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(57) ABSTRACT

The present invention provides a liquid crystal display that
can provide a display with high contrast in both the trans-
missive mode display and the reflective mode display as a
transflective liquid crystal display, and an electronic appli-
ance provided therewith. The liquid crystal display can
include a liquid crystal layer of a nematic liquid crystal with
positive anisotropy of dielectric constant held between a pair
of substrates in accordance with the present invention is
characterized in that areas used for the display in the liquid
crystal layer includes individual areas having at least two
kinds of different liquid crystal layer thickness, the indi-
vidual areas of different liquid crystal layer thickness are
either a reflective display unit or a transmissive display unit,
a reflective means is disposed on the reflective display unit,
and a transparent resin layer is formed in a portion except a
portion corresponding to the transmissive display unit.
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LIQUID CRYSTAL DISPLAY AND ELECTRONIC
APPLIANCE

[0001] This is a Continuation of application Ser. No.
11/115,118 filed Apr. 27, 2005 which in turn is a Division of
application Ser. No. 09/946,594 filed Sep. 6, 2001 now U.S.
Pat. No. 6,909,481 B2 issued Jun. 21, 2005. The entire
disclosure of the prior applications is hereby incorporated by
reference herein in its entirety.

BACKGROUND

[0002] The present invention relates to a liquid crystal
display having a pair of substrates holding a liquid crystal
layer and an electronic appliance including the liquid crystal
display. More particularly, the present invention relates to
the technology of obtaining a bright display with high
contrast by providing both a transmissive display unit and a
reflective display unit.

[0003] Currently, liquid crystal displays having small
power consumption have been extensively used for a display
unit in various kinds of electronic appliances, such as
notebook personal computers, portable game machines and
electronic notebooks. Particularly, in recent years, demand
for a liquid crystal display capable of displaying color has
increased as the display contents are diversified. In particu-
lar, the liquid crystal displays include the reflective structure
type and the transmissive structure type according to the
service applications.

[0004] A transmissive liquid crystal display has a structure
with a backlight to improve visibility in dark places. How-
ever, with the transmissive liquid crystal displays the vis-
ibility is degraded in an environment in which external light
brighter than the backlight is present, such as outdoors.
Further, the power consumption is also high.

[0005] A reflective liquid crystal display has a display
structure whereby external light is reflected by a reflector,
and therefore, no backlight is required. This has the advan-
tage of low power consumption, however, the visibility is
degradable in dark places where the external light is weak.

[0006] A transflective liquid crystal display has been pro-
vided as a structure having both the advantages of a con-
ventional transmissive liquid crystal display and a conven-
tional reflective liquid crystal display. FIG. 17 shows an
example of this kind of the conventional transflective liquid
crystal display as disclosed in Japanese Unexamined Patent
Application Publication No. 10-282488. In a basic structure
of a transflective liquid crystal display A in this example, a
liquid crystal layer 102 is held between upper and lower
glass substrates 100 and 101, and a backlight unit 103 is
provided outside the lower glass substrate 101. A plurality of
reflectors 105 having a plurality of small holes 104 for light
transmission are intermittently formed on an upper surface
on the liquid crystal side of the lower glass substrate 101. A
liquid crystal drive electrode 106 formed of a transparent
conductive material is formed to cover most of the reflectors
105. A wiring pattern 107 and a TFT (thin film transistor
element) 108 to drive each liquid crystal drive electrode 106
are formed on the substrate 101. A part of the reflectors 105
are extended onto the wiring pattern 107 and the TFT
element 108 via an insulating film 110, and an alignment
layer 111 is formed covering the reflectors 105 and the liquid
crystal control electrodes 106. A color filter 113, an opposing
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electrode 114 and an alignment layer 115 are laminated on
a surface on the liquid crystal layer 102 side of the upper
glass substrate 100. In the structure shown in FIG. 18, a
retardation film and a polarizer are appropriately disposed
outside the glass substrates 100 and 101, however, they are
omitted in FIG. 17.

[0007] In the transflective liquid crystal display A of the
structure shown in FIG. 17, the light incident from the
external side of the liquid crystal display is transmitted
through the glass substrate 100, the color filter 113, the
opposing electrode 114, the alignment layer 115, the liquid
crystal layer 102, the alignment layer 111, and the liquid
crystal drive electrode 106, and is reflected by the reflectors
105, and transmitted again through the liquid crystal drive
electrode 106, the alignment layer 111, the liquid crystal
layer 102, the alignment layer 115, the transparent electrode
114, the color filter 113, and the glass substrate 100, and
reaches the naked eye of a viewing person. The color display
can be achieved because the alignment-controlled liquid
crystal layer 102 controls the transmissivity of the light
reflected by the reflectors 105. The light generated by the
backlight unit 103 is transmitted through the hole 104 for
light transmission, and then, the liquid crystal drive elec-
trode 106, the alignment layer 111, the liquid crystal layer
102, the alignment layer 115, the opposing electrode 114, the
color filter 113 and the glass substrate 100, and reaches the
naked eye of the viewing person, and the color display can
be achieved because the alignment-controlled liquid crystal
layer 102 controls the transmissivity of the light.

[0008] The transflective liquid crystal display A shown in
FIG. 17 can realize the transmissive display making use of
the transmitted light from the backlight 103 and the reflec-
tive display making use of the external light by one liquid
crystal display.

SUMMARY

[0009] In the transflective liquid crystal display A shown
in FIG. 17, the retardation And of the liquid crystal of a
portion to achieve the reflective liquid crystal display is
given by 2xAnd. This is because the incident light is
transmitted through the liquid crystal layer 102 twice, and
then, reaches the viewing person. The retardation And of the
liquid crystal of the portion to achieve the transmissive
liquid crystal display is given by 1xAnd because the incident
light from the backlight 103 is transmitted through the liquid
crystal layer 102 only once, where d is the thickness of the
liquid crystal layer, An is the anisotropy of refractive index
of the liquid crystal, and And is the retardation of the liquid
crystal indicated as the product thereof.

[0010] When the alignment of the liquid crystal molecule
of the liquid crystal layer 102 is controlled in a structure in
which the retardation value is different in the portion to
achieve the reflective liquid crystal display and in the
portion to achieve the transmissive liquid crystal display, the
alignment is controlled by applying the electric field to the
liquid crystal at the same drive voltage from the transparent
electrode 104 and the reflective electrode 105. However, a
display with high contrast cannot be obtained because of the
alignment of the liquid crystal in the different mode display
in the liquid crystal. In other words, in the different retar-
dation state in the transmissive display area and the reflec-
tive display area is controlled by the same drive voltage, and
a problem occurs, in that a bright display is difficult to
obtain.
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[0011] Accordingly, the present invention has been made
in light of the above problem and one of the objects of the
present invention is to provide a liquid crystal display which
can obtain a bright display state with high contrast making
effective use of the transmitted light when the transmitted
light of the backlight is used as the transflective liquid
crystal display. Further, an object of the present invention is
to obtain a bright display state with high contrast by making
effective use of the external light when the external light is
used as the reflective liquid crystal display.

[0012] The present invention has been made in light of the
above problem and other objects of the present invention are
to provide a liquid crystal display which can obtain a bright
mode display with high contrast in both the transmissive
display and the reflective display by realizing the structure
for controlling the alignment of the liquid crystal after
making adjustment so that a portion for the transmissive
display and a portion for the reflective display are close to
each other in retardation.

[0013] In addition, still another object of the present
invention is to eliminate any defective alignment generated
in a boundary between a transmissive display unit and a
reflective display unit.

[0014] A reflective liquid crystal display in accordance
with the present invention can include a liquid crystal layer
of a nematic liquid crystal with positive anisotropy of
dielectric constant held between a pair of substrates. Areas
used for the display in the liquid crystal layer can include
individual areas having at least two kinds of different liquid
crystal layer thickness, the individual areas different in the
liquid crystal layer thickness have either a reflective display
unit or a transmissive display unit. A reflective layer is
disposed on the reflective display unit, the thickness of the
liquid crystal layer corresponding to the reflective display
unit is set to be smaller than the thickness of the liquid
crystal layer corresponding to the transmissive display unit,
and the inequalities 1.8xdh=dt=2.4xdh are satisfied, where
dh is the thickness of the liquid crystal layer corresponding
to the reflective display unit, and dt is the thickness of the
liquid crystal layer corresponding to the transmissive display
unit.

[0015] If the thickness of the liquid crystal layer corre-
sponding to the reflective display unit and the thickness of
the liquid crystal layer corresponding to the transmissive
display unit are set to satisfy the inequalities 1.8x
dh=dt=2.4xdh, the transmissivity of the liquid crystal of
the area of the reflective display and the transmissivity of the
liquid crystal of the area of the transmissive display can be
arranged, and a display state with high contrast can be
maintained at the reflective display unit and the transmissive
display unit.

[0016] In the present invention, a plurality of electrodes
for driving the liquid crystal layer in the display area are
formed on the liquid crystal layer side of the substrate, and
individual divided pixel areas driven by each electrode
preferably include areas having at least two kinds of differ-
ent liquid crystal layer thickness.

[0017] In such a structure, when each electrode controls
the alignment of the liquid crystal, the reflective display unit
and the transmissive display unit can be separately used in
a small area, and the display with high contrast can be
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obtained when the reflective display unit is used separately
from the transmissive display unit.

[0018] In the present invention, the inequalities of 1.8
Andh = Andt=2.4Andh are preferably satisfied, where An is
the anisotropy of refractive index of the liquid crystal to
constitute the liquid crystal layer, Andh is the product of the
anisotropy of refractive index by the thickness dh of the
liquid crystal layer of the reflective display unit, and Andt is
the product of the anisotropy of refractive index by the
thickness dt of the liquid crystal layer of the transmissive
display unit.

[0019] If the thickness of the liquid crystal layer corre-
sponding to the reflective display unit and the thickness of
the liquid crystal layer corresponding to the transmissive
display unit are set to satisfy the inequalities 1.8
Andh = Andt=2.4Andh, the transmissivity of the liquid crys-
tal of the area of the reflective display and the transmissivity
of the liquid crystal of the area of the transmissive display
can be arranged, and a display state with reliably high
contrast can be maintained at the reflective display unit and
the transmissive display unit.

[0020] In addition, the present invention is characterized
in that recessed portions facing the liquid crystal layer of the
transmissive display unit are formed on the other substrate
facing the substrate having the reflective layer, and the
thickness of the liquid crystal layer corresponding to the
reflective display unit is set to be smaller than the thickness
of the liquid crystal layer corresponding to the transmissive
display unit.

[0021] Inthe liquid crystal display of the present invention
including the liquid crystal layer held between a pair of the
substrates, the area used for the display in the liquid crystal
layer having the transmissive display unit and the reflective
display unit having at least two kinds of different pretilt
angle. A reflective layer is disposed on the reflective display
unit, the pretilt angle of the area corresponding to the
reflective display unit is set to be larger than the pretilt angle
of the area corresponding to the transmissive display unit,
and a structure to satisfy the inequalities 30°=0h-0t=50°
may be employed, where 6h is the pretilt angle of the liquid
crystal layer corresponding to the reflective display unit and
ot is the pretilt angle of the liquid crystal layer correspond-
ing to the transmissive display unit.

[0022] In the liquid crystal display including the liquid
crystal layer held between a pair of the substrates, a structure
characterized in that the area used for the display in the
liquid crystal layer includes the reflective display unit and
the transmissive reflective display unit having at least two
kinds of different retardation, and a retardation layer is
formed only in the transmissive display unit, may be used.

[0023] In the configuration of the present invention, a
plurality of electrodes to control the alignment of the liquid
crystal of the liquid crystal layer may be disposed corre-
sponding to the pixels of the display area of the liquid crystal
layer, and individual electrodes to apply the electric field to
the liquid crystal corresponding to each pixel may include a
reflective electrode unit and a transmissive electrode unit. If
the transmissive display unit and the reflective display unit
are disposed for each pixel, even a highly precise liquid
crystal panel can be used for the highly precise display by
switching the transmissive display unit and the reflective
display unit.
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[0024] The liquid crystal display in accordance with the
present invention is characterized in that the liquid crystal
display includes the liquid crystal layer of a nematic liquid
crystal with positive anisotropy of dielectric constant held
between a pair of the substrates. Areas used for the display
in the liquid crystal layer include individual areas having at
least two kinds of different liquid crystal layer thickness, the
individual areas of different liquid crystal layer thickness are
either the reflective display unit or the transmissive display
unit. A reflective layer is disposed on the reflective display
unit, and a transparent resin layer is formed on a portion
except a portion corresponding to the transmissive display
unit.

[0025] By doing so, a liquid crystal display having thick-
ness of the liquid crystal layer of the transmissive display
unit that is larger than that of the reflective display unit can
be realized by the transparent resin layer. The transmissivity
of the liquid crystal in the area in the reflective mode display
and the transmissivity of the liquid crystal in the area in the
transmissive mode display can be arranged, and a display
state with high contrast can be maintained at the reflective
display unit and the transmissive display unit. The transpar-
ent resin layer can be easily formed of an acrylic resin. In
addition, the transparent resin layer may be formed of a
protective film of a color filter. The resin layer gives no
adverse effect (degradation in coloring and brightness) on
the reflective display so long as it is transparent to the light
in the visible light range.

[0026] The liquid crystal layer in accordance with the
present invention is characterized in that the liquid crystal
display includes a liquid crystal layer of the nematic liquid
crystal with positive anisotropy of dielectric constant held
between a pair of substrates. Areas used for the display in the
liquid crystal layer include individual areas having at least
two kinds of different liquid crystal layer thickness. The
individual areas of different liquid crystal layer thickness is
either the reflective display unit or the transmissive display
unit. A reflective device is disposed on the reflective display
unit, the thickness of the liquid crystal layer corresponding
to the reflective display unit is set to be smaller than the
thickness of the liquid crystal layer corresponding to the
transmissive display unit, and the voltage is applied to the
liquid crystal of the reflective display unit and the transmis-
sive display unit constantly by the transparent electrode of
the same material.

[0027] Inthisdevice, a boundary between the transmissive
display unit and the reflective display unit is continuously
connected via a transparent electrode of the same material,
and the boundary portion has a gentle slope. The defective
alignment generated in a step between the reflective display
unit and the transmissive display unit can be suppressed to
a mininum, and both the reflective display unit and the
transmissive display unit can be maintained in the display
state with high contrast. Further, the voltage is applied to the
liquid crystal layer constantly by the transparent electrode of
the same material, and no difference in polarity (no potential
difference) is caused between dissimilar materials. Defective
displays, such as flickers and afterimages, can be eliminated
thereby, and a display state with high contrast can be
maintained at both the reflective display unit and the trans-
missive display unit.

[0028] The liquid crystal display in accordance with the
present invention is characterized in that the liquid crystal
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display includes the liquid crystal layer of the nematic liquid
crystal with positive anisotropy of dielectric constant held
between a pair of substrates. Areas used for the display in the
liquid crystal layer include individual areas having at least
two kinds of different liquid crystal layer thickness, the
individual areas of different liquid crystal layer thickness are
either the reflective display unit or the transmissive display
unit. The reflective layer is disposed on the reflective display
unit, the thickness of the liquid crystal layer corresponding
to the reflective display unit is set to be smaller than the
thickness of the liquid crystal layer corresponding to the
transmissive display unit, the transmissive display unit is of
a rectangular shape, and the longitudinal direction of the
rectangular shape is substantially parallel to the alignment
direction of the liquid crystal alignment layer.

[0029] Using this device, the defective alignment caused
in the step between the reflective display unit and the
transmissive display unit can be suppressed to a minimum,
and a display state with high contrast can be maintained both
at the reflective display unit and the transmissive display
unit.

[0030] An electronic appliance in accordance with the
present invention is characterized in that the liquid crystal
display according to any one of the aspects of the invention
is disposed in a display unit. The display with high contrast
in both the transmissive mode display and the reflective
mode display can be obtained in these electronic appliances.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The invention is described in detail with reference
to the following figures, wherein like numerals reference
like elements, and wherein:

[0032] FIG. 1 is a cross-sectional view of a first embodi-
ment of a transflective liquid crystal display in accordance
with the present invention;

[0033] FIG. 2 is a plan view of an electrode shape of the
structure according to the first embodiment shown in FIG. 1;

[0034] FIG. 3 is a cross-sectional view of a second
embodiment of a transflective liquid crystal display in
accordance with the present invention;

[0035] FIG. 4 is a cross-sectional view of a third embodi-
ment of a transflective liquid crystal display in accordance
with the present invention;

[0036] FIG. 5is a cross-sectional view of a fourth embodi-
ment of a transflective liquid crystal display in accordance
with the present invention;

[0037] FIG. 6 is a cross-sectional view of a fifth embodi-
ment of a transflective liquid crystal display in accordance
with the present invention;

[0038] FIG. 7 is a cross-sectional view of a sixth embodi-
ment of a transflective liquid crystal display in accordance
with the present invention;

[0039] FIG. 8 is a plan view of an electrode shape of the
structure according to the fifth embodiment shown in FIG.
7,

[0040] FIG. 9 shows an example of an electron appliance

to which the transflective liquid crystal display of each
embodiment in FIGS. 1 to 9 is applied; FIG. 9(a) is a
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perspective view of a cellular phone, FIG. 9(b) is a perspec-
tive view of a wrist watch, and FIG. 9(c) is a perspective
view of a portable information processing unit;

[0041] FIG. 10 shows the polarization axis of a polarizer
and the lag axis of a retardation film of the transflective
liquid crystal display applied in the embodiment, and the
rubbing direction of an upper substrate and the rubbing
direction of a lower substrate;

[0042] FIG. 11 shows the reflectance of a liquid crystal
layer of a reflective display unit with And of 0.15 in the
transflective liquid crystal display obtained in the embodi-
ment;

[0043] FIG. 12 shows the transmissivity of the liquid
crystal layer of a transmissive display unit with And of 0.29
in the transflective liquid crystal display obtained in the
embodiment;

[0044] FIG. 13 shows the transmissivity of the liquid
crystal layer of the transmissive display unit with And of
0.15 in the transflective liquid crystal display obtained in a
comparative example;

[0045] FIG. 14 shows the reflectance of the liquid crystal
layer of the reflective display unit with And of 0.29 in the
transflective liquid crystal display obtained in the embodi-
ment;

[0046] FIG. 15 shows the dependency of the value of (the
thickness of the liquid crystal layer of the transmissive
display unit/the thickness of the liquid crystal layer of the
reflective display unit) on the transmissivity in the trans-
flective liquid crystal display obtained in the embodiment;

[0047] FIG. 16 shows the dependency of the value of (the
pretilt angle of the reflective display unit—the pretilt angle
of the transmissive display unit) on the ratio of (the retar-
dation of the transmissive display unit/the retardation of the
reflective display unit) in the transflective liquid crystal
display obtained in the embodiment;

[0048] FIG. 17 is a cross-sectional view of a first conven-
tional example of the transflective liquid crystal display in
accordance with the present invention;

[0049] FIG. 18 shows a seventh embodiment of the trans-
flective liquid crystal display in accordance with the present
invention;

[0050] FIG. 19 shows an eighth embodiment of the trans-
flective liquid crystal display in accordance with the present
invention;

[0051] FIG. 20 shows a ninth embodiment of the trans-
flective liquid crystal display in accordance with the present
invention; and

[0052] FIG. 21 is a front schematic representation show-
ing the ninth embodiment of the transflective liquid crystal
display in accordance with the present invention;

DETAILED DESCRIPTION OF EMBODIMENTS

[0053] FIGS. 1 and 2 show a first embodiment with a
transflective liquid crystal display in accordance with the
present invention applied to an active matrix type liquid
crystal display. In the basic structure of a transflective liquid
crystal display D according to the first embodiment, a liquid
crystal layer 3 is held between substrates 1 and 2 which are
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disposed facing each other in the vertical direction as
illustrated in a cross-sectional structure in F1G. 1 and formed
of a transparent glass or the like. Although omitted in the
figures, a sealant is actually interposed on peripheral edge
sides of the substrates 1 and 2, and the liquid crystal layer
3 is held in a sealed condition between the substrates 1 and
2 by surrounding the liquid crystal layer 3 by the substrates
1 and 2 and the sealant. A backlight 4 is provided on a much
lower side of the lower substrate 2 in FIG. 1.

[0054] In the transflective liquid crystal display D shown
in FIG. 1, a transparent electrode 5 is formed on the liquid
crystal layer 3 side of the substrate 1, and a plurality of
electrodes 6 rectangular in plan view are formed on the
liquid crystal layer 3 side of the substrate 2 separate from
each other in the right-to-left direction of the plane of FIG.
1 and in the direction perpendicular to the plane of FIG. 1
corresponding to a display area.

[0055] Further, as described in greater detail below, the
electrode 6 includes a reflective electrode unit 6a of a
rectangular frame in plan view formed of a light reflective
metal, and a transparent electrode unit 6¢ disposed in a
through hole 65 formed in a center portion of this reflective
electrode unit 6a. In the liquid crystal display D, the display
area includes a large number of pixels G in an assembled
manner, and each pixel G is demarcated by a square portion
having three assembled longitudinal electrodes 6 in plan
view of the electrode 6 as shown in FI1G. 2. The liquid crystal
display D according to the present embodiment is assumed
on the color display, and one pixel G square in plan view and
demarcated by the three electrodes 6 as specifically shown
in FIG. 2 is divided into three divided pixel areas G1, G2 and
G3. Individual rectangular through holes 6bare formed in a
center portion of the electrodes 6 corresponding to these
divided pixel areas G1 to G3, and the transparent electrode
units 6¢ are formed inside these through holes 65.

[0056] More specifically, a recessed portion 2a is formed
in an upper surface of the substrate 2 located below the
electrode 6 to the position of the through hole 65, a periphery
of a portion having the recessed portion 2a formed therein
is formed to be a projecting portion 2b, the transparent
electrode 6¢ is formed on an inner surface of the recessed
portion 2b. The reflective electrode unit (a reflective means)
6a includes a light-reflective metal electrode that is formed
on an upper surface of the projecting portion 25, and the
reflective electrode unit 6a that is connected in an integrated
manner to the transparent electrode unit 6¢ to constitute the
electrode 6. An alignment layer 7 covering these electrodes
and peripheral portions thereof is formed on these electrodes
6a and 6c¢.

[0057] The size of the through hole 65 formed in the
electrode 6 is substantially a fraction of the length and the
width of each divided pixel area to one size of any one of the
divided pixel areas G1, G2 and G3. When the substrate 1 is
a glass substrate, in order to form the recessed portion 2a, a
photolithography process can be achieved, in which a resist
is applied on the glass substrate, and then etched using
hydrofluoric acid (HF), and the resist is peeled after the
etching. Next, a thin film transistor unit 17 as a switching
element to drive these electrodes 6 is formed on a corner
portion around the electrodes 6, and a gate wire 18 and a
source wire 19 to feed the thin film transistor unit 17 of the
electrode 6 are provided. In the present embodiment, the thin
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film transistor unit 17 is provided as the switching element,
and a two-terminal type linear element or any switching
device of other structure may be provided as the switching
element as appropriate.

[0058] The thickness of the liquid crystal layer 3 held
between the substrates 1 and 2 is formed to be different
between a portion corresponding to the recessed portion 2a
and a portion corresponding to the projecting portion 25 by
forming the recessed portion 2a and the projecting portion
2b in the substrate 2. The relationship to satisfy the inequali-
ties (1) should be preferably maintained between dt and dr,
where dt is the thickness of the liquid crystal layer 3 of the
area corresponding to the recessed portion 2a, dr is the
thickness of the area corresponding to the projecting portion
2b, and An (=An"-An.: the refractive index in the direction
perpendicular to the major axis of the liquid crystal molecule
subtracted from the refractive index in the direction parallel
to the major axis of the liquid crystal molecule) is the
anisotropy of refractive index of the liquid crystal molecule
constituting the liquid crystal layer 3.

L.8xdr=dt=2.4xdr n

[0059] Next, the relationship between the thickness of the
liquid crystal layer (in other words, the gap between the
substrates corresponding to the recessed portion 2a between
the substrates 1 and 2, or the gap between the substrates
corresponding to the projecting portion 25) dr or dt, and the
retardation Andr or Andt which 1s the integrated value of the
anisotropy of refractive index should preferably satisty the
inequalities (2).

1.8xAndr=Andt=2 AxAndr 2)

[0060] A color filter 10, an electrode 5 and an alignment
layer 11 are laminated on the liquid crystal layer 3 side of the
substrate 1 on the side facing the substrate 2.

[0061] In the above structure, assuming that the display
area of the liquid crystal layer 3 held between the electrode
5 and the electrode 6 forms one divided pixel area, a portion
corresponding to the liquid crystal layer 3 of the portion
between the electrode 5 and the reflective electrode unit 6a
forms a reflective display unit R and a portion corresponding
to the liquid crystal layer 3 of the portion between the
electrode 5 and the transparent electrode unit 6¢ forms a
transmissive display unit T.

[0062] Each colored portion of the color filter 10 is
disposed corresponding to the plane position of the divided
pixel areas G1, G2 and G3. The color filter 10 includes
colored portions 10A, 10B and 10C which are colored to one
of “R(Red), G (Green) and B(Blue)”, and a light-shading
layer (a black matrix) 10a disposed on a boundary portion of
these colored portions. Any one of the colored portions of
primaries “R(Red), G (Green) and B(Blue)” of the color
filter 10 can be disposed in any one of the divided pixel areas
G1, G2 and G3, and the light-shading layer 10a of the color
filter 10 is disposed on a portion not contributing to the
display of a peripheral portion of each divided pixel area. In
the structure of the color filter 10 shown in FIG. 1, the
colored portions are repeatedly arrayed in the order of the
colored layers 10A (red), 10B (green) and 10C (blue),
however, the array order of these colored portions is only an
example, and any array including random array, mosaic
array or arrays of other order may be used without departing
from the spirit and scope of the present invention.
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[0063] A retardation film 12 and a polarizer 13 are dis-
posed on the upper surface side (observer side) of the
substrate 1, and similarly, a retardation film 14 and a
polarizer 15 are also disposed on the lower surface side of
the substrate 2. Only the required number of retardation
films and polarizers can be disposed.

[0064] Next, the effect and advantage of the transflective
liquid crystal display D of the structure shown in FIGS. 1
and 2 will be described below.

[0065] In the liquid crystal display D according to the
present embodiment, in the reflective mode display, the
reflective color display can be achieved by guiding the
incident light from the outer side of the substrate 1 to the
liquid crystal layer 3 side via the color filter 10, the electrode
5 and the alignment layer 11 making use of the light incident
from the outer side of the liquid crystal display. Then
reflecting the light by the reflective electrode unit 6¢ after
being transmitted through the alignment layer 7, allowing
the light to be transmitted through the liquid crystal layer 3
again, and returning it to the outside of the liquid crystal
display via the alignment layer 11, the electrode 5, the color
filter 10, the substrate 1, the retardation film 12 and the
polarizer 13 to allow the light to reach the viewing person.
In this reflective color mode display, the transmissivity of
the light transmitted through the liquid crystal layer 3 is
changed to enable the bright-and-dark display by controlling
the alignment of the liquid crystal of the liquid crystal layer
3 by the electrodes 5 and 6.

[0066] In the transmissive mode display, the transmissive
color display can be achieved by allowing the light emitted
from the backlight 4 to be transmitted through the polarizer
15, the retardation film 14, the substrate 2, the transparent
electrode 6¢, the alignment layer 7, the liquid crystal layer
3, the alignment layer 11, the electrode 5, the color filter 10,
the substrate 1, the retardation film 12 and the polarizer 13
in this order. In this transmissive color mode display, the
transmissivity of the light transmitted through the liquid
crystal layer 3 is changed to enable the bright-and-dark
display by controlling the alignment of the liquid crystal of
the liquid crystal layer 3 by the electrodes 5 and 6.

[0067] In these mode displays, the incident light is trans-
mitted through the liquid crystal layer 3 twice in the reflec-
tive mode display, while the transmitted light emitted from
the backlight 4 is transmitted through the liquid crystal layer
3 only once. Considering the retardation of the liquid crystal
layer 3, when the alignment is controlled by applying the
same voltage from the electrodes 5 and 6, the transmissivity
of the liquid crystal becomes different due to the difference
in retardation of the liquid crystal between the reflective
mode display and the transmissive mode display. However,
in the structure according to the present embodiment, the
thickness dt of the liquid crystal layer 3 of the transmissive
display area to achieve the transmissive display, i.e., a
transmissive display unit T corresponding to the transparent
electrode unit 6¢ shown in FIG. 1 is larger than the thickness
dt of the liquid crystal layer 3 of a reflective display area, i.e.,
a reflective display unit R corresponding to the reflective
electrode unit 6a shown in FIG. 1, and further, the relation-
ship between dt and dr is set to meet either of the equations
(1) and (2). Therefore, the condition of the transmissivity or
the reflectance for each voltage as the liquid crystal layer 3
at the reflective display unit R and the transmissive display
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unit T can be uniform. Accordingly, the brightness of display
at the same drive voltage as that in the transmissive display
can be set to higher brightness in the transmissive mode
display, and the brightness of display at the same drive
voltage as that in the reflective display can be set to higher
brightness.

[0068] More specifically, as clarified in the result of the
embodiment with reference to FIGS. 12 and 13 as described
below, when the reflective characteristic of the reflective
display unit R with And=0.15 is compared with the trans-
missive characteristic of the transmissive display unit T with
And=0.29, the transmissivity on the higher level or the
reflectance on the higher level can be obtained according to
the drive voltage. Therefore, the high reflectance can be
obtained in the reflective display unit when the drive voltage
is zero or low, while the high transmissivity can be obtained
at the transmissive display unit, and in general, the brighter
display can be obtained not only at the reflective display unit
R but also the transmissive display unit T. When the drive
voltage is high, the low reflectance can be obtained at the
reflective display unit R, and the low transmissivity can be
obtained in the transmissive display unit T. In general, a
darker display can be obtained not only in the reflective
display unit R but also the transmissive display unit T.
Accordingly, a display state with high contrast can be
obtained not only in the reflective display unit, but also in the
transmissive display unit using the structure according to the
first embodiment.

[0069] FIG. 3 shows a second embodiment in which the
transflective liquid crystal display in accordance with the
present invention is applied to an active matrix liquid crystal
display. Note that the transflective liquid crystal display E
according to the second embodiment is substantially iden-
tical in structure to that of the transflective liquid crystal
display D of the cross-sectional structure shown in FIG. 1,
and thus, parts and components identical with those are
designated by the same reference symbols, the description
thereof is appropriately omitted, and components of differ-
ent configuration will be mainly explained.

[0070] Also, in the transflective liquid crystal display E
according to the second embodiment, the basic structure that
the liquid crystal layer 3 is held between the substrates 1 and
22 which are disposed facing each other in the vertical
direction and formed of a transparent glass, and a backlight
4 is disposed on the lower side of the lower substrate 22.

[0071] In the liquid crystal display E according to the
second embodiment, a plurality of protruded portions 225
formed of a resin layer such as a photosensitive resin layer
of 1 acrylic resin or the like are formed on an upper surface
side of the substrate 22, and recessed portions 22a are
formed between the protruded portions 225. The photosen-
sitive resin may include an acrylic resin or the like with a
photosensitive material added thereto. The size and the
positional relationship between the recessed portions 22a
and the protruded portions 226 are similar to those of the
recessed portions 2¢ and protruded portions 25 in the first
embodiment. Thus, the second embodiment is similar to the
first embodiment in that an area of the liquid crystal layer 3
corresponding to the recessed portions 22a forms the trans-
missive display unit T, and an area of the liquid crystal layer
3 corresponding to the protruded portions 226 forms the
reflective display unit R.
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[0072] Next, an upper surface of the liquid crystal layer
side of the protruded portions 225 according to the second
embodiment is uneven. The surface roughness of the uneven
surface is in a range of 0.5 um to 0.8 um, and unevenness is
formed at random. Since a reflective electrode unit 6a is
formed on the uneven surface, a diffusing reflective surface
6e with random unevenness is formed on the reflective
electrode unit 6a on the uneven surface. An uneven surface
7e is also formed on an alignment layer 7 covered on the
diffusing reflective surface 6e. Other structures are identical
to those of the transflective liquid crystal display D accord-
ing to the first embodiment.

[0073] This means that the structure according to the
second embodiment is realized by the protruded portions
22b of the resin layer with the unevenness to separate the
reflective display unit R from the transmissive display unit
T separately formed on the substrate 22 while the uneven-
ness is realized by the recessed portions 2a and the protruded
portions 24 directly formed on the substrate 2 in the structure
according to the first embodiment, and other structures are
identical.

[0074] The mode display making use of the transmissive
display and the reflective display can by employed in the
transflective liquid crystal display E according to the second
embodiment similar to that of the liquid crystal display D
according to the first embodiment. Regarding the advantage,
the thickness of the liquid crystal layer in the transmissive
display area is different from that in the reflective display
area in a similar manner to the first embodiment, and thus,
a similar effect can be obtained.

[0075] In addition, in the second embodiment, the diffus-
ing reflective surface 6e having a random unevenness that is
formed on the reflective electrode unit 64, the incident light
can be reflective in a diversified direction by the diffusing
reflective surface 6e in the reflective mode display, and thus,
the reflective display of a high angle of view can be
obtained.

[0076] To obtain an uneven upper surface of the protruded
portions 225 formed of the photosensitive resin layer, for
example, a resist of rectangular cross-sectional projection
shape is applied thereto, heated and softened, and the
protruded portions 226 having an uneven surface can be
formed by laminating layers of hemispherical resists
thereon.

[0077] FIG. 4 shows a transflective liquid crystal display
F according to a third embodiment of a structure in which
the thickness of the liquid crystal layer is different for each
display area in the reflective display unit and the transmis-
sive display unit. Note that parts and components in the
structure according to the third embodiment identical with
those of the transflective liquid crystal display D according
to the first embodiment are designated by the same reference
symbols, and the description thereof is appropriately omit-
ted.

[0078] Also, in the transflective liquid crystal display F
according to the third embodiment, the basic structure with
the liquid crystal layer 3 held between the substrates 31 and
32 which are disposed facing each other in the upper and
lower direction and formed of a transparent glass is identi-
cal, and the backlight 4 is disposed on a lower side of the
lower substrate 32.
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[0079] In the transflective liquid crystal display F accord-
ing to the third embodiment, an upper surface of one (lower)
substrate 32 shown in FIG. 4 is formed flat, and a plurality
of electrodes 36 rectangular in plan view are neatly arranged
on the flat substrate 32 corresponding to the display area.
These electrodes 36 are of a flat structure identical to that of
the electrode 6 explained with reference to FIG. 2, and
include a metal reflective electrode unit 36a of a rectangular
frame shape in plan view and a transparent electrode part
36¢ of rectangular shape in plan view formed in a through
hole 364 opened in a center portion of the reflective elec-
trode unit 36a, however, the electrode 36 is of one-layer
structure, which is different from that in the first embodi-
ment. An uneven surface is formed on the upper surface side
of the reflective electrode unit 36a to form a diffusing
reflective surface 36e.

[0080] In addition, recessed portions 31a are formed on
the surface of the liquid crystal layer side of the upper
substrate 31 corresponding to a portion with the transparent
electrode unit 36¢ formed thereon, and portions correspond-
ing to the portion with the reflective electrode unit 36a
formed thereon are formed on the protruded portions 315,
and an electrode 35 formed on the surface on the liquid
crystal layer side of the upper substrate 31 is formed
unevenly while a recessed portion of each electrode 35 is
aligned with the transparent electrode unit 36c¢.

[0081] The thickness dr of the liquid crystal layer 3 of the
reflective display unit R (the portion corresponding to the
reflective electrode unit 36a) and the thickness dt of the
liquid crystal layer 3 of the transmissive display unit (the
portion corresponding to the transmissive electrode unit 36¢)
T are in the relationship to satisfy the equation (1) that is
identical to that for the structure according to the first
embodiment. The relationship between Andr and Andt also
satisfies equation (2) that also identical to that for the
structure according to the first embodiment.

[0082] Further described in detail, in the transflective
liquid crystal display F, the display area includes a large
number of aggregated pixels, and each pixel is constituted
for an area corresponding to the electrode 36 in the trans-
flective liquid crystal display F according to the present
embodiment in a similar manner that the pixel is demarcated
by the portions corresponding to the electrode 6 in the
structure shown in FIG. 2. Since the liquid crystal display F
according to the present embodiment is of a structure
assuming the color display, one pixel G of a square shape in
plan view which is specifically demarcated in FIG. 2 is
divided into three divided pixel areas G1, G2 and G3
corresponding to the three electrodes 36 similar to the first
embodiment. Rectangular through holes 365 are individu-
ally formed in a center portion of the electrode 36 corre-
sponding to these divided pixel areas G1 to G3. The trans-
parent electrode units 36¢ are formed inside the through
holes 365, and the reflective electrode unit 36a and the
transparent electrode unit 36¢ are integratedly connected to
each other to constitute the electrode 36.

[0083] Also, in the transflective liquid crystal display F
according to the third embodiment, a mode display making
use of the transmissive display and the reflective display can
be employed in a similar manner to that of the liquid crystal
display D according to the first embodiment. Regarding the
advantage, similar effect can be obtained since the relation-
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ship of the thickness of the liquid crystal layer between the
transmissive display area and the reflective display area
agrees with the formula identical to that according to the first
embodiment.

[0084] In addition, in the third embodiment, the diffusing
reflective surface 36e having random unevenness is formed
on the reflective electrode unit 36a. The incident light can be
reflected in a diversified direction by the diffusing reflective
surface 36e in the reflective mode display, and thus, the
reflective display of a high angle of view can be obtained.

[0085] FIG. 5 shows a transflective liquid crystal display
G according to a fourth embodiment having the structure to
change the pretilt angle of the liquid crystal for each display
area in the reflective display area and the transmissive
display area. Parts and components identical with those of
the transflective liquid crystal display F according to the
third embodiment are designated by the same reference
symbols in the structure of the fourth embodiment, and the
description thereof is appropriately omitted.

[0086] The structure of the transflective liquid crystal
display G according to the fourth embodiment is different
from the structure that the recessed portions 31a are pro-
vided within the upper substrate 31 according to the third
embodiment, and the liquid crystal layer 3 is held by the
upper substrate 1 according to the first embodiment and the
lower substrate 32 according to the third embodiment, and
no recessed portions are provided in the upper substrate 1
similar to the structure according to the first embodiment.

[0087] The pretilt angle of the liquid crystal in the area
corresponding to the reflective display unit R is set to be
larger than the pretilt angle of the liquid crystal in the area
corresponding to the transmissive display unit T. For
example, an inequality 6t>0r is satisfied, where Or is the
pretilt angle of the liquid crystal molecule (illustrated by a
long ellipse in FIG. 5) in the area corresponding to the
reflective display unit R in FIG. 5, and 6t is the pretilt angle
of the liquid crystal molecule in the area corresponding to
the transmissive display unit T.

[0088] Further, in this relationship, the relationship of the
inequalities 30°=0r-0t=50° (3) is more preferable.

[0089] This is attributable to the fact that the relationship
shown in the equation (4) below is present between the
anisotropy refractive index An of the liquid crystal and the
pretilt angle 6 of the liquid crystal.

Ar(@)={(1n"nLY/(n>"sin? 0+n>L-cos® 0)2}-nL 4

[0090] According to the equation (4), when the pretilt
angle of the liquid crystal is increased, the double refraction
is decreased, and it is clear that An can be controlled by
increasing the pretilt angle at the reflective display unit and
decreasing the pretilt angle at the transmissive display unit.

[0091] Thus, the transmissivity of the reflective display
unit R and the transmissive display unit T can be set to those
similar to the previous embodiment by controlling the
double refraction of the liquid crystal of the reflective
display unit R and the liquid crystal of the transmissive
display unit T by employing the structure shown in FIG. 5,
and the object of the present invention can be achieved.

[0092] FIG. 6 shows a transflective liquid crystal display
J according to the fifth embodiment having the structure to
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improve the Andt of the transmissive display unit T com-
pared with the Andr of the reflective display unit R at the
reflective display unit R and the transmissive display unit T.
The display includes a retardation layer 36d formed of a
polymer liquid crystal layer or the like is laminated in the
through hole 365 in the reflective electrode unit 36 in
addition to the transparent electrode unit 36¢. The retarda-
tion is controlled by allowing the transmitted light generated
by the backlight 4 to be transmitted through the retardation
layer 36d.

[0093] The position for forming the retardation layer 364
disposed to control the retardation of the transmitted light
may be determined after the transmitted light is generated
from the backlight 4 and transmitted through the polarizer
15 and the retardation film 14 on the substrate 32 side, and
before the transmitted light is transmitted through the retar-
dation film 12 and the polarizer 13 on the substrate 1 side.
As illustrated by a two-dot chain line in FIG. 6, a retardation
layer 50 may be built in the upper substrate 1.

[0094] Thus, the transmissivity of the liquid crystal of the
reflective display unit R and that of the transmissive display
unit T can be simultaneously controlled in a similar manner
to the previous embodiments. In other words, by controlling
the retardation of the liquid crystal of the reflective display
unit R and that of the liquid crystal of the transmissive
display unit T by employing the structure shown in FIG. 6,
and the object of the present invention can be achieved
thereby.

[0095] The above-described liquid crystal displays D, E,
F, G and J are the embodiments in which the present
invention is applied to active matrix liquid crystal displays.
However, it is to be understood that the present invention
may also be applied to passive matrix liquid crystal displays.
The embodiments in which the present invention is applied
to passive matrix liquid crystal displays will be described
below.

[0096] FIGS.7 and 8 show the sixth embodiment in which
a transflective liquid crystal display in accordance with the
present invention is applied to a passive matrix liquid crystal
display. The transflective liquid crystal display K according
to the sixth embodiment is similar to each previous embodi-
ment in the basic structure where the liquid crystal layer 3
is held between the substrates 1 and 20 which are of a
cross-sectional structure shown in FIG. 7, disposed facing
each other in the vertical direction and formed of a trans-
parent glass or the like, and the backlight 4 is disposed on
the much lower side of the lower substrate 20 in FIG. 7.

[0097] In the transflective liquid crystal display K shown
in FIG. 7, the transparent electrodes 50 of a strip shape in
plan view are formed on the liquid crystal layer 3 side of the
substrate 1 in an extending manner perpendicular to the
plane of FIG. 7 corresponding to the display area separate
from each other in the right-to-left direction of the plane of
FIG. 7. A plurality of electrodes 60 of a strip shape in plan
view are formed on the liquid crystal layer 3 side of the
substrate 20 in an extending manner in the right-to-left
direction of the plane of FIG. 7 corresponding to the display
area separated from each other perpendicular to the plane of
FIG. 7. Further, the upper and lower electrodes 50 and 60 are
disposed across each other at 90° in plan view. The electrode
60 includes a reflective electrode unit 60a formed of a
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light-reflective metal and a transparent electrode unit 60c
disposed in a through hole 605 formed in a part of the
reflective electrode unit 60a.

[0098] The display area in the transflective liquid crystal
display K comprises a large number of aggregated pixels. As
shown in FIG. 8 when electrodes 50 and 60 are in plan view,
each pixel is demarcated by the intersecting part of electrode
50 and electrode 60. The liquid crystal display in accordance
with the present invention is of the structure assuming the
color display, and more specifically, one pixel G of a square
shape in plan view demarcated by the chain line shown in
FIG. 8 is demarcated by intersections of the three electrodes
50 and one electrode 60. The one pixel G is divided into
divided pixel areas G1, G2 and G3 to be demarcated by one
electrode 50 and one electrode 60. Individual rectangular
through holes 605 are formed in a center portion of the
electrode 60 corresponding to these divided pixel areas G1
to G3, and the transparent electrode unit 60c is formed inside
the through hole 605. More specifically, recessed portions
20a are formed on the upper surface of the substrate 20
located below the electrode 60 at the position corresponding
to the through hole 605, a periphery of a portion with the
recessed portions 20a formed thereon are formed the pro-
truded portions 205, the transparent electrode unit 60¢ is
formed on an inner surface of the recessed portions 205, the
reflective electrode unit 60a including the light reflective
metal electrode is formed on the upper surface of the
protruded portions 205, and the reflective electrode unit 60a
is integratedly connected to the transparent electrode unit
60c to constitute the electrode 60. An alignment layer 70
covering the electrodes 60a and 60c¢ and the periphery
thereof is formed on the electrodes. The size of the through
hole 605 formed in the electrode 60 is substantially a
fraction of the length and the width of each divided pixel
area to the size of any one of the divided pixel areas G1, G2
and G3.

[0099] Inastructure corresponding not to the color display
like the present embodiment, but to the monochrome dis-
play, the electrodes 50 and 60 are of a strip shape of the same
width, and the color filter described below may be omitted.

[0100] By forming the recessed portions 20a and the
protruded portions 205 in the substrate 20, the thickness of
the liquid crystal layer 3 held between the substrates 1 and
20 is different in a portion corresponding to the recessed
portions 20a and the protruded portions 205. The relation-
ship between dt and dr preferably satisfies the equations (1)
and (2), where dt is the thickness of the liquid crystal layer
3 corresponding to the recessed portions 20a, dr is the
thickness of the area corresponding to the protruded portions
20b, and An is the anisotropy of refractive index of a nematic
liquid crystal constituting the liquid crystal layers 3 (=An"-
Anl: the value of the refractive index of the liquid crystal
molecule in the direction perpendicular to the major axis
subtracted from the value of the refractive index of the liquid
crystal molecule in the direction parallel to the major axis of
the liquid crystal molecule).

[0101] On the other hand, the color filter 10, the electrode
50 and the alignment layer 11 are laminated on the liquid
crystal layer 3 side of the substrate 1 on the side facing the
substrate 20. The electrode 50 is disposed in an intersecting
manner with the electrode 60 as described with reference to
FIG. 8. The width of the electrode 50 is formed to be about
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one third of the width of the electrode 60, or slightly smaller
than that value in this embodiment. However, the shape and
the width of the electrode are not limited to the shape and the
width shown in FIG. 8.

[0102] Inthe above structure, when the display area of the
liquid crystal layer 3 of a square shape in plan view
surrounded by three electrodes 50 and one electrode 60 is
assumed to be one pixel, a portion corresponding to the
liquid crystal layer 3 of a portion between one electrode 50
and the reflective electrode unit 60a of one electrode 60 is
formed to be the reflective display unit R and a part
corresponding to the liquid crystal layer 3 of a portion
between one electrode 50 and the transparent electrode unit
60c of one electrode 60 is formed to be the transmissive
display unit T.

[0103] Each colored portion of the color filter 10 is
disposed corresponding to the plane position of the divided
pixel areas G1, G2 and G3. The color filter 10 comprises the
colored portions 10A, 10B and 10C colored to any one of
“R(Red), G(Green) and B(Blue)”. A light-shading layer
(black matrix) 10a is disposed on boundary portions of these
colored portions, and thus, any one of the colored portions
of the primaries “R(Red), G(Green) and B(Blue)” of the
color filter 10 are disposed in any one of the divided pixel
areas G1, G2 and G3, and the light-shading layer 10a of the
color filter 10 is disposed on a portion not contributing to the
display of a peripheral portion of each divided pixel area.

[0104] Both the retardation film 12 and the polarizer 13
are disposed on the upper surface side (a viewing person
side) of the substrate 1. Also, both the retardation film 14 and
the polarizer 15 are disposed on the lower surface side of the
substrate 20. Only the required number of retardation films
and polarizers can be disposed.

[0105] Next, the operating effect of the transflective liquid
crystal display K of the structure shown in FIG. 7 and 8 will
be described below.

[0106] In the liquid crystal display K according to the
present embodiment, in the reflective mode display, the light
incident from the external side of the liquid crystal display
is used. This incident light is guided from the external side
of the substrate 1 to the liquid crystal layer 3 via the color
filter 10, the electrode 50, and the alignment layer 11,
transmitted through the alignment layer 70, reflected by the
reflective electrode unit 60q, transmitted through the liquid
crystal layer 3 again, and returned to the outside of the liquid
crystal display via the alignment layer 11, the electrode 50,
the color filter 10, the substrate 1, the retardation film 12 and
the polarizer 13. The light reaches the viewing person to
achieve the reflective color display.

[0107] In the transmissive mode display, the light gener-
ated from the backlight 4 is transmitted through the polarizer
15, the retardation film 14, the substrate 20, the transparent
electrode 60c, the alignment layer 70, the liquid crystal layer
3, the alignment layer 11, the electrode 50, the color filter 10,
the substrate 1, the retardation film 12, and the polarizer 13
in this order to achieve the transmissive color display.

[0108] In these mode displays, the thickness dt of the
liquid crystal layer 3 of the transmissive display unit T is set
to be larger than the thickness dr of the liquid crystal layer
3 of the reflective display unit R, and dt and dr are set to the
relationship to meet any one of the equation (1) and (2). The
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state of the transmissivity or the reflectance for each voltage
as the liquid crystal layer 3 at the reflective display unit R
and the transmissive display unit T can be set to be an ideal
state. Thus, the excellent display brightness at the same drive
voltage in the transmissive mode display and the excellent
display brightness at the same drive voltage in the reflective
mode display can be compatibly realized. Thus, the display
state with high contrast can be obtained not only at the
reflective display unit but also the transmissive display unit
can be obtained by the structure of the sixth embodiment in
a similar manner to the first embodiment.

[0109] FIG. 18 shows the seventh embodiment in which
the transflective liquid crystal display in accordance with the
present invention is applied to an active matrix liquid crystal
display.

[0110] Also, in the transflective liquid crystal display
according to the seventh embodiment, the basic structure
where a liquid crystal layer 1808 is held between substrates
1803 and 1817 which are disposed facing each other in the
vertical direction and formed of a transparent glass or the
like is identical to that of other above-described embodi-
ments, and a backlight is disposed on the lower side of the
lower substrate 1817. A polarizer 1801 and a retardation film
1802 are disposed on an outer surface of the upper substrate
1803, and a color filter 1804 having R(Red), G(Green) and
B(Blue), a protective film 1805 formed of a transparent
acrylic resin, a transparent electrode 1806, and an alignment
layer 1807 are successively formed on an inner surface. On
the other hand, a reflective electrode 1811 having an uneven
structure, a transparent electrode 1810, and an alignment
layer 1809 are formed on the inner surface of the liquid
crystal layer 1808 of the lower substrate 1817, and a
retardation film 1812 and a polarizer 1813 are disposed on
an outer surface on the backlight side. The backlight
includes a light source 1815, a light guide plate 1814, etc.

[0111] In the liquid crystal display according to the sev-
enth embodiment, the protective layer 1805 including a resin
layer such as a photosensitive resin layer of acrylic resin or
the like is formed entirely except the transmissive display
unit on the inner surface side of the substrate 1803, and
recessed portions are formed in the transmissive display
unit. An acrylic resin with a photosensitive material added
thereto can be applied as the photosensitive resin used for
the protective film 1805. The size and the positional rela-
tionship of the recessed portions are identical to those in the
first embodiment. Thus, an area of the liquid crystal layer
1808 corresponding to the recessed portions is formed to be
the transmissive display unit T, and an area of the liquid
crystal layer 1808 corresponding to the protruded portions is
formed to be the reflective display unit R in an identical
manner to that according to the first embodiment.

[0112] FIG. 19 shows the eighth embodiment in which the
transflective liquid crystal display in accordance with the
present invention is applied to active matrix liquid crystal
display.

[0113] Also, in the transflective liquid crystal display
according to the eighth embodiment, the basic structure that
a liquid crystal layer 1908 is held between substrates 1903
and 1917 which are disposed facing each other in the vertical
direction and formed of a transparent glass or the like is
identical to that of other above-described embodiments, and
a backlight is disposed on the lower side of the lower
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substrate 1917. A polarizer 1901 and a retardation film 1902
are disposed on an outer surface of the upper substrate 1903,
and a transparent electrode 1906 and an alignment layer
1907 are successively formed thereon. Further, a reflector
1911 having an uneven structure, a color filter 1904 com-
prising R(Red), G(Green) and B(Blue), a protective film
1905 formed of a transparent acrylic resin, a transparent
electrode 1910, and an alignment layer 1909 are succes-
sively formed on an inner surface on the liquid crystal layer
1908 side on the lower substrate 1917, and a retardation film
1912 and a polarizer 1913 are disposed on an outer surface
on the backlight side. The backlight comprises a light source
1915, a light guide plate 1914, etc.

[0114] In the liquid crystal display according to the eighth
embodiment, the protective layer 1905 including a resin
layer such as a photosensitive resin layer of acrylic resin or
the like is formed entirely except the transmissive display
unit on the inner surface side of the substrate 1917, and
recessed portions are formed in the transmissive display
unit. An acrylic resin with a photosensitive material added
thereto can be applied as the photosensitive resin used for
the protective film 1905. The size and the positional rela-
tionship of the recessed portions are identical to those in the
first embodiment. Thus, an area of the liquid crystal layer
1908 corresponding to the recessed portions is formed to be
the transmissive display unit T, and an area of the liquid
crystal layer 1908 corresponding to the protruded portions is
formed to be the reflective display unit R in an identical
manner to that according to the first embodiment.

[0115] Further, in the liquid crystal display of the eighth
embodiment, both the reflective display unit and the trans-
missive display unit of the transparent electrode 1910 on the
inner surface of the substrate 1917 are formed of the same
material, i.e., ITO. The transparent electrode 1906 on the
inner surface of the substrate 1903 is also formed of the
same material, i.e., ITO as that of the transparent electrode
1910 on the inner surface of the substrate 1917.

[0116] FIG. 20 shows the ninth embodiment in which the
transflective liquid crystal display in accordance with the
present invention is applied to active matrix liquid crystal
display.

[0117] Also, in the transflective liquid crystal display
according to the ninth embodiment, the basic structure that
a liquid crystal layer 2008 is held between substrates 2003
and 2017 which are disposed facing each other in the vertical
direction and formed of a transparent glass or the like is
identical to that of other above-described embodiments, and
a backlight is disposed on the lower side of the lower
substrate 2017. A polarizer 2001 and a retardation film 2002
are disposed on an outer surface of the upper substrate 2003,
and a color filter 2004 comprising R(Red), G(Green) and
B(Blue), a protective film 2005 formed of a transparent
acrylic resin, a transparent electrode 2006, and an alignment
layer 2007 are successively formed on an inner surface. On
the other hand, a reflector 2011 having an uneven structure,
an insulating film 2016 formed of SiO,, a transparent
electrode 2010 and an alignment layer 2009 are formed on
an inner surface on the liquid crystal layer 2008 side on the
lower substrate 2017, and a retardation film 2012 and a
polarizer 2013 are disposed on an outer surface on the
backlight side. The backlight comprises a light source 2015,
a light guide plate 2014, etc.
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[0118] In the liquid crystal display according to the ninth
embodiment, both the reflective display unit and the trans-
missive display unit of the transparent electrode 2010 on the
inner surface of the substrate 2017 are formed of the same
material, i.e., ITO. The transparent electrode 2006 on the
inner surface of the substrate 2003 is also formed of ITO,
i.e., the same material as that of the transparent electrode
2010 on the inner surface of the substrate 2017.

[0119] FIG. 21 is a front schematic representation of the
lower substrate 2017 used in the transflective liquid crystal
display in FIG. 20. A thin film transistor (TFT) element
2101, a gate wire 2102, a signal wire 2103, a reflective
display unit 2104, a transmissive display unit 2105, etc. are
formed on the substrate 2017. The alignment layer formed
on this substrate is subjected to the alignment 2106 by the
rubbing method in the longitudinal direction of the trans-
missive display unit 2105.

[0120] Next, specific examples of electric appliances pro-
vided with any one of the transflective liquid crystal displays
D, E, F, G and J according to the first to sixth embodiments
will be described below.

[0121] FIG. 9(a) is a perspective view showing an
example of a cellular phone. In FIG. 9(a), numeral 200
denotes a cellular phone body, and numeral 201 denotes a
liquid crystal display unit using any one of the above
transflective liquid crystal displays D, E, F, G, H and J.

[0122] FIG. 9(b) is a perspective view showing an
example of a wrist watch type electronic appliance. In FIG.
9(b), numeral 400 denotes a watch body, and numeral 401
denotes a liquid crystal display unit using any one of the
above transflective liquid crystal displays D, E, F, G, H and
I

[0123] FIG. 9(c) is a perspective view showing an
example of a portable information processor such as a word
processor and a personal computer. In FIG. 9(¢), numeral
300 denotes an information processor, numeral 301 denotes
an input unit such as a keyboard, numeral 303 denotes an
information processor body, and numeral 302 denotes a
liquid crystal display unit using any one of the above
transflective liquid crystal displays D, E, F, G, H and J.

[0124] The electronic appliances shown in FIGS. 9(a) to
9(c) are provided with the liquid crystal display unit using
any one of the transflective liquid crystal displays D, E, F, G
and I, and have advantages of any one of the transflective
liquid crystal displays D, E, F, G and J of the above-
described first to sixth embodiments. Therefore, the elec-
tronic appliances are provided with the liquid crystal display
unit possible for the transmissive display and the reflective
display with high contrast and excellent display quality even
when using any one of the transflective liquid crystal dis-
plays D, E, F, G and .

[0125] A liquid crystal cell holding a nematic liquid crys-
tal with positive anisotropy dielectric constant was
assembled between the glass substrates 1 and 2 facing each
other. An entire area electrode formed of ITO was formed on
the liquid crystal layer side of the upper glass substrate. In
addition, a polyimide alignment layer was formed thereon.
A large number of pixel electrodes having uneven portions
of a cross-sectional structure or a flat structure, and the
transparent electrode unit and the reflective electrode unit
shown in FIGS. 1 and 2 were formed on the liquid crystal
layer side of the lower glass.
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[0126] On the lower glass substrate, 320x3 rectangular
recessed portions with a length of 100 pm in plan view and
with a width of 20 um in plan view were etched (320x3
pieces for a GVGA panel, or 640x3 pieces for a VGA panel)
with a spacing of 50 pum, a transparent electrode units
formed of ITO was formed on the inner surface of the
recessed portions, and the reflective electrode unit formed of
an Al thin film rectangular in plan view shown in FIG. 2 was
formed so that the periphery of the transparent electrode
units are respectively covered. A thin film transistor circuit
was formed in order to drive the electrode including the
transparent electrode unit and the reflective electrode unit.
Further, the rubbing direction of the alignment layer of the
upper substrate 1 and the rubbing direction of the alignment
layer of the lower substrate were set to be the anti-parallel
direction different by 180° (in FIG. 10, the rubbing direction
of the alignment layer of the upper substrate is defined as the
+y direction, while the rubbing direction of the alignment
layer of the lower substrate is defined as the -y direction).

[0127] Inthe liquid crystal cell of the above configuration,
the double refraction An of the liquid crystal of the reflective
display unit, d, and the retardation value And were set to be
0.05, 3.0 um, and 150 pn, respectively, while the double
refraction An of the liquid crystal of the transmissive display
unit, d, and the retardation value And were set to be 0.05, 5.8
um, and 290 nm, respectively,

[0128] Next, as shown in FIG. 10, two retardation films 12
and one polarizer 13 were laminated on the upper substrate,
while two retardation films 14 and one polarizer 15 were
laminated under the lower substrate, and the backlight was
installed thereon. The angle of inclination 01 of the axis of
transmission of the upper polarizer 13 was set to be 15° with
respect to X-axis parallel to the X-direction as shown in FIG.
11. The angle of inclination 62 of the axis of lag of the first
retardation film 12 was set 1o be 30° with respect to X-axis,
the retardation value (And) was set to be 260 nm. The angle
of inclination 63 of the axis of lag of the second retardation
film 12 was set to be 90° with respect to X-axis, and the
retardation value (And) was set to be 110 nm. The angle of
inclination 64 of the axis of lag of the first retardation film
14 disposed on the lower substrate 2 side was set to be 45°,
and the retardation value was set to be 14 nm. The angle of
inclination 65 of the axis of lag of the second retardation film
14 was set to be 75°, and the retardation value was set to be
270 nm. The angle of inclination 06 of the axis of transmis-
sion of the polarizer 15 was set to be 40°.

[0129] FIG. 11 shows the result of measurement of the
reflectance to the drive voltage at the reflective display unit
(And=150 nm=0.15 pm). and FIG. 12 shows the result of
measurement of the transmissivity to the drive voltage at the
transmissive display unit (And=290 nm=0.29 um) when
using the liquid crystal cell of the above configuration. From
the relationship shown in these figure, it is clearly shown
that the high reflectance or transmissivity exceeding 95% is
realized when the drive voltage is low at both the reflective
display unit of the structure with And of 0.15 pm and the
transmissive display unit of the structure with And of 0.29
um, and the low reflectance or transmissivity of approxi-
mately 1% or under close to zero is realized when the drive
voltage is 4V to 5V.

[0130] From the above findings, the mode display to
satisfy the high reflectance at the reflective display unit and
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the high transmissivity at the transmissive display unit can
be obtained at the voltage under the same driving condition
if And of the reflective display unit and the transmissive
display unit of the liquid crystal cell is controlled.

[0131] Next, for comparison, FIG. 13 shows the result of
the measurement of the transmission characteristic of the
transmissive display unit in the liquid crystal cell with the
electrode thereof including the reflective electrode unit and
the transparent electrode unit without forming any recessed
portions in the glass substrate was assembled with And set
to a predetermined value of 0.15 pm (150 nm). FIG. 14
shows the result of the measurement of the reflective char-
acteristic of the reflective display unit in the liquid crystal
cell with the electrode thereof including the reflective elec-
trode unit and the transparent electrode unit without forming
any recessed portions in the glass substrate was assembled
with And set to a predetermined value of 0.29 um (290 nm).

[0132] The result in FIG. 13 shows that the transmission
characteristic of the transmissive display unit was extremely
dark as the liquid crystal display when And is set to be 0.15
pm (150 nm), and the transmissivity below 30% was shown.
Next, the result in FIG. 14 shows that, when And was set to
0.29 pm (290 nm), reflectance of the reflective display unit
was unstable and reflectance on the low voltage side was
poor. With a darker display, at a drive voltage of 2 to 3 V,
transmissivity was high and the display bright, but at a drive
voltage of 4 to 5V, transmissivity again became low and the
display dark. Thus, as reflectance changed in three levels, 1t
is shown that these characteristics are not suitable for use as
a liquid crystal display.

[0133] As explained above, it is clear from the results in
FIGS. 11 to 14 that it is possible to obtain a liquid crystal
display excellent in both reflectance and transmissivity and
able to achieve a bright display under the low voltage
driving condition in the range of OV to 1.4V, and low in
reflectance and transmissivity and with exceptional dark
display under the high voltage driving condition in the range
of 4V to 5V so long as the liquid crystal display has a
structure having a reflective display unit with And of 0.15
um (150 nm) and a transmissive display unit with And of
0.29 pm (290 nm).

[0134] FIG. 15 shows the result of the relationship
between the ratio (dt/dr) of the thickness of the liquid crystal
layer of the transmissive display unit to the thickness of the
liquid crystal display of the reflective display unit and the
transmissivity when using a plurality of liquid crystal cells
of the same configuration as the above embodiments, chang-
ing the cell gap at each liquid crystal cell, and appropriately
changing the thickness of the liquid crystal layer.

[0135] FIG. 15 clearly shows that the ratio (dt/dr) is
preferably not less than 1.6 and not more than 2.6 if the
transmissivity is not less than 80%, i.e., in order to obtain the
bright display in the liquid crystal display of the liquid
crystal cells. FIG. 16 also clearly shows that the above ratio
is preferably not less than 1.8 and not more than 2.4 in order
to obtain transmissivity of not less than 90% as transmis-
sivity to obtain the brighter display, or the ratio is necessary
to be not less than 1.9 and not more than 2.3 in order to
obtain the brightest display with transmissivity of not less
than 95%.

[0136] Further, in FIG. 16, it can be considered that
employment of the ratio of (dt/dr) is equivalent to employ-
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ment of the ratio of And of each structure of the transmissive
display unit T and the reflective display unit R, and the
previously limited numerical ranges in the equations (1) and
(2) can be demonstrated.

[0137] Next, the liquid crystal cell of the structure shown
in FIG. 5 was assembled. In this liquid crystal cell, the
polarizer, the retardation film and the upper glass substrate
were the same as those in the liquid crystal cell of the above
embodiments. However, a flat glass substrate was used
without forming any recessed portions in the lower sub-
strate. The shapes in plan view of the transmissive electrode
unit and the reflective electrode unit of the lower substrate
were identical to those of the liquid crystal cell of the above
embodiments, and the size of each portion was set to be
identical to that of the above embodiments so that the shape
of the electrodes is that shown in the plan view of FIG. 2.
However, an alignment layer of homeotropic alignment (for
example, JALS-204: trade name of JSR Co., Ltd.) was used
in the portion corresponding to the area on the reflective
electrode unit for the alignment layer disposed on the upper
substrate and that disposed on the lower substrate so that the
pretilt angle of the liquid crystal is 45°, and an alignment
layer of homogeneous alignment (for example, AL-1254:
trade name of JSR Co., [td.) was used in the portion
corresponding to the area on the transmissive electrode unit
so that the pretilt angle of the liquid crystal is 1°. These
alignment layers can be manufactured by the method dis-
closed in, for example, Japanese Unexamined Patent Appli-
cation Publication No. 5-210099.

[0138] FIG. 16 shows the result of the measurement of the
relationship between the pretilt angle of the liquid crystal of
the transmissive display unit subtracted from that of the
reflective display unit for the obtained liquid crystal cell and
the ratio (the retardation of the transmissive display unit/the
retardation of the reflective display unit).

[0139] From the result shown in FIG. 16, it is clear that it
is possible to control the retardation in a range of not less
than 1.4 to not more than 2.5 in which the substantially
excellent display characteristic can be obtained if the dif-
ferential pretilt angle is set in the range between 30° and 50°
for the difference in the pretilt angle of each liquid crystal
between the reflective display unit and the transmissive
display unit.

[0140] As described above, the liquid crystal display in
accordance with the present invention can arrange the trans-
missivity of the liquid crystal of the area in the reflective
mode and the transmissivity of the liquid crystal in the area
in the transmissive mode, and maintain the display state with
high contrast in both the reflective display unit and the
transmissive display unit if the thickness of the liquid crystal
layer of the reflective display unit and that of the transmis-
sive display unit are set so that the inequalities of 1.8
dh=dt=2 .4 dh are satisfied, where dh is the thickness of the
liquid crystal layer corresponding to the reflective display
unit and dt is the thickness of the liquid crystal layer
corresponding to the transmissive display unit in the struc-
ture of the transflective liquid crystal display.

[0141] In order to obtain the display state of such a high
contrast, the inequalities of 1.8 Andh=Andt=2.4 Andh may
be satisfied, where An is the anisotropy of refractive index
of the nematic liquid crystal, Andh is the product of the
anisotropy of refractive index by the thickness dh of the
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liquid crystal layer of the reflective display unit, and Andt is
the product of the anisotropy of refractive index by the
thickness dt of the liquid crystal layer of the transmissive
display unit.

[0142] In addition, if the thickness of the liquid crystal
layer is changed at the reflective display unit and the
transmissive display unit, a structure in which recessed
portions corresponding to the transmissive display unit are
formed on the liquid crystal layer side of the substrate on the
side without no reflective means.

[0143] The object of the present invention may be
achieved by setting the pretilt angle of the liquid crystal
layer in the range of 30° and 50° in the difference in the
pretilt angle of the liquid crystal between the reflective
display unit and the transmissive display unit in place of the
change of the thickness of the liquid crystal layer at the
reflective display unit and the transmissive display unit, and
the display state with high contrast can be obtained at both
the reflective display unit and the transmissive display unit.

[0144] A structure in which recessed portions are formed
only in the transmissive display unit can be employed by
forming no transparent protective film on the color filter on
the portion corresponding to the transmissive display unit.

[0145] Since the boundary between the transmissive dis-
play unit and the reflective display unit is continuously
connected via a transparent electrode of the same material,
the boundary portion has a gentle slope, the defective
alignment generated in a step between the reflective display
unit and the transmissive display unit can be suppressed to
a minimum, and both the reflective display unit and the
transmissive display unit can be maintained in the display
state with high contrast.

[0146] The transmissive display unit is rectangular in
shape, and the longitudinal direction of the rectangular
shape is substantially parallel to the alignment direction of
the alignment layer of the liquid crystal, and the defective
alignment generated in the step between the reflective dis-
play unit and the transmissive display unit can be suppressed
to a minimum, and the display state with high contrast can
be maintained at the reflective display unit and the trans-
missive display unit.

[0147] In addition, in the electronic appliance having the
liquid crystal display in accordance with the present inven-
tion, both the transmissive mode display and the reflective
mode display can be effectively used, and the contrast of the
display is high.

[0148] While this invention has been described in con-
junction with specific embodiments thereof, it is evident that
many alternatives, modifications, and variations will be
apparent to those skilled in the art. Accordingly, preferred
embodiments of the invention as set forth herein are
intended to be illustrative not limiting. Various changes may
be made without departing from the spirit and scope of the
invention.

What is claimed is:
1. A liquid crystal display, comprising:

a first substrate;

a second substrate;
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a liquid crystal layer in between the first and second
substrates;

a transmissive section for transmissive display;

a reflective layer including a reflective section for reflec-
tive display;

a first color filter;
a second color filter different from the first color filter;

a light-shielding layer disposed between the first color
filter and the second color filter; and

alayer making thickness of the liquid crystal layer thicker
at the transmissive section than at the reflective section.

13
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2. The liquid crystal display according to claim 1, the
layer being disposed at the opposite side of the liquid crystal
than the first and second color filters.

3. The liquid crystal display according to claim 2, the
layer being disposed at the same side of the liquid crystal as
the reflective layer;

4. The liquid crystal display according to claim 1, the
layer being disposed at the same side of the liquid crystal as
the reflective layer.

5. The liquid crystal display according to claim 1, the
reflective layer being disposed at the opposite side of the
liquid crystal than the first and second color filters.
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