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Basic of Photonic devices (Tanabe)

(1) INTRODUCTION (3) Understanding of LIGHT
What is LIGHT? for device fabrication
Application of light 1o our life wavelength/frequency

Relation between light and materials [inewid+h
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Condensing(space)
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Amplification
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(4) Photonic Technology
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momentum conservation law
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energy conservation law
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h: Planck constant

v: Frequency

®: angular frequency

c: light speed (3 X 108m/s)
A: wavelength
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FIG., 1. A direct reproduction of the first plate in which there was an indication of second harmonic. The
wavelength scale is in units of 100 A. The arrow at 3472 A indicates the small but dense image produced by the
second harmonic. The image of the primary beam at 6943 A is very large due to halation,



(2) Handling of LIGHT

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



(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.
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(2) Handling of LIGHT

Propagation :absorption
in air, liquid and solid
:reflection, refraction, diffraction, absorption and scattering
waveguide
optical fiber
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(2) Handling of LIGHT

Propagation :absorption
in air, liquid and solid
:reflection, refraction, diffraction, absorption and scattering
waveguide
optical fiber
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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
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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
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(2) Handling of LIGHT

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

Detecting
photoelectric effect
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(3) Understanding of LIGHT conditions

wavelength/ frequency
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beam mode

polarization

power density :beam diameter

Michelsointerferometer

fixed mirror

r

- >

152 (3]

v / X translating
source L :

i mirror
beamsplitter  |4——1,2— |
Vv
detector

http://hank.uoregon.edu

Diffraction
Grating

Refraction through a prism

>

White

Light White light _

physics.louisville.edu

flinnsci.com

Fabry-Perot interferometer

physik.uni-siegen.de

1(¢/2) B
L A=0
[_
0.5 R=0,4
R=0.6
R=0,9
0 T o2

Figure 3: Airy function for different reflection coefficients R

19



(3) Understanding of LIGHT conditions

wavelength/frequency .
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CCD/CMOS "
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