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DRIVING SIGNAL
GENERATING PORTION

A display element is configured as follows in order to
prolong the display lifetime of an electro-optical element
without inserting a resistance element or lowering the
numerical aperture due to a change in layout. The display
element includes an organic EL element, which is an electro-
optical element, a power source line electrode, a scanning
signal line electrode, a data signal line electrode, a common
electrode, an auxiliary capacitance, a current control TFT for
controlling the current flowing through the organic EL
element, and a data voltage control TFT for controlling the
timing at which current flows through the organic EL
element. The conductive resistance of the current control
TFT is set such that 0.1=p=7.0, where f(=Vr/Vel) is a ratio
of a voltage Vr applied across the current control TFT to a
voltage Vel applied across the organic EL element. Thus, the
speed of the temporal change of the luminance of the organic
EL element is slowed down, and the display lifetime is
prolonged.
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DISPLAY ELEMENT AND DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to display elements in
which light emission is controlled by the amount of current
flowing through an electro-optical element, as well as to
display devices including such display elements.

[0003] 2. Description of the Related Art

[0004] Conventionally, there are display elements using,
as electro-optical elements, elements whose light emission
amount is controlled by the amount of current flowing
through the elements, for example LEDs (light emitting
diodes) for which inorganic EL (electroluminescent) ele-
ments and organic EL elements are typical examples. In this
specification, “clectro-optical elements” mean any elements
whose optical characteristics are changed by applying elec-
tricity, such as not only the aforementioned organic EL
elements ctc., but also FEDs (field emission displays),
charge-driven elements, liquid crystals, E-ink (electronic
ink) and the like. It should be noted that in the following,
organic EL ¢lements are taken as an example of electro-
optical elements, but the same explanations are also possible
for any light emitting element whose light emission amount
is controlled by a current amount.

[0005] Furthermore, there are display devices, in which a
plurality of display elements are arranged in a matrix, such
that pixels are formed with the display elements. Each
display element includes a switching element, which con-
trols the amount of current flowing through the electro-
optical element, in accordance with an external electrical
signal. Examples of such switching elements are diodes and
MIM (metal insulator metal) elements, but more preferable
are thin film transistors (referred to in short as “TFT5” in the
following) using amorphous silicon or polycrystalline sili-
con, which has better switching characteristics, continuous
grain silicon (referred to in short as “CG silicon” in the
following), which is a polycrystalline silicone with higher
crystallinity, or an organic material film having a conduc-
tivity that is different from that of silicon films. Depending
on the form of the electrical signals controlling the amount
of current flowing through such an electro-optical element,
the control methods can be broadly classified into two
methods, namely the constant voltage control method and
the constant current control method, which are described
below.

[0006] First, the constant voltage control method is
described. FIG. 12 is a diagram showing an equivalent
circuit of a display element forming one pixel. This display
element includes an organic EL element 920, which is an
electro-optical element, a power source line electrode 912,
which supplies current from a driving power source Vref, a
scanning signal line electrode 910, a data signal line elec-
trode 911, a common electrode Veom, an auxiliary capaci-
tance 930, a current control TFT 92, which is a p-channel
TFT for controlling the current flowing through the organic
EL element 920, and a data voltage control TFT 91, which
is an n-channel TFT for controlling the timing at which
current flows through the organic EL element 920.

[0007] As shown in FIG. 12, the source terminal of the
current control TFT 92 and one side of the auxiliary capaci-

1. Field of the Invention
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tance 930 are connected to the power source line electrode
912, whereas the other side of the auxiliary capacitance 930
is connected to the gate terminal of the current control TEFT
92 and the drain terminal of the data voltage control TFT 91.
Moreover, the source terminal of the data voltage control
TFT 91 is connected to the data signal line electrode 911,
and the gate terminal of the data voltage control TFT 91 is
connected to the scanning signal line electrode 910. Fur-
thermore, the anode of the organic EL element 920 is
connected to the drain terminal of the current control TFT
92, whereas the cathode of the organic EL element 920 is
connected to the common electrode Veom. With the constant
voltage control method, by applying a data signal voltage to
the data signal line electrode 911 in the period in which the
data voltage control TFT 91 is selected by a scanning signal
applied to the scanning signal line electrode 910, a voltage
corresponding to that data signal voltage is held by the
auxiliary capacitance 930. After that, in the period in which
the data voltage control TFT 91 is not selected, the conduc-
tance of the current control TFT 92 is controlled in accor-
dance with the voltage held by the auxiliary capacitance 930,
so that a predetermined current flows through the organic EL
element 920, which is connected in series to this current
control TFT 92, thus controlling the light emission amount
of the organic EL element 920. This configuration is
described, for example, in “Active Matrix Addressing of
Polymer Light Emitting Diodes Using Low Temperature
Poly Silicon TFTs” by 1. M. Hunter et. al., AM-LCD2000,
2000, pp. 249 to 252.

[0008] Moreover, in order to control the light emission
amount and to achieve a display device with high image
quality, it is preferable that the potential that is held by the
auxiliary capacitance is changed discretely by making this
data signal a digital signal, and it is known that for this, it is
preferable that the ON resistance of the current control TFT
is negligibly small compared to the ON resistance of the
light emitting pixel. Such a configuration is described for
example in JP H11-73158A.

[0009] 1In contrast to this constant voltage control method,
in the constant current control method, a voltage with which
the current is obtained that is supposed to flow through the
organic EL element 920 is held by the auxiliary capacitance,
due to the data signal current that flows through the data
signal line electrode of the display element shown in FIG.
12. The light emission amount of the organic EL element
920 is controlled through the voltage held by this auxiliary
capacitance 930. The following is a more specific explana-
tion of a configuration for letting the current flow that is
supposed to flow through the display element.

[0010] FIG. 13 is a diagram showing an equivalent circuit
of a conventional example of a display element according to
the constant current control method. As shown in FIG. 13,
a constant current circuit is connected to the data signal line
electrode 911, and TFTs 93 and 94 as well as a signal line
electrode 940 for controlling the TFT 94 are further provided
in the display element. Like the TFT 91, the TFT 93 is
controlled by the scanning signal line electrode 910.

[0011] First, when the TFTs 91 and 93 are ON, and the
TFT 94 is OFF, a current flows from the driving power
source Vref through the TFT 93 to the constant current
circuit connected to the data signal line electrode 911, until
the current flowing between the source and drain of the TFT
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92 takes on a desired value. In this situation, a voltage that
is such that a current can flow between source and drain of
the TFT 92 is stored in the auxiliary capacitance 930, so that
after the TFTs 91 and 93 are switched OFF, the desired
current can be caused to flow though the organic EL element
920 by switching the TFT 940N. This configuration is
described, for example, in “Circuit Simulation of Current-
Specified Polysilicon TFT Active Matrix Driven Organic
LED Displays,” Reiji Hattori et. al., SHINGAKU GIHO,
April 2001, ED 2001-8, SDM 2001-8, Vol. 101, No. 15, pp.
7-14.

[0012] The following is a description of the relation
between the current flowing through the organic EL element
920 and the light emission amount of the organic EL element
920. FIG. 14 shows the relation between the emitted lumi-
nance of an organic EL element and the current flowing at
the time of emission. As shown in FIG. 14, the emitted
luminance of the organic EL element is substantially pro-
portional to the current flowing through the organic EL
element, that is, the driving current of the current control
TFT 92 shown in FIG. 12. This relation is generally well
known.

[0013] In the constant voltage control method, when the
internal resistance of the organic EL element increases over
time (mainly caused by element deterioration due to reac-
tions between moisture and oxygen, decomposition of the
material, and changes in the shape of the film layers), then
current flowing through the organic EL element is relatively
reduced, because the load of the power source is relatively
increased. And thus, since the emitted luminance is propor-
tional to the current flowing at the time of the emission, as
shown in FIG. 14, also the emitted luminance of the organic
EL element is relatively decreased.

[0014] On the other hand, with the constant current control
method, the current of the data signal is controlled such that
a constant current flows through the organic EL element,
regardless of the passage of time (and the increase of the
internal resistance over time). Therefore, a reduction of the
emitted luminance due to a decrease of the flowing current
as described above does not occur. However, ordinary
organic EL elements have the characteristic that their emit-
ted luminance for a given current decreases over time (due
to deterioration of the eclement), so that also with the
constant current control method, a decrease in emitted
luminance occurs over the course of time.

[0015] FIG. 15 is a diagram illustrating the decrease in
emitted luminance over the course of time in organic EL
elements with the constant voltage control method and the
constant current control method. Curve A shows the case of
the constant voltage control method, whereas curve B shows
the case of the constant current control method. Moreover,
for the normalized time shown in FIG. 15, the time when the
normalized luminance for the constant voltage control
method has been reduced by half (i.e. reduced to 0.5) is
taken as 1. As shown in FIG. 15, the display lifetime of the
display apparatus with the constant current control method
is longer than that with the constant voltage control method.
It should be noted that this display lifetime means the time
until, due to deterioration over time, the elements emitting a
predetermined luminance reach a luminance at which they
cannot be used anymore for a display device, that is, the time
until the aforementioned predetermined luminance has been
reduced approximately by half.
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[0016] This decrease of the emitted luminance due to
deterioration over time is subject to variations caused by
differences in the emission history of each organic EL
element, which causes variations in the characteristics of the
TFT elements included in the display panel. To address this
problem, it is known to connect the organic EL element in
series with a resistance element, to adjust the voltage applied
to the organic EL element by voltage division, and to reduce
the relative variations in the emitted light. Such a configu-
ration is disclosed in JP 2001-272930A, pages 3 and 4, FIG.
1 and JP 2002-175029A, pages 6-8, FIGS. 2 and 5 to 7.

[0017] In this configuration, a predetermined resistance
element R is further connected in series to the organic EL
element 920 of the display element shown in FIG. 12, in
addition to the current control TFT 92. FIG. 16 is a diagram
showing an equivalent circuit of a display element according
to this conventional example. As shown in FIG. 16, by
increasing the internal resistance of the organic EL element
920, even if the current that flows is lowered over time from
a predetermined value, it is possible to increase the voltage
applied to the organic EL element 920 with the internal
resistance of the organic EL element 920, in accordance with
the rule of voltage division. Therefore, a reduction of the
luminance due to a temporal reduction of the current can be
inhibited. Consequently, even for the case of the constant
voltage control method, it is possible to realize a display
device in which the reduction of the emitted luminance is
inhibited, as in the case of the constant current control
method.

[0018] However, in configurations performing control in
accordance with a digital data signal with the constant
voltage control method, as in these conventional configura-
tions (see for example the configuration in JP H11-73158A),
it is preferable that the resistance of the current control TFT
element is so small that it can be ignored, so that in order to
increase the display lifetime in this configuration, the above-
noted configuration is necessary in which the voltage
applied to the organic EL element due to voltage division is
increased in accordance with the internal resistance of the
organic El element, by connecting a resistance element in
series to the organic EL element within the display element.
As an alternative method for increasing the display lifetime,
it is conceivable to configure a display element with the
constant current control method in which a constant current
can always be caused to flow through the organic EL
element, regardless to the rules of voltage division. How-
ever, in such a configuration, the number of switching
elements and resistances included in the display element
increases compared to the display element shown in FIG.
12. Therefore, the surface area occupied by these increases,
so that the proportion of the surface area occupied by those
elements to the surface area of the overall display element
increases as well. As a result, the light emission area of the
light emitting element is reduced, so that the numerical
aperture of the display element is reduced.

[0019] In order to realize the same display luminance as
with the display element of the circuit configuration shown
in FIG. 12 with a configuration in which the numerical
aperture is reduced, as described above, it is necessary to
increase the luminance of the organic EL element included
in the display element. However, it is well known that when
the luminance of the organic EL element is stepped up, then
the deterioration of the organic EL element occurs even
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earlier, thus shortening the display lifetime. Moreover, the
light emission efficiency of the organic EL element is
reduced, and also the power consumption of the organic EL
element is relatively increased, so that also in view of the
display characteristics, it is not preferable to step up the
luminance of the organic EL element.

[0020] Tt should be noted that the explanations here relate
to an organic EL element as an example of an electro-optical
element, but there is no limitation to organic EL elements,
and similar problems occur also with other light emitting
elements in which the light emission amount of the element
is controlled in accordance with the current amount flowing
through the element.

SUMMARY OF THE INVENTION

[0021] Tt is thus an object of the present invention to
provide a display element and a display device with which
the temporal luminance deterioration of the electro-optical
element can be compensated and the display lifetime can be
prolonged, without inserting a resistance element in series as
described above, and without lowering the numerical aper-
ture by increasing the number of TFTs within the display
element and drastically changing the layout of the display
element.

[0022] In order to attain this and other objects of the
present invention, a display element in accordance with an
aspect of the present invention comprises:

[0023] an electro-optical element that is driven by a
current;
[0024] a current control element for letting a current

flow through the electro-optical element by being
connected in series to the electro-optical element;

[0025] a switching element for applying to the cur-
rent control element a data signal for controlling the
current control element;

[0026] a scanning signal line electrode for applying
to the switching element a scanning signal for con-
trolling the switching element;

[0027] a data signal line electrode for applying to the
switching element the data signal; and

[0028] a power source line electrode for applying to
the current control element a current for driving the
electro-optical element;

[0029] wherein the current control element has a
predetermined conductive resistance satisfying
0.1=2p=7.0, where f(=Vr/Vel) is a ratio of a voltage
Vr applied across the current control element to a
voltage Vel applied across the electro-optical ele-
ment, when the electro-optical element is emitting
light.

[0030] In accordance with another aspect of the present
invention, when the withstand voltage to the voltage applied
across the current control element takes on a small value (for
example a value of maximally 8 V), then it is preferable that
the ratio f(=Vr/Vel) is in the range of 0.1=ZB£3.0.

[0031] Moreover, it is preferable that the current control
element is a thin film transistor, which can be formed on a
glass substrate, more preferably a thin film transistor made
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of polycrystalline silicon. The current control element may
be a p-channel or an n-channel thin film transistor. Further-
more, the current control element may be made of CG
silicon, which can cause a larger current to flow than
polycrystalline silicon. Moreover, the electro-optical ele-
ment may be an organic electroluminescent element.

[0032] In accordance with another aspect of the present
invention, the current control element may be formed so as
to have the predetermined conductive resistance. More spe-
cifically, the current control element (thin film transistor or
the like) may be adjusted to have the predetermined con-
ductive resistance by forming a gate width or a gate length
of the current control element with a predetermined length.
Moreover, the current control element may be controlled
such that it has a predetermined conductance satisfying
0.1=p=7.0, by applying a data signal having a predeter-
mined voltage.

[0033] A display device in accordance with an aspect of
the present invention comprises a display portion in which
a plurality of display elements as described are arranged in
Matrix, and considering that there are variations in the
element characteristics of the current control element, as in
thin film transistors, the variations in the gray levels are
ordinarily large with analog control methods, so that it is
preferable that the electro-optical element included in the
display device is gray scale controlled with binary values,
setting the electro-optical element to an emitting or a non-
emitting state, as with the subfield method (moving images
having intermediate gray levels are divided into a plurality
of weighted binary images, and intermediate gray levels are
displayed by overlapping those binary images in time) or the
method of gray level controlling electro-optical elements of
different light emission areas with binary digital data signals
(see for example the method disclosed in JP H11-73158A).

[0034] With the present invention as described above, the
conductive resistance of the current control element is set
such that the ratio p(=Vr/Vel) of a voltage Vr applied across
the current control element to a voltage Vel applied across
the electro-optical element when the electro-optical element
is emitting light satisfies 0.1=$=7.0. Thus, the speed of
change over time of the luminance of the electro-optical
element can be slowed down and the display lifetime of the
electro-optical element can be prolonged, without inserting
a new resistance element, and without including special
compensation circuitry as used in display elements and
display devices with the constant current control method.

[0035] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a circuit diagram of a single electro-
optical element emitting light, illustrating the principle of a
display element according to an embodiment of the present
invention.

[0037] FIG. 2 is a circuit diagram of the elements when a
resistance element is inserted in series with the electro-
optical element, illustrating the principle of a display ele-
ment according to this embodiment.
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[0038] FIG. 3 is a block diagram showing the configura-
tion of a display device according to this embodiment.

[0039] FIG. 4 is a diagram showing an equivalent circuit
of the display element of this embodiment.

[0040] FIG. 5 is a diagram illustrating the relation
between the voltage Vg and the current Id when a current of
the value Id flows between source and drain while a voltage
of the value Vg is applied to the gate of the current control
TFT in this embodiment.

[0041] FIG. 6 is a diagram showing an equivalent circuit
of a display element according to this embodiment repre-
sented as a series circuit.

[0042] FIG. 7 is a cross-sectional view showing an
example of the structure of the current control TFT in this
embodiment.

[0043] FIG. 8 is a diagram showing an equivalent circuit
of a display element according to this embodiment realizing
a top emission structure.

[0044] FIG. 9 is a top view showing the schematic struc-
ture of the display element according to this embodiment
including a current control TFT.

[0045] FIG. 10 is a top view showing the schematic
structure of the current control TFT in this embodiment.

[0046] FIG. 11 is a graph showing the temporal change of
the normalized emitted luminance of the organic EL element
according to this embodiment under the Conditions A and B.

[0047] FIG. 12 is a diagram showing an equivalent circuit
of a display element according to a conventional example.

[0048] FIG. 13 is a diagram showing an equivalent circuit
of a conventional example of a display element according to
the constant current control method.

[0049] FIG. 14 shows the relation between the emitted
luminance of an organic EL element according to a conven-
tional example and the current flowing at the time of
emission.

[0050] FIG. 15 is a diagram illustrating the decrease in
emitted luminance over the course of time in conventional
organic EL elements with the constant voltage control
method and the constant current control method.

[0051] FIG. 16 is a diagram showing an equivalent circuit
of a conventional display element, in which an organic EL
element is connected in series with a resistance element.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0052] The following is a description of embodiments of
the present invention, with reference to the accompanying
drawings.

[0053]

[0054] Before describing configurations of embodiments
of the present invention, the following is a description of the
principles to be applied with the present invention and the
effects that can be obtained.

[0055] Tt is known that the deterioration of the element
characteristics over the course of time ordinarily can be
described by an exponential function. Thus, in the following

1. General Principles
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description, the temporal change of the normalized lumi-
nance of a single electro-optical element is approximated by
an exponential function L(t). This exponential function L(t)
is given by:

L(fj=exp(-K1) o

[0056] where K represents an exponential coefficient and
t represents time.

[0057] FIG. 1 is a circuit diagram of a single electro-
optical element emitting light. When V is the voltage applied
by the power source to the electro-optical element in the
figure, Rel(0) is the resistance when the electro-optical
element assumes a predetermined luminance, and 1(0) is the
current at that time, then the current at the time T can be
expressed as I(T) and the resistance of the electro-optical
element at the time (T) can be expressed as Rel(T). In
accordance with Ohm’s law, the relation between current,
voltage and resistance can be given as:

V = [(0)- Rel(0) @)

= I(T)- ReKT)

[0058] Here, assuming that the resistance Rel(T) of the
electro-optical element is a times the resistance Rel(0) of the
electro-optical element at the time near the initial state
without any emission history (in the following also referred
to as “initial light emission stage”), then Rel(T) can be
expressed as:

Rel(T)=ceRel(0) ©)

[0059] Moreover, the luminance of the electro-optical
element and the current density are in a substantially pro-
portional relation, so that when the exponential function 1(t)
of Equation (1) is taken as L1(t) and the exponential
coefficient is taken to be K1, then L1(t) can be expressed as
the equation of the normalized current I(t)/I(0), as shown by
Equation (4):

Lity =1(n/10) )

=exp(—KI-1)

[0060] In accordance with Ohm’s law and Equation (4),
the value of a given in Equation (3) also can be expressed as
the inverse of the normalized luminance, namely as follows:

@ = Rel(T)/ Rel(0) )
=(V/IMD)[(V/I0)
=1/U/) /1)
= 1/LIT)
[0061] Moreover, Equation (2) can be formed into I(T)=

V/Rel(T), 1(0)=V/Rel(0), and Equation (4) can be formed
into I(T)/I(0)=exp(-K1-T), from which the following Equa-
tion (6) can be derived:
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(VIRel(T))/(VIRel(0))=exp(-K1-T) (6

[0062] Furthermore, from Equations (4) and (5) it follows
that 1/a=exp(-K1-T), so that K1 can be expressed as:

K1=(Ina)/T ™

[0063] Consequently, the standardized current I(t)/I(0) at a
given time t can be expressed with Equations (4) and (7) as:

Liny=10)/1(0) ®

=exp(—(ln @)/T-1)

[0064] Moreover, due to I(t)=V/Rel(t) and I(0)=V/Rel(0),
Equation (8) can be expressed as (V/Rel(t))/(V/Rel(0))=
exp(~(In a)/Tt), so that due to Ohm’s law, Equation (8) can
also be expressed as the deterioration function Rel(t) of the
resistance in the electro-optical element over time, as in
Equation (9):

Rel(t)=Rel(0)-exp(-(lno)/T"1) 9

[0065] The following is an explanation of the case that a
resistance element is connected in series to the electro-
optical element. FIG. 2 is a circuit diagram of the elements
when a resistance element is inserted in series with the
electro-optical element of the circuit in FIG. 1. It should be
noted that the deterioration characteristics of the electro-
optical element are the same, irrespective of the resistance
element that is connected. When Rel(0) is the resistance at
the initial light emission stage of this electro-optical ele-
ment, and Rr is the resistance (in the following also “inser-
tion resistance™) of the resistance element inserted in series
into the electro-optical element (in the following also
“inserted resistance element”), then a voltage V' can be
determined such that the current I'(0) at the initial light
emission stage of the electro-optical element becomes the
same as the current [{0). That is to say, the voltage V' can be
determined such that the emitted luminance of the electro-
optical element shown in FIG. 2 becomes the same as the
emitted luminance at the initial light emission stage of the
electro-optical element when no resistance element is
inserted (as shown in FIG. 1).

[0066] If Vel(0) is the voltage that is applied to the
electro-optical element at the initial light emission stage and
Vr(0) is the voltage that is applied to the inserted resistance
¢lement (inserted resistance Rr), then, in accordance with
Ohm’s law, the relation between current, voltage and resis-
tance is:

V' = Vel(0) + Vr(0) (1)
=1'(0)-(Rr + Rel(0))

=1(0)- (Rr + Rel(D))

[0067] According to Ohm’s law, I(0) in Equation (10) can
be expressed as I(0)=Vel(0)/Rel(0), so that when this is
inserted in Equation (10), V' can be expressed as:

V=Vel(0) (Rr+Rel(0))Rel(0) 1)

[0068] Here, when f{ is the resistance ratio between the
inserted resistance Rr and the resistance Rel(0) at the initial
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light emission stage of the electro-optical element (that is,
the proportion of the inserted resistance Rr to the resistance
Rel(0)), then B can be expressed by the following Equation
(12), by substituting B with the voltage division ratio:

= Rr/[Rel0) (12)
= (Vr(0) /I (D)) (Vel(0)/ I (0))

= Vr(0)/ Vel(0)

[0069] When Equation (11) is written using B as given in
Equation (12), then V' can be expressed as:
V=Vel(0)-(p+1) 13)

[0070] Here, when R(t) is the sum of the resistance Rel(t)
of the electro-optical element at the time t and the inserted
resistance Rr, and Equations (9) and (12) are substituted with
R(t), then R(t) can be written as:

R(®) = Rel(t) + Rr (14)
= Rel(0)-exp((In @)/ T-1) + B- Rel{0)

= [exp((ln @)/ T-1) + B]- Rel(0)

[0071] Similarly, with Ohm’s law and Equations (13) and
(14), also the current I'(t) at the time t can be expressed as:

I'o =V /R@ (15)
=Vel(0)/Rel(0)- (B+1)/[exp((ln @)/ T 1) + f]
=10 (B+ 1)/ [exp((ln @) /T 1) + 3]

[0072] Furthermore, from Equation (15), the temporal
luminance change of the electro-optical element when a
resistance element is inserted in series, that is, the current
change I'(t)/I(0) can be expressed as:

T@A)=(p+ 1) exp((lnc)/T 1)+p] (16)
[0073] As for the time in which the current flowing
through the electro-optical element when the resistance
element is not inserted (as shown in FIG. 1) becomes the
same as the current flowing through the electro-optical
element when the resistance element is inserted in series (as
shown in FIG. 2), when T is the above-noted time when no
resistance element is inserted then that time when a resis-
tance element is inserted can be expressed as X times T, that
is, XT. It follows that I'(XT)/1(0)=I(T)/1(0). When Equation
(8) and Equation (16) are inserted into this equation, the
following Equation (17) can be derived:

(B+D/exp((Ina)/T- )+ =exp(- (lnc)/T°T)
[0074] And solving for f yields:
p=(a™-)/(a-1) (198)

[0075] According to this Equation (18), when T is the time
in which the electro-optical element deteriorates and a
predetermined luminance becomes the luminance L, then
the value of B that prolongs this time T by a factor X (that
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is, the ratio Vr/Vel between the voltage Vel that is applied
across the electro-optical element when the emitted lumi-
nance of the electro-optical element is a predetermined
luminance to the voltage Vr that is applied across the
inserted resistance element at that time) can be determined
by determining the rate of increase of the voltage Vel of the
electro-optical element after the time T (that is, the inverse
of the normalized luminance after the time T). Conversely,
by determining the value of a and further determining the
value of B through determining the value of the voltage Vr,
it is possible to know that the time T from a predetermined
luminance to the luminance L is prolonged by the factor X.

[0076] It should be noted that although it has not been
mentioned in the foregoing principal explanations, in prac-
tice, there may be deviations in the value derived from the
above-noted exponential function due to the influence of
other resistance elements, such as wiring, due to variations
in the internal structure of the electro-optical element, and
due to deterioration over time of the switching elements and
the like. For example, the temporal change model of the
luminance of the electro-optical element approximated by
Equation (1) is a model of the initial light emission stage, so
that considering the results of actual measurements
described later, it appears that the intermediate light emis-
sion period (for example, near a time in which the prede-
termined luminance has been reduced by half) requires a
polynomial approximation equation in which corrective
terms have been added to Equation (1). However, regardless
of these deviations, the speed of the temporal change of the
luminance of the electro-optical element is slowed down by
the inserted resistance, as shown in the description of the
basic principle above, and the effect of prolonging the
display lifetime can be obtained, so that the description of
this polynomial equation has been omitted.

[0077] In the display element according to an embodiment
of the present invention (here, this is a pixel circuit consti-
tuting a pixel) as explained below, the conductance of the
current control TFT connected in series to the electro-optical
element included in the display element is adjusted without
using the above-described inserted resistance element. More
specifically, the divisional voltage Vr is adjusted by regu-
lating the gate width of the current control TFT or regulating
the voltage of the data signal. The display element is thus
provided with a longer display lifetime. The following is a
description of a display element in which an organic EL
element is taken as the electro-optical element included in
the display element according to the present embodiment, in
which TFT elements are taken as the switching elements,
and in which the conductance of the current control TFT
connected in series with the organic EL element is adjusted,
as well as of a display device including such a display
element.

[0078] 2. Configuration of Display Element and Display
Device
[0079] FIG. 3 is a block diagram showing the configura-

tion of a display device according to an embodiment of the
present invention. This display device includes an image
display portion 100, a selection signal output portion 101, a
data signal output portion 102, a driving signal generating
portion 103, and a current supply portion 104. The image
display portion 100 is configured by arranging a plurality of
display elements in an mxn matrix. The selection signal
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output portion (gate driver circuit) 101 is connected to a
plurality of scanning signal lines linked to the signal line
electrodes of the display elements, and outputs scanning
signals having a predetermined period to these scanning
signal lines. The data signal output portion (source driver
circuit) 102 is connected to a plurality of data signal lines
linked to the data signal line electrodes of the display
elements, and outputs data signals for controlling the emis-
sion or non-emission of the organic EL elements. The
driving signal generating portion 103 outputs predetermined
control signals for generating the scanning signals and the
data signals to the selection signal output portion 101 and the
data signal output portion 102. The current supply portion
104 is connected to a plurality of power source lines that are
linked to the power source line electrodes of the display
elements, and serves as a driving power source for supplying
a driving current to the light emitting elements.

[0080] The following is a description of the configuration
of the display elements included in the pixel display portion
100. FIG. 4 is a diagram showing an equivalent circuit of a
display element in accordance with an embodiment of the
present invention. This display element includes an organic
EL element 20, which is an electro-optical element, a power
source line electrode 12, which supplies current from the
driving power source Vref (the current supply portion 104),
ascanning signal line electrode 10, which is connected to the
selection signal output portion (gate driver circuit) 101, a
data signal line electrode 11, which is connected to the data
signal output portion (source driver circuit) 102, a common
electrode Vcom, an auxiliary capacitance 30, a current
control TFT 2, which is a p-channel TFT for controlling the
current flowing through the organic EL element 20, and a
data voltage control TFT 1, which is an n-channel TFT for
controlling the timing at which current flows through the
organic EL element 20.

[0081] The silicon films of the data voltage control TFT 1
and the current control TFT 2 may be made of amorphous
silicon, polycrystalline silicon, or of organic films having a
conductance that is different from that of silicon films, but
here the above-mentioned CG silicon is used, which has a
greater crystallinity than amorphous or polycrystalline sili-
con and with which a greater current can be caused to flow
through the organic EL element (that is, with which an even
higher display luminance can be attained, because the upper
limit of the emitted luminance becomes higher). It should be
noted that for these silicon films, it is also possible to use
silicon films with which even greater currents can be caused
to flow than with CG silicon, such as monocrystalline
silicon. Moreover, in this display element, a p-channel TFT
is used as the current control TFT 2, but known pixel circuit
configurations using an n-channel TFT are also possible.

[0082] As shown in FIG. 4, the power source line elec-
trode 12 is connected to the source terminal of the current
control TFT 2 and to one terminal of the auxiliary capaci-
tance 30, whereas the other terminal of the auxiliary capaci-
tance 30 is connected to the gate terminal of the current
control TFT 2 and to the drain terminal of the data voltage
control TFT 1. Moreover, the source terminal of the data
voltage control TFT 1 is connected to the data signal line
electrode 11, and the gate terminal of the data voltage
control TFT 1 is connected to the scanning signal line
electrode 10. The anode of the organic EL element 20 is
connected to the drain terminal of the current control TFT 2,
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and the cathode of the organic EL element 20 is connected
to the common electrode Veom.

[0083] With the constant voltage control method, a data
signal voltage is applied to the data signal line electrode 11
during the period in which the data voltage control TFT 1 is
selected by the scanning signal applied to the scanning
signal line electrode 10, and thus a voltage corresponding to
this data signal voltage is held by the auxiliary capacitance
30. After that, during the period in which the data voltage
control TFT 1 is not selected, the conductance of the current
control TFT 2 is controlled in accordance with the voltage
that is held by the auxiliary capacitance 30. Thus, a prede-
termined current flows through the organic EL element 20
connected in series to the current control TET 2, thereby
controlling the light emission amount.

[0084] In the above-described configuration, no inserted
resistance element is connected in series with the electro-
optical element, as in the above-described conventional
display element, and by controlling the conductance of the
current control TET 2, that current control TFT 2 is caused
to function as the resistance element (instead of the inserted
resistance element). It should be noted, however, that in
analog gray scale control configurations in which the source-
drain current of the current control TFT 2 is controlled by
analog quantities, variations of the gray levels due to the
element characteristics of the TFT element as disclosed in
the afore-mentioned JP 2001-272930A may become large.
Therefore, an analog gray scale control method can be
employed as the configuration of the present embodiment,
but for the above-noted reasons, this is not necessarily
preferable. In the present embodiment, a digital gray scale
control method is employed, in which the organic EL
element 20 is controlled by a binary data signal voltage with
an emitting state of a predetermined bright luminance and a
non-emitting state of a predetermined dark luminance, and
gray levels are expressed by controlling the emission time of
the organic EL element 20.

[0085] The following is a description of this binary data
signal voltage. FIG. 5 is a diagram illustrating the relation
between the voltage Vg and the current Id when a current of
the value Id flows between source and drain while a voltage
of the value Vg is applied to the gate of the current control
TFT 2. In FIG. §, the range of the voltages Vg in which the
organic EL element 20 emits light is indicated as “A” and the
range of the voltages Vg in which the organic EL element 20
does not emit light is indicated as “B,” and the range of the
voltages Vg in the border region between the emitting state
and the non-emitting state is indicated as the threshold
voltages Vth.

[0086] As can be seen in FIG. 5, with the voltages Vg that
can be distinguished into emitting state and non-emitting
state, the voltages Vg of any region except for the threshold
voltage Vth can be taken as the reference value of the data
signal voltage. Needless to say, when the contrast ratio
necessary for display is for example 1000 or greater, then it
is preferable that a voltage Vg is taken as the reference value
with which the absolute value of the ratio of the current
during emission to the current during non-emission becomes
at least 10°.

[0087] It should be noted that the power source line
electrode 12 is connected to the driving power source Vref
(current supply portion 104) serving as the constant voltage
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source circuit, so that this power source line electrode 12
applies a constant voltage that is sufficient for letting the
organic EL element 20 emit light and that is sufficient for
sustaining an emitting state at the set luminance to the
organic EL element 20 and to the current control TFT 2
connected in series with the organic EL element 20.

[0088] Here, the effect of prolonging the display lifetime
of the organic EL element 20 is described in simple terms,
so that it is explained for fixed conditions as below. That is
to say, it is assumed that a constant voltage is applied to the
series circuit formed by the current control TFT 2 and the
organic EL element 20, and that the organic EL element 20
is constantly emitting light.

[0089] Under these conditions, the voltage Vg that is
applied to the gate of the current control TFT 2 falls into the
range “A” shown in FIG. 5, so that the conductance of the
current control TFT 2 is held at a high state by the auxiliary
capacitance 30. That is to say, under these conditions, a
scanning signal that puts the data voltage control TFT 1 into
the selected state is applied to the scanning signal line
electrode 10, and a data signal of a voltage that is necessary
and sufficient for keeping the current control TFT 2 in the
high-conductance state is applied to the data signal line
electrode 11. Consequently, the resistance components and
the capacitance components of the scanning signal line
electrode 10, the data signal line electrode 11, the data
voltage control TFT 1 and the auxiliary capacitance 30 that
are part of the display element, as well as the capacitance
components of the current control TFT 2 and the organic EL
element 20 can be ignored. As a result, the display element
can be described as a simple series circuit of the conductive
resistance Rr of the current control TFT 2 when the organic
EL element 20 is emitting light and the resistance Rel of the
organic El element 20.

[0090] FIG. 6 is a diagram showing an equivalent circuit
of a display element represented as this series circuit. As
becomes clear from referring to this FIG. 6, if the conduc-
tive resistance Rr of the current control TFT 2 is set to a
predetermined value, then the divisional voltage applied to
the organic EL element 20 can be set to the desired value
without serially inserting a resistance element as in the
above-described conventional display element.

[0091] To achieve this, the conductive resistance Rr of the
current control TFT 2 can be controlled to the desired value
by appropriately setting the data signal voltage that is
applied to the gate of the current control TFT 2, that is, the
voltage Vg. Thus, the display lifetime of the organic EL
element 20 can be prolonged by setting the divisional
voltage applied to the organic EL element 20 to the desired
value without inserting a resistance element in series. Need-
less to say, it is preferable that the voltage Vg is set to a value
at which the absolute value of the ratio of the current flowing
through the organic EL element during emission to the
current flowing during non-emission is at least 10, as noted
above.

[0092] The conductive resistance Rr of the current control
TFT 2 also can be set to the desired value by changing the
gate width or the gate length of the current control TFT 2,
without setting the data signal voltage to an appropriate
value as above. In general, when the gate width is decreased
or the gate length is increased, the conductance becomes
lower and the resistance between source and drain increases.
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Thus, by appropriately designing the structure (for example
the gate width) of the current control TFT 2, the conductive
resistance Rr of the current control TFT 2 can be set to the
desired value. Thus, the display lifetime of the organic EL
element 20 can be prolonged by setting the divisional
voltage applied to the organic EL element 20 to the desired
value, without inserting a resistance element in series. The
following is a description of the structure of this current
control TFT 2.

[0093] FIG. 7 is a cross-sectional view showing an
example of the structure of the current control TFT 2
included in the display element. As shown in FIG. 7, 2 CG
silicon thin film 52 serving as the active layer is formed on
a glass substrate 60, a gate insulating film 59 is formed on
top of that, and a gate electrode 51 and an inter-layer
insulating film 58 are formed on the gate insulating film 59.
After that, two contact portions (described later) exposing
the CG silicon thin film 52 are opened, and a wiring layer 56
and a power source line electrode 12 are formed in these
contact portions. Moreover, after a passivation film 57 for
passivation and a flattening film 55 for flattening the surface
are formed on top of that, a contact portion exposing the
wiring layer 56 is opened. On top of this, a transparent
electrode film 54 made of ITO (indium tin oxide) is formed.
This transparent electrode film 54 serves as an anode elec-
trode of the organic EL element 20. Furthermore, after the
organic EL element 20 has been formed by applying an
organic material serving as the electroluminescent material
on top of the transparent electrode film 54, a metal conduc-
tive film 53 serving as the common electrode Vcom is
formed. This metal conductive film 53 serves as the cathode
of the organic EL element 20.

[0094] It should be noted that (the organic EL clement 20
of) the display element emits light towards the direction of
the glass substrate 60 on which the thin film transistor
including the CG silicon thin film 52 is formed. Such a
structure is referred to as “bottom emission structure.” On
the other hand, by switching the transparent electrode film
54 serving as the anode electrode and the metal conductive
layer 53 serving as the cathode electrode, it is also possible
to cause emission in the opposite direction. This structure is
referred to as “top emission structure.”

[0095] FIG. 8 is a diagram showing an equivalent circuit
of a display element realizing a top emission structure. As
shown in FIG. 8, this top emission structure is different from
the equivalent circuit of the display element shown in FIG.
4 in that the positional relation of the organic EL element 20
serving as the electro-optical element and the current control
TFT 2 is reversed, and the anode of the organic EL element
20 is directly connected to the power source line electrode
12 without passing through the current control TFT 2. This
structure has the advantage that the numerical aperture can
be made larger, because in this structure the light does not
pass through the glass substrate on which the TFT is formed,
but it has the disadvantage that it is difficult to form the
organic film on the metal conductive layer, so that ordinarily,
the bottom emission structure is preferred. However, with
the configuration of the display element of this embodiment,
the exact same effect can also be displayed with the top
emission structure, so that the display device (display ele-
ment) according to the present embodiment may also have
a top emission structure.
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[0096] FIG. 9 is a top view showing the schematic struc-
ture of the display element including this current control
TFT 2. This display element includes the structural elements
shown in FIG. 4, namely the organic EL element 20, the
power source line electrode 12, the scanning signal line
electrode 10, the data signal line electrode 11, the auxiliary
capacitance 30, the current control TFT 2, and the data
voltage control TFT 1. Furthermore, the display element is
provided with the transparent electrode film 54 made of ITO
formed on the lower surface of the organic EL element 20.
It should be noted that, that for illustrative reasons, the metal
conductive layer 53 shown in FIG. 7 has been omitted in
FIG. 9.

[0097] FIG. 10 is a top view showing the schematic
structure of the current control TEFT 2. As shown in FIG. 10,
one side of the CG silicon thin film 52 is connected via a first
contact portion 61 to the transparent conductive film 54, and
the other side is connected via a second contact portion 62
to the power source line electrode 12. Moreover, the gate
electrode 51 intersects perpendicularly with the CG silicon
thin film 52, and the length of the gate electrode 51 along the
longitudinal direction of the CG silicon thin film 52 is shown
as the gate length L, whereas the length of the CG silicon
thin film 52 along the longitudinal direction of the gate
electrode 31 is shown as the gate width W. Here, if the gate
width W is made small or the gate length L is made large,
then the conductivity is lowered, so that the display lifetime
of the organic EL element 20 can be relatively prolonged.
The following is a more detailed explanation of this.

[0098] The value of the internal resistance during the
initial light emission stage at a predetermined luminance of
the organic EL element included in the display element
fluctuates greatly depending on the light emission surface
area and the internal structure, so that, even though there are
no particular limitations, the value of the internal resistance
is ordinarily 100 Q to 20 M. For example, this internal
resistance at a pixel density of 100 PPI (pixel per inch) is 1
MQ to 10 MQ. Ordinarily, the value of the internal resis-
tance of the organic EL element can be calculated from the
current density flowing through this internal portion, the
luminance characteristics, and the current density—voltage
characteristics. Moreover, it is well known that the internal
resistance changes depending on the voltage applied to the
(two terminals of the) organic EL element. Although the
voltage applied to the organic EL element when letting the
element emit light (referred to below as “EL voltage during
emission™) depends on the element structure, it is ordinarily
about 2 V to about 10 V.

[0099] Moreover, although the withstand voltage of the
TFT elements made of CG silicon included in this display
element depends on the gate length and the like, it is
maximally about 16 V. Thus, the upper limit of the voltage
that can be applied between source and drain of the current
control TFT 2 during emission is 16 V. Moreover, the
divisional voltage applied to the current control TFT 2 when
the current control TFT 2 is OFF, that is, when the organic
EL element 20 is in a non-emitting state, is equivalent to the
voltage obtained by subtracting the divisional voltage
applied to the organic EL element 20 in the non-emitting
state (referred to below as “EL voltage during non-emis-
sion”) from the power source voltage. This EL voltage
during non-emission differs depending on the material con-
stituting the organic EL element 20 and the current flowing
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through the element, but it is roughly in the order of 0 V to
2 V. Thus, considering the emitting state and the non-
emitting state of the organic EL element 20, the upper limit
of the overall voltage V' that is the sum of the voltage
between source and drain of the current control TFT 2 and
the EL voltage Vel is 16 V. It should be noted that also with
regard to power consumption, an upper limit of the voltage
V' of about 16V is appropriate.

[0100] Here, the equivalent circuit of the display element
according to the above-described embodiment shown in
FIG. 6 can be thought of as being the same as that of the
conventional display element shown in FIG. 2, in which a
resistance element is inserted in series, so that the voltage Vr
applied to the inserted resistance element that is inserted in
the conventional display element can be regarded as the
source-drain voltage of the current control TFT 2. When Vel
is the voltage applied to the organic EL element during
emission, Vr is the source-drain voltage of the current
control TFT 2 during emission and P=Vr/Vel, then the
minimum of the voltage Vel is 2V, which is the minimum
voltage for letting the organic EL element 20 emit light, so
that the following Expression (19) can be derived from
Equation (13):

1622(B+1) (19)

[0101] From Expression (19), it follows that =7, that is,
the upper limit of  is 7.

[0102] Moreover, as noted above, the display lifetime of
the EL element is longer when an inserted resistance element
(inserted resistance Rr) is connected in series with the EL
element than in display elements to which no resistance
element is connected (inserted resistance Rr=0), so that it
can be assumed that BZ0. The actual lower limit for B is
described below.

[0103] Here, it is preferable that the withstand voltage of
the current control TFT 2 is as large as possible, but as noted
above, the TFT withstand voltage of CG silicon depends on
the gate length and the like. Generally, elements with a
withstand voltage of maximally 8 V are used for the current
control TFT 2. In this case, when the minimum voltage for
letting the organic EL element 20 emit light is set to 2 V, then
it follows similarly from Equation (13) that f=3.

[0104] Next, using the equivalent circuit shown in FIG. 6
as a model, it is explained how the display lifetime can be
prolonged by changing the (divided) voltage applied to the
current control TFT 2 included in the display element. Here,
the voltage applied to the current control TFT 2 is deter-
mined by the conductive resistance of the element, and the
gate width W of the current control TFT 2 being 4 um is
regarded as Condition A, whereas the gate width W of the
current control TFT 2 being 30 um is regarded as Condition
B. Morecover, for both Condition A and Condition B, the
voltage applied to the gate of the data voltage control TFT
1is set to 16 V, the voltage applied to the gate of the current
control TFT 2 is set to 2 V, and the voltage from the driving
power source is set to 9 V. Furthermore, in order to let the
luminance at the initial light emission stage of the organic
EL element 20 is the same for the Condition A and for the
Condition B, the voltage applied from the driving power
source is adjusted such that the current flowing through the
current control TFT 2 is the same for the Condition A and the
Condition B. In this case, the voltage of the common
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electrode Vecom becomes 4.70 V for Condition A and 5.02 V
for Condition B. Moreover, the conductive resistance Rr
between source and drain of the current control TFT 2
becomes about 300 k2 for Condition A and about 5 kKQ for
Condition B.

[0105] From the above, the voltage V' of the overall
equivalent circuit shown in FIG. 6 becomes the voltage
obtained by subtracting the voltage of the common electrode
Vcom from the voltage of the driving power source, so that
this voltage V' becomes 4.30 V for the Condition A and 3.98
for the Condition B. Moreover, even though it depends on
the measurement environment, the resistance value of the
wiring resistance and the like of the display element takes on
a very small value of about 1/2000 of the internal resistance
of the organic EL element 20, so that this resistance may be
substantially ignored. Consequently, the ratio f(=Vr/Vel) of
the divisional voltage Vr applied to the current control TFT
2 to the divisional voltage Vel applied to the organic EL
element 20 becomes 0.131 for the Condition A and 0.002 for
the Condition B.

[0106] FIG. 11 is a graph showing the temporal change of
the normalized emitted luminance of the organic EL element
20 under the Conditions A and B. FIG. 11 shows the relation
between time and emitted luminance for the Conditions A
and B, marking the normalized emitted luminance of the
organic EL element 20 on the vertical axis, and the normal-
ized time on the horizontal axis. For the normalized time, the
time after which the normalized luminance for the Condition
B becomes 0.5 is taken as 1. As noted above, under the
Condition B, B is substantially zero, so that the conductive
resistance Rr of the current control TFT 2 under Condition
B can be regarded as zero, and the voltage from the driving
power source (voltage V') can be regarded as being entirely
applied to the organic EL element 20. Focusing in FIG. 11
on the time until the emitted luminance decreases to a
predetermined value, for example the time that passes until
the normalized luminance becomes 0.9, it can be seen that
the time that passes until the emitted luminance decreases to
a predetermined value is under the Condition A prolonged
by a factor of about 1.15 compared to the time under the
Condition B. Moreover, based on the value of B in that case,
this time is about 1.13 times longer for Condition A than for
Condition B when determined with Equation (18). Con-
versely, the B determined with Equation (18) becomes
0.159, which is close to the value determined from the above
measured values.

[0107] Moreover, the time that passes until the normalized
luminance becomes 0.5, that is, the display lifetime of the
organic EL element 20 is prolonged for Condition A by a
factor of 1.76 over the time for Condition B. This value is
about 1.09 times larger than the ratio of the time for
Condition A to the time for Condition B as determined from
Equation (18) based on B. The reason for this is that
theoretically the deterioration speed of the element charac-
teristics due to the passage of time have been approximated
by an exponential function, but in actuality, it seems that the
deterioration speed of the element characteristics decreases
over time and becomes lower than the deterioration speed at
the initial stage. Consequently, in order to make a more
accurate theoretical prediction of the display lifetime, the
deterioration function of the element characteristics may be
corrected by considering this lowering of the deterioration
speed over time.
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[0108] As can be seen from the above, if § is equivalent
to substantially zero, that is, when $=0.002 in the Condition
B, then the conductive resistance Rr of the current control
TFT 2 can be regarded as substantially zero compared to the
resistance Rel of the organic EL element, and the voltage
from the driving power source is applied almost entirely to
the organic EL element 20, so that almost no effect of
prolonging the display lifetime can be expected. On the
other hand, if  takes on a value near 0.1, that is, if f=0.131
as under Condition A, then an actual effect of prolonging the
display lifetime can be attained, as described above. Con-
sequently, it seems that the lower limit of f§ should be at least
0.1.

[0109] Thus, it can be seen that if the display element
including the organic EL element 20 according to the present
embodiment is configured such that the gate width W of the
current control TFT 2 connected in series to the organic EL
element 20 is reduced, then the conductive resistance of the
current control TFT 2 when the organic EL element 20 is
turned on can be made relatively higher, so that the display
lifetime of the display element can be relatively prolonged.

[0110] As described above, with the display element
according to the present embodiment and the display device
including such a display element, it is preferable that the
range of f during emission of the display element is set to
0.1=p=7. Furthermore, when the withstand voltage of the
current control TFT 2 is small (for example maximally 8 V),
then it is preferable to set the range of f§ to 0.1=f=3.

[0111] Tt should be noted that here, the method of adjusting
the gate width of the current control TFT 2 has been shown
as a method for setting the conductive resistance Rr of the
current control TFT 2, but there is no limitation to this
method, and it is also possible to use the method of adjusting
the gate length as appropriate. It is furthermore possible to
use the method of adjusting the doping amount of the CG
silicon thin film 52 when fabricating the current control TFT
2. For example, the conductive resistance Rr increases the
lower the injection amount (doping amount) of impurities
(p-type impurities in this case) doped into the CG silicon
thin film 52 is. Needless to say, when the doping amount
becomes extremely low, then the switching function of the
current control TFT 2 is compromised, so that there is a
predetermined lower limit for the doping amount. Further-
more, the current control TFT 2 may also have an LDD
(lightly doped drain) structure in which the CG silicon thin
film 52 has a region doped with impurities at a relatively low
concentration, and to use a method of setting the desired
conductive resistance Rr by adjusting this structure as appro-
priate.

[0112] Thus, with the display element and display device
of the present embodiment, it is possible to widen the pixel
area (increase the numerical aperture) while prolonging the
lifetime of the light emitting element, because it is not
necessary to provide the display element shown in FIG. 4,
which is of the constant voltage controlled type, with any
additional elements or additional circuits. Moreover, since it
is not necessary to provide the peripheral circuitry with
additional circuits, it is possible to make the overall display
device compact and simple. It should be noted that the
configuration of this embodiment can also be applied easily
to pixel circuits including three or more TFT elements.

[0113] With the present invention as described above, the
conductive resistance of the current control element is set
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such that the ratio f(=Vr/Vel) of the voltage Vr applied
across the current control element to the voltage Vel applied
across the electro-optical element when the electro-optical
element is emitting light becomes 0.1=B=7.0. Thus, it is
possible to prolong the display lifetime of the electro-optical
element, because the speed of the temporal change of the
luminance of the electro-optical element can be slowed
down without inserting a new resistance element and with-
out adding special corrective circuits. On the other hand,
with the subfield method or a method for gray scale control
of electro-optical elements having different light emission
surface areas with binary digital signals (see for example the
method disclosed in JP H11-73158A), with which the influ-
ence of variations in the TFT characteristics can be reduced
and a gray scale display with good control characteristics
can be attained, a much higher emitted luminance than with
analog gray scale displays is constantly necessary, so that the
deterioration of the organic EL elements is sped up and the
display lifetime is shortened. With the present invention, the
electro-optical element in the display element of the above-
described configuration is gray scale controlled by binary
values, so that a superior display element and display device
can be provided, that attain a gray scale display with
favorable control characteristics while prolonging the con-
ventional display lifetime even further.

[0114] While the invention has been described in detail,
the foregoing description is in all aspects illustrative and not
restrictive. It is understood that numerous other modifica-
tions an variations can be devised without departing from
the scope of the invention.

[0115] This application claims priority upon Japanese
Patent Application 2003-175481 titled “DISPLAY ELE-
MENT AND DISPLAY DEVICE,” filed on Jun. 19, 2003,
and Japanese Patent Application 2004-59620 titled “DIS-
PLAY ELEMENT AND DISPLAY DEVICE,” filed on Mar.
3, 2004, the contents of which are incorporated herein by
reference.

What is claimed is:
1. A display element, comprising:

an electro-optical element that is driven by a current;

a current control element for letting a current flow through
the electro-optical element by being connected in series
to the electro-optical ¢lement;

a switching element for applying to the current control
element a data signal for controlling the current control
clement;

a scanning signal line electrode for applying to the
switching element a scanning signal for controlling the
switching element;

a data signal line electrode for applying to the switching
element the data signal; and

a power source line electrode for applying to the current
control element a current for driving the electro-optical
clement;

wherein the current control element has a predetermined
conductive resistance satisfying 0.1=$=7.0, where
B(=Vr/Vel) is a ratio of a voltage Vr applied across the
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current control element to a voltage Vel applied across
the electro-optical element, when the electro-optical
element is emitting light.

2. The display element according to claim 1, wherein the
current control element has a predetermined conductive
resistance satisfying 0.1=B=3.0.

3. The display element according to claim 1, wherein the
current control element is a thin film transistor.

4. The display element according to claim 3, wherein the
current control element is a thin film transistor made of
polycrystalline silicon.

5. The display element according to claim 3, wherein the
current control element is a p-channel thin film transistor.

6. The display element according to claim 3, wherein the
current control element is an n-channel thin film transistor.

7. The display element according to claim 3, wherein the
current control element is formed so as to have the prede-
termined conductive resistance.

8. The display element according to claim 7, wherein the
current control element has the predetermined conductive
resistance due to a gate width or a gate length of the current
control element being formed with a predetermined length.

9. The display element according to claim 1, wherein the
electro-optical element is an organic electroluminescent
element.

10. The display element according to claim 1, further
comprising a capacitance portion for accumulating a charge
corresponding to a voltage of the data signal, and holding a
voltage for corresponding to that accumulated charge as a
voltage for controlling the current control element.
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11. The display element according to claim 1, wherein the
data signal received by the current control element has a
predetermined voltage in accordance with a predetermined
gray level to be displayed.

12. The display element according to claim 1, wherein the
data signal received by the current control element is a
binary signal for turning the current control element ON or
OFF.

13. A display device, comprising:

a display portion in which a plurality of display elements
according to claim 1 are arranged; and

an image signal output portion applying the data signal
having the predetermined voltage to the display ele-
ments.

14. The display device according to claim 13, wherein the
electro-optical element included in the display elements is
gray scale controlled by binary values, such that the electro-
optical element takes on either an emitting or a non-emitting
state.

15. The display device according to claim 13, wherein the
current control element in the display elements is controlled
by a voltage of the data signal from the image signal output
portion to have a predetermined conductance satisfying
0.1=p=7.0, when the electro-optical element is emitting
light.
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