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A LCD unit includes a drive unit that drives a LC layer in at
least a part of a unit pixel by applying thereto a longitudinal
electric field. The driveunit drives the at least a part of the umt
pixel in an image period by applying thereto an image voltage
corresponding to an image, and in a preliminary period pre-
ceding to the image period by applying a preliminary voltage
equal to or higher than a threshold voltage that allows LC
molecules in the LC layer to start change of orientation of the
LC molecules.
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LIQUID CRYSTAL DISPLAY UNIT DRIVEN
IN A LONGITUDINAL-ELECTRIC-FIELD
MODE

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2008-
179266 filed on Jul. 9, 2008, the disclosure of which is incor-
porated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play (LCD) unit and, more particularly, to a LCD unit includ-
ing an array of unit pixels at least some of which is driven in
alongitudinal-electric-field mode. The present invention also
relates to a method for driving such a LCD unit, and a terminal
device including such a LCD unit.

BACKGROUND ART

[0003] There is a LCD unit known as a transflective LCD
unit that has the function of both a transmissive LCD unit and
a reflective LCD unit (for example, refer to Patent Publica-
tion-1). The transflective LCD unit has a transmissive area
and a reflective area in each of an array of unit pixels defined
therein. The transmissive area passes therethrough light emit-
ted from a backlight source, and uses the backlight source as
a light source for display of an image. The transmissive area
has a superior image quality in a relatively dark environment
such as in the interior of a room, or a darkroom. The reflective
area includes a reflective film and uses the external light
reflected by the reflective film as a light source for display of
an image. The reflective area has a superior image quality in
a relatively bright environment such as outdoors. Since the
LCD unit provided in a portable device (terminal device),
such as a mobile telephone or a PDA (personal digital assis-
tant), is used in a variety of environments from outdoors to the
darkroom, the transflective LCD unit is generally employed
as aLCD unitin the portable device. The backlight source can
be turned OFF, if desired, in the transflective LCD unit to
achieve a lower power dissipation.

[0004] The LCD unit can be operated in a lateral-electric-
field mode such as FFS (field-fringe-switching) mode or IPS
(in-plane-switching) mode for display of an image. This lat-
eral-electric-field-mode LCD unit includes a pixel electrode
and a common electrode both formed on the same substrate.
The lateral-electric-field-mode LCD unit supplies a potential
difference between the pixel electrode and the common elec-
trode, to apply a lateral electric field to the liquid crystal (LC)
layer, whereby LC molecules in the LC layer are rotated in a
plane parallel to the substrate for display of the image. The
lateral-electric-field-mode LCD unit has a wider viewing-
angle characteristic as compared to a TN (twisted nematic)-
mode LCD unit.

[0005] A transflective LCD unit that operates in the lateral-
electric-field mode is reported (for example, refer to Patent
Publication-2). The transflective lateral-electric-field-mode
LCD unit has a wider viewing-angle characteristic in the
transmissive area, and yet may have a poor contrast ratio in
the reflective area. More specifically, if the reflective area of
the transflective LCD unit is driven in a normally-white IPS
mode, a portion of the LC layer within the gap between the
pixel electrode and the common electrode formed on the same
substrate is driven by the lateral electric field to assume a dark
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state, or provide a dark image. However, another portion of
the LC layer overlapping the pixel electrode and the common
electrode is not applied with the lateral electric field, to pass
therethrough a leakage light due to the disturbance of orien-
tation of the LC molecules. The leakage light passing through
the another portion of LC layer overlapping the pixel elec-
trode and common electrode raises the brightness upon dis-
play of the dark image (referred to simply as “black-image
brightness” hereinafter), to degrade the contrast ratio.
[0006] Inorder to suppress degradation of the contrast ratio
of the reflective area, a transflective LCD unit including a
reflective area that operates in a homogeneous ECB (electri-
cally-controlled birefringence) mode is reported (for
example, refer to Non-patent literature-1). FIGS. 22 and 23
show a section of the LC panel of this transflective LCD unit.
The LCD unit includes a first substrate 3, a second substrate
4, and a LC layer sandwiched therebetween and including
therein LC molecules 11. The first substrate 3 includes a
reflective-area common electrode 8 and an underlying buried
retardation film 10 in a reflective area 2. The second substrate
4 includes a reflective-area pixel electrode 7 and an underly-
ing reflective film 9 in the reflective area 2, and includes a
transmissive-area pixel electrode 5 and a transmissive-area
commor electrode 6 in the transmissive area 1.

[0007] In the reflective area 2, the reflective-area common
electrode 8 formed on the first substrate 3 and the reflective-
area pixel electrode 7 formed on the second substrate 4 gen-
erate therebetween a longitudinal electric field, which rotates
the L.C molecules 11 toward the longitudinal direction, i.e.,
perpendicular to both the substrates, as shown in FIG. 23.On
the other hand, the transmissive-area common electrode 6 and
transmissive-area pixel electrode 5 formed on the second
substrate 4 generate therebetween a lateral electric field,
which rotates the LC molecules 11 in the direction parallel to
both the substrates.

[0008] FIG. 22 shows the state where the longitudinal elec-
tric field is not generated in the reflective area 2. In this state
of absence of the longitudinal electric field, the LC molecules
11 are oriented in the lateral direction. External light passed
by a polarizing film (not shown) disposed on the side of the
first substrate 3 far from the LC layer assumes a linearly-
polarized light, which is converted into a circularly-polarized
light upon passing through the buried retardation film 10. The
circularly-polarized light is incident onto the LC layer, con-
verted by the LC layer into a linearly-polarized light due to
birefringence anisotropy of the LC layer, and reaches the
reflective film 9. The light reflected by the reflective film 9
passes through the LC layer, is converted thereby into a cir-
cularly-polarized light, passes through the buried retardation
film 10, and is converted into a linearly-polarized light. Since
the polarization direction of this linearly-polarized light is
parallel to the light transmission axis of the polarizing film,
the reflected light passes through the polarizing film to
thereby assume a bright state, i.e., provide a white image.
[0009] FIG. 23 shows the state where the longitudinal elec-
tric field is applied in the reflective area 2. When the longitu-
dinal electric field is applied, the LC molecules 11 are ori-
ented in the longitudinal direction. When the LC molecules
11 are oriented in the longitudinal direction, the LC layer
scarcely has a birefringence anisotropy, whereby the incident
light passed by the buried retardation film 10 reaches the
reflective film 9 as a circularly-polarized light. The circularly-
polarized light reflected by the reflective film 9 has an
inverted polarization direction, passes through the buried
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retardation film 10, and is converted into a linearly-polarized
light having a polarization direction perpendicular to the light
transmission axis of the polarizing film. Thus, the reflected
light from the reflective film 9 cannot pass through the polar-
izing film to provide a black image. The LCD unit having the
configuration shown in FIGS. 22 and 23 can control the
leakage light caused by the disturbance of orientation of the
LC molecules and might be observed in the case of the lateral-
electric-field mode, because the reflective area 2 operates in
the longitudinal-electric-field mode.

Related Literatures

[0010] Patent Publication-1: JP-2003-344837A

[0011] Patent Publication-2: JP-2007-41572A

[0012] Patent Publication-3: JP-8-146386A

[0013] Non-patent literature-1: “SID INTERNATIONAL

SYMPOSIUM DIGEST OF TECHNICAL PAPERS”,
SOCIETY FOR INFORMATION DISPLAY, issued in 2007,
VOL. 38; NUMB-2, pp 1270-1273

[0014] In the above transflective LCD unit shown in FIGS.
22 and 23, the transmissive area is driven in the lateral-
electric-field mode. In order to obtain a wider viewing-angle
characteristic in the lateral-electric-field mode, it is prefer-
able that the LC molecules have a smaller pretilt angle. This
is because a slanted viewing direction upon observing the
LCD unit causes variation of brightness, during display of a
dark state, depending on the viewing angle. This narrows the
viewing angle that can provide a superior image. In general,
the pretilt angle of the transmissive LCD unit operating in the
lateral-electric-field mode is set at 0.5 degree or smaller.
[0015] On the other hand, for the longitudinal-electric-field
mode such as TN- or ECB-mode, it is preferable that the LC
molecules have a larger pretilt angle. This is because a smaller
pretilt angle may involve occurrence of a disclination in a
vicinity of the pixel electrode. The vicinity of the pixel elec-
trode is generally associated with a lateral electric field
between the same and an adjacent pixel electrode, in addition
to the longitudinal electric field. Further, a slanted electric
field is also generated between the reflective-area common
electrode 8 formed on the first substrate 3 and the transmis-
sive-area pixel electrode 5 and transmissive-area common
electrode 6 both formed on the second substrate 4. These
lateral electric field and slanted electric field may reverse the
tilt direction of the LC molecules, to thereby generate a
reverse tilt. The reverse tilt, if occurs, causes the LC mol-
ecules to stay in the lateral direction although the LC mol-
ecules are designed to rise (changes orientation thereof) in the
longitudinal direction due to the longitudinal electric field.
[0016] In a normally white mode of the LCD unit, the
reverse tilt causes occurrence of a bright line during display of
a black image. Thus, a black matrix is provided on the first
substrate 3 for shielding the bright line. However, since loca-
tion of the bright line is not uniquely fixed, the black matrix
may have a larger area if it is desired to completely shield the
bright line. The larger area of the black matrix reduces the
effective opening area of each pixel, to reduce the brightness
of the image. It is ordinary for the LCD unit to have a pretilt
angle of 3 degrees or larger in order to suppress the reverse tilt
therein.

[0017] Inaddition,in order for the reflective area 2 to oper-
ate in the longitudinal-electric-field mode, a larger pretilt
angle is required in some cases. FIG. 24 shows the detail of
section of the reflective area 2 of a unit pixel on the second
substrate 4. The reflective film 9 has a concave-convex (un-
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even) surface for diffusing the light while reflecting the same.
The average slanted angle of the reflective film 9, which is an
index of the uneven surface, is about 6-9 degrees. A larger
average slanted angle corresponds to an acute uneven surface,
whereas a smaller average slanted angle corresponds to a dull
uneven surface, i.e., a smoother surface. The reflective film 9
is generally covered by an overlying insulating film 12, which
acts as a planarization film. The reflective-area pixel electrode
7 is formed on the insulating film 12. The average slanted
angle of surface of the insulating film 12 that affects the
orientation of LC molecules is about 2 degrees. Since the
slanted surface of the insulating film 12 has a variety of
directions and a variety of heights, the LC molecules in the
vicinity of the insulating film 12 have an unstable orientation
direction. This may cause a smaller pretilt angle of the LC
molecules in the vicinity of the insulating film 12, and involve
a reverse tilt due to the smaller pretilt angle.

[0018] As described heretofore, it is desirable that the LC
molecules have a smaller pretilt angle in the transmissive
area, and a larger pretilt angle in the reflective area. However,
it is generally difficult to provide a difference in the pretilt
angle between the transmissive area and the reflective area by
using an ordinary rubbing treatment or orientation processing
of the substrates. Since the transflective LCD unit is typically
used in the state of using the backlight source, the transmis-
sive area is prioritized over the reflective area. Thus, the
rubbing treatment is conducted so that a lower pretilt angle is
employed for the purpose of obtaining a wider viewing angle
in the transmissive area, whereby a possibility arises that the
reflective area suffers from occurrence of the reverse tilt due
to the lower pretilt angle, to have a lower image quality.

[0019] There is a known technique wherein a third elec-
trode is provided in addition to the pixel electrode and com-
mon electrode, and supplied with a voltage different from the
voltages supplied to the pixel electrode and common elec-
trode, to thereby prevent occurrence of the reverse tilt in the
longitudinal-electric-field mode (refer to Patent Publication-
3, forexample). In the LCD unit described in this publication,
the third electrode is supplied with the voltage so that a
voltage difference appears in the LC layer at any time
between the third electrode and the common electrode oppos-
ing each other. The LC molecules located near the gap
between adjacent two pixel electrodes rise at any time,
thereby affecting operation of the LC molecules located near
the pixel electrodes. This prevents the undesirable stay of the
LC molecules in the lateral direction that is caused by the
reverse tilt when the LC molecules are applied with the lon-
gitudinal electric field generated between the pixel electrode
and the common electrode. That is, the bright line caused by
the disclination is prevented.

[0020] Use of the technique of Patent Publication-3 in the
transflective LCD unit can suppress the reverse tilt in the
vicinity of the pixel electrode even when the reflective area
has a smaller pretilt angle. However, the use of the third
electrode requires a black matrix that shields a reflected light
from the third electrode, thereby reducing the effective open-
ing area of the pixel. In addition, the third electrode supplied
with a signal different from the signals supplied to the pixel
electrode and common electrode increases the time constant
due to the parasitic capacitance formed between the third
electrode and the common electrode or data line. This causes
variation in the image as well as an increase in the power
dissipation. Further, the third electrode, which can be pro-
vided only in the vicinity of the pixel electrode, cannot pre-
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vent occurring of the reverse tilt at the location far from the
pixel electrode due to the uneven surface of the reflective film.

[0021] It is an object of the present invention to provide a
LCD unit wherein at least a part of the pixel is driven in the
longitudinal electric field and is capable of suppressing the
reverse tilt in the part driven in the longitudinal electric field.
It is another object of the present invention to provide a
method for driving such a LCD unit and a terminal unit
including such a LCD unit.

[0022] The present invention provides, in a first aspect
thereof, a liquid crystal display unit (LCD) including;: aliquid
crystal (LC) layer; first and second substrates sandwiching
therebetween the LC layer to define an array of unit pixel; and
adrive unit that drives the LC layer in at least a part of the unit
pixel by applying thereto a longitudinal electric field gener-
ated between the first substrate and the second substrate,
wherein: the drive unit drives the at least a part of the unit
pixel in an image period by applying thereto an image voltage
corresponding to an image, and in a preliminary period pre-
ceding to the image period by applying thereto a preliminary
voltage equal to or higher than a threshold voltage that allows
LC molecules in the LC layer to start change of orientation of
the LC molecules.

[0023] The present invention provides, in a second aspect
thereof, a liquid crystal display unit (LCD) including: aliquid
crystal (LC) layer; first and second substrates sandwiching
therebetween the LC layer to define an array of unit pixel; and
adrive unit that drives the LC layer in at least a part of the unit
pixel by applying a longitudinal electric field generated
between the first substrate and the second substrate, wherein:
the drive unit drives the at least a part of the unit pixel in an
image period by applying thereto an image voltage corre-
sponding to an image, and maintains in the image period a
voltage applied to the at least a part of the unit pixel at a
threshold voltage that allows L.C molecules in the LC layer to
start change of orientation of the LC molecules or higher than
the threshold voltage.

[0024] The present invention provides, in a third aspect
thereof, a method for driving a liquid crystal display unit that
includes first and second substrates sandwiching therebe-
tween a liquid crystal (LC) layer and define an array of unit
pixel, the method including: driving the LC layer in at least a
part of the unit pixel by applying thereto a longitudinal elec-
tric field generated between the first substrate and the second
substrate; and driving the at least a part of the unit pixel in an
image period by applying thereto an image voltage corre-
sponding to an image, and in a preliminary period preceding
to the image period by applying thereto a preliminary voltage
equal to or higher than a threshold voltage that allows LC
molecules in the LC layer to start change of orientation of the
LC molecules.

[0025] The present invention provides, in a fourth aspect
thereof, a method for driving a liquid crystal display unit that
includes first and second substrates sandwiching therebe-
tween a liquid crystal (LC) layer and define an array of unit
pixel, the method including: driving the LC layer in at least a
part of the unit pixel by applying thereto a longitudinal elec-
tric field generated between the first substrate and the second
substrate, wherein: driving the at least a part of the unit pixel
in an image period by applying thereto an image voltage
corresponding to an image; and maintaining in the image
period a voltage applied to the at least a part of the unit pixels
at a threshold voltage that allows LC molecules in the L.C
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layer to start change of orientation of the liquid crystal mol-
ecules or higher than the threshold voltage.

[0026] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following description, referring to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1isablock diagram showing an example of the
LCD unit according to the present invention.

[0028] FIG. 2is a time chart showing a first example of the
voltage applied to the L.C layer in the LCD unit of FIG. 1.
[0029] FIG. 3 is a time chart showing a second example of
the voltage applied to the L.C layer in the LCD unit of FIG. 1.
[0030] FIG. 4 is a schematic sectional view showing the
orientation of LC molecules applied with a longitudinal elec-
tric field during operation in the ECB mode.

[0031] FIG. 5 is a schematic sectional view showing the
orientation of LC molecules during occurring of a reverse tilt.
[0032] FIGS. 6A and 6B are sectional views showing the
orientation of LC molecules during application of the thresh-
old voltage (Vth) and a voltage for display of a dark image,
respectively.

[0033] FIG. 7is asectional view showing the orientation of
LC molecules applied with a longitudinal electric field during
operation in a VA mode.

[0034] FIGS. 8A and 8B are sectional views showing the
orientation of LC molecules applied with the threshold volt-
age and a voltage for display of a bright image, respectively.
[0035] FIG. 9is a sectional view of a LC panel provided in
a transflective LCD unit.

[0036] FIG. 10 is a top plan view showing a vicinity of the
boundary between the reflective area and the transmissive
area.

[0037] FIG. 11 is a top plan view showing a unit pixel
formed in the LC panel of a LCD unit according to a first
exemplary embodiment of the present invention.

[0038] FIG. 12 is a sectional view of the unit pixel taken
along line A-A'in FIG. 11.

[0039] FIG. 13 is an explanatory diagram showing the
structure of reflective area and the polarization of light pass-
ing through each layer in the reflective area.

[0040] FIG. 14 is an explanatory diagram showing the
structure of transmissive area and the polarization of light
passing through each layer in the transmissive area.

[0041] FIG. 15 is atime chart showing the potential of each
part in the reflective area.

[0042] FIG. 16 is a graph showing the relationship between
the applied voltage and the tilt angle of the LC molecules as
well as the reflectance of the reflective area.

[0043] FIG. 17 is a graph showing the relationship similar
to the relationship shown in FIG. 16 in the case of a specific
retardation of the LC layer.

[0044] FIG. 18 is atime chart showing the potential of each
part in the reflective area in a LCD unit according to a second
exemplary embodiment of the present invention.

[0045] FIG. 19 is atime chart showing the potential of each
part in the transmissive area in the LCD unit of the second
exemplary embodiment.

[0046] FIGS. 20A and 20B are time charts showing the
potential of each part in the case of inversion of the potential
of transmissive-area common electrode in a preliminary
period.
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[0047] FIGS. 21A and 21B are time charts showing the
potential of each part in the case of providing no preliminary
period in the transmissive area.

[0048] FIG. 22 is a sectional view showing a transflective
LCD unit described in a publication during absence of the
applied voltage.

[0049] FIG. 23 is a sectional view of the transflective LCD
unit of FIG. 22 during presence of the applied voltage.
[0050] FIG. 24 is a sectional view showing a reflective area
in another transflective LCD unit described in a publication.

EXEMPLARY EMBODIMENTS

[0051] Before describing exemplary embodiments of the
present invention, outline of the present invention will be
described with reference to accompanying drawings for a
better understanding of the present invention. FIG. 1 shows an
example of the LCD unit according to the present invention.
The LCD unit includes a LC layer 109, and a first substrate 3
and a second substrate 4 sandwiching therebetween the LC
layer 109. The LCD unit also includes a drive circuit (drive
unit) 110 that supplies a variety of signals to the first substrate
3 and second substrate 4 for driving the L.C layer 109. The L.C
layer 109 is driven in at least a part of the unit pixel by a
longitudinal electric field generated between the first sub-
strate 3 and the second substrate 4.

[0052] A first example of the configuration of the present
invention will be described hereinafter. In the first example of
the configuration, the drive circuit 110 provides a preliminary
period to a portion of the LC layer that is driven by a longi-
tudinal electric field before an image period wherein an image
voltage is applied to the unit pixel in accordance with the
image to be displayed. In the preliminary period, the LC layer
109 is applied with a preliminary voltage that is equal to or
higher than the threshold voltage. The threshold voltage is a
minimum voltage that allows the orientation of LC molecules
in the LC layer 109 to start for rotation from the initial orien-
tation. The drive circuit 110 first applies the preliminary
voltage to the LC layer 109 during the preliminary period, and
then applies to the LC layer 109 an image voltage correspond-
ing to the image to be displayed.

[0053] FIG. 2 shows a time chart of the voltage applied to
the LC layer 109 in the first example of the present invention.
The period in which a single image is displayed is referred to
as a unit period. The unit period is equivalent to the period
during which all the lines are scanned. Each image period ( .
..,Dn,Dn+1,...)and each preliminary period “A” has a time
length equal to the unit period. In the image period (. .., Dn,
Dn+1....), the drive circuit 110 outputs an image signal to a
signal line, and applies the LC layer 109 with an image
voltage (..., Vdn, Vdn+1, . ..) corresponding to the image
to be displayed. The drive circuit 110 applies the preliminary
voltage Va that is equal to or higher than the threshold voltage
to the LC layer 109 during the preliminary period A.

[0054] The preliminary period is inserted between two
adjacent image periods. In an alternative, the preliminary
period may be provided ahead ofthe top image period among
a plurality of image periods. In the example of FIG. 2, the
drive circuit 110 inserts the preliminary period A between an
image period Dn of a frame and a subsequent image period
Dn+1 of the next frame. The drive circuit 110 applies to the
LC layer 109 a voltage Vdn corresponding to the image
during the image period Dn, and then applies the preliminary
voltage Va to the LC layer 109 during the preliminary period
A. Thereafter, the drive circuit 110 applies to the LC layer 109
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a voltage Vdn+1 corresponding to the image during the next
image period Dn+1. The voltages Vdn and Vdn+1 supplied
during the image period may be lower than the threshold
voltage.

[0055] Next, a second example of the configuration of the
present invention will be described. In the second example,
the drive circuit 110 maintains the voltage to be applied to a
portion of the LC layer 109 applied with the longitudinal
electric field during the image period at a voltage equal to
higher than the threshold voltage. FIG. 3 shows a time chart
showing the voltage applied to the LC layer in the second
example. Each image period D1, D2, D3, . .. has a time length
equal to the unit period. The drive circuit 110 applies to the
LC layer 109 a voltage Vd1, Vd2, Vd3, . . . corresponding to
the image to be displayed in each image period D1, D2, D3, .
... The drive circuit 110 allows the voltage Vd corresponding
to the image to be equal to or higher than the threshold
voltage.

[0056] In the case of a normally white mode, for example,
a bright state or white image is obtained by applying a zero
volt to the LC layer 109. In the second example, it is assumed
thata voltage equal to or higher than the threshold voltage and
applied to a portion of the LC layer 109 which is driven by the
longitudinal electric field provides a white image. In the case
of a normally black mode, a portion of the LC layer 109
applied with a zero volt assumes a dark state, or provides a
black image. In the second example, a portion of the LC layer
109 applied with a voltage higher than the threshold voltage
provides a black image.

[0057] In the second example, it is preferable that the pre-
liminary period be provided ahead of the top image period
D1, wherein a voltage equal to or higher than the threshold
voltage is applied before application of the voltage Vdl. The
thus provided preliminary period is similar to the preliminary
period provided in the first example. The preliminary period
provided ahead of the top image period D1 may have a plu-
rality of unit periods, i.e., not limited to a single unit period.
[0058] Theadvantage of the LCD unit of each example will
be described hereinafter with reference to typical modes
including an ECB mode and a VA mode. The ECB mode will
be described first. In the LC panel operating in the ECB mode,
the second substrate 4 includes a plurality of unit pixels, or a
plurality of pixel electrodes. The first substrate 3 includes
common electrodes. The LC layer 109 is such that the LC
molecules in the LC layer have a positive dielectric anisot-
ropy. The first and second substrates 3 and 4 each include an
orientation film in contact with the LC layer 109, whereby the
LC layer 109 is homogeneously oriented in the direction
parallel to the substrates. The orientation directions of the
orientation films on the first substrate 3 and second substrate
4 are parallel to and opposite to each other.

[0059] When a potential difference occurs between the
pixel electrode and the common electrode to generate a lon-
gitudinal electric field between the first substrate 3 and the
second substrate 4, the LC molecules in the LC layer 109 rise
in the orientation toward the longitudinal direction due to the
longitudinal electric field. FIG. 4 shows the orientation direc-
tion of LC molecules during application of the longitudinal
electric field. Generally, as shown in FIG. 4, the tilt direction
of the LC molecules 11 is opposite between the vicinity ofthe
first substrate 3 and the vicinity of the second substrate 4 due
to the opposite rubbing directions of the orientation films in
the orientation processing. This allows the tilt direction of the
LC molecules 11 away from the first substrate 3 to coincide
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with the tilt direction of the LC molecules 11 away from the
second substrate 4, whereby the LC molecules 11 suitably
rise within the entire gap between the first substrate 3 and the
second substrate 4 without any problem. Ifthe normally white
mode is employed, the longitudinal electric field provides a
black image.

[0060] However, if there occurs an electric field in the L.C
layer 109 other than the longitudinal electric field, such as a
lateral electric field or slanted electric field, the LC molecules
existing in the vicinity of the pixel electrode are affected
thereby. This may cause a tilt, referred to as reverse tilt, in the
direction opposite to the direction of the suitable tilt defined
by the rubbing treatment of the orientation films. FIG. §
shows orientation direction of the LC molecules upon occur-
ring of the reverse tilt. If the reverse tilt such as shown in FIG.
5 occurs, a portion of the LC molecules stays in the lateral
direction without a rise in the area where the reverse tilt
occurs, although the longitudinal electric field itselfis gener-
ated.

[0061] FIG. 6A schematically shows the orientation direc-
tion of LC molecules during application of the threshold
voltage thereto, whereas FIG. 6B schematically shows the
orientation direction of LC molecules during application of
the black-image voltage thereto. The black-image voltage as
used herein is a voltage that is applied to the LC layer for
display of a black image. It is assumed here that the prelimi-
nary period is inserted between the image period for display
of awhite image and the period for display of a black image,
as in the first example. In the image period for the white
image, LC molecules stay in the direction parallel to the
substrates. If a preliminary voltage is applied to the LC layer
during the preliminary period, the LC molecules, which have
stayed in the direction parallel to the substrates for display of
the white image, slightly rise in the direction defined by the
rubbing direction in the orientation processing except for the
LC molecules in the vicinity of the substrates, as shown in
FIG. 6A. After the preliminary period shifts to the image
period, wherein a higher voltage is applied for display of the
black image, all of the LC molecules rise in the suitable
direction defined by the orientation processing irrespective of
presence or absence of the lateral electric field in the vicinity
of the pixel electrode, as shown in FIG. 6B, because most of
the LC molecules have already risen in the suitable direction
during the preliminary period. Thus, occurrence of the
reverse tilt can be suppressed. Suppression of the reverse tilt
can suppress occurrence of the bright line caused by the
disclination during display of the black image, whereby a
superior image can be obtained.

[0062] Next, it is assumed in the second example that the
threshold voltage 1s applied to the LC layer during the image
period for display of the white image (referred to as white-
image period hereinafter), and then a black image is obtained
during a succeeding image period. When the LC layer is
applied with the threshold voltage during the white-image
period, the LLC molecules slightly rise in the direction defined
by the orientation processing, as shown in FIG. 6A. Since the
voltage applied during display of the white image is the
minimum voltage among the applied voltages during the
image periods, the LC molecules maintain the suitable direc-
tion during the image period without being directed parallel
to the substrates. When the white-image period shifts to the
black-image period by applying a higher voltage to the LC
layer, all of the LC molecules rise in the suitable direction
defined by the orientation processing, as shown in FIG. 6B,
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because most of the LC molecules have already risen slightly
to the suitable direction. Thus, occurrence of the reverse tilt
can be suppressed. Suppression of the reverse tilt can sup-
press occurrence of the bright line caused by the disclination
during display of the black image, whereby a superior image
can be obtained.

[0063] The area wherein the LC molecules slightly rise
during the preliminary period or white-image period covers
the entire area of the pixel electrode including the vicinity
thereof as viewed in the direction normal to the substrates.
Therefore, even if the reflective area including a reflective
film having an uneven surface is driven in the ECB mode,
occurrence of the reverse tilt due to the uneven surface of the
reflective area can also be suppressed.

[0064] Itisassumed in the second example that the prelimi-
nary period is provided just ahead of the top image period,
which corresponds to D1 shown in FIG. 3. Since the LC layer
is not applied with a voltage before input of the preliminary
voltage, the LC molecules have stayed parallel to the sub-
strates. When the preliminary voltage is applied to the LC
layer in this state, the LC molecules slightly rise in the suit-
able direction defined by the orientation processing, as in the
preliminary period of the first example. Due to passing
through this state, the LC molecules rise during the image
period in the suitable direction defined by the orientation
processing after the image voltage corresponding to the
image is applied to the LC molecules. Thus, occurrence of the
reverse tilt can be suppressed, to thereby suppress occurrence
of the disclination.

[0065] Inthe second example of the configuration, wherein
the voltage applied to the LC layer is maintained equal to or
higher than the threshold during the image period, the orien-
tation of LC molecules is maintained in the state for rising in
the suitable direction during the image period, as described
above. Thus, provision of the preliminary period that main-
tains the applied voltage equal to or higher than the threshold
voltage ahead ofthe top image period makes it unnecessary to
provide thereafter another preliminary period between the
image periods. More specifically, a single preliminary period
provided ahead of the top image period is sufficient. Provision
of the preliminary period ahead of the top image period D1
(FIG. 3) and provision of the subsequent image periods D1,
D2, D3, . .. that applies the LC layer with a voltage equal to
higher than the threshold voltage allows the LC molecules to
rise in the suitable direction at any time during the image
periods, without falling to the lateral direction, and thus main-
tains the state where the LC molecules can rise in the suitable
direction. This suppresses occurrence of the reverse tilt.
[0066] Next, description is given to the VA-mode LCD unit.
In the LC panel operating in the VA mode, the second sub-
strate 4 includes mainly a plurality of unit pixels or a plurality
of pixel electrodes. The first substrate 3 includes a common
electrode. The LC molecules in the LC layer 109 have a
negative dielectric anisotropy. The first substrate 3 and sec-
ond substrate 4 each include an orientation film on the surface
thereof near the LC layer 109. The orientation films have a
function of orienting the LC molecules in the direction nor-
mal to the substrates in the initial orientation.

[0067] When a potential difference occurs between the
pixel electrode and the common electrode, a longitudinal
electric field is generated in the L.C layer 109, whereby the L.C
molecules fall toward the direction parallel to the substrates.
FIG. 7 shows the orientation of LC molecules during appli-
cation of the longitudinal electric field. The first and second
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substrates 3 and 4 include a projection 13 and a slit 14,
respectively, on the respective electrodes. Upon application
of the longitudinal electric field, the LC molecules 11 uni-
formly falls to a specific direction while forming a plurality of
domains. The state shown in FIG. 7 wherein the longitudinal
electric field is applied provides a white image.

[0068] As in the case of the ECB mode, when the lateral
electric field or slanted electric field other than the longitudi-
nal electric field is applied to the LC layer, the LC molecules
are affected thereby so that the direction to which the LC
molecules falls differs depending on the domain of the LC
molecules. This causes occurrence of the reverse tilt wherein
some of the LC molecules stay at the rising state although the
longitudinal electric field is applied thereto.

[0069] FIG. 8A shows the orientation direction of the LC
molecules upon application of the threshold voltage, whereas
FIG. 8B shows the orientation direction of the LC molecules
upon application of the voltage for display of a white image.
First, the first example will be described. It is assumed in the
first example that the preliminary period is inserted between
the black-image period and the white-image period. In the
black-image period, the LC molecules stay perpendicular to
the substrates. If the preliminary voltage is applied to the LC
layer, the LC molecules, which have stayed perpendicular to
the substrates during the black-image period, slightly fall in
the suitable direction in accordance with the electric field
defined by the presence of the projection 13 or slit 14 except
for the LC molecules in the vicinity of the substrates due to
the application of the preliminary voltage, as shown in FIG.
8A. Since the orientation of most of the LC molecules have
already fallen slightly to the suitable direction during the
preliminary period, when a higher voltage is applied to the LC
layer for display of the white image. the orientation of LC
molecules fall to the direction parallel to the substrates from
the slightly fallen state, as shown in FIG. 8B, because the LC
molecules are scarcely affected by the lateral electric field
occurring in the vicinity of the pixel electrode. This sup-
presses occurring of the reverse tilt, and thus suppresses
occurring of a dark line caused by the disclination during
display of the white image. Thus, a superior image can be
obtained in the LCD unit,

[0070] Next, the second example will be described. It is
assumed in the second example that the LC layer is applied
with the threshold voltage during the black-image period, and
driven to display of a white image during the subsequent
image period. When the LC layeris applied with the threshold
voltage during the black-image period, the I.C molecules
slightly fall in the suitable direction in accordance with the
electric field defined by the projection 13 and slit 14. Since the
voltage applied during the black-image period is the mini-
mum voltage among the voltages applied during the image
periods, the LC molecules do not stay in the direction pet-
pendicular to the substrates, and thus maintains the state of
falling in the suitable direction. When a higher voltage is
applied in order to obtain a white image from the black-image
period, all of the LC molecules in the LC layer fall in the
suitable direction because most of the LC molecules have
already fallen slightly in the suitable direction, as shown in
FIG. 8B. Thus, the reverse tilt can be suppressed during these
image periods.

[0071] The area in which the LC molecules slightly fall in
the suitable direction due to application of the threshold volt-
age during the preliminary period or black-image period cov-
ers the entire area of the pixel electrode including the vicinity
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thereof, as viewed perpendicular to the substrates. Thus,
when the reflective area including therein a reflective film
having an uneven surface is driven in the VA mode, occur-
rence of the reverse tilt caused by the uneven surface of the
reflective film can be suppressed as well.

[0072] Itisassumed in the second example that the prelimi-
nary period is provided ahead of the top image period corre-
sponding to D1 shown in FIG. 3. Since there is no voltage
applied to the LC layer before input of the preliminary volt-
age, the LC molecules stay perpendicular to the substrates.
When the preliminary voltage is applied to the LC layer in this
state, the LC molecules slightly fall in the suitable direction in
accordance with the direction of electric field defined by the
projection 13 or slit 14. After the application of preliminary
voltage, the LC layer is applied with a signal voltage corre-
sponding to the image during the image period, the LC mol-
ecules fall in the suitable direction. This suppresses occur-
rence of the reverse tilt, and thus occurrence of the
disclination. The advantage obtained by providing the pre-
liminary period ahead of the top image period in the configu-
ration wherein the image period provides an image voltage
higher than the threshold is similar to the case of ECB mode.
[0073] The LCD unit of the present invention may be a
transflective LCD unit that includes a reflective area and a
transmissive area. The reflective area includes therein a
reflective film having an uneven surface. The reflective area is
driven by a longitudinal electric field, whereas the transmis-
sive area is driven by a lateral electric field. FIG. 9 is a
sectional view of an example of the L.C panel provided in the
transflective LCD unit. The transmissive area 1 includes
therein a transmissive-area pixel electrode 5 and a transmis-
sive-area common electrode 6 that are formed on the second
substrate 4. The reflective area 2 includes therein a reflective
film 9 and a reflective-area pixel electrode 7 that are formed
on the second substrate 4, and also includes a reflective-area
commor electrode 8 and a buried retardation film 10 that are
formed on the first substrate 3.

[0074] The vicinity of the reflective-area pixel electrode 7
is involved with a lateral electric field that is generated
between the reflective-area pixel electrode 7 and the trans-
missive-area common electrodes 6 and may cause occurrence
of the reverse tilt. In addition to this lateral electric field, a
slanted electric field also occurs in the vicinity of the bound-
ary between the transmissive area 1 and the reflective area 2.
More specifically, the slanted electric field is generated
between the reflective-area common electrode 8 and the
transmissive-area pixel electrode 5 and between the reflec-
tive-area common electrode 8 and the transmissive-area com-
mon electrode 6. The slanted electric field, which is generated
between the opposing electrodes that sandwich therebetween
the LC layer 109, exerts the influence on the LC layer 109 to
a higher degree compared to the lateral electric field. Thus,
the slanted electric field causes occurrence of the reverse tilt
to a higher degree.

[0075] TheLCD unit ofthe above structure may employ the
first configuration wherein the preliminary period is provided
ahead of the image period, and the second configuration
wherein both the image periods for display of a white image
and a black image use a voltage higher than the threshold
voltage instead of absence of the applied voltage. By employ-
ing the first configuration or second configuration, the LC
molecules can be shifted during the image period to a desired
orientation from the slightly oriented state in the suitable
direction. In this case, if a higher voltage is applied to largely
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change the orientation of the slightly orientated LC mol-
ecules, the LC molecules can be driven in the suitable direc-
tion without fail.

[0076] Itis preferable in the transflective LCD unit that the
initial orientation of LC molecules be directed along the
boundary between the transmissive area and the reflective
area. FIG. 10 shows a vicinity of the boundary between the
transmissive area 1 and the reflective area 2 ina top plan view.
The direction of slanted electric field 30 generated on the
boundary between the transmissive area 1 and the reflective
area 2 is perpendicular to the boundary line 31. If the initial
orientation of the LC molecules is parallel to the boundary
line 31, the change of orientation of the LC molecules caused
by the slanted electric field 30 includes a widening deforma-
tion and a narrowing deformation. On the other hand, the
change of orientation of the LC molecules caused by the
longitudinal electric field between the reflective-area com-
mon electrode and the reflective-area pixel electrode is
caused by a twist deformation. Therefore, the LC molecules
are more likely to be increased in the change of orientation
caused by the longitudinal electric, and more likely to be
reduced in the change of orientation caused by the slanted
electric field, whereby occurrence of the reverse tilt can be
suppressed.

[0077] Now, exemplary embodiments of the present inven-
tion will be described with reference to accompanying draw-
ings, wherein similar constituent elements are designated by
similar reference numerals throughout the drawings.

[0078] FIG. 11 shows a unit pixel formed in the LC panel of
a L.CD unit according to a first exemplary embodiment of the
present invention. The LCD unit is configured as a transflec-
tive LCD unit, wherein each unit pixel includes therein a
transmissive area 1 and a reflective area 2. In this embodi-
ment, the transmissive area 1 is driven in the IPS mode, i.e.,
lateral-electric-field mode, and the reflective area 2 is driven
in the ECB mode, i.e., longitudinal-electric-field mode.
[0079] The unit pixel is partitioned by data lines 120 and
scanning lines 121 that are provided in the entire area of the
LC panel as a matrix. The data line 120 is a signal line through
which an image signal is transmitted. The scanning line 121 is
a signal line through which a scanning signal is transmitted.
The vicinity of an intersection of the scanning lines 121 and
the data lines 120 is associated with a switching device that
corresponds to each unit pixel. The switching device includes
a gate electrode, a drain electrode, asource electrode 122, and
an amorphous silicon layer. The gate electrode of the switch-
ing device is connected to a scanning line 121, whereas the
drain electrode is connected to a data line 120.

[0080] The transmissive area 1 receives therein a transmis-
sive-area pixel electrode 111 and a transmissive-area com-
mon electrode 112. The transmissive-area pixel electrode 111
is connected to the source electrode 122 of the switching
device. The transmissive-area common electrode 112 is con-
nected to a transmissive-area common line 123 that is com-
mon to the transmissive areas 1 of unit pixels and supplied
with a reference potential. In the transmissive area 1, the LC
layer is driven by the electric field occurring between the
transmissive-area pixel electrode 111 and the transmissive-
area common electrode 112.

[0081] The reflective area 2 receives therein a reflective-
area pixel electrode 129. The reflective area 2 also receives
therein a reflective-area common electrode (not shown) that
opposes the reflective-area pixel electrode 129 with an inter-
vention of the LC layer, and a reflective film. The reflective-
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area pixel electrode 129 is connected to the source electrode
122 of the switching device. The reflective-area common
electrode is connected to the reflective-area common line that
is common to the reflective areas 2 of unit pixels and supplied
with areference potential. In the reflective area 2, the L.C layer
is driven by the electric field occurring between the reflective-
area pixel electrode 129 and the reflective-area common elec-
trode.

[0082] FIG. 12 shows the unit pixel of FIG. 11 taken along
line A-A'. The LC panel includes a first substrate 3 and a
second substrate 4 opposing each other with an intervention
of the LC layer 109. The configuration of second substrate 4
will be described first. The second substrate 4 includes therein
drive members having a function of driving the image display
members. More concretely, the second substrate 4 includes
the scanning line 121, data lines 120 (FIG. 11), transmissive-
area pixel electrode 111, transmissive-area common elec-
trode 112, reflective-area pixel electrode 129, switching
device etc. The second substrate 4 also includes an orientation
film (not shown) that is in contact with the LC layer 109.
[0083] On a glass substrate 114 of the second substrate 4,
there are provided the scanning lines 121, transmissive-area
common lines 123 (FIG. 11), and an insulating film 124. On
the insulating film 124, there are provided the data lines 120,
the drain electrode and source electrode of the switching
device, the amorphous silicon layer, and another insulating
film 125. On the insulating film 125, there are provided an
uneven film 126 having an uneven surface, and an overlying
reflective film 9 in the reflective area 2. Since the reflective
film 9 is formed on the uneven film 126 having an uneven
surface, the reflective film 9 has an uneven surface. The
reflective film 9 reflects external light incident onto the LC
panel while diffusing the external light due to the uneven
surface.

[0084] A planarization film 127 is formed on the reflective
film 9. The planarization film 127 may extend toward the
transmissive area 1. The uneven film 126 and planarization
film 127 also have a thickness adjusting function-for chang-
ing the thickness of LC layer 109 in the transmissive area 1
and reflective area 2. The uneven film 126 and planarization
film 127 each have a thickness that is adjusted to obtain a
desired thickness of the LC layer 109 in each of the transmis-
sive area 1 and reflective area 2.

[0085] Inthereflective area 2, the reflective-area pixel elec-
trode 129 is formed on the planarization film 127. In the
transmissive area 1, the transmissive-area pixel electrode 111
and transmissive-area common electrode 112 are formed on
the planarization film 127. The reflective-area pixel electrode
129, transmissive-area pixel electrode 111, and transmissive-
area common electrode 112 are formed from a transparent
conductor, such as ITO (indium tin oxide). The transmissive-
area pixel electrode 111 and transmissive-area common elec-
trode 112 are arranged to extend parallel to and oppose each
other, as shown in FIG. 11. In the transmissive area 1, the LC
molecules in the layer 109 are driven in the IPS mode, i.e.,
lateral-electric-field mode by the electric field between the
transmissive-area pixel electrode 111 and the transmissive-
area common electrode 112.

[0086] The configuration of first substrate 3 will be
described hereinafter. The first substrate 3 includes therein
drive members having a function of driving the image display
members. More specifically, the first substrate 3 includes a
black-matrix film, i.e., light-shield film, color layers which
partially overlap the black-matrix film, transparent planariza-
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tion film 116, buried retardation film 115, reflective-area
common electrode 117, and orientation film which are con-
secutively arranged from the glass substrate 113 toward the
LClayer 109. InFIG. 12, only the buried retardation film 115,
planarization film 116, and reflective-area common electrode
117 are illustrated.

[0087] The buried retardation film 115 and reflective-area
common electrode 117 are formed in the reflective area 2 of
the unit pixel. In the reflective area 2, the LC molecules in the
LC layer 109 are driven in the ECB mode, i.e., longitudinal-
electric-field mode by the electric field occurring between the
reflective-area common electrode 117 and the reflective-area
pixel electrode 129 that oppose each other with an interven-
tion of the LC layer 109.

[0088] The orientation processing, i.e., rubbing treatment
is performed to the orientation film formed on the surface of
the first substrate 3 near the LC layer, and the orientation film
formed on the surface of the second substrate 4 near the LC
layer 109. The directions of rubbing treatment performed to
both the orientation films are parallel to and opposite to each
other. It is preferable that the rubbing direction be parallel to
the boundary between the reflective area 2 and the transmis-
sive area 1.

[0089] The LC layer 109 is sandwiched between the first
substrate 3 and the second substrate 4. The retardation of LC
layer 109 is set at about a quarter wavelength of light in the
reflective area 2, and set at a half wavelength of light in the
transmissive area. The retardation in the reflective area may
be larger than the quarter wavelength.

[0090] The principle of operation of the LCD unit accord-
ing to the present embodiment will be described. In the
description to follow, it is assumed that the voltage applied to
the LC layer for display of the black image or white image is
zero volt for simplification of the description. The transmis-
sive-area common electrode 112 and reflective-area common
electrode 117 are connected to different signal sources, which
feed signals having an inverted-potential relationship ther-
ebetween, wherein the potential level of each of the two
signals is obtained by inverting the potential level of the other
of the two signals. The transmissive-area pixel electrode 111
and reflective-area pixel electrode 129 are connected to a
common data line 120 via a switching device, and supplied
with a common signal. For example, an arbitrary signal hav-
ing a potential between 0V and 5V depending on the image to
be displayed by the unit pixel is supplied to the transmissive-
area pixel electrode 111 and reflective-area pixel electrode
129.

[0091] Display of a black image will be described first.
When a signal of OV is supplied to the reflective-area pixel
electrode 129 and a signal of 5V is supplied to the reflective-
area common electrode 117, the potential difference between
the reflective-area pixel electrode 129 and the reflective-area
common electrode 117 assumes 5V, whereby the LC layer
109 in the reflective area 2 is driven by a longitudinal electric
field generated by this potential difference of 5V. At this
stage, the transmissive-area common electrode 112 is sup-
plied with a signal obtained by inverting the potential level of
the signal fed to the reflective-area common electrode 117,
i.e., supplied with a signal of OV. Since the signal supplied to
the transmissive-area pixel electrode 111 is 0V which is the
same as the signal fed to the reflective-area pixel electrode
129, the LC layer 109 in the transmissive area 1 is not applied
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with an electric field, whereby the I.C molecules maintain the
initial orientation defined by the orientation processing of the
orientation film.

[0092] FIG. 13 shows arrangement of layers in the reflec-
tive area on the left side of figure, and the change of polar-
ization of light transmitted at respective layers in the reflec-
tive area 2 on the right side of figure. The right side of the
figure includes a cases of display of two images: a black
image (upon presence of applied voltage); and a white image
(upon absence of applied voltage). The notation used in the
right side of FIG. 13 is such that a thick blank arrow repre-
sents the direction of light, a cross represents blocking of
light, a thin double arrow represents the polarization direction
of a linearly-polarized light or light transmission axis of the
polarizing film, “R” encircled represents clockwise-circu-
larly-polarized light, “L” encircled represents counterclock-
wise-circularly-polarized light, a thick blank bar represents
the initial orientation of LC molecules, and a small circle
attached with a minor horizontal line represents the raised
orientation of LC molecules. The direction of the circularly-
polarized light is expressed herein in the state as viewed from
the first substrate toward the second substrate.

[0093] The horizontal direction in FIG. 13 is referred to as
a direction of zero degree, and the vertical direction therein is
referred to as a direction of 90 degrees. The depicted layers
include a polarizing film 130 having a transmission axis of 90
degrees, the first substrate 3 including the buried retardation
film 115 having a retardation of a quarter wavelength and an
optical elasticity axis of 45 degrees, LC layer 109, and second
substrate 4 including the transparent reflective are pixel elec-
trode 129 and reflective film 9, which are arranged in this
order from the external-light incident side of the LCD unit.

[0094] In operation of the LCD unit during display of the
black image, as shown in “black image” column of FIG. 13, a
90-degree linearly-polarized light is passed by the polarizing
film 130, and incident onto the buried retardation film 115.
The buried retardation film 115 converts the incident linearly-
polarized light into a clockwise-circularly-polarized light,
which enters the LC layer 109.

[0095] The LC layer 109, which is raised from the initial
orientation by the longitudinal electric field, has no refractive
index anisotropy at this stage. Thus, the incident light passes
through the LC layer 109 as it is, i.e., as the clockwise-
circularly-polarized light, to reach the reflective film 9. The
light reflected by the reflective film 9 is converted into a
counterclockwise-circularly-polarized light, which passes
through the LC layer 109 as it is to reach the buried retardation
film 115. The light passes through the buried retardation film
115 to be converted into a 0-degree linearly-polarized light
having a polarization direction perpendicular to the light
transmission axis of 90 degrees in the polarizing film 130.
Thus, the light passed by the buried retardation film 115
cannot pass through the polarizing film 130, whereby the
LCD unit provides a black image.

[0096] FIG. 14 shows arrangement of layers in the trans-
missive area 1 on the left side of figure, and the change of
polarization of light transmitted at respective layers in the
transmissive area 1 on the right side of figure, similarly to
FIG. 13. The notation in FIG. 14 is similar to that in FIG. 13.
The layers in the transmissive area 1 includes the polarizing
film 130 having a light transmission axis of 90 degrees, L.C
layer 109, second substrate 4 including electrodes 111 and
112, polarizing film 131 having a light transmission axis of 0
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degree, and a backlight source (not depicted), which are
arranged in the reverse order as viewed from the backlight
incident side.

[0097] In operation of the LCD unit during display of the
black image, as shown in “black image” column of FIG. 14, a
0-degree linearly-polarized light among the backlight emitted
from the backlight sourceis passed by the polarizing film 131,
and incident onto the LC layer 109. The LC molecules in the
LClayer 109, which has the initial orientation due to absence
of the applied voltage between the transmissive-area pixel
electrode 111 the transmissive-area common electrode 112,
pass therethrough the incident light as it is. The 0-degree
linearly-polarized light passed by the LC layer 109 is incident
onto the polarizing film 130 having a transmission axis of 90
degrees, and blocked thereby. Thus, the transmissive area 1
provides a black image as well.

[0098] Next, operation of the LCD unit during display of a
white image will be described. In the reflective area, when the
reflective-area pixel electrode 129 and reflective-area com-
mon electrode 117 are supplied with a 0-volt signal, there
occurs no potential difference between the reflective-area
pixel electrode 129 and the reflective-area common electrode
117, whereby the LC molecules of the LC layer 109 in the
reflective area maintains the initial orientation defined by the
orientation film. At this stage, in the transmissive area, the
transmissive-area common electrode 112 is supplied with a
signal obtained by inverting the potential level of the signal
fed to the reflective-area common electrode 117, i.e., is sup-
plied with a 5-volt signal. Since the transmissive-area pixel
electrode 111 is supplied with a 0-volt signal which is the
same as the potential fed to the reflective-area pixel electrode
129, a lateral electric field occurs in the transmissive area 1,
whereby the LC molecules of the LC layer 109 in the trans-
missive area rotates in the direction parallel to the substrates.
[0099] Operation of the LCD unit in the reflective area will
be described with reference to “white image” column of FIG.
13. The incident light, i.e., 90-degree linearly-polarized light,
passed by the polarizing film 130 is incident onto the buried
retardation film 115, which converts the incident light into a
clockwise-circularly-polarized light. This light is incident
onto the LC layer 109, as in the case of the black image. Since
the LC layer 109 has a retardation of a quarter wavelength, the
light incident onto the L.C layer 109 is converted into a lin-
early-polarized light by the refractive index anisotropy of the
LC layer 109, and reaches the reflective film 9.

[0100] The linearly-polarized light is reflected by the
reflective film 9 as it is, and incident onto the LC layer 109,
which converts the incident light into a clockwise-circularly-
polarized light. This light is incident onto the buried retarda-
tion film 115, which converts the incident light into a 90-de-
gree linearly-polarized light. The polarizing film 130 passes
therethrough the 90-degree linearly-polarized light, whereby
the LCD unit provides a white image.

[0101] Operation of the LCD unit in the transmissive area
during display of a white image will be described with refer-
ence to “white image” column of FIG. 14. A 0-degree lin-
early-polarized light among the backlight emitted from the
backlight source is passed by the polarizing film 131. The LC
molecules in the LC layer 109 are rotated by the lateral
electric field generated by the potential difference between
the transmissive-area pixel electrode 111 and the transmis-
sive-area common electrode 112, to have an optical axis in the
direction of 45 degrees. Since the retardation of LC layer 109
in the transmissive area 1 is about a half wavelength, the
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0-degree linearly-polarized light passed by the polarizing
film 131 is converted into a 90-degree linearly-polarized light
by the LC layer 109 having a refractive-index anisotropy.
Since the light transmission axis of the polarizing film 130 is
at 90 degrees, the light passed by the LC layer 109 passes
through the polarizing film 130, whereby the transmissive
area 1 provides a white image.

[0102] Although the above description includes only the
case of display of a white image and a black image, display of
intermediate image can be achieved by a similar principle.
More specifically, the intermediate image can be obtained by
applying a voltage of OV to 5V between the transmissive-area
pixel electrode 111 and the reflective-area pixel electrode
129, for example, depending on the intermediate image
(gray-scale level) to be displayed by the unit pixel.

[0103] A drive method according to an exemplary embodi-
ment of the present invention will be described. FIG. 15is a
time chart showing the potential of each part in the reflective
area. The process of driving the reflective area includes a first
step 15 and a second step 16. The first step 15 corresponds to
the preliminary period in FIG. 2, whereas the second step 16
corresponds to the image period D1, D2, D3, . ... Itisto be
noted that the potential in this figure and other succeeding
figures does not corresponds to any actual potential, although
the potential of data line during selection of the scanning line
is relatively accurate.

[0104] At the beginning of first step 15, the potential 17 of
scanning line temporally rises, whereby the scanning lines is
selected. The drive circuit 110 (FIG. 1) supplies a voltage
corresponding to the preliminary voltage to the data line 120,
to raise the potential of data line 120 up to the preliminary
voltage. This preliminary voltage is written into the reflec-
tive-area pixel electrode 129 by the above selection of scan-
ning line, whereby the potential 20 of reflective-area pixel
electrode assumes a voltage higher than OV. At this stage, the
potential 19 of reflective-area common electrode is at 0V. In
the first step 15, the preliminary voltage 21 that is a potential
difference between the potential 20 of reflective-area pixel
electrode and the potential 19 of reflective-area common elec-
trode is applied to the LC layer 109.

[0105] At the beginning of the second step 16, the potential
17 of scanning line temporarily rises, to select the scanning
line. The drive circuit 110 supplies a voltage (image signal)
corresponding to an image to the data line 120. The image
signal supplied to the data line 120 is written into the reflec-
tive-area pixel electrode 129 by the above selection of the
scanning line. At this stage, the potential 19 of reflective-area
common electrode is at 5V. Thus, a voltage that is the differ-
ence between the potential 20 of reflective-area pixel elec-
trode and the potential 19 of reflective-area common elec-
trode is applied to the LC layer 109.

[0106] The drive circuit 110 maintains the voltage applied
to the LC layer 109 at a voltage higher than the threshold
voltage in the second step 16. For example, if the threshold
voltage is 1V, the potential difference between the image
signal during selection of the scanning line and the reflective-
area common electrode is adjusted so that the voltage applied
to the LC layer 109 during display of a white image is set at
1V. This adjustment is realizable by providing an offset to the
signal input to the reflective-area common electrode.

[0107] FIG. 16 shows the relationship between the voltage
applied to the LC layer in the reflective area and the tilt angle
(rise angle) of the LC molecules in the vicinity of the center of
the layer as viewed perpendicular to the substrates. FIG. 16
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also shows the relationship between the applied voltage and
the reflectance in the reflective area. The retardation of LC
layer in the reflective area is 137 nm, which is equivalent to a
quarter wavelength of light in this example. If the voltage
applied to the LC layer reaches about 1V, the tilt angle starts
to increase whereby most of the LC molecules slightly rise in
the suitable direction defined by the orientation processing.
This means the threshold voltage is 1V. In this case, the
preliminary voltage applied to the L.C layer in the first step 15
(FIG. 15) is 1V, which is equal to the threshold voltage. The
voltage applied to the LC layer in the second step 16 is equal
to or above 1V.

[0108] The preliminary voltage need not be equal to the
threshold voltage, and may be higher than the threshold volt-
age (1V). The minimum voltage applied to the LC layer in the
second step 16 need not be equal to the threshold voltage as
well, and may be higher than the threshold voltage. It is to be
noted however that an excessively higher applied voltage or
preliminary voltage may cause the reverse tilt, and thus the
applied voltage or preliminary voltage should be a voltage
lower than the voltage that cause the reverse tilt. The maxi-
mum applied voltage that does not cause the reverse tilt
depends on the cell structure and thus is not uniquely deter-
mined. The maximum voltage is at least lower than the black-
image voltage in the case of a normally white mode.

[0109] As understood from FIG. 16, an applied voltage
higher than the threshold voltage significantly reduces the
reflectance in the reflective area. Since the minimum applied
voltage corresponds to the display of white image in the
second step 16, an excessively higher value of the minimum
applied voltage reduces the brightness of the white image.
Thus, it is preferable that the minimum voltage applied to the
LC layer in the second step 16 be equal to the threshold
voltage. Ifit is desired that the voltage applied to the LC layer
in the second step 16 be higher than the threshold voltage, the
minimum applied voltage may be determined based on the
desired reflectance during display of the white image.
[0110] FIG. 17 shows, similarly to FIG. 16, another
example of the relationship between the voltage applied to the
LC layer in the reflective area and the tilt angle and reflec-
tance. In this example, the retardation of LC layer in the
reflective area is 34 nm larger than the quarter wavelength,
137 nm. In FIG. 17, when the voltage applied to the LC layer
substantially reaches 1V, thetilt angle starts to increase, and at
the same time the reflectance assumes a maxinum.

[0111] If the retardation of LC layer is equal to a quarter
wavelength of light, and if the white-image voltage is set
equal to the threshold voltage at which the tilt angle starts to
increase, the reflectance is reduced as compared to the case
using a zero volt, as shown in FIG. 16. On the other hand, if
the retardation of LC layer is larger than the quarter wave-
length, the reflectance assumes a maximum at the threshold
voltage at which the tilt angle substantially starts to increase.
In this case, the white-image voltage equal to the threshold
voltage provides a brighter image. The reason s that setting of
the retardation of LC layer to be larger than the quarter wave-
length causes the birefringence of the LC layer to reduce
along with the slight rise of the LC molecules, whereby the
retardation of LC layer assumes the quarter wavelength
which is suitable to display of the white image.

[0112] In the present embodiment, the voltage applied to a
portion of the LC layer, which is driven by a longitudinal
electric field, during an image period is maintained at a volt-
age higher than the threshold voltage at which the orientation
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of LC molecules start to change in the LC layer. This voltage
higher than the threshold voltage and applied during the
image period wherein the LC layer is driven in accordance
with the gray-scale level allows the LC molecules to rise at
least slightly at any time even when the minimum gray-scale
voltage is applied. The portion of LC layer driven by the
longitudinal electric field is maintained in a state wherein the
LC molecules stay in a tilted posture that is suitable to rise in
the suitable direction, i.e., not completely fallen to an initial
state. This suppresses occurrence of the disclination caused
by the reverse tilt.

[0113] There is a LCD unit including a reflective area
driven in a longitudinal-electric-field mode and a transmis-
sive area driven in a lateral-electric-field mode in each unit
pixel, wherein the LC molecules have a low pre-tilt angle for
obtaining a wider viewing-angle characteristic in the trans-
missive area. In such a LCD unit as well, the drive technique
described above can be employed, for suppressing the discli-
nation in the reflective area. This allows both the reflective
and transmissive areas in the transflective LCD unit to have a
superior image quality.

[0114] In the present embodiment, a preliminary voltage
that is equal to or higher than the threshold voltage is applied
prior to the image period to a portion of the LC layer driven in
the longitudinal-electric-field mode. Application of the pre-
liminary voltage allows the LC molecules to slightly rise in
the suitable direction defined by the orientation processing.
The slight rise of the LC molecules allows the LC molecules
to significantly rise in the suitable direction when the LC layer
is applied with a larger voltage during the initial stage of the
image period. This suppresses occurrence of the reverse tilt
during the image period succeeding to the preliminary period
from the initial stage ofthe image period. Thus, occurrence of
a disclination caused by the reverse tilt can be suppressed.

[0115] The structure described in Patent Publication-3 may
be applied to a typical transflective LCD unit for providing
therein a third electrode. This structure needs provision of a
black matrix for shielding light reflected from the third elec-
trode, thereby reducing the effective opening area of the pixel.
On the other hand, the present embodiment does not use the
third electrode whereby the black matrix is not needed. This
does not incur the reduced effective opening ratio of the pixel,
and suppresses occurrence of the reverse tilt. In addition, in
consideration of the structure of Patent Publication-3 wherein
the third electrode can be disposed only in the vicinity of the
pixel electrode, the suppression of occurrence of the reverse
tilt is achieved only in the periphery of the pixel electrode. In
the present embodiment, the suppression of reverse tilt can be
achieved in the entire area of the pixel electrode including the
vicinity thereof. Thus, the reverse tilt caused by the uneven
surface of the reflective film can also be suppressed in the
present embodiment.

[0116] Next, a LCD unit according to a second exemplary
embodiment of the present invention will be described. The
LCD unit according to the second exemplary embodiment is
similar to the LCD unit of the first exemplary embodiment
except for the technique for driving the portion of the LC layer
driven in the longitudinal-electric-field mode. In short, the
LCD unit of the second exemplary embodiment uses a pre-
liminary period that applies the preliminary voltage equal to
or higher than the threshold voltage to the LC layer within an
image period that applies a voltage corresponding to an image
to the LC layer.
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[0117] More specifically, the drive circuit 110 (FIG. 1)
allows a single frame to include two unit periods: an image
period and a preliminary period. Upon switching between
frames, the preliminary period in a frame precedes the image
period in the succeeding frame, thereby achieving the advan-
tage similar to that obtained in the first exemplary embodi-
ment wherein each preliminary period precedes a corre-
sponding image period in a single frame. In this
configuration, the preliminary period at the last stage of a
frame allows the LC molecules to slightly rise in the suitable
direction, and the image period in the succeeding frame
allows the LC molecules to significantly rise in the suitable
direction in accordance with the image to be displayed. Thus,
the present embodiment suppresses occurrence of the reverse
tilt and thus suppresses the disclination, as in the first exem-
plary embodiment.

[0118] FIG.18is atime chart showing the potential change
of each part in the reflective area. In this example, each frame,
such as a first frame and a second frame, includes an image
period preceding to a corresponding preliminary period. It is
assumed here that the first frame is a white-image period that
provides a white image, and the second image is a black-
image period that provides a black image. The reflective-area
common electrode has a potential 19 at a zero volt in the first
frame, and at 5V in the second frame.

[0119] Thescanningline has a potential 17 that temporarily
rises for selection of the scanning line at the initial stage of the
image period and the initial stage of the preliminary period in
each frame. Upon the first temporary rise of the potential 17
in the first frame, the drive circuit 110 supplies a voltage
(image signal) corresponding to the white image to the data
line 120 (FIG. 11), and sets the potential 18 of data line at OV.
This voltage is written into the reflective-area pixel electrode
129 upon selection of the canning line, whereby the potential
20 of reflective-area pixel electrode is set at OV. In the image
period of the first frame, the LC layer 109 is applied with an
electric field defined by a potential difference of OV between
the potential 20 of reflective-area pixel electrode and the
potential 19 of reflective-area common electrode, whereby
the reflective area provides a white image.

[0120] Subsequently, the potential 17 of scanning line tem-
porarily rises, for second selection of the scanning line in the
first frame. The drive circuit 110 delivers a signal correspond-
ing to the preliminary voltage to the data line 120 at this stage
of the second selection of the scanning line, thereby allowing
the potential 18 of data line 120 to assume the preliminary
voltage. Assuming that the preliminary voltage is 1V, the
drive circuit 110 delivers a signal for setting the potential 20
of reflective-area pixel electrode at 1V to the data line 120,
because the potential 19 of reflective-area common electrode
is at OV. The potential 18 of data line is written into the
reflective-area pixel electrode 129 by the selection of scan-
ning line, whereby potential 20 of reflective-area pixel elec-
trode is setat 1V. In the preliminary period of the first frame,
the LC layer 109 1s applied with an electric field defined by
the preliminary voltage 21 (1V) that is the difference between
the potential 20 of reflective-area pixel electrode and the
potential 19 of the reflective-area common electrode,
whereby the LC molecules slightly rises in the suitable direc-
tion defined by the orientation processing.

[0121] The process then advances to the second frame
wherein the potential 17 of scanning line temporarily rises at
the initial stage, for a first selection of the scanning line. The
drive circuit 110 supplies a voltage corresponding to the black
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image to the data line 120, to allow the potential 18 of data line
to assunie a voltage corresponding to the black image. Since
the potential 19 of reflective-area common electrode is 5V, the
drive circuit 110 delivers a signal for setting the potential 20
of reflective-area pixel electrode at OV to the data line 120.
The potential 18 of data line is written into the reflective-area
pixel electrode 129 due to the first selection of scanning line.
In the image period of the second frame, 5V which is a
difference between the potential 20 of reflective-area pixel
electrode and potential 19 of the reflective-area common elec-
trode is applied to the LC layer 109, whereby the reflective
area provides a black image.

[0122] Subsequently, the potential 17 of scanning line tem-
porarily rises in the second frame, for second selection of the
scanning line in the second frame. At this stage of second
selection of the canning line, the drive circuit 110 delivers a
signal having the preliminary voltage to the dataline 120, and
allows the potential 18 of data line to assume the preliminary
voltage. Since the potential 19 of reflective-area common
electrode in the second frame is 5V, assuming that the pre-
liminary voltage is 1V, the drive circuit 110 delivers to the
data line 120 a signal for setting the potential 20 of reflective-
area pixel electrode at 4V. The potential 18 of data line is
written into the reflective-area pixel electrode 129 due to
second selection of the scanning line. The preliminary period
of the second frame applies to the LC layer 109 the prelimi-
nary voltage 21 (1V) which is a difference between the poten-
tial 20 of reflective-area pixel electrode and the potential 19 of
reflective-area common electrode, whereby the LC molecules
slightly rise in the suitable direction defined by the orientation
processing.

[0123] In FIG. 18, a white image is displayed during the
image period of the first frame, and thereafter the preliminary
voltage is applied during the preliminary period, to allow the
LC molecules to slightly rise, followed by the second frame
for display of the black image. The preliminary period sand-
wiched between both the image periods providing the white
image and the black image in this way allows the LC mol-
ecules to slightly rise before a significant rise during the
image period. This allows the black image provided in the
second frame to suppress occurrence of the disclination cause
by the reverse tilt.

[0124] Although each frame in FIG. 18 includes the pre-
liminary period succeeding to the image period, the order of
these periods may be reversed from the above embodiment.
More specifically, the configuration may be such that the first
selection of scanning line in each frame delivers a signal
corresponding to the preliminary voltage to the reflective-
area pixel electrode 129 and the second selection of scanning
line in each frame delivers a signal corresponding to the
image to be displayed. In this case as well, the process shifts
from the image period for a white image in the first frame to
the image period for a black image in the second frame,
thereby achieving the advantage similar to that described
above.

[0125] FIG. 19 is atime chart showing the potential of each
part in the transmissive area. The potentials 17 and 18 of the
scanning line and data line are similar to those shown in FIG.
18. The change of potential 23 of transmissive-area pixel
electrode in FIG. 19 is similar to the change of potential 20 of
reflective-area pixel electrode in F1G. 18. Since the common
electrodes in the reflective and transmissive area are applied
with common signals having therebetween an inverted-po-
tential relationship, the potential 22 of the transmissive-area
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common electrode is obtained by inverting the level of poten-
tial 19 of reflective-area pixel electrode. Thus, the potential 22
of transmissive-area common electrode is at 5V in the first
frame, and at OV in the second frame.

[0126] Inthe reflective area, the LC molecules slightly rise
from the initial orientation during the preliminary period,
whereby the reflective area provides a substantially white
image. In the transmissive area, the voltage 26 applied to the
LC layer during the preliminary period is reduced from the
previous period by the preliminary voltage, whereby the pre-
liminary period provides a substantially white image. In this
configuration, the image in both the reflective area and trans-
missive area shifts from a white image (image period), via a
substantially white image (preliminary period) and a black
image (image period) to a substantially white image (prelimi-
nary period). This image shift including the substantially
white image between the white-image periods may reduce the
contrast ratio to some extent. In particular, the transmissive
area experiences a somewhat larger reduction in the contrast
ratio because the transmissive area inherently has a larger
difference between the black-image brightness, i.e., bright-
ness during display of the black image and the white-image
brightness, i.e., brightness during display of the white image.

[0127] For reducing the degree of reduction in the contrast
ratio, it is effective for the transmissive area to change the
image displayed during the preliminary period from the white
image to a black image. This is achieved by, for example,
allowing the voltage applied to the LC layer in the transmis-
sive area during the preliminary period to be equivalent to the
voltage applied to the LC layer in the reflective area. As
described before, the signal supplied to the transmissive-area
common electrode and the signal supplied to the reflective-
area common electrode have therebetween an inverted-poten-
tial relationship. Thus, the signal supplied to the transmissive-
area common electrode during the image period is inverted
and supplied to the transmissive-area common electrode dur-
ing only the preliminary period. This allows the transmissive-
area common electrode to be equipotential to the signal sup-
plied to the reflective-area common electrode, whereby the
voltage applied to the LC layer in the transmissive area is
equivalent to the voltage applied to the LC layer in the reflec-
tive area during only the preliminary period.

[0128] FIGS. 20A and 20B are time charts showing the
potential of each part in the reflective area and transmissive
area, respectively, inthe case of inverting the potential level of
transmissive-area common electrode during the preliminary
period. The potential change of each part in the reflective area
shown in FIG. 20A is the same as the potential change shown
in FIG. 18. In the transmissive area, the potential 22 of trans-
missive-area common electrode is reversed in each frame
upon shifting from the image period to the preliminary
period. That is, during the preliminary period (i.e., second
scanning period) of the first frame, the potential 22 of trans-
missive-area common electrode is changed to 0V from 5V
that is the potential of transmissive-area common electrode
during the image period. In the preliminary period of the
second frame, the potential 22 of transmissive-area common
electrode is changed to 5V from the potential, 0V, of trans-
missive-area common electrode during the image period.

[0129] The above control of the potential 22 of transmis-
sive-area common electrode allows the voltage applied to the
LC layer in the preliminary period in the transmissive area to
be equivalent to the preliminary voltage 21 applied in the
reflective area, whereby the transmissive area provides a sub-
stantially black image during the preliminary period. More
specifically, the image of the transmissive area changes from
awhite image (image period), via a substantially black image
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(preliminary period), and a black image (image period) to a
substantially black image (preliminary period). The average
brightness during the second frame shown in FIG. 20B is
lower than the average brightness shown in FIG. 19 wherein
the potential of transmissive-area common electrode is not
inverted. Thus, the contrast ratio of the white image provided
in the first frame to the black image provided in the second
frame is improved in FIG. 20B as compared to FIG. 19.
[0130] In an alternative, the contrast ratio of the transmis-
sive area may be improved by absence of the preliminary
period in the transmissive area. FIGS. 21A and 21B are time
charts showing the potential of each part in the reflective area
and transmissive area, respectively, in this case. The scanning
line includes a scanning sub-line for the transmissive areas
separately from a canning sub-line for the reflective areas. In
each frame, a first scan is performed in both the transmissive
area and reflective area. A second scan is performed only in
the reflective area without performing in the transmissive
area. More specifically, the first scan for the image period is
performed by temporarily raising the potential 24, 25 of both
the scanning sub-lines for writing the image signal, whereas
the second scan for the preliminary period is performed by
temporarily raising only the potential 24 of the scanning
sub-line for the reflective area. This configuration provides an
ordinary image wherein the preliminary voltage is not applied
in the transmissive area, thereby preventing degradation of
the image quality in the transmissive area.

[0131] Inthe present embodiment, a portion ofthe LC layer
driven by the longitudinal electric field is applied with the
threshold voltage during the preliminary period and then
applied with the voltage corresponding to the image dis-
played during the image period. The preliminary period
allows the L.C molecules to slightly rise, whereby the subse-
quent image period allows the L.C molecules to significantly
rise in the suitable direction. Thus, the disclination caused by
the reverse tilt can be suppressed. In a design of the LCD unit
that includes in each unit pixel a reflective area driven by the
longitudinal electric field and a transmissive area driven by
the lateral electric field, the LC molecules sometimes stay in
the orientation of a lower pre-tilt angle for obtaining a wider
viewing-angle characteristic. In such a LCD unit as well, the
drive technique as described above prevents occurrence of the
disclination in the reflective area, whereby a transflective
LCD unit having a superior image quality in both the trans-
missive area and reflective area is provided.

[0132] In the second exemplary embodiment, each frame
includes the preliminary period. However, the present inven-
tion is not limited to such an example. More specifically, it is
not needed for all the frames to include therein the prelimi-
nary period, and it is sufficient that one of several frames
include the preliminary period. In other words, a frame
including the preliminary period and another frame including
no preliminary period may be mixed in the drive of LCD unit.
In such a case as well, the reverse tilt can be suppressed in the
image period succeeding to the preliminary period. In a fur-
ther alternative, it is not needed for each frame to include both
the image period and preliminary period, and it is sufficient
that a frame including only the preliminary period be inserted
between adjacent frames each including only the image
period.

[0133] Whilethe invention has been particularly shown and
described with reference to exemplary embodiment thereof,
the invention is not limited to these embodiments and modi-
fications. As will be apparent to those of ordinary skill in the
art, various changes may be made in the invention without
departing from the spirit and scope of the invention as defined
in the appended claims.
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1. A liquid crystal display unit (LCD) comprising:

aliquid crystal (LC) layer;

first and second substrates sandwiching therebetween said
LC layer to define an array of unit pixel; and

adrive unit that drives said LC layer in at least a part of said
unit pixel by applying thereto a longitudinal electric
field generated between said first substrate and said sec-
ond substrate, wherein:

said drive unit drives said at least a part of said unit pixel in
an image period by applying thereto an image voltage
corresponding to an image, and in a preliminary period
preceding to said image period by applying thereto a
preliminary voltage equal to or higher than a threshold
voltage that allows LC molecules in said LC layer to
start change of orientation of said LC molecules.

2. The LCD unit according to claim 1, wherein said drive
unit inserts said preliminary period between adjacent two of
said image period.

3. A liquid crystal display unit (LCD) comprising:

aliquid crystal (LC) layer;

first and second substrates sandwiching therebetween said

LC layer to define an array of unit pixel; and

adrive unit that drives said LC layer in at least a part of said
unit pixel by applying a longitudinal electric field gen-
erated between said first substrate and said second sub-
strate, wherein:

said drive unit drives said at least a part of said unit pixel in
an image period by applying thereto an image voltage
corresponding to an image, and maintains in said image
period a voltage applied to said at least a part of said unit
pixel at a threshold voltage that allows LC molecules in
said LC layer to start change of orientation of said LC

molecules or higher than said threshold voltage.
4. The LCD unit according to claim 3, wherein said drive

unit applies a preliminary voltage equal to or higher than said
threshold voltage to said at least a part of said unit pixel when
said LC molecules shift from an initial orientation to a state in
said image period.

5. The LCD unit according to any one of claims 1 to 4,
wherein said unit pixel includes a reflective area that includes
therein a reflective film having an uneven surface, and said
drive unit drives said reflective area as said at least a part of
said unit pixel.

6. The LCD unit according to any one of claims 1 to 4,
wherein said unit pixel further includes, other than said at
least a part of said unit pixel, a first area that is driven by a
lateral electric field that is parallel to said first and second
substrates.

7. The LCD unit according to claim 6, wherein said unit
pixel includes a transmissive area as said first area, and a
reflective area as said at least a part of said unit pixel.

8. The LCD unit according to claim 7, wherein some of said
LC molecules have an initial orientation directed along a
boundary between said transmissive area and said reflective
area.

9. The LCD unit according to claim 7, wherein said reflec-
tive area includes therein reflective-area common electrode,
and said transmissive area includes therein a transmissive-
area common electrode connected to a signal source that is
different from a signal source connected to said reflective-
area common electrode.
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10. The LCD unit according to claim 1, wherein:

said unit pixel includes a reflective area as said at least a
part of said unit pixel, and a transmissive area driven by
a lateral electric field;

said reflective area includes therein reflective-area com-
mon electrode, and said transmissive area includes
therein a transmissive-area common electrode con-
nected to a signal source that is different from a signal
source connected to said reflective-area common elec-
trode; and

said reflective-area common electrode and said transmis-
sive-area common electrode are supplied with different
drive signals having therebetween an inverted-potential
relationship during said image period, and supplied with
a common drive signal during said preliminary period.

11. The LCD unit according to claim 1, wherein:

said unit pixel includes a reflective area as said at least a
part of said unit pixel, and a transmissive area driven by
applying a lateral electric field,

said reflective area includes therein reflective-area com-
mon electrode, and said transmissive area includes
therein a transmissive-area common electrode con-
nected to a signal source that is different from a signal
source connected to said reflective-area common elec-
trode;

said drive circuit includes a first scanning line for said
reflective area and a second scanning line for said trans-
missive area; and

said drive circuit scans both said first and second scanning
lines during said image period and scans said second
scanning line during said preliminary period.

12. A terminal device comprising the LCD unit according

to any one of claims 1 to 4.

13. A method for driving a liquid crystal display unit that

includes first and second substrates sandwiching therebe-
tween a liquid crystal (LC) layer and define an array of unit
pixel, said method comprising:

driving the LC layer in at least a part of the unit pixel by
applying thereto a longitudinal electric field generated
between the first substrate and the second substrate; and

driving said at least a part of the unit pixel in an image
period by applying thereto an image voltage correspond-
ing to animage, and in a preliminary period preceding to
said image period by applying thereto a preliminary
voltage equal to or higher than a threshold voltage that
allows LC molecules in the LC layer to start change of
orientation of said LC molecules.

14. A method for driving a liquid crystal display unit that

includes first and second substrates sandwiching therebe-
tween a liquid crystal (LC) layer and define an array of unit
pixel, said method comprising:

driving the LC layer in at least a part of the unit pixel by
applying thereto a longitudinal electric field generated
between the first substrate and the second substrate,
wherein:

driving said at least a part of the unit pixel in an image
period by applying thereto an image voltage correspond-
ing to an image; and

maintaining in said image period a voltage applied to said
at least a part of the unit pixels at a threshold voltage that
allows LC molecules in the LC layer to start change of
orientation of said liquid crystal molecules or higher
than said threshold voltage.
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