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FIG. 4A
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REFLECTIVE LIQUID CRYSTAL DISPLAY
HAVING FINE PIXELS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a reflective LCD (liquid
crystal display), and particularly, to a reflective LCD having
fine pixels formed on a semiconductor substrate with the
pixels including first pixels (pixels A) arranged in first-pixel
columns and second pixels (pixels B) arranged in second-
pixel columns, the first- and second-pixel columns comple-
mentarily supplying a first fixed potential (well potential)
and a second fixed potential (common potential) to each
pixel in the first- and second-pixel columns.

2. Description of the Related Art

Projection-type large LCDs are widely used for outdoor
public displays, control-board displays, high-vision-
broadcast displays, SVGA computer displays, and the like.

The projection-type LCDs are largely classified into trans-
mission LCDs and reflective LCDs. The transmission LCDs
have a drawback. That is, a TFT (thin film transistor)
provided for each pixel blocks light so that a transmission
area transmitting light with respect to each pixel becomes
smaller by area of the TFT. In other words, the numerical
aperture of each pixel becomes smaller. For this reason, the
reflective LCDs are attracting attention.

The reflective LCD mainly consists of a semiconductor
substrate (Si substrate) on which MOSFETs (metal oxide
semiconductor field effect transistors) serving as switching
elements are connected to reflective pixel electrodes and
hold capacitors, to form a matrix of pixels. Facing the
reflective pixel electrodes, a transparent common electrode
(counter electrode) serving for all pixels is formed on a
transparent substrate (glass substrate). Between the semi-
conductor substrate and the transparent substrate, liquid
crystals are sealed. Read light is made incident to the
transparent substrate, and each potential difference between
the common electrode and each reflective pixel electrodes is
produced according to each video signal, to change align-
ments of the liquid crystals and thereby modulate the read
light.

FIG. 1 is a sectional view showing a model of a pixel in
a reflective LCD 10A according to a prior art, taken along
orthogonal lines X and Y shown in FIG. 3.

FIG. 2A s a sectional view taken along a plane parallel to
the surface of FIG. 1, showing a p~ well region side, and
FIG. 2B is a sectional view taken along a plane parallel to
FIG. 1, showing a hold capacitor.

FIG. 3 is an enlarged plan view showing a model of a
pixel in the reflective LCD 10A.

The reflective LCD 10A according to the prior art has
many pixels to display images, and FIG. 1 shows one of the
pixels. In FIG. 1, a semiconductor substrate 11 serves as a
base and is a p-type (or n-type) substrate made of, for
example, monocrystalline silicon (Si). The semiconductor
substrate (hereinafter referred to as the p-type Si substrate)
11 has a p~ well region 12, which is isolated in each pixel by
left and right field oxide films 13A and 13B, as shown on the
left side of the drawing. The p~ well region 12 is provided
with a switching element 14, which is a MOSFET.

The switching element (hereinafter referred to as the
MOSFET) 14 has a gate oxide film 15 formed substantially
at the center of the p~ well region 12 and a polysilicon gate
electrode formed on the gate oxide film 185, to provide a gate
G.
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On the left side of the gate G of the MOSFET 14, there
is an LDD (lightly-doped drain) region 17A, which is a
low-concentration n~ impurity layer, and on the left side of
the LDD region 17A, there is a source region 18, which is
a high-concentration n* impurity layer. On the source region
18, a source contact (source electrode) 19, which is alumi-
num wiring, 1s formed to provide a source S.

On the right side of the gate G of the MOSFET 14, there
is an LDD region 17B, which is a low-concentration n~
layer, and on the right side of the LDD region 17B, there is
a drain region 20, which is a high-concentration n* impurity
layer. On the drain region 20, a drain contact (drain
electrode) 21, which is aluminum wiring, is formed to
provide a drain D.

The LDD regions 17A and 17B on both sides of the gate
G of the MOSFET 14 function to relax voltage around the
gate G.

On the right side of the p~ well region 12 on the p-type Si
substrate 11, a diffusion capacitor electrode 22 is formed by
ion implantation. The electrode 22 is isolated in each pixel
at the position shown in FIG. 1 by left and right field oxide
films 13B and 13C. On the electrode 22, an insulating film
23 and a capacitor electrode 24 are formed in this order, to
provide a hold capacitor C.

On the field oxide films 13A to 13C, gate electrode 16,
and capacitor electrode 24, there are laminated a first inter-
layer insulating film 25, a first metal film 26, a second
interlayer insulating film 27, a second metal film 28, a third
interlayer insulating film 29, and a third metal film 30 in this
order. The first, second, and third metal films 26, 28, and 30
are aluminum wiring formed in predetermined patterns.

The second metal film 28 blocks the read light L coming
from a transparent substrate 33, to protect the p-type Si
substrate 11 under the film 28. The film 28, therefore, will be
referred to as the shading film 28.

The third metal film 30 is sectioned into a rectangle
allocated for each pixel and functions as a reflective pixel
electrode to reflect the read light L coming from the trans-
parent substrate 33 and make the reflected light emanate
from the transparent substrate 33. The film 30 will be
referred to as the reflective pixel electrode 30.

On each reflective pixel electrode 30, a liquid crystal 31
is sealed. On the liquid crystals 31, a transparent common
electrode (counter electrode) 32 is formed on the bottom
surface of the transparent substrate (glass substrate) 33.
Namely, the reflective pixel electrodes 30 and the transpar-
ent common electrode 32 face each other on opposite sides
of the liquid crystals 31. The reflective pixel electrodes 30
are arranged in a matrix, and the transparent common
electrode 32 serves for all reflective pixel electrodes 30.
Namely, the common electrode 32 is not sectioned pixel by
pixel.

The gate electrode 16 of the MOSFET 14 is connected to
agate line 45 (FIGS. 3, 4A, and 4B), which is made of
polysilicon and is integral with the gate electrode 16. The
source contact (source electrode) 19 of the MOSFET 14 is
connected to a signal line 41 (FIGS. 3, 4A, and 4B) arranged
on the first metal film 26. The drain contact (drain electrode)
21 of the MOSFET 14 is connected to the reflective pixel
electrode 30 through the first and second metal films 26 and
28. The capacitor electrode 24 of the hold capacitor C is
connected to the reflective pixel electrode 30 through a
capacitor electrode contact 3¢ made of aluminum wiring and
the first and second metal films 26 and 28.

In FIG. 2A taken along a plane parallel to the surface of
FIG. 1, ap* electrode 35 is formed on the p~ well region 12.



US 6,853,419 B2

3

On the p* electrode 35, a well potential contact 36 is formed
from aluminum wiring. The contact 36 is connected to a well
line 42 (FIG. 3) on the first metal film 26.

In FIG. 2B taken along a plane parallel to the surface of
FIG. 1, a common potential contact 37 is formed from
aluminum wiring on the diffusion capacitor electrode 22 of
the hold capacitor C. The contact 37 is connected to a
common line 43 (FIG. 3) on the first metal film 26.

FIG. 3 is a plan view showing the pixel shown in FIG. 1.

In FIG. 3, the source contact (source electrode) 19, gate
electrode 16, drain contact (drain electrode) 21 correspond-
ing to the source S, gate G, and drain D of the MOSFET 14,
respectively, are horizontally aligned at an upper left part of
FIG. 3. Below the upper left part, the large rectangular
diffusion capacitor electrode 22 of the hold capacitor C is
arranged. Consequently, the rectangular reflective pixel
electrode 30 occupies a large area.

The signal line 41 connected to the source contact (source
electrode) 19, the well line 42 connected to the well potential
contact 36, and the common line 43 connected to the
common potential contact 37 are also connected to other
pixels that are arranged in the same column where the pixel
of FIG. 3 is arranged. Between the signal line 41 and the well
line 42, a connection line 44 that is connected to the drain
contact 21 located thereabove and the lower capacitor elec-
trode contact 34 located therebelow runs substantially in
parallel with the signal line 41, well line 42, and common
line 43 within the area of the pixel in question. The gate line
45 connected to the gate electrode 16 is also connected to
other pixels that are arranged in the same row where the
pixel in question is present.

According to the reflective LCD 10A of the prior art, a
plurality of pixels each having the structure of FIG. 1 are
arranged in columns and rows to form a matrix on the p-type
Si substrate 11. An active matrix drive circuit S0A is
provided for driving such a matrix of pixels. The drive
circuit S0A will be explained with reference to FIGS. 4A and
4B.

FIG. 4A is a block diagram explaining the active matrix
drive circuit S0A for the reflective LCD 10A, and FIG. 4B
shows a model of a transistor part of the drive circuit 50A.

According to the active matrix drive circuit S0A shown in
FIGS. 4A and 4B for the reflective LCD 10A of the prior art,
the MOSFET (switching element) 14, the reflective pixel
c¢lectrode 30 connected to the MOSFET 14, and the hold
capacitor C connected to the MOSFET 14 form a pixel. The
pixels are arranged in columns and rows to form a matrix on
the p-type Si substrate (semiconductor substrate) 11. As
shown in FIG. 1, the common electrode 32 formed on the
transparent substrate 33 faces the reflective pixel electrodes
30, and the liquid crystals 31 are sealed between the reflec-
tive pixel electrodes 30 and the common electrode 32.

To specify one of the pixels, a horizontal shift register
circuit 51 is extended in a horizontal (left-to-right) direction
and a vertical shift register circuit 54 is extended in a vertical
(top-to-bottom) direction.

From the horizontal shift register circuit 51, the signal
lines 41 are vertically extended for the pixel columns,
respectively, through video switches 52. For the sake of
simplicity, FIG. 4A shows only one signal line 41 extended
from the circuit 51. Between the circuit 51 and the video
switch 52, the signal line 41 is connected to a video line 53.
Each signal line 41 is connected to the source electrodes 19
of the MOSFETs 14 arranged in the column to which the
signal line 41 is assigned.

From the vertical shift register circuit 54, the gate lines 45
are horizontally extended for the pixel rows, respectively.
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For the sake of simplicity, FIG. 4A shows only one gate line
45 extended from the circuit 54. Each gate line 45 is
connected to the gate electrodes 16 of the MOSFETs 14
arranged in the row to which the gate line 45 is assigned.

The drain electrode 21 of the MOSFET 14 is connected to
the capacitor electrode 24 of the hold capacitor C and the
reflective pixel electrode 30. The active matrix drive circuit
50A employs a known frame inversion drive technique that
alternates video signals between positive and negative
polarities frame by frame. For example, video signals in a
frame period n are in a positive write period and those in a
frame period n+1 are in a negative write period. To pass a
video signal, the signal line 41 is connected to the source
electrode 19 or drain electrode 21 of the MOSFET 14, In this
example, the signal line 41 is connected to the source
electrode 19 as mentioned above. If the signal line 41 is
connected to the drain electrode 21, the source electrode 19
is connected to the capacitor electrode 24 of the hold
capacitor C and the reflective pixel electrode 30.

The reflective LCD 10A of the prior art must supply a first
fixed potential (hereinafter referred to as the well potential)
to the MOSFET 14 and a second fixed potential (hereinafter
referred to as the common potential) to the hold capacitor C.

The well potential (first fixed potential) to the MOSFET
14 is a fixed potential, for example, a voltage of 0 V and is
supplied between the gate line 45 and the well line (first
fixed potential line) 42. The well line 42 is connected to the
well potential contact 36 (FIGS. 2A and 3) on the p*
electrode 35 (FIG. 2A) formed in the p~ well region 12.
When an n~ well region is employed, a well potential of, for
example, 15 V may be employed.

The common potential (second fixed potential) to the hold
capacitor C s a fixed potential, for example, a voltage of 8.5
V and is applied between the capacitor electrode 24 of the
hold capacitor C and the common line (second fixed poten-
tial line) 43. The common line 43 is connected to the
common potential contact 37 (FIGS. 2B and 3) formed on
the diffusion capacitor electrode 22. The common potential
may have an optional voltage value to form the hold
capacitor C. It may preferably be set to a center value (for
example, 8.5 V) of a video signal, so that a voltage applied
to the hold capacitor C may be half a source voltage. In this
case, a hold capacitor withstand voltage can be half the
source voltage, to make the insulating film 23 (FIG. 1) of the
hold capacitor C thinner and increase capacitance. The
larger the capacitance of the hold capacitor C, the more the
potential on the reflective pixel electrode 30 is stabilized to
prevent flickering and burning. The hold capacitor C accu-
mulates charge according to a potential difference between
the potential applied to the reflective pixel electrode 30 and
the common potential, holds the accumulated voltage during
an OFF state of the MOSFET 14 or an unselected period,
and continuously applies the held voltage to the reflective
pixel electrode 30.

To selectively drive one of the pixels by the active matrix
drive circuit S0A of the reflective LCD 10A according to the
prior art, video signals are sequentially supplied to the video
line 53, and one of the video signals is supplied to one signal
line 41 through the video switch 52. Then a MOSFET 14
positioned at an intersection of the signal line in question
and a selected gate line 45 is turned on to drive the pixel.

The video signal is supplied through the signal line 41 to
the selected reflective pixel electrode 30 and is written, as
charge, into the hold capacitor C. At the same time, a
potential difference is produced between the reflective pixel
electrode 30 and common electrode 32 in response to the
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video signal, to modulate the optical characteristic of the
liquid crystal 31. Consequently, the read light L (FIG. 1)
coming from the transparent substrate 33 is modulated pixel
by pixel in the liquid crystal 31, the modulated light is
reflected by the reflective pixel electrode 30, and the
reflected light is emitted outside from the transparent sub-
strate 33. Therefore, unlike the transmission LCD, the
reflective LCD can utilize nearly 100% of the read light L
(FIG. 1), to provide finer and brighter images.

As explained with reference to FIG. 3, the reflective LCD
10A according to the prior art must arrange three lines, i.c.,
the signal line 41, well line 42, and common line 43 on the
first metal film 26 (FIG. 1) for each pixel column to connect
pixels therein. These lines or wires on the first metal film 26
(FIG. 1) make it difficult to reduce the size of each pixel. As
a result, the reflective LCD 10A according to the prior art
involves a matrix of large pixels on the p-type Si substrate
11.

SUMMARY OF THE INVENTION

In consideration of the problems of the prior art, an object
of the present invention is to provide a reflective LCD
capable of reducing the size of each pixel formed on a
semiconductor substrate.

According to an aspect of the present invention, there is
provided a reflective LCD having a matrix of pixels formed
on a semiconductor substrate, a transparent common
electrode, and liquid crystals. The pixels on the semicon-
ductor substrate are aligned in pixel columns and pixel rows.
Each of the pixels has a switching element formed in a well
region of the semiconductor substrate, a reflective pixel
electrode connected to the switching element, and a hold
capacitor connected to the switching element. The transpar-
ent common electrode is formed on a transparent substrate
and faces the reflective pixel electrodes. The liquid crystals
are sealed between the reflective pixel electrodes and the
transparent common electrode.

The reflective LCD includes at least two kinds of fixed
potential lines formed along adjacent ones of the pixel
columns, respectively. Each of the fixed potential lines is
connected to the pixels in the corresponding pixel column,
so that the fixed potential lines complementarily supply at
least two kinds of fixed potentials to every pixel in the
adjacent pixel columns.

According to this aspect of the present invention, the
pixels arranged on the semiconductor substrate are aligned
in columns and rows. At least two kinds of fixed potential
lines are formed along adjacent ones of the pixel columns,
respectively. Each of the fixed potential lines is connected to
the pixels in the corresponding pixel column, so that the
fixed potential lines may complementarily supply at least
two kinds of fixed potentials to every pixel in the adjacent
pixel columns. Compared with the prior art, this aspect can
reduce the number of fixed potential lines formed along the
pixel columns, to thereby reduce the area of each pixel on a
semiconductor substrate.

According to another aspect of the present invention,
there is provided a reflective LCD having a matrix of pixels
formed on a semiconductor substrate, a transparent common
electrode, and liquid crystals. The pixels on the semicon-
ductor substrate are aligned in pixel columns and pixel rows.
Each of the pixels has a switching element formed in a well
region of the semiconductor substrate, a reflective pixel
electrode connected to the switching element, and a hold
capacitor connected to the switching element. The transpar-
ent common electrode is formed on a transparent substrate
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6

and faces the reflective pixel electrodes. The liquid crystals
are sealed between the reflective pixel electrodes and the
transparent common electrode.

The pixels include first pixels aligned in first-pixel col-
umns and second pixels aligned in second-pixel columns.
The first- and second-pixel columns are alternated in a
horizontal (left-to-right) direction. The reflective LCD has a
first fixed potential line formed along each of the first-pixel
columns and connected to the well regions of the pixels in
the first-pixel column, to supply a first fixed potential to the
pixels in the first-pixel column and to the pixels in an
adjacent one of the second-pixel columns through the well
regions of the first-pixel column, and a second fixed poten-
tial line formed along each of the second-pixel columns and
connected to diffusion capacitor electrodes formed on the
hold capacitors of the pixels in the second-pixel column, to
supply a second fixed potential to each pixel in the second-
pixel column and to the pixels in an adjacent one of the
first-pixel columns through the diffusion capacitor elec-
trodes of the second-pixel column.

According to this aspect of the present invention, the
pixels arranged on the semiconductor substrate include first
pixels aligned in first-pixel columns and second pixels
aligned in second-pixel columns. The first- and second-pixel
columns are alternated in a horizontal direction. A first fixed
potential line is formed along each of the first-pixel columns
and is connected to the well regions of the pixels in the
first-pixel column, to supply a first fixed potential to the
pixels in the first-pixel column and to the pixels in an
adjacent one of the second-pixel columns through the well
regions of the first-pixel column. A second fixed potential
line is formed along each of the second-pixel columns and
is connected to diffusion capacitor electrodes formed on the
hold capacitors of the pixels in the second-pixel column, to
supply a second fixed potential to each pixel in the second-
pixel column and to the pixels in an adjacent one of the
first-pixel columns through the diffusion capacitor elec-
trodes of the second-pixel column. Compared with the prior
art, this aspect can reduce the number of first and second
fixed potential lines formed along pixel columns, to thereby
allow pixels on a semiconductor substrate to be smaller.

According to still another aspect of the present invention,
there is provided a reflective LCD having a matrix of pixels
formed on a semiconductor substrate, a transparent common
electrode, and liquid crystals. The pixels on the semicon-
ductor substrate are aligned in pixel columns and pixel rows.
Each of the pixels has a switching element formed in a well
region of the semiconductor substrate, a reflective pixel
electrode connected to the switching element, and a hold
capacitor connected to the switching element. The transpar-
ent common electrode is formed on a transparent substrate
and faces the reflective pixel electrodes. The liquid crystals
are sealed between the reflective pixel electrodes and the
transparent common electrode.

The pixels include first pixels aligned in first-pixel
columns, second pixels aligned in second-pixel columns,
and at least one kind of third pixels aligned in third-pixel
columns. The first- and second-pixel columns are alternated
in a horizontal direction with the third-pixel column inter-
posed between the adjacent first- and second-pixel columns.
The reflective LCD includes a first fixed potential line
formed along each of the first-pixel columns and connected
to the well regions of the pixels in the first-pixel column, to
supply a first fixed potential to the pixels in the first-pixel
column, to the pixels in an adjacent one of the second-pixel
columns through the well regions of the first-pixel column,
and to the pixels in an adjacent one of the third-pixel
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columns through the well regions of the first-pixel column.
Also included is a second fixed potential line formed along
each of the second-pixel columns and connected to diffusion
capacitor electrodes formed on the hold capacitors of the
pixels in the second-pixel column, to supply a second fixed
potential to the pixels in the second-pixel column, to the
pixels in an adjacent one of the first-pixel columns through
the diffusion capacitor electrodes of the second-pixel
column, and to the pixels in an adjacent one of the third-
pixel columns through the diffusion capacitor electrodes of
the second-pixel column. Further included is a pattern line
formed along each of the third-pixel columns or formed
within each of the third pixels. The pattern line is connected
to none of the first and second fixed potentials.

According to this aspect of the present invention, the
pixels include first pixels aligned in first-pixel columns,
second pixels aligned in second-pixel columns, and at least
one kind of third pixels aligned in third-pixel columns. The
first- and second-pixel columns are alternated in a horizontal
direction with the third-pixel column interposed between the
adjacent first- and second-pixel columns. A first fixed poten-
tial line is formed along each of the first-pixel columns and
is connected to the well regions of the pixels in the first-pixel
column, to supply a first fixed potential to the pixels in the
first-pixel column, to the pixels in an adjacent one of the
second-pixel columns through the well regions of the first-
pixel column, and to the pixels in an adjacent one of the
third-pixel columns through the well regions of the first-
pixel column. A second fixed potential line is formed along
each of the second-pixel columns and is connected to
diffusion capacitor electrodes formed on the hold capacitors
of the pixels in the second-pixel column, to supply a second
fixed potential to the pixels in the second-pixel column, to
the pixels in an adjacent one of the first-pixel columns
through the diffusion capacitor electrodes of the second-
pixel column, and to the pixels in an adjacent one of the
third-pixel columns through the diffusion capacitor elec-
trodes of the second-pixel column. A pattern line is formed
along each of the third-pixel columns or is formed within
cach of the third pixels. The pattern line is connected to none
of the first and second fixed potentials. Compared with the
prior art, this aspect can reduce the number of first and
second fixed potential lines formed along the pixel columns,
1o thereby allow pixels on a semiconductor substrate to be
smaller. Arranging the third-pixel column between the first-
and second-pixel columns improves the yields of reflective
LCDs.

The nature, principle and utility of the invention will
become more apparent from the following detailed descrip-
tion when read in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is an enlarged sectional view showing a model of
a pixel in a reflective LCD;

FIG. 2A s a sectional view taken along a plane parallel to
the surface of FIG. 1, showing a p~ well region;

FIG. 2B is a sectional view taken along a plane parallel to
the surface of FIG. 1, showing a hold capacitor;

FIG. 3 is an enlarged plan view showing a model of a
pixel in a reflective LCD according to a prior art;

FIG. 4A is a block diagram explaining an active matrix
drive circuit for a reflective LCD;

FIG. 4B is an enlarged view showing a model of a
transistor part of the circuit of FIG. 4A;
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FIGS. 5A and 5B are enlarged plan views showing pixels
A and B formed on a semiconductor substrate in a reflective
LCD according to an embodiment of the present invention,
in which FIG. 5A shows the pixel A and FIG. 5B the pixel
B;

FIGS. 6A and 6B are views explaining the pixel A of FIG.
5A, in which FIG. 6A is a sectional view taken along a plane
parallel to the surface of FIG. 1, to show a p~ well region and
FIG. 6B is a sectional view taken along a plane parallel to
the surface of FIG. 1, to show a hold capacitor;

FIGS. 7A and 7B are views explaining the pixel B of FIG.
5B, in which FIG. 7A is a sectional view taken along a plane
parallel to the surface of FIG. 1, to show a p~ well region and
FIG. 7B is a sectional view taken along a plane parallel to
the surface of FIG. 1, to show a hold capacitor;

FIG. 8 is a plan view showing pixel-A and pixel-B
columns formed on a semiconductor substrate in a reflective
LCD according to an embodiment of the present invention;

FIG. 9 is a plan view showing a first 3-column arrange-
ment including a pixel-A column, pixel-M column, and
pixel-B column in a reflective LCD according to an embodi-
ment of the present invention;

FIG. 10 is a plan view showing the first 3-column
arrangement of FIG. 9 with a short-circuited aluminum wire
caused by, for example, dust on the pixel-M column;

FIG. 11 is a plan view showing a second 3-column
arrangement including a pixel-A column, pixel-N column,
and pixel-B column in a reflective LCD according to an
embodiment of the present invention; and

FIG. 12 is a plan view showing the second 3-column
arrangement of FIG. 11 with short-circuited aluminum wires
caused by, for example, dust on the pixel-N column.

DETAILED DESCRIPTION OF EMBODIMENTS

Reflective LCDs according to various embodiments of the
present invention will be described with reference to FIGS.
1, 4A, and 4B explained already, as well as FIGS. 5Ato 12.

FIGS. 5A and 5B are enlarged plan views showing pixels
A and B formed on a semiconductor substrate in a reflective
LCD according to an embodiment of the present invention,
in which FIG. 5A shows the pixel A and FIG. 5B the pixel
B.

FIGS. 6A and 6B are views explaining the pixel A of FIG.
3A, in which FIG. 6A is a sectional view taken along a plane
parallel to the surface of FIG. 1, to show a p~ well region and
FIG. 6B is a sectional view taken along a plane parallel to
the surface of FIG. 1, to show a hold capacitor.

FIGS. 7A and 7B are views explaining the pixel B of FIG.
5B, in which FIG. 7A is a sectional view taken along a plane
parallel to the surface of FIG. 1, to show a p~ well region and
FIG. 7B is a sectional view taken along a plane parallel to
the surface of FIG. 1, to show a hold capacitor.

FIG. 8 is a plan view showing pixel-A and pixel-B
columns formed on a semiconductor substrate in a reflective
LCD according to an embodiment of the present invention.

Pixels in a reflective LCD according to an embodiment of
the present invention involve, like the prior art of FIG. 3,
signal lines 41, well lines 42, and common lines 43 among
which the well lines 42 and common lines 43 are differently
arranged from those of the prior art. The basic structure of
each pixel of the embodiment is similar to that of the
reflective LCD 10A of the prior art of FIG. 1, and therefore,
the reflective LCD of the embodiment is represented with a
reference mark “10B” in FIG. 1.

An active matrix drive circuit for the reflective LCD 10B
according to the embodiment of the present invention
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resembles the active matrix drive circuit 50A of the prior art
explained with reference to FIGS. 4A and 4B except that the
embodiment employs a different method in supplying a well
potential and a common potential. The active matrix drive
circuit of the embodiment is represented with a reference
mark “50B” in FIG. 4A.

Parts of the reflective LCD 10B of the embodiment that
correspond to those of the prior art are represented with like
reference marks and are explained only when needed. Parts
specific to the embodiment are represented with new refer-
ence marks and are explained in detail.

InFIG. 1 that is an enlarged view showing one pixel in the
reflective LCD 10B, a semiconductor substrate 11 serving as
a base is a p-type Si substrate. This substrate may be an
n-type Si substrate. In the semiconductor substrate
(hereinafter referred to as the p-type Si substrate) 11, a p~
well region 12 is isolated within the pixel by left and right
field oxide films 13A and 13B. In the p~ well region 12, a
MOSFET 14 is formed to serve as a switching element.

In FIGS. 4A and 4B, the active matrix drive circuit 50B
includes, in each pixel, the MOSFET 14, a reflective pixel
electrode 30 connected to the MOSFET 14, and a hold
capacitor C connected to the MOSFET 14. The pixels on the
p-type Si substrate 11 are arranged in a matrix of columns
and rows. Facing the reflective pixel electrodes 30 is a
transparent common electrode 32 formed on a transparent
substrate 33. Between the reflective pixel electrodes 30 and
the common electrode 32, liquid crystals 31 are sealed.
These arrangements are the same as those of the prior art.

The difference of the embodiment from the prior art will
be explained with reference to FIGS. SAto 7B. In FIGS. 5A
and 5B, the pixels on the p-type Si substrate 11 of the
reflective LCD 10B of the embodiment include first pixels A
(FIG. 5A) and second pixels B (FIG. 5B). Namely, the
reflective LCD 10B of the embodiment has two kinds of
pixel patterns.

In the pixel A (first pixel) of FIG. 5A, the MOSFET 14 has
a source S, gate G, and drain D that are horizontally aligned
at an upper left part of FIG. SA. For these source S, gate G,
and drain D, there are arranged a source contact (source
electrode) 19, gate electrode 16, and a drain contact (drain
electrode) 21, respectively. Below these elements, there is a
rectangular diffusion capacitor electrode 22 of a hold capaci-
tor C. This diffusion capacitor electrode 22 is smaller than
that of the prior art, and therefore, the rectangular reflective
pixel electrode 30 of the pixel A can be smaller than that of
the prior art.

For each column of the pixels A, a signal line 41A is
formed. More precisely, the signal line 41A is arranged
along each column of the pixels A and is connected to the
source contacts (source electrodes) 19 of the pixels A in the
column. Further, a well line 42A is arranged along each
column of the pixels A and is connected to well potential
contacts 36 of the pixels A in the column. The pixel-A
column has no common line. Between the signal line 41A
and the well line 42A, a connection line 44A is formed
within each pixel and is connected to the drain contact 21
located thereabove and a capacitor electrode contact 34
located therebelow. The connection line 44A runs substan-
tially in parallel with the signal line 41A and well line 42A.
A gate line 45 is connected to the gate electrode 16 and is
also connected to other pixels that are in the same row where
the pixel in question is present.

In FIG. 6A that shows a cross-sectional plane of the p~
well region 12 parallel to the surface of FIG. 1, the pixel A
has a p* electrode 35 on the p~ well region 12, and on the
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p* electrode 35, the well potential contact 36 made of
aluminum wiring. The well potential contact 36 is connected
to the well line 42A (FIG. 5A) on a first metal film 26.

In FIG. 6B that shows a cross-sectional plane of the hold
capacitor C parallel to the surface of FIG. 1, the pixel A has
no common potential contact of aluminum wiring on the
diffusion capacitor electrode 22 of the hold capacitor C.
Namely, the pixel A has no common line on the first metal
film 26.

Next, like the pixel A, the pixel B of FIG. 5B has the
MOSFET 14 whose source S, gate G, and drain D are
horizontally aligned at an upper left part of FIG. SB. For
these source S, gate G, and drain D, there are arranged a
source contact (source electrode) 19, a gate electrode 16, and
a drain contact (drain electrode) 21, respectively. Below
these elements, the rectangular diffusion capacitor electrode
22 of the hold capacitor C is smaller than that of the prior art.
As a result, the rectangular reflective pixel electrode 30 of
the pixel B can be smaller than that of the prior art.

Like the pixels A, the pixels B in each pixel-B column are
provided with a signal line 41B. The signal line 41B extends
along cach pixel-B column (FIG. 8) and connects to the
source contacts (source electrodes) 19 of the pixels B in the
pixel-B column. Unlike the pixel-A column, a common line
43B is arranged along each pixel-B column and is connected
to the common potential contacts 37 of the pixels B in the
pixel-B column. The pixel-B columns have no well line.
Between the signal line 41B and the common line 43B, a
connection line 44B is formed within each pixel B and is
connected to the drain contact 21 located thereabove and
capacitor electrode contact 34 located therebelow of the
pixel B. The connection line 44B runs substantially in
paralle] with the signal line 41B and common line 43B. Like
that of the pixel A, the gate electrode 16 of the pixel B is
connected to a gate line 45, which is connected to other
pixels in the same row where the pixel B in question is
present.

In FIG. 7A that shows a cross-sectional plane of the p~
well region 12 parallel to the surface of FIG. 1, the pixel B
has no p™* electrode on the p~ well region 12, and therefore,
there is no well potential contact. Namely, there is no well
line on the first metal film 26 for the pixel B.

In FIG. 7B that shows a cross-sectional plane of the hold
capacitor C parallel to the surface of FIG. 1, the pixel B has
a common potential contact 37 of aluminum wiring on the
diffusion capacitor electrode 22 of the hold capacitor C. The
common potential contact 37 is connected to the common
line 43B (FIG. 5B) on the first metal film 26.

FIG. 8 shows an example of arrangement of the pixels A
and B on the p-type Si substrate 11.

On the p-type Si substrate 11 in FIG. 8, the pixels A (first
pixels) are arranged in a pixel-A column, and the pixels B
(second pixels) are arranged in a pixel-B column. The
pixel-A and pixel-B columns are alternately arranged in a
horizontal direction. Namely, the pixels on the p-type Si
substrate 11 include the pixels A that are aligned in a vertical
(top-to-bottom) direction into the pixel-A columns and the
pixels B that are aligned in the vertical direction into the
pixel-B columns. The pixel-A columns and pixel-B columns
are arranged adjacent to each other and alternated in a
horizontal (left-to-right) direction. For the sake of simplicity,
FIG. 8 shows only one pixel-A column containing two pixels
A and one pixel-B column containing two pixels B.

Each pixel-A column is provided with the signal line 41A
connected to the pixels A in the pixel-A column, and each
pixel-B column is provided with the signal line 41B con-
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nected to the pixels B in the pixel-B column. The connection
line 44A is formed within each pixel A substantially in
parallel with the signal line 41A, and the connection line
44B is formed within each pixel B substantially in parallel
with the signal line 41B. In each row of the alternating pixels
A and B, the gate line 45 is connected to these pixels.

In each pixel-A column, the well line 42A is connected to
the well potential contacts 36 of the p* electrodes 35 (FIG.
6A) on the p~ well regions 12 of the pixels A. The pixel-A
column, however, has no common line. On the other hand,
in each pixel-B column, the common line 43B is connected
to the common potential contacts 37 of the diffusion capaci-
tor electrodes 22 on the hold capacitors C of the pixels B.
The pixel-B column, however, has no well line.

With these arrangements, the well line 42A supplies a well
potential to the pixel-A column. At this time, a common
potential for the pixel-A column is supplied through the
diffusion capacitor electrodes 22 of the hold capacitors C of
the adjacent pixel-B column. Generally, each diffusion
capacitor electrode 22 of the hold capacitor C formed by
implanting ions into the p-type Si substrate 11 has larger
resistance compared with an aluminum electrode. This
resistance, however, is sufficiently low in a distance of
several tens of microns, to cause no problem in supplying
the common potential to the pixel-A column.

On the other hand, a common potential for the pixel-B
column is supplied from the common line 43B. At this time,
a well potential for the pixel-B column is supplied through
the p~ well regions 12 of the adjacent pixel-A column.
Generally, the p* electrode 35 (FIG. 6A) formed by implant-
ing ions into the p~ well region 12 has larger resistance
compared with an aluminum electrode. This resistance,
however, is sufficiently low in a distance of several tens of
microns, to cause no problem in supplying the well potential
to the pixel-B column.

In this way, the embodiment arranges the well line (first
fixed potential line) 42A for each pixel-A column, and the
common line (second fixed potential linc) 43B for cach
pixel-B column, to supply the well potential (first fixed
potential) and common potential (second fixed potential) to
the pixel-A and pixel-B columns complementarily from the
well line 42A connected to the pixel-A column and the
common line 43B connected to the pixel-B column. This
results in reducing the number of aluminum wires on the first
metal film 26 (FIG. 1) and minimizing the area of each pixel.
As a result, pixels on the p-type Si substrate 11 can be made
finer.

The embodiment mentioned above employs a p-type Si
substrate as the semiconductor substrate 11 and supplies two
fixed potentials, i.e., the well potential (first fixed potential)
and common potential (second fixed potential) to pixels in
adjacent pixel-A and pixel-B columns complementarily
from the adjacent pixel-A and pixel-B columns. The present
invention is not limited to complementarily supplying two
fixed potentials. The present invention can complementarily
supply more than two fixed potentials.

For example, if the semiconductor substrate 11 of FIG. 1
is an n-type Si substrate, three fixed potentials must be
supplied to cach pixel. Namely, a p-well potential (first fixed
potential), a common potential (second fixed potential), and
an n-well potential (third fixed potential) are needed. To
supply these potentials to each pixel in each column, a prior
art must provide each pixel column with a p-well line (first
fixed potential line) to supply the p-well potential, a com-
mon line (second fixed potential line) to supply the common
potential, and an n-well line (third fixed potential line) to
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supply the n-well potential. On the other hand, the present
invention with the above-mentioned technique prepares only
one fixed potential line for each pixel column. More
precisely, the present invention distributes two or more fixed
potential lines for supplying two or more fixed potentials to
two or more pixel columns and connects the fixed potential
lines to the pixels of the pixel columns, respectively, so that
the two or more fixed potentials are supplied to each pixel
complementarily from the adjacent or adjoining pixel col-
umns. For example, the p-well potential, common potential,
and n-well potential are supplied to each pixel complemen-
tarily from the first to third fixed potential lines. This realizes
finer pixels to be formed on a semiconductor substrate.

The technique of supplying the well potential and com-
mon potential to the pixel-A and pixel-B columns comple-
mentarily from the pixel-A and pixel-B columns may be
expanded to interposing a pixel-M or pixel-N column to
which no well potential line nor common potential line is
connected between the pixel-A column and the pixel-B
column. This technique will briefly be explained with ref-
erence to FIGS. 9 to 12.

FIG. 9 s a plan view showing a reflective LCD according
to another embodiment of the present invention, having a
first 3-column arrangement. This arrangement includes
pixel-A, pixel-M, and pixel-B columns formed on a semi-
conductor substrate. FIG. 10 is a plan view showing a
short-circuited aluminum wire caused by, for example, dust
on the pixel-M column.

FIG. 11 is a plan view showing a reflective LCD accord-
ing to still another embodiment of the present invention,
having a second 3-column arrangement. This arrangement
includes pixel-A, pixel-N, and pixel-B columns formed on a
semiconductor substrate. FIG. 12 is a plan view showing
short-circuited aluminum wires caused by, for example, dust
on the pixel-N column.

In FIG. 9, the first 3-column arrangement forms pixels on
a p-type Si substrate 11 such that pixels A (first pixels) are
vertically aligned in a pixel-A column(first-pixel column),
pixels B (second pixels) in a pixel-B column (second-pixel
column), and pixels M (third pixels) in a pixel-M column
(third-pixel column). These pixel columns are sequentially
arranged in a horizontal direction in order of the pixel-A
column, pixel-M column, pixel-B column, pixel-A column,
and the like. Namely, the pixel-M column is sandwiched
between the pixel-A and pixel-B columns, and a group of
pixel-A, pixel-M, and pixel-B columns is repeatedly
arranged in a horizontal direction.

An interval between the pixel-A and pixel-B columns may
involve at least one pixel column of at least one kind such
as the pixel-M column.

Asignal line 41M is connected to source contacts (source
electrodes) 19 of the pixels M contained in the pixel-M
column. An aluminum pattern line 46 is arranged along the
pixel-M column to commonly serve for the pixels M in the
pixel-M column and is connected to neither well potential
nor common potential. The aluminum pattern line 46 is a
dummy line to balance or equalize the wiring of the pixel-M
column with that of the pixel-A or pixel-B column.

Between the signal line 41M and the aluminum pattern
line 46, a connection line 44M is formed within each pixel
M substantially in parallel with the signal line 41M and
aluminum pattern line 46.

In this first 3-column arrangement, a well potential for
each pixel A in the pixel-A column is supplied through a well
line 42A connected to well potential contacts 36 of the pixels
A, and a common potential for each pixel A in the pixel-A
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column is supplied through diffusion capacitor electrodes 22
of hold capacitors C in the pixels B of the left pixel-B
column.

A well potential for the pixel-B column is supplied
through p~ well regions 12 of the right pixel-A column, and
a common potential for the pixel-B column is supplied from
a common line 43B connected to common potential contacts
37 of the pixel-B column.

A well potential for the pixel-M column is supplied
through the p~ well regions 12 of the left pixel-A column,
and a common potential for the pixel-M column is supplied
through the diffusion capacitor electrodes 22 on the hold
capacitors C of the right pixel-B column.

In this way, the first 3-column arrangement arranges the
well line 42A for each pixel-A column and the common line
43B for each pixel-B column, so that the well potential and
common potential for the pixel-A, pixel-M, and pixel-B
columns are supplied complementarily from the well line
42A and common line 43B connected to the pixel-A and
pixel-B columns. This arrangement results in reducing the
number of aluminum wires on the first metal film 26 (FIG.
1) as well as the area of each pixel, thereby making each
pixel on the p-type Si substrate 11 finer.

FIG. 10 shows a short circuit occurred in the first
3-column arrangement. Namely, a part of the connection line
44 in the pixel-M column is short-circuited, on the first metal
film 26 (FIGS. 1 and 6), to the common aluminum pattern
line 46 due to, for example, dust. The common aluminum
pattern line 46 is connected to neither well potential nor
common potential, and therefore, the short-circuited part in
the pixel-M column never causes a pixel defect.
Accordingly, arranging the pixel-M column between the
pixel-A and pixel-B columns improves the yields of reflec-
tive LCDs 10B of the present invention.

FIG. 11 shows the second 3-column arrangement. Pixels
arranged on a p-type Sisubstrate 11 are classified into pixels
A (first pixels) vertically aligned in a pixel-A column
(first-pixel column), pixels B (second pixels) in a pixel-B
column (second-pixel column), and pixels N (third pixels) in
a pixel-N column, which is positioned between the pixel-A
and pixel-B columns. The pixel-A, pixel-N, and pixel-B
columns are repeatedly arranged in this order in a horizontal
direction.

The pixel-N column is provided with a signal line 41N
that is connected to source contacts (source electrodes) 19 of
the pixels N in the pixel-N column. Unlike the arrangement
of FIGS. 9 and 10, an aluminum pattern line 47 of FIGS. 11
and 12 is formed within each pixel N. The aluminum pattern
line 47 is connected to neither well potential nor common
potential. Between the signal line 41N and the aluminum
pattern line 47, a connection line 44N is formed within each
pixel N in parallel with the signal line 41N and aluminum
pattern line 47.

In this second 3-column arrangement, a well potential for
the pixel-A column is supplied through a well line 42A
connected to well potential contacts 36 of the pixels A of the
pixel-A column, and a common potential for the pixel-A
column is supplied through diffusion capacitor electrodes 22
of hold capacitors C of the left pixel-B column.

A well potential for the pixel-B column is supplied
through p~ well regions 12 of the right pixel-A column, and
a common potential for the pixel-B column is supplied
through a common line 43B connected to common potential
contacts 37 of the pixels B in the pixel-B column.

A well potential for the pixel-N column is supplied
through the p~ well regions 12 in the left pixel-A column,

20

35

40

45

50

55

60

14

and a common potential for the pixel-N column is supplied
through the diffusion capacitor electrodes 22 of the hold
capacitors C in the right pixel-B column.

In this way, the second 3-column arrangement arranges
the well line 42A for each pixel-A column and the common
line 43B for each pixel-B column, so that the well potential
and common potential for the pixel-A, pixel-N, and pixel-B
columns are supplied complementarily from the well line
42A and common line 43B arranged for the pixel-A and
pixel-B columns. This results in reducing the number of
aluminum wires on the first metal film 26 (FIG. 1) as well
as the area of each pixel. Accordingly, each pixel formed on
the p-type Si substrate 11 can be made finer.

FIG. 12 shows short circuits caused in the second
3-column arrangement. Namely, parts of the connection
lines 44 in the pixel-N column are short-circuited, on the
first metal film 26 (FIGS. 1 and 6), to the aluminum pattern
lines 47 of two pixels due to, for example, dust. These
aluminum pattern lines 47 are connected to neither well
potential nor common potential, and therefore, the short-
circuited parts never cause pixel defects. Consequently,
arranging the pixel-N column between the pixel-A and
pixel-B columns improves the yields of reflective LCDs 10B
of the present invention.

It should be understood that many modifications and
adaptations of the invention will become apparent to those
skilled in the art and it is intended to encompass such
obvious modifications and changes in the scope of the
claims appended hereto.

What is claimed is:

1. A reflective liquid crystal display having a matrix of
pixels formed on a semiconductor substrate, a transparent
common electrode, and liquid crystals, the pixels on the
semiconductor substrate being aligned in pixel columns and
pixel rows, each of the pixels having a switching element
formed in a well region of the semiconductor substrate, a
reflective pixel electrode connected to the switching
element, and a hold capacitor connected to the switching
element, the transparent common electrode being formed on
a transparent substrate and facing the reflective pixel
electrodes, the liquid crystals being sealed between the
reflective pixel electrodes and the transparent common
electrode, the reflective liquid crystal display comprising:

the pixels including first pixels aligned in first-pixel
columns and second pixels aligned in second-pixel
columns, the first- and second-pixel columns being
alternated in a horizontal direction;

a first fixed potential line formed along each of the
first-pixel columns and connected to the well regions of
the pixels in the first-pixel column, to supply a first
fixed potential to the pixels in the first-pixel column
and to the pixels in an adjacent one of the second-pixel
columns through the well regions of the first-pixel
column; and

a second fixed potential line formed along each of the
second-pixel columns and connected to diffusion
capacitor electrodes formed on the hold capacitors of
the pixels in the second-pixel column, to supply a
second fixed potential to each pixel in the second-pixel
column and to the pixels in an adjacent one of the
first-pixel columns through the diffusion capacitor elec-
trodes of the second-pixel column.

2. A reflective liquid crystal display having a matrix of
pixels formed on a semiconductor substrate, a transparent
common electrode, and liquid crystals, the pixels on the
semiconductor substrate being aligned in pixel columns and
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pixel rows, each of the pixels having a switching element
formed in a well region of the semiconductor substrate, a
reflective pixel electrode connected to the switching
element, and a hold capacitor connected to the switching
element, the transparent common electrode being formed on
a transparent substrate and facing the reflective pixel
electrodes, the liquid crystals being sealed between the
reflective pixel electrodes and the transparent common
electrode, the reflective liquid crystal display comprising:

the pixels including first pixels aligned in first-pixel
columns, second pixels aligned in second-pixel
columns, and at least one kind of third pixels aligned in
third-pixel columns, the first- and second-pixel col-
umns being alternated in a horizontal direction with the
third-pixel column interposed between the first- and
second-pixel columns;

a first fixed potential line formed along each of the
first-pixel columns and connected to the well regions of
the pixels in the first-pixel column, to supply a first
fixed potential to the pixels in the first-pixel column, to
the pixels in an adjacent one of the second-pixel
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columns through the well regions of the first-pixel
column, and to the pixels in an adjacent one of the
third-pixel columns through the well regions of the
first-pixel column;

a second fixed potential line formed along each of the

second-pixel columns and connected to diffusion
capacitor electrodes formed on the hold capacitors of
the pixels in the second-pixel column, to supply a
second fixed potential to the pixels in the second-pixel
column, to the pixels in an adjacent one of the first-
pixel columns through the diffusion capacitor elec-
trodes of the second-pixel column, and to the pixels in
an adjacent one of the third-pixel columns through the
diffusion capacitor electrodes of the second-pixel col-
umn; and

a pattern line formed along each of the third-pixel col-

umns or formed within each of the third pixels, the
pattern line being connected to none of the first and
second fixed potentials.
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