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Description

The present invention relates to flat liquid crystal
display devices having a plurality of display pixels at
intersecting points of scanning and signal electrodes
arranged in the form of a matrix, and methods of driv-
ing such devices.

In a prior art flat display device, as shown in Jap-
anese Patent Laid-Open JP-A-53 038 935 and Japa-
nese Patent Laid-Open JP-A-58 052 686, a driving
circuit is connected to one end of transparent electro-
des to drive a display panel.

However, as a larger capacity of dot matrix type
liquid crystal panel is required, the width of the trans-
parent electrodes gets less and the length of the
transparent electrodes gets greater, so that the elec-
trode resistance R and the capacitance C from the
output terminal of the driving circuit to the far end of
the electrodes increases, which results in a decrease
in quality of the picture. When a liquid crystal panel
has 640 x 400 dots and is driven at 1/200 duty cycle,
R =10 to 60 KQ, and C = 800 to 2000 pF, the delay
time of the respective picture elements from the
change of the driving waveform until the stabilisation
of the waveform is several or several tens of ps. This
delay time cannot be neglected relative to a scanning
time of 60 to 80 us. Due to the delay time, the effec-
tive driving voltage applied to respective picture ele-
ments is displaced from the predetermined value ob-
tained by the voltage standard method. As a result,
unevenness of colour contrast is generated as shown
in Figure 2. The quality of the picture is reduced so
much that it may be difficult to distinguish the non-se-
lected and selected regions. Figure 2 illustrates the
results of the use of an embodiment of the prior art,
wherein unevenness of colour contrast is generated
between non-selected regions 11 and 12, when alter-
nate horizontal lines are ON. There are two upper
areas above the portions 11 and 12, respectively. In
the lefthand area above portion 11, each alternate
horizontal line is ON when selected and in the right-
hand area above portion 12, alternate horiztonal lines
are ON when selected but not aligned with those in
the the lefthand area. Thus odd-numbered lines in the
lefthand area are lit up, whilst even numbered lines in
the righthand area are lit up. If the lengths of the lines
in the lefthand area are the same as the lengths of the
lines in the righthand area, there is no unevenness of
colour or brightness. If, however, as shown, the lines
in the righthand area are noticeably shorter than the
lines in the lefthand area, the lefthand area becomes
lighter than the righthand area which becomes darker
in contrast. This effect is greater as the resistance of
the scanning electrodes increases. If, however, the
thickness of the transparent electrodes is increased
in order to reduce the resistance thereof, a problem
arises called "inferior alignment". On the surface of
the liquid crystal material in contact with the transpar-
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ent electrode, the liquid crystal molecules are aligned
in a specific direction, but at the edge of the electrode
there is a discontinuity which, if the electrode is thick,
produces a difference of surface level which prevents
some of the surface molecules from being aligned in
the specific direction. Thus, there is a defective ori-
entation which is not generated when the electrode is
thin. The cost of manufacturing the panel is also in-
creased. The treatment time depends upon the thick-
ness of the deposited electrode and etching time is
similarly dependent. Both problems arise from in-
creased thickness of electrodes.

It has been proposed, therefore, in JP-A-57-
100467 and GB-A-2081018 to drive the electrodes of
the liquid crystal panel from both ends thereof, there-
by to provide a liquid crystal display device having a
high quality of pictures and having a little unevenness
of colour contrast.

However, with such an arrangement, there is a
problem when power is applied to the device at pow-
er-on. The driving circuits connected to opposite ends
of the electrodes are not immediately stable and the
output voltages may differ. These outputs are con-
nected to each other through a transparent electrode
and as the liquid crystal driving voltage is 20 to 40
volts in this case, a current of several hundred micro-
amperes to several milliamperes is applied per out-
put. Such a current has a bad effect upon the driving
circuits and the liquid crystal panel.

According to the present invention, therefore, a
flat liquid crystal display device having a plurality of
display pixels at intersecting points of scanning and
signal electrodes arranged in the form of a matrix, in-
cluding equally controlled first and second driving cir-
cuits, the first driving circuits being connected to drive
the scanning electrodes from one end and the second
driving circuits being connected to drive the scanning
electrodes from the other end, and is characterised
by means responsive to a power-on signal for a pre-
determined period from power-on, to control the first
and second driving circuits to give equal outputs.

Preferably, the device includes equally controlled
third and fourth driving circuits, the third driving cir-
cuits being connected to drive the signal electrodes
from one end and the fourth driving circuits being con-
nected to drive the signal electrodes from the other
end, and is characterised by means responsive to a
power-on signal for a predetermined period from pow-
er-on, to control the third and fourth driving circuits to
give equal outputs.

The present invention extends to a method of
controlling the first and second driving circuits by a
power-on signal for a predetermined period from pow-
er-on to give equal outputs. The presentinvention fur-
ther extends to a method of controlling the third and
fourth driving circuits by a power-on signal for a pre-
determined period from power-on to give equal out-
puts.
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The scope of the present invention is defined by
the appended claims; and how it can be carried into
effect is hereinafter particularly described with refer-
ence to the accompanying drawings in which:-

Figure 1 is a block diagram of an embodiment of

aflatliquid crystal display device according to the

present invention;

Figure 2 is a diagrammatic front view of a prior art

LCD, explanatory of uneven colour contrast;

Figure 3 is an equivalent circuit diagram of a liquid

crystal display device to which the present inven-

tion is applicable; and

Figure 4 is a diagram of a driving circuit forming

part of a device according to the present inven-

tion.

In the embodiment of the invention shown in Fig-
ure 1, the picture elements or pixels are formed at the
crossing or intersecting points of scanning and signal
electrodes arranged in the form of a matrix. The liquid
crystal display device has transparent electrodes
(such at ITO) which are driven by pairs of scanning
and signal driving circuits, the amplitudes of the vol-
tages applied to opposite ends of the electrodes be-
ing equal. The signal driving circuits are started by a
shift signal XSCL input to a shiftregister 2, the display
data XD is switched from parallel to series, is syn-
chronised with a signal LP by alatch 3, and is convert-
ed through a level shifter 4 to a liquid crystal driving
waveform including the four voltage levels of the vol-
tage standard method by a driver 5.

In the scanning driving circuits, the shift register
6 receives a start pulse YD and is operated by a shift
clock, and the output of the shift register 6 is convert-
ed through a level shifter 7 to a liquid crystal driving
waveform including the four voltage level by a driver
8.

When the power is applied to the liquid crystal
display device, the circuits operate under unstable
conditions, and the output voltages of the two driving
circuits which are connected to each other through a
transparent electrode are different from each other.
Since the liquid crystal driving voltage is 20- 40 V in
this case, a current of several hundred pA -severalmA
is applied per one output, so that the current gives bad
effect to the driving circuit and the liquid crystal panel.
Thereupon, the driver of the driving circuit used in the
liquid crystal display device of the present invention
is provided with a circuit for controlling the output for
a predetermined time by a prohibit signal INH at the
time of power-on until the condition of the driving cir-
cuit is stabilised, in order to prevent the driver output
from being shorted at the time of power-on.

Fig. 3 is an equivalent circuit according to a dot
matrix liquid crystal display device of the present in-
vention. In Fig. 3, a 5 x 3 matrix panel is driven from
both terminals of the scanning electrodes. In Fig. 3,
the picture elements @ and B are elements most far
from the terminals of the present invention and some
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of the prior art, respectively. B in the prior art, is sin-
gle-sided driven from left side. The following is the re-
sistance values between the driving circuit and the
portions A and B:
@:(3rC + RC)x12Q
®:5:1C + RCQ

Herein, rc and rg are electric resistances between pic-
ture elements, and R; and Rg are output resistances
of the driving circuits. R¢ is more or less than 1 kQ and
when the picture elements are increased and the
number of elements rC becomes several hundreds or
more, the value of R¢ can be neglected substantially.
Therefore, the more the number of picture elements
is increased, the more the resistance ratio @ : ® ap-
proaches 1 : 4 . On the other hand, since the capac-
itor C coupled to the electrodes is not changed, this
means that the picture quality obtained according to
the driving method of the present invention is the
same as that of the prior driving method wherein the
resistance of the transparent electrodes is one quar-
ter. Otherwise, if the picture quality of the present in-
vention is the same as that of the prior art, this means
that a liquid crystal cell having twice size can be re-
alized and the high resolution of the liquid crystal dis-
play device can be realized.

Fig. 4 shows one embodiment of the scanning
driving circuit. In Fig. 4, the circuits which are sur-
rounded by a dotted line 42 show the driving circuits
for one bit and are used for driving one terminal of an
electrode. That is, the output of the driving circuit 42
is to one terminal of a scanning electrode, as in figure
3. The portion surrounded by the dotted line 43 shows
circuits of high voltage portions relative to logic por-
tions. In Fig. 4, the shift register which is operated by
a shift clock SCK comprises a D type flip flop 21. A
signal LP shown in Fig. 1 is input as the shift clock sig-
nal SCK to CK of the flip-flop 21. A start pulse YD is
input as signal Qn-1 to Dn of the flip flop 21 which is
the first stage of the shift register. The output Qn of
the flip-flop 21 is a signal Dn+1 input to the flip flop
21 of the second stage by the shift clock signal SCK.
The output Qn of the flip flop 21 is transmitted to the
input 1 of a level shifter 23a through NOR gate 24 and
through NOR gate 24 and inverter 25 to the input | of
the shifter 23a. The NOR gate 24 acts to forcibly
change the driver output OUT to an equal electric lev-
el with respect to the other terminal of the electrode
upon the signal INH. The output O of the level shifter
23a is connected to the gate electrode of transfer gate
26 of co-compensative transistors and to one input of
aNOR gate 32. The output O of the shifter 23a is con-
nected to the gate electrode of transfer gate 27 and
to one input of NAND gate 31. The NOR gate 32 and
NAND gate 31 act to change the non-selected poten-
tial to A.C. The frame signal FR and the signal INH are
combined in NOR gate 36 whose output is fed to input
1 of level shifter 23b, and through inverter 37 to input
I. Output O of shifter 23b is connected through inver-
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ter 38 to the other input terminals of the gates 31 and
32. The outputs of the gates 31 and 32 are connected
to the gates of the transfer gate 28 of a P channel tran-
sistor and the transfer gate 29 of a N channel transis-
tor, respectively, to control the output of the non-se-
lected levels V, and V,.

On the other hand, the selected potentials (Vy,
V) are multiplexed by the transfer gate 40 of a P
channel transistor and the transfer gate 41 of a N
channel transistor in each of which a FR signal given
from the output O of the level shifter 23b acts as a
gate input, and then are supplied to the source elec-
trodes of the co-compensative transfer gates 26 and
27. In the transfer gates 26, 27, 28 and 29, the outputs
(oR O of the level shifter 23a work as gate inputs.
When the signal INH is "high", the gate 26 is conduc-
tive and thus the driver output OUT is kept at level V5.
Therefore, when in Fig. 1 the display device and, in
particular, the driving circuit is ON, if the INH signal
is "high", the outputs of both drivers 8 have equal lev-
els, so that the outputs of the drivers are shortened
to each other through the transparent electrodes,
thereby making it possible to prevent the flow of large
current flowing between the drivers. As a matter of
course, the level of the equal potential may be not
only Vg but also Vg, V4, V4. When none of the voltages
Vo, Vi, V4, Vs, is applied, there is a high impedance.
Further, it is possible to use the circuit used in a scan-
ning side driving circuit for the short preventing circuit
of the signal side driving circuit.

On the other hand, if the driving method of the
present invention has TAB construction wherein a
semiconductor IC for driving is bonded to a flexible
tape or COG (Chip on Glass) construction, the driving
circuits connected to both terminals of the liquid crys-
tal cell are stored easily. In particular, COG construc-
tion is superior in that the wires between the driving
circuit and electrodes, and connecting resistance be-
come a minimum. Further, even if the driving method
of the present invention is only applied to the scan-
ning electrodes, such a construction is effective in
preventing the phenomenon shown in Fig. 2. Namely,
since the amplitude of the driving voltage of the scan-
ning electodes is about 5 to 10 times larger than that
of the signal electrodes, the delay time of the
charge/discharge time is likely to have an effect on
the picture quality. This method is most available for
the colour liquid crystal cell which has narrow elec-
trode pitches.

Further, the electrode resistances of the signal
electrodes are reduced by making the transparent
electrode films thicker or coupling different metal of
low resistance to the transparent electrodes and the
electrode resistances of the scanning electrodes are
reduced equivalently. The picture quality can be im-
proved by such reductions economically.

A simple matrix type LCD in the liquid crystal dis-
play devices is explained above. The deterioration of
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the picture quality which may be generated in de-
pendance with the resistances of the picture electro-
des can be improved by the method of the present in-
vention. Therefore, the method of the present inven-
tion is widely applicable for active type LCD having
TFT (thin film of transistor) or MIM (metal-insulator-
metal), or for flat display till PDP (plasma display pan-
el) wherein high current flows, or ELD (electro lumi-
nescence display).

As mentioned above, according to the presentin-
vention, the transparent electrode resistance values
are reduced to one quarter equivalently, therefore it
has the following advantages:

(a) Since in a passive type liquid crystal cell, the
voltage applied to the liquid crystal approaches a
predetermined value which is obtained by the vol-
tage standard method, even if the display device
has a medium or small capacitance and is driven
by the 2-frame A.C. driving method, it is possible
to obtain a high contrast display.

(b) A large scale panel display having fine pitch

electrodes can be obtained without deterioration

of the picture quality.

(c) Since it is not necessary to reduce the output

resistance of the driving circuit excessively, it is

possible to obtain an IC having more pins and a

lower cost than those of the prior art.

(d) Since the thickness of the transparent elec-

trode (ITO) is thinner, it is possible to obtain pan-

els which are low in cost.

Claims

1. Aflat liquid crystal display device having a plur-
ality of display pixels at intersecting points of
scanning electrodes and signal electrodes ar-
ranged in the form of a matrix (1), including equal-
ly controlled first and second driving circuits (8),
the first driving circuits being connected to drive
the scanning electrodes from one end and the
second driving circuits being connected to drive
the scanning electrodes from the other end, char-
acterised by means responsive to a power-on sig-
nal (INH) for a predetermined period from power-
on, to control the first and second driving circuits
to give equal outputs.

2. Adevice as claimed in claim 1, including equally
controlled third and fourth driving circuits (5), the
third driving circuits being connected to drive the
signal electrodes from one end and the fourth
driving circuits being connected to drive the sig-
nal electrodes from the other end, characterised
by means responsive to a power-on signal (INH)
for a predetermined period from power-on, to
control the third and fourth driving circuits to give
equal outputs.
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Adevice as claimed in claim 1 or 2, wherein each
first driving circuit includes an output terminal
(OUT) connected to the one end of a scanning
electrode and a transistor which outputs a prede-
termined level voltage to the output terminal in re-
sponse to the power-on signal, and each second
driving circuit includes an output terminal con-
nected to the other end of a scanning electrode
and a transistor which outputs the predetermined
voltage level to the output terminal in response to
the power-on signal.

A device as claimed in claim 3, as appendant to
claim 2, wherein each third driving circuitincludes
an output terminal connected to the one end of a
signal electrode and a transistor which outputs a
predetermined voltage level to the output termi-
nal in response to the power-on signal, and each
fourth driving circuit includes an output terminal
connected to the other end of a signal electrode
and a transistor which outputs the predetermined
voltage level to the output terminal in response to
the power-on signal.

A method of operating a flat liquid crystal display
device having a plurality of display pixels at inter-
secting points of scanning and signal electrodes
arranged in the form of a matrix, using equally
controlled first and second driving circuits (8)
connected to drive opposite ends of the scanning
electrodes, characterised by providing a power-
on signal (INH) for a predetermined period from
power-on to control the first and second driving
circuits to give equal outputs.

A method as claimed in claim 5, wherein the de-
vice includes equally controlled third and fourth
driving circuits (5) connected to drive opposite
ends of the signal electrodes, characterised by
providing a power-on-signal (INH) for a predeter-
mined period from power-on to control the third
and fourth driving circuits to give equal outputs.

Patentanspriiche

1.

Flache Fliissigkristallanzeigevorrichtung mit ei-
ner Vielzahl von Anzeigepixeln an Schnittpunk-
ten von Abtastelektroden und Signalelektroden,
die in Form einer Matrix (1) angeordnet sind, mit
gleichermafen gesteuerten ersten und zweiten
Treiberschaltungen (8), wobei die ersten Treiber-
schaltungen zum Treiben der Abtastelektroden
vom einen Ende und die zweiten Treiberschaltun-
gen zum Treiben der Abtastelektroden vom ande-
ren Ende angeschlossen sind, gekennzeichnet
durch eine Einrichtung, die auf ein Energie-Ein-
Signal (INH) fir eine vorbestimmte Zeitdauer
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vom Energieeinschalten ab anspricht, um die er-
sten und die zweiten Treiberschaltungen zur Ab-
gabe gleicher Ausgangssignale zu steuern.

Vorrichtung nach Anspruch 1, mit gleichermafRen
gesteuerten dritten und vierten Treiberschaltun-
gen (5), wobei die dritten Treiberschaltungen
zum Treiben der Signalelektroden vom einen En-
de und die vierten Treiberschaltungen zum Trei-
ben der Signalelektroden vom anderen Ende an-
geschlossen sind, gekennzeichnet durch eine
Einrichtung, die durch ein Energie-Ein-Signal
(INH) fiir eine vorbestimmte Zeitdauer vom Ener-
gieeinschalten ab anspricht, um die dritten und
vierten Treiberschaltungen zur Abgabe gleicher
Ausgangssignale zu steuern.

Vorrichtung nach Anspruch 1 oder 2, wobei jede
erste Treiberschaltung einen Ausgangsanschluf®
(OUT) aufweist, der mit dem einen Ende einer Ab-
tastelektrode verbunden ist und mit einen Transi-
stor, der auf das Energie-Ein-Signal hin eine
Spannung mit vorbestimmtem Spannungswert
an den Ausgangsanschlufl gibt, und wobei jede
zweite Treiberschaltung einen mit dem anderen
Ende einer Abtastelektrode verbundenen Aus-
gangsanschlufl aufweist und einen Transistor,
der auf das Energie-Ein-Signal hin den vorbe-
stimmten Spannungswert an den Ausgangsan-
schluf® gibt.

Vorrichtung nach Anspruch 3 in Verbindung mit
Anspruch 2, wobei jede dritte Treiberschaltung
einen mit dem einen Ende einer Signalelektrode
verbundenen Ausgangsanschluf® aufweist und
einen Transistor, der auf das Energie-Ein-Signal
hin einen vorbestimmten Spannungswert an den
Ausgangsanschlufl gibt, und wobei jede vierte
Treiberschaltung einen mit dem anderen Ende ei-
ner Signalelektrode verbundenen Ausgangsan-
schlufd aufweist und einen Transistor, der auf das
Energie-Ein-Signal hin den vorbestimmten Span-
nungswert an den Ausgangsanschluf} gibt.

Verfahren zum Betreiben einer Fliissigkristallan-
zeigevorrichtung mit einer Vielzahl Anzeigepixeln
an Schnittpunkten von Abtast- und Signalelektro-
den, die in Form einer Matrix angeordnet sind,
wobei gleichermalien gesteuerte erste und zwei-
te Treiberschaltungen (8) verwendet werden, die
zum Treiben entgegengesetzter Enden der Ab-
tastelektroden geschaltet sind, dadurch ge-
kennzeichnet, dal} ein Energie-Ein-Signal (INH)
fir eine vorbestimmte Zeitdauer vom Energieein-
schalten ab erzeugt wird, um die ersten und zwei-
ten Treiberschaltungen so zu steuern, dal} sie
gleiche Ausgangssignale abgeben.
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Verfahren nach Anspruch 5, wobei die Vorrich-
tung gleichermafen gesteuerte dritte und vierte
Treiberschaltungen (5) aufweist, die zum Treiben
entgegengesetzter Enden der Signalelektroden
geschaltet sind, dadurch gekennzeichnet, dal®
ein Energie-Ein-Signal (INH) fiir eine vorbe-
stimmte Zeitdauer vom Energieeinschalten ab
erzeugt wird, um die dritten und vierten Treiber-
schaltungen zur Abgabe gleicher Ausgangssi-
gnale zu steuern.

Revendications

Un dispositif d’affichage plat a cristaux liquides,
comportant une pluralité de pixels d’affichage
aux points d’intersection des électrodes de ba-
layage et des électrodes de signal agencées
sous la forme d’'une matrice (1), comprenant des
premier et deuxiéme circuits d’attaque pilotés de
fagon identique (8), les premiers circuits d’atta-
que étant connectés pour exciter les électrodes
de balayage depuis une extrémité, et les deuxié-
mes circuits d’attaque étant connectés pour ex-
citer les électrodes de balayage a partir de I'autre
extrémité, caractérisé par des moyens sensibles
a un signal de mise sous tension (INH) pendant
une durée prédéterminée, a partir de la mise sous
tension, afin de contréler les premiers et deuxié-
mes circuits d’attaque pour donner des signaux
de sortie égaux.

Un dispositif selon la revendication 1, compre-
nant des troisiéme et quatriéme circuits d’atta-
que pilotés de fagon identique (5), les troisiémes
circuits d'attaque étant connectés pour exciter
les électrodes de signal a partir d’'une extrémité
etles quatriémes circuits d’attaque étant connec-
tés pour exciter les électrodes de signal a partir
de l'autre extrémité, caractérisé par des moyens
sensibles a un signal de mise sous tension (INH)
pendant une durée prédéterminée a partir de la
mise sous tension, afin de commander les troisié-
mes et quatriemes circuits d’attaque pour gu'ils
donnent des signaux de sortie égaux.

Un dispositif selon la revendication 1 ou 2, dans
lequel chacun des premiers circuits d'attaque
comprend une borne de sortie (OUT) connectée
al'une des extrémités d’une électrode de balaya-
ge et un transistor qui émet en sortie une tension
de niveau prédéterminée a la borne de sortie en
réponse au signal de mise sous tension, et cha-
cun des deuxiéme circuits d’attaque comprend
une borne de sortie connectée al'autre extrémité
d’une électrode de balayage et un transistor qui
fournit en sortie le niveau de tension prédétermi-
né a la borne de sortie en réponse au signal de
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mise sous tension.

Un dispositif selon la revendication 3, en relation
alarevendication 2, dans lequel chacun des troi-
siémes circuits d’attaque comprend une borne
de sortie connectée a une extrémité d’une élec-
trode de signal et un transistor qui fournit en sor-
tie un niveau de tension prédéterminé a la borne
de sortie en réponse au signal de mise sous ten-
sion, et chacun des quatriémes circuits d’attaque
comprend une borne de sortie connectée a I'au-
tre extrémité d’'une électrode de signal etun tran-
sistor qui fournit en sortie le niveau de tension
prédéterminé a la borne de sortie en réponse au
signal de mise sous tension.

Un procédé pour assurer le fonctionnement d’un
dispositif d’affichage plat a cristaux liquides
comportant une pluralité de pixels d’affichage
aux points d’intersection d’électrodes de balaya-
ge etd’électrodes de signal agencé sous laforme
d’une matrice, utilisant des premiers et seconds
circuits d’attaque (8) pilotés de facon identique,
connectés pour exciter des extrémités opposées
des électrodes de balayage, caractérisé par la
fourniture d’un signal de mise sous tension (INH)
pendant une durée prédéterminée, a partir de la
mise sous tension, pour commander les premiers
et deuxiémes circuits d'attaque afin qu'ils four-
nissent des signaux de sortie égaux.

Un procédé selon la revendication 5, dans lequel
le dispositif comprend des troisiémes et quatrié-
mes circuits d’attaque (5) pilotés de fagon iden-
tique, connectés pour exciter les extrémités op-
posées des électrodes de signal, caractérisé par
la fourniture d’'un signal de mise sous tension
(INH) pendant une durée prédéterminée a partir
de la mise sous tension, pour commander les troi-
siéme et quatriéme circuits d’attaque, afin qu'ils
fournissent des signaux de sortie égaux.
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Fig. 4
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