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7) ABSTRACT
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(2) are connected in series between a driving line (6) to be
driven with a voltage or a current and a ground. A gate of the
MOS transistor (2) is connected to a control line (7) through
a nonvolatile data holding section such as a ferroelectric
capacitor (3), and control data of the MOS transistor (2) can
be held in a floating state. As a result, the ON/OFF data of
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rewritten to only a pixel to be changed in a display state of
ON/OFF or the like and held data are displayed on a pixel
which is not changed in the display data. Consequently, it is
possible to obtain a nonvolatile display device capable of
reducing power consumption and operating with a small
battery.
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DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

FIELD OF THE INVENTION

The present invention relates to a nonvolatile display
device capable of exactly maintaining a display state without
applying data to a pixel (dot) in the same display state when
forming the pixel in a matrix and sequentially displaying an
image or a video such as a dynamic image which is obtained
by a computer, and a method of driving the display device.
More specifically, the present invention relates to a nonvola-
tile display device having a nonvolatile data holding section
provided on a control element for controlling ON/OFF of
each pixel, and a method of driving the display device.

BACKGROUND OF THE INVENTION

Conventionally, a cathode ray tube or a liquid crystal has
been used in a display of a computer or the like, and a light
emitting diode (LED) or a liquid crystal has been used in a
large display on the street, in which a light emitting section
is formed in a matrix to constitute each pixel and a displayed
image is sequentially changed by turning ON/OFF the pixel.

In the display using the liquid crystal, each pixel is
constituted by an indicating section 51 and a thin film
MOSFET 52 to be a switching element (control element) as
shown in an equivalent circuit diagram of FIG. 12, for
example. Gates of the MOSFETs 52 which are arranged in
a row direction are connected to a scanning line X and
sequentially scanned through scanning lines X,, X,,
X, .. ., and drains of the MOSFETs 52 which are arranged
in a column direction are connected to one of data lines Y,
Y,, Y5 .. .. Thus, each pixel is driven by their combination.
The reference numeral 53 denotes an auxiliary capacitor for
holding a voltage to be applied until the next scan for
line-sequential scan.

Aliquid crystal layer is a kind of capacitor, and holds the
applied voltage to some extent but cannot hold the same
voltage until the next scan for the line-sequential scan
through discharge thereof. Therefore, the auxiliary capacitor
53 is provided in some cases. Even this auxiliary capacitor
can hold a voltage only until the next scan, and should
always apply data even if data for ON/OFF are the same.
Also in the case in which another light emitting element such
as an LED is used, this phenomenon is generated in the same
manner. Particularly, it is necessary to rewrite approximately
60 times per second in the case in which a dynamic image
is to be displayed.

As described above, in the conventional display device,
the data for turning ON/OFF each pixel to display an image
should be always applied every constant time even if the
ON/OFF of the pixel is not changed. In the case in which a
dynamic image is to be displayed, particularly, the data
should be updated at a rate of approximately Y60 sec. Even
if the data to be updated are almost the same, all the data
should be applied to each pixel at each time. So, great power
is consumed for rewriting the data. Although it is necessary
1o drive by a small battery in a very small portable head
mounted display such as a microdisplay or the like, the size
of the battery should be increased by the consumption of the
great power. Therefore, practical use has become a problem.

SUMMARY OF THE INVENTION

In order to solve such a problem, it is an object of the
present invention to provide a nonvolatile display device
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capable of holding data for ON/OFF of each pixel in a
floating state, rewriting display data for only a pixel chang-
ing the display state of ON/OFF or the like, and displaying
by the held data for a pixel which does not change the
display data, thereby reducing power consumption and
operating with a small battery.

It is another object of the present invention to provide a
specific structure when a ferroelectric capacitor is used as a
nonvolatile data holding section.

It is still another object of the present invention to provide
a method of driving a nonvolatile display device capable of
applying new data to only a pixel changing the display state
without applying display data to each pixel at any time,
thereby reducing power consumption when the display
device is to be driven.

The present invention provides a nonvolatile display
device comprising; a display element, a control element for
controlling a voltage or a current to be applied to the display
element to drive the display element, and a nonvolatile data
holding section integrated with the control element or con-
nected to the control element and capable of holding control
data of the control element in a floating state.

The control element implies an element for controlling the
display, for example, a driving transistor capable of feeding
a current if the display element is an element to be driven
with a current such as an organic EL element or an LED, or
a switching element for turning ON/OFF by the application
of a voltage if the display element is an element to be driven
with a voltage such as a liquid crystal. Moreover, the display
element implies one light emitting element or one pixel
portion of a liquid crystal panel which can constitute one
pixel.

With such a structure, a nonvolatile data holding section
is provided. Therefore, in the case in which data in the
display state of a certain pixel are the same, it is not
necessary to rewrite the data and it is sufficient that data for
only a pixel changing data on the display state are rewritten.
As a result, the number of pixels to be rewritten is greatly
reduced so that power consumption for rewriting is reduced.
Thus, the power consumption of the display device itself can
be reduced considerably.

The control element is formed of a MOS transistor type
element, one of a drain and a source of the element is
connected to the display element and the other is connected
to a driving line, a gate side of the MOS transistor type
element is connected to a control line through the nonvola-
tile data holding section, and plural sets of the display
element, the control element and the nonvolatile data hold-
ing section are formed as each pixel in a matrix. Conse-
quently, the display can be constituted in a matrix by
utilizing the nonvolatile data holding section of a semicon-
ductor storage device type, and the display of each pixel can
be controlled by a combination in row and column direc-
tions.

The MOS transistor element implies a MOSFET as well
as a modified transistor such as an MFT or MFIT structure
having a ferroelectric layer provided in place of a gate oxide
film or together with the gate oxide film on the gate side.

A selective transistor is connected between the nonvola-
tile data holding section and the control line and a gate of the
selective transistor is connected to a selective line. Conse-
quently, the nonvolatile data holding sections of individual
pixels can hold intermediate data other than 0 and 1 and
gradation display can also be carried out.

If the nonvolatile data holding section is formed of a
ferroelectric capacitor, a data writing speed is increased and
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a writing lifetime is long, that is, 10" times or more, which
is very suitable for making the display device nonvolatile.

The control element and the nonvolatile data holding
section are formed of a transistor having an MFS structure
or an MFIS structure in which a ferroelectric capacitor is
formed integrally on the gate side of the MOS transistor, a
back gate of the MOS transistor is connected to a write line
and the control data can be written to the nonvolatile data
holding section between the control line and the write line,
or are formed by a transistor having an MFMIS structure in
which a ferroelectric capacitor is connected to the gate side
of the MOS transistor through a common electrode or a
wiring, a capacitor is connected between a connecting
portion of a gate electrode of the MOS transistor and the
ferroelectric capacitor and a ground or a write line, and the
control data can be written to the nonvolatile data holding
section between the control line and the ground or write line.

The nonvolatile data holding section can also be consti-
tuted by an element utilizing a magnetoresistance effect or
by a single electron memory.

If the display device is constituted by the organic EL
element, a small-sized display device can easily be manu-
factured and gradation display can be carried out, which is
suitable for constituting a very small display device such as
a microdisplay with low power consumption.

The preset invention provides a method of driving a
nonvolatile display device wherein display elements consti-
tuting each pixel are arranged in a matrix and ON/OFF of
each of the display elements is controlled to sequentially
change a display image by a control element provided in the
each of the display elements, comprising the steps of;
providing a nonvolatile data holding section in the control
element for controlling a driving operation of the each of the
display elements, carrying out a display on a display element
having no change in a control state of the display elements
based on the data of the nonvolatile data holding section
without applying the display data, and applying and dis-
playing the new display data to only a display element to be
changed in a display state, and recording the new display
data in the nonvolatile data holding section.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating the basic structure of a
display device according to an embodiment of the present
invention;

FIG. 2 is a diagram illustrating a variant in which a
selective transistor is provided on the structure of FIG. 1;

FIG. 3 is a diagram illustrating a variant in which a
capacitor is provided on the structure of FIG. 2;

FIG. 4 is a diagram illustrating a variant in which a
capacitor is provided on the structure of FIG. 2;

FIGS. 5(a) to 5(d) are diagrams illustrating the structure
of a ferroelectric memory in which a MOS transistor and a
ferroelectric capacitor are combined,

FIG. 6 is a chart showing a hysteresis characteristic of a
ferromagnetic substance;

FIG. 7 is a diagram illustrating a structure of an organic
EL element;

FIG. 8 is a diagram illustrating an example in which a
microdisplay is constituted by a reflection type liquid crystal
panel;

FIG. 9 is a diagram illustrating an example of an operation
in which a matrix is formed with the structure shown in FIG.
L
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FIGS. 10(a) 1o 10(c) are diagrams illustrating a structure
in which an MR element is used as a nonvolatile data
holding section;

FIGS. 11(a) and 11(b) are diagrams illustrating a structure
in which a single electronic memory is used as the nonvola-
tile data holding section; and

FIG. 12 is a diagram illustrating an example of a structure
in which a display device is constituted by a conventional
liquid crystal panel.

DETAILED DESCRIPTION

Next, description will be given to a nonvolatile display
device and a method of driving the nonvolatile display
device according to the present invention with reference to
the drawings. In the nonvolatile display device according to
the present invention, a display element 1 composed of an
organic EL element and a control element composed of a
MOS transistor 2 are connected in series between a driving
line 6 to be driven with a voltage or a current and a ground
GND, for example, as shown in FIG. 1 which is an equiva-
lent circuit diagram illustrating a basic structure thereof. A
gate of the MOS transistor 2 is connected to a control line
7 through a nonvolatile data holding section 3 composed of
a ferroelectric capacitor 3 and can hold the control data of
the MOS transistor 2 in a floating state.

The control element 2 and the nonvolatile data holding
section 3 may be formed to have the same structures as those
of an EEPROM and a flash memory in a semiconductor
memory. An example of an ferroelectric memory using a
ferroelectric layer is shown in FIGS. 5(a) to 5(c). FIG. 5(a)
shows an example of an MFS structure in which a gate
electrode (M) 25 is provided through a ferroelectric layer (F)
31 on a channel region (S) 24 interposed by n-type regions
to be a source 22 and a drain 23 which are formed on a
p-type semiconductor substrate 21. Moreover, FIG. 5(b)
shows an example of an MFIS structure in which a buffer
layer (I) 26 such as SiO, is provided between the ferroelec-
tric layer 31 and the semiconductor substrate 21 (channel
region 24) in FIG. 5(a).

Furthermore, FIG. 5(c) shows an example of an MFMIS
structure in which an electrode to be the gate electrode (M)
25 is provided between the ferroelectric layer 31 and the
buffer layer 26 in FIG. 5(b) and an electrode provided on the
ferroelectric layer 31 is formed as an upper electrode (M) 32
of the ferroelectric capacitor 3. With the MFMIS structure,
the ferroelectric capacitor 3 is not formed on the channel
region but may be formed in another part and be electrically
connected to the gate electrode 25.

The operation of the MFS structure will be described with
reference to FIG. 5(d). When a positive voltage is applied to
the gate electrode 25, the ferroelectric layer 31 is polarized
as shown in FIG. 5(d) and electrons are induced into the
channel region so that a depletion layer is formed. Conse-
quently, the drain 22 and the source 23 are conducted so that
a display section 1 is turned ON. In addition, the ferroelec-
tric layer 31 has a hysteresis characteristic as shown in FIG.
6. Therefore, even if the application of a positive voltage to
the gate electrode 25 is removed, the polarization state is
maintained as it is and a conductive (ON) state is held. More
specifically, the ferroelectric capacitor 3 having the ferro-
electric layer 31 interposed between the gate electrode 25
and the semiconductor substrate 21 is formed on the gate of
the control element in the MOS transistor. Data are held by
the ferroelectric layer 31. This relationship is also operated
with the structures shown in FIGS. 5(5) and 5(¢) in the same
manner.
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The display element 1 can be constituted by a liquid
crystal display element, an organic EL element, an LED or
the like. In order to constitute a very small microdisplay
having a size of the whole display device of approximately
several cm per square or less, a driving current should be
considerably reduced also in the organic EL element. If the
organic EL element has a constant current or more, a light
having an intensity corresponding to a current value is
emitted. Therefore, by controlling the current value, grada-
tion display can easily be carried out, which is preferable. In
the example shown in FIG. 1, the organic EL element is used
as the display element.

The organic EL element is provided with a first electrode
12 formed of Al, Cu, Mg, Ag or the like so as to be connected
to an output electrode of a control circuit (LSI) 11a formed
on a substrate (wafer) 11 made of silicon or the like through
a contact hole of an insulating film 115 such as SiO, as
shown in FIG. 7, for example. An organic layer 17 having at
least an EL light emitting layer 14 is provided on the first
electrode 12. A second electrode 19 having a light transmit-
ting property such as indium oxide is provided on the
organic layer 17. The organic layer 17 includes a hole
transporting layer 13 comprising NPD, for example, an EL
light emitting layer 14 composed of Alq doped with 1% by
weight of quinacridone or coumalin, an electron transporting
layer 15 comprising Alq and an electron injecting layer 16
comprising LiF. In the case in which a light emitting output
is to be monitored, a transparent electrode such as an ITO is
sometimes used as the first electrode 12.

By changing the material of the organic layer 17, a light
emitting color can be varied. By providing a color filter, one
pixel is formed by primaries of R, G and B. Alternatively,
patterning is carried out to obtain a necessary pixel number
from simple display of approximately 100x100 or less to
precise display of approximately 1000x1000 or less by
monochrome so that each pixel is formed in a matrix.
Consequently, a very small microdisplay having several cm
per square or less is formed with fine color display.

In the case in which each pixel of a liquid crystal display
is to be used as the display element 1, it is preferable that the
control element 2 and the nonvolatile data holding section 3
should be formed on a silicon substrate or the like as
described above. Therefore, it is preferable that a reflection
type liquid crystal display should be formed. In the case in
which the reflection type liquid crystal panel is to be formed,
LEDs of R, G and B are provided on the front side of the
reflection type liquid crystal panel 101 formed on the silicon
substrate as shown in FIG. 8 which is a sectional view
showing an example of the microdisplay. By controlling the
LED synchronously with the driving operation of a liquid
crystal, color display can be obtained with fine pixels. The
reference numeral 102 denotes a lens for directly forming an
image on a retina of human eyes and the reference numeral
103 denotes a case.

Next, the operation of the basic structure shown in FIG.
1 will be described. With this structure, a set of the organic
EL element 1 constituting one pixel, the MOS transistor 2
and the nonvolatile data holding section 3 is provided in a
matrix, and the organic EL element 1 of each pixel arranged
in a column direction and the source and drain of the MOS
transistor 2 are connected in series between the driving line
6 and the ground GND, for example. The driving line 6 is not
restricted to the column direction but all the pixels can be
connected in common. The gate side of the MOS transistor
2 of each pixel arranged in the row direction is connected to
a control line 7 through the ferroelectric capacitor (the
above-mentioned MFS, MFIS or MFMIS structure) 3, and a
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back gate of the MOS transistor 2 of the pixel arranged in the
column direction is connected to a write line 8. Conse-
quently, a matrix for selecting a pixel by specification of a
row line and a column line is formed.

More specifically, a voltage is applied between the control
line 7 and the write line 8 so that the ferroelectric layer can
be polarized as described above. A signal for controlling the
ON/OFF of the organic EL element 1 is applied to the MOS
transistor 2 to be a control element and is written to the data
holding section 3. In this case, the ON/OFF can be reversed
by reversing the positive and negative signs of the voltage to
be applied between the control line 7 and the write line 8. By
applying a reverse voltage to only the pixel to be ON/OFF
changed, each pixel can be always controlled to be set in the
display state. If there is no write line as in an example of
FIG. 3 which will be described below, a pixel to be selected
on a selecting line 9 connecting a pixel in the column
direction is specified. The connections in the row and
column directions may be reversed, respectively.

As shown in an example of a voltage to be applied to each
line in the case in which the display is to be carried out on
a certain pixel P (write is carried out in the data holding
section) with this structure, for instance, in the case in which
the pixel P selected from pixels formed in a matrix shown in
FIG. 9 is to be carried out, a so-called Y5 V. method is
executed. For example, a write voltage of 14 V__ is applied
to the control line 7 of the pixel thus selected and a voltage
of -14'V__is applied to the other control line 7, and a voltage
of 25 V__ is applied to the write line 8 of the pixel selected
and 0 is applied to the other write line 8. The write is carried
out by applying an electric potential of V_. When the
electric potential of V__ is applied to the control line to which
the pixel P belongs and 0 is applied to the write line, an
electric potential of V. for writing prevention should be
applied to a write line to which the pixel does not belong.
Since the influence on other pixels cannot be prevented, this
method cannot be used. When electric potentials of /4 V.
and -2V, are applied, an electric potential of 1V2 VI is
always applied to a non-selected pixel. Consequently, the
method is not preferable to minimize a voltage applied to the
non-selected pixel.

This method has the following difficulty. More specifi-
cally, a voltage of %3 V_I is always applied to the non-
selected pixel, a channel region of each cell should be
isolated by a well and each cell should be separated from
each other or should be isolated by an insulator so that the
cell is made large-sized, and gradation display is carried out
with difficulty by only the ON/OFF control. However, in
spite of such a difficulty, it is possible to constitute a much
more excellent nonvolatile display device by an EEPROM
or a flash memory.

In the case in which a dynamic image is to be displayed
for a long time, therefore, there are serious problems, that is,
writing and erasing operations should be carried out ata high
voltage of 12 V in the EEPROM and the flash memory and
a booster circuit is required and power consumption is large,
the writing operation should be carried out after the erasing
operation is executed once so that the writing operation
takes several milliseconds to several seconds, the writing
operation is carried out 10° times and a lifetime is too short
when a dynamic image is to be rewritten 60 times per
second. By using the ferroelectric capacitor, however, the
writing operation can be carried out at a speed of 10
nanoseconds or less at a voltage of 3 V or less. In addition,
the number of rewriting operations is 10'* times or more and
the lifetime can be thereby prolonged.
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The structure shown in FIG. 2 is an example to eliminated
the drawback that the writing operation carries out the
gradation display with difficulty by only the ¥4 V. method
and the ON/OFF control. More specifically, the source and
the drain of the selective transistor 4 are connected between
the ferroelectric capacitor 3 and the control line 7, and the
gate of the selective transistor 4 of each pixel arranged in the
column direction is connected to a selective line 9. In other
words, the selective line 9 is connected in parallel with the
write line 8. As a result, a pixel to which display data are
applied can be selected by the control line 7 and the selective
line 9, and a voltage to be a desirable threshold voltage is
applied between the control line 7 to which the selected pixel
belongs and the write line 8. Consequently, a driving current
flowing to the display element 1 can be controlled to have a
desirable value.

More specifically, only one pixel is selected by the
selective transistor 4. Therefore, other pixels are not influ-
enced but an electric potential to be applied to the control
line 7 can be set optionally. In this case, when the ferro-
electric capacitor 3 is polarized at a low voltage, is polarized
to an intermediate voltage to be maintained. Before that, it
is necessary to apply a voltage (a negative voltage) in a
reverse direction, thereby erasing a polarization written at a
high voltage. With such a structure, the display data can be
applied without using the %5 V. method, and the gradation
display as well as the ON/OFF control can be carried out.

With the structures shown in FIGS. 3 and 4, the back gate
control can be eliminated and a cell can be highly integrated
to cause the whole display device to be very small-sized.
More specifically, the capacitor 5 is connected between a
connecting portion of the MOS transistor 2 and the ferro-
electric capacitor 3 which are control elements and the
ground GND(the structure shown in FIG. 3) or the write line
8 (the structure shown in FIG. 4) and a voltage is applied
between the control line 7 and the ground GND or write line
8 so that display data are applied to the MOS transistor 2 to
be the control element and the display data are written to the
ferroelectric capacitor 3 to be the data holding section. With
the structure shown in FIG. 3, the write line is not required
but a reverse potential is required when the ON/OFF is to be
reversed. Therefore, a booster circuit for obtaining a double
electric potential is required. On the other hand, with the
structure shown in FIG. 4, it is preferable that an electric
potential to be applied should be reversed between the
control line 7 and the write line 8. Consequently, there is an
advantage that the booster circuit is not required.

The connection to the write line 8 through the capacitor 5
is carried out for the following reason. More specifically,
when the connecting portion of the ferroelectric capacitor 3
and the MOS transistor 2 is directly connected to the write
line 8, both electrodes of the ferroelectric capacitor 3 are set
in such a state that electric charges can be moved because the
other end side of the ferroelectric capacitor 3 is also con-
nected to the control line 7 through the selective transistor 4
(through no insulating layer). In such a state that the electric
charges can be moved, even the polarization of the ferro-
electric substance is annihilated so that the data cannot be
held. In other words, one of the electrodes of the ferroelec-
tric capacitor 3 should be set in such a floating state as to be
electrically insulated by the gate insulating film of the MOS
transistor 2, the capacitor 5 or the like as shown in FIGS. 3
and 4.

With these structures, it is not necessary to carry out the
back gate control. Therefore, it is not necessary to make the
back gate independent by each pixel so that a space between
cells can be reduced and high integration can be obtained. In
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addition, the applied voltage can be divided efficiently and
can be applied to the ferroelectric capacitor 3. More spe-
cifically, with the structures shown in FIGS. 1 and 2, it is
hard to fabricate a high characteristic element having the
MFS structure in respect of a semiconductor manufacturing
process. Therefore, the MFIS structure is used practically.
With the MFIS structure, however, the ferroelectric capaci-
tor and a capacitor to be an insulating film having a small
dielectric constant are connected in series and a voltage is
applied to both ends thereof. The voltage applied to the both
ends is divided and applied to the ferroelectric capacitor and
the capacitor having a low dielectric constant. A division
ratio of the voltage is inversely proportional to respective
capacities. Therefore, only a low voltage is applied to a
ferroelectric capacitor having a high dielectric constant and
a great capacity. Therefore, a high voltage is required to
obtain a desirable division characteristic.

On the other hand, with such a structure that a voltage can
be applied through the capacitor 5 separate from the insu-
lating film of the MFIS structure as shown in FIGS. 3 and
4, the capacity of the capacitor 5 can be increased by using
an insulating film having a high dielectric constant or
increasing an area because the capacitor 5 is not related to
the transistor. Thus, the division ratio into the ferroelectric
capacitor 3 can be increased.

FIGS. 10(a) to 10(¢) show an example in which a mag-
netoresistive element (MR element) 35 is used as a non-
volatile data holding section. More specifically, an MRMA
(magnetoresistive memory) connected to a control line 7
through the MR element 35 and a display element 1 are
connected to the gate side of a MOS transistor 2 to be a
control element, thereby constituting one pixel. A connect-
ing portion of the MR element 35 and the gate of the MOS
transistor 2 is connected to a ground GND through a resistor
R,.

The MR element 35 has ferromagnetic layers 302 and 303
provided on both sides through a non-magnetic layer 301 as
shown in FIG. 10(c). By causing a current to flow, the
direction of magnetization is inverted. In the case in which
the directions of magnetization of both ferromagnetic layers
302 and 303 are parallel (the same direction) and non-
parallel (the reverse direction) (the resistance is higher in the
non-parallel direction), 0 and 1 (ON and OFF) can be stored
depending on a difference between the resistances. A writing
current is caused to flow between the control line 7 and the
write line 8 shown in FIG. 10(a). The ON/OFF control is
carried out depending on a current flowing between the
control line 7 and the ground GND. The MOS transistor 2 is
controlled so that the application of the electric potential of
the control line to the display element 1 is controlled with a
voltage V, divided by the MR element 35 and the resistor
R,.
More specifically, a voltage V of the control line 7 is
divided into the resistor R, ;, of the MR element 34 and the
resistor R;. Consequently, V,=VzR,/(R,,z+R ) is obtained.
If the MR element 3b has a low resistance Rz oy
V=V R/ (Rymiom*R,) is obtained. If the MR element 35
has ahigh resistance Rz orry V1=V R/ Rymorn R, ) 18
obtained. Accordingly, the voltage V; of the control line 7 is
set such that the transistor 2 is turned ON or OFF with this
voltage. Consequently, at the time of standby in which the
display state is not changed, the voltage is maintained to be
applied so that the same display can be continuously
obtained. Moreover, when writing to change the display
state is to be carried out, the control line other than the
control line of a pixel to be selected is set to the ground GND
and a writing voltage is applied between the control line 7
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of the pixel to be selected and the write line 8. Consequently,
the resistance of the MR element 35 is changed.

With this structure, the electric potential V should be
continuously applied to the control line 7 while the display
device is operated differently from the case in which the
ferroelectric substance is used. However, the resistance of
the MR element 36 can be greatly increased by using an
insulating layer for an intermediate layer 301 of the MR
element 34, and can be set to be 10° Q or more which is
almost equal to that of the organic EL element 1. Conse-
quently, an electric potential V, for driving the organic EL
element 1 can also be applied exactly and power consump-
tion is less increased and a driving method can be carried out
easily. On the other hand, it is not necessary to apply the
whole display data of an image again at each time and new
data can be applied to only a changed image. Therefore, also
in the case in which a dynamic image to be changed at a rate
of approximately 60 frames per second is to be transmitted
through internet, the data can be greatly compressed so that
a data processing can be carried out very easily.

In the above-mentioned example, the ON/OFF of the MR
element 35 has been described. In the case in which grada-
tion display having a brightness changed is to be carried out,
plural sets of control lines 71, 72 and 73 and write lines 81,
82 and 83 are provided as shown in FIG. 10(5), for example.
Thus, the degree of magnetization is varied with a different
current so that a resistance value can be varied and a control
voltage of the MOS transistor 2 can be changed. Conse-
quently, the gradation display can be obtained.

By using the MR element as the nonvolatile data holding
section, thus, the size can be reduced to be almost equal to
that of a DRAM. In addition, the rewriting operation can be
carried out in a short time almost infinite times. The display
data of each pixel are continuously held. Therefore, also in
the case in which the display data of a dynamic image are to
be transferred, the data volume is reduced and it is not
necessary to carry out a work for creating and reconstituting
compression data. Thus, a signal processing can be executed
very readily.

FIGS. 11(a) and 11(b) show an example in which the
nonvolatile data holding section is constituted by a single
electronic memory 3¢. More specifically, FIG. 11(a) shows
an example of a horizontal type structure in which a mul-
tilayered tunnel junction (MTJ) is formed on the gate side of
the MOS transistor 2 and electrons are tunneled as in a
memory, thereby carrying out writing. Also in such a struc-
ture, an electric potential can be held in the single electron
memory 3¢ by applying a voltage between the control line
7 and the driving line 6, and the display state can be held in
a floating state. As a result, the display data of each pixel can
be held in the same manner as that described above. It is
preferable that new display data should be applied to only
the pixel to be changed in the display state.

FIG. 11(b) shows an example in which the same structure
is constituted by a vertical type MOSFET. With this struc-
ture, the vertical type MOSFET is provided separately from
the MOS transistor 2 to be the control element and a tunnel
layer is provided, and a gate is connected to the write line 9
and a drain is connected to the control line 7. C. denotes an
intrinsic capacitor (built-in coupling capacitor). In an opera-
tion, display data can be held in the same manner as in the
horizontal type MOSFET in FIG. 11(a).

With such a structure, the number of writing operations
can be increased considerably and electrons can be floated in
the same manner as in a flash memory. The same display can
be continuously maintained even if data for display are not
applied consecutively. Consequently, power consumption
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can be reduced, a data volume can be decreased consider-
ably and data can be transferred easily in the same manner
as compression data.

In each of the above-mentioned examples, the organic EL
element has been used-as the display element 1. Also in the
LED to be the display element, the current driving operation
can be carried out with the same circuit structure. On the
other hand, if a liquid crystal device is used as the display
element, a brightness of a liquid crystal cannot be changed
with the control voltage of the MOS transistor 2 due to
voltage driving. Consequently, binary display of ON/OFF is
obtained. However, an image can be displayed while holding
the display data with the same circuit structure as that shown
in FIGS. 1 to 4.

According to the present invention, the display element is
combined with the nonvolatile memory. Therefore, it is not
necessary to rewrite the display data of whole pixels at any
time and it is sufficient that new display data are applied to
only a pixel to be changed in a display state. Consequently,
if a ferroelectric substance is used as the nonvolatile
memory, rewriting power can be reduced considerably so
that power consumption can be lessened remarkably. Even
amicrodisplay can be operated for a long period with a very
small battery. As a result, the spread of an HMD (Head
Mounted Display) or the like can be achieved, and applica-
tion to a wellable computer, a finder, a handy phone and the
like can be promoted.

Furthermore, the display data of each pixel can be held
continuously. Therefore, also in the case in which the display
data such as a dynamic image are to be processed, it is
sufficient that only the data of a pixel to be changed are
processed. Thus, a data processing can be lessened consid-
erably. Also in the case in which data transfer is to be carried
out through internet communication, a processing can be
carried out easily with a very small data volume.

By using this method for the liquid crystal display,
furthermore, display data do not need to be changed because
a pixel which is not changed has a display state of nonvola-
tile held data. Therefore, a jitter is not caused. In the case in
which this method is used for a projector or the like, an
eye-friendly display state can be obtained.

Numerous modifications and alternative embodiments of
the present invention will be apparent to those skilled in the
art in view of the foregoing description. Accordingly, this
description is to be construed as illustrative only, and is
provided for the purpose of teaching those skilled in the art
the best mode of carrying out the invention. The details of
the structure and/or function may be varied substantially
without departing from the spirit of the invention and all
modifications which come within the scope of the appended
claims are reserved.

What is claimed is:

1. A display device, comprising:

a display element;

an MFMIS structure transistor which has a first metal
layer, a ferroelectric layer, a second metal layer for gate
electrode and an insulator layer provided on a semi-
conductor layer, a source and drain of said MFMIS
structure transistor being connected to said display
element and a driving line and said first metal layer
being connected to a control line; and

a capacitor connected between said second metal layer
and a ground or a write line,

wherein the control data is written to said MFMIS struc-
ture transistor by using said control line and said
ground or said write line, and
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wherein the MFMIS structure transistor maintains a float-
ing state while the control data is written thereto.

2. The display device of claim 1, wherein a selective

transistor is connected between a nonvolatile data holding

section and said control line, and a gate of said selective 3

transistor is connected to a selective line.
3. The display device of claim 1, wherein said display
element is formed by an organic EL element.
4. A display device, comprising:
a display element;
a MOS transistor, a source and drain of said MOS
transistor being connected to said display element and
a driving line;
a ferroelectric capacitor connected between a gate of said
MQOS transistor and a control line; and
a capacitor connected between said gate and a ground or
a write line,
wherein the control data is written to said ferroelectric
capacitor by using said control line and said ground or
said write line, and
wherein said ferroelectric capacitor maintains a floating
state while the control data is written thereto.
5. The display device of claim 4, wherein a selective
transistor is connected between said ferroelectric capacitor

12

and said control line, and a gate of said selective transistor
is connected to a selective line.

6. The display device of claim 4, wherein said display
element is formed by an organic EL element.

7. A display device, comprising:
a display element;

a control element for controlling a voltage or a current to
be applied to said display element to drive said display
element; and

a nonvolatile data holding section integrated with said
control element or connected to said control element
and capable of holding control data of said control
element in a floating state;

wherein said nonvolatile data holding section is consti-
tuted by an element utilizing a magnetoresistance effect
or a single electron memory having electrons stored in
quatum dot over a barrier region.

8. The display device of claim 7, wherein said display
element is formed by an organic EL element.
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