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LIQUID CRYSTAL PANELS
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present disclosure relates to liquid crystal
display technology, and more particularly to a vertical
alignment (VA) liquid crystal panel.

2. Discussion of the Related Art

[0002] With the evolution of optical and semiconductor
technology, flat panel displays have been developed. Among
the flat panel displays, LCD (Liquid Crystal Display) is
characterized by attributes such as high space utilization
efficiency, low power consumption, no radiation and low
electromagnetic interference, and etc., and thus have been
adopted in all aspects of productions.

[0003] Currently, LCDs mainly include In Plane Switch-
ing (IPS) mode, Twisted Nematic (TN) mode and Vertical
Alignment, VA) mode, wherein TN mode is mainly used for
small and medium-size LCD displays. For instance, the TN
mode liquid crystal display can be used in a notebook,
desktop computers, monitors. The VA mode and IPA mode
are mainly used for large-size liquid crystal display. For
instance, VA mode and IPA mode L.CD monitor may be
adopted as a display of LCD TVs. With the development of
the VA mode, which has been progressively used for small
and medium-size LCD display, VA mode liquid crystal
displays and TN mode liquid crystal displays may be
adopted in applications.

[0004] FIG. 1 is a schematic view of conventional VA
liquid crystal panel. Referring to FIG. 1, the VA liquid
crystal panel includes a Triacetyl Cellulose (TAC), a Poly
Vinyl Alcohol (PVA) polarizer 12, a TAC compensation
layer 13, a Pressure Sensitive Adhesive (PSA) layer 14, a VA
liquid crystal cell 15, a PSA layer 16, a TAC compensation
layer 17, a PVA polarizer 18, and a TAC protection layer 19
along a top-down direction. The VA liquid crystal cell 15 is
a VA liquid crystal cell of four domains, and the pretwist
angles are respectively 45, 135, 225, and 315 degrees.
Taking a horizontal viewing angle equaling to 0 degree as a
reference, the absorption axis of the PVA polarizer 12 is
configured to be 0 degree, the slow axis of the TAC
compensation layer 13 is configured to be 90 degrees, the
slow axis of the TAC compensation layer 17 is configured to
be 0 degree, and the absorption axis of the PVA polarizer 18
is configured to be 90 degrees.

[0005] FIGS. 2a-2¢ are viewing angle distribution dia-
grams respectively shows the bright state, the dark state, and
the contrastness of the liquid crystal panel of FIG. 1. As
shown, straight angles of the four concentric circles, from
the inside out, are respectively 20, 40, 60, and 80 degrees.
The numbers marked outside the concentric circles having
the straight angle equaling to 80 degree represent the hori-
zontal viewing angle.

[0006] FIG. 3 is a schematic view of one conventional TN
liquid crystal panel. The TN liquid crystal panel includes a
TAC protection layer 31, a PVA polarizer 32, a TAC
compensation layer 33, a PSA layer 34, a TN liquid crystal
cell 35, a PSA layer 36, a TAC compensation layer 37, a
PVA polarizer 38, and a TAC protection layer 39 along the
top-down direction.
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[0007] Taking a horizontal viewing angle equaling to 35
degrees as a reference, the absorption axis of the PVA
polarizer 32 is configured to be 45 degrees, the slow axis of
the TAC compensation layer 33 is configured to be 135
degrees, the slow axis of the TAC compensation layer 37 is
configured to be 45 degrees, and the absorption axis of the
PVA polarizer 38 is configured to be 135 degrees. The TAC
compensation layer 33 and the TAC compensation layer 37
are made by materials not limited to TAC compensation
materials. For instance, the material capable of compensat-
ing the viewing angle, such as Cyclo-olefin polymer (COP)
may be adopted.

[0008] In view of FIGS. 1 and 3, the polarizer structure of
the VA LCD is different from that of the TN LCD, and thus
the structure cannot be shared. It is critical to provide a
shared polarizer structure that can be adopted by the VA
LCDs and the TN LCDs at the same time.

SUMMARY

[0009] In order to overcome the above problems, the
present disclosure relates to a liquid crystal panel, wherein
the polarizer structure may be shared with the polarizer
structure of the TN liquid crystal panel.

[0010] In one aspect, a liquid crystal panel includes: a first
vertical alignment (VA) liquid crystal cell, a first compen-
sation layer and a first polarizer arranged on the first VA
liquid crystal cell in turn, and a second compensation layer
and a second polarizer arranged below the first VA liquid
crystal cell in turn, wherein a slow axis of the first compen-
sation layer is configured to be 135 degrees, an absorption
axis of the first PVA polarizer is configured to be 45 degree,
a slow axis of the second compensation layer is configured
to be 45 degrees, and an absorption axis of the second
polarizer is configured to be 135 degrees.

[0011] Wherein a first adhesive layer is arranged between
the first VA liquid crystal cell and the first compensation
layer, and a second adhesive layer is arranged between the
first VA liquid crystal cell and the second compensation
layer.

[0012] Wherein a first protection layer is arranged on the
first polarizer, and a second protection layer is arranged
below the second polarizer.

[0013] Wherein the first VA liquid crystal cell is a VA
liquid crystal cell of multi-domain.

[0014] Wherein the first VA liquid crystal cell is a VA
liquid crystal cell of four-domains, and pretwist angles are
respectively 0, 90, 180, and 270 degrees.

[0015] In another aspect, a liquid crystal panel includes: a
second VA liquid crystal cell, a third compensation layer and
a third polarizer arranged on the second VA liquid crystal
cell in turn, and a fourth compensation layer and a fourth
polarizer arranged below the second VA liquid crystal cell in
turn, wherein: a slow axis of the third compensation layer is
configured to be 45 degrees, an absorption axis of the third
polarizer is configured to be 135 degree, a slow axis of the
fourth compensation layer is configured to be 135 degree,
and an absorption axis of the fourth polarizer is configured
to be 45 degrees.

[0016] Wherein a third adhesive layer is arranged between
the second VA liquid crystal cell and the third compensation
layer, and a fourth adhesive layer is arranged between the
second VA liquid crystal cell and the fourth compensation
layer.
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[0017] Wherein a third protection layer is arranged on the
third polarizer, and a fourth protection layer is arranged
below the fourth polarizer.

[0018] Wherein the second VA liquid crystal cell is a VA
liquid crystal cell of multi-domain.

[0019] Wherein the second VA liquid crystal cell is a VA
liquid crystal cell of four-domains, and pretwist angles are
respectively 0, 90, 180, and 270 degrees.

[0020] In view of the above, the VA liquid crystal panel
may display normally, and the polarizer structure is the same
with that of the conventional TN liquid crystal panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic view of one conventional VA
liquid crystal panel.

[0022] FIGS. 2a-2¢ are viewing angle distribution dia-
grams respectively shows for the bright state, the dark state,
and the contrastness of the liquid crystal panel of FIG. 1.
[0023] FIG. 3 is a schematic view of one conventional TN
liquid crystal panel.

[0024] FIG. 4 is a schematic view of the liquid crystal
panel in accordance with a first embodiment.

[0025] FIG. 5 is a schematic view of the liquid crystal
panel in accordance with a second embodiment.

[0026] FIGS. 6a-6¢ are viewing angle distribution dia-
grams respectively shows for the bright state, the dark state,
and the contrastness of the liquid crystal panel of FIGS. 4
and 5.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] Various example embodiments will now be
described more fully with reference to the accompanying
drawings in which some example embodiments are shown.
In the drawings, the thicknesses of layers and regions may
be exaggerated for clarity. In the following description, in
order to avoid the known structure and/or function unnec-
essary detailed description of the concept of the invention
result in confusion, well-known structures may be omitted
and/or functions described in unnecessary detail.

[0028] It should be noted that the relational terms herein,
such as “first” and “second”, are used only for differentiating
one entity or operation, from another entity or operation,
which, however do not necessarily require or imply that
there should be any real relationship or sequence.

[0029] FIG. 4 is a schematic view of the liquid crystal
panel in accordance with a first embodiment. The liquid
crystal panel includes a first VA liquid crystal cell 45, a first
compensation layer 43 and a first polarizer 42 arranged on
the first VA liquid crystal cell 45 in turn, and a second
compensation layer 47 and a second polarizer 48 arranged
below the first VA liquid crystal cell 45 in turn. Taking a
horizontal viewing angle equaling to 0 degree as a reference,
the slow axis of the first compensation layer 43 is configured
to be 135 degrees, the absorption axis of the first PVA
polarizer 42 is configured to be 45 degree, the slow axis of
the second compensation layer 47 is configured to be 45
degrees, and the absorption axis of the second polarizer 48
is configured to be 135 degrees.

[0030] In the embodiment, the first VA liquid crystal cell
45 may include a thin film transistor (TFT) array substrate,
a color filter (CF) substrate on the TFT array substrate, and
a liquid crystal layer between the TFT array substrate and
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the CF substrate. Further, the first VA liquid crystal cell 45
may be Multi-Domain Vertical Alignment (MVA) liquid
crystal cell. In the embodiment, the first VA liquid crystal
cell 45 is of four domains. That is, the pretwist angles are
respectively 0, 90, 180, and 270 degrees. In another
example, the first VA liquid crystal cell 45 may be, but not
limited to, of eight domains.

[0031] The first compensation layer 43 and the second
compensation layer 47 are TAC compensation layers, and
the configuration may be determined by the angle of the
slow axis. The first polarizer 42 and the second polarizer 48
are PVA layers made by PVA, and the configuration may be
determined by the angle of the absorption axis.

[0032] In the embodiment, in order to protect the first
polarizer 42 and the second polarizer 48, the liquid crystal
panel further includes: A first protection layer 41 is arranged
on the first polarizer 42 to protect the first polarizer 42 and
to enhance the mechanical performance of the first polarizer
42 so as to prevent the first polarizer 42 from being retracted,
and a second protection layer 49 arranged below the second
polarizer 48 to protect the second polarizer 48 and to
enhance the mechanical performance of the second polarizer
48 so as to prevent the second polarizer 48 from being
retracted.

[0033] The first protection layer 41 and the second pro-
tection layer 49 are TAC protection layers. It is to be noted
that, in other embodiment, the liquid crystal panel may not
include the first protection layer 41 and the second protec-
tion layer 49.

[0034] Further, the liquid crystal panel may include: a first
adhesive layer 44 between the first VA liquid crystal cell 45
and the first compensation layer 43, and a second adhesive
layer 46 between the first VA liquid crystal cell 45 and the
second compensation layer 47. The first adhesive layer 44
and the second adhesive layer 46 are Pressure Sensitive
Adhesive (PSA) layers. It is to be noted that, in other
embodiment, the liquid crystal panel may not include the
first adhesive layer 44 and the second adhesive layer 46.
[0035] FIG. 5 is a schematic view of the liquid crystal
panel in accordance with a second embodiment. The liquid
crystal panel includes a second VA liquid crystal cell 55, a
third compensation layer 53 and a third polarizer 52
arranged on the second VA liquid crystal cell 55 in turn, and
a fourth compensation layer 57 and a fourth polarizer 58
arranged below the second VA liquid crystal cell 55 in turn.
[0036] Taking a horizontal viewing angle equaling to 0
degree as a reference, the slow axis of the third compensa-
tion layer 53 is configured to be 45 degrees, the absorption
axis of the third polarizer 52 is configured to be 135 degree,
the slow axis of the fourth compensation layer 57 is con-
figured to be 135 degree, and the absorption axis of the
fourth polarizer 58 is configured to be 45 degrees.

[0037] In the embodiment, the second VA liquid crystal
cell 55 may include the TFT array substrate, the CF substrate
on the TFT array substrate, and the liquid crystal layer
between the two substrate. Further, the first VA liquid crystal
cell 55 may be Multi-Domain Vertical Alignment (MVA)
liquid crystal cell. In the embodiment, the first VA liquid
crystal cell 45 is of four domains. That is, the pretwist angles
are respectively 0, 90, 180, and 270 degrees. In another
example, the first VA liquid crystal cell 45 may be, but not
limited to, of eight domains.

[0038] The third compensation layer 53 and the fourth
compensation layer 57 are TAC compensation layers, and
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the configuration may be determined by the angle of the
slow axis. The first polarizer 52 and the second polarizer 58
are PVA layers made by PVA, and the configuration may be
determined by the angle of the absorption axis.

[0039] In the embodiment, in order to protect the third
polarizer 52 and the fourth polarizer 58, the liquid crystal
panel further includes: A third protection layer 51 is
arranged on the third polarizer 52 to protect the third
polarizer 52 and to enhance the mechanical performance of
the third polarizer 52 so as to prevent the third polarizer 52
from being retracted; and a fourth protection layer 58
arranged below the fourth polarizer 58 to protect the fourth
polarizer 58 and to enhance the mechanical performance of
the fourth polarizer 58 so as to prevent the fourth polarizer
58 from being retracted.

[0040] The third protection layer 51 and the fourth pro-
tection layer 59 are TAC protection layers. It is to be noted
that, in other embodiment, the liquid crystal panel may not
include the third protection layer 51 and the fourth protec-
tion layer 59.

[0041] Further, the liquid crystal panel may include: a
third adhesive layer 54 between the second VA liquid crystal
cell 55 and the third compensation layer 53, and a fourth
adhesive layer 56 between the second VA liquid crystal cell
55 and the fourth compensation layer 56. The third adhesive
layer 54 and the fourth adhesive layer 56 are Pressure
Sensitive Adhesive (PSA) layers. It is to be noted that, in
other embodiment, the liquid crystal panel may not include
the third adhesive layer 54 and the fourth adhesive layer 56.
[0042] FIGS. 6a-6¢ are viewing angle distribution dia-
grams respectively shows for the bright state, the dark state,
and the contrastness of the liquid crystal panel of FIGS. 4
and 5. As shown, straight angles of the four concentric
circles, from the inside out, are respectively 20, 40, 60, and
80 degrees. The numbers marked outside the concentric
circles having the straight angle equaling to 80 degree
represent the horizontal viewing angle.

[0043] In view of FIGS. 2a and 6a, the brightness of the
dark state with respect to all of the viewing angles of the
liquid crystal panel in FIGS. 4 and 5 is the same with that
shown in FIG. 1. In addition, when compared with FIG. 1,
the distribution of the brightness of the dark state with
respect to all of the viewing angles of FIGS. 4 and 5 have
deviated for 45 degrees.

[0044] In view of FIGS. 2b and 64, the brightness of the
bright state with respect to all of the viewing angles of the
liquid crystal panel in FIGS. 4 and 5 is the same with that
shown in FIG. 1. In addition, when compared with FIG. 1,
the distribution of the brightness of the bright state with
respect to all of the viewing angles of FIGS. 4 and 5 have
deviated for 45 degrees.

[0045] Inview of FIGS. 2¢ and 6¢, the contrastness of with
respect to all of the viewing angles of the liquid crystal panel
in FIGS. 4 and 5 is the same with that shown in FIG. 1. In
addition, when compared with FIG. 1, the contrastness with
respect to all of the viewing angles of FIGS. 4 and 5 have
deviated for 45 degrees.

[0046] In view of the above, the liquid crystal panel in
FIGS. 1 and 2 may display normally. In addition, the
polarizer structure of the liquid crystal panels in the first and
the second embodiments is the same with the polarizer
structure adopted by the TN liquid crystal panel.

[0047] It is believed that the present embodiments and
their advantages will be understood from the foregoing
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description, and it will be apparent that various changes may
be made thereto without departing from the spirit and scope
of the invention or sacrificing all of its material advantages,
the examples hereinbefore described merely being preferred
or exemplary embodiments of the invention.

What is claimed is:

1. A liquid crystal panel, comprising:

a first vertical alignment (VA) liquid crystal cell, a first
compensation layer and a first polarizer arranged on the
first VA liquid crystal cell in turn, and a second com-
pensation layer and a second polarizer arranged below
the first VA liquid crystal cell in turn, wherein

a slow axis of the first compensation layer is configured
to be 135 degrees, an absorption axis of the first PVA
polarizer is configured to be 45 degree, a slow axis of
the second compensation layer is configured to be 45
degrees, and an absorption axis of the second polarizer
is configured to be 135 degrees.

2. The liquid crystal panel as claimed in claim 1, wherein

a first adhesive layer is arranged between the first VA liquid
crystal cell and the first compensation layer, and a second
adhesive layer is arranged between the first VA liquid crystal
cell and the second compensation layer.

3. The liquid crystal panel as claimed in claim 2, wherein
a first protection layer is arranged on the first polarizer, and
a second protection layer is arranged below the second
polarizer.

4. The liquid crystal panel as claimed in claim 1, wherein
the first VA liquid crystal cell is a VA liquid crystal cell of
multi-domain.

5. The liquid crystal panel as claimed in claim 2, wherein
the first VA liquid crystal cell is a VA liquid crystal cell of
multi-domain.

6. The liquid crystal panel as claimed in claim 3, wherein
the first VA liquid crystal cell is a VA liquid crystal cell of
multi-domain.

7. The liquid crystal panel as claimed in claim 4, wherein
the first VA liquid crystal cell is a VA liquid crystal cell of
four-domains, and pretwist angles are respectively 0, 90,
180, and 270 degrees.

8. The liquid crystal panel as claimed in claim 5, wherein
the first VA liquid crystal cell is a VA liquid crystal cell of
four-domains, and pretwist angles are respectively 0, 90,
180, and 270 degrees.

9. The liquid crystal panel as claimed in claim 6, wherein
the first VA liquid crystal cell is a VA liquid crystal cell of
four-domains, and pretwist angles are respectively 0, 90,
180, and 270 degrees.

10. A liquid crystal panel, comprising:

a second VA liquid crystal cell, a third compensation layer
and a third polarizer arranged on the second VA liquid
crystal cell in turn, and a fourth compensation layer and
a fourth polarizer arranged below the second VA liquid
crystal cell in turn, wherein:

a slow axis of the third compensation layer is configured
to be 45 degrees, an absorption axis of the third
polarizer is configured to be 135 degree, a slow axis of
the fourth compensation layer is configured to be 135
degree, and an absorption axis of the fourth polarizer is
configured to be 45 degrees.

11. The liquid crystal panel as claimed in claim 10,

wherein a third adhesive layer is arranged between the
second VA liquid crystal cell and the third compensation
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layer, and a fourth adhesive layer is arranged between the
second VA liquid crystal cell and the fourth compensation
layer.

12. The liquid crystal panel as claimed in claim 11,
wherein a third protection layer is arranged on the third
polarizer, and a fourth protection layer is arranged below the
fourth polarizer.

13. The liquid crystal panel as claimed in claim 10,
wherein the second VA liquid crystal cell is a VA liquid
crystal cell of multi-domain.

14. The liquid crystal panel as claimed in claim 11,
wherein the second VA liquid crystal cell is a VA liquid
crystal cell of multi-domain.

15. The liquid crystal panel as claimed in claim 12,
wherein the second VA liquid crystal cell is a VA liquid
crystal cell of multi-domain.

16. The liquid crystal panel as claimed in claim 13,
wherein the second VA liquid crystal cell is a VA liquid
crystal cell of four-domains, and pretwist angles are respec-
tively 0, 90, 180, and 270 degrees.

17. The liquid crystal panel as claimed in claim 14,
wherein the second VA liquid crystal cell is a VA liquid
crystal cell of four-domains, and pretwist angles are respec-
tively 0, 90, 180, and 270 degrees.

18. The liquid crystal panel as claimed in claim 15,
wherein the second VA liquid crystal cell is a VA liquid
crystal cell of four-domains, and pretwist angles are respec-
tively 0, 90, 180, and 270 degrees.

* % % k¥

Mar. 8, 2018



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
RHA
IPCH %5

CPCH¥S

£
S EREEEE

BEX)

TR E R
US20180067364A1 K (AE)B
US14/915628 FER

RYIHHEEXBEARBRLF

RYIFEXBREERAT

Y THEEXERRERAF

HAI BO

HAI, BO

G02F1/13363 G02F1/1335 G02F1/1337

patsnap

2018-03-08

2016-01-07

GO02F1/133636 G02F1/133528 G02F1/133753 G02F2001/133531 G02F2001/133761 G02F2001
/133742 G02F2202/28 G02F2201/50 G02F2413/04 G02F2413/05 G02F2413/06 G02F1/13363

G02F2001/133757 G02F2413/02

201510823899.1 2015-11-24 CN

Espacenet USPTO

RBEERSFE-—FEM@E (VA) RBET KX HEEE -VARER
IHE-WEENE - REBRARGTEEE —VARR TENE=IMEE 7~
ME - mike BRKR. F—IMZENEHWEEN135E , B—PVAR o
IRERH R R BB N45E , FAMEENEHMREEN45E |, HAR

WHSE —miRERECE N 135, X , VARRERAAEEETR , Wik
RENSESNTNRSERERE, 55"

Third protection layer

Third polarizer

Third compensation layer

Third adhesive layer

Second VA liguid crystal cell

Fourth adhesive layer

Fourth compensation layver

Fourth polarizer

Fourth protection layer



https://share-analytics.zhihuiya.com/view/41ebd639-4a15-4313-9da3-a421e0638c6f
https://worldwide.espacenet.com/patent/search/family/055199287/publication/US2018067364A1?q=US2018067364A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180067364%22.PGNR.&OS=DN/20180067364&RS=DN/20180067364

