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

Nov.30 Examination 



(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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(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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300 30 33000

ω3=50THz(60m)

ω2=232THz(1.3m)

ω1=282THz(1.064m)
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laser

Low Power： Linear

High Power: nonlinear

P=0(1)E+0(2)E2+0(3)E3+･･･
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(2) Handling of LIGHT

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

ω3=50THz(6m)

ω2=232THz(1.3m)

ω1=282THz(1.064m)
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laser

Low Power： Linear

High Power: nonlinear

P=0(1)E+0(2)E2+0(3)E3+･･･
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difference-frequency generation (DFG)

DFG  ω3=50THz(6m)
SFG  ω3=514THz(0.584m)

SHG1  ω3=564THz(0.532m)
SHG2  ω3=464THz(0.647m)

THG:846THz(0.354m)

FHG:1128THz(0.266m)

SHG@1961
Michigan Univ.  P.A. Franken、A.E. Hill、C.W. Peters, G. Weinreich



energy conservation law momentum conservation law

ωp= ωs+ ωi
kp= ks+ ki K=2πn/ 

h: Planck constant
Frequency
angular frequency
c:  light speed (3×108m/s)
wavelength

1/p= 1/s+ 1/i
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Claudio Attaccalite, CNRS researcher at Neel Institute Grenoble 6

(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

ߙ ൌ െ
ln	ሺ ଵܶ

ଶܶ
ሻ

ଵݔ െ ଶݔ

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) 

SUNSET white clouds



(2) Handling of LIGHT

Condensing(space)
index lens
parabolic mirror

Spherical Lens Aspherical Lens

panasonic.com

Scientific Background
Nobel Prize in Physics 2009

Standardní optická vlákna 11



panasonic.com
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Focusing length

(2) Handling of LIGHT

Condensing(space)
index lens
parabolic mirror



Optics Express Vol. 12, Issue 17, pp. 3934‐3939 (2004) 
edmundoptics.jp 13

(2) Handling of LIGHT

Condensing(space)
index lens
parabolic mirror

Photonic Crystal



(2) Handling of LIGHT

Condensing(time)/modulating
shutter
mode lock
Q-switching

thorlabs.com

rp‐photonics.com

daenotes.com

thinksrs.com

ps～fs

wikipedia.org

ns

peopletoday24.com

ms
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坪井淳子
©日本科学未来館
NATIONAL MUSEUM OF EMERGING SCIENCE AND INNOVATION

investigation of fundamental chemical reactions, using 
ultra‐short laser flashes, on the time scale on which the 
reactions actually occur.

Nobel Prize in Chemistry 1999
Ahmed Zewail

(2) Handling of LIGHT

Condensing(time)/modulating
shutter
mode lock
Q-switching

panasonic.com
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at(10‐18) second

Until now
Behavior of molecules

Behavior of electrons
Time resolution: 1018sec 



Fabry–Perot interferometer

http://hank.uoregon.edu

physik.uni‐siegen.de
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www.fiberlabs.co.jp

(2) Handling of LIGHT

Amplification
stimulated emission in fiber
Raman effect

Selecting
filter
grating
interference
Raman effect

Filter

flinnsci.com

Michelsointerferometer

physics.tutorvista.com



Signal Light (output)Signal Light (input)

Pump Light

GaP-AlGaP Raman 
Amplifier

Detector

・・・ ・・・

123

S1 S2 S3 S4 S5

2 80 ps

- high-frequency response
- high gain
- narrow-frequency selection
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pump

signal amplified

12.12 THz

・ Stimulated Raman Amplifier 

 

LO phonon

GaP

12.12 THz

clad

AR coating
Reflection

pump

signal

core
amplified

GaP
AlGaP

(2) Handling of LIGHT

Amplification
stimulated emission in fiber
Raman effect

Selecting
filter
grating
interference
Raman effect
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physics.tutorvista.com

(2) Handling of LIGHT

Detecting
photoelectric effect
energy gap in semiconductor
bolometer/pyroelectric effect

optotherm.com

photoelectric effect

energy gap in semiconductor

bolometer/pyroelectric effect

physicsopenlab.org
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4K Si



(3) Understanding of LIGHT conditions  

wavelength/frequency
linewidth
pulse duration :propagation distance
beam mode
polarization
power density :beam diameter

physics.louisville.edu

flinnsci.com

Fabry–Perot interferometer

http://hank.uoregon.edu

physik.uni‐siegen.de
Michelsointerferometer
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(3) Understanding of LIGHT conditions  

wavelength/frequency
linewidth
pulse duration
beam mode
polarization
power density :beam diameter

keyence.co.jp 20狩野覚先生資料より

omron.co.jp

apioptics.com

single mode multi mode

peak power

average power
time

time

jp.laserto.com
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CCD/CMOS

Charge Coupled Device
Complementary Metal Oxide Semiconductor

panasonic.com

Micro Lens

Color Filter 

PIN diode

Unit Cell

sonyalpharumors.com



sonyalpharumors.com
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