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Description
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a power gen-
erator circuit and generation method for generating a
positive or negative power supply voltage, an active ma-
trix type liquid crystal display device (LCD) and relates
in particular to a liquid crystal display integrated-with-
drive circuit.

2. Description of the Related Art

[0002] In recent years, many demands have been
made for liquid crystal display devices operating on a
low voltage, and having high image quality and high per-
formance such as high contrast. These demands for
high contrast and for low voltage operation however,
generally conflict with each other. In other words, the
video signal amplitude input to the liquid crystal display
LCD has to be increased in order to increase the con-
trast. As a result, the voltage for driving the LCD be-
comes higher so that low voltage operation cannot be
achieved. Conversely, attenuating the video signal am-
plitude to achieve low voltage operation has the effect
of reducing the contrast (See Fig. 23A and Fig. 23B).
[0003] Whereupon, in order to simultaneously satisfy
the dual requirements of high contrast and low voltage
operation, a method was employed that lowered the low
voltage (VL) of the video signal as much as possible (in
other words, to nearly ground potential), lowered the
center value (VD) of the video signal, and also lowered
the high voltage (VH) of the video signal while raising
the dynamic range of the video signal.

[0004] However, when this method is employed, inthe
pixel transistor of the equalizer circuit shown in Fig. 24,
when the threshold voltage Vth of a pixel transistor 101
holding the high voltage (VH) of the video signal, ap-
proaches the depression, and the scan line (gate line)
102 is zero (0) volts and the source line 103 is at a low
level (hereafter listed as "L" level), then the pixel tran-
sistor 101 may leak as shown in Fig. 25, forming a so-
called leak luminance spot. An example of this charac-
teristic of the pixel transistor 101 is shown in Fig. 26.
[0005] The above mentioned method was therefore
not employed up until now and either high contrast or
low voltage operation was selected for use on a case-
by-case basis. However, it is known that if the "L" level
of the scan line 102 can be set to a minus (negative)
value, then an ample margin versus these leak lumi-
nance spots can be obtained. However, to obtain this
minus (negative) value, a negative power generator cir-
cuit must be provided to set the scan line 102 to a minus
(negative) value. In the related art, this negative power
generator circuit had to be installed outside the LCD
panel creating the additional burden of set design.
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[0006] Also, in the case of an LCD using the dot se-
quential scanning method, the problem arose of differ-
ent write times onto the pixel during horizontal scanning
at the scanning start side (for instance, the left side of
the panel) and the scanning end side (for instance, the
right side of the panel). In other words, with a panel write
time of about 1H (approximately 63 usec) on the left side
of the panel, a write time of several seconds (for in-
stance 5 psec) was needed to extinguish the gate select
pulse, immediately after write was finished on the right
side of the panel.

[0007] Therefore, in an LCD using the dot sequential
scanning method, when a transistor having poor device
characteristics was utilized as the pixel transistor 101,
the write times on the left side and right side of the panel
were different, because of the short write time on the
right side of the panel, so that the pixel transistor 101
could not turn off sufficiently. Writing omissions there-
fore occurred so that the luminance was different on the
right and left sides of the panel, in turn creating the prob-
lem of poor image quality.

SUMMARY OF THE INVENTION

[0008] In view of the above problems with the related
art, it is therefore an object of the present invention to
provide a power supply generation method, a power
generator circuit with a simple structure for generating
a power supply voltage, and a liquid crystal display de-
vice (LCD) that along with having an expanded dynamic
range for the input signal, has good image quality and
does not require the installation of a power generator
circuit outside the LCD panel section.

[0009] The power generator circuit of this invention
has a structure comprised of a first clamping means to
clamp the high level or low level of a clock pulse having
a phase opposite the phase of the input clock to a ref-
erence voltage level at (or lower than) ground level or
to a positive reference voltage level, a second clamping
means to clamp the high level or low level of a clock
pulse having a positive phase versus the phase of the
input clock to a reference voltage level at (or lower than)
ground level or to a positive reference voltage level, and
a sampling means to sample the high level or low level
of the clamped output of the first clamping means, and
the high level or low level of the clamped output of the
second clamping means. This power generator circuit
is formed on the panel (circuit board) of the liquid crystal
display integrated-with-drive circuit.

[0010] In the above mentioned power generator cir-
cuitand liquid crystal display device, the high or low level
of a clock having a reversed or positive phase versus
the input clock is clamped to a reference voltage level
at (or below) ground level or to a positive reference volt-
age level, and by sampling the high level or low level
side of the positive phase clamped clock at the low level
or high level of the reversed phase of the clamped clock,
a negative power supply voltage with respect to the ref-
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erence level is generated when clamped at the high lev-
el of the clock, and a positive power supply voltage high-
er than the power supply voltage by an amount equal to
the reference voltage level is generated when clamped
at the low level of the clock.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Preferred embodiments of the present inven-
tion will be described in detail based on the following,
wherein:

Fig. 1 is a block diagram of the overall structure of
the active matrix liquid crystal display device of the
first embodiment of this invention;

Fig. 2 is a block diagram of the structure of the shift
register comprising the vertical driver of the first em-
bodiment;

Fig. 3 is a drawing showing the scan pulses prior to
and after passing through the level shift circuit;
Fig. 4 is circuit diagram showing the structure of the
level shift circuit;

Fig. 5 is a block diagram showing the structure of
the negative power generator circuit;

Fig. 6 is a circuit diagram showing the first working
example of the clamp circuit and sampling switch
comprising the negative power generator circuit;
Fig. 7 is a waveform chart showing the simulation
results;

Fig. 8 is circuit diagram showing the first variation
of the negative power generator circuit;

Fig. 9 is a block diagram showing the structure of
the liquid crystal display device mounted with the
first variation of the negative power generator cir-
cuit:

Fig. 10 is a circuit diagram showing the second var-
iation of the negative power generator circuit;

Fig. 11 is a circuit diagram showing the third varia-
tion of the negative power generator circuit;

Fig. 12 is a circuit diagram showing the second
working example of the clamp circuit and sampling
switch;

Fig. 13 is a circuit diagram showing the third working
example of the clamp circuit and sampling switch;
Fig. 14 is a block diagram showing the structure of
the active matrix liquid crystal display device mount-
ed with the negative power generator circuit of the
first embodiment;

Fig. 15 is a block diagram showing the structure of
the active matrix liquid crystal display device of the
second embodiment of this invention;

Fig. 16 is a block diagram showing the structure of
the shift register comprising the vertical driver of the
second embodiment;

Fig. 17 is a waveform chart of the scan pulses be-
fore and after passing through the level shift circuit;
Fig. 18 is a block diagram showing the structure of
the positive power generator circuit;
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Fig. 19 is a circuit diagram showing a working ex-
ample of the clamp circuit and sampling switch com-
prising the positive power generator circuit;

Fig. 20 is a circuit diagram showing a variation of
the positive power generator circuit;

Fig. 21 is block diagram showing the structure of
the active matrix liquid crystal display device mount-
ed with a variation of the positive power generator
circuit;

Fig. 22 is block diagram showing the structure of
the active matrix liquid crystal display device mount-
ed with the positive power generator circuit of the
second embodiment;

Fig. 23A is a chart showing the relation of the drive
voltage of the liquid crystal display device and the
amplitude of the video signal, and Fig. 23B is a
graph showing relation of the input video signal and
the contrast;

Fig. 24 is a circuit diagram of the equalizer circuit
for the pixels;

Fig. 25 is a waveform drawing illustrating the prin-
ciple how a leak luminance spot occurs; and

Fig. 26 is a diagram showing the characteristics of
the pixel transistor.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] A detailed description of the embodiments of
this invention is next explained while referring to the ac-
companying drawings. Fig. 1 is a block diagram of the
overall structure of the active matrix liquid crystal display
device of the first embodiment of this invention.

[0013] InFig. 1, apixel 11 comprises an effective pixel
area 12 arrayed in a two-dimensional matrix. In this ef-
fective pixel area 12, the pixel 11 is comprised by a thin
film transistor (TFT) 13 as the pixel transistor made for
instance of polysilicon, a liquid crystal cell 14 with a pixel
electrode connected to the drain of this thin film transis-
tor 13, and an auxiliary capacitor 15 with one electrode
connected to the drain electrode of the thin film transis-
tor 13.

[0014] In this pixel structure, in the thin film transistor
13 of the pixel 11, the gate electrode made for instance
of molybdenum, of the thin film transistor 13 is connect-
ed to a gate line (scan line) 16, the source electrode
made for instance from aluminum is connected to the
source line (signal line) 17. The other electrode of the
auxiliary capacitor 15 and the other electrode of the lig-
uid crystal cell 14 are connected to a common line 18
made for instance of molybdenum and from which a
common voltage VCOM is supplied.

[0015] A horizontal driver 19 is installed for instance
on the upper side of the effective pixel area 12, and a
vertical driver (scan driver) 20 is, for instance installed
on the left side. The horizontal driver 19 operates on a
timing signal such as the horizontal clock HCK, and with
the input video signal as a reference, performs dot se-
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quential drive of written data onto each pixel 1. The ver-
tical driver 20 operates based on a timing signal such
as the vertical clock VCK and sequentially drives each
pixel 11 in line units.

[0016] The horizontal driver 19 and the vertical driver
20 arc integrated with the glass substrate (hereafter re-
ferred to as the LCD panel) 21 and the effective pixel
area 12 utilizing a polysilicon thin film transistor. A drive
circuit containing the horizontal driver 19 and the vertical
driver 20 is thus formed on the LCD panel 21 along with
the effective pixel area 12 to comprise the liquid crystal
display integrated-with-drive circuit. Also, in this embod-
iment, the negative power generator circuit 22 is inte-
grated with the LCD panel 21 utilizing a polysilicon thin
film transistor.

[0017] The negative power generator 22 is incorpo-
rated into the embodiment to generate a negative volt-
age for supply to a drive circuit such as the vertical driver
20. A clock faster (higher frequency) than the vertical
clock VCK input to the vertical driver 20, such as hori-
zontal clock HCK input to the horizontal driver 20 is used
as the input, and the negative power supply voltage is
generated based on this horizontal clock HCK. This neg-
ative power supply voltage is supplied to the second
negative power supply line at the output stage of the ver-
tical driver 20. The input clock for the negative power
generator 22 is not limited to the timing clock input to
the horizontal driver 10, and other clocks utilized in sup-
ply of a negative power supply may also be used.
[0018] Fig. 2 is a block diagram of a typical structure
of the shift register comprising the vertical driver 20 of
the active matrix liquid crystal display device of the first
embodiment, and shows the structure of the transfer
stage which is the shift register as well as its output
stage.

[0019] The n-thtransfer stage (register) 23, along with
using the positive power supply vdd and the first nega-
tive power supply vssl (ground in this example) as the
drive voltage, shifting the shift pulse Vn-1 supplied from
the previous stage (n - 1), and supplying the shift pulse
Vn thus obtained, to the next stage (n + 1), also outputs
in synchronization with this shift pulse, the scan pulses
va, vax having mutually opposite phases. The amplitude
of these scan pulses va, vax as can be clearly seen in
the waveform (a) of Fig. 3, is vssl through vdd.

[0020] The scan pulsesva, vax are supplied to the lev-
el shift circuit 24. The level shift circuit 24 utilizes the
positive voltage vdd and the second negative power
supply voltage vss2 (vss2 < vss1) generated by the pre-
viously related negative power supply voltage circuit 22,
as the drive voltage and as shown by the waveform (b)
of Fig. 3, level shifts (performs level conversion) the am-
plitude vss1 through vdd of the scan pulses va, vax, to
the scan pulse vb amplitude. The scan pulse vb drives
the nth gate line (scan line) 16 of the effective pixel area
12 (see Fig. 1) by way of the buffer 25 operated by the
positive voltage vdd and the second negative power
supply voltage vss2.
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[0021] The structure of the level shift circuit 24 is
shown in Fig. 4. This level shift circuit 24 is comprised
of a CMOS latch cell 26 and a CMOS inverter 27.
[0022] The CMOS latch cell 26 is comprised of a P-
channel MOS transistor (hereafter simply listed as
PMOS) Qp11 having a gate input by the inverted scan
pulse vax and a source connected to the positive power
supply vdd; a PMOS transistor Qp12 with a source con-
nected to the positive power supply VDD and a gate in-
put by the scan pulse va; an N-channel MOS (hereafter
simply listed as NMOS) transistor Qn11 that, along with
having a drain connected to the PMOS transistor Qp11
also has a source connected to the second negative
power supply vss2 and further has a gate connected to
the PMOS transistor Qp12; and an NMOS transistor
Qn12 having a drain commonly connected to the PMOS
transistor Qp12, a source connected to the second neg-
ative power supply vss2 and further has a gate connect-
ed to the drain of the PMOS transistor Qp11.

[0023] The CMOS inverter 27 is comprised of a
PMQOS transistor Qpl3 having a gate connected to the
output end of the CMOS latch cell 26, namely connected
to the common connection point of the drain of the
NMOS transistor Qn12 and the PMOS transistor Qp12,
and having a source connected to the positive power
supply vdd; and comprised of an NMOS transistor Qn13
having a gate and drain respectively connected in com-
mon with the transistor Qp13 and having a source con-
nected to the second negative power supply vss2; and
scan pulses from the common drain connection point of
the PMOS transistor Qp13 and the NMOS transistor
Qn13 drive the gate line 16 of the effective pixel area 12.
[0024] In the above related liquid crystal display inte-
grated-with-drive circuit. since a negative power gener-
ator 22 is incorporated into the LCD panel 21 to supply
the negative power supply voltage generated by this
negative power generator 22 to the vertical driver 20,
there is therefore no need to install a negative voltage
generator circuit exterior to the LCD panel 21, making
the task of set design easier. Also, the timing range of
the input signal can be expanded without raising the
power supply voltage of the LCD panel 21 and further-
more, good image quality (in particular, contrast) can be
obtained.

[0025] Fig. 5is a block diagram showing the structure
of the negative power generator circuit 22. The negative
power generator circuit 22 of this structure has the in-
verters 31, 32 to invert the input clocks and again per-
form inversion, condensers (filters) 33, 34 to cut the di-
rect current component of the inverted outputs from
these inverters 31, 32, clamping circuits 35, 36 to clamp
the outputs from these condensers 33, 34 to a reference
voltage level below ground level (ground level, in this
example), and a sampling switch 37 to sample the
clamped outputs of the clamping circuit 36 based on the
clamped output of the clamping circuit 35, and a nega-
tive voltage -vdd is obtained from the circuit output ter-
minal 38.
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[0026] The circuit operation of the above configura-
tion of the negative power generator circuit 22 is next
explained.

[0027] In this negative power generator circuit 22, a
clock having an amplitude from 0 to vdd volts, such as
the horizontal clock HCK is input to the vertical driver 19
(See Fig. 1). This input clock is inverted in the inverter
31 and afterwards inverted once again. The respective
inverted clocks for the inverter 31, 32, in other words the
inverted phase of the clock and the positive phase of the
clocks for the input clock are passed through the con-
densers (filters) 33, 34 and their direct DC components
removed.

[0028] The respective high level (hereafter listed as
"H" level) of the clocks that passed through the condens-
ers (filters) 33, 34 are clamped at a reference voltage
level within ground level (for instance, ground level of 0
volts). The clamped outputs of the clamping circuits 35,
36 thus have an amplitude from -vdd to 0 volts and fur-
ther have mutually opposite phases, as clearly shown
by the waveform in the drawing. Then, at the sampling
switch 37 turning on at zero (0) volts, or in other words,
reaching the "H" level of the clamped output of the
clamping circuit 35, the clamped output of the low level
side of the clamping circuit 35 is output or in other words,
-vdd is output. This voltage is output from the circuit out-
put terminal 38 as the negative power supply voltage
-vdd.

[0029] A circuit diagram of the first working example
of the clamping circuits 35, 36 and the sampling switch
37 is shown in Fig. 6. Sections in this figure identical to
Fig. 5 are shown with the same reference numerals.
[0030] The clamp circuit 35 is comprised of a PMOS
transistor Qp31 connected between the output end of
the condenser 33 and ground having a gate connected
to the output end of the condenser 34. The clamp circuit
36 is comprised of a PMOS transistor Qp32 connected
between the output end of the condenser 34 and
ground, and further having a gate connected to the out-
put end of the condenser 33. The sampling switch 37 is
comprised of an NMOS transistor Qn31 connected be-
tween the output end of condenser 34 and the circuit
output terminal 38 and having a gate connected to the
output end of the condenser 33.

[0031] The circuit operation of the clamping circuits
35, 36 as well as the sampling switch 37 are described
next.

[0032] Firstof all, when the positive phase of the clock
is at "L" level versus the input clock, the direct current
components of the positive phase clock are removed by
the condenser 34, and the voltage potential of the output
end of the condenser 34 (hereafter node B) swings
somewhat to the minus side. The PMOS transistor Qp31
is thus turned on. The PMOS transistor Qp31 then starts
to pull the voltage potential at the output of the condens-
er 33 (hereafter referred to as node A) to ground poten-
tial.

[0033] When the voltage potential of the node A is
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pulled to ground potential, the PMOS transistor Qp32
also turns on. The voltage potential of node B then starts
to be pulled to the minus side by the PMOS transistor
Qp32 turning on and the voltage potential at node B low-
ers even further. The voltage potential of the node A fur-
ther approaches ground level when the voltage potential
drops on node B. This process is repeated so that by
this positive feedback, the "H" level (vdd level) of the
node A is clamped at zero (0) volts. The output of the
clamping circuit 35 thus has an amplitude between -vdd
and zero volts, and clock has a reverse phase clock ver-
sus the input clock.

[0034] However, when the reverse phase of the clock
is at "L" level with respect to the input clock, the direct
current components of the reverse phase clock are re-
moved by the condenser 33, and the voltage potential
at the node B swings somewhat to the minus side. The
PMOS transistor Qp32 is thus made to turn on. The volt-
age potential of the node B then starts to be pulled to-
wards ground potential by the PMOS transistor Qp32.
[0035] When the voltage potential of the node B is
pulled to ground potential, the PMOS transistor Qp31
also turns on. The voltage potential of node A then starts
to be pulled to the minus side by the PMOS transistor
Qp31 turning on and the voltage potential at node A low-
ers even further. The voltage potential of the node B fur-
ther approaches ground level when the voltage potential
drops on node A. This process is repeated so that by
this positive feedback, the "H" level of the node B is
clamped at zero (0) volts. The output of the clamping
circuit 36 thus has an amplitude between -vdd and zero
volts, and has a positive phase clock versus the input
clock.

[0036] Then, when the node A voltage potential is at
"H" level, or in other words zero (0) volts, the NMOS
transistor Qn31 turns on so that the clamped output of
node A and the reverse phase of the clamped output of
node B, or in other words, a "L" level (-vdd) is output.
Also, when the voltage potential of node A is "L" level
or in other words -vdd, the NMOS transistor Qn31 turns
off so that -vdd is output unchanged.

[0037] Inthis way, since a positive feedback is applied
when clamping is performed by the clamping circuits 35,
36 based on the other (complementary) input clock, the
outputs are securely clamped to a reference level
(ground level in this example) and a negative power sup-
ply voltage -vdd can be generated at the applicable ref-
erence voltage potential level.

[0038] The results of the simulation are shown in Fig.
7. In this figure, v (y) is the positive phase clock with
respect to the input clock, v (z) is the positive phase
clock with respect to the input clock, v (xa) is the positive
phase clamped output with respect to the input clock, v
(xb) is the reverse phase clamped output with respect
to the input clock, and -vdd shows the respective wave-
forms of each negative power supply voltage.

[0039] Fig. 8 is circuit diagram showing the first vari-
ation of the negative power generator circuit 22. In the
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figure, sections identical to Fig. 6 are shown with the
same reference numerals. The first variation has a fixed
voltage means, such as a Zener diode 39 connected be-
tween the output terminal 38 and ground. When the neg-
ative power generator circuit 22 of this first variation is
mounted in the liquid crystal display integrated-with-
drive circuit, the Zener diode 39 must be attached out-
side the LCD panel 21 as shown in Fig. 9.

[0040] By connecting the Zener diode between the
circuit output terminal 38 and ground in this way, the volt-
age of the negative power supply -vdd is determined by
the Zener diode 39 so that the desired voltage for the
negative power supply - vdd can be set easily and a sta-
ble voltage obtained by selecting an appropriate Zener
diode voltage. The fixed voltage means is not limited to
use only of a Zener diode and for instance, a bipolar
diode or a MOS diode may be used.

[0041] Fig. 10is a circuit diagram showing the second
variation of the negative power generator circuit 22. In
the figure, sections identical to Fig. 6 are shown with the
same reference numerals. The negative power genera-
tor circuit 22 in this second variation is a circuit com-
prised of the inverters 31, 32 each utilizing a CMOS in-
verter. This circuit configuration has basically the same
circuit operation as in Fig. 6.

[0042] Fig. 11 is a circuit diagram showing the third
variation of the negative power generator circuit 22. In
the figure, sections identical to Fig. 10 are shown with
the same reference numerals. The negative power gen-
erator circuit 22 in this third variation is a circuit com-
prised of the inverters 31, 32 each utilizing a CMOS in-
verter and further comprised of the condensers 33, 34
formed by the NMOS transistors Qn32, Qn33.

[0043] In this circuit configuration, the voltage of the
input terminal (node a) of the condenser 33 must always
be higher than the voltage at the output terminal (node
b) of the condenser 33 so that the channel of the NMOS
transistor is always connected in the orientation shown
in the figure. Since the voltage potential of node a' and
node b' are also the same on the condenser 34 side, the
NMOS transistor Qn33 connections are also the same
as for the NMOS transistor Qn33. The condensers 33
and 34 can also be formed by (depression) MOS tran-
sistors.

[0044] In the above described first working example
(Fig. 6) as well as the variations (Fig. 8, Fig. 10, Fig. 11),
the positive phase clock and the reverse phase clock
clamping of the other (complementary) clock was per-
formed based on the reverse phase clock and the pos-
itive phase clock but positive phase clock and reverse
phase clock clamping can also be performed based on
its own clock. This clock clamping is explained below in
the second working example.

[0045] Fig. 12is a circuit diagram showing the second
working example of the clamping circuits 35, 36 and
sampling switch 37. In the figure, sections identical to
Fig. 5 are shown with the same reference numerals.
[0046] A clamping circuit 35 is comprised of an NMOS
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transistor Qn34 connected between the output end
(node b) of the condenser 33 and ground, and having a
gate connected to the input end (node a) of the condens-
er 33. A clamping circuit 36 is comprised of an NMOS
transistor Qn35 connected between the output end
(node b'") of the condenser 34 and ground, and having
a gate connected to the input end (node a') of the con-
denser 34. A sampling circuit 37 is comprised of an
NMQOS transistor Qn36 connected between node b' and
the circuit output terminal 38, and having a gate con-
nected to node b.

[0047] Thus, even if positive phase clock and reverse
phase clock clamping is performed based on its own
(autonomous) clock in this way, a reverse phase clock
as a clamped output of the clamping circuit 35, can be
obtained versus an input clock having an amplitude from
-vdd to zero (0) volts, the same as when performing
clamping in the first working example based on the other
(complementary) clock, and a positive phase clock can
be obtained as a clamped output of the clamping circuit
36, versus an input clock having an amplitude from -vdd
to zero (0) volts.

[0048] Fig. 13 is a circuit diagram showing the third
working example of the clamping circuits 35, 36 and
sampling switch 37. In the figure, sections identical to
Fig. 12 are shown with the same reference numerals.
[0049] The clamping circuit 35 is comprised of an
NMGOS transistor Qn34 connected between the output
end (node b) of the condenser 33 and ground, and hav-
ing a gate connected to the input end (node a) of the
condenser 33. A clamping circuit 36 is comprised of an
NMOS transistor Qn35 and a PMOS transistor Qp33
connected in serial between the output end (node b') of
the condenser 34 and ground. The gate of the PMOS
transistor Qp33 is connected to the node b, and the gate
of the NMOS transistor Qn35 is connected to the node
a'.

[0050] In the circuit configuration of the third working
example, a pulse (clock pulse) with a polarity opposite
that of node b, is applied to the gate of the NMOS tran-
sistor Qn35, to allow the "H" level of node b' to be
clamped at a sufficiently low impedance.

[0051] In the above mentioned working examples 2
and 3, the same as in the first working example, varia-
tions can be applied such as connecting a Zener diode
between the circuit output terminal 38 and ground, com-
prising the inverters 31, 32 of CMOS inverters, and com-
prising the condensers 33, 34 of MOS capacitors.
[0052] The description of the embodiment for the neg-
ative power generator 22 of this invention utilized a liquid
crystal display integrated-with-drive circuit having a hor-
izontal driver 19 and a vertical driver 20 integrated (on-
chip) along with the effective pixel area 12, onto the LCD
panel 21. However this invention is not limited to this
arrangement and is applicable to a liquid crystal display
integrated-with-drive circuit having the horizontal driver
19 mounted exterior to the chip and the vertical driver
20 mounted on the chip.
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[0053] The example applied to this embodiment fur-
ther described the negative voltage generated by the
negative power generator 22 as supplied to the vertical
driver 20, however this invention is not limited to this
arrangement and is also applicable to other circuits re-
quiring supply of a negative voltage from a liquid crystal
display integrated-with-drive circuit having a negative
power supply. An applicable example is described be-
low.

[0054] Fig. 14 is a block diagram showing the struc-
ture of the active matrix liquid crystal display device
mounted with the negative power generator circuit of the
first embodiment. In the figure, sections identical to Fig.
1 are shown with the same reference numerals. In the
liquid crystal display integrated-with-drive circuit of this
example, the horizontal driver 19 is comprised of a hor-
izontal shift register 191, a sampling & first latch circuit
192, a second latch circuit 193, a level shifter 194 as
well as a DA (digital/analog) converter 195.

[0055] In the horizontal driver 19, a horizontal start
pulse HST and a horizontal clock pulse HCK are applied
to the horizontal shift register 191 as horizontal transfer
pulses. When these pulses are applied, the horizontal
shift register 191 responds to the horizontal start pulse
HST and performs horizontal scanning by outputting
shift pulses from each stage at the period of the hori-
zontal clock HCK. The sampling & first latch circuit 192
responds to the shift pulses output from the horizontal
shift register 191, and sequentially samples the digital
data, and further latches the sampled data in each
source line (column line) of the effective pixel area 12.
[0056] The latched data corresponding to each
source line latched by the sampling & first latch circuit
192, is re-latched by the second latch circuit 193 every
1H (H is the horizontal scanning period) in response to
a latch signal supplied in the 1H period. The level shifter
194 level shifts (level conversion) the latch data that was
re-latched by the second latch circuit 193, to a specified
signal level, and supplies this level-shifted signal to the
DA converter 195.

[0057] The DA converter 195, converts the digital data
that was level-shifted in the level shifter 194, to an an-
alog signal for each source line of the effective pixel area
12, and supplies this analog signal to the corresponding
source line. A reference voltage selector type DA con-
verter is utilized as the DA converter 195 to receive the
data that was level-shifted by the level shifter 194, select
the target reference voltage from among several con-
trast (gradient) reference voltages, and output the se-
lected reference voltage to the corresponding source
line.

[0058] The liquid crystal display device configured as
above, utilizes a common voltage VCOM ( See Fig. 1)
inverted every 1H, as a VCOM inverted drive voltage.
In the liquid crystal device utilizing the VCOM inverted
drive, when MOS transistors are utilized as the analog
switch for selecting the reference voltage, in the DA con-
verter 195 for selecting a reference voltage for example,
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in a range of 0 volts to 5 volts, and when the threshold
voltage Vthp of the PMOS transistor and the threshold
voltage Vthn of the NMOS transistor are set to obtain a
dynamic range for the selected reference voltage, then
the "L" level of the selected data signal must be 0-Vthp
or less, and the "H" level must be 5 volts +Vthn or more.
[0059] The amplitude of the select data signal must
therefore be set lower in the reference voltage range by
an amount equal to the PMOS transistor threshold volt-
age Vthp, and must be set higher in the range (0 volts-
Vthp, through 5 volts +Vthn, in the above example) by
an amount equal to the NMOS transistor voltage Vthn,
so that a level shifter 194 is installed in the prestage of
the DA converter 195. This level shifter 194 must utilize
a negative power supply for the reasons given next.
[0060] As shown in Fig. 14, in the above example, a
negative power generator 22 is incorporated into the
LCD panel 21 so that the negative voltage generated by
the negative power generator 22 is supplied to the level
shifter 194. In this way, by incorporating a negative pow-
er generator 22, there is no need to install a negative
power generator 22 outside of the LCD panel 21 and the
burden of set design can therefore be reduced by a cor-
responding amount.

[0061] The above example, described a case appli-
cable to a liquid crystal display integrated-with-drive cir-
cuit, however this invention is not limited to application
to a liquid crystal display integrated-with-drive circuit
and can also be applied to all devices requiring a neg-
ative power supply voltage.

[0062] Fig. 15 is a block diagram showing the struc-
ture of the active matrix liquid crystal display device of
the second embodiment of this invention.

[0063] The pixel 51 in Fig. 15 comprises an effective
pixel area 52 arrayed in a two-dimensional matrix. In this
effective pixel area 52, the pixel 51 is comprised of a
thin film transistor 53, a liquid crystal cell 54 with a pixel
electrode connected to the drain electrode of the thin
film transistor 53, and an auxiliary capacitor 55 with one
electrode connected to the drain electrode of the thin
film transistor 53.

[0064] In the pixel structure, the thin film transistor 53
of each pixel 51 has a gate electrode connected to the
gate line (scan line) 56, and also has a source electrode
connected to the source line (signal line) 57. The oppos-
ing electrode of the liquid cell 54 and the other electrode
of the auxiliary capacitor 55 are connected to the com-
mon line 58 from which the common voltage VCOM is
supplied.

[0065] A horizontal driver 59 is installed for instance
on the upper side of the effective pixel area 52, and a
vertical driver (scan driver) 60 is installed for instance
on the left side. The horizontal driver 59 operates based
on a timing signal such as the horizontal clock HCK, and
performs dot sequential writing of the actual data onto
each pixel 51 based on the input video signal (Video
Sig.). The vertical driver 60 operates based on a timing
signal such as the vertical clock VCK, and sequentially



13 EP 1 030 288 A1 14

drives each pixel 51 in line units.

[0066] The horizontal driver 59 and the vertical driver
60 are integrated onto the LCD panel 61 and the effec-
tive pixel area 52 utilizing polysilicon thin film transistors.
In this way, a liquid crystal display integrated-with-drive
circuit is comprised, formed on the LCD panel 61 along
with the effective pixel area 52 and the drive circuit con-
taining the horizontal driver 59 and the vertical driver 60.
Also in this embodiment, a positive voltage power gen-
erator circuit 62 is integrated onto the LCD panel 61 uti-
lizing the polysilicon thin film transistors.

[0067] An internal positive voltage power generator
circuit 62 supplies the generated positive voltage to a
drive circuit such as the vertical driver 60. A clock is input
to the vertical driver 60 that is faster (has a higher fre-
quency) than the vertical clock VCK, such as the hori-
zontal clock HCK input to the horizontal driver 59, and
a positive voltage generated based on this horizontal
clock HCK, this positive voltage is then supplied to the
second positive power supply line for the output stage
of the vertical driver 60. The input clock for the positive
voltage supply generator circuit 62 is not limited to the
timing clock input to the horizontal driver 59, and a clock
utilized in supply of another positive voltage may be uti-
lized.

[0068] Fig. 16 is a block diagram showing the struc-
ture of the shift register comprising the vertical driver 60
for the active matrix display device of the second em-
bodiment. This figure shows the structure of the shift
register transfer (register) stages and their output stag-
es.

[0069] In Fig. 16, the nth transfer stage (register) 63
utilizes a first positive voltage supply vdd1 and a nega-
tive power supply vss (ground in this example) as the
drive voltage and besides shifting the shift pulse Vn-1
obtained from the previous stage (n - 1) and supplying
the shift pulse Vn thus obtained to the next stage (n +
1), also outputs the mutually complementary scan puls-
es va, vax in synchronization with this shift pulse. The
amplitude of these scan pulses va, vax as clearly shown
in the waveform (a) in Fig. 17 is from vss to vdd1.
[0070] The scan pulsesva, vaxare supplied to the lev-
el shift circuit 64. The level shift circuit 64 utilizes the
negative power supply vss and the previously men-
tioned second positive power supply vdd2 (vdd1 < vdd2)
generated by the positive voltage power generator cir-
cuit 62 as a drive voltage and as shown in waveform (b)
of Fig. 17, performs a level shift (level conversion) of the
scan pulses va, vax at an amplitude from vss to vdd1,
to the scan pulse vb with an amplitude from vss to vdd2.
This scan pulse vb drives the nth line of the gate line
(scan line) 56 of the effective pixel area 52 (See Fig. 15)
by way of the buffer 65 operating on the second positive
power supply vdd2 and the negative power supply vss.
[0071] The circuit configuration shown in Fig. 4, in oth-
er words, a circuit structure having a CMOS latch cell
and CMOS inverter is used as the level shift circuit 64.
However, the second negative power supply vss2 in Fig.
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4 has been changed to the negative power supply vss
and the positive power supply vdd has been changed to
the second positive power supply vdd2.

[0072] As related above, in the liquid crystal display
integrated-with-drive circuit, by incorporating the posi-
tive voltage power generator circuit 62 into the LCD pan-
el 61, and supplying the positive voltage generated by
the positive voltage power generator circuit 62 to the
vertical driver 60, there is no need to install a positive
power generator circuit outside of the LCD panel 61 so
that the task of set design can be considerably alleviat-
ed.

[0073] The amplitude of the scan pulses (gate select
pulse) applied to the gate line 56 can be increased even
without raising the power supply voltage of the LCD pan-
el 61 so that even if transistors with poor device char-
acteristics such as the thin film transistor 53 are utilized,
a sufficiently large voltage can be applied between the
source and gate of the applicable transistor so that the
thin film transistor 53 can be reliably turned on.

[0074] Thus, in a liquid crystal display device using
the dot sequential scanning method, a scan pulse with
alarge amplitude can be applied to the gate line 56 even
if the write times on the left side and right side of the
LCD panel 61 are different. Further, since even the thin
film transistor 53 for pixels having a short write time on
the right side of the panel can be turned on reliably, the
writing onto the pixels can be sufficiently performed. A
difference between the left side and right side of the LCD
panel 61 in luminance that accompanies the difference
in write times can therefore be avoided.

[0075] Fig. 18 is a block diagram showing the struc-
ture of the positive power generator circuit 62. The pos-
itive power generator circuit 62 has the inverters 71, 72
to invert the input clock and again perform inversion, the
condensers (filters) 73, 74 to remove the direct current
component of each inverted output from the inverters
71, 72 the clamping circuits 75, 76 to clamp the outputs
of the condensers 71, 72 to a positive reference voltage
level (in this example, power supply voltage level vdd),
and a sampling switch 77 to sample the clamped output
of the clamping circuit 76 based on the clamped output
of the clamping circuit 75, and in this structure, the pos-
itive power supply voltage 2vdd from the circuit output
terminal 78 is output as the second positive power sup-
ply voltage vdd2.

[0076] The circuit operation of the positive power gen-
erator circuit 62 will be described next.

[0077] In this positive power generator circuit 62, a
clock having an amplitude from 0 volts to vdd, such as
the horizontal clock HCK, is input to the horizontal driver
59 (See Fig. 15). This input clock is inverted by the in-
verter 71 and then further inverted by the inverter 72.
The inverted clocks of the inverters 71,72 or in other
words, the reverse phase clock and the positive phase
clock with respect to the input clock, are passed through
the condensers (filters) 73,74 and their direct current
components removed.
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[0078] Each clock passing through the condenser 73,
74 is then clamped by the power supply voltage vdd, at
its respective "L" level by the clamping circuits 75, 76.
The clamped outputs of the clamping circuits 75, 76
therefore have an amplitude between vdd to 2vdd and
mutually opposite phases as clearly shown in the wave-
form. The sampling switch 77 turns on at the "L" level
clamp output of the clamping circuit 75 or in other words,
is turned on by vdd, so that the "H" level of the clamped
output of the clamping circuit 76, or in other words 2vdd,
is output. This "H" level clamped output from the clamp-
ing circuit 76 is output from the circuit output terminal 78
as the positive supply voltage 2vdd.

[0079] Fig. 19is acircuitdiagram showing a first work-
ing example of the clamping circuits 75, 76 and sampling
switch 77. Sections in the figure, identical to Fig. 18 have
the same reference numerals.

[0080] The clamping circuit 75 is comprised of an
NMOS transistor Qn71 connected between the output
electrode of the condenser 73 and the power supply
vdd, and having a gate connected to the output elec-
trode of the condenser 74. The clamping circuit 76 is
comprised of an NMOS transistor Qn72 connected be-
tween the output end of the condenser 74 and the power
supply vdd, and having a gate connected to the output
end of the condenser 73. The sampling switch 77 is
comprised of a PMOS transistor Q71 connected be-
tween the output end of the condenser 74 and the circuit
output terminal 78 and having a gate connected to the
output end of the condenser 73.

[0081] The circuit operation of the clamping circuits
75, 76 as well as the sampling switch 77 is described
next.

[0082] When the positive phase of the clock is at "H"
level with respect to the input clock, the direct current
components of that positive phase clock are eliminated
in the condenser 74, and the voltage potential at the out-
put end (hereafter called node B) of the condenser 74
swings somewhat to the plus side. The NMOS transistor
Qn71 then turns on, and the voltage potential of the out-
put end (hereafter called node A) of the condenser 73
the NMOS transistor Qn71 starts to be pulled to the pow-
er supply vdd side.

[0083] When the voltage potential at node A is pulled
to the power supply vdd side, the NMOS transistor Qn72
also turns on. The voltage potential of node B of the
NMOS transistor Qn72 then starts to pull to the plus side
at this point and the voltage potential of node B increas-
es further. When the voltage potential of node B increas-
es, the voltage potential of node A approaches even fur-
ther to the vdd power supply side. The above operation
repeats in a so-called positive feedback process so that
the "L" level (0 volts) of node A is clamped at the power
supply voltage level vdd. The clamped output of the
clamping circuit 75 thus becomes a clock with a reverse
phase versus the input clock having an amplitude from
vdd to 2vdd.

[0084] When the reverse phase of the clock is at "L"
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level with respect to the input clock, the direct current
components of this reverse phase clock are cut (elimi-
nated) by the condenser 73 so that the voltage potential
of node A swings somewhat to the plus side, and as a
result, the NMOS transistor Qn72 turns on. When the
NMOS transistor Qn72 turns on, the voltage potential of
node B of the NMOS transistor Qn72 starts to pull to the
power supply vdd side.

[0085] When the voltage potential of node B is pulled
to the power supply vdd side, the NMOS transistor Qn71
also turns on. The node A voltage potential of the NMOS
transistor Qn71 then starts to pull to the plus side and
the voltage potential of node A rises even further. When
the voltage potential of node A rises, the voltage poten-
tial of node B approaches the power supply vdd side
even further. The "L" level of the node B is clamped at
the power supply voltage level vdd by this positive feed-
back. The clamped output of the clamping circuit 76 thus
has a positive phase clock versus the input clock having
an amplitude of vdd to 2vdd.

[0086] When the voltage potential of node A is a "L"
level, or in other words at vdd, the PMOS transistor
Qp71 turns on so that the clamped output of the reverse
phase of node B and the clamped output of node A, in
other words "H" level (2vdd) is output. Also, when the
voltage potential of node A is a "H" level, or in other
words at 2vdd, the PMOS transistor Qn71 turns off so
that the 2vdd is output as is.

[0087] Inthis way, positive feedback is applied by per-
forming a clamping operation with the clamping circuits
75,76 based each other's input clock so that the refer-
ence voltage level is securely clamped (in this example,
at the positive power supply voltage level vdd), and a
power supply voltage 2vdd can be generated which is
twice the level of the applicable reference voltage level.
[0088] Fig. 20 is a circuit diagram showing a first var-
iation of the positive power generator circuit 26. Sec-
tions in the figure identical to Fig. 19 are shown with the
same reference numerals. In the first variation, a fixed
voltage means, is comprised for instance of a Zener di-
ode 79 connected between the circuit output terminal
78 and the power supply vdd.

[0089] When the positive power generator circuit 62
of this first variation is mounted in the liquid crystal dis-
play integrated-with-drive circuit, then the Zener diode
79 is mounted outside of the LCD panel 51.

[0090] Thus, by connecting the Zener diode 79 be-
tween the circuit output terminal 78 and the power sup-
ply vdd, the voltage of the positive power supply voltage
2vdd will be determined by the Zener diode 79 voltage
so that the desired voltage of the positive power supply
voltage 2vdd can be stably acquired and easily set with
this fixed voltage means by selecting an applicable Zen-
er diode voltage. Further, this fixed voltage means is not
limited to a Zener diode, and a bipolar diode or MOS
diode may also be utilized.

[0091] Another variation of the positive power gener-
ator circuit 62 is shown by a variation having the same
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structure as the negative power supply circuit 22 shown
in Fig. 10 and Fig. 11. The clamping circuits 75, 76 and
the sampling switch 77 may have the same circuit struc-
ture as shown in Fig. 12 and Fig. 13. In this case, each
MOS transistor comprising the clamping circuits 75, 76
and the sampling switches 77, utilize transistors having
reversed conduction versus the clamping circuits 35, 36
and the sampling switch 37, and further the ground has
been substituted with the power supply vdd.

[0092] The above embodiment was explained by uti-
lizing an example in which the liquid crystal display in-
tegrated-with-drive circuit was mounted (on-chip) with
the positive power generator circuit 62 along with the
horizontal driver 59 and vertical driver 60 onto the LCD
panel 71 with effective pixel area 52, however this in-
vention is not limited to this arrangement, and is also
applicable to a liquid crystal display integrated-with-
drive circuit having the vertical driver 59 off-chip, and
the vertical driver 60 on-chip.

[0093] An example was further utilized whereby the
positive voltage generated in the positive power gener-
ator circuit 62 was supplied to the vertical driver 60 how-
ever this invention is not limited to this example and is
also applicable to other circuits requiring the supply of
a positive voltage from the power supply of the liquid
crystal display integrated-with-drive circuit.

[0094] Fig. 22 is block diagram showing another ex-
ample of the structure of the active matrix liquid crystal
display device. Sections in the figure identical to Fig. 15
have the same reference numerals.

[0095] In the liquid crystal display integrated-with-
drive circuit of this example, the vertical driver 59 is com-
prised of a horizontal shift register 591, a sampling &
first latch circuit 592, a second latch circuit 593, a level
shifter 594 and a DA converter 595. In the horizontal
driver 59, the circuits 591 through 595 have the same
functions as the circuits 191 through 195 of Fig. 14. A
detailed description is omitted since these circuits are
redundant.

[0096] In the structure of the liquid crystal display de-
vice, a VCOM inverted drive is utilized to invert the com-
mon voltage VCOM (see Fig. 15) each 1H period. In the
liquid crystal display device utilizing this VCOM inverted
drive, when MOS transistors are utilized as the analog
switches for selecting a reference voltage for instance,
in a range of 0 volts to 5 volts in the DA converter 595
and a PMOS transistor threshold voltage of Vthp and
NMOS transistor threshold voltage of Vthn are set in or-
der to maintain a dynamic range for that selected refer-
ence voltage, the "L" level of the selected data signal
must be 0 volts -Vthp or less, and the "H" level must be
5 volts +Vthn or more.

[0097] The amplitude of the select data signal must
therefore be set lower in the reference voltage range by
an amount equal to the PMOS transistor threshold volt-
age Vthp, and must be set higher in the range (0 volts
-Vthp, through 5 volts +Vthn) by an amount equal to the
NMOS transistor voltage Vthn, so that a level shifter 595
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is installed in the prestage of the DA converter 595. This
level shifter 594 must utilize a positive power supply for
the reasons given next.

[0098] In this above example as shown in Fig. 22, a
positive power generator 62 is incorporated into the LCD
panel 61 so that the positive voltage generated by the
positive power generator circuit 62 is supplied to the lev-
el shifter 594 In this way, by incorporating a positive
power generator 62, there is no need to install a positive
power generator 62 outside of the LCD panel 61 and the
burden of set design can therefore be reduced by a cor-
responding amount.

[0099] The above example, described a case appli-
cable to a liquid crystal display integrated-with-drive cir-
cuit, however this invention is not limited to application
to a liquid crystal display integrated-with-drive circuit
and can also be applied to all devices requiring a posi-
tive power supply voltage.

[0100] The explanation of the first embodiment uti-
lized an example incorporating a negative power gen-
erator circuit 22, and the explanation of the second em-
bodiment utilized an example incorporating a positive
power generator 62 however, a structure incorporating
both a negative power generator circuit 22 and a positive
power generator 62 may also be used.

[0101] In the liquid crystal display integrated-with-
drive circuit according to the invention as described
above, by incorporating a power generator circuit into
the LCD panel, and supplying the voltage generated by
the voltage power generator circuit to the drive circuit,
there is no need to install a power generator circuit out-
side of the LCD panel so that the task of set design can
be considerably alleviated. Also, in the liquid crystal dis-
play device incorporating a negative power generator
circuit for generating a negative voltage, the dynamic
range of the input signal can be expanded without rais-
ing the panel power supply voltage, and good image
quality (especially contrast) can be obtained.

[0102] Also, in the liquid crystal display device incor-
porating a positive power generator circuit for generat-
ing a positive power supply voltage, since the amplitude
of the gate select pulses can be increased even without
raising the power supply voltage of the LCD panel, the
writing onto a pixel can be sufficiently performed even
in a short time, so that no difference in luminance will
occur when using the dot sequential scanning method,
even if the write times on the left side and the write side
of the LCD panel are different, and a good image quality
can be obtained.

Claims
1. A power generator circuit comprising:
first clamping means to clamp the high level or

low level of a clock pulse having a phase oppo-
site the phase of the input clock to a reference
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voltage within ground level or to a positive ref-
erence voltage;

second clamping means to clamp the high level
or low level of a clock pulse having a positive
phase versus the input clock phase to a refer-
ence voltage within ground level or to a positive
reference voltage level; and

sampling means to sample the high level or low
level of the clamped output of the first clamping
means, and the high level or low level of the
clamped output of the second clamping means.

A power generator circuit as claimed in claim 1
wherein said power generator circuit has a first and
second condenser in the pre-stage of said first and
said second clamping means to cut the respective
direct current components of said reverse phase
clock and said positive phase clock.

A power generator circuit as claimed in claim 1
wherein said power generator circuit has a fixed
voltage means connected between the output end
of said sampling means and a point at the reference
voltage within ground level or a point at a positive
reference voltage level.

A power generator circuit as claimed in claim 1
wherein said first clamping means performs clamp-
ing based on the input clock of said second clamp-
ing means, and said second clamping means per-
forms clamping based on the input clock of said first
clamping means.

A power generator circuit as claimed in claim 1
wherein said first and said second clamping means
perform clamping based on their own respective in-
put clocks.

A power generation method wherein the high level
or the low level of the positive phase or reverse
phase of each clock with respect to the input clock
is clamped at a reference voltage level within
ground level or a positive reference voltage level
and, the low level or the high level of the clamped
positive phase clock is sampled at the high level or
the low level of the clamped reverse phase clock.

A power generation method as claimed in claim 6
wherein the respective direct current components
of said forward and reverse phase clocks are cut
prior to clamping of said forward and reverse phase
clock.

A liquid crystal display device having a pixel area
and at least a drive circuit containing a vertical driver
integrated onto the same board of polysilicon
wherein, the power generator circuit for generating
the power supply voltage is incorporated onto said
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10.

1.

12.

13.

14.

15.

20
board.

A liquid crystal display device as claimed in claim 8
wherein said power generator circuit supplies the
generated power supply voltage to said drive circuit.

A liquid crystal display device as claimed in claim 9
wherein said power generator circuit supplies the
generated power supply voltage to said vertical
driver.

A liquid crystal display device as claimed in claim
10 wherein said power generator circuit generates
a power supply voltage based on a clock at a fre-
quency higher than the vertical clock utilizing said
vertical driver.

A liquid crystal display device as claimed in claim
11 wherein said power generator circuit generates
a power supply voltage based on a horizontal clock
utilizing a horizontal driver containing said driver cir-
cuit.

A liquid crystal display device as claimed in claim 9
wherein said drive circuit has a sampling latch cir-
cuit to synchronize the digital data with the horizon-
tal scanning and perform sequential sample latch-
ing, a re-latch circuit to perform re-latching at 1H (H
is horizontal scanning period) periods of data
latched by the sampling latch circuit, a level shifter
to convert the level of the data re-latched by the
latch circuit, a DA (digital/analog) converter to re-
ceive the data level-converted by the level shifter
and select the desired reference voltage from
among several contrast (gradient) reference voltag-
es and output the selected reference voltage; and
said power generator circuit supplies the generated
power supply voltage to said level shifter.

A liquid crystal display device as claimed in claim 8
wherein said power generator circuit has a first
clamping means to clamp the high level or low level
of a clock pulse having a phase opposite the phase
of the input clock to a reference voltage within
ground level or to a positive reference voltage, a
second clamping means to clamp the high level or
low level of a clock pulse having a positive phase
versus the input clock phase to a reference voltage
within ground level or to a positive reference voltage
level, and a sampling means to sample the high lev-
el or low level of the clamped output of the first
clamping means, and the high level or low level of
the clamped output of the second clamping means.

A liquid crystal display device as claimed in claim
14 wherein said power generator circuit has a first
and second condenser in the pre-stage of said first
and said second clamping means to cut the respec-
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tive direct current components of said reverse
phase clock and said positive phase clock.

A liquid crystal display device as claimed in claim
14 wherein said power generator circuit has a fixed
voltage means connected between the output end
of said sampling means and a point at the reference
voltage within ground level or a point at a positive
reference voltage level.

A liquid crystal display device as claimed in claim 8
wherein said first clamping means performs clamp-
ing based on the input clock of said second clamp-
ing means, and said second clamping means per-
forms clamping based on the input clock of said first
clamping means.

A liquid crystal display device as claimed in claim 8
wherein said first and said second clamping means
perform clamping based on their own respective in-
put clocks.
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