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7) ABSTRACT

A digital image signal fed from the drain signal line is
written into a retaining circuit through a pixel element
selection TFT and a liquid crystal displays an image based
on the digital image signal. In the retaining circuit, a
threshold voltage of the first inverter circuit is set smaller
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retaining circuit can be prevented, leading to an accurate
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DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Technical Field of the Invention

[0002] This invention relates to a display device, specifi-
cally to a display device which is incorporated into a
portable communication and computing device.

[0003] 2. Background of the Invention

[0004] There has been a great demand in the market for
portable communication and computing devices such as a
portable TV and a cellular phone. All these devices need a
small, light-weight and low-power consumption display
device, and efforts have been made accordingly.

[0005] 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) perpendicular
to each other. A thin-film transistor (TFT) 65 connected to
two signal lines 51, 61, is formed near the intersection of the
two signal lines 51, 61. A source 11s of the TFT 65 is
connected to a display electrode 80 of a liquid crystal 21.

[0006] A storage capacitor element 85 holds the voltage of
the display electrode 80 during one field period. One termi-
nal 86 of the storage capacitor 85 is connected to the source
11s of the TFT 65 and the other terminal 87 is provided with
a voltage common among all the pixel elements. When a
scanning signal is applied to the gate signal line 51, the TFT
65 turns to an on-state. Accordingly, an analog image signal
from the drain signal line 61 is applied to the display
electrode 80, and the storage capacitor 85 holds the voltage.
The voltage of the image signal is applied to the liquid
crystal 21 through the display electrode 80, and the liquid
crystal 21 aligns in response to the applied voltage for
providing a liquid crystal display image. This configuration
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 an area of 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
requires a continuous rewriting of each pixel element with
the same image signal at each scanning in order to provide
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 TFT 65 at each scanning. Accordingly, it is
necessary to operate a driver circuit which generates a driver
signal for the scanning signals and the image signals, and an
external L.SI which generates various signals for controlling
the timing of the driver circuit, resulting in a significant
electric power consumption. This is a considerable draw-
back when such a configuration is used in a cellular phone
device which has only a limited power source. That is, the
time a user can use the telephone under one battery charge
is considerably decreased.

[0008] Japanese Laid-Open Patent Publication No. Hei
8-194205 discloses another configuration for a display
device suitable for portable applications. This display device
has a static memory for each of the pixel elements, as shown
in FIG. 7. A static memory, in which two inverters INV1 and
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INV2 are positively fed back to each other, holds the image
signal. This results in reduced power consumption. In this
configuration, a switching element 24 controls the resistance
between a reference line and a display electrode 80 in
response to the divalent digital image signal held by the
static memory in order to adjust the biasing of the liquid
crystal 21. The common electrode, on the other hand,
receives an AC signal Vecom. Ideally, this configuration does
not need to refresh the memory when the image stays still for
a period of time.

[0009] As described above, the display device equipped
with a retaining circuit (a static memory) for holding digital
image signals is suitable for displaying a still image with a
shallow depth and reducing the consumption of the electric
power.

[0010] However, the aforementioned liquid crystal display
device has the following problem. The problem will be
explained hereinafter by referring to FIG. 8. Suppose a “L.
(low)” level is held at a source 1ls of a pixel element
selection TFT 72, and a “H (high)” level is held at the output
node of an inverter INV1.

[0011] Under this condition, when the external circuit
outputs “H” to the drain signal line 61 to write “H” into the
static memory, the N channel TFT of an inverter INV2 is on.
Thus, as shown by the broken line in FIG. 84, the electric
current from the drain signal line 61 goes through the pixel
element selection TFT 72 and reaches the N channel TFT.
Therefore, the “H” level competes against “L” level, result-
ing in a reduced “H” level, and possibly causing a false
writing. In order to achieve the correct writing of the “H”
data, the voltage of the source 1ls of the pixel element
selection TFT 72 should be higher than the threshold voltage
of the inverter INV1. However, because of the presence of
the electric passage described above, this condition may not
be fulfilled due to the decrease in the voltage of the source
11s of the pixel element selection TFT 72.

[0012] The similar problem takes place when the “L” level
is held at the output node of the INV1 (see FIG. 8b). Under
this condition, when the external circuit outputs the “L” to
the drain signal line 61 to write the “L” into the static
memory, the P channel TFT of the inverter INV2 is on. Thus,
as shown by the broken line in FIG. 85, the electric current
goes through the P channel TFT and then to the pixel
element selection TFT 72 to reach the drain signal line 61.
In order to achieve the correct writing of “L” data, the
voltage of the source 11s of the pixel element selection TFT
72 should be lower than the threshold voltage of the inverter
INV1. However, because of the presence of the electric
passage described above, the condition mentioned above
may not be fulfilled due to the increase of the voltage of the
source 11s of the pixel element selection TFT 72.

[0013] Accordingly, a conventional device such as shown
in FIG. 8 may not properly change the status of the retaining
circuit, or may take a long time to change the status.

SUMMARY OF THE INVENTION

[0014] This invention is directed to the smooth writing of
data into the retaining circuit which retains the image signal
data.

[0015] The invention provides a display device including
a plurality of gate signal lines disposed in a first direction,
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a plurality of drain signal lines disposed in a second direc-
tion different from the first direction, a pixel element selec-
tion transistor selecting a display pixel element in response
to a scanning signal fed from the gate signal line, and a
retaining circuit disposed in the display pixel element. The
retaining circuit holds an image signal fed from the drain
signal line through the pixel element selection transistor, and
the image signal retained in the retaining circuit is used to
form an image. The retaining circuit includes a first inverter
circuit receiving the image signal from the drain signal line
and a second inverter circuit positively feeding back an
output of the first inverter circuit into an input of the first
inverter circuit. The threshold voltage of first inverter circuit
is smaller than the threshold voltage of the second inverter
circuit.

[0016] In this configuration, since the threshold voltage of
the first inverter is lower than the threshold voltage of the
second inverter, the retaining loop of the retaining circuit
forms immediately after receiving the signal, enabling high
speed and accurate writing of the image signal data.

[0017] This display device may have the following fea-
tures:

[0018] (A) The first and second inverter circuits are
CMOS inverter circuits. A channel-length (L) to
channel-width (W) ratio, which is calculated by
dividing L by W (L/W), of the P channel transistor of
the first inverter circuit is larger than the ratio of the
P channel transistor of the second inverter circuit.
This ratio will be referred to as a L/W ratio herein-
after.

[0019] (B) The first and second inverter circuits are
CMOS inverter circuits. The L/W ratio of the N
channel transistor of the first inverter circuit is
smaller than the L/W ratio of the N channel transistor
of the second inverter circuit.

[0020] The invention also provides a display device
including a plurality of gate signal lines disposed in a first
direction, a plurality of drain signal lines disposed in a
second direction different from the first direction, a pixel
element selection transistor selecting a display pixel element
in response to a scanning signal fed from the gate signal line,
and a retaining circuit disposed in the display pixel element.
The retaining circuit holds an image signal fed from the
drain signal line through the pixel element selection tran-
sistor, and the image signal retained in the retaining circuit
is used for forming an image. The retaining circuit of this
device includes a first inverter circuit receiving the image
signal from the drain signal line and a second inverter circuit
positively feeding back an output of the first inverter circuit
into an input of the first inverter circuit. The output resis-
tance of the second inverter circuit is larger than an on-state
resistance of the pixel element selection transistor.

[0021] In this embodiment, the output on-state resistance
of the second inverter circuit is set larger than the on-state
resistance of the pixel element selection transistor. There-
fore, the influence of the output condition of the second
inverter circuit on the change in the source voltage of the
pixel element selection transistor based on the image signal
fed from the drain signal line (the input voltage of the first
inverter circuit) can be minimized. This prevents false
writing of data into the retaining circuit.
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[0022] This display may have the following features:

[0023] (A) The first and second inverter circuits are
CMOS inverter circuits. The on-state resistance of
the N channel transistor of the second inverter circuit
is larger than the on-state resistance of the pixel
element selection transistor.

[0024] When the “H” level is held at the output
node of the first inverter circuit and the “H” level
image signal is inputted from the drain signal line,
the electric current goes from the drain signal line to
the N channel transistor of the second inverter cir-
cuit. Since the on-state resistance is so that the input
voltage of the first inverter circuit is higher than its
threshold voltage, the image signal is written and
retained correctly.

[0025] (B) The L/W ratio of the N channel transistor
is larger than the /W ratio of the pixel element
selection transistor. According to this configuration,
the on-state resistance can be accurately set based on
the ratio of the transistor’s size.

[0026] (C) The first and second inverter circuits are
CMOS inverter circuits. The on-state resistance of
the P channel transistor of the second inverter circuit
is larger than the on-state resistance of the pixel
element selection transistor.

[0027] When the “L” level is held at the output
node of the first inverter circuit and the “L” level
image signal is inputted from the drain signal line,
the electric current goes from the P channel transistor
of the second inverter circuit to the drain signal line.
In this configuration, since the on-state resistance is
so that the input voltage of the first inverter circuit is
higher than its threshold voltage, the image signal is
written and retained correctly.

[0028] (D) The L/W ratio of the P channel transistor
is larger than the L/W ratio of the pixel element
selection transistor. According to this configuration,
the on-state resistance can be accurately set based on
the ratio of the transistor’s size.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a circuit diagram showing one display
pixel element of the liquid crystal display device of the first
embodiment of this invention.

[0030] FIG. 2 is a circuit diagram showing one display
pixel element of the liquid crystal display device of the
second embodiment of this invention.

[0031] FIG. 3 is a circuit diagram of the whole display
device in which the display pixel element of the second
embodiment of this invention is employed.

[0032] FIG. 4 is a timing chart showing the liquid crystal
display device under the digital display mode of the first and
second embodiments.

[0033] FIG. 5 is a cross-sectional view of the reflective
liquid crystal display device.

[0034] FIG. 6 is a circuit diagram of the conventional
liquid crystal display device.
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[0035] FIG. 7 is another circuit diagram of the conven-
tional liquid crystal display device.

[0036] FIG. 8 is a circuit diagram depicting the problem
of the conventional liquid crystal display device.

DETAILED DESCRIPTION OF THE
INVENTION

[0037] The display device of a first embodiment of this
invention will be explained by referring to the circuit
diagram shown in FIG. 1. This embodiment describes a case
where this invention is applied to the liquid crystal display
device.

[0038] On an insulating substrate (not shown in the fig-
ure), a gate signal line 51 and a drain signal line 61 are
formed perpendicular to each other. Near the crossing of the
signal lines, a pixel element selection TFT 72, connected to
the both of the signal lines 51, 61, is also formed.

[0039] A retaining circuit 110 comprises first and second
inverter circuits that form a positive feed back loop. A source
11s of the pixel element selection TFT 72 is connected to the
input terminal of the first inverter circuit INV1 and its output
is fed to the second inverter circuit INV2. The output of the
second inverter circuit INV2 is connected to the input
terminal of the first inverter circuit INV1.

[0040] The first inverter circuit INV1 is a CMOS type
inverter circuit and comprises a P channel TFT QP1 and an
N channel TFT QN1, which are connected in series between
the source voltage VDD and the earth voltage VSS. Like-
wise, the second inverter circuit is a CMOS type inverter and
comprises a P channel TFT QP2 and an N channel TFT QN2,
which are connected in series between the source voltage
VDD and the earth voltage VSS.

[0041] In this embodiment, the following configurations
are applied for smoothly writing the digital image signal into
the retaining circuit 110.

[0042] As the first configuration of this invention, the
threshold voltage VT1 of the first inverter circuit INV1 is set
lower than the threshold voltage VT2 of the inverter circuit
INV2. This means that the L/W ratio, or the channel-length
to channel-width ratio, which is calculated by dividing L by
W (L/W), of the P channel TFT QP1 of the first inverter
circuit INV1 is larger than the I/W ratio of the P channel
TFT QP2 of the second inverter circuit INV2. For example,
L/W=12 um/2 um in TFT QP1, and L/'W=10 um/2 um in
TEFT QP2. Also, the L/W ratio of the N channel TFT QN1 of
the first inverter circuit INV1 (for example, L/W=10 zm/2
um) is smaller than the L/W ratio of the N channel TFT QN2
of the second inverter circuit INV2 (for example, L/'W=12
4m/2 ym).

[0043] When the “H” level is held at the output node of the
first inverter circuit INV1 and written into the retaining
circuit 110 from drain signal line 61, the “H” level competes
against the “L” level, as described earlier, lowering the input
voltage of the first inverter circuit INV1. However, in this
configuration, the threshold voltage VT1 of the first inverter
circuit INV1 is lower than VT2 of the second inverter
circuit. Therefore the requirement that the input voltage
should be higher than the VT1 can be easily fulfilled.

[0044] The output of the first inverter circuit INV1 inverts
smoothly from “H” to “L.”. Also, when the output of the first
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inverter circuit INV1 inverts from “H” to “L”, the output of
the second inverter circuit INV2 inverts smoothly from “L”
to “H”. This is because the threshold voltage TV2 of the
second inverter circuit INV2 is set relatively high. In this
manner, a new retaining loop of the retaining circuit 110
forms immediately in response to the signal. This leads to
high speed and accurate writing of the image signal data.

[0045] If the pixel element selection TFT 72 is an N
channel TFT, a voltage equal to the threshold voltage Vtn of
the pixel element selection TFT 72 is lost when the “H”
digital image signal is fed from the drain signal line 61. This
makes accurate writing difficult. However, the configuration
described above is especially effective to solve this problem.
Also, when the “L” level is held at the output node of the
first inverter circuit and the “L” is written into the retaining
circuit 110 from the drain signal line 61, there is no voltage
loss. Therefore, the low threshold voltage VT1 of the first
inverter circuit INV1 does not cause any problems.

[0046] As the second configuration of this invention, the
output resistance of the second inverter circuit INV2 is set
lager than the on-state resistance of the pixel element
selection TFT 72. As described later, the first inverter circuit
INV1 is constructed so that the first inverter circuit can
perform the inverting operation based on the image signal
data fed from the drain signal line 61.

[0047] The on-state resistance of the N channel TFT QN2
of the second inverter circuit INV2 is larger than the on-state
resistance of the pixel element selection TFT 72. In order to
set the on-state resistance in this manner, the L/W ratio of the
N channel TFT QN2 should be larger than the L/W ratio of
the pixel element selection TFT 72.

[0048] When the “H” level is held at the output node of the
first inverter circuit INV1 and the “H” level digital image
signal is inputted from drain signal line 61, electric current
goes from the drain signal line 61 to N channel TFT QN2.
In this configuration, the on-state resistance is set so that the
voltage of the source 11s of the pixel element selection TFT,
which is the input voltage of the first inverter circuit INV1,
is higher than the threshold voltage of the first inverter
circuit INV1. Therefore, the digital image signal can be
accurately written and retained.

[0049] Likewise, the on-state resistance of the P channel
TFT QP2 of the second inverter circuit INV2 is larger than
the on-state resistance of the pixel element selection TFT 72.
In order to set the on-state resistance in this manner, the L/W
ratio of the P channel TFT QP2 should be larger than the
L/W ratio of the pixel element selection TFT 72.

[0050] When the “L” level is held at the output node of the
first inverter circuit INV1 and the “L” level digital image
signal is inputted from drain signal line 61, electric current
goes from the P channel TFT QP2 to the drain signal line 61.
In this configuration, the on-state resistance is so that the
voltage of the source 11s of the pixel element selection TFT,
which is the input voltage of the first inverter circuit INV1,
is lower than the threshold voltage of the first inverter circuit
INV1. Therefore, the digital image signal can be accurately
written and retained.

[0051] The digital image signal with two values retained
in the retaining circuit 110 is applied to the gates of the
signal selection TFTs 121 and 122 of the signal selection
circuit 120 as complimentary output signals D and *D. The
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signal selection circuit 120 selects either signal A or signal
B based on the output signal D or *D, and feeds the selected
signal to the pixel element electrode of the liquid crystal 21.
The signal selection TFT 121 and 122 are N channel TFTs.

[0052] Next, the operation of the device described above
will be explained. The scanning signal G fed from the gate
signal line 51 becomes “H”, turning the pixel clement
selection TFT 72 on. Then, the digital image signal from the
drain signal line 61 is written into the retaining circuit 110
through the pixel element selection TFT 72. Here, even if the
two levels compete against each other, false writing is
prevented because of the configurations described above.

[0053] Next, the second embodiment of this invention will
be explained by referring to FIGS. 2 and 3. This embodi-
ment also describes a case where this invention is applied to
a liquid crystal display device. FIG. 2 is a circuit diagram
showing the configuration of one pixel element 200. FIG. 3
is a circuit diagram of the whole display device including the
pixel element 200. This display device is a liquid crystal
display device capable of selecting between an analog
display mode based on the analog image signal (full color
moving picture) and a digital display mode based on the
digital image signal retained in the retaining circuit 110 (still
image).

[0054] On the insulating substrate 10 (not shown in the
figure), a plurality of gate signal lines 51 connected to the
gate driver 50, which supplies the scanning signal, are
disposed in one direction. A plurality of drain signal lines 61
are also disposed in a direction perpendicular to the gate
signal line 51.

[0055] Sampling transistors SP1, SP2, . .., SPn turn on in
response to the timing of the sampling pulse fed from the
drain driver 60. The data signal (which is the digital image
signal or the analog image signal) of the data signal line 62
is fed to the drain signal line 61.

[0056] The liquid crystal display panel 100 consists of a
plurality of pixel elements 200 provided in a matrix con-
figuration. These pixels elements 200 are selected by the
scanning signal fed from the gate signal line 51 and they
receive the data signal fed from the drain signal line 61.

[0057] The detailed configuration of the pixel element 200
will be explained hereinafter. Near the crossing of the gate
signal line 51 and drain signal line 61, the circuit selection
circuit 40, comprising the P channel TFT 41 and the N
channel TFT 42, is formed. Both drains of the TFTs 41 and
42 are connected to the drain signal line 61 and both gates
of these TFTs are connected to the circuit selection circuit
88. Either one of TFTs 41 or 42 turns on based on the
selection signal from the circuit selection signal line 88.
Also, as explained later, the circuit selection circuit 43 is
formed, and pairs with the circuit selection circuit 40.

[0058] Therefore, selecting as well as changing between
the analog display mode (full color moving image) and the
digital display mode (low power consumption, still image)
is possible. Also, the pixel element selection circuit 70
having an N channel TFT 71 and an N channel TFT 72 is
formed adjacent to the circuit selection circuit 40. The pixel
element selection TFTs 71 and 72 are connected to the
circuit selection TFTs 41 and 42 of the circuit selection
circuit 40 in the vertical direction, respectively. Also, both
gates of the TFTs 71, 72 are connected to the gate signal
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lines 51. Both of the TFTs 71 and 72 turn on simultaneously
in response to the scanning signal fed from the gate signal
line 51.

[0059] A storage capacitance element 85 holds the analog
image signal in the analog mode. One of the electrodes 86
of the storage capacitance element 85 is connected to the
source 71s of the TFT 71. Another electrode 87 is connected
to a common storage capacitance line SCL carrying a bias
voltage Vsc. When the analog image signal is applied to the
liquid crystal 21 after the TFT gates of the circuit selection
circuit 70 open, the voltage of the applied signal reduces
even during one field period. This results in a loss of the
homogeneity of the display image. The storage capacitance
element 85 maintains the applied voltage at its initial level
during one field period for eliminating the problem dis-
cussed above.

[0060] A P channel TFT 44 of the circuit selection circuit
43 is placed between the storage capacitance element 85 and
the liquid crystal 21, and turns on and off in synchronization
with the switching of the TFT 41 of the circuit selection
circuit 40. A retaining circuit 110 and a signal selection
circuit 120 are placed between the TFT 72 of the pixel
element selection circuit 70 and the pixel element electrode
80 of the liquid crystal 21.

[0061] As shown in FIG. 2, the retaining circuit 110 has
two inverter circuits, the first and second inverter circuits,
which are positively fed back to each other. The source 11s
of the pixel element selection TFT 72 is connected to the
input terminal of the first inverter circuit INV1, and its
output is inputted to the second inverter circuit INV2. Also,
the output terminal of the second inverter circuit INV2 is
connected to the input terminal of the first inverter circuit
INVI.

[0062] Under the digital display mode, when the voltage
of the circuit selection signal line 88 becomes “H”, and
when the scanning signal of the gate signal line 51 also
becomes “H?, it is possible to write into the retaining circuit
110.

[0063] In order to make the writing of the digital image
signal into the retaining circuit 110 smooth, the configura-
tion described below, which is similar to the first embodi-
ment, is adopted. That is, as in the first configuration, the
threshold voltage VT1 of the first inverter circuit INV1 is
smaller than the threshold voltage of the second inverter
circuit INV2. The detailed explanation on the configuration
is omitted, as it is the same as the first embodiment.

[0064] As the second configuration, the output resistance
of the second inverter circuit INV2 is larger than the sum of
the on-state resistance of the pixel element selection TFT 72
and that of the circuit selection transistor 42. Therefore, as
described later, the first inverter circuit INV1 can perform
the inverting operation based on the digital image signal
from the drain signal line 61.

[0065] The on-state resistance of the N channel TFT QN2
of the second inverter circuit INV2 is larger than the sum of
the on-state resistance of the pixel element selection TFT 72
and that of the circuit selection transistor 42. In order to have
this characteristic, the L/W ratio of the N channel TET QN2
should be larger than the sum of the L/W ratio of the pixel
element selection TFT 72 and the L/W ratio of the circuit
selection TFT 42.
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[0066] When the “H” level is held at the output node of the
first inverter circuit and the “H” level digital image signal is
inputted from the drain signal line, electric current goes from
the drain signal line 61 to the N channel TFT QN2 through
the pixel element selection TFT 72 and the circuit selection
TFT 42. In this configuration, since the on-state resistance is
set so that the input voltage of the first inverter circuit INV1
is higher than the threshold voltage of the first inverter
circuit INV1, the digital image signal can be accurately
written and retained.

[0067] Likewise, the on-state resistance of the P channel
TFT QP2 of the second inverter circuit INV2 is set larger
than the sum of the on-state resistance of the pixel element
selection TFT 72 and that of the circuit selection transistor
42. In order to have this characteristic, the L/W ratio of the
P channel TFT QP2 should be larger than the sum of the L/W
ratio of the pixel element selection TFT 72 and the L./W ratio
of the circuit selection TFT 42.

[0068] When the “L” level is held at the output node of the
first inverter circuit and when the “L” level digital image
signal is inputted from the drain signal line, electric current
goes from the P channel TFT QP2 of the second inverter
circuit INV2 to the drain signal line 61 through the pixel
element selection TFT 72 and the circuit selection circuit
TFT 42. In this configuration, since the on-state resistance is
set so that the input voltage of the first inverter circuit INV1
is lower than the threshold voltage of the first inverter circuit
INV1, the digital image signal can be accurately written and
retained.

[0069] The signal selection circuit 120 has two N channel
TFTs 121, 122 and selects a signal in response to the signal
fed from the retaining circuit 110. Since two complementary
output signals from the retaining circuit 110 are applied to
the gates of the two TFTs 121, 122, respectively, only one of
the two TFTs 121, 122 turns on at a time.

[0070] Here, the AC drive signal (signal B) is selected
when the TEFT 122 turns on, and the common electrode
signal Vcom (signal A) is selected when the TFT 121 turns
on. The selected signal is then applied to the pixel element
electrode 80 of the liquid crystal 21 through the TFT 45 of
the circuit selection circuit 43.

[0071] The liquid crystal panel 100 has peripheral circuit
as well. An LSI 91 for driver scanning is mounted on an
external circuit board 90 which is externally connected to
the insulating substrate 10 of the liquid crystal panel 100,
and sends the vertical start signal STV and the horizontal
start signal STH to the gate driver 50 and the drain driver 60,
respectively. The panel driver LSI also feeds the image
signal to the data line 62.

[0072] The driving method of the display device described
above will be explained hereinafter in reference to FIGS.
2-4. FIG. 4 shows a timing chart when the liquid crystal
display device is set to operate under the digital display
mode.

[0073] (1) Analog Display Mode.

[0074] When the analog display mode is selected in
response to the mode selection signal MD, the analog image
signal is outputted to the data signal line 62. Also, the
voltage applied to the circuit selection signal line 88 changes
to “L” so that the TFTs 41, 44 of the circuit selection circuit
40, 43 turn on.
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[0075] The sampling transistor SP turns on in response to
the sampling signal based on the horizontal start signal STH
so that the analog image signal is provided to the drain signal
line 61 through the data signal line 62.

[0076] Also, the scanning signal is provided to the gate
signal line 51 in accordance with the vertical start signal
STV. When the TFT 71 turns on in response to the scanning
signal, the analog image signal Sig is applied through the
drain signal line 61 to the pixel element electrode 80 and the
storage capacitance element 85, which holds the applied
voltage. The liquid crystal 21 aligns itself in accordance with
the image signal voltage applied to the liquid crystal 21 fed
from the pixel element electrode 80, resulting in a display
image.

[0077] The analog display mode is suitable for showing a
full color moving picture. However, the external LSI 91 for
driver scanning on the external circuit board 90 and the
drivers 50, 60 continuously consume electric power for
driving the liquid crystal display device.

[0078] (2) Digital Display Mode

[0079] When the digital display mode is selected in
response to the mode selection signal MD, the data signal
line 62 is set to receive the digital image signal. At the same
time, the voltage of the circuit selection signal line 88 turns
to “H”, and the retaining circuit 110 is set to be operable.
Further, the TFTs 41, 44 of the circuit selection circuit 40, 43
turn off and the TFTs 42, 45 of the circuit turn on.

[0080] The LSI 91 for driver scanning on the external
circuit board 90 sends start signals STV, STH to the gate
driver 50 and the drain driver 60, respectively. In response
to the start signals, the sampling signals are sequentially
generated and turn on the respective sampling transistors
SP1, SP2, . . ., SPn sequentially, which sample the digital
image signal Sig and send the signal Sig to each of the drain
signal lines 61.

[0081] The operation of the first row of the matrix, or the
operation of the gate signal line 51, which receives the
scanning signal G1, will be described below. First, the
scanning signal G1 turns on each TFT of the pixel elements,
P11, P12 . . ., P1n connected to the gate signal line 51 for
one horizontal field period.

[0082] In the pixel element P11 located at the upper left
corner of the matrix, the sampling signal SP1 takes in the
digital image signal S11 and feeds it to the drain signal line
61. The scanning signal GI becomes “H”, turning the TFT 72
on. Thus, the drain signal D1 is written into the retaining
circuit 110.

[0083] During the rewriting of the data, the two levels
compete against each other. However, the configuration
described above can prevent false writing of data.

[0084] The signal retained by the retaining circuit 110 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 sclected signal is then applied to the liquid
crystal 21 through the pixel element electrode 80. Thus,
upon 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 matrix, a full display frame
scan (one field scan) is completed.



US 2002/0153843 Al

[0085] Then, the display, in accordance with the data that
is held in the retaining circuit 110 (still picture display),
appears. Under this digital display mode, the supply of
power voltage to the circuits such as the gate driver 50, the
drain driver 60 and the external LSI 91 for driver scanning
is halted. In the meantime, the retaining circuit 110 continu-
ously receives the voltages VDD, VSS. Also, the common
electrode 32 receives the common electrode voltage and the
signal selection circuit 120 receives signal A and signal B.

[0086] That is, when the retaining circuit 110 receives
VDD, VSS for its operation and, when the common elec-
trode voltage VCOM (signal A) is applied to the common
electrode, the liquid crystal display panel 100 is in the
normally-white (NW) mode. In this mode, the same voltage
as the common electrode 32 is applied to signal A and the AC
drive voltage (for example 60 HZ) for driving the liquid
crystal is applied to the signal B. Thereby, the data for one
still picture is retained and displayed. Other circuits such as
the gate driver 50, the drain driver 60 and the external LSI
91 for driver scanning do not receive any voltage.

[0087] When the retaining circuit 110 receives the digital
image signal of “H” through the drain signal line 61, the first
TFT 121 of the signal selection circuit 120 receives an “L”
signal and, accordingly, turns off. The second TFT 122
receives an “H” signal and turns on.

[0088] In this case, the signal B is selected and the liquid
crystal 21 receives the signal B, which has a phase opposite
to that of signal A applied to the common electrode 32. This
results in the rearrangement of the liquid crystal 21. Since
the display panel is in an NW mode, a black image results.

[0089] When the retaining circuit 110 receives the digital
image signal of “L.” through the drain signal line 61, the first
TET 121 of the signal selection circuit 120 receives an “H”
signal and, accordingly, turns on. The second TFT 122
receives an “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 arrange-
ment of the liquid crystal 21 and the pixel stays white.

[0090] In this digital mode, the signals corresponding to
one field are written in the retaining circuit 110, and a still
image is displayed based on the signals retained in the
retaining circuit 110. In this case, the drive of the driver
circuits 50, 60 and the external LSI 91 for driver scanning
is halted, resulting in a significant reduction of power
consumption.

[0091] As described above, according to the embodiment
of this invention, a single liquid crystal display panel pro-
vides two different display modes, full color moving image
(analog display mode) and a digital depth display (digital
display mode). Also, a false operation of the retaining circuit
110 can be prevented during writing.

[0092] In the above embodiment, the display device
capable of switching between the analog display mode and
the digital display mode is explained. However, this inven-
tion is broadly applicable to a display device having the
retaining circuit 110 for retaining the digital image signal
and making the image display based on the retained signal
in the retaining circuit 110.

[0093] It is especially preferable that the display device of
this invention be applied to a reflective liquid crystal display

Oct. 24, 2002

device. The structure of a reflective liquid crystal display
device will be described below in reference to FIG. 5.

[0094] As shown in the FIG. 5, on one side of the
insulating substrate 10, a gate insulating film 12 is formed on
an isolated polysilicon semiconductor layer 11, and a gate
electrode 13 is placed on the portion of the insulating film 12
corresponding to the polysilicon semiconductor layer 11.

[0095] A source 1ls and a drain 11d are formed in the
semiconductor layer 11 at the portions located at both sides
of the gate electrode 13. An interlayer insulating film 14 is
disposed above the gate electrode 13 and the gate insulating
layer 12. Contact holes 15 are formed at the portions of the
interlayer insulating film 14 corresponding to the drain 11d
and the source 11s. The drain 114 is connected to a drain
electrode 16 through the contact hole 15, and the source 11s
is connected to a display electrode 19 through the contact
hole 15, piercing through the interlayer insulating film 14
and a flattening insulating film 17 formed on the interlayer
insulating film 14.

[0096] The display electrode 19 is placed on the flattening
insulating film 17 and is made of a reflecting electrode
material, for example, aluminum (Al). An orientation film
20 is placed on the display electrode 19 and the portions of
the flattening insulating film 17. The orientation film 20 is
made of polyimid and aligns the liquid crystal 21.

[0097] The insulating substrate 30 on the other side of the
display device has color filters 31 for generating red (R),
green (G), and blue (B) colors, a common electrode 32 made
of a transparent electrode material such as ITO (indium tin
oxide), and an orientation film 33 for aligning liquid crystal
21. When the display device does not make a color display,
the color filter is not necessary.

[0098] Inthe gap between the two insulating substrates 10
and 30, which are attached together by sealing their periph-
eral portions with a sealing adhesive, the liquid crystal 21 is
filled. This forms a reflective liquid crystal display device.

[0099] As shown in the figure, the light coming from an
observer 1 side through the common electrode 32 and the
incident on the display electrode 19 are reflected by the
display electrode 19 so that the observer 1 recognizes the
light modulated by the liquid crystal 21 of the display
device.

[0100] In this manner, the reflective liquid crystal display
device utilized the lights external to the device and does not
need an internal light source, such as a back light in the
transmitting-type liquid crystal display device. Thus, there is
no need to supply electric power for the back light. There-
fore, it is preferable to apply the display device of the
invention to the reflective liquid crystal display device,
which does not need the back light. This further reduces
power consumption.

[0101] In the embodiment described above, the voltage to
the common electrode and signals A and B are applied to the
respective terminals throughout one full dot scan period of
a field. This invention is not limited to that embodiment, and
includes a configuration in which those voltages are not
applied throughout the scan. Such a configuration is pref-
erable because of a further reduction in power consumption
by the display device.
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[0102] Also, in the above embodiment, a one-bit digital
data signal is used in the digital display mode. This invention
is not limited to that embodiment, and is also applicable to
a multiple-bit data signal system.

[0103] In such a configuration, multiple level image rep-
resentation is possible. Also, it is necessary to provide the
retaining circuits and the signal selection circuits in accor-
dance with the number of bits used in the system.

[0104] In the above embodiment, only a portion of the
liquid crystal display panel is used for displaying the still
image. However, this invention is not limited to that embodi-
ment. The still image may be displayed in the entire area of
the display panel, in which case this invention is especially
effective.

[0105] Also in the embodiment described above, the
reflective liquid crystal display device is used. This inven-
tion is not limited to that embodiments, and may be applied
to both the transmitting-type liquid crystal display device
and the reflective-type liquid crystal display device. In that
case, the display electrode is made of a transparent electrode
material, rather than a reflecting electrode material. The
display electrode is in the area of the pixel element other
than the portions corresponding to the TFTs, the retaining
circuit, the signal selection circuit and the signal wiring.
When this invention is applied to the transmitting-type
liquid crystal display device, it is also possible to reduce
power consumption by halting supply of the voltage to the
gate driver 50, the drain driver 60, and the external LSI 91
for driver scan after displaying one image.

[0106] In the display device of this invention, the thresh-
old voltage of the first inverter circuit of the retaining circuit
is smaller than the threshold voltage of the second inverter
circuit. Therefore, the image signal from the drain signal line
is smoothly written through the pixel element selection
transistor.

[0107] Therefore, even if the power voltage supplied to
the display device is low, the false writing of the image
signal or a decrease in the writing speed can be prevented.
As a result, the reduction of the voltage in the display device
is possible. This leads to a display device with low power
consumption.

[0108] In the display device of this invention, the output
resistance of the second inverter of the retaining circuit,
which retains the image signal fed from the drain signal line,
is larger than the on-state resistance of the pixel element
selection transistor. Such a configuration prevents the output
of the second inverter circuit from affecting the change in the
input voltage of the first inverter circuit based on the image
signal. Therefore, false writing into the retaining circuit is
prevented, leading to an accurate display based on the image
signal retained in the retaining circuit.

[0109] Also in the display device of the low power con-
sumption, which is capable of switching between an analog
display mode and a digital display mode, the output resis-
tance of the second inverter of the retaining circuit is larger
than the sum of the on-state resistance of the pixel element
selection transistor and that of the circuit selection transistor.
Therefore, under the digital display mode, false writing into
the retaining circuit is prevented. This leads to an accurate
display based on the image signal retained in the retaining
circuit.
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[0110] The above is a detailed description of the particular
embodiments of the invention which are not intended to
limit the invention to the embodiments described. It is
recognized that modifications within the scope of the inven-
tion will occur to a person skilled in the art. Such modifi-
cations and equivalents of the invention are intended for
inclusion within the scope of this invention.

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

a plurality of gate signal lines disposed in a first direction;

a plurality of drain signal lines disposed in a second
direction different from the first direction;

a pixel element selection transistor selecting a display
pixel element in response to a scanning signal fed from
one of the gate signal lines; and

a retaining circuit disposed in the display pixel element,
the retaining circuit holding an image signal fed from
one of the drain signal lines through the pixel element
selection transistor, the image signal retained in the
retaining circuit being used for forming an image,
wherein the retaining circuit comprises a first inverter
circuit receiving the image signal from one of the drain
signal lines and a second inverter circuit positively
feeding back an output of the first inverter circuit into
an input of the first inverter circuit, and a threshold
voltage of the first inverter circuit is smaller than a
threshold voltage of the second inverter circuit.

2. The display device of claim 1, wherein the first inverter
circuit and the second inverter circuit comprise CMOS
inverter circuits, and a channel-length to channel-width ratio
of a P channel transistor of the first inverter circuit is larger
than a channel-length to channel-width ratio of a P channel
transistor of the second inverter circuit.

3. The display device of claim 2, wherein a channel-length
to channel-width ratio of an N channel transistor of the first
inverter circuit is smaller than a channel-length to channel-
width ratio of an N channel transistor of the second inverter
circuit.

4. The display device of claim 3, wherein the pixel
element selection transistor is an N channel transistor.

5. A display device, comprising:

a plurality of gate signal lines disposed in a first direction;

a plurality of drain signal lines disposed in a second
direction different from the first direction;

a pixel element selection transistor selecting a display
pixel element in response to a scanning signal fed from
one of the gate signal lines;

a pixel element electrode disposed in the display pixel
element;

a first display circuit disposed in the display pixel element
supplying an image signal fed from one of the drain
signal lines to the pixel element electrode, the first
display circuit operating in an analog mode;

a second display circuit disposed in the display pixel
element, the second display circuit having a retaining
circuit which holds the image signal fed from one of the
drain signal lines through the pixel element selection
transistor, and supplying a voltage signal correspond-
ing to the image signal retained in the retaining circuit
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to the pixel element electrode, the second display
circuit operating in a digital mode; and

a circuit selection transistor connected in series to the
pixel element selection transistor, the circuit selection
transistor selecting the first or the second display cir-
cuit, wherein the retaining circuit comprises a first
inverter circuit receiving the image signal from one of
the drain signal lines and a second inverter circuit
positively feeding back an output of the first inverter
circuit into an input of the first inverter circuit, and a
threshold voltage of the first inverter circuit is smaller
than a threshold voltage of the second inverter circuit.

6. The display device of claim 5, wherein the first inverter
circuit and the second inverter circuit comprise CMOS
inverter circuits, and a channel-length to channel-width ratio
of a P channel transistor of the first inverter circuit is larger
than a channel-length to channel-width ratio of a P channel
transistor of the second inverter circuit.

7. The display device of claim 6, wherein a channel-length
to channel-width ratio of an N channel transistor of the first
inverter circuit is smaller than a channel-length to channel-
width ratio of an N channel transistor of the second inverter
circuit.

8. A display device comprising:

a plurality of gate signal lines disposed in a first direction;

a plurality of drain signal lines disposed in a second
direction different from the first direction;

a pixel element selection transistor selecting a display
pixel element in response to a scanning signal fed from
one of the gate signal lines; and

a retaining circuit disposed in the display pixel element,
the retaining circuit holding an image signal fed from
one of the drain signal lines through the pixel element
selection transistor, the image signal retained in the
retaining circuit being used for forming an image,
wherein the retaining circuit comprises a first inverter
circuit receiving the image signal from one of the drain
signal lines and a second inverter circuit positively
feeding back an output of the first inverter circuit into
an input of the first inverter circuit, and an output
resistance of the second inverter circuit is larger than an
on-state resistance of the pixel element selection tran-
sistor.

9. The display device of claim 8, wherein the first inverter
circuit and the second inverter circuit comprise CMOS
inverter circuits and an on-state resistance of an N channel
transistor of the second inverter circuit is larger than an
on-state resistance of the pixel element selection transistor.

10. The display device of claim 9, wherein a channel-
length to channel-width ratio of the N channel transistor is
larger than a channel-length to channel-width ratio of the
pixel element selection transistor.

11. The display device of claim 8, wherein the first
inverter circuit and the second inverter circuit comprise
CMOS inverter circuits, and an on-state resistance of a P
channel transistor of the second inverter circuit is larger than
an on-state resistance of the pixel element selection transis-
tor.

12. The display device of claim 9, wherein a channel-
length to channel-width ratio of the P channel transistor is
larger than a channel-length to channel-width ratio of the
pixel element selection transistor.
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13. A display device, comprising:
a plurality of gate signal lines disposed in a first direction;

a plurality of drain signal lines disposed in a second
direction different from the first direction;

a pixel element selection transistor selecting a display
pixel element in response to a scanning signal fed from
one of the gate signal lines;

a pixel element electrode disposed in the display pixel
clement;

a first display circuit disposed in the display pixel element
supplying an image signal fed from one of the drain
signal lines to the pixel element electrode, the first
display circuit operating in an analog mode;

a second display circuit disposed in the display pixel
element, the second display circuit having a retaining
circuit which holds the image signal fed from one of the
drain signal lines through the pixel element selection
transistor, and supplying a voltage signal correspond-
ing to the image signal retained in the retaining circuit
to the pixel element electrode, the second display
circuit operating in a digital mode; and

a circuit selection transistor connected in series to the
pixel element selection transistor, the circuit selection
transistor selecting the first or the second display cir-
cuit, wherein the retaining circuit comprises a first
inverter circuit receiving the image signal from one of
the drain signal lines and a second inverter circuit
positively feeding back an output of the first inverter
circuit into an input of the first inverter circuit, and an
output resistance of the second inverter circuit is larger
than an on-state resistance of the pixel element selec-
tion transistor.

14. The display device of claim 13, wherein the first
inverter circuit and the second inverter circuit comprise
CMOS inverter circuits, and an on-state resistance of an N
channel transistor of the second inverter circuit is larger than
the summation of an on-state resistance of the pixel element
selection transistor and an on-state resistance of the circuit
selection transistor.

15. The display device of claim 14, wherein a channel-
length to channel-width ratio of an N channel transistor is
larger than a summation of a channel-length to channel-
width ratio of the pixel element selection transistor and a
channel-length to channel-width ratio of the circuit selection
circuit.

16. The display device of claim 13, wherein the first
inverter circuit and the second inverter circuit comprise
CMOS 1nverter circuits, and an on-state resistance of a P
channel transistor of the second inverter circuit is larger than
a summation of an on-state resistance of the pixel element
selection transistor and an on-state resistance of the circuit
selection circuit.

17. The display device of claim 16, wherein a channel-
length to channel-width ratio of a P channel transistor is
larger than a summation of a channel-length to channel-
width ratio of the pixel element selection transistor and a
channel-length to channel-width ratio of the circuit selection
circuit.
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