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ISSUES TO ADDRESS...

® What happens when light shines on a material?
® Why do materials have characteristic colors?
® Why are some materials transparent and other not?

® Optical applications:
-luminescence
-photoconductivity
-solar cell
-optical communications fibers
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> msLLmqaﬁuamumaﬂMﬂw (Electromagnetic Radiation)

Ficure 21.1  An €
electromagnetic wave A
showing electric field €

and magnetic field H u )
components, and the
wavelength A.

Position



Spectrum of Electromagnetic

Ficure 21.2 The
spectrum of
electromagnetic
radiation, including
wavelength ranges for
the various colors in the
visible spectrum.
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Spectrum of Electromagnetic

Wavelength
(In meters)

Size of a
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Common
name of wave
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THE ELECTROMAGNETIC SPECTRUM
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Jight Interactions with Solids
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1u59l4@ (Transparent)
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Examples of Transparent Materials
m Clear glass

m Clean water

m Clear plastic
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Examples of Translucent Materials

mFrosted glass

mThin fabrics

mThin paper
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Iuuas (Opaque)
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Examples of Opaque Materials
®m  Thick paper
®m  Aluminum Foil
= Brick

® Wood
n Metal

m Stones
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 Absorption of photons by electron transition:

E= 5. &
s Empty il
T (AE states T (AE
& | |_____= —:: ______ e Fermi & | l_____ Y- Fermi
o O energy o o-Uz, energy
o N\ L G 7
& -0
Y O ) o 4 )
L o Filled 4 %%7
N — - “©,
N . states 9 i
» o “Photon
Photon -4 3 emitted
absorbed O O
O O
O- O-
(a) (b)

Ficure 21.4  (a) Schematic representation of the mechanism of photon
absorption for metallic materials in which an electron is excited into a higher-
energy unoccupied state. The change in energy of the electron AE is equal to the
energy of the photon. () Reemission of a photon of light by the direct transition
of an electron from a high to a low energy state.

 Metals have a fine succession of energy states.
 Near-surface electrons absorb visible light.
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e Electron transition emits a photon.

IR

re-emitted
photon from
material
surface

4+ Energy of electron

unfilled states
“conducting” electron

AE

filled states

P1EE9090 00

e Reflectivity = IR/lo is between 0.90 and 0.95.

* Reflected light is same frequency as incident.

 Metals appear reflective

13



Energy

Photon
absorbed

/

s AE

¢¢¢¢¢¢¢¢¢¢¢¢¢$$\1—I+I+H—H4+I ||

\

Empty
states

Fermi
energy

Filled
states

N—

(a

(

Energy

>AE

PPPPPPPPPPPPPY

b

=~
=2

Fermi
energy

Photon
emitted

Ficure 21,4 (a) Schematic representation of the mechanism of photon
absorption for metallic materials in which an electron is excited into a higher-
energy unoccupied state. The change in energy of the electron AE is equal to the
energy of the photon. (b) Reemission of a photon of light by the direct transition
of an electron from a high to a low energy state.
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Incident beam

Iy

Reflected beam

Ip = IoR

Transmitted beam
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Ficune 21,7 The transmission of light
through a transparent medium for which
there is reflection at front and back faces, as
well as absorption within the medium.
(Adapted from R. M. Rose, L. A. Shepard,
and J. Wulff, The Structure and Properties of
Materials, Vol. 4, Electronic Properties.
Copyright © 1966 by John Wiley & Sons, New

York. Reprinted by permission of John Wiley
& Sons, Inc.)

R : Reflectance = I/1,,
B : absorption coefficient
1 : Specimen of thickness
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Fraction of radiant energy
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Ficone 21,8 The variation with wavelength
of the fractions of incident light transmitted,
absorbed, and reflected through a green glass.
(From W. D. Kingery, H. K. Bowen, and D. R.
Uhlmann, Introduction to Ceramics, 2nd
edition. Copyright © 1976 by John Wiley &
Sons, New York. Reprinted by permission of
John Wiley & Sons, Inc.)

3.0
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Color

e Color determined by sum of frequencies of

--transmltted Ilght

Ficene 21,9 Transmission of light radiation as a
function of wavelength for sapphire (single-crystal
aluminum oxide) and ruby (aluminum oxide
containing some chromium oxide). The sapphire
appears colorless, while the ruby has a red tint due
to selective absorption over specific wavelength
ranges. (Adapted from “The Optical Properties of
Materials,” by A. Javan. Copyright © 1967 by
Scientific American, Inc. All rights reserved.)
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* P ro C e S S : AEnergyof electron
AEnergyof electron
—— unfilled stateg
z unfilled stateg —e—
incident - H‘E
radiation E P em itted e filled states
— light —
electron re-emission
OCCurs

transition occurs

 Ex: fluorescent lamps
glass

coating

doped
w/Europium
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http://upload.wikimedia.org/wikipedia/commons/5/5b/Leuchtstofflampen-chtaube050409.jpg
http://upload.wikimedia.org/wikipedia/commons/8/8e/Germicidal_UV_discharge_tube_glow.jpg

Luminescence from CdSe nanocrystals
doped into a sol-gel matrix
green — 2nm CdSe nanocrystals

red —>» 8nm CdSe nanocrystals

Fluorescence

Phosphorescence
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* p-n junction: e Operation:
--incident photon produces hole-elec. pair.
P-doped Si --typically 0.5V potential.
conductance --current increases wl/light intensity.
electron \ o0 creation of
:Q H hole-electron
light pairg
- 00
type S
n-type Si ¢ p-n'}ur):gfior: o«
- tvoe Si
p-n junction prype st ¢ oo
p-type Si .
% e Solar powered weather station:
hole\

0
SiHB kSi

o0

S —
B-doped Si polycrystalline Si

Los Alamos High School weather

station (photo courtesy
P.M. Anderson)
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Stand-Alone System Grid Connected System

e
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img e e Computer
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y
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http://www.nsthai.com/Solar_Heater.htm
http://www.nsthai.com/street.htm
http://www.nsthai.com/garden.htm
http://www.nsthai.com/trafficlight.htm

APPLICATION: FIBER OPTICS
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« Design with stepped index of refraction (n):

Input Output
impulse impulse
Cladding S

Ol DU A O N O N

3 2 = = 2

8 B @

© [~ - -~ - — c

© [} = [

@ € i i = /\

e e A
Index of
refraction Time —> Time —>
(@) (b) (c) (d) (e)
Ficune 21,19 Step-index optical fiber design. (a) Fiber cross section. (b) Fiber

radial index of refraction profile. (¢) Input light pulse. (d) Internal reflection of
light rays. (e) Output light pulse. (Adapted from S. R. Nagel, /[EEE
Communications Magazine, Vol. 25, No. 4, p. 34, 1987.)

« Design with parabolic index of refraction

Input Output
impulse impulse y
re
Cladding s T T - Buffer
2 T R Coating
Q 3 /f S // ‘3\
a ﬁ 7 Z 02001 How Stuff Works
— i=
_______________ e —
Index of
refraction Time —~ Time —>
(@) (b) (c) (d) (e)

Frcvre 21,20 Graded-index optical fiber design. (a) Fiber cross section.

(b) Fiber radial index of refraction profile. (¢) Input light pulse. (d) Internal
reflection of a light ray. (¢) Output light pulse. (Adapted from S. R. Nagel, I[EEE
Communications Magazine, Vol. 25, No. 4, p. 34, 1987.)

 Parabolic = less broadening = improvement!

22



23


http://en.wikipedia.org/wiki/File:Fiber_optic_illuminated.jpg
http://upload.wikimedia.org/wikipedia/commons/4/49/Fibreoptic.jpg

SUMIMIATRY

* When light (radiation) shines on a material, it may be: reflected, absorbed
and/or transmitted.

» Optical classification:transparent, translucent, opaque
fine succession of energy states causes absorption and reflection.

color is determined by light wavelengths that are transmitted or re-emitted from
electron transitions.

color may be changed by adding impurities which change the band gap
magnitude (e.g., Ruby)

* Refraction: speed of transmitted light varies among materials.
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