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A data signal voltage on a signal line is held in a voltage
holding capacitor through an n-type MOS transistor switched
on by a gate scan voltage, and supplied to an analog amplifier
circuit. The analog amplifier circuit is formed of an MOS
transistor having a double gate structure, and the operating
point thereofis set at an operating range in which dependence
of Ids on Vds is substantially nullified. Even when Vds is
varied due to a response of liquid crystal, Ids is substantially
fixed. Accordingly, the pixel voltage which is substantially
proportional to the data signal voltage can be applied to the
liquid crystal.
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METHOD FOR SETTING TRANSISTOR
OPERATING POINT AND CIRCUIT
THEREFOR, METHOD FOR CHANGING
SIGNAL COMPONENT VALUE AND
ACTIVE-MATRIX LIQUID CRYSTAL
DISPLAY DEVICE

CROSS REFERENCE TO THE RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 10/479,426, filed Dec. 3, 2003, which claims
priority from Japanese Patent Application No. 2001-168362,
filed Jun. 4, 2001, the contents of all of which is incorporated
herein by reference in their entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a method for setting

atransistor operating point and a circuit therefor, a method for
changing a signal component value and an active-matrix lig-
uid crystal display device for use in a projector, a notebook-
sized PC, a monitor, a viewer, Personal Digital Assistance
(PDA), a portable telephone, a game machine, electrical
household appliances, etc.

[0004] 2. Description of Related Art

[0005] Following developments of multi-media agent, vari-
ous types liquid crystal display devices covering from com-
pact-scale type display devices used in a projector device, a
portable telephone, etc. to large-scale type display devices
used in a notebook-sized PC, a monitor, a television set, etc.
have been rapidly popular. Besides, middle-scale type liquid
crystal display devices have been indispensable for electronic
equipment such as a viewer, PDA, etc., and further for even
playing machines such as a portable game machine, a
pachinko machine, etc. On the other hand, liquid crystal dis-
play devices have been used over various fields containing
electrical household appliances such as freezers, microwave
ovens, etc. Particularly, an active-matrix liquid crystal display
device operated by thin film transistors has been mainly used
because it provides higher resolution and higher image qual-
ity as compared with a simple matrix type liquid crystal
display device.

[0006] FIG. 72 shows a pixel circuit for one pixel of a
conventional active-matrix liquid crystal display device. As
shown in FIG. 72, the pixel of the active-matrix liquid crystal
display device comprises an MOS transistor (Qn) (hereinafter
referred to as “transistor (Qn)”) in which a gate electrode is
connected to a scan line 901, any one of a source electrode and
a drain electrode is connected to a signal line 902 and the
other ofthe source and drain electrodes is connected to a pixel
electrode 903, a storage capacitor 906 formed between the
pixel electrode 903 and a storage capacitor electrode 905, and
liquid crystal 908 sandwiched between the pixel electrode
903 and an opposed electrode Vcom 907.

[0007] In notebook-sized PCs which have dominated a
large application market for liquid crystal display devices, an
amorphous silicon thin film transistor (hereinafter referred to
as “a-SiTFT”) orapolysilicon thin film transistor (hereinafter
referred to as “p-SiTFT”) is used as the transistor (Qn) 904,
and twisted nematic liquid crystal (hereinafter referred to as
“TN liquid™) is used as liquid crystal material. FIG. 73 shows
an equivalent circuit to TN liquid crystal. As shown in FIG.
73, the equivalent circuit of TN liquid crystal can be repre-
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sented by a circuit comprising a capacitance component C3 of
liquid crystal (electrostatic capacitance of Cpix) and both of a
resistor R1 (resistance value Rr) and a capacitor C1 (electro-
static capacitance of Cr), the capacitance component C3 and
both the resistor R1 and the capacitor C1 being connected in
parallel. Here, the resistance value Rr and the electrostatic
capacitance Cr are components for determining the response
time constant of liquid crystal.

[0008] FIG. 74 is a timing chart showing the relationship of
a gate scan voltage Vg, a data signal voltage Vd and a voltage
Vpix of the pixel electrode 903 (hereinafter referred to as
“pixel voltage”) when TN liquid as described above is oper-
ated by the pixel circuit shown in FIG. 72. As shown in FIG.
74, during a horizontal scan period, the gate scan voltage Vg
is set to high level Vgh to set an n-type MOS transistor (Qn)
904 to ON state, and the data signal voltage Vd inputted on a
signal line 902 is transferred through the transistor (Qn) 904
to the pixel electrode 903. TN liquid normally operates in a
so-called normally white mode in which light is transmitted
through the TN liquid under no applied voltage.

[0009] In this case, a voltage at which light transmission
through TN liquid is high is applied as the data signal voltage
Vd over several fields. When the horizontal scan period is
finished and the gate scan voltage Vg is set to low level, the
transistor (Qn) 904 is set to OFF state, and the data signal
voltage transferred to the pixel electrode 903 is held by the
storage capacitor 906 and the capacitance Cpix of the liquid
crystal. At this time, the pixel voltage Vpix undergoes a volt-
age shift called as a field through voltage via the capacitance
between the gate and source of the transistor (Qn) 904 at the
time when the transistor (Qn) 904 is set to OFF state. This
voltage shift is represented by V1, V{2, V13 in FIG. 74, and
the amount of the voltage shift V{1 to V13 can be reduced by
setting the capacitance of the storage capacitor 906 to a large
value.

[0010] The pixel voltage Vpix is held until the gate scan
voltage Vg is set to high level to select the transistor (Qn) 904
again during the next field period. The TN liquid is switched
in response to the pixel voltage Vpix thus held, and the display
state based on transmission light from the liquid crystal tran-
sits from a dark state to a light state as indicated by variation
in light transmittance T1. At this time, as shown in FIG. 74,
the pixel voltage Vpix is varied by .DELTA. V1, DELTA.V2,
.DELTA.V3 during the holding period in each field. This is
because the capacitance of the liquid crystal is varied in
conformity with the response of the liquid crystal. Normally,
for suppressing the fluctuation of the capacitance, the storage
capacitor 906 is designed to have capacitance which is several
times (two or three times) or more as large as the pixel
capacitance Cpix. As described above, the TN liquid is driven
by the pixel circuit shown in FIG. 72.

[0011] However, as is apparent from the variation of the
light transmittance shown in FIG. 74, the response time of the
TN liquid is normally large, that is, it ranges from 30 to 100
msec, and thus an after-image remains when an object mov-
ing at high speed is displayed, so that there is a disadvantage
that no clear display can be achieved. Furthermore, there is a
disadvantage that the angle of visual field is small. Therefore,
there has been actively studied and developed liquid crystal
material having polarization and liquid crystal display
devices using the liquid crystal material with which high
response is achieved and a broad angle of visual field is
provided.
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[0012] As shown in FIG. 75, the equivalent circuit of high-
response liquid crystal having polarization can be represented
by a circuit having a circuit comprising a resistor R2 (resis-
tance value Rsp) and a capacitor C2 (electrostatic capacitance
Csp) connected to each other in series, and a high-frequency
pixel capacitor C3 (electrostatic capacitance Cpix) which is
not varied even when polarization is rotated, the circuit con-
cerned and the high-frequency pixel capacitor C3 being con-
nected to each other in parallel. The construction of the
equivalent circuit is similar to the equivalent circuit of the TN
liquid crystal shown in FIG. 73, however, the resistor R2 and
the capacitor C2 for determining the response time of liquid
crystal is different from that of TN liquid crystal, and they are
illustrated in another diagram to be discriminated as compo-
nents contributing to the response of polarization.

[0013] As such liquid crystal material having polarization
may be used ferroelectric liquid crystal, antiferroelectric lig-
uid crystal, thresholdless antiferroelectric liquid crystal,
deformed helix ferroelectric liquid crystal, twisted ferroelec-
tric liquid crystal, monostable ferroelectric liquid crystal or
the like. Particularly, when thresholdless antiferroelectric lig-
uid crystal, deformed helix ferroelectric liquid crystal,
twisted ferroelectric liquid crystal or monostable ferroelectric
liquid crystal is used for a liquid crystal display device, not
only high response and a broad angle of visual field are
achieved, but also gradation display can be performed by
using an active-matrix liquid crystal display device as shown
in FIG. 72, which is described by using thresholdless antifer-
roelectric liquid crystal as an example in “JAPAN JOURNAL
OF APPLIED PHYSICS, Volume. 36, p 720 (Japan Journal of
Applied Physics, Volume 36, p. 720 (hereinafter referred to as
reference document 1)).

[0014] FIG.761s atiming chart showing a gate scan voltage
Vg a data signal voltage Vd and a pixel voltage Vpix when
thresholdless antiferroelectric liquid is driven by the conven-
tional pixel circuit shown in FIG. 72. As shown in FIG. 75, the
gate scan voltage Vg is set to high level VgH during the
horizontal scan period to set the transistor (Qn) 904 to ON
state, and the data signal voltage Vd input to the signal line
902 is transferred to the pixel electrode 903 through the
transistor (Qn) 904. The thresholdless antiferroelectric liquid
crystal normally operates in a so-called normally black mode
in which light is not transmitted through the thresholdless
antiferroelectric liquid crystal when a voltage is not applied.

[0015] When the horizontal scan period is finished and the
gate scan voltage Vgis set to low level, the transistor (Qn) 904
is set to OFF state, and the data signal voltage Vd transferred
to the pixel electrode 903 is held by the storage capacitor 906
and the high-frequency pixel capacitor C3 of the liquid crys-
tal. At this time, the pixel voltage Vpix undergoes a voltage
shift called as a field through voltage via the gate-source
capacitance of the transistor (Qn) 904 at the time when the
transistor (Qn) 904 is set to OFF state like the case where the
TN liquid crystal described above is driven.

[0016] Furthermore, after the horizontal scan period is fin-
ished, the pixel voltage Vpix is varied by .DELTA.V1,
.DELTA.V2, .DELTA.V3 in each field by re-distribution of
the charges held in the high-frequency capacitor C3 and the
polarization-based capacitor Csp as shown in FIG. 76.
According to the driving method disclosed in the reference
document 1, the gradation control is performed on the basis of
the pixel voltage Vpix after the voltage variation described
above.
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[0017] At this time, in FIG. 75, the light transmittance is
varied as indicated by T1, and the thresholdless antiferroelec-
tric liquid crystal can be driven by the pixel circuit shown in
FIG. 72.

[0018] Furthermore, a liquid crystal display device using
liquid of OCB mode is described as high-response liquid
crystal having no polarization in IDRC 97, P.L-66). OCB-
mode liquid crystal uses bend orientation of TN liquid crystal,
and it can be switched at a speed higher than the conventional
TN liquid crystal by single figure. Furthermore, a display
having a broad angle of visual field can be achieved by using
a biaxial phase-contrast compensating film. In addition, time-
divisional driving type color liquid crystal devices using
high-response liquid crystal such as ferroelectric crystal,
OCB-mode liquid crystal or the like have been recently
actively studied and developed.

[0019] For example, JP-A-7-64051 discloses a time-divi-
sional driving type of liquid crystal device using ferroelectric
liquid. Furthermore, IDRC 97, p 37 reports a time-divisional
driving type color liquid crystal display device using OCB-
mode liquid crystal.

[0020] In the time-divisional driving type liquid crystal
display device, color display is implemented by successively
switching light incident to liquid crystal among red, green and
blue during one-field period. Therefore, high-response liquid
crystal responding within at least one-third of the one-field
period is needed. When the time-divisional driving type lig-
uid crystal display device is applied to a direct-view type
liquid crystal display device such as a notebook-sized PC, a
monitor or the like, no color filter is required, and thus the
liquid crystal display device can be manufactured at low
price. Furthermore, when it is applied to a projector device, a
high aperture ratio having the same level as a three-plate type
liquid light valve and color display can be implemented by a
single-plate liquid crystal display device, thereby providing a
compact, light, low-price and high-brightness liquid projec-
tor device.

[0021] When TN liquid, ferroelectrics liquid crystal or anti-
ferroelectric liquid crystal having polarization, high-response
TN liquid responding within one-field period is driven
according to the conventional pixel circuit and driving
method as described above, the following disadvantages
occur.

[0022] Asdescribed above, when TN liquid is driven by the
pixel circuit shown in FIG. 72, the pixel voltage Vpix under-
goes the voltage variation of .DELTA.V1 to .DELTA.V3 due
to the variation of the liquid crystal capacitance during the
holding period as shown in FIG. 74. The voltage variation
amount is also varied in accordance with the operation
amount of liquid crystal molecules. Therefore, there occurs a
disadvantage that even when the same data signal voltage is
written, the voltage to be originally written to the liquid
crystal cannot be applied at all times over the holding period
because it is dependent on the data signal voltage written in
the previous field. As a result, although the light transmittance
of'the liquid crystal should originally varies like a curved line
indicated by T0 of FIG. 74, it actually varies like a curved line
indicated by T1 described above. Therefore, accurate grada-
tion display cannot be performed. In order to reduce the
voltage variation .DELTA.V1 to .DELTA.V3, a solving
method of setting the accumulative capacitance to a large
value has been hitherto utilized. In this case, however, the
aperture ratio can be reduced.
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[0023] When ferroelectric liquid crystal or antiferroelectric
liquid crystal having polarization is driven, the pixel voltage
Vpix undergoes voltage variation of .DELTA.V1 to .DELTA.
V3 by polarization switching during the holding period as
shown in FIG. 76. AS described above, this voltage variation
is caused by the redistribution of the charge held in the high-
frequency capacitor C3 shown in FIG. 75 and the charge held
in the capacitor C2 due to the polarization Here, Csp has a
large value which is five to one hundred times as large as
Cpix.

[0024] Therefore, the voltage variation .DELTA.V1 to
.DELTA.V3 becomes a large value exceeding 1 to 2 voltages,
and thus it is required to magnify the amplitude of the data
signal voltage. As a result, the power consumption of the
liquid crystal display device is increased, and the signal pro-
cessing circuit, the peripheral driving circuit and the pixel
transistor are required to be designed to have large withstand
voltages, and it results in rise-up of the price of the liquid
crystal display device. Furthermore, the amount of the volt-
age variation .DELTA.V1 to .DELTA.V3 is varied by the data
signal voltage written in the previous field, so that the light
transmittance of liquid crystal should originally vary like the
curved line indicated T0 shown in FIG. 76, however, it actu-
ally vary like the curved line indicated by T1 as described.
Therefore, it is impossible to perform the accurate gradation
control every filed. Accordingly, when the liquid crystal hav-
ing polarization described above is applied to the time-divi-
sional driving system of liquid crystal device, color display
having excellent color reproducibility cannot be performed.
[0025] The same disadvantage as the liquid crystal display
device using the liquid crystal material having polarization as
described above occurs in the liquid crystal display device
using OCB-mode liquid crystal.

[0026] Inorderto solve these disadvantages, JP-A-7-64051
discloses a liquid crystal display device using a monocrystal
silicon transistor. The construction of the liquid crystal dis-
play device shown in FIG. 18 in JP-A-7-64051 has a disad-
vantage that a transistor Q2 operating as a source follower
type analog amplifier circuit is not reset. Therefore, the tran-
sistor Q2 is kept under OFF state when a data signal voltage
lower than a data signal voltage written previously is input,
and the voltage corresponding to the data signal voltage can-
not be output. Furthermore, in the construction shown in FI1G.
18 of JP-A-7-64051, the transistor Q2 is set to OFF state after
it outputs a data signal voltage to a picture electrode 10.
Therefore, when polarization current of ferroelectric liquid
crystal flows afterwards, there occurs the same disadvantage
as described above in which the voltage of the picture elec-
trode is varied.

[0027] Aliquid crystal display device disclosed in Japanese
Patent No. 003042493 (hereinafter referred to as reference
patent) (JP-A-11-326946) is provided as a liquid crystal dis-
play device for solving the above disadvantage. According to
this liquid crystal display device, in an active-matrix liquid
crystal display device in which pixel electrodes are driven by
MOS transistor circuits disposed in the neighborhood of the
respective cross points of plural scan lines and plural signal
lines, each of the MOS transistor circuits comprises an MOS
transistor having a gate electrode connected to one of the scan
lines and source and drain electrodes any one of which is
connected to one of the signal lines, an MOS type analog
amplifier circuit having an input electrode connected to the
other of the source and drain electrodes of the MOS transistor
and an output electrode connected to the pixel electrode, and
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a voltage holding capacitor formed between the input elec-
trode of the MOS type analog amplifier circuit and a voltage
holding capacitance electrode.

[0028] According to the reference patent described above,
the pixel voltage Vpix during the holding period can be kept
to a fixed voltage. FIG. 77 (FIG. 52 attached to the reference
patent) is a diagram showing an example of the pixel circuit
having the analog amplifier circuit. As shown in FIG. 77, a
scan line 101 is connected to the gate electrode of a switching
MOS transistor (Qn) 1101, a signal line 102 is connected to
the source electrode, the drain electrode of the MOS transistor
1101 is connected to the input electrode (the gate electrode of
the n-type MOS transistor 1102) of an analog amplifier circuit
(comprising an n-type MOS transistor 1102 and an n-type
MOS transistor 1103), and the pixel electrode 107 of liquid
crystal display element 109 is connected to the output elec-
trode of the analog amplifier circuit, and a voltage is applied
to liquid crystal between the pixel electrode 107 and an
opposed electrode 108 to drive the liquid crystal.

[0029] Whenno analog amplifier circuitis used, the storage
capacitor 906 is formed between the pixel electrode 903 and
the accumulative capacitance electrode 905 as shown in FIG.
72 (corresponding to FIG. 59 attached to the reference
patent).

[0030] As shown in FIG. 77, when the analog amplifier
circuit is used, a voltage holding capacitor 106 is formed
between the voltage holding capacitance electrode 105 and
the contact point between the switching MOS transistor (Qn)
1101 and the analog amplifier circuit.

[0031] The power supply source lines of the analog ampli-
fier circuit are respectively connected to amplifier positive
power supply source electrode and amplifier negative power
supply source electrode which are separately provided, or one
of'the lines is connected to the scan line while the other line is
connected to an existing electrode such as the voltage holding
capacitance electrode or the like, thereby simplifying the
circuit construction.

[0032] FIG. 77 (FIG. 52 attached to the reference patent)
shows a case where the amplifier positive power supply
source electrode is provided, and the amplifier negative
power supply source electrode is connected to the voltage
holding capacitance electrode 105. According to this circuit
construction, when the switching MOS transistor is set to
OFF state, a predetermined voltage is continued to be applied
to the liquid crystal element 109 from the analog amplifier
circuit, so that the voltage variation can be suppressed.
[0033] However, when the conventional MOS analog
amplifier circuit described above is constructed by Poly-Si
TFT or the like, the following disadvantages occur. A first
disadvantage resides in that the gain of the analog amplifier
circuit is low. The gain of the amplifier is ideally equal to 1. In
the case of a prototype produced by the inventor of this
application, a gain of 0.78 was achieved by a resistance load
type analog amplifier circuit, and a gain of 0.84 was achieved
by an active load type analog amplifier circuit having a TFT
current source as a load.

[0034] The reason why reduction in gain as described
above occurs resides in that Ids (drain-source current) is
greatly varied dependently on Vds (drain-source voltage)
even under the condition that Vgs (gate-source voltage) is
fixed. Particularly Ids is remarkably increased in an area
where Vds is large. This phenomenon is estimated to be
mainly caused by the kink effect. Furthermore, since it is
observed that Ids is dependent on Vds in an area where Vgs is
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low, there may be other causes than the kin effect. When the
dependence of Ids on Vds occurs as described above, Vds
varies at the operating point of the analog amplifier circuit.
The output voltage of the source follower amplifier circuit is
represented by the following equation:

Vout=Vin-Vgs

[0035] In the above equation, Vin represents an input volt-
age to the source follower amplifier circuit, and Vout repre-
sents an output voltage from the source follower amplifier
circuit. Accordingly, when Vgs is varied, the linearity
between Vin and Vout is lost, and the gain of the analog
amplifier circuit is reduced.

[0036] The present invention has been implemented in
view of the above situation, and has an object to provide
transistor operating point setting method and circuit that
effectively use the characteristics of unipolar transistor hav-
ing a multi-gate structure, a signal component value changing
method and an active-matrix liquid crystal display device.

SUMMARY OF THE INVENTION

[0037] In order to attain the above object, according to a
first aspect of the present invention, there is provided a tran-
sistor operating point setting method for setting the operating
point of a unipolar transistor, which is characterized in that in
a unipolar transistor having a multi-gate structure equiva-
lently achieved by commonly connecting respective gates of
plural unipolar transistors each having a single gate structure
and connecting the plural unipolar transistors to one another
in series, the operating point of each single unipolar transistor
having the single gate structure is set at an operating point that
the dependence of source-drain current on source-drain volt-
age is within a permissible range.

[0038] According to a second aspect of the present inven-
tion, a transistor operating point setting circuit for setting the
operating point of a unipolar transistor, which is character-
ized in that in a unipolar transistor having a multi-gate struc-
ture equivalently achieved by commonly connecting respec-
tive gates of plural unipolar transistors each having a single
gate structure and connecting the plural unipolar transistors to
one another in series, the operating point of each single uni-
polar transistor having the single gate structure is set at an
operating point that the dependence of source-drain current
on source-drain voltage is within a permissible range.
[0039] According to a third aspect of the present invention,
a signal component value changing method for changing a
signal component value of an input signal by using a unipolar
transistor, which is characterized in that in a unipolar transis-
tor having a multi-gate structure equivalently achieved by
commonly connecting respective gates of plural unipolar
transistors each having a single gate structure and connecting
the plural unipolar transistors to one another in series, the
operating point of each single unipolar transistor having the
single gate structure is set at an operating point that the
dependence of source-drain current on source-drain voltage
is within a permissible range, and the unipolar transistor
having the multi-gate structure is operated at the operating
point thus set to change the signal component value of the
input signal.

[0040] According to a fourth aspect of the present inven-
tion, there is provided an active-matrix liquid crystal display
device in which a pixel circuit including a gate circuit, an
analog amplifier circuit connected to the output of the gate
circuit and liquid crystal connected to the output of the analog
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amplifier circuit is equipped in the neighborhood of each of
the cross points of scan lines and signal lines which are
arranged in a matrix form, the gate circuit of each pixel circuit
gates a data signal voltage on the signal line corresponding to
the pixel circuit concerned to the analog amplifier circuit on
the basis of a gate scan voltage on the scan line corresponding
to the pixel circuit concerned, and when the analog amplifier
circuit applies a pixel voltage to the liquid crystal, the liquid
crystal displays the pixel corresponding to the pixel voltage
thus applied, wherein the analog amplifier circuit is designed
to contain a unipolar transistor having a multi-gate structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a diagram showing one pixel circuit con-
stituting a liquid crystal display device according to a first
embodiment of the present invention;

[0042] FIG. 2 is a timing chart for driving the liquid crystal
display device of the first embodiment;

[0043] FIG. 3 is a diagram showing an Ids-Vgs character-
istic curved line measured for an MOS transistor having a
single gate structure to describe the liquid crystal display
device of the first embodiment;

[0044] FIG. 4 is a diagram showing an Ids-Vgs character-
istic curved line measured for an MOS transistor having a
double gate structure used in the liquid crystal display device
of the first embodiment;

[0045] FIG. 5 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a second
embodiment;

[0046] FIG. 6 is a diagram showing a drain current-gate
input voltage characteristic curved line of an p-type MOS
transistor having a double gate structure used in the liquid
crystal display device of the second embodiment;

[0047] FIG. 7 is a timing chart when high-response liquid
crystal is driven in the liquid crystal display device of the
second embodiment;

[0048] FIG. 8 is a diagram showing a gate input voltage-
pixel voltage characteristic curved line of an active load type
analog amplifier circuit constructed by an MOS transistor
having a single gate structure to describe the liquid crystal
display device of the second embodiment;

[0049] FIG. 9 is a diagram showing a gate input voltage-
pixel voltage characteristic curved line of an active load type
analog amplifier circuit constructed by an MOS transistor
having a double gate structure in the liquid crystal display
device of the second embodiment;

[0050] FIG. 10 is a diagram showing a gate input voltage-
transmittance characteristic curved line of a pixel circuit con-
structed by an MOS transistor having a single gate structure to
describe the liquid crystal display device of the second
embodiment;

[0051] FIG. 11 is a diagram showing a gate input voltage-
transmittance characteristic curved line of a pixel circuit con-
structed by an MOS transistor having a double gate structure
in the liquid crystal display device of the second embodiment;
[0052] FIG. 12 is a plan view showing the structure of the
MOS transistor when the pixel circuit is constructed by the
MOS transistor having the single gate structure to describe
the liquid crystal display device of the second embodiment;
[0053] FIG. 13 is a plan view showing the structure of the
MOS transistor when the pixel circuit is constructed by the
MOS transistor having the double gate structure in the liquid
crystal display device of the second embodiment;
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[0054] FIG. 14 is a timing chart when TN liquid is driven in
the liquid crystal display device of the second embodiment;

[0055] FIG. 15 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a third
embodiment of the present invention;

[0056] FIG. 16 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a fourth
embodiment of the present invention;

[0057] FIG. 17 is a diagram showing a drain current-gate
input voltage characteristic curved line of a p-type MOS
transistor having a double gate structure used in the liquid
crystal display device of the fourth embodiment;

[0058] FIG. 18 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a fifth
embodiment of the present invention;

[0059] FIG. 19 is a diagram showing a first structure of a
resistor constituting the pixel circuit of the liquid crystal
display device of the fifth embodiment;

[0060] FIG. 20 is a diagram showing a second structure of
a resistor constituting the pixel circuit of the liquid crystal
display device of the fifth embodiment;

[0061] FIG. 21 is a diagram showing a third structure of a
resistor constituting the pixel circuit of the liquid crystal
display device of the fifth embodiment;

[0062] FIG. 22 is atiming chart for driving the liquid crystal
display device of the fifth embodiment;

[0063] FIG. 23 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a sixth
embodiment of the present invention;

[0064] FIG. 24 is a diagram showing a drain current-gate
input voltage characteristic curved line of an n-type MOS
transistor having a double gate structure used in the liquid
crystal display device of the sixth embodiment;

[0065] FIG. 25 is a timing chart when high-response liquid
crystal is driven in the liquid crystal display device of the sixth
embodiment;

[0066] FIG. 26 is a timing chart when TN liquid crystal is
driven in the liquid crystal display device of the sixth embodi-
ment;

[0067] FIG.27 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a seventh
embodiment of the present invention;

[0068] FIG. 28 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to an eighth
embodiment of the present invention;

[0069] FIG. 29 is a drain current-gate input voltage charac-
teristic curved line of an n-type MOS transistor having a
double gate structure used in the liquid crystal display device
of the eighth embodiment;

[0070] FIG. 30 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a ninth
embodiment of the present invention;

[0071] FIG. 31 is a diagram showing a first structure of a
resistor constituting the pixel circuit of the liquid crystal
display device of the ninth embodiment;

[0072] FIG. 32 is a diagram showing a second structure of
the resistor constituting the pixel circuit of the liquid crystal
display device of the ninth embodiment;

[0073] FIG. 33 is a diagram showing a third structure of the
resistor constituting the pixel circuit of the liquid crystal
display device of the ninth embodiment;

[0074] FIG. 34 is a timing chart when liquid crystal is
driven while varying the resistance value in the liquid crystal
display device of the ninth embodiment;
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[0075] FIG. 35 is a diagram showing two pixel circuits
constituting a liquid crystal display device according to a
tenth embodiment of the present invention;

[0076] FIG. 36 is a timing chart when liquid crystal is
driven in the liquid crystal display device of the tenth embodi-
ment;

[0077] FIG. 37 is a diagram showing two pixel circuits
constituting a liquid crystal display device according to an
eleventh embodiment of the present invention;

[0078] FIG. 38 is a diagram showing two pixel circuits
constituting a liquid crystal display device according to a
twelfth embodiment according to the present invention;
[0079] FIG. 39 is a diagram showing two pixel circuits
constituting a liquid crystal display device according to a
thirteenth embodiment of the present invention;

[0080] FIG. 40 is a diagram showing two pixel circuits
constituting a liquid crystal display device according to a
fourteenth embodiment of the present invention;

[0081] FIG. 41 is a timing chart when liquid crystal is
driven in the liquid crystal display device of the fourteenth
embodiment;

[0082] FIG. 42 is a diagram showing a data voltage ampli-
tude-transmittance characteristic curved line of a pixel circuit
constructed by an MOS transistor having a single gate struc-
ture to describe the liquid crystal display device of the four-
teenth embodiment;

[0083] FIG. 43 is a diagram showing a data voltage ampli-
tude-transmittance characteristic curved line of a pixel circuit
constructed by an MOS transistor having a double gate struc-
ture in the liquid crystal display device of the fourteenth
embodiment;

[0084] FIG. 44 is a diagram showing two pixel circuits
constituting a liquid crystal display device according to a
fifteenth embodiment of the present invention;

[0085] FIG. 45 is a diagram showing two pixel circuits
constituting a liquid crystal display device according to a
sixteenth embodiment of the present invention;

[0086] FIG. 46 is a diagram showing two pixel circuits
constituting a liquid crystal display device according to a
seventeenth embodiment of the present invention;

[0087] FIG. 47 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to an eigh-
teenth embodiment of the present invention;

[0088] FIG. 48 is a timing chart when liquid crystal is
driven in the liquid crystal display device of the eighteenth
embodiment;

[0089] FIG. 49 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to anineteenth
embodiment of the present invention;

[0090] FIG. 50 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twentieth
embodiment of the present invention;

[0091] FIG. 51 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
first embodiment of the present invention;

[0092] FIG. 52 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
second embodiment of the present invention;

[0093] FIG. 53 is a timing chart when liquid crystal is
driven in the liquid crystal display device of the twenty sec-
ond embodiment;

[0094] FIG. 54 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
third embodiment of the present invention;
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[0095] FIG. 55 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
fourth embodiment of the present invention;

[0096] FIG. 56 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
fifth embodiment of the present invention;

[0097] FIG. 57 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
sixth embodiment of the present invention;

[0098] FIG. 58 is a timing chart when liquid crystal is
driven in the liquid crystal display device of the twenty sixth
embodiment;

[0099] FIG. 59 is a timing chart when a horizontal scan
period and a reset period are set to the same period in case that
liquid crystal is driven in the liquid crystal display device of
the twenty sixth embodiment;

[0100] FIG. 60 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
seventh embodiment of the present invention;

[0101] FIG. 61 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
eighth embodiment of the present invention;

[0102] FIG. 62 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
ninth embodiment of the present invention;

[0103] FIG. 63 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a thirtieth
embodiment of the present invention;

[0104] FIG. 64 is a timing chart when liquid crystal is
driven in the liquid crystal display device of the thirtieth
embodiment;

[0105] FIG. 65 is a timing chart when the horizontal scan
period and the reset period are set to the same period in case
that liquid crystal is driven in the liquid crystal display device
of the thirtieth embodiment;

[0106] FIG. 66 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a thirtieth
first embodiment;

[0107] FIG. 67 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a thirty
second embodiment of the present invention;

[0108] FIG. 68 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a thirty third
embodiment;

[0109] FIG. 69 is a diagram showing an operation ampli-
fying circuit in a pixel circuit constituting a liquid crystal
display device according to a thirty fifth embodiment of the
present invention;

[0110] FIG. 70 is a diagram showing an operation ampli-
fying circuit in a pixel circuit constituting a liquid crystal
display device according to a thirty sixth embodiment of the
present invention;

[0111] FIG. 71 is a diagram showing an operation ampli-
fying circuit in a pixel circuit constituting a liquid crystal
display device according to a thirty seventh embodiment of
the present invention;

[0112] FIG. 72 is a diagram showing a first example of a
pixel circuit constituting a conventional liquid crystal display
device;

[0113] FIG. 73 is a diagram showing an equivalent circuit
to TN liquid crystal;

[0114] FIG. 74 is a timing chart when TN liquid crystal is
driven in the conventional liquid crystal display device;
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[0115] FIG. 75 is a diagram showing an equivalent circuit
to high-response liquid crystal;

[0116] FIG. 76 is a timing chart when TN liquid crystal is
driven in the conventional liquid crystal display device; and
[0117] FIG. 77 is a diagram showing a second example of
the pixel circuit constituting the conventional liquid crystal
display device.

DETAILED DESCRIPTION

[0118] Embodiments according to the present invention
will be described hereunder with reference to the drawings. In
the figures described below, 10-1 to 10-37 represent liquid
crystal display devices, 20-1 to 20-37 represent pixel circuits,
101, 101(N-1) to 101(N+1) represent scan lines, 102 repre-
sent signal lines, 103 represents an n-type MOS transistor
(gate circuit), 104-1 to 104-37 represent analog amplifier
circuits, 105 represents a voltage holding capacitance elec-
trode, 106 represents a voltage holding capacitor, 107 repre-
sents a pixel electrode, 108 represents an opposed electrode,
109 represents liquid crystal, 301 represents an n-type MOS
transistor (gate circuit), 302 represents a first p-type MOS
transistor and a second p-type MOS transistor, 303 represents
a second p-type MOS ftransistor and a third p-type MOS
transistor, 304 represents a source electrode, 305 represents a
bias power supply source, 306 represents a resistor, 307 rep-
resents a reset pulse power supply source, 308 represents a
first p-type MOS transistor (gate circuit), 401 represents a
glass substrate, 403 represents a p+-layer, 404 represents a
p--layer, 405 represents a first interlayer film, 406 represents
metal, 407 represents a second interlayer film, 408 represents
metal, 501 represents an i-layer, 601 represents an n+-layer,
602 represents an n+-layer, 701 represents a p-type MOS
transistor (gate circuit), 702 represents a first n-type MOS
transistor and a second n-type MOS transistor, 703 represents
a second n-type MOS ftransistor and a third n-type MOS
transistor, 704 represents a source power supply source, 705
represents a bias power supply source, and 708 represents a
first n-type MOS transistor (gate circuit).

First Embodiment

[0119] FIG. 1 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a first
embodiment of the present invention, FIG. 2 is a timing chart
showing a gate scan voltage Vg, a data signal voltage Vd, an
amplifier input voltage Va and a pixel voltage Vpix and also
shows variation of light transmittance of liquid crystal, FIG. 3
shows a measurement example of an Ids-Vgs characteristic
representing the relationship between source-drain current
Ids and gate-source voltage Vgs of an MOS thin film transis-
tor having a single gate structure, and FIG. 4 shows a mea-
surement example of an Ids-Vgs characteristic representing
the relationship between source-drain current Igs and gate-
source voltage Vgs of an MOS thin film transistor having a
double gate structure.

[0120] The liquid crystal display device 10-1 of this
embodiment relates to a device in which the analog amplifier
circuit is designed by substantially excluding the dependence
of the source-drain current Ids of the MOS transistor used in
the analog amplifier circuit 104-1 on the source-drain voltage
Vds, and the pixel voltage Vpix which is substantially pro-
portional to the data signal voltage Vd is applied to the liquid
crystal, whereby the liquid crystal is driven with more excel-
lent gradation. The pixel circuit 20-1 of the device includes an
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n-type MOS transistor (Qn) 103 having a gate electrode con-
nected to a scan line 101 and source and drain electrodes any
one of which is connected to a signal line 102, an analog
amplifier circuit 104-1 having an input electrode connected to
the other of the source and drain electrodes of the n-type MOS
transistor (Qn) 103, and an output electrode connected to the
pixel electrode, a voltage holding capacitor 106 formed
between the input electrode of the analog amplifier circuit
104-1 and the voltage holding capacitance electrode 105, and
liquid crystal 109 switched between the pixel electrode 107
and an opposed electrode 108. A voltage holding capacitance
voltage VCH is supplied to the voltage holding capacitance
electrode 105.

[0121] The expression of “any one of” and “the other of”
represents that the two channel terminal electrodes may be
serve as any one of a source electrode and a drain electrode in
accordance with a voltage application manner from the view-
point of the feature that the analog amplifier circuit is con-
structed by the MOS transistor, and it is used to simplify the
description.

[0122] The liquid crystal display device 10-1 is equipped
with pixel circuits having the same construction as the pixel
circuit 20-1, the number of the pixel circuits being equal to the
number of pixels to be displayed on the display screen. Even
if all the pixel circuits are not illustrated, it would not disturb
the understanding of the liquid crystal display device, and
thus only one pixel circuit 20-1 is shown in FIG. 1.

[0123] The n-type MOS transistor (Qn) 103 of the pixel
circuit 20-1 comprises a p-SiTFT. The analog amplifier cir-
cuit 104-1 comprises a p-SiTFT (MOS transistor) (amplifier
circuit portion) having a multi-gate structure and a load ele-
ment. The gain of the analog amplifier circuit 104-1 is ideally
set to 1.

[0124] Next, the operation of this embodiment will be
described with reference to FIGS. 1 to 4.

[0125] FIG. 2 is a time chart of a gate scan voltage Vg, a
data signal voltage Vd, an amplifier input voltage Va and a
pixel voltage Vpix and also shows variation of light transmit-
tance of liquid crystal 109 when the liquid crystal 109 is
driven by the pixel circuit 20-1 in a normally black mode in
which the liquid crystal 109 is kept dark under no voltage
applied state. The liquid crystal 109 is formed of high-re-
sponse liquid crystal such as ferroelectric or antiferroelectric
having polarization, OCB mode liquid crystal responding
within one field period, or the like.

[0126] As shown in FIG. 2, when the gate scan voltage Vg
is set to high level VgH during the horizontal scan period, the
n-type MOS transistor 103 is set to ON, and the data signal
voltage Vd input to the signal line 102 is transferred through
the n-type MOS transistor 103 to the input electrode of the
analog amplifier circuit 104-1.

[0127] When the horizontal scan period is finished and the
gate scan voltage Vg is set to low level, the n-type MOS
transistor (Qn) 103 is set to OFF state, and the data signal
voltage Vd transferred to the input electrode of the analog
amplifier circuit 104-1 is held in the voltage holding capacitor
106. At this time, the amplifier input voltage Va undergoes a
voltage shift called as a field through voltage via the gate-
source capacitance of the n-type MOS transistor (Qn) 103 at
the time when the n-type MOS transistor (Qn) 103 is set to
OFF state. This voltage shift is represented by V{1, V{2, VI3
in FIG. 2, and the amount of the voltage shift V£l to V{3 can
be reduced by setting the value of the voltage holding capaci-
tor 106 to a large value.
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[0128] The amplifier input voltage Va is held until the gate
scan voltage Vg is set to high level and the n-type MOS
transistor (Qn) 103 is selected during the next field period.
The analog amplifier circuit 104-1 can output the analog
gradation voltage corresponding to the amplifier input volt-
age Va thus held until the amplifier input voltage Va is varied
in the next field.

[0129] The amplifier circuit portion of the analog amplifier
circuit 104-1 is designed to contain an MOS transistor having
amulti-gate structure, and the reason why the MOS transistor
having the multi-gate structure is used will be described with
reference to FIGS. 3 and 4.

[0130] FIGS. 3 and 4 show measurement examples for
p-SiTFT of p-ch (p-Si thin film transistor) under the condi-
tion: channel length of 4 microns and channel width of 4
microns. FIGS. 3 and 4 show the Ids-Vgs characteristic indi-
cating the relationship between the source-drain current Igs
and the gate-source voltage Vgs, and the ordinate axis repre-
sents Ids while the abscissa axis represents Vgs (represented
by Vg in the figures). The measurements were carried out
while the drain-source voltage Vds is varied from -2 Vto -16
Vby2V.

[0131] InFIGS. 3 and 4, eight curved lines are achieved as
a result of the variation from -2 V to =16 V by 2V, and the
curved line group is drawn so that the curved line for the
drain-source voltage Vds having the smallest absolute value
thereof is located at the lowermost side of the curved line
group, and the curved line for the drain-source voltage Vds
having the largest absolute value thereof is located at the
uppermost side of the curved line group.

[0132] FIG. 3 shows the measurement result for an MOS
thin film transistor (TFT) having a single gate structure. As is
apparent form FIG. 3, Ids is greatly dependent on Vds. Paying
attention to an area satisfying the condition that Vgs=-6V,
which indicates that Ids is equal to 10-7 (IE-07(=10-7) in F1G.
3), Ids is varied by the amount corresponding to nearly double
figures when the drain-source voltage Vds is varied from 2V
to 16V.

[0133] Even when the operating point of TFT having the
single gate structure is set to an operating area where the
variation of Ids is little, that is, the operating arca where the
dependence of Ids on Vds is little, there is still some depen-
dence of Ids on Vds. Therefore, variation occurs in the gate-
source voltage Vgs. Accordingly, when the MOS transistor
having the single gate structure is used in the analog amplifier
circuit, an output voltage which is not varied at a fixed rate,
but at a different rate in accordance with the value of the
amplifier input voltage appears at the output terminal of the
analog amplifier circuit.

[0134] On the other hand, when the MOS transistor having
the double gate structure is used as the MOS transistor con-
stituting the analog amplifier circuit, the disadvantage
appearing when the MOS transistor having the single gate
structure is used can be substantially overcome.

[0135] Thatis, by representing the MOS thin film transistor
(TFT) having the double gate structure with an equivalent
circuit, it is estimated to be equivalent to a circuit structure
that plural sub TFTs are connected to one another in series
while the gates thereof are commonly connected to one
another. Therefore, the source-drain voltage Vds of a single
TFT constituting TFT having the multi-gate structure is
apparently divided to the plural sub TFTs.

[0136] As aresult, only a voltage equal to one-kth (1/k) of
Vds which is actually applied to the MOS thin film transistor
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is applied between the source and the drain of each sub TFT
(here, k represents the number of multi-gates, and the case of
k=2 corresponds to the double gate structure).

[0137] Accordingly, each single TFT can be avoided from
being used in the high-voltage area where the dependence of
Ids on Vds is remarkable. As a result, as shown in FIG. 4, Ids
varies hardly even when the drain-source voltage Vds is var-
ied from 2V to 16V, and the dependence of Ids on Vds is
reduced.

[0138] The same as described above is applied to the kink
effect. That is, the voltage at both the ends of the sub TFT is
not increased to the kink occurrence voltage due to the volt-
age division, and thus the kink effect is also suppressed. The
kink effect is a drain-current variation phenomenon appear-
ing in p-SiTFT or SOI (Silicon on Insulator), particularly in
an n-channel device, and in this phenomenon the drain cur-
rent is sharply increased and some crooked site occurs in the
characteristic.

[0139] In this phenomenon, as the drain current is
increased, collision ionization occurs in an area close to the
drain region. Generated electrons are collected to the drain
electrode, and generated holes are accumulated in an island of
the device until the source and the island are set to ON. As a
result, the drain current is abnormally increased to induce the
above phenomenon.

[0140] By these actions, the constancy of the gain of the
analog amplifier circuit 104-1 is enhanced, in other words, the
linearity between the amplifier input voltage Va and the pixel
voltage Vpix is enhanced even when the electrostatic capaci-
tance of the liquid crystal 109 is varied in responsibility of
liquid crystal 109 for even a fixed amplifier input voltage
(gate input voltage) Va, or even when the amplifier input
voltage is varied every field or at the time when the period of
several fields has elapsed. Furthermore, as a result of voltage
division, an effect of increasing the withstanding voltage can
be achieved without using any MOS thin film transistor hav-
ing high withstanding voltage. Accordingly, an MOS type
thin film transistor which is normally unusable because of its
low withstanding voltage can be used.

[0141] Still furthermore, the increase in the withstanding
voltage can enhance reliability for a long term.

[0142] As described above, by using the MOS transistor
having the double gate structure, the dependence of Ids on
Vds is remarkably reduced, and occurrence of the kink effect
can be prevented.

[0143] Asinthecase of FIG. 3, by referring to FIG. 4 while
attention is paid to voltages corresponding to the neighbor-
hood of Ids=10-7, it is clearly apparent from FIG. 4 that Ids is
hardly varied around Vgs=-7 V.

[0144] As is apparent from the foregoing description, the
analog gradation voltage (which is also called as the pixel
voltage Vpix) substantially proportional to the amplifier input
voltage Va held in the voltage holding capacitor 106 is con-
tinued to be output from the analog amplifier circuit 104-1
until the amplifier input voltage Va is varied in the next field.
[0145] Afterthehorizontal scan period is finished, the pixel
electrode 107 is driven by the pixel voltage Vpix output from
the analog amplifier circuit 104-1 during the field period
concerned.

[0146] As described above, according to the construction of
this embodiment, since the MOS transistor having the double
gate structure is used for the amplifier circuit portion of the
analog amplifier circuit 104-1, the dependence of Ids on Vds
is greatly reduced. Therefore, the gate-source voltage Vgs is
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hardly varied, and the withstanding voltage of the MOS thin
film transistor can be enhanced. Accordingly, an MOS thin
film transistor which cannot be normally used because the
withstanding voltage thereof is low can be used in this
embodiment.

[0147] Since the withstanding voltage can be increased, the
long-term reliability can be enhanced.

[0148] Since the liquid crystal 109 is driven with the pixel
voltage Vpix having such linearity as described above during
the field period after the horizontal scan period. Therefore, in
the image display operation, even when the electrostatic
capacitance of the liquid crystal 109 is varied by applying the
pixel voltage Vpix to the liquid crystal 109 or the data signal
voltage Vd is changed every field period or at the time when
the period of plural fields has elapsed to drive the liquid
crystal 109, so that Vds is varied, ID is kept substantially
constant. Therefore, the pixel voltage Vpix applied from the
analog amplifier circuit 104-1 to the pixel electrode 107 is
substantially proportional to the data signal voltage Vd, the
variation of the pixel voltage Vpix is further less than the
patent document described above, and the gain of the pixel
electrode 107 is not reduced.

[0149] The variation of the pixel voltage Vpix can be more
greatly reduced than the patent document described above.
[0150] By using the MOS transistor having the multi-gate
structure, even when a relatively high voltage is applied to the
MOS transistor concerned, the voltage applied to each of the
single MOS transistors each having the single gate structure
which are represented as being equivalent to the MOS tran-
sistor having the multi-gate structure is a divided value, that
is, it is close to a value achieved by dividing the applied high
voltage by the number of gates, so that the withstanding
voltage performance can be enhanced.

[0151] Asaresult, as indicated by the waveform of' the pixel
voltage Vpix in FIG. 2, the pixel voltage having the linearity
of the input-output voltage characteristic which is more
greatly enhanced than the patent document described above
can be applied to liquid crystal, and more excellent gradation
can be achieved every field as also indicated with respect to
the light transmittance of the liquid crystal.

[0152] An MOS transistor having a short channel can be
used by using the MOS transistor having the double gate
structure, so that the aperture ratio can be enhanced.

[0153] Furthermore, in liquid crystal display devices using
TN liquid, ferroelectric or antiferroelectric liquid crystal hav-
ing polarization, and other high-response liquid crystal
responding within one field period, a compact-and-light lig-
uid crystal display device which is designed in low price to
have a high aperture ratio, high responsibility, a high visual
field, high gradation and low power consumption is provided
by eliminating the voltage variation AV1 to AV3.

Second Embodiment

[0154] FIG. 5 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a second
embodiment of the present invention, FIG. 6 is a diagram
showing a drain current-gate input voltage (in FIG. 6, the gate
input voltage represents the gate-source voltage) characteris-
tic of a p-type MOS transistor of a pixel circuit constituting
the liquid crystal display device of the second embodiment,
FIG. 7 is atiming chart showing a gate scan voltage Vg, a data
signal voltage Vd, a gate input voltage Va and a pixel voltage
Vpix and shows variation of light transmittance of the liquid
crystal when high-response liquid crystal is driven in the pixel
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circuit constituting the liquid crystal display device of the
second embodiment, FIG. 8 is a diagram showing a gate input
voltage-pixel voltage characteristic of an active load type
analog amplifier circuit constructed by two p-type MOS tran-
sistors formed of p-Si having the single gate structure, FIG. 9
is a diagram showing a gate input voltage—pixel voltage
characteristic of an active load type analog amplifier circuit
constructed by two p-type MOS transistors of p-Si having the
double gate structure, FIG. 10 is a diagram showing the
relationship between the data signal voltage and the transmit-
tance of the MOS transistor having the single gate structure,
FIG. 11 is a diagram showing the relationship between the
data signal voltage and the transmittance of the MOS transis-
tor having the double gate structure, FIG. 12 is a plan view
showing the structure of the p-type MOS transistor having the
single gate structure, FIG. 13 is a plan view showing the
structure of the p-type MOS transistor having the double
structure, and FIG. 14 is a time chart showing a gate scan
voltage Vg, a data signal voltage Vd, a gate input voltage Va
and a pixel voltage Vpix and a diagram showing variation of
light transmittance of liquid crystal when TN liquid crystal is
driven in the pixel circuit constituting the liquid crystal dis-
play device of this embodiment.

[0155] The construction of this embodiment is greatly dif-
ferent from that of the first embodiment in that the load
element in the analog amplifier circuit of each pixel circuit
constituting the liquid crystal display device 10-2 is con-
structed by an active element, that is, the analog amplifier
circuit is constructed by an active load type analog amplifier
circuit.

[0156] The different point resides in that the p-type MOS
transistor of the analog amplifier circuit 104-1 of the first
embodiment is constructed by a first p-type MOS transistor
(Qp1) 302, and the load element is constructed by a second
p-type MOS transistor (Qp2) 303.

[0157] Accordingly, the analog amplifier circuit of this
embodiment operates as a source follower type analog ampli-
fier circuit. The analog amplifier circuit of this embodiment is
represented by 104-2.

[0158] Atleast one ofthe first p-type MOS transistor (Qp1)
302 and the second p-type MOS transistor (Qp2) 303 is an
MOS transistor having a multi-gate structure, and the n-type
MOS transistor (Qn) 103, the first p-type MOS transistor
(Qp1) 302 and the second p-type MOS transistor (Qp2) 303
are constructed by p-SiTFT.

[0159] That is, the gate electrode of the first p-type MOS
transistor (Qp1) 302 is connected to the other of the source
electrode and the drain electrode of the n-type MOS transistor
(Qn) 103 while one of the source electrode and the drain
electrode is connected to a scan line 101, the gate electrode of
the second p-type MOS transistor (Qp2) 303 is connected to
a voltage holding capacitance electrode 105, the source elec-
trode thereof is connected to a source power supply source
304, and the drain electrode thereof is connected to a pixel
electrode 107.

[0160] The power to be supplied from the source power
supply source 304 to the source electrode of the second p-type
MOS transistor (Qp2) 303 is set so that the resistance value
Rdsp between the source and drain of the second p-type MOS
transistor (Qp2) is not more than the value of a resistance
component which determines the response time constant of
the liquid crystal 109.

[0161] That is, the value Rr of the resistor R1 in the equiva-
lent circuit to the liquid, crystal shown in FIG. 73, the value
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Rsp of the resistor R2 in the equivalent circuit to the liquid
crystal shown in FIG. 75 and the value Rdsp of the resistance
between the source and the drain (hereinafter referred to as
source-drain resistance”) satisfy the following relationship
represented by the equation (1).

Rdsp=R#»,Rdsp=Rsp (€8]

[0162] For example, when the value Rsp of the resistor R2
is equal to 5 G2, a voltage VS at which the value Rdsp of the
source-drain resistance does not exceed 1 GQ is supplied
from the source power supply source 304. The operating point
of the second p-type MOS transistor (Qp2) 303 is set to the
operating point shown in FIG. 6. In FIG. 6, a curved line is
ideally drawn. In FIG. 6, eight curved lines when Vds is
varied from -2 V to -14 V are drawn, and the positional
relationship of the respective curved lines in FIG. 6 is the
same as those of FIGS. 3 and 4.

[0163] For example, in the case of FIG. 6, the gate-source
voltage (VCH-VS) of the second p-type MOS transistor
(Qp2) is set to about -3 V. For example, the voltage holding
capacitance voltage VCH of the voltage holding capacitance
electrode 105 is set to 17V, and the voltage VS of the source
power supply source 304 is set to 20 V. As a result, the drain
current of the second p-type MOS transistor (Qp2) 303 is
equal to about 1E-8(=10-8)(A), and the value Rdsp of the
source-drain resistance is equal to 1 GQ when the source-
drain voltage Vdsp is equal to -10'V,

[0164] By setting the value Rr of the resistor R1, the value
Rsp of the resistor R2 and the value Rdsp of the source-drain
resistance so as to satisfy the equation (1), at least one of the
first p-type MOS transistor (Qp1) 302 and the second p-type
MOS transistor (Qp2) 303 each of which is constructed by the
MOS transistor having the multi-gate structure is operated in
such an operating area as described above with respect to the
first embodiment, that is, each single TFT equivalent to the
MOS transistor having the multi-gate structure is operated in
avoltage area (weak inversion area) where the dependence of
Ids on Vds is slight.

[0165] Accordingly, at least the second p-type MOS tran-
sistor (Qp2) thus constructed operates in the weak inversion
area, and acts as a bias current source.

[0166] That is, in the second p-type MOS transistor (Qp2)
303, the drain current is substantially constant even when the
source-drain voltage Vdsp is varied from -2V to —14 V. The
second p-type MOS transistor (Qp2) 303 operates as a bias
current source when the first p-type MOS transistor (Qp1)
302 is operated as the analog amplifier circuit 104-2.

[0167] Furthermore, like the operation state of the second
p-type MOS transistor (Qp2) 303, the operation state of the
first p-type MOS transistor (Qp1) 302 may be set to the same
operation state as the second p-type MOS transistor (Qp2)
303 under use.

[0168] Still furthermore, only the operation state of the first
p-type MOS transistor (Qp1) 302 may be set to the same
operation state as the second p-type MOS transistor (Qp2)
303 under use.

[0169] The constructions of the parts other than the above
parts of this embodiment are the same as the first embodi-
ment. Therefore, the parts concerned are represented by the
same reference numerals as the first embodiment, and the
description thereof omitted. Accordingly, the liquid crystal
display device of this embodiment which has the above dif-
ferent point is represented by 10-2, and the pixel circuit is
represented by 20-2.
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[0170] Next, the operation of this embodiment will be
described with reference to FIGS. 7 to 14.

[0171] A method of driving the liquid crystal display 10-2
according to this embodiment is as follows.

[0172] FIG. 7 is a timing chart showing the gate scan volt-
age Vg, the data signal voltage Vd, the gate input voltage Va
of the first p-type MOS transistor (Qp1) 302 and the pixel
voltage Vpix and also shows variation of light transmittance
of the liquid crystal in a normally black mode in which the
liquid crystal 109 is kept dark under no voltage applied state
in pixel circuit 20-2. The liquid crystal 109 is formed of
high-response liquid crystal such as ferroelectric or antifer-
roelectric liquid crystal having polarization, OCB mode lig-
uid crystal responding with one field period, or the like.
[0173] As shown in FIG. 7, during the horizontal scan
period, the gate scan voltage Vg is set to high level VgH,
whereby the n-type MOS transistor (Qn) 103 is set to ON
state, and the data signal voltage Vd input to the signal line
102 is transferred to the gate electrode of the first p-type MOS
transistor (Qp1) 302 via the n-type MOS transistor (Qn) 103.
On the other hand, during the horizontal scan period, the gate
scan voltage VgH is transferred through the first p-type MOS
transistor (Qp1), whereby the pixel electrode 107 is set to
reset state.

[0174] That is, when the pixel voltage Vpix is set to VgH
during the horizontal scan period, the reset of the first p-type
MOS transistor (Qpl) 302, that is, the transition of the first
p-type MOS transistor (Qp1) 302 to the normally black state
is simultaneously carried out.

[0175] After the horizontal scan period is finished, the first
p-type MOS transistor (Qpl) 302 operates as the amplifier
circuit portion of the source follower type analog amplifier
circuit 104-2. This operation will be described hereunder.
[0176] When the horizontal scan period is finished and the
gate scan voltage Vg is set to low level, the n-type MOS
transistor (Qn) 103 is set to OFF state, and the data signal
voltage Vd transferred to the gate electrode of the first p-type
MOS transistor (Qpl) 302 is held in the voltage holding
capacitor 106. At this time, the gate input voltage Va of the
first p-type MOS transistor (Qp1) 302 undergoes a voltage
shift called as a field through voltage via the gate-source
capacitance of the n-type MOS transistor (Qn) 103 at the time
when the n-type MOS transistor 103 is set to OFF state. This
shift voltage is represented by V1, V12, VI3 in FIG. 7, and the
amount of the voltage shift Vfl to VI3 can be reduced by
setting the value of the voltage holding capacitor 106 to a
large value.

[0177] The gate input voltage Va of the first p-type MOS
transistor (Qp1) 302 is held in the voltage holding capacitor
106 until during the next field period the gate scan voltage Vg
is set to high level and the n-type MOS transistor (Qn) 103 is
selected. On the other hand, the first p-type MOS transistor
(Qp1) 302 has completed its reset during the horizontal scan
period, and operates as the amplifier circuit portion of the
source follower type analog amplifier circuit 104-2 having the
pixel electrode 107 as the source electrode.

[0178] As described above, in order to make the first p-type
MOS transistor (Qpl) 302 operate as the amplifier circuit
portion of the analog amplifier circuit 104-2, a voltage higher
than at least (Vdmax-Vtp) is kept to be supplied to the voltage
holding capacitance electrode 105. Here, Vdmax represents
the maximum value of the data signal voltage Vd, and Vtp
represents a threshold voltage of the first p-type MOS tran-
sistor (Qp1) 302. The first p-type MOS transistor (Qp1) 302
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can output the analog gradation voltage (pixel voltage Vpix)
corresponding to the gate input voltage Va thus held until the
gate scan voltage is set to VgH in the next field to reset it.

[0179] The active load type analog amplifier circuit 104-2
for outputting the pixel voltage VIx as described above will be
described in detail with reference to FIGS. 8 and 9.

[0180] FIG. 8 shows a measurement result of the gate input
voltage-pixel voltage characteristic of the active load type
analog amplifier circuit 104-2 constructed by two p-type
MOS transistors of p-Si having the single gate structure, and
FIG. 9 shows a measurement result of the gate input voltage-
pixel voltage characteristic of the active load type analog
amplifier circuit 104-2 constructed by two p-type MOS tran-
sistors of p-Si having the double gate structure.

[0181] Current Ids flowing in TFT is shown at the same
time. The abscissa axis represents the gate input voltage (Va),
the left ordinate axis represents the pixel voltage (Vpix) and
the right ordinate axis represents current (Ids). The voltage is
represented by only solid lines, and the current is represented
by solid lines having marks. Furthermore, the measurement
was made for two bias voltage voltages Vb, that is, the bias
voltage Vb=13 V and the bias voltage Vb=14 V The bias
voltage Vb is the voltage VCH supplied to the voltage holding
capacitance electrode 105.

[0182] FIG. 8 shows the characteristic of the analog ampli-
fier circuit constructed by two TFTs having the single struc-
ture. Each of TFT is designed to have a channel length of 6
microns and a channel width of 3 pum. Under the condition of
Vb=13V, the gate input voltage Va ranges from 2.8 Vto 10.6
V in the range in which the relationship between the gate
input voltage and the pixel voltage keeps linearity. At this
time, the pixel voltage Vpix ranges from 5.8 V to 13.2V, and
the gain is equal to about 0.949.

[0183] Under the condition of Vb=14 V, linearity is kept
under the condition that the gate input voltage Va=5.0 V to
11.6 V and the pixel voltage Vpix=7.2 V to 13V, and the gain
is equal to about 0.879. As described above, the voltage range
which can be output with keeping linearity is equal to 7.4 V
under the bias voltage Vb=13 V and 5.8 V under the bias
voltage Vb=14 V.

[0184] FIG. 9 shows the characteristic of the analog ampli-
fier circuit 104-2 constructed by two TFTs having the double
gate structure. The size of each TFT is set so that the channel
width is equal to 1.5 micron and the channel length of the sub
TFT of the equivalent circuit is equal to 3 microns. Under the
condition of Vb=14V, the gate input voltage Va at which the
relationship between the gate input voltage and the pixel
voltage keeps linearity ranges from 0 V to 13 V. At this time,
the pixel voltage Vpix ranges from 2.4 V to 14.8 V, and the
gain is equal to about 0.954. Under the condition of the gate
input voltage Vb=15V, linearity is kept under the condition
that the gate input voltage Va=0 V to 14.8 V and the pixel
voltage Vpix=1.3 V to 15.6 V, and the gain is equal to about
0.966. As described above, the voltage range which can be
output with keeping linearity is equal to 12.4 V under the bias
voltage Vb of 14 V and also to 14.3 V under the bias voltage
Vb of 14 V As is apparent from the result, the gain is
enhanced, and the voltage range which can be output with
keeping linearity is broadened about twice.

[0185] Furthermore, the relationship between the data sig-
nal voltage Vd and the light transmittance which is difficult to
read in FIG. 7 will be described with reference to FIGS. 10
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and 11. Both FIGS. 10 and 11 show the light transmittance
when a voltage ranging from 0V to 10.4 V is applied as the
data signal voltage Vd.

[0186] InFIGS.10and 11,the ordinate axis represents light
transmittance (%), and the ordinate axis represents the abso-
lute value of the difference between the data signal voltage Vd
and the intermediate voltage (Vc) of the data signal voltage
Vd, that is, the amplitude (IVd-Vcl). The data signal voltage
Vd is represented as having positive polarity when the data
signal voltage Vd is larger than the intermediate voltage Vc
and as having negative polarity when the data signal voltage
Vd is smaller than the intermediate voltage Vc. The light
transmittance is represented by using values which are
achieved under the state that the light transmittance is stabi-
lized in each field with time lapse of the light transmittance of
FIG. 7.

[0187] FIG. 10 shows a case where an MOS transistor
having a single gate structure is used, and FIG. 11 shows a
case where an MOS transistor having a double gate structure
is used.

[0188] Inthe case ofthe single gate structure, since the gain
of the analog amplifier circuit is low, the maximum light
transmittance is equal to be slightly smaller than 94%, and to
make matters worse, the light transmittance is greatly differ-
ent between positive polarity and negative polarity because
the input/output characteristic of the analog amplifier circuit
is bad. This difference reaches 9% at maximum.

[0189] In the case of the double gate structure, since the
gain of the analog amplifier circuit 104-2 is high, the maxi-
mum light transmittance is equal to 100%. Furthermore, the
input/output characteristic of the analog amplifier circuit
104-2 has high linearity, and there is little difference in light
transmittance between positive polarity and negative polarity,
and the difference does not reach even 0.1%.

[0190] In the foregoing description, only the double struc-
ture is used as an example to achieve the effect of the multi-
gate structure, however, it is clear that an excellent character-
istic is achieved by using a multi-gate structure having a
larger number of gates. However, when the multi-gate struc-
ture is applied to a light transmission type, it is required to be
designed so as to suppress reduction of the aperture ratio.
[0191] Inthe double gate structure of this embodiment, the
aperture ratio can be increased as compared with the normal
single gate structure.

[0192] The reason will be described with reference to
FIGS. 12 and 13. FIGS. 12 and 13 show the structure of single
TFTs used in FIGS. 8 and 9, respectively. With respect to the
TFTs under this condition, in the case of the channel length of
6 microns, the withstanding voltage is equal to 16V or more.
However, in the case of the channel length of 3 microns, some
TFTs are broken under application of 16V.

[0193] Therefore, the channel length of 3 microns cannot
be used in the single gate structure. However, by adopting the
double gate structure, TFTs having a small channel length
such as 3 microns or the like can be used because only about
8V is applied to sub TFT.

[0194] Asaresult, TFT achieving the same function as FIG.
12 can be constructed by sub TFT having a small channel
length as shown in FIG. 13. As is apparent from FIGS. 12 and
13, the occupation area of TFT is smaller in the double gate
structure of FIG. 13, and thus the aperture ratio is enhanced.
[0195] Next, a case where TN liquid s driven by the pixel
circuit 20-2 constituting the liquid crystal display device 10-2

Mar. 27, 2014

shown in FIG. 5 in the normally white mode in which the TN
liquid is kept to be light under no voltage application will be
described.

[0196] FIG. 14 is a timing chart showing the gate scan
voltage Vg, the data signal voltage Vd, the gate input voltage
Va of the first p-type MOS transistor (Qp1) 302 and the pixel
voltage Vpix and also shows variation of light transmittance
of liquid crystal in this embodiment.

[0197] Inthisexample, a signal voltage under which a light
state is kept over several fields is applied as the data signal
voltage Vd. The same driving method as shown in FIG. 7 is
used. The display state of TN liquid transits to a light display
state while taking the time corresponding to several fields as
shown in FIG. 14 because its response time is equal to several
tens sec to about 100 msec. During this period, molecules of
the TN liquid are switched and the capacitance of the liquid
crystal is varied. Therefore, in the conventional liquid crystal
display device, the original light transmittance TO of the
liquid crystal cannot be achieved because the pixel voltage
Vpix is varied as shown in FI1G. 74.

[0198] On the other hand, in the liquid crystal display
device 10-2 of this embodiment, the first p-type MOS tran-
sistor (Qp1) 302 operates as the amplifier circuit portion of
the analog amplifier circuit 104-2, and thus it can continue to
apply a fixed voltage to the liquid crystal 109 without being
effected by the variation of the capacitance of the TN liquid
crystal, so that the original light transmittance can be
achieved and thus accurate gradation display can be per-
formed.

[0199] That is, the pixel voltage Vpix and the light trans-
mittance of the light crystal when TN liquid crystal is driven
by the pixel circuit 20-2 are coincident with the pixel voltage
Vpix and the light transmittance of the liquid crystal shown in
FIG. 14.

[0200] Accordingly, in the case where TN liquid crystal is
driven by the pixel circuit 20-2, substantially the same effect
as the case where high-response liquid crystal is driven by the
pixel circuit 20-2 is achieved.

[0201] Asdescribed above, according to the construction of
this embodiment, the analog amplifier circuit 104-2 is con-
structed by the active load type analog amplifier circuit, and
thus the dependence of Ids on Vds can be greatly reduced.
Therefore, the variation of the gate-source voltage Vgs is
slight.

[0202] Accordingly, linearity is achieved in the relationship
between the gate input voltage and the pixel voltage of the
analog amplifier circuit 104-2. Therefore, even when the data
signal voltage Vd on the signal line 102 is varied every field,
the pixel voltage Vpix applied from the analog amplifier
circuit 104-2 to the pixel electrode 107 is substantially pro-
portional to the data signal voltage Vd, and no reduction in
gain of the pixel electrode 107 appears.

[0203] Asdescribed above, linearity is achieved in the rela-
tionship between the gate input voltage and the pixel voltage
of the analog amplifier circuit 104-2, and the liquid crystal
109 is drive by the pixel voltage Vpix during the filed period
after the horizontal scan period.

[0204] Accordingly, in the image display operation, even
when the data signal voltage Vd is supplied and the pixel
voltage Vpix substantially proportional to the data signal
voltage Vd is applied to the crystal liquid 109, so that the
electrostatic capacitance of the liquid crystal 109 is varied, or
even when the data signal voltage Vd is changed every field or
atthe time when the period of plural fields has elapsed and the
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pixel voltage Vpix substantially proportional to the data sig-
nal voltage Vd is applied to the liquid crystal 109 to vary the
electrostatic capacitance of the liquid crystal 109, so that Vds
is varied, Ids is substantially fixed and thus the variation of the
pixel voltage Vpix can be further reduced as comparison with
the patent document described above.

[0205] As aresult, the pixel voltage Vpix shown in FIG. 7,
that is, the pixel voltage Vpix output from the analog amplifier
circuit 104-2 is more enhanced in the linearity of the pixel
voltage to the gate input voltage as compared with the patent
document described above as shown in FIG. 9, and the pixel
voltage Vpix can be applied to liquid crystal, so that more
excellent gradation can be achieved every field as shown by
the light transmittance of liquid crystal of FIG. 11.

[0206] Furthermore, by using the p-type MOS transistor
having the double gate structure, a p-type MOS transistor
having a short channel length can be used, so that the aperture
ratio can be enhanced.

[0207] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage is used as the power supply source and reset
power supply source of the first p-type MOS transistor (Qp1)
302 operating as the amplifier circuit portion of the analog
amplifier 104-2, and the reset of the analog amplifier circuit
104-2 is carried out by the first p-type MOS transistor (Qp1)
302 itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-2
can be constructed in a small area.

Third Embodiment

[0208] FIG. 15 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a third
embodiment of the present invention.

[0209] The construction of this embodiment is greatly dif-
ferent from that of the first embodiment in that a load element
is constructed by an active element in the analog amplifier
circuit of any pixel circuit constituting the liquid crystal dis-
play device, that is, the analog amplifier circuit is constructed
as an active load type analog amplifier circuit.

[0210] The difference resides in that the p-type MOS tran-
sistor of the analog amplifier circuit 104-1 of the first embodi-
ment is set as a first p-type MOS transistor (Qp1) 302, and a
load element is set as a second p-type MOS type transistor
(Qp2) 303.

[0211] That is, the gate electrode of the first p-type MOS
transistor (Qp1) 302 is connected to any one of the source and
drain electrodes of the n-type MOS transistor (Qn) 103, any
one of the source and drain electrodes of the first p-type MOS
transistor (Qp1) 302 is connected to the scan line 101, the gate
electrode of the second p-type MOS transistor (Qp2) 303 is
connected to the bias power supply source 305, the source
electrode thereof is connected to the voltage holding capaci-
tance electrode 05, and the drain electrode thereof is con-
nected to the pixel electrode 107.

[0212] Furthermore, the bias voltage VB of the bias power
supply source 305 to be supplied to the source electrode of the
second p-type MOS transistor (Qp2) 303 is set to a voltage at
which the value Rds of the source-drain resistance of the
second p-type MOS transistor (Qp2) 303 is not more than the
value of a resistance component which determines the
response time constant of the liquid crystal 109.

[0213] That is, the value Rr of the resistor R1 in the equiva-
lent circuit of the liquid crystal shown in FIG. 73, the value
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Rsp of the resistor R2 in the equivalent circuit of the liquid
crystal shown in FIG. 75 and the value Rdsp of the source-
drain resistance are set to satisfy the equation (1).

[0214] For example, when the value Rsp of the resistor R2
is equal to 5 GQ, a bias voltage VB at which the value Rdsp of
the source-drain resistance does not exceed 1 GQ is supplied
from the bias power supply source 305. The drain current-
gate input voltage characteristic and the operating point of the
second p-type MOS transistor (Qp2) 303 are shown in FIG. 6.
FIG. 6 represents an ideal characteristic.

[0215] As shown in FIG. 6, the gate-source voltage (VB-
VCH) of' the second p-type MOS transistor (Qp2) 303 is set to
about -3 V. For example, the voltage holding capacitance
voltage VCH is set to 20V, and the bias voltage VB is set to 17
V. As a result, the drain current of the second p-type MOS
transistor (Qp2) 303 is equal to about IE-8 (A), and the
source-drain resistance Rdsp is equal to 1 GQ when the
source-drain voltage Vdsp is equal to =10 V.

[0216] As described above, the value Rr of the resistor R1,
the value Rsp of the resistor R2 in the equivalent of liquid
crystal and the value Rdsp of the source-drain resistor are set
s0 as to satisfy the equation (1), whereby at least one of the
first p-type MOS transistor (Qp1) 302 and the second p-type
MOS transistor (Qp2) 303 each of which is constructed by the
MOS transistor having the multi-gate structure is operated in
the operation area described in the first embodiment, that is,
each single TFT equivalent to the MOS transistor having the
multi-gate structure is operated in the voltage area where the
dependence of Ids on Vds is slight.

[0217] For example, the operation of the second p-type
MOS transistor (Qp2) 303 is operated in the weak inversion
area.

[0218] Accordingly, even when the source-drain voltage
Vdsp is varied from -2 V to =14 V, the drain current is
substantially constant. The second p-type MOS transistor
(Qp2) 303 operates as a bias current source when the first
p-type MOS transistor (Qp1) 302 is operated as the analog
amplifier circuit 104-3. The analog amplifier circuit 104-3
operates in the weak inversion area or an area where the
dispersion is small.

[0219] Furthermore, like the operation state of the second
p-type MOS transistor (Qp2) 303, the operation state of the
first p-type MOS transistor (Qp1) 302 may be set to the same
operation state as the second p-type MOS transistor (Qp2)
303 during use.

[0220] Still furthermore, only the operation state of the first
p-type MOS transistor (Qp1) 302 may be set to the same
operation state as the second p-type MOS transistor (Qp2)
303 described above during use.

[0221] The constructions of the other parts of this embodi-
ment than the above-described constructions are the same as
the first embodiment. These same parts are represented by the
same reference numerals, and the description thereof is omit-
ted.

[0222] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-3, and the pixel
circuit is represented by 20-3.

[0223] Next, the operation of this embodiment will be
described with reference to FIG. 15. The operation of this
embodiment is the same as the driving method of the liquid
crystal display device of the second embodiment described
with reference to FIG. 5.

[0224] That is, the pixel voltage Vpix and the light trans-
mittance of liquid crystal when high-response liquid crystal
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such as ferroelectric or antiferroelectric liquid crystal having
polarization, OCB mode liquid crystal responding within
one-field period or the like is driven by the pixel circuit 20-3
are the same as shown in FIG. 7, and the pixel voltage Vpix
and the light transmittance of liquid crystal when TN liquid
crystal is driven by the pixel circuit 20-3 are the same as
shown in FIG. 14.

[0225] Asdescribed above, according to the construction of
this embodiment, the analog amplifier circuit 104-3 is con-
structed as the active load type analog amplifier circuit, so that
the dependence of Ids on Vds is greatly reduced and the
variation of the gate-source voltage Vgs is slight.

[0226] Accordingly, linearity is achieved in the relationship
between the gate input voltage and the pixel voltage of the
analog amplifier circuit 104-3, and the pixel voltage Vpix is
substantially proportional to the data signal voltage Vd, and
no reduction appears in the gain of the pixel electrode 107.
[0227] Accordingly, in the image display operation, Vds is
varied not only when the electrostatic capacity of the liquid
crystal 109 is varied under application of the pixel voltage
Vpix corresponding to the data signal voltage Vd, but also
when the data signal voltage Vd is changed every field or at
the time when the period of several fields has elapsed to drive
the liquid crystal and the electrostatic capacity of the liquid
crystal 109 is varied. However, even in these cases, Ids is
substantially fixed, and thus the variation of the pixel voltage
Vpix can be more reduced as compared with the patent docu-
ment described above.

[0228] As aresult, as indicated by the pixel voltage Vpix of
FIG. 7, the pixel voltage Vpix (FIG. 9) under which the
linearity of the gate input voltage-pixel voltage characteristic
over one-field period can be more enhanced as compared with
the patent document described above can be applied to the
liquid crystal, and as indicated by the light transmittance of
liquid crystal shown in FIG. 11, more excellent gradation can
be achieved every field.

[0229] Furthermore, by using the p-type MOS transistor
having the double gate structure, a p-type MOS transistor
having a short channel length can be used, so that the aperture
ratio can be increased.

[0230] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage is used as the power supply source and reset
power supply source of the first p-type MOS transistor (Qp1)
302 operating as the amplifier circuit portion of the analog
amplifier 104-3, and the reset of the analog amplifier circuit
104-2 is carried out by the first p-type MOS transistor (Qp1)
302 itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier can be con-
structed in a small area:

Fourth Embodiment

[0231] FIG. 16 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a fourth
embodiment of the present invention. FIG. 17 is a diagram
showing the drain current-gate input voltage (in FI1G. 17, the
gate input voltage represents a gate-source voltage) charac-
teristic of the p-type MOS transistor of the pixel circuit con-
stituting the liquid crystal display device of this embodiment.
[0232] The great difference of the construction of this
embodiment from that of the first embodiment resides in that
the load element in the analog amplifier circuit of the pixel
circuit constituting the liquid crystal display device is con-
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structed by an active element, that is, the analog amplifier
circuit is constructed as an active load type analog amplifier
circuit.

[0233] The difference resides in that the p-type MOS tran-
sistor of the analog amplifier circuit 104-4 of the first embodi-
ment is set as the first p-type MOS transistor (Qp1) 302 and
the load element is set as the second MOS transistor (Qp2)
303 as in the case of the second and third embodiments.

[0234] That is, the gate electrode of the first p-type MOS
transistor (Qp1) 302 is connected to any one of the source and
drain electrodes of the n-type MOS transistor (Qn) 103, any
one of the source and drain electrodes of the first p-type MOS
transistor (Qp1) 302 is connected to the scan line 101, the gate
and source electrodes of the second p-type MOS transistor
(Qp2) 303 are connected to the voltage holding capacitance
electrode 105, and the drain electrode is connected to the pixel
electrode 107.

[0235] The first p-type MOS transistor (Qp1) 302 and the
second p-type MOS transistor (Qp2) 303 operate as a source
follower type analog amplifier circuit 104-4.

[0236] Both the gate and source electrodes of the second
p-type MOS transistor ((Qp2) 303 are connected to the voltage
holding capacitance electrode 105, so that the gate-source
voltage Vgsp of the second p-type MOS transistor (Qp2) is
equal to OV Under this bias condition, the threshold voltage of
the second p-type MOS transistor (Qp2) 303 is controlled to
be shifted to the positive side by channel dose so that the value
Rdsp of the source-drain resistance of the second p-type MOS
transistor (Qp2) 303 satisfies the equation (1).

[0237] FIG. 17 shows the drain current-gate input voltage
characteristic and the operating point. In FIG. 17, eight
curved lines are drawn in conformity with the variation of Vds
from -2 V to -14 V, and the relationship of the respective
curved lines is the same as those of FIGS. 3 and 4.

[0238] As shown in FIG. 17, when the gate-source voltage
is equal to 0'V, the threshold voltage is controlled to be shifted
to the positive side by the channel dose so that the drain
current is equal to about 1E-8 (A). As a result, the drain
current of the second p-type MOS transistor (Qp2) 303 is
equal to about IE-8 (A), and the value Rdsp of the source-
drain resistance is equal to 1 GQ when the source-drain
voltage Vdsp is equal to =10 V.

[0239] As described above, the value Rr of the resistor R1,
the value Rsp of the resistor R in the equivalent of the liquid
crystal and the value Rdsp of the source-drain resistance are
set so as to satisfy the equation (1), whereby at least one of the
first p-type MOS transistor (Qp1) 302 and the second p-type
MOS transistor (Qp2) 303 each of which is constructed by an
MOS transistor having the multi-gate structure is operated in
the operation area as described in the first embodiment, that
is, each single TFT equivalent to the MOS type transistor
having the multi-gate structure is operated in the voltage area
where the dependence of Ids on Vds is slight.

[0240] For example, the second p-type MOS transistor
(Qp2) 303 is operated in the weak inversion area, and the
drain current is kept substantially constant even when the
source-drain voltage Vdsp is varied from -2V to —14 V. The
second p-type MOS transistor (Qp2) 303 operates as a bias
current source when the first p-type MOS transistor (Qp1)
302 is operated as the amplifier circuit portion of the analog
amplifier circuit 104-4.

[0241] Like the operation state of the second p-type MOS
transistor (Qp2) 303, the operation state of the first p-type
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MOS transistor (Qp1) 302 may be set to the same operation
state as the second p-type MOS transistor (Qp2) 303 during
use.

[0242] Furthermore, only the operation state of the first
p-type MOS transistor (Qpl) 302 may be set to the same
operation state as the second p-type MOS transistor (Qp2)
303 described above during use.

[0243] According to this embodiment, the bias power sup-
ply source 304 needed in the second embodiment and the
source power supply source 305 needed in the third embodi-
ment are not needed, however, a channel dose step is further
needed.

[0244] The constructions of the respective parts other than
the above-described constructions are the same as the first
embodiment. Therefore, the same parts are represented by the
same reference numerals as the first embodiment, and the
description thereof is omitted.

[0245] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-4, and the pixel
circuit is represented by 20-4.

[0246] Next, the operation of this embodiment will be
described with reference to FIGS. 16 and 17.

[0247] The operation of this embodiment is the same as the
driving method of the liquid crystal display devices according
to the second embodiment and the third embodiment.

[0248] That is, the pixel voltage Vpix and the light trans-
mittance of the liquid crystal when high-response liquid crys-
tal such as ferroelectric or antiferroelectric liquid crystal hav-
ing polarization, OCB mode liquid crystal responding within
one field period or the like is driven by the pixel circuit 20-4,
they are similar to the pixel voltage Vpix when the TN liquid
crystal is driven by the pixel circuit 20-4 and the light trans-
mittance of liquid crystal shown in FIG. 14, respectively.
[0249] As described above, according to this embodiment,
the analog amplifier circuit 104-4 is constructed by an active
load type analog amplifier circuit, so that the dependence of
ids on Vd is greatly reduced, and the variation of the gate-
source voltage Vgs is slight.

[0250] Accordingly, linearity is achieved in the relationship
of'the gate input voltage-pixel voltage of the analog amplifier
circuit 104-4, the pixel voltage Vpix is substantially propor-
tional to the data signal voltage Vd, and reduction in the gain
of the pixel electrode 107 does not appear.

[0251] As described above, the linearity is achieved in the
relationship between the gate input voltage and the pixel
voltage of the analog amplifier circuit 104-4, and the liquid
crystal 109 is driven by the pixel voltage Vpix during the field
period concerned after the horizontal scan period is finished,
that is, the pixel voltage Vpix output from the analog amplifier
circuit 104-4 is applied to the pixel electrode 107 to drive the
liquid crystal 109. Therefore, in the image display operation,
even when the electrostatic capacitance of the liquid crystal
109 is varied under application of the pixel voltage Vpix
corresponding to the data signal voltage Vd or the data signal
voltage Vd is changed every field period or after lapse of the
period of several fields to drive the liquid crystal and thus the
electrostatic capacitance of the liquid crystal 109 is varied, so
that Vds is varied within a permissible range, Ids is substan-
tially kept constant and thus the variation of the pixel voltage
Vpix can be more remarkably suppressed as compared with
the patent document described above.

[0252] As aresult, the pixel voltage Vpix can be applied to
liquid crystal while the pixel voltage Vpix shown in FIG. 7,
that is, the pixel voltage Vpix output from the analog amplifier
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circuit 104-4 is further enhanced in the linearity of the pixel
voltage to the gate input voltage as compared with the patent
document described above as shown in FIG. 9, so that more
excellent gradation can be achieved every field as shown by
the light transmittance of liquid crystal of FIG. 11.

[0253] Furthermore, use of the p-type MOS transistor hav-
ing the double structure enables use of a p-type MOS transis-
tor having a short channel length, so that the aperture ratio can
be enhanced.

[0254] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage is used as the power supply source and reset
power supply source of the first p-type MOS transistor (Qp1)
302 operating as the amplifier circuit portion of the analog
amplifier 104-4, and the reset of the analog amplifier circuit
104-4 is carried out by the first p-type MOS transistor (Qp1)
302 itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit can be
constructed in a small area.

Fifth Embodiment

[0255] FIG. 18 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a fifth
embodiment of the present invention, FIG. 19 is a diagram
showing a first structure of a resistor used in the pixel circuit
of the liquid crystal display device of the fifth embodiment,
FIG. 20 is adiagram showing a second structure of the resistor
used in the pixel circuit of the liquid crystal display device of
the fifth embodiment, FIG. 21 is a diagram showing a third
structure of the resistor used in the pixel circuit of the liquid
crystal display device of the fifth embodiment, and FIG. 22 is
a timing chart showing the gate scan voltage Vg, the data
signal voltage Vd, the amplifier input voltage Va and the pixel
voltage Vpix and also shows the variation of the light trans-
mittance of the liquid crystal when the value of the resistor of
the pixel circuit constituting the liquid crystal display device
of the fifth embodiment is varied.

[0256] The great difference of the construction of this
embodiment from that of the first embodiment resides in that
the load element in any analog amplifier circuit constituting
the liquid crystal display device is constructed by a resistor,
that is, the analog amplifier circuit is constructed as a passive
load type analog amplifier circuit.

[0257] The difference resides in that the p-type MOS tran-
sistor of the analog amplifier circuit 104-1 is set as the p-type
MOS transistor 302 and the load element is constructed by a
resistor 306.

[0258] Accordingly, the analog amplifier circuit 104-4
comprising the p-type MOS transistor (Qp) 302 and the resis-
tor 306 constitutes a source follower type analog amplifier
circuit.

[0259] The p-type MOS transistor (Qp) 302 comprises an
MOS type transistor having a multi-gate structure, and the
n-type MOS transistor (Qn) 103 and the p-type MOS transis-
tor (Qp) 302 are constructed by p-Si TFT.

[0260] That is, the gate electrode of the p-type MOS tran-
sistor 302 is connected to any one of the source and drain
electrodes of the n-type MOS transistor ((Qn) 103, any one of
the source and drain electrodes of the p-type MOS transistor
302 is connected to the scan line 101, and one end of the
resistor 306 is connected to the voltage holding capacitance
electrode 105 while the other end of the resistor 306 is con-
nected to the pixel electrode 107.
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[0261] The value RL of the resistor 306 is set to be not more
than the value of the resistance component which determines
the response time constant of the liquid crystal. That is, the
value Rr of the resistor R1 in the equivalent circuit of the
liquid crystal shown in FIG. 73, the value Rsp of the resistor
R2 in the equivalent circuit of the liquid crystal shown in FIG.
75 and the value RL of'the resistor 306 are required to satisfy
the following equation (2):

RL<RvRL<Rsp ()]

[0262] For example, when the value Rsp of the resistor R2
is equal to about 5 GQ, the value RL of the resistor 306 is set
to about 1 GQ. Large resistance of 1 G€2 which is not usable
in normal semiconductor integrated circuits is formed by
semiconductor thin film or semiconductor thin film doped
with impurities.

[0263] FIG. 19 is a diagram showing a structure when
lightly-doped p-type semiconductor thin film (p-). FIG. 19
also shows the structure of the p-type MOS transistor (p-type
p-SiTFT)302. As shownin FIG. 19, any one of the source and
drain electrodes ofthe p-type p-SiTFT 302 is connected to the
scan line 101, and the other electrode is connected to the pixel
electrode 107. Here, the impurity doping amount, length and
width at the p- layer 404 portion forming the resistor 303 are
set so as to satisfy the condition represented by the equation
(2). Furthermore, p-type p-SiTFT 302 has a lightly doped
drain (hereinafter referred to as LDD) structure to increase the
withstanding voltage, and a step of forming LDD of p-SiTFT
402 and a step of forming the resistor 306 (p-) are carried out
at the same time in order to simplify the process. Reference
numeral 403 in FIG. 19 represents a p+ region, and areas
represented by 403, 404, 404, 403 attached from the left side
to the right side in FIG. 19 constitute the p-type MOS tran-
sistor 303. 401 represents a glass substrate.

[0264] Next, FIG. 20 shows an example in which the resis-
tor 303 is formed of semiconductor thin film (i-layer) 501
which is not doped with impurities. Here the length and width
of'the i-layer 501 forming the resistor 306 are set to satisfy the
equation (2). Furthermore, when the i-layer 501 is used as the
resistor 306, a lightly-doped p-type p—-layer 404 is formed
between one of the source and drain electrodes (p+) 403 of the
p-type MOS transistor 302 at one side thereof which is con-
nected to the pixel electrode 107 and the i-layer 501 serving as
the resistor 306. This is because when the p+-layer and the
i-layer are brought into contact with each other, an extremely
high Schottky resistor is formed and thus it is difficult to form
aresistor satisfying the equation (2) in a small area. Likewise,
the p—-layer 404 is formed between the p+-electrode 403
connected to the voltage holding capacitance electrode 105
and thei-layer 501. The other reference numerals are the same
as FIG. 19.

[0265] Next, FIG. 21 shows a case where the resistor 306 is
formed of lightly doped n-type semiconductor thin film (n-).
Here, the impurity doping amount, length and width at the
portion of the n- layer 602 constituting the resistor 306 are set
s0 as to satisfy the equation (2). When any one of the source
and drain electrodes P+ layer) 403 of the p-type p-SiTFT 302
and the n- layer 602 are connected to each other, the p+-layer
403 and the n+-layer 601 are connected to each other through
a metal layer 408 as shown in FIG. 21, and the n+-layer 601
is brought into contact with the n—layer 602. The other
reference numerals are the same as FIG. 19.

[0266] Inthe foregoing description, the resistor 306 shown
in FIG. 18 is formed of semiconductor thin film or semicon-
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ductor thin film doped with impurities. However, any material
can be applied insofar as it provides resistance satisfying the
equation (2).

[0267] The constructions of the other parts than the above
parts in this embodiment are the same as the first embodi-
ment. The same parts are represented by the same reference
numerals, and the description thereof is omitted.

[0268] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-5, and the pixel
circuit is represented by 20-5.

[0269] Next, the operation of this embodiment will be
described with reference to FIGS. 18 to 22.

[0270] The method of driving the liquid crystal display
device according to this embodiment is as follows.

[0271] The driving method for the liquid crystal display
method of this embodiment is the same as the second embodi-
ment, the third embodiment and the fourth embodiment. The
same description made with reference to FIG. 7 is satisfied for
the time charge of the gate scan voltage Vg, the data signal
voltage Vd, the gate input voltage Va of the first p-type MOS
transistor (Qp1) 302 and the pixel voltage Vpix and the varia-
tion of the light transmittance of liquid crystal when high-
response liquid crystal such as ferroelectric or antiferroelec-
tric having polarization, OCB mode liquid crystal responding
within one-field period or the like is driven by the pixel circuit
20-5. Here, in the following example, the liquid crystal is
assumed to be operated in the normally black mode in which
it is kept under dark state under no voltage application.
[0272] The same description made with reference to FIG.
14 is also applied to the timing chart showing the gate scan
voltage Vg, the data signal voltage Vd, the gate input voltage
Va of the first p-type MOS transistor (Qpl) and the pixel
voltage Vpix and the variation of the light transmittance of
liquid crystal, when NT liquid crystal is driven by the pixel
circuit 20-5.

[0273] Like the second to fourth embodiments, in this
embodiment, the gate input voltage Va held in the voltage
holding capacitor 106 during the present field period is
applied to the liquid crystal 109 by the first p-type MOS
transistor (Qp1) 302 of the analog amplifier 104-5. The appli-
cation of the gate input voltage Va is continued until the gate
scan voltage is set to VgH and reset is carried out in the next
field, and the analog gradation voltage corresponding to the
gate input voltage Va thus held can be output. The output
voltage is varied in accordance with the transconductance
gmp of'the p-type MOS transistor and the value of the resistor
306, and approximately represented by the following equa-
tion.

Ppix=Va-Vip ©)

[0274] Here, Vtp is normally a negative value, and thus
Vpix is larger than Va by the absolute value of the threshold
voltage of the first p-type MOS transistor (Qp1) 302.

[0275] Next, there will be described a case where TN liquid
crystal is drive while the resistor 306 of the pixel circuit 20-5
constituting the liquid crystal display device 10-5 of this
embodiment is varied. This example will be described with
reference to FIG. 22.

[0276] FIG. 22 is a timing chart showing the gate scan
voltage Vg, the data signal voltage Vd, the gate input voltage
Va of the first p-type MOS transistor (Qp1) 302 and the pixel
voltage Vpix and shows variation of the light transmittance of
liquid crystal. NT liquid is assumed to be operated in the
normally white mode in which it is kept to light state under no
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voltage application. In the following example, a signal volt-
age is applied as the data signal voltage Vd to keep the light
state over several fields.

[0277] The same driving method as described with refer-
ence to FIG. 7 is used. TN liquid crystal has a response time
ranging from about several tens msec to 100 msec, and thus
the display state thereof transits to a light display state while
taking the time corresponding to several fields. During this
time period, the molecules of the TN liquid crystal are
switched to induce variation of the liquid crystal capacitance.
In the conventional liquid crystal display device, the pixel
voltage Vpix is varied as shown in FIG. 74, and thus the
original light transmittance of the liquid crystal cannot be
achieved. On the other hand, in the liquid crystal display
device 10-5 of this embodiment, the first p-type MOS tran-
sistor (Qp1) 302 operates as the amplifier circuit portion of
the analog amplifier circuit 104-5, and a fixed voltage can be
continued to be applied to the liquid crystal 109 without being
effected by the variation of the capacitance of the TN liquid
crystal. Therefore, the original light transmittance can be
achieved, and accurate gradation display can be performed.
[0278] Next, there will be described variation of the pixel
voltage Vpix when the value of the resistor 306 is varied in the
liquid crystal display device according to this embodiment
shown in FIG. 18.

[0279] FIG. 22 shows the variation of the pixel voltage
Vpix when the value RL of the resistor 306 in FIG. 18 is
varied with respect to the value Rsp of the resistor R2 of the
liquid crystal of FIG. 75 like (1) Rsp/4, (2) Rsp and (3) 2xRsp.
[0280] As shown in FIG. 22, when the value of the resistor
306 is larger than the resistance value Rsp of the RL liquid
((3)), the pixel voltage Vpix exhibits great variation in fields
in which positive-polarity signals are written. On the other
hand, when the value RL of the resistor 306 is not more than
the liquid crystal resistance Rsp ((1), (2)), the pixel voltage
Vpix varies little. When the value of the resistor 306 is equal
to the value Rsp of the resistor R2 of the liquid crystal 109
((2)), slight variation is observed. However, the variation
period is extremely shorter than the one-field period and it has
no effect on the gradation display control.

[0281] For the reason described above, the value RL of the
resistor 303 in the liquid crystal display device 10-5 of this
embodiment is set so as to satisfy the equation (2) described
above. Actually, the value RL of the resistor 306 is settled in
consideration of the variation of the pixel voltage Vpix and
the power consumption. In order to reduce the power con-
sumption, it is favorable that the value RL of the resistor 306
is set to be as large as possible to the extent that the variation
of the pixel voltage Vpix does not affect the light transmit-
tance.

[0282] As described above, like the second embodiment,
according to the construction of this embodiment, the first
p-type MOS transistor (Qp1) 302 having the double structure
is used for the amplifier circuit portion of the analog amplifier
circuit 104-5, so that the dependence of Ids on Vds is greatly
reduced and there occurs no variation in the source-gate volt-
age Vgs.

[0283] Accordingly, linearity is achieved in the relationship
between the gate input voltage and the pixel voltage of the
analog amplifier circuit 104-5, and irrespective of the chang-
ing style of the data signal voltage Vd on the signal line 102
(every field or change at the time when the period of plural
fields has elapsed) and even when the pixel voltage Vpix is
applied from the analog amplifier circuit 104-5 through the
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pixel electrode 107 to the liquid crystal 109 and thus the
electrostatic capacitance of the liquid crystal 109 is varied,
the pixel voltage Vpix applied to the liquid crystal 109 is
substantially proportional to the data signal voltage Vd data
on the signal line 102, and no reduction appears in the gain of
the pixel voltage applied to the pixel electrode 107.

[0284] The linearity is achieved in the gate input voltage-
pixel voltage characteristic of the analog amplifier circuit
104-5. Therefore, in the case where the pixel voltage Vpix
output from the analog amplifier circuit 104 is applied to the
pixel electrode 107 to drive the liquid crystal 109 during the
field period after the horizontal scan period, and the same
driving operation is carried out on each pixel circuit to display
animage, even if the data signal voltage Vd is changed or Vds
is changed within a permissible range due to response of the
liquid crystal 109 under the state that the data signal voltage
Vd is changed, Ids is substantially kept constant, so that the
variation of the pixel voltage Vpix can be further reduced as
compared with the patent document described above. The
light transmittance of the liquid crystal 109 and the gradation
every field are also further enhanced as compared with the
patent document described above.

[0285] As a result, like the waveform of the pixel voltage
Vpix of FIGS. 7 and 14 in the second embodiment, the pixel
voltage for which the linearity of the gate input voltage-pixel
voltage characteristic is more enhanced over the one-field
period as compared with the patent document described
above can be applied to the liquid crystal, and more excellent
gradation can be achieved every field as indicated by the light
transmittance of the liquid crystal 109 as shown in FIG. 11.

[0286] Furthermore, by using the MOS transistor having
the double gate structure, an MOS transistor having a short
channel length can be used. Therefore, the aperture ratio can
be enhanced.

[0287] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage is used as the power supply source and reset
power supply source of the first p-type MOS transistor (Qp1)
302 operating as the amplifier circuit portion of the analog
amplifier 104-5, and the reset of the analog amplifier circuit
104-5 is carried out by the first p-type MOS transistor (Qp1)
302 itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-5
can be constructed in a small area and there can be achieved
a remarkable effect to enhance the high aperture ratio.

Sixth Embodiment

[0288] FIG. 23 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a sixth
embodiment of the present invention, FIG. 24 is a diagram
showing a drain current-gate input voltage characteristic of a
second p-type MOS transistor (Qp2) 703 of the pixel circuit
constructed by the liquid crystal display device of FIG. 23
(the gate input voltage represents the gate-source voltage in
FIG. 24), FIG. 25 is a timing chart showing the gate scan
voltage Vg, the data signal voltage Vd, the gate input voltage
Va and the pixel voltage Vpix and shows the variation of the
light transmittance of liquid crystal when high-response lig-
uid crystal is driven in the pixel circuit constituting the liquid
crystal display device, and FIG. 26 is a timing chart showing
the gate scan voltage Vg, the data signal voltage Vd, the gate
input voltage Va and the pixel voltage Vpix and also shows the
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variation of the light transmittance of liquid crystal when NT
liquid is driven in the pixel circuit constituting the liquid
crystal display device.

[0289] The, construction of this embodiment is greatly dif-
ferent from that of the second embodiment in that the n-type
MOS transistor 103 of the second embodiment is set as a
p-type MOS transistor (Qp) 701, the first p-type MOS tran-
sistor (Qp1) 302 is set as a first n-type MOS transistor 702 and
the second p-type MOS transistor 303 is set as a second n-type
MOS transistor (Qn2) 703. This relationship is applied to
seventh and eighth embodiments described later.

[0290] That is, the difference resides in that the gate elec-
trode of the p-type MOS transistor (Qp) 701 is connected to
the scan line 101, any one of the source and drain electrodes
thereof is connected to the signal line 102, the gate electrode
of the first n-type MOS transistor (Qn1) 702 is connected to
the other of the source and drain electrodes of the p-type MOS
transistor (Qp) 701, any one of the source and drain electrodes
of the first n-type MOS transistor (Qn1) 702 is connected to
the scan line 101, the other of the source and drain electrodes
is connected to the pixel electrode 107, the gate electrode of
the second n-type MOS transistor (Qn2) 703 is connected to
the voltage holding capacitance electrode 105, the drain elec-
trode thereof is connected to the pixel electrode 107, and the
source electrode thereof is connected to the source electrode
704.

[0291] Atleast one ofthe first n-type MOS transistor (Qnl)
702 and the second n-type MOS transistor (Qn2) 703 is an
n-type MOS transistor having a multi-gate structure, and the
p-type MOS transistor (Qp) 701, the first n-type MOS tran-
sistor (Qn1) 702 and the second n-type MOS transistor (Qn2)
703 are constructed by p-Si TFT.

[0292] Furthermore, the source power supply source 704
supplies the source electrode of the second n-type MOS tran-
sistor (Qn2) 703 with a source voltage under which the value
Rdsn ofthe source-drain resistance of the second n-type MOS
transistor (Qn2) is not more than the value of the resistance
component which determines the response time constant of
the liquid crystal. That is, the value Rr of the resistor R1 in the
equivalent circuit of the liquid crystal shown in FIG. 73, the
value Rsp of the resistor R2 in the equivalent circuit of the
liquid crystal shown in FIG. 75 and the value Rdsn of the
source-drain resistor satisfy the relationship represented by
the equation (4).

Rdsn=Rr,Rdsn=Rsp 4

[0293] The voltage satisfying the above equation is sup-
plied from the source power supply source 704 to the source
electrode of the second p-type MOS transistor (Qp2) 703.
[0294] For example, when the value Rsp of the resistor R2
is equal to 5 GQ, a source voltage VS under which the value
Rdsn of the source-drain resistor does not exceed 1 GQ is
supplied form the source power supply source 704. The oper-
ating point of the second n-type MOS transistor (Qn2) 703 is
the same as shown in FIG. 24. FIG. 24 is a diagram showing
ideal curved lines. In FIG. 24, eight curved lines achieved by
varying Vds from -2 V to -14 V are drawn. The positional
relationship among the respective curved lines in FIG. 24 is
the same as those of FIGS. 3 and 4.

[0295] That is, in this embodiment, the gate-source voltage
(VCH-VS) of the second n-type MOS transistor (Qn2) 703 is
setto about 3 V. For example, the voltage holding capacitance
voltage VCH is set to 3V, and VS is set to 0V As a result, the
drain current of the second n-type MOS transistor (Qn2) 703
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is equal to about IE-8 (A), and the value Rdsn of the source-
drain resistance is equal to 1 GQ when the source-drain
voltage Vdsn is equal to 10 V.

[0296] The second n-type MOS transistor (Qn2) 703 is an
n-type MOS transistor having a multi-gate structure, and
operated in the weak inversion area. That is, current Ids flow-
ing in the second n-type MOS transistor (Qn2) 703 is little
dependent on the source-drain voltage Vdsn applied to the
n-type MOS transistor (Qn2) 703 (FIG. 24), so that the drain
current is substantially fixed even when the source-drain volt-
age Vdsn is varied between 2 and 14 V. The second n-type
MOS transistor (Qn2) 703 operates as a bias current source
when the first n-type MOS transistor (Qn1) 702 is operated as
an amplifier circuit portion of the analog amplifier circuit
104-6.

[0297] Both the first n-type MOS transistor (Qn1) 702 and
the second n-type MOS transistor (Qn2) 703 may be formed
of MOS transistors having the double gate structure. Further-
more, only the second n-type MOS transistor (Qn2) 703 may
be formed of the MOS transistor having the double gate
structure.

[0298] The constructions of the other parts than the above
parts in this embodiment are the same as the second embodi-
ment. Therefore, the same parts as the second embodiment
are represented by the same reference numerals as the second
embodiment, and the description thereof is omitted.

[0299] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-6, and the pixel
circuit is represented by 20-6.

[0300] Next, the operation of this embodiment will be
described with reference to FIGS. 23 to 26.

[0301] FIG. 25 is a timing chart showing the gate scan
voltage Vg, the data signal voltage Vd, the gate input voltage
Va of the first n-type MOS transistor (Qnl) 702 and the pixel
voltage Vpix and also shows the variation of the light trans-
mittance of liquid crystal when high-response liquid crystal
such as ferroelectric or antiferroelectric liquid crystal having
polarization, OCB mode liquid crystal responding within the
one-field period or the like is driven by the pixel circuit 20-6.
Here, it is assumed that the display mode of the liquid crystal
is set to the normally black mode in which the display thereof
is kept dark under no voltage application.

[0302] Asshown in FIG. 25, the gate scan voltage Vg is set
to low level VgL during the horizontal scan period, whereby
the p-type MOS transistor (Qp) 701 is kept to ON state and the
data signal voltage Vd input to the signal line 102 is trans-
ferred through the p-type MOS transistor (Qp) 701 to the gate
electrode of the first n-type MOS transistor (Qnl) 702. Fur-
thermore, during the horizontal scan period, the gate scan
voltage Vgl is transferred through the first n-type MOS tran-
sistor (Qn1) 702 to the pixel electrode 107, whereby the pixel
electrode 107 is shifted to the reset state.

[0303] That is, the pixel voltage Vpix is set to VgL during
the horizontal scan period, whereby the reset of the first
n-type MOS transistor (Qnl) 702, that is, the display switch-
ing to the normal black state can be simultaneously per-
formed. The first n-type MOS transistor (Qnl) 702 operates
as the amplifier circuit portion of the source follower type
analog amplifier circuit 104-6 after the horizontal scan period
is finished. This will be described as follows.

[0304] When the horizontal scan period is finished and the
gate scan voltage Vg is set to high level, the p-type MOS
transistor (Qp) 701 is set to OFF state, and the data signal
voltage transferred to the gate electrode of the first n-type
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MOS transistor (Qnl) 702 is held in the voltage holding
capacitor 106. At this time, the gate input voltage Va of the
first n-type MOS transistor (Qn1) undergoes a voltage shift
called as a field through voltage via the gate-source capaci-
tance of the p-type MOS transistor (Qp) 701 at the time when
the p-type MOS transistor (Qp) 701 is set to OFF state. This
voltage shift is represented by V{1, V2, V13 in FIG. 25, and
the amount of the voltage shift V{1 to V13 can be reduced by
setting the value of the voltage holding capacitance 106 to a
large value.

[0305] The gate input voltage Va of the first n-type MOS
transistor (Qn1) 702 is held until the gate scan voltage Vg is
set to low level again in the next field period and the p-type
MOS transistor (Qp) 701 is selected.

[0306] On the other hand, the first n-type MOS transistor
(Qn1) 702 has been already reset during the horizontal scan
period, and it operates as the amplifier circuit portion of the
source follower type analog amplifier circuit 104-6 with the
pixel electrode 107 as a source electrode. In order to induce
this operation, the voltage holding capacitance electrode 105
is supplied with a voltage lower than at least (Vdmin-Vtn) as
a voltage at which the first n-type MOS transistor (Qn1) 702
is operated as the amplifier circuit portion of the analog
amplifier circuit 104-6. Vdmin represents the minimum value
of the data signal voltage Vd, and Vtn represents a threshold
voltage of the first n-type MOS transistor (Qnl) 702.

[0307] The first n-type MOS transistor (Qnl) 702 can out-
put the analog gradation voltage (pixel voltage) correspond-
ing to the gate input voltage Va thus held until the gate scan
voltage is set to VgL in the next field and it is reset.

[0308] The active load type analog amplifier circuit 104
which outputs the output voltage described above operates in
the same manner as the described in detail with reference to
FIGS. 8 to 11. Therefore, linearity is achieved between the
gate input voltage Va and the analog gradation voltage (pixel
voltage), the voltage range thereof is broad and also linearity
is achieved between the data signal voltage Vd and the light
transmittance.

[0309] Next, the driving method when TN liquid crystal
109 is used as the liquid crystal of the pixel circuit 20-6 of the
liquid crystal display device will be described.

[0310] FIG. 26 is a timing chart showing the gate scan
voltage Vg, the data signal voltage Vd, the gate input voltage
Va of the first n-type MOS transistor (Qnl) 702 and the pixel
voltage Vpix and also shows the variation of the light trans-
mittance of liquid crystal at this time. Here, in this example,
the liquid crystal 109 is operated in the normally white mode
in which it is kept in bright state under no voltage application.
Furthermore, in this example, a signal voltage under which
the light display state is kept over several fields is applied as
the data signal voltage Vd. The same driving method as FIG.
25 is used.

[0311] Since TN liquid crystal has a response time from
several tens msec to about one hundred msec, it transmits to
the light display state while taking the time corresponding to
several fields as shown in FIG. 26. During this period, the
molecules of TN liquid are switched to vary the liquid crystal
capacitance. Therefore, in the conventional liquid crystal dis-
play device, the pixel electrode Vpix is varied as shown in
FIG. 74, and thus the original light transmittance TO of the
liquid crystal cannot be achieved.

[0312] On the other hand, the liquid crystal display device
10-6 of this embodiment is designed so that the first n-type
MOS transistor (Qnl) 702 operates as the amplifier circuit
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portion of the analog amplifier circuit 104-6, and the second
n-type MOS transistor (Qn2) 702 is operated in a voltage area
where Ids has substantially no dependence on Vds, that is, in
the weak inversion area. Therefore, even when the TN liquid
crystal is driven and the capacitance thereof is varied, the
pixel voltage Vpix which is substantially proportional to the
data signal voltage Vd can be applied to the liquid crystal 109
every field without being affected by the variation of the
capacitance of the TN liquid, so that the original light trans-
mittance can be achieved and images can be displayed with
accurate gradation.

[0313] Asdescribed above, according to the construction of
this embodiment, the first p-type MOS transistor (Qp1) 302
and the second p-type MOS transistor (Qp2) 303 of the sec-
ond embodiment are altered to the first n-type MOS transistor
(Qn1) 702 and the second n-type MOS transistor (Qn2) 703 to
construct the analog amplifier circuit 104-6, and in connec-
tion with this alteration, the polarities of the voltages needed
to operate the first and second n-type MOS transistors 702,
703 are changed, whereby there can be achieved the same
effects as the second embodiment, that is, the effect that the
pixel voltage Vpix substantially proportional to the data sig-
nal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
and the aperture ratio can be more enhanced as compared with
the patent document.

[0314] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage is used as the power supply source and reset
power supply source of the first n-type MOS transistor (Qnl)
702 operating as the amplifier circuit portion of the analog
amplifier 104-6, and the reset of the analog amplifier circuit
104-6 is carried out by the first p-type MOS transistor (Qn1)
702 itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-6
can be constructed in a small area and there can be achieved
a remarkable effect to enhance the high aperture ratio as the
second embodiment.

Seventh Embodiment

[0315] FIG. 27 is a diagram showing a pixel circuit con-
structed by a liquid crystal display device according to a
seventh embodiment of the present invention.

[0316] The construction of this embodiment is greatly dif-
ferent from the construction of the third embodiment in that
the n-type MOS transistor (Qn) 103 of the third embodiment
is set as the p-type MOS transistor (Qp) 701 and the first
p-type MOS transistor (Qpl) 302 is set as the first n-type
MOS transistor (Qnl) 702 and the second p-type transistor
(Qp2) 303 is set as the second n-type MOS transistor (Qn2)
703.

[0317] That is, the difference resides in that the gate elec-
trode of the p-type MOS transistor (Qp) 701 is connected to
the scan line 101, any one of the source and drain electrodes
thereof is connected to the signal line 102, the gate electrode
of the first n-type MOS transistor (Qnl) is connected to the
other of the source and drain electrodes of the p-type MOS
transistor (Qp) 701, any one of the source and drain electrodes
of the first n-type MOS transistor (Qn1) 702 is connected to
the scan line 101, the other of the source and drain electrodes
is connected to the pixel electrode 107, the gate electrode of
the second n-type MOS transistor (Qn2) 703 is connected to
the bias power supply source 705, the drain electrode of the
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second n-type MOS transistor (Qn2) 703 is connected to the
pixel electrode 107, and the source electrode of the second
n-type MOS transistor (Qn2) 703 is connected to the voltage
holding capacitance electrode 105.

[0318] Atleastone ofthe first n-type MOS transistor (Qnl)
702 and the second n-type MOS transistor (Qn2) 703 is an
n-type MOS transistor having a multi-gate structure, and the
p-type MOS transistor (Qp) 701, the first n-type MOS tran-
sistor (Qn1) 702 and the second n-type MOS transistor (Qn2)
703 are constructed by p-Si TFT.

[0319] The bias power supply source 705 to be supplied to
the gate electrode of the second n-type MOS transistor (Qn2)
703 is set so that the source-drain resistance Rdsn of the
second n-type MOS transistor (Qn2) 703 is not more than the
value of the resistance component which determines the
response time constant of the liquid crystal. That is, the value
Rr in the equivalent circuit of the liquid crystal shown in FIG.
73, the value Rsp of the resistor R2 in the equivalent circuit of
the liquid crystal shown in FIG. 75 and the value Rdsn of the
source-drain resistance satisty the relationship represented by
the following equation (5).

Rdsn=Rr,Rdsn=Rsp (5)

[0320] For example, when the value Rsp of the resistor R2
is equal to 5 GQ, a bias voltage VB under which the value
Rdsn of the source-drain resistance does not exceed 1 GQ is
supplied from the bias power supply source 705 to the gate
electrode of the second n-type MOS transistor (Qn2) 703.
FIG. 24 shows the operating point of the drain current-gate
input voltage characteristic of the second n-type MOS tran-
sistor (Qn2) 703. In the example of FIG. 24, the gate-source
voltage (VB-VCH) of the second n-type MOS transistor
(Qn2) 703 is set to about 3 V.

[0321] For example, the voltage holding capacitance volt-
age VCH is set to 0V, and the voltage VB of the gate electrode
is set to 3V. As a result, the drain current of the second n-type
MOS transistor (Qn2) 703 is equal to about IE-8 (A), and the
value Rdsn of the source-drain resistance is equal to 1 GQ
when the source-drain voltage Vdsn is equal to 10V. The
second n-type MOS transistor (Qn2) 703 operates in the weak
inversion area.

[0322] That is, since the current Ids flowing in the second
n-type MOS transistor (Qn2) 703 has substantially no depen-
dence on the source-drain voltage Vdsn applied to the n-type
MOS transistor (Qn2) 703 (FIG. 24), the drain current is
substantially fixed even when the source-drain voltage Vdsn
is varied from 2 to 14 V. The second n-type MOS transistor
(Qn2) 703 operates as a bias current source when the first
n-type MOS transistor (Qn1) 702 is operated as the amplifier
circuit portion of the analog amplifier circuit.

[0323] The constructions of the parts other than the above
parts in this embodiment are the same as the third embodi-
ment. Therefore, the same parts are represented by the same
reference numerals as the third embodiment, and the descrip-
tion thereof is omitted.

[0324] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-7, and the pixel
circuit is represented by 20-7.

[0325] Next, the operation of this embodiment will be
described with reference to FIG. 27.

[0326] The driving method of this embodiment is the same
as the seventh embodiment. That is, the pixel voltage Vpix
and the light transmittance of liquid crystal when high-re-
sponse liquid crystal such as ferroelectric or antiferroelectric
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liquid crystal having polarization, OCB mode liquid crystal
responding within the one-field period or the like is driven by
the pixel circuit 20-7 are the same as shown in FIG. 25, and
the pixel voltage Vpix and the light transmittance of the liquid
crystal are the same as shown in FIG. 26.

[0327] Asdescribed above, according to the construction of
this embodiment, the first p-type MOS transistor (Qp1) 302
and the second p-type MOS transistor (Qp2) 303 of the third
embodiment are altered to first n-type MOS transistor (Qnl)
702 and the second n-type MOS transistor (Qn2) 703 to
construct the analog amplifier circuit 104-7, and in connec-
tion with this alteration, the polarities of the voltages needed
to operate the first and second n-type MOS transistors 702,
703 are changed to achieve the same effects as the third
embodiment, that is, the effect that the pixel voltage Vpix
which is substantially-proportional to the data signal voltage
Vd can be applied to the liquid crystal 109, so that more
excellent gradation can be achieved every field as compared
with the patent document and the effect that the aperture ratio
can be more enhanced.

[0328] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage is used as the power supply source and reset
power supply source of the first p-type MOS transistor (Qp1)
702 operating as the amplifier circuit portion of the analog
amplifier 104-7, and the reset of the analog amplifier circuit
104-7 is carried out by the first n-type MOS transistor (Qp1)
702 itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0329] Furthermore, the analog amplifier circuit 104-7 can
be constructed in a small area, and there can be achieved the
same level of high aperture ratio as the third embodiment.

Eighth Embodiment

[0330] FIG. 28 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to an eighth
embodiment of the present invention, and FIG. 29 is a dia-
gram showing a drain current-gate input voltage (in FIG. 29,
the gate input voltage represents a gate-source voltage) char-
acteristic of the second n-type MOS transistor (Qn2) 703 of
the pixel circuit constituting the liquid crystal display device
of this embodiment.

[0331] The construction of this embodiment is greatly dif-
ferent from that of the fourth embodiment in that the n-type
MOS transistor (Qn) 103 of the fourth embodiment is setas a
p-type MOS transistor (Qp) 701, the first p-type MOS tran-
sistor (Qp1) 302 is set as a first n-type MOS transistor (Qn1)
702, the second p-type MOS transistor (Qp2) 303 is set as a
second n-type MOS transistor (Qn2) 703.

[0332] That is, the difference resides in that the gate elec-
trode of the p-type MOS transistor (Qp) 701 is connected to
the scan line 101, any one of the source and drain electrodes
is connected to the signal line 102, the gate electrode of the
first n-type MOS transistor (Qnl) 702 is connected to the
other of the source and drain electrodes of the p-type MOS
transistor (Qp) 701, any one of the source and drain electrodes
of the first n-type MOS transistor (Qn1) 702 is connected to
the scan line 101, and the other of the source and drain
electrodes thereof'is connected to the pixel electrode 107, the
drain electrode of the second n-type MOS transistor (Qn2)
703 is connected to the pixel electrode 107, and the gate
electrode and the source electrode are connected to the volt-
age holding capacitance electrode 105.
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[0333] Atleastone ofthe first n-type MOS transistor (Qnl)
702 and the second n-type MOS transistor (Qn2) 703 com-
prises an n-type MOS transistor having a multi-gate structure,
and the p-type MOS transistor (Qp) 701, the first n-type MOS
transistor (Qnl) 702 and the second n-type MOS transistor
(Qn2) 703 are constructed by p-Si TFT.

[0334] Furthermore, both the gate electrode and the source
electrode of the second n-type MOS transistor (Qn2) 703 are
connected to the voltage holding capacitance electrode 105,
so that the gate-source voltage Vgsn of the second n-type
MOS transistor (Qn2) 703 is equal to OV.

[0335] Under this bias condition, the threshold voltage of
the second n-type MOS transistor (Qn2) 703 is controlled to
be shifted to the negative side by channel dose so that the
value Rdsn of the source-drain resistance of the second n-type
MOS transistor (Qn2) 703 satisfies the equation (4). FIG. 29
shows the drain current-gate input voltage characteristic and
operating point of the second n-type MOS transistor (Qn2)
703. FIG. 29 is a diagram showing ideally drawn curves. In
FIG. 29, eight curved lines achieved by varying Vds from -2
V to —14 V are drawn, and the positional relationship of the
respective curved lines in FIG. 29 is the same as FIGS. 3 and
4.

[0336] As shown in FIG. 29, the threshold voltage is con-
trolled to be shifted to the negative side by channel dose so
that the drain current is equal to about IE-8(A) when the
gate-source voltage is equal to OV As a result, the drain
current of the second n-type MOS transistor (Qn2) 703 is
equal to about IE-8 (A), and the value Rdsn of the source-
drain resistance is equal to 1 GQ.

[0337] The second n-type MOS transistor (Qn2) 703 oper-
ates in the weak inversion area.

[0338] That is, the current Ids flow in the second n-type
MOS transistor (Qn2) 703 has substantially no dependence
on the source-drain voltage Vdsn applied to the n-type MOS
transistor (Qn2) 703 (FIG. 29). Therefore, even when the
source-drain voltage Vdsn is varied between 2 and 14V, the
drain current is substantially fixed. The second n-type MOS
transistor (Qn2) 703 operates as a bias current source when
the first n-type MOS transistor (Qnl) 702 is operated as the
amplifier circuit portion of the analog amplifier circuit 1104-
8.

[0339] The bias power supply source 704 needed in the
sixth embodiment and the source power supply source 705
needed in the seventh embodiment are not required in the
eight embodiment, however, a channel dose step is addition-
ally needed.

[0340] The constructions as the parts other than the above
parts in this embodiment are the same as the fourth embodi-
ment. The same parts are represented by the same reference
numerals as the fourth embodiment, and the description
thereof is omitted.

[0341] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-8, and the pixel
circuit is represented by 20-8.

[0342] Next, the operation of this embodiment will be
described with reference to FIGS. 28 and 29.

[0343] The driving method for the liquid crystal display
device of this embodiment is the same as the sixth embodi-
ment and the seventh embodiment.

[0344] The pixel voltage Vpix and the light transmittance of
liquid crystal when high-response liquid crystal such as fer-
roelectric or antiferroelectric liquid crystal having polariza-
tion, OCB mode liquid crystal responding within the one-
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field period or the like is driven by the pixel circuit 20-8 are
the same as shown in FIG. 25, and the pixel voltage Vpix and
the light transmittance of liquid crystal when NT liquid crys-
tal is driven by the pixel circuit 20-8 are the same as shown in
FIG. 26.

[0345] Asdescribed above, according to the construction of
this embodiment, the first p-type MOS transistor (Qp1) 3Q2
and the second p-type MOS transistor (Qp2) 303 are altered to
the first n-type MOS transistor (Qnl) 702 and the second
n-type MOS transistor 703 to construct an analog amplifier
circuit 104-8, and in connection with the alteration, the
polarities of voltages needed to operate the first n-type MOS
transistor (Qnl) 702 and the second n-type MOS transistor
(Qn2)703 are changed to achieve the same effect as the fourth
embodiment, that is, the effect that the pixel voltage Vpix
which is substantially proportional to the data signal voltage
Vd can be applied to the liquid crystal 109, whereby more
excellent gradation can be achieved every field as compared
with the patent document described above and also the effect
that the aperture ratio can be more enhanced.

[0346] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage is used as the power supply source and reset
power supply source of the first n-type MOS transistor (Qnl)
702 operating as the amplifier circuit portion of the analog
amplifier 104-8, and the reset of the analog amplifier circuit
104-8 is carried out by the first n-type MOS transistor (Qn1)
702 itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-8
can be constructed in a small area and the same level of high
aperture ratio as the fourth embodiment can be achieved.

Ninth Embodiment

[0347] FIG. 30 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a ninth
embodiment of the present invention, FIG. 31 is a diagram
showing a first structure of a resistor used in the pixel circuit
of the liquid crystal display device of the ninth embodiment,
FIG. 32 is adiagram showing a second structure of the resistor
used in the pixel circuit of the liquid crystal display device of
the ninth embodiment, FIG. 33 is a diagram showing a third
structure of the resistor used in the pixel circuit of the liquid
crystal display device of the ninth embodiment, and FIG. 34
is a timing chart showing the gate scan voltage Vg, the data
signal voltage Vd, the amplifier input voltage and the pixel
voltage Vpix and also shows the variation of the light trans-
mittance of liquid crystal when high-response liquid crystal is
driven in the pixel circuit constituting the liquid crystal dis-
play device of the ninth embodiment while varying the value
of the resistor.

[0348] The construction of this embodiment is greatly dif-
ferent from that of the fifth embodiment in that the p-type
MOS transistor (Qp) 1-3 of the pixel circuit 10-5 of the fifth
embodiment is set as the p-type MOS transistor (Qp) 701 and
the first p-type MOS transistor (Qp1) 302 is set as the n-type
MOS transistor (Qn) 702.

[0349] The n-th MOS transistor (Qn) 702 comprises an
MOS transistor having a multi-gate structure, and the p-type
MOS transistor (Qp) 701 and the n-type MOS transistor
(Qn1) 702 are constructed by p-Si TFT.

[0350] That is, the gate electrode of the n-type MOS tran-
sistor 702 is connected to any one of the source and drain
electrodes of the p-type MOS transistor (Qn) 701, any one of
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the source and drain electrodes of the n-type MOS type tran-
sistor 702 is connected to the scan line 101 while the other of
the source and drain electrodes of the n-type MOS type tran-
sistor 702 is connected to the resistor 306, and one end of the
resistor 306 is connected to the voltage holding capacitance
electrode 105 while the other end of the resistor 306 is con-
nected to the pixel electrode 107.

[0351] Furthermore, the value RL of the resistor 306 is set
to equal to or less than the value of the resistance component
which determines the response time constant of the liquid
crystal. That is, the value Rr of the resistor R1 in the liquid
crystal equivalent circuit shown in FIG. 72, the value Rsp of
the resistor R2 in the liquid crystal equivalent circuit shown in
FIG. 74 and the value RL of the resistor 306 satisfy the
relationship represented by the equation (4).

[0352] For example, when the value Rsp of the resistor R2
is equal to 5 G, the value RL of the resistor 306 is set to
about 1 GQ. A large resistance value of 1 GQ which is not
used in normal semiconductor integrated circuits is achieved
by semiconductor thin film or semiconductor thin film doped
with impurities.

[0353] FIG. 31 shows a structure of the resistor 306 when
the resistor 306 is formed of Lightly doped n-type semicon-
ductor thin film (n-). FIG. 31 also shows the structure of the
n-type p-Si TFT1 (n-type MOS transistor) 702.

[0354] AsshowninFIG. 31, any one ofthe source and drain
electrodes of the n-type p-Si TFT 702 (n+-layer portion 601 at
the left side) is connected to the scan line 101 through metal
406, and the other electrode (n+-layer portion at the right
side) is connected to the pixel electrode 107. Here, the
n--layer portion 602 forming the resistor 306 (the n—-layer
portion between the n+-layer portion 601 connected to the
voltage holding electrode 105 and the n+-layer portion 601
connected to the pixel electrode 107) is designed in impurity
doping amount, length and width so as to satisfy the condition
represented by the equation (4). The n-type p-Si TFT 702 is
designed to have a lightly doped drain (hereinafter referred to
as “LDD”) structure to increase the withstanding voltage, and
a step of forming LDD of P-Si TFT and a step of forming
resistor RL, (n-) are carried out at the same time to simplify
the process.

[0355] A first n-type MOS transistor (Qn2) 702 is formed
between the n+-layer portion 601 connected to the pixel elec-
trode 107 and the n+-layer portion 601 connected to the scan
line 101. Reference numeral 602 in the layer portion in which
the first n-type MOS transistor (Qn2) is formed represents the
n+-layer portion. 401 represents a glass substrate.

[0356] Next, FIG. 32 shows an example in which the resis-
tor 306 is formed of semiconductor thin film (i-layer) 501
doped with no impurity. Here, the length and width of the
i-layer 501 forming the resistor 306 are set so as to satisfy the
equation (4). Furthermore, when the i-layer 501 is used as the
resistor 306, as shown in FIG. 32, a lightly-doped n-type
(n-layer 602) is formed in advance between any one electrode
(n+) 601 of the source and drain electrodes at one side of the
n-type p-Si TFT 702 which is connected to the pixel electrode
107 and the resistor 306 (i-layer 501). This is because if the
n+-layer is brought into contact with the i-layer, Schottky
resistor having extremely high resistance is formed, so that it
is difficult to form the resistor satisfying the equation (4) in a
small area. Likewise, the n—-layer 602 is formed between the
n+-electrode connected to the voltage holding capacitance
electrode 105 and the i-layer 501. The other reference numer-
als are the same as FIG. 31.
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[0357] Next, FIG. 33 shows an example when the resistor
306 is formed of lightly-doped p-type semiconductor thin
film (p-). In FIG. 33, the impurity doping amount, length and
width at the portion of the p—-layer 404 forming the resistor
306 are set so as to satisty the condition represented by the
equation (4). When the source-drain electrode (n+-layer) 601
of'the n-type p-Si TFT 1601 is connected to the p—-layer 404,
the n+-layer 601 and the p+-layer 403 are connected to each
other through a metal layer 408, and the p+-layer 403 is
brought into contact with the p—-layer 404. The other refer-
ence numerals are the same as FIG. 31.

[0358] In the foregoing description, the resistor 306 is
formed of semiconductor thin film or semiconductor thin film
doped with impurities. However, any other materials may be
used if they have resistance satisfying the equation (4).
[0359] Next, the variation of the pixel voltage Vpix when
the value RL of the resistor 306 is varied in the liquid crystal
display device 10-9 according to the present invention shown
in FIG. 30 will be described. FIG. 34 shows the variation of
the pixel voltage Vpix when the value RL of the resistor 306
in FIG. 30 is varied to (1) Rsp/4, (2) Rsp and (3) 2xRsp with
respect to the resistance value Rsp of the liquid crystal 109 in
FIG. 75. When the value RL of the resistor 306 is larger than
the resistance value Rsp of the liquid crystal 109 (3) as shown
in FIG. 34, the pixel voltage Vpix has a great variation in
fields in which negative-polarity signals are written. On the
other hand, when the value RL of the resistor 306 is not more
than the resistance value Rsp of the liquid crystal 109 ((1),
(2)), there is little variation of the pixel voltage Vpix. When
the value RL of the resistor 306 is equal to the resistance value
Rsp of the liquid crystal 109 ((2)), a slight variation is
observed, however, the variation period is extremely shorter
as compared with the one-field period, so that there is no
effect on the gradation display control.

[0360] For the reason described above, in the liquid crystal
display device shown in FIG. 30, the value RL of the resistor
306 is set so as to satisfy the condition represented by the
equation (4). Actually, the value RL of the resistor 306 is
determined in consideration of the variation of the pixel volt-
age Vpix and the power consumption. In order to reduce the
power consumption, the value RL of the resistor 306 is pref-
erably set to be as large as possible to the extent that the
variation of the pixel voltage Vpix has no effect on the light
transmittance of liquid crystal.

[0361] The constructions of the other parts than the above
parts in this embodiment are the same as the fifth embodi-
ment. Therefore, these same parts are represented by the same
reference numerals as the fifth embodiment, and the descrip-
tion thereof is omitted.

[0362] The liquid crystal display device having the above
difference is represented by 10-9, and the pixel circuit is
represented by 20-9.

[0363] Next, the operation of this embodiment will be
described with reference to FIGS. 30 and 34.

[0364] The driving method of the liquid crystal display
device according to this embodiment is the same as the liquid
crystal display device according to the sixth to eighth embodi-
ments.

[0365] That is, the pixel voltage Vpix and the light trans-
mittance of liquid crystal when high-response liquid crystal
such as ferroelectric or antiferroelectric liquid crystal having
polarization, OCB mode liquid crystal responding within
one-field period or the like is driven by the pixel circuit 20-9
are the same as shown in FIG. 25, and the pixel voltage Vpix
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and the light transmittance of liquid crystal when NT liquid
crystal is driven by the pixel circuit 20-9 are the same as
shown in FIG. 26.

[0366] As described above, according to the construction of
this embodiment, the p-type MOS transistor 302 of the fifth
embodiment is altered to the n-type MOS transistor 702 to
construct the analog amplifier circuit 104-9, and the polarity
of the voltage needed to operate the n-type MOS transistor
702 is changed in connection with this alteration, thereby
achieving the same effect as the fifth embodiment, that is, the
effect that the pixel voltage Vpix substantially proportional to
the data signal voltage Vd can be applied to the liquid crystal
109, and thus the effect that more excellent gradation can be
achieved and the aperture ration can be more enhanced every
field as compared with the patent document.

[0367] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage is used as the power supply source and reset
power supply source of the first n-type MOS transistor (Qnl)
702 operating as the amplifier circuit portion of the analog
amplifier 104-8, and the reset of the analog amplifier circuit
104-8 is carried out by the first n-type MOS transistor (Qn1)
702 itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-9
can be constructed in a small area and the same level of high
aperture ratio as the fifth embodiment can be achieved.

Tenth Embodiment

[0368] FIG. 35 is a diagram showing a pixel circuit con-
structed by a liquid crystal display device according to a tenth
embodiment of the present invention, and FIG. 36 is a timing
chart showing the gate scan voltage Vg, the data signal volt-
age Vd, the gate input voltage Va of the first p-type MOS
transistor*Qp1) 302 and the pixel voltage Vpix and also
shows the variation of the light transmittance of liquid crystal
when high-response liquid crystal such as ferroelectric or
antiferroelectric liquid crystal having polarization, OCB
mode liquid crystal responding within one-field period or the
like is driven by the pixel circuit.

[0369] The construction of this embodiment is greatly dif-
ferent from that of the second embodiment in that any one of
the source and drain electrodes of the p-type MOS transistor
constituting the amplifier circuit portion in each pixel circuit
constituting the liquid crystal display device is driven by the
just preceding scan line.

[0370] That is, the difference resides in that the gate elec-
trode of the n-type MOS transistor (Qn) 103 (N) is connected
to an N-th scan line 101 (N), any one of the source and drain
electrodes thereof is connected to the signal line 102, the gate
electrode of the first p-type MOS transistor (Qp1) 302 (N) is
connected to the other of the source and drain electrodes of
the n-type MOS transistor (Qn) 103 (N), any one of the source
and drain electrodes of the first p-type MOS transistor (Qpl)
302 (N) is connected to an (N-1)-th scan line 101 (N-1), and
the other of the source and drain electrodes of the first p-type
MOS transistor (Qp1) 302 (N) is connected to the pixel elec-
trode 107 (N).

[0371] The constructions of the other parts than the above
parts in this embodiment are the same as the second embodi-
ment. These same parts are represented by the same reference
numerals as the second embodiment, and the description
thereof is omitted.
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[0372] Accordingly, the liquid crystal display device 10-10
having the above difference is represented by 10-10, and the
pixel circuit is represented by 20-10 (N-1), 20-10 (N).
[0373] Next, the operation of this embodiment will be
described with reference to FIGS. 35 and 36.

[0374] The driving method for the liquid crystal display
device 10-10 of this embodiment is substantially identical to
the driving method for the liquid crystal display device 10-2
of the second embodiment except that the first p-type MOS
transistor (Qp1) 302 (N) of the analog amplifier circuit 104-
10 (N) is driven by the scan line 101 (N-1), and the driving
method is as follows.

[0375] As in the case of FIG. 7, FIG. 36 is a timing chart
showing the gate scan voltage Vg, the data signal voltage Vd,
the gate input voltage Va of the first p-type MOS transistor
(Qp1) 302 and the pixel voltage Vpix and also shows the
variation of the light transmittance of liquid crystal when
high-response liquid crystal is driven in the normally black
mode in which the display thereof is kept dark under no
voltage application.

[0376] As shown in FIG. 36, during a period for which an
(N-1)-th gate scan voltage Vg(N-1) is set to high level VgH,
the pixel electrode 107(N) is set to reset state when the gate
scan voltage VgH is transferred through the first p-type MOS
transistor (Qp1) 302(N). The pixel voltage Vpix is set to VgH
during this selection period of the (N-1)-th scan line,
whereby the reset of the first p-type MOS transistor (Qpl)
302(N) is carried out, and the first p-type MOS transistor
(Qp1) 302(N) operates as a source follower type analog
amplifier circuit 104-10(N) after the selection period of the
(N-1)-th scan line 101(N-1) is finished. This will be
described below.

[0377] During the period for which the N-th gate scan volt-
age Vg(N) is set to high level VgH, the n-type MOS transistor
(Qn) 103(N) is under ON state, and the data signal voltage Vd
input to the signal line 102 is transferred to the gate electrode
of the first p-type MOS transistor (Qp1) 302(N) through the
n-type MOS transistor (Qn) 103(N). When the horizontal
scan period is finished and the gate scan voltage Vg is set to
low level, the n-type MOS transistor (Qn) 103(N) is set to
OFF state, and the data signal voltage Vd transferred to the
gate electrode of the first p-type MOS transistor (Qp1) 302(N)
is held in the voltage holding capacitor 106(N).

[0378] At this time, the gate input voltage Va of the first
p-type MOS transistor (Qp1) 302(N) is suffers a voltage shift
called as a field through voltage via the gate-source capacitor
of the n-type MOS transistor (Qn) 103(N) at the time when
the n-type MOS transistor (Qn) 103(N) is set to OFF state.
This voltage shift is represented by V{1, V{2, V13 in FIG. 36,
and the amount of the voltage shift V{1 to V{3 can be reduced
by setting the value of the voltage holding capacitor 106(N) to
a large value. The gate input voltage Va of the first p-type
MOS transistor (Qp1) 302(N) is held until the N-th gate scan
voltage Vg is set to high level and the n-type MOS transistor
(Qn) 103(N) is selected in the next field period.

[0379] On the other hand, the reset of the first p-type MOS
transistor (Qpl) 302(N) has been completed during the
(N-1)-th horizontal scan period, and it operates as the ampli-
fier circuit portion of the source follower type analog ampli-
fier 104-10(N) using the pixel electrode 107(N) as a source
electrode after the N-th horizontal scan period. At this time, in
order to make the first p-type OS transistor (Qp1) 302(N) as
the analog amplifier circuit 104-10(N), the voltage holding
capacitance electrode 105(N) is supplied with a voltage
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higher than at least (Vdmax-Vtp). Here, Vdmax represents
the maximum value of the data signal voltage Vd, and Vtp
represents the threshold voltage of the first p-type MOS tran-
sistor (Qp1) 302(N). The first p-type MOS transistor (Qp1)
302(N) can output the analog gradation voltage correspond-
ing to the gate input voltage Va thus held until the (N-1)-th
gate scan voltage is set to VgH to reset the first p-type MOS
transistor (Qp1) 302(N).

[0380] It is needless to say that TN liquid crystal can be
driven by the pixel circuit 20-10 of this embodiment. In the
conventional liquid crystal display device, the molecules of
the TN liquid are switched, so that the liquid crystal capaci-
tance is varied. Therefore, as described above with reference
to FIG. 74, the pixel voltage Vpix is varied, and thus the
original light transmittance T0 of the liquid crystal cannot be
achieved.

[0381] On the other hand, in the liquid crystal display
device according to this embodiment, the first p-type MOS
transistor (Qp1) 302(N) operates as the amplifier circuit por-
tion of the analog amplifier circuit 104-10(N), and a fixed
voltage can be continued to be applied to the liquid crystal
109(N) without being affected by the capacitance variation of
the TN liquid crystal, so that the original light transmittance
can be achieved and the accurate gradation display can be
performed.

[0382] Asdescribed above, according to the construction of
this embodiment, substantially the same effect as the second
embodiment can be achieved except that the driving of the
first p-type MOS transistor (Qp1) 302(N) is carried out by the
gate scan voltage Vg(N-1) applied to the scan line 101(N-1).
[0383] Thatis, there can be achieved the effect that the pixel
voltage which is substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109(N) and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0384] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of the (N-1) scan line is used as the power supply
source and reset power supply source of the first p-type MOS
transistor (Qp1) 302(N) operating as the amplifier circuit
portion of the analog amplifier circuit 104-10(N), and the
reset of the analog amplifier circuit 104-10(N) is carried out
by the first p-type MOS transistor (Qp1) 302(N) itself. There-
fore, wires and circuits such as power supply source wires,
reset power supply source lines, reset switch, etc. are not
needed, so that the analog amplifier circuit 104-10(N) can be
constructed in a small area and the same level of high aperture
ratio as the second embodiment can be achieved.

Eleventh Embodiment

[0385] FIG. 37 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to an eleventh
embodiment of the present invention.

[0386] The construction of this embodiment is greatly dif-
ferent from that of the third embodiment in that any one of the
source and drain electrodes of the p-type MOS transistor
constituting the amplifier circuit portion in each pixel circuit
constituting the liquid crystal display device 10-11 is driven
by the just preceding scan line.

[0387] That is, the difference resides in that the gate elec-
trode of the n-type MOS transistor (Qn) 103(N) is connected
to the N-th scan line 101(N), any one of the source and drain
electrodes thereof is connected to the signal line 102, the gate
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electrode of the first p-type MOS transistor (Qp1) 302(N) is
connected to the other of the source and drain electrodes of
the n-type MOS transistor (Qn) 103(N), and any one of the
source and drain electrodes of the first p-type MOS transistor
(Qp1) 302(N) is connected to the (N-1)-th scan line 101(N-
1), and the other of the source and drain electrodes thereof is
connected to the pixel electrode 107(N).

[0388] The constructions of the parts other than the above-
described parts in this embodiment are the same as the third
embodiment. These same parts are represented by the same
reference numerals as the third embodiment, and the descrip-
tion thereof is omitted.

[0389] Accordingly, the liquid crystal display device hav-
ing the difference described above is represented by 10-11,
and the pixel circuit is represented by 20-11(N-1), 20-11(N).
[0390] Next, the operation of this embodiment will be
described with reference to FIG. 37.

[0391] The driving method for the liquid crystal display
device 10-11 of this embodiment is substantially identical to
the driving method for the liquid crystal display device
according to the third embodiment except that the first p-type
MOS transistor (Qp1) 302(N) of the analog amplifier circuit
104-11(N) is driven by the gate scan voltage applied to the
scan line 101(N-1).

[0392] The understanding can be made more clearly by
referring to the description of the tenth embodiment, and it is
merely indicated hereunder that the first p-type MOS transis-
tor (Qpl) 302(N) of the analog amplifier circuit 104-11(N) is
driven by the scan line 101(N-1), and the repetitive detailed
description on the operation is omitted from the following
description.

[0393] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the third embodiment except that the driving of
the first p-type MOS transistor (Qp1) 302(N) is carried out
with the gate scan line voltage Vg(N-1) applied to the scan
line 101(N-1).

[0394] Thatis, there can be achieved the effect that the pixel
voltage Vpix substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109(N), and
thus the effect that the more excellent gradation can be
achieved every field and the aperture ratio can be more
enhanced as compared with the patent document described
above.

[0395] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of'the scan voltage of the (N-1) scan line is used
as the power supply source and reset power supply source of
the first p-type MOS transistor (Qp1) 302(N) operating as the
amplifier circuit portion of the analog amplifier circuit 104-
11(N), and the reset of the analog amplifier circuit 104-11(N)
is carried out by the first p-type MOS transistor (Qp1) 302(N)
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-
11(N) can be constructed in a small area and the same level of
high aperture ratio as the third embodiment can be achieved.

Twelfth Embodiment

[0396] FIG. 38 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twelfth
embodiment of the present invention.

[0397] The construction of this embodiment is greatly dif-
ferent from that of the fourth embodiment in that any one of
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the source and drain electrodes of the p-type MOS transistor
constituting the amplifier circuit portion in each pixel circuit
constituting the liquid crystal display device is driven by the
just preceding scan line.

[0398] That is, the difference resides in that the gate elec-
trode of the n-type MOS transistor (Qn) 103(N) is connected
to the N-th scan line 101(N), any one of the source and drain
electrodes thereof is connected to a signal line 102, the gate
electrode of the first p-type MOS transistor (Qp1) 302(N) is
connected to the other of the source and drain electrodes of
the n-type MOS transistor (Qn) 103(N), and one of the source
and drain electrodes of the first p-type MOS transistor (Qpl)
302(N) is connected to the (N-1)-th scan line 101(N-1), and
the other of the source and drain electrodes of the first p-type
MOS transistor (Qp1) 302(N) is connected to the pixel elec-
trode 107(N).

[0399] The constructions of the other parts than the above
parts in this embodiment are the same as the fourth embodi-
ment. Therefore, these same parts are represented by the same
reference numerals as the fourth embodiment, and the
description thereof is omitted. Accordingly, the liquid crystal
display device having the above difference is represented by
10-12, and the pixel circuit is represented by 20-12.

[0400] Next, the operation of this embodiment will be
described with reference to FIG. 38.

[0401] The driving method of the liquid crystal display
device 10-12 of this embodiment is similar to the driving
method of the liquid crystal display device according to the
fourth embodiment except that the first p-type MOS transistor
(Qp1) 302(N) of the analog amplifier circuit 104-12(N) id
driven with the gate scan voltage Vg(N-1) applied to the scan
line 101(N-1).

[0402] The understanding can be made more clearly by
referring to the description of the tenth embodiment, and it is
merely indicated hereunder that the first p-type MOS transis-
tor (Qp1) 302(N) of the analog amplifier circuit 104-11(N) is
driven by the scan line 101(N-1), and the repetitive detailed
description of the operation is omitted from the following
description.

[0403] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the fourth embodiment except that the driving
of'the first p-type MOS transistor (Qp1) 302(N) is carried out
with the gate scan line voltage Vg(N-1) applied to the scan
line 101(N-1).

[0404] Thatis, there can be achieved the effect that the pixel
voltage Vpix substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109(N), and
thus the effect that the more excellent gradation can be
achieved every field and the aperture ratio can be more
enhanced as compared with the patent document described
above.

[0405] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of the scan voltage of the (N-1) scan line is used
as the power supply source and reset power supply source of
the first p-type MOS transistor (Qp1) 302(N) operating as the
amplifier circuit portion of the analog amplifier circuit 104-
1&#9;2, and the reset of the analog amplifier circuit 104-12 is
carried out by the first p-type MOS transistor (Qp1) 302(N)
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-12
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can be constructed in a small area and the same level of high
aperture ratio as the fourth embodiment can be achieved.

Thirteenth Embodiment

[0406] FIG. 39 is a diagram showing a pixel circuit con-
structed by a liquid crystal display device according to a
thirteenth embodiment of the present invention.

[0407] The construction of this embodiment is greatly dif-
ferent from that of the fifth embodiment in that any one of the
source and drain electrodes of the p-type MOS transistor
constituting the amplifier circuit portion in each pixel circuit
constituting the liquid crystal display device is driven by the
just preceding scan line.

[0408] That is, the difference resides in that the gate elec-
trode of the n-type MOS transistor (Qn) 103(N) is connected
to the N-th scan line 101(N), any one of the source and drain
electrodes thereof is connected to the signal line 102, the gate
electrode of the first p-type MOS transistor (Qp1) 302(N) is
connected to the other of the source and drain electrodes of
the n-type MOS transistor (Qn) 103(N), and any one of the
source and drain electrodes of the first p-type MOS transistor
(Qp1) 302(N) is connected to the (N-1)-th scan line 101(N-
1), and the other of the source and drain electrodes thereof is
connected to the pixel electrode 107(N).

[0409] The constructions of the parts other than the above-
described parts in this embodiment are the same as the fifth
embodiment. These same parts are represented by the same
reference numerals as the third embodiment, and the descrip-
tion thereof is omitted.

[0410] Accordingly, the liquid crystal display device hav-
ing the difference described above is represented by 10-13,
and the pixel circuit is represented by 20-13.

[0411] Next, the operation of this embodiment will be
described with reference to FIG. 39.

[0412] The driving method for the liquid crystal display
device 10-11 of this embodiment is substantially identical to
the driving method for the liquid crystal display device
according to the fifth embodiment except that the first p-type
MOS transistor (Qp1) 302(N) of the analog amplifier circuit
104-13(N) is driven by the gate scan voltage applied to the
scan line 101(N-1).

[0413] The understanding can be made more clearly by
referring to the description of the tenth embodiment, and it is
merely indicated hereunder that the first p-type MOS transis-
tor (Qpl) 302(N) of the analog amplifier circuit 104-13(N) is
driven by the scan line 101(N-1), and the repetitive detailed
description of the operation is omitted from the following
description.

[0414] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the fifth embodiment except that the driving of
the p-type MOS transistor (Qp1) 302(N) is carried out with
the gate scan line voltage Vg(N-1) applied to the scan line
101(N-1).

[0415] Thatis, there can be achieved the effect that the pixel
voltage Vpix substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109, and thus
the effect that the more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0416] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of'the scan voltage of the (N-1) scan line is used
as the power supply source and reset power supply source of
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the first p-type MOS transistor (Qp1) 302(N) operating as the
amplifier circuit portion of the analog amplifier circuit 104-
1&#9;3, and the reset of the analog amplifier circuit 104-13 is
carried out by the first p-type MOS transistor (Qp1) 302(N)
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-
11(N) can be constructed in a small area and the same level of
high aperture ratio as the fifth embodiment can be achieved.

Fourteenth Embodiment

[0417] FIG. 40 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a fourteenth
embodiment of the present invention, F1G. 41 is atiming chart
showing the gate scan voltage Vg, the data signal voltage Vd,
the gate input voltage Va of a first n-type MOS transistor
(Qn1) 702 and the pixel voltage Vpix and also shows the
variation of the light transmittance of liquid crystal when
high-response liquid crystal such as ferroelectric or antifer-
roelectric liquid crystal having polarization, OCB mode lig-
uid crystal responding within the one-field period or the like
is driven by the pixel circuit, FIG. 42 is a diagram showing the
data signal voltage-light transmittance of the MOS transistor
having the single gate structure, and FIG. 43 is a diagram
showing the data signal voltage-light transmittance of the
MOS transistor having the double gate structure.

[0418] The great difference of the construction of this
embodiment from that of the sixth embodiment resides in that
any one of the source and drain electrodes of the n-type MOS
transistor constituting the amplifier circuit portion in each
pixel circuit constituting the liquid crystal display device is
driven by the just preceding scan line.

[0419] That is, the difference resides in that the gate elec-
trode of a p-type MOS transistor (Qp) 701(N) is connected to
the N-th scan line 101(N), any one of the source and drain
electrodes of the p-type MOS transistor (Qp) 701(N) is con-
nected to the signal line 102, the gate electrode of a first n-type
MOS transistor (Qn1) 702(N) is connected to the other of the
source and drain electrodes of the p-type MOS transistor (Qp)
701(N), any one of the source and drain electrodes of the first
n-type MOS transistor (Qn1) 702(N) is connected to the scan
line 101(N-1), and the other of the source and drain elec-
trodes of the first n-type MOS transistor (Gnl) 702(N) is
connected to the pixel electrode 107.

[0420] The constructions of the other parts than the above-
described parts are the same as the sixth embodiment. There-
fore, these same parts are represented by the same reference
numerals as the sixth embodiment, and the description
thereof is omitted.

[0421] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-14, and the pixel
circuit is represented by 20-14.

[0422] Next, the operation of this embodiment will be
described with reference to FIGS. 40 to 43.

[0423] The driving method for the liquid crystal display
device 10-14 of this embodiment is substantially similar to
the driving method for the liquid crystal display device
according to the sixth embodiment except that the first n-type
MOS transistor (Qnl) 702(N) of the analog amplifier circuit
20-14(N) is driven by the scan line 101(N-1), and the driving
method will be described hereunder.

[0424] LikeFIG. 25, FIG. 41 is atiming charge showing the
gate scan voltage Vg, the data signal voltage Vd, the gate input
voltage Va of the first n-type MOS transistor (Qnl) 702 and
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the pixel voltage Vpix and also shows the variation of the light
transmittance of liquid crystal when high-response liquid
crystal is driven in the normally black mode in which it is kept
in dark state under no voltage application.

[0425] As shown in FIG. 41, during the period when the
(N-1)-th gate scan voltage Vg(N-1) is set to high level VgH,
the pixel electrode 107(N) transits to the reset state by trans-
ferring the scan voltage VgH through the first n-type MOS
transistor (Qn1) 702(N). The pixel voltage Vpix is set to VgH
during this selection period of the (N-1)-th scan line 101(N-
1), whereby the first n-type MOS transistor (Qnl) 702(N) is
also reset. After the selection period of the (N-1)-th scan line
101(N-1) is finished, the first n-type MOS transistor (Qn1)
702(N) operates as the amplifier circuit portion of the source
follower type analog amplifier circuit 104(N). This will be
described hereunder.

[0426] Next, during the period when the N-th gate scan
voltage Vg(N) is set to high level VgH, the p-type MOS
transistor (Qp) 701(N) is set to ON state, and the data signal
voltage Vd input to the signal line 102 is transferred through
the p-type MOS transistor (Qp) 701(N) to the gate electrode
of the first n-type MOS transistor (Qnl) 702(N). When the
horizontal scan period is finished and the gate scan voltage Vg
is set to low level, the p-type MOS transistor (Qp) 701(N) is
set to OFF state, and the data signal voltage Vd transferred to
the gate electrode of the first n-type MOS transistor (Qnl)
702(N) is held by the voltage holding capacitor 106.

[0427] Atthis time, the gate input voltage of the first n-type
MOS transistor (Qnl) 702(N) suffers a voltage shift called as
a field through voltage via the gate-source capacitance of the
p-type MOS transistor (Qp) 701(N) at the time when the
p-type MOS transistor (Qp) 701(N) is set to OFF state. This
voltage shift is represented by V1, V{2, V13 in FIG. 41, and
the amount of the voltage shift V{1 to V13 can be reduced by
setting the voltage holding capacitor 106 to a large value. The
gate input voltage Va of the first n-type MOS transistor (Qnl)
702(N)is held until the N-th gate scan voltage Vg is set to high
level again and the p-type MOS transistor (Qp) 701(N) is
selected in the next field period.

[0428] On the other hand, the first n-type MOS transistor
(Qnl1) 702(N) has been already reset during the (N-1)-th
horizontal scan period, and it operates as a source follower
type analog amplifier circuit 104-14(N) using the pixel elec-
trode 107(N) as the source electrode. At this time, the voltage
holding capacitance electrode 105 is supplied with a voltage
higher than at least (Vdmax-Vtp) in advance in order to make
the first n-type MOS transistor (Qn1) 702(N) as the analog
amplifier circuit 104-14(N). Here, Vdmax represents the
maximum value of the data signal voltage Vd, and Vtp rep-
resents the threshold voltage of the first n-type MOS transis-
tor (Qn1) 702(N). The first n-type MOS transistor (Qnl)
702(N) can output the analog gradation voltage correspond-
ing to the gate input voltage thus held until the (N-1)-th gate
scan voltage is set to VgH to reset the first n-type MOS
transistor (Qn1) 702(N) again.

[0429] In FIG. 41, the relationship between data signal
voltage Vd which is difficult to read and the light transmit-
tance will be described with reference to FIGS. 42 and 43.
Each of FIGS. 42 and 43 shows the light transmittance when
the data signal voltage Vd is set to a voltage ranging from
5.6V to 16V.

[0430] InFIGS. 42 and 43, the ordinate axis represents the
light transmittance (%), and the abscissa axis represents the
absolute value of the difference between the data signal volt-
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age Vd and the intermediate voltage (Vc=10.8 V) of the data
inputvoltage, that is, the amplitude (IVd-Vcl) (represented as
the amplitude of the data voltage in FIGS. 42 and 43). When
the data signal voltage Vd is larger than the intermediate
voltage Ve, it is represented as positive polarity, and when the
data signal voltage Vd is smaller than the intermediate voltage
Ve, it is represented as negative polarity. The light transmit-
tance represents a value under the state that the light trans-
mittance is stabilized in each field with respect to time lapse
in FIG. 41.

[0431] FIG. 42 shows a case where the MOS transistor
having the single gate structure is used, and FIG. 43 shows a
case where the MOS transistor having the double gate struc-
ture is used.

[0432] Inthecaseofthe single gate structure, the gain of the
analog amplifier circuit is low and the maximum light trans-
mittance is less than 94%. To make matters worse, the input/
output characteristic of the analog amplifier circuit is bad, so
that the light transmittance is greatly different between posi-
tive polarity and negative polarity and the difference is equal
to 9% at maximum.

[0433] In the double gate structure, the gain of the analog
amplifier circuit 104-14 is high, and the maximum light trans-
mittance is equal to 100%. Furthermore, the linearity of the
input/output characteristic of the analog amplifier circuit 104-
14 is high, and there is little difference in light transmittance
between positive polarity and negative polarity. The differ-
ence does not reach even 0.1%.

[0434] Furthermore, it is needless to say that TN liquid
crystal is driven by the pixel circuit 20-14 according to this
embodiment. In the conventional liquid crystal display
device, the molecules of TN liquid crystal are switched to
vary the liquid crystal capacitance, so that the pixel voltage
Vpix is varied as shown in FIG. 74 and the original light
transmittance T0 of the liquid crystal cannot be achieved.
[0435] On the other hand, in the liquid crystal display
device according to this embodiment, the first n-type MOS
transistor (Qn1) 702 operates as the amplifier circuit portion
of'the analog amplifier circuit 104-14, and a fixed voltage can
be continued to be applied to the liquid crystal 109(N) without
being affected by the capacitance variation of the TN liquid
crystal. Therefore, original light transmittance can be
achieved and accurate gradation display can be performed.
[0436] As described above, according to the construction of
this embodiment, there can be substantially the same effect as
the sixth embodiment except that the driving of the first
n-type MOS transistor (Qnl) 702(N) is carried out with the
gate scan voltage Vg(N-1) applied to the scan line 101 (N-1).
[0437] Thatis, there can be achieved the effect that the pixel
voltage Vpix substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109(N), and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0438] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of the scan line (N-1) is used as the power supply
source and reset power supply source of the first n-type MOS
transistor (Qnl) 302(N) operating as the amplifier circuit
portion of the analog amplifier 104-14(N), and the reset of the
analog amplifier circuit 104-14(N) is carried out by the first
n-type MOS transistor (Qnl) 302(N) itself. Therefore, wires
and circuits such as power supply source wires, reset power
supply source lines, reset switch, etc. are not needed, so that
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the analog amplifier circuit 104-14(N) can be constructed in a
small area, and the high aperture ratio of the same level as the
sixth embodiment can be achieved.

Fifteenth Embodiment

[0439] FIG. 44 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a fifteenth
embodiment of the present invention.

[0440] The great difference of the construction of this
embodiment from that of the seventh embodiment resides in
that any one of the source and drain electrodes of the n-type
MOS transistor constituting the amplifier circuit portion in
each pixel circuit constituting the liquid crystal display device
is driven by the just preceding scan line.

[0441] That is, the difference resides in that the gate elec-
trode of the p-type MOS transistor (Qp) 701(N) is connected
to the N-th scan line 101(N), any one of the source and drain
electrodes is connected to the signal line 102, the gate elec-
trode of the first n-type MOS transistor (Qnl) 702(N) is
connected to the other electrodes of the source and drain
electrodes of the p-type MOS transistor (Qp) 701(N), any one
of the source and drain electrodes of the first n-type MOS
transistor (Qnl1) 702(N) is connected to the (N-1)-th scan line
101(N-1), and the other of the source and drain electrodes is
connected to the pixel electrode 107(N).

[0442] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the seventh embodiment. Therefore, these same parts are
represented by the same reference numerals as the seventh
embodiment, and the description thereof is omitted.

[0443] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-15, and the pixel
circuit is represented by 20-15.

[0444] Next, the operation of this embodiment will be
described with reference to FIG. 44.

[0445] the driving method for the liquid crystal display
device according to this embodiment is substantially identical
to the driving method for the liquid crystal display device
according to the seventh embodiment except that the first
n-type MOS transistor (Qnl) 302(N) of the analog amplifier
circuit 104-15(N) is driven with the gate scan voltage Vg(N-
1) applied to the scan line 101(N-1).

[0446] If the description made with reference to the four-
teenth embodiment is referred to, the understanding is made
clearer. Therefore, it is merely indicated hereunder that the
first n-type MOS transistor (Qn1) 302(N) of the analog ampli-
fier circuit 104-15(N) is driven by the scan line 101(N-1), and
the repetitive detailed description of the operation is omitted
from the following description.

[0447] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the seventh embodiment except that the driving
of'the first n-type MOS transistor (Qnl) 702(N) is carried out
by the gate scan voltage Vg(N-1) applied to the scan line
101(N-1).

[0448] Thatis, there can be achieved the effect that the pixel
voltage Vpix substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109 and thus the
effect that more excellent gradation can be achieved every
field and the aperture ratio can be more enhanced as compared
with the patent document described above.

[0449] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of the scan line (N-1) is used as the power supply
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source and reset power supply source of the first n-type MOS
transistor (Qnl) 302(N) operating as the amplifier circuit
portion of the analog amplifier 104-14(N), and the reset of the
analog amplifier circuit 104-15 is carried out by the first
n-type MOS transistor (Qp1) 702(N) itself. Therefore, wires
and circuits such as power supply source wires, reset power
supply source lines, reset switch, etc. are not needed, so that
the analog amplifier circuit 104-15(N) can be constructed in a
small area, and the high aperture ratio of the same level as the
sixth embodiment can be achieved.

Sixteenth Embodiment

[0450] FIG. 45 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a sixteenth
embodiment of the present invention.

[0451] The great difference of the construction of this
embodiment from that of the eighth embodiment resides in
that any one of the source and drain electrodes of the n-type
MOS transistor constituting the amplifier circuit portion in
each pixel circuit constituting the liquid crystal display device
is driven by the just preceding scan line.

[0452] That is, the difference resides in that the gate elec-
trode of the p-type MOS transistor (Qp) 701(N) is connected
to the N-th scan line 101(N), any one of the source and drain
electrodes is connected to the signal line 102, the gate elec-
trode of the first n-type MOS transistor (Qnl) 702(N) is
connected to the other of the source and drain electrodes of
the p-type MOS transistor (Qp) 701(N), any one of the source
and drain electrodes of the n-type MOS transistor (Qnl)
702(N) is connected to the (N-1)-th scan line 101(N-1), and
the other of the source and drain electrodes of the n-type MOS
transistor (Qn1) 702(N) is connected to the pixel electrode
107.

[0453] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the eighth embodiment. Therefore, these same parts are rep-
resented by the same reference numerals as the eighth
embodiment, and the description thereof is omitted.

[0454] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-16, and the pixel
circuit is represented by 20-16.

[0455] Next, the operation of this embodiment will be
described with reference to FIG. 45.

[0456] The driving method for the liquid crystal display
device 10-16 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device of the eighth embodiment except that the first n-type
MOS transistor (Qnl) 702(N) of the analog amplifier circuit
104-16(N)is driven by the gate scan voltage Vg(N-1) applied
to the scan line 101(N-1).

[0457] Theunderstanding would be more clarified by refer-
ring to the description made for the fourteenth embodiment,
and it is merely indicated hereunder that the first n-type MOS
transistor (Qnl) 702(N) of the analog amplifier circuit 104-
16(N) is driven by the scan line 101(N-1), and the repetitive
detailed description of the operation is omitted from the fol-
lowing description.

[0458] As described above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the eighth embodiment except that the driving
of'the first n-type MOS transistor (Qnl) 702(N) is carried out
with the gate scan line voltage Vg(N-1) applied to the scan
line 101(N-1).

Mar. 27, 2014

[0459] Thatis, there can be achieved the effect that the pixel
voltage Vpix substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109(N), and
thus the effect that the more excellent gradation can be
achieved every field and the aperture ratio can be more
enhanced as compared with the patent document described
above.

[0460] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of'the scan voltage of the (N-1) scan line is used
as the power supply source and reset power supply source of
the first n-type MOS transistor (Qn1) 702(N) operating as the
amplifier circuit portion of the analog amplifier circuit 104-
16(N), and the reset of the analog amplifier circuit 104-16 is
carried out by the first n-type MOS transistor (Qnl) 702(N)
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-16
can be constructed in a small area and the same level of high
aperture ratio as the eighth embodiment can be achieved.

Seventeenth Embodiment

[0461] FIG. 46 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a seventh
embodiment of the present invention.

[0462] The great difference of the construction of this
embodiment from that of the ninth embodiment resides in that
any one of the source and drain electrodes of the first n-type
MOS transistor constituting the amplifier circuit portion of
each pixel circuit constituting the liquid crystal display device
is driven by the just preceding scan line.

[0463] That is, the difference resides in that the gate elec-
trode of the p-type MOS transistor (Qp) 701(N) is connected
to the N-th scan line 101(N), any one of the source and drain
electrodes thereof is connected to the signal line 102, the gate
electrode of the first n-type MOS transistor (Qnl) 702(N) is
connected to the other of the source and drain electrodes of
the p-type MOS transistor (Qp) 701(N), any one of the source
and drain electrodes of the first n-type MOS transistor (Qnl)
702(N) is connected to the (N-1)-th scan line 101(N-1), and
the other of the source and drain electrodes of the first n-type
MOS transistor (Qnl) 702(N) is connected to the pixel elec-
trode 107(N).

[0464] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the ninth embodiment. That is, these same parts are repre-
sented by the same reference numerals as the ninth embodi-
ment, and the description thereof is omitted.

[0465] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-17, and the pixel
circuit is represented by 20-17.

[0466] Next, the operation of this embodiment will be
described with reference to FIG. 46.

[0467] The driving method for the liquid crystal display
device according to this embodiment is substantially identical
to the driving method for the liquid crystal display device
according to the ninth embodiment except that the first n-type
MOS transistor (Qn1) 702(N) of the analog amplifier circuit
104-17(N) is driven by the gate scan voltage Vg(N-1) applied
to the scan line 101(N-1).

[0468] Since the understanding is clearer by referring to the

description on the fourteenth embodiment, it is merely indi-
cated that the first n-type MOS transistor (Qnl) 702(N) of the
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analog amplifier circuit 104-17(N) is driven by the scan line
101(N-1), and the repetitive detailed description on the
operations is omitted.

[0469] As described above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the ninth embodiment except that the driving of
the first n-type MOS transistor (Qn1) 702(N) is carried out by
the gate scan line voltage Vg(N-1) applied to the scan line
101(N-1).

[0470] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied, and also the effect that more
excellent gradation can be achieved every field and the aper-
ture ratio can be more enhanced as compared with the patent
document described above.

[0471] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of the scan voltage of the (N-1) scan line is used
as the power supply source and reset power supply source of
the first n-type MOS transistor (Qn1) 702(N) operating as the
amplifier circuit portion of the analog amplifier circuit 104-
17(N), and the reset of the analog amplifier circuit 104-17(N)
is carried out by the first n-type MOS transistor (Qnl) 702(N)
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed, so that the analog amplifier circuit 104-
17(N) can be constructed in a small area and the same level of
high aperture ratio as the ninth embodiment can be achieved.

Eighteenth Embodiment

[0472] FIG. 47 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to an eigh-
teenth embodiment of the present invention, and FIG. 48 is a
timing chart showing the gate scan voltage Vg, the data signal
voltage Vd, the gate input voltage Va of the first p-type MOS
transistor (Qpl) 302 and the pixel voltage Vpix and also
shows the variation of the light transmittance of liquid crystal
when high-response liquid crystal such as ferroelectric or
antiferroelectric liquid crystal having polarization, OCB
more liquid crystal responding within the one-field period or
the like is drive by the pixel circuit.

[0473] The great difference of the construction of this
embodiment from the second embodiment resides in that any
one of the source and drain electrodes of the p-type MOS
transistor constituting the amplifier circuit portion in each
pixel circuit constituting the liquid crystal display device is
driven by a reset pulse power supply source.

[0474] That is, the difference resides in that any one of the
source and drain electrodes of the first p-type MOS transistor
(Qp1) 302 is connected to a reset pulse power supply source
307, and the other of the source and drain electrodes is con-
nected to the pixel electrode 107.

[0475] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the second embodiment. Therefore, these same parts are rep-
resented by the same reference numerals, and the description
thereof is omitted.

[0476] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-18, and the pixel
circuit is represented by 20-18.

[0477] Next, the operation of this embodiment will be
described with reference to FIGS. 47 and 48.

[0478] The driving method for the liquid crystal display
device 10-18 according to this embodiment is substantially
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identical to the driving method for the liquid crystal display
device 10-2 according to the second embodiment except that
the first p-type MOS transistor (Qp1) 302 of the analog ampli-
fier circuit 20-18 is driven by the reset pulse power supply
source 307, and the driving method will be described here-
under.

[0479] FIG. 48 is a timing chart showing the reset pulse
voltage VR, the gate scan voltage Vg, the data signal voltage,
the gate input voltage Va of the first p-type MOS transistor
(Qp1) 302 and the pixel voltage Vpix and also shows the
variation of the light transmittance of liquid crystal when
high-response liquid crystal such as ferroelectric or antifer-
roelectric liquid crystal having polarization, OCB mode lig-
uid crystal responding within the one-field period or the like
is driven in the pixel circuit in the normally black mode in
which it is kept in dark state under no voltage application.
[0480] As shownin FIG. 48, during a period when the reset
pulse voltage VR is set to high level VgH, the gate scan
voltage VgH is transferred via the first p-type MOS transistor
(Qp1) 302 to thereby reset the pixel electrode 107.

[0481] During the period when the reset pulse voltage VR is
set to high level, the pixel voltage Vpix is set to VgH so that
the first p-type MOS transistor (Qp1) 302 is reset, and the first
p-type MOS transistor (Qpl) 302 operates as a source fol-
lower type analog amplifier circuit 104-18 after the reset
pulse VR is set to low level. This will be described hereunder.
[0482] Subsequently to the reset period when the reset
pulse voltage VR is set to high level VgH, in a period when the
gate scan voltage Vg is set to high level VgH, the n-type MOS
transistor (Qn) 103 is set to ON state, and the data signal
voltage Vd input to the signal line 102 is transferred through
the n-type MOS transistor (Qn) 103 to the gate electrode of
the first p-type MOS transistor (Qp1) 302. When the horizon-
tal scan period is finished and the gate scan voltage Vg is set
to low level, the n-type MOS transistor (Qn) 103 is set to OFF
state and the data signal voltage transferred to the gate elec-
trode of the first p-type MOS transistor (Qp1) 302 is held in
the voltage holding capacitor 106.

[0483] At this time, the gate input voltage Va of the first
p-type MOS transistor (Qp1) 302 suffers a voltage shift called
as a field through voltage via the gate-source capacitance of
the n-type MOS transistor (Qn), 103 at the time when the
n-type MOS transistor (Qn) 103 is set to OFF state. This
voltage shift is represented by V1, V{2, V13 in FIG. 48, and
the amount of the voltage shift can be reduced by setting the
voltage holding capacitance 106 to a large value. The gate
input voltage Va of the first p-type MOS transistor (Qp1) 302
is held until the gate scan voltage Vg is set to high level again
in the next field period to select the n-type MOS transistor
(Qn) 103. On the other hand, the first p-type MOS transistor
(Qp1) 302 has been already reset during the reset period when
the reset pulse voltage VR is set to high level VgH, and
subsequently to the horizontal scan period, it operates as the
source follower type analog amplifier circuit 104-18 using the
pixel electrode 107 as a source electrode subsequently to the
horizontal scan period.

[0484] At this time, the voltage holding capacitance elec-
trode 105 is supplied with a voltage higher than at least
(Vdmax-Vtp) in advance in order to make the first p-type
MOS transistor (Qpl) 302 as the analog amplifier 104-18.
Here, Vdmax represents the maximum value to the data signal
voltage, and Vtp represents a threshold voltage of the first
p-type MOS transistor (Qp1) 302. The first p-type MOS tran-
sistor (Qp1) can output the analog gradation voltage corre-
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sponding to the gate input voltage Va thus held until the reset
pulse voltage is set to VgH in the next field to reset the first
p-type MOS transistor (Qp1) 302.

[0485] Furthermore, in the driving method described
above, the horizontal scan period comes after the reset period.
However, the driving may be carried out so that the reset
period and the horizontal scan period are set to the same
timing.

[0486] In this case, the selection of the pixel circuit 20-18
and the reset of the first p-type MOS transistor (Qn1) 302 are
simultaneously performed.

[0487] As described above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the second embodiment except that the driving
of'the first p-type MOS transistor (Qp1) 302 (N) is carried out
by the reset pulse voltage VR supplied from the reset pulse
power supply source 307.

[0488] Thatis, there can be achieved the effect that the pixel
voltage which is substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109, and thus
the effect that more excellent gradation can be achieved and
the aperture ratio can be more enhanced as compared with the
patent document described above.

[0489] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
scan voltage of the scan voltage of the scan line 101 is used as
the power supply source and reset power supply source of the
first p-type MOS transistor (Qp1) 302 operating as the ampli-
fier circuit portion of the analog amplifier circuit 104-18, and
the reset of the analog amplifier circuit 104-18 is carried out
by the first p-type MOS transistor (Qp1) 302 itself. Therefore,
wires and circuits such as power supply source wires, reset
power supply source lines, reset switch, etc. are not needed,
so that the analog amplifier circuit 104-18 can be constructed
in a small area and the same level of high aperture ratio as the
second embodiment can be achieved.

[0490] Furthermore, the reset pulse power supply source
VR is separately equipped, and thus as compared with the
liquid crystal display devices described in the second embodi-
ment and the tenth embodiment, the delay of the scan pulse
signal used to reset the analog amplifier can be nullified.

Nineteenth Embodiment

[0491] FIG. 49 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a nineteenth
embodiment of the present invention.

[0492] The great difference of the construction of this
embodiment from that of the third embodiment resides in that
any one of the source and drain electrodes of the p-type MOS
transistor constituting the amplifier circuit portion of the ana-
log amplifier circuit in each pixel circuit constituting the
liquid crystal display device is driven by the reset pulse power
supply source.

[0493] That is, the difference resides in that any one of the
source and drain electrodes of the first p-type MOS transistor
(Qp1) 302(N) is connected to the reset pulse power supply
source 307, and the other of the source and drain electrodes is
connected to the pixel electrode 107.

[0494] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the third embodiment. Therefore, these same parts are repre-
sented by the same reference parts as the third embodiment,
and the description thereof is omitted.
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[0495] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-19, and the pixel
circuit is represented by 20-19.

[0496] The operation of this embodiment will be described
with reference to FIG. 49.

[0497] The driving method for the liquid crystal display
device 10-19 of this embodiment is substantially identical to
the driving method of the liquid crystal display device accord-
ing to the third embodiment except that the first p-type MOS
transistor (Qp1) 302 of the analog amplifier circuit 104-19 is
driven by the reset pulse voltage VR supplied from the reset
pulse power supply source 307.

[0498] If the description on the eighteenth embodiment is
referred to, the understanding would be made clearer, and
thus it is merely indicated that the first p-type MOS transistor
(Qp1) 302 of the analog amplifier circuit 20-19 is driven by
the reset pulse voltage VR supplied from the reset pulse
power supply source 307.

[0499] Inthe driving method of this embodiment, the hori-
zontal scan period comes subsequently to the reset period.
However, the driving may be carried out so that the reset
period and the horizontal period are set to the same timing.
[0500] In this case, the selection of the pixel circuit 20-19
and the reset of the first p-type MOS transistor (Qp1) 302 are
simultaneously carried out.

[0501] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the third embodiment except that the driving of
the first p-type MOS transistor (Qp1) 302 is carried out by the
reset pulse voltage VR supplied from the reset pulse power
supply source 307.

[0502] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
and the aperture ratio can be more enhanced as compared with
the patent document described above.

[0503] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source is commonly used for the
power supply source and reset power supply source of the first
p-type MOS transistor (Qpl) 302 operating as the amplifier
circuit portion of the analog amplifier circuit 104-19, and the
reset of the analog amplifier circuit 104-19 is carried out by
the first p-type MOS transistor (Qn1) 302 itself. Therefore,
wires and circuits such as power supply source wires, reset
power supply source lines, reset switch, etc. are not needed,
so that the analog amplifier circuit 104-19 can be constructed
in a small area and the same level of high aperture ratio as the
third embodiment can be achieved.

[0504] Furthermore, the reset pulse power supply source
VR is separately equipped, and thus as compared with the
liquid crystal display devices described in the third embodi-
ment and the eleventh embodiment, the delay of the scan
pulse signal used to reset the analog amplifier circuit 104-19
can be nullified.

Twentieth Embodiment

[0505] FIG. 50 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twelfth
embodiment of the present invention.

[0506] The great difference of the construction of this
embodiment from that of the fourth embodiment resides in
that any one of the source and drain electrodes of the p-type
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MOS transistor constituting the amplifier circuit portion of
the analog amplifier circuit in each pixel circuit constituting
the liquid crystal display device is driven by the reset pulse
power supply source.

[0507] That is, the difference resides in that any one of the
source and drain electrodes of the first p-type MOS transistor
(Qp1) 302 is connected to the reset pulse power supply source
307, the other of the source and drain electrodes is connected
to the pixel electrode 107.

[0508] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the fourth embodiment.

[0509] Therefore, these same parts are represented by the
same reference numerals, and the description thereof is omit-
ted.

[0510] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-20, and the pixel
circuit is represented by 20-20.

[0511] Next, the operation of this embodiment will be
described with reference to FIG. 50.

[0512] The driving method for the liquid crystal display
device 10-20 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device of the fourth embodiment except that the first p-type
MOS transistor (Qp1) 302 of the analog amplifier circuit
104-20 is driven by the reset pulse voltage VR supplied from
the reset pulse power supply source 307.

[0513] If the description on the eighteenth embodiment is
referred to, the understanding would be made clearer. There-
fore, it is merely indicated that the first p-type MOS transistor
(Qp1) 302 of the analog amplifier circuit 104-20 is driven by
the reset pulse power supply source 307, and the repetitive
detailed description on the operation is omitted from the
following description.

[0514] In the driving method of this embodiment, the hori-
zontal scan period comes subsequently to the reset period.
However, the driving may be carried out so that the reset
period and the horizontal period are set to the same timing.
[0515] In this case, the selection of the pixel circuit 20-20
and the reset of the first n-type MOS transistor (Qn1) 302 are
simultaneously carried out.

[0516] As described above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the fourth embodiment except that the driving
of'the first p-type MOS transistor (Qp1) 302 is carried out by
the reset pulse voltage VR supplied from the reset pulse
power supply source 307.

[0517] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
and the aperture ratio can be more enhanced as compared with
the patent document described above.

[0518] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 307 is commonly used for the
power supply source and reset power supply source of the first
p-type MOS transistor (Qp1) 302 operating as the amplifier
circuit portion of the analog amplifier circuit 104-20, and the
reset of the analog amplifier circuit 104-20 is carried out by
the first p-type MOS transistor (Qn1) 302 itself. Therefore,
wires and circuits such as power supply source wires, reset
power supply source lines, reset switch, etc. are not needed.
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[0519] Furthermore, the analog amplifier circuit 104-20
can be constructed in a small area and the same level of high
aperture ratio as the fourth embodiment can be achieved.
[0520] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the fourth
embodiment and the twelfth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier can be
nullified.

Twenty First Embodiment

[0521] FIG. 51 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twentieth
embodiment of the present invention.

[0522] The great difference of the construction of this
embodiment from that of the fifth embodiment resides in that
any one of the source and drain electrodes of the p-type MOS
transistor constituting the amplifier circuit portion in each
pixel circuit constituting the liquid crystal display device is
driven by the reset pulse power supply source.

[0523] That is, the difference resides in that any one of the
source and drain electrodes of the p-type MOS transistor (Qp)
302 is connected to the reset pulse power supply source 307
and the other of the source and drain electrodes thereof is
connected to the pixel electrode 107.

[0524] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the fifth embodiment. Therefore, these same parts are repre-
sented by the same reference numerals, and the description
thereof is omitted.

[0525] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-21, and the pixel
circuit is represented by 20-21.

[0526] Next, the operation of this embodiment will be
described with reference to FIG. 51.

[0527] The driving method for the liquid crystal display
device according to this embodiment is substantially identical
to the driving method for the liquid crystal display device
according to the fifth embodiment except that the p-type MOS
transistor (Qp) 302 of the analog amplifier circuit 104-21 is
drive by the reset pulse voltage VR supplied from the reset
pulse power supply source 307.

[0528] If the description on the eighteenth embodiment is
referred to, the understanding could be made clearer, and thus
it is merely indicated here that the p-type MOS transistor (Qp)
302 of the analog amplifier circuit 104-21 is driven by the
reset pulse voltage VR supplied from the reset pulse power
supply source 307, and the repetitive detailed description on
the operation is omitted from the following description.
[0529] Furthermore, in the driving method of this embodi-
ment, the horizontal scan period comes subsequently to the
reset period. However, the reset period and the horizontal
scan period may be set to the same timing.

[0530] In this case, the selection of the pixel circuit 20-21
and the reset of the n-type MOS transistor (Qn) 302 are
simultaneously carried out.

[0531] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the fifth embodiment except that the driving of
the p-type MOS transistor (Qp) 302 is carried out by the reset
pulse voltage VR supplied from the reset pulse power supply
source 307.

[0532] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data



US 2014/0084969 Al

signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0533] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 307 is commonly used for the
power supply source and reset power supply source of the
p-type MOS transistor (Qp) 302 operating as the amplifier
circuit portion of the analog amplifier circuit 104-21, and the
reset of the analog amplifier circuit 104-21 is carried out by
the p-type MOS transistor (Qp) 302 itself. Therefore, wires
and circuits such as power supply source wires, reset power
supply source lines, reset switch, etc. are not needed.

[0534] Furthermore, the analog amplifier circuit 104-21
can be constructed in a small area and the same level of high
aperture ratio as the fifth embodiment can be achieved.
[0535] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the fifth
embodiment and the thirteenth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit can
be nullified.

Twenty Second Embodiment

[0536] FIG. 52 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
second embodiment of the present invention, and FIG. 53 is a
timing chart showing the gate scan voltage Vg, the data signal
voltage Vd, the gate input voltage Va of the n-type MOS
transistor (Qn) 702 and the pixel voltage Vpix and also shows
the variation of the light transmittance of liquid crystal when
high-response liquid crystal such as ferroelectric or antifer-
roelectric liquid crystal having polarization, OCB mode lig-
uid crystal responding within the one-field period or the like
is driven in the pixel circuit.

[0537] The great difference of the construction of this
embodiment from that of the sixth embodiment resides in that
any one of the source and drain electrodes of the n-type MOS
transistor of the analog amplifier in each pixel circuit consti-
tuting the liquid crystal display device is driven by the reset
pulse power supply source.

[0538] That is, the difference resides in that the gate elec-
trode of the first n-type MOS transistor (Qnl) 702 is con-
nected to any one of the source and drain electrodes of the
p-type MOS transistor (Qp) 701, any one of the source and
drain electrodes of the first n-type MOS transistor (Qn1) 702
is connected to the reset pulse power supply source 707, and
the other of the source and drain electrodes of the first n-type
MOS transistor (Qn1) 702 is connected to the pixel electrode
107.

[0539] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the sixth embodiment. Therefore, these same parts are repre-
sented by the same reference numerals as the sixth embodi-
ment, and the description thereof is omitted.

[0540] The liquid crystal display device having the above
difference is represented by 10-22, and the pixel circuit is
represented by 20-22.

[0541] Next, the operation of this embodiment will be
described with reference to FIGS. 52 and 53.

[0542] The driving method for the liquid crystal display
device 10-22 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
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device according to the sixth embodiment except that the first
n-type MOS transistor (Qnl) 702 of the analog amplifier
circuit 104-22 is driven by the reset pulse power supply
source 307, and the driving method will be hereunder
described.

[0543] FIG. 53 is a timing chart showing the gate scan
voltage Vg, the data signal voltage Vd, the gate input voltage
Va of the first n-type MOS transistor (Qnl) 702 and the pixel
voltage Vpix and also shows the variation of the light trans-
mittance of liquid crystal when high-response liquid crystal is
driven in the normally black mode in which it is kept in dark
state under no voltage application as in the case of FIG. 25.
[0544] As shown in FIG. 53, during the period when the
reset pulse voltage VR is set to low level VgL, the gate scan
voltage Vgl is transferred through the first n-type MOS tran-
sistor (Qnl) 702 to reset the pixel electrode 107. That is,
during the period when the reset pulse voltage VR is set to low
level, the pixel voltage Vpix is set to VgL, so that the first
n-type MOS transistor (Qnl) 702 is reset. The first n-type
MOS transistor (Qnl) 702 operates as the amplifier circuit
portion of the source follower type analog amplifier circuit
104-22 after the reset pulse voltage VR is set to high level.
This will be described hereunder.

[0545] Sequentially to the reset period when the reset pulse
voltage VR is set to low level VgL, in the period when the gate
scan voltage Vg is set to low level VgL, the p-type MOS
transistor (Qp) 701 is set to ON state, and the data signal
voltage Vd input to the signal line 102 is transferred to the gate
electrode of the first n-type MOS transistor (Qnl) 702
through the p-type MOS transistor (Qp) 701. when the hori-
zontal scan period is finished and the gate scan voltage Vg is
set to high level, the p-type MOS transistor (Qp) 701 is set to
OFF state, and the data signal voltage transferred to the gate
electrode of the first n-type MOS transistor (qnl) 702 is held
in the voltage holding capacitor 106.

[0546] The gate input voltage Va of the first n-type MOS
transistor (Qn1) 702 thus held suffers a voltage shift called as
a field through voltage via the gate-source capacitance of the
p-type MOS transistor (Qn) 701 at the time when the p-type
MOS transistor (Qp) 701 is set to OFF state. This voltage shift
is represented by V{1, V12, V13 in FIG. 53, and the amount of
the voltage shift V1 to V{3 can be reduced by setting the
voltage holding capacitance 106 to a large value.

[0547] The gate input voltage Va of the first n-type MOS
transistor (Qn1) 702 is held until the gate scan voltage Vg is
set to low level in the next field to select the p-type MOS
transistor (Qp) 701. The first n-type MOS transistor (Qnl)
702 has been already reset during the period when the reset
pulse voltage VR is set to low level VgL, and subsequently to
the horizontal scan period, the first n-type MOS transistor
(Qn1) 702 operates as a source follower type analog amplifier
circuit 104-22 using the pixel electrode 107 as the source
electrode.

[0548] At this time, in order to make the first n-type MOS
transistor (Qn1) 702 operate as the amplifier circuit portion of
the analog amplifier circuit 104-22, the voltage holding
capacitance electrode 105 is supplied with a voltage lower
than at least (Vdmin-Vtn). Vdmin represents the minimum
value of the data signal voltage Vd, and Vin represents the
threshold voltage of the first n-type MOS transistor (Qnl)
702. The first n-type MOS transistor (Qn1) 702 can output the
analog gradation voltage corresponding to the gate input volt-
age Va thus held until the reset pulse voltage VR is set to VgL
again to reset the first n-type MOS transistor (Qnl) 702.
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[0549] In the driving method of this embodiment, the hori-
zontal scan period comes subsequently to the reset period.
However, the driving may be carried out so that the reset
period and the horizontal scan period are set to the same
timing.

[0550] In this case, the selection of the pixel circuit 20-22
and the reset of the first n-type MOS transistor (Qn1) 702 are
simultaneously carried out.

[0551] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the sixth embodiment except that the driving of
the first n-type MOS transistor (Qn1) 702 is carried out by the
reset pulse voltage VR supplied from the reset pulse power
supply source 707.

[0552] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109 and
thus the effect that more excellent gradation can be achieved
every field and the aperture ration can be more enhanced as
compared with the patent document described above.

[0553] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 707 is commonly used for the
power supply source and reset power supply source of the first
n-type MOS transistor (Qnl) 702 operating as the amplifier
circuit portion of the analog amplifier circuit 104-22, and the
reset of the analog amplifier circuit 104-22 is carried out by
the first n-type MOS transistor (Qn1) 702 itself. Therefore,
wires and circuits such as power supply source wires, reset
power supply source lines, reset switch, etc. are not needed.
[0554] Furthermore, the analog amplifier circuit 104-22
can be constructed in a small area and the same level of high
aperture ratio as the sixth embodiment can be achieved.
[0555] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the sixth
embodiment and the fourteenth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier can be
nullified.

Twenty Third Embodiment

[0556] FIG. 54 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
third embodiment of the present invention.

[0557] The construction of this embodiment is different
from that of the seventh embodiment in that any one of source
and drain electrodes of the n-type MOS transistor of the
analog amplifier circuit in each pixel circuit constituting the
liquid crystal display device is driven by the reset pulse power
supply source.

[0558] That is, the difference resides in that any one of the
source and drain electrodes of the first n-type MOS transistor
(Qn1) 702 is connected to the reset pulse power supply source
707 and the other of the source and drain electrodes thereof'is
connected to the pixel electrode 107.

[0559] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the seventh embodiment. Therefore, these same parts re rep-
resented by the same reference numerals as the seventh
embodiment, and the description thereof is omitted.

[0560] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-23, and the pixel
circuit is represented by 20-23.
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[0561] Next, the operation of this embodiment will be
described with reference to FIG. 54.

[0562] The driving method of the liquid crystal display
device 10-23 of this embodiment is substantially identical to
the driving method of the liquid crystal display device accord-
ing to the seventh embodiment except that the first n-type
MOS transistor (Qnl) 702 of the analog amplifier circuit
104-23 is driven by the reset pulse voltage VR supplied from
the reset pulse power supply source 707.

[0563] Ifthe description on the twenty second embodiment
is referred to, the understanding could be made clearer, and
thus it is merely indicated here that the first n-type MOS
transistor (Qnl) 702 of the analog amplifier circuit 104-23 is
driven by the reset pulse voltage VR supplied from the reset
pulse power supply source, and the repetitive detailed
description on the operation is omitted.

[0564] Furthermore, in the driving method of this embodi-
ment, the horizontal scan period comes subsequently to the
reset period. However, the reset period and the horizontal
scan period may be set to the same timing.

[0565] In this case, the selection of the pixel circuit 20-23
and the reset of the FIRST n-type MOS transistor (Qn1) 302
are simultaneously carried out.

[0566] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the seventh embodiment except that the driving
of'the first n-type MOS transistor (Qnl) 702 is carried out by
the reset pulse voltage supplied from the reset pulse power
supply source 707.

[0567] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0568] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 707 is commonly used for the
power supply source and reset power supply source of the first
n-type MOS transistor (Qnl) 702 operating as the amplifier
circuit portion of the analog amplifier circuit 104-23, and the
reset of the analog amplifier circuit 104-23 is carried out by
the first n-type MOS transistor (Qn1) 702 itself. Therefore,
wires and circuits such as power supply source wires, reset
power supply source lines, reset switch, etc. are not needed.
[0569] Furthermore, the analog amplifier circuit 104-23
can be constructed in a small area and the same level of high
aperture ratio as the seventh embodiment can be achieved.
[0570] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the seventh
embodiment and the fifteenth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit
104-23 can be nullified.

Twenty Fourth Embodiment

[0571] FIG. 55 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
fourth embodiment of the present invention.

[0572] The construction of this embodiment is greatly dif-
ferent from that of the eighth embodiment in that any one of
the source and drain electrodes of the n-type MOS transistor
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of the analog amplifier circuit in each pixel circuit constitut-
ing the liquid crystal display device is driven by the reset
pulse power supply source.

[0573] That is, the difference resides in that one of the
source and drain electrodes of the first n-type MOS transistor
(Qn1) 702 is connected to the reset pulse power supply source
707 and the other of the source and drain electrodes thereof'is
connected to the pixel electrode 107.

[0574] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the eighth embodiment. Therefore, these same parts are rep-
resented by the same reference numerals as the eighth
embodiment, and the description thereof is omitted.

[0575] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-24, and the pixel
circuit is represented by 20-24.

[0576] Next, the operation of this embodiment will be
described with reference to FIG. 55.

[0577] The driving method of the liquid crystal display
device 10-24 according to this embodiment is substantially
identical to the driving method of the liquid crystal display
device according to the eighth embodiment except that the
first n-type MOS transistor (Qnl) 702 of the analog amplifier
circuit 104-24 is driven by the reset pulse voltage VR supplied
from the reset pulse power supply source 707.

[0578] Ifthe description on the twenty second embodiment
is referred to, the understanding could be made clearer, and
thus it is merely indicated here that the first n-type MOS
transistor (Qn1) 702 of the analog amplifier circuit 104-24 is
driven by the reset pulse voltage VR supplied from the reset
pulse power supply source, and the repetitive detailed
description on the operation is omitted.

[0579] Furthermore, in the driving method of this embodi-
ment, the horizontal scan period comes subsequently to the
reset period. However, the reset period and the horizontal
scan period may be set to the same timing.

[0580] In this case, the selection of the pixel circuit 20-24
and the reset of the first n-type MOS transistor (Qn1) 702 are
simultaneously carried out.

[0581] As described above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the eighth embodiment except that the driving
of'the first n-type MOS transistor (Qn1) 702 is carried out by
the reset pulse voltage supplied from the reset pulse power
supply source 707.

[0582] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0583] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 707 is commonly used for the
power supply source and reset power supply source of the first
n-type MOS transistor (Qnl) 702 operating as the amplifier
circuit portion of the analog amplifier circuit 104-24, and the
reset of the analog amplifier circuit 104-24 is carried out by
the first n-type MOS transistor (Qn1) 702 itself. Therefore,
wires and circuits such as power supply source wires, reset
power supply source lines, reset switch, etc. are not needed.
[0584] Furthermore, the analog amplifier circuit 104-24
can be constructed in a small area and the same level of high
aperture ratio as the eighth embodiment can be achieved.
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[0585] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the eighth
embodiment and the sixteenth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit
104-24 can be nullified.

Twenty Fifth Embodiment

[0586] FIG. 56 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
fifth embodiment of this invention.

[0587] The construction of this embodiment is greatly dif-
ferent from that of the ninth embodiment in that any one of the
source and drain electrodes of the n-type MOS transistor of
the analog amplifier circuit in each pixel circuit constituting
the liquid crystal display device is driven by the reset pulse
power supply source.

[0588] That is, the difference resides in that any one of the
source and drain electrodes of the n-type MOS transistor (Qn)
702 is connected to the reset pulse power supply source 707
and the other of the source and drain electrodes is connected
to the pixel electrode 107.

[0589] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the ninth embodiment. Therefore, these same parts are repre-
sented by the same reference numerals as the ninth embodi-
ment, and the description thereof is omitted.

[0590] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-25, and the pixel
circuit is represented by 20-25.

[0591] Next, the operation of this embodiment will be
described with reference to FIG. 56.

[0592] The driving method for the liquid crystal display
device 10-25 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device according to the ninth embodiment except that the
n-type MOS transistor (Qn) 702 of the analog amplifier cir-
cuit 104-25 is driven by the reset pulse voltage VR supplied
from the reset pulse power supply source 707.

[0593] Ifthe description on the twenty second embodiment
is referred to, the understanding could be made clearer, and
thus it is merely indicated here that the n-type MOS transistor
(Qn) 702 of the analog amplifier circuit 104-25 is driven by
the reset pulse voltage VR supplied from the reset pulse
power supply source, and the repetitive detailed description
on the operation is omitted.

[0594] Furthermore, in the driving method of this embodi-
ment, the horizontal scan period comes subsequently to the
reset period. However, the reset period and the horizontal
scan period may be set to the same timing.

[0595] In this case, the selection of the pixel circuit 20-25
and the reset of the FIRST n-type MOS transistor (Qn) 702
are simultaneously carried out.

[0596] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the ninth embodiment except that the driving of
the n-type MOS transistor (Qn) 702 is carried out by the reset
pulse voltage supplied from the reset pulse power supply
source 707.

[0597] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
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every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0598] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 707 is commonly used for the
power supply source and reset power supply source of the
n-type MOS transistor (Qn) 702 operating as the amplifier
circuit portion of the analog amplifier circuit 104-25, and the
reset of the analog amplifier circuit 104-25 is carried out by
the n-type MOS transistor (Qn) 702 itself. Therefore, wires
and circuits such as power supply source wires, reset power
supply source lines, reset switch, etc. are not needed.

[0599] Furthermore, the analog amplifier circuit 104-25
can be constructed in a small area and the same level of high
aperture ratio as the ninth embodiment can be achieved.
[0600] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the ninth
embodiment and the seventh embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit can
be nullified.

[0601] FIG. 57 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
sixth embodiment of the present invention, FIG. 58 is a timing
chart showing the gate scan voltage Vg, the data signal volt-
age Vd, the gate input voltage Va of the n-type MOS transistor
(Qn) 702 and the pixel voltage Vpix and also shows the
variation of the light transmittance of liquid crystal when the
pixel circuit is designed so that the horizontal scan period
comes when the reset period elapses and high-response liquid
is driven in the normally black mode, and FIG. 59 is a timing
chart showing the gate scan voltage Vg, the data signal volt-
age Vd, the gate input voltage Va of a second n-type MOS
transistor (Qn2) 702 and the pixel voltage Vpix and also
shows the variation of the light transmittance of liquid when
the reset period and the horizontal scan period are set to the
same timing in the pixel circuit 20-26 and the high-response
liquid crystal is driven in the normally black mode. The
high-response liquid s ferroelectric or antiferroelectric liquid
crystal having polarization, OCB mode liquid crystal
responding within the one-field period or the like.

[0602] The difference of the construction of this embodi-
ment from that of the sixth embodiment resides in that the
p-type MOS transistor (Qn) 701 of the sixth embodiment is
changed to a first n-type MOS transistor (Qn1) 708, the first
n-type MOS transistor (Qnl) 702 is changed to a second
n-type MOS transistor (Qn2) 702 and the second n-type MOS
transistor (Qn2) 703 is changed to a third n-type MOS tran-
sistor (Qn2) 703, and also any one of the source and drain
electrodes of the second n-type MOS transistor (Qn2) 702
constituting the analog amplifier circuit in the pixel circuit is
driven by the reset pulse power supply source.

[0603] That is, the difference resides in that the gate elec-
trode of the first n-type MOS transistor (Qnl) 708 is con-
nected to the scan line 101, any one of the source and drain
electrodes thereof is connected to the signal line 102, the
other electrodes of the source and drain electrodes of the
n-type MOS transistor (Qn) 708 is connected to the gate
electrode of the second n-type MOS transistor (Qn2) 702, any
one of the source and drain electrodes of the second n-type
MOS transistor (Qn2) 702 is connected to the reset pulse
power supply source 707, and the other of the source and
drain electrodes of the second n-type MOS transistor (Qn2)
702 is connected to the pixel electrode 107.
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[0604] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the sixth embodiment. Therefore, these same parts are repre-
sented by the same reference numerals as the sixth embodi-
ment, and the description thereof is omitted.

[0605] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-26, and the pixel
circuit is represented by 20-26.

[0606] Next, the operation of this embodiment will be
described with reference to FIGS. 57 and 58.

[0607] The driving method for the liquid crystal display
device 10-26 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device according to the sixth embodiment except that the
second n-type MOS transistor (Qn2) 702 of the analog ampli-
fier circuit 20-26 is driven by the reset pulse power supply
source 707.

[0608] As shown in FIG. 57, during the period when the
reset pulse voltage VR is set to high level VgH, the pixel
electrode 107 is set to reset state when the gate scan voltage
VgH is transferred through the second n-type MOS transistor
(Qn2) 702.

[0609] During the period when the reset pulse voltage VR is
set to high level, the pixel voltage Vpix is set to VgH, so that
the second n-type MOS transistor (Qn2) 702 is reset and the
second n-type MOS transistor (Qn2) 702 operates as a source
follower type analog amplifier circuit 104-26 after the reset
pulse VR is set to low level. This will be described hereunder.
[0610] Subsequently to the reset period, in the period when
the gate scan voltage Vg is set to high level VgH, the first
n-type MOS transistor (Qnl) 708 is set to ON state, and the
data signal voltage Vd input to the signal line 102 is trans-
ferred to the gate electrode of the second n-type MOS tran-
sistor (Qn2) 702 through the first n-type MOS transistor
(Qnl) 708.

[0611] When the horizontal scan period is finished and the
gate scan voltage Vg is set to low level, the first n-type MOS
transistor (Qnl) 708 is set to OFF state, and the data signal
voltage transferred to the gate electrode of the second n-type
MOS transistor (Qn2) 702 is held in the voltage holding
capacitor 106.

[0612] At this time, the gate input voltage Va of the second
n-type MOS transistor (Qn2) 702 suffers a voltage shift called
as a field through voltage via the gate-source capacitor of the
first n-type MOS transistor (Qnl) 708 at the time when the
first n-type MOS transistor (Qn1) 708 is set to OFF state. This
voltage shift is represented by V1, V{2, V13 in FIG. 58, and
the amount of the voltage shift V{1 to V13 can be reduced by
setting the voltage holding capacitance 106 to a large value.
The gate input voltage Va of the second n-type MOS transistor
(Qn2) 702 is held until the gate scan voltage Vg is set to high
level again to select the first n-type MOS transistor (Qn) 708
in the next field period. On the other hand, the second n-type
MOS transistor (Qn2) 702 has been already reset during the
reset period when the reset pulse voltage VR is set to high
level VgH, and subsequently to the horizontal scan period, it
operates as a source follower type analog amplifier circuit
104-26 using the pixel electrode 107 as the source electrode.
[0613] At this time, the voltage holding capacitance elec-
trode 105 is supplied with a voltage higher than at least
(Vdmax-Vtp) in order to make the second n-type MOS tran-
sistor (Qn2) 702 operate as the amplifier circuit portion of the
analog amplifier circuit 104-26. Here, Vdmax represents the
maximum amount of the data signal voltage Vd, and Vtp
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represents the threshold value of the second n-type MOS
transistor (Qn2) 702. The second n-type MOS transistor
(Qn2) 702 can output the analog gradation voltage corre-
sponding to the gate input voltage Va thus held until the reset
pulse voltage VR is set to VgH in the next field to reset the
second n-type MOS transistor (Qn2) 702.

[0614] Inthe driving method described above, the horizon-
tal scan period comes after the reset period, however, the reset
period and the horizontal scan period may be set to the same
timing.

[0615] In this case, the selection of the pixel circuit 20-26
and the reset of the second n-type MOS transistor (Qn2) 702
are carried out at the same time. The timing chart at this time
is shown in FIG. 59.

[0616] As described above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the sixth embodiment except that the driving of
the second n-type MOS transistor (Qn2) 702(N) is carried out
by the reset pulse voltage VR supplied from the reset pulse
power supply source 707.

[0617] Thatis, there canbe achieved the effect that the pixel
voltage which is substantially proportional to the data signal
voltage Vd can be applied to the liquid crystal 109 and thus the
effect that more excellent gradation can be achieved every
field and the aperture ratio can be more enhanced as compared
with the patent document described above.

[0618] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 707 is commonly used for the
power supply source and reset power supply source of the
second n-type MOS transistor (Qn2) 702 operating as the
amplifier circuit portion of the analog amplifier circuit 104-
26, and the reset of the analog amplifier circuit 104-26 is
carried out by the second n-type MOS transistor (Qn2) 702
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0619] Furthermore, the analog amplifier circuit 104-26
can be constructed in a small area and the same level of high
aperture ratio as the sixth embodiment can be achieved.
[0620] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the sixth
embodiment and the fourteenth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit
104-26 can be nullified.

[0621] Still furthermore, according to this embodiment, the
pixel circuit 20-26 is constructed by only the n-type MOS
transistor, so that there is an advantage that the manufacturing
process can be simplified.

Twenty Seventh Embodiment

[0622] FIG. 60 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
seventh embodiment of this invention.

[0623] The construction of this embodiment is greatly dif-
ferent from that of the seventh embodiment in that all the
MOS transistors constituting the pixel circuit are constructed
by n-type MOS transistors, and the reset of the n-type MOS
transistor of the amplifier circuit portion of the analog ampli-
fier is carried out by the reset pulse power supply source.
[0624] That is, the difference resides in that the p-type
MOS transistor (Qn) 701 of the seventh embodiment is
changed to a first n-type MOS transistor (Qn1) 708, the first
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n-type MOS transistor (Qnl) 702 is changed to a second
n-type MOS transistor (Qn2) 702, the second n-type MOS
transistor (Qn2) 703 is charged to a third n-type MOS tran-
sistor (Qn2) 703, the gate electrode of the first n-type MOS
transistor (Qn1) 708 is connected to the scan line 101, any one
of the source and drain electrodes of the first n-type MOS
transistor (Qnl) 708 is connected to the signal line 102, the
other of the source and drain electrodes of the first n-type
MOS transistor (Qn1) 708 is connected to the gate electrode
of'the second n-type MOS transistor (Qn2) 702, any one of the
source and drain electrodes of the second n-type MOS tran-
sistor (Qn2) 702 is connected to the reset pulse power supply
source 707, and the other of the source and drain electrodes of
the second n-type MOS transistor (Qn2) 702 is connected to
the pixel electrode 107.

[0625] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the seventh embodiment. Therefore, these same parts are
represented by the same reference numerals as the seventh
embodiment, and the description thereof is omitted.

[0626] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-27, and the pixel
circuit is represented by 20-27.

[0627] Next, the operation of this embodiment will be
described with reference to FIG. 60.

[0628] The driving method for the liquid crystal display
device 10-27 of this embodiment is substantially identical to
the driving method for the liquid crystal display device of the
seventh embodiment except that the second n-type MOS tran-
sistor (qn2) 702 of the analog amplifier circuit 104-27 is
driven by the reset pulse voltage VR supplied from the reset
pulse power supply source 707.

[0629] Ifthe description on the twenty sixth embodiment is
referred to, the understanding could be made clearer, and thus
it is merely indicated here that the second n-type MOS tran-
sistor (Qn2) 702 of the analog amplifier circuit 20-27 is driven
by the reset pulse voltage VR supplied from the reset pulse
power supply source 707, and

[0630] Furthermore, in the driving method of this embodi-
ment, the horizontal scan period comes subsequently to the
reset period. However, the reset period and the horizontal
scan period may be set to the same timing.

[0631] In this case, the selection of the pixel circuit 20-27
and the reset of the second n-type MOS transistor (Qn2) 702
are simultaneously carried out.

[0632] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the seventh embodiment except that the driving
of'the second n-type MOS transistor (Qn2) 702 is carried out
by the reset pulse voltage VR supplied from the reset pulse
power supply source 707.

[0633] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0634] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 707 is commonly used for the
power supply source and reset power supply source of the
second n-type MOS transistor (Qn2) 702 operating as the
amplifier circuit portion of the analog amplifier circuit 104-
27, and the reset of the analog amplifier circuit 104-27 is
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carried out by the second n-type MOS transistor (Qn2) 702
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0635] Furthermore, the analog amplifier circuit 104-27
can be constructed in a small area and the same level of high
aperture ratio as the seventh embodiment can be achieved.
[0636] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the seventh
embodiment and the fifteenth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit
104-27 can be nullified.

[0637] Still furthermore, the pixel circuit 104-27 is con-
structed by only the n-type MOS transistors, and thus there is
an advantage that the manufacturing process can be simpli-
fied.

Twenty Eighth Embodiment

[0638] FIG. 61 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
eighth embodiment of the present invention.

[0639] The construction of this embodiment is greatly dif-
ferent from that of the eighth embodiment in that all the MOS
transistors are constructed by n-type MOS transistors and any
one of the source and drain electrodes of the n-type MOS
transistor constituting the analog amplifier circuit in the pixel
circuit.

[0640] That is, the difference resides in that the p-type
MOS transistor (Qn) 701 of the eighth embodiment is
changed to a first n-type MOS transistor (Qn1) 708, the first
n-type MOS transistor (Qnl) 702 is changed to a second
n-type MOS transistor (Qn2) 702, the second n-type MOS
transistor (Qn2) 703 is changed to a third n-type MOS tran-
sistor (Qn2) 703, the gate electrode of the first n-type MOS
transistor (Qn) 708 is connected to the scan line 101, any one
of the source and drain electrodes of the first n-type MOS
transistor (Qn) 708 is connected to the signal line 102, the gate
electrode of the second n-type MOS transistor (Qn2) 702 is
connected to the other of the source and drain electrodes of
the first n-type MOS transistor (Q) 708, any one of the source
and drain electrodes of the second n-type MOS transistor
(Qn2) 702 is connected to the reset pulse power supply source
707, and the other of the source and drain electrodes of the
second n-type MOS transistor (Qn2) 702 is connected to the
pixel electrode 107.

[0641] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the eighth embodiment. Therefore, these same parts are rep-
resented by the same reference numerals as the eighth
embodiment, and the description thereof is omitted.

[0642] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-28, and the pixel
circuit is represented by 20-28.

[0643] Next, the operation of this embodiment will be
described with reference to FIG. 61.

[0644] The driving method for the liquid crystal display
device 10-28 according to this embodiment is substantially
identical to the driving method for the liquid display device
according to the eighth embodiment except that the second
n-type MOS transistor (Qn2) 702 of the analog amplifier
circuit 104-28 is driven by the reset pulse voltage Vr supplied
from the reset pulse power supply source 707.
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[0645] Ifthe description on the twenty sixth embodiment is
referred to, the understanding could be made clearer, and thus
it is merely indicated here that the second n-type MOS tran-
sistor (Qn2) 702 of the analog amplifier circuit 104-28 is
driven by the reset pulse voltage VR supplied from the reset
pulse power supply source, and the repetitive detailed
description on the operation is omitted.

[0646] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the eighth embodiment except that the driving
of'the second n-type MOS transistor (Qn2) 702 is carried out
by the reset pulse voltage VR supplied from the reset pulse
power supply source 707.

[0647] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0648] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 707 is commonly used for the
power supply source and reset power supply source of the
second n-type MOS transistor (Qn2) 702 operating as the
amplifier circuit portion of the analog amplifier circuit 104-
28, and the reset of the analog amplifier circuit 104-28 is
carried out by the second n-type MOS transistor (Qn2) 702
itself Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0649] Furthermore, the analog amplifier circuit 104-28
can be constructed in a small area and the same level of high
aperture ratio as the eighth embodiment can be achieved.
[0650] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the eighth
embodiment and the sixteenth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit
20-28 can be nullified.

[0651] Furthermore, according to this embodiment, the
pixel circuit 20-28 is constructed by only the n-type MOS
transistors, and thus there is an advantage that the manufac-
turing process can be simplified.

Twenty Ninth Embodiment

[0652] FIG. 62 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a twenty
ninth embodiment of the present invention.

[0653] The construction of this embodiment is different
from the fifth embodiment in that all the MOS transistors
constituting the pixel circuit 28-29 are constructed by n-type
MOS transistors.

[0654] The difference resides in that the p-type MOS tran-
sistor (Qn) 701 of the ninth embodiment is changed to a first
n-type MOS transistor (Qn1) 708, the first n-type MOS tran-
sistor (Qn1) 702 is changed to a second n-type MOS transistor
(Qn2) 702, the second n-type MOS transistor (Qn2) 707 is
changed to a third n-type MOS transistor (Qn2) 703, the gate
electrode of the first n-type MOS transistor (Qnl) 708 is
changed to the scan line 101, any one of the source and drain
electrodes of the first n-type MOS transistor (Qnl) 708 is
changed to the signal line 102, the other of the source and
drain electrodes of the first n-type MOS transistor (Qn1) 708
is connected to the gate electrode of the second n-type MOS
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transistor (Qn2) 702, any one of the source and drain elec-
trodes of the second n-type MOS ftransistor (Qn2) 702 is
connected to the reset pulse power supply source 707, and the
other of the source and drain electrodes of the second n-type
MOS transistor (Qn2) 702 is connected to the pixel electrode
107.

[0655] The constructions of the other parts than the above-
described parts are identical to those of the fifth embodiment.
Therefore, these same parts are represented by the same ref-
erence numerals as the fifth embodiment, and the description
thereof is omitted.

[0656] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-29, and the pixel
circuit is represented by 20-29.

[0657] Next, the operation of this embodiment will be
described with reference to FIG. 62.

[0658] The driving method for the liquid crystal display
device 10-29 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device according to the fifth embodiment except that the
second n-type MOS transistor (Qn2) 702 of the analog ampli-
fier circuit 104-29 is driven by the reset pulse voltage VR
supplied from the reset pulse power supply source 707.
[0659] Ifthe description on the twenty sixth embodiment is
referred to, the understanding could be made clearer, and thus
it is merely indicated here that the second n-type MOS tran-
sistor (Qn2) 702 of the analog amplifier circuit 104-29 is
driven by the reset pulse voltage VR supplied from the reset
pulse power supply source.

[0660] As described above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the ninth embodiment except that the driving of
the second n-type MOS transistor ((Qn2) 702 is carried out by
the reset pulse voltage VR supplied from the reset pulse
power supply source 707. That is, there can be achieved the
effect that the pixel voltage Vpix which is substantially pro-
portional to the data signal voltage Vd can be applied to the
liquid crystal 109, and thus the effect that more excellent
gradation can be achieved every field and the aperture ratio
can be more enhanced as compared with the patent document
described above.

[0661] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 707 is commonly used for the
power supply source and reset power supply source of the
second n-type MOS transistor (Qn2) 702 operating as the
amplifier circuit portion of the analog amplifier circuit 104-
29, and the reset of the analog amplifier circuit 104-29 is
carried out by the second n-type MOS transistor (Qn2) 702
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0662] Furthermore, the analog amplifier circuit 104-29
can be constructed in a small area and the same level of high
aperture ratio as the fifth embodiment can be achieved.
[0663] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the ninth
embodiment and the seventeenth embodiment, the delay of
the scan pulse signal used to reset the analog amplifier circuit
104-29 can be nullified.

[0664] Furthermore, according to this embodiment, the
pixel circuit 20-29 is constructed by only the n-type MOS
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transistors, and thus there is an advantage that the manufac-
turing process can be simplified.

Thirtieth Embodiment

[0665] FIG. 63 is as diagram showing a pixel circuit con-
stituting a liquid crystal display device according to a thirtieth
embodiment of the present invention, FI1G. 64 is a timing chart
showing the gate scan voltage Vg, the data signal voltage Vd,
the gate input voltage Va of the second p-type MOS transistor
(Qp2) 702 and the pixel voltage Vpix and also shows the
variation of the light transmittance of liquid crystal when the
horizontal scan period is set to come in the pixel circuit at the
time when the reset pulse elapses and high-response liquid is
driven in the normally black mode, and FIG. 65 is a timing
chart showing the gate scan voltage Vg, the data signal volt-
age Vd, the gate input voltage Va of the second p-type MOS
transistor (Qp2) 302 and the pixel voltage Vpix and also
shows the variation of the light transmittance of liquid crystal
when the reset period and the horizontal scan period are set to
the same timing in the pixel circuit and the high-response
liquid crystal is driven in the normally black mode. The
high-response liquid crystal is ferroelectric or antiferroelec-
tric liquid crystal having polarization, OCB mode liquid crys-
tal responding within one-field period or the like.

[0666] The construction of this embodiment is greatly dif-
ferent from that of the second embodiment in that all the MOS
transistors constituting the pixel circuit are constructed by
p-type MOS transistors and also any one of the source and
drain electrodes of the second p-type MOS transistor (Qp2)
302 constituting the analog amplifier circuit in the pixel cir-
cuit is driven by the reset pulse power supply source.

[0667] That is, the difference resides in that the n-type
MOS transistor (Qn) 103 of the second embodiment is set to
a first p-type MOS transistor (Qp1) 308, the gate electrode of
the first p-type MOS transistor (Qp1) 308 is connected to the
scan line 101, and any one of the source and drain electrodes
of the first p-type MOS transistor (Qp1) 308 is connected to
the signal line 102. In addition, the first p-type MOS transistor
(Qp1) 302 of the second embodiment is set to a second p-type
MOS transistor (Qp2) 302, the other of the source and drain
electrodes of the p-type MOS transistor (Qp) 308 is con-
nected to the gate electrode of the second p-type MOS tran-
sistor (Qp2) 302, any one of the source and drain electrodes of
the second p-type MOS transistor (Qp2) 302 is connected to
the reset pulse power supply source 707, and the other of the
source and drain electrodes of the second p-type MOS tran-
sistor (Qp2) 302 is connected to the pixel electrode 107.
[0668] Furthermore, the second p-type MOS transistor
(Qp2) 303 of the second embodiment is set to a third p-type
MOS transistor (Qp3) 303.

[0669] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the second embodiment, and these same parts are represented
by the same reference numerals as the second embodiment,
and the description thereof is omitted.

[0670] Accordingly, the liquid crystal display device hav-
ing the difference is represented by 10-30, and the pixel
circuit is represented by 20-30.

[0671] Next, the operation of this embodiment will be
described with reference to FIGS. 62 to 64.

[0672] The driving method for the liquid crystal display
device 10-30 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device 10-2 according to the second embodiment except that
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the second p-type MOS transistor (Qp2) 302 of the analog
amplifier circuit 104-30 is driven by the reset pulse power
supply source 307, and this driving method will be described
hereunder.

[0673] As shown in FIG. 63, during the period when the
reset pulse voltage VR is set to high level VgH, the pixel
electrode 107 transits to the reset state through the transfer of
the gate scan voltage VgH via the second p-type MOS tran-
sistor (Qp2) 302 thereto. The pixel voltage pixel Vpix is set to
VgH during the period when the reset pulse voltage VR is set
to high level, whereby the second p-type MOS transistor
(Qp2) is reset, and after the reset pulse VR is set to low level,
the second p-type MOS transistor (Qp2) 302 operates as an
amplifier circuit portion of a source follower type analog
amplifier circuit 104-30. This operation will be described
hereunder. Subsequently to the reset period when the reset
pulse voltage VR is set to high level VgH, in the period when
the gate scan voltage Vg is set to high level VgH, the first
p-type MOS transistor (Qp1) 308 is set to ON state, and the
data signal voltage Vd input to the signal line 102 is trans-
ferred through the first p-type MOS transistor (Qp1) 308 to
the gate electrode of the second p-type MOS transistor (Qp2)
302.

[0674] When the horizontal scan period is finished and the
gate scan voltage is set to low level, the first p-type MOS
transistor (Qpl) 308 is set to OFF state, and the data signal
voltage transferred to the gate electrode of the second p-type
MOS transistor (Qp2) 302 is held in the voltage holding
capacitor 106.

[0675] At this time, the gate input voltage Va of the second
p-type MOS transistor (Qp2) 302 is suffers a voltage shift
called as a field through voltage via the gate-source capaci-
tance of the first p-type MOS transistor (Qp1) 308 at the time
when the first p-type MOS transistor (Qp1) 308 is set to OFF
state. This voltage shift is represented by Vfl, V{2, VI3 in
FIG. 64, and the amount of the voltage shift V{1 to VI3 can be
reduced by setting the voltage holding capacitance 106 to a
large value. The gate input voltage Va of the second p-type
MOS transistor (Qp2) 302 is held until the gate scan voltage
Vg is set to high level again to select the first p-type MOS
transistor (Qp1) 308 in the next field period.

[0676] Ontheotherhand, the second p-type MOS transistor
(Qp2) 302 has been already reset during the reset period when
the reset pulse voltage VR is set to high level VgH, and
subsequently to the horizontal scan period, it operates as the
amplifier circuit portion of the source follower type analog
amplifier circuit 104-30 using the pixel electrode 107 as the
source electrode.

[0677] At this time, in order to make the second p-type
MOS transistor (Qp2) 302 operate as the amplifier circuit
portion of the analog amplifier circuit 104-30, the voltage
holding capacitance electrode 105 is supplied with a voltage
higher than at least (Vdmax-V1p) in advance. Here, Vdmax
represents the maximum value of the data signal voltage Vd,
and Vtp represents the threshold voltage of the second p-type
MOS transistor (Qp2) 302. The second p-type MOS transistor
(Qp2) 302 can output the analog gradation voltage corre-
sponding to the gate input voltage Va thus held until the reset
pulse voltage VR is set to VgH and thus the second p-type
MOS transistor (Qp2) 302 is reset.

[0678] Inthe driving method described above, the horizon-
tal scan period comes subsequently to the reset period. How-
ever, the driving may be performed so that the reset period and
the horizontal scan period may be set to the same timing.
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[0679] In this case, the selection of the pixel circuit 20-30
and the reset of the second p-type MOS transistor (Qp2) 302
are carried out at the same time. The timing chart at this time
is shown in FIG. 65.

[0680] Asdescribed above, according to the construction of
this embodiment, there can be substantially the same effect as
the second embodiment except that the driving of the second
p-type MOS transistor (Qp2) 302 is carried out by the reset
pulse voltage VR supplied from the reset pulse power supply
source 307.

[0681] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0682] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 307 is commonly used for the
power supply source and reset power supply source of the
second p-type MOS transistor (Qp2) 302 operating as the
amplifier circuit portion of the analog amplifier circuit 104-
30, and the reset of the analog amplifier circuit 104-30 is
carried out by the second p-type MOS transistor (Qp2) 302
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0683] Furthermore, the analog amplifier circuit 104-30
can be constructed in a small area and the same level of high
aperture ratio as the second embodiment can be achieved.
[0684] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the second
embodiment and the tenth embodiment, the delay of the scan
pulse signal used to reset the analog amplifier circuit 104-40
can be nullified.

[0685] Furthermore, the pixel circuit 20-30 is constructed
by only the p-type MOS transistors, and thus there is an
advantage that the manufacturing process can be simplified.

Thirty-First Embodiment

[0686] FIG. 66 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a thirty first
embodiment of the present invention.

[0687] The construction of this embodiment is greatly dif-
ferent from that of the third embodiment in that all the MOS
transistors constituting the pixel circuit are constructed by
p-type MOS transistors, and the reset of the p-type MOS
transistor constituting the amplifier circuit portion of the ana-
log amplifier circuit is carried out by the reset pulse power
supply source.

[0688] That is, the difference resides in that the p-type
MOS transistor (Qp) 701 of the third embodiment is set to a
p-type MOS transistor (Qpl) 308, the gate electrode of the
first p-type MOS transistor (Qp1) 308 is connected to the scan
line 101, and any one of the source and drain electrodes of the
first p-type MOS transistor (Qp1) 308 is connected to the
signal line 102. In addition, the first p-type MOS transistor
(Qp1) 302 of the second embodiment is set to a second p-type
MOS transistor (Qp2) 302, the gate electrode of the second
p-type MOS transistor (Qp2) 302 is connected to the other of
the source and drain electrodes of the first p-type MOS tran-
sistor (Qp1) 308, any one of the source and drain electrodes of
the second p-type MOS transistor (Qp2) 302 is connected to
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the reset pulse power supply source 307, and the other of the
source and drain electrodes of the second p-type MOS tran-
sistor (Qp2) 302 is connected to the pixel electrode 107.
[0689] Furthermore, the second p-type MOS transistor
(Qp2) 303 of the second embodiment is set to a third p-type
MOS transistor (Qp3) 303.

[0690] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the third embodiment. These same parts are represented by
the same reference numerals as the third embodiment, and the
description thereof is omitted.

[0691] Accordingly, the liquid crystal display device hav-
ing the above difference is represented by 10-31, and the pixel
circuit is represented by 20-31.

[0692] The operation of this embodiment will be described
with reference to FIG. 66.

[0693] The driving method for the liquid crystal display
device 10-31 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device according to the third embodiment except that the
second p-type MOS transistor (Qp2) 302 of the analog ampli-
fier circuit 104-31 is driven by the reset pulse voltage VR
supplied from the reset pulse power supply source 307.
[0694] If the description on the thirtieth embodiment is
referred to, the understanding could be made clearer, and thus
it is merely indicated here that the second p-type MOS tran-
sistor (Qp2) 302 of the analog amplifier circuit 20-31 is driven
by the reset pulse voltage VR supplied from the reset pulse
power supply source 307, and the repetitive detailed descrip-
tion on the operation is omitted.

[0695] Furthermore, in the above-described driving
method, the horizontal scan period comes subsequently to the
reset period. However, the reset period and the horizontal
scan period may be set to the same timing.

[0696] In this case, the selection of the pixel circuit 20-31
and the reset of the second p-type MOS transistor (Qp2) are
carried out at the same time.

[0697] As described above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the third embodiment except that the driving of
the second p-type MOS transistor (Qp2) 702 is carried out by
the reset pulse voltage VR supplied from the reset pulse
power supply source 307.

[0698] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0699] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 307 is commonly used for the
power supply source and reset power supply source of the
second p-type MOS transistor (Qp2) 302 operating as the
amplifier circuit portion of the analog amplifier circuit 104-
31, and the reset of the analog amplifier circuit 104-31 is
carried out by the second p-type MOS transistor (Qp2) 302
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0700] Furthermore, the analog amplifier circuit 104-31
can be constructed in a small area and the same level of high
aperture ratio as the third embodiment can be achieved.
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[0701] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the third
embodiment and the eleventh embodiment, the delay of the
scan pulse signal due to the reset of the analog amplifier
circuit 104-31 can be nullified.

[0702] Furthermore, according to this embodiment, the
pixel circuit 20-31 is constructed by only the p-type MOS
transistors, and thus there is an advantage that the manufac-
turing process can be simplified.

Thirty Second Embodiment

[0703] FIG. 67 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a thirty
second embodiment of the present invention.

[0704] The construction of this embodiment is different
from that of the fourth embodiment in that all the MOS
transistors are constructed by p-type MOS transistors and any
one of the source and drain electrodes of the p-type MOS
transistor constituting the analog amplifier circuit in the pixel
circuit is driven by the reset pulse power supply source.

[0705] That is, the difference resides in that the p-type
MOS transistor (Qp) 103 of the fourth embodiment is set to a
first p-type MOS transistor (Qp1) 308, the gate electrode of
the first p-type MOS transistor (Qp1) 308 is connected to the
scan line 101, and any one of the source and drain electrodes
of the first p-type MOS transistor (Qp1) 308 is connected to
the signal line 102. In addition, the first p-type MOS transistor
(Qp1) 302 of the second embodiment is set to a second p-type
MOS transistor (Qp2) 302, the gate electrode of the second
p-type MOS transistor (Qp2) 302 is connected to the other of
the source and drain electrodes of the first p-type MOS tran-
sistor (Qp1) 308, any one of the source and drain electrodes of
the second p-type MOS transistor (Qp2) 302 is connected to
the reset pulse power supply source 707, and the other of the
source and drain electrodes of the second p-type MOS tran-
sistor (Qp2) 302 is connected to the pixel electrode 107.
[0706] The second p-type MOS transistor (Qp2) 303 of the
fourth embodiment is set to a third p-type MOS transistor
(Qp3).

[0707] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the fourth embodiment. Therefore, these same parts are rep-
resented by the same reference numerals as the fourth
embodiment, and the description thereof is omitted. Accord-
ingly, the liquid crystal display device having the above dif-
ference is represented by 10-32, and the pixel circuit is rep-
resented by 20-32.

[0708] Next, the operation of this embodiment will be
described with reference to FIG. 67.

[0709] The driving method for the liquid crystal display
device 10-32 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device according to the fourth embodiment except that the
second p-type MOS transistor (Qp2) 302 of the analog ampli-
fier circuit 104-32 is driven by the reset pulse voltage VR
supplied from the reset pulse power supply source 307.

[0710] If the description on the thirtieth embodiment is
referred to, the understanding could be made clearer, and thus
it is merely indicated here that the second p-type MOS tran-
sistor (Qp2) 302 of the analog amplifier circuit 104-32 is
driven by the reset pulse voltage VR supplied from the reset
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pulse power supply source 307, and the repetitive detailed
description on the operation is omitted from the following
description.

[0711] Inthe above-described driving method, the horizon-
tal scan period comes subsequently to the reset period. How-
ever, the driving may be performed so that the reset period and
the horizontal scan period are set to the same timing.

[0712] In this case, the selection of the pixel circuit 20-32
and the reset of the second p-type MOS transistor (Qp2) 302
are simultaneously carried out.

[0713] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the eighth embodiment except that the driving
of'the second p-type MOS transistor (Qp2) 302 is carried out
by the reset pulse voltage VR supplied from the reset pulse
power supply source 707.

[0714] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0715] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source 307 is commonly used for the
power supply source and reset power supply source of the
second p-type MOS transistor (Qp2) 302 operating as the
amplifier circuit portion of the analog amplifier circuit 104-
28, and the reset of the analog amplifier circuit 104-28 is
carried out by the second n-type MOS transistor (Qn2) 702
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0716] Furthermore, the analog amplifier circuit 104-28
can be constructed in a small area and the same level of high
aperture ratio as the fourth embodiment can be achieved.
[0717] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
the liquid crystal display devices described in the fourth
embodiment and the twelfth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit
20-28 can be nullified.

[0718] Furthermore, according to this embodiment, the
pixel circuit 20-28 is constructed by only the p-type MOS
transistors, and thus there is an advantage that the manufac-
turing process can be simplified.

Thirty Third Embodiment

[0719] FIG. 68 is a diagram showing a pixel circuit consti-
tuting a liquid crystal display device according to a thirty third
embodiment of the present invention.

[0720] The construction of this embodiment is different
from that of the fifth embodiment in that all the MOS transis-
tors constituting the pixel circuit are constructed by p-type
MOS transistors.

[0721] That is, the difference resides in that the p-type
MOS transistor (Qp) 103 of the fifth embodiment is set to a
first p-type MOS transistor (Qp1) 308, the gate electrode of
the first p-type MOS transistor (Qp1) 308 is connected to the
scan line 101, and any one of the source and drain electrodes
of the first p-type MOS transistor (Qp1) 308 is connected to
the signal line 102. In addition, the other electrodes of the
source and drain electrodes of the first p-type MOS transistor
(Qp1) 308 is connected to the gate electrode of the second
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p-type MOS transistor (Qp2) 302, any one of the source and
drain electrodes of the second p-type MOS transistor (Qp2)
302 is connected to the reset pulse power supply source 307,
and the other of the source and drain electrodes of the second
p-type MOS transistor (Qp2) 302 is connected to the pixel
electrode 107.

[0722] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the fifth embodiment, and the description thereof is omitted.
Accordingly, the liquid crystal display device having the
above difference is represented by 10-33, and the pixel circuit
is represented by 20-33.

[0723] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the first to thirty fourth embodiments. Therefore, these same
parts are represented by the same reference numerals as the
first to thirty fourth embodiments and the description thereof
is omitted. Accordingly, the liquid crystal display having the
above difference is represented by 10-35, and the pixel circuit
is represented by 20-35.

[0724] Next, the operation of this embodiment will be
described with reference to FIG. 67.

[0725] The driving method for the liquid crystal display
device 10-33 according to this embodiment is substantially
identical to the driving method for the liquid crystal display
device 10-5 according to the fifth embodiment except that the
second p-type MOS transistor (Qp2) 302 of the analog ampli-
fier circuit 104-33 is driven by the reset pulse voltage VR
supplied from the reset pulse power supply source 307.
[0726] If the description on the thirtieth embodiment is
referred to, the understanding could be made clearer, and thus
it is merely indicated here that the second p-type MOS tran-
sistor (Qp2) 302 of the analog amplifier circuit 104-32 is
driven by the reset pulse voltage VR supplied from the reset
pulse power supply source 307, and the repetitive detailed
description on the operation is omitted.

[0727] Asdescribed above, according to the construction of
this embodiment, there can be achieved substantially the
same effect as the fifth embodiment except that the driving of
the second p-type MOS transistor (Qp2) 302 is carried out by
the reset pulse voltage VR supplied from the reset pulse
power supply source 307.

[0728] Thatis, there can be achieved the effect that the pixel
voltage Vpix which is substantially proportional to the data
signal voltage Vd can be applied to the liquid crystal 109, and
thus the effect that more excellent gradation can be achieved
every field and the aperture ratio can be more enhanced as
compared with the patent document described above.

[0729] The liquid crystal display device of this embodi-
ment is designed with keeping the above effect so that the
reset pulse power supply source is commonly used for the
power supply source and reset power supply source of the
second p-type MOS transistor (Qp2) 302 operating as the
amplifier circuit portion of the analog amplifier circuit 104-
32, and the reset of the analog amplifier circuit 104-32 is
carried out by the second n-type MOS transistor (Qn2) 302
itself. Therefore, wires and circuits such as power supply
source wires, reset power supply source lines, reset switch,
etc. are not needed.

[0730] Furthermore, the analog amplifier circuit 104-32
can be constructed in a small area and the same level of high
aperture ratio as the fifth embodiment can be achieved.
[0731] Still furthermore, the reset pulse power supply
source VR is separately equipped, and thus as compared with
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the liquid crystal display devices described in the fifth
embodiment and the thirteenth embodiment, the delay of the
scan pulse signal used to reset the analog amplifier circuit
104-33 can be nullified.

[0732] Furthermore, according to this embodiment, the
pixel circuit 20-33 is constructed by only the p-type MOS
transistors, and thus there is an advantage that the manufac-
turing process can be simplified.

Thirty Fourth Embodiment

[0733] The construction of this embodiment is greatly dif-
ferent from those of the first to thirty third embodiments in
that the driving method of the first to thirty third embodiment
is modified so that color display can be performed by switch-
ing the color of light incident during one-field (one-frame)
period.

[0734] That is, the liquid crystal display device and the
driving method thereof according to the first to thirty third
embodiments are applied to a liquid crystal display base
based on a time-divisional driving system in which color
display is carried out by switching the color of light incident
during one-field (one-frame) period.

[0735] The constructions of the other parts than the above-
described parts in this embodiment are identical to those of
the first to thirty third embodiments, and these same parts are
represented by the same reference numerals. Accordingly, the
liquid crystal display device having the above difference is
represented by 10-34.

[0736] Next, the operation of this embodiment will be
described. In the liquid crystal display 10-34, as in the case
where high-response liquid crystal such as ferroelectric or
antiferroelectric liquid crystal having polarization, OCB
mode liquid responding within the one-field (one-frame)
period or the like is driven by each of the pixel circuits 20-1 to
20-33 of the first to thirty third embodiments, the liquid
crystal can be driven under the state that there is little depen-
dence of Ids on Vds. In this case, thresholdless antiferroelec-
tric liquid crystal is used as the liquid crystal material.
[0737] Asdescribed above, according to the construction of
this embodiment, the dependence of Ids on Vds is substan-
tially perfectly eliminated, and the linearity between the gate
input voltage and the pixel voltage in the analog amplifier
circuit can be substantially achieved. Therefore, even when
the electrostatic capacitance of the liquid crystal is varied
under application of the pixel voltage to the liquid crystal and
Vds of the MOS transistor constituting the amplifier circuit
portion of the analog amplifier circuit is varied, Vgs of the
MOS transistor is substantially fixed. Therefore, there is
achieved an effect that no variation occurs in the pixel voltage
applied to the liquid crystal and a desired gradation display
can be performed every one-field (one-frame) period.

Thirty Fifth Embodiment

[0738] FIG. 69 is a diagram showing only an analog ampli-
fier circuit in a pixel circuit constituting a liquid crystal dis-
play device according to a thirty fifth embodiment.

[0739] The construction of this embodiment is greatly dif-
ferent from those of the first to thirty third embodiments in
that an operating amplifier circuit is used in place of the
source follower type analog amplifier circuit.

[0740] That is, an operating amplifier circuit 104-35 com-
prises a differential amplification circuit 810, a phase-com-
pensating circuit 830 and an output bufter 840.
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[0741] Under feedback of the pixel voltage Vpix output
from the output terminal of the output bufter 840 described
later, the differential amplification circuit 810 outputs from
the output terminal thereof a voltage substantially-propor-
tional to an amplification input voltage input thereto after the
output voltage of the differential amplification circuit 810
reaches the substantially-proportional voltage concerned.
[0742] The phase-compensating circuit 830 compensates
for the phase lag of the voltage output from the differential
amplification circuit 810. The phase compensation means the
compensation for the phase lag of the voltage output from the
differential amplification circuit 810 which occurs due to
variation of the voltage of a bias power supply source 802
and/or the voltage supplied to the scan line 101.

[0743] The output buffer 840 sets the phase-compensated
voltage to the pixel voltage Vpix having sufficiently power
feeding capability and outputs the pixel voltage Vpix.
[0744] The differential amplification circuit 810 comprises
a constant current supply source 812 and differential ampli-
fication branches 814, 818. The constant current supply
source 812 comprises an n-type MOS transistor 813. The
n-type MOS transistor 813 is formed of an MOS transistor
having the double-gate structure. The gate electrode of the
n-type MOS transistor 813 is connected to the bias electrode
804 and the drain electrode of an n-type MOS transistor 811.
The source electrode of the n-type MOS transistor 811 is
connected to the scan line 101. The voltage of the bias power
supply source 804 is represented by VB, and the voltage
supplied to the scan line 101 is represented by Vg. The n-type
MOS transistor 811 is a protecting transistor.

[0745] When an excessively large voltage is supplied due to
voltage variation of the voltage of the bias power supply
source 804 and/or the voltage of the scan line 101, the pro-
tecting transistor suppresses the supply of the excessively
large voltage.

[0746] The differential amplification branch 814 contains
two MOS transistors which are connected to each other in
series between a source power supply source 80 and the drain
electrode of the n-type MOS transistor 813. One of the two
MOS transistors is a p-type MOS transistor 8151, and the
other is a p-type MOS transistor 816L.. The source electrode
of'the p-type MOS transistor 815L is connected to the source
power supply source 802, and the source electrode of the
n-type MOS transistor 815L is connected to the drain elec-
trode of the n-type MOS transistor 816L.

[0747] The differential amplification branch 818 includes
two MOS transistors which are connected to each other in
series between the source power supply source 802 and the
drain electrode of the n-type MOS transistor 813 . One of the
two MOS transistors is a p-type MOS transistor 815R, and the
other is a p-type MOS transistor 816R. The source electrode
of'the p-type MOS transistor 815R is connected to the source
power supply source 802, and the drain electrode of the n-type
MOS transistor 815R is connected to the drain electrode of
the p-type MOS transistor 816R.

[0748] One differential input voltage (described later) is
applied to the gate electrode of the n-type MOS transistor
816, and the other different input voltage which is applied to
the gate electrode of the n-type MOS transistor 816R corre-
sponds to the gate input voltage Va described in the first to
thirty third embodiments.

[0749] The phase compensating circuit 830 comprises a
capacitor 832, an n-type MOS transistor 834 having the gate
electrode connected to the source power supply source 802,
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and a p-type MOS transistor 836 having the gate electrode
connected to the scan line 101. The drain electrode of the
p-type MOS transistor 842 and the source electrode of the
n-type MOS transistor 844 are connected to each other.
[0750] One electrode of the capacitor 832 is connected to
the connection point between the drain electrode of the p-type
MOS transistor 815R and the drain electrode of the n-type
MOS transistor 816R and also connected to the gate electrode
of'the p-type MOS transistor 842. The other electrode of the
capacitor 832 is connected to any one of the source and drain
electrodes of the n-type MOS transistor 834 and also anyone
of'the source and drain electrodes of the p-type MOS transis-
tor 836, and also it is connected to the connection point
between the drain electrode of the p-type MOS transistor 842
and the drain electrode of the n-type MOS transistor 84 »,
thereby forming the phase-compensating circuit 830 as a
whole.

[0751] The two channel terminal electrodes of each MOS
transistor may function as a source electrode or drain elec-
trode in accordance with the voltage applied to each of both
the channel terminal electrodes. Therefore, in this embodi-
ment, they are represented as any one of the source and drain
electrodes or the other of the source and drain electrodes.

[0752] The output buffer 840 comprises the p-type MOS
transistor 842 and the n-type MOS transistor 844 described
above. The n-type MOS transistor 844 is formed of an MOS
transistor having the double gate structure. The gate electrode
of the n-type MOS transistor 844 is connected to the bias
power supply source 804 described above.

[0753] The source electrode of the n-type MOS transistor
844 7 is connected to the scan line 101. The n-type MOS
transistor 844 forms a current supply source.

[0754] The output terminal of the output buffer 840, that is,
the output of the operating amplification circuit 104-35 cor-
responds to the connection point between the source elec-
trode of the p-type MOS transistor 842 and the source elec-
trode of the n-type MOS transistor 844, and is connected to
the pixel electrode 107 of the liquid crystal 109.

[0755] The output voltage of the output butfer 840, that is,
the image data Vpix described above is supplied to the gate
electrode of the n-type MOS transistor 816L. constituting the
differential amplification branch 814 of the differential
amplification circuit as one differential input voltage
described above. By supplying the above pixel voltage Vpix,
the operating amplification circuit 810 constitutes a voltage
follower as a whole.

[0756] The constructions of the other parts than the above-
described parts in this embodiment are identical to the first to
thirty third embodiment. Therefore, in the following descrip-
tion, these same parts are represented by the same reference
numerals as the first to thirty third embodiments and the
description thereof is omitted. Accordingly, the liquid crystal
display device having the above difference is represented by
10-35, and the pixel circuit is represented by 20-35.

[0757] Next, the operation of this embodiment will be
described with reference to FIG. 69.

[0758] For the sake of simplification of the description on
the operation of the liquid crystal display device 10-35
according to this embodiment, the description will be made
on a case where an analog amplifier circuit 104-35 according
to this embodiment is used as the analog amplifier circuit of
the second embodiment in the pixel circuit 20-35 of this
embodiment.
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[0759] The amplifier input voltage Va output from the
n-type MOS transistor 103 (FIG. 5) is applied to the gate
electrode of the n-type MOS transistor 816R of the differen-
tial amplification circuit 810. Furthermore, the pixel voltage
Vpix is applied to the gate electrode of the n-type MOS
transistor 816L.

[0760] Accordingly, ifa changed amplifier input voltage Va
is input when the operation enters a new field period, with
respect to the output voltage of the differential amplification
circuit 810 (the output voltage of the differential amplifica-
tion branch 818 at the right side, that is, the voltage appearing
at the drain electrode of the n-type MOS transistor 816R), a
convergence action under which the difference between the
amplifier input voltage Va and the pixel voltage Vpix is
approached to zero appears in a feedback system formed in
the differential amplification circuit 810, the phase-compen-
sating circuit 830 and the output buffer 840.

[0761] As a result, the output voltage of the differential
amplification circuit 810 is set to a voltage settled so as to
have a substantially fixed relationship with the amplifier input
voltage Va, that is, a voltage having a constant relationship
between the output voltage and the amplifier input voltage
(linearity between both the voltages) by the action of the
n-type MOS transistor 813 having the double gate structure
constituting the constant current supply source 812.

[0762] This voltage is supplied to the phase-compensating
circuit 830. The phase-compensating circuit 830 compen-
sates for the phase lag of the voltage output from the differ-
ential amplification circuit 810, which occurs due to the volt-
age variation of the voltage of the bias power supply source
802 and/or the voltage supplied to the scan line 101. In the
phase compensation, the voltage of the bias power supply
source 802 and/or the voltage supplied to the scan line 101 is
used as a control signal for the phase compensation in the
phase compensating circuit 830.

[0763] The signal output from the phase compensating cir-
cuit 830 is set to the pixel voltage Vpix having a sufficient
capability of feeding power to the liquid crystal 109 in the
output buffer 840, and then fed to the liquid crystal 109. Since
the MOS transistor having the double gate structure is used as
the current supply source in the output buffer gate 840, the
linearity of the pixel voltage Vpix to the amplifier input volt-
age is enhanced, and thus the gradation is also more enhanced
from the viewpoint of the image display on the liquid crystal
109 in the output buffer 840.

[0764] Asdescribed above, according to the construction of
this embodiment, in both the differential amplification circuit
810 and the output buffer 840, the MOS transistor having the
double gate structure is used and also the operating area of the
MOS transistor is set to the operating point at which the
dependence of Ids on Vds is substantially nullified or to an
operating point in the neighborhood of the above non-depen-
dence operating point within a permissible range as in the
case of the second embodiment. Therefore, as described
above, the pixel voltage Vpix output from the operating
amplification circuit 104-35 as the analog amplification cir-
cuit is set to a voltage which is substantially proportional to
the amplifier input voltage Va, or a voltage represented by a
deviation from the voltage concerned within a permissible
range.

[0765] Accordingly, more excellent gradation can be
achieved every field as compared with the patent document
described above.
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[0766] With keeping this effect, this embodiment has resis-
tance to variation of a power source voltage (strong resistance
to voltage variation) which is a feature inherent to the oper-
ating amplification circuit having the above construction.

Thirty Sixth Embodiment

[0767] FIG. 70 is a diagram showing only an analog ampli-
fier circuit in a pixel circuit constituting a liquid crystal dis-
play device according to a thirty sixth embodiment of the
present invention.

[0768] The construction of this embodiment is greatly dif-
ferent from that of the thirty fiftth embodiment in that the
n-type MOS transistor constituting the operating amplifica-
tion circuit of the thirty fifth embodiment is replaced by a
p-type MOS transistor.

[0769] That is, it is the same as the thirty fifth embodiment
in that the operating amplification circuit 104-36 comprises a
differential amplification circuit 910, a phase-compensating
circuit 930 and an output bufter 940.

[0770] All the n-type MOS transistors used in the differen-
tial amplification circuit 910, the phase-compensating circuit
930 and the output buffer 940 are replaced by p-type MOS
transistors, and all the p-type MOS transistors are replaced by
n-type MOS transistors.

[0771] In connection with the replacement between the
MOS transistor types, the constant current supply source 912
and the current supply source 944 are disposed at the high
potential side.

[0772] Accordingly, the respective MOS transistors are
represented by reference numerals of 900s in place of 800s,
and the description of each transistor is omitted.

[0773] Next, the operation of this embodiment will be
described with reference to FIG. 70.

[0774] The operation of this embodiment is substantially
similar to that of the thirty fifth embodiment except that the
types of the MOS transistors of the thirty fifth embodiment
are changed like n-type is replaced by p-type while p-type is
replaced by n-type and the voltage polarity is inverted.
Accordingly, the operation would be naturally clarified if the
description on the operation of the thirty fiftth embodiment is
referred to, and thus the detailed description thereof is omit-
ted.

[0775] As described above, according to this embodiment,
the n-type MOS transistors used in the thirty fifth embodi-
ment are merely replaced by p-type MOS transistors, the
p-type MOS transistors are merely replaced by n-type MOS
transistors and also the voltage polarity is merely inverted, so
that the same effect as the thirty fifth embodiment can be
achieved.

Thirty Seventh Embodiment

[0776] FIG. 71 is a diagram showing only an analog ampli-
fier circuit in a pixel circuit constituting a liquid crystal dis-
play device according to a thirty seventh embodiment of the
present invention.

[0777] The construction of this embodiment is greatly dif-
ferent from those of the thirty fitth embodiment and the thirty
sixth embodiment in that the operating amplification circuit
104-35 of the thirty fifth embodiment and the operating
amplification circuit 104-36 of the thirty sixth embodiment
are used in combination.

[0778] That is, the operating amplification circuit 104-37
uses the gate electrode of the MOS transistor 8151 of the
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differential amplification circuit 810 and the gate electrode of
the MOS transistor 9151 of the differential amplification
circuit 910 as input terminals for the amplifier input voltage
Va.

[0779] The drain electrode of the MOS transistor 816R of
the differential amplification circuit 810 is connected to the
gate electrode of the p-type MOS transistor 1042 of the output
buffer 1040, and the drain electrode of the MOS transistor
916R ofthe differential amplification circuit 910 is connected
to the gate electrode of the n-type MOS transistor 1044 of the
output buffer 1040.

[0780] The MOS transistor 816L. of the differential ampli-
fication circuit 810 and the MOS transistor 916L of the dif-
ferential amplification circuit 910 are connected to the output
of the output buffer 1040, that is, the drain electrode of the
p-type MOS transistor 1042 and the drain electrode of the
n-type MOS transistor 1044.

[0781] The source electrode of the n-type MOS transistor
813 of the differential amplification circuit 810 is connected
to the scan line 101, and the source electrode of the n-type
MOS transistor 913 of the differential amplification circuit
910 is connected to the source electrode 802.

[0782] Abiaspower supply source 1014 is connected to the
gate electrode of the n-type MOS transistor 813, and a bias
power supply source 1024 is connected to the gate electrode
of'the n-type MOS transistor 913. The voltage VB1 of the bias
power supply source 1014 is higher than the voltage VB2 of
the bias power supply source 1024 by a predetermined value.
[0783] A phase compensating circuit 1030 is constructed
by an n-type MOS transistor 813 having the source electrode
connected to the scan line 101, a p-type MOS transistor 913
having the source electrode connected to the source power
supply source 802, MOS transistor 8161, and MOS transistor
916L. whose gate electrodes are connected to the output ter-
minals of the output buffer 1040, an n-type MOS transistor
816R having the drain electrode connected to the gate elec-
trode of the p-type MOS transistor 1044, and a p-type MOS
transistor 916R having the drain electrode connected to the
gate electrode of the n-type MOS transistor 1044.

[0784] Next, the operation of this embodiment will be
described with reference to FIG. 70.

[0785] As described above, the construction of this
embodiment is achieved by combining the construction of the
thirty fifth embodiment and the construction of the thirty sixth
embodiment.

[0786] Accordingly, ifthe descriptions on both the embodi-
ments are referred to, the operation would be naturally clari-
fied, and thus the detailed description thereof is omitted.
[0787] As described above, this embodiment is constructed
by combining the construction of the thirty fifth embodiment
and the construction of the thirty sixth embodiment, so that
the same effect as the thirty fifth embodiment and the thirty
sixth embodiment can be achieved.

[0788] The embodiments of the present invention have
been described in detail with reference to the drawings. How-
ever, the present invention is not limited to these embodi-
ments, and even if these embodiments are modified in design
or the like without departing from the subject matter of the
present invention, these modifications are contained in the
present invention.

[0789] For example, the feature of the present invention
which is intrinsic in each embodiment, that is, the feature that
the dependence of Ids on Vds can be substantially eliminated
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is applied to devices other than the liquid crystal display
device, and the present invention can be implemented by
these devices.

[0790] Accordingly, it is needless to say that the amplifier
input voltage of each embodiment may be set to other signals
to be amplified, and these signals may be modulation and
demodulation signals in modulation and demodulation cir-
cuits, etc.

[0791] Furthermore, the present invention may be applied
to compensate for not only the amplitude of a signal, but also
the displacement in phase, frequency, etc.

[0792] In each of the above embodiments, the MOS tran-
sistor having the multi-gate structure may be used for not only
the MOS transistor constituting the analog amplifier circuit,
but also the MOS transistor for switching the data signal
voltage to the analog amplifier circuit. In this case, all the
MOS transistors may be designed to have the multi-gate
structure under some conditions.

[0793] Ineach of the above embodiments, the n-type MOS
transistor 103, the n-type MOS transistor 701, the first p-type
MOS transistor 302, the second p-type MOS transistor 303,
the first n-type MOS transistor 702 and the second n-type
MOS transistor 703 are formed of p-SiTFT. However, they
may be formed of a-SiTFT, CdSeTFT or other thin film tran-
sistors, or monocrystal silicon transistors.

[0794] Furthermore, each of the circuits described above
may be constructed by not only the insulated gate type tran-
sistor such as MOS transistor, but also a junction field effect
transistor contained in the unipolar transistor.

[0795] The present invention is not limited to the above-
described embodiments, and each embodiment may be suit-
ably modified within the technical idea of the present inven-
tion.

INDUSTRIAL APPLICABILITY

[0796] As described above, according to the construction of
the present invention, the unipolar transistor is operated in the
operating area where 1ds of the unipolar transistor having the
multi-gate structure on Vds can be substantially eliminated,
so that the voltage for driving liquid crystal or the like can be
prevented from being varied due to response of the liquid
crystal or the like and at the same time the withstanding
voltage of the transistors being used can be extremely
enhanced.

[0797] As a result, the above function makes it possible to
drive the circuit with a signal having a broad input/output
voltage range. For example, there can be implemented an
analog amplifier circuit having a broad dynamic range in
which the gain thereof is substantially fixed over a broad input
voltage range.

[0798] Furthermore, by increasing the withstanding volt-
age of the unipolar transistor described above, the area needed
for each sub unipolar transistor can be reduced, so that a high
aperture ratio can be implemented.

[0799] Accordingly, for example, in the liquid crystal dis-
play device actively using the effect described above, more
accurate gradation display can be performed as compared
with the prior art. Particularly, even in the case of high-
response liquid crystal such as ferroelectric or antiferroelec-
tric liquid crystal having polarization, OCB mode liquid crys-
tal responding within one-field period, etc., the high-response
liquid crystal can be driven without inducing variation in the
pixel voltage. As aresult, more accurate gradation display can
be performed every field (frame).
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[0800] When the liquid crystal display device is driven in
the time-divisional driving system by applying the above
characteristic, the color reproduction in the liquid crystal
display device is better, and high-gradation display can be
performed.

[0801] Furthermore, according to the liquid crystal display
device of the present invention, the scan voltage is used as the
power supply source and the reset power supply source for the
unipolar transistor operating as, and also the reset of the
analog amplifier circuit is carried out by the unipolar transis-
tor itself. Therefore, there can be achieved such a remarkable
effect that with keeping the above effect, the wires and the
circuits such as the power supply source wires, the reset
power supply source wires, the reset switches, etc. are never
needed, the analog amplifier circuit can be constructed in a
small area and the high aperture ration can be achieved.
[0802] The pixel circuit can be constructed by all unipolar
transistors having the same type, so that the manufacturing
process can be simplified.

[0803] The load resistance of the source follower type ana-
log amplifier or the resistance of the active load transistor in
the liquid crystal display device of the present invention is
equal to a high value, for example, 1 GQ, and thus constantly
flowing consumption current can be suppressed with keeping
the above effect, so that the power consumption can be saved.
[0804] The above feature can provide a projector device, a
notebook-sized PC, a monitor liquid crystal display, etc.
which are compact and light in size and weight, high in
aperture ratio, response, visual field and gradation and low in
power consumption and price.

What is claimed is:

1. A method for setting the operating point of a unipolar
first transistor, wherein the unipolar first transistor having a
multi-gate structure is equivalently achieved by commonly
connecting respective gates of plural unipolar second transis-
tors each having a single gate structure and connecting the
plural unipolar second transistors to one another in series, an
operating point of each single unipolar second transistor hav-
ing the single gate structure is set at an operating point that the
dependence of source-drain current on source-drain voltage
is within a permissible range.

2. The method according to claim 1, wherein said unipolar
first transistor having the multi-gate structure is an insulated
gate type transistor having a multi-gate structure or a junction
type transistor having a multi-gate structure.

3. The method according to claim 1, wherein the operating
point is set at any one of an optimum operating point within
the permissible range and an operating point other than the
optimum operating point within the permissible range.

4. The method according to claim 1, wherein said unipolar
first transistor having the multi-gate structure alters the signal
component value of a signal, the signal being any one of an
amplified signal, a modulated signal and a demodulated sig-
nal.

5. The method according to claim 1, wherein said unipolar
first transistor is connected to a load element and the load
element is a unipolar third transistor.

6. The method according to claim 5, wherein a gate of the
unipolar third transistor is configured for receiving a first
voltage, a drain of the third transistor is connected to drain of
the unipolar first transistor, and a source of the unipolar third
transistor is configured for receiving a second voltage.

7. The method according to claim 5, wherein a gate of the
unipolar third transistor is configured for receiving a third
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voltage, a drain of the third transistor is connected to drain of
the unipolar first transistor, and a source of the unipolar third
transistor is configured for receiving a fourth voltage.

8. A method for changing a signal component value of an
input signal by using a unipolar first transistor, wherein a
unipolar first transistor having a multi-gate structure is
equivalently achieved by commonly connecting respective
gates of plural unipolar second transistors each having a
single gate structure and connecting the plural unipolar sec-
ond transistors to one another in series, an operating point of
each single unipolar first transistor having the single gate
structure is set at an operating point that the dependence of
source-drain current on source-drain voltage is within a per-
missible range, and said unipolar first transistor having the
multi-gate structure is operated at the operating point and set
to change the signal component value of the input signal.

9. The method according to claim 8, wherein the number of
said unipolar first transistor having the multi-gate structure
for which the operating point is set is a singular number or a
plural number.

10. The method according to claim 8, wherein said unipolar
first transistor having the multi-gate structure is selected from
a group consisting of an insulated gate type transistor having
a multi-gate structure and a junction type transistor having a
multi-gate structure.

11. The method according to claim 8, wherein the operat-
ing point is set at any one of an optimum operating point
within the permissible range and an operating point other than
the optimum operating point within the permissible range.

12. The method according to claim 8, wherein the signal is
any one of an amplified signal, a modulated signal and a
demodulated signal.
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13. The method according to claim 8, wherein the signal
component of the signal is any one of the amplitude, phase
and frequency of the signal.

14. The method according to claim 8, wherein said unipolar
first transistor is connected to a load element, and the load
element is a unipolar third transistor.

15. The method according to claim 8, wherein a gate of the
unipolar third transistor is configured for receiving a first
voltage, a drain of the third transistor is connected to drain of
the unipolar first transistor, and a source of the unipolar third
transistor is configured for receiving a second voltage.

16. The method according to claim 8, wherein a gate of the
unipolar third transistor is configured for receiving a third
voltage, a drain of the third transistor is connected to drain of
the unipolar first transistor, and a source of the unipolar third
transistor is configured for receiving a fourth voltage.

17. A circuit for setting the operating point of a unipolar
transistor, wherein a unipolar transistor having a multi-gate
structure is equivalently achieved by commonly connecting
respective gates of plural unipolar transistors each having a
single gate structure and connecting the plural unipolar tran-
sistors to one another in series, an operating point of each
single unipolar transistor having the single gate structure is
set at an operating point that the dependence of source-drain
current on source-drain voltage is within a permissible range.

18. The circuit according to claim 17, wherein the unipolar
transistor having the multi-gate structure is an insulated gate
type transistor having a multi-gate structure or a junction type
transistor having a multi-gate structure.

19. The circuit according to claim 17, wherein the operat-
ing point is set at any one of an optimum operating point
within the permissible range and an operating point other than
the optimum operating point within the permissible range.
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