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(57) ABSTRACT

A liquid crystal display device which performs a gradation
display for each frame, by eliminating fluctuations in pixel
voltage. The device includes a pixel electrode and a MOS
transistor circuit driving the pixel electrode. The MOS
transistor circuit is disposed near a cross-over point of a
scanning line and a signal line, and includes a MOS tran-
sistor having a gate electrode connected to the scanning line,
and one of a source electrode and a drain electrode con-
nected to the signal line. The MOS transistor circuit also
includes a source follower type analog amplifier having an
input electrode connected to the other one of the source and
drain electrodes of the MOS transistor, one of plural power
supply electrodes connected to the scanning line, and an
output electrode connected to the pixel electrode.
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ACTIVE MATRIX-TYPE LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an active matrix
type liquid crystal display device used for projectors, note
book PCs, monitors and the like, and to a drive method
therefor.

[0003]

[0004] With the progress of the multimedia era, there has
been rapid popularization of liquid crystal display devices
from small size devices used in projector apparatus, to large
size devices used in notebook PCs, monitors and the like. In
particular, with the active matrix type liquid crystal display
device which is driven by thin film transistors, since this
obtains a high resolution, and high picture quality compared
to the simple matrix type liquid crystal display device, these
have become the main stream of liquid crystal display
devices.

[0005] FIG. 59 shows an example of an equivalent circuit
for one pixel section of a conventional active matrix type
liquid crystal display device. As shown in FIG. 59, the pixel
of the active matrix type liquid crystal display device
comprises a MOS type transistor (Qn) (referred to hereunder
as transistor (Qn) 5904 with a gate electrode connected to a
scanning line 5901, one of a source electrode and a drain
electrode connected to a signal line 5902, and the other of
the source electrode and the drain electrode connected to a
pixel electrode 5903, a storage capacitor 5906 formed
between the pixel electrode 5903 and a storage capacitor
electrode 5905, and a liquid crystal 5908 interposed between
the pixel electrode 5903 and an opposing electrode Vcom
5907. Presently, with notebook PCs ,which constitute a large
practical application market for liquid crystal display
devices, normally for the transistor (Qn) 5904, an amor-
phous silicon thin film transistor (referred to hereunder as an
a-SiTFT) or a polysilicon thin film transistor (referred to
hereunder as a p-SiTFT) is used. Moreover, for liquid crystal
material, a twisted nematic liquid crystal (referred to here-
under as a TN liquid crystal) is used. FIG. 60 shows an
equivalent circuit for a TN liquid crystal. As shown in FIG.
60, the equivalent circuit for the TN liquid crystal can be
represented by a circuit where a liquid crystal capacitance
component Cpix, and a resistance Rr and capacitance Cr are
connected in parallel. Here the resistance Rr and the capaci-
tance Cr are components for determining the response time
constant of the liquid crystal.

[0006] The timing chart for a gate scanning voltage Vg, a
data signal voltage Vd, and a voltage of the pixel electrode
5903 (referred to hereunder as the pixel voltage) Vpix, for
the case where this TN liquid crystal is driven by the pixel
circuit construction shown in FIG. 59, is shown in FIG. 61.
As shown in FIG. 61, due to the gate scanning voltage Vg
in the horizontal scanning period becoming a high level
VgH, the transistor (Qn) 5904 comes on, and the data signal
voltage Vd input to the signal line is transferred to the pixel
electrode 5903 through the transistor (Qn) 5904. The TN
liquid-crystal normally operates in a mode which passes
light when a voltage is not applied, that is a so called
normally-white mode. Here for the data signal Vd, a voltage

1. Field of the Invention

2. Description of the Related Art

Oct. 19, 2006

which gives a high light transmittance through the TN liquid
crystal is applied over several fields. When the horizontal
scanning period is completed and the gate scanning voltage
Vg becomes a low level, the transistor (Qn) 5904 goes off,
and the data signal transferred to the pixel electrode 5903 is
held by the storage capacitor 5906 and the capacitance Cpix
of the liquid crystal. At this time, with the pixel voltage
Vpix, at the time when the transistor (Qn) 5904 goes off, a
voltage shift referred to as feed-through voltage occurs
through the capacitance between the gate and source of the
transistor (Qn) 5904. In FIG. 61 this is shown by V{1, V{2
and Vf3. The amount of this voltage shift V{1, V{2 and V{3
can be made smaller by designing the value for the storage
capacitor 5906 to be large. The pixel voltage Vpix is held
until the gate scanning voltage Vg again becomes a high
level in the subsequent field period and the transistor (Qu)
5904 is selected. The TN liquid crystal switches in accor-
dance with the held pixel voltage Vpix, and as shown by the
light transmittance T1, undergoes a transition from the state
where the liquid crystal transmitted light is dark to the state
where this is bright. At this time, as shown in FIG. 61, in the
holding periods, the pixel voltage Vpix fluctuates slightly in
the fields by respective amounts AV1, AV2 and AV3. This
is in accordance with the liquid crystal response, and is
attributable to the change in the capacitance of the liquid
crystal. Normally, in order to make this fluctuation as small
as possible, the storage capacitor 5906 is designed with a
value 2 to 3 three times larger than the pixel capacitance
Cpix. As described above, the TN liquid crystal can be
driven by the pixel circuit configuration shown in FIG. 59.

[0007] However, as indicated by the change in the light
transmittance shown in FIG. 61, with the response time of
the TN liquid crystal normally large at from 30 to 100 msec,
then there is the problem that in the case where an object
moving at high speed is displayed, a residual image occurs
and a distinct display is thus not possible. Furthermore with
the TN liquid crystal, there is the problem that the viewing
angle is narrow. Therefore recently, in order to provide high
speed and a wide viewing angle, research and development
of liquid crystal materials having polarization, and liquid
crystal display devices using such liquid crystal materials
has been actively performed. An equivalent circuit for a high
speed liquid crystal having polarization can be represented
as shown in FIG. 62, by a circuit where a series connected
resistance Rsp and capacitance Csp, and a high frequency
pixel capacitance Cpix which does not change with rotation
of polarization, are connected in parallel. The construction
of the equivalent circuit is the same as for the equivalent
circuit for the TN liquid crystal previously shown in FIG.
60. However, the resistance Rsp and capacitance Csp which
determine the liquid crystal response time are different from
those of the TN liquid crystal. Therefore in order to distin-
guish that these are components participating in polarization
response, they are shown as a separate figure.

[0008] For such a liquid crystal material having polariza-
tion, there is for example, a ferroelectric liquid crystal, an
antiferroelectric liquid crystal, a thresholdless antiferroelec-
tric liquid crystal, a distorted helix ferroelectric liquid crys-
tal, a twisted ferroelectric liquid crystal, and a monostable
ferroelectric liquid crystal, Of these liquid crystal materials,
in particular, with a liquid crystal display device using the
thresholdless antiferroelectric liquid crystal, not only does
this have high speed and wide viewing angle, but as dis-
closed for example in the Japanese Journal of Applied
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Physics, Volume 36 p.720 referred to hereunder as reference
1, by using an active matrix type drive as shown in FIG. 59,
then a gradation display is also possible.

[0009] FIG. 63 shows a timing chart for the gate scanning
voltage Vg, the data signal voltage Vd, and the pixel voltage
Vpix, for the case where a thresholdless antiferroelectric
liquid crystal is driven by the conventional pixel circuit
construction shown in FIG. 59. As shown in FIG. 63, due
to the gate scanning voltage Vg in the horizontal scanning
period becoming a high level VgH, the transistor (Qn) 5904
comes on, and the data signal voltage Vd input to the signal
line is transferred to the pixel electrode 5903 through the
transistor (Qn) 5904. The thresholdless antiferroelectric lig-
uid crystal normally operates in a mode which does not pass
light when voltage is not applied, that is a so called nor-
mally-black mode. When the horizontal scanning period is
completed and the gate scanning voltage Vg becomes a low
level, the transistor (On) 5904 goes off, and the data signal
transferred to the pixel electrode 5903 is held by the storage
capacitor 5906 and the high frequency pixel capacitance
Cpix of the liquid crystal. At this time, with the pixel voltage
Vpix, at the time when the transistor (Qn) 5904 goes off,
then as with the beforementioned case of driving the TN
liquid crystal, a voltage shift through the capacitance
between the gate and source of the transistor (Qn) 5904,
referred to as feed-through voltage, occurs. Furthermore,
after completing the horizontal scanning period, the pixel
voltage Vpix fluctuates slightly in the fields by respective
amounts AV1, AV2 and AV3 as shown in FIG. 63, due to
reallocation of the electrical load held in the high frequency
capacitance Cpix and the electrical load held in the capaci-
tance Csp due to polarization. With the drive method dis-
closed in reference 1, a drive method for gradation control
using the pixel voltage Vpix after this voltage fluctuation is
disclosed. At this time, in FIG. 63, the light transmittance
changes as shown by T1, and the thresholdless antiferro-
electric liquid crystal can be driven by means of the pixel
circuit configuration shown in FIG. 59.

[0010] As an example of a high speed liquid crystal which
does not have polarization, a liquid crystal display device
which uses an OCB mode liquid crystal is disclosed in IRDC
97, p. L-66. An OCB mode liquid crystal is one which uses
the bend orientation of the TN liquid crystal. Compared to
the conventional TN liquid crystal; this can switch one or
more columns at high speed. Furthermore, by jointly using
bi-axial phase difference compensation films, a wide view-
ing angle display can be obtained.

[0011] Recently, research and development into color lig-
uid crystal display devices with a time division driving
method which use a high speed crystal such as a ferroelectric
liquid crystal, an OCB mode dielectric liquid crystal or the
like, has become intense. For example in Japanese Unex-
amined Patent Publication No. 7-64051, there is disclosed a
liquid crystal display device with a time division driving
method which uses a ferroelectric liquid crystal. Moreover,
in IRDC 97, p. 37, there is disclosed a color liquid crystal
display device with a time division driving method which
uses an OCB mode liquid crystal. With the liquid crystal
display device with a time division driving method , color
display is realized by successively changing the light inci-
dent on the liquid crystal to red, green and blue in a period
of one field. Therefore, a high speed liquid crystal which
responds in at least ¥ of one field period or less is necessary.
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In the case where the liquid crystal display device with a
time division driving method is applied to a direct viewing
type liquid crystal display device such as a notebook PC or
a monitor, a color filter is not required and hence a cost
reduction for the liquid crystal display device can be
achieved. Furthermore, in the case where this is applied to
a projector apparatus, then a high aperture efliciency similar
to that for a three plate type liquid crystal light bulb, can be
realized with a liquid crystal display device with a single
plate color display. Hence a small size, light weight, low cost
and high brightness liquid crystal projector apparatus can be
provided.

[0012] In the case where a TN liquid crystal, a ferroelec-
tric liquid crystal having polarization, an antiferroelectric
liquid crystal, or a high speed liquid TN crystal which
responds within one field period, are driven by the above
described conventional pixel construction and drive method,
the following problems arise.

[0013] In the case where, as described above, the TN
liquid crystal is driven by the pixel construction shown in
FIG. 59, then as shown in FIG. 61, with the pixel voltage
Vpix, the voltage fluctuations of AV1, AV2 and AV3 occur
due to the change in the liquid crystal capacitance in the
holding periods. The amount of these voltage fluctuations
changes depending on the amount for operating the liquid
crystal molecules. Therefore even in the case where the
same data signal is written in, since this depends on the data
signal written into the previous field, a problem arises in that
the voltage desired to be actually written to the liquid crystal
cannot be continually applied over the holding period. As a
result, the light transmittance of the liquid crystal which
should become the curve shown by T0 in FIG. 61, actually
becomes the curve shown by T1 as mentioned before. Hence
it is not possible to have an accurate gradation display.
Heretofore, in order to reduce the voltage changes AV1,
AV2 and AV3, then a method of solving this by designing to
increase the storage capacity has been tried. In this case
however, there is the problem that the aperture efficiency is
reduced.

[0014] Furthermore, in the case where a ferroelectric lig-
uid crystal or an antiferroelectric liquid crystal having
polarization is driven, then as shown in FIG. 63, with the
pixel voltage Vpix, voltage fluctuations shown as AV1, AV2
and AV3 occur due to the polarization switching in the
holding periods. These voltage fluctuations, as described
before, are due to reallocation of the electrical load held in
the high frequency capacitance Cpix and the electrical load
held in the capacitance Csp due to polarization. Here Csp
has a large value 5 to 100 times that of Cpix. Therefore the
voltage changes AV1, AV2 and AV3 become a large value
exceeding 1 to 2 volts, so that it is necessary to make the
amplitude of the data signal large. As a result, the power
consumption of the liquid crystal display device increases.
The requirement also arises to make the signal processing
circuit, the peripheral drive circuits and the pixel transistors
have a high voltage endurance, so that there is the problem
of an increase in cost of the liquid crystal display device.
Moreover, since the amount of the voltage fluctuation AV1,
AV2 and AV3 changes depending on the data signal written
in the previous field, then the light transmittance of the
liquid crystal which should become the curve shown by T0
in FIG. 62 actually becomes the curve shown by T1 as
mentioned before, so that it is not possible to have an
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accurate gradation display for each field. Consequently,
when applied to a liquid crystal display device with a time
division driving method , color display with good color
reproducibility cannot be performed.

[0015] A problem similar to that with the liquid crystal
display device using the abovementioned liquid crystal
material having polarization also occurs with a liquid crystal
display device using an OCB mode liquid crystal.

[0016] In Japanese Unexamined Patent Publication No.
7-64051, there is disclosed a liquid crystal display device
which uses a single crystal silicon transistor, in order to
solve these problems. However with the construction shown
in FIG. 18 of Japanese Unexamined Patent Publication No.
7-64051, there is the problem that resetting of the transistor
Q2 which operates as a source follower type amplifier is not
done. Therefore if a data signal of a voltage lower than the
previously written data signal is input, the transistor Q2
remains in the off condition, so that a voltage corresponding
1o this data signal cannot be output. Furthermore, with the
construction shown in FIG. 18 of Japanese Unexamined
Patent Publication No. 7-64051, since the transistor Q2 goes
off after the data signal is output to the picture element
electrode 10, then when after this the polarization current for
the ferroelectric liquid crystal flows, a problem similar to the
beforementioned problem occurs in that the voltage of the
picture element electrode fluctuates.

SUMMARY OF THE INVENTION

[0017] Ttisan object of the present invention, with a liquid
crystal display device which uses a TN liquid crystal, a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or some another high speed liquid
crystal which responds within one field period, to provide a
small size, light weight, high aperture efliciency, high speed,
high visual field, high gradation, low power consumption,
and low cost liquid crystal display device, by eliminating the
abovementioned voltage fluctuations AV1, AV2 and AV3.

[0018] In order to solve the abovementioned problems,
with the liquid crystal display device of a first aspect of the
present invention, in an active matrix type liquid crystal
display device where pixel electrodes are driven by MOS
type transistor circuits respectively disposed in the vicinity
of intersection points of a plurality of scanning lines and a
plurality of signal lines, the MOS type transistor circuits
comprises: a MOS type transistor with a gate electrode
connected to a scanning line, and one of a source electrode
and a drain electrode connected to a signal line; a MOS type
analog amplifier circuit with an input electrode connected to
the other of the. source electrode and the drain electrode of
the MOS type transistor, and an output electrode connected
to a pixel electrode; and a voltage holding capacitor formed
between the input electrode of the MOS type analog ampli-
fier circuit and a voltage holding capacitor electrode.

[0019] Preferably, in the liquid crystal display device, the
MOS type transistor circuits are formed by integrating thin
film transistors.

[0020] Moreover, preferably for liquid crystal material, a
nematic liquid crystal, a ferroelectric liquid crystal, an
antiferroelectric liquid crystal, a thresholdless antiferroelec-
tric liquid crystal, a distorted helix ferroelectric liquid crys-
tal, a twisted ferroelectric liquid crystal, or a monostable
ferroelectric liquid crystal is used.
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[0021] A firstliquid crystal display device drive method of
the present invention is characterized in that with a method
of driving the liquid crystal display device according to the
first aspect of the present invention, the method involves: in
a scanning line selection period, storing a data signal in a
voltage holding capacitor through the MOS type transistor;
and in a scanning line selection period and a scanning line
non selection period, writing a signal corresponding to the
stored data signal to a pixel electrode through the MOS type
analog amplifier circuit.

[0022] With a liquid crystal display device of a second
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a p-type MOS transistor with a gate electrode con-
nected to the other of the source electrode and the drain
electrode of the n-type MOS transistor, and one of a source
electrode and a drain electrode connected to the scanning
line, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the p-type
MOS transistor and a voltage holding capacitor electrode;
and a resistor connected between the pixel electrode and the
voltage holding capacitor electrode.

[0023] With a liquid crystal display device of a third
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first p-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the n-type MOS transistor, and one of a source
electrode and a drain electrode connected to the scanning
line, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
p-type MOS transistor and a voltage holding capacitor
electrode; and a second p-type MOS transistor with a gate
electrode connected to a voltage adjustable power supply
line, a source electrode connected to the voltage holding
capacitor electrode, and a drain electrode connected to the
pixel electrode.

[0024] With a liquid crystal display device of a fourth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first p-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the n-type MOS transistor, and one of a source
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electrode and a drain electrode connected to the scanning
line, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
p-type MOS ftransistor and a voltage holding capacitor
electrode; and a second p-type MOS transistor with a gate
electrode connected to the voltage holding capacitor elec-
trode, a source electrode connected to a voltage adjustable
power supply line, and a drain electrode connected to the
pixel electrode.

[0025] With a liquid crystal display device of a fifth aspect
of the present invention, in an active matrix type liquid
crystal display device where pixel electrodes are driven by
MOS type transistor circuits respectively disposed in the
vicinity of intersection points of a plurality of scanning lines
and a plurality of signal lines, the MOS type transistor
circuits comprise: an n-type MOS transistor with a gate
electrode connected to a scanning line, and one of a source
electrode and a drain electrode connected to a signal line; a
first p-type MOS transistor with a gate electrode connected
to the other of the source electrode and the drain electrode
of the n-type MOS transistor, and one of a source electrode
and a drain electrode connected to the scanning line, and the
other of the source electrode and the drain electrode con-
nected to a pixel electrode; a voltage holding capacitor
formed between the gate electrode of the first p-type MOS
transistor and a voltage holding capacitor electrode; and a
second p-type MOS transistor with a gate electrode and a
source electrode connected to the voltage holding capacitor
electrode and a drain electrode connected to the pixel
electrode.

[0026] With the liquid crystal display device of the second
aspect of the present invention, preferably the value of the
resistance is set to less than or equal to the value of a
resistance component which determines a response time
constant of the liquid crystal. Moreover, preferably the
resistance is formed from a semiconductor thin film, or a
semiconductor thin film which has been doped with impu-
rities.

[0027] With the third through fifth aspects of the present
invention, preferably the value of a source-drain resistance
of the second p-type MOS transistor is set to less than or
equal to the value of a resistance component which deter-
mines a response time constant of the liquid crystal. Fur-
thermore, preferably the MOS type transistor circuits are
formed by integrating thin film transistors. Moreover, it is
also preferable if liquid crystal material is a nematic liquid
crystal, a ferroelectric liquid crystal, an antiferroelectric
liquid crystal, a thresholdless antiferroelectric liquid crystal,
a distorted helix ferroelectric liquid crystal, a twisted ferro-
electric liquid crystal, or a monostable ferroelectric liquid
crystal.

[0028] A second liquid crystal display device drive
method of the present invention is characterized in that, with
a method of driving the liquid crystal display device accord-
ing to the second through fifth aspects of the present
invention, the method involves: supplying a voltage higher
than a maximum voltage of the data signal to the voltage
holding capacitor electrode; and in a scanning line selection
period, storing a data signal in the voltage holding capacitor
through the n-type MOS transistor by means of a scanning
pulse signal, and resetting the p-type MOS transistor or the
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first p-type MOS ftransistor by transferring the scanning
pulse signal to the pixel electrode through the p-type MOS
transistor or the first p-type MOS transistor; and after
completion of the scanning line selection period, writing a
signal corresponding to the stored data signal to a pixel
electrode through the p-type MOS transistor or the first
p-type MOS transistor.

[0029] With a liquid crystal display device of a sixth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; an n-type MOS transistor with a gate electrode con-
nected to the other of the source electrode and the drain
electrode of the p-type MOS transistor and one of a source
electrode and a drain electrode connected to the scanning
line, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the n-type
MOS transistor and a voltage holding capacitor electrode;
and a resistor connected between the pixel electrode and the
voltage holding capacitor electrode.

[0030] With a liquid crystal display device of a seventh
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first n-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the p-type MOS transistor, and one of a source
electrode and a drain electrode connected to the scanning
line, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
n-type MOS transistor and a voltage holding capacitor
electrode; and a second n-type MOS transistor with a gate
electrode connected to a voltage adjustable bias power
supply line, a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
to the pixel electrode.

[0031] With a liquid crystal display device of an eighth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first n-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the p-type MOS transistor, and one of a source
electrode and a drain electrode connected to the scanning
line, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
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capacitor formed between the gate electrode of the first
n-type MOS transistor and a voltage holding capacitor
electrode; and a second n-type MOS transistor with a gate
electrode connected to the voltage holding capacitor elec-
trode, a source electrode connected to a voltage adjustable
power supply line, and a drain electrode connected to the
pixel electrode.

[0032] With a liquid crystal display device of a ninth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first n-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the p-type MOS transistor, and one of a source
electrode and a drain electrode connected to the scanning
line, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
n-type MOS transistor and a voltage holding capacitor
electrode; and a second n-type MOS transistor with a gate
electrode and a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
to the pixel electrode.

[0033] With the liquid crystal display device of the sixth
aspect of the present invention, preferably the value of the
resistance is set to less than or equal to the value of a
resistance component which determines a response time
constant of the liquid crystal. Moreover, it is also preferable
if the resistance is preferably formed from a semiconductor
thin film, or a semiconductor thin film which has been doped
with impurities.

[0034] With the seventh through ninth aspects of the
present invention, preferably the value of a source-drain
resistance of the second n-type MOS transistor is set to less
than or equal to the value of a resistance component which
determines a response time constant of the liquid crystal.

[0035] With the sixth through ninth aspects of the present
invention, preferably the MOS type transistor circuits are
formed by integrating thin film transistors. Moreover, it is
also preferable if liquid crystal material is a nematic liquid
crystal, a ferroelectric liquid crystal, an antiferroelectric
liquid crystal, a thresholdless antiferroelectric liquid crystal,
a distorted helix ferroelectric liquid crystal, a twisted ferro-
electric liquid crystal, or a monostable ferroelectric liquid
crystal.

[0036] Furthermore, a third liquid crystal display device
drive method of the present irivention is characterized in
that, with a method of driving the liquid crystal display
device according to the sixth through ninth aspects of the
present invention, the method involves: supplying a voltage
lower than a minimum voltage of the data signal to the
voltage holding capacitor electrode; and in a scanning line
selection period, storing a data signal in the voltage holding
capacitor through the p-type MOS transistor by means of a
scanning pulse signal, and resetting the n-type MOS tran-
sistor or the first n-type MOS transistor by transferring the
scanning pulse signal to the pixel electrode through the

Oct. 19, 2006

n-type MOS transistor or the first n-type MOS transistor;
and after completion of the scanning line selection period,
writing a signal corresponding to the stored data signal to a
pixel electrode through the n-type MOS transistor or the first
n-type MOS transistor.

[0037] With a liquid crystal display device of a tenth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to an Nth (where N is an integer
of two or more) scanning line, and one of a source electrode
and a drain electrode connected to a signal line; a p-type
MOS transistor with a gate electrode connected to the other
of the source electrode and the drain electrode of the n-type
MOS transistor, and one of a source electrode and a drain
electrode connected to an (N-1)th scanning line, and the
other of the source electrode and the drain electrode con-
nected to a pixel electrode; a voltage holding capacitor
formed between the gate electrode of the p-type MOS
transistor and a voltage holding capacitor electrode; and a
resistor connected between the pixel electrode and the
voltage holding capacitor electrode.

[0038] With a liquid crystal display device of an eleventh
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to an Nth scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a first p-type MOS transistor with a gate elec-
trode connected to the other of the source electrode and the
drain electrode of the n-type MOS transistor, and one of a
source electrode and a drain electrode connected to an
(N-1)th scanning line, and the other of the source electrode
and the drain electrode connected to a pixel electrode; a
voltage holding capacitor formed between the gate electrode
of the first p-type MOS transistor and a voltage holding
capacitor electrode; and a second p-type MOS transistor
with a gate electrode connected to a voltage adjustable bias
power supply line, a source electrode connected to the
voltage holding capacitor electrode, and a drain electrode
connected to the pixel electrode.

[0039] With a liquid crystal display device of an twelfth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to an Nth scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a first p-type MOS transistor with a gate elec-
trode connected to the other of the source electrode and the
drain electrode of the n-tvpe MOS transistor, and one of a
source electrode and a drain electrode connected to an
(N-1)th scanning line, and the other of the source electrode
and the drain electrode connected to a pixel electrode; a
voltage holding capacitor formed between the gate electrode
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of the first p-type MOS transistor and a voltage holding
capacitor electrode; and a second p-type MOS transistor
with a gate electrode connected to the voltage holding
capacitor electrode, a source electrode connected to a volt-
age adjustable power supply line, and a drain electrode
connected to the pixel electrode.

[0040] With a liquid crystal display device of a thirteenth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to an Nth scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a first p-type MOS transistor with a gate elec-
trode connected to the other of the source electrode and the
drain electrode of the n-type MOS transistor, and one of a
source electrode and a drain electrode connected to an
(N-1)th scanning line, and the other of the source electrode
and the drain electrode connected to a pixel electrode; a
voltage holding capacitor formed between the gate electrode
of the first p-type MOS transistor and a voltage holding
capacitor electrode; and a second p-type MOS transistor
with a gate electrode and a source electrode connected to the
voltage holding capacitor electrode, and a drain electrode
connected to the pixel electrode.

[0041] With the liquid crystal display device of the tenth
aspect of the present invention, preferably the value of the
resistance is set to less than or equal to the value of a
resistance component which determines a response time
constant of the liquid crystal. Moreover, it is also preferable
if the resistance 1s formed from a semiconductor thin film,
or a semiconductor thin film which has been doped with
impurities.

[0042] With the eleventh through thirteenth aspects of the
present invention, preferably the value of a source-drain
resistance of the second p-type MOS transistor is set to less
than or equal to the value of a resistance component which
determines a response time constant of the liquid crystal.

[0043] With the tenth through thirteenth aspects of the
present invention, preferably the MOS type transistor cir-
cuits are formed by integrating thin film transistors. More-
over, it is also preferable if liquid crystal material is a
nematic liquid crystal, a ferroelectric liquid crystal, an
antiferroelectric liquid crystal, a thresholdless antiferroelec-
tric liquid crystal, a distorted helix ferroelectric liquid crys-
tal, a twisted ferroelectric liquid crystal, or a monostable
ferroelectric liquid crystal.

[0044] A fourth liquid crystal display device drive method
of the present invention is characterized in that, with the
method of driving the liquid crystal display device according
to the tenth through thirteenth aspects of the present inven-
tion, the method involves: supplying a voltage higher than a
maximum voltage of the data signal to the voltage holding
capacitor electrode; and in a previous line scanning line
selection period, resetting the p-type MOS transistor or the
first p-type MOS transistor by transferring the scanning
pulse signal of the previous line to the pixel electrode
through the p-type MOS transistor or the first p-type MOS
transistor; and in a scanning line selection period, storing a
data signal in the voltage holding capacitor through the
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n-type MOS transistor by means of a scanning pulse signal,
and writing a signal corresponding to the stored data signal
to a pixel electrode through the p-type MOS transistor or the
first p-type MOS transistor, and also continuing on after
completion of the scanning line selection period, writing a
signal corresponding to the stored data signal to a pixel
electrode through the p-type MOS transistor or the first
p-type MOS transistor.

[0045] With a liquid crystal display device of a fourteenth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to an Nth (where N is an integer of
two or more) scanning line; and one of a source electrode
and a drain electrode connected to a signal line; an n-type
MOS transistor with a gate electrode connected to the other
of the source electrode and the drain electrode of the p-type
MOS transistor, and one of a source electrode and a drain
electrode connected to an (N-1)th scanning line, and the
other of the source electrode and the drain electrode con-
nected to a pixel electrode; a voltage holding capacitor
formed between the gate electrode of the n-type MOS
transistor and a voltage holding capacitor electrode; and a
resistor connected between the pixel electrode and the
voltage holding capacitor electrode.

[0046] With a liquid crystal display device of a fifteenth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to an Nth (where N is an integer of
two or more) scanning line, and one of a source electrode
and a drain electrode connected to a signal line; a first n-type
MOS transistor with a gate electrode connected to the other
of the source electrode and the drain electrode of the p-type
MOS transistor, and one of a source electrode and a drain
electrode connected to an (N-1)th scanning line, and the
other of the source electrode and the drain electrode con-
nected to a pixel electrode; a voltage holding capacitor
formed between the gate electrode of the first n-type MOS
transistor and a voltage holding capacitor electrode; and a
second n-type MOS transistor with a gate electrode con-
nected to a voltage adjustable bias power supply line, a
source electrode connected to the voltage holding capacitor
electrode, and a drain electrode connected to the pixel
electrode.

[0047] With a liquid crystal display device of a sixteenth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to an Nth (where N is an integer of
two or more) scanning line, and one of a source electrode
and a drain electrode connected to a signal line; a first n-type
MOS transistor with a gate electrode connected to the other
of the source electrode and the drain electrode of the p-type
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MOS transistor, and one of a source electrode and a drain
electrode connected to an (N-1)th scanning line, and the
other of the source electrode and the drain electrode con-
nected to a pixel electrode; a voltage holding capacitor
formed between the gate electrode of the first n-type MOS
transistor and a voltage holding capacitor electrode; and a
second n-type MOS transistor with a gate electrode con-
nected to the voltage holding capacitor electrode, a source
electrode connected to a voltage adjustable power supply
line, and a drain electrode connected to the pixel electrode.

[0048] With a liquid crystal display device of a seven-
teenth aspect of the present invention, in an active matrix
type liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to an Nth (where N is an integer of
two or more) scanning line, and one of a source electrode
and a drain electrode connected to a signal line; a first n-type
MOS transistor with a gate electrode connected to the other
of the source electrode and the drain electrode of the p-type
MOS transistor, and one of a source electrode and a drain
electrode connected to an (N-1)th scanning line, and the
other of the source electrode and the drain electrode con-
nected to a pixel electrode; a voltage holding capacitor
formed between the gate electrode of the first n-type MOS
transistor and a voltage holding capacitor electrode: and a
second n-type MOS transistor with a gate electrode and a
source electrode connected to the voltage holding capacitor
electrode, and a drain electrode connected to the pixel
electrode.

[0049] With the liquid crystal display device of the four-
teenth aspect of the present invention, preferably the value
of the resistance is set to less than or equal to the value of
a resistance component which determines a response time
constant of the liquid crystal. Moreover, it is also preferable
if the resistance 1s formed from a semiconductor thin film,
or a semiconductor thin film which has been doped with
impurities.

[0050] With the fifteenth through seventh aspects of the
present invention, preferably the value of a source-drain
resistance of the second n-type MOS transistor is set to less
than or equal to the value of a resistance component which
determines a response time constant of the liquid crystal.

[0051] With the fourteenth through seventeenth aspects of
the present invention, preferably the MOS type transistor
circuits are formed by integrating thin film transistors.
Moreover, it is also preferable if liquid crystal material is a
nematic liquid crystal, a ferroelectric liquid crystal, an
antiferroelectric liquid crystal, a thresholdless antiferroelec-
tric liquid crystal, a distorted helix ferroelectric liquid crys-
tal, a twisted ferroelectric liquid crystal, or a monostable
ferroelectric liquid crystal.

[0052] A fifth liquid crystal display device drive method of
the present invention is characterized in that, with a method
of driving the liquid crystal display device according to the
fourteenth through seventeenth aspects of the present inven-
tion, the method involves: supplying a voltage lower than a
minimum voltage of the data signal to the voltage holding
capacitor electrode; and in a previous line scanning line
selection period, resetting the n-type MOS transistor or the
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first n-type MOS ftransistor by transferring the scanning
pulse signal of the previous line to the pixel electrode
through the n-type MOS transistor or the first n-type MOS
transistor; and in a scanning line selection period, storing a
data signal in the voltage holding capacitor through the
p-type MOS transistor by means of a scanning pulse signal,
and writing a signal corresponding to the stored data signal
to a pixel electrode through the n-type MOS transistor or the
first n-type MOS transistor, and also continuing on after
completion of the scanning line selection period, writing a
signal corresponding to the stored data signal to a pixel
electrode through the n-type MOS transistor or the first
n-type MOS transistor.

[0053] With a liquid crystal display device of an eigh-
teenth aspect of the present invention, in an active matrix
type liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a p-type MOS transistor with a gate electrode con-
nected to the other of the source electrode and the drain
electrode of the n-type MOS transistor, and one of a source
electrode and a drain electrode connected to a reset elec-
trode, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the p-type
MOS transistor and a voltage holding capacitor electrode;
and a resistor connected between the pixel electrode and the
voltage holding capacitor electrode.

[0054] With a liquid crystal display device of a nineteenth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first p-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the n-type MOS transistor, and one of a source
electrode and a drain electrode connected to a reset elec-
trode, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
p-type MOS transistor and a voltage holding capacitor
electrode; and a second p-type MOS transistor with a gate
electrode connected to a voltage adjustable bias power
supply line, a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
to the pixel electrode.

[0055] With a liquid crystal display device of a twentieth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
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line; a first p-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the n-type MOS transistor, and one of a source
electrode and a drain electrode connected to a reset elec-
trode, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
p-type MOS ftransistor and a voltage holding capacitor
electrode; and a second p-type MOS transistor with a gate
electrode connected to the voltage holding capacitor elec-
trode, a source electrode connected to a voltage adjustable
power supply line, and a drain electrode connected to the
pixel electrode.

[0056] With a liquid crystal display device of a twenty first
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: an n-type MOS transistor with
a gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first p-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the n-type MOS transistor, and one of a source
electrode and a drain electrode connected to a reset elec-
trode, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
p-type MOS ftransistor and a voltage holding capacitor
electrode; and a second p-type MOS transistor with a gate
electrode and a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
1o the pixel electrode.

[0057] With the liquid crystal display device of the eigh-
teenth aspect of the present invention, preferably the value
of the resistance is set to less than or equal to the value of
a resistance component which determines a response time
constant of the liquid crystal. Moreovet, it is preferable if the
resistance is formed from a semiconductor thin film, or a
semiconductor thin film which has been doped with impu-
rities.

[0058] With the liquid crystal display device of the nine-
teenth through twenty first aspects of the present invention,
preferably the value of a source-drain resistance of the
second p-type MOS transistor is set to less than or equal to
the value of a resistance component which determines a
response time constant of the liquid crystal.

[0059] With the liquid crystal display device of the eigh-
teenth through twenty first aspects of the present invention,
preferably the MOS type transistor circuits are formed by
integrating thin film transistors. Moreover, it is also prefer-
able if liquid crystal material is a nematic liquid crystal, a
ferroelectric liquid crystal, an antiferroelectric liquid crystal,
a thresholdless antiferroelectric liquid crystal, a distorted
helix ferroelectric liquid crystal, a twisted ferroelectric lig-
uid crystal, or a monostable ferroelectric liquid crystal.

[0060] A sixth liquid crystal display device drive method
of the present invention is characterized in that, with a
method of driving the liquid crystal display device according
to the eighteenth through twenty first aspects of the present
invention, the method involves: supplying a voltage higher
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than a maximum voltage of the data signal to the voltage
holding capacitor electrode; and at a time prior to a scanning
line selection period, resetting the p-type MOS transistor or
the first p-type MOS transistor by transferring a reset signal
to the pixel electrode through the p-type MOS transistor or
the first p-type MOS transistor; and in a scanning line
selection period, storing a data signal in the voltage holding
capacitor through the n-type MOS transistor by means of a
scanning pulse signal, and writing a signal corresponding to
the stored data signal to a pixel electrode through the p-type
MOS transistor or the first p-type MOS transistor, and also
continuing on after completion of the scanning line selection
period, writing a signal corresponding to the stored data
signal to a pixel electrode through the p-type MOS transistor
or the first p-type MOS transistor.

[0061] A seventh liquid crystal display device drive
method of the present invention is charactetized in that, with
amethod of driving the liquid crystal display device accord-
ing to the eighteenth through twenty first aspects of the
present invention, the method involves: supplying a voltage
higher than a maximum voltage of the data signal to the
voltage holding capacitor electrode; and in a scanning line
selection period, storing a data signal in the voltage holding
capacitor through the n-type MOS transistor by means of a
scanning pulse signal, and resetting the p-type MOS tran-
sistor or the first p-type MOS transistor by transferring a
reset signal to the pixel electrode through the p-type MOS
transistor or the first p-type MOS transistor; and after
completion of the scanning line selection period, writing a
signal corresponding to the stored data signal to a pixel
electrode through the p-type MOS transistor or the first
p-type MOS transistor.

[0062] With a liquid crystal display device of a twenty
second aspect of the present invention, in an active mattix
type liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; an n-type MOS transistor with a gate electrode con-
nected to the other of the source electrode and the drain
electrode of the p-type MOS transistor, and one of a source
electrode and a drain electrode connected to a reset elec-
trode, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the n-type
MOS transistor and a voltage holding capacitor electrode;
and a resistor connected between the pixel electrode and the
voltage holding capacitor electrode.

[0063] With a liquid crystal display device of a twenty
third aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first n-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the p-type MOS transistor, and one of a source
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electrode and a drain electrode connected to a reset elec-
trode, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
n-type MOS ftransistor and a voltage holding capacitor
electrode; and a second n-type MOS transistor with a gate
electrode connected to a voltage adjustable bias power
supply line, a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
to the pixel electrode.

[0064] With a liquid crystal display device of a twenty
fourth aspect of the present invention, in an active matrix
type liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first n-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the p-type MOS transistor, and one of a source
electrode and a drain electrode connected to a reset elec-
trode, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
n-type MOS ftransistor and a voltage holding capacitor
electrode; and a second n-type MOS transistor with a gate
electrode connected to the voltage holding capacitor elec-
trode, a source electrode connected to a voltage adjustable
power supply line, and a drain electrode connected to the
pixel electrode.

[0065] With a liquid crystal display device of a twenty
fifth aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a p-type MOS transistor with a
gate electrode connected to a scanning line, and one of a
source electrode and a drain electrode connected to a signal
line; a first n-type MOS transistor with a gate electrode
connected to the other of the source electrode and the drain
electrode of the p-type MOS transistor, and one of a source
electrode and a drain electrode connected to a reset elec-
trode, and the other of the source electrode and the drain
electrode connected to a pixel electrode; a voltage holding
capacitor formed between the gate electrode of the first
n-type MOS transistor and a voltage holding capacitor
electrode; and a second n-type MOS transistor with a gate
electrode and a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
to the pixel electrode.

[0066] With the liquid crystal display device of the twenty
second aspect of the present invention, preferably the value
of the resistance is set to less than or equal to the value of
a resistance component which determines a response time
constant of the liquid crystal. Moreover, it is preferable if the
resistance is formed from a semiconductor thin film, or a
semiconductor thin film which has been doped with impu-
rities.

[0067] With the liquid crystal display device of the twenty
third through twenty fifth aspects of the present invention,
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preferably the value of a source-drain resistance of the
second n-type MOS transistor is set to less than or equal to
the value of a resistance component which determines a
response time constant of the liquid crystal.

[0068] With the liquid crystal display device of the twenty
second through twenty fifth aspects of the present invention,
preferably the MOS type transistor circuits are formed by
integrating thin film transistors. Moreover, it is also prefer-
able if liquid crystal material is a nematic liquid crystal, a
ferroelectric liquid crystal, an antiferroelectric liquid crystal,
a thresholdless antiferroelectric liquid crystal, a distorted
helix ferroelectric liquid crystal, a twisted ferroelectric lig-
uid crystal, or a monostable ferroelectric liquid crystal.

[0069] An eighth liquid crystal display device drive
method of the present invention is characterized in that, with
a method of driving the liquid crystal display device accord-
ing to the twenty second through twenty fifth aspects of the
present invention, the method involves: supplying a voltage
lower than a minimum voltage of the data signal to the
voltage holding capacitor electrode; and at a time prior to a
scanning line selection period, resetting the n-type MOS
transistor or the first n-type MOS transistor by transferring
a reset signal to the pixel electrode through the n-type MOS
transistor or the first n-type MOS transistor; and in a
scanning line selection period, storing a data signal in the
voltage holding capacitor through the n-type MOS transistor
by means of a scanning pulse signal, and writing a signal
corresponding to the stored data signal to a pixel electrode
through the n-type MOS transistor or the first n-type MOS
transistor, and also continuing on after completion of the
scanning line selection period, writing a signal correspond-
ing to the stored data signal to a pixel electrode through the
n-type MOS transistor or the first n-type MOS transistor.

[0070] A ninth liquid crystal display device drive method
of the present invention is characterized in that, with a
method of driving the liquid crystal display device according
to the twenty second through twenty fifth aspects of the
present invention, the method involves: supplying a voltage
lower than a minimum voltage of the data signal to the
voltage holding capacitor electrode; and in a scanning line
selection period, storing a data signal in the voltage holding
capacitor through the p-type MOS transistor by means of a
scanning pulse signal, and resetting the n-type MOS tran-
sistor or the first n-type MOS transistor by transferring a
reset signal to the pixel electrode through the n-type MOS
transistor or the first n-type MOS transistor; and after
completion of the scanning line selection period, writing a
signal corresponding to the stored data signal to a pixel
electrode through the n-type MOS transistor or the first
n-type MOS transistor.

[0071] With a liquid crystal display device of a twenty
sixth aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a first n-type MOS transistor
with a gate electrode connected to a scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a second n-type MOS transistor with a gate
electrode connected to the other of the source electrode and
the drain electrode of the first n-type MOS transistor, and
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one of a source electrode and a drain electrode connected to
a reset electrode, and the other of the source electrode and
the drain electrode connected to a pixel electrode; a voltage
holding capacitor formed between the gate electrode of the
second n-type MOS transistor and a voltage holding capaci-
tor electrode; and a resistor connected between the pixel
electrode and the voltage holding capacitor electrode.

[0072] With a liquid crystal display device of a twenty
seventh aspect of the present invention, in an active matrix
type liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a first n-type MOS transistor
with a gate electrode connected to a scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a second n-type MOS transistor with a gate
electrode connected to the other of the source electrode and
the drain electrode of the first n-type MOS transistor, and
one of a source electrode and a drain electrode connected to
a reset electrode, and the other of the source electrode and
the drain electrode connected to a pixel electrode; a voltage
holding capacitor formed between the gate electrode of the
second n-type MOS transistor and a voltage holding capaci-
tor electrode; and a third n-type MOS transistor with a gate
electrode connected to a voltage adjustable bias power
supply line, a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
to the pixel electrode.

[0073] With a liquid crystal display device of a twenty
eighth aspect of the present invention, in an active matrix.
type liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a first n-type MOS transistor
with a gate electrode connected to a scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a second n-type MOS transistor with a gate
electrode connected to the other of the source electrode and
the drain electrode of the first n-type MOS transistor, and
one of a source electrode and a drain electrode connected to
a reset electrode, and the other of the source electrode and
the drain electrode connected to a pixel electrode; a voltage
holding capacitor formed between the gate electrode of the
second n-type MOS transistor and a voltage holding capaci-
tor electrode; and a third n-type MOS transistor with a gate
electrode connected to the voltage holding capacitor elec-
trode, a source electrode connected to a voltage adjustable
bias power supply line, and a drain electrode connected to
the pixel electrode.

[0074] With a liquid crystal display device of a twenty
ninth aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a first n-type MOS transistor
with a gate electrode connected to a scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a second n-type MOS transistor with a gate
electrode connected to the other of the source electrode and
the drain electrode of the first n-type MOS transistor, and
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one of a source electrode and a drain electrode connected to
a reset electrode, and the other of the source electrode and
the drain electrode connected to a pixel electrode; a voltage
holding capacitor formed between the gate electrode of the
second n-type MOS transistor and a voltage holding capaci-
tor electrode; and a third n-type MOS transistor with a gate
electrode and a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
to the pixel electrode.

[0075] With the liquid crystal display device of the twenty
sixth aspect of the present invention, preferably the value of
the resistance is set to less than or equal to the value of a
resistance component which determines a response time
constant of the liquid crystal. Moreover, it is preferable if the
resistance is formed from a semiconductor thin film, or a
semiconductor thin film which has been doped with impu-
rities.

[0076] With the liquid crystal display device of the twenty
seventh through twenty ninth aspects of the present inven-
tion, preferably the value of a source-drain resistance of the
third n-type MOS transistor is set to less than or equal to the
value of a resistance component which determines a
response time constant of the liquid crystal.

[0077] With the liquid crystal display device of the twenty
sixth through twenty ninth aspects of the present invention,
preferably the MOS type transistor circuits are formed by
integrating thin film transistors. Moreover, it is also prefer-
able if liquid crystal material is a nematic liquid crystal, a
ferroelectric liquid crystal, an antiferroelectric liquid crystal,
a thresholdless antiferroelectric liquid crystal, a distorted
helix ferroelectric liquid crystal, a twisted ferroelectric lig-
uid crystal, or a monostable ferroelectric liquid crystal.

[0078] A tenth liquid crystal display device drive method
of the present invention is characterized in that, with a
method of driving the liquid crystal display device according
to the twenty sixth through twenty ninth aspects of the
present invention, the method involves: supplying a voltage
lower than a minimum voltage of the data signal to. the
voltage holding capacitor electrode; and at a time prior to a
scanning line selection period, resetting the second n-type
MOS transistor by transferring a reset signal to the pixel
electrode through the second n-type MOS transistor; and in
a scanning line selection period, storing a data signal in the
voltage holding capacitor through the first n-type MOS
transistor by means of a scanning pulse signal, and writing
a signal corresponding to the stored data signal to a pixel
electrode through the second n-type MOS transistor, and
also continuing on after completion of the scanning line
selection period, writing a signal corresponding to the stored
data signal to a pixel electrode through the second n-type
MOS transistor.

[0079] An eleventh liquid crystal display device drive
method of the present invention is charactetized in that, with
amethod of driving the liquid crystal display device accord-
ing to the twenty sixth through twenty ninth aspects of the
present invention, the method involves: supplying a voltage
lower than a minimum voltage of the data signal to the
voltage holding capacitor electrode; and in a scanning line
selection period, storing a data signal in the voltage holding
capacitor through the first n-type MOS transistor by means
of a scanning pulse signal, and resetting the second n-type
MOS transistor by transferring a reset signal to the pixel
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electrode through the second n-type MOS transistor; and
after completion of the scanning line selection period, writ-
ing a signal corresponding to the stored data signal to a pixel
electrode through the second n-type MOS transistor.

[0080] With a liquid crystal display device of a thirtieth
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a first p-type MOS transistor
with a gate electrode connected to a scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a second p-type MOS transistor with a gate
electrode connected to the other of the source electrode and
the drain electrode of the first p-type MOS transistor, and
one of a source electrode and a drain electrode connected to
a reset electrode, and the other of the source electrode and
the drain electrode connected to a pixel electrode; a voltage
holding capacitor formed between the gate electrode of the
second p-type MOS transistor and a voltage holding capaci-
tor electrode; and a resistor connected between the pixel
electrode and the voltage holding capacitor electrode.

[0081] With a liquid crystal display device of a thirty first
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a first p-type MOS transistor
with a gate electrode connected to a scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a second p-type MOS transistor with a gate
electrode connected to the other of the source electrode and
the drain electrode of the first p-type MOS transistor, and
one of a source electrode and a drain electrode connected to
a reset electrode, and the other of the source electrode and
the drain electrode connected to a pixel electrode; a voltage
holding capacitor formed between the gate electrode of the
second p-type MOS transistor and a voltage holding capaci-
tor electrode; and a third p-type MOS transistor with a gate
electrode connected to a voltage adjustable bias power
supply line, a source electrode connected to the voltage
holding capacity electrode, and a drain electrode connected
to the pixel electrode.

[0082] With a liquid crystal display device of a thirty
second aspect of the present invention, in an active matrix
type liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a first p-type MOS transistor
with a gate electrode connected to a scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a second p-type MOS transistor with a gate
electrode connected to the other of the source electrode and
the drain electrode of the first p-type MOS transistor, and
one of a source electrode and a drain electrode connected to
a reset electrode, and the other of the source electrode and
the drain electrode connected to a pixel electrode; a voltage
holding capacitor formed between the gate electrode of the
second p-type MOS transistor and a voltage holding capaci-
tor electrode; and a third p-type MOS transistor with a gate
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electrode connected to the voltage holding capacitor elec-
trode, a source electrode connected to a voltage adjustable
bias power supply line, and a drain electrode connected to
the pixel electrode.

[0083] With a liquid crystal display device of a thirty third
aspect of the present invention, in an active matrix type
liquid crystal display device where pixel electrodes are
driven by MOS type transistor circuits respectively disposed
in the vicinity of intersection points of-a plurality of scan-
ning lines and a plurality of signal lines, the MOS type
transistor circuits comprise: a first p-type MOS transistor
with a gate electrode connected to a scanning line, and one
of a source electrode and a drain electrode connected to a
signal line; a second p-type MOS transistor with a gate
electrode connected to the other of the source electrode and
the drain electrode of the first p-type MOS transistor, and
one of a source electrode and a drain electrode connected to
a reset electrode, and the other of the source electrode and
the drain electrode connected to a pixel electrode; a voltage
holding capacitor formed between the gate electrode of the
second p-type MOS transistor and a voltage holding capaci-
tor electrode; and a third p-type MOS transistor with a gate
electrode and a source electrode connected to the voltage
holding capacitor electrode, and a drain electrode connected
to the pixel electrode.

[0084] With the liquid crystal display device of the thir-
tieth aspect of the present invention, preferably the value of
the resistance is set to less than or equal to the value of a
resistance component which determines a response time
constant of the liquid crystal. Moreover, it is preferable if the
resistance is formed from a semiconductor thin film, or a
semiconductor thin film which has been doped with impu-
rities.

[0085] With the liquid crystal display device of the thirty
first through thirty third aspects of the present invention,
preferably the value of a source-drain resistance of the third
p-type MOS transistor is set to less than or equal to the value
of a resistance component which determines a response time
constant of the liquid crystal.

[0086] With the liquid crystal display device of the thir-
tieth through thirty third aspects of the present invention,
preferably the MOS type transistor circuits are formed by
integrating thin film transistors. Moreover, it is also prefer-
able if liquid crystal material is a nematic liquid crystal, a
ferroelectric liquid crystal, an antiferroelectric liquid crystal,
a thresholdless antiferroelectric liquid crystal, a distorted
helix ferroelectric liquid crystal, a twisted ferroelectric lig-
uid crystal, or a monostable ferroelectric liquid crystal.

[0087] A twelfth liquid crystal display device drive
method of the present invention is characterized in that, with
a method of driving the liquid crystal display device accord-
ing to the thirtieth through thirty third aspects of the present
invention, the method involves: supplying a voltage higher
than a maximum voltage of the data signal to the voltage
holding capacitor electrode; and at a time prior to a scanning
line selection period, resetting the second p-type MOS
transistor by transferring a reset signal to the pixel electrode
through the second p-type MOS transistor; and in a scanning
line selection period, storing a data signal in the voltage
holding capacitor through the first p-type MOS transistor by
means of a scanning pulse signal, and writing a signal
corresponding to the stored data signal to a pixel electrode
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through the second p-type MOS transistor, and also con-
tinuing on after completion of the scanning line selection
period, writing a signal corresponding to the stored data
signal to a pixel electrode through the second p-type MOS
transistor.

[0088] A thirteenth liquid crystal display device drive
method of the present invention is characterized in that, with
a method of driving the liquid crystal display device accord-
ing to the thirtieth through thirty third aspects of the present
invention, the method involves: supplying a voltage higher
than a maximum voltage of the data signal to the voltage
holding capacitor electrode; and in a scanning line selection
period, storing a data signal in the voltage holding capacitor
through the first p-type MOS transistor by means of a
scanning pulse signal, and resetting the second p-type MOS
transistor by transferring a reset signal to the pixel electrode
through the second p-type MOS transistor; and after comple-
tion of the scanning line selection period, writing a signal
corresponding to the stored data signal to a pixel electrode
through the second p-type MOS transistor.

[0089] Preferably the construction is as a liquid crystal
display device with a time division drive scheme, which
performs color display by driving involving switching the
color of the incident light in one frame period, using any one
of the liquid crystal display devices of the first through thirty
third aspects of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0090] FIG.1 is a diagram showing a first embodiment of
a liquid crystal display device of the present invention.

[0091] FIG. 2 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0092] FIG. 3 is a diagram showing a second embodiment
of a liquid crystal display device of the present invention.

[0093] FIG. 4 is a diagram showing the structure of a
resistor constituting the liquid crystal display device of the
present invention.

[0094] FIG. 5 is a diagram showing the structure of a
resistor constituting the liquid crystal display device of the
present invention.

[0095] FIG. 6 is a diagram showing the structure of a
resistor constituting the liquid crystal display device of the
present invention.

[0096] FIG. 7 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0097] FIG. 8 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0098] FIG.9 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0099] FIG. 10 is a diagram showing a third embodiment
of a liquid crystal display device of the present invention.

[0100] FIG. 11 is a diagram showing an operating point of
a MOS type transistor constituting the liquid crystal display
device of the present invention.

[0101] FIG.12is a diagram showing a fourth embodiment
of a liquid crystal display device of the present invention.
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[0102] FIG. 13 is a diagram showing a fifth embodiment
of a liquid crystal display device of the present invention.

[0103] FIG. 14 is a diagram showing an operating point of
a MOS type transistor constituting the liquid crystal display
device of the present invention.

[0104] FIG. 15 is a diagram showing a sixth embodiment
of a liquid crystal display device of the present invention.

[0105] FIG. 16 is a diagram showing the structure of a
resistor constituting the liquid crystal display device of the
present invention.

[0106] FIG. 17 is a diagram showing the structure of a
resistor constituting the liquid crystal display device of the
present invention.

[0107] FIG. 18 is a diagram showing the structure of a
resistor constituting the liquid crystal display device of the
present invention.

[0108] FIG.19 s a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0109] FIG. 20 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0110] FIG. 21 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0111] FIG. 22 is a diagram showing a seventh embodi-
ment of a liquid crystal display device of the present
invention.

[0112] FIG. 23 is a diagram showing an operating point of
a MOS type transistor constituting the liquid crystal display
device of the present invention.

[0113] FIG. 24 is a diagram showing an eighth embodi-
ment of a liquid crystal display device of the present
invention.

[0114] FIG. 25 is a diagram showing a ninth embodiment
of a liquid crystal display device of the present invention.

[0115] FIG. 26 is a diagram showing an operating point of
a MOS type transistor constituting the liquid crystal display
device of the present invention.

[0116] FIG. 27 is a diagram showing a tenth embodiment
of a liquid crystal display device of the present invention.

[0117] FIG. 28 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0118] FIG. 29 is a diagram showing an eleventh embodi-
ment of a liquid crystal display device of the present
invention.

[0119] FIG. 30 is a diagram showing a twelfth embodi-
ment of a liquid crystal display device of the present
invention.

[0120] FIG. 31 s a diagram showing a thirteenth embodi-
ment of a liquid crystal display device of the present
invention.

[0121] FIG. 32 is a diagram showing a fourteenth embodi-
ment of a liquid crystal display device of the present
invention.

[0122] FIG. 33 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.
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[0123] FIG. 34 is a diagram showing a fifteenth embodi-
ment of a liquid crystal display device of the present
invention.

[0124] FIG. 35 is a diagram showing a sixteenth embodi-
ment of a liquid crystal display device of the present
invention.

[0125] FIG. 36 is a diagram showing a seventeenth
embodiment of a liquid crystal display device of the present
invention.

[0126] FIG. 37 is a diagram showing an eighteenth
embodiment of a liquid crystal display device of the present
invention.

[0127] FIG. 38 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0128] FIG. 39 is a diagram showing a nineteenth
embodiment of a liquid crystal display device of the present
invention.

[0129] FIG. 40 is a diagram showing a twentieth embodi-
ment of a liquid crystal display device of the present
invention.

[0130] FIG. 41 is a diagram showing a twenty first
embodiment of a liquid crystal display device of the present
invention.

[0131] FIG. 42 is a diagram showing a twenty second
embodiment of a liquid crystal display device of the present
invention.

[0132] FIG. 43 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0133] FIG. 44 is a diagram showing a twenty third
embodiment of a liquid crystal display device of the present
invention.

[0134] FIG. 45 is a diagram showing a twenty fourth
embodiment of a liquid crystal display device of the present
invention.

[0135] FIG. 46 is a diagram showing a twenty fifth
embodiment of a liquid crystal display device of the present
invention.

[0136] FIG. 47 is a diagram showing a twenty sixth
embodiment of a liquid crystal display device of the present
invention.

[0137] FIG. 48 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0138] FIG. 49 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0139] FIG. 50 is a diagram showing a twenty seventh
embodiment of a liquid crystal display device of the present
invention.

[0140] FIG. 51 is a diagram showing a twenty eighth
embodiment of a liquid crystal display device of the present
invention.

[0141] FIG. 52 is a diagram showing a twenty ninth
embodiment of a liquid crystal display device of the present
invention.
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[0142] FIG. 53 is a diagram showing a thirtieth embodi-
ment of a liquid crystal display device of the present
invention.

[0143] FIG. 54 is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0144] FIG. 55is a diagram illustrating a drive method for
the liquid crystal display device of the present invention.

[0145] FIG. 56 is a diagram showing a thirty first embodi-
ment of a liquid crystal display device of the present
invention.

[0146] FIG. 57 is a diagram showing a thirty second
embodiment of a liquid crystal display device of the present
invention.

[0147] FIG. 58 is a diagram showing a thirty third
embodiment of a liquid crystal display device of the present
invention.

[0148] FIG. 59 is a diagram showing the construction of
a conventional liquid crystal display device.

[0149] FIG. 60 is a diagram showing an equivalent circuit
for a liquid crystal.

[0150] FIG. 61 is a diagram illustrating a drive method for
a conventional liquid crystal display device.

[0151] FIG. 62 is a diagram showing an equivalent circuit
for a liquid crystal.

[0152] FIG. 63 is a diagram illustrating a drive method for
a conventional liquid crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0153] A first embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
1 is a diagram showing a first embodiment of a liquid crystal
display device of the present invention. As shown in the
figure, the liquid crystal display device of the present
invention comprises: a MOS type transistor (Qn) 103 with a
gate electrode connected to a scanning line 101, and one of
a source electrode and a drain electrode connected to a signal
line 102; an analog amplifier circuit 104 with an input
electrode connected to the other of the source electrode and
the drain electrode of the transistor (Qn) 103, and an output
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the input electrode of
the analog amplifier circuit 104 and a voltage holding
capacitor electrode 105; and a liquid crystal 109 which is to
be switched, disposed between the pixel electrode 107 and
an opposing electrode 108. Here the MOS type transistor
(Qn) 103 and the analog amplifier circuit 104 are constituted
by p-SiTFTs. Furthermore, the gain of the analog amplifier
circuit 104 is set to one.

[0154] As follows is a description of the drive method for
the liquid crystal display device using this pixel construc-
tion, with reference to FIG. 2. FIG. 2 shows the timing
chart, and the change in light transmittance of the liquid
crystal, a gate scanning voltage Vg, a data signal voltage Vd,
an amplifier input voltage Va and a pixel voltage Vpix, for
the case where a high speed liquid crystal such as a ferro-
electric liquid crystal having polarization, an antiferroelec-
tric liquid crystal, or an OCB mode liquid crystal which
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responds within one field period, is driven by the pixel
construction shown in FIG. 1. Here the example is given for
when the liquid crystal operates in a so called normally black
mode, becoming dark when a voltage is not applied. As
shown in the figure, due for to the gate scanning voltage Vg
in the horizontal scanning period becoming a high level
VgH, the transistor 103 comes on, and the data signal Vd
input to the signal line is transferred to the input electrode of
the analog amplifier circuit 104 through the transistor 103.
When the horizontal scanning period is completed and the
gate scanning voltage Vg becomes a low level, the transistor
(Qa) 103 goes off, and the data signal transferred to the input
electrode of the analog amplifier circuit is held by the
voltage holding capacitor 105. At this time, with the ampli-
fier input voltage Va, at the time when the transistor (Qa) 103
goes off, a voltage shift referred to as a feed-through voltage
occurs through the capacitance between the gate and the
source of the transistor (Qa) 103. In FIG. 2 this is shown by
V{1, V2 and V{3. The amount of this voltage shift V1, V{2
and V{3 can be made smaller by designing the value for the
voltage holding capacitor 105 to be large. The amplifier
input voltage Va is held until the gate scanning voltage Vg
again becomes a high level in the subsequent field period
and the transistor (Qu) 103 is selected. The analog amplifier
circuit 104, during the period in the subsequent field up until
the amplifier input voltage changes, can output an analog
gradation voltage corresponding to the held amplifier input
voltage Va. In this case, the pixel electrode 107 is driven by
the analog amplifier circuit 104 even after completion of the
horizontal scanning period, and hence the fluctuations in the
pixel voltage Vpix accompanying the response of the liquid
crystal as discussed for the conventional technology can be
eliminated. As a result, as shown by the wave form of the
pixel voltage Vpix in FIG. 2, a desired voltage can be
applied to the liquid crystal over the one field period, and as
also shown by the liquid crystal light transmittance, it
becomes possible to obtain a desired gradation for each one
field.

[0155] With the abovementioned embodiment, it was
noted that the MOS type transistor (Qn) 103 and the analog
amplifier circuit 104 were formed from p-SiTFTs. However
these may be formed from other thin film transistors such as
a-SiTFTs or cadmium-selenium thin film transistors
(referred to hereunder as CdSeTFTs). Moreover these may
be formed from single crystal silicon transistors. Further-
more, in the abovementioned embodiment, an n-type MOS
transistor is employed for the pixel selection switch. How-
ever a p-type MOS transistor may be employed. In this case,
for the gate scanning signal, a pulse signal which becomes
a low level at the time of selection and a high level at the
time of non selection is input. Furthermore, with the above-
mentioned embodiment, the description has been for the
case of driving a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB liquid crystal which
responds within one field period. However even in the case
of driving another liquid crystal such as a TN liquid crystal
which does not completely respond within one field period,
a similar effect where a more accurate gradation display can
be realized, can be obtained.

[0156] When the above described liquid crystal display
device and drive method of the first embodiment is applied
to a liquid crystal display device with a time division driving
method which switches the color of the incident light in one
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field (one frame) period to perform color display, good color
reproduction and high gradation display can be realized.
This is because of the characteristic that even in the case
where the liquid crystal display device of the present inven-
tion drives a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, fluctuations do not occur in the pixel
voltage accompanying the response of the liquid crystal, and
hence a desired gradation display can be performed for each
one field (one frame) period. At this time, for liquid crystal
material, a thresholdless antiferroelectric liquid crystal is
used.

[0157] A second embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
3 is a diagram showing a second embodiment of a liquid
crystal display device of the present invention. As shown in
the figure, the liquid crystal display device of the present
invention comprises: an n-type MOS transistor (Qn) 301
with a gate electrode connected to a scanning line 101, and
one of a source electrode and a drain electrode connected to
a signal line 102; a p-type MOS transistor (Qp) 302 with a
gate electrode connected to the other of the source electrode
and the drain electrode of the n-type MOS transistor (Qn)
301, and one of a source electrode and a drain electrode
connected to the scanning line 101, and the other of the
source electrode and the drain electrode connected to a pixel
electrode 107; a voltage holding capacitor 106 formed
between the gate electrode of the p-type MOS transistor 302
and a voltage holding capacitor electrode 105; a resistor RL
303 connected between the pixel electrode 107 and the
voltage holding capacitor electrode 105; and a liquid crystal
109 which is to be switched, disposed between the pixel
electrode 107 and an opposing electrode 108. Here the
n-type MOS transistor (Qn) 301 and the p-type MOS
transistor (Qp) 302 are constituted by p-SiTFTs.

[0158] Moreover, the value of the resistor RL 303 is set to
less than or equal to the value of the resistance component
which determines the response time constant of the liquid
crystal.. That is, the resistances Rr, Rsp in the liquid crystal
equivalent circuit shown in FIG. 60 and FIG. 62, and the
value of the resistor RL 303, have the relation shown by the
following equation:

RL=Rr, RL=Rsp )

[0159] For example, in the case when the resistance Rsp is
5 GQ, then the value of the resistor RL is set to a value of
around 1 GQ. A value of 1 G which is a large resistance
not used in normal semiconductor integrated circuits, is
formed from a semiconductor thin film or a semiconductor
thin film which has been doped with impurities.

[0160] FIG. 4 shows a structural example for the case
where the resistor RL is formed from a lightly doped p-type
semiconductor thin film (p-). In FIG. 4, the construction of
a p-type p-SiTFT 402 is also shown. As shown in the figure,
one of the source and the drain electrodes of the p-type
p-SiTFT 402 is connected to the scanning line 101, and the
other is connected to the pixel electrode 107. Here with the
p- layer 404 portion which forms the resistor, the amount of
impurity doping, and the length and width are designed so
that the conditions shown in equation (1) are satisfied.
Moreover, the p-type p-SiTFT 402 has a lightly doped drain
(referred to hereunder as an LDD) construction for high
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voltage endurance. In order to simplify the production
process, the step of forming the DD of the p-SiTFT 402 and
the step of forming the resistor RL (p-) are performed at the
same time.

[0161] Next, an example of where the resistor RL is
formed from a semiconductor thin film (i layer) 501 which
has not been doped with impurities is shown in FIG. 5. Here
the length and width of the i layer 501 forming the resistor
are designed so that equation (1) is satisfied. Furthermore, in
the case where the i layer 501 is used as the resistor RL, then
as shown in the figure, a p-type lightly doped p- layer 404
1s formed between a source-drain electrode (p+) 403 on the
side of the p-type p-SiTFT 402 which is connected to the
pixel electrode 107, and the resistor RL (i layer) 501. This
is because if the p+ layer and the 1 layer are contacted, an
extremely high short key resistance is formed, and a resis-
tance satisfying equation (1) can no longer be formed on the
small area. Similarly, a p- layer 404 is formed between the
p+ electrode 403 connected to the voltage holding capacitor
electrode 105, and the i layer 501.

[0162] Next, an example for the case where the resistor RL
is formed from an n-type semiconductor thin film (n-)
which has been lightly doped is shown in FIG. 6. Here with
the portion of the n—- layer 602 which forms the resistor, the
amount of impurity doping, and the length and width are
designed so that the conditions shown in equation (1) are
satisfied. In the case where the source-drain electrode (p+
layer) 403 of the p-type p— SiTFT 402, and the n- layer 602
are connected, then as shown in the figure, the p+ layer 403
and the n+ layer 601 are connected through a metal layer
406, and the n+ layer 601 is contacted with the n— layer 602.

[0163] In the above, the description has been for the case
where the resistor RL shown in FIG. 3 is formed from a
semiconductor thin film or a semiconductor thin film doped
with impurities. However provided the resistance satisfies
equation (1), then other materials may be employed.

[0164] As follows is a description of the drive method for
the liquid crystal display device using the pixel construction
shown in FIG. 3. FIG. 7 shows the timing chart, and the
change in light transmittance of the liquid crystal, for a gate
scanning voltage Vg, a data signal voltage Vd, a gate voltage
Va of the p-type MOS transistor (Qp) 302, and a pixel
voltage Vpix, for the case where a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, is driven by
the pixel construction shown in FIG. 3. Here the example is
given for when the liquid crystal operates in a normally
black mode, becoming dark when a voltage is not applied.
As shown in the figure, due to the gate scanning voltage Vg
in the horizontal scanning period becoming a high level
VgH, the n-type MOS transistor (Qn) 301 comes on, and the
data signal Vd input to the signal line is transferred to the
gate electrode of the p-type MOS transistor (Qp) 302
through the n-type MOS transistor (Qn) 301. On the other
hand, in the horizontal scanning period, the pixel electrode
107 attains the reset state due to the gate scanning voltage
VgH being transferred through the p-type MOS transistor
(Qp) 302. Here as described below, the p-type MOS tran-
sistor (Qp) 302 operates as a source follower type analog
amplifier, after the horizontal scanning period is completed.
However due to the pixel voltage Vpix becoming VgH in the
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horizontal scanning period, the resetting of the p-type MOS
transistor (Qp) 302 is performed at the same time.

[0165] When the horizontal scanning period is completed
and the gate scanning voltage Vg becomes a low level. the
n-type MOS transistor (Qn) 301 goes off, and the data signal
transferred to the gate electrode of the p-type MOS transistor
(Qp) 302 is held by the voltage holding capacitor 105. At this
time, with the gate input voltage Va of the p-type MOS
transistor, at the time when the n-type MOS transistor (Qn)
301 goes off, a voltage shift referred to as a feed-through
voltage occurs through the capacitance between the gate and
the source of the n-type MOS transistor (Qn) 301. In FIG.
7 this is shown by Vfl, V{2 and V3. The amount of this
voltage shift Vfl, V2 and V{3 can be made smaller by
designing the value for the voltage holding capacitor 105 to
be large. The gate input voltage Va of the p-type MOS
transistor (Qp) 302 is held until the gate scanning voltage Vg
again becomes a high level in the subsequent field period
arid the n-type MOS transistor (Qn) 301 is selected. On the
other hand, the p-type MOS transistor (Qp) 302, on comple-
tion of resetting in the horizontal scanning period, operates
as a source follower type analog amplifier with the pixel
electrode 107 as the source electrode. At this time, in order
to operate the p-type MOS transistor (Qp) 302 as an analog
amplifier, a voltage at least higher than (Vdmax-Vtp) is-
supplied to the voltage holding capacitor electrode 105.
Here Vdmax is the maximum value of the data signal
voltage Vd, while Vtp is the threshold value voltage of the
p-type MOS transistor (Qp) 302. The p-type MOS transistor
(Qp) 302, during the period in the subsequent field up until
the gate scanning voltage becomes VgH to thus execute
reset, can output an analog gradation voltage corresponding
to the held gate input voltage Va. This output voltage
changes depending on the transconductance gmp of the
p-type MOS transistor, and the value of the resistor RL 303,
however it is generally represented by the following equa-
tion:

Vpix=Va-Vip 2)

[0166] Here Vtp is normally a negative value, and hence
as shown in FIG. 7, the pixel voltage Vpix becomes a
voltage which is higher than Va by the absolute value of the
threshold value voltage of the p-type MOS transistor (Qp)
302. In this way, the fluctuations in the pixel voltage Vpix
accompanying the response of the liquid crystal as discussed
for the conventional technology can be eliminated, and as
also shown by the liquid crystal light transmittance in FIG.
7, it becomes possible to obtain a desired gradation for each
one field.

[0167] Furthermore, with the liquid crystal display device
of the present invention, the construction is such that the
scanning voltage is used as the power supply for the p-type
MOS transistor (Qp) 302 which operates as an analog
amplifier, and as the reset power supply, and resetting of the
amplifier is performed by the p-type MOS transistor (Qp)
302 itself. Therefore wiring and circuits such as a power
supply lead, a reset power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
constructed with a smaller area than heretofore, giving a
high aperture efliciency so that a noticeable effect is
obtained.

[0168] Furthermore, with the abovementioned embodi-
ment, it was noted that the n-type MOS transistor (Qn) 301
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and the p-type MOS transistor (Qp) 302 were formed from
p- SiTFTs. However these may be formed from other thin
film transistors such as a-SiTFTs or CdSeTFTs. Moreover
these may be formed from single crystal silicon transistors.

[0169] Next is a description of a method of driving a TN
liquid crystal using the liquid crystal display device of the
present invention shown in FIG. 3. FIG. 8 shows the timing
chart, and the change in light transmittance of the liquid
crystal, for a gate scanning voltage Vg, a data signal voltage
Vd, the gate voltage Va of the p-type MOS transistor (Qa)
302, and the pixel voltage Vpix, for this case. Here the
example is given for when the liquid crystal operates in a
normally white mode, becoming bright when a voltage is not
applied. Furthermore, for the data signal Vd, the example is
given for where a signal voltage for creating a bright state
over several fields is applied. The drive method is the same
as for the one shown in the beforementioned FIG. 7. With
the TN liquid crystal, since the response time is around
several tens of msec to 100 mec, then as shown in FIG. 8,
the TN liquid crystal undergoes a transition to the bright
state over several fields. During this time, the liquid crystal
capacitance changes due to the molecules of the TN liquid
crystal switching. With the conventional liquid crystal dis-
play device, as shown in the beforementioned FIG. 61, the
pixel voltage Vpix fluctuates, and hence the inherent liquid
crystal light transmittance T0 cannot be obtained. On the
other hand, with the liquid crystal display device of the
present invention, the p-type MOS transistor (Qp) 302
operates as an amplifier, and hence a constant voltage can be
applied continuously to the liquid crystal 109 without being
influenced by changes in the capacitance of the TN liquid
crystal. Therefore the inherent light transmittance can be
obtained, and accurate gradation display can be performed.

[0170] Next is a description of the change of the pixel
voltage Vpix when the value of the resistor RL 303 is
changed, in the liquid crystal display device of the present
invention shown in FIG. 3. FIG. 9 shows aspects of the
change of the pixel voltage Vpix for the case where the value
of the resistor RL 303 in FIG. 3 is changed with respect to
the liquid crystal resistance Rsp in FIG. 62, to (1) Rsp/4, (2)
Rsp and (3) 2xRsp. As shown in the figure, in the case where
the value of the resistor RL 303 is greater than that of the
liquid crystal resistance Rsp ((3)), the pixel voltage Vpix
shows a large fluctuation in the field in which a positive
polarity signal is written. On the other hand, in the case
where the value of the resistor RL 303 is less than or equal
to that of the liquid crystal resistance Rsp ((1).(2)), the
fluctuation in the pixel voltage Vpix is practically gone. In
the case where the value of the resistor RL 303 is the same
as that of the liquid crystal resistance Rsp ((2)), only a slight
fluctuation is observed, and since the period of this fluctua-
tion 1s extremely short compared to the period of one field,
it has no influence on performing gradation display control.

[0171] Due to the above described reasons, in the liquid
crystal display device shown in FIG. 3, the resistor RL 303
is designed so that the conditions shown in equation (1) are
satisfied. In practice, the value of the resistor RL 303 is
determined taking into consideration the fluctuation amount
of the pixel voltage Vpix, and the power consumption. In
order to reduce power consumption, it is desirable to design
the value of the resistor RL 303 so as to be as large as
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possible within-the range where the fluctuations of the pixel
voltage Vpix do not exert an influence on the liquid crystal
light transmittance.

[0172] When the above described liquid crystal display
device and drive method of the second embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0173] A third embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
10 is a diagram showing a third embodiment of a liquid
crystal display device of the present invention. As shown in
the figure, the liquid crystal display device of the present
invention comprises: an n-type MOS transistor (Qn) 1001
with a gate electrode connected to a scanning line 101, and
one of a source electrode and a drain electrode connected to
a signal line 102; a first p-type MOS transistor (Qpl) 1002
with a gate electrode connected to the other of the source
electrode and the drain electrode of the n-type MOS tran-
sistor (Qn) 1001, and one of a source electrode and a drain
electrode connected to the scanning line 101, and the other
of the source electrode and the drain electrode connected to
a pixel electrode 107; a voltage holding capacitor 106
formed between the gate electrode of the first p-type MOS
transistor (Qp1) 1002 and a voltage holding capacitor elec-
trode 105; a second p-type MOS transistor (Qp2) 1003 with
a gate electrode connected to a bias power supply VB 1004,
a source electrode connected to the voltage holding capaci-
tor electrode 105, and a drain electrode connected to the
pixel electrode 107; and a liquid crystal 109 which is to be
switched, disposed between the pixel electrode 107 and an
opposing electrode 108. Here the n-type MOS transistor
(Qn) 1001 and the first and second p-type MOS transistors
(Qp1) 1002 and (Qp2) 1003 are constituted by p-SiTFTs.
The bias power supply VB 1004 for supply to the gate
electrode of the second p-type MOS transistor (Qp2) 1003,
is set so that a source-drain resistance Rdsp of the second
p-type MOS transistor (Qp2) 1003 becomes less than or
equal 1o the value of the resistance component which
determines the response time constant of the liquid crystal.
That is, the resistances Rr, Rsp in. the liquid crystal equiva-
lent circuit shown in FIG. 60 and FIG. 62, and the source-
drain resistance Rdsp, have the relation shown by the
following equation:

Rdsp=Rr, Rdsp=Rsp 3
[0174] For example, in the case when the resistance Rsp is
5 GQ, then a bias power supply VB 1004 such that the
source-drain resistance Rdsp does not exceed 1 GQ is
supplied. FIG. 11 shows the drain current-gate current
characteristics of the second p-type MOS transistor (Qp2)
1003, and the operating point. With the example in the
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figure, the gate-source voltage (VB-VCH) of the second
p-type MOS transistor (Qp2) 1003 is set to around -3V. For
example, the voltage holding capacitor voltage VCH is set to
20V, and VB is set to 17V. As a result, when the drain current
of the second p-type MOS transistor (Qp2) 1003 becomes
around 1E-8 (A) and the source-drain voltage Vdsp is =10V,
then the source-drain resistance Rdsp becomes 1 GQ. Fur-
thermore, even if the second p-type MOS transistor (Qp2)
1003 is operated in the weakly inverted region with the
source-drain voltage Vdsp changing from -2 to -14V, the
drain current is approximately constant. The second p-type
MOS transistor (Qp2) 1003 is operated as the bias current
power supply for the case where the first p-type MOS
transistor (Qp1) 1002 is operated as an analog amplifier.

[0175] The above described drive method for the liquid
crystal display device of the third embodiment shown in
FIG. 10 is the same as the drive method for the liquid crystal
display device of the second embodiment shown beforehand
in FIG. 3. That is, in the case where a high speed liquid
crystal such as a ferroelectric liquid crystal having polar-
ization, an antiferroelectric liquid crystal, or an OCB mode
liquid crystal which responds within one field period, is
driven, the pixel voltage Vpix and the liquid crystal light
transmittance are the same as those shown in FIG. 7, while
in the case where a TN liquid crystal is driven, these are the
same as those shown in FIG. 8.

[0176] That is to say, if the liquid crystal display device
shown in FIG. 10 is used, then as with the second embodi-
ment, the fluctuations of the pixel voltage Vpix accompa-
nying the response of the liquid crystal can be eliminated,
enabling a desired gradation to be obtained for each one
field.

[0177] Moreover, with the liquid crystal display device
shown in FIG. 10, the construction is such that the scanning
voltage is used as the power supply for the first p-type MOS
transistor (Qp1) 1002 which operates as an analog amplifier,
and as the reset power supply, and resetting of the amplifier
is performed by the first p-type MOS transistor (Qp1) 1002
itself. Therefore wiring and circuits such as a power supply
lead. a reset power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0178] Furthermore, with the abovementioned embodi-
ment, it was noted that the n-type MOS transistor (Qn) 1001
and the first and second p-type MOS transistors (Qp1) 1002
and (Qp2) 1003 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Moreover these may be formed
from single crystal silicon transistors.

[0179] When the above described liquid crystal display
device and drive method of the third embodiment is applied
to a liquid crystal display device with a time division driving
method which switches the color of the incident light in one
field (one frame) period to perform color display, good color
reproduction and high gradation display can be realized.
This is because of the characteristic that even in the case
where the liquid crystal display device of the present inven-
tion drives a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, fluctuations do not occur in the pixel
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voltage accompanying the response of the liquid crystal, and
hence a desired gradation display can be performed for each
one field (one frame) period. At this time, for liquid crystal
material, a thresholdless antiferroelectric liquid crystal is
used.

[0180] A fourth embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
12 is a diagram showing a fourth embodiment of a liquid
crystal display device of the present invention. As shown in
the figure, the liquid crystal display device of the present
invention comprises: an n-type MOS transistor (Qn) 1001
with a gate electrode connected to a scanning line 101, and
one of a source electrode and a drain electrode connected to
a signal line 102; a first p-type MOS transistor (Qp1) 1002
with a gate electrode connected to the other of the source
electrode and the drain electrode of the n-type MOS tran-
sistor (Qn) 1001, and one of a source electrode and a drain
electrode connected to the scanning line 101, and the other
of the source electrode and the drain electrode connected to
a pixel electrode 107; a voltage holding capacitor 106
formed between the gate electrode of the first p-type MOS
transistor (Qp1) 1002 and a voltage holding capacitor elec-
trode 105; a second p-type MOS transistor (Qp2) 1003 with
a gate electrode connected to the voltage holding capacitor
electrode 105, a source electrode connected to a source
power supply VS 1201, and a drain electrode connected to
the pixel electrode 107; and a liquid crystal 109 which is to
be switched, disposed between the pixel electrode 107 and
an opposing electrode 108. Here the n-type MOS transistor
(Qn) 1001 and the first and second p-type MOS transistors
(Qp1) 1002 and (Qp2) 1003 are constituted by p-SiTFTs.

[0181] The source power supply VS 1201 for supply to the
source electrode of the second p-type MOS transistor (Qp2)
1003, is set so that the source-drain resistance Rdsp of the
second p-type MOS transistor (Qp2) 1003 becomes less than
or equal to the value of the resistance component which
determines the response time constant of the liquid crystal.
That is, the resistances Rr, Rsp in the liquid crystal equiva-
lent circuit shown in FIG. 60 and FIG. 62, and the source-
drain resistance Rdsp, have the relation shown by the
previous equation (3). For example, in the case when the
resistance Rsp is 5 GC2, then a source power supply VS 1201
such that the source-drain resistance Rdsp does not exceed
1 GQ 1s supplied. The operating point for the second p-type
MOS transistor (Qp2) 1003 is the same as the operating
point shown in FIG. 11. That is, with the example in the
figure, the gate-source voltage (VCH-VS) of the second
p-type MOS transistor (Qp2) 1003 is set to around -3V. For
example, the voltage holding capacitor voltage VCH is set to
17V, and VS is set to 20V. As a result, when the drain current
of the second p-type MOS transistor (Qp2) 1003 becomes
around 1E-8 (A) and the source-drain voltage Vdsp is =10V,
then the source-drain resistance Rdsp becomes 1 GQ. Fur-
thermore, even if the second p-type MOS transistor (Qp2)
1003 is operated in the weakly inverted region with the
source-drain voltage Vdsp changing from -2 to -14V, the
drain current is approximately constant. The second p-type
MOS transistor (Qp2) 1003 is operated as the bias current
power supply for the case where the first p-type MOS
transistor (Qp1) 1002 is operated as an analog amplifier.

[0182] The above described drive method for the liquid
crystal display device of the fourth embodiment shown in
FIG. 12 is the same as the drive method for the liquid crystal



US 2006/0232503 Al

display device of the second and third embodiments shown
beforehand. That is, in the case where a high speed liquid
crystal such as a ferroelectric liquid crystal having polar-
ization, an antiferroelectric liquid crystal, or an OCB mode
liquid crystal which responds within one field period, is
driven, the pixel voltage Vpix and the liquid crystal light
transmittance are the same as those shown in FIG. 7, while
in the case where a TN liquid crystal is driven, these are the
same as those shown in FIG. 8.

[0183] That is to say, if the liquid crystal display device
shown in FIG. 12 is used, then as with the second and third
embodiments, the fluctuations of the pixel voltage Vpix
accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0184] Moreover, with the liquid crystal display device
shown in FIG. 12, the construction is such that the scanning
voltage is used as the power supply for the first p-type MOS
transistor (Qp1) 1002 which operates as an analog amplifier,
and as the reset power supply, and resetting of the amplifier
is performed by the first p-type MOS transistor (Qp1) 1002
itself. Therefore wiring and circuits such as a power supply
lead, a reset power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0185] Furthermore, with the abovementioned embodi-
ment, it was noted that the n-type MOS transistor (Qn) 1001
and the first and second p-type MOS transistors (Qp1) 1002
and (Qp2) 1003 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or-CdSeTFTs. Moreover these may be formed
from single crystal silicon transistors.

[0186] When the above described liquid crystal display
device and drive method of the fourth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0187] A fifth embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
13 is a diagram showing a fifth embodiment of a liquid
crystal display device of the present invention. As shown in
the figure, the liquid crystal display device of the present
invention comprises: an n-type MOS transistor (Qn) 1001
with a gate electrode connected to a scanning line 101, and
one of a source electrode and a drain electrode connected to
a signal line 102; a first p-type MOS transistor (Qp1) 1002
with a gate electrode connected to the other of the source
electrode and the.drain electrode of the n-type MOS tran-
sistor (Qn) 1001, and one of a source electrode and a drain
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electrode connected to the scanning line 101, and the other
of the source electrode and the drain electrode connected to
a pixel electrode 107; a voltage holding capacitor 106
formed between the gate electrode of the first p-type MOS
transistor (Qp1) 1002 and a voltage holding capacitor elec-
trode 105; a second p-type MOS transistor (Qp2) 1003 with
a gate electrode and. a source electrode connected to the
voltage holding capacitor electrode 105 and a drain elec-
trode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
n-type MOS transistor (Qn) 1001 and the first and second
p-type MOS transistors (Qp1) 1002 and (Qp2) 1003 are
constituted by p-SiTFTs. Furthermore, since the gate elec-
trode and the source electrode of the second p-type MOS
transistor (Qp2) 1003 are both connected to the voltage
holding capacitor electrode 105, then the gate-source volt-
age Vgsp of the second p-type MOS transistor (Qp2) 1003
becomes OV. Under this bias condition, so that the source-
drain resistance Rdsp of the second p-type MOS transistor
(Qp2) 1003 satisfies the beforementioned equation (3), the
threshold value voltage of the second p-type MOS transistor
(Qp2) 1003 is shift controlled to the positive side by
channel-dose. FIG. 14 shows the drain current-gate voltage
characteristics of the second p-type MOS transistor (Qp2)
1003, and the operating point. As shown in the figure, the
threshold value voltage is shift controlled to the positive side
by channel-dose so that when the gate-source voltage is 0V,
the drain current becomes approximately 1E-8 (A). As a
result, when the drain current of the second p-type MOS
transistor (Qp2) 1003 becomes around 1E-8 (A) and the
source-drain voltage Vdsp is —10V, then the source-drain
resistance Rdsp becomes 1 GQ. Furthermore, even if the
second p-type MOS transistor (Qp2) 1003 is operated in the
weakly inverted region with the source-drain voltage Vdsp
changing from -2 to -14V, the drain current is approxi-
mately constant. The second p-type MOS transistor (Qp2)
1003 is operated as the bias current power supply for the
case where the first p-type MOS transistor (Qp1) 1002 is
operated as an analog amplifier.

[0188] With the fifth embodiment, the bias power supply
VB 1004, and the source power supply VS 1201 necessary
in the third and fourth embodiments are not necessary.
However a channel-dose forming step is additionally
required.

[0189] The above described drive method for the liquid
crystal display device of the fifth embodiment shown in
FIG. 13 is the same as the drive method for the liquid crystal
display device of the second through fourth embodiments
shown beforehand.. That is, in the case where a high speed
liquid crystal such as a ferroelectric liquid crystal having
polarization, an antiferroelectric liquid crystal, or an OCB
mode liquid crystal which responds within one field period,
is driven, the pixel voltage Vpix and the liquid crystal light
transmittance are the same as those shown in FIG. 7, while
in the case where a TN liquid crystal is driven, these are the
same as those shown in FIG. 8.

[0190] That is to say, if the liquid crystal display device
shown in FIG. 13 is used, then as with the second through
fourth embodiments, the fluctuations of the pixel voltage
Vpix accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.
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[0191] Moreover, with the liquid crystal display device
shown in FIG. 13, the construction is such that the scanning
voltage is used as the power supply for the first p-type MOS
transistor (Qp1) 1002 which operates as an analog amplifier,
and as the reset power supply, and resetting of the amplifier
is performed by the first p-type MOS transistor (Qp1) 1002
itself. Therefore wiring and circuits such as a power supply
lead. a reset power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0192] Furthermore, with the abovementioned embodi-
ment, it was noted that the n-type MOS transistor (Qu) 1001
and the first and second p-type MOS transistors (Qp1) 1002
and (Qp2) 1003 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Moreover these may be formed
from single crystal silicon transistors.

[0193] When the above described liquid crystal display
device and drive method of the fifth embodiment is applied
10 a liquid crystal display device with a time division driving
method which switches the color of the incident light in one
field (one frame) period to perform color display, good color
reproduction and high gradation display can be realized.
This is because of the characteristic that even in the case
where the liquid crystal display device of the present inven-
tion drives a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, fluctuations do not occur in the pixel
voltage accompanying the response of the liquid crystal, and
hence a desired gradation display can be performed for each
one field (one frame) period. At this time, for liquid crystal
material, a thresholdless antiferroelectric liquid crystal is
used.

[0194] A sixth embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
15 is a diagram showing a sixth embodiment of a liquid
crystal display device of the present invention. As shown in
the figure, the liquid crystal display device of the present
invention comprises: a p-type MOS transistor (Qp) 1501
with a gate electrode connected to a scanning line 101, and
one of a source electrode and a drain electrode connected to
a signal line 102; an n-type MOS transistor (Qn) 1502 with
a gate electrode connected to the other of the source elec-
trode and the drain electrode of the p-type MOS transistor
(Qp) 1501, and one of a source electrode and a drain
electrode connected to the scanning line 101, and the other
of the source electrode and the drain electrode connected to
a pixel electrode 107; a voltage holding capacitor 106
formed between the gate electrode of the n-type MOS
transistor (Qn) 1502 and a voltage holding capacitor elec-
trode 105; a resistor RL 1503 connected between the pixel
electrode 107 and the voltage holding capacitor electrode
105; and a liquid crystal 109 which is to be switched,
disposed between the pixel electrode 107 and an opposing
electrode 108. Here the p-type MOS transistor (Qp) 1501
and the n-type MOS transistor (Qn) 1502 are constituted by
p-SiTFTs.

[0195] Moreover, the value of the resistor RL 1503 is set
to less than or equal to the value of the resistance component
which determines the response time constant of the liquid
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crystal. That is, the resistances Rr, Rsp in the liquid crystal
equivalent circuit shown in FIG. 60 and FIG. 62, and the
value of the resistor RL 1503, have the relation shown by the
previously mentioned equation (1).

[0196] For example, in the case when the resistance Rsp is
5 GL2, then the value of the resistor RL 1503 is set to a value
of around 1 GQ. A value of 1 GQ which is a large resistance
not used in normal semiconductor integrated circuits, is
formed from a semiconductor thin film or a semiconductor
thin film which has been doped with impurities, as with the
second embodiment.

[0197] FIG. 16 shows a structural example for the case
where the resistor R, 1503 is formed from a lightly doped
n-type semiconductor thin film (n-). In FIG. 16, the con-
struction of an n-type p-SiTFT 1601 is also shown. As
shown in the figure, one of the source and the drain
electrodes of the n-type p-SiTFT 1601 is connected to the
scanning line 101, and the other is connected to the pixel
electrode 107. Here with the n- layer 602 portion which
forms the resistor, the amount of impurity doping, and the
length and width are designed so that the conditions shown
in equation (1) are satisfied. Moreover, the n-type p-SiTFT
1601 has a lightly doped drain (referred to hereunder as an
LDD) construction for high voltage endurance. In order to
simplify the production process, the step of forming the
LDD of the p-SiTFT 1601 and the step of forming the
resistor RL (n-) are performed at the same time.

[0198] Next, an example of where the resistor RL is
formed from a semiconductor thin film (i layer) 501 which
has not been doped with impurities is shown in FIG. 17.
Here the length and width of the i layer 501 forming the
resistor are designed so that equation (1) is satisfied. Fur-
thermore, in the case where the 1 layer 501 is used as the
resistor RL, then as shown in the figure, an n-type lightly
doped n- layer 602 is formed between a source-drain
electrode (n+) 601 on the side of the n-type p-SiTFT 1601
which is connected to the pixel electrode 107, and the
resistor RL (i layer) 501. This is because if the n+ layer and
the i layer are contacted, an extremely high short key
resistance is formed, and a resistance satisfying equation (1)
can no longer be formed on the small area. Similarly, an n—
layer 602 is formed between the n+ electrode 601 connected
to the voltage holding capacitor electrode 105, and the 1
layer 501.

[0199] Next, an example for the case where the resistor RL
is formed from a p-type semiconductor thin film (p-) which
has been lightly doped 1s shown in FIG. 18. Here with the
portion of the p- layer 404 which forms the resistor, the
amount of impurity doping, and the length and width are
designed so that the conditions shown in equation (1) are
satisfied. In the case where the source-drain electrode (n+
layer) 601 of the n— type p-SiTFT 1601, and the p- layer 404
are connected, then as shown in the figure, the n+ layer 601
and the p+ layer 403 are connected through the metal layer
406, and the p+ layer 403 is contacted with the p— layer 404.

[0200] In the above, the description has been for the case
where the resistor RL 1503 shown in FIG. 15 is formed from
a semiconductor thin film or a semiconductor thin film
doped with impurities. However provided the resistance
satisfies equation (1), then other materials may be employed.

[0201] As follows is a description of the drive method for
the liquid crystal display device using the pixel construction
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shown in FIG.-15. FIG. 19 shows the timing chart, and the
change in light transmittance of the liquid crystal, for a gate
scanning voltage Vg, a data signal voltage Vd, a gate voltage
Va of the n-type MOS transistor (Qn) 1502, and a pixel
voltage Vpix, for the case where a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, is driven by
the pixel construction shown in FIG. 15. Here the example
is given for when the liquid crystal operates in a normally
black mode, becoming dark when a voltage is not applied.
As shown in the figure, due to the gate scanning voltage Vg
in the horizontal scanning period becoming a low level VgL
the p-type MOS transistor (Qp) 1501 comes on, and the data
signal Vd input to the signal line is transferred to the gate
electrode of the n-type MOS transistor (Qn) 1502 through
the p-type MOS transistor (Qp) 1501. On the other hand, in
the horizontal scanning period, the pixel electrode 107
attains the reset state due to the gate scanning voltage VgL
being transferred through the n-type MOS transistor (Qn)
1502. Here as described below, the n-type MOS transistor
(Qn) 1502 operates as a source follower type analog ampli-
fier, after the horizontal scanning period is completed.
However due to the pixel voltage Vpix becoming VgL in the
horizontal scanning period, the resetting of the n-type MOS
transistor (Qn) 1502 is performed at the same time.

[0202] When the horizontal scanning period is completed
and the gate scanning voltage Vg becomes a high level, the
p-type MOS transistor (Qp) 1501 goes off, and the data
signal transferred to the gate electrode of the n-type MOS
transistor (Qn) 1502 is held by the voltage holding capacitor
105. At this time, with the gate input voltage Va of the n-type
MOS transistor, at the time when the p-type MOS transistor
(Qp) 1501 goes off, a voltage shift referred to as a feed-
through voltage occurs through the capacitance between the
gate and the source of the p-type MOS transistor (Qp) 1501.
In FIG. 19 this is shown by V{1, V{2 and V{3. The. amount
of this voltage shift Vfl, V2 and V{3 can be made smaller
by designing the value for the voltage holding capacitor 105
to be large. The gate input voltage Va of the n-type MOS
transistor (Qn) 1502 is held until the gate scanning voltage
Vg again becomes a low level in the subsequent field period
and the p-type MOS transistor (Qp) 1501 is selected. On the
other hand, the n-type MOS transistor (Qn) 1502, on
completion of resetting in the horizontal scanning period,
operates as a source follower type analog amplifier with the
pixel electrode 107 as the source electrode. At this time, in
order to operate the n-type MOS transistor (Qn) 1502 as an
analog amplifier, a voltage at least lower than (Vdmin-Vin)
is supplied to the voltage holding capacitor electrode 105,
Here Vdmin is the minimum value of the data signal voltage
Vd, while Vin is the threshold value voltage of the n-type
MOS transistor (Qn) 1502. The n-type MOS transistor (Qn)
1502, during the period in the subsequent field up until the
gate scanning voltage becomes VgL to thus execute reset,
can output an analog gradation voltage corresponding to the
held gate input voltage Va. This output voltage changes
depending on the transconductance gmn of the n-type MOS
transistor (Qn) 1502, and the value of the resistor RL 1503,
however it is generally represented by the following equa-
tion:

Vpix=Va-Vtn 4
[0203] Here Vtn is normally a positive value, and hence as
shown in FIG. 19, the pixel voltage Vpix becomes a voltage
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which is lower than Va by the threshold value voltage of the
n-type MOS transistor (Qn) 1502.

[0204] In this way, the fluctuations in the pixel voltage
Vpix accompanying the response of the liquid crystal as
discussed for the conventional technology can be elimi-
nated, and as also shown by the liquid crystal light trans-
mittance in FIG. 19, it becomes possible to obtain a desired
gradation for each one field.

[0205] Furthermore, with the liquid crystal display device
of the present invention, the construction is such that the
scanning voltage is used as the power supply for the n-type
MOS ftransistor (Qn) 1502 which operates as an analog
amplifier, and as the reset power supply, and resetting of the
amplifier is performed by the n-type MOS transistor (Qn)
1502 itself. Therefore wiring and circuits such as a power
supply lead, a reset power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
constructed with a smaller area than heretofore, giving a
high aperture efficiency so that a noticeable effect is
obtained.

[0206] Furthermore, with the abovementioned embodi-
ment, it was noted that the p-type MOS transistor (Qp) 1501
and the n-type MOS transistor (Qn) 1502 were formed from
p-SiTFTs. However these may be formed from other thin
film transistors such as a-SiTFTs or CdSeTFrs. Moreover
these may be formed from single crystal silicon transistors.

[0207] Next is a description of a method of driving a TN
liquid crystal using the liquid crystal display device of the
present invention shown in FIG. 15. FIG. 20 shows the
timing chart, and the change in light transmittance of the
liquid crystal, for a gate scanning voltage Vg, a data signal
voltage Vd, a gate voltage Va of the n-type MOS transistor
(Qn) 1502, and a pixel voltage Vpix, for this case. Here the
example is given for when the liquid crystal operates in a
normally white mode, becoming bright when a voltage is not
applied. Furthermore, for the data signal Vd, the example is
given for where a signal voltage for creating a bright state
over several fields is applied. The drive method is the same
as for the one shown in the beforementioned FIG. 19. With
the TN liquid crystal, since the response time is around
several tens of msec to 100 mec, then as shown in FIG. 20,
the TN liquid crystal undergoes a transition to the bright
state over several fields. During this time, the liquid crystal
capacitance changes due to the molecules of the TN liquid
crystal switching. With the conventional liquid crystal dis-
play device, as shown in the beforementioned FIG. 61, the
pixel voltage Vpix fluctuates, and hence the inherent liquid
crystal light transmittance T0) cannot be obtained. On the
other hand, with the liquid crystal display device of the
present invention, the n-type MOS transistor (Qn) 1502
operates as an amplifier, and hence a constant voltage can be
applied continuously to the liquid crystal 109 without being
influenced by changes in the capacitance of the TN liquid
crystal. Therefore the inherent light transmittance can be
obtained, and accurate gradation display can be performed.

[0208] Next is a description of the change of the pixel
voltage Vpix when the value of the resistor RL 1503 is
changed, in the liquid crystal display device of the present
invention shown in FIG. 15. FIG. 21 shows aspects of the
change of the pixel voltage Vpix for the case where the value
of the resistor RL 1503 in FIG. 15 is changed with respect
to the liquid crystal resistance Rsp in FIG. 62, to (1) Rsp/4,
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(2) Rsp and (3) 2xRsp. As shown in the figure, in the case
where the value of the resistor RL 1503 is greater than that
of the liquid crystal resistance Rsp ((3)), the pixel voltage
Vpix shows a large fluctuation in the field in which a
negative polarity signal is written. On the other hand, in the
case where the value of the resistor RL 1503 is less than or
equal to that of the liquid crystal resistance Rsp ((1),(2)), the
fluctuation in the pixel voltage Vpix is practically gone. In
the case where the value of the resistor RL 1503 is the same
as that of the liquid crystal resistance Rsp ((2)), only a slight
fluctuation is observed, and since the period of this fluctua-
tion is extremely short compared to the period of one field,
it has no influence on performing gradation display control.

[0209] Due to the above described reasons, in the liquid
crystal display device shown in FIG. 15, the resistor RL
1503 is designed so that the conditions shown in equation (1)
are satisfied. In practice, the value of the resistor RL 1503 is
determined taking into consideration the fluctuation amount
of the pixel voltage Vpix, and the power consumption. In
order to reduce power consumption, it is desirable to design
the value of the resistor RL 1503 so as to be as large as
possible within the range where the fluctuations of the pixel
voltage Vpix do not exert an influence on the liquid crystal
light transmittance.

[0210] When the above described liquid crystal display
device and drive method of the sixth embodiment is applied
to a liquid crystal display device with a time division driving
method which switches the color of the incident light in one
field (one frame) period to perform color display, good color
reproduction and high gradation display can be realized.
This is because of the characteristic that even in the case
where the liquid crystal display device of the present inven-
tion drives a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, fluctuations do not occur in the pixel
voltage accompanying the response of the liquid crystal, and
hence a desired gradation display can be performed for each
one field (one frame) period. At this time, for liquid crystal
material, a thresholdless antiferroelectric liquid crystal is
used.

[0211] A seventh embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 22 is a diagram showing a seventh embodiment of a
liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a p-type MOS transistor (Qp)
2201 with a gate electrode connected to a scanning line 101,
and one of a source electrode and a drain electrode con-
nected to a signal line 102; a first n-type MOS transistor
(Qnl) 2202 with a gate electrode connected to the other of
the source electrode and the drain electrode of the p-type
MOS transistor (Qp) 2201, and one of a source electrode and
a drain electrode connected to the scanning line 101, and the
other of the source electrode and the drain electrode con-
nected to a pixel electrode 107; a voltage holding capacitor
106 formed between the gate electrode of the first n-type
MOS transistor (Qnl) 2202 and a voltage holding capacitor
electrode 105; a second n-type MOS transistor (Qn2) 2203
with a gate electrode connected to a bias power supply VB,
a source electrode connected to the voltage holding capaci-
tor electrode 105, and a drain electrode connected to the
pixel electrode 107; and a liquid crystal 109 which is to be
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switched, disposed between the pixel electrode 107 and an
opposing electrode 108. Here the p-type MOS transistor
(Qp) 2201 and the first and second n-type MOS transistors
(Qnl) 2202 and (Qn2) 2203 are constituted by p-SiTFTs. The
bias power supply VB 2204 for supply to the gate electrode
of the second n-type MOS transistor (Qn2) 2203, is set so
that a source-drain resistance Rdsn of the second n-type
MOS transistor (Qn2) 2203 becomes less than or equal to the
value of the resistance component which determines the
response time constant of the liquid crystal. That is, the
resistances Rr, Rsp in the liquid crystal equivalent circuit
shown in FIG. 60 and FIG. 62, and the source-drain
resistance Rdsn have the relation shown by the following
equation:

Rdsn=Rr, Rdsn=Rsp &)

[0212] For example, in the case when the resistance Rsp is
5 GQ, then a bias power supply VB 2204 such that the
source-drain resistance Rdsn does not exceed 1 GQ is
supplied. FIG. 23 shows the drain current-gate current
characteristics of the second n-type MOS transistor (Qn2)
2203, and the operating point. With the example in the
figure, the gate-source voltage (VB-VCH) of the second
n-type MOS transistor (Qn2) 2203 is set to around 3V. For
example, the voltage holding capacitor voltage VCH is set to
0V, and VB is set to 3V. As a result, when the drain current
of the second n-type MOS transistor (Qn2) 2203 becomes
around 1E-8 (A) and the source-drain voltage Vdsn is 10V,
then the source-drain resistance Rdsn becomes 1 GQ. Fur-
thermore, even if the second n-type MOS transistor (Qn2)
2203 is operated in the weakly inverted region with the
source-drain voltage Vdsn changing from 2 to 14V, the drain
current is approximately constant. The second n-type MOS
transistor (Qn2) 2203 is operated as the bias current power
supply for the case where the first n-type MOS transistor
(Qnl1) 2202 is operated as an analog amplifier.

[0213] The above described drive method for the liquid
crystal display device of the seventh embodiment shown in
FIG. 22 is the same as the drive method for the liquid crystal
display device of the sixth embodiment shown beforehand in
FIG. 15. That is, in the case where a high speed liquid
crystal such as a ferroelectric liquid crystal having polar-
ization, an antiferroelectric liquid crystal, or an OCB mode
liquid crystal which responds within one field period, is
driven, the pixel voltage Vpix and the liquid crystal light
transmittance are the same as those shown in FIG. 19, while
in the case where a TN liquid crystal is driven, these are the
same as those shown in FIG. 20.

[0214] That is to say, if the liquid crystal display device
shown in FIG. 22 is used, then as with the sixth embodi-
ment, the fluctuations of the pixel voltage Vpix accompa-
nying the response of the liquid crystal can be eliminated,
enabling a desired gradation to be obtained for each one
field.

[0215] Moreover, with the liquid crystal display device
shown in FIG. 22, the construction is such that the scanning
voltage is used as the power supply for the first n-type MOS
transistor (Qn1) 2202 which operates as an analog amplifier,
and as the reset power supply, and resetting of the amplifier
is performed by the first n-type MOS transistor (Qnl) 2202
itself. Therefore wiring and circuits such as a power supply
lead, a reset power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
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structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0216] Furthermore, with the abovementioned embodi-
ment, it was noted that the p-type MOS transistor (Qp) 2201
and the first and second n-type MOS transistors (Qn1) 2202
and (Qn2) 2203 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Moreover these may be formed
from single crystal silicon transistors.

[0217] When the above described liquid crystal display
device and drive method of the seventh embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0218] An eighth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 24 is a diagram showing an eighth embodiment of a
liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a p-type MOS transistor (Qp)
2201 with a gate electrode connected to a scanning line 101,
and one of a source electrode and a drain electrode con-
nected to a signal line 102; a first n-type MOS transistor
(Qnl) 2202 with a gate electrode connected to the other of
the source electrode and the drain electrode of the p-type
MOS transistor (Qp) 2201, and one of a source electrode and
a drain electrode connected to the scanning line 101, and the
other of the source electrode and the drain electrode con-
nected to a pixel electrode 107; a voltage holding capacitor
106 formed between the gate electrode of the first n-type
MOS transistor (Qnl) 2202 and a voltage holding capacitor
electrode 105; a second n-type MOS transistor (Qn2) 2203
with a gate electrode connected to the voltage holding
capacitor electrode 105, a source electrode connected to a
source power supply VS 2401, and a drain electrode con-
nected to the pixel electrode 107; and a liquid crystal 109
which is to be switched, disposed between the pixel elec-
trode 107 and an opposing electrode 108. Here the p-type
MOS transistor (Qp) 2201 and the first and second n-type
MOS transistors (Qn1) 2202 and (Qn2) 2203 are constituted
by p-SiTFTs.

[0219] The source power supply VS 2401 for supply to the
source electrode of the second n-type MOS transistor (Qn2)
2203, is set so that the source-drain resistance Rdsn of the
second n-type MOS transistor (Qn2) 2203 becomes less than
or equal to the value of the resistance component which
determines the response time constant of the liquid crystal.
That 1s, the resistances Rr, Rsp in the liquid crystal equiva-
lent circuit shown in FIG. 60 and FIG. 62, and the source-
drain resistance Rdsn, have the relation shown by the
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previous equation (5). For example, in the case when the
resistance Rsp is 5 G€2, then a source power supply VS 2401
such that the source-drain resistance Rdsn does not exceed
1 GQ is supplied. The operating point for the second n-type
MOS transistor (Qn2) 2203 is the same as the operating
point shown in FIG. 23. That is, with the example in the
figure, the gate-source voltage (VCH-VS) of the second
n-type MOS transistor (Qn2) 2203 is set to around 3V. For
example, the voltage holding capacitor voltage VCH is set to
3V, and VS is set to OV. As a result, when the drain current
of the second n-type MOS transistor (Qn2) 2203 becomes
around 1E-8 (A) and the source-drain voltage Vdsn is 10V,
then the source-drain resistance Rdsn becomes 1 GQ. Fur-
thermore, even if the second n-type MOS transistor (Qn2)
2203 is operated in the weakly inverted region with the
source-drain voltage Vdsn changing from 2 to 14V, the drain
current is approximately constant. The second n-type MOS
transistor (Qn2) 2203 is operated as the bias current power
supply for the case where the first n-type MOS transistor
(Qn1) 2202 is operated as an analog amplifier.

[0220] The above described drive method for the liquid
crystal display device of the eighth embodiment shown in
FIG. 24 is the same as the drive method for the liquid crystal
display device of the sixth and seventh embodiments shown
beforehand. That is, in the case where a high speed liquid
crystal such as a ferroelectric liquid crystal having polar-
ization, an antiferroelectric liquid crystal, or an OCB mode
liquid crystal which responds within one field period, is
driven, the pixel voltage Vpix and the liquid crystal light
transmittance are the same as those shown in FIG. 19, while
in the case where a TN liquid crystal is driven, these are the
same as those shown in FIG. 20.

[0221] That is to say, if the liquid crystal display device
shown in FIG. 24 is used, then as with the sixth and seventh
embodiments, the fluctuations of the pixel voltage Vpix
accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0222] Moreover, with the liquid crystal display device
shown in FIG. 24, the construction is such that the scanning
voltage is used as the power supply for the first n-type MOS
transistor (Qn1) 2202 which operates as an analog amplifier,
and as the reset power supply, and resetting of the amplifier
is performed by the first n-type MOS transistor (Qn1) 2202
itself. Therefore wiring and circuits such as a power supply
lead, a reset power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0223] Furthermore, with the abovementioned embodi-
ment, it was noted that the p-type MOS transistor (Qp) 2201
and the first and second n-type MOS transistors (Qnl) 2202
and (Qn2) 2203 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Moreover these may be formed
from single crystal silicon transistors.

[0224] When the above described liquid crystal display
device and drive method of the eighth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
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realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0225] A ninth embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
25 is a diagram showing a ninth embodiment of a liquid
crystal display device of the present invention. As shown in
the figure, the liquid crystal display device of the present
invention comprises: a p-type MOS transistor (Qp) 2201
with a gate electrode connected to a scanning line 101, and
one of a source electrode and a drain electrode connected to
a signal line 102; a first n-type MOS transistor (Qn1) 2202
with a gate electrode connected to the other of the source
electrode and the drain electrode of the p-type MOS tran-
sistor (Qp) 2201, and one of a source electrode and a drain
electrode connected to the scanning line 101, and the other
of the source electrode and the drain electrode connected to
a pixel electrode 107; a voltage holding capacitor 106
formed between the gate electrode of the first n-type MOS
transistor (Qn1) 2202 and a voltage holding capacitor elec-
trode 105; a second n-type MOS transistor (Qn2) 2203 with
a gate electrode and a source electrode connected to the
voltage holding capacitor electrode 105, and a drain elec-
trode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
p-type MOS transistor (Qp) 2201 and the first and second
n-type MOS transistors (Qn1) 2202 and (Qn2) 2203 are
constituted by p-SiTFTs.

[0226] Furthermore, since the gate electrode and the
source electrode of the second n-type MOS transistor (Qn2)
2203 are both connected to the voltage holding capacitor
electrode 105, then the gate-source voltage Vgsn of the
second n-type MOS transistor (Qn2) 2203 becomes OV,
Under this bias condition, so that the source-drain resistance
Rdsn of the second n-type MOS transistor (Qn2) 2203
satisfies the beforementioned equation (5), the threshold
value voltage of the second n-type MOS transistor (Qn2)
2203 is shift controlled to the negative side by channel-dose.
FIG. 26 shows the drain current-gate voltage characteristics
of the second n-type MOS transistor (Qn2) 2203, and the
operating point. As shown in the figure, the threshold value
voltage is shift controlled to the negative side by channel-
dose so that when the gate-source voltage is 0V, the drain
current becomes approximately 1E-8 (A). As a result, when
the drain current of the second n-type MOS transistor (Qn2)
2203 becomes around 1E-8 (A) and the source-drain voltage
Vdsn is 10V, then the source-drain resistance Rdsn becomes
1 GQ. Furthermore, even if the second n-type MOS tran-
sistor (Qn2) 2203 is operated in the weakly inverted region
with the source-drain voltage Vdsn changing from 2 to 14V,
the drain current is approximately constant. The second
n-type MOS transistor (Qn2) 2203 is operated as the bias
current power supply for the case where the first n-type
MOS transistor (Qnl) 2202 is operated as an analog ampli-
fier.
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[0227] With the ninth embodiment, the bias power supply
VB 2204, and the source power supply VS 2501 necessary
in the seventh and eighth embodiments are not necessary.
However a channel-dose forming step is additionally
required.

[0228] The above described drive method for the liquid
crystal display device of the ninth embodiment shown in
FIG. 25 is the same as the drive method for the liquid crystal
display device of the sixth through eighth embodiments
shown beforehand. That is, in the case where a high speed
liquid crystal such as a ferroelectric liquid crystal having
polarization, an antiferroelectric liquid crystal, or an OCB
mode liquid crystal which responds within one field period,
is driven, the pixel voltage Vpix and the liquid crystal light
transmittance are the same as those shown in FIG, 19, while
in the case where a TN liquid crystal is driven, these are the
same as those shown in FIG. 20.

[0229] That is to say, if the liquid crystal display device
shown in FIG. 25 is used, then as with the sixth through
eighth embodiments, the fluctuations of the pixel voltage
Vpix accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0230] Moreover, with the liquid crystal display device
shown in FIG. 25, the construction is such that the scanning
voltage is used as the power supply for the first n-type MOS
transistor (Qn1) 2202 which operates as an analog amplifier,
and as the reset power supply, and resetting of the amplifier
is performed by the first n-type MOS transistor (Qn1) 2202
itself. Therefore wiring and circuits such as a power supply
lead, a reset power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0231] Furthermore, with the abovementioned embodi-
ment, it was noted that the p-type MOS transistor (Qp) 2201
and the first and second n-type MOS transistors (Qn1) 2202
and (Qn2) 2203 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFrs or CdSeTFTs. Moreover these may be formed from
single crystal silicon transistors.

[0232] When the above described liquid crystal display
device and drive method of the ninth embodiment is applied
to a liquid crystal display device with a time division driving
method which switches the color of the incident light in one
field (one frame) period to perform color display, good color
reproduction and high gradation display can be realized.
This is because of the characteristic that even in the case
where the liquid crystal display device of the present inven-
tion drives a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, fluctuations do not occur in the pixel
voltage accompanying the response of the liquid crystal, and
hence a desired gradation display can be performed for each
one field (one frame) period. At this time, for liquid crystal
material, a thresholdless antiferroelectric liquid crystal is
used.

[0233] A tenth embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
27 is a diagram showing a tenth embodiment of a liquid
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crystal display device of the present invention. As shown in
the figure, the liquid crystal display device of the present
invention comprises: an n-type MOS transistor (Qn) 2701
with a gate electrode connected to an Nth (where N is an
integer of two or more) scanning line 2705, and one of a
source electrode and a drain electrode connected to a signal
line 102; a p-type MOS transistor (Qp) 2702 with a gate
electrode connected to the other of the source electrode and
the drain electrode of the n-type MOS transistor (Qn) 2701,
and one of a source electrode and a drain electrode con-
nected to an (N-1)th scanning line 2704, and the other of the
source electrode and the drain electrode connected to a pixel
electrode 107; a voltage holding capacitor 106 formed
between the gate electrode of the p-type MOS transistor
(Qp) 2702 and a voltage holding capacitor electrode 105; a
resistor RL 2703 connected between the pixel electrode 107
and the voltage holding capacitor electrode 105; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
n-type MOS transistor (Qn) 2701 and the p-type MOS
transistor (Qp) 2702 are constituted by p-SiTFTs.

[0234] The value of the resistor RL 2703, as with the
second embodiment, is set to less than or equal to the value
of the resistance component which determines the response
time constant of the liquid crystal. That is, the resistances Rr,
Rsp in the liquid crystal equivalent circuit shown in FIG. 60
and FIG. 62, and the value of the resistor RL. 2703, have the
relation shown by the previously mentioned equation (1).

[0235] For example, in the case when the resistance Rsp is
5 GQ, then the value of the resistor RL 2703 is set to a value
of around 1 GQ. A value of 1 GQ which is a large resistance
not used in normal semiconductor integrated circuits, is
formed from a semiconductor thin film or a semiconductor
thin film which has been doped with impurities, as explained
in the second embodiment.

[0236] That is to say, the construction and manufacturing
method for the case where the resistor RL 2703 is formed
from a lightly doped p-type semiconductor thin film (p-) are
the same as shown in FIG. 4. Moreover, the construction
and manufacturing method for the case where the resistor
RL 2703 is formed from a semiconductor thin film (i layer)
which has not been doped with impurities are the same as
shown in FIG. 5. Furthermore, the construction and manu-
facturing method for the case where the resistor RL 2703 is
formed from an n-type semiconductor thin film (n-) are the
same as shown in FIG. 6. In the above, the description has
been for the case where the resistor RL 2703 shown in FIG.
27 1s formed from a semiconductor thin film or a semicon-
ductor thin film doped with impurities. However provided
the resistance satisfies equation (1), then other materials may
be employed.

[0237] As follows is a description of the drive method for
the liquid crystal display device using the pixel construction
shown in FIG. 27. FIG. 28 shows the timing chart, and the
change in light transmittance of the liquid crystal, for a gate
scanning voltage Vg, a data signal voltage Vd, a gate voltage
Va of the p-type MOS transistor (Qp) 2702, and a pixel
voltage Vpix, for the case where a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, is driven by
the pixel construction shown in FIG. 27. Here the example
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is given for when the liquid crystal operates in a normally
black mode, becoming dark when a voltage is not applied.

[0238] As shown in the figure, in the petiod where the
(N-1)th gate scanning voltage Vg (N-1) becomes a high
level VgH, the pixel electrode 107 attains the reset state due
to the gate scanning voltage VgH being transferred through
the p-type MOS transistor (Qp) 2702. Here as described
below, the p-type MOS transistor (Qp) 2702 operates as a
source follower type analog amplifier, after the selection
period of the (N-1)th scanning line is completed. However
due to the pixel voltage Vpix becoming VgH in the selection
period of the (N-1)th scanning line, the resetting of the
p-type MOS transistor (Qp) 2702 is performed.

[0239] Then in the period where the Nth gate scanning
voltage Vg (N) becomes a high level VgH, the n-type MOS
transistor (Qn) 2701 comes on, and the data signal Vd input
to the signal line is transferred to the gate electrode of the
p-type MOS transistor (Qp) 2702 through the n-type MOS
transistor (Qn) 2701. When the horizontal scanning period is
completed and the gate scanning voltage Vg becomes a low
level, the n-type MOS transistor (Qn) 2701 goes off, and the
data signal transferred to the gate electrode of the p-type
MOS transistor (Qp) 2702 is held by the voltage holding
capacitor 105. At this time, with the gate input voltage Va of
the p-type MOS transistor (Qp) 2702, at the time when the
n-type MOS transistor (Qn) 2701 goes off, a voltage shift
referred to as a feed-through voltage occurs through the
capacitance between the gate and the source of the n-type
MOS transistor (Qn) 2701. In FIG. 28 this is shown by V{1,
V12 and VI3. The amount of this voltage shift V{1, V2 and
V13 can be made smaller by designing the value for the
voltage holding capacitor 105 to be large. The gate input
voltage Va of the p-type MOS transistor (Qp) 2702 is held
until the Nth gate scanning voltage Vg again becomes a high
level in the subsequent field period and the n-type MOS
transistor (Qn) 2701 is selected.

[0240] On the other hand, the p-type MOS transistor (Qp)
2702, on completion of resetting in the (N-1)th horizontal
scanning period, operates from the (N)th horizontal scan-
ning period and thereafter as a source follower type analog
amplifier with the pixel electrode 107 as the source elec-
trode. At this time, in order to operate the p-type MOS
transistor (Qp) 2702 as an analog amplifier, a voltage at least
higher than (Vdmax-Vtp) is supplied to the voltage holding
capacitor electrode 105. Here Vdmax is the maximum value
of the data signal voltage Vd, while Vtp is the threshold
value voltage of the p-type MOS transistor (Qp) 2702. The
p-type MOS transistor (Qp) 2702, during the period in the
subsequent field up until the (N-1)th gate scanning voltage
becomes VgH to thus execute reset, can output an analog
gradation voltage corresponding to the held gate input
voltage Va. This output voltage changes depending on the
transconductance gmp of the p-type MOS transistor (Qp)
2702 and the value of the resistor RL 2703, however it is
generally represented by the previously mentioned equation
.

[0241] By using the liquid crystal display device of the
present invention as described above, the fluctuations in the
pixel voltage Vpix accompanying the response of the liquid
crystal as discussed for the conventional technology can be
eliminated, and as also shown by the liquid crystal light
transmittance in FIG. 28, it becomes possible to obtain a
desired gradation for each one field.
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[0242] Furthermore, with the liquid crystal display device
of the present invention, the construction is such that the
(N-1)th scanning line voltage is used as the power supply for
the p-type MOS transistor (Qp) 2702 which operates as an
analog amplifier, and as the reset power supply, and resetting
of the amplifier is performed by the p-type MOS transistor
(Qp) 2702 itself. Therefore wiring and circuits such as a
power supply lead, a reset power supply lead and a reset
switch, become unnecessary. As a result, the analog ampli-
fier can be constructed with a smaller area than heretofore,
giving a high aperture efficiency so that a noticeable effect
is obtained.

[0243] Moreover, with the abovementioned embodiment,
it was noted that the n-type MOS transistor (Qn) 2701 and
the p-type MOS transistor (Qp) 2702 were formed from
p-SiTFTs. However these may be formed from other thin
film transistors such as a-SiTFTs or CdSeTFTs. Further-
more, these may be formed from single crystal silicon
transistors.

[0244] Driving the TN liquid crystal with a drive method
similar to the drive method of FIG. 28 is of course also
possible. With the conventional liquid crystal display device,
the liquid crystal capacitance changes due to the molecules
of the TN liquid crystal switching, and as shown in the
beforementioned FIG. 61, the pixel voltage Vpix fluctuates,
and hence the inherent liquid crystal light transmittance T0
cannot be obtained. On the other hand, with the liquid crystal
display device of the present invention shown in FIG. 27,
the p-type MOS transistor (Qp) 2702 operates as an ampli-
fier, and hence a constant voltage can be applied continu-
ously to the liquid crystal 109 without being influenced by
changes in the capacitance of the TN liquid crystal. There-
fore the inherent light transmittance can be obtained, and
accurate gradation display can be performed.

[0245] When the above described liquid crystal display
device and drive method of the tenth embodiment is applied
to a liquid crystal display device with a time division driving
method which switches the color of the incident light in one
field (one frame) period to perform color display, good color
reproduction and high gradation display can be realized.
This is because of the characteristic that even in the case
where the liquid crystal display device of the present inven-
tion drives a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, fluctuations do not occur in the pixel
voltage accompanying the response of the liquid crystal, and
hence a desired gradation display can be performed for each
one field (one frame) period. At this time, for liquid crystal
material, a thresholdless antiferroelectric liquid crystal is
used.

[0246] An eleventh embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 29 is a diagram showing an eleventh embodiment of a
liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: an n-type MOS transistor (Qn)
2901 with a gate electrode connected to an Nth scanning line
2705, and one of a source electrode and a drain electrode
connected to a signal line 102; a first p-type MOS transistor
(Qp1) 2902 with a gate electrode connected to the other of
the source electrode and the drain electrode of the n-type
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MOS transistor (Qn) 2901, and one of a source electrode and
a drain electrode connected to an (N-1)th scanning line
2704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the first p-type MOS transistor (Qp1) 2902 and a voltage
holding capacitor electrode 105; a second p-type MOS
transistor (Qp2) 2903 with a gate electrode connected to a
bias power supply VB 2904, a source electrode connected to
the voltage holding capacitor electrode 105, and a drain
electrode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
n-type MOS transistor (Qn) 2901 and the first and second
p-type MOS transistors (Qp1) 2902 and (Qp2) 2903 are
constituted by p-SiTFTs. Moreover, the bias power supply
VB 2904 for supply to the gate electrode of the second
p-type MOS transistor (Qp2) 2903, is set so that a source-
drain resistance Rdsp of the second p-type MOS transistor
(Qp2) 2903 becomes less than or equal to the value of the
resistance component which determines the response time
constant of the liquid crystal. That is, the resistances Rr, Rsp
in the liquid crystal equivalent circuit shown in FIG. 60 and
FIG. 62, and the source-drain resistance Rdsp, have the
relation shown by the previously mentioned equation (3).

[0247] For example, in the case when the resistance Rsp is
5 GQ then a bias power supply VB 2904 such that the
source-drain resistance Rdsp does not exceed 1 GQ is
supplied. At this time, the drain current-gate current char-
acteristics of the second p-type MOS transistor (Qp2) 2903,
and the operating point are the same as shown in FIG. 11.
That is, with the example in FIG. 11, the gate-source voltage
(VB-VCH) of the second p-type MOS transistor (Qp2) 2903
is set to around -3V, As a result, when the drain current of
the second p-type MOS transistor (Qp2) 2903 becomes
around 1E-8 (A) and the source-drain voltage Vdsp is =10V,
then the source-drain resistance Rdsp becomes 1 GQ. Fur-
thermore, even if the second p-type MOS transistor (Qp2)
2903 is operated in the weakly inverted region with the
source-drain voltage Vdsp changing from -2 to -14V, the
drain current is approximately constant. The second p-type
MOS transistor (Qp2) 2903 is operated as the bias current
power supply for the case where the first p-type MOS
transistor (Qp1) 2902 is operated as an analog amplifier.

[0248] The above described drive method for the liquid
crystal display device of the eleventh embodiment shown in
FIG. 29 is the same as the drive method for the liquid crystal
display device of the tenth embodiment explained before-
hand with reference to FIG, 28. That is, in the case where
a high speed liquid crystal such as a ferroelectric liquid
crystal having polarization, an antiferroelectric liquid crys-
tal, or an OCB mode liquid crystal which responds within
one field period, is driven, the pixel voltage Vpix and the
liquid crystal light transmittance are the same as those
shown in FIG. 28. Moreover, also in the case where a TN
liquid crystal is driven using the liquid crystal display device
shown in FIG. 29, this can be driven with the same drive
method as shown in FIG. 28.

[0249] That is to say, if the liquid crystal display device
shown in FIG. 29 is used, then as with the tenth embodi-
ment, the fluctuations of the pixel voltage Vpix accompa-
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nying the response of the liquid crystal can be eliminated,
enabling a desired gradation to be obtained for each one
field.

[0250] Moreover, with the liquid crystal display device
shown in FIG. 29, the construction is such that the (N-1)th
scanning line voltage is used as the power supply for the first
p-type MOS transistor (Qpl) 2902 which operates as an
analog amplifier, and as the reset power supply, and resetting
of the amplifier is performed by the first p-type MOS
transistor (Qpl) 2902 itself. Therefore wiring and circuits
such as a power supply lead, a reset power supply lead and
a reset switch, become unnecessary. As a result, the analog
amplifier can be constructed with a smaller area than here-
tofore, giving a high aperture efficiency so that a noticeable
effect is obtained.

[0251] Furthermore, with the abovementioned embodi-
ment, it was noted that the n-type MOS transistor (Qn) 2901
and the first and second p-type MOS transistors (Qp1) 2902
and (Qp2) 2903 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0252] When the above described liquid crystal display
device and drive method of the eleventh embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0253] A twelfth embodiment of the present invention will
now be described in detail with reference to the figures. FIG.
30 is a diagram showing a twelfth embodiment of a liquid
crystal display device of the present invention. As shown in
the figure, the liquid crystal display device of the present
invention comprises: an n-type MOS transistor (Qn) 2901
with a gate electrode connected to an Nth scanning line
2705, and one of a source electrode and a drain electrode
connected to a signal line 102; a first p-type MOS transistor
(Qp1) 2902 with a gate electrode connected to the other of
the source electrode and the drain electrode of the n-type
MOS transistor (Qn) 2901, and one of a source electrode and
a drain electrode connected to an (N-1)th scanning line
2704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the first p-type MOS transistor (Qpl) 2902 and a voltage
holding capacitor electrode 105; a second p-type MOS
transistor (Qp2) 2903 with a gate electrode connected to the
voltage holding capacitor electrode 105, a source electrode
connected to a source power supply VS 3001, and a drain
electrode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
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pixel electrode 107 and an opposing electrode 108. Here the
n-type MOS transistor (Qn) 2901 and the first and second
p-type MOS transistors (Qp1) 2902 and (Qp2) 2903 are
constituted by p-SiTFTs.

[0254] The source power supply VS 3001 for supply to the
source electrode of the second p-type MOS transistor (Qp2)
2903, is set so that the source-drain resistance Rdsp of the
second p-type MOS transistor (Qp2) 2903 becomes less than
or equal to the value of the resistance component which
determines the response time constant of the liquid crystal.
That is, the resistances Rr, Rsp in the liquid crystal equiva-
lent circuit shown in FIG. 60 and FIG. 62, and the source-
drain resistance Rdsp, have the relation shown by the
previous equation (3). For example, in the case when the
resistance Rsp 1s 5 G€2, then a source power supply VS 3001
such that the source-drain resistance Rdsp does not exceed
1 GQ is supplied. The operating point for the second p-type
MOS transistor (Qp2) 2903 is the same as the operating
point shown in FIG. 11. That is, with the example in the
figure, the gate-source voltage (VCH-VS) of the second
p-type MOS transistor (Qp2) 2903 is set to around -3V. As
a result, when the drain current of the second p-type MOS
transistor (Qp2) 2903 becomes around 1E-8 (A) and the
source-drain voltage Vdsp is —10V, then the source-drain
resistance Rdsp becomes 1 GQ. Furthermore, even if the
second p-type MOS transistor (Qp2) 2903 is operated in the
weakly inverted region with the source-drain voltage Vdsp
changing from -2 to -14V, the drain current is approxi-
mately constant. The second p-type MOS transistor (Qp2)
2903 is operated as the bias current power supply for the
case where the first p-type MOS transistor (Qp1) 2902 is
operated as an analog amplifier.

[0255] The above described drive method for the liquid
crystal display device of the twelfth embodiment shown in
FIG. 30 is the same as the drive method for the liquid crystal
display device of the tenth and eleventh embodiments
explained beforehand. That is, in the case where a high
speed liquid crystal such as a ferroelectric liquid crystal
having polarization, an antiferroelectric liquid crystal, or an
OCB mode liquid crystal which responds within one field
period, is driven, the pixel voltage Vpix and the liquid
crystal light transmittance are the same as those shown in
FIG. 28. Moreover, also in the case where a TN liquid
crystal is driven using the liquid crystal display device
shown in FIG. 30, this can be driven with the same drive
method as shown in FIG. 28.

[0256] That is to say, if the liquid crystal display device
shown in FIG. 30 is used, then as with the tenth and eleventh
embodiments, the fluctuations of the pixel voltage Vpix
accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0257] Moreover, with the liquid crystal display device
shown in FIG. 30, the construction is such that the (N-1)th
scanning line voltage is used as the power supply for the first
p-type MOS transistor (Qpl) 2902 which operates as an
analog amplifier, and as the reset power supply, and resetting
of the amplifier is performed by the first p-type MOS
transistor (Qp1) 2902 itself. Therefore wiring and circuits
such as a power supply lead, a reset power supply lead and
a reset switch, become unnecessary. As a result, the analog



US 2006/0232503 Al

amplifier can be constructed with a smaller area than here-
tofore, giving a high aperture efficiency so that a noticeable
effect is obtained.

[0258] Furthermore, with the abovementioned embodi-
ment, it was noted that the n-type MOS transistor (Qn) 2901
and the first and second p-type MOS transistors (Qp1) 2902
and (Qp2) 2903 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0259] When the above described liquid crystal display
device and drive method of the twelfth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0260] A thirteenth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 31 is a diagram showing a thirteenth embodiment of a
liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: an n-type MOS transistor (Qn)
2901 with a gate electrode connected to an Nth scanning line
2705, and one of a source electrode and a drain electrode
connected to a signal line 102; a first p-type MOS transistor
(Qp1) 2902 with a gate electrode connected to the other of
the source electrode and the drain electrode of the n-type
MOS transistor (Qn) 2901, and one of a source electrode and
a drain electrode connected to an (N-1)th scanning line
2705, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the first p-type MOS transistor (Qpl) 2902 and a voltage
holding capacitor electrode 105; a second p-type MOS
transistor (Qp2) 2903 with a gate electrode and source
electrode connected to the voltage holding capacitor elec-
trode 105, and a drain electrode connected to the pixel
electrode 107; and a liquid crystal 109 which is to be
switched, disposed between the pixel electrode 107 and an
opposing electrode 108. Here the n-type MOS transistor
(Qn) 2901 and the first and second p-type MOS transistors
(Qp1) 2902 and (Qp2) 2903 are constituted by p-SiTFTs.

[0261] Furthermore, since the gate electrode and the
source electrode of the second p-type MOS transistor (Qp2)
2903 are both connected to the voltage holding capacitor
electrode 105, then the gate-source voltage Vgsp of the
second p-type MOS transistor (Qp2) 2903 becomes OV,
Under this bias condition, so that the source-drain resistance
Rdsp of the second p-type MOS transistor (Qp2) 2903
satisfies the beforementioned equation (3), the threshold
value voltage of the second p-type MOS transistor (Qp2)
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2903 is shift controlled to the positive side by channel-dose.
At this time, the drain current-gate voltage characteristics of
the second p-type MOS ftransistor (Qp2) 1003, and the
operating point are the same as shown in FIG. 14. That is,
as shown in FIG. 14, the threshold value voltage is shift
controlled to the positive side by channel-dose so that when
the gate-source voltage is OV, the drain current becomes
approximately 1E-8 (A). As a result, when the drain current
of the second p-type MOS transistor (Qp2) 2903 becomes
around 1E-8 (A) and the source-drain voltage Vdsp is =10V,
then the source-drain resistance Rdsp becomes 1 GQ. Fur-
thermore, even if the second p-type MOS transistor (Qp2)
2903 is operated in the weakly inverted region with the
source-drain voltage Vdsp changing from -2 to -14V, the
drain current is approximately constant. The second p-type
MOS transistor (Qp2) 2903 is operated as the bias current
power supply for the case where the first p-type MOS
transistor (Qp1) 2902 is operated as an analog amplifier.

[0262] With the thirteenth embodiment, the bias power
supply VB 2904, and the source power supply VS 3001
necessary in the eleventh and twelfth embodiments are not
necessary. However a channel-dose forming step is addi-
tionally required.

[0263] The above described drive method for the liquid
crystal display device of the thirteenth embodiment shown
in FIG. 31 is the same as the drive method for the liquid
crystal display device of the tenth through twelfth embodi-
ments explained beforehand. That is, in the case where a
high speed liquid crystal such as a ferroelectric liquid crystal
having polarization, an antiferroelectric liquid crystal, or an
OCB mode liquid crystal which responds within one field
period, is driven, the pixel voltage Vpix and the liquid
crystal light transmittance are the same as those shown in
FIG. 28. Moreover, also in the case where a TN liquid
crystal is driven using the liquid crystal display device
shown in FIG. 31, this can be driven with the same drive
method as shown in FIG. 28.

[0264] That is to say, if the liquid crystal display device
shown in FIG. 31 is used, then as with the tenth through
twelfth embodiments, the fluctuations of the pixel voltage
Vpix accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0265] Moreover, with the liquid crystal display device
shown in FIG. 31, the construction is such that the (N-1)th
scanning line voltage is used as the power supply for the first
p-type MOS transistor (Qpl) 2902 which operates as an
analog amplifier, and as the reset power supply, and resetting
of the amplifier is performed by the first p-type MOS
transistor (Qp1) 2902 itself. Therefore wiring and circuits
such as a power supply lead, a reset power supply lead and
a reset switch, become unnecessary. As a result, the analog
amplifier can be constructed with a smaller area than here-
tofore, giving a high aperture efliciency so that a noticeable
effect is obtained.

[0266] Furthermore, with the abovementioned embodi-
ment, it was noted that the n-type MOS transistor (Qn) 2901
and the first and second p-type MOS transistors (Qpl) 2902
and (Qp2) 2903 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.
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[0267] When the above described liquid crystal display
device and drive method of the thirteenth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0268] A fourteenth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 32 is a diagram showing a fourteenth embodiment of
a liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a p-type MOS transistor (Qp)
3201 with a gate electrode connected to an Nth scanning line
2705, and one of a source electrode and a drain electrode
connected to a signal line 102; an n-type MOS transistor
(Qn) 3202 with a gate electrode connected to the other of the
source electrode and the drain electrode of the p-type MOS
transistor (Qp) 3201, and one of a source electrode and a
drain electrode connected to the (N-1)th scanning line 2704,
and the other of the source electrode and the drain electrode
connected to a pixel electrode 107, a voltage holding capaci-
tor 106 formed between the gate electrode of the n-type
MOS transistor (Qn) 3202 and a voltage holding capacitor
electrode 105; a resistor RL-3203 connected between the
pixel electrode 107 and the voltage holding capacitor elec-
trode 105; and a liquid crystal 109 which is to be switched,
disposed between the pixel electrode 107 and an opposing
electrode 108. Here the p-type MOS transistor (Qp) 3201
and the n-type MOS transistor (Qn) 3202 are constituted by
p-SiTFTs.

[0269] Moreover, the value of the resistor RL 3203, as
with the sixth embodiment, is set to less than or equal to the
value of the resistance component which determines the
response time constant of the liquid crystal. That is, the
resistances Rr, Rsp in the liquid crystal equivalent circuit
shown in FIG. 60 and FIG. 62, and the value of the resistor
RL 3203, have the relation shown by the previously men-
tioned equation (1).

[0270] For example, in the case when the resistance Rsp is
5 GQ, then the value of the resistor RL 3203 is set to a value
of around 1 GQ. A value of 1 GQ which is a large resistance
not used in normal semiconductor integrated circuits, is
formed from a semiconductor thin film or a semiconductor
thin film which has been doped with impurities, as explained
in the sixth embodiment.

[0271] That is 1o say, the construction and manufacturing
method for the case where the resistor RL 3203 is formed
from a lightly doped n-type semiconductor thin film (n-) are
the same as shown in FIG. 16. Moreover, the construction
and manufacturing method for the case where the resistor
RL 3203 is formed from a semiconductor thin film (i layer)
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which has not been doped with impurities are the same as
shown in FIG. 17. Furthermore, the construction and manu-
facturing method for the case where the resistor RL 3203 is
formed from a p-type semiconductor thin film (p-) are the
same as shown in FIG. 18. In the above, the description has
been for the case where the resistor RL 3203 shown in FIG.
32 is formed from a semiconductor thin film or a semicon-
ductor thin film doped with impurities. However provided
the resistance satisfies equation (1), then other materials may
be employed.

[0272] As follows is a description of the drive method for
the liquid crystal display device using the pixel construction
shown in FIG. 32. FIG. 33 shows the timing chart, and the
change in light transmittance of the liquid crystal, for a gate
scanning voltage Vg, a data signal voltage Vd, a gate voltage
Va of the n-type MOS transistor (Qn) 3202, and a pixel
voltage Vpix, for the case where a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, is driven by
the pixel construction shown in FIG. 32. Here the example
is given for when the liquid crystal operates in a normally
black mode, becoming dark when a voltage is not applied.

[0273] As shown in the figure, in the period where the
(N-1)th gate scanning voltage Vg (N-1) becomes a low level
Vgl the pixel electrode 107 attains the reset state due to the
gate scanning voltage Vgl being transferred through the
n-type MOS transistor (Qn) 3202. Here as described below,
the n-type MOS transistor (Qn) 3202 operates as a source
follower type analog amplifier, after the selection period of
the (N-1)th scanning line is completed. However due to the
pixel voltage Vpix becoming VgL in the selection period of
the (N-1)th scanning line, the resetting of the n-type MOS
transistor (Qn) 3202 is performed.

[0274] Then in the period where the Nth gate scanning
voltage Vg (N) becomes a low level Vgl, the p-type MOS
transistor (Qp) 3201 comes on, and the data signal Vd input
to the signal line is transferred to the gate electrode of the
n-type MOS transistor (Qn) 3202 through the p-type MOS
transistor (Qp) 3201. When the horizontal scanning period is
completed and the gate scanning voltage Vg becomes a high
level, the p-type MOS transistor (Qp) 3201 goes off, and the
data signal transferred to the gate electrode of the n-type
MOS transistor (Qn) 3202 is held by the voltage holding
capacitor 105. At this time, with the gate input voltage Va of
the n-type MOS transistor (Qn) 3202, at the time when the
p-type MOS transistor (Qp) 3201 goes off, a voltage shift
referred to as a feed-through voltage occurs through the
capacitance between the gate and the source of the p-type
MOS transistor (Qp) 3201. In FIG. 33 this is shown by V{1,
V12 and VI3. The amount of this voltage shift V{1, V2 and
V13 can be made smaller by designing the value for the
voltage holding capacitor 105 to be large. The gate input
voltage Va of the n-type MOS transistor (Qn) 3202 is held
until the Nth gate scanning voltage Vg again becomes a low
level in the subsequent field period and the p-type MOS
transistor (Qp) 3201 is selected.

[0275] On the other hand, the n-type MOS transistor (Qn)
3202, on completion of resetting in the (N-1)th horizontal
scanning period, operates from (N)th horizontal scanning
period and thereafter as a source follower type analog
amplifier with the pixel electrode 107 as the source elec-
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trode. At this time, in order to operate the n-type MOS
transistor (Qn) 3202 as an analog amplifier, a voltage at least
lower than (Vdmin-Vtn) is supplied to the voltage holding
capacitor electrode 105. Here Vdmin is the minimum value
of the data signal voltage Vd, while Vin is the threshold
value voltage of the n-type MOS transistor (Qn) 3202. The
n-type MOS transistor (Qn) 3202, during the period in the
subsequent field up until the (N-1)th gate scanning voltage
becomes VgL to thus execute reset, can output an analog
gradation voltage corresponding to the held gate input
voltage Va. This output voltage changes depending on the
transconductance gmn of the n-type MOS transistor (Qn)
3202 and the value of the resistor RL 3203, however it is
generally represented by the previously mentioned equation

).

[0276] By using the liquid crystal display device of the
present invention as described above, the fluctuations in the
pixel voltage Vpix accompanying the response of the liquid
crystal as discussed for the conventional technology can be
eliminated, and as also shown by the liquid crystal light
transmittance in FIG. 33, it becomes possible to obtain a
desired gradation for each one field.

[0277] Furthermore, with the liquid crystal display device
of the present invention, the construction is such that the
(N-1)th scanning line voltage is used as the power supply for
the n-type MOS transistor (Qn) 3202 which operates as an
analog amplifier, and as the reset power supply, and resetting
of the amplifier is performed by the n-type MOS transistor
(Qn) 3202 itself. Therefore wiring and circuits such as a
power supply lead, a reset power supply lead and a reset
switch, become unnecessary. As a result, the analog ampli-
fier can be constructed with a smaller area than heretofore,
giving a high aperture efficiency so that a noticeable effect
is obtained.

[0278] Moreover, with the abovementioned embodirment,
it was noted that the p-type MOS transistor (Qp) 3201 and
the n-type MOS transistor (Qn) 3202 were formed from
p-SiTFTs. However these may be formed from other thin
film transistors such as a-SiTFTs or CdSeTFTs. Further-
more, these may be formed from single crystal silicon
transistors.

[0279] Driving the TN liquid crystal with a drive method
similar to the drive method of FIG. 33 is of course also
possible. With the conventional liquid crystal display device,
the liquid crystal capacitance changes due to the molecules
of the TN liquid crystal switching, and as shown in the
beforementioned FIG. 61, the pixel voltage Vpix fluctuates,
and hence the inherent liquid crystal light transmittance T0
cannot be obtained. On the other hand, with the liquid crystal
display device of the present invention shown in FIG. 32,
the n-type MOS transistor (Qn) 3202 operates as an ampli-
fier, and hence a constant voltage can be applied continu-
ously to the liquid crystal 109 without being influenced by
changes in the capacitance of the TN liquid crystal. There-
fore the inherent light transmittance can be obtained, and
accurate gradation display can be performed.

[0280] When the above described liquid crystal display
device and drive method of the fourteenth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
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realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0281] A fifteenth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 34 is a diagram showing a fifteenth embodiment of a
liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a p-type MOS transistor (Qp)
3401 with a gate electrode connected to an Nth scanning line
2705, and one of a source electrode and a drain electrode
connected to a signal line 102; a first n-type MOS transistor
(Qnl) 3402 with a gate electrode connected to the other of
the source electrode and the drain electrode of the p-type
MOS transistor (Qp) 3401, and one of a source electrode and
a drain electrode connected to an (N-1)th scanning line
2704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 forned between the gate electrode of
the first n-type-MOS transistor (Qnl) 3402 and a voltage
holding capacitor electrode 105; a second n-type MOS
transistor (Qn2) 3403 with a gate electrode connected to a
bias power supply VB 3404, a source electrode connected to
the voltage holding capacitor electrode 105, and a drain
electrode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
p-type MOS transistor (Qp) 3401 and the first and second
n-type MOS transistors (Qnl) 3402 and (Qn2) 3403 are
constituted by p-SiTFTs. Moreover, the bias power supply
VB 3404 for supply to the gate electrode of the second
n-type MOS transistor (Qn2) 3403, is set so that a source-
drain resistance Rdsn of the second n-type MOS transistor
(Qn2) 3403 becomes less than or equal to the value of the
resistance component which determines the response time
constant of the liquid crystal. That is, the resistances Rr, Rsp
in the liquid crystal equivalent circuit shown in FIG. 60 and
FIG. 62, and the source-drain resistance Rdsn, have the
relation shown by the previously mentioned equation (5) For
example, in the case when the resistance Rsn is 5 GQ, then
a bias power supply VB 3404 such that the source-drain
resistance Rdsn does not exceed 1 GQ is supplied. At this
time, the drain current-gate current characteristics of the
second n-type MOS transistor (Qn2) 3403, and the operating
point are the same as shown in FIG. 23. That is, with the
example in FIG. 23, the gate-source voltage (VB-VCH) of
the second n-type MOS transistor (Qun2) 3403 is set to
around 3V. As a result, when the drain current of the second
n-type MOS transistor (Qn2) 3403 becomes around 1E-8
(A) and the source-drain voltage Vdsn is 10V, then the
source-drain resistance Rdsn becomes 1 G€2. Furthermore,
even if the second n-type MOS transistor (Qn2) 3403 is
operated in the weakly inverted region with the source-drain
voltage Vdsn changing from 2 to 14V, the drain current is
approximately constant. The second n-type MOS transistor
(Qn2) 3403 is operated as the bias current power supply for
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the case where the first n-type MOS transistor (Qnl) 3402 is
operated as an analog amplifier.

[0282] The above described drive method for the liquid
crystal display device of the fifteenth embodiment shown in
FIG. 34 is the same as the drive method for the liquid
crystal- display device of the fourteenth embodiment
explained beforehand with reference to FIG. 33. That is, in
the case where a high speed liquid crystal such as a ferro-
electric liquid crystal having polarization, an antiferroelec-
tric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, is driven, the pixel voltage
Vpix and the liquid crystal light transmittance are the same
as those shown in FIG. 33. Moreover, also in the case where
a TN liquid crystal is driven using the liquid crystal display
device shown in FIG. 34, this can be driven with the same
drive method as shown in FIG. 33.

[0283] That is to say. if the liquid crystal display device
shown in FIG. 34 is used, then as with the fourteenth
embodiment, the fluctnations of the pixel voltage Vpix
accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0284] Moreover, with the liquid crystal display device
shown in FIG. 34, the construction is such that the (N-1)th
scanning line voltage is used as the power supply for the first
n-type MOS transistor (Qnl) 3402 which operates as an
analog amplifier, and as the reset power supply, and resetting
of the amplifier is performed by the first n-type MOS
transistor (Qnl) 3402 itself. Therefore wiring and circuits
such as a power supply lead, a reset power supply lead and
a reset switch, become unnecessary. As a result, the analog
amplifier can be constructed with a smaller area than here-
tofore, giving a high aperture efficiency so that a noticeable
effect is obtained.

[0285] Furthermore, with the abovementioned embodi-
ment, it was noted that the p-type MOS transistor (Qp) 3401
and the first and second n-type MOS transistors (Qn1) 3402
and (Qn2) 3403 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors .

[0286] When the above described liquid crystal display
device and drive method of the fifteenth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0287] A sixteenth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 35 is a diagram showing a sixteenth embodiment of a
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liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a p-type MOS transistor (Qp)
3401 with a gate electrode connected to an Nth scanning line
2705, and one of a source electrode and a drain electrode
connected to a signal line 102; a first n-type MOS transistor
(Qn1) 3402 with a gate electrode connected to the other of
the source electrode and the drain electrode of the p-type
MOS transistor (Qp) 3401, and one of a source electrode and
a drain electrode connected to an (N-1)th scanning line
2704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the first n-type MOS transistor (Qunl) 3402 and a voltage
holding capacitor electrode 105; a second n-type MOS
transistor (Qn2) 3403 with a gate electrode connected to the
voltage holding capacitor electrode 105, a source electrode
connected to a source power supply VS 3501, and a drain
electrode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
p-type MOS transistor (Qp) 3401 and the first and second
n-type MOS transistors (Qnl) 3402 and (Qn2) 3403 are
constituted by p-SiTFTs.

[0288] The source power supply VS 3501 for supply to the
source electrode of the second n-type MOS transistor (Qn2)
3403, is set so that the source-drain resistance Rdsn of the
second n-type MOS transistor (Qn2) 3403 becomes less than
or equal to the value of the resistance component which
determines the response time constant of the liquid crystal.
That 1s, the resistances Rr, Rsp in the liquid crystal equiva-
lent circuit shown in FIG. 60 and FIG. 62, and the source-
drain resistance Rdsn, have the relation shown by the
previous equation (5). For example, in the case when the
resistance Rsn is 5 G€2, then a source power supply VS 3501
such that the source-drain resistance Rdsn does not exceed
1 GQ is supplied. The operating point for the second n-type
MOS transistor (Qn2) 3403 is the same as the operating
point shown in FIG. 23. That is, with the example in the
FIG. 23, the gate-source voltage (VCH-VS) of the second
n-type MOS transistor (Qn2) 3403 is set to around 3V. As a
result, when the drain current of the second n-type MOS
transistor (Qn2) 3403 becomes around 1E-8 (A) and the
source-drain voltage Vdsn is 10V, then the source-drain
resistance Rdsn becomes 1 GQ. Furthermore, even if the
second n-type MOS transistor (Qu2) 3403 is operated in the
weakly inverted region with the source-drain voltage Vdsn
changing from 2 to 14V, the drain current is approximately
constant. The second n-type MOS transistor (Qn2) 3403 is
operated as the bias current power supply for the case where
the first n-type MOS transistor (Qul) 3402 is operated as an
analog amplifier.

[0289] The above described drive method for the liquid
crystal display device of the sixteenth embodiment shown in
FIG. 35 is the same as the drive method for the liquid crystal
display device of the fourteenth and fifteenth embodiments
explained beforehand. That is, in the case where a high
speed liquid crystal such as a ferroelectric liquid crystal
having polarization, an antiferroelectric liquid crystal, or an
OCB mode liquid crystal which responds within one field
period, is driven, the pixel voltage Vpix and the liquid
crystal light transmittance are the same as those shown in
FIG. 33. Moreover, also in the case where a TN liquid
crystal is driven using the liquid crystal display device
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shown in FIG. 35, this can be driven with the same drive
method as shown in FIG. 33.

[0290] That is to say. if the liquid crystal display device
shown in FIG. 35 is used, then as with the fourteenth and
fifteenth embodiments, the fluctuations of the pixel voltage
Vpix accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0291] Moreover, with the liquid crystal display device
shown in FIG. 35, the construction is such that the (N-1)th
scanning line voltage is used as the power supply for the first
n-type MOS transistor (Qnl) 3402 which operates as an
analog amplifier, and as the reset power supply, and resetting
of the amplifier is performed by the first n-type MOS
transistor (Qnl) 3402 itself. Therefore wiring and circuits
such as a power supply lead, a reset power supply lead and
a reset switch, become unnecessary. As a result, the analog
amplifier can be constructed with a smaller area than here-
tofore, giving a high aperture efficiency so that a noticeable
effect is obtained.

[0292] Furthermore, with the abovementioned embodi-
ment, it was noted that the p-type MOS transistor (Qp) 3401
and the first and second n-type MOS transistors (Qn1) 3402
and (Qn2) 3403 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0293] When the above described liquid crystal display
device and drive method of the sixteenth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0294] A seventeenth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 36 is a diagram showing a seventeenth embodiment of
a liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a p-type MOS transistor (Qp)
3401 with a gate electrode connected to an Nth scanning line
2705, and one of a source electrode and a drain electrode
connected to a signal line 102; a first n-type MOS transistor
(Qn1) 3402 with a gate electrode connected to the other of
the source electrode and the drain electrode of the p-type
MOS transistor (Qp) 3401, and one of a source electrode and
a drain electrode connected to an (N-1)th scanning line
2704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the first n-type MOS transistor (Qnl) 3402 and a voltage
holding capacitor electrode 105; a second n-type MOS
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transistor (Qn2) 3403 with a gate electrode and source
electrode connected to the voltage holding capacitor elec-
trode 105, and a drain electrode connected to the pixel
electrode 107; and a liquid crystal 109 which is to be
switched, disposed between the pixel electrode 107 and an
opposing electrode 108. Here the p-type MOS transistor
(Qp) 3401 and the first and second n-type MOS transistors
(Qn1) 3402 and (Qn2) 3403 are constituted by p-SiTFTs.

[0295] Furthermore, since the gate electrode and the
source electrode of the second n-type MOS transistor (Qn2)
3403 are both connected to the voltage holding capacitor
electrode 105, then the gate-source voltage Vgsn of the
second n-type MOS transistor (Qn2) 3403 becomes OV.
Under this bias condition, so that the source-drain resistance
Rdsn of the second n-type MOS transistor (Qn2) 3403
satisfies the beforementioned equation (5), the threshold
value voltage of the second n-type MOS transistor (Qn2)
3403 is shift controlled to the negative side by channel-dose.
At this time, the drain current-gate voltage characteristics of
the second p-type MOS ftransistor (Qp2) 1003, and the
operating point are the same as shown in FIG. 26. That is,
as shown in FIG. 26, the threshold value voltage is shift
controlled to the negative side by channel-dose so that when
the gate-source voltage is OV, the drain current becomes
approximately 1E-8 (A). As a result, when the drain current
of the second n-type MOS transistor (Qu2) 3403 becomes
around 1E-8 (A) and the source-drain voltage Vdsn is 10V,
then the source-drain resistance Rdsn becomes 1 GQ. Fur-
thermore, even if the second n-type MOS transistor (Qn2)
3403 is operated in the weakly inverted region with the
source-drain voltage Vdsn changing from 2 to 14V, the drain
current is approximately constant. The second n-type MOS
transistor (Qn2) 3403 is operated as the bias current power
supply for the case where the first n-type MOS transistor
(Qnl1) 3402 is operated as an analog amplifier.

[0296] With the seventh embodiment, the bias power
supply VB 3404, and the source power supply VS 3501
necessary in the fifteenth and sixteenth embodiments are not
necessary. However a channel-dose forming step is addi-
tionally required.

[0297] The above described drive method for the liquid
crystal display device of the seventeenth embodiment shown
in FIG. 36 is the same as the drive method for the liquid
crystal display device of the fourteenth through sixteenth
embodiments explained beforehand. That is, in the case
where a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, is driven, the pixel voltage Vpix and
the liquid crystal light transmittance are the same as those
shown in FIG. 33. Moreover, also in the case where a TN
liquid crystal is driven using the liquid crystal display device
shown in FIG. 36, this can be driven with the same drive
method as shown in FIG. 33.

[0298] That is to say, if the liquid crystal display device
shown in FIG. 36 is used, then as with the fourteenth
through sixteenth embodiments, the fluctuations of the pixel
voltage Vpix accompanying the response of the liquid
crystal can be eliminated, enabling a desired gradation to be
obtained for each one field.

[0299] Moreover, with the liquid crystal display device
shown in FIG. 36, the construction is such that the (N-1)th
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scanning line voltage is used as the power supply for the first
n-type MOS transistor (Qnl) 3402 which operates as an
analog amplifier, and as the reset power supply, and resetting
of the amplifier is performed by the first n-type MOS
transistor (Qnl) 3402 itself. Therefore wiring and circuits
such as a power supply lead, a reset power supply lead and
a reset switch, become unnecessary. As a result, the analog
amplifier can be constructed with a smaller area than here-
tofore, giving a high aperture efficiency so that a noticeable
effect is obtained.

[0300] Furthermore, with the abovementioned embodi-
ment, it was noted that the p-type MOS transistor (Qp) 3401
and the first and second n-type MOS transistors (Qn1) 3402
and (Qn2) 3403 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0301] When the above described liquid crystal display
device and drive method of the seventh embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0302] An eighteenth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 37 is a diagram showing an eighteenth embodiment of
a liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: an n-type MOS transistor (Qn)
3701 with a gate electrode connected to a scanning line 101,
and one of a source electrode and a drain electrode con-
nected to a signal line 102; a p-type MOS transistor (Qp)
3702 with a gate electrode connected to the other of the
source electrode and the drain electrode of the n-type MOS
transistor (Qn) 3701, and one of a source electrode and a
drain electrode connected to a reset pulse power supply VR
3704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the p-type MOS transistor (Qp) 3702 and a voltage holding
capacitor electrode 105; a resistor RL. 3703 connected
between the pixel electrode 107 and the voltage holding
capacitor electrode 105; and a liquid erystal 109 which is to
be switched, disposed between the pixel electrode 107 and
an opposing electrode 108. Here the n-type MOS transistor
(Qn) 3701 and the p-type MOS transistor (Qp) 3702 are
constituted by p-SiTFTs.

[0303] Moreover, the value of the resistor RL 3703, as
with the second embodiment, is set to less than or equal to
the value of the resistance component which determines the
response time constant of the liquid crystal. That is, the
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resistances Rr, Rsp in the liquid crystal equivalent circuit
shown in FIG. 60 and FIG. 62, and the value of the resistor
RL 3703, have the relation shown by the previously men-
tioned equation (1).

[0304] For example, in the case when the resistance Rsp is
5 G2, then the value of the resistor RL 3703 is set to a value
of around 1 GQ. A value of 1 GQ which is a large resistance
not used in normal semiconductor integrated circuits, is
formed from a semiconductor thin film or a semiconductor
thin film which has been doped with impurities, as explained
in the second embodiment.

[0305] That is to say, the construction and manufacturing
method for the case where the resistor RL 3703 is formed
from a lightly doped p-type semiconductor thin film (p-) are
the same as shown in FIG. 4. Moreover, the construction
and manufacturing method for the case where the resistor
RI. 3703 is formed from a semiconductor thin film (i layer)
which has not been doped with impurities are the same as
shown in FIG. 5. Furthermore, the construction and manu-
facturing method for the case where the resistor RL 3703 is
formed from an n-type semiconductor thin film (n-) are the
same as shown in FIG. 6. In the above, the description has
been for the case where the resistor RL 3703 shown in FIG.
37 is formed from a semiconductor thin film or a semicon-
ductor thin film doped with impurities. However provided
the resistance satisfies equation (1), then other materials may
be employed.

[0306] As follows is a description of the drive method for
the liquid crystal display device using the pixel construction
shown in FIG. 37. FIG. 38 shows the timing chart, and the
change in light transmittance of the liquid crystal, for a gate
scanning voltage Vg, a data signal voltage Vd, a gate voltage
Va of the p-type MOS ftransistor (Qp) 3702, and a pixel
voltage Vpix, for the case where a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, is driven by
the pixel construction shown in FIG. 37. Here the example
is given for when the liquid crystal operates in a normally
black mode, becoming dark when a voltage is not applied.

[0307] As shown in the figure, in the petiod where the
reset pulse voltage VR becomes a high level VgH, the pixel
electrode 107 attains the reset state due to the gate scanning
voltage VgH being transferred through the p-type MOS
transistor (Qp) 3702. Here as described below, the p-type
MOS transistor (Qp) 3702 operates as a source follower type
analog amplifier, after the reset pulse voltage VR becomes
a low level. However, due to the pixel voltage Vpix becom-
ing VgH in the period where the reset pulse voltage VR is
a high level, the resetting of the p-type MOS transistor (Qp)
3702 is performed.

[0308] Then in the period immediately after the period
where the reset pulse voltage VR becomes a high level VgH,
where the gate scanning voltage Vg becomes a high level
VgH, the n-type MOS transistor (Qn) 3701 comes on, and
the data signal Vd input to the signal line is transferred to the
gate electrode of the p-type MOS transistor (Qp) 3702
through the n-type MOS transistor (Qn) 3701. When the
horizontal scanning period is completed and the gate scan-
ning voltage Vg becomes a low level, the n-type MOS
transistor (Qn) 3701 goes off, and the data signal transferred
to the gate electrode of the p-type MOS transistor (Qp) 3702
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is held by the voltage holding capacitor 105. At this time,
with the gate input voltage Va of the p-type MOS transistor
(Qp) 3702, at the time when the n-type MOS transistor (Qn)
3701 goes off, a voltage shift referred to as a feed-through
voltage occurs through the capacitance between the gate and
the source of the n-type MOS transistor (Qn) 3701. In FIG.
38 this is shown by V{1, V{2 and Vf3. The amount of this
voltage shift Vfl, V2 and V{3 can be made smaller by
designing the value for the voltage holding capacitor 105 to
be large. The gate input voltage Va of the p-type MOS
transistor (Qp) 3702 is held until the gate scanning voltage
Vg again becomes a high level in the subsequent field period
and the n-type MOS transistor (Qn) 3701 is selected.

[0309] On the other hand, the p-type MOS transistor (Qp)
3702, on completion of resetting in the reset period where
the reset pulse voltage VR becomes a high level, operates
from the horizontal scanning period and thereafter as a
source follower type analog amplifier with the pixel elec-
trode 107 as the source electrode, At this time, in order to
operate the p-type MOS transistor (Qp) 3702 as an analog
amplifier, a voltage at least higher than (Vdmax-Vtp) is
supplied to the voltage holding capacitor electrode 105.
Here Vdmax is the maximum value of the data signal
voltage Vd, while Vitp is the threshold value voltage of the
p-type MOS transistor (Qp) 3702. The p-type MOS transis-
tor (Qp) 3702, during the period until the reset pulse voltage
VR in the next field becomes VgH to thus execute reset, can
output an analog gradation voltage corresponding to the held
gate input voltage Va.- This output voltage changes depend-
ing on the transconductance gmp of the p-type MOS tran-
sistor (Qp) 3702 and the value of the resistor RL 3703,
however it is generally represented by the previously men-
tioned equation (2).

[0310] By using the liquid crystal display device of the
present invention as described above, the fluctuations in the
pixel voltage Vpix accompanying the response of the liquid
crystal as discussed for the conventional technology can be
eliminated, and as also shown by the liquid crystal light
transmittance in FIG. 38, it becomes possible to obtain a
desired gradation for each one field.

[0311] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the p-type MOS transistor (Qp) 3702 are per-
formed at the same time.

[0312] Moreover, with the liquid crystal display device of
the present invention, the construction is such that resetting
of the p-type MOS transistor (Qp) 3702 which operates as an
analog amplifier is performed by the p-type MOS transistor
(Qp) 3702 itself. Therefore wiring and circuits such as a
power supply lead and a reset switch, become unnecessary.
As a result, the analog amplifier can be constructed with a
smaller area than heretofore, giving a high aperture effi-
ciency so that a noticeable effect is obtained.

[0313] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the second and tenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.
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[0314] Moreover, with the abovementioned embodiment,
it was noted that the n-type MOS transistor (Qn) 3701 and
the p-type MOS transistor (Qp) 3702 were formed from
p-SiTFTs. However these may be formed from other thin
film transistors such as a-SiTFTs or CdSeTFTs. Further-
more, these may be formed from single crystal silicon
transistors.

[0315] Driving the TN liquid crystal with a drive method
similar to the drive method of FIG. 38 is of course also
possible. With the conventional liquid crystal display device,
the liquid crystal capacitance changes due to the molecules
of the TN liquid crystal switching, and as shown in the
beforementioned FIG. 61, the pixel voltage Vpix fluctuates,
and hence the inherent liquid crystal light transmittance T0
cannot be obtained. On the other hand, with the liquid crystal
display device of the present invention shown in FIG. 37,
the p-type MOS transistor (Qp) 3702 operates as an ampli-
fier, and hence a constant voltage can be applied continu-
ously to the liquid crystal 109 without being influenced by
changes in the capacitance of the TN liquid crystal. There-
fore the inherent light transmittance can be obtained, and
accurate gradation display can be performed.

[0316] When the above described liquid crystal display
device and drive method of the eighteenth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0317] A nineteenth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 39 is a diagram showing a nineteenth embodiment of
a liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: an n-type MOS transistor (Qn)
3901 with a gate electrode connected to a scanning line 101,
and one of a source electrode and a drain electrode con-
nected to a signal line 102; a first p-type MOS transistor
(Qp1) 3902 with a gate electrode connected to the other of
the source electrode and the drain electrode of the n-type
MOS transistor (Qn) 3901, and one of a source electrode and
a drain electrode connected to a reset pulse power supply VR
3704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the first p-type MOS transistor (Qp1) 3902 and a voltage
holding capacitor electrode 105; a second p-type MOS
transistor (Qp2) 3903 with a gate electrode connected to a
bias power supply VB 3904, a source electrode connected to
the voltage holding capacitor electrode 105, and a drain
electrode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
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n-type MOS transistor (Qn) 3901 and the first and second
p-type MOS transistors (Qp1) 3902 and (Qp2) 3903 are
constituted by p-SiTFTs. Moreover, the bias power supply
VB 3904 for supply to the gate electrode of the second
p-type MOS transistor (Qp2) 3903, is set so that a source-
drain resistance Rdsp of the second p-type MOS transistor
(Qp2) 3903 becomes less than or equal to the value of the
resistance component which determines the response time
constant of the liquid crystal. That is, the resistances Rr, Rsp
in the liquid crystal equivalent circuit shown in FIG. 60 and
FIG. 62, and the source-drain resistance Rdsp, have the
relation shown by the previously mentioned equation (3).

[0318] Forexample, in the case when the resistance Rsp is
5 GL2, then a bias power supply VB 3904 such that the
source-drain resistance Rdsp does not exceed 1 GQ is
supplied. At this time, the drain current-gate current char-
acteristics of the second p-type MOS transistor (Qp2) 3903,
and the operating point are the same as shown in FIG. 11.
That is, with the example in FIG. 11, the gate-source voltage
(VB-VCH) of the second p-type MOS transistor (Qp2) 3903
is set to around -3V. As a result, when the drain current of
the second p-type MOS transistor (Qp2) 3903 becomes
around 1E-8 (A) and the source-drain voltage Vdsp is =10V,
then the source-drain resistance Rdsp becomes 1 GQ. Fur-
thermore, even if the second p-type MOS transistor (Qp2)
3903 is operated in the weakly inverted region with the
source-drain voltage Vdsp changing from -2 to -14V, the
drain current is approximately constant. The second p-type
MOS transistor (Qp2) 3903 is operated as the bias current
power supply for the case where the first p-type MOS
transistor (Qp1) 3902 is operated as an analog amplifier.

[0319] The above described drive method for the liquid
crystal display device of the nineteenth embodiment shown
in FIG. 39 is the same as the drive method for the liquid
crystal display device of the eighteenth embodiment shown
beforehand with reference to FIG. 38. That is, in the case
where a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, is driven, the pixel voltage Vpix and
the liquid crystal light transmittance are the same as those
shown in FIG. 38. Moreover, also in the case where a TN
liquid crystal is driven using the liquid crystal display device
shown in FIG. 39, this can be driven with the same drive
method as shown in FIG. 38.

[0320] That is to say, if the liquid crystal display device
shown in FIG. 39 is used, then as with the eighteenth
embodiment, the fluctuations of the pixel voltage Vpix
accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0321] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the first p-type MOS transistor (Qp) 3902 are
performed at the same time.

[0322] Moreover, with the liquid crystal display device
shown in FIG. 39, the construction is such that resetting of
the first p-type MOS transistor (Qpl) 3902 which operates
as an analog amplifier, is performed by the first p-type MOS
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transistor (Qp1) 3902 itself. Therefore wiring and circuits
such as a power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efliciency so that a noticeable effect is obtained.

[0323] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the third and eleventh
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0324] Moreover, with the abovementioned embodiment,
it was noted that the n-type MOS transistor (Qn) 3901 and
the first and second p-type MOS transistors (Qp1) 3902 and
(Qp2) 3903 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0325] When the above described liquid crystal display
device and drive method of the nineteenth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0326] A twentieth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 40 is a diagram showing a twentieth embodiment of a
liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: an n-type MOS transistor (Qn)
3901 with a gate electrode connected to a scanning line 101,
and one of a source electrode and a drain electrode con-
nected to a signal line 102; a first p-type MOS transistor
(Qp1) 3902 with a gate electrode connected to the other of
the source electrode and the drain electrode of the n-type
MOS transistor (Qn) 3901, and one of a source electrode and
a drain electrode connected to a reset pulse power supply VR
3704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the first p-type MOS transistor (Qp1) 3902 and a voltage
holding capacitor electrode 105; a second p-type MOS
transistor (Qp2) 3903 with a gate electrode connected to the
voltage holding capacitor electrode 105, a source electrode
connected to a source power supply VS 4001, and a drain
electrode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
n-type MOS transistor (Qn) 3901 and the first and second
p-type MOS transistors (Qpl) 3902 and (Qp2) 3903 are
constituted by p-SiTFTs.
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[0327] Moreover, the source power supply VS 4001 for
supply to the gate electrode of the second p-type MOS
transistor (Qp2) 3903, is set so that a source-drain resistance
Rdsp of the second p-type MOS transistor (Qp2) 3903
becomes less than or equal to the value of the resistance
component which determines the response time constant of
the liquid crystal. That is, the resistances Rr, Rsp in the
liquid crystal equivalent circuit shown in FIG. 60 and FIG.
62, and the source-drain resistance Rdsp, have the relation
shown by the previously mentioned equation (3). For
example, in the case when the resistance Rsp is 5 GQ, then
a source power supply VS 4001 such that the source-drain
resistance Rdsp does not exceed 1 G is supplied. The
operating point for the second p-type MOS transistor (Qp2)
3903 is the same as the beforementioned operating point
shown in FIG. 11. That is, with the example in FIG. 11, the
gate-source voltage (VCH-VS) of the second p-type MOS
transistor (Qp2) 3903 is set to around -3V. As a result, when
the drain current of the second p-type MOS transistor (Qp2)
3903 becomes around 1E-8 (A) and the source-drain voltage
Vdsp is =10V, then the source-drain resistance Rdsp
becomes 1 GL2. Furthermore, even if the second p-type MOS
transistor (Qp2) 3903 is operated in the weakly inverted
region with the source-drain voltage Vdsp changing from -2
10 -14V, the drain current is approximately constant. The
second p-type MOS transistor (Qp2) 3903 is operated as the
bias current power supply for the case where the first p-type
MOS transistor (Qp1) 3902 is operated as an analog ampli-
fier.

[0328] The above described drive method for the liquid
crystal display device of the twentieth embodiment shown in
FIG. 40 is the same as the drive method for the liquid crystal
display device of the eighteenth and nineteenth embodi-
ments explained beforehand. That is, in the case where a
high speed liquid crystal such as a ferroelectric liquid crystal
having polarization, an antiferroelectric liquid crystal, or an
OCB mode liquid crystal which responds within one field
period, is driven, the pixel voltage Vpix and the liquid
crystal light transmittance are the same as those shown in
FIG. 38. Moreover, also in the case where a TN liquid
crystal is driven using the liquid crystal display device
shown in FIG. 40, this can be driven with the same drive
method as shown in FIG. 38.

[0329] That is to say. if the liquid crystal display device
shown in FIG. 40 is used, then as with the eighteenth and
nineteenth embodiments, the fluctuations of the pixel volt-
age Vpix accompanying the response of the liquid crystal
can be eliminated, enabling a desired gradation to be
obtained for each one field.

[0330] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the first p-type MOS transistor (Qp1) 3902 are
performed at the same time.

[0331] Moreover, with the liquid crystal display device
shown in FIG. 40, the construction is such that resetting of
the first p-type MOS transistor (Qpl) 3902 which operates
as an analog amplifier, is performed by the first p-type MOS
transistor (Qp1) 3902 itself. Therefore wiring and circuits
such as a power supply lead and a reset switch, become
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unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0332] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the fourth and twelfth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0333] Moreover, with the abovementioned embodiment,
it was noted that the n-type MOS transistor (Qn) 3901 and
the first and second p-type MOS transistors (Qp1) 3902 and
(Qp2) 3903 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0334] When the above described liquid crystal display
device and drive method of the twentieth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0335] A twenty first embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 41 is a diagram showing a twenty first embodiment of
a liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: an n-type MOS transistor (Qn)
3901 with a gate electrode connected to a scanning line 101,
and one of a source electrode and a drain electrode con-
nected to a signal line 102; a first p-type MOS transistor
(Qp1) 3902 with a gate electrode connected to the other of
the source electrode and the drain electrode of the n-type
MOS transistor (Qn) 3901, and one of a source electrode and
a drain electrode connected to a reset pulse power supply VR
3704, and the other of the source electrode and the drain
electrode connected to a pixel electrode 107; a voltage
holding capacitor 106 formed between the gate electrode of
the first p-type MOS transistor (Qpl) 3902 and a voltage
holding capacitor electrode 105; a second p-type MOS
transistor (Qp2) 3903 with a gate electrode and a source
electrode connected to the voltage holding capacitor elec-
trode 105, and a drain electrode connected to the pixel
electrode 107; and a liquid crystal 109 which is to be
switched, disposed between the pixel electrode 107 and an
opposing electrode 108. Here the n-type MOS transistor
(Qn) 3901 and the first and second p-type MOS transistors
(Qp1) 3902 and (Qp2) 3903 are constituted by p-SiTFTs.

[0336] Furthermore, since the gate electrode and the
source electrode of the second p-type MOS transistor (Qp2)
3903 are both connected to the voltage holding capacitor
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electrode 105, then the gate-source voltage Vgsp of the
second p-type MOS transistor (Qp2) 3903 becomes OV.
Under this bias condition, so that the source-drain resistance
Rdsp of the second p-type MOS transistor (Qp2) 3903
satisfies the beforementioned equation (3), the threshold
value voltage of the second p-type MOS transistor (Qp2)
3903 is shift controlled to the positive side by channel-dose.
At this time, the drain current-gate current characteristics of
the second p-type MOS transistor (Qp2) 3903, and the
operating point are the same as shown in FIG. 14. That is,
with the example in FIG. 14, the threshold value voltage is
shift controlled to the positive side by channel-dose so that
when the gate-source voltage is OV, the drain current
becomes approximately 1E-8 (A). As a result, when the
drain current of the second p-type MOS transistor (Qp2)
3903 becomes around 1E-8 (A) and the source-drain voltage
Vdsp is -10V, then the source-drain resistance Rdsp
becomes 1 GL2. Furthermore, even if the second p-type MOS
transistor (Qp2) 3903 is operated in the weakly inverted
region with the source-drain voltage Vdsp changing from -2
to —14V, the drain current is approximately constant. The
second p-type MOS transistor (Qp2) 3903 is operated as the
bias current power supply for the case where the first p-type
MOS transistor (Qp1) 3902 is operated as an analog ampli-
fier.

[0337] With the twenty first embodiment, the bias power
supply VB 3904, and the source power supply VS 4001
necessary in the nineteenth and twentieth embodiments are
not necessary. However a channel-dose forming step is
additionally required.

[0338] The above described drive method for the liquid
crystal display device of the twenty first embodiment shown
in FIG. 41 is the same as the drive method for the liquid
crystal display device of the eighteenth through twentieth
embodiments explained beforehand. That is, in the case
where a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, is driven, the pixel voltage Vpix and
the liquid crystal light transmittance are the same as those
shown in FIG. 38. Moreover, also in the case where a TN
liquid crystal is driven using the liquid crystal display device
shown in FIG. 41, this can be driven with the same drive
method as shown in FIG. 38.

[0339] That is to say. if the liquid crystal display device
shown in FIG. 41 is used, then as with the eighteenth
through twentieth embodiments, the fluctuations of the pixel
voltage Vpix accompanying the response of the liquid
crystal can be eliminated, enabling a desired gradation to be
obtained for each one field.

[0340] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the first p-type MOS transistor (Qp1) 3902 are
performed at the same time.

[0341] Moreover, with the liquid crystal display device
shown in FIG. 41, the construction is such that resetting of
the first p-type MOS transistor (Qp1) 3902 which operates
as an analog amplifier, is performed by the first p-type MOS
transistor (Qp1) 3902 itself. Therefore wiring and circuits
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such as a power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0342] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the fifth and thirteenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0343] Moreover, with the abovementioned embodiment,
it was noted that the n-type MOS transistor (Qn) 3901 and
the first and second p-type MOS transistors (Qp1) 3902 and
(Qp2) 3903 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0344] When the above described liquid crystal display
device and drive method of the twenty first embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0345] A twenty second embodiment of the present inven-
tion will now be described in detail with reference to the
figures. FIG. 42 is a diagram showing a twenty second
embodiment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a p-type MOS
transistor (Qp) 4201 with a gate electrode connected to a
scanning line 101, and one of a source electrode and a drain
electrode connected to a signal line 102; an n-type MOS
transistor (Qn) 4202 with a gate electrode connected to the
other of the source electrode and the drain electrode of the
p-type MOS transistor (Qp) 4201, and one of a source
electrode and a drain electrode connected to a reset pulse
power supply VR 3704, and the other of the source electrode
and the drain electrode connected to a pixel electrode 107,
a voltage holding capacitor 106 formed between the gate
electrode of the n-type MOS transistor (Qn) 4202 and a
voltage holding capacitor electrode 105; a resistor RL 4203
connected between the pixel electrode 107 and the voltage
holding capacitor electrode 105; and a liquid crystal 109
which is to be switched, disposed between the pixel elec-
trode 107 and an opposing electrode 108. Here the p-type
MOS transistor (Qp) 4201 and the n-type MOS transistor
(Qn) 4202 are constituted by p-SiTFTs.

[0346] Moreover, the value of the resistor RL 4203, as
with the sixth embodiment, is set to less than or equal to the
value of the resistance component which determines the
response time constant of the liquid crystal. That is, the
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resistances Rr, Rsp in the liquid crystal equivalent circuit
shown in FIG. 60 and FIG. 62, and the value of the resistor
RL 4203, have the relation shown by the previously men-
tioned equation (1).

[0347] For example, in the case when the resistance Rsp is
5 GQ, then the value of the resistor RL 4203 is set to a value
of around 1 GQ. A value of 1 GQ which is a large resistance
not used in normal semiconductor integrated circuits, is
formed from a semiconductor thin film or a semiconductor
thin film which has been doped with impurities, as explained
in the second embodiment.

[0348] That is to say, the construction and manufacturing
method for the case where the resistor RL 4203 is formed
from a lightly doped n-type semiconductor thin film (n-) are
the same as shown in FIG, 16. Moreover, the construction
and manufacturing method for the case where the resistor
RL 4203 is formed from a semiconductor thin film (i layer)
which has not been doped with impurities are the same as
shown in FIG. 17. Furthermore, the construction and manu-
facturing method for the case where the resistor RL 4203 is
formed from a lightly doped p-type semiconductor thin film
(p-) are the same as shown in FIG. 18. In the above, the
description has been for the case where the resistor RL 4203
shown in FIG. 42 is formed from a semiconductor thin film
or a semiconductor thin film doped with impurities. How-
ever provided the resistance satisfies equation (1), then other
materials may be employed.

[0349] As follows is a description of the drive method for
the liquid crystal display device using the pixel construction
shown in FIG. 42. FIG. 43 shows the tirning chart, and the
change in light transmittance of the liquid crystal, for a gate
scanning voltage Vg, a data signal voltage Vd, a gate voltage
Va of the n-type MOS transistor (Qn) 4202, and a pixel
voltage Vpix, for the case where a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, is driven by
the pixel construction shown in FIG. 42. Here the example
is given for when the liquid crystal operates in a normally
black mode, becoming dark when a voltage is not applied.

[0350] As shown in the figure, in the period where the
reset pulse voltage VR becomes a low level VgL, the pixel
electrode 107 attains the reset state due to the gate scanning
voltage Vgl being transferred through the n-type MOS
transistor (Qn) 4202. Here as described below, the n-type
MOS transistor (Qn) 4202 operates as a source follower type
analog amplifier, after the reset pulse voltage VR becomes
a high level. However, due to the pixel voltage Vpix
becoming VgL in the period where the reset pulse voltage
VR is a low level, the resetting of the n-type MOS transistor
(Qn) 4202 is performed.

[0351] Then in the period immediately after the period
where the reset pulse voltage VR becomes a low level VgL,
where the gate scanning voltage Vg becomes a low level
VgL, the p-type MOS transistor (Qp) 4201 comes on, and
the data signal Vd input to the signal line is transferred to the
gate electrode of the n-type MOS transistor (Qn) 4202
through the p-type MOS transistor (Qp) 4201. When the
horizontal scanning period is completed and the gate scan-
ning voltage Vg becomes a high level, the p-type MOS
transistor (Qp) 4201 goes off, and the data signal transferred
1o the gate electrode of the n-type MOS transistor (Qn) 4202
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is held by the voltage holding capacitor 105. At this time,
with the gate input voltage Va of the n-type MOS transistor
(Qn) 4202, at the time when the p-type MOS transistor (Qp)
4201 goes off, a voltage shift referred to as a feed-through
voltage occurs through the capacitance between the gate and
the source of the p-type MOS transistor (Qp) 4201. In FIG.
43 this is shown by V{1, V{2 and Vf3. The amount of this
voltage shift Vfl, Vf2 and V{3 can be made smaller by
designing the value for the voltage holding capacitor 105 to
be large. The gate input voltage Va of the n-type MOS
transistor (Qn) 4202 is held until the gate scanning voltage
Vg again becomes a low level in the subsequent field period
and the p-type MOS transistor (Qp) 4201 is selected.

[0352] On the other hand, the n-type MOS transistor (Qn)
4202, on completion of resetting in the reset period where
the reset pulse voltage VR becomes a low level VgL,
operates from the horizontal scanning period and thereafter
as a source follower type analog amplifier with the pixel
electrode 107 as the source electrode. At this time, in order
to operate the n-type MOS transistor (Qn) 4202 as an analog
amplifier, a voltage at least lower than (Vdmin-Vtn) is
supplied to the voltage holding capacitor electrode 105.
Here Vdmin is the minimum value of the data signal voltage
Vd, while Vtn is the threshold value voltage of the n-type
MOS transistor (Qn) 4202. The n-type MOS transistor (Qn)
4202, during the period until the reset pulse voltage VR in
the next field becomes VgL to thus execute reset, can output
an analog gradation voltage corresponding to the held gate
input voltage Va. This output voltage changes depending on
the transconductance gmn of the n-type MOS transistor (Qn)
4202 and the value of the resistor RL 4203, however it is
generally represented by the previously mentioned equation
4.

[0353] By using the liquid crystal display device of the
present invention as described above, the fluctuations in the
pixel voltage Vpix accompanying the response of the liquid
crystal as discussed for the conventional technology can be
eliminated, and as also shown by the liquid crystal light
transmittance in FIG. 43, it becomes possible to obtain a
desired gradation for each one field.

[0354] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the n-type MOS transistor (Qn) 4202 are per-
formed at the same time.

[0355] Moreover, with the liquid crystal display device of
the present invention, the construction is such that resetting
of the n-type MOS transistor (Qn) 4202 which operates as an
analog amplifier is performed by the n-type MOS transistor
(Qn) 4202 itself. Therefore wiring and circuits such as a
power supply lead and a reset switch, become unnecessary.
As a result, the analog amplifier can be constructed with a
smaller area than heretofore, giving a high aperture effi-
ciency so that a noticeable effect is obtained.

[0356] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the sixth and fourteenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.
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[0357] Moreover, with the abovementioned embodiment,
it was noted that the p-type MOS transistor (Qp) 4201 and
the n-type MOS transistor (Qn) 4202 were formed from
p-SiTFTs. However these may be formed from other thin
film transistors such as a-SiTFTs or CdSeTFTs. Further-
more, these may be formed from single crystal silicon
transistors.

[0358] Driving the TN liquid crystal with a drive method
similar to the drive method of FIG. 43 is of course also
possible. With the conventional liquid crystal display device,
the liquid crystal capacitance changes due to the molecules
of the TN liquid crystal switching, and as shown in the
beforementioned FIG. 61, the pixel voltage Vpix fluctuates,
and hence the inherent liquid crystal light transmittance T0
cannot be obtained. On the other hand, with the liquid crystal
display device of the present invention shown in FIG. 42,
the n-type MOS transistor (Qn) 4202 operates as an ampli-
fier, and hence a constant voltage can be applied continu-
ously to the liquid crystal 109 without being influenced by
changes in the capacitance of the TN liquid crystal. There-
fore the inherent light transmittance can be obtained, and
accurate gradation display can be performed.

[0359] When the above described liquid crystal display
device and drive method of the twenty second embodiment
is applied to a liquid crystal display device with a time
division driving method which switches the color of the
incident light in one field (one frame) period to perform
color display, good color reproduction and high gradation
display can be realized. This is because of the characteristic
that even in the case where the liquid crystal display device
of the present invention drives a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, fluctuations
do not occur in the pixel voltage accompanying the response
of the liquid crystal, and hence a desired gradation display
can be performed for each one field (one frame) period. At
this time, for liquid crystal material, a thresholdless antifer-
roelectric liquid crystal is used.

[0360] A twenty third embodiment of the present inven-
tion will now be described in detail with reference to the
figures. FIG. 44 is a diagram showing a twenty third
embodiment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a p-type MOS
transistor (Qp) 4401 with a gate electrode connected to a
scanning line 101, and one of a source electrode and a drain
electrode connected to a signal line 102; a first n-type MOS
transistor (Qn1) 4402 with a gate electrode connected to the
other of the source electrode and the drain electrode of the
p-type MOS transistor (Qp) 4401, and one of a source
electrode and a drain electrode connected to a reset pulse
power supply VR 3704, and the other of the source electrode
and the drain electrode connected to a pixel electrode 107,
a voltage holding capacitor 106 formed between the gate
electrode of the first n-type MOS transistor (Qn1) 4402 and
a voltage holding capacitor electrode 105; a second n-type
MOS transistor (Qn2) 4403 with a gate electrode connected
to a bias power supply VB 4404, a source electrode con-
nected to the voltage holding capacitor electrode 105, and a
drain electrode connected to the pixel electrode 107, and a
liquid crystal 109 which is to be switched, disposed between
the pixel electrode 107 and an opposing electrode 108. Here
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the p-type MOS transistor (Qp) 4401 and the first and second
n-type MOS transistors (Qnl) 4402 and (Qn2) 4403 are
constituted by p-SiTFTs. Moreover, the bias power supply
VB 4404 for supply to the gate electrode of the second
n-type MOS transistor (Qn2) 4403, is set so that a source-
drain resistance Rdsn of the second n-type MOS transistor
(Qn2) 4403 becomes less than or equal to the value of the
resistance component which determines the response time
constant of the liquid crystal. That is, the resistances Rr, Rsp
in the liquid crystal equivalent circuit shown in FIG. 60 and
FIG. 62, and the source-drain resistance Rdsn, have the
relation shown by the previously mentioned equation (5).

[0361] For example, in the case when the resistance Rsp is
5 GQ, then a bias power supply VB 4404 such that the
source-drain resistance Rdsn does not exceed 1 GQ is
supplied. At this time, the drain current-gate current char-
acteristics of the second n-type MOS transistor (Qn2) 4403,
and the operating point are the same as shown in FIG. 23.
That is, with the example in FIG. 23, the gate-source voltage
(VB-VCH) of the second n-type MOS transistor (Qn2) 4403
is set to around 3V. As a result, when the drain current of the
second n-type MOS transistor (Qn2) 4403 becomes around
1E-8 (A) and the source-drain voltage Vdsn is 10V, then the
source-drain resistance Rdsn becomes 1 G€2. Furthermore,
even if the second n-type MOS transistor (Qn2) 4403 is
operated in the weakly inverted region with the source-drain
voltage Vdsn changing from 2 to 14V, the drain current is
approximately constant. The second n-type MOS transistor
(Qn2) 4403 is operated as the bias current power supply for
the case where the first n-type MOS transistor (Qn1) 4402 is
operated as an analog amplifier.

[0362] The above described drive method for the liquid
crystal display device of the twenty third embodiment
shown in FIG. 44 is the same as the drive method for the
liquid crystal display device of the twenty second embodi-
ment shown beforehand with reference to FIG. 43. That is,
in the case where a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, is driven, the pixel voltage
Vpix and the liquid crystal light transmittance are the same
as those shown in FIG. 43. Moreover, also in the case where
a TN liquid crystal is driven using the liquid crystal display
device shown in FIG. 44, this can be driven with the same
drive method as shown in FIG. 43.

[0363] That is to say, if the liquid crystal display device
shown in FIG. 44 is used, then as with the twenty second
embodiment, the fluctuations of the pixel voltage Vpix
accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0364] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the first n-type MOS transistor (Qnl) 4402 are
performed at the same time.

[0365] Moreover, with the liquid crystal display device
shown in FIG. 44, the construction is such that resetting of
the first n-type MOS transistor (Qnl) 4402 which operates
as an analog amplifier, is performed by the first n-type MOS
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transistor (Qnl) 4402 itself. Therefore wiring and circuits
such as a power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0366] Furthermore, since the reset pulse power supply
VR 3704 is provided separately, then compared to the liquid
crystal display device described in the seventh and fifteenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0367] Moreover, with the abovementioned embodiment,
it was noted that the p-type MOS transistor (Qp) 4401 and
the first and second n-type MOS transistors (Qnl) 4402 and
(Qn2) 4403 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0368] When the above described liquid crystal display
device and drive method of the twenty third embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0369] A twenty fourth embodiment of the present inven-
tion will now be described in detail with reference to the
figures. FIG. 45 is a diagram showing a twenty fourth
embodiment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a p-type MOS
transistor (Qp) 4401 with a gate electrode connected to a
scanning line 101, and one of a source electrode and a drain
electrode connected to a signal line 102; a first n-type MOS
transistor (Qn1) 4402 with a gate electrode connected to the
other of the source electrode and the drain electrode of the
p-type MOS transistor (Qp) 4401, and one of a source
electrode and a drain electrode connected to a reset pulse
power supply VR 3704, and the other of the source electrode
and the drain electrode connected to a pixel electrode 107,
a voltage holding capacitor 106 formed between the gate
electrode of the first n-type MOS transistor (Qn1) 4402 and
a voltage holding capacitor electrode 105; a second n-type
MOS transistor (Qn2) 4403 with a gate electrode connected
to the voltage holding capacitor electrode 105, a source
electrode connected to a source power supply VS 4501, and
a drain electrode connected to the pixel electrode 107; and
a liquid crystal 109 which is to be switched, disposed
between the pixel electrode 107 and an opposing electrode
108. Here the p-type MOS transistor (Qp) 4401 and the first
and second n-type MOS transistors (Qnl) 4402 and (Qn2)
4403 are constituted by p-SiTFTs.
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[0370] Moreover, the source power supply VS 4501 for
supply to the gate electrode of the second n-type MOS
transistor (Qn2) 4403, is set so that a source-drain resistance
Rdsn of the second n-type MOS transistor (Qn2) 4403
becomes less than or equal to the value of the resistance
component which determines the response time constant of
the liquid crystal. That is, the resistances Rr, Rsp in the
liquid crystal equivalent circuit shown in FIG. 60 and FIG.
62, and the source-drain resistance Rdsn, have the relation
shown by the previously mentioned equation (5). For
example, in the case when the resistance Rsp is 5 GQ, then
a source power supply VS 4501 such that the source-drain
resistance Rdsn does not exceed 1 GQ is supplied. The
operating point for the second n-type MOS transistor (Qn2)
4403 is the same as the beforementioned operating point
shown in FIG. 23. That is, with the example in FIG. 23, the
gate-source voltage (VCH-VS) of the second n-type MOS
transistor (Qn2) 4403 is set to around 3V. As a result, when
the drain current of the second n-type MOS transistor (Qn2)
4403 becomes around 1E-8 (A) and the source-drain voltage
Vdsn is 10V, then the source-drain resistance Rdsn becomes
1 GQ. Furthermore, even if the second n-type MOS tran-
sistor (Qn2) 4403 is operated in the weakly inverted region
with the source-drain voltage Vdsn changing from 2 to 14V,
the drain current is approximately constant. The second
n-type MOS transistor (Qn2) 4403 is operated as the bias
current power supply for the case where the first n-type
MOS transistor (Qn1) 4402 is operated as an analog ampli-
fier.

[0371] The above described drive method for the liquid
crystal display device of the twenty fourth embodiment
shown in FIG. 45 is the same as the drive method for the
liquid crystal display device of the twenty second and
twenty third embodiments explained beforehand. That is, in
the case where a high speed liquid crystal such as a ferro-
electric liquid crystal having polarization, an antiferroelec-
tric liquid crystal, or an OCB mode liquid crystal which
responds within one field period., is driven, the pixel voltage
Vpix and the liquid crystal light transmittance are the same
as those shown in FIG. 43. Moreover, also in the case where
a TN liquid crystal is driven using the liquid crystal display
device shown in FIG. 45, this can be driven with the same
drive method as shown in FIG. 43.

[0372] That is to say, if the liquid crystal display device
shown in FIG. 45 is used, then as with the twenty second
and twenty third embodiments, the fluctuations of the pixel
voltage Vpix accompanying the response of the liquid
crystal can be eliminated, enabling a desired gradation to be
obtained for each one field.

[0373] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drve such that the reset
period and the horizontal scanning period have the same
timing. In this case, selection of the pixel and the resetting
of the first n-type MOS transistor (Qn1) 4402 are performed
at the same time.

[0374] Moreover, with the liquid crystal display device
shown in FIG. 45, the construction is such that resetting of
the first n-type MOS transistor (Qunl) 4402 which operates
as an analog amplifier, is performed by the first n-type MOS
transistor (Qnl) 4402 itself. Therefore wiring and circuits
such as a power supply lead and a reset switch, become
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unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0375] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the eighth and sixteenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0376] Moreover, with the abovementioned embodiment,
it was noted that the p-type MOS transistor (Qp) 4401 and
the first and second n-type MOS transistors (Qnl) 4402 and
(Qn2) 4403 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0377] When the above described liquid crystal display
device and drive method of the twenty fourth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0378] A twenty fifth embodiment of the. present inven-
tion will now be described in detail with reference to the
figures. FIG. 46 is a diagram showing a twenty fifth embodi-
ment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a p-type MOS
transistor (Qp) 4401 with a gate electrode connected to a
scanning line 101, and one of a source electrode and a drain
electrode connected to a signal line 102; a first n-type MOS
transistor (Qn1) 4402 with a gate electrode connected to the
other of the source electrode and the drain electrode of the
p-type MOS transistor (Qp) 4401, and one of a source
electrode and a drain electrode connected to a reset pulse
power supply VR 3704, and the other of the source electrode
and the drain electrode connected to a pixel electrode 107,
a voltage holding capacitor 106 formed between the gate
electrode of the first n-type MOS transistor (Qn1) 4402 and
a voltage holding capacitor electrode 105; a second n-type
MOS transistor (Qn2) 4403 with a gate electrode and a
source electrode connected to the voltage holding capacitor
electrode 105, and a drain electrode connected to the pixel
electrode 107; and a liquid crystal 109 which is to be
switched, disposed between the pixel electrode 107 and an
opposing electrode 108. Here the p-type MOS transistor
(Qp) 4401 and the first and second n-type MOS transistors
(Qnl) 4402 and (Qn2) 4403 are constituted by p-SiTFTs.

[0379] Furthermore, since the gate electrode and the
source electrode of the second n-type MOS transistor (Qn2)
4403 are both connected to the voltage holding capacitor
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electrode 105, then the gate-source voltage Vgsn of the
second n-type MOS transistor (Qn2) 4403 becomes OV.
Under this bias condition, so that the source-drain resistance
Rdsn of the second n-type MOS transistor (Qn2) 4403
satisfies the beforementioned equation (5), the threshold
value voltage of the second n-type MOS transistor (Qn2)
4403 is shift controlled to the negative side by channel-dose.
At this time, the drain current-gate current characteristics of
the second n-type MOS transistor (Qn2) 4403, and the
operating point are the same as shown in FIG. 26. That is,
with the example in FIG. 26, the threshold value voltage is
shift controlled to the negative side by channel-dose so that
when the gate-source voltage is OV, the drain current
becomes approximately 1E-8 (A). As a result, when the
drain current of the second n-type MOS transistor (Qn2)
4403 becomes around 1E-8 (A) and the source-drain voltage
Vdsn is 10V, then the source-drain resistance Rdsn becomes
1 GQ. Furthermore, even if the second n-type MOS tran-
sistor (Qn2) 4403 is operated in the weakly inverted region
with the source-drain voltage Vdsn changing from 2 to 14V,
the drain current is approximately constant. The second
n-type MOS transistor (Qn2) 4403 is operated as the bias
current power supply for the case where the first n-type
MOS transistor (Qnl) 4402 is operated as an analog ampli-
fier.

[0380] With the twenty fifth embodiment, the bias power
supply VB 4404, and the source power supply VS 4501
necessary in the twenty third and twenty fourth embodi-
ments are not necessary. However a channel-dose forming
step is additionally required.

[0381] The above described drive method for the liquid
crystal display device of the twenty fifth embodiment shown
in FIG. 46 is the same as the drive method for the liquid
crystal display device of the twenty second through twenty
fourth embodiments explained beforehand. That is, in the
case where a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, is driven, the pixel voltage Vpix and
the liquid crystal light transmittance are the same as those
shown in FIG. 43. Moreover, also in the case where a TN
liquid crystal is driven using the liquid crystal display device
shown in FIG. 46, this can be driven with the same drive
method as shown in FIG. 43.

[0382] That is to say, if the liquid crystal display device
shown in FIG. 46 is used, then as with the twenty second
through twenty fourth embodiments, the fluctuations of the
pixel voltage Vpix accompanying the response of the liquid
crystal can be eliminated, enabling a desired gradation to be
obtained for each one field.

[0383] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the first n-type MOS transistor (Qn1) 4402 are
performed at the same time.

[0384] Moreover, with the liquid crystal display device
shown in FIG. 46, the construction is such that resetting of
the first n-type MOS transistor (Qn1) 4402 which operates
as an analog amplifier, is performed by the first n-type MOS
transistor (Qn1) 4402 itself. Therefore wiring and circuits
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such as a power supply lead and a reset switch, become
unnecessary. As a result, the analog amplifier can be con-
structed with a smaller area than heretofore, giving a high
aperture efficiency so that a noticeable effect is obtained.

[0385] Furthermore, with the abovementioned embodi-
ment, it was noted that the p-type MOS transistor (Qp) 4401
and the first and second n-type MOS transistors (Qn1) 4402
and (Qn2) 4403 were formed from p-SiTFTs. However these
may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0386] When the above described liquid crystal display
device and drive method of the twenty fifth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0387] A twenty sixth embodiment of the present inven-
tion will now be described in detail with reference to the
figures. FIG. 47 is a diagram showing a twenty sixth
embodiment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a first n-type
MOS transistor (Qnl) 4701 with a gate electrode connected
to a scanning line 101, and one of a source electrode and a
drain electrode connected to a signal line 102; a second
n-type MOS transistor (Qn2) 4702 with a gate electrode
connected to the other of the source electrode and the drain
electrode of the first n-type MOS transistor (Qun1) 4701, and
one of a source electrode and a drain electrode connected to
a reset pulse power supply VR 3704, and the other of the
source electrode and the drain electrode connected to a pixel
electrode 107; a voltage holding capacitor 106 formed
between the gate electrode of the second n-type MOS
transistor (Qn2) 4702 and a voltage holding capacitor elec-
trode 105; a resistor RL 4703 connected between the pixel
electrode 107 and the voltage holding capacitor electrode
105; and a liquid crystal 109 which is to be switched,
disposed between the pixel electrode 107 and an opposing
electrode 108. Here the first and second n-type MOS tran-
sistors (Qnl) 4701 and (Qn2) 4702 are constituted by
p-SiTFTs.

[0388] Moreover, the value of the resistor RL 4703, as
with the sixth embodiment, is set to less than or equal to the
value of the resistance component which determines the
response time constant of the liquid crystal. That is, the
resistances Rr, Rsp in the liquid crystal equivalent circuit
shown in FIG. 60 and FIG. 62, and the value of the resistor
RL 4703, have the relation shown by the previously men-
tioned equation (1).

[0389] Forexample, in the case when the resistance Rsp is
5 G, then the value of the resistor RL 4703 is set to a value
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of around 1 GQ. A value of 1 GQ which is a large resistance
not used in normal semiconductor integrated circuits, is
formed from a semiconductor thin film or a semiconductor
thin film which has been doped with impurities, as explained
in the second embodiment.

[0390] That is to say, the construction and manufacturing
method for the case where the resistor RL 4703 is formed
from a lightly doped n-type semiconductor thin film (n-) are
the same as shown in FIG. 16. Moreover, the construction
and manufacturing method for the case where the resistor
RL 4703 is formed from a semiconductor thin film (i layer)
which has not been doped with impurities are the same as
shown in FIG. 17. Furthermore, the construction and manu-
facturing method for the case where the resistor RL 4703 is
formed from a lightly doped p-type semiconductor thin film
(p-) are the same as shown in FIG. 18. In the above, the
description has been for the case where the resistor RLL 4703
shown in FIG. 47 is formed from a semiconductor thin film
or a semiconductor thin film doped with impurities. How-
ever provided the resistance satisfies equation (1), then other
materials may be employed.

[0391] As follows is a description of the drive method for
the liquid crystal display device using the pixel construction
shown in FIG. 47. FIG. 48 shows the timing chart, and the
change in light transmittance of the liquid crystal, for a gate
scanning voltage Vg, a data signal voltage Vd, a gate voltage
Va of the second n-type MOS transistor (Qn2) 4702, and a
pixel voltage Vpix, for the case where a high speed liquid
crystal such as a ferroelectric liquid crystal having polar-
ization, an antiferroelectric liquid crystal, or an OCB mode
liquid crystal which responds within one field period, is
driven by the pixel construction shown in FIG. 47. Here the
example is given for when the liquid crystal operates in a
normally black mode, becoming dark when a voltage is not
applied.

[0392] As shown in the figure, in the period where the
reset pulse voltage VR becomes a low level VgL, the pixel
electrode 107 attains the reset state due to the gate scanning
voltage VgL being transferred through the second n-type
MOS transistor (Qn2) 4702. Here as described below, the
second n-type MOS transistor (Qn2) 4702 operates as a
source follower type analog amplifier, after the reset pulse
voltage VR becomes a high level. However, due to the pixel
voltage Vpix becoming VgL in the period where the reset
pulse voltage VR is a low level, the resetting of the second
n-type MOS transistor (Qn2) 4702 is performed.

[0393] Then in the period immediately after the period
where the reset pulse voltage VR becomes a low level Vgl
where the gate scanning voltage Vg becomes a high level
VgH, the first n-type MOS transistor (Qul) 4701 comes on,
and the data signal Vd input to the signal line is transferred
to the gate electrode of the second n-type MOS transistor
(Qn2) 4702 through the first n-type MOS transistor (Qnl)
4701. When the horizontal scanning period is completed and
the gate scanning voltage Vg becomes a low level, the first
n-type MOS transistor (Qnl) 4701 goes off, and the data
signal transferred to the gate electrode of the second n-type
MOS transistor (Qn2) 4702 is held by the voltage holding
capacitor 105. At this time, with the gate input voltage Va of
the second n-type MOS transistor (Qn2) 4702, at the time
when the first n-type MOS transistor (Qn1) 4701 goes off, a
voltage shift referred to as a feed-through voltage occurs
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through the capacitance between the gate and the source of
the first n-type MOS transistor (Qn1) 4701. In FIG. 48 this
is shown by V{1, V{2 and V3. The amount of this voltage
shift V1, V12 and V{3 can be made smaller by designing the
value for the voltage holding capacitor 105 to be large. The
gate input voltage Va of the second n-type MOS transistor
(Qn2) 4702 is held until the gate scanning voltage Vg again
becomes a low level in the subsequent field period and the
first n-type MOS transistor (Qnl) 4701 is selected.

[0394] On the other hand, the second n-type MOS tran-
sistor (Qn2) 4702, on completion of resetting in the reset
period where the reset pulse voltage VR becomes a low level
VgL, operates from the horizontal scanning period and
thereafter as a source follower type analog amplifier with the
pixel electrode 107 as the source electrode. At this time, in
order to operate the second n-type MOS transistor (Qn2)
4702 as an analog amplifier, a voltage at least lower than
(Vdmin-Vtn) is supplied to the voltage holding capacitor
electrode 105. Here Vdmin is the minimum value of the data
signal voltage Vd, while Vitn is the threshold value voltage
of the second n-type MOS transistor (Qn2) 4702. The
second n-type MOS transistor (Qn2) 4702, during the period
until the reset pulse voltage VR in the next field becomes
VgL to thus execute reset, can output an analog gradation
voltage corresponding to the held gate input voltage Va. This
output voltage changes depending on the transconductance
gmn of the second n-type MOS transistor (Qn2) 4702 and
the value of the resistor RL 4703, however it is generally
represented by the previously mentioned equation (4).

[0395] By using the liquid crystal display device of the
present invention as described above, the fluctuations in the
pixel voltage Vpix accompanying the response of the liquid
crystal as discussed for the conventional technology can be
eliminated, and as also shown by the liquid crystal light
transmittance in FIG. 48, it becomes possible to obtain a
desired gradation for each one field.

[0396] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the second n-type MOS transistor (Qn2) 4702
are performed at the same time. The timing chart for this
case is shown in FIG. 49.

[0397] Moreover, with the liquid crystal display device of
the present invention, the construction is such that resetting
of the second n-type MOS transistor (Qn2) 4702 which
operates as an analog amplifier is performed by the second
n-type MOS transistor (Qn2) 4702 itself. Therefore wiring
and circuits such as a power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
constructed with a smaller area than heretofore, giving a
high aperture efliciency so that a noticeable effect is
obtained.

[0398] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the second and tenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.
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[0399] Moreover, with the present embodiment, since the
pixel portion is made from an n-type MOS transistor, there
is the advantage that the manufacturing process is simpli-
fied.

[0400] Furthermore, with the abovementioned embodi-
ment, it was noted that the first n-type MOS transistor (Qn1)
4701 and the second n-type MOS transistor (Qn2) 4702
were formed from p-SiTFTs. However these may be formed
from other thin film transistors such as a-SiTFTs or CdSeT-
FTs. Furthermore, these may be formed from single crystal
silicon transistors.

[0401] Driving the TN liquid crystal with a drive method
similar to the drive method of FIG. 48 and FIG. 49 is of
course also possible. With the conventional liquid crystal
display device, the liquid crystal capacitance changes due to
the molecules of the TN liquid crystal switching, and as
shown in the beforementioned FIG. 61, the pixel voltage
Vpix fluctuates, and hence the inherent liquid crystal light
transmittance TO cannot be obtained. On the other hand,
with the liquid crystal display device of the present inven-
tion shown in FIG. 47, the second n-type MOS transistor
(Qn2) 4702 operates as an amplifier, and hence a constant
voltage can be applied continuously to the liquid crystal 109
without being influenced by changes in the capacitance of
the TN liquid crystal. Therefore the inherent light transmit-
tance can be obtained, and accurate gradation display can be
performed.

[0402] When the above described liquid crystal display
device and drive method of the twenty sixth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid erystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0403] A twenty seventh embodiment of the present inven-
tion will now be described in detail with reference to the
figures. FIG. 50 is a diagram showing a twenty seventh
embodiment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a first n-type
MOS transistor (Qnl) 5001 with a gate electrode connected
to a scanning line 101, and one of a source electrode and a
drain electrode cornected to a signal line 102; a second
n-type MOS transistor (Qn2) 5002 with a gate electrode
connected to the other of the source electrode and the drain
electrode of the first n-type MOS transistor (Qu1) 5001, and
one of a source electrode and a drain electrode connected to
a reset pulse power supply VR 3704, and the other of the
source electrode and the drain electrode connected to a pixel
electrode 107; a voltage holding capacitor 106 formed
between the gate electrode of the second n-type MOS
transistor (Qn2) 5002 and a voltage holding capacitor elec-



US 2006/0232503 Al

trode 105; a third n-type MOS transistor (Qn3) 5003 With a
gate electrode connected to a bias power supply VB 5004, a
source electrode connected to the voltage holding capacitor
electrode 105, and a drain electrode connected to the pixel
electrode 107; and a liquid crystal 109 which is to be
switched, disposed between the pixel electrode 107 and an
opposing electrode 108. Here the first n-type MOS transistor
(Qn1) 5001 and the second and third n-type MOS transistors
(Qn2) 5002 and (Qn3) 5003 are constituted by p-SiTFTs.
Moreover, the bias power supply VB 5004 for supply to the
gate electrode of the third n-type MOS transistor (Qn3)
5003, is set so that a source-drain resistance Rdsn of the third
n-type MOS transistor (Qn3) 5003 becomes less than or
equal to the value of the resistance component which
determines the response time constant of the liquid crystal.
That is, the resistances Rr, Rsp in the liquid crystal equiva-
lent circuit shown in FIG. 60 and FIG. 62, and the source-
drain resistance Rdsn, have the relation shown by the
previously mentioned equation (5).

[0404] For example, in the case when the resistance Rsp is
5 G, then a bias power supply VB 5004 such that the
source-drain resistance Rdsn does not exceed 1 GQ is
supplied. At this time, the drain current-gate current char-
acteristics of the third n-type MOS transistor (Qu3) 5003,
and the operating point are the same as shown in FIG. 23.
That is, with the example in FIG. 23, the gate-source voltage
(VB-VCH) of the third n-type MOS transistor (Qn3) 5003 is
set to around 3V. As a result, when the drain current of the
third n-type MOS transistor (Qn3) 5003 becomes around
1E-8 (A) and the source-drain voltage Vdsn is 10V, then the
source-drain resistance Rdsn becomes 1 G€. Furthermore,
even if the third n-type MOS transistor (Qn3) 5003 is
operated in the weakly inverted region with the source-drain
voltage Vdsn changing from 2 to 14V, the drain current is
approximately constant. The third n-type MOS transistor
(Qn3) 5003 is operated as the bias current power supply for
the case where the second n-type MOS transistor (Qn2)
5002 is operated as an analog amplifier.

[0405] The above described drive method for the liquid
crystal display device of the twenty seventh embodiment
shown in FIG. 50 is the same as the drive method for the
liquid crystal display device of the twenty sixth embodiment
shown beforehand with reference to FIG. 48 and FIG. 49.
That is, in the case where a high speed liquid crystal such as
a ferroelectric liquid crystal having polarization, an antifer-
roelectric liquid crystal, or an OCB mode liquid crystal
which responds within one field period, is driven, the pixel
voltage Vpix and the liquid crystal light transmittance are
the same as those shown in FIG. 48 and FIG. 49. Moreovet,
also in the case where a TN liquid crystal is driven using the
liquid crystal display device shown in FIG. 50, this can be
driven with the same drive method as shown in FIG. 48 and
FIG. 49.

[0406] That is to say. if the liquid crystal display device
shown in FIG. 50 is used, then as with the twenty sixth
embodiment, the fluctuations of the pixel voltage Vpix
accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.

[0407] Moreover, with the liquid crystal display device
shown in FIG. 50, the construction is such that resetting of
the second n-type MOS transistor (Qn2) 5002 which oper-
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ates as an analog amplifier, is performed by the second
n-type MOS transistor (Qn2) 5002 itself. Therefore wiring
and circuits such as a power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
constructed with a smaller area than heretofore, giving a
high aperture efficiency so that a noticeable effect is
obtained.

[0408] Furthermore, since the reset pulse power supply
VR 3704 is provided separately, then compared to the liquid
crystal display device described in the third and eleventh
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0409] Moreover, with the present embodiment, since the
pixel portion is made from an n-type MOS transistor, there
is the advantage that the manufacturing process is simpli-
fied.

[0410] Furthermore, with the abovementioned embodi-
ment, it was noted that the first n-type MOS transistor (Qn1)
5001 and the second and third n-type MOS transistors (Qn2)
5002 and (Qn3) 5003 were formed from p-SiTFTs. However
these may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0411] When the above described liquid crystal display
device and drive method of the twenty seventh embodiment
is applied to a liquid crystal display device with a time
division driving method which switches the color of the
incident light in one field (one frame) period to perform
color display, good color reproduction and high gradation
display can be realized. This is because of the characteristic
that even in the case where the liquid crystal display device
of the present invention drives a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, fluctuations
do not occur in the pixel voltage accompanying the response
of the liquid crystal, and hence a desired gradation display
can be performed for each one field (one frame) period. At
this time, for liquid crystal material, a thresholdless antifer-
roelectric liquid crystal is used.

[0412] A twenty eighth embodiment of the present inven-
tion will now be described in detail with reference to the
figures. FIG. 51 is a diagram showing a twenty eighth
embodiment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a first n-type
MOS transistor (Qnl) 5001 with a gate electrode connected
to a scanning line 101, and one of a source electrode and a
drain electrode connected to a signal line 102; a second
n-type MOS transistor (Qn2) 5002 with a gate electrode
connected to the other of the source electrode and the drain
electrode of the first n-type MOS transistor (Qn1) 5001, and
one of a source electrode and a drain electrode connected to
a reset pulse power supply VR 3704, and the other of the
source electrode and the drain electrode connected to a pixel
electrode 107; a voltage holding capacitor 106 formed
between the gate electrode of the second n-type MOS
transistor (Qn2) 5002 and a voltage holding capacitor elec-
trode 105; a third n-type MOS transistor (Qn3) 5003 with a
gate electrode connected to the voltage holding capacitor
electrode 105, a source electrode connected to a source
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power supply VS 5101, and a drain electrode connected to
the pixel electrode 107; and a liquid crystal 109 which is to
be switched, disposed between the pixel electrode 107 and
an opposing electrode 108. Here the first n-type MOS
transistor (Qn1) 5001 and the second and third n-type MOS
transistors (Qn2) 5002 and (Qu3) 5003 are constituted by
p-SiTFTs.

[0413] Moreover, the source power supply VS 5101 for
supply to the gate electrode of the third n-type MOS
transistor (Qn3) 5003, is set so that a source-drain resistance
Rdsn of the third n-type MOS transistor (Qn3) 5003
becomes less than or equal to the value of the resistance
component which determines the response time constant of
the liquid crystal. That is, the resistances Rr, Rsp in the
liquid crystal equivalent circuit shown in FIG. 60 and FIG.
62, and the source-drain resistance Rdsn, have the relation
shown by the previously mentioned equation (5). For
example, in the case when the resistance Rsp is 5 GQ, then
a source power supply VS 5101 such that the source-drain
resistance Rdsn does not exceed 1 G2 is supplied. The
operating point for the third n-type MOS transistor (Qn3)
5003 is the same as the beforementioned operating point
shown in FIG. 23. That is, with the example in FIG. 23, the
gate-source voltage (VCH-VS) of the third n-type MOS
transistor (Qn3) 5003 is set to around 3V. As a result, when
the drain current of the third n-type MOS transistor (Qn3)
5003 becomes around 1E-8 (A) and the source-drain voltage
Vdsn is 10V, then the source-drain resistance Rdsn becomes
1 GQ. Furthermore, even if the third n-type MOS transistor
(Qn3) 5003 is operated in the weakly inverted region with
the source-drain voltage Vdsn changing from 2 to 14V, the
drain current is approximately constant. The third n-type
MOS transistor (Qn3) 5003 is operated as the bias current
power supply for the case where the second n-type MOS
transistor (Qn2) 5002 is operated as an analog amplifier.

[0414] The above described drive method for the liquid
crystal display device of the twenty eighth embodiment
shown in FIG. 51 is the same as the drive method for the
liquid crystal display device of the twenty sixth and twenty
seventh embodiments explained beforehand. That is, in the
case where a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, is driven, the pixel voltage Vpix and
the liquid crystal light transmittance are the same as those
shown in FIG. 48 and FIG. 49. Moreover, also in the case
where a TN liquid crystal is driven using the liquid crystal
display device shown in FIG. 51, this can be driven with the
same drive method as shown in FIG. 48 and FIG. 49.

[0415] That is to say. if the liquid crystal display device
shown in FIG. 51 is used, then as with the twenty sixth and
wenty seventh embodiments, the fluctuations of the pixel
voltage Vpix accompanying the response of the liquid
crystal can be eliminated, enabling a desired gradation to be
obtained for each one field.

[0416] Moreover, with the liquid crystal display device
shown in FIG. 51, the construction is such that resetting of
the second n-type MOS transistor (Qn2) 5002 which oper-
ates as an analog amplifier, is performed by the second
n-type MOS transistor (Qn2) 5002 itself. Therefore wiring
and circuits such as a power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
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constructed with a smaller area than heretofore, giving a
high aperture efliciency so that a noticeable effect is
obtained.

[0417] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the fourth and twelfth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0418] Moreover, with the present embodiment, since the
pixel portion is made from an n-type MOS transistor, there
is the advantage that the manufacturing process is simpli-
fied.

[0419] Furthermore, with the abovementioned embodi-
ment, it was noted that the first n-type MOS transistor (Qn1)
5001 and the second and third n-type MOS transistors (Qn2)
5002 and (Qn3) 5003 were formed from p-SiTFTs. However
these may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0420] When the above described liquid crystal display
device and drive method of the twenty eighth embodiment
is applied to a liquid crystal display device with a time
division driving method which switches the color of the
incident light in one field (one frame) period to perform
color display, good color reproduction and high gradation
display can be realized. This is because of the characteristic
that even in the case where the liquid crystal display device
of the present invention drives a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, fluctuations
do not occur in the pixel voltage accompanying the response
of the liquid crystal, and hence a desired gradation display
can be performed for each one field (one frame) period. At
this time, for liquid crystal material, a thresholdless antifer-
roelectric liquid crystal is used.

[0421] A twenty ninth embodiment of the present inven-
tion will now be described in detail with reference to the
figures. FIG. 52 is a diagram showing a twenty ninth
embodiment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a first n-type
MOS transistor (Qnl) 5001 with a gate electrode connected
to a scanning line 101, and one of a source electrode and a
drain electrode connected to a signal line 102; a second
n-type MOS transistor (Qn2) 5002 with a gate electrode
connected to the other of the source electrode and the drain
electrode of the first n-type MOS transistor (Qnl) 5001, and
one of a source electrode and a drain electrode connected to
a reset pulse power supply VR 3704, and the other of the
source electrode and the drain electrode connected to a pixel
electrode 107; a voltage holding capacitor 106 formed
between the gate electrode of the second n-type MOS
transistor (Qn2) 5002 and a voltage holding capacitor elec-
trode 105; a third n-type MOS transistor (Qn3) 5003 with a
gate electrode and a source electrode connected to the
voltage holding capacitor electrode 105, and a drain elec-
trode connected to the pixel electrode 107; and a liquid
crystal 109 which is to be switched, disposed between the
pixel electrode 107 and an opposing electrode 108. Here the
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first n-type MOS transistor (Qnl) 5001 and the second and
third n-type MOS transistors (Qn2) 5002 and (Qn3) 5003 are
constituted by p-SiTFTs.

[0422] Furthermore, since the gate electrode and the
source electrode of the third n-type MOS transistor (Qn3)
5003 are both connected to the voltage holding capacitor
electrode 105, then the gate-source voltage Vgsn of the third
n-type MOS transistor (Qn3) 5003 becomes OV. Under this
bias condition, so that the source-drain resistance Rdsn of
the third n-type MOS transistor (Qn3) 5003 satisfies the
beforementioned equation (5), the threshold value voltage of
the third n-type MOS transistor (Qn3) 5003 is shift con-
trolled to the negative side by channel-dose. At this time, the
drain current-gate current characteristics of the third n-type
MOS transistor (Qu3) 5003, and the operating point are the
same as shown in FIG. 26. That is, with the example in FIG.
26, the threshold value voltage is shift controlled to the
negative side by channel-dose so that when the gate-source
voltage is 0V, the drain current becomes approximately 1E-8
(A). As a result, when the drain current of the third n-type
MOS transistor (Qn3) 5003 becomes around 1E-8 (A) and
the source-drain voltage Vdsn is 10V, then the source-drain
resistance Rdsn becomes 1 GQ. Furthermore, even if the
third n-type MOS transistor (Qn3) 5003 is operated in the
weakly inverted region with the source-drain voltage Vdsn
changing from 2 to 14V, the drain current is approximately
constant. The third n-type MOS transistor (Qn3) 5003 is
operated as the bias current power supply for the case where
the second n-type MOS transistor (Qn2) 5002 is operated as
an analog amplifier.

[0423] With the twenty ninth embodiment, the bias power
supply VB 5004, and the source power supply VS 5101
necessary in the twenty seventh and twenty eighth embodi-
ments are not necessary. However a channel-dose forming
step is additionally required.

[0424] The above described drive method for the liquid
crystal display device of the twenty ninth embodiment
shown in FIG. 52 is the same as the drive method, for the
liquid crystal display device of the twenty sixth through
twenty eighth embodiments explained beforehand. That is,
in the case where a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, is driven, the pixel voltage
Vpix and the liquid crystal light transmittance are the same
as those shown in FIG. 48 and FIG. 49. Moreover, also in
the case where a TN liquid crystal is driven using the liquid
crystal display device shown in FIG. 52, this can be driven
with the same drive method as shown in FIG. 48 and FIG.
49.

[0425] That is to say. if the liquid crystal display device
shown in FIG. 52 is used, then as with the twenty sixth
through twenty eighth embodiments, the fluctuations of the
pixel voltage Vpix accompanying the response of the liquid
crystal can be eliminated, enabling a desired gradation to be
obtained for each one field.

[0426] Moreover, with the liquid crystal display device
shown in FIG. 52, the construction is such that resetting of
the second n-type MOS transistor (Qn2) 5002 which oper-
ates as an analog amplifier, is performed by the second
n-type MOS transistor (Qn2) 5002 itself. Therefore wiring
and circuits such as a power supply lead and a reset switch,
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become unnecessary. As a result, the analog amplifier can be
constructed with a smaller area than heretofore, giving a
high aperture efliciency so that a noticeable effect is
obtained.

[0427] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the fifth and thirteenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0428] Moreover, with the present embodiment, since the
pixel portion is made from an n-type MOS transistor, there
is the advantage that the manufacturing process is simpli-
fied.

[0429] Furthermore, with the abovementioned embodi-
ment, it was noted that the first n-type MOS transistor (Qn1)
5001 and the second and third n-type MOS transistors (Qn2)
5002 and (Qn3) 5003 were formed from p-SiTFTs. However
these may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0430] When the above described liquid crystal display
device and drive method of the twenty ninth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0431] A thirtieth embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 53 is a diagram showing a thirtieth embodiment of a
liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a first p-type MOS transistor
(Qp1) 5301 with a gate electrode connected to a scanning
line 101, and one of a source electrode and a drain electrode
connected to a signal line 102; a second p-type MOS
transistor (Qp2) 5302 with a gate electrode connected to the
other of the source electrode and the drain electrode of the
first p-type MOS transistor (Qp1) 5301, and one of a source
electrode and a drain electrode connected to a reset pulse
power supply VR 3704, and the other of the source electrode
and the drain electrode connected to a pixel electrode 107,
a voltage holding capacitor 106 formed between the gate
electrode of the second p-type MOS transistor (Qp2) 5302
and a voltage holding capacitor electrode 105; a resistor RL
5303 connected between the pixel electrode 107 and the
voltage holding capacitor electrode 105; and a liquid crystal
109 which is to be switched, disposed between the pixel
electrode 107 and an opposing electrode 108. Here the
first.and second p-type MOS transistors (Qpl) 5301 and
(Qp2) 5302 are constituted by p-SiTFTs.
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[0432] Moreover, the value of the resistor RL 5303, as
with the second embodiment, is set to less than or equal to
the value of the resistance component which determines the
response time constant of the liquid crystal. That is, the
resistances Rr, Rsp in the liquid crystal equivalent circuit
shown in FIG. 60 and FIG. 62, and the value of the resistor
RL 5303, have the relation shown by the previously men-
tioned equation (1).

[0433] Forexample, in the case when the resistance Rsp is
5 GQ, then the value of the resistor RL 5303 is set to a value
of around 1 GQ. A value of 1 GQ which is a large resistance
not used in normal semiconductor integrated circuits, is
formed from a semiconductor thin film or a semiconductor
thin film which has been doped with impurities, as explained
in the second embodiment.

[0434] That is to say, the construction and manufacturing
method for the case where the resistor RL 5303 is formed
from a lightly doped p-type semiconductor thin film (p-) are
the same as shown in FIG. 4. Moreover, the construction
and manufacturing method for the case where the resistor
RL 5303 is formed from a semiconductor thin film (i layer)
which has not been doped with impurities are the same as
shown in FIG. 5. Furthermore, the construction and manu-
facturing method for the case where the resistor RL 5303 is
formed from a lightly doped p-n-type semiconductor thin
film (p--n-) are the same as shown in FIG. 6. In the above,
the description has been for the case where the resistor RL
5303 shown in FIG. 53 is formed from a semiconductor thin
film or a semiconductor thin film doped with impurities.
However provided the resistance satisfies equation (1), then
other materials may be employed.

[0435] As follows is a description of the drive method for
the liquid crystal display device using the pixel construction
shown in FIG. 53. FIG. 54 shows the timing chart, and the
change in light transmittance of the liquid crystal, for a gate
scanning voltage Vg, a data signal voltage Vd, a gate voltage
Va of the second p-type MOS transistor (Qp2) 5302, and a
pixel voltage Vpix, for the case where a high speed liquid
crystal such as a ferroelectric liquid crystal having polar-
ization, an antiferroelectric liquid crystal, or an OCB mode
liquid crystal which responds within one field period, is
driven by the pixel construction shown in FIG. 53. Here the
example is given for when the liquid crystal operates in a
normally black mode, becoming dark when a voltage is not
applied.

[0436] As shown in the figure, in the period where the
reset pulse voltage VR becomes a high level VgH, the pixel
electrode 107 attains the reset state due to the gate scanning
voltage VgH being transferred through the second p-type
MOS transistor (Qp2) 5302. Here as described below, the
second p-type MOS transistor (Qp2) 5302 operates as a
source follower type analog amplifier, after the reset pulse
voltage VR becomes a low evel. However, due to the pixel
voltage Vpix becoming VgH in the period where the eset
pulse voltage VR is a high level, the resetting of the second
p-type MOS transistor (Qp2) 5302 is performed.

[0437] Then in the period immediately after the period
where the reset pulse voltage VR becomes a high level VgH,
where the gate scanning voltage Vg becomes a low level
Vg, the first p-type MOS transistor (Qp1) 5301 comes on,
and the data signal Vd input to the signal line.is transferred
1o the gate electrode of the second p-type MOS transistor
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(Qp2) 5302 through the first p-type MOS transistor (Qpl)
5301. When the horizontal scanning period is completed and
the gate scanning voltage Vg becomes a high level, the first
p-type MOS transistor (Qp1) 5301 goes off, and the data
signal transferred to the gate electrode of the second p-type
MOS transistor (Qp2) 5302 is held by the voltage holding
capacitor 105. At this time, with the gate input voltage Va of
the second p-type MOS transistor (Qp2) 5302, at the time
when the first p-type MOS transistor (Qp1) 5301 goes off, a
voltage shift referred to as a feed-through voltage occurs
through the capacitance between the gate and the source of
the first p-type MOS transistor (Qp1) 5301. In FIG. 54 this
is shown by V{1, V2 and V3. The amount of this voltage
shift V{1, V2 and V13 can be made smaller by designing the
value for the voltage holding capacitor 105 to be large. The
gate input voltage Va of the second p-type MOS transistor
(Qp2) 5302 is held until the gate scanning voltage Vg again
becomes a low level in the subsequent field period and the
first p-type MOS transistor (Qp1) 5301 is selected.

[0438] On the other hand, the second p-type MOS tran-
sistor (Qp2) 5302, on completion of resetting in the reset
period where the reset pulse voltage VR becomes a high
level VgH, operates from the horizontal scanning period and
thereafter as a source follower type analog amplifier with the
pixel electrode 107 as the source electrode. At this time, in
order to operate the second p-type MOS transistor (Qp2)
5302 as an analog amplifier, a voltage at least higher than
(Vdmax-Vtp) is supplied to the voltage holding capacitor
electrode 105. Here Vdmax is the maximum value of the
data signal voltage Vd, while Vtp is the threshold value
voltage of the second p-type MOS transistor (Qp2) 5302.
The second p-type MOS transistor (Qp2) 5302, during the
period until the reset pulse voltage VR in the next field
becomes VgH to thus execute reset, can output an analog
gradation voltage corresponding to the held gate input
voltage Va. This output voltage changes depending on the
transconductance gmp of the second p-type MOS transistor
(Qp2) 5302 and the value of the resistor RL 5303, however
it is generally represented by the previously mentioned
equation (2).

[0439] By using the liquid crystal display device of the
present invention as described above, the fluctuations in the
pixel voltage Vpix accompanying the response of the liquid
crystal as discussed for the conventional technology can be
eliminated, and as also shown by the liquid crystal light
transmittance in FIG. 54, it becomes possible to obtain a
desired gradation for each one field.

[0440] Furthermore, with the above drive method, the
reset period is provided before the horizontal scanning
period. However, it is also possible to drive such that the
reset period and the horizontal scanning period have the
same timing. In this case, selection of the pixel and the
resetting of the second p-type MOS transistor (Qp2) 5302
are performed at the same time. The timing chart for this
case is shown in FIG. 55.

[0441] Moreover, with the liquid crystal display device of
the present invention, the construction is such that resetting
of the second p-type MOS transistor (Qp2) 5302 which
operates as an analog amplifier is performed by the second
p-type MOS transistor (Qp2) 5302 itself. Therefore wiring
and circuits such as a power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
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constructed with a maller area than heretofore, giving a high
aperture efficiency so that a noticeable effect s obtained.

[0442] Furthermore, since the reset pulse power supply
VR is provided separately, then ompared to the liquid crystal
display device described in the sixth and fourteenth embodi-
ments, this has the advantage that the delay of the scanning
pulse signal accompanying resetting of the amplifier can be
eliminated.

[0443] Moreover, with the present embodiment, since the
pixel portion is made from a p-type MOS transistor, there is
the advantage that the manufacturing process is simplified.

[0444] Furthermore, with the abovementioned embodi-
ment, it was noted that the first p-type MOS transistor (Qp1)
5301 and the second p-type MOS transistor (Qp2) 5302
were formed from p-SiTFTs. However these may be formed
from other thin film transistors such as a-SiTFTs or CdSeT-
FTs. Furthermore, these may be formed from single crystal
silicon transistors.

[0445] Driving the TN liquid crystal with a drive method
similar to the drive method of FIG. 54 and FIG. 55 is of
course also possible. With the conventional liquid crystal
display device, the liquid crystal capacitance changes due to
the molecules of the TN liquid crystal switching, and as
shown in the beférementioned FIG. 61, the pixel voltage
Vpix fluctuates, and hence the inherent liquid crystal light
transmittance TO cannot be obtained. On the other hand,
with the liquid crystal display device of the present inven-
tion shown in FIG. 53, the second p-type MOS transistor
(Qp2) 5302 operates as an amplifier, and hence a constant
voltage can be applied continuously to the liquid crystal 109
without being influenced by changes in the capacitance of
the TN liquid crystal. Therefore the inherent light transmit-
tance can be obtained, and accurate gradation display can be
performed.

[0446] When the above described liquid crystal display
device and drive method of the thirtieth embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one. field period, fluctuations do not occur
in the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0447] A thirty first embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 56 is a diagram showing a thirty first embodiment of
a liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a first p-type MOS transistor
(Qp1) 5601 with a gate electrode connected to a scanning
line 101, and one of a source electrode and a drain electrode
connected to a signal line 102; a second p-type MOS
transistor (Qp2) 5602 with a gate electrode connected to the
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other of the source electrode and the drain electrode of the
first p-type MOS transistor (Qp1) 5601, and one of a source
electrode and a drain electrode connected to a reset pulse
power supply VR 3704, and the other of the source electrode
and the drain electrode connected to a pixel electrode 107,
a voltage holding capacitor 106 formed between the gate
electrode of the second p-type MOS transistor (Qp2) 5602
and a voltage holding capacitor electrode 105; a third p-type
MOS transistor (Qp3) 5603 with a gate electrode connected
to a bias power supply VB 5604, a source electrode con-
nected to the voltage holding capacitor electrode 105, and a
drain electrode connected to the pixel electrode 107; and a
liquid crystal 109 which is to be switched, disposed between
the pixel electrode 107 and an opposing electrode 108. Here
the first p-type MOS transistor (Qp1) 5601 and the second
and third p-type MOS transistors (Qp2) 5602 and (Qp3)
5603 are constituted by p-SiTFTs. Moreover, the bias power
supply VB 5604 for supply to the gate electrode of the third
p-type MOS transistor (Qp3) 5603, is set so that a source-
drain resistance Rdsp of the third p-type MOS transistor
(Qp3) 5603 becomes less than or equal to the value of the
resistance component which determines the response time
constant of the liquid crystal. That is, the resistances Rr, Rsp
in the liquid crystal equivalent circuit shown in FIG. 60 and
FIG. 62, and the source-drain resistance Rdsp, have the
relation shown by the previously mentioned equation (3).

[0448] For example, in the case when the resistance Rsp is
5 GQ, then a bias power supply VB 5604 such that the
source-drain resistance Rdsp does not exceed 1 GQ is
supplied. At this time, the drain current-gate current char-
acteristics of the third p-type MOS transistor (Qp3) 5603,
and the operating point are the same as shown in FIG. 11.
That is, with the example in FIG. 11, the gate-source voltage
(VB-VCH) of the third p-type MOS transistor (Qp3) 5603 is
set to around -3V. As a result, when the drain current of the
third p-type MOS transistor (Qp3) 5603 becomes around
1E-8 (A) and the source-drain voltage Vdsp is =10V, then
the source-drain resistance Rdsp becomes 1 GQ. Further-
more, even if the third p-type MOS transistor (Qp3) 5603 is
operated in the weakly inverted region with the source-drain
voltage Vdsp changing from -2 to —14V, the drain current is
approximately constant. The third p-type MOS transistor
(Qp3) 5603 is operated as the bias current power supply for
the case where the second p-type MOS transistor (Qp2)
5602 is operated as an analog amplifier.

[0449] The above described drive method for the liquid
crystal display device of the thirty first embodiment shown
in FIG. 56 is the same as the drive method for the liquid
crystal display device of the thirtieth embodiment shown
beforehand with reference to FIG. 54 and FIG. 55. That is,
in the case where a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid erystal, or an OCB mode liquid crystal which
responds within one field period, is driven, the pixel voltage
Vpix and the liquid crystal light transmittance are the same
as those shown in FIG. 54 and FIG. 55. Moreover, also in
the case where a TN liquid crystal is driven using the liquid
crystal display device shown in FIG. 56, this can be driven
with the same drive method as shown in FIG. 54 and FIG.
35.

[0450] That is to say, if the liquid crystal display device
shown in FIG. 56 is used, then as with the thirtieth embodi-
ment, the fluctuations of the pixel voltage Vpix accompa-
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nying the response of the liquid crystal can be eliminated,
enabling a desired gradation to be obtained for each one
field.

[0451] Moreover, with the liquid crystal display device
shown in FIG. 56, the construction is such that resetting of
the second p-type MOS transistor (Qp2) 5602 which oper-
ates as an analog amplifier, is performed by the second
p-type MOS transistor (Qp2) 5602 itself. Therefore wiring
and circuits such as a power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
constructed with a smaller area than heretofore, giving a
high aperture efliciency so that a noticeable effect is
obtained.

[0452] Furthermore, since the reset pulse power supply
VR 3704 is provided separately, then compared to the liquid
crystal display device described in the seventh and fifteenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0453] Moreover, with the present embodiment, since the
pixel portion is made from a p-type MOS transistor, there is
the advantage that the manufacturing process is simplified.

[0454] Furthermore, with the abovementioned embodi-
ment, it was noted that the first p-type MOS transistor (Qp1)
5601 and the second and third p-type MOS transistors (Qp2)
5602 and (Qp3) 5603 were formed from p-SiTFTs. However
these may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors .

[0455] When the above described liquid crystal display
device and drive method of the thirty first embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0456] A thirty second embodiment of the present inven-
tion will now be described in detail with reference to the
figures. FIG. 57 is a diagram showing a thirty second
embodiment of a liquid crystal display device of the present
invention. As shown in the figure, the liquid crystal display
device of the present invention comprises: a first p-type
MOS transistor (Qp1) 5601 with a gate electrode connected
to a scanning line 101, and one of a source electrode and a
drain electrode connected to a signal line 102; a second
p-type MOS transistor (Qp2) 5602 with a gate electrode
connected to the other of the source electrode and the drain
electrode of the first p-type MOS transistor (Qp1) 5601, and
one of a source electrode and a drain electrode connected to
a reset pulse power supply VR 3704, and the other of the
source electrode and the drain electrode connected to a pixel
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electrode 107; a voltage holding capacitor 106 formed
between the gate electrode of the second p-type MOS
transistor (Qp2) 5602 and a voltage holding capacitor elec-
trode 105; a third p-type MOS transistor (Qp3) 5603 with a
gate electrode connected to the voltage holding capacitor
electrode 105, a source electrode connected to a source
power supply VS 5701, and a drain electrode connected to
the pixel electrode 107; and a liquid crystal 109 which is to
be switched, disposed between the pixel electrode 107 and
an opposing electrode 108. Here the first p-type MOS
transistor (Qp1) 5601 and the second and third p-type MOS
transistors (Qp2) 5602 and (Qp3) 5603 are constituted by
p-SiTFTs.

[0457] Moreover, the source power supply VS 5701 for
supply to the gate electrode of the third p-type MOS
transistor (Qp3) 5603, is set so that a source-drain resistance
Rdsp of the third p-type MOS transistor (Qp3) 5603
becomes less than or equal to the value of the resistance
component which determines the response time constant of
the liquid crystal. That is, the resistances Rr, Rsp in the
liquid crystal equivalent circuit shown in FIG. 60 and FIG.
62, and the source-drain resistance Rdsp, have the relation
shown by the previously mentioned equation (3). For
example, in the case when the resistance Rsp is 5 GQ, then
a source power supply VS 5701 such that the source-drain
resistance Rdsp does not exceed 1 GQ is supplied. The
operating point for the third p-type MOS transistor (Qp3)
5603 is the same as the beforementioned operating point
shown in FIG. 11. That is, with the example in FIG. 11, the
gate-source voltage (VCH-VS) of the third p-type MOS
transistor (Qp3) 5603 is set to around -3V. As a result, when
the drain current of the third p-type MOS transistor (Qp3)
5603 becomes around 1E-8 (A) and the source-drain voltage
Vdsp is -10V, then the source-drain resistance Rdsp
becomes 1 GQ. Furthermore, even if the third p-type MOS
transistor (Qp3) 5603 is operated in the weakly inverted
region with the source-drain voltage Vdsp changing from -2
to -14V, the drain current is approximately constant. The
third p-type MOS transistor (Qp3) 5603 is operated as the
bias current power supply for the case where the second
p-type MOS transistor (Qp2) 5602 is operated as an analog
amplifier.

[0458] The above described drive method for the liquid
crystal display device of the thirty second embodiment
shown in FIG. 57 is the same as the drive method for the
liquid crystal display device of the thirtieth and thirty first
embodiments explained beforehand. That is, in the case
where a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, is driven, the pixel voltage Vpix and
the liquid crystal light transmittance are the same as those
shown in FIG. 54 and FIG. 55. Moreover, also in the case
where a TN liquid crystal is driven using the liquid crystal
display device shown in FIG. 57, this can be driven with the
same drive method as shown in FIG. 54 and FIG. 55.

[0459] That is to say, if the liquid crystal display device
shown in FIG. 57 is used, then as with the thirtieth and thirty
first embodiments, the fluctuations of the pixel voltage Vpix
accompanying the response of the liquid crystal can be
eliminated, enabling a desired gradation to be obtained for
each one field.
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[0460] Moreover, with the liquid crystal display device
shown in FIG. 57, the construction is such that resetting of
the second p-type MOS transistor (Qp2) 5602 which oper-
ates as an analog amplifier, is performed by the second
p-type MOS transistor (Qp2) 5602 itself. Therefore wiring
and circuits such as a power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
constructed with a smaller area than heretofore, giving a
high aperture efficiency so that a noticeable effect is
obtained.

[0461] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the eighth and sixteenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0462] Moreover, with the present embodiment, since the
pixel portion is made from a p-type MOS transistor, there is
the advantage that the manufacturing process is simplified.

[0463] Furthermore, with the abovementioned embodi-
ment, it was noted that the first p-type MOS transistor (Qp1)
5601 and the second and third p-type MOS transistors (Qp2)
5602 and (Qp3) 5603 were formed from p-SiTFTs. However
these may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0464] When the above described liquid crystal display
device and drive method of the thirty second embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is.because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0465] A thirty third embodiment of the present invention
will now be described in detail with reference to the figures.
FIG. 58 is a diagram showing a thirty third embodiment of
a liquid crystal display device of the present invention. As
shown in the figure, the liquid crystal display device of the
present invention comprises: a first p-type MOS transistor
(Qpl) 5601 with a gate electrode connected to a scanning
line 101, and one of a source electrode and a drain electrode
connected to a signal line 102; a second p-type MOS
transistor (Qp2) 5602 with a gate electrode connected to the
other of the source electrode and the drain electrode of the
first p-type MOS transistor (Qp1) 5601, and one of a source
electrode and a drain electrode connected to a reset pulse
power supply VR 3704, and the other of the source electrode
and the drain electrode connected to a pixel electrode 107,
a voltage holding capacitor 106 formed between the gate
electrode of the second p-type MOS transistor (Qp2) 5602
and a voltage holding capacitor electrode 105; a third p-type
MOS ftransistor (Qp3) 5603 with a gate electrode and a
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source electrode connected to the voltage holding capacitor
electrode 105, and a drain electrode connected to the pixel
electrode 107; and a liquid crystal 109 which is to be
switched, disposed between the pixel electrode 107 and an
opposing electrode 108. Here the first p-type MOS transistor
(Qp1) 5601 and the second and third p-type MOS transistors
(Qp2) 5602 and (Qp3) 5603 are constituted by p-SiTFTs.

[0466] Furthermore, since the gate electrode and the
source electrode of the third p-type MOS transistor (Qp3)
5603 are both connected to the voltage holding capacitor
electrode 105, then the gate-source voltage Vgsp of the third
p-type MOS transistor (Qp3) 5603 becomes OV. Under this
bias condition, so that the source-drain resistance Rdsp of
the third p-type MOS transistor (Qp3) 5603 satisfies the
beforementioned equation (3), the threshold value voltage of
the third p-type MOS transistor (Qp3) 5603 is shift con-
trolled to the positive side by channel-dose. At this time, the
drain current-gate current characteristics of the third p-type
MOS transistor (Qp3) 5603, and the operating point are the
same as shown in FIG. 14. That is, with the example in FIG.
14, the threshold value voltage is shift controlled to the
positive side by channel-dose so that when the gate-source
voltage is OV, the drain current becomes approximately 1E-8
(A). As a result, when the drain current of the third p-type
MOS transistor (Qp3) 5603 becomes around 1E-8 (A) and
the source-drain voltage Vdsp is =10V, then the source-drain
resistance Rdsp becomes 1 GQ. Furthermore, even if the
third p-type MOS transistor (Qp3) 5603 is operated in the
weakly inverted region with the source-drain voltage Vdsp
changing from -2 to -14V, the drain current is approxi-
mately constant. The third p-type MOS transistor (Qp3)
5603 is operated as the bias current power supply for the
case where the second p-type MOS transistor (Qp2) 5602 is
operated as an analog amplifier.

[0467] With the thirty third embodiment, the bias power
supply VB 5604, and the source power supply VS 5701
necessary in the thirty first and thirty second embodiments
are not necessary. However a channel-dose forming step is
additionally required.

[0468] The above described drive method for the liquid
crystal display device of the thirty third embodiment shown
in FIG. 58 is the same as the drive method for the liquid
crystal display device of the thirtieth through thirty second
embodiments explained beforehand. That is, in the case
where a high speed liquid crystal such as a ferroelectric
liquid crystal having polarization, an antiferroelectric liquid
crystal, or an OCB mode liquid crystal which responds
within one field period, is driven, the pixel voltage Vpix and
the liquid crystal light transmittance are the same as those
shown in FIG. 54 and FIG. 55. Moreover, also in the case
where a TN liquid crystal is driven using the liquid crystal
display device shown in FIG. 58, this can be driven with the
same drive method as shown in FIG. 54 and FIG. 55.

[0469] That is to say, if the liquid crystal display device
shown in FIG. 58 is used, then as with the thirtieth through
thirty second embodiments, the fluctuations of the pixel
voltage Vpix accompanying the response of the liquid
crystal can be eliminated, enabling a desired gradation to be
obtained for each one field.

[0470] Moreover, with the liquid crystal display device
shown in FIG. 58, the construction is such that resetting of
the second p-type MOS transistor (Qp2) 5602 which oper-
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ates as an analog amplifier, is performed by the second
p-type MOS transistor (Qp2) 5602 itself. Therefore wiring
and circuits such as a power supply lead and a reset switch,
become unnecessary. As a result, the analog amplifier can be
constructed with a smaller area than heretofore, giving a
high aperture efficiency so that a noticeable effect is
obtained.

[0471] Furthermore, since the reset pulse power supply
VR is provided separately, then compared to the liquid
crystal display device described in the ninth and seventeenth
embodiments, this has the advantage that the delay of the
scanning pulse signal accompanying resetting of the ampli-
fier can be eliminated.

[0472] Moreover, with the present embodiment, since the
pixel portion is made from a p-type MOS transistor, there is
the advantage that the manufacturing process is simplified.

[0473] Furthermore, with the abovementioned embodi-
ment, it was noted that the first p-type MOS transistor (Qp1)
5601 and the second and third p-type MOS transistors (Qp2)
5602 and (Qp3) 5603 were formed from p-SiTFTs. However
these may be formed from other thin film transistors such as
a-SiTFTs or CdSeTFTs. Furthermore, these may be formed
from single crystal silicon transistors.

[0474] When the above described liquid crystal display
device and drive method of the thirty third embodiment is
applied to a liquid crystal display device with a time division
driving method which switches the color of the incident light
in one field (one frame) period to perform color display,
good color reproduction and high gradation display can be
realized. This is because of the characteristic that even in the
case where the liquid crystal display device of the present
invention drives a high speed liquid crystal such as a
ferroelectric liquid crystal having polarization, an antiferro-
electric liquid crystal, or an OCB mode liquid crystal which
responds within one field period, fluctuations do not occur in
the pixel voltage accompanying the response of the liquid
crystal, and hence a desired gradation display can be per-
formed for each one field (one frame) period. At this time,
for liquid crystal material, a thresholdless antiferroelectric
liquid crystal is used.

[0475] As described above, by application of the liquid
crystal display device and drive method of the present
invention, the fluctuation in pixel voltage accompanying the
response of the liquid crystal can be eliminated, and hence
a more accurate gradation display than heretofore can be
realized. In particular, even with a high speed liquid crystal
such as a ferroelectric liquid crystal having polarization, an
antiferroelectric liquid crystal, or an OCB mode liquid
crystal which responds within one field period, drive is
possible without the occurrence of fluctuations in the pixel
voltage. As a result, it is possible to perform accurate
gradation display for each one field (frame), so that even
with a liquid crystal display device of a time division driving
method, good color reproduction and high gradation display
can be realized.

[0476] Furthermore, with the liquid crystal display device
and drive method of the present invention, the construction
is such that the scanning voltage is used as the power supply
for the MOS type transistor which operates as an analog
amplifier, and as the reset power supply, and resetting of the
amplifier is performed by the MOS transistor itself. There-
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fore, wiring and circuits such as a power supply lead, a reset
power supply lead and a reset switch, become unnecessary.
Hence, the analog amplifier can be constructed with a
smaller area than heretofore, giving a high aperture effi-
ciency so that a noticeable effect is obtained.

[0477] Moreover, with the liquid crystal display device
and drive method of the present invention, since the load
resistance of the source follower type analog amplifier, or
the resistance of the active load transistor is a high value of
for example 1 GRQ then the steady state consumption current
can be kept low.

[0478] Due to the above characteristics, a small size, light
weight, high aperture efliciency, high speed, high visual
field, high gradation, low power consumption, and low cost
projector apparatus, notebook PC or monitor liquid crystal
display device can be provided.

1. An active matrix-type liquid crystal display device
comprising a pixel: electrode and a MOS transistor circuit,
the pixel electrode being driven by the MOS transistor
circuit, the MOS transistor circuit disposed in the vicinity of
a cross-over point of one of a plurality of scanning lines and
one of a plurality of signal lines, the MOS type transistor
circuit comprising:

a first MOS transistor, in which a gate electrode is
connected to the scanning line, and one of a source
electrode and a drain electrode is connected to the
signal line;

a second MOS transistor, in which a gate electrode is
connected to the other one of the source electrode and
the drain electrode of the first MOS transistor, one of a
source electrode and a drain electrode is connected to
the scanning line, and the other one of the source
electrode and the drain electrode is connected to the
pixel electrode; and

a resistor, one of two terminals of which is connected to

the pixel electrode.

2. An active matrix-type liquid crystal display device
according to claim 1, wherein the resistance value of the
resistor is set to be less than the value of a resistance
component which determines a response time constant of a
liquid crystal in a pixel.

3. An active matrix-type liquid crystal display device
comprising a pixel electrode and a MOS transistor circuit,
the pixel electrode being driven by the MOS transistor
circuit, the MOS transistor circuit disposed in the vicinity of
a cross-over point of one of a plurality of scanning lines and
one of a plurality of signal lines, the MOS type transistor
circuit comprising:

a first MOS transistor, in which a gate electrode is
connected to an Nth scanning line, N being an integer
of 2 or more, and one of a source electrode and a drain
electrode is connected to the signal line;

a second electrode, in which a gate electrode is connected
to the other one of the source electrode and the drain
electrode of the first MOS transistor and one of a source
electrode and a drain electrode is connected to a
(N-Dth scanning line, and the other one of the source
electrode and the drain electrode is connected to the
pixel electrode; and
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a resistor, in which one end of two terminals is connected

to the pixel electrode.

4. An active matrix-type liquid crystal display device
according to claim 3, wherein the resistance value of the
resistor is set to be less than a value of a resistance
component which determines a response time constant of a
liquid crystal in a pixel.

5. The method of driving the active matrix-type liquid
crystal display device according to claim 2, the method
comprising the steps of:

in a scanning line selection period, storing the data signal
in the gate electrode of the second MOS transistor by
a scanning pulse signal through the first MOS transistor
and resetting the second MOS transistor by transmitting
the scanning pulse signal to the pixel electrode through
the scanning MOS transistor; and

after completion of the scanning line selection period,
writing signals corresponding to the stored data to the

Oct. 19, 2006

pixel electrode through the second MOS transistor, the
resistor, or the third MOS transistor.
6. The method of driving the active matrix-type liquid
crystal display device according to claim 3, comprising the
steps of:

in the (N-1)th scanning line selection period, resetting the
second MOS transistor by transmitting the (N-1)th
scanning pulse signal to the pixel electrode through the
second MOS transistor;

in the Nth scanning line selection period, storing a data
signal in the second MOS transistor by the Nth scan-
ning pulse signal through the first MOS transistor; and

after completion of the Nth scanning line selection period,
writing signals corresponding to the stored data to the
pixel electrode through the analog amplifier, the resis-
tor, or the third MOS transistor.
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