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Twisted Nematic Liquid Crystal
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Figure 6.5-2 Molecular orientations of the twisted nematic liquid crystal.

* Nematic Liquid Crystals on w hich a twist 1s 1111p0$ed by external
forces such as Bounr:hn conditions

— Thin layer of LC between two glass plates polished in perpendicular
directions

Electro-optic Response of TN-LC Cell

Relative
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e Gray scale
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Liquid Crystal Cell

J\‘rm V=0
(a) Voltage On (b) Voltage Off Yeh & Gu

LC materal fills space between electrodes
Thickness kept uniform using glass fibers or plastic balls

— A few microns
Without any external field, ordermg of LC determined by
anisotropic boundary conditions
Electrical anisotropy allows control of ordering and orientation
of molecules by external field

— Rod-like molecules aligned parallel to E-field to minimize
electrostatic energy

Liquid Crystal Cell
A

s
A A

v
Vi) V=0
(a) Voltage On (b) Voltage Off

Yeh & Gn

As a result of the ordering of molecule (nematic phase) LC
exhibits a strong optical birefringence

Two modes of optical propagation with unique pahse velocities
= [Relative phase retardation

Sandwiching the LC cell between a pair of cross polarizers leds
to mtensity modulation by applied voltage

— Diuelectric anisotropy

— Optical birefringence
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«Alignment
‘Polarized light

Properties of Liquid Crystals

LC 1s state of matter

mtermediate between solid and

amorphous liquid

— Liquid with ordered

arrangement of molecules
Molecules with orientation
order (like crystals) but lack
positional order (like hiquids)

Organic substances with

anisotropic molecules that are

highly enlongated or flat

MBBA

CCH-501
Ordering leads to anisotropy of =

— Mechanical properties

— Electrical properties

— Magnetic properties

— Optical properties

Nematic Range (“C)

96-219

1181355

Yeh & Gu
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Brewster's angle
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« Jones Vectors

« Stokes Vectors

* Poincare Sphere

« Adiabadic Waveguiding
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Malus’s Law

#& &3 /i Polaroid type polarizer % 2 >
EAREEEF T AR :

E;=E, cos 0

I;/1,=cos? 6

]

! : &

Materials Fesearch Laboratonies

B im AR E T

Angle of
plane-polarized
beam
(45° to optic axis)

Anisatropic
i " crystal
Optic axis ™~
—

Emerging beams
.!; wavelength
out of phdse
components i - /
of plane-polarized - ~
beam

Ordi ﬁa-l"f
ray

Two dimensional representation
of interference /
vector Interference
pattern in
(4] three dimensions




Path length 1)\
Phase difference 0°

[/

Path length 2—1
Phase difference *1385°

1@
L

Path length Ak
Phase difference 270° -

{r CARH S B L

L1 S

oF

et
*fhwt

WO R 2 B/ &
fmi Ot B2 B9 B 0 Zh fie



B[y

Materials Ressawh Laboratories

LCD# {6 St Bt 2 43 2 5

itute

JE % K B R AU

(B PmBEAT RAHE)
kB BB AE

( & 599.5%4 k)

5 i A
(1B A HEM)

3F 35 2 M

( &85 AR E1000/ 6584 E )
o K4 T Am 2h BE

(&) ~ LR E......)

(=
]

itute

BLA 1k b IR 58 $A
(R4 R Z M E %)

Matenials Feasarch Laboatories

ER R
G AR
RN
R e P oY




B[y

Materials Ressawh Laboratories

e OB 8 T ik

W1H Z &tk TR SR SRS A e B 7
Fm RAVE T IER RN AR

BT E T ARXBAAEA FE Z AT

W AE CMH BAEITE M R XTI

sInvented by E.H. Land in 1928
spolarisability~100%o, transmittance~40%
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TAC Layer
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" PVA Element
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@Optical Characteristics of Dyestuff Grade

Optical property
Transmittance (%)| Poloizability {%)

SF-1812AP
SF-18X2AP

SF grade SF-1822AP

SF-18Y2AP
SF-1832AP
ST-1812AP

| sT-18x2AP
ST grade ST-1822AP
ST-18Y2AP

ST-1832AP
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F General purpose lodine TAC 44 6 957
FW Whitening type lodine TAC 445 976
G clighpalansg lodine TAC 415 99.97
efficiency type
Whitening type and
EGW high polarizing lodine TAC 440 996
efficiency type
jgg | Mon tansmitanceand | o TAC 432 99.95
high polarizing type
Super transmittance
SEG and high polarizing lodine TAC 44 1 99.95
efficiency type
TEG Thinner type lodine TAC 44 1 99.95
: " lodine TAC-Acrylic
Q Medium durability type resin (dual layer) 390 995
!! . - TAC-Acrylic
J QE High durability type Dye resin (dual layer) 409 8856

E =

Materials Basearch Laboratories

(1)

Stretch Axis

Birefringent

Polymer 1
.

2

n,

Birefringent
b) Polymer 2




B[y

Materials Ressawh Laboratories

LIS K

Canada
balsam layer
'.r‘

8 / Optic axis

Unpolarized [ Extraordinary
beam % PR beam

Nicol

 Calcite
Quartz
Ice

Glan-Thomson



R ST B LR
AN

w6 & A
ﬁﬂiﬂﬁiﬁiﬁ [?lﬁ

fmi Ot B2 B B 0 Zh fie

e B 2 W

1. PVARTELL B iR Al B RAYE

(a0 iEEE T ~ Zufh Traditional Polarizer

2 fERL i s R (R IEE 4 _— . —
BB i
3 SRR R 8 R HI DA TACTRRLE & 185-350 ym

A FERTRNEZIRE ~ PR
SN EEEMTARDESERB K B PR -
5 E#5550.185-0.35mm

e

—m .




B[y

Materials Ressawh Laboratories

6 B o 7 2

Structure
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Optiva TCF
Adhesive
Release Liner
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G-Solver

Extinction ratio of the metal Extinction ratio of the metal
nano-grating polarizer as a function of nano-grating polarizer as a function of
wavelength for different grating pitch. wavelength for different grating pitch.
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150 N1Z0000 T00em WD 194mm
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Materials Research Labortories

nght Efficiency in LCDs
0.60x0.40 x0.70 x0.30 = 0.05

. o4

TO Coated Glass
Color Filter (30%)

Light Efficiency

Front Polarizer

Active Matrix (0.7 %)
Rear Polarizer (40%)

Light Guiding Plate
(60%)

sEaa(1)
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Brightness
Enhanced

Materials Bessawrh Laborat ories

50%
absorbed

JI | Absorbing Polarizer (b) Reflecting Polarizer
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—With DBEF
—Without DBEF

Relative brightness [-]
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Cholesteric LC Brightness Enhancing Film
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linearly

polarized light
reflector light QWF
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Viewing Angle Compensation Film

Retardation Differences C - Plate Compensation

In Viewing Angles

Liquid crystal
molecule T o Biaxially
_'__L Stretched
n, |6 Polymer
[ Film
(C-Plate)

Liquid crystal §
molecule
LC Cell
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Viewing angle Viewing angle
(vertical) (horizontal)
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Structure of the Wide View Film

Compensation
Film
Compensation
Film

TN-LC Cell Alignment

Layer

Substrate
(TAC)

Compensation
Film
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Viewing Angle Improvement with the Wide View Film
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o B R¥#HF o » XFkF5 % Chiral Nematic -
o fFiiE(Pitch): & e K N K& HL7T B, L6904 k48
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reflection) -

What is Cholesteric Liquid Crystal?

> Cholesteric liquid crystal
has rod-like molecules in
planar structure that are
spiral arranged.

» This chiral structure has a
periodicity P,, which is
known as the pitch length.




Why Cholesteric Liquid Crystal?

Bragg reflection.

For left-hand cholesteric liquid

crystal,

v’ only left-hand circularly polarized
(LCP) incident light 1s strongly
reflected

v’ the central reflected wavelength
according to Maxwell theory 1s at

Ao =nP,cos6,
v’ the reflected bandwidth 1s
e Ak =An - P
Wavelength (nm) 7 the other 1s transmitted without
significant reflection.

Reflectance
(=] = = (=]
ko L] Y n

=
-

However, only 20-30 nm 1s effectively reflected in natural state.

T R4 LCDA B & K

White State (E--) Black State (E,,)

///!/ e 4 /J//

Quarter
Wave
. Plate

LC Cell

Reflective Electrode (Aluminum)
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Anti—Glare Film

. How does it work? Surface structure of AG Film
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100nm
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Anti—Glare Film

How does it work? Surface structure of AG Film

100nm
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