United States Patent

US006552706B1

(12) (10) Patent No.: US 6,552,706 B1
Ikeda et al. @5) Date of Patent: Apr. 22,2003
(54) ACTIVE MATRIX TYPE LIQUID CRYSTAL Ip 10-282937 10/1998
DISPLAY APPARATUS
OTHER PUBLICATIONS
(75)  Inventors: H{iz};as¥0{(l;zd?fp¥?%i§sﬁg ;'I‘IS-IL:SE?OH Korean Patent Office Official Action issued on Apr. 30,
Tokyo (JP); Takashi Nose, Tokyo (JP) 2002.
* cited by examiner
(73) Assignee: NEC Corporation, Tokyo (JP) Y
(*) Notice: Subject to any disclaimer, the term of this fzgzgi I%;;Zf;jiﬁiidsfrgs Anvaso
patent is extended or adjusted under 35 - AnYas .
(74) Artorney, Agent, or Firm—Whitham, Curtis &
U.S.C. 154(b) by 287 days .
e y s Christofferson, P.C.
(21) Appl. No.: 09/619,307 (57 ABSTRACT
(22) Filed: Jul. 19, 2000 An active matrix type liquid crystal display apparatus can
) .. . reduce occurrence of flicker, which can be a cause of
(30) Foreign Application Priority Data degradation of picture quality even in a particular fixed
Jul. 21, 1999 (P) oo, 11-205507  pattern, by using a data driver circuit constantly inverting
polarity of voltage of adjacent outputs. The active matrix
(51) G09G 3/36 type liquid crystal display apparatus has display picture
(52) U-S- Cl- ............................ 345/96, 345/92, 345/100 elements, each Consisting Of four pixels Of ﬁrst to four pixels
(58) Field of Search ............................ 345/96, 92, 93, arranged vertically and horizontally per two, scanning lines,
345/99, 100, 88, 213; 349/106, 143, 144 each being in common for the four pixels, data lines
. arranged per two on opposite sides of vertically aligned two
(56) References Cited pixels, a common electrode being common for the four
U.S. PATENT DOCUMENTS pixel§, and.a data driver circuit for Writipg voltages frqm the
datalines simultaneously for the four pixels of each picture
4,781,438 A * 11/1988 Noguchi ......ccccceevvuenee 345/88 element when the one scanning line is selected. The pixels
4,834,505 A * 5/1989 Migliorato et al. ......... 349/106 are located at the same position in laterally adjacent picture
5,457,552 A : 1071995 Ogurtsov et al. .......o..... 345/93 elements being connected to data lines at different sides
g ’ggg "2123 2 . é/ ;ggg EIObIIII,‘der """" e 33‘5‘51/ gg relative to each other. The data driver circuit is controlled to
PO / ashimoto et al. —......... / apply different polarities of voltages to adjacent data lines
6,259,504 B1 * 7/2001 Shin et al. ................. 349/106 ith b It for th lectrod di
6,327,008 B1 * 12/2001 Fujiyoshi 345/96 with respect to a voltage for the common electrode, and to
6,342,876 BL *  1/2002 Kill ..oooovrovorerveerenneneee 3451213  invert polarities of the voltages to be applied to respective
data lines with respect to the voltage of the common
FOREIGN PATENT DOCUMENTS electrode when the scanning line is selected.
JP 3-78390 4/1991
IpP 10-197894 7/1998 9 Claims, 16 Drawing Sheets
m m+1
d 1 N PRt PR s b7 68
3 g g | ety s e 1
bl | {
. ' R/ HG1 [ R ] 61
I i
! I I
|
ST [ S e e e
13- | | 18
I
E B M||62 irisB /G2 1!
{ | t
14+ - ! | LLdd |
i s .
19 ™ ! | 1-24
H R H e || PR | e R
204 - | | || s
n+ T TI i % ; A
10| | l
4; B | et B N 62 | [N
29’ | i 30
R e R
21 22 25 26




US 6,552,706 B1

Sheet 1 of 16

Apr. 22,2003

U.S. Patent

FIG.1

-+ -+ =t —

+

1iN2H12 ONINNVOS

m N R ¢ -

AN— U VA G S
WA ) v 1 |
o ! __ |

_ — ™~ - N _
7»104_1 O 0 _ L) \ o [T&

[
N T _ I _

! A T / [
/| | [ | _
o _ | _
WL_\, o m m @ m /“J%
Ty} |
N 1 _ T _

Fo———— o= ————— ———_——H
7 S —
/42 | — o~ _ — N " o~
™ _

N | ] _

_ \ | \ _
al I _ T _
=t m || @ m T
- _ !
N I ] | 71 _

e e

J s T m @

o~ — —

o~ o L I — 9 N

DATA DRIVER CIRCUIT

200



US 6,552,706 B1

Sheet 2 of 16

Apr. 22,2003

U.S. Patent

FIG.2

-+ =+ -t -

12 3 4 5 6 7
A Y VPN bR b e 8

+

.28

4{____1
26

i

25

_g____J___.{______

22

+|

e s e
.+

!

b

!
o~ /

o™~ |




US 6,552,706 B1

Sheet 3 of 16

Apr. 22,2003

U.S. Patent

FIG.3

O

N R I

_ _IPII.IIII Ifﬂ IIIII *Jllfﬁllll_lllll.kllJ

7T 1 Y Y J S

o | “ _

_

7mJ_\, © = | = \ © J_)m

N i ! 1 _

|“| [ i /1 N / [

/] N O _

w “ [ [
SHI_T m o m o m | o

_

N 1 _ T _

._T i i I———— 4——————=— ——————

-/ “ L [ [ {

~I _ " _
STUE L e L e

~N J| _ | !

+ _ - \ i \ [

e 1 i
H,T o m i m X Mo

- _ _

£+ N [ / L 7 \ I _

———— mm— g o E———

7\_ ™ T O w /9

o~y o =i I - — O o~




US 6,552,706 B1

Sheet 4 of 16

Apr. 22,2003

U.S. Patent

FIG. 4

~ i ~ 89 3
_ _,l.v.llbllll |Fﬂlllllrl_llf4|.lll_llll|klll_
/1 1 \ A\ 1 [
< “ "
2 | + v_ | + T8
t~ ]
N I _ ] _
= R |
. “ .
H.l“\z + | _ -+ _ f“.IZ
.TS/_ 1 _ I [
| e S ——1—
% " ml
Mur“) | -+ " | -+ (“)Mu
o™ .
_ |
- e —
N 1 i
o~ _ _ _ _
M,__) + _ _ + | f“)2
N ! |
T o
7\_ ™ T O m /9
o~ o7 T {\:.ﬁlu ™~




US 6,552,706 B1

Sheet 5 of 16

Apr. 22,2003

U.S. Patent

FIG.5

% o > 3 ™ m

A STV W o S

4 1 ﬂ/ﬁ NN |
w | — o~ | — o~ l
R N

£ 7 m I ////\m //H//A\ m
65 i _ I o
RN\

F—————— ————— d=———————= ——————

/ " < 1 [ [ _

SIS\ el M
=N\ o || o ONT N

i | NN H// = /// N i

i o
SIS | SN
NN

T _7|w|||IH uuuuu Mr%!il.%slllﬁ,ll_

S L

n+1



U.S. Patent Apr. 22, 2003 Sheet 6 of 16 US 6,552,706 B1

FIG.6

| X~TH FRAME 1. (X+1)-TH FRAME |
Tﬂgtﬁz 13 14 —|
/L
vitT —-———————— N—-l-—-—— — Vcom
W
V12 —|l—-———————— Bm ————————— Vcom
V13 — - ([ ———— Vcom
V14 —|———————— *(-— ———————— — Vcom
J7
V15 —|——————— — e (e —— Vcom
Vg —]—— ——— —— — - Vcom
py
v17 — - —-— - — — —;— ———————— — Vecom
7
V18 I _”'_' ————————— Vcom
V19 ——|————— ——— (——|———————— Vcom
) !
V20 ——|-——————— (——|——————— — Vcom
i
! L
V21 — = — —— ——— — Vcom
(!
V22 ——|—————— — -—————— — Veom
/'
v2 ——fr—————-——))—l-————— Veom
7
V24 @ — e ) _ ) Vecom
V2, ——|————— —— - — Vcom
1
V26 — | ———— — (—[———————= Veom
)




US 6,552,706 B1

Sheet 7 of 16

Apr. 22,2003

U.S. Patent

FIG.7

o © > 3 ™ Q

_|/|¢..|I.Il|l lrn lllll f_ﬂllfqllll_llll| \ll..._
4 i ,/“ / / A//m
ST TN LS NV
SN 5 //&\ m
P | L0
ST NS T

————— o —————— A== - =
\ " [ Q| ) /_
S NN NN
ST Y Le Ny
N /_//4, m
21_ ! L
M,“r%_ﬁ - m//y i

_r|_7 ||||| 14\ ||||| Mrmnlllllnw.llihﬂ,!L

8 o - T Lo &

) p



U.S. Patent Apr. 22, 2003 Sheet 8 of 16 US 6,552,706 B1

FIG.8

(X+1)-TH FRAME

X—TH FRAME | ,

S |

V11 j ————————— s(f ————————— Vcom

V12 :] ————————— gg—— ————————— Vcom
——red L.

V13 :—————————H— ———————— — Vcom
V14 —|———————— (|- — Vecom
33
Vis —fj———————— i — Veom
Vig —]———————— o Vcom
7L
V17 —f———————— = — Vcom
Vig | ——— (—f———————- Veomn
V19 @ ————— — — — — ] 3'5{ ————————— — Vcom
v20 —— | ———— — — — ( ————————— — Vcom
iy
vzl - - - —— — B 5 —————————— Veom
V22 @ — = ——— — j( ,( ————————— — Vcom
vz ——f—————— —— ), e Vcom
vz & @——rp———{-—-—-—--——— Vcom
1 R
L
V2s  —— ————————W’}—— ———————— Vcom
V2 —— | ———— :“—— ———————— Veom




U.S. Patent

Apr. 22,2003

Sheet 9 of 16

US 6,552,706 B1

m m + 1 m + 2 m+3
27 11 12 15 16 28
zzimmillzzil il
n H//m? P2 4 H7/P5? P6 |+
9\ // ///A
N1 P3 _‘»—/V P7 _H—/V
v 7%
194—/2// . 24
N+ 2 //9@ — P10 ,/{135~ H P14 [ ]
20 //// L 7 | 23
| 9 7
g
n+3 + P11 ///P/12/—‘ — P15 /P/16§—'
A /s// s %
29 21 22 25 26 [ 30




U.S. Patent Apr. 22, 2003 Sheet 10 of 16

V11

V12

V13

V14

V15

V1ig

V17

V18

V15

V20

V21

V22

V23

V24

V25

V26

FIG.10

X-TH FRAME (X+1)-TH FRAME

US 6,552,706 B1

Vcom

Vcom

Vcom

VYcom

Vcom

Vcom

Vcom



U.S. Patent

FIG.11

100
Ya

Apr. 22,2003

Sheet 11 of 16

il

US 6,552,706 B1

gl

SCANNING CIRCUIT

DRIVER CIRCUIT

200




US 6,552,706 B1

Sheet 12 of 16

Apr. 22,2003

U.S. Patent

FIG.12
(PRIOR ART)

— — d

_——

G

——|— L

l
|
I
|
T
G |
I
]

b




U.S. Patent Apr. 22,2

FIG

13

(PRIOR ART)

US 6,552,706 B1

G:B

G | B

I
G{B

7,

G | B

iz,




(PRIOR ART)

FIG.14

U.S. Patent Apr. 22,2

/@/M%/%/ ///ﬂ%
////////////%ﬁ
//%//%/7 /M// ////
V/%/%/ N R




U.S. Patent Apr. 22,2

FIG

15

(PRIOR ART)

US 6,552,706 B1

GIB

G I B

B I G

B I G

B G
70

77

B}G

I

| B I B
] /]
B | G B G




U.S. Patent Apr. 22,2

FIG.16
(PRIOR ART)

///

//////%// )

///

/%/f/////

///A

%//

///¢ N

Sy

////////A
DhRhNN




US 6,552,706 B1

1

ACTIVE MATRIX TYPE LIQUID CRYSTAL
DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an active matrix
type liquid crystal display apparatus. More particularly, the
invention relates a flicker lowering system in an active
matrix type liquid crystal display apparatus.

2. Description of the Related Art

A drive method of a color display, in which one picture
element consists of four pixels, is disclosed in Japanese
Unexamined Patent Publication No. Heisei 3-78390, for
example. An active matrix type liquid crystal display appa-
ratus and a pixel structure is disclosed in Japanese Unex-
amined Patent Publication No. Heisei 3-78390 are illustrated
in FIGS. 11 and 12.

In FIG. 11, L denote liquid crystal cells arranged in a
matrix, C denote storage capacitors arranged in parallel to
the liquid crystal cells, T denote field effect transistors (FET
or TFT), each drain electrode of which is connected to one
of electrodes of each liquid crystal cell L. Each pixel
consists of these three elements.

X denote a plurality of X electrodes (data lines) com-
monly connected to input electrodes (source electrodes) of
transistors per each column, in the matrix, Y denote a
plurality of Y electrodes (gate line or scanning line) con-
nected to gate electrodes of the transistors T in common per
each row in the matrix, and Z denotes a common electrode
commonly connected to other electrodes of all liquid crystal
cells L. On the other hand, the reference numeral 100
denotes a scanning circuit sequentially applying scanning
pulses to scanning lines Y, 200 denotes a driver circuit
sampling/holding a video signal and converting the video
signal equal to one horizontal line into parallel video signals
of the number corresponding to number of data lines for
supplying respective parallel video signals to respective data
lines.

Referring to FIG. 12, a minimum picture element consists
of four pixels of red (R), green (G), green (G) and blue (B)
arranged in square matrix. Polarities of voltages to be
applied to respective pixels are controlled so that a polarity
of the voltage to be applied to one pixel region consists of
a pair of red pixel and green pixel and a polarity of the
voltage to be applied to the other pixel region consists of a
pair of blue pixel and green pixel are opposite with respect
to each other. In the alternative, a polarity of the voltage to
be applied to one pixel region consists of a pair of green
pixels and a polarity of the voltage to be applied to the other
pixel region consists of a pair of red pixel and blue pixel are
opposite with respect to each other.

FIG. 13 shows polarities of voltages to be applied to
respective pixels in the case where the polarity of the voltage
to be applied to one pixel region consists of a pair of red
pixel and green pixel and a polarity of the voltage to be
applied to the other pixel region consists of a pair of blue
pixel and green pixel are opposite with respect to each other.
On the other hand, FIG. 14 shows polarities of voltages to
be applied to respective pixels in the case where the polarity
of the voltage to be applied to one pixel region consists of
a pair of green pixels and the polarity of the voltage to be
applied to the other pixel region consists of a pair of red
pixel and blue pixel are opposite with respect to each other.
It should be noted that in FIGS. 13 and 14, the hatched
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2

portions represent the regions applied one polarity (e.g.
positive or negative) of voltage and the blank portions (not
hatched) represent the regions applied the other polarity (e.g.
negative or positive) of voltage.

In the construction set forth above, when one color
display of red is performed for an area perceptible by a
human eye, for example, polarities of voltages to be applied
per each field become the same with each other in all red
pixels to inherently cause flicker irrespective of a pitch of the
pixels. In the above-identified publication, discussion has
been given for flicker lowering effect for yellow (green and
red), cyan (green and blue), green (green and green) and
magenta (red and blue). However, no discussion has been
given for flicker lowering effect for red simple color.

In the above-identified publication, as an alternative
embodiment, another pixel structure is illustrated in FIGS.
15 and 16. However, in either case, occurrence of flicker is
inevitable in the case of red simple display. When the display
is used as an output device of a computer, red simple display
is frequently used. Therefore, it is highly possible to cause
flicker.

A problem in the prior art set forth above, in such liquid
crystal display apparatus, occurrence of flicker can be
increased when particular simple color pattern is displayed,
such as red simple color, for example. The reason is that a
polarity of the voltage to be applied to the pixel is the same
in respective pixels of red, green and blue to achieve
cancellation effect when color matching with the polarity
pattern is displayed.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an active matrix type liquid crystal display apparatus which
can reduce occurrence of flicker, which can be a cause of
degradation of picture quality even in particular fixed
pattern, by using a data driver circuit constantly inverting
polarity of voltage of adjacent outputs.

According to the first aspect of the present invention, an
active matrix type liquid crystal display apparatus com-
prises:

display picture elements, each consists of four pixels of

first to four pixels arranged vertically and horizontally
per two;

scanning lines, each being in common for the four pixels;

data lines arranged per two on opposite sides of vertically

aligned two pixels;

a common electrode being common for the four pixels;

a data driver circuit for writing voltages from the data

lines simultaneously for the four pixels of each picture
element when the one scanning line is selected,

the pixels located at the same position in laterally adjacent

picture elements being connected to data lines at dif-
ferent sides relative to each other; and

the data driver circuit being controlled to apply different

polarities of voltages to adjacent data lines with respect
to a voltage for the common electrode, and to invert
polarities of the voltages to be applied to respective
data lines with respect to the voltage of the common
electrode when the scanning line is selected.

In the preferred construction, the data driver circuit per-
forms control for inverting polarity with respect to the
common electrode per frame.

According to the second aspect of the present invention,
an active matrix type liquid crystal display apparatus com-
prises:
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a plurality of mutually parallel data lines;

a plurality of mutually parallel scanning lines arranged
perpendicular to the data lines;

field effect type transistors, each provided in the vicinity
of each intersection of the data line and the scanning
line;

pixel electrodes, each connected to the field effect type
transistor;

a common electrode;

liquid crystal provided between the pixel electrodes and
the common electrode, each four pixels forming one
picture element;

a scanning circuit sequentially applying voltages to the
scanning lines;

a data driver circuit receiving a display data and applying
voltages corresponding to the display data for the data
lines;

the display driver circuit controlling application of volt-
age so that polarities of the voltages to be applied to
first, second, third and fourth pixels of a first picture
element at an arbitrary position of a display portion
relative to a voltage of the common electrode are the
same polarity in the first and second pixels, the same
polarity in the third and fourth pixels and opposite
polarity in the first and third pixels;

so that polarities of voltages to be applied to the first to
fourth pixels of the first picture element relative to the
voltage of the common electrode are inverted at a
period of a frame frequency;

so that polarities of voltages to be applied to fifth, sixth,
seventh and eighth pixels located at the corresponding
position to the first pixel in second, third, fourth and
fifth picture elements adjacent to the first picture ele-
ment in vertical and lateral directions are opposite to
the polarity of the voltage to be applied to the first
pixel;

so that the polarities of voltages to be applied to ninth,

tenth, eleventh and twelfth pixels located at the corre-
sponding position to the first pixel in sixth, seventh,
eighth and ninth picture elements obliquely adjacent to
the first picture element respectively located at
obliquely upper left side, obliquely upper right side,
obliquely lower left side and obliquely lower right side
are the same as the polarity of the voltage to be applied
to the first pixel.

In the preferred construction, the first, second, third and
fourth pixels may display red, green, green and blue. In the
alternative, the first, second, third and fourth pixels may
display red, green, white and blue. In the further alternative,
the first, second, third and fourth pixels may display white,
respectively.

Discussing the operation of the present invention, each
picture element in the display portion consists of four pixels.
These four pixels are arranged to form a 2x2 matrix. On
opposite sides of each vertically aligned set of pixels, two
data lines are arranged. Thus, a total of four data lines are
arranged in each picture element. When one gate bus line is
selected, voltages are written simultaneously for four pixels.
The pixels laterally adjacent with each other are connected
to data lines on opposite sides. Mutually opposite polarities
of the voltages with respect to the voltage of the counter
electrode (common electrode) are applied to adjacent data
lines. The polarity of the voltage to be applied to each data
bus line is inverted every time of sequential selection of the
gate bus line.
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As set forth above, one picture element consists of four
pixels, and the combination of data bus lines to be connected
to the pixels at the same positions in laterally adjacent
picture elements are alternated for applying voltages to
respective pixels in such a manner that the polarities of the
voltages to be held during a certain frame period with
respect to the voltage of the counter electrode in the pixels
located at the same position as the pixel in one picture
element, in the picture elements adjacent in vertical and
lateral directions, are opposite to that held in the pixel of the
one picture element. At the same time, within one picture
element, the polarity of two pixels is positive and the
polarity of the other two pixels is negative.

At this time, each pixel is adapted to perform color
display. Assuming that the arrangement of colors in each
picture element is the same, to the pixels of the same color
in adjacent picture elements are applied mutually opposite
polarities of voltages. Thus, variation of luminance can be
canceled to avoid increasing of flicker even in display of
fixed display pattern of simple color. Also, since one picture
element consists of four pixels, and mutually opposite
polarities of voltages are applied for respective pairs of two
pixels, increasing of flicker can be avoided even in one
picture element.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from
the detailed description given hereinafter with reference to
the accompanying drawings of the preferred embodiment of
the present invention, which, however, should not be taken
to be limitative to the present invention, but are for expla-
nation and understanding only.

In the drawings:

FIG. 1 is a schematic block diagram showing a pixel
structure of the first embodiment of an active matrix type
liquid crystal display apparatus according to the present
invention;

FIG. 2 is a schematic illustration showing polarities of
voltages applied to respective pixels in the first embodiment
of the active matrix type liquid crystal display apparatus
according to the present invention;

FIG. 3 is a schematic block diagram showing a pixel
structure of the second embodiment of an active matrix type
liquid crystal display apparatus according to the present
invention;

FIG. 4 is a schematic illustration showing polarities of
voltages applied to respective pixels in the second embodi-
ment of the active matrix type liquid crystal display appa-
ratus according to the present invention;

FIG. 5 is an illustration showing a pattern of respective
polarities of voltages in the first embodiment of the active
matrix type liquid crystal display apparatus according to the
present invention;

FIG. 6 is a timing chart of the first embodiment of the
active matrix type liquid crystal display apparatus according
to the present invention;

FIG. 7 is an illustration showing a pattern of respective
polarities of voltages in the second embodiment of the active
matrix type liquid crystal display apparatus according to the
present invention;

FIG. 8 is a timing chart of the second embodiment of the
active matrix type liquid crystal display apparatus according
to the present invention;

FIG. 9 is a schematic block diagram showing a pixel
structure of the third embodiment of an active matrix type
liquid crystal display apparatus according to the present
invention;
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FIG. 10 is a timing chart of the third embodiment of the
active matrix type liquid crystal display apparatus according
to the present invention;

FIG. 11 is a schematic block diagram showing an overall
construction of a liquid crystal display apparatus;

FIG. 12 is a schematic illustration showing a pixel struc-
ture of the conventional liquid crystal display apparatus;

FIG. 13 is a schematic illustration showing one pattern of
polarities of voltages to be applied to respective pixels in the
conventional liquid crystal display apparatus;

FIG. 14 is a schematic illustration showing another pat-
tern of polarities of voltages to be applied to respective
pixels in the conventional liquid crystal display apparatus;

FIG. 15 is a schematic illustration showing a further
pattern of polarities of voltages to be applied to respective
pixels in the conventional liquid crystal display apparatus;
and

FIG. 16 is a schematic illustration showing a still further
pattern of polarities of voltages to be applied to respective
pixels in the conventional liquid crystal display apparatus;

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will be discussed hereinafter in
detail in terms of the preferred embodiment of the present
invention with reference to the accompanying drawings. In
the following description, numerous specific details are set
forth in order to provide a through understanding of the
present invention. It will be obvious, however, to those
skilled in the art that the present invention may be practiced
without these specific details. In other instance, well-known
structure are not shown in detail in order to avoid unneces-
sary obscurity of the present invention. It should be noted
that like reference numerals to those shown in FIGS. 11 to
16 will represent like components. Detailed description of
such common components will be omitted in order to avoid
redundant disclosure and whereby to keep the application
simple enough for facilitating clear understanding of the
invention.

FIG. 1 is an illustration showing an arrangement of pixels
in a partial region of a display portion in the first embodi-
ment of an active matrix type liquid crystal display appara-
tus according to the present invention. It should be noted that
a circuit structure of the first embodiment of the active
matrix type liquid crystal display apparatus is the same as
that illustrated in FIG. 11. A signal to be applied to the data
driver circuit 200 driving data bus lines as data lines (X of
FIG. 11) is differentiated. On the other hand, the scanning
circuit 100 is the same as that of FIG. 11.

In FIG. 1, the reference numerals 1 to 8 denote data bus
lines, 9 and 10 denote gate bus lines, and 11 to 26 are pixels.
One picture element is formed with a portion surrounded by
broken lines 27 to 30 and consists of four pixels. Signs R, B,
G1 and G2 labeled within respective blocks of the pixels 11
to 26 represent red display, blue display, first green display
and second green display of respective pixels. In FIG. 1,
positive sign (+) and negative sign (-) shown on data bus
lines represent polarity of voltage to be applied to data bus
lines 1 to 8 when the gate bus line 9 is selected at certain
frame with respect to a voltage of a counter electrode
(common electrode).

Each pixel is connected to one data bus line and one gate
bus line. For example, the pixel 11 is connected to the data
bus line 1 and the gate bus line 9. When the gate bus line 9
is selected, voltages applied to the data bus lines 1 to 8§ are
written in the pixels 11 to 18.
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It should be noted that, in the foregoing disclosure,
discussion has been given for the case where sixteen pixels
of a part of the liquid crystal display apparatus are extracted.
However, the number of the pixels are not restricted to the
number of pixels shown. Similarly, the number of data and
gate bus lines are not restricted to the shown numbers. Also,
display color of the pixels in each picture element is not
specified to have one red and one blue pixel and two green
pixels, but can be of any other combination of the colors of
the pixels for forming the picture element.

Next, operation of the first embodiment of the active
matrix type liquid crystal display apparatus shown in FIG. 1
will be discussed hereinafter. FIG. 2 is an illustration show-
ing polarities of holding voltages to be applied to the pixels
in a certain frame period relative to the voltage of the
counter electrode in order to discuss the shown embodiment
of the present invention. In FIG. 2, the blocks labeled with
“+” are blocks applied the pixel voltage which is positive
relative to the voltage of the counter electrode, and the
blocks labeled wit are blocks applied the pixel voltage
which is negative relative to the voltage of the counter
electrode.

In FIG. 1, consideration is given for the case where red is
displayed over the entire area of the display portion, for
example. Polarities of the voltages applied to the pixels 11
and 23 are positive and the polarities applied to the pixels 15
and 19 are negative. Such polarity pattern of the voltages can
be extended over the entire area of the display portion. When
the polarity of the particular red pixel is positive, polarities
of the voltages applied to red pixels next to the particular red
pixels in upper side, lower side, left side and right side
become negative. Namely, the red pixels applied the volt-
ages of positive polarity are arranged in a checkered pattern.
Likewise, the red pixels applied the voltage of negative
polarity are arranged in a checkered pattern.

Considering one picture element, polarities of voltages to
be applied to the pixels 11 and 12 within the picture element
27 are positive and polarities of the voltages to be applied to
the pixels 13 and 14 are negative. Within the picture element
28, polarities of voltages to be applied to the pixels 17 and
18 are positive and polarities of the voltages to be applied to
the pixels 15 and 16 are negative. As can be appreciated
herefrom, among four pixels in the picture element, two
pixels applied positive voltage and two pixels applied nega-
tive voltage are always present. Also, polarities of voltages
applied to these pixels are inverted at every frame period of
the liquid crystal display apparatus.

The foregoing discussion has been given extracting six-
teen pixels forming a part of the liquid crystal display
apparatus, it should be clear that number of pixels in the
present invention should not be restricted to any specific
number. Similarly, the number of data and gate bus lines are
equally not limited. On the other hand, concerning display
color of the pixels, discussion has been given for the case
where one picture element consists of one red pixel, one blue
pixel and two green pixels. The combination of the pixels
consisting the picture element is not limited to any specific
color combination.

Next, detailed discussion will be given for the second
embodiment of the active matrix type liquid crystal display
apparatus according to the present invention. FIG. 3 shows
arrangement of the pixels in an arbitrary portion of a display
region for discussing the second embodiment of the present
invention. FIG. 4 is an illustration showing polarities of the
holding voltages to be applied to the pixels during an
arbitrary frame period with respect to the voltage of counter
electrode.

«_ 2
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In FIG. 3, the reference numerals 1 to 8 denote data bus
lines, 9 and 10 denote gate bus lines, and 11 to 26 are pixels.
One picture element is formed with a portion surrounded by
broken lines 27 to 30 and consists of four pixels. Signs R, G,
B and W labeled within respective blocks of the pixels 11 to
26 represent red display, green display, blue display and
white display of respective pixels. In FIG. 3, the scanning
circuit 100 and the driver circuit 200 are omitted, and it
should be noted that the subsequent drawings are described
by a similar manner.

In FIG. 3, positive sign (+) and negative sign (-) shown
on data bus lines represent polarity of voltage to be applied
to data bus lines 1 to 8 when the gate bus line 9 is selected
at certain frame with respect to a voltage of the counter
electrode. Each pixel is connected to one data bus line and
one gate bus line. For example, the pixel 11 is connected to
the data bus line 1 and the gate bus line 9.

When the gate bus line 9 is selected, voltages applied to
the data bus lines 1 to 8 are written in the pixels 11 to 18.
FIG. 4 is an illustration showing polarities of the holding
voltage to be applied to the pixels during a certain frame
period for explaining the second embodiment of the active
matrix type liquid crystal display apparatus. In FIG. 4, the
blocks labeled with “+” are blocks applied the pixel voltage
which is positive relative to the voltage of the counter
electrode, and the blocks labeled with “~” are blocks applied
the pixel voltage which is negative relative to the voltage of
the counter electrode.

In FIG. 4, consideration is given for the case where red is
displayed over the entire area of the display portion, for
example. Focusing pixels for displaying red in each picture
element, polarities of the voltages applied to the pixels 11
and 23 are positive and the polarities applied to the pixels 17
and 21 are negative. Such polarity pattern of the voltages can
be extended over the entire area of the display portion. When
the polarity of the particular red pixel is positive, polarities
of the voltages applied to red pixels next to the particular red
pixels in upper side, lower side, left side and right side
become negative. Namely, the red pixels applied the volt-
ages of positive polarity are arranged in checkered pattern
Likewise, the red pixels applied the voltage of negative
polarity are arranged in checkered pattern.

Considering one picture element, polarities of voltages to
be applied to the pixels 11 and 14 within the picture element
27 are positive and polarities of the voltages to be applied to
the pixels 12 and 13 are negative. Within the picture element
28, polarities of voltages to be applied to the pixels 15 and
18 are positive and polarities of the voltages to be applied to
the pixels 16 and 17 are negative. As can be appreciated
herefrom, among four pixels in the picture element, two-
pixels applied positive voltage and two pixels applied nega-
tive voltage are always present. Also, polarities of voltages
applied to these pixels are inverted at every frame period of
the liquid crystal display apparatus.

The foregoing discussion has been given extracting six-
teen pixels forming a part of the liquid crystal display
apparatus, it should be clear that number of pixels in the
present invention should not be restricted to any specific
number. Similarly, number of data and gate bus lines are
equally not limited. On the other hand, concerning display
color of the pixels, discussion has been given for the case
where one picture element consists of one red pixel, one blue
pixel and two green pixels. The combination of the pixels
comprising the picture element is not limited to any specific
color combination.

Next, the first embodiment of the active matrix type liquid
crystal display apparatus according to the present invention
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will be discussed hereinafter in greater detail with reference
to the drawing. FIG. § is an illustration showing a connec-
tion of the pixels and each bus lines illustrating a portion of
four picture elements arranged at (m)th and (m+1)th posi-
tions from left and at (n)th and (n+1)th positions from the
top in the case where the present invention is applied to a
normally white color TFT-LCD having 1600x1200 picture
elements, in enlarged fashion. Here, m is a natural number
from 1 to 1599, and n is a natural number from 1 to 1199.

Each picture element consists of four pixels. For perform-
ing color display, a color filter of red, blue and green is
arranged in each individual pixel. Accordingly, the total
number of data bus lines in FIG. § is 6400 and the number
of gate bus lines is 1200. In FIG. 5, R represents the pixel
displaying red, H represents the pixel displaying blue and
G1 and G2 represent the pixels displaying green.
Accordingly, in the shown embodiment, there is shown the
case where two pixels out of four pixels display green.

On the other hand, FIG. 6 shows a condition of voltages
to be applied to the data bus lines 1 to 8 and the gate bus lines
9 and 10 in FIG. 5. In FIG. 6, V11 to V26 denote voltage
values to be applied to the pixels 11 to 26 in FIG. §,
respectively, and V__,, denotes a voltage of the counter
electrode.

In FIG. 5, pixels 11 to 18 are connected to the gate bus line
9 and pixels 19 to 26 are connected to the gate bus line 10.
When each of the gate bus lines is selected, the voltage of
the data bus line connected to respective pixel is written in
the pixel. A period t1 of FIG. 6 is a period, in which the gate
bus line 9 is selected in an arbitrary (x)th frame (x is natural
number), t2 is a period, in which the gate bus line 10 is
selected for the (x)th frame. When a period where each gate
bus line is selected is terminated, each pixel holds the
written voltage for one frame period.

Next, writing for (x+1)th frame is performed again for
performing writing by selecting the gate bus line 9 during a
period t3 and the gate bus line 10 during a period t4. In the
(x)th frame and the (x+1)th frame, the polarities of the
voltages to be applied to the pixels are inverted. Therefore,
in case of FIG. 6, the pixels where the polarities of the
voltages held in the pixels of the (x)th frame becomes
positive with respect to the voltage V__,, of the counter
electrode, are the pixels shown with hatching in FIG. §, and
the other pixels are supplied with the voltage of the negative
polarity. On the other hand, in the (x+1)th frame, for the
pixels shown with hatching in FIG. 5, the voltage of the
negative polarity with respect to the voltage V__,, of the
counter electrode is applied.

Next, the second embodiment of the active matrix type
liquid crystal display apparatus according to the present
invention will be discussed hereinafter in greater detail with
reference to the drawing. FIG. 7 is an illustration showing a
connection of the pixels and each bus lines illustrating a
portion of four picture elements arranged at (m)th and
(m+1)th positions from left and at (n)th and (n+1)th posi-
tions from the top in the case where the present invention is
applied to a normally white color TFT-LCD having 1600x
1200 picture elements, in enlarged fashion. Here, m is
natural number from 1 to 1599, and n is natural number from
1 to 1199.

Each picture element consists of four pixels. For perform-
ing color display, a color filter of red, blue, green and white
is arranged in each individual pixel. Accordingly, the total
number of data bus lines in FIG. 7 is 6400 and the number
of gate bus lines is 1200.

In FIG. 7, R represents the pixel displaying red, B
represents the pixel displaying blue, G represents the pixels
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displaying green and W represents the pixel of white. On the
other hand, FIG. 8 is an illustration showing a condition of
voltages to be applied to the date bus lines 1 to 8 and the gate
bus lines 9 and 10. In FIG. 8, V11 to V26 are voltage values
applied to the pixels 11 to 26 of FIG. 7, and V__,, is the
voltage of the counter electrode.

In FIG. 7, pixels 11 to 18 are connected to the gate bus line
9 and pixels 19 to 26 are connected to the gate bus line 10.
When each of the gate bus lines is selected, the voltage of
the data bus line connected to each respective pixel is written
in the pixel. A period t1 of FIG. 8 is a period, in which the
gate bus line 9 of FIG. 7 is selected in an arbitrary (x)th
frame (x is a natural number), t2 is a period, in which the
gate bus line 10 is selected for the (x)th frame. When a
period where each gate bus line is selected is terminated,
each pixel holds the written voltage for one frame period.

Next, writing for (x+1)th frame is performed again for
performing writing by selecting the gate bus line 9 during a
period t3 and the gate bus line 10 during a period t4. In the
(x)th frame and the (x+1)th frame, the polarities of the
voltages to be applied to the pixels are inverted. Therefore,
in case of FIG. 8, the pixels where the polarities of the
voltages held in the pixels of the (x)th frame becomes
positive with respect to the voltage V., of the counter
electrode, are the pixels shown with hatching in FIG. 7, and
the other pixels are supplied with the voltage of the negative
polarity. On the other hand, in the (x+1)th frame, for the
pixels shown with hatching in FIG. 7, the voltage of the
negative polarity with respect to the voltage V_,, of the
counter electrode is applied.

Next, the third embodiment of the active matrix type
liquid crystal display apparatus according to the present
invention will be discussed hereinafter in greater detail with
reference to the drawing. FIG. 9 is an illustration showing a
connection of the pixels and each bus lines illustrating a
portion of sixteen picture elements arranged at (m) th to
(m+3) th positions from left and at (n) th to (n0+3) th
positions from the top in the case where the present inven-
tion is applied to a normally white color TEFT-LCD having
3200x2400 picture elements, in enlarged fashion. Here, m is
a natural number from 1 to 3197, and n is a natural number
from 1 to 2397.

In FIG. 9, total number of the data bus lines is 6400, and
number of gate bus lines is 1200. In FIG. 9, P1 to P16
represent liquid crystal pixels which reduce transmission
coefficients in proportional to the applied voltage. On the
other hand, FIG. 10 shows a condition of the voltage to be
applied to the data bus lines 1 to 8 and gate bus lines 9 and
10 in FIG. 9. In FIG. 10, V11 to V26 are voltage value to be
applied pixels 11 to 26 of FIG. 9. and V__,, is a voltage of
the counter electrode.

In FIG. 9, pixels 11 to 18 are connected to the gate bus line
9 and pixels 19 to 26 are connected to the gate bus line 10.
When each of the gate bus lines is selected, the voltage of
the data bus line connected to respective pixel is written in
the pixel. In the shown liquid crystal display apparatus, since
3200x2=6400 pixels are connected to one gate bus line,
when one gate bus lines is selected, the video data for two
columns in lateral direction are written.

A period t1 of FIG. 10 is a period, in which the gate bus
line 9 of FIG. 9 is selected in an arbitrary (x)th frame (x is
natural number) and voltage is applied to the pixels arranged
in the (n)th and (n+1)th columns from the top, t2 is a period,
in which the gate bus line 10 is selected for the (x)th frame
and voltage is applied to the pixels arranged in the (n+2)th
and (n+3)th columns. When a period where each gate bus
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line is selected is terminated, each pixel holds the written
voltage for one frame period. Next, writing for (x+1)th
frame is performed again for performing writing by select-
ing the gate bus line 9 during a period t3 and the gate bus line
10 during a period t4.

In the (x)th frame and the (x+1)th frame, the polarities of
the voltages to be applied to the pixels are inverted. In case
of FIG. 10, the pixels where the polarities of the voltages
held in the pixels of the (x)th frame becomes positive with
respect to the voltage V__,, of the counter electrode, are the
pixels shown with hatching in FIG. 9, and the other pixels
are supplied with the voltage of the negative polarity. On the
other hand, in the (x+1)th frame, for the pixels shown with
hatching in FIG. 9, the voltage of the negative polarity with
respect to the voltage V_,, of the counter electrode is
applied.

As set forth above, the active matrix type liquid crystal
display apparatus according to the present invention can
reduce flicker which can be a cause of degradation of the
picture quality. One reason is that while one picture element
consists of four pixels, the polarities of the voltage to be
applied to the pixels at the same positions of adjacent picture
elements are inverted with respect to the voltage of the
counter electrode. Therefore, even for simple color of red,
green or blue, a difference of luminance generated by the
polarity of the voltage applied to the liquid crystal can be
canceled. Also, since the polarities of the voltages to be
applied to the pixels in one picture element are inverted per
two pixels, the luminance difference to be caused due to
polarity of the voltage to be applied to the liquid crystal can
be canceled even in gray display.

Although the present invention has been illustrated and
described with respect to exemplary embodiments thereof, it
should be understood by those skilled in the art that the
foregoing and various changes, omission and additions may
be made therein and thereto, without departing from the
spirit and scope of the present invention. Therefore, the
present invention should not be understood as limited to the
specific embodiment set out above but to include all possible
embodiments which can be embodied within a scope encom-
passed and equivalent thereof with respect to the feature set
out in the appended claims.

What is claimed is:

1. An active matrix type liquid crystal display apparatus
comprising:

display picture elements, each consisting of four pixels of

first to four pixels arranged vertically and horizontally
per two;

scanning lines, each being in common for said four pixels;

data lines arranged per two on opposite sides of vertically

aligned two pixels;

a common electrode being common for said four pixels;

a data driver circuit for writing voltages from said data

lines simultaneously for said four pixels of each picture
element when said one scanning line is selected,

said pixels located at the same position in laterally adja-

cent picture elements being connected to data lines at
different sides relative to each other; and

said data driver circuit being controlled to apply opposite

polarities of voltages to adjacent data lines with respect
to a voltage for said common electrode, and to invert
polarities of the voltages to be applied to respective
data lines with respect to the voltage of said common
electrode when said scanning line is selected.

2. An active matrix type liquid crystal display apparatus
as set forth in claim 1, wherein said data driver circuit



US 6,552,706 B1

11

performs control for inverting polarity with respect to said
common electrode per frame.

3. An active matrix type liquid crystal display apparatus
as set forth in claim 2, wherein said first, second, third and
fourth pixels display red, green, green and blue.

4. An active matrix type liquid crystal display apparatus
as set forth in claim 2, wherein said first, second, third and
fourth pixels display red, green, white and blue.

5. An active matrix type liquid crystal display apparatus
as set forth in claim 2, wherein said first, second, third and
fourth pixels display white, respectively.

6. An active matrix type liquid crystal display apparatus
comprising:

a plurality of mutually parallel data lines;

a plurality of mutually parallel scanning lines arranged

perpendicular to said data lines;

field effect type transistors, each provided in the vicinity
of each intersection of said data line and said scanning
line;

pixel electrodes, each connected to said field effect type
transistor;

a common electrode;

liquid crystal provided between said pixel electrodes and
said common electrode, each four pixels forming one
picture element;

a scanning circuit sequentially applying voltages to said
scanning lines;

a data driver circuit receiving a display data and applying
voltages corresponding said display data for said data
lines;

said display driver circuit controlling application of volt-
age

so that polarities of the voltages to be applied to first,
second, third and fourth pixels of a first picture element
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at an arbitrary position of a display portion relative to
a voltage of said common electrode are the same
polarity in said first and second pixels, the same polar-
ity in said third and fourth pixels and opposite polarity
in said first and third pixels;

so that polarities of voltages to be applied to said first to

fourth pixels of said first picture element relative to the
voltage of said common electrode being inverted at a
period of a frame frequency;

so that polarities of voltages to be applied to fifth, sixth,

seventh and eighth pixels located at the corresponding
position to said first pixel in second, third, fourth and
fifth picture elements adjacent to said first picture
element in vertical and lateral directions are opposite to
the polarity of the voltage to be applied to said first
pixel,

so that the polarities of voltages to be applied to ninth,

tenth, eleventh and twelfth pixels located at the corre-
sponding position to said first pixel in sixth, seventh,
eighth and ninth picture elements obliquely adjacent to
said first picture element respectively located at
obliquely upper left side, obliquely upper right side,
obliquely lower left side and obliquely lower right side
are the same as the polarity of the voltage to be applied
to said first pixel.

7. An active matrix type liquid crystal display apparatus
as set forth in claim 6, wherein said first, second, third and
fourth pixels display red, green, green and blue.

8. An active matrix type liquid crystal display apparatus
as set forth in claim 6, wherein said first, second, third and
fourth pixels display red, green, white and blue.

9. An active matrix type liquid crystal display apparatus
as set forth in claim 6, wherein said first, second, third and
fourth pixels display white, respectively.

* * * * *



THMBW(EF)

RE(EFR)AGE)
HAT R E(ZFRR)AGE)

FRI& B A

KRN

IPCHERS
CPCHEE
£ A
ShEReEEE

BWE(R)

BREMFREE ST RNEEED R EE R 580 5 A B AR R
WIERERBE |, AR RGN RE | X ATREREIEE S EN B EE
APEGRESLNRE, FREMERBETREERETRE &
PMNERGEANNMEENKFHINE - SENERNEREAR , 81
BAHELXN TOMERARN , SFHMNMEENNEEFINBIELEEHS
WRMRERE  IMREAANLHLBER , DR IER-MEHELE , A
TRRASMEENEMEBEARBRENBENBRERE EHE. &
REUTHREOABHEBGTEFHEENLE
B REMBBIEL . EEBIERS) 2R B AN T H R B E G
VBFELEMTRRENBE , FELSEN TLAHBRNBEN , HE
MM IRLN BENRE R, BEAHEL.

BREFERREREERE
US6552706

US09/619307
NECL A
NLTRHE B PR A

IKEDA NAOYASU
IKENO HIDENORI
TSUCHI HIROSHI
NOSE TAKASHI

IKEDA, NAOYASU
IKENO, HIDENORI
TSUCHI, HIROSHI
NOSE, TAKASHI

G09G3/36 GO2F1/133 G02F1/1368 G09G3/20

patsnap

2003-04-22

2000-07-19

G09G3/3607 G09G3/3614 G09G2320/0247 G09G2300/0452 G09G2310/0205 G09G3/3648

1999205507 1999-07-21 JP

Espacenet USPTO

ZE G TTREAX TR ERE

A2 B2t s 768
27 rf”/*i‘/ %— i iy s iy 5
- ZU
7R G N R || 61 B
WZ ||
n T T H T
T T 1 | [ 1
13-4 | l-18
Hls H|ls2 | //’f ~,,4/2//// ]
144 //____ // !
e PR i mees 4
194 | P 124
i-— R H 61 5/— /’£I¢~
et gzoi-m L '/1/ m.iléj__za
= 1 1 1
o || 7
1 j /;/%ﬂ %%“I B - G2 L
szg';_I ‘i/ /—j i { 30
_____ ] —— —— | = = ]
21 22 25 jﬁ



https://share-analytics.zhihuiya.com/view/de8d49c4-1414-4794-86a1-5556b3068248
https://worldwide.espacenet.com/patent/search/family/016508019/publication/US6552706B1?q=US6552706B1
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=6552706.PN.&OS=PN/6552706&RS=PN/6552706

