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(54) Silicon-chip-display cell structure

(57) A Silicon-Chip-Display (SCD) cell structure op-
erable in a field sequential mode for use in liquid crystal
display (LCD) devices and a method for operating the
same provided. The SCD cell structure is formed of first
through third write-enable transistors, first through third
storage capacitors, and first through third display-ena-
ble transistors. In one preferred embodiment, each of

the write-enable transistors is sequentially turned on so
to pre-load video data into the corresponding storage
capacitors during one color-field time prior to when each
of the corresponding display-enable transistors is se-
quentially turned on for displaying an associated color-
field. As a consequence, there is rendered a higher qual-
ity video image by allowing the LC response time and/
or the light-strobing time to be increased
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention:

[0001] In recent years, as notebook computers have
become more and more compact and lighter in weight
so that they can be easily portable and used almost an-
ywhere, a liquid crystal display has been considered a
very important screen display device for holding display
data. One conventional display device for holding dis-
play data in units of pixels is sometimes referred to as
a TFT (Thin-Film-Transistor) active matrix type liquid
crystal display device or TFT LCD device which has
many pixels arranged in a matrix. A color pixel is formed
usually by combining three pixels. However, the size of
a conventional TFT LCD device is relatively large when
used for the screen display of a notebook computer. In
view of its large size, the conventional TFT LCD device
can only be fabricated on a piece of large glass sub-
strate with polysilicon thin-film transistors.
[0002] As a consequence, there has been developed
in the last few years a new class of mini-displays which
are based on a single crystal silicon substrate. These
newer mini-displays can be manufactured using current
CMOS technological processes, which can provide bet-
ter yield and a higher level circuit integration than the
existing TFT LCD devices. These mini-displays are re-
ferred to as Silicon-Chip-Display (SCD) devices, which
are in essence miniature versions of the TFT LCD de-
vice. In fact, the LCD portion of the mini-display is quite
similar to that of the TFT LCD device, but is made on a
much smaller scale, e.g., on top of a silicon chip. The
image on top of the mini-display is typically magnified
for viewing by an optical system. Dependent upon the
particular application, the optical system may be quite
complex.
[0003] The specific applications for the SCD devices
can be generally classified into three major categories.
Firstly, the current important application is the one for
use in the area of very large screen projectors in which
the size of the display device is on the order of thirty
inches or more. Secondly, there is an application for uti-
lization as a desktop computer monitor, where the size
of the display device is in the range between seventeen
and twenty-one inches. Lastly, the third application for
the SCD devices is for use as a portable personal dis-
play unit.

2. Description of the Prior Art:

[0004] There is shown in Figure 1 a simplified per-
spective view of a conventional Silicon-Chip-Display
(SCD) device 10, labeled "Prior Art," which includes a
piece of silicon chip substrate 12, a plurality of bonding
pads 14 disposed on its peripheral edges, and a display
cell array 16 located in the central part of the substrate

12. A circuit area 18 is positioned around the cell array
16. A top glass cover 20 having a seal-ring 22 is securely
mounted over the display cell/the circuit area with a liq-
uid crystal (LC) layer sandwiched therebetween. Typi-
cally, the silicon chip substrate 12 has a dimension of
less than 20 millimeters on each of its sides. Unlike the
prior art TFT-LCD display being operated in the Trans-
missive Mode, the SCD device is operated in the Re-
flective Mode due to the fact that the silicon substrate is
not transparent to light.
[0005] In Figure 2, there is illustrated a schematic cir-
cuit diagram of a conventional SCD cell 24 which is com-
prised of an access transistor T1a having a gate, drain,
and source and a large storage capacitor Cs. The gate
of the access transistor is connected to a wordline WL.
The source of the access transistor is connected to a
bitline BL, and its drain thereof is connected to one end
of the storage capacitor Cs and to a mirror plate 26. The
other end of the capacitor is connected to a ground po-
tential. A top electrode 28 is formed in a spaced-apart
relationship to the mirror plate 26 with an LC layer 30
sandwiched therebetween. The mirror plate 26 func-
tions optically as a light reflective mirror as indicated by
arrows 29,31 and operates electrically as a LC modula-
tor.
[0006] The cell structure 24 of Figure 2 is sometimes
referred to as a DRAM-type cell due to the fact that it
resembles closely the one-transistor cell of a conven-
tional DRAM device. However, there are two major fac-
tors which render the SCD cell structure to be smaller
than the conventional TFT-LCD display device. First, a
gate insulating film used for forming the storage capac-
itor is extremely thin and thus the surface area thereof
can be made smaller than the conventional TFT device.
Secondly, since the SCD cell is operated in the Reflec-
tive Mode rather than in the Transmissive Mode the ac-
cess transistor can be fabricated at any location under
the mirror plate without causing a blockage of light. Fur-
ther, the SCD cell structure has the advantage of being
able to utilize the current CMOS silicon technology so
as to fabricate integrated drivers and other integrated
circuits onto the silicon substrate, thereby achieving a
more compact and highly reliable display device. This
cell structure is also called a 1C1M (one-capacitor one-
mirror) cell.
[0007] In order to generate a color image from the
SCD display device, there are various known tech-
niques used dependent upon the type of application. For
example, in a large screen projection type color display
device there are always used three SCD devices togeth-
er with precision optics so as to process the three colors,
corresponding to red (R), green (G), and blue (B). On
the other hand, in a portable type display device where
there is a concern for size, weight, and/or cost only one
SCD device is used on which is a color image must be
generated. In order to achieve the color image for the
portable display, there are used three-pixel cells within
the SCD device which is then covered with color filters
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for the corresponding RGB colors. However, the pixel
array area becomes then approximately three times
larger which is unsuitable for a high yield on the CMOS
silicon technology. In addition, the use of color filters
makes the standard CMOS silicon process more com-
plex and thus increases cost.
[0008] In order to overcome these disadvantages,
there have been developed a prior art technique of cre-
ating a color image in a one-pixel cell which is referred
to as a "Field Sequential" (FS) method. This FS method
writes RGB data to each of the one-pixel cells in the pixel
array in three sequential operations at three times the
clock rate. During each of the three sequential opera-
tions, a corresponding RGB light source is activated
synchronously.
[0009] This FS method will function acceptably as
long as the response time of the liquid crystal LC is suf-
ficient enough. If this is the case, then the three sequen-
tial colors will be effectively combined into a single color
image. Therefore, the effective LC response time for
each of colors is 1/3 of the frame time reduced by the
amount of time it takes to write a color field. However, a
serious problem arises when this FS method is utilized
in a relatively large display device. This is because there
may not be enough time for the LC to respond. For in-
stance, a standard 60 frames/sec video signal has a to-
tal time of 16.67 ms for displaying a frame. In the case
of the three-pixel cells where the RGB colors can be
processed in parallel, each color has a full frame time
so as to process and then display the video data. On the
other hand, in the FS operation each of the colors has
only 1/3 of the frame time or 5.56 ms in order to write
data to the storage capacitors, to then wait for the LC to
respond, and to then finally strobe the pixel array with
the corresponding RGB light source. The length of time
for light strobing (LS) the pixel array will determine the
bright of the color image. Consequently, in order to
achieve a high quality video in the SCD device operated
with the FS method, it has become necessary to effec-
tively increase the LS time.
[0010] Accordingly, it is still desirable to provide an im-
proved SCD cell structure operable in a field sequential
mode for use in a liquid crystal devices. Further, it would
be expedient that the SCD cell structure include circuit
means for increasing effectively the length of the LS
time. This is achieved in the described preferred embod-
iment of the present invention by the provision of a novel
SCD cell structure which includes multiple storage ca-
pacitors for storing video data prior to corresponding
color-field times for display.

SUMMARY OF THE INVENTION

[0011] We will describe an improved SCD cell struc-
ture operable in a field sequential mode for use in liquid
crystal devices which overcomes the problems of the
prior art display devices.
[0012] We will describe an improved SCD cell struc-

ture operable in a field sequential mode for use in liquid
crystal devices which has a better yield and a higher lev-
el circuit integration than existing display devices.
[0013] We will describe an improved SCD cell struc-
ture operable in a field sequential mode for use in liquid
crystal devices which has a higher quality color image
than conventional display devices.
[0014] We will describe an improved SCD cell struc-
ture operable in a field sequential mode for use in liquid
crystal devices which includes circuit means for increas-
ing effectively the length of the light strobing time.
[0015] In accordance with a preferred embodiment of
the present invention, there is provided a Silicon-Chip-
Display (SCD) cell structure operable in a field sequen-
tial mode for use in liquid crystal display (LCD) devices
and a method for operating the same provided. The
SCD cell structure is formed of first through third write-
enable transistors, first through third storage capacitors,
and first through third display-enable transistors. Each
of the write-enable transistors is sequentially turned on
so to pre-load video data into the corresponding storage
capacitors during one color-field time prior to when each
of the corresponding display-enable transistors is se-
quentially turned on for displaying an associated color-
field. As a consequence, there is rendered a higher qual-
ity video image by allowing the LC response time and/
or the light-strobing time to be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other features and advantages of
the present invention will become more fully apparent
from the following detailed description when read in con-
junction with the accompanying drawings with like ref-
erence numerals indicating corresponding parts
throughout, wherein:

Figures 1 is an exploded, perspective view of a con-
ventional SCD display device;

Figures 2 is a schematic circuit diagram of a con-
ventional SCD cell structure of Figure 1;

Figure 3 is a timing diagram showing the sequences
of operation of the SCD cell structure of Figure 2 in
a field-sequential mode;

Figure 4 is a schematic circuit diagram of the im-
proved SCD cell structure, constructed in accord-
ance with the principles of the present invention;

Figure 5 is a top plan view of a single square pixel
of the present invention, illustrating the location of
the elements of Figure 4;

Figure 6 is a timing diagram showing one embodi-
ment of the sequences of operation of the present
SCD cell structure of Figure 4, in accordance with
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the present invention; and

Figure 7 is a timing diagram showing a second em-
bodiment of the sequences of operation of the
present SCD cell structure of Figure 4, in accord-
ance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Before describing in detail the improved SCD
cell structure for use in liquid crystal devices of the
present invention, it is believed that it would be helpful
in understanding the principles of the instant invention
and to serve as a background by explaining initially the
timing sequence of a field-sequential (FS) mode of op-
eration in accordance with the conventional SCD cell
structure of Figure 2 with reference to Figure 3. Thus,
the conventional SCD cell structure operated in a FS
mode will now be described hereinbelow as well as the
problems associated therewith.
[0018] As can be seen, the horizontal axis 32 is a plot
of time wherein a period bounded by the vertical double-
lines 34 and 36 represents a single frame time of 16.67
ms for a standard 60 frames/sec video signal. The frame
time is divided into three equal amounts of time (5.56
ms) each defining a color-field time. The red (R) field
time is bounded by the double-lines 34 and a single ver-
tical line 38. The green (G) field time is bounded by the
single vertical line 38 and another single vertical line 40.
The blue (B) field time is bounded by the single vertical
line 40 and the vertical double-lines 36. Further, each of
the three color-field times are separated into four pipe
times W, X, Y, and Z by vertical dash-lines 42-46, 48-52,
and 54-58, respectively.
[0019] The first pipe time W defines an array write
time which is the time that it takes to write data into the
storage capacitors Cs on a line-by-line basis across the
entire SCD display array. The length of the write-time
for each line is controlled primarily by the RC time-con-
stants of the rather lengthy wordlines WL and bitlines
BL. Of course, the total write-time of the array is depend-
ent upon its size. For example, in an industrial standard
VGA array of 640 horizontal lines by 480 vertical lines,
the pipe time W would be on the order of 2 ms assuming
a writing speed of 4 us/line.
[0020] The second pipe time X defines a LC response
time which is the time that it takes the liquid crystal to
respond to a voltage stored on the storage capacitor Cs.
This LC response time can vary greatly since it is de-
pendent upon the composition, type, temperature and
the like. The reason for allocating such second pipe time
X is to allow time for the LC to respond to the lines that
are written later into the field. Without such a buffering
time interval, a color cross-talk might occur where the
light strobing is performed on a LC cell while it still has
data from the previous field.
[0021] The third pipe time Y defines a light strobing

(LS) time which is the time interval when a correspond-
ing light source is activated or turned on so as to view
the image. In order to obtain a brighter image, the pipe
time Y should be made as long as possible. Lastly, the
fourth pipe time Z is defines a control time which is the
time used for field switching, mirror discharging, and
generating of other control signals. This pipe time Z is
relatively much shorter that the other pipe times W, X,
and Y and is on the order of a few microseconds. It is
estimated that the pipe times W, X, and Y are approxi-
mately 2 ms, 2 ms, and 1.55 ms, respectively.
[0022] The disadvantage of this FS mode of operation
just described with respect to the prior art one-capacitor
one-mirror SCD cell of Figure 2 is that the sequence of
the four pipes times W, X, Y, and Z for the R field-time
is then repeated for the G field-time and the B field-time.
Thus, a display signal is also turned-on to connect the
respective RGB capacitors to the mirror plate for the
field time of 5.56 ms each. As a result, there will be a 2
ms pipe time W for each color, thereby preventing the
increase of the corresponding pipe time Y within the
color-field time. In view of this, the inventor has devel-
oped a novel SCD cell structure for field sequential ap-
plications in which the pipe time Y in each color-field
time can be increased so as to provide a higher quality
video.
[0023] Referring now to Figure 4, there is shown a
schematic circuit diagram of an improved SCD cell
structure 124 of the present invention which is com-
prised of three write-enable transistors T1, T2, and T3
each having a gate, source and drain and three storage
capacitors Cs_R, Cs_G, and Cs_B. The gates of the
write-enable transistors are connected to corresponding
wordlines WL_R, WL_G and WL_B , respectively. The
sources of the write-enable transistors are all connected
to a single shared bitline BLA. The drains of the transis-
tors T1-T3 are connected to one end of the associated
storage capacitors Cs_R, Cs_G, and Cs_B at respec-
tive internal nodes A, B, and C. The other ends of the
three capacitors are connected to a ground potential.
[0024] Further, the SCD cell structure includes three
display-enable transistors T4, T5, and T6 each having
a gate, source, and drain. The gates of the display-en-
able transistors are connected to corresponding dis-
play-enable lines DE_R, DE_G, and DE_B, respective-
ly. The drains of transistors T4-T6 are connected togeth-
er at a common node M and to a mirror plate 126. A top
electrode 128 is formed in a spaced-apart relationship
to the mirror plate 126 with a LC layer 130 sandwiched
therebetween. The sources of the display-enable tran-
sistors are connected to the respective nodes A, B and
C.
[0025] For testing purposes, the SCD cell structure
124 also includes a pair of read transistors T7 and T8
which are used to read out the analog voltage stored on
the mirror plate 126. In addition, there is provided a dis-
charge transistor T9 for discharging the voltage on the
mirror plate during the field switching times prior to
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switching to another color-field time. This serves to pre-
vent a potential color cross-talk. The transistor T7 has
its gate connected to a wordline WL_RD, its source con-
nected also to the bitline BLA, and its drain connected
to the source of the transistor T8. The transistor T8 has
its gate connected to the source of the transistor T9 and
to the common node M. The drain of the transistor T8 is
connected to drain of the transistor T9 and to a common
node N for receiving a supply potential V_mir. This sup-
ply potential V_mir is also applied to the top electrode
128. The gate of the discharge transistor T9 is connect-
ed to a clock line CLK mir.
[0026] In order to improve the video quality of the SCD
device operated in the field sequential mode , the inven-
tor has designed the novel SCD cell structure 124 with
three storage capacitors coupled to the same mirror
plate 126. As a consequence, the pipe times W de-
scribed above with respect to Figures 2 and 3 can be
hidden in the operation of the present SCD cell of Figure
4. In other words, video data for the respective storage
capacitors can be written therein in advance of the next
color-field to be displayed so as to effectively eliminate
the pipe times W of the field sequential mode of opera-
tion. Therefore, the time saved through elimination of
the pipe time W in the color-field times can then be al-
located to the other remaining pipe times. In particular,
the second pipe time X can be increased to provide a
longer LC response time and/or the third pipe time Y can
be made larger to generate an increased light-strobing
time, thereby enhancing the quality of the color image.
[0027] Referring now to Figure 6 of the drawings,
there is illustrated a timing diagram of a first embodiment
of a sequences of operations of the SCD cell structure
of Figure 4 which are implemented in accordance with
the teachings of the present invention. As can be seen,
the horizontal axis 132 is a plot of time wherein a period
bounded by the vertical double-lines 134 and 136 rep-
resents a first frame boundary having a time of 16.67
ms for a standard 60 frames/sec video signal. The first
frame time is divided into three equal amounts of time
(5.56 ms) each defining a color-field time. The first red
(R) field time is bounded by the double-lines 134 and a
single vertical line 138. The first green (G) field time is
bounded by the single vertical line 138 and another sin-
gle vertical line 140. The first blue (B) field time is bound-
ed by the single vertical line 140 and the vertical double-
lines 136.
[0028] Based upon a 60 frames/sec video signal, as
will be recalled there is total time of 16.67 ms for dis-
playing a single frame. Since the display time for a frame
is assumed to be evenly distributed among the three
color-field times (each of 5.56 ms), then the pipe times
W_R1, X_R1, Y_R1 and Z_R1 for the red color-field are
estimated to be 2 ms, 2 ms, 1.55 ms and 0.01 ms, re-
spectively. Since the pipe time Z_R1 is relatively smaller
than the other pipe times, it has been purposely omitted
for the convenience of illustration in Figures 6 and 7.
[0029] In operation, the field sequencing is started at

time t0 for writing the red color-field during the first red
pipe time W_R1. At this same time t0, the display-enable
transistor T4 is sequentially turned ON so as to connect
the red storage capacitor Cs_R to the mirror plate 126
for a color-field time of 5.56 ms. Unlike the prior art SCD
cell of Figure 2 where the sequence for writing the red
color-field is repeated for the green color-field and the
blue color-field (additional 2 ms for each color), the writ-
ing times for the green (W_G1) and blue (W_B1) color-
fields can be hidden by performing the following opera-
tions: (1) immediately after the completion of first red
pipe time W_R1 for writing the red color-field, writing for
the next or green color-field is performed during the first
green pipe time W_G1 between the times t1 and t2. As
will be noted this is done while the red color-field is wait-
ing for the LC to respond time (X_R1) and during the
red light-strobing time (Y_R1). (2) Immediately after the
completion of first green pipe time W_G1 for writing the
green color-field, it would be theoretically possible to
start writing the next or blue color-field beginning at the
time t2. However, it can be seen from the timing diagram
that there is not a sufficient amount of time to complete
the writing for the blue color-field before the end of the
red color-field time at the line 138. At the vertical line
138, the display-enable transistor T5 is sequentially
switched ON so as to display the green color-field.
Therefore, the writing for the blue color-field is delayed
and is performed during the first blue pipe time W_B1
between the times t3 and t4 within the green color-field
time.
[0030] In this manner, by pre-loading the video data
at background before the time it is needed for display
the SCD cell structure can have longer intervals of time
for the LC to respond and the light-strobing. Conse-
quently, it can be seen that there are no green and blue
writing pipe times (W_G1, W_B1) within the respective
green and blue color-field times, i.e., between the lines
138 and 140 and between the lines 140 and 136. The
times saved by eliminating the green and blue writing
pipe times can be distributed effectively to enhance the
performance of the display, such as by increasing either
the LC response time X for one of the RGB colors or the
light-strobing time Y for one of the light sources.
[0031] After the completion of the first frame time
boundary between the double-vertical lines 134 and
136, the timing sequence is repeated for the second
frame time boundary between the vertical double-lines
136 and 142. Then, the timing sequence is repeated
over and over for the remaining frame time boundaries
until all of the frames have been displayed. The writing
times saved by utilizing this scheme is 4 ms per frame
time or approximately 24% of a frame period.
[0032] Referring now to Figure 7 of the drawings,
there is illustrated a timing diagram of a second embod-
iment of a sequences of operations of the SCD cell
structure of Figure 4 which are implemented in accord-
ance with the teachings of the present invention. It will
be noted that similar reference numerals have been em-
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ployed to designate corresponding elements to Figure
6, except increased by 100. The timing diagram of Fig-
ure 7 is substantially identical to the one of Figure 6,
except that the first red pipe time W_R1 for writing the
red color-field in the first frame time has been omitted
in order to pre-load the video data for the next or green
color display field. Thereafter, for the remaining se-
quences of operation, the data is always pre-loaded one
color-field time in advance of when it is to be displayed.
[0033] For example, the first green pipe time W_G1
for writing the green color-field is performed between the
times t1 and t2 within the red color-field time. Then, the
first blue pipe time W_B1 for writing the blue color-field
is performed between the times t3 and t4 within the
green color-field time. Next, the second red pipe time
W_R2 for writing the red color-field (second frame time)
is performed between the times t5 and t6 within the blue
color-field time of the first frame time. In this fashion, all
of the RGB color data are sequentially always pre-load-
ed into the respective RGB storage capacitors (Cs_G,
Cs_B, Cs_R) in advance and are ready for display when
the corresponding display-enable transistor (T5, T6, T4)
is sequentially activated later on.
[0034] This latter sequences of operation of Figure 7
is a full pipeline scheme of writing the RGB storage ca-
pacitors at the field boundary rather the frame boundary,
which provides even more writing time savings than in
Figure 6. It will be noted that there are no writing pipe
times within the RGB color field-times. In other words,
there are only pipe times X and Y appearing in the RGB
color field-times. Accordingly, there will be saved 6 ms
per frame or 36% of a frame period. It should be clearly
understood by those skilled in the art that for the pipeline
scheme of Figure 7 the field sequential operation can
be accomplished with only two physical storage capac-
itors, but with more complex control logic circuits for the
display buffers.
[0035] In Figure 5, there is shown a top plan view of
a single square pixel 150, illustrating the arrangements
of the circuit components of Figure 4. The three RGB
storage capacitors Cs_R, Cs_G and Cs_B are prefera-
bly positioned on the right side of the square pixel. The
write-enable transistors T1-T3, display-enable transis-
tors T4-T6, and the read transistors T7, T8 and the dis-
charge transistor T9 are all preferably located on the left
side of the pixel. The area of each of the three capacitors
is less than the area of the single storage capacitor Cs
of Figure 2. However, by utilizing a suitable CMOS tech-
nology, such as a non-volatile, double-polysilicon
CMOS technology, a highly reliable capacitor having a
high capacitance value can be fabricated. The SCD cell
must have a certain minimum size for the mirror plate
designated by the dotted line 152 in order to reflective
the proper amount of light for viewing the color image.
Thus, the minimum dimension on each side is on the
order of 20 microns which is sufficiently large enough to
accommodate the three storage capacitors when using
the current submicron CMOS technology.

[0036] From the foregoing detailed description, it can
thus be seen that the present invention provides a new
and novel Silicon-Chip-Display (SCD) cell structure op-
erable in a field sequential mode for use in liquid crystal
display (LCD) devices and a method for operating the
same provided. The SCD cell structure is formed of first
through third write-enable transistors, first through third
storage capacitors, and first through third display-ena-
ble transistors. In one preferred embodiment, each of
the write-enable transistors is sequentially turned on so
to pre-load video data into the corresponding storage
capacitors during one color-field time prior to when each
of the corresponding display-enable transistors is se-
quentially turned on for displaying an associated color-
field. In this manner, there is achieved a higher quality
video image since the LC response time and/or the light-
strobing time can be increased.
[0037] While there has been illustrated and described
what is at present considered to be a preferred embod-
iment of the present invention, it will be understood by
those skilled in the art that various changes and modi-
fications may be made, and equivalents may be substi-
tuted for elements thereof without departing from the
true scope of the invention. In addition, many modifica-
tions may be made to adapt a particular situation or ma-
terial to the teachings of the invention without departing
from the central scope thereof. Therefore, it is intended
that this invention not be limited to the particular embod-
iment disclosed as the best mode contemplated for car-
rying out the invention, but that the invention will include
all embodiments falling within the scope of the append-
ed claims.

Claims

1. A Silicon-Chip-Display (SCD) cell structure opera-
ble in a field sequential mode for use in liquid crystal
display (LCD) devices, said SCD cell structure com-
prising:

a mirror plate;

a top electrode;

a liquid crystal sandwiched between said
mirror plate and said top electrode;

first, second and third write-enable transis-
tors, each of said first through third write-
enable transistors having a gate, a source
and a drain;

first, second and third storage capacitors,
each of said first through third storage ca-
pacitors having a first end and a second
end;
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first, second and third display-enable tran-
sistors, each of said first through third dis-
play-enable transistors having a gate, a
source and a drain;

each of said first through third write-enable
transistors having its source connected to
a shared bitline and having its gate con-
nected to one of three corresponding word-
lines;

each of said first through third write-enable
transistors having its drain connected to
said first end of one of said first through
third storage capacitors and to said source
of one of said first through third display-en-
able transistors, said second end of said
first through third storage capacitors being
connected to a ground potential; and

each of said first through third display-en-
able transistors having its drain connected
to said mirror plate and having its gate con-
nected to one of three corresponding dis-
play-enable lines.

2. A SCD cell structure as claimed in Claim 1, further
comprising test circuit means operatively connect-
ed for reading a voltage stored on said mirror plate.

3. A SCD cell structure as claimed in Claim 2, wherein
said test circuit means is comprised of first and sec-
ond read transistors, each of said first and second
read transistors having a gate, a source and a drain.

4. A SCD cell structure as claimed in Claim 3, wherein
said first read transistor has its gate connected to
fourth wordline, its source connected also to said
shared bitline and its drain connected to said source
of said second read transistor, said second read
transistor having its gate connected to said mirror
plate and its drain connected to a supply potential.

5. A SCD cell structure as claimed in Claim 4, further
comprising discharge circuit means operatively
connected for discharging said voltage stored on
said mirror plate during a field switching time.

6. A SCD cell structure as claimed in Claim 5, wherein
said discharge circuit means is comprised of a dis-
charge transistor having a gate connected to a clock
line, a source connected said supply potential and
a drain connected to said mirror plate.

7. A SCD cell structure as claimed in Claim 6, wherein
each of said write-enable, display-enable, read and
discharge transistors is an NMOS type in a CMOS
technology.

8. A SCD cell structure as claimed in Claim 1, wherein
each of said first through third write-enable transis-
tors is sequentially turned on so as to pre-load video
data into said corresponding storage capacitors
during one color-field time prior to when each of said
corresponding display-enable transistors is se-
quentially turned on for displaying an associated
color-field.

9. A SCD cell structure as claimed in Claim 1, wherein
at least one of said first through third write-enable
transistors is sequentially turned on so as to pre-
load video data into one of said corresponding stor-
age capacitors during one color-field time prior to
when said corresponding display-enable transistor
is sequentially turned on for displaying an associat-
ed color-field.

10. A method for operating in a field sequential mode a
SCD cell structure for use in LCD devices, said SCD
cell structure including first through third write-ena-
ble transistors, first through third storage capacitors
associated with said first through third write-enable
transistors for storing video data corresponding to
colors of red, green and blue, and first through third
display-enable transistors associated with said first
through third storage capacitors. comprising the
steps of:

providing a frame time being divided equally in-
to a sequence of a red-field time, a green-field
time and a blue-field time;

activating said first write-enable transistor so to
load the video data into said first storage ca-
pacitor corresponding to the color of red during
the red-field time when said first display-enable
transistor is also activated;

activating said second write-enable transistor
to pre-load the video data into said second stor-
age capacitor corresponding to the color of
green during the red-field time so as to be ready
for display when said second display-enable
transistor is activated during the green-field
time; and

activating said third write-enable transistor to
pre-load the video data into said third storage
capacitor corresponding to the color of blue
during the green-field time so as to be ready for
display when said third display-enable transis-
tor is activated during the blue-field time.

11. A method for operating in a field sequential mode a
SCD cell structure as claimed in Claim 10, further
including the step of dividing each of said green-
field and blue-field times into only three pipe times
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consisting of a LC response time, a light-strobing
time and a field switching time.

12. A method for operating in a field sequential mode a
SCD cell structure as claimed in Claim 11 wherein
said LC response time is increased over the con-
ventional field-sequential operation.

13. A method for operating in a field sequential mode a
SCD cell structure as claimed in Claim 12, wherein
said light-strobing time is increased over the con-
ventional field-sequential operation.

14. A method for operating in a field sequential mode a
SCD cell structure for use in LCD devices, said SCD
cell structure including first through third write-ena-
ble transistors, first through third storage capacitors
associated with said first through third write-enable
transistors for storing video data corresponding to
colors of red, green and blue, and first through third
display-enable transistors associated with said first
through third storage capacitors. comprising the
steps of:

providing a frame time being divided equally in-
to a sequence of a red-field time, a green-field
time and a blue-field time;

activating said second write-enable transistor
to pre-load the video data into said second stor-
age capacitor corresponding to the color of
green during the red-field time so as to be ready
for display when said second display-enable
transistor is activated during the green-field
time;

activating said third write-enable transistor to
pre-load the video data into said third storage
capacitor corresponding to the color of blue
during the green-field time so as to be ready for
display when said third display-enable transis-
tor is activated during the blue-field time; and

activating said first write-enable transistor to
pre-load the video data into said first storage
capacitor corresponding to the color of red dur-
ing the blue-field time so as to be ready for dis-
play when said first display-enable transistor is
activated during the red-field time.

15. A method for operating in a field sequential mode a
SCD cell structure as claimed in Claim 14, further
including the step of dividing each of said red-field,
green-field and blue-field times into only three pipe
times consisting of a LC response time , a light-
strobing time and a field switching time.

16. A method for operating in a field sequential mode a

SCD cell structure as claimed in Claim 15, wherein
said LC response time is increased over the con-
ventional field-sequential operation.

17. A method for operating in a field sequential mode a
SCD cell structure as claimed in Claim 16, wherein
said light-strobing time is increased over the con-
ventional field-sequential operation.
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