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DESCRIPTION
DISPLAY DEVICE AND CONTROLLING METHOD THEREOF

TECHNICAL FIELD

The present invention relates to a display device (light emitting device) having a
light emitting element, and more particularly such a display device having a display part

of current driving method.

BACKGROUND ART

Digital gradation method (digital driving method) and analog gradation method
(analog driving method) can be given as driving method of multi-color expression on a
display device having a light emitting element. In the aforementioned digital gradation
method, a light emitting element is driven in binary of ON (brightness is almost 100%)
and OFF (brightness is almost 0%) to obtain gradation by controlling the luminous
region and the length of the period during which each pixel emits light. In the analog
gradation method, analog input data is written into a light emitting element to modulate
the gradation in an analog manner.

Furthermore, expressioh of gradation is made through two methods, which are a
constant voltage drive which is dependent on the voltage applied to the light emitting
element, and a constant current drive which is dependent on the current applied to the
light emitting element. An electric current flowing through a light emitting element is
controlled by a transistor (hereinafter referred to as driver transistor) in current drive.

Operation of a driver transistor is explained referring to the V-I feature shown in
FIG. 8. 'There are two operating regions of the driver transistor, namely, a saturation
region and a linear fegion.

Linear region is a region of which current value changes according to the
voltage between the source and drain (Vys) and the voltage between the gate and source
(Ves)- (Vas|<|Vgs-Vm) In the linear region, the following expression (1) is established.

Note that I is the amount of current running through a channel forming region. Note
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also that B = C,~W/L is established and (1 thereofis a mobility of the driver
transistor, C, is a gate capacity per unit volume, and W/L is a ratio of the channel width

W to the length L in channe] forming region.

Lis= B {(Ves—Vm) Vas=1/2* V') **+(1)

According to the expression (1) above, Vg5 and Vg obtain the current value in
the linear region. In the linear region, the lesser Vgs becomes, the lesser current value
becomes too, while the current value hardly increases even if Vg gets larger.

When the driver transistor is operated in mainly the linear region, the amount of
current flowing between both electrodes of the light emitting element is changed
according to both values of Vs and V4.  The driver transistor is used as a switch, and a
power source line and the light emitting element are shorted if necessary, thereby
flowing a current into the light emitting element. The current value flowing through
the light emitting element is directly influenced by the characteristics (variation and
deterioration in the manufacturing process) of the light emitting element that is
connected to the driver transistor.

In the saturation region, the current value is not changed by the voltage between
the source and drain (Vgs), in other words, it is only changed by the voltage between the
gate and source (Vgs). (Vs | [Ves =V |)

In the saturation region, the following expression (2) is established.

Iis=B (Ve Vm)* =+(2)

As set forth in the expression (2), the current value in the saturation region is
greatly dependent on a change in Vg but not dependent on a change in Vys.  Therefore,
the current value in the saturation region is not influenced by the characteristics of the
light emitting element connected to the driver transistor.

On the other hand, when the driver transistor is operated in mainly the saturation

region, the amount of current flowing between both electrodes of the light emitting
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element is greatly dependent on a change in V,; of the driver transistor but not
dependent on a change in Vg. A gate voltage of the driver transistor is controlled to
flow the necessary amount of current into the light emitting element. In other words,
the driver transistor is used as a voltage control current source and the driver transistor
is set such that a constant current flows between a power source line and the light
emitting element.

In the constant current drive utilizing the abovementioned feature, the current
value is not dependent on a change in V4s when the driver transistor is operated in the
saturation region. Therefore, the amount of current flowing into the light emitting
element can be constant regardless of the characteristics (variation in the manufacturing
process, deterioration, and temperature variation) of the light emitting element.

When V,; of a driver transistor is changed appropriately, the driver transistor can
be operated in mainly a linear region or in mainly a saturation region.

Operating a driver transistor in the saturation region as shown above is disclosed

in patent document 1.

Patent Document 1

Japanese Patent Laid-Open No. Hei 14-108285

In the abovementioned constant current drive, an operating region of a transistor
steps into the linear region once Vs thereof is decreased to a certain point by the
deterioration of an light emitting element. To avoid this, a setting voltage of Vs (Vas
of a driver transistor in operation) is set with an estimated deterioration (voltage for
deterioration, voltage @) of the light emitting element. The voltage @ is dependent on
the deterioration of the light emitting element.

In a conventional setting voltage, in short, V4 needed to be set high because of
the estimated value (812) for the margin of the change in characteristics of a light
emitting element between before (810) and after (811) deterioration. (|Vs|=|Ves Vet

a))

The voltage applied to the cathode and anode of a light emitting element thus
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became inevitably high, causing heat generation and high power consumption.

It is an object of the invention to provide a pixel structure which can be operated
without adding the voltage ¢to the setting voltage for the deterioration of the light
emitting element. Namely, a pixel structure with the setting voltage in the vicinity of
the boundary between the saturation region and the linear region (813 in FIG. 8) is to be
provided. A further object of the invention is to provide a display device provided

with an aforementioned pixel and a control method thereof.

DISCLOSURE OF INVENTION

The present invention has been made in view of the above problems, and has an
object thereof to modify a setting voltage by providing a power source voltage
controller which feedbacks the change in current value in accordance with the
deterioration of the light emitting element and sets the setting voltage thereby.
Therefore, the setting voltage in the vicinity of the boundary between the saturation
region and the linear region is to be provided, without the margin of voltage ¢ for the
deterioration particularly in the initial setting voltage.

To put it concretely, the invention utilizes an element to check the deterioration
of a light emitting element (hereinafter referred to as a monitoring element) and controls
the power source voltage in accordance with the deterioration of the monitoring element.
That is, voltage between the source and drain is modified to a constant value by fixing
the potentials of a gate electrode and source electrode of the driver transistor of the
monitoring element and controlling the potential of a drain electrode (drain terminal) in
accordance with the deterioration of the light emitting element.

FIG. 1 is a pattern diagram of the structure of the invention, showing a pixel
portion 103 having a monitoring element 101 and a pixel 102. The monitoring
element 101 has a light emitting element and a driver transistor connected to the pixel.
The pixel 102 also has a light emitting element and a driver transistor connected to the
pixel. The invention has a first electrode 104 and a second electrode 105 connected to
the monitoring element 101 and the pixel 102. A potential of the first electrode is

shown as Vi, and a potential of the second electrode is shown as V,. Note that a
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monitoring element may be set up at any part including outside of the pixel portion.

Furthermore, the invention has a power source voltage controller 106 so as to
keep the current value constant by recognizing the change in current value in
accordance with the deterioration of a monitoring element. Namely, the change in
current value with the deterioration of the monitoring element 101 is fed back to the
power source voltage of the pixel, fixing the potential of the first electrode: V;, and
changing the potential of the second electrode: V,. As the second electrode 105 is
connected to the monitoring element 101 and the pixel 102, current value of the pixel
102 is kept constant by changing V..

Concerning FIG. 1, a layout of the pixel and monitoring element and the
structure of the elements are to be identical, while connections (with or without
connections) may vary. Concerning the invention, however, the structures of the pixel
and the monitoring element do not necessarily have to be identical. However, in the
case of forming the monitoring element with the identical structures and different
connections, manufacture thereof can be easier as there is no need to change the process
but only the design of contacts and the like need to be changed.

Operation to control the power source voltage is now explained with reference
to the flow chart, FIG. 2.

First, voltage to apply to the light emitting elements of the monitoring element
and a pixel is set (driving voltage of light emitting elements). At this time, the driver
transistor is set to operate in the saturation region, but the deterioration margin (voltage
@) is not necessarily needed. That is, the voltage @ which was conventionally
necessary can be unnecessary or reduced according to the invention.

After that, a signal is inputted to the monitoring element and the light emitting
element of the pixel to emit light. The gradation expression method to express
multicolor at pixels may be either time gradation method or analog gradation method.

The light emitting element of the pixel as well as of the monitoring element
deteriorate gradually as time passes. As the light emitting elements of the pixels at this
time are expressing gradations, few of them emit light constantly. On the other hand, a

light emitting elements of the monitoring elements are controlled to emit light at all
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time. That is, the light emitting element of the monitoring element deteriorates the
fastest. Taking that into account, the power source voltage is controlled to set the
setting voltage in accordance with the deterioration of the light emitting element of the
monitoring element. In this way, the setting voltage can be modified in consideration
of the deterioration of the light emitting element of the pixels.

Deterioration of the light emitting element of the monitoring element raises the
resistance value of the light emitting element, lowers Iz of the driver transistor, and
reduces Vg of the driver transistor. At this time, the setting voltage is to be adjusted
by a power source voltage controller to bring the current value to the setting current.
That is, V> is to be reduced and the voltage applied to the light emitting element is to be
raised. Furthermore, the monitoring element and the pixel have the same V>, so that
the setting voltage of the pixel is modified simultaneously.

It is to be noted that in the invention, the power source voltage may be
controlled by recognizing the change in voltage value or the characteristics in
accordance with the deterioration of the monitoring element. The power source
ivoltage may also be controlled by the other changes besides the changes in voltage
value and current value in accordance with the deterioration of the monitoring element.

As described above, the invention enables the driver transistor to operate in the
saturation region without adding the deterioration margin (voltage &) to the setting
voltage when the light emitting element starts emitting light. Therefore, the margin of
the setting voltage due to the deterioration of the light emitting element is not needed
anymore. In general, the voltage & for the deterioration margin is estimated at 2 to 6V,
which causes the driving voltage to decrease as much. As a result, heat generation and
high power consumption at pixels can be avoided. As heat generation of the driver
transistor can be reduced particularly, the deterioration of the light emitting element can

be reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a pattern diagram of a pixel portion of the invention.

FIG. 2 is a flow chart showing an operation of a display device of the invention.
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FIGs. 3A and 3B are pattern diagrams of a pixel portion of a display device of

the invention.

FIG. 4 is a pattern diagram of a pixel portion of a display device of the invention.

FIG. 5 is an equivalent circuit diagram of a pixel portion of a display device of
the invention.

FIG. 6 is a top plan view of a pixel portion of a display device of the invention.

FIGs. 7A and 7 B are top plan views of a display module of the invention.

FIG. 8 is a view showing a V-] feature of a transistor.

FIGs. 9A to 9H are views showing electronic appatatuses having pixel portions
of display devices of the invention.

FIG. 10 is a pattern diagram of a pixel portion of a display device of the
invention.

FIGs. 11A and 11B are pattern diagrams of a pixel portion of a display device of
the invention.

FIG. 12 is a view showing an experimental circuit of the invention.

FIG. 13 is a chart showing a change of an anode potential (Vcathode) With the
passage of time (hour).

FIG. 14 is a chart showing a current value (I) which is supplied to a light

emitting element with the passage of time (hour).

BESTMODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the invention will be hereinafter described referring to
the accompanying drawings. Note that an active element has a gate, a source and a
drain, but it is impossible to distinguish a source electrode and a drain electrode because
of the element structures. Therefore, when a connection between the terminals is
explained, either of the source electrode or the drain electrode is referred to as a first

electrode, and the other is referred to as a second electrode for convenience.

Embodiment Mode 1

Hereinafter explained with reference to FIG. 3 is an example in which an
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operational amplifier is used as a power source voltage controller. Note that in this
embodiment mode, a p-channel type driver transistor is applied, but an n-channel type
driver transistor can be applied instead. Meanwhile, as an example of the invention, an
anode potential of a pixel 311 (Vanode) is referred to as Vi, and cathode potentials of the
pixel 311 and of a monitoring element 301 (Veatmode) are referred to as Vo.

FIG. 3A shows an equivalent circuit diagram of a pixel structure of the invention.
A monitoring element 301 has a driver transistor 302 and a light emitting element 303
which is connected to a second electrode of the driver transistor 302. A pixel 311 has a
driver transistor 312 and a light emitting element 313 which is connected to a second
electrode of the driver transistor 312. The light emitting elements 303 and 313 are
connected to an output terminal of the operational amplifier 320 and have a voltage of
V2. Meanwhile, first electrodes of the driver transistors 302 and 312 have potential V;
which is the same potential as the electrodes of the light emitting elements.

A non-inverted input terminal (+ side) of the operational amplifier 320 is
connected to the first electrode of the driver transistor 312 of the pixel, and an inverted
input terminal (- side) is connected to the first electrode of the driver transistor 302 of
the monitoring element. The driver transistor of the monitoring element is connected
to a reference power source (Vi) via a resistance (R). Note that Vi is higher than V;
(Vanode)-

Next, a method for setting a voltage of the driver transistor of the monitoring
element (V) is explained.

First, Vi (namely, Vanode Of the monitoring element) is set on the basis of a
specification of a display device. Specifications of general display devices prescribe
Vi as 2 to 6V. A gate voltage of the driver transistor 302 (Voni) iS set so that a
predetermined current (I.r) can flow in the monitoring element in a saturation region.
Then, a gate voltage of the driver transistor 312 (Vi) is set at the same value or higher
than Viyoni.

Next, the reference power source Vs and the resistance value R are set so that
the predetermined current (If) can flow in the monitoring element 301 and the driver

transistor 302 can operate in a saturation region. Note that other means to supply a
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predetermined current which flows in the monitoring element can be used besides the
reference power source Vit and the resistance R. For example, the predetermined
current (Ir.r) can be supplied by a current source 321 as shown in FIG. 3B.

Namely, the values of V1, Viet, Vinoni» Vpix and R are determined by a practitioner
and Iy of the driver transistor 302 of the monitoring element is controlled externally.

As described above, a display operation is started by setting the monitoring
element (called an operation state or a driving state). After that, the light emitting
element 303 of the monitoring element deteriorates as time passes. Similarly, the light
emitting element 313 of the pixel deteriorates. Further, due to the deterioration of the
light emitting element, the resistance value becomes high, thus a current value flowing
in the monitoring element becomes low.

The operational amplifier will be hereinafter explained. The operational
amplifier 320 basically functions with an input potential of approximately 0 and with a
non-inverted input terminal and an inverted input terminal, the voltages of which are

approximately the same. Accordingly, the following expression is established.

Let = (Viee - Vi) /R = (V1 - V2) / Ruoni
V2 = (Rmoni /R + 1) -Vi- (Rmoni / R) 'Vl-ef

Rmoni IS a resistance value between the first electrode of the driver transistor 302
and the power source side of the light emitting element 303. The operational amplifier
changes the value of V; when Rpopi is changed and keeps the I value constant.

Such an operational amplifier modifies a setting voltage and further modifies Vs
of the driver transistor of the pixel because the monitoring element and the pixel has V,
(Vcathode) in common.

Meanwhile, in this embodiment mode, Vg is set in a saturation region even
when electric characteristics of the driver transistor are changed by the temperature or
the like because Iy is determined and controlled by the operational amplifier.

Hereinafter, the setting current of the monitoring element will be complimented

in view of the difference of the deteriorating speeds between the pixel and the light
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emitting element.

In the case of a digital gradation method for example, the light emitting element
of the pixel repeatedly performs the light emission and non-light emission (erasure) on
the basis of a signal current (video signal). Meanwhile, the light emitting element of
the monitoring element constantly emits light. Therefore, the light emitting element of
the monitoring element deteriorates faster than that of the pixel. That means the
deterioration of the light emitting element of the monitoring element is the fastest of all.

Namely, a voltage with an estimated deterioration of the light emitting element
can be set in the driver transistor of every pixel when Vg, of the driver transistor is set
by the operational amplifier so that the deterioration of the light emitting element of the
most deteriorated monitoring element can be offset. Therefore, it is not required to
control the light emitting element of the monitoring element corresponding to the light
emission and non-light emission of the light emitting element of the pixel.

However, preferably required is the case where a light emission ratio of the light
emitting element of the pixel per frame (duty ratio) is figured, and the light emitting
element of the monitoring element are made to emit light in accordance with the duty
ratio. Namely, in the case of the digital gradation system, the setting current of the
monitoring element is preferably set at (current value during the light emission x duty
ratio).

In the case of an analog gradation method, the gradation is controlled by the
amount of the current which flows into the light emitting element as described above.
Therefore, in the analog gradation system, a current value over the average of the pixel
with the maximum light emission is preferably required.

That is to say, according to the invention, it is possible to obtain a setting voltage
with an estimated deterioration of the light emitting elements of all the pixels by
measuring the deterioration of the monitoring elements and setting the setting voltage of
the monitoring elements in the saturation region.

Further, the deterioration ratio of the light emitting elements is different
depending on the materials: red (R), green (G) and blue (B). In this case, by taking the

deterioration of the light emitting elements of the monitoring elements equal to or more
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than the most deteriorated element of each light emitting element, V, (Vcathode) Can
have a sufficient value.

As above, according to the invention, it is possible to obtain a setting voltage
without a deterioration margin (voltage a). Accordingly, a margin of the setting
voltage in accordance with a deterioration of a light emitting element is not required,
thus heat generation and power consumption can be reduced. Particularly, by the
reduction in power consumption of the driver transistor, the deterioration of the light

emitting element can be prevented.

Embodiment Mode 2

Hereinafter explained with reference to FIG. 4 is a different pixel structure from
that of Embodiment Mode 1. Note that in this embodiment mode, a driver transistor is
a p-channel type, an anode potential of a light emitting element (Vgo40) is referred to as
V1, and a cathode potential of the light emitting element (Veathode) is referred to as V.

An equivalent circuit diagram of a pixel structure is shown in FIG. 4. As well
as Embodiment Mode 1, a monitoring element 401 has a driver transistor 402 and a
light emitting element 403 which is connected to a second electrode of the driver
transistor 402. A pixel 411 has a driver transistor 412 and a light emitting element 413
which is connected to a second electrode of the driver tramsistor 412. The light
emitting elements 403 and 413 are connected to an output terminal of the operational
amplifier 420 and have a voltage of V,. Meanwhile, first electrodes of the driver
transistors 402 and 412 have potential V; which is the same potential as the electrodes
of the light emitting elements.

Unlike Embodiment Mode 1, a non-inverted input terminal (+ side) of the
operational amplifier 420 is connected to a bias power source Vi, and an inverted input
terminal (- side) is connected to the interconnection between the driver transistor of the
monitoring element 402 and the light emitting element 403.

Next, a method for setting a voltage of the driver transistor of the monitoring
element (V) is explained.

First, V is set on the basis of a specification of a display device. Then, a gate
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voltage of the driver transistor 402 (Vioni) iS set so that a predetermined current (Ler)
can flow in the monitoring element in a saturation region. Also, a gate voltage of the
driver transistor 412 (Vyix) is set at the same value as or higher than Vi,qp;.

Next, V,, is determined so that the driver transistor 402 of the monitoring
element can operate in a saturation region. Namely, Vgs of the driver transistor is
determined. As described above, a current which flows in the monitoring element 401
is determined by the operational amplifier and V7 (Vcathode) is determined so that the
current which flows in the monitoring element 401 can flow in the light emitting
element 403.

Namely, the values of V; and V,, are determined externally and Vs of the driver
transistor of the monitoring element is controlled.

When a display operation is started by setting as above, a resistance value rises
due to the deterioration of the light emitting element. Then, with the current value
flowing in the monitoring element lowered, Vys of the driver transistor 402 also tries to
lower itself. However, Vg is held constant because the potential difference between
the input terminals of the operational amplifier is ideally 0. Then, I4 becomes constant
because Vs and Vg, are constant, thus V; is automatically selected by Igs.

The monitoring element and the pixel has V2 (Vcamod) in common. That means
Vs of the driver transistor of the pixel is set as well.

In this manner, this embodiment mode is characterized by determining Vys.
Further, this embodiment mode in which Vy; is directly controlled provides a simpler
method for setting a voltage as compared to Embodiment Mode 1 in which Iy is
determined.

As described above, according to the invention, it is possible to obtain a setting
voltage without a deterioration margin (voltage a) from the time the light emitting
element starts emitting light. Therefore, a margin of the setting voltage in accordance
with a deterioration of the light emitting element is not required, thus heat generation
and power consumption can be reduced. Particularly, by the reduction in heat
generation of the driver transistor, the deterioration of the light emitting element can be

prevented.
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Embodiment Mode 3

Hereinafter explained is a different pixel structure from those of Embodiment
Mode 1 and Embodiment Mode 2.

FIG. 10 shows a circuit diagram as described in Embodiment Mode 2, wherein a
switching regulator 3000 is applied in stead of an operational amplifier as a power
source voltage controller. For a constitution where an operational amplifier is applied,
a power source circuit for the operational amplifier is required. This embodiment
mode makes it possible to unite an operational amplifier and the power source circuit by
using a switching regulator.

A pixel structure which has a switching regulator will be hereinafter described.
In FIG. 10, the switching regulator 3000 is comprised of an error amplifier 3001, a PWN
comparator 3002, a reference power sources 3003 and 3010, an oscillation circuit 3004,
a switching transistor 3008, an inductor 3009, a diode 3006, a smoothing capacitor 3005
and a battery 3007. As well as Embodiment Mode 2, a monitoring element has a
driver transistor 3011 and a light emitting element 3012 which is connected to a first
electrode of the driver transistor 3011. A pixel has a driver transistor 3013 and a light
emitting element 3014 which is connected to a first electrode of the driver transistor
3013. Gate electrodes of the driver transistors 3011 and 3013 are connected to a power
source 3015 and second electrodes of the transistors 3011 and 3013 are connected to a
power source 3016.

Next, an operation of the switching regulator will be explained. At the start of
operating, a potential of the smoothing capacitor 3005 which is an output of the
switching regulator is 0. The potential of the smoothing capacitor is inputted to an
inverted input terminal of the error amplifier 3001, and a potential of the light emitting
element is inputted to a non-inverted input terminal. A current of the transistor 3011
flows in the light emitting element 3012 and a voltage is generated in the light emitting
clement. When the voltage is higher than that of the reference power source 3010, the
error amplifier 3001 operates so as to lower the output. 'Then, the PWN comparator

3002 operates so as to lower the voltage of the inductor 3009 by changing the duty of
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the oscillation. Therefore, a potential of the smoothing capacitor 3005 is lowered
and an anode potential of the light emitting element 3012 is also lowered to become
approximately the same potential as the power source 3010. Meanwhile, when an
anode potential of the light emitting element 3012 is lower than that of the reference
power source 3010, the opposite operation is taken, and the anode potential rises to the

same potential as the reference power source 3010.
In this manner, the same effect as that of an operational amplifier can be

obtained by using the switching regulator 3000. Also, a power source can be reduced.

Embodiment Mode 4

Hereinafter explained with reference to FIGs. 5 and 6 is the pixel portion having
a monitoring element. Note that a thin film transistor (hereinafter referred to as TFT)
formed over an insulating surface is employed as a transistor of an active element in this
embodiment mode.

Shown in FIG. 5 is an equivalent circuit diagram of a pixel portion 500 having a
first dummy pixel 501, a monitoring element 502, a second dummy pixel 503 and a
pixel 504 in this order. The first and second dummy pixels are provided so that the
whole pixel portion is under the equal condition including the pixels at the edge as well
as the pixels around them.

The dummy pixel, the monitoring element and the pixel have similar structures,
having a first TFT (selector TFT) 511, a second TFT (erasure TFT) 512, a third TFT
(driver TFT) 513, a capacitor element 514, and a light emitting element 515 at the
crossed part of a signal line 521 and a first scanning line 522. Note that the selector
TFT and the erasure TFT are formed by using n-channel type TFTs, and the driver TFT
is formed by using a p-channel type TFT in this embodiment mode. Also, a second
scanning line 523 which is connected to a gate electrode of the erasure TFT, and a
current supply line 524 which is connected to a first electrode of the erasure TFT and a
first electrode of the driver TFT are provided.

The dummy pixel, the monitoring element and the pixel, however, vary in

connections of each structure. First and second dummy pixels are not connected to the
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first electrode of the selector TFT 511 and the signal line 521. Secondly, the first
electrode of the driver TFT 513 is not connected to the first electrode of the light
emitting element 515. These dummy pixels are provided in order to operate the whole
pixels under the same condition including the pixels at the edge as well as the pixels
around them. Therefore, dummy pixels neither need to emit light, write data from the
signal line to pixels, nor make the light emitting element emit light. In the invention,
however, the dummy pixel may emit light. The signal line 521 of the dummy pixel
and the current supply line 524 are connected to each other to have the same potentials.

In the monitoring element, the first electrode of the selector TFT 511 is not
connected to the signal line 521. The signal line 521, however, is connected to the first
electrode of the light emitting element 515. This is intended to make the monitoring
element emit light constantly so that the deterioration thereof proceeds fast. Therefore,
voltage applied from the signal line as information for brightness does not have to g0
through the selector TFT 511 to be inputted to the light emitting element. The signal
line 521 and the current supply line 524 of the monitor element are connected to an
operational amplifier respectively.

In the pixel, the first electrode of the selector TFT 511 is connected to the signal
line 521, and a first electrode of the driver TFT 513 is connected to the first electrode of
the light emitting element 515. It is intended that in the pixel, the light emitting
element 515 emits light through the driver TFT 513 based on the signal voltage from the
signal line. Furthermore, the signal line 521 and the current supply line 524 of the
pixel are connected to the driver circuit and an FPC respectively.

In FIG. 6, a top plan view of a part of the pixel portion shown in FIG. 5 is shown.
The first dummy pixel 501, the monitoring element 502, the second dummy pixel 503,
and the pixel 504 of the first line are shown. These dummy pixels, monitoring
elements and pixels have the selector TFT 511, the erasure TFT 512, the driver TFT 5 13,
and the light emitting element 515 (only the first electrode thereof is shown) at the
crossed parts of the signal line 521, the current supply line 524, the first scanning line
522, and the second scanning line 523. A capacitor element 514 (configured with a

gate metal and a semiconductor film of the TFT 513) is provided as needed. Note that,
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another capacitor element is added when the gate capacitor of the driver TFT is too
small for the leakage current of the TFT.

As described above with reference to FIG. 5, these dummy pixels, the
monitoring element, and the pixel have the identical structures, however, the presence of
contacts differs. That is, what differs in the dummy pixels, the monitoring element,
and the pixel is whether the connection between the selector TFT 511 and the signal line
521 and the connection between the driver TFT 513 and the light emitting element 515
exist or not.

In the first and second dummy pixels, there are no contacts in the contact portion
of the selector TFT 511 and the signal line 521, and in the contact portion of the driver
TFT 513 and the first electrode of the light emitting element 515. The monitoring
element, however, is provided with a contact 601 with the signal line 521 in the contact
portion of the driver TFT 513 and the light emitting element 515, although there is no
contact in the contact portion of the selector TFT 511 and the signal line 521. In the
pixel, there is a contact 602 in the contact portion of the selector TFT 511 and the signal
line 521, and a contact 603 in the contact portion of the driver TFT 513 and the light
emitting element 515.

Furthermore, a leading wiring is provided so that the signal line and the current
supply line of the monitoring element are connected to the operational amplifier.
Moreover, the signal line and the current supply line of the pixel are connected to an
FPC terminal 506 or a driver circuit respectively. The signal line and the current
supply line of the dummy pixel are connected to each other and have the same
potentials.

The monitoring element is not necessarily required in a whole line, but has only
to be provided one. It depends on the performance of the operational amplifier to
which the monitoring element is connected. The monitoring elements may be
provided in plural, and also can be disposed symmetrically to the pixel portion. The
monitoring element may be disposed in any forms.

Aline of monitoring elements are connected to each other in parallel through the

current supply line, and a plurality of monitoring elements can be seen as one big
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monitoring element.

In this manner, the monitoring element of the invention can be formed by
changing the layout design of the element, without changing the process of the pixel.
Also, the setting voltage of the pixel can be at the best voltage in the saturation region at
all times by utilizing the monitoring element formed thereby. Therefore, heat
generation and power consumption can be reduced, resulting in the longer life of the

light emitting element.

Embodiment Mode 5

The pixel portion shown in the above embodiment mode is provided light
emitting elements and sealed not to be exposed to the air, thus completing a panel. ICs
including an operational amplifier, a controller, and a power source circuit and the like
are mounted on the panel, thus completing a display module. The specific structure of
the display module is explained here.

A pattern diagram provided with a line of monitoring elements 751 near the
signal line driver circuit 705 is shown in FIG. 11A. The monitoring element shown in
FIG. 11A comprises a signal line driving circuit 4001, a scanning line driving circuit
4002, a plurality of dummy pixels 4003, a plurality of pixels 4004 and a monitoring
clement 4005. The invention has monochrome light emitting elements when the
monitoring elements are provided in one line as shown in FIG. 11A. Therefore, it is
desirable to apply it to a display device which expresses RGB with a color converting
layer.

Furthermore, the monitoring elements may be provided in a plurality of lines or
at a plurality of portions as shown in FIG. 11B. The monitoring element shown in FIG.
11A comprises a signal line driving circuit 4001, a scanning line driving circuit 4002, a
plurality of dummy pixels 4003, a plurality of pixels 4004, a 1st monitoring element (R)
4006, a 1st monitoring element (G) 4007 and a 1st monitoring element (B) 4008.
When providing the monitoring elements in a large panel particularly, it is desirable that
the monitoring elements be provided in a plurality of lines although it depends on the

performance of the operational amplifier. At the same time, first to third monitoring
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elements had better be provided in consideration of the difference of deteriorations
between the materials for each color (RGB) as shown in FIG. 11B. The place to
dispose each monitoring element is not exclusively applied to FIG. 11B. It may be
disposed at any peripheral region of the pixel, including outside thereof.

An outline view of the display module of the structure of FIG. 11A is shown in
FIG. 7A. The display module is mounting an operational amplifier 750, a controller 701
and a power source circuit 702. A pixel portion 703 in which a light emitting element
is formed in each pixel, a monitoring element 751 and a dummy pixel 752 are mounted,
a scanning line driver circuit 704 for selecting pixels in the pixel portion 703, and a
signal line driver circuit 705 for supplying a video signal to the selected pixels are
formed in the panel 700. The monitoring element 751 is disposed near the signal line
driver circuit 705 as one side of the pixel portion 703 and connected to the operational
amplifier 750. In addition, the dummy pixel 752 is provided around (periphery of) the
pixel portion 703 in order to put the pixels at the edge (the most outside pixels. In case
of m x n pixels, and a pixel in the first row and the first line, a pixel in the m-th row and
the n-th line) under the same condition as the peripheral pixels.

Similarly, the dummy pixel 752 may be disposed at the necessary periphery only
although it is disposed around the pixel portion 703 in the figure. Also, the place and
number of the signal line driver circuit and the scanning line driver circuit to dispose are
not limited to FIG. 7A.

Further, the operational amplifier 750, the controller 701 and the power source
circuit 702 are formed over a printed circuit board 706. Each type of signal and a
power source voltage outputted from the controller 701 or the power source circuit 702
are supplied through an FPC 707 to the pixel portion 703, the scanning line driver
circuit 704, and the signal line driver circuit 705 of the panel 700.

The power source voltage and each type of signal are supplied to the printed
circuit board 706 through an interface (I/F) portion 708 on which a plurality of input
terminals are disposed.

Note that although the printed circuit board 706 is mounted via an FPC 707 on

the panel 700 in this embodiment mode, the structure is not necessarily limited to this.
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The controller 701 and the power source circuit 702 may also be mounted directly on
the panel 700 by using a COG (Chip on Glass) method.

Further, noise may ride on the power source voltage and the signals, and the
signal rise time may become slowed, due to capacitance that are formed between
leading wirings, resistance of wirings themselves, and the like of the printed circuit
board 706. Various types of elements, such as capacitors and buffers, may be formed
over the printed circuit board 706 so as to prevent noise from riding on the power
source voltage or the signals, and slowness in the signal rise time.

Ablock diagram of the structure of the printed circuit board 706 is shown in FIG.
7B. Each type of signal and the power source voltage supplied by the interface 708 are
supplied to the controller 701 and the power source circuit 702.

The controller 701 has an A/D converter 709, a phase locked loop (PLL) 710, a
control signal generator portion 711, and SRAMs (Static Random Access Memories)
712 and 713. Note that, although SRAMs are used here, it is also possible to use
SDRAMs or DRAMs (Dynamic Random Access Memories) as substitutes for the
SRAMs, provided that the DRAMs are capable of writing and reading data at a high
speed.

A video signal supplied through the interface 708 is subjected to a parallel-serial
conversion in the A/D converter. 709, and inputted to the control signal generator
portion 711 as a video signal corresponding to the colors R, G, and B (R video signal
714, G video signal 715 and B video signal 716). Further, an Hsync signal 717, a
Vsync signal 718, a clock signal CLK (CLK1 719 and CLK2 720), and alternating
voltage (AC Cont 721) are generated in the A/D converter 709 based on each of the
signals supplied through the interface 708, and then inputted to the control signal
generator portion 711.

The phase locked loop 710 functions to align the phase of the operating
frequency of the control signal generator portion 711 with the frequency of each of the
signals supplied through the interface 708. The operating frequency of the control
signal generator portion 711 is not necessarily the same as the frequency of each of the

signals supplied through the interface 708. The operating frequency of the control
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signal generator portion 711 is regulated in the phase locked loop 710 so that the
frequencies become synchronized.

The video signal inputted to the control signal generator portion 711 is
temporarily written into the SRAMs 712 and 713, and stored. A video signal
corresponding to all pixels is read out one bit at a time from the video signals of all of
the bits that are stored in the SRAM 712, and then supplied to the signal line driver
circuit 705 of the panel 700.

The control signal generator portion 711 supplies information, which relates to
light emission periods by the light emitting elements for each bit, to the scanning line
driver circuit 704 of the panel 700.

The power source circuit 702 supplies a predetermined power source voltage to
the signal line driver circuit 705, the scanning line driver circuit 704, and the pixel
portion 703 of the panel 700.

The display module formed like this can set the best setting voltage in the
saturation region all the time by utilizing the monitoring element. Therefore, heat
generation and power consumption can be reduced, resulting in the longer life of the

light emitting element.

Embodiment Mode 6

Given as examples of electronic apparatuses that employ display devices
manufactured in accordance with the invention are video cameras, digital cameras,
goggle type displays (head mounted displays), navigation systems, audio playback
devices (car audios, audio components, etc.), notebook type personal computers, game
machines, portable information terminals (mobile computers, mobile telephones, mobile
type game machines, and electronic books, etc.), image reproduction devices equipped
with a recording medium (specifically, devices equipped with a display device capable
of reproducing the recording medium such as a Digital Versatile Disk (DVD), etc. and
displaying the image thereof), and the like. Examples of these electronic apparatuses
are shown in FIG, 9.

FIG. 9A is a display device, which is composed of a frame 2001, a support base
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2002, a display portion 2003, a speaker portion 2004, a video input terminal 2005, and
the like. The pixel portion having a monitoring element of the invention is used for the
display portion 2003 to manufacture the display device. Note that in the case of
manufacturing a large-sized display device, the monitoring elements are provided in a
plurality of rows or more preferably at every RGBs. When the invention is applied to
such a display device, particularly to a large-sized display device, the low power
consumption is achieved, thus the problems of the heat generation and the deterioration
of the light emitting elements can be solved. Note that the term display device
includes all display devices for displaying information, such as those for personal
computers, those for receiving TV broadcasting, and those for advertising.

Fig. 9B is a digital still camera, which is composed of a main body 2101, a
display portion 2102, an image-receiving portion 2103, operation keys 2104, an external
connection port 2105, a shutter 2106, and the like. The pixel portion having a
monitoring element of the invention is used for the display portion 2102 to manufacture
the digital still camera.

FIG. 9C is a notebook type personal computer, which is composed of a main
body 2201, a frame 2202, a display portion 2203, a keyboard 2204, an external
connection port 2205, a pcﬁnting mouse 2206, and the like. The pixel portion having a
monitoring element of the invention is used for the display portion 2203 to manufacture
the notebook type personal computer.

FIG. 9D is a mobile computer, which is composed of a main body 2301, a
display portion 2302, a switch 2303, operation keys 2304, an infrared port 2305, and the
like. The pixel portion having a monitoring element of the invention is used for the
display portion 2302 to manufacture the mobile computer.

Mobile apparatuses such as a notebook type personal computer and a mobile
computer which has a pixel portion having a monitoring element of the invention have
advantages in that power consumption is reduced and the storage period of a battery is
prolonged.

FIG. 9E is a portable image reproduction device provided with a recording

medium (specifically, a DVD playback device), which is composed of a main body
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2401, a frame 2402, a display portion A 2403, a display portion B 2404, a recording
medium (such as a DVD) read-in portion 2405, operation keys 2406, a speaker portion
2407, and the like. The display portion A 2403 mainly displays image information,
and the display portion B 2404 mainly displays character information, and the pixel
portion having a monitoring element of the invention is used in the display portion A
2403 and in the display portion B 2404 to manufacture the portable image reproduction
device. Note that image reproduction devices provided with a recording medium
include game machines for domestic use and the like.

FIG. 9F is a goggle type display (head mounted display) which is composed of a
main body 2501, a display portion 2502, an arm 2503. The pixel portion having a
monitoring element of the invention is used in the display portion 2502 to manufacture
the goggle type display.

FIG. 9G is a video camera, which is composed of a main body 2601, a display
portion 2602, a frame 2603, an external comnection port 2604, a remote control
receiving portion 2605, an image receiving portion 2606, a battery 2607, an audio input
portion 2608, operation keys 2609, an eyepiece portion 2610, and the like. The pixel
portion having a monitoring element of the invention is used for the display portion
2602 to manufacture the video camera.

FIG. 9H is a mobile telephone, which is composed of a main body 2701, a frame
2702, a display portion 2703, an audio input portion 2704, an audio output portion 2705,
operation keys 2706, an external connection port 2707, an antenna 2708, and the like.
The pixel portion having a monitoring element of the invention is used for the display
portion 2703 to manufacture the mobile telephone. Note that by displaying white
characters on a black background, the display portion 2703 can suppress power
consumption of the mobile telephone.

As described above, the application scope of the invention is so wide that it can

be used in electronic apparatuses of various fields, particularly to a flat panel display.

Embodiment 1

Hereinafter explained is an experimental result with respect to a change of a
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cathode voltage (cathode potential) corresponding to a secular change and a current
which is supplied to a light emitting element. Incidentally, this embodiment mode
applies an experimental circuit to which a circuit as shown in FIG. 10 is applied.

FIG. 12 shows a circuit diagram of this embodiment to which a circuit diagram
of FIG. 10 is applied. For a power source circuit, a uPC1100 (produced by NEC
Corporation) is used. A resistance R1 is set so that a voltage of a VMO terminal can be
approximately 1.05 to 1.45V. A resistance R2 is set so that a driver TFT of a
monitoring element can operate in a saturation region. A resistance R3 is set so that a
voltage of a DTC terminal can be approximately 1.87V. A power source voltage Vcc
is set at a voltage of 7V. A CATHODE terminal is connected to a cathode of a light
emitting element of a pixel and a cathode of a light emitting element of the monitoring
element. A MONITOR terminal is connected to an anode of the light emitting element
of the monitoring element. Meanwhile, second electrodes of driver TFTs of the pixel
and the monitoring element and which are not connected to the light emitting elements
are fixed at 5V.

Shown in FIGs. 13 and 14 are the results of experiment conducted by using the
circuit as shown in FIG. 12. FIG. 13 shows a change of a cathode potential (Vcathode)
with the passage of time (hour). It can be confirmed that an absolute value of the
cathode potential (Veamode) rises as time passes. Meanwhile, FIG. 14 shows a current
value (I) which is supplied to a light emitting element with the passage of time (hour).
It can be confirmed that a constant current value is supplied to the light emitting
clement. Note that the current value supplied to the light emitting element is equal to
the current consumption.

The longer the light emitting element emits light, the faster the light emitting
element deteriorates and the higher the absolute value of the required cathode voltage
becomes. However, the current value supplied to the light emitting element does not
change. Accordingly, the circuit of the invention can control the cathode voltage
normally in order to keep the current value supplied to the light emitting element
constant.

By using the pixel structure provided with the circuit of the invention, it is
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possible to operate a diver TFT in a saturation region without a deterioration margin
of the light emitting element, or with a smaller margin than the conventional one.
Therefore, heat generation and power consumption can be reduced.

The invention makes it possible to set a voltage in a saturation region without a
deterioration margin of a light emitting element, or with a smaller margin than the
conventional one from the time the light emitting element starts emitting light.
Therefore, the margin of the setting voltage in accordance with the deterioration of the
light emitting element is not required, leading to the reduced heat generation and power
consumption. Further, the deterioration of the light emitting element can be prevented

particularly because heat generation of the driver transistor is reduced.
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CLAIMS

1. A display device comprising:

a pixel having a first light emitting element and a first transistor which is
connected to the first light emitting element;

a monitoring element having a second light emitting element and a second
transistor which is connected to the second light emitting element; and

a power source voltage controller,

wherein the power source voltage controller functions to modify a voltage

between the source and drain of the second transistor to be a constant value.

2. A display device comprising:

a pixel having a first light emitting element and a first transistor which is
connected to the first light emitting element;

a monitoring element having a second light emitting element and a second
transistor which is connected to the second light emitting element; and

a power source controller to set a voltage between the source and drain of the
first transistor and a voltage between the source and drain of the second transistor in the

vicinity of the boundary between the saturation region and the linear region.

3. A display device comprising:

a pixel having a first light emitting element and a first transistor which is
connected to the first light emitting element;

a monitoring element having a second light emitting element and a second
transistor which is connected to the second light emitting element; and

a power source voltage controller to set a voltage between the source and drain
of the first transistor in the vicinity of the boundary between the saturation region and
the linear region by modifying the voltage between the source and drain of the second

transistor to be a constant value.
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4. A display device comprising:

a pixel having a first transistor and a first light emitting element which is
connected to a first electrode of the first transistor;

a monitoring element having a second transistor and a second light emitting
element which is connected to a first electrode of the second transistor; and

a power source voltage controller,

wherein an input terminal of the power source voltage controller is connected to
second electrodes of the first and second transistors respectively;

an output terminal of the power source voltage controller is connected to the

electrodes of the first and second light emitting elements; and

a function to set a voltage between the source and drain of the first transistor and
a voltage between the source and drain of the second transistor in the vicinity of the

boundary between the saturation region and the linear region.

5. A display device according to claim 2:
wherein the saturation region establishes [Vag|>>|Vy—Vs| with respect to a V-I

characteristic of the transistor.

6. A display device according to claim 3:
wherein the saturation region establishes [Vyg|>>|V g~ Vu| with respect to a V-I

characteristic of the transistor.

7. A display device according to claim 4:
wherein the saturation region establishes [Vys|>>|V V| with respect to a V-I

characteristic of the transistor.

8. A display device according to claim 2:
wherein the linear region establishes |V <<[Vys~Vm| with respect to a V-I

characteristic of the transistor.
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9. A display device according to claim 3:
wherein the linear region establishes [Vg|<|Vy~Vm| with respect to a V-I

characteristic of the transistor.

10. A display device according to claim 4:
wherein the linear region establishes [Vas|<<[Vg—Vm| with respect to a V-I

characteristic of the transistor.

11. A display device comprising:

a pixel having a first transistor and a first light emitting element which is
connected to a first electrode of the first transistor;

a monitoring element having a second transistor and a second light emitting
element which is connected to a first electrode of the second transistor; apd

a power source voltage controller,

wherein an input terminal of the power source voltage controller is connected to
second electrodes of the first and second transistors respectively; and

an output terminal of the power source voltage controller is connected to the

electrodes of the first and second light emitting elements.

12. A display device comprising:

a pixel having a first transistor and a first light emitting element,

wherein a first electrode of the first transistor and a first electrode of the first
light emitting element are connected to the pixel;

a monitoring element having a second transistor and a second light emitting
element,

wherein a first electrode of the second transistor and a second electrode of the
second light emitting element are connected to the monitoring element; and

a power source voltage controller;

wherein an input terminal of the power source voltage controller is connected to

the first electrode of the second transistor electrically; and
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an output terminal of the power source voltage controller is connected to a
second electrode of the first light emitting element and the second electrode of the

second light emitting element electrically.

13. A display device comprising:

a plurality of signal lines and a plurality of scanning lines;

a pixel having a first transistor which is connected to the signal lines and the
scanning lines and a first light emitting element which is connected to a first electrode
of the first transistor;

a monitoring element having a second transistor which is connected to the
scanning lines and a second light emitting element which is connected to a first
electrode of the second transistor; and

a dummy pixel having a third transistor which is connected to the scanning lines
and a third light emitting element;

wherein the signal lines in the pixel are connected to an FPC; and

the signal lines in the monitoring element are connected to a power source

voltage controller.

14. A display device comprising:

a pixel having a first transistor and a first light emitting element Whicﬁ is
connected to a first electrode of the first transistor;

a monitoring element having a second transistor and a second light emitting
element which is connected to a first electrode of the second transistor;

a panel mounting a dummy pixel having a third transistor and a third light
emitting element; and

a printed circuit board mounting a power source voltage controller which is
connected to the pixel and the monitoring element, a power source circuit, and a
controller,

wherein an input terminal of the power source voltage controller is connected to

second electrodes of the first and second transistors; and
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an output terminal of the power source voltage controller is connected to

electrodes of the first and second light emitting elements.

15. A display device according to claim 1:

wherein the power source voltage controller is an operational amplifier.

16. A display device according to claim 2:

wherein the power source voltage controller is an operational amplifier.

17. A display device according to claim 3:

wherein the power source voltage controller is an operational amplifier.

18. A display device according to claim 4:

wherein the power source voltage controller is an operational amplifier.

19. A display device according to claim 11:

wherein the power source voltage controller is an operational amplifier.

20. A display device according to claim 12:

wherein the power source voltage controller is an operational amplifier.

21. A display device according to claim 13:

wherein the power source voltage controller is an operational amplifier.

22. A display device according to claim 14:

wherein the power source voltage controller is an operational amplifier.

23. A display device comprising:
a pixel having a first transistor and a first light emitting element,

wherein a first electrode of the first transistor and a first electrode of the first
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light emitting element are connected to the pixel;

a monitoring element having a second transistor and a second light emitting
element,

wherein a first electrode of the second transistor and 'a second electrode of the
second light emitting element are connected to the monitoring element; and

a switching regulator;

wherein a reference voltage input terminal of the switching regulator is
connected to the first electrode of the second transistor electrically; and

an output terminal of the switching regulator is connected to a second electrode
of the first light emitting element and the second electrode of the second light emitting

element electrically.

24. A control method of a display devi‘ce comprising:

a pixel having a first light emitting element and a first transistor which is
connected to the first light emitting element;

a monitoring element having a second light emitting element and a second
transistor which is connected to the second light emitting element; and

a power source voltage controller which is connected to the pixel and the
monitoring element,

wherein the power source voltage controller decides voltages between the source

and drain of the first and second transistors.

25. A control method of a display device comprising:

a pixel having a first light emitting element and a first transistor which is
connected to the first light emitting element;

a monitoring element having a second light emitting element and a second
transistor which is connected to the second light emitting element; and

a power source voltage controller which is connected to the pixel and the
monitoring element,

wherein the power source voltage controller sets voltages between the source
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and drain of the first and second transistors in the vicinity of the boundary between

the saturation region and the linear region.

26. A control method of a display device comprising:

a pixel having a first transistor and a first light emitting element which is
connected to a first electrode of the first transistor;

a monitoring element having a second transistor and a second light emitting
element which is connected to a first electrode of the second transistor; and

a power source voltage controller which is connected to the pixel and the
monitoring element,

wherein an input terminal of the power source voltage controller is connected to
second electrodes of the first and second transistors;

an output terminal of the power source voltage controller is connected to
electrodes of the first and second light emitting elements; and

a current between the source and drain of the second transistor is controlled to
set a voltage between the source and drain of the first transistor in the vicinity of the

boundary between the saturation region and the linear region.

27. A control method of a display device according to claim 26:
wherein a current between the source and drain of the second transistor is

controlled by a reference power source and a resistance, or a power source current.

28. A control method of a display device comprising;

a pixel having a first transistor and a first light emitting element,

wherein a first electrode of the first transistor and a first electrode of the first
light emitting element are connected to the pixel;

a monitoring element having a second transistor and a second light emitting
element,

wherein a first electrode of the second transistor and a second electrode of the

second light emitting element are connected to the monitoring element; and
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a power source voltage controller,

wherein an inverted input terminal of the power source voltage controller ié
connected to the first electrode of the second transistor electrically;

an output terminal of the power source voltage controller is connected to a
second electrode of the first light emitting element and the second electrode of the
second light emitting element electrically; and

a voltage between the source and drain of the second transistor is controlled to
set the voltage between the source and drain of the first transistor in the vicinity of the

boundary between the saturation region and the linear region.

29. A control method of a display device according to claim 24:

wherein the power source voltage controller is an operational amplifier.

30. A control method of a display device according to claim 25:

wherein the power source voltage controller is an operational amplifier.

31. A control method of a display device according to claim 26:

wherein the power source voltage controller is an operational amplifier.

32. A control method of a display device according to claim 28:

wherein the power source voltage controller is an operational amplifier.

33. A display device according to claim 1:

wherein the power source voltage controller is a switching regulator.

34. A display device according to claim 2:

wherein the power source voltage controller is a switching regulator.

35. A display device according to claim 3:

wherein the power source voltage controller is a switching regulator.
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36. A display device according to claim 4:

wherein the power source voltage controller is a switching regulator.

37. A display device according to claim 11:

wherein the power source voltage controller is a switching regulator.

38. A display device according to claim 12:

wherein the power source voltage controller is a switching regulator.

39. A display device according to claim 13:

wherein the power source voltage controller is a switching regulator.

40. A display device according to claim 14:

wherein the power source voltage controller is a switching regulator.

41. A control method of a display device according to claim 24:

wherein the power source voltage controller is a switching regulator.

42. A control method of a display device according to claim 25:

wherein the power source voltage controller is a switching regulator.

43. A control method of a display device according to claim 26:

wherein the power source voltage controller is a switching regulator.

44. A control method of a display device according to claim 28:

wherein the power source voltage controller is a switching regulator.
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Setting a driving voltage of a light emitting element
in a monitoring element and in a pixel element.

202:
Emitting the light emitting element
in the monitoring element and in the pixel element.

203:

Changing the driving voltage of the lighe emitting element
in the monitoring element

according to a deterioration of the same, and

changing the driving voltage of the lighe emitting element
in the pixel element

in syncronization with it.



WO 2004/040541 PCT/JP2003/013434

2/13

GATE 302

[ o —- - —— o — . —
L]

! r1301

CAM L [\ 820
R Vo
+
313

FIG. 3A
GATE 302
——
i L, 301
321 bt
_ /,4{ 303
> 320
_.> @
—/ Vo
_I_
e 313
i :
‘ L
Tl Tk
;___'_—‘ 311
GATE 319



WO 2004/040541 PCT/JP2003/013434
3/13
412
. 9
402 411
Wergm O\ —
401“"\’{"1'[ :°1|"’”: i
' i i T W
L]
it L7
—7 | B |
Vo Lng! i.J%!
77 420 403 413
L J
V2

FIG. 4



WO 2004/040541 PCT/JP2003/013434

4/13

OPAMP OP AMP FPC FPC

593 —pm _524?_ L ﬁf {n} i

\I‘:{\ i_ — _.jl*gr— —i— T .;T::: :_—__—_i! e _:i"—

A1 512 ] | ! i
522 | !J—_LL._I—EIZ_.!;J L i!_l__LL.J___I_!
LR S o I S R S ) iy &l

oot )| Lot el
b p| {h '. '|
e | ! i

] 515 | i i |

|| | i i |

| I i i} |

' I i i

IR L P
b K b | y

] _r‘"_'i{ _;r“—'ﬂ _.:"FI::: i

] il Ll |

i i i% .! |

| i i ! |

y | i i I

] f i | |

| | ,I | h |
I | D | N |

501 502 503 5;)72—



WO 2004/040541 PCT/JP2003/013434

5/13
S v 7
\% i MMM/ 7
% 2] (R R R QAR A
S ......._
.
o ST \\ '3
8 V&ﬁ
i%\m \\\\\
T l% 171 l
/gﬂ;g(// ’4',
i
7 \\\\\\\ 3
K/ 1
I by
% : o)/
v M%M“\
£7 2 R s R R \’, 7
chi
.
8.7
.
~5
3
§N\

FIG. 6



PCT/JP2003/013434
6/13

WO 2004/040541

700

e e - e = - — - ———

od

712

/

702

704

719
720
7

714

715

716
721

/
706 707

/

750

= = =
1
718

FIG. 7A
0

FIG. 7B



WO 2004/040541

PCT/JP2003/013434
7/13
LINEAR  SATURATION
REGION REGION
lds — 811
]
810
813 |
Yy ¢
i 812
> \/ds




WO 2004/040541 PCT/JP2003/013434

8/13

2607 2708 2705 2702
FIG. 9G FIG. 9H



WO 2004/040541 PCT/JP2003/013434

9/13
e A0
| ——= 3010 :
| |
f h 3002 -V i
1 f ;; |
| - n |
i | N A~ 3006 I
: 3003 ;— " 3008 o—'<rV _I_ :
: 3004 ~ :
: . @/ L l 3005 i

|
| > 1
I S I
3012
3016 3011
VA
;; 3015
?———f:_
FIG. 10 1
[ ]
n
3013

3014



WO 2004/040541 PCT/JP2003/013434

10/13
4002
4003
|5
q- /
7
/ 4004
/
4005
FIG. 11A
4002
1T 4003
g
(@]
<t
N
. ™
- 4004
/T 4008
4006
4007

FIG. 11B



WO 2004/040541

11/13

PCT/JP2003/013434

VMO DTC
CATHODE MONITOR Vee
T 0o (o) (o] (o)
100uF
4700
S s 470
77
47 uH —470Q
—00) ~
717 —t
R1 100k Q
0-?/~|LF m R2
| W F’
777 10uF ° ¢
—N R“s“!
100k Q
| | ¢
0.1uF REF — + DTC |OUT |[Vce
16| (15| [14] [13] [12] [11] [10] [9
POWER SOURCE CONTROLER
/\/\/24kQ
1| (2] 3] [a]l 5] 61 7] I8
Ct |RT GND
INFZ~ <= 11kQ ~6.8nF
77 777 77 777 77

FIG. 12



WO 2004/040541 PCT/JP2003/013434

12/13

M’J

Vcathode(V)
&
[«>]

_6.0 L ) L L L L L
0 100 200 300 400 500 600 700 800
TIME (hour)

FIG. 13



WO 2004/040541 PCT/JP2003/013434

13/13

100
90
80
70
60
50
40
30
20
10

0 L 1 ] 1 L 1 1
0 100 200 300 400 500 600 700

TIME (hour)

I(mA)

FIG. 14



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP03/13434

A. CLASSIFICATION OF SUBJECT MATTER
Int.CI' @09G3/30

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.CI' G09G3/30

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Japanese Utility Model Gazette 1926-1996, Japanese Publication of Unexamined Utility Model
Applications 1971-2003, Japanese Registered Utility Model Gazette 1994-2003, Japanege Gazette
Containing the Utility Model 1996-2003

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1227467 A2 (SEMICONDUCTOR ENERGY 1,13,21,23,
LABORATORY CO., LTD.) 24,29,33,39

2002.07.31, Paragraph No.30-81, FIG.l, 4, 6, 41

8

v & JP 2002-304155 A & CN 1369916 A 2,3,5,6,8,9
,15-17,25,3
0,34,35,42
X EP 923067 Al (SEIKO EPSON CORPORATION) 1,13,21,23,
1999.06.16, COLUMN31l L27-COLUMN32 L40, FIG.8 24,29,33,39

WO 98/40871L Al & TW 397965 B 41
Y 2,3,5,6,8,9
,15-17,25,3
0,34,35,42

@ Further documents are listed in the continuation of Box C.

I:I See patent family annex.

*

Special categories of cited documents:

the priority date claimed

“T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhc_:atlon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“B” eal_‘lier application or patent but published on or after the international «y» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone
‘snt:gi atlor::;zlx)\h(i}; ;hz c}iotl_;g(lil)cahon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
P 'S 5P . s considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P”  document published prior to the international filing date but later than  « & document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan

12.11.03 00.12.03
Name and mailing address of the ISA/JP Authorized officer ) 2c| 8621
Japan Patent Office i ki (Eed
pan Pa SUZUNO, Mikio == pSel

Telephone No. +81-3-3581-1101 EXt. 6489

Form PCT/ISA/210 (second sheet) (July 1998)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP03/13434

C (Continuation). _ DOCUMENTS CONSIDERED TO BE RELEVANT

2001.05.02, see whole document
& JP 2001-147665 A & US 6392617 Bl

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002/17643 Al (JUN KOYAMA) 1,13,21,23
2002.02.14, Paragraph No.98-136, FIG.1l ,24,29,33,
& JP 2002-123219 A 39,41
Y 2,3,5,6,8,
9,15-17,25
,30,34,35,
42
Y US 2002/47568 Al (SEMICONDUCTOR ENERGY 2,3,5,6,8,
LABORATORY CO., LTD.) 9,15-17,25
2002.04.25, Paragraph No.88-96, FIG.1l ,30,34,35,
& JP 2002-108285 A 42
A EP 1096466 Al (AGILENT TECHNOLOGIES INC.) 1-42

Form PCT/ISA/210 (continuation of second sheet) (July 1998)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCH &

CPCH %S

L5

H M2 TF S0k

S EREESE

BEG®)

EREBRELEE

EP1556847A1 AF(AE)R
EP2003756730 A
B A4 SRR

¥ S AERFTS A IRA A,

¥ S ASRFT SRR IR F.

MIYAGAWA KEISUKE
KOYAMA JUN

MIYAGAWA, KEISUKE
KOYAMA, JUN

G09G3/3233 G09G3/32 HO1L27/12 GO9G3/30

patsnap

2005-07-27

2003-10-21

G09G3/3233 G09G2300/0426 G09G2300/0842 G09G2300/0861 G09G2310/0251 G09G2320/029
G09G2320/0295 G09G2320/043 G09G2330/021 G09G2330/028 HO1L27/124

2002318974 2002-10-31 JP

EP1556847A4
EP1556847B1

Espacenet

FAREREREAAN TN ETCAMITRENE. Hit , 40

R REEVIsHIRRMFR BN EERENS ( Vds> Vgs-VTh +

a)o. BTRMILATHNEE , XSHEERAMMIE, NRANBE
T BEAATHANSCANBRBEZRSERBERENEZL , ZE

FREERGSREUWRERE. B, REARH , REBEHREEEN

XML M X2 BAL R (EFRED ) BT, 7 B4 5I—X THHR%

EBREFTEEATHILHNBEERE,


https://share-analytics.zhihuiya.com/view/61b5aac8-cad8-4e66-857d-2b70d21450d1
https://worldwide.espacenet.com/patent/search/family/032211794/publication/EP1556847A1?q=EP1556847A1

