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LIQUID CRYSTAL DISPLAY DEVICE HAVING
STABILIZED DRIVE CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 10/389,801, filed Mar. 18, 2003, the contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device, and in particular, to a technique useful for a
driver-circuit-integrated liquid crystal display device having
a display section and a drive circuit therefor fabricated on
the same substrate.

[0003] Recently liquid crystal display devices have been
widely used in equipment ranging from small display
devices to display terminals for office automation equipment
and the like. Basically, a liquid crystal display device
includes a liquid crystal panel (also called a liquid display
element or a liquid crystal cell) which has a layer of liquid
crystal composition (a liquid crystal layer) sandwiched
between a pair of insulating substrates, at least one of which
is made of a transparent substrate (for example, a glass plate
or a plastic substrate).

[0004] This liquid crystal panel produces an image by
selectively applying voltages to various pixel-forming elec-
trodes, and thereby changing orientation of liquid crystal
molecules of the liquid crystal composition in desired pixels.
Among the liquid crystal panels, a type is known in which
pixels are arranged in a matrix configuration to form a
display section. Liquid crystal panels having pixels arranged
in a matrix can be roughly classified into two types, a simple
matrix type and an active matrix type. The simple matrix
type forms pixels at intersections of two strip electrodes
intersecting each other which are disposed respectively on a
pair of insulating substrates. On the other hand, the active
matrix type has pixel electrodes and active elements (for
example, thin film transistors) for pixel selection in respec-
tive pixels. By selecting desired ones from among the active
elements, the active matrix type forms an image by pixel
electrodes coupled to the selected active elements and a
reference electrode facing the selected pixel electrodes.

[0005] The active matrix type liquid crystal display device
are widely used as display devices for notebook personal
computers and the like. In general, the active matrix type
liquid crystal display devices employ a so-called vertical
electric field type in which an electric field is applied
between two electrodes disposed on the two substrates,
respectively, so as to change orientation of liquid crystal
molecules of the liquid crystal layer sandwiched between the
two electrodes. Also, the liquid crystal display devices of the
so-called horizontal electric field type (also called IPS
(In-Plane Switching) type) have been put to practical use.
The so-called horizontal electric field type applies electric
fields in the liquid crystal layer approximately in parallel
with major surfaces of the two substrates.

[0006] On the other hand, liquid crystal projectors have
been put to practical use which employ liquid crystal display
devices. The liquid crystal projectors irradiate illuminating
light from a light source onto their liquid crystal panels and
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project images on the liquid crystal panels onto a screen. The
liquid crystal projectors employ two types of liquid crystal
panels, the reflective and transmissive types. In the reflective
type the liquid crystal panel, by making pixel electrodes
light-reflective, and disposing structures such as wiring lines
below the pixel electrodes, the approximately entire area of
the display section can be used as a usable reflective surface,
and therefore the reflective type is more advantageous than
the transmissive type for realization of small-sized, high-
definition and high-luminance liquid crystal panels.

[0007] In addition, the driver-circuit-integrated type liquid
crystal display device is used as the active-matrix type liquid
crystal display device for the liquid crystal projector,
because the driver-circuit-integrated type liquid crystal dis-
play device has a driver circuit for driving pixel electrodes
disposed also on a substrate on which the pixel electrodes
are, and is capable of realizing a small-sized and high-
definition liquid crystal display device.

[0008] Furthermore, among the driver-circuit-integrated
type liquid crystal display devices, a reflective type liquid
crystal display device (hereinafter sometimes called a Liquid
Crystal on Silicon or an LCOS) is known in which has pixel
electrodes and a driver circuit formed on a semiconductor
substrate, but not on an insulating substrate.

[0009] In the driver-circuit-integrated type liquid crystal
display devices, in a case where a D/A conversion (herein-
after sometimes called a digital-analog conversion) is
employed which selects a gray scale voltage level to be
supplied to a pixel electrode based upon display data in
digital form, a problem arises in that, as the number of gray
scale levels to be displayed is increased, the number of bits
of display data is increased, and consequently, the size of
circuit structures is excessively increased.

[0010] However, there is a tendency for output signals
from video equipment to be provided in digital form, instead
of'analog form, and therefore, in the driver-circuit-integrated
type liquid crystal display devices also, a driving method is
desired in which the liquid crystal display device receives
digital signals, and converts the digital signals into video
signal voltages exhibiting plural gray scale voltage by using
a drive circuit fabricated on the liquid crystal display panel.

[0011] As a method of producing a plural-gray-scale dis-
play in the driver-circuit-integrated type liquid crystal dis-
play device supplied with digital signal inputs, Japanese
Patent Application Laid-Open No. 2,000-194,330 discloses
a D/A conversion method of performing a D/A conversion
by using a selector circuit configured to select a desired
voltage level from a voltage varying in a staircase fashion.

SUMMARY OF THE INVENTION

[0012] As explained above, the driver-circuit-integrated
type liquid crystal display device is required to reduce the
size of its drive circuit for reducing the size of the liquid
crystal display device, increasing the degree of display
definition, or increasing the number of gray scale levels.
Further, in a case where the so-called digital-analog con-
version method is used which selects a desired gray scale
voltage level based upon digital display data, in supplying
the gray scale voltage to a pixel electrode, a problem
becomes pronounced in that, as the number of gray scale
levels to be displayed is increased, the number of bits of



US 2006/0164357 Al

display data is increased, and consequently, the size of
circuit structures is excessively increased.

[0013] In the case of the D/A conversion method disclosed
in Japanese Patent Application Laid-Open No. 2,000-194,
330, the present inventors found that distortions occur in a
gray scale voltage varying in a staircase fashion, when the
number of pixels is increased for increasing display defini-
tion, and consequently, the size of the circuit structures and
loads are increased.

[0014] In an embodiment of the present invention, a liquid
crystal display panel has a display section formed with
pixels and a drive circuit for driving the pixels fabricated on
the same substrate, employs a digital-analog conversion
method of selecting a gray scale voltage level from a gray
scale voltage varying in a staircase fashion for supplying the
selected gray scale voltage to a pixel electrode, and employs
a buffer circuit coupled to a signal line supplying the gray
scale voltage varying in a staircase fashion.

[0015] In accordance with an embodiment of the present
invention, there is provided a liquid crystal display device
comprising: a liquid crystal display panel including a first
substrate, a second substrate, a liquid crystal composition
sandwiched between said first substrate and said second
substrate, a plurality of pixels arranged in a matrix configu-
ration on said first substrate, a plurality of video signal lines
for supplying video signal voltages to said plurality of
pixels; and a drive circuit for supplying video signal volt-
ages to said plurality of video signal lines, wherein said
drive circuit includes a selector circuit which receives dis-
play data signals, a gray scale voltage varying with time
periodically, and time control signals varying in synchro-
nism with said gray scale voltage, and selects a voltage level
of said gray scale voltage in accordance with said display
data signals in cooperation with said time control signals;
said selector circuit has a plurality of display data signal
lines coupled thereto for receiving said display data signals,
and is composed of a plurality of series combinations of a
plurality of processing circuits each disposed between two
adjacent ones of said plurality of display data signal lines,
and each of said plurality of processing circuits is composed
of a parallel combination of a display data switching element
and a time signal switching element, with a control terminal
of said display data switching element being supplied with
a corresponding one of said display data signals, and with a
control terminal of said time signal switching element being
supplied with a corresponding one of said time control
signals; and a stabilizer circuit is provided to a gray scale
voltage line for supplying said gray scale voltage such that
a change in voltage or current is suppressed under varying
loads on said gray scale voltage line.

[0016] In another embodiment of the present invention,
there is provided a liquid crystal display device comprising:
a liquid crystal display panel including a first substrate, a
second substrate, a liquid crystal composition sandwiched
between said first substrate and said second substrate, a
plurality of pixels arranged in a matrix configuration on said
first substrate, a plurality of video signal lines for supplying
video signal voltages to said plurality of pixels; and a drive
circuit for supplying video signal voltages to said plurality
of video signal lines, wherein said drive circuit includes a
selector circuit which receives display data signals, a gray
scale voltage varying with time periodically, and time con-
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trol signals varying in synchronism with said gray scale
voltage, and selects a voltage level of said gray scale voltage
in accordance with said display data signals in cooperation
with said time control signals; said selector circuit has N
display data signal lines coupled thereto for receiving said
display data signals, and has N time control signal lines
coupled thereto for receiving said time control signals, and
is composed of a plurality of decoder circuit columns each
composed of a plurality of processing circuits connected in
series and each disposed between two adjacent ones of said
plurality of display data signal lines, each of said plurality of
processing circuits is composed of a parallel combination of
a display data switching element and a time signal switching
element, with a control terminal of said display data switch-
ing element being coupled to a corresponding one of said N
display data signal lines, and with a control terminal of said
time signal switching element being coupled to a corre-
sponding one of said N time control signal lines, said N
display data make 2~ different combinations by selecting a
number of from zero to N of said display data switching
elements, assigning said selected number of said display
data switching elements to be turned OFF and turning ON
the remainder of said display data switching elements in
each of said plurality of decoder circuit columns, each of
said 2N different combinations being uniquely in synchro-
nism with one level of said gray scale voltage, said time
control signals uniquely determine one level of said gray
scale voltage by turning ON a time control signal switching
element constituting said parallel combination with said
turned-OFF display data switching element, and a stabilizer
circuit is provided to a gray scale voltage line for supplying
said gray scale voltage such that a change in voltage or
current is suppressed under varying loads on said gray scale
voltage line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] In the accompanying drawings, in which like ref-
erence numerals designate similar components throughout
the figures, and in which:

[0018] FIG. 1 is a block diagram illustrating a schematic
overall configuration of an embodiment of the liquid crystal
display device in accordance with the present invention;

[0019] FIG. 2 is an equivalent circuit diagram of a liquid
crystal display panel of an embodiment of the liquid crystal
display device in accordance with the present invention;

[0020] FIG. 3 is a block diagram for explaining a rough
configuration of a gray scale voltage selector circuit in a
liquid crystal display panel of an embodiment of the liquid
crystal display device in accordance with the present inven-
tion;

[0021] FIG. 4 is a block diagram for explaining a rough
configuration of a gray scale voltage selector circuit in a
liquid crystal display panel of an embodiment of the liquid
crystal display device in accordance with the present inven-
tion, and FIG. 4A is a table explaining switch circuit
combinations formed of processing result transmitting cir-
cuits;

[0022] FIG. 5 is a circuit diagram for explaining a rough
configuration of a gray scale output circuit of the liquid
crystal display device in accordance with an embodiment of
the present invention;
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[0023] FIG. 6 illustrates waveforms of display data and
timing signals for explaining the operation of the liquid
crystal display device in accordance with an embodiment of
the present invention;

[0024] FIG. 7 illustrates wave forms of a gray scale
voltage, time control signals and timing signals for explain-
ing the operation of the liquid crystal display device in
accordance with an embodiment of the present invention;

[0025] FIG. 8 is a circuit diagram for explaining a rough
configuration of a voltage selector circuit of the liquid
crystal display device in accordance with an embodiment of
the present invention;

[0026] FIG. 9 illustrates waveforms of timing signals for
explaining the operation of the liquid crystal display device
in accordance with an embodiment of the present invention;

[0027] FIG. 10 illustrates waveforms of timing signals for
explaining the operation of the liquid crystal display device
in accordance with an embodiment of the present invention;

[0028] FIG. 11 is an equivalent circuit for explaining a
pixel of the liquid crystal display device according to an
embodiment of the present invention;

[0029] FIGS. 12A and 12B are schematic circuit dia-
grams for explaining a method of controlling the pixel
potential of the liquid crystal display device according to an
embodiment of the present invention;

[0030] FIG. 13 is a schematic circuit diagram illustrating
a configuration of a pixel potential control circuit of the
liquid crystal display device according to an embodiment of
the present invention;

[0031] FIG. 14 is a schematic circuit diagram illustrating
a configuration of a reset circuit of the liquid crystal display
device according to an embodiment of the present invention;

[0032] FIGS. 15A and 15B are schematic illustrations for
explaining operations of the liquid crystal display device
according to the an embodiment of the present invention;

[0033] FIG. 16 is a schematic plan view showing a liquid
crystal panel of the liquid crystal display device according to
an embodiment of the present invention;

[0034] FIG. 17 is a schematic circuit diagram for explain-
ing a method of driving dummy electrodes of the liquid
crystal display device according to an embodiment of the
present invention;

[0035] FIG. 18 is a schematic cross-sectional view of the
liquid crystal display device according to an embodiment of
the present invention;

[0036] FIG. 19 is a schematic plan view showing a
configuration which forms a pixel potential control line by
using a light-blocking film of the liquid crystal display
device according to an embodiment of the present invention;

[0037] FIG. 20 is a schematic cross-sectional view of an
active element and its vicinity in the liquid crystal display
device in accordance with an embodiment of the present
invention;

[0038] FIG. 21 is a schematic plan view of an active
element and its vicinity in the liquid crystal display device
in accordance with an embodiment of the present invention;
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[0039] FIG. 22 is a schematic perspective view of the
liquid crystal display device in accordance with an embodi-
ment of the present invention;

[0040] FIG. 23A is a schematic plan view of external
terminals and their vicinities for explaining an embodiment
of the display device in accordance with the present inven-
tion, and FIG. 23B is a cross-sectional view of the display
device taken along line B-B of FIG. 23A;

[0041] FIG. 24 is a schematic plan view of a liquid crystal
display panel having a flexible printed circuit board coupled
thereto in the liquid crystal display device in accordance
with an embodiment of the present invention;

[0042] FIG. 25 is a schematic exploded view in perspec-
tive of the liquid crystal display device in accordance with
an embodiment of the present invention; and

[0043] FIG. 26 is a schematic plan view of the liquid
crystal display device in accordance with an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0044] Hereinafter, the preferred embodiments of the
present invention will be described in detail by reference to
the drawings. In all figures for explaining the preferred
embodiments of the present invention, the same numerals or
characters designate functionally similar parts or portions,
and repetition of their explanations is omitted.

[0045] FIG. 1 is a block diagram showing a schematic
configuration of a crystal display device according to a
preferred embodiment of the present invention.

[0046] The crystal display device according to the pre-
ferred embodiment of the present invention includes a liquid
crystal panel (liquid crystal display element) 100 and a
display control device 111. The liquid crystal panel 100
includes a display section 110 formed with pixels 101
arranged in a matrix configuration, a horizontal drive circuit
(video signal line drive circuit) 120, a vertical drive circuit
(scanning line drive circuit) 130, a pixel-potential control
circuit 135, and a reset circuit 137. The display section 110,
the horizontal drive circuit 120, the vertical drive circuit
130, the pixel-potential control circuit 135, and the reset
circuit 137 are disposed on the same substrate. Each of the
pixels 101 is provided with a pixel electrode, a counter
electrode and a liquid layer (not shown) sandwiched
between the pixel electrode and the counter electrode. Dis-
playing is achieved by applying a voltage between the pixel
electrode and the counter electrode to change the orientation
and others of liquid crystal molecules, and thereby changing
properties of the liquid crystal layer relating to light. The
present invention can be effectively applied to a liquid
crystal display device having the pixel-potential control
circuit 135, but are not limited thereto. The present invention
can be effectively applied to a liquid crystal display device
having the reset circuit 137, but are not limited thereto.

[0047] The display control device 111 is connected to an
externally-supplied-control-signal line 401 from external
equipment (a personal computer, for example). The display
control device 111 supplies to control signal lines 131,
signals for controlling the horizontal drive circuit 120, the
vertical drive circuit 130, and the pixel-potential control
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circuit 135, by using control signals such as clock signals, a
display timing signal, a horizontal sync signal, and a vertical
sync signal transmitted from an external source via the
externally-supplied-control-signal line 401.

[0048] Further, the display control device 111 includes a
video signal control circuit 400 which is connected to a
display signal line 402 for receiving display signals from
external equipment. The display signals are supplied in
various signal forms depending upon the external equip-
ment. Therefore, the video signal control circuit 400 creates
video signals to be supplied to the liquid crystal panel 100
from the display signals. The video signals are transmitted to
the liquid crystal panel 100 via the video signal transmitting
line 132.

[0049] In this embodiment, the video signals are supplied
in digital form, and are supplied to the liquid crystal panel
100 from the video signal control circuit 400 in such a
specified form that a video image is formed in a display
section 110 formed with pixels arranged in a matrix con-
figuration. For example, data corresponding to one pixel is
represented by plural bits (8 bits for displaying 256 gray
scale levels), pixel data corresponding to a pixel row begin-
ning from a pixel at a left-hand end and ending at a pixel at
a right-hand end are transmitted successively in the liquid
crystal panel 100, and transmission of pixel data for respec-
tive pixel rows are repeated successively from the top to
bottom of the liquid crystal panel 100.

[0050] The video signal transmitting line 132 extends
from the display control device 111 and is connected to the
horizontal drive circuit 120 disposed around the display
section 110. Plural video signal lines (also called drain signal
lines or vertical signal lines) 103 extend from a horizontal
drive circuit 120 in a vertical direction (a Y direction in FIG.
1), and the plural video signal lines 103 are arranged in a
horizontal direction (an X direction in FIG. 1).

[0051] The horizontal drive circuit 120 selects gray scale
voltage at its gray scale voltage selector circuit 123 based
upon video signals, and then outputs the selected gray scale
voltages to the video signal lines 103, which in turn trans-
mits the selected gray scale voltages to the pixels 101. The
gray scale voltages are supplied to the gray scale voltage
selector circuit 123 from a voltage generator circuit 112 via
gray scale line 133. The magnitude of the gray scale voltage
via from the gray scale line 133 varies with time. The gray
scale voltage selector circuit 123 selects a voltage level to be
output from the time-varying gray scale voltage. On the
other hand, a time control signal line 134 extends from the
display control device 111, and is connected to the gray scale
voltage selector circuit 123. Also the magnitude of a signal
transmitted via the time control signal line 134 varies with
time. The magnitude of the signal on the time control signal
line 134 is related to the magnitude of the gray scale voltage
on the gray scale voltage line 133. The voltage on the gray
scale voltage line 133 is transmitted to the gray scale voltage
selector circuit 123 based upon the signal on the time control
signal line 134.

[0052] The vertical drive circuit 130 is disposed around
the display section 110. A plurality of scanning signal lines
(also called gate signal lines or horizontal signal lines) 102
extend in the horizontal direction (in the X direction) from
the vertical drive circuit 130, and are arranged in the vertical
direction (in the Y direction). The scanning signal lines 102
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transfer scanning signals to switch on or off the switching
elements disposed in the pixel section 101.

[0053] Furthermore, the pixel-potential control circuit 135
is disposed around the display section 110. A plurality of
pixel-potential control lines 136 extend in the horizontal
direction (in the X direction) from the pixel-potential control
circuit 135, and are arranged in the vertical direction (in the
Y direction). The pixel-potential control lines 136 transfer
signals for controlling the potential of the pixel electrodes.

[0054] The reset circuit 137 is disposed around the display
section 110, is connected to the video signal lines 103 such
that the video signal lines 103 are reset.

[0055] Power supply lines for the respective circuits are
omitted in FIG. 1, but it should be understood that necessary
voltages are supplied to the respective circuits.

[0056] The following explains the basic operation of the
liquid crystal panel 100 shown in FIG. 1.

[0057] The display control device 111 outputs a start pulse
to the vertical drive circuit 130 via one of the control signal
lines 131 when it receives the first display timing signal after
receiving a vertical sync signal from an external equipment.
Then, the display control device 111 outputs shift clocks
successively to the vertical drive circuit 130 based on
horizontal sync signals so that the scanning signal lines 102
can be selected successively with one horizontal scanning
period (hereinafter referred to as 14). The vertical drive
circuit 130 selects the scanning signal lines 102 successively
in synchronism with the shift clock, and outputs a scanning
signal to a selected one of the scanning signal lines 102.
More specifically, the vertical drive circuit 130 outputs a
signal for selecting one of the scanning signal lines 102
during one horizontal scanning period 1/ successively in the
order starting from the top scanning line in FIG. 1.

[0058] The display control device 111 judges a time of
receipt of the display timing signal as a time of a start of
displaying in the horizontal direction, and outputs video
signals to the horizontal drive circuit 120. The video signals
are supplied successively from the display control device
111, and the horizontal shift register 121 outputs timing
signals in synchronism with the shift clocks transmitted
from the display control device 111. The timing signals
represents a timing when the video signal selector circuit
123 takes in a video signal to be output to a corresponding
one of the video signal lines 103.

[0059] In this embodiment, video signals are in digital
form. The display control device 111 outputs digital data
representing gray scale voltages to be supplied to respective
video signal lines 103. The gray scale voltage selector circuit
123 has a function of serving as a so-called digital-analog
conversion circuit. First the gray scale voltage selector
circuit 123 records video signals in synchronism with timing
signals, then selects gray scale voltages to be supplied to the
video signal lines 103 based upon the video signals, and then
supplies to a row of the pixels 101 selected by one of the
scanning signal lines 102. Incidentally, a problem arises in
the gray scale voltage selector circuit 123 in that the size of
its circuit structures is excessively increased as the number
of the gray scale voltage levels is increased.

[0060] The pixel-potential control circuit 135 controls a
video signal voltage which has been written into a pixel
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electrode based upon a control signal from the display
control device 111. A gray scale voltage written into the
pixel electrode from the video signal line 103 has a potential
difference from a reference voltage on the counter electrode.
The pixel-potential control circuit 135 changes the potential
difference between the pixel electrode and the counter
electrode by supplying a control signal to the pixel 101. The
pixel-potential control circuit 135 will be described in detail
later.

[0061] The reset circuit 137 serves to set a voltage applied
on the video signal lines 103 of the liquid crystal panel 100
to a specific value. Provision of the reset circuit 137 on the
liquid crystal panel 100 enables the voltage applied on the
video signal lines 103 to be set to a desired value. The reset
circuit will also be explained in detail subsequently.

[0062] FIG. 2 is a block diagram of the liquid crystal
panel 100 employing an analog-digital conversion system in
the horizontal drive circuit 120.

[0063] As explained above, the gray scale voltage selector
circuit 123 serves as an analog-digital conversion circuit, is
supplied with display data in digital form from the display
data lines 132, and outputs gray scale voltages in analog
form based upon the display data. When the number of gray
scale levels to be displayed by the liquid crystal panel 100
is increased, the gray scale voltage selector circuit 123 is
required to select a voltage level to be output to the video
signal lines 103 from among many voltage levels. Also
increased are the amount of data transmitted from the
display control device 111 via the display data lines 132
connected to the gray scale voltage selector circuit 123.
Consequently, when the number of gray scale levels to be
displayed on the liquid crystal panel 100 is increased, a
problem arises in that the number of the display data lines is
excessively increased, and as a result the size of the circuit
structures of the gray scale voltage selector circuit 123 is
excessively increased. Therefore, it is necessary to configure
the gray scale voltage selector circuit 123 to be fit for the
driver-circuit-integrated type liquid crystal display device,
to make its size as small as possible, and to arrange it
efficiently within the liquid crystal panel 100.

[0064] FIG. 2 illustrates an arrangement of circuits con-
stituting the gray scale voltage selector circuit 123. The gray
scale voltage selector circuit 123 includes display data
processing circuits 325 and gray scale voltage output circuits
326. A specified number of display data processing circuits
325 and one gray scale voltage output circuits 326 are
arranged in an extension line of one of the video signal lines
103, and forms one of decoder circuit columns 124.

[0065] The display data line 132 comprising three display
data lines 321-323 from the display control device 111 (not
shown) is connected to the gray scale voltage selector circuit
123. Each of the display data lines 321-323 corresponds to
one bit of the display data in digital form. Symbols DD1,
DD2, DD3 enclosed in parentheses placed at the back of
reference numerals 321, 322, 323 denoting the display data
lines represent signals on the three display lines 321, 322,
323, respectively. Time-representing signals are supplied to
the gray scale voltage selector circuit 123 via time control
signal lines 134. In FIG. 2, for the sake of simplicity, only
one of the time control signal lines 134 is shown, in actual
circuit configurations, a necessary number of the time con-
trol signal lines 134 are provided. The time control signal
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lines 134 will be explained in detail in connection with FIG.
3 later. The display data lines 321-323 extend in a direction
intersecting the decoder circuit columns 124, and are con-
nected to the display data processing circuits 325 in the gray
scale voltage selector circuit 123. Display data are succes-
sively output to the display data lines 321-323, and the
horizontal shift register 121 outputs timing signals with
which the display data are taken in synchronism. Timing
signal lines 329 for supplying the timing signals extend from
the horizontal shift register 121, and are disposed along the
respective decoder circuit columns 124. Each of the timing
signal lines 329 is connected to the display data processing
circuits 325 belonging to a corresponding one of the decoder
circuit columns 124 such that the timing signals are supplied
to the respective display data processing circuits 325. Each
of the decoder circuit columns 124 takes in signals on the
display data lines 321-323 as display data representing a
gray scale voltage to be output when it receives the timing
signal.

[0066] Reference characters HSR1 to HSRn denote bidi-
rectional shift registers of the horizontal shift register 121.
The bidirectional shift registers HSR1 to HSRn output
timing signals based upon signals (shift clocks) from the
control signal line 131. The horizontal shift register 121 is
connected to the control signal lines 131 from the display
control device 111 (not shown) The bidirectional shift reg-
ister HSR outputs the timing signals based upon signals
(shift clocks) from the control signal line 131. Incidentally,
the bidirectional shift registers HSR0 and HSRn+1 are
dummy bidirectional shift registers.

[0067] In FIG. 2, the voltage generator circuit 112 is
disposed on one of the substrates forming the liquid crystal
display panel 100, and the gray scale voltage line 133 from
the voltage generator circuit 112 is connected to the gray
scale voltage output circuit 326. The grayscale voltage
selector circuit 123 selects a voltage to be output from a
voltage supplied from the gray scale voltage line 133 based
upon the display data taken into the respective display data
processing circuits 325, and then outputs the selected volt-
age.

[0068] The following explains the width of each of the
decoder circuit columns 124. As shown in FIG. 2, a number
n of video signal lines 103 are arranged at approximately
equal intervals in the display section 110. A spacing between
adjacent ones of the video signal lines 103 is approximately
equal to the width of the pixel electrode 109 disposed in the
display section 110. The number of the pixels to be provided
in a given area of the display section 110 is determined by
the related standards. Therefore, the area of the display
section 110 and the number of the pixels determine the size
of the area where one pixel is fabricated. The spacing
between two adjacent ones of the video signal lines 103 is
selected based upon the size of the area where one pixel is
formed. For example, suppose that a number n of pixels are
arranged in a horizontal direction (in the X direction) in the
display section 110, and the width of the display section 110
is W. Then the pitch of the arrangement of the pixels is W/n,
and the center-to-center spacing between the two adjacent
video signal lines 103 is approximately equal to the pixel
pitch W/n. The width of each of the decoder circuit columns
124 each arranged in an extension line of one of the video
signal lines 103 needs to be selected to be approximately
equal to the pixel pitch W/n. Further, the widths of the
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display data processing circuits 325 and the gray scale
voltage selector circuit 123 need to be selected to be
approximately equal to the pixel pitch W/n.

[0069] The decoder circuit columns 124 are disposed on
extension lines of corresponding ones of the video signal
lines 103 for supplying gray scale voltages thereto, and if the
adjacent decoder circuit columns 124 are fabricated such
that they overlap each other, there arise some problems. For
example, wiring lines of the circuits are formed by pattern-
ing conductive films, and if two circuits are to be stacked one
on another, conductive layers need to be laminated with an
insulating layer interposed therebetween, and the number of
processing steps increases, and consequently, productivity is
thought to be degraded.

[0070] Now focus attention on an arbitrary one (an ith
line) of the video signal lines 103. The display data pro-
cessing circuits 325 and the gray scale voltage output circuit
326 constituting one of the decoder circuit columns 124 are
arranged on an extension line of the ith one of the video
signal lines 103. The display data processing circuits 325
and the gray scale voltage output circuit 326 constituting
another of the decoder circuit columns 124 are arranged on
an extension line of the (i+1)th one of the video signal lines
103. The decoder circuit columns 124 is equal in number to
the number of the video signal lines 103, and are arranged
successively. Therefore an area available for the display data
processing circuits 325 and the gray scale voltage output
circuit 326 is a limited space between two adjacent ones of
the video signal lines 103 having a pixel pitch W/n. The
widths of the display data processing circuits 325 and the
gray scale voltage output circuit 326 are selected to be equal
to or smaller than the pixel pitch so that the display data
processing circuits 325 and the gray scale voltage output
circuit 326 do not overlap the display data processing
circuits 325 or the gray scale voltage output circuit 326 of
the adjacent decoder circuit columns 124.

[0071] As explained above, there is an essential condition
of pixel pitches in the liquid crystal display devices, and
therefore consideration also needs to be given to the width
or area of their drive circuit for driving pixels. That is to say,
in a case where the size of the display section is reduced, or
the pixel pitch is reduced due to an increase in number of
pixels, the widths of circuits provided for each of the video
signal lines needs to be selected to be equal to or smaller
than the pixel pitch, and consequently, a problem arises in
that a drive circuit having narrow circuit widths needs to be
disposed within a narrow area.

[0072] In the present embodiment, in order to arrange the
display data processing circuits 325 and the gray scale
voltage output circuit 326 efficiently within the horizontal
pixel pitch, a plurality of the display data processing circuits
325 are provided, each of which corresponds to a corre-
sponding one of the display data lines 321-323, they are
arranged in conformity with the arrangement of the display
data lines 321-323, and they are disposed on an extension
line of a corresponding one of the video signal lines 103.
That is to say, a series combination of the plural display data
processing circuits 325 and the gray scale voltage output
circuits 326 forms one of the decoder circuit column 124
corresponding to one of the video signal lines 103.

[0073] As shown in FIG. 2, the display data lines 321-323
extend from the display control device 111 (not shown), and
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are connected to the display data processing circuits 325.
This embodiment explains a case where three-bit display
data representing eight gray scale levels are used, and the
number of the display data lines 321-323 is three. In the
present embodiment, for simplicity, a case will be described
where the number of the display data lines is three, but it is
possible to select an arbitrary number of the display data
lines depending upon display data.

[0074] The display data processing circuits 325 are pro-
vided each of which is associated with a corresponding one
of the display data lines 321-323, performs digital process-
ing using a corresponding bit of display signals, and then
transmits a processing result to the gray scale voltage output
circuit 326. The gray scale voltage output circuit 326 is
supplied with a gray scale voltage from the gray scale
voltage line 133, and supplies to the video signal line 103,
a gray scale voltage corresponding to the display data based
upon the processing results from the display data processing
circuits 325.

[0075] As described above, the spacing between the adja-
cent video signal lines 103 is limited by the size of the pixel
electrodes 109 disposed in the display section 110. On the
other hand, the spacing between two adjacent ones of the
display data lines 321-323 can be selected to wide enough
for each of the display data processing circuit 325 to be
disposed therebetween. As shown in FIG. 2, the display data
processing circuit 325 are plural in number, are arranged on
an extension line (in the Y direction in FIG. 2) of one of the
video signal lines 103, and each of the display data process-
ing circuits 325 corresponds to one of the display data lines
321-323, and consequently, a series combination of the
display data processing circuit 325 corresponding to one of
the video signal lines 103 is disposed within a space between
the adjacent ones of the video signal lines 103. However, the
spacing between the adjacent display data lines cannot be
made large freely, but it is necessary to make the spacing as
small as possible.

[0076] The gray scale voltage selector circuit 123 for
selecting a gray scale voltage by using the time control
signal lines 134 will now be explained in detail by reference
to FIG. 3. FIG. 3 is a rough block diagram illustrating a
circuit configuration of the gray scale voltage selector circuit
123. As explained above, in the gray scale voltage selector
circuit 123, each of the display data processing circuits 325
is disposed between adjacent ones of the display data lines
321-323, and the display data processing circuits 325 are
coupled with the time control signal lines 134 as well as the
display data lines 321-323.

[0077] To avoid complicating the figure, FIG. 3 illustrates
a configuration of the decoder circuit columns 124 for four
of the video signal lines 103. The plural decoder circuit
columns 124 are arranged successively in the X direction in
FIG. 3, but in FIG. 3, only one of the decoder circuit
columns 124 at the left-hand side and three of the decoder
circuit columns at the right-hand side are shown, and the
remainder of the decoder circuit columns are omitted.

[0078] The decoder circuit columns 124 are equal in
number to the number of the video signal lines 103. As the
number of pixels is increased, and thereby the number of the
video signal lines 103 is increased, a voltage bus line 151 for
supplying a gray scale voltage to the gray scale voltage
output circuits 326 is lengthened. The present inventors have
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found that wiring resistance of the lengthened voltage bus
line 151 cannot be ignored. In the present invention, to
eliminate the problem with the wiring resistance of the
voltage bus line 151, a buffer circuit 327 is provided for each
of the decoder circuit columns 124, and a buffer circuit 328
is provided for the voltage bus line 151. The buffer circuits
327, 328 will be explained in detail later.

[0079] The voltage selector circuit 123 is provided with
the display data processing circuits 325 each of which is
associated with a corresponding one of the display data lines
312-323. Each of the display data processing circuits 325 is
connected to a corresponding one of the time control signal
lines 134 (161-163) and the display data lines 321-323, and
includes a display data hold circuit 122 and one of process-
ing result transmitting circuits 331-333.

[0080] The display data hold circuits 122 store display
data from the display data lines 321-323, respectively, in
synchronism with a signal supplied by the horizontal shift
register 121 via the timing signal line 329. Each of the
processing result transmitting circuits 331-333 perform digi-
tal processing by using outputs from the display data hold
circuit 122 and a signal from a corresponding one of the time
control signal lines 161-163, and outputs its processing
result to a processing result signal line 152. For example,
each of the processing result transmitting circuits 331-333
can be formed of a processing circuit which is be formed of
an AND circuit and a transmitting circuit which is formed of
a gate circuit switched on or off by the processing result. The
processing result transmitting circuits 331-333 are con-
nected in series via the processing result signal lines 152,
and transmit the processing result to the gray scale voltage
output circuits 326. The processing result signal line 152 is
supplied with a signal from a processing signal supply line
150.

[0081] The states represented by the processing-result
transmitting circuits 331-333 connected in series via the
processing result signal lines 152 are the following two
states only:

[0082] (i) all of the processing-result transmitting circuits
331-333 are turned ON, and as a result the voltage on the
processing signal supply line 150 is transmitted to the gray
scale voltage output circuit 326; and

[0083] (ii) at least one of the processing-result transmitting
circuits 331-333 is turned OFF, and as a result the voltage on
the processing signal supply line 150 is not transmitted to the
gray scale voltage output circuit 326.

[0084] Ifthe number of states transmitted to the gray-scale
voltage output circuit 326 is only two, it is difficult for the
gray scale voltage output circuit 326 to output a plurality of
gray scale voltages.

[0085] To solve this problem, in the present embodiment,
the gray scale voltage selector circuit 123 is provided with
a signal voltage varying with time periodically (for example,
a ramp voltage, a staircase voltage, and hereinafter may be
called a periodically varying voltage) serving as a gray scale
voltage, and is provided with time control signals varying in
synchronism with the periodically varying voltage. The gray
scale voltage selector circuit 123 determines a timing at
which the periodically varying voltage becomes equal to a
gray scale voltage level represented by supplied display
data, based upon the time control signals, and outputs the
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desired gray scale voltage level. A value represented by time
control signals are uniquely associated with respective levels
of the periodically varying voltage.

[0086] For example, if the periodically varying voltage is
configured to become equal to a gray scale voltage level
represented by display data at a timing when a value
represented by time control signals coincides with a value
represented by display data, and the processing result trans-
mitting circuits 331-333 are configured to be turned on when
the value represented by time control signals coincides with
the value represented by display data, by using AND cir-
cuits, for example, then a signal on the processing signal
supply line 150 can be transmitted to the gray scale voltage
output circuits 326 at a timing when the periodically varying
voltage becomes equal to a gray scale voltage level repre-
sented by the display data.

[0087] The gray scale voltage output circuit 326 outputs a
gray scale voltage to a video signal line 103 from its output
gate circuit 142 based upon a signal (a processing result)
transmitted by the processing result transmitting circuits
331-333. For example, the periodically varying voltage is
supplied from the voltage bus line 151, a fixed voltage is
supplied from the processing signal supply line 150, the gray
scale voltages are supplied to the video signal lines 103 by
controlling on-off operation of the output gate circuits 142.

[0088] Further, in another circuit configuration, the peri-
odically varying voltage is supplied from the processing
signal supply line 150, a high voltage is supplied from the
voltage bus line 151, and the output gate circuits 142 each
formed of an output amplifier amplify the periodically
varying voltage, and then output it as a gray scale voltage to
the video signal lines 103.

[0089] Incidentally, in FIG. 3, the voltage bus line is
represented by only one line, but plural voltage bus lines can
be employed instead. In a case where gray scale voltages are
supplied in the form of periodically varying voltages, the
number of the voltage bus lines can be reduced compared
with that in a case where the voltage bus lines 151 is equal
in number to the number of gray scale voltage levels to be
displayed.

[0090] In this embodiment, a structure for supplying gray
scale voltages is formed separately from the gray scale
voltage selector circuit 123, and this configuration makes
possible reduction in size of the circuit structure of the gray
scale voltage selector circuit 123. A larger number of voltage
lines is needed for supplying a large number of gray scale
voltage levels, but if a time-varying gray scale voltage is
utilized, a smaller number of voltage bus lines 151 can
supply a larger number of gray scale voltage levels.

[0091] As explained above in connection with FIG. 2, the
processing result transmitting circuits 331-333 and the gray
scale voltage output circuit 326 are connected by a smaller
number of processing result signal lines 152 than the number
of'the display data lines, and they form plural decoder circuit
columns 124. Fach of the decoder circuit columns 124
performs data processing between display data and time
control signals, and thereby selects a gray scale voltage level
to be output from the time-varying voltage on the voltage
bus line 151, and consequently, wiring lines extending
vertically in FIG. 2 are reduced in number. The data
transmitted by the three display data lines 321-323 are
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processed by the three processing result transmitting circuits
331-333, then their processing results are transferred in the
vertical direction via a single processing result signal line
152, and therefore the number of the wiring lines extending
vertically (the Y direction in FIG. 2) is reduced. Further, the
three processing result transmitting circuits 331-333 are
arranged in the vertical direction, and as a result the width
of'the circuit configuration for outputting gray scale voltages
to the video signal lines 103 can be reduced.

[0092] The following explains the operation of the voltage
selector circuit 123 briefly. Initially display data are stored
in the display data hold circuits 122 in synchronism with a
timing signal output from the horizontal shift register 121.
Then the display data stored in the display data hold circuits
122 are transmitted to the processing result transmitting
circuits 331-333. Time control signals on the time control
signal lines 161-163 vary with time, and the processing
result transmitting circuits 331-333 perform digital process-
ing by using the values from the display data hold circuits
122 and the values of the time control signals on the time
control signal lines 161-163.

[0093] Each ofthe decoder circuit columns 124 is supplied
with a signal from the processing signal supply line 150, and
the processing results obtained by the processing result
transmitting circuits 331-333 are transmitted to the gray
scale voltage output circuit 326 by using the signal from the
processing signal supply line 150.

[0094] When the voltage on the voltage bus line 151
becomes equal to a gray scale voltage represented by the
display data, the gray scale voltage output circuit 326
outputs to the video signal line 103 the gray scale voltage
from the voltage bus line 151 based upon the processing
results obtained by the processing result transmitting circuits
331-333.

[0095] The following explains the display data processing
circuits 325 in the gray scale voltage selector circuit 123 in
detail by reference to FIG. 4. To avoid undue complication
of FIG. 4, FIG. 4 illustrates a portion of the gray scale
voltage selector circuit 123 associated with only one of the
video signal lines 103. FIG. 4 illustrates a series combina-
tion of the three display data processing circuits 325, but the
required number of the display data processing circuits 325
in one series combination is provided depending upon the
number of gray scale levels to be displayed. The gray scale
voltage output circuit 326 is illustrated in FIG. 5, and a point
denoted by symbol A in FIG. 4 is connected to a point
denoted by symbol A in FIG. 5. That is to say, FIGS. 4 and
5 illustrate two halves of the decoder circuit columns 124,
respectively.

[0096] In FIG. 4, each of the processing result transmit-
ting circuits 331-333 is formed of a parallel combination of
two switching elements. Reference numerals 201-203
denote display data switching elements, and reference
numerals denote time control signal switching elements.
When a display data switching element or a time control
signal switching element in one parallel combination of the
two switching elements of one of the processing result
transmitting circuits 331-333 is turned on, the one of the
processing result transmitting circuits 331-333 is turned on.
That is to say, the processing result transmitting circuits
331-333 perform an OR operation between display data and
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time control signals, and switch on or off a connection
between the top and bottom processing result signal lines
152(1) and 152(4).

[0097] As explained above in connection with FIG. 3, the
processing result signal line 152 is supplied with a signal
from the processing signal supply line, and in FIG. 4,
fixed-voltage lines 156, 157 serve as the processing signal
supply lines for supplying fixed voltages. The voltage on one
of the processing signal supply lines 156, 157 is transmitted
to the gray scale voltage output circuits 326 via the process-
ing result signal line 152 depending upon the processing
results of the processing result transmitting circuits 331-333.
Fixed voltage lines 156 and 157 supply power supply
voltages GND and VDD, respectively. Reference numeral
165 denotes a processing-result-signal-line set signal line,
and 166 is a processing-result-signal-line reset signal line.

[0098] In FIGS. 4 and 5, power supply lines are illus-
trated as fixed-voltage lines 153 and 154 for supplying the
power supply voltages VDD and GND, respectively.

[0099] As explained above in connection with FIG. 3,
when a processing circuit in each of the processing result
transmitting circuits 331-333 is formed of an AND circuit,
only when display data coincide with values of the time
control signals, all of the processing result transmitting
circuits 331-333 are turned on. On the other hand, as shown
in FIG. 4, if each of the processing result transmitting
circuits 331-333 is configured to perform an OR operation,
there is a problem in that, even when one of a parallel
combination of two switching elements is turned on, one of
the processing result transmitting circuits 331-333 including
the parallel combination is turned on.

[0100] The following explains the gray scale voltage
selector circuit 123 employing the processing result trans-
mitting circuits 331-333 illustrated in FIG. 4. Explained
here is a decoding function of the gray scale voltage selector
circuit 123 which selects a gray scale voltage level based
upon display data, and a timing signal stabilizing circuit
denoted by reference numeral 340 will be explained in detail
after the explanation of the gray scale voltage selector circuit
123.

[0101] In FIG. 4, the display data processing circuits 325
include data take-in elements 171-173, memory circuits
191-193, and display data transfer elements 181-183 in
addition to display data processing elements 201 and time
control data processing elements 201-203. The display data
processing circuits 325 is connected to the display data lines
321-323 for supplying display data, the time control signal
lines 161-163 for supplying the time control signals, and
transfer signal lines 167-169 for supplying a control signal
TG for controlling the display data transfer elements 181-
183.

[0102] The data take-in elements 171-173 transfer signals
on the display data lines 321-323 to the memory circuits
191-193 when they are turned on by a signal from the timing
signal line 329. The memory circuits 191-193 are formed of
two cross-coupled inverters in which an output of one of the
two inverters is connected to an input of another of the two
inverters to form a latch circuit. Incidentally, the memory
circuits 191-193 are not always formed of inverter circuits,
but can be formed of various configurations capable of
storing data such as by holding data with electrostatic
capacitances.
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[0103] When the data take-in elements 171-173 are turned
on by the timing signal lines 329, signals on the display data
lines 321-323 are input into the memory circuits 191-193,
and then the inverted signals are output from the memory
circuits 191-193. When the data take-in elements 171-173
are turned off, the memory circuits 191-193 hold the
inverted signals.

[0104] When the display data transfer elements 181-183
are turned on by the control signal lines TG, the data held in
the memory circuits 191-193 are transferred to the display
data processing elements 201-203. The data have been
inverted in the memory circuits 191-193, and therefore,
when the display data are at a low level, high-level data are
input to control terminals of the display data processing
elements 201-203, and consequently, the display data pro-
cessing elements 201-203 are made conducting.

[0105] When the display data processing elements 201-
203 are made conducting by the display data, the processing
result transmitting circuits 331-333 are conducting irrespec-
tive of the states of the time data processing elements
211-213. That is to say, when the display data are at a low
level, the processing result transmitting circuits 331-333 do
not serve as switching circuits. On the other hand, the
display data are at a high level, the processing result
transmitting circuits 331-333 serve as switching circuits
which are switched on or off depending upon the signals on
the time control signal lines 161-163.

[0106] FIG. 4 illustrates a case in which three display data
processing circuits 325 are provided, but if the display data
processing circuits 325 are m in number, for example, the
gray scale voltage selector circuit 123 is configured to select
one or more circuits which serve as switching circuits from
among m processing result transmitting circuits depending
upon display data. That is to say, the above configuration is
capable of selecting 2™ combinations of switching circuits to
be switched on or off depending upon the time control
signals from among the m processing result transmitting
circuits connected in series via the processing result signal
line 152.

[0107] FIG. 4A shows variations of assignments of the
three processing-result transmitting circuits 331, 332 and
333 for switching circuits. In FIG. 4A, “~” indicates that a
processing result transmitting circuit is ON (conducting) at
all times, and “SW” indicates that a processing result
transmitting circuit serves as a switching circuit. Although
the three processing result transmitting circuits 331, 332 and
333 are configured as switching circuits, if the processing
result transmitting circuits are set to be ON at all times, the
switching circuits can be considered absent and conducting.

[0108] In a case where the switching circuits are con-
nected in series, only two states can be selected, one is that
all the switching circuits are ON, and the other one is that at
least one of the switching circuits is OFF. However, if, as
shown in FIG. 4A, a number m of the switching circuits are
configured such that, in each case, only a certain number of
switching circuits can be selected from the number m of the
switching circuits for switching operation, a number 2™ of
different states can be selected.

[0109] Further, the processing result transmitting circuits
331-333 perform an OR operation, all the processing result
transmitting circuits 331-333 can be turned on at the same
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time by signals other than the time control signals intended
to turn on the switching circuits denoted by SW in FIG. 4A.

[0110] The following explains CASE 2 indicated in FIG.
4A by way of example. If the high and low levels are
represented by “1” and “0”, respectively, the display data for
CASE 2 is represented as (1, 0, 0) in the order from the
lowest-order bit. The display data are inverted in the
memory circuits 191-193, and then are transferred to the
display data processing elements 201-203. Therefore, in
CASE 2, the display processing element 201 corresponding
to the lowest-order bit of the display data is turned off, and
only the processing result transmitting circuit 331 serves as
a switching circuit. That is to say, in CASE 2, the processing
result transmitting circuits 332 and 333 do not serve as
switching circuits, and therefore, in a case where the time
control signal turns on the time data processing element 211
of the processing result transmitting circuit 331, that is, a
case where the time control signals are (1, 0, 0), (1, 1, 0), or
(1, 1, 1), the processing result transmitting circuit 331 are
turned on, and consequently, all the processing result trans-
mitting circuits 331-333 are turned on.

[0111] To solve the above problem, the circuit shown in
FIG. 4 is configured such that the gray scale voltage output
circuit 326 takes a gray scale voltage into the video signal
line 103 at a timing in which all the processing result
transmitting circuits 331-333 are turned on by the time
control signals for the first time. For example, in CASE 2,
the gray scale voltage output circuits 326 takes a gray scale
voltage into the video signal lines 103 at a timing in which
the time control signals change to (1, 0, 0), and further, the
voltage bus line 151 is kept cut off from the video signal line
103 until the gray scale voltage output circuits 326 is reset
after the gray scale voltage has been taken into the video
signal line 103.

[0112] As shown in FIG. 4A, the switching circuits SW
are configured such that m switching circuits can form 2™
states, and the time control signal can select one from among
the 2™ states. If the time control signals are selected to turn
on the switching circuits SW on the increasing order of
values represented by the switching circuits SW, the decoder
circuit columns 124 which perform an OR operation shown
in FIG. 4 can select a desired gray scale voltage level.

[0113] The following explains the setting and resetting
operation of the gray scale voltage output circuits 326.
Initially the time data processing elements 211-213 are set to
be on, then the processing result signal line 152 is charged
to a high level by turning on the processing-result-signal-
line reset elements 221, 223 by the processing-result-signal-
line reset signal line 166, and connecting the processing
result signal line 152 to the fixed-voltage line 157. The
processing result signal lines 152(2)-152(4) are kept to be
charged at the high level by keeping the time data processing
elements 211-213 in the off state after the above charging.
Then, after the processing result signal line 152 is separated
from the fixed-voltage line 157, the processing-result-signal-
line set element 222 is turned on by the processing-result-
signal-line set signal line 165, and thereby the processing
result signal line 152(1) is electrically connected to the
fixed-voltage line 156 (GND). If even one of the processing
result transmitting circuits 331-333 is turned off, although
the processing result signal line 152(4) is charged at the high
level, if all the processing result transmitting circuits 331-
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333 are turned on by the time control signal lines 161-163,
the processing result signal line 152(4) is connected to the
fixed-voltage line 156 (GND), and thereby is discharged to
a low level. After this, the processing result signal line 152
does not change to the high level until it is charged by the
processing-result-signal-line reset signal line 166. In the
gray scale voltage output circuits 326 explained subse-
quently, by connecting the voltage bus line 151 to the video
signal line 103 during a time interval when the processing
result signal line 152(4) is at the high level, and by discon-
necting voltage bus line 151 from the video signal line 103
during a time interval when the processing result signal line
152(4) is at the low level, a voltage on the voltage bus line
151 immediately before the disconnection of the voltage bus
line 151 from the video signal line 103 can be written into
the video signal line 103.

[0114] The following explains the gray scale voltage out-
put circuits 326 by reference to FIG. 5. In FIG. 5, reference
numeral 141 denotes a level shift circuit, 142 is an output
gate, 151 is a voltage bus line, 112 is a ramp voltage
generator circuit, 327 is a buffer circuit provided for each of
the gray scale voltage output circuits 326, and 328 is a buffer
circuit provided to the voltage bus line 151. The above-
explained processing result signal line 152 (4) is connected
to a point denoted by A in FIG. 5, and thereby the processing
result is transferred to the gray scale voltage output circuits
326. A signal transmitted by the processing result signal line
152(4) is converted to a voltage capable of driving the output
gate circuit 142 by the level shift circuit 141. When the
output gate circuit 142 is turned on by the signal converted
by the level shift circuit 141, a voltage on the voltage bus
line 151 is output to the video signal line 103. The ramp
voltage generator circuit 112 generates a ramp voltage
varying with time in a staircase fashion, and output it to the
voltage bus line 151.

[0115] As described above, initially the output gate 142 is
in the on state, and the ramp voltage is supplied to the video
signal line 103, and then when all the processing result
transmitting circuits 331-333 which serve as switching ele-
ments based upon display data are turned on, the output gate
circuit 142 is turned off, and thereby a desired gray scale
voltage level is taken into the video signal lines 103.

[0116] The following explains the operation of the circuit
shown in FIGS. 4 and 5 by reference to timing charts of
signals shown in FIGS. 6 and 7. The buffer circuits 327, 328
will be explained in detail after the explanation of the
above-mentioned circuit.

[0117] FIG. 6 illustrates operation of taking in of the
display data DD1-DD3 output to the display data lines
321-323, respectively, in synchronism with timing signals.
Symbols DD1-DD3 represent display data output to the
display data lines 321-323 shown in FIG. 4, respectively.
Symbols HSR1-HSR3 represent timing signals output to the
timing signal lines 329 from the horizontal shift register 121.
In FIG. 6, only three timing signals HSR1-HSR3 are shown,
but it is to be understood that a necessary number of the
timing signals are output from the horizontal shift register in
accordance with the number of the video signal lines. FIG.
4 illustrates only one of the timing signal lines 329 because
FIG. 4 illustrates a configuration of only one of the decoder
circuit columns 124 associated with one of the video signal
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lines 103, but the timing signals HSR1-HSR3 are output to
three adjacent ones of the video signal lines 103 succes-
sively.

[0118] The display data DD1-DD3 represent three-bit data
with DD1 being assigned to the lowest-order bit. During the
time when the timing signal HSR1 is output, the display data
DD1 is at a high level, the display data DD2 is at a low level,
and the display data DD3 is at the high level. In the display
data DD1-DD3 of this embodiment, the high and low levels
are represented by “1” and “0”, respectively, and therefore
the above display data during the time when the timing
signal HSR1 is output is represented as (1, 0, 1) in the order
from the lowest-order bit.

[0119] In FIG. 4, in a state in which the display data
DD1-DD3 are (1, 0, 1), when the timing signal HSR1 is
output to the timing signal line 329, the data take-in ele-
ments 171-173 are turned ON, and thereby the display data
on the display data lines 321-323 are taken into the memory
circuits 191-193, respectively. The memory circuits 191-193
are formed of inverters, the data (0, 1, 0) inverted from the
data (1, 0, 1) are output to the display data processing
elements 201-203, respectively.

[0120] Operation after the display data have been taken
into the display data hold circuit 122 will be explained by
reference to FIG. 7. In FIG. 7, reference character RMP
denotes a gray-scale voltage, which is supplied to the bus
line 151 shown in FIG. 5 from the voltage generator circuit
112. The gray scale voltage RMP will be explained by taking
as an example a voltage (a ramp voltage) varying with time
in a staircase fashion as shown in FIG. 7, where the
assignment is made such that when the display data are (0,
0, 0), a gray scale voltage V0 is written into a pixel
electrode, and when the display data are (1, 1, 1), a gray-
scale voltage V7 is written into a pixel electrode. The gray
scale voltage RMP varies with time in a staircase fashion,
and the time control signals DA1-DA3 also vary with time
in synchronism with the ramp voltage RMP.

[0121] Itis to be noted that the gray scale voltage RMP is
not limited to a ramp voltage varying with time in a stair case
fashion, but a voltage is suitable for the gray scale voltage
RMP which varies with time and is uniquely associated with
display data.

[0122] The following explains a case in which the display
data DD1-DD3 are (1, 0, 1), are input into the memory
circuits 191-193, and the data (0, 1, 0) are output to the
display data processing elements 201-203 in FIGS. 6 and 7.

[0123] InFIG.7, first, at time (t-2), the transfer signal TG
changes to the high level, thereby the display data transfer
elements 181-183 in FIG. 4 are turned on, and thereby the
display data held in the memory circuits 191-193 are trans-
ferred to the display data processing elements 201-203.
When the output from memory circuits 191-193 are (0, 1, 0),
the display data processing elements 201 and 203 are turned
off, and the display data processing element 202 are turned
on.

[0124] Next, during a time interval from time (t-2) to time
(t-1), and in a state in which the time control signals
DA1-DAS3 are at the high level, the processing-result-signal-
line set signal DST is set to the low level such that a
processing-result-signal-line set element 222 is turned off.
The reason why initially the processing-result-signal-line set
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element 222 is turned off is that short-circuit between the
fixed-voltage lines 156 and 157 is prevented.

[0125] Then, at time (t-1), the processing-result-signal-
line reset signal DRST is set to the low level so that two
processing-result-signal-line set elements 221 and 223 is
turned on, and as a result the processing-result signal line 15
is connected to the fixed-voltage line 157 and is changed to
the high level. At this time, since the time control signals
DA1-DA3 are at the high level, all the processing result
transmitting circuits 331-333 are in the on state, and thereby
all the processing result signal lines 152(1)-152(4) are
discharged to the high level. When the processing result
signal line 152 are at the high level, the output gate circuit
142 in the gray scale voltage output circuits 326 in FIG. 5
electrically connects the voltage bus line 151 to the video
signal line 103. That is to say, during a time interval when
the processing result signal line 152 is at the high level, the
video signal lines 103 is supplied with a gray scale voltage
from the voltage bus line 151.

[0126] Next, before time to, the processing-result-signal-
line reset signal DRST is set to the high level so that the
processing-result-signal-line reset elements 221, 223 are
turned off. Thereafter, all the time control signals DA1-DA3
are set to the low level. When the processing-result-signal-
line reset elements 221, 223 are turned off, the processing
result signal line 152 is disconnected from the fixed-voltage
line 157, and is still in a state charged to the high level. After
this, the processing-result-signal-line set signal DST is
changed to the high level so that the low-level ground
potential (GND) is supplied to the processing result signal
line 152(1) by the fixed-voltage line 156.

[0127] In FIG. 7, at time to, all the time control signals
DA1-DA2 are at the low level, and therefore all the time data
processing elements 211-213 are in the off state. Thereafter,
at time t5, when the time control signals DA1-DA2 are the
same as display data (1, 0, 1), all the processing result
transmitting circuits 331-333 are turned on, and thereby the
low-level ground potential (GND) supplied from the fixed-
voltage line 156 is transmitted to the gray scale voltage
output circuit 326 by the processing result signal line 152.
When the gray scale voltage output circuit 326 receives the
low-level signal from the fixed-voltage line 156, the output
gate circuit 142 is turned off, and thereby the voltage bus line
151 is disconnected from the video signal line 103. After
this, the gray scale voltage output circuits 326 is not turned
on until it is reset, and consequently, the video signal lines
103 is maintained at a voltage VS on the voltage bus line 151
at the time of the above-mentioned electrical disconnection.

[0128] As explained in connection with FIG. 7, first the
gray scale voltage output circuit 326 continues to supply a
voltage to the video signal line 103, and at a timing when the
voltage coincide with a desired voltage level, the gray scale
voltage output circuits 326 is disconnected from the video
signal line 103.

[0129] Therefore, in the operation of the gray scale voltage
output circuits 326, if it happens that the same gray scale
voltage level needs to be supplied to a large number of the
video signal lines 103, the large number of the video signal
lines 103 are disconnected from the voltage bus line 151 at
the same time. If the large number of the video signal lines
103 are disconnected from the voltage bus line 151 at the
same time, the load on the voltage bus line 151 changes
suddenly.
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[0130] The present inventors observed that smears (devia-
tions in gray scale) occur in a display on a liquid crystal
panel when the same gray scale level is displayed at many
pixels at the same time, and that gray scale voltage levels
supplied from the voltage bus line 151 are deviated from the
intended level because of the sudden change in the load on
the voltage bus line 151.

[0131] To solve the above-explained problem, in this
embodiment, the buffer circuits 327 and 328 are provided in
the gray scale voltage output circuits 326 as shown in FIG.
5. Each of the buffer circuits 327 and 328 is formed of an
amplifying transistor 327 and a constant-current circuit 342.
The constant-current circuit 342 serves to flow a constant
current through the amplifying transistor 341, and conse-
quently, even if the load on the voltage bus line 151 changes
suddenly, variations in the gray scale voltages supplied from
the output gate circuits 142 to the video signal lines 103 are
prevented by suppressing variations in amount of the cur-
rents supplied to the output gate circuits 142.

[0132] The signal on the gray scale voltage line 151(1)
passes through the buffer circuit 328, and enters the gray
scale voltage line 151(2) for supplying the signal to the
respective ones of the video signal lines 103. The buffer
circuit 327 is provided to each of the video signal lines 103.
The buffer circuit 327 serves as a buffer when it supplies a
voltage to the video signal lines 103, but when it does not
supply a voltage to the video signal lines 103, it ceases to
serve as the buffer. The same gray scale voltage level can be
supplied to all the video signal lines 103 having selected the
same gray scale voltage level at the same time, and conse-
quently, even when many of the video signal lines 103 have
selected the same gray scale voltage, the variations in gray
scale level can be suppressed among the video signal lines
103 having selected the same gray scale voltage level.

[0133] Returning to FIG. 5 again, the following explains
supplying of the ramp voltage. In FIG. 5, the ramp voltage
generator circuit 112 supplies the ramp voltage denoted by
symbol RMP in FIG. 7 to the voltage bus line 151(1), which
supplies the ramp voltage to a base electrode of the ampli-
fying transistor 341 of the buffer circuit 328. A collector of
the amplifying transistor 341 is connected to the fixed-
voltage line 155, and is supplied with the voltage VBB. An
emitter of the amplifying transistor 341 is connected to the
voltage bus line 151(2), and outputs the ramp voltage to the
voltage bus line 151(2).

[0134] The buffer circuit 327 is provided to each of the
gray scale voltage output circuits 326. In FIG. 7, only one
buffer circuit 327 is indicated, the buffer circuits 327 pro-
vided in the liquid crystal display device is equal in number
to the number of the gray scale voltage output circuits 326.
A base electrode of the amplifying transistor 341 of the
buffer circuit 327 is connected to the voltage bus line 151(2),
and an emitter of the amplifying transistor 341 supplies the
ramp voltage to the output gate circuit 142. The ramp
voltage is made much less subject to influences of variations
in load by providing the buffer circuit 327 including the
constant-current circuit 342 in each of the gray scale voltage
output circuits 326.

[0135] In FIG. 5, reference numeral 343 denotes a reset
signal line, and 347 is a voltage-bus-line reset switch. As
shown in FIG. 7, the ramp voltage RMP varies with time,
and at time 7, the voltage level of the ramp voltage RMP is
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V7. The ramp voltage needs to vary periodically, and
therefore needs to return to the voltage level V0 again at time
8. At this time it is difficult for the ramp voltage generator
circuit 112 to change the voltage on the voltage bus line
151(1) to the voltage V0, and also it is difficult to the
voltages on the voltage bus lines 151(2) and 151(3) driven
by amplifying transistors 341 rapidly to the voltage V0.
Therefore, a voltage-bus-line reset switch 347 connects the
voltage bus lines 151(1), 151(2), 151(3) to an output line 344
from the ramp voltage generator circuit 112. The output line
344 is set at the voltage V0 or a voltage near the voltage V0,
and consequently, the voltage bus lines 151(1), 151(2),
151(3) are returned rapidly to a voltage near the voltage V0
via the voltage-bus-line reset switch 347.

[0136] Returning to FIG. 4 again, the following will
explain the timing signal stabilizing circuit 340. As
described above, the data take-in elements 171-173 are
turned on when the timing signal line 329 changes to the
high level. The timing signal lines 329 intersect the display
data lines 321-323 and the time control signal lines 161-163,
and consequently, form parasitic capacitance as denoted by
reference numeral 500. Further, when the timing signal lines
329 are formed of conductive layers similar to gate elec-
trodes of the data take-in elements 171-173, polysilicon
layers, for example, their wiring resistance becomes rela-
tively high. Therefore, charge stored in the parasitic capaci-
tance 500 cannot be discharged toward the shift register, and
as a result a time interval occurs when the timing signal lines
329 change to the high level. If the timing signal lines 329
change to the high level, the data take-in elements 171-173
are turned on, and a problem arises in that the data stored in
the memory circuits 191-193 are lost.

[0137] As shown in FIG. 7, the time control signals
DA1-DA3 are pulses, and in particular, the time control
signal DA1 alternates between the high and low levels with
a short period. Therefore, the present inventors have found
that variations in the time control signal DA1 produce great
influences on the timing signal lines 329. In view of this, the
timing signal lines 329 are set at the low level by using the
timing signal stabilizing circuit 340 (see FIG. 4). Further, as
shown in FIG. 8, the time control signal DA1 are formed by
transmitting a long-period signal S1 and a short-period
signal S2 via two signal lines 348, and using an exclusive
OR circuit 346 on the two signals S1 and S2 as explained in
detail later.

[0138] The timing signal stabilizing circuit 340 are sup-
plied with the (n—1)th timing signal from the timing signal
reference line 345(n-1), the nth timing signal from the
timing signal reference line 345(x), and the (n+1)th timing
signal from the timing signal reference line 345(n+1) (see
FIG. 4).

[0139] With the timing signal stabilizing circuit 340, dur-
ing a time when all of the timing signals (n-1), n, (n+1)
shown in FIG. 9 are at the low level, that is, before time t1,
and after time t5, the nth timing signal line 329(n) is
connected to the power supply voltage line 154, and thereby
is set at the low level (GND).

[0140] Further, the signals S1 and S2 as shown in FIG. 10
are supplied to the exclusive OR circuit 346 by the signal
lines 348 shown in FIG. 8, and the exclusive OR circuit 346
outputs the time control signal DA1.

[0141] In the circuit configuration shown in FIG. 8, the
time control signal DA1 are supplied by using the two

Jul. 27, 2006

signals S1 and S2 having two times the period of the time
control signal DA1, and consequently, this can suppress
influences of the time control signal DA1 on the timing
signal line 329 intersecting the signal line 348.

[0142] Further, in the circuit shown in FIG. 8, two time
control signal lines are disposed between the two vertically
adjacent ones of the display data processing circuits 325. For
example, two time control signal lines 162 and 163 are
disposed adjacently to each other between the two vertically
adjacent ones of the display data processing circuits 325.
Variations in the signals on the time control signal lines is
prevented from influencing other signals by arranging two
time control signal lines adjacently to each other.

[0143] Next, the pixel 101 will be explained by referring
to FIG. 11. FIG. 11 is a circuit diagram showing an
equivalent circuit of the pixel 101. Each of the pixels 101 is
disposed in an area surrounded by two adjacent ones of the
scanning signal lines 102 and two adjacent ones of the video
signal line 103 of the display section 110, and the pixels 101
are arranged in a matrix configuration. In FIG. 11, however,
only one of the pixels 101 is shown to simplify the diagram.
Each of the pixels 101 has an active element 30 and a pixel
electrode 109, and a pixel capacitance 115 is coupled to the
pixel electrode 109. One electrode of the pixel capacitance
115 is coupled to the pixel electrode 109, and the other
electrode is coupled to the pixel-potential control line 136.
The pixel-potential control line 136 is connected to the
pixel-potential control circuit 135. In FIG. 11, the active
element 30 is represented by a p-type transistor.

[0144] As described above, a scanning signal is output to
the scanning signal line 102 from the vertical drive circuit
130. The scanning signal is used to perform on-or-off control
of the active element 30. A gray scale voltage is supplied as
a video signal to the video signal line 103. When the active
element 30 is turned on, the gray scale voltage is supplied to
the pixel electrode 109 from the video signal line 103. A
counter electrode 107 (a common electrode) is disposed to
face the pixel electrode 109, and a liquid crystal layer (not
shown) is sandwiched between the pixel electrode 109 and
the counter electrode 107. The circuit diagram of FIG. 11 is
illustrated such that an equivalent capacitance 108 due to the
liquid crystal layer is coupled between the pixel electrode
109 and the counter electrode 107. A display is produced by
applying a voltage between the pixel electrode 109 and the
counter electrode 107, thereby changing orientation and
others of liquid crystal molecules, and causing changes in
properties of the liquid crystal layer related to light.

[0145] Indriving of the liquid crystal display device, an ac
driving is employed to prevent a dc voltage from being
applied across the liquid crystal layer. To perform the ac
driving, a potential of the counter electrode 107 is set as a
reference potential, and a positive-polarity voltage and a
negative-polarity voltage with respect to the reference
potential are output as gray scale voltages from the gray
scale voltage selector circuit 123. However, when the gray
scale voltage selector circuit 123 is designed to be a high-
withstand-voltage circuit capable of withstanding a voltage
difference between the positive-polarity voltage and the
negative-polarity voltage, a problem arises in that the size of
circuits including the active element 30 becomes larger, and
operation speed is reduced.

[0146] Therefore, the present inventors studied an ac driv-
ing by supplying video signals of the same polarity with
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respect to the reference potential at all times to the pixel
electrode 109 from the gray scale voltage selector circuit
123. For example, the gray scale voltage selector circuit 123
outputs a gray scale voltage of a positive polarity with
respect to the reference potential. First the positive-polarity
voltage with respect to the reference potential is written into
the pixel electrode, and then by lowering the voltage of the
pixel-potential control signal applied to the electrode of the
pixel capacitance 115 from the pixel-potential control circuit
135, thereby reducing the voltage of the pixel electrode 109,
a negative-polarity voltage with respect to the reference
voltage can be generated on the pixel electrode 109. This
driving method makes possible use of a low-withstand-
voltage circuit as the gray scale voltage selector circuit 123
because of a small difference between the maximum and
minimum voltages to be output from the gray scale voltage
signal selector circuit 123. Here, the above explanation is
made, by way of an example, of a case where initially the
positive-polarity voltage is written into the pixel electrode
109, and then the negative-polarity voltage is generated on
the pixel electrode 109 by using the pixel-potential control
circuit 135, and it is also possible to generate a positive-
polarity voltage on the pixel electrode 109 by raising the
voltage of the pixel-potential control signal after initially
writing a negative-polarity voltage into the pixel electrode
109.

[0147] Next, a method of varying voltages on the pixel
electrode 109 will be described by referring to FIGS. 12A
and 12B. In FIGS. 12A and 12B, the liquid crystal capaci-
tance 108 is represented by a first capacitor 53, the pixel
capacitance 115 by a second capacitor 54 and the active
element 30 by a switch 104, just for the purpose of expla-
nation. An electrode of the pixel capacitance 115 to be
coupled to the pixel electrode 109 shall be an electrode 56,
and an electrode of the pixel capacitance 115 to be coupled
to the pixel-potential control line 136 shall be an electrode
57. A connection point of the pixel electrode 109 and the
electrode 56 is shown as a node 58. Here, for the explanation
purpose, other parasitic capacitance are assumed to be
negligible, and a capacitance of the first capacitor 53 is CL.
and a capacitance of the second capacitor 54 is CC.

[0148] First, as shown in FIG. 12A, a voltage V1 is
externally applied to the electrode 57 of the second capacitor
54. Then, when the switch 104 is turned on by a scanning
signal, a voltage is supplied to the pixel electrode 109 and
the electrode 56 from the video signal line 103. Here, a
voltage supplied to the node 58 shall be V2.

[0149] Next, as shown in FIG. 12B, the voltage (pixel-
potential control signal) supplied to the electrode 57 is
lowered from V1 to V3, when the switch 104 is turned off.
At this time, since the total amount of electric charge
charged in the first capacitor 53 and the second capacitor 54
does not change, the potential at the node 58 will change to
V2-{CC/(CL+CC)}x(V1-V3).

[0150] Here, if the capacitance CL of the first capacitor 53
is sufficiently smaller than the capacitance CC of the second
capacitor 54 (CL<<CC), CC/(CL+CC)=1, and the voltage at
the node 58 will be V2-V1+V3. Here, if V2=0 and V3=0,
the voltage at the node 58 will be -V1.

[0151] With the method explained above, the voltage
supplied to the pixel electrode 109 from the video signal line
103 is selected to be positive with respect to the reference
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potential on the counter electrode 107, the negative-polarity
voltage on the pixel electrode is generated by controlling the
voltage applied on the electrode 57 (the pixel-potential
control signal). When the negative-polarity signal is gener-
ated by using the above method, it is not necessary to supply
the negative-polarity signal from the gray scale voltage
selector circuit 123, and consequently, the peripheral circuits
of the liquid crystal display panel can be composed of
small-withstand-voltage elements.

[0152] A circuit configuration of the pixel-potential con-
trol circuit 135 is shown in FIG. 13. Symbol SR are
bidirectional shift registers, which can shift signals upward
and downward. Each of the bidirectional registers SR is
composed of clocked inverters 61, 62, 65 and 66. Reference
numeral 67 are level shifters, and reference numeral 69 are
output circuits. The bidirectional registers SR, etc. are
operated by a power-supply voltage VDD. The level shifters
67 convert the voltage level of a signals to be output from
the bidirectional registers SR. The level shifters 67 output
signals which have an amplitude between the power-supply
voltage VBB higher than the power-supply voltage VDD
and a power-supply voltage VSS (GND potential). The
output circuit 69 is supplied with a power-supply voltage
VPP and the voltage VSS, and outputs the voltages VPP and
VSS to the pixel-potential control line 136 according to the
signal from the level shifter 67. The above-mentioned volt-
age V1 of the pixel-potential control signal is the power-
supply voltage VPP, and the voltage V3 is the power-supply
voltage VSS. In FIG. 13, the output circuit 69 is represented
by an inverter comprising a p-type and a n-type transistor.
By selecting the values of the power-supply voltage VPP to
be supplied to the p-type transistor, and the power-supply
voltage VSS to be supplied to the n-type transistor, it is
possible to output the voltages VPP and VSS as the pixel
potential control signal. However, since a silicon substrate
forming the p-type transistor is supplied with a substrate
voltage, the value of the power-supply voltage VPP is set
properly with respect to the substrate voltage.

[0153] Reference numeral 26 is a start signal input termi-
nal which supplies a start signal which is one of control
signals, to the pixel potential control circuit 135. Bidirec-
tional shift registers from SR1 to SRn shown in FIG. 13
successively output timing signals in synchronism with
timing of an externally supplied clock signal, upon receipt of
the start signal. The level shifters 67 output the voltages VSS
and VBB in accordance with a timing signal. The output
circuits 69 output the voltages VPP and VSS to the pixel
potential control line 136 according to the output from the
level shifter 67. The start signal and the clock signal are
supplied to the bidirectional shift registers SR in such a
manner as to provide timing for the pixel-potential control
signal. This make it possible to output the pixel potential
control signal from the pixel-potential control circuit 135
with a desired timing. Reference numeral 25 denotes a reset
signal input terminal.

[0154] The bidirectional shift registers SR are formed of
clocked inverters, and therefore it is possible to successively
output the timing signals. Further, by providing the pixel
potential control circuit 135 composed of the bidirectional
shift registers SR, it is possible to scan the pixel potential
control signal bidirectionally. More specifically, the vertical
drive circuit 130 is also composed of similar bidirectional
shift registers, and therefore, the liquid crystal display
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device according to the present invention enables scanning
upward and downward. Consequently, in the case of revers-
ing the scanning direction, etc., the scanning is performed
from bottom to top of the illustration in the figure by
reversing the scanning direction. For this purpose, when the
vertical drive circuit 130 performs scanning from bottom to
top, the pixel potential control circuit 135 is adjusted to scan
from bottom to top. The horizontal shift register 121 and a
scanning circuit for testing are also formed of similar
bidirectional shift registers.

[0155] For the purpose of clocked inverter construction
and operation, U.S. Pat. No. 5,404,151 issued to Asada on
Apr. 4, 1995 is hereby incorporated by reference.

[0156] The following explains the reset circuit 137 by
reference to FIG. 14. The reset circuit has a function of
connecting the video signal line 103 with the output line 344
of the ramp voltage generator circuit 112. The reset circuit
137 connects the video signal line 103 with an output line
344 by turning on an analog switch 68 by a reset signal
supplied from a reset signal generator circuit 349 via a reset
signal line 343. As explained above, the output line 344
outputs the voltage equal to or close to the voltage level V0
of the ramp voltage, and consequently, the video signal line
103 is brought to a voltage close to the voltage V0 rapidly
by the reset circuit 137. Reference numeral 67 denotes a
level shift circuit. Further, the reset signal line 343 supplies
a reset signal to the above-explained voltage-bus-line reset
switch 347 also, and the reset signal generator circuit 349
resets the voltage bus line to a voltage close to the voltage
V0 as in the case of the video voltage line 103.

[0157] As described above, the gray scale voltage selector
circuit 123 outputs the gray scale voltage to the video signal
lines 103, and therefore, the video signal lines 103 are
charged to gray scale voltages at the end of one horizontal
scanning period 1H. During the next horizontal scanning
period, the gray scale voltage selector circuit 123 outputs the
ramp voltage RMP as shown in FIG. 7, for example. The
video signal lines 103 are charged with the gray scale
voltages, but the voltage generator circuit 112 needs to
return the video signal lines 103 to the voltage VO for the
output start at the beginning of the output of the ramp
voltage. In view of this, if the reset circuit 137 returns the
video signal lines 103 rapidly to ground potential at the end
of one horizontal scanning period, the load on the voltage
generator circuit 112 is reduced, and thereby the video signal
lines 103 can be reset in a short time.

[0158] The following explains the reflective type liquid
crystal display device will be described. An electrically
controlled birefringence mode is known as an example of a
reflective type liquid crystal display element. In the electri-
cally controlled birefringence mode, a voltage is applied
between a reflective electrode and a counter electrode to
vary the orientation of molecules of liquid crystal compo-
sition, thereby changing birefringence in the liquid crystal
layer. The electrically controlled birefringence mode utilizes
such changes in the birefringence as changes in the light
transmission and forms an image.

[0159] FIGS. 15A and 15B illustrate a single-polarizer
twisted-nematic mode (SPTN), which is one of the electri-
cally controlled birefringence modes. Reference numeral 9
is a polarizing beam splitter, which splits incident light L1
from a light source (not shown) into two polarized lights,
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and projects light L2 which has linearly polarized. FIGS.
15A and 15B illustrates a case where p-polarized light
which is transmitted through the polarizing beam splitter 9
is used as light incident on the liquid crystal panel 100.
However, it is possible to use s-polarized light which is
reflected from the polarizing beam splitter 9. The liquid
crystal composition 3 has major axes of liquid crystal
molecules in parallel with the drive-circuit substrate 1 and
the transparent substrate 2, and is made of a nematic liquid
crystal material of positive dielectric anisotropy. The liquid
crystal molecules are oriented to be twisted through about 90
degrees between the drive-circuit substrate 1 and the trans-
parent substrate 2 by orientation films 7, 8 (not shown).

[0160] First, FIG. 15A illustrates a case where no voltage
is applied across a liquid crystal layer. Light incident on the
liquid crystal panel 100 becomes elliptically polarized light
due to the birefringence of the liquid crystal composition 3,
and subsequently becomes circularly polarized light on the
surface of the reflective electrode 5. The light reflected from
the reflective electrode 5 transmits through the liquid crystal
composition 3 again to be elliptically polarized light again.
The light returns to a linearly polarized light at the time it
leaves the liquid crystal composition, and is then projected
as light L3 (s-polarized light) whose phase is rotated by 90
degrees relative to that of the incident light L2. The pro-
jected light L3 enters the polarizing beam splitter 9 again,
and it is reflected on the plane of polarization to be projected
light L4. An image is obtained by projecting the light L4
onto a screen. This is the so-called normally white (normally
open) display method wherein light is projected from the
liquid crystal layer while no voltage is applied across the
liquid crystal layer.

[0161] On the other hand, FIG. 15B illustrates a case
where a voltage is applied across a layer of the liquid crystal
composition 3. When a voltage is applied across the layer of
the liquid crystal composition 3, liquid crystal molecules are
oriented in a direction of electric fields, and therefore, the
degree of birefringence within the liquid crystal layer will
decrease. Consequently, the linearly polarized light [.2
which has entered the liquid crystal panel 100 is reflected
from the reflective electrode 5 as it is, and is projected as
light L5 which is polarized in the same direction as the
incident light L.2. The projected light L5 transmits through
the polarizing beam splitter 9 and returns to the light source.
Under such arrangement, no light is projected onto the
screen, etc. to provide a black image.

[0162] In the single-polarizer twisted-nematic mode, the
orienting direction of liquid crystal molecules is parallel to
the substrate, and it is possible to use a usual method of
orienting which is good in processing stability. In addition,
since the single-polarizer twisted-nematic liquid crystal dis-
play panel is operated under the normally white display
mode, greater latitude can be allowed for defective display
which may occur on the low operating voltage side. More
specifically, the normally white display method provides a
dark level (black image) when a high voltage is applied
across the liquid crystal layer. When the high voltage is
applied across the liquid crystal layer, since almost all liquid
crystal molecules are oriented in a direction of the electric
field which is perpendicular to the plane of substrate, a
display at the dark level is not too dependent on an initial
oriented state produced at the time of application of a low
voltage. Further, the human eye perceives nonuniformity in
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luminance as a relative ratio of luminance, and is responsive
approximately to the logarithm of luminance. Consequently,
the human eye is sensitive to changes at a dark level. For this
reasons, the normally white method is a display method
advantageous against nonuniformity in luminance caused by
the initial oriented state.

[0163] However, the above-explained electrically con-
trolled birefringence mode requires high-precision cell gaps.
More specifically, since the electrically controlled birefrin-
gence mode utilizes a phase difference between extraordi-
nary rays and ordinary rays which is caused while the light
passes through a liquid crystal layer, the intensity of the
transmitting light is dependent on the retardation An-d
between extraordinary rays and ordinary rays, where An is
birefringence, and d is a cell gap established by spacers 4
between the transparent substrate 2 and the drive-circuit
substrate 1.

[0164] Therefore, in the present embodiment, the cell gap
accuracy is selected to be 0.05 um or below, considering
nonuniformity in display. In addition, since light incident on
the liquid crystal is reflected from the reflective electrode
and passes through the liquid crystal layer again in the
reflective type liquid crystal display element, the cell gap d
is selected to be half that of a transmissive type liquid crystal
display element when a liquid crystal composition having
the same birefringence An is used. While the cell gap for a
usual transmissive type liquid crystal display element is
selected to be 5 to 6 um, the cell gap employed in the present
embodiment is about 2 pm.

[0165] To deal with highly accurate and narrower cell
gaps, the present embodiment employs a method of forming
column-like spacers on the drive-circuit substrate instead of
the conventional method of scattering beads between the
substrates.

[0166] FIG. 16 is a schematic plan view illustrating a
layout of the reflective electrode 5 and the spacers 4 pro-
vided on the drive-circuit substrate 1. A large number of
spacers 4 are disposed over the entire surface of the drive-
circuit substrate 1 in a matrix configuration to establish
uniform spacing between the two substrates. The reflective
electrode 5 is a minimum-size pixel of an image formed by
the liquid crystal display element. For simplification in FIG.
16, the reflective electrodes 5 are illustrated as four pixels in
a longitudinal direction and five pixels in a lateral direction.

[0167] In FIG. 16, the four pixels in the longitudinal
direction and the five pixels in the lateral direction form a
display area. An image displayed by the liquid crystal
element is formed in this useful display area. Dummy pixels
113 are disposed outside of the useful display area. A
peripheral frame 11 formed of the same material as the
spacers 4 are provided at the periphery of the dummy pixels
113. Further, a sealing material 12 is coated outside of the
peripheral frame 11. Reference numeral 13 are external
connection terminals used for supplying signals from exter-
nal equipment to the liquid crystal panel 100.

[0168] The spacers 4 and the peripheral frame 11 are
formed of a resin material, examples of which include a
negative photoresist of the chemically amplified type “BPR-
113” (trade name) manufactured by JSR Corp. The photo-
resist material is applied by a spin coating method on the
drive-circuit substrate 1 on which the reflective electrode 5
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is formed, and then patterns of the spacers 4 and the
peripheral frame 11 are exposed on the photoresist film
through a mask. Thereafter, the photoresist is developed
with a remover to form the spacers 4 and the peripheral
frame 11.

[0169] When the spacers 4 and the peripheral frame 11 are
formed from a photoresist material, etc., it is possible to
control the height of the spacers 4 and the peripheral frame
11 by controlling the film thickness of a material to be
applied, thus enabling formation of the spacers 4 and the
peripheral frame 11 with a high precision. In addition, the
positions of spacers 4 can be defined with a mask pattern,
and it is possible to accurately position the spacers 4 at
desired positions. The liquid crystal projector has a problem
that the existence of the spacers 4 on pixels provides a
visible shadow caused by the spacers on an enlarged pro-
jected image. By forming the spacers 4 through the exposure
and the development by use of the mask pattern, the spacers
4 can be disposed at positions which cause no problem at the
time of displaying an image.

[0170] In addition, since the peripheral frame 11 is formed
simultaneously with forming the spacers 4, a method in
which the liquid crystal composition 3 is first dropped onto
the drive-circuit substrate 1 and then the transparent sub-
strate 2 is bonded to the drive-circuit substrate 1 can be used
as a method of sealing the liquid crystal composition 3
between the drive-circuit substrate 1 and the transparent
substrate 2. During an operation of assembling the liquid
crystal display panel, a problem arises in that a portion of the
liquid crystal composition 3 leaks outward from the periph-
eral frame 11, and remains in regions to be filled with a
sealing material 12. Consequently, an operation is needed
which removes the liquid crystal composition 3 remaining in
the regions to be filled with the sealing material 12.

[0171] Once the liquid crystal composition 3 has been
contained between the drive-circuit substrate 1 and the
transparent substrate 2, and the liquid crystal panel 100 has
been assembled, the liquid crystal composition 3 can be
retained within the area surrounded by the peripheral frame
11. Further, the sealing material 12 is applied outside of the
peripheral frame 11, and the liquid crystal composition 3 is
sealed with in the liquid crystal panel 100. As explained
above, the peripheral frame 11 can be disposed on the
drive-circuit substrate 1 with a high degree of positional
accuracy since it is formed by using a mask pattern. This
means the boundary of the liquid crystal composition 3 can
be defined with a high degree of accuracy. In addition, the
peripheral frame 11 can also define the boundary of the area
of the sealing material 12 with a high degree of accuracy.

[0172] The sealing material 12 serves to fix the drive-
circuit substrate 1 and the transparent substrate 2 together,
and to prevent harmful substances from entering the liquid
crystal composition 3. When a liquid sealing material 12 is
used, the peripheral frame 11 functions as a stopper against
the sealing material 12. Provision of the peripheral frame 11
as a stopper against the sealing material 12 can increase a
design margin for the boundary of the liquid crystal com-
position 3 or the sealing material 12, thus making the
distance from the edges of the liquid crystal panel 100 to the
display area narrower (reduction in the perimeter area).

[0173] To orient the molecules of the liquid crystal com-
position 3 in a specified direction, orientation films will be
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coated on the two substrates, and the two substrates coated
with the orientation films are rubbed with cloth or the like.

[0174] Since the peripheral frame 11 is formed to surround
the display area, a problem arises in that the peripheral frame
11 interferes with rubbing of areas adjacent to the peripheral
frame 11 when the drive-circuit substrate 1 is rubbed. In the
present embodiment, the orientation film 7 is applied after
the spacers 4 and the peripheral frame 11 are formed on the
drive-circuit substrate 1. Thereafter, a process of rubbing the
orientation film 7 with cloth, etc. is performed to orient the
molecules of the liquid crystal composition 3 in a specified
direction.

[0175] Inthe rubbing operation, since the peripheral frame
11 protrudes from the drive-circuit substrate 1, the orienta-
tion film 7 cannot be sufficiently rubbed at its portions closer
to the peripheral frame 11 due to steps caused by the
peripheral frame 11. Consequently, portions where the ori-
entation of the liquid crystal molecules of the liquid crystal
composition 3 are nonuniform are liable to appear in the
vicinities of the peripheral frame 11. To make the nonuni-
formity in display caused by the defective orientation of the
liquid crystal molecules of the liquid crystal composition 3
invisible, the dummy pixels 113 are provided instead of
several regular pixels inside the peripheral frame 11, thus
disabling them from contributing to a display.

[0176] However, when the dummy pixels 113 are provided
and signals are supplied to them similarly to the pixels 5, a
problem arises that images produced by the dummy pixels
113 is also observed since the liquid crystal composition 3
exists between the dummy pixels 113 and the transparent
substrate 2. When the device is operated in the normally
white mode, the dummy pixels 113 are displayed in white
unless a voltage is applied across the layer of the liquid
crystal composition 3. Consequently, boundaries of the
display area become obscure, thus deteriorating the quality
of the display. Of course, shielding the dummy pixels 113
from light is conceivable, but it is difficult to form a
light-blocking frame with high precision at the boundaries of
the display area since the gap between pixels is several
micrometers. Consequently, a voltage is supplied to the
dummy pixels 113 for them to provide a black image so that
a black frame surrounding the display area is observed.

[0177] A method of driving the dummy pixels 113 will be
described by referring to FIG. 17. Since a voltage which
produces a black image is supplied to the dummy pixels 113,
the area in which such dummy pixels are provided presents
a black image over the entire area. If a black image is
produced over the entire area, it is not necessary to form the
dummy pixels independently from each other just like the
regular pixels provided in the display area, and a plurality of
electrically-connected dummy pixels can be disposed
instead. In addition, in view of a time required for driving,
it is of no use to allot time for writing into the dummy pixels.
Therefore, it is possible to form a single dummy pixel by
electrically connecting electrodes of plural dummy pixels.

[0178] However, forming a single dummy pixel by con-
necting the plural dummy pixels will result in an increased
in area of the pixel electrode, and consequently, the liquid
crystal capacitance becomes larger. As explained above, the
efficiency of lowering the pixel voltage by using the pixel
capacitance will be reduced as the liquid crystal capacitance
becomes larger.
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[0179] Therefore, the dummy pixels 113 also are formed
separately from each other as in the case of with the pixels
in the usable display area. However, if the dummy pixels are
written into, line by line, as in the case of the usable pixels,
time required for driving newly-provided plural rows of
dummy pixels is increased. Consequently, a problem arises
in that the time required for writing into usable pixels
becomes shorter by that time required for the dummy pixel
rows. In the case of a high definition display, much more
restrictions on the time required for writing into pixels will
arise since high-speed video signals (signals having higher
dot clock frequencies) is input. Therefore, to save writing
time corresponding to several rows during a writing period
for one picture, as shown in FIG. 17, for dummy pixels,
timing signals for a plurality of rows are output from a
vertical bidirectional shift register VSR of the vertical drive
circuit 130 to a plurality of level shifters 67 and the output
circuits 69, thereby outputting scanning signals. Likewise,
the bidirectional shift register SR of the pixel potential
control circuit 135 is configured to output timing signals
corresponding to a plurality of rows to a plurality of level
shifters 67 and the output circuits 69, thereby outputting
pixel potential control signals.

[0180] In the above explanation, plural rows of the
dummy pixels 113 are written into simultaneously, but plural
rows of the dummy pixels 113 can be written into, line by
line successively. The display section 110 is illustrated as an
area including the usable display area and the dummy pixels
113.

[0181] A pixel of the reflective type liquid crystal display
device LCOS according to the present invention will be
described with reference to FIG. 8. FIG. 18 is a schematic
sectional view of a liquid crystal panel used for an embodi-
ment of the reflective type liquid crystal display device
according to the present invention. In FIG. 18, reference
numeral 100 is a liquid crystal panel, reference numeral 1 is
a drive-circuit substrate which is referred to as a first
substrate, reference numeral 2 is a transparent substrate
which is referred to as a second substrate, reference numeral
3 is liquid crystal composition, and reference numeral 4 is a
spacer. The spacers 4 establish a specified cell gap between
the drive-circuit substrate 1 and the transparent substrate 2.
The liquid crystal composition 3 is contained in the cell gap
d. Reference numeral 5 is a reflective electrode (pixel
electrode) formed on the drive-circuit substrate 1. Reference
numeral 6 is a counter electrode for applying a voltage
across the layer of the liquid crystal composition 3 between
the counter electrode 6 and the reflective electrode 5. Ref-
erence numerals 7 and 8 are orientation films for orienting
liquid crystal molecules in a specified direction. Reference
numeral 30 is an active element, which supplies a gray scale
voltage to the reflective electrode 5.

[0182] Reference numeral 34 is a source region of the
active element 30, reference numeral 35 is a drain region of
the active element 30, and reference numeral 36 is a gate
electrode of the active element 30. Reference numeral 38 is
an insulating film, reference numeral 31 is a first electrode
forming a pixel capacitance, and reference numeral 40 is a
second electrode forming the pixel capacitance. The first
electrode 31 and the second electrode 40 provide capaci-
tance with the insulating film 38 therebetween. In FIG. 18,
the first electrode 31 and the second electrode 40 are
represented as typical electrodes forming the pixel capaci-
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tance. Besides, another pixel capacitance can be formed if a
conductive layer electrically connected to a pixel electrode
and a conductive layer electrically coupled to a pixel-
potential control signal line are disposed to each other with
a dielectric layer sandwiched therebetween.

[0183] Reference numeral 41 is a first interlayer film, and
reference numeral 42 is a first conductive film. The first
conductive layer 42 electrically connects the drain region 35
to the second electrode 40. Reference numeral 43 is a second
interlayer film, reference numeral 44 is a first light-blocking
film, reference numeral 45 is a third interlayer film, and
reference numeral 46 is a second light-blocking film. A
through-hole 42CH is made in the second interlayer film 43
and the third interlayer film 45, and the first conductive film
42 and the second light-blocking film 46 are electrically
connected. Reference numeral 47 is a fourth interlayer film,
symbol PG denotes a plug, and reference numeral 48 is a
second conductive film forming the reflective electrode 5.
The second light-blocking film 46 and the second conduc-
tive film 48 are connected together by the plug PG. A gray
scale voltage is transmitted from the drain region 35 of the
active element 30 to the reflective electrode 5 via the first
conductive film 42, the through-hole 42CH, the second
light-blocking film 46, and the plug PG. Incidentally plural
plugs PG may be provided for each of the pixels.

[0184] The liquid crystal display device of this embodi-
ment is of the reflective type, and the liquid crystal panel 100
is illuminated with a large amount of light. The light-
blocking film blocks light from entering the semiconductor
layer of the drive-circuit substrate. In the reflective type
liquid crystal display device, light incident on the liquid
crystal panel 100 enters the transparent substrate 2 (at the top
of FIG. 18), passes through the liquid crystal composition 3,
is reflected on the reflective electrode 5, passes through the
liquid crystal composition 3 and the transparent substrate 2
again, and exits from the liquid crystal panel 100. However,
a portion of the light incident on the liquid crystal panel 100
will leak toward the drive-circuit substrate 1 through gaps
between the adjacent reflective electrodes 5. The first light-
blocking film 44 and the second light-blocking film 46 are
provided to prevent light from entering the active element
30. In the present embodiment, the light-blocking films are
made of conductive layers, the second light-blocking film 46
is electrically connected to the reflective electrode 5, and a
pixel-potential control signal is supplied to the first light-
blocking film 44 so that the light-blocking films serves to
form part of the pixel capacitance.

[0185] In addition, by supplying the-pixel potential con-
trol signal to the first light-blocking layer 44, it is possible
to use the first light-blocking film 44 as an electrical shield
layer between the second light-blocking film 46 supplied
with a gray scale voltage and the first conductive layer 42
forming the video signal line 103 or a conductive layer (a
conductive layer formed in the same layer as the gate
electrode 36) forming the scanning signal line 102. Conse-
quently, the parasitic capacitance components decrease
between the first conductive film 42 or the gate electrode 36,
etc. and the second light-blocking film 46 or the reflective
electrode 5. As described above, although it is necessary to
select the pixel capacitance CC to be sufficiently larger
compared with the liquid crystal capacitance CL, if the first
light-blocking film 44 is used as an electrical shield layer,
the parasitic capacitance connected in parallel with the
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liquid crystal capacitance CL is reduced, thus enhancing the
efficiency. Further, with this arrangement, it is possible to
reduce the introduction of noise from signal lines.

[0186] In addition, if a reflective type liquid crystal dis-
play elements is employed and its reflective electrode 5 is
formed on the surface of the drive-circuit substrate 1 on its
side facing the liquid crystal composition 3, it is possible to
use an opaque silicon substrate, etc. as the drive-circuit
substrate 1. Further, such arrangement provides advantages
that it is possible to dispose the active element 30 or related
wiring lines below the reflective electrode 5, thus increasing
an area of the reflective electrode 5 which will act as a pixel
and thereby realizing a high aperture ratio. Furthermore, the
arrangement offers another advantage that heat generated by
light incident on the liquid crystal panel 100 can be radiated
from the back of the drive-circuit substrate 1.

[0187] The following explains the use of the light-block-
ing film for forming part of the pixel capacitance. The first
light-blocking film 44 and the second light-blocking film 46
face each other with the third interlayer film 45 therebe-
tween, thus forming part of the pixel capacitance. Reference
numeral 49 is a conductive layer forming part of the pixel-
potential control line 136. The first electrode 31 is electri-
cally connected to the first light-blocking film 44 via the
conductive layer 49. In addition, it is possible to form a
wiring line from the pixel-potential control circuit 135 to the
pixel capacitance by using the conductive layer 49. How-
ever, in this embodiment, the first light-blocking film 44 is
used as the wiring line. FIG. 19 illustrates a configuration
wherein the first light-blocking film 44 is used as the
pixel-potential control line 136.

[0188] FIG.19 is a plan view showing the arrangement of
the light-blocking films 44. Reference numeral 46 are the
second light-blocking films indicated by dotted lines to
indicate their positions. Reference numeral 42CH is a
through-hole for connecting the first conductive film 42 and
the second light-blocking film 46 together. It should be noted
that, in FIG. 19, other components are omitted to facilitate
understanding of the first light-blocking film 44. The first
light-blocking film 44 has a function of the pixel potential
control line 136 and extends continuously in the X direction
shown in FIG. 19. The first light-blocking films 44 are
formed in a manner to cover the entire display area since
they function as light-blocking films, and they also extends
in the form of strip electrodes in the X direction (in a
direction parallel with the scanning signal lines 102) to serve
as the pixel potential control lines 136, and are arranged in
the Y direction, and are coupled to the pixel-potential control
circuit 135. Further, since the first light-blocking films 44
function as electrodes of the pixel capacitance, it is formed
in such a manner as to overlap with the second light-
blocking film 46 in areas as large as possible. Further, gaps
between adjacent first light-blocking films 44 are formed as
narrowly as possible so that the first light-blocking films 44
function as light-blocking films to reduce the leakage of

light.

[0189] The active element 30 and its adjacent structures
disposed on the drive-circuit substrate 1 will be described in
detail by referring to FIGS. 20 and 21. It should be noted
that, in FIGS. 20 and 21, the same reference numerals as
those in FIG. 18 indicate the same structures. FIG. 22 is a
schematic plan view showing the active element 30 and its
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vicinity. FIG. 20 is a cross-sectional view taken along line
1-I of FIG. 21, but the dimensions between FIGS. 20 and
21 are not consistent. FIG. 21 only illustrates the respective
positional relationships between the scanning signal line
102, the gate electrode 36, the video signal line 103 and the
source region 35, the drain region 34, the second electrode
40 which forms the pixel capacitance, the first conductive
layer 42, and the contact holes 35CH, 34CH, 40CH, 42CH,
and other structures are omitted.

[0190] In FIG. 20, reference numeral 1 is a silicon sub-
strate which is a drive-circuit substrate, reference numeral
32 is a semiconductor region (p-well) fabricated within the
silicon substrate 1 by using ion implantation, reference 33 is
a channel stopper, reference numeral 34 is a drain region
fabricated within the p-well 32 by being made conductive by
using ion implantation, reference numeral 35 is a source
region fabricated within the p-well 32 by using ion implan-
tation, and reference 31 is a first electrode of the pixel
capacitance fabricated within the p-well 32 by being made
conductive by using ion implantation. It should be noted
that, although the active element 30 is represented by
ap-type transistor in the present embodiment, an n-type
transistor can also be employed instead.

[0191] Reference numeral 36 is a gate electrode, reference
numeral 37 is an offset region which relaxes the electric field
strength at the ends of the gate electrode, reference numeral
38 is an insulating film, reference numeral 39 is a field oxide
layer for electrically isolating transistors from each other,
and reference numeral 40 is a second electrode forming
pixel capacitance in cooperation with the first electrode 31
disposed on the silicon substrate 1 with the insulating film 38
therebetween. Each of the gate electrode 36 and the second
electrode 40 is composed of two films stacked on the
insulating film 38, one of the stacked films is a conductive
layer for lowering the threshold of the active element 30, and
the other of the stacked films is a conductive layer of low
resistance. The two stacked films can be made of a poly-
silicon film and a tungsten silicide film, for example. Ref-
erence numeral 41 is a first interlayer film, and reference
numeral 42 is a first conductive film. The first conductive
film 42 is a multilayer film composed of a barrier metal for
preventing defective contacts and a conductive film of low
resistance. For example, a multilayer film composed of a
sputtered titanium tungsten film and a sputtered aluminum
film may be used as the first conductive film.

[0192] In FIG. 21, reference numeral 102 is a scanning
signal line. The scanning signal lines 102 (only one of which
is shown) extend in the X direction and are arranged in the
Y direction in FIG. 21, and they are supplied with a
scanning signal for turning on or off the active element 30.
The scanning signal lines 102 are composed of the same
two-layered film as that of the gate electrodes, and, for
example, the two-layered films can be formed of two stacked
layers of a polysilicon layer and a tungsten silicide layer. The
video signal lines 103 extend in the Y direction and are
arranged in the X direction, and they are supplied with video
signals to be written into the reflective electrodes S. The
video signal lines 103 are formed of the same multilayer
metallic films as those of the first conductive films 42, and,
for example, they can be formed of a titanium tungsten film
and a aluminum film which are stacked one on another.

[0193] A video signal is transmitted to the drain region 35
(see FIG. 20) by the first conductive film 42 via the contact
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hole 35 made in the insulating film 38 and the first interlayer
film 41. When a scanning signal is supplied to the scanning
signal line 102, the active element 30 is turned on, the video
signal is transmitted to the source region 34 from the
semiconductor region (p-well) 32, and then is transmitted to
the first conductive film 42 via the contact hole 34CH. The
video signal transmitted to the first conductive film 42 is
then transmitted to the second electrode 40 of the pixel
capacitance via the contact hole 40CH.

[0194] Further, as shown in FIG. 20, the video signal is
transmitted to the reflective electrode 5 through the contact
hole 42CH. The contact hole 42CH is disposed above the
field oxide layer 39. The field oxide layer 39 has a large film
thickness, and therefore, structures placed above the field
oxide layer are at positions higher than other structures. The
contact hole 42CH is above the field oxide layer 39, and
therefore, it can be located at a position closer to the upper
conductive upper layer, thus making a length of the con-
nection section of the contact hole shorter.

[0195] Further, as shown in FIG. 20, the second interlayer
film 43 insulates the first conductive film 42 from the second
conductive film 44. The second conductive film 43 is formed
of two layers, a planarizing film 43A for covering and
smoothing unevenness caused by structures and an insulat-
ing film 43B for covering the planarizing film 43A. The
planarizing film 43A is fabricated by coating SOG (spin on
glass) material on it. The insulating film 43B is a TEOS film
which is obtained by forming an SiO, film by the CVD
(Chemical Vapor Deposition), using TEOS (Tetraethylortho-
silicate) as a reaction gas.

[0196] After forming the second interlayer film 43, the
second interlayer film 43 is polished by CMP (Chemical
Mechanical Polishing). The second interlayer film 43 can be
smoothened by the CMP process. The first light-blocking
film 44 is formed on the smoothed second interlayer film 43.
The first light-blocking film 44 is formed of the same
multilayer metallic film composed of tungsten and alumi-
num layers as the first conductive film 42.

[0197] The first light-blocking film 44 covers the nearly
entire area of the drive-circuit substrate 1, and an opening in
the first light-blocking film 44 is only the contact hole 42CH.
The third interlayer film 45 made of the TEOS film is formed
on the first light-blocking film 44. Further, the second
light-blocking film 46 is formed on the third interlayer film
45. The second light-blocking film 46 is formed of the same
multilayer metallic film composed of tungsten and alumi-
num layers as the first conductive film 42. The second
light-blocking film 46 is coupled to the first conductive film
42 via the contact hole 42CH. A metallic film forming the
first light-blocking film 44 and a metallic film forming the
second light-blocking film 46 are stacked in the contact hole
42CH 44 for electrically connecting the first light-blocking
film 44 and the metallic film forming the second light-
blocking film 46 together.

[0198] The first light-blocking film 44 and the second
light-blocking film 46 are made of conductive films, and the
third interlayer film 45 formed of an insulating film (dielec-
tric film) is disposed between the first and the second
light-blocking films 44, 46. A pixel-potential control signal
is supplied to the first light-blocking film 44 and a gray scale
voltage is supplied to the second light-blocking film 46, and
a pixel capacitance can be formed between the first light-
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blocking film 44 and the second light-blocking film 46.
Considering the with stand voltage of the third interlayer
film 45 against gray scale voltages and increasing of capaci-
tance by reducing a film thickness, the preferable film
thickness of the third interlayer film 45 is in a range of from
150 nm to 450 nm, and especially approximately 300 nm.

[0199] The second light-blocking film 46 and the second
conductive film 48 are electrically connected by the plug
PG. The plug PG is formed by fill a through-hole made in the
fourth interlayer film 47 with tungsten or the like. Therefore
unevenness of a film (the reflective electrode 5) overlying
the plug PG is reduced compared with the film overlying the
contact hole CH, and the film overlying the plug PG is
smoother. Since the unevenness of the reflective electrode 5
reduces light reflectance of the liquid crystal display panel
100, conventionally, only one contact hole has been pro-
vided in each of the pixels for electrically connecting the
reflective electrode 5 (the second conductive film 48) and a
layer underlying it, but in this embodiment, the reflective
electrode 5 overlying the plug PG is relatively flat, plural
plugs PG can be provided in each of the pixels.

[0200] FIG. 22 s a perspective view of the drive circuit
substrate 1 superposed with the transparent substrate 2. The
peripheral frame 11 is formed at the periphery of the drive
circuit substrate 1, and the liquid crystal composition 3 is
confined in a space surrounded by the peripheral frame 11,
the drive circuit substrate 1 and the transparent substrate 2.
The sealing member 12 is coated around the outside of the
peripheral frame 11 between the superposed drive circuit
substrate 1 and transparent substrate 2. The drive circuit
substrate 1 and the transparent substrate 2 are fixed together
by the sealing member 12 to form the liquid crystal display
panel 100. Reference numeral 13 denote external connection
terminals.

[0201] FIGS. 23A and 23B are enlarged schematic views
of the external connection terminals 13, FIG. 23A is a plan
view of the external connection terminals 13, and FIG. 23B
is a cross-sectional view of the external connection terminals
13 taken along line B-B of FIG. 23A. In FIG. 13A,
reference numeral 13B denotes an external connection ter-
minal made longer than the others for facilitating positioning
in connecting operation. Reference numeral 14 denote
dummy patterns disposed in the vicinities of the external
connection terminals 13. Structures other than the external
connection terminals 13 are not provided between adjacent
ones of the external connection terminals 13 on the drive-
circuit substrate 1 for preventing occurrence of short-circuit
when the external connection terminals are connected to
external equipment. Consequently, the density of patterns is
coarser than that in the other areas of the drive-circuit
substrate 1. Provision of the dummy patterns in the vicinities
of the external connection terminals 13 makes the density of
patterns uniform and makes it possible to polish thin films
uniformly. A conductive film constituting the external con-
nection terminals 13 is formed by stacking the first conduc-
tive film 42, the first light-blocking film 44, the second
light-blocking film 46, and the reflective electrode 5, as
shown in FIG. 23B. The second light-blocking film 46 and
the reflective electrode 5 are electrically connected together
in the connection point by using the plug PG. Employment
of the plug PG makes it possible to fabricate relatively flat
external connection terminals 13.
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[0202] As shown in FIG. 24, a flexible printed wiring
board 80 for supplying external signals to the liquid crystal
display panel 100 is connected to the external connection
terminals 13. Two outermost terminals on opposite sides of
one end of the flexible printed wiring board 80 are made
longer than the remainder of terminals, are connected to the
counter electrode 5 formed on the transparent substrate 2,
and thereby serve as counter-electrode terminals 81. In this
way, the flexible printed wiring board 80 is connected to
both the drive circuit substrate 1 and the transparent sub-
strate 2.

[0203] Conventionally, a flexible printed wiring board is
connected to external connection terminals disposed on the
drive-circuit substrate 1 only, and therefore the wiring to the
counter electrode 5 from the flexible printed wiring board is
made via the drive-circuit substrate 1.

[0204] The transparent substrate 2 in this embodiment of
the present invention is provided with connecting portions
82 to be connected to the flexible printed wiring board 80
such that the flexible printed wiring board 80 is connected
directly to the counter electrode 5. The liquid crystal display
panel 100 is formed by superposing the transparent substrate
2 on the drive circuit substrate 1, and the transparent
substrate 2 is superposed on the drive circuit substrate 1 such
that a peripheral portion of the transparent substrate 2
extends beyond the outside edges of the drive circuit sub-
strate 1 and provides the connecting portions 82 to be
connected to the flexible printed wiring board 80.

[0205] FIGS. 25 and 26 illustrate a configuration of the
liquid crystal display device 200. FIG. 25 is an exploded
view in perspective of the major elements of the liquid
crystal display device 200, and FIG. 26 is a plan view of the
liquid crystal display device 200.

[0206] As shown in FIG. 25, the liquid crystal display
panel 100 having the flexible printed wiring board 80
connected thereto is disposed on the heat-radiating plate 72
with a heat sink compound 71 interposed therebetween. The
heat sink compound 71 is highly heat-conductive, and fills
a gap between the heat-radiating plate 72 and the liquid
crystal display panel 100 for heat from the liquid crystal
display panel 100 to conduct to the heat-radiating plate 72
easily. Reference numeral 73 denotes a mold which is fixed
to the heat-radiating plate 72 with an adhesive.

[0207] As shown in FIG. 25, the flexible printed wiring
board 80 is passed between the mold 73 and the heat-
radiating plate 72, and then is brought out of the mold 73.
Reference numeral 75 denotes a light-blocking plate which
prevents light from a light source from entering the unin-
tended portions of the liquid crystal display device 200.
Reference numeral 76 denotes a light-blocking frame which
defines the display area of the liquid crystal display device
200.

[0208] The invention by the present inventors has been
explained concretely based upon the embodiments in accor-
dance with the present invention, but the present invention
is not limited to the above-described embodiments, and
various changes and modifications can be made without
departing from the spirit and scope of the present invention.

[0209] The advantages obtained by the representative ones
of the inventions disclosed in this specification can be
summarized as follows:
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[0210] The present invention realizes reflective type liquid
crystal display devices capable of reducing the size of drive
circuits of the digital-to-analog conversion type, and sup-
pressing variations in gray scale voltages to be supplied to
the drive circuits.

What is claimed is:
1. A liquid crystal display device comprising:

a liquid crystal display panel including a first substrate, a
second substrate, a liquid crystal composition sand-
wiched between said first substrate and said second
substrate, a plurality of pixels arranged in a matrix
configuration on said first substrate, a plurality of video
signal lines for supplying video signal voltages to said
plurality of pixels; and

a drive circuit for supplying video signal voltages to said
plurality of video signal lines;

wherein said drive circuit includes a selector circuit which
receives a display data signal, a gray scale voltage
varying with time periodically, and time control signals
varying in synchronism with said gray scale voltage,
and selects an intended voltage level of said gray scale
voltage by determining a timing corresponding to said
intended voltage level of said gray scale voltage based
upon said display data signal and said time control
signals;

wherein said selector circuit has a plurality of display data
signal lines coupled thereto for receiving said display
data signals, and is comprised of a plurality of series
combinations of a plurality of processing circuits each
disposed between two adjacent ones of said plurality of
display data signal lines, and each of said plurality of
processing circuits is comprised of a parallel combina-
tion of a display data switching element and a time
signal switching element, with a control terminal of
said display data switching element being supplied
with a corresponding one of said display data signals,
and with a control terminal of said time signal switch-
ing element being supplied with a corresponding one of
said time control signals; and
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wherein a stabilizer circuit is provided to a gray scale
voltage line for supplying said gray scale voltage such
that a change in voltage or current is suppressed under
varying loads on said gray scale voltage line.

2. A liquid crystal display device according to claim 1,
wherein said display data switching element is formed of a
transistor of a same conductivity type as that of a transistor
forming said time signal switching element.

3. Avideo signal line drive circuit having a selector circuit
which selects and outputs a voltage level of a gray scale
voltage varying with time periodically in accordance with
display data signals supplied to said selector circuit;

wherein said selector circuit has a plurality of display data
signal lines coupled thereto for receiving said display
data signals and a plurality of video signal lines
coupled thereto for outputting said voltage levels, and
is comprised of a plurality of series combinations o a
plurality of processing circuits each disposed between
two adjacent ones of said plurality of display data
signal lines;

wherein each of said plurality of processing circuits is
comprised of a parallel combination of a display data
switching element and a time signal switching element,
with a control terminal of said display data switching
element being supplied with a corespondng one of said
display data signals, and with a control terminal of said
time signal switching element being supplied with a
corresponding one of said time control signals varying
in synchronism with said gray scale voltage;

wherein said selector circuit selects an intended voltage
level of said gray scale voltage by determining a timing
corresponding to said intended voltage level of said
gray scale voltage based upon said display data signal
and said time control signals, and outputs said intended
voltage level to a corresponding one of said plurality of
video signal lines; and

wherein a stabilizer circuit is provided to a gray scale
voltage line for supplying said gray scale voltage.

#* #* #* #* #*
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