
US 20060077323A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0077323 A1 

KurasaWa (43) Pub. Date: Apr. 13, 2006 

(54) LIQUID CRYSTAL DISPLAY AND Publication Classification 
ELECTRONIC APPARATUS 

(51) Int. Cl. 
(75) Inventor: Hayato Kurasawa, Matsumoto-shi (JP) GO2F L/335 (2006.01) 

(52) U.S. Cl. .............................................................. 349/114 
Correspondence Address: 
OLIFF & BERRIDGE, PLC (57) ABSTRACT 
P.O. BOX 19928 

ALEXANDRIA, VA 22320 (US) To reduce the operation time of the manufacturing process 
(73) Assignee: SEIKO EPSON CORPORATION by decreasing the delay in the time required for injecting the 

Tokyo (JP) s liquid crystal due to the projections formed on the panel for 
controlling the alignment of the liquid crystal. Protrusions 

(21) Appl. No.: 10/960,139 for controlling the alignment of liquid crystal are disposed 
throughout a panel. The longitudinal axes of the protrusions 

(22) Filed: Oct. 8, 2004 are arranged so that they are not in parallel with (or, more 
specifically, they are Substantially orthogonal to) an edge of 

(30) Foreign Application Priority Data the panel having a liquid crystal inlet. In this way, the flow 
resistance of the liquid crystal is reduced, and the liquid 

Oct. 8, 2004 (JP)...................................... 2003-352676 crystal can be injected Smoothly. 

29 32 28 28 28 

eleases 3-22R 

REFLECTIVE TRANSMISSIVE DISPLAY 
DISPLAY REGION (T) 

32X3X(NOA 

NNN16 
ZZZZZZZZZZZZZZZZZZZ1-25A 

25- 31 232 33 

26-142sse42A%2 
BM Ézz 26a BM 10: 29, W2%) 

  

  



US 2006/0077323 A1 Patent Application Publication Apr. 13, 2006 Sheet 1 of 8 

F.G. 1 

1 

J,IQ O’HIO ONLAIHCI TVNHOIS ON INNVOS 

120 

DATA SIGNALDRIVING CIRCUIT 11 

  

  

  

  





Patent Application Publication Apr. 13, 2006 Sheet 3 of 8 

FIG. 3 (a) 

wrass arrow writy Mashaw.voatata. As 

Esessessee alleus 

Nations 

REFLECTIVE TRANSMISSIVE DISPLAY 
DISPLAY REGION (T) 

FIG.3 (b) A Region 32 

24%. 22 
26-12sse, AE2 Mé772 

10-K 20 2 X 2 
NNNN 

US 2006/0077323 A1 

  

  

  

  

  

    

  



Patent Application Publication Apr. 13, 2006 Sheet 4 of 8 US 2006/0077323 A1 

FIG. 4 (a) 

FIG. 4 (b) 

  



Patent Application Publication Apr. 13, 2006 Sheet 5 of 8 US 2006/0077323 A1 

28 32 28 28 28 200 
F.G. 5 (a) i -1 avv. 

D1 22B 

TFD 31 

BM 226 
D2 

----28 

D3 22R 

A A 
28- /N-N-4? 

-- X 
32 31 a 34 31b 39 31 c 31d 

Y 

FIG. 5 (b) A 32 32 32 A-17 
NNNN1-16 

% 25A 22 (22R) 2s. W335 
PéKK 31 

zaze?e N-2, 7 7 7 to WAY 
ZZZZZZZZZZZZYZZZZYZZN10A NNNNNN-18 

    

  

  

  

    

  

  



Patent Application Publication Apr. 13, 2006 Sheet 6 of 8 US 2006/0077323 A1 

F.G. 6 (a) 28 
200 

É s" DENSI Y 
É 25 
"O 
O 
O 28 

O 

40 H 

F.G. 6 (b) 
28 

HIGIPENSITY 25 
O O O O O 

É 
so o O Oc 28 

40 H 

  

  

  

    

  

    

  



Patent Application Publication Apr. 13, 2006 Sheet 7 of 8 US 2006/0077323 A1 

FIG. 7 (a) 
LOW DENSITY 
amruro 

2 
t 
A 

s 

FIG. 7 (b) 
  



Patent Application Publication Apr. 13, 2006 Sheet 8 of 8 US 2006/0077323 A1 

FG. 8 

  



US 2006/0077323 A1 

LIQUID CRYSTAL DISPLAY AND ELECTRONIC 
APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of Invention 
0002 Aspects of the invention can relate to a liquid 
crystal display and an electronic apparatus. More specifi 
cally, the invention can relate to a liquid crystal display 
including vertically aligned liquid crystal and providing an 
image with a high contrast and a wide viewing angle. 

0003 2. Description of Related Art 
0004 Related art liquid crystal displays can include tran 
Sreflective liquid crystal displays having a reflective mode 
and a transmissive mode. One of Such transreflective liquid 
crystal displays includes a liquid crystal layer interposed 
between an upper substrate and a lower substrate. On the 
inner surface of the lower substrate there is a metal reflective 
film, which, for example, is composed of aluminum, having 
a window for transmitting light. The reflective film functions 
as a transreflective plate. In such a case, in the reflective 
mode, external light entering from the upper Substrate passes 
through the liquid crystal layer, and is reflected at the inner 
surface of the lower surface. Then, the reflected light passes 
through the liquid crystal layer again and is emitted from the 
upper Substrate to contribute to the display. In the transmis 
sive mode, light entering from a backlight to the lower 
Substrate passes through the liquid crystal layer via the 
window on the reflective film. Then, the light is emitted from 
the upper substrate to the outside to contribute to the display. 
In other words, within the region with the reflective film, the 
region where the window is formed is a transmissive display 
region and the region excluding the window is a reflective 
display region. 

0005 Related art transreflective liquid crystal displays, 
however, have a problem in that the viewing angle is Small 
in the transmissive mode. This Small viewing angle is caused 
because reflective display can be accomplished by only one 
polarizer disposed on the side of the viewer due to the 
structure, wherein a transreflective plate is disposed on the 
inner Surface of a liquid crystal cell, so that parallax is not 
generated. In other words, the flexibility of the optical 
design is Small. To solve this problem, Jisaki et al., in, 
“Development of transreflective LCD for high contrast and 
wide viewing angle by using homeotropic alignment, M. 
Jisaki et al., Asia Display/IDW'01, p. 133-136 (2001) have 
proposed a new liquid crystal display using vertically 
aligned liquid crystal. This related art liquid crystal display 
has the following three characteristics: 

0006 1) A vertical alignment mode in which the negative 
liquid crystal is vertically aligned by dielectric anisotropy 
and tilted by an applied Voltage. 

0007 2) A multi-gap structure in which the thickness of 
the liquid crystal layer (cell gap) differs in the transmissive 
display region and the reflective display region. See, for 
example, Japanese Unexamined Patent Application Publi 
cation No. 11-242226 for the multi-gap structure. 

0008 3) A multi-domain structure in which alignment 
protrusion are formed of the center of the transmissive 
display region on an opposing Substrate for omnidirection 
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ally tilting the liquid crystal in the transmissive display 
region, which is shaped like a regular octagon. 

SUMMARY OF THE INVENTION 

0009. In a liquid crystal apparatus using a vertically 
aligned liquid crystal (a liquid crystal having a negative 
dielectric anisotropy) having a multi-domain structure with 
out being subjected to rubbing, the tilting direction of the 
liquid crystal molecules must be controlled, as described 
above, by distorting the electric field in a pixel as a result of 
forming electrodes on parts of an opening in a pixel or 
forming dielectric projections on parts of the electrodes. 
When the alignment of the liquid crystal molecules is not 
sufficiently controlled, the liquid crystal molecules will be 
tilted randomly while maintaining a predetermined domain 
size on a plane. Under Such conditions, some parts of the 
display region will have different optical characteristics, 
and, as a result, these regions will be defective in that they 
will appear grainy and uneven. 

0010. To maintain a sufficient display quality, an align 
ment controlling device for controlling the alignment of the 
liquid crystal molecules, such as dielectric protrusions must 
be formed in the display region of the panel at a predeter 
mined density. Unfortunately, when dielectric protrusions, 
are formed as alignment controlling device and the propor 
tion of the area of the panel covered by the protrusions 
become greater, the protrusions get in the way and the time 
required for injecting the liquid crystal is increased. In 
particular, for a multi-gap structure, since the thickness of 
the cell in the reflective display region is small, the increase 
in the time required for injecting the liquid crystal becomes 
long. 

0011. An aspect of the invention can provide a liquid 
crystal display and an electronic apparatus including this 
liquid crystal display, wherein the liquid crystal display is 
capable of reducing the operation time of the manufacturing 
process by decreasing the delay in the time required for 
injecting the liquid crystal due to the projections formed on 
the panel for controlling the alignment of the liquid crystal. 

0012 To achieve the above-mentioned object, an exem 
plary liquid crystal display according to the invention can 
include a panel including a pair of opposing Substrates and 
a liquid crystal layer Supplied through a liquid crystal inlet 
provided on a predetermined edge of the panel and sealed 
inside the panel. Protrusions for controlling the alignment of 
the liquid crystal can be disposed unidirectionally over the 
entire panel and the longitudinal axis of the protrusions are 
not parallel with the predetermined edge of the panel. 

0013 The liquid crystal flows radially from the inlet 
immediately after it is supplied. Then, after some time, when 
the liquid crystal reaches both ends of the predetermined 
edge on which the inlet is provided, the liquid crystal begins 
to flow orthogonally to the predetermined edge. In other 
words, the liquid crystal flows radially only in the beginning 
and then the entire liquid crystal flows linearly in a direction 
orthogonal to the predetermined edge. Therefore, by not 
disposing the longitudinal axis of the protrusions in a 
direction that interrupts the flow of the liquid crystal (i.e., a 
direction parallel to the predetermined edge), as the above 
mentioned structure of the present invention, the liquid 
crystal can be supplied Smoothly. 
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0014. In the structure above, it is desirable to arrange the 
longitudinal axes of the projections Substantially orthogonal 
to the predetermined edge. In this way, the flow resistance of 
the supplied liquid crystal will be minimized. 
0.015 According to an aspect of the invention, a panel 
having a plurality of first projections aligned substantially in 
parallel to the predetermined edge and a plurality of second 
projections aligned Substantially orthogonally to the first 
projections. In such a case, it is desirable to set the intervals 
between the first projections larger than the intervals 
between the second projections. 
0016. The flow resistance of the liquid crystal is affected 
by the density of the projections formed in the midst of the 
flow. For example, the liquid crystal flows easily in a 
direction in which the projections are formed in low density 
and does no flow easily in a direction in which the projec 
tions are formed in high density. Thus, by forming projec 
tions in low density in parallel with the predetermined edge 
on the plane on which the liquid crystal flows on, as the 
above-mentioned structure, the liquid crystal can be injected 
Smoothly. 

0017. The structure described above is for a case in which 
the projections have longitudinal axes. Even when the 
projections do not have longitudinal axes (for example when 
the liquid crystal molecules have an isotropic shape Such as 
a cone, a regular pyramid, or a hemisphere), the flow 
resistance of the Supplied liquid crystal can be reduced as 
long as the density of the projections is set based on the flow 
direction of the liquid crystal. Therefore, to achieve the 
above-mentioned object, the structure described below may 
be applied. 
0018 More specifically, the exemplary liquid crystal 
display according to the invention can include a panel 
including a pair of opposing Substrates and a liquid crystal 
layer Supplied through an liquid crystal inlet provided on a 
predetermined edge of the panel and sealed inside the panel. 
Protrusions for controlling the alignment of liquid crystal in 
the panel can be disposed substantially in parallel with and 
substantially orthogonally to the predetermined edge of the 
panel, and the density of the protrusions disposed in a first 
axial direction substantially in parallel with the predeter 
mined edge of the panel (i.e., the proportion of the area 
occupied by the protrusions within a predetermined area 
when viewed along the first axial direction) projected onto 
the first axis is smaller than the density of the plurality of the 
protrusions disposed in a second axial direction Substantially 
orthogonal to the predetermined edge of the panel projected 
on the second axis. Otherwise, the liquid crystal display 
includes a panel including a pair of opposing Substrates and 
a liquid crystal layer Supplied through an inlet provided on 
a predetermined edge of the panel and sealed inside the 
panel, wherein a plurality of protrusions for controlling the 
alignment of liquid crystal is disposed Substantially in 
parallel with and substantially orthogonally to the predeter 
mined edge of the panel, and the intervals between the 
protrusions disposed Substantially in parallel with the pre 
determined edge of the panel is wider than the intervals 
between the protrusions disposed Substantially orthogonal to 
the predetermined edge of the panel. 
0.019 According to such an exemplary structure, the 
protrusions are disposed sparsely on the Surface parallel with 
the predetermined edge of the panel on which the liquid 

Apr. 13, 2006 

crystal flows. Thus, the liquid crystal can be injected 
Smoothly, and the turnaround time of the manufacturing 
process can be shortened. 
0020. The exemplary liquid crystal display according to 
the invention may use either a TN mode or a vertically 
aligned liquid crystal. When a liquid crystal display uses a 
vertically aligned liquid crystal (i.e., a liquid crystal having 
a negative dielectric anisotropy whose initial alignment 
direction is vertical) in the liquid crystal layer, the Viscosity 
of the liquid crystal is high, and a long time is required to 
Supply the liquid crystal. For this reason, the advantage of 
the invention becomes even more effective. In particular, 
when the liquid crystal display has a multi-gap structure (or, 
in other words, when the panel includes dot regions having 
transmissive display regions and reflective display regions, 
which include a liquid-crystal -layer thickness-adjustment 
layer for making the liquid crystal layer thickness of the 
reflective display region Smaller than the liquid crystal layer 
thickness of the transmissive display region), the cell thick 
ness of the reflective display region becomes Small. Conse 
quently, more time is required for Supplying the liquid 
crystal, and, thus, the advantage of the present invention 
becomes more effective. 

0021. An exemplary electronic apparatus according to 
the invention can include the above-described liquid crystal 
display. In this way, an electronic apparatus including a 
display having high display quality can be provided at a low 
COSt. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. This invention will be described with reference to 
the accompanying drawings, wherein like numerals refer 
ence like elements, and wherein: 
0023 FIG. 1 is an equivalent circuit diagram of a liquid 
crystal display according to a first exemplary embodiment of 
the invention; 

0024 FIG. 2 is a plan view of the structure of dots of the 
liquid crystal display according to the first exemplary 
embodiment of the invention; 

0025 FIG. 3 is a schematic plan view and a schematic 
cross-sectional view of the main component of the liquid 
crystal display according to the first exemplary embodiment 
of the invention. 

0026 FIG. 4 illustrates the relationship between the 
positions of a liquid crystal inlet and protrusions of the liquid 
crystal display according to the first exemplary embodiment 
of the invention; 

0027 FIG. 5 is a schematic plan view and a schematic 
cross-sectional view of the main component of a liquid 
crystal display according to a second exemplary embodi 
ment of the invention; 

0028 FIG. 6 illustrates the relationship between the 
positions of an inlet and protrusions of the liquid crystal 
display according to the second exemplary embodiment of 
the invention; 

0029 FIG. 7 illustrates another relationship between the 
positions of an inlet and protrusions of the liquid crystal 
display according to the first exemplary embodiment of the 
invention; and 
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0030 FIG. 8 is a perspective view of an electronic 
apparatus according to an exemplary embodiment of the 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0031. A first exemplary embodiment of the invention will 
be described by referring to FIGS. 1 to 4. For each drawing, 
the size of layers and components are modified to a size that 
is recognizable in the drawing. 
0032. A liquid crystal display according to an exemplary 
embodiment described below is an active matrix liquid 
crystal display using a thin film diode (TFD) as a Switching 
element and, in particular, is a transreflective liquid crystal 
display enabling reflective display and transmissive display. 
0033 FIG. 1 illustrates an equivalent circuit of a liquid 
crystal display 100 according to a first exemplary embodi 
ment of the invention. The liquid crystal display 100 can 
include a scanning signal driving circuit 110 and a data 
signal driving circuit 120. The liquid crystal display 100 has 
signal lines or, in other words, a plurality of Scanning lines 
13 and a plurality of data lines 9 intersecting with the 
scanning lines 13. The scanning lines 13 are driven by the 
scanning signal driving circuit 110 and the data lines 9 are 
driven by the data signal driving circuit 120. In pixel areas 
150, TFD elements 40 and liquid crystal display elements 
160 (a liquid crystal layer) are serially connected between 
the scanning lines 13 and the data lines 9. In FIG. 1, the TFD 
elements 40 are connected to the scanning lines 13 and the 
liquid crystal display elements 160 are connected to the data 
lines 9. Instead, however, the TFD elements 40 may be 
connected to the data lines 9 and the liquid crystal display 
elements 160 may be connected to the scanning lines 13. 
0034. By referring to FIG. 2, the planar structure (pixel 
structure) of electrodes included in the liquid crystal display 
I 00 according to the exemplary embodiment will be 
described. As illustrated in FIG. 2, in the liquid crystal 
display 100 according to this exemplary embodiment, pixel 
electrodes 31 having a rectangular shape in plan view and 
connected to the scanning lines 13 via TFD elements 40 are 
arranged in a matrix. Stripes of common electrodes 9 face 
the pixel electrodes 31 and the page of the drawing. The 
common electrodes 9 are composed of the data lines and are 
stripes intersecting with the scanning lines 13. In this 
exemplary embodiment, each region formed on each of the 
pixel electrodes 31 makes up a dot region. The dot regions 
arranged in a matrix each include one of the TFD elements 
40. In this way, each dot region is capable of displaying a 
dot. 

0035) The TFD elements 40 are switching elements for 
connecting the scanning lines 13 and the pixel electrodes 31. 
Each of the TFD elements 40 has an MIM structure includ 
ing a first conductive film mainly composed of Ta, an 
insulating film formed on the surface of the first conductive 
film and mainly composed of Ta-Os, and a second conduc 
tive film formed on the surface of the insulating film and 
mainly composed of Cr. The first conductive film of each of 
the TFD elements 40 is connected to one of the scanning 
lines 13 and the second conductive film is connected to one 
of the pixel electrodes 31. 
0036) The pixel structure of the liquid crystal display 100 
according to this exemplary embodiment will be described 
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by referring to FIG. 3. FIG. 3(a) is a schematic plan view 
of the liquid crystal display 100 and, in particular, the pixel 
electrodes 31. FIG.3(b) is a schematic cross-sectional view 
taken along Line A-A of FIG. 3(a). The liquid crystal 
display 100 according to this embodiment has dot regions 
including the pixel electrodes 31 on the inner side of regions 
defined by the data lines 9 and the scanning lines 13, as 
illustrated in FIG. 2. As illustrated in FIG. 3(a), each of the 
dot regions includes one colored layer corresponding to one 
of the three primary colors. Three dot regions (D1, D2, and 
D3) form a pixel including a blue layer 22B, a green layer 
22G, and a red layer 22R. 
0037 Next, the cross-sectional structure of the liquid 
crystal display 100 according to this exemplary embodiment 
will be described. As illustrated in FIG. 3(b), a rectangular 
sealing material (not depicted in the drawing) is interposed 
between a pair of opposing substrates 10 and 25. Between 
these substrates 10 and 25, a liquid crystal initially aligned 
vertically or, in other words, a liquid crystal layer 50 formed 
of a liquid crystal material having a negative dielectric 
anisotropy is interposed. The panel according to this exem 
plary embodiment of the invention is prepared with the 
opposing Substrates 10 and 25 sandwiching the sealing 
material. The liquid crystal layer 50 is sealed inside an area 
surrounded by the substrates 10 and 25 and the sealing 
material. 

0038. The lower substrate (opposing substrate) 10 is 
prepared by disposing a reflective film 20 composed of a 
metal film having a high reflectivity, such as an aluminum or 
silver film, on an insulating film 24, which is further 
disposed on a part of the surface of a substrate body 10A 
composed of a translucent material. Such as quartz or glass. 
A color filter 22 (the red layer 22R in the case of FIG.3(b)) 
is disposed over the entire lower substrate 10 to cover both 
the regions with and without the reflective film 20. Here, the 
region with the reflective film 20 is a reflective display 
region R and the region without the reflective film 20 or, in 
other words, an opening 21 in the reflective film 20 is a 
transmissive display region T. The liquid crystal display 100 
according to this embodiment is a vertical alignment liquid 
crystal display including a vertical-alignment-type liquid 
crystal layer 50 and is also a transreflective liquid crystal 
display 100 capable of reflective display and transmissive 
display. 
0039 The insulating film 24 formed on the substrate 
body 10A has bumps 24a on its surface. The surface of the 
reflective film 20 disposed over the insulating film 24 also 
has bumps on its surface. Since reflected light is dispersed 
by these bumps, reflection of external images can be pre 
vented and the displayed image can have a wide viewing 
angle. The insulating film 24 having Such bumps 24a may be 
prepared by, for example, patterning a resin resist and 
applying another layer on this resin resist. Moreover, the 
bumps 24a may be adjusted by heat processing the patterned 
resin resist. 

0040. The color filter 22 is disposed over both the reflec 
tive display region R and the transmissive display region T. 
The rim of each colored layer making up the color filter 22 
is outlined with a black matrix BM composed of elemental 
chrome. The black matrix BM defines the borders of each of 
the dot regions D1, D2, and D3 (refer to FIG. 3(a)). 
0041 Furthermore, on the substrate 10 at the region 
corresponding to the reflective display region R, an insulat 
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ing film 26 is disposed. More specifically, at the reflective 
display region R, the insulating film 26 is selectively dis 
posed above the reflective film 20. Since this insulating film 
26 is disposed, the thickness of the liquid crystal layer 50 
differs in the reflective display region R and the transmissive 
display region T. The insulating film 26 is, for example, 
composed of an organic film, Such as an acrylic resin, having 
a thickness of about 0.5 to 2.5 um and includes an inclined 
plane near the border of the reflective display region R and 
the transmissive display region T. So that the thickness 
continuously changes. The thickness of the liquid crystal 
layer 50 in the transmissive display region T without the 
insulating film 26 is about 1 to 5 um. The thickness of the 
liquid crystal layer 50 in the reflective display region R is 
about half the thickness in the transmissive display region T 
without the insulating film 26. In this way, the insulating film 
26 functions as a liquid-crystal-layer thickness-adjustment 
layer (liquid-crystal-layer thickness-controlling layer) for 
changing the thickness of the liquid crystal layer 50 in the 
reflective display region R and the transmissive display 
region T. 

0042. On the insulating film 26 and the color filter 22, the 
common electrode 9 composed of indium tin oxide (here 
inafter referred to as ITO) is provided. Moreover, protru 
sions 28 are formed on the common electrode 9 in the region 
corresponding to the transmissive display region T. 

0043. The protrusions 28 function as liquid crystal align 
ment controlling means for controlling the tilting direction 
of the liquid crystal molecules and, for example, protrude 
from the color filter 22 into the liquid crystal layer 50 by a 
predetermined height (e.g., about 0.05 to 1.5 um). The 
protrusions 28 are long in the Y-axis direction. The two side 
surfaces of each of the protrusions 28 extending in the 
longitudinal direction (in FIG. 3(a) these are parallel to the 
Y axis) are inclined at a predetermined angle (or curved 
slightly) with respect to the main surface of the substrate. In 
this way, the tilting direction of the liquid crystal molecules 
when a Voltage is applied is controlled so that the molecules 
tilt in opposite direction on each side of the Y axis. Thus, a 
multi-domain arrangement becomes possible in each dot. 

0044) The common electrode 9 is formed as stripes 
extending in the vertical direction of the page. The common 
electrode 9 is disposed on each dot region aligned in the 
vertical direction of the page. The common electrode 9 has 
openings 29 for controlling the liquid crystal alignment in 
the reflective display region R. By forming Such openings 
29, an oblique electric field is generated between the com 
mon electrode 9 and the pixel electrodes 31 in the region 
where the opening is formed. The tilting direction of the 
initially vertically aligned liquid crystal molecules is con 
trolled in accordance with the oblique electric field. Accord 
ingly, the alignment of the liquid crystal molecules can be 
controlled in both the transmissive display region T and the 
reflective display region R. In particular, in the reflective 
display region R, the horizontal electric field becomes large 
since the cell thickness is Small compared to the transmis 
sive display region T. The openings 29 formed on the 
common electrode 9 and notches 32 (described below) in the 
pixel electrodes 31 are formed so that they do not overlap 
with each other when viewed from above. Consequently, the 
tilting direction of the liquid crystal molecules LC between 
the openings 29 and the notches 32 can be controlled. 
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0045. The reflective film 20 and the common electrode 9 
according to this exemplary embodiment are formed sepa 
rately. However, a reflective film composed of a metal film 
may be used as a part of the common electrode in the 
reflective display region R. 

0046. On the common electrode 9 and the protrusions 28, 
an alignment film 27 composed of polyimide is disposed. 
The alignment film 27 functions as a vertical alignment film 
for vertically aligning the liquid crystal molecules relative to 
the Surface of the film. Alignment processing, such as 
rubbing, is not carried out on the alignment film 27. 

0047 The upper substrate (elemental substrate) 25 is 
made up by disposing a matrix of the pixel electrodes 31 
composed of a transparent conductive film, Such as ITO, on 
the substrate body 25A composed of a transmissive material 
Such as glass or quartz (i.e., on the Surface of the Substrate 
body 25A facing the liquid crystal layer). Then, an alignment 
film 33 composed of polyimide processed to have a vertical 
alignment similar to the lower substrate 10 is disposed over 
the pixel electrodes 31. 

0048 One pixel electrode 31 is disposed for each of the 
dots D1, D2, and D3. A voltage is applied individually to 
each of the pixel electrodes 31 by a TFD disposed on each 
of the dots. Each of the pixel electrodes 31 according to this 
embodiment includes a plurality (two in FIG. 3) of islands 
31a and 31b and a connecting region 39 for electrically 
connecting neighboring islands. The islands 31a and 31b 
each make up a Subdot; each dot can be divided into a 
plurality of subdots. The shape of each subdot (islands 31a 
and 31b) in FIG. 3 is a regular octagon. The shape, however, 
is not limited to this and may be, for example, a circle or any 
type of polygon. Between the islands 31a and 31b of the 
pixel electrodes 31, there are notches 32 (the regions 
between the islands 31a and 31b excluding the connecting 
regions 39) formed by cutting off parts of the electrodes. The 
electrode openings 29 and the protrusions 28 on the sub 
strate body 10A of the lower substrate 10 are formed 
substantially in the center of the islands 31a and 31b, 
respectively, when viewed from the top. 

0049. On the outer surface of the lower substrate 10 (the 
Surface opposite to the Surface facing the liquid crystal layer 
50), a wave plate 18 and a polarizing plate 19 are disposed. 
Also, on the outer surface of the upper substrate 25, a wave 
plate 16 and a polarizing plate 17 are disposed. In this way, 
circularly polarized light is incident on the inner Surface of 
the substrate (the surface facing the liquid crystal layer 50). 
The wave plate 18 and the polarizing plate 19, and wave 
plate 16 and polarizing plate 17 form circular polarizing 
plates. The polarizing plate 17 (19) only transmits linearly 
polarized light having a polarization axis in a predetermined 
direction. The wave plate 16 (18) is a W4 wave plate. For 
Such a polarizing plate, a combination of a polarizing plate, 
a W/2 wave plate, and a W4 wave plate (i.e., a high-frequency 
circularly-polarizing plate) may also be used; in Such a case, 
the black color displayed becomes more achromatic. Also, a 
combination of a polarizing plate, a W2 wave plate, a W4 
wave plate, and ac plate (a wave plate having an optical axis 
in the film thickness direction) may be used to improve the 
viewing angle. On the outer side of the polarizing plate 19 
disposed on the lower substrate 10, a backlight 15 is 
disposed as a light source for transmissive display. 
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0050. The liquid crystal layer 50 is prepared by vacuum 
injecting liquid crystal through a liquid crystal inlet formed 
on one of the sides (a predetermined edge of the panel) of the 
sealing material. 
0051 FIG. 4 is a schematic view illustrating the posi 
tioning of the protrusions 28 and the edge having the liquid 
crystal inlet. In the drawing, H indicates the liquid crystal 
inlet, 100A indicates the panel edge having the liquid crystal 
inlet H, 100B indicates both ends of the panel edge, and 40 
indicates a sealant. The sealing material is not depicted in 
FIG. 4 since it is disposed along the edge of the substrate 25 
(or substrate 10). 
0.052 According to this exemplary embodiment, the lon 
gitudinal axes of the protrusions 28 are arranged in an 
optimal direction relative to the flow direction of the liquid 
crystal to shorten the time required for the liquid crystal 
injection process. More specifically, as illustrated in FIG. 
4(a), the longitudinal axes of the protrusions 28 are arranged 
so that they are not parallel to the direction in which the 
predetermined edge 100A panel having the liquid crystal 
inlet H extends (the X-axis direction). In other words, the 
liquid crystal is injected radially from the inlet H immedi 
ately after the injection is started, but, when the liquid crystal 
reaches the ends 100B and 100B of the panel edge 100A 
having the inlet H after some time, the liquid crystal begins 
to flow in a direction orthogonal to the edge 100A (in the 
Y-axis direction). In other words, the liquid crystal flows 
radially only at the beginning of injection and, then, starts to 
flow in the Y-axis direction over the entire panel. Conse 
quently, the liquid crystal can be injected Smoothly by 
disposing the protrusions 28 so that their longitudinal axes 
are not arranged in a direction that completely blocks the 
flow of the liquid crystal (i.e., the X-axis direction in parallel 
with the panel edge 100A), as in FIG. 4(b). 
0053 According to this exemplary embodiment, to mini 
mized the flow resistance of the liquid crystal during injec 
tion, the longitudinal axes of the protrusions 28 are arranged 
orthogonally (along the Y-axis direction) to the direction in 
which the edge 100A extends. The longitudinal axes do not 
necessarily have to be exactly orthogonal to the edge 100A; 
even when the longitudinal axes are somewhat tilted the 
flow resistance can be sufficiently reduced. In fact, the time 
required for injecting liquid crystal into panels having the 
structure illustrated in FIG. 4(a) and FIG. 4(b) was mea 
Sured under the same conditions: the injection time for the 
panel of FIG. 4(b) was 90 minutes whereas the injection 
time for the panel of FIG. 4(a) according to this embodi 
ment was only 40 minutes. In other words, by optimizing the 
direction of the longitudinal axes of the protrusions 28, the 
liquid crystal injection time can be shorted by at least half. 
0054 As described above, the liquid crystal display 100 
according to this exemplary embodiment can have the 
following advantages. 
0055. In the liquid crystal display 100 according to this 
exemplary embodiment, the thickness of the liquid crystal 
layer 50 in the reflective display region R can be reduced to 
substantially half of the thickness of the liquid crystal layer 
50 in the transmissive display region T by disposing the 
insulating film 26 at the reflective display region R. There 
fore, the retardation contributing to reflective display and 
transmissive display becomes Substantially equal and the 
contrast of the display is improved. 

Apr. 13, 2006 

0056. According to this exemplary embodiment, the tilt 
ing direction of the liquid crystal molecules can be con 
trolled when a voltage is applied because of the effect of an 
oblique electric field due to the inclined surface of the 
protrusions 28, the openings 29, and the notches 32. Thus, 
residual images accompanying the generation of a disclina 
tion or grainy, uneven spots observed from an oblique angle 
do not appear easily and high quality display becomes 
possible. 
0057 According to this exemplary embodiment, the lon 
gitudinal axes of the protrusions 28, which are means for 
controlling the alignment of the liquid crystal, are arranged 
along the flow direction of the injected liquid crystal. 
Therefore, the flow resistance of the liquid crystal can be 
reduced, thus shortening the time required to inject the liquid 
crystal. In particular, the liquid crystal layer 50 according to 
this exemplary embodiment includes a vertically aligned 
liquid crystal having a high viscosity and has a multi-gap 
structure, causing a relatively long liquid crystal injection 
time. The injection time, however, can be shortened by the 
above-mentioned structure. In this way, the turnaround time 
of the manufacturing process can be greatly reduced. 
0058. A second exemplary embodiment according to the 
invention will be described by referring to FIGS. 5 to 7. 
0059 FIG. 5 is a plan view and a cross-sectional view of 
a liquid crystal display according to this exemplary embodi 
ment and is equivalent to the schematic view of FIG. 3 
illustrating the first exemplary embodiment of the invention. 
Parts and components according to this embodiment that are 
the same as those in the first embodiment are indicated by 
the same reference numerals. 

0060 A liquid crystal display 200 according to this 
exemplary embodiment is a transmissive liquid crystal dis 
play not having a reflective display region. The liquid crystal 
display 200 according to this embodiment has dot regions 
including pixel electrodes 31 inside of regions defined by 
data lines 9 and scanning lines 13, as illustrated in FIG. 5(a). 
Each of the dot regions includes one colored layer corre 
sponding to one of the three primary colors. Three dot 
regions (D1, D2, and D3) form a pixel including a blue layer 
22B, a green layer 22G, and a red layer 22R. 
0061 Next, the cross-sectional structure of the liquid 
crystal display 200 according to this exemplary embodiment 
will be described. As illustrated in FIG. 5(b), a rectangular 
sealing material (not depicted in the drawing) is interposed 
between a pair of opposing substrates 10 and 25. Between 
these substrates 10 and 25, a liquid crystal initially aligned 
vertically or, in other words, a liquid crystal layer 50 formed 
of a liquid crystal material having a negative dielectric 
anisotropy is interposed. The panel according to this 
embodiment of the present invention is prepared with the 
opposing Substrates 10 and 25 sandwiching the sealing 
material. The liquid crystal layer 50 is sealed inside an area 
surrounded by the substrates 10 and 25 and the sealing 
material. 

0062) A lower substrate (opposing substrate) 10 can 
include a common electrode 9 composed of ITO disposed on 
the surface of a substrate body 10A composed of a trans 
parent material Such as quartz or glass. Protrusions 28 are 
formed on the surface of the common electrode 9. 

0063. The protrusions 28 function as a liquid crystal 
alignment controlling device for controlling the tilting direc 
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tion of the liquid crystal molecules. The protrusions 28, for 
example, protrude from the common electrode 9 into the 
liquid crystal layer 50 by a predetermined height (e.g., about 
0.05 to 1.5 um). The protrusions 28 have a surface inclined 
at a predetermined angle (or curved slightly) with respect to 
the surface of the substrate. In this way, the tilt of liquid 
crystal molecules is controlled along the inclined surface. 
The cross-sectional view of the protrusions 28 is preferably 
Substantially symmetrical. In particular, the shape of the 
protrusions 28 may preferably be a cone, an elliptical cone, 
a poly-pyramid, a truncated cone, a truncated elliptical cone, 
a truncated poly-pyramid, or a hemisphere. In this way, the 
liquid crystal molecules will tilt in all directions when a 
Voltage is applied, and, thus, a multi-directional multi 
domain arrangement becomes possible. 

0064. The common electrode 9 is formed of stripes 
extending in the vertical direction of the page of the draw 
ing. The common electrode 9 is disposed on each dot region 
aligned in the vertical direction of the page of the drawing. 
On the common electrode 9 and the protrusions 28, an 
alignment film 27 composed of polyimide is disposed. The 
alignment film 27 functions as a vertical alignment film for 
vertically aligning the liquid crystal molecules relative to the 
Surface of the film. Alignment processing, such as rubbing, 
has not been carried out on the alignment film 27. 
0065. The upper substrate 25 is made up by disposing a 
color filter 22 (a red colored layer 22R in FIG. 5(b)) on the 
surface of a substrate body 25A composed of a transparent 
material Such as glass or quartz. On the Surface of the color 
filter 22, a matrix of pixel electrodes 31 composed of a 
transparent conductive film such as ITO is disposed. Then, 
an alignment film 33 composed of polyimide processed to 
have a vertical alignment similar to the lower substrate 10 is 
disposed over the pixel electrodes 31. 

0.066 One of each of the pixel electrodes 31 is disposed 
for each of the dots D1, D2, and D3. A voltage is applied 
individually to each of the pixel electrodes 31 by a TFD 
disposed on each of the dots. Each of the pixel electrodes 31 
according to this exemplary embodiment include a plurality 
(four in FIG. 5) of islands 31a, 31b, 31c, and 31d and a 
connecting region 39 for electrically connecting neighboring 
islands. The islands 31a, 31b, 31c, and 31d each make up a 
subdot; each dot can be divided into a plurality of subdots. 
The shape of each subdot (islands 31a, 31b, 31c, and 31d) 
in FIG. 5 is a regular octagon. The shape, however, is not 
limited to this and may be, for example, a circle or any type 
of polygon. Between the islands 31a, 31b, 31c, and 31d of 
each of the pixel electrodes 31, there are notches 32 (the 
region between the islands 31a, 31b, 31c, and 31d excluding 
the connecting region 39) formed by cutting off parts of the 
electrode. The protrusions 28 are formed substantially in the 
center of the subdots (or the islands 31a, 31b, 31c, and 31d) 
when viewed from the top. 

0067. On the outer surface of the lower substrate 10 (the 
Surface opposite to the Surface facing the liquid crystal layer 
50), a wave plate 18 and a polarizing plate 19 are disposed. 
Also, on the outer surface of the upper substrate 25, a wave 
plate 16 and a polarizing plate 17 are disposed. In this way, 
circularly polarized light is incident on the inner Surface of 
the substrate (the surface facing the liquid crystal layer 50). 
The wave plate 18 and the polarizing plate 19, and wave 
plate 16 and polarizing plate 17 form circular polarizing 
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plates. The polarizing plate 17 (19) only transmits linearly 
polarized light having a polarization axis in a predetermined 
direction. The wave plate 16 (18) is a W4 wave plate. For 
Such a polarizing plate, a combination of a polarizing plate, 
a W/2 wave plate, and a W4 wave plate (i.e., a high-frequency 
circularly-polarizing plate) may also be used; in Such a case, 
the black color displayed becomes more achromatic. Also, a 
combination of a polarizing plate, a W2 wave plate, a W4 
wave plate, and ac plate (a wave plate having an optical axis 
in the film thickness direction) may be used to improve the 
viewing angle. On the outer side of the polarizing plate 19 
disposed on the lower substrate 10, a backlight 15 is 
disposed as a light source for transmissive display. 

0068 Also, in this exemplary embodiment, the liquid 
crystal layer 50 is prepared by vacuum-injecting liquid 
crystal through a liquid crystal inlet formed on one of the 
sides (a predetermined edge of the panel) of the sealing 
material. According to this embodiment, the longitudinal 
axes of the protrusions 28 are arranged in an optimal 
direction relative to the flow direction of the liquid crystal to 
shorten the time required for liquid crystal injection process. 

0069 FIG. 6 is a schematic view illustrating the posi 
tioning of the protrusions 28 and the edge having the liquid 
crystal inlet. In the drawing, H indicates the liquid crystal 
inlet, 100A indicates the panel edge having the liquid crystal 
inlet H, 100B indicates both ends of the panel edge, and 40 
indicates a sealant. The sealing material is not depicted in 
FIG. 6 since it is disposed along the edge of the substrate 25 
(or substrate 10). 
0070. In this exemplary embodiment, unlike the first 
exemplary embodiment, the protrusions 28 are not oblong. 
Therefore, in this embodiment, to reduce the flow resistance 
of the liquid crystal during injection, the density of the 
disposed protrusions 28 is varied according to the alignment 
direction. More specifically, as illustrated in FIG. 6(a), the 
density of the protrusions 28 aligned in parallel with the 
panel edge 100Ahaving the liquid crystal inlet H (or, aligned 
along the X-axis direction) projected onto the X axis (i.e., 
the proportion of the total area of the protrusions 28 per unit 
axis length along the X axis direction) is Smaller than the 
density of the protrusions 28 aligned orthogonally to the 
panel edge 100A (or, aligned along the Y-axis direction) 
projected onto the Y axis. Since the protrusions 28 according 
to this embodiment have an isotropic shape, Such as a cone, 
the above-mentioned structure can be rephrased as follows. 
The intervals of the protrusions 28 in parallel with the panel 
edge 100A having the liquid crystal inlet H (or, the protru 
sions 28 aligned along the X-axis direction) are wider than 
the intervals of the protrusions 28 orthogonal to panel edge 
100A having the liquid crystal inlet H (or, the protrusions 28 
aligned along the Y-axis direction). 

0071. The flow resistance of the liquid crystal is affected 
by the density of the protrusions 28, disposed in the path of 
the flow of the liquid crystal. The liquid crystal, for example, 
easily flows in a direction having a lower density of protru 
sions 28 but flows less easily in a direction having a higher 
density of protrusions 28. Thus, as the above-described 
structure, by sparsely disposing the protrusions 28 in parallel 
with the panel edge 100A (along the X-axis direction), that 
is, the surface on which the liquid crystal flows, the liquid 
crystal can be injected smoothly. The protrusions 28 do not 
necessarily have to be exactly in parallel with or orthogonal 
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to the edge 100A having the liquid crystal inlet; even when 
the protrusions 28 are somewhat tilted the flow resistance 
can be sufficiently reduced. 
0072. In fact, the time required for injecting liquid crystal 
into panels having the structure illustrated in FIG. 6(b) 
having the protrusions 28 aligned in a pattern opposite to the 
protrusions 28 in FIG. 6(a) was measured under the same 
conditions: the injection time for the panel of FIG. 6(b) was 
45 minutes whereas the injection time for the panel of FIG. 
6(a) according to this embodiment was only 30 minutes. In 
other words, by optimizing the direction of the longitudinal 
axes of the protrusions 28, the liquid crystal injection time 
can be shorted by about 2/3. 
0073. In FIG. 6(a), the number of protrusions 28 aligned 
in parallel with the panel edge 100A is smaller the number 
of protrusions 28 aligned orthogonally to the panel edge 
100A (in FIG. 6(a) the ratio is 3:5). It should be understood 
that the number of the disposed protrusions 28 is not limited 
to this ratio. For example, the number of protrusions 28 
aligned in either direction may be equal, as illustrated in 
FIG. 7. It is desirable to minimize the number of protrusions 
28 in parallel with the panel edge 100A (along the X-axis 
direction), that is, the Surface on which the liquid crystal 
flow on as much as possible (more specifically, the number 
of protrusions 28 in the X direction must be smaller than the 
number of protrusions 28 in the Y direction). In this way, the 
injection time of the liquid crystal can be shortened. 
0074 FIGS. 7(a) and 7(b) are both examples of a case 
wherein the number of protrusions 28 aligned in the X 
direction and the number of protrusions 28 aligned in the Y 
direction are equal. FIG. 7(a), similar to this embodiment, 
illustrates a case in which the density of the protrusions 28 
aligned in the X direction is less than the density of the 
protrusions 28 aligned in the Y direction. FIG. 7(b) illus 
trates a case in which the density of the protrusions 28 
aligned in the X direction is greater than the density of the 
protrusions 28 aligned in the Y direction. For the structure 
illustrated in FIG. 7(b), the liquid crystal injection time was 
40 minutes whereas the injection time for FIG. 7(a) was 30 
minutes. Although the injection time becomes long by 
increasing the number of protrusions 28 aligned in the X 
direction (as illustrated in FIG. 7(b)), the injection time can 
be shortened by arranging the protrusions 28 with the 
above-mentioned density (i.e., arranging the protrusions 28 
so that the density of the protrusions 28 aligned in the X 
direction is less than the density of the protrusions 28 
aligned in the Y direction). 
0075 Since, as described in this exemplary embodiment, 
the alignment of the liquid crystal is controlled by the 
protrusions 28, which are alignment controlling means, 
residual images accompanying the generation of a disclina 
tion or grainy, uneven spots observed from an oblique angle 
do not appear easily and high quality display becomes 
possible. 
0076. In this exemplary embodiment, the density of the 
disposed protrusions 28 is optimized based on the flow 
direction of the injected liquid crystal, the time required for 
the liquid crystal injection process, and the turnaround time 
for the entire manufacturing process can be shortened. 
0.077 Next, an exemplary electronic apparatus having a 
liquid crystal display according to the above-described 
embodiments will be described. 
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0078 FIG. 8 is a perspective view of a cellular phone 
according to an exemplary embodiment of the invention. In 
FIG. 8, the cellular phone body is indicated by the reference 
numeral 1000, and the display including the above-men 
tioned liquid crystal display is indicated by the reference 
number 1001. When the liquid crystal display according to 
the above-mentioned embodiments is used for the display of 
an electronic apparatus Such as a cellular phone, an elec 
tronic apparatus including a bright display having a high 
contrast and a wide viewing angle can be provided. In 
particular, since the liquid crystal display 1001 can be 
supplied at low cost because the turn-around time of the 
manufacturing process can be shortened, the cost of the 
entire electronic apparatus can be lowered. 
0079. It should be understood that the technical scope of 
the invention is not limited to the above-mentioned exem 
plary embodiments. Various modifications may be made 
within the scope of the present invention. 
0080 For example, in the first exemplary embodiment, 
only the longitudinal axes of the protrusions 28 were opti 
mized relative to the flow direction of the liquid crystal. In 
addition, the density of the protrusions 28 may also be 
optimized in the same manner as in the second embodiment. 
In other words, the intervals of the protrusions 28 aligned in 
parallel with the panel edge 100A having the liquid crystal 
inlet H (in the X-axis direction) may be wider than the 
intervals between the protrusions 28 aligned orthogonally to 
the panel edge 100A (in the Y-axis direction). In this way, the 
liquid crystal injection time can be shortened even more. 
0081. The liquid crystal display according to the above 
mentioned exemplary embodiment of the invention is an 
active matrix liquid crystal display having a TDF as a 
Switching element. The liquid crystal display according to 
the invention may be an active matrix liquid crystal display 
having a TFT as a Switching element or a passive matrix 
liquid crystal display. 
What is claimed is: 

1. A liquid crystal display, comprising: 
a panel including a pair of opposing Substrates; and 
a liquid crystal layer that is Supplied through an inlet 

provided on a predetermined edge of the panel and that 
is sealed inside the panel; 

protrusions that control an alignment of the liquid crystal 
being unidirectionally disposed over the entire panel; 
and 

longitudinal axes of the protrusions being disposed so that 
the axes are not parallel with the predetermined edge of 
the panel. 

2. The liquid crystal display according to claim 1, the 
longitudinal axes of the protrusions being Substantially 
orthogonal to the predetermined edge of the panel. 

3. The liquid crystal display according to claim 1, the 
protrusions being disposed substantially in parallel with and 
Substantially orthogonal to the predetermined edge of the 
panel; and 

intervals between the protrusions that are disposed sub 
stantially in parallel with the predetermined edge of the 
panel being wider than the intervals of the protrusions 
that are disposed substantially orthogonal to the pre 
determined edge of the panel. 
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4. A liquid crystal display, comprising: 
a panel including a pair of opposing Substrates; 
a liquid crystal layer that is Supplied through an inlet 

provided on a predetermined edge of the panel and 
sealed that is inside the panel; 

a plurality of protrusions that control an alignment of 
liquid crystal in the panel being disposed substantially 
in parallel with and substantially orthogonal to the 
predetermined edge of the panel; and 

a density of the plurality of protrusions disposed in a first 
axial direction being substantially in parallel with the 
predetermined edge of the panel projected onto the first 
axis being Smaller than a density of the plurality of 
protrusions disposed in a second axial direction Sub 
stantially orthogonal to the predetermined edge of the 
panel projected on a second axis. 

5. A liquid crystal display, comprising: 
a panel including a pair of opposing Substrates; 
a liquid crystal layer that is Supplied through an inlet 

provided on a predetermined edge of the panel and that 
is sealed inside the panel; 

a plurality of protrusions that control an alignment of 
liquid crystal in the panel being disposed substantially 
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in parallel with and substantially orthogonal to the 
predetermined edge of the panel; and 

intervals between the protrusions disposed substantially 
in parallel with the predetermined edge of the panel 
being larger than intervals between the protrusions 
disposed Substantially orthogonal to the predetermined 
edge of the panel. 

6. The liquid crystal display according claim 1, the liquid 
crystal layer including liquid crystal initially vertically 
aligned and having a negative dielectric anisotropy. 

7. The liquid crystal display according to claim 6. 
the panel being a plurality of dot regions, and each dot 

region including a transmissive display region for 
transmissive display and a reflective display region for 
reflective display; and 

the reflective display region including a liquid-crystal 
layer thickness-adjustment layer that makes a liquid 
crystal layer thickness of the reflective display region 
Smaller than a liquid crystal layer thickness of the 
transmissive display region. 

8. An electronic apparatus, comprising: 
the liquid crystal display according to claim 1. 
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