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7) ABSTRACT

An object of the invention is to provide a liquid crystal
display apparatus driving method capable of preventing
display quality deterioration caused by action of DC voltage
components exerted on a liquid crystal layer. Common
electrode potential set at counter potential K3 for correcting
a first DC voltage component AV1 ascribable to parasitic
capacitance of TFT is shifted to correction potential K6 for
correcting a second DC voltage component AV1 ascribable
to characteristics of each substrate. Since the second DC
voltage component AV1 ascribable to difference in charac-
teristics between the substrates and the first DC voltage
component AV1 ascribable to parasitic capacitance are cor-
rected beforehand, the DC voltage component acting upon
the liquid crystal layer is kept as small as possible, thereby
preventing an image persistence or the like, so that the
reliability of the liquid crystal display apparatus improves.

"7 = GATE-ON VOLTAGE

AMPLITUDE OF
DISPLAY VOLTAGE

REFERENCE POTENTIAL —- - - ,

CORRECTION POTENT| AL —» —— _— J

COUNTER POTENTIAL —

me

S —

SECOND DC VOLTAGE COMPONENT av2

=

e e
‘ —_—

{7~ <— GATE-OFF VOLTAGE
LIQUID CRYSTAL GATE-ON TIME
HOLDING PERIOD PERIOD



Patent Application Publication  Jul. 11,2002 Sheet 1 of 10 US 2002/0089477 Al

FIG. 1

[1
4
[
va )
3
FG 2
Vs
4
. { /
3 7
.
{ |
. :(
) )
6 T 8
7
50 3




Patent Application Publication  Jul. 11,2002 Sheet 2 of 10 US 2002/0089477 Al

FIG. 3 s

v i
1T
2\:’ <-—/"9
W 13
il
/—-—> -
5 ] 12 T T
10 | |
]]"\..
FIG. 4
. ITO ;!
J 22

\\\\\\\\\\\\\\\\\\\\\\\\ L Liooat,
AN
ARt ¢ 3
333 A% AL
D T D RN 1 O
el
— —

DISPLAY VOLTAGE




Patent Application Publication  Jul. 11,2002 Sheet 3 of 10 US 2002/0089477 Al

FIG. &

DISPLAY VOLTAGE ——{AC N ii?gé[’z%**m =




Jul. 11, 2002 Sheet 4 of 10 US 2002/0089477 A1

Patent Application Publication

~— TVIIN3L0d YILINNOD
=~ ——=—VI1NILOd NOILD34H0D

= ¥I{INJLOd JONIH34TH

0143 a0143d INITION
INIL NO-3LVD WISAYD aIND1T
FVLIOA 440-31V9 —> ——-—y_ ) - | _ —
J
! ZAV ININOJHOD F0V.LI0A 90 GNODIS i .
LW _
€ Mg - A TI[I--r{
G- D !
= “_ B R S Y B fﬂw ;;;;;;;;; i —
Ve )
LAV ININOJHOD
J9V170A ><4¢m_o
O A ! IOVLT0A 00 ISHI4 . |
J9VLI0A NO-3LV9 — = L]

9 9Ol




Jul. 11, 2002 Sheet 5 of 10 US 2002/0089477 A1

Patent Application Publication

o=~ <=1V 1IN310d NOI.LO3HH0D

~—TVIIN3L0d Y3IINNOD

- ~— TVI1IN310d JONIYIJTY

143d a0143d 9INITTIOH
INIL zm@m:.ww TYLSAY) dinoti
TOVLI0A 40-30Y9 > oy { _ ——
; P
LY~ A ZAV ININOJWOD J9VLTIOA D0 ONODIS § :
LA~
tlllr )
MUV_/: 1JI“_EHW“[I1[![|*.HH)|HII!]_¥¥II[ T T T T ]
SM-—~ i_ J/
valhd
\ L —— I .- _\»Hw,lo‘mlll'l - ]
LAV ININOdN0D
AL 10A oy 1dSad ! 39YL710A 00 LS¥1d | .
J9VLI0A NO-ILY9 —> I‘L .

L Ol



Patent Application Publication  Jul. 11,2002 Sheet 6 of 10 US 2002/0089477 Al

FIG. 8

)
A
o

C 06




Jul. 11, 2002 Sheet 7 of 10 US 2002/0089477 A1

Patent Application Publication

INFHLSNravy
135440 Y3aLdy

JLVHLSHNS
34 1S-1NIN313

31YHLSEnS
Aa1S-H31NNOD

31v41Sans
301S-431NN0D

v /7 7L 7 27

INFALSNray
135440 YLV

. )
D6 D/ @\ v 30HN0S LZ
VeI
AN < <]

ILVHISENS ce
JIS-INTT T TETTSILT,
135440

%N V6 D/

g6 O/



Jul. 11, 2002 Sheet 8§ of 10 US 2002/0089477 A1

Patent Application Publication

E(UN 301S
JaoH13313 400419313
Y1INN0D TaXId

TIVAS T39VLT0A
NO | LI3440D

AGZ wu{?.o

g0/ O/

3015 3018

Ja041LI3 30041931

H31NNOD TIX1d

AG¢

AE’1 UV JFIVLT0A
a NO 11334402

ORI DU SR S— Y e

ABS

ol Ol4




Jul. 11, 2002 Sheet 9 of 10 US 2002/0089477 A1

Patent Application Publication

a0143d 401434 ON1QT0H
INIL NO-ILV WLSAYD QINDI1
VLI0A 440-3LV9 !vJ..t-i_m . ' i ) w ] — ——
¢l S ’ m—i— _
!:II._ |l§:.{»|* ; _1||1|

! —
i

TYNDIS AV1dSIa
40 3aNL1IdRY i

FIVLI0A NO-3LY) —>

NOILYNLINTA 3IVLTI0A !

S

LV HOIHS 1] Ol

<— VI 1IN310d YIINNOI
~—1YIIN310d JFONIHI43Y



Patent Application Publication

Jul. 11, 2002  Sheet 10 of 10

FIG. 12 PRIOR ART

POWER SOURCE P1

SWITCH S

CONTROL
SIGNAL Vin

FIG. 13 PRIOR ART

E’ CAPACITOR C

|| =—> C

I

RESISTANCE RBE?
GND

GND =

Thoo- =
— D.C. VOLTAGE

ALTERNATING
VOLTAGE WAVEFCRM

US 2002/0089477 A1

:>’_COMMON ELECTRODE
SIGNAL Vout

PONER SOURCE P2

RESISTANCE R1

RESISTANCE R2

ﬂ

M

ek

~GND

COMPOSI TE
WAVEFORM



US 2002/0089477 Al

DISPLAY APPARATUS, DISPLAY APPARATUS
DRIVING METHOD, AND LIQUID CRYSTAL
DISPLAY APPARATUS DRIVING METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display apparatus driving method capable of preventing
degradation in display quality of a liquid crystal display
apparatus.

[0003]

[0004] A liquid crystal apparatus has power-consumption
and portability advantages over other known image display
apparatuses, and thus development in the liquid crystal
apparatus field has been actively pursued. FIG. 11 is a
timing chart of voltage waveforms, illustrating a prior art
TFT liquid crystal display apparatus driving method. In the
figure, Line L1 represents a waveform of a voltage applied
to a pixel electrode; Line L2 represents a waveform of a
scanning voltage inputted to a gate electrode; Line 1.3
represents a waveform of a display voltage inputted to a
source clectrode; Line [.4_represents a reference potential,
i.e. an intermediate potential of the display voltage; and Line
L5 represents a counter potential of a common electrode.

[0005] When a positive gate-on voltage is applied to the
gate electrode, the TFT is turned on, and thereby a display
voltage is fed from the source electrode so as to be inputted
via a drain electrode to the pixel electrode acting as a
reflecting electrode. As a result, pixels are turned on. The
TFT is kept in the ON state for a predetermined period of
time, and, after a display voltage is applied to the pixel
electrode, a gate-off voltage is applied to the gate electrode.
Hereupon, the power supply to the pixel electrode is com-
pleted. The pixel electrode is, by exploiting the holding
characteristics of the liquid crystal, maintained in a prede-
termined-voltage applied state until a gate-on voltage is
applied once again to the TFT, i.e. over “gate-off” periods.
When a gate-off voltage is applied to the gate electrode, due
to subsequently-described parasitic capacitance Cgd, the
voltage carried by the pixel electrode varies and takes a
voltage variation value of AV1 calculated from the follow-
ing formula:

2. Description of the Related Art

AV1=AVgx{Cgd/(Cgd+Clc+Ccs)} 1)

[0006] Note that, in the above formula (1), AV1 represents
a value of voltage variation resulting from the parasitic
capacitance; AVg represents the displacement amount of the
potential of the gate voltage (gate-on voltage relative to
gate-off voltage); Cgd represents static capacitance of the
parasitic capacitance; Clc represents static capacitance of
liquid crystal capacitance; and Ccs represents static capaci-
tance of hoplding capacitance.

[0007] Such voltage variation as occurs in the pixel elec-
trode leads to a DC voltage component, and this DC voltage
component acts upon a liquid crystal layer. The action of the
DC voltage component exerted on the liquid crystal layer
causes the liquid crystal to exhibit polarization, which
results in degradation in the reliability of the liquid crystal.
As a result, the display surface suffers from an image
persistence. Hereinafter, a DC voltage component resulting
from voltage variation occurring in the pixel electrode is
referred to as the first DC voltage component AV1.
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[0008] To prevent the first DC voltage component AV1
from acting upon the liquid crystal layer, in the prior art, the
circuit configuration of the liquid crystal display apparatus is
designed such that the first DC voltage component AV1
calculated from the formula (1) is corrected beforehand. In
other words, the potential of the common electrode to which
a counter electrode is connected standing at the reference
potential (i.e. the intermediate potential of the display volt-
age indicated by the line L4) level is shifted by an amount
of the first DC voltage component AV1 in a negative
potential direction so as to be initially set at the counter
potential level indicated by Line LS.

[0009] Voltage variation resulting from the parasitic
capacitance Cgd is possibly suppressed by adopting such a
power source circuit configuration as shown in FIG. 12. In
this case, Hi-voltage and Low-voltage are outputted in
response to a control signal Vin at given intervals. When
High-voltage is fed, a switch S is turned on, and thereby a
voltage of a power source P1 is applied to a capacitor C.
After a lapse of a predetermined period of time, Low-voltage
is outputted in response to the control signal Vin, and
thereby a GND (ground) potential is applied to the capacitor
C. By applying to the capacitor C a power source voltage
and a GND voltage at predetermined intervals, an alternating
voltage is outputted from the capacitor C to the common
electrode side (output signal: Vout). Then, a specific voltage
is applied to the alternating voltage so that the voltage
variation resulting from the parasitic capacitance Cgd of the
capacitor C is corrected.

[0010] An application voltage refers to a voltage which is
outputted from a power source P2 and is then fed toward a
resistance R3 side through divided resistance, 1.¢. resistances
R1 and R2. FIG. 13 shows a waveform of the output signal
Vout. The waveform of the output signal Vout is formed as
a composite waveform created by linking the waveform of
the alternating voltage from the capacitor C and the wave-
form of the DC voltage from the power source P2. By
applying a correction voltage to the common-electrode side
in that way, the influence of the voltage variation resulting
from the parasitic capacitance Cgd can be suppressed.

[0011] However, application of a correction voltage
requires an additional power source, like the power source
P2 shown in FIG. 12. In addition, a negative power source
is required for correcting the alternating voltage of the
common electrode. This leads to an undesirable increase of
power consumption.

[0012] A DC voltage component acting upon the liquid
crystal layer is caused not only by the above-described
parasitic capacitance Cgd but also by asymmetricity in
characteristics between an active matrix substrate and a
counter substrate that have sandwiched therebetween the
liquid crystal layer. A DC voltage component resulting from
the asymmeltricity between the active matrix substrate and
the counter substrate acts upon the liquid crystal layer
constantly. Hereinafter, a DC voltage component resulting
from the difference in characteristics between the mutually-
opposing substrates is referred to as the second DC voltage
component AV2.

[0013] The asymmetricity in characteristics between the
substrates includes: the difference in thickness between the
active-matrix-substrate-side alignment film and the counter-
substrate-side alignment film; the difference in material
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between the active-matrix-substrate-side alignment film and
the counter-substrate-side alignment film (observed in the
case of hybrid orientation); and the difference in material
between two electrodes opposed to each other with a liquid
crystal layer therebetween, like an Al-made active-matrix-
substrate-side reflecting electrode and an ITO-made counter-
substrate-side transparent electrode in a reflection-type lig-
uid crystal display apparatus. Of these factors, in particular,
the asymmetricity defined by the difference in material
between electrodes opposed to each other with a liquid
crystal layer therebetween causes the largest second DC
voltage component AV2.

[0014] Moreover, the second DC voltage component AV2
resulting from the difference in material between the elec-
trodes cannot be obtained by calculation. Therefore, it takes
much time to adjust the potential of the common electrode
properly, and, during the adjustment, the second DC voltage
component AV2 continues to act upon the liquid crystal
layer. This leads to degradation in the reliability of the liquid
crystal display apparatus and causes problems such as
occurrence of an image persistence.

[0015] Further, Japanese Unexamined Patent Publication
JP-A 2-64525 (1990) discloses a technique for preventing
occurrence of the second DC voltage component AV2 by
making the active-matrix-substrate-side alignment film
identical in material and thickness with the counter-sub-
strate-side alignment film. However, the prior art technique
disclosed in this publication failed to come up with satis-
factory solutions to the above-described problem particu-
larly encountered by a liquid crystal display apparatus which
necessitates electrodes made of different materials, like a
reflection-type liquid crystal display apparatus. Moreover,
the publication makes no reference to a technique for
solving the above-described problem and improving display
quality for a case where an active matrix substrate differs in
characteristics from a counter substrate.

SUMMARY OF THE INVENTION

[0016] Accordingly, an object of the invention is to pro-
vide a liquid crystal display apparatus driving method
capable of preventing degradation in display quality due to
occurrence of a DC voltage component.

[0017] The invention provides a method for driving a
display apparatus, the display apparatus comprising:

[0018]

[0019] a second substrate having a second electrode, the
second electrode being opposed to the first electrode; and

[0020] a display medium layer whose display condition is
changed in accordance with a voltage component applied
between the first electrode and the second electrode,

[0021] wherein a correction voltage is applied beforehand
so as to correct the voltage component resulting from
difference in characteristics between the first and second
substrates.

[0022] According to the invention, a display apparatus
comprises: a first and a second substrate mutually opposed,
a first electrode provided in the first substrate; a second
electrode provided in the second substrate; and a display
medium layer interposed between the first and second sub-
strates, wherein a correction voltage is applied beforehand

a first substrate having a first electrode;
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S0 as to correct a voltage component, resulting from the
difference in characteristics between the first and second
substrates, which acts upon the display medium layer. With
this construction, a voltage component resulting from the
difference in characteristics between the substrates is can-
celled out, thereby protecting the display medium layer
against the voltage component. As a result, occurrence of
troubles such as an image persistence is successfully pre-
vented, so that the reliability of the display apparatus
improves.

[0023] The invention further provides a display apparatus
comprising:

[0024] a first substrate having a first electrode;

[0025] a second substrate having a second electrode, the

second electrode being opposed to the first electrode; and

[0026] a display medium layer whose display condition is
changed in accordance with a voltage component applied
between the first electrode and the second electrode,

[0027] wherein a correction voltage is applied beforehand
so as to correct the voltage component resulting from
difference in characteristics between the first and second
substrates.

[0028] According to the invention, a display apparatus
comprises: a first and a second substrate mutually opposed,
a first electrode provided in the first substrate; a second
electrode provided in the second substrate; and a display
medium layer interposed between the first and second sub-
strates, wherein a correction voltage is applied before hand
S0 as to correct a voltage component, resulting from the
difference in characteristics between the first and second
substrates, which acts upon the display medium layer. With
this construction, a voltage component resulting from dif-
ference in characteristics between the substrates is cancelled
out, thereby protecting the display medium layer against the
voltage component. As a result, occurrence of troubles such
as an image persistence is successfully prevented, so that the
reliability of the display apparatus improves.

[0029] According to the invention, a voltage component
resulting from the difference in characteristics between the
substrates is corrected beforehand, and therefore the display
medium layer is protected against the voltage component.
As a result, occurrence of troubles such as an image persis-
tence is successfully prevented, so that the reliability of the
display apparatus improves.

[0030] In the invention, it is preferable that the first
electrode is formed as a pixel electrode, and supply/cutoff of
display voltages to the pixel electrode is controlled by a
thin-film transistor, that the second electrode is formed as a
counter electrode to which a common electrode is con-
nected, and that a potential of the common electrode stand-
ing at a reference potential (i.e. an intermediate potential of
the display voltages) level is shifted by an amount of a first
DC voltage component AV1 resulting from voltage variation
caused by a parasitic capacitance of the thin-film transistor
so as to be set at a counter potential level, and the potential
set at the counter potential is further shifted by an amount of
a second DC voltage component AV2 resulting from the
difference in characteristics between the substrates so as to
be initially set at a correction potential level.
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[0031] According to the invention, the potential of the
common electrode is shifted by an amount of the first DC
voltage component AV1 resulting from the parasitic capaci-
tance of the thin-film transistor so as to be set at the counter
potential level, and the potential set at the counter potential
level is further shifted by an amount of the second DC
voltage component AV?2 resulting from the difference in
characteristics between the substrates so as to be initially set
at the correction potential level. This makes it possible to
cancel out the second DC voltage component AV2 resulting
from the difference in characteristics between the substrates
(such as the difference in material and film thickness
between their electrodes or alignment films) as well as the
first DC voltage component AV1 resulting from voltage
variation caused by parasitic capacitance. As a result, the DC
voltage component acting upon the liquid crystal layer is
kept as small as possible, and thus occurrence of troubles
such as an image persistence is substantially prevented, so
that the reliability of the liquid crystal display apparatus
improves. Moreover, no additional power source is required
and accordingly reduction in power consumption is
achieved.

[0032] Moreover, according to the invention, it is possible
to correct beforehand the second DC voltage component
AV?2 resulting from the difference in characteristics between
the substrates as well as the first DC voltage component AV1
resulting from voltage variation caused by parasitic capaci-
tance. Therefore, the DC voltage component acting upon the
liquid crystal layer is kept as small as possible, and thus
occurrence of troubles such as an image persistence is
substantially prevented. As a result, the display quality and
reliability of the liquid crystal display apparatus improve.

[0033] In the invention, it is preferable that a work func-
tion of the first electrode is set to be smaller than a work
function of the second electrode.

[0034] According to the invention, since the work function
of the first electrode is set to be smaller than that of the
second electrode, a DC voltage component ascribable to the
work functions of the electrode materials is minimized.

[0035] Moreover, according to the invention, a DC voltage
component ascribable to the work functions of the electrode
materials is minimized.

[0036] The invention still further provides a method for
driving a liquid crystal display apparatus, the liquid crystal
display apparatus comprising:

[0037]

[0038] a second substrate having a second electrode, the
second electrode being opposed to the first electrode; and

[0039] a liquid crystal layer interposed between the first
substrate and the second substrate,

[0040] wherein a correction voltage is applied beforehand
so as to correct a DC voltage component, resulting from
difference in characteristics between the first substrate and
the second substrate, which acts upon the liquid crystal
layer.

[0041] According to the invention, a liquid crystal display
apparatus comprises: a first and a second substrate mutually
opposed; a first electrode provided in the first substrate; a
second electrode provided in the second substrate; and a

a first substrate having a first electrode;
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liquid crystal layer interposed between the first and second
substrates, wherein a correction voltage is applied before-
hand so as to correct a DC voltage component, resulting
from the difference in characteristics between the first and
second substrates, which acts upon the liquid crystal layer.
With this construction, a DC voltage component resulting
from the difference in characteristics between the substrates
is cancelled out, and thus the liquid crystal layer is protected
against the DC voltage component. As a result, occurrence
of troubles such as an image persistence is successfully
prevented, so that the reliability of the liquid crystal display
apparatus improves.

[0042] In the invention, it is preferable that the difference
in characteristics between the substrates includes the differ-
ence in material between the pixel electrode and the counter
electrode.

[0043] According to the invention, even in a liquid crystal
display apparatus in which the first-substrate-side pixel
¢lectrode and the second-substrate-side counter electrode
are made of different materials, like a reflection-type liquid
crystal display apparatus, a DC voltage component is suc-
cessfully cancelled out, so that the display quality improves.

[0044] Moreover, according to the invention, even in a
liquid crystal display apparatus in which the first-substrate-
side pixel electrode and the second-substrate-side counter
clectrode are made of different materials, like a reflection-
type liquid crystal display apparatus, a DC voltage compo-
nent is prevented from acting upon the liquid crystal layer,
so that the display quality improves.

[0045] In the invention, it is preferable that the difference
in characteristics between the substrates includes the differ-
ence in film thickness between the pixel electrode and the
counter electrode.

[0046] According to the invention, even in a case where
the pixel electrode differs in film thickness from the counter
electrode, a DC voltage component is successfully cancelled
out, so that the display quality improves.

[0047] Moreover, according to the invention, even in a
case where the pixel electrode differs in film thickness from
the counter electrode, a DC voltage component is prevented
from acting upon the liquid crystal layer, so that the display
quality improves.

[0048] In the invention, it is preferable that the first
substrate has a first alignment film and the second substrate
has a second alignment film, and that the difference in
characteristics between the substrates includes the difference
in material between the first alignment film and the second
alignment film.

[0049] According to the invention, even in a case where
the first-substrate-side first alignment film and the second-
substrate-side second alignment film are made of different
materials, a DC voltage component is successfully cancelled
out, so that the display quality improves.

[0050] Moreover, according to the invention, even in a
case where the first-substrate-side first alignment film and
the second-substrate-side second alignment film are made of
different materials, a DC voltage component is prevented
from acting upon the liquid crystal layer, so that the display
quality improves.
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[0051] In the invention, it is preferable that the first
substrate has a first alignment film and the second substrate
has a second alignment film, and that the difference in
characteristics between the substrates includes the difference
in film thickness between the first alignment film and the
second alignment film.

[0052] According to the invention, even in a case where
the first-substrate-side first alignment film differs in thick-
ness from the second-substrate-side second alignment film,
a DC voltage component is successfully cancelled out, so
that the display quality improves.

[0053] Moreover, according to the invention, even in a
case where the first-substrate-side first alignment film differs
in thickness from the second-substrate-side second align-
ment film, a DC voltage component is prevented from acting
upon the liquid crystal layer, so that the display quality
improves.

[0054] In the invention, it is preferable that the first
electrode is formed as a pixel electrode and supply/cutoff of
display voltages to the pixel electrode is controlled by a
thin-film transistor; that the second electrode is formed as a
counter electrode to which a common electrode is con-
nected; and that a potential of the common electrode stand-
ing at a reference potential (i.e. an intermediate potential of
the display voltages) level is shifted by an amount of a first
DC voltage component AV1 resulting from voltage variation
caused by the parasitic capacitance so as to be set at a
counter potential level, and the potential set at the counter
potential level is further shifted by an amount of a second
DC voltage component AV2 resulting from the difference in
characteristics between the substrates so as to be initially set
at a correction potential level.

[0055] According to the invention, the potential of the
common electrode is shifted by an amount of the first DC
voltage component AV1 resulting from the parasitic capaci-
tance of the thin-film transistor so as to be set at the counter
potential level, and the potential set at the counter potential
is further shifted by an amount of the second DC voltage
component AV2 resulting from the difference in character-
istics between the substrates so as to be initially set at the
correction potential level. This makes it possible to cancel
out the second DC voltage component AV2 resulting from
the difference in characteristics between the substrates (such
as the difference in material and thickness between their
electrodes or alignment films), as well as the first DC voltage
component AV1 resulting from voltage variation caused by
the parasitic capacitance. Therefore, the DC voltage com-
ponent acting upon the liquid crystal layer is kept as small
as possible, and thus occurrence of troubles such as an image
persistence is satisfactorily prevented, so that the display
quality and reliability of the liquid crystal display apparatus
improve.

[0056] In the invention, it is preferable that a work func-
tion of the first electrode is set to be smaller than a work
function of the second electrode.

[0057] According to the invention, since the work function
of the first electrode is made smaller than that of the second
electrode, DC voltage components ascribable to the work
functions of both electrodes are kept small.

[0058] In the invention, it is preferable that, in a case
where the pixel electrode is a reflecting electrode and the

Jul. 11, 2002

counter electrode is a transparent electrode, the potential of
the common electrode standing at the counter potential level
is shifted by an amount of the second DC voltage component
AV2 in a positive potential direction so as to be initially set
at the correction potential level.

[0059] According to the invention, in a case where a
reflecting electrode is used as the pixel electrode and a
transparent electrode is used as the counter electrode, a
positive second DC voltage component AV2 is generated in
the liquid erystal layer. To cancel this out, the potential of the
common electrode standing at the counter potential level is
shifted in a positive potential direction to the correction
potential level. In this way, the DC voltage component
acting upon the liquid crystal layer is kept as small as
possible, so that the display quality improves.

[0060] Moreover, according to the invention, in a case
where a reflecting electrode is used as the pixel electrode, a
positive second DC voltage component AV?2 is generated.
Thus, the potential of the common electrode standing at the
counter potential level is shifted in a positive potential
direction to the correction potential level. In this way, the
DC voltage component acting upon the liquid crystal layer
is kept as small as possible, so that the display quality
improves.

[0061] In the invention, it is preferable that, in a case
where the pixel electrode is a transparent electrode and the
counter electrode is a reflecting electrode, the potential of
the common electrode standing at the counter potential level
is shifted by an amount of the second DC voltage component
AV2 in a negative potential direction so as to be initially set
at the correction potential level.

[0062] According to the invention, in a case where a
transparent electrode is used for each of the pixel electrode
and the counter electrode, a negative second DC voltage
component AV?2 is generated in the liquid crystal layer. To
cancel this out, the potential of the common electrode
standing at the counter potential level is shifted in a negative
potential direction so as to be set at the correction potential
level. In this way, the DC voltage component acting upon the
liquid crystal layer is kept as small as possible, so that the
display quality improves.

[0063] Moreover, according to the invention, in a case
where a transparent electrode is used as the pixel electrode,
a negative second DC voltage component AV?2 is generated.
Thus, the potential of the common electrode standing at the
counter potential level is shifted in a negative potential
direction so as to be set at the correction potential level. In
this way, the DC voltage component acting upon the liquid
crystal layer is kept as small as possible, so that the display
quality improves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0064] Other and further objects, features, and advantages
of the invention will be more explicit from the following
detailed description taken with reference to the drawings
wherein:

[0065] FIG. 1 is a perspective view illustrating a single
pixel portion of a TFT liquid crystal display apparatus 1,

[0066] FIG. 2 is a plan view illustrating a single pixel
portion of the TFT liquid crystal display apparatus 1;
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[0067] FIG. 3 is acircuit diagram of the TFT liquid crystal
display apparatus 1;

[0068] FIG. 4 is a schematic view of the liquid crystal
display apparatus 1 in which a reflecting electrode is used as
a pixel electrode 3 connected to a drain electrode 8 and a
transparent electrode is used as a counter electrode 10
connected to a common electrode 11;

[0069] FIG. 5 is a schematic view of the liquid crystal
display apparatus 1 in which a transparent electrode is used
as the pixel electrode 3 connected to the drain electrode 8
and a reflecting electrode is used as the counter electrode 10
connected to the common electrode 11,

[0070] FIG. 6 is a timing chart of voltage waveforms,
illustrating a method for driving the TFT liquid crystal
display apparatus 1 in which a reflecting electrode is used as
the pixel electrode 3 connected to the drain electrode 8 and
a transparent electrode is used as the counter electrode 10
connected to the common electrode 11;

[0071] FIG. 7 is a timing chart of voltage waveforms,
illustrating a method for driving the liquid crystal display
apparatus 1 in which a transparent electrode is used as the
pixel electrode 3 connected to the drain electrode 8 and a
reflecting electrode is used as the counter electrode 10
connected to the common electrode 11;

[0072] FIG. 8 is a view illustrating a setting system for
setting a potential of the common electrode 11 to a correc-
tion potential,

[0073] FIGS. 9A to 9C includes a schematic view of the
liquid crystal display apparatus and views illustrating volt-
age waveforms;

[0074] FIGS. 10A and 10B are views illustrating varia-
tion in voltage waveforms;

[0075] FIG. 11 is a timing chart of voltage waveforms,
illustrating a method for driving a prior art TFT liquid
crystal display apparatus,

[0076] FIG. 12 is a view illustrating a circuit configura-
tion of a power source unit; and

[0077] FIG. 13 is a view illustrating a waveform of an
output signal Vout.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0078] Now referring to the drawings, preferred embodi-
ments of the invention are described below.

[0079] FIG. 1 is a perspective view illustrating one pixel
portion of a reflection-type TFT liquid crystal display appa-
ratus 1; FIG. 2 is a plan view illustrating one pixel portion
of the reflection-type TFT liquid crystal display apparatus 1;
FIG. 3 is a circuit diagram of the reflection-type TFT liquid
crystal display apparatus 1; and FIG. 4 is a schematic view
of the reflection-type TFT liquid crystal display apparatus 1.

[0080] The reflection-type TFT liquid crystal display
apparatus 1 is composed of: an active matrix substrate 21
serving as a first substrate; a counter substrate 22 serving as
a second substrate, the counter substrate being opposed to
the active matrix substrate 21; and a liquid crystal layer 23
interposed between the active matrix substrate 21 and the
counter substrate 22.
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[0081] The active matrix substrate 21 includes: a pixel
electrode 3, serving as a first electrode, which is a reflecting
electrode made of Al; a gate bus line 4 for supplying gate
voltages to a switching element of each pixel so that the
pixels are turned on or off; a source bus line 5 for providing
display voltages so that the pixels are turned on; and a
thin-film transistor (hereafter abbreviated as “TFT”) 2 which
is a switching element for supplying power only to the pixel
¢lectrode 3 selected. Provided on the counter substrate 22 is
a counter electrode 10, serving as a second electrode, which
is an ITO_(Indium Tin Oxide)-made transparent electrode
opposed to the pixel electrode 3. Connected to the counter
clectrode 10 1s a common electrode 11. Moreover, the TEFT
liquid crystal display apparatus 1 includes holding capaci-
tance 13 having its one end connected to a TFT 2 and having
its other end connected to the common electrode 11. The
TFT liquid crystal display apparatus 1 also includes a first
alignment film provided on the active-matrix-substrate 21
side and a second alignment film provided on the counter-
substrate 22 side. Note that the pixel electrode 3 and the
counter electrode 10 constitute liquid crystal capacitance 12.
The liquid crystal layer 23 is formed as a display medium
layer in which the orientation of the liquid crystal molecular
acting as a display medium varies in accordance with a
voltage component applied between the pixel electrode 3
and the counter electrode 10, whereby the display condition,
i.e. light transmission or shielding condition, is changed.
Note that the display medium layer is not limited to a liquid
crystal layer, but may be of any other layer so long as it is
capable of displaying an image by exploiting electrooptic
changes which occur in the display medium of the layer
when a voltage is applied between the electrodes having
sandwiched the display medium layer therebetween.

[0082] Moreover, it is possible to adopt the configuration
shown in FIG. 5 in which an Al-made reflecting electrode is
used as the counter electrode 10 connected to the common
electrode 11, and an ITO-made transparent electrode is used
as the pixel electrode 3 connected to a drain electrode 8.

[0083] The TFT 2 is composed of: a source electrode 6
connected to the source bus line 5; the drain electrode 8
connected to the pixel electrode 3; and a gate electrode 7,
connected to the gate bus line 4, to which scanning voltages
are inputted for performing switching between the source
electrode 6 and the drain electrode 8. By superimposing part
of the gate electrode 7 and part of the drain electrode 8 on
one another, parasitic capacitance 9 is formed.

[0084] FIG. 6 is a timing chart of voltage waveforms,
illustrating one embodiment of the reflection-type TFT lig-
uid erystal display apparatus 1 driving method of the inven-
tion. In the figure, Line K1 represents a waveform of a
voltage inputted to the pixel electrode 3; Line K2 represents
a waveform of a scanning voltage inputted to the gate
electrode 7; Line K3 represents a waveform of a display
voltage inputted to the source electrode 6; Line K4 repre-
sents a reference potential, i.e. a central potential of the
display voltage; Line K5 represents a counter potential of
the common electrode 11, as obtained when a DC voltage
component resulting from voltage variation caused by the
parasitic capacitance 9 is corrected; and Line K6 represents
a correction potential of the common electrode 11, as
obtained when a DC voltage component resulting from the
difference in characteristics between the substrates 21 and
22 and acting upon the liquid crystal layer 23 is corrected.
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[0085] Hereinafter, a DC voltage component resulting
from voltage variation due to the parasitic capacitance 9 is
referred to as the first DC voltage component AV1, and a DC
voltage component resulting from the difference in charac-
teristics between the substrates 21 and 22 is referred to as the
second DC voltage component AV2.

[0086] When a positive gate-on voltage is applied to the
gate electrode 7, the TFT 2 is turned on, and thereby a
display voltage is fed from the source electrode 6 so as to be
inputted via the drain electrode 8 to the pixel electrode 3.
Consequently, pixels are turned on. The TFT 2 is kept in the
ON state for a predetermined period of time. Then, after a
display voltage is carried by the pixel electrode, a gate-off
voltage is applied to the gate electrode 7. Hereupon, the
power supply to the pixel electrode 3 is completed. The pixel
electrode 3 is, by exploiting the holding characteristics of the
liquid crystal, maintained in a predetermined-voltage
applied state until a gate-on voltage is applied once again to
the TFT 2, i.e. over “gate-off periods”. When a gate-off
voltage is applied to the gate electrode 7, the above-de-
scribed parasitic capacitance Cgd causes the held voltage
carried by the liquid crystal capacitance 12 to drop. As a
result, the liquid crystal layer 23 is acted upon by the first
DC voltage component AV1.

[0087] Note that, in this specification, a positive potential
direction is defined as a direction in which a voltage level is
increased with respect to the reference potential, and a
negative potential direction is defined as a direction in which
a voltage level is decreased with respect to the reference
potential.

[0088] Note that the first DC voltage component AV1
resulting from the parasitic capacitance 9 can be obtained
beforehand by calculation based on the following formula:

AVI=AVgx{Cgd/(Cgd+Clc+Ccs)} ®

[0089] Note that, in the above formula (1), AV1 represents
the first DC voltage component resulting from voltage
variation due to the parasitic capacitance 9; AVg represents
a displacement amount of scanning signal potentials (gate-
on voltage relative to gate-off voltage); Cgd represents static
capacitance for the parasitic capacitance 9; Clc represents
static capacitance for the liquid crystal capacitance 12; and
Ces represents static capacitance for the holding capacitance
13.

[0090] Moreover, the liquid crystal layer 23 is acted upon
by the second DC voltage component AV2 resulting from
the difference in characteristics between the active matrix
substrate 21 and the counter substrate 22. Note that the
difference in characteristics between the substrates includes:
the difference in material between the pixel electrode 3 and
the counter electrode 10; the difference in film thickness
between the pixel electrode 3 and the counter electrode 10;
the difference in material between the active-matrix-sub-
strate-side first alignment film and the counter-substrate-side
second alignment film; and the difference in thickness
between the first alignment film and the second alignment
film.

[0091] Note that, as shown in FIG. 6, in a case where a
reflecting electrode is used as the pixel electrode 3 con-
nected to the drain electrode 8 of the TFT 2, and a trans-
parent electrode is used as the counter electrode 10 con-
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nected to the common electrode 11, the liquid crystal layer
23 is acted upon by a positive second DC voltage component
AV2.

[0092] Moreover, as shown in FIG. 7, in a case where a
reflecting electrode is used as the counter electrode 10
connected to the common electrode 11, and a transparent
electrode is used as the pixel electrode 3 connected to the
drain electrode 8 of the TFT 2, the liquid crystal layer 23 is
acted upon by a negative second DC voltage component
AV2.

[0093] The action of the first and second DC voltage
components exerted on the liquid crystal layer 23 causes the
liquid crystal to exhibit polarization, which results in deg-
radation in the reliability of the liquid crystal. As a conse-
quence, the display surface suffers from an image persis-
tence.

[0094] Thus, in the liquid crystal display apparatus driving
method according to the embodiment, the circuit configu-
ration of the liquid crystal display apparatus 1 is designed
such that the second DC voltage component AV2 is shifted
from the counter potential level so as to be corrected
beforehand.

[0095] More specifically, the potential of the common
electrode 11 standing at the reference potential (ie. the
intermediate potential of the amplitude of the display signal)
level is shifted to the counter potential so that the first DC
voltage component AV1 resulting from the parasitic capaci-
tance 9 is corrected, and the potential set at the counter
potential is further shifted by an amount of the second DC
voltage component AV2 so as to be sct at the correction
potential level.

[0096] Inother words, asshown in FIG. 4, in a case where
a reflecting electrode is used as the pixel electrode 3 con-
nected to the drain electrode 8, and a transparent electrode
is used as the counter electrode 10, the potential of the
common electrode 11 standing at the reference potential
level indicated by Line K4 is shifted by an amount of the first
DC voltage component AV1 in the negative potential direc-
tion (toward the lower part of FIG. 6) so as to be set at the
counter potential level indicated by Line K3, and, the
potential sct at the counter potential is further shifted by an
amount of the second DC voltage component AV2 in the
positive potential direction (toward the upper part of FIG. 6)
so as to be initially set at the correction potential level
indicated by Line K6.

[0097] Moreover, as shown in FIG. 5, in a case where a
transparent electrode is used as the pixel electrode 3 con-
nected to the drain electrode 8, and a reflecting electrode is
used as the counter electrode 10, the potential of the com-
mon electrode 11 standing at the reference potential level
indicated by Line K4 is shifted by an amount of the first DC
voltage component AV1 in the negative potential direction
(toward the lower part of FIG. 7) so as to be set at the
counter potential level indicated by Line K3, and the poten-
tial set at the counter potential is further shifted by an
amount of the second DC voltage component AV2 in the
negative potential direction (toward the lower part of FIG.
7) so as to be initially set at the correction potential level
indicated by Line K7.

[0098] Thus, in the liquid crystal display apparatus driving
method according to the embodiment, it is possible to
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correct beforehand not only the first DC voltage component
AV1 resulting from voltage variation due to the parasitic
capacitance 9, but also the second DC voltage component
AV2 resulting from the difference in characteristics between
the substrates. Therefore, during the operation of the liquid
crystal display apparatus 1, the DC voltage component
acting upon the liquid crystal layer 23 is kept as small as
possible. As a result, occurrence of troubles such as an image
persistence is satisfactorily prevented, so that the display
quality and reliability of the liquid crystal display apparatus
1 improve.

[0099] Next, a description will be given below as to a
method for setting the potential of the common electrode 11
to the correction potential level for correcting the first and
second DC voltage components AV1 and AV2. FIG. 8 is a
view showing a setting system for setting the potential of the
common electrode 11 to the correction potential level. The
setting system is composed of a brightness variation
observer 15 and a brightness variation detector 17. With use
of this setting system, the potential of the common electrode
11 is so set that an execution value for a case where a
positive-going voltage is applied to the liquid crystal layer
23 is identical in area (range) with an execution value for a
case where a negative-going voltage is applied thereto.
Specifically, because of the asymmetricity between the
execution value for application of a positive-going voltage
and that for application of a negative-going voltage, a flicker
phenomenon (one of changes in optical characteristics)
occurs. Upon detecting such a flicker, the potential of the
common electrode 11 is so set that the detected flicker is
reduced to a minimum.

[0100] More specifically, a flicker occurring in the liquid
crystal display apparatus 1 is quantitatively detected by the
brightness variation detector 17, such as a photomultimater,
and the brightness is converted into a voltage by a bright-
ness/voltage converter. Thereafter, with reference to the
brightness variation observer 15, the potential of the com-
mon electrode 11 is so set that the detected voltage is
adjusted to have the minimum amplitude.

[0101] Moreover, in a display apparatus in which elec-
trodes of its upper and lower substrates are made of different
materials, typified by a reflection-type liquid crystal display
apparatus, the second DC voltage component AV2 can be
corrected by taking materials connected to the electrodes
into consideration.

[0102] In a case where a display voltage of the pixel
electrode is controlled by a thin-film transistor, the work
function ¢1 of the pixel electrode material is set to be smaller
than the work function ¢2 of the counter electrode material.
This makes it possible to correct the first DC voltage
component AV1 by the second DC voltage component AV2
resulting from the difference in work function between the
electrode materials. Even though the electrodes are made of
identical materials, if alignment films formed on their sur-
faces are made differently, work function difference occurs.
When atoms having a dipole, like an alignment film, adhere
to a metal surface, double electric layers are formed on the
metal surface, with the result that the work function varies.
That is, the alignment film formed on the surface of the
electrode metal causes variation in energy required to
remove a single electron from the Fermi level of solid metal
and move it to the immediate neighborhood of the outside of

Jul. 11, 2002

the surface. For example, even though the electrodes are
made of identical materials, if their alignment films are
different in thickness and material from each other, the
energy varies, with the result that the work function of the
entire electrode material including the alignment film varies.
Note that such characteristics are not only true of an align-
ment film, but also for a case where on an electrode metal
surface is formed a film or layer to which atoms having a
dipole adheres.

PRACTICAL EXAMPLE 1

[0103] Transmission- and reflection-type liquid crystal
display apparatuses having such configuration as shown in
Table 1 were fabricated by the inventor concerned to evalu-
ate voltage variation. The test results will be described
hereinbelow. With use of the above-described system, the
degrees of the deviation of the reference potential with
respect to the counter potential for correcting the first
voltage component AV1 resulting from the parasitic capaci-
tance 9 and the deviation of the counter potential with
respect to the correction potential for correcting the second
DC voltage component AV2 resulting from the difference in
characteristics between the substrates were measured.

TABLE 1

First ~ Second
align-  align-
ment ment Pixel
film film electrode
material material thickness

Second
Counter DC voltage
electrode  component
thickness AV2

First A A S00A 800 A
transmission

liquid

crystal

display

apparatus

Second A B 800 A
transmission

liquid

crystal

display

apparatus

Third A A 400 A
transmission

liquid

crystal

display

apparatus

Reflection A A 800 A
liquid

crystal

display

apparatus

+20 mV

800 A

+100 mV

800 A

+500 mV

800 A +800 mV

Note that the specific values of the second DC voltage component AV2
shown in Table 1 are merely examples for the sake of easy explanation.
That is, the polarity (positive or negative) and the numeric value associ-
ated with the second DC voltage component AV2 vary depending upon
combinations of the above conditions.

Note that, in the transmission-type liquid crystal display apparatuses
shown in Table 1, ITO is used to realize the pixel electrode 3 and the
counter electrode 10. On the other hand, in the reflection-type liquid crys-
tal display apparatus shown in Table 1, an Al electrode (a reflecting elec-
trode) is used as the pixel electrode 3 and ITO (a transparent electrode) is
used as the counter electrode 10 opposed to the pixel electrode 3.

[0104] As seen from Table 1, in the transmission-type
liquid crystal display apparatus in which the active-matrix-
substrate 21-side first alignment film is identical in material
and thickness with the counter-substrate 22-side second
alignment film, that is, the held voltage is varied solely due
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to the parasitic capacitance 9 of the TFT 2, the deviation
between the correction potential and the counter potential,
i.e. the second DC voltage component AV2, was found to be
about 20 mV. By contrast, in the reflection-type liquid
crystal display apparatus in which the active-matrix-sub-
strate 21-side first alignment film is identical in material and
thickness with the counter-substrate 22-side second align-
ment film, but the pixel electrode 3 and the counter electrode
10 are made of different materials, the deviation between the
correction potential and the counter potential, i.e. the second
DC voltage component AV2, was found to be as great as
about 800 mV. From these facts, it will be understood that
the difference in material between the pixel electrode 3 and
the counter electrode 10 is responsible for occurrence of the
second DC voltage component AV2.

[0105] More specifically, as seen from Table 2, in the case
where an Al electrode is used as the pixel electrode 3
connected to the drain electrode 8 and an ITO electrode is
used as the counter electrode 10 connected to the common
electrode 11, the correction potential of the common elec-
trode 11 deviates by about 800 mV in the positive potential
direction from the counter potential. That is, the liquid
crystal layer 23 is acted upon by the second DC voltage
component AV2 of 800 mV.

[0106] Moreover, in the case where an ITO electrode is
used as the pixel electrode 3 connected to the common
electrode 11 and a reflecting electrode is used as the counter
electrode 10 connected to the drain electrode 8, the correc-
tion potential of the common electrode 11 deviates by about
800 mV in the negative potential direction from the counter
potential. That is, the liquid crystal layer 23 is acted upon by
the second DC voltage component AV2 of —800 mV.

TABLE 2
Second DC

Reflecting Transparent voltage

electrode electrode  component AV2
Reflection-type Drain Common +800 mV
liquid crystal electrode electrode
display Common Drain -800 mV
apparatus electrode electrode

[0107] Accordingly, in the reflection-type liquid crystal

display apparatus driven by the liquid crystal display appa-
ratus driving method according to the embodiment, as
shown in FIG. 6, where an Al electrode is used as the pixel
electrode 3 connected to the drain electrode 8, the potential
of the common electrode 11 standing at the counter potential
K5 level is shifted by an amount of the second DC voltage
component AV2 (=about 800 mV) in the positive potential
direction so as to be initially set at the correction counter
potential K6 level.

[0108] Moreover, as shown in FIG. 7, in the case where an
ITO electrode is used as the pixel electrode 3 connected to
the drain electrode 8, the potential of the common electrode
11 standing at the counter potential level is shifted by an
amount of the second DC voltage component AV2 (=about
800 mV) in the negative potential direction so as to be set at
the correction potential K7 level.

[0109] Thus, when the potential of the common electrode
11 needs to be adjusted with accuracy using the above-
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described setting system, by initially setting the potential of
the common electrode 11 at the correction potential K6 or
K7 in that way, the adjustment operation becomes simply a
matter of fine adjustment of the potential and is thus
achieved in a short period of time. Further, during the
adjustment, it never occurs that the liquid crystal layer 23 is
acted upon by the second DC voltage component AV2. As
a result, satisfactory reliability can be attained.

[0110] Note that, although the embodiment in question
deals with the case where Al (aluminum) is used as a
material for the reflecting electrode, the reflecting electrode
may be made of other materials such as silver, copper,
nickel, or chromium so long as it differs in material from the
transparent electrode. Also in this case, satisfactory reliabil-
ity can be attained by initially setting the potential of the
common electrode 11 at the correction potential level.

PRACTICAL EXAMPLE 2

[0111] As for Practical example 1 described just above,
explanation is given as to correction of the second DC
voltage component AV2 resulting from the difference in
material between the pixel electrode 3 and the counter
electrode 10. However, the deviation between the correction
potential and the counter potential in the common electrode
11, i.e. the second DC voltage component AV2, occurs not
only in a case where the electrodes are made of different
materials, but also in a case where, as in the second
transmission-type liquid crystal display apparatus shown in
Table 1, while the pixel electrode 3 and the counter electrode
10 are made of identical materials, the active-matrix-sub-
strate 21-side first alignment film and the counter-substrate
22-side second alignment film are made of different mate-
rials. The resultant second DC voltage component AV2 acts
upon the liquid crystal layer 23. In a case where, as in the
second transmission-type liquid crystal display apparatus,
soluble polyimide A is used for the first alignment film and
soluble polyimide B is used for the second alignment film,
the correction potential deviates by about 500 mV from the
counter potential.

[0112] Moreover, even if the alignment films are made of
identical materials, similar deviation might occur if the
material in use is characterized in that, when it is partly
irradiated with ultraviolet light or the like, the light-irradi-
ated portion, which is originally vertically oriented, is hori-
zontally oriented. That is, ultraviolet-light irradiation causes
the configuration of the vertical alignment film to change,
which results in similar deviation.

[0113] Accordingly, in the transmission-type liquid crystal
display apparatus driven by the liquid crystal display appa-
ratus driving method according to the embodiment, after
being shifted to the counter potential level for correcting the
first DC voltage component AV1 calculated from the for-
mula (1), the potential of the common electrode 11 is further
shifted to the correction potential level for correcting the
second DC voltage component AV2. In other words, the
potential of the common electrode 11 standing at the counter
potential K5 level is shifted in the positive potential direc-
tion (toward the upper part of FIG. 6) so as to be initially set
at the correction potential K6 level. By doing so, when the
potential of the common electrode 11 needs to be adjusted
with accuracy using the above-described setting system, the
adjustment operation becomes simply a matter of fine
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adjustment of the potential and is thus achieved in a short
period of time. Further, during the adjustment, it never
occurs that the liquid crystal layer 23 is acted upon by the
second DC voltage component AV2. As a result, satisfactory
reliability can be attained.

PRACTICAL EXAMPLE 3

[0114] For Practical example 2 described just above,
explanation is given as to correction of voltage variation
resulting from the difference in material between the active-
matrix-substrate-21-side first alignment film and the
counter-substrate 22-side second alignment film.

[0115] However, even though the first and second align-
ment films are made of identical materials, if, as in the third
transmission-type liquid crystal display apparatus shown in
Table 1, the first and second alignment films differ in
thickness from each other, the correction potential deviates
with respect to the counter potential for correcting only the
first DC voltage component AV1 calculated from the for-
mula (1).

[0116] That is, as shown in Table 1, in the second trans-
mission-type liquid crystal display apparatus in which the
first alignment film has a thickness of about 400 A and the
second alignment film has a thickness of about 800 A, the
correction potential was measured and found to deviate by
about 100 mV from the counter potential for correcting the
first DC voltage component AV1. This means that the liquid
crystal layer 23 is acted upon by the second DC voltage
component AV2.

[0117] Accordingly, in the transmission-type liquid crystal
display apparatus driven by the liquid crystal display appa-
ratus driving method according to the embodiment, the
potential of the common electrode 11 standing at the counter
potential K5 level for correcting the first DC voltage com-
ponent AV1 calculated from the formula (1) is shifted by an
amount of the second DC voltage component AV2 (=100
mV) in the positive potential direction so as to be initially set
at the correction potential K6 level. By initially setting the
potential of the common electrode 11 to the correction
potential level, when the potential of the common electrode
11 needs to be adjusted with accuracy using the above-
described setting system, the adjustment operation becomes
simply a matter of fine adjustment of the potential and is thus
achieved in a short period of time. Further, during the
adjustment, it never occurs that the liquid crystal layer 23 is
acted upon by the second DC voltage component AV2. As
a result, satisfactory reliability can-be attained.

PRACTICAL EXAMPLE 4

[0118] FIGS. 9A to 9C includes a schematic view of the
liquid crystal display apparatus and views illustrating volt-
age waveforms. As shown in FIG. 9A, by an AC power
source A, a voltage is applied between the active matrix
substrate 21 having a TFT formed thereon and the counter
substrate 22. In a case where an Al-made reflecting electrode
is formed on the active matrix substrate 21 and an ITO-made
transparent electrode is formed on the counter substrate 22,
the Al electrode has a potential higher than that of the [TO
electrode. Adjustment for compensating for this potential
difference is carried out on the side of the counter substrate
in the following manner. As shown in FIG. 9B, with use of
an offset adjuster 24, a counter-substrate-side voltage is
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shifted in the positive potential direction relative to an
active-matrix-substrate-side voltage. Moreover, in a case
where an ITO electrode is formed on the active matrix
substrate 21 and an Al electrode is formed on the counter
substrate 22, as shown in FIG. 9C, the counter-substrate-
side voltage is shifted in the negative potential direction
relative to the active-matrix-substrate-side voltage.

[0119] As described heretofore, by providing an Al elec-
trode in the active matrix substrate 21 and providing an [TO
electrode in the counter substrate 22, it is possible to cancel
out voltage variation resulting from the parasitic capacitance
Cdg. This is achieved by taking work functions of electrode
materials into consideration, i.e. by making the work func-
tion ¢1 of the material used for the electrode formed on the
active matrix substrate 21 smaller than the work function ¢2
of the material used for the electrode formed on the counter
substrate 22. FIGS. 10A and 10B are views illustrating
variation in voltage waveforms. Conventionally, as shown in
FIG. 10A, since the correction voltage is relatively large, a
negative power source is required to generate alternating
waveforms on the counter electrode side. However, as
shown in FIG. 10B, by setting the work functions to the
desired level, the correction voltage is decreased, thereby
eliminating the need to employ an additional power source
such as a negative power source. This contributes to reduc-
tion in power consumption.

[0120] Further, a detailed explanation will be given below.
A reflection-type TFT liquid crystal display apparatus was
actually manufactured to examine the effects of the inven-
tion. Here, Al was used as the material of the electrode
provided in the active matrix substrate, and ITO was used as
the material of the electrode provided in the counter sub-
strate. Assuming that a gate-on voltage is +15V and a
gate-off voltage is =10V, then voltage variation resulting
from the parasitic capacitance Cgd was found to reach the
degree of 0.7 V, and the voltage of the Al and ITO on the
basis of the difference in work function was found to be 0.6
V. Moreover, during black color display, a voltage to be
applied to the liquid crystal was set at 4.5 V, and the signals
of the counter-substrate-side common electrode were given
rectangular waves of 0 to 5 V.

[0121] Inconsideration of voltage variation caused by Cgd
and the voltage of Al and ITO on the basis of their work
functions, a 0.1 V correction was required. At that time, the
value of Hi-voltage of the source signal was found to be
4.6V, and therefore the operation was achieved adequately
only with a 5V power source. This led to reduction in the
number of power sources and thus power consumption.

[0122] On the other hand, in the case where ITO was used
as the material of the active-matrix-substrate-side electrode,
and Al was used as the material of the counter-substrate-side
electrode, a 1.3 V correction was required. At that time, the
value of Hi-voltage of the source signal was found to be
5.8V, and therefore the 5 V power source failed to serve for
adequate operation. In addition, the correction voltage was
reduced to a minimum, and this eliminates the need to
provide an additional power source for correcting power
source voltages.

[0123] Note that, in the above explanation, the invention is
described as applied to a liquid crystal display apparatus
although other display apparatuses are contemplated, such
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as an ECD (Electro Chromatic Display) apparatus, an EPD
(Electro Phorefic Display) apparatus, or a toner display
apparatus.

[0124] The ECD is constructed as follows. On two pieces
of mutually-opposing transparent glass substrates (a micro
color filter may be arranged thereon) are formed electrodes
of which at least one is transparent. Between the substrates
is arranged a solvent of electrolyte prepared by dissolving,
for example, LiBF4 in acetonitrile. On one of the electrodes
is arranged a conductive high polymer such as poly-
thiophene. When a voltage is applied between the elec-
trodes, as doping is taking place, polythiophene, being a
conductive high polymer, undergoes a transition from an
insulator to metal state and thus its color is changed from red
to blue. Since this reaction is a reversible reaction, by
performing dedoping, the color is changed from blue to red.
The display color depends on a conductive high polymer
material to be used. Specifically, when polypyrrole is in use,
the color is changed from yellow to blue, or when poly
(o-trimethylsilylphenylacetylene) is in use, the color is
changed from red to colorless. Thus, in the ECD, the display
medium layer includes, as a display medium, a solvent of
electrolyte and a conductive high polymer, and the display
condition varies with an insulator-to-metal transition reac-
tion of the conductive high polymer due to a voltage
component applied between the electrodes.

[0125] The EPD is constructed as follows. On two pieces
of mutually-opposing transparent glass substrates (a micro
color filter may be arranged thereon) are formed electrodes
of which at least one is transparent. Between the substrates
is arranged a microcapsule having a diameter of about 50
um. Filled in the microcapsule are dispersing liquid (pref-
erably black color) and titanium oxide powder (white color).
When a voltage is applied between the electrodes, the
titanium oxide contained in the microcapsule migrates
between the electrodes in accordance with polarity. When
the titanium oxide moves toward the top surface of the
display panel, the display panel is brought into a bright state.
By contrast, when the titanium oxide moves toward the back
surface thereof, the display panel is brought into a dark state.
Thus, in the EPD, the display medium layer includes, as a
display medium, dispersing liquid and a microcapsule con-
taining titanium oxide powder, and the display condition
varies with the movement of the microcapsule containing
titanium oxide powder due to a voltage component applied
between the electrodes.

[0126] The toner display is constructed as follows. On two
pieces of mutually-opposing transparent glass substrates (a
micro color filter may be arranged thereon) are formed
electrodes of which at least one is transparent. Between the
substrates are arranged black particles (toner) and white
particles. When a voltage is applied between the electrodes,
positively-charged toner moves between the electrodes.
Moreover, white particles may be charged so as to have a
potential opposite to that of the toner. When the toner moves
toward the top surface of the display panel (the white
particles move toward the back surface thereof), the display
panel is brought into a dark state. By contrast, when the
toner moves toward the back surface (the white particles
move toward the top surface), the display panel is brought
into a bright state. Thus, in the toner display, the display
medium layer includes, as a display medium, toner and
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white particles, and the display condition varies with the
movement of the toner due to a voltage component applied
between the electrodes.

[0127] The invention may be embodied in other specific
forms without departing from the spirit or essential charac-
teristics thereof. The present embodiments are therefore to
be considered in all respects as illustrative and not restric-
tive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description
and all changes which come within the meaning and the
range of equivalency of the claims are therefore intended to
be embraced therein.

What is claimed is:
1. A display apparatus comprising:

a first substrate having a first electrode;

a second substrate having a second electrode, the second
electrode being opposed to the first electrode; and

a display medium layer whose display condition is
changed in accordance with a voltage component
applied between the first electrode and the second
electrode,

wherein a correction voltage is applied beforehand so as
to correct the voltage component resulting from differ-
ence in characteristics between the first and second
substrates.
2. A method for driving a display apparatus, the display
apparatus comprising:

a first substrate having a first electrode;

a second substrate having a second electrode, the second
¢lectrode being opposed to the first electrode; and

a display medium layer whose display condition is
changed in accordance with a voltage component
applied between the first electrode and the second
electrode,

wherein a correction voltage is applied beforehand so as
to correct the voltage component resulting from differ-
ence in characteristics between the first and second
substrates.

3. The display apparatus driving method of claim 2,

wherein the first electrode is formed as a pixel electrode,
and supply/cutoff of display voltages to the pixel elec-
trode is controlled by a thin-film transistor,

wherein the second electrode is formed as a counter
electrode to which a common electrode is connected,

and wherein a potential of the common electrode standing
at a reference potential level that is an intermediate
potential level of the display voltage is shifted by an
amount of a first DC voltage component AV1 resulting
from voltage variation caused by parasitic capacitance
of the thin-film transistor so as to be set at a counter
potential level, and the potential standing at the counter
potential level is further shifted by an amount of a
second DC voltage component AV2 resulting from
difference in characteristics between the substrates so
as to be initially set at a correction potential level.
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4. The display apparatus driving method of claim 3,

wherein a work function of the first electrode is set to be

smaller than a work function of the second electrode.

5. A method for driving a liquid crystal display apparatus,
the liquid crystal display apparatus comprising:

a first substrate having a first electrode;

a second substrate having a second electrode, the second
electrode being opposed to the first electrode; and

a liquid crystal layer interposed between the first substrate
and the second substrate,

wherein a correction voltage is applied beforehand so as
to correct a DC voltage component, resulting from
difference in characteristics between the first substrate
and the second substrate, which acts upon the liquid
crystal layer.
6. The liquid crystal display apparatus driving method of
claim 5,

wherein the difference in characteristics between the
substrates includes difference in material between the
first electrode and the second electrode.
7. The liquid crystal display apparatus driving method of
claim 5,

wherein the difference in characteristics between the
substrates includes difference in film thickness between
the first electrode and the second electrode.
8. The liquid crystal display apparatus driving method of
claim 5,

wherein the first substrate has a first alignment film and
the second substrate has a second alignment film,

and wherein the difference in characteristics between the
substrates includes difference in material between the
first alignment film and the second alignment film.
9. The liquid crystal display apparatus driving method of
claim 5,

wherein the first substrate has a first alignment film and
the second substrate has a second alignment film,

and wherein the difference in characteristics between the
substrates includes difference in film thickness between
the first alignment film and the second alignment film.
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10. The liquid crystal display apparatus driving method of
claim 5,

wherein the first electrode is formed as a pixel electrode
and supply/cutoff of display voltages to the pixel elec-
trode is controlled by a thin-film transistor,

wherein the second electrode is formed as a counter
electrode to which a common electrode is connected,

and wherein a potential of the common electrode standing
at a reference potential level that is an intermediate
potential level of the display voltages is shifted by an
amount of a first DC voltage component AV1 resulting
from voltage variation caused by parasitic capacitance
of the thin-film transistor so as to be set at a counter
potential level, and the potential standing at the counter
potential level is further shifted by an amount of a
second DC voltage component AV2 resulting from the
difference in characteristics between the substrates so
as to be initially set at a correction potential level.

11. The liquid crystal display apparatus driving method of

claim 10,

wherein a work function of the first electrode is set to be

smaller than a work function of the second electrode.

12. The liquid crystal display apparatus driving method of
claim 10,

wherein, in a case where the pixel electrode is a reflecting
electrode and the counter electrode is a transparent
electrode, the potential of the common electrode stand-
ing at the counter potential level is shifted by an amount
of the second DC voltage component AV2 in a positive
potential direction so as to be initially set at a correction
potential level.

13. The liquid crystal display apparatus driving method of

claim 10,

wherein, in a case where the pixel electrode is a trans-
parent electrode and the counter electrode is a reflecting
electrode, the potential of the common electrode stand-
ing at the counter potential level is shifted by an amount
of the second DC voltage component AV2 in a negative
potential direction so as to be initially set at the
correction potential level.
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