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National Chiao Tung University

Abstract

Recently, many researchers invest in developing 3D display technology to produce
much natural images from displays: Since most of display applications use the fixed
optical components to display 3D, images, the 2D.images cannot be provided by the
same displays. Thus, a 2D/3D., switchable display.is needed.

In this thesis, we. designed .an Active-TFTs Liquid Crystal Lens for
multifunctional 3D display such as;2D/3D switchable 3D rotatable ~2D/3D localized.
For the on/off switch characteristicswof semiconductor and high resistance liquid
crystal lens, the 2D/3D localized LC lens could be obtained. By applying individual
voltage on gate and source electrodes, the decided drain electrodes will be charged.
Once turning off the applying voltage, if there is no potential difference between two
electrodes, there won’t have lens effect, and vice versa. The electrical properties of LC
layer and active layer will affect the charging and holding state. The annealing process
and storage capacitor can enhance the lens holding time. This makes the Active-TFTs

LC lens become more potential for applying in 3D display such as 2D/3D localized.
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Chapter 1

Introduction

1.1 Preface

Displays show everywhere in our daily life, such as, living room televisions, and
computer monitors. People would like to pursue more realistic display images through
the development of new technology. For the display revolution, the display images
have changed from monochromatic to colorful, and the display thickness of display
has become thinner because LLCD (Liquid Crystal Display) replacing CRT (Cathode
Ray Tube). In addition, high quality display is still developing for vivid images,. Now,
for the next generation display, 3D images are surely to be presented in order to create
images as true as real world.

3D images are much mare natural and vivid+than 2D images, and traditional
displays cannot provide that. Therefore, there are more and more 3D display

technologies and they are expected to provide depth information when displaying.

CRT Flat panel display HDTV Stereoscopic display  Autostereoscopic display

1950 1975 1995 2000 2010

Fig. 1- 1 History of display technology
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1.2 Principles of 3D image

Binocular vision allows humans to get the depth information that results from
our two forward-facing eyes, called stereopsis [1][2]. There is a slightly different
viewpoint perceived by each eye, and our brain will calculate this disparity as the

sensation of depth [Fig. 1-2].

Left and right images are
_displayed in different set
= of pixel on the display

Fig. 1- 2 Horizontal disparity



With monocular vision [3], people can also perceive the depth of the real world
by experiences and time learning. For example, the depth sensation of a picture can be

felt by shading, interposition, linear perspective and so on, as shown in Fig 1-3.

NSetel | cistortion

Texture Gradient

Moreover, oculomotor depth ca ategorized into vergence and accommodation
[4] due to feedback from our eyes’ muscles. The vergence is defined as the angle of
the viewing target to our eyes [Fig. 1-4]. The accommodation is the crystalline lens
focus on an object to get a clear image, as shown in Fig. 1-5. Both of these are

generally regarded to help judging the depth information.

40°[ -

Fig. 1- 4 Vergence angle
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Fig. 1- 5 Accommodation

It is also necessary to imitate the binocular system allowing viewers’ left and
right eye to each perceive its own image and form a 3D image in order to apply 3D

images on flat panel displays.

dmms | "% : "d Angular disparity
Binocularcues & -
— « Horizontal disparity

Interposition

Linear perspective
Depth
cues

Monocular cues Shading

Texture gradient

Arial distortion

Texture gradient
Oculomotor cues

Arial distortion

Fig. 1- 6 Depth cues



1.3 3D display technologies

Nowadays, 3D display technology has been briefly classified in two parts. One is
stereoscopic which needs extra devices; the other is auto-stereoscopic which is

without extra devices, as shown in Fig. 1-7. The details of two types are described

following.
Shutter
Stereoscopic Polarization
(with glasses) Anaglyph
3D display e
technology T Holography

) - il !
Auto-stereoscopic pgae 0N
(without glasses) N\, i oo
S 5

- ——n . e— Spatial-Multiplexed ]
Multiplexed-2D

Volumetric

e

Time-Multiplexed ]

1.3.1 Stereoscopic displays

Stereoscopic display requires viewers to wear a device such as glasses, or a
helmet to see the 3D image [5][6]. The main purpose is to ensure images are seen
correctly by the left and right eye respectively. For example, the shutter type, the
display shows a left eye image in the first frame and the left glass will be transparent
at the same time, while the right glass is blocked; on the contrary, in the second frame,

the display shows a right image and the right glass will be transparent [Fig. 1-8].
5



The display is synchronized with the shutter glasses. One glass will be shuttered
when the other is transparent. Therefore, our left and right eye receives different
images and our brain then combines them into a 3D image. No matter what kind of
stereoscopic display, the common issue is that the extra-devices are uncomfortable

and inconvenient to wear.

T Framel Frame2 Frame3 Frame4

Fig.4- 8 Shutter type 3D display

1.3.2 Auto-stereoscopic.displays

Auto-stereoscopic displays, for.example, holographic type and multiplexed-2D
type have the benefit of letting people see 3D images‘without extra devices. Although
the holographic type can show a realistic 3D image, it is hard to fabricate on a large
scale screen. Multiplexed-2D type has the advantage of its thin scale. Moreover, the
multiplexed-2D type can easily be implemented with flat panel displays which are
widely used today. As the result, many researches are interested in these aspects.
Following, we also simply divide multiplexed-2D type into time-multiplexed and

spatial-multiplexed for describing clearly.



1.3.3 Multiplexed 2D type displays

The general concept of time-multiplexed and spatial-multiplexed is projecting
different images to both eyes individually, as shown in Fig. 1-9. The time-multiplexed
type with high resolution per view needs high speed display elements to project to left
and right eyes sequentially [7][8][9]. The spatially multiplexed type provides left and

right images at the same time nevertheless the lower resolution per view is caused.

Time-multiplexed Spatial-multiplexed

li"l e
Fig. 1- 9 Concept of the nr‘heﬂhgspatlal multiplexed type

These time-multiplexed systems has many kind of configurations been proposed.
For example, one uses a micro-optic structure on the principle of total internal
reflection (TIR) that makes the light go through the desired direction, as shown in Fig.
1-10 [10]. Thus the 3D image can be observed by switching the two light sources

sequentially.



Lampl Lamp 2

Fig. 1- 10 3D display based on sequentially switching backlight with focusing foil

There also are some conflguratlons for spatlal multiplexed type such as parallax

barrier [11][12] and Ientlcular lens array'[13][141,:aqd have been widely used in 3D

flat panel display. These op,tlcai compqngﬂ sgre U$Q9 to p[Oject the images to left and
. el

right eye-viewing wmdows 5t the deS|red v-lgwihg posnlon Both of them are briefly

introduced in the followmg séctlon |- { =

Parallax barrier . v ,_I
-'.: . ~

Parallax barrier blocks the I"ght by usmg stnp‘s of black mask. Its optical design
adjusts the viewing angles and position by optimizing barrier’s geometry, as shown in
Fig 1-11. The parallax barrier is perhaps the simplest way to do this work, however,

the main disadvantage is that opaque areas will reduce the brightness of display.

Sdeview. Sopview

_ _ RLRLRL
< Parallaxbarrier - == < Pixels for left and right eyes

m— | =<~ Parallaxbarrier

Fig. 1- 11 Spatial multiplexed displays: parallax barrier
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Lenticular lens array

Lenticular lens array are typically cylindrical lenses arranged vertically with
respect to a display. The cylindrical lenses direct the light from a pixel to the design
angle in front of the display, as shown in Fig 1-12. For the transparent lens, the

brightness can still be kept.

=

EL R L R_ | < Pixels for left and right eyes
/< Lenticularlens array

< Plxels

L= , s

Lenticularlens array

Fig. 1- 12 Spatial multiplexed displays: lenticular lens array

However, the image resolution decreases:rapidly as more views were used in the
horizontal direction for the basic type of spatial ‘multiplexed multi-view display
although it much easy to be implemented. Therefore, the company, Philips, proposed a
slanted lenticular lens array [15][16] to share the resolution reduction between
horizontal and vertical direction, as shown in Fig 1-13 to overcome this drawback,.
Because the resolution has been decreased in this method, and there is no need to

show 3D images all the time. Thus, the 2D/3D switchable display is sure to carry out.



Fig. 1- 13 Slanted lenticular lens 3D display with multi-view by the Philips Company

1.3.4 2D/3D switching methods

The 2D/3D switchable displays provide more functions and options to users.
For example, users may watch an exciting video in 3D mode and read an interesting
article switching to 2D mode. In these years, there are several techniques can switch
the images between 2D and 3D, and briefly be divided into active parallax barriers

[17], activated micro lens [18][19][20][21].

Active parallax barrier

The active parallax barrier is able to block the light as turn on voltage to form the
barrier. Thus the 3D images can be obtained. N the other hand, , the parallax barrier
become totally transparent and let all light pass through it to form 2D images when
turning off the voltage. The same as mentioned before, the opaque areas still reduce

the brightness of display in 3D mode.

10



SWITCHLCD

STANDARDLCD

[

|

Backlight
= '
/ : RIGHT
4 1 O EYE
:: O LEFT
EYE
TRANSPARENT
PATTERNED \
ELECTRODE PARALLAX
BARRIER
- BARRIER
Backlight ENABLED
RIGHT

EYE

LEFT

EYE

PIXELS
POLARIZER

Fig. 1- 14 2D/3D switching display with active parallax barrier

Active micro lens

Active micro lens has the similar.-function to the transparent lenticular lens.
Switch the lens by controlling the-voltage can.change the optical path to 2D and 3D
modes. There are some devices can do this work; such as polarization activated
micro-lens [22], active LC lenticular lens [23], and electric-field driven LC lens (ELC
lens), are illustrated following.
1. Polarization activated micro-lens:

The polarization switching cell can change the polarization state likes the
conventional LCD panel. And then the polarized light passes through the LC type
GRIN Iens, as shown in Fig 1-15. At the homogeneous state, the polarized light passes
through the LC with the same refractive index of the glass. On the other hand, the
changed-polarized light passes through the LC with different refractive index of the
the

glass when applying a voltage on polarization switching cell. Thus,

inhomogeneous state will cause the refraction and will converge the light.
11



@) (b)

LC type
GRIN lens

Polarization
Switch

Fig. 1-

2. Active LC lenticular le

The polarized light ha ged i t refractive index between
LC and the glasses. The lig itsdirection and cause the LC
refractive index to be same the applying a voltage on the LC lens.
However, the mismatching around the interface between concave structure and LC

molecules is hard to achieve a complete lens off state.

Fig. 1- 16 Active LC lenticular lens
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3. Electric-field-driven LC lens (ELC lens):

The most attractive characteristic of ELC lens is its simple structure and easy
fabrication. The ITO placed out of the top glass substrate would make the electric
field distribution much smoother, but cause the high operating voltage. The bottom
substrate was coated with ITO on the whole surface. As applying voltage on the top

electrodes, the LC cell will become to a GRIN lens.

(@)

Pixels

A H-N
NN EEEEEENE. RN E

Fig. 1- 17 Electric-field-driven LC lens (ELC lens)
4.  Multi-electrode driveriliquid crystal lens:{MeD-L.C Lens)

The concept of MeD-LC lens is similar-to ELC lens, as shown in Fig. 1-18. At
the voltage off state, incident light passes through the MeD-LC lens cell without
change of propagation direction. The electric field at the lens edge is stronger than at
the lens center for applying certain voltage on different electrodes. Therefore, a
non-uniform angle of LC director and the refractive index causes a phase difference

and changes light direction.

13



(@ (b)
2D mode 3D mode

Pixels

! Z 0
LT PP T PT Tl TT LT T PTPPT T

Fig. 1- 18 Principle of the MeD-LC lens

The principle of liquid crystal lens and driving method will introduce in the next

sections.

Liquid crystal has an orientat ' portant feature that makes
anisotropic physical property ‘Such-a : eld, a magnetic field. For the
rod-like molecules, the average directions of long molecule axes in nematic phase are

along a common direction by the unit vector 7, as shown in Fig. 1-19.

0\ "

Fig. 1- 19 Schematic diagram showing the orientation of rod-like molecules
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Because the permittivity in the direction parallel to n is different that from the
direction perpendicular to 72, the induced polarization depends on the orientation of
the liquid crystal director with the respect to the applied field. The electric energy of

liquid crystal per unit volume is approximately given by
1 1 = =
fetectric = — Py EOXJ_EZ —3 gole(E - n)z (1-1)

If the liquid crystal has a positive dielectric anisotropy (Ae > 0), the electric
energy is minimized when liquid crystal director is parallel to the applied field (E).
Conversely, if the liquid crystal has a negative dielectric anisotropy (Ae < 0), then the
liquid crystal director tends to perpendicular to the applied field to minimized the
electric energy [24].

Thus, the LC orientation will be_changed . by the electric energy, and the

refractive index can be controlled by the applied voltage.

Fig. 1- 20 Geometry to calculate refractive index change with liquid crystal molecule

orientation

In uniaxial crystals the index ellipsoid can be shown in Fig 1-20. The first mode,

called the ordinary wave, has a refractive index no regardless of 6. In accordance

15



with the ellipse shown in Fig 1-20, the second mode, called extraordinary wave, has a
refractive index that varies from no when 6=0, to n. when 6=90. When the direction
of liquid crystal is not rotated, the light will be affected by the refractive index ne.
when the liquid crystal axis is rotate with an angle 6, the light will be affected by n,
and ne.

This slice of the indicatrix can be expressed as Eg. 1-2.

2 2
T (1-2)
And
ng ~ x§ + z§ (1-3)

Therefore, Eqg.1-1 can be written as Eg.1-3.

2 .2 2
No~% ZZG + Z—g =1 (1'4)

ne No

Equivalently,

(1-5)

(1-6)

Since the nematic liquid crystal does not align uniformly across the cell in the

thickness direction, a more useful form to solve the ng as Eq.1-7.

Ne

ng = (1-7)

n<2e i 2
1+<—2—1>sm 6
ng

This formula indicates the relation between effective refractive index ng and

angular orientation of the namatic liquid crystal.

16



1.5 Liquid crystal lens (LC lens)

The LC lens [25][26] has the same focus effect as the conventional optical lens.
Fig 1-21 shows how the conventional lens focuses the light. As a plane wave incident
light passes through a lens, the wave fronts converge to a focal point due to the optical
path difference (OPD). The OPD can be defined as nAd (where n is refractive index

and d is the path length).

+ . Focal Iength
."" —_— .l_l I| Ul e
Frg 1-21 Convgﬁhbna] lens ?:

_...-__.__. .I

A graded-index (GRIN) m_atél;la-l—[-Z-Y-]_—has a .'rej'ractlve index that varies
_'| it
continuously with posmon n(.r) The OPD can bé 'deflned as And. The relation

"-.- b

between refractive index and posmoh has be!en shown in Fig. 1-22. The refractive

index increases from the outer to the center.

AT

>
/ )

Fig. 1- 22 GRIN lens
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As we assume that the focal point is larger than the incident position (f>r) and

the refractive of the center is large than the edge ( ne)> ng)). The light velocity is
inverse proportional to the refractive index as formula v =% shows. Therefore, the

wave fronts will slow down in the dense region and speed up in the rare region and

causing the light to focus.

}———

-n(r)

Fig. 1- 23 The geoine;'rj of the focused GRIN Lens
= W 5 1896 ¥ -

A ray traverses the Iens'.on the_.(.)ptical axis passes along the optical path length
(OPL) as (OPL)ayis = n(r')maxd - For a ray traverses at a height r’ =§ :
overlooking the slight bending of ray path, (OPL), = n(r’)d . Since a planer wave

front must be bent into spherical wave fronts, the OPLs from one to the other, along

any route must be equal as followed,

R? = (r')? + f? (1-8)
And

n;d+f=n,d+R (1-9)
By substitution,
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Where (n; — n,) is the refractive index difference between center and the edge (An),

if And can be neglected, the focusing formula results in Eq.1-11.

r2

~ 2@n)d (1-11)
By substitution,
An = 2 (1-12)
2df
Where An can be written as a parabolic function with a constant o ,
An = ar? (1-13)

According to the formula 1-13 derived above, the GRIN lens will focus at point f

when the distribution of refractive index is closed to a parabolic function. The GRIN

Glass —»

Electrodem—
(ITO)

LC layer —>

Electrode —>
Glass =—>

Rubbing direction

Fig. 1- 24 LC cylindrical lens
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—— Glass —*
- L, —e.

L]
— LClayer —
I
Glass —
- V.
v, V;>V,=0 volt
(a) (b)

Fig. 1- 25 (a) Lens off (b) Lens on

1.6 LC lens with 2D/3D switching

The catalogue of 2D/3D “lens switching me hods as mentioned before is
shown in Table. 1-1. Gener: /s ” ng, these LC ave some advantages and
also have some disadvantages. ( : ns and polarization active
micro-lens have an issue of complex.fabri lens and MeD-LC lens have

1g time between 2D and 3D is
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Active LC Polarization active Cylindrical

lenticular lens micro-lens Double-electrode MeD-LC lens
LC lens
(SID'06.M.G.H Hiddink, et al) | 51503 .. Woodgate, et al.) (JUAP'O4.H. Ren, et al) (SID'09, Y.P. Huang, et al.)
<>
S oS Se gc:)o
R 0 0
oo <> 0 e 0 0 8 ~
= ) 0”0 o
005'd% 0P 000\ | "TT L2 :
0 0\0/0 0
_— <o L
| I I e e s | [ITTITTTITTTTITI] LIITTTTITTTITTI]
Issues: Issues: Issues: Issues:
1. LC misalighment at the | 1. Complex fabrication. 1. High operating voltage. | 1. High operating voltage.
boundary. 2. High cost. 2. Long response time . 2. Long response time .
2. Complex fabrication. 3. High crosstalk.
Advantages: Advantages: Advantages: Advantages:
1. Low crosstalk. 1. Low crosstalk. 1. Simple fabrication. 1. Simple fabrication.
(Better 3D image) (Better 3D image) 2. Low crosstalk.

Table. 1- 1 2D/3D LC lens switching methods

1.7 Motivation and objective

People have been surrounded-by displays more and more often in these days. 3D
displays are much more realistic and may replace 2D displays as the next mainstream
in the market. However, 3D displays still need to overcome some issues. The parallex
barrier has lower brightness than lenticular lens. Both of parallex barrier and lenticular
lens will loss more resolution as showing more views. Consequently, active optical
2D/3D switching devices are surely needed.

According to Table 1-1, the electrode type LC lens is a better choice for its
simple fabrication. The High Resistance TFT Liquid Crystal Lens (HR-TFT LC lens)
was combining high-resistance layer with TFTs structure. The high-resistance layer
coating between the 1TO electrodes created the continuous electric field. The TFTsis an

on/off switch. The resistance value is corresponding to the applying gate voltage.
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HR-TFT LC lens has high resistance layer characteristic when the gate turns off. And
it will be the TFTs letting current pass through the coating layer as the gate turns on.
Therefore, the HR-TFT LC lens has multifunction such as, 2D/3D switchable, 2D/3D

rotatable, 2D/3D localized. In this thesis, the 2D/3D localized function was proposed.

— Glass
Gate ITO .
SiO,
Source/Drain
ITO —a-1GZ0
- |_C layer
ITO
= Glass

oy,

Fig. 1- 26 Sketch of highér¢§iistapcg_TET liquid crystal lens
r, = L T ML
! > %

1.8 Organization i

This thesis is organized as foIIov;/ing: thel.f:albrication process of the HR-TFT LC
lens will be introduced in detail in Chapter 2. In Chapter 3, the design and
simulation result of the HR-TFT LC lens and discussion will be presented.
Additionally, this chapter also shows the driving method of the HR-TFT LC lens. The
experimental result and summary will be shown in Chapter 4. Finally, the

conclusions and future work of this thesis will be discussed in Chapter 5.
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Chapter 2

Fabrication and Measurement System

2.1 Introduction

The fabrication of HR-TFT LC lens is described in this chapter. The thickness of
substrate glass is 550um. Firstly, the glass substrate is cleaned by the standard process.
Secondly, the semiconductor process including spin coating, lithography, sputtering,
PECVD and leave-off is utilized in order. to obtain the desired pattern. Thirdly,
high-resistance layer is coated: by the sputter and-annealed by the furnace. Fourthly,
the alignment layer is made by the spin coating and rubbing techniques. Fifthly, the
top and bottom glass is assembled by ball spacers 30um to control the cell gap, and
then filed in LC (E7). Finally, wiresfor-varieus-veltage driving will connect to each

electrode.

2.2 Fabrication processes

This section describes the cell fabrication process including spin coating,
lithography, wet etching, sputtering, annealing, rubbing, assembling. The detail

process steps were listed below and as shown in Fig. 2-1.
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Glass cleaning

Lithography

ITO patterning

(Gate) OM checking

ITO wet etching

[re—————————

Patterned
glass cleaning

OM checking

LI..-— e

ITO sputtering

cleaning

o _'-::!'.ﬂ

LC alignment layer
&
Assembling

Fig. 2- 1 Fabrication steps
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I. Glass cleaning
For the transparent characteristic, glass has been widely used as the substrate for
the display. In the fabrication, the glass of 0.55 mm thick is chosen and coated with

ITO thin film already. The detailed sequence is as follow:

: Place the glasses on the Teflon carrier, and put into a container with acetone
as shown in Fig. 2-2. Ultrasonic vibrate for 20 minutes to remove the organic
contamination on the glasses.

[Step 2: Rinse the glasses by DI water for 1 minute,

[Step 3]: Rubhing the glasses with detergent by hands.

Step 4 |- Rinse the glasses by DI water for. 1 minute.

: Place the glasses on the-Teflon carrier, and put,into a container with DI water
as shown in Fig.*2-2. Ultrasonic ‘vibrate. for 40 minutes to remove the
remained particle.and detergent on the glass.

: Use N purge to dry the glasses,.and.place glasses into a glass container with
a cover.

Step 7 |: Put the glass container into‘an aven with 110°C for 30 minutes.

Glass Glass
~

\ I I l | l‘ _|_—Acetone \ | I I I I‘ _|_—DI Water

a2 Q)

Fig. 2- 2 Schematic picture of stepl and step 5
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Il. ITO pattering and insulator
The gate ITO pattering detailed sequence is as follow and also can refer to Fig. 2-4.

: Before the lithography process, glass substrate was cleaned by step I.

: Put the glasses on the metal holder and put into the HMDS oven to eliminate
the surplus steam and improve the adhesion between organic photoresist and
the ITO film.

: A positive photoresist was applied and coated on the ITO film.

: Soft bake for one and a half minutes, to eliminate most of the solvent of the
photoresist and enhance the adhesion.

: Expose the glass with ultra-violet (UV) light source through shadow mask for
40 seconds. Consequently, the pattern on the. mask was transformed to the
positive photoresist:after developing: The mask is'shown in Fig. 2-3.

[Step 6]: Check the patterri-by optical microscope (OM), tosee if there is any broken
line, and the hard bake for.three_minutes.

: Use wet etching technique and remove thephotoresist, and the desired ITO

pattern can be reserved.

12um 75um

> —
~
S~
Ll
/”
- - L=
- E' i f 1

75. Oum
-2. 5um

r
-
re
I—

r=i
-

Fig. 2- 3 The mask pattern of gate substrate and bottom lock
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ITO
Glass substrate

Photoresist

Photoresist
ITO

ITO (Gate)

(c) using lithography technique to obtain the latent image,
(d) using leave-off technique to remove photoresist and reserve

the desired ITO pattern

27



The insulator and source/drain ITO pattering detailed is as follow and refer to Fig.

2-6.

: Use PECVD (Plasma-enhanced chemical vapor deposition) to produce 300nm
thick SiO2 insulator.

: Put the glasses on the metal holder and put into the HMDS oven to eliminate
the surplus steam and improve the adhesion between photoresist and ITO.

: A positive photoresist was applied and coated on the insulator.

: Soft bake for one and a half minutes, to eliminate most of the solvent of the
photoresist and enhance the adhesion.

[Step 5: Expose the glass with ultra-violet (UV) light source through shadow mask for
40 seconds. Consequently, the pattern on the. mask was transformed to the
positive photoresist:after developing: The mask i1s'shown in Fig. 2-5.

[Step 6]: Check the patterri-by optical microscope (OM), to:see if there is any broken
line, and the hard bake for.three_minutes.

: Sputter ITO upon the*patterned photoresist.

: remove the photoresist, and thedesired ITO pattern can be reserved.

: RIE (Reactive-ion etching) process is used to remove the insulator where

cover on the gate ITO soldered area. The pattern is shown in Fig. 2-7.

14.5um 72.5um

— A—
= N 4. Sum
72, 5um
’
I

Fig. 2- 5 The mask pattern of source/drain substrate and top lock
28




Sio,
ITO

Photoresist

Photoresist
Sio,

ITO

-- TO (Source/Drain)
SiO, ( Insulator)

Fig. 2- 6 Flow of fabricating insulator and source/drain ITO electrode

(a) SiO2 insulator on gate substrate,

(b) spin-coating positive photoresist upon the glass substrate,
(c) using lithography technigue to obtain the latent image,

(d) sputtering ITO,

(e) using leave-off technique to remove photoresist and reserve

the desired ITO pattern
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and RF power modules with 6 sputtering guns and the purified gas sources of argon,
nitrogen, and oxygen gas. The substrate planetary rotation system can bring

uniformity by rotating the sample disk and holders.

1IGZO (Active layer)
SiO, ( Insulator)

Fig. 2- 8 High-resistance a-1GZO on the substrate
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The a-1GZO active layer with 80nm in thick was deposited upon the substrate we
made sputtering with an In,GaZnOs target at room temperature. The deposition was
done at DC power = 100W without any intentional substrate heating, working
pressure =3mtorr and argon flow rate = 10sccm [28].

Finally, the device was annealed in nitrogen ambience at 350°C for an hour by
atmospheric anneal furnace to rearrange the a-1GZO lattice again. After annealing
process, the electrical characteristics of the device are better than the device without

annealing.
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IV. LC alignment layer and assembling

Step 1: Cleaning the patterned glass with step 1.
Step 3: Coating the solvent to make the PI adhesion more efficiently.

[Step 4]: Coating the PI.

: Put the glasses into an oven with 220°C for 60 minutes.

: Rubbing the glasses with parallel to the ITO pattern and make the rubbing
direction mark.

: Paste two line spacers (30um) on two sides of bottom glass and apply UV

glue on the spacers.

Step 8: Make sure the top and bottom ele

ode overlap to each other. Then, put the

Step 9 Press on both top and botto :I.l o m ake sure‘the cell gap identically.

The ultrasonic solder was 50ld to enhance the adhesive of
the solder and smeared with AB glue to avoid the wires coming off. Finally, the

High-resistance TFT Liquid Crystal Lens (HR-TFT LC lens) will be measured.

—)
14.5um

Fig. 2- 9 Prototype of HR-TFT LC lens
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2.3 Measurement system

I. CCD system

After the fabrication process, the optical properties of the HR-TFT LC lens are
measured by CCD. And the experiment setup is shown in Fig. 2-10. At first, the
polarizer was set to be parallel to the rubbing direction of alignment layer. The LC
direction was controlled by the voltage and the HR-TFT LC lens was able to act as a
GRIN lens and focused at a certain point. By placing CCD at the focal point of the
HR-TFT LC lens, the intensity image and beam size of the HR-TFT LC lens could be

measured.

Polarizer. 7iPinhole Analyzer

He-Ne Laser
(633nm) Expander ' MICFOSCOpe CCD
m ol & Jie

Optical bread board

Fig. 2= 10-Experimental setup

I1. Electrical characteristics

The device electrical properties and transfer characteristics for a-IGZO TFTs are
measured by a semiconductor parameter analyzer (Keithley 4200) in the dark at room
temperature. In the transfer characteristic (Iss-Vps), the Vps are conventionally swept
from -10 to 30V at the step Vs (step = 0.5V) to measure the corresponding Ips.

In our experiment, the HR-TFT LC lens is measured by these two methods, and

the results will be given in Chapter 4.
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2.4 Summary

During the fabrication processes, there are many factors which would affect the
quality of HR-TFT LC lens. The a-1GZO layer as our high-resistance layer will affect
the electric field distribution and the LC lens performance. Therefore, we would like
to obtain a desired electrical property and high resistance value for a quality LC lens.
After the fabrication, we used the CCD to measure the optical properties and electric

properties.
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Chapter 3

Principle of High Resistance TFT Liquid
Crystal Lens (HR-TFT LC lens)

The structure design and simulation results of HR-TFT LC lens are described in

this chapter. Firstly, the two main functions of the proposed HR-TFT LC lens: the
high resistance layer for building a high quality LC lens, and the active TFT structure
for locally switching are introduced. Secondly, the simulation and experimental

results are clarified. Finally the operating,process of HR-TFT LC lens is illustrated.

3.1 Introduction of HR-TFT LC lens

The electrode type LC lens for its simple fabrication is«a better choice to develop.
The HR-TFT LC lens has*been proposed to-ohtain 2D/3D localized LC lens. The
HR-TFT LC lens can be divided into.two parts.

Y. P. Huang et al.[30], proposed a Multi-electrode Driven LC (MeD-LC) lens
which placed the controlled electrodes out of the glass substrate to be a high-K
material layer. Therefore, a smooth electric field distribution that also means a
parabolic refractive index distribution of the LC lens can be obtained. However, the
operating voltage of the MeD-LC lens is high (about 30Vrms). So, the best way to
reduce the driving voltage is placing the controlled electrodes into the cell although
the discrete electric field is occurred. Consequently, in this thesis the high resistance
layer is used to replace the multi electrode structure of the LC lens to overcome the
discontinuous electric field issue. The high resistance layer coated on the electrodes

can be seemed as a group of fine electrodes that a high to low gradient voltage
35



distribution on the high resistance layer can be generated [Fig. 3-1]. In a brief
summary, the proposed high-resistance liquid crystal lens (HR-LC lens) lens has two
benefits: low driving voltage and simple driving circuit. It is believed that the HR-LC
lens is more suitable for showing 3D images and easier for implementing in real
product [31][32].

In this paper we used the transparent semiconductor material, IGZO, to be the
high resistance layer. The 1IGZO material is wide used to be the active layer for TFT
devices [33][34]. Therefore, in this paper we further extend the previous HR-LC lens
and propose a novel LC device: a transparent IGZO-TFT is addressed on the LC Lens
as shown in Fig. 3-1. Similar to the general. TFT operating mechanism, the current can
easily pass through the low registance layer when the resistance value is as low as the
conductor during gate-on State. It also means the.ITO pattern electrodes and high
resistance layer will approach a planar electrode at that time. And the side electrodes
are played as the drain electrode to.charge.to.the.middle/electrodes (source electrode).
When gate voltage is off, the resistance layer changes back to a high resistance
material. Thus, a small leakage currént just can pass through it.

Based on the high-resistance layer and TFTs functions, the 2D/3D localized
could be obtained by the HR-TFT LC lens. To our best knowledge, this is the first

report that an active HR-TFT LC lens is proposed.
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— Glass

Gate ITO )
SIO,

—a-1GZ0O

Source/Drain
ITO

- |_C layer

I TO = —

= Glass

Glass ——p
ITO (Gate ) —»

SiO, (insulator) =

ITO (S/D)
HR layer

LC layer ——»

ITO —>
Glass =

Rubbing direction

HR-TFTLC Ien‘sh Value
Lens pitch 188.5 um
Electrode width 14.5um
Slit width 72.5um
Cell gap 30 um
LC material E7(An=0.22)
Focal length 0.67 mm

Table. 3- 1 Parameters of HR-TFT LC lens
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3.2 Simulation and comparison to traditional LC lens

In this section the LC director profile and electric field distribution of traditional
LC lens and our HR-TFT LC lens were calculated and compared by the commercial
software 2D-MOS, as shown in Fig. 3-2. When applying a high operating voltage to
the electrodes of the traditional LC lens, the electric field could not affect the LC
under the non-slit area well [Fig. 3-2(a)]. Thus, its refractive index distribution was
very different from the parabolic curve, i.e. a low quality LC lens; on the contrary, for
the HR-TFT LC lens, the LC under the non-slit area could be affected because the
resistance layer had a voltage distribution on it [Fig. 3-2(b)]. As the result, the
refractive index distribution of preposed HR=TFT LC lens effectively provided a
gradient electric field distribution which.was.closer 10 the ideal parabolic curve than
the traditional one. The refractive index distribution.of HR-TFT lens and traditional
LC lens were obtained and shown in Fig.-3-3. In a brief summary, the high resistance
layer could provide smoother electric field distribution within the cell, that the high

quality LC lens could be obtained.
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Vyigh — Glass
ITO

LC layer

ITO

—_ Glass
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High-R
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ITO
=— Glass

(b)

Fig. 3- 2 The LC director profile and electric field distribution by simulation software
2D-MOS of (a) traditional LC lens (b) HR-TFT LC lens
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1.8
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0.1 oo 0 o= 01| g |deal LC lens

—4— Traditional LC lens
1.8~ —+— HR-TETLC lens

(b)

Fig. 3- 3 Simulation results of refraction index distribution of ideal LC lens, traditional
LC lens, HR-TFT LC lens

3.3 Operation of HR-TFT LC lens

The operating process of HR-TFT LC lens is described in this section. In the
lens-off state, the all electrodes are kept in 0 volt for the 2D mode [Fig. 3-4(a)]. While
the lens for the localized 3D mode, one voltage will be applied on source electrodes;
meanwhile, another voltage will applied on gate electrodes to lower the resistance
value and turn the TFTs on. Therefore, the drain electrodes are charged by the source
electrodes [Fig. 3-4(b)]. From there, the gate voltage and the source voltage are

switched to 0 volt and turn the TFTs off to hold on the lens on state. Therefore, the LC
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lens is hold on the drain electrodes until the next charging state [Fig. 3-4(c)].

Gate ITO
Source IT
Drain ITO

ITO

— Glass
Gate ITO Sio
Source ITO 22
T a-1GZ0
Drain ITO <A ALE 5

ITO

Gate IT
Source IT

Drain ITO
—|_C layer

ITO

= Glass

(c)
Fig. 3- 4 Operating process of HR-TFT LC lens

(a) initial state (b) charging state (c) holding state
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Glass s

Gate ITO
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Drain ITO
Gate ITO
SiO,
a-1Gz0
LC layer
Source ITO
Drain ITO

Fig. 3- 5 Lens array of HR-TFT LC lens

3.4 Summary

some advanced applications such as locally 2D/3D switching auto-stereoscopic
displays.

The experimental results will be discussed in the next chapter.

42



Chapter 4

Measurement Results

4.1 Introduction

The objective of measurement is to investigate the lens performance,
transmittance, electrical characteristics and holding time of HR-TFT LC lens.

According to the simulation results in Chapter 3, the experiments in this chapter

would confirm our concepts. ! ! LA I
4.2 Measurement res E —Hﬁ ;
= |-\.'|-'| - '

The prototype with tv H -

The top substrate has 4 gate‘electrodes a

electrodes can be controlled by
K

fabrication, the HR-TFT LC lens was measured in four parts: equivalent LC lens

shape, transmittance, electrical characteristics and holding time.

Top view

Side view

Top glass ~
Gate ITO

Source ITO

Drain ITO
LC layer

Bottom glass ==

Fig. 4- 1 HR-TFT LC lens prototype
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4.2.1 Reconstruction of the HR-TFT LC lens

From the experimental setup as mentioned in 2.3, the fringing pattern can be
captured by CCD. The fringing pattern (Fig. 4-2) is utilized to observe the phase
retardation of the LC lens. According to the fringing pattern, these bright and dark
series lines can reconstruct A n profile and estimate the optical property. The
refractive index distribution of proposed HR-TFT LC lens effectively provides a
gradient electric field distribution. The resistance is about 3MQ/o, as measured the
data between source and drain electrodes. The result of refractive index distribution of

HR-TFT LC lens is closed to the ideal parabolic curve as shown in Fig.4-3.

Fig. 4- 2HR-TFT LC lens fringing pattern

( 3
—Ideal Parabolic Curve  ®* HR Lens 10Vpp
1.77
W 1.72 _/"‘\_
&
=
2 167
»
5
g 1.62 . i
& / \
L]
& 157
152 : . . | | |
00070 -40 -10 20 50 80
Radius (um)
; v,

Fig. 4- 3HR-TFT LC lens refractive index distribution
44



4.2.2 Transmittance of the HR-TFT LC lens

The brightness is always a critical parameter for a display. Thus a high
transparent HR-TFT LC lens placed in front the display is needed. We fabricated a
multi-layer HR-TFT LC lens, and the measurement is shown in Fig. 4-4. Fig. 4-4
shows that the transmittance of the HR-TFT LC lens is above 90% in the visible
wavelength. For the a-1GZO absorbs the ultraviolet, the transmittance decreases in the

UV wavelength.

105

100

95

90 -

g5 fff
80 |/

75 7

~ITO

= TO+Si02_2800A
~TO+Si02+ITO
~|TO+Si02+ITO+IGZO(40nm)
~ITO+Si02+ITO+IGZO(80nm)

Transmittance(%b)

70

300 400 500 600 700 800
Wavelength(nm)

Fig. 4- 4 HR-TFT LC lens refractive index distribution

4.2.3 Analysis of the electrical properties

The transfer characteristic of a-1GZO TFTs for inverted-coplanar structure is
shown in Fig. 4-5. Fig. 4-5(a) shows the a-IGZO TFTs annealing at 400°C exhibit a
Vin 0f 6.6 (V), a S value of 0.8179 (V/decade), a u re of 6.52 (cm?/Vs), and a lon/loft
of 7E5; Similiarly, Fig. 4-5(b) shows the a-IGZO TFTs annealing at 350°C exhibit a
Vin 0f 5.0 (V), a S value of 0.7122 (V/decade), a u re of 9.03 (cm?/Vs), and a lon/loft

of 1.2E6. All of the parameters are summarized in Tab. 4-1. The comparison between
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these two annealing temperatures shows 350°C has a better electrical properties, such
as the lower Vy, (i.e. the lower power consumption cost), larger current (i.e. the better

charge property), and higher mobility.

1E-4

400 T

1E-5 ]

1E-6

1E-7

1E-8

1E-9

1E-10

1E-11

1E-12

1E-4

1E-5

1E-6

1E-7

1E-8
1E-9

1E-10

1E-11
1E-12 Vps=5.0

-15 -10 5 0 5 10 15 20 25 30 35
(b)

Fig. 4- 5 a-1GZO TFTs transfer characteristics

(a) 400°C annealing (b) 350°C annealing

Temperture Svalue Urg
Vo) | (videcade) | (cm?Ive) fon/ Lot
400 6.6

0.8179 6.52 7.0E5
350 5 0.7122 9.03 1.2E6

Table. 4- 1 Electrical parameters of a-IGZO TFTs
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— Semiconductor

W=1.5cm

Fig. 4- 6 a-1GZO TFT structure

Moreover, the definitions of each parameter in the TFT part are following:
Vi (Threshold voltage): the value of Vs at which a sufficient number of mobile

electrons accumulate in the channel Fébi'o:n'io -i‘bi'm a conducting channel.

i 7
S (Subthreshold swing): $ deflned as he voitage requwed increasing the drain
'. |- i L =
current by a factor of 10, is.given by e ' ; b ]
= S g =
- dldLGI :':. !.I .. I- :l-'-_.-.-. z .- '\JI
( Og D) - 1 ..:-:—" _..

nee (Field effect moblllty) théf'h’ioblllty iS an meortant parameter of the
semiconductor since it descrlbes h’dw fast a‘partlclé can move due to an electric field.
The pgpg is defined by the transconductance (gm) at a low drain voltage (Vps=0.1V).
Derived from the transfer characteristic in Eq. 4-1, when Vp is much smaller than

Vs — Vi Or Vg > Vi, the drain current can be approximated as Eq. 4-2.
1 w 2
Ips = - upgCox (f) [(Vgs — Vin)Vps — Vps”] (4-1)
When Vg — Vi, or Vg > Vi,
w
Ips = upgCox (r) (Ves — Vin) Vs (4-2)

Transconductance is defined as

a1l w
8m = BVIZ;SS |VDS=const. = UpgCox (T) Vbs (4-3)
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Thus, pgg is obtained from Eq. 4-3:

L
u =
FE = CoWVps 8m

(4-4)

lon/losf (drain-current ratio): on-current (lo,) determines the rate of the charging and

the off-current (los) is associated with the leakage of the voltage.

4.2.4 Holding time of HR-TFT LC lens

The equivalent electric circuit of the HR-TFT LC lens and the voltage output are

shown in Fig. 4-7. C.c is about 3.98pF after calculating (C;. = ELCEO% =12 %8.85 *

15cm#*75um

10712F/m * ~oo ). For the electric potential saving on the drain electrodes, a

5uF storage capacitor is added- parallel connection to the C.c [Fig. 4-7 (a)]. The
storage capacitor can reduee the| electric potential. various which is caused by the
leakage current. Therefore, the‘electric potential can be effectively saved on the drain
electrodes. The source voltage operates_at_t5 voltages 60Hz, and the gate voltage

operates at 0~30 voltages 120Hz pulse function.

Vs(V) vg(v) ——
10 35
N fommy N 30
5 25
20
0 15 — ysg
10 T vg
5 5
0
-10
‘ 0 25 5 75 10 125 15 175 20 225 25
Time(ms)
(a) (b)

Fig. 4- 7 HR-TFT LC lens (a) electric circuit (b) voltage output signal
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Fig. 4- 8 Operation of HR-TFT LC lens initial and charging and holding state

The operating results are shown in Fig. 4-8. The electrodes are first set at zero

volt in the initial state. Following the source electrodes apply 5 volts and the gate

electrodes are still set at 0 volt as shown in Fig. 4-8(b). For this state, the drain

electrodes cannot be charged by the drain electrodes because the TFT is turned off

(i.e., channel off). For the charging state (i.e., channel on), the voltage is applied on

the gate electrodes. During this state, the drain electrodes are charged by the source

49



electrodes as shown in Fig. 4-8(c). When the gate is turned off, the source electrodes
turn back to zero volt. By this time, the charge in the drain electrodes can still be
holed due to the TFT is turned off. Therefore, the leakage current between TFT and
LC is an important point decided the holding time of electric potential.

From the previous work [35], the electrical properties of a-1GZO will be affected
due to the UV absorption and the material ratio of a-1IGZO. However, the
light-induced in the TFT characteristic is reversible with the recovery time constant.
There are two methods to solve this problem. First, the gate operating voltage of the
HR-TFT LC lens could adjust to the exposed light power. Second, since the a-1IGZO
absorbs mainly in the UV wavelength, an anti-UV layer coating in front of the panel

to prevent UV light will be a simple way.

4.3 Summary

The High-resistance Thin-film Transistor-Liquid Crystal Lens (HR-TFT LC lens)
with a-IGZO active layer on<glass substrate had .been fabricated and measured.
Supplying specific operating voltages on each electrode, the HR-TFT LC lens
performed a refractive index distribution which was closed to the ideal parabolic
curve as the resistance is about 3MQ/o. It also showed that the transmittance of the
high transparent multi layer HR-TFT LC lens is above 90% in the visible wavelength.
The better electrical properties is also obtained as the annealing temperature at 350
C.

The timing of the charging and the holding are important in the operating process.
The charging time responded rapidly when the turn on current is about 10~ A. Once
the gate turned on, the current easily passed through the resistance layer charging the

source electrodes. As the lens holding state, the gate is turned off and the current
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hardly passed through the high resistance layer. Therefore, the charges can be storage
on the source electrode. It also means the lens holding time is depended on the
leakage current of the TFT path or the LC path. The transfer characteristic of TFT
shows that the off state leakage current is about 107 A. However, the LC leakage
current will be affected by the pw.. Compared these two leakage currents, the LC
path probably is the reason for the weak holding time [36]. Besides, the UV effect can
be solved by gate operating voltage or anti-UV layer.

Finally, the HR-TFT LC lens can be expected as an active LC lens to obtain the

2D/3D localized by the above operating method.
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Chapter 5

Conclusions and Future Work

5.1 Application of HR-TFT LC-lens Array

Nowadays, people would like to pursue more realistic display images through
developing high quality 3D technologies. The existing work, an auto-stereoscopic
display using the LC lens can display high resolution 2D images on 2D mode, and
low resolution 3D images on 3D mode., .Moreover, the interesting function of locally
2D/3D switching is also required for the users to watch the texts in 2D mode, and
figures in 3D modes.

The HR-TFT LC lens:has multifunction‘such as,-2D/3D switchable, 3D rotatable,
and 2D/3D localized. The" traditional-fixed--lensyarray is hard to switch the lens
arbitrary. Besides, not all thesimages are suitable for showing in 3D. Contrary, the
lenticular LC lens array can easily switch onfand off the lens by electric control, as
shown in Fig. 5-1. Nowadays, more and more mobile devices can display in
horizontal and vertical directions. However, the 3D images only can show in one
direction. The cross design of the top and bottom electrodes coating with
semiconductor layer can realize the 3D rotatable display. As Fig. 5-2 (a) shown, the
gradient electric field is created on the top electrodes and the bottom can be saw as
plate electrode. Fig. 5-2 (a) shows that the gradient electric field is created on the
bottom electrodes and the top electrodes are saw as plate electrode. Thus, the lens
array can show in two directions. The localized 2D/3D displays are surely to be the
mainstream in the future. There is no needed to show all images in 3D modes. For
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example, the video on Youtube could be the 3D mode, but the other part, like text,
could maintain in 2D mode [Fig. 5-3]. Therefore, the HR-TFT LC lens is proposed to

obtain 2D/3D switchable, 3D rotatable, and 2D/3D localized.

2D/3D Switchable

GND _Jj GND GND A GND

(a) (b)
Fig. 5- 2 3D rotatable LC lens (a) driving top electrodes for horizontal 3D images

(b) driving bottom electrodes for vertical 3D images
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3D Localizable

Gate Off Gate Off

m r -

Gate Off Gate Off

Gate off

Fig. 5- 3 3D localized LC lens (a) gate on for side electrodes charging to middle

electrodes«(b) gate-off for holding localized LC lens

5.2 Conclusions

A novel active device, high-resistance thin“film transistor liquid crystal lens, of
locally 2D/3D switching display had been demonstrated in this thesis. Controlling the
LC with switching gate electrode on and off, the drain electrodes can be charging and
holding to perform a LC lens function. The HR-TFT LC lens has some benefits: first
of all, coating the high resistance layer between the ITO electrodes, the continuous
electric field could be generated. Moreover, experimental results also showed that the
HR-TFT LC lens can build a lens-like refractive index distribution. Besides, the
results also showed that the high transmittance in the visible light (above 90%) is still
kept for multi-layer structure of HR-TFT LC lens.

Second, when turning gate electrode on, the charging time responded rapidly for

the turn on current is about 10~ A; and the leakage current of TFT is about 10°° A
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when turn gate electrode off. It means the charges can firstly charge into the drain
electrodes quickly, and the charges can be storage in the drain electrodes following.
TFT path and LC path are two paths for the leakage current. The leakage current of
TFT is only about 10~ A. Therefore, the LC leakage current probably is the reason
for the weak holding time. Consequently, extending the holding time of the HR-TFT
LC lens can be the next research topic.

In this thesis, the HR-TFT LC lens is based on the high-resistance layer and
TFTs functions. The structure based on ELC lens and MeD-LC lens have much
simpler fabrication than Active LC lenticular lens and polarization active micro-lens
(see section 1.6). Adjustable pitch of LC-lens by observers will be another benefit. For
example, the three-electrode L'C lens can adjust to*five-electrode LC lens for the
different viewing distance and different 3D viewing.numbers. Compared to others LC
lens, the HR-TFT LC lens can not only apply on 2D/3D, localized but also 2D/3D
switchable and 3D rotatable in a structure..Iherefore, the-extra TFT-plate to fabricate

HR-TFT LC lens is indeed néeded:

5.3 Future work

To hold the voltage on the drain electrodes as the gate turning off, the TFT
leakage current is supposed to be as small as possible. However, the resistance value
should be about 3MQ/o to perform a gradient electric field for the LC lens. This is the
trade-off for the HR-TFT LC lens. To overcome this issue, the storage capacitor is
needed. Beside, the LC leakage current should also be small to enhance the lens

holding time.
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5.3.1 Holding time enhancement

There are two paths for the leakage current. One is the TFT path. The dVhgq at
most is 17V as shown in table.5-1. The other various potential on the charged drain
electrodes is acceptable for the LC holding at 60Hz. The second one is the LC path.
The V¢ is almost zero as the resistance value of liquid crystal is about 107°Q-cm.
The low resistivity may causes by the purity of LC or the fabricated processes.

In order to enhance the lens holding state, the high resistivity value of liquid
crystal is needed. The pollution such as moisture, dust particle causes the low LC
resistivity value. Otherwise, the charging frequency should be increased and

recharged again before the electrip_pot'er']tia! dl'Sa.pp_ea}red.

m 10n-12 10n-11 107-10 107-09 107-08

10pF 1.7E-03 1.7E-02 1.7E-01 1.7E+00 1.7E+01
100pF 1.7E-04 1.7E-03 1.7E-02 1.7E-01 1.7E+00
1nF 1.7E-05 1.7E-04 1.7E-03 1.7E-02 1.7E-01
10nF 1.7E-06 1.7E-05 1.7E-04 1.7E-03 1.7E-02
100nF 1.7E-07 1.7E-06 1.7E-05 1.7E-04 1.7E-03
1uF 1.7E-08 1.7E-07 1.7E-06 1.7E-05 1.7E-04
10uF 1.7E-09 1.7E-08 1.7E-07 1.7E-06 1.7E-05

dVioia(V) <leak*dthois/Crola dthoii=16.67ms  Cop5=Ci+Cy  C =€\ &o(A/d)=3.98pF

Table. 5- 1 TFT path various electric potential
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Ric*Cic (ms) 1.E+04 1.E+03 1.E+02 1.E+01 1.E+00 1.E-01

Vic(V) 5.E+00  5.E+00  4.E+00 1.E+00 8.E-07 3.E-68

V,o(V)=V,*exp[-16.67/(R,c*C)]  C,c=12*8.85*107-14 F/cm* 75*0.015/30

Table. 5- 2 LC path various electric potential

5.3.2 Passive layer on a-1GZO film

For the chemical reaction may happen between a-1GZO film and liquid crystal.

The a-1GZO film has better protected by a passive layer to make sure the electrical

properties won’t be affected by ‘other materials. In"addition, the air or the moisture

will also affect the amorphous layer. rl‘fieraqfo_r_e; _use_fhe passive layer to protect
r, = L i [y [

- 0 - I i .

amorphous layer can enhance' its steadiness. .+ ]

Passive layer
SiO, (20nm)

Fig. 5- 4 HR-TFT LC lens with passive layer on a-1GZO layer

5.3.3 Summary

As mentioned above, these two methods can improve the HR-TFT LC lens by
increasing lens holding time and passive layer. Finally, we may realize these two
methods to solve the issues of the HR-TFT lens. For the application on products, the
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electrode design is one of the methods to build storage capacitor into the cell.

[

Fig. 5- 5 HR-TFT LC lens electrode design
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