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OVERVIEW

Electrical and optical properties of materials (6h)

Polarizability of dielectric materials
Light propagation
Refraction of light
Conductors and semiconductors

ioid ol Light propagation in anisotropic media
Polarized light

Spontaneous emission
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GENERAL DIELECTRIC BEHAVIOR

different resonance/relaxation processes

sum of all polarizabilities per unit volume:

rotation pol lonic pol
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ANISOTROPIC POLARIZABILITY

Anisotropic polarizability in a crystalline structure

E
- W - superposition
ST high polarizability | = 57 -
LiquidCr‘ysfc:s - - - > - -~ -
m nisotropic crystal - > -
‘ 2 3 d E p not parallel
- - = with £

low polarizability
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THE INDEX ELLIPSOID

propagation direction

iIndex §
ellipsoid

ca‘—ﬁjns E)

D:Doei( ‘

Conclusion:

to find the wave solutions with k along s:
 use the index ellipsoid

* intersect with a plane perpendicular to s
» the result is an ellipse

* the principle axes of the ellipse give the eigenmodes for D
 the lengths of the intersections give the refractive indices
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PROPERTIES OF EIGENMODES

Liquid Crystals
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E is normally not parallel to D
E is normally not perpendicular to k

D
E
Lk
H
vector of pointing S
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OPTICAL CLASSIFICATION OF ANISOTROPIC MEDIA
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Three optical classes

z=
Biaxial crystals:  m #n, #Zn,
2 optical axes n <n, <n

z=
Uniaxial crystals: n =n,=n,
1 optical axis n, =n,

z=

Isotropic materials:
all directions optical axes

n=n,=n,=n
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LIGHT PROPAGATION ALONG THE PRINGIPLE AXES
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two plane waves
with n, and n,
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two plane waves

with n, and nj,
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By rotation (coordinate transformation) this can be reduced to:
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two plane waves
with n, and nj
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LIGHT PROPAGATION IN UNIAXIAL CRYSTALS

. . nn 0 0
dielectric constant _ )
E=&| 0 n O
2 2 2 0O 0 n’
index ellipsoid X X" L £y :
nO ne

rotational symmetry around the z-axis
we can assume that the k vector is in the yz plane

Liquid Crystals

® A wave vector makes an angle 8 with the z-axis
and Photonics z
~k =0
w .
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LIGHT PROPAGATION IN UNIAXIAL CRYSTALS
Index ellipsoid:  x2.y2 72

+ 1 :ﬁ) 1
2 2 k ; n(s1n9ey+cos9ez)
plane perpendicular to the k-vector
intersection with index ellipsoid is an ellipse % 4 c-axis
. ne =
two eigenmodes:
: . 0
- ordinary mode: D, along x with n,
iquid Crystals - - I . 2 A
Lguid oyl extra-ordinary mode: njj OF Ny K.
and Photonics De In the yZ plan65 S eUD
- B o
X =0 n,
(2)2 2 (2)2 2.2
I n czos 9+n 821n 9:1 X
@) n, n,
i _Z =n~sind
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POLARIZED LIGHT

Linearly polarized light along x (LP)

field amplitude

E(z,1) = E(z,0)1, = E,T,Re| ¢“™)

=E, 1 cos (wt - kz)

k: wave vector w: pulsation

w 2 277
Liquid Crystals k=—n=— n, w= 27Tf =—
° c A T
S
X
and Photonics E 0
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x and y component
of the field
in a matrix

B
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POLARIZED LIGHT

Light can have different polarization states

- linear polarization (LP: HLP, VLP or angle a)
- circular polarization (RHCP or LHCP)

- elliptical polarization

- unpolarized light (UNP)

i LINEAR POLARZIATION (X) RHCP
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POLARIZATION STATES OF LIGHT

right-nanded circularly polarized light (propagation along z)

E=Re| (e, +ie, )™ ] m

l

X

A\ Z =0
m variation of E with position: ; \

Liquid Crystals

right handed helix Z
variation of E with time
(clockwise when seen

T from the destination)

wikipedia
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POLARIZED LIGHT different conventions

can be found in
literature!

clockwise in time

right handed helix
in space

RH CP ( E, j
— lE,
N counter-clockwise
Liquid Cr‘ysfc:s in ‘t|me
left handed helix
and Photonics |n Space
LH CP
[ EO )
- X \ _ZEO
J
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POLARIZED LIGHT

Polarized light in general: elliptical

i —kz+¢x) [ i 7]
_ (E, Exo(m E e™ | .
: :[ j “Rel (ar-teg) |~ Re D €
Ey Ey,Oe g
Jones vector
Liquid Crystals — ( ]x ] Ex Oei@
o J = = ’ i
and Photonics Jy Ey,()e ’
RH elliptical | @ =37/4
| clockwise @ =1
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POLARIZED LIGHT

E = Re[(]xex + Jyey)ei(”_kz)]

Polarisation Jones vector
1
Linearly polarised parallel to the x-axis 0
0]
Linearly polarised parallel to the y-axis |
Haud Crysn:s Linearly polarised making an angle O with cOs (a)
the x-axis sin (0’ )
and Photonics
1
Circularly polarised (right) %|: :|
I
Circularl larised (lef L :
— 1r 1 11 t -
T cularly polarised (left) 7|
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S TOKES PARAMETERS

Definition for light propagating along z

UNIVERSITY

S, =1
2 2
J | —|J
S, = xz yz
I+,
2 2
R A B At
2 2 2 2
I+,
. 2
G _1 J,—u,| —|J, i,
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Degree of polarization
we will use Sy=1

Polarized along x
(versus y)

Polarized along bisector xy
(versus bisector —xy)

RH circularly polarized
(versus LH circularly pol.)
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STOKES PARAMETERS

Stokes parameters

shown on the sphere of Poincaré
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WAVELENGTH RETARDATION PLATES

Uniaxial material, optic axis in the plane (A-plate)
positive anisotropy: n,>n, y -
E(::)L optical axis

k k
ol % 1, >
w

i(al——noz)
Liquid Crystals E(l) - E e € ¢ /

Py Ox~x

i i(al—ﬁ)n z} z=0 z27d
E®=E e e ° |
phase delay of E@): ¢,-¢,= ﬁ)(ne -n,)d
C
— optical path length difference: (n, —n,)d
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WAVELENGTH RETARDATION PLATES

Example: half-wave plate W N2
the wave E, is delayed by a phase m ?(”e ) ‘7(’% &
EOx on 3 1 0
E%y /’/// ,//// —L,, o -1
E(? 1) /\ it Kk
Liquid Crystals K > -, _ & >
AA. _. l\, 3 periods
e 3.5 periods
E(?-)
—i—n,d
e ¢ 0
J = 3
@ 0 e_i?"e (0 e ol J 0 _1
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WAVELENGTH RETARDATION PLATES

z=0: linearly polarized at 45°
phase delay it

<o 5,

quarter wave plate
E, phase delay 12
left circular polarization

<o 3]
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LIGHT IN ANISOTROPIC MATERIALS

. . . K|z
propagation along the z-axis (distance d) 0
two polarizations with different speed E,
Yy
1 E
rdinary m E. : n=n Ny = X
ordina y _ ode y O 7 cos’@ sin’ @
extra-ordinary mode E, : n=ny; R
[ 2mmn,d ]
—1 2mn, . +n,|d —i
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) — . - . .
M E}’,out _i2”n0d Ey,in 0 elr ” Ey,in
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REFRACTION

wavelengths in two media

distance between two wave fronts

along the surface should be equal
A A

Liquid Crystals . - .
o nsing n,siné,

|
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|
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nsing =n,sing, Law of Snellius ‘Z y

—mn sinf =—n,sind, ———  k;sinf =k,sin6, k
c c
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DOUBLE REFRACTION i i

ler: il o vling
-

Light incident from an isotropic medium g
into an anisotropic medium PR
R _77’0
k-vector represents periodicity of a wave 1 ¢
‘ ko QQ 1
Tangential component k; RN >
477 of k-vectors should be the same .\ (2)1 A
and Photonics ‘*:%‘ ’ Iff]/:,/
two solutions: bi-refringence
double refraction
— no sin By = n sin 8, = n(?) sin 65
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DICHROISM

Linear dichroism

anisotropic absorption

(m,+in") 0 0
£ = 0 (n2 '+1n, ")2 0
0 0 (ny'+in,")’
Liquid Crystals
[ ]
T linear polarizer: y polarization is absorbed, x-pol is transmitted
nl 12 O O
£=| 0 (n2 '+1n, ")2 0
0 0 n,"”
i
GHENT

UNIVERSITY Kristiaan Neyts 25



DICHROISM
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Polaroid polarizer
oriented absorbing polymer molecules

* DANN.
v 2VAVAY

Wire grid polarizer
parallel metal wires absorb the E-field component parallel
to the wires
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LIGHT EMITTING MATERIALS

excitation by absorption of a photon: mainly one polarization is absorbed

V4
[

1]

emission from a dipole transition, mainly one polarization

probability ~ electrical dipole antenna radiation (linear pol)
dipole may have different orientations
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LIGHT EMITTING MATERIALS

Oscillating elementary dipole antenna p

Linearly
polarized light

Linearly
polarized light

only p polarization (// plane of dipole and k, =TM)
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DEPOLARIZATION FIELD IN A PARTICLE

Particle with €, > €, in a homogeneous electric field
o _ field lines D=g/ E+P

particle is polarized

charges generate depolarization field

lower field E, inside the particle

_pE
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LIGHT EMITTING MATERIALS

TEM: CdSe/CdS nanorods (2 semiconductors)
field is reduced along x and vy,

not along the z-axis anisotropic absorption
by CdS
fe)
4.8nm } ®4$ 2.3nm Cds

v
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) 51 nm
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yellow-green emission from CdSe
— linearly polarized
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LIGHT EMITTING MATERIALS

a) 3.0

CdSe dot 5x10°F
absorption

2.5F

2.0r

normalized absorbance

575 nm

tar 500 520 540 560 580 600

QD shifted

normalized absorbance
intensity (a.u.)

CdS rod 3 band gap
>’ absorption I CdSe dot
_ emission

500 520 540 560 580 600 620 640
wavelength (nm)

; . . . : N :
300 350 400 450 500 550 600 650
wavelength (nm)

Liquid Crystals

° absorption

Emission spectrum
and Photonics S peCtru m

excitation by 365 nm
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