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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to an active matrix dis-
play device, especially to an active matrix display device
having a plurality of retaining circuits provided for each
of the pixel elements.

Description of the relted arts

[0002] There has been a great demand in the market
for portable communication and computing devices
such as a portable TV and cellular phone. All these de-
vices need a small, lightweight and low- consumption
display device, and development efforts have been
made accordingly.

[0003] Fig. 6 shows a circuit diagram corresponding
to a single pixel element of a conventional liquid crystal
display device. A gate signal line 51 and a drain signal
line 61 are placed on an insulating substrate (not shown
in the figure) perpendicular to each other. A pixel ele-
ment selection TFT 65 connected to the two signal lines
51, 61 is formed near the crossing of the two signal lines
51, 61. The source 65 of the pixel element selection TFT
65 is connected to a pixel element electrode 17 of the
liquid crystal 21.

[0004] A storage capacitor element 85 holds the volt-
age of the pixel element electrode 17 during one field
period. A terminal 86, which is one of the terminals of
the storage capacitor element 85, is connected to the
source 65 of the pixel element selection TFT 65, and the
other terminal 87 is provided with a voltage common
among all the pixel elements.

[0005] When a gate signal is applied to the gate signal
line 51, the pixel element selection TFT 65 turns to an
on-state. Accordingly, an analog image signal from the
drain signal line 61 is applied to the pixel element elec-
trode 17, and the liquid crystal 21 through the pixel ele-
ment electrode 17, and the storage capacitor element
85 holds the voltage. The voltage of the image signal is
applied to the liquid crystal 21 through the pixel element
electrode 17, and the liquid crystal 21 aligns in response
to the applied voltage for providing a liquid crystal dis-
play image. Disposing the pixel elements as a matrix as
described above provides a basic configuration of a
LCD.

[0006] The conventional LCD is capable of showing
both moving images and still images. There is a need
for the display to show both a moving image and a still
image within a single display. One such example is to
show a still image of a battery within area in a moving
image of a cellular phone display to show the remaining
amount of the battery power.

[0007] However, the configuration shown in Fig. 6 re-
quires a continuous rewriting of each pixel element with
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the same image signal at each scanning in order to pro-
vide a still image. This is basically to show a still-like
image in a moving image mode, and the scanning signal
needs to activate the pixel element selection TFT 70 by
the gate signal at each scanning.

[0008] Accordingly, it is necessary to operate a driver
circuit which generates a drive signal for the gate signals
and the image signals, and an external LS| which gen-
erates various signals for controlling the timing of the
drive circuit, resulting in a consumption of a significant
amount of electric power. This is a considerable draw-
back when such a configuration is used in a cellular
phone device, which has only a limited power source.
Thatis, the time a user can use the telephone under one
battery charge is considerably short.

[0009] Japanese Laid-Open Patent Publication No.
Hei 8-194205 discloses another configuration for dis-
play device suited for portable applications. This display
device has a static memory for each of the pixel ele-
ments. Fig 7 is a plan view showing the circuit diagram
of the active matrix display device with a retaining circuit
disclosed in Japanese Laid-Open Patent Publication
No. Hei 8-194205. A plurality of gate signal lines 51 and
reference lines 52 are disposed in a predetermined di-
rection. And a plurality of drain lines 61 are disposed in
the direction perpendicular to the predetermined direc-
tion. Between a retaining circuit 54 and a pixel element
electrode 17, a TFT 53 is formed. By displaying image
based on the data retained in the retaining circuit, the
operation of a gate driver 50 and a drain driver 60 is
stopped for the reduction of the electric power consump-
tion.

[0010] Fig. 8 shows a circuit diagram corresponding
to a single pixel element of the liquid crystal display de-
vice. On a substrate, the pixel element electrode is dis-
posed in a matrix configuration. Between the pixel ele-
ment electrodes 17, the gate signal line 51 and the drain
signal line 61 are placed perpendicular to each other.
The reference line 52 is disposed parallel to the gate
signal line 51, and the retaining circuit 54 is formed near
the crossing of the gate signal line 51 and the drain sig-
nal line 61. A switching element 53 is formed between
the retaining circuit 54 and the pixel element electrode
17. A static memory (Static Random Access Memory:
SRAM), in which two inverters 55 and 56 are positively
fed back to each other, works as the retaining circuit for
holding the digital image signal. Since the SRAM dose
not need to refresh the memory for retaining the data,
the SRAM, which is different from DRAM, is suitable for
the display device.

[0011] In this configuration, the switching element 53
controls the resistance between a reference line and a
pixel element electrode 17 in response to the divalent
digital image signal held by the static memory and out-
putted from the retaining circuit in order to adjust the
biasing of the liquid crystal 21. The common electrode,
on the other hand, receives an AC signal Vcom. Ideally,
this configuration does not need refreshing the memory
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when the image stays still for a period of time.

[0012] However, when the static RAM is used in the
retaining circuit 54, the number of the required transis-
tors of the retaining circuit is 4 or 6, resulting in the en-
largement of the circuit. Also, since the static RAM oc-
cupies the space between the pixel element electrodes
17, the area for the pixel element electrode reduces ac-
cordingly. As a result; the light manipulation area of the
liquid crystal display device is limited, and the size of a
single pixel element is larger than it is desired for the
device design.

SUMMARY OF THE INVENTION

[0013] The object of this invention is directed to the
improvement in the size reduction or the improvement
in the numeral aperture of a display device with a retain-
ing circuit for holding the data in response to the pixel
element voltage.

[0014] The invention lies in the features of the inde-
pendent claims; preferred embodiments in those of the
dependent claims.

[0015] This invention provides an active matrix dis-
play device having a plurality of pixel element electrodes
disposed in as a matrix, a plurality of retaining circuits
disposed for the pixel element electrodes for holding a
voltage determining an application of a voltage to the
pixel element electrode, and a power line which supplies
a predetermined voltage to the retaining circuit. The
power line extends in one direction of the matrix and is
commonly used by the retaining circuits of the pixel el-
ement electrodes forming a line of the matrix in the same
direction. This power line is also used by the retaining
circuits of the pixel element electrodes forming another
line of the matrix in the same direction. The two lines
are next to each other.

[0016] In this configuration, the number of the power
lines of the active matrix display device can be reduced
in half comparing to the case where the power line is
provided for each of the rows. Thus, it is possible to
achieve the size reduction of the pixel element, leading
to the overall size reduction of an active matrix display
device.

[0017] The active matrix display device of this inven-
tion also provides an active matrix display device includ-
ing a plurality of pixel element electrodes disposed as a
matrix, a plurality of gate signal lines disposed in the row
direction of the matrix, a plurality of drain signal lines
disposed in the columnar direction of the matrix. This
active matrix display device also includes a first display
circuit which supplies a signal corresponding to the im-
age signal fed from the drain signal line to the pixel el-
ement electrode selected by the scanning signal input-
ted from the gate signal line; and a second display circuit
having a retaining circuit which retains a voltage of the
image signal fed from the drain signal line in response
to the scanning signal inputted from the gate signal line.
This second display circuit supplies a signal corre-
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sponding to the voltage held by the retaining circuit to
the display electrode. The active matrix device of this
invention further includes a circuit selection circuit which
selectively connects one of the first and second display
circuit to the drain signal line in response to a circuit se-
lection signal, and a power line which supplies a prede-
termined voltage to the retaining circuit. This power line
extends in one direction of the matrix and is commonly
used by the retaining circuits of the pixel element elec-
trodes forming a line of the matrix in said direction. The
power line is also used by the retaining circuits of the
pixel element electrodes forming another line of the ma-
trix in the direction. The two lines are next to each other
in the matrix.

[0018] Inthis configuration of the active matrix display
device, which can select either the first or second dis-
play circuit, the number of the power lines can be re-
duced in half comparing to the case where the power
line is disposed for each of the rows. Thus, it is possible
to achieve the size reduction of the pixel element, lead-
ing to the overall size reduction of the active matrix dis-
play device.

[0019] In a preferred embodiment, each of the retain-
ing circuits is connected to at least two driver power
lines, which extend in one direction of the matrix and
which provide different kind of voltage to each of the re-
taining circuit. Also, at least one of the driver power lines
is commonly used for a plurality of the pixel elements
adjacent in the other direction of the matrix.

[0020] Additionally, each of the retaining circuits is
connected to at least two reference power lines, which
extend in one direction of the matrix and each of which
provides different kind of reference voltage to the retain-
ing circuit. And the retaining circuit selects the reference
voltage based on the retained data and supplies it to the
pixel element electrode. Also, at least one of the refer-
ence power lines is commonly used for a plurality of the
pixel elements adjacent in the other direction of the ma-
trix.

[0021] Furthermore, the commonly used power line
supplies the same voltage to all the retaining circuit.
[0022] Also, the commonly used power line is dis-
posed near the pixel elements adjacent to each other in
the other direction of the matrix. In the adjacent pixel
elements in the other direction of the matrix, the retain-
ing circuits are disposed symmetrically on the opposite
side of the power line with the axis being between the
adjacent pixel elements in the other direction of the ma-
trix.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a circuit diagram showing the first embod-
iment of this invention.

Fig. 2 is a schematic view showing the plan layout



5 EP 1 575 024 A1 6

of the first embodiment of this invention.

Fig. 3 is a schematic view showing the plan layout
of the power line of the first embodiment of this in-
vention.

Fig. 4 shows a cross-sectional view of this inven-
tion.

Fig. 5 is a schematic view showing the plan layout
of the second embodiment of this invention

Fig. 6is a circuit diagram showing one pixel element
of the liquid crystal display device.

Fig. 7 is a circuit diagram of the conventional display
device with a retaining circuit.

Fig. 8 is a circuit diagram of one pixel element of
the conventional liquid crystal display device with a

retaining circuit.

DESCRIPTION OF THE INVENTION

[0024] Next, the display device of the first embodi-
ment of this invention will be explained. Fig. 1 shows a
circuit diagram of a liquid crystal device to which the dis-
play device of this invention is applied.

[0025] In a liquid crystal device panel 100, a plurality
of pixel element electrodes 17 are disposed in a matrix
configuration on an insulating substrate 10. The matrix
is defined by the lines of the pixel element electrodes
both in row and columnar directions. A plurality of gate
signal lines 51 connected to a gate driver 50 for provid-
ing gate signals are aligned in one direction. A plurality
of drain signal lines 61 are aligned in the direction per-
pendicular to the direction of the gate signal lines 51.
[0026] Sampling transistors SP1, SP2, ..., SPn turn
on in response to the timing of the sampling pulse fed
from the drain driver 60, and connect the drain signal
lines 61 to the data signal lines 62 carrying the data sig-
nal, which is the digital image signal or the analog image
signal.

[0027] The gate driver 50 selects and feeds the gate
signal to one of the gate signal lines 51. And the pixel
element electrode 17 of the selected line receives the
data signal fed from the drain signal line 61.

[0028] The detail of the configuration of each of the
pixel elements will be explained below. A circuit selec-
tion circuit 40 having a P-channel circuit selection TFT
41 and a N-channel circuit selection TFT 42 is placed
near the crossing of the gate signal line 51 and the drain
signal line 61. The drains of circuit selection TFTs 41,
42 are connected to the drain signal line 61 and the
gates of the two circuit selection TFTs are connected to
the circuit selection signal line 88. One of the two circuit
selection TFTs 41,42 turns on in response to a selection
signal fed from the circuit selection signal line 88. The
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circuit selection circuit 43 comprising a P-channel circuit
selection TFT 44 and a N-channel circuit selection TFT
45 is provided to cooperate with the circuit selection cir-
cuit40. The transistors of the circuit selection circuits 40
and 43 need to operate complimentarily, and the P-
channel and the N-channel can be reversed. It is possi-
ble to omit one of the circuit selection circuits 40 and 43.
[0029] A pairof the two circuit selection circuits 40 and
43 enables the switching between the analog image dis-
play (full color moving image) which is the normal oper-
ation mode and the digital image display (stillimage and
low energy consumption), which is the memory mode.
A pixel element selection circuit 70 having a N-channel
pixel element selection TFT 71 and a N-channel TFT 72
is placed next to the circuit selection circuit 40. The pixel
element selection TFTs 71, 72 are connected to the cir-
cuit selection TFTs 41, 42 of the circuit selection circuit
40, and both gates of the TFTs 71, 72 are connected to
the gate signal line 51. Both of the pixel element selec-
tion TFTs 71, 72 turn on at the same time in response
to the gate signal fed from the gate signal line 51.
[0030] A storage capacitor element 85 holds the an-
alog image signal in the analog mode. One of the elec-
trodes of the storage capacitor element 85 is connected
to the source of the pixel element selection TFT 71. An-
other electrode is connected to a common storage ca-
pacitor line 87 carrying a bias voltage Vcs. Also, the
source of the pixel element selection TFT 71 is connect-
ed to the pixel element 17 through the circuit selection
TFT 44 and the contact 16. After the opening of the gate
of the pixel element selection TFT 70 by the gate signal,
the analog image signal fed from the drain signal line 61
is inputted to the pixel element electrode 17 through the
contact 16, and applied to drive the liquid crystal 21 as
the pixel element voltage. The pixel element voltage
should be retained during one field period after the se-
lection by the pixel element selection TFT is lifted. How-
ever, relying only on the capacity of the liquid crystal,
the pixel element voltage of the applied signal can not
be retained even during one field period, resulting in a
loss of the homogeneity of the displayed image. The
storage capacitor element 85 maintains the applied volt-
age at the initial level during one field period for elimi-
nating the problem above.

[0031] A P-channel TFT 44 of the circuit selection cir-
cuit 43 is placed between the storage capacitor element
85 and the pixel element electrode 17, and turns on and
off in synchronization with the switching of the circuit se-
lection TFT 41 of the circuit selection circuit 40. The op-
eration mode, under which the circuit selection TFT 41
is on and in which the analog signal is successively ap-
plied to drive the liquid crystal, is called as the normal
operation mode or the analog operation mode.

[0032] A retaining circuit 110 is placed between the
TFT 72 of the pixel element selection circuit 70 and the
pixel element electrode 17. The retaining circuit 110 has
two inverter circuits, which are positively fed back to
each other, and the signal selection circuit 120 and
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forms a static memory of digital divalent.

[0033] The signal selection circuit 120 has two N-
channel TFTs 121, 122, and selects a signal in response
to the signal fed from the two inverters. Since two com-
plementary output signals from the two inverters are ap-
plied to the gates of the two TFTs 121, 122, respectively,
only one of the two TFTs 121, 122 turns on at a time.
[0034] The AC drive signal Vcom (signal B) is select-
ed when the TFT 122 turns on, and the AC drive signal
(signal A), which is equal to the common electrode sig-
nal Vcom, is selected when the TFT 121 turns on. The
selected signal is then applied to the pixel element elec-
trode 17 of the liquid crystal 21 through the TFT 45 of
the circuit selection circuit 43. The operation mode, un-
der which the circuit selection TFT 42 is on and in which
image is displayed based on the data retained in the re-
taining circuit, is called as the memory mode or the dig-
ital operation mode.

[0035] In summary, there is provided two kinds of cir-
cuits; the circuit (the analog display circuit) comprising
the pixel element selection element TFT 71 and the stor-
age capacitor element for holding analog image signal,
and the circuit (the digital display circuit) comprising the
pixel element selection element TFT 72 and the retain-
ing circuit 110 for holding divalent digital image signal in
single pixel element. There is also provided the circuit
selection circuits 40, 43 for selecting the circuit.

[0036] The liquid crystal display panel 100 has periph-
eral circuit as well. A panel drive LS| 91 is mounted on
an external circuit board 90 external to the insulating
substrate 10 of the liquid crystal panel 100, and sends
the vertical start signal STV and the horizontal start sig-
nal STH to the gate driver 50 and the drain driver 60
respectively. The panel drive LSI also feeds the image
signal to the data line 62.

[0037] Next, the driving method of the display device
with above configuration is explained.

(1) Normal operation mode (analog operation mode)

[0038] When the analog display mode is selected in
response to the display mode selection signal, the LSI
91 feeds the analog image signal to the data line 62,
and the voltage applied to the circuit selection signal line
88 changes to L so that the circuit selection TFTs 41, 44
of the circuit selection circuits 40, 43 turn on, and the
circuit selection TFTs 42 and 45 turn off.

[0039] The sampling transistor SP successively turns
on in response to the sampling signal based on the hor-
izontal start signal STH so that the analog image signal
is provided to the drain signal line 61 through the data
signal line 62.

[0040] The gate signal is provided to the gate signal
line 51 in accordance with the vertical start signal STV.
When the pixel element selection TFT 71 turns on in re-
sponse to the gate signal, the analog image signal An.
Sig is applied, through the drain signal line 61, to the
pixel element electrode 17 and the storage capacitor el-
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ement 85, which holds the applied voltage. The image
signal voltage applied to the pixel element electrode 17
is then applied to the liquid crystal 21, which aligns itself
in accordance with the voltage, resulting in a display im-
age.

[0041] This analog display mode is suitable for show-
ing a full color moving image because the image signal
voltage is successively inputted. However, the external
LSI 91 on the retrofitted circuit board 90, and drivers 50,
60 continuously consume the electric energy for driving
the liquid crystal display device.

(2) Memory mode (digital display mode)

[0042] When the digital display mode is selected in
response to the display mode selection signal, the LSI
91 is set to convert the image signal to the digital signal,
extract the highest-bit digital signal and output it to the
data signal line 62. At the same time, the voltage of the
circuit selection signal line 88 turns to H. Then, the circuit
selection TFTs 41, 44 of the circuit selection circuits 40,
43 turn off and the TFTs 42, 45 turn on. Thus, the retain-
ing circuit 110 becomes operable.

[0043] The panel drive LSI 91 on the external circuit
board 90 sends start signal STH to the gate driver 50
and the drain driver 60. In response to the start signal,
sampling signals are sequentially generated and turn on
the respective sampling transistors SP1, SP2, ..., SPn
sequentially, which sample the digital image signal D.
Sig and send it to each of the drain signal lines 61.
[0044] Now, the operation of the first row of the matrix,
or the gate signal line 51, which receives the gate signal,
G1, will be described below. First, the gate signal G1
turns on each pixel element selection TFT 72 of each of
the pixel elements connected to the gate signal line 51,
for one horizontal scanning period. In the pixel element
located at the upper left corner of the matrix, the sam-
pling transistor SP1 takes in the digital signal S11 and
feeds it to the drain signal line 61. The pixel element
selection TFT 72 turns on in response to the gate signal,
and the digital signal D. Sig is inputted to the retaining
circuit 110 and retained by the two inverters.

[0045] The signal retained by the inverters is then fed
to the signal selection circuit 120, and is used by the
signal selection circuit 120 to select one of the signal A
and signal B. The selected signal is then applied to the
liquid crystal 21 through the pixel element electrode 17.
[0046] Thus, after a completion of a scanning from the
first gate signal line 51 on the top row of the matrix to
the last gate signal line 51 on the bottom row of the ma-
trix, a full display frame scan (one field scan), or a full
dot scanning, is completed and the display device
shows an image.

[0047] When the display device shows an image, the
voltages supplied to the gate driver 50, the drain driver
60 and the external panel drive LSI 91 are stopped for
halting the drive. The voltages Vdd, Vss are always sup-
plied to the retaining circuit 110 for driving. Also, the
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common electrode voltage is supplied to the common
electrode 32 and each of the signals A and B is supplied
to the selection circuit 120.

[0048] When the voltages Vdd, Vss are supplied to
the retaining circuit 110 and the common electrode volt-
age Vcom is applied to the common electrode 32, and
when the liquid crystal display panel 100 is in a normally-
white (NW) mode, the signal A receives the AC drive
voltage which is the same voltage as the common elec-
trode voltage and the signal B receives only the AC drive
voltage (for example, of 60Hz) for driving the liquid crys-
tal. This makes it possible to hold the data and display
one still image. Here, the voltage is not applied to the
gate driver 50, drain driver 60 and external LSI 91.
[0049] When the retaining circuit 110 receives the dig-
ital image signal of H through the drain signal line 61,
the first TFT 121 of the signal selection circuit 120 re-
ceives a L signal and accordingly turns off, and the sec-
ond TFT 122 receives a H signal and turns on. In this
case, the signal B is selected and the liquid crystal 21
receives the signal B having a phase opposite to the sig-
nal A, resulting in the rearrangement of the liquid crystal
21. Since the display panel is in a NW mode, a black
image results.

[0050] When the retaining circuit 110 receives the dig-
ital image signal of L through the drain signal line 61,
the first TFT 121 of the signal selection circuit 120 re-
ceives a H signal and accordingly turns on, and the sec-
ond TFT 122 receives a L signal and turns off. In this
case, the signal A is selected and the liquid crystal 21
receives the signal A, which is the same as the signal A
applied to the common electrode 32. As a result, there
is no change in the arrangement of the liquid crystal 21
and the pixel element stays white.

[0051] In this way, by writing and holding the data for
displaying one image display, it is possible to display the
data as a still image. In this case, each of the drivers 50,
60 and the LSI 91 stop their drive resulting in the reduc-
tion of the electric power consumption.

[0052] Inthe above embodiment, one bit digital signal
is retained in the retaining circuit 110. However, if the
retaining circuit is made compatible to the multiple bit,
it is possible have multiple level display under the mem-
ory mode. Also, if the retaining circuit is made as the
memory device capable of retaining the analog value, it
is also possible to have a full color display under the
memory mode

[0053] Asdescribed above, the embodiment of this in-
vention is capable of corresponding to the two kinds of
display, a full color moving picture display (analog dis-
play mode), for which data is successively fed, and a
digital level display (digital display mode) of low energy
consumption within single liquid crystal display panel
100.

[0054] Next, the layout of the embodiment will be ex-
plained by referring to Fig. 2. Fig. 2 is a schematic view
showing the layout of the first embodiment. The circuit
selection P-channel TFT 41 of the circuit selection cir-

10

15

20

25

30

35

40

45

50

55

cuit, the pixel element selection TFT 71 of the pixel el-
ement selection circuit and the P-channel TFT 44 of the
circuit selection circuit are connected in series. They are
also connected to the pixel element electrode 17
through the contact 16 and to the storage capacitor el-
ement 85.

[0055] Also, the circuit selection TFT 42, the retaining
circuit 110, and the N-channel TFT 45 of the circuit se-
lection circuit are connected to the pixel element elec-
trode 17 through the contact 16. All these elements are
placed in the area for the pixel element electrode 17.
[0056] The circuit configuration in each of the pixel el-
ements is almost the same. The circuit disposition in the
two pixel elements adjacent to each other in the colum-
nar direction of the matrix is symmetrical with the axis
of symmetry being located between the two pixel ele-
ments. That s, in the pixel element in the first row of the
figure, the gate signal line 51 is disposed in the upper
edge of the pixel element and the retaining circuit 110
is disposed in the lower half of the pixel element. And in
the pixel element in the second row of the figure, the
gate signal line 51 is disposed in the lower edge of the
pixel element and the retaining circuit 110 is disposed
in the upper half of the pixel element. In the pixel element
in the third column, which is not shown in the figure, the
gate signal line 51 is disposed in the upper edge and
the retaining circuit 110 is disposed in the lower half of
the pixel element, as in the pixel element of the first row.
[0057] The retaining circuit 110 is, as stated above,
SRAM. Four power lines, namely two different kinds of
drive power lines, a low voltage and high voltage power
lines (LVDD, LVSS) as well as two different kinds of ref-
erence power lines, a low and high reference power
lines (signal A and signal B) are connected to the retain-
ing circuit 110. These power lines extend in row direction
and are commonly used for each of the pixel elements
in the row, as in the case of the gate signal line 51 and
the storage capacitance line 87. These facts stated
above apply to the circuit disposition of each of the pixel
elements. In this embodiment, however, the circuit lay-
out differs among the pixel elements. The layouts of the
pixel elements adjacent to each other in columnar direc-
tion are symmetrical with the row axis. The retaining cir-
cuits 110 of the pixel elements adjacent to each otherin
columnar direction are disposed close to each other with
four power lines between them. The retaining circuits
110 located at the both sides of the power lines share
these four power lines. Thatis, each of these power lines
is disposed for every two rows of pixel elements and
connected to all the retaining circuits corresponding to
the two rows of pixel elements. Therefore, comparing to
the case where one power line extending in the row di-
rection is disposed for every row of the pixel element,
the number of the power lines can be reduced in half in
this embodiment. Since the number of the circuits
formed for each pixel element is considerably large, in
the active matrix display device with retaining circuit, the
size reduction of the components of the circuit can di-
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rectly lead to the size reduction of the pixel element.
Thus, this embodiment can contribute to the size reduc-
tion of the display device with the retaining circuit.
[0058] The gate signal line 51, for example, should be
turned on in different timing for each of the rows, and
thus can not be shared with different rows of the matrix.
However, the commonly used four power lines in this
embodiment are the lines for supplying the driver volt-
age and the reference voltage of the retaining circuit
110. These power lines continue supplying the voltage
commonly applied to the retaining circuit 110 of each of
the pixel elements, whether the particular pixel element
is selected or not selected, or whether the state of the
display is black or white. Thus, these lines can be shared
by a plurality of the rows of the matrix. Also from the
same reason, the power line can be shared by the pixel
elements in different rows adjacent to each other, if the
active matrix display device is designed to display color
image. That is, this invention is applicable not only to
the stripe configuration, in which the pixel elements for
the same color line up in columnar direction, but also to
the delta configuration, in which the pixel elements for
R, G, and B are aligned alternately.

[0059] Next, the relationship between the four power
lines stated above and the pixel element electrode 17
in the layout is explained. Fig. 3 is a schematic view of
the layout of the area between pixel elements GS1 and
GS2, which are adjacent to each other in the columnar
direction in Fig. 2. As shown in the figure, the power line
19 (the power line LVDD supplied to the SRAM of the
retaining circuit 110 in the figure) shared by the two pixel
elements GS1 and GS2 is formed over the electrode 17
of the element GS2. On each pixel electrode 17, the
power line is connected to each of the sources 110S of
the thin film transistor (TFT) of the SRAM through each
of the contacts 18.

[0060] In this layout, the parasitic capacitance is
formed between the pixel element electrode 17 of the
pixel element GS2 and the power line 19 through an in-
sulating film formed between them. This parasitic ca-
pacitance is large compared to the parasitic capacitance
formed between the pixel element electrode 17 of the
pixel element GS1 and the power line 19. Thus, the in-
fluence of the parasitic capacitance on the pixel element
electrodes 17 becomes uneven among the two pixel el-
ements. Therefore, the influence of the parasitic capac-
itance becomes noticeable alternately among the pixel
elements, resulting in the horizontal or vertical stripes in
the display, and thus leading to the deterioration of the
display quality.

[0061] In this embodiment, an extra conducting area
20 is formed as an extension of the power line on the
electrode 17 of the element GS1 with an insulating film
in between. This also enlarges the parasitic capacitance
between the pixel element electrode 17 of the pixel el-
ement GS1 and the power line 19. Therefore, the para-
sitic capacitance of the GS1 and GS2 becomes even,
leading to the elimination of the influence of the differ-
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ence in parasitic capacitance. Here, it is preferable that
the parasitic capacitance formed between the pixel ele-
ment electrode 17 and the power line 19 be equal be-
tween the pixel elements GS1 and GS2 with the forma-
tion of the conducting area 20, which is made as the
extension of the power line 19 on the pixel element elec-
trode 17.

[0062] Also, the power line 19 is not necessarily be
the high voltage driver line (LVDD) of the retaining cir-
cuit. It can be the reference power line (signal A, signal
B), the low voltage driver line (LVSS) of the retaining
circuit, or the reference power line that transmits the sig-
nal B.

[0063] In this layout, the power line 19 directly makes
capacitance coupling by being disposed in the area of
the pixel element electrode 17. However, the power line
19 is not necessarily placed in the area of the pixel ele-
ment electrode 17. For example, when the source of the
TFT and the pixel element electrode 17 is connected
though the intermediate electrode layer, the power line
19 can make the capacitance coupling with the pixel el-
ement electrode 17 indirectly through the intermediate
electrode layer. Therefore, by the same token, the con-
ducting area 20 is not necessarily located in the area of
the pixel element electrode 17. As stated above, the
same effect can be expected if the conducting area 20
is placed on the intermediate electrode layer.

[0064] The LCD of this embodiment is a reflection-
type LCD. Fig. 4 shows a cross section along the A-A’
line of Fig. 2 of the reflection-type LCD of the embodi-
ment.

[0065] The reference numeral 10 is an insulating sub-
strate on one side of the display device, and the element
denoted by the reference numeral 11 is an isolated poly-
silicon semiconductor layer 11 on the substrate 10. A
gate insulating film 12 is formed on top of the polysilicon
semiconductor layer 11, and a gate electrode 13 is
formed on the portion of the insulating film 12 corre-
sponding to the polysilicon semiconductor layer 11. A
source and a drain are formed in the semiconductor lay-
er 11 at the portions located at both sides of the gate
electrode 13. As the interlayer insulating film 14 is de-
posited above the gate electrode 13 and the gate insu-
lating layer 12. Contacts are formed at the portions of
the interlayer insulating film 14 corresponding to the
drain and the source. The drain is connected to a pixel
element selection TFT 71 through the contact, and the
source is connected to a pixel element electrode 17
through the contact 16. The pixel element electrode 17
is formed on the flattening insulating film 15 and is made
of a reflecting electrode material, for example, aluminum
(Al). An orientation film 22 is formed on the pixel element
electrode 17 and the flattening insulating film 15. The
orientation film 22 is made of polyimid and aligns the
liquid crystal 21.

[0066] The insulating substrate 30 on the other side
of the display device has color filter 31 for generating
red (R), green (G), and blue (B) colors, a common elec-
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trode 32 made of a transparent electrode material such
as ITO (indium tin oxide), and an orientation film 33 for
aligning the liquid crystal 21. When the image is not
shown in color display, the color filter 31 is not neces-
sary.

[0067] The liquid crystal 21 fills the gap between the
two insulating substrates 10, 30, which are attached to-
gether by sealing the peripheral portions of the two in-
sulating substrates with a sealing adhesive.

[0068] In the reflection-type LCD, the light coming
from the insulating substrate 30 side is reflected by the
pixel element electrode 17 so that the observer 1 rec-
ognizes the light modulated by the liquid crystal 21 of
the display device.

[0069] Since the pixel element electrode 17 of the re-
flection-type LCD does not transmit light, the light ma-
nipulation area of the device is not influenced by the el-
ements placed under the pixel element electrode 17. By
placing the retaining circuit, which requires relatively
large area, under the pixel element electrode 17, the
space between the pixel elements can be about the
same as that in the normal LCD. All the elements are
not necessarily placed under the pixel element elec-
trode as shown in the embodiment of this invention. It is
also possible to place a part of the elements between
the pixel element electrodes.

[0070] Next, the second embodiment of this invention
will be explained by referring to Fig. 5. Fig. 5 is a sche-
matic view showing the plan layout of the second em-
bodiment of this invention.

[0071] Inthis embodiment, the R (red), G (green), and
B (blue) pixel elements are aligned in stripes. Each of
the pixel element electrodes 17 has the color filter cor-
responding to one of the R, G, and B colors, and will be
called 17R, 17G, and 17B. Each of the R, G, and B pixel
elements has the same circuit shown in Fig. 2 and each
pixel element can retain its pixel element data in the re-
taining circuit 110.

[0072] One of the characteristics of this embodiment
is the fact that the layout of the pixel element electrode
17 is different from the circuit layouts for the retaining
circuit, selection circuit and storage capacitor element.
This characteristic will be explained in detail hereinafter.
As to the pixel element electrode 17R, itis placed at the
left end of the figure and has a rectangular shape having
the longer side in vertical direction. 16R denote the con-
tact that connects the pixel element electrode 17R and
its circuit. The circuit selection TFTs 41R, 44R, and the
pixel element selection TFT 71R are connected in se-
ries, and a part of them extends to the neighboring pixel
element electrode 17G. Likewise, the storage capacitor
element 85R and the retaining circuit 110R extends to
the pixel element electrode 17G. The pixel element elec-
trode 17G is connected to the corresponding circuit
through the contact 16G and the circuit selection circuit
TFT 41G. The pixel element selection TFT 71G, the
storage capacitor element 85G and the retaining circuit
110G are disposed such that the placement of these el-
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ements is confined to the area of the neighboring pixel
element electrode 17R.

[0073] The circuits corresponding to the pixel element
electrode 17R, 17G share the gate signal line 51 and
are disposed symmetrically around a center of the sym-
metry located at a predetermined portion on the gate
signal line. In the same manner, the circuit correspond-
ing to the pixel element electrode 17B extends to the
neighboring pixel element electrode not shown in the fig-
ure. This neighboring pixel element electrode is denoted
by 17R', and the placement of the pixel element elec-
trode 17R' is confined to the area of the pixel element
electrode 17B.

[0074] The advantage of this arrangement will be ex-
plained. For example, suppose three colors R, G, B are
used as one picture element. If this picture element is
used as a square, each of the R, G, and B pixel elements
should have rectangular shape with the ratio of length
to width being 3: 1. Generally, each of the R, G, B pixel
elements disposed in stripes has a rectangular shape
with the longer side in one direction. It is difficult to de-
sign the circuit if the retaining circuit is to be placed un-
der the rectangular pixel element electrode 17. Howev-
er, since the layout of the pixel element electrode 17 and
the layout of the retaining circuit are different from each
other in this embodiment, it is possible to reduce the de-
tour of the wiring, resulting in the efficient use of the
space. Thus, the space required for the retaining circuit
can be reduced. In case of the LCD with the retaining
circuit, the space occupied by the retaining circuit deter-
mines the minimum size of one pixel element. There-
fore, the reduction in size of the retaining circuit directly
results in the size reduction of the LCD.

[0075] Next, the advantage of the symmetric disposi-
tion of the circuits around the gate signal line will be ex-
plained. When neighboring pixel elements share certain
area, it is necessary to make adjustment in the circuit
layout of each of the pixel elements. But, if the two neigh-
boring pixel elements are symmetrically disposed
around a center of symmetry, after the circuit design for
one pixel element, the circuit design for the other pixel
element can be completed by mirroring, resulting in the
improved efficiency of the circuit design. However, the
connections to the four power lines (Vdd, Vss, signal A,
signal B) at upper and lower sides of the figure need an
adjustment. Also, if the circuit layout of the two adjacent
pixel elements is not based on the point symmetry, but
merely moving elements parallel to each other, the gate
signal lines of the two pixel elements are apart from each
other. Thus, itis necessary to have two gate signal lines.
However, the circuits are disposed symmetrically
around a center point in this embodiment, and thus, only
one gate signal line is required. Also, in case that the
retaining circuit 110 is a SRAM, four power lines (Vdd,
Vss, two kinds of reference line (signal A and signal B)
can be omitted. These power lines are commonly used
by all the pixel elements. These power lines can also be
shared by the two vertically adjacent pixel elements
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when the circuits are symmetrically disposed. In this
manner, if the wiring is shared by a plurality of the pixel
elements, it is possible to reduce the size of the LCD. It
is preferable that the LCD be the reflection-type LCD
like in the first embodiment.

[0076] Also in this embodiment, as in the first embod-
iment, the retaining circuit is disposed at the upper or
lower edge of the pixel element. And the retaining cir-
cuits of the pixel elements adjacent to each other in the
columnar direction are disposed close to each other with
the four power lines (VDD, VSS, signal A, signal B) be-
tween them, and share these power lines. Thus, as in
the first embodiment, the number of the power line can
be reduced in half compared to the case where the pow-
er line is disposed for every row of the matrix.

[0077] Inthefirstand second embodiments described
above, four power lines are shared by the pixel elements
adjacent to each other. However, it is not necessary for
all the four power lines to be shared. When the four pow-
er lines are placed close to each other, at least one line
is connected to the retaining circuit over the three other
lines, resulting in the formation of parasitic capacitance.
Also, in some cases, overall efficiency of the layout is
better if the one of the power lines is disposed between
the retaining circuit 110 and the storage capacitor ele-
ment 85 of this embodiment. In those cases, among the
four power lines, any line can be shared.

[0078] In the first and second embodiments of this in-
vention, since the power lines are commonly used, the
circuit dispositions are not in a perfect symmetry. Thus,
in some cases, the parasitic capacitance formed be-
tween the power line and the pixel element electrode 17
differs among pixel elements. Thus, the signal delay
may differ among the pixel elements, leading to the de-
terioration of the display quality. Thus, it is necessary to
equalize the parasitic capacitance among the pixel ele-
ments. When the number of the power lines is 2n (where
n is a natural number), n power lines should be super-
imposed on each of the pixel elements. When the
number of the power lines is 2n + 1, n power lines should
be superimposed on each of the pixel elements and the
remaining one line should be placed between the pixel
elements.

[0079] In the first and second embodiments, it is ex-
plained that the four power lines (VDD, VSS, signal A,
signal B) extend in row direction and are commonly used
for the pixel elements adjacent to each other in columnar
direction. However, as shown in Fig. 1, itis also possible
for the power lines to extend in columnar direction. In
this case, the circuit disposition of the pixel element is
in a symmetry with the axis of the symmetry being lo-
cated between the columns. Similarly, the power lines
are shared, achieving the same effect as in the first and
second embodiments. However, there is little room in
the layout in the columnar direction, especially in the
case of the stripe alignment as in the second embodi-
ment. Therefore, the layout where the power lines ex-
tend in row direction is more efficient in these cases.
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[0080] Inthe above embodiments, the reflection-type
LCD is used for explanation. But this invention is not
limited to that embodiment. Above embodiment can be
applied to the transmitting-type LCD as well by placing
the transparent pixel element electrode on the retaining
circuit. However, in the transmitting-type LCD, the light
is shut off where the metal wiring is used. Thus the re-
duction in the light manipulation area is inevitable. Also,
ifthe retaining circuitis disposed under the pixel element
electrode in the transmitting-type LCD, there is a possi-
bility for the transistors in the retaining circuit and the
selection circuit to operate incorrectly due to the light
coming from outside. Thus, it is necessary to place the
light-blocking film on all the transistors. Accordingly, it is
difficult to increase the light manipulation area in the
transmitting-type LCD. However, in the reflection-type
LCD, the circuits placed under the pixel element elec-
trode do not influence the numeral aperture. Further-
more, unlike the transmitting-type, the reflection-type
liquid crystal display device dose not need a back light
in the side opposite to the observer and thus does not
need the electric energy for lightening the back light. The
original purpose of the LCD with the retaining circuit is
to reduce the electric energy consumption. Thus, it is
preferable that this invention be applied to the reflection-
type LCD which does not need a back light and which
is suitable for the reduction of the electric energy con-
sumption.

[0081] As explained, in the active matrix display de-
vice with the retaining circuit corresponding to the pixel
element electrode, the power line that is connected to
the retaining circuit extends in one direction, for exam-
ple, in row direction of the matrix. The power line is com-
monly used for the retaining circuits corresponding to
the pixel element electrodes aligned in the row direction,
and is also used for the retaining circuits corresponding
to the pixel element electrodes adjacent in the columnar
direction of the matrix. Thus, the number of the power
lines can be reduced in half comparing to the case
where the power line is provided for each of the rows.
This invention allows the size reduction of the pixel ele-
ment, leading to the overall size reduction of the active
matrix display device.

[0082] Since the shared power line supplies the same
voltage to all the retaining circuits, they can be common-
ly used by the pixel element electrodes in both columnar
and row directions of the matrix.

[0083] The shared powerlineis disposed between the
pixel elements adjacent to each otherin columnar or row
direction. The disposition of the retaining circuits of the
pixel elements adjacent to each otherin columnar or row
direction is symmetrical. Thus, it is possible to improve
the layout efficiency, because the length of the wiring
connecting the shared power line to the retaining circuit
can be made short.

[0084] The above is a detailed description of particu-
lar embodiments of this invention. It is recognized that
departures from the disclosed embodiments may be
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made within the scope of the claims and that obvious
modifications will occur to a person skilled in the art. The
full scope of the invention is set out in the claims that
follow.

Claims

1. An active matrix display device including a plurality
of pixel elements disposed as a matrix, a plurality
of gate signal lines (51) disposed in the row direc-
tion of the matrix, a plurality of drain signal lines (61)
disposed in the columnar direction of the matrix,
each of the pixel elements (17) being selected by a
scanning signal from one of the gate signal line (51)
and provided with an image signal from one of the
drain signal line (61) and comprising a pixel element
electrode, each of the pixel elements being as-
signed:

- afirst display circuit (71, 85) which supplies a
signal corresponding to the image signal fed
from the drain signal line (61) to the pixel ele-
ment electrode (17) selected by the scanning
signal inputted from the gate signal line (51);

- asecond display circuit (72) having a retaining
circuit (110) which retains the image signal fed
from the drain signal line (61) in response to the
scanning signal inputted from the gate signal
line (51), said second display circuit supplying
a signal corresponding to the image signal held
by the retaining circuit (110) to the pixel element
electrode (17);

- acircuit selection circuit (40, 43) for selectively
connecting the first or the second display circuit
to the drain signal line (61) in response to a cir-
cuit selection signal;

characterized in that the device further com-
prises

- afirst power line (19) which supplies a first pre-
determined voltage to the retaining circuits
(110); said first power line (19) extending in one
direction of the matrix and being commonly
used by the retaining circuits (110) for the pixel
element electrodes (17) forming a first line of
the matrix in said direction, said first power line
(19) being also used by the retaining circuits
(110) for the pixel element electrodes (17) form-
ing a second line of the matrix in the direction,
said first line of the matrix being next to said
second line of the matrix, and

- asecond power line supplying a second prede-
termined voltage to the retaining circuits (110)
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forming said line of the matrix, said two power
lines being driver power lines (LVDD, LVSS).

The active matrix display device of claim 1, further
comprising third and fourth power lines supplying
another predetermined voltage to the retaining cir-
cuits forming said line of the matrix, said two power
lines being reference power lines (signal A, signal
B), wherein one of the reference voltages of the two
reference power lines is selected according to the
voltage held by the retaining circuit (110), said se-
lected reference voltage being applied to the pixel
element electrode (17).

The active matrix display device of claim 1, wherein
at least one of the first and second driver power
lines is capacitance coupled to the pixel element
electrodes (17) forming said first line of the matrix
and is extended to the pixel element electrodes (17)
forming said second line of the matrix to form a ca-
pacitance coupling thereto.

The active matrix display device of claim 1, wherein
at least one of the first and second driver power
lines (19) is formed over the pixel element elec-
trodes (17) forming said first line of the matrix
through an insulating film and is extended to the pix-
el element electrodes (17) forming said second line
of the matrix to form a conducting area (20) thereon
through an insulating film.

The active matrix display device of claim 2, wherein
at least one of the first and second reference power
lines is capacitance coupled to the pixel element
electrodes (17) forming said first line of the matrix
and is extended to the pixel element electrodes (17)
forming said second line of the matrix to form a ca-
pacitance coupling thereto.

The active matrix display device of claim 2, wherein
at least one of the first and second reference power
lines is formed over the pixel element electrodes
(17) forming said first line of the matrix through an
insulating film and is extended to the pixel element
electrodes forming said second line of the matrix to
form a conducting area (20) thereon through an in-
sulating film.

The active matrix display device according to any
of claims 1 to 6, wherein each of said power lines
supplies the same voltages to all the retaining cir-
cuits of the display device.

The active matrix display device according to any
of claims 1 to 7, wherein the power lines are dis-
posed between the pixel element electrodes (17)
forming said first line of the matrix and the pixel el-
ement electrodes (17) forming said second line of
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the matrix, and wherein a pixel element electrode
(17) in said first line of the matrix and a pixel elec-
trode (17) in said second line of the matrix, said two
pixel element electrodes (17) occupying an identi-
cal position of the two lines of the matrix, are dis-
posed symmetrically to each other relative to a cent-
er line of a space between the two electrodes or a
center of said space.

The active matrix display according to any of claims
1 to 6, wherein a first of the retaining circuits (110)
is disposed at least under said pixel element elec-
trode (17) and a second of the retaining circuits
(110) is disposed at least under said another pixel
element electrode (17) which is disposed adjacent
to said pixel element electrode (17), a first of the
power lines (19) supplies a first predetermined volt-
age to said first and second retaining circuits (110),
and a second of the power lines (19) supplies a sec-
ond predetermined voltage to said and said another
retaining circuits (110), wherein the first power line
(19) is disposed at least partially under said pixel
element electrode and is not disposed under said
another pixel element electrode, and the second
power line is disposed at least partially under said
another pixel element electrode and is not disposed
under said pixel element electrode.

The active matrix display device of claim 9, wherein
a third pixel element electrode (17G) disposed ad-
jacent said pixel element electrode (17R) and a
fourth pixel element electrode (17G) disposed ad-
jacent said another pixel element electrode (17R),
wherein the first retaining circuit (110R) is disposed
partially under the third pixel element electrode
(17G) and the second retaining circuit is disposed
partially under the fourth pixel element electrode.

An active matrix display device, comprising a plu-
rality of pixel elements (17) disposed in as a matrix,
each of the pixel elements being assigned

- apixel element electrode; and

- aretaining circuit (110) holding a voltage deter-
mining an application of a voltage to the pixel
element electrode;

characterized in that the device further com-
prises

- afirst power line (19) which supplies a prede-
termined voltage to the retaining circuit (110);
said power line (19) extending in one direction
of the matrix and being commonly used by the
retaining circuits (110) for the pixel element
electrodes (17) forming a first line of the matrix
in said direction, said first power line (19) being
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also used by the retaining circuits (110) for the
pixel element electrodes (17) forming a second
line of the matrix in the direction, said first line
of the matrix being next to said second line of
the matrix, and

- asecond power line supplying a second prede-
termined voltage to the retaining circuits (110)
forming said line of the matrix, said two power
lines being driver power lines (LVDD, LVSS).

12. An active matrix display device, comprising a plu-

rality of pixel elements (17) disposed in as a matrix,
each of the pixel elements being assigned

- apixel element electrode; and

- aretaining circuit (110) holding a voltage deter-
mining an application of a voltage to the pixel
element electrode;

characterized in that the device further com-
prises

- afirst power line (19) which supplies a prede-
termined voltage to the retaining circuit (110);
said power line (19) extending in one direction
of the matrix and being commonly used by the
retaining circuits (110) for the pixel element
electrodes (17) forming a first line of the matrix
in said direction, said first power line (19) being
also used by the retaining circuits (110) for the
pixel element electrodes (17) forming a second
line of the matrix in the direction, said first line
of the matrix being next to said second line of
the matrix, wherein the power line (19) is dis-
posed between the pixel element electrodes
(17) forming said first line of the matrix and the
pixel element electrodes (17) forming said sec-
ond line of the matrix, and

- apixel element electrode (17) in said first line
of the matrix and a pixel electrode (17) in said
second line of the matrix, said two pixel element
electrodes (17) occupying an identical position
of the two lines of the matrix, are disposed sym-
metrically to each other relative to a center line
of a space between the two electrodes or a
center of said space.
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