
optical fiber

Anti-Reflection coating
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f
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lens lens
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(2) Handling of LIGHT

Propagation :absorption
in air, liquid and solid
:reflection, refraction, diffraction, absorption and scattering
waveguide
optical fiber

Particle < -L l < Particle<), Particle> ),
(<sonm) 10 107 igo.500nmy (>1um)
R ) Vau ggg{f;g;;;; Mie Scattering SEaﬂtthﬁ_?r'Ig
§ S Z{'ﬂ wjli/z_ﬁ#? :3"'
n— N ;fJ,\

Q*-EL Q--‘-'C+cus( }ek{f] Q=C

I P

iLectureonline
Sample

Raman substrate ——
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(2) Handling of LIGHT KUNGE.___ Scientific Background
Condensing(space) AKADEMIEN Nobel Prize in Physics 2009

index lens
parabolic mirror

where P(0) and P(L) are the input and output
power respectively, and L is the fiber length.
The attenuation of the first optical fibers was
typically 1000 dB/km, implying that only 1 %
of light got transmitted in twenty meters of
fiber. Other options, such as guiding of light
through sequences of lenses or even gas tubes
with temperature gradients to focus light were
proposed and sometimes tested, but without
much success. Various waveguides in the

Spherical Lens Aspherical Lens

e

1L LE

74 I L

panasonic.com

Index of refraction  Input pulse Output pulse

380pm 200um |

50-100

il
i i

i

Singlemode fiber

125um

Standardni opticka vlakna

optical region were investigated. Both A.E.
Karbowiak at STL (The Standard Telecommu-
nication Laboratories), Harlow, UK and J.C.
Simon and E. Spitz at CSF (Compagnie
générale de télégraphie Sans Fil) in France
realized that propagation of single modes into

Fig. 2: Different types of fibers, step-index multi-
mode, single mode and gradient index multimode.
The propagation of a few rays is also indicated in
red, as well as the distnibution of the refractive
index to the right.

waveguides (for example, thin films) should be beneficial to optical communication, reducing
dispersion and propagation losses. At Tohuku University, Japan (J.-1. Nishizawa, I. Sasaki) as
well as at Bell laboratories, USA (S.A. Miller), optical fibers with a varying refractive index
were proposed. In a gradient-index fiber, dispersion effects arising because spatial modes
propagate at different velocities in the fiber are reduced compared to the step-index multimode
fiber (see Fig. 2). These fibers were going to be exploited later, being the first-generation optical
fibers to be used at 870 nm. However, none of the solutions could find any satisfactory remedy

to the attenuation problem.

Charles K. Kao was a young engineer at STL
working on optical communication. He started
under the direction of Karbowiak, and then
became in charge of a small group, which at
first had only one coworker, G.A. Hockham.
Kao was born in 1933 in Shanghai, China, and
educated in Hong-Kong. He graduated in
Electrical Engineering in 1957 at University of
London and got a PhD at the University of




(2) Handling of LIGHT
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(2) Handling of LIGHT

Condensing(space)
index lens
parabolic mirror
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(2) Handling of LIGHT

Condensing(time) /modulating ps~fs
shutter
mode lock pump Jaser

Q- switching
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Input Light Output Light
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(2) Handling of LIGHT e AT
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(2) Handling of LIGHT

Amplification
stimulated emission in fiber
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(2) Handling of LIGHT Reflection

AR coating - Stimulated Raman Amplifier

Amplification

stimulated emission in fiber pump

Raman effect o m e
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(2) Handling of LIGHT

Detecting
photoelectric effect
energy gap in semiconductor
bolometer /pyroelectric effect

photoelectric effect /ﬂ/ _
Ultra voilet rays

(... 4]
kP Photo electrons C)

. +

©

Photo ' | | Photo electric emission
Current
Saturation Current
Stoppif\g Voltage i .
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(3) Understanding of LIGHT conditions
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Figure 3: Airy function for different reflection coefficients R
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(3) Understanding of LIGHT conditions
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