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LCD win the market, history and trend
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LCD Generation Migration
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LCD Generation Migration
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 As T increases, order parameter decreases.
Crystal: S=1; LC: $~0.6-0.8, Isotropic: S=0.
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Methods of LC alignment
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TN LCD Demo

Voltmeter (\olts)




Transmissive TFT-LCD

Gate or row electrode - a-Si TFTs
Common electrode ™ S
Color filter - :
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Each pixel is independently driven by a TFT
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Outline

| v Telecomm as an example for photonic applications |

A E—— L L _—_d

v LC based VOA (variable optical attenuator)
v' LC based DWDM wavelength blocker
v LC based diffraction gratings

v LC based in-line polarizer and fiber-optic sensor

v LC for tunable THz applications

v LC for tunable optical vortex generation

v Other LC’s photonic applications
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Signal SNR degradation due to:
= Non flat spectral response of the EDFA
= Power dependancy of the response of the EDFA
= Wavelength Add & Drop

* Optical attenuation, switching and
equalization functions are critical for a DWDM network.

28



DWDM networks — components requirements

Components inserted into a network have to be:
L, Polarization Insensitive
% Weakly wavelength dependent
& Wide temperature range
& Storage: -40° Cto 85° C
% Operating: -5° Cto 70° C
& Easy to manufacture and low cost

& Easy scalable to various specifications (attenuation range,
response time, spectral resolution,...)

= Can Liquid crystal meet these requirements ?

29



LC, advantages

v' Advantages:

N o oA w N e

. Switchable Large Optical Birefringence An ~ 0.2 - 0.3.

High Transmission at Near-IR Wavelengths, (<0.2 dB loss).

. No Moving Parts - Long Lifetime.

Low Power Consumption.

. Proven Technology - by Flat-Panel Display Industry.

Switching Times from milli- to micro- seconds.

Suitable for multi-channel DWDM operation

30



Outline

v' Telecomm as an example for photonic applications

| v LC based VOA (variable optical attenuator) |

ES———  E— S N L _—_d

v' LC based DWDM wavelength blocker
v LC based diffraction gratings

v LC based in-line polarizer and fiber-optic sensor

v LC for tunable THz applications

v LC for tunable optical vortex generation

v Other LC’s photonic applications
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TN LC based VOA (Chorum, EZconn)

A2 A2
waveplate waveplate
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1x2 LC Switch

In Port

Fast response: Double-cell, PNLC, DFLC, Stressed LC, FLC

33



TN LC based VOA: Performances (Chorum, EZconn)

Low insertion l0ss,
highly athermal
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TN LC based VOA: Extensive Aging Test (Chorum)

0.5 B | | ‘ [ T ‘ T gl ‘ R | ‘ | el ‘ [ T

0.4 — -

o = :

= 7 |

> 50M cycles g 03 —— —3
a3 L -

(26000 hours) = — 4
@ 90C = o2 —
2 . =

GRS =

0.0 L1 ] | ‘ || ‘ L e [0 ‘ | I ‘ . | ‘ ol |

O 5000 10000 15000 20000 25000 3000C
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Merits: Reliable, low IL, low PDL, flat spectral response,

Drawback: slow response time.
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Speed improvement

Dual frequency addressing

Blue phase LC

Further improvement:

4-tdar-03 2241 13.5351Hz

Liang, Jpn. J. Appl. Phys., 44, 1292-1295 (2005)
Wu, Applied Optics 44, 4394-4397 (2005)

Lu, Appl. Phys. Lett., 85, 3354-3356 (2004)

Du, Appl. Phys. Lett., 85, 2181-2183 (2004)

Lu, Opt. Express, 12, 1221-1227 (2004)

Wu, Opt. Express, 12, 6377-6384 (2004)

1. Thinner cell (Reflective type) e
2. Overdrive and undershoot j it

3. Double-cell SR (1A
4. Smart electrode design N
5. Polymer network, stressed LC, etc. Epnuwcmwmmcmwf
. . T -
/.

8.

Better performance, low cost, arrayed or multi-channel operation.
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A compact ECB LC based VOA with low PDL (NJU)
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Voltage-dependent transmittance

Attenuation (dB)

LC Driving Voltage (V)
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Outline

v' Telecomm as an example for photonic applications

v LC based VOA (variable optical attenuator)

/ LC based DWDM wavelength blocker

— — — — e — — — — —r

v LC based diffraction gratings

v LC based in-line polarizer and fiber-optic sensor

v LC for tunable THz applications

v LC for tunable optical vortex generation

v Other LC’s photonic applications
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Wavelength blocker and RODAM (NJU)

v A-blocker is an engbling ‘network Electronics
element for dynamic optical with firmware
networks =
v Wavelength
Due to the analog nature of el
liquid crystals, the same device Input Output
can be used as channel-based
DGFF
Drop CH ADD CH
Through CH Q EAST ADD
orop ‘ {} EAST DROP ‘
. i \ DEMUX/ VMUX
VMUX OCM
DROP COUPLER
|:>b[# BLOCKER % Q
EAST THROUGH With shutter Through CH Through CH
ADD COUPLER ADD CH

[ A5 ATK

A Blocker based RODAM architecture 40



Design Proposal

Y

A

Slit Mirror Grating

Jun joJ3uod uoisiadsig

Multi-channel Ligquid LC Array
Crystal Modulator Array —p 01— —

BD1 BD2

Mirror

Huang, J. of Lightwave Tech. 28, 822 (2010)
41



Optical Design of a 40CH/100G Blocker
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Experimental setup of a 40CH A-Blocker (NJU)




Blocker: Prototype

a4



Spectral response

“AA2 Mar B 18:24

TPK :1932.525TH= —4.97dE =7 F:FI= ~BLE
vens . B:WRITE __/BLK
FEEs . B e

5. EdBfD RE=: 2AGHz SEMS:HIGH 1 ALIG: 1 SHPL.QUTD

BB i i i i i i i i

T SN N N 18 "?--- ---------- E ---------------------

.......... G O 0O ESU 1 0 AN 11 O 1 S
B il emm—— i) -Puuuuué ------------------------------------

e L | [ e
D I o e o B

ISR SEUNRUN I SURURRUNRRS SRR SRR SV SRR SN (ONLNURNRRROS SRR I

40 CH, 1OOGHZ |L<5 5dB, BW>‘|—20GHZ Att_ max>40dB PDL<0 5dB RL< 45 dB

-1 9-1 TEHTHE -1 93 SEETI 1— (.} AAdTRTI I .T A M P e et B

SHE AT 7L Huang J. of nghtwave Tech. 28, 822 (2010)

THT SRC SHFE .




Outline

v' Telecomm as an example for photonic applications
v LC based VOA (variable optical attenuator)
v' LC based DWDM wavelength blocker

— — — — — — — — — — — — —

| v LC based diffraction gratings

— — — — — — — — ——— —

v LC based in-line polarizer and fiber-optic sensor

v LC for tunable THz applications

v LC for tunable optical vortex generation

v Other LC’s photonic applications
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Fan et al. Appl. Phys. Lett. 100, 111105 (2012)

(Prof. Chigrinov’s group)

M. Bouvier and T. Scharf.
Opt. Eng. 39, 2129 (2000)

(Switzerland)
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Rubbing vs. Photoalignment for LC devices

Exciting light 5
Linear polarizer 9 4_‘__73
Photomask ’

!

a b

Piece of cloth

-

Rubbing roll
Polymer layer

Substrate =

Aligned layer olbetrate \y
Rubbing Photo-alignment
eParticles Non-contact method
eStatic charge eFine resolution
eMechanical damage eStructured/curved surface compatible

Nature Materials, News and Views, 12, 12 (2013) 48



SO,Na

O

SD1 for Photo-alignment

R
HO‘@*N:
(1), R=COOH

Sulphonic acid azo dye (SD1) (DIC)

UV-light

polarization direction

0

azo-dye molecule with
absorption oscillator

Diffusion model of SD1 reorientation

Linearly polarized

Azo dye monomers U\i if]iaiﬁ‘ation
/
S
[]\ /\, | —>

|/////|

Photo reorientation

y//

—
_—.———=—Liquid crystal
G
|/////|

The azo dye molecules would reorient to make their absorption
oscillators (chromophores) perpendicular to the polarization of
the UV light and further guide the LC directors.

Chigrinov et al. Liquid Crystals, 29, 1321-1327 (2002)
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Orthogonally homogeneous aligned (PA) gratingEy:

1 v y\\q

uv —

= — $ 4 43

/ o I W .
/ ,‘.- = Photo mask

-
? ;E - SD1 * LC filling
2 ITO

P— = X- Glass gg Il s2{[}{L.C Phase Grating

Procedure:

a) SD1 spincoating ;

b) Cell fabrication and then the cell is exposed under linearly polarized light
with long side parallel to polarization.

c) The same cell rotates 90° and is exposed again through a grating mask.

Hu et al. Appl. Phys. Lett., 100, 111116 (2012)
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1D or-PA LC gratings

100, -
< &0 o |
Q 18t =
2 60 @
V| 2
& 40 &
7)) 9
S | j=
= 20

O L 1 L
0 10 15

)
Applied Voltage V

38 diffraction orders could be distinguished
with naked eyes at ON state
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2D or-PA LC gratings

N
o

Transmittance %

N
o

G 15
Applied Votage V

A lower transmittance of 87% is attributed to more domain boundaries and stronger scattering.
The diffraction efficiency and optical contrast of 1st order is ~ 14% and over 140 respectively.

75.5% of total transmittance energy distributed to diffraction orders at on state.

25



Fabrication of TN/PA gratings

| | | 0 / //
Baking /ﬂ /’/
B —— S T sD1
- b  S— = ITO
A = _‘150__ o _,_______9(—__—* Glass
l t —_— e —JPolarizer

° l ° l ° l * 90
S
L ——_ Cell structure of the LC gratings
 —— with TN-PA micro arrays.

Fabrication d

Procedure:
a) Spin-coating of SD1 and then baking at 100°C for 10 min

b-c) Bottom and up substrates photoaligning under linearly polarized UV
light with orthogonal directions, and then cell fabricating
d) Photopatterning with a cell direction is 45° with respect to the
polarization of incident UV light.
Hu et al. Opt. Express 20, 5384-5391 (2012) E§



Scheme for TN/PA grating

Transmittance %

100

Tl

——TN

——PA

1 2 3 4 5
Applied Votage V

Both TN and PA are typical alignments,
but they exhibits different EO
properties including voltage-dependent
phase changes and transmittances.

Micro 90° TN and PA (45° to the
alignment direction of TN) regions are
assembled alternately to form gratings.
It works based on the combination of
phase and amplitude modulation.

Unique four-state feature of the cell is

obtained:

|.  Grating A (TN area is brighter than
PA area)

lI.  Uniformly bright state

lll. Grating B (PA area is brighter than
TN area).

V. Uniformly dark state

54



1D TN/PA LC gratings

' ' T R
< r e AT AN
R
AN
T R
I. Grating A (TN > PA) Il. Bright state  Ill. Grating B (TN<<PA) IV. Dark state
50 100F
80 ; !
= 40 © 80+
@© 1, = =5
o 60 e < W
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S 4 2
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f= -0 20 & E 40t
7 | -,
@ Q [
=20 100 mJ
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Another possible application: optical logic devices

BS  -45°P 0/180
LZB
N | >
Itage
ls > Vi Vi Vin Viy
M +45°P 0/180 LOB [nput
. . y | 0 TN 1 ] 0 0
Y. A. Zaghloul, "Complete all-optical processing polarization
based binary logic gates and optical processors," Opt. Express 0 PA 0 ] 1 0
14(21), 9879(2006)
0 TN ] ] 0 0
] PA ] 0 0 1
n . ] TN 0 0 | 1
) 0 PA | O 1 1 0
Z Z 1 TN | 0 | 0 1 1
] PA ] 0 0 1
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DFLC + HAN cell gratings
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Dual frequency LC + Hybrid alignment

——1kHz

2.0
1.5}

=
3

o
=

(‘n-e) Aysuayu|

Cell gap: ~5 um

DFLC (HEF951800-100, HCCH)

An=0.19 @ 632.8 nm

2.10 @ 1KHz

Ae=

S
&
.NW..W
2
- =
1e= ©
=
3
le &
T <
0.0

[ =]

N

I

X

(@)

(0 0]

S

O x

N n

I <

1

L

< &

X. W. Lin et al. Opt. Lett. 37, 3627 (2012) .4



2.0
20

L L o,
e e e e e e i e

—
(4]
] v
—
[4)]
T
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The switch ON/OFF time are measured to be 350 ys and 600 us
respectively, both of which have reached submillisecond scale.
Moreover, the grating is polarization independent for normally
iIncident light. And the measured extinction ratio of 1st diffraction
order is over 20dB.
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Fast switching FLC gratings
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a FLC grating cell with electrically suppressed helix electro-optical
mode with FLC pitch less than the LC cell gap.

A. K. Srivastava, W. Hu, V. G. Chigrinov, A. D. Kiselevand Y. Q. Lu
Appl. Phys. Lett., 101, 031112 (2012) ¢,



1D and 2D FLC gratings

FLC FD4004N (DIC) , tilt angle 6: 22.05°, Cell gap: 1.5 um, Grating period: 50 um
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Fast switching
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Arbitrary photo-patterning in LC alignments
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Outline

v' Telecomm as an example for photonic applications
v LC based VOA (variable optical attenuator)

v' LC based DWDM wavelength blocker

v LC based diffraction gratings

| v' LC based in-line polarizer and fiber-optic sensor

A E— I S E— L _—_d

v LC for tunable THz applications

v LC for tunable optical vortex generation

v Other LC’s photonic applications
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LC cladding microfiber as an in-line polarizer
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LC cladding microfiber as an inline VOA & polarizer
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J. Feng et. al., IEEE Photonics Journal, 2, 292-298 (2010)
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LC cladding fiber for pressure sensing
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Outline

v' Telecomm as an example for photonic applications
v LC based VOA (variable optical attenuator)

v' LC based DWDM wavelength blocker

v LC based diffraction gratings

v LC based in-line polarizer and fiber-optic sensor

| v LC for tunable THz applications
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v LC for tunable optical vortex generation

v Other LC’s photonic applications
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Challenges of tunable LC devices for THz apps.

® The commonly used conductive ITO layer is highly
absorptive in THz range.
(New transparent conductive electrodes in THz band)

® The dispersion of LC induces a comparatively low
birefringence.
(New highly birefringent LC mixture in THz band)

® Cell gap should be much larger than that in visible
region, large operation voltage, slow response and
poor pre-alignment.
(New cell structure, new LC alignment)
(e.g., Prof. CL Pan’s group: 570 um-thick cell, QWP
@ 1THz, - Opt. Lett. 31, 1112 (2006)).
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Self-developed large birefringence LC in THz range
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Collaborated with Prof. Xiao Liang in Tsinghua Univ.

Frequency-dependent birefringence An and refractive indices: real part n (a) and
imaginary part k (b) of a fluorinated phenyl-tolane based nematic mixture NJU-
LDn-4.

Wang, Opt. Mater. Express, 2, 1314 (2012)
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Large birefringence LC material in terahertz range
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New electrode material: Graphene
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Outline

v' Telecomm as an example for photonic applications
v LC based VOA (variable optical attenuator)

v' LC based DWDM wavelength blocker

v LC based diffraction gratings

v LC based in-line polarizer and fiber-optic sensor

v LC for tunable THz applications
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v LC for tunable optical vortex generation
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v Other LC’s photonic applications
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Optical vortex and orbital angular momentum

OAM: orbital angular momentum



Interesting applications of optical vortex beams
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LC fork grating with various alignments
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LC: E7 Cell gap: 4 um Scale bar: 100 um
B. Y. Wei et al., Advanced Materials 26, 1590-1595 (2014)

0-— _IJI._I_J_..i.._ R J_!
0 a6 172 258 344 430

77



EO tunable optical vortices (HAN cell )
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Liquid crystal Q-plate for tunable vortex generation

g-plate

Left circular polarization OAM = +2gh

2
L

Half wave plate for the operation wavelength

For a specific Q-plate pattern: a(r, @) = qp+ay

Ap(x,y) = +2a = +2qp+(+2a,) = m@+COSt.

Vortex phase with m=#2q
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Fabrication of Liquid crystal Q-plates
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Outline

v' Telecomm as an example for photonic applications
v LC based VOA (variable optical attenuator)

v' LC based DWDM wavelength blocker

v LC based diffraction gratings

v LC based in-line polarizer and fiber-optic sensor

v LC for tunable THz applications

v LC for tunable optical vortex generation

I v' Other LC’s photonic applications
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LC’s other photonic applications

v LC tunable FP filter/laser

v' LC based random laser

v LC tunable metamaterials

v LC based soliton

v LC based nonlinear optical frequency converter
v LC tunable plasmonic devices in different bands

v' LC based electrocaloric effect
v ...
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