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IMAGE DISPLAY APPARATUS AND IMAGE
DISPLAY MODULE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Divisional application of
application Ser. No. 10/634,889, filed Aug. 6, 2003, which
claims priority from Japanese patent application JP 2002-
232317, filed on Aug. 9, 2002, the contents of which are
incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a display apparatus
and, in particular, to an image display apparatus using an
image display panel with a storage means built inside for
each pixel, in which the structure of the storage means is
simplified, the reduction of an aperture ratio is prevented,
and low power consumption is achieved. The present inven-
tion further relates to an image display module using the
image display apparatus.

[0004] 2. Background Art

[0005] Thin and light image display apparatuses employ-
ing various image display panels such as liquid crystal
display panels, plasma display panels, or organic electrolu-
minescence (EL) panels, are known. In the field of image
display panels constituting the image display apparatus of
this type, the so-called active matrix image display appara-
tuses are the mainstream. The active matrix image display
apparatus comprises many pixels arranged in a matrix and
are provided with active elements to control the on/off states
of each pixel. Thin film transistors or thin film diodes are
widely used as the active elements used in image display
apparatuses.

[0006] Although image display apparatuses using liquid
crystal display panels having thin film transistors as active
elements are described hereinafter as examples of the image
display panel, it is needless to say that the present invention
is also applicable to other types of image display panels and
to image display apparatuses using those panels. One pixel
corresponds to each pixel in a monochrome display. In the
case of color display, one color pixel means a unit pixel
(sub-pixel) responsible for each color. However, unless
particularly necessary, a unit pixel for one color pixel is
described hereinafter just as a “pixel.”

[0007] An example of the above active matrix image
display apparatuses is known (see JP Patent Publication
(Kokai) No. 8-194205 A 1996, for example). The example is
provided with the so-called static semiconductor storage
means (hereinafter referred to as “image memory element”
or simply “memory element”) for each pixel to control
active elements such as thin film transistors or thin film
diodes used for the on/off states of pixels, so as to reduce
power consumption. JP Patent Publication (Kokai) No.
2001-306038 discloses a liquid crystal display apparatus
capable of reducing power consumption. The liquid crystal
display apparatus comprises a data retention means for
retaining image data supplied to a plurality of pixels. A
voltage is applied to the liquid crystal based on the image
data retained in the data retention means. A dynamic semi-

1. Field of the Invention
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conductor memory element is used for the data retention
means of the LCD apparatus disclosed in the latter publi-
cation above.

[0008] However, the image memory element provided for
each pixel of the image display panel constituting the
conventional image display apparatus as described above is
configured using semiconductor elements, or semiconductor
elements and capacitors. Therefore, it requires a large num-
ber of semiconductor elements to be built into a pixel area,
or a large area for accommodating capacitors. In other
words, the conventional image display apparatus comprising
static image memory elements requires a large number of
transistors, making it difficult to manufacture the image
display panel and also reducing the effective display area in
the pixel region, or the aperture ratio.

[0009] Further, in the case of the image display apparatus
with dynamic image memory elements, a capacitor is used
to store information, so that an area is required for forming
the capacitor in the pixel region. Thus, the effective area in
the pixel becomes small, resulting in a reduced aperture
ratio. Furthermore, in the dynamic image memory elements,
the charge stored in the capacitor in accordance with stored
image data decreases with time. Accordingly, periodic
refreshing must be carried out to prevent changes in the
stored image data. As a result, circuit configurations inside
and outside the pixel become complicated, and the circuit
size becomes large due to the requirement for the refreshing
circuit.

[0010] In addition, since an image memory element dis-
closed in the above prior art is a volatile memory, in which
image data disappears when the power is turned off, constant
voltage application to the image memory element or data-
rewriting when the power is turned on is required, which is
one of the obstacles to reducing power consumption.

[0011] As described above, there have been many prob-
lems to be solved concerning image display apparatuses
using conventional image display panels. A first object of the
present invention is to provide an image display apparatus
comprising an image display panel, which simplifies the
configuration of an image memory element provided for
each pixel of the image display panel to prevent the reduc-
tion of the pixel aperture ratio, and achieves low power
consumption by having a configuration allowing image data
to be retained inside the pixel when the power is off.

[0012] A second object of the present invention is to
provide a low power consumption image display module
using the above image display apparatus.

[0013] Inorder to achieve the above first object, according
to the present invention, an image display apparatus com-
prises:

an image display panel having a display element comprising
a plurality of pixels arranged in a matrix at crossing points
where a plurality of scanning electrode lines cross a plurality
of signal (display data) electrode lines;

[0014] a scanning electrode line selection circuit for
selecting the scanning electrode lines of the image display
panel;

[0015] a signal electrode line drive circuit for driving the
signal electrode line ; and
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[0016]
pixel.

storage means for storing display data for each

The storage means comprises a resistor connected to each
pixel and the display data is stored in the pixel by way of the
resistance value of the resistor.

[0017] The storage means (hereinafter also referred to as
“image memory element”) is preferably controlled by a
current signal, and furthermore, it may be nonvolatile. The
image memory element uses resistance changes caused by
phase changes or phase transition of a recording medium
constituting the image memory element. As the phase
change medium, a material that exhibits resistance due to
phase changes between a crystal state and an amorphous
state can be used, and a GeSbTe phase change medium is
preferably used. The pixels connected to the image memory
element may be electrically isolated from the scanning and
the signal electrode lines. In such a case, as with the passive
matrix type, rewriting means always electrically connected
to the scanning and signal lines can be driven directly by the
scanning and the signal electrode lines.

[0018] Further, reading means for reading data stored in
the storage means may be provided. An operating means for
comparing the image data (referred to as display data or
display signal) read by the reading means with display data
to be subsequently displayed is provided, and the read image
data is thereby compared with the subsequent image data.
Then, the stored data in the storage means is rewritten only
when they are different. Further, a plurality of storage means
can be provide in one pixel.

[0019] In order to achieve the second object, according to
the present invention, the image display module comprises:

an image display panel having a display element comprising
a plurality of pixels arranged in a matrix at crossing points
where a plurality of scanning electrode lines cross a plurality
of signal electrode lines;

[0020] arecording apparatus for recording display data in
the image display panel; and

[0021] adisplay drive apparatus for displaying the display
data recorded in the image display panel by the recording
apparatus,

wherein the image display panel can be connected to one or
both of the recording apparatus and the display drive appa-
ratus.

[0022] The image display panel comprises a nonvolatile
storage means for storing the display data for each pixel, a
scanning line connection portion for inputting a scanning
signal into the scanning line, a signal line connection portion
for inputting a display data signal into the signal line, a drive
line connection portion for inputting a drive signal for
driving the pixel, and a power line connection portion.

[0023] In addition, the recording apparatus comprises a
scanning line selection circuit, a signal line drive circuit for
driving the scanning and signal lines of the liquid crystal
display apparatus, a signal control circuit, and a recording
apparatus connection portion for connection to the signal
line connection portion and the drive line connection por-
tion.

[0024] The recording apparatus is connected to the image
display panel via the recording apparatus connection portion
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and the data stored in the storage means is rewritten by
inputting a rewriting signal of the storage means into the
scanning line and signal line connection portions.

[0025] The display drive apparatus comprises an opposite
electrode drive circuit, a power circuit, and a display drive
apparatus connection portion for connection to the drive line
connection portion and the power line connection portion of
the image display panel and the display drive apparatus is
connected to the image display panel via the display drive
apparatus connection portion to display the display data
stored in the image display panel.

[0026] Further, each pixel of the image display panel has
a plurality of image memory elements and a plurality of
images are changed and displayed by switching these image
memory elements.

[0027] The present invention is not limited to the above
configurations and configurations of embodiments described
below, and it is needless to say that various modifications are
possible without deviating from the technical idea of the
present invention.

[0028] This specification includes part or all of the con-
tents as disclosed in the specification and/or drawings of
Japanese Patent Application No. 2002-232317, which is a
priority document of the present application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a circuit diagram showing the configu-
ration of one pixel constituting an image display panel,
namely liquid crystal display panel, of an image display
apparatus according to a first embodiment of the present
invention.

[0030] FIG. 2 is a block diagram of the image display
apparatus configured by the use of the liquid crystal display
panel having pixels illustrated in FIG. 1.

[0031] FIG. 3 is an explanatory view showing the voltage-
reflection factor characteristics of a liquid crystal element in
a normally closed mode used for the liquid crystal display
panel of the first embodiment of the present invention.

[0032] FIG. 4 is a waveform chart of a current pulse for
switching the image memory element used in the first
embodiment of the present invention.

[0033] FIG. 5 is an explanatory view showing signal
waveforms for driving the image display panel.

[0034] FIG. 6is a cross-sectional view of a substantial part
of a first substrate constituting the liquid crystal display
panel of the first embodiment of the present invention.

[0035] FIG. 7 is a block diagram showing the configura-
tion of the image display apparatus according to the first
embodiment of the present invention.

[0036] FIG. 8 is a circuit diagram showing the configu-
ration of one pixel of an image display panel (liquid crystal
display panel) according to a second embodiment of the
present invention.

[0037] FIG. 9 is a circuit diagram showing the configu-
ration of one pixel of an image display panel (liquid crystal
display panel) according to a third embodiment of the
present invention.
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[0038] FIG. 10 is a circuit diagram showing the configu-
ration of one pixel of an image display panel (liquid crystal
display panel) according to a fourth embodiment of the
present invention.

[0039] FIG. 11 is a circuit diagram showing the configu-
ration of one pixel of an image display panel (liquid crystal
display panel) according to a fifth embodiment of the present
invention.

[0040] FIG. 12 is a circuit diagram showing the configu-
ration of one pixel of an image display panel (liquid crystal
display panel) according to a sixth embodiment of the
present invention.

[0041] FIG. 13 is a block diagram showing an image
display apparatus according to the sixth embodiment of the
present invention.

[0042] FIG. 14 is an explanatory view showing signal
waveforms for driving the image display panel according to
the sixth embodiment of the present invention.

[0043] FIG. 15 is a circuit diagram of a pixel part of the
liquid crystal display panel constituting the image display
apparatus according to a seventh embodiment of the present
invention.

[0044] FIG. 16 is a cross-sectional view showing a con-
figuration example of a heater and an image memory ele-
ment provided in the pixel part of the liquid crystal display
panel constituting the image display apparatus according to
the seventh embodiment of the present invention.

[0045] FIG. 17 is a circuit diagram of a pixel part of a
liquid crystal display panel constituting an image display
apparatus according to an eighth embodiment of the present
invention.

[0046] FIG. 18 is a circuit diagram of a pixel part of a
liquid crystal display panel constituting an image display
apparatus according to a ninth embodiment of the present
invention.

[0047] FIG. 19 is a circuit diagram of a pixel potion of a
liquid crystal display panel constituting an image display
apparatus according to a tenth embodiment of the present
invention.

[0048] FIG. 20 is a block diagram showing that image data
is written in an image display module configured by con-
necting a liquid crystal display panel having the pixel
structure shown in FIG. 19 to a recording apparatus.

[0049] FIG. 21 is a block diagram showing that image data
is displayed with the image display module configured by
connecting the liquid crystal display panel having the pixel
structure shown in FIG. 19 to a display drive apparatus.

[0050] FIG. 22 is a circuit diagram showing the configu-
ration of one pixel of a pixel part in a display panel
according to an eleventh embodiment of the present inven-
tion.

[0051] FIG. 23 is a plane view showing one example of an
electronic instrument carrying an image display apparatus of
the present invention.

[0052] FIG. 24 is a system configuration diagram of the
electronic instrument shown in FIG. 23.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0053] This application is based on the Japanese patent
applications 2002-232317, filed on Aug. 9™ 2002, all the
contents of which is incorporated in this application by
reference.

[0054] Hereinafter, embodiments of the present invention
will be described in detail by referring to the drawings
thereof. FIGS. 1 to 7 are drawings for a first embodiment of
a liquid crystal display apparatus according to the present
invention. A liquid crystal display panel to which the present
invention is applied is used as an image display panel
constituting the liquid crystal display apparatus. FIG. 1 is a
circuit diagram showing the configuration of one pixel in the
image display panel, namely the liquid crystal display panel,
according to the first embodiment of the present invention.
FIG. 2 is a block diagram of the image display apparatus
configured by using the liquid crystal display panel having
the pixel shown in FIG. 1.

[0055] The pixel of this embodiment shown in FIG. 1
comprises a thin-film transistor 17 (hereinafter referred to as
“TFT”) as a switching element, a liquid crystal element 5,
and an image memory element 1, and these are enclosed by
a dotted line with reference numeral 127 in FIG. 2. This
pixel is arranged as pixel 127 at a crossing point of a
scanning electrode line 7 and a signal electrode line 9 driven
by a scanning line selection circuit 103 and a signal line
drive circuit 101, respectively, in FIG. 2. Reference marks
R . and Rpe represent the resistance values of the liquid
crystal element 5 and the image memory element 1, respec-
tively. The image display apparatus further includes a ref-
erence electrode line 15 for applying a voltage to the liquid
crystal element 5 and causing a current to flow to the image
memory element 1, a pixel electrode 25, an m-th scanning
electrode line Gm, and an n-th signal electrode line Dn.

[0056] The image display apparatus shown in FIG. 2 is an
active matrix type liquid crystal display apparatus, which
displays images by controlling the TFT 17 provided in the
pixel 127. This image display apparatus has a matrix
wherein a large number of scanning electrode lines 7 cross
a large number of signal electrode lines 9 in the inner face
of a first substrate 77 comprising an insulating plate such as
glass. The pixels 127 are arranged in a matrix at crossing
points of scanning electrode lines 7 and signal electrode
lines 9. Pixel electrodes 25 driven by thin-film transistors 17
of the many pixels arranged in a matrix control the orien-
tation of liquid crystal elements 5 using the electric field
generated between the pixel electrodes 25 and opposite
electrodes 3 formed on the inner face of a second substrate
(not shown) preferably formed of glass, for example.

[0057] Each pixel 127 includes the image memory ele-
ment 1 shown in FIG. 1 and retains image data (display data)
displayed in the pixel 127. This image memory element 1
reversibly changes its resistance to record image data, and
also can rewrite the recorded image data. In its ordinary use,
it is used as nonvolatile memory wherein recorded image
data is not erasable.

[0058] The image memory element 1 is switched by pulse
current from the signal electrode line 9. The resistance state
for switching is controlled by changing the current value and
pulse width of the pulse current. In FIG. 2, an uppermost
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scanning electrode line 7 is numbered as G, and the rest of
the scanning electrode lines are sequentially numbered. A
leftmost signal electrode line 9 is numbered as D, and the
rest of the signal electrode lines are sequentially numbered.
In this case, the pixel circuit at a crossing point of G, -th
scanning electrode line 7 and D, -th signal electrode line 9 is
shown in FIG. 1. When G, -th scanning electrode line 7 is
selected to have a high level, an n-type TFT 17, the gate of
which is connected to the scanning electrode line 7, is turned
on. At the same time a current signal (namely image data)
passing through the signal electrode line 9 at the same time
is captured in the TFT 17 and it passes through the image
memory element 1, flowing to the reference electrode line
15. In response to the current value or pulse width of the
current passing through the image memory element 1, the
resistance value of the image memory element 1 varies, and
the resistance value is stored as image data.

[0059] Inthis embodiment, a pixel electrode 25 (indicated
as a connection point between the liquid crystal element 5
and the TFT in the figure) of the liquid crystal element 5 is
connected to the reference electrode line 15 via the image
memory element 1. Thus, the drive voltage applied across
the opposite electrode 27 of the liquid crystal element 5 and
the reference electrode line 15 is applied to the image
memory element 1 and the liquid crystal element 5 con-
nected in series. Therefore, a voltage determined by the ratio
at the resistance R; . of the liquid crystal element 5 to the
resistance Ry of the image memory element 1 is applied to
the liquid crystal element 5 as an effective liquid crystal
drive voltage. When the resistance Ry of the image memory
element 1 is changed by switching, in response to it, the
liquid crystal drive voltage changes in response so that the
display state of the liquid crystal element 5 is switched.

[0060] FIG. 3 describes the voltage-reflection factor char-
acteristics of the liquid crystal element in a normally closed
mode used for the liquid crystal panel of the first embodi-
ment of the present invention. The reflection factor is
represented by relative value. When the drive voltage across
the opposite electrode 3 and the reference electrode line 15
is V, a threshold voltage at which the liquid crystal element
5 is closed is V,,;,,, a threshold voltage for an open state is
V Lax the resistance when the image memory element 1 is in
a high resistance state is RH, and the resistance when it is in
a low resistance state is RL, the following relationships are
satisfied:

Vinin ZRe o ViR +RH)
Vax SRy VIR +RL)

max =

so that the display state of the liquid crystal element 5 can
be switched using the resistance changes of the image
memory element 1. Further, R; ZRH is desired. In other
words, when R; . is equal to or larger than RH, the current
applied from TFT 17 passes mainly through the image
memory element 1 and the current can be effectively used
for switching of the image memory element 1. The threshold
voltages should be satisfied likewise in the normally open
mode.

[0061] FIG. 4 is a waveform chart of the current pulse for
switching the image memory element 1 used in the first
embodiment of the present invention. In this embodiment, a
thin film of phase change medium (phase change film) that
is reversibly changeable between two phases, thatis a crystal
phase and an amorphous phase, is used as the recording
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medium of the image memory element 1. The crystal state
of the phase change medium differs in resistance from the
amorphous state thereof. Generally, when the medium is in
the crystal state (referred to also as “crystal phase”), the
resistance is low, and is in the amorphous state (referred to
also as “amorphous phase”), the resistance is high. Phase
change may be caused by heating this memory medium.

[0062] In this embodiment, the memory medium consti-
tuting an image memory element is heated using Joule’s heat
generated by the flow of an electric current so that phase
change is caused. When the image memory medium com-
prising a phase change film is changed to an amorphous
phase (hereinafter, this is referred to as “reset operation”), a
current of not less than I ..., of FIG. 4 is allowed to flow to
melt the phase change film. The period T,.., during which
the current flows is set to be not shorter than the time period
required for heating the phase change film to melting point
or higher, and not longer than the period during which the
molten phase change film rapidly cools to become amor-
phous. The molten phase change film thereby becomes
amorphous. On the other hand, when the film is crystallized
(hereinafter, this is referred to as “set operation™), a current
of not less than I, and less than Ireset is allowed to flow for
a sufficient period T, for crystalizing the phase change film
so that the film is annealed and crystallized.

[0063] In this way, when a phase change from crystal
phase to amorphous phase is caused (reset operation), a
current of not greater than I.._, is allowed to flow for a short
period to melt the phase change medium, which is then
rapidly cooled. When phase change from amorphous phase
to crystal phase is caused (set operation), a current of from
I, to L ..., 1s allowed to flow for a longer period so that the
medium is kept at a crystallization temperature or higher to
be crystallized. Regardless of the state before phase change,
the previous phase state can be erased by causing the current
having the same pulse waveform to flow, so that the phase
change film can be rewritten to a new phase state. Chalco-
genide materials such as GeSbTe, InSbTe, and AglnSbhTe are
preferably used, as materials of the phase change medium.
In this embodiment, the composition comprising GeSb,Te,,
In,SbTe; , and AgsIn;Sh,,Te,, is employed.

[0064] In the phase change medium, phase change occurs
with a current pulse of not greater than 50 ns, and therefore
switching (between crystal phase and amorphous phase) can
be conducted at a high speed. In this embodiment, T,..., is
from 30 to 50 ns and T, is from 50 to 100 ns. When the
composition of the phase change medium is changed, the
phase change speed can be reduced, thereby enabling the
adjustment of phase change speed in accordance with the
drive performance of the drive circuit. When GeSb,Te, is
used, there 1s a difference of 100 to 1,000 times in the
resistance between the crystal state and the amorphous state.

[0065] Further, GeSbTe materials are excellent for
repeated rewriting. InShTe materials have a feature that the
resistance ratio between the crystal phase and amorphous
phase is high. Accordingly, it is preferable to select a suitable
material depending on the characteristics of the image
display apparatus. These materials have a substantially
higher glass transition temperature than room temperature
and each phase state can be maintained for a long time so as
to function as a nonvolatile memory. In addition to chalco-
genides, materials such as VO, that show metal-insulator
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transition depending on temperature may be used. Further,
materials that show metal-insulator transition in accordance
with structural phase transition may also be used.

[0066] FIG. 5 shows signal waveforms for driving the
image display panel. Voltage VGm of the scanning electrode
line 7 shown in FIG. 2 is selected once every one frame
cycle by the scanning line selection circuit 103 to have a
high level. An image data signal is supplied to the signal
electrode line 9 from the signal line drive circuit 101. In this
embodiment, a current signal for rewriting the image
memory element 1 is supplied as an image data signal. In a
pixel formed at a crossing point of m-th scanning electrode
line 7 and n-th signal electrode line 9, when the voltage
VGm of m-th scanning electrode line 7 becomes high, TFT
17 is turned on and conducts. Therefore, the current IDn that
has flown through the signal electrode line 9 at that time
flows through TFT 17 to be supplied to the image memory
element 1.

[0067] As described in FIG. 4, when the medium is
phase-changed from crystal phase to amorphous phase (reset
operation), a current of not greater than I __, is allowed to
flow for a short period. When the medium is phase-changed
from amorphous phase to crystal phase (set operation), a
current of I, to 1., s allowed to flow for a longer period.
The selection period for one scanning line is about 16 ps for
an ordinary frame cycle of about 60 Hz with 1,000 scanning
lines, and it is sufficiently longer compared with the period
for rewriting the image memory element 1. In this embodi-
ment, when the image memory element 1 is reset, the liquid
crystal element 5 is turned off. When the image memory
element 1 is set, the liquid crystal element 5 is turned on. In
accordance with changes of the image memory element 1,
the display of the liquid crystal element 5 is changed. Drive
voltage VCOM for driving the liquid crystal element 5 is
applied to the opposite electrode 3.

[0068] In this embodiment, the drive voltage VCOM
employed an ac voltage such that the polarity is reversed at
frame intervals. Thus, the potential difference between the
signal electrode line 9 and the opposite electrode 3 can be
reduced by reversing the polarity of base voltage VLCmn of
the signal electrode line 9 in the same manner as the drive
voltage VCOM, thereby reducing the current flowing
through the liquid crystal element 5 and causing almost all
the current to pass through the image memory element 1.
The polarity of signal current IDn is also reversed in line
with the reversal of the drive voltage VCOM.

[0069] In this embodiment, the pixels have a nonvolatile
memory therein as an image memory element. Therefore,
once image data is written in the image memory element 1,
it is not necessary to write in image data until the display
image is changed. In the case of an image display panel
(image display apparatus), which retains image data using a
conventional capacitor, it is necessary to refresh data at
regular time intervals even when a still image is displayed.
In this embodiment, refreshing is not required. Therefore,
when information such as text (characters) and still images
is displayed, only the supply of liquid crystal drive voltage
is necessary until the displayed image is changed. Further,
since a nonvolatile memory is used, flicker caused by
alternating liquid crystal drive voltage does not occur and
the drive frequency of liquid crystal drive voltage can be
delayed to such extent that the liquid crystal does not
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deteriorate. Thus, the power consumption caused by charg-
ing/discharging to liquid crystal capacitance due to liquid
crystal drive or by charging/discharging to stray capacitance
of wiring can be largely reduced, thereby resulting in low
power consumption.

[0070] Furthermore, in order to switch still image display
using image memory and moving image display using no
image memory element, it is preferable that one frame
period is integral multiple of image data writing period. The
reason therefor is that moving image display and still image
display can be switched using a clock in line with the
frequency for moving image display. In addition, when
displaying a moving image, it is not necessary to retain data
since data is rewritten at high speed, and thus one frame
period may be equal to data writing period. Further, since it
is not necessary to store image data when displaying a
moving image, a switch for separating an image memory
element from a pixel may be provided so as not to use the
image memory element 1. The number of times of rewriting
of an image memory element can be thereby reduced to
enhance the reliability of the image memory element.

[0071] During the image data writing period, the opposite
electrode 3 may be caused to have a high impedance so as
to prevent the current flow to the liquid crystal element 5. In
this case, it is not necessary to apply alternating voltage to
the signal electrode line 9 or to reverse the current. Further,
an alternating current for driving the liquid crystal may be
supplied to the reference electrode line 15. Alternatively, an
alternating current may be supplied to both the opposite
electrode 3 and the reference electrode line 15.

[0072] FIG. 6 is a cross-sectional view of a substantial part
of a first substrate constituting the liquid crystal display
panel according to the first embodiment of the present
invention. In the figure, there are shown a glass substrate 77,
a gate electrode 51, an insulating film (gate insulating film)
69, a silicon film 71, an N+ silicon film 79, a source
electrode 33, a drain electrode 55, a memory element
electrode 61, a phase change film 67, and a pixel electrode
25. Reference numerals 1 and 17 denote an image memory
element and a thin film transistor in the same manner as
these of FIG. 1.

[0073] In this embodiment, the silicon film 71 is made
from amorphous silicon (a-Si) to constitute a TFT. The gate
electrode 51 and the image memory element electrode 61 are
formed on the glass substrate 77. The image memory
element electrode 61 in contact with the phase change film
67 preferably has high heat resistance. The gate electrode 51
and image memory element electrode 61 can be simulta-
neously formed with identical material, using a metal with
a high melting point such as tantalum (Ta), molybdenum-
tantalum (MoTa), molybdenum-tungsten (MoW), tungsten
(W), or molybdenum (Mo), which are frequently used as
materials for the gate electrode 51 of TFT. The insulating
film 69 is formed on the gate electrode 51 of the TFT 17 and
the image memory element electrode 61 using silicon oxide
(510x) or silicon nitride (SiNx).

[0074] A contact hole is formed in the insulating film 69,
and the phase change film 67 is formed so as to be in contact
with the image memory element electrode 61. An amor-
phous silicon film 71 is also formed on the insulating film 69
directly on the gate electrode 51 of TFT 17. On top of this,
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the N+ silicon layer 79 is formed, and the source electrode
53 and drain electrode 55 of TFT 17 are formed with a metal
such as aluminum.

[0075] The source electrode 53 covers the phase change
film 67 as a part of the electrode of the image memory
element 1. Further, the source electrode 53 is connected to
the pixel electrode 25. A channel part of TFT 17 is formed
so as to separate the source electrode 53 from the drain
electrode 55, thereby forming TFT 17. On top of that, a
protective film (not shown) is formed. When a transparent
electrode is used for pixel electrode 25, a transmission image
display panel can be formed. When a metal film such as
aluminum is used for pixel electrode 25, a reflection image
display panel can be formed. In the case of a reflection image
display panel, the pixel electrode 25 and the TFT 17/image
memory element electrode 61 are separated above and
below so that the pixel electrode 25 may be formed to cover
the TFT 17 and the image memory element electrode 61. In
this case, the aperture ratio can be made large.

[0076] The phase change film 67 is heated by the flow of
a current signal from the source electrode 53 of TFT and the
image memory element electrode 61. The width of the phase
change film 67 is narrow at the side of the image memory
element electrode 61, where current concentration occurs,
thereby increasing the calorific value. Therefore, the phase
change film 67 has high temperature at the side of the image
memory element electrode 61 and melts easily. Accordingly,
it is preferable that the image memory element electrode 61
has higher melting point than the phase change film 67. In
addition, the heat generated at the phase change film 67 is
well released toward the side of source electrode 53 with
high heat conductivity, and rapidly cooled down when the
current is turned off. Silicides such as tantalum silicide
(TaSi,) may be used for image memory element electrode
61.

[0077] TFT 17 is not limited to one made of amorphous
silicon of this embodiment, but polysilicon (p-Si) or single
crystal silicon may be used for manufacturing the same. In
addition to the reverse-staggered type as shown in this
embodiment, other types of TFT structures such as the
normal-stagger type and the coplanar type may be
employed.

[0078] The resistance value RH of the phase change film
in a high resistance state is preferably as high as the
resistance RLC of the liquid crystal element 5. On the other
hand, the voltage to cause electric current to pass through the
image memory element 1 is preferably low. To this end, it is
preferable that the cross-sectional area of the phase change
film 67 is reduced while maintaining the film thickness
thereof to increase the resistance value RH.

[0079] FIG. 7 is a block diagram showing the configura-
tion of the image display apparatus according to the first
embodiment of the present invention. In the figure, a signal
line control circuit 101 comprises a serial-parallel (S/P)
conversion circuit 105, a line memory 107, and a voltage-
current conversion circuit 109. Further, a signal control
circuit 111 comprises an image signal processing circuit 113
and a drive control circuit 115. The image signal processing
circuit 113 converts an image signal inputted from an
external signal source (not shown) to an image data signal
having a format displayable on a liquid crystal display panel.
The driver control circuit 115 generates a control signal for
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the signal line control circuit 101 and the scanning line
selection circuit 103 based on synchronizing signals.

[0080] The signal control circuit 111, upon reception of
the image signal and the synchronizing signal from the
external signal source, sends image data from the image
signal processing circuit 113 to the signal line control circuit
101 and outputs control signals from the driver control
circuit 115. In the serial/parallel signal conversion circuit
105 of signal control circuit 101, the image data signals
transmitted as serial signals are converted into the same
number of parallel signals as the number of signal electrode
lines 9, and image data corresponding to one scanning line
is stored in the line memory 107. The image data stored in
the line memory 107 is sent to the voltage-current conver-
sion circuit 109 where the voltage data is converted to
current values, which are then outputted in step with the
control signal timing.

[0081] The scanning line selection circuit 103 selects a
scanning electrode line 7 in synchronization with the control
signal to enable it to have a high level, and scans sequen-
tially selected scanning electrode lines 7. A power source
circuit 117 generates reference voltage of data signals and
required voltages to be applied to the scanning electrode line
7 and opposite electrode 3, and further alternates voltage to
be applied to the opposite electrode 3 with an opposite
electrode drive circuit 119, thereby applying the voltage to
the opposite electrode 3.

[0082] A nonvolatile memory using the above-described
phase change medium is characterized in that rewriting can
be performed at high speed and with low voltage and low
power consumption compared with conventional nonvola-
tile memories such as flash memories. Further, it is capable
of a large number of rewritings, and therefore its service life
is 10 years or more even when rewriting is performed at 60
Hz. This is a suflicient service life for displaying moving
images. Furthermore, a memory of this type is characterized
in that its cell area is small and the reduction of the aperture
ratio of the image display panel is small even when a
memory element is mounted thereon. The use of this
memory as memory element in a pixel of image display
panel (image display apparatus) enables low power con-
sumption, a high aperture ratio, and longer service life.
Additionally, since the memory element can be made small,
it is suitable for a high definition image display apparatus. In
that case, it is possible to display high-quality color image
data in binary display by using area gradation.

[0083] Heretofore, embodiments of the present invention
using liquid crystal have been described concerning a liquid
crystal display panel using an opposite electrode and a liquid
crystal display apparatus using a liquid crystal display panel.
However, the liquid crystal display panel, liquid crystal
display apparatus, and display mode or element structure to
be used for the present invention are not particularly limited.
For example, the present invention can be applied to an
image display apparatus using an in-plane switching liquid
crystal display panel in the same manner. As for display
mode, TN (Twisted Nematic) liquid crystal, guest host liquid
crystal, PDLC liquid crystal, etc. may be usable. Further,
cholesteric liquid crystal with bistability can store display, so
that the display can be retained even after liquid crystal drive
voltage is turned off. When this bistable cholesteric liquid
crystal is used, an image memory element does not neces-
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sarily have to be nonvolatile, and an element that reversibly
changes resistance may be used. Further, if the properties of
the memory medium change when exposed to light, it is
preferable to shield the memory medium from light.

[0084] Next, a second embodiment of the present inven-
tion will be described using FIG. 8. FIG. 8 is a circuit
diagram showing the configuration of one pixel of a liquid
crystal display panel according to the second embodiment of
the present invention. The figure shows a first TFT 17a, a
second TFT 175, and a by-pass resistor 21, whose resistance
value is indicated by Ryp. In FIGS. 1 and 8, like reference
marks refer to like functional portions. When a scanning
electrode line 7 is selected and has a high level, the first and
second TFTs 17a and 175 conduct. Therefore, current data
signals flowing in the signal electrode line 9 pass through the
first TFT 174 to the image memory element 1, causing the
image memory element 1 to be switched into a memory state
in accordance with the current data.

[0085] The resistance of the image memory element 1 at
high resistance state, resistance of the by-pass resistor 21,
and resistance of the liquid crystal element 5 are referred to
as RH, Ryp, and R; ., respectively.

[0086] The current data signal introduced from the first
TFT 17a passes mainly through the image memory element
1 and can be effectively used for switching of the image
memory element 1 if the relationship RH<Rzp<R; is
satisfied, where RH is the resistance of the image memory
element 1 at high resistance state, Ry is the resistance of the
by-pass resistor 21, and R; . is the resistance of the liquid
crystal element 5. Further, since the second TFT 176 also
conducts at this time, a small amount of current flowing at
the side of the liquid crystal element 5 passes through the
by-pass resistor 21 and almost no current thereby passes
through the liquid crystal element 5.

[0087] When the scanning electrode line 7 has a low level,
the first and second TFTs 17a, 1756 are both turned off, Then,
a voltage determined by the division of the voltage across
the reference electrode line 15 and the opposite electrode
(not shown) by the resistance R; . of the liquid crystal
element 5 and the resistance Ry of the image memory
element 1 is applied to the liquid crystal element 5. Thus, the
display of the liquid crystal display element 5 can be
switched in response to the resistance of the image memory
element 1. This embodiment produces the same effect as the
above embodiment, thereby making it possible to display
high-quality color image data.

[0088] FIG. 9 is a circuit diagram showing the configu-
ration of one pixel of the image display panel (liquid crystal
display panel) according to a third embodiment of the
present invention. In the figure, there are shown a first image
memory element 1a and a second image memory element
156. In FIGS. 1 and 8, like reference numerals refer to like
elements. In FIG. 9, when a scanning electrode line 7 is
selected and has a high level, the TFT 17 conducts. A current
data signal flowing in the signal electrode line 9 passes
through TFT 17 to the first image memory element 1a or
second memory element 15 to switch the memory state
according to the current data. By controlling the voltage of
the signal electrode line 9, the image memory elements 1a
or 16 can be selected to which the current flows. The
resistance of the first and second memory elements 1a, 15
can be independently controlled by sequentially rewriting
the first and second image memory elements 1a, 15.
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[0089] When the scanning electrode line 7 has a low level,
the TFT 17 is turned off. Then, a voltage determined by the
division of the voltage across the reference electrode line 15
and the opposite electrode (not shown) by the first and
second image memory elements 1a, 15 is applied to the
liquid crystal element 5. Thus, the display of the liquid
crystal element 5 can be switched by resistance change of
the image memory element 1. Namely, when the first and
second image memory elements 1a, 16 have the same
resistance, the following three values of voltage can be
generated in accordance with the combination of resistances.

VH=V-RH/(RH+RL)~V
VL=V-RL{(RH+RL)=V
VM=V-RH/(RH+RH)= V72

Therefore, the liquid crystal element 5 can display half tone
in addition to on- and off-states.

[0090] Inthisembodiment, since a voltage to be applied to
the liquid crystal element 5 is not dependent on the resis-
tance thereof, stable image quality can be obtained without
the influence of secular changes in resistance of liquid
crystal element 5, resistance variations of liquid crystal
material, or the like. Further, liquid crystal drive voltage can
be efliciently applied to the liquid crystal element 5. Voltage
VL is nearly zero, and the on-off ratio of voltage to be
applied to liquid crystal is suitable. In addition to the above
effects, this embodiment produces the same effects as the
above embodiments, thereby making it possible to display
high-quality color image data.

[0091] FIG. 10 is a circuit diagram showing the configu-
ration of one pixel of liquid crystal display panel according
to a fourth embodiment of the present invention. The figure
shows a p-type TFT 19, a resistor 21, a power electrode line
13, and a drive voltage supply electrode 11. Like reference
numerals refer to like functional portions in this figure and
the figures of the above embodiments. In FIG. 10, when a
scanning electrode line 7 is selected and has a high level, the
first TFT 17a conducts and the p-type TFT 19 is turned off.
Current data signals flowing in the signal electrode line 9
pass through the first TFT 17a and flows into the image
memory element 1 and the resistor 21. The image memory
element 1 is switched into a memory state in accordance
with the passed current data.

[0092] When the scanning electrode line 7 has a low level,
the first TFT 17a is interrupted and the p-type TFT 19
conducts. Thus, DC voltage between the power electrode
line 13 and the reference electrode line 15 is applied across
the image memory element 1 and the resistor 21. A voltage
determined by the division of the voltage by the image
memory element 1 and the resistor 21 is applied to the gate
of the second TFT 175, and the gate voltage of the second
TFT 175 is changed depending on the resistance value of the
image memory element 1. On-off control of the second TFT
175 can be performed in accordance with the resistance
value of memory element 1 by defining the resistance value
of the resistor 21 so that the second TFT 175 is turned on or
off in response to these voltage changes.

[0093] Inother words, when the image memory element 1
has high resistance, the gate voltage becomes low and thus
the second TFT 176 is off. Conversely, when the image
memory element 1 has low resistance, the gate voltage
becomes high and thus the second TFT 175 is turned on.
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When the second TFT 175 is turned on, voltage of the drive
voltage supply electrode 11 is applied to the liquid crystal
element 5, and when the second TFT 175 is turned off drive
voltage is not applied. Therefore, on-off control of the liquid
crystal element 5 is performed with the resistance of the
image memory element 1.

[0094] In this embodiment, since voltage to be applied to
the liquid crystal element 5 is switched using the second
TFT 17b, the liquid crystal element 5 can be thoroughly
switched on or off. Further, because the resistance of the
image memory element 1 may be changed within such range
to control the gate of the second TFT 175, there is almost no
influence on image quality due to variations of the resistance
of the image memory element 1, and characteristic (prop-
erty) changes caused by repeated operations, thereby pro-
viding stable image quality. Furthermore, in this embodi-
ment, the p-type TFT 19 is controlled using the scanning
electrode line 7, but an n-type TFT may be used instead of
p-type TFT 19 and a signal line to control this n-type TFT
is separately provided. The circuit may be thereby consti-
tuted using only an n-type TFT.

[0095] FIG. 11 is a circuit diagram showing the configu-
ration of one pixel of an image display panel (liquid crystal
display panel) according to a fifth embodiment of the present
invention. In this figure and the above embodiments, like
reference numerals refer to like elements. In FIG. 11, when
the scanning electrode line 7 is selected and has a high level,
first and second TFTs 17a, 175 are turned on and a p-type
TFT 19 is turned off. The current data signal flowing in the
signal electrode line 9 passes through the first TFT 17a and
flows to the second TFT 175 via the image memory element
1. The image memory element 1 is thus switched to a
memory state corresponding to the current data. Since this
current flows from the image memory element 1 through the
second TFT 176 to the reference electrode line 15, the
current does not flow through the liquid crystal element 5.

[0096] When the scanning electrode line 7 has a low level,
the first and second TFTs 17a and 175 are turned off and the
p-type TFT 19 is turned on. As a result, the drive voltage
from the drive voltage supply electrode 11 is applied through
the p-type TFT 19 to the image memory element 1 and liquid
crystal element 5, and a voltage corresponding to the
memory state of the image memory element 1 is applied to
the liquid crystal element 5 to provide pixel display.

[0097] The liquid crystal element 5 usually has high
resistance and the current flowing through it is small. Thus,
according to this embodiment, power consumption of the
liquid crystal element 5 and image memory element 1 at the
time of displaying images is low, and much lower power
consumption can be achieved. Further, since the resistance
of the image memory element 1 can be continuously
changed by controlling the current value flowing through the
image memory element 1 within the range from [ ., to I,
it is possible to perform gradation display on the liquid
crystal element 5.

[0098] In addition, since the current for switching the
image memory element 1 is a short-period pulse, the second
TFT 17b may not be provided when current is allowed to
flow to the reference electrode line 15 through the capaci-
tance of the liquid crystal element 5. Namely, when the
resistance of the liquid crystal pixel is larger than that of the
phase change memory (image memory element 1) and may
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be negligible, the impedances of the image memory element
1 and liquid crystal element 5 are determined by resistance
Ry of the image memory element 1 and the capacitance C
of the liquid crystal element 5, and they are expressed
relative to frequency f by the following formula.

V{Rpc+(1/2afcy}

Therefore, when Rpc is nearly equal to or larger than
(1/2xfC) current is allowed to flow through the capacitance
of the liquid crystal element 5.

[0099] A single pulse with a pulse width T to be applied
to the image memory element 1 can be calculated by the
equation f=1/2T. Therefore, a pulse with a pulse width of
100 ns corresponds to 5 MHz. Namely, it is preferable that
a pulse width be short as in the phase change medium of this
embodiment because in that way, the current can be easily
caused to flow through the liquid crystal capacitance. When
a current passes through the capacitance of the liquid crystal
element 5, heating does not occur due to the resistance of the
liquid crystal element, thereby suppressing the deterioration
of liquid crystal.

[0100] FIG. 12 is a circuit diagram showing the configu-
ration of one pixel of an image display panel (liquid crystal
display panel) according to a sixth embodiment of the
present invention. In this embodiment, in addition to the
rewriting circuit for the image memory element 1, a memory
reading circuit 123 for reading the state of the image
memory element is provided. The memory reading circuit
123 has a switch 125. First, display operation of image
display apparatus will be described. In the case of display-
ing, the switch 125 is changed over to power source circuit
117 to connect the reference electrode line 15 to the power
source circuit 117. Then, when the scanning electrode line 7
1s selected and has a high level, the TFT 17 is turned on. A
current data signal flowing in the signal electrode line 9
passes through the TFT 17 to the image memory element 1
to switch its memory state according to the current data.

[0101] When the scanning electrode line 7 has a low level,
the TFT 17 is turned off. Then, drive voltage between the
reference electrode line 15 and the opposite electrode 3 is
applied across the liquid crystal element 5 and the image
memory element 1, and thereby displaying on the liquid
crystal element 5 is performed in accordance with the
resistance of the image memory element 1. Next, in the case
of reading operation of the image memory element, the
switch 125 is changed over so as to connect the reference
electrode 15 to the memory reading circuit 123. A read
current of not greater than I, is applied to the signal
electrode line 9. When the scanning electrode line 7 has a
high level, a current passes through the TFT 17 to the image
memory element 1. The voltage of the drive voltage supply
electrode 11 shown in FIG. 11 is monitored by the memory
reading circuit 123, and the state of the image memory
element 1 can be thereby read out. Even when a reading
operation is performed, the resistance value of the image
memory element 1 is not changed by making this read
current substantially lower than L,;, and the reading can be
performed any number of times.

[0102] FIG. 13 is a block diagram showing an image
display apparatus according to the sixth embodiment of the
present invention. The image display apparatus of this
embodiment is provided with a memory reading circuit 123
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as shown in FIG. 12 and an image data operating circuit 121
in addition to a signal line drive circuit 101 as described in
FIG. 7. The image data operating circuit 121 has a line
memory corresponding to the line memory 107 of FIG. 7 to
retain data from the serial-parallel signal conversion circuit
(S/P conversion circuit) 105. The memory reading circuit
123 provided in the signal line drive circuit 101 reads image
data stored in a pixel 127 (only one pixel for one line is
indicated in FIG. 13) for one line selected by the scanning
line selection circuit 103, and the read image data is sent to
the image data operating circuit 121.

[0103] Further, in the signal line drive circuit 101, the
serial-parallel signal conversion circuit 105 converts the
image data signals transmitted as serial signals to the same
number of parallel signals as the number of signal electrode
lines 9, and the image data corresponding to one scanning
line is sent to the line memory present in the image data
operating circuit 121. The image data operating circuit 121
compares the image data stored in the line memory with the
data read from the image memory element in the pixel 127.
As a result of the comparison, rewriting data is sent to the
voltage-current conversion circuit 109 only when the data
are different.

[0104] The voltage-current conversion circuit 109 con-
verts the rewriting data from the image data operating circuit
121 to current and outputs the current in timing with a
control signal. The scanning line selection circuit 103 selects
a scanning electrode line 7 and enables it to have a high
level, and sequentially conducts scanning. The power source
circuit 117 generates reference voltage of a data signal and
voltage to be applied to the scanning electrode line 7 and
opposite electrode 27. The opposite electrode drive circuit
119 converts the drive voltage to an alternating current
which is applied to the opposite electrode and applies the
voltage to the opposite electrode 27.

[0105] FIG. 14 is an explanatory view showing signal
waveforms for driving the image display panel according to
the sixth embodiment of the present invention. In the figure,
reference marks VGm, IDn, 1, and w denote voltage to be
applied to m-th scanning electrode line7, current (signal
current) flowing through the signal electrode line 9, read
current, and write current, respectively. Additionally,
VCOM and VLC represent drive voltage for driving the
liquid crystal element 5 and voltage to be applied to the
liquid crystal element 5, respectively. Voltage VGm of the
scanning electrode line 7 is selected once in every one
writing cycle by the scanning line selection circuit 103 to
have a high level. Current data signals are supplied from the
signal line drive circuit 101 to the signal electrode line 9.

[0106] In a pixel present at a crossing point of m-th
scanning electrode line 7 and n-th signal electrode line 9,
when voltage VGm of m-th scanning electrode lin 7
becomes high level, the TFT 17 of FIG. 12 is turned on.
Therefore, current IDn that has flown through the signal
electrode 9 flows through the TFT 17 to be supplied to the
image memory element 1. While this selected signal has a
high level, a read current “r”” and a write current “w” flow.
First, the read current “r” flows to read memory information
of the image memory element 1. Difference between this
memory information and a subsequent image signal retained
in the line memory provided in the image data operating
circuit 121 is determined. The signal line drive circuit 101
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sends the write current to the signal electrode line 9 to switch
the image memory element 1 only when the memory infor-
mation differs from the image signal.

[0107] Drive voltage VCOM for driving the liquid crystal
element 5 is applied to the opposite electrode 27. In this
embodiment, an ac voltage to reverse the polarity once every
frame cycle is employed as drive voltage VCOM. FIG. 14
shows a case wherein this one frame cycle is equal to one
writing cycle. In the case of displaying an image such as a
still image, one frame cycle may be longer than one writing
cycle. The polarity of base voltage VGm of the signal
electrode line 9 is also reversed at the same time as the drive
voltage VCOM, thereby causing the potential between the
signal electrode line 9 and the opposite electrode 27 to be
small. This causes the current flowing through the liquid
crystal element 5 to be small, and enables almost all the
current to flow through the image memory element 1. The
polarity of signal current IDn is reversed in time with the
reversal of the drive voltage VCOM.

[0108] With respect to selection period for scanning elec-
trode line 7, a selection period for one scanning line is about
16 ps for an ordinary frame cycle of about 60 Hz and with
1,000 scanning lines. This is substantially longer than the
reading and writing periods of the image memory element.
Therefore, during the selection period for one scanning line,
the reading and writing can be performed.

[0109] Inthis embodiment, the data stored in the pixel can
be rewritten with regard only to the pixels different from
those in the subsequent image data. Thus, the number of
times of rewriting of the image memory element 1 can be
reduced. Therefore, even though an image memory element
1 having a short service life for repeating is used, its
performance for displaying can be maintained for a long
time. Further, since data of an image memory element
present in a pixel can be read, it can function as image
memory without the provision of a separate image memory.
Other effects of this embodiment are the same as those of the
above embodiments.

[0110] FIG. 15 is a circuit diagram of the pixel part of the
liquid crystal display panel constituting the image display
apparatus according to a seventh embodiment of the present
invention. In this embodiment, a heater 59 is provided for
rewriting the image memory element 1, and a circuit for
switching the image memory element 1 and a circuit for
driving the liquid crystal element 5 are separated from each
other. The image memory element 1 is connected in series to
the liquid crystal element 5 and the heater 59 is installed
adjacent to the image memory element 1. The heater 59 is
driven by the TFT 17.

[0111] In FIG. 15, when a scanning electrode line 7 is
selected and has a high level, the TFT 17 conducts and
current is applied to the heater 59. The image memory
element 1 receives heat from the heater 59 to switch a
memory state. The memory state of the image memory
element 1 is controlled by controlling the temperature and
energizing period of the heater 59. A voltage determined by
the division of the voltage to be applied across the reference
electrode line 15 and the opposite electrode by the liquid
crystal element 5 and the image memory element 1 is
applied to the liquid crystal element 5, and thus the display
on the liquid crystal element 5 is performed in response to
the resistance state of the image memory element 1. Accord-
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ing to this embodiment, since the circuit for driving the
image memory element 1 and the circuit for driving the
liquid crystal element 5 are separated from each other, drive
voltage can be always applied to the liquid crystal element
5, thereby simplifying the configuration of the drive circuit.

[0112] FIG. 16 is a cross-sectional view showing an
example of the configuration of the heater and the image
memory element provided in the pixel part of the liquid
crystal display panel constituting the image display appara-
tus according to the seventh embodiment of the present
invention. In FIG, 16, a heater electrode 59 is formed on a
substrate 77 (because the heater electrode is identical to the
heater of FIG. 15, like reference numeral is assigned to both
of them). As materials for the heater electrode 59, metals
with high melting temperature, such as Ta, MoTa, MoW, W,
and Mo may be used. These materials are often used for gate
wirings of liquid crystal display apparatuses, and have good
consistency with manufacturing process of ordinary liquid
crystal display panels. Further, when they are used, TFT gate
wirings can be simultaneously formed.

[0113] Heat generation can be concentrated by narrowing
the width of the heater electrode 59, and a part of the heater
electrode 59 is referred to as a heat generation part 60. A
highly thermal conductive dielectric film 75 with high
thermal transmission ratio, made from aluminum nitride
(AIN), silicon nitride (SiN), or the like, is formed on the heat
generation part 60. A low thermal conductive dielectric film
73 with low thermal transmission ratio as an insulating film,
made from silicon oxide (SiO,), zirconium oxide (ZrO,), or
the like, is formed on the remaining part other than the heat
generation part. A phase change film 67 is formed on the
highly thermal conductive dielectric film 75, and on top of
that, one electrode 61a and the other electrode 615 of the
image memory element are formed. The other electrode 615
of the image memory element is formed to cover the phase
change film 67.

[0114] Heat generated at the heat generation part 60 of the
heater electrode 59 is conducted mainly through the highly
conductive dielectric film 75 to heat the phase change film
67. The heat is conducted from the phase change film 67 to
the other electrode 615 of the image memory element, which
covers the phase change film 67 and has a high thermal
transmission ratio. Since the metal film as the other electrode
616 of the image memory element is formed on the phase
change film 67, the other electrode 815 functions as a heat
sink film so that a molten phase change film can be rapidly
cooled and made amorphous.

[0115] A film to function as a heat sink film is not
necessarily the other electrode 615, but other film that is
electrically insulated from the phase change film 67 may be
usable and a metal with high thermal conductivity is pref-
erably used for the film. Further, since the heat generation
part 60 is thermally insulated using the low thermal con-
ductive film 73, heat from the heat generation part 60 is
efficiently and intensively conducted from a minute area of
the highly thermal conductive dielectric film 75 to a minute
area of the phase change film 67. Since the heat capacity of
the heated area is small, the phase change film can be rapidly
cooled. Since the other electrode 615 of the image memory
element is placed away from the heat generation part 60,
heat is conducted through the other electrode 615 of the
image memory element to be released. Therefore, the other
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electrode 614 is not necessarily a metal with high melting
temperature, and a metal such as aluminum can be used.
Silicides such as TaSi, may be used for the heater electrode
59.

[0116] FIG. 17 is a circuit diagram of a pixel part of a
liquid crystal display panel constituting an image display
apparatus according to an eighth embodiment of the present
invention. The liquid crystal display panel of this embodi-
ment is a display panel using passive matrix liquid crystal
element 50, which is provided with a heater 59 for rewriting
an image memory element 1 as described in FIG. 15. The
image memory element 1 is connected in series to the liquid
crystal element 50 and the heater 59 is installed adjacent to
the image memory element 1.

[0117] In FIG. 17, when a scanning electrode line 7 is
selected and has a high level, current flows from the signal
electrode line 9 to the heater 59 so that the heater generates
heat. The image memory element 1 receives the heat from
the heater 59 to switch a memory state. The memory state of
the image memory element 1 is controlled by controlling the
temperature and energizing period of the heater 59. Since a
voltage determined by the division of the voltage to be
applied across the reference electrode line 15 and opposite
electrode 3 by the liquid crystal element 50 and image
memory element 1 is applied to the liquid crystal element
50, the display on the liquid crystal element 50 is performed
in response to the resistance of the image memory element
1.

[0118] Although, in this embodiment, the liquid crystal
display apparatus utilizes a passive matrix liquid crystal
display panel, it has an image memory element. An image to
be displayed can be controlled in accordance with a memory
state of the image memory element by switching the
memory state of the image memory element. An image
memory element rewriting means comprising the heater 59
directly connected to the scanning electrode line 7 and the
signal electrode line 9 is separated as circuit from the image
memory element 1 and the liquid crystal element 50, each of
which can be independently driven.

[0119] According to this embodiment, it is not necessary
to use an active element such as TFT, and therefore image
memory elements can be provided in pixels when a very
simple configuration of passive matrix type is employed.

[0120] FIG. 18 is a circuit diagram of a pixel part of a
liquid crystal display panel constituting an image display
apparatus according to a ninth embodiment of the present
invention. The liquid crystal display panel of this embodi-
ment utilizes a passive matrix liquid crystal element 50 in
the same manner as the embodiment described in FIG. 17.
One terminal of a first image memory element 1a is con-
nected to the scanning electrode line 7, one terminal of a
second image memory element 15 is connected to the signal
electrode line 9, and the other terminals of first and second
image memory elements la and 16 are connected to an
element electrode 25 of the liquid crystal element 50.

[0121] In this embodiment, first, all the elements of the
image display panel are scanned and image data is written.
In the case of writing image data, a scanning electrode line
7 is selected and has low impedance. When the scanning
electrode line 7 has low impedance, current flows from the
signal electrode line 9 to the first and second image memory



US 2007/0222723 Al

elements 1a and 15 to switch their memory states. Since a
current with the same value passes through the first and
second image memory elements 1a and 15, both have
memory states with the same resistance. After image data is
written in all the elements 50, both scanning electrode line
7 and signal electrode line 9 are made to be at the same
potential so as to have reference voltage. A voltage deter-
mined by the division of the reference voltage and the
difference voltage across opposite electrodes by the liquid
crystal element 50, and the first and second image memory
elements 1a and 15 is applied to the liquid crystal element
50. The liquid crystal element 5 is driven in accordance with
resistance states of the first and second image memory
elements la, 15 to perform the display.

[0122] In this embodiment, data writing to pixels and
displaying are temporally separated. This embodiment is
suitable for an image display apparatus, which displays the
same image data for a long period. Further, the first and
second image memory elements 1a and 15 are nonvolatile,
and the use of these nonvolatile memories enables the
retention of image data when the power is turned off. Hence,
image data can be retained for a long period.

[0123] Further, in this embodiment, the first and second
image memory elements 1a, 15 are connected in parallel to
the liquid crystal element 50. Thus, when there are variations
in resistance of both memory elements, they are averaged to
reduce display variations. Furthermore, image data can be
stored without the use of transistor elements such as TFT,
resulting in a simple pixel configuration. In particular,
electrodes connected to the phase change film and liquid
crystal element 50, which are used as the first and second
memory elements la and 15, can be formed using a film
having the same layer. Also, the phase change film is not
necessarily electrically insulated. Therefore, two memory
elements can be easily manufactured without the need for
processing by etching, etc.

[0124] FIG. 19 is a circuit diagram of a pixel part of a
liquid crystal display panel constituting an image display
apparatus according to a tenth embodiment of the present
invention. FIG. 20 is a block diagram showing that image
data is written in an image display module configured by
connecting a liquid crystal display panel having the pixel
structure shown in FIG. 19 to a recording apparatus. FI1G. 21
is a block diagram showing that image data is displayed with
the image display module configured by connecting the
liquid crystal display panel having the pixel structure shown
in FIG. 19 to a display drive apparatus.

[0125] The liquid crystal panel of this embodiment has
three image memory elements in one pixel as shown in FIG.
19. The one pixel has first and second TFTs 17a and 175
connected to a liquid crystal element 5, wherein one end of
each of first, second, and third image memory elements 1a,
15, and 1c are connected in common therewith. The other
ends of image memory elements 1a, 15, and 1¢ are con-
nected to first, second, and third reference electrode lines
15a, 15b, and 15c¢, respectively.

[0126] This liquid crystal display panel 175 comprises a
scanning line connection pad 29, a signal line connection
pad 31, a power source line connection pad 33, selection line
connection pads 354, 356, and 35¢, and is configured to be
detachable from a recording apparatus 131 having the signal
line drive circuit 101, the scanning line drive circuit 103, and
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a power source with these connection pads. The recording
apparatus 131 is provided with the signal line drive circuit
101, the scanning line drive circuit 103, a power source (not
shown), and a signal control circuit 111.

[0127] Namely, an image display module as shown in FIG.
20 or as shown in FIG. 21 is configured by connecting the
recording apparatus 131 or the display drive apparatus 133
to the liquid crystal panel 175. In this way, image data
recording operation on the liquid crystal display panel 175
and displaying operation of the recorded image data can be
independently performed by selectively connecting the
image display panel 175 to the recording apparatus or
display drive apparatus. Hereinafter, operations of the image
display module having the above configuration will be
described using FIG. 19.

[0128] First, in writing image data into pixels of the liquid
crystal display panel 175 in FIG. 20, the liquid crystal
display panel 175 is connected to the recording apparatus
131 via the scanning line connection pad 29 and the signal
line connection pad 31. When a scanning electrode 7 is
selected and has a high level by the scanning line selection
circuit 103, the first TFT 174 is turned on by a image data
signal from the signal control circuit 111 whereby an image
signal from an external signal source is inputted, and a
timing control signal such as clock. In the writing operation
of image data into the liquid crystal display panel 175, it is
not necessary that voltage is applied to the power electrode
line 13 and the power electrode line 13 has high impedance.
Therefore, current flows through the resistor 21, and never
flows toward the power electrode line 13. The first TFT 17a
is connected to the first, second, and third image memory
elements 1a, 154, and 1c¢ via the resistor 21.

[0129] The selection period of the scanning electrode line
7 is divided by the number of memory elements, that is by
three in this embodiment, and the first, second, and third
reference electrode lines 15a, 155, and 15¢ are sequentially
selected by the scanning line selection circuit 103. When the
first reference electrode line 154 is selected, a current data
signal, which is an image data signal, passes through the first
image memory element 1a by allowing the second and third
reference electrodes 155 and 15¢ to have high impedance,
and then the first memory element 1a is set to a desired state.
Subsequently, different image data is written into the second
and third image memory elements 15 and 1c.

[0130] When the written image data is displayed, the first,
second, and third reference electrode lines 15a, 1556, and 15¢
of the liquid crystal display panel 175 are connected, as
shown in FIG. 21, to the display drive circuit 133 via the
selection line connection pads 35a, 35b, and 35¢. The
selection connection pads 35a, 355, and 35¢ are connected
to a switching circuit 129, and the power source line
connection pad 33 is connected to a drive voltage supply
electrode line 11 from the liquid crystal display circuit 119
and the power source electrode line 13 from the power
source circuit 117. At this time, the recording apparatus 131
shown in FIG. 20 may be removed from the liquid crystal
display panel 175. DC voltage from the power source circuit
117 is applied on the power source electrode line 13 via the
power source line connection pad 33 and AC voltage from
the liquid crystal drive circuit 119 is applied to the drive
voltage supply electrode.

[0131] The switching circuit 129 selects from the first,
second, and third reference electrode lines 15a, 155, and
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15¢. When the switching circuit 129 selects the first refer-
ence electrode line 15a, DC voltage from the power source
electrode line 13 is applied to the resistor 21 and the image
memory element 1a of FIG. 19. Then, depending on the
resistance value of the first image memory element 1a,
voltage to be applied to the gate of the second TFT 175
varies, whereby the second TFT 175 is turned on or off.
When the second TFT 175 is turned on, voltage of the drive
voltage supply electrode line 11 is applied to the liquid
crystal element 5. When the second TFT 175 is turned off,
no voltage is applied to the liquid crystal element 5, thereby
switching a display state of the liquid crystal element 5.

[0132] Next, the switching circuit 129 switches to the
second reference electrode line 156, and an image is dis-
played based on the image data recorded in the second image
memory element 1b. In the same way, when the switching
circuit 129 switches to the third reference electrode line 15¢,
an image is displayed based on the image data recorded in
the third image memory element 1c. Since three memory
elements are provided in the pixel in this embodiment, three
types of images can be displayed by switching. However,
when the number of image memory elements is increased,
more images can be displayed by switching.

[0133] As described above, the image display panel 175 of
this embodiment has a nonvolatile memory in the pixels
thereof. Once image data is recorded, the image data
recorded in the nonvolatile memory of the pixel can be
displayed by supplying only drive voltage, even without an
external memory. Hence, the recording apparatus 131 is not
necessary for displaying image data as described above.

[0134] In this way, a plurality of images can be switched
and displayed without external supply of image data by
installing a plurality of memory elements in one pixel, and
switching and displaying image memory elements. There-
fore, when the image display apparatus of this embodiment
is used for posters, hanging posters, signboards, or the like,
the use of only the image display panel 175 and display drive
apparatus 133 enables a moving display. Since this image
display panel 175 has the image memory element, the
content of which can be rewritten, it can be repeatedly used
by rewriting image data.

[0135] In this way, by connecting the recording apparatus
131 to the image display panel 175 to record images, it is
possible to write image data into a plurality of display
modules 175 using the same recording apparatus 131. The
presence of the display drive apparatus 133 to supply
voltage is enough for displaying image data, and an image
display apparatus capable of displaying various images at
low cost is prepared. Further, it is possible to increase the
number of images to be displayed by increasing the number
of image memory elements in one pixel. Furthermore, the
display drive apparatus 133 may be an image display
apparatus integral with the image display panel 175.

[0136] While in this embodiment, a liquid crystal element
is used as the image display element, this is only exemplary
and similar display can be provided using various display
panels such as electroluminescence panels using organic
light-emitting elements.

[0137] FIG. 22 is a circuit diagram showing the configu-
ration of one pixel of a pixel part in a display panel
according to an eleventh embodiment of the present inven-
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tion. In this embodiment, an organic electroluminescence
display element (OLED) 6 is used as an image display
element. An image memory element 1 to store image data is
provided in one pixel, and it stores data to be displayed on
the pixel of the OLED element 6. In this embodiment, this
image memory element 1 can also reversibly change resis-
tance values to record and rewrite data in the same marner
as those described in the above embodiments. It is a non-
volatile memory, from which recorded data cannot be erased
during ordinary use.

[0138] This image memory element 1 is switched by
applying a pulse current from a signal electrode line 9, and
the resistance state to be switched is controlled by changing
the current value and pulse width of the pulse current. When
a scanning electrode line 7 is selected and has a high level,
the TFT 17 is turned on. A data current signal sent to the
signal electrode line 9 at this time is captured into the TFT
17 and it is sent to the reference electrode 15 through the
image memory element 1. Depending on the value or pulse
width of current flowing through the image memory element
1, the resistance of the image memory element 1 varies and
the storage is performed.

[0139] As shown in this embodiment, when a current to
drive the OLED element 6 flows from the reference elec-
trode line 15 through the OLED element 6 toward the
opposite electrode, the signal electrode line 9 has a low
potential relative to the reference electrode line 15 and has
reverse voltage relative to the OLED element 6. The image
memory element 1 is thereby switched without the flow of
pulse current from the signal electrode line 9 to the OLED
element 6. A pixel electrode 250 at one side of the OLED
element 6 is connected to the reference electrode line 15 via
the image memory element 1. When the image memory
element 1 is in a low resistance state, a current flows by way
of a drive voltage applied across the opposite electrode 30 of
the OLED element 6 and the reference electrode line 15 and
the light-emission and the display can be performed. Further,
when the image memory element 1 is in a high resistance
state, a current flowing in the OLED element 6 does not
become greater than the threshold, and the OLED element 6
is turned off. A drive current of this OLED element 6 is not
greater than the threshold current I, which can change the
state of the image memory element 1, and the state of the
image memory element 1 cannot be changed by way of drive
current of the OLED element 6.

[0140] In this embodiment, the resistance value of the
image memory element 1 can be continuously changed by
controlling the current value applied to the image memory
element 1 within the range from I, to 1, and thereby
gradation display on the OLED element 6 is possible.

[0141] Further, in this embodiment, the OLED element 6
can be controlled by only one TFT 17, and gradation display
is also possible. Furthermore, the image memory element
can be configured without the use of a storage capacitor used
for an ordinary OLED element, thereby simplifying a pixel
configuration. Moreover, the image memory element 1 is
nonvolatile. Therefore, when the same image is displayed,
refreshing the image memory element 1 is not needed and
rewriting frequency can be reduced, thereby enabling low
power consumption.

[0142] FIG. 23 is a plane view showing one example of an
electronic instrument carrying an image display apparatus of
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the present invention. FIG. 24 is a system configuration
diagram of the electronic instrument shown in FIG. 23. This
electronic instrument is called an electronic book as a
portable instrument (PDA). This electronic instrument has
functions to download and utilize data (contents) of books,
for example, novels, via lines such as the Internet or from an
external data source such as a PC. An image display appa-
ratus of the present invention is installed on a display part
153 of an electronic book 151. An input key 155 and an input
dial 157 are provided on a part of the main body of the
electronic book.

[0143] The system of an electronic book 151 comprises, as
shown in FIG. 24, an image display apparatus 159, a display
controller 161, a microprocessor (MPU) 163, a memory 165,
a power source (battery) 167, an input device 169, and an
interface (I/F) 171, which are connected to a system bus 175.
Display data in the memory 165 is processed by the MPU
163 via the system bus 175 and sent to the display controller
161. The display controller 161 controls the display appa-
ratus 159 to visibly display the data in the memory 165 on
the display part 153. Pixels of a display panel of the image
display apparatus constituting the display part 153 have
nonvolatile memories.

[0144] As described in the above embodiments, this non-
volatile memory can be used as an image memory and the
contents stored in the image memory may be read. Opera-
tions such as turning pages on the display part 153 or
choosing a book to be displayed are performed by operating
the input device 169 such as the input dial 157 or input key
155. Data of books or the like is loaded into the memory 165
from the external data source via the interface 171.

[0145] Image memory elements existing in the display
panel constituting the image display apparatus of the present
invention can be formed in minute scales and allow a pixel
to have a large aperture ratio, and thus they are suitable for
displaying high-definition images. In particular, once an
image of a content is displayed based on characters/still
pictures such as that of newspapers, books, or cartoons, the
same image is continuously displayed until the reading is
finished. For such an image, high-definition display is avail-
able and the frame frequency can be reduced. Therefore, the
image display apparatus produces a significant effect of low
power consumption and is suitable for an electronic instru-
ment of this type. In other words, it is necessary only to drive
the image display part until the displayed image is to be
rewritten, thereby enabling low power consumption. Fur-
ther, when a liquid crystal display apparatus is used, a
nonvolatile memory is used therein. Thus, the frame fre-
quency can be reduced to such degree that the liquid crystal
element does not deteriorate, further enabling low power
consumption. Moreover, it is preferable to employ a reflec-
tion image display apparatus, which does not theoretically
require a supplementary illumination light source in terms of
low power consumption. Further, when a liquid crystal
display apparatus is used as an image display apparatus, it is
possible to display a color image using a color filter as usual.

[0146] The image display apparatus of the present inven-
tion is not limited to the above-described portable electronic
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instrument, and needless to say, the present invention is
applicable to other image display instruments.

EFFECT OF THE INVENTION

[0147] As described above, the present invention provides
an image display apparatus, which has a simple configura-
tion of its display panel having a function to store displayed
data, enhance the aperture ratio, operate with low power
consumption, and retain image data in a pixel even in the
absence of power supply by providing a nonvolatile memory
based on resistance variations inside the pixel.

[0148] All publications, patents and patent applications
cited herein are incorporated herein by reference in their
entirety.

What is claimed is:
1. An image display apparatus comprising:

an image display panel having a display element com-
prising a plurality of pixels arranged in a matrix at
crossing points where a plurality of scanning electrode
lines cross a plurality of signal electrode lines;

a scanning electrode line selection circuit for selecting the
scanning electrode lines of the image display panel;

a signal electrode line drive circuit for driving the signal
electrode line; and

storage means for storing display data for each pixel,

wherein the storage means comprises a resistor connected
to each pixel, wherein the display data is stored in the
pixel by way of the resistance value of the resistor, and
wherein the storage means is capable of rewriting the
stored display data in a nonvolatile manner such that
the stored display data does not change in the absence
of power, and

further comprising a switching element for controlling the
display state of the display element provided for the
pixel, wherein the display state of the display element
is controlled by controlling the switching element using
avoltage that changes in accordance with the resistance
value of the storage means.

2. The image display apparatus according to claim 1,
further comprising means for reading the display data store
in the storage means.

3. The image display apparatus according to clam 2,
comprising an operating means for comparing the display
data read from the storage means by the reading means with
display data to be subsequently displayed, wherein the read
display data is compared with the display data to be subse-
quently displayed and the storage means is rewritten with
the display data to be subsequently displayed only when the
display data are different.

4. The image display apparatus according to claim 2,
wherein each pixel has a plurality of the storage means, the
apparatus further comprising means for selecting the storage
means.
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