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LIQUID CRYSTAL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese Pri-
ority Patent Application JP 2013-136080 filed Jun. 28, 2013,
the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] The present disclosure relates to a liquid crystal
display device including a liquid crystal display element, in
which a liquid crystal layer is sealed between a pair of sub-
strates.

[0003] As of recent, liquid crystal display (also simply
“LCD”) devices have come to be widely used as display
monitors in liquid crystal television receivers, laptop comput-
ers, automotive navigation devices, and so forth. Such liquid
crystal display devices are classified into several display
modes (formats) depending on the molecular array (align-
ment) of liquid crystal molecules included in a liquid crystal
layer held between substrates. An example of a common
display mode is the twisted nematic (TN) mode, in which the
liquid crystal molecules are arrayed in a twisted state with no
voltage applied. In the TN mode, the liquid crystal molecules
exhibit positive dielectric constant anisotropy. That is to say,
the liquid crystal molecules have a nature that the dielectric
constant in the longitudinal axis direction is greater than that
in the lateral axis direction. Accordingly, a TN mode liquid
crystal display device has a structure where the liquid crystal
molecules are ordered in a direction perpendicular to a sub-
strate face, having sequentially rotated the alignment orien-
tation thereof within a plane parallel to the substrate face.
[0004] On the other hand, there is increased interest in a
vertical alignment (VA) mode, where the liquid crystal mol-
ecules are aligned perpendicular to the substrate face with no
voltage applied. In the VA mode, the liquid crystal molecules
exhibit negative dielectric constant anisotropy. That is to say,
the liquid crystal molecules have a nature that the dielectric
constant in the longitudinal axis direction is smaller than that
in the lateral axis direction. This allows a boarder view angle
to be realized as compared to the TN mode.

[0005] This VA mode liquid crystal display device is con-
figured such that applying voltage causes the liquid crystal
molecules aligned perpendicular to the substrate to respond
by tilting in the parallel direction as to the substrate due to the
negative dielectric constant anisotropy, thus transmitting
light. However, the direction in which the liquid crystal mol-
ecules aligned perpendicular to the substrate tilt is unpre-
scribed, so applying voltage disturbs the alignment of the
liquid crystal molecules. This has been a factor in poor
responsivity to voltage.

[0006] Accordingly, various proposals have been made as
techniques to restrict the alignment of the liquid crystal mol-
ecules when voltage is applied. Examples include a multi-
domain vertical alignment (MVA) format, a patterned vertical
alignment (PVA) format, and a technique using a photo-
alignment film (see Japanese Unexamined Patent Application
Publication No. 5-232473, for example). The MVA format
realizes a wide view angle while controlling alignment using
slits and ribs (protruding portions). As of recent, there has also
been proposed what is called a fine-slit structure, where mul-
tiple fine slits are formed in electrodes formed at one substrate
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(specifically, pixel electrodes) and a slit-less solid electrode
(specifically, the common electrode) formed on the other
substrate. See Japanese Unexamined Patent Application Pub-
lication No. 2002-357830, for example. However, the fine-slit
structure has a problem in that there are portions of slits
formed of fine line-and-space patterns where the electrical
field is not applied, and further, the liquid crystal molecules
are in a twisted aligned state near the edges of the lines when
voltage is applied, which has resulted in lower light transmit-
tance.

[0007] Japanese Unexamined Patent Application Publica-
tion No. 2011-232736 discloses a technology in which a
portion with ridges and grooves are formed is provided to the
pixel electrodes instead of the multiple fine slits, as a tech-
nology aiming to solve this problem. The multiple ridge-and-
groove portions in one pixel are formed of trunk ridges
extending on the X axis and the Y axis, and multiple branch
ridges extending from the longitudinal sides of the trunk
ridges toward the perimeter of the pixel. The longitudinal side
portions of the trunk ridges where branch grooves are not
joined are parallel with the X axis or Y axis. An alignment
film, fashioned after the ridges and grooves, is formed thre-
above.

SUMMARY

[0008] The technology disclosed in Japanese Unexamined
Patent Application Publication No. 2011-232736 is capable
of effectively suppressing the above-described problem with
the fine-slit structure from occurring. However, there may be
variances in light transmittance of the liquid crystal display
device when the liquid crystal molecules are arrayed as to the
ridges and grooves provided to the pixel electrodes. This is a
result of the state of array of the liquid crystal molecules at the
tops of the ridges and within the grooves, and the state ofarray
of the liquid crystal molecules at the sides of the ridges and
within the grooves, not being the same.

[0009] Ithas been found desirable to provide a liquid crys-
tal display device where uniform light transmittance can be
realized.

[0010] A liquid crystal display device according to an
embodiment includes multiple pixels which are arrayed. Each
pixel includes a first substrate, a second substrate, a first
electrode formed on an opposing face of the first substrate
which faces the second substrate, a second electrode formed
on an opposing face of the second substrate which faces the
first substrate, and a liquid crystal layer which includes liquid
crystal molecules, situated between the first electrode and the
second electrode. The liquid crystal molecules are pretilted.
Multiple ridge-and-groove portions are formed at the first
electrode. At least the grooves of the first electrode are filled
in by the planarization layer.

[0011] The planarization layer of the liquid crystal display
device according to the present disclosure fills in at least the
grooves of the first electrode. Accordingly, the portions where
the liquid crystal molecules come into contact with the first
electrode side are smooth or generally smooth. Thus, the
alignment state of the liquid crystal molecules can be made
uniform, and as a result thereof the light transmittance of the
liquid crystal display device can be made uniform. Note that
the advantages described in the present specification are only
exemplary and not restrictive. There may also be additional
advantages.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic partial end view of a liquid
crystal display device according to a first exemplary embodi-
ment;

[0013] FIG. 2 is a schematic partial end view of a liquid
crystal display device according to a second exemplary
embodiment;

[0014] FIG. 3 is a schematic partial end view of a liquid
crystal display device according to a third exemplary embodi-
ment;

[0015] FIG. 4 is a schematic plan view of a first electrode
for one pixel making up the liquid crystal display device
according to the first through third exemplary embodiments;
[0016] FIGS. 5A and 5B are schematic partial cross-sec-
tional views of the first electrode and other components of the
liquid crystal display device according to the first exemplary
embodiment, taken in FIG. 4 along arrow VA-VA and arrow
VB-VB respectively;

[0017] FIGS. 5C and 5D are schematic partial cross-sec-
tional views of the first electrode and other components of the
liquid crystal display device according to the second exem-
plary embodiment, taken in FIG. 4 along arrow VC-VC and
arrow VD-VD respectively;

[0018] FIGS. 6A and 6B are schematic partial cross-sec-
tional views of the first electrode and other components of the
liquid crystal display device according to the third exemplary
embodiment, taken in FIG. 4 along arrow VIA-VIA and
arrow VIB-VIB respectively;

[0019] FIG. 7 is a schematic plan view a first electrode for
one pixel making up a liquid crystal display device according
to a fourth exemplary embodiment;

[0020] FIGS. 8A and 8B are schematic partial cross-sec-
tional views of the first electrode and other components of the
liquid crystal display device according to the fourth exem-
plary embodiment, taken in FIG. 7 along arrow VIIIA-VIITA
and arrow VIIIB-VIIIB respectively;

[0021] FIG.9is a schematic plan view a first electrode for
one pixel making up a liquid crystal display device according
to a modification of the fourth exemplary embodiment;
[0022] FIG. 10 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a fifth exemplary embodiment;

[0023] FIGS.11A through 11C are schematic partial cross-
sectional views of'the first electrode and other components of
the liquid crystal display device according to the fifth exem-
plary embodiment, taken in FIG. 10 along arrow XIA-XIA,
arrow XIB-XIB, and arrow XIC-XIC, respectively;

[0024] FIG.11Dis aschematic partial cross-sectional view
where a portion of FIG. 11C has been enlarged.

[0025] FIGS. 12A and 12B are conceptual diagrams illus-
trating the behavior of liquid crystal molecules in a liquid
crystal display device according to the related art and the
liquid crystal display device according to the fifth exemplary
embodiment, respectively.

[0026] FIG. 13 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a sixth exemplary embodiment;

[0027] FIG. 14 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a seventh exemplary embodiment;

[0028] FIGS. 15A and 15B are schematic partial cross-
sectional views of the first electrode and other components of
the liquid crystal display device according to the sixth exem-
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plary embodiment, taken in FIG. 13 along arrow XVA-XVA
and arrow XVB-XVB respectively;

[0029] FIG. 15C is a schematic partial end view of the first
electrode and other components of the liquid crystal display
device according to the seventh exemplary embodiment,
taken in FIG. 14 along arrow XVC-XVC;

[0030] FIG. 15D is a schematic partial end view where a
portion of FIG. 15C has been enlarged.

[0031] FIG. 16 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the seventh exemplary
embodiment;

[0032] FIG. 17 is a schematic perspective view of a first
electrode for one pixel making up a liquid crystal display
device according to another modification of the seventh
exemplary embodiment;

[0033] FIG. 18 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to an eighth exemplary embodiment;

[0034] FIG. 19 is a schematic perspective view of the first
electrode for one pixel making up the liquid crystal display
device illustrated in FIG. 18;

[0035] FIG. 20 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a ninth exemplary embodiment;

[0036] FIGS.21A and 21B are schematic partial end views
of the first electrode and other components of the liquid
crystal display device according to the eighth exemplary
embodiment, taken in FIG. 18 along arrow XXIA-XXIA and
arrow XXIB-XXIB respectively;

[0037] FIG. 21C is a schematic partial cross end view
where a portion of FIG. 21B has been enlarged.

[0038] FIG. 21D is a schematic partial end view of the first
electrode and other components of the liquid crystal display
device according to the ninth exemplary embodiment, taken
in FIG. 20 along arrow XXID-XXID;

[0039] FIG. 22 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a tenth exemplary embodiment;

[0040] FIG. 23 is a schematic perspective view of the first
electrode for one pixel making up the liquid crystal display
device according to a modification of the tenth exemplary
embodiment;

[0041] FIG. 24 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to an eleventh exemplary embodiment;

[0042] FIG. 25 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the eleventh exemplary
embodiment;

[0043] FIG. 26 is a schematic partial cross-sectional view
of the first electrode and other components of the liquid
crystal display device according to the eleventh exemplary
embodiment, taken in FI1G. 25 along arrow XXVI-XXVI;
[0044] FIG. 27 is a schematic partial end view of a liquid
crystal display device according to a twelfth exemplary
embodiment;

[0045] FIG. 28 is a schematic partial end view of a liquid
crystal display device according to a modification of the
twelfth exemplary embodiment;

[0046] FIG. 29 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a thirteenth exemplary embodiment;
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[0047] FIG. 30 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the thirteenth exemplary
embodiment;

[0048] FIG. 31 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to another modification of the thirteenth exemplary
embodiment;

[0049] FIG. 32 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to yet another modification of the thirteenth exem-
plary embodiment;

[0050] FIGS.33A and 33B are schematic partial end views
of the first electrode and other components of the liquid
crystal display device according to the thirteenth exemplary
embodiment, taken in FIG. 30 along arrow XXXIIIA-
XXXIIA and arrow XXXIB-XXXIIIB respectively;

[0051] FIGS.33C and 33D are schematic partial end views
of the first electrode and other components of the liquid
crystal display device according to the thirteenth exemplary
embodiment, taken in FIG. 32 along arrow XXXIIIC-
XXXHIC and arrow XXXIID-XXXIIID respectively:

[0052] FIG. 34 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a fourteenth exemplary embodiment;

[0053] FIG. 35 is a partially enlarged schematic plan view
of the first electrode for one pixel making up the liquid crystal
display device according to the fourteenth exemplary
embodiment;

[0054] FIGS. 36A and 36B are schematic partial cross-
sectional views of'the first electrode and other components of
the liquid crystal display device according to the fourteenth
exemplary embodiment, taken in FIG. 34 along arrow XXX-
VIA-XXXVIA and arrow XXXVIB-XXXVIB respectively;

[0055] FIG. 36C is a schematic partial cross-sectional view
where a portion of FIG. 36B has been enlarged;

[0056] FIGS. 37A and 37B are conceptual diagrams illus-
trating the behavior of liquid crystal molecules at branch
ridges of the fourteenth exemplary embodiment and a liquid
crystal display device where the branch ridges are not
tapered, respectively.

[0057] FIG. 38 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a fifteenth exemplary embodiment which is a
modification of a fourteenth exemplary embodiment;

[0058] FIGS.39A and 39B are schematic partial end views
of the first electrode and other components of the liquid
crystal display device according to the fifteenth exemplary
embodiment, taken in FIG. 38 along arrow XXXIXA-XXX-
IXA and arrow XXXIXB-XXXIXB respectively;

[0059] FIG. 39C is a schematic partial end view where a
portion of FIG. 39B has been enlarged;

[0060] FIG. 40 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a sixteenth exemplary embodiment;

[0061] FIG. 41 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a seventeenth exemplary embodiment;

[0062] FIG. 42 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to an eighteenth exemplary embodiment;
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[0063] FIG. 43 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the eighteenth exemplary
embodiment;

[0064] FIG. 44 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a nineteenth exemplary embodiment;

[0065] FIG. 45 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a twentieth exemplary embodiment;

[0066] FIG. 46 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a twenty-first exemplary embodiment;

[0067] FIG. 47 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a twenty-second exemplary embodiment;
[0068] FIG. 48A is a schematic partial cross-sectional view
of the first electrode and other components of the liquid
crystal display device according to the twenty-second exem-
plary embodiment, taken in FIG. 47 along arrow XLVIIIA-
XLVIIA;

[0069] FIG. 48B is a schematic partial cross-sectional view
where a portion of FIG. 48A has been enlarged,

[0070] FIGS. 49A and 49B are enlarged schematic plan
views of the first electrode in the encircled portion XLIXA,
XLIXB in FIG. 47, whichis a schematic plan view of the first
electrode for one pixel making up a liquid crystal display
device according to a twenty-third exemplary embodiment;
[0071] FIGS. 50A and 50B are enlarged schematic plan
views of the first electrode in the encircled portion LA, LB in
FIG. 47, which is a schematic plan view of the first electrode
for one pixel making up the liquid crystal display device
according to the twenty-third exemplary embodiment;
[0072] FIG. 51 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a twenty-fourth exemplary embodiment;
[0073] FIG. 52 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a twenty-fifth exemplary embodiment;

[0074] FIGS. 53A through 53C schematically illustrate a
pixel making up a liquid crystal display device according to a
twenty-sixth exemplary embodiment, where FIG. 53 A sche-
matically illustrates a state of layout of ridges, grooves, center
region, and so forth, FIG. 53B schematically illustrates a state
of layout of a slit portion provided to the first electrode, and
FIG. 53C illustrates a ridge and groove portion and the slit
portion overlaid;

[0075] FIGS. 54A through 54C schematically illustrate a
pixel making up a liquid crystal display device according to a
modification of the twenty-sixth exemplary embodiment,
where FIG. 53A schematically illustrates a state of layout of
ridges, grooves, center region, and so forth, FIG. 53B sche-
matically illustrates a state of layout of a slit portion provided
to the first electrode, and FIG. 53C illustrates a ridge and
groove portion and the slit portion overlaid,

[0076] FIGS. 55A through 55C schematically illustrate a
pixel making up a liquid crystal display device according to
another modification of the twenty-sixth exemplary embodi-
ment, where FIG. 53A schematically illustrates a state of
layout of ridges, grooves, center region, and so forth, FIG.
53B schematically illustrates a state of layout of a slit portion
provided to the first electrode, and FIG. 53C illustrates aridge
and groove portion and the slit portion overlaid;
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[0077] FIGS. 56A through 56C schematically illustrate a
pixel making up a liquid crystal display device according to
yet another modification of the twenty-sixth exemplary
embodiment, where FIG. 53 A schematically illustrates a state
of layout of ridges, grooves, center region, and so forth, FIG.
53B schematically illustrates a state of layout of a slit portion
provided to the first electrode, and FIG. 53C illustrates a ridge
and groove portion and the slit portion overlaid,

[0078] FIGS. 57A through 57D are schematic end views
taken along arrow LVIIA-LVIIA in FIG. 53C, arrow LVIIB-
LVIIB in FIG. 54C, arrow LVIIC-LVIIC in FIG. 55C, and
arrow LVIID-LVIID in FIG. 56C, respectively;

[0079] FIGS. 58A and 58B schematically illustrate a pixel
making up a liquid crystal display device according to a
further modification of the twenty-sixth exemplary embodi-
ment, where FIG. 58A schematically illustrates a state of
layout of ridges, grooves, slit portions, and so forth, and FIG.
58B is a schematic cross-sectional view of the first electrode
taken along arrow LVIIIB-LVIIIB in FIG. 58A;

[0080] FIGS. 59A and 59B schematically illustrate a pixel
making up a liquid crystal display device according to a
further modification of the twenty-sixth exemplary embodi-
ment, where FIG. 59A schematically illustrates a state of
layout of ridges, grooves, slit portions, and so forth, and FIG.
59B is a schematic cross-sectional view of the first electrode
taken along arrow LIXB-LIXB in FIG. 59A;

[0081] FIG. 60 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a twenty-seventh exemplary embodiment;
[0082] FIG. 61A is apartial schematic plan view of the first
electrode at the center region of one pixel making up the
liquid crystal display device according to the twenty-seventh
exemplary embodiment;

[0083] FIGS. 61B and 61C are partial schematic cross-
sectional views of the first electrode at the center region of one
pixel making up the liquid crystal display device according to
the twenty-seventh exemplary embodiment, taken along
arrow LXIB-LXIB and arrow LXIC-LXIC in FIG. 61A;
[0084] FIGS. 62A and 62B are schematic plan views of a
first electrode at the center region of one pixel making up the
liquid crystal display device according to the twenty-seventh
exemplary embodiment;

[0085] FIG. 63 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a twenty-eighth exemplary embodiment;
[0086] FIG. 64 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a twenty-ninth exemplary embodiment;

[0087] FIGS. 65A and 65B are schematic plan views illus-
trating the encircled portion LXVA, LXVB of the first elec-
trode in the schematic plan view of the first electrode in FIG.
64 enlarged,

[0088] FIG. 66 is a schematic plan view illustrating the
encircled portion LX VI of the first electrode in the schematic
plan view of the first electrode in FIG. 64 enlarged;

[0089] FIG. 67 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the twenty-ninth exemplary
embodiment (refer to the twenty-fifth exemplary embodi-
ment);

[0090] FIG. 68 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
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according to a modification of the twenty-ninth exemplary
embodiment (refer to the twenty-sixth exemplary embodi-
ment),

[0091] FIG. 69 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the twenty-ninth exemplary
embodiment (refer to the twenty-sixth exemplary embodi-
ment),

[0092] FIG. 70 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the twenty-ninth exemplary
embodiment (refer to the twenty-sixth exemplary embodi-
ment);

[0093] FIG. 71 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to another modification of the twenty-ninth exem-
plary embodiment (refer to the twenty-seventh exemplary
embodiment);

[0094] FIG. 72 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to another modification of the twenty-ninth exem-
plary embodiment (refer to the twenty-eighth exemplary
embodiment);

[0095] FIG. 73 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a thirtieth exemplary embodiment;

[0096] FIGS. 74A through 74C are schematic partial cross-
sectional views of'the first electrode and other components of
the liquid crystal display device according to the thirtieth
exemplary embodiment, taken in FIG. 73 along arrow
LXXIVA-LXXIVA, arrow LXXIVB-LXXIVB, and arrow
LXXIVC-LXXIVC, respectively;

[0097] FIG. 74D is a schematic partial cross-sectional view
where a portion of FIG. 73C has been enlarged.

[0098] FIG. 75 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a thirty-first exemplary embodiment;

[0099] FIG. 76 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a thirty-second exemplary embodiment;

[0100] FIGS. 77A through 77C are schematic partial cross-
sectional views of'the first electrode and other components of
the liquid crystal display device according to the thirty-first
exemplary embodiment, taken in FIG. 75 along arrow LXX-
VIIA-LXXVIIA and arrow LXXVIIB-LXXVIIB, and in
FIG. 76 along arrow LXXVIIC-LXXVIIC, respectively;
[0101] FIG. 77D is a schematic partial end view where a
portion of FIG. 77C has been enlarged.

[0102] FIG. 78 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the thirty-second exemplary
embodiment;

[0103] FIG. 79 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a thirty-third exemplary embodiment;

[0104] FIGS. 80A and 80B are diagrams which schemati-
cally illustrate states of alignment of liquid crystal molecules
in the liquid crystal display device according to the first
exemplary embodiment and a liquid crystal display device
according to a first comparative exaniple;

[0105] FIG. 81A is a schematic diagram for describing
pretilting of liquid crystal molecules;
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[0106] FIGS. 81B and 81C are conceptual diagrams illus-
trating the behavior of liquid crystal molecules in the liquid
crystal display device according to the twelfth exemplary
embodiment;

[0107] FIG. 82 is a circuit configuration diagram of the
liquid crystal display device illustrated in FIG. 1;

[0108] FIGS. 83A and 83B are schematic partial end views
of afirst substrate where thin-film transistors and the like have
been formed, but before formation of ridges and grooves to
the first electrode;

[0109] FIG. 84 is a schematic plan view of a part of ridges,
to describe pitch of ridge formation, ridge width, width of tip
portion of ridge, and so forth; and

[0110] FIG. 85 is a schematic plan view of a part of ridges,
to describe pitch of ridge formation, ridge width, width of tip
portion of ridge, and so forth.

DETAILED DESCRIPTION OF EMBODIMENTS

[0111] The present disclosure will be described by way of
embodiments with reference to the drawings. It should be
noted, however, that the present disclosure is not restricted to
the embodiments, and that the various numerical values and
materials in the embodiments are exemplary. Description will
be made in the following order.

[0112] 1. Overall Description of Liquid Crystal Display
Device According to Present Disclosure

[0113] 2. First Exemplary Embodiment (Liquid Crystal
Display Device According to Present Disclosure. Liquid
Crystal Display Device According to Embodiment 1-1 of
Present Disclosure, Liquid Crystal Display Device Accord-
ing to First Form)

[0114] 3.Second Exemplary Embodiment (Modification of
First Exemplary Embodiment. Liquid Crystal Display Device
According to Second Form)

[0115] 4. Third Exemplary Embodiment (Another Modifi-
cation of First Exemplary Embodiment. Liquid Crystal Dis-
play Device According to Third Form)

[0116] 5. Fourth Exemplary Embodiment (Modification of
First through Third Exemplary Embodiments. Liquid Crystal
Display Device According to Embodiment 1-2 of Present
Disclosure, and Liquid Crystal Display Device According to
Embodiment 1-3 of Present Disclosure)

[0117] 6. Fifth Exemplary Embodiment (Liquid Crystal
Display Device According to Embodiment 2A-1 of Present
Disclosure)

[0118] 7. Sixth Exemplary Embodiment (Modification of
Fifth Exemplary Embodiment)

[0119] 8.Seventh Exemplary Embodiment (Another Modi-
fication of Fifth Exemplary Embodiment)

[0120] 9. Eighth Exemplary Embodiment (Liquid Crystal
Display Device According to Embodiment 2A-2 of Present
Disclosure)

[0121] 10. Ninth Exemplary Embodiment (Modification of
Eighth Exemplary Embodiment)

[0122] 11. Tenth Exemplary Embodiment (Another Modi-
fication of Eighth Exemplary Embodiment)

[0123] 12.Eleventh Exemplary Embodiment (Liquid Crys-
tal Display Device According to Embodiment 2B of Present
Disclosure, including the Fifth through Tenth Exemplary
Embodiments)

[0124] 13. Twelfth Exemplary Embodiment (Liquid Crys-
tal Display Device According to Embodiment 2C of Present
Disclosure, Including the Embodiment 2A-1 and Embodi-
ment 2-A)
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[0125] 14. Thirteenth Exemplary Embodiment (Liquid
Crystal Display Device According to Embodiment 2D of
Present Disclosure, Including the Liquid Crystal Display
Device According to Embodiment 2A-2 and Embodiment
2-B)

[0126] 15. Fourteenth Exemplary Embodiment (Liquid
Crystal Display Device According to Embodiment 3 of
Present Disclosure, Liquid Crystal Display Device Accord-
ing to Embodiment 3A of Present Disclosure)

[0127] 16. Fifteenth Exemplary Embodiment (Modifica-
tion of Fourteenth Exemplary Embodiment, Liquid Crystal
Display Device According to Embodiment 3B of Present
Disclosure)

[0128] 17. Sixteenth Exemplary Embodiment (Another
Modification of Fourteenth Exemplary Embodiment, Liquid
Crystal Display Device According to Embodiment 3C-1 of
Present Disclosure)

[0129] 18. Seventeenth Exemplary Embodiment (Modifi-
cation of Sixteenth Exemplary Embodiment)

[0130] 19. Eighteenth Exemplary Embodiment (Another
Modification of Sixteenth Exemplary Embodiment)

[0131] 20. Nineteenth Exemplary Embodiment (Another
Modification of Sixteenth Exemplary Embodiment, Liquid
Crystal Display Device According to Embodiment 3C-2 of
Present Disclosure)

[0132] 21. Twentieth Exemplary Embodiment (Modifica-
tion of Nineteenth Exemplary Embodiment)

[0133] 22. Twenty-first Exemplary Embodiment (Modifi-
cation of Twentieth Exemplary Embodiment)

[0134] 23. Twenty-second Exemplary Embodiment (Lig-
uid Crystal Display Device According to Embodiment 4A of
Present Disclosure)

[0135] 24. Twenty-third Exemplary Embodiment (Modifi-
cation of Twenty-second Exemplary Embodiment)

[0136] 25. Twenty-fourth Exemplary Embodiment (An-
other Modification of Twenty-second Exemplary Embodi-
ment)

[0137] 26. Twenty-fifth Exemplary Embodiment (Yet
Another Modification of Twenty-second Exemplary Embodi-
ment)

[0138] 27. Twenty-sixth Exemplary Embodiment (Yet

Another Modification of Twenty-second Exemplary Embodi-
ment, Liquid Crystal Display Device According to Embodi-
ment 4A-1 of Present Disclosure, Liquid Crystal Display
Device According to Embodiment 4C of Present Disclosure)
[0139] 28. Twenty-seventh Exemplary Embodiment (Yet
Another Modification of Twenty-second Exemplary Embodi-
ment, Liquid Crystal Display Device According to Embodi-
ment 4A-2 of Present Disclosure, Liquid Crystal Display
Device According to Embodiment 4C-2 of Present Disclo-
sure, and Liquid Crystal Display Device According to
Embodiment 4D of Present Disclosure)

[0140] 29. Twenty-eighth Exemplary Embodiment (Yet
Another Modification of Twenty-second Exemplary Embodi-
ment, Liquid Crystal Display Device According to Embodi-
ment 4A-3 of Present Disclosure, Liquid Crystal Display
Device According to Embodiment 4C-3 of Present Disclo-
sure, Liquid Crystal Display Device According to Embodi-
ment 4D-3 of Present Disclosure, and Liquid Crystal Display
Device According to Embodiment 4E of Present Disclosure)
[0141] 30. Twenty-ninth Exemplary Embodiment (Liquid
Crystal Display Device According to Embodiment 4B of
Present Disclosure, Liquid Crystal Display Device Accord-
ing to Embodiment 4B-1 of Present Disclosure, Liquid Crys-
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tal Display Device According to Embodiment 4B-2 of Present
Disclosure, Liquid Crystal Display Device According to
Embodiment 4B-3 of Present Disclosure, Liquid Crystal Dis-
play Device According to Embodiment 4C of Present Disclo-
sure, Liquid Crystal Display Device According to Embodi-
ment 4C-2 of Present Disclosure, Liquid Crystal Display
Device According to Embodiment 4C-3 of Present Disclo-
sure, Liquid Crystal Display Device According to Embodi-
ment 4D of Present Disclosure, Liquid Crystal Display
Device According to Embodiment 4D-3 of Present Disclo-
sure, and Liquid Crystal Display Device According to
Embodiment 4E of Present Disclosure)

[0142] 31. Thirtieth Exemplary Embodiment (Another
Modification of Twenty-ninth Exemplary Embodiment)
[0143] 32. Thirty-first Exemplary Embodiment (Modifica-
tion of Thirtieth Exemplary Embodiment)

[0144] 33. Thirty-second Exemplary Embodiment (An-
other Modification of Thirtieth Exemplary Embodiment)
[0145] 34. Thirty-third Exemplary Embodiment (Liquid
Crystal Display Device According to Embodiment 4E of
Present Disclosure), Others

1. Overall Description of Liquid Crystal Display
Device According to Present Disclosure

[0146] A liquid crystal display device according to the
present disclosure preferably satisfies the condition of

0.5<H;/Hy=1
and more preferably

0.8<H,/Hy=1

where the highest height of a top face of a planarization layer,
with the bottom face of a groove as a reference, is represented
by H,; and the lowest height of a top face of the planarization
layer is represented by H;.

[0147] The liquid crystal display device according to the
present disclosure, including the above preferred arrange-
ment, preferably satisfies the condition of

0.5sHy/H =5
and more preferably
0.75sH/He=15

where the height of a ridge, with the bottom face of a groove
as a reference, is represented by H..

[0148] The liquid crystal display device according to the
present disclosure, including the above preferred arrange-
ment, may further include a first alignment film covering the
first electrode; and a second alignment film covering the
second electrode; wherein the planarization layer covers the
first electrode; and wherein the liquid crystal molecules are
pretilted by at least the first alignment film.

[0149] The liquid crystal display device of such a form will
be, for brevity, referred to as “liquid crystal display device
according to first form”.

[0150] Alternatively, the liquid crystal display device may
further include a first alignment film covering the first elec-
trode; and a second alignment film covering the second elec-
trode; wherein the planarization layer covers the first elec-
trode; wherein the liquid crystal molecules are pretilted by at
least the first alignment film, and wherein the first alignment
film is equivalent to the planarization layer.
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[0151] Theliquid crystal display device of such a form will
be, for brevity, referred to as “liquid crystal display device
according to second form”.

[0152] Alternatively, the liquid crystal display device may
further include a first alignment film covering the first elec-
trode and the planarization layer; and a second alignment film
covering the second electrode; wherein the planarization
layer fills in the grooves of the first electrode; and wherein the
liquid crystal molecules are pretilted by at least the first align-
ment film.

[0153] Theliquid crystal display device of such a form will
be, for brevity, referred to as “liquid crystal display device
according to third form”.

[0154] Examples of materials forming the planarization
layer in the liquid crystal display device according to the first
form or the liquid crystal display device according to the third
form include resist material, polymers such as photosensitive
polyimide resins, acrylic resins, and so forth, and inorganic
materials such as Si0,, SiN, SiON, and so forth, Examples of
materials forming the planarization layer in the liquid crystal
display device according to the second form include polyim-
ide resins.

[0155] Depending on the material used, the planarization
layer may be formed by various types of application methods,
various types of physical vapor deposition (PVD) methods
such as vacuum deposition or sputtering, or various types of
chemical vapor deposition (CVD) methods. Whether the
grooves of the first electrode are filled in by the planarization
layer, or the first electrode is covered by the planarization
layer, depends on the material forming the planarization
layer, the makeup and properties of compositions including
the material forming the planarization layer (e.g., concentra-
tion of solid content, viscosity, solvent used, and so forth)
method used to form the planarization layer, forming condi-
tions, and so forth. The alignment films may also be formed
by various types of application methods.

[0156] Examples of application methods include various
types of printing methods, spin coating, various types of
coating methods, spraying, methods using a dispenser, and
stamping, as methods to apply a liquid material. Examples of
printing methods include screen printing, ink-jet printing,
offset printing, reverse offset printing, gravure printing, gra-
vure offset printing, relief printing, flexographic printing, and
microcontact printing. Examples of coating methods include
air doctor coating, blade coating, rod coating, knife coating,
squeeze coating, reverse roll coating, transfer roll coating,
gravure coating, kiss coating, caster coating, spray coating,
slit coating, slit orifice coating, cap coating, calendar coating,
casting, capillary coating, bar coating, and dipping.

[0157] The liquid crystal molecules in the liquid crystal
display devices of the first through third forms may be
pretilted by applying a predetermined electric field to the
liquid crystal layer and causing reaction in polymers making
up at least the first alignment film.

[0158] The liquid crystal molecules in the liquid crystal
display devices of such first through third forms preferably
satisfies the conditions of

0.5sTy/T)=1.5
and preferably

0.8sTy/T\=1.2
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where T, represents the average thickness of the first align-
ment film, and T, represents the average thickness of the
second alignment film.

[0159] The average thickness of an alignment film is
obtained by dividing the volume of the alignment film occu-
pying one pixel (or one sub-pixel) by the area of one pixel (or
one sub-pixel). Stipulating T,/T in this way so that the aver-
age thickness of the first alignment film and the average
thickness of the second alignment film is equal or generally
the same enables burn-in and the like to be prevented in a sure
manner.

[0160] The liquid crystal display device according to the
present disclosure including the above-described preferred
arrangements may be hereinafter referred to as “liquid crystal
display device according to Embodiment 1 of the present
disclosure” for brevity.

[0161] The liquid crystal display device according to
Embodiment 1 of the present disclosure may have multiple
stepped portions formed at ridges provided to the first elec-
trode. The liquid crystal display device having such a con-
figuration may be hereinafter referred to as “liquid crystal
display device according to Embodiment 2A of the present
disclosure” for brevity.

[0162] The liquid crystal display device according to
Embodiment 2 A has multiple stepped portions (differences in
height) formed at the ridges, causing difference in intensity at
the ridges, or transverse electric field, to occur. This enables
the force to restrict the alignment of the liquid crystal mol-
ecules at the ridges to be increased, and accordingly restrict
the tilted state of the liquid crystal molecules at the ridges in
a sure manner. Thus, the problem where dark lines occur at
portions of the image corresponding to the ridges when dis-
playing images can be suppressed in a sure manner. Accord-
ingly, a liquid crystal display device can be provided which
realizes even better light transmittance while maintaining
good voltage responsivity, reduction in cost of the light source
making up the backlight and reduction in electric power con-
sumption can be realized, and reliability of thin-film transis-
tors (TFT) can be improved.

[0163] The liquid crystal display device according to
Embodiment 1 of the present disclosure or the liquid crystal
display device according to Embodiment 2A of the present
disclosure may have a ridge-and-groove portion including a
trunk ridge passing through the center of a pixel and extend-
ing in a cross shape, and multiple branch ridges extending
toward the perimeter of the pixel from the trunk ridge. The
liquid crystal display device having such a configuration may
be hereinafter referred to as “liquid crystal display device
according to Embodiment 1-1” and “liquid crystal display
device according to Embodiment 2A-1 of the present disclo-
sure” for brevity.

[0164] The liquid crystal display device according to
Embodiment 1-1 of the present disclosure and the liquid
crystal display device according to Embodiment 2A-1 of the
present disclosure may be formed as follows. When assuming
an X axis and Y axis in accordance with the trunk ridge
portions extending in a cross shape, multiple branch ridges
occupying a first quadrant extend in parallel in a direction
where the value of the Y coordinate increases when the value
of the X coordinates increases, and multiple branch ridges
occupying a second quadrant extend in parallel in a direction
where the value of the Y coordinate increases when the value
of the X coordinates decreases. Also, multiple branch ridges
occupying a third quadrant extend in parallel in a direction
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where the value ofthe Y coordinate decreases when the value
of the X coordinates decreases, and multiple branch ridges
occupying a fourth quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates increases.

[0165] This sort of arrangement of branch ridges is called a
multi-domain electrode structure. Improved view angle prop-
erties can be realized since regions with different directions in
which the branch ridges extend are formed in a single pixel.
[0166] Preferably, the multiple branch ridges occupying
the first quadrant extend with the axial line thereof at 45
degrees to the X axis, the multiple branch ridges occupying
the second quadrant extend with the axial line thereof at 135
degrees to the X axis, the multiple branch ridges occupying
the third quadrant extend with the axial line thereof at 225
degrees to the X axis, and the multiple branch ridges occu-
pying the fourth quadrant extend with the axial line thereof at
315 degrees to the X axis. However, these values (angles) are
not restrictive here or in the following description.

[0167] The liquid crystal display device according to
Embodiment 2A-1 of the present disclosure including the
above-described preferred arrangements may be configured
such that the cross-sectional shape of the trunk ridge when cut
along an imaginary perpendicular plane orthogonal to the
direction in which the trunk ridge extends is a shape stepping
down from the center of the cross-sectional shape of the trunk
ridge towards the edges thereof. The liquid crystal display
device according to Embodiment 2A-1 of the present disclo-
sure including the above-described preferred arrangements
may be configured such that the cross-sectional shape of the
trunk ridge when cut along an imaginary perpendicular plane
parallel to the direction in which the trunk ridge extends is a
shape stepping down from the middle of the cross-sectional
shape of the trunk ridge towards the ends thereof.

[0168] Further, the liquid crystal display device according
to Embodiment 2A-1 of the present disclosure including the
above-described preferred arrangements may be configured
such that the cross-sectional shape of the branch ridges when
cut along an imaginary perpendicular plane orthogonal to the
direction in which the branch ridges extend is a shape step-
ping down from the center of the cross-sectional shape of the
branch ridges towards the edges thereof. Also, the liquid
crystal display device according to Embodiment 2A-1 of the
present disclosure including the above-described preferred
arrangements may be configured such that the cross-sectional
shape of the branch ridges when cut along an imaginary
perpendicular plane parallel to the direction in which the
branch ridges extend is a shape stepping down from the trunk
ridge side of the cross-sectional shape of the branch ridges
towards the tip of the cross-sectional shape of the branch
ridges.

[0169] The liquid crystal display device according to
Embodiment 1-1 of the present disclosure or the liquid crystal
display device according to Embodiment 2A-1 of the present
disclosure including the above-described preferred arrange-
ments may have an alignment restricting portion formed at
the portion of the second electrode which corresponds to the
trunk ridge. An arrangement may be made where the align-
ment restricting portion is formed of a slit portion provided to
the second electrode, or is formed of a protruding portion
provided to the second electrode, or from a protruding portion
of the second electrode. The protrusion is formed of a resist
material for example, and the second electrode is not formed
thereupon. A portion of the second electrode formed into a



US 2015/0002798 A1l

protruding portion may be formed by forming a ridge portion
beneath the second electrode, or protruding portion of the
second electrode may be formed by a method similar to the
method by which the ridge-and-groove portions are formed at
the first electrode. The slit portions, protruding portions, or
portions of the second electrode that are protruding, are pref-
erably formed so as to be narrower than the width of the trunk
ridge. The same can be applied to the later-described liquid
crystal display device according to Embodiment 2B-1 of the
present disclosure and liquid crystal display device according
to Embodiment 2C of the present disclosure.

[0170] Alternatively, the liquid crystal display device
according to Embodiment 1 of the present disclosure and the
liquid crystal display device according to Embodiment 2A of
the present disclosure may be configured such that the ridge-
and-groove portion is configured including a trunk ridge
formed on the perimeter portion of a pixel in a frame shape,
and multiple branch ridges extending inward in the pixel from
the trunk ridge. Such a configuration will be referred to as
“liquid crystal display device according to Embodiment 1-2
of the present disclosure” and “liquid crystal display device
according to Embodiment 2A-2 of the present disclosure” for
brevity.

[0171] The liquid crystal display device according to
Embodiment 2A-1 of the present disclosure and the liquid
crystal display device according to Embodiment 2A-2 of the
present disclosure including the above-described preferred
arrangements may be formed as follows. When assuming an
X-Y coordinate system in which the directions in which lines,
which pass through the center of the pixel and are parallel to
the edges of the perimeter of the pixel, extend, are the X axis
andY axis, and the multiple branch ridges occupying the first
quadrant extend in parallel in a direction where the value of
the Y coordinate increases when the value of the X coordi-
nates increases. Also, the multiple branch ridges occupying
the second quadrant extend in parallel in a direction where the
value of the Y coordinate increases when the value of the X
coordinates decreases, and the multiple branch ridges occu-
pying the third quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates decreases, and

[0172] the multiple branch ridges occupying the fourth
quadrant extend in parallel in a direction where the value of
the Y coordinate decreases when the value of the X coordi-
nates increases.

[0173] The liquid crystal display device according to
Embodiment 2A-2 of the present disclosure including the
above-described preferred arrangements may be configured
such that the cross-sectional shape of the trunk ridge, when
cut along an imaginary perpendicular plane orthogonal to the
direction in which the trunk ridge extends, is a shape stepping
down from the outer edge of the cross-sectional shape of the
trunk ridge towards the inner side of the cross-sectional shape
of the trunk ridge.

[0174] Further, the liquid crystal display device according
to Embodiment 2A-2 of the present disclosure including the
above-described preferred arrangements may be configured
such that the cross-sectional shape of the branch ridges, when
cut along an imaginary perpendicular plane orthogonal to the
direction in which the branch ridges extend is a shape step-
ping down from the center of the cross-sectional shape of the
branch ridges towards the edges thereof. The liquid crystal
display device according to Embodiment 2A-2 of the present
disclosure including the above-described preferred arrange-
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ments may also be configured such that the cross-sectional
shape of the branch ridges when cut along an imaginary
perpendicular plane parallel to the direction in which the
branch ridges extend is a shape stepping down from the por-
tions of the cross-sectional shape of the branch ridges closer
to the trunk ridge toward the ends of the cross-sectional shape
of the branch ridges.

[0175] Moreover, the liquid crystal display device accord-
ing to Embodiment 1-2 of the present disclosure, and the
liquid crystal display device according to Embodiment 2A-2
of the present disclosure including the above-described pre-
ferred arrangements, may be configured such that a slit por-
tion or a protrusion, passing through the center of the pixel in
parallel to the perimeter of the pixel, is formed on the first
electrode. The protrusion is formed of a resist material for
example, and the first electrode is not formed thereupon.
Alternately, the first electrode may be arranged so that a
cross-shaped ridge passing through the center of the pixel is
surrounded by grooves. Such a cross-shaped ridge may be
formed by forming a cross-shaped ridge beneath the first
electrode, or may be formed by a method similar to the
method by which the ridge-and-groove portions are formed at
the first electrode. Alternately, a cross-shaped groove passing
through the center of the pixel may be provided instead of
providing the slit portion or protrusion (rib). This can be
similarly applied to the later-described liquid crystal display
device according to Embodiment 2B-2 of the present disclo-
sure and liquid crystal display device according to Embodi-
ment 2D of the present disclosure.

[0176] Furthermore, the liquid crystal display device
according to Embodiment 1-1 of the present disclosure or
Embodiment 1-2 of the present disclosure, and the liquid
crystal display device according to Embodiment 2A-1 of the
present disclosure or Embodiment 2A-2 of the present dis-
closure including the above-described preferred arrange-
ments, may be configured as follows. A ridge structure is
formed from portions of the first substrate between pixels, to
portions of the first substrate corresponding to the peripheral
portion of the pixels, and peripheral portions of the ridge-and-
groove portions are formed on the ridge structure. Note that
the ridge structure may be formed based on a black matrix
formed of a material according to the related art.

[0177] Embodiment 1-1 of the present disclosure and
Embodiment 1-2 of the present disclosure may be combined.
That is to say, an arrangement may be made in which the
ridge-and-groove portion includes a trunk ridge passing
through the center of the pixel and extending in a cross shape,
multiple branch ridges extending from the trunk ridge toward
the perimeter of the pixel, and a trunk ridge which is formed
in a frame shape at the perimeter of the pixel and comes into
contact with the multiple branch ridges. Such a configuration
will be referred to as “liquid crystal display device according
to Embodiment 1-3 of the present disclosure” for brevity.
[0178] The liquid crystal display device according to
Embodiment 1-3 of the present disclosure may be formed as
follows. When assuming an X-Y coordinate system of an X
axis and Y axis in accordance with the trunk ridge portions
extending in a cross shape, the multiple branch ridges occu-
pying the first quadrant extend in parallel in a direction where
the value of the Y coordinate increases when the value of the
X coordinates increases, and the multiple branch ridges occu-
pying the second quadrant extend in parallel in a direction
where the value of the Y coordinate increases when the value
of the X coordinates decreases. Also, the multiple branch



US 2015/0002798 A1l

ridges occupying the third quadrant extend in parallel in a
direction where the value of the Y coordinate decreases when
the value of the X coordinates decreases, and the multiple
branch ridges occupying the fourth quadrant extend in paral-
lel in a direction where the value of the Y coordinate decreases
when the value of the X coordinates increases.

[0179] Also, the liquid crystal display device according to
Embodiment 1 of the present disclosure may be configured
such that a ridge structure is formed on portions of the first
substrate between pixels, corresponding to the peripheral por-
tion of the pixels, and peripheral portions of the ridge-and-
groove portions are formed on the ridge structure. A liquid
crystal display device of such a configuration will be referred
to as “liquid crystal display device according to Embodiment
2B of the present disclosure” for brevity.

[0180] The liquid crystal display device according to
Embodiment 2B of the present disclosure has the peripheral
portions of the ridge-and-groove portions formed on the ridge
structure, so the electric field generated around the ridge-and-
groove portions is even greater than an arrangement where the
peripheral portions of the ridge-and-groove portions are flat.
This enables the force to restrict the alignment of the liquid
crystal molecules at the peripheral portions of the ridge-and-
groove portions to be increased, and accordingly restrict the
tilted state of the liquid crystal molecules at the peripheral
portions of the ridge-and-groove portions in a sure manner,
thus maintaining good voltage responsivity. Note that the
configuration and structure of the liquid crystal display device
according to Embodiment 2B of the present disclosure may
be applied to the liquid crystal display devices according to
Embodiment 1 of the present disclosure, including Embodi-
ment 1-1 of the present disclosure, Embodiment 1-2 of the
present disclosure, and Embodiment 1-3 of the present dis-
closure.

[0181] The liquid crystal display device according to
Embodiment 2B of the present disclosure may be configured
such that the ridge-and-groove portion includes a trunk ridge
passing through the center of the pixel and extending in a
cross shape, and multiple branch ridges extending from the
trunk ridge toward the perimeter of the pixel. Such a configu-
ration will be referred to as “liquid crystal display device
according to Embodiment 2B-1 of the present disclosure” for
brevity.

[0182] The liquid crystal display device according to
Embodiment 2B-1 of the present disclosure may be formed as
follows. When assuming an X-Y coordinate system of an X
axis and Y axis in accordance with the trunk ridge extending
in across shape, the multiple branchridges occupying the first
quadrant extend in parallel in a direction where the value of
the Y coordinate increases when the value of the X coordi-
nates increases, and the multiple branch ridges occupying the
second quadrant extend in parallel in a direction where the
value of the Y coordinate increases when the value of the X
coordinates decreases. Also, the multiple branch ridges occu-
pying the third quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
ofthe X coordinates decreases, and the multiple branch ridges
occupying the fourth quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates increases.

[0183] The liquid crystal display device according to
Embodiment 2B-1 of the present disclosure including the
above-described preferred arrangements may have an align-
ment restricting portion formed at the portion of the second
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electrode which corresponds to the trunk ridge. An arrange-
ment may be made where the alignment restricting portion is
formed of a slit portion provided to the second electrode, or is
formed of a protruding portion provided to the second elec-
trode.

[0184] The liquid crystal display device according to
Embodiment 2B of the present disclosure may be configured
such that the ridge-and-groove portion includes a trunk ridge
formed in a frame shape on the perimeter of the pixel, and
multiple branch ridges extending from the trunk ridge toward
the inside of the pixel. Such a configuration will be referred to
as “liquid crystal display device according to Embodiment
2B-2 of the present disclosure” for brevity.

[0185] The liquid crystal display device according to
Embodiment 2B-2 of the present disclosure may be formed as
follows. When assuming an X-Y coordinate system in which
the directions in which lines, which pass through the center of
the pixel and are parallel to the edges of the perimeter of the
pixel, extend, are the X axis and Y axis, the multiple branch
ridges occupying the first quadrant extend in parallel in a
direction where the value of the Y coordinate increases when
the value of the X coordinates increases, and the multiple
branch ridges occupying the second quadrant extend in par-
allel in a direction where the value of the Y coordinate
increases when the value of the X coordinates decreases.
Also, the multiple branch ridges occupying the third quadrant
extend in parallel in a direction where the value of the Y
coordinate decreases when the value of the X coordinates
decreases, and the multiple branch ridges occupying the
fourth quadrant extend in parallel in a direction where the
value of the Y coordinate decreases when the value of the X
coordinates increases.

[0186] The liquid crystal display device according to
Embodiment 2B-2 of the present disclosure including the
above-described preferred arrangements may have a slit por-
tion or protrusion passing through the center of the pixel and
parallel to the perimeter of the pixel, provided to the first
electrode.

[0187] The liquid crystal display device according to
Embodiment 2B of the present disclosure including the
above-described preferred arrangements may be configured
such that the ridge structure is formed based on a black matrix
formed of a material according to the related art.

[0188] Alternatively, the liquid crystal display device
according to Embodiment 1 of the present disclosure may be
configured such that the ridge-and-groove portion includes a
trunk ridge passing through the center of a pixel and extend-
ing in a cross shape, and multiple branch ridges extending
toward the perimeter of the pixel from the trunk ridge,
wherein an alignment restricting portion is formed at the
portions of the second electrode corresponding to the trunk
ridge. The liquid crystal display device of this configuration
will be referred to as “liquid crystal display device according
to Embodiment 2C of the present disclosure” for brevity.
[0189] The liquid crystal display device according to
Embodiment 2C of the present disclosure is configured such
that an alignment restricting portion is formed at the portions
of the second electrode corresponding to the trunk ridge. This
causes an electric field generated by the second electrode to
be distorted near the alignment restricting portion, and/or for
the direction in which the liquid crystal molecules tilt to be
restricted near the alignment restricting portion. As a result,
the force to restrict the alignment of the liquid crystal mol-
ecules near the alignment restricting portion canbe increased,
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and accordingly the tilted state of the liquid crystal molecules
near the alignment restricting portion can be restricted in a
sure manner. Thus, the problem where dark lines occur at
portions of the image corresponding to the trunk ridge when
displaying images can be suppressed in a sure manner.
Accordingly, a liquid crystal display device can be provided
which realizes better light transmittance which is even more
uniform while maintaining good voltage responsivity, reduc-
tion in cost of the light source making up the backlight and
reduction in electric power consumption can be realized, and
reliability of TFTs can be improved.

[0190] The alignment restricting portion of the liquid crys-
tal display device according to Embodiment 2C of the present
disclosure may be formed of a slit portion provided to the
second electrode, or may be formed of a protrusion provided
to the second electrode.

[0191] Alternatively, the liquid crystal display device
according to Embodiment 1 of the present disclosure may be
configured such that the ridge-and-groove portion includes a
trunk ridge formed in a frame shape on the perimeter of the
pixel, and multiple branch ridges extending from the trunk
ridge toward the inside of the pixel, wherein a slit portion or
protrusion passing through the center of the pixel and parallel
to the perimeter of the pixel is provided to the first electrode.
The liquid crystal display device of this configuration will be
referred to as “liquid crystal display device according to
Embodiment 2D of the present disclosure” for brevity.
[0192] The liquid crystal display device according to
Embodiment 2D of the present disclosure is configured such
that a slit portion or protrusion passing through the center of
the pixel and parallel to the perimeter of the pixel is provided
to the first electrode. This causes an electric field generated by
the first electrode to be distorted near the slit portion, and/or
for the direction in which the liquid crystal molecules tilt to be
restricted near the protrusion, as compared to a case where
smooth grooves without slits or protrusions are formed at the
first electrode. As a result, the force to restrict the alignment of
the liquid crystal molecules near the slit portion or protrusion
can be increased, and accordingly the tilted state of the liquid
crystal molecules near the slit portions or protrusions can be
restricted in a sure manner. Thus, the problem where dark
lines occur at portions of the image corresponding to the trunk
ridge when displaying images can be suppressed in a sure
manner. Accordingly, a liquid crystal display device can be
provided which realizes better light transmittance which is
even more uniform while maintaining good voltage respon-
sivity, reduction in cost of the light source making up the
backlight and reduction in electric power consumption can be
realized, and reliability of TFTs can be improved.

[0193] Also, the liquid crystal display device according to
Embodiment 2D of the present disclosure may be configured
such that a black matrix is formed so that the projected image
of the black matrix overlaps with the projected image of the
portion of the first substrate which is situated between pixels,
or such that a black matrix is formed so that the projected
image of the black matrix overlaps with the projected image
of a region from the portion of the first substrate which is
situated between pixels up to the edge of the ridge-and-
groove portion.

[0194] Exemplary values for the width of the branch ridges
and grooves may be 1 pm to 20 um, and more preferably 2 pm
to 10 um. In a case where the width of the branch ridges and
grooves is smaller than 1 pm, formation of the branch ridges
and grooves becomes difficult, making it harder to secure
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sufficient manufacturing yield. On the other hand, if the width
of the branch ridges and grooves exceeds 20 pm, there may be
cases where a good oblique electric field is not readily gen-
erated between the first electrode and second electrode when
driving voltage is applied at the first electrode and second
electrode.

[0195] Exemplary values for the width of the trunk ridge
may be 2x107° m to 2x10~> m, and more preferably 4x107° m
to 1.5%107° m. Exemplary values for the height from a groove
to the ridge closest to the groove may be 5x107% m to 1x107°
m, and more preferably 1x10™7 m to 5x10~7 m. Exemplary
values for the height of each step of a ridge (difference in
height between adjacent top faces in a ridge having a stepped
portion) may be 5x107* m to 1x107° m, and more preferably
1x1077 m to 5%10~7 m. This enables good alignment control,
and sufficient manufacturing yield can be secured, while pre-
venting deterioration in light transmittance and longer pro-
cess times.

[0196] Also, the liquid crystal display device according to
Embodiment 1 of the present disclosure may be configured
such that the width of a part of ridges provided to the first
electrode is narrowed toward the tips thereof. The liquid
crystal display device of this configuration will be referred to
as “liquid crystal display device according to Embodiment 3
of the present disclosure” for brevity.

[0197] The liquid crystal display device according to
Embodiment 3 of the present disclosure is configured such
that multiple ridge-and-groove portions are formed at the first
electrode, and the width of part of the ridges provided at the
first electrode narrow toward the tip. Accordingly, occurrence
of dark lines can be further reduced. That is to say, higher light
transmittance which is even more uniform can be realized,
and occurrence of dark lines can be suppressed.

[0198] The liquid crystal display device according to
Embodiment 3 of the present disclosure may be configured
such that a ridge-and-groove portion includes a trunk ridge
passing through the center of a pixel and extending in a cross
shape, and multiple branch ridges extending toward the
perimeter of the pixel from the trunk ridge. Multiple branch
ridges may correspond to a part of ridges provided to the first
electrode, and the width of the branch ridges may be such that
the portion of the branch ridges is widest where joining the
trunk ridge, and narrowing therefrom toward the tips thereof.
The liquid crystal display device of this configuration will be
referred to as “liquid crystal display device according to
Embodiment 3A of the present disclosure” for brevity. Also,
the two sides of a branch ridge extending from the portion of
contact with the trunk ridge to the tip portion will be referred
to as “longitudinal sides” for brevity.

[0199] The liquid crystal display device according to
Embodiment 3A of the present disclosure may be formed as
follows. When assuming an X-Y coordinate system in accor-
dance with the trunk ridge portions extending in a cross
shape, multiple branch ridges occupying a first quadrant
extend in parallel in a direction where the value of the Y
coordinate increases when the value of the X coordinates
increases, and multiple branch ridges occupying a second
quadrant extend in parallel in a direction where the value of
the Y coordinate increases when the value of the X coordi-
nates decreases. Also, multiple branch ridges occupying a
third quadrant extend in parallel in a direction where the value
of the Y coordinate decreases when the value of the X coor-
dinates decreases, and multiple branch ridges occupying a
fourth quadrant extend in parallel in a direction where the
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value of the Y coordinate decreases when the value of the X
coordinates increases. The same can be applied to the later-
described liquid crystal display device according to Embodi-
ment 3C-1 of the present disclosure and liquid crystal display
device according to Embodiment 3D-1 of the present disclo-
sure.

[0200] The liquid crystal display device according to
Embodiment 3 of the present disclosure may be configured
such that a ridge-and-groove portion includes a trunk ridge
formed on the perimeter portion of a pixel in a frame shape,
and multiple branch ridges extending inward in the pixel from
the trunk ridge. Multiple branch ridges may correspond to a
part of ridges provided to the first electrode, the width of the
branch ridges being such that the portion of the branch ridges
is widest where joining the trunk ridge, and narrows there-
from toward the tips thereof. The liquid crystal display device
of this configuration will be referred to as “liquid crystal
display device according to Embodiment 3B of the present
disclosure” for brevity.

[0201] The liquid crystal display device according to
Embodiment 3B of the present disclosure may be configured
such that, assuming a coordinate system where lines passing
through the center ofthe pixel and are parallel to the perimeter
of the pixel are the X axis and Y axis, multiple branch ridges
occupying a first quadrant extend in parallel in a direction
where the value of the Y coordinate increases when the value
of the X coordinates increases, and multiple branch ridges
occupying a second quadrant extend in parallel in a direction
where the value of the Y coordinate increases when the value
of the X coordinates decreases. Also, multiple branch ridges
occupying a third quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates decreases, and multiple branch ridges
occupying a fourth quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates increases. The same can be applied to the
later-described liquid crystal display device according to
Embodiment 3C-2 of the present disclosure and liquid crystal
display device according to Embodiment 3D-2 of the present
disclosure.

[0202] The liquid crystal display device according to
Embodiment 3 A of the present disclosure or Embodiment 3B
of the present disclosure may be configured such that the
width of the branch ridges grown narrower from the portion
joining the trunk ridge to the tips linearly narrows (an
arrangement where the longitudinal sides making up a branch
ridge are each one line segment and the change in width is
constant), but is not restricted to this. An arrangement may be
made where the width of the branch ridges narrows in a
curved manner (an arrangement where the longitudinal sides
making up a branch ridge are each one smooth curve, and the
change in width varies). Another arrangement may be made
where the longitudinal sides making up a branch ridge are
formed of two or more line segments or curves, and an
arrangement may be made where the width of the branch
ridges narrows in a stepped manner (an arrangement where
the longitudinal sides making up a branch ridge are stepped).
[0203] The liquid crystal display device according to
Embodiment 3A of the present disclosure including the
above-described preferred arrangements may be configured
such that an alignment restricting portion is formed at por-
tions of the second electrode corresponding to the trunk ridge.
Forming such an alignment restricting portion at portions of
the second electrode corresponding to the trunk ridge causes
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an electric field generated by the second electrode to be dis-
torted near the alignment restricting portion, and/or for the
direction in which the liquid crystal molecules near the align-
ment restricting portion tilt to be restricted. As a result, the
force to restrict the alignment of the liquid crystal molecules
near the alignment restricting portion can be increased, and
accordingly the tilted state of the liquid crystal molecules
near the alignment restricting portion can be restricted in a
sure manner. Thus, the problem where dark lines occur at
portions of the image corresponding to the trunk ridge when
displaying images can be suppressed in a sure manner.
Accordingly, a liquid crystal display device can be provided
which realizes better light transmittance which is even more
uniform while maintaining good voltage responsivity, reduc-
tion in cost of the light source making up the backlight and
reduction in electric power consumption can be realized, and
reliability of TFTs can be improved.

[0204] The liquid crystal display device according to
Embodiment 3B of the present disclosure including the
above-described preferred arrangements may be configured
such that a slit portion or protrusion passing through the
center of the pixel parallel to the perimeter portions of the
pixel is formed at the first electrode. Electrodes are not
formed at the slit portions or protrusions. Forming a slit
portion or protrusion at the first electrode, passing through the
center of the pixel parallel to the perimeter portions of the
pixel, causes an electric field generated by the first electrode
to be distorted near the slit portion, or the direction in which
the liquid crystal molecules tilt to be restricted near the pro-
trusion, in comparison with a case where a smooth groove
having no slit portion or protrusion formed thereat is formed
at the first electrode. This enables the force to restrict the
alignment of the liquid crystal molecules near the slit portion
or protrusion to be increased, and accordingly restrict the
tilted state of the liquid crystal molecules near the slit portion
or protrusion in a sure manner. Thus, the problem where dark
lines occurat portions of the image corresponding to the trunk
ridge when displaying images can be suppressed in a sure
manner. Accordingly, a liquid crystal display device can be
provided which realizes better light transmittance which is
even more uniform while maintaining good voltage respon-
sivity, reduction in cost of the light source making up the
backlight and reduction in electric power consumption can be
realized, and reliability of TFTs can be improved.

[0205] Also, the liquid crystal display device according to
Embodiment 3 of the present disclosure may be configured
such that multiple stepped portions are formed in the ridges
provided to the first electrode. This arrangement will be
referred to as “liquid crystal display device according to
Embodiment 3C of the present disclosure” for brevity. Form-
ing multiple stepped portions (difference in height) at the
ridges causes difference in intensity of the electric field at the
ridges, or transverse electric field, to occur. This enables the
force to restrict the alignment of the liquid crystal molecules
at the ridges to be increased, and accordingly restrict the tilted
state of the liquid crystal molecules at the ridges in a sure
manner. Thus, the problem where dark lines occur at portions
of the image corresponding to the trunk ridge when display-
ing images can be suppressed in a sure manner. Accordingly,
aliquid crystal display device can be provided which realizes
even better light transmittance while maintaining good volt-
age responsivity, reduction in cost of the light source making
up the backlight and reduction in electric power consumption
can be realized, and reliability of TFTs can be improved.
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[0206] Alternatively, the liquid crystal display device
according to Embodiment 3 of the present disclosure may be
configured such that a ridge structure is formed from portions
of the first substrate between pixels, to portions of the first
substrate corresponding to the peripheral portion of the pix-
els, and peripheral portions of the ridge-and-groove portions
are formed on the ridge structure. The liquid crystal display
device of this configuration will be referred to as “liquid
crystal display device according to Embodiment 3D of the
present disclosure” for brevity.

[0207] Forming the peripheral portions of the ridge-and-
groove portions on the ridge structure in this way generates an
even greater electric field at the perimeter portions of the
ridge-and-groove portion, than an arrangement where the
peripheral portions of the ridge-and-groove portions are flat.
This enables the force to restrict the alignment of the liquid
crystal molecules at the peripheral portions of the ridge-and-
groove portions to be increased, and accordingly restrict the
tilted state of the liquid crystal molecules at the peripheral
portions of the ridge-and-groove portions in a sure manner,
thus maintaining good voltage responsivity.

[0208] The liquid crystal display device according to
Embodiment 3C of the present disclosure may be configured
such that the ridge-and-groove portion includes a trunk ridge
passing through the center of a pixel and extending in a cross
shape. and multiple branch ridges extending toward the
perimeter of the pixel from the trunk ridge. The liquid crystal
display device of this configuration will be referred to as
“liquid crystal display device according to Embodiment 3C-1
of the present disclosure” for brevity. Note that the liquid
crystal display device according to Embodiment 3C-1 of the
present disclosure is essentially a combination of the liquid
crystal display device according to Embodiment 3A of the
present disclosure and the liquid crystal display device
according to Embodiment 3C of the present disclosure.
[0209] The liquid crystal display device according to
Embodiment 3C-1 of the present disclosure including the
above-described preferred arrangements may be configured
such that the cross-sectional shape of the trunk ridge, when
cut along an imaginary perpendicular plane orthogonal to the
direction in which the trunk ridge extends is a shape stepping
down from the center of the cross-sectional shape of the trunk
ridge towards the edges thereof. The liquid crystal display
device according to Embodiment 3C-1 of the present disclo-
sure including the above-described preferred arrangements
may also be configured such that the cross-sectional shape of
the trunk ridge when cut along an imaginary perpendicular
plane parallel to the direction in which the trunk ridge extends
is a shape stepping down from the portions of the cross-
sectional shape of the trunk ridge closer to the middle portion
of the cross-sectional shape of the trunk ridge toward the ends
of the cross-sectional shape of the trunk ridge.

[0210] Further, the liquid crystal display device according
to Embodiment 3C-1 of the present disclosure including the
above-described preferred arrangements may be configured
such that the cross-sectional shape of the branch ridges, when
cut along an imaginary perpendicular plane orthogonal to the
direction in which the branch ridges extend is a shape step-
ping down from the center of the cross-sectional shape of the
branch ridges towards the edges thereof. The liquid crystal
display device according to Embodiment 3C-1 of the present
disclosure including the above-described preferred arrange-
ments may also be configured such that the cross-sectional
shape of the branch ridges when cut along an imaginary
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perpendicular plane parallel to the direction in which the
branch ridges extend is a shape stepping down from the por-
tions of the cross-sectional shape of the branch ridges closer
to the trunk ridge toward the ends of the cross-sectional shape
of the branch ridges.

[0211] Further, the liquid crystal display device according
to Embodiment 3C-1 of the present disclosure including the
above-described preferred arrangements may have an align-
ment restricting portion formed at the portion of the second
electrode which corresponds to the trunk ridge. The liquid
crystal display device according to Embodiment 3A of the
present disclosure or Embodiment 3C-1 of the present disclo-
sure may be configured such that the alignment restricting
portion is formed of a slit portion provided to the second
electrode, or is formed of a protruding portion provided to the
second electrode, or from a protruding portion of the second
electrode. The protrusion is formed of a resist material for
example, and the second electrode is not formed thereupon. A
portion of the second electrode formed into a protruding
portion may be formed by forming a ridge portion beneath the
second electrode, or protruding portion of the second elec-
trode may be formed by a method similar to the method by
which the ridge-and-groove portions are formed at the first
electrode. The slit portions, protruding portions, or portions
of the second electrode that are protruding, in the liquid
crystal display device according to Embodiment 3C-1 of the
present disclosure, are preferably formed so as to be narrower
than the width of the trunk ridge. The same can be applied to
the later-described liquid crystal display device according to
Embodiment 3D-1 of the present disclosure.

[0212] Alternatively, the liquid crystal display device
according to Embodiment 3C of the present disclosure may
be configured such that the ridge-and-groove portionincludes
a trunk ridge formed in a frame shape on the perimeter of the
pixel, and multiple branch ridges extending from the trunk
ridge toward the inside of the pixel. The liquid crystal display
device of this configuration will be referred to as “liquid
crystal display device according to Embodiment 3C-2 of the
present disclosure” for brevity. Note that the liquid crystal
display device according to Embodiment 3C-2 of the present
disclosure is essentially a combination of the liquid crystal
display device according to Embodiment 3B of the present
disclosure and the liquid crystal display device according to
Embodiment 3C of the present disclosure.

[0213] The liquid crystal display device according to
Embodiment 3C-2 of the present disclosure including the
above-described preferred arrangements may be configured
such that the cross-sectional shape of the trunk ridge, when
cut along an imaginary perpendicular plane orthogonal to the
direction in which the trunk ridge extends, is a shape stepping
down from the outer edge of the cross-sectional shape of the
trunk ridge towards the inner side of the cross-sectional shape
of the trunk ridge.

[0214] Further, the liquid crystal display device according
to Embodiment 3C-2 of the present disclosure including the
above-described preferred arrangements may be configured
such that the cross-sectional shape of the branch ridges, when
cut along an imaginary perpendicular plane orthogonal to the
direction in which the branch ridges extend is a shape step-
ping down from the center of the cross-sectional shape of the
branch ridges towards the edges thereof. The liquid crystal
display device according to Embodiment 2C-2 of the present
disclosure including the above-described preferred arrange-
ments may also be configured such that the cross-sectional
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shape of the branch ridges when cut along an imaginary
perpendicular plane parallel to the direction in which the
branch ridges extend is a shape stepping down from the por-
tions of the cross-sectional shape of the branch ridges closer
to the trunk ridge toward the ends of the cross-sectional shape
of the branch ridges.

[0215] Moreover, the liquid crystal display device accord-
ing to Embodiment 3C-2 of the present disclosure including
the above-described preferred arrangements may be config-
ured such that a slit portion or a protrusion, passing through
the center of the pixel in parallel to the perimeter of the pixel,
is formed on the first electrode. No electrode is formed on the
slit portion or protrusion. The protrusion is formed of a resist
material for example, in the liquid crystal display device
according to Embodiment 3B of the present disclosure or
liquid crystal display device according to Embodiment 3C-2
of the present disclosure.

[0216] Alternately, the first electrode may be arranged so
that a cross-shaped ridge passing through the center of the
pixel is surrounded by grooves. Such a cross-shaped ridge
may be formed by forming a cross-shaped ridge beneath the
first electrode, or may be formed by a method similar to the
method by which the ridge-and-groove portions are formed at
the first electrode. Alternately, a cross-shaped groove passing
through the center of the pixel may be provided instead of
providing the slit portion or protrusion (rib). This can be
similarly applied to the later-described liquid crystal display
device according to Embodiment 3D-2 of the present disclo-
sure.

[0217] Furthermore, the liquid crystal display device
according to Embodiment 3C of the present disclosure
including the above-described preferred arrangements, may
be configured such that the ridge structure is formed from
portions of the first substrate between pixels, to portions of
the first substrate corresponding to the peripheral portion of
the pixels, and peripheral portions of the ridge-and-groove
portions are formed on the ridge structure. Note that the ridge
structure may be formed based on a black matrix formed of a
material according to the related art. This can be similarly
applied to the liquid crystal display device according to
Embodiment 3D of the present disclosure including the
above-described preferred arrangements.

[0218] The liquid crystal display device according to
Embodiment 3D of the present disclosure may be configured
such that the ridge-and-groove portion includes a trunk ridge
passing through the center of a pixel and extending in a cross
shape, and multiple branch ridges extending toward the
perimeter of the pixel from the trunk ridge. The liquid crystal
display device of this configuration will be referred to as
“liquid crystal display device according to Embodiment 3D-1
of the present disclosure” for brevity. Note that the liquid
crystal display device according to Embodiment 3D-1 of the
present disclosure is essentially a combination of the liquid
crystal display device according to Embodiment 3A of the
present disclosure, the liquid crystal display device according
to Embodiment 3C of the present disclosure, and the liquid
crystal display device according to Embodiment 3D of the
present disclosure.

[0219] The liquid crystal display device according to
Embodiment 3D-1 of the present disclosure including the
above-described preferred arrangements may have an align-
ment restricting portion formed at the portion of the second
electrode which corresponds to the trunk ridge. An arrange-
ment may be made where the alignment restricting portion is
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formed of a slit portion provided to the second electrode, or is
formed of a protruding portion provided to the second elec-
trode.

[0220] The liquid crystal display device according to
Embodiment 3D of the present disclosure may be configured
such that the ridge-and-groove portion includes a trunk ridge
formed in a frame shape on the perimeter of the pixel, and
multiple branch ridges extending from the trunk ridge toward
the inside of the pixel. Such a configuration will be referred to
as “liquid crystal display device according to Embodiment
3D-2 of the present disclosure” for brevity. Note that the
liquid crystal display device according to Embodiment 3D-2
of the present disclosure is essentially a combination of the
liquid crystal display device according to Embodiment 3B of
the present disclosure, the liquid crystal display device
according to Embodiment 3C of the present disclosure, and
the liquid crystal display device according to Embodiment 3D
of the present disclosure.

[0221] The liquid crystal display device according to
Embodiment 3D-2 of the present disclosure including the
above-described preferred arrangements may be configured
such that a slit portion or protrusion passing through the
center of the pixel parallel to the perimeter portions of the
pixel is formed at the first electrode.

[0222] Also, the liquid crystal display device according to
Embodiment 3 of the present disclosure may be configured
such that a black matrix is formed so that the projected image
of the black matrix overlaps with the projected image of the
portion of the first substrate which is situated between pixels,
or such that a black matrix is formed so that the projected
image of the black matrix overlaps with the projected image
of a region from the portion of the first substrate which is
situated between pixels up to the edge of the ridge-and-
groove portion.

[0223] Exemplary values for the average smallest width
and average greatest width of the branch ridges and grooves
may be 1 umto 25 wm, and more preferably 2 pm to 20 pm. In
a case where the average smallest width of the branch ridges
and grooves is smaller than 1 pm, formation of the branch
ridges and grooves becomes difficult, making it harder to
secure sufficient manufacturing yield. On the other hand, if
the average greatest width of the branch ridges and grooves
exceeds 25 pm, there may be cases where a good oblique
electric field is not readily generated between the first elec-
trode and second electrode when driving voltage is applied at
the first electrode and second electrode.

[0224] Exemplary values for the width of the trunk ridge
may be 2x107° m to 2x107> m, and more preferably 4x10~° m
to 1.5x107> m. Exemplary values for the height from a groove
to the ridge closest to the groove may be 5x107* m to 1x107°
m, preferably 1x107 m to 5x10~° m, and more preferably
2x1077 m to 6x1077 m. Exemplary values for the height of
each step of a ridge (difference in height between adjacent top
faces in a ridge having a stepped portion) may be 5x10™* m to
1x107% m, and more preferably 1x1077 m to 5x10~7 m. This
enables good alignment control, and sufficient manufacturing
vield can be secured, while preventing deterioration in light
transmittance and longer process times. The above can also be
applied to liquid crystal display devices according to Embodi-
ment 4A of the present disclosure through Embodiment 4E of
the present disclosure, by substituting later-described
“branch ridges, etc.” for “branch ridges”.

[0225] Alternatively, the liquid crystal display device
according to Embodiment 1 of the present disclosure is con-
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figured such that, assuming an X axis and Y axis passing
through the center of the pixel, multiple branch ridges occu-
pying a first quadrant extend in parallel in a direction where
the value of the Y coordinate increases when the value of the
X coordinates increases, and multiple branch ridges occupy-
ing a second quadrant extend in parallel in a direction where
the value of the Y coordinate increases when the value of the
X coordinates decreases. Also, multiple branch ridges occu-
pying a third quadrant extend in parallel in a direction where
the value of the Y coordinate decreases when the value of the
X coordinates decreases, and multiple branch ridges occupy-
ing a fourth quadrant extend in parallel in a direction where
the value of the Y coordinate decreases when the value of the
X coordinates increases. Such a configuration will be referred
to as “liquid crystal display device according to Embodiment
4A of the present disclosure” for brevity.

[0226] The liquid crystal display device according to
Embodiment 4A of the present disclosure is configured such
that multiple ridges occupying a first quadrant extend in par-
allel in a direction where the value of the Y coordinate
increases when the value of the X coordinates increases. Also,
multiple ridges occupying a second quadrant extend in par-
allel in a direction where the value of the Y coordinate
increases when the value of the X coordinates decreases.
Further, multiple ridges occupying a third quadrant extend in
parallel in a direction where the value of the Y coordinate
decreases when the value of the X coordinates decreases.
Moreover, multiple ridges occupying a fourth quadrant
extend in parallel in a direction where the value of the Y
coordinate decreases when the value of the X coordinates
increases. Thus, there are absolutely no ridges extending in
parallel with the X axis or ridges extending in parallel with the
Y axis, or even if there are, the length thereof is extremely
minute. Accordingly, the direction of alignment of the liquid
crystal molecules can be made to maximally match the direc-
tion in which the ridges extend, and occurrence of dark lines
in regions corresponding to the X axis and Y axis can be
suppressed. Consequently, a liquid crystal display device
capable of high light transmittance which is even more uni-
form can be realized. Additionally, a liquid crystal display
device having a configuration and structure can be provided
whereby the liquid crystal molecules can be pretilted in a
short amount of time.

[0227] Alternatively, the liquid crystal display device
according to Embodiment 1 of the present disclosure may be
configured such that, assuming an X axis and Y axis passing
through the center of the pixel, multiple ridge-and-groove
portions include a trunk ridge extending along the X axis and
Y axis, and multiple branch ridges extending from the longi-
tudinal sides of the trunk ridge towards the perimeter of the
pixel. The direction in which longitudinal side portions of the
trunk ridge where branch ridges are not joined extend is
parallel with neither the X axis nor the Y axis. Also, a liquid
crystal display device having a configuration and structure
enabling the liquid crystal molecules to be pretilted in a short
amount of time can be provided.

[0228] The liquid crystal display device according to
Embodiment 4B of the present disclosure is configured such
that multiple ridge-and-groove portions include a trunk ridge
extending along the X axis and Y axis, and multiple branch
ridges extending from the longitudinal sides of the trunk ridge
towards the perimeter of the pixel. The direction in which
longitudinal side portions of the trunk ridge where branch
ridges are not joined extend is parallel with neither the X axis
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nor the Y axis. Thus, there are no trunk ridge portions extend-
ing in parallel with the X axis or trunk ridge portions extend-
ing in parallel with the Y axis. Accordingly, occurrence of
dark lines in regions corresponding to the X axis and Y axis
can be suppressed. Consequently, a liquid crystal display
device capable of high light transmittance which is even more
uniform can be realized. Additionally, a liquid crystal display
device having a configuration and structure can be provided
whereby the liquid crystal molecules can be pretilted in a
short amount of time.

[0229] Alternatively, the liquid crystal display device
according to Embodiment 1 of the present disclosure may be
configured such that slit portions are further formed at the first
electrode. That is to say, ridge-and-groove portions and slit
portions are formed at the first electrode. No transparent
electroconductive material layer making up the first electrode
is formed at the slit portions. Such a configuration will be
referred to as “liquid crystal display device according to
Embodiment 4C of the present disclosure” for brevity.

[0230] Alternatively, the liquid crystal display device
according to Embodiment 1 of the present disclosure may be
configured such that an indentation is further formed at the
first electrode, in the center region of the pixel. That is to say,
ridge-and-groove portions and an indentation are formed at
the first electrode. A transparent electroconductive material
layer making up the first electrode is formed at the indenta-
tion. Such a configuration will be referred to as “liquid crystal
display device according to Embodiment 4D of the present
disclosure” for brevity.

[0231] Alternatively, the liquid crystal display device
according to Embodiment 1 of the present disclosure may be
configured such that, assuming an X axis and Y axis passing
through the center of the pixel, the multiple ridge-and-groove
portions are configured including trunk ridges extending on
the X axis and the Y axis, and multiple branch ridges extend-
ing from a longitudinal side of the trunk ridges toward the
perimeter of the pixel. Multiple branch ridges occupying a
first quadrant extend in parallel in a direction where the value
of the Y coordinate increases when the value of the X coor-
dinates increases. Also, multiple branch ridges occupying a
second quadrant extend in parallel in a direction where the
value of the Y coordinate increases when the value of the X
coordinates decreases. Further, multiple branch ridges occu-
pying a third quadrant extend in parallel in a direction where
the value of the Y coordinate decreases when the value of the
X coordinates decreases. Moreover, multiple branch ridges
occupying a fourth quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates increases. Branch ridges extending from
a trunk ridge on the X axis and occupying the first quadrant,
and branch ridges extending from a trunk ridge on the X axis
and occupying the fourth quadrant, are formed in a mutually
offset state. Branch ridges extending from a trunk ridge on the
Y axis and occupying the first quadrant, and branch ridges
extending from a trunk ridge on the Y axis and occupying the
second quadrant, are formed in a mutually offset state. Branch
ridges extending from a trunk ridge on the X axis and occu-
pying the second quadrant, and branch ridges extending from
a trunk ridge on the X axis and occupying the third quadrant,
are formed in a mutually offset state. Also, branch ridges
extending from a trunk ridge on the Y axis and occupying the
third quadrant, and branch ridges extending from a trunk
ridge on the Y axis and occupying the fourth quadrant, are
formed in a mutually offset state. Such a configuration will be
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referred to as “liquid crystal display device according to
Embodiment 4E of the present disclosure” for brevity.
[0232] Slit portions are formed at the first electrode of the
liquid crystal display device according to Embodiment 4C of
the present disclosure, besides the ridge-and-groove portions.
Providing the slit portions causes an electric field generated
by the first electrode to be distorted near the slit portions, and
the direction in which the liquid crystal molecules tilt is
strongly restricted. This consequently enables the force to
restrict the alignment of the liquid crystal molecules near the
slit portions to be increased, and accordingly restrict the tilted
state of the liquid crystal molecules near the slit portions in a
sure manner. Note that the ridge-and-groove portions are also
provided besides the slit portions, so the problems with fine-
slit structures according to the related art do not occur.
[0233] Also, the liquid crystal display device according to
Embodiment 4D of the present disclosure is configured hav-
ing an indentation formed to the first electrode at the center
region of the pixel. Providing the indentation causes theliquid
crystal molecules situated near the indentation to be tilted
toward the center of the pixel.

[0234] Moreover, the liquid crystal display device accord-
ing to Embodiment 4E of the present disclosure is configured
such that ridges are mutually offset. Forming the ridges mutu-
ally offset causes the electric field generated by the first
electrode to be distorted in a desired manner near the center of
the pixel, and the direction in which the liquid crystal mol-
ecules tilt is restricted. As a result, the force to restrict the
alignment of the liquid crystal molecules near the center of
the pixel can be increased, and accordingly the tilted state of
the liquid crystal molecules near the center of the pixel can be
restricted in a sure manner. The liquid crystal layer where the
liquid crystal molecules are to be pretilted are exposed to a
desired electric field for a predetermined amount of time
when manufacturing the liquid crystal display device, and the
amount of time it takes for the alignment of the liquid crystal
molecules exposed to the desired electric field to stabilize can
thus be reduced. That is to say, the liquid crystal molecules
can be pretilted in a short amount of time, and the manufac-
turing time of the liquid crystal display device can be reduced.
[0235] Such an array state of the ridges and branch ridges
(hereinafter also collectively referred to as “branch ridges,
etc.) of the liquid crystal display devices according to
Embodiment 4A of the present disclosure through Embodi-
ment 4E of the present disclosure is called a multi-domain
electrode structure, as mentioned earlier. Improved view
angle properties can be realized since regions with different
directions in which the branch ridges extend are formed in a
single pixel.

[0236] Preferably, in the same way as described above, the
multiple branch ridges occupying the first quadrant extend
with the axial line thereof at 45 degrees to the X axis, the
multiple branch ridges occupying the second quadrant extend
with the axial line thereof at 135 degrees to the X axis. Also,
the multiple branch ridges occupying the third quadrant
extend with the axial line thereofat 225 degrees to the X axis,
and the multiple branch ridges occupying the fourth quadrant
extend with the axial line thereofat 315 degrees to the X axis,
butit should be noted that these values (angles) are not restric-
tive.

[0237] The phrase “assuming an X axis and Y axis passing
through the center of the pixel” in more detail means assum-
ing an X-Y coordinate system in which straight lines that pass
through the center of the pixel and that are parallel to the
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perimeters of the pixel are the X axis and Y axis. With the
exception of the liquid crystal display device according to
Embodiment 4F of the present disclosure, the branch ridges,
etc., are preferably in line symmetry to the X axis and also the
Y axis. Alternatively, the branch ridges, etc., of the liquid
crystal display device according to Embodiment 4A of the
present disclosure through Embodiment 4E of the present
disclosure are preferably in 180 degrees rotational symmetry
(point symmetry) as to the center of the pixel.

[0238] Unlike the case of the liquid crystal display device
according to Embodiment 4B of the present disclosure, the
liquid crystal display device according to Embodiment 4A of
the present disclosure is not provided with the trunk ridges.
An arrangement may be made where the ridges in the liquid
crystal display device according to Embodiment 4A of the
present disclosure are essentially equivalent to the branch
ridges in the liquid crystal display device according to
Embodiment 4B of the present disclosure. Further, ridges
extending from the X axis and occupying the first quadrant
connect to respective ridges extending from the X axis and
occupying the fourth quadrant, and ridges extending from the
Y axis and occupying the first quadrant connect to respective
ridges extending from the Y axis and occupying the second
quadrant. Also, ridges extending from the X axis and occu-
pying the second quadrant connect to respective ridges
extending from the X axis and occupying the third quadrant,
and ridges extending from the Y axis and occupying the third
quadrant connect to respective ridges extending from the Y
axis and occupying the fourth quadrant.

[0239] Protruding portions which extend in planar view
toward the perimeter of the pixel are provided at joining
portions where two ridges join, in an arrangement such as that
of the liquid crystal display device according to Embodiment
4A of the present disclosure. The protruding portions may
each be defined by multiple line segments, or by a single
curve, or by multiple curves, or by a combination of one or
more line segments and one or more curves. The tip of the
protruding portion may be in contact with the joining portion
of the two ridges adjacent toward the perimeter of the pixel.
Note however, that a liquid crystal display device in which the
joining portion is long is essentially the liquid crystal display
device according to Embodiment 4B of the present disclo-
sure.

[0240] Alternatively, the liquid crystal display device
according to Embodiment 4A of the present disclosure may
be configured such that ridges extending from the X axis or
nearby the X axis and occupying the first quadrant do not
connect to respective ridges extending from the X axis or
nearby the X axis and occupying the fourth quadrant. Also,
ridges extending from the Y axis or nearby the Y axis and
occupying the first quadrant do not connect to respective
ridges extending from the Y axis or nearby the Y axis and
occupying the second quadrant. Further, ridges extending
from the X axis or nearby the X axis and occupying the
second quadrant do not connect to respective ridges extend-
ing from the X axis or nearby the X axis and occupying the
third quadrant. Moreover, ridges extending from the Y axis or
nearby the Y axis and occupying the third quadrant do not
connect to respective ridges extending from the Y axis or
nearby the Y axis and occupying the fourth quadrant.

[0241] The liquid crystal display device according to
Embodiment 4A of the present disclosure, including the
above-described various preferred arrangements and con-
figurations, may be configured such that the width of the
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ridges grow narrower toward the perimeter of the pixel. The
liquid crystal display device according to Embodiment 4A of
the present disclosure, including the above-described various
preferred arrangements and configurations, may also be con-
figured such that slit portions are formed at the first electrode.
This arrangement will be referred to as “liquid crystal display
device according to Embodiment 4A-1 of the present disclo-
sure” for brevity.

[0242] Slit portions may be formed in groove regions of the
liquid crystal display device according to Embodiment 4A-1
of the present disclosure. However, a configuration where the
slit portions are formed to ridge regions is more preferable. In
such a configuration, slit portions may be formed at ridge
regions including the center region (middle portion) of the
pixel, or may be formed at ridge regions extending toward the
center region of the pixel, or may be formed at ridge regions
between ridges extending toward the center region of the
pixel and the Y axis. Exemplary values of the width of the slit
portions are 1 um to 4 um, and preferably 2 um to 3 pm. This
holds true for description of slit portions in the following as
well.

[0243] Alternatively, slit portions may be formed on the top
of ridges, extending in parallel with the ridges, or slit portions
may be formed on the bottom of grooves, extending in paral-
lel with the grooves. In these cases, slit portions may be
formed to all ridges, or to a part of the ridges. In a case where
the slit portions are to be formed to a part of the ridges, the slit
portions are preferably formed at and nearby the center region
(middle portion) of the pixel. Also, slit portions may be
formed to all grooves, or to a part of the grooves. In a case
where the slit portions are to be formed to a part of the
grooves, the slit portions are preferably formed at and nearby
the center region (middle portion) of the pixel. Further, slit
portions may be formed on the top of ridges extending in
parallel with the ridges. and on the bottom of grooves extend-
ing in parallel with the grooves. In these cases, slit portions
may be formed to all ridges, or to a part of the ridges, and slit
portions may be formed to all grooves, or to a part of the
grooves.

[0244] Note that the first electrode is formed at top face of
the ridges where no slit portion is provided, and also the first
electrode is formed at the bottom of the grooves where no slit
portion is provided. The slit portions have to be formed such
that there are no ridges isolated from other ridges by slit
portions, and such that there are no grooves isolated from
other grooves by slit portions. In doing so in a display device
according to the so-called “multi-pixel drive” method where
each pixel is divided into multiple regions and each region is
independently driven, the slit portions only have to be formed
such that there are no ridges isolated from other ridges and no
grooves isolated from other grooves by slit portions in each
region.

[0245] Exemplary values of the width of ridges and slit
portions when providing slit portions on the top face of ridges
may be as expressed by

0.2=(width of slit portion/width of ridge)=0.8.

[0246] Exemplary values of the width of grooves and slit
portions when providing slit portions at the bottom of grooves
may be as expressed by

0.2=(width of slit portion/width of groove)<0.8.

This holds true for description of slit portions in the following
as well.
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[0247] Further, an indentation may be provided to the first
electrode at the center region of the pixel in the liquid crystal
display devices according to Embodiment 4A-1 ofthe present
disclosure, and Embodiment 4A of the present disclosure
including the above-described various preferred arrange-
ments and configurations. Such an arrangement will be
referred to as “liquid crystal display device according to
Embodiment 4A-2 of the present disclosure” for brevity.

[0248] The liquid crystal display device according to
Embodiment 4A-2 of the present disclosure may be config-
ured such that the indentation is narrowed toward the first
substrate. That is to say, the indentation may have a forward-
tapered inclination, but is not restricted to this, and may have
aperpendicular face. In a configuration where the indentation
is narrowed toward the first substrate, the inclination angle of
the indentation may be 5 degrees to 60 degrees, more prefer-
ably 20 degrees to 30 degrees. Further, in the liquid crystal
display device according to Embodiment 4A-2 of the present
disclosure including these preferred configurations, the shape
of the edge of the indentation may be circular, or may be
rectangular. In the case of the latter, the angle between the
outer edge of the rectangular indentation and the direction in
which the ridges extend (the angle between the outer edge of
the rectangular groove and the direction in which ridges of
which extensions intersect this outer edge) may be 90
degrees, or may be an acute angle. Note that the shape of the
outer edge of the indentation is not restricted to theses, and
any shape may be used as long as the structure causes the
liquid crystal molecules to tilt toward the center of the pixel.

[0249] Further, the liquid crystal display device according
to Embodiment 4A-2 of the present disclosure including the
above-described preferred configurations may be configured
such that the center portion of the indentation forms part of a
contact hole.

[0250] The stipulations relating to the above-described lig-
uid crystal display device according to Embodiment 4A-2 of
the present disclosure can also be applied to the later-de-
scribed liquid crystal display device according to Embodi-
ment 4B-2 of the present disclosure and the liquid crystal
display device according to Embodiment 4C-2 of the present
disclosure as well.

[0251] Further, the liquid crystal display device according
to Embodiment 4A-1 of the present disclosure, Embodiment
4A-2 of the present disclosure, and Embodiment 4A of the
present disclosure including the above-described various pre-
ferred arrangements and configurations, may be configured
as follows. Ridges extending from or nearby the X axis and
occupying the first quadrant, and ridges extending from or
nearby the X axis and occupying the fourth quadrant, are
formed in a mutually offset state. Also, ridges extending from
or nearby the Y axis and occupying the first quadrant, and
ridges extending from or nearby the Y axis and occupying the
second quadrant, are formed in a mutually offset state. Fur-
ther, ridges extending from or nearby the X axis and occupy-
ing the second quadrant, and ridges extending from or nearby
the X axis and occupying the third quadrant, are formed in a
mutually offset state. Moreover, ridges extending from or
nearby the Y axis and occupying the third quadrant, and
ridges extending from or nearby the Y axis and occupying the
fourth quadrant, are formed in a mutually offset state. Such an
arrangement will be referred to as “liquid crystal display
device according to Embodiment 4A-3 of the present disclo-
sure” for brevity.
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[0252] Preferably, ridges extending from or nearby the X
axis and occupying the first quadrant, and ridges extending
from or nearby the X axis and occupying the fourth quadrant,
are formed in a mutually offset state by (P,/2), where P,
represents the formation pitch of the ridges following the X
axis, and P represents the formation pitch of the ridges fol-
lowing the Y axis. Also, ridges extending from or nearby the
Y axis and occupying the first quadrant, and ridges extending
from or nearby theY axis and occupying the second quadrant,
are formed in a mutually offset state by (P,/2). Further, ridges
extending from or nearby the X axis and occupying the sec-
ond quadrant, and ridges extending from or nearby the X axis
and occupying the third quadrant, are formed in a mutually
offset state by (P,/2). Moreover, ridges extending from or
nearby the Y axis and occupying the third quadrant, and
ridges extending from or nearby the Y axis and occupying the
fourth quadrant, are formed in a mutually offset state by
(P4/2). This holds true of the latter described liquid crystal
display device according to Embodiment 4B-3 of the present
disclosure, liquid crystal display device according to
Embodiment 4C-3 of the present disclosure, and liquid crys-
tal display device according to Embodiment 4D-3 of the
present disclosure.

[0253] In the same way, the liquid crystal display device
according to Embodiment 4E of the present disclosure may
be configured such that branch ridges extending from a trunk
ridge on the X axis and occupying the first quadrant, and
branch ridges extending from a trunk ridge on the X axis and
occupying the fourth quadrant, are formed in a mutually
offset state by (P,/2), where P, represents the formation pitch
of the branch ridges following the X axis, and P represents
the formation pitch of the branch ridges following the Y axis.
Also, branch ridges extending from a trunk ridge on the Y axis
and occupying the first quadrant, and branch ridges extending
from a trunk ridge on the Y axis and occupying the second
quadrant, are formed in a mutually offset state by (P,/2).
Further, branch ridges extending from a trunk ridge on the X
axis and occupying the second quadrant, and branch ridges
extending from a trunk ridge on the X axis and occupying the
third quadrant, are formed in a mutually offset state by (P,/2.
Moreover, branch ridges extending from a trunk ridge on the
Y axis and occupying the third quadrant, and branch ridges
extending from a trunk ridge on the Y axis and occupying the
fourth quadrant, are formed in a mutually offset state by
(By2).

[0254] The liquid crystal display device according to
Embodiment 4B of the present disclosure including the pre-
ferred arrangements may be configured having an arrange-
ment where the longitudinal side portions of the trunk ridges
not joining the ridge portions are straight lines and/or curves.
Alternatively, and arrangement may be made where these
longitudinal side portions are straight lines, or an arrange-
ment where these longitudinal side portions are curves, or an
arrangement where these longitudinal side portions are com-
binations of straight lines and curves.

[0255] The liquid crystal display device according to
Embodiment 4B of the present disclosure including the pre-
ferred arrangements may be configured such that the width of
the portions of a trunk ridge which are not in contact with the
branch ridges narrows toward the end of the trunk ridge.
Further, The liquid crystal display device according to
Embodiment 4B of the present disclosure including the pre-
ferred arrangements may be configured such that the width of
the branch ridges narrows toward the perimeter of the pixel.
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[0256] Further, slit portions may be formed at the first elec-
trode in the liquid crystal display device according to
Embodiment 4B of the present disclosure including the
above-described various preferred arrangements. Such an
arrangement will be referred to as “liquid crystal display
device according to Embodiment 4B-1 of the present disclo-
sure” for brevity.

[0257] Slit portions may be formed in groove regions of the
liquid crystal display device according to Embodiment 4B-1
of the present disclosure. However, a configuration where the
slit portions are formed to ridge regions is more preferable. In
such a configuration, slit portions may be formed at ridge
regions including the center region (middle portion) of the
pixel, or may be formed at ridge regions extending toward the
center region of the pixel, or may be formed at ridge regions
between branch ridges extending toward the center region of
the pixel and the Y axis. Alternatively, slit portions may be
formed on the top of ridges, extending in parallel with the
ridges, or slit portions may be formed on the bottom of
grooves, extending in parallel with the grooves. The slit por-
tions have to be formed such that there are no ridges isolated
from other ridges by slit portions, and such that there are no
grooves isolated from other grooves by slit portions, but the
slit portions can be formed as described above in a display
device according to the multi-pixel drive method.

[0258] Further, an indentation may be provided to the first
electrode at the center region of the pixel in the liquid crystal
display devices according to Embodiment 4B-1 ofthe present
disclosure, and Embodiment 4B of the present disclosure
including the above-described various preferred arrange-
ments and configurations. Such an arrangement will be
referred to as “liquid crystal display device according to
Embodiment 4B-2 of the present disclosure” for brevity.
[0259] The liquid crystal display device according to
Embodiment 4B-1 of the present disclosure, Embodiment
4B-2 of the present disclosure, and Embodiment 4B of the
present disclosure including the above described various pre-
ferred arrangements and configurations, may be configured
as follows. Multiple branch ridges occupying a first quadrant
extend in parallel in a direction where the value of the Y
coordinate increases when the value of the X coordinates
increases. Also, multiple branch ridges occupying a second
quadrant extend in parallel in a direction where the value of
the Y coordinate increases when the value of the X coordi-
nates decreases. Further, multiple branch ridges occupying a
third quadrant extend in parallel in a direction where the value
of the Y coordinate decreases when the value of the X coor-
dinates decreases. Moreover, multiple branch ridges occupy-
ing a fourth quadrant extend in parallel in a direction where
the value of the Y coordinate decreases when the value of the
X coordinates increases.

[0260] The liquid crystal display device according to
Embodiment 4B-1 of the present disclosure, Embodiment
4B-2 of the present disclosure, and Embodiment 4B of the
present disclosure including the above described various pre-
ferred arrangements and configurations, may further be con-
figured as follows. Branch ridges extending from a trunk
ridge on the X axis and occupying the first quadrant, and
branch ridges extending from a trunk ridge on the X axis and
occupying the fourth quadrant, are formed in a mutually
offset state. Branch ridges extending from a trunk ridge on the
Y axis and occupying the first quadrant, and branch ridges
extending from a trunk ridge on the Y axis and occupying the
second quadrant, are formed in a mutually offset state. Branch
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ridges extending from a trunk ridge on the X axis and occu-
pying the second quadrant, and branch ridges extending from
a trunk ridge on the X axis and occupying the third quadrant,
are formed in a mutually offset state. Also, branch ridges
extending from a trunk ridge on the Y axis and occupying the
third quadrant, and branch ridges extending from a trunk
ridge on the Y axis and occupying the fourth quadrant, are
formed in amutually offset state. Such an arrangement will be
referred to as “liquid crystal display device according to
Embodiment 4B-3 of the present disclosure” for brevity.
[0261] Slit portions may be formed in groove regions of the
liquid crystal display device according to Embodiment 4C of
the present disclosure. However, a configuration where the
slit portions are formed to ridge regions is more preferable. In
such a configuration, slit portions may be formed at ridge
regions including the center region (middle portion) of the
pixel, or may be formed at ridge regions extending toward the
center region of the pixel, or may be formed at ridge regions
between ridges extending toward the center region of the
pixel and the Y axis. Alternatively, slit portions may be
formed on the top of ridges, extending in parallel with the
ridges, or slit portions may be formed on the bottom of
grooves, extending in parallel with the grooves. The slit por-
tions have to be formed such that there are no ridges isolated
from other ridges by slit portions, and such that there are no
grooves isolated from other grooves by slit portions, but the
slit portions can be formed as described above in a display
device according to the multi-pixel drive method.

[0262] The liquid crystal display device according to
Embodiment 4C of the present disclosure including the
above-described preferred arrangements and configurations
may be configured such that the width of ridges grows nar-
rower toward the perimeter of the pixel.

[0263] Further, an indentation may be provided to the first
electrode at the center region of the pixel in the liquid crystal
display device according to Embodiment 4C of the present
disclosure including the above-described preferred arrange-
ments and configurations. Such an arrangement will be
referred to as “liquid crystal display device according to
Embodiment 4C-2 of the present disclosure” for brevity.
[0264] Further, the liquid crystal display device according
to Embodiment 4C-2 of the present disclosure, and Embodi-
ment 4C of the present disclosure including the above-de-
scribed various preferred arrangements and configurations
may be configured as follows. Assuming an X axis and Y axis
passing through the center of the pixel, the multiple ridge-
and-groove portions may be configured including trunk
ridges extending on the X axis and the Y axis, and multiple
branch ridges extending from a longitudinal side of the trunk
ridges toward the perimeter of the pixel. In this case, multiple
branch ridges occupying a first quadrant may extend in par-
allel in a direction where the value of the Y coordinate
increases when the value of the X coordinates increases. Also,
multiple branch ridges occupying a second quadrant extend in
parallel in a direction where the value of the Y coordinate
increases when the value of the X coordinates decreases.
Further, multiple branch ridges occupying a third quadrant
extend in parallel in a direction where the value of the Y
coordinate decreases when the value of the X coordinates
decreases. Moreover, multiple branch ridges occupying a
fourth quadrant extend in parallel in a direction where the
value of the Y coordinate decreases when the value of the X
coordinates increases. Branch ridges extending from a trunk
ridge on the X axis and occupying the first quadrant, and
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branch ridges extending from a trunk ridge on the X axis and
occupying the fourth quadrant, are formed in a mutually
offset state. Branch ridges extending from a trunk ridge on the
Y axis and occupying the first quadrant, and branch ridges
extending from a trunk ridge on the Y axis and occupying the
second quadrant, are formed in a mutually offset state. Branch
ridges extending from a trunk ridge on the X axis and occu-
pying the second quadrant, and branch ridges extending a
trunk ridge on nearby the X axis and occupying the third
quadrant, are formed in a mutually offset state. Also, ridges
extending from a trunk ridge on the Y axis and occupying the
third quadrant, and branch ridges extending from a trunk
ridge on the Y axis and occupying the fourth quadrant, are
formed in a mutually offset state. Such an arrangement will be
referred to as “liquid crystal display device according to
Embodiment 4C-3 of the present disclosure” for brevity.
[0265] The liquid crystal display device according to
Embodiment 4D of the present disclosure including the
above-described preferred configurations may be configured
such that the center portion of the indentation forms part of a
contact hole. The stipulations relating to the above-described
liquid crystal display device according to Embodiment 4A-2
of the present disclosure can also be applied to the liquid
crystal display device according to Embodiment 4D of the
present disclosure.

[0266] Further, the stipulations relating to the above-de-
scribed liquid crystal display device according to Embodi-
ment 4C-3 of the present disclosure can also be applied to the
liquid crystal display device according to Embodiment 4D of
the present disclosure including the above-described pre-
ferred arrangements. Such an arrangement will be referred to
as “liquid crystal display device according to Embodiment
4D-3 of the present disclosure” for brevity.

[0267] The liquid crystal display device according to
Embodiment 4A of the present disclosure through Embodi-
ment 4E of the present disclosure including the above-de-
scribed preferred arrangements and configurations may be
configured as follows. The width of the branch ridges, etc.,
may grow linearly narrower toward the perimeter of the pixel
(an arrangement where the longitudinal sides making up a
branch ridge are each one line segment and the change in
width is constant), but is not restricted to this. An arrangement
may be made where the width of the branch ridges narrows in
a curved manner (an arrangement where the longitudinal
sides making up a branch ridge are each one smooth curve,
and the change in width varies). Another arrangement may be
made where the longitudinal sides making up a branch ridge
are formed of two or more line segments or curves, and an
arrangement may be made where the width of the branch
ridges narrows in a stepped manner (an arrangement where
the longitudinal sides making up a branch ridge are stepped).
[0268] The liquid crystal display device according to
Embodiment 4A of the present disclosure through Embodi-
ment 4E of the present disclosure including the above-de-
scribed preferred arrangements and configurations may be
configured such that an alignment restricting portion is
formed at portions of the second electrode corresponding to
the trunk ridge extending in the X axis and Y axis directions.
Forming such an alignment restricting portion at portions of
the second electrode corresponding to the trunk ridge causes
an electric field generated by the second electrode to be dis-
torted near the alignment restricting portion, and/or for the
direction in which the liquid crystal molecules near the align-
ment restricting portion tilt to be restricted. As a result, the
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force 1o restrict the alignment of the liquid crystal molecules
near the alignment restricting portion can be increased, and
accordingly the tilted state of the liquid crystal molecules
near the slit portions or protrusions can be restricted in a sure
manner. Thus, the problem where dark lines occur at portions
of the image corresponding to the X axis and Y axis when
displaying images can be suppressed in a sure manner.
Accordingly, a liquid crystal display device can be provided
which realizes even better light transmittance while maintain-
ing good voltage responsivity, reduction in cost of the light
source making up the backlight and reduction in electric
power consumption can be realized, and reliability of TFTs
can be improved.

[0269] The alignment restricting portion may be formed of
a second electrode slit portion provided to the second elec-
trode, or formed of a second electrode protruding portion
provided to the second electrode, or from a protruding portion
of the second electrode. The second electrode protrusion is
formed of a resist material for example, and the second elec-
trode is not formed thereupon. A portion of the second elec-
trode formed into a protruding portion may be formed by
forming a ridge portion beneath the second electrode, or a
protruding portion of the second electrode may be formed by
a method similar to the method by which the ridge-and-
groove portions are formed at the first electrode.

[0270] The liquid crystal display device according to
Embodiment 4A of the present disclosure through Embodi-
ment 4E of the present disclosure including the above-de-
scribed preferred arrangements and configurations may be
configured such that multiple stepped portions are formed at
the ridges provided to the first electrode. The cross-sectional
shape of a ridge, when cut along an imaginary perpendicular
plane orthogonal to the direction in which the ridge extends,
may be a shape stepping down from the center of the cross-
sectional shape of the ridge towards the edge of the cross-
sectional shape of the ridge. Also, the cross-sectional shape of
a ridge, when cut along an imaginary perpendicular plane
orthogonal to the direction in which the ridge extends may be
a shape stepping down from the center of the cross-sectional
shape of the ridge towards the end thereof.

[0271] Forming such multiple stepped portions (difference
in height) at the ridges causes difference in intensity of the
electric field at the ridges, or transverse electric field, to occur.
This enables the force to restrict the alignment of the liquid
crystal molecules at the ridges to be increased, and accord-
ingly restrict the tilted state of the liquid crystal molecules at
the ridges in a sure manner. Thus, the problem where dark
lines occur at portions of the image corresponding to the
ridges when displaying images can be suppressed in a sure
manner. Accordingly, a liquid crystal display device can be
provided which realizes better light transmittance which is
even more uniform while maintaining good voltage respon-
sivity, reduction in cost of the light source making up the
backlight and reduction in electric power consumption can be
realized, and reliability of TFTs can be improved.

[0272] The liquid crystal display device according to
Embodiment 3 A of the present disclosure, Embodiment 3B of
the present disclosure, and Embodiment 4A of the present
disclosure through Embodiment 4E of the present disclosure,
including the above-described preferred arrangements and
configurations may be configured as follows. As described
above, the width of the branch ridges, etc., may be the widest
at the portion of the branch ridge where it joins the trunk
ridge, or at or nearby the X axis, or at or nearby the Y axis
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(hereinafter referred to as “base portion of branch ridges, etc.”
for brevity), and narrow down toward the perimeter of the
pixel, i.e., toward the tip of the branch ridges, etc. In the
following description, “P” represents the pitch at which the
branch ridges, etc., are formed, “W,” represents the width of
the base portion of the branch ridges, etc., and “W,” repre-
sents the width of the tip of the branch ridges, etc. “o.,”
represents the angle formed between the boundary edge ofthe
trunk ridge and one edge portion (longitudinal side edge
portion) of a branch ridge, where the trunk ridge and branch
ridge join (or the angle formed between one edge portion
(longitudinal side edge portion)) of a branch ridge, etc., and
the X axis or Y axis, as illustrated in FIGS. 84 and 85. “a.,”
represents the angle formed between the boundary edge of the
trunk ridge and the other longitudinal side edge portion of the
branch ridge, where the trunk ridge and branch ridge join (or
the angle formed between the other longitudinal side edge
portion of a branch ridge, etc., and the X axis orY axis). Now,
an angle a, between an axial line L, of the branch ridge and
the outer boundary of the trunk ridge, near the outer boundary
of the trunk ridge (or an angle between an axial line L, of a
branch ridge, etc., and the X axis or Y axis) can be represented
as

ag={a+(180-a,)}/2

where 0<a, <90 degrees, and 90=0,<180 degrees.

[0273] Further, w,, represents an intersection point
between the outer boundary of the trunk ridge and one lon-
gitudinal side edge portion of the branch ridge (or an inter-
section point between one longitudinal side edge portion of a
branch ridge or the like and the X axis or Y axis). Also, w'|;
represents an intersection point between the other longitudi-
nal side edge portion of the branch ridge, etc., and the X axis
or Y axis. Further, w,, represents an intersection point
between a line L, which passes through the intersection point
w,, and is orthogonal to the axial line L, of a branch ridge,
etc., and the other longitudinal side edge portion of the branch
ridge, etc. With this understanding, the distance from the
intersection point w; to the intersection point w , is defined
as W, representing the width of the base portion of the branch
ridge, etc.

[0274] Also, w,, represents an intersection point between a
line L, which is orthogonal to the axial line L, of a branch
ridge, etc. and comes into contact with the tip portion of the
branch ridge, etc., and one longitudinal side edge portion of
the branch ridge (or an intersection point with an extension of
one longitudinal side edge portion of the branch ridge, etc.).
Further, w,, represents an intersection point betweenaline L,
and the other longitudinal side edge portion of the branch
ridge (or an intersection point with the other longitudinal side
edge portion of the branch ridge, etc.). With this understand-
ing, the distance from the intersection point w,, to the inter-
section point w,, is defined as W ,, representing the width of
the tip of the branch ridge, etc.

[0275] InFIG. 85, extensions of the longitudinal side edge
portions are indicated by single-dot dashed lines. Further, the
distance between axial lines L, of adjacent branch ridges, etc.
are defined as the pitch P of formation of branch ridges, etc.
Also, w,; represents a point where a line L, which passes
through the intersection point w', , andis parallel to theline L,
intersects with one longitudinal side edge portion of a branch
ridge, etc. facing the other longitudinal side edge portion of
the adjacent branch ridge, etc. With this understanding, the
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distance from intersection point w',, to intersection point w,
is defined as distance W5 between branch ridges, etc.

[0276] The overall taper width TP of branch ridges, etc.,
can be defined as follows.

TP=W,-W,

[0277]  Also, the average width of branch ridges, etc. W ,, .,
and the average width of grooves W _,_, can be expressed as
follows.

Woaer=(W1+15)/2

W,

ave2
[0278] The value of Wy may be 1 um to 10 pm, more
preferably 2 pm to 5 um. The value of W, may be 1 pm to 10
um, more preferably 2 um to 5 um. The value of P may be 2
pm to 20 pm, more preferably 2 pm to 10 pm. An exemplary
value of TP is 0.1 times to 10 times the value of W,. These
values may be applied to the longest branch ridges, etc.
[0279] The liquid crystal display device according to the
present disclosure including the above-described various pre-
ferred arrangements and configurations (hereinafter may be
simply referred to as “liquid crystal display device according
to the present disclosure, etc.””) may be configured such that
the liquid crystal molecules have negative dielectric constant
anisotropy.
[0280] The liquid crystal display device or liquid crystal
element according to the present disclosure can be obtained
by a liquid crystal display device or liquid crystal element
manufacturing method including:
[0281] forming a first electrode on a first substrate, forming
aplanarization layer on an opposing face of the first electrode
which faces a second substrate and on the first electrode, and
further forming a first alignment film on the planarization
layer, or alternatively forming a first electrode on a first sub-
strate, and forming the first alignment film also serving as the
planarization layer on the opposing face of the first electrode
which faces the second substrate and on the first electrode;
[0282] forming a second electrode on the second substrate,
and forming a second alignment film on the opposing face of
the second substrate which faces the first substrate and on the
second electrode;
[0283] situating the first substrate and second substrate so
that the first alignment film and the second alignment film
face each other, and sealing a liquid crystal layer between the
first alignment film and the second alignment film; and
[0284] applyinga predetermined electric field so as to align
the liquid crystal molecules.
[0285] Anelectrical field is preferably applied so that liquid
crystal molecules near at least one substrate of the pair of
substrates are tilted as to the surface. Basically, the angle of
orientation (angle of deviation) of the liquid crystal molecules
when being pretilted is governed by the intensity and direc-
tion ofthe electrical field, and the polar angle (zenith angle) of
the liquid crystal molecules is governed by the intensity of the
electrical field. In some cases, the angle of orientation (angle
of deviation) and polar angle (zenith angle) of the liquid
crystal molecules when being pretilted is further governed by
the molecular structure of the alignment film material as well.
[0286] Applying a predetermined electric field to align the
liquid crystal molecules includes causing an alignment con-
trol material to react while applying the predetermined elec-
tric field to the liquid crystal layer including the liquid crystal
molecules and the alignment control material, thereby align-
ing and pretilting the liquid crystal molecules. This method of

=P-W,

avel
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manufacturing liquid crystal display devices is called the
polymer-stabilized alignment (PSA) method. Alternatively,
applying a predetermined electric field to align the liquid
crystal molecules may include forming an alignment film
including an alignment control material on the opposing face
and electrodes on at least one substrate, and in this state,
causing the alignment control material to react while apply-
ing the predetermined electric field to the liquid crystal layer,
thereby aligning and pretilting the liquid crystal molecules.
This method of manufacturing liquid crystal display devices
is called the field-induced photo-reactive alignment (FPA)
method.

[0287] The pair of substrates include a substrate having
pixel electrodes and a substrate having a common electrode.
For example, the first substrate may be the substrate having
the pixel electrodes, and the second substrate may be the
substrate having the common electrode. A color filter layer
may be formed on the substrate having the common electrode
(second substrate), or the color filter layer may be formed on
the substrate having the pixel electrodes (first substrate). The
substrate having the pixel electrodes (first substrate) is pro-
vided with circuits to drive pixels, such as TFTs or the like.
Note that the layer including circuits for driving the pixels,
such as the TFTs or the like, may be referred to as a “TFT
layer”. In a case where the color filter layeris to be formed on
the substrate having the common electrode (second sub-
strate), a planarization film is formed upon the TFT layer, and
the second electrode is formed on the planarization film. On
the other hand, in a case where the color filter layer is to be
formed on the substrate having the pixel electrodes (first
substrate), the color filter layer is formed on the TFT layer,
and the first electrodes are formed on the color filter layer, or
on an overcoat layer formed over the color filter layer, or ona
passivation film formed of an inorganic material. In a liquid
crystal display device where each pixel is made up of multiple
sub-pixels, the term “pixel” should simply be substituted with
“sub-pixel”. The first and second electrodes may be config-
ured including a transparent electroconductive material such
as indium tin oxide (ITO), indium zine oxide (IZO), ZnO,
SnO, or the like, which are transparent. The second electrode
may be a solid electrode (non-patterned electrode). A first
polarization plate is applied to the outer face of the first
substrate, and a second polarization plate is applied to the
outer face of the second substrate, for example. The first
polarization plate and second polarization plate are each dis-
posed so that the absorption axes are orthogonal. The absorp-
tion axis of the first polarization plate is preferably parallel to
the X axis or the Y axis, and the absorption axis of the second
polarization plate to the X axis or the Y axis, but this is not
restrictive.

[0288] The liquid crystal display device is illuminated by a
planar illumination device (backlight) according to the
related art. A direct planar illumination device may be used,
or an edge-light type planar illumination light source device
(also called sidelight) may be used. A direct planar illumina-
tion device includes, for example, a light source disposed
within a housing, a reflecting member which is disposed at a
position of the housing below the light source so as to reflect
light emitted from the light source upwards, and a diffusion
plate, attached at an opening of the housing above the light
source, which transmits the light emitted from the light source
and the reflected light from the reflecting member while dif-
fusing. On the other hand, the edge-light type planar illumi-
nation device includes, for example, a waveguide, and a light
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source disposed to the side of the waveguide. A reflecting
member is disposed below the waveguide, with a diffusion
sheet or prism sheet disposed above the waveguide. The light
source is a cold cathode fluorescent lamp for example, which
emits white light. Alternatively, the light source may be a
light-emitting element such as a light-emitting diode (LED)
or semiconductor laser element. Controlling transmission of
light from the planar illumination device (backlight) enables
images to be displayed on the liquid crystal display device.

2. First Exemplary Embodiment

[0289] The first exemplary embodiment relates to a liquid
crystal display device according to the present disclosure, and
specifically relates to a liquid crystal display device according
to Embodiment 1 of the present disclosure. More specifically,
the first exemplary embodiment relates to a liquid crystal
display device according to Embodiment 1-1 of the present
disclosure, and further relates to a liquid crystal display
device according to a first form. FIG. 1 illustrates a schematic
partial end view of the liquid crystal display device according
to the first exemplary embodiment. FIG. 4 illustrates a sche-
matic plan view ofa first electrode for one pixel making up the
liquid crystal display device according to the first exemplary
embodiment. FIGS. 5A and 5B are schematic partial cross-
sectional views of'the first electrode and other components of
the liquid crystal display device according to the first exem-
plary embodiment, taken in FIG. 4 along arrow VA-VA and
arrow VB-VB respectively.

[0290] The liquid crystal display device according to the
first exemplary embodiment, as well as the liquid crystal
display devices according to the later-described second
through thirty-third exemplary embodiments are configured
including multiple pixels 10 which are arrayed. The pixels
include a first substrate 20 and a second substrate 50, first
electrodes (pixel electrodes) formed on an opposing face of
the first substrate 20 facing the second substrate 50, a second
electrode (common electrode) formed on an opposing face of
the second substrate 50 which faces the first substrate 20, and
a liquid crystal layer 70 which is disposed between the first
electrode and second electrode, and includes liquid crystal
molecules 71A, 71B, and 71C.

[0291] Theliquid crystal molecules are pretilted. More spe-
cifically, at least the liquid crystal molecules closer to the first
electrodes are pretilted. The liquid crystal molecules have
negative dielectric constant anisotropy.

[0292] Multiple ridges and grooves are formed on the first
electrodes, and at least the grooves of the first electrode are
filled in with a planarization layer 41, 42, or 43.

[0293] Specifically, the planarization layer 41 of the liquid
crystal display device according to the first exemplary
embodiment covers first electrodes denoted by reference
numeral 140. Further included are a first alignment film 21
covering the planarization layer 41, and a second alignment
film 51 covering the second electrode denoted by reference
numeral 160. The liquid crystal molecules are pretilted by at
least the first alignment film 21. The planarization layer 41 is
formed of a resist material, and the first alignment film 21 and
second alignment film 51 are formed of a polyimide resin.
The planarization layer 41, first alignment film 21, and sec-
ond alignment film 51 may be formed by spin coating, for
example.

[0294] Liquid crystal molecules denoted by reference
numeral 71 can be classified into liquid crystal molecules
71A which are held at the first alignment film 21 near the
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boundary between the liquid crystal layer 70 and the first
alignment film 21, liquid crystal molecules 71B which are
held at the first alignment film 21 near the boundary between
the liquid crystal layer 70 and the second alignment film 51,
and other liquid crystal molecules 71C. The liquid crystal
molecules 71C are situated at an intermediate region in the
thickness direction of the liquid crystal layer 70, and are
arrayed such that the longitudinal axis direction (director) of
the liquid crystal molecules 71C of each is approximately
perpendicular to the first substrate 20 and the second substrate
50 when driving voltage is off.

[0295] Upon the driving voltage being turned on, the liquid
crystal molecules 71C tilt and are aligned such that the direc-
tor of each is parallel to the first substrate 20 and second
substrate 50. This behavior is due to the dielectric constant of
the liquid crystal molecules 71C in the longitudinal axis
direction being smaller than that in the lateral axis direction.
[0296] Theliquid crystal molecules 71A and 71B also have
the same nature, and accordingly behave basically in the same
way as with the liquid crystal molecules 71C in accordance
with the state of the driving voltage changing between on and
off. However, when driving voltage is off the liquid crystal
molecules 71A are pretilted by the first alignment film 21 by
apretilt of 8, or pretilted by a monomer mixed into the liquid
crystal beforehand by a pretilt of 6, so the director of each
assumes an attitude tilted from the normal direction of the first
substrate 20 and second substrate 50. In the same way, the
liquid crystal molecules 71B are pretilted by the second align-
ment film 51 by a pretilt of 8,, or pretilted by a monomer
mixed into the liquid crystal beforehand by a pretilt of 8,, so
the director of each assumes an attitude tilted from the normal
direction of the first substrate 20 and second substrate 50.
[0297] Note that the term “held at” as used here does not
mean that the first alignment film 21 and the liquid crystal
molecules 71A are fixed, or that the second alignment film 51
and the liquid crystal molecules 71B are fixed; rather, this
means that the alignment of the liquid crystal molecules 71 is
restricted. Also, the term “pretilt of 0 (0,, 0,)” refers to, as
illustrated in FIG. 81A, the tilt angle of the director D of liquid
crystal molecules 71 (71A and 71B) in the Z direction which
is a direction perpendicular to the faces of the first substrate
20 and the second substrate 50 (normal direction) when driv-
ing voltage is off. These definitions are the same in the various
exemplary embodiments described below.

[0298] Both the pretilts 6, and 6, of the liquid crystal layer
70 are greater than 0 degrees. The pretilts 6, and 0, of the
liquid crystal layer 70 may be the same angle (6,=6,), or may
be different angles (8,0, ). However, an arrangement where
the pretilts 6, and 6, are different angles is more preferable.
This arrangement enables response speed as to application of
driving voltage to be improved over a case where both pretilts
0, and 6, are 0 degrees, while obtaining approximately
equivalent contrast. Thus, the amount of light transmitting
when displaying black can be reduced while improving
response properties, thereby improving contrast. In a case
where the pretilts 6, and 6, are different angles, The greater
pretilt 0 of pretilts 0, and 0, is preferably 1 degree or greater
but 4 degrees or smaller. Setting the greater pretilt 6 within
this range allows particularly high advantages to be obtained.
This is the same in the various exemplary embodiments
described below.

[0299] A TFT layer 30, described in detail later, is formed
on the first substrate 20. A planarization film 22 formed of an
organic insulating material, such as photosensitive polyimide
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or acrylic resin or the like, is formed on the TFT layer 30, and
the first electrodes 140 are formed on the planarization film 22
The planarization film 22 may be formed of an inorganic
insulating material such as SiO,, Sin, SiON, or the like. This
is the same in the various exemplary embodiments described
below. Reference numerals 146, 246, 346, 1146, 1246, 2146,
2246,2345,2446,3146,3246,3346, and 3446 represent parts
of the first substrate situated between pixels.

[0300] Multiple ridge-and-groove portions 141 (ridges 142
and grooves 145) are formed on the first electrode 140 of the
liquid crystal display device according to the first exemplary
embodiment. Specifically, the liquid crystal display device
according to the first exemplary embodiment is configured
such that each ridge-and-groove portion 141 is formed of a
trunk ridge (primary ridge) 143 passing through the center of
a pixel and extending in a cross shape, and multiple branch
ridges (sub ridges) 144 extending toward the perimeter of the
pixel from the trunk ridge 143. More specifically, assuming
an X-Y coordinate system in which the directions in which
the cross-shape trunk ridge 143 extend are the X axis and Y
axis, the multiple branch ridges 144 occupying the first quad-
rant extend in parallel in a direction where the value of the Y
coordinate increases when the value of the X coordinates
increases, and the multiple branch ridges 144 occupying the
second quadrant extend in parallel in a direction where the
value of the Y coordinate increases when the value of the X
coordinates decreases. Also, the multiple branch ridges 144
occupying the third quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
ofthe X coordinates decreases, and the multiple branch ridges
144 occupying the fourth quadrant extend in parallel in a
direction where the value of the Y coordinate decreases when
the value of the X coordinates increases. The grooves 145 are
indicated by vertical hatching in the drawings.

[0301] A ridge-and-groove portion may be formed by, for
example,
[0302] (a) forming a resist material layer upon a planariza-

tion film (or color filter layer) serving as a base (hereinafter,
the planarization film and color filter layer will be collectively
referred to as “planarization film, etc.”,

[0303] (b) forming a ridge-and-groove portion in the resist
material layer by exposure and developing,

[0304] (c) forming a ridge-and-groove portion in the pla-
narization film, etc., by etch-back of the resist material layer
and planarization film, etc., and

[0305] (d) formation and patterning of a transparent elec-
troconductive material layer above the planarization film, etc.
[0306] Alternatively, a ridge-and-groove portion may be
formed by, for example,

[0307] (a) forming a resist material layer upon a base film
formed upon a planarization film, etc.,

[0308] (b) forming a ridge-and-groove portion in the resist
material layer by exposure and developing,

[0309] (c) forming a ridge-and-groove portion in the base
layer, etc., by etch-back of the resist material layer and pla-
narization film, etc., and

[0310] (d) formation and patterning of a transparent elec-
troconductive material layer above the base layer.

[0311] Alternatively, a ridge-and-groove portion may be
formed by, for example,

[0312] (a) forming a patterned insulating material layer
upon a planarization film, etc., serving as a base, and
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[0313] (b) formation and patterning of a transparent elec-
troconductive material layer upon the planarization film, etc.
and insulating material layer.

[0314] Alternatively, a ridge-and-groove portion may be
formed by, for example,

[0315] (a) forming atransparent electroconductive material
layer on a planarization film, etc., serving as a base,

[0316] (b) forming a resist material layer upon the trans-
parent electroconductive material layer,

[0317] (c) forming a ridge-and-groove portion in the resist
material layer by exposure and developing, and

[0318] (d) etch-back of the resist material layer and trans-
parent electroconductive material layer.

[0319] Alternatively, a ridge-and-groove portion may be
formed by, for example,

[0320] (a) forming and patterning a first transparent elec-
troconductive material layer on a planarization film, etc.,
serving as a base, and

[0321] (b) forming and patterning a second transparent
electroconductive material layer having etching selectivity as
to the first transparent electroconductive material layer, upon
the first transparent electroconductive material layer.

[0322] Alternatively, a ridge-and-groove portion may be
formed by, for example, optimizing the thickness of the pla-
narization film, so that ridges are formed in the planarization
film due to the thickness of liquid crystal display device
components (e.g., various types of signal lines and auxiliary
capacitance electrodes, gate electrodes, source/drain elec-
trodes, and various types of wiring) formed above the first
substrate.

[0323] Theside faces (side walls) ofthe ridges (trunk ridges
and branch ridges) may be vertical faces, normal-tapered, or
inverse-tapered.

[0324] The above description regarding the ridge-and-
groove portion is also applicable to the various exemplary
embodiments described below. Further, this may be applied
to stepped portions at the trunk ridges or branch ridges, which
will be described later.

[0325] A first polarization plate (not illustrated) is applied
to the outer face of the first substrate 20, and a second polar-
ization plate (not illustrated) is applied to the outer face of the
second substrate 50. The first polarization plate and second
polarization plate are each disposed so that the absorption
axes are orthogonal. The absorption axis of the first polariza-
tion plate is parallel to the X axis or Y axis, and the absorption
axis of the second polarization plate is parallel to the X axis or
Y axis. This holds true in the following exemplary embodi-
ments as well.

[0326] FIG. 82 illustrates a circuit configuration in the lig-
uid crystal display device illustrated in FIG. 1 or in any ofthe
liquid crystal display devices according to the various exem-
plary embodiments described later.

[0327] As illustrated in FIG. 82, a liquid crystal display
device is configured including a liquid crystal display element
which has multiple pixels 10 provided within a display region
80. Provided around the display region 80 are a source driver
81 and gate driver 82, a timing controller 83 which controls
the source driver 81 and gate driver 82, and a power source
circuit 84 which supplies electric power to the source driver
81 and gate driver 82.

[0328] The display region 80 is a region where video
images are displayed. Multiple pixels 10 are arrayed in matrix
fashion to configure a region capable of displaying video.
Note that FIG. 82 illustrates the display region 80 including
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multiple pixels 10, and also separately illustrates a region
corresponding to four pixels 10, in an enlarged manner.
[0329] Multiple source lines 91 are arrayed in the row
direction in the display region 80, and multiple gate lines 92
are arrayed in the column direction. A pixel 10 is situated at
each intersection between source lines 91 and gate lines 92.
Each pixel 10 includes, in addition to a first electrode 140 and
liquid crystal layer 70, a TFT 93 and a capacitor 94. The
source electrode of each TFT 93 is connected to a source line
91, the gate electrode is connected to a gate line 92, and the
drain electrode is connected to the capacitor 94 and first
electrode 140. The source lines 91 are each connected to the
source driver 81 so that image signals are supplied from the
source driver 81. The gate lines 92 are each connected to the
gate driver 82, so as to be sequentially supplied with scanning
signals from the gate driver 82. The source driver 81 and gate
driver 82 select one particular pixel 10 from out of the mul-
tiple pixels 10.

[0330] The timing controller 83 outputs, for example,
image signals (e.g., RGB video signals corresponding to the
red, green, and blue colors), and source driver control signals
for controlling operations of the source driver 81, to the
source driver 81. The timing controller 83 also outputs, for
example, gate driver control signals for controlling opera-
tions of the gate driver 82, to the gate driver 82. Examples of
source driver control signals include horizontal synchroniz-
ing signals, start pulse signals, clock signals for the source
driver, and so forth. Examples of gate driver control signals
include vertical synchronizing signals, clock signals for the
gate driver, and so forth.

[0331] To manufacture the liquid crystal display device
according to the first exemplary embodiment, first, TFTs are
formed according to the method described next, and then a
transparent electroconductive material layer is formed of ITO
on the opposing face of the first substrate 20 to which the
planarization film 22 has been formed. The first substrate 20
is a glass substrate 0.7 mm thick.

[0332] As illustrated in FIG. 83A, a gate electrode 31 is
formed on an insulating film 20' which has been formed on the
first substrate 20. A gate electrode layer 32 is formed upon the
gate electrode 31 and insulating film 20'. The gate electrode
layer 32 is formed of SiO,, SiN, SiON, or a metal oxide, for
example. Once a semiconductor layer 33 to serve as a channel
formation region is formed upon the gate electrode layer 32,
source/drain electrodes 34 are formed on the semiconductor
layer 33. The semiconductor layer 33 are formed of polysili-
con or amorphous silicon for example, and the source/drain
electrodes 34 are formed of metal films of metals such as
titanium, chromium, aluminum, molybdenum, tantalum,
tungsten, copper or the like or alloys thereof, or of laminated
films thereof, for example. Thus, a TFT layer 30 is formed.
Note that TFTs can be formed by methods according to the
related art. Note that the TFTs are not restricted to so-called
bottom-gate/top-contact types, and may be bottom-gate/bot-
tom-contact types, or may be top-gate/top-contact types.
Next, a planarization film 22 is formed on the entire face to a
thickness of 2.5 um, following which a contact hole 35 is
formed on the planarization film 22 above one of the source/
drain electrodes 34.

[0333] A resist material layer is formed on the planarization
film 22, which is then exposed and developed, thereby form-
ing a ridge-and-groove portion having a predetermined depth
on the resist material layer. The resist material layer and
planarization film 22 are then etched back, so as to form the
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ridge-and-groove portion in the planarization film 22. Subse-
quently, a transparent electroconductive material layer 24
formed of ITO on the entire face to a predetermined thickness,
thus yielding the ridge-and-groove portion 141 (ridges 143
and 144, and groove 145). The transparent electroconductive
material layer 24 is then pattermed by a method according to
the related art, whereby the first electrode 140 can be formed
in matrix fashion. The specifications of the ridges 143 and 144
and groove 145 are as listed in Table 1 below.

[0334] On the other hand, an arrangement may be made
wherein, after having formed the planarization film 22 and
contact hole 35 above the source/drain electrodes 34, the
transparent electroconductive material layer for forming the
first electrode 140 is formed upon the planarization film 22
including the contact hole 35. In this case, the resist material
layer 1s formed next upon the transparent electroconductive
material layer, following which exposure and developing is
performed, thus forming the ridge-and-groove portion in the
resist material layer. The resist material layer and transparent
electroconductive material layer are then etched back, thus
forming the ridge-and-groove portion 141 (ridges 143 and
144, and groove 145).

[0335] On the other hand, a color filter layer (not illus-
trated) is formed on the second substrate 50 which is formed
of a glass substrate 0.7 mm thick. The second electrode 160,
whichis a solid electrode, is formed upon the color filter layer.

TABLE 1
Height of ridges: 0.4 um
Pitch of ridges: 5.0 um
Width of ridges: 2.5 um
Width of grooves: 2.5 um
Thickness of transparent electroconductive 0.1 um

material layer:

Inclination angle of side face of branch ridges: forward tapered at

70 degrees
Average thickness of first alignment film: 0.1 um
Average thickness of second alignment film: 0.1 um
Ty/Ty: 1
H;/Hy approximately 1
H;/He: approximately 1.25
[0336] Thereafter, a planarization layer 41 to cover the first

electrode 140 is formed by spin coating, and dried. Next, the
first alignment film 21 is formed upon the planarization layer
41, and the second alignment film 51 is formed upon the
second electrode 160. More specifically, an alignment film
material is coated or printed on the planarization layer 41 and
the second electrode 160, and then treated with heat.
JALS2131-R6, which is a vertical alignment film manufac-
tured by JSR Corporation, was used as the alignment film
material. The temperature for heat treating is preferably 80°
C. or higher, and more preferably between 150° C. to 200° C.
The heat treatment may also be performed with the heating
temperature being changed in stages. Thus, the solvent
included in the alignment film material thathas been coated or
printed is evaporated, and the alignment films 21 and 51
whichinclude polymer compounds are formed. These may be
subjected to rubbing or the like thereafter, as appropriate.

[0337] In more detail, a vertical alignment film material to
become the first alignment film 21 and second alignment film
51 was coated on the planarization layer 41 and second elec-
trode 160 by spin coating. The article was dried on a hot plate
at 80° C. for 80 seconds, and then baked in a clean ovenina
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nitrogen atmosphere at 200° C. for 60 minutes. Thus, the first
alignment film 21 and second alignment film 51 were
obtained.

[0338] Next, the first substrate 20 and second substrate 50
are disposed such that the first alignment film 21 and the
second alignment film 51 face one another. The liquid crystal
layer 70 including liquid crystal molecules 71 is sealed
between the first alignment film 21 and second alignment film
51. Specifically, spacer protrusions to ensure cell gap, such as
plastic beads 3.0 pm in diameter for example, are scattered on
one of the first substrate 20 and second substrate 50, or more
precisely, on the alignment films 21 or 51 formed thereupon.
Also, an ultraviolet curing resin including silica particles 3.5
um in diameter is coated on the edges of the second substrate
50 by screen printing, for example, thereby forming a seal
portion. A liquid crystal material obtained by mixing 0.3% by
mass of a polymerizable monomer (specifically, A-BP-2E
which is an acrylic monomer manufactured by Shin-Naka-
mura Chemical Co., Ltd.) into a negative liquid crystal, is
instilled into the area surrounded by the seal portion. This
method of manufacturing a liquid crystal display device is
called polymer-stabilized alignment (PSA).

[0339] Thereafter, the first substrate 20 and second sub-
strate 50 are applied to each other, and the seal portion is
hardened under conditions such as 120° C. for one hour. This
seals the liquid crystal layer 70 in. Next, voltage is applied
between the first electrode 140 and second electrode 160
using as a voltage applying device. The voltage is 3 volts to 30
volts for example, and more specifically is an alternating (60
Hz) square-wave pulse electric field of which the effective
value is 7 volts. At the same time, heating is performed or
infrared light is irradiated (e.g., uniform infrared light of 10 J
(measured at wavelength of 360 nm)), depending on the poly-
merizable monomer being used. This is performed to cause
the polymerizable monomer to react. This generates an elec-
tric field having a direction of a predetermined angle as to the
surface of the first substrate 20 and second substrate 50.
Accordingly, the liquid crystal molecules 71 are aligned tilt-
ing in a predetermined direction from the perpendicular
direction as to the first substrate 20 and second substrate 50.
At this time, the angle of orientation (angle of deviation) of
the liquid crystal molecules 71 is governed by the intensity
and direction of the electrical field, and the polymerizable
monomer mixed into the liquid crystal. Thus, the values of
pretilt 0, and 0, of the liquid crystal molecules 71A and 71B
can be controlled by appropriately adjusting the value of
voltage.

[0340] Note thatan oblique electric field is applied between
the first substrate 20 and the second substrate 50 due to the
ridge-and-groove portion 141 formed to the first electrode
140. Also, a layer of polymers is formed near the opposing
faces of the substrates by reaction of the polymerizable mono-
mer mixed into the liquid crystal. The layer of polymers thus
formed restrict the liquid crystal molecules 71 regarding the
direction in which they should respond, and the pretilt state of
the liquid crystal molecules 71 near the first substrate 20 and
second substrate 50 is fixed by reactive products of the poly-
merizable monomer. Thus the liquid crystal cell can be com-
pleted.

[0341] On the other hand, manufacturing a liquid crystal
display device using the field-induced photo-reactive align-
ment (FPA) method, where an alignment film having func-
tions of remembering a pretilt angle is coated on at least one
of the first electrode 140 and second electrode 160, is per-

Jan. 1, 2015

formed as follows. The seal portion is formed, and the liquid
crystal material made up of a negative liquid crystal, is
instilled into the area surrounded by the seal portion.

[0342] The first substrate 20 and second substrate 50 are
then applied to each other, and the seal portion is hardened
under using ultraviolet light ofa wavelength 0of 410 nm. Next,
voltage is applied between the first electrode 140 and second
electrode 160 using as a voltage applying device. The voltage
is 3 volts to 30 volts for example, and more specifically is an
alternating (60 Hz) square-wave pulse electric field of which
the effective value is 7 volts. This generates an electric field
having a direction of a predetermined angle as to the surface
of the first substrate 20 and second substrate 50. Accordingly,
the liquid crystal molecules 71 are aligned tilting in a prede-
termined direction from the perpendicular direction as to the
first substrate 20 and second substrate 50. At this time, the
angle of orientation (angle of deviation) of the liquid crystal
molecules 71 is governed by the intensity and direction of the
electrical field, and the molecular structure of the alignment
film material. Also, and the polar angle (zenith angle) of the
liquid crystal molecules 71 is governed by the intensity of the
electrical field, and the molecular structure of the alignment
film material. Thus, the values of pretilt 6, and 8, of the liquid
crystal molecules 71A and 71B can be controlled by appro-
priately adjusting the value of voltage.

[0343] Ina state with voltage still being applied, an energy
beam (specifically, ultraviolet light UV), which is uniform
infrared light of 10 J (measured at wavelength of 360 nm) for
example, is irradiated onto the alignment films 21 and 51
from the outside of the first substrate 20, for example. In other
words, ultraviolet light is irradiated while applying an electric
field or magnetic filed, such that the liquid crystal molecules
71 are arrayed in an oblique direction as to the surfaces of the
pair of substrates 20 and 50. This causes the cross-linkable
functional groups or polymerizable functional groups
included in the alignment films 21 and 51 to react and cross-
link.

[0344] Note that the ridge-and-groove portion 141 formed
on the first electrode 140 causes an oblique electric field to be
applied between the first substrate 20 and the second substrate
50. Thus, the polymers “remember” the direction in which the
liquid crystal molecules 71 should respond, thereby pretilting
the liquid crystal molecules 71 near the alignment films 21
and 51. As a result, the liquid crystal molecules 71A and 71B
situated near the boundaries between the liquid crystal layer
70 and the alignment films 21 and 51 are pretilted with pretilt
angles 0, and 0, in a non-driven state.

[0345] Ultraviolet light including a great amount of light
components around wavelengths 295 nm to 365 nm is pref-
erably used for the ultraviolet light UV. The reason for this
range is that ultraviolet light of a shorter wavelength may
cause of the liquid crystal molecules 71 to photodegrade and
deteriorate. While the ultraviolet light UV has been described
as being applied from the outside of the first substrate 20, it
may be applied from the outside of the second substrate 50, or
from the outside of both the first substrate 20 and second
substrate 50. In this case, the ultraviolet light UV is preferably
irradiated from the side of the substrate which has higher light
transmittance. Also, in a case where the ultravioletlight UV is
irradiated from the outside of the second substrate 50, ultra-
violet light UV at some wavelengths may be absorbed by the
color filter layer, which may impede cross-link reaction. For
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this reason, the ultraviolet light UV is preferably irradiated
from the outside of the first substrate 20 (the substrate which
has the pixel electrodes).

[0346] These steps complete the liquid crystal display
device illustrated in FIG. 1, where the liquid crystal mol-
ecules 71A next to the first substrate 20 and second substrate
50 are pretilted. Finally, a pair of polarization plates (not
illustrated) are disposed on the outer side of the liquid crystal
display device, so that the absorption axes are orthogonal.
The liquid crystal display devices according to the various
exemplary embodiments which are described below can be
manufactured according to generally the same method.
[0347] The liquid crystal display device (liquid crystal dis-
play element) operates as follows. Upon driving voltage
being applied to a selected pixel 10, the orientation state of the
liquid crystal molecules 71 included in the liquid crystal layer
70 changes in accordance to the potential difference between
the first electrode 140 and the second electrode 160. More
specifically, applying driving voltage to the liquid crystal
layer 70 causes the liquid crystal molecules 71A and 71B
situated nearby the alignment films 21 and 51 to tilt while
rotating, from the state before voltage is applied as illustrated
in FIG. 1, in their own tilt directions. This action is propagated
to the other liquid crystal molecules 71C as well. As a result,
the liquid crystal molecules 71 respond by assuming an atti-
tude approximately parallel to the first substrate 20 and sec-
ond substrate 50. This causes the optical properties of the
liquid crystal layer 70 to change, and incident light to the
liquid crystal display element becomes modulated outgoing
light. This outgoing light is expressed in gradients, which
enables video to be displayed.

[0348] Video is displayed on the liquid crystal display
device by applying driving voltage between first electrodes
(pixel electrodes) 140 and the second electrode (common
electrode) 160 as follows. Specifically, the source driver 81
supplies individual image signals to certain source lines 91
based on image signals input from the timing controller 83, in
accordance with input of source driver control signals also
from the timing controller 83. At the same time, the gate
driver 82 sequentially supplies scan signals to the gate lines
92 at predetermined timings, in accordance with gate driver
control signals from the timing controller 8§3. Thus, pixels 10
situated at intersections between source lines 91 to which
image signals have been supplied and gate lines 92 to which
scanning signals have been supplied, thereby applying driv-
ing voltage to the pixels 10.

[0349] Light transmittance of the liquid crystal display
devices according to the first exemplary embodiment and the
later-described second and third exemplary embodiments
was evaluated based on simulation using 3-dimensional lig-
uid crystal director/electric field/optics calculating software
(LCD Master 3D FEM Version 7.31, manufactured by Shin-
tech, Inc.) The average height of ridges, the formation pitch of
ridges, the width of ridges, the width of grooves, and the
thickness of the transparent electroconductive material layer,
of the liquid crystal display device, were all as illustrated in
Table 1. Table 2 illustrates the results of light transmittance
simulation. Note that “Height of ridges” in Table 2 means the
height from the bottom faces of the grooves to the top faces of
the ridges, and “Inclination angle” means the inclination
angle of the side faces of the branch ridges (forward taper
angle). Potential difference between the first electrodes and
second electrode was assumed to be 7.5 volts. The values
represent the results of improvement of light transmittance of
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each arrangement in terms of percent, against a reference
value of 100% which is the light transmittance simulation
results in a comparative example 1-A.

[0350] Comparative examples 1-A through 1-D were fab-
ricated in the same way as variations of the first exemplary
embodiment, other than that no planarization layer was
formed. FIGS. 80A and 80B schematically illustrate the
alignment state of liquid crystal molecules in the liquid crys-
tal display device according to the first exemplary embodi-
ment and the liquid crystal display device according to com-
parative example 1-A. The first exemplary embodiment is
configured such that the planarization layer 41 covers the first
electrode 140, so that the top face of the planarization layer 41
is smooth or generally smooth. Accordingly, the state of array
of the liquid crystal molecules 71 can be made to be uniform.
On the other hand, in the comparative example 1-A, the
alignment state of liquid crystal molecules differs between
the liquid crystal molecules at the top face of the ridges and
the bottom of the grooves, and the liquid crystal molecules on
the side faces of the ridges.

TABLE 2
Improvement
Height of Inclination Material of in light
ridges angle  planarization H; H; transmittance
Unit m degrees layer um - pm %
Exemplary embodiments

1-A 04 75 Resist material 0.5 0.5 104
1-B 04 60 Resist material 0.5 0.5 103
1-C 04 45 Resist material 0.5 0.5 103
1-D 04 30 Resist material 0.5 0.5 103
2-A 04 60 Alignment film 0.5 0.5 103

material A
3-A 04 60 Alignment film 0.5 0.4 103

material B
3-B 04 60 Alignment film 0.5 0.3 102

material C

Comparative examples

1-A 0.4 75 None 100
1-B 0.4 60 None 99
1-C 0.4 45 None 97
1-D 0.4 30 None 94

[0351] We can see from Table 2 that the transmittance prop-
erties of the liquid crystal molecules are greatly dependent on
the inclination angle in the comparative examples 1-A
through 1-D, since the alignment state of the liquid crystal
molecules is affected by the inclination angle. On the other
hand, variations 1-A through 1-D of the first exemplary
embodiment, variation 2-A of the second exemplary embodi-
ment, and variations 3-A and 3-B of the third exemplary
embodiment are not dependent of the inclination angle, and
exhibit stable light transmittance properties and improved
light transmittance.

[0352] Atleast the grooves of the first electrode are filled in
with a planarization layer in the liquid crystal display device
according to the first exemplary embodiment. That is to say,
portions where liquid crystal molecules come into contact
with the first electrode side (more specifically, the first align-
ment film) are smooth or generally smooth. Accordingly, the
alignment state of the liquid crystal molecules can be made
uniform, and so the light transmittance of the liquid crystal
display device can be made uniform. Sufficiently good black
display quality can be realized, thereby realizing good con-
trast properties. Further, the inclination of the side faces (side
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walls) of the ridge-and-groove portion can be made more
gentle. This allows problems such as broken lines at ridge
edges of the transparent electroconductive material layer
making up the ridge-and-groove portion to be avoided with
more surety, and enables a process with a margin thatis not so
strict to be employed, which in turn can improve yield in
manufacturing the liquid crystal display device.

[0353] Note that a color filter layer may be formed on the
first substrate 20. Specifically, the TFT layer 30 is formed on
the first substrate 20 as described above, following which a
color filer layer 23 is formed on the TFT layer 30 instead of
the planarization film 22, by a method according to the related
art. This yields a color filter on array (COA) structure. The
contact hole 35 is formed in the color filter layer 23 above one
of the source/drain electrodes 34, and then the transparent
electroconductive material layer 24 to realize the first elec-
trode 140 is formed on the color filter layer 23 in which the
contact hole 35 has been formed (see FIG. 83B).

3. Second Exemplary Embodiment

[0354] The second exemplary embodiment is a modifica-
tion of the first exemplary embodiment, and specifically
relates to aliquid crystal display device according to a second
form. FIG. 2 illustrates a schematic partial end view of the
liquid crystal display device according to the second exem-
plary embodiment. FIGS. 5C and 5D are schematic partial
cross-sectional views of the first electrode and other compo-
nents of the liquid crystal display device according to the
second exemplary embodiment, taken in FIG. 4 along arrow
VC-VC and arrow VD-VD respectively. Note that plan views
of a first electrode for one pixel making up the liquid crystal
display device according to the second exemplary embodi-
ment and the later-described third exemplary embodiment are
the same as that illustrated in FIG. 4.

[0355] The liquid crystal display device according to the
second exemplary embodiment further includes a planariza-
tion layer 42 covering the first electrode 140, and a first
alignment film covering the first electrode 140 and a second
alignment film 51 covering the second electrode 160, wherein
the liquid crystal molecules are tilted by at least the first
alignment film, and wherein the first alignment film is equiva-
lent to the planarization layer 42.

[0356] Specifications of the ridges 143 and 144, grooves
145, and so forth, are the same as in Table 1 described above.
The values of T,/T, and so forth are as illustrated in Table 3
below. The same material as that of the alignment film mate-
rial in the first exemplary embodiment (vertical alignment
film material) was used for the material making up the pla-
narization layer 42 to serve as the first alignment film as well.
For the variation 2-A of the second exemplary embodiment
illustrated in Table 2, the concentration of solid components
of the vertical alignment film material was 10% by mass, and
a film was formed by spin coating.

TABLE 3
Average thickness of first alignment film: 0.3 pm
Average thickness of second alignment film: 0.3 um
TST,: 1
H;/Hz approximarely 1
Hyy/He: approximately 1.25
[0357] Other than the above points, the configuration and

structure of the liquid crystal display device according to the
second exemplary embodiment can be made to be the same as
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the configuration and structure of the liquid crystal display
device according to the first exemplary embodiment, so
detailed description thereof will be omitted.

4. Third Exemplary Embodiment

[0358] The third exemplary embodiment is a modification
of the first exemplary embodiment, and specifically relates to
aliquid crystal display device according to a third form. FIG.
3 illustrates a schematic partial end view of the liquid crystal
display device according to the third exemplary embodiment.
FIGS. 6A and 6B are schematic partial cross-sectional views
of the first electrode and other components of the liquid
crystal display device according to the third exemplary
embodiment, taken in FIG. 4 along arrow VIA-VIA and
arrow VIB-VIB respectively.

[0359] The liquid crystal display device according to the
third exemplary embodiment further includes a planarization
layer 43 filling in the grooves 145 of the first electrode 140,
and a first alignment film 21 covering the first electrode 140
and a second alignment film 51 covering the second electrode
160, wherein the liquid crystal molecules are pretilted by at
least the first alignment film 21.

[0360] The planarization layer 43 is formed of a resist
material, and the first alignment film 21 and second alignment
film 51 are formed of a polyimide resin. The planarization
layer 43, may be formed by forming the resist material layer
ontheridge-and-groove portion 141 of the first electrode 140,
and etching back this resist material layer. Depending on the
resist material layer, the planarization layer 43 may be formed
by using an exposure mask covering the grooves 145 to
expose the resist material layer which is then developed.
Alternatively, the planarization layer 43 may be formed by
using an exposure mask covering the ridges to expose the
resist material layer which is then developed, or formed using
back exposure. Alternatively, the same material as that of the
alignment film material in the first exemplary embodiment
(vertical alignment film material) may be used for the mate-
rial making up the planarization layer 43. The grooves 145 of
the first electrode 140 can be filled in with the vertical align-
ment film material by etching back. For the variations 3-A and
3-B of the third exemplary embodiment illustrated in Table 2,
the concentration of solid components of the vertical align-
ment film material was 8% by mass and 6% by mass respec-
tively, and a film was formed by spin coating. Specifications
of the ridges 143 and 144, grooves 145, and so forth, are the
same as in Table 1 described above. The values of T,/T; and
so forth are as illustrated in Table 4 below.

TABLE 4

Variation 3-A of third exemplary embodiment

Average thickness of first alignment film: 0.25 pm

Average thickness of second alignment film: 0.2 um

To/Ty: 0.8

Hy/Hy approximately 0.8

Hy/He: approximately 1.25
Variation 3-B of third exemplary embodiment

Average thickness of first alignment film: 0.2 um

Average thickness of second alignment film: 0.2 um

T/T;: 1

Hy/Hy approximately 0.6

Hy/He approximately 1.25
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[0361] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
third exemplary embodiment can be made to be the same as
the configuration and structure of the liquid crystal display
device according to the first exemplary embodiment, so
detailed description thereof will be omitted.

5. Fourth Exemplary Embodiment

[0362] The fourth exemplary embodiment is a modification
of the first through third exemplary embodiments, and relates
to a liquid crystal display device according to Embodiment
1-2. FIG. 7 is a schematic plan view a first electrode for one
pixel making up a liquid crystal display device according to
the fourth exemplary embodiment. FIGS. 8A and 8B are
schematic partial cross-sectional views of the first electrode
and other components, taken in FIG. 7 along arrow VIIIA-
VIIIA and arrow VIIIB-VIIIB respectively.

[0363] Multiple ridge-and-groove portions 241 (ridges 242
and grooves 245) are formed on the first electrode 240 of the
liquid crystal display device according to the fourth exem-
plary embodiment as well. Specifically, the liquid crystal
display device according to the fourth exemplary embodi-
ment is configured such that each ridge-and-groove portion
241 is formed of a trunk ridge (primary ridge) 243 formed on
the perimeter portion of a pixel and is shaped like a frame, and
multiple branch ridges (sub ridges) 244 extending from the
trunk ridge 243 toward the middle of the pixel. More specifi-
cally, in the liquid crystal display device according to the first
exemplary embodiment, assuming an X-Y coordinate system
in which the directions in which lines, passing through the
center of the pixel and are parallel to the edges of the perim-
eter of the pixel, extend, are the X axis and Y axis, the multiple
branch ridges 244 occupying the first quadrant extend in
parallel in a direction where the value of the Y coordinate
increases when the value of the X coordinates increases, and
the multiple branch ridges 244 occupying the second quad-
rant extend in parallel in a direction where the value of the’Y
coordinate increases when the value of the X coordinates
decreases. Also, the multiple branch ridges 244 occupying the
third quadrant extend in parallel in a direction where the value
of the'Y coordinate decreases when the value of the X coor-
dinates decreases, and the multiple branch ridges 244 occu-
pying the fourth quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates increases. The groove portion situated at
the middle portion of the pixel has a general cross-shape.
[0364] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
fourth exemplary embodiment can be made to be the same as
the configuration and structure of the liquid crystal display
device according to the first through third exemplary embodi-
ments, so detailed description thereof will be omitted.
[0365] Also note that Embodiment 1-1 according to the
present disclosure (the liquid crystal display device according
to the first through third exemplary embodiments) and
Embodiment 1-2 according to the present disclosure (the
liquid crystal display device according to the fourth exem-
plary embodiment) may be combined (the liquid crystal dis-
play device according to Embodiment 1-3 of the present
disclosure). That is to say, as illustrated in FIG. 9 which is a
schematic plan view a first electrode for one pixel, where each
ridge-and-groove portion 341 on the first electrode 340 is
formed of a trunk ridge 343A passing through the center of
the pixel and extending in a cross shape, multiple branch
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ridges 344 extending toward the perimeter of the pixel from
the trunk ridge 343 A, and a trunk ridge 343B formed on the
perimeter of the pixel in the shape of a frame, and joining the
multiple branch ridges 344. Note that in this arrangement, the
entirety of the trunk ridge 343 A, multiple branch ridges 344,
and trunk ridges 344B, make up the ridges 342. In this liquid
crystal display device as well, assuming an X-Y coordinate
system in which the directions in which the cross-shape trunk
ridge 343 A extend are the X axis and Y axis, the multiple
branch ridges 344 occupying the first quadrant extend in
parallel in a direction where the value of the Y coordinate
increases when the value of the X coordinates increases, and
the multiple branch ridges 344 occupying the second quad-
rant extend in parallel in a direction where the value of the Y
coordinate increases when the value of the X coordinates
decreases/Also, the multiple branch ridges 344 occupying the
third quadrant extend in parallel in a direction where the value
of the Y coordinate decreases when the value of the X coor-
dinates decreases, and the multiple branch ridges 344 occu-
pying the fourth quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates increases. The grooves are denoted by
reference numeral 345.

6. Fifth Exemplary Embodiment

[0366] The fifth exemplary embodiment relates to a liquid
crystal display device according to Embodiment 2A of the
present disclosure, and more particularly relates to a liquid
crystal display device according to Embodiment 2A-1 of the
present disclosure. FIG. 10 1s a schematic plan view of a first
electrode for one pixel making up the liquid crystal display
device according to the fifth exemplary embodiment, and
FIGS. 11A through 11C are schematic partial cross-sectional
views of the first electrode and other components, taken in
FIG. 10 along arrow XIA-XIA, arrow XIB-XIB, and arrow
XIC-XIC, respectively. FIG. 11D illustrates a partial sche-
matic cross-sectional view where a part of FIG. 11C has been
enlarged. The schematic partial end view of the liquid crystal
display device according to the fifth exemplary embodiment
is essentially the same as illustrated in FIGS. 1 through 3.
[0367] Note that illustration of the planarization layers 41,
42, and 43, and the first alignment film 21, is omitted from the
schematic partial cross-sectional views of the first electrode
described hereinafter. The planarization layer 41 and first
alignment film 21 according to the first exemplary embodi-
ment, the planarization layer 42 according to the second
exemplary embodiment, or the planarization layer 43 and first
alignment film 21 according to the third exemplary embodi-
ment, are applied to the fifth, sixth, and subsequent exemplary
embodiments.

[0368] Inthe sameway as with the first through third exem-
plary embodiments, the fifth later-described sixth through
thirteenth exemplary embodiments are a liquid crystal dis-
play device configured including multiple pixels 10 (10A,
10B, 10C) which are arrayed. The pixels include a first sub-
strate 20 and a second substrate 50, first electrodes (pixel
electrodes) 1140 and 1240 formed on an opposing face of the
first substrate 20 facing the second substrate 50, a second
electrode (common electrode) 160 formed on an opposing
face of the second substrate 50 which faces the first substrate
20, and a liquid crystal layer 70 which is disposed between the
first electrodes 1140 and 1240, and second electrode 160, and
includes liquid crystal molecules 71A, 71B, and 71C. The
liquid crystal molecules are pretilted.
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[0369] Multiple ridge-and-groove portions 1141 (ridges
1142 and grooves 1145) are formed in the liquid crystal
display device according to the fifth exemplary embodiment.
Multiple stepped portions are formed in the ridges 1142 pro-
vided to the first electrode 1140.

[0370] Specifically, the liquid crystal display device
according to the fifth exemplary embodiment is configured
such that each ridge-and-groove portion 1141 is formed of a
trunk ridge (primary ridge) 1143 passing through the center
of a pixel and extending in a cross shape, and multiple branch
ridges (sub ridges) 1144 extending toward the perimeter of
the pixel from the trunk ridge 1143. More specifically, assum-
ing an X-Y coordinate system in which the directions in
which the cross-shape trunk ridge 1143 extend are the X axis
and Y axis, the multiple branch ridges 1144 occupying the
first quadrant extend in parallel in a direction where the value
of the'Y coordinate increases when the value of the X coor-
dinates increases, and the multiple branch ridges 1144 occu-
pying the second quadrant extend in parallel in a direction
where the value of the Y coordinate increases when the value
of the X coordinates decreases. Also, the multiple branch
ridges 1144 occupying the third quadrant extend in parallel in
a direction where the value of the Y coordinate decreases
when the value of the X coordinates decreases, and the mul-
tiple branch ridges 1144 occupying the fourth quadrant
extend in parallel in a direction where the value of the Y
coordinate decreases when the value of the X coordinates
increases.

[0371] Stepped portions at the trunk ridge 1143 and branch
ridges 1144, and at later-described trunk ridge 3343 and
branch ridges 3344 may be performed by, for example,

[0372] (a) forming and patterning of a first transparent elec-
troconductive material layer 1140A (3340A) on the pla-
narization film 22, and

[0373] (b) forming and patterning a second transparent
electroconductive material layer 1140B (3340B) having etch-
ing selectivity as to the first transparent electroconductive
material layer 1140A (3340A), upon the first transparent elec-
troconductive material layer 1140A (3340A), but is not
restricted to this.

[0374] The cross-sectional shape of the trunk ridge 1143
when cut along an imaginary perpendicular plane orthogonal
to the direction in which the trunk ridge 1143 extends is a
shape stepping down from the center of the cross-sectional
shape of the trunk ridge 1143 towards the edges thereof.
Specifically, the trunk ridge 1143 is made up of a middle top
face 1143B of the trunk ridge 1143 and top faces 1143A
situated on either side thereof. Thus, the trunk ridge 1143 has
two stepped portions, with the top faces 1143 A being higher
than the grooves 1145, and the top face 1143B being higher
than the top faces 1143A. Reference symbol 1144A denotes
a top face of a branch ridge 1144, the top face 1143A of the
trunk ridge 1143 being the same height as the top faces 1144A
of the branch ridges 1144. In the drawings, the top face 1143B
of the trunk ridge 1143 is indicated by horizontal hatching,
and the grooves 1145 are indicated by vertical hatching. The
specifications of the trunk ridge 1143, branch ridges 1144,
and grooves 1145 are as shown in Table 5 below.

TABLE 5

Difference in height between top face 1143A
of trunk ridge 1143 and grooves 1145:

average 0.20 pm
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TABLE 5-continued
Difference in height between top face 1144A average 0.20 pm
of branch ridges 1144 and grooves 1145:
Width of trunk ridge 1143 (width of top face 8.0 um
1143A of trunk ridge 1143):
Width of top face 1143B of trunk ridge 1143: 4.0 pm
Width of branch ridges 1144 (width of top 2.5 um
face 1144 A of branch ridges 1144):
Gap between branch ridges 1144 (spacing): 2.5 um

Difference in height between top face 1143B
and top face 1143A of runk ridge 1143:

average 0.2 um

[0375] Liquid crystal display devices according to the
related art do not have stepped portions formed at the trunk
ridge. Accordingly, the force to restrict the alignment of the
liquid crystal molecules at the middle portion of the trunk
ridge is weak as illustrated in the conceptual drawing in FIG.
124, and there may be cases where the tilted state of the liquid
crystal molecules at the middle portion of the trunk ridge is
unstable. On the other hand, the fifth exemplary embodiment
has multiple stepped portions, which are the multiple top
faces 1143 A and 1143B, formed at the trunk ridge 1143, so
the electric field is the greatest at the middle portion of the
trunk ridge and is weaker toward the edges of the trunk ridge
1143. This enables the force to restrict the alignment of the
liquid crystal molecules at the middle portion of the trunk
ridge to be increased as illustrated in the conceptual drawing
in FIG. 12B, and accordingly restrict the tilted state of the
liquid crystal molecules at the middle portion of the trunk
ridge. Thus, the problem where dark lines occur at portions of
the image corresponding to the middle portion of the trunk
ridge 1143 when displaying images can be suppressed in a
sure manner. Accordingly, a liquid crystal display device can
be provided which realizes even better light transmittance
while maintaining good voltage responsivity, reduction in
cost of the light source making up the backlight and reduction
in electric power consumption can be realized, and reliability
of TFTs can be improved.

7. Sixth Exemplary Embodiment

[0376] The sixth exemplary embodiment is a modification
of the fifth exemplary embodiment. FIG. 13 is a schematic
plan view of a first electrode for one pixel making up the
liquid crystal display device according to the sixth exemplary
embodiment, and FIGS. 15A and 15B are schematic partial
cross-sectional views of the first electrode and other compo-
nents, taken in FIG. 13 along arrow XVA-XVA and XVB-
XVB, respectively.

[0377] The top faces of the trunk ridge 1143 according to
the sixth exemplary embodiment include a top face 1143C at
the middle portion of the trunk ridge 1143, top faces 1143B
situated on both sides of the top face 1143C, and top faces
1143 A situated on the outer sides of the top faces 1143B.
Thus, the trunk ridge 1143 has three stepped portions, the top
faces 1143 A are higher than the grooves 1145, the top faces
11438 are higher than the top faces 1143 A, and the top face
1143C is higher than the top faces 1143B. The cross-sectional
shape of the trunk ridge 1143 when cut along an imaginary
perpendicular plane orthogonal to the direction in which the
trunk ridge 1143 extends is a shape stepping down from the
center of the cross-sectional shape of the trunk ridge 1143
(top face 1143C) towards the edges thereof. The top face
1143C is indicated by cross-hatching in the drawings. The
difference in height between the top face 1143C and top faces
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1143B of the trunk ridge 1143, and the difference in height
between the top faces 1143B and top faces 1143 A thereof,
was made to be 0.20 um on average. Other specifications of
the trunk ridge 1143, branch ridges 1144, and grooves 1145,
are the same as given in Table 5.

[0378] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
sixth exemplary embodiment can be made to be the same as
the configuration and structure of the liquid crystal display
device according to the fifth exemplary embodiment, so
detailed description thereof will be omitted.

8. Seventh Exemplary Embodiment

[0379] The seventh exemplary embodiment is also a modi-
fication of the fifth exemplary embodiment. FIG. 14 is a
schematic plan view of a first electrode for one pixel making
up the liquid crystal display device according to the seventh
exemplary embodiment, FIG. 15C is a schematic partial
cross-sectional view of the first electrode and other compo-
nents of the liquid crystal display device according to the
seventh exemplary embodiment, taken in FIG. 14 along arrow
XVC-XVC, and FIG. 15D is a schematic partial cross-sec-
tional view where a portion of FIG. 15C has been enlarged.

[0380] In the seventh exemplary embodiment, the cross-
sectional shape of the branch ridges 1144 when cut along an
imaginary perpendicular plane orthogonal to the direction in
which the branch ridges 1144 extend, separate from the
above-described cross-sectional views, is a shape stepping
down from the center of the cross-sectional shape of the
branch ridges 1144 towards the edges thereof. Specifically,
the trunk ridge 1143 includes a top face 1144B extending
from the trunk ridge 1143, top faces 1144 A situated on either
side thereof. Thus, the branch ridges 1144 have two stepped
portions, with the top faces 1144A being higher than the
grooves 1145, and the top face 1144B being higher than the
top faces 1144 A. The top face 1144B is indicated by horizon-
tal hatching in the drawings. Also, the boundaries between the
trunk ridge and branch ridges are indicated by solid lines in
FIGS. 14,16, and 22. The difference in height between the top
face 1144B and top faces 1143 A of the branch ridges 1144
was made to be 0.20 um on average. Other specifications of
the trunk ridge 1143, branch ridges 1144, and grooves 1145,
are the same as given in Table 5. The top face 1143B of the
trunk ridge 1143 and the top face 1144B of the branch ridges
1144 are at the same height.

[0381] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
seventh exemplary embodiment can be made to be the same
as the configuration and structure of the liquid crystal display
device according to the fifth exemplary embodiment, so
detailed description thereof will be omitted.

[0382] Alternatively, the cross-sectional shape of the
branch ridges 1144 when cut along an imaginary perpendicu-
lar plane parallel to the direction in which the branch ridges
1144 extend, separate from the above-described cross-sec-
tional views, may be a shape stepping down from the portions
of the branch ridges 1144 closer to the trunk ridge 1143
toward the ends of the branch ridges 1144. Such an arrange-
ment is illustrated in FIG. 16, which is a schematic plan view
of a first electrode for one pixel making up a liquid crystal
display device. Moreover, this may be combined with the
trunk ridge 1143 described in the sixth exemplary embodi-
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ment, as illustrated in FIG. 17 which is a schematic perspec-
tive view of a first electrode for one pixel making up a liquid
crystal display device.

9. Eighth Exemplary Embodiment

[0383] The eighth exemplary embodiment is also a modi-
fication of the fifth exemplary embodiment, but relates to a
liquid crystal display device according to Embodiment 2A-2.
FIG. 18 is a schematic plan view of a first electrode for one
pixel making up a liquid crystal display device according to
the eighth exemplary embodiment, FIG. 19 is a schematic
perspective view, FIGS. 21A and 21B are schematic partial
cross-sectional views of the first electrode and other compo-
nents, taken in FIG. 18 along arrow XXIA-XXIA and arrow
XXIB-XXIB respectively, and FIG. 21C is a schematic par-
tial cross-sectional view where a portion of FIG. 21B has been
enlarged.

[0384] Multiple ridge-and-groove portions 1241 (ridges
1242 and grooves 1245) are formed on the first electrode 1240
of the liquid crystal display device according to the eighth
exemplary embodiment as well, and multiple stepped por-
tions are formed to the ridges 1242 provided to the first
electrode 1240. Specifically, the liquid crystal display device
according to the eighth exemplary embodiment is configured
such that each ridge-and-groove portion 1241 has a trunk
ridge (main ridge) 1243 which is formed on the perimeter
portion of a pixel and is shaped like a frame, and multiple
branch ridges (sub ridges) 1244 extending from the trunk
ridge 1243 toward the middle of the pixel. Assuming an X-Y
coordinate system in which straight lines passing through the
center of the pixel are parallel to the perimeters of the pixel are
the X axis and Y axis, the multiple branch ridges 1244 occu-
pying the first quadrant extend in parallel in a direction where
the value of the Y coordinate increases when the value of the
X coordinates increases, and the multiple branch ridges 1244
occupying the second quadrant extend in parallel in a direc-
tion where the value of the Y coordinate increases when the
value of the X coordinates decreases. Also, the multiple
branch ridges 1244 occupying the third quadrant extend in
parallel in a direction where the value of the Y coordinate
decreases when the value of the X coordinates decreases, and
the multiple branch ridges 1244 occupying the fourth quad-
rant extend in parallel in a direction where the value of the Y
coordinate decreases when the value of the X coordinates
increases.

[0385] The cross-sectional shape of the trunk ridge 1243
when cut along an imaginary perpendicular plane orthogonal
to the direction in which the trunk ridge 1243 extends is a
shape stepping down from the outer edges of the cross-sec-
tional shape of the trunk ridge 1243 towards the inner edges
thereof. Specifically, the trunk ridge 1243 is made up of top
faces 1243B on the outer edges of the trunk ridge 1243 and
top faces 1243 A situated on the inner edges. Thus, the trunk
ridge 1243 has two stepped portions, with the top faces 1243 A
being higher than the grooves 1245, and the top faces 1243B
being higher than the top faces 1243A. Reference symbol
1244 A denotes top faces of branch ridges 1244, the top face
1243 A of the trunk ridge 1243 being the same height as the
top faces 1244 A of the branch ridges 1244. In the drawings,
the top faces 1243B of the trunk ridge 1243 are indicated by
horizontal hatching, and the grooves 1245 are indicated by
vertical hatching. The groove portion situated at the middle
portion of the pixel has a general cross-shape. The specifica-
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tions of the trunk ridge 1243, branch ridges 1244, and grooves
1245 are as shown in Table 6 below.

TABLE 6

Difference in height between top faces 1243A
and top faces 1243B of trunk ridge 1243:
Difference in height between top face 1243A
of trunk ridge 1243 and grooves 1245:
Difference in height between top face 1244A
of branch ridges 1244 and grooves 1245:

average 0.20 pm
average 0.20 pm

average 0.20 pm

Width of trunk ridge 1243 (width of top face 8.0 um
1243A of trunk ridge 1243):

Width of top face 1243B of trunk ridge 1243: 4.0 um
Width of branch ridges 1244 (width of top face 2.5 pm
1244A of branch ridges 1244):

Gap between branch ridges 1244 (spacing): 2.5 pm
Width of cross-shaped groove at middle of pixel: 4.0 um

[0386] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
eighth exemplary embodiment can be made to be the same as
the configuration and structure of the liquid crystal display
device according to the fifth exemplary embodiment, so
detailed description thereof will be omitted.

[0387] The eighth exemplary embodiment has multiple
stepped portions formed at the trunk ridge 1243, so the elec-
tric field is the greatest at the outer edge portion of the trunk
ridge 1243 and is weaker toward the inner edges of the trunk
ridge 1243. This enables the force to restrict the alignment of
the liquid crystal molecules at the middle portion of the trunk
ridge 1243 to be increased, and accordingly restrict the tilted
state of the liquid crystal molecules at the trunk ridge 1243 in
a sure manner. Thus, the problem where dark lines occur at
portions of the image corresponding to the trunk ridge 1243
when displaying images can be suppressed in a sure manner.
Accordingly, a liquid crystal display device can be provided
which realizes even better light transmittance while maintain-
ing good voltage responsivity, reduction in cost of the light
source making up the backlight and reduction in electric
power consumption can be realized, and reliability of TFTs
can be improved.

10. Ninth Exemplary Embodiment

[0388] The ninth exemplary embodiment is a modification
of the eighth exemplary embodiment. FIG. 20 is a schematic
plan view of a first electrode for one pixel making up a liquid
crystal display device according to the ninth exemplary
embodiment, and FIG. 21D is a schematic partial end view of
the first electrode enlarged.

[0389] The top faces of the trunk ridge 1243 according to
the ninth exemplary embodiment include a top face 1243C at
the outer edge portion of the trunk ridge 1243, and top faces
1243B and top faces 1243A progressing toward the inner
edge portion. Thus, the trunk ridge 1243 has three stepped
portions, the top face 1243 A is higher than the grooves 1245,
the top face 1243B is higher than the top face 1243 A, and the
top face 1243C is higher than the top face 1243B. The top face
1243C is indicated by cross-hatching in the drawings. The
difference in height between the top face 1243C and top face
1243B of the trunk ridge 1243, and the difference in height
between the top face 1243B and top face 1243 A thereof, was
made to be 0.20 um on average. Other specifications of the
trunk ridge 1243, branch ridges 1244, and grooves 1245, are
the same as given in Table 6.
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[0390] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
ninth exemplary embodiment can be made to be the same as
the configuration and structure of the liquid crystal display
device according to the eighth exemplary embodiment, so
detailed description thereof will be omitted.

11. Tenth Exemplary Embodiment

[0391] The tenth exemplary embodiment is a modification
of the ninth exemplary embodiment. FIG. 22 is a schematic
plan view of a first electrode for one pixel making up a liquid
crystal display device according to the tenth exemplary
embodiment.

[0392] In the tenth exemplary embodiment, the cross-sec-
tional shape of the branch ridges 1244 when cut along an
imaginary perpendicular plane orthogonal to the direction in
which the branch ridges 1244 extend, separate from the
above-described cross-sectional views, is a shape stepping
down from the center of the cross-sectional shape of the
branch ridges 1244 towards the edges thereof. Specifically,
the top faces of the branch ridges 1244 include top faces
1244B extending from the top face 1243B of the trunk ridge
1243, and top faces 1244A situated on either side of the top
faces 1244B. Thus, the branch ridges 1244 have two stepped
portions, with the top faces 1244A being higher than the
grooves 1245, and the top faces 1244B being higher than the
top faces 1244A. The top faces 1244B are indicated by hori-
zontal hatching in the drawings. The difference in height
between the top faces 1244B and top faces 1244A of the
branch ridges 1244 was made to be 0.28 um on average. Other
specifications of the trunk ridge 1243, branch ridges 1244,
and grooves 1245, are the same as given in Table 6. The top
faces 1243B of the trunk ridge 1243 and the top faces 1244B
of the branch ridges 1244 are at the same height.

[0393] Alternatively, the cross-sectional shape of the
branch ridges 1244 when cut along an imaginary perpendicu-
lar plane parallel to the direction in which the branch ridges
1244 extends is a shape stepping down from the portions of
the branch ridges 1244 closer to the trunk ridge 1243 toward
the ends of the branch ridges 1244. Such an arrangement is
illustrated in FIG. 23, which is a schematic perspective view
of a first electrode for one pixel making up a liquid crystal
display device according to a modification of the tenth exem-
plary embodiment.

[0394] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
tenth exemplary embodiment can be made to be the same as
the configuration and structure of the liquid crystal display
device according to the eighth exemplary embodiment, so
detailed description thereof will be omitted. Also, the top
faces of the trunk ridge 1243 may be configured including the
top face 1243B, and the top faces 1243 A situated on both
sides of the top face 1243B.

12. Eleventh Exemplary Embodiment

[0395] The eleventh exemplary embodiment is a modifica-
tion of the liquid crystal display device described with refer-
ence to the first through tenth exemplary embodiments, or
relates to a liquid crystal display device according to Embodi-
ment 2B of the present disclosure, and more particularly to a
liquid crystal display device according to Embodiment 2B-1
of the present disclosure. FIG. 24 is a schematic plan view of
a first electrode for one pixel making up a liquid crystal



US 2015/0002798 A1l

display device according to the eleventh exemplary embodi-
ment. The example illustrated in FIG. 24 is a modification of
the first exemplary embodiment. Also, FIG. 25 is a schematic
plan view of a first electrode for one pixel making up a liquid
crystal display device according to a modification of the
eleventh exemplary embodiment. The example illustrated in
FIG. 25 is a modification of the fifth exemplary embodiment.
FIG. 26 is a schematic partial cross-sectional view of the first
electrode and other components, taken in FIG. 25 along arrow
XXVI-XXVL

[0396] Multiple ridge-and-groove portions 141 (1141) are
formed on the first electrode 140 (1140) of the liquid crystal
display device according to the eleventh exemplary embodi-
ment. A ridge structure 147 (1147) is formed on portions of
the first substrate between pixels 10, corresponding to the
peripheral portion of the pixels. Peripheral portions 141A
(1141A) of the ridge-and-groove portions 141 (1140) are
formed on the ridge structure 147 (1147). More particularly,
the ridge structure 147 (1147) is formed based on a black
matrix 1147A formed on the color filter layer 23. The black
matrix 1147A is formed of a light setting resin to which
carbon has been added. The specifications of the trunk ridge
143 (1143), branch ridges 144 (1144), and grooves 145
(1145) are as described in Tables 1 and 5 above, and the
difference in height between the top face 1143B and the top
face 1143 A of the trunk ridge 1143 was made to be 0.20 pm
on average, and the height from the planarization film 22 to
the end of the ridge-and-groove portion 141 (1141) was made
to be 0.3 um on average.

[0397] The liquid crystal display device according to the
eleventh exemplary embodiment has the peripheral portions
141A (1141A) of the ridge-and-groove portions 141 (1141)
formed on the ridge structure 147 (1147), so the electric field
is even greater than an arrangement where the peripheral
portions of the ridge-and-groove portions are flat. This
enables the force to restrict the alignment of the liquid crystal
molecules at the peripheral portions 141A (1141A) of the
ridge-and-groove portions 141 (1141) to be increased, and
accordingly restrict the tilted state of the liquid crystal mol-
ecules at the peripheral portions 141A (1141A) of the ridge-
and-groove portions 141 (1141) in a sure manner, thus main-
taining good voltage responsivity.

[0398] The ridge structure is not restricted to being formed
based on a black matrix, and may be formed on the first
substrate 20, or on liquid crystal display device components
formed above the first substrate 20 such as various types of
signal lines and auxiliary capacitance electrodes, gate elec-
trodes, source/drain electrodes, and various types of wiring.
In this case, ridge structures can be formed in the planariza-
tion film 22 due to the thickness of the liquid crystal display
device components, by optimizing the thickness of the pla-
narization film 22.

[0399] Alternatively, a liquid crystal display device accord-
ing to Embodiment 2B-2 of the present disclosure may be
configured. Itis needless to mention that the trunk ridge (main
ridge) 243 (1243) formed in a frame shape at the perimeter
portion of the ridge-and-groove portion 241 (1241) described
in the fourth and eighth exemplary embodiments, i.e., at the
pixel perimeter portions may be formed at the ridge structure
147 (1147). Also note that the ridge structure according to the
eleventh exemplary embodiment may also be applied to the
twelfth exemplary embodiment and subsequent exemplary
embodiments.
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13. Twelfth Exemplary Embodiment

[0400] The twelfth exemplary embodiment relates to a lig-
uid crystal display device according to Embodiment 2C of the
present disclosure, a modification of the first through third
exemplary embodiments (the liquid crystal display device
according to Embodiment 1 of the present disclosure), a
modification of the fifth through seventh exemplary embodi-
ments (the liquid crystal display device according to Embodi-
ment 2A-1), and a modification of the eleventh exemplary
embodiment (the liquid crystal display device according to
Embodiment 2B-1). FIGS. 27 and 28 are schematic partial
end views of the liquid crystal display device according to the
twelfth exemplary embodiment. FIGS. 8§1B and 81C are con-
ceptual diagrams illustrating the behavior of liquid crystal
molecules in the liquid crystal display device according to the
twelfth exemplary embodiment.

[0401] Multiple ridge-and-groove portions 141 are formed
on the first electrode 140 of the liquid crystal display device
according to the twelfth exemplary embodiment, as illus-
trated in FIGS. 4, 9, and 24. The ridge-and-groove portions
141 are each formed of a trunk ridge 143 passing through the
center of a pixel and extending in a cross shape, and multiple
branch ridges 144 extending toward the perimeter of the pixel
from the trunk ridge 143. Alternatively, multiple ridge-and-
groove portions 1141 are formed on the first electrode 1140,
the ridge-and-groove portions 1141 being each formed of a
trunk ridge 1143 passing through the center of a pixel and
extending in a cross shape, and multiple branch ridges 1144
extending toward the perimeter of the pixel from the trunk
ridge 1143, as illustrated in FIGS. 10, 13, 14, 16, 17, and 25.
An alignment restricting portion 161 is formed at the part of
the second electrode 160 that faces the trunk ridge 143
(1143), as illustrated in FIGS. 27 and 28.

[0402] This alignment restricting portion 161 is a 4.0-um
slit portion 162 provided to the second electrode 160 (see
FIGS. 27 and 81B), or a protrusion (rib) 163 provided to the
second electrode 160 (see FIGS. 28 and 81C). More specifi-
cally, the protrusion 163 is formed of a negative photoresist
material (Optomer AL manufactured by JSR Corporation),
and is 1.4 um wide and 1.2 um high. The specifications of the
trunk ridge 1143, branch ridges 1144, and grooves 1145, are
the same as given in Table 5. The difference in height between
the top faces 1143B and top faces 1143 A thereof was made to
be 0.20 pm on average. The planar shape of the protrusion
(rib) 163 is a cross shape, and the cross-sectional form of the
slit portion 162 of the protrusion 163 is an isosceles triangle.
The second electrode 160 is not formed above the slit portion
162 or protrusion 163.

[0403] The alignment restricting portion 161 formed of the
slit portion 162 is formed at the portion of the second elec-
trode 160 corresponding to the trunk ridge 143 (1143) of the
liquid crystal display device according to the twelfth exem-
plary embodiment, so an electric field generated by the sec-
ond electrode 160 is distorted near the alignment restricting
portion 161. Alternatively, the alignment restricting portion
161 formed of the protrusion (rib) 163 is formed, so the
direction in which the liquid crystal molecules near the pro-
trusion 163 tilt is restricted. This enables the force to restrict
the alignment of the liquid crystal molecules near the align-
ment restricting portion 161 to be increased, and accordingly
restrict the tilted state of the liquid crystal molecules near the
alignment restricting portion 161 in a sure manner. Thus, the
problem where dark lines occur at portions of the image
corresponding to the trunk ridge 1243 when displaying
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images can be suppressed in a sure manner. Accordingly, a
liquid crystal display device can be provided which realizes
even better light transmittance while maintaining good volt-
age responsivity, reduction in cost of the light source making
up the backlight and reduction in electric power consumption
canbe realized, and reliability of TFTs can be improved. Note
that the near the alignment restricting portion 161 may be
formed from protruding second electrode 160 portions as
well.

[0404] The twelfth exemplary embodiment can be applied
to the fourteenth and subsequent exemplary embodiments, as
can the thirteenth exemplary embodiment as well.

14. Thirteenth Exemplary Embodiment

[0405] The thirteenth exemplary embodiment relates to a
liquid crystal display device according to Embodiment 2D of
the present disclosure, a modification of the fourth exemplary
embodiment (the liquid crystal display device according to
Embodiment 1-2 of the present disclosure), a modification of
the eighth through tenth exemplary embodiments (the liquid
crystal display device according to Embodiment 2A-2), and a
modification of the eleventh exemplary embodiment (the lig-
uid crystal display device according to Embodiment 2B-2).
FIGS. 29 through 32 are schematic plan views of a first
electrode for one pixel making up a liquid crystal display
device according to the thirteenth exemplary embodiment.
The examples illustrated in FIGS. 29 and 31 are modifications
of the fourth exemplary embodiment. The examples illus-
trated in FIGS. 30 and 32 are modifications of the eighth
exemplary embodiment, where multiple ridge-and-groove
portions 1241 are formed on the first electrode 1240, and
further multiple stepped portions are also formed. FIGS. 33A
and 33B are schematic partial cross-sectional views of the
first electrode and other components, taken in FIG. 30 along
arrow XXXIMA-XXXIIIA and arrow XXXIIB-XXXIIIB
respectively, and FIGS. 33C and 33D are schematic partial
cross-sectional views of the first electrode and other compo-
nents, taken in FIG. 32 along arrow XXXIIIC-XXXIIIC and
arrow XXXIID-XXXIIID respectively.

[0406] The liquid crystal display device according to the
thirteenth exemplary embodiment includes multiple ridge-
and-groove portions 241 (1241) formed on the first electrode
240 (1240), wherein the ridge-and-groove portions 241
(1241) are each formed of a trunk ridge 243 (1243) formed on
the perimeter portion of the pixel in a frame shape, and mul-
tiple branch ridges 244 (1244) extend inward in the pixel from
the trunk ridge 243 (1243). A slit portion 248 (1248) (see
FIGS. 29 and 30) or a protrusion (rib) 249 (1249) (see FIGS.
31 and 32) is formed on the first electrode 240 (1240), passing
through the center of the pixel and parallel to the perimeter of
the pixel. That is to say, the slit portion 248 (1248) or protru-
sion 249 (1249) is formed in the cross-shaped groove portion
formed at the middle of the pixel. The planar shape of the slit
portion 248 (1248) or protrusion 249 (1249) 1s a cross shape.
[0407] The specifications of the trunk ridge 243 (1243),
branch ridges 244 (1244), and grooves 245 (1245), are the
same as given in Tables 1 and 6. The width of the slit portion
248 (1248) was set to 4.0 um. The protrusion 249 (1249) was
formed of a negative photoresist material (Optomer AL
manufactured by JSR Corporation) to a width of 1.4 um and
aheight of 1.2 pm. The cross-sectional form of the protrusion
249 (1249) is an isosceles triangle. The first electrode 240
(1240) is not formed above the slit portion 248 (1248) or
protrusion 249 (1249).
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[0408] A slit portion or protrusion passing through the cen-
ter of the pixel parallel to the perimeter portions of the pixel is
formed at the first electrode in the liquid crystal display
device according to the thirteenth exemplary embodiment.
Accordingly, an electric field generated by the first electrode
is distorted near the slit portion (in the case of having formed
the slit portion), or the direction in which the liquid crystal
molecules tilt is restricted near the protrusion (in the case of
having formed the protrusion), in comparison with a case
where a smooth groove having no slit portion or protrusion
formed thereat is formed at the first electrode. This enables
the force to restrict the alignment of the liquid crystal mol-
ecules near the slit portion or protrusion to be increased, and
accordingly restrict the tilted state of the liquid crystal mol-
ecules near the slit portion or protrusion in a sure manner.
Thus, the problem where dark lines occur at portions of the
image corresponding to the trunk ridge 1243 when displaying
images can be suppressed in a sure manner. Accordingly, a
liquid crystal display device can be provided which realizes
even better light transmittance while maintaining good volt-
age responsivity, reduction in cost of the light source making
up the backlight and reduction in electric power consumption
can be realized, and reliability of TFTs can be improved.
[0409] Note that the protrusion 249 (1249) may be formed
at the first electrode 240 (1240) such that a cross-shaped
protrusion passing through the center of the pixel is sur-
rounded by grooves. Such a cross-shaped protrusion may be
formed by forming the cross-shaped protrusion on the lower
side of the first electrode 240 (1240), or by the same formation
method as with the ridge-and-groove portion at the first elec-
trode 240 (1240). Alternatively, a cross-shaped groove may
pass through the center of the pixel may be provided instead
of providing the slit portion 248 (1248) or protrusion (rib) 249
(1249).

15. Fourteenth Exemplary Embodiment

[0410] The fourteenth exemplary embodiment relates to a
liquid crystal display device according to Embodiment 3 of
the present disclosure, and more particularly to Embodiment
3A ofthe present disclosure. F1G. 34 is a schematic plan view
of a first electrode for one pixel making up a liquid crystal
display device according to the fourteenth exemplary
embodiment. FIG. 35 is a partially enlarged schematic plan
view of the first electrode for one pixel making up the liquid
crystal display device according to the fourteenth exemplary
embodiment. FIGS. 36 A and 36B are schematic partial cross-
sectional views of the first electrode and other components,
taken in FIG. 34 along arrow XXXVIA-XXXVIA and arrow
XXXVIB-XXXVIB respectively, and FIG. 36C is a sche-
matic partial cross-sectional view where a portion of FIG.
36B has been enlarged. A schematic partial end view of the
liquid crystal display device according to the fourteenth
exemplary embodiment is essentially the same as with FIGS.
1 through 3.

[0411] The liquid crystal display device according to the
fourteenth exemplary embodiment, and the later-described
fifteenth through thirty-first exemplary embodiments, are, in
the same way as with the first through third exemplary
embodiments, configured including multiple pixels 10 (10A,
10B, 10C) which are arrayed. The pixels include a first sub-
strate 20 and a second substrate 50, first electrodes (pixel
electrodes) 2140 (2240, 2340, 2440) formed on an opposing
face of the first substrate 20 facing the second substrate 50, a
second electrode (common electrode) 160 formed on an
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opposing face of the second substrate 50 which faces the first
substrate 20, and a liquid crystal layer 70 which is disposed
between the first electrode 2140 (2240, 2340, 2440) and sec-
ondelectrode 160, and includes liquid crystal molecules 71A,
71B, and 71C.

[0412] Theliquid crystal molecules are pretilted. More spe-
cifically, atleast the liquid crystal molecules closer to the first
electrodes are pretilted. The liquid crystal molecules have
negative dielectric constant anisotropy.

[0413] Multiple ridge-and-groove portions 2141 (2241,
2341, 2441) are formed at the first electrode 2140 (2240,
2340, 2440), and the width of a part of ridges 2142 (2242,
2342,2442) provided at the first electrode 2140 (2240, 2340,
2440) are narrowed toward the tip. Note that grooves 2145
(2245, 2345, 2445) are indicated by vertical hatching in the
drawings.

[0414] The liquid crystal display device according to the
fourteenth exemplary embodiment is configured such that
eachridge-and-groove portion 2141 is formed of a trunk ridge
(primary ridge) 2143 passing through the center ofa pixel and
extending in a cross shape, and multiple branch ridges (sub
ridges) 2144 extending toward the perimeter of the pixel from
the trunk ridge 2143. The multiple branch ridges 2144 are part
of the ridges provided to the first electrode 2140. The branch
ridges 2144 are the widest at a portion 2144a joining to the
trunk ridge 2143, and grow narrower toward a tip portion
21445, being narrowed toward the tip portion 21445 from
portion 2144ajoining the trunk ridge 2143. More specifically,
assuming an X-Y coordinate system in which the directions
in which the cross-shape trunk ridge 2143 extend are the X
axis and Y axis, multiple branch ridges 2144, occupying the
first quadrant extend in parallel in a direction where the value
of the'Y coordinate increases when the value of the X coor-
dinates increases, and multiple branch ridges 2144, occupy-
ing the second quadrant extend in parallel in a direction where
the value of the Y coordinate increases when the value of the
X coordinates decreases. Also, multiple branch ridges 2144,
occupying the third quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates decreases, and multiple branch ridges
2144, occupying the fourth quadrant extend in parallel in a
direction where the value of the Y coordinate decreases when
the value of the X coordinates increases.

[0415] Multiple branch ridges 2144, occupying the first
quadrant extend with the axial line thereof at 45 degrees to the
X axis, multiple branch ridges 2144, occupying the second
quadrant extend with the axial line thereof at 135 degrees to
the X axis, multiple branch ridges 2144, occupying the third
quadrant extend with the axial line thereof at 225 degrees to
the X axis, and multiple branch ridges 2144, occupying the
fourth quadrant extend with the axial line thereof at 315
degrees to the X axis.

[0416] The specifications of the trunk ridge 2143, branch
ridges 2144, and grooves 2145 are as in Table 7 below. The
width of the trunk ridge 2143 was set to 8.0 um, and the angle
a,, between the axial line of the branch ridges and the bound-
ary edge of the trunk ridge (e.g.. see FI1G. 84) was set to 45
degrees.

TABLE 7
Pitch P of formation of branch ridges: 8.0 um
Width W, of tip portion of branch ridges: 4.0 pm
Width W, of base portion of branch ridges: 6.0 um
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TABLE 7-continued
Distance W, between branch ridges: 2.0 um
Average width W, of branch ridges: 5.0 um
Overall tapered width TP of branch ridges: 2.0 um

[0417] The liquid crystal molecules are pretilted when
manufacturing the liquid crystal display device in a state with
voltage applied to electrodes. At this time, the longitudinal
axis direction (director) of liquid crystal molecules A at or
near a tip edge portion a (hereinafter also referred to as “tip
region” to facilitate description) tilt toward the trunk ridge, as
illustrated in FIGS. 37A and 37B. The action of the liquid
crystal molecules A, in a region of the liquid crystal layer in
the thickness direction, spreads to the liquid crystal molecules
of the entire pixel excluding those at the edge portions of
branch ridges which are affected by local electric fields due to
the structure (hereinafter also referred to as “liquid crystal
molecules A" to facilitate description), so the directors of the
liquid crystal molecules A' tilt toward the trunk ridge. As
illustrated in F1G. 37B, the action of liquid crystal molecules
A do not spread to the liquid crystal molecules A' in a liquid
crystal display device in which the branch ridges are not
tapered, as readily as compared to the fourteenth exemplary
embodiment where the branch ridges are tapered as illus-
trated in FIG. 37A, or it may take a longer time for the actions
to spread from the liquid crystal molecules A to the liquid
crystal molecules A'.

[0418] Applying voltage to electrodes when displaying an
image on the liquid crystal display device causes the attitude
of the directors of the liquid crystal molecules throughout the
entire liquid crystal layer to change so as to be parallel to the
first substrate and second substrate. The white arrows in
FIGS. 37A and 37B indicate the direction of the electric fields
at the longitudinal side edge portions. Assuming a cylindrical
region in the thickness direction of the liquid crystal layer
situated at or nearby the longitudinal side edge portions b
(hereinafter referred to as “longitudinal side region” to facili-
tate description), rotation is generated at liquid crystal mol-
ecules B arrayed in the thickness direction in this cylindrical
region. That is to say, the direction of the directors of the
liquid crystal molecules B situated at the longitudinal side
region, and the direction of directors of the liquid crystal
molecules arrayed in the thickness direction of the cylindrical
region including the liquid crystal molecules B (hereinafter
referred to as “liquid crystal molecules B') are not the same.
We will call the angle between the directors of the liquid
crystal molecules B and the directors of the liquid crystal
molecules B' “angle f”. As can be seen from FIG. 37B, a
liquid crystal display device in which the branch ridges are
not tapered gives the liquid crystal molecules a wide range of
rotational angle (i.e., a great angle p), so the percentage of
liquid crystal molecules having retardation in the X-axial
direction or Y-axial direction may be small. This may lead to
non-uniformity of light transmittance at the branch ridges,
resulting in dark lines. On the other hand, as can be seen from
FIG. 37 A, the fourteenth exemplary embodiment in which the
branch ridges are tapered gives the liquid crystal molecules a
narrower range of rotational angle (i.e., a small angle ), so
the percentage of liquid crystal molecules having retardation
in the X-axial direction or Y-axial direction is great. Thus,
occurrence of dark lines is suppressed since non-uniformity
of light transmittance at the branch ridges is suppressed.
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[0419] Fine-slit structures according to the related art do
not allow much influence of electric fields on liquid crystal
molecules at slits where electrodes are not provided, so the
liquid crystal molecules are not readily aligned (do not
readily tilt) in a desired direction. This causes dark lines
corresponding to the slits, and leads to lower light transmit-
tance. On the other hand, liquid crystal molecules throughout
the entire region within the pixel are influenced by electric
field in the fourteenth exemplary embodiment, so the phe-
nomenon of dark lines occurring in the fine-slit structure does
not occur.

[0420] Also, the ratio of area between the electrodes and
slits greatly influence the light transmittance in fine-slit struc-
tures according to the related art. On the other hand, the
arrangement according to the fourteenth exemplary embodi-
ment has not slits to begin with, so such a problem does not
occur.

[0421] As described above, the liquid crystal display device
according to the fourteenth exemplary embodiment is config-
ured such that multiple ridge-and-groove portions are formed
at the first electrode, and the width of part of the ridges
provided at the first electrode narrow toward the tip. Accord-
ingly, occurrence of dark lines can be further reduced. That is
to say, even higher light transmittance can be realized, and
even better voltage responsivity can be obtained. Also,
improved initial alignment can be expected, so when irradi-
ating the liquid crystal cell with uniform ultraviolet light in a
state of applying square-wave AC electric field to pretilt the
liquid crystal molecules, the time it takes for pretilting can be
reduced. Also, reduction in alignment defects can be
expected, so yield can be improved and manufacturing costs
of the liquid crystal display device can be reduced. Moreover,
improved light transmittance means that reduction in electric
power consumption of the back light can be realized, and
reliability of TFTs can be improved.

16. Fifteenth Exemplary Embodiment

[0422] The fifteenth exemplary embodiment is a modifica-
tion of the fourteenth exemplary embodiment, and relates to a
liquid crystal display device according to Embodiment 3B of
the present disclosure. FIG. 38 is a schematic plan view of a
first electrode for one pixel making up a liquid crystal display
device according to the fifteenth exemplary embodiment,
FIGS. 39A and 39B are schematic partial end views of the
first electrode and other components, taken in FIG. 38 along
arrow XXXIXA-XXXIXA and arrow XXXIXB-XXXIXB
respectively, and FIG. 39C is a schematic partial end view
where a portion of FIG. 39B has been enlarged.

[0423] The liquid crystal display device according to the
fifteenth exemplary embodiment is configured such that each
ridge-and-groove portion 2241 is formed of a trunk ridge
(primary ridge) 2243 formed in a frame shape at the perimeter
portion of the pixel, and multiple branch ridges (sub ridges)
2244 extending inward in the pixel from the trunk ridge 2243.
The multiple branch ridges 2244 are part of the ridges pro-
vided to the first electrode. The branch ridges 2244 are the
widest at a portion 2244a joining to the trunk ridge 2243, and
grow narrower toward a tip portion 22445 from the portion
22444 joining the trunk ridge 2243, being linearly narrowed
toward the tip portion 22445 from the portion 2244a joining
the trunk ridge 2243. Reference numeral 2245 denotes
grooves.

[0424] In the liquid crystal display device according to the
fifteenth exemplary embodiment, assuming an X-Y coordi-
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nate system in which straight lines passing through the center
of the pixel are parallel to the perimeters of the pixel are the X
axis and Y axis, multiple branch ridges 2244, occupying the
first quadrant extend in parallel in a direction where the value
of the Y coordinate increases when the value of the X coor-
dinates increases, and multiple branch ridges 2244, occupy-
ing the second quadrant extend in parallel in a direction where
the value of the Y coordinate increases when the value of the
X coordinates decreases. Also, multiple branch ridges 2244,
occupying the third quadrant extend in parallel in a direction
where the value of the Y coordinate decreases when the value
of the X coordinates decreases, and multiple branch ridges
2244, occupying the fourth quadrant extend in parallel in a
direction where the value of the Y coordinate decreases when
the value of the X coordinates increases.

[0425] Multiple branch ridges 2244, occupying the first
quadrant extend with the axial line thereofat 45 degrees to the
X axis, multiple branch ridges 2244, occupying the second
quadrant extend with the axial line thereof at 135 degrees to
the X axis, multiple branch ridges 2244, occupying the third
quadrant extend with the axial line thereof at 225 degrees to
the X axis, and multiple branch ridges 2244, occupying the
fourth quadrant extend with the axial line thereof at 315
degrees to the X axis.

[0426] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
fifteenth exemplary embodiment can be made to be the same
as the configuration and structure of the liquid crystal display
device according to the fourteenth exemplary embodiment,
so detailed description thereof will be omitted.

17. Sixteenth Exemplary Embodiment

[0427] The sixteenth exemplary embodiment relates to a
liquid crystal display device according to Embodiment 3C of
the present disclosure, and more specifically relates to aliquid
crystal display device according to Embodiment 3C-1 of the
present disclosure. FIG. 40 is a schematic plan view of a first
electrode for one pixel making up a liquid crystal display
device according to the sixteenth exemplary embodiment.
The schematic partial end view of the liquid crystal display
device according to the sixteenth exemplary embodiment is
essentially the same as with FIGS. 1 through 3. Also, the
schematic partial cross-sectional views of the first electrode
and other components, taken in FIG. 40 along arrow XIA-
XIA, arrow XIB-XIB, and arrow XIC-XIC, are essentially the
same as those in FIGS. 11A through 11C, respectively.
[0428] Note that FIGS. 40 through 46 illustrate the width of
the branch ridges as being the same to simplify the drawings,
but the branch ridges are actually tapered in the same way as
described with the fourteenth and fifteenth exemplary
embodiments. That is to say, the width of the branch ridges is
the widest at the portion where the branch ridges join the
trunk ridge, and become narrower toward the tips from the
portion joining the trunk ridge.

[0429] Multiple ridge-and-groove portions 2341 (ridges
2342 and grooves 2345) are formed on the first electrode 2340
of the liquid crystal display device according to the sixteenth
exemplary embodiment, and multiple stepped portions are
formed on the ridges 2342 provided at the first electrode
2340. Each ridge-and-groove portion 2341 is formed of a
trunk ridge (primary ridge) 2343 passing through the center
of a pixel and extending in a cross shape, and multiple branch
ridges (sub ridges) 2344 extending toward the perimeter of
the pixel from the trunk ridge 2343. The branch ridges 2344
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are the widest at a portion joining to the trunk ridge 2343, and
grow narrower toward a tip portion, being linearly narrowed
from the base toward the tip portion.

[0430] The cross-sectional shape of the trunk ridge 2343
when cut along an imaginary perpendicular plane orthogonal
to the direction in which the trunk ridge 2343 extends is a
shape stepping down from the center of the cross-sectional
shape of the trunk ridge 2343 towards the edges thereof.
Specifically, the trunk ridge 2343 is made up of a middle top
face 2343B of the trunk ridge 2343 and top faces 2343A
situated on either side thereof. Thus, the trunk ridge 2343 has
two stepped portions, with the top faces 2343 A being higher
than the grooves 2345, and the top face 2343B being higher
than the top faces 2343A. Reference symbol 2344 A denotes
a top face of a branch ridge 2344, the top face 2343A of the
trunk ridge 2343 being the same height as the top faces 2344A
of the branch ridges 2344. In the drawings, the top face 2343B
of the trunk ridge 2343 is indicated by horizontal hatching,
and the grooves 2345 are indicated by vertical hatching.
[0431] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
sixteenth exemplary embodiment can be made to be the same
as the configuration and structure of the liquid crystal display
device according to the fourteenth exemplary embodiment.

18. Seventeenth Exemplary Embodiment

[0432] The seventeenth exemplary embodiment is a modi-
fication of the sixteenth exemplary embodiment. FIG. 41 is a
schematic plan view of a first electrode for one pixel making
up aliquid crystal display device according to the seventeenth
exemplary embodiment. The schematic partial cross-sec-
tional views of the first electrode and other components, taken
in FIG. 41 along arrow XVA-XVA and arrow XVB-XVB, are
essentially the same as those in FIGS. 15A and 15B, respec-
tively.

[0433] The top faces of the trunk ridge 2343 according to
the seventeenth exemplary embodiment include a top face
2343C at the middle portion of the trunk ridge 2343, top faces
2343B situated on both sides of the top face 2343C, and top
faces 2343A situated on the outer sides of the top faces
2343B. Thus, the trunk ridge 2343 has three stepped portions,
the top faces 2343 A are higher than the grooves 2345, the top
faces 2343B are higher than the top faces 2343 A, and the top
face 2343C is higher than the top faces 2343B. The cross-
sectional shape of the trunk ridge 2343 when cut along an
imaginary perpendicular plane parallel to the direction in
which the trunk ridge 2343 extends is a shape stepping down
from the center of the cross-sectional shape of the trunk ridge
2343 (top face 2343C) towards the edges thereof (top faces
2343B and top faces 2343 A). The top face 2343C is indicated
by cross-hatching in the drawings.

[0434] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
seventeenth exemplary embodiment can be made to be the
same as the configuration and structure of the liquid crystal
display device according to the sixteenth exemplary embodi-
ment, so detailed description thereof will be omitted.

19. Fighteenth Exemplary Embodiment

[0435] The eighteenth exemplary embodiment also is a
modification of the sixteenth exemplary embodiment. FIG.
42 is a schematic plan view of a first electrode for one pixel
making up a liquid crystal display device according to the
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eighteenth exemplary embodiment. The schematic partial
end view of the first electrode and other components, taken in
FIG. 42 along arrow XVC-XVC is essentially the same as that
in FIG. 15C, and the partial enlarged schematic end view
thereof is essentially the same as that in FIG. 15D.

[0436] The cross-sectional shape of the branch ridges 2344
when cut along an imaginary perpendicular plane orthogonal
to the direction in which the branch ridges 2344 extend,
separate from the above-described cross-sectional views, is a
shape stepping down from the center of the cross-sectional
shape of the branch ridges 2344 towards the edges thereof.
Specifically, the top faces of the trunk ridge 2343 include atop
face 2344B extending from the trunk ridge 2343, top faces
2344 A situated on either side thereof. Thus, the branch ridges
2344 have two stepped portions, with the top faces 2344 A
being higher than the grooves 2345, and the top face 2344B
being higher than the top faces 2344 A. The top face 2344B is
indicated by horizontal hatching in the drawings. Also, the
boundaries between the trunk ridge and branch ridges are
indicated by solid lines in FIGS. 42, 43, and 46. The differ-
ence in height between the top face 2343B and top faces
2343 A of the branch ridges 2344 was made to be 0.20 pm on
average. The top face 2343B of the trunk ridge 2343 and the
top face 2344B of the branch ridges 2344 are at the same
height.

[0437] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
eighteenth exemplary embodiment can be made to be the
same as the configuration and structure of the liquid crystal
display device according to the sixteenth exemplary embodi-
ment, so detailed description thereof will be omitted.

[0438] Alternatively, the cross-sectional shape of the
branch ridges 2344 when cut along an imaginary perpendicu-
lar plane parallel to the direction in which the branch ridges
2344 extend may be a shape stepping down from the portions
of the branch ridges 2344 closer to the trunk ridge 1143
toward the ends of the branch ridges 2344. This may be
combined with the trunk ridge 2343 described in the seven-
teenth exemplary embodiment.

20. Nineteenth Exemplary Embodiment

[0439] The nineteenth exemplary embodiment also is a
modification of the sixteenth exemplary embodiment, and
relates to a liquid crystal display device according to Embodi-
ment 3C-2 of the present disclosure. FIG. 44 is a schematic
plan view of a first electrode for one pixel making up a liquid
crystal display device according to the nineteenth exemplary
embodiment. The schematic partial end views of the first
electrode and other components, taken in FIG. 44 along arrow
XVA-XVA and arrow XVB-XVB, are essentially the same as
those in FIGS. 21A and 21B (and FIG. 21C which is a partial
enlargement of FIG. 21B), respectively.

[0440] Multiple ridge-and-groove portions 2441 (ridges
2442 and grooves 2445) are formed on the first electrode 2440
of the liquid crystal display device according to the nineteenth
exemplary embodiment as well, with multiple stepped por-
tions formed at the ridges 2442 provided on the first electrode
2440. Specifically, the liquid crystal display device according
to the nineteenth exemplary embodiment is configured such
that each ridge-and-groove portion 2441 has a trunk ridge
(mainridge) 2443 which is formed on the perimeter portion of
apixel and is shaped like a frame, and multiple branch ridges
(sub ridges) 2444 extending from the trunk ridge 2443 toward
the middle of the pixel. The branch ridges 2444 are the widest
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at a portion joining to the trunk ridge 2443, and grow nar-
rower toward a tip portion, being linearly narrowed toward
the tip portion.

[0441] The cross-sectional shape of the trunk ridge 2443
when cut along an imaginary perpendicular plane orthogonal
to the direction in which the trunk ridge 2443 extends is a
shape stepping down from the outer edges of the cross-sec-
tional shape of the trunk ridge 2443 towards the inner edges
thereof. Specifically, the top faces of the trunk ridge 2443 are
made up of top faces 2443B on the outer edges of the trunk
ridge 2443 and top faces 2443 A situated on the inner edges.
Thus, the trunk ridge 2443 has two stepped portions, with the
top faces 2443 A being higher than the grooves 2445, and the
top faces 2443B being higher than the top faces 2443A.
Reference symbol 2444 A denotes top faces of branch ridges
2444, the top face 2443 A of the trunk ridge 2443 being the
same height as the top faces 2444 A of the branch ridges 2444.
In the drawings, the top faces 2443B of the trunk ridge 2443
are indicated by horizontal hatching, and the grooves 2445
are indicated by vertical hatching. The groove portion situ-
ated at the middle portion of the pixel has a general cross-
shape.

[0442] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
nineteenth exemplary embodiment can be made to be the
same as the configuration and structure of the liquid crystal
display device according to the fifteenth or sixteenth exem-
plary embodiment.

[0443] Thenineteenth exemplary embodiment has multiple
stepped portions formed at the trunk ridge 2443, so the elec-
tric field is the greatest at the outer edge portion of the trunk
ridge 2443 and is weaker toward the inner edges of the trunk
ridge 2443. This enables the force to restrict the alignment of
the liquid crystal molecules at the middle portion of the trunk
ridge 2443 to be increased, and accordingly restrict the tilted
state of the liquid crystal molecules at the trunk ridge 2443 in
a sure manner. Thus, the problem where dark lines occur at
portions of the image corresponding to the trunk ridge 2443
when displaying images can be suppressed in a sure manner.
Accordingly, a liquid crystal display device can be provided
which realizes even better light transmittance while maintain-
ing good voltage responsivity, reduction in cost of the light
source making up the backlight and reduction in electric
power consumption can be realized, and reliability of TFTs
can be improved.

21. Twentieth Exemplary Embodiment

[0444] The twentieth exemplary embodiment is a modifi-
cation of the nineteenth exemplary embodiment. FIG. 45 is a
schematic plan view of a first electrode for one pixel making
up a liquid crystal display device according to the twentieth
exemplary embodiment. The enlarged schematic partial end
view of the first electrode, taken in FIG. 45 along arrow
XXID-XXID, is essentially the same as that in FI1G. 21D.

[0445] The top faces of the trunk ridge 2443 according to
the twentieth exemplary embodiment include a top face
2443C at the outer edge portion of the trunk ridge 2443, and
top faces 2443B and top faces 2443 A progressing toward the
inner edge portion. Thus, the trunk ridge 2443 has three
stepped portions, the top face 2443A is higher than the
grooves 2445, the top face 2443B is higher than the top face
2443 A, and the top face 2443C is higher than the top face
2443B. The top face 2443C is indicated by cross-hatching in
the drawings. The difference in height between the top face
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2443C and top face 2443B of the trunk ridge 2443, and the
difference in height between the top face 2443B and top face
2443 A thereof, was made to be 0.20 um on average.

[0446] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
twentieth exemplary embodiment can be made to be the same
as the configuration and structure of the liquid crystal display
device according to the nineteenth exemplary embodiment,
so detailed description thereof will be omitted.

22. Twenty-First Exemplary Embodiment

[0447] The twenty-first exemplary embodiment is a modi-
fication of the twentieth exemplary embodiment. FIG. 46 is a
schematic plan view of a first electrode for one pixel making
up a liquid crystal display device according to the twenty-first
exemplary embodiment.

[0448] In the twenty-first embodiment, the cross-sectional
shape of the branch ridges 2444 when cut along an imaginary
perpendicular plane orthogonal to the direction in which the
branch ridges 2444 extend, separate from the above-de-
scribed cross-sectional views, is a shape stepping down from
the center of the cross-sectional shape of the branch ridges
2444 towards the edges thereof. Specifically, the top faces of
the branch ridges 2444 include top faces 2444B extending
from the top face 2443B of the trunk ridge 2443, and top faces
2444 A situated on either side of the top faces 2444B. Thus,
the branch ridges 2444 have two stepped portions, with the
top faces 2444 A being higher than the grooves 2445, and the
top faces 2444B being higher than the top faces 2444 A. The
top faces 2444B are indicated by horizontal hatching in the
drawings. The difference in height between the top faces
2444B and top faces 2444 A of the branch ridges 2444 was
made to be 0.28 um on average. The top faces 2443B of the
trunk ridge 2443 and the top faces 2444B of the branch ridges
2444 are at the same height.

[0449] Alternatively, the cross-sectional shape of the
branch ridges 2444 when cut along an imaginary perpendicu-
lar plane parallel to the direction in which the branch ridges
2444 extend is a shape stepping down from the portions of the
branch ridges 2444 closer to the trunk ridge 2443 toward the
ends of the branch ridges 2444.

[0450] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
twenty-first exemplary embodiment can be made to be the
same as the configuration and structure of the liquid crystal
display device according to the nineteenth exemplary
embodiment, so detailed description thereof will be omitted.
Also, the top faces of the trunk ridge 2443 may be configured
including the top face 2443B, and the top faces 2443 A situ-
ated on both sides of the top face 2443B, in the same way as
with the nineteenth exemplary embodiment.

23. Twenty-Second Exemplary Embodiment

[0451] The twenty-second exemplary embodiment relates
to a liquid crystal display device according to Embodiment
4A of the present disclosure. F1G. 47 is a schematic plan view
of a first electrode for one pixel making up a liquid crystal
display device according to the twenty-second exemplary
embodiment. FIG. 48 A is a schematic partial cross-sectional
view of the first electrode and other components, taken in
FIG. 47 along arrow XLVIIIA-XLVIIIA, and FIG. 48B is a
schematic partial cross-sectional view where a portion of
FIG. 48A has been enlarged. The schematic partial cross-end
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view of the liquid crystal display device according to the
twenty-second exemplary embodiment is essentially the
same as with FIGS. 1 through 3.

[0452] The liquid crystal display device according to the
twenty-second exemplary embodiment, and the later-de-
scribed twenty-third through thirty-third exemplary embodi-
ments, are, in the same way as with the first through third
exemplary embodiments, configured including multiple pix-
els 10 (10A, 10B, 10C) which are arrayed. The pixels include
a first substrate 20 and a second substrate 50, first electrodes
(pixel electrodes) 3140 (3240, 3340, 3440) formed on an
opposing face of the first substrate 20 facing the second
substrate 50, a second electrode (common electrode) 160
formed on an opposing face of the second substrate 50 which
faces the first substrate 20, and a liquid crystal layer 70 which
is disposed between the first electrode 3140 (3240, 3340,
3440) and second electrode 160, and includes liquid crystal
molecules 71A, 71B, and 71C. The liquid crystal molecules
are pretilted.

[0453] Multiple ridge-and-groove portions 3141 (3241,
3341, 3441) are formed at the first electrode 3140 (3240,
3340, 3440). More specifically, at least the liquid crystal
molecules closer to the first electrodes are pretilted. The lig-
uid crystal molecules have negative dielectric constant anisot-
ropy.

[0454] Assuming an X-Y coordinate system in which the
directions in which lines, passing through the center of the
pixel 10, and more specifically passing through the center of
the pixel 10 and parallel to the edges of the perimeter of the
pixel, extend, are the X axis and Y axis, multiple ridges
3144A, occupying the first quadrant extend in parallel in a
direction where the value of the Y coordinate increases when
the value of the X coordinates increases, and multiple ridges
3144 A, occupying the second quadrant extend in parallel in a
direction where the value of the Y coordinate increases when
the value of the X coordinates decreases. Also, multiple
ridges 3144A; occupying the third quadrant extend in parallel
in a direction where the value of the Y coordinate decreases
when the value of the X coordinates decreases, and multiple
ridges 3144A, occupying the fourth quadrant extend in par-
allel in a direction where the value of the Y coordinate
decreases when the value of the X coordinates increases.
[0455] Multipleridges 3144 A | occupying the first quadrant
extend with the axial line thereof at 45 degrees to the X axis,
multiple ridges 3144A, occupying the second quadrant
extend with the axial line thereof at 135 degrees to the X axis,
multiple ridges 3144A, occupying the third quadrant extend
with the axial line thereof at 225 degrees to the X axis, and
multiple ridges 3144A , occupying the fourth quadrant extend
with the axial line thereof at 315 degrees to the X axis. The
ridges 3144 A are in line symmetry across the X axis, and also
in line symmetry across the Y axis, and further in 180 degrees
rotational symmetry (point symmetry) as to the center of the
pixel.

[0456] Unlike the case of the liquid crystal display device
according to the first exemplary embodiment, the liquid crys-
tal display device according to the twenty-second exemplary
embodiment is not provided with trunk ridges. The ridges
3144 A in the liquid crystal display device according to the
twenty-second exemplary embodiment are equivalent to the
branch ridges in the liquid crystal display device according to
the first exemplary embodiment. Further, ridges 3144A
extending from the X axis and occupying the first quadrant
connect to respective ridges 3144A,, extending from the X
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axis and occupying the fourth quadrant, ridges 3144A ,
extending from the Y axis and occupying the first quadrant
connect to respective ridges 3144A,, extending from the Y
axis and occupying the second quadrant, ridges 3144A,,
extending from the X axis and occupying the second quadrant
connect to respective ridges 3144 A, extending from the X
axis and occupying the third quadrant, and ridges 3144A,,
extending from the Y axis and occupying the third quadrant
connect to respective ridges 3144A ,, extending from the Y
axis and occupying the fourth quadrant.

[0457] That is to say, the planar shape of the ridges 3144 A
are V shapes. Note that the subscripts “11”,“12”, and so forth
appended to the reference numerals representing ridges in
this exemplary embodiment, and subscripts appended to the
reference numerals representing ridges in the following
exemplary embodiments, represent the same ridge portions.
The specifications of the ridges 3144 A and grooves 3145 are
as given in Table 8.

TABLE 8
Average height of ridges: 0.2 pm
Pitch of ridges: 5.0 pm
Width of ridges: 2.5 pm
Width of grooves: 2.5 pm

[0458] In the liquid crystal display device according to the
twenty-second exemplary embodiment, the multiple ridges
3144A, occupying the first quadrant extend in parallel in a
direction where the value of the Y coordinate increases when
the value of the X coordinates increases, the multiple ridges
3144 A, occupying the second quadrant extend in parallel ina
direction where the value of the Y coordinate increases when
the value of the X coordinates decreases, the multiple ridges
3144 A occupying the third quadrant extend in parallel in a
direction where the value of the Y coordinate decreases when
the value of the X coordinates decreases, and the multiple
ridges 3144 A, occupying the fourth quadrant extend in par-
allel in a direction where the value of the Y coordinate
decreases when the value of the X coordinates increases. That
is to say, there are neither ridges extending in parallel with the
X axis, norridges extending in parallel with the Y axis, except
for the tips of the ridges 3144A. Alternatively, the tips of the
ridges 3144 A may be defined by lines orthogonal to the axial
line of the ridges 3144 A, or the tips of the ridges 3144 A may
be formed of curved lines, so as to obtain a configuration
where there are neither ridges extending in parallel with the X
axis nor ridges extending in parallel with the Y axis at all.

[0459] The absorption axis of the first polarizing plate is
parallel to the X axis or Y axis, and the absorption axis of the
second polarizing plate is parallel to the X axis or Y axis.
Accordingly, occurrence of dark lines can be reduced even
further. That is to say, even higher light transmittance can be
realized, and even better voltage responsivity can be obtained.
Also, improved initial alignment can be expected, so when
irradiating the liquid crystal cell with uniform ultraviolet light
in a state of applying square-wave AC electric field to pretilt
the liquid crystal molecules, the time it takes for pretilting can
be reduced. Also, reduction in alignment defects can be
expected, so yield can be improved and manufacturing costs
of the liquid crystal display device can be reduced. Moreover,
improved light transmittance means that reduction in electric
power consumption of the back light can be realized, and
reliability of TFTs can be improved.
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24. Twenty-Third Exemplary Embodiment

[0460] The twenty-third exemplary embodiment is a modi-
fication of the twenty-second exemplary embodiment. Partial
enlarged schematic plan views of a first pixel in one pixel
making up the liquid crystal display device according to the
twenty-third exemplary embodiment are illustrated in FIGS.
49 A through 50B. FIGS. 49A through 50B are enlarged sche-
matic plan views of the first electrode in the encircled portion
XLIXA, XLIXB, LA, LB in FIG. 47, which is a schematic
plan view of the first electrode.

[0461] Protruding portions 3151 which extend in planar
view toward the perimeter of the pixel 10 are provided at
joining portions 3144B' where two ridges 3144B join in the
liquid crystal display device according to the twenty-third
exemplary embodiment. The protruding portions 3151 may
each be defined by multiple line segments as illustrated in
FIGS. 49A and 49B (two line segments in the examples
illustrated here), or may be defined by a single curve as
illustrated in FIG. 50A, or may be defined by multiple curves
as illustrated in FIG. 50B (two curves in the example illus-
trated here). Moreover, an arrangement may be made where
the protruding portions 3151 are each defined by a combina-
tion of one or more line segments and one or more curves.
Note that in the exaniple illustrated in FIG. 49 A, the tip of the
protruding portion 3151 is not in contact with the joining
portion of the two ridges adjacent toward the perimeter of the
pixel. On the other hand, in the example illustrated in FIG.
49B, the tip of the protruding portion 3151 is in contact with
the joining portion of the two ridges adjacent toward the
perimeter of the pixel.

[0462] According to this configuration as well, there are
absolutely no ridges extending in parallel with the X axis and
ridges extending in parallel with the Y axis, or even if there
are, the length thereof is extremely minute. Moreover, the
protruding portions 3151 provided on the inner side at the
bottom of the V shape of the ridges act so that the alignment
state of the liquid crystal molecules situated near the bottom
atthe innerside ofthe V shape is even closer to a desired state,
as compared with a case where no protruding portions 3151
are provided on the inner side at the bottom of the V shape of
the ridges.

25. Twenty-Fourth Exemplary Embodiment

[0463] The twenty-fourth exemplary embodiment also is a
modification of the twenty-second exemplary embodiment.
While description has been made regarding the twenty-sec-
ond exemplary embodiment that the ridges 3144 A are joined
on the X axis or Y axis and the planar shape of the ridges
3144A is aV shape, ridges 3144C in the twenty-fourth exem-
plary embodiment are joined on neither the X axis nor the’Y
axis. Specifically, as illustrated in FIG. 51 which is a sche-
matic plan view ofa first electrode for one pixel making up the
liquid crystal display device according to the twenty-fourth
exemplary embodiment, ridges 3144C, | extending from the
X axis or nearby the X axis and occupying the first quadrant
do not connect to respective ridges 3144C,, extending from
the X axis or nearby the X axis and occupying the fourth
quadrant. Also, ridges 3144C, extending from the Y axis or
nearby the Y axis and occupying the first quadrant do not
connect to respective ridges 3144C,, extending from the Y
axis or nearby the Y axis and occupying the second quadrant.
Further, ridges 3144C,, extending from the X axis or nearby
the X axis and occupying the second quadrant do not connect
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to respective ridges 3144C;; extending from the X axis or
nearby the X axis and occupying the third quadrant. More-
over, ridges 3144C,, extending from the Y axis or nearby the
Y axis and occupying the third quadrant do not connect to
respective ridges 3144C,, extending from the Y axis or
nearby the Y axis and occupying the fourth quadrant.

[0464] While the ridges 3144C are not joined, these may be
in contact. Here, the term “joined” refers to a state of the
ridges meeting over a certain length, while “in contact™ refers
to a state of the ridges meeting over an extremely short dis-
tance (e.g., at a point).

[0465] According to this configuration as well, there are no
ridges extending in parallel with the X axis and ridges extend-
ing in parallel with the Y axis, or even if there are, the length
thereof is short. Thus, advantages the same as those described
in the twenty-second exemplary embodiment can be
obtained.

26. Twenty-Fifth Exemplary Embodiment

[0466] The twenty-fifth exemplary embodiment is a modi-
fication of the twenty-second through twenty-fourth exem-
plary embodiments. As illustrated in FIG. 52 which is a sche-
matic plan view of a first electrode for one pixel making up a
liquid crystal display device according to the twenty-fifth
exemplary embodiment, the width of ridges 3144D grow
narrower toward the perimeter of the pixel 10. Specifically,
the ridges 3144D are the widest at or near the X axis or Y axis,
and grow narrower toward the perimeter of the pixel 10, being
linearly narrowed to be more specific.

27. Twenty-Sixth Exemplary Embodiment

[0467] Thetwenty-sixth exemplary embodiment is a modi-
fication of the twenty-second through twenty-fifth exemplary
embodiments, relates to a liquid crystal display device
according to Embodiment 4A-1 of the present disclosure, and
further relates to Embodiment 4C of the present disclosure.
FIGS. 53 A through 56C are schematic plan views of the first
electrode of one pixel making up a liquid crystal display
device according to the twenty-sixth exemplary embodiment.
[0468] As illustrated in FIGS. 53A through 56C, a slit por-
tion 3152 is provided to the first electrode 3140, in addition to
the ridge-and-groove portion 3141. The transparent electro-
conductive material layer making up the first electrode 3140
is not formed on the slit portion 3152. FIGS. 57A through
57D are schematic end views taken along arrow LVIIA-
LVIIA in FIG. 53C, arrow LVIIB-LVIIB in FIG. 54C, arrow
LVIIC-LVIIC in FIG. 55C, and arrow LVIID-LVIID in FIG.
56C, respectively.

[0469] The slit portion 3152 in the twenty-sixth exemplary
embodiment is formed in a ridge region 3144F". As illustrated
in FIGS. 53 A through 53C, thesslit portion 3152 is provided in
a region including a center region (middle portion) 3152A of
the pixel 10. Note that FIG. 53A schematically illustrates the
layout state of ridges 3144FE, the ridge region 3144E', grooves
3145, and the center region 3152A. FIG. 53B schematically
illustrates the layout state of the slit portion 3152 provided to
the first electrode 3140, and FIG. 53C schematically illus-
trates the ridge-and-groove portion 3141 and the slit portion
3152 overlaid.

[0470] Alternatively, as illustrated in FIGS. 54A through
54C, the slit portion 3152 is formed as a single ridge region
3144F' extending toward the center region (middle portion)
of the pixel 10 from each quadrant (specifically, on one ridge
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3144). Note that FIG. 54 A schematically illustrates the layout
state of ridges 3144E, the ridge region 3144E', and the
grooves 3145. FIG. 54B schematically illustrates the layout
state of the slit portion 3152 provided to the first electrode
3140, and FIG. 54C schematically illustrates the ridge-and-
groove portion 3141 and the slit portion 3152 overlaid.
[0471] Alternatively, as illustrated in FIGS. 55A through
55C, the slit portion 3152 is formed as a ridge region 3144
extending toward the center region (middle portion) 3152A of
the pixel 10 from each quadrant. Note that FIG. 55A sche-
matically illustrates the layout state of ridges 3144E, the ridge
region 3144EF', the grooves 3145, and the center region
3152A. F1G. 55B schematically illustrates the layout state of
the slit portion 3152 provided to the first electrode 3140, and
FIG. 55C schematically illustrates the ridge-and-groove por-
tion 3141 and the slit portion 3152 overlaid.

[0472] Alternatively, as illustrated in FIGS. 56A through
56C, the slit portion 3152 is formed as a ridge region 3144F"
provided to a region between ridges extending toward the
center region (middle portion) 3152A of the pixel 10 and the
Y axis. Note that FIG. 56 A schematically illustrates the lay-
outstate ofridges 3144E, the ridge region 3144E', the grooves
3145, and the center region 3152A. FIG. 56B schematically
illustrates the layout state of the slit portion 3152 provided to
the first electrode 3140, and FIG. 56C schematically illus-
trates the ridge-and-groove portion 3141 and the slit portion
3152 overlaid.

[0473] Note that in FIGS. 53A through 56C, grooves 3145
are indicated by vertical hatching. Also, in FIGS. 53B, 53C,
54B, 54C, 55B, 55C, 56B, 56C, and further in FIGS. 68
through 70, the slit portions 3152 and 3252 are indicated by
horizontal hatching. No slit portion is provided to the region
indicated by reference numeral 3152', but rather a transparent
electroconductive material layer making up the first electrode
3140 is formed at this region. The planarization film 22 is
exposed at the slit portion 3152.

[0474] Alternatively, an arrangement may be made where
slit portions 3152 are formed on the top portion of ridges
3144E extending in parallel with the ridges 3144E, as yet
another modification of a pixel making up the liquid crystal
display device according to the twenty-sixth exemplary
embodiment. This modification is illustrated in FIG. 58A
which schematically illustrates a state of layout of ridges,
grooves, slit portions, and so forth, and FIG. 58B which is a
schematic cross-sectional view of the first electrode and other
components taken along arrow LVIIIB-LVIIIB in F1G. 58A.
[0475] Alternatively, an arrangement may be made where
slit portions 3152 are formed on the bottom portion of
grooves 3145 extending in parallel with the grooves 3145, as
yet another modification of a pixel making up the liquid
crystal display device according to the twenty-sixth exem-
plary embodiment. This modification is illustrated in FIG.
59A which schematically illustrates a state of layout of
ridges, grooves, slit portions, and so forth, and FIG. 59B
which is a schematic cross-sectional view of the first elec-
trode and other components taken along arrow LIXB-LIXB
in FIG. 59A.

[0476] In FIGS. 58A and 59A, and in the later-described
FIGS. 69 and 70, slit portions 3152 and 3252 are indicated by
heavy solid lines. In the example illustrated in FIGS. 58A and
58B for example, the width of ridges, the width of grooves,
and the width of the slit portions are 7.0 um, 3.0 um, and 3.0
pm, respectively. In the example illustrated in FIGS. 59A and
59B for example, the width of ridges, the width of grooves,
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and the width of the slit portions are 3.0 um, 7.0 um, and 3.0
wm, respectively. Note that here, the slit portions 3152 are
formed such that no ridges 3144E isolated from other ridges
3144E by slit portions 3152, or such that no grooves 3145
isolated from other grooves 3145 by slit portions 3152, i.e.,
such that all ridges and grooves are electrically connected. No
slit portions 3152 are formed on the ridges or in the grooves
on the X axis and Y axis in the examples illustrated in FIGS.
58A and 59 A. Rather, the slit portions 3152 are notched at the
ridges or in the grooves on the X axis and Y axis in these
examples. Further, a configuration may be made where no slit
portions are formed at ridges or grooves at the perimeter of the
pixel 10.

[0477] Thus, slit portions 3152 are formed at the first elec-
trode 3140 according to the twenty-sixth exemplary embodi-
ment in addition to the ridge-and-groove portions 3141, so an
electric field generated by the first electrode 3140 is distorted
near the slit portions 3152, and the direction in which the
liquid crystal molecules tilt is strongly restricted. This
enables the force to restrict the alignment of the liquid crystal
molecules near the slit portions 3152 to be increased, and
accordingly restrict the tilted state of the liquid crystal mol-
ecules near the slit portions 3152 in a sure manner. The liquid
crystal layer where the liquid crystal molecules are to be
pretilted are exposed to a desired electric field for a predeter-
mined amount of time when manufacturing the liquid crystal
display device, and according to the above-described, the
amount of time it takes for the alignment of the liquid crystal
molecules exposed to the desired electric field to stabilize can
be reduced. That is to say, the liquid crystal molecules can be
pretilted in a short amount of time, and the manufacturing
time of the liquid crystal display device can be reduced. Note
that the ridge-and-groove portions are also provided besides
the slit portions, so the problems with fine-slit structures
according to the related art do not occur.

[0478] A liquid crystal display device having the structure
of slit portions 3152 illustrated in FIGS. 55 A through 55C and
57C, and a liquid crystal display device having the structure
of the slit portions 3152 illustrated in FIGS. 58A and 59A,
were fabricated. The widths of the ridges 3144E and grooves
3145 were 2.5 um each, and the width of the slit portion 3152
was 2.5 um. In either case, the time from the start of the
pretilting processing to completion of alignment of the liquid
crystal molecules was within ten seconds.

28. Twenty-Seventh Exemplary Embodiment

[0479] The twenty-seventh exemplary embodiment is a
modification of the twenty-second through twenty-sixth
exemplary embodiments, and relates to a liquid crystal dis-
play device according to Embodiment 4D of the present dis-
closure, a liquid crystal display device according to Embodi-
ment 4A-2 of the present disclosure, and a liquid crystal
display device according to Embodiment 4C-2 of the present
disclosure. FIG. 60 is a schematic plan view of a first elec-
trode for one pixel making up a liquid crystal display device
according to the twenty-seventh exemplary embodiment.
FIGS. 61A, 62A, and 62B are partial schematic plan views of
the first electrode at the center region of one pixel making up
the liquid crystal display device according to the twenty-
seventh exemplary embodiment, where an indentation 3153
is provided to the first electrode 3140 at the center region of
the pixel 10, as illustrated in FIG. 61B which is a partial
schematic cross-sectional view taken along LXIB-LXIB in
FIG. 61A.
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[0480] As illustrated in FIG. 61B, the indentation 3153
narrows down toward the first substrate. That is to say, the
indentation 3153 has a forward-tapered inclined face. The
inclination angle of the indentation 3153 is preferably 5
degrees to 60 degrees, more preferably 20 degrees to 30
degrees. This inclination angle can be obtained by etching the
planarization film 22 back so that the planarization film 22 is
inclined thus. The shape of the outer edge 3153A of the
indentation 3153 may be made to be a circle (diameter of 15
um or 7 um, for example), as illustrated in FIG. 61A, or may
be rectangular (a square with each side 12 pm long, for
example), as illustrated in FIGS. 62A and 62B. The angle
between the outer edge 3153 A of the rectangular indentation
3153 and the direction in which ridges 3144F extend (the
angle between the outer edge 3153 A of'the rectangular inden-
tation 3153 and the direction in which ridges 3144F extend,
where the outer edge 3153A comes into contact with the
extension of a ridge 3144F) may be 90 degrees (see FIG.
62A), or may be an acute angle, 60 degrees for example (see
FIG. 62B).

[0481] Thus, the liquid crystal display device according to
the twenty-seventh exemplary embodiment has the indenta-
tion 3153 formed in the first electrode 3140 at the center
region of the pixel, so liquid crystal molecules situated near
the indentation 3153 are in a state tilted toward the center of
the pixel. The liquid crystal layer where the liquid crystal
molecules are to be pretilted are exposed to a desired electric
field for a predetermined amount of time when manufacturing
the liquid crystal display device, and according to the above-
described, the amount of time it takes for the alignment of for
the liquid crystal molecules exposed to the desired electric
field to stabilize can be reduced. That is to say, the liquid
crystal molecules can be pretilted in a short amount of time,
and the manufacturing time of the liquid crystal display
device can be reduced.

[0482] A liquid crystal display device having a structure
where the outer edge 3153A of the indentation 3153 was
shaped as illustrated in FIG. 61A, with the widths of the
ridges 3144F and grooves 3145 being 2.5 um each, and the
inclination angle of the indentation 3153 being 30 degrees,
was fabricated. In this case, the time from the start of the
pretilting processing to completion of alignment of the liquid
crystal molecules was within ten seconds.

[0483] Further, the center portion of the indentation 3153
may make up part of a contact hole (contact hole 35), as
illustrated in FIG. 61C.

29. Twenty-Eighth Exemplary Embodiment

[0484] The twenty-eighth exemplary embodiment is a
modification of the twenty-second through twenty-seventh
exemplary embodiments, and relates to a liquid crystal dis-
play device according to Embodiment 4E of the present dis-
closure, a liquid crystal display device according to Embodi-
ment 4A-3 of the present disclosure, a liquid crystal display
device according to Embodiment 4C-3 of the present disclo-
sure, and a liquid crystal display device according to Embodi-
ment 4D-3 of the present disclosure. FIG. 63 is a schematic
plan view of a first electrode for one pixel making up the
liquid crystal display device according to the twenty-eighth
exemplary embodiment.

[0485] The liquid crystal display device according to the
twenty-eighth exemplary embodiment was configured such
that the width of ridges 3144G was
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Py2=Py2
and the width of the grooves 3145 was
Py2=Pyi2

[0486] where P, represents the formation pitch of the
ridges 3144G following the X axis, and P, represents the
formation pitch of the ridges 3144G following the Y axis, and
where P,=P;.

[0487] Inthe twenty-eighth exemplary embodiment, ridges
3144G; extending from or nearby the X axis and occupying
the first quadrant, and ridges 3144G,, extending from or
nearby the X axis and occupying the fourth quadrant, are
formed in a mutually offset state (preferably formed in a state
mutually offset by P,/2). Also, ridges 3144G,, extending
from or nearby the Y axis and occupying the first quadrant,
and ridges 3144G,, extending from or nearby the Y axis and
occupying the second quadrant, are formed in a mutually
offset state (preferably formed in a state mutually offset by
P,/2). Further, ridges 3144G,, extending from or nearby the
X axis and occupying the second quadrant, and ridges
3144G,;, extending from or nearby the X axis and occupying
the third quadrant, are formed in a mutually offset state (pref-
erably formed in a state mutually offset by P,/2). Moreover,
ridges 3144G;, extending from or nearby the Y axis and
occupying the third quadrant, and ridges 3144G,,, extending
from or nearby the Y axis and occupying the fourth quadrant,
are formed in a mutually offset state (preferably formed in a
state mutually offset by P,/2). Note that the ridges 3144G are
in 180 degrees rotational symmetry (point symmetry) as to
the center of the pixel, rather than being in line symmetry to
the X axis and Y axis.

[0488] Forming ridges 3144G offset from each other by
half a pitch causes an electric field generated by the first
electrode 3140 to be distorted near the center of the pixel, and
the direction in which the liquid crystal molecules tilt is
restricted. As a result, the force to restrict the alignment of the
liquid crystal molecules near the center of the pixel can be
increased, and accordingly the tilted state of the liquid crystal
molecules near the center of the pixel can be restricted in a
sure manner. The liquid crystal layer where the liquid crystal
molecules are to be pretilted are exposed to a desired electric
field for a predetermined amount of time when manufacturing
the liquid crystal display device, and according to the above-
described, the amount of time it takes for the alignment of the
liquid crystal molecules exposed to the desired electric field
to stabilize can be reduced. That is to say, the liquid crystal
molecules can be pretilted in a short amount of time, and the
manufacturing time of the liquid crystal display device can be
reduced.

[0489] A liquid crystal display device having a structure
where the ridges 3144G were formed mutually offset by half
apitch, with the widths of the ridges 3144G and grooves 3145
being 2.5 um each, was fabricated. In this case, the time from
the start of the pretilting processing to completion of align-
ment of the liquid crystal molecules was within ten seconds.

30. Twenty-Ninth Exemplary Embodiment

[0490] The twenty-ninth exemplary embodiment relates to
a liquid crystal display device according to Embodiment 4B
of the present disclosure. FIG. 64 is a schematic plan view of
a first electrode for one pixel making up a liquid crystal
display device according to the twenty-ninth exemplary
embodiment. FIGS. 65A through 66 are schematic plan views
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illustrating the encircled portion LXVA, LXVB, LXVTin the
schematic plan view ofthe first electrode in FIG. 64 enlarged.

[0491] Assuming an X-Y coordinate system in the liquid
crystal display device according to the twenty-ninth exem-
plary embodiment in which straight lines passing through the
center of the pixel 10 are parallel to the perimeters of the pixel
are the X axis and Y axis, the multiple ridge-and-groove
portions 3241 are formed of a trunk ridge 3243 extending
along the X axis and Y axis, and multiple branch ridges
3244A extending from the sides of the trunk ridge 3243
towards the perimeter of the pixel 10. The direction in which
side portions 3243' of the trunk ridge 3243 where branch
ridges 3244 A are not joined extend is parallel with neither the
X axis nor the Y axis. That is to say, the direction in which the
side portions 3243' of the trunk ridge 3243 where branch
ridges 3244A are not joined extend is a direction different
from the X-axial direction and a direction different from the
Y-axial direction. The trunk ridge 3243 and branch ridges
3244 A are in line symmetry across the X axis, and also in line
symmetry across the Y axis, and further in 180 degrees rota-
tional symmetry (point symmetry) as to the center of the
pixel.

[0492] Specifically, the side portions 3243' of the trunk
ridge 3243 where branch ridges 3244 A are not joined may be
straight lines as illustrated in FIGS. 64 and 65A, or may be
curved as illustrated in FIGS. 65B and 66. The shape of each
region 3243A between the side portions 3243' of the trunk
ridge 3243 where branch ridges 3244 A are not joined is such
that the side closer to the tip of the trunk ridge 3243 is shorter
than the side closer to the base of the trunk ridge 3243, as
illustrated in FIGS. 64 through 66.

[0493] The liquid crystal display device according to the
twenty-ninth exemplary embodiment is configured such that
the multiple branch ridges 3244A | occupying the first quad-
rant extend in parallel in a direction where the value of the Y
coordinate increases when the value of the X coordinates
increases, and the multiple branch ridges 3244A, occupying
the second quadrant extend in parallel in a direction where the
value of the Y coordinate increases when the value of the X
coordinates decreases. Also, the multiple branch ridges
3244 A, occupying the third quadrant extend in parallel in a
direction where the value of the Y coordinate decreases when
the value of the X coordinates decreases, and the multiple
branch ridges 3244 A, occupying the fourth quadrant extend
in parallel in a direction where the value of the Y coordinate
decreases when the value of the X coordinates increases.

[0494] In other words, the trunk ridge 3243 and the branch
ridges 3244 A are in line symmetry across the X axis, and also
in line symmetry across the Y axis, and further in 180 degrees
rotational symmetry (point symmetry) as to the center of the
pixel.

[0495] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
twenty-ninth exemplary embodiment can be made to be the
same as the configuration and structure of the liquid crystal
display device according to the twenty-second exemplary
embodiment, so detailed description thereof will be omitted.

[0496] Thus, the liquid crystal display device according to
the twenty-ninth exemplary embodiment has no portions of
the trunk ridge extending in parallel with the X axis, and no
portions of the trunk ridge extending in parallel with the Y
axis. Accordingly, a liquid crystal display device can be pro-
vided which realizes even higher light transmittance. Also, a
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liquid crystal display device can be provided which has a
configuration and structure enabling pretilting of liquid crys-
tal molecules in a short time.

[0497] The specifications of the trunk ridge 3243, branch
ridges 3244 A, and grooves 3245 are as given in Table 9.

TABLE 9

Average height of trunk ridge: 0.2 um

Width of trunk ridge: 1.0 pm at narrowest point,
2.0 um at widest point
Average height of branch ridges: 0.2 um
Pitch of branch ridges: 5.0 um
Width of branch ridges: 2.5 um
Width of grooves: 2.5 um
[0498] The liquid crystal display device according to the

twenty-ninth exemplary embodiment may be arranged such
that the width of branch ridges 3244D narrow toward the
perimeter of the pixel 10, in the same way as with the twenty-
fifth exemplary embodiment (see FIG. 67). Alternatively, the
liquid crystal display device according to the twenty-ninth
exemplary embodiment may be arranged such that a slit por-
tion 3152 is formed at the first electrode (liquid crystal display
device according to Embodiment 4B-1 according to the
present disclosure or liquid crystal display device according
to Embodiment 4C according to the present disclosure), in the
same way as with the twenty-sixth exemplary embodiment
(see FIGS. 68 through 70).

[0499] FIG. 68 is a schematic plan view of a first electrode
for one pixel making up a liquid crystal display device
according to a modification of the twenty-ninth exemplary
embodiment, and has the slit portions 3252 of the same con-
figuration and structure as illustrated in FIGS. 54A through
54C. FIGS. 69 and 70 are schematic plan view of a first
electrode for one pixel making up a liquid crystal display
device according to a modification of the twenty-ninth exem-
plary embodiment, and have the slit portions 3252 of the same
configuration and structure as illustrated in FIGS. 58A
through 59B.

[0500] Note that here, the slit portions 3252 are formed
such that no branch ridges 3244D are isolated from other
branch ridges 3244D by slit portions 3252, or such that no
grooves 3245 are isolated from other grooves 3245 by slit
portions 3252, i.e., such that all ridges and grooves are elec-
trically connected. No slit portions 3252 are formed on the
trunk ridge 3243 in the examples illustrated in FIGS. 69 and
70. Rather, the slit portions 3252 are notched at the trunk ridge
3243 in these examples. Further, a configuration may be made
where no slit portions are formed at branch ridges or grooves
at the perimeter of the pixel 10. Alternatively, the liquid
crystal display device according to the twenty-second exem-
plary embodiment may be arranged including an indentation
3253 provided to the first electrode 3240 at the center region
of the pixel (liquid crystal display device according to
Embodiment 4B-2 of the present disclosure, liquid crystal
display device according to Embodiment 4C-2 of the present
disclosure, or liquid crystal display device according to
Embodiment 4D of the present disclosure), in the same way
as with the twenty-seventh exemplary embodiment (see FIG.
71).

[0501] Alternatively, the liquid crystal display device
according to the twenty-ninth exemplary embodiment may be
arranged such as illustrated in FIG. 72 which is a schematic
plan view of a first electrode for one pixel, where P, repre-
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sents the formation pitch of the branch ridges following the X
axis, and Py represents the formation pitch of the ridges fol-
lowing the Y axis, branch ridges extending from a trunk ridge
on the X axis and occupying the first quadrant, and branch
ridges extending from a trunk ridge on the X axis and occu-
pying the fourth quadrant, are formed in a mutually offset
state (preferably formed in a state mutually offset by P,/2).
Also, branch ridges extending from a trunk ridge on the Y axis
and occupying the first quadrant, and branch ridges extending
from a trunk ridge on the Y axis and occupying the second
quadrant, are formed in a mutually offset state (preferably
formed in a state mutually offset by P,/2). Further, branch
ridges extending from a trunk ridge on the X axis and occu-
pying the second quadrant, and branch ridges extending from
a trunk ridge on the X axis and occupying the third quadrant,
are formed in a mutually offset state (preferably formed in a
state mutually offset by P;/2). Moreover, branch ridges
extending from a trunk ridge on the Y axis and occupying the
third quadrant, and branch ridges extending from a trunk
ridge on the Y axis and occupying the fourth quadrant, are
formed in a mutually offset state (preferably formed in a state
mutually offset by P,/2) (liquid crystal display device accord-
ing to Embodiment 4B-3 of the present disclosure, liquid
crystal display device according to Embodiment 4C-3 of the
present disclosure, or liquid crystal display device according
to Embodiment 4E of the present disclosure). Note that the
trunk and branch ridges are in 180 degrees rotational symme-
try (point symmetry) as to the center of the pixel, rather than
being in line symmetry to the X axis and Y axis.

31. Thirtieth Exemplary Embodiment

[0502] The thirtieth exemplary embodiment is a modifica-
tion of the twenty-ninth exemplary embodiment. FIG. 73 is a
schematic plan view of a first electrode for one pixel making
up a liquid crystal display device according to the thirtieth
exemplary embodiment. FIGS. 74A through 74C are sche-
matic partial cross-sectional views of the first electrode, taken
in FIG. 73 along arrow LXXIVA-LXXIVA, arrow LXXIVB-
LXXIVB, and arrow LXXIVC-LXXIVC, respectively, and
FIG. 74D is a schematic partial cross-sectional view where a
portion of FIG. 74C has been enlarged. The schematic partial
end view of the liquid crystal display device according to the
thirtieth exemplary embodiment is essentially the same as
illustrated in FIGS. 1 through 3.

[0503] While the width of the branch ridges are illustrated
as being constant in FIGS. 73, 75, 76, and 78, the branch
ridges may be tapered in the same way as described with the
twenty-fifth exemplary embodiment. That is, the branch
ridges may be the widest at the portion of joining the trunk
ridge, and grow narrower toward the tips thereof.

[0504] Multiple ridge-and-groove portions 3341 (trunk
ridge 3343, branch ridges 3344, and grooves 3345) are
formed at the first electrode 3340 in the liquid crystal display
device according to the thirtieth exemplary embodiment.
Multiple stepped portions are formed in the trunk ridges 3343
provided to the first electrode 3340. The ridge-and-groove
portion 3341 is formed of a trunk ridge (primary ridge) 3343
passing through the center of a pixel and extending in a cross
shape, and multiple branch ridges (sub ridges) 3344 extend-
ing toward the perimeter of the pixel from the trunk ridge
3343.

[0505] The cross-sectional shape of the trunk ridge 3343
when cut along an imaginary perpendicular plane orthogonal
to the direction in which the trunk ridge 3343 extends is a
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shape stepping down from the center of the cross-sectional
shape of the trunk ridge 3343 towards the edges thereof.
Specifically, the top faces of the trunk ridge 3343 are made up
of a top face 3343B at the middle of the trunk ridge 3343 and
top faces 3343A situated on either side thereof. Thus, the
trunk ridge 3343 has two stepped portions, with the top faces
3343 A being higher than the grooves 3345, and the top face
3343B being higher than the top faces 3343A. Reference
symbol 3344 A denotes a top face of a branch ridge 3344, the
top face 3343 A of the trunk ridge 3343 being the same height
as the top faces 3344 A of the branch ridges 3344. In the
drawings, the top face 3343B of the trunk ridge 3343 is
indicated by horizontal hatching, and the grooves 3345 are
indicated by vertical hatching.

32. Thirty-First Exemplary Embodiment

[0506] The thirty-first exemplary embodiment is a modifi-
cation of the thirtieth exemplary embodiment. FIG. 75 is a
schematic plan view of a first electrode for one pixel making
up a liquid crystal display device according to the thirty-first
exemplary embodiment. FIGS. 77A and 77B are schematic
partial cross-sectional views of the first electrode, taken in
FIG. 75 along arrow LXXVIIA-LXXVIIA and arrow LXX-
VIIB-LXXVIIB.

[0507] The top faces of the trunk ridge 3343 according to
the thirty-first exemplary embodiment include a top face
3343C at the middle portion of the trunk ridge 3343, top faces
3343B situated on both sides of the top face 3343C. and top
faces 3343A situated on the outer sides of the top faces
3343B. Thus, the trunk ridge 3343 has three stepped portions,
the top faces 3343 A are higher than the grooves 3345, the top
faces 3343B are higher than the top faces 3343A, and the top
face 3343C is higher than the top faces 3343B. The cross-
sectional shape of the trunk ridge 3343 when cut along an
imaginary perpendicular plane parallel to the direction in
which the trunk ridge 3343 extends is a shape stepping down
(top faces 3343B and top faces 3343 A) from the center of the
cross-sectional shape of the trunk ridge 3343 (top face
3343C) towards the edges thereof. The top face 3343C is
indicated by cross-hatching in the drawings.

[0508] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
thirty-first exemplary embodiment can be made to be the
same as the configuration and structure of the liquid crystal
display device according to the thirtieth exemplary embodi-
ment, so detailed description thereof will be omitted.

33. Thirty-Second Exemplary Embodiment

[0509] The thirty-second exemplary embodiment also is a
modification of the thirtieth exemplary embodiment. FIG. 76
is a schematic plan view of a first electrode for one pixel
making up a liquid crystal display device according to the
thirty-second exemplary embodiment. FIG. 77C is a sche-
matic partial end view of the first electrode and other compo-
nents, taken in FIG. 76 along arrow LXXVIIC-LXXVIIC.
FIG. 77D is a schematic partial end view where a portion of
FIG. 77C has been enlarged.

[0510] The cross-sectional shape of the branch ridges 3344
when cut along an imaginary perpendicular plane orthogonal
to the direction in which the branch ridges 3344 extend,
separate from the above-described cross-sectional views, is a
shape stepping down from the center of the cross-sectional
shape of the branch ridges 3344 towards the edges thereof in
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the thirty-second exemplary embodiment. Specifically, the
top faces of the branch ridge 3344 include a top face 3344B
extending from the trunk ridge 3343, and top faces 3344A
situated on either side thereof. Thus, the branch ridges 3344
have two stepped portions, with the top faces 3344A being
higher than the grooves 3345, and the top face 3344B being
higher than the top faces 3344A. The top face 3344B is
indicated by horizontal hatching in the drawings. Also, the
boundaries between the trunk ridge and branch ridges are
indicated by solid lines in FIGS. 76 and 78. The difference in
height between the top face 3344B and top faces 3343 A of the
branch ridges 3344 was made to be 0.20 um on average. The
top face 3343B of the trunk ridge 3343 and the top face 3344B
of the branch ridges 3344 are at the same height.

[0511] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
thirty-second exemplary embodiment can be made to be the
same as the configuration and structure of the liquid crystal
display device according to the thirtieth exemplary embodi-
ment, so detailed description thereof will be omitted.

[0512] Alternatively, the cross-sectional shape of the
branch ridges 3344 when cut along an imaginary perpendicu-
lar plane parallel to the direction in which the branch ridges
3344 extend may be a shape stepping down from the portions
of the branch ridges 3344 closer to the trunk ridge toward the
ends of the branch ridges 3344. Such an arrangement is illus-
trated in FIG. 78, which is a schematic plan view of a first
electrode for one pixel making up a liquid crystal display
device. Moreover, this may be combined with the trunk ridge
3343 described in the thirty-first exemplary embodiment.
Also, the configuration and structure of the branch ridges may
be applied to the ridges in the liquid crystal display devices
described in the twenty-second through twenty-eighth exem-
plary embodiments.

34. Thirty-Third Exemplary Embodiment

[0513] The thirty-third exemplary embodiment relates to a
liquid crystal display device according to Embodiment 4E of
the present disclosure. FIG. 79 is a schematic plan view of a
first electrode for one pixel making up a liquid crystal display
device according to the thirty-third exemplary embodiment.
Specifically, assuming a coordinate system in which straight
lines passing through the center of the pixel and are parallel to
the perimeters of the pixel 10 are the X axis and Y axis,
multiple ridge-and-groove portions include a trunk ridge
3443 extending on the X axis and on the Y axis, and multiple
branch ridges 3443G extending from the sides of the trunk
ridge 3443 toward the perimeter of the pixel, multiple branch
ridges 3444G, occupying the first quadrant extend in parallel
in a direction where the value of the Y coordinate increases
when the value of the X coordinates increases, and multiple
branch ridges 3444G, occupying the second quadrant extend
in parallel in a direction where the value of the Y coordinate
increases when the value of the X coordinates decreases.
Also, multiple branch ridges 3444G; occupying the third
quadrant extend in parallel in a direction where the value of
the Y coordinate decreases when the value of the X coordi-
nates decreases, and multiple branch ridges 3444G,, occupy-
ing the fourth quadrant extend in parallel in a direction where
the value of the Y coordinate decreases when the value of the
X coordinates increases. Branch ridges 3444G,, extending
from the trunk ridge 3443 on the X axis and occupying the
first quadrant, and branch ridges 3444G,,; extending from the
trunk ridge 3443 on the X axis and occupying the fourth
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quadrant, are formed in a mutually offset state (preferably
formed in a state mutually offset by P,/2). Also, branch ridges
3444G, , extending from the trunk ridge 3443 on the Y axis
and occupying the first quadrant, and branch ridges 3444G.,,
extending from the trunk ridge 3443 on the Y axis and occu-
pying the second quadrant, are formed in a mutually offset
state (preferably formed in a state mutually offset by P,/2).
Further, branch ridges 3444G,, extending from the trunk
ridge 3443 on the X axis and occupying the second quadrant,
and branch ridges 3444G;, extending from the trunk ridge
3443 on the X axis and occupying the third quadrant, are
formed in a mutually offset state (preferably formed in a state
mutually offset by P,/2). Moreover, branch ridges 3444G,
extending from the trunk ridge 3443 on the Y axis and occu-
pying the third quadrant, and branch ridges 3444G,, , extend-
ing from the trunk ridge 3443 on the Y axis and occupying the
fourth quadrant, are formed in a mutually offset state (pref-
erably formed in a state mutually offset by P,/2). Note that P,
represents the formation pitch of the ridges 3444G following
the X axis, and Py represents the formation pitch of the ridges
3444G following the Y axis. Note that the trunk ridge 3443
and branch ridges 3444 are in 180 degrees rotational symme-
try (point symmetry) as to the center of the pixel, rather than
being in line symmetry to the X axis and Y axis.

[0514] The liquid crystal display device according to the
thirty-third exemplary embodiment was also configured such
that the width of the branch ridges 3144G was

Py2=Py2
and the width of the grooves 3145 was
Py2=Pyi2

[0515] where P, represents the formation pitch of the
branch ridges 3144G following the X axis, and P, represents
the formation pitch of the branch ridges 3144G following the
Y axis, and where P,=P;.

[0516] Other than the above points, the configuration and
structure of the liquid crystal display device according to the
thirty-third exemplary embodiment can be made to be the
same as the configuration and structure of the liquid crystal
display device according to the twenty-second exemplary
embodiment, so detailed description thereof will be omitted.
[0517] While the present disclosure has been described by
way of exemplary embodiments, the present disclosure is not
restricted to these exemplary embodiment; rather, various
modifications can bemade. The planar shape of the ridges and
branch ridges is not restricted to the V shape described in the
exemplary embodiment, and various patterns where ridges
and branch ridges extend in multiple directions can be used,
such as for example stripes, lattice shapes, and so forth. The
planar shape of the end portions of the ridges and branch
ridges may be straight or may be stepped when viewed as a
whole. Further, the planar shape of the end portions of the
ridges and branch ridges may be straight, may be made up of
a combination of line segments, or may be curved such as an
arc or the like. A black matrix may be formed over the edge of
the ridge-and-groove portion so that the projected image of
the black matrix overlaps with the projected image of the
portion of the first substrate which is situated between pixels.
[0518] While a VA mode liquid crystal display device (lig-
uid crystal element) has been described in the exemplary
embodiments, the present disclosure is not restricted to these,
and may be applied to other display modes, such as the
electrically controlled birefringence (ECB) mode which is a
positive liquid crystal mode with horizontal alignment and no
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twisting, the in plane switching (IPS) mode, fringe field
switching (FFS) mode, optically compensated bend (OCB)
mode, and so forth, yielding similar advantages. However, in
the present disclosure, the VA mode exhibits improvement in
particularly high responsivity over the IPS mode and FFS
mode, as compared to arrangements which have not been
subjected to pretilting. Also, while description has been made
regarding a transmitting liquid crystal display device (liquid
crystal element) in the exemplary embodiments, the present
disclosure is not restricted to transmitting liquid crystal dis-
play devices, and may be applied to reflecting type liquid
crystal display devices as well, for example. In the case of a
reflecting type, the pixel electrodes are formed of an electrode
material having light-reflecting properties such as aluminum
or the like.

[0519] The present disclosure may also assume the follow-
ing configurations.

(1) A liquid crystal display device including:

[0520] aplurality of pixels, at least one pixel of the plurality
of pixels including

[0521] a first substrate,
[0522] asecond substrate,
[0523] afirst electrode formed on a face of the first sub-

strate oriented toward the second substrate, the first elec-
trode having a plurality of ridge portions and a plurality
of groove portions,

[0524] asecond electrode formed on a face of the second
substrate oriented toward the first substrate,

[0525] a liquid crystal layer situated between the first
electrode and the second electrode, the liquid crystal
layer comprising liquid crystal molecules, at least some
of the liquid crystal molecules being pretilted, and

[0526] a planarization layer disposed on the first elec-
trode and filling at least the groove portions of the first
electrode.

(2) The liquid crystal display device according to (1),

[0527] wherein a ratio of a thickness of a thinnest portion of
the planarization layer to a thickness of a thickest portion of
the planarization layer is at least 0.5 and at most 1.

(3) The liquid crystal display device according to (2),

[0528] wherein a ratio of the thickness of the thickest por-
tion of the planarization layer to a height of a ridge portion of
the first electrode with respect to a groove portion of the first
electrode is at least 0.5 and at most 5.

(4) The liquid crystal display device according to (1),

[0529] wherein the planarization layer covers the first elec-
trode and is formed of an alignment film that contributes to
pretilting the at least some of the liquid crystal molecules.
(5) The liquid crystal display device according to (1),

[0530] wherein the planarization layer covers the first elec-
trode, and the liquid crystal display device further comprises
an alignment film that covers the planarization layer and
contributes to pretilting the at least some of the liquid crystal
molecules.

(6) The liquid crystal display device according to (1),

[0531] further comprising an alignment film that covers the
planarization layer and at least the ridge portions of the first
electrode and contributes to pretilting the at least some of the
liquid crystal molecules.

(7) The liquid crystal display device according to (4),

[0532] wherein the liquid crystal molecules are pretilted by
an electric field applied to the liquid crystal layer.
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(8) The liquid crystal display device according to (1),
[0533] further comprising a first alignment film at a side of
the liquid crystal layer oriented toward the first substrate and
a second alignment film at a side of the liquid crystal layer
oriented toward the second substrate, wherein a ratio of an
average thickness of the second alignment film to an average
thickness of the first alignment film is at least 0.5 and at most
1.5.
(9) The liquid crystal display device according to (1),
[0534] wherein a ridge portion of the first electrode is
formed of a plurality of stepped portions.
(10) The liquid crystal display device according to (1),
[0535] wherein the first substrate comprises a ridge struc-
ture situated between a perimeter of the at least one pixel and
an adjacent pixel of the plurality of pixels, the ridge structure
forming a perimeter of a ridge-and-groove portion of the first
electrode comprising the ridge portions and groove portions.
(11) The liquid crystal display device according to (1),
[0536] wherein the ridge portions and groove portions are
formed in a ridge-and-groove portion of the first electrode
that includes
[0537] a trunk ridge passing through a center of the at
least one pixel and extending in a cross shape, and
[0538] a plurality of branch ridges extending toward a
perimeter of the at least one pixel from the trunk ridge;
[0539] and wherein the second electrode comprises an
alignment restricting portion at a portion of the second elec-
trode aligned with the trunk ridge on the first electrode.
(12) The liquid crystal display device according to (1),
[0540] wherein the ridge portions and groove portions are
formed in a ridge-and-groove portion of the first electrode
that includes
[0541] atrunk ridge formed ona perimeter portion of the
at least one pixel in a frame shape, and
[0542] a plurality of branch ridges extending inward in
the at least one pixel from the trunk ridge;
[0543] and wherein the first electrode comprises a slit por-
tion or a protrusion, passing through a center of the at least
one pixel in parallel to a perimeter of the at least one pixel.
(13) The liquid crystal display device according to (1),
[0544] wherein the ridge portions extend from at least one
trunk ridge and end in tips, a width of the ridge portions being
narrowed toward the tips.
(14) The liquid crystal display device according to (13),
[0545] wherein the ridge portions and groove portions are
formed in a ridge-and-groove portion of the first electrode
that includes
[0546] a trunk ridge passing through a center of the at
least one pixel and extending in a cross shape, and
[0547] a plurality of branch ridges extending from the
trunk ridge toward a perimeter of the at least one pixel
and ending in tips;
[0548] and wherein a width of the branch ridges is widest at
the trunk ridge and narrows toward the tips.
(15) The liquid crystal display device according to (13),
[0549] wherein the ridge portions and groove portions are
formed in a ridge-and-groove portion of the first electrode
that includes
[0550] atrunk ridge formed ona perimeter portion of the
at least one pixel in a frame shape, and
[0551] a plurality of branch ridges extending inward in
the at least one pixel from the trunk ridge and ending in
tips;
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[0552] and wherein a width of the branch ridges is widest at
the trunk ridge and narrows toward the tips.

(16) The liquid crystal display device according to (1),
[0553] wherein the at least one pixel has an up-down axis
and a left-right axis and comprises:

[0554] a quadrant in which ridge portions extend in pat-
allel upward and leftward,

[0555] a quadrant in which ridge portions extend in pat-
allel downward and leftward,

[0556] a quadrant in which ridge portions extend in pat-
allel downward and rightward, and
[0557] a quadrant in which ridge portions extend in

parallel upward and rightward.
(17) The liquid crystal display device according to (1),
[0558] wherein the ridge portions and groove portions are
formed in a ridge-and-groove portion of the first electrode
that includes

[0559] a trunk ridge extending along an up-down axis
and left-right axis passing through a center of the at least
one pixel, and

[0560] a plurality of branch ridges extending from lon-
gitudinal sides of the trunk ridge towards a perimeter of
the at least one pixel,

[0561] and wherein the branch ridges joining the trunk
ridge form ridge edges that are parallel with neither the up-
down axis nor the left-right axis.

(18) The liquid crystal display device according to (1),
[0562] wherein the first electrode further comprises slit
portions.

(19) The liquid crystal display device according to (1),
[0563] wherein the first electrode further comprises an
indentation formed in a center region of the at least one pixel.
(20) The liquid crystal display device according to (1),
[0564] wherein the ridge portions and groove portions are
formed in a ridge-and-groove portion of the first electrode
that includes

[0565] a trunk ridge extending along an up-down axis
and a left-right axis passing through a center of the at
least one pixel, and

[0566] a plurality of branch ridges extending from lon-
gitudinal sides of the trunk ridge toward a perimeter of
the at least one pixel,

[0567] wherein the at least one pixel comprises

[0568] a first quadrant in which the branch ridges extend
in parallel upward and leftward,

[0569] a second quadrant in which the branch ridges
extend in parallel downward and leftward,

[0570] athird quadrant in which the branch ridges extend
in parallel downward and rightward, and

[0571] a fourth quadrant in which the branch ridges
extend in parallel upward and rightward;

[0572] and wherein

[0573] branch ridges extending from the trunk ridge on
the up-down axis and occupying the first quadrant, and
branch ridges extending from the trunk ridge on the
up-down axis and occupying the fourth quadrant, are
formed in a mutually offset state,

[0574] branch ridges extending from the trunk ridge on
the left-right axis and occupying the first quadrant, and
branch ridges extending from the trunk ridge on the
left-right axis and occupying the second quadrant, are
formed in a mutually offset state,

[0575] branch ridges extending from the trunk ridge on
the up-down axis and occupying the second quadrant,
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and branch ridges extending from the trunk ridge on the
up-down axis and occupying the third quadrant, are
formed in a mutually offset state, and

[0576] branch ridges extending from the trunk ridge on
the left-right axis and occupying the third quadrant, and
branch ridges extending from the trunk ridge on the
left-right axis and occupying the fourth quadrant, are
formed in a mutually offset state.

What is claimed is:

1. A liquid crystal display device comprising:

a plurality of pixels, at least one pixel of the plurality of

pixels including

a first substrate,

a second substrate,

a first electrode formed on a face of the first substrate
oriented toward the second substrate, the first elec-
trode having a plurality of ridge portions and a plu-
rality of groove portions,

a second electrode formed on a face of the second sub-
strate oriented toward the first substrate,

aliquid crystal layer situated between the first electrode
and the second electrode, the liquid crystal layer com-
prising liquid crystal molecules, at least some of the
liquid crystal molecules being pretilted, and

a planarization layer disposed on the first electrode and
filling at least the groove portions of the first elec-
trode.

2. The liquid crystal display device according to claim 1,
wherein a ratio of a thickness of a thinnest portion of the
planarization layer to a thickness of a thickest portion of the
planarization layer is at least 0.5 and at most 1.

3. The liquid crystal display device according to claim 2,
wherein a ratio of the thickness of the thickest portion of the
planarization layer to a height of a ridge portion of the first
electrode with respect to a groove portion of the first electrode
is at least 0.5 and at most 5.

4. The liquid crystal display device according to claim 1,
wherein the planarization layer covers the first electrode and
is formed of an alignment film that contributes to pretilting
the at least some of the liquid crystal molecules.

5. The liquid crystal display device according to claim 1,
wherein the planarization layer covers the first electrode, and
the liquid crystal display device further comprises an align-
ment film that covers the planarization layer and contributes
to pretilting the at least some of the liquid crystal molecules.

6. The liquid crystal display device according to claim 1,
further comprising an alignment film that covers the pla-
narization layer and at least the ridge portions of the first
electrode and contributes to pretilting the at least some of the
liquid crystal molecules.

7. The liquid crystal display device according to claim 4,
wherein the liquid crystal molecules are pretilted by an elec-
tric field applied to the liquid crystal layer.

8. The liquid crystal display device according to claim 1,
further comprising a first alignment film at a side of the liquid
crystal layer oriented toward the first substrate and a second
alignment film at a side of the liquid crystal layer oriented
toward the second substrate, wherein a ratio of an average
thickness of the second alignment film to an average thick-
ness of the first alignment film is at least 0.5 and at most 1.5.

9. The liquid crystal display device according to claim 1,
wherein a ridge portion of the first electrode is formed of a
plurality of stepped portions.
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10. The liquid crystal display device according to claim 1,
wherein the first substrate comprises a ridge structure situated
between a perimeter of the at least one pixel and an adjacent
pixel of the plurality of pixels, the ridge structure forming a
perimeter of a ridge-and-groove portion of the first electrode
comprising the ridge portions and groove portions.

11. The liquid crystal display device according to claim 1,

wherein the ridge portions and groove portions are formed

in a ridge-and-groove portion of the first electrode that

includes

a trunk ridge passing through a center of the at least one
pixel and extending in a cross shape, and

aplurality of branch ridges extending toward a perimeter
of the at least one pixel from the trunk ridge;

and wherein the second electrode comprises an alignment

restricting portion at a portion of the second electrode
aligned with the trunk ridge on the first electrode.

12. The liquid crystal display device according to claim 1,

wherein the ridge portions and groove portions are formed

in a ridge-and-groove portion of the first electrode that

includes

atrunk ridge formed on a perimeter portion of the at least
one pixel in a frame shape, and

a plurality of branch ridges extending inward in the at
least one pixel from the trunk ridge;

and wherein the first electrode comprises a slit portion or a

protrusion, passing through a center of the at least one
pixel in parallel to a perimeter of the at least one pixel.

13. The liquid crystal display device according to claim 1,
wherein the ridge portions extend from at least one trunk
ridge and end in tips, a width of the ridge portions being
narrowed toward the tips.

14. The liquid crystal display device according to claim 13,

wherein the ridge portions and groove portions are formed

in a ridge-and-groove portion of the first electrode that

includes

a trunk ridge passing through a center of the at least one
pixel and extending in a cross shape, and

a plurality of branch ridges extending from the trunk
ridge toward a perimeter of the at least one pixel and
ending in tips;

and wherein a width of the branch ridges is widest at the

trunk ridge and narrows toward the tips.

15. The liquid crystal display device according to claim 13,

wherein the ridge portions and groove portions are formed

in a ridge-and-groove portion of the first electrode that

includes

atrunk ridge formed on a perimeter portion of the at least
one pixel in a frame shape, and

a plurality of branch ridges extending inward in the at
least one pixel from the trunk ridge and ending in tips;

and wherein a width of the branch ridges is widest at the

trunk ridge and narrows toward the tips.

16. The liquid crystal display device according to claim 1,

wherein the at least one pixel has an up-down axis and a

left-right axis and comprises:

a quadrant in which ridge portions extend in parallel
upward and leftward,

a quadrant in which ridge portions extend in parallel
downward and leftward,

a quadrant in which ridge portions extend in parallel
downward and rightward, and
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a quadrant in which ridge portions extend in parallel
upward and rightward.
17. The liquid crystal display device according to claim 1,
wherein the ridge portions and groove portions are formed
in a ridge-and-groove portion of the first electrode that
includes
a trunk ridge extending along an up-down axis and left-
right axis passing through a center of the at least one
pixel, and
a plurality of branch ridges extending from longitudinal
sides of the trunk ridge towards a perimeter of the at
least one pixel,
and wherein the branch ridges joining the trunk ridge form
ridge edges that are parallel with neither the up-down
axis nor the left-right axis.
18. The liquid crystal display device according to claim 1,
wherein the first electrode further comprises slit portions.
19. The liquid crystal display device according to claim 1,
wherein the first electrode further comprises an indentation
formed in a center region of the at least one pixel.
20. The liquid crystal display device according to claim 1,
wherein the ridge portions and groove portions are formed
in a ridge-and-groove portion of the first electrode that
includes
a trunk ridge extending along an up-down axis and a
left-right axis passing through a center of the at least
one pixel, and
a plurality of branch ridges extending from longitudinal
sides of the trunk ridge toward a perimeter of the at
least one pixel;
wherein the at least one pixel comprises
a first quadrant in which the branch ridges extend in
parallel upward and leftward,
a second quadrant in which the branch ridges extend in
parallel downward and leftward,
a third quadrant in which the branch ridges extend in
parallel downward and rightward, and
a fourth quadrant in which the branch ridges extend in
parallel upward and rightward,
and wherein
branch ridges extending from the trunk ridge on the
up-down axis and occupying the first quadrant, and
branch ridges extending from the trunk ridge on the
up-down axis and occupying the fourth quadrant, are
formed in a mutually offset state,
branch ridges extending from the trunk ridge on the
left-right axis and occupying the first quadrant, and
branch ridges extending from the trunk ridge on the
left-right axis and occupying the second quadrant, are
formed in a mutually offset state,
branch ridges extending from the trunk ridge on the
up-down axis and occupying the second quadrant, and
branch ridges extending from the trunk ridge on the
up-down axis and occupying the third quadrant, are
formed in a mutually offset state, and
branch ridges extending from the trunk ridge on the
left-right axis and occupying the third quadrant, and
branch ridges extending from the trunk ridge on the
left-right axis and occupying the fourth quadrant, are
formed in a mutually offset state.
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