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Zero Power LCD Technology

€ A bistable state, maintained without energy consumption, represents a storage or a
memory effect. Thus, bistable displays are able to realize an image memory at zero field,
similar to a page of a book.

€ Bistable liquid crystal displays can be developed by utilizing ferroelectric, cholesteric, or
nematic liquid crystals.

electronic tags

bistability at zero voltage,
low driving voltage,
contrast ratio, etc.
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E-Papers, E-Books, Watches

http://big5.51base.com/electron/adhibition/biaoqian/20090410115265.shtml
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0.25 cycle / unit time

b

0.75 cycle / unit time

v g e

Clockwise rotation!!
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http://cdnet.stpi.org.tw/techroom

Liquid Crystal Electro-Optical Laboratory, DOP, NCU, TAIWAN 1347



LLEO

() oo .
\/ Brief introduction to LCs

ﬁi*&?‘x?‘/} !!!!!!

€17 5Y (Birefringence)

Calcite Crystal

\ Birefringence
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Dielectric Anisotropy

E-field Ae=¢ —€, <0

Ae=¢ —-¢e >0 E-field |

Twisted nematics, homogeneous

alignment, in-plane-switching, etc. Vertical alignment, dynamic scattering, etc.
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Scattering Mode Light Shutters (cell gap, operating voltage)

Polymer Dispersed Liquid Crystal (PDLC)

PBT (polymer ball type); LCDT (liquid crystal droplet type);
LCDT (LC droplets dispersed in a continuous polymer matrix)

V = 0, off-state V # 0, on-state

Scattering state Transparent state
] s O
np - no:/: ne T_L
Ag >0
o 9 d
{ ".'1'-|1.H;c OFF @ Violtage: (N
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An application of scattering mode light shutters
Company: Polytronix™ Inc. (USA)

Products: Switchable Privacy Glass

Specification: Driving voltage ~65 V (AC)
Transmission ~75 %
Switching time ~100 ms
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http://www.stanleyglass.com.tw/
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http: //www.carstuff.com.tw/drive-test/item /84 7-luxgen-luxgen7-ceo.html
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- Surface Stabilized Ferroelectric LCs (REEE#EE R R MR);

- Chiral Nematic Liquid Crystals: Cholesterics (I&E fE & 5&);

- Uniform Lying Helix Textures (39214 18);

- Polymer Stabilized Cholesteric Texture (2 &1 EEIEERE R R);
- Bistable Nematic (Bi Nem) LCDs (21282 [@ 5 B & &);

- Bistable Smectic A LCDs (21 EAE R R);

- Bistable Twisted-Untwisted Nematic (BTN) LCD £S5 1[0 51| B! & &;
- Spontaneous Homeotropic Alignment (B 2% t4 & H it [@);

- Gelators: Self-assembling (B B & #1#);

- Mesoporous in LCs (P FLiE#1);

- Photo-alignment Technique (¢ c @ #%il1);

- Photoisomerization Effects (J4[E & 2B {E#1il0);

- Dynamic Fingerprint Chiral Textures (E1 85 F 445 18);

- Electrophoretic Displays (EPD), E-ink (kL # /< 28);

- Electrowetting Display (EWD) (& iz B B/~ 23).
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Boogie Board
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Boogie Board
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planar texture
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focal conic texture
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Electrically Switchable and Permanently Stable
Dynamic Fingerprint Chiral Textures

Ko-Ting Cheng*, Po-Yi Lee, Malik M. Qasim, Cheng-Kai Liu, Wen-Fa Cheng, and Timothy D. Wilkinson,
“Electrically switchable and permanently stable light scattering modes by dynamic fingerprint chiral
textures,” ACS Appl. Mater. Interfaces 8, 10483-10493 (2016/4/1).

IS - TR - FHRE B BERE  BHEESR EEA AF - "SYHLEEERGERGELHE"
hEREEA - %AE%E15318395E (2016558 1H) - ~f5%201631366

HAZEX 330 b2 X MZERELERSE T A MNILT - £5F82015-074791
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Dynamic Fingerprint Chiral Textures

Stable transparent state Scattering state
(a) Stable large-domain DFCT (b) Focal Conic Texture

Blactro-Optical Lab, DOP, NCU, Taivwen
RABEBEBXRRR Z

A// . A_L+ADM0AP

DC field

Ay > A +Aproar

Ay ~A +Apyoar

Voltage off High-frequency Voltage off
electric field DC field
(d)
Ay > A +Apyoar g E
, _ R AR VAVE VTN Y | Voff
| High-frequency ( 7 :
electric field Ul /| o\
Imperfect Planar Texture Stable small-domain DFCT
Transparent state Stable scattering state
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Dynamic Fingerprint Chiral Textures
Electrically Switchable and Bistable Light Scattering

Transparent state Scattering state
A
-
i | _ { |
i aY ’ ] / M\
Stable large domains of DFCT Stable small domains of DFCT
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Switching from transparency to scattering

-DC -#-20Hz 60Hz -@-120Hz 150Hz --200Hz

o
o

Transmittance
o
N

0.2 F

10
Applied Voltage (V)

Variations in stable transmittance as functions of the applied voltage with different frequencies of LC
light modulators from a transparent state to a scattering state. Insets show the images of the LC light
modulator (a) during the application of DC voltage and (b) after the applied DC voltage (14 V) was
switched off, as observed under a cross-polarizer polarized optical microscope in a transmissive mode.
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Switching from scattering to transparency

1

-+-400Hz

0.8 F
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@ 06 F
=
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c 04
©
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|_

0.2 F SUAOR B

0 i . 5 4 L a L 5 L A L (b).
0 10 20 30 40 20

Applied voltage (V)

Variations in stable transmittance as functions of the applied voltage with different frequencies of LC light
modulators from a scattering state to a transparent state. Insets show the images of the LC light modulator
(a) during the application of AC voltage (40 Vpp at 1 kHz) and (b) after the applied AC voltage was
switched off, as observed under a cross-polarizer polarized optical microscope in a transmissive mode.
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Polarization-independent light scattering and transparency

100 1

3 80 0©000000000000000000:
— <
S 60 o.6§
2 @
'gm AAAAAAAAAAAAAAAAA ME
= ‘

Ezo o.zg

0
0 60 120 180 240 300 360

Degree of polarizer (degree)

Circles and triangles in the figure show the plots of the measured transmission of such a LC light modulator
in transparent and scattering states, respectively, as a function of polarization state of incident light.
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(a) (b) (c)
Photographs of the LC light modulator of (a) a transparent state (transmission ~80%),
(b) one gray scale (transmission ~33%), and (c) a scattering state (transmission ~0.5%).

" S N b __
Photographs of bistable LC light modulator having transparent large domains of
DFCT from different viewing angle of (b) -70°; (c) 0° and (d) 70".
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DFCT vs. PDLC

DFCT PDLC (InvisiShade)
Bright state v 80% v 70%

Dart state Scattering (privacy) Scattering (privacy)
Scattering state Vv (£ 10%) Vv (= 10%)
Response time v (ms) v’ (ms)

Operation voltage A (15~30V,.) A (30~60V,)
Viewing angle v'v' (wide-viewing angle) | A (narrow viewing angle)
V¢ State Scattering/Clear Scattering
Power consumption 0 (bistability) ~7 W/m?
Price n/a Low (~300 USD/m?2)

INvisi = They currently do business in all 50 states and 53 countries in US,
> Shade and are expanding their markets daily.

http://www.invisishade.com/

Liquid Crystal Electro-Optical Laboratory, DOP, NCU, TAIWAN 3547
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Photo-isomerization

Ap p li Cati O n S - Optically activated shutters

Dark state between crossed polarizers After illumination with UV through a mask

Additionally, the pattern can be optically or thermally erased, and
another pattern can be re-addressed optically.

Appl. Phys. Lett. 103, 101105 (2013).
Liquid Crystal Electro-Optical Laboratory, DOP, NCU, TAIWAN |3747
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Photo-isomerization

Opt. Express 21, 21840-21846 (2013).
Liquid Crystal Electro-Optical Laboratory, DOP, NCU, TAIWAN A
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Photo-isomerization

Appl. Optics 50, 213-217 (2011). Opt. Commun. 281, 5133-5139 (2008).

Liquid Crystal Electro-Optical Laboratory, DOP, NCU, TAIWAN 3947
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Gelators: Hydrogen bonds

’ M\B‘JO[ ’.

(©)
Adv. Mater. 17(6) 692-696 (2005). Opt. Express 24, 23572-23582 (2016).
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Gelators: Hydrogen bonds
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Opt. Express 24, 23572-23582 (2016).
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Cholesterics
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planar texture

focal conic texture
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Still Challenges: piL .
Bistable scattering using DFCT: operating voltage, response
time, materials, etc.

Next Challenges:

flexibility, roll to roll process (printing), cuttable devices, etc.

Active attitude: reducing power consumption!!

Passive attitude:
getting more and more energy!!
energy harvesting, energy storage!!

Liquid Crystal Electro-Optical Laboratory, DOP, NCU, TAIWAN |4647
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