» UK Patent Application « GB w2 173 628 A

(43) Application published 15 Oct 1986

(21) Application No 8606485

(22) Date of filing 17 Mar 1986 7

-(30) Priority data
(31) 60/052807

(32) 15 Mar 1985 {33) JP

(51) INTCL*
G09G 3/36

(52) Domestic classification (Edition H):
G5C A310 A342 HB
U1S8 2206 G&C

(56) Documents cited

(71) Applicant
Sharp Kabushiki Kaisha (Japan),
22-22 Nagaike-cho, Abeno-ku, Osaka 545, Japan

(72) Inventors
Nobuaki Matsuhashi,
Makoto Takeda,
Hiroshi Take

(74) Agent and/or Address for Service
R. G. C. Jenkins & Co., 12-15 Fetter Lane,
London EC4A 1PL

GB A 2124816

(58) Field of search
G5C
Selected US specifications from IPC sub-class G09G

(54) Liquid crystal display devices

(57) In an active matrix liquid crystal
display panel, row electrodes are
divided into two portions 1a, b atthe
approximate center of the display
panel, the left row electrode portion
belonging to an odd number row
electrode group, the right row electrode
portion to an even number row
electrode group. One horizontal
scanning is conducted for each pair of
left and right row electrodes to write
data signals in the display picture
elements. The width of a pulse applied
to each row electrode corresponds to
one horizontal scanning period. There
is a phase difference of about Y2 the
horizontal scanning period between the
pulses for an odd number row electrode
and an even number row electrode,
thus minimizing the difference in write
periad among the display picture
elements in the lateral direction of the
display panel.
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SPECIFICATION

_Drive system for an active matrix liquid crystal dis-
play panel

BRackground of the invention
Field of the invention

The present invention relates to an active matrix
liquid crystal dispiay panel, and more specifically
to a drive system for an active matrix liquid crystal
display panel in which an address switching tran-
sistor is connected to each of the picture elements
for a matrix display pattern.

Description of the prior art

Thin film transistor (TFT) active matrix liquid
crystal display device is known as a typical matrix
liquid crystal display device involving nonlinear
elements for driving the liquid crystal. This con-
ventional display device incor-porates address
TFT's arranged in a matrix in the liquid crystal dis-

play panel, whereby it provides the same high con-

trast display as achieved by static drive even if it
employs multiplex drive with a small duty ratio, i.e.
with multiple lines.

The drive system of the TFT active matrix liquid
crystal display device may have the circuit con-

-struction shown in Figures 1 and 3 and signal wav-
eforms shown in Figure 2. As shown, a TFT 11c is
connected to a liquid crystal display panel 11 at the
intersection between a row electrode 11a and a
column electrode 11b. A liquid crystal layer capac-
ity is designated by 11d. A row electrode driver 12
is mainly composed of a shift register which shifts
and outputs scanning pulses S sequentially to cor-
responding row electrodes by clocks ¢ sent from a
gate signal control 13. When the total scanning pe-
riod for the row electrodes is represented by T and
the number of scanning lines by N, the scanning
period H is expressed by the formula: H = T/N.
Pulse voltage whose pulse width is equal to the
scanning period H is applied to the row electrodes
sequentially, thus turning ON the TFT's. A column
electrode driver 14 comprises a shift register, sam-
pling switches, etc. as shown in Figure 3. The col-
umn electrode driver 14 samples data signals
transmitted in series from a data signal control 15
and outputs them sequentially to the column elec-
trodes in synchronization with clocks ¢ with tim-
ings corresponding to the respective column
electrodes, so that the data signals are written in
the liquid crystal layer through the TFT's 11c. This
drive system, which sample-holds (SH) data sig-
nals directly in the display panel, is called panel SH
drive system.

In the panel SH drive system, data sampling and
data writing in the liquid crystal layer through
TET's are conducted in the same horizontal scan-
ning period. The period for writing data in the lig-
uid crystal layer, therefore, ranges from 1H or
63.5ps (one horizontal scanning period) to 11ps
(horizontal retrace period) for a television signal,
for instance. Accordingly, the period allowed for
writing data in the liquid crystal layer of display
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picture elements decreases at later sampling tim-
ing; the shortest write period is 11us.

To effect AC drive of the liquid crystal, the data
signal applied for each scanning line reverses its
polarity.

With the conventional drive system, as men-
tioned above, the liquid crystal write period be-
comes shorter at a later data sampling timing.
When the time constant Toy Which is the product of
TFT ON resistance (Roy) and liquid crystal layer ca-
pacity (C.c) is not sufficiently small, the write pe-
riod is sufficiently long at an earlier sampling
timing, so that the liquid crystal layer can be
charged through the TFT’s with voltage applied to
the column electrodes to a specified potential, but
the write period decreases at a later sampling tim-
ing until the TFT's are finally turned OFF before the
liquid crystal has been charged to the specified po-
tential. In such a case, the old data cannot be re-
written completely. The potential applied to the
liquid crystal layer is an in-between of the poten-
tials of the old data and of new data. Conse-
quently, a data mixed with the old data is
displayed on the panel. Thus, difference in write
period among the display picture elements in the
lateral direction of the display panei may result in
a display picture of various definition.

Objects and summary of the invention
Objects of the invention :

In view of the foregoing problems of the conven-
tional matrix liquid crystal display panel drive sys-
tem, it is the object of the present invention to
provide a liquid crystal display panel drive system
which permits the liquid crystal layer to be charged
to a higher potential and which minimizes or elimi-
nates difference in data write period among the
picture elements along the lateral direction of the
display panel.

Other objects and further scope of applicability
of the present invention will become apparent
from the detailed description given hereinafter. 1t
should be understood, however, that the detailed
description and specific examples, while indicating
preferred embodiments of the invention, are given
by way of illustration only; various changes and
modifications within the spirit and scope of the in-
vention will become apparent to those skilled in
the art from this detailed description.

Summary of the invention

The active matrix liquid crysta! display panel
drive system of the present invention, in which
data is sample-held directly in the display panel, is
characterized in that raw electrodes connected with
address switching transistor gates are divided into
two portions at the approximate center of the dis-
play panel, so that laterally elongated raw elec-

. trodes extend from both ends to the approximate

center of the display panel, and that one horizontal
scanning is conducted for each pair of laterally ad-
jacent row electrodes.

Since one horizontal scanning is conducted for
each pair of laterally adjacent row electrode di-
vided at the approximate center of the display
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‘panel, the period for writing data signals in the lig-

uid crystal layer can be increased to permit higher
potential charge for the liquid crystal layer, and the
difference in write period is minimized among the
display picture elements along the lateral direction
of the display panel, thus enhancing the display
definition. Besides, according to the present inven-
tion, it is possible to turn ON the switching transis-
tors synchronously with a display picture element
with the shortest write period so that the write pe-
riod is uniformized. As a result, difference in write

“period among the picture elements in the lateral

direction of the display panel is eliminated, thus
improving the display definition.

15 -

20

Brief description of the drawings

The present invention will be better understood
from the detailed description given hereinbelow
and the accompanying drawings which are given
by way of illustration only, and thus are not limita-
tive of the present invention and wherein:

Figure 1 is a schematic block diagram of the

_ conventional liquid crystal display device;

25

Figure 2 is a timing chart showing- various sig-
nals occurring within the conventional liquid crys-
tal display device of Figure 1;

Figure 3 is a block diagram of an essential part

. of the conventional liquid crystal dlsplay device of

30

Figure 1;
Figure 4 is a schematic plan view of an embodl-

.ment of a liquid crystal dlsplay panel of the pres-

ent invention;
Figure 5 is a timing chart showing gate signals

' _occurring within an embodiment of a liquid crystal

35

40

display device of the present invention;

Figure 6 is a detailed timing chart of the gate
signals of Figure 5;

Figure 7 is a timing chart showing gate signals
occurring within another embodiment of a liquid
crystal display device of the present invention; and

Figure 8 is a detailed tlmlng chart of the gate

75|gnals of Figure 7.

45

Descr/ptlon of the preferred embodiments
An example described below is an application of

‘a liquid crystal display panel drive system of the

- present invention to a liquid crystal television set.

50

"Figure 4 shows the structure of the row elec-
trodes of a liquid crystal display panel. The lat-
erally elongated row electrodes are divided into

" two portions at the approximate center of the dis-
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play panel 1, so that the row electrodes 1a and 1b
in pairs extend from both lateral ends toward the
approximate center of the display panel 1. The left
side row electrodes 1a constitute odd number row
electrodes e, e, ..., and e,,_,, and the right side
row electrodes 1b constitute even number row
electrodes e,, e,, ..., and e,. The row electrodes e;,
€, ..., and e,, are connected with address switching
transistors {not shown) at the intersections with
column electrodes (not shown). One horizontal
scanning operation is carried out for each pair of
adjacent row electrodes 1a and 1b, or specifically

for the row electrodes e, and e,. The row electrode .

e, provides a display for the former half'bf the hor-
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_izontal sbanning operation (1H), and the row elec- -

trode e, a display for the latter half. . )

Figures 5 and 6 show waveforms of switching
transistor gate signals applied from a row elec-
trode driver (not shown) to the row electrodes e;, -
e, ..., and e,,. The gate signals have a pulse width
of TH period {63.5,s). The gate signal for an odd
number row electrode 1a is synchronized with a
falling edge of the horizontal synchronization sig- -
nal, whereas the gate signal for an even number-
row electrode 1b is synchronized with the center of
a low level period A of the horizontal synchroniza-
tion signal. In other words, the pulses applied to
the laterally adjacent row electrodes 1a and 1b are -
different in the phase by about 1/2 the horizontal
scanning period. Data signal is sampled by a col--
umn electrode driver (not shown) for the former 1/,
2 A period (26.25ps) of a pulse and the data signal
is written in the liquid crystal layer for the remain-
ing 37.25us period.

The write period for the liquid crystal layer
ranges from 63.5us to 37.25ps. According to the
present invention, therefore, the shortest write pe-
riod is 37.25us, compared to 11us in the conven-
tional drive system. Consequently, compared with
the conventional drive system, the present inven-

_ tion can permit longer period for writing data sig-

nals in the liquid crystal layer and effect smaller
difference between the minimum and maximum
write periods, so that the liquid. crystal layer is
charged to a higher potential and that difference in
write period among the picture elements in the lat-
eral direction of the display panel is minimized..
Figures 7 and 8 show another example-of
switching tran sistor gate signals applied to the
row electrode e,, e,, ..., and e,.. The gate signals

" turn. ON the switching tran-sistors synchronously
~ with a display picture element whose write period -

is the shortest. The gate signals have a pulse width

of 37.25ps period or about 1/2 the horizontal scan- .
ning period 1H (63.5us). The gate signals for an
odd number row electrode 1a is synchronized with -
the center of a low level period of the horizontal

‘synchronization signal, whereas the gate signal for-

an even number row electrode 1b is synchronized
with a rising edge of the horizontal synchromzatlon
signal. . ’
In this second example, every time the data Slg-
nal-has been sampled for 1/2H period, pulsges are’
applied to the row electrodes 1a and 1b, turning
ON the switching transistors. Accordingly, the pe- -
riod for writing data signals in the liquid crystal -
fayer through the switching transistors. is-uniformly
37.25ps or about 1/2H period for the row elec- -
trodes. Difference in write period. among laterally -
aligned display picture elements is thus eliminated.
The invention being thus described, it will be ob-
vious that the same may be varied in many ways.
Such variations are not to be regarded as a depar-

ture from the spirit and scope of the invention, and -~

all such modifications are intended to be included

~ within the scope of the following claims:
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CLAIMS

1. An active matrix liquid crystal display panel

drive system which sample-holds data directly in

5 the-display panel, comprising: row electrodes con-
nected with address switching transistor gates and
divided into two portions at the approximate cen-
ter of the display panel so that the laterally elon-
gated row electrodes extend from both ends

10 toward the approximate center of the displya
panel, wherein one horizontal scanning is con-
ducted for each pair of the laterally adjacent row
electrodes.

2. The active matrix liquid crystal display panel

15 drive system as claimed in claim 1, wherein pulses
each having a width corresponding to one horizon-
tal scanning period are applied to said pair of lat-
erally adjacent row electrodes with a phase
difference of about 1/2 the hori-zontal scanning pe-

20 riod. :

3. The active matrix liquid crystal display panel
drive system as claimed in claim 1, wherein a
pulse with the width of 1/2 the horizontal scanning
period is applied to each of the row electrodes

25 every time data signals have been sampled for 1/2
the horizontal scanning period so as to assure
about 1/2 the horizontal scanning period for writing
the data signals in the liquid crystal layer.

4. A display device comprising a matrix array of

30 display elements and a corresponding matrix array
of switch elements for controlling the operation of
said display elements, wherein the switch array
comprises a plurality of rows, each of which is di-
vided into groups of said switch elements, the

35 switch elements in each said group being inter-
connected so as to be simultaneously cause, and
wherein a control means is arranged to conduct a .
control scanning along the rows, and to enable
said groups of a said row to be enabled in phase-

40 separated time periods. '

5. A display device according to claim 4
wherein said control means is operable so that the
last said time period of enabling for a given row
ends after the start of the control scanning period

45 for the next row.

6. A matrix display device in which each of a
plurality of rows of switching elements which con-
trol the actuation of respective rows of display ele-
ments is divided into a respective plurality of

50 groups, each having a respective group electrode
portion interconnecting only the switches of that
group.

7. A matrix display panel substantially as her-
einbefore described with reference to Figure 4.

55 8. A matrix display panel drive system substan-
tially as hereinbefore described with reference to
Figures.4 and 5 of the accompanying drawings.

- 9. A matrix display panel drive system substan-
tially as hereinbefore described with reference to

60 Figures 4 to 6 of the accompanying drawings.

10. A matrix display panel drive system sub-
stantially as hereinbefore described with reference
to Figures 4 and 7 of the accompanying drawings.

11. A matrix display panel drive system sub-

65 stantially as hereinbefore described with reference

to Figures 4, 7 and 8 of the accompanying draw-
ings.
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