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7) ABSTRACT

A liquid crystal display wherein display is performed based
on the fact that an a.c. voltage is applied to a liquid crystal
layer when a switching element establishes a connection
between a display electrode and a common electrode, and
the a.c. voltage is not applied to the liquid crystal layer when
the switching element releases the connection between the
display electrode and the common electrode. A state of the
switching element changes from connection between the
display electrode and the common electrode to release of the
connection under a condition that respective voltages of an
opposite electrode, the display electrode, and the common
electrode are made substantially the same, the condition
being produced by stopping an a.c. voltage applied to the
opposite electrode.
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LIQUID CRYSTAL DISPLAY AND DRIVE
METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention refers to a liquid crystal display and
drive method thereof, and particularly to a TFT active matrix
display and drive method thereof for low power consump-
tion.

2. Related Background Art

Aprior art liquid crystal display is disclosed, for example,
as a liquid crystal display to get a high definition display
image in the Official Gazette of Japanese Patent Laid-Open
NO. 133629/1998 discloses. Another example is disclosed
in the Official Gazette of Japanese Patent Laid-Open NO.
113876/1997 where a polarity inversion circuit is connected
to an opposite electrode to ensure stable operation and low
power loss. The Official Gazette of Japanese Patent Laid-
Open NO.104246/1995 discloses an active matrix liquid
crystal drive for lower power consumption.

The following describes the prior art TFT active matrix
drive system:

Aline sequential scanning system is used to drive the TFT
active matrix liquid crystal display, and one scanning pulse
is applied to each scanning electrode for each frame time.
About 1/60 second is appropriate as one frame time. These
pulses are applied downwardly from the top of the panel to
the bottom in sequence at differently timed intervals.
Consequently, 480 gate wires are scanned in one frame in a
liquid ecrystal display having a 640x480-dot pixel
configuration, so the time range of the scanning pulse is
about 35 microseconds.

Meanwhile, the liquid crystal drive voltages applied to
liquid crystals for one-row pixels where scanning pulses are
applied are simultaneously applied to the signal electrode in
synchronization with scanning pulses. In the selection pixel
where gate pulses are applied, the gate electrode voltage of
the TFT connected to the scanning electrode is increased to
turn on the TFT. In this case, liquid crystal drive voltage is
applied the display electrode via the source and drain of the
TFT to charge the pixel capacity comprising the liquid
crystal capacity formed between the display electrode and
opposite electrode formed on the opposite substrate, plus
load capacity assigned to the pixel. This operation is
repeated to allow liquid crystal application voltage to be
applied repeatedly to the pixel capacity of the all panel
surfaces for each frame time.

Since a.c. voltage is required to drive the liquid crystal,
the voltage with the polarity inverted for each frame time is
applied to the signal electrode. As a result, even if the image
to be displayed does not change, much of the power to drive
the panel is consumed to repeatedly charge or discharge, at
every gate selection, the capacity at the crossing portion
between scanning and signal lines or the capacity of the
liquid crystal between the line and the opposite electrode
formed on all surfaces of on the opposite substrate.

The Official Gazette of Japanese Patent Laid-Open
NO.258168/1997 discloses a technology to solve said prob-
lem and to implement a liquid crystal display of lower power
consumption.

The liquid crystal display disclosed in the Official Gazette
of Japanese Patent Laid-Open NO.258168/1997 has the
following components in each of the pixel areas enclosed by
multiple scanning electrodes and multiple signal electrodes

10

15

20

25

30

35

40

45

50

55

60

65

2

of a substrate; (1) a display data retention circuit connected
to corresponding scanning electrodes and signal electrodes
to capture and retain the display data from signal electrodes
in response to scanning signals, (2) a switching element
connected to the display data retention circuit wherein
switching operation is controlled by said circuit, and (3) a
display electrode connected to the switching element. Dis-
play electrode drive voltage is changed in response to the
data retained by the display data retention circuit, thereby
controlling pixel indications.

The display data retention circuit has a sampling TFT
where the gate is connected to the corresponding scanning
electrode and the drain is connected to the corresponding
electrode, and a sampling capacitor connected to the sam-
pling TFT source. The switching element has a switching
TFT where the gate is connected to the source of the display
data retention circuit and the source is connected to said
display electrode. The sampling capacitor comprising said
display data retention circuit and the drain of the switching
TFT connected to the display electrode are connected to the
common electrode.

The display data retention circuit sends to the sampling
capacitor via the sampling TFT the display data signal
voltage fed from the signal electrode in synchronism with
the scanning signal to select the scanning electrode, and
retains the pixel display data as voltage information.

The liquid crystal drive voltage controlling the light and
dark pattern of the pixel is determined by a.c. voltage
applied to the liquid crystal held closely between the display
electrode and opposite electrode. When liquid crystal drive
power voltage is applied to the opposite electrode, the
voltage is applied to the liquid crystal if the switching TFT
is on, but not applied to the liquid crystal if said switching
TFT is off. This arrangement allows liquid crystal applied
voltage of each pixel to be controlled by the display data
signal voltage in the pixel.

In this case, the display data retention circuit can continue
to retain the display data until voltage across the sampling
capacitor as display data signal voltage is discharged below
the threshold voltage of the switching TFT due to leakage of
switching TFT or the like. Time until said discharge occurs
depends on the leakage current value of the switching TFT
and the capacity of the sampling capacitor. Normally, the
TFT leakage current value is very small, but is sufficiently
longer than 16.6 ms—a representative value of frame time.
Moreover, liquid crystal drive voltage can be applied to all
pixels in one operation from the opposite electrode. For
pixels where display contents do not change, display can be
maintained by application of liquid crystal drive voltage
alone if the display data signal voltage is changed and the
switching TFT is turned on or off. Scanning signal and
display data signal voltage should be applied only when
display contents are to be rewritten. This ensures excellent
display while keeping low power consumption inside the
panel.

However, said prior art has a problem that much is
required to rewrite the image in response to changes of
display contents.

Voltage across the sampling capacitor changes in response
to changes of display contents, and this involves changes in
the state of the switching TFT. In this case, if the switching
TFT changes from OFF to ON state, the voltage of the
display electrode will become the same as that of the
common electrode immediately. Voltage will be applied to
the liquid crystal to get the desired display.

However, if switching TFT is changed from the ON to
OFF state, the display electrode is in the floating mode while
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voltage between the display electrode and opposite electrode
is retained, so d.c. voltage will be applied to the liquid
crystal between the display electrode and opposite electrode.
The desired display cannot be obtained. This d.c. voltage is
reduced by liquid crystal leakage, but the time constant for
this reduction is long. Complete switching takes much time.

Although the TFT leakage current is very small, it is not
zero. The voltage stored in the sampling capacitor cannot be
retained for a long time. This makes it necessary to make up
for the voltage reduced by leakage whenever required, even
if there is no change in display contents. In other words,
overwriting is sometimes necessary. When overwriting, the
voltage of the sampling capacitor is changed by making up
for it. However, if this change affects the state of the
switching TFT, the image will change; this is not preferred.
In other words, this requires the sampling capacitor voltage
to be overwritten without changing the state of the switching
TFT.

When overwriting, pulse signals are normally applied to
the scanning electrode, and voltage corresponding to the
display of pixels for one row is applied to the signal
electrode in one operation in synchronism with pulse sig-
nals. In this case, a latch circuit is required to output the
synchronized voltage to the signal electrode. If the drive
circuits of the signal electrode and scanning electrode are
built in the liquid crystal panel using a polysilicon or the
like, it is preferred to omit the use of the latch circuit, thereby
reducing the circuit size. In this case, the voltage of the
scanning electrode in the corresponding row is reduced
below the threshold value of the sampling TFT, and the
signal electrode voltage is rewritten into voltage correspond-
ing to the display for the row. However, the following
operation error will occur in this case.

According to the method where the latch circuit, voltage
corresponding to the display of pixels on the same column
of the preceding row remains in the signal electrode when
the voltage of the scanning electrode is reduced below the
threshold value of the sampling TFT. Consequently, the data
corresponding to pixels on the same column of the preceding
row will be written into the sampling capacitor. Normally,
the desired data are written immediately thereafter, so there
is no problem. If the display data in the same column of the
preceding row is on, and the display data to be written is off,
then an operation error will occur.

Namely, the switching TFT changes from ON to OFF
state with a.c. voltage applied to the liquid crystal. So d.c.
voltage is applied to the liquid crystal between the display
electrode and opposite electrode as described above, with
the result that the desired display cannot be obtained.

According to said technology, the switching TFT may be
turned off depending on the screen to be displayed. Since the
power of the liquid crystal display is turned on, for example,
unwanted d.c. voltage having occurred when power is turned
on will remain applied to the electrode of the pixel where the
switching TFT is off. If the pixel electrode is always kept is
in the floating mode during the drive, the voltage will
become unstable. This is not to be preferred.

Problems described above are unique to said technology
where display is given with the pixel electrode kept in the
floating mode. Such problems do not occur in the prior art
technologies disclosed in the Official Gazette of Japanese
Patent Laid-Open NO.133629/1998, Official Gazette of
Japanese Patent Laid-Open NO.113876/1997 and Official
Gazette of Japanese Patent Laid-Open NO.104246/1997
where switching elements are not used.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a liquid
crystal display and drive method thereof, featuring a lower

20

25

30

40

45

50

55

60

65

4

power consumption and high speed display switching, based
on the method where display is performed with the pixel
electrode kept in the floating mode.

Another object of the present invention is to provide a
liquid crystal display and drive method thereof, featuring a
lower power consumption and high speed display switching,
based on the method where display is performed with the
pixel electrode kept in the floating mode; said liquid crystal
display further characterized by a simple circuit configura-
tion and a function of preventing d.c. voltage from being
applied to the liquid crystal when the switching TFT is
changed from ON to OFF state.

Still another object of the present invention is to provide
a liquid crystal display and drive method thereof, featuring
a lower power consumption and high speed display
switching, based on the method where display is performed
with the pixel electrode kept in the floating mode; said liquid
crystal display further characterized by a function of pre-
venting d.c. voltage from being applied to the liquid crystal
of the pixel where the switching TFT is always off.

The present invention is characterized a liquid crystal
display comprising (1) a switching element connected to a
display data retention circuit, common electrode and display
electrode, said switching element controlling said common
electrode and said display electrode according to the voltage
retained in said display data retention circuit, and (2) an
opposite electrode installed opposite to said display elec-
trode where a.c. voltage vibrating in response to the voltage
of said common electrode is applied; wherein display is
performed based on the fact that a.c., voltage is applied to a
liquid crystal layer when said switching element connects
between said display electrode and common electrode, and
a.c. voltage is not applied to said liquid crystal layer when
said switching element releases connection between said
display electrode and said common electrode; said liquid
crystal display further characterized in that the state of said
switching element is changed from connection between said
display electrode and said common electrode to release of
said connection, when the voltages of said opposite
electrode, said display electrode and said common electrode
are made substantially the same by stopping said a.c. voltage
applied to said opposite electrode.

The liquid crystal display according to the present inven-
tion has the following components in each of the pixel areas
enclosed by multiple scanning electrodes and multiple signal
electrodes of a substrate; (1) a display data retention circuit
connected to corresponding scanning electrodes and signal
electrodes to capture and retain the display data from signal
electrodes in response to scanning signals, (2) a switching
element connected to the display data retention circuit
wherein switching operation is controlled by said circuit,
and (3) a display electrode connected to the switching
element. Display electrode voltage is changed in response to
the data retained by the display data retention circuit,
thereby controlling pixel indications.

The display data retention circuit has a sampling TFT
where the gate is connected to the corresponding scanning
electrode and the drain is connected to the corresponding
signal electrode, and a sampling capacitor connected to the
sampling TFT source. The switching element has a switch-
ing TFT where the gate is connected to the source of the
sampling TFT of the display data retention circuit and the
source is connected to said display electrode. The sampling
capacitor comprising said display data retention circuit and
the switching TFT connected to the display electrode are
connected to the common electrode.
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The display data retention circuit captures into the sam-
pling capacitor and retains therein the display data signal
voltage fed from the corresponding signal electrode by
making the voltage of the corresponding scanning electrode
equal to or greater than the threshold value of the sampling
TFT. This operation is repeated by scanning row by row to
write display data to all pixels. The liquid crystal drive
voltage controlling the light and dark pattern of the pixel is
determined by a.c. voltage applied to the liquid crystal held
closely between the display electrode and opposite elec-
trode.

When liquid crystal drive power voltage is applied to the
opposite electrode, the voltage is applied to the liquid crystal
if the switching TFT is on, but not applied to the liquid
crystal if said switching TFT is off.

The liquid crystal display according to the present inven-
tion is characterized in that voltages of the opposite elec-
trode and display electrode are made substantially the same
as that of the common electrode when the switching TFT is
changed from ON to OFF state. In this case, voltages of the
display electrode voltage and common electrode are the
same with each other when the switching TFT is on.
Consequently, voltages of these three components are made
substantially the same if the opposite electrode voltage is
made substantially the same as those of the display electrode
and common electrode. Said expression “Voltages of these
three components are made substantially the same” also
means that the voltage applied to the liquid crystal layer,
namely, the difference of voltages between the opposite
electrode and display electrode (and common electrode) is
made not to exceed the threshold value, in addition to the
fact that the opposite electrode voltage is made the same as
the display electrode voltage (and common electrode
voltage).

As described above, if the opposite electrode and display
electrode voltages are made substantially the same as that of
the common electrode when the switching TFT is changed
from ON to OFF state, the display electrode voltage is the
same as the common electrode voltage, even if the switching
TFT is changed from ON to OFF to keep the display
electrode in the floating mode. So d.c. voltage is not applied
to the liquid crystal as discussed in the above description of
problems.

Drive is given to ensure data of the data retention circuit
is rewritten without voltage applied to the liquid crystal, by
making the voltages of the opposite electrode and display
electrode the same as that of the common electrode when
display has switched. As a result, voltage applied to the
liquid crystal is zero, even if the switching TFT is changed
from ON to OFF state to keep the display electrode in the
floating mode. So d.c. voltage is not applied to the liquid
crystal as discussed in the above description of problems. If
a.c. voltage 1s applied to the opposite electrode after all data
have been rewritten, a.c. voltage is applied to the liquid
crystal where the switching TFT is on, and no voltage is
applied to the liquid crystal where the switching TFT is off.
Then a desired display is selected.

Another type of the liquid crystal display according to the
present invention uses a circuit which turns off all switching
TFTs after display electrode voltages in all pixel areas are
simultaneously made the same as common electrode volt-
age. When display is switched, switching TFTs are turned
off after display electrode voltages in all pixel areas are
made the same as common electrode voltage. Under this
condition, data stored in the display data retention circuit are
rewritten. In this case, the state of the switching TFT is
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changed while a.c. voltage is applied to the liquid crystal. All
switching TFTs are off before data are rewritten. During data
rewriting, the state does not change from ON to OFF. In
other words, this eliminates the possibility of the problem
which may occur when the switching TFT is changed from
ON to OFF state.

When the display data of the display data retention circuit
is rewritten with a.c. voltage applied to the liquid crystal, or
the same display data is overwritten with a.c. voltage applied
to the liquid crystal in order to make up for the voltage stored
in the sampling capacitor reduced by leakage, data corre-
sponding to the pixel in the same column of the preceding
row may be written, if the scanning electrode has reached
the threshold value or has exceeded it while the display data
signal voltage corresponding to the pixel in the same column
of the preceding row still remains in the signal electrode.
Normally, the desired data are written immediately
thereafter, so there is no problem. If the display data on the
same column of the preceding row is on, and the display data
to be written is off, then said problem will occur. Namely, the
switching TFT changes from ON to OFF state with a.c.
voltage applied to the liquid crystal. So d.c. voltage is
applied to the liquid crystal as described above, with the
result that the desired display cannot be obtained.

To solve this problem, still another type of the liquid
crystal display according to the present invention has a latch
circuit installed to the signal data write circuit to synchro-
nize the scanning electrode voltage with signal electrode
voltage. This ensures that voltage not exceeding the thresh-
old value of the sampling TFT will not be applied to the
scanning electrode, when the data of the preceding row
remains in the signal electrode.

However, installation of a latch circuit increases the
circuit size of the signal data write circuit, so this is not
appropriate when the circuit is built in the liquid crystal
panel using polysilicon or the like. To solve this problem, the
present invention proposes a method which does not use a
circuit; a method of resetting the signal electrode voltage to
the OFF display data signal voltage for each writing into one
row. This ensures all signal electrode voltages are OFF
display signal voltage when the scanning electrode voltage
is equal to or greater than the threshold value of the sampling
TFT, so all the switching TFTs of that row will be turned off.
If the original state is on in this case, the state will change
from ON to OFF, said problem will occur. However, “ON”
will be written immediately thereafter and d.c. voltage is
applied only momentarily, so there is no problem.

Another method of solving this problem according to
other characteristic of the present invention without install-
ing a latch circuit provides a driving scheme which makes
the scanning electrode voltage equal to or greater than the
threshold value of the sampling TFT after desired display
data signal voltages have been written to all signal elec-
trodes. Furthermore, said problem can be solved, without
installation of a latch circuit, by a drive scheme of making
the opposite electrode voltage equal to the common elec-
trode voltage at the time of rewriting and overwriting.

The liquid crystal display according to the present inven-
tion reduces power consumption by reducing the time period
of rewriting or overwriting the display data of the display
data retention circuit. The present invention provides a
liquid crystal display which reduces the time period of
rewriting or overwriting the display data by inputting the
address data of the black or white display pixel, instead of
inputting the display data corresponding to all pixels.

A further type of the liquid crystal display according to the
present invention has a circuit which turns off the switching
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TFT in said pixel area for at least one row after the display
electrode voltages in the pixel area for at least one row are
simultaneously made equal to the common electrode volt-
age. When data is written into the display data retention
circuit, the switching TFT is turned off after the display
electrode voltage in said pixel area for at least one row is
made equal to the common electrode voltage. In that state,
data are written to the display data retention circuit in the
pixel area for at least one row. In this case, the state of the
switching TFT is changed while a.c. voltage is applied to the
liquid crystal. The switching TFT is off before data is
rewritten. During data rewriting, the state does not change
from ON to OFF. In other words, this eliminates the possi-
bility of the problem which may occur when the switching
TFT is changed from ON to OFF state. The above operations
are performed for all rows and data are written to data
retention circuits in all pixel areas. As described above,
driving the liquid crystal display allows all display elec-
trodes to be electrically connected with the common elec-
trode every time data is always written to the corresponding
display data retention circuit. This eliminates the possibility
of the problem of d.c. voltage which may occur the switch-
ing TFT based on said technology is off.

BRIEF DESCRIPTION OF THE DRAWINGS

HIG. 1 is a block diagram representing the configuration
of the first Embodiment according to the present invention;

HFIG. 2 shows a circuit configuration of the pixel unit
given in FIG. 1;

HFIG. 3 is a drawing representing a mask pattern of the
pixel given in FIG. 2;

HIG. 4 is a cross sectional view of the pixel given in FIG.
3;

HIG. 5 represents the drive waveform according to the
present invention of the first Embodiment;

HFIG. 6 shows the voltage level of the drive waveform
given in FIG. 5;

HFIG. 7 depicts voltage waveforms of the Embodiment and
Reference Example according to the present invention;

HIG. 8 is a block diagram representing the configuration
of the second Embodiment according to the present inven-
tion;

FIG. 9 represents the drive waveform according to the
present invention of the second Embodiment;

HG. 10 is a block diagram representing the configuration
of the third Embodiment according to the present invention;

HFIG. 11 represents the drive waveform according to the
present invention of the third Embodiment;

HG. 12 is a block diagram representing the configuration
of the fourth Embodiment according to the present inven-
tion;

HFIG. 13 represents the drive waveform according to the
present invention of the fourth Embodiment;

HG. 14 is a block diagram representing the configuration
of the fifth Embodiment according to the present invention;

HFIG. 15 represents the drive waveform according to the
present invention of the fifth Embodiment;

FIG. 16 is a block diagram representing the scanning line
selection circuit of the sixth Embodiment according to the
present invention; and

HFIG. 17 represents the drive waveform according to the
present invention of the sixth Embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Embodiments of the liquid crystal display according to
the present invention will be described with reference to
Figures:
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Embodiment 1

FIG. 1 is a block diagram representing the first Embodi-
ment of the liquid crystal display according to the present
invention, and FIG. 2 is a circuit configuration view repre-
senting the pixel unit given in FIG. 1. A pixel unit 2 are
arranged in a matrix of N-rowxM-column dots on display
unit 1 formed on the TFT substrate. Inside the pixel unit 2,
a display data retention circuit 5 comprising a sampling TET
10 and a sampling capacitor 11, a switching TFT 6, and
display electrode 7 used for display are laid out at the
crossing point between a scanning electrode 3 and a signal
electrode 4. Each scanning electrode is connected to a
scanning line selection circuit, and each signal electrode is
connected to the signal data write circuit.

The signal data write circuit comprises a shift register to
issue outputs in response to clock signal 1, a display data
signal sampling TFT 101 to sample display data signal in
response to shift register outputs, and a data latch circuit
which synchronizes the display data signal sampling TFT
101 output with the latch signal and issues voltage VD (i) to
the signal electrode in the first column. The scanning line
selection circuit consists of a shift register which produces
VG(j) to the scanning electrode of the J-th row in response
to clock signal 2.

Common electrodes 8 are arranged in common for each
row in parallel with scanning electrodes 3, and are connected
with one another for connection of all pixels in common.
Voltage VCOM is applied by the common electrode drive
circuit. From the opposite electrode drive circuit, voltage
VC is applied to opposite electrode 9 on the opposite
substrate installed opposite to a display electrode 7 on the
TFT substrate holding the liquid crystal in-between. Form-
ing these circuits integrally on the TFT substrate using the
TFT is effective in reducing the size of the display. It is also
possible to use combination with the LSI individually.

Although not illustrated except for the opposite substrate,
a phase plate and polarizing plate are arranged to constitute
a reflective type liquid crystal display. In the present
Embodiment, a quarter wave plate is used as a phase plate
to ensure that black is displayed while voltage is applied to
the liquid crystal, and white is displayed when not applied.
Setting is made so that the optical axis of the phase plate and
the absorption plate of the polarizing plate have an angle of
45 degrees.

The mask pattern of the pixel shown in FIG. 2 is given in
FIG. 3, and cross sectional views of A-B and C-D in FIG.
3 are illustrated in FIG. 4. The following describes the
overview of the process forming this TFT substrate:

The amorphous silicon layer is first formed according to
the LPCVD method, and is then polycrystallized by laser
annealing; then island-formed silicons 50 of the switching
TFT 6 and sampling TFT 10 are formed by patterning. Then
silicon dioxide layer is formed as gate insulation layer 51 by
APCVD method, and the metallic layer is then formed by
LPCVD method. After that, two layers of the metallic layer
and gate insulation film 51 are patterned by dry etching
method, and a gate electrode 52 and bottom electrode 53 of
sampling capacity are formed.

Then dopant such as phosphorus ion is implanted into the
source and drain areas of the island-formed silicon by ion
implantation. This is followed by heat treatment to provide
activation for conversion into low resistant n-type silicon,
thereby forming a drain electrode 54a and source electrode
54b. After formation of a silicon dioxide layer as a TFT
protection layer 35, the first contact hole is formed. After
formation of a metallic layer such as Cr, patterning is
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provided to form signal electrode 4, top electrode 56 of
sampling capacity, connection unit 57, and connection unit
58. Via said contact hole, signal electrode 4 is connected to
the drain electrode 54a of the sampling TFT 10, the top
electrode 56 of the sampling capacity to the source electrode
54b of the sampling TFT 10, connection unit 57 to the
bottom electrode 53 of the sampling capacity and the drain
electrode 54a of the switching TFT 6, and connection unit 58
to the source electrode 54b of the switching TFT 6, respec-
tively.

Furthermore, a second contact hole is formed after an
insulation layer 61 is formed using the photosensitive
organic film or the like. Similarly, after patterning the
photosensitive organic film or the like on the insulation layer
61 by photolithography, irregular shaped layer 62 with
smooth irregularities formed on the surface is formed by
heating, and a metallic layer having a high reflection factor
is formed thereon. Then display electrode 7 is formed by
patterning. The process of TFT substrate formation is now
complete.

This production process is a low temperature p-Si TFT
process. The high temperature p-Si TFT process may be
used to get a TFT having excellent mobility and to reduce
the TFT size. This has an advantage of providing an easier
way of building the peripheral scanning line selection circuit
or the like into TFT. In all of the mask patterns shown in
FIG. 3, the sampling TFT 10 and switching TFT 6 have a
coplanar structure. The sampling capacitor 11 is formed via
the TFT protection layer 55 between the top electrode 56
formed by using the same layer as signal electrode 4 and the
bottom electrode 53 formed by using the metallic layer of
common electrode 8.

FIG. 3 shows the configuration where no other component
is present between adjacent display electrodes 7. If TFT is
formed on the glass substrate, it is transparent between
display electrodes; therefore, light reflected on this portion
will not be reflected. This portion has no display electrode,
so a desired voltage is not applied. Therefore, if there is any
component reflecting light it will result in increase of
unwanted reflected light component, thereby reducing con-
trast. However, unwanted reflection will be eliminated by
layout of the display electrode as shown in FIG. 3, thereby
allowing a high contrast ratio to be ensured.

The following describes the operation principle of the first
Embodiment of the liquid crystal display by the present
invention comprising N-rowxM-column pixels, using the
drive waveform shown in FIG. 5§ and voltage level shown in
FIG. 6. Here the display data signal voltage to write
i-column by j-row pixels into the sampling capacitor of pixel
(i, J) and pixel (i, j) is defined as V (i, j), where V (i, J)
denotes either voltage level VDH or VDL shown in FIG. 6.

The liquid crystal display is driven by three periods; write
period, retention period and overwrite period. When display
has switched, it is driven in the order of write period,
retention period, overwrite period, retention period, over-
write period, etc. If display does not change, it is driven in
the order of retention period and overwrite period repeat-
edly. Write period are used only when display has been
switched.

During the write period, the voltage VC of the opposite
electrode is made equal to the voltage VCOM of the
common electrode. Therefore, the voltage VS of the display
electrode 7 will be VS=VC=VCOM, so voltage is not
applied to the liquid crystal (VC-VCOM=VLC=0).

Signals which select the signal electrode 4 sequentially
are issued from the shift register in response to clock signal
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1. The display data signal is synchronized with the clock
signal 1. Display data signals V (i, j) are produced when the
signal electrode in the i-th column is selected. Accordingly,
display data signal V (i, j) is captured into the data latch
circuit corresponding to specified signal electrode by the
display data signal sampling TFT 101. After display data
signals corresponding to the M signal electrodes have been
captured, display data signal VD (i)=V (i, j) (i=1 through N)
are output simultaneously to all signal electrodes synchro-
nously with latch signal. VD (1)=V (i', j)=VDH is issued to
the signal electrode connected to the pixel (i', j) where
display is on, while VD(i")=V(i", j)=VDL is issued to the
signal electrode connected to the pixel (i", j) where display
is off. In this case, the scanning line selection circuit selects
the corresponding scanning electrode to produce the VG
()=VGH, concurrently as display data signals are issued
from the latch circuit in response to clock signal 2. (Voltages
of other scanning electrodes are VGL). Namely, voltage not
less than the threshold value Vth of the sampling capacitor
is applied to the scanning electrode. The sampling TFT 10
of pixel (i, j) where the voltage VG(j) of the connected
scanning electrode has become VGH captures voltage VD
(1) of the connected signal electrode 4, and stores voltage
VD(@)=V (i) in the sampling capacitor 11. The above
operations are repeated N times equivalent to the number of
the scanning electrodes, and data of the display data reten-
tion circuit for all pixels are rewritten, thereby terminating
the write period.

Then the operations of clock signal 1, display data signal,
latch signal, and clock signal 2 are stopped (low level signals
are issued), and a.c. voltage VC is applied to the opposite
electrode (retention period). During this retention period,
voltage VM retained in the sampling capacitor 11 is changed
by the leakage of sampling TFT or the like. However, the
length of the period is set to ensure that the voltage VDH
written into the pixel where display is on is not less than
voltage VMH required to turn on the switching TFT 6
throughout the retention period, and the voltage VDL writ-
ten into the pixel where display is off does not exceed
voltage VML required to turn off the switching TFT 6
throughout the retention period. Accordingly, during the
retention period, the switching TFT 6 of the pixel where
display is on is in the state of connection (ON state), while
the switching TFT 6 of the pixel where display is off is in the
state of non-connection (OFF state). So as shown in FIG. §,
the voltage VS (i, j) of the display electrode 7 of the pixel
where display is on is equal to the voltage VCOM of the
common electrode (solid line), whereas the voltage VS (i, j)
of the display electrode 9 of the pixel where display is off is
equal to the voltage VC of the opposite electrode 9 (broken
line). Since voltage VLC (1, j)=VC-VS (j, j) is applied to the
liquid crystal, a.c. voltage with amplitude VO is applied to
the liquid crystal of the pixel where display is on (solid line),
while voltage is not applied to the liquid crystal of the pixel
where display is off (broken line).

In the ensuing overwrite period, voltage changed due to
leakage and stored in the sampling capacitor 10 is written
again. In this case, since display does not change, a.c.
voltage is applied to the opposite electrode, as in the case of
retention period. In other words, the operation is the same as
that in the write period, except that VC is a.c. voltage.
Similarly to the write period, voltage synchronous with
scanning electrode voltage from the latch circuit is issued to
the signal electrode, and is captured by the corresponding
sampling TFT 10 to be stored in the sampling capacitor 11.
In this case, voltage stored in the sampling capacitor 11
changes from VMH to VDH or from VML to VDL in
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response to display. This change does not affect the state of
switching capacitor 6, so the voltage applied to the liquid
crystal does not change. In other words, the display is not
affected.

According to the prior art, display data signal voltage
written into the pixel via the signal electrode is written into
the display electrode, and is applied directly to the liquid
crystal. According to the present invention, voltage to con-
trol display state is applied to the sampling capacitor, unlike
the prior art. After having been written into the sampling
capacitor, the stored display data signal voltage is changed
gradually by leakage of the sampling TFT during the period
before the scanning electrode is selected again in the over-
write period. However, display quality does not change until
change is made in excess of the threshold value voltage of
the switching TFT. This makes it possible to provide a
sufficiently long retention period.

According to the present Embodiment, the voltage VC of
the opposite electrode is made equal to voltage VCOM of
the common electrode during the write period as described
above, so that voltage is not applied to the liquid crystal.
This arrangement permits immediately switching of display.
FIG. 7 in a Reference Example shows the waveform of the
voltage applied to the liquid crystal when display is switched
with a.c. voltage applied to the opposite electrode VC, and
voltage waveform according to the present Embodiment. It
shows a voltage waveform when voltage VM stored in the
sampling capacitor 11 has switched from VDH to VDL,
namely, display has switched from ON to OFF.

The case of Reference Example corresponds to the state
where the switch is opened when a.c. voltage VC is applied
to the liquid crystal, as shown in the equivalent circuit in
FIG. 7.

In this Figure, VC changes by 2V from -V0 to +V0
immediately after the switch is opened. In this case, the
circuit is released, so voltage applied to the liquid crystal is
retained (VLC=VC-VS=-V0). Namely, the voltage VS of
display electrode 7 is VS=VC+V0=2V0. This d.c. voltage is
damped by the time constant ep determined by the dielectric
constant € of the liquid crystal and resistivity p. The dielec-
tric constant of normal liquid crystal material is approxi-
mately p=10xe0 (e0=8.854x107'* F/m, dielectric constant
of free space). The resistivity is approximately p=10"> Qcm,
with time constant of about 0.8854 sec. In other words,
about one second is required for switching of display. By
contrast, the present invention allows display to be switched
immediately after write period. Normally, all pixels are
rewritten in 1 frame period (16.6 ms) or less, so the image
is switched almost instantly according to the prior art
method.

As described above, use of the present Embodiment
provides a liquid crystal display featuring lower power
consumption and high speed display switching.

In the present Embodiment, voltage VC of the opposite
electrode and voltage VS of the display electrode are made
equal the voltage VCOM of the common electrode when
display is changed from ON to OFF. Here it is sufficient that
these three voltages are virtually the same; it is sufficient that
voltage equal to or greater than the threshold value is not
applied to the liquid crystal layer. This holds good for the
following Embodiments.

Use of the first Embodiment allows makes write period as
short as 16.6 ms when the number of pixels is 640 by 480
dots, where display is switched almost instantly. However,
increase in the number of pixels prolongs write period, and
display switching is felt to be slow. For example, to get a
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4000x4000-dot high definition display, it will take about
16.6 msx(4000x4000)/(640x480)=0.9 sec. This means that
the write period is very long; one second will be required
until the new screen appears. If clock signal frequency is
made higher, the write period will be shortened. However,
power consumption will increase in proportion to the clock
signal frequency. Thus, this is not fitted to implement a
lower power consumption and high speed screen switching
function.
Embodiment 2

The second Embodiment described below enables high
speed display of a new screen at a lower power consumption
rate even when there is an increase in the number of pixels.
FIG. 8 is a block diagram of the second Embodiment of a
liquid crystal display according to the present invention.

The configuration of display unit 1 is the same as the first
Embodiment. The signal data write circuit comprises a shift
register to produce output in response to clock signal 1, an
OR circuit 102 to issue the output of the shift register and
OR signal of reset signal 1, and a display data sampling TET
101 to sample display data signal in response to the output
of OR circuit 102 and to issue it to the signal electrode. The
scanning line selection circuit comprises a shift register to
produce output in response to clock signal 2, an AND circuit
104 to issue the AND signal between the output of the shift
register and inversion signal of the reset signal 1 and an OR
circuit 103 to issue the output of AND circuit 104 and OR
signal of the reset signal 1.

Common electrodes 8 are arranged in common for each
row in parallel with scanning electrodes 3, and are connected
with one another for connection of all pixels in common.
Voltage VCOM is applied by the common electrode drive
circuit. From the opposite electrode drive circuit, voltage
VC is applied to opposite electrode 9 on the opposite
substrate installed opposite to a display electrode 7 on the
TFT substrate holding the liquid crystal in-between.
Although not illustrated except for the opposite substrate, a
phase plate and polarizing plate are arranged to constitute a
reflective type liquid crystal display. In the present
Embodiment, a quarter wave plate is used as a phase plate
to ensure that black is displayed while voltage is applied to
the liquid crystal, and white is displayed when not applied.
Setting is made so that the optical axis of the phase plate and
the absorption plate of the polarizing plate have an angle of
45 degrees.

The following describes the operation principle of a
second Embodiment of the liquid crystal display comprising
N-row by M-column pixels according to the present inven-
tion using a drive waveform shown in FIG. 9. Display data
signal voltage to write the i-column by j-row pixel into the
sampling capacitor of pixel (i, j) and pixel (i, j) is defined as
V (i, j), where V (i, j) is either voltage level VDH or VDL
shown in FIG. 6.

The liquid crystal display is driven by four periods; reset
period, write period, retention period, and overwrite period.
When the display has been switched, it is driven in the order
of reset period, write period, retention period, and overwrite
period, retention period, overwrite period, etc. If display
does not changg, it is driven in the order of retention period
and overwrite period repeatedly. Reset period and write
period are used only when display has been switched.

Reset signal 1 and reset signal 2 go high during the reset
period. In this case, the outputs of the OR circuit 102 and OR
circuit 103 go high despite the state of the shift register, etc.
Since the output of OR circuit 102 is of high level, the
display data signal is written into all signal electrodes



US 6,819,317 Bl

13

through display data sampling TFT 101. Since the output of
OR circuit 103 is at the high level, voltage of all scanning
electrode is VG(j)=VGH, and the display data signals of the
signal electrodes are written into the sampling capacitor of
all the pixels. The display data signal becomes VDL after
having become VDH once during the reset period. So the
switching TFTS of all pixels are turned off after having been
turned on once. During the reset period, voltage VC of the
opposite electrode is equal to voltage VCOM of the common
electrode, so display electrode 7 is kept in the floating mode
after voltage has become VCOM, thereby retaining voltage
VCOM.

In the ensuing write period, voltage V(3, j) in response to
display is written into the sampling capacitor of pixel (i ,)
while a.c. voltage is applied to the opposite electrode, unlike
in the first Embodiment. In this case, the switching TFT is
set to off in the reset period, so there is no change to the OFF
state from the ON state where the d.c. voltage is applied to
the liquid crystal as explained with reference to FIG. 7.

Signals to select the signal electrode sequentially are
output from the shift register in response to clock signal 1.
Display data signal is synchronized with clock signal 1, and
corresponding display data signal V (i, j) is output when the
specified signal electrode is selected. Consequently, display
data signal VD (i) (i=1 through N) is sequentially issued to
the specified signal electrode by the display data signal
sampling TFT 101. VD(i)=VDH is issued to the signal
electrode connected to the pixel (i, j) where display is on,
while VD(i")=VDL is output to the signal electrode con-
nected to the pixel (i", j) where display is off. (See FIG. 6).

After above operations have been repeated M times, clock
signal 1 stops and VD (i) is retained at the M signal
electrodes for a specified time. After that, the reset signal 1
goes high, and display data signals are written into all signal
electrodes through the display data signal sampling TFT
101.

(This period is defined as a horizontal reset period). In this
case, display data signals are at the low level (VDL), and
VDL is written into all signal electrodes. This period is
defined as a horizontal period.

If there is no horizontal reset period in this case, voltage
V (i, J-i) written during (j-1)-th horizontal period will
remain in the signal electrode, when voltage of the j-th
scanning electrode becomes VGH in the j-th horizontal
period. As a result, an operation error may occur in the case
of V (1, )=V(i, j-1). For example, when V (i,j-1)=VDH and
V (i,])=VDL, the switching TFT 6 of the pixel (i, ) is turned
on, since the voltage of the gate becomes V (i, j-1)=VDH
through sampling TFT 10 immediately when the voltage of
j-th scanning electrode has become VGH. However, the
original display data signal V (i, j)=VDL is written during
the j-th horizontal period, so the switching TFT is turned off.
In this way, the switching TFT changes from ON state to
OFF state when a.c. voltage is applied to the opposite
electrode. This leads to an operation error where d.c. voltage
is applied to the liquid crystal (called operation error caused
by the preceding row), as described above. To solve this
problem, the present Embodiment makes the voltage of all
signal electrodes VGL at the close of the horizontal period
of the horizontal reset period, thereby preventing said opera-
tion error. Similarly to the first Embodiment, no operation
error can possibly be caused by said data in the preceding
row even if a latch circuit is installed in the signal data write
circuit. Use of the present Embodiment avoids operation
errors resulting from said data of the preceding row in a
small circuit, without having to employ a latch circuit.
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If the shift register output VG' (j) is directly applied to the
scanning electrode when display data signal is written into
the sampling capacitor 11 of the j-th row pixel in the j-th
horizontal period of the write period, then display data
signals v (i, j) written during the horizontal reset period will
be rewritten and VGL will be written into all the sampling
capacitors of the j-th row pixel. To solve this problem, the
present Embodiment applies voltage the scanning electrode
in the following manner: During the horizontal period, the
shift register of the scanning line selection circuit selects the
scanning electrode in response to clock signal 2 in the
horizontal period, so high level output is issued to the VG'
() in order to select the scanning electrode. The inversion
level of the reset signal 1 and the AND signal of the VG' (j)
are output to the scanning electrode So in the horizontal
period, VG (j)=VGH is output only during the period where
the reset signal is of low level. The sampling TFT of the
pixel (i, j) where voltage VG (j) of the connected scanning
electrode has become VGH captures the voltage VD (i) of
the connected signal electrode, and the voltage is retained at
the sampling capacitor. Since VG (j)=VGL in the ensuring
horizontal reset period, the connected sampling TFT turns
off, and VD (i) in response to display is retained, without
voltage VDL of the signal electrode during the horizontal
reset period being written to the sampling capacitor 11. The
above horizontal period is repeated N times which corre-
spond to the number of the scanning electrodes, and the data
of display data retention circuit of all pixels are rewritten,
thereby terminating the write period.

In the write period of the second Embodiment, a.c.
voltage is applied to the opposite electrode. So before
termination of the write period, display is given sequentially,
starting from the pixel where display data signal voltage V(i,
j) is written into the sampling capacitor. This ensures faster
display than that in the first Embodiment when display has
switched.

Then the operations of clock signal 1, display data signal,
clock signal 2, reset signal 1 and reset signal 2 are stopped,
and a.c. voltage VC continues to be applied to the opposite
electrode (retention period). Voltage VM retained in the
sampling capacitor during this retention period varies
according to the leakage of the sampling TFT and others.
The length of the retention period is set to ensure that
voltage VDH written into the pixel when display is on is
equal to or greater than the VMH throughout retention
period, while voltage VDL written into the pixel when
display is off is equal to or greater than the VMH does not
exceed VML throughout the retention period. Accordingly,
during the retention period, the switching TFT of the pixel
where display is on is in the state of connection (ON state),
while the switching TFT of the pixel where display is off is
in the state of non-connection (OFF state). So as shown in
FIG. 9, the voltage VS of the display electrode of the pixel
where display is on is equal to the voltage VCOM of the
common electrode (solid line), whereas the voltage VS of
the display electrode of the pixel where display is off is equal
to the voltage VC of the opposite electrode (broken line).
Since voltage VLC=VC-VS is applied to the liquid crystal,
a.c. voltage with amplitude VO is applied to the liquid crystal
of the pixel where display is on (solid line), while voltage is
not applied to the liquid crystal of the pixel where display is
off (broken line).

The operation in the ensuing overwrite period is the same
as that in the write period. Unlike the write period, an
operation error occurs in the overwrite period, but this
covers only a very short time without affecting the display.
In the overwrite period when display data signal V (i,
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j)=VDH is overwritten into the sampling capacitor of the j-th
pixel during the j-th horizontal period, voltage VGL written
into the (j=1)-th horizontal reset period remains in the signal
electrode when the voltage of the j-th scanning electrode
becomes VG(j)=VGH. Since voltage of VMH or more is
retained to the sampling capacitor before the overwrite
period, the switching TFT changes from ON to OFF state
when a.c. voltage is applied to the opposite electrode imme-
diately when the voltage of the j-th scanning electrode has
become VGH. This allows d.c. voltage to be applied to the
liquid crystal as described above. In this case, however, V (i,
j)=VDH is written immediately thereafter, and the switching
TFT is turned on. So d.c. voltage is applied to the liquid
crystal only for a very short time, without affecting the
display.

In the present Embodiment, this voltage is retained for a
specified time period after VD (i) has been issued to all
signal electrodes during the horizontal period of the write
period and overwrite period; then the voltage of the scanning
electrode is made VGL, and reset signal 1 is set to the high
level. The operation is also possible if the scanning electrode
voltage is made VGL and reset signal 1 is set to the high
level, immediately after all signal electrodes VD (i) are
output. In this case, however, the period where specified
voltage VD(M)=V(M, j) is applied to the M-th signal
electrode will be very short. So to write VD(M) into the
sampling capacitor 11, the sampling TFT is required to have
a very high performance. The operation is possible when a
low performance TFT is used if the scanning electrode
voltage is kept at VGH for some time even after the specified
voltage VD(M)=V(M, j) is applied to the M-th signal
electrode, and a longer time is assigned to write into the
sampling capacitor, as in the present Embodiment.

As described above, the present Embodiment provides a
liquid crystal display characterized by high definition, lower
power consumption, and a high speed display when display
has switched.

Embodiment 3

The operation error caused by data in the preceding row
can also be solved by a third Embodiment according to the
present invention to be described below. FIG. 10 is a block
diagram of the third Embodiment of the liquid crystal
display according to the present invention.

Display unit 1 is arranged in the same configuration as
that of the first Embodiment. The signal data write circuit is
arranged in the same configuration as that of the second
Embodiment. The scanning line selection circuit comprises
(1) a shift register to produce outputs in response to clock
signal 2, (2) an AND circuit 104 to issue AND signals
between the output of said shift register and control signal,
and (3) an OR circuit 103 to issue OR signals between the
output of said AND circuit 104 and reset signal 1.

Common electrodes 8 are arranged in common for each
row in parallel with scanning electrodes 3, and are connected
with one another for connection of all pixels in common.
Voltage VCOM is applied by the common electrode drive
circuit. From the opposite electrode drive circuit, voltage
VC is applied to opposite electrode 9 on the opposite
substrate installed opposite to a display electrode 7 on the
TFT substrate holding the liquid crystal in-between.
Although not illustrated except for the opposite substrate, a
phase plate and polarizing plate are arranged to constitute a
reflector type liquid crystal display. In the present
Embodiment, a quarter wave plate is used as a phase plate
to ensure that black is displayed while voltage is applied to
the liquid crystal, and white is displayed when not applied.
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Setting is made so that the optical axis of the phase plate and
the absorption plate of the polarizing plate have an angle of
45 degrees.

The following describes the operation principle using the
drive waveform shown in FIG. 11. Here the display data
signal voltage to write i-column by j-row pixels into the
sampling capacitor of pixel (i, j) and pixel (i, j) is defined as
V (i, j), where V (i, j) denotes either voltage level VDH or
VDL shown in FIG. 6.

The liquid crystal display is driven by four periods; reset
period, write period, retention period, and overwrite period.
The operations in reset period and retention period are the
same as those in the second Embodiment.

In the write period, voltage v (i, j) in response to display
is written into the sampling capacitor of the pixel (i, j) while
a.c. voltage is applied to the opposite electrode, unlike the
case in the first Embodiment. In this case, the switching TFT
is off in the reset period, so there is no change to the OFF
state from the ON state where the d.c. voltage is applied to
the liquid crystal.

Similarly to the case of the second Embodiment, opera-
tion errors resulting from said data of the preceding row are
avoided without using a latch circuit.

Signals to selects scanning electrodes sequentially in
response to clock signal 1 are issued from the shift register.
Display data signals are synchronized with clock signal 1,
and a corresponding display data signal V (i, j) is output
when a specified signal electrode is selected. Consequently,
display data signals VD(i) (i=1 through N) are sequentially
output to the specified signal electrode by the display data
signal sampling TFT 101. VD(i)=VDH is issued to the
signal electrode connected to the pixel (1, j) where display
is on, while VD(i")=VDL is output to the signal electrode
connected to the pixel (i", j) where display is off. (See FIG.
6). After above operations have been repeated M times,
clock signal 1 stops and VD (i) is retained at the M signal
electrodes for a specified time. This period is defined as a
horizontal period.

In the horizontal period, the shift register of the scanning
line selection circuit issues a high level to VG' (j) in response
to clock signal 2 synchronized with horizontal period to
select the scanning electrode. The AND signal between
control signal and VG (j) is issued to the scanning electrode,
s0 VG (j)=VGH is output for the period where the control
signal is high, namely only for the specified period where
said VD (i) is retained. The sampling TFT of the pixel (4, j)
where voltage VG (j) of the connected scanning electrode
has become VGH captures the voltage VD (i) of the con-
nected signal electrode, and the voltage is retained at the
sampling capacitor.

The above horizontal period is repeated N times which
correspond to the number of the scanning electrodes, and the
data of display data retention circuit of all pixels are
rewritten, thereby terminating the write period.

In the write period, voltages of all signal electrodes
become VGH after the voltage of the j-th scanning electrode
has become VD (1)=VD(i, j), so voltage written into the
(j-1)-th horizontal period does not affect the j-row pixel.

Operations in the overwrite period are the same as those
in the write period. Display data signal in the preceding row
does not give any influence. The present Embodiment also
provides a liquid crystal display characterized by high
definition, lower power consumption, and a high speed
display when display has switched.

By using a latch circuit, OR circuit or AND circuit in the
signal write circuit and scanning line selection circuit in the
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Embodiment described above, it is possible to provide a
liquid crystal display characterized by high definition, lower
power consumption, and a high speed display when display
has switched.

Embodiment 4

The fourth Embodiment provides a liquid crystal display
which permits the same operations as above Embodiments,
using a small-sized signal data write circuit and a scanning
line selection circuit without using a latch circuit, OR circuit
or AND circuit. The small size of the signal data write circuit
and scanning line selection circuit effectively increases the
yield when manufacturing these circuits the TFT substrate
using a polysilicon TFT or the like.

HFG. 12 is a block diagram representing the fourth
Embodiment of a liquid crystal display according to the
present invention. Display unit 1 formed on the TFT sub-
strate is the same as that of the first Embodiment. The signal
data write circuit comprises a shift register to issue outputs
in response to clock signal 1, and a display data signal
sampling TFT 101 to sample display data signals in response
to the output of the shift register. The scanning line selection
circuit comprises a shift register which issues VG(j)=VGH
to the scanning electrode in response to clock signal 2.

Common electrodes 8 are arranged in common for each
row in parallel with scanning electrodes 3, and are connected
with one another for connection of all pixels in common.
Voltage VCOM is applied by the common electrode drive
circuit. From the opposite electrode drive circuit, voltage
VC is applied to opposite electrode 9 on the opposite
substrate installed opposite to a display electrode 7 on the
TFT substrate holding the liquid crystal in-between.
Although not illustrated except for the opposite substrate, a
phase plate and polarizing plate are arranged to constitute a
reflector type liquid crystal display. In the present
Embodiment, a quarter wave plate is used as a phase plate
to ensure that black is displayed while voltage is applied to
the liquid crystal, and white is displayed when not applied.
Setting is made so that the optical axis of the phase plate and
the absorption plate of the polarizing plate have an angle of
45 degrees.

The following describes the operation principle of the
fourth Embodiment of the liquid crystal display according to
the present invention comprising N-rowxM-column pixels,
using the drive waveform shown in FIG. 13. Here the
display data signal voltage to write i-column by j-row pixels
into the sampling capacitor of pixel (i, j) and pixel (i, j) is
defined as V (i, J), where V (i, j) denotes either voltage level
VDH or VDL shown in FIG. 6.

The liquid crystal display is driven by three periods; write
period, retention period and overwrite period. When display
has switched, it is driven in the order of write period,
retention period, overwrite period, retention period, over-
write period, etc. If display does not change, it is driven in
the order of retention period and overwrite period repeat-
edly. Write period is used only when display has been
switched. During the write period and overwrite period, the
voltage VC of the opposite electrode is made equal to the
voltage VCOM of the common electrode. So no voltage is
applied to the liquid crystal (VLC=0).

Signals which select the signal electrode sequentially are
issued from the shift register in response to clock signal 1.
The display data signal is synchronized with the clock signal
1. Display data signals V (i, j) are produced when the signal
electrode in the i-th column is selected. Accordingly, display
data signal v (i, j) is captured into the specified signal
electrode by the display data signal sampling TFT. Display
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data signal VD(i)=V (i, j) (i=1 through N) is sequentially
output. VD (i)=V (i, j)=VDH is issued to the signal elec-
trode connected to the pixel (1, j) where display is on, while
VD (i")=V (i", j)=VDL is output to the signal electrode
connected to the pixel (i", j) where display is off. In this case,
the scanning line selection circuit selects the scanning
electrode in response to clock signal 2, and issues VG
()=VGH. (The voltage of other scanning eclectrodes is
VGL). In other words, voltage equal to or greater than the
threshold value of the sampling capacitor is applied to the
scanning electrode. The sampling TFT of the pixel (i, j)
where voltage VG (j) of the connected scanning electrode
has become VGH captures the voltage VD (i) of the con-
nected signal electrode, and the voltage VD(i)=V(i,j) is
retained at the sampling capacitor. This operation is repeated
N times which correspond to the number of the scanning
electrodes, and the data of display data retention circuit of all
pixels are rewritten, thereby terminating the write period.

Then the operations of clock signal 1, display data signal
and clock signal 2 are stopped, and a.c. voltage VC contin-
ues to be applied to the opposite electrode (retention period).
Voltage VM retained in the sampling capacitor during this
retention period varies according to the leakage of the
sampling TFT and others. The length of the retention period
is set to ensure that the voltage VDH written into the pixel
where display is on is not less than voltage VMH required
to turn on the switching TFT throughout the retention
period, and the voltage VDL written into the pixel where
display is off does not exceed voltage VML required to turn
off the switching TFT throughout the retention period.
Accordingly, during the retention period, the switching TFT
of the pixel where display is on is in the state of connection
(ON state), while the switching TFT of the pixel where
display is off is in the state of non-connection (OFF state).
So as shown in FIG. 13, the voltage VS (i, j) of the display
electrode of the pixel where display is on is equal to the
voltage VCOM of the common electrode (solid line),
whereas the voltage VS of the display electrode of the pixel
where display is off is equal to the voltage VC of the
opposite electrode (broken line). Since voltage VLC (i,
7)=VC-VS (4, j) is applied to the liquid crystal, a.c. voltage
with amplitude VO is applied to the liquid crystal of the pixel
where display is on (solid line), while voltage is not applied
to the liquid crystal of the pixel where display is off (broken
line).

In the ensuing overwrite period, voltage changed due to
leakage and stored in the sampling capacitor is written again.
Unlike the cases in the first, second and third Embodiments,
the opposite electrode voltage is made equal to the common
electrode voltage. In other words, no voltage is applied to the
liquid crystal. VD (1)=V (i, j) (i=1 through N) are sequen-
tially output to the specified signal electrode. The scanning
line selection circuit selects the scanning electrode in
response to clock signal 2, and issues VG (j)=VGH. (The
voltage of other scanning electrodes is VGL). In other
words, voltage equal to or greater than the threshold value
of the sampling capacitor is applied to the scanning elec-
trode. The sampling TFT of the pixel (i, ) where voltage VG
() of the connected scanning electrode has become VGH
captures the voltage VD (i) of the connected signal
electrode, and the voltage VD (1)=V (4, j) is retained at the
sampling capacitor. In the write period, this operation is
repeated N times which correspond to the number of the
scanning electrodes, and V (i, j) is written into the sampling
capacitors of all pixels, but in the overwrite period, the N
electrodes are separated into several segments for this writ-
ing. In the first overwrite period, for example, clock signal
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1 and clock signal 2 are stopped after overwriting into the
sampling capacitors of pixels from 1st to k-th rows, and a
retention period is provided. In the ensuing second overwrite
period, overwriting is made to the sampling capacitors of the
pixels from k+1st to 2k-th. Then the retention period and
overwrite period are repeated, and sampling capacitors of all
pixels are overwritten using the multiple overwrite period.

Said operation error of d.c. voltage applied to the liquid
crystal or said operation error caused by data in the preced-
ing row does not occur in the overwrite period since a.c.
voltage is not applied to the liquid crystal.

A longer overwrite period means a longer time when
voltage is not applied to the liquid crystal, and a flicker
problem is caused by reduced contrast resulting from
reduced effective voltage applied to the liquid crystal or
intermittent voltage applied to the liquid crystal. There will
be a slight reduction of effective voltage if the overwrite
period is made sufficiently shorter than the retention period.
Then reduced contract does not raise any problem. No
flicker occurs if the overwrite period is set, for example, to
about 1 ms which is sufficiently shorter than liquid crystal
response time. To reduce the overwrite period, however, the
number of rows to be rewritten in one overwrite period must
be reduced. As a result, a very long time will be required
from the first overwriting to the next overwriting, when
viewed in terms of one pixel. This requires the leakage of the
display data retention circuit to be reduced to a very small
amount. In other words, this requires use of a sampling TFT
featuring a high performance. To perform the equivalent
operation with the sampling TFT used in the first
Embodiment, the ratio between the retention period and
overwrite period should be the same as that in the first
Embodiment, as described below. For example, if operations
in the first Embodiment are possible in the retention period
of 100 ms and the overwrite period of 100 ms, the retention
period is set at 1 ms and overwrite period at 1 ms in the
present Embodiment. The voltage of the sampling capacitors
of all pixels should be overwritten in 100 overwrite periods.
This step allows one overwriting to be performed every 200
ms in any cases, when viewed in terms of one pixel. This
enables the operation using the sampling TFT of the same
performance.

In the present Embodiment, a.c. voltage is not applied to
the liquid crystal in the overwrite period, so effective voltage
is reduced to a half. However, the same display is enabled by
doubling the amplitude of the a.c. voltage applied to the
opposite electrode.

The present Embodiment provides a liquid crystal display
using a small-sized circuit characterized by lower power
consumption, and a high speed display when display has
switched.

Embodiment 5

FIG. 14 is a block diagram representing the firth Embodi-
ment of a liquid crystal display according to the present
invention.

The configuration of display unit 1 is the same as that in
the first Embodiment. The signal data write circuit decodes
the address data signal, and comprises a decoder circuit to
select the signal electrode corresponding to the address data
signal, an OR circuit 102 to issue the output of the decoder
circuit output and OR signal of the reset signal 1, and a drain
signal sampling TFT 105 to sample drain signals in response
to the output of the OR circuit 102 and to issue them to the
signal electrode. The scanning line selection circuit com-
prises a shift register to produce output in response to clock
signal 2, an AND circuit 104 to produce AND signal VG' (j)
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between the output of the shift register and the inversion
signal of the reset signal 1, and an OR circuit 103 to produce
an OR signal between the output of the AND circuit 104 and
output of the reset signal 2.

Common electrodes 8 are arranged in common for each
row in parallel with scanning electrodes 3, and are connected
with one another for connection of all pixels in common.
Voltage VCOM is applied by the common electrode drive
circuit. From the opposite electrode drive circuit, voltage
VC is applied to opposite electrode 9 on the opposite
substrate installed opposite to a display electrode 7 on the
TFT substrate holding the liquid crystal in-between.
Although not illustrated except for the opposite substrate, a
phase plate and polarizing plate are arranged to constitute a
reflector type liquid crystal display. In the present
Embodiment, a quarter wave plate is used as a phase plate
to ensure that black is displayed while voltage is applied to
the liquid crystal, and white is displayed when not applied.
Setting is made so that the optical axis of the phase plate and
the absorption plate of the polarizing plate have an angle of
45 degrees.

The following describes the operation principle of the
fourth Embodiment of the liquid crystal display according to
the present invention comprising N-rowxM-column pixels,
using the drive waveform shown in FIG. 15. Here the
display data signal voltage to write i-column by j-row pixels
into the sampling capacitor of pixel (i, j) and pixel (i, j) is
defined as V (i, j), where V (i, j) denotes either voltage level
VDH or VDL shown in FIG. 6.

The liquid crystal display is driven by four periods; reset
period, write period, retention period, and overwrite period.
When the display has been switched, it is driven in the order
of reset period, write period, retention period, and overwrite
period, retention period, overwrite period, etc. If display
does not change, it is driven in the order of retention period
and overwrite period repeatedly. Reset period and write
period are used only when display has been switched.

Reset signal 1 and reset signal 2 go high during the reset
period. In this case, the outputs of the OR circuit 102 and OR
circuit 103 go high despite the state of the shift register, etc.
Since the output of OR circuit 102 is of high level, the drain
signal is written into all signal electrodes through drain
signal sampling TFT 1085, Since the output of OR circuit 103
is at the high level, voltage of all scanning electrodes is
VG(j)=VGH, and the display data signals of the signal
electrodes are written into the sampling capacitor of all the
pixels. The display data signal becomes VDL after having
become VDH once during the reset period. So the switching
TFTs of all pixels are turned off after having been turned on
once. During the reset period, voltage VC of the opposite
electrode is equal to voltage VCOM of the common
electrode, so display electrode 7 is kept in the floating mode
after voltage has become VCOM, thereby retaining voltage
VCOM.

In the ensuing write period, voltage V(, j) in response to
display is written into the sampling capacitor of pixel (i ,j)
while a.c. voltage is applied to the opposite electrode. In the
reset period, V (i,j)=VDL is stored into all sampling
capacitors, so the address of column 1 of the pixel where v
(1, j)=VDH is written is input as an address data signal. Only
the voltage of the sampling capacitor of the pixel where
VDH is written is rewritten. This step reduces the write
period.

In the write period, address data signals corresponding to
address i of the pixel where VDH is written are input
sequentially, and the signal to select the i-th signal electrode
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is issued from the decoder circuit. The drain signal voltage
is VDH while address data signal in the j-th row is sent, and
VDHs are sequentially issued into the signal electrode
selected from the decoder circuit by drain signal sampling
TFT 105. The initial VDL is stored in other signal elec-
trodes. The address data signal stops after the above opera-
tion is repeated the number of times equivalent to the
number m(j) of the pixels in the jth row where VDH is
written. The voltage of the signal electrode is retained for a
specified time. Then the reset signal 1 goes high, and drain
signals are written into all signal electrodes through drain
signal sampling TFT105. (This period is defined as a hori-
zontal period). In this case, the drain signal is VDL, and
VDL is written into all signal electrodes. This period is
defined as a horizontal period. In this case, horizontal period
changes according to m(j).

In the horizontal period, the shift register of the scanning
line selection circuit selects the scanning electrode in
response to clock signal 2 synchronized with the horizontal
period. So the high level is output to VG' (J). Since AND
signals between the inversion level of reset signal 1 and VG'
(j) are issued to the scanning electrode, VG (j)=VGH is
output in the horizontal period only when the reset signal is
at the low level. The sampling TFT of the pixel (i,j) where
voltage VG (j) of the connected scanning clectrode has
become VGH captures the voltage VD (i) of the connected
signal electrode, and the voltage is retained to the sampling
capacitor. VG (j)=VGL in the horizontal reset period, and the
connected sampling TFT is turned off.

So the VD (i) in response to display is retained without
single electrode voltage VDL written into the sampling
capacitor. This operation is repeated N times which corre-
spond to the number of the scanning electrodes, and the data
of display data retention circuit of all pixels are rewritten,
thereby terminating the write period.

Similarly to the case of the second Embodiment, voltages
all signal electrodes are forcibly set to VDL at the end of
each horizontal period in the present Embodiment, so said
operation error resulting from data in the previous row does
not occur.

Then the operations of drain signal, address data signal,
clock signal 2, reset signal 1 and reset signal 2 are stopped,
and a.c. voltage vC continues to be applied to the opposite
electrode (retention period). Voltage VM retained in the
sampling capacitor during this retention period varies
according to the leakage of the sampling TFT and others.
The length of the retention period is set to ensure that the
voltage VDH written into the pixel where display is on is not
less than voltage VMH throughout the retention period, and
the voltage VDL written into the pixel where display is off
does not exceed voltage VML throughout the retention
period. Accordingly, during the retention period, the switch-
ing TFT of the pixel where display is on is in the state of
connection (ON state), while the switching TFT of the pixel
where display is off is in the state of non-connection (OFF
state). So as shown in FIG. 15, the voltage VS of the display
electrode of the pixel where display is on is equal to the
voltage VCOM of the common electrode (solid line),
whereas the voltage VS of the display electrode of the pixel
where display is off is equal to the voltage VC of the
opposite electrode (broken line). Since voltage VLC=VC-
VS is applied to the liquid crystal, a.c. voltage with ampli-
tude VO is applied to the liquid crystal of the pixel where
display is on (solid line), while voltage is not applied to the
liquid crystal of the pixel where display is off (broken line).

The operation in the ensuring overwrite period is the same
as that in the write period. Similarly to the second
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Embodiment, said operation error due to data in the previous
row occurs in the overwrite period, unlike the case in the
write period. However, it occurs in a very short time, without
affecting display. In the overwrite period, when display data
signal V (i, j)=VDH is overwritten into the sampling capaci-
tor of the pixel in the j-th row in the j-th horizontal period,
voltage VGL written to the signal electrode in the (j-1)-th
horizontal reset period remains when the voltage of the j-th
scanning electrode becomes VGH. Before the overwrite
period, voltage not less than VMH is retained in the sam-
pling capacitor. Immediately when the voltage of the j-th
scanning electrode has become VGH, the switching TFT
changes from ON to OFF state while a.c. voltage is applied
to the opposite electrode. Then d.c. voltage will be applied
to the liquid crystal as described above. In this case,
However, V (i, j)=VDH is written immediately thereafter,
the switching TFT is turned on. The d.c. voltage is applied
to the liquid crystal only for a very short time, without
affecting the display.

In the present Embodiment, VDH is output to the m(j)
signal electrodes in the horizontal period of write period and
overwrite period, wherein the number of signal electrodes
corresponds to that of pixels where VDH is written. After
this voltage is retained for a specified time, scanning elec-
trode voltage is changed to VGL, and reset signal 1 is set to
the high level. Immediately after VDH is issued to m(j)
signal electrodes, scanning electrode voltage is changed to
VGL, and the reset signal 1 is set to the high level. Operation
is possible according to these steps. In this case, however,
VDH is applied to m(j)-th signal electrodes only for a very
short time. This requires the sampling TFT to have a high
performance. If scanning electrode voltage is kept at VGH
after VDH is applied to the m(j)-th signal electrode as in this
Embodiment, and this state is retained for some time to
prolong the time to write into the sampling capacitor,
operation is possible even with the TFT of poorer perfor-
mances.

As described above, use of the fifth Embodiment of the
liquid crystal display according to the present invention
reduces the write period and the time from appearance to
disappearance of display. It also reduces power consump-
tion.

Said second or third Embodiment almost completely
eliminates the time for a new display to appear when display
has switched. All the displays appear completely when
display data signals V(i, j) have been written into the
sampling capacitors of all pixels. So increase in the number
of pixels will take a long time before all displays appear.
Furthermore, a greater number of pixels means a longer
write period. In the liquid crystal display according to the
present invention, much time is required for writing.
Increase in the number of pixels will result in increased
power consumption.

By contrast, the present Embodiment provides a liquid
crystal display characterized by high definition, lower power
consumption, and a high speed display when display has
switched.

Embodiment 6

FIG. 16 is a block diagram representing the scanning line
selection circuit of the sixth Embodiment of the liquid
crystal display according to the present invention. Display
unit 1 formed on the TFT substrate and signal data write
circuit are the same as those of the second Embodiment.

The scanning line selection circuit comprises;

(1) a shift register to produce output VG' (j) in response

to clock signal 2,
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(2) an AND circuit 104 to produce AND signal VG' (j)
between the output VG' (j) of the shift register and the
inversion signal of the reset signal 1, (3) an AND circuit
106 to produce output VG' (mk+1) (m=0, 1, 2, . . .) of
the (mk+1)-th shift register for each k-th and reset
signal 2, and

(4) an OR circuit 103 to output the OR signal between the
output of the AND circuit 104 which is input by VG'(j)
from j=mk+1 to j=(m+1) k-th rows (m=0, 1,2, . . ), and
the output of AND circuit 106 which is input by VG'
(mk+1).

Common electrodes 8 are arranged in common for each
row in parallel with scanning electrodes 3, and are connected
with one another for connection of all pixels in common.
Voltage VCOM is applied by the common electrode drive
circuit. From the opposite electrode drive circuit, voltage
VC is applied to opposite electrode 9 on the opposite
substrate installed opposite to a display electrode 7 on the
TFT substrate holding the liquid crystal in-between.
Although not illustrated except for the opposite substrate, a
phase plate and polarizing plate are arranged to constitute a
reflector type liquid crystal display. In the present
Embodiment, a quarter wave plate is used as a phase plate
to ensure that black is displayed while voltage is applied to
the liquid crystal, and white is displayed when not applied.
Setting is made so that the optical axis of the phase plate and
the absorption plate of the polarizing plate have an angle of
45 degrees.

The following describes the operation principle of the
sixth Embodiment of the liquid crystal display according to
the present invention comprising N-rowxM-column pixels,
using the drive waveform shown in FIG. 17. Here the
display data signal voltage to write i-column by j-row pixels
into the sampling capacitor of pixel (i, j) and pixel (i, j) is
defined as V (i, J), where V (i, j) denotes either voltage level
VDH or VDL shown in FIG. 6.

The liquid crystal display is driven by two periods; write
period and retention period. When display has switched, it is
driven in the order of write period, retention period, over-
write period, retention period, etc. If display does not
change, it is driven in the order of write period and retention
period repeatedly. There is not difference between the write
period and overwrite period, unlike the Embodiments men-
tioned above. The same write period and drive waveform are
applied both when display has switched to rewrite sampling
capacitor voltage and when the voltage reduced by leakage
is replenished.

The write period is divided into said m sub-periods, and
voltage is captured into the sampling capacitors of k-row
pixels in one sub-period. This sub-period is repeated m times
to capture voltages into the sampling capacitors of all
mxk=N rows. The sub-period consists of the periods from
the first to k-th horizontal periods.

The first horizontal period comprises the reset period and
data write period. Reset signal 1 and reset signal 2 go high
during the reset period. Since reset signal 1 is high, the
output of OR circuit 102 is high, independently of the state
of the shift register of the signal data write circuit. Since the
output of the OR circuit 102 is high, display data signal is
into all signal electrodes through the display data sampling
TFT101. Meanwhile, since reset signal 2 is high level, the
output voltage VG (j) from j=mk+1 to j=(m+1) k-th row
(m=0,1,2,...)of the scanning selection circuit is high only
when the output VG' (k+1) of shift register is high.
Accordingly, display data signals written into all signal
electrodes in this case are written into the sampling capaci-
tors from mk+1st row to (m+1) k-th row. During the reset
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period, display data signal becomes VDL after becoming
VDH. So the switching TFT of the pixels from mk+1st row
to (m+1) k-th row is turned off and reset after having been
turned on once.

During the reset period, the voltage VC of the opposite
electrode is made equal to the voltage VCOM of the
common electrode, so display electrode 7 is in the floating
mode after voltage becomes VCOM, and voltage VCOM is
retained. In the second Embodiment, voltages of the sam-
pling capacitors of pixels in all rows are reset. In the present
Embodiment, resetting is made in separate m-steps for every
k rows, as described above.

In the ensuing data write period, voltage V(i, j) in con-
formity to display is written into the sampling capacitor of
pixel (i, j) in the mk+1st row while a.c. voltage is applied to
the opposite electrode. In this case, the switching TFT of the
pixel in mk+1st row is off during the reset period, so there
is no change to the OFF from ON state where d.c. voltage
is applied to the liquid crystal, as described with reference
to FIG. 7.

In the data write period, the signals which select signal
electrodes sequentially are output from the shift register in
response to clock signal 1. The display data signal is
synchronous with clock signal 1, and the corresponding
display data signal V (i, j) is output when the specified signal
electrode is selected. Consequently, display data signals VD
() (i=1 through N) are output sequentially to the specified
signal electrode by the display data signal sampling TFT
101. VD(i")=VDH is issued to the signal electrode connected
to the pixel (i, j) where display is on, while VD(i")=VDL is
output to the signal electrode connected to the pixel (i, j)
where display is off. (See FIG. 6). The data write period
terminates when above operations have been repeated M
times.

The second through k-th horizontal periods comprise the
horizontal reset period and data write period. In the hori-
zontal reset period, reset signal 1 goes high, and display data
signals are written into all signal electrodes via the display
data signal sampling TFT 101. In this case, the display data
signal is low (VDL), and the VDL is written into all signal
electrodes. In the horizontal reset period, the reset signal 2
is low unlike the reset period. So voltage VG(j) of the
scanning electrode=VGL. VDL written into the signal elec-
trode is not written into the sampling capacitor. After that,
display data for one row is written into the signal electrode
in data write period, similarly to the case of the first
horizontal period.

In the horizontal period, the shift register of the scanning
line selection circuit outputs high level to the VG'(j) in order
to select the scanning electrode in response to clock signal
2 synchronized with the horizontal period. (j=mk+j', m=0, 1,
2,...,j=1,2,.. k) Since the OR signal of the AND signal
between the inversion signal of the reset signal 1 and VG' (j),
and the AND signal between output VG' (mk+1) of the shift
register and reset signal 2 is output to the scanning electrode,
VG (j)=VGH is output to the scanning electrode in the
j=mk+j'-th row in the reset period of the first horizontal
period when the reset signal 2 is high and output VG' of the
shift register (mk+1) is high, and in the data write period of
the j'-th horizontal period when reset signal 1 is low and
output VG' (mk+j") of the shift register is high. The sampling
TFT of the pixel (i, j) where the voltage VG (j) of the
connected scanning electrode has become VGH captures the
voltage VD(i) of the connected signal electrode, and retains
the voltage in the sampling capacitor. Since VG (j)=VGL in
the horizontal reset period, the connected sampling TFT is
turned off and VD (i) in conformity to display is retrained,
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without the voltage VDL of the signal electrode being
written into the sampling capacitor 11 in the horizontal reset
period.

As described above, the operation error caused by data in
the preceding row can be avoided by assigning the horizon-
tal reset period where the voltages of all signal electrodes is
made VDL, before VGH is output to the scanning electrode,
similarly to the case of the second Embodiment.

In the retention period, the operations of clock signal 1,
display data signal, clock signal 2, reset signal 1, and reset
signal 2 are stopped, and a.c. voltage VC continues to be
applied to the opposite electrode.

Other Embodiments described above prevent the picture
quality from being deteriorated by unwanted d.c. voltage
applied to the liquid crystal by adopting the drive method
which does not change the switching TFT from ON to OFF
state, while a.c. voltage is applied to the opposite electrode.
However, when d.c. voltage is applied to the liquid crystal
due to some influence on the pixel where display is off, the
switching TFT remains off so long as the display s off, and
there is no rapid decrease in d.c. voltage applied to the liquid
crystal. This may occur, for example, when the display
switch has been turned on.

In the present Embodiment, the switching TFT turns on
once in the write period when the voltage of the opposite
electrode agrees with that of the common electrode inde-
pendently of display. The pixel electrode is connected to the
common electrode. Consequently, even if d.c. voltage is
applied to the liquid crystal layer, it will be disappear in one
write period, without raising any problem, as described
above.

The drive frequency of the liquid crystal is preferred to be
60 Hz or more when flicker problems are taken into account.
In the present Embodiment, the polarity of the opposite
electrode voltage VC is reversed for each sub-period. So the
sub-period is preferred to be 16.6 ms or less in order to drive
the liquid crystal at 60 Hz or more.

The present invention provides a liquid crystal display
and drive method thereof characterized lower power con-
sumption and high speed display switching, where display is
made by keeping the pixel electrode in the floating mode. It
also provides a liquid crystal display with a simple circuit
configuration and drive method thereof characterized lower
power consumption and high speed display switching,
where display is made by keeping the pixel electrode in the
floating mode.

What is claimed is:

1. A liquid crystal display comprising:

(1) a switching element connected to a display data
retention circuit, a common electrode, and a display
electrode, for controlling a connection between the
common electrode and the display electrode according
to a voltage retained in the display data retention
circuit; and

(2) an opposite electrode installed opposite to the display
electrode, having applied thereto an AC voltage vibrat-
ing in response to a voltage of the common electrode;

wherein a liquid crystal is held between the display
electrode and the opposite electrode;

wherein display is performed based on the fact that an AC
voltage is applied to the opposite electrode to drive the
liquid crystal when the switching element establishes a
connection between the display electrode and the com-
mon electrode, and the AC voltage is not applied to the
opposite electrode when the switching element releases
the connection between the display electrode and the
common e¢lectrode; and
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wherein the switching element changes from connection
between the display electrode and the common elec-
trode to release of the connection under a condition that
the AC voltage applied to the opposite electrode is
stopped, and respective voltages of the opposite
electrode, the display electrode, and the common elec-
trode are made substantially the same.

2. A liquid crystal display according to claim 1, further

comprising:

a signal data write circuit arranged to apply voltage to the
corresponding signal electrode; and

a scanning selection circuit arrange to apply voltage to the
corresponding scanning electrode.

3. A liquid crystal display according to claim 2, wherein
the signal data write circuit comprises: (1) a shift register to
produce an output in response to a clock signal, (2) an OR
circuit to issue an OR signal of an output of the shift register
and a reset signal, and (3) a thin film transistor to sample
display data in response to an output of the OR circuit and
to output sampled data to the corresponding signal electrode.

4. A liquid crystal display according to claim 2, wherein
the scanning selection circuit comprises: (1) a shift register
to produce an output in response to a clock signal, (2) an
AND circuit to issue AND signals between an output of the
shift register and an inverse of a first reset signal and (3) an
OR circuit to issue an OR signal between an output of the
AND circuit and a second reset signal.

5. A liquid crystal display according to claim 2,

wherein the signal data write circuit comprises: (1) a
decoder circuit to decode address data signals and to
select signal electrodes corresponding to address data
signals, (2) an OR circuit to issue OR signals of an
output of the decoder circuit and a first reset signal, and
(3) a thin film transistor to sample drain signals in
response to an output of the OR circuit and to output
sampled signals to the corresponding signal electrode;
and

wherein the scanning selection circuit comprises: (1) a
shift register, (2) an AND circuit to issue AND signals
between an output of the shift register and an inverse of
the first reset signal and (3) an OR circuit to issue OR
signals between an output of the AND circuit and a
second reset signal.

6. A liquid crystal display comprising:

(1) a pair of substrates, at least one of which is transpar-
ent,

(2) a liquid crystal layer held between the substrates;

(3) multiple scanning electrodes provided on one of the
substrates;

(4) multiple signal electrodes crossing the multiple scan-
ning electrodes;

(5) a display data retention circuit connected to the
corresponding scanning electrode and signal electrode
provided at crossing points of the multiple scanning
electrodes and the multiple signal electrodes on one of
the substrates, to capture and retain a voltage of the
signal electrode corresponding to display in response to
the voltage of the corresponding scanning electrode;

(6) a switching element connected to the display data
retention circuit, a common electrode, and a display
electrode, to control a connection between the common
electrode and the display electrode in response to a
voltage retained in the display data retention circuit;
and

(7) an opposite electrode provided on another one of a the
substrates opposite to the display electrode, having
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applied thereto an AC voltage vibrating in response to
the voltage of the common electrode;

wherein the liquid crystal layer is held between the
display electrode and the opposite electrode provided
on the substrates respectively;

wherein display is performed based on the fact that an AC
voltage is applied to the opposite electrode to drive the
liquid crystal layer when the switching element estab-
lishes a connection between the display electrode and
the common electrode, and the AC voltage is not
applied to the opposite electrode when the switching
element releases the connection between the display
electrode and the common electrode; and

wherein the AC voltage is applied to the opposite elec-
trode after rewriting the voltage retained in the display
data retention circuit under a condition that voltages of
all display electrodes are made substantially the same
as the voltage of the common electrode, and the voltage
of the opposite electrode is made substantially the same
as the voltage of the common electrode.

7. A liquid crystal display according to claim 6, wherein

drive is made by sequential repetition of:

(1) a write period to write the voltage in response to the
display of the display data retention circuit,

(2) a retention period to retain the state of the display data
retention circuit when the AC voltage is applied to the
opposite electrode, and

(3) an overwrite period to overwrite written display data;

wherein the voltage according to display is written to the
display data retention circuit under a condition that
voltages of all display electrodes are made substantially
the same as the voltage of the common electrode, and
the voltage of the opposite electrode is made substan-
tially the same as the voltage of the common electrode
during said write period and said overwrite period.

8. A liquid crystal display comprising:

(1) a pair of substrates at least one of which is transparent;

(2) a liquid crystal layer held between the substrates;

(3) multiple scanning electrodes provided on one of the
substrates;

(4) multiple signal electrodes crossing the multiple scan-
ning electrodes;

(5) a display data retention circuit connected to the
corresponding scanning electrode and signal electrode
provided at crossing points of the multiple scanning
electrodes and the multiple signal electrodes provided
on one of the substrates, to capture and retain the
voltage of the signal electrode corresponding to display
in response to the voltage of the corresponding scan-
ning electrode;

(6) a switching element connected to the display data
retention circuit, a common electrode, and a display
electrode, 1o control a connection between the common
electrode and the display electrode in response to a
voltage retained in the display data retention circuit;
and

(7) an opposite electrode provided on another one of the
substrates opposite to the display electrode, having
applied thereto an AC voltage vibrating in response to
the voltage of the common electrode;

wherein the liquid crystal layer is held between the
display electrode and the opposite electrode provided
on the substrates respectively;

wherein display is performed based on the fact that an AC
voltage is applied to the opposite electrode when the
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switching element establishes a connection between the
display electrode and the common electrode, and the
AC voltage is not applied to the opposite electrode
when the switching element releases the connection
between the display electrode and the common elec-
trode; and

wherein the voltage retained in the display data retention
circuit is rewritten upon switching of display, when the
AC voltage is applied to the opposite electrode, sub-
sequent to the switching element releasing the connec-
tion between the display electrode and the common
electrode, after voltages of all display electrodes are
made substantially the same as the voltage of the
common electrode, and the voltage of the opposite
electrode is made substantially the same as the voltage
of the common electrode.

9. A liquid crystal display according to claim 7, wherein

drive is made by sequential repetition of:

(1) a write period to write the voltage in response to the
display of the display data retention circuit,

(2) a retention period to retain the state of the display data
retention circuit when the AC voltage is applied to the
opposite electrode, and

(3) an overwrite period to overwrite written display data;

wherein the voltage is written to the display data retention
circuit in a pixel area for at least one row during said
write period and said overwrite period, when the AC
voltage vibrating in response to the voltage of the
common electrode is applied to the opposite electrode,
subsequent to releasing the connection between the
display electrode and the common electrode in said
pixel area for at least one row after voltages of all
display electrodes are made substantially the same as
the voltage of the common electrode in said pixel area
for at least one row, and the voltage of the opposite
electrode is made substantially the same as the voltage
of the common electrode.

10. A liquid crystal display according to claim 8 or 9
wherein a signal data write circuit is provided to apply
voltage to the signal electrode, comprising: (1) a shift
register, (2) an OR circuit to issue an OR signal of an output
of the shift register output and a first reset signal, and (3) a
thin film transistor to sample display data signals in response
to an output of the OR circuit and to output sampled signals
to the signal electrode; while a scanning selection circuit is
provided to apply voltage to the scanning electrode, com-
prising: (1) a shift register and (2) an OR circuit to issue an
OR signal of an output of the shift register and a second reset
signal.

11. A drive method for a liquid crystal display comprising:

(1) a switching element connected to a display data
retention circuit, a common electrode, and a display
clectrode, to establish a connection between the com-
mon electrode and the display electrode according to a
voltage retained in the display data retention circuit;
and

(2) an opposite electrode installed opposite to the display
electrode, to receive application of an AC voltage
vibrating in response to the voltage of the common
electrode;

wherein a liquid crystal is held between the display
electrode and the opposite electrode;

wherein display is performed when an AC voltage is
applied to the opposite electrode to drive the liquid
crystal when the switching element establishes a con-
nection between the display electrode and the common



US 6,819,317 Bl

29

electrode, and when the AC voltage is not applied to the
opposite electrode when the switching element releases
the connection between the display electrode and the
common ¢lectrode; and

wherein the switching element changes from connection
between the display electrode and the common elec-
trode to release of the connection under a condition that
the AC voltage applied to the opposite electrode is
stopped, and respective voltages of the opposite
electrode, the display electrode, and the common elec-
trode are made substantially the same.

12. Aliquid crystal display according to any one of claims
1 to 9, wherein the display electrode provided on one of the
substrates, via an insulation film, comprises a light reflecting
component, and wherein the display electrode and the
switching element are connected, via a connector hole
provided on the insulation film.

13. Aliquid crystal display according to claim 12, wherein
the display data retention circuit, the switching element, the
scanning electrode, and the signal electrode are placed
overlapped with the display electrode between one of the
substrates and the display electrode on another one of the
substrates.

14. A liquid crystal display according to claim 6, 8 or 9,
wherein the signal electrode voltages are changed in one
operation in synchronism with application of a pulse voltage
to the corresponding scanning electrode, when voltage is
written to the display data retention circuit.

15. A liquid crystal display according to claim 6, 8 or 9,
wherein, when voltage is written to the display data retention
circuit, a reset voltage which changes the state of the
switching element to release the connection between the
display electrode and the common electrode is applied to all
signal electrodes, after the display data retention circuit of a
pixel area for one row has been made not to capture voltage
from the signal electrode, subsequent to the voltage of the
signal electrode having been captured and held in the display
data retention circuit of said pixel area for one row.

16. A liquid crystal display according to claim 185,
wherein, when voltage according to display 1s applied to the
signal electrode, the reset voltage is retained by allowing
voltage to be written only to the signal electrode connected
to the pixel which sets the switching element to establish
connection between the display electrode and the common
electrode, without allowing voltage to be written to the
signal electrode connected to the pixel which sets the
switching element to release connection between the display
electrode and the common electrode.

17. Aliquid crystal display according to claim 16, wherein
a signal data write circuit is provided to apply voltage to the
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signal electrode, comprising: (1) a decoder circuit to decode
address data signals and to select signal electrodes corre-
sponding to address data signals, (2) an OR circuit to issue
OR signals of an output of the decoder circuit and a first reset
signal, and (3) a thin film transistor to sample drain signals
in response to an output of the OR circuit and to output
sampled signals to the signal electrode; while a scanning
selection circuit is provided to apply voltage to the scanning
electrode, comprising: (1) a shift register, (2) an AND circuit
to issue AND signals between an output of the shift register
and an inverse of the first reset signal and (3) an OR circuit
to issue OR signals between an output of the AND circuit
and a second reset signal.

18. A liquid crystal display according to claim 15, wherein
a signal data write circuit is provided to apply voltage to the
signal electrode, comprising: (1) a shift register, (2) an OR
circuit to issue an OR signal of an output of the shift register
and a first reset signal, and (3) a thin film transistor to sample
display data signals in response to an output of the OR
circuit and to output sampled signals to the signal electrode;
while a scanning selection circuit is provided to apply
voltage to the scanning electrode, comprising: (1) a shift
register, (2) an AND circuit to issue AND signals between an
output of the shift register and an inverse of the first reset
signal and (3) an OR circuit to issue an OR signal between
an output of the AND circuit and a second reset signal.

19. A liquid crystal display according to claim 6, 8 or 9,
wherein, when voltage is written to the display data retention
circuit, the display data retention circuit of a pixel area for
one row captures the voltage of the signal electrode, after the
signal electrode voltage has been rewritten into the voltage
to be written to the display data retention circuit of said pixel
area for one row, when the display data retention circuit does
not capture the signal electrode voltage.

20. Aliquid crystal display according to claim 19, wherein
a signal data write circuit is provided to apply voltage to the
signal electrode, comprising: (1) a shift register, (2) an OR
circuit to issue an OR signal of an output of the shift register
and a first reset signal, and (3) a thin film transistor to sample
display data signals in response to an output of the OR
circuit and to output sampled signals to the signal electrode;
while a scanning selection circuit is provided to apply
voltage to the scanning electrode, comprising: (1) a shift
register, (2) an AND circuit to issue an AND signal between
an output of the shift register and a control signal, and (3) an
OR circuit to issue an OR signal between an output of the
AND circuit and a second reset signal.
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