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Nov. 16： Photonic Device-Basic
Nov. 23： -Application

Nov.30 Examination 



Quiz  -Photonic Device-

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

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

3. What materials are used in the device?
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(1) INTRODUCTION

What is LIGHT?
Application of light to our life
Relation between light and materials

(2) Handling of LIGHT

Generation
Propagation  :absorption 
Condensing(space)
Condensing(time)/modulating
Amplification
Selecting
Detecting

(3) Understanding of LIGHT
for device fabrication  

wavelength/frequency
linewidth
pulse duration
beam mode
polarization
power density

(4) Photonic Technology

(5) Applications

Basic of Photonic devices (Tanabe)
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(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

wikipedia.org 4
below 280 nm
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(1) INTRODUCTION
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Application of light(photonic device) to our life

lighting
photographing
energy production
communication
non-destructive inspection
medical diagnosis/treatment

mitsubishielectric.co.jp

oneslidephotography.com

digitaljournal.com

nonin.com
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Evaluation for insulator 
covered metal surface

defects in the construction

deformed Polyethylene

water diffusion
to cracks in the concrete

Concrete

（10mm thickness)

THz
image

non oxide surface:
Large

oxide surface:
Small insulators

THz transperence：high

Cu cable for Electric power 
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THz Applications： non-destructive inspection

Terahertz＝Safety＋non-destructive
non-destructive：non-ionized、high-transparency
safety：applicable to practical fields
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＠1.7THz:
酸化物による反射率減少

＠2.3THz:
酸化物による反射率変化なし
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Application of light(photonic device) to our life

lighting: Lamp, LED
photographing: CCD, CMOS
energy production: Solar Cell
communication: LD, PIN-Diode
non-destructive inspection: Infrared-THZ
medical diagnosis/treatment: LED/Laser

kaden.watch.impress.co.jp

oneslidephotography.com

LED

photonicsonline.com

CCD CMOS

PIN‐Diode
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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, CO2

9led.or.jp
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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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表面技術 61 (2010)
板東 完治

鍋谷暢一先生の資料
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spectral luminous efficiency



R＋G＋B＝1（100％）

dic‐color

my‐craft.jp



(2) Handling of LIGHT

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

difference-frequency generation (DFG)
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Low Power： Linear

High Power: nonlinear
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nonlinear 
electronic 
polarization
P + S
P - S

・
・
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DFG
incident beams

（near‐IR）

P
S

nonlinear 
optical effect

difference‐
frequency
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（THz vibrations）
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phonon‐polariton
(in GaP crystals）

EM‐wave emission

THz=P - S

Interaction
with TO-phonon

Propagation
from GaP

THz-wave 
radiation
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phase matched
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THz-wave generation
nonlinear phase-matching condition

small angle phase matching

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

small angle tuning of two incident 
beams enables to generate tunable 
THz-wave
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Claudio Attaccalite, CNRS researcher at Neel Institute Grenoble 16

(2) Handling of LIGHT

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

nb.uw.edu



Quantitative Evaluation of Collagen Fiber Structure in Human 
Dermis Based on Two‐Dimensional Auto‐Correlation Analysis of 
SHG (Second Harmonic Generation) Image

Transactions of Japanese Society for Medical and Biological Engineering 
Vol. 55 (2017) No. 2 p. 91‐96
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(2) Handling of LIGHT

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



(2) Handling of LIGHT

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

waveguide
optical fiber
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T : Transmittance
X1, x2 : Thickness

100%

R%

T%（measurement）100‐R

T%=(100‐R) e‐α･x
X
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Absorption

physics.louisville.edu

flinnsci.com

Diffraction
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(2) Handling of LIGHT

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

waveguide
optical fiber

panasonic.com

Anti-Reflection coating

No coating AR coating

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

ccs‐inc.co.jp

iLectureonline

Nature Protocols 11, 664–687 (2016) 


